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X`guc�MjZe� ebfgheh]b� gZau\Zxl� ©\lhjhc�DZj_eb_cª� ±

a^_kv�gZ�hlghkbl_evgh�g_[hevrhc�iehsZ^b�khkj_^hlhq_gh�hdheh

��� lukyq� \h^h_fh\� kZfuo� jZaguo� lbih\� ±� hl� ]em[hdbo� ]hjguo

ha_j� kh� keZ[hfbg_jZebah\Zgghc� ijhajZqghc� \h^hc� ^h� ]hjvdh�

khe_guo�kl_iguo�©[ex^_pª��bgh]^Z�g_�^hklb]Zxsbo�b�f_ljZ�]em-
[bgu��GZb[hevrZy�ha_jghklv�oZjZdl_jgZ�^ey�[Zkk_cgZ�j_db�FbZkk

b�Lh[heh�FbZkkdh]h�f_`^mj_qvy�±�hgZ�^hklb]Z_l��� % �:g^j__\Z�
1973)��Bf_ggh� \� wlhc� ahg_�gZoh^blky�Bevf_gkdbc� ]hkm^Zjkl\_g-
guc�aZih\_^gbd��GZ�_]h�g_[hevrhc�l_jjblhjbb� �����df2��jZkih-
eh`_gh����ha_j�b�ha_jh\b^guo�\h^h_fh\��<k_�hgb�djZcg_�jZagh-
h[jZagu�ih�ebfgheh]bq_kdbf�oZjZdl_jbklbdZf�b�^_fhgkljbjmxl

\_kv�kmdp_kkbhgguc�ki_dlj�±�hl�]em[hdh]h�����f��heb]hljhngh]h

ha��;��Dbk_]Zq�^h�ihjhkrbo�e_khf�[hehl�±�ha_jguo�^_jb\Zlh\��<

q_jl_�b�hdj_klghklyo�]��FbZkkZ�gZoh^ylky�ha_jZ��fhjnheh]bq_kdb

h^ghlbigu_� k� aZih\_^gufb�� gh� j_adh� hlebqZxsb_ky� mjh\g_f

Zgljhih]_gghc�gZ]jmadb��LZd�dZd�aZih\_^gbd��Z��ke_^h\Zl_evgh��b

hojZgZ�\h^guo�h[t_dlh\��[ue�hj]Zgbah\Zg�8��e_l�gZaZ^��jZagbpZ
\� l_fiZo� b� gZijZ\e_gbyo� w\hexpbb� ha_jguo� wdhkbkl_f� ijhy\b-
eZkv�^hklZlhqgh�ihegh��Ha_jZ�aZih\_^gbdZ�b�]hjh^Z�gZ�ijhly`_-
gbb� gZa\Zggh]h� kjhdZ� [ueb� g_h^ghdjZlgh� h[ke_^h\Zgu

jZaebqgufb� ]b^jh[bheh]bq_kdbfb� wdki_^bpbyfb�� I_jfkdh]h

;bheh]bq_kdh]h�bgklblmlZ�b�MjZe=HKGBHJO�\� ����±�����o�]]�

�LZmkhg�� ������ Ih^e_kguc�� ������ ������ Ih^e_kguc�� LjhbpdZy�

�����b�^j����BgklblmlZ�ha_jh\_^_gby�\������o�]]�� �EZg^rZnlguc

nZdlhj«�� ������ Wdheh]h�ijh^mdpbhggu_«�� ������� Z� lZd`_

fgh]bfb� ki_pbZebklZfb� aZih\_^gbdZ� b� ^jm]bo� gZmqguo

hj]ZgbaZpbc��GZdhie_g�[hevrhc�nZdlbq_kdbc�fZl_jbZe��<k_�wlh

iha\hey_l� mki_rgh� ijh\h^blv� gZmqgh� b� ijZdlbq_kdb� agZqbfu_

bkke_^h\Zgby�gZ��]hlh\hf�ijbjh^ghf�©iheb]hg_ª�

<hklhqgZy� ]jZgbpZ� b� p_glj� aZih\_^gbdZ� ihqlb� gZ� \k_f

ijhly`_gbb�jZkk_q_gu�keh`ghc�ha_jgh�j_qghc�kbkl_fhc� �jbk�� ���

ijbmjhq_gghc� d� \hklhqghfm� kdehgm� Bevf_gkdh]h� oj_[lZ�� Ih

gZa\Zgbx� djmig_crbo� ha_j� hgZ� bf_gm_lky� Dbk_]Zq�FbZkkh\-
kdhc�b�ij_^klZ\ey_l� kh[hc�ihqlb� aZfdgmlh_�dhevph�� khklhys__

ba� ^_kylb� djmiguo� b� kj_^gbo� ha_j�� kh_^bg_gguo� g_[hevrbfb

j_dZfb� b� jmqvyfb�ijhlhdZfb��GZqZeh� kbkl_fZ� [_j_l� \� ha��FZ-
euc�Kmgmdmev��aZl_f�ih�gZijZ\e_gbx�h[s_]h�\h^hlhdZ�ke_^mxl

;hevrhc�Kmgmdmev� �;hevrhc�Dbk_]Zq� �FZeuc�Dbk_]Zq��Gyr_\-
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Jbk�� ��� Ha_jZ

Bevf_gkdh]h� aZih\_^gbdZ

b� Dbk_]Zq�FbZkkh\kdZy

ha_jgZy�ko_fZ�
�� ±� ;��FbZkkh\h�� �� ±

F��FbZkkh\h�� �� ±�;��LZldmev�

�� ±� F�� LZldmev�� �� ±� ;ZjZmk�

�� ±� KZ\_evdmev�� �� ±� >_fb-
^h\kdb_� ha_jZ�� �� ±� ;�� L_j_g-
dmev����±�Q_jg_gvdh_�����±�Gy-
r_\kdbc�Ijm^hd�����±�Q_jgh_�

���±�F��Dbk_]Zq�����±�;��Dbk_-
]Zq�����±�=m^dh\kdbc�ijm^����

±� :j]Zyr�� ��� ±� Bevf_gkdh_

ha_jh�

kdbc�Ijm^hd1,�;hevrh_
b� FZeh_� FbZkkh\h�

Djhf_� lh]h�� gZa\Zggu_

ha_jZ� \j_f_ggh� beb

ihklhyggh� khh[sZxlky

k�ha_jZfb�;ZjZmk��;hev�

rhc� LZldmev�� KZ\_ev�

dmev�� J_dZ� DZjZkb� kh_�

^bgy_l�ha��F��FbZkkh\h

k� j�� FbZkk�� dhlhjZy

\iZ^Z_l� Bk_lv�� Z

ihke_^gyy�±�\�Lh[he��Ba�Lh[heZ�\h^u�ihiZ^Zxl�\�H[v��Z�aZl_f�±�\

DZjkdh_�fhj_�

Ha_jh�;��FbZkkh\h�y\ey_lky�p_gljZevguf�a\_ghf�Dbk_]Zq�

FbZkkh\kdhc�ha_jghc�kbkl_fu�b�djmig_crbf�\h^h_fhf�aZih\_^-
gbdZ��Hgh� kh[bjZ_l� \h^u� \k_]h� \hklhqgh]h� kdehgZ�Bevf_gkdh]h

oj_[lZ��h[t_^bgy_l�ihkj_^kl\hf�ijhlhd�[ebae_`Zsb_�ha_jZ�aZih-
\_^gbdZ� ±� ;ZjZmk�� ;��LZldmev�� Gyr_\kdbc� Ijm^hd�� KZ\_evdmev�

Fh`gh�kdZaZlv��qlh�wlh�ha_jh�k\yau\Z_l�\kx�p_gljZevgmx�qZklv

Bevf_gkdh]h� aZih\_^gbdZ�� M`_� ihwlhfm� hgh� \uau\Z_l� hkh[uc

bgl_j_k��GZ�k_\_jghf�[_j_]m�ha_jZ�ba^Z\gZ�jZkiheh`_g�gZmqguc

klZpbhgZj� aZih\_^gbdZ��hkgh\Zgguc�ba\_klguf�jmkkdbf�mq_guf

G��<��Lbfhn__\uf�J_kh\kdbf��Wdhkbkl_f_�ha_jZ�b�ijbe_]Zxs_c

l_jjblhjbb� ihk\ys_gh �[hevrh_�dhebq_kl\h�gZmqguo�jZ[hl��^Zxsbo
1 Wlhl�\h^h_f�[ue�kha^Zg�bkdmkkl\_ggh�\�gZqZe_�XX �\_dZ�ijb�khhjm-

`_gbb� \h^yghc� f_evgbpu� gZ� j��<lhjhc�Q_jlZgurd_�� kh_^bgyxs_c� ha_jZ

F��Dbk_]Zq�b�;��FbZkkh\h��<�Z\]mkl_������]��\�j_amevlZl_�jZajmr_gby�^h`^_-
\uf�iZ\h^dhf�iehlbgu�Gyr_\kdbc�Ijm^hd�ij_djZlbe�kms_kl\h\Zgb_�
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bgl_j_kguc� fgh]he_lgbc� kjZ\gbl_evguc� fZl_jbZe� �h[ahj� bo

^Zg�\�khhl\_lkl\mxsbo�]eZ\Zo�fhgh]jZnbb��

Wdheh]bq_kdh_�khklhygb_�ha��;��FbZkkh\h��[_amkeh\gh��hl-
jZ`Z_l�iheh`_gb_�\�p_gljZevghc�qZklb��^Z�b�\h�\k_f�aZih\_^gb-
d_��Wlbf�h[klhyl_evkl\hf�b�h[mkeh\e_g�bgl_j_k�d�ha_jm��^Z\rbc

gZklhys_c�fhgh]jZnbb�©iml_\dm�\�`bagvª�

JZ[hlm�gZ^�fhgh]jZnb_c�\_e�[hevrhc�dhee_dlb\�Z\lhjh\�

Hkgh\m� _]h� khklZ\beb� khljm^gbdb� EZ[hjZlhjbb� fhgblhjbg]Z

\h^guo� wdhkbkl_f� Bevf_gkdh]h� ]hkm^Zjkl\_ggh]h� aZih\_^gbdZ�

^ey�dhlhjuo�^ZggZy�dgb]Z�y\ey_lky�\lhjhc�\�k_jbb�fhgh]jZnbc�

ihk\ys_gguo�wdheh]bq_kdhfm�khklhygbx�ha_j�]hjgh�e_kghc�ahgu

X`gh]h� MjZeZ� �i_j\Zy� jZ[hlZ� ±� ©Wdheh]by� ha_jZ� Lmj]hydª� ±

him[ebdh\ZgZ�\������]����;hevrmx��g_hp_gbfmx�ihfhsv�Z\lhjZf

\� hj]ZgbaZpbb� jZ[hl�� k[hj_� b� h[jZ[hld_� fZl_jbZeZ�� ih^]hlh\d_

jmdhibkb� d� ba^Zgbx� hdZaZeb�� I��F�� <Zeba_j�� <��B�� E_gguo�

F��G��FZeyj_ghd��F��:��Iheh\gbdh\��:��;��IhlZidbg��H��K��L_e_g-
dh\��<��G��M^Zqbg��H��<��S_lbgbgZ��F��B��YjmrbgZ��dhlhjuf�fu

\ujZ`Z_f�bkdj_ggxx�[eZ]h^Zjghklv�
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DHFIE?DK:�HA?J:

Ha_jh��dZd�we_f_gl�eZg^rZnlZ��khklZ\ey_l�_^bgh_�p_eh_�k

hdjm`Zxsbf� _]h� ijbjh^guf� dhfie_dkhf� ±� ]_hkbkl_fhc��<aZb-
fh^_ckl\b_� \g_rgbo� dhfihg_glh\� ]_hkbkl_fu� k� \gmljb\h^h_f-
gufb�ijhp_kkZfb�kha^Z_l�ebfgheh]bq_kdbc�lbi�ha_jZ�

=eZ\gufb�eZg^rZnlhh[jZamxsbfb�nZdlhjZfb�\�ij_^_eZo

X`gh]h�MjZeZ��EZg^rZnlguc�nZdlhj«������;�FZdmgbgZ�������
y\eyxlky�

– ]_heh]bq_kdh_�kljh_gb_�

– j_ev_n�� h[mkeh\e_gguc� ]_heh]h�]_hfhjnheh]bq_kdbf� kljh_-
gb_f�b�ke_^mxsbfb�ba�g_]h�mkeh\byfb�ih\_joghklgh]h�klhdZ�

– debfZlbq_kdb_�hkh[_gghklb�

=_heh]bq_kdbc�b�debfZlbq_kdbc�nZdlhju�\ebygby�gZ�]_h-
kbkl_fm�ha_jZ�;��FbZkkh\h�jZkkfhlj_gu�\�khhl\_lkl\mxsbo�jZa-
^_eZo�^Zgghc�]eZ\u�

=_hfhjnheh]bq_kdh_� kljh_gb_�b� h[mkeh\e_gguc�bf� j_ev-
_n��k�lhqdb�aj_gby�]_heh]bb�hibkZgu�\�fgh]hqbke_gguo�]_heh]b-
q_kdbo� jZ[hlZo�� ihk\ys_gguo� bkke_^h\Zgbyf� l_jjblhjbb� Bev-
f_gkdh]h�aZih\_^gbdZ��kf��gb`_��

�=_h]jZnh�ebfgheh]bq_kdb_�bkke_^h\Zgby�� aZljZ]b\Zxsb_

fhjnhf_ljbx�ha_jguo�dhleh\bg��l_jfbq_kdbc��]b^jhobfbq_kdbc

b�]b^jheh]bq_kdbc�nZdlhju�b�k\yau\Zxsb_�wlb�nZdlhju�k�[bh-
lbq_kdbfb� khklZ\eyxsbfb� gZoh^ylky� \� jZaghc� kl_i_gb� bamq_g-
ghklb� �\� aZ\bkbfhklb� hl� gZebqby� khhl\_lkl\mxsbo� ki_pbZeb-
klh\��b�jZkkfhlj_gu�\�]eZ\Zo�gZklhys_c�dgb]b�

Dhfie_dkgu_� eZg^rZnlh\_^q_kdb_� bkke_^h\Zgby� \� Q_ey-
[bgkdhf� j_]bhg_� [ueb� ijh\_^_gu� \� ����±����� ]]�� wdki_^bpb_c

bgklblmlZ� Ha_jh\_^_gby� :G�KKKJ�� J_amevlZlu� bkke_^h\Zgbc

him[ebdh\Zgu�\�dgb]Zo� ©EZg^rZnlguc�nZdlhj�\�nhjfbjh\Zgbb

]b^jheh]bb�ha_j�X`gh]h�MjZeZª� �������� ©Wdheh]h�ijh^mdpbhg�

gu_� hkh[_gghklb� ha_j� jZaebqguo� eZg^rZnlh\�X`gh]h� MjZeZª

��������JZg__��\������o�]]���ih^h[gu_�bkke_^h\Zgby�[ueb�ijh\_^_�

gu�\�fZkrlZ[_�aZih\_^gbdZ�K��K��@Zjbdh\uf�\�g_kdhevdh�^jm]hf

±�[he__�jZgg_f�±�ihgbfZgbb�l_jfbgZ�eZg^rZnlu�b�eZg^rZnlgu_

bkke_^h\Zgby��������

Dhfie_dkguc� [bh]_hp_ghlbq_kdbc� ih^oh^� b� ihiuldZ� hl-
ke_`b\Zgby� ^bgZfbdb� eZg^rZnlh\�ijbjh^gh]h� dhfie_dkZ� ha_jZ

;��FbZkkh\h�b�\k_c�Dbk_]Zq�FbZkkh\kdhc�kbkl_fu�ha_j�gZ�hkgh\_

ZgZebaZ�fZl_jbZeh\�jZagh\j_f_gghc�Zwjhnhlhkt_fdb�hljZ`_gu�\

jZ[hl_�<��<��Iehlgbdh\Z��������
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=_heh]bq_kdh_�kljh_gb_

<�ij_^_eZo�f_`]hjghc�dhleh\bgu�jZa\blu�^batxgdlb\gu_

gZjmr_gby�f_jb^bhgZevgh]h� gZijZ\e_gby� �LZldmevkdbc� k^\b]h�

k[jhk�� b� gZijZ\e_gby� [ebadh]h� d� km[rbjhlghfm� �;ZjZmkkdbc� b

MjZa[Z_\kdbc�k[jhkh�k^\b]b��jbk������;_j_]Z�ha_jZ�y\eyxlky�l_d-
lhgbq_kdbfb�mklmiZfb��khijh\h`^Zxsbfb�bo�

GZ aZiZ^ghf�[_j_]m�\�jZchg_�RlZgghc�dmjvb h[gZ`Zxlky
ihjh^u�bevf_gh]hjkdhc� lhesb� �3R1LO���;_j_]� a^_kv�bf__l�ihgb-
`_gguc�j_ev_n�b�ke_]dZ�aZ[hehq_g��LhesZ�ij_^klZ\e_gZ�Zfnb[h-
eblZfb� ]jZgZlh\ufb� b� ibjhdk_gh\ufb�� ieZ]bh]g_ckZfb� ]jZgZl�

[bhlblh\ufb�� [bhlblh\ufb�� kbeebfZgbl�]jZgZl�[bhlblh\ufb�

d\Zjpblh�]g_ckZfb� b� d\ZjpblZfb� [bhlblh\ufb�� ]jZgZl�[bhlblh�

\ufb��[bhlbl�]jZnblh\ufb��:fnb[heblu�khklZ\eyxl�^h������hl

h[s_]h� h[t_fZ� ihjh^� lhesb� �Hlq_l� bevf_gh]hjkdh]h«�� ������

G_fgh]hqbke_ggu_�dhj_ggu_�\uoh^u�m�[_j_]h\hc�ebgbb�keh`_-
gu�ihehkqZlufb�[eZklhfbehgblZfb�ih�Zfnb[heblZf�b�ieZ]bh-
]g_ckZf�� dhlhju_� khijh\h`^Zxl� LZldmevkdbc� k^\b]h�k[jhk

�kf��jbk������:fnb[heblu�bevf_gh]hjkdhc�lhesb�oZjZdl_jbamxl-
ky� [he__� gbadbf� kh^_j`Zgb_f� gZljby�� g_kdhevdh� f_gvrbf� kh-
^_j`Zgb_f� dZevpby� b� `_e_aZ� ih� kjZ\g_gbx� k� Zfnb[heblZfb

durlufkdhc�lhesb��h^bgZdh\uf�dhebq_kl\hf�lblZgZ�ih�kjZ\g_-
gbx�k�Zfnb[heblZfb�k_eygdbgkdhc�lhesb��lZ[e���������=g_ckh\Zy

khklZ\eyxsZy� lhesb� oZjZdl_jbam_lky� obfbq_kdbfb� khklZ\Zfb

[ebadbfb�d�]jmii_�ihjh^�dbkeh]h�khklZ\Z�\ukhdh]ebgha_fbklh]h

jy^Z�� Fbg_jZevgu_� iZjZ]_g_abku� ihjh^� lhesb� khhl\_lkl\mxl

Zfnb[heblh\hc�nZpbb� f_lZfhjnbafZ�� dhlhjuc� fh`_l� [ulv� gZ-
eh`_g�gZ�[he__�jZggbc�]jZgmeblh\uc��\�]jZgZlZo�ibjhih\uc�fb-
gZe�^h�������[bhlbl�kh^_j`bl�7L22 ±�����\_k������Hlq_l�bevf_gh-
]hjkdh]h«�� ������� <hajZkl� lhesb� hij_^_e_g� ZevnZ�k\bgph\uf

f_lh^hf�:��:��DjZkgh[Z_\uf��GZ�hkgh\Zgbb�wlbo�^Zgguo�lhesm

hlghkyl�d�^hjbn_ckdhfm�djbklZeebq_kdhfm�hkgh\Zgbx�

Bevf_gh]hjkdZy� lhesZ�� \� kljmdlmjghf� hlghr_gbb�� ij_^-
klZ\ey_l� kh[hc� njZ]f_gl� � Bevf_gh]hjkdhc� kdeZ^qZlh�[ehdh\hc

kljmdlmju�� ]^_�<��Y��E_\bguf� �Hlq_l� bevf_gh]hjkdh]h«�� �����

\u^_e_gZ�Gyr_\kdZy�kbgdebgZev�iylh]h�ihjy^dZ��jbk������^_rbn-
jbjm_fZy� ih� ]jZ\blZpbhgghc� ZghfZebb� �Zfnb[heblu� 3R1il).
<� ij_^_eZo� lhesb�E_\bguf� hibkZgu�fZeu_� kdeZ^qZlu_�nhjfu

k� ^\mfy� gZijZ\e_gbyfb� hk_c� rZjgbjh\�� rZjgbju� ,� ±� ���±

170°∠20°�� rZjgbju� ,,� ±� ��°∠20°�� <aZbfhhlghr_gby� f_`^m
kdeZ^dZfb�^\mo�gZijZ\e_gbc�g_�mklZgh\e_gu�
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Jbk�����Ko_fZlbq_kdZy�]_heh]bq_kdZy�dZjlZ�jZchgZ�ha��;��FbZkkh\h�

�Hlq_l�bevf_gh]hjkdh]h«��������Xj_pdbc�<��G��b�^j���
1 – ]jZgbpu�^hklh\_jgu_����±�]jZgbpu�ij_^iheZ]Z_fu_����±�]jZgblhb^u�

Pbnju� \�djm`dZo: 1 –�Gyr_\kdbc� k^\b]h�k[jhk�� �� ±�LZldmevkdbc� k^\b]h�k[jhk�
��±�;ZjZmkkdbc�k[jhkh�k^\b]����±�MjZa[Z_\kdbc�k[jhkh�k^\b]��Pbnju�\�lj_m]hev-
gbdZo�–�kbgdebgZeb: 1 –�LZldmevkdZy����±�KZ\_evdmevkdZy����±�Gyr_\kdZy�

Bg^_dku� lhes: AR–PR1sl ±� k_eygdbgkdZy; PR1vs ±� \brg_\h]hjkdZy;
PR1il – bevf_gh]hjkdZy; PR1el – _eZgqbdkdZy; PR2kt – durlufkdZy; V1st – kZb�

lh\kdZy; Vig – b]brkdZy.
Bg^_dku�bgljmab\guo�]hjguo�ihjh^��1352E�±�mevljZhkgh\gu_�b�hkgh\gu_

ihjh^u�[Zbdkdh]h�dhfie_dkZ���21ur ±�]jZgblhb^u�mjZa[Z_\kdh]h�dhfie_dkZ���21-2þ�±

]jZgblhb^u�qZrdh\kdh]h�dhfie_dkZ���21uv ±�]jZgblhb^u�m\bev^bgkdh]h�dhfie_dkZ�
19k – hkgh\gu_�b�mevljZhkgh\gu_�ihjh^u�dZ]Zgkdh]h�dhfie_dkZ.



L Z [ e b p Z � �

Obfbq_kdbc�khklZ\�ihjh^�\h^hk[hjZ�ha��;��FbZkkh\h��\_k����

�
i/i

Ghf_j
ijh[u

SiO2 TiO2 Al2O3 Fe2O3 FeO MnO MgO CaO Na2O K2O H2O
+ P2O5 CO2 Σ

1 Be���LOP 48.97 1.26 17.87 2.45 8.61 0.20 5.49 9.47 2.46 0.91 1.88 0.23 0.2 100.00
2 Be���LOP 47.91 2.84 12.65 3.25 12.30 0.25 5.69 9.48 2.80 0.18 1.70 0.32 0.2 99.57
3 Be���LOP 67.00 0.69 14.46 0.31 4.95 0.15 2.72 2.52 3.32 2.04 1.04 0.23 0.2 99.63
4 Be���LOP 71.34 0.56 14.03 0.04 3.66 0.15 1.57 1.30 4.64 1.36 0.54 0.18 0.2 99.57
5 Be����NW 49.01 1.76 15.00 1.44 9.11 0.18 8.25 9.28 3.24 0.18 1.69 0.15 0.2 99.52
6 Be����NW 53.05 0.72 18.46 1.42 6.02 0.16 1.20 10.59 4.22 1.58 1.44 0.46 0.2 99.71
7 Be���γ 69.38 0.24 15.82 1.34 1.22 0.02 0.36 1.22 4.80 3.96 0.86 0.14 0.2 99.56
8 J�����γ 72.07 0.22 14.21 0.63 1.86 0.04 0.29 0.98 3.49 4.93 0.27 0.07 0.1 99.16
9 Dkq�����γ 72.50 0.11 13.55 1.22 1.38 0.03 0.41 0.80 3.90 4.76 1.05 0.06 0.1 99.87
10 Dkq�����γ 72.08 0.19 14.68 0.57 1.44 0.01 0.50 1.25 3.18 5.40 0.50 0.08 0.1 99.88
11 Dkq����γ 71.97 0.18 14.43 0.86 1.64 0.03 0.40 1.03 3.50 5.36 0.28 0.07 0.1 99.85
12 25320el 72.41 0.37 14.15 0.25 2.30 0.04 1.37 3.12 4.32 1.44 0.34 0.16 0.1 100.27
13 2678/1el 70.36 0.41 15.01 0.18 2.20 0.04 0.90 2.59 4.90 2.82 0.28 0.11 0.01 99.80
14 3512/6kt 66.50 0.73 14.74 1.17 4.67 0.12 3.05 1.37 4.00 2.00 0.90 0.14 0.1 99.39
15 1323/3kt 78.02 0.27 6.08 0.67 1.68 0.08 0.96 2.97 0.27 1.46 0.05 1.12 6.74 100.32
16 25026kt 81.01 0.24 5.40 0.47 0.88 0.07 0.94 3.10 1.00 0.92 4.30 1.08 0.66 100.01
17 �����] 0.35 g��h� 0.23 g��h� g��h� g��h� 0.03 55.68 g��h� g��h� 43.40 0.04 g��h� 99.73
18 9009kt 52.92 0.54 17.61 1.57 7.98 0.13 4.61 10.18 2.60 0.40 1.14 0.04 0.1 99.72
19 7375kt 52.70 0.50 18.51 1.95 8.69 0.15 4.33 10.16 1.76 0.36 0.46 0.02 0.1 99.59

I j b f _ q Z g b _ ���±��±�bevf_gh]hjkdZy�lhesZ�������±�Zfnb[heblu����±�]jZgZl�[bhlbl�]jZnblh\uc�]g_ck����±�]jZgZl�[bhlblh\uc�]g_ck�

�±�� ±� durlufkdZy� lhesZ�� [eZklhfbehgblu�� �±��� ±� ]jZgblhb^u� Dbk_]Zqkdh]h� fZkkb\Z�� �� ±� ]g_ckh�]jZgbl�� ��� ��� ±� ]jZgbl� kj_^g_a_jgbkluc�

��±�]g_ckh\b^guc�]jZgbl�����±�]jZgbl�jhah\uc���������±�_eZgqbdh\kdZy�lhesZ�±�ieZ]bh]g_cku����±���±�durlufkdZy�lhesZ�����±�ieZ]bh]g_ck

]jZgZl�[bhlblh\uc�����±�]g_ck�[bhlbl�]jZgZlh\uc�����±�d\Zjpbl�[bhlblh\uc�����±�fjZfhj����±���±�Zfnb[heblu; g��h��±�g_�hij_^_eyehkv��Hlq_l
bevf_gh]hjkdh]h�«��������Xj_pdbc�<��I��b�^j���
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;hevrZy�qZklv�aZiZ^gh]h�[_j_]Z�keh`_gZ�ihjh^Zfb�_eZg-
qbdh\kdhc�lhesb� �351el) ±�ieZ]bh]g_ckZfb� �b�fb]fZlblZfb��Dh-
j_ggu_�\uoh^u�ihjh^�h[jZamxl�p_ihqdb�g_\ukhdbo�[m]jh\�\^hev

ebgbb�[_j_]Z��Kj_^b�ieZ]bh]g_ckh\�ih�khklZ\m�\u^_eyxl��[bhlb-
lh\u_�� Zfnb[he�[bhlblh\u_�� ]jZgZl�[bhlblh\u_�� kbeebfZgbl�

]jZgZl�[bhlblh\u_�� IeZ]bh]g_cku� ^Zgghc� lhesb� kms_kl\_ggh

[bhlblh\u_�� oZjZdl_jbamxlky� g_[hevrbf� kh^_j`Zgb_f� ]jZgZlZ�

kbeebfZgbl�j_^hd�� ]jZnbl�\�gbo�g_�\klj_qZ_lky��Fb]fZlblu�oZ-
jZdl_jbamxlky�j_adbf�ij_h[eZ^Zgb_f�ieZ]bhdeZaZ�gZ^�dZeb_\uf

ihe_\uf�riZlhf�

Ihjh^u�_eZgqbdh\kdhc�lhesb�ih�k\h_fm�obfbq_kdhfm�kh-
klZ\m�khhl\_lkl\mxl�dbkeuf�b�kj_^gbf�ihjh^Zf�k�g_kdhevdh�ih-
\ur_gguf� kh^_j`Zgb_f� ]ebgha_fZ� b� oZjZdl_jbamxlky� [he__

gbadbf�kh^_j`Zgb_f�`_e_aZ�b�[he__�\ukhdbf�kh^_j`Zgb_f�dZev-
pby�ih�kjZ\g_gbx�k�ihjh^Zfb�bevf_gh]hjkdhc�lhesb��<�^Zgghc

lhes_�hij_^_e_g�ebrv�\hajZkl�ieZ]bh]jZglbaZpbb� �����feg�e_l�

Rb�6U� f_lh^hf�� <hajZkl� km[kljZlZ�� g_khfg_ggh�� [he__� ^j_\gbc�
?eZgqbdh\kdZy� lhesZ� aZ\_jrZ_l� jZaj_a� ^j_\g_]h� ^hjbn_ckdh]h

djbklZeebq_kdh]h� hkgh\Zgby�� Z� \� kljmdlmjghf� hlghr_gbb� hgZ

gZjy^m� k� bevf_gh]hjkdhc� lhes_c� y\ey_lky� qZklvx�Bevf_gh]hj-
kdhc� kdeZ^qZlh�[ehdh\hc� kljmdlmju�� <� ihjh^Zo� _eZgqbdh\kdhc

lhesb��\�ij_^_eZo�[_j_]h\hc�ebgbb��qZklh�\klj_qZxlky�l_eZ�]jZ-
gblguo�i_]fZlblh\��hjb_glbjh\Zggu_�km[f_jb^bhgZevgh�

X]h�\hklhqguc� b� k_\_jguc� [_j_]� keh`_gu� ihjh^Zfb

durlufkdhc� lhesb� �352NW��� dhlhjZy� hdZcfey_l� ^hjbn_ckdbc

dhfie_dk�ihjh^�djbklZeebq_kdh]h�hkgh\Zgby��dhgljhebjmy�djmi-
gh_� l_dlhgbq_kdh_� gZjmr_gb_� �kf�� jbk�� ��� ahgZfb� ihjnbjhdeZ-
klh\uo� [eZklhfbehgblh\� �k_\_jguc� [_j_]�� b� ieZklhh[jZagufb

l_eZfb�f_lZ]bi_j[Zablh\� �x`guc�[_j_]���GZ�x]h�\hklhqghf�[_-
j_]m�ihjh^u�lhesb�ih^\_j]gmlu�bgl_gkb\ghc�]jZgblbaZpbb��qlh

h[mkeh\e_gh�[ebahklvx� ]jZgblhb^gh]h�Dbk_]Zqkdh]h�fZkkb\Z��<

khklZ\� durlufkdhc� lhesb� \oh^yl�� ]jZnblbklu_� d\Zjpblu�� Zf-
nb[heblu� ]jZgZlh\u_� b� ibjhdk_gh\u_�� ieZ]bh]g_cku� [bhlblh-
\u_�� ]jZgZl�[bhlblh\u_�� klZ\jhebl�]jZgbl�[bhlblh\u_�� kex^y-
gu_� d\Zjpblu��fjZfhjZ��:fnb[heblu� wlhc� lhesb� oZjZdl_jbam-
xlky�m\_ebq_gb_f�]ebgha_fZ�b�dZevpby��qlh�khhl\_lkl\m_l�ihy\-
e_gbx�\�wlbo�ihjh^Zo�^bhikb^Z��ZkkhpbZpbb�wib^hlZ�b�ieZ]bhd-
eZaZ�ih\ur_gghc�hkgh\ghklb��lZ[e���������IeZ]bh]g_cku�oZjZdl_-
jbamxlky� ihgb`_gb_f� kh^_j`Zgby� ]ebgha_fZ� b� ih\ur_gb_f� ±

fZ]gby�

Kms_kl\_gguf�hlebqb_f�ihjh^�durlufkdhc�lhesb�y\ey-
_lky�nhknhjblhghkghklv��ZiZlbl�^h������]jZnblbkluo�d\Zjpblh\�
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gZebqb_�dZevpblh\uo�fjZfhjh\�b�dZj[hgZlkh^_j`Zsbo�ieZ]b-
h]g_ckh\� �kf�� lZ[e�� ����<hajZkl� lhesb� hij_^_ey_lky� jy^hf� dhk-
\_gguo�iZjZf_ljh\��kljmdlmjguf�iheh`_gb_f��\hajZklhf�gZb[h-
e__�iha^gbo�f_lZfhjnbq_kdbo�ijhp_kkh\��ihemq_gguo� .�$U�f_-
lh^hf��GZ�k_\_jghf�[_j_]m�ha_jZ��keh`_gghf�ihjh^Zfb�durluf-
kdhc�lhesb��PR2kt���h[gZ`_gZ�djZcgyy�x`gZy�qZklv�LZldmevkdhc
kbgdebgZeb� �kf�� jbk�� ���� hlghkys_cky� d�DZkebgkdhc� kdeZ^qZlh�

[ehdh\hc� kljmdlmj_��Hkv� kbgdebgZeb� bf__l�x]h�\hklhqgh_� ijh-
klbjZgb_��HgZ�hkeh`g_gZ�[he__�f_edbfb�kdeZ^dZfb�^\mo�]_g_jZ-
pbc��GZ�x`ghf�b�x]h�\hklhqghf�[_j_]m�ha_jZ�ihjh^u�durluf-
kdhc� lhesb� h[jZamxl�KZ\_evdmevkdmx� kbgdebgZev� �kf�� jbk�� ���

koh`mx� ih� k\h_c� nhjf_� k� LZldmevkdhc� kbgdebgZevx�� GZ� x]h�

\hklhqghf� [_j_]m� \� ihjh^Zo� durlufkdhc� lhesb� \klj_qZxlky

g_[hevrb_�\ulygmlu_�l_eZ�]jZgblhb^h\�qZrdh\kdh]h�dhfie_dkZ

(γH1-2þ��� hlg_k_ggu_� d� fb]fZlbl�]jZgblghc� nhjfZpbb� �N_jrlZ-
l_j�b�^j����������bf_xsb_�iZebg]_ggh�f_lZkhfZlbq_kdbc�]_g_abk�

=jZgbpu� k� \f_sZxsbfb� ihjh^Zfb� j_adb_�� gh� [_a� oZjZdl_jguo

^ey� bgljmab\guo� ihjh^� ahg� aZdZedb�� Kms_kl\_gguf� hlebqb_f

wlbo� ihjh^� ih� obfbq_kdhfm� khklZ\m� y\ey_lky� g_kdhevdh� ih\u-
r_ggh_�kh^_j`Zgb_�[_jbeeby�b�k\bgpZ� �ih�kjZ\g_gbx�k�deZjdh-
\uf�� �Hlq_l� bevf_gh]hjkdh]h� «�� ������Xj_pdbc� <��I�� b� ^j���

Djhf_� lh]h�� \� ij_^_eZo� \uoh^Z� ih� [_j_]Zf� ihjh^� durlufkdhc

lhesb� gZ� k_\_j_� b� gZ�x]h�\hklhd_� ohjhrh� aZf_lgu� h[gZ`_gby

mevljZhkgh\guo�ihjh^� �352b
3��[Zbdkdh]h�dhfie_dkZ��nbdkbjmx-

sb_�LZldmevkdbc� k^\b]h�k[jhk��L_eZ�fZehfhsgu_� ieZklhh[jZa-
gu_�� keh`_ggu_� heb\bg�lZevdh\ufb� ihjh^Zfb�� ojbahlbe�ebaZj�

^blh\ufb�k_ji_glbgblZfb�b�f_lZkhfZlbq_kdbfb�h[jZah\Zgbyfb�

Obfbq_kdbc� khklZ\� bo� oZjZdl_jbam_lky� g_kdhevdh� ih\ur_gguf

kh^_j`Zgb_f� k\bgpZ�� lblZgZ�� [Zjby� b� ]Zeeby� �ih� kjZ\g_gbx� k

deZjdh\uf�� �Hlq_l�bevf_gh]hjkdh]h�«�� ������Xj_pdbc�<��I��b

^j����F_lZkhfZlha� \� lZdbo� l_eZo� k\yaZg� k� ahgZfb� ih\ur_gghc

pbjdmeypbb�]b^jhl_jfZevguo�jZkl\hjh\�b�]jZgblbaZpb_c�

<hklhqgu_� [_j_]Z� ha�� ;�� FbZkkh\h� m� Ijhoh^ghc� dmjvb

keh`_gu� ]jZgblhb^Zfb� Dbk_]Zqkdh]h� fZkkb\Z� m\bev^bgkdh]h

dhfie_dkZ� �γH2XY���hlghkysbfbky�d�fhgph^bhjbl�]jZgblghc�nhj-
fZpbb� �N_jrlZl_j� b� ^j��� ������� =jZgblhb^u� ohjhrh� h[gZ`_gu

\^hev�[_j_]Z��^ey�gbo�oZjZdl_jgZ�fZljZp_\b^gZy�hl^_evghklv��=jZ-
gblhb^u�ij_^klZ\e_gu� a^_kv�ij_bfms_kl\_ggh�e_cdh]jZgblZfb�

kj_^b�dhlhjuo�\klj_qZxlky�g_[hevrb_�dk_gheblu�]jZghkb_gblh\�

]jZgh^bhjblh\� b� Z^Zf_eeblh\�� Hkgh\guf�� Z� qZklh� _^bgkl\_gguf

l_fghp\_lguf�fbg_jZehf�y\ey_lky�[bhlbl�k�ih\ur_gguf�kh^_j`Z-
gb_f�lblZgZ�����±����\_k������Ba��Zdp_kkhjguo��fbg_jZeh\��oZjZd-



L Z [ e b p Z � �

Kh^_j`Zgby�we_f_glh\�ijbf_k_c�\�ihjh^Zo�\h^hk[hjZ�ha��;��FbZkkh\h��]�l�
ih��Hlq_l�bevf_gh]hjkdh]h�«��������Xj_pdbc�<��I��b�^j��

� Ghf_j
ijh[u

Ti Mn Cr Ni Co V Nb Be Zr Sc Y Yb Ce La

1 Be���LOP 1.05 1550 316 141 63 420 6 0.8 100 63 30 4 30 10
2 Be���LOP 2.24 1900 26 50 63 640 8 2 120 63 80 80 11
3 Be�� 0.47 1580 126 71 10 151 13 1.6 190 32 40 5 28 32
4 Be�� 0.3 900 50 25 4 25 4 0.4 135 20 71 7 55 42
5 Be�� 0.17 170 66 35 5 28 30 2.0 178 4 10 1.5 190 112

L Z [ e b p Z � �

Kj_^gb_�kh^_j`Zgby��]�l��5E�b�6U�\�]jZgblhb^Zo�Dbk_]Zqkdh]h�fZkkb\Z
ih��;mreydh\�B��G���;Z`_gh\�:��=��������

� Ihjh^Z Qbkeh�ijh[ Rb Sr

1 =g_ckh�]jZgblu 6 191 235
2 =jZgblu�k�a 45 185 240
3 =jZgblu�i_]fZlhb^gu_ 5 182 260
4 =jZgblu�ihjnbjh\b^gu_ 4 168 391
5 =jZgbl�Zieblu�`bevgu_ 5 170 250
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l_jgu� kn_g�� ZiZlbl�b�pbjdhg��Ih� k\h_fm� obfbafm�ihjh^u� oZ-
jZdl_jbamxlky� g_kdhevdh� ih\ur_gguf� kh^_j`Zgb_f� `_e_aZ� b

fZ]gby��\ukhdbf�kh^_j`Zgb_f�mjZgZ�b�lhjby��=jZgblhb^Zf�^Zg-
gh]h�fZkkb\Z�k\hckl\_ggu�agZqbl_evgh�ih\ur_ggu_�kh^_j`Zgby

kljhgpby� ih� kjZ\g_gbx� k� deZjdh\uf� ih� :��I��<bgh]jZ^h\m�� b

ij_h[eZ^Zgb_� �6U�ih�hlghr_gbx�d�5E��lZ[e������Ih\ur_ggh_�kh-
^_j`Zgb_�kljhgpby�k\yaZgh�k�hklZlhqghc�fZ]fhc�s_ehqgh]h�kh-
klZ\Z�� ijhy\e_gghc� \� i_j\uo� ^\mo� nZaZo� klZgh\e_gby� fZkkb\Z�

dhlhju_�fh`gh�jZkkfZljb\Zlv� dZd� Zdlb\baZpbx� \�`_kldhf� dhg-
lbg_glZevghf�[ehd_� \h� \j_fy� aZeh`_gby�iZe_hahckdhc� ]_hkbgd-
ebgZeb�MjZeZ��N_jrlZl_j�b�^j���������

H[s_c� l_g^_gpb_c� \� obfbq_kdhf� khklZ\_� ihjh^� \ur_

mihfygmluo� lhes� y\ey_lky� agZqbl_evgh_� ij_h[eZ^Zgb_� gZljby

gZ^�dZeb_f��qlh�fh`gh�h[tykgblv�n_gblbaZpb_c�ihjh^��H^gZdh�\

]jZgblhb^Zo�dbk_]Zqkdh]h�fZkkb\Z�fu�gZ[ex^Z_f�h[jZlgh_�khhl-
ghr_gb_� �.!1D��� qlh� k\b^_l_evkl\m_l� h� \hajZklghf� jZaju\_� \

nhjfbjh\Zgbb� kh[kl\_ggh�s_ehqgh]h� dhfie_dkZ� b� ]jZgblhb^h\

�I_jfydh\�;��G���������

F_`]hjgZy�dhleh\bgZ��gZ�^g_�dhlhjhc�e_`bl�ha��;��FbZk-
kh\h��gZoh^blky�\�ahg_�khqe_g_gby�km[rbjhlgh]h�b�km[f_jb^bh-
gZevguo�gZjmr_gbc��kf��jbk������qlh�iha\hey_l�kqblZlv�ijhbkoh-
`^_gb_� ha_jZ� l_dlhgbq_kdbf�� <lhjuf� nZdlhjhf� nhjfbjh\Zgby

dhleh\bgu� fh`_l� y\eylvky� wjhabhggh�^_gm^ZpbhggZy� ^_yl_ev-
ghklv��Keh`gmx� aZeb\hh[jZagmx�nhjfm� [_j_]h\� h[mkeZ\eb\Zxl

kdeZ^qZlu_�kljmdlmju�ihjh^�

=_hfhjnheh]bq_kdh_�kljh_gb_�b�j_ev_n

Ha_jh� ;��FbZkkh\h� y\ey_lky� aZiZ^guf�� Z�F��FbZkkh\h� ±

\hklhqguf�ie_khf�_^bgh]h�ha_jZ�FbZkkh\h��dhlhjh_�jZkiheh`_-
gh�kjZam�\�^\mo�j_adh�hlebqguo�]_hkljmdlmjguo�h[eZklyo�

– ahg_�MjZevkdh]h�]hjgh]h�djy`Z�

– ahg_�dhglZdlZ�wjhabhggh�Z[jZabhgghc�ieZlnhjfu� �AZ-
mjZevkdh]h� i_g_ie_gZ�� k� AZiZ^gh�Kb[bjkdhc� gbaf_g-
ghklvx��Kb]h\��Rm[��������

Hgb�jZaebqZxlky�keh`_gb_f�nmg^Zf_glZ��bgl_gkb\ghklvx

b� gZijZ\e_gghklvx� l_dlhgbq_kdbo� ^\b`_gbc��<hklhqguc� kdehg

X`gh]h�MjZeZ�y\ey_lky�khq_lZgb_f�ahgu�djy`Z�k�]hjgufb�fZk-
kb\Zfb��\ulygmlufb�\�gZijZ\e_gbb��[ebadhf�f_jb^bhgZevghfm�

b� ahgu�i_g_ie_gZ��oZjZdl_jbamxs_]hky� kbevghc�^_gm^Zpbhgghc

kghr_gghklvx� b� gZebqb_f� jZagh\hajZklguo� ih\_joghkl_c� \u-
jZ\gb\Zgby� � �;Zr_gbgZ�� ����;� Kb]h\��Rm[�� ����;� W^_evrl_cg�
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������� ©H[_� ahgu� keh`_gu� ^bkehpbjh\Zggufb� hkZ^hqgufb� b

hkZ^hqgh�f_lZfhjnbq_kdbfb�ihjh^Zfb��ijhj\Zggufb�bgljmab\-
gufb� h[jZah\Zgbyfb�� Juoeu_� hleh`_gby� bf_xl� g_[hevrmx

fhsghklv��ihjh^u�nmg^Zf_glZ�\uoh^yl�gZ�ih\_joghklv�\�h[_bo

ahgZoª� �EZg^rZnlguc�nZdlhj«�� ������ k������:gZeba� ebl_jZlmj-
gh]h� fZl_jbZeZ� iha\hey_l� hij_^_eblv� ijbgZ^e_`ghklv� ha_jZ� b

_]h�\h^hk[hjZ�d�ke_^mxsbf�]_hfhjnheh]bq_kdbf�jZchgZf�

– aZiZ^gZy� qZklv� \h^hk[hjZ� hlghkblky� d� ahg_� ]hjgh]h

oj_[lZ� b� jZkiheh`_gZ� \� ij_^_eZo� Bevf_gh]hjkdh]h

kdeZ^qZlh]h�dhfie_dkZ�

– \hklhqgZy�qZklv�\h^hk[hjZ�b�\h^hk[hj�ha��F��FbZkkh\h

hlghkylky�d�jZchgm�\hklhqguo�ij_^]hjbc�k�wjhabhggh�

^_gm^Zpbhgguf� ]hjgh�ohefbkluf� iheh]h�m\Zebkluf

j_ev_nhf��j_ev_n�h[mkeh\e_g�hkh[_gghklyfb�kljh_gby

kdeZ^qZlh]h�nmg^Zf_glZ�

– dhleh\bgZ� ha_jZ� jZkiheh`_gZ� \� f_`]hjghc� \iZ^bg_

wjhabhggh�l_dlhgbq_kdh]h� ijhbkoh`^_gby� �EZg^-
rZnlguc�nZdlhj«��������

;_j_]Z�ha_jZ�y\eyxlky� l_dlhgbq_kdbfb�mklmiZfb�b� k�\hk-
lhqghc�� aZiZ^ghc� b� k_\_jghc� klhjhg� djmlu_�� X`gu_� b� x]h�

aZiZ^gu_�[_j_]Z� ha_jghc� dhleh\bgu�gbaf_ggu�� aZ[hehq_gu��ih-
kdhevdm�\�wlhf�f_kl_�hgZ�ijh^he`Z_lky�^jm]hc�djmighc�hljbpZ-
l_evghc�nhjfhc�j_ev_nZ� ±� ]em[hdhc� kljmdlmjgh�^_gm^Zpbhgghc

^_ij_kkb_c�f_`^m�Dhkhc�]hjhc�b�Bevf_gkdbf�oj_[lhf��gZau\Z_-
fhc�Gyr_\kdh�Bevf_gkdhc��>Ze__�d�x]m�wlZ�^_ij_kkby�ijh^he`Z-
_lky� ^hebgZfb� j_d�Gyr_\dZ� b�Q_j_frZgdZ��D� k_\_jm� wlm� kljmd-
lmjgh�^_gm^Zpbhggmx�^_ij_kkbx�fh`gh�ijhke_^blv�ih�dhleh\b-
gZf�ha_j�Bevf_gkdhc�]jmiiu�b�ijbe_]Zxsbo�d�gbf�[hehl��D�wlhc

^_ij_kkbb�ijbmjhq_gu�fgh]hqbke_ggu_�l_dlhgbq_kdb_�lj_sbgu

b� gZjmr_gby�� ih� dhlhjuf� \� fZkkb\gh�djbklZeebq_kdbo� ihjh^Zo

pbjdmebjmxl� ]jmglh\u_�\h^u��bf_xsb_�\uoh^u�\�ha_jgmx�dhl-
eh\bgm�b�ijbe_]Zxsb_�[hehlgu_�fZkkb\u�

GZ[ex^Z_lky� l_kgZy� \aZbfhk\yav�f_`^m� ]_hfhjnheh]bq_-
kdbf�kljh_gb_f��khklZ\hf�]hjguo�ihjh^�b�l_dlhgbdhc��Dhleh\b-
gu� ha_jZ� b� [hehl�� ^hebgu� \iZ^Zxsbo� \� ha_jh� j_d� \ulygmlu� \

k_\_jh�k_\_jh�\hklhqghf�[ebadhf�d�f_jb^bhgZevghfm�gZijZ\e_-
gbb��\�khhl\_lkl\bb�k�ijhklbjZgb_f�ih^Z\eyxs_c�fZkku�]hjguo

ihjh^�� Ohjhrh� \ujZ`_gZ� aZ\bkbfhklv� oh^Z� wjhabhggh�^_gm^Z�

pbhgguo�ijhp_kkh\�hl�i_ljh]jZnbq_kdh]h�khklZ\Z�]hjguo�ihjh^�

Ihgb`_ggu_� mqZkldb� jZkiheh`_gby� ha_jguo� aZeb\h\� b� ijbfu�

dZxsbo� [hehl�� j_qgu_� ^hebgu� ijbmjhq_gu� d� l_f� jZagh\b^gh-
klyf� ]hjguo�ihjh^�� dhlhju_� h[eZ^Zxl� keZ[hc� mklhcqb\hklvx� d
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\h^ghc�b�\_ljh\hc�wjhabb� �]jZgblh]g_cku���Baj_aZgghklv�[_j_-
]h\hc�ebgbb�lZd`_�k\yaZgZ�k�]_heh]bq_kdbf�kljh_gb_f�b�fgh]h�

qbke_gghklvx�l_dlhgbq_kdbo�gZjmr_gbc��ih^oh^ysbo�d�ha_jghc

dhleh\bg_��<ke_^kl\b_�wlh]h�dhwnnbpb_gl�ba\bebklhklb�[_j_]h-
\hc� ebgbb� ha_jZ� ;��FbZkkh\h� jZ\_g� ���� ±� gZb[hevrbc� ba� \k_o

ha_j�Bevf_gkdhc�]jmiiu��kf��]e�����

>hggu_�hleh`_gby

K_^bf_glh]_g_a� \� mjZevkdbo� ha_jZo� bamqZ_lky� ^h\hevgh

^Z\gh��gh��\�hkgh\ghf��ih^�m]ehf� aj_gby�nhjfbjh\Zgby�beh\uo

aZe_`_c��bkihevam_fuo�^ey�[Zevg_heh]bq_kdbo�p_e_c��dZd�m^h[-
j_gb_�b�dZd�ih^dhjfdZ�^ey�`b\hlguo��>Zpmg������;�KZijhi_eb�b
bo�e_q_[gh_�ijbf_g_gb_������;�Ydh\e_\Z��K_j]__\Z��������b�^j���
J_^dbfb� bkdexq_gbyfb� y\eyxlky� jZ[hlu� fbg_jZeh]bq_kdh]h

ieZgZ� �Dmj^bg�� ����;�Reyigbdh\�b�^j��� ������� \�dhlhjuo�j_rZ-
xlky�\hijhku�±�qlh�kh^_j`blky�\�hkZ^d_��Z�g_�dZd�wlb�fbg_jZeu

h[jZamxlky�

Mihfygmlu_� \� ^Zgghf� jZa^_e_� we_f_glu� kljh_gby� ha_jZ

�aZeb\u��fuku�b�ijhq__��hibkZgu�\�]eZ\_���

F_lh^bdZ� bkke_^h\Zgbc�� Ihkdhevdm� d� fhf_glm� gZqZeZ

jZ[hl� gZdhibehkv� [hevrh_� dhebq_kl\h� ijhlb\hj_qb\uo� ^Zgguo

dZd�ih^q_jdb\Zxsbo�jhev�[bhlu�\�fbg_jZehh[jZah\Zgbb�\�\h^-
ghc� kj_^_�� lZd� b� k\h^ysbo� \k_� ijhp_kku� \� g_c� ijhl_dZxsb_� d

ijhkluf�nbabdh�obfbq_kdbf�j_Zdpbyf��gZfb�[ueb�ij_^ijbgylu

gZlmjgu_�b�ebl_jZlmjgu_�bkke_^h\Zgby�^ey�\uykg_gby�wlh]h�\h-
ijhkZ��Ha_jh�;��FbZkkh\h�\�wlhf�ieZg_�ij_^klZ\ey_l�hkh[uc�bg-
l_j_k��lZd�dZd�fZdkbfZevgZy�aZnbdkbjh\ZggZy�fbg_jZebaZpby�_]h

\h^u� ±� ����f]�e� �kf�� ]e�� ���bkdexqZ_l�\hafh`ghklv�^hklb`_gby

i_j_gZkus_gby�ih�ex[hfm�ba�jZkl\hj_gguo�dhfihg_glh\�

>ey�bamq_gby�jZkij_^_e_gby�hkZ^dh\�ih�^gm�\h^h_fZ�[ueZ

ijbf_g_gZ� iehsZ^gZy� kt_fdZ� k� ijh[hhl[hjhf� ih� ijhnbeyf�

<�k\yab�k�[hevrhc�iehsZ^vx�ha_jZ�b�h]jZgbq_gghklvx�\hafh`-
ghkl_c�� kt_fdZ� ijh\h^beZkv� g_� ih� h^ghjh^ghc� hjlh]hgZevghc

k_ld_��Z�ih�jy^m�ijhnbe_c��jZkiheh`_gb_�dhlhjuo�hij_^_eyehkv

]_hf_ljb_c�ha_jghc�\Zggu�b�g_h[oh^bfhklvx�hijh[h\Zlv�gZb[h-
e__�oZjZdl_jgu_�ahgu�ha_jZ�
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�Jbk�� ��� Ko_fZlbabjh�

\ZggZy� [Zlbf_ljbq_kdZy� dZjlZ

k�ijhnbeyfb�ijh[hhl[hjZ�
DhkZy� rljboh\dZ� ±� ahgu

k_jh\h^hjh^gh]h� aZjZ`_gby

�©\hgxqb_ª�kZijhi_eb�

Ih�ijhnbeyf� �jbk�� ��

lhqdb� hijh[h\Zgby� b

aZf_jh\� ]em[bg� jZkiheZ�

]Zebkv� q_j_a� ��� f� �bgh]^Z

^ey�^_lZebaZpbb� ±�q_j_a� ��

b� ��� f��� <aylb_� ijh[� k

h^gh\j_f_gguf� aZf_jhf

]em[bgu� ijhba\h^behkv

^hgghc� ljm[dhc� ^ebghc

���� f� �\gmlj_ggbc� ^bZf_lj

��� ff�� k� f_jguf�rgmjhf�

Ba� ih^gylh]h� ^hggh]h� fZ�

l_jbZeZ� ijh[u� hl[bjZebkv

ih�f_j_�g_h[oh^bfhklb�ijb

kf_g_� oZjZdl_jZ� ^hgguo

hkZ^dh\�� Ijh[u� ih^\_j�

]Zebkv� \ha^mrghc� kmrd_� b

\k_� [_a� bkdexq_gby� h[jZ[Zlu\Zebkv� i_j_dbkvx� \h^hjh^Z� ^ey

m^Ze_gby� hj]Zgbdb�� G_jZkl\hjbfuc� hklZlhd� ih^\_j]Zeky� klZg-
^Zjlguf� ijhp_^mjZf� njZdpbhgbjh\Zgby� �fZ]gblgZy� k_iZjZpby�

jZkkblh\dZ�^ey�hij_^_e_gby�]jZgmehf_ljbq_kdh]h�khklZ\Z��hl[hj

fhghnjZdpbc� ih^� [bghemihc� b� l�� ^����>ey� p_e_c� ^bZ]ghklbdb� b

bamq_gby� lbihfhjnguo� hkh[_gghkl_c� \u^_e_gguo� fbg_jZeh\

ijbf_gyebkv� bgnjZdjZkgZy� ki_dljhkdhiby�� j_gl]_gh\kdbc�� l_j-
fbq_kdbc�� ki_dljZevguc� b� obfbq_kdbc� ZgZebau�� BD�

ki_dljhkdhiby��we_dljhggZy�fbdjhkdhiby�b�hilbq_kdb_�f_lh^u�

J_amevlZlu�bkke_^h\Zgbc��JZkij_^_e_gb_�]jmglh\�\�ha_-
j_�klhbl�\�l_kghc�k\yab�k�]em[bgZfb��<�eblhjZevghc�ahg_�\hklhq-
gh]h� b� aZiZ^gh]h� [_j_]h\�� \hae_� kdZevguo� fukh\� ^h� ]em[bgu

���±���� f� ij_h[eZ^Zxl� dZf_gbklu_� ]Ze_qgbdh\u_� b� i_kqZgu_

]jmglu��M�k_\_jgh]h�ih[_j_`vy�^hfbgbjmxl�i_kdb��m�x`gh]h� ±

dZf_gbklh_�ieblqZlh_� ^gh� ±� ]ZevdZ��<� aZeb\Zo� d�i_kdZf�ijbf_-
rZgZ� l_jlZy�jZdmrZ� �hkh[_ggh� \�dmjv_�Ebih\hc��b� lhjnygbklh�

beh\u_�hleh`_gby�\�jZaguo�ijhihjpbyo�

<� km[eblhjZeb�jZkijhkljZg_gu� k_ju_�� l_fgh�k_ju_�� a_e_-
gu_�klm^_gbklu_�beu��<�ijhnmg^Zeb�]hkih^kl\mxl�l_fgh�k_ju_�
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l_fgh�a_e_gu_� ^h� dhjbqg_\uo� hll_gdh\� klm^_gbklh�

l\hjh`bklu_�beu�kZijhi_eb�

G_�dZkZykv� ki_pbZevguo�\hijhkh\� ]b^jh^bgZfbdb� �\_jlb-
dZevgZy�pbjdmeypby��k\yaZggZy�k�k_ahgguf�baf_g_gb_f�l_fi_jZ-
lmj�� \_ljh\h_�i_j_f_rb\Zgb_� \_jogbo� ]hjbahglh\� \h^u�b� l��^���

hklZgh\bfky� lhevdh� gZ� \ebygbb� \_ljh�\hegh\h]h� nZdlhjZ� gZ

nhjfbjh\Zgb_�b�i_j_jZkij_^_e_gb_�^hgguo�hkZ^dh\��<ke_^kl\b_

[hevrbo� j_af_jh\� ha_jZ�� jZa]hg� \heg�� ^Z`_� ijb� kjZ\gbl_evgh

keZ[hf�\_lj_��\_ebd��Ihkdhevdm�[hevrZy�qZklv�[_j_]h\hc�ebgbb

ha_jZ�keh`_gZ�kdZevgufb�ihjh^Zfb��lh�Z[jZaby�ijZdlbq_kdb�hl-
kmlkl\m_l��gh�hloh^ys__� �^hggh_��l_q_gb_�\ughkbl�ba�[_j_]h\hc

ahgu�\_kv�f_edhh[ehfhqguc�fZl_jbZe��nhjfbjmy�\^hev�[_j_]h\

]eu[h\h�s_[gbklmx�©dZcfmª��i_j_oh^ysmx�gZ�]em[bg_�\�i_kqZ-
gu_�hleh`_gby� �kf��jbk�� ����:[jZaby�q_ldh�ijhy\e_gZ�lhevdh�gZ

k_\_jghf�[_j_]m�ha_jZ� �aZeb\�Abfgbd�b�jZchg�dhj^hgZ�©FbZkkh-
\hª���A^_kv�knhjfbjh\Zg�Z[jZabhgguc�mklmi�b�eblhjZev�keh`_gZ

ohjhrh� hlkhjlbjh\Zggufb� i_kdZfb��F_g__� q_ldh� wlhl� ijhp_kk

ijhy\e_g� \�x`ghc� qZklb� ha_jZ� �mqZklhd� ©I_kdbª� \� jZchg_�Gy-
r_\kdh]h�dhj^hgZ��

H^gZdh�[he__�kms_kl\_ggh_�\ebygb_�gZ�hkZ^dhgZdhie_gb_

\� ]em[hdh\h^guo�qZklyo�ha_jZ�hdZau\Z_l�f_g__�hq_\b^gh_� ke_^-
kl\b_� \_ljh�\hegh\hc� ^_yl_evghklb� ±� k]hggh�gZ]hggu_� l_q_gby�

L_q_gby� wlb� ±� mklZgh\e_gguc� nZdl� ^ey� djmiguo� Zd\Zlhjbc

�EZg^rZnlguc�nZdlhj«���������<������]h^m�ihke_�ij_djZs_gby

r_klb^g_\gh]h� \_ljZ� k_\_jh�k_\_jh�aZiZ^gh]h� gZijZ\e_gby� \

]hjeh\bg_�Gyr_\kdhc�dmjvb�gZfb�^\Z�^gy�gZ[ex^Zehkv�l_q_gb_�

ihkl_i_ggh�khr_^r__�gZ�g_l��<�ihke_^mxsb_� ]h^u�y\e_gb_� wlh

hlf_qZehkv�g_h^ghdjZlgh��Iha`_��ijb�^hgghc�kt_fd_��[ueh�mklZ-
gh\e_gh��qlh�\�]hjeh\bg_�Gyr_\kdhc�dmjvb� �ih^�ijh\h^Zfb��kZ-
ijhi_e_\u_�hleh`_gby�g_�bf_xl�kljZlbnbdZpbb�b�ij_^klZ\e_gu

lhevdh� ihem`b^dbf� i_eh]_ghf��fhsghklvx� ���±���� f�� aZe_]Zx-
sbf� gZ� i_kdZo�� >Ze__� d� k_\_jm� aZnbdkbjh\Zgu� i_kqZgh�

s_[gbklu_�hleh`_gby��i_j_oh^ysb_�\�bebklu_�i_kdb�b��gZdhg_p�

\�^\moklZo�f_ljZo�k_\_jg__�f��KljZrghc�kf_gyxsb_ky�kZijhi_-
eyfb��LZdbf�h[jZahf��hq_\b^gh��qlh�k]hggh_�l_q_gb_��b^ms__�ijb

\_ljh\hf�gZ]hg_�ih�^gm�� ©\u^m\Z_lª�ba�Gyr_\kdhc� dmjvb� \_jo-
gbc�ihem`b^dbc�kehc�kZijhi_ey��i_eh]_g���dhlhjuc�hleZ]Z_lky�\

]em[hdh\h^guo� qZklyo� ha_jZ�� hkms_kl\eyy� ©gb\_ebjh\dmª� ^gZ�

:gZeh]bqguc�ijhp_kk�b^_l�b�\�dmjv_�Madhc��A^_kv�i_kdb�b�beb-
klu_�i_kdb�lygmlky�ihqlb�^h�rbjhlu�f��KljZrgh]h�

Ih�\b^bfhfm��l_q_gby�wlb��ohly�b�hkeZ[e_ggu_��^hklb]Zxl

kZfuo�]em[hdh\h^guo�mqZkldh\��b]jZy�jhev�k\h_h[jZaguo�ZwjZlh-
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jh\�� Dhk\_gguf� ih^l\_j`^_gb_f� wlh]h� kem`bl� hlkmlkl\b_� \

x`ghc�qZklb�ha_jZ� ahg� k_jh\h^hjh^gh]h� aZjZ`_gby� �©\hgxqboª

kZijhi_e_c��� Ahgu� wlb� aZdZjlbjh\Zgu� \� ©aZi_jlhcª� ]hevpZfb

RlZgghc� dmjv_�� x]h�\hklhqg__� kbkl_fu� ih^gylbc� ;hevrh]h

=hevpZ� b� \� k_\_jghc� qZklb� ha_jZ�� gZqbgZykv� bgh]^Z� \� ����f� hl

[_j_]Z��<�ihke_^g_f�kemqZ_��\�kbem�hkh[_gghkl_c�]_hf_ljbb�[_j_-
]Z�b�oZjZdl_jZ�eblhjZeb��aZgylhc�a^_kv�fhsgufb�aZjhkeyfb�ih^-
\h^ghc� jZklbl_evghklb�� k]hggu_� l_q_gby� [ukljh� hkeZ[eyxlky�b

g_�^hklb]Zxl�[hevrbo�]em[bg�

Hj]Zgbq_kdb_�beu�±�kZijhi_eb�ihdju\Zxl�[hevrmx�qZklv

^gZ�ha_jZ��hlkmlkl\my�lhevdh�gZ�]hevpZo�b� �\[ebab�[_j_]h\hc�eb-
gbb�\�ahg_�\hegh\hc�^_yl_evghklb��Iheguc�jZaj_a�kZijhi_e_\hc

aZe_`b� gZfb� bkke_^h\Zg� lhevdh� gZ� kZfhf�x`ghf� ijhnbe_� ±� \

Gyr_\kdhc�dmjv_��]^_�[ueh�ijhc^_gh����kd\Z`bg�k�ihfhsvx�fh-
lh[mjZ��Mkj_^g_gguc�jZaj_a�aZe_`b�

���±����±�Ihem`b^dbc�i_eh]_g�a_e_gh\Zlh�q_jgh]h�p\_lZ�

���±����±�L_fgh�heb\dh\uc�kZijhi_ev�

���±����±�K\_leh�heb\dh\uc�kZijhi_ev�

���±���� ±� A_e_gh\Zlh�k_juc� ba\_kldh\bkluc� kZijhi_ev� k

h[ehfdZfb�jZdh\bg�

���±����±�Ha_jguc�f_j]_ev��©]Z`Zª��

!�����±�I_khd�

IjZdlbq_kdb� ZgZeh]bqguc� jZaj_a�� k� g_dhlhjufb� \ZjbZ-
pbyfb� ih� fhsghklb�� [ue� ihemq_g� ijb� [mj_gbb� kd\Z`bg� gZ

ha��;��LZldmev�

DZd�m`_�hlf_qZehkv�\ur_��\� ]hjeh\bg_�Gyr_\kdhc�dmjvb

\_kv�jZaj_a�kZijhi_e_\hc�aZe_`b�keh`_g�lhevdh�i_eh]_ghf�

Ihiuldb�\uykgblv�fhsghklv�b�jZaj_a�hleh`_gbc�\�]em[h-
dh\h^ghc�qZklb�ha_jZ�mki_oZ�g_�bf_eb��lZd�dZd�[mjh\u_�rlZg]b

fhlh[mjZ�g_�\u^_j`b\Zeb�gZ]jmadb��LZdbf�h[jZahf��ijb\h^bfu_

oZjZdl_jbklbdb�fbg_jZevgh]h�khklZ\Z�kZijhi_e_c�dZkZxlky�lhev-
dh�kZfh]h�\_jog_]h�_]h�kehy�

>ey� \uykg_gby� jheb� \ughkZ� i_eh]_gZ� \� ]em[hdh\h^gmx

qZklv�ha_jZ�[ueb�ij_^ijbgylu�ki_pbZevgu_�aZf_ju��K�ihfhsvx

Zexfbgb_\h]h� ^bkdZ� ^bZf_ljhf� ���� ff� hij_^_eyeZkv� \_jogyy

]jZgbpZ� i_eh]_gZ� �ih� dZkZgbx��� gb`gyy� ]jZgbpZ� ±� k� ihfhsvx

^hgghc�ljm[db� �ih�dZkZgbx�k�iehlguf�heb\dh\uf�kZijhi_e_f��

MklZgh\e_gu� ZghfZevgu_�fhsghklb� i_eh]_gZ� ±� hl� ���� ^h� ����f

�kj_^gyy�����f�ih����aZf_jZf��

<� g_jZkl\hjbfhf� hklZld_� heb\dh\h]h� kZijhi_ey� mklZgh\-
e_gu��\�ihjy^d_�m[u\Zgby��d\Zjp��ihe_\hc�riZl��kehbklu_�kbeb-
dZlu� �fmkdh\bl�� [bhlbl�� ]b^jh[bhlbl���Dhebq_kl\_ggu_� khhlgh-
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r_gby�wlbo�fbg_jZeh\�\�ijh[Zo�kbevgh�\Zjvbjmxl��?keb�\[ebab

[_j_]h\hc�ebgbb�d\Zjp�b�ihe_\hc�riZl�ij_h[eZ^Zxl�b�ijbkmlkl-
\mxl�bgh]^Z�\�jZ\guo�dhebq_kl\Zo��khklZ\eyy�\�kmff_����b�[he__

%�g_jZkl\hjbfh]h�hklZldZ��lh�\�]em[hdh\h^guo�mqZkldZo�ihe_\hc

riZl�\klj_qZ_lky�\�_^bgbqguo� a_jgZo��gh�kbevgh�\hajZklZ_l�kh-
^_j`Zgb_�kehbkluo�kbebdZlh\��bgh]^Z�^h��±��\_k������<�wlhf�`_

gZijZ\e_gbb�mf_gvrZ_lky�jZaf_j�a_j_g��?keb�\�ahg_�f_edh\h^bc

d\Zjp� bf__l� jZaf_jghklv� ���±���� ff�� lh� \� p_gljZevguo� qZklyo

ha_jZ�a_jgZ�_]h�g_�[u\Zxl�[he__������ff�

<�jZaebqguo�qZklyo�ha_jZ�d�i_j_qbke_gguf�\ur_�©dhkfh-
iheblbqgufª� ijbf_rb\Zxlky� ^jm]b_�� [he__� j_^db_�� fbg_jZeu�

qlh� k\yaZgh� k�jZaebqguf� ]_heh]bq_kdbf�hdjm`_gb_f��LZd�� \� kZ-
ijhi_eyo�Gyr_\kdhc�dmjvb��kj_^b�kehbkluo�kbebdZlh\�ij_h[eZ-
^Z_l� dZhebgbl� b� hlf_q_g� fhglfhjbeehgbl�� Wlh�� ih�\b^bfhfm�

y\ey_lky�ke_^kl\b_f�\ughkZ�bo�j_dhc�Gyr_\dhc��A^_kv�`_��\�h^-
ghc�ba�ijh[��j_gl]_ghf_ljbq_kdb�mklZgh\e_g�ZjZ]hgbl��Ih�\b^b�

fhfm�� \� ijh[m� ihiZeb� f_edb_� h[ehfdb� jZdh\bg� fheexkdh\�

<�Madhc�dmjv_�\�ijh[Zo�hlf_qZebkv�a_jgZ�h[ehfhqgh]h�dZevpblZ�

kghkbfh]h�k�FjZfhjgh]h�fukZ��<�^\mo�ijh[Zo�ba�jZchgZ�AbfgbdZ

h[gZjm`_gu� _^bgbqgu_� a_jgZ� fZ]g_lblZ�� ]jZgZlZ� b� jh]h\hc

h[fZgdb��ZdlbgheblZ��

Ihkdhevdm� bamq_gb_� l_jjb]_ggh]h� fZl_jbZeZ� g_� ij_^m-
kfZljb\Zehkv��^Z�b� khklZ\� _]h�iheghklvx�hij_^_ey_lky� ]_heh]b-
q_kdbf�hdjm`_gb_f��dZdb_�eb[h�kbkl_fZlbq_kdb_�bkke_^h\Zgby�\

wlhf�gZijZ\e_gbb�g_�ijh\h^bebkv��<k_�ijb\_^_ggu_� \ur_�^Zg-
gu_� ihemq_gu� ihimlgh� ijb� bamq_gbb� g_jZkl\hjbfh]h� hklZldZ

kZijhi_e_c�

IjZdlbq_kdb�\h�\k_o� �ijh[Zo�\klj_qZxlky�iZgpbjb�^bZlh-
fh\uo� �bgh]^Z�^h�g_kdhevdbo�^_kyldh\��gh�gbdh]^Z� ±�\�\_kh\uo

dhebq_kl\Zo�� b� _^bgbqgu_� hkljZdh^u��LZdbf� h[jZahf��fh`gh� k

m\_j_gghklvx� kdZaZlv�� qlh� dj_fg_a_fbklu_� �ih� h[s_ijbgylhc

deZkkbnbdZpbb�� kZijhi_eb� h[yaZgu� k\h_c� dj_fg_a_fbklhklvx

kbebdhdeZklbd_��Z�g_�[bh]_gghfm�dj_fg_a_fm�

Ijh[u�kZijhi_e_c�ih�kd\Z`bg_������p_glj�aZeb\Z�Gyr_\-
kdZy�dmjvy��[ueb�obfbq_kdb�ijhZgZebabjh\Zgu��J_amevlZlu�ZgZ-
ebaZ� �ih� f_lh^bd_� hl^_eZ� dmjhjlguo� nZdlhjh\� K\_j^eh\kdh]h

bgklblmlZ� dmjhjlheh]bb� b� nbabhl_jZibb�� ijb\_^_gu� \� lZ[e�� ��

Kh^_j`Zgby� fbdjhwe_f_glh\� hij_^_eyebkv� \� ahe_� kZijhi_e_c

ihemdhebq_kl\_gguf�ki_dljZevguf�ZgZebahf��lZ[e�����
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L Z [ e b p Z � �

Obfbq_kdbc�khklZ\�kZijhi_e_c�ih�kd\Z`bg_������fZk����

Dhfihg_glu
L_fgh�

heb\dh\uc
K\_leh�

heb\dh\uc

A_e_gh\Zlh�
k_juc�ba\_kldh-

\bkluc

Ha_jguc
f_j]_ev
�©]Z`Zª�

<h^Z 91.82 89.74 84.63 74.2
AheZ 2.54 3.61 6.22 12.82
Ihl_jb�ijb�ijh-
dZeb\Zgbb

5.61 6.68 9.59 12.93

KmffZ�ZgZebaZ 99.97 100.03 100.44 99.95
DZevpb_\h�
fZ]g_abZevguc
kd_e_l

4.79 12.99 46.27 58.94

=ebgbkluc�hklh\ 23.42 18.94 9.72 18.36
Dheehb^guc
dhfie_dk

73.79 67.93 45.01 22.7

Dheehb^guc
dhfie_dk�(hj]Z-
gbq_kdh_�\_s_-
kl\h)

66.12 63.25 39.48 18.36

L Z [ e b p Z � �

Fbdjhwe_f_glu�\�kZijhi_e_�ih�kd\Z`bg_����

�fZk����gZ�\ha^mrgh�kmohc�kZijhi_ev�

We_f_glu
L_fgh�

heb\dh\uc
K\_leh�

heb\dh\uc

A_e_gh\Zlh�
k_juc�ba\_kldh-

\bkluc

Ha_jguc
f_j]_ev
�©]Z`Zª�

Mn 1.51⋅10-3 1.01⋅10-2 7.2⋅10-2 4.38⋅10-2

Ni 3.01⋅10-3 6.74⋅10-4 8.77⋅10-4 8.56⋅10-4

Co 4.54⋅10-3 3.37⋅10-3 1.30⋅10-4 4.28⋅10-4

Cu 1.51⋅10-3 3.37⋅10-3 1.30⋅10-2 4.24⋅10-3

Fe 8.10⋅10-1 3.36⋅10-1 5.2⋅10-1 4.73⋅10-1

Hkh[h]h� jZkkfhlj_gby� lj_[mxl� lZd� gZau\Z_fu_� ©\hgx-
qb_ª� kZijhi_eb� ba� ahg� k_jh\h^hjh^gh]h� aZjZ`_gby� �jbk� 3, 4),
bgl_gkb\gh�q_jgh]h�p\_lZ��ihem`b^db_��<�hklZldZo�hl�jZkl\hj_-
gby� h[gZjm`_gu� fgh]hqbke_ggu_� njZf[hb^u� ibjblZ� jZaf_jhf

^h����gf��G_kfhljy�gZ�[hevrmx�bo�qbke_gghklv� �^h�����rlmd�\

h^ghc�ijh[_���gZ[jZlv�\_kh\h_�dhebq_kl\h�^ey�obfbq_kdh]h�ZgZ-
ebaZ�g_�ij_^klZ\behkv� \hafh`guf��Ih� ^Zgguf�fbdjhahg^h\h]h

ZgZebaZ�^\mo�njZf[hb^h\� khklZ\�bo� khhl\_lkl\m_l� kl_obhf_ljb-
q_kdhfm�ibjblm��J_gl]_gh]jZffZ�lZd`_�klZg^ZjlgZ�
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Jbk�� ��� DZjlZ

jZkijhkljZg_gby� ^hg-
guo�hkZ^dh\�

�� ±� h[ehfhqguc

fZl_jbZe� �]eu[u�� s_[_gv�

j_^dh� ±� i_kdb��� �� ±� dZj[h�

gZlgu_� hkZ^db�� �� ±� kZijh�

i_eb�� �� ±� mqZkldb� h[gZjm�

`_gby�fZj]Zgp_\uo�dhgdj_�

pbc�� �� ±� ahgu� k_jh�

\h^hjh^gh]h� aZjZ`_gby

�©\hgxqb_ª�kZijhi_eb��

K� p_evx� � ih�

bkdZ� ]j_c]blZ��h[jZah�

\Zgb_� dhlhjh]h� \� ih�

^h[ghc� h[klZgh\d_

\iheg_� \hafh`gh�� \k_

ijh[u� ijhreb� fZ]�

gblgmx� k_iZjZpbx�

=j_c]bl�g_�h[gZjm`_g�

<u^_e_ggu_� ba

ijh[� ©\hgxqboª� kZ�

ijhi_e_c�kehbklu_�kb-
ebdZlu� [ueb� ijhZgZebabjh\Zgu� gZ� ^bnjZdlhf_lj_�� H[gZjm`b-
ehkv�kbevgh_�mrbj_gb_�b�jZafulhklv�[ZaZevguo�j_ne_dkh\�kex^�

Hq_\b^gh��qlh�ijhp_kku�kmevnZlj_^mdpbb��ijhl_dZxsb_�\�hkZ^-
d_��ijb\h^yl�lZd`_�d�jZajmr_gbx�kljmdlmju�kex^�

Fbg_jZevguc� khklZ\� b� ]_g_abk� dZj[hgZlguo� kZijhi_e_c

b�ha_jgh]h�f_j]_ey��©]Z`bª��hibkZgu�gb`_�

EZg^rZnlgZy�kljmdlmjZ�\h^hk[hjZ

EZg^rZnlgu_�bkke_^h\Zgby� ����±�����]]��BgklblmlZ�ha_-
jh\_^_gby� :G�KKKJ� �EZg^rZnlguc� nZdlhj«�� ������ ijh\h^b-
ebkv�gZ�\h^hk[hjZo�aZih\_^guo�ha_j�;��Brdmev�b�;��Dbk_]Zq��Ih

khq_lZgbx�eZg^rZnlguo�_^bgbp�±�f_klghkl_c��mjhqbs�b�nZpbc�

b� � bo� \aZbfhjZkiheh`_gbx� [Zkk_cg� ha_jZ� ;��Brdmev� hlg_k_g� d

x`ghlZ_`ghfm� gbadh]hjghfm� eZg^rZnlm�� ha_jZ� ;��Dbk_]Zq� ±� d

x`ghlZ_`ghfm�ij_^]hjghfm�eZg^rZnlm��;_a�ki_pbZevguo�eZg^-
rZnlguo� bkke_^h\Zgbc� \h^hk[hjZ� ha�� ;��FbZkkh\h� fh`gh� kdZ-
aZlv��qlh�hgh�aZgbfZ_l�ijhf_`mlhqgh_�iheh`_gb_��aZiZ^gZy�qZklv
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\h^hk[hjZ�ijbgZ^e_`bl�gbadh]hjghfm�eZg^rZnlm��Z�\hklhqgZy

qZklv�±�ij_^]hjghfm�x`ghlZ_`ghfm�

<hklhqgZy� qZklv� \h^hk[hjZ� ij_^klZ\ey_l� kh[hc� \kohef-
e_ggh_� ieZlh� k� Z[khexlgufb� hlf_ldZfb� ohefh\� hl� ���� f� ^h

k\ur_� ����f�gZ^�mjh\g_f�fhjy��>ey�j_ev_nZ�oZjZdl_jgZ�g_jZ\-
ghf_jgZy� jZkqe_g_gghklv� ih\_joghklb�� klmi_gqZlh_� jZkiheh`_-
gb_� ^_gm^Zpbhgguo� mjh\g_c�� f_edhkhihqghklv�� <� khklZ\_� juo-
euo� q_l\_jlbqguo� hleh`_gbc� ij_h[eZ^Zxl� wex\bZevgh�^_ex-
\bZevgu_� h[jZah\Zgby�� \� f_gvr_c� kl_i_gb� jZa\blu� Zeex\bZev-
gu_��Juoeu_�hleh`_gby�g_h^ghjh^gu�ih�eblheh]bq_kdhfm�khklZ-
\m�� \� hkgh\ghf� khklhyl� ba� ]ebgbklh�i_kqZgh]h�fZl_jbZeZ� k�s_-
[_gdhc� b� ^j_k\hc��KhklZ\�� aZe_]Zgb_� b�fhsghklv� q_l\_jlbqguo

hleh`_gbc�f_gy_lky� �fhsghklv� \hajZklZ_l�� k� aZiZ^Z� gZ� \hklhd�

K\h_h[jZab_�mkljhckl\Z�ih\_joghklb�hljZ`Z_lky�gZ�]b^jh]jZnb-
q_kdhc�k_lb��Jmqvb�[_jml�gZqZeh�\�ijb\h^hjZa^_evguo�mqZkldZo�b

\iZ^Zxl�\�ha_jZ��qZklv�ba�gbo�ij_^klZ\ey_l�kh[hc�ijhlhdb�f_`^m

ha_jZfb��>hebgu�jmqv_\�ohjhrh�jZajZ[hlZgu�b�f_klZfb�kbevgh

\j_aZgu�� kh\j_f_ggu_� jmkeZ� qZklh� g_� khhl\_lkl\mxl� rbjhdbf

^gbsZf� ^hebg�� qlh� k\b^_l_evkl\m_l� h� [he__� fgh]h\h^guo� ijh-
reuo�wihoZo��EZg^rZnlguc�nZdlhj«�������.

X`ghlZ_`guc�lbi�jZklbl_evghklb�ij_^klZ\e_g�[_j_ah\h�

khkgh\ufb�e_kZfb��Ih]jZgbqgh_�iheh`_gb_�k�e_khkl_ighc�ahghc

lZd`_� gZdeZ^u\Z_l� hli_qZlhd� gZ� khklZ\� ^j_\hklhy� b� ljZ\yghc

ihdjh\�� ij_h[eZ^Zxl� khkgydb� k� ijbf_kvx� [_j_au� \_cgbdh\h�

jZaghljZ\gu_�� ih� ^hebgZf� jmqv_\� ijhbajZklZxl� [_j_ah\h�

hevoh\u_� e_kZ� \ukhdhljZ\gu_�� Klmi_gqZluc� b� f_edhkhihqguc

oZjZdl_j�j_ev_nZ��jZaghh[jZab_�mkeh\bc�m\eZ`g_gby�h[mkeh\beb

nhjfbjh\Zgb_�khijy`_ggh]h�jy^Z�mjhqbs��kf_gyxsbo�^jm]�^jm-
]Z�hl�\ukhdbo�\ha\ur_gghkl_c�d�gbadbf��hl�\kohefe_gguo�jZ\-
gbg�d�^hebgZf�b�[hehlZf�

>hfbgbjmxl� mjhqbsZ�� k\yaZggu_� k� nhjfZfb� wjhabhggh�

^_gm^Zpbhggh]h� kdeZ^qZlh�]eu[h\h]h�j_ev_nZ��Kj_^b�gbo�\u^_-
eyxlky� mjhqbsZ� djmiguo� \h^hjZa^_evguo� \ha\ur_gghkl_c�� ih-
\_joghklv� dhlhjuo� mkeh`g_gZ� \uoh^Zfb� dhj_gguo� ihjh^�� Wlb

mjhqbsZ�aZgbfZxl�kZfu_�\ukhdb_�f_klhiheh`_gby��Z[khexlgu_

hlf_ldb�hl� ����^h� k\ur_� ����f���gZ�dZf_gbkluo�\_jrbgZo�\ha-
\ur_gghkl_c�jZklml� khjgydb�b�ebkl\_ggbqgbdb�j_^dhklhcgu_� k

hkl_ig_gguf�jZklbl_evguf�ihdjh\hf��GZ�[he__�gbadbo�^_gm^Z-
pbhgguo� klmi_gyo� h[hkh[eyxlky�� ih� ^Zgguf� bkke_^h\Zgbc�Bg-
klblmlZ�ha_jh\_^_gby��mjhqbsZ�\ha\ur_gghkl_c�b�]jy^��keh`_g-
guo�fZkkb\gufb�]jZgblh�]g_ckZfb��gZ�\_jrbgZo�dhlhjuo�gZ]jh-
fh`^_gby� ba� iebl� h[jZamxl� lZd� gZau\Z_fu_� dZf_ggu_� iZeZldb
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�dZf_ggu_� fZljZpu��� mjhqbsZ� \kohefe_gguo� ih\_joghkl_c� k

gZdehghf�\�klhjhgm�ha_jZ��Ihq\_ggh�jZklbl_evguc�ihdjh\�\u^_-
e_gguo�mjhqbs�bf__l�fgh]h�h[s_]h��[_j_ah\h�khkgh\u_�e_kZ�gZ

l_fgh�k_juo�e_kguo� �b�k_juo�]jm[hkd_e_lguo�ihq\Zo��<lhjhkl_-
i_ggmx��jhev��gh�ijb^Zxsmx�k\h_h[jZab_�eZg^rZnlm�\h^hk[hjZ

ha_jZ�;��FbZkkh\h��b]jZxl�ke_^mxsb_�mjhqbsZ��mjhqbsZ�^hebg

jmqv_\� �[_j_ah\h�hevoh\u_� ljZ\ygu_� aZ[hehq_ggu_� e_kZ�gZ� lhj-
nygbkluo�^_jgh\h�em]h\uo�km]ebgbkluo�ihq\Zo���mjhqbsZ�f_`-
\_jrbgguo�ihgb`_gbc� ±� ©k_^eh\bgª� �[_j_ah\h�khkgh\u_�e_kZ� k

hkbghc�b�g_[hevrb_�hkbggbdb�\eZ`gh�\ukhdhljZ\gu_���mjhqbsZ

\gmljbkdehgh\uo� ihgb`_gbc� �hkbgh\h�[_j_ah\u_� e_kZ� k� ijbf_-
kvx�khkgu�gZ�lhjnygbklh�]e__\h�em]h\uo�ihq\Zo���mjhqbsZ�\_j-
oh\uo�[hehl��jZaghljZ\gh�hkhdh\u_���mjhqbsZ�ijbha_jguo�[hehl

�ljhklgbdh\h�hkhdh\u_� k� j_^dbf� ^j_\hklh_f� ba� [_j_au�� b\u� b

hevob� ih� hdjZbgZf��� DebfZlbq_kdb_� hkh[_gghklb� \hklhqgh]h

kdehgZ�X`gh]h�MjZeZ�b�ij_^]hjbc��ih�fg_gbx�bkke_^h\Zl_e_c�

bkdexqZxl�\hafh`ghklv�aZ[heZqb\Zgby�kmoh^heh\��ihlhfm�[heh-
lZ�\�^Zgghf�j_]bhg_�y\eyxlky�ij_bfms_kl\_ggh�^_jb\ZlZfb�ha_j

�DmeZ]bg��������

Kh\j_f_ggZy�^bgZfbdZ�eZg^rZnlh\

Ihiuldm� hlke_`b\Zgby� ^bgZfbdb� fhjnheh]bq_kdhc

kljmdlmju� eZg^rZnlh\� aZih\_^gbdZ� k^_eZe�<� <��Iehlgbdh\� � \
k\h_c�jZ[hl_�©=_g_abk�fZeuo�ha_j«ª���������Hg�mdZau\Z_l�gZ��

fhf_glZ�� ^hdZau\Zxsb_� kh\j_f_ggmx� Zdlb\gmx� l_dlhgbdm� l_j-
jblhjbb�aZih\_^gbdZ��Wlh�ih^gylb_�mjh\gy�Bevf_gkdh]h�lhjny-
gbdZ�hlghkbl_evgh�mjh\gy�ha_jZ�Bevf_gkdh_�gZ��±���f� �g_him[-
ebdh\Zggu_�^Zggu_�wdki_^bpbb�lhjnhjZajZ[hlqbdh\������]����ba-
f_g_gb_�f_klZ�\iZ^_gby�\�ha_jh�j_db�Gyr_\dZ�kh�RlZgghc�dmjvb

ha��;��FbZkkh\h�gZ�Gyr_\kdmx�\�q_l\_jlbqgh_�\j_fy��ijhbahr_^-
r__�\�j_amevlZl_�ih^gylby�b�ijh\bkZgby�khhl\_lkl\mxsbo�mqZkl-
dh\�j_qghc�^hebgu�� Zjo_heh]bq_kdb_�^hdZaZl_evkl\Z� kms_kl\h\Z-
gby�f_edh\h^gh]h�ijheb\Z�f_`^m�ha_jhf�;ZjZmk�b�aZeb\hf�Ebih-
\Zy�dmjvy�ha_jZ�;��FbZkkh\h��LZdbf�h[jZahf��Zd\Zlhjby�ha_jZ�[ueZ

ih^\_j`_gZ�agZqbl_evguf�baf_g_gbyf�\�q_l\_jlbqgh_�\j_fy��qlh

g_khfg_ggh� hdZaZeh� \ebygb_� gZ� kh\j_f_gguc� ebfgheh]bq_kdbc

lbi�ha_jZ�

Gh\_crZy�eZg^rZnlgZy�^bgZfbdD�hljZ`_gZ�\�[hehlhh[jZ-
ah\Zl_evghf�ijhp_kk_��ijhl_dZxs_f�\� lZdbo�eZg^rZnlguo� _^b-
gbpZo�� � dZd� � mjhqbsZ� � ijbjmkeh\uo� ^hebg� \iZ^Zxsbo� \� ha_jh

j_d�
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L Z [ e b p Z � �

JZkij_^_e_gb_�iehsZ^_c�[hehlguo�b�e_kguo�mjhqbs

gZ�\h^hk[hj_�ha��;��FbZkkh\h�ih�^Zgguf�e_khmkljhckl\

�Iehlgbdh\�������

<u^_e�e_khmkljhckl\Z �����]� �����]�

[hehlh �����]Z �����]Z

e_k ������]Z �����]Z

Blh]h� ������]Z ������]Z

Wlhl�ijhp_kk�� \_jhylgh��mkbebeky� \�ihke_^gb_� ljb�^_kylbe_lby�

dh]^Z� keZ[h\h^hh[f_ggh_� ha_jh� ;��FbZkkh\h� hdZaZehkv� ha_jhf

k�aZj_]mebjh\Zgguf�klhdhf��k\yaZgguf�k�kbkl_fhc�ijm^h\�ju[h-
\h^q_kdh]h�ohayckl\Z� \� k��<_jogb_�DZjZkb��<� k\yab� k� wlbf�ghj-
fZevguc�oh^�jZa\blby�f_edh\h^guo�aZeb\h\�hdZaZeky�gZjmr_g�

<hl� dZd� ijhbkoh^beh� jZkij_^_e_gb_� h[s_c� iehsZ^b

mqZkldh\� eZg^rZnlZ�� ]_g_lbq_kdb� k\yaZgguo� k� w\hexpb_c� ha_jZ

;��FbZkkh\h�ih�^Zgguf�e_khmkljhckl\Z������b������]]���lZ[e�����

DZd� \b^gh� ba� lZ[ebpu�� \� ijbjh^ghf� dhfie_dk_�� hdjm`Zxs_f

ha_jh�� ijhbahreh� agZqbl_evgh_� m\_ebq_gb_� mjhqbs� [hehlgh]h

lbiZ�aZ����e_l.
Klhd� wlbo� [hehl� \uoh^bl� \� Zd\Zlhjbx� ha_jZ� b�� ke_^h\Z-

l_evgh�� ^bgZfbdZ� wlh]h� lbiZ� mjhqbs� hdZau\Z_l� g_khfg_ggh_

\ebygb_� ij_`^_� \k_]h� gZ� baf_g_gb_� ]b^jhobfbq_kdh]h� khklZ\Z

\h^u�b�gZ�\kx�ke_^mxsmx�[bh]_hp_ghlbq_kdmx�p_ihqdm�\gmljb

wdhkbkl_fu�ha_jZ�

=b^jheh]bq_kdZy�jhev�e_kh\�ijbjh^gh]h

dhfie_dkZ�ha_jZ

;Zkk_cg� ha_jZ� ;hevrh_� FbZkkh\h� p_ebdhf� gZoh^blky

\� ij_^_eZo� l_jjblhjbb� Bevf_gkdh]h� aZih\_^gbdZ� b� aZgbfZ_l

hdheh� ����� _]h�iehsZ^b��Hg�oZjZdl_jbam_lky�\ukhdhc�h[e_k_g-
ghklvx��e_khihdjulZy�iehsZ^v�khklZ\ey_l�������g_e_kgu_�a_feb

��� �� b� ij_^klZ\e_gu� ha_jZfb� ����� ���� em]Zfb� b� k_ghdhkZfb

���������[hehlZfb���������

L_jjblhjby�aZih\_^gbdZ�jZkiheZ]Z_lky�\�ih^ahg_�khkgh\h�

[_j_ah\uo� e_kh\�MjZevkdhc� ]hjgh�e_kghc� jZklbl_evghc� h[eZklb

�Dhe_kgbdh\�� ����;�Nbevjha_�� �������>ey� aZih\_^gbdZ�oZjZdl_j-
gh��qlh�ijb�\ukhdhc�h[e_k_gghklb�g_agZqbl_evgZ�iehsZ^v�g_ih-
djuluo� e_khf� mqZkldh\� ±� \k_]h� ���� ��� ba� dhlhjuo� ���� �� ijb�

oh^blky�gZ�j_^bgu��������±�gZ�ijh]Zebgu�b�imklujb�b�������±�gZ

]Zjb�� Hkgh\gu_� e_khh[jZamxsb_� ihjh^u� ±� khkgZ�� aZgbfZxsZy
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�����e_khihdjulhc�iehsZ^b��b�[_j_aZ��^hey�dhlhjhc�khklZ\ey_l

������Ij_h[eZ^Zxl�gZkZ`^_gby�,,�b�,,,�[hgbl_lh\��������b�\ukh-
dhc���.8–0.���iheghlu���������Khkgydb�ij_^klZ\e_gu�\�hkgh\ghf

^j_\hklhyfb�9,��9,,,�b�,;�deZkkh\�\hajZklZ��Z�[_j_agydb�±�,;�b�O

deZkkh\�

OZjZdl_j�ijhy\e_gby�e_khf�\h^hhojZggh�aZsblguo�k\hckl\

b�ijhl_dZxsbo�gZ�e_kguo�iehsZ^yo� ]b^jheh]bq_kdbo�ijhp_kkh\

hij_^_ey_lky�fgh]bfb�nZdlhjZfb�b�mkeh\byfb��Ba�gbo�\Z`g_crb_

\� mkeh\byo� aZih\_^gbdZ� aZ\bkyl�ij_bfms_kl\_ggh� hl� lhih]jZnb-
q_kdh]h�iheh`_gby�mqZkldZ� �Fbjhgh\��������Nbevjha_���������LZ-
db_� k\hckl\Z� ihq\�� dZd� fhsghklv�� \eZ]h_fdhklv�� \h^hijhgbpZ_-
fhklv�� dZf_gbklhklv� l_kgh� k\yaZgu� k� ijbgZ^e_`ghklvx� e_kgh]h

mqZkldZ�d�lhfm�beb�bghfm�lbim�e_khjZklbl_evguo�mkeh\bc��LEM��

ihke_^gb_�`_� hij_^_eyxlky� \� hkgh\ghf� iheh`_gb_f� mqZkldZ� gZ

j_ev_n_��Hg�hlebqZ_lky� keh`ghklvx�b�jZkqe_g_gghklvx� �kf�� \u-
r_���GZ�kdehgu�djmlbaghc�^h���h�ijboh^blky� �����iehsZ^b�e_k-
guo�gZkZ`^_gbc��djmlbaghc���±��h – 9 %, 16–20h – 9 %.

?� F��Nbevjha_��������\u^_e_gh���]jmii�lbih\�e_khjZklb-
l_evguo�mkeh\bc�\�aZ\bkbfhklb�hl�oZjZdl_jZ�m\eZ`g_gghklb�

,�±�kmob_��\h^guc�j_`bf�djZcg_�g_mklhcqb\�

,,�±�i_jbh^bq_kdb�kmob_��\h^guc�j_`bf�g_mklhcqb\�

,,,�±�k\_`b_��\h^guc�j_`bf�mklhcqb\�

,9�±�kuju_��i_jbh^bq_kdh_�i_j_m\eZ`g_gb_�

9�±�fhdju_��mklhcqb\h_�i_j_m\eZ`g_gb_�

IehsZ^b�� aZgbfZ_fu_� wlbfb� ]jmiiZfb� LEM�� khhl\_lkl-
\_ggh�jZ\gu������������������������������b�������

Bkke_^h\Zgby�ijh\h^beb� �\�ki_euo�\ukhdhiheghlguo�kh-
kgydZo�b�[_j_agydZo�i_j\uo�lj_o�]jmii�LEM��khklZ\eyxsbo�\f_-
kl_� ����� �� iehsZ^b�� BamqZeb� l_fi_jZlmjguc� j_`bf� b� j_`bf

\eZ`ghklb�ijbihq\_ggh]h�kehy�\ha^moZ��\h^gh�nbabq_kdb_�k\hc-
kl\Z� ihq\� �]jZgmehf_ljbq_kdbc� khklZ\�� m^_evguc� b� h[t_fguc

\_k��\h^hijhgbpZ_fhklv��ihjhaghklv��fZdkbfZevgZy�]b]jhkdhibq-
ghklv��gZbf_gvrZy�beb�ihe_\Zy�b�ihegZy�\eZ]h_fdhklv��^bZiZahg

^hklmighc� \eZ]b��� l_fi_jZlmjguc� j_`bf� b� j_`bf� \eZ`ghklb

ihq\��Zlfhkn_jgu_�hkZ^db��ihklmie_gb_�b�jZaeh`_gb_�hiZ^Z��mk-
eh\by�nhjfbjh\Zgby�klhdZ�f_lh^hf�^h`^_\Zgby�fbdjhiehsZ^hd

b�gZ[ex^_gbc�gZ�we_f_glZjguo�klhdh\uo�iehsZ^dZo��GZklhysZy

jZ[hlZ�y\ey_lky�\�hkgh\ghf�h[h[s_gb_f�fZl_jbZeh\� �him[ebdh-
\Zgguo�jZg__�j_amevlZlh\�gZrbo�bkke_^h\Zgbc� �Fbjhgh\�� ����;
1962;�����Z��[; 1973; 1978; 1979; 1983;�����Z��[���^Zggu_�dhlhjuo

[m^ml�ijb\_^_gu�^Ze__��dZd�ijZ\beh��[_a�dhgdj_lguo�kkuehd�
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=jmiiu�LEM��\u^_e_ggu_�?� F��Nbevjha_� ��������oZjZd-
l_jbamxlky� hij_^_e_ggufb� lbiZfb� ihq\�� >ey� ,� ]jmiiu� LEM�

jZkiheZ]Zxs_cky� gZ� \_jrbgZo� oj_[lh\� b� \_jogbo� qZklyo� kdeh-
gh\�� h[uqgu� ijbfblb\gh�Zddmfmeylb\gu_� g_iheghijhnbevgu_

ihq\u��:[Zlmjh\��������k�fhsghklvx�hkgh\gh]h�dhjg_h[blZ_fh-
]h�kehy�hdheh����kf��gb`_�dhlhjh]h�jZkiheh`_gu�ieblu�b�]eu[u

dhj_gghc�]hjghc�ihjh^u�kh�s_[g_f�b�f_edha_fhf�f_`^m�gbfb�

QZklu�\uoh^u�]eu[�b�iebl�fZl_jbgkdhc�ihjh^u�gZ�^g_\gmx�ih-
\_joghklv��Wlh� wex\bZevgZy� ]jmiiZ�LEM� �Fbjhgh\�� ����Z���I_-
jbh^bq_kdb� kmoZy� ,,� ]jmiiZ�LEM��ijbmjhq_ggZy�� dZd�ijZ\beh�� d

\_jogbf� b� kj_^gbf� qZklyf� kdehgh\�� oZjZdl_jbam_lky� [mjha_fh-
\b^gufb� beb� ik_\^h[mjufb�� j_`_� k_jufb� ]hjgh�e_kgufb� ihq-
\Zfb��:[Zlmjh\��������k�fhsghklvx�hkgh\gh]h�dhjg_h[blZ_fh]h

kehy�^h����kf��ih^klbeZ_fh]h�s_[g_f�b�ihem\u\_lj_ehc�]hjghc

ihjh^hc��<uoh^u�]eu[�b�iebl�gZ�ih\_joghklv�j_^db��Wlh�ljZgkw-
ex\bZevgZy� ]jmiiZ� LEM�� Ihq\u� ,,,� ]jmiiu� LEM�� kh]eZkgh

X��>��:[Zlmjh\m���������hlghkylky�d�^_jgh\h�ih^ahebkluf�jZaghc

kl_i_gb�hih^ahe_gghklb��j_`_�d�k_juf�e_kguf��Ihq\_gguc�ijh-
nbev�iheguc��^h���f�b�[hevr_���ohly�fhsghklv�hkgh\gh]h�dhjg_-
h[blZ_fh]h�kehy�j_^dh�ij_\urZ_l����kf��lZd�dZd�jZkiheh`_gguc

gb`_� ]hjbahgl� ©<ª� kbevgh� miehlg_g� b� dhjgb� \� g_]h� ihqlb� g_

ijhgbdZxl��Ih^klbeZxlky� wlb� ihq\u� ]eu[Zfb� �g_j_^dh� hdZlZg-
gufb��]hjghc�ihjh^u�kh�s_[g_f�b�f_edha_fhf�f_`^m�gbfb��WlZ

]jmiiZ�LEM�fh`_l�[ulv�gZa\ZgZ�wex\bZevgh�Zddmfmeylb\ghc�

>ey� ihq\� \k_o� ]jmii� LEM� oZjZdl_jgZ� \ukhdZy� dZf_gb-
klhklv��dhe_[exsZyky�hl� �����\� ,� ]jmii_�^h� �����\� ,,,��ijbq_f

hgZ� \_a^_� \hajZklZ_l� k� ]em[bghc�� Ih� f_oZgbq_kdhfm� khklZ\m

\_jogbc�]hjbahgl�©:ª�ij_^klZ\ey_l�kh[hc�\�,�]jmii_�LEM�kmi_kv�

\h�,,�±�kmi_kv�beb�e_]dbc�km]ebghd��\�,,,�±�km]ebghd�beb�ly`_euc

km]ebghd��Ijb�wlhf�_keb�\�ihq\Zo�,�b�,,�]jmii�LEM�gb`_e_`Zsb_

]hjbahglu��©<ª��©:<ª��©<Kª���dZd�ijZ\beh��[he__�e_]db_�ih�]jZ-
gmehf_ljbq_kdhfm� khklZ\m�� lh� \�ihq\Zo� ,,,� ]jmiiu�LEM� kbevgh

miehlg_gguc� ]hjbahgl�<�ih�[hevr_c�qZklb�[he__� ly`_euc��H^-
gZdh� hg� a^_kv� g_j_^dh� ij_ju\Z_lky� [ebadh� d� ih\_joghklb� aZe_-
]Zxsbfb� kbevgh� \u\_lj_eufb� i_]fZlblh\ufb� `beZfb� b� g_

ij_^klZ\ey_l�kh[hc�kiehrgh]h�hlghkbl_evgh�\h^hmihjgh]h�kehy�

Ba�\h^gh�nbabq_kdbo�k\hckl\�ihq\��\ebyxsbo�gZ�oh^�ihq-
\_ggh�]b^jheh]bq_kdbo� ijhp_kkh\� b� \h^hhojZggh�aZsblgu_

k\hckl\Z� jZklbl_evghklb�� \Z`g_crbf� kem`bl� \h^hijhgbpZ_-
fhklv��lZd�dZd�hgZ�hij_^_ey_l�kihkh[ghklv�ihq\�ih]ehsZlv�\eZ]m

hkZ^dh\� b� ih\_joghklgh]h� klhdZ�� Bkke_^h\Zgby� ihdZaZeb�� qlh

gZb[hevrb_� jZaebqby� ih� wlhfm� ihdZaZl_ex� kms_kl\mxl� f_`^m
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dZl_]hjbyfb� e_kguo� b� [_ae_kguo� iehsZ^_c� b� ]jmiiZfb� LEM

�Fbjhgh\������Z���E_kgu_�ihq\u�,�]jmiiu�LEM�h[eZ^Zxl�\���±��

jZa�[hevr_c�\h^hijhgbpZ_fhklvx��q_f�[_ae_kgu_��Z�,,,�]jmiiu�±

\����jZa��<�aZ\bkbfhklb�hl�ijbgZ^e_`ghklb�ihq\�d�lhc�beb�bghc

]jmii_�LEM�\h^hijhgbpZ_fhklv�dhe_[e_lky�hl�����^h����ff�fbg

^ey� e_kguo� ihq\�� ijbq_f� gZb[he__� \ukhdZy� hgZ� \� ,,,� ]jmii_�

KjZ\gbl_evgh� gbadhc� \h^hijhgbpZ_fhklvx� h[eZ^Zxl� fhsgu_

o\hcgu_� ih^klbedb� \� khkgydZo� ,� ]jmiiu� LEM�� miehlg_ggu_� b

ijhgbaZggu_� ]bnZfb� ]jb[h\��IjhkZqb\Zgb_� \eZ]b�b^_l� a^_kv�g_

kiehrv��Z�hl^_evgufb�iylgZfb��gh�ih^klbedZ�h[eZ^Z_l�\ukhdbfb

ihq\haZsblgufb�k\hckl\Zfb��LZd��wdki_jbf_gl�k�m^Ze_gb_f�ih^-
klbedb�\�wlbo�mkeh\byo�ihdZaZe��qlh�ijb�bkdmkkl\_gghf�^h`^_\Z-
gbb�\hagbdZ_l�kfu\�ihq\u��^hklb]Zxsbc����l�]Z��<�p_ehf�\h^h-
ijhgbpZ_fhklv� \k_o�e_kguo�ihq\�^hklZlhqgh� \ukhdZ��qlh[u�ih-
]ehlblv�\eZ]m�^h`^_c�fZdkbfZevgh�\hafh`ghc�\�^Zgguo�mkeh\b-
yo�bgl_gkb\ghklb��Z�kms_kl\_gghc�jZagbpu�ih�wlhfm�ihdZaZl_ex

f_`^m�khkgydZfb�b�[_j_agydZfb�g_�h[gZjm`_gh�

AgZqbl_evgh� jZaebqZxlky� ihq\u� bkke_^h\Zgguo� ]jmii

LEM�b�ih�h[s_c�\eZ]h_fdhklb�hkgh\gh]h�dhjg_h[blZ_fh]h�kehy�

\� ,� ]jmii_� ihe_\Zy� beb� gZbf_gvrZy� \eZ]h_fdhklv� khklZ\ey_l

��±��� ff�� \h� ,,� ±� ��±���� ff�� \� ,,,� ±� ���±���� ff�� >bZiZahg

^hklmighc� \eZ]b� jZ\_g� khhl\_lkl\_ggh� ��±��� ff�� ��±���� ff

b����±����ff��LZdZy�jZagbpZ�k\yaZgZ�dZd�k�fhsghklvx�ihq\��lZd

b�\�[hevr_c�kl_i_gb�k�\hajZklZgb_f�\eZ]h_fdhklb�\_jogbo�]hjb-
ahglh\��GZb[hevr_c� \eZ]h_fdhklvx�h[eZ^Z_l� \_jogbc� ���kZglb-
f_ljh\uc� kehc� ihq\u�� K� ]em[bghc� \eZ]h_fdhklv�� dZd� ijZ\beh�

kgb`Z_lky��Z�^bZiZahg�^hklmighc�\eZ]b�mf_gvrZ_lky�\h�\k_o�kem-
qZyo��<�ihq\Zo� ,�]jmiiu�LEM�\�\_jog_f� ���kZglbf_ljh\hf�keh_

kh^_j`blky�^h� �����\k_o�aZiZkh\�\eZ]b�ijb�ihe_\hc�\eZ]h_fdh-
klb��Z�\�ihq\Zo�,,,�]jmiiu�wlZ�^hey�kgb`Z_lky�^h������

<k_�bkke_^h\Zggu_�e_kgu_�ihq\u�hlebqZxlky�\ukhdhc�ih-
jhaghklvx�b�hq_gv�[hevrhc�g_dZibeeyjghc�kd\Z`ghklvx��Z�lZd-
`_�fZeuf�h[t_fguf�\_khf�\_jogbo�]hjbahglh\��gb]^_�g_�ij_\u-
rZxsbf�����]�dm[��kf��<�ihq\Zo�,�b�,,�]jmii�LEM�h[t_f�ihj��aZ-
gyluo�\ha^mohf��gb]^_�g_�iZ^Z_l�gb`_�������b�lhevdh�\�,,,�]jmii_

\�hk_ggbc�b�\_k_ggbc�i_jbh^u�\�]hjbahgl_�<�ihqlb�\k_�ihju�[u-
\Zxl�aZiheg_gu�\h^hc�

<h^guc�j_`bf�ihq\�\�e_kZo�jZaguo�]jmii�LEM�hlebqZ_lky

k\h_h[jZab_f��H[sb_�q_jlu� kljh_gby�ihq\_ggh]h�ihdjh\Z��ijb-
\_^_ggu_� \ur_�� bf_xl� lh� ke_^kl\b_�� qlh� \� ,±,,� ]jmiiZo� LEM

]jmglh\u_� \h^u�� dZd� i_j\uc� hldjuluc� \h^hghkguc� ]hjbahgl�

hlkmlkl\mxl��b� ke_^m_l� ]h\hjblv�h�ih^a_fguo�ieZklh\uo�b� lj_-
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sbgguo�\h^Zo��<�,,,�]jmii_�LEM�\�ij_^_eZo�ihq\_ggh]h�ijhnb-
ey�\�hl^_evgu_�k_ahgu�\hafh`gZ�\_joh\h^dZ�

<h^gh_� iblZgb_� ihq\� \h� \k_o� ]jmiiZo� Zlfhkn_jgh_�� b

lhevdh�\�,,,�]jmii_�g_dhlhjh_�agZq_gb_�fh`_l�bf_lv�ih^lhd�\eZ]b

k�\ur_e_`Zsbo�qZkl_c�kdehgZ��Kj_^g_]h^h\h_�dhebq_kl\h�hkZ^-
dh\�����ff��hlghr_gb_�hkZ^dh\�d�bkiZj_gbx�jZ\gh�������GZ�abf-
gb_�hkZ^db�ijboh^blky������]h^h\hc�kmffu��OZjZdl_jgZ�kbevgZy

baf_gqb\hklv�hkZ^dh\�\�fgh]he_lg_f�pbde_�±�hl�����^h�����ff�±

b� qZklZy�ih\lhjy_fhklv� [_ahkZ^hqguo�i_jbh^h\�� hkh[_ggh� \� \_-
k_gg__� \j_fy��<uy\e_gh�� qlh� gZ� iheygZo� \� ,� ]jmii_� kmobo�LEM

\uiZ^Z_l� gZ� ��±��� �� [hevr_� e_lgbo� hkZ^dh\�� ih� kjZ\g_gbx� k

^Zggufb�f_l_hklZgpbb�� qlh�fh`_l� h[tykgylvky� bo� iheh`_gb_f

gZ� \_jrbgZo� oj_[lh\�� lZd� dZd� gZ� mqZkldZo�� hlghkysboky� d� ,,,

]jmii_�LEM��jZkiheZ]Zxsboky�gZ�gb`gbo�qZklyo�kdehgh\��jZagb-
pZ�hlkmlkl\m_l��AZ^_j`Zgb_�hkZ^dh\�iheh]hf�djhg�dhe_[e_lky�hl

���^h� �����b�fZdkbfZevgh�\�gZkZ`^_gbyo� ,,,� ]jmiiu�LEM��H[_

wlb� hkh[_gghklb� ih\urZxl� dhebq_kl\h� hkZ^dh\�� ^hklb]Zxsbo

ihq\u� \� e_kZo� ,� ]jmiiu�LEM� ih� kjZ\g_gbx� kh� ,,� b� ,,,�� ijbq_f

jZagbpZ�fh`_l� ^hklb]Zlv� ��� ���Kg_]hf_jgu_� kt_fdb� ihdZaZeb�

qlh�gZ�hl^_evguo�mqZkldZo�\�\_ljh\hc�l_gb�\_jrbg�gZb[he__�\u-
khdbo�oj_[lh\�ijb�mkeh\bb��qlh� aZiZ^gu_�\_ljhm^Zjgu_� kdehgu

[_ae_kgu� beb� aZgylu� abfg_]heufb� gbadhiheghlgufb� gZkZ`^_-
gbyfb�� \ke_^kl\b_� kg_]hi_j_ghkZ� fh]ml� gZdZieb\Zlvky� ihehku

kg_]Z�rbjbghc�^h���±���f�b�]em[bghc�^h����±����f��dhlhju_�ijb

\_k_gg_f� kg_]hlZygbb� kihkh[kl\mxl� ihiheg_gbx� ihq\_gguo� b

ih^a_fguo�\h^�

<� e_kZo� \k_o� bkke_^h\Zgguo� ]jmii� LEM� ihq\Z� \� i_jbh^

\_k_gg_]h� kg_]hlZygby�gZkus_gZ� \eZ]hc�^h� khklhygby��[ebadh]h

d�ihe_\hc�\eZ]h_fdhklb��Z�ba[ulhd�\eZ]b�b^_l�gZ�ijhkZqb\Zgb_�aZ

ij_^_eu�dhjg_h[blZ_fh]h�kehy�b�\gmljbihq\_gguc�klhd��<�l_q_-
gb_�e_lgbo�f_kyp_\�jZkoh^� \eZ]b��dZd�ijZ\beh��ij_\urZ_l�ijb-
oh^��b�b^_l�ijh]j_kkb\gh_�bkkmr_gb_�ihq\u��Wlhl�ijhp_kk�hkh-
[_ggh�yjdh�\ujZ`_g�\�]jmii_�kmobo�LEM�\�]h^u�k�f_gvrbf��q_f

kj_^g__�fgh]he_lg__��dhebq_kl\hf�hkZ^dh\��G_ij_ju\ghklv�ijh-
p_kkZ�bkkmr_gby�fh`_l�qZklh�gZjmrZlvky�ijb�agZqbl_evghf�dh-
ebq_kl\_�e_lgbo�hkZ^dh\��<�l_q_gb_�hk_ggbo�f_kyp_\�ihq\Z�hiylv

gZkusZ_lky�\eZ]hc��ohly�b�g_�\k_]^Z�^h�ihe_\hc�\eZ]h_fdhklb�

<� ,� ]jmii_�LEM� [he__� beb�f_g__� j_]meyjgh� gZ[ex^Z_lky

i_jbh^� e_lg_c� ihq\_gghc� aZkmob� ijh^he`bl_evghklvx� ^h� ^\mo

f_kyp_\��\h�,,�]jmii_�ijh^he`bl_evghklv�__�f_gvr_��Z�kjhdb�gZ-
klmie_gby� [he__� iha^gb_�� <� ,,,� k\_`_c� ]jmii_� LEM� h[_ki_q_g

mklhcqb\uc�j_`bf�m\eZ`g_gby�
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?^bgkl\_gguf�\b^hf�ihq\_gghc�\eZ]b��b^ms_c�gZ�kgZ[-
`_gb_� jZkl_gbc� \� ,� kmohc� ]jmii_� LEM�� y\ey_lky� dZibeeyjgh�

ih^\_r_ggZy��Wlhl�`_�\b^�ihq\_gghc�\eZ]b�ij_h[eZ^Z_l�b�\h� ,,

]jmii_�LEM��<�ihq\Zo� ,,,� k\_`_c� ]jmiiu�LEM� \� hl^_evgu_�i_-
jbh^u��qZs_� \_kghc�b� hk_gvx�� \� agZqbl_evguo� dhebq_kl\Zo�fh-
`_l� ihy\eylvky� dZibeeyjgh�ih^i_jlZy� \eZ]Z�� A^_kv� \eZ]Z� jZkoh-
^m_lky� ij_bfms_kl\_ggh� \� ij_^_eZo� ihq\_gghc� lhesb� kZfbo

mqZkldh\��\�lh�\j_fy�dZd�\�,�b�,,�]jmiiZo�LEM�agZqbl_evgZy�qZklv

�\�\_k_ggbc�i_jbh^�^h��������ihklmiZxs_c�gZ�ih\_joghklv�ihq-
\u�\eZ]b�ijhkZqb\Z_lky�aZ�ij_^_eu�dhjg_h[blZ_fh]h�kehy�b�b^_l

gZ�ihiheg_gb_�ih^a_fguo�\h^�

Ih�kms_kl\mxsbf�deZkkbnbdZpbyf�m\eZ`g_gb_�ihq\�\�,�b

,,� ]jmiiZo� LEM� oZjZdl_jbam_lky� lbihf� gZbf_gvr_]h� kd\hagh]h

gZkus_gby��>ey�,,,�]jmiiu�LEM�gZb[he__�[ebahd�lbi�i_jbh^bq_-
kdh]h�dZibeeyjgh]h�m\eZ`g_gby��<h^guc�j_`bf�ihq\�\k_o�lbih\

LEM�fh`gh�hlg_klb�d�lbim�ijhfu\gh]h��gh��lZd�dZd�\�,�b�,,�]jmi-
iZo�hlkmlkl\m_l�dhglZdl�ihq\_ggh]h�ijhnbey� k�ih^a_fgufb�\h-
^Zfb��p_e_khh[jZagh�\u^_eblv�a^_kv�hkh[uc�ih^lbi�\h^gh]h�j_-
`bfZ�±�]hjghkdehgh\uc�ijhfu\ghc�

<�qbkeh�mkeh\bc�nhjfbjh\Zgby�klhdZ�\oh^yl��ihfbfh�\h^-
gh]h�j_`bfZ�ihq\��b�bo�l_jfbq_kdbc�j_`bf��Z�lZd`_�fbdjhdeb-
fZl�ijba_fgh]h�kehy�\ha^moZ��Bkke_^h\Zgby�ihdZaZeb��qlh�\eZ`-
ghklv� ijba_fgh]h� kehy� \ha^moZ� m\_ebqb\Z_lky� hl� gZkZ`^_gbc

,�]jmiiu�LEM�d� ,,,��<�[_j_agydZo�hlghkbl_evgZy�\eZ`ghklv�ijb-
ihq\_ggh]h� kehy� \ha^moZ� g_kdhevdh� \ur_�� q_f� \� ZgZeh]bqguo

khkgydZo��<�gZkZ`^_gbyo�\k_o�]jmii�LEM��hkh[_ggh�\�,��\�e_lg__

\j_fy�\eZ`ghklv�\ha^moZ�ghqvx�qZklh�ih^gbfZ_lky�^h��������qlh

khijh\h`^Z_lky�jhkhh[jZah\Zgb_f�b�fh`_l�kihkh[kl\h\Zlv�g_dh-
lhjhfm�m\eZ`g_gbx�ih^klbedb�

GZb[he__� \ukhdb_� kj_^gb_� l_fi_jZlmju�ijba_fgh]h� kehy

\ha^moZ�gZ[ex^Zebkv�\�gZkZ`^_gbyo� ,,� ]jmiiu�LEM�� aZl_f�b^ml

,� b� ,,,��<� gZqZe_� \_]_lZpbhggh]h� i_jbh^Z� \� [_j_agydZo� ijbihq-
\_gguc� \ha^mo� l_ie__��q_f� \� khkgydZo�� \�bxg_� l_fi_jZlmjZ� \u-
jZ\gb\Z_lky��Z�\�bxe_�Z\]mkl_�\�khkgydZo�l_ie__��q_f�\�[_j_agy-
dZo��\�k_gly[j_�l_fi_jZlmju�hiylv�k[eb`Zxlky�

L_jfbq_kdbc�j_`bf�ihq\�\�agZqbl_evghc�kl_i_gb�hij_^_-
ey_lky� l_fi_jZlmjhc� ijba_fgh]h� kehy� \ha^moZ�� JZgvr_� \k_]h

ihq\Z�hllZb\Z_l�\�[_j_agydZo�,�]jmiiu�LEM��aZl_f��k�aZiha^Zgb_f

gZ� �±��� ^g_c� \� ZgZeh]bqguo� khkgydZo� b� gZkZ`^_gbyo� ,,� b� ,,,

]jmii��GZb[he__�\ukhdb_�l_fi_jZlmju�b�bo�kmlhqgu_�Zfieblm^u

gZ[ex^Zebkv�\�\_jog_f����kZglbf_ljh\hf�keh_�ihq\u��Kehc�ihq-
\u�� \� dhlhjhf� kmlhqgu_� l_fi_jZlmju� \� l_q_gb_� \_]_lZpbhggh]h
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i_jbh^Z�ijZdlbq_kdb�klZ[bevgu��\�,,,�]jmii_�LEM�gZoh^blky�gZ

]em[bg_���±���kf�

J_amevlZlu� bkdmkkl\_ggh]h� ^h`^_\Zgby� fbdjhiehsZ^hd

ijb�ghjf_�����ff�b�bgl_gkb\ghklb���ff�fbg��iha\heyxl�k�^hklZ-
lhqghc� m\_j_gghklvx� kdZaZlv�� qlh� e_lhf� ih\_joghklguc� klhd� \

e_kZo� bkke_^h\Zgguo� lbih\� ijZdlbq_kdb� hlkmlkl\m_l�� ohly� gZb-
[hevrZy� \hafh`ghklv� _]h� \hagbdgh\_gby� kms_kl\m_l� \� e_kZo

,� ]jmiiu� LEM�� qlh� ih^l\_j`^Z_lky� b� ^Zggufb� we_f_glZjguo

klhdh\uo�iehsZ^hd�

Ih�h[s_fm� aZ^_j`Zgbx� \eZ]b�ijb�bkdmkkl\_gghf�^h`^_-
\Zgbb� gZ� gZihq\_gghf� ihdjh\_�� \� ih^klbed_� b� dhjg_h[blZ_fhf

keh_� ihq\u� b� jZkoh^m� __� gZ� \gmljbihq\_gguc� klhd�� gZ� i_j\hf

f_kl_�klhbl� ,�]jmiiZ�LEM��aZl_f�b^_l� ,,�b� ,,,��<�h[jZlghf�khhl-
ghr_gbb�gZoh^blky�dhebq_kl\h�\eZ]b��ijhkhqb\r_cky�aZ�ij_^_eu

dhjg_h[blZ_fh]h� kehy� ihq\u�� ?keb� \� ihq\Zo� ,� ]jmiiu� LEM� ba

����ff� ih^Zgghc� \eZ]b� gZ� ijhkZqb\Zgb_� aZ� ij_^_eu� dhjg_h[b-
lZ_fh]h� kehy� b^_l� hdheh� ���� ff�� lh� \h� ,,� ]jmii_� wlZ� \_ebqbgZ

kgb`Z_lky�^h����±�����Z�\�,,,�±�^h����ff��<gmljbihq\_gguc�klhd

ijb� bkdmkkl\_gghf� ^h`^_\Zgbb� g_agZqbl_e_g� ih� \_ebqbg_� b

lhevdh�\�e_kZo�,,,�]jmiiu�LEM�^hklb]Z_l��±�����Hg�m\_ebqb\Z_l-
ky�hl�,�]jmiiu�LEM�d�,,,��gh�wlZ�aZdhghf_jghklv�fh`_l�gZjmrZlv-
ky�hkh[_gghklyfb�kljh_gby�ih^klbeZxs_c�ihq\m�]hjghc�ihjh^u�

Hiul�k�\g_k_gb_f�\�ihq\m�jZ^bhbahlhiZ�k_ju����iha\hey_l�]h\h-
jblv�h�lhf��qlh�ijb�^h`^_\Zgbb�j_adh�ij_h[eZ^Zxl�\_jlbdZevgu_

i_j_^\b`_gby�ihq\_gghc�\eZ]b�

Khkgydb�b�[_j_agydb�ih� mkeh\byf�nhjfbjh\Zgby� e_lg_]h

klhdZ�hlebqZxlky�g_kms_kl\_ggh��[hevr_�jZaebqbc�f_`^m�lbiZ-
fb�e_kZ�h^ghc�^j_\_kghc�ihjh^u��gh�jZaguo�]jmii�LEM�

GZ[ex^_gby�gZ� we_f_glZjguo� klhdh\uo�iehsZ^dZo�ihdZ-
aZeb�� qlh� \_k_ggbc� ih\_joghklguc� klhd� eb[h� hlkmlkl\m_l�� eb[h

_]h�fZdkbfZevgZy�\_ebqbgZ�g_�ij_\urZ_l��������Ijh^he`bl_ev-
ghklv�klhdZ�hdheh���kmlhd�

;hevrh_�]b^jheh]bq_kdh_�agZq_gb_�bf__l�jZaju\�\�kjhdZo

kg_]hlZygby�\�e_kZo�jZaguo�]jmii�LEM��Wlh�kihkh[kl\m_l�[he__

jZ\ghf_jghfm�ihklmie_gbx�\h^u�\gmljbihq\_ggh]h�klhdZ�\�\h-
^hlhdb�b�kgb`_gbx�ibdh\�iZ\h^dh\��H[sZy�ko_fZ�klhdh\uo�ijh-
p_kkh\�\�mkeh\byo�ij_h[eZ^Zxs_]h�\�aZih\_^gbd_�jZ^bZpbhggh]h

lbiZ�\_k_gg_c�ih]h^u�\u]ey^bl�ke_^mxsbf�h[jZahf�

Kg_]hlZygb_�gZqbgZ_lky�\�e_kZo� ,�]jmiiu�LEM�b�aZiZa^u-
\Z_l�gZ�g_kdhevdh�^g_c�\� ,,,��Z�lZd`_�\�khkgydZo�ih�kjZ\g_gbx�k

[_j_agydZfb��D�gZqZem�bgl_gkb\gh]h�kg_]hlZygby�\�e_kZo�,�]jmi-
iu�LEM�ihq\Z�hllZb\Z_l�iheghklvx�b�ba[ulhd�\eZ]b�k\_jo�ihe_-
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\hc�\eZ]h_fdhklb�b^_l�gZ�ihiheg_gb_�ih^a_fguo�\h^��HllZb\Z-
gb_�ihq\u�b^_l� lZd`_� k� aZiha^Zgb_f�hl� ,� ]jmiiu�LEM�d� ,,,��gh

jZaju\� \� kjhdZo� [he__� agZqbl_e_g��<� j_amevlZl_� d� dhgpm� kg_]h-
lZygby�ihq\Z�\�e_kZo�,,,�]jmiiu�LEM�mki_\Z_l�hllZylv�lhevdh�gZ

��±���kf�b�\�wlh�\j_fy�a^_kv�b^_l�bgl_gkb\guc�\gmljbihq\_gguc

klhd�� ^j_gbjm_fuc� \j_f_ggufb� b� ihklhyggufb� \h^hlhdZfb�

\ke_^kl\b_� q_]h� jmkeh\uc� klhd� lZd`_� ^hklb]Z_l� fZdkbfmfZ�

>Zevg_cr__� iblZgb_� \h^hlhdh\� b^_l� aZ� kq_l� jmkeh\h]h� klhdZ� b

ih^a_fguo�\h^�

Hij_^_e_ggh_� klZ[bebabjmxs__� agZq_gb_�\�\h^ghf�iblZ-
gbb�ha_jZ�bf_xl�aZ[hehq_ggu_�iehsZ^b�\�^hebg_�j��Gyr_\db�b

^jm]bo� j_q_d�� Z� lZd`_�ijbha_jgu_� ljhklgbdh\h�hkhdh\u_� [_j_a-
gydb�b�hevrZgbdb�,9�b�9�]jmii�LEM��ohly�hgb�b�bf_xl�g_agZqb-
l_evgmx�iehsZ^v��ih�^Zgguf�D��<��=hjgh\kdh]h���������ijbha_j-
gu_�[hehlZ�;��FbZkkh\h�aZgbfZxl�hdheh�����]Z��H^gZdh�wlb�[h-
ehlZ�b�aZ[hehq_ggu_�iehsZ^b� ,9�b�9�]jmii�LEM�kem`Zl�k\h_]h

jh^Z�]_hobfbq_kdbfb�[Zjv_jZfb�gZ�imlb�klhdZ�

LZdbf� h[jZahf��iehsZ^b�� aZgylu_� e_kZfb� ,��b� \�f_gvr_c

kl_i_gb�±�,,�]jmii�LEM��y\eyxlky�p_ggufb�ih�bo�jheb�\�ihihe-
g_gbb� aZiZkh\�ih^a_fguo� \h^�b�ij_^hl\jZs_gbb� wjhabb�ihq\u�

gZkZ`^_gby� ,,,�]jmiiu�b]jZxl�agZqbl_evgmx�jhev�\�iblZgbb�\h-
^hlhdh\�ij_bfms_kl\_ggh�aZ�kq_l�\gmljbihq\_ggh]h�klhdZ�b�kih-
kh[kl\mxl�aZj_]mebjh\Zgbx�jmkeh\h]h�klhdZ�

<k_� e_kZ� jZchgZ� bf_xl� dhfie_dkgh_� \h^hhojZggh�

\h^hj_]mebjmxs__� b� ihq\haZsblgh_� agZq_gb_�� L_f� g_� f_g__�

bf_xlky�kms_kl\_ggu_�jZaebqby�\�ijhy\e_gbb�l_o�beb�bguo�klh-
jhg�\h^hhojZggh�ihq\haZsblgh]h�\ebygby�f_`^m�e_kZfb�jZaguo

]jmii�LEM��LZd��ih�hl^Zq_�\eZ]b�gZ�ihiheg_gb_�ih^a_fguo�\h^�b

aZsbl_�ihq\�hl�wjhabb�gZ�i_j\hf�f_kl_�klhyl�gZkZ`^_gby�,�]jmi-
iu�LEM�� aZl_f� b^ml� e_kZ� ,,� b� ,,,� ]jmii��H[jZlguc� ihjy^hd� gZ-
[ex^Z_lky�ih�i_j_o\Zlm�ih\_joghklgh]h�klhdZ�b�kmffZjghfm�aZ-
^_j`Zgbx�\eZ]b�ihq\_gguf�keh_f�b�iheh]hf�djhg��a^_kv�gZ�i_j-
\hf�f_kl_�klhyl�e_kZ�,,,�]jmiiu�LEM�

GZ� hkgh\Zgbb� h[h[s_gby� fZl_jbZeh\� ih� \h^gh�nbabq_k-
dbf�k\hckl\Zf�ihq\��mkeh\byf�nhjfbjh\Zgby�klhdZ�b�mq_lZ�ieZ-
gh\h�dZjlh]jZnbq_kdbo� fZl_jbZeh\� khklZ\e_gZ� deZkkbnbdZpby

e_kguo�iehsZ^_c�aZih\_^gbdZ� �Fbjhgh\������Z��[��ih�jheb�e_kZ

gZ�mqZkldZo��hlghkysboky�d�jZaguf�]jmiiZf�LEM�
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DebfZl

FZl_jbZe� gZklhys_]h� jZa^_eZ� \hkijhba\h^bl� k� g_agZqb-
l_evgufb�baf_g_gbyfb�jZ[hlm�K� K��@Zjbdh\Z� ��������G_kfhljy
gZ�^Z\ghklv�bkke_^h\Zgbc��dhlhjZy�\jy^�eb�b]jZ_l�aZf_lgmx�jhev

ijb� hibkZgbb� debfZlZ��� hgZ� hkgh\ZgZ�gZ� j_amevlZlZo� [he__� q_f

���e_lg_c�jZ[hlu�f_l_hklZgpbb�gZ�klZpbhgZj_�FbZkkh\h1��qlh�b

hij_^_ey_l�__�mgbdZevghklv��Wlh�hlf_qZ_l�kZf�@Zjbdh\��©>jm]b_

[eb`Zcrb_�f_l_himgdlu�f_g__�j_ij_a_glZlb\gu��bf_xl�qj_a\u-
qZcgh� dhjhldbc� jy^�gZ[ex^_gbc�b�fZeuc� h[t_f� jZ[hlª� �@Zjb-
dh\��������k�����

Bevf_gkdbc�aZih\_^gbd�e_`bl�gZ�]jZgbp_�f_`^m�?\jhihc

k�__�]eZ\_gkl\mxs_c�ijbZleZglbq_kdhc�pbjdmeypb_c�b�Kb[bjvx�

\� dhlhjhc� kbkl_fZ� pbjdmeypbc� ijbh[j_lZ_l� \� hkgh\ghf� dhglb-
g_glZevguc� oZjZdl_j�� ?kl_kl\_ggh� ihwlhfm�� qlh� debfZlbq_kdbc

j_`bf�Bevf_g�� j_adh� hlebqguc� ^ey� jZaguo� k_ahgh\� b� f_kyp_\

]h^Z�� b� hij_^_ey_lky� ]hkih^kl\mxsbf� \ha^_ckl\b_f� dhglbg_g-
lZevguo�beb�ZleZglbq_kdbo�fZkk�\ha^moZ�

Abfhc� jZchg� gZoh^blky� ih^� kbevguf� \ebygb_f� [Zjhf_l-
jbq_kdh]h�fZdkbfmfZ��<� yg\Zj_�hg�g_j_^dh�i_j_k_dZ_l� aZih\_^-
gbd�bah[ZjZfb����±�����f[��l� _��jZchg�ho\Zlu\Z_lky�i_jbn_jb-
q_kdhc� qZklvx�Kb[bjkdh]h� ZglbpbdehgZ�� hljh]� dhlhjh]h� ijhoh-
^bl� ih�x`ghc� qZklb�Q_ey[bgkdhc� h[eZklb� b� klZgh\blky� hldju-
luf� d� \ha^_ckl\byf� \� n_\jZe_� Q_jghfhjkdh]h� b� BkeZg^kdh]h

fbgbfmfh\��Hl^_eyxsb_ky�hl�gbo�ih^\b`gu_�pbdehgu�gZjmrZ-
xl�\�wlh�\j_fy�]hkih^kl\h�:abZlkdh]h�fZdkbfmfZ��<�k\yab�k�wlbf

lhdb� \ha^moZ��gZijZ\eyykv� hl� [Zjhf_ljbq_kdh]h�fZdkbfmfZ�� h[-
\_\Zxl�jZchg�x`gufb�b� aZiZ^gufb�\_ljZfb��<lhj`_gb_�ZleZg-
lbq_kdbo� fZkk� \ha^moZ� abfhc� ijhbkoh^bl� kh� klhjhgu� k_^eh\bg

oj_[lZ�MjZe�LZm��<�khhl\_lkl\bb�k�wlbfb�[Zjbq_kdbfb�mkeh\by-
fb� b� oZjZdl_jhf� bgkheypbb� yg\Zjv� ij_bfms_kl\_ggh� y\ey_lky

gZb[he__�oheh^guf�f_kyp_f��Ijbq_f�fbgbfZevgu_�l_fi_jZlmju

iZ^Zxl�bgh]^Z�^h�–43.7 °K��Z�Z[khexlgZy�fZdkbfZevgZy�g_�ih^gb-
fZ_lky�\ur_��� °K��

1�>Z\gh�g_�kms_kl\mxs_c
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<� ^_dZ[j_� b� n_\jZe_� gZ[ex^Z_lky� kfy]qZxs__� \ebygb_

aZiZ^guo� pbdehgh\�� Kj_^g_f_kyqgu_� l_fi_jZlmju� ij_\urZxl

yg\Zjkdb_�gZ��±��� °K��<�kemqZyo��dh]^Z�\�^_dZ[j_�b�yg\Zj_�hljh]
Kb[bjkdh]h�fZdkbfmfZ�hlklmiZ_l�gZ�\hklhd��n_\jZev�fh`_l�hdZ-
aZlvky�oheh^g__�g_�lhevdh�^_dZ[jy��gh�b�yg\Zjy� ������������]]���

AgZqbl_evgu_� mf_gvr_gby� l_fi_jZlmj� \ha^moZ� \� abfgbc� k_ahg

\uau\Zxlky�bgh]^Z�b� \ebygb_f� \lhj]Zxs_]hky� k� k_\_jZ� lZd�gZ-
au\Z_fh]h�©LZcfujkdh]h�\ha^moZª�

Kh]eZkgh�oh^m�l_fi_jZlmj��hlghkbl_evgZy�\eZ`ghklv�^hk-
lb]Z_l�k\h_]h�fZdkbfmfZ�\�yg\Zj_�b�g_kdhevdh�iZ^Z_l�\�^_dZ[j_�

H^gZdh�h[eZqghklv��gZqbgZy�k�^_dZ[jy��mf_gvrZ_lky��\�yg\Zj_� ±

gZ���±� ���\�n_\jZe_�ih�kjZ\g_gbx�k�yg\Zj_f�±�gZ��±� ���^hklb-
]Zy�\�wlh�\j_fy��±��[Zeeh\�

<ukhlZ�kg_`gh]h�ihdjh\Z�ih^\_j`_gZ�j_adbf�dhe_[Zgbyf�

KhklZ\eyy� \� kj_^g_f� aZ� abfm� ��� kf�� hgZ� ^hklb]Z_l� \� hl^_evgu_

]h^u� ��� kf� ������ ]���� Ijh^he`bl_evghklv� kg_`gh]h� ihdjh\Z� \

kj_^g_f�jZ\gZ�����^gyf��gh�ba\_klgu�abfu�\�����^g_c� ������]���

����^g_c�������]����I_j\uc�kg_]�\�kj_^g_f�\uiZ^Z_l�hdheh����hd-
ly[jy��\Zjvbjmy�hl� ���hdly[jy� ������ ]���^h� ���hdly[jy� ������ ]���

<�l_q_gb_�abfu�g_j_^db�hll_i_eb��;eZ]h^Zjy�bf�kg_`guc�ihdjh\

ihemqZ_l�kehbklmx�kljmdlmjm��GZijbf_j��\�����±�����]]��\�dhgp_

n_\jZey� kg_`guc� ihdjh\� bf_e� �� e_^yguo� ijhkehcdb� lhesbghc

^h���kf��h[jZah\Zggu_�\�jZagh_�\j_fy��ghy[jv��yg\Zjv��n_\jZev��

L_fi_jZlmjZ� hll_i_e_c� ^hklb]Z_l� \� ^_dZ[j_� ����� °K� ������ ]���
yg\Zj_� ���� °K� ������ ]����n_\jZe_� ���� °K� ������ ]����E_^hklZ\�gZ
ha_jZo�gZ[ex^Z_lky�\�ijhf_`mld_�f_`^m�ihke_^g_c�^_dZ^hc�hd-
ly[jy�b�i_j\hc�^_dZ^hc�^_dZ[jy��LhesbgZ�ev^Z�gZ�ha_jZo�^hklb-
]Z_l�����kf ������]���

<_kghc� Kb[bjkdbc� Zglbpbdehg�� m`_� agZqbl_evgh� hkeZ[-
e_gguc��g_j_^dh�aZoh^bl�k\hbf�djZ_f�\�Bevf_gu��Ijb�wlhf�^Z\-
e_gb_� \�fZjl_�gZ[ex^Z_lky� h[uqgh�ihjy^dZ� ����f[�� \� Zij_e_� ±

����f[�� \�fZ_� ±� ���±����f[�� qZklh� ^hklb]Z_l� \�fZjl_� ����f[�� \

Zij_e_� b�fZ_� ±� ����f[��D� wlhfm� \j_f_gb� gZqbgZ_l� kdZau\Zlvky

\ebygb_�[Zjhf_ljbq_kdh]h�Q_jghfhjkdh]h��Kj_^ba_fghfhjkdh]h

fbgbfmfZ�� dhlhjuc� ^h� kZfh]h� gZqZeZ� e_lZ� hlkueZ_l� \� klhjhgm

aZih\_^gbdZ� k_jbb� pbdehgh\� k� x]h�aZiZ^gufb� �\� [hevrbgkl\_

kemqZ_\��\_ljZfb�

<�Zij_e_�pbdehgu�ijboh^yl�ih�[Zjbq_kdhfm�jZa^_em�f_`-
^m�Kb[bjkdbf�b�FZehZabZlkdbfb�fZdkbfmfZfb�b�qZklh�khijh\h-
`^Zxlky�oheh^gufb�k_\_jgufb�\_ljZfb��Ijb�k]eZ`b\Zgbb�[Zjb-
db�gZklmiZ_l�ohjhrZy�ih]h^Z�k� aZf_lguf�ih\ur_gb_f�l_fi_jZ-
lmju��H^gZdh�qZs_�gZ[ex^Zxlky� agZqbl_evgu_� Zfieblm^u� l_f-
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i_jZlmj��b�\�h[s_f�ih]h^Z�klhbl�g_mklhcqb\Zy�k�qZklufb�kf_-
gZfb�oheh^guo�b�l_ieuo�^g_c��q_j_^h\Zgb_f�^h`^y�b�kg_]Z��ih-
y\e_gb_f�bafhjha_c�� lmfZgh\��f_l_e_c�� [mjZgh\��<�fZ_�pbdebq-
ghklv� kiZ^Z_l�� M\_ebqb\Z_lky� qbkeh� \_ljh\� aZiZ^guo� jmf[h\�

L_fi_jZlmjZ�\ha^moZ�jZkl_l��<�fZjl_�hgZ�m\_ebqb\Z_lky�\� kj_^-
g_f�gZ� � °K�� aZ� Zij_ev�m\_ebq_gb_�^hklb]Z_l� _s_� �±� °K��<�fZ_
kj_^gyy� l_fi_jZlmjZ� m\_ebqb\Z_lky� gZ� �±� °K�� <f_kl_� k� l_f
h[uqgu�b�\ha\jZlu�oheh^Z��GZb[he__�hsmlbl_evgu�\ha\jZs_gby

oheh^Z� \� fZ_�� k\yaZggu_� k� kmobfb� k_\_jh�aZiZ^gufb� \_ljZfb�

[eZ]h^Zjy� q_fm� l_fi_jZlmjZ� bgh]^Z� \� l_q_gb_� �±�� ^g_c� gb`_

0 °K�
Kg_]h\hc�ihdjh\�^hklb]Z_l�k\h_]h�fZdkbfmfZ�\�gZqZe_�ih-

ke_^g_c�^_dZ^u�fZjlZ��LZygb_�kg_]Z�gZqbgZ_lky�h[uqgh�\�dhgp_

fZjlZ�b�b^_l�bgl_gkb\gh�^h�k_j_^bgu�Zij_ey��AZ�wlhl�i_jbh^�kg_-
]h\hc�ihdjh\�mf_gvrZ_lky�gZ���±�� ���<�hl^_evgu_�]h^u�hg�bk-
q_aZ_l� \� dhgp_�fZy� �gZijbf_j�� ���fZy� ����� ]�� \ukhlZ� kg_]h\h]h

ihdjh\Z�jZ\gyeZkv����kf��

Hlghkbl_evgZy� \eZ`ghklv� \_kghc� hl� f_kypZ� d� f_kypm

mf_gvrZ_lky��H[eZqghklv�^hklb]Z_l�kj_^g_]h�fbgbfmfZ�\�Zij_e_

�����[ZeeZ��

E_lh�hlebqZ_lky�g_[hevrbf�jZa\blb_f�[Zjbq_kdh]h�j_ev-
_nZ��g_\ukhdbf�Zlfhkn_jguf�^Z\e_gb_f��<f_kl_�k�l_f�\�bxg_�b

Z\]mkl_� kdZau\Z_lky� \ebygb_� \hklhqgh]h� hljh]Z�:ahjkdh]h�fZd-
kbfmfZ� �kj_^g_f_kyqgZy� bah[ZjZ� bxey� ����f[�� bxgy� ±� ����f[�

Z\]mklZ�±�����f[��

Dh]^Z�hkv�fZdkbfmfZ�e_`bl�gb`_���°�k� r���mklZgZ\eb\Z_l-
ky�kmoZy�b�l_ieZy�ih]h^Z��dh]^Z�`_�__�hkv�ijhoh^bl�k_\_jg__��pb-
dehgu�x`guo� fhj_c� \g_^jyxlky� d�Bevf_gZf� b� g_kml� k� kh[hc

\eZ`gmx�ih]h^m��JZkrbj_gb_��gZijbf_j�� \�bxg_��ihey� \ukhdbo

^Z\e_gbc�d�aZiZ^m�b�k_\_jh�aZiZ^m�h[mkeh\eb\Z_l�]hkih^kl\h�aZ-
iZ^guo� \_ljh\�� <� bxe_� pbdehgbqghklv� keZ[Zy�� <f_kl_� k� l_f

k]eZ`_ggu_� [Zjbq_kdb_� mkeh\by� ^himkdZxl� pbdehgbq_kdh_� ijh-
gbdgh\_gb_�b�hl�k_\_jh�aZiZ^Z��Ijb�\klj_q_�pbdehgh\�k�kbkl_fhc

;hevrh]h�MjZevkdh]h�b�Bevf_gkdh]h�oj_[lh\�kha^Zxlky�mkeh\by�

\_^msb_�d�m\_ebq_gbx�hkZ^dh\��Ihjhx�wlb�pbdehgu�q_j_^mxlky

k�f_klgufb�ZglbpbdehgZfb��oZjZdl_jbamxsbfbky�`Zjdhc��ykghc

ih]h^hc��H^gZdh�\�g_dhlhju_�e_lZ�dhebq_kl\h�pbdehgh\�\�bxe_�k

bo�hkZ^dZfb�b�j_adbfb�ihgb`_gbyfb�l_fi_jZlmj��\_ljZfb�k_\_j-
guo�jmf[h\��ijb\h^bl�d�ba[ulhqghfm�m\eZ`g_gbx�ihq\u��d�ihj-
q_�k_evkdhohayckl\_gguo�dmevlmj�������]����<�lZdb_�]h^u�gZ[ex-
^Zxlky� b� fZdkbfZevgu_� kj_^g_f_kyqgu_� dhebq_kl\Z� hkZ^dh\�

LZd��gZijbf_j��k����ih����bxey������]��\uiZeh�������ff�hkZ^dh\�



36

l� _�� kj_^gyy�ihem]h^h\Zy� kmffZ�hkZ^dh\��Kmob_� jmqvb�ij_\jZ-
lbebkv� \� [mjgu_� \h^hlhdb�� Mjh\_gv� Bevf_gkdh]h� ha_jZ� aZ� wlb

^gb� ih^gyeky� [hevr_� q_f� gZ� ��� kf�� LZdb_� ha_jZ�� dZd� ;hevrhc

Dbk_]Zq��;��FbZkkh\h�ih\ukbeb�k\hc�]hjbahgl�[he__�q_f�gZ� ��±

���kf�

Bxevkdb_� \_lju� bgh]^Z� ^hklb]Zxl� h]jhfghc� kbeu�� LZd�

��� bxey� ����� ]�� \� ��� qZk�� ��� fbg�� gZ^� aZih\_^gbdhf� ijhg_kky

mjZ]Zg�� \uj\Z\rbc� k� dhjg_f� [he__� �� luk�� ^_j_\v_\�� iheghklvx

jZajmrb\rbc� hk\_lbl_evgmx� b� l_e_nhggmx� k_lb�� <h^Z� \� Bev-
f_gkdhf�ha_j_�ih^gbfZeZkv�klhe[Zfb�\ukhlhx�[he__��±��f��Ijh-
^he`bl_evghklv�mjZ]ZgZ�[ueZ�hdheh���o�fbgml�

<� Z\]mkl_� imlv� pbdehgZf�� dZd� ijZ\beh�� ij_]jZ`^Z_l� km[-
ljhibq_kdbc� [Zjhf_ljbq_kdbc� fZdkbfmf� b� mklZgZ\eb\Z_lky� km-
oZy��`ZjdZy�ih]h^Z��Ijb�km`_gbb�ij_^_eh\�_]h�jZkijhkljZg_gby

\hafh`gu� ijhju\u� pbdehgh\� k� oheh^guf� \_ljhf� b� ^h`^yfb

������ ]���� E_lgb_� l_fi_jZlmju� ^hklb]Zxl� fZdkbfmfZ� \� bxe_

(+39.6 °K����bxgy������]��b������ °K���bxey������]h^Z���Fbgbfm-
fu�l_fi_jZlmj�hl�\heg�oheh^Z�[u\Zxl�\�bxg_�b�^hklb]Zxl����� °K
������ ]���b� ���� °K� \�i_j\hc�^_dZ^_�bxgy� ������ ]����<� oheh^gu_
\eZ`gu_�k_ahgu�fZdkbfZevgZy�l_fi_jZlmjZ�]h^Z�fh`_l�ijbclbkv

gZ� fZc� �gZijbf_j�� ��±��� fZy� ����� ]��� beb� ^Z`_� gZ� Zij_ev

������]����>ey�e_lg_]h�i_jbh^Z��dZd�b�^ey�\_k_gg_]h��h[uqgu� aZ-
fhjhadb��Hgb�hlf_qZxlky�ihqlb�dZ`^uc�]h^��LZd��\������]��k�bx-
gy� ih� Z\]mkl� gZkqblu\Zehkv� ��� aZfhjhadh\�� ba� gbo� gZb[hevrbc

[ue���bxgy�b�jZ\gyeky�±��� °K��
Hk_gvx�[Zjbq_kdb_�mkeh\by�[ebadb�d�abfg_fm�k_ahgm��M`_

\�k_gly[j_�km[ljhibq_kdbc�fZdkbfmf�ij_\jZsZ_lky�\�Kb[bjkdbc

dhglbg_glZevguc� fZdkbfmf��Hg� ho\Zlu\Z_l� jZchg� aZih\_^gbdZ

k\hbf� aZiZ^guf� hljh]hf�� <� hdly[j_� kj_^g_f_kyqgh_� ^Z\e_gb_

m\_ebqb\Z_lky� gZ� �±��f[�� \� ghy[j_� ih\urZ_lky� _s_� gZ� �±��f[�

^hklb]Zy�\�kj_^g_f�������f[��<�hdly[j_�gZqbgZxl�nhjfbjh\Zlvky

K_\_jh�:leZglbq_kdbc�b�Q_jghfhjkdbc�fbgbfmfu�b�ih^\b`gu_

pbdehgu�ihemqZxl�\hafh`ghklv�aZo\Zlu\Zlv�l_jjblhjbx�Bevf_g�

K_gly[jv� oZjZdl_jbam_lky� q_j_^h\Zgb_f� ^g_c� ^h`^eb\uo

k�l_ieufb�kmobfb�i_jbh^Zfb�±�©[Z[vbf�e_lhfª��H[s__�dhebq_-
kl\h�hkZ^dh\�\�k_gly[j_�mf_gvrZ_lky��<�hdly[j_�kj_^gyy�f_kyq-
gZy�kmffZ�hkZ^dh\�iZ^Z_l�_s_�gZ��±��ff��gh�h[eZqghklv�m\_ebqb-
\Z_lky��Ij_h[eZ^Zxsb_�\_lju�±�aZiZ^gu_�b�x]h�aZiZ^gu_�

<�ghy[j_�aZih\_^gbd�ih^\_j`_g�ho\Zlm�pbdehgZfb�x`guo

fhj_c�� Kj_^gb_� kmlhqgu_� l_fi_jZlmju� m`_� hljbpZl_evgu_

–5.5 °K��MklZgZ\eb\Z_lky�]hkih^kl\h�\_ljh\�x`guo�jmf[h\�
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I_j\u_�hk_ggb_�aZfhjhadb�gZ[ex^Zxlky�k�i_j\uo�qbk_e

k_gly[jy�b�^h�i_j\hc�^_dZ^u�hdly[jy��<�ihke_^g_c�^_dZ^_�hdly[-
jy�gZqbgZ_lky�e_^hklZ\�gZ�gZb[he__�f_edbo�ha_jZo�b�e_^hh[jZah-
\Zgb_�gZ�j_dZo��<�ghy[j_�h[uqgu�bafhjhav��kg_]hiZ^u��lmfZgu�

f_l_eb�

LZdh\�h[sbc�nhg�debfZlbq_kdbo�mkeh\bc�jZchgZ��gZ�dhlh-
jhf� hl^_evgu_� dhgdj_lgu_� ]h^u� \ujbkh\u\Zxl�f_l_hjheh]bq_-
kdb_�^_lZeb��Z�gZ�hl^_evguo�mqZkldZo� aZih\_^gbdZ�nhjfbjm_lky

k\h_h[jZab_�fbdjhdebfZlZ�ha_j��kdehgh\�]hjguo�\_jrbg��[hehl�b

kmobo�dhleh\bg�
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=E:<:����=B>JHEH=BQ?KD:Y�O:J:DL?JBKLBD:

Fhjnhf_ljby�b�\g_rgbc�\h^hh[f_g

Fhjnhf_ljby� Dhgnb]mjZpby�b�hlghkbl_evgh�g_[hevrb_
jZaf_ju1�ha_jZ�hij_^_eyxlky�_]h�l_dlhgbq_kdbf�ijhbkoh`^_gb-
_f�ih�ebgbyf�f_jb^bhgZevguo�jZaehfh\� �kf��]e������M^ebg_ggh�

h\ZevgZy� dhleh\bgZ� \ulygmlZ� k� k_\_jZ� gZ�x]� \^hev� \hklhqgh]h

ih^gh`by�Bevf_gkdh]h�oj_[lZ�b�bf__l�hq_gv�\ukhdbc�ihdZaZl_ev

m^ebg_gghklb� �hlghr_gb_� ^ebgu� ha_jZ� d� _]h� kj_^g_c�rbjbg_��

jZ\guc� ����� Wlh� aZf_lgh� ij_\urZ_l� \_ebqbgu� ^ey� ^jm]bo

[ebae_`Zsbo� ha_j� �gZijbf_j�� :j]Zyr� ±� ����� ;��Dbk_]Zq� ±� ����

F��FbZkkh\h� ±� ������ djhf_� gbadh]hjgh]h� ha�� ;��Brdmev� �EZg^-
rZnlguc�nZdlhj���������).

>ebgZ�ha_jZ� khklZ\ey_l� ����df�� kj_^gyy�rbjbgZ� ±� ����df�

iehsZ^v� \h^gh]h� a_jdZeZ� ±� ����� df2 (EZg^rZnlguc� nZdlhj����
1978). Keh`gZy�nhjfZ�j_ev_nZ�h[mkeh\beZ�baj_aZgghklv�[_j_]h-
\hc�ebgbb��dhwnnbpb_gl�baj_aZgghklb�±������qlh�y\ey_lky�fZdkb-
fZevghc� \_ebqbghc� ^ey� ha_j� aZih\_^gbdZ��� gZebqb_� [hevrh]h

dhebq_kl\Z�aZeb\h\�b�jZaghh[jZagh_�kljh_gb_�[_j_]h\��Ihke_^g__

hoZjZdl_jbah\Zgh�K��K��@Zjbdh\uf�\� _]h�g_him[ebdh\Zgghf�hl-
q_l_� (1951).�<�ha_j_�gZkqblu\Z_lky� ��� aZeb\h\�b�h^bg�hkljh\2�\

ijhlhd_�Ijhoh^gZy�dmjvy��_]h�iehsZ^v��ih�^Zgguf�K��K��@Zjbdh�

\Z�(1951)�������df2���<�x`ghc�qZklb�ha_jZ�gZoh^ylky�dmjvb��aZeb-
\u��Gyr_\kdZy��kZfuc�djmiguc�aZeb\���Q_jgZy��MadZy��\�aZiZ^ghc

±�RlZggZy��EZlhqdZ��\�k_\_jh�aZiZ^ghc�±�Abfgbd��\�\hklhqghc�±

Aujygh\kdZy�� Ebih\Zy�� f_`^m� dhlhjufb� jZkiheh`_gZ� ijhlhdZ

Ijhoh^gZy�dmjvy��kh_^bgyxsZy�ha��;��FbZkkh\h�k�ha��F��FbZkkh-
\h� Keh`gZy�nhjfZ�[_j_]h\�h[mkeh\beZ�gZebqb_�[hevrh]h�dheb-
q_kl\Z�ihemhkljh\h\�b�fukh\��jbk������ba�dhlhjuo�gZb[he__�djmi-
gu_� bf_xl� kh[kl\_ggu_� gZa\Zgby��>he]bc��DhjZ[ebd��Ebih\uc

;hevrhc� b� FZeuc�� FjZfhjguc�� FmjZ\vbguc�� KZcfZ�� KdZeb-
kluc��KljZrguc�

FZdkbfZevgZy�]em[bgZ�ha_jZ�khklZ\ey_l����f��kj_^gyy�]em-
[bgZ  –  �����f    (EZg^rZnlguc�  nZdlhj����� 1978����qlh���k��mq_lhf

1 Kh]eZkgh� deZkkbnbdZpbb� I��<��B\Zgh\Z� ������� ih� iehsZ^b

\h^gh]h�a_jdZeZ�ha��;��FbZkkh\h�hlghkblky�d�]jmii_�«kj_^gbo�ha_j»
2 <�hl^_evgu_�fgh]h\h^gu_�]h^u�g_dhlhju_�ihemhkljh\Z��Ebih-

\uc��FmjZ\vbguc�� h[hkh[eyxlky� g_]em[hdbfb� ijhlhdZfb�� nZdlbq_kdb

ij_\jZsZykv�\�hkljh\Z�
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Jbk�����Ha_jh�;hevrh_

FbZkkh\h�
Z� ±� ahgZ�� aZgylZy� fZd�

jhnblghc� jZklbl_evghklvx�� [� ±

jZkiheh`_gb_� b� ghf_jZ� wdheh�

]bq_kdbo�ijhnbe_c�

I–IX – aZeb\u: I – Abf�
gbd��,,�±�Aujygh\kdZy�dmjvy��,,,�±

Ijhoh^gZy� dmjvy�� ,9� ±� Ebih\Zy

dmjvy�� 9� ±� MadZy� dmjvy�� 9,� ±

Gyr_\kdZy� dmjvy�� 9,,� ±� Q_jgZy

dmjvy��9,,,�±�RlZggZy�dmjvy��,;�±

EZlhqdZ� ;� ±� i�h\�FmjZ\vbguc�

;,� ±� fuk� DhjZ[ebd�� ;,,� ±� i�h\

KZcfZ�

iehsZ^b� \h^gh]h� a_jdZeZ�

^Z_l� ihdZaZl_ev� hldjulh�

klb� �����l��_���ih�deZkkbnb�

dZpbb� I��<��B\Zgh\Z

(1949), ha�� ;��FbZkkh\h

hlghkblky� d� lbim

©]em[hdboª�� NhjfZ

ha_jghc� dhleh\bgu� ±

iZjZ[hehb^gZy�� kdehgu� __

g_� bf_xl� j_adbo� i_j_ehfh\� (EZg^rZnlguc� nZdlhj����� ����).
Ijb[j_`gZy�ahgZ�jZa\blZ�keZ[h��kjZam�`_�hl�[_j_]Z�gZ[ex^Z_lky

agZqbl_evgh_� m\_ebq_gb_� ]em[bg�� IehsZ^v� ^gZ� ^h� ��f_ljh\hc

bah[Zlu�khklZ\ey_l���������Z�k�]em[bgZfb���±���f�±����� %. L_d-
lhgbq_kdh_� ijhbkoh`^_gb_� dhleh\bgu� h[mkeh\beh� keh`guc

j_ev_n�^gZ��gZebqb_�fgh]hqbke_gguo�^_ij_kkbc�ha_jgh]h�eh`Z�b

\uoh^h\�dhj_gguo�ihjh^�±�]hevph\��HibkZgb_�kljh_gby�^gZ�ha_jZ

^Zgh�K��K��@Zjbdh\uf� �������k������: ©«<ky�p_gljZevgZy�b�hkh-
[_ggh�k_\_jgZy�qZklb�ha_jZ�±�;hevrhc�ie_k�±�aZgylu�]em[bgZfb

k\ur_� ���f��<h�fgh]bo�f_klZo� kj_^b� wlbo� ]em[bg� \klj_qZxlky

i_j\bqgu_�g_jh\ghklb�^gZ��ih^\h^gu_�hkljh\Z��kdZeu��]hevpu�b

[he__� ]em[hdb_� \iZ^bgu�dhleh\bgu��GZb[hevrbc�ba�ih^\h^guo

hkljh\h\� ±�;hevrhc� ]he_p� ±�gZoh^blky� \� ���±����f� hl� \oh^Z� \

dmjvb�Ebih\mx�b�Ijhoh^gmx��<_jrbgZ�]hevpZ�lhjqbl�\���f�hl�ih-
\_joghklb�\h^u��<�����df�d�x]h�aZiZ^m�hl�;hevrh]h�]hevpZ�e_`bl

]em[hdh\h^guc�]he_p�Kb]h\uc��<� ����f�d�aZiZ^m�hl�fukZ�ihem-
hkljh\Z�KdZebklh]h� jZkiheh`_g�Qbgv_gh\kdbc� ]he_p�� bf_xsbc

gZbf_gvrmx� bah[Zlm� \� ��f��>\Z� kdZebkluo� ih^\h^guo� hkljh\Z

i_j_]hjh^beb�\oh^�\�RlZggmx�dmjvx��bo�\_jrbgu�hlklhyl�\��±�

f� hl� ih\_joghklb� \h^u�� H[rbjgmx� iehsZ^v� aZgbfZ_l�FZeuc
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]he_p��gZoh^ysbcky�ihkj_^b�dmjvb�Q_jghc��<������]��_]h�\_jrbgZ

gZoh^beZkv�\���±���kf�hl�ih\_joghklb�\h^u�b�ij_^klZ\eyeZ�hiZk-
ghklv�^ey�ieZ\Zgby�ih�ha_jm�\�[mjgmx�ih]h^m��AgZqbl_evguc�ih

\_ebqbg_��gh�g_\ukhdbc�ih^\h^guc�[m]hj�e_`bl�\�����f�d�k_\_jm

hl�>he]h]h�fukZ�

Ba�ih^\h^guo�^_ij_kkbc�ha_jgh]h�eh`Z�gZb[hevrZy�gZoh-
^blky�\�k_\_jh�aZiZ^ghc�qZklb�;hevrh]h�ie_kZ�b�hdhglmj_gZ�^\Z-
^pZlb^\mof_ljh\hc� bah[Zlhc�� AgZqbl_evgZ� gZ� iehsZ^b� dhleh-
\bgdZ�\� ����f�d�k_\_jm�hl�ih^\h^guo�hkljh\h\�RlZgghc�dmjvb�

G_[hevrb_� dhleh\bgdb� jZa[jhkZgu� \� dmjv_� Q_jghc� �\� ���� f� d

\hklhdm�hl�kj_^bgu�ihemhkljh\Z�FmjZ\vbgh]h��b�d�x]m�hl�;hev-
rh]h�]hevpZ��\����±����f��

AZeb\u� ha_jZ�� aZ� bkdexq_gb_f� gZb[he__�rbjhdhc�RlZg-
ghc� dmjvb��f_edh\h^gu��LZd�� h[rbjgZy�Gyr_\kdZy� dmjvy� bf__l

fZdkbfZevgmx�]em[bgm���f��Z�aZfdgmlZy��[ex^p_h[jZagZy�Ebih-
\Zy�dmjvy�±���f�

EblhjZevgZy� ahgZ� \� ij_^_eZo� ;hevrh]h� ie_kZ� gZb[he__

jZa\blZ�m� k_\_jgh]h�� k_\_jh�aZiZ^gh]h�ih[_j_`bc�� ]^_�i_kqZgu_

hlf_eb� bgh]^Z� aZoh^yl� gZ� ���±���� f� \]em[v� ha_jZ�� AZiZ^gu_� b

\hklhqgu_�kdehgu�\Zggu�djmlu�b�h[ju\bklu��Lj_of_ljh\Zy�bah-
[ZlZ�ijb[eb`Z_lky� a^_kv�gZ� ��±���f�d�mj_am� \h^u��Ijhnmg^Zev

hq_jq_gZ�iylgZ^pZlbf_ljh\hc�bah[Zlhc��<�x`ghc�qZklb�;hevrh-
]h�ie_kZ�hgZ�kl_kg_gZ�]hevpZfb�b�ih^\h^gufb�kdehgZfb�hl^_ev-
guo�dZf_gbkluo�fukh\��Km[eblhjZev�ohjhrh�\ujZ`_gZ�\�x`ghc

b�x]h�\hklhqghc�qZklb�ie_kZ��\�RlZgghc�dmjv_�b�d�x]m�hl�aZeb\Z

EZlhqdZ��I_j_oh^�eblhjZeb�d�km[eblhjZeb�a^_kv�ieZ\gucª�

<g_rgbc�\h^hh[f_g��Ha_jh�;��FbZkkh\h��kh_^bg_ggh_�ih-
klhygghc� rbjhdhc� ijhlhdhc� k� ha� F��FbZkkh\h�� Z� lZd`_� khh[-
sZxs__ky�ijhlhdZfb�k�ha_jZfb�F��Dbk_]Zq�b�;��LZldmev��h[jZam-
_l� k� gbf� _^bguc� ebfgbq_kdbc� dhfie_dk�� oZjZdl_jbamxsbcky

[hevrhc��^ey�X`gh]h�MjZeZ��iehsZ^vx�\h^hk[hjZ�±�^h�����df2

(EZg^rZnlguc� nZdlhj����� ������� <� lh� `_� \j_fy� m^_evguc

\h^hk[hj� �hlghr_gb_� iehsZ^b� \h^hk[hjZ� d� iehsZ^b� a_jdZeZ

ha_jZ��ha� ;��FbZkkh\h�g_\_ebd�±�������\f_kl_�k�ha��F��FbZkkh\h�

�gZijbf_j�� ^ey� ;��Brdmey� hg� jZ\_g� ������F��L_j_gdmey� ±� ������

Kh]eZkgh� ^Zgguf� B��G�� KhjhdbgZ� (EZg^rZnlguc� nZdlhj����
1978)��mkeh\guc�\h^hh[f_g�ha_jZ�khklZ\ey_l�hq_gv�fZemx�\_eb-
qbgm� ±� ������qlh� k\yaZgh� k�gbqlh`guf�fh^me_f� kj_^g_]h^h\h]h

klhdZ�k�\h^hk[hjghc�iehsZ^b��qlh�oZjZdl_jgh�^ey�\k_o�ha_j�\hk-
lhqgh]h�kdehgZ�MjZeZ���Ih�gZrbf�^Zgguf��mkeh\guc�\h^hh[f_g

g_fgh]h�[hevr_�±�������Mqblu\Zy�[hevrhc�h[t_f�\h^ghc�fZkku�±

������ feg� f3� �ih� ^Zgguf� B��G��KhjhdbgZ� (EZg^rZnlguc� nZd-
lhj����� ����) – 128.6 feg�f3��� Z� lZd`_� \ukhdmx� ebg_cgmx� ha_j-
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ghklv� ������� ijb� gbadhc� \h^ghklb� ijhlhd�� kh_^bgyxsbo� ha�

;��FbZkkh\h� k� ^jm]bfb� \h^h_fZfb� (EZg^rZnlguc� nZdlhj����
1978)�� ke_^m_l� k^_eZlv� \u\h^� h�ij_h[eZ^Zgbb� \� ha_j_� Z\lholhg-
guo�ijhp_kkh\�b��\�qZklghklb��h]jZgbq_gghf�ihklmie_gbb�k�\h^h-
k[hjZ�hj]Zgbq_kdbo� \_s_kl\�b�[bh]_gguo� we_f_glh\��Ha_jh�fh-
`_l�kqblZlvky�keZ[hh[f_gguf��ihegZy�kf_gZ�\h^ghc�fZkku�ijh-
bkoh^bl�\�g_f�q_j_a���±���e_l�

IblZgb_�ha_jZ�b�\h^guc�[ZeZgk��;��FbZkkh\h�hlghkblky�d

ha_jZf� kh� kj_^gbf� m^_evguf� \h^hk[hjhf� �ih� deZkkbnbdZpbb

K��<��=jb]hjv_\Z� (1959), F/f = 14.0). Hkgh\gufb� khklZ\eyxsbfb
\h^gh]h� [ZeZgkZ� ha�� ;��FbZkkh\h� \� ijboh^ghc� qZklb� y\eyxlky

ijblhd�k�\h^hk[hjghc�iehsZ^b�b�hkZ^db�gZ�a_jdZeh�ha_jZ��Z�\�jZk�

oh^ghc�±�bkiZj_gb_��F_g__�kms_kl\_ggmx�jhev�b]jZxl�klhd�\h^u

b� ih^a_fguc� ijblhd�� Ih� deZkkbnbdZpbb� ;��;�� ;h]hkeh\kdh]h

��������ha��;��FbZkkh\h�ih�\h^ghfm�[ZeZgkm�hlghkblky�d�klhdh\h�

ijblhqghfm�lbim��Jhev�ijblhdZ�b�klhdZ�\�g_f�khklZ\ey_l�hl����^h

75 %.
=eZ\guf�bklhqgbdhf�nhjfbjh\Zgby� \h^guo� j_kmjkh\� y\-

eyxlky�Zlfhkn_jgu_�hkZ^db��ihklmiZxsb_�dZd�gZ�Zd\Zlhjbx��lZd

b�gZ�iehsZ^v� \h^hk[hjZ�b�[ukljh� kl_dZxsb_�ih� kbkl_f_� j_d�b

jmqv_\� \� ha_jh�� Ih^a_fgu_� \h^u� \� kbem� keZ[uo� dhee_dlhjguo

k\hckl\�]hjguo�ihjh^��keZ]Zxsbo�iehsZ^v�\h^hk[hjZ��kf��]e�����

b]jZxl�ih^qbg_ggmx�jhev�\�_]h�iblZgbb�b�nhjfbjmxlky�ba�g_-
agZqbl_evghc� qZklb� Zlfhkn_jguo� hkZ^dh\� ���±����� hl� bo� kmf-
fu���\uiZ^Zxs_c�gZ�iehsZ^b�\h^hk[hjZ��Ij_h[eZ^Zgb_�\�iblZ-
gbb�ha_jZ�fZehfbg_jZebah\Zgguo�ih\_joghklguo�\h^�b�g_\ukh-
dZy�fbg_jZebaZpby�ijblhdh\� ha_jZ� �kf�� ]e�� ��� k\yaZgZ� k� jZkijh-
kljZg_gb_f�\�ij_^_eZo�\h^hk[hjZ�djbklZeebq_kdbo�ihjh^�b�]hj-
gh�e_kguo�ih^ahebkluo�ihq\�

<� iblZgbb� ha_jZ� mqZkl\mxl� kZfu_� djmigu_� [hehlZ� aZih-
\_^gbdZ��dhlhju_�gZoh^ylky�gZ�f_kl_�aZjhkrbo�ha_jguo�aZeb\h\

�[hehlZ�m�RlZgghc�dmjvb�b�aZ[hehq_ggZy�ihcfZ�j��Gyr_\db�±�lZd

gZau\Z_fh_�Gyr_\kdh_�[hehlh��

Dhe_[Zgb_� mjh\g_c. >ey ha_j�X`gh]h�MjZeZ� oZjZdl_jgZ

agZqbl_evgZy�Zfieblm^Z�dhe_[Zgbc�mjh\g_c�dZd�\gmljb�]h^Z��lZd

b� \� fgh]he_lg_f� ieZg_� �EZg^rZnlguc� nZdlhj«�� ������� Wlhfm

ml\_j`^_gbx� khhl\_lkl\m_l� hibkZgb_� mjh\g_c� ha_jZ� ;hevrh_

FbZkkh\h�� GZ[ex^_gby� aZ� mjh\g_f� \h^u� \� ha_j_� \_^mlky

gZ�dhj^hg_�«FbZkkh\h»��DZd�ihdZau\Zxl� ]jZnbdb�oh^Z�mjh\g_c
\h^��\������±�����]h^Zo����jbk��������\_kghc��ijhbkoh^bl��ih^gylb_�
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Jbk�����>bgZfbdZ�mjh\g_c�ha��;��FbZkkh\h�������������]]�

KiZ^�mjh\gy�ijhbkoh^bl�f_^e_ggh��\�hkgh\ghf�^h�Z\]mklZ��Gh�\

^h`^eb\u_� ]h^u� �gZijbf_j�� ������ mjh\_gv� g_� kgb`Z_lky�� Z� gZ-
h[hjhl�� ieZ\gh� \hajZklZ_l�� HkZ^db� \uau\Zxl� ebrv� djZldh\j_-
f_ggh_�ih\ur_gb_�mjh\gy��g_�baf_gyy�h[s_c� l_g^_gpbb�d� kgb-
`_gbx��<�hdly[j_�gZ[ex^Z_lky�fbgbfmf�

Jbk�����Fgh]he_lgyy�^bgZfbdZ�mjh\g_c�ha��;��FbZkkh\h�
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Jbk�����<u\Ze�e_kZ�\�ijb[j_`ghc�ahg_�ha_jZ��\ua\Zgguc�ih^lhi-
e_gb_f�[_j_]h\�

Djhf_� \gmljb]h^h\uo� baf_g_gbc�� mjh\gb� ha_jZ� ;hevrh_

FbZkkh\h� ih^\_j`_gu� fgh]he_lgbf� dhe_[Zgbyf�� k\yaZgguf� k

dhe_[Zgbyfb�h[s_c�m\eZ`g_gghklb� �jbk������<������]h^m�bgl_g-
kb\gu_� e_lgb_� hkZ^db� ih\ukbeb� mjh\_gv� \� ha_j_� \ur_� ihjh]Z

klhdZ�ba�g_]h��ijhkoh^be�kbevguc�jZafu\�[_j_]h\��jbk������;he__

aZkmreb\u_� ����±��� ]]�� ijb\_eb� d� kiZ^m� \h^� b� fbgbfZevguc

mjh\_gv�gZ[ex^Zeky�\������]�

;_j_]Z�ha_jZ�;hevrh_�FbZkkh\h�ojZgyl�ke_^u�\_dh\uo�ba-
f_g_gbc�mjh\gy�\�\b^_�ijb[j_`guo��©\Zeh\�mkuoZgbyª��i_kqZgh�

]Ze_qgbdh\uo� l_jjZk�� ha_jguo� hleh`_gbc� gZ� ihemhkljh\Zo�

h[jZah\Z\rboky�ba�hkljh\h\��:fieblm^Z�\gmljb]h^h\uo�dhe_[Z�

gbc� mjh\gy� ha_jZ� ^hklb]Z_l� ���� f�� Kj_^g_]h^h\Zy� Zfieblm^Z

baf_g_gby�mjh\gy�khklZ\ey_l�����f�

L_jfbq_kdbc�j_`bf

H[ahj� bkke_^h\Zgbc�� I_j\u_� k\_^_gby� h� l_jfbd_� ha_j

Bevf_gkdh]h�aZih\_^gbdZ�b�ijbe_]Zxsbo�l_jjblhjbc�hlghkylky

d� gZqZem� l_dms_]h� klhe_lby�� Wlh� jZ[hlu� <��G�� K_f_glh\kdh]h

(1907, 1914)��;��>blfZjZ�(1930)��:��<��Ih^e_kgh]h�(1933)��H[klhy-
l_evgu_�bkke_^h\Zgby� l_jfbq_kdh]h� j_`bfZ� ha_jZ�ijh\h^ylky� k

dhgpZ������o ]]���\�����±�����]]��khljm^gbdhf�Bevf_gkdh]h�aZih-
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\_^gbdZ�K��K��@Zjbdh\uf� ��������\�����±�����]]��±�X`ghmjZev�

kdhc� wdki_^bpb_c� BgklblmlZ� ha_jh\_^_gby� :G�KKKJ��Nhjr�

<Zj_gph\���������\�����±����������±�����]]��wdki_^bpb_c�dZn_^-
ju�nbabq_kdhc�]_h]jZnbb�Q=IB1�b�MjM=FK2�ih^�jmdh\h^kl\hf

F��:��:g^j__\hc�(1966, 1973)��\�����±�����]]��khljm^gbdhf�Bev-
f_gkdh]h� aZih\_^gbdZ� :��=��Jh]habguf� �E_lhibkv� ijbjh^u«�

1996, 1997, 1998).
K��K��@Zjbdh\�� jZkkfZljb\Zy� k_ahggu_� baf_g_gby� l_fi_-

jZlmju��hlf_qZ_l��qlh�\�bxe_�±�Z\]mkl_�gZ�ih\_joghklb�\h^Z�gZ-
]j_\Z_lky�^h��� °K�b�[he__��GZ�]em[bg_���±���f�b�\�l_q_gb_�\k_]h
e_lZ�\h^Z�oheh^gZy��g_�\ur_��±� °K��<�e_lgbc�i_jbh^�hlf_qZ_lky
g_kdhevdh�l_fi_jZlmjguo�kdZqdh\��LZd����Z\]mklZ������]��i_j\uc

l_fi_jZlmjguc�kdZqhd�\���� °K�f�[ue�gZ�]em[bg_��±��f��\����Z\-
]mklZ� �����]��]jZ^b_gl�kdZqdZ�m\_ebqbeky�^h� ��� °K�f�b�hg�himk-
lbeky�gZ�]em[bgm��±��f��<lhjhc�kdZqhd�\�� °K�f�gZoh^beky���Z\-
]mklZ�gZ�]em[bg_� �±��f��Z� ���Z\]mklZ� ±�gZ�]em[bg_� �±��f��LZdbf

h[jZahf�� d� dhgpm� e_lZ� ]em[bgZ� jZkiheh`_gby� l_fi_jZlmjgh]h

kdZqdZ�\hajZklZ_l�aZ�kq_l�\hajZklZxs_]h�i_j_f_rb\Zgby�ih\_jo-
ghklgh]h�kehy��D�k_j_^bg_�k_gly[jy�l_fi_jZlmjZ�\h^u�gZ�]em[bg_

\ujZ\gb\Z_lky� b� ijb[eb`Z_lky� d� ]hfhl_jfbb��LZd�� ��� k_gly[jy

�����]��gZ�ih\_joghklb�\h^Z�hoeZ^beZkv�^h����� °K��Z�gZ�]em[bg_
��±���f�ih\ukbeZkv�^h� �±�� °K��=hfhl_jfby�mklZgh\beZkv� d� ��
hdly[jy��Abfhc�����n_\jZey������]���l_fi_jZlmjZ�ih\_joghklgh]h

kehy��ih^h�ev^hf��khklZ\beZ���� °K��gZ�]em[bg_���±���f�±���� °K�
lh�_klv�knhjfbjh\ZeZkv�q_ldh�\ujZ`_ggZy�h[jZlgZy�kljZlbnbdZ-
pby��<_kghc��d� ���fZy��l_fi_jZlmjZ�ih\_joghklgh]h�kehy�ih^gy-
eZkv�^h��� °K��gZ�]em[bg_���±���f�khklZ\beZ���� °K��LZdbf�h[jZ-
ahf��gZqbgZy�k�Z\]mklZ��l_fi_jZlmjZ�\h^u�m�ih\_joghklb�gZqbgZ_l

ihgb`Zlvky�� Z�gZ� ]em[bgZo�m\_ebqb\Z_lky��Abfhc�\h^Z�hoeZ`^Z-
_lky�^h�fbgbfZevguo�agZq_gbc��<_kghc�ih\_joghklguc�kehc�ih-
kl_i_ggh�gZ]j_\Z_lky��gh�]em[bgguc�hklZ_lky�oheh^guf�g_�lhev-
dh�\_kghc��gh�b�\�l_q_gb_�\k_]h�e_lZ�

F��:��:g^j__\Z� k� khljm^gbdZfb� ih^l\_j^beZ� gZebqb_� \

ha_j_� mklhcqb\hc� ijyfhc� kljZlbnbdZpbb� e_lhf� b� h[jZlghc

abfhc��Kh]eZkgh� ijh\_^_gguf� bfb� baf_j_gbyf� l_fi_jZlmju� aZ

��±���bxey������]h^Z��l_ieuc�kehc�\h^u�jZkiheZ]Zeky�^h��±����f

1�Q_ey[bgkdbc�]hkm^Zjkl\_gguc�i_^Z]h]bq_kdbc�bgklblml
2�MjZevkdh_�mijZ\e_gb_�]b^jhf_l_hjheh]bq_kdhc�kem`[u
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]em[bgu�� AZ� ghqv� hg� hoeZ`^Zeky�� ihwlhfm� \� mlj_ggb_

qZku����bxey�l_fi_jZlmjZ�gZ�ih\_joghklb�khklZ\beZ����� °K��lh
_klv�gZ�� °K�gb`_��q_f�\�ij_^u^msbc�^_gv��K�]em[bghc�l_fi_jZ-
lmjZ�f_^e_ggh�kgb`ZeZkv�^h� �� °K�gZ� ��f_ljh\hc� ]em[bg_��L_f-
i_jZlmjguc� ]jZ^b_gl�\h�\k_c� lhes_�\h^u� khklZ\be� �� °K�f��Kehc
kdZqdZ�gZoh^beky�gZ�]em[bg_��±��f��]^_�agZq_gby�]jZ^b_glZ�m\_eb-
qbebkv�^h���°K�f��<�ij_^u^msbc�^_gv��lh�_klv����bxey������]h^Z�
ih]h^Z�[ueZ�`Zjdhc�b�ihqlb�[_a\_lj_gghc��Ih\_joghklguc�kehc

\�i_j\hc�iheh\bg_�^gy�ijh]j_eky�^h����� °K��K�]em[bghc�l_fi_-
jZlmjZ�kgb`ZeZkv�b�gZ���f�khklZ\beZ��� °K��<�keh_��±��f�jZkiheZ-
]Zeky� kehc� kdZqdZ� k� l_fi_jZlmjguf� ]jZ^b_glhf� hdheh� �� °K�f�
?s_� [he__� j_adh� l_fi_jZlmjgZy� kljZlbnbdZpby� [ueZ� \ujZ`_gZ

\_q_jhf� ���bxey��<_ebqbgZ�l_fi_jZlmjgh]h� ]jZ^b_glZ�gZ� �±��f

^hklb]eZ� � °K�f��<�l_q_gb_�^gy�lhesbgZ�ijh]j_lh]h�kehy�m\_eb�
qb\ZeZkv�k���^h���f��Z�l_fi_jZlmjZ�_]h�gZ�]em[bg_���f�\hajZklZeZ

gZ�� °K��Ke_^h\Zl_evgh��\_q_jgb_�baf_j_gby�ihdZaZeb��qlh�gZ]j_�
luc�aZ�^_gv��ih^\_j]rbcky�i_j_f_rb\Zgbx�ih\_joghklguc�kehc

bf__l�l_fi_jZlmjm� ���� °K��dhlhjZy�^_j`blky�^h�]em[bgu� ��f��Z
gZ� ]em[bg_� ��f� kgb`Z_lky� lhevdh� ^h� �� °K��Gb`_� ]em[bgu� ��f
e_`bl�oheh^guc�kehc�\h^u��L_fi_jZlmjZ� a^_kv�iZ^Z_l�k� � °K�gZ
]em[bg_� �±��f�^h� ��� °K�gZ� ]em[bg_� ���f��GZb[hevrZy�jZaghklv
l_fi_jZlmju� ijb^hgguo� b� ih\_joghklguo� keh_\� \h^u� [ueZ� hl-
f_q_gZ�\_q_jhf��dh]^Z�ih\_joghklguc�kehc�kbevgh�gZ]j_\Zeky�aZ

^_gv��Z�ijb^hggu_�kehb�_s_�[he__�hoeZ`^Zebkv��lZd�dZd�m\_ebq_-
gb_�]jZ^b_glh\�iehlghklb�jZaebqguo�ih�l_fi_jZlmj_�keh_\�\h^u

hkeZ[ey_l� dhg\_dpbx� b� ij_iylkl\m_l� ijhgbdgh\_gbx� l_ieZ

\]em[v�\h^h_fZ��LZd�����bxey�jZaghklv�l_fi_jZlmju�ih\_joghkl-
gh]h�kehy������ °K��b�ijb^hggh]h�kehy����� °K��khklZ\beZ����� °K�
Hlf_q_gh��qlh�l_fi_jZlmjgu_�kdZqdb�dZd�ih�\_ebqbg_��lZd�b�ih

]em[bg_�fh]ml�baf_gylvky�g_�lhevdh�k�dZ`^uf�^g_f��gh�b�\�l_q_-
gb_�kmlhd�

GZ�hkgh\Zgbb��^Zgguo�gZ[ex^_gbc�F��:��:g^j__\Z�^_eZ_l

ke_^mxsb_� \u\h^u�� ha_jh� ;��FbZkkh\h� hlghkblky� d� oheh^guf�

iehoh�ijh]j_\Z_fuf�\h^h_fZf��k�g_^hklZlhqgh�\ujZ`_gghc�dhg-
\_dpb_c�\h^guo�fZkk��<�e_lgbc�i_jbh^�mklZgZ\eb\Z_lky�mklhcqb-
\Zy�ijyfZy�kljZlbnbdZpby��M�^gZ�l_fi_jZlmjZ�khklZ\ey_l��±� °K�
b�jZaghklv�l_fi_jZlmj�ih\_joghklguo�b�ijb^hgguo�keh_\�^hklb-
]Z_l� �� °K��Oheh^gu_�\h^u� ]bihebfgbhgZ� aZ�e_lh�ijh]j_\Zxlky
gZ����±��� °K�

L_fi_jZlmjgu_�baf_j_gby�\� abfgbc�i_jbh^�gZ�ha��;��Fb-
Zkkh\h� ijh\h^bebkv�F��:��:g^j__\hc� k� khljm^gbdZfb� \� gZqZe_
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b� \� dhgp_� abfu� ����±����� ]]�� ���±��� ^_dZ[jy� b� ��� fZjlZ���GZ

ha��;��FbZkkh\h� ���^_dZ[jy� �����]��l_fi_jZlmjZ�\h^u�ih\_jogh-
klgh]h� kehy� khklZ\beZ� ��� °K�� gZ� ]em[bg_� �� f� hgZ� jZ\gyeZkv
1.1 °K��Z�\�ijb^hgghf�keh_�±���� °K�

GZ[ex^_gby�aZ�l_fi_jZlmjhc�\�ha��;��FbZkkh\h�[ueb�ijh-
^he`_gu�F��:��:g^j__\hc� k� khljm^gbdZfb� \_kghc� �����]��� \�i_-
jbh^�hdhgqZgby�\_k_gg_]h�gZ]j_\Zgby�b�gZqZeZ�]b^jheh]bq_kdh]h

e_lZ����±���fZy������]����=b^jheh]bq_kdh_�e_lh�gZ�ha_jZo�gZqbgZ-
_lky�k�mklZgh\e_gb_f�\h�\k_c�lhes_�\h^u�l_fi_jZlmju�\ur_�� °K
b� i_j_oh^hf� d� ijyfhc� l_fi_jZlmjghc� kljZlbnbdZpbb�� GZ

ha��;��FbZkkh\h�\����o�qbkeZo�fZy�]hfhl_jfby�gZqZeZ�jZajmrZlv-
ky��L_fi_jZlmjZ�gZ�\k_o�]em[bgZo�dhe_[ZeZkv�\�ij_^_eZo�hl�� °K
^h� � °K��ijb� wlhf�fh`gh�[ueh�ijhke_^blv� aZjh`^Z\rmxky�ijy-
fmx� kljZlbnbdZpbx�� iZ^_gb_� l_fi_jZlmju� gZ� ]em[bg_� �±��� f

khklZ\beh����±��� °K�f��<�^jm]bo�kehyo�baf_g_gb_�l_fi_jZlmju�k
]em[bghc� [ueh� f_g__� aZf_lguf�� GZqZehkv� nhjfbjh\Zgb_� lj_o

kljZlbnbdZpbhgguo� keh_\�� wibebfgbhgZ��f_lZebfgbhgZ�b� ]bih-
ebfgbhgZ�

Kh]eZkgh�^Zgguf�E��N��Nhjr�b�E��G��<Zj_gph\Z� (1978���\
ha��;��FbZkkh\h�l_jfhdebg�gZ[ex^Z_lky�\�l_q_gb_��e_lZ�gZ�]em[b�

g_��±���f��Z�\�k_gly[j_�fh`_l�himkdZlvky�^h����f��L_iehaZiZku

\h^ghc� fZkku� ha�� ;��FbZkkh\h� � m\_ebqb\Zxlky� k� fZy� ih� bxev

k��±��^h���±���ddZe�kf2��aZl_f�mf_gvrZxlky�b�\�hdly[j_�khklZ\-
eyxl��±���ddZe�kf2 (EZg^rZnlguc�nZdlhj«������).

L_jfbq_kdbc�j_`bf��Ha_jh�;��FbZkkh\h�h[eZ^Z_l�baj_aZg-
gufb� [_j_]Zfb�� keh`guf� j_ev_nhf� eh`Z� b� ih^jZa^_ey_lky� gZ

jy^�ie_kh\��djmig_crbc�ba�dhlhjuo� ±�Gyr_\kdZy�dmjvy��L_jfb-
q_kdbc�j_`bf�\�jZaguo�qZklyo�ha_jZ�bf__l� kms_kl\_ggu_�hleb-
qby��Bkke_^h\Zgby�_]h�[ueb�ijh\_^_gu�\�����±�����]]��gZ�klZg-
pbb� ©=eZ\gZy� ijhf_jgZy� \_jlbdZevª�� jZkiheh`_gghc� \� jZchg_

fZdkbfZevguo�]em[bg�ha_jZ� �kf��]e�����b�\�djmiguo�aZeb\Zo��AZ-
f_ju�\uihegyeb�_`_f_kyqgh�k�ihfhsvx�we_dljbq_kdh]h�^bklZg-
pbhggh]h�l_jfhf_ljZ�LWL����ih�]em[bg_�q_j_a�dZ`^u_�����f�

=eZ\guc� ie_k� �klZgpby� ©=eZ\gZy� ijhf_jgZy� \_jlbdZevª� ±

fZdkbfZevgu_� ]em[bgu�� jbk������ Ijbf_jgh� q_j_a� g_^_ex� ihke_

koh^Z�ev^Z�\�k_j_^bg_�fZy� �����]��_s_�gZ[ex^ZeZkv�]hfhl_jfby

ijb�l_fi_jZlmj_�hdheh�� °K��<ukhdb_�kj_^g_kmlhqgu_�l_fi_jZlm-
ju�\ha^moZ�\�fZ_�ijb\_eb�d�[ukljhfm�ijh]j_\m�\_jogbo�keh_\�\h-
^u�b�ihklmie_gbx�l_ieZ�\�]em[bgm��<�i_j\hc�^_dZ^_�bxgy�l_fi_-
jZlmjZ
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Jbk�����K_ahgguc�oh^�l_fi_jZlmjghc�djb\hc�\�ha��;hevrh_�FbZk-

kh\h�������]���
Z�±�i_j_oh^�hl�\_k_gg_c�]hfhl_jfbb�d�e_lg_c�kljZlbnbdZpbb��[�±�i_j_oh^

hl�ijyfhc�e_lg_c�d�h[jZlghc�abfg_c�kljZlbnbdZpbb�
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ih\_joghklb�ha_jZ�^hklb]eZ� �� °K�� Z� \�ijb^hgghf� keh_� \ujhkeZ
^h� �±�� °K��<�wlh�\j_fy�gZ[ex^Z_lky�nhjfbjh\Zgb_�^\mo�l_jfh-
debgh\�� qlh� k\yaZgh� k� _s_� g_� mklZgh\b\r_cky� kljZlbnbdZpb_c�

Hq_gv�bgl_gkb\gh_�ihklmie_gb_�l_ieZ�\�bxg_�ijb\h^bl�d�mkdh-
j_gghfm�ijh]j_\Zgbx�kZfh]h�ih\_joghklgh]h�kehy�±�h[jZamxlky

l_fi_jZlmjgu_�kdZqdb�gZ� ]em[bgZo� �±��b� �±��f��D�gZqZem�bxey

wibebfgbhg�\iheg_�knhjfbjh\Zg��_]h�lhesbgZ�khklZ\ey_l���f��<

l_q_gb_� bxey� ijh^he`Z_lky� jZ^bZpbhgguc� ijh]j_\� wibebfgbh-
gZ�� lh]^Z� dZd� jhkl� l_fi_jZlmju� ]bihebfgbhgZ� ij_djZsZ_lky

\ke_^kl\b_� mklhcqb\h]h� jZkkeh_gby� \h^ghc� lhesb��<� Z\]mkl_� b

k_gly[j_�gZqbgZ_lky� hklu\Zgb_� \_jogbo� keh_\�� wlh� khijh\h`^Z-
_lky�ih]jm`_gb_f�l_jfhdebgZ�b�m\_ebq_gb_f�fhsghklb�wibebf-
gbhgZ�^h���f�\h�\lhjhc�^_dZ^_�k_gly[jy��=jZ^b_gl�l_fi_jZlmju�\

keh_� kdZqdZ�g_mdehggh� kgb`Z_lky�� wlh� h[e_]qZ_l� \_ljh\h_�i_j_-
f_rb\Zgb_�� mkbeb\Zxs__ky� hk_gvx� \ke_^kl\b_� debfZlbq_kdbo

mkeh\bc��M`_�\�gZqZe_�hdly[jy�aZj_]bkljbjh\ZgZ�]hfhl_jfby�ijb

9.5 °K�^Z`_�k�gZf_lb\r_cky�h[jZlghc�kljZlbnbdZpb_c��<�l_q_gb_
hdly[jy�b�ghy[jy�]hfhl_jfby�khojZgy_lky��ijb�wlhf�l_fi_jZlmjZ

\h^ghc�lhesb�kgb`Z_lky�^h�� °K��\ky�hgZ�bgl_gkb\gh�i_j_f_rb-
\Z_lky� \_ljZfb�� <� mkeh\byo� e_^hklZ\Z� gZ[ex^Z_lky� h[jZlgZy

kljZlbnbdZpby�

L_jfbq_kdbc�j_`bf�=eZ\gh]h�ie_kZ�ha_jZ� \� ����� ]��bf_e

g_dhlhju_�hkh[_gghklb��<k_�ijhp_kku�\_kghc�b�\�i_j\hc�iheh\b-
g_�e_lZ�ijhoh^beb�mkdhj_ggufb�l_fiZfb�±�\�k_j_^bg_�fZy�ijh-
]j_\� \_jogbo� keh_\� \h^u� ^h� ��±�� °K� gZ[ex^Zeky� ijbf_jgh� gZ
��±���^g_c�jZgvr_��q_f�\������]��M`_�\�gZqZe_�bxgy�keh`beZkv

ghjfZevgZy� e_lgyy� kljZlbnbdZpby� k� ��f_ljh\uf� wibebfgbhghf

�\� �����]�� ±�lhevdh�\�gZqZe_�bxey�� �jbk�� �����<�bxe_�l_jfhdebg

klZ[bebabjh\Zeky�gZ�]em[bg_��±����f��]jZ^b_gl�l_fi_jZlmj�\�k_-
j_^bg_�f_kypZ�^hklb]�� °K�f��\������]��lZdb_�\_ebqbgu�gZ[ex^Z-
ebkv� lhevdh� \� k_j_^bg_�� Z� \� ����� ]�� ±� \� dhgp_� Z\]mklZ��

<�Z\]mkl_�b�k_gly[j_�gZqZehkv�hklu\Zgb_�\_jogbo�keh_\��wlh�kh-
ijh\h`^Zehkv� ih]jm`_gb_f� l_jfhdebgZ� b� m\_ebq_gb_f�fhsgh-
klb� wibebfgbhgZ� ^h� �� f� \h� \lhjhc� ^_dZ^_� k_gly[jy�� =jZ^b_gl

l_fi_jZlmju� \� keh_� kdZqdZ�g_mdehggh� kgb`Z_lky�� wlh� h[e_]qZ_l

\_ljh\h_� i_j_f_rb\Zgb_�� mkbeb\Zxs__ky� hk_gvx� \ke_^kl\b_

debfZlbq_kdbo� mkeh\bc��Ijhp_kku� mklZgh\e_gby� hk_gg_c� ]hfh-
l_jfbb�g_�hlebqZebkv�hl�hibkZgguo�\������]�

AZeb\u� L_jfbq_kdbc�j_`bf� \�^h\hevgh�f_edh\h^guo� aZ-
eb\Zo� �Ebih\Zy��Gyr_\kdZy��RlZggZy�dmjvb��b�ijhlhd_�Ijhoh^-
gZy�dmjvy�\�dhjg_�hlebqZ_lky�hl�lZdh\h]h�\� =eZ\ghf ie_k_ �b�gZih-
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Zkkh\h�������]���
Z�±�i_j_oh^�hl�\_k_gg_c�]hfhl_jfbb�d�e_lg_c�kljZlbnbdZpbb��[�±�i_j_oh^

hl�ijyfhc�e_lg_c�kljZlbnbdZpbb�d�hk_gg_c�]hfhl_jfbb�
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fbgZ_l� j_`bf� f_edh\h^guo� ha_j�� GZklhys_c� kljZlbnbdZpbb

a^_kv�\hh[s_�g_�gZ[ex^Z_lky��l_jfhdebg�g_�h[jZam_lky��Z�]hfh-
l_jfby�mklZgZ\eb\Z_lky�m`_�d�gZqZem�bxey��LZdbf�h[jZahf��\h^-
gu_�fZkku�\�dmjvyo�iheghklvx�i_j_f_rb\Zxlky�\�l_q_gb_�[hev-
r_c�qZklb�[_ae_^gh]h�i_jbh^Z��Wlh�kihkh[kl\m_l�\ughkm�[bh]_g-
guo�we_f_glh\�ba�^hgguo�hkZ^dh\��\�j_amevlZl_�q_]h�dmjvb��dZd�b

ie_k�ha��FZeh_�FbZkkh\h��fh]ml�hdZau\Zlv�w\ljhnbjmxs__�\eby-
gb_�gZ�ha��;��FbZkkh\h�

E_^h\u_�y\e_gby��E_^h\u_�y\e_gby�gZ�ha��;��FbZkkh\h�[u-
eb�bkke_^h\Zgu�K��K��@Zjbdh\uf�(1951)��Z�aZl_f�F��:��:g^j__\hc

k� khljm^gbdZfb� (1966, 1973)�� LZd� dZd� ij_^klZ\eyxsb_� [hevrhc
bgl_j_k�fZl_jbZeu�K��K��@Zjbdh\Z�hklZebkv�g_him[ebdh\Zggufb�

fu�ijb\h^bf�bo�iheghklvx�k�g_agZqbl_evgufb�baf_g_gbyfb�

E_^hh[jZah\Zgb_� gZ� ha��;��FbZkkh\h� ijhoh^bl� ke_^mxsbf

h[jZahf��<gZqZe_� gZ�f_edbo�f_klZo� ihy\eyxlky� ©aZ[_j_]bª��Ih-
\_joghklv� \h^u�ihdju\Z_lky� lhgdhc�e_^yghc�ie_gdhc��bgh]^Z� _c

ij_^r_kl\m_l�h[jZah\Zgb_�[ebgqZlh]h�ev^Z��h[jZah\Zgb_�kg_`mju�

;hevrhc�ie_k�ihdju\Z_lky�ev^hf�q_j_a�iylv –�^_kylv�^g_c�ihke_
aZf_jaZgby�dmjbc� �aZeb\h\���Wlh�ijhbkoh^bl�\g_aZigh��gh�jZ\gh-
f_jgh��Bgh]^Z�\�k_\_jh�aZiZ^ghc�qZklb�ie_kZ�\�l_q_gb_�ihemkmlhd

kj_^b�e_^ygh]h�ihdjh\Z�fh]ml�hklZ\Zlvky�g_[hevrb_�iheugvb�

<� fZehkg_`gu_� abfu� jhkl� ev^Z� [ukljuc�� LZd�� \� ����� ]�

lhesbgZ�ev^Z�aZ�^\_�g_^_eb�k�gZqZeZ�e_^hklZ\Z�\ujhkeZ�^h����kf�

Bgh]^Z�e_^hh[jZah\Zgb_�ijhl_dZ_l�hq_gv�bgl_gkb\gh�b�khijh\h-
`^Z_lky�h[jZah\Zgb_f�fgh`_kl\Z�[hevrbo�b�fZeuo�lj_sbg��ijb-
q_f�[hevrb_�lj_sbgu�ijbh[j_lZxl�ij_bfms_kl\_ggh�rbjhlgh_

gZijZ\e_gb_�beb� [ebadh_� d�g_fm��D�gZqZem� kZggh]h�imlb� ihqlb

_`_]h^gh� \^hev� wlbo� lj_sbg� h[jZamxlky� lhjhkbklu_� ih^gylby�

bgh]^Z�[he__���f�\ukhlu��aZljm^gyxsb_�i_j_^\b`_gb_�ih�ha_jm�

LhesbgZ�ev^Z�\�i_eZ]bZeb�jZ\ghf_jgZ��gh�hlebqZ_lky�\�jZa�

gu_�]h^u��LZd��\������]��fZdkbfZevgZy�lhesbgZ�ev^Z�^hklb]ZeZ�d

dhgpm�fZjlZ����kf��\������]��±�����kf��\������]��d����^_dZ[jy�±����kf�

KljmdlmjZ�ev^Z�aZ\bkbl�hl�^ebl_evghklb�kg_]hiZ^Z�b�dheb-
q_kl\Z�\uiZ^Zxs_]h�kg_]Z�\�i_jbh^��[ebadbc�d�e_^hklZ\m��<�kem-
qZ_��dh]^Z�e_^�^h�gZqZeZ�bgl_gkb\guo�kg_]hiZ^h\�mki_\Z_l�ijb-
h[j_klb�lhesbgm�\���±���kf��kljmdlmjZ�_]h�h^ghjh^gZ��e_^�nhj-
fbjm_lky� ijhajZqgh�djbklZeebq_kdbc�� Ijb� \uiZ^_gbb� kg_]hiZ-
^h\� gZ� lhgdbc� e_^� h[jZamxlky� ©gZkem^uª� �gZe_^b��� Ih^h[gh]h

jh^Z� gZe_^b� bgh]^Z� ihy\eyxlky� b� ih^� \ebygb_f� hll_i_e_c�� <

wlbo� kemqZyo� qZklv� kg_]Z�� ij_\jZlb\rbkv� \� \h^m�� ijhiblu\Z_l

gb`_e_`Zsb_� kehb�� dhlhju_�� kf_jaZykv�� h[jZamxl� gZe_^b�� Bo

lhesbgZ�^hklb]Z_l�\�hl^_evgu_�]h^u����kf������±�����]]���
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JZajmr_gb_�e_^ygh]h�ihdjh\Z�gZ�ha_j_�;��FbZkkh\h�aZiZa-
^u\Z_l�gZ� �±�� ^g_c�ih� kjZ\g_gbx� k� [he__�f_edbfb� \h^h_fZfb�

Kehc�\h^u�hl�klZy\r_]h�kg_]Z�^_j`blky�gZ�ev^m�hdheh��±��^g_c�

AZl_f��dh]^Z�\h^Z�©ijh_^Z_lª�\�e_^hklZ\guo�lj_sbgZo�oh^u��e_^

\kieu\Z_l��<�l_q_gb_�h^ghc –�ihemlhjZ�^_dZ^�ijhqghklv�_]h�_s_
^hklZlhqgZ� ^ey� i_j_^\b`_gby� ]m`_\uf� ljZgkihjlhf�� AZl_f� e_^

[ukljh�ijbgbfZ_l�b]hevqZlmx�kljmdlmjm�b�\�l_q_gb_�g_kdhevdbo

^g_c�jZajmrZ_lky�gZ�hl^_evgu_�ih^\b`gu_�ihey��<�i_jbh^�jZg-
g_c�\_kgu��ijb�kbevguo�aZiZ^guo�b�x`guo�\_ljZo��fZkku�jZajm-
r_ggh]h�ev^Z�k]hgyxlky�d�k_\_jguf�b�\hklhqguf�[_j_]Zf�ha_jZ�

]^_�qZklh�gZ]jhfh`^Zxlky�gZ�ih[_j_`v_� �\�\b^_�lhjhkbkluo�h[-
jZah\Zgbc�b�e_^yguo�\Zeh\�^h��±��f�\ukhlu��<�hl^_evgu_�]h^u

gZ^\b]Zxsbcky�gZ�[_j_]Z�e_^�kihkh[_g�\u\hjZqb\Zlv�b�i_j_^\b-
]Zlv�gZ�kdZevguo�fukZo�dZf_ggu_�]eu[u��ehfZlv�djmigu_�^_j_-
\vy�b�dmklZjgbdb��IhegZy�hqbkldZ�ha_jZ�hlh�ev^Z�gZklmiZ_l�\�kj_-
^bg_�i_j\hc�^_dZ^u�fZy�

LhesbgZ� ev^Z� ih� Zd\Zlhjbb� ha��;��FbZkkh\h�� ih� aZf_jZf

F� :��:g^j__\hc�k�khljm^gbdZfb� ���^_dZ[jy� ����� ]���khklZ\eyeZ
hl� ���^h� ���kf��\�dhgp_� abfu�� ���fZjlZ� �����]���^hklb]ZeZ�hl� ��

^h����kf�

LZdbf�h[jZahf��ih�l_jfbq_kdhfm�j_`bfm�b�oZjZdl_jm�e_-
^h\uo�y\e_gbc�ha_jh�hlghkblky�d�lbibqguf�^bfbdlbq_kdbf�ha_-
jZf�mf_j_ggh]h�debfZlZ� ±� k�^ebl_evghc�b�mklhcqb\hc�e_lg_c�b

abfg_c�kljZlbnbdZpb_c�b�^\mfy�i_jbh^Zfb�]hfhl_jfbb�±�\_k_g-
g_c�b�hk_gg_c��dh]^Z�ih^�\ebygb_f�\ujZ\gb\Zgby� l_i_jZlmju�b

iehlghklb� \h^ghc� lhesb� ijhbkoh^bl� bgl_gkb\gh_� i_j_f_rb\Z-
gb_�\h^guo�fZkk��>ey�ha_jZ�lbibqgu�f_^e_ggZy�ijh]j_\Z_fhklv

b�kjZ\gbl_evgh�g_\ukhdZy�l_fi_jZlmjZ�\h^u�[hevrmx�qZklv�[_a-
e_^gh]h� i_jbh^Z�� l�_�� l_jfbq_kdZy� bg_jlghklv��Ijyfh_� jZkkeh_-
gb_� \h^ghc� lhesb� gZ[ex^Z_lky� \� l_q_gb_� �±���� f_kyp_\�� ^eb-
l_evghklv�hk_gg_c� ]hfhl_jfbb� ���f_kypZ��[eZ]hijbylgZ�^ey� db-
kehjh^gh]h�j_`bfZ��kf��]e�����

Kh]eZkgh� deZkkbnbdZpbb�F� :��:g^j__\hc� (1973)�� ijbgy-
lhc� b� ^jm]bfb� bkke_^h\Zl_eyfb� (Nhjr�� <Zj_gph\�� ����),
ha��;��FbZkkh\h�hlghkblky�d�l_jfbq_kdhfm�lbim�]hjguo�ha_j�(K_-
f_glh\kdbc�� ����)�� oZjZdl_jbamxsboky� [hevrhc� ]em[bghc�� hl-
q_leb\hc�kljZlbnbdZpb_c�k�mklhcqb\uf�f_lZebfgbhghf��oheh^-
gufb� ijb^hggufb� \h^Zfb�� ijh]j_\Zxsbfbky� aZ� e_lh� gZ� ���±

2.0 °K��GZrb� ^Zggu_� g_agZqbl_evgh� hlebqZxlky� hl� j_amevlZlh\
bkke_^h\Zgbc�k_j_^bgu������o�]]��Wlh�dZkZ_lky�ijh]j_\Z�]bihebf-
gbhgZ�±�d�dhgpm�`Zjdh]h�e_lZ�\������b������]]��ijb^hggZy�l_fi_-
jZlmjZ�\h^u�^hklb]ZeZ��� °K��l��_��ih\urZeZkv�aZ�e_lh�gZ�� °K�
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Kh]eZkgh�deZkkbnbdZpbb�K��I��DblZ_\Z�(1994),�ha_jh�hlgh-
kblky�d�f_lZ]bihebfgbq_kdhfm�lbim��l��_��fZdkbfZevgZy�lhesbgZ

wibebfgbhgZ� \k_]^Z�f_gvr_�� q_f� kmffZjgZy�fhsghklv�gb`_e_-
`Zsbo�keh_\��f_lZ��b�]bihebfgbhgZ��

L_ieh\hc�[ZeZgk��X`ghmjZevkdhc�wdki_^bpb_c�BgklblmlZ

ha_jh\_^_gby�:G�KKKJ��Nhjr��<Zj_gph\�� ������\� ����±�����]]�

[ueb� hij_^_e_gu� hkgh\gu_� we_f_glu� l_ieh\h]h� [x^`_lZ� jy^Z

ha_j� aZih\_^gbdZ�� ijb� wlhf� djZldh� mihfbg_lky� b� ;��FbZkkh\h�

L_iehaZiZk�\h^ghc�lhesb�dhe_[Zeky�hl�����ddZe��kf2�\�fZ_������]�

^h� ����� ddZe�kf2 \� bxe_� ����� ]�� GZrb� ^Zggu_� \� hkgh\ghf

khhl\_lkl\mxl� j_amevlZlZf� gZ[ex^_gbc� ���e_lg_c� ^Z\ghklb

�lZ[e�� ���� Ke_^m_l� hlf_lblv� g_kdhevdh� ih\ur_gguc� l_ieh\hc

aZiZk�\_kghc�����±�����]]���k\yaZgguc�k�\ukhdbfb�kj_^g_f_kyq�

gufb� l_fi_jZlmjZfb� fZy�� DZd� \b^gh� ba� lZ[ebpu�� l_iehaZiZk

ha_jZ� hklZ_lky� \ukhdbf� ^h� ]em[hdhc� hk_gb�� Wlh� ih^l\_j`^Z_l

l_jfbq_kdmx��bg_jlghklv��ha��;��FbZkkh\h��b�h[mkeZ\eb\Z_l�[he__

iha^gb_� kjhdb� e_^h\uo� y\e_gbc� b� [eZ]hijbylguc� dbkehjh^guc

j_`bf�ih�kjZ\g_gbx�k�^jm]bfb�ha_jZfb�aZih\_^gbdZ��gZijbf_j�

kh]eZkgh�^Zgguf�E��N��Nhjr�b�E��G��<Zj_gph\Z� ��������l_iehaZ-
iZk� ha�� F��FbZkkh\h� \� k_gly[j_� ����� ]�� khklZ\eye� \k_]h

4.5 ddZe�kf2��Z�\�ha��:j]Zyr�±�����ddZe�kf2��qlh�\��±��jZaZ�gb`_�

q_f�\�wlhl�`_�i_jbh^�\�ha��;��FbZkkh\h��

L_ieh\hc� [x^`_l� ha_jZ� khklZ\ey_l� ����±����� ddZe�kf2

(^Zggu_�aZ�����±�����]]���(Nhjr���<Zj_gph\���������qlh�\����±��jZ�

aZ�ij_\urZ_l�\_ebqbgu��ihemq_ggu_�^ey�^jm]bo�ha_j�^Zgghc�f_kl�

ghklb���gZijbf_j����F��FbZkkh\h�±����±����ddZe�kf2��\��wlb��`_� ]h^u

L Z [ e b p Z � �

We_f_glu�l_ieh\h]h�[ZeZgkZ�ha��;��FbZkkh\h

�����]� �����]�

F_kyp
kj_^gyy

l_fi_jZlmjZ
\h^ghc

lhesb��°C

l_iehaZiZk�
ddZe�kf2

kj_^gyy
l_fi_jZlmjZ
\h^ghc

lhesb��°C

l_iehaZiZk�
ddZe�kf2

fZc 5.2 5.8 7.8 8.7
bxgv 13.2 14.8 13.2 14.8
bxev 14 15.7 13.3 14.9
Z\]mkl 13.1 14.7 13.3 14.9
k_gly[jv 12.2 13.7 12.2 13.7
hdly[jv 10.2 11.4 – –
ghy[jv 5.9 6.6 – –
^_dZ[jv 2.7 3.0 – –
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(Nhjr�� <Zj_gph\�� ������� Wlh� k\yaZgh�� ij_`^_� \k_]h�� k

hlghkbl_evgh� [hevrbfb� ]em[bgZfb� ha_jZ� b�� ke_^h\Zl_evgh�

f_gvrbfb�aZljZlZfb�gZdhie_gghc�wg_j]bb�gZ�bkiZj_gb_�b�lmj[m�

e_glguc�l_iehh[f_g�

IjhajZqghklv�\h^u

Bkke_^h\Zgby� ijhajZqghklb� \h^u� ha�� ;��FbZkkh\h� [ueb

ijh\_^_gu�\�����±�����]]���j_amevlZlu�ij_^klZ\e_gu�gZ�jbk�����

AZf_ju� ijhajZqghklb� [ueb� \uiheg_gu� gZ� ]eZ\ghc� ijhf_jghc

\_jlbdZeb�klZg^Zjlguf�f_lh^hf�ih�^bkdm�K_ddb��I_jbh^bqghklv

aZf_jh\�±�_`_f_kyqgZy�

IjhajZqghklv�ha_jZ�;��FbZkkh\h�[hevrmx�qZklv�[_ae_^gh-
]h� i_jbh^Z� dhe_[e_lky� \� ij_^_eZo1� �±�� f� b� ebrv� g_aZ^he]h� ^h

e_^hklZ\Z�ih\urZ_lky�^h� ����f��<�fZ_��ihke_�koh^Z�ev^Z��b�hk_-
gvx��gZqbgZy� k� dhgpZ� Z\]mklZ�� hlf_qZ_lky�gZbf_gvrZy�ijhajZq-
ghklv�\h^u��Fbgbfmf�ijhajZqghklb�\_kghc�b�hk_gvx�aZ\bkbl�hl

fZkkh\h]h�jZa\blby�b�hlfbjZgby�nblhieZgdlhgZ�b�ihklmie_gby�\

\h^m�Zeeholhgguo�\a\_k_c�ijb�lZygbb�ev^Z�b�bgl_gkb\guo�Zlfh-
kn_jguo�hkZ^dZo��G_fZeh\Z`gmx�jhev�b]jZ_l�\_k_ggyy�b�hk_ggyy

]hfhl_jfby��kihkh[kl\mxsZy�i_j_f_rb\Zgbx�b�\ughkm�hkZ^dh\

\�\h^gmx�lhesm�

Jbk�� ���� K_ahggZy� ^bgZfbdZ� ijhajZqghklb� \h^u� \� ha�� ;hevrh_

FbZkkh\h������±�����]]�
1�K��=��AZoZjh\�e_lhf�b�hk_gvx� ����±�����]]��j_]bkljbjh-

\Ze�ijhajZqghklv�hl�����^h�����f�(E_lhibkv�ijbjh^u«������).
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=E:<:����=B>JHOBFBQ?KD:Y

O:J:DL?JBKLBD:

GZrb�bkke_^h\Zgby�ijh\h^bebkv�k� ����� �ih� ����� ]]��ij_-
bfms_kl\_ggh�\�i_jbh^�hldjulhc�\h^u��lZd`_�[ueb�\uiheg_gu

abfgb_� gZ[ex^_gby� b� hlh[jZgu� kg_]h\u_� ijh[u�� <aylb_� ijh[

ijhba\h^behkv�Z\lhfZlbq_kdbf�[Zlhf_ljhf�IZlZeZkZ��Hij_^_e_-
gb_�[hevrbgkl\Z�dhfihg_glh\�ijh\h^behkv�klZg^Zjlgufb�f_lh-
^Zfb�� �:gZebau� ijh[� \h^u� \uiheg_gu� \� eZ[hjZlhjbyo� =PKWG

]��FbZkkZ��MjZevkdh]h� ]b^jhf_lp_gljZ��BgklblmlZ�fbg_jZeh]bb

J:G� b� Bevf_gkdh]h� aZih\_^gbdZ�� Hij_^_e_gb_� bhgh\� +&23
–,

SO4
2–, NH4

+, NO3
–, NO2

–�� [bojhfZlghc�b�i_jfZg]ZgZlghc� hdbkey-
_fhklb��H2 b�KH2�\uiheg_gh�klZg^Zjlgufb�f_lh^Zfb���=HKL�����

G_dhlhju_�fbdjhwe_f_glu��lZdb_�dZd�f_^v��`_e_ah��pbgd��fZj]Z-
g_p�hij_^_e_gu�gZ�Zlhfgh�Z[khj[pbhgghf�ki_dljhf_lj_��obfbd�

ZgZeblbd�±�F� G��FZeyj_ghd���Hij_^_e_gb_�lblZgZ��pbgdZ��[jhfZ�

kljhgpby��gbh[by��k\bgpZ��fZj]ZgpZ��jm[b^by��fheb[^_gZ��kmjvfu

ijhba\_^_gh� f_lh^Zfb� iheyjh]jZnbb� �obfbd�ZgZeblbd� L��;�

A\_a^bgZ�� b� j_gl]_gh-nemhj_kp_glgh]h� ZgZebaZ� gZ� mklZgh\d_� k
wg_j]h^bki_jkbhgguf� 6L�/L� ^_l_dlhjhf� �obfbd�ZgZeblbd� L��<�

;Zlm_\Z��� fhghojhfZlbaZpby� i_j\bqgh]h� imqdZ� hkms_kl\eyeZkv

/L�)�fhghojhfZlhjhf��Ijb[hjhf��©Wdhl_kl����ª�hij_^_eyeb��&O–,
Na+, K+, Mg2+, Cu2+, Ca2+��S+� �obfbd�ZgZeblbd� ±�K��<��=Z\jbedb-
gZ���<�ijh[_� mklZgZ\eb\Zeb� dhgp_gljZpbx�bhgh\� \� _^bgbpZo� S;

�ij_^_eu� baf_jy_fuo� agZq_gbc� S;� hl� ����� ^h� �� ������ S;�� lhq-
ghklv� baf_j_gby� �.��� _^�� S;��� Ijb� ihfhsb� j_]mebjh\hd� S;�

dhhj^bgZlu� hkms_kl\eyeZkv� dZeb[jh\dZ� ijb[hjZ� k� jZaebqgufb

we_dljh^Zfb� ih� [mn_jguf� jZkl\hjZf� gZ� dZ`^uc� hij_^_ey_fuc

we_f_gl� \� ijh[_��Hij_^_e_gb_� bhgh\� +&23
–, SO4

2– NH4
+, NO3

–,
NO2

–�� [bojhfZlghc� b� i_jfZg]ZgZlghc� hdbkey_fhklb�� H2 b� KH2

\uiheg_gh�klZg^Zjlgufb�f_lh^Zfb��obfbd�ZgZeblbd�±�<��G��DZ-
^uedbgZ��

Hkgh\ghc�bhgguc�khklZ\�b�fbg_jZebaZpby

I_j\u_�bkke_^h\Zgby�obfbq_kdh]h�khklZ\Z�ha_jZ�hlghkylky

d������f�]]���;hg^Zj_gdh��������Hkbih\���������kmohc�hklZlhd�kh-
klZ\be� ������f]�e��fbg_jZebaZpby� abfhc�– ������f]�e��Kh^_j`Z-
gb_� dZevpby� ^h\hevgh� agZqbl_evgh� ±� khhl\_lkl\_ggh� hl� ����� ^h

�����f]�e��Z�kmevnZlh\�±�^h������f]�e��<_ebqbgZ�i_jfZg]ZgZlghc
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hdbkey_fhklb� �±������f]H�e��mdZaZggZy�dZd�fbgbfZevgZy��Hkbih\�

1938),�gZklhevdh�\ukhdZ��qlh�\uau\Z_l�khfg_gb_��Ih�bkke_^h\Z-
gbyf�E��E��Jhkkhebfh�b�?��B��N_^hjh\hc� �������hdbkey_fhklv�kh-
klZ\eyeZ� ����f]H�e��D� kh`Ze_gbx�� \k_� k\_^_gby� hlju\hqgu��Ih

gZ[ex^_gbyf�gZa\Zgguo�Z\lhjh\�]b^jhobfbq_kdbc�lbi�\h^�ha_jZ

[ue�hij_^_e_g�dZd�kmevnZlgh�gZljb_\uc�

>ey� bkke_^h\Zgghc� l_jjblhjbb� oZjZdl_jgh� jZkijhkljZg_-
gb_� djbklZeebq_kdbo� ljm^gh� jZkl\hjbfuo�ihjh^��Dhj_ggu_�ih-
jh^u� qZklh� \uoh^yl� gZ� ih\_joghklv�� Ihq\u� ±� k_ju_� e_kgu_� b

njZ]f_glZjgu_��fZehfhsgu_��Ijhfu\ghc�j_`bf�h[mkeh\be�agZ-
qbl_evgmx� \us_ehq_gghklv� ihq\� b� ihjh^� gZ� \h^hk[hjZo��<� j_-
amevlZl_�ha_jm�;hevrh_�FbZkkh\h�k\hckl\_ggZ�fbg_jZebaZpby�hl

���� ^h� ����f]�e��Ih� gZrbf� ^Zgguf�� ih� ij_h[eZ^Zxsbf� bhgZf

\h^u� ha_jZ� ;hevrh_�FbZkkh\h� hlghkylky� d� ]b^jhdZj[hgZlghfm

deZkkm� kf_rZggh]h� � dZlbhggh]h� khklZ\Z�� gh� kj_^b� dZlbhgh\

h[uqgh� g_agZqbl_evgh� ij_h[eZ^Z_l� dZevpbc�� =b^jhobfbq_kdbc

lbi�\h^u�i_j_oh^guc�f_`^m�kh^h\uf��,��b�kmevnZlgh�gZljb_\uf

�,,���<� l_q_gb_� ]h^Z� obfbq_kdbc� khklZ\� b� h[sZy�fbg_jZebaZpby

\h^u�baf_gyxlky�g_agZqbl_evgh��G_dhlhjh_�kgb`_gb_�fbg_jZeb-
aZpbb� \h^u� gZ[ex^Z_lky� \� i_jbh^� \_k_gg_]h� iheh\h^vy� b� gZb-
[hevr_]h�gZiheg_gby�ha_jZ�lZeufb�\h^Zfb� �Zij_ev�fZc��b�\�i_-
jbh^�hk_gg_]h��fZdkbfmfZ�^h`^_c��k_gly[jv����KZfZy�gbadZy�fb-
g_jZebaZpby� hlf_q_gZ� \� n_\jZe_��Fbg_jZebaZpby� \� ijb^hgghc

\h^_� g_kdhevdh� \ur_�� q_f� \� ih\_joghklghc�� H[sZy� `_kldhklv

ha_jghc�\h^u�����±�����f]�wd\�e�

=eZ\guf�bklhqgbdhf�nhjfbjh\Zgby�\h^guo�j_kmjkh\�ha_-
jZ� y\eyxlky� Zlfhkn_jgu_� hkZ^db�� ihklmiZxsb_� dZd� gZ� Zd\Zlh-
jbx��lZd�b�gZ�iehsZ^v�\h^hk[hjZ�b�[ukljh�kl_dZxsb_�ih�kbkl_f_

j_d�b�jmqv_\�\�ha_jh��Ih^a_fgu_�\h^u�\�kbem�keZ[uo�dhee_dlhj-
guo� k\hckl\� ]hjguo� ihjh^�� keZ]Zxsbo� iehsZ^v� \h^hk[hjZ�� b]-
jZxl�ih^qbg_ggmx�jhev�\�_]h�iblZgbb�b�nhjfbjmxlky�ba�g_agZ-
qbl_evghc� qZklb� Zlfhkn_jguo� hkZ^dh\� ���±����� hl� bo� kmffu��

\uiZ^Zxs_c� gZ� iehsZ^b� \h^hk[hjZ�� Ij_h[eZ^Zgb_� \� iblZgbb

ha_jZ� fZehfbg_jZebah\Zgguo� ih\_joghklguo� \h^� b� g_\ukhdZy

fbg_jZebaZpby� ijblhdh\� ha_jZ� k\yaZgZ� k� jZkijhkljZg_gb_f� \

ij_^_eZo�\h^hk[hjZ�djbklZeebq_kdbo�ihjh^�b�]hjgh�e_kguo�ih^-
ahebkluo�ihq\�

Jmqvb��\iZ^Zxsb_�\�ha_jh��fZehfhsgu�b�gZb[he__�Zdlb\-
gu� \� i_jbh^� iheh\h^vy�� <� k_j_^bg_� e_lZ� fgh]b_� i_j_kuoZxl�

;hevrbgkl\h�ijblhdh\�\�aZkmreb\u_�]h^u��bkq_aZxl��<h^u�ijb-
lhdh\�jZaebqgu�ih�fbg_jZebaZpbb�±�kmffZ�hkgh\guo�bhgh\�\�gbo

hl� ��� ^h� ����f]�e��:gbhgguc� khklZ\� \h^u� [hevrbgkl\Z� ba� gbo



��

g_mklhcqb\� ±� \_kghc� ij_h[eZ^Zxl� kmevnZlu� �hdheh� ��� wd\�� ���

e_lhf�]b^jhdZj[hgZlu�����wd\������<�g_dhlhjuo�ijblhdZo�kh^_j-
`Zgb_�kmevnZlh\�hklZ_lky�\ukhdbf�b�e_lhf��Kj_^b�dZlbhgh\�ih-
klhyggh�^hfbgbjmxl�bhgu�s_ehqgha_f_evguo�f_lZeeh\�����wd\�����

GZb[he__� \ukhdhfbg_jZebah\Zggmx� \h^m� ihklZ\ey_l� j_dZ� Gy-
r_\dZ��lZ[e�����

Obfbq_kdbc�khklZ\�ha_jguo�\h^�gZoh^blky�\�ijyfhc�aZ\b-
kbfhklb�hl�khklZ\Z�ihjh^��keZ]Zxsbo�\h^hk[hj�b�eh`_�ha_jZ��<

p_ehf� jZkkfZljb\Z_fu_� \h^u� ih� bo� h[s_fm� ]b^jhobfbq_kdhfm

h[ebdm� y\eyxlky� lbibqgufb� \h^Zfb� \us_eZqb\Zgby�� Obfbq_-
kdbc�khklZ\�b�h[sZy�fbg_jZebaZpby�bo�nhjfbjm_lky�\�j_amevlZl_

\ur_eZqb\Zgby�djbklZeebq_kdbo�ihjh^� \h^hk[hjZ� \h^Zfb�f_kl-
gh]h�klhdZ��L_f�g_�f_g__��fbg_jZeh]bq_kdbc�khklZ\�ihjh^�\�^hk-
lZlhqghc�f_j_�dhgljZklgh�kdZau\Z_lky�gZ�gZebqbb�l_o�beb�bguo

dhfihg_glh\� bhggh]h� khklZ\Z�� :gbhgguc� khklZ\� ha_jguo� \h^

lZd`_� \h� fgh]bo� kemqZyo� nhjfbjm_lky� aZ� kq_l� \us_eZqb\Zgby

]hjguo�ihjh^��<�\h^_�h[gZjm`_gu�g_[hevrb_�dhgp_gljZpbb�f_-
^b��gbd_ey��lblZgZ��\ZgZ^by��fheb[^_gZ��ojhfZ��fZj]ZgpZ��k\bgpZ�

kljhgpby��[Zjby��l��_��l_o�fbdjhwe_f_glh\��dhlhju_�\oh^yl�\�kh-
klZ\�ihjh^��keZ]Zxsbo�\h^hk[hj��kf��]e�����jZa^_e�©=_heh]byª��

Oehj�bhg� �Cl-). G_dhlhjh_� dhebq_kl\h� oehj�bhgZ� bf__lky
ijZdlbq_kdb�\�ex[hc�\h^_��Bklhqgbdhf�_]h�fh`_l�[ulv�jZajmr_-
gb_�]hjguo�ihjh^��kh^_j`Zsbo�g_[hevrb_�\dexq_gby�oehjb^guo

khe_c� \� ihjZo� b� lj_sbgZo�� ijh^mdlu�`bag_^_yl_evghklb�`b\hl-
guo��Wlb�ijhp_kku�nhjfbjmxl�nhgh\u_�dhgp_gljZpbb�oehj�bhgZ

\�ijbjh^guo�\h^Zo��Kj_^g__�kh^_j`Zgb_�oehjZ�\�ha��;��FbZkkh\h

khklZ\ey_l� ���f]�e��<� l_q_gb_� ����±����� ]]�� kj_^g__� dhebq_kl\h

oehj�bhgZ�kZfuf�[hevrbf�[ueh�\������]��±������f]�e��qlh�ij_\u-
kbeh�kh^_j`Zgb_�kmevnZlh\�������f]�e���Z�fbgbfZevguf�±�����f]�e

±� [ueh� \� ����� ]��<_jhylgh�� dhk\_gghc�ijbqbghc�baf_g_gby� dhg-
p_gljZpbb�oehjb^h\�y\ey_lky�dhe_[Zgb_�mjh\gy�\h^�ha_jZ�

KmevnZl�bhg��624
2–). Hkgh\guf�bklhqgbdhf�kmevnZl�bhgZ

y\eyxlky� ijhp_kku� hdbke_gby� kmevnb^guo�fbg_jZeh\� �ibjblZ��

<� hlebqb_� hl� oehj�bhgZ�� ihqlb� g_� \klmiZxs_]h� \� obfbq_kdb_

j_Zdpbb��kmevnZl�bhg�e_]dh�\hkklZgZ\eb\Z_lky�ijb�\aZbfh^_ckl-
\bb�k�hj]Zgbq_kdbf�\_s_kl\hf��bklhqgbdhf�dhlhjh]h�fh]ml�[ulv

beu�� Dhebq_kl\h� kmevnZl�bhgZ� \� \h^_� khklZ\ey_l� \� kj_^g_f

����� f]�e�� <^hev� aZiZ^gh]h� [_j_]Z� ha_jZ� dhebq_kl\h� kmevnZlh\

g_kdhevdh�[hevr_��q_f�\�ex[hc�^jm]hc�qZklb�Zd\Zlhjbb��Wlh�agZ-
qbl��qlh�ijb\ghk�kmevnZlh\�b^_l�k�\h^Zfb�bklhqgbdh\�gZ�aZiZ^-
ghf�[_j_]m�ha_jZ��<�\h^Zo�ha_jZ�gZ[ex^Z_lky�ihklhyggh_�ij_\u-
r_gb_�kh^_j`Zgby��kmevnZlh\��gZ^��oehjb^Zfb��Hlf_q_gZ�aZdhgh-
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Obfbq_kdbc�khklZ\�\h^�ha_jZ�;hevrh_�FbZkkh\h�b�_]h�ijblhdh\

FZdjhwe_f_glu�f]�e
F_klZ�hl[hjZ�ijh[ Kjhdb��]h^

HCO3
– SO4

2– Cl– Ca2+ Mg2+ Na+ K+ pH
;��FbZkkh\h ���fZjlZ����� 128.1 9.0 8.16 27.4 9.5 7.2 2.8 7.0
;��FbZkkh\h bxgv����� 128.0 12.2 10.7 23.4 8.6 17.0 – –
;��FbZkkh\h k_gly[jv����� 120.0 11.2 10.0 3.0 8.7 13.2 – –
;��FbZkkh\h yg\Zjv���� 148.0 12.4 10.8 28.9 9.6 16.2 – –
AZeb\�RlZggZy��dmjvy ��hdly[jy����� 246.4 10.8 13.5 26.6 30.9 – – 8.0
;��FbZkkh\h k_gly[jv����� 146.0 17.2 8.0 26.7 17.5 5.5 – –
;��FbZkkh\h ���yg\Zjy����� 127.5 15.0 14.2 22.8 12.9 3.0 4.2 7.4
;��FbZkkh\h ���yg\Zjy����� 147.2 13.3 27.7 23.8 15.9 13.0 4.1 7.6
P_glj�ha_jZ fZc�k_gly[jv����� 120.0 12.0 3.3 24.6 4.8 2.7 1.8 7.2
P_glj�ha_jZ fZc�hdly[jv����� 111.0 9.8 3.8 22.0 5.1 4.7 1.1 7.3
P_glj�ha_jZ fZc�k_gly[jv����� 123.0 8.9 4.2 20.1 5.2 3.8 1.0 7.0
P_glj�ha_jZ fZc�hdly[jv����� 119.0 16.2 11.4 21.5 8.6 3.2 5.1 7.4
AZiZ^guc�[_j_] fZc�k_gly[jv����� 126.6 14.7 14.0 22.5 14.2 11.0 4.0 7.2
AZiZ^guc�[_j_] yg\Zjv����� 130.7 14.8 11.0 24.6 11.3 10.0 2.0 7.3
Gyr_\kdbc�dhj^hg fZc�hdly[jv����� 240.3 15.0 8.9 22.0 12.2 2.6 10.0 7.6
AZiZ^guc�[_j_] fZc��hdly[jv����� 131.2 8.0 10.3 21.0 10.9 3.2 13.6 8.2
AZiZ^guc�[_j_] fZc�hdly[jv����� 140.3 8.2 8.9 22.0 13.4 3.3 9.8 7.3
Gyr_\kdbc�dhj^hg fZc�hdly[jv����� 120.5 11.8 23 27.0 13.7 6.7 4.0 7.0
Gyr_\kdbc�dhj^hg yg\Zjv����� 139.8 12 24.7 28.9 7.4 3.7 0.9 6.9
<hklhqguc�[_j_] fZc�hdly[jv����� 120 15.1 28 24.3 12.3 4.7 2.4 7.2
<hklhqguc�[_j_] fZc�k_gly[jv����� 126 12.6 10.2 26.4 8.7 13.2 1.2 7.3
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FZdjhwe_f_glu�f]�e
F_klZ�hl[hjZ�ijh[ Kjhdb��]h^

HCO3
– SO4

2– Cl– Ca2+ Mg2+ Na+ K+ pH
<hklhqguc�[_j_] yg\Zjv����� 152.5 3 11.7 24.0 14.6 3.9 8.5 8.0
<hklhqguc�[_j_] fZc�k_gly[jv����� 119.2 15.6 14.3 21.3 12.0 3.0 3.9 7.1
<hklhqguc�[_j_] bxgv�hdly[jv����� 124.0 13.2 14.2 20.4 11.4 3.7 2.6 7.4
<hklhqguc�[_j_] fZc�hdly[jv����� 121.0 13.0 11.2 21.1 12.3 2.9 1.9 7.6
<hklhqguc�[_j_] yg\Zjv����� 134.6 12.3 25.3 23.6 12.7 3.2 2.3 7.2
AZeb\�MadZy�dmjvy fZc�hdly[jv����� 132.0 5.6 8.0 27.6 8.2 14.0 3.2 7.1
AZeb\�MadZy�dmjvy fZc�hdly[jv����� 126.0 11.7 23.1 20 12.9 1.9 0.8 7.4
AZeb\�Ebih\Zy�dmjvy fZc�hdly[jv����� 120.0 11.2 10.0 24 9.2 14.5 1.3 7.5
AZeb\�Ebih\Zy�dmjvy fZc�k_gly[jv����� 142.0 17.2 10.8 26.2 8.8 13.6 2.4 7.5
AZeb\�Ebih\Zy�dmjvy yg\Zjv����� 270.4 17.0 11.8 27 11.4 6 3 7.2
AZeb\�Ebih\Zy�dmjvy fZc�hdly[jv����� 270 17.0 11.8 27.6 11.4 66 1.2 7.6
AZeb\�Ebih\Zy�dmjvy fZc�hdly[jv����� 146.4 9.0 15.2 24.2 13.4 4.8 12.9 7.4
AZeb\�Ebih\Zy�dmjvy fZc�hdly[jv����� 239.0 16.4 10.8 29.0 11.7 4.7 2.4 8.4
AZeb\�RlZggZy��dmjvy fZc�hdly[jv����� 149.5 6.0 15.2 22.0 12.8 4.4 17.2 8.1
AZeb\�RlZggZy��dmjvy fZc�k_gly[jv����� 65.0 35.2 7.1 20.3 3.9 7.6 5.1 7.2
AZeb\�RlZggZy��dmjvy fZc�hdly[jv����� 70.9 11.2 6.4 28 7.4 6.3 4.0 8.0
AZeb\�RlZggZy��dmjvy fZc�hdly[jv����� 164.0 11.2 6.4 24.1 6.2 7.5 4.7 8.4
AZeb\�RlZggZy��dmjvy yg\Zjv����� 170.0 12.0 7.2 25.4 6.8 7.0 3.2 8,5
AZeb\�RlZggZy��dmjvy fZc�hdly[jv����� 164 11.2 6.4 24.1 6.2 12.5 3.5 8,0
<�mklv_�j��;_ehc fZc�hdly[jv����� 106.8 4.0 5.3 16 8.5 2.3 10.57 7.5
<�mklv_�j��;_ehc fZc�k_gly[jv����� 58.0 5.0 2.8 11.0 6.1 1.8 0.7 7.2
K_\_jguc�[_j_]��[ZaZ� fZc�hdly[jv����� 109.8 4.0 3.5 16 7.9 2.5 12.0 7.6
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FZdjhwe_f_glu�f]�e
F_klZ�hl[hjZ�ijh[ Kjhdb��]h^

HCO3
– SO4

2– Cl– Ca2+ Mg2+ Na+ K+ pH
K_\_jguc�[_j_]��[ZaZ� yg\Zjv����� 347 47.6 3.4 14 3.2 1.9 0.8 7.4
K_\_jguc�[_j_]��[ZaZ� fZc�hdly[jv����� 168.0 12.3 6.7 23.6 17.9 10.1 3.0 8.4
K_\_jguc�[_j_]��[ZaZ� fZc�hdly[jv����� 168.0 12.6 6.7 23.6 17.9 13.1 2.6 8.1
K_\_jguc�[_j_]��[ZaZ� fZc�hdly[jv����� 142.0 14.0 4.8 28.3 14.0 12.0 1.4 7.9
AZeb\�Abfgbd yg\Zjv����� 270.0 0 11.2 11.0 7.0 4.0 2.8 8.5
AZeb\�Abfgbd yg\Zjv����� 142.0 14.0 4.8 28.3 14.0 7.0 6.4 8.7
AZeb\�Abfgbd yg\Zjv����� 87.0 43.0 14.0 13.0 7.0 2.4 1.4 8.5
AZeb\�Ijhoh^gZy fZc�k_gly[jv����� 97.6 4.0 2.8 20.0 8.5 1.1 0.8 7.0
AZeb\�Ijhoh^gZy fZc�hdly[jv����� 122 3.0 4.3 19.0 9.7 0.9 10.6 7.2
AZeb\�Ijhoh^gZy fZc�hdly[jv����� 70.2 6.0 2.8 12.0 7.8 1.1 3.8 7.4
ha��F��FbZkkh\h fZc�hdly[jv����� 137.3 8.0 7.2 22.0 12.8 3.2 8.3 7.8
J_dZ�Gyr_\dZ k_gly[jv����� 370 29.6 12.0 32.0 11.2 16.5 4.8 6.5
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f_jghklv�m\_ebq_gby�dhgp_gljZpbb�\�\h^_�kmevnZlh\�aZ�iylv�e_l

�jbk�� ����� <� ijh[Zo� K��K��@Zjbdh\Z� ������� kj_^g__� kh^_j`Zgb_

kmevnZlh\�khklZ\eyeh��±��f]�e�

=b^jhdZj[hgZl�bhg� �+&23
–). BklhqgbdZfb� ]b^jhdZj[h-

gZl�bhgZ� \� \h^Zo�ha_jZ� y\eyxlky�ijhp_kku� \us_eZqb\Zgby� dZj-
[hgZlkh^_j`Zsbo� ihjh^� �ieZ]bh]g_cku� dZj[hgZlbabjh\Zggu_�

fjZfhjZ�� b� \u\_ljb\Zgby� ZexfhkbebdZlh\� �ihe_\u_� riZlu�

�kf��jZa^_e�©=_heh]byª���Wlb�ijhp_kku� �nhjfbjmxl�rbjhdh�jZk-
ijhkljZg_ggu_�\�ahg_�bgl_gkb\gh]h�\h^hh[f_gZ�ij_kgu_�]b^jh-
dZj[hgZlgu_� dZevpb_\u_� \h^u��Dhebq_kl\h� ]b^jhdZj[hgZl�bhgZ

gZoh^blky�\�ij_^_eZo�hl���±����f]�e���GZ�jbk�����ihdZaZgh�ohjh-
rh� \ujZ`_ggh_� ij_h[eZ^Zgb_� ]b^jhdZj[hgZlh\�� b� m\_ebq_gb_

kj_^g_]h�kh^_j`Zgb_�]b^jhdZj[hgZlZ�\�l_q_gb_�ihke_^gbo���e_l�

H^ghc� ba� dhk\_gguo� ijbqbg� � m\_ebq_gby� dhgp_gljZpbb� ]b^jh-
dZj[hgZlh\��y\ey_lky�mf_gvr_gb_�mjh\gy�\h^�\�ha_j_�

DZevpbc� �&D
2+).� =eZ\guf� bklhqgbdhf� dZevpby� \� ijbjh^-

guo�\h^Zo�y\eyxlky�dZj[hgZlgu_�b�kmevnZlgu_�]hjgu_�ihjh^u�b

dZevpb_\u_�ihe_\u_�riZlu��Dhgp_gljZpbb�dZevpby��ihemqZ_fu_

\�j_amevlZl_�jZkl\hj_gby�b�\us_eZqb\Zgby�]hjguo�ihjh^��hlgh-
kbl_evgh� g_\_ebdb�� gh� ijhp_kku� wlb� ijhl_dZxl� gZ� ]jhfZ^guo

iehsZ^yo��\�j_amevlZl_�q_]h�dZevpbc�klZgh\blky�h^gbf�ba� ]eZ\-
guo�dhfihg_glh\�ijbjh^guo�\h^��Dhebq_kl\h�dZevpby�baf_gy_l-
ky�hl������^h������f]�e��jbk������

;bh]_ggh_�dZj[hgZlhh[jZah\Zgb_��Hkh[uc�bgl_j_k�ij_^-
klZ\ey_l�[bh]_ggh_�dZj[hgZlhh[jZah\Zgb_�\�ha��;��FbZkkh\h�

DZj[hgZlgu_� hleh`_gby� gZ� ^g_� ha_jZ� aZnbdkbjh\Zgu� \h

fgh]bo� lhqdZo� �jbk�� ��� b� ijb� [he__� ^_lZevguo� bkke_^h\Zgbyo

iehsZ^v�bo�jZkijhkljZg_gby�hdZ`_lky��ih�\b^bfhfm��agZqbl_ev-
gh�[hevr_��JZaebqZxlky�ih�k\h_fm�jZkiheh`_gbx���lbiZ�dZj[h-
gZlguo�hkZ^dh\�

Jbk������Fgh]he_lgyy�^bgZfbdZ�kmevnZlh\�\�\h^Zo�ha��;��FbZkkh\h�
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±�aZeb\�LjZ\ygZy�dmjvy��]^_�gZ�hlf_eb�kh�kj_^g_c�]em[bghc� ��f

ba\_kldh\uc� be� aZihegy_l� ijhf_`mldb� f_`^m� ]eu[h\uf� fZl_-
jbZehf��aZqZklmx�iheghklvx�_]h�i_j_dju\Zy��Wlb�hleh`_gby�[u-
eb� h[gZjm`_gu� \� ����� ]h^m� ijb� mqZklbb� b� Zdlb\ghc� ihfhsb

<��G��;hevrZdh\Z��dhlhjhfm�Z\lhj�bkdj_gg_�[eZ]h^Zj_g�

<lhjhc�lbi�hq_\b^ghc�k\yab�k�jZklbl_evghklvx�g_�bf__l�b

nbdkbjm_lky�\�\b^_�ijhly`_gghc�ihehku�\^hev�\hklhqgh]h�[_j_-
]Z� ha_jZ�� Z� lZd`_� hdZcfey_l� ]hevpu� \� ���� f� k_\_jh�\hklhqg__

f��KljZrghc�b�����f�aZiZ^g__�aZeb\Z�Aujygh\kdZy�dmjvy�

B��gZdhg_p��lj_lbc�lbi� ±�kehc� ]Z`b�b�e_`Zsbc�\ur_�ba-
\_kldh\bkluc� kZijhi_ev� \� hkgh\Zgbb� kZijhi_e_\hc� lhesb� \� aZ-
eb\_�Gyr_\kdZy�dmjvy��dhlhjZy�hibkZgZ�\ur_�

JZkkfhlj_gb_� ZgZebah\� kZijhi_e_c�Gyr_\kdhc� dmjvb� ih-
dZau\Z_l��qlh�dZj[hgZl�dZevpby�ijbkmlkl\m_l�b�\�\_jogbo�kehyo

kZijhi_ey�\�\_kh\uo�dhebq_kl\Zo��h^gZdh��ijb�ijhkfhlj_�hklZl-
dh\�hl�jZkl\hj_gby�hg�gZfb�h[gZjm`_g�g_�[ue��K\yaZgh�wlh��ih�

\b^bfhfm��k�l_f�qlh�ij_^klZ\e_g�hg�lhevdh�g_Z]j_]bjh\Zggufb

fbdjhdjbklZeeZfb�jZaf_jhf�f_g__������ff��^bZ]ghklbdZ�dhlhjuo

hilbq_kdb� g_\hafh`gZ��GZ�BD�ki_dljZo� \Zeh\uo� ijh[� hklZldh\

hl�jZkl\hj_gby�gZ[ex^Z_lky�keZ[Zy�ihehkZ�ih]ehs_gby�dZj[hgZ-
lh\��hdheh������kf-1).

Fbg_jZeh]bq_kdb� \k_� dZj[hgZlgu_� hkZ^db� h^ghlbigu� b

keh`_gu� dZevpblhf��<ZjbZpbb� gZ[ex^Zxlky� ebrv� ih� kh^_j`Z�

gbx�hj]Zgbdb�b� kl_i_gb�miehlg_gby��?keb�dZj[hgZlu�LjZ\yghc

dmjvb� ±� ihem`b^db_�� k� [hevrhc� ijbf_kvx� ihemjZaeh`b\rboky

jZklbl_evguo�hklZldh\�b�[blhc�jZdmrb��qlh�k[eb`Z_l�bo�k�dZj[h-
gZlgufb�kZijhi_eyfb�Gyr_\db��lh�dZj[hgZlu�\lhjh]h�b�lj_lv_]h

lbih\� ±� iehlgu_�� h^ghjh^gu_� b� kh^_j`Zgb_� hj]Zgbdb� \� gbo� g_

ij_\urZ_l������hij_^_e_gh�jZkl\hj_gb_f�\�i_j_dbkb�\h^hjh^Z��

<�hleh`_gbyo�i_j\h]h�lbiZ�b�\�ba\_kldh\uo�kZijhi_eyo�j_gl]_-
gh]jZnbq_kdb� mklZgZ\eb\Z_lky� bgh]^Z� ijbf_kv� ZjZ]hgblZ�� Ih�

\b^bfhfm��ihy\e_gb_� ZjZ]hgblZ� k\yaZgh� k�gZebqb_f�f_edbo� h[-
ehfdh\�jZdh\bg�fheexkdh\��<�dZj[hgZlguo�hleh`_gbyo�\lhjh]h

b�lj_lv_]h�lbiZ�ZjZ]hgbl�g_�h[gZjm`_g�

<h� \k_o� ijh[Zo� ihke_� jZkl\hj_gby� \� +&O� gZ[ex^Z_lky

[hevrh_� dhebq_kl\h� �hl�g_kdhevdbo� ^_kyldh\� ^h� ���±����rlmd�

iZgpbj_c� ^bZlhfh\uo� b� klZg^Zjlguc� gZ[hj� kbebdhdeZklbdb

�d\Zjp��ihe_\u_�riZlu�� kehbklu_� kbebdZlu���FZdkbfZevgh_� kh-
^_j`Zgb_�kbebdhdeZklbdb��^h�������hlf_q_gh�\�]Z`_�Gyr_\kdhc

dmjvb�



��

Hq_\b^gh��qlh�dZj[hgZlgu_�hleh`_gby�LjZ\yghc�dmjvb�y\-
eyxlky� kh\j_f_ggufb�� ijh^he`Zxsbfb� k\h_� nhjfbjh\Zgb_�

h[jZah\Zgbyfb��IhehkZ��ijhke_`_ggZy�\^hev�\hklhqgh]h�[_j_]Z�b

©hdZglh\dZª�]hevph\��_klv�g_�qlh�bgh_��dZd�h[gZ`_gguc�©[ZaZev-
gucª�kehc�kZijhi_e_\hc�aZe_`b�

Ij_`^_� q_f� ijbklmiblv� d� h[km`^_gbx� ]_g_abkZ� wlbo� hl-
eh`_gbc��g_h[oh^bfh�djZldh�hklZgh\blvky�gZ�bklhjbb�ijh[e_fu�

<hijhkZf� bamq_gby� ij_kgh\h^guo� dZj[hgZlh\� ihk\ys_gh

h]jhfgh_� dhebq_kl\h� im[ebdZpbc�� ho\Zlu\Zxsbo� dZd� [hevrhc

\j_f_gghc��gZb[he__�jZggyy�gZc^_ggZy�gZfb�jZ[hlZ�hlghkblky�d

����� ]�� �:��D_jg_j�nhg�FZjbeZmg��� Z� ihke_^gb_� ba\_klgu_� gZf

k[hjgbdb�\ureb�\������]h^m��=Z`Z�G_q_jgha_fghc�ahgu«�������

;bhobfbq_kdb_� dZj[hgZlu«�� �������� lZd� b� ]_h]jZnbq_kdbc� bg-
l_j\Ze��hl�R\_pbb��>ZgbeZgk��������gZ�aZiZ^_�^h�:elZy�gZ�\hklh-
d_��b�hl�Dhfb�gZ�k_\_j_�^h�;Zrdbjbb�gZ�x]_��RZihj_\��DhdZjh\-
p_\��������

GZ� f_oZgbaf� hkZ`^_gby� dZj[hgZlh\� \� ij_kguo� \h^h_fZo

^Z\gh�m`_�kms_kl\mxl�^\_�lhqdb�aj_gby��o_fh]_ggZy�±�\uiZ^_gb_

ba� i_j_kus_gguo� jZkl\hjh\�� b� [bho_fh]_ggZy� ±� kf_s_gb_� dZj-
[hgZlgh]h�jZ\gh\_kby�ijb�nhlhkbgl_lbq_kdhc�^_yl_evghklb�\h^-
ghc� jZklbl_evghklb�� <� ihke_^g__� \j_fy� [bho_fh]_gguc� f_oZ-
gbaf�ijbagZ_lky�[hevrbgkl\hf�bkke_^h\Zl_e_c��gh��l_f�g_�f_g__�

ih�ij_`g_fm� ihy\eyxlky� jZ[hlu�� ij_^eZ]Zxsb_� kh\_jr_ggh

nZglZklbq_kdb_�f_oZgbafu� o_fh]_ggh]h� hkZ`^_gby� �Dh\Zevqmd�

�������Dh\Zevqmd�:��B��ibr_l��k�������©G_kfhljy�gZ�rbjhdh_�jZk-
ijhkljZg_gb_� \h^ghc� dZj[hgZlghc� kbkl_fu�� o_fh]_ggh_� gZdhi-
e_gb_� djmiguo� kdhie_gbc� dZj[hgZlh\� lZdbf� iml_f� \� dhglbg_g-
lZevguo�mkeh\byo�lj_[m_l�h]jhfguo�h[t_fh\�\h^u��^ebl_evgh]h

]_heh]bq_kdh]h�\j_f_gb��`_kldbo�debfZlbq_kdbo�b� ]_hfhjnheh-
]bq_kdbo�mkeh\bcª.�Hg�ij_^eZ]Z_l�^\_�ko_fu�hkZ`^_gby�dZj[hgZ-
lZ�dZevpby�

���Ih^lhd�kmevnZlgh�dZevpb_\uo�\h^�

CaSO4 \h^����1D+&23 \h^�:�1D2SO4 + H2O + CO2 + CaCO3 ;
���Ih^lhd�oehjb^gh�dZevpb_\uo�\h^�

CaCl2�\h^����1D+&23 \h^�:��1D&O���+2O + CO2 + CaCO3 ;
We_f_glZjguc� jZkq_l� ihdZau\Z_l�� qlh� ijb� lhc� b� ^jm]hc

ko_f_�ijhbahc^_l�[ukljZy� �ijbq_f�g_�aZ�]_heh]bq_kdh_��Z�aZ�bk-
lhjbq_kdh_�\j_fy��fbg_jZebaZpby�\h^�ih\_joghklguo�\h^h_fh\�

\� h^ghf� kemqZ_� ±� kmevnZlhf�� Z� \� ^jm]hf� ±� oehjb^hf� gZljby�

B�ljm^gh�k_[_�ij_^klZ\blv�f_oZgbaf�nhjfbjh\Zgby�klhev�fhsgh-
]h�s_ehqgh]h�j_a_j\Z��h[_ki_qb\Zxs_]h�ijhl_dZgb_�wlbo�j_Zdpbc�



��

Gh�b�kZf�f_oZgbaf�ih\_joghklgh]h�h[ua\_kl\e_gby�\h^guo

jZkl_gbc�bgh]^Z�ljZdlh\Zeky�\_kvfZ�k\h_h[jZagh��LZd��h[jZah\Zgb_

ba\_kldh\uo�dhjhd�gZ�ih\_joghklb�ebklh\uo�ieZklbg�\ukrbo�\h^-
guo� jZkl_gbc� jZkkfZljb\Zeky� \� jZ[hl_�<��I��FZkeh\Z� �������� dZd

j_amevlZl� ih]ehs_gby� ]b^jhdZj[hgZlZ� dZevpby� gb`g_c� qZklvx

ebklZ�� \u^_e_gb_� ba\_klb� \_jog_c� qZklvx� ebklZ� dZd� &D2+2�� ]^_

ijb�j_Zdpbb�k�&D�+&23)2 h[jZam_lky�l\_j^uc�hkZ^hd�&D&23.
Ih�gZrbf�gZ[ex^_gbyf��\�ha��;��FbZkkh\h��k�gbadhc�fbg_-

jZebaZpb_c�_]h�\h^��bgh]h��hlebqgh]h�hl�[bho_fh]_ggh]h��imlb�^ey

hkZ`^_gby�dZj[hgZlh\�[ulv�g_�fh`_l��Lhevdh�\�mkeh\byo�ehdZev-
guo� i_j_kus_gbc� aZ� kq_l� kf_s_gby� dZj[hgZlgh]h� jZ\gh\_kby

ijb�nhlhkbgl_a_�\�aZjhkeyo�\h^ghc�jZklbl_evghklb�fh`_l�ijhbk-
oh^blv� bo� hkZ`^_gb_�� Ki_pbZevgu_� bkke_^h\Zgby� ih� bamq_gbx

nhlhkbgl_aZ�gZ�ha��;��FbZkkh\h�g_�ijh\h^bebkv��h^gZdh�ijhp_kk

wlhl�h[s_ba\_kl_g��LZd�\�jZ[hl_�E��B��?]hjh\hc�b�L��:��Kljb`h�

\hc� �������kdZaZgh��©Ijbmklv_\u_�mqZkldb�b�ijb[j_`gh_�f_edh-
\h^v_� ihdjulu� h[rbjgufb� aZjhkeyfb� fZdjhnblh\�� Ijhp_kku

nhlhkbgl_aZ� bo� i_j_kusZxl� \� eblhjZeb� \h^gmx� lhesm� jZkl\h-
j_gguf� dbkehjh^hf� ^h� ���±���� �� gZkus_gby�� ijb� agZq_gbyo

���±����� f]�e��FZdjhnblu�� Zkkbfbebjmy� jZkl\hj_ggmx� m]e_db-
kehlm�� k^\b]Zxl� dZj[hgZlgh_�jZ\gh\_kb_� \� klhjhgm� h[jZah\Zgby

dZj[hgZlh\� ����±�����f]�e���<_ebqbgZ�jG�\�wlh�\j_fy�khklZ\eyeZ

8.4–9.3».
Qlh�ijb�wlhf�^he`gu�h[jZah\u\Zlvky�^bki_jkgu_�fbdjh-

djbklZeeu��i_j_oh^�dhlhjuo�\�hkZ^hd�^Z`_�gZ�g_[hevrbo�]em[b-
gZo�\_kvfZ�ijh[e_fZlbq_g��F_oZgbaf�k_]j_]Zpbb�fbdjhdjbklZe-
eh\�gZ�ih\_joghklb�\h^ghc�jZklbl_evghklb�^h\hevgh�ijhkl��Ijh-
kfhlj� ih^� fbdjhkdhihf� k\_`bo� ba\_kldh\uo� dhjhd� k� ebklv_\

j^_klh\�ihdZaZe��qlh�hgb�i_j_iheg_gu�fbdjh\h^hjhkeyfb��dhlh-
ju_�b]jZxl�jhev�de_y�� kh[bjZxs_]h�gZ� k\h_c�ih\_joghklb�djb-
klZeeblu�dZj[hgZlh\��K\_`_hljhkrb_�ebklvy�j^_klh\��g_�h[e_i-
e_ggu_�ieZgdlhggufb�\h^hjhkeyfb��gbdZdbo�gZe_lh\�g_�g_kml�

GZrb� gZ[ex^_gby� aZ� \h^ghc� jZklbl_evghklvx� iha\heyxl

jZa\_ylv�_s_�h^gh�jZkijhkljZg_ggh_�aZ[em`^_gb_��Ml\_j`^Z_lky�

qlh�oZjh\u_�\h^hjhkeb�\�ijhp_kk_�`bag_^_yl_evghklb�\u^_eyxl

dZj[hgZl�dZevpby��h[jZamy�q_ohe�\hdjm]�keh_\bsZ��FZkeh\�������

Hkgh\u�iZe_hglheh]bb«���������>_ckl\bl_evgh��d�dhgpm�e_lZ�wlb

\h^hjhkeb�ihdju\Zxlky�dhjdhc�dZevpblZ�b�klZgh\ylky�ehfdbfb�

H^gZdh�oZju��ba\e_q_ggu_�ba�ih^h�ev^Z��m`_�d�^_dZ[jx�f_kypm

kh\_jr_ggh�ebr_gu�dZj[hgZlgh]h�q_oeZ��F_oZgbaf�nhjfbjh\Z-
gby�q_oeZ�m�oZjh\uo�ZgZeh]bq_g�hibkZgghfm�\ur_�^ey�j^_klh\�

h^gZdh��\�hlebqb_�hl�\ukrbo�jZkl_gbc��oZjh\u_�\h^hjhkeb��h[eZ-
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^Zy�hkebag_\_euf�keh_\bs_f��g_�gm`^Zxlky�\�©ihfhsbª�b�kZfb�

meZ\eb\Zy� \u^_eyxsbcky�dZj[hgZl��[ukljh�b�bgl_gkb\gh�h[ua-
\_kl\eyxlky�

Ih� fgh]he_lgbf� gZ[ex^_gbyf� fZkrlZ[u� kh\j_f_ggh]h

dZj[hgZlhh[jZah\Zgby�kbevgh�\Zjbvbjmxl�\�aZ\bkbfhklb�hl�e_l-
gbo�l_fi_jZlmj��<�`Zjdh_�e_lh��ijb�kbevghf�ijh]j_\_�ih\_jogh-
klgh]h�kehy�\h^u��jZkl\hjbfhklv�&22�iZ^Z_l��qlh�ijb\h^bl�d�ih-
^Z\e_gbx� jhklZ� \h^ghc� jZklbl_evghklb� �[hevrbgkl\h� aZjhke_c

j^_klh\�\�f_klZo�bo�ihklhyggh]h�ijhbajZklZgby�^Z`_�g_�\uoh^yl

gZ�ih\_joghklv���Dhjdb� dZj[hgZlh\� eb[h� hq_gv� lhgdb_�� eb[h�g_

h[jZamxlky� kh\k_f�� <� ijhoeZ^gh_� e_lh� dZjlbgZ� gZ[ex^Z_lky

ijyfh�ijhlb\hiheh`gZy�

Ba�kdZaZggh]h�fh`gh�k^_eZlv�\u\h^��qlh�gZ�gZqZevghc�klZ-
^bb�nhjfbjh\Zgby�^hgguo�hleh`_gbc�ha_jZ�ij_h[eZ^Ze�ijhoeZ^-
guc�debfZl��[eZ]hijbylguc�^ey�jZa\blby�\h^ghc�jZklbl_evghklb�

h[_ki_qb\Zxs_c�bgl_gkb\gmx�hkZ^dm�dZj[hgZlh\�b�nhjfbjh\Zgb_

kehy�ha_jgh]h�f_j]_ey��]Z`b��\�hkgh\Zgbb�kZijhi_e_\hc�aZe_`b�

GZfb�ijh\h^bebkv�fgh]he_lgb_�gZ[ex^_gby�gZ�iheb]hg_�\

dmjv_� LjZ\yghc� ^ey� ihemq_gby� dhebq_kl\_gguo� oZjZdl_jbklbd

bgl_gkb\ghklb�dZj[hgZlhh[jZah\Zgby��GZ�iehsZ^b���f2 ih^j_aZ-
ebkv�b�\ugbfZebkv�p_ebdhf�ba�\h^u�ih[_]b�j^_klZ�b��ihke_�ih^-
kmrb\Zgby�� hkuiZ\rb_ky� dZj[hgZlgu_� dhjdb� \a\_rb\Zebkv�� K

mq_lhf�g_ba[_`guo�ihl_jv�\�ijhp_kk_�ba\e_q_gby��dhlhju_�[ueb

\bamZevgh�hp_g_gu�gZfb�jZ\gufb�������\�jZagu_�]h^u�h[jZah\Z-
gb_�dZj[hgZlh\�dhe_[Zehkv�hl�����������]���^h�����]�f2 ������]���

qlh� khhl\_lkl\m_l�� hjb_glbjh\hqgh�� h[jZah\Zgbx� kehy� dZj[hgZ-
lh\�hl� ����^h� ���� kf� aZ� ����e_l��NZdlbq_kdh_�gZdhie_gb_�fh`_l

agZqbl_evgh�hlebqZlvky�hl�jZkq_lguo�^Zgguo�\�f_gvrmx�klhjh-
gm�\�k\yab�k�jZkl\hj_gb_f�qZklb�hkZ^dZ�\�abfgbc�i_jbh^�aZ�kq_l

ih\ur_gby� dhgp_gljZpbb� \� \h^_� &22��GZ� lh�� qlh� wlhl� ijhp_kk

b^_l�^hklZlhqgh�bgl_gkb\gh��mdZau\Z_l�ihegh_�jZkl\hj_gb_�dZj-
[hgZlguo�q_oeh\�gZ�keh_\bsZo�abfmxsbo�oZjh\uo�\h^hjhke_c�

Gh�g_�ajy�]h\hjyl��qlh�gh\h_�±�wlh�ohjhrh�aZ[ulh_�klZjh_�

Ihwlhfm�kqblZ_f�g_h[oh^bfuf�ijhpblbjh\Zlv�jZ[hlm������]h^Z

�D_jg_j�nhg�FZjbeZmg��������klj��������©H^bg�ebkl�Potamogeton
lucens�\_khf�������]�[ue�ihdjul�ba\_kldh\hc�dhjdhc�\_khf�������].
?keb� ih[_]� wlh]h� j^_klZ�� jZa\b\rbc� �� ebklv_\� b� ihdju\Zxsbc

ijhkljZgkl\h�\� ��^f2��hk_gvx� k]gb\Z_l�� Z�ba\_klv�himkdZ_lky�gZ

^gh� ijm^Z�� lh� gZ� dZ`^uc� d\Z^jZlguc� ^_pbf_lj� ^gZ� _`_]h^gh

ijboh^blky�hleh`_gb_�ba�m]e_dbkehc�ba\_klb�\_khf�hdheh���]ª�

FZ]gbc��0J
2+).�Bklhqgbdhf�fZ]gby�y\ey_lky�\us_eZqb\Z-

gb_� ihjh^hh[jZamxsbo� fZ]g_abZevguo� fbg_jZeh\�� Dhebq_kl\h



��

fZ]gby�hklZ_lky�^hklZlhqgh�klZ[bevguf�\�l_q_gb_�]h^Z�b�khklZ\-
ey_l�hl���±���f]�e��GZ�jbk�����hlf_qZ_lky�mf_gvr_gb_�kh^_j`Z-
gby�fZ]gby��gZqbgZy�k������]h^Z�

GZljbc� �1D
+
��b�dZebc� �K+). =eZ\guf�bklhqgbdhf�gZljby

y\eyxlky� ijhp_kku� \u\_ljb\Zgby� ihe_\uo�riZlh\�� Dhebq_kl\h

gZljby� �khklZ\ey_l�hl� ���±����f]�e��G_kfhljy�gZ�lh��qlh�dZebc�b

gZljbc� bf_xl� [ebadb_� deZjdb�� Z� jZkl\hjbfhklv� khe_c� dZeby� \

p_ehf�g_kdhevdh�\ur_��kh^_j`Zgb_�dZeby�ihqlb�\k_]^Z�gb`_��q_f

kh^_j`Zgb_�gZljby��Ijbqbghc� agZqbl_evgh�f_gvr_c�ih� kjZ\g_-
gbx� k� gZljb_f� fb]jZpbhgghc� kihkh[ghklb� dZeby� y\ey_lky� _]h

\ukhdZy�khj[pbhggZy�kihkh[ghklv�b�mk\hy_fhklv�`b\uf�\_s_kl-
\hf�� Dhebq_kl\h� dZeby� khklZ\ey_l� hl� ���±���� f]�e�� KmffZjgh_

dhebq_kl\h� gZljby� b� dZeby� ^hklb]Z_l� ����±�����f]�e��<� l_q_gb_

ihke_^gbo� iylb� e_l� kh^_j`Zgb_� wlbo� fbdjhwe_f_glh\� hklZ_lky

klZ[bevguf�

J_`bf�jZkl\hj_gguo�]Zah\�b�jG�\h^u

JZkl\hj_gguc�dbkehjh^��<�i_jbh^�e_lg_c� klZ]gZpbb� \ky

lhesZ� wibebfgbhgZ�jZ\ghf_jgh�gZkus_gZ�dbkehjh^hf��hlghkb-
l_evgu_� \_ebqbgu� dhgp_gljZpbb� dhlhjh]h� dhe_[exlky� \� ij_^_-
eZo�� [ebadbo� d� gZkus_gbx� ���±�������� I_j_gZkus_gb_� \h^u

dbkehjh^hf��gZ[ex^Z_fh_�ijb�agZqbl_evghf�ijh]j_\_�\h^u��kha-
^Z_lky�]eZ\guf�h[jZahf�\ke_^kl\b_� aZiZa^u\Zgby�w\Zabb�H2 ijb

[ukljhf�gZ]j_\Zgbb�\h^u�b�\ebygby�nhlhkbgl_aZ�ijb�fZkkh\hf

jZa\blbb� nblhieZgdlhgZ�� Bgl_j_k� ij_^klZ\ey_l� jZkij_^_e_gb_

dbkehjh^Z� ±�\� Zij_e_�m�ih\_joghklb�[ueh�hlf_q_gh� �� ��gZku-
s_gby��gZ�]em[bg_����f�±������b�m�^gZ�gZ�]em[bg_����f�±�\k_]h

������H�agZqbl_evghf�dbkehjh^ghf�^_nbpbl_�\�ijb^hgghf�keh_

]em[bgghc� h[eZklb� e_lhf� mihfbgZ_l�N��?��;h]Zg� �������� h^gZdh

j_amevlZlh\� gZ[ex^_gbc� hg� g_� ijb\h^bl��Ih� dbkehjh^ghfm� j_-
`bfm�ha_jh�;hevrh_�FbZkkh\h�ih�g_dhlhjuf�ijbagZdZf�aZf_lgh

hldehgy_lky�hl�heb]hljhngh]h�lbiZ��I_j\u_�^Zggu_�hlghkylky�d

�����]���Ih^e_kguc��LjhbpdZy���������<�dhgp_�Z\]mklZ������]���ih

gZ[ex^_gbyf� khljm^gbdh\�Bevf_gkdh]h� aZih\_^gbdZ� �@Zjbdh\�

�������kh^_j`Zgb_�dbkehjh^Z�\�wibebfgbhg_�ihgb`Zehkv�k������^h

�����gZkus_gby��gZ�]em[bg_����f�±�^h�������b�j_adh�miZeh�^h����

gZ� ]em[bg_� ��� f�� M� ^gZ� gZ� ]em[bg_� ��� f� dbkehjh^Z� g_� [ueh�

GZ[ex^_gby� ��� k_gly[jy� ����� ]h^Z�ihdZaZeb��qlh�hk_gg__�i_j_-
f_rb\Zgb_�ho\Zlbeh�\h^gmx�lhesm�^h�]em[bgu����f��]^_�kh^_j-
`Zgb_� dbkehjh^Z� khhl\_lkl\h\Zeh� ��±��� �� gZkus_gby�� =em[`_

khojZgyehkv�khklhygb_�klZ]gZpbb��b�dhebq_kl\h�dbkehjh^Z�\�ijb-



��

^hgghf�keh_�[ueh�g_kdhevdh�gb`_��q_f�e_lhf��Ih^h[gh_�jZkij_-
^_e_gb_�dbkehjh^Z�[ueh�mklZgh\e_gh�b�\������]h^m��ijb�g_[hev-
rhf� g_^hgZkus_gbb� � \� \_jogbo� kehyo� _]h� kh^_j`Zgb_� miZeh

\�]bihebfgbhg_�^h������gZ�]em[bg_����f�b�^h�����m�^gZ��gZ�]em-
[bg_� ��� f�� LZdbf� h[jZahf�� \k_� ij_^u^msb_� bkke_^h\Zgby

k\b^_l_evkl\mxl�h� agZqbl_evghf�ih]ehs_gbb� dbkehjh^Z� \�gb`-
gbo� kehyo� ha_jZ� \h� \j_fy� e_lg_c�b� abfg_c� klZ]gZpbb��ijb\h^y-
s_f��d�h[jZah\Zgbx�[_kdbkehjh^gh]h�ijb^hggh]h�kehy��<�yg\Zj_

����� ]h^Z� klm^_glZfb�F=M� ijh\_^_gu� ]b^jhobfbq_kdb_� bkke_-
^h\Zgby�ha_jZ�;hevrh_�FbZkkh\h��b�hlf_qZehkv�mf_gvr_gb_�kh-
^_j`Zgby�dbkehjh^Z�k�]em[bghc�hl������f]�e����������gZkus_gby�

gZ�ih\_joghklb�^h�����f]�e����������gZkus_gby��gZ�]em[bg_�����

f��K_j_gvdZy��������

Ihoh`b_� ^Zggu_� fu� ihemqZeb� \� l_q_gb_� ihke_^gbo� e_l�

Kh^_j`Zgb_� dbkehjh^Z� e_lhf� \� ijb^hgguo� kehyo� khklZ\ey_l

��±�����gZkus_gby��Abfhc�g_kdhevdh�f_gvr_�±���±������K�]em�

[bghc�hlf_qZ_lky�g_dhlhjh_�kgb`_gb_�dhebq_kl\Z�dbkehjh^Z�^h

ihegh]h� bkq_agh\_gby� \� ijb^hgguo� kehyo�� �Ijhbkoh^bl� agZqb�

l_evgh_� ih]ehs_gb_� dbkehjh^Z� \h� \j_fy� abfg_c� klZ]gZpbb�

ijb\h^ys__� d� h[jZah\Zgbx� [_kdbkehjh^gh]h� ijb^hggh]h� kehy

�lZ[e�����

Ihemq_ggu_� gZfb� j_amevlZlu� kh\iZ^Zxl� k� ^Zggufb

K��K��@Zjbdh\Z� ��������wlh�hagZqZ_l��qlh�dbkehjh^guc�j_`bf�g_

ij_l_ji_e��kms_kl\_gguo�baf_g_gbc�

JZkl\hj_gguc� m]e_dbkeuc� ]Za�� >Zggu_� ih� kh^_j`Zgbx

k\h[h^ghc�m]e_dbkehlu�ijb\h^bl�K��K��@Zjbdh\� ��������<� Z\]m-
kl_� ����� ]�� k\h[h^gZy� m]e_dbkehlZ� ihy\beZkv� gZ� ]em[bg_� ��f�� Z

]em[`_�__�dhebq_kl\h�\hajhkeh�^h����f]�e�gZ�]em[bg_����f�b�^h���

f]�e�m�^gZ��<�k_j_^bg_�fZjlZ�lh]h�`_�]h^Z�^h�]em[bgu���f�kh^_j-
`Zgb_�k\h[h^ghc�m]e_dbkehlu�^hklb]Zeh���f]�e��gZ�]em[bg_����f

hgh�ij_\ukbeh����f]�e��Z�\�gb`g_f�keh_�\hajZklZeh�^h����f]�e�

<�e_lgb_�f_kypu������]h^Z�k\h[h^gZy�m]e_dbkehlZ�ihy\b-
eZkv�gZ�]em[bg_����f��Z�m�^gZ�__�kh^_j`Zgb_�khklZ\eyeh������f]�e�

<_kvfZ�\_jhylgh��qlh�d�dhgpm�e_lg_c�klZ]gZpbb�__�dhebq_kl\h�\

]bihebfgbhg_�_s_�[hevr_�m\_ebqbehkv��Hlq_leb\h�ijhke_`b\Z-
_lky� \ebygb_� ijh]j_\Z� \h^u� gZ� kh^_j`Zgb_� KH2.�� JZkl\hj_ggZy

m]e_dbkehlZ� �h[gZjm`b\ZeZkv� �\�fZ_�b�bxg_�\�dhgp_gljZpbyo� ���

f]�e.
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Kh^_j`Zgb_�jZkl\hj_gguo�]Zah\�\�\h^_�ha_jZ

;hevrh_�FbZkkh\h

F_klh�hl[hjZ >ZlZ =em[bgZ��f H2��f]�e KH2��f]�e

0.5 10.2 7.4
12 1.4 13.4P_glj�ha_jZ 16.07.96
20 3.7 16.7
0.5 16.5 0
3 15.2 0
6 13.6 1.2
9 13.4 1.7
12 8.4 4.5
15 8.7 4.9
18 10.4 4.3

P_glj�ha_jZ 15.07.97

22 12.1 17.2
0.5 – 4.5
3 – 12.6

AZeb\
Gyr_\kdZy
dmjvy

15.07.97
7 – 22.0

0.5 – 0
3 – 4.2

AZeb\
RlZggZy�dmjvy

15.07.97
6 – 18.2

0.5 8.9 9.3
12.5 6.4 13.1P_glj�ha_jZ 28.01.98
20 0 54.0
0.5 10.6 1.2
6 8.3 4.0P_glj�ha_jZ 10.05.98
20 0 18.0
0.5 9.7 0
6 2.4 0
12 1.3 0
18 0 12.6

P_glj�ha_jZ 16.08.99

22 4.7 48.1

AZl_f�hgZ�iheghklvx�jZkoh^h\ZeZkv�\�ijhp_kk_�`bag_^_yl_evgh-
klb�nblhieZgdlhgZ��b�\�\h^_�ihy\eyebkv�dZj[hgZlgu_�bhgu��kh-
^_j`Zgb_�dhlhjuo�dhe_[Zehkv�hl�����^h���f]�e�

<�\h^Zo�ha_jZ�\�bxe_������]��ih�Zd\Zlhjbb�[ueh�hlh[jZgh

g_kdhevdh� ijh[� gZ� gZebqb_� kh^_j`Zgby� jZkl\hj_ggh]h� ]ZaZ�� b

[ueb� hlf_q_gu� [hevrb_� ij_^_eu� baf_g_gby� m]e_dbkehlu� hl

��f]�e�\�p_glj_�ha_jZ�^h����f]�e�\�RlZgghc�dmjv_�b�^h����f]�e�m

Gyr_\kdh]h�dhj^hgZ��kf��lZ[e�����
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<_kghc��kjZam�ihke_�koh^Z�ev^Z�\�ih\_joghklguo�kehyo�kh-
^_j`Zgb_�m]e_dbkehlu�khklZ\eyeh���f]�e��Z�m�^gZ�m\_ebqb\Zehkv

^h���f]�e��E_lhf�m]e_dbkehlZ�h[gZjm`b\Z_lky�\�hkgh\ghf�lhevdh

m� ^gZ� ±� ��±���f]�e�� Abfhc� �p_glj� ha_jZ�� gZkus_gghklv� m]e_db-
kehlhc�g_kdhevdh�\ur_�±�hl�����f]�e�m�ih\_joghklb�^h����f]�e�m

^gZ�

;bh]_ggu_�we_f_glu

Kh^_j`Zgb_� [bh]_gguo� we_f_glh\� j_]mebjm_l� jZa\blb_

\h^guo�jZklbl_evguo�hj]Zgbafh\�b�y\ey_lky�h^gbf�ba�nZdlhjh\

[bheh]bq_kdhc� ijh^mdlb\ghklb� \h^h_fZ�� ;bh]_ggu_� we_f_glu

ihklmiZxl��\�hkgh\ghf��k�\h^hc�ijblhdh\��k�Zlfhkn_jgufb�hkZ^-
dZfb��ba�aZebluo�ihq\�b�ihjh^��Z�lZd`_�ba�^hgguo�hleh`_gbc�

�@_e_ah��Ih\_joghklgu_�\h^u�jZchgZ�ha_jZ�;hevrh_�Fb-
Zkkh\h�\�jZaebqghc�kl_i_gb�h[_ki_q_gu�fbg_jZevgufb�nhjfZfb

`_e_aZ��QZrZ�ha_jZ�lZd`_�keh`_gZ�]hjgufb�ihjh^Zfb��kh^_j`Z-
sbfb�`_e_ah� \� ^hklZlhqgh� [hevrhf� dhebq_kl\_� �]eZ\Z� ����Wlhl

we_f_gl�� dZd�ba\_klgh��h[jZam_l�ijhqgu_� dhfie_dkgu_� kh_^bg_-
gby� kh�fgh]bfb�hj]Zgbq_kdbfb�eb]Zg^Zfb�ijbjh^guo�\h^��[eZ-
]h^Zjy�q_fm�_]h�dhgp_gljZpby�\�\h^_�\�^_kyldb�jZa�\ur_�jZkq_l-
ghc��Ih^\b`guf�`_e_ah�klZgh\blky�lhevdh�\�mkeh\byo�aZ[heZqb-
\Zgby��Ihwlhfm�\h^Z�jmqv_\��\ul_dZxsbo�ba�[hehl��[h]ZlZ�jZkl\h-
j_gguf�`_e_ahf� �����f]�e� ±�jmq_c�ba� aZeb\Z�Abfgbd���Gh� \� \h^_

dhgp_gljZpby�fbg_jZevguo�nhjf�`_e_aZ�g_�ij_\urZ_l�������f]�e�

JZkij_^_e_gb_�`_e_aZ�ih�\h^ghc�lhes_�ha_jZ�l_kgh�k\yaZgh

k�kh^_j`Zgb_f�dbkehjh^Z��<�ih\_joghklguo�kehyo�\h^u�kh^_j`Z-
gb_�`_e_aZ�f_gy_lky�hl�ZgZeblbq_kdh]h�gmey�^h������f]�e��H[_^g_-
gb_� ijb^hgguo� keh_\� dbkehjh^hf� khijh\h`^Z_lky� m\_ebq_gb_f

dhgp_gljZpbb�fbg_jZevguo�nhjf�`_e_aZ�^h������f]�e��Fgh]he_l-
gyy� ^bgZfbdZ� kj_^g_]h^h\uo� kh^_j`Zgbc� `_e_aZ� hlh[jZ`_gZ� gZ

jbk������Kj_^gyy�dhgp_gljZpby�\������]h^m�khklZ\beZ������f]�e��Z�\

1998�]�� _^\Z�^hklb]ZeZ� �����f]�e��Dhk\_gguf�nZdlhjhf� mf_gvr_-
gby�kh^_j`Zgby�`_e_aZ�y\ey_lky�m\_ebq_gb_�mjh\gy�\h^�\�ha_j_�

Nhknhj��<h^u� ha_jZ� [_^gu�fbg_jZevguf�nhknhjhf�� kh-
^_j`Zgb_�dhlhjh]h�\�[hevrbgkl\_�kemqZ_\�[ebadh�d�ij_^_em�qm\-
kl\bl_evghklb�ZgZebaZ�� �Nhknhj�kh^_j`Zl�[ZaZevlu�b�]jZgblu��\

hkZ^hqguo�ihjh^Zo� _]h� kh^_j`blky�g_fgh]h��<� k\yab� k�\ukhdhc

j_Zdpbhgghc� kihkh[ghklvx� k\h[h^guc� nhknhj� \� ijbjh^_� g_

\klj_qZ_lky�� GZb[he__� qZklh� nhknhj� k\yau\Z_lky� k� dZevpb_f

�nhknhjblu��ZiZlblu���qlh�k[eb`Z_l�_]h�jZkijhkljZg_gb_�k�wlb-
fb� we_f_glZfb�� >ey� Zgbhgh\� lbiZ� JH4

3–� ij_^_evgh� ^himklbfZy
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ghjfZ�����f]�e� Ih�^Zgguf�F��:��:g^j__\hc� ��������kh^_j`Zgb_

nhknZlgh]h�nhknhjZ�\�ha��;��FbZkkh\h�±������±������f]�e�

NhknZlu� ihy\eyxlky� \� ijb^hgguo� kehyo� ±� ^h� ����� f]�e�

Ih\_joghklgh_� kh^_j`Zgb_�nhknhjZ� gZoh^blky� \� ij_^_eZo� hl� �

^h������f]�e��Kj_^gyy�dhgp_gljZpby�324
3–�aZ�i_jbh^�gZ[ex^_gbc

\������]��khklZ\beZ������f]�e��qlh�kh\iZ^Z_l�k�^Zggufb�F��:��:g-
^j__\hc��Ij_^klZ\ey_l� bgl_j_k� \uy\e_gb_� hkgh\gh]h� bklhqgbdZ

ihklmie_gby�nhknZlh\� \� \h^m��DZd� ke_^m_l� ba� lZ[e������ dhgp_g-
ljZpby�nhknZlh\�ih�Zd\Zlhjbb�jZ\ghf_jgZy��ih\ur_ggh_�kh^_j-
`Zgb_�bo�\�aZeb\Zo�g_�j_]bkljbjm_lky��H^gZdh�gZ[ex^Z_lky�aZdh-
ghf_jghklv� \�jZkij_^_e_gbb� 324

3–�ih� ]em[bg_�� kh^_j`Zgb_�jZk-
l\hj_ggh]h�nhknhjZ�\�ijb^hgguo�kehyo��dZd�\�]eZ\ghf�ie_k_��lZd

b� \� aZeb\Zo� agZqbl_evgh� \ur_�� q_f� \� ih\_joghklguo� b� aZdhgh-
f_jgh�m\_ebqb\Z_lky�k�]em[bghc��Wlh�iha\hey_l�k^_eZlv�ij_^ih-
eh`_gb_�h�lhf��qlh�\ughk�ba�^hgguo�hleh`_gbc�±�h^bg�ba�]eZ\-
guo�bklhqgbdh\�ihklmie_gby�nhknhjZ�\�\h^m��ij_\urZxsbc�_]h

klhd� k� \h^hk[hjZ�� W\ljhnbjmxs__� \ebygb_� aZeb\h\�� ih�

\b^bfhfm��g_agZqbl_evgh�beb�hlkmlkl\m_l�

:ffhgbc� �1+4
+). Hkgh\guf�bklhqgbdhf�ihklmie_gby�Zf-

fhgby� \� ha_jh� y\eyxlky� ih^a_fgu_� \h^u�� Kj_^g__� dhebq_kl\h

Zffhgby�\�ijbjh^guo�\h^Zo�khklZ\ey_l�����f]�e��<�ha_j_�h[gZjm-
`b\Z_lky� kh^_j`Zgb_� hl� ����� ^h� �����f]�e��K� ]em[bghc� dhgp_g-
ljZpby�Zffhgby�mf_gvrZ_lky�hl������^h������f]�e��M�Gyr_\kdh]h

dhj^hgZ�dhebq_kl\h�Zffhgby�gZ�ih\_joghklb�^hklb]Z_l������f]�e

�lZ[e�������<�kj_^g_f�ih�ha_jm�kh^_j`Zgb_�Zffhgby������f]�e�

GbljZlu� �123
–). GbljZlu�ihklhyggh� h[gZjm`b\Zxlky� \

ih\_joghklghf�keh_�ha_jZ��kh^_j`Zgb_�bo�\hajZklZ_l�hl������f]�e

\�fZ_�^h������f]�e�\�k_gly[j_��bgh]^Z�^hklb]Z_l�����f]�e�\�e_lg__

\j_fy��IjZdlbq_kdb�g_�h[gZjm`b\Zxlky�\�abfgbo�ijh[Zo�

�<� g_[hevrbo� dhebq_kl\Zo� ����±���� f]�e�� gbljZlu� ihklm-
iZxl�ba� Zlfhkn_jguo�hkZ^dh\� �Jhkkhebfh��N_^hjh\Z�� �������Ih

gZ[ex^_gbyf�E��E��Jhkkhebfh�b�?��B��N_^hjh\hc���������\�bxe_

gbljZlu� hlkmlkl\h\Zeb�� Z� gZ� ]em[bg_� ���f� [ueb� h[gZjm`_gu� \

g_[hevrhf�dhebq_kl\_��Bo�kh^_j`Zgb_�\�ijb^hgghf�keh_�gZ�]em-
[bg_����f�m\_ebqbehkv�^h������f]�e��a^_kv�`_�ihy\bebkv�gbljblu

b�g_[hevrh_�dhebq_kl\h�ZffbZdZ��Ih�gZrbf�gZ[ex^_gbyf��dhg-
p_gljZpby�gbljZlh\�k�]em[bghc�mf_gvrZ_lky��b�hgb�ijZdlbq_kdb

hlkmlkl\mxl�\�ijb^hgguo�kehyo��kf��lZ[e�������Kj_^g__�kh^_j`Z-
gb_� gbljZlh\� \� ha_j_� khklZ\ey_l� ����� f]�e�� Hlf_q_gZ� \ukhdZy

dhgp_gljZpby��gbljZlh\��\��djmiguo��aZeb\Zo���\�kj_^g_f������f]�e
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H[sb_�]b^jhobfbq_kdb_�ihdZaZl_eb�ha��;hevrh_�FbZkkh\h

F_klh

hl[hjZ

ijh[

>ZlZ

hl[hjZ

ijh[

=em-
[bgZ�

f

NH4
+

 ,

f]�e

NO2
–
,

f]�e

NO3
–
,

f]�e

PO4
– ,

f]�e

F–,
f]�e

H[sZy

`_kl�

dhklv�

f]�wd\�e

S_ehq�

ghklv�

f]�e

P_glj 0.5 0.20 0.001 0.03 0.03 0.01 2.25 120
ha_jZ 3 0.20 0 0.08 0.03

6 0.20 0 0.06 0.02
9 0.14 0 0.07 0.04
12 0.20 0 0.04
18 0.05 0 0.01

16.07.98

22 0.03 0 0 0.11
P_glj 0.5 0.10 0.010 0.11 0.03 0.01 2.20 120
ha_jZ 3 0.24 0.010 0.01 0.03 134

6 0.33 0 0.03 0.03
9 0.33 0 0.01 0.03
12 0.04 0 0 0.06 138
16 0.01 0 0 0.08
18 0 0 0 0.13

18.08.99

22 0.20 0 0.33 0.13 111
0.5 0.63 0.020 0.70 0.03 0.01 1.80 142
3 0.07 0.020 0.10 0.03 2.10 124

AZeb\

Gyr_\kdZy

dmjvy

�dhj^hg�

24.08.99

7 0.40 0.020 0 0.09 1.90 121

0.5 0.33 0.040 0.90 0.01 0.01 2.23 125
3 0.20 0.030 0.12 0.01 120

4.5 0.20 0.001 0.11 0.03

AZeb\

RlZggZy

dmjvy

24.08.99

6 0.13 0 0 0.07

\�RlZgghc� dmjv_� b� ����� f]�e� \�Gyr_\kdhc� dmjv_��� lh]^Z� dZd� \

]eZ\ghf�ie_k_� hgZ�gZfgh]h�gb`_� �kj_^gyy� dhgp_gljZpby�gbljZ-
lh\�±������f]�e��

Gbljblu� �122
–). Ijbkmlkl\b_� \� \h^_� gbljblh\�� ^Z`_� \

khluo� ^heyo�� y\ey_lky� ihdZaZl_e_f� k\_`_]h� ohayckl\_ggh�

[ulh\h]h�aZ]jyag_gby�ijbjh^guo�\h^��>hklZlhqgh�[hevrh_�dheb-
q_kl\h�gbljblh\�h[gZjm`_gh�m�Gyr_kdh]h�dhj^hgZ�±�������f]�e�\

kj_^g_f�ih�\k_c�]em[bg_����f��\ayluo�ijh[��b�\�RlZgghc�dmjv_�±

������m�ih\_joghklb�b�gZ�]em[bg_�����f�± ������f]�e��kf��lZ[e������
Kj_^g__�kh^_j`Zgb_�gbljblh\������f]�e�

Hdbkey_fhklv��I_jfZg]ZgZlgZy�hdbkey_fhklv� �IH��baf_-
gy_lky�\�ij_^_eZo�hl������^h�������f]H�e��HgZ�hlghkbl_evgh�g_\_-
ebdZ��ih\urZ_lky�\�bxg_�b�kgb`Z_lky�\�bxe_�Z\]mkl_� �E_lhibkv

ijbjh^u�«��������



��

Fbdjhwe_f_glguc�khklZ\

Nhjfbjh\Zgb_�obfbq_kdh]h�khklZ\Z�ijbjh^guo�\h^�ha_jZ

ijhbkoh^bl�\�mkeh\byo�keh`guo�]b^jZ\ebq_kdbo�b�]b^jhobfbq_-
kdbo�\aZbfh^_ckl\bc�ih\_joghklguo��ih^a_fguo�b�Zlfhkn_jguo

\h^�� \� dhglZdl_� k� jZaebqgufb� ]hjgufb� ihjh^Zfb�� ihq\Zfb� b

^hggufb�hkZ^dZfb��<�ij_kghc�]b^jhdZj[hgZlghc�\h^_�ha_jZ�h[-
gZjm`_ggu_� fbdjhwe_f_glu� oZjZdl_jbamxlky� ^hklZlhqgh� [hev-
rhc� Zdlb\ghklvx�� Wlh� \h^u� gZqZevghc� klZ^bb� nhjfbjh\Zgby

obfbq_kdh]h� khklZ\Z�� bf_xl� ih\ur_ggmx� Z]j_kkb\ghklv��<h^h-
jh^guc�ihdZaZl_ev�jG� �kf��lZ[e�� ��� �dhe_[e_lky�\�ij_^_eZo� ���±

����� q_f� h[tykgy_lky� ohjhrZy� ih^\b`ghklv� fbdjhwe_f_glh\�� <

lZ[ebp_� ^Zg� fbdjhwe_f_glguc� khklZ\� \h^u� ha_jZ�� fgh]b_

fbdjhwe_f_glu� y\eyxlky� _kl_kl\_ggufb� ^ey� ijbjh^guo� \h^

MjZeZ�� Ihemq_ggu_� gZfb� ^Zggu_� ihdZau\Zxl�� qlh� gZjy^m� kh

\a\_r_gghc� khklZ\eyxs_c� agZqbl_evgZy� qZklv� fbdjhwe_f_glh\

h[gZjm`_gZ�\�\b^_�jZkl\hj_gguo�kh_^bg_gbc�

K\bg_p.�<� ijbjh^_� ijhy\ey_l� k_[y� b� dZd� oZevdhnbevguc
we_f_gl��h[jZamy�kh_^bg_gby�k�k_jhc��b�dZd�eblhnbevguc��\oh^y�\

khklZ\� fgh]hqbke_gguo� ihjh^hh[jZamxsbo� kbebdZlh\�� <� ijb-
jh^guo�\h^Zo�\klj_qZ_lky�ijZdlbq_kdb�ih\k_f_klgh��<�lbibqguo

]b^jhdZj[hgZlguo� \h^Zo� � kh^_j`Zgb_� _]h� baf_gy_lky� hl� ke_^h\

^h� ����� f]�e��Kj_^gyy� dhgp_gljZpby� k\bgpZ� \� \h^Zo� khklZ\ey_l

�����f]�e��<�oheh^gh_�\j_fy�]h^Z�kh^_j`Zgb_�k\bgpZ�\�\h^Zo�g_-
agZqbl_evgh�m\_ebqb\Z_lky�b��gZh[hjhl��k�ijh]j_\hf�\h^u�dheb-
q_kl\h� we_f_glZ�\hajZklZ_l��Ih�=HKL±�������ij_^_evgh�^himk-
lbfZy�ghjfZ� �I>D��^ey�k\bgpZ�±�����f]�e��Wlhl�we_f_gl�ijZdlb-
q_kdb�g_�\klj_qZ_lky�\�p_glj_�ha_jZ��\�agZqbl_evghf�dhebq_kl\_

gZoh^blky�\�Madhc�dmjv_��Ebih\hc�dmjv_�b�Abfgbd_��lZ[e�������Ih

gZ[ex^_gbyf�q_luj_o�e_l��k�kZfuf�[hevrbf�kj_^g_]h^h\uf�kh-
^_j`Zgb_f�k\bgpZ�±�^h������f]�e�±�[ue������]h^�

KmjvfZ.�<�ijbjh^guo�\h^Zo�ha_j�MjZeZ�kmjvfZ�bf__l�h]-
jZgbq_ggh_� jZkijhkljZg_gb_��HgZ� h[gZjm`b\Z_lky� \� \h^Zo� ]b^-
jhdZj[hgZlguo� ha_j� \� g_[hevrhf� dhebq_kl\_� ±� hl� ������ ^h� ���

f]�e���I>D�ih�KZgIbG�������������KmjvfZ�\�ha_jghc�\h^_��\_jh-
ylgh�� ijbjh^gh]h� ijhbkoh`^_gby�� g_� ij_\urZ_l� ������ f]�e� \h

\j_fy�\_k_gg_]h�ijb\ghkZ�\h^u��<�^jm]h_�\j_fy�ijZdlbq_kdb�g_

h[gZjm`b\Z_lky��<�p_glj_�ha_jZ�g_�hlf_qZeZkv�gb�\�h^ghc�ijh[_�

<klj_qZ_lky�lhevdh�\�jZchg_�AbfgbdZ��RlZgghc�dmjv_�b�\�jZchg_

[Zau�FbZkkh\h��lZ[e������



��

L Z [ e b p Z � � �

Fbdjhwe_f_glguc�khklZ\�\h^�ha_jZ�;hevrh_�FbZkkh\h

Fbdjhwe_f_glu��f]�eF_klZ
hl[hjZ�ijh[

Kjhdb�
]h^ Fe Cu Zn Cr Sr Mn Pb Sb

1 2 3 4 5 6 7 8 9 10

P_glj�ha_jZ
fZc�k_gly[jv

1994 0.220 0.003 0.007 0.007 0.030 0.003 0.000 0.000

P_glj�ha_jZ
fZc�hdly[jv

1996 0.050 0.020 0.007 0.007 0.001 0.004 0.000 0.000

P_glj�ha_jZ
fZc�k_gly[jv

1997 0.013 0.013 0.015 0.004 0.080 0.010 0.000 0.000

P_glj�ha_jZ
fZc�hdly[jv

1998 0.010 0.025 0.031 0.005 0.024 0.010 0.000 0.000

AZiZ^guc
[_j_]

fZc�k_gly[jv
1994 0.150 0.023 0.012 0.004 0.576 0.010 0.000 0.001

AZiZ^guc
[_j_]

Yg\Zjv����� 0.002 0.010 0.020 0.006 0.783 0.002 0.000 0.000

Gyr_\kdbc
dhj^hg

fZc�hdly[jv
1995 0.012 0.002 0.001 0.004 1.245 0.000 0.000 0.000

AZiZ^guc
[_j_]

fZc�hdly[jv
1996 0.011 0.001 0.021 0.002 1.011 0.010 0.000 0.000

AZiZ^guc
[_j_]

fZc�hdly[jv
1997 0.012 0.002 0.000 0.000 0.678 0.000 0.000 0.000

Gyr_\kdbc
dhj^hg

fZc�hdly[jv
1998 0.066 0.010 0.270 0.000 0.830 0.900 0.000 0.000

Gyr_\kdbc
dhj^hg

Yg\Zjv����� 0.034 0.032 0.400 0.000 0.420 0.300 0.000 0.000

<hklhqguc
[_j_]

fZc�hdly[jv
1994 0.021 0.022 0.200 0.000 0.560 0.543 0.000 0.000

<hklhqguc
[_j_]

fZc�k_gly[jv
1995 0.001 0.015 0.000 0.000 0.490 0.100 0.000 0.000

<hklhqguc
[_j_]

Yg\Zjv����� 0.037 0.003 0.156 0.588 0.031 0.000 0.000 0.000

<hklhqguc
[_j_]

fZc�k_gly[jv
1996 0.023 0.078 0.230 0.003 0.020 0.000 0.000 0.000

<hklhqguc
[_j_]

bxgv�
hdly[jv�����

0.047 0.152 0.000 0.000 0.030 0.450 0.000 0.000

<hklhqguc
[_j_]

fZc�hdly[jv
1998 0.056 0.004 0.317 0.000 0.270 0.000 0.000 0.000

<hklhqguc
[_j_]

Yg\Zjv����� 0.007 0.003 0.079 0.000 0.038 0.000 0.000 0.000

AZeb\�MadZy
dmjvy

fZc�hdly[jv
1997 0.012 0.001 0.115 0.000 0.000 0.000 0.000 0.000

AZeb\�MadZy
dmjvy

fZc�hdly[jv
1998 0.047 0.002 0.000 0.000 1.322 1.24 0.030 0.000

AZeb\�Eb-
ih\Zy�dmjvy

fZc�hdly[jv
1994 0.127 0.012 0.091 0.000 0.030 0.272 0.023 0.000



��

H d h g q Z g b _ � l Z [ e � � � �
1 2 3 4 5 6 7 8 9 10
AZeb\�Eb-
ih\Zy�dmjvy

fZc�k_gly[jv
1995 0.040 0.022 0.090 0.000 0.390 0.270 0.030 0.000

AZeb\�Eb-
ih\Zy�dmjvy

Yg\Zjv
1996 0.000 0.014 0.100 0.410 0.032 0.000 0.000 0.000

AZeb\�Eb-
ih\Zy�dmjvy

fZc�hdly[jv
1996 0.000 0.011 0.090 0.420 0.370 0.000 0.000 0.000

AZeb\�Eb-
ih\Zy�dmjvy

fZc�hdly[jv
1997 0.292 0.025 0.090 0.015 0.027 0.000 0.000 0.000

AZeb\�Eb-
ih\Zy�dmjvy

fZc�hdly[jv
1998 0.070 0.067 0.050 0.000 0.020 0.000 0.000 0.000

AZeb\�RlZg�
gZy�dmjvy

fZc�hdly[jv
1994 0.300 0.091 0.080 0.420 0.020 0.280 0.000 0.000

AZeb\�RlZg�
gZy�dmjvy

fZc�k_gly[jv
1995 0.000 0.090 0.800 0.000 2.060 0.260 0.000 0.000

AZeb\�RlZg�
gZy�dmjvy

fZc�hdly[jv
1996 0.350 0.003 0.090 0.430 1.241 0.350 0.000 0.007

AZeb\�RlZg�
gZy�dmjvy

fZc�hdly[jv
1997 0.040 0.060 0.020 0.010 0.240 0.010 0.040 0.000

AZeb\�RlZg�
gZy�dmjvy

Yg\Zjv
1998 0.010 0.040 0.010 0.000 0.987 0.210 0.000 0.000

AZeb\�RlZg�
gZy�dmjvy

fZc�hdly[jv
1998 0.320 0.090 0.070 0.050 0.040 0.000 0.000 0.000

<�mklv_
j��;_ehc

fZc�hdly[jv
1996 1.780 0.270 0.070 0.410 0.042 0.040 0.000 0.000

<�mklv_
j��;_ehc

fZc�k_gly[jv
1998 0.080 0.010 0.010 0.010 0.030 0.400 0.000 0.001

K_\_jguc
[_j_]��[ZaZ�

fZc�hdly[jv
1994 0.360 0.005 0.030 0.460 0.220 0.330 0.000 0.004

K_\_jguc
[_j_]��[ZaZ�

Yg\Zjv
1995 0.060 0.020 0.010 0.000 0.352 0.000 0.000 0.000

K_\_jguc
[_j_]��[ZaZ�

fZc�hdly[jv
1995 0.010 0.230 0.070 0.440 0.120 0.360 0.000 0.000

K_\_jguc
[_j_]��[ZaZ�

fZc�hdly[jv
1996 0.020 0.054 0.000 0.000 0.024 0.004 0.000 0.000

K_\_jguc
[_j_]��[ZaZ�

fZc�hdly[jv
1998 0.070 0.005 0.080 0.000 0.030 0.310 0.000 0.000

AZeb\
Abfgbd

Yg\Zjv
1995 0.070 0.020 0.001 0.000 0.002 0.260 0.000 0.000

AZeb\
Abfgbd

Yg\Zjv
1997 0.022 0.006 0.001 0.000 0.246 0.330 0.003 0.002

AZeb\
Abfgbd

Yg\Zjv
1998 0.060 0.067 0.020 0.000 0.731 0.000 0.025 0.000

AZeb\
Ijhoh^gZy

fZc�k_gly[jv
1996 0.080 0.040 0.260 0.000 0.070 0.006 0.000 0.000

AZeb\
Ijhoh^gZy

fZc�hdly[jv
1997 0.090 0.170 0.014 0.000 0.005 0.460 0.030 0.000

AZeb\
Ijhoh^gZy

fZc�hdly[jv
1998 0.070 0.050 0.020 0.000 0.003 0.003 0.000 0.000

ha��F��Fb-
Zkkh\h

fZc�hdly[jv
1998 0.060 0.004 0.032 0.003 0.341 0.000 0.000 0.000



��

Ojhf. Ojhf� y\ey_lky� aZ]jyagyxsbf� we_f_glhf� ijbjh^-
guo�\h^�b��gZjy^m�k�^jm]bfb�ly`_eufb�f_lZeeZfb��fh`_l�[ulv

ijbqbghc�m]g_l_gby�`bag_gguo�nmgdpbc�hj]Zgbafh\�b�kgb`_gby

[bhijh^mdlb\ghklb� \h^h_fZ�� KqblZ_lky�� qlh� hkh[mx� hiZkghklv

\uau\Zxl� kh_^bg_gby� ojhfZ� 9,�� h[eZ^Zxsb_� dZgp_jh]_ggufb

k\hckl\Zfb��Khklhygb_�f_lZeeZ� bf__l� kms_kl\_ggh_� agZq_gb_� \

hlghr_gbb� _]h� fb]jZpbhgghc� ih^\b`ghklb�� gZdhie_gby� b� jZk-
ij_^_e_gby�kj_^b�gZb[he__�\Z`guo�dhfihg_glh\�\h^guo� wdhkb-
kl_f� �\h^Z�� ^hggu_� hleh`_gby�� [bhlZ��� GZ� ih\_joghklb� a_feb

ij_h[eZ^Zxl� keZ[h� jZkl\hj_ggu_� lj_o\Ze_glgu_� kh_^bg_gby

ojhfZ�� <� \ukhdhhdbkebl_evguo� mkeh\byo�� \� hkgh\ghf� e_lhf�

\hafh`gh�hdbke_gb_�lj_o\Ze_glgh]h�ojhfZ�^h�r_klb\Ze_glgh]h�k

h[jZah\Zgb_f� jZkl\hjbfuo� ojhfZlh\�� Ojhf� hlghkblky� d� fZeh-
ih^\b`guf�we_f_glZf��<�s_ehqghc�kj_^_�ha_jghc�\h^u�hg�i_j_-
oh^bl� \� jZkl\hj� \�nhjf_� ojhfZlh\��S_ehqgu_� kheb� �1D2Cr2O7)
ohjhrh�jZkl\hjbfu�\�\h^_��<�ij_kguo� ]b^jhdZj[hgZlguo�mkeh-
\byo�dhgp_gljZpby�_]h�baf_gy_lky�hl��������^h�����f]�e��I>D�ih

KZgIbG�����������^ey�ojhfZ�h[s_]h�±�����f]�e���Kj_^g__�kh^_j-
`Zgb_�ojhfZ�\�\h^_�;��FbZkkh\h������f]�e� Ih�Zd\Zlhjbb�wlhl�we_-
f_gl�jZkijhkljZg_g�ih\k_f_klgh��GZ�jbk�� ���hlf_qZ_lky�g_[hev-
rh_�mf_gvr_gb_�dhebq_kl\Z�we_f_glZ��gZqbgZy�k������]h^Z�

FZj]Zg_p��Keh`gh_� ]_heh]bq_kdh_�kljh_gb_�[_j_]h\�b�^gZ

ha_jZ� ij_^iheZ]Z_l� gZoh`^_gb_� wlh]h� we_f_glZ� \� \h^_� b� ^hgguo

hkZ^dZo�� Ghkbl_eyfb� fZj]ZgpZ� y\eyxlky� jZaebqgu_� ibjhdk_gu�

Zfnb[heu��kmevnb^u�b�^j��KmevnZl�fZj]ZgpZ�ohjhrh�jZkl\hjbf�

hkh[_ggh�e_lhf������]�e�ijb�l_fi_jZlmj_��� °K���<�fb]jZpbb�fZj-
]ZgpZ� [hevrh_� agZq_gb_� bf_xl� fbdjhhj]Zgbafu�� <� ijbjh^guo

\h^Zo� fZj]Zg_p� fb]jbjm_l� \� ^\mo\Ze_glghc� nhjf_�� \uiZ^_gb_

]b^jhhdbkb�ijhbkoh^bl�\�s_ehqghc�\h^_��Ijb�[he__�\ukhdbo�\Z-
e_glghklyo�fZj]Zg_p�fh`_l�i_j_ghkblvky�\�nhjf_�dheehb^h\��<u-
ghk�fZj]ZgpZ� \�bhgghc�nhjf_� \hafh`_g�b� k� ]b^jhdZj[hgZlgufb

bhgZfb��<�ij_kguo�]b^jhdZj[hgZlguo�\h^Zo�ha_j�MjZeZ�kh^_j`Z-
gb_� dhe_[e_lky� \� ij_^_eZo� �����±���� f]�e� �I>D� ih� KZgIbG��

�������� khklZ\ey_l� ����f]�e���Kj_^g__�dhebq_kl\h� wlh]h� we_f_glZ

khklZ\ey_l������f]�e��<�\h^Zo�ha_jZ�kh^_j`Zgb_�fZj]ZgpZ�g_�ij_-
\urZ_l�I>D��<�e_lg__�\j_fy� �\�l_q_gb_�g_kdhevdbo�e_l�\�ijh[Zo

hl[bjZ_fuo�ba�jmqv_\�kl_dZxsbo�\�ha_jh��fZj]ZgpZ�h[gZjm`b\Z_lky

hl� ����±����f]�e� � � �\hklhqgh_� � �ih[_j_`v_� �ha_jZ���Z�\�kZfhf�ha_j_

dhebq_kl\h� wlh]h� we_f_glZ�g_�ij_\urZ_l� ����f]�e��Ih� Zd\Zlhjbb

fZj]Zg_p�jZkijhkljZg_g�ih\k_f_klgh��Ih�gZ[ex^_gbyf�ihke_^gbo

q_luj_o� e_l�� dhebq_kl\h� fZj]ZgpZ� m\_ebqb\Z_lky�� gZqbgZy� k� ����

]h^Z��kf��jbk�����.
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Jbk�� ����Kj_^g_]h^h\u_� dhgp_gljZpbb� fbdjhwe_f_glh\� \� \h^Zo

ha��;��FbZkkh\h�

FZj]Zgp_\u_� dhgdj_pbb�� FZj]Zgp_\u_� dhgdj_pbb� [ueb

h[gZjm`_gu��Dhjgbeh\��<_j_l_ggbdh\Z��������gZ�iehsZ^b�jZa\b-
lby�^j_k\ygbkluo�i_kdh\� \�ij_^_eZo� ]hevph\�b�� lhevdh� \�h^ghf

kemqZ_��fuk�KljZrghc���±�gZ�i_kqZghc�hlf_eb�\�����f�hl�[_j_]Z

�kf��jbk������FZdkbfZevgZy�bo�dhgp_gljZpby�ijbmjhq_gZ�d�©dhg-
lZdlmª� i_kdh\� b� kZijhi_e_c�� Ihkdhevdm� hijh[h\Zgb_� ijh\h^b-
ehkv� ^hgghc� ljm[dhc�� fZdkbfZevguc� jZaf_j� ba\e_q_gguo� dhg-
dj_pbc�khklZ\ey_l����ff��Dhgdj_pbb�ij_^klZ\eyxl�kh[hc�hdjm]-
e_ggh�[m]jbklu_� h[jZah\Zgby�� ihjbklu_�� ojmidb_� �e_]dh� jZklb-
jZxlky� iZevpZfb� \� m]hevgh�q_jguc� ihjhrhd��� Dhebq_kl\_ggh_

jZkij_^_e_gb_�dhgdj_pbc�ih�iehsZ^b�g_ba\_klgh��gh��ihkdhevdm

^Z`_�ijb�i_j\bqghc�j_^dhc�k_lb�hijh[h\Zgby��hgb�[ueb�ih^gylu

^hgghc� ljm[dhc��fh`gh� ij_^iheZ]Zlv� bo� agZqbl_evgh_� iehsZ^-
gh_�jZkijhkljZg_gb_�b�[hevrmx�iehlghklv�aZe_]Zgby�gZ�^g_��Ih

dhglmjm�]hevpZ��jZkiheh`_ggh]h�����f�d�k_\_jh�\hklhdm�hl�fukZ
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KljZrgh]h��[ueh�ijh\_^_gh�hijh[h\Zgb_�ih�k_lb���×10 f��IjZd-
lbq_kdb�\�dZ`^hc�\lhjhc�lhqd_�ljm[dZ�ih^gbfZeZkv�k�kZ`bklufb

ijbfZadZfb�� Z� ba� ^\mo� kd\Z`bg� [ueb� ih^gylu� dhgdj_pbb�� >ey

ijh\_^_gby� ^_lZevguo� bkke_^h\Zgbc� g_h[oh^bfu� \h^heZagu_

jZ[hlu�

J_gl]_gh]jZffu�fZl_jbZeZ�dhgdj_pbc�khhl\_lkl\mxl�\_j-
gZ^blm��ZgZeba�\uiheg_g�gZ�dZn_^j_�djbklZeeh]jZnbb�KZgdl�I_�

l_j[mj]kdh]h� ]hkmgb\_jkbl_lZ� L��:��K_f_gh\hc��� Bkke_^h\Zgby

kljmdlmju�dhgdj_pbc�gZ�jZkljh\hf�fbdjhkdhi_�ihdZaZeb��qlh�hgb

bf_xl�[Zdl_jbhfhjngmx�kljmdlmjm� �jbk�� �����ZgZeh]bqgmx�lhc�

qlh�gZ[ex^Z_lky�dZd�\�hd_Zgbq_kdbo��jbk�������;Zlmjbg���������lZd

b�\�ij_kgh\h^guo� �>m[bgbgZ��>_jx]bgZ��������fZj]Zgp_\uo�dhg-
dj_pbyo��Wlb�gZoh^db�ij_^klZ\eyxl�bgl_j_k�ih�p_ehfm�jy^m�ijb-
qbg�

<h�i_j\uo�� wlh� i_j\u_� fZj]Zgp_\u_� dhgdj_pbb�� h[gZjm-
`_ggu_�\�ij_kgh\h^ghf�ha_j_�gZ�MjZe_��b�\k_]h�lj_lvy�gZoh^dZ�\

Jhkkbb� �>m[bgbgZ��>_jx]bgZ�� ������Dmj^bg�� �������Djhf_� lh]h�

hibkZgu�`_e_ah�fZj]Zgp_\u_�dhgdj_pbb�\�h^ghf�ba�ha_j�K_\_j-
ghc�;_ehjmkkbb� �@heg_jh\bq�� �������<h�\lhjuo��\gh\v�ih^l\_j-
`^Z_lky� [bh]_gguc� oZjZdl_j� fZj]Zgp_\uo� dhgdj_pbc� �;Zlmjbg�

�������<�lj_lvbo��a^_kv�hkh[_ggh�hkljh�klZ\blky�\hijhk�h[�bklhq-
gbd_� fZj]ZgpZ� \� ^hgguo� hkZ^dZo��Ih� bf_xsbfky ]b^jhobfbq_-
kdbf

Jbk�� ���� ;Zdl_jbhfhjngZy� kljmd-
lmjZ� ih\_joghklb� fZj]Zgp_\hc� dhgdj_-
pbb�ha��;� FbZkkh\h��KljZrghc�fuk��

Kt_fdZ� \uiheg_gZ� <� :� Dhleyjh\uf
gZ�ijb[hj_�JWFF:���

Jbk�� ���� ;Zdl_jbhfhjngu_

kljmdlmju� ih\_joghklb�`_e_ah�fZj]Zg�

p_\hc� dhgdj_pbb� jZ^bheyjb_\hc� ahgu

Lboh]h�hd_ZgZ�
M\_e��������;Zlmjbg��������lZ[e��V)
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^Zgguf�� ijb� h[s_c�fbg_jZebaZpbb� \h^u� ha_jZ� ���� ]�e�� kj_^g__

kh^_j`Zgb_�0Q�khklZ\ey_l������f]�e��Hlf_qZxlky�ehdZevgu_�ij_-
\ur_gby� wlbo� dhgp_gljZpbc��Gyr_\kdZy� dmjvy� �fZc�hdly[jv� ����

]h^Z��±�����f]�e��MadZy�dmjvy��fZc�hdly[jv������]h^Z��±������f]�e�

RlZggZy�dmjvy��fZc�hdly[jv�������±������f]�e��LZdb_�dhgp_gljZ�

pbb� fZj]ZgpZ� iheghklvx� bkdexqZxl� \hafh`ghklv� obfbq_kdh]h

hkZ`^_gby� _]h�ba� \h^u��<� lh�`_� \j_fy�� kh^_j`Zgby�fZj]ZgpZ� \

\ha^mrgh�kmohf�kZijhi_e_�^hklb]Zxl����±��� × 10-2 ���Kh^_j`Z-
gb_�`_e_aZ� ijZdlbq_kdb� gZ� ihjy^hd� [hevr_��Dhgp_gljbjh\Zgb_

fZj]ZgpZ�b�`_e_aZ�\�kZijhi_eyo�h[tykgy_lky�l_f��qlh�bkoh^gmx

hkgh\m�^ey�gbo� khklZ\eyxl�fbdjh\h^hjhkeb� �^bZlhfh\u_�� kbg_-
a_e_gu_� b� ^j���� Z� nhlhkbgl_a� g_\hafh`_g� [_a� wlbo� we_f_glh\

�Mbevyfk�� ������KZml��Mbllbd�� ������� g_\hafh`_g� [_a�fZj]ZgpZ

b�nhknZlguc�pbde��Ovxa��������

FZkrlZ[u� Zddmfmeypbb�0Q�[ueb�ijh^_fhgkljbjh\Zgu� \

jZ[hl_�F��E��Obljh\Z�b�X��;��Ohebghc���������<�wdki_jbf_glZo�k

fhjkdhc�\h^hc��kh^_j`Zs_c�jZ^bhbahlhi�0Q54��dmevlb\bjh\Zeky

lhlZevguc� ieZgdlhg�� Ijhbkoh^beh� [ukljh_� ih]ehs_gb_� 0Q54,
ijb�dhwnnbpb_gl_�gZdhie_gby���3��b�ijhqgh_�m^_j`Zgb_�fZj]Zg-
pZ�]b^jh[bhglZfb�

LZdbf�h[jZahf��ihemqZ_l�h[tykg_gb_�b�bklhqgbd�fZj]ZgpZ

�kZijhi_eb��b�mkeh\by�ehdZebaZpbb�dhgdj_pbc��dhglZdl�kZijhi_-
e_c�k�ohjhrh�Zwjbjm_fhc�ahghc�^gZ�\h^h_fZ��gZ�]hevpZo�b�\�ijb-
[j_`ghc�ahg_��ijhfu\Z_fuo�\_ljh\ufb�l_q_gbyfb��]^_�ijhbkoh-
^bl�Zdlb\gh_�jZaeh`_gb_�hj]Zgbdb�b�\uk\h[h`^_gb_�fZj]ZgpZ��

?s_�h^gbf�ih^l\_j`^_gb_f�[Zdl_jbZevgh]h�ijhbkoh`^_-
gby� dhgdj_pbc� kem`bl� bo� \_jgZ^blh\uc� khklZ\�� Ih� ^Zgguf

=��G��Eukxd� ��������h[jZah\Zgb_�\_jgZ^blZ�\hafh`gh�ebrv�ijb

[ukljhf� hdbke_gbb� 0Q2+� ^h� 0Q4+�� Ke_^h\Zl_evgh�� Z[bh]_ggh_

hdbke_gb_� jZkl\hj_gguf� \� \h^_� dbkehjh^hf�� dhlhjh_�ijhl_dZ_l

hq_gv�f_^e_ggh��g_�ijb\h^bl�d�h[jZah\Zgbx�\_jgZ^blZ��?]h�\u-
^_e_gb_� klZgh\blky� \hafh`guf� ebrv� \� j_amevlZl_� dZlZeblbq_-
kdh]h� hdbke_gby� 0Q2+� ^h� 0Q4+� [Zdl_jbyfb�� Ihl_gpbZevgufb

©kljhbl_eyfbª� fZj]Zgp_\uo� dhgdj_pbc� fh]ml� hdZaZlvky� fbdjh-
\h^hjhkeb��J��KZml�b�:��Mbllbd��������hibkZeb�w\]e_gh\mx�\h^h-
jhkev�jh^Z�7UDFKHORPRQZV��h[jZamxsmx�iZgpbjv��kh^_j`Zsbc�^h

60��� fZj]ZgpZ�� J_rblv� hdhgqZl_evguc� \hijhk�� dlh� ijbgbfZ_l

mqZklb_� \� h[jZah\Zgbb� dhgdj_pbc�� \hafh`gh� lhevdh� ihke_� ^_-
lZevguo�fbdjhkdhibq_kdbo�bkke_^h\Zgbc�

Fu� ih^q_jdgmlh� ]h\hjbf� h�fZj]Zgp_\uo�� Z� g_� h�`_e_ah�

fZj]Zgp_\uo� dhgdj_pbyo�� lZd� dZd� lhevdh� \� h^ghc� ba� gbo� [ueZ
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h[gZjm`_gZ�ebgahqdZ�jZaf_jhf� ��� ×���ff�� keh`_ggZy�hdbkeZfb
`_e_aZ�

Bkoh^y� ba� ihemq_gguo� gZfb� ^Zgguo�� \hagbdZ_l� ZgZeh]by

f_`^m�ha_jgufb�b�hd_Zgbq_kdbfb�dhgdj_pbyfb��<iheg_�\_jhyl-
gh��qlh�hkgh\guf�bklhqgbdhf�fZj]ZgpZ�^ey�nhjfbjh\Zgby�hd_Z-
gbq_kdbo� dhgdj_pbc� y\eyxlky� lZd`_� i_j\bqgu_� ijh^mp_glu

�ieZgdlhggu_�\h^hjhkeb���dhlhju_��ijhc^y�ih�ibs_\uf�p_iyf�b

ihl_jy\�agZqbl_evgmx�qZklv�hj]Zgbdb��\�\b^_�i_ee_l�hk_^Zxl�gZ

^gh�� ]^_� hdhgqZl_evgh� jZaeZ]Zxlky� [Zdl_jbyfb� k�fh[bebaZpb_c

fZj]ZgpZ��Ih� ebl_jZlmjguf� ^Zgguf� �KZ\_gdh�� ������� \� khklZ\_

hkZ`^Zxs_]hky� gZ� ^gh� fZl_jbZeZ� kh^_j`Zgb_� Khj]�� khklZ\ey_l

3–5����b� kh^_j`Zgb_�fZj]ZgpZ� \�beh\uo� jZkl\hjZo� j_adh�ih\u-
r_gh�ih�hlghr_gbx� d�fhjkdhc� \h^_��>ey�ijhykg_gby� wlh]h� \h-
ijhkZ�g_h[oh^bfh�ijh\_^_gb_�^hihegbl_evguo�]b^jhobfbq_kdbo

bkke_^h\Zgbc� \� mqZkldZo� jZa\blby� fZj]Zgp_\uo� dhgdj_pbc�� gZ

©dhglZdl_ª�kZijhi_e_c�k�i_kqZgufb�hlf_eyfb�

F_^v.�<�ij_kguo� ]b^jhdZj[hgZlguo�\h^Zo�MjZeZ�dhgp_g-
ljZpby�f_^b�dhe_[e_lky�hl�������^h������f]�e��Kj_^g__�kh^_j`Z-
gb_� \� \h^Zo� ;��FbZkkh\h� ±� �����f]�e��<_kghc� dhebq_kl\h� wlh]h

we_f_glZ�\hajZklZ_l�hl� ����^h� ����f]�e��<�hkgh\ghf�[hevrh_�kh-
^_j`Zgb_� we_f_glZ� ihdZau\Zxl� eblhjZevgu_� ijh[u�� \� ijh[Zo�

\ayluo�\�p_glj_�ha_jZ��kj_^g__�dhebq_kl\h�we_f_glZ�g_�ij_\urZ-
_l� ����� f]�e� ^Z`_� \_kghc��FZdkbfZevgh_� kh^_j`Zgb_� f_^b� � ^h

������f]�e�[ueh�\������]h^m��<�hklZevgu_�]h^u�dhebq_kl\h�fbd-
jhwe_f_glZ�g_�ij_\urZeh������f]�e��I>D�ih�KZgIbG����������

^ey�f_^b�khklZ\ey_l������f]�e��Hlf_qZ_f�ij_\ur_gb_�I>D�we_-
f_glZ�\���jZaZ�

Pbgd��<�ijbjh^guo�\h^Zo�mjZevkdbo�ha_j�pbgd�\klj_qZ_l-
ky� j_^dh� b� h[gZjm`b\Z_lky� ebrv� \� ij_kguo� ]b^jhdZj[hgZlguo�

<�\h^_�ha_jZ�;��FbZkkh\h�hlf_q_g�\_kghc�±�hl�������^h�������f]�e�

<�kg_]h\uo�ijh[Zo� �\aylu�\������]���wlh]h�we_f_glZ�h[gZjm`_gh

����f]�e��Ih� Zd\Zlhjbb�pbgd�jZkijhkljZg_g�ih\k_f_klgh��KZfh_

[hevrh_�kh^_j`Zgb_�wlh]h�fbdjhwe_f_glZ�±�^h������f]�e�±�hlf_-
q_gh�\������]h^m��\�ihke_^mxsb_�]h^u�dhebq_kl\h�pbgdZ�mf_gv-
rZ_lky��I>D�ih�KZgIbG�����������^ey�pbgdZ�±������f]�e��

Kljhgpbc� <�koh`bo�mkeh\byo��\�ij_kguo�]b^jhdZj[hgZl-
guo�\h^Zo�ha_j�MjZeZ��kljhgpbc�bf__l�ih\k_f_klgh_�jZkijhkljZ-
g_gb_�b� \klj_qZ_lky� \� kh^_j`Zgbyo� hl� ������� ^h� �����f]�e��Wlh

\_kvfZ� Zdlb\guc� \� ]_hobfbq_kdhf� hlghr_gbb� we_f_gl�� \� \h^_

oZjZdl_jbam_lky� \ukhdhc�ih^\b`ghklvx��JZkl\hjbfhklv� _]h� [b-
dZj[hgZlZ� [hevr_�� q_f� jZkl\hjbfhklv� [bdZj[hgZlZ� dZevpby�

Kljhgpbc� hkZ`^Z_lky� \� \h^_� \f_kl_� k� dZj[hgZlZfb�� kmevnZlZfb
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b� oehjb^Zfb��Kljhgpbc� h[gZjm`_g�ijZdlbq_kdb� \h� \k_o�ijh[Zo

\� g_[hevrbo� dhebq_kl\Zo�� Kj_^g__� kh^_j`Zgb_� khklZ\ey_l

�����f]�e��<� g_dhlhjuo� kemqZyo� dhebq_kl\h� kljhgpby� ^hklb]Z_l

�����f]�e���I>D�ih�KZgIbG�����������^ey�kljhgpby�±�����f]�e��

<�abfgbo�ijh[Zo�kh^_j`Zgb_�g_kdhevdh�\ur_�e_lg_c�dhgp_gljZ-
pbb�we_f_glZ��<_jhylgh��kljhgpbc�bf__l�ijbjh^gh_�ijhbkoh`^_-
gb_��Zfnb[heu��kn_gu��ZiZlblu���<�p_glj_�ha_jZ�dhebq_kl\h�wlh-
]h� we_f_glZ� agZqbl_evgh� gb`_� kh^_j`Zgby� \� eblhjZevguo� ijh-
[Zo�� \_jhylgh�� wlh� h[tykgy_lky� hkZ`^_gb_f� we_f_glZ�� <� ha_j_

;hevrh_� FbZkkh\h� kh^_j`Zgb_� kljhgpby�� dZd� fbdjhwe_f_glZ

y\ey_lky�kZfuf�[hevrbf��H[tykg_gb_�wlhfm�fh`gh�gZclb�\�hib-
kZgbb�]_heh]bb�ha_jZ��lZd�dZd�kj_^g__�\Zeh\h_�dhebq_kl\h�kljhg-
pby�\�ihjh^Zo�keZ]Zxsbo�[_j_]Z�b�^gh�ha_jZ�khklZ\ey_l�hl���^h

����]�l��kf��]e�����

Nlhj�� � Ijb� kgb`_gbb� jG� b� mf_gvr_gbb� dhgp_gljZpbb

HKH3
–
, �qlh�ijb\h^bl�d�ih\ur_gbx�kh^_j`Zgby�KZ

2+���\_jhylgh�

ih^Z\ey_lky�fb]jZpbhggZy�kihkh[ghklv�nlhjb^�bhgh\�b��khhl\_l-
kl\_ggh��mf_gvrZ_lky�bo�dhgp_gljZpby�\�\h^_�^h�g_h[gZjm`_gby�

Ijh[u�gZ�nlhj�hl[bjZeb�k�ih\_joghklb�\�jZagh_�\j_fy�]h^Z��Dh-
ebq_kl\h�nlhjb^�bhgZ�hklZ\Zehkv�klZ[bevguf�±�g_�[he__������f]�e

�kf��lZ[e�������I>D�ih�KZgIbG�����������^ey�nlhjZ�±�����f]�e��

Ly`_eu_�f_lZeeu�\�]b^jh[bhglZo

>h� gZklhys_]h� \j_f_gb� g_� [ueh� gbdZdbo� k\_^_gbc�� dZ-
kZxsboky� kh^_j`Zgby� ly`_euo� b� ^jm]bo�f_lZeeh\� \� ]b^jh[bh-
glZo� ha��;��FbZkkh\h� b� ^jm]bo� ha_j� Bevf_gkdh]h� aZih\_^gbdZ�

P_ev� gZrbo� bkke_^h\Zgbc� khklhyeZ� \� mklZgh\e_gbb� [bhZddmfm-
eypbb�b�[bhdhgp_gljZpbb�ly`_euo�f_lZeeh\�\�hj]ZgZo�b�ldZgyo

\ukrbo� \h^guo� jZkl_gbc� b� ju[�� \uy\e_gbb� [bhbg^bdZlhjh\�

Ij_^ijbgylZ� ihiuldZ� ijhZgZebabjh\Zlv� dhebq_kl\_ggu_� \aZb-
fhhlghr_gby� f_lZeeh\�� gZdZieb\Z_fuo� \h^gufb� jZkl_gbyfb� b

ju[Zfb��Dhgljhev�kh^_j`Zgby�ly`_euo�f_lZeeh\�\�]b^jh[bhglZo

ij_^klZ\ey_lky�kms_kl\_gguf�b�i_jki_dlb\guf�

Ih�^Zgguf�h[eZklgh]h�dhfbl_lZ�wdheh]bb��;Zdmgbg�������

Gh\hk_eh\���������Q_ey[bgkdZy�h[eZklv�hlghkblky�d�qbkem�j_]bh-
gh\� kljZgu� k� gZb[he__� g_[eZ]hijbylgufb� wdheh]bq_kdbfb� kb-
lmZpbyfb��Hkgh\guf�nZdlhjhf�hkljhlu�wdheh]bq_kdhc�kblmZpbb

\�h[eZklb�hklZ_lky�\ukhdZy�dhgp_gljZpby�ijbjh^haZ]jyagyxsbo

b�ijbjh^hjZajmrZxsbo�ijhba\h^kl\��ij_h[eZ^Zgb_�lZdbo�wdheh-
]bq_kdb� hiZkguo� hljZke_c�� dZd� q_jgZy� b� p\_lgZy� f_lZeemj]by�

obfbq_kdZy�b�]hjgh^h[u\ZxsZy�ijhfure_gghklv��fZrbghkljh�
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_gb_�b�^j��AgZqbl_evgh�\hajhkeZ�kdhjhklv�kmdp_kkbhgguo�baf_g_�

gbc�ij_kgh\h^guo�wdhkbkl_f� �Wdheh]by�ha_jZ�����������<_ck[_j]�

������ DhjZ[e_\��������� ;hevrZy� qZklv� aZ]jyag_gbc� ihklmiZ_l� \

\h^h_fu�Bevf_gkdh]h�aZih\_^gbdZ�kh�klhqgufb�\h^Zfb��H^gZdh

ijbh[j_lZ_l� ZdlmZevghklv�b�ijh[e_fZ� aZ]jyag_gby� \h^h_fh\� \_-
s_kl\Zfb�� hkZ`^Zxsbfbky� ba� Zlfhkn_ju�� H^gbf� ba� ©p_gljh\

wdheh]bq_kdh]h� g_[eZ]hihemqbyª� ^ey� Bevf_gkdh]h� aZih\_^gbdZ

y\ey_lky�DZjZ[Zrkdbc�f_^_ieZ\bevguc�dhf[bgZl�±�fhsguc�bk-
lhqgbd� aZ]jyag_gby�hdjm`Zxs_c� kj_^u�hdbkeZfb� k_ju�b�jy^hf

ly`_euo�f_lZeeh\�� \�i_j\mx� hq_j_^v��f_^vx��pbgdhf��gbd_e_f�

k\bgphf��dZ^fb_f�b�^j��=� =��DhjZ[e_\��������ijh\_e�]_hobfbq_-
kdmx� hp_gdm� wdheh]bq_kdh]h� khklhygby� l_jjblhjbb� ]��FbZkkZ� b

_]h�hdj_klghkl_c��mklZgh\be�kbevgh_�aZ]jyag_gb_�ihq\u�\h^hjZk-
l\hjbfufb�gZb[he__�hiZkgufb�lhdkbqgufb�we_f_glZfb�gZ�\k_c

l_jjblhjbb� d� k_\_jm� hl� ha��LZldmev��Ihfbfh� ljZ^bpbhggh� lhd-
kbqguo� oZevdhnbevguo� we_f_glh\�� lZdbo� dZd� dZ^fbc�� dh[Zevl�

k\bg_p�� pbgd�� mklZgh\e_gu� \ukhdb_� dhgp_gljZpbb� we_f_glh\�

\klj_qZxsboky� h[uqgh� \� fZehjZkl\hjbfuo� nZaZo� ±� `_e_ah� b

Zexfbgbc��Ih�mjh\gx�ij_\ur_gby�I>D�we_f_glh\�ih\_joghkl-
guo�\h^�k_\_jghc�qZklb� aZih\_^gbdZ� ]_hobfbq_kdbc�khklZ\�ke_-
^mxsbc�� `_e_ah� ±� �±���I>D�� dZ^fbc –����±����I>D�� k\bg_p� ±
����I>D��dh[Zevl – ����I>D��pbgd –�����I>D��DhjZ[e_\��������

<g_k_gb_� aZ]jyagyxsbo� we_f_glh\� \� wdhkbkl_fu� ha_j

aZih\_^gbdZ� \_^_l� ij_`^_� \k_]h� d� ij_\ur_gbx� _kl_kl\_gguo

nhgh\uo�mjh\g_c�kh^_j`Zgby�wlbo�\_s_kl\�\�jZaebqguo�dhfih-
g_glZo�wdhkbkl_fu��Wlh�\uau\Z_l�[hevrhc�bgl_j_k�d�bamq_gbx

kh^_j`Zgby� b� gZdhie_gby� ly`_euo� f_lZeeh\� \� ]b^jh[bhglZo�

ihkdhevdm� gZdhie_gb_� ly`_euo� f_lZeeh\� \� hj]ZgZo� b� ldZgyo

]b^jh[bhglh\�fh`_l�hdZaZlvky�[he__�qm\kl\bl_evguf�ihdZaZl_-
e_f�Zgljhih]_ggh]h�\ha^_ckl\by��q_f�^jm]b_�nmgdpbhgZevgu_�b

kljmdlmjgu_�iZjZf_lju�\h^ghc� wdhkbkl_fu� �[bhfZkkZ��qbke_g-
ghklv�b�l��^����Kh]eZkgh�deZkkbnbdZpbb�>`��<m^Z� �Wood, 1974),
d� hq_gv� lhdkbqguf� hlg_k_gu� lZdb_� obfbq_kdb_� we_f_glu�� dZd

<_��&R��1L��&X��=Q��6Q��$V��6H��7H��5E��$J��&G��$X��+J��3E��6E��%�

3W��Kj_^b�ihke_^gbo�ijbhjbl_lgufb�aZ]jyagbl_eyfb�kqblZxlky

+J��3E��&G��$V��=Q��]eZ\guf�h[jZahf�ihlhfm��qlh�l_ogh]_ggh_�bo

gZdhie_gb_�\�hdjm`Zxs_c�kj_^_�b^_l�\ukhdbfb�l_fiZfb��Bev-
bg� 1991).

K\h[h^gu_� g_aZdhfie_dkh\Zggu_� bhgu� ly`_euo�f_lZeeh\

ijb�hij_^_e_gguo�dhgp_gljZpbyo�\�[hevrbgkl\_�kemqZ_\�lhdkbq-
gu� ^ey� ]b^jh[bhglh\�� \� lh� \j_fy� dZd� bhgu�� k\yaZggu_� \� dhf-
ie_dkgu_�kh_^bg_gby��hkh[_ggh�k�hj]Zgbq_kdbfb�\_s_kl\Zfb�_k-
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l_kl\_ggh]h�ijhbkoh`^_gby �]mfmkh\u_��[_edh\hih^h[gu_�kh_^b-
g_gby�b�ijh^mdlu�bo�[bheh]bq_kdhc�^_kljmdpbb��^Z`_�ijb�\ukh-
dbo� dhgp_gljZpbyo� g_� h[eZ^Zxl� lhdkbqgufb� k\hckl\Zfb�� aZ� bk-
dexq_gb_f�kh_^bg_gbc�jlmlb�b��\hafh`gh��g_dhlhjuo�^jm]bo�f_-
lZeeh\��Ebggbd��GZ[b\Zg_p��������

FZl_jbZeu�b�f_lh^bdZ

H[jZapu� \h^guo� jZkl_gbc� kh[bjZebkv�ba� qbkeZ� ^hfbgZg-
lh\�nblhp_ghah\� �kf�� ]e�� ����Bkihevah\ZeZkv�f_lh^bdZ�� jZajZ[h-
lZggZy�<GBB�fbg_jZevgh]h�kujvy�bf��N_^hjh\kdh]h�ih�hij_^_-
e_gbx� f_lZeeh\� \� jZkl_gbyo�� Zll_klh\ZggZy� \� khhl\_lkl\bb� k

=HKL���������������F_lh^�hkgh\Zg�gZ�^_kljmdpbb�hj]Zgbq_kdhc

hkgh\u� jZkl_gbc� kihkh[hf� kmohc� l_jfbq_kdhc� fbg_jZebaZpbb

ijb� dhgljhebjm_fhf� l_fi_jZlmjghf� j_`bf_� b� ihke_^mxs_f

jZkl\hj_gbb�fbg_jZebaZlZ�\�dbkehlZo��Zahlghc��kheyghc�b�nlhjb-
klhc��Kj_^gyy�ijh[Z�jZkl_gbc�^ey�ZgZebaZ�khklZ\eyeZkv�ba�hj]Z-
gh\� jZkl_gbc�� kh[jZgguo� k� g_kdhevdbo� hkh[_c� hij_^_e_ggh]h

\b^Z�\�^Zgghf�wdhlhi_��Ijh[u�hqbsZebkv��\ukmrb\Zebkv�gZ�\ha-
^mo_�b�baf_evqZebkv��Ijh[u�bkke_^h\Zebkv�\�Bgklblml_�fbg_jZ-
eh]bb� MjH� J:G� gZ� Zlhfgh�Z[khj[pbhgghf� ki_dljhnhlhf_lj_

obfbdhf�ZgZeblbdhf�FZeyj_ghd�F��G��ih^�h[sbf�jmdh\h^kl\hf

d�]��f�g��M^ZqbgZ�<��G�

H[eh\u� ju[� ijh\h^beb� k_lyfb� k� jZaghjZaf_jghc� yq__c�

�����������������ff��Ba�meh\Z�^ey�ZgZebaZ�hl[bjZeb��±���wda��h^-
ghjZaf_jguo�ju[��Hleh\e_ggmx�ju[m������wda���ihke_�hij_^_e_-
gby�^ebgu��fZkku�b�\hajZklZ�mdeZ^u\Zeb�\�ihebwlbe_gh\u_�iZd_-
lu��aZfhjZ`b\Zeb�b�hlijZ\eyeb�\�eZ[hjZlhjbx��]^_�ij_iZjbjh\Z-
eb��Kh^_j`Zgb_�ly`_euo�f_lZeeh\�hij_^_eyeb�\�hj]ZgZo�b�ldZgyo

kb]Z��smdb��hdmgy��e_sZ��iehl\u��_jrZ��ebgy��Hlh[jZggu_�h[jZa-
pu�ldZg_c�b�hj]Zgh\�\ukmrb\Zeb�ijb�l_fi_jZlmj_����� �ºC�b�aZ-
iZb\Zeb�\�ihebwlbe_g�^ey�ojZg_gby��GZ\_kdb�kmohc�ijh[u����±���

]� haheyebkv� kf_kvx� dbkehl� +123
–� b� +&O24

–� ijb� l_fi_jZlmj_

240 °&�� Ihemq_ggu_� jZkl\hju� ih^e_`Zeb� ZgZebam� \� Bgklblml_
fbg_jZeh]bb�gZ�Zlhfgh�Z[khj[pbhgghf�ki_dljhnhlhf_lj_�2SWRQ

)0'����obfbd�ZgZeblbd�FZeyj_ghd�F��G����Dhgp_gljZpby�f_lZe-
eZ�i_j_kqblu\ZeZkv�gZ� kmomx�fZkkm� ldZgb� �Ehk_\Z�b�^j��� ������

IjZ\bevghklv�ijh\h^bfuo�ZgZebah\�ijh\_j_gZ�gZ�]hkm^Zjkl\_g-
guo�klZg^Zjlguo�h[jZapZo�
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GZdhie_gb_�b�jZkij_^_e_gb_�ly`_euo�f_lZeeh\

\ hj]ZgZo�\h^guo�jZkl_gbc

<ukrb_� \h^gu_� jZkl_gby� �fZdjhnblu�� h[eZ^Zxl� ijh^md-
pbhgguf�ihl_gpbZehf�b�kihkh[ghklvx�Zdlb\gh�gZdZieb\Zlv�ly-
`_eu_�f_lZeeu��Zkkbfbebjh\Zlv�fbdjhwe_f_glu�ba�\h^u�b�^hg-
guo�hleh`_gbc��Bevbg���������JZ[hlu�ih�bkke_^h\Zgbx�ly`_euo

f_lZeeh\� \� \h^guo� jZkl_gbyo� ha�� ;��FbZkkh\h� jZg__� gbd_f� g_

ijh\h^bebkv�� I_j\bqgu_� j_amevlZlu�� ihemq_ggu_� gZfb� aZ

����±�����]]��mdZau\Zxl�gZ�g_h[oh^bfhklv�lZdbo�bkke_^h\Zgbc�

J_amevlZlu�gZrbo�bkke_^h\Zgbc�hljZ`_gu�\�lZ[e�� ����;bhobfb-
q_kdhfm� ZgZebam� [ueb�ih^\_j]gmlu� \hk_fv� \b^h\� jZkl_gbc�� ^h-
[uluo� k� ��o� klZgpbc�� ^\_� ba� dhlhjuo� jZkiheh`_gu� \� k_\_jghc

qZklb�ha_jZ��ih�h^ghc�±�\�x`ghc�b�aZiZ^ghc�

M�\k_o�mdZaZgguo�\b^h\�jZkl_gbc�[ueb�h[gZjm`_gu�ly`_-
eu_�f_lZeeu��lZ[e�������Hlf_q_gh�ih\ur_ggh_�kh^_j`Zgb_�gbd_-
ey�\�dhjgyo�mjmlb�dhehkbklhc�±�����f]�d]��weh^__�dZgZ^kdhc��kl_-
[_ev�� ebklvy�� ±� ���� f]�d]� kmohc� fZkku�� M� lj_o� \b^h\� jZkl_gbc

�j^_kl� [e_klysbc�� ]j_qboZ� a_fgh\h^gZy�� weh^_y� dZgZ^kdZy��� ^h-
[uluo�k�^\mo�klZgpbc�k_\_jghc�qZklb�aZih\_^gbdZ��hlf_q_gh�ih-
\ur_ggh_�kh^_j`Zgb_�ojhfZ�±�hl�����^h������f]�d]�kmohc�fZkku�

DZd�hlf_qZ_l�D��G��EmdZr_\� ��������\h�fgh]bo�jZchgZo�MjZeZ��\

Gh\hc�DZe_^hgbb��\�Bg^bb�ba\_klgZ�hkh[Zy�©k_ji_glbgh\Zy�neh-
jZª�� kh^_j`ZsZy� ih\ur_ggh_� dhebq_kl\h� ojhfZ��Wlh� ahgZ� jm^-
guo�f_klhjh`^_gbc��DZd�hlf_qZ_l�E��<��Kgblvdh� ��������gZdhi-
e_gb_�ly`_euo�f_lZeeh\�\�aeZdh\hf�ljZ\hklh_�gZ�k_ji_glbgblZo

Bevf_gkdh]h�aZih\_^gbdZ�ih\ur_ggh_��gZ� �±��ihjy^dZ� ±�kh^_j-
`Zgby�gbd_ey��gZ�h^bg�ihjy^hd�±�ojhfZ��<b^u�jZkl_gbc��^hfbgb-
jmxsb_�\�nblhp_ghaZo�gZ�k_ji_glbgblZo��kh^_j`Zl�[hevrb_�dh-
ebq_kl\Z� gbd_ey� b� ojhfZ�� ijb� wlhf� g_� gZdZieb\Zy� lhdkbq_kdbo

^ey�k\h_]h�jZa\blby�^ha��Ojhf�ij_^klZ\ey_l�kh[hc�\Z`guc�fbd-
jhwe_f_gl�\�khklZ\_�`b\h]h�\_s_kl\Z��Kh^_j`Zgb_�_]h�\�jZkl_gb-
yo��EmdZr_\���������^hklb]Z_l��Â��-4 ���JZaebqgu_�\b^u�jZkl_gbc

�DZrbg�� B\Zgh\�� ������ h[eZ^Zxl� k_e_dlb\ghc� kihkh[ghklvx� d

gZdhie_gbx�k\bgpZ�^Z`_�ijb�ijhbajZklZgbb�\�h^bgZdh\uo�mkeh-
\byo��GZfb� [ueb� \u^_e_gu� jZkl_gby� lj_o� ]jmii�� ih\ur_ggh]h

kh^_j`Z-
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GZdhie_gb_�ly`_euo�f_lZeeh\�\�hj]ZgZo�\h^guo�jZkl_gbc�ha��;��FbZkkh\h��f]�d]�kmoh]h�\_s_kl\Z

GZa\Zgb_�hj]ZgZ
jZkl_gby

F_klh�hl[hjZ
�klZgpby�

Qbkeh��f_-
kyp��]h^

Ni Cu Fe Zn Mn Pb Cd Cr

Mjmlv�dhehkbklZy

Dhj_gv Abfgbd 2.08.99 8.88 16.13 137.5 92.5 275.0 15.13 0.4 –
Kl_[_ev 1.5 3.5 132.5 30 368 0.55 0.35 –
Ebklvy 1.38 3.50 71.13 73.75 185.0 0.55 0.35 –

Ljhklgbd�h[udgh\_gguc

Dhj_gv Gyr_\dZ 02.08.99 2.0 10.0 180.6 52.78 125.0 0.95 0.35 –
Kl_[_ev 0.18 91.6 41.6 22.5 93.0 0.55 0.35 –
Ebklvy 4.44 2.25 146.3 32.5 100.0 0.55 0.35 –
Dhehkvy 0.18 3.6 169 35.6 95.0 0.9 0.55 –

DZfur�ha_jguc

Kl_[_ev Gyr_\dZ 02.08.99 0.18 2.38 108.8 21.25 305.0 0.56 0.36 –
Khp\_lb_ 0.18 3.80 120.8 50 325.3 1.2 0.7 –

Jh]ha�rbjhdhebklguc

Dhj_gv Gyr_\dZ 02.08.99 1.13 3.25 123.8 28.75 23.0 0.95 0.35 –
Kl_[_ev 0.18 2.7 80.3 14.38 13.63 0.55 0.35 –
Ebklvy 0.18 3.13 95.0 17.13 40 0.55 0.35 –
=_g_jZlb\gu_
hj]Zgu

Gyr_\dZ 0.18 3.21 92.0 48.21 29.29 0.85 0.45 –
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GZa\Zgb_�hj]ZgZ
jZkl_gby

F_klh�hl[hjZ
�klZgpby�

Qbkeh��f_-
kyp��]h^

Ni Cu Fe Zn Mn Pb Cd Cr

Dm[urdZ�`_elZy

Kl_[_ev Abfgbd 02.08.99 0.18 4.5 121.3 25.0 90.0 1.38 0.35 –
Kl_[_ev Gyr_\dZ 0.18 1.63 119.8 18.75 108.8 0.6 0.35 –
Ebkl Abfgbd 1.5 4 111.3 35 86.25 3.08 0.35 –
Ebkl Gyr_\dZ 0.18 3.38 98.8 27.75 153.8 1.88 0.35 –
Khp\_lb_ Abfgbd 0.18 5.33 69.5 35.0 83.33 1.75 0.45 –
Khp\_lb_ Gyr_\dZ 0.18 3.25 55.5 27.75 112.5 0.98 0.7 –

J^_kl�[e_klysbc

Kl_[_ev DhjZ[ebd 25.10.99 1.21 4.74 160.71 30.36 181.1 1.21 0.19 14.5
Ebklvy 1.4 4.8 170.0 36.4 197.5 1.5 0.3 12.0
=_g_jZlb\gu_
hj]Zgu

DhjZ[ebd 2.35 6.19 187.6 57.35 193.53 1.79 0.39 10.29

=j_qboZ�a_fgh\h^gZy

Dhj_gv 25.10.99 0.49 6.8 225.0 36.0 230.0 2.49 0.39 15.6
Kl_[_ev DhjZ[ebd 0.39 5 145 15.0 100.1 0.83 0.20 15.03
Ebklvy 1.17 5.82 168.2 19.17 121.7 2.08 0.27 8.66

Weh^_y�dZgZ^kdZy

<_]_lZlb\gZy
fZkkZ

Abfgbd 25.10.99 3.4 6.4 195.0 64.0 175.0 12.8 0.3 13.1
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gby�k\bgpZ�������±������f]�d]��±�mjmlv�dhehkbklZy��weh^_y�dZgZ^-
kdZy��� kj_^g_]h� �����±����� f]�d]�� ±� j^_kl� [e_klysbc�� ]j_qboZ

a_fgh\h^gZy�� dm[urdZ� `_elZy� b� ihgb`_ggh]h� kh^_j`Zgby

����±���� f]�d]� kmohc� fZkku�� ±� jh]ha� rbjhdhebklguc�� ljhklgbd

h[udgh\_gguc�� Ih\ur_ggh_� kh^_j`Zgb_� &X�� )H�� =Q�� 0Q� \� hl-
^_evguo�hj]ZgZo�\h^guo�jZkl_gbc�hlf_q_gh�[hevr_�^ey�k_\_jghc

qZklb�ha_jZ��bkdexq_gb_f�y\ey_lky�fZj]Zg_p��dhlhjuc�\�jZkl_gb-
yo�x`ghc� qZklb� ha_jZ� kh^_j`blky� \� \ukhdbo� ij_^_eZo� ���±���

f]�d]� kmohc� fZkku�� �lZ[e�� �����Ih� ^Zgguf� <��;��BevbgZ� �������

^bZiZahg�ghjfZevgh]h�kh^_j`Zgby�ly`_euo�f_lZeeh\�\�jZkl_gb-
yo� h^gh]h� \b^Z� hq_gv�rbjhdbc� �fZdkbfZevgh_� dhebq_kl\h� ij_-
\urZ_l�fbgbfZevgh_� \� ��±��� jZa���GZdhie_gb_� ly`_euo�f_lZe-
eh\�\�jZklbl_evghc�fZkk_�\�dhebq_kl\_��ij_\urZxs_f�nhg�\��±�

jZaZ��_s_�g_�\uau\Z_l�g_]Zlb\guo�ihke_^kl\bc�beb�`_�hgb�hq_gv

g_agZqbl_evgu��Ly`_eu_�f_lZeeu� \�hj]ZgZo�jZkl_gbc�jZkij_^_-
e_gu�g_jZ\ghf_jgh��<�[hevr_f�dhebq_kl\_�fZdjhwe_f_glu�gZdZ-
ieb\Zxlky�\�dhjgyo��kl_[eyo��ebklvyo��lZ[e�������<Z`guf�fhf_g-
lhf� y\ey_lky� agZgb_� ©ghjfZevgh]hª� �nhgh\h]h�� kh^_j`Zgby� ly-
`_euo�f_lZeeh\�\�jZaebqguo�\b^Zo�\h^guo�jZkl_gbc��hkh[_ggh�\

l_o��dhlhju_�kem`Zl�ibs_\uf�h[t_dlhf�ju[�b�^jm]bo�`b\hlguo�

IhiZ^Zy�\�ba[uld_�\�jZklbl_evgu_�hj]Zgbafu��ly`_eu_�f_lZeeu

ih^Z\eyxl� oh^� f_lZ[hebq_kdbo� ijhp_kkh\�� lhjfhayl� jZa\blb_�

kgb`Zxl�ijh^mdlb\ghklv��Bevbg��������

JZkkfZljb\Zy� aZ\bkbfhklv� kh^_j`Zgby� f_lZeeh\� \� jZkl_-
gbyo��fh`gh�hlf_lblv��qlh� \� \h^guo� jZkl_gbyo� ha��;��FbZkkh\h

kh^_j`Zgb_� dZ^fby� [ueh� g_agZqbl_evgh� �����±����� f]�d]� kmohc

fZkku���Ba\_klgZ� jhev� dZ^fby� \�`bagb� jZkl_gbc� �EZibg� b� ^j��

�������IjbhklZgh\dZ�jhklZ�\h^guo�jZkl_gbc�b�ijhp_kkZ�nhlhkbg-
l_aZ�gZ[ex^Z_lky�ijb�kh^_j`Zgbb�dZ^fby�����±�����f]�e��H[s__

kh^_j`Zgb_�dZ^fby�\�ij_kgh\h^guo�jZkl_gbyo�fh`_l�baf_gylvky

hl������^h�����f]�d]�kmohc�fZkku� �EZibg�b�^j����������<�\h^guo

jZkl_gbyo� ha��;��FbZkkh\h� dZ^fbc� h[gZjm`_g� [ue�gZ� \k_o� klZg-
pbyo�\h�\k_o�hj]ZgZo�jZkl_gbc��[_a�hkh[uo�gZdhie_gbc��lZ[e������

GZdhie_gb_�b�jZkij_^_e_gb_�ly`_euo�f_lZeeh\

\�hj]ZgZo�b�ldZgyo�ju[

AgZq_gb_�ly`_euo�f_lZeeh\�^ey�`b\uo�hj]Zgbafh\�fgh]h-
h[jZagh��*RHULQJ�et al.,�������DZrmebg��J_r_lgbdh\���������Bhgu
jy^Z� wlbo�f_lZeeh\� b]jZxl� \Z`gmx� jhev� \h�fgh]bo� [bheh]bq_-
kdbo�ijhp_kkZo��H^gZdh�^Z`_�g_h[oh^bfu_� we_f_glu�\�ba[uld_

klZgh\ylky�lhdkbqgufb��ijbqbgyxl�\j_^�hj]Zgbafm��qlh�\_^_l�d
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nmgdpbhgZevguf� gZjmr_gbyf�� ^_nhjfZpbyf�� kf_jlb� �FZjlbg�

�������<� ju[Zo� hkms_kl\ey_lky� ijhp_kk� ^_lhdkbdZpbb� ly`_euo

f_lZeeh\��aZdZgqb\Zxsbcky�\u\_^_gb_f�ba[uldZ�f_lZeeZ�ba�hj-
]ZgbafZ�beb�hleh`_gb_f�_]h�\�\b^_�bg_jlguo�kh_^bg_gbc�\�ldZ-
gyo�b�hj]ZgZo��DZrmebg��J_r_lgbdh\���������M�ju[�ly`_eu_�f_-
lZeeu� \u\h^ylky� ba� hj]ZgbafZ� \� hkgh\ghf� ihqdZfb� beb� k�`_e-
qvx�� JZaebqgu_�f_lZeeu� jZkij_^_eyxlky� jZaebqguf� h[jZahf� \

hj]Zgbaf_��DZd�ijZ\beh��gbd_ev��f_^v��pbgd�\�gZbf_gvrbo�dheb-
q_kl\Zo�gZdZieb\Zxlky�\�furpZo��lh]^Z�dZd�\�i_q_gb�ijhbkoh^bl

ih\ur_ggh_� gZdhie_gb_�f_^b�� Z� \� ihqdZo� ±� gbd_ey� �=emrdh\Z�

IZrdh\Z���������Hkgh\gufb�imlyfb�ihiZ^Zgby�\�hj]Zgbaf�b�f_k-
lZfb�gZdhie_gby� \�g_f� aZ]jyagyxsbo� \_s_kl\� y\eyxlky�� ^uoZ-
l_evgZy� kbkl_fZ� �`Z[ju��� ibs_\Zjbl_evgZy� �dbr_qgbd�� i_q_gv�

`_eqguc� imaujv�� b� \u^_ebl_evgZy� �ihqdb��� AZ]jyag_gb_� \h^u

ly`_eufb�f_lZeeZfb�\eby_l�gZ�nbabheh]bq_kdb_��ih\_^_gq_kdb_�

fhjnhf_ljbq_kdb_��]_g_lbq_kdb_�oZjZdl_jbklbdb�ju[� �>Z\u^h\�

BkZ_\Z���������Dhebq_kl\h�f_lZeeh\�\�hj]ZgZo�b�ldZgyo�ju[�y\ey-
_lky�i_j_f_gghc�\_ebqbghc��gZoh^ys_cky�\�l_kghc�\aZbfhk\yab�k

]_hobfbq_kdbfb� mkeh\byfb� kj_^u� h[blZgby�� k� ]_g_jZlb\guf� b

ieZklbq_kdbf�h[f_ghf�b�^jm]bfb�nZdlhjZfb� �Am[dh\Z��;bjxdh-
\Z� 1991; Marcus, David,�������� Ijb� hkljhf� hljZ\e_gbb� m� ju[
h[uqgh� gZ[ex^Zxlky� khkm^bklu_� jZkkljhckl\Z�� \hkiZebl_evgu_

ijhp_kku�\�ldZgyo��gZjmrZ_lky�dhhj^bgZpby�^_yl_evghklb�\aZb-
fhk\yaZgguo� hj]Zgh\�� ^uoZgby� b� djh\hh[jZs_gby� �DhemiZ-
_\� 1989;�Kfbjgh\��Dhjlbdh\Z���������JZah\u_�beb�imevkbjmxsb_
gZ]jmadb�f_lZeeh\��oZjZdl_jgu_��ijb�Zwjhl_ogh]_gghf�oZjZdl_j_

aZ]jyag_gbc� �\_k_ggb_�iZ\h^db��h[bevgu_�^h`^b��^he`gu�\uau-
\Zlv�gZ�i_j\hf�wlZi_�m\_ebq_gb_�dhgp_gljZpbb�f_lZeeh\�\�hj]Z-
gZo��q_j_a�dhlhju_�ijhbkoh^bl�ihklmie_gb_�bo�\�hj]Zgbaf��aZl_f

i_j_jZkij_^_e_gb_� \� hj]Zgu�� hl\_qZxsb_� aZ� ^_lhdkbdZpbx� �i_-
q_gv�� k_e_a_gdZ�� i_q_gv�� b�� gZdhg_p�� ihkl_i_ggh_� kgb`_gb_� bo

kh^_j`Zgby� �+DQG\���������Wlb�ijhp_kku� aZ\bkyl�hl�jy^Z�nZdlh-
jh\��dhgp_gljZpbb�f_lZeeh\��`_kldhklb�\h^u��SH��iblZgby�b�^j�

(Ewerall et al., 1989).
Gbd_ev��Gbd_ev�g_h[oh^bf�^ey�`b\uo�hj]Zgbafh\� �EmdZ-

r_\���������hg�\eby_l�gZ�hdbkebl_evgu_�ijhp_kku�b�b]jZ_l�\Z`-
gmx� nbabheh]bq_kdmx� jhev�� Ih\ur_ggh_� kh^_j`Zgb_� gbd_ey

beb� _]h� g_^hklZlhd� \uau\Zxl� jZaebqgu_� aZ[he_\Zgby� m� ju[� b

`b\hlguo��<�hj]Zgbaf_�gZa_fguo�`b\hlguo�ihlj_[bl_eyfb�gb-
d_ey�y\eyxlky�i_q_gv��dh`Z��wg^hdjbggu_�`_e_au�
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>ey�\k_o�\b^h\�ju[�km[Zjdlbq_kdbo�\h^h_fh\��dZd�hlf_qZ-
xl�G��:��DZrmebg��X��K� J_r_lgbdh\���������\ukhdh_�kh^_j`Zgb_
gbd_ey�oZjZdl_jgh�\�ihqdZo�b�`Z[jZo�b�g_agZqbl_evgh_�– \�fur-
pZo�

M� k_fb�\b^h\�ju[�� \ueh\e_gguo� \�ha��;��FbZkkh\h��hlf_-
q_gZ� ih\ur_ggZy� dhgp_gljZpby� gbd_ey�� GZb[he__� \ukhdh_� kh-
^_j`Zgb_� wlh]h�f_lZeeZ�hlf_q_gh�\�q_rm_�m�obsguo�ju[�� _jr�

hdmgv��smdZ�����±����f]�d]�kmoh]h�\_kZ���aZl_f�kb]��iehl\Z�����±�����

M� jZaguo� \b^h\� ju[� gbd_ev� gZdZieb\Z_lky� \� jZaebqguo

hj]ZgZo�g_h^bgZdh\h�

_jr��q_rmy!furpu!dh`Z!`Z[ju!i_q_gv

iehl\Z��q_rmy!kd_e_l!`Z[ju!dh`Z!furpu!i_q_gv

>ey� \k_o� \b^h\� hlf_q_gh� g_agZqbl_evgh_� kh^_j`Zgb_

gbd_ey� \� furpZo�� ]^_� dhgp_gljZpbb� gbd_ey� [ueb� ijZdlbq_kdb

h^bgZdh\u��Bkdexq_gb_f�y\eyxlky�_jr��iehl\Z� �����±�����f]�d]

kmohc�fZkku���<� i_q_gb� ju[� kh^_j`Zgb_� gbd_ey�f_g__� \ukhdh�

gb`_��q_f�\�dhklghc�ldZgb�b�`Z[jZo��:gZeba�ihdZaZe��qlh�m�jZa-
ebqguo�\b^h\�ju[�\�h^gbo�b�l_o�`_�ldZgyo�gbd_ev�gZdZieb\Z_lky

\�jZaebqguo�dhebq_kl\Zo��lZ[e��13).
Ih� ^Zgguf� D��G��EmdZr_\Z� �������� kj_^g__� kh^_j`Zgb_

f_^b�\�ihq\Zo�jZ\gh��⋅10–3�b�\�hj]ZgbafZo��⋅10–4�\_kh\uo�ijhp_g-
lh\��FZdkbfZevgh_�b�fbgbfZevgh_� dhebq_kl\h�f_^b� \�ihq\Zo�b

hj]ZgbafZo�dhe_[e_lky�\�rbjhdbo�ij_^_eZo��\�ihq\Zo�±�hl����⋅10–

3�^h��⋅10–4�gZ�����]�ihq\u��\�jZkl_gbyo�±�hl��⋅10–4�^h��⋅10–4���gZ

kujh_�\_s_kl\h�

F_^v�mqZkl\m_l�\�jZa\blbb�`b\uo�hj]Zgbafh\�dZd�fbdjh-
we_f_gl� �EmdZr_\�� �������?_� agZq_gb_�\h�\k_o�[bhobfbq_kdbo�b

nbabheh]bq_kdbo�ijhp_kkZo��k\yaZgguo�k�kbgl_ahf�[_edh\��m]e_-
jh^guf�h[f_ghf��nhlhkbgl_ahf��\_kvfZ�\_ebdh��F_^v�hdZau\Z_l

\ebygb_�gZ�nmgdpbb�g_dhlhjuo� ]hjfhgh\�b� mkbeb\Z_l� ^_ckl\b_

[bhobfbq_kdbo�ijhp_kkh\��ijhl_dZxsbo�\�hj]Zgbaf_�

Ba� bkke_^h\Zgguo� \b^h\� ju[� kZfu_� \ukhdb_� dhgp_gljZ-
pbb�f_^b�[ueb�m�ebgy��kb]Z��e_sZ� �����±�����f]�d]���JZkij_^_e_-
gb_�wlh]h�f_lZeeZ�\�hj]Zgbaf_�jZaebqguo�\b^h\�ju[�ke_^mxs__�

i_q_gv!q_rmy!dh`Z!`Z[ju!furpu�

GZb[hevrb_�dhgp_gljZpbb�f_^b�hlf_q_gu�\�i_q_gb�ebgy

������f]�d]���gZbf_gvrb_� ±�\�furpZo�smd� �����f]�d]�� �lZ[e�� ����

M�\k_o�\b^h\�ju[�\�`Z[jZo�aZj_]bkljbjh\Zgh�h^bgZdh\h_�dhebq_-
kl\h�f_^b�±�����f]�d]��Kh^_j`Zgb_�f_^b�baf_gy_lky�hl������fur-
pu��^h������f]�d]� �i_q_gv��kmohc�fZkku��<�i_q_gb�ebgy��kb]Z�kh-
^_j`Zgb_�f_^b�gZ�ihjy^hd�\ur_��q_f�\�^jm]bo�hj]ZgZo�
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L Z [ e b p Z � � �

Kh^_j`Zgb_�ly`_euo�f_lZeeh\��f]�d]�kmoh]h�\_kZ�

\�hj]ZgbafZo�b�ldZgyo�ju[�ha��;��FbZkkh\h

Hj]Zg Ni Cu Zn Pb Mn Fe Co Cd
Kb]

@Z[ju 1.8 3 196.88 0.20 23.6 199.75 0.1 0.2
I_q_gv 2.42 73.33 97.5 0.3 12.83 666.7 0.5 0.25
BdjZ 1.08 4.58 172.9 0.3 15.75 512.5 0.2 0.25
Q_rmy 6.67 8.17 83.67 13.5 44.51 106.17 1.8 1.33
Dh`Z 2.17 2.67 240.72 0.2 4.17 75.83 0.2 0.67

Furpu 2 1 27.51 0.2 1.17 62.48 0.2 0.2
SmdZ

Q_rmy 6.17 6 85.67 12 44.68 85.33 2.8 1.67
Dh`Z 3.83 6 233.38 9.17 14.83 204.2 0.8 0.67

Furpu 1 0.67 54.18 0.2 1.83 73.3 0.2 0.2
@Z[ju 2.7 3.03 393.75 0.83 20.2 89.38 0.1 0.2
I_q_gv 2.65 16.25 112.5 0.2 9.1 223.75 0.4 0.2

E_s
Q_rmy 5.33 9.17 61.83 16.17 45.84 66.83 3.05 1
Dh`Z 1.33 1.5 34.17 1.83 2.5 144.2 0.2 0.33

Furpu 1.17 0.83 24.18 1.2 1.83 41.65 0.2 0.2
I_q_gv 2.08 31.2 45.83 0.3 10.25 450 0.3 0.25
@Z[ju 2.6 2.8 46.52 1.62 24 130 0.1 0.2

Ebgv
Dh`Z 2.33 4 66.68 4.17 19 75 1 0.5

Furpu 1.83 2.17 47.51 1 3 63.31 0.2 0.17
@Z[ju 2.32 3.08 40.63 1.25 18 169.38 0.2 0.2
I_q_gv 2.2 76 92.25 0.2 7.15 495.38 0.3 0.2

Hdmgv
Q_rmy 7.5 7 64.83 17.5 32.67 49.67 3.08 1.83
Dh`Z 4.67 2.83 63.35 5 12.33 75.83 2.5 1.5

Furpu 2.5 1.33 42.51 0.2 3.5 49.98 0.33 0.33
@Z[ju 2.8 2.25 52.5 0.2 18.8 75.1 0.15 0.2
I_q_gv 3 7.67 67.5 0.3 14.83 122.92 0.2 0.25

Iehl\Z
Q_rmy 6.33 10.83 72.67 14.84 25.51 79.83 2.03 1.33
Dh`Z 2.33 8.5 123.36 2.67 5.17 135 0.5 0.17

Furpu 1.67 1.67 57.51 10.2 2.67 89.96 0.33 0.33
@Z[ju 3.58 3.05 270.8 0.3 26.5 383.3 0.1 0.42
I_q_gv 1.25 2.1 5.88 0.6 7.75 342.5 0.2 0.3
Kd_e_l 4.1 3.75 27 3.13 36.75 130 0.1 0.4
BdjZ 0.75 6.75 10 0.6 4.75 212.5 0.82 0.4

?jr
Q_rmy 8.06 4.33 8 16.08 42.83 241.7 2.85 1.17
Dh`Z 2.66 1.66 9.67 0.8 3.83 61.7 0.6 0.5

Furpu 2.75 1.25 4.38 0.6 8.88 67.51 0.1 0.3
@Z[ju 2.33 2.83 6.17 1.51 24.17 128.3 0.1 0.5
I_q_gv 0.2 10.33 6.17 0.8 9.17 373.3 0.2 0.3
BdjZ 1.75 5.75 6.38 0.6 14 151.3 0.96 0.4
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Pbgd��Ba�bamqZ_fh]h�jy^Z�we_f_glh\�gZfb�[ueh�\uy\e_gh�

qlh�pbgd�gZb[he__� Zdlb\gh�gZdZieb\Z_lky�\�hj]ZgZo�ju[��G_dh-
lhju_�`b\u_�hj]Zgbafu��gZijbf_j�mkljbpu�� dhgp_gljbjmxl�^h

0.5–0.6���pbgdZ��gZ�kmoh_�\_s_kl\h���EmdZr_\���������Pbgd�y\ey-
_lky� kms_kl\_gghc� fbdjhkhklZ\eyxs_c�� hg� Zdlb\babjm_l� n_j-
f_glu� b� ]hjfhgu�� <uihegy_l� b� ^jm]b_� \Z`gu_� nmgdpbb�� Ijb

g_^hklZld_�pbgdZ�\�hj]Zgbaf_�gZjmrZ_lky�dZlZeblbq_kdZy�nmgd-
pby�hdbkebl_evguo�ldZg_\uo�n_jf_glh\��h[f_g�m]e_\h^h\�b�[_e-
dh\��Z�lZd`_�kh_^bg_gbc��kh^_j`Zsbo�kmevn]b^jbevgmx�]jmiim�

mf_gvrZ_lky�h[jZah\Zgb_�oehjhnbeeZ��\blZfbgh\�K��J�b�]jmiiu

<��M�bkke_^h\Zgguo�gZfb�ju[�gZ[ex^ZeZkv�\ukhdZy�\ZjbZ[bev-
ghklv�dhgp_gljZpbc�pbgdZ�\�hj]ZgZo�b�ldZgyo�������±������f]�d]

kmoh]h�\_s_kl\Z��kf��lZ[e�������Ih^h[gh_�hlf_q_gh�jZg__��DZrm-
ebg��J_r_lgbdh\���������Pbgd�y\ey_lky��k�h^ghc�klhjhgu��[bheh-
]bq_kdb� \Z`guf� fbdjhwe_f_glhf� ijb� gbadbo� kh^_j`Zgbyo�� k

^jm]hc�±�hiZkguf�lhdkbdZglhf�^ey�`b\uo�hj]Zgbafh\�ijb�\ukh-
dbo� dhgp_gljZpbyo� �DZrbg��������� Pbgd� g_h[oh^bf� ^ey� ghj-
fZevghc� `bag_^_yl_evghklb� \k_o� lZdkhghfbq_kdbo� ]jmii� hj]Z-
gbafh\��Hg�h[gZjm`_g�\�khklZ\_� ����n_jf_glh\��hlghkysboky�d

r_klb� deZkkZf�� \dexqZy� lZd`_� ]b^jheZau�� ljZghn_jZau�� ebZau�

eb]Zau�� bahf_jZau� �:\pbg� b� ^j���������� Gbadbf� kh^_j`Zgb_f

pbgdZ�oZjZdl_jbam_lky�\h^Z�ha��;ZcdZe�±�\�kj_^g_f���fd]�e��Dheb-
q_kl\h�pbgdZ�\�\h^_�lj_o�ij_kguo�ha_j�baf_gyehkv��DZrbg� 1999)
hl���^h����fd]�e��Z�_]h�kj_^g__�kh^_j`Zgb_�±����fd]�e��GZb[he__

\ukhdb_�dhgp_gljZpbb�pbgdZ�gZfb�[ueb�h[gZjm`_gu�\�`Z[jZo�

dh`_�b�i_q_gb�smd�b�kb]h\��ijbq_f�bo�khhlghr_gby�hq_gv�kbevgh

jZaebqZxlky� m� jZaguo� \b^h\� �kf�� lZ[e�� �����<� hlebqb_� hl�f_^b

pbgd�gZdZieb\Z_lky�\�dh`_��furpZo�b�`Z[jZo��b�lhevdh�g_[hev-
rZy�_]h�qZklv�Zddmfmebjm_lky�\�i_q_gb��h^gZdh�pbgd�\�[hevrbo

dhebq_kl\Zo� gZdZieb\Z_lky� \�`Z[jZo� b� i_q_gb��<� aZ]jyagy_fuo

\h^h_fZo� dhgp_gljZpby� pbgdZ� \� jZaebqguo� hj]ZgZo� \hajZklZ_l

�DZrmebg��J_r_lgbdh\� �������GZdhie_gb_�pbgdZ� �DZrmebg��J_-
r_lgbdh\� ������h^gh\j_f_ggh�ih^Z\ey_lky�ih\ur_gghc�gZ]jma-
dhc�gbd_ey�b�f_^b��LZdbf�h[jZahf��kh^_j`Zgby�f_^b�b�pbgdZ�\

ju[Zo�\�[hevr_c�kl_i_gb�aZ\bkyl�hl�gZ]jmadb�gbd_ey�gZ�\h^h_f�

M� ju[� ba� ha�� ;��FbZkkh\h�� jZaebqZxsboky� f_klhf� h[blZgby� b

oZjZdl_jhf� iblZgby�� kh^_j`Zgb_� \uy\e_gguo� f_lZeeh\� lZd`_

jZaebqZ_lky��GZ�ha��Lmj]hyd�m�iehl\u�h[gZjm`_gu�kZfu_�\ukhdb_

dhgp_gljZpbb�pbgdZ� ��������f]�d]�� �Wdheh]by�ha_jZ�«�� ������� Z

gZ�ha��;��FbZkkh\h�±�m�kb]h\��smd��kf��lZ[e������

K\bg_p��GZb[hevr__�dhebq_kl\h�k\bgpZ���⋅10-4 ���h[gZjm-
`_gh� \� khklZ\_�fhjkdbo�`b\hlguo� �EmdZr_\���������;bheh]bq_-
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kdh_�agZq_gb_�3E�\�hj]ZgbafZo�bamq_gh�fZeh��?]h�agZq_gb_�\_eb-
dh� dZd� \� nbabheh]bq_kdbo� ijhp_kkZo�� lZd� b� dZd� [bheh]bq_kdb

\Z`ghc�fbdjhkhklZ\ghc�qZklb�fgh]bo�jZkl_gbc��`b\hlguo�b�q_-
eh\_dZ��Kh^_j`Zgb_� k\bgpZ�\�ju[Zo�ha��;��FbZkkh\h�gZ�ihjy^hd

f_gvr_�� q_f� fZj]ZgpZ�� b� baf_gy_lky� hl� ����� �furpu�� ^h

�����f]�d]��q_rmy��kmohc�fZkku��Kh^_j`Zgb_�\�q_rm_��furpZo�b

dh`_�\� �±��jZaZ�ij_\urZ_l� kh^_j`Zgb_� k\bgpZ�\�furpZo��<� lh

`_� \j_fy� kh^_j`Zgb_� k\bgpZ� \� i_q_gb� g_� ij_\urZ_l� ���� f]�d]

kmohc�fZkku��MklZgh\e_gZ� g_jZ\ghf_jghklv� gZdhie_gby� k\bgpZ

jZaebqgufb�hj]ZgZfb��kf��lZ[e�������<�ha��Lmj]hyd�hdmgv��[hevr_

q_f� ^jm]b_� \b^u� ju[�� gZdZieb\Z_l� k\bg_p� �Wdheh]by� ha_jZ� «�

�������GZ�ha��;��FbZkkh\h�h^gbfb�ba�gZdhibl_e_c�k\bgpZ�y\eyxl-
ky�smdZ��hdmgv��_jr�b�^j�

FZj]Zg_p�� Ih� ^Zgguf� D��B��EmdZr_\Z� �������� fZj]Zg_p

b]jZ_l�bkdexqbl_evgh� \Z`gmx�jhev� \�jZa\blbb�`b\uo�hj]Zgba-
fh\��Hg�mqZkl\m_l�\�nhlhkbgl_a_��^uoZgbb�jZkl_gbc��Zdlb\babjm-
_l�ijhp_kk�hdbke_gby�b�jZaeh`_gby��FZj]Zg_p�kh^_j`blky�dZd�\

gbarbo��lZd�b�\�\ukrbo�`b\hlguo�hj]ZgbafZo��GZb[hevr__�kh-
^_j`Zgb_� fZj]ZgpZ� gZfb� hlf_q_gh� \�`Z[jZo� \k_o� \b^h\� ju[� ±

����±�����f]�d]�kmoh]h�\_kZ��Kh^_j`Zgb_�fZj]ZgpZ�baf_gy_lky�hl

�����furpu��^h������ �q_rmy��f]�d]�kmohc�fZkku��<�`Z[jZo�b�q_-
rm_�\ajhkeuo�hkh[_c�kh^_j`Zgb_�fZj]ZgpZ�agZqbfh�g_�jZaebqZ-
_lky� �kf��lZ[e�� �����FZj]Zg_p�mqZkl\m_l�\�ij_\jZs_gbb�nhknhj-
guo� kh_^bg_gbc�� \� h[jZah\Zgbb� `bjh\�� \� ijhp_kkZo� kbgl_aZ� b

jZkiZ^Z� m]e_\h^h\�� y\ey_lky� Zdlb\Zlhjhf� n_jf_glh\� b� \� jy^_

kemqZ_\�\oh^bl�\�bo�khklZ\��EmdZr_\� 1984).
@_e_ah��@_e_ah�kh^_j`blky�\h�fgh]bo�`b\hlguo�hj]Zgba-

fZo��hgh�\oh^bl�\�khklZ\�]_fh]eh[bgZ��Kh^_j`Zgb_�`_e_aZ�\�[_k-
iha\hghqguo�`b\hlguo�dhe_[e_lky�hl��⋅10–2�^h��⋅10–1����Z�\�fhj-
kdbo�ju[Zo�^hoh^bl�^h� �⋅10–3��� �EmdZr_\���������@_e_ah� lZd`_

\oh^bl� \� khklZ\� ldZg_c� `b\hlguo� b� jZklbl_evguo� hj]Zgbafh\�

dm^Z� ihklmiZ_l� \� nhjf_� hj]Zgbq_kdbo� kh_^bg_gbc�� aZdbkguo� b

hdbkguo� khe_c� \� fZeuo� dhgp_gljZpbyo�� Kh^_j`Zgb_� `_e_aZ� \

ldZgyo�ju[�baf_gy_lky�hl�������furpu��^h��������i_q_gv��������

�`Z[ju��f]�d]�kmohc�fZkku��@_e_ah�gZdZieb\Z_lky�\�i_q_gb��`Z[-
jZo�ju[��Ba�bkke_^h\Zgguo�\b^h\�kZfu_�\ukhdb_�dhgp_gljZpbb

`_e_aZ�[ueb�m�kb]h\��iehl\u��e_sZ� �kf��lZ[e�������ijbq_f�bo�kh-
hlghr_gb_� jZaebqZ_lky� m� jZaguo� \b^h\�� GZbf_gvrb_� agZq_gby

dhgp_gljZpbb�`_e_aZ�[ueb�h[gZjm`_gu�\�furpZo�

DZ^fbc�� ;bheh]bq_kdZy� b� nbabheh]bq_kdZy� jhev� dZ^fby�

dZd� hlf_qZ_l� D��B.�EmdZr_\� �������� \� `bagb� hj]Zgbafh\� keZ[h
bamq_gZ�� DZ^fbc� kihkh[kl\m_l� Zdlb\ghklb� jy^Z� nmgdpbc� hj]Z-
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gbafh\��ih\urZ_l�kh^_j`Zgb_�kZoZjZ�\�djh\b��hkeZ[ey_l�kihkh[-
ghklv�bgkmebgZ�ihgb`Zlv�kh^_j`Zgb_�kZoZjZ�\�djh\b�b�l� ^��GZb-
[hevr__�kh^_j`Zgb_�dZ^fby�mklZgh\e_gh�\�fheexkdZo��hl������^h

������gZ�kmoh_�\_s_kl\h���Ba�bamqZ_fh]h�jy^Z�we_f_glh\�dZ^fbc

gZb[he__� Zdlb\gh� gZdZieb\Z_lky� \� hj]ZgZo� ju[� ha��;��FbZkkh\h

�kf��lZ[e�������?]h�kh^_j`Zgb_�baf_gy_lky�hl������furpu��^h����

�q_rmy��f]�d]� kmohc�fZkku��<� q_rm_�� dh`_� lZdbo� ju[�� dZd� kb]�

smdZ�� e_s�� hdmgv� kh^_j`Zgb_� dZ^fby� gZ� ihjy^hd� \ur_�� q_f� \

^jm]bo�hj]ZgZo��<�i_q_gb�b�furpZo�j_adbo�hlebqbc�gZdhie_gby

dZ^fby�g_�hlf_q_gh��kf��lZ[e������

Dh[Zevl��<�`b\hlguo�hj]ZgbafZo�gZb[hevrZy�dhgp_gljZ-
pby� dh[ZevlZ� oZjZdl_jgZ� ^ey� `_e_a� \gmlj_gg_c� k_dj_pbb�� DZd

fbdjhwe_f_gl�� dh[Zevl� b]jZ_l� \Z`gmx� jhev� \�nbabheh]bq_kdbo

ijhp_kkZo�jhklZ�b�h[f_gZ�\_s_kl\�\�`b\uo�hj]ZgbafZo��Hg�\oh-
^bl� \� khklZ\� \blZfbgZ� <���� klbfmebjmxs_]h� djh\_l\hjgmx

nmgdpbx� dhklgh]h� fha]Z� �EmdZr_\�� ������� <� fhjkdhc� \h^_� dh-
[Zevl�ij_^klZ\e_g�\�kj_^g_f�\�f_gvrbo�dhebq_kl\Zo��q_f�\�ihq-
\Zo� ��⋅10–7� ���� Kh^_j`Zgb_� _]h� \� ih\_joghklguo� b� ]jmglh\uo

\h^Zo�fZeh�bamq_gh�

>ey�mdZaZgguo�\b^h\�ju[�ha��;��FbZkkh\h�oZjZdl_jgh�\u-
khdh_�kh^_j`Zgb_�dh[ZevlZ�\�q_rm_��dh`_������±�����f]�d]�kmoh]h

\_kZ��b�g_agZqbl_evgh_� \�furpZo� �����f]�d]��� ]^_� dhgp_gljZpbb

dh[ZevlZ� [ueb� ijZdlbq_kdb� h^bgZdh\u��<� i_q_gb� ju[� kh^_j`Z-
gb_�dh[ZevlZ�g_\ukhdh��Bkdexq_gb_f�y\eyxlky�kb]b�b�smdb��]^_

dh[ZevlZ�\�i_q_gb�[ueh�����f]�d]�kmoh]h�\_kZ�

AZdexq_gb_�� J_amevlZlu� ZgZebaZ� ihdZaZeb� aZ\bkbfhklv

kh^_j`Zgby�ly`_euo�f_lZeeh\�\�hj]ZgZo�\h^guo�jZkl_gbc�hl�ob-
fbq_kdh]h�khklZ\Z�\h^u�ha��;��FbZkkh\h��<�ha��;��FbZkkh\h�\_^m-
sZy�jhev�\�gZdhie_gbb�ly`_euo�f_lZeeh\�ijbgZ^e_`bl�\h^guf

jZkl_gbyf��Hgb� h[eZ^Zxl� kihkh[ghklvx� Zdlb\gh� gZdZieb\Zlv� \

hj]ZgZo� ly`_eu_� f_lZeeu�� Zkkbfbebjh\Zlv� fbdjhwe_f_glu� ba

\h^u�b�^hgguo�hleh`_gbc��Ij_^klZ\bl_e_c� wlhc� ]jmiiu� ]b^jh-
[bhglh\� fh`gh� jZkkfZljb\Zlv� dZd� fhgblhjh\�� bg^bdZlhjh\� ih-
ebf_lZeebq_kdh]h�aZ]jyag_gby�\h^ghc�kj_^u�

JZaebqgu_� \b^u� \h^guo� jZkl_gbc� h[eZ^Zxl� k_e_dlb\ghc

kihkh[ghklvx�d�gZdhie_gbx�ly`_euo�f_lZeeh\��gZijbf_j��k\bg-
pZ��^Z`_�ijb�ijhbajZklZgbb�\�h^bgZdh\uo�mkeh\byo�\h^h_fZ�

Ju[u�� h[blZxsb_� \� ha��;��FbZkkh\h�� jZaebqZxsb_ky� oZ-
jZdl_jhf� iblZgby� b�f_klZfb� h[blZgby�� bkiulu\Zxl� jZaebqgmx

gZ]jmadm�hl�aZ]jyag_gby��Kb]b�[_glhnZ]b�b�^jm]b_�ju[u��ijh\h-
^ysb_� [hevr_� \j_f_gb� \� ijb^hgguo� kehyo�� bkiulu\Zxl� [hev-
rmx�gZ]jmadm��q_f�iehl\Z� ±�ieZgdlhghnZ]b��h[blZxsb_�\�i_eZ-
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]bZeb��Koh^gu_� j_amevlZlu� [ueb� ihemq_gu� ijb� kjZ\gbl_evguo

bkke_^h\Zgbyo�gZdhie_gby�ly`_euo�f_lZeeh\�ju[Zfb�[_glhnZ]Z�

fb� b� ju[Zfb� kh� kf_rZgguf� iblZgb_f�� JZaebqgu_�f_lZeeu� g_-
jZ\ghf_jgh� jZkij_^_eyxlky� \� hj]Zgbaf_�� DZd� ijZ\beh�� gbd_ev�

f_^v�b� pbgd� \�f_gvrbo� dhebq_kl\Zo� gZdZieb\Zxlky� \�furpZo�

lh]^Z� dZd� \� i_q_gb� ijhbkoh^bl� ih\ur_ggh_� gZdhie_gb_� f_^b�

Hkgh\gufb�imlyfb�ihiZ^Zgby�\�hj]Zgbaf�b�f_klZfb�gZdhie_gby

\� g_f� aZ]jyagyxsbo� \_s_kl\� y\eyxlky�� ^uoZl_evgZy� kbkl_fZ

�`Z[ju��� ibs_\Zjbl_evgZy� �dbr_qgbd�� i_q_gv� b� `_eqguc� im-
aujv��b�\u^_ebl_evgZy��ihqdb��



��

=E:<:����NBLHIE:GDLHG

I_j\u_� jZ[hlu� ih� bkke_^h\Zgbx� nblhieZgdlhgZ� ha_j

;hevrh_�b�FZeh_�FbZkkh\h�ijh^_eZgu�G� G��Ebibghc�\������]h�
^m� gZ� hkgh\Zgbb� kh[jZgguo� jZg__�:� <� Ih^e_kguf�fZl_jbZeh\
�Hkbih\, 1938)�� J_amevlZlu� wlbo� bkke_^h\Zgbc� \� k`Zlhf� \b^_
baeh`_gu�\�KijZ\hqgbd_�ih�\h^guf�j_kmjkZf�KKKJ��\ur_^r_f

ba�i_qZlb�ebrv�\������]h^m��ijb\_^_g�djZldbc�kibkhd�hkgh\guo

nhjf�ieZgdlhgZ�(CijZ\hqgbd�ih�\h^guf�«������).
Dhfie_dkgh_� h[ke_^h\Zgb_� ha_j�FbZkkdh]h� b�Q_[Zjdmev-

kdh]h��jZchgh\�\i_j\u_�[ueh�ijh\_^_gh�\�����±���]]��PGBBJO1

kh\f_klgh�k�MjZe<GBBHJO2��Ijh[u�nblhieZgdlhgZ�h[jZ[hlZgu

I� B� MkZq_\uf�� DjZldZy� aZf_ldZ� ih� wlbf� fZl_jbZeZf� ^ZgZ� bf
�KijZ\hqgbd�ih�\h^guf�«��������ijb�hibkZgbb�jZklbl_evghklb

aZmjZevkdbo�ha_j��Ih�jZa\blbx�nblhieZgdlhgZ�hg�jZa[be�bkke_-
^h\Zggu_�\h^h_fu�gZ� ��]jmii��;hevrh_�FbZkkh\h�\f_kl_�k�ha_-
jZfb� Lmj]hyd�� ;hevrhc� b�FZeuc� Dbk_]Zq�� ;hevrhc� b�FZeuc

L_j_gdmev�hlg_k_gu�d�i_j\hc�]jmii_��Ha_jZ�wlhc�]jmiiu�hg�oZ-
jZdl_jbah\Ze� keZ[uf� jZa\blb_f� kbg_a_e_guo�� ^hfbgbjh\Zgb_f

^bZlhfh\uo�\h^hjhke_c�b�ahehlbklhc�\h^hjhkeb�Dinobrion��bgh-
]^Z�agZqbl_evguf�jZa\blb_f�Ceratium hirundinella��>_kfb^b_\u_
b�ijhlhdhddh\u_�\h^hjhkeb�\�\b^h\hf�hlghr_gbb�jZaghh[jZagu

b�ijbkmlkl\h\Zeb�\h�\k_o�]jmiiZo�bamq_gguo�\h^h_fh\�

Bkke_^h\Zgby� nblhieZgdlhgZ� ha_jguf� hljy^hf� F=M� \h

]eZ\_� k� ZkibjZglhf�K� D� Hkbih\uf� �Hkbih\�� ����;�;hg^Zj_gdh�
Hkbih\�� ������ ghkbeb� ih^qbg_gguc� h[sbf� bolbheh]bq_kdbf

p_eyf�oZjZdl_j�b�ihdZaZeb�ij_h[eZ^Zgb_�ih�qbkem�\b^h\�^bZlh-
fh\uo�\h^hjhke_c�

<� ����±��� ]h^Zo� ha_jZ aZih\_^gbdZ� [ueb� h[ke_^h\Zgu
wdki_^bpb_c�MjZe<GBBHJO��J_amevlZlu�jZ[hl�him[ebdh\Zgu�\

klZlv_�:� <� Ih^e_kgh]h�b�<� B� Ljhbpdhc��Ih^e_kguc��LjhbpdZy�
1941)��<�g_c�ijb\_^_g� k\h^guc� kibkhd� \h^hjhke_c-^hfbgZglh\�
hij_^_e_gguo�^h�jh^Z��gZb[he__�qZklh�\klj_qZxsboky�\�Bevf_g-
kdbo��ha_jZo��Ihemq_ggu_�j_amevlZlu�k\b^_l_evkl\mxl�h�lhf��qlh

\� l_q_gb_� \k_]h� i_jbh^Z� gZ[ex^_gbc� ij_h[eZ^Zeb� ^bZlhfh\u_�

Kj_^b�gbo�^hfbgbjh\Zeb�Asterionella,  _c�khimlkl\h\ZeZ��Synedra.

1�P_gljZevguc�gZmqgh�bkke_^h\Zl_evkdbc�bgklblml�ju[gh]h�ohayckl\Z�
2�MjZevkdh_� hl^_e_gb_�<k_khxagh]h� gZmqgh�bkke_^h\Zl_evkdh]h� bgklb�

lmlZ�ha_jgh]h�b�j_qgh]h�ju[gh]h�ohayckl\Z�
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<� e_lg__� \j_fy� hlf_q_gh� jZa\blb_� kbg_a_e_guo� � \h^hjhke_c

Anabaena spiroides, Anabaena flos-aquae, \� km[^hfbgZglZo� [ueZ
ahehlbklZy� \h^hjhkev� Dinobrion. Kj_^b� ^_kfb^b_\uo� ijbkmlkl-
\h\Zeb�\�hkgh\ghf�\b^u�jh^Z�Staurastrum.

<� ����� ]h^m� I_jfkdbf� mgb\_jkbl_lhf� [ueb� ijh\_^_gu

]b^jh[bheh]bq_kdb_�bkke_^h\Zgby�ha_j�Bevf_gkdhc� ]jmiiu��hl-
jZ`_ggu_�\�jmdhibkb�H��:. LZmkhg� ��������<�g_c�ijb\_^_gu�fZ-
l_jbZeu� ih� nblhieZgdlhgm� ��� ha_j�Bevf_gkdhc� ]jmiiu�� \� lhf

qbke_� b� ih� ha�� ;hevrh_� FbZkkh\h�� Bkke_^h\Zg� e_lgbc� nblh-
ieZgdlhg� �bxev�� Z\]mkl���Kbkl_fZlbq_kdbc� kibkhd� ieZgdlhgguo

\h^hjhke_c�ha_jZ�gZkqblu\Ze����\b^Z��ih�qbkem�\b^h\�ij_h[eZ^Z-
eb� ^bZlhfh\u_� ���� \b^h\��� <k_� ha_jZ� jZa^_e_gu� gZ� �� ]jmiiu�

;hevrh_�FbZkkh\h�hlg_k_gh�d� ,� ]jmii_�heb]hljhnguo�ha_j��oZ-
jZdl_jbamxs_cky� ^hfbgbjh\Zgb_f� ^bZlhf_c� b� Dinobrion�� keZ-
[uf�jZa\blb_f�kbg_a_e_guo��FZkkh\h]h�jZa\blby�\�ha_j_� �©p\_-
l_gb_ª�\h^u��\������]h^m�g_�^hklb]Ze�gb�h^bg�\b^�

Bkke_^h\Zgby��klZ\ysb_�aZ^Zqm�\uy\e_gby�\b^h\h]h�khklZ-
\Z�nehju�b�nZmgu�r_klb�]hjguo�ha_j�Bevf_gkdh]h�aZih\_^gbdZ

�\� lhf� qbke_� b� ha��;��FbZkkh\h��� ijh\_^_gu�G� <� ;hg^Zj_gdh� \
����±����� ]]�� �;hg^Zj_gdh�� �������Ih� _]h� ^Zgguf� kbkl_fZlbq_-
kdbc�kibkhd�nblhieZgdlhgZ�ha��;��FbZkkh\h�gZkqblu\Ze����\b^h\

\h^hjhke_c��MdZaZgu�g_dhlhju_�dhebq_kl\_ggu_�oZjZdl_jbklbdb�

FZkkh\hc� nhjfhc� gZa\ZgZ�� \� hlebqb_� hl� ^jm]bo� bkke_^h\Zgbc

wlbo�e_l�� kbg_a_e_gZy� \h^hjhkev�Anabaena hassalii��ij_h[eZ^Zeb
ih� qbke_gghklb� �©jmdh\h^ysb_� nhjfuª� kbg_a_e_gu_ Chro-
ococcus limneticus (=Gloeocapsa limneticus Hollerb.) b�Microcystis
aeruginosa,�Z�lZd`_�^bZlhfh\Zy�\h^hjhkev�Fragilaria crotonensis,
ahehlbklZy�\h^hjhkev�Dinobryon stipitatum, ̂bghnblh\Zy Ceratium
hirundinella.

<�����±�����]h^Zo�gZ�ha_jZo�Q_ey[bgkdhc�h[eZklb�Bgklb-
lmlhf�ha_jh\_^_gby�:G�KKKJ�[ueh�ijh\_^_gh�dhfie_dkgh_�bk-
ke_^h\Zgb_� ih� bamq_gbx� ebfgheh]bq_kdbo� ijhp_kkh\� \� aZ\bkb-
fhklb� hl� hdjm`Zxs_]h� eZg^rZnlZ� �Wdheh]h�ijh^mdpbhggu_

hkh[_ghklb«�� ������� <uy\e_gu� ^hfbgbjmxsb_� dhfie_dku� nb-
lhieZgdlhgZ�� lbibqgu_� ^ey� ha_j� x`gh�lZ_`gh]h� ij_^]hjgh]h

eZg^rZnlZ� �gZ�ijbf_j_�ha��;��Dbk_]Zq��b�x`gh�lZ_`gh]h�gbadh-
]hjgh]h� �gZ� ijbf_j_� ha��;��Brdmev��� d� dhlhjhfm� ijbgZ^e_`bl

lZd`_�ha��;��FbZkkh\h��Lbibqguc�^ey�ij_^]hjguo�ha_j�aZih\_^-
gbdZ�dhfie_dk�khklZ\beb�ij_^klZ\bl_eb�lj_o�]jmii�\h^hjhke_c:
^bZlhfh\u_� �\b^u�jh^Z�Cyclotella, Fragilaria crotonensis, Stepha-
nodiscus astraea var. minutulus, Synedra acus,),� ahehlbklu_ (\b^u
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jh^Z�Dinobryon)��ibjhnblh\u_ (Ceratium hirundinella, Peridinium
cinctum).

<� ����±����� ]]�� ijh[u� ieZgdlhgZ� ha�� ;��FbZkkh\h� [ueb

hlh[jZgu�K� =��AZoZjh\uf��Q_ey[bgkdbc�i_^Z]h]bq_kdbc�mgb\_j-
kbl_l�� dZn_^jZ� ]_h]jZnbb��b�h[jZ[hlZgu�=� <��LZgZ_\hc� �XMN-
JhkGBB<O1��E_lhibkv� ijbjh^u«�� �������<� qbke_� ij_h[eZ^Zx-
sbo� \b^h\�nblhieZgdlhgZ�� djhf_� ^bZlhfh\uo� �Asterionella, Cy-
clotella, Fragilaria crotonensis), ahehlbkluo (Dinobryon)� b� ibjh-
nblh\uo (Ceratium hirundinella, Peridinium cinctum)� mdZaZgu� a_-
e_gu_�b�kbg_a_e_gu_ (Gloeotrichia echinulata, Oscillatoria limosa,
Snowella rosea), hlf_q_gh�lZd`_�fZkkh\h_�jZa\blb_�kbg_a_e_guo.

FZl_jbZe�b�f_lh^bdZ�bkke_^h\Zgbc

NblhieZgdlhg�ha_jZ�;hevrh_�FbZkkh\h�[ue�bkke_^h\Zg�\

i_jbh^�����±�����]]��Ijh[u�h[t_fhf�����ebljZ�hl[bjZebkv�Z\lh-
fZlbq_kdbf� [Zlhf_ljhf�IZlZeZkZ� k� ihklhygguo� klZgpbc� ©=eZ\-
gZy� ijhf_jgZy� \_jlbdZevª�� ©Abfgbdª�� ©DhjZ[ebdª� \� ����� ]h^m

_`_f_kyqgh��\� abfgbc�i_jbh^�ihd\ZjlZevgh��\_k_gg_�e_lgbc�i_-
jbh^� ����� ]h^Z� _`_^_dZ^gh�b�qZs_�ijb�j_adbo� kf_gZo� l_jfbq_-
kdh]h�j_`bfZ��ijb� \bamZevghf�gZ[ex^_gbb� ©p\_l_gbyª;�gZ�m^Z-
e_gguo�klZgpbyo�©Ijhoh^gZyª��©Ebih\Zyª��©RlZggZyª��©Gyr_\-
kdZyª�ijh[u�[jZebkv�^\Z`^u�\�f_kyp��Kjhdb�ijh\_^_gby�jZ[hl�±

k�fZy�ih�dhg_p�hdly[jy��GZ�eblhjZevguo�klZgpbyo�\�aZeb\Zo�ijb-
f_gyeky�f_lh^�kj_^g_\a\_r_gguo�ijh[��>Zggu_�ih�\_jlbdZevgh-
fm� jZkij_^_e_gbx� nblhieZgdlhgZ� ihemq_gu� kihkh[hf� njZdpb-
hggh]h�eh\Z�� \� aZ\bkbfhklb�hl� \_ebqbgu�ijhajZqghklb� \h^u�ih

^bkdm�K_ddb�gZ�i_eZ]bq_kdhc� klZgpbb� ©=eZ\gZy�ijhf_jgZy� \_j-
lbdZevª��>ey� oZjZdl_jbklbdb� \b^h\h]h� khklZ\Z� \h^hjhke_c� ijh-
kfZljb\Zeb� k_lygu_� ijh[u� b� hkZ^hd� ijh[�� dhgp_gljbjh\Zgguo

hlklhcguf�f_lh^hf��[jZeb�lZd`_�jZah\u_�ijh[u�\�f_klZo�\iZ^_-
gby� jmqv_\��<k_]h� ijhZgZebabjh\Zgh� ���� ijh[��<k_� ijh[u� ijh-
kfhlj_gu�`b\ufb�\�^_gv�hleh\Z�\�p_eyo�\uy\e_gby�e_]dhjZajm-
rZxsboky� \b^h\� nblhieZgdlhgZ,� k� bkihevah\Zgb_f� k\_lh\uo
fbdjhkdhih\ «Amplivalª�b� ©;bheZf�J���ª��Ih�j_amevlZlZf�ijh-
kfhljZ��djhf_�ijhlhdheh\� k� aZjbkh\dZfb� dZ`^hc�ijh[u�� k^_eZg

[ehd� \b^_hbgnhjfZpbb� h[t_fhf� ����F[� k� ihfhsvx� kdZgbjmx-
s_]h��fh^mey���©Axiolab  Pol (0.5)»   k���ijh]jZffguf���h[_ki_q_-
gb_f

1 X`gh�MjZevkdbc� nbebZe� Jhkkbckdh]h� gZmqgh�bkke_^h\Z�

l_evkdh]h�bgklblmlZ�\h^gh]h�ohayckl\Z



��

KS���� b� ijhp_kkhjhf� Pentium II�� Ijh[u� nbdkbjh\Zebkv� ^ey
^Zevg_cr_]h� bamq_gby��Ijb� hij_^_e_gbb� \b^h\� bkihevah\ZeZkv

ke_^mxsZy� ebl_jZlmjZ: ©Hij_^_ebl_ev� ij_kgh\h^guo� \h^hjhk-
e_c�KKKJª�ih^�j_^��F��F��=hee_j[ZoZ (1951–1986);�oehjhdhddh-
\u_�\h^hjhkeb��Chlorophyta, Chlorococcales)�^Zgu�ih�©<bagZqgb-
dm�ijikgh\h^gbo�\h^hjhkl_c�MdjZigkvdhi JKJª��Dhjrbdh\��������
^_kfb^b_\u_� �&KORURSK\WD�� 'HVPLGLDOHV�� &ORVWHULDFHDH�� ^Zgu� ih

©Nehj_� kihjh\uo� jZkl_gbcª� ?��D� Dhkbgkdhc� (1960);� hl^_evgu_
\b^u�ahehlbkluo��Chrysophyta)�\h^hjhke_c�^Zgu�\�khhl\_lkl\bb�k
«Die Binnengewasserª�<d XVI (Huber-Pestalozzi, 1941).

Dhebq_kl\_gguc�mq_l�nblhieZgdlhgZ�ijh\h^beb�\�kq_lghc

dZf_j_�GZ`hlZ� _fdhklvx� ���� fe��;bhfZkkZ� \h^hjhke_c� jZkkqb-
lZgZ�ih�]_hf_ljbq_kdbf�nhjfmeZf�h[t_fZ�de_lhd��m^_evguc�\_k

ijbgyl� jZ\guf� _^bgbp_�� JZkq_lu� \uiheg_gu� \� ijh]jZff_

Excel 7���� jZaf_ju� h[jZ[Zlu\Z_fhc�fZljbpu�i_j\bqguo� ^Zgguo
khklZ\beb� �: 1 : N 1875 ), ]^_� Ai – Ni we_f_glu� fZljbpu� Hp_gdm
^hfbgbjh\Zgby�\b^h\�\h^hjhke_c�^Z\Zeb�ih�bg^_dkm� �p_ghlbq_-
kdhc� agZqbfhklb�� \uqbkey_fhfm (lZd`_� \� ijh]jZff_� Excel)� ih
nhjfme_�� bp = I , ]^_�p –� \klj_qZ_fhklv� \b^Z��b – _]h� kj_^gyy

[bhfZkkZ�   

LZdkhghfbq_kdZy�kljmdlmjZ�nblhieZgdlhgZ

<b^h\hc�khklZ\

<�nblhieZgdlhg_� ha_jZ� aZj_]bkljbjh\Zgh� ���� \b^Z� \h^h-
jhke_c�� ijbgZ^e_`Zsb_� �� hl^_eZf�� ��� deZkkZf�� ��� ihjy^dZf�

���k_f_ckl\Zf�����jh^Zf��Ba�gbo����bklbggh�ieZgdlhgguo�\h^h-
jhke_c�b����nZdmevlZlb\gh�ieZgdlhgguo��[_glhkguo��

JZkkfZljb\Zy�khhlghr_gby�kbkl_fZlbq_kdbo�]jmii�\ukr_-
]h� jZg]Z�� ke_^m_l� hlf_lblv� agZqbl_evgh_� jZaghh[jZab_� hl^_eZ

^bZlhfh\uo�������hl�h[s_]h�qbkeZ�\b^h\���<lhjh_�f_klh�ih�jZa-
ghh[jZabx� ijbgZ^e_`bl� a_e_guf� \h^hjhkeyf�� gZkqblu\Zxsbf

��� � \b^h\�� lj_lv_� f_klh� ±� kbg_a_e_guf� ���� \b^h\��� Ijbf_jgh

h^bgZdh\h�jZaghh[jZagu�ahehlbklu_�����b�ibjhnblh\u_��^bghnb-
lu�±����djbilhnblu�±�����ihke_^g__�f_klh�ih�\b^h\hfm�[h]Zlkl\m

ijbgZ^e_`bl�w\]e_gh\uf��jbk������

<uy\e_ggu_� khhlghr_gby� \� p_ehf� lbibqgu� ^ey� nblh-
ieZgdlhgguo� khh[s_kl\� dhglbg_glZevguo� \h^h_fh\� [Zkk_cgZ

K_\_jgh]h��E_^h\blh]h��hd_ZgZ���KZnhgh\Z�����������Ij_h[eZ^Zgb_
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C y a n o p h y t a (kbg_a_e_gu_�

Anabaena flos-aquae (Lyngb.) Breb. 7.3 + + - - - - -
Anabaena flos-aquae F. graciles (Kleb.) Elenk 52.3 + + + + + + +
Anabaena hassalii (Kutz.) Wittr 8.3 + - + + - - +
Anabaena spiroides Kleb. 8.3 + - - + + - -
Anabaena lemmermannii P.Richt 0.9 - - - + - - -
Aphanizomenon flos-aquae (L.) Ralf 0.9 - + - - - - -
Aphanothece clathrata W. et G.S.West 2.8 + - - - - - -
Coelosphaerium kuetzingianum Nag 17.4 + + + - + + -
Coelosphaerium dubium Grun 5.5 + - - - - - -
Gloeocapsa limnetica (Lemm.)Hollerb. 0.9 + - + - - - -
Gloeotrichia echinulata (J.S. Smith) P.Richt. 57.8 + + + + + + +
Gomphosphaeria lacustris Chod 3.7 + + - - - - -
Holopedia geminata Lagerh 0.9 - - - - - - +
FLFURF\VWLV�DHUXJLQRVD�Kutz emend Elenk 15.6 - + + - + + +
FLFURF\VWLV�DHUXJLQRVD�f. viridis (A.Br.)Elenk 1.8 - - + - + - +
FLFURF\VWLV�SXOYHUHD�(Wood) Forti emend
Elenk

9.2 + + + - - - -

FLFURF\VWLV�ILUPD�(Breb. et Lenorm.) Schmidle 8.3 + + + - - - -
Oscillatoria sp. 2.8 + - + - + - -
Snowella rosea (Snow) Elenk 34.9 + + + - + - -

C h l o r o p h y t a  (a_ezgu_�

Botryosphaera sudetica (Lemm.) Chod. 0.9 - + - - - - -
Coenococcus planctonicus Korschik 11.9 + + + + - + +
Coenochloris ovalis Korschik 4.6 + - + - - - -
KKORUHOOD�VS� 25.7 + + + + - + +
Coelastrum cubicum Naeg 0.9 - - + - - - -
Coelastrum microporum Naeg 2.8 + - - - - - +
Desmatractum indutum Pasch. (Geitl.) 0.9 - - + - - - -
Dictyosphaerium pulchellum Wood 0.9 - - + - - - -
Dictyosphaerium ehrenbergianum Naeg 0.9 - - + - - - -
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1 2 3 4 5 6 7 8 9
Didymocystis planctonica Korschik 9.2 + + + - - - -
Oocystis solitaria Wittrook 7.3 + - + - - - +
Oocystis lacustris Chod 3.7 - - + - - - -
Pediastrum duplex Meyen 7.3 + + + + + + +
Pediastrum boryanum Menegh 8.3 + - + + - - +
Pediastrum simplex Meyen 1.8 + - - - - - -
Scenedesmus quadricauda (Turp) Breb. 1.8 - + - - + + -
Tetraedron incus (Teiling) G.M. Smith 0.9 + - - - - - -

^_kfb^b_\u_

Cosmarium sp. 0.9 - - - - - + -
Closterium aciculare Tuffen West 0.9 - - - - - - +
Closterium inaequale Ehrenb. 0.9 - - + - - - -
Staurastrum subgracillimum Ralf 1.8 - - + - - - -
Staurastrum gracile Ralf var. gracile 23.9 + + + + + + +

mehljbdkh\u_

Elakatothrix gelatinosa Wille 1.8 - + + - - - -
Elakatothrix genevensis (Reverd.) Hind 0.9 + - - - - - -

\hev\hdkh\u_

Phacotus lenticularis Ehren 2.8 - - - - - + +
Polytoma sp. 11.0 + - + - + + +
?XGRULQD�HOHJDQV�Ehr. 0.9 - - + - - - -
Pandorina morum (Mull) Bory 0.9 - - + - - - -

C r y s o p h y t a  �ahehlbklu_�

Dinobryon sociale Ehr 2.8 + - - + - - -
Dinobryon sociale var. americanum
Binnengewasser

45.9 + + + + + + +

Dinobryon divergens Imh. 51.4 + + + + + + +
Dinobryon divergens var. angulatum (Sel.)
Brunnth

8.3 + + + + + + +

Dinobryon cylindricum Imh var. palustre
Lemm

1.8 + - + - - - -

Dinobryon sertularia Ehr. 1.8 - - - + - - -
Mallomonas caudata Iwan 24.8 + + + + + + +
Mallomonas acaroides Perty 0.9 - - - - - - +
Uroglenopsis americana Lemm. 2.8 - - + - + - -

B a c i l l a r i o p h y t a  (̂ bZlhfh\u_�

Discoidales

Aulacosira granulata (Ehr) Sim. 21.1 + + + + + + +
Aulacosira granulata (Ehr) Sim. f. curvata
(Grun) Hust

16.5 + + + + + + +
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Aulacosira italica (Ehr) Sim var. tenuissima
(Grun) O.Mull

1.8 + - - - - - -

Melosira islandica subsp. helvetica O. Mull 33.9 + + + + + + +
Melosira ambigua (Grun.) O.Mull 12.8 + + + + + + +
K\FORWHOOD�FRPWD�(Ehr) Kutz 32.1 + + + + + + +
K\FORWHOOD�RSHUFXODWD�(Ag.) Kutz 9.2 + + + - - - -
K\FORWHOOD�PHQHJKLQLDQD�Kutz 7.3 + - + - - - -
K\FORWHOOD�NXHW]LQJLDQD�Thw. 3.7 - + + - + + -
K\FORWHOOD�ERGDQLFD�(XOHQVW�var. lemanensis
O.Mull

11.9 + + - - - - -

Stephanodiscus astraea var. minutulus
(Kutz) Grun

5.5 + - - + - + -

Biddulphioidales

Attheya zachariasii Brun. 3.7 + + + - - - +

Araphinales

Asterionella formosa Hass 21.1 + + + + + + +
Asterionella gracillima (Hantzsch) Heib 25.7 + + + + + + +
Fragilaria crotonensis Kitt 67.0 + + + + + + +
Fragilaria capucina Desm 0.9 - - - - - - +
Diatoma elongatum (Lyngb.) Ag. 0.9 - - - - - - +
Synedra acus Kutz 8.3 + + + + + + +
Synedra acus var. radians Kutz 10.1 + + - - - - +
Synedra ulna (Nitzsch.) Ehr 1.8 + - - - - - +
Synedra ulna var. danica Kutz 10.1 + + + - - - -
Synedra ulna var. aequalis (Kutz) Hust 3.7 + - - - - - -
Synedra tabulata var. obtusa Pant 2.8 + - - - - - +
 Synedra ulna var. oxyrhynchus (Kutz) V.H.
f. mediocontracta Forti

2.8 + - + - - - +

Synedra capitata Ehr 0.9 - - - - - - +

Naviculales

Achnanthes exigua Grun 0.9 - - + - - - -
Amphora ovalis Kutz 1.8 - - + - - - -
Amphora perpusilla Grun 0.9 - - + - - - -
Amphora veneta Kutz 0.9 + - + - - - -
KDORQHLV�VLOLFXOD�(Ehr) Cl 1.8 - - + - - - -
KDORQHLV�VLOLFXOD�var. tumida Hust 0.9 - - + - - - -
K\PEHOOD�YHQWULFRVD�Kutz 1.8 - - + - - - +
K\PEHOOD�WXPLGXOD�Grun 2.8 + + - - - - +
Eunotia sp. 1.8 - - + - - - -
Gyrosigma sp. 1.8 + - - - - - +
Navicula minuscula Grun 0.9 + - + - - - -
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Navicula pupula var. mutata (Krasske) Hust 0.9 - - + - - - -
Navicula placentula (Ehr) Grun 0.9 - + - - - - -
Navicula sp. 0.9 + - - - - - -
Neidium dubium (Ehr) Cl. 1.8 - - + - - - +
Nitzschia recta Hantzsch. 1.8 - - + - - - -
Nitzschia dissipata (Kutz) Grun 1.8 + + + - - - -
Nitzschia holsatica Hust 9.2 + + + - - - +

Aulonoraphinales

Cymatopleura solea (Breb.) W. Sm. 0.9 + - - - - - -
Cymatopleura solea var. gracilis Grun 2.8 + + - - - - -
Surirella biseriata Breb. 1.8 - + + - - - -

C r y p t o p h y t a  �djbilhnblh\u_�
Cryptomonas sp. 1.8 + - + - - - -

D y n o p h y t a  (̂ bghnblh\u_��ibjhnblh\u_)
Ceratium hirundinella (O.F.M.) Bergh
Ceratium hirundinella f. gracile Bachm 52.3 + + + + + + +
Ceratium hirundinella f. austriacum
(Zederb) Bachm

0.9 + - - - - - -

Ceratium hirundinella f. piburgense (Zed-
erb) Bachm

0.9 + - + - - - -

Glenodinium berolinense (Lemm) Lind. 18.3 + + + + - + -
Glenodinium berolinense var. apiculatum
Lemm

2.8 + - - - - - -

Glenodinium sp. 5.5 + - + - - - -
Peridinium cinctum (O.F.M.) Ehr 33.0 + + + + + + +
Peridinium cinctum f. angulatum (Lind.) Lef 1.8 + + + + - + +
Peridinium bipes Stein 2.8 + - + - - - -
Peridinium willei Hustf.-Kaas 0.9 + - - - - - -
Peridinium volzii Lemm 6.4 + - - + - - +

E u g l e n o p h y t a  (w\]e_gh\u_�
Euglena acus Ehr. 4.6 - + + - + - -
Gyropaigne kosmos Skuja 9.2 + + + - - - +
Trachelomonas volvocina Ehr 3.7 - - + - - - +

^bZlhf_c�k\yaZgh�k�^hklZlhqgh�kmjh\ufb�ijbjh^gh�debfZlbq_k-
dbfb�mkeh\byfb�j_]bhgZ�(kf��]e������Z�lZd`_�ij_^hij_^_e_gh�bk-
lhjbq_kdb:�wlZ�]jmiiZ�\h^hjhke_c�ij_h[eZ^ZeZ�gZ�^Zgghc�l_jjb-
lhjbb�_s_�k�lj_lbqgh]h�i_jbh^Z��<_^msZy�jhev�ih�[h]Zlkl\m�\b-
^h\� kj_^b�^bZlhfh\uo�ijbgZ^e_`bl� deZkkm�Pennatophyceae��DZd
ba\_klgh��i_ggZlgu_�\�ih^Z\eyxs_f�[hevrbgkl\_�y\eyxlky�[_g-
lbq_kdbfb��nhjfZfb���gh�hgb�ihklhyggh��ihiZ^Zxlky�\�ieZgdlhg_
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LZdkhghfbq_kdh_�jZaghh[jZab_�ieZgdlhgguo�\h^hjhke_c

ha� ;��FbZkkh\h�
Qbkeh�lZdkhgh\

Hl^_eu DeZkku Ihjy^�
db

K_f_c-
kl\Z

Jh^u <b^u <b^u�k
nhjfZfb

Kyanophyta 2 3 9 10 17 19
Chlorophyta 4 4 14 18 28 28
Crysophyta 1 2 3 3 7 9
Bacillariophyta 2 5 11 19 40 47
Cryptophyta 1 1 1 1 1 1
Dynophyta 1 1 1 3 7 10
Euglenophyta 1 1 2 3 3 3

ba�aZ�kbevgh]h�\heg_gby��gZ�f_edh\h^vyo�aZeb\h\�b�\afmqb\Zgby

^hgguo� hleh`_gbc�� <klj_qZ_fhklv� bo� hq_gv� fZeZ� �lZ[e�� ����� \

gZrbo� bkke_^h\Zgbyo� hgb� ihiZebkv� \� [hevrhf� jZaghh[jZabb

lhevdh� \� ��o� ijh[Zo�� \ayluo� \h� \j_fy� rlhjfh\�� AgZqbl_evgZ

\klj_qZ_fhklv��lZ[e������ebrv�ke_^mxsbo�^bZlhf_c: Asterionella
gracillima, A. formosa, Aulacosira granulata, Cyclotella comta,
Fragilaria crotonensis, Melosira islandica, Melosira subsp. helvetica.

A_e_gu_�\h^hjhkeb�ih�\b^h\hfm�[h]Zlkl\m�aZgbfZxl�\lhjh_

f_klh (jbk��18). Ba�gbo�aZf_lgh]h�\b^h\h]h�jZaghh[jZaby�^hklb]Z_l
deZkk�Chlorococcoophyceae – 20 \b^h\�ba���k_f_ckl\�b�����jh^h\���gh
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Jbk������ ?^bgbq�

gu_� dhehgbb� a_e_guo

\h^hjhke_c��M\_e��600.

\klj_qZxlky� \� ijh[Zo� _^bgbqgh� �jbk�� ����� Ij_^klZ\bl_ev� `_

deZkkZ�Conjugatophyceae, ihjy^dZ�^_kfb^b_\uo�Staurastrum grac-
ile var. gracile  bf__l� [hevrmx� \klj_qZ_fhklv� b� qbke_gghklv� \

Z\]mklh\kdbo�b�k_gly[jvkdbo�ijh[Zo�

Lj_lv_�f_klh�ih�jZaghh[jZabx� \b^h\� aZgbfZxl� kbg_a_e_-
gu_� \h^hjhkeb� (Cyanophyta)�� <uy\e_gh� ��� \b^h\� ba� ��� jh^h\�
hlghkysboky� d� ��f� deZkkZf� wlh]h� hl^_eZ�� ©P\_l_gb_ª� \h^u�

aZj_]bkljbjh\Zggh_� \� ����� ]h^m�� ijhbkoh^beh� ba�aZ� fZkkh\h]h

jZa\blby�bf_ggh�kbg_a_e_guo�\h^hjhke_c�Anabaena flos-aquae F.
gracile b Gloeotrichia echinulata. <b^u�deZkkZ�Hormogoniophyceae,
h[gZjm`_ggu_�\�ieZgdlhg_��\�[hevrbgkl\_�hlghkylky�d�k_f_ckl\m

Anabaenaceae (4�\b^Z�b���jZagh\b^ghklv�ba�jh^Z  Anabaena).
Hl^_e�Chrysophyta  ij_^klZ\e_g���\b^Zfb��hlghkysbfbky�d

�� jh^Zf� b� �� k_f_ckl\Zf��<b^h\h_� [h]Zlkl\h� hl^_eZ� ahehlbkluo

g_agZqbl_evgh��gh�\ukhdZ�qbke_gghklv�\�ijh[Zo b�p_ghlbq_kdZy
jhev��kf��gb`_���hkh[_ggh�\b^h\�jh^Z�Dinobryon.

>bghnblh\u_� �ibjhnblh\u_��lZd`_�gZkqblu\Zxl�g_fgh]h

\b^h\������gh�qZklh��\klj_qZxlky��kf��lZ[e������b�bf_xl�[hevrmx

qbke_gghklv��\b^u�Ceratium hirundinella b Peridinium cinctum).
Kl_i_gv� wdheh]bq_kdhc� bamq_gghklb� \h^hjhke_c� j_]bhgZ

g_^hklZlhqgZ��Ih�hlghr_gbx�d�khe_ghklb�\h^u�\h^hjhkeb�bkke_-
^m_fh]h�\h^h_fZ�hlghkylky�\�ih^Z\eyxs_f�[hevrbgkl\_�d�heb-
]h]Zeh[Zf� �Ijbeh`_gb_� ����<�bo�khklZ\_�ij_h[eZ^Zxl�bg^_nn_-
j_glu�� \klj_qZxlky� ]Zehnbeu� �Cyclotella meneghiniana Kutz,
Fragilaria crotonensis Kitt ).

Ih�hlghr_gbx�d�jG�kj_^u�agZqbl_evgmx�]jmiim�khklZ\ey-
xl�ZedZebnbeu��\b^u��ij_^ihqblZxsb_�s_ehqgmx�j_Zdpbx�kj_-
^u�� ±�^hklZlhqgh� qZklh� \klj_qZxsb_ky� \� ha_j_� \b^u�Aulacosira
granilata, Synedra ulna, S. acus, Cymatopleura solea; Zpb^hnbeu
ij_^klZ\e_gu�_^bgbqgh�\klj_qZxsbfbky�\b^Zfb�jh^Z�Closterium
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b Eunotia;� ij_h[eZ^Zxs_c� y\ey_lky� ]jmiiZ� bg^_nn_j_glh\�� d
gbf� hlghkylky� Anabaena flos-aquae (Lyngb.) Breb., ^hfbgbjmx-
sZy� b� \uau\ZxsZy� p\_l_gb_�� qZklh� \klj_qZxsbcky� Pediastrum
boryanum (Turp) Menegh., Scenedesmus quadricauda (Turp) Breb. b
fgh]b_�^jm]b_��Ijbeh`_gb_��).

Ih� ]_h]jZnbq_kdhfm� ih^jZa^_e_gbx� gZ[ex^Z_lky� ij_h[-
eZ^Zgb_� rbjhdh� jZkijhkljZg_gguo� \b^h\�� hlf_q_gh� gZebqb_

]jmiiu�[hj_Zevguo�b�ZjdlhZevibckdbo�\b^h\��;hj_Zevgu_�\b^u

ij_^klZ\e_gu Anabaena lemmermanii, Diatoma elongatum, \b^Zfb

jh^Z Navicula, ZjdlhZevibckdb_� ±� Cyclotella bodanica var. lema-
nemsis. Ij_h[eZ^Z_l�]jmiiZ�rbjhdh�jZkijhkljZg_gguo�dhkfhih�
eblbqguo�\b^h\��lZdbo�dZd�^bZlhf_y�Asterionella formosa Hass, ba
a_e_guo�±�Pediastrum duplex Meyen b�^jm]b_��Ijbeh`_gb_��).

LZdbf� h[jZahf�� wdheh]h�]_h]jZnbq_kdbc� ZgZeba� \uy\e_g�

guo� \h^hjhke_c� �Ijbeh`_gb_� ��� ihdZaZe�� qlh� hkgh\m

nblhieZgdlhgZ� ha��;hevrh_� FbZkkh\h� khklZ\ey_l� dhfie_dk

w\jblhiguo� b� bg^_nn_j_glguo� ih� hlghr_gbx� d� Zdlb\ghc

j_Zdpbb�kj_^u�\b^h\��bf_xsbo�rbjhdh_�jZkijhkljZg_gb_��Y^jh

Zev]hnehju� khklZ\eyxl� hl^_eu� ^bZlhfh\uo� b� a_e_guo�� \_ebdZ

jhev� \� nblhieZgdlhgguo� khh[s_kl\Zo� hl^_evguo� \b^h\

ahehlbkluo� b� ^bghnblh\uo� �Dinobryon, Ceratium). Hlf_q_gh
lZd`_�\hajZklZxs__� \b^h\h_�[h]Zlkl\h� kbg_a_e_guo�b�fZkkh\h_

jZa\blb_�hl^_evguo�\b^h\�\h^hjhke_c�wlh]h�hl^_eZ�

IjhkljZgkl\_ggh�\j_f_ggZy�^bgZfbdZ

lZdkhghfbq_kdhc�kljmdlmju�nblhieZgdlhgZ

JZkij_^_e_gb_� ih� Zd\Zlhjbb�� JZkij_^_e_gb_� ih� Zd\Zlh�

jbb� \b^h\� jZ\ghf_jgh_�� [hevrbgkl\h� ieZgdlhgguo� \h^hjhke_c

h[gZjm`b\Z_lky�b� \�i_eZ]bq_kdhc��b� \� eblhjZevghc� ahgZo� ha_jZ

�kf�� lZ[e�� ����� Bkdexq_gb_� khklZ\ey_l� fZkkh\h_� jZa\blb_

Anabaena lemmermannii P. Richt.��hlf_q_ggh_�lhevdh�\�aZeb\_�Eb-
ih\Zy�dmjvy�\�l_q_gbb�h^gh]h�^gy��;hevrh_�\b^h\h_�[h]Zlkl\h�gZ

klZgpbyo� ©Abfgbdª�� ©=eZ\gZy� \_jlbdZevª� b� ©DhjZ[ebdª

ijhbahreh�ba�aZ�[he__�qZklh]h�hl[hjZ�ijh[�gZ�wlbo�klZgpbyo�

<_jlbdZevgh_� jZkij_^_e_gb_�� Bamq_gb_� \_jlbdZevgh]h

jZkij_^_e_gby� nblhieZgdlhgZ� klZgpbb� ©=eZ\gZy� ijhf_jgZy

\_jlbdZevª�^Zeh�ijhlb\hj_qb\mx�dZjlbgm��k\yaZggmx�k�debfZlb-
q_kdbfb�hkh[_gghklyfb������]h^Z:�bgl_gkb\gh_�\_ljh\h_�i_j_f_-
rb\Zgb_�lhesb�\h^u��qZklu_�hkZ^db�b�mkbe_gb_�ih\_joghklgh]h

klhdZ� k� \h^hk[hjZ�� agZqbl_evgh_� ih^gylb_� mjh\gy� \h^u�� Q_ldh

hlke_`b\ZeZkv� f_gvrZy� qbke_gghklv� kbg_a_e_guo�� ahehlbkluo�
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^bghnblh\uo� \h^hjhke_c� \� f_^e_ggh� ijh]j_\Z_fuo� ]em[bgguo

kehyo�i_eZ]bZeb�gZ�ijhly`_gbb�\k_]h�k_ahgZ��Bgl_gkb\gh_�i_j_-
f_rb\Zgb_�mkj_^gbeh�dZjlbgm�jZkij_^_e_gby�\h^hjhke_c�\�\_jo-
gbo�kehyo�i_eZ]bZeb�b�eblhjZeb�

K_ahggZy� ^bgZfbdZ�� <b^h\h_� [h]Zlkl\h� hkgh\guo� ]jmii

nblhieZgdlhgZ�\hajZklZ_l�\�i_jbh^�[bheh]bq_kdh]h�e_lZ��jbk� 20,
21)�±�\�k_ahg_������]��wlh�\j_fy�ijboh^blky�gZ�k_gly[jv��Ihkdhev-
dm�jZa\blb_�nblhieZgdlhgZ�dhjj_ebjm_l�ij_`^_�\k_]h�k�l_fi_jZ-
lmjguf� j_`bfhf��g_h[oh^bfh� hlf_lblv��qlh� \_]_lZpbhgguc� k_-
ahg������]h^Z�[ue�fgh]h\h^guf�b�^h`^eb\uf��gh�g_�oheh^guf�

E_lgb_�ihoheh^Zgby�[ueb�djZldh\j_f_ggu�� Z�^g_\gu_� l_fi_jZ-
lmju�g_fgh]hqbke_gguo�`Zjdbo�^g_c�hq_gv�\ukhdbfb��^h��� °K��
qlh�kihkh[kl\h\Zeh�[ukljhfm�ijh]j_\m�\h^u��<�fZ_�l_fi_jZlmjZ

\ha^moZ�g_�ih^gbfZeZkv� \ur_� ��±�� °K�� l_fi_jZlmjZ� \h^u� ^_j-
`ZeZkv�gZ�mjh\g_�� °K��b��khhl\_lkl\_ggh��jZa\blb_�nblhieZgdlhgZ
[ueh� gZ� hq_gv� gbadhf� mjh\g_�� K� gZqZeZ� bxgy� l_fi_jZlmjguc

j_`bf�ih\ukbeky:�l_fi_jZlmjZ�\ha^moZ�^g_f�^_j`ZeZkv�m�hlf_l-
db� �� °K�� \h^Z� gZqZeZ� ijh]j_\Zlvky�� Lj_lvy� ^_dZ^Z� bxgy� [ueZ
`Zjdhc: \ha^mo�ijh]j_\Zeky�^h��� °K��l_fi_jZlmjZ�\h^u�^hklb]eZ
20 °K��GZqZeh� bxey� [ueh� ijhoeZ^guf� b� ^h`^eb\uf�� gh� lj_lvy
^_dZ^Z�bxey�[ueZ�hq_gv�`Zjdhc�±�l_fi_jZlmjZ�\ha^moZ�^g_f�^hk-
lb]ZeZ���±���°K�b�ih\_joghklgu_�kehb�\h^u�ijh]j_ebkv�^h��� °K
�\� aZeb\Zo� gZ�f_edh\h^v_� ^h� ��� °K���L_fi_jZlmjZ� \h^u� himklb-
eZkv�gb`_�hlf_ldb��� °K�lhevdh�d�gZqZem�k_gly[jy�b�gb`_��� °K�d
hdly[jx��LZdbf�h[jZahf��l_fi_jZlmjguc�j_`bf�\h^u�[ue�^hklZ-
lhqgh�\ukhdbf�b�[eZ]hijbylguf�^ey�jZa\blby�nblhieZgdlhgZ�

Cbg_a_e_gu_� \h^hjhkeb� Fbgbfmf� \b^h\h]h� [h]Zlkl\Z
kbg_a_e_guo� gZ[ex^Zeky� \� fZ_�� ;ueZ� \klj_q_gZ� h^gZ� [hevrZy

dhehgby� Holopedia geminata \� Gyr_\kdhc� dmjv_�� khklhysZy� ba
[he__� ^\mokhl� de_lhd��gb� jZam�g_� \klj_lb\rZyky�iha`_� \� ha_j_�

<hafh`gh�fZckdbc�ibd�jZa\blby�\h^hjhke_c�[ue�ijhims_g�beb

keZ[h� \ujZ`_g� ba�aZ� debfZlbq_kdbo� hkh[_gghkl_c� ]h^Z:� jZggbc
koh^�ev^Z�����Zij_ey������]���k�kbevguf�iZ\h^dhf�b�k�i_j\uo�qb-
k_e�fZy�oheh^gZy�^h`^eb\Zy�ih]h^Z� Wlhl�hl^_e�[ue�ij_^klZ\e_g
gZb[hevrbf� qbkehf \b^h\� \� dhgp_� k_gly[jy�� gh� ibd� jZa\blby
kbg_a_e_guo� \h^hjhke_c� deZkkZ� ]hjfh]hgb_\uo� ±� \b^u� jh^Z

Anabaena – ijboh^blky� gZ� bxgv�� kf_gb\rbkv� ^hfbgbjh\Zgb_f
h^gh]h�\b^Z�Anabaena flos-aquae f. gracilis d�dhgpm�bxgy��<�bxe_
b�Z\]mkl_�\�ijh[Zo�ijbkmlkl\mxl�\�hkgh\ghf�^\Z�^hfbgbjmxsbo

�kf���gb`_���\b^Z���kbg_a_e_guo:  Anabaena  flos-aquae  f. gracilis  b



���

Jbk�� ����K_ahggZy�^bgZfbdZ�\b^h\h]h�[h]Zlkl\Z�hkgh\guo�]jmii

nblhieZgdlhgZ�

Gloeotrichia echinulata. D� k_gly[jx� gZqbgZxl� ihklhyggh� \klj_-
qZlvky� \� g_[hevrbo� dhebq_kl\Zo� \b^u� jh^Z� Microcystis, fgh]h-
qbke_ggu�h[ju\db�dhehgbc�b�kihju�Anabaena, aZf_lgh]h�h[beby
^hklb]Z_l�\b^�Snowella rosea, h[uq_g�\b^�KRHORVSKDHULXP�NXHW]Ln-
gianum.

>bZlhfh\u_� \h^hjhkeb�� Hl^_e� \h^hjhke_c� ij_^klZ\e_g

gZb[hevrbf�dhebq_kl\hf�\b^h\�\�fZ_�b�k_gly[j_�hdly[j_��<�fZ_

\klj_qZebkv�_^bgbqgh�\b^u�b�\ZjbZpbb�\b^h\�ba�jh^Z�Synedra b
Cyclotella. :\]mklh\kdh_�ih^gylb_� \b^h\h]h� h[beby� ^bZlhfh\uo
k\yaZgh� kh� \afmqb\Zgb_f� ^hgguo� hleh`_gbc� ba�aZ� rlhjfh\�

iZ\h^dh\�b�ihiZ^Zgby�\�\h^gmx�lhesm�[_glhkguo�nhjf�ihjy^dZ

gZ\bdmevguo� �\b^u�jh^h\ Amphora,Caloneis, Cymbella, Navicula)
\� _^bgbqghf� dhebq_kl\_��<� k_gly[j_� \� ijh[Zo� ihklhyggh� klZeb

\klj_qZlvky�\b^u�jh^h\�Melosira, Aulacosira, ̂hklb]Zy�agZqbl_ev-
ghc�qbke_gghklb��Ihklhyggh�\�k_gly[jvkdbo�ijh[Zo�\klj_qZebkv

Attheya zachariasii, a\_a^qZlu_�dhehgbb�Nitzschia holsatica, ihy\b�
ebkv�\b^u�jh^Z�Kyclotella, Synedra. D�dhgpm�k_gly[jy�agZqbl_ev-
gh]h�h[beby� klZeb�^hklb]Zlv� \b^u�� \klj_qZ_fu_�gZ�ijhly`_gbb

\k_]h�]h^Z��Asterionella gracillima, A. formosa, Fragilaria crotonen-
sis (jbk� 22–24).

�

�

�

�

�

��

��

��

��

Â¶¿ ¾ÔÃÒ ¾ÔÁÒ ¶̧ ¹ÉÇÈ Ç»ÃÈµ·ÆÒ ÄÀÈµ·ÆÒ

Í¾ÇÁÄ�¸¾ºÄ¸

º¾¶ÈÄÂÄ̧ Ñ» Ç¾Ã»½»Á»ÃÑ» ½»Á»ÃÑ»

½ÄÁÄÈ¾ÇÈÑ» º¾ÃÄÊ¾ÈÄ¸Ñ» Ó¸¹Á»ÃÄ¸ÑÃ



���

Jbk�� ���� H[ebd

khh[s_kl\� nblhieZgdlh�

gZ�\�k_gly[j_��M\_e������
1 – Ceratium

hirundinella f. gracile, 2 –
h[ehfdb� iZgpujy� Ceratium
hirundinella, 3 – h[ju\db
dhehgbc�Anabaena flos-aquae
f. gracilis, 4 – dhehgbb Micro-
cystis aeruginosa
f. viridis.

Ahehlbklu_� \h^hjhkeb��<�fZ_� ahehlbklu_� \h^hjhkeb� g_

\klj_qZebkv� ih� \k_c� Zd\Zlhjbb��FZkkh\h� ihy\b\rbkv� \� ijh[Zo

���bxgy��\b^� ahehlbkluo�Dinobryon sociale var. americanum �klZ-
^bb� pbklu� b� fgh]hqbke_ggu_� `b\u_� dhehgbb�� \_]_lbjh\Ze� ^h

lj_lv_c� ^_dZ^u� bxgy�� y\eyykv� _^bgkl\_gguf� ij_^klZ\bl_e_f

ahehlbkluo� b� ^hfbgZglhf� ieZgdlhgguo� nblhp_ghah\� ih� \k_c

Zd\Zlhjbb�ha_jZ��jbk� 25).  Ibd�_]h� fZkkh\h]h� jZa\blby� ijbr_eky�gZ

Jbk�� ��� Asteriionella formosa.
M\_e��500.

Jbk�� ���� Asteriionella
gracillima. M\_e��500.
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Jbk� 24�� Dhg�

klZglgu_� \b^u� khh[�

s_kl\� nblhieZgdlhgZ:
1 – Astericrella, 2 –
Fragilaria crotonensis,
3 – kihju� jZaebqguo
\b^h\� jh^Z� Anabaena.
M\_e��500.

dhg_p� \lhjhc� ^_dZ^u

bxgy�� <h^Z� bf_eZ

`_elh\Zluc� hll_ghd�

ijb� hlklZb\Zgbb

\kdhj_� ihy\eyeky

hkZ^hd� \� \b^_� oehiv�

_\� j`Z\h]h� p\_lZ�� ��

bxgy� \_]_lZpby� ij_djZlbeZkv� h^gh\j_f_ggh� ih� \k_c� Zd\Zlhjbb

ha_jZ� ba�aZ�fZkkh\h]h� jZa\blby� kbg_a_e_guo� �Anabaena)�� JZagh-
h[jZab_� hl^_eZ� ahehlbkluo� g_mdehggh� ih\urZehkv� d� k_gly[jx�

dh]^Z�\�mklhcqb\uc�\b^h\hc�dhfie_dk�\oh^beb�ahehlbklu_�\h^h-
jhkeb Dinobryon divergens, D. sociale var. americanum, Mallomonas
caudata.

A_e_gu_�\h^hjhkeb��<h^hjhkeb�wlh]h�hl^_eZ�lZd`_�^hklb-
]Zeb�gZb[hevr_]h�jZkp\_lZ�\�k_gly[j_��dh]^Z�\�mklhcqb\uc�\b^h-
\hc� dhfie_dk� \oh^beb� Pediastrum duplex, P. boryanum, Didymo-
cystis planctonica, Chlorella
sp., Coenococcus planctoni-
cus, b� \b^� ihjy^dZ� ^_kfb�
^b_\uo� Staurastrum gracile
var. gracile. ;hevrbgkl\h
a_e_guo� \klj_q_gu� _^bgbq�

gufb� dhehgbyfb� �kf�

jbk������ \� Z\]mklh\kdbo� b

k_gly[jvkdbo� ijh[Zo��<b^u

jh^Z� Closterium� �ihjy^hd

^_kfb^b_\uo�� ±� lbibqgu_

ij_^klZ\bl_eb������ieZgdlhgZ

Jbk�� ���� <b^�^hfbgZgl

khh[s_kl\� nblhieZgdlhgZ

Dinobryon sociale var.  ameri-
canum �dhehgby���M\_e������



���

knZ]gh\uo�[hehl��\klj_lbebkv�_^bgbqgh��ihiZ\�\�ha_jguc�ieZgd-
lhg�ba�aZ�qZkluo�iZ\h^dh\�b�kh_^bg_gby�\_joh\uo�[hehl�k�ha_jhf

fhsgufb�\h^hlhdZfb��J_^dbc��gh�bf_xsbc�rbjhdbc�Zj_Ze�jZk-
ijhkljZg_gby� djmiguc� ieZgdlhgguc� \b^� Desmatractum indutum
Pasch. (Geitl.) gZc^_g�lZd`_�\�f_kl_�kh_^bg_gby�aZeb\Z�ha_jZ�©dm-
jvy� Abfgbdª� k� [hehlhf�� ijhbahr_^r_]h� \ke_^kl\bb� ih^gylby

mjh\gy�\h^u�

>bghnblh\u_�\h^hjhkeb �ibjhnblh\u_1). Ibd�\b^h\h]h
[h]Zlkl\Z�\h^hjhke_c�wlh]h�hl^_eZ�ijboh^beky�gZ�k_gly[jv��Dhg-
klZglguc�\b^�Keratium hirundinella f. gracile \klj_qZeky�k�fZy�ih
hdly[jv��<�hdly[j_�hg�ijbkmlkl\h\Ze�\�klZ^bb�pbkl��\klj_qZebkv

lZd`_� fgh]hqbke_ggu_� h[ehfdb� iZgpbjy�� QZklh� ihiZ^Zeky

\�ijh[Zo�gZ�ijhly`_gbb�\k_]h�k_ahgZ�Peridinium cinctum, bgh]^Z
�lhevdh� \� i_eZ]bZeb�� \f_kl_� k� j_^dhc� nhjfhc� \b^Z� P. cinctum
f. angulatum (Lind.)�/HI��� j_adh� hlebqZxs_cky� \h]gmlhc� gZ� [jx-
rghc�klhjhg_�wib\Zev\hc�

Djbilhnblh\u_� \h^hjhkeb� �ibjhnblh\u_�� <h^hjhkeb
wlh]h�hl^_eZ�ij_^klZ\e_gu�h^gbf�\b^hf�±�Cryptomonas sp..

W\]e_gh\u_� \h^hjhkeb�� WlZ� ]jmiiZ� ij_^klZ\e_gZ� lj_fy

\b^Zfb�b�b]jZ_l�fZehaZf_lgmx�jhev�\�ieZgdlhgguo�nblhp_ghaZo�

GZb[he__�qZklh�\klj_qZxsbfky�\b^hf�hdZaZeky�Gyropaigne kos-
mos. C bxey�ih�hdly[jv�hg�g_j_^dh�\klj_qZeky�\�ijh[Zo�_^bgbq-
gufb� wda_fieyjZfb�� ieZ\Zxsbfb�� oZjZdl_jgh� \jZsZykv� \hdjm]

k\h_c�hkb��qZklh�klZgh\ykv�\_jlbdZevgh�b�h[gZjm`b\Zy�j_[jbklh_

kljh_gb_�i_jbieZklZ�

Dhebq_kl\_ggu_�oZjZdl_jbklbdb�nblhieZgdlhgZ

H[sZy�oZjZdl_jbklbdZ

Kj_^gyy�qbke_gghklv�nblhieZgdlhgZ� \�ijh[Zo�ih�ha_jm� \

p_ehf�aZ�i_jbh^�bkke_^h\Zgbc�khklZ\beZ��������feg�de��f3��kj_^-
gyy�[bhfZkkZ�ijh[�aZ�wlhl�`_�i_jbh^� –  2.960�]�f3��FZdkbfZevgZy

qbke_gghklv� �������� feg� de�f3 gZ[ex^ZeZkv� gZ� eblhjZevghc

klZgpbb� Abfgbd� ��������� �ibd� fZkkh\h]h� jZa\blby� kbg_a_e_ghc

\h^hjhkeb� Anabaena flos-aquae). FbgbfZevgZy� qbke_gghklv

0.002–0.005�luk�� de�f3 �gZ[ex^ZeZkv� \�fZckdbo�ijh[Zo�gZ� eblh-
jZevguo�klZgpbyo�©RlZggZy�dmjvyª��©Ijhoh^gZy�dmjvyª�

1 KlZjh_� gZa\Zgb_� hl^_eZ� \h^hjhke_c�� h[t_^bgy\r_]h� kh\j_f_g-
guc�hl^_e�^bghnblh\uo�b�djbilhnblh\uo�



���

FZdkbfZevgZy�[bhfZkkZ�khklZ\beZ��������]�f3 �b�hlf_q_-
gZ� \� ibd� fZkkh\h]h� jZa\blby� ahehlbklhc� \h^hjhkeb� Dinobryon
sociale var. americanum�gZ�klZgpbb�©Ebih\Zy�dmjvyª��FbgbfZev-
gZy� [bhfZkkZ� �������� ]�f3 � hlf_q_gZ� \� ijh[_� ��������� gZ� eblh-
jZevghc�klZgpbb�©RlZggZy�dmjvyª�

LZdbf� h[jZahf�� \� eblhjZeb� ha_jZ� Zfieblm^Z� dhe_[Zgbc

agZq_gbc� [bhfZkku� b� qbke_gghklb�nblhieZgdlhgZ� gZb[he__� \_-
ebdZ��qlh�k\yaZgh�k�g_mklhcqb\uf�l_fi_jZlmjguf��dbkehjh^guf

b�^jm]bfb�j_`bfZfb�

K_ahggZy�^bgZfbdZ�qbke_gghklb�b�[bhfZkku

hkgh\guo�hl^_eh\�nblhieZgdlhgZ

Baf_g_gby� [bhfZkku� hkgh\guo� hl^_eh\� ieZgdlhgguo� \h-
^hjhke_c� \� k_ahgghc� ^bgZfbd_� ij_^klZ\e_gu� gZ� jbk� 26. Hlq_l-
eb\h� \b^gZ� j_adZy� kf_gZ� ibdh\� jZa\blby� [bhfZkku� ahehlbkluo

\h^hjhke_c�gZ�ibdb�[bhfZkku�kbg_a_e_guo�\�lj_lv_c�^_dZ^_�bx-
gy�b�^bZlhfh\uo�\�lj_lv_c�^_dZ^_�k_gly[jy�

Kbg_a_e_gu_� \h^hjhkeb� Cj_^g_k_ahggZy� [bhfZkkZ� wlh]h
hl^_eZ� \h^hjhke_c� khklZ\beZ� ����� ]�f3�� kj_^gyy� qbke_gghklv

�����feg�de��f3. Qbke_gghklv��iehlghklv��kbg_a_e_guo�hij_^_ey�
eZkv� jZa\blb_f� dhehgbZevguo� \b^h\� Anabaena flos-aquae
f. graciles  �jbk��������b��Gloeotrichia  echinulata���bf_xsbo��f_edb_

Jbk�� ����K_ahggZy� ^bgZfbdZ� [bhfZkku� �]�f3 �� hkgh\guo� hl^_eh\

nblhieZgdlhgZ�ha_jZ�;��FbZkkh\h�\������]h^m�
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Jbk�� ���� Anabaena
flos-aquae f. graciles –
kbg_a_e_gZy�\h^hjhkev�©p\_-
l_gbyª�\h^u��M\_e������

jZaf_ju� de_lhd� �ihjy^�

dZ� �±��fdf�\�^bZf_lj_�

b�[hevrh_�qbkeh�de_lhd

\� dhehgbyo� �dhehgbb

\b^gu� g_\hhjm`_gguf

]eZahf� b� ^hklb]Zxl� \

^bZf_lj_���ff�b�bgh]^Z

[he__��� Wlb� ^\Z� \b^Z� bf_xl� lZd`_� gZb[hevrmx� [bhfZkkm� \

ijh[Zo�kj_^b�kbg_a_e_guo��h[mkeh\e_ggmx�fZkkh\uf�jZa\blb_f�

FZdkbfZevgZy� [bhfZkkZ� Anabaena flos-aquae f. gracilis \� ijh[Zo
^hklb]ZeZ� ������� ]�f3 �\� keh_� ���±����f� ���������gZ�eblhjZevghc

klZgpbb� ©DhjZ[ebdª��Wlh�khhl\_lkl\m_l� ,,,� �mf_j_gghc��kl_i_gb

©p\_l_gbyª�\h^u�ih�wdheh]h�kZgblZjghc�deZkkbnbdZpbb�dZq_kl\Z

ih\_joghklguo�\h^�kmrb��ij_^eZ]Z_fhc�Bgklblmlhf�]b^jh[bheh-
]bb�:G�MKKJ��hkgh\ZgZ�gZ�dhgp_gljZpbb�[bhfZkku�\h^hjhke_c�\

ih\_joghklghf� keh_� \h^h_fh\�� �<j_f_ggu_� f_lh^bq_kdb_«�

1985).�Mf_j_ggZy��,,,��kl_i_gv�©p\_l_gbyª�\h^u�\bamZevgh�oZjZd-
l_jbam_lky� h[jZah\Zgb_f� kehy� \kieu\Zxsbo� \h^hjhke_c� b� ijb-
\h^bl�d�kms_kl\_gghfm�mom^r_gbx�dZq_kl\Z�\h^u��Wlhc�kl_i_gb

©p\_l_gbyª� \h^Z� ha_jZ� ;��FbZkkh\h� ^hklb]ZeZ� k� ��������� ih

����������<_ljh\h_� i_j_f_rb\Zgb_�� ^h`^b�� ihgb`_gb_� l_fi_jZ-
lmju�ijb\_eb�d�jZkij_^_e_gbx�\h^hjhke_c�\�lhes_�\h^u��kiZ^m

\_]_lZpbb�� Kj_^gyy� [bhfZkkZ Anabaena flos-aquae f. graciles \
bxg_� khklZ\beZ� ������]�f3�� \� kj_^g_f� aZ� k_ahg� \� i_eZ]bZeb� ±

0.934�]�f3�� gZ� eblhjZevguo� klZgpbyo� ����2 ]�f3�� FZkkh\h_

jZa\blb_ Anabaena flos-aquae f. graciles� \ghkbeh� ih^Z\eyxsbc
\deZ^�\h�\kx�[bhfZkkm�kbg_a_e_guo�lj_lv_c�^_dZ^u�bxgy�

<� i_j\hc� ^_dZ^_� bxey� ihy\bebkv� \� [hevrhf� dhebq_kl\_

rZjhh[jZagu_� dhehgbb� \b^Z� Gloeotrichia echinulata� �jbk� 28),
e_]dh� \b^bfu_� \� [hevrhf� dhebq_kl\_� g_\hhjm`_gguf� ]eZahf�

;bhfZkkZ� wlh]h� \b^Z� ^_j`ZeZkv� \ukhdhc� gZ� ijhly`_gbb� \k_]h

bxey�b�Z\]mklZ�[_a�yjdh�\ujZ`_gguo�fbgbfmfh\�b�fZdkbfmfh\

b� \ghkbeZ� ihklhygguc� agZqbl_evguc� \deZ^� \� h[smx� [bhfZkkm

kbg_a_e_guo�ih�\k_c�Zd\Zlhjbb�\�l_q_gb_�wlbo�f_kyp_\��Kj_^gyy

\_ebqbgZ�[bhfZkku�Gloeotrichia echinulata�khklZ\beZ�\�i_eZ]bZeb
0.563�]�f3�� gZ� eblhjZevguo� klZgpbyo� ±� ������]�f3�� \� kj_^g_f

ih��Zd\Zlhjbb��aZ��k_ahg�±�������]�f3���Wlb�\_ebqbgu�khhl\_lkl\mxl�I



���

Jbk�� ���� Gloeotri-
chia echinulata – ̂ hfbgb�
jmxsZy� kbg_a_e_gZy� \h-
^hjhkev��M\_e������

�gZqZevghc�� kl_i_gb

©p\_l_gbyª� \h^u� �<j_�

f_ggu_� f_lh^bq_k�

db_«�� �������GZ�ijhly�

`_gbb�\k_]h� k_ahgZ�\b^

Gloeotrichia echinulata
\klj_qZeky�\�klZ^bb�Pseudorivularia V. Poljansk, b�lhevdh�\�lj_lv-
_c� ^_dZ^_� Z\]mklZ� ihy\bebkv� dhehgbb� \� klZ^bb� Gloeotrichia.
Dhehgbb�m\_ebqbebkv�\�^bZf_lj_�^h����±��ff��ba�rZjhh[jZaguo

qZklvx�ij_\jZlbebkv� \�ih^mrdh\b^gu_��<� k_gly[jvkdbo�ijh[Zo

Gloeotrichia echinulata hlkmlkl\m_l�
D�dhgpm�k_gly[jy�kj_^gyy�[bhfZkkZ�kbg_a_e_guo�^hklb]Z_l

������ ]�f3� aZ� kq_l� m\_ebq_gby� qbke_gghklb� \b^Z�Snowella rosea,
kdhie_gby� kihj� Anabaena flos-aquae f. graciles b� ^jm]bo� \b^h\
jh^Z� Anabaena. Qbke_gghklv� kbg_a_e_guo� \ukhdZ� ba�aZ� \deZ^Z
g_fgh]hqbke_gguo��gh�ihklhyggh�\klj_qZxsboky�\�k_gly[jvkdbo

ijh[Zo� fgh]hde_lhqguo� dhehgbc� Microcystis aeruginosa,
M. aeruginosa f. viridis �kf�� jbk� 21), M. firma, M. pulverea b
^hklb]Z_l�\�kj_^g_f�������feg�de��f3.

>bZlhfh\u_� \h^hjhkeb�� Kj_^g_k_ahggZy� [bhfZkkZ� \h^h�

jhke_c�wlh]h�hl^_eZ�khklZ\beZ�������]�f3��K�fZy�ih�Z\]mkl�qbke_g�

ghklv�b� [bhfZkkZ� ^bZlhf_c�g_\_ebdZ�b� hij_^_ey_lky� [bhfZkkhc

dhgklZglguo� \b^h\� Fragilaria crotonensis (kj_^g_k_ahggZy� [bh-
fZkkZ� 0.058�]�f3), Asterionella gracillima, A. formosa. <� k_gly[j_
ijhbahreh� j_adh_� m\_ebq_gb_� qbke_gghklb� b� [bhfZkku� p_gljb�

q_kdbo� ^bZlhf_c� Aulacosira granulata (kj_^gyy� [bhfZkkZ

0.426 ]�f3), A. granulata f. curvata (cj_^gyy� [bhfZkkZ� ����� ]�f3),
Melosira islandica subsp. helvetica (kj_^gyy�[bhfZkkZ� ������ ]�f3).
Ijhbahreh� lZd`_� j_adh_� m\_ebq_gb_� qbke_gghklb� b� [bhfZkku

dhgklZglgh]h� \b^Z�Fragilaria crotonensis (cj_^gyy�[bhfZkkZ� k_g-
ly[jy� ������ ]�f3� qZklbqgh� aZ� kq_l� m\_ebq_gby� bg^b\b^mZevguo

jZaf_jh\�wda_fieyjh\�wlh]h�\b^Z�k��� fdf�^h����fdf��kf��jbk� 24).
GZb[hevrbo� agZq_gbc�[bhfZkkZ�^bZlhfh\uo�^hklb]eZ�\� lj_lv_c

^_dZ^_�k_gly[jy�b�khklZ\beZ�������]�f3.
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Ahehlbklu_� \h^hjhkeb�� Kj_^g_k_ahggZy� [bhfZkkZ

ahehlbkluo� khklZ\ey_l� ������]�f3. FZdkbfZevgh_� jZa\blb_� \h^h-
jhke_c�wlh]h�hl^_eZ�ijboh^behkv�\������]��gZ�\lhjmx�^_dZ^m�bx-
gy�b�[ueh�h[mkeh\e_gh�fZkkh\uf�jZa\blb_f�h^gh]h�\b^Z�– Dino-
bryon sociale var. americanum �kf��jbk�������kj_^gyy�[bhfZkkZ�wlh]h
\b^Z�������]�f3. FZdkbfZevgZy�[bhfZkkZ�ahehlbkluo��hij_^_ey_-
fZy�\deZ^hf�wlh]h�_^bgkl\_ggh]h�\b^Z��^hklb]ZeZ��������]�f3 gZ
klZgpbb�©Ebih\Zy�dmjvyª�����������b�fZdkbfZevghc�qbke_gghklb

������� feg� de��f3��� WlZ� \_ebqbgZ� [bhfZkku� ^hklb]Z_l� gb`g_c

]jZgbpu�IV ��kbevghc��kl_i_gb�©p\_l_gbyª�\h^u��ih�wdheh]h�kZgb�

lZjghc�deZkkbnbdZpbb�dZq_kl\Z�ih\_joghklguo�\h^� �<j_f_ggu_

f_lh^bq_kdb_«���������<�\h^_�ijbkmlkl\h\Ze�hkZ^hd�\�\b^_�j`Z-
\uo�oehiv_\� (jbk� 29)��Gh�gZ[ex^ZeZkv� lZdZy�[bhfZkkZ�ebrv�gZ
h^ghc�klZgpbb�\�l_q_gb_�g_kdhevdbo�^g_c��<�kj_^g_f�ih�Zd\Zlh-
jbb����������[bhfZkkZ�ahehlbkluo�khklZ\eyeZ�������]�f3, qbke_g-
ghklv� ����� feg�de��f3��qlh�khhl\_lkl\m_l� III �mf_j_gghc�kl_i_gb
©p\_l_gbyª� �<j_f_ggu_� f_lh^bq_kdb_«�� ������� FbgbfZevgu_

agZq_gby�[bhfZkku�ahehlbkluo�gZ[ex^Zebkv�\�hdly[j_�b�khklZ\-
eyeb� ������ ]�f3��\�fZ_�\b^u� wlh]h�hl^_eZ�\h^hjhke_c�hlkmlkl\h�

\Zeb�\�ijh[Zo��<�Z\]mklh\kdbo�b�k_gly[jvkdbo�ijh[Zo� aZf_lguc

\deZ^� \� [bhfZkkm� ahehlbkluo� \ghkbe� \b^� Mallomonas caudata
(cj_^gyy�[bhfZkkZ�k_gly[jy�wlh]h�\b^Z�khklZ\beZ�������]�f3). <b^
Dinobryon divergens ihklhyggh�\oh^be�\�\b^h\hc�dhfie_dk�k�gZ-
qZeZ�bxey�ih�dhg_p�hdly[jy�[_a�\kie_kdh\�qbke_gghklb�kh�kj_^-
g_k_ahgghc�[bhfZkkhc�������]�f3.

>bghnblh\u_�\h^hjhkeb��ibjhnblh\u_���Kj_^g_k_ahggZy

[bhfZkkZ� \h^hjhke_c� wlh]h� hl^_eZ� khklZ\beZ� ������]�f3 ijb

kj_^g_c�qbke_gghklb� ������feg�de��f3��Ba�^bghnblh\�ihklhyggh

ijbkmlkl\m_l� \� ijh[Zo� \b^� Ceratium hirundinella f. gracile ch
kj_^g_c� [bhfZkkhc� ������ ]�f3,� ^hklb]Zy� \ukhdbo� agZq_gbc� [bh-
fZkku� ^\Z`^u: \� bxe_� ������ ]�f3� �jbk������ b� \� lj_lv_c� ^_dZ^_

k_gly[jy�������]�f3��FbgbfZevgu_�agZq_gby�[bhfZkku�^bghnblh�

\uo�gZ[ex^Zebkv�\�fZ_�b�khklZ\beb��������]�f3��;bhfZkkZ�\hajZk�

lZeZ�b�khklZ\beZ�\�lj_lv_c�^_dZ^_�k_gly[jy�������]�f3�ijb�kj_^g_c

qbke_gghklb� ������feg�de��f3� ±�\deZ^�\�qbke_gghklv�b�[bhfZkkm

\ghkbeb�\b^u�Peridinium cinctum �kj_^gyy�[bhfZkkZ�������]�f3) b
P. volzii �[bhfZkkZ� \� k_gly[j_� ������ ]�f3��� DhgklZglguc� \b^

Ceratium hirundinella � \klj_qZeky� \� lj_lv_c� ^_dZ^_� k_gly[jy� \
klZ^bb�pbkl�b�\�\b^_�h[ehfdh\�iZgpbjy�
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Jbk�� ���� >bgh�

[jb_\uc�h[ebd�\h^u�ha_jZ

;�� FbZkkh\h� 20.06.99.
M\_e�����

A_e_gu_�\h^hjhk�

eb�� Kj_^g_k_ahggZy

[bhfZkkZ� \h^hjhke_c

wlh]h� hl^_eZ� khklZ\beZ

0.206� ]�f3. FbgbfZev�
gu_� agZq_gby� qbke_g�

ghklb� b� [bhfZkku

gZ[ex^Zebkv����������b�khklZ\eyeb�������� ]�f3�ijb�qbke_gghklb

0.015 feg�de��f3��;bhfZkkZ�a_e_guo�ieZ\gh�\hajZklZeZ�b��^hklb]eZ

fZdkbfZevgh]h�agZq_gby�������]�f3����������gZ�klZgpbb�©Abfgbdª

ijb�qbke_gghklb�����feg�de��f3��Hij_^_eyxsbc�\deZ^�\�[bhfZkkm

\ghkbe� \b^� ^_kfb^b_\uo� \h^hjhke_c� Staurastrum gracile var.
gracile, ihklhyggh� \klj_qZxsbcky� \� ijh[Zo� k� bxey� ih� hdly[jv
�kj_^gyy�[bhfZkkZ������ ]�f3).

Hl^_eu�w\]e_gh\uo�b�djbilhnblh\uo��bf_eb�hq_gv�fZemx

qbke_gghklv�b�\ghkbeb�fbgbfZevguc�\deZ^�\�[bhfZkkm�

K_ahggZy�^bgZfbdZ�kljmdlmju�nblhieZgdlhgZ�hljZ`_gZ�gZ

jbk������ GZ� ^bZ]jZff_� \b^gu� j_adb_� i_j_kljhcdb� ieZgdlhgguo

nblhp_ghah\�� ijhbahr_^rb_� \� i_j\hc� b� lj_lv_c� ^_dZ^_� bxgy�

k\yaZggu_�k�fZkkh\uf�jZa\blb_f�k����������ih����������ahehlbk�

luo� �Dinobryon) b� k� ��������� kbg_a_e_guo� �Anabaena). >Zevg_c-
rbc�\deZ^�ahehlbkluo�\�h[smx�[bhfZkkm�hij_^_eyeky�jZa\blb_f

Dinobryon divergens b� \� Z\]mkl_�k_gly[j_� ihy\e_gb_f� \� agZqb-
l_evghf�dhebq_kl\_�\�ijh[Zo�Mallomonas caudata. K_gly[jvkdb_
i_j_kljhcdb� ieZgdlhgguo� nblhp_ghah\� k\yaZgu� k� jZa\blb_f

p_gljbq_kdbo�^bZlhf_c�b�dhgklZglgh]h�\b^Z�Fragilaria crotonensis.

Jbk�� ���� Bxevkdbc

h[ebd� \h^u� ±� jZa\blb_

^bghnblh\uo� \h^hjhke_c�

M\_e������
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Jbk�� ���� Kljmdlmjgu_� i_j_kljhcdb� ieZgdlhgguo� nblhp_ghah\

�\deZ^�[bhfZkku�]�f3�hl^_eh\�nblhieZgdlhgZ�\�h[smx�[bhfZkkm��

LZdbf� h[jZahf�� hkgh\gmx� jhev� \� nblhieZgdlhgguo

khh[s_kl\Zo�ha_jZ�;��FbZkkh\h�b]jZeb�ahehlbklu_�b�kbg_a_e_gu_

\h^hjhkeb��jhev�^bZlhfh\uo�b�^bghnblh\uo�\lhjhkl_i_ggZ��?s_

f_g__�agZqbfZ�jhev�a_e_guo��b�kh\k_f�fZehaZf_lgZ�±�w\]e_gh\uo

b�djbilhnblh\uo�

JZkij_^_e_gb_�qbke_gghklb�b�[bhfZkku�hkgh\guo

hl^_eh\�nblhieZgdlhgZ�ih�Zd\Zlhjbb

JZkij_^_e_gb_� ih� Zd\Zlhjbb� dhebq_kl\_gguo� oZjZdl_jb-
klbd�ieZgdlhgguo�\h^hjhke_c�hljZ`Zxl�]jZnbdb�(jbk��������).

<u^_ey_lky�f_gvrZy�qbke_gghklv�b�[bhfZkkZ�nblhieZgd-
lhgZ� \�RlZgghc� dmjv_�� k\yaZggZy� ij_`^_� \k_]h� k� bgl_gkb\guf

jZa\blb_f�fZdjhnblh\�\�wlhf�h[hkh[e_gghf�aZeb\_��<h^hjhkeb�

fZdjhnblu�\uklmiZxl�dhgdmj_glZfb�nblhieZgdlhgZ�\�[hjv[_�aZ

`bag_ggu_�j_kmjku� �jZkl\hj_gguc�\�\h^_�nhknhj�b�^jm]b_�[bh-
]_ggu_�we_f_glu��kheg_qguc�k\_l��b��dZd�ke_^kl\b_��h]jZgbqb\Z-
_l�qbke_gghklv�k\h[h^gh�iZjysbo�\�\h^ghc�lhes_�ieZgdlhgguo

\h^hjhke_c��GbadZy� qbke_gghklv� nblhieZgdlhgZ� \� [_^guo� fZc-
kdbo�ijh[Zo�\�RlZgghc�dmjv_�ohjhrh�\b^gZ�gZ�eh]Zjbnfbq_kdhc

rdZe_�]jZnbdZ�qbke_gghklb�

G_\_ebdZ� qbke_gghklv� b� [bhfZkkZ� nblhieZgdlhgZ� \� Gy-
r_\kdhc�dmjv_�ih�lhc�`_�ijbqbg_�dhgdmj_gpbb�k�\h^hjhkeyfb�±

fZdjhnblZfb��^hklb]Zxsbfb�lZf�[hevrh]h�jZa\blby�

��

���

���

���

���

���

���

���

���

���

����

fZc i_j\u_

^_dZ^u

bxgy

lj_lvy

^_dZ^Z

bxgy

bxev Z\]mkl i_j\u_

^_dZ^u

k_gly[jy

lj_lvy

^_dZ^Z

k_gly[jy

hdly[jv

w\]e_gh\u_

^bghnblh\u_

ahehlbklu_

a_e_gu_

kbg_a_e_guo

^bZlhfh\uo
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Jbk������JZkij_^_e_gb_�qbke_gghklb�nblhieZgdlhgZ��feg�de��f�3)
ih�Zd\Zlhjbb��eh]Zjbnfbq_kdZy�rdZeZ��

Jbk������JZkij_^_e_gb_�[bhfZkku�nblhieZgdblhgZ��]�f3��ih�Zd\Z-
lhjbb�

�

��

���

����

�����

������

eÁ¶̧ Ã¶µ

¸»ÆÈ¾À¶ÁÒ

lÄÆ¶·Á¾À i¾ÂÃ¾À zÈ¶ÃÃ¶µ oµÎ»¸À¶ m¾ÅÄ¸¶µ qÆÄËÄºÃ¶µ

Qbke_gghklv��feg��de��f�

fZc i_j\u_�^_dZ^u�bxgy lj_lvy�^_dZ^Z�bxgy
bxev Z\]mkl i_j\u_�^_dZ^u�k_gly[jy
lj_lvy�^_dZ^Z�k_gly[jy

�

�

�

�

�

��

eÁ¶̧ Ã¶µ

»̧ÆÈ¾À¶ÁÒ

lÄÆ¶·Á¾À i¾ÂÃ¾À zÈ¶ÃÃ¶µ oµÎ» À̧¶ m¾ÅÄ̧ ¶µ qÆÄËÄºÃ¶µ

c¾ÄÂ¶ÇÇ¶��¹�Â�

Â¶¿ Å»Æ̧ Ñ»�º»À¶ºÑ�¾ÔÃµ ÈÆ»ÈÒµ�º»À¶º¶�¾ÔÃµ

¾ÔÁÒ ¶̧ ¹ÉÇÈ Å»Æ̧ Ñ»�º»À¶ºÑ�Ç»ÃÈµ·Æµ

ÈÆ»ÈÒµ�º»À¶º¶�Ç»ÃÈµ·Æµ
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Jbk�� ���� JZkij_^_e_gb_� [bhfZkku� �]�f� 3�� fZkkh\uo� \b^h\� \h^h-
jhke_c�ih�Zd\Zlhjbb�

G_\ukhdbfb� ihdZaZl_eb� gZ� klZgpbb� ©=eZ\gZy� \_jlbdZevª

hdZaZebkv�ba�aZ�fZe_gvdbo� \_ebqbg� kj_^g_c�qbke_gghklb�b�[bh-
fZkku�]em[bgguo�keh_\�i_eZ]bZeb�gZ�ijhly`_gbb�\k_]h�k_ahgZ�

DZjlbgZ�jZkij_^_e_gby�kj_^g_c�[bhfZkku�^hfbgbjmxsbo

\b^h\�nblhieZgdlhgZ�ih�Zd\Zlhjbb�ij_^klZ\e_gZ�gZ�jbk�����

Ohjhrh� \b^_g�gZ� ]jZnbd_� �kf�� jbk� 33) [hevrhc� \kie_kd
[bhfZkku�\�Ebih\hc�dmjv_�\�bxg_�±�\�i_jbh^�fZkkh\h]h�jZa\blby

ahehlbklhc� \h^hjhkeb� Dinobryon.� Ibd� qbke_gghklb� nblhieZgd�
lhgZ�\� wlh�\j_fy�g_�\ujZ`_g�j_adh��ihkdhevdm�djmigu_�^hfbdb

\b^Z� Dinobryon� ^Zxl� [hevrhc� \deZ^� \� [bhfZkkm� ijb� kjZ\gb�
l_evgh�g_\ukhdhc�qbke_gghklb�
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DZjlbgm�jZkij_^_e_gby�qbke_gghklb� �kf��jbk������ih� Zd-
\Zlhjbb�k]eZ^beh�lZd`_�fZkkh\h_�jZa\blb_�\�dhgp_�bxgy�f_edh-
de_lhqgh]h�\b^Z�Anabaena��^Zxs_]h�aZf_lguc�\deZ^�\�[bhfZkkm
ijb�hq_gv�\ukhdhc�qbke_gghklb�

M\_ebq_gb_� dhebq_kl\_gguo� oZjZdl_jbklbd� \� k_gly[j_� \

dmjv_�Abfgbd�k\yaZgh�k�jZa\blb_f�^bZlhf_c b�\hafh`gh�ijhim-
s_gh�gZ�^jm]bo�klZgpbyo�gZ[ex^_gbc� �hljZ`_gh�mkj_^g_ggh�gZ

jbk����������

Kljmdlmjgu_�oZjZdl_jbklbdb�nblhieZgdlhgguo

Fhh[s_kl\

KljmdlmjZ�^hfbgbjh\Zgby��>ey�\uy\e_gby�p_ghlbq_kdhc

jheb�hl^_evguo�\b^h\�nblhieZgdlhgguo�khh[s_kl\�[ue�bkihev-
ah\Zg� bg^_dk� ^hfbgbjh\Zgby� beb� p_ghlbq_kdhc� agZqbfhklb

�BPA���J_amevlZlu�h[jZ[hldb�\�jZg`bjh\Zgghf�\b^_�ij_^klZ\e_-
gu�]jZnbq_kdb�gZ�jbk�����

<u^_ey_lky� � ]jmiiZ�� khklhysZy� ba� lj_o� ^hfbgbjmxsbo

\b^h\�kh�agZq_gb_f�BPA�k\ur_���: Dinobryon sociale var. ameri-
canum, Gloeotrichia echinulata, Anabaena flos-aquae f. graciles.

<�]jmiim�km[^hfbgZglh\�k�bg^_dkhf�p_ghlbq_kdhc�agZqb-
fhklb�k\ur_���\oh^yl�ke_^mxsb_�\b^u:�ba�^bZlhfh\uo�±�Fragi-
laria crotonensis, Melosira islandica subsp. helvetica, Aulacosira
granulata, ba�kbg_a_e_guo�±�Snowella rosea, ba�a_e_guo�±�Staura-
strum gracile var. gracile, ba�ahehlbkluo�±�Dinobryon divergens, ba
^bghnblh\uo�±�Peridinium cinctum, Ceratium hirundinella.

LZdZy�`_� kljmdlmjZ� ^hfbgbjh\Zgby� gZ[ex^Z_lky� \�nblh�

ieZgdlhgguo� p_ghaZo� eblhjZeb� b� i_eZ]bZeb�� h^gZdh

p_ghlbq_kdZy� agZqbfhklv� ^hfbgbjmxsbo� \b^h\� \� i_eZ]bZeb

f_gvr_�aZ�kq_l�[he__�gbadhc�[bhfZkku��hkh[_ggh�kbg_a_e_guo��\

]em[bgguo�f_^e_ggh�ijh]j_\Z_fuo�kehyo�\h^u�

Djb\Zy� BPA� �djb\Zy� ^hfbgbjh\Zgby�� klZgh\blky� [he__

djmlhc�\�klj_kkh\uo�kblmZpbyo�g_aZ\bkbfh�hl�lh]h��\ua\Zgu�eb

hgb�_kl_kl\_ggufb�ijbqbgZfb� �gZijbf_j��debfZlbq_kdbfb�hkh-
[_gghklyfb� ]h^Z� \� gZr_f� kemqZ_� beb� h[sbfb� kmjh\ufb� mkeh-
\byfb�j_]bhgZ��beb�Zgljhih]_gguf�\ha^_ckl\b_f��H^mf� 1986).

<b^h\h_�jZaghh[jZab_��<b^h\h_�jZaghh[jZab_�nblhieZgd-
lhgguo� khh[s_kl\� hp_gb\Zehkv� k� ihfhsvx� bgnhjfZpbhggh]h

bg^_dkZ�R_gghgZ�Mb\_jZ��\�_]h�fh^bnbdZpbb�Hb )  H = –Σ pi log pi,
]^_�pi  – \deZ^�dZ`^h]h�\b^Z�\�h[smx�[bhfZkkm��Bg^_dk�rbjhdh

ijbf_gy_lky� �^ey� �^bZ]ghklbdb� �khklhygby� �khh[s_kl\� �b� �wdhkb-
kl_f
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b�oZjZdl_jbam_l�keh`ghklv�b�kh^_j`Zgb_�bgnhjfZpbb�\�ex[uo

lbiZo�kbkl_f��>ey�nblhieZgdlhgguo�p_ghah\�ha_jZ�Hb  �����[bl�]�

^ey�i_eZ]bZeb��+b  �����[bl�]��^ey�eblhjZeb�+b  �����[bl�]��<ukh-
db_� agZq_gby� bg^_dkZ� oZjZdl_jbamxl� ieZgdlhggu_� nblhp_ghau

dZd�keh`gh�hj]Zgbah\Zggu_�b�kljmdlmjbjh\Zggu_��DZd�[ueh�ih-
dZaZgh��H^mf� ������gZ�ijbf_j_�p_ghlbq_kdbo�kljmdlmj�[_kiha\h-
ghqguo�� \_ebqbgZ� ���� bg^_dkZ�R_gghgZ� oZjZdl_jbam_l� fheh^u_

khh[s_kl\Z��gZoh^ysb_ky�\�khklhygbb�bfimevkghc�klZ[bevghklb�

K_ahggZy� ^bgZfbdZ� bg^_dkZ� \b^h\h]h� jZaghh[jZaby� ij_^-
klZ\e_gZ�gZ�jbk����� FZdkbfZevguo�agZq_gbc�hg�^hklb]Ze�\�bxg_
\ke_^kl\b_�]em[hdbo�i_j_kljh_d�ieZgdlhgguo�nblhp_ghah\�\�l_-
q_gb_�wlh]h�f_kypZ��\ukhdh_�agZq_gb_�bg^_dkZ�\�k_gly[j_�k\yaZgh

k�gZklmie_gb_f�[bheh]bq_kdh]h�e_lZ�b�^hklb`_gb_f�fZdkbfZev-
gh]h� jZa\blby� fgh]bo� ]jmii� \b^h\�� FbgbfZevgu_� ihdZaZl_eb

k\yaZgu�k�mijhs_gb_f�kljmdlmju�khh[s_kl\�nblhieZgdlhgZ�ba�

aZ�ij_djZs_gby�\_]_lZpbb�\b^h\�\ke_^kl\b_�gZklmie_gby�g_[eZ-
]hijbylguo� mkeh\bc�� G_klZ[bevghklv� \b^h\h]h� jZaghh[jZaby

�jZa[jhk�agZq_gbc�hl������\�fZ_�^h��.20�\�bxg_�b�2.80 \�k_gly[j_�
fh`_l�[ulv�k\yaZgZ�k�h[s_c�g_mklhcqb\hklvx�wdhkbkl_fu�ha_jZ�

;hevrZy�\_ebqbgZ�bg^_dkZ�\b^h\h]h�jZaghh[jZaby� �h[uqgh� k\y-
au\ZeZkv� kh� klZ[bevghklvx� wdhkbkl_f� (Margalef, 1968). ;he__
iha^gb_�bkke_^h\Zgby� (Huston, 1979) mklhcqb\ufb�kqblZxl kbk-
l_fu� k� g_[hevrbf� \b^h\uf� jZaghh[jZab_f� b� kbevgh� \ujZ`_g-
guf�^hfbgbjh\Zgb_f�

Jbk������>bgZfbdZ�\b^h\h]h�jZaghh[jZaby��[bl�]��nblhieZgdlhgZ�
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Fgh]he_lgb_�baf_g_gby�nblhieZgdlhgZ

Fgh]he_lgb_� baf_g_gby� \� nblhieZgdlhg_� ha_jZ� ;hevrh_

FbZkkh\h�fh`gh�ijhke_^blv��kjZ\gb\Zy�^Zggu_�G��<��;hg^Zj_gdh

����� ]h^Z� �;hg^Zj_gdh�� ������� H��:��LZmkhg� ����� ]h^Z� �LZmkhg�

1940)�k�kh\j_f_ggufb�^Zggufb�

CjZ\g_gb_�\b^h\h]h�khklZ\Z

G��<��;hg^Zj_gdh� \uy\be� ��� \b^h\�ieZgdlhgguo� \h^hjhk�

e_c:���\b^h\�^bZlhfh\uo����±�kbg_a_e_guo�����±�a_e_guo��ba�lj_o
]jmii� mklZj_\r_c� kbkl_fZlbdb� \h^hjhke_c: Chlorophyta, Conju-
gatae b�ba Mastigophora – \hev\hdkh\u_��� ��±� ahehlbkluo (Masti-
JRSKRUD��� �� ±� ^bghnblh\uo (Mastigophora). A_e_gu_� hdZaZebkv
^hfbgbjmxsbfb� ih� \b^h\hfm� [h]Zlkl\m� \� bkke_^h\Zgbb

G��<��;hg^Zj_gdh�ba�aZ�fgh]hqbke_gguo�\b^h\�jh^Z�Staurastrum,
kbevgh� baf_gqb\uo� b� ijbagZ\Z_fuo� iha^g_crbfb� bkke_^h\Z�

gbyfb��Hij_^_ebl_ev� ij_kgh\h^guo«�� ����±������ \� g_dhlhjuo

kemqZyo� aZ� h^bg� \b^��Mqblu\Zy� wlh� aZf_qZgb_�� Z� lZd`_� lh�� qlh

hkgh\ghc� Zdp_gl� \� bkke_^h\Zgbyo� G�� <��;hg^Zj_gdh� k^_eZg� gZ

[_glhk�b��ke_^h\Zl_evgh��[_glhkgu_�nhjfu�^bZlhf_c�mql_gu�bf�\

^jm]hc� ]jmii_� \h^guo� hj]Zgbafh\�� fh`gh� k^_eZlv� \u\h^� h

ij_h[eZ^Zgbb� \b^h\h]h� [h]Zlkl\Z� ^bZlhf_c� gZ^� hklZevgufb

hl^_eZfb� ieZgdlhgguo� \h^hjhke_c�� <lhjh_� f_klh� aZgbfZxl

a_e_gu_�� lj_lv_� ±� kbg_a_e_gu_�� ^Ze__� g_fgh]hqbke_ggu_

ahehlbklu_�b�^bghnblh\u_�

:��H��LZmkhg��\uy\b\����\b^Z�nblhieZgdlhgZ��ih�\b^h\hfm

[h]Zlkl\m�gZ�i_j\h_�f_klh�klZ\bl�^bZlhfh\u_�����\b^h\���<lhjh_

f_klh�lZd`_� aZcfml� a_e_gu_ (14 \b^h\���_keb�ijb\_klb� kbkl_fZ-
lbdm�\h^hjhke_c�\�kh\j_f_gguc�\b^�� 7 – Chlorophyta, 5 – Conju-
JDWDH�� �� ±� )ODJHOODWD��� Lj_lv_� f_klh� aZgbfZxl� kbg_a_e_gu_� ���

\b^h\���g_\_ebdh�\b^h\h_�[h]Zlkl\h�^bghnblh\uo������ahehlbkluo

(3),� w\]e_gh\uo� ����� Ba� kjZ\g_gby� �jbk������ \b^gh�� qlh� dZjlbgZ
jZkij_^_e_gby� \b^h\h]h� [h]Zlkl\Z� ih� hl^_eZf� \h^hjhke_c

bkke_^h\Zgbc����o�]]��b�kh\j_f_ggh]h�bkke_^h\Zgby��g_kfhljy�gZ

jZagbpm�\�dhebq_kl\_�\uy\e_gguo�\b^h\��kh\iZ^Z_l�

LZdbf�h[jZahf��oZjZdl_jgZy�q_jlZ�Zev]hnehju�±�ij_h[eZ-
^Zgb_�[h]Zlkl\Z�\b^h\�^bZlhfh\uo�gZ^�\k_fb�hklZevgufb�hl^_-
eZfb�ieZgdlhgguo�\h^hjhke_c��\�p_ehf�khojZgy_lky.�AgZqbl_ev-
gh_�jZaghh[jZab_�hl^_eZ�a_e_guo�b�kbg_a_e_guo��ih�kjZ\g_gbx�k

^jm]bfb��lZd`_�khojZgy_lky �jbk� 37).  =h\hjblv�h�\uiZ^_gbb� beb
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Jbk������&jZ\g_gb_�\b^h\hc�kljmdlmju�ieZgdlhgguo�nblhp_ghah\

ha��;��FbZkkh\h������������������]]�

ijbkmlkl\bb� gh\uo� \b^h\�� ijb� kjZ\g_gbb� bkke_^h\Zgbc

����±����� ]]�� b� kh\j_f_gguo�� g_\hafh`gh� ba�aZ� jZaebqguo� ih-
klZgh\hd� p_e_c� bkke_^h\Zgbc� b�� ke_^h\Zl_evgh��f_lh^h\� hl[hjZ

ijh[�� Fh`gh� dhgklZlbjh\Zlv� \uiZ^_gb_� ba� \b^h\h]h� kibkdZ

djmiguo�^_kfb^b_\uo�\h^hjhke_c��hl^_e�a_e_guo��jh^Z�Xanthid-
ium, g_�\klj_qZeky�Volvox aureum. <uiZ^_gb_�wlbo�\b^h\�ba�kib-
kdZ�aZnbdkbjh\Zgh�lZd`_�\�ha_j_�Lmj]hyd�bkke_^h\Zgbyfb������]�

�Wdheh]by�ha_jZ«�������.

KjZ\g_gb_�dhebq_kl\_gguo�oZjZdl_jbklbd

Bkke_^h\Zgby� ����� ]h^Z� �LZmkhg�� ������ ghkbeb� wdkl_g�

kb\guc�oZjZdl_j��[ueZ�h[ke_^h\ZgZ�aZ�h^bg�k_ahg�\ky�fgh]hqbk-
e_ggZy�]jmiiZ�Bevf_gkdbo�ha_j��hl�Kbjbddmey�gZ�k_\_j_�^h�Dmg-
^jZ\bgkdh]h�gZ�x]_��\k_]h����ha_j���Ihwlhfm�\�ha_j_�;��FbZkkh\h

ijh[u�[ueb�\aylu�^\Z`^u:�\�bxe_�b�Z\]mkl_������]h^Z��b�dhebq_-
kl\_ggh�nblhieZgdlhg�[ue�hoZjZdl_jbah\Zg�hibkZl_evgh��Hp_gdZ

h[beby�\b^h\�\�jZ[hl_�LZmkhg�H��:�� (1940)�^ZgZ�ih�rdZe_�R_n-
n_jZ�b�Jh[bgkhgZ��Dbk_e_\���������fZkkh\uc�\b^�±�\klj_qZ_fhklv

\� ijh[Zo� ��±������� fgh]h – 30–60���� ihjy^hqgh� ±

5–30 %,�fZeh�±��±� %, _^bgbqgh – < 1����Mqblu\Zy�\Z`ghklv�g_-
him[ebdh\Zgguo�dhebq_kl\_gguo�^Zgguo� �����]���^hkeh\gh�ijb-
\_^_gh�bo�hibkZgb_� �LZmkhg�� �����:� ©>bZlhfh\u_�\klj_qZebkv�\
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fZeuo� b� _^bgbqguo� dhebq_kl\Zo�� ebrv� Fragilaria crotonensis
\klj_qZeZkv� \� dhebq_kl\_� ©g_fgh]hª� Kbg_a_e_gu_� bf_eb� [hev-
r__� agZq_gb_� \� ieZgdlhg_�� q_f� ^bZlhfh\u_: Microcystis aerugi-
nosa \klj_qZeky�\�dhebq_kl\_� ©fgh]hª� Coelosphaerium dubium –
©ihjy^hqghª� Anabaena flos-aquae lZd`_�\klj_qZeZkv� \�ihjy^hq�
guo�dhebq_kl\Zo��FZkkh\h]h�jZa\blby�gb�h^bg�\b^�g_�^hklb]Ze�

lh� _klv� p\_l_gby� \h^u� g_� gZ[ex^Zehkv�� A_e_gu_� gbdZdhc

p_ghlbq_kdhc� jheb� g_� b]jZeb� b� \klj_qZebkv� _^bgbqgufb

wda_fieyjZfb�beb�\�hq_gv�fZeuo�dhebq_kl\Zo��ijbq_f�\�bxe_�b

Z\]mkl_� a_e_gu_� [ueb� h^bgZdh\h� jZaghh[jZagu�� gh� \klj_qZebkv

jZagu_�\b^u��Ba�)ODJHOODWD� �\�hkgh\ghf�\klj_qZebkv�Dinobryon b
Ceratium. Gh� lhevdh�Dinobryon stipitatum \klj_qZeky� \� [hevrbo
dhebq_kl\Zo�� hkh[_ggh� \� Z\]mkl_ª� Dinobryon stipitatum Stein –
ij_h[eZ^Zxsbc� \b^� ih� G� <��;hg^Zj_gdh  �������� H.�:. LZmkhg 
(1940), i_j_hij_^_e_g� �Hij_^_ebl_ev� ij_kgh\h^guo«�

����±�������Kbkl_fZlbq_kdbc�^bZ]gha��kljhysbcky�\�jh^_ Dino-
bryon�ih�nhjf_�^hfbdZ��g_�kh\iZ^Z_l�m�gZ[ex^Z_fh]h�fZkkh\h]h
\b^Z� ha_jZ� gb� k� h^ghc� \ZjbZpb_c�D. sociale� beb� ^jm]h]h� \b^Z� \
�Hij_^_ebl_ev�ij_kgh\h^guo«������±�������gh�ohjhrh�^bZ]gh-
klbjm_lky� \� khhl\_lkl\bb� k�  «Die Binnengewasser» Bd. XVI
�+XEHU�3HVWDOR]]L��������dZd�D. sociale var. americanum.

Bkke_^h\Zgbyfb� ����� ]h^Z� �;hg^Zj_gdh�� ������ [ueh

ho\Zq_gh� ��ha_j�Bevf_gkdhc�]jmiiu��nblhieZgdlhg�ha��;� FbZk�
kh\h�bkke_^h\Zg�\�l_q_gb_�\k_]h�\_]_lZpbhggh]h�k_ahgZ��Ih^kqb�

lZgZ� qbke_gghklv� nblhieZgdlhgZ� dZ`^h]h� kbkl_fZlbq_kdh]h

hl^_eZ� b� gZb[he__� fZkkh\uo� \b^h\� \� kj_^g_f� aZ� k_ahg� ih

Zd\Zlhjbb� \� _^bgbpZo� ©lukyq� wda_fieyjh\� ih^� d\Z^jZlguf

f_ljhfª��Wlb� gZb[he__� h[sb_� oZjZdl_jbklbdb� dhebq_kl\_ggh]h

jZa\blby� nblhieZgdlhgZ� fu� iheghklvx� ijb\h^bf� �mqblu\Zy

\Z`ghklv� ^ey� kh\j_f_gguo� bkke_^h\Zgbc� g_him[ebdh\Zgguo

^Zgguo� �����]���� k\_^y� ba� l_dklh\hc�nhjfu� \� lZ[ebqgmx� �lZ[e�

16).
Ijb�ih^kq_l_�\�luk��wda��ih^�f2��bkihevam_fhf�G��<��;hg�

^Zj_gdh��g_h[oh^bfh�[ueh�ijhkqblu\Zlv�we_f_glZjgmx�m^h[gmx

_^bgbpm�ih^kq_lZ�±�kf2��Wdki_jbf_glZevgh�mklZgh\e_gh� qlh�ijb
nhdmkbjh\d_�kehy�\h^u�hilbq_kdhc�kbkl_fhc��m\_ebqb\Zxs_c�\

���±����� djZl�� ijhkfZljb\Z_fuc� h[t_f� dZieb� ih^� ihdjh\guf

kl_dehf� iehsZ^vx� ���� kf2� khklZ\ey_l� ����±����� fe��Bkoh^y� ba

wlbo�^hims_gbc�� k^_eZ_f�i_j_kq_l�iehsZ^guo� _^bgbp�\�h[t_f-
gu_�kh\j_f_ggu_� �luk��wda��f3��b�kjZ\gbf�ihjy^hd�jZagh\j_f_g-
guo�^Zgguo��Kj_^gyy�qbke_gghklv�kbg_a_e_guo�ih�bkke_^h\Zgbx
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L Z [ e b p Z � � �

Dhebq_kl\_ggh_�jZa\blb_�nblhieZgdlhgZ�\������]h^m

�ih�;hg^Zj_gdh�������

Kh\j_f_ggh_
gZa\Zgb_ 
hl^_eZ

\h^hjhke_c

Khhl\_lkl\mx-
sZy cbkl_fZlb-
q_kdZy�]jmi-
iZ \h^hjhke_c�
ijb\_^_ggZy

1936�]�

>Zggu_�ih�©jmdh\h^y-
sbfª�\b^Zf

�luk� wda��ih^�f2)

Qbke_gghklv
(luk� wda��ih^�f2)

Anabaena hassalii 2170.7
Chroococcus limneticus
=Gloeocapsa limneticus

156.8
Kbg_a_e_gu_
�Kyanophyta)

Cyanophyceae

Microcystis aeruginosa 321.1

2648.6

A_e_gu_
(Chlorophyta)

Chlorophyceae b
Conjugatae

7.0 + 87.0

Asterionella 35.2

Fragilaria crotonensis 636.9

>bZlhfh\u_
(Bacillario-

phyta)

Diatomaceae

Melosira 32.7

904.0

>bghnblh\u_
(Dinophyta)

Peridinium cinctum 32.4

Ahehlbklu_
(Crysophyta)

Mastigophora*

Dinobryon stipitatum
(=D. sociale var. ameri-

canum)

173.1

386.0


 I j b f _ q Z g b _ : � qbke_gghklv� \oh^ysbo� \� wlm� ]jmiim� \hev-
\hdkh\uo��hlghkbfuo�k_cqZk�d�a_e_guf��_^bgbqgZ�

����� ]�� ±� �������� feg� de��f3�� ih� bkke_^h\Zgbx� ����� ]�� ±

������feg�de��f3��Wlh�kjZ\g_gb_�]h\hjbl�h[�m\_ebq_gbb�gZ�ihjy^hd

�\����jZa��qbke_gghklb�kbg_a_e_guo��gh�lhevdh�\�kemqZ_�\_jghklb

ij_^iheh`_gby�h�ih^kq_l_�©wda_fieyjZfbª�de_lhd��Z�g_�dhehgbc�

KjZ\g_gb_�ihjy^dh\�qbke_gghklb�hkgh\guo�hl^_eh\�\h^h-
jhke_c�\� ����� ]��b� ����� ]��hljZ`_gh�gZ�eh]Zjbnfbq_kdhc�rdZe_

�jbk� 38). DZd� \b^gh� ba� ijb\_^_ggh]h� ]jZnbdZ�� lhevdh� qbke_g-
ghklv� ^bghnblh\uo� ijZdlbq_kdb� g_� baf_gbeZkv�� Qbke_gghklv

a_e_guo�\hajhkeZ�g_agZqbl_evgh�b�bf__l�lhl�`_�ihjy^hd��\ujhkeZ

qbke_gghklv�ahehlbkluo�\h^hjhke_c�b�^bZlhfh\uo�

Ijb�kjZ\g_gbb�k�^Zggufb�K��=��AZoZjh\Z������]���E_lhibkv

ijbjh^u«���������kj_^gyy�qbke_gghklv� ����±�����feg�de��e� k�gZ-
rbfb�^Zggufb�±������feg�de��e��h[sZy�kh\j_f_ggZy�dZjlbgZ�qbk-
e_gghklb�ih^l\_j`^Z_lky (jZagbpZ�fh`_l�[ulv� h[mkeh\e_gZ� _^b-
gbqgufb�ijh[Zfb�K��=��AZoZjh\Z�b�`Zjdbf�e_lhf� ����� ]h^Z���Ih

[bhfZkk_��K��=��AZoZjh\uf�ijb\h^ylky�ke_^mxsb_�pbnju�^ey������]�:
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Jbk�� ���� KjZ\g_gb_� ihjy^dh\� qbke_gghklb� nblhieZgdlhgZ

ha��;��FbZkkh\h������b������]]�

����±����� ]�f3�� gZrb� ^Zggu_� ih� kj_^g_c� [bhfZkk_� ±� ����� ]�f3.
F_gvrZy� kj_^gyy� qbke_gghklv� b� [hevrZy� kj_^gyy� [bhfZkkZ� \

gZrbo�bkke_^h\Zgbyo�fh`_l�h[tykgylvky�aZnbdkbjh\Zgguf�gZfb

b� g_� hlf_q_gguf� \� ����� ]h^m� fZkkh\uf� jZa\blb_f� ahehlbklhc

\h^hjhkeb� Dinobryon�� ^Zxs_c� [hevrhc� \deZ^� \� [bhfZkkm� ijb
kjZ\gbl_evgh�g_[hevrhc�qbke_gghklb�

Djhf_�mdZaZgguo�\ur_�^hims_gbc��g_hij_^_e_gghklv�ijb

i_j_\h^_� dhebq_kl\_gguo� _^bgbp� \ghkbl� g_ba\_klgZy� \_ebqbgZ

h[t_fZ�k]ms_gghc�ijh[u��F_lh^bq_kdb_�j_dhf_g^Zpbb«�������.
Ihwlhfm�^hklh\_jg__�hibjZlvky�gZ�hibkZl_evgu_�oZjZdl_jbklbdb

ijb�kjZ\g_gbb�k�bke_^h\Zgbyfb�����±�����]]� DZjlbgZ�baf_g_gbc
\�hkgh\guo�hl^_eZo�\h^hjhke_c�\u]ey^bl�ke_^mxsbf�h[jZahf�

>bZlhfh\u_��Hkgh\gZy�fZkkZ�\b^h\�^bZlhf_c�lZd�`_��dZd

b����e_l�gZaZ^��\klj_qZ_lky�_^bgbqgh�beb�\�hq_gv�fZeuo�dhebq_-
kl\Zo��<�ijh[Zo�wlhl�hl^_e�\�hkgh\ghf�ij_^klZ\e_g�ih�ij_`g_fm

\b^hf� Fragilaria crotonensis, Asterionella, Melosira (Aulacosira).
Hlebqb_�khklZ\ey_l�k_gly[jvkdh_�jZa\blb_ \�[hevrbo�dhebq_kl�
\Zo�Melosira islandica helvetica b�Aulacosira granulata. QZklh�klZeZ
\klj_qZlvky�\�ijh[Zo�g_mihfbgZ_fZy�jZg__�Cyclotella.

Cbg_a_e_gu_��>Zggu_������]��b������]��]h\hjyl�h�f_`]h^h-
\uo� nexdlmZpbyo� \� dhebq_kl\_gghf� b� \b^h\hf� jZa\blbb� \h^h-
jhke_c�wlh]h�hl^_eZ��<������]��©jmdh\h^ysbfª��gZb[he__�fZkkh-
\uf��\b^hf�gZa\ZgZ�Anabaena hassalii �;hg^Zj_gdh�������. <�����
]�  �LZmkhg��������ih^�\b^hf��\klj_qZ\rbfky�\�dhebq_kl\_�©fgh-
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]hª�hlf_qZxl�\b^�Microcystis aeruginosa, gh� �©fZkkh\h]h�jZa\b-
lby�g_�^hklb]Ze�gb�h^bg�\b^ª��<������]��fZkkh\h]h�jZa\blby�^hk-
lb]Ze� \b^�Anabaena flos-aquae f. graciles. <b^�Gloeotrichia echi-
nulata,�\klj_qZ_fuc�gZfb�\������]��\�hq_gv�[hevrbo�dhebq_kl\Zo
\� l_q_gb_� \k_]h� bxey� b� Z\]mklZ�� m�H��:��LZmkhg� ������� hlf_q_g

_^bgbqgh��GZ�hkgh\Zgbb�wlh]h�fh`gh�k^_eZlv�\u\h^�h�\hajhkr_f

dhebq_kl\_gghf�jZa\blbb�kbg_a_e_guo�

A_e_gu_�� Ih�ij_`g_fm� \klj_qZxlky� _^bgbqgufb� dheh-
gbyfb�b�\_kvfZ�jZaghh[jZagu��GZb[he__� aZf_l_g�\�ijh[Zo�Pedi-
astrum. Hlebqb_� ±� \� agZqbl_evghf� jZa\blbb� �g_mihfbgZ_fhf
jZg__��\�k_gly[j_�Staurastrum gracile var. gracile.

Ahehlbklu_��Hlf_q_gguc�(KijZ\hqgbd�ih�\h^guf�j_kmj-
kZf…, 1936;�Hkbih\�� ������LZmkhg�� ������ oZjZdl_j� \h^h_fZ� dZd
©^bgh[jb_\h]hª� khojZgy_lky: fZkkh\h]h� jZa\blby� ^hklb]Z_l� lhl
`_� \b^� Dinobryon stipitatum (=D. sociale var. americanum –
kf��Ijbeh`_gb_� ����Km[^hfbgZglhf��dZd�b� ���e_l�gZaZ^�� \uklm-
iZ_l�Dinobryon divergens.

>bghnblh\u_��Ij_^klZ\e_gu�� dZd� b� jZgvr_�� \� hkgh\ghf

Ceratium hirundinella b Peridinium. AgZqbl_evgh]h�dhebq_kl\_ggh�
]h�jZa\blby�^hklb]Z_l�ih�ij_`g_fm�Ceratium.

?keb� \� ����� ]�� ©fZkkh\h]h� jZa\blby� g_� ^hklb]Ze� gb� h^bg

\b^ª��LZmkhg���������lh�\�gZklhys__�\j_fy�\j_fy�fZkkh\h]h�jZa-
\blby�� aZf_lgh]h� \bamZevgh�� fh]ml� ^hklb]Zlv� kbg_a_e_gu_

(Anabaena, Gloeotrichia)�b�ahehlbklu_�\h^hjhkeb��Dinobryon).

OZjZdl_jbklbdZ�i_j\bqghc�ijh^mdpbb�\h^h_fZ

GZfb�[ueb�ijh^_eZgu�hiulu�ih�kgylbx�h^ghc�ba�oZjZdl_-
jbklbd�i_j\bqghc�ijh^mdpbb�ha_jZ�;��FbZkkh\h�±�dhgp_gljZpbb

oehjhnbeeZ� ©Zª� �hkgh\gh]h�ib]f_glZ�nblhieZgdlhgZ�� Bkke_^h-
\Zgb_� ijh\_^_gh� \� khhl\_lkl\bb� k� f_lh^bdhc� �F_lh^bq_kdb_

j_dhf_g^Zpbb«���������ki_dljZevgu_�oZjZdl_jbklbdb�kgylu�ijb

ihfhsb� ki_dljhnhlhf_ljZ�nhlhwe_dljbq_kdh]h�DND���� bkihev�

ah\ZeZkv� h[s_ijbgylZy� nhjfmeZ� �F_lh^bq_kdb_

j_dhf_g^Zpbb«��������jZkq_lZ�dhgp_gljZpbb�oehjhnbeeZ�

<\b^m� \Z`ghklb� ^ey� kjZ\gbl_evgh]h� ZgZebaZ� \h^h_fh\� b

ijhp_kkh\��ijhbkoh^ysbo�\�gbo��ijb\_^_f�hl^_evgu_�oZjZdl_jb-
klbdb: fZc�±�< ����f]�f3; bxgv�±�����f]�f3; bxev�±�����f]�f3��<�fZ_

dhgp_gljZpby�oehjhnbeeZ�[ueZ�fZeZ�b�gZoh^beZkv�gb`_�]jZgbpu

qm\kl\bl_evghklb� f_lh^Z�� ^Z`_� ijb� nbevljZpbb� [hevrbo

dhebq_kl\� \h^u�� Bxgvkdb_� ijh[u� [jZebkv� \h� \j_fy� p\_l_gby

\h^u��h[mkeh\e_gghf�fZkkh\uf�jZa\blb_f�kbg_a_e_ghc�\h^hjhk�
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eb�Anabaena. AgZq_gb_�dhgp_gljZpbb�oehjhnbeeZ�\�bxg_�ihiZ^Z�
_l� \� ^bZiZahg� β�f_ahljhnbb�� h[hagZq_gguc� m� K��I��DblZ_\Z
(1984) 6–12 f]�f3��m�=��=��<bg[_j]Z�(1960) – 1–10 f]�f3.�AgZq_gb_
����f]�f3� y\ey_lky�f_gvr_�jZkq_lgh]h� �������hl�[bhfZkku���qlh

fh`_l� [ulv� h[mkeh\e_gh� bgl_gkb\ghklvx� nhlhkbgl_aZ�� aZ\bky-
s_c�hl� kheg_qghc�jZ^bZpbb� \�bkke_^m_fuc�i_jbh^�b�hkh[_ggh-
klyfb� nhlhkbgl_aZ� \_]_lbjmxs_]h� fZkkh\h]h� \b^Z�� Bxevkdh_

agZq_gb_�dhgp_gljZpbb�oehjhnbeeZ�ihiZ^Z_l� \�^bZiZahg�heb]h-
ljhnbb��>Zevg_crbfb�bkke_^h\Zgbyfb�oZjZdl_jbklbd�i_j\bqghc

ijh^mdpbb�wlb�k\_^_gby�[m^ml�ihiheg_gu�b�h[h[s_gu�



���

=E:<:����AHHIE:GDLHG

JZ[hlu�� \� dhlhjuo� kh^_j`Zlky� k\_^_gby� h� ahhieZgdlhg_

ha��;��FbZkkh\h��hq_gv�g_fgh]hqbke_ggu��<�����±�����]]��gZ�ha_-
jZo� \hklhqguo� ij_^]hjbc�X`gh]h�MjZeZ� ijh\h^bebkv�rbjhdh-
fZkrlZ[gu_� ]b^jh[bheh]bq_kdb_�bkke_^h\Zgby�� k\yaZggu_� k�hj-
]ZgbaZpb_c�b�jZa\blb_f�ju[gh]h�ijhfukeZ�b�ju[hjZa\_^_gby�gZ

ha_jZo�Bevf_gkdhc� b�DZkebgkdhc� ]jmii��<� h^ghc� ba� klZl_c� kh-
ljm^gbdh\�MjZe=hkGBHJO1�:��<��Ih^e_kgh]h� b� <��B��Ljhbpdhc

(1941)�mihfbgZ_lky��ieZgdlhg�ha��FbZkkh\h��hq_\b^gh��bf_xlky�\
\b^m�h[Z�ie_kZ�ha_jZ�±�;hevrh_�b�FZeh_�FbZkkh\h��b�ijb\h^blky

kibkhd�^hfbgbjmxsbo�nhjf�e_lg_]h�ieZgdlhgZ��\k_]h����\b^h\�

\�lhf�qbke_����dheh\jZlhd����\_kehgh]bo�b���\_l\bklhmkuo�jZdh-
h[jZaguo�� [_a� dZdbo�eb[h� dhebq_kl\_gguo� ^Zgguo�� Hkgh\gZy

bgnhjfZpby�h�ieZgdlhg_�ha��;��FbZkkh\h�kh^_j`blky�\�jmdhibk-
ghf�ljm^_��ojZgys_fky�\�Zjob\_�Bevf_gkdh]h� ]hkm^Zjkl\_ggh]h

aZih\_^gbdZ��Wlh�hlq_l�DZ[bg_lZ�]b^jh[bheh]bb�I_jfkdh]h�mgb-
\_jkbl_lZ� �LZmkhg, 1940��� ijh\h^b\r_]h� \� dhgp_� �����o� ]]�� ih^
jmdh\h^kl\hf�ijhn��H��:��LZmkhg�wdki_^bpbx�gZ�ha_jZo�Bevf_g-
kdhc�]jmiiu��<�g_f�ihf_s_g�iheguc�kibkhd�h[gZjm`_gguo�\b-
^h\� ahhieZgdlhgZ� k� mdZaZgb_f� hlghkbl_evgh]h� h[beby� b� \klj_-
qZ_fhklb�ih�]eZahf_jghc�rdZe_�hp_gdb�qbke_gghklb��Ijb\_^_gu

g_dhlhju_� dhebq_kl\_ggu_�^Zggu_��h[km`^Z_lky� k_ahggZy�^bgZ-
fbdZ�ahhieZgdlhgZ�

K������]��^Zggu_�h�\b^h\hf�khklZ\_��qbke_gghklb��[bhfZk-
k_��k_ahgghc�^bgZfbd_�ahhieZgdlhgZ�ha��;��FbZkkh\h�im[ebdmxl-
ky�\�E_lhibkb�ijbjh^u�Bevf_gkdh]h�]hk��aZih\_^gbdZ�J:G� �E_-
lhibkv�ijbjh^u«������±�������K\_^_gby�h[�h^ghc�ba�hkgh\guo

]jmii� ahhieZgdlhgZ� ±� dheh\jZldZo� kh^_j`Zlky� \� jy^_� ij_^u^m-
sbo�jZ[hl�Z\lhjZ��Jh]habg��S_lbgbgZ������;�Jh]habg������; 1998).

FZl_jbZe�b�f_lh^bdZ�bkke_^h\Zgbc

AhhieZgdlhg� ha_jZ� ;�� FbZkkh\h� [ue� bkke_^h\Zg

\�����±�����]]��gZ�iylb�ihklhygguo�]b^jh[bheh]bq_kdbo�klZgpb-
yo��H^gZ� klZgpby� jZkiheZ]ZeZkv� \� p_glj_� ]eZ\gh]h� ie_kZ� ha_jZ�

hklZevgu_�±�\�p_gljZevguo�qZklyo�djmiguo�aZeb\h\�Ebih\Zy�dm-
jvy�� Gyr_\kdZy� dmjvy�� RlZggZy� dmjvy�� Djhf_ �lh]h�� jZah\uc

1�MjZevkdh_�hl^_e_gb_�=hkm^Zjkl\_ggb]h�gZmqgh�bkke_^h\Zl_ev-
kdh]h�bgklblmlZ�ha_jgh]h�b�j_qgh]h�ju[gh]h�ohayckl\Z
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hl[hj�ijh[�ijhba\h^beb�b�\�^jm]bo�qZklyo�Zd\Zlhjbb��>ey�hleh\Z

bkihevah\Zgu�ieZgdlhghq_jiZl_ev�_fdhklvx� ���e�b�Z\lhfZlbq_-
kdbc�[Zlhf_lj�_fdhklvx���e��<�i_jbh^�]hfhl_jfbb�[ue�ijbf_g_g

f_lh^� kj_^g_\a\_r_gguo� ijh[�� Ijb� mklZgh\b\r_cky� l_fi_jZ-
lmjghc� kljZlbnbdZpbb� �^Zggu_� ih� l_jfbq_kdhfm� j_`bfm� ha_jZ

ijb\_^_gu� \� ]e�� ��� wib��� f_lZ�� b� ]bihebfgbhg� h[eZ\eb\Zeb� ih

hl^_evghklb��b�\�dZ`^hf�keh_�[ueZ�\aylZ�kj_^g_\a\_r_ggZy�ijh-
[Z��H[t_f�hlh[jZgghc�\h^u�khklZ\eye�\�aZ\bkbfhklb�hl�iehlgh-
klb�ieZgdlhgZ�hl� ��^h� ���e��Ijh[m�dhgp_gljbjh\Zeb� kjZam�`_� k

ihfhsvx�kblZ�ba�f_evgbqgh]h�r_edZ������^h�h[t_fZ����fe��I_-
jbh^bqghklv�hl[hjZ�ijh[�khklZ\eyeZ�ijb[ebabl_evgh���f_kyp�gZ

\k_o�klZgpbyo��Kjhdb�gZqZeZ�jZ[hl�±�fZc��q_j_a��±��g_^_eb�ihke_

koh^Z�ev^Z���hdhgqZgby�±��^_dZ[jv��ihke_�e_^hklZ\Z���<k_]h�aZ�\j_-
fy�bkke_^h\Zgbc�hljZ[hlZgh�����ijh[��\�lhf�qbke_�\�����±�����]]�

±����ijh[u��Ijh[u�ijhkfZljb\Zeb�\�^_gv�k[hjZ��dheh\jZlhd�hi-
j_^_eyeb�\�`b\hf�\b^_��jZdhh[jZaguo�ij_^\Zjbl_evgh�nbdkbjh-
\Zeb� ��°� kibjlhf��Bkihevah\ZgZ� ke_^mxsZy� ebl_jZlmjZ�� ©Dheh-
\jZldb� nZmgu� KKKJª� �Dmlbdh\Z�� ������� ©<_l\bklhmku_� jZqdb

�&ODGRFHUD�� nZmgu� KKKJª� �FZgmceh\Z�� ������� ©Hij_^_ebl_ev

ij_kgh\h^guo� [_kiha\hghqguo� ?\jhi_ckdhc� qZklb� KKKJª

�������� ©Hij_^_ebl_ev� ij_kgh\h^guo� [_kiha\hghqguo� Jhkkbbª

��������©&K\GRULGDH�nZmgu�fbjZª��Kfbjgh\��������

JZkq_l�[bhfZkku�`b\hlguo�ijh\h^beb�ih�mjZ\g_gbyf�ijh-
ihjpbhgZevgh]h� jhklZ� �F_lh^bq_kdb_� j_dhf_g^Zpbb«�� ������� Z

lZd`_� ih� ghfh]jZffZf� E� E�� Qbke_gdh� �������� H[jZ[hldZ� ijh[
[ueZ�Z\lhfZlbabjh\ZgZ�k�ihfhsvx�lZ[ebqgh]h�ijhp_kkhjZ�([FHO�
���

Bg^_dk�p_ghlbq_kdhc�agZqbfhklb�beb�bg^_dk�^hfbgbjh\Zgby�\u-
qbkeyeb�ih�nhjfme_� I =  p b ��]^_�S�±�\klj_qZ_fhklv�\b^Z��E�±�_]h

kj_^gyy�[bhfZkkZ� �F_lh^bdZ�bamq_gby«���������Bg^_dk�\b^h\h]h

jZaghh[jZaby�R_gghgZ�Mb\_jZ�jZkkqblZg�ih�[bhfZkk_�ahhieZgdlh-
gZ��I_k_gdh���������KZijh[ghklv�hij_^_e_gZ�ih�IZgle_�;mddm��<k_

fZl_fZlbq_kdb_�jZkq_lu�b�^bZ]jZffu�\uiheg_gu�\�([FHO�
���

LZdkhghfbq_kdZy�kljmdlmjZ�ahhieZgdlhgZ

<b^h\hc�khklZ\

<� ha_j_� ;��FbZkkh\h� aZj_]bkljbjh\Zgh� ��� \b^Z� b�nhjfu

\h^guo�[_kiha\hghqguo�`b\hlguo��hlghkysboky�d�ahhieZgdlhg-
ghfm�  khh[s_kl\m ��lZ[e�� 17).  Hgb�  ijbgZ^e_`Zl �d �ke_^mxsbf
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<b^h\hc�khklZ\�ahhieZgdlhgZ�ha��;��FbZkkh\h

<klj_qZ_fhklv���


LZdkhg h[sZy
i_eZ]b-
Zev

eblhjZev

Wdheh]bq_kdb_
k\hckl\Z



JZkijhkljZg_gb_

1 2 3 4 5 6

Acanthocyclops gigas 2.4 0.0 3.7 ha_jguc��[_glbq_kdbc�
oheh^gh\h^guc

K_\_jgh_�ihemrZjb_

Acanthocyclops vernalis 2.4 0.0 3.7 w\jb[bhglguc \k_k\_lgh_

Acroperus harpae 9.5 0.0 14.8 ha_jgh�ijm^h\hc�eblhjZevguc�
ij_bfms_kl\_ggh�nblhnbevguc

K_\_jgh_�ihemrZjb_

Alona costata 4.8 6.7 3.7 ha_jgh�ijm^h\hc��[_glbq_kdbc
\k_k\_lgh��djhf_�:\kl-

jZebb

Alona quadrangularis 2.4 0.0 3.7 ha_jgh�ijm^h\hc��[_glbq_kdbc K_\_jgh_�ihemrZjb_

Alonella excisa 2.4 0.0 3.7 ha_jgh�ijm^h\hc��nblhnbevguc \k_k\_lgh_

Alonella nana 2.4 0.0 3.7 ha_jgh�ijm^h\hc��nblhnbevguc K_\_jgh_�ihemrZjb_

Anuraeopsis fissa
^Zgguo
g_l

^Zgguo
g_l

^Zgguo
g_l

ha_jgh�ijm^h\hc��l_ieh\h^guc \k_k\_lgh_

Asplanchna priodonta 78.6 73.3 81.5 w\jb[bhglguc \k_k\_lgh_

Bipalpus hudsoni 2.4 6.7 0.0 w\jb[bhglguc��ij_bfms_kl\_ggh
oheh^gh\h^guc�

IZe_ZjdlbdZ

Bosmina kessleri 38.1 33.3 40.7 ha_jguc��nblhnbevguc IZe_ZjdlbdZ
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1 2 3 4 5 6

Bosmina longirostris 11.9 6.7 14.8 w\jb[bhglguc��ij_bfms_kl\_ggh
l_ieh\h^guc�

\k_k\_lgh_

Bosmina obtusirostris 28.6 26.7 29.6 w\jb[bhglguc��ly]hl_xsbc�d
nblZeb��oheh^gh\h^guc

k_\_j�?\jZabb

Bythotrephes longimanus 4.8 6.7 3.7 ha_jguc��i_eZ]bq_kdbc k_\_j�?\jZabb

Ceriodaphnia quadrangula 69.0 53.3 77.8 w\jb[bhglguc \k_k\_lgh_

Chromogaster ovalis 2.4 0.0 3.7 ha_jguc��i_eZ]bq_kdbc \k_k\_lgh_

Chydorus sphaericus 54.8 60.0 51.9 w\jb[bhglguc \k_k\_lgh_

Colurella uncinata uncinata 2.4 0.0 3.7 ha_jgh�ijm^h\hc��nblhnbevguc ?\jZaby��:f_jbdZ

Conochiloides natans 7.1 6.7 7.4 ha_jguc��i_eZ]bq_kdbc�
oheh^gh\h^guc

K_\_jgh_�ihemrZjb_

Conochilus unicornis 35.7 40.0 33.3 ha_jguc��i_eZ]bq_kdbc IZe_ZjdlbdZ

Cyclops abyssorum 2.4 0.0 3.7 ha_jguc��i_eZ]bq_kdbc ?\jZaby

Cyclops kolensis 28.6 33.3 25.9 ha_jguc��eblhjZevgh�i_eZ]bq_kdbc�
ieZgdlhgguc��oheh^gh\h^guc

k_\_j�?\jZabb

Cyclops scutifer 26.2 33.3 22.2 ha_jguc��i_eZ]bq_kdbc�
oheh^gh\h^guc

IZe_ZjdlbdZ

Cyclops strenuus 14.3 6.7 18.5
ha_jgh�ijm^h\hc��eblhjZevgh�
i_eZ]bq_kdbc��ieZgdlhgguc�

oheh^gh\h^guc

k_\_j�?\jZabb�
K_\_jgZy�:njbdZ

Cyclops vicinus 4.8 6.7 3.7 ha_jguc��i_eZ]bq_kdbc IZe_ZjdlbdZ

Daphnia cristata 4.8 6.7 3.7 ha_jguc��i_eZ]bq_kdbc��oheh^gh-
\h^guc

k_\_j�?\jZabb

Daphnia cucullata 71.4 73.3 70.4 ha_jguc��i_eZ]bq_kdbc��ba[_]Z_l
fbg_jZebah\Zgguo�\h �̂�l_ieh\h^guc

k_\_j�?\jZabb
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Daphnia longiremis 4.8 0.0 7.4 ha_jguc��i_eZ]bq_kdbc��oheh^gh-
\h^guc

K_\_jgh_�ihemrZjb_

Daphnia longispina 40.5 53.3 33.3 w\jb[bhglguc��ij_bfms_kl\_ggh
l_ieh\h^guc�

\k_k\_lgh_

Diaphanosoma brachyurum 59.5 53.3 63.0 w\jb[bhglguc��ij_bfms_kl\_ggh
l_ieh\h^guc�

?\jZaby��:f_jbdZ�
K_\_jgZy�:njbdZ

Euchlanis deflexa deflexa
^Zgguo
g_l

^Zgguo
g_l

^Zgguo
g_l

ha_jgh�ijm^h\hc��nblhnbevguc \k_k\_lgh_

Euchlanis dilatata lucksiana 28.6 40.0 22.2 ha_jgh�ijm^h\hc��ij_bfms_kl\_g-
gh�i_eZ]bq_kdbc

\_jhylgh��\k_k\_lgh_

Euchlanis dilatata macrura 4.8 0.0 7.4 ha_jgh�ijm^h\hc��eblhjZevguc \k_k\_lgh_

Euchlanis incisa
^Zgguo
g_l

^Zgguo
g_l

^Zgguo
g_l

ha_jgh�ijm^h\hc��eblhjZevguc \k_k\_lgh_

Euchlanis lyra lyra 2.4 0.0 3.7 ha_jguc��eblhjZevguc k_\_j�?\jZabb

Eucyclops macruroides 4.8 0.0 7.4 ha_jgh�ijm^h\hc��nblhnbevguc K_\_jgh_�ihemrZjb_

Eudiaptomus graciloides 92.9 93.3 92.6 ha_jguc��i_eZ]bq_kdbc�
oheh^gh\h^guc

?\jZaby

Eurycercus lamellatus 4.8 6.7 3.7 ha_jguc��nblhnbevguc
K_\_jgh_�ihemrZjb_�
X`gZy�:f_jbdZ

Filinia longiseta 2.4 6.7 0.0 ha_jguc��i_eZ]bq_kdbc�
l_ieh\h^guc

k_\_j�?\jZabb

Gastropus stylifer 7.1 6.7 7.4 w\jb[bhglguc ?\jZaby��:f_jbdZ

Graptoleberis testudinaria 2.4 0.0 3.7 ha_jgh�ijm^h\hc��nblhnbevguc \k_k\_lgh_

Gyratrix hermaphroditus 2.4 0.0 3.7 w\jb[bhglguc \k_k\_lgh_
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Harringia eupoda
^Zgguo
g_l

^Zgguo
g_l

^Zgguo
g_l

ha_jgh�ijm^h\hc��nblhnbevguc K_\_jgh_�ihemrZjb_

Kellicottia longispina 52.4 73.3 40.7 ha_jguc��i_eZ]bq_kdbc�
oheh^gh\h^guc

?\jZaby��K_\_jgZy
:f_jbdZ

Keratella cochlearis cochlearis 38.1 20.0 48.1 w\jb[bhglguc \k_k\_lgh_

Keratella cochlearis hispida 16.7 20.0 14.8 ha_jgh�ijm^h\hc��i_eZ]bq_kdbc k_\_j�?\jZabb

Keratella cochlearis macracantha 16.7 13.3 18.5 w\jb[bhglguc��oheh^gh\h^guc \k_k\_lgh_

Keratella cochlearis tecta
^Zgguo
g_l

^Zgguo
g_l

^Zgguo
g_l

ha_jgh�ijm^h\hc��i_eZ]bq_kdbc�
l_ieh\h^guc

\k_k\_lgh_

Keratella irregularis 7.1 0.0 11.1 ha_jguc��i_eZ]bq_kdbc��oheh^gh-
\h^guc��ij_^ihqblZ_l�qbklu_�\h^u

k_\_j�?\jZabb��:eykdZ

Keratella quadrata 19.0 13.3 22.2 w\jb[bhglguc��ij_bfms_kl\_ggh
l_ieh\h^guc�

\k_k\_lgh_

Lepadella (L.) cryphaea
^Zgguo
g_l

^Zgguo
g_l

^Zgguo
g_l

ha_jgh�ijm^h\hc��nblhnbevguc
jhkkbckdbc�K_\_jh�

AZiZ^��KR:

Leptodora kindtii 14.3 26.7 7.4 ha_jguc��i_eZ]bq_kdbc�
l_ieh\h^guc

K_\_jgh_�ihemrZjb_

Macrocyclops albidus 4.8 0.0 7.4 ha_jgh�ijm^h\hc��eblhjZevguc�
nblhnbevguc��l_ieh\h^guc

\k_k\_lgh_

Mesocyclops crassus 19.0 26.7 14.8 ha_jguc��eblhjZevgh�
i_eZ]bq_kdbc��ieZgdlhgguc

\k_k\_lgh_

Mesocyclops leuckarti 73.8 86.7 66.7 w\jb[bhglguc��ij_bfms_kl\_ggh
oheh^gh\h^guc�

\k_k\_lgh_

Mesocyclops oithonoides 71.4 73.3 70.4 ha_jguc��i_eZ]bq_kdbc��ba[_]Z_l
aZ]jyag_gguo�\h^��oheh^gh\h^guc

k_\_j�?\jZabb��djhf_
lmg^ju�
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Microstomum lineare 2.4 0.0 3.7 w\jb[bhglguc \k_k\_lgh_

Mytilina ventralis
^Zgguo
g_l

^Zgguo
g_l

^Zgguo
g_l

ha_jgh�ijm^h\hc��nblhnbevguc \k_k\_lgh_

Notholca acuminata extensa 14.3 13.3 14.8 w\jb[bhglguc��oheh^gh\h^guc K_\_jgh_�ihemrZjb_

Paracyclops affinis 4.8 6.7 3.7 ha_jgh�ijm^h\hc��nblhnbevguc�
[_glbq_kdbc

\k_k\_lgh_

Platyias patulus
^Zgguo
g_l

^Zgguo
g_l

^Zgguo
g_l

ijm^h\hc��nblhnbevguc \k_k\_lgh_

Platyias quadricornis
^Zgguo
g_l

^Zgguo
g_l

^Zgguo
g_l

ijm^h\hc��nblhnbevguc \k_k\_lgh_

Pleuroxus truncatus 2.4 0.0 3.7 ha_jgh�ijm^h\hc��nblhnbevguc IZe_ZjdlbdZ

Polyarthra euryptera
^Zgguo
g_l

^Zgguo
g_l

^Zgguo
g_l

ha_jguc��i_eZ]bq_kdbc�
l_ieh\h^guc

K_\_jgh_�ihemrZjb_

Polyarthra longiremis 2.4 6.7 0.0 ha_jgh�ijm^h\hc��eblhjZevgh�
i_eZ]bq_kdbc��ieZgdlhgguc

?\jhiZ

Polyarthra remata 4.8 0.0 7.4 w\jb[bhglguc \k_k\_lgh_

Polyarthra vulgaris 9.5 6.7 11.1 w\jb[bhglguc \k_k\_lgh_

Polyphemus pediculus 11.9 0.0 18.5 ha_jgh�ijm^h\hc��eblhjZevguc IZe_ZjdlbdZ

Proales fallaciosa
^Zgguo
g_l

^Zgguo
g_l

^Zgguo
g_l

w\jb[bhglguc K_\_jgh_�ihemrZjb_

Ptygura velata
^Zgguo
g_l

^Zgguo
g_l

^Zgguo
g_l

ha_jguc��nblhnbevguc \k_k\_lgh_

Sida crystallina 7.1 0.0 11.1 ha_jguc��nblhnbevguc�
l_ieh\h^guc

?\jZaby��:f_jbdZ
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Simocephalus lusaticus 2.4 0.0 3.7 ha_jguc��eblhjZevguc��[_glbq_-
kdbc

?\jhiZ��K_\_jgu_
:njbdZ�b�:f_jbdZ

Simocephalus serrulatus 2.4 0.0 3.7 ha_jgh�ijm^h\hc��eblhjZevguc�
[_glbq_kdbc

\k_k\_lgh_

Simocephalus vetulus 2.4 0.0 3.7 ha_jgh�ijm^h\hc��eblhjZevguc
\k_k\_lgh��djhf_�:\kl-

jZebb

Strongylostoma radiatum 9.5 20.0 3.7 w\jb[bhglguc \k_k\_lgh_

Synchaeta grandis 2.4 0.0 3.7 ha_jguc��i_eZ]bq_kdbc ?\jZaby

Synchaeta kitina 9.5 0.0 14.8 ha_jgh�ijm^h\hc��i_eZ]bq_kdbc
?\jhiZ��DZ\dZa��Kj_^gyy

:aby

Synchaeta pectinata 11.9 6.7 14.8 w\jb[bhglguc \k_k\_lgh_

Trichocerca (D.) inermis
^Zgguo
g_l

^Zgguo
g_l

^Zgguo
g_l

ha_jgh�ijm^h\hc��i_eZ]bq_kdbc K_\_jgh_�ihemrZjb_

Trichocerca (D.) similis 9.5 6.7 11.1 ha_jgh�ijm^h\hc��nblhnbevguc \k_k\_lgh_

Trichocerca (D.) weberi
^Zgguo
g_l

^Zgguo
g_l

^Zgguo
g_l

[hehlgh�ijm^h\hc \k_k\_lgh_

Trichocerca (T.) capucina 2.4 0.0 3.7 ha_jgh�ijm^h\hc��nblhnbevguc \k_k\_lgh_

Trichocerca (T.) cylindrica 7.1 13.3 3.7 ha_jgh�ijm^h\hc��nblhnbevguc K_\_jgh_�ihemrZjb_

I j b f _ q Z g b y : * – \klj_qZ_fhklv��hlghr_gb_�qbkeZ�ijh[��\�dhlhjuo�\klj_q_g�^Zgguc�hj]Zgbaf�d�h[s_fm�qbkem
ijh[�\�ijhp_glZo��^ZgZ�ih�j_amevlZlZf�bkke_^h\Zgbc�����±�����]]�;�

�±�bg^bdZlhjgu_�k\hckl\Z�ijb\_^_gu�\�lZ[ebp_����
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hkgh\guf�lZdkhghfbq_kdbf�]jmiiZf��lbi�5RWLIHUD��Dheh\jZldb�

±����\b^�b�nhjfZ��lbi�&UXVWDFHD��JZdhh[jZagu_��±����\b^h\��\�lhf

qbke_�deZkk�%UDQFKLRSRGD��@Z[jhgh]b_���hljy^�&ODGRFHUD� �<_l\b-
klhmku_�� ±� ��� \b^h\�� deZkk� &RSHSRGD� �<_kehgh]b_�� ±� ��� \b^h\

�hljy^� &DODQRLGD� ±� �� \b^�� hljy^� &\FORSRLGD� ±� ��� \b^h\��� �� \b^Z

[_kiha\hghqguo� hlghkylky� d� lbim� 3ODWKHOPLQWKHV�� deZkkm

7XUEHOODULD� �nZdmevlZlb\gh�ieZgdlhggu_� hj]Zgbafu�� \oh^ysb_� \

khklZ\�f_jhieZgdlhgZ��

:gZeba�lZ[ebpu�ihdZau\Z_l��qlh�ih^Z\eyxs__�[hevrbgkl-
\h�ahhieZgdlhglh\��������±�oZjZdl_jgu_�h[blZl_eb�ha_j��ijm^h\�b

^jm]bo�klhyqbo�\h^h_fh\��ijbq_f�iheh\bgZ�ba�gbo�±�lbibqgh�ebf-
gbq_kdb_�\b^u��Ih�hkgh\guf�wdheh]bq_kdbf�k\hckl\Zf�\u^_eyxl-
ky� ljb� ]jmiiu�� eblhjZevgh�nblhnbevgu_� ������ hl� h[s_]h� qbkeZ

\b^h\��� i_eZ]bq_kdb_� �������� w\jb[bhglgu_� �������� AgZqbl_evgh_

dhebq_kl\h� i_eZ]bq_kdbo� \b^h\� h[tykgy_lky� kjZ\gbl_evgh� [hev-
rbfb�]em[bgZfb�ha_jZ�b�aZf_lguf�jZa\blb_f�fZdjhnblh\�lhevdh

\�djmiguo�h[hkh[e_gguo�aZeb\Zo� �kf��]e�� ����<�fZeuo�fZdjhnbl-
guo�ha_jZo�^hey�i_eZ]bq_kdbo�ahhieZgdlhglh\�^hklb]Z_l��dZd�ijZ-
\beh�� ��±������ lh]^Z� dZd� eblhjZevgh�nblhnbevgu_� ij_\urZxl

60���\b^h\h]h�kibkdZ��;Zygh\���������Qbkeh�w\jb[bhglguo�\b^h\�\
ha_jZo�mf_j_gguo�rbjhl�h[uqgh�khklZ\ey_l�hdheh� ����� �;Zygh\�

1997;�Ib^]Zcdh�� ������� gZrb� ^Zggu_� khhl\_lkl\mxl� wlhc� pbnj_�
Ih� hlghr_gbx� d� l_jfbq_kdhfm� j_`bfm� h[uqgh� \u^_eyxl� ^\_

]jmiiu�\b^h\��oheh^gh\h^gu_��fZkkh\h_�jZa\blb_�ijb�l_fi_jZlm-
j_� gb`_� �� °K�� b� l_ieh\h^gu_�� Kj_^b� h[blZl_e_c� fbZkkh\kdh]h
ieZgdlhgZ�oheh^gh\h^guo�\b^h\�ihqlb�\^\h_�[hevr_��q_f�l_ieh-
\h^guo��ijbq_f�d�i_j\uf�ijbgZ^e_`Zl�gZb[he__�h[uqgu_�\�ha_j_

\b^u� �Kellicottia longispina, Eudiaptomus graciloides, Mesocyclops
leuckarti b M. oithonoides���ij_h[eZ^Zxsb_�\�i_j\hc�iheh\bg_�[_a-
e_^gh]h�i_jbh^Z��LZdb_�qZklh�\klj_qZxsb_ky�l_ieh\h^gu_�\b^u�

dZd�Daphnia cucullata b Diaphanosoma brachyurum, ^hklb]Zxl�fZk-
kh\h]h�jZa\blby�\h�\lhjhc�iheh\bg_�e_lZ�

Qlh� dZkZ_lky� jZkijhkljZg_gby� aZj_]bkljbjh\Zgguo� \

ieZgdlhg_�\b^h\��lh�iheh\bgZ�ba�gbo�±�dhkfhiheblu��ihqlb��� %
\klj_qZxlky�\h�\k_f�K_\_jghf�ihemrZjbb�b�lhevdh�r_klZy�qZklv

ieZgdlhgguo� h[blZl_e_c� h]jZgbq_gZ� \� k\h_f� jZkijhkljZg_gbb

k_\_jhf�?\jZabb��LZdbf�h[jZahf��\b^h\hc�dhfie_dk�ahhieZgdlh-
gZ�ha��;��FbZkkh\h�h[uq_g�^ey�\h^h_fh\�mf_j_gguo�rbjhl��Hk-
gh\m� _]h� khklZ\eyxl� ljb\bZevgu_� \b^u�� dheh\jZldb�Asplanchna
priodonta, Conochilus unicornis, Kellicottia longispina, \_kehgh]b_

Eudiaptomus graciloides, Mesocyclops leuckarti b M. oithonoides, \_l-
\bklhmku_�Ceriodaphnia quadrangula, Chydorus sphaericus, Daphnia
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cucullata, Diaphanosoma brachyurum��[hevrbgkl\h�ba�gbo�±�ha_j-
gh�i_eZ]bq_kdb_� oheh^gh\h^gu_� ]b^jh[bhglu�� oZjZdl_jgu_� ^ey

fhjnhf_ljbq_kdb�heb]hljhnguo�b�heb]hf_ahljhnguo�ha_j� G_-
fgh]b_� \b^u� fh]ml� [ulv� hlf_q_gu� dZd� j_^db_�� dheh\jZldb

Lepadella cryphea �h[gZjm`_gZ�lhevdh�\�ha��;��FbZkkh\h��Jh]habg�
S_lbgbgZ�� �������� Synchaeta grandis� b� S. kitina �\� Q_ey[bgkdhc
h[eZklb�ba\_klgu�ba�g_kdhevdbo�ha_j�<hklhqgh�Ij_^]hjgh]h�jZc-
hgZ���Polyarthra longiremis� �g_^Z\gh� \i_j\u_� hlf_q_ggZy� \�Q_ey-
[bgkdhc� h[eZklb� �Jh]habg�� �������� Z� lZd`_� \_kehgh]b_� jZqdb

Cyclops abissorum b�Eucyclops macrurus��\klj_qZxsb_ky��\�hkgh\-
ghf��gZ�?\jhi_ckdhc�l_jjblhjbb�Jhkkbb�

<� lZ[ebp_���� ij_^klZ\e_g� iheguc� lZdkhghfbq_kdbc� kib-
khd� ieZgdlhgguo� `b\hlguo� ih� j_amevlZlZf� bkke_^h\Zgbc� ����±

����� ]]��>Zevg_cr__� jZkkfhlj_gb_� hkgh\Zgh�� ]eZ\guf� h[jZahf�

gZ�^Zgguo�����±�����]]�

;hevrbgkl\h�\b^h\� ahhieZgdlhgZ�h[gZjm`b\Z_lky�b�\�i_-
eZ]bq_kdhc��b�\�eblhjZevghc�ahgZo�ha_jZ� ����\b^h\�w\jblhigu_��

<�h[_bo�ahgZo�ij_h[eZ^Zxl�ih�\klj_qZ_fhklb�h^gb�b�l_�`_�\b^u�

khklZ\eyxsb_� hkgh\m� khh[s_kl\Z� �lZ[e�� ���� ±� Ceriodaphnia
quadrangula, Daphnia cucullata, Diaphanosoma brachyurum,
Eudiaptomus graciloides, Mesocyclops leuckarti b M. oithonoides.

<b^h\hc�khklZ\Z�ahhieZgdlhgZ�\�jZaebqguo�qZklyo�Zd-
\Zlhjbb. Ij_^klZ\ey_l�bgl_j_k�kjZ\g_gb_�\b^h\h]h�khklZ\Z�ahh-
ieZgdlhgZ� p_gljZevgh]h� ie_kZ� ha_jZ� b� djmiguo� h[hkh[e_gguo

aZeb\h\� ±� Ebih\hc��Gyr_\kdhc� b�RlZgghc� dmjbc�� lZd� dZd� ih-
ke_^gb_� bf_xl� hlghkbl_evgh� kZfhklhyl_evguc� l_jfbq_kdbc� j_-
`bf� �]e�� ���� �fhjnheh]bq_kdb_� b� ]b^jhobfbq_kdb_� hkh[_gghklb

�]e�� ���� JZkq_l� bg^_dkZ� h[sghklb� Q_dZgh\kdh]h�Kt_j_gk_gZ� �ih

dZq_kl\_gguf� ^Zgguf�� lZ[e�� ���� ihdZaZe�� qlh� aZeb\u� h[eZ^Zxl

hij_^_e_gguf� k\h_h[jZab_f� khklZ\Z� ahhieZgdlhgZ�� gZb[he__

agZqbl_evgu_�hlebqby�hlf_q_gu�^ey�Ebih\hc�dmjvb��G_[hevrZy

]em[bgZ� �^h� �� f��� ijh]j_\Z_fhklv� b� ohjhr__� jZa\blb_� nblZeb

kha^Zxl� mkeh\by� ^ey� h[blZgby� \� aZeb\Zo� jy^Z� nblhnbevguo

nhjf�� g_� \klj_qZxsboky� \� i_eZ]bZeb� p_gljZevgh]h� ie_kZ��Hkh-
[_ggh� [h]ZlZ� a^_kv� nZmgZ� \_l\bklhmkuo� jZdh\� �ob^hjb^u� jh^Z

Alonella, Acroperus harpae, Graptoleberis testudinaria, Pleuroxus
truncatus, Sida crystallina, Simocephalus serrulatus�b�^jm]b_��  \_k-
ehgh]bc� Macrocyclops albidus, g_dhlhju_� dheh\jZldb��� <� k\hx
hq_j_^v�� lhevdh� \�p_gljZevghf�ie_k_� \klj_qZxlky�i_eZ]bq_kdb_

dheh\jZldb�Conochiloides natans, Filinia longiseta, Gastropus stylifer b
g_dhlhju_�pbdehiu��<� lh�`_�\j_fy��^h\hevgh�\ukhdbc�mjh\_gv�h[-
sghklb��\b^h\h]h��khklZ\Z�ahhieZgdlhgZ�\�jZaguo�qZklyo�Zd\Zlhjbb
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H[sghklv�\b^h\h]h�khklZ\Z�ahhieZgdlhgZ�\�jZaguo�qZklyo

Zd\Zlhjbb�ha��;��FbZkkh\h��bg^_dk�Q_dZgh\kdh]h�Kt_j_gk_gZ�

MqZklhd�Zd\Zlhjbb
P_gljZevguc

ie_k
Ebih\Zy
dmjvy

Gyr_\kdZy
dmjvy

RlZggZy
dmjvy

P_gljZevguc�ie_k – 0.56 0.71 0.68
Ebih\Zy�dmjvy 0.56 – 0.61 0.69
Gyr_\kdZy�dmjvy 0.71 0.61 – 0.70
RlZggZy�dmjvy 0.68 0.69 – –

�����±������ lZ[e�� ���� ]h\hjbl� h� kms_kl\h\Zgbb� \� ha_j_� _^bgh]h

\b^h\h]h�dhfie_dkZ�

K_ahggu_�baf_g_gby�lZdkhghfbq_kdhc�kljmdlmju�b�\b-
^h\h]h� [h]Zlkl\Z� ahhieZgdlhgZ.�K_ahggZy� ^bgZfbdZ� \b^h\h]h
[h]Zlkl\Z� ahhieZgdlhgZ� ha_jZ� lbibqgZ� ^ey� djmiguo� \h^h_fh\

mf_j_ggh]h� debfZlZ� �jbk������� <� fZ_� aZj_]bkljbjh\Zgh� fbgb-
fZevgh_�qbkeh�\b^h\�±�����ijbq_f�wlh�lhevdh�dheh\jZldb�b�\_k-
ehgh]b_�jZdhh[jZagu_��<�bxg_��ih�f_j_�ijh]j_\Z�\h^u��\b^h\h_

[h]Zlkl\h�j_adh�m\_ebqb\Z_lky��\^\h_�\hajZklZ_l�dhebq_kl\h�\b-
^h\�dheh\jZlhd�b�\_kehgh]bo��ihy\eyxlky�fgh]b_�\_l\bklhmku_�

Bxev� b� Z\]mkl� ±� i_jbh^� gZb\ukr_]h� \b^h\h]h� [h]Zlkl\Z� ahh-
ieZgdlhgZ��K�Z\]mklZ�ih�^_dZ[jv�hgh�g_mdehggh�kgb`Z_lky� �k���

^h����\b^h\��

Jbk� 39��K_ahggZy� ^bgZfbdZ� \b^h\h]h� [h]Zlkl\Z� ahhieZgdlhgZ� \
ha��;��FbZkkh\h�
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JZkkfZljb\Zy� h[sb_� lZdkhghfbq_kdb_� hkh[_gghklb� ahh-
ieZgdlhgZ�ha��;��FbZkkh\h�aZ�\_kv�i_jbh^�_`_]h^guo�gZ[ex^_gbc

�k_j_^bgZ�fZy�±�\lhjZy�^_dZ^Z�^_dZ[jy���ke_^m_l�hlf_lblv�j_adh_

ij_h[eZ^Zgb_�ih�\b^h\hfm�[h]Zlkl\m�dheh\jZlhd�b�\_l\bklhmkuo

jZdhh[jZaguo� �khhlghr_gb_� qbkeZ� \b^h\� 5RWLIHUD� �� &RSHSRGD� �

Cladocera = 41 : 14 :����beb��ijbf_jgh�� � : 1 :�����H^gZdh�\�k_ahg-
ghc�^bgZfbd_�wlh�khhlghr_gb_�g_�y\ey_lky�ihklhygguf��jbk������

<�fZ_��bxg_�b�bxe_�5RWLIHUD�j_adh�ij_h[eZ^Zxl�ih�qbkem�\b^h\

gZ^�hklZevgufb�]jmiiZfb� ahhieZgdlhgZ��<�Z\]mkl_�eb^bjmxs__

iheh`_gb_�aZgbfZxl�&ODGRFHUD�b�khojZgyxl�_]h�^h�ghy[jy��dh]^Z

gZ�kf_gm�bf�ijboh^yl�dheh\jZldb��<b^h\h_�[h]Zlkl\h�\_kehgh]bo

fZeh�f_gy_lky�\�l_q_gb_�]h^Z��fbgbfZevgh_�qbkeh�\b^h\�±���±�\

fZ_�� fZdkbfZevgh_� ±� �� ±� \� k_gly[j_� b� hdly[j_��� Lmj[_eeyjbb

\klj_qZxlky�lhevdh�\�e_lgb_�f_kypu�

Dheh\jZldb� GZb[he__�jZkijhkljZg_ggu_�\b^u� ±�A. prio-
donta, C. unicornis, Kel. longispina, Ker. c. cochlearis –�\klj_qZxlky
\� l_q_gb_� \k_]h� [_ae_^gh]h� i_jbh^Z�� NhjfZ� K. cochlearis –
hispida, P. remata, S. kitina�hlf_q_gu�lhevdh�\_kghc� �\�fZ_�ihke_
koh^Z� ev^Z�� b� \� gZqZe_� e_lZ�� Z� \� k_j_^bg_� e_lZ� bo� kf_gyxl

G. stylifer, P. vulgaris�� dhlhju_� hklZxlky� \� ieZgdlhg_� ^h� gZqZeZ
hk_gb��Hk_gg_�abfgbfb�\b^Zfb�y\eyxlky�Keratella c. macracantha
b�Notholca acuminata. GZdhg_p�� agZqbl_evgZy� ]jmiiZ�dheh\jZlhd
\klj_qZ_lky�lhevdh�\_kghc±\�gZqZe_�e_lZ�b�hk_gvx��K. irregularis,
P. vulgaris, Synchaeta pectinata).

Jbk� 40��K_ahggZy�^bgZfbdZ�\b^h\h]h�[h]Zlkl\Z�hkgh\guo� ]jmii
ahhieZgdlhgZ�\�ha��;��FbZkkh\h�
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Hkgh\m�dheh\jZlhqgh]h�ieZgdlhgZ�i_eZ]bZeb�khklZ\eyxl

A. priodonta, C. unicornis, E. dilatata lucksiana, K. longispina,
K. c. cochlearis, P. vulgaris. <� eblhjZeb� h[uqgu� A. priodonta,
C. unicornis b�K. c. cochlearis, agZqbl_evgh�j_`_��q_f�\�i_eZ]bZeb�
\klj_qZxlky�K. longispina b�E. dilatata lucksiana.�Lhevdh�\�eblhjZ-
eb�hlf_q_gu�Trichocerca (T.) capucina,  S. grandis, S. kitina b�^jm-
]b_. Hq_gv� fZeh� qbklh� i_eZ]bq_kdbo� \b^h\� ±� F. longiseta,
P. remata.

<_kehgh]b_� jZdhh[jZagu_� E. graciloides, M. leuckarti� b
M. oithonoides� khklZ\eyxl� hkgh\m� fbZkkh\kdh]h� ahhieZgdlhgZ
b� \klj_qZxlky� \� ijh[Zo� ihklhyggh� \� l_q_gb_� \k_]h� [_ae_^gh]h

i_jbh^Z�� Ih� f_j_� ijh]j_\Z� \h^u� d� gbf� ijb[Z\eyxlky� [he__

l_iehex[b\u_�Eucyclops macruroides, Mac. albidus, Mes. crassus.
Hk_gvx�ihy\eyxlky�\b^u�jh^Z�Cyclops� �g_dhlhju_�ba�gbo�ihiZ-
^Zxlky�lZd`_�\�gZqZe_�e_lZ��

<� i_eZ]bZeb� h[uqgu� ij_^klZ\bl_eb� jh^Z� Mesocyclops
b� E. graciloides, e_lhf� b� hk_gvx� wlhl� dhfie_dk� ^hihegyxl
C. kolensis b�K� scutifer. Hkgh\m�dhi_ih^gh]h�lZdkhp_ghaZ�eblhjZ-
eb�khklZ\eyxl�l_�`_�\b^u.�E_lhf�\�eblhjZeb�g_j_^dh�\klj_qZxl-
ky�lZd`_�Eucyclops macruroides, Mac. albidus.

<_l\bklhmku_� jZdhh[jZagu_� DhgklZglgufb� \b^Zfb� \_l-
\bklhmkuo�jZdhh[jZaguo�y\eyxlky�C. quadrangula, Ch. sphaericus�b
D. cucullata.� Ih� f_j_� ijh]j_\Z� \h^u� d� gbf� ^h[Z\eyxlky� B. ob-
tusirostris, Diaph. brachyurum, D. longispina b�fgh]b_� ^jm]b_.�<h-
h[s_��ih^Z\eyxs__�[hevrbgkl\h�&ODGRFHUD�fh`_l�[ulv�hlg_k_gh�d

e_lgbf� b� e_lg_�hk_ggbf� \b^Zf��Hkgh\m� deZ^hp_jgh]h� ieZgdlhgZ

ih� \klj_qZ_fhklb� khklZ\eyxl� C. quadrangula, Ch. sphaericus,
D. cucullata b� Diaph. brachyurum, bo� ^hihegyxl� B. kessleri,
B. obtusirostris, D. longispina. Ke_^m_l� hlf_lblv�gZoh`^_gb_� \�i_-
eZ]bq_kdhf�ieZgdlhg_�jZqdh\�Alona costata, E. lamellatus��NblZev-
gh�[_glbq_kdb_�Acroperus harpae, Alona, Pleuroxus, Simocephalus�b

^jm]b_�h[jZamxl�eblhjZevguc�\b^h\hc�dhfie_dk�

Kljmdlmjgh�nmgdpbhgZevgu_�oZjZdl_jbklbdb

ahhieZgdlhggh]h�khh[s_kl\Z

Iehlghklv�b�[bhfZkkZ

H[sZy� oZjZdl_jbklbdZ.� Kj_^gyy� iehlghklv� �qbke_g-
ghklv�� ahhieZgdlhgZ� ha_jZ� aZ� i_jbh^� bkke_^h\Zgbc� khklZ\beZ

������hkh[_c�f3��kj_^gyy�[bhfZkkZ�aZ�wlhl�`_�i_jbh^�±������]�f3.
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FZdkbfZevgZy� iehlghklv� ±� ������� hk��f3� gZ[ex^ZeZkv� \� bxe_

�����]��gZ�eblhjZevghc�klZgpbb������jZchg�klZpbhgZjZ�©FbZkkh-
\hª���fbgbfZevgZy� ±� �����hk��f3�gZ� klZgpbb� ©RlZggZy�dmjvyª�\

^_dZ[j_������]���ih^h�ev^hf��GZb[hevrZy�[bhfZkkZ�ahhieZgdlhgZ

±���������]�f3�hlf_q_gZ�\�Z\]mkl_������]�� �aZeb\�Ebih\Zy�dmjvy��

gZbf_gvrZy�±��������]�f3�±�\�^_dZ[j_������]���aZeb\�RlZggZy�dm-
jvy���DZd�\b^bf��\�g_]em[hdbo�aZeb\Zo��\�eblhjZevghc�ahg_�ha_jZ

Zfieblm^Z� dhe_[Zgbc� iehlghklb� b� [bhfZkku� ahhieZgdlhgZ� gZb-
[he__� \_ebdZ�� <� i_eZ]bZeb� �klZgpby������ hgZ� aZf_lgh� f_gvr_�

gZb\ukrb_�\_ebqbgu�iehlghklb�b�[bhfZkku�ahhieZgdlhgZ�khklZ-
\beb�a^_kv��������hk��f3�b���������]�f3�b�aZj_]bkljbjh\Zgu�\�k_-
j_^bg_�bxey� ����� ]�� \� wibebfgbhg_��FbgbfZevgu_� \_ebqbgu� ±

�����hk��f3 b��������]�f3��hlf_q_gu��khhl\_lkl\_ggh��\�^_dZ[j_�b

fZ_������]���kj_^g_\a\_r_ggu_�ijh[u���;he__�kbevgu_�dhe_[Zgby

iehlghklb�b�[bhfZkku�\�eblhjZeb�h[tykgyxlky�l_f��qlh�wlZ�ih-
]jZgbqgZy� ahgZ� h[eZ^Z_l� g_mklhcqb\ufb� mjh\g_\uf�� l_fi_jZ-
lmjguf��dbkehjh^guf�j_`bfZfb�

Hkgh\gu_� ahgu� \h^h_fZ�� KjZ\g_gb_� ih� kj_^g_]h^h\uf

agZq_gbyf�iehlghklb� ahhieZgdlhgZ�i_eZ]bZeb�b�eblhjZeb� �lZ[e�

����ihdZau\Z_l��qlh�i_eZ]bZev�ijbf_jgh�\�����jZaZ�[_^g__�gZk_e_-
gZ�� Ijb� wlhf� kj_^g_]h^h\u_� [bhfZkku� hkgh\guo� ahg� \h^h_fZ

ijbf_jgh�h^bgZdh\u��Ba�lZ[ebpu����ke_^m_l��qlh�wlh�gZ[ex^Z_l-
ky�aZ�kq_l�^\mdjZlgh]h�ij_h[eZ^Zgby�ih�qbke_gghklb�dheh\jZlhd�

Iehlghklv� jZdhh[jZaguo� dZd� \� p_ehf�� lZd� b� \Z`g_crbo� ]jmii�

ijbf_jgh�h^bgZdh\Z�\�]eZ\guo�ahgZo�\h^h_fZ��Hkgh\m�[bhfZkku

i_eZ]bq_kdh]h�b�eblhjZevgh]h�ahhieZgdlhgZ�khklZ\eyxl�\_kehgh-
]b_�b�\_l\bklhmku_�jZdb�\�jZ\guo�ijhihjpbyo��lZ[e� 19).

Dheh\jZldb� Kj_^gyy� iehlghklv� dheh\jZlhd� ^ey� \k_]h
ha_jZ�ijbf_jgh�jZ\gZ�iehlghklb�dZ`^hc�ba�hkgh\guo� ]jmii�jZ-
dhh[jZaguo��h^gZdh�jZkij_^_e_gu�hgb�ih�ahgZf�g_jZ\ghf_jgh��\

i_eZ]bZeb� dheh\jZlhd�fZeh�� lh]^Z� dZd� \� eblhjZeb� b� aZeb\Zo� bo

qbke_gghklv�ij_\urZ_l�iehlghklv�ihimeypbc�\k_o�jZdhh[jZaguo

b� \^\h_� [hevr_�� q_f� m� &RSHSRGD� b� &ODGRFHUD� ih� hl^_evghklb

�lZ[e�������;bhfZkkZ��5RWLIHUD��\\b^m�hq_gv�fZeuo�jZaf_jh\�ihqlb

\k_o� ij_^klZ\bl_e_c� lZdkhgZ�� gZ� �±�� ihjy^dZ� gb`_� [bhfZkku� b

\_kehgh]bo��b�\_l\bklhmkuo�jZdhh[jZaguo��LZdbf�h[jZahf��\�i_-
eZ]bq_kdhf�ieZgdlhg_�ha_jZ�dheh\jZldb�b]jZxl�g_agZqbl_evgmx

jhev��h^gZdh�\�eblhjZeb�\_kvfZ�agZqbfu�
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L Z [ e b p Z � � �

Dhebq_kl\_ggu_�oZjZdl_jbklbdb�hkgh\guo�]jmii

ahhieZgdlhgZ�ha��;��FbZkkh\h

Ha_jh�\�p_ehf
I_eZ]bZev

�=eZ\guc�ie_k�
EblhjZev��\�kj_^g_f

ih�klZgpbyf�

LZdkhp_gha Kj_^gyy
iehlghklv�
hk��f3

Kj_^gyy
[bhfZkkZ�

]�f3

Kj_^gyy
iehlghklv�
hk��f3

Kj_^gyy
[bhfZkkZ�

]�f3

Kj_^gyy
iehlghklv�
hk��f3

Kj_^gyy
[bhfZkkZ�

]�f3

Rotifera 23427 0.0926 9950 0.0412 47650 0.1642
<k_�jZdhh[-
jZagu_

47520 3.8513 45270 4.2601 45470 3.5838

Copepoda 25280 1.9730 26700 2.1163 23810 1.7689
Cladocera 20275 1.9494 21270 2.4711 21740 2.1168
AhhieZgd-
lhg�\�p_ehf

85400 3.9868 54600 4.2999 84570 4.1563

GZb[hevrmx� iehlghklv� ihimeypbc� kj_^b� 5RWLIHUD� bf_eb

C. unicornis�b K. longispina�±���������b�������hk��f3 khhl\_lkl\_g-
gh��A. priodonta�^hklb]ZeZ�qbke_gghklb�������hk��f3��qbke_gghklv

hklZevguo� dheh\jZlhd� g_� ij_\urZeZ�� dZd� ijZ\beh�� ����� hk��f3.
Ih�fZdkbfZevghc�[bhfZkk_�i_j\_gkl\h\Zeb�djmigZy�A. priodonta
±� ������� ]�f3 b� dhehgbZevgZy� dheh\jZldZ� C. unicornis –
�������]�f3��[bhfZkkZ�K. longispina�^hoh^beZ�^h��������]�f3��Kj_^-
gyy� iehlghklv� hl^_evguo� ihimeypbc� dheh\jZlhd� g_� ij_\urZeZ

������hk��f3 (C. unicornis���Z�[bhfZkkZ�±��������]�f3 (A. priodonta).
<_kehgh]b_� jZdhh[jZagu_.� &RSHSRGD� bf_xl� kZfu_� [hev-

rb_�kj_^g_]h^h\u_�iehlghklv�b�[bhfZkkm�kj_^b�hkgh\guo�]jmii

ahhieZgdlhgZ� �lZ[e�� ����� <_kehgh]b_� hlghkbl_evgh� jZ\ghf_jgh

jZkij_^_e_gu�ih� ]eZ\guf� ahgZf� \h^h_fZ�� \�i_eZ]bZeb�bo�iehl-
ghklv�b�[bhfZkkZ�g_kdhevdh�\ur_��q_f�\�eblhjZeb�

GZb[hevr_c�qbke_gghklb� kj_^b� &RSHSRGD�^hklb]Ze�jZqhd

M. leuckarti��iehlghklv�_]h�ihimeypbb�\hajZklZeZ�^h�������hk��f3.
Qbke_gghklb�ihjy^dZ������±������hk��f3�^hklb]Zeb�E. graciloides
b M. oithonoides�� hklZevgu_� \_kehgh]b_�� dZd�ijZ\beh��g_�ij_\u-
rZeb�mjh\gy�����±�����hk��f3��Ih�fZdkbfZevghc�[bhfZkk_�eb^b-
jmxl�M. leuckarti���������]�f3), E. graciloides ��������]�f3����Z�lZd-
`_�M. oithonoides� �������� ]�f3���>jm]b_�\b^u�&RSHSRGD�g_�ihem-
qZxl�fZkkh\h]h� jZa\blby��[bhfZkkZ�bo�ihimeypbc� j_^dh�ij_\u-
rZ_l� ���� ]�f3��G_fZeh\Z`gmx�jhev� \�dhi_ih^ghf�ieZgdlhg_�b]-
jZxl�x\_gbevgu_�klZ^bb�jZqdh\��GZmiebb�b�dhi_ih^blu�jZaguo

\hajZklh\� khklZ\eyxl� \_kghc� b� hk_gvx� ^h� ����� qbke_gghklb� b

4���[bhfZkku�&RSHSRGD�
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<_l\bklhmku_�jZdhh[jZagu_�� &ODGRFHUD� ±� \lhjZy�ih� agZ-
qbfhklb� ihke_� \_kehgh]bo� ]jmiiZ� fbZkkh\kdh]h� ahhieZgdlhgZ�

Kj_^g_]h^h\Zy�iehlghklv� \_l\bklhmkuo�g_fgh]h�gb`_�� q_f� \_k-
ehgh]bo�dZd�\�p_ehf�ih�ha_jm��lZd�b�\�hkgh\guo� ahgZo�\h^h_fZ�

Ih� kj_^g_]h^h\hc� [bhfZkk_� &ODGRFHUD� h[uqgh� hi_j_`Zxl

&RSHSRGD��lZ[e������

Kj_^b�\_l\bklhmkuo��ihimeypbb�dhlhjuo�^hklb]Zeb�\ukh-
dhc� iehlghklb�� ke_^m_l� hlf_lblv� C. quadrangula b� D. cucullata,
qbke_gghklv�dhlhjuo�\hajZklZeZ�^h������±������hk��f3��[bhfZkkZ

^hklb]ZeZ� �±�� ]�f3��� \b^u� jh^Z�Bosmina�� bf_\rb_� iehlghklv� ^h
������hk��f3�b�[bhfZkkm�^h� ���� ]�f3�b�Diaphanosoma brachyurum
�������hk��f3�b��������]�f3���FZdkbfZevgZy�iehlghklv�ihimeypbc

[hevrbgkl\Z� &ODGRFHUD� khklZ\eyeZ� hl� ����� ^h� ����� hk��f3��GZb-
[hevrZy� kj_^gyy� [bhfZkkZ� hlf_q_gZ� ^ey� Sida crystallina,
Byth. longimanus, D. longispina b� D. cucullata� �khhl\_lkl\_ggh
�������� �������� ������� b� ������� ]�f3��� kj_^gyy� [bhfZkkZ� ijhqbo

\_l\bklhmkuo�j_^dh�ij_\urZeZ�����]�f3.
Khhlghr_gb_� hkgh\guo� ]jmii� ahhieZgdlhgZ�ih� kj_^g_]h-

^h\uf� \_ebqbgZf� iehlghklb� b� [bhfZkku� ihdZaZgh� gZ� jbk� 41.
AhhieZgdlhg� ha_jZ� ih� [bhfZkk_� bf__l� deZ^hp_jgh�dhi_ih^guc

Zki_dl�b�h[eZ^Z_l�ihwlhfm�p_ggufb�dhjfh\ufb�k\hckl\Zfb�

JZkij_^_e_gb_�ih�Zd\Zlhjbb

=eZ\guc�ie_k��<�p_glj_�ha_jZ�jZkiheZ]ZeZkv�i_eZ]bq_kdZy

klZgpby��ihemq_ggu_�gZ�g_c�^Zggu_�iha\heyxl�hoZjZdl_jbah\Zlv

i_eZ]bq_kdbc�ieZgdlhg�=eZ\gh]h�ie_kZ�ha_jZ� �lZ[e�������Kj_^g_�

]h^h\Zy� \_ebqbgZ� iehlghklb� ahhieZgdlhgZ� agZqbl_evgh� gb`_�

Z�[bhfZkkZ�g_fgh]h�\ur_��q_f�\�kj_^g_f�ih�ha_jm��KjZ\g_gb_�k

eblhjZevgufb� klZgpbyfb� ihdZau\Z_l� �lZ[e������� qlh� iehlghklv

ahhieZgdlhgZ�\�=eZ\ghf�ie_k_�gZbf_gvrZy�� aZ�bkdexq_gb_f� aZ-
eb\Z�RlZggZy�dmjvy��Z�ih�[bhfZkk_�hg�aZgbfZ_l�ijhf_`mlhqgh_

iheh`_gb_��Hkgh\m� khh[s_kl\Z� khklZ\eyxl� \_kehgh]b_�b� \_l\b-
klhmku_� jZdb�� ijbq_f� i_j\u_� ij_h[eZ^Zxl� ih� qbke_gghklb�� Z

\lhju_�±�ih�[bhfZkk_��Dheh\jZldb�b]jZxl�g_agZqbl_evgmx�jhev

(18���iehlghklb�b�f_g__�����[bhfZkku�ahhieZgdlhgZ��
Jmdh\h^ysbfb�\b^Zfb�ih�kj_^g_]h^h\uf�b�fZdkbfZevguf

agZq_gbyf�iehlghklb�b�[bhfZkku�y\eyxlky�E. graciloides, M. leuc-
karti b� M. oithonoides ba� &RSHSRGD�� \_l\bklhmku_ D. cucullata b
D. longispina��dhehgbZevgZy�dheh\jZldZ�C. unicornis.
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Jbk� 41�� KljmdlmjZ� ahhieZgdlhggh]h� khh[s_kl\Z� \� ha��;��FbZk-
kh\h��khhlghr_gb_�hkgh\guo�]jmii�

Z�±�iehlghklv��[�±�[bhfZkkZ�

EblhjZevgu_� klZgpbb�� Kj_^g_]h^h\u_� qbke_gghklv� b

[bhfZkkZ�ahhieZgdlhgZ�gZ�eblhjZevguo�klZgpby o�dhe_[exlky�hl
������ hk��f3� b� ������� ]�f3� �RlZggZy� dmjvy�� ^h� ������� hk��f3� b

������� ]�f3� �Ebih\Zy� dmjvy��� Hlghkbl_evgu_� ^heb� hkgh\guo

]jmii� ahhieZgdlhgZ� f_gyxlky� \� rbjhdbo� ij_^_eZo�� gZijbf_j�

dheh\jZldb� fh]ml� khklZ\eylv� hl� ��� ^h� ����� qbke_gghklb� ahh-
ieZgdlhgZ��\_kehgh]b_�±�hl����^h�������>hey�\_l\bklhmkuo�gb]^_

g_�ij_\urZ_l� �����h[s_c�iehlghklb��AgZqbl_evgh�[he__�klZ[b-

��

���

���

5RWLIHUD &RSHSRGD &ODGRFHUD

���

���

���

5RWLIHUD &RSHSRGD &ODGRFHUD
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e_g�\deZ^�hkgh\guo�]jmii�\�h[smx�[bhfZkkm�ahhieZgdlhgZ��>hey

dheh\jZlhd�±��±�����\_kehgh]bo�±���±������\_l\bklhmkuo�±�hl���

^h�������Jmdh\h^ysb_�nhjfu�eblhjZevgh]h�ahhieZgdlhgZ��k�mq_-
lhf�h[blZl_e_c�aZeb\h\��±�E. graciloides, M. leuckarti ba�&RSHSRGD�
K. longispina b� A. priodonta ba�dheh\jZlhd��\_l\bklhmku_�C. quad-
rangula b�D. cucullata��LZdbf�h[jZahf���E. graciloides, M. leuckarti
b�D. cucullata ̂ hfbgbjmxl�b�\�=eZ\ghf�ie_k_��b�\�h[hkh[e_gguo
qZklyo�Zd\Zlhjbb�

AZeb\�Ebih\Zy� dmjvy��Wlhl� ohjhrh� h[hkh[e_gguc� aZeb\�

jZkiheh`_gguc� \� aZiZ^ghc� qZklb� ha_jZ�� gZb[he__� [h]Zl� ahh-
ieZgdlhghf�\�dhebq_kl\_gghf�hlghr_gbb��lZ[e�������Iehlghklv�b

[bhfZkkZ�ihke_^g_]h�a^_kv�ihqlb�\����±��jZaZ� \ur_��q_f�\�kj_^-
g_f�ih�ha_jm��Ih�qbke_gghklb�b��hkh[_ggh�ih�[bhfZkk_��ij_h[eZ-
^Zxl�&ODGRFHUD��qlh�g_oZjZdl_jgh�^ey�ha��;��FbZkkh\h��Jmdh\h^y-
sb_� \b^u� ±� l_�`_�� qlh� ^ey� \k_c� eblhjZevghc� ahgu� �kf�� \ur_��

ebrv�f_klh�A. priodonta aZgbfZ_l�D. brachyurum.
AZeb\�Gyr_\kdZy�dmjvy��KZfuc�djmiguc� aZeb\�� khihklZ-

\bfuc� ih� iehsZ^b� k� =eZ\guf� ie_khf�� Iehlghklv� b� [bhfZkkZ

ahhieZgdlhgZ�\ur_��q_f�\�=eZ\ghf�ie_k_��gh�gb`_��q_f�\�Ebih-
\hc�dmjv_�b�\�kj_^g_f�ih�ha_jm��Ih�dhebq_kl\_gguf�ihdZaZl_eyf

ij_h[eZ^Zxl�\_kehgh]b_�jZdb��\lhjh_�f_klh�ijbgZ^e_`bl�\_l\b-
klhmkuf� �lZ[e�� ����� Hkgh\m� ahhieZgdlhggh]h� khh[s_kl\Z� ih

\klj_qZ_fhklb� b� dhebq_kl\_gguf� ihdZaZl_eyf� khklZ\eyxl� \b^u

Copepoda: E. graciloides, M. leuckarti�b�M. oithonoides��AgZqbl_ev-
gmx�jhev�b]jZxl�C. quadrangula b D. cucullata��Z�ba�dheh\jZlhd�±
A. priodonta.

AZeb\� RlZggZy� dmjvy�� <hij_db� h`b^Zgbyf�� ieZgdlhg

a^_kv� hdZaZeky� kZfuf� [_^guf� \� dhebq_kl\_gghf� hlghr_gbb

�lZ[e�������_]h�iehlghklv�b�[bhfZkkZ hdZaZebkv�gb`_��^Z`_�q_f�\
i_eZ]bZeb� =eZ\gh]h� ie_kZ� �lZ[e�� �����Wlh� hij_^_ey_lky� qbke_g-
guf� ij_h[eZ^Zgb_f� dheh\jZlhd� �^h� ����� hl� h[s_c� iehlghklb��

Kj_^b� jZdhh[jZaguo� i_j\_gkl\mxl� \_kehgh]b_� ������ hl� h[s_c

iehlghklb�b������hl�h[s_c�[bhfZkku�ahhieZgdlhgZ���>Z`_�kZfu_

fZkkh\u_� \b^u� \� RlZgghc� dmjv_� g_� ij_\urZxl� qbke_gghklb

�����hk��f3�b�[bhfZkku�����]�f3��Jmdh\h^ysb_�nhjfu�±�l_�`_��qlh

\�Gyr_\kdhc�dmjv_�

HldjulZy� eblhjZev� k_\_jgh]h� [_j_]Z�� OZjZdl_jbklbdb

ahhieZgdlhgZ� ^Zggh]h� jZchgZ� Zd\Zlhjbb� fh`gh� kqblZlv� lbibq-
gufb� ^ey� g_h[hkh[e_gguo� mqZkldh\� ha_jghc� eblhjZeb��Qbke_g-
ghklv�ieZgdlhgZ� a^_kv�\_ebdZ�b�mklmiZ_l� lhevdh�Ebih\hc�dmjv_

�lZ[e�������h^gZdh�[bhfZkkZ�^h\hevgh�gbadZy��Wlh�h[tykgy_lky�lZd
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JZkij_^_e_gb_�ahhieZgdlhgZ�ih�Zd\Zlhjbb�ha��;��FbZkkh\h

<_kv�ahhieZgdlhg Rotifera
KlZgpby

N B N % B %
Ebih\Zy�dmjvy 109029 6.5716 28.7 3.1
Gyr_\kdZy�dmjvy 73045 5.6700 14.3 2.2
K_\_jguc�[_j_]��� 2) 99660 2.9183 63.7 5.4
RlZggZy�dmjvy 56534 1.4653 68.5 5.1

H d h g q Z g b _ � l Z [ e � � � �

Copepoda Cladocera
KlZgpby

N % B % N % B %
Ebih\Zy�dmjvy 31.4 32.8 39.9 64.1
Gyr_\kdZy�dmjvy 57.1 61.0 28.6 36.7
K_\_jguc�[_j_]��� 2) 16.1 44.8 20.2 49.8
RlZggZy�dmjvy 20.0 50.5 11.4 44.4

I j b f _ q Z g b _ � � 1� ±� kj_^gyy� iehlghklv�� hk��f3�� %� ±� kj_^gyy

[bhfZkkZ�� ]�f3, N��� ±� ^hey� \� ijhp_glZo� hl� h[s_c� iehlghkb�

B���±�^hey�\�ijhp_glZo�hl�h[s_c�[bhfZkku

`_��dZd�b�^ey�RlZgghc�dmjvb��j_adbf�ij_h[eZ^Zgb_f�ih�qbke_g-
ghklb�dheh\jZlhd�b�f_edbo�jZdhh[jZaguo��Kj_^b�ihke_^gbo�eb-
^bjmxl�&ODGRFHUD��hgb�`_�khklZ\eyxl�hdheh������[bhfZkku�\k_]h

ahhieZgdlhgZ�� >hfbgbjmxsbc� dhfie_dk� ±� lbibqguc� ^ey� \k_c

ahgu�eblhjZeb��kf��\ur_��

LZdbf�h[jZahf��jZaebqgu_�mqZkldb�eblhjZevghc�ahgu�ha_-
jZ� kms_kl\_ggh� jZaebqZxlky� dhebq_kl\_ggufb� oZjZdl_jbklbdZ-
fb� b� khklZ\hf� ahhieZgdlhgZ�� ijb� wlhf� ^ey� gZb[he__� [h]Zluo

ieZgdlhghf� klZgpbc� oZjZdl_jgh� ij_h[eZ^Zgb_� ih� qbke_gghklb

dheh\jZlhd��Z�ih�[bhfZkk_�±�&Oadocera.

JZaf_jgu_�oZjZdl_jbklbdb�]b^jh[bhglh\

Kj_^gb_�fZkku�ij_^klZ\bl_e_c�ahhieZgdlhgZ�ijb\_^_gu�\

lZ[ebp_����� KZfu_� djmigu_� ba� gbo� hlghkylky� d� i_eZ]bq_kdbf

\_l\bklhmkuf� jZdZf�� kj_^gyy� fZkkZ� bo� ij_\urZ_l� ���� f]�� l��_�

hq_gv� \_ebdZ��Wlh�^hklb]Z_lky� aZ� kq_l� �hkh[_c� lZdbo� \b^h\�� dZd

Bythotrephes longimanus, Daphnia longispina, Leptodora kindtii.
KjZ\g_gb_� i_eZ]bZeb� b� eblhjZeb� �\dexqZy� aZeb\u�� ih� kj_^g_c

fZkk_�ahhieZgdlhglh\�ihdZau\Z_l��qlh�ijb[j_`gZy�ahgZ�gZk_e_gZ

[he__�f_edbfb�[_kiha\hghqgufb��dheh\jZldb��g_djmigu_�nbevl-
jZlhju�&ODGRFHUD���JZaf_ju�\_kehgh]bo�ijbf_jgh�h^bgZdh\u�ih�\k_c
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Kj_^gyy�fZkkZ�hkh[_c�ahhieZgdlhglh\�\�ha��;��FbZkkh\h

Ha_jh�\�p_ehf
I_eZ]bZev

�=eZ\guc�ie_k�

EblhjZev
�\�kj_^g_f�ih
klZgpbyf�LZdkhp_gha

Kj_^gyy�fZkkZ�
f]

Kj_^gyy�fZkkZ�
f]

Kj_^gyy�fZkkZ�
f]

Rotifera 0.004 0.004 0.003
<k_�jZdhh[jZagu_ 0.081 0.094 0.079
Copepoda 0.078 0.079 0.074
Cladocera 0.096 0.116 0.097
AhhieZgdlhg�\�p_ehf 0.047 0.079 0.049

Zd\Zlhjbb��Z�dheh\jZldb�lZd�`_��dZd�b�\_l\bklhmku_��bf_xl�[he__

djmigu_�jZaf_ju�\�i_eZ]bq_kdhc�ahg_�

K_ahggZy�^bgZfbdZ�ahhieZgdlhgZ

H[sZy� oZjZdl_jbklbdZ. K_ahggmx� ^bgZfbdm� dhebq_kl-
\_gguo�oZjZdl_jbklbd�ahhieZgdlhggh]h�khh[s_kl\Z�k�fZy�ih�^_-
dZ[jv�beexkljbjm_l�jbk�������Qbke_gghklv�ieZgdlhgZ��bgl_gkb\gh

Jbk������ K_ahggZy� ^bgZfbdZ� ahhieZgdlhggh]h� khh[s_kl\Z� \

ha��;��FbZkkh\h�
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gZjZklZ_l�k�k_j_^bgu�fZy��ihke_�koh^Z�ev^Z��^h�gZqZeZ�Z\]mklZ�

Z�aZl_f�j_adh�kgb`Z_lky�d�hdly[jx��GZqbgZy�k�hdly[jy��iZ^_gb_

iehlghklb�ieZgdlhgZ�ijhbkoh^bl�ieZ\gh�b�^hklb]Z_l�aZj_]bkljb-
jh\Zggh]h� ]h^h\h]h�fbgbfmfZ� \� dhgp_� ^_dZ[jy��>bgZfbdZ� [bh-
fZkku�ihqlb�g_�hlebqZ_lky�hl�^bgZfbdb�iehlghklb��aZ�bkdexq_-
gb_f� lh]h�� qlh� \� Z\]mkl_�� ijb� gZqZ\r_fky� j_adhf� iZ^_gbb� qbk-
e_gghklb� ahhieZgdlhgZ�� [bhfZkkZ� hklZ_lky� gZ� ij_`g_f� mjh\g_�

Wlh�k\yaZgh�kh�kljmdlmjgufb�i_j_kljhcdZfb�\�khh[s_kl\_�b�aZ-
f_ghc�fgh]bo�e_lgbo�nhjf� �gZijbf_j��[hevrbgkl\h�f_edbo�dh-
eh\jZlhd� � [he__� djmigufb� hk_ggbfb� �lZdbfb�� dZd� Daphnia
cristata, D. longispina b�^jm]b_���Kgb`_gb_�iehlghklb�b�[bhfZkku
ahhieZgdlhgZ�\�dhgp_�e_lZ�b�hk_gvx�hij_^_ey_lky�h[sbf�mom^-
r_gb_f� mkeh\bc� h[blZgby�b�i_j_oh^hf� khh[s_kl\Z�gZ� ©abfgbc

j_`bfª�

K_ahggZy� ^bgZfbdZ� ahhieZgdlhgZ� i_eZ]bq_kdhc� b� eblh-
jZevghc�ahg�\h^h_fZ�bf__l�g_[hevrb_�hlebqby��jbk�����������Ibd

jZa\blby�ahhieZgdlhgZ�ijboh^blky�gZ�k_j_^bgm�e_lZ�lZd�`_��dZd�b

\h�\k_f�ha_j_��<�i_eZ]bZeb��gZqbgZy�k�Z\]mklZ��ijhbkoh^bl�hq_gv

[ukljh_�b�kbgojhggh_�iZ^_gb_�qbke_gghklb�b�[bhfZkku���dhlhjh_

g_kdhevdh�aZf_^ey_lky�\�hdly[j_��<�eblhjZeb�\�dhgp_�e_lZ�kljmd-
lmjgu_�baf_g_gby�ijhbkoh^yl� [he__� aZf_lgh�� qlh� \ujZ`Z_lky� \

g_h^bgZdh\hc� ^bgZfbd_� iehlghklb� b� [bhfZkku� \� wlhl� i_jbh^�

kgb`_gb_�[bhfZkku�hlf_q_gh�lhevdh�\�k_gly[j_��lh]^Z�dZd�iehl-
ghklv�iZ^Z_l�k�Z\]mklZ�klhev�`_�[ukljufb�l_fiZfb��dZd�b�\�i_eZ-
]bq_kdhc� ahg_��GZ� jm[_`_� e_lZ� b� hk_gb� \� eblhjZeb� ijhbkoh^bl

i_j_kljhcdZ�khh[s_kl\Z��ihy\eyxlky�beb�ih\urZxl�k\h_�h[beb_

[he__� djmigu_� \b^u� �jZaebqgu_� ij_^klZ\bl_eb� &\FORSRLGD�

Daphnia��b�jZaf_jgu_� ]jmiiu��[he__�f_edb_� \uiZ^Zxl��<�^Zev-
g_cr_f�l_fiu�iZ^_gby�iehlghklb�b�[bhfZkku�kh\iZ^Zxl�

HibkZggZy� ^bgZfbdZ� dhebq_kl\_gguo� iZjZf_ljh\� ieZgd-
lhgZ�lZd�`_��dZd�b�^bgZfbdZ�\b^h\h]h�[h]Zlkl\Z��kf��jbk�������lb-
ibqgZ�^ey�djmiguo�\h^h_fh\�mf_j_ggh]h�debfZlZ��Ibd�jZa\blby

ahhieZgdlhgZ� ijboh^blky� gZ� bxev�Z\]mkl�� dh]^Z� \h^gZy� lhesZ

gZb[he__�kljZlbnbpbjh\ZgZ�b�ijh]j_lZ�

>bgZfbdZ� ahhieZgdlhgZ� \�eblhjZevghc� ahg_��GZb[he__

khhl\_lkl\m_l�hibkZgghc�\ur_�k_ahggZy�^bgZfbdZ� ahhieZgdlhg-
gh]h�khh[s_kl\Z�\�hldjulhc�eblhjZeb�k_\_jgh]h�[_j_]Z� �jbk� 45,
�����Fbgbfmf�iehlghklb�b�[bhfZkku�ahhieZgdlhgZ�hlf_q_g�\�fZ_

b�^_dZ[j_��fZdkbfmf�±�\�bxe_��GZ[ex^Z_lky�j_adh_�\hajZklZgb_�d

Z\]mklm�b�ihke_^mxs__�klj_fbl_evgh_�iZ^_gb_�qbke_gghklb�ijb

hlghkbl_evgh��ieZ\ghf��baf_g_gbb��[bhfZkku��qlh�oZjZdl_jgh�^ey
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Jbk������K_ahggZy�^bgZfbdZ�ahhieZgdlhggh]h�khh[s_kl\Z�\�i_eZ-
]bZeb�ha��;��FbZkkh\h�

Jbk������K_ahggZy�^bgZfbdZ�ahhieZgdlhggh]h�khh[s_kl\Z�\�eblh-
jZeb�ha��;��FbZkkh\h�
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eblhjZevghc�ahgu�b�k\yaZgh�k�jZgg_hk_ggbfb�kljmdlmjgufb�i_-
j_kljhcdZfb�\�khh[s_kl\_�

>bgZfbdZ� ahhieZgdlhgZ� \�dZ`^hf�ba�h[hkh[e_gguo� aZeb-
\h\�oZjZdl_jbom_lky�k\h_h[jZab_f��jbk� 45,�����b�\�dhjg_�hlebqZ-
_lky� hl� hibkZgghc� \ur_�� AZ� bkdexq_gb_f�RlZgghc� dmjvb�� g_

gZ[ex^Z_lky� yjdh� \ujZ`_gguo� \kie_kdh\� qbke_gghklb�� oZjZd-
l_jguc�^ey�ha_jZ�e_lgbc�ibd�[bhfZkku�hlf_q_g�lhevdh�\�aZeb\_

Ebih\Zy� dmjvy��H[s_c� aZdhghf_jghklvx� y\ey_lky� ebrv� h[sbc

ih^t_f�iehlghklb�b�[bhfZkku�ahhieZgdlhgZ�k�fZy�d�bxex�b�kh-
ojZg_gb_�\ukhdbo� agZq_gbc� wlbo�ihdZaZl_e_c� �ih� k_j_^bgm� k_g-
ly[jy�� <� ^Zevg_cr_f� dhebq_kl\_ggu_� oZjZdl_jbklbdb� hlghkb-
l_evgh�ieZ\gh�kgb`Zxlky�d�dhgpm�^_dZ[jy�

<� aZeb\_�RlZggZy�dmjvy�^bgZfbdZ� ahhieZgdlhgZ�oZjZdl_-
jbam_lky�ihqlb�iheguf�hlkmlkl\b_f�dhe_[Zgbc�[bhfZkku�\�l_q_-
gb_�e_lZ�b�gZqZeZ�hk_gb�\�khq_lZgbb�k�j_adbf�ih^t_fhf�qbke_g-
ghklb�\�Z\]mkl_��DZd�ihdZaZgh�\ur_��wlh�k\yaZgh�k�ij_h[eZ^Zgb_f

\�wlhl�i_jbh^�f_edbo�jZaf_jguo�]jmii��ij_`^_�\k_]h�dheh\jZlhd�

Iehlghklv�ieZgdlhgZ� a^_kv�gZjZklZ_l�ieZ\gh� k�fZy�ih�ghy[jv�b

i_j_^� �e_^hklZ\hf�^hklb]Z_l�fZdkbfmfZ� �ijb�\_kvfZ�g_\ukhdbo

agZq_gbyo���;bhfZkkZ�m\_ebqb\Z_lky�k�fZy�ih�k_gly[jv��\�k_gly[-
j_�gZ[ex^Z_lky�__�gZb\ukrZy�\_ebqbgZ��AZl_f��g_kfhljy�gZ�ijh-
^he`Zxsbcky�jhkl�iehlghklb� ahhieZgdlhgZ��[bhfZkkZ� _]h� \�hd-
ly[j_�kgb`Z_lky�b�^h�e_^hklZ\Z�hklZ_lky�gZ�mjh\g_�k_j_^bgu�e_-
lZ��LZdbf�h[jZahf��\�k_gly[j_�ijhbkoh^bl�i_j_kljhcdZ�jZaf_jghc

b�\b^h\hc�kljmdlmju�khh[s_kl\Z�\�ihevam�[he__�djmiguo�\b^h\�b

]_g_jZpbc��<�hdly[j_�b�ghy[j_�hgb�hiylv�mklmiZxl�f_klh�[he__

f_edbf�

K_ahggZy�^bgZfbdZ� ahhieZgdlhgZ�\� aZeb\_�Ebih\Zy�dmjvy

�jbk� 45,����� bf__l� kh\_jr_ggh� bghc� oZjZdl_j�� >\Z� g_[hevrbo
ibdZ�qbke_gghklb�khh[s_kl\Z�ijboh^ylky�gZ�bxgv�b�Z\]mkl��lh]^Z

dZd� [bhfZkkZ� j_adh� \hajZklZ_l� \� Z\]mkl_�� Z� aZl_f� klj_fbl_evgh

kgb`Z_lky��LZdbf�h[jZahf��\�gZqZe_�e_lZ�\�ieZgdlhg_�ij_h[eZ^Z-
xl�f_edb_�hj]Zgbafu��\�Z\]mkl_�gZ[ex^Z_lky�i_j_kljhcdZ�khh[-
s_kl\Z�b�ihy\eyxlky�djmigu_�nhjfu�

<�kZfhf�djmighf�h[hkh[e_gghf�ie_k_�ha_jZ� ±�aZeb\_�Gy-
r_\kdZy� dmjvy� ^bgZfbdZ� iehlghklb� ahhieZgdlhgZ� gZihfbgZ_l

lZdh\mx� \� Ebih\hc� dmjv_�� h^gZdh� k� ©aZiha^Zgb_fª� gZ� f_kyp

�jbk�������<�hlebqb_�hl�^jm]bo�aZeb\h\��a^_kv�^bgZfbdZ�[bhfZkku

�jbk������ iheghklvx� ih\lhjy_l� ^bgZfbdm� qbke_gghklb�� i_j_-
kljhcdb�jZaf_jgh�\_kh\hc�kljmdlmju�khh[s_kl\Z�g_�\ujZ`_gu�
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Jbk������ K_ahggZy� ^bgZfbdZ� iehlghklb� ahhieZgdlhgZ� \� jZaguo

qZklyo�Zd\Zlhjbb�ha��;� FbZkkh\h�

Jbk� 46. K_ahggZy� ^bgZfbdZ� [bhfZkku� ahhieZgdlhgZ� \� jZaguo
qZklyo�Zd\Zlhjbb�ha��;��FbZkkh\h�
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Ih�wlhfm�ihdZaZl_ex�ahhieZgdlhg�Gyr_\kdhc�dmjvb�g_�hlebqZ-
_lky�hl�ahhieZgdlhgZ�=eZ\gh]h�ie_kZ�

LZdbf� h[jZahf�� ahhieZgdlhg� eblhjZeb� oZjZdl_jbam_lky� \

p_ehf�[he__�k]eZ`_ggufb�dhe_[Zgbyfb�iehlghklb�b�[bhfZkku�b

[he__�\ujZ`_ggufb�k_ahggufb�kljmdlmjgufb�baf_g_gbyfb��q_f

ieZgdlhg�i_eZ]bZeb�

K_ahggZy� ^bgZfbdZ� hkgh\guo� ]jmii� ahhieZgdlhgZ

�jbk�� ��� 48). >bgZfbdZ� iehlghklb� dheh\jZlhd� b� \_l\bklhmkuo
jZdhh[jZaguo� h^bgZdh\Z�� FbgbfZevgu_� \_ebqbgu� hlf_q_gu

\�gZqZe_�b�dhgp_�k_ahgZ�gZ[ex^_gbc� �fZc��^_dZ[jv���<_kghc�b�\

gZqZe_� e_lZ� ijhbkoh^bl� [ukljh_� gZjZklZgb_� qbke_gghklb� wlbo

]jmii�� dhlhjh_� ^hklb]Z_l� ibdZ� \� bxe_�� \� i_jbh^� gZb[hevr_]h

ijh]j_\Z�\h^u��D�dhgpm�e_lZ�gZ[ex^Z_lky�g_[hevrh_�kgb`_gb_�

Z�aZl_f��\�k_gly[j_��j_adh_�iZ^_gb_�iehlghklb��<�^Zevg_cr_f�hgZ

ihkl_i_ggh�kgb`Z_lky�^h�abfg_]h�fbgbfmfZ��ijbq_f�m�dheh\jZ�

lhd� g_[hevrh_� \hajZklZgb_� iehlghklb� hlf_q_gh� \� hdly[j_�

\�hkgh\ghf�aZ�kq_l�Keratella b Kellicottia longispina.
?keb�dheh\jZldb�b�\_l\bklhmku_�i_j\_gkl\mxl�ih�qbke_g-

ghklb�\�k_j_^bg_�[_ae_^gh]h�i_jbh^Z��lh�\_kehgh]b_�jZdb�ij_h[-
eZ^Zxl� �\� �hklZevgh_�\j_fy�±�\_kghc�b�hk_gvx��Iehlghklv�bo�gZ-
jZklZ_l�k�fZy�ieZ\gh��^hklb]Z_l�fZdkbfmfZ�\�k_gly[j_��ihke_�q_]h

iZ^Z_l��khojZgyykv��l_f�g_�f_g__��gZ�hlghkbl_evgh�\ukhdhf�mjh\-
g_�^h�e_^hklZ\Z�

>bgZfbdZ�[bhfZkku�hkgh\guo� ]jmii� ahhieZgdlhgZ� aZf_l-
gh�jZaebqZ_lky��M�dheh\jZlhd�hlf_q_gh�^\Z�g_[hevrbo�ibdZ�[bh-
fZkku�±�\�bxg_�b�hdly[j_��ijbq_f�e_lgbc�ibd�g_�k\yaZg�k�fZdkb-
fmfhf�qbke_gghklb�b�h[tykgy_lky�ij_h[eZ^Zgb_f�\�wlhl�i_jbh^

djmighc� dheh\jZldb� Asplanchna priodonta. ;bhfZkkZ� \_l\bklh-
mkuo�ihke_�koh^Z�ev^Z�gZjZklZ_l�[ukljufb�l_fiZfb�b�^hklb]Z_l

gZb\ukr_]h� agZq_gby� \� Z\]mkl_�� lh]^Z� dZd� iehlghklv� bo� bf__l

fZdkbfmf� \� bxe_��LZdbf� h[jZahf�� \� dhgp_� e_lZ�fu� gZ[ex^Z_f

lbibqgmx�i_j_kljhcdm�kljmdlmju�khh[s_kl\Z��\_^msmx�d�ij_h[-
eZ^Zgbx� djmiguo� nhjf� &ODGRFHUD�� D� gZqZem� hdly[jy� [bhfZkkZ

\_l\bklhmkuo�[ukljh�kgb`Z_lky��\ihke_^kl\bb�l_fiu�wlh]h�ijh-
p_kkZ� aZf_^eyxlky�� >bgZfbdZ� [bhfZkku� \_kehgh]bo� ih\lhjy_l

^bgZfbdm� qbke_gghklb� wlhc� ]jmiiu�� gZ[ex^Z_lky� ^hklZlhqgh

[ukljuc�ih^t_f�[bhfZkku�d�k_j_^bg_�e_lZ��k�bxey�ih�k_gly[jv

hgZ�bf__l�fZdkbfZevgu_�\_ebqbgu��Z� aZl_f�ieZ\gh�kgb`Z_lky�d

dhgpm� ^_dZ[jy�� Ih� [bhfZkk_� lZd� `_�� dZd� b� ih� qbke_gghklb�

&RSHSRGD� ij_h[eZ^Zxl� \� ahhieZgdlhg_� \_kghc±\� gZqZe_� e_lZ� b

hk_gvx±abfhc��e_lhf�mklmiZy�i_j\_gkl\h�&ODGRFHUD�
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Jbk������K_ahggZy�^bgZfbdZ�iehlghklb�hkgh\guo�]jmii�ahhieZgd-
lhgZ�\�ha��;��FbZkkh\h�

Jbk������K_ahggZy�^bgZfbdZ�[bhfZkku�hkgh\guo�]jmii�ahhieZgd-
lhgZ�\�ha��;��FbZkkh\h�
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Ljhnbq_kdZy� kljmdlmjZ� ahhieZgdlhggh]h� khh[s_kl\Z�

AhhieZgdlhg�ha��;��FbZkkh\h�ih^jZa^_e_g��\�khhl\_lkl\bb�k�h[s_-
ijbgylhc�ljZ^bpb_c��gZ�obsguc�b�fbjguc��<�obsghf�ieZgdlhg_�

\�k\hx�hq_j_^v��fh`gh�\u^_eblv�����h[eb]Zlgh�obsguc�±�wlh�\_l-
\bklhmku_� B. longimanus, L. kindtii�� \_kehgh]b_� jh^h\

Acanthocyclops, Eucyclops, Macrocyclops��lmj[_eeyjbb�b����nZdmev-
lZlb\gh� obsguc� ±� A. priodonta�� ij_^klZ\bl_eb� Cyclops,
Mesocyclops, Eudiaptomus graciloides, Polyphemus pediculus��D�fbj-
ghfm� ahhieZgdlhgm� hlg_k_gu� hklZevgu_� dheh\jZldb� b� \_l\bklh-
mku_�jZdb��Khhlghr_gb_�wlbo�]jmii�ih�^heb�\�h[s_c�iehlghklb�b

[bhfZkk_�ahhieZgdlhgZ�aZ�i_jbh �̂bkke_^h\Zgbc�beexkljbjm_l�jbk�����

Ba� ijb\_^_gghc� ^bZ]jZffu� ke_^m_l�� qlh� ^hey� gZklhysbo

obsgbdh\�� hkh[_ggh� ih� qbke_gghklb�� g_agZqbl_evgZ�� Hkgh\m

iehlghklb�b�[bhfZkku�ahhieZgdlhgZ�khklZ\eyxl�nZdmevlZlb\gu_

obsgbdb�� hj]Zgbafu� k�rbjhdbf� ki_dljhf� b� ]b[dhc� kljZl_]b_c

iblZgby��Qlh�dZkZ_lky�nbevljZlhjh\��lh�ih�[bhfZkk_�hgb�mklmiZ-
xl�^Z`_�h[eb]Zlguf�obsgbdZf��Z�khhlghr_gb_�[bhfZkk�obsgb-
dh\�b�nbevljZlhjh\� khklZ\ey_l� ������Ijb\_^_ggu_� khhlghr_gby

fh]ml��k\b^_l_evkl\h\Zlv�h�lhf���qlh��ibs_\u_� �p_ib�\�ha_j_�hk-
gh\Zgu�gZ�hlghkbl_evgh�djmiguo�ibs_\uo�qZklbpZo��Ij_h[eZ^Z-
gb_� obsgbdh\� kqblZ_lky� oZjZdl_jguf� ^ey� iha^gbo� klZ^bc� kmd-
p_kkbb��\�oh^_�w\ljhnbjh\Zgby�^hey�obsguo�ihimeypbc�\hajZk-
lZ_l� �<hkklZgh\e_gb_� wdhkbkl_f«�� ����;� =beyjh\�� =hj_eh\Z�
1974;�Baf_g_gb_� kljmdlmju����� ����;�Dmag_ph\Z�� ������� ke_^h\Z-
l_evgh�� gZ[ex^Z_fZy� ljhnbq_kdZy� kljmdlmjZ� ha_jZ� oZjZdl_jgZ

^ey�iha^gbo�klZ^bc�kmdp_kkbb�

Kljmdlmjgu_�oZjZdl_jbklbdb�ahhieZgdlhggh]h�khh[s_kl\Z

<� ^Zgghf� jZa^_e_� jZkkfhlj_gu� ihdZaZl_eb�� iha\heyxsb_

hp_gblv�keh`ghklv�beb�©kljmdlmjbjh\Zgghklvª�ahhieZgdlhggh]h

khh[s_kl\Z�gZ�g_kdhevdbo�mjh\gyo�hj]ZgbaZpbb��ihimeypbhgghf

b�ahhkbgmabZevghf��ih^�ahhkbgmabyfb�jZagh]h�jZg]Z�ihgbfZxlky

wdheh]bq_kdb� h^ghjh^gu_� ]jmiibjh\db� ihimeypbc� beb� ]jmii

ihimeypbc� �:g^j_yrdbg�b�^j��� ����)��Bkihevah\Zgu�ke_^mxsb_
oZjZdl_jbklbdb�� khhlghr_gb_� hkgh\guo� ]jmii� ahhieZgdlhgZ� ih

bg^_dkm�p_ghlbq_kdhc� agZqbfhklb� �BPA���qbkeh�\b^h\�^hfbgZg�

lh\��\ujZ`_gghklv�^hfbgbjh\Zgby�b�dhwnnbpb_gl�kljmdlmjbjh�

\Zgghklb� khh[s_kl\Z� �DK��� qbkeh� ahhkbgmabc�� bg^_dk� jZa^jh[-
e_gghklb� khh[s_kl\Z� �BJ��� dhwnnbpb_glu� kljmdlmjbjh\Zgghklb

ahhkbgmabc���]h�b���]h�jZg]Z��DK1 b�DK2���Jh]habg��2000).
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Jbk�� ���� Ljhnbq_kdZy� kljmdlmjZ� ahhieZgdlhgZ� ha�� ;��FbZkkh\h�

Jbk������KljmdlmjZ�^hfbgbjh\Zgby�ahhieZgdlhgZ�ha��;��FbZkkh\h�
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KjZ\gbl_evgZy�p_ghlbq_kdZy�agZqbfhklv�hkgh\guo�]jmii

ahhieZgdlhgZ� hljZ`_gZ� gZ� jbk� 50��Hkgh\gufb� p_ghahh[jZah\Z-
l_eyfb�y\eyxlky�\_kehgh]b_�jZdb��ijbq_f�b�\�eblhjZeb��b�\�i_eZ-
]bZeb�bo�^hey�ijZdlbq_kdb�h^bgZdh\Z��dZd�b�^hey�^jm]bo�]jmii�

<_l\bklhmku_�mklmiZxl�&ODGRFHUD�g_agZqbl_evgh��hkh[_ggh�\�eb-
lhjZevghc�ahg_��Jhev�dheh\jZlhd�b�lmj[_eeyjbc�\lhjhkl_i_ggZy�

Ke_^m_l�ih^q_jdgmlv�g_fZemx�jhev� lmj[_eeyjbc� \�ijb[j_`guo

[bhp_ghaZo��]^_�ih�BPA�hgb�ihqlb�\^\h_�hi_j_`Zxl�dheh\jZlhd�

KljmdlmjZ� khh[s_kl\Z� gZ� ihimeypbhgghf� mjh\g_��>ey

\uy\e_gby� p_ghlbq_kdhc� jheb� hl^_evguo� \b^h\� ahhieZgdlhgZ

[ue� bkihevah\Zg� bg^_dk� ^hfbgbjh\Zgby��Kmi_j^hfbgZgl� ±� \_k-
ehgh]bc�jZqhd�ba�k_f_ckl\Z�'LDSWRPLGDH�Eudiaptomus graciloides.
>hfbgbjmxsbc� \b^� h^bg� ±�Daphnia cucullata.�<� ]jmiim� km[^h-
fbgZglh\� \oh^yl D. longispina, Ceriodahhnia quadrangula,
Diaphanosoma brachiurum,� \_kehgh]b_� jh^Z�Mesocyclops b� dheh-
\jZldZ� Asplanchna priodonta�� =jmiiu� \lhjhkl_i_gguo� b� j_^dbo
\b^h\� g_� h[hkZ[eb\Zxlky�� DZjlbgZ� klZgh\blky� g_kdhevdh� bghc�

_keb�jZkkfZljb\Zlv�ahhieZgdlhggu_�khh[s_kl\Z�i_eZ]bZeb�b�eb-
lhjZeb� hl^_evgh�� <� i_eZ]bZeb� \uy\eyxlky� ^\Z� ^hfbgZglZ� ±

Daphnia cucullata b� Mesocyclops leuckarti�� Z� ba� km[^hfbgZglh\
\uiZ^Zxl� Ceriodahhnia quadrangula b� Asplanchna priodonta�� <
eblhjZeb� qbkeh� ^hfbgbjmxsbo� \b^h\� jZkrbjy_lky� ^h� lj_o� ±� d

gZa\Zgguf�\ur_�ijb[Z\ey_lky�C. quadrangula,�Z�qbkeh�km[^hfb-
gZglh\�±�^h�q_luj_o��\k_�hklZ\rb_ky�\b^u�^hfbgbjmxs_]h�dhf-
ie_dkZ�� Kmi_j^hfbgZglhf� \_a^_� y\ey_lky� Eudiaptomus
graciloides��hklZevgu_�ieZgdlhggu_�[_kiha\hghqgu_�ihiZ^Zxl�\
dZl_]hjbx�\lhjhkl_i_gguo�b�j_^dbo�nhjf�

>ey�ha_jZ�;��FbZkkh\h��lZdbf�h[jZahf��oZjZdl_jgh�kjZ\gb-
l_evgh� [hevrh_� qbkeh� ^hfbgbjmxsbo� \b^h\� b� \ujZ`_ggZy

kljmdlmjZ� ^hfbgbjh\Zgby��HgZ� \ujZ`Z_lky� \_ebqbghc� dhwnnb-
pb_glZ� kljmdlmjbjh\Zgghklb� DK =������� qlh� ke_^m_l� kqblZlv
kj_^gbf�ihdZaZl_e_f��\_jhylgh��lbibqguf�^ey�f_ahljhnguo�ha_j

�^ey�kjZ\g_gby�fh`gh�ijb\_klb�^Zggu_�^ey�^jm]bo�ha_j��heb]h-
ljhngh_� ha��Lmj]hyd� bf__l� DK� � ������ Z� f_ahw\ljhngh_

ha��;hevrhc�LZldmev�DK =��������Ih^h[gu_�ijhf_`mlhqgu_� agZ-
q_gby�oZjZdl_jgu�b�^ey�^jm]bo�ihdZaZl_e_c�kljmdlmjghc�keh`gh-
klb�khh[s_kl\Z�gZ�ihimeypbhgghf�mjh\g_�±�gZijbf_j��BPA�\b^Z�

kmi_j^hfbgZglZ� ��������b�kmffZjgh]h�BPA� ahhieZgdlhggh]h�kh-
h[s_kl\Z����������Jh]habg��������

H[s_ijbgyluc�\�]b^jh[bheh]bb�kihkh[�hp_gdb�\ujZ`_g-
ghklb�^hfbgbjh\Zgby�b�keh`ghklb�khh[s_kl\Z��Z�lZd`_�^bZ]gh-
klbdb�khklhygby�khh[s_kl\�b�wdhkbkl_f�k\yaZg�k�bkihevah\Zgb_f
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bgnhjfZpbhgghc�f_ju�jZaghh[jZaby�R_gghgZ�Mb\_jZ��ohly�ij_-
bfms_kl\Z�\ur_gZa\Zgguo�ihdZaZl_e_c�[ueb�jZkkfhlj_gu�jZg__

�Jh]habg�� �������<b^h\h_� jZaghh[jZab_ ahhieZgdlhgZ� hp_g_gh� k
ihfhsvx� f_ju� jZaghh[jZaby� \� __� fh^bnbdZpbb� Hb� �I_k_gdh�

�������>ey� ahhieZgdlhgZ� ha_jZ�Hb=4.4 �[bl�]��� ^ey� i_eZ]bZeb� b
eblhjZeb�Hb = 3.6. K_ahggZy� ^bgZfbdZ� bg^_dkZ�Hb ij_^klZ\e_gZ

gZ�jbk������FZdkbfZevguo�agZq_gbc�hg�^hklb]Z_l�^\Z`^u�±�\�Z\-
]mkl_�b�\�hdly[j_��g_kdhevdh�iha`_�ih�kjhdZf��q_f�gZ�^jm]bo�ha_-
jZo�� Ibdb� jZaghh[jZaby� khhl\_lkl\mxl� i_jbh^Zf� lZdkhghfbq_-
kdhc� b� jZaf_jghc� i_j_kljhcdb� kljmdlmju� khh[s_kl\Z� \� dhgp_

e_lZ�b�hk_gvx��FbgbfZevgu_� \_ebqbgu�ihdZaZl_ey�ihke_� koh^Z

ev^Z�b�i_j_^�e_^hklZ\hf�k\yaZgu�k�mijhs_gb_f�kljmdlmju�khh[-
s_kl\Z�ijb�hlkmlkl\bb�beb�\uiZ^_gbb�fgh]bo�e_lgbo�\b^h\�ahh-
ieZgdlhgZ��Ke_^m_l�hlf_lblv�g_klZ[bevghklv� \b^h\h]h� jZaghh[-
jZaby� �^bki_jkby� ��������qlh�fh`_l�[ulv�k\yaZgh�k�h[s_c�g_mk-
lhcqb\hklvx�khh[s_kl\Z�

AgZq_gby� bg^_dkZ� ^ey� hkgh\guo� ]jmii� ahhieZgdlhgZ� ke_-
^mxsb_��dheh\jZldb�±������\_kehgh]b_�jZdb�±�����b�\_l\bklhmku_

±� ���� [bl�]�� LZdbf� h[jZahf�� \k_� wlb� ]jmiiu� h[eZ^Zxl� \ukhdbf

\b^h\uf� jZaghh[jZab_f�� ?]h� k_ahggZy� ^bgZfbdZ� ihdZaZgZ� gZ

jbk������Hgb�bf_xl�^\Z�k_ahgguo�fZdkbfmfZ�jZaghh[jZaby�±�e_l-
gbc� b� hk_ggbc�� i_j\uc� gZ[ex^Z_lky� m� &RSHSRGD� \� bxg_�� m

5RWLIHUD�b�&ODGRFHUD�\�bxe_��\lhjhc�±�\�hdly[j_�m�&ODGRFHUD��ghy[-
j_�±�m�5RWLIHUD�b�&RSHSRGD��E_lg__�ih\ur_gb_�jZaghh[jZaby�ke_-
^m_l�k\yaZlv�k�fZkkh\uf�ihy\e_gb_f�b�jZa\blb_f�l_iehex[b\uo

\b^h\�ih�f_j_�ijh]j_\Zgby�\h^ghc�lhesb��Hk_ggbc�ibd�hij_^_-
ey_lky� kf_ghc� \b^h\h]h� khklZ\Z� ahhieZgdlhgZ� \� ij_^^\_jbb� ab-
fu��?kl_kl\_ggh��qlh�f_jZ�jZaghh[jZaby�ijbgbfZ_l�fbgbfZevgu_

agZq_gby�\�i_jbh^��dh]^Z�gZ[ex^Z_lky�fZkkh\h_�jZa\blb_�g_fgh-
]bo� jmdh\h^ysbo�nhjf� ieZgdlhgZ� ijb� g_\ukhdhc� [bhfZkk_� hk-
lZevguo�\b^h\��<�i_jbh^u�lZdkhghfbq_kdbo�i_j_kljh_d�^hfbgb-
jh\Zgb_� \� khh[s_kl\_� \ujZ`_gh� keZ[__�b� \b^h\h_�jZaghh[jZab_

ih\urZ_lky�

Wdheh]bq_kdb_�]jmiibjh\db�±�ahhkbgmabb. >ey�\uy\e_gby
kljmdlmjguo� _^bgbp� �ahhkbgmabc�� kf��:g^j_yrdbg� b� ^j��� ����;
Jh]habg��������\�ahhieZgdlhgghf�khh[s_kl\_�bkihevah\Zg�f_lh^

deZkl_jgh]h� ZgZebaZ� \b^h\uo� kibkdh\� gZ� hkgh\_� dhwnnbpb_glZ

khijy`_gghklb� DhmeZ� �Jh]habg�� ������� MklZgh\e_gh�� qlh� ahh�

ieZgdlhggh_�khh[s_kl\h�\dexqZ_l�\�k_[y����ahhkbgmabc���]h�jZg-
]Z��h[t_^bgyxsbo����\b^Z�k�\klj_qZ_fhklvx�g_�f_g__������Bg^_dk
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Jbk�� ���� >bgZfbdZ� \b^h\h]h� jZaghh[jZaby� ahhieZgdlhgZ

ha��;��FbZkkh\h�

Jbk�� ����>bgZfbdZ� \b^h\h]h� jZaghh[jZaby� hkgh\guo� ]jmii� ahh-
ieZgdlhgZ�ha��;��FbZkkh\h�
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jZa^jh[e_gghklb� khh[s_kl\Z� gZ� mjh\g_� ahhkbgmabc� khklZ\ey_l

������qlh��dZd�ihdZau\Zxl�bkke_^h\Zgby�gZ�^jm]bo�ha_jZo��y\ey_l-
ky�\ukhdbf�ihdZaZl_e_f��<uy\e_gh���]jmii�ahhkbgmabc��beb�ahh-
kbgmabc� ��]h� jZg]Z��� BJ =������ �^ey� heb]hljhngh]h� ha��Lmj]hyd
BJ =������� ^ey� f_ahw\ljhngh]h� ha��;��LZldmev� BJ =������� LZdbf
h[jZahf�� ahhieZgdlhggh_� khh[s_kl\h� ha��;��FbZkkh\h� h[eZ^Z_l

\ukhdhc�keh`ghklvx�hj]ZgbaZpbb�b�kljmdlmjbjh\Zgghklvx��Wlh

ih^l\_j`^Z_lky� b� jy^hf� ^jm]bo� ihdZaZl_e_c�� DK1 = 2.66
�;��LZldmev� ±� ������� DK 2 �^ey� ]jmii� ahhkbgmabc� = 2.00
�;��LZldmev�±��������BgnhjfZpbhggZy�f_jZ�jZaghh[jZaby��jZkkqb-
lZggZy�^ey�ahhkbgmabc���]h�b���]h�jZg]Z��^ZeZ�lZd`_�[hevrb_�\_-
ebqbgu�±�khhl\_lkl\_ggh�����b�����[bl�]��<k_�ahhkbgmabb��djhf_

h^ghc��\dexqZxl�ih�iZj_�\b^h\�b�kZfb�h[t_^bg_gu�\�]jmiiu�ih

�±��ahhkbgmabb��Ljb�gZb[he__�agZqbfu_�]jmiibjh\db�\dexqZxl

[hevrbgkl\h�\b^h\��\oh^ysbo�\�^hfbgbjmxsmx�]jmiim��I_j\Zy�

Daphnia longispina-Diaphanosoma brachyurum-Mesocyclops
oithonoides�\dexqZ_l�lZd`_�g_kdhevdh�\lhjhkl_i_gguo�\b^h\�\_l-
\bklhmkuo�b�dheh\jZlhd��<lhjZy��Eudiaptomus graciloides-Daphnia
cucullata h[t_^bgy_l� b� ^jm]b_� \b^u�^hfbgZglu�� \� lhf� qbke_
Ceriodaphnia quadrangula b�Asplanchna priodonta. Lj_lvx� ]jmi-
ibjh\dm�\ha]eZ\ey_l�Mesocyclops leuckarti (+ Leptodora b�f_edb_
dheh\jZldb��

Fgh]he_lgb_�baf_g_gby�\�ahhieZgdlhgghf�khh[s_kl\_

LZdkhghfbq_kdZy�kljmdlmjZ��<�dZq_kl\_�hlijZ\ghc�lhqdb

^ey�ZgZebaZ�fgh]he_lgbo�baf_g_gbc�\b^h\h]h�khklZ\Z�ahhieZgd-
lhgZ� kem`Zl� jmdhibkgu_� hlq_lu� ]b^jh[bheh]h\�� jZ[hlZ\rbo� gZ

ha_j_� \� dhgp_� �����o� ]]�� (;hg^Zj_gdh�� ����;�Hkbih\�� ����;�LZm-
khg������)��^jm]bo�fZl_jbZeh\�ih�^Zgghfm�\hijhkm�g_�bf__lky��Ba
lZ[ebpu� ��� ke_^m_l�� qlh� kh\j_f_gguc� lZdkhghfbq_kdbc� kibkhd

aZf_lgh�hlebqZ_lky�hl�kibkdZ����e_lg_c�^Z\ghklb��JZagbpZ�f_`^m

gbfb�fh`_l�[ulv�h[tykg_gZ�^\mfy�hkgh\gufb�nZdlhjZfb�����g_�

h[gZjm`_gb_�bkke_^h\Zl_eyfb�g_dhlhjuo� \b^h\� \\b^m� j_^dhklb

ihke_^gbo�� Z� lZd`_� ba�aZ� ^_n_dlh\� bkke_^h\Zl_evkdhc� jZ[hlu

�g_Z^_d\Zlgu_�kjhdb�b�f_lh^u�hl[hjZ��kihkh[u�h[jZ[hldb�ijh[�

fZeh_� dhebq_kl\h� kh[jZggh]h� fZl_jbZeZ�� ljm^ghklv

hij_^_e_gby�;����h[t_dlb\gu_�baf_g_gby�\b^h\h]h�khklZ\Z�\ke_^-
kl\b_�_kl_kl\_gguo�ijbqbg� �kljmdlmjgZy�i_j_kljhcdZ�khh[s_kl-
\Z� \� oh^_� w\hexpbb� ha_jghc� wdhkbkl_fu��� �K� p_evx� mkljZg_gby

i_j\h]h�nZdlhjZ
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<b^h\hc�khklZ\�hkgh\guo�]jmii�ahhieZgdlhgZ�\�ha��;��FbZkkh\h

ih�^Zgguf�jmdhibkguo�hlq_lh\�G��<��;hg^Zj_gdh��������

<��F��Jueh\��������b�H��:��LZmkhg�������

LZdkhg

<klj_qZ_fhklv�b
h[beb_

�]eZahf_jgZy
hp_gdZ�ih�^Zgguf

hlq_lh\�

<klj_qZ_fhklv�b
h[beb_�\�gZklhys__
\j_fy��]eZahf_jgZy
hp_gdZ��khihklZ\b-
fZy�k�^Zggufb

hlq_lh\�

>bZ]jZffZ
baf_g_gby

1 2 3 4
Rotifera

Anuraeopsis fissa – _^bgbqgh +

Asplanchna herricki
^Zggu_�g_�ijb\_-

^_gu
– –

Asplanchna priodonta g_fgh]h fgh]h ↑↑
Bipalpus hudsoni fZeh _^bgbqgh ↓
Cephalodella
auriculata

^Zggu_�g_�ijb\_-
^_gu

– –

Chromogaster ovalis
^Zggu_�g_�ijb\_-

^_gu
_^bgbqgh ?

Colurella uncinata – _^bgbqgh +

Conochiloides natans
jmdh\h^ysZy�nhj-
fZ�abfg_]h�ieZgd-

lhgZ
fZeh 0

Conochilus hippocrepis g_fgh]h – –
C. unicornis fZeh ihjy^hqgh ↑
Euchlanis deflexa – _^bgbqgh +
Euchlanis dilatata hq_gv�fZeh _^bgbqgh ↓
Euchlanis incisa – _^bgbqgh +
Euchlanis lyra – _^bgbqgh +

Filinia longiseta
^Zggu_�g_�ijb\_-

^_gu
_^bgbqgh ?

Gastropus stylifer
^Zggu_�g_�ijb\_-

^_gu
hq_gv�fZeh ?

Harringia eupoda – _^bgbqgh +
Kellicottia longispina fgh]h fgh]h 0
Keratella cochlearis
cochlearis

ihjy^hqgh ihjy^hqgh 0

Keratella cochlearis
hispida

^Zggu_�g_�ijb\_-
^_gu

g_fgh]h ?

Keratella cochlearis
macracantha

^Zggu_�g_�ijb\_-
^_gu

g_fgh]h ?

Keratella cochlearis
tecta

^Zggu_�g_�ijb\_-
^_gu

hq_gv�fZeh ?
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1 2 3 4
Keratella irregularis – fZeh +

Keratella quadrata
^Zggu_�g_�ijb\_-

^_gu
g_fgh]h ?

Lepadella (L.)
cryphaea

– _^bgbqgh ?

Mytilina ventralis – _^bgbqgh +

Notholca acuminata
^Zggu_�g_�ijb\_-

^_gu
fZeh ?

Platyias quadricornis – fZeh +
Platyias patulus – fZeh +
Polyarthra euryptera – _^bgbqgh +
Polyarthra longiremis – _^bgbqgh +
Polyarthra remata – hq_gv�fZeh +
Polyarthra vulgaris ihjy^hqgh fZeh ↓
Proales fallaciosa – _^bgbqgh +
Ptygura velata – fZeh +
Synchaeta grandis1 _^bgbqgh _^bgbqgh 0
Synchaeta kitina2 _^bgbqgh hq_gv�fZeh ↓
Synchaeta pectinata – fZeh +
Trichocerca (D.)
inermis

– _^bgbqgh +

Trichocerca (D.) similis – _^bgbqgh +
Trichocerca (D.)
weberi

– hq_gv�fZeh +

Trichocerca (T.)
capucina

g_fgh]h _^bgbqgh ↓

Trichocerca (T.)
cylindrica

g_fgh]h hq_gv�fZeh ↓

KRSHSRGD

Acanthocyclops gigas – _^bgbqgh +
Acanthocyclops
vernalis

– _^bgbqgh +

Acanthocyclops viridis g_fgh]h – –
Cyclops abissorum – _^bgbqgh +
Cyclops kolensis – g_fgh]h +
Cyclops scutifer – g_fgh]h +
Cyclops strenuus – fZeh +
Cyclops vicinus – hq_gv�fZeh +
Eucyclops macruroides – fZeh +

1
�M�H��:��LZmkhg�(1940) hlf_q_gZ�dZd�Synchaeta sp. ©djmigZyª�

2�M�H��:� LZmkhg�(1940) hlf_q_gZ�dZd�Synchaeta sp��©f_edZyª�
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1 2 3 4
Eucyclops serrulatus ihjy^hqgh – –

Eudiaptomus
graciloides

ihjy^hqgh \�fZkk_ ↑↑

Macrocyclops albidus g_fgh]h hq_gv�fZeh ↓
Mesocyclops crassus – g_fgh]h +↑
Mesocyclops leuckarti ihjy^hqgh fgh]h ↑

Mesocyclops
oithonoides

ihjy^hqgh fgh]h ↑

Paracyclops affinis – hq_gv�fZeh +
Paracyclops fimbriatus fZeh – –

Branchiura
Argulus foliaceus fZeh – –

Cladocera
Acroperus harpae g_fgh]h hq_gv�fZeh ↓

Alona affinis fZeh – –
Alona costata – hq_gv�fZeh +
Alona guttata fZeh – –

Alona quadrangularis – _^bgbqgh +

Alonella excisa
^Zggu_�g_�ijb\_-

^_gu
_^bgbqgh ?

Alonella nana – _^bgbqgh +
Bosmina berolinensis fZeh – –

Bosmina coregoni _^bgbqgh – –
Bosmina kessleri – ihjy^hqgh +↑

Bosmina longicornis ihjy^hqgh – –
Bosmina longirostris fZeh fZeh 0
Bosmina longispina fgh]h – –

Bosmina obtusirostris
^Zggu_�g_�ijb\_-

^_gu
g_fgh]h ?

Bythotrephes
longimanus

g_fgh]h _^bgbqgh ↓

Ceriodaphnia pulchella g_fgh]h – –
Ceriodaphnia
quadrangula

g_fgh]h fgh]h ↑↑

Chydorus sphaericus fZeh fgh]h ↑↑
Daphnia cristata – hq_gv�fZeh +

Daphnia cucullata fgh]h fgh]h 0
Daphnia longiremis – _^bgbqgh +
Daphnia longispina

(hyalina)
hq_gv�fZeh ihjy^hqgh ↑↑

Diaphanosoma
brachiurum

g_fgh]h fgh]h ↑

Eurycercus lamellatus g_fgh]h hq_gv�fZeh ↓
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1 2 3 4
Graptoleberis
testudinaria

– _^bgbqgh +

Leptodora kindtii _^bgbqgh g_fgh]h ↑

Pleuroxus trigonellus
^Zggu_�g_�ijb\_-

^_gu
– –

Pleuroxus truncatus ihjy^hqgh _^bgbqgh ↓↓
Polyphemus pediculus fgh]h fZeh ↓
Rhynchotalona falcata fZeh – –
Scapholeberis
mucronata

ihjy^hqgh – –

Sida crystallina g_fgh]h hq_gv�fZeh ↓
Simocephalus lusaticus – _^bgbqgh +
Simocephalus
serrulatus

– _^bgbqgh +

Simocephalus vetulus fZeh _^bgbqgh ↓

I j b f _ q Z g b y � � ���GZa\Zgby� lZdkhgh\� ^Zgu� \� khhl\_lkl\bb� k

kh\j_f_gghc�ghf_gdeZlmjhc� ���Kbghgbfby�gZa\Zgbc�dheh\jZlhd�ijb\_-
^_gZ�\�jZ[hl_��Jh]habg��S_lbgbgZ�������� ���Mkeh\gu_�h[hagZq_gby��↑↑ –
�h[beb_� kbevgh� m\_ebqbehkv�� ↑ –�h[beb_� m\_ebqbehkv�� ↓� ±� h[beb_
mf_gvrbehkv��↓↓�±�h[beb_�kbevgh�mf_gvrbehkv�� � –�h[beb_�g_�baf_gb-
ehkv�� � –�\b^� ihy\beky�� �↑ –�\b^� ihy\beky� \� agZqbl_evghf� dhebq_kl\_�
– –�\b^�bkq_a��"�±�g_^hklZlhqgh�^Zgguo�^ey�hp_gdb�

jZkkfhljbf�lhevdh�ohjhrh�ba\_klgu_�b�rbjhdh�jZkijhkljZg_g-
gu_�\b^u�ahhieZgdlhgZ�

<� \b^h\hf� khklZ\_� dheh\jZlhd� kms_kl\_gguo� baf_g_gbc�

ih�\b^bfhfm�� g_� ijhbahreh�� ;hevrh_� dhebq_kl\h� nhjf�� g_

\klj_q_gguo�ij_`gbfb�bkke_^h\Zl_eyfb� �m�H��:��LZmkhg� ������

mdZaZgh� ��� \b^h\�b�nhjf�� \�gZr_f� kibkd_� ±� ���� \jy^�eb� k\b^_-
l_evkl\m_l� h[� bo� ihy\e_gbb� \� ha_j_� \� ihke_^gb_� ]h^u�� Kdhj__

\k_]h��[hevrbgkl\h�ba�gbo�ijhklh�g_�[ueh�h[gZjm`_gh��GZb[he__

jZkijhkljZg_ggu_�dheh\jZldb�±�Asplanchna priodonta, Conochilus
unicornis, Kellicottia longispina, Keratella cochlearis� ±� khojZgbeb
eb^bjmxs__�iheh`_gb_�dZd�ih�\klj_qZ_fhklb��lZd�b�ih�h[bebx

�lZ[e�������Ke_^m_l�hlf_lblv�mf_gvr_gb_�\klj_qZ_fhklb�b�h[beby

Polyarthra vulgaris b�Trichocerca capucina�±�g_dh]^Z�jmdh\h^ysbo
\b^h\�ieZgdlhgZ�

Kms_kl\_ggu_�baf_g_gby�gZ[ex^Zxlky�\�khklZ\_�\_kehgh-
]bo�jZdhh[jZaguo��Ih�^Zgguf�H��:��LZmkhg���������\�ha_j_�\klj_-
qZehkv����\b^h\�&RSHSRGD��ih�gZrbf�±�����JZg__�g_�h[gZjm`b\Z-
ebkv�\b^u�jh^Z�Cyclops��\�_]h�kh\j_f_gghf�h[t_f_���\�gZklhys__
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\j_fy� aZj_]bkljbjh\Zgh� ��ohjhrh�ba\_klguo�b�jZkijhkljZg_g-
guo� \b^h\�� GZb[he__� qZklh� ihiZ^Zebkv� Cyclops kolensis, C.
scutifer b C. strenuus���Ke_^m_l�hlf_lblv�agZqbl_evgh_�m\_ebq_gb_
\klj_qZ_fhklb�b�h[beby�_^bgkl\_ggh]h�ij_^klZ\bl_ey�&DODQRLGD�±

Eudiaptomus graciloides�� Z� lZd`_� \b^h\� jh^Z� Mesocyclops�� Ba
h[uqguo�\� �����_� ]]��\_kehgh]bo�jZdhh[jZaguo�gZf�g_� \klj_qZ-
ebkv�Acanthocyclops viridis, Eucyclops serrulatus.

AZf_lgh�baf_gbeky�\b^h\hc�khklZ\�\_l\bklhmkuo�jZdh\��Ih

^Zgguf� H��:�� LZmkhg� �������� hkgh\m� ahhieZgdlhgZ� khklZ\eyeb

Daphnia cucullata� b Bosmina longispina��<� gZklhys__� \j_fy� ih-
ke_^gbc�\b^�g_�\klj_qZ_lky�kh\k_f��Z�ij_h[eZ^Zxsbfb�nhjfZfb�

gZjy^m� k� D. cucullata, klZeb� g_dh]^Z� j_^db_� Ceriodaphnia
quadrangula, Chydorus sphaericus b Diaphanosoma brachyurum.
QZklh�ihiZ^ZxsZyky�\�ha_j_�D. longispina�ij_`gbfb�bkke_^h\Z-
gbyfb�g_�[ueZ�hlf_q_gZ��MdZaZgguc�H��:��LZmkhg�^ey�ha��;��Fb-
Zkkh\h�D. longispina var. hyalina��ih�kh\j_f_gghc�ghf_gdeZlmj_�±
kZfhklhyl_evguc� \b^� D. hyalina��� gZ� gZr� \a]ey^�� ij_^klZ\ey_l
kh[hc�ehdZevgmx�\ZjbZpbx�D. longispina��H[jZsZ_l�gZ�k_[y�\gb-
fZgb_�aZf_lgh_�mf_gvr_gb_�\klj_qZ_fhklb�b�h[beby�h[blZl_e_c

ha_jghc� nblZeb�� \� qZklghklb�� ob^hjb^��Fgh]b_� \b^u� &ODGRFHUD

hlf_q_gu� \i_j\u_� �Alona costata, A. quadrangularis, Daphnia
cristata, D. longiremis�b�^j���kf��lZ[e������

Hkh[uc� bgl_j_k� ij_^klZ\ey_l� kjZ\g_gb_� ki_dljZ� jmdh\h-
^ysbo� nhjf� ieZgdlhgZ� \� gZklhys__� \j_fy� k� i_jbh^hf� dhgpZ

�����o�]]��H��:��LZmkhg���������d�kh`Ze_gbx��g_�^ZeZ�lhqguo�dh-
ebq_kl\_gguo�oZjZdl_jbklbd�ihimeypbc�hl^_evguo�\b^h\�b�ihev-
ah\ZeZkv�h[s_ijbgylhc�]eZahf_jghc�rdZehc�hp_gdb�\klj_qZ_fh-
klb� b� h[beby� �Dbk_e_\�� ������� GZrb� dhebq_kl\_ggu_� ^Zggu_�

ij_h[jZah\Zggu_� \� khhl\_lkl\bb� kh� rdZehc�� bkihevah\Zgghc� \

hlq_l_� �H��:��LZmkhg�� �������iha\hebeb�ihemqblv� kjZ\gbl_evguc

fZl_jbZe��Kh]eZkgh�LZmkhg������������e_l�gZaZ^�\�ha_j_�ij_h[eZ-
^Zeb�� \� eblhjZeb� ±� Pleuroxus truncatus, Polyphemus pediculus b

Scapholeberis mucronata, \� i_eZ]bZeb� ± Bosmina longispina,
Daphnia cucullata, Eucyclops serrulatus, Eudiaptomus graciloides,
Mesocyclops leuckarti, M. oithonoides b�Kellicottia longispina. K_c-
qZk� \� eblhjZevghc� ahg_� ij_h[eZ^Zxl� j_^db_� jZg__� Asplanchna
priodonta b Chydorus sphaericus��ij_`gb_�^hfbgZglu�\klj_qZxlky
\�_^bgbqguo�b�fZeuo�dhebq_kl\Zo��Scapholeberis mucronata \h\k_
bkq_a��� <� i_eZ]bZeb� khojZgbehkv� ^hfbgbjh\Zgb_� dhfie_dkZ

Daphnia cucullata – Eudiaptomus graciloides – Mesocyclops
leuckarti – M. oithonoides – Kellicottia longispina, f_klh�\uiZ\rbo

B. longispina b�E. serrulatus aZgyeb�Ch. sphaericus b�Diaphanosoma
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brachiurum. D. cucullata mklmibeZ�f_klh� eb^_jZ�E. graciloides.�LZ-
dbf�h[jZahf�� \� ahg_�eblhjZeb�ijhbahreZ� kf_gZ�^hfbgbjmxs_]h

dhfie_dkZ�� \� i_eZ]bZeb� baf_g_gby� hdZaZebkv� aZf_lgufb�� gh� g_

klhev�kms_kl\_ggufb��Ke_^m_l�lZd`_�hlf_lblv��qlh�gZb[he__�km-
s_kl\_ggu_�baf_g_gby�dhkgmebkv�ihimeypbc�^hfbgbjmxsbo�\b-
^h\� �dZd� \� ijhrehf�� lZd� b� kh\j_f_gguo���>bZ]ghklbq_kdZy� jhev

^Zgguo� ljZgknhjfZpbc� lZdkhghfbq_kdhc� kljmdlmju� [m^_l� jZk-
kfhlj_gZ�gb`_�

Dhebq_kl\_ggu_� oZjZdl_jbklbdb�� Kh]eZkgh� ^Zgguf

K��D��Hkbih\Z���������&RSHSRGD�khklZ\eyeb�hl������^h������[bh-
fZkku�ahhieZgdlhgZ; H��:� LZmkhg��������hlf_qZ_l�\k_h[s__�ij_-
h[eZ^Zgb_� &ODGRFHUD�� Ijhlb\hj_qb\hklv� k\_^_gbc� iha\hey_l

ij_^iheh`blv��qlh�b����e_l�gZaZ^�hkgh\m�[bhfZkku�ahhieZgdlhgZ

khklZ\eyeb�\_l\bklhmku_�b�\_kehgh]b_�jZdb�ijbf_jgh� \�jZ\guo

ijhihjpbyo�k�f_`]h^h\ufb�dhe_[Zgbyfb�\�lm�beb�^jm]mx�klhjh-
gm��Qlh�dZkZ_lky�Z[khexlguo�\_ebqbg�kj_^g_]h^h\hc�iehlghklb�b

[bhfZkku� ahhieZgdlhgZ�� lh� ^Zggu_� ^h\h_ggh]h� \j_f_gb� hq_gv

kdm^gu�b� hlju\hqgu��K��D��Hkbih\� ������� ijb\h^bl� ke_^mxsb_

\_ebqbgu�[bhfZkku���������]�f3�e_lhf�\�wibebfgbhg_���������]�f3

\_kghc�b� ������� ]�f3� abfhc��H��:� LZmkhg� hlf_qZeZ� [bhfZkkm� hl
���� ^h� ���� ]�f3��Ihke_^gb_� pbnju�� gZ� gZr� \a]ey^�� agZqbl_evgh

[eb`_�d�bklbg_�b�iha\heyxl�ijh\_klb�kjZ\g_gb_�k�kh\j_f_ggufb

^Zggufb��Kj_^g_]h^h\Zy�[bhf�ZkkZ�ahhieZgdlhgZ�\�����±�����]]�

khklZ\beZ�hdheh���]�f3��qlh�ihdZau\Z_l�klZ[bevghklv�wlh]h�ihdZ-
aZl_ey�gZ�ijhly`_gbb�ihke_^gbo����e_l�
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=E:<:�6��<H>G:Y�B�IJB;J?@GH�<H>G:Y

J:KLBL?EVGHKLV

FZdjhnblu

;hevrbgkl\h� kh\j_f_gguo� bkke_^h\Zl_e_c� d�fZdjhnblZf

\h^h_fh\�hlghkyl�\k_�djmigu_�jZkl_gby��\g_� aZ\bkbfhklb�hl�bo

kbkl_fZlbq_kdhc� ijbgZ^e_`ghklb�� ghjfZevgh� jZa\b\Zxsb_ky� \

mkeh\byo� \h^ghc� kj_^u� b� ba[ulhqgh]h� m\eZ`g_gby� (DZlZgkdZy�
������IZiq_gdh\�� ������<_ck[_j]�� ����)��IjbgbfZy�\h�\gbfZgb_
lh��qlh�ihehkZ�ijb[hy�b�aZie_kdZ��Z�lZd`_�i_j_m\eZ`g_ggu_�wdh-
lhiu� aZ[hehq_gguo� [_j_]h\� b� ijb[j_`guo� kieZ\bg� y\eyxlky

g_hlt_fe_fhc�qZklvx�wdhkbkl_fu�\h^h_fZ��fu�hlghkbf�d�fZdjh-
nblZf�\h^hjhkeb��fob�b�khkm^bklu_�jZkl_gby��h[blZxsb_�dZd�\

\h^_��lZd�b�\�ijb[j_`ghc�ahg_�

Bklhjbq_kdbc�h[ahj

JZg__� him[ebdh\Zggu_� k\_^_gby� h� fZdjhnblghc� jZklb-
l_evghklb� ha_jZ� ;�� FbZkkh\h� \_kvfZ� kdm^gu�� Ijh\h^bfu_� \

20–50-_�]h^u�]b^jheh]bq_kdb_�b�]b^jh[bheh]bq_kdb_�bkke_^h\Z-
gby��j_amevlZlu�dhlhjuo�him[ebdh\Zgu�beb� kh^_j`Zlky� \�jmdh-
ibkguo� hlq_lZo� (;hg^Zj_gdh��Hkbih\�� ������LZmkhg�� ������Ih^-
e_kguc�� LjhbpdZy�� 1941;� ;h]Zg�� ����� b� ^j�)�� g_� klZ\beb� p_evx
ih^jh[gh_� hibkZgb_� jZklbl_evghklb� b� kh^_j`Zl� ebrv� hlju\hq-
gu_�k\_^_gby�h�gZebqbb�gZb[he__�jZkijhkljZg_gguo�\b^h\�fZd-
jhnblh\�� ;he__� iheghfm� bamq_gbx� jZklbl_evguo� khh[s_kl\

;��FbZkkh\h�ihk\ys_gZ�jZ[hlZ�D��<��=hjgh\kdh]h�(1961)��]^_�mdZ-
aZgu�g_dhlhju_�aZdhghf_jghklb�jZkij_^_e_gby�jZaebqguo�\b^h\

\� aZ\bkbfhklb� hl� mkeh\bc�f_klhh[blZgby��Bkke_^h\Zgby�fZdjh-
nblghc�jZklbl_evghklb�ha_jZ�ijh\h^ylky�gZfb�k������]�

F_lh^bdZ�bkke_^h\Zgbc

K[hj�ihe_\h]h�fZl_jbZeZ�ijhba\h^beky�dZ`^uc� ]h^�\�i_-
jbh^�ibdZ�jZa\blby�jZklbl_evghklb�±�\�bxe_�Z\]mkl_��Ijbf_gye-
ky�klZg^Zjlguc�f_lh^�wdheh]bq_kdbo�ijhnbe_c�(<_ck[_j]������).
Dhebq_kl\h� b� jZkiheh`_gb_� ijhnbe_c� ^bdlh\Zehkv� p_evx� dZd
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fh`gh�rbj_�ho\Zlblv�jZaghh[jZab_�[bhlhih\�b��khhl\_lkl\_ggh�

jZklbl_evguo� khh[s_kl\��Hgb� ijhklbjZebkv� hl� ijb[j_`ghc� ah-
gu��aZo\Zlu\Zy�]b]jhnbevgmx�jZklbl_evghklv��\]em[v�^h�]jZgbpu

__� bkq_agh\_gby�� Khh[s_kl\Z� aZeb\h\� qZklbqgh� dZjlbjh\Zebkv�

GZ�ijhnbeyo�\u^_eyebkv�ihykZ�\^hev� ]jZ^b_glZ� ]em[bgu��hij_-
^_eyeky�ki_dlj�oZjZdl_jguo�nblhp_ghah\��<�hkgh\guo�lbiZo�nb-
lhp_ghah\�aZdeZ^u\Zeb�ijh[gu_�]_h[hlZgbq_kdb_�iehsZ^db�jZa-
f_jhf�ih�����f2��_keb�]jmiibjh\dZ�g_�ij_\urZeZ�^Zgghc�iehsZ-
^b��hgZ�jZkkfZljb\ZeZkv�p_ebdhf��<�]_h[hlZgbq_kdbo�hibkZgbyo

hljZ`Zeky� \b^h\hc� khklZ\� khh[s_kl\Z�� _]h� ijhkljZgkl\_ggZy

kljmdlmjZ� �]hjbahglZevgh_� b� \_jlbdZevgh_� jZkij_^_e_gb_��� ^ey

dZ`^h]h�\b^Z�hij_^_eyeb�h[beb_�ih�rdZe_�>jm^_��ij_h[jZah\Zg-
ghc�\�iylb[Zeevgmx��`bag_gghklv�ih�lj_o[Zeevghc�rdZe_��HljZ-
`Zeb� lZd`_�mkeh\by�f_klhh[blZgby� ±� ]em[bgm��oZjZdl_j� ]jmglZ�

hilbq_kdb_�b�^bgZfbq_kdb_�k\hckl\Z�\h^u��>Ze__�[ue�khklZ\e_g

nehjbklbq_kdbc�kibkhd�k�mdZaZgb_f�`bag_gghc�nhjfu� �wdh[bh-
fhjnu��b�k\h^gZy�lZ[ebpZ�]_h[hlZgbq_kdbo�hibkZgbc��<k_]h�ijh-
ZgZebabjh\Zgh� ��� wdheh]bq_kdbo� ijhnbe_c� b� hdheh� ��� ]_h[hlZ-
gbq_kdbo�hibkZgbc�

KjZ\gbl_evguc� ZgZeba� \b^h\hc� kljmdlmju� jZklbl_evguo

khh[s_kl\�ijhba\h^beky�f_lh^hf�deZkl_jgh]h�ZgZebaZ�k�bkihev-
ah\Zgb_f�bg^_dkZ�koh^kl\Z�Q_dZgh\kdh]h�Kt_j_gk_gZ��Hg�\uqbk-
eyeky� ih� nhjfme_� ^ey� dhebq_kl\_gguo� ^Zgguo� \� nhjf_� ©Zª�

Dhebq_kl\_gguf� ijbagZdhf� [ue� ijbgyl� [Zee h[beby� ih�rdZe_
>jm^_�

ICS = Σmin (nij, nik) / Σnij + Σnik

]^_�nij, nik� ±� h[beb_� dZ`^h]h� \b^Z� \� kjZ\gb\Z_fuo� ]_h[hlZgbq_-
kdbo�hibkZgbyo��PLQ�nij, nik��±�fbgbfZevgh_�ba�kjZ\gb\Z_fuo�agZ-
q_gbc�h[beby�^Zggh]h�\b^Z��>ey�\uy\e_gby�jZklbl_evguo� khh[-
s_kl\� [ue� bkihevah\Zg� h[t_^bgbl_evguc� deZkl_jguc� f_lh^

kj_^g_]h� Zjbnf_lbq_kdh]h� koh^kl\Z� k� ihkljh_gb_f� khhl\_lkl-
\mxsbo�^_g^jh]jZff�

<b^h\h_� jZaghh[jZab_� jZklbl_evguo� khh[s_kl\� hp_gb\Z-
ehkv� ih� ke_^mxsbf� lj_f� bg^_dkZf�� oZjZdl_jbamxsbf� .�jZagh-
h[jZab_�±�\gmljb�khh[s_kl\�(I_k_gdh������;�Fw]ZjjZg� 1992):

��� <_jhylghklv� f_`\b^h\uo� \klj_q� 3,(� �SUREDELOLW\� RI

interspecific encounter)

PIE = 1 – Σpi
2 (i = 1, 2, 3 … S)

]^_�S�±�qbkeh�\b^h\�\�hibkZgbb��pi�±�^hey�L�]h�\b^Z�ih�h[bebx�
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���F_jZ��h[jZlgZy�dhgp_gljZpbb�^hfbgbjh\Zgby�KbfikhgZ

1 \ C + (Σpi
2)–1 (i = 1, 2, 3 … S)

]^_�S ±�qbkeh�\b^h\�\�hibkZgbb��pi�±�^hey�L�]h�\b^Z�

���Bg^_dk�R_gghgZ

H′ = – Σpi ln pi (i = 1, 2, 3 … S)

]^_�S�±�qbkeh�\b^h\�\�hibkZgbb��ji�±�^hey�L�]h�\b^Z�

AgZq_gby�bg^_dkh\�\uqbkeyebkv�^ey�dZ`^h]h�]_h[hlZgbq_-
kdh]h�hibkZgby�� aZl_f�gZoh^behkv� kj_^g__� agZq_gb_�^ey�hl^_ev-
guo�nhjfZpbc�

JZkq_lu�ijhba\h^bebkv�gZ�3&� ,%0�ijb�ihfhsb�ijh]jZf-
fu�0LFURVRIW�([cHO�����D�b�hjb]bgZevghc�ijh]jZffu�©%,2',9ª�k
ex[_agh]h�jZaj_r_gby�Z\lhjh\��/��3HQHY��3��%DHY��

H[sZy�oZjZdl_jbklbdZ�jZklbl_evghklb

DZd�ba\_klgh��h[ebd�jZklbl_evghklb�\�\h^h_fZo�aZ\bkbl�hl

fgh]bo� hkh[_gghkl_c� \h^h_fZ�� lZdbo� dZd�� fhjnheh]bq_kdb_� oZ-
jZdl_jbklbdb��hilbq_kdb_�k\hckl\Z�\h^u��^bgZfbq_kdb_�nZdlhju�

obfbq_kdb_�b�nbabq_kdb_�k\hckl\Z�\h^u�b�]jmglh\��l_fi_jZlmj-
guc�j_`bf�b�^jm]b_��<k_�wlb�nZdlhju�l_kgh�k\yaZgu�^jm]�k�^jm-
]hf�b�\�dhfie_dk_�kha^Zxl�\k_�jZaghh[jZab_�f_kl�h[blZgby��dh-
lhjh_�h[mkeh\eb\Z_l�jZkij_^_e_gb_�fZdjhnblh\�\�\h^h_f_�

Keh`ghklv�fhjnheh]bq_kdh]h�kljh_gby�ha_jZ�;��FbZkkh\h�

\�kbem�_]h�l_dlhgbq_kdh]h�ijhbkoh`^_gby��baj_aZgghklv�[_j_]h\�

g_jh\ghklv�^gZ���b�fgh]hh[jZab_�]jmglh\��h[mkeh\eb\Zxl�agZqb-
l_evgh_�jZaghh[jZab_�_]h�jZklbl_evghklb�

LZd� dZd� \� ha_j_� ij_h[eZ^Zxl� agZqbl_evgu_� ]em[bgu�� kh-
h[s_kl\Z�fZdjhnblh\� aZgbfZxl�hlghkbl_evgh�g_[hevrmx�qZklv

_]h�Zd\Zlhjbb��JZa\b\Zxlky�hgb�\�ijb[j_`ghc�ihehk_�b�\�eblh-
jZevghc�ahg_�^h�]em[bgu�^h� �±��f��Ih�ijb[ebabl_evghc�hp_gd_

iehsZ^v�� aZgbfZ_fZy� bfb�� khklZ\ey_l� g_� [he__� ����� hl� h[s_c

iehsZ^b�ha_jZ��JZklbl_evghklv�khkj_^hlhq_gZ�\�hkgh\ghf�\�f_e-
dh\h^guo�aZeb\Zo��>ey�hldjuluo�lbih\�[_j_]Z�oZjZdl_jgZ�ebrv

[he__�beb�f_g__�madZy�ihehkZ�fZdjhnblh\��kf��jbk� 5).
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Nehjbklbq_kdbc�khklZ\

AZ�i_jbh^�bkke_^h\Zgbc�[ueh�\uy\e_gh����\b^Z�fZdjhnb-
lh\�� ba� gbo� ��� \b^h\� \h^guo� jZkl_gbc� b� ��� \b^h\� ijb[j_`guo

�lZ[e�������Ke_^my�j_dhf_g^Zpbyf�<��F��DZlZgkdhc�(1981),�kibkhd
jZa^_e_g� gZ� ^\_� qZklb�� D� ]b]jhnbevghc� nehj_� hlg_k_gu� \b^u�

oZjZdl_jgu_� bf_ggh� ^ey� ijb[j_`ghc� ahgu� ha_j��EZlbgkdb_� gZ-
a\Zgby�^Zgu�ih�K��D��Q_j_iZgh\m�(1981).

L Z [ e b p Z � � �

Nehjbklbq_kdbc�khklZ\�\h^guo�b�ijh[j_`gh�\h^guo

fZdjhnblh\�ha_jZ�;hevrh_�FbZkkh\h

K_f_ckl\Z
=b]jhnbevgZy�ijb-
[j_`gZy�nehjZ

<h^gZy�nehjZ

1 2 3
Thelypteridaceae Thelypteris palustris
Equisetaceae Equisetum fluviatile
Typhaceae Typha angustifolia

T. latifolia
Sparganiaceae Sparganium emersum

S. erectum
Potamogetonaceae Potamogeton compressus

P. lucens
P. perfoliatus

P. natans
P. obtusifolius

P. pusillus
P. filiformis
P. pectinatus

P. crispus
P. praelongus

P. friesii
Alismataceae Alisma plantago-aquatica

A. gramineum
Sagittaria sagittifolia

Butomaceae Butomus umbellatus
Hydrocharitaceae Stratiotes aloides

Hydrocharis morsus-ranae
Elodea canadensis

Poaceae Phalaroides
arundinacea

Calamagrostis
langsdorffii

Scolochloa festucacea

Phragmites australis
Glyceria aquatica

Cyperaceae Scirpus sylvaticus
Carex vesicaria

C. rostrata
C. ripapia

Scirpus lacustris
Eleocharis acicularis

E. palustris
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H d h g q Z g b _ � l Z [ e � � � �

1 2 3
C. pseudocyperus

C. canescens
C. atheroides

C. acuta
Araceae Calla palustris
Lemnaceae Lemna trisulca

L. minor
Spirodela polyrhisa

Salicaceae Salix sp.1
Salix sp.2

Betulaceae Alnus glutinosa
A. incana

Juncaceae Juncus buffonius
J. alpinus

Polygonaceae Polygonum hydropiper
Rumex aquatilis

Polygonum amphibium

Nymphaeaceae Nuphar lutea
N. pumila

Nymphaea candida
N. tetragona

Ceratophyllaceae Ceratophyllum demersum
Ranunculaceae Ranunculus sceleratus

R. lingua
Batrachium circinatum

Brassicaceae Roripa palustris
Rosaceae Comarum palustre
Callitrichaceae Callitriche palustris
Lythraceae Lythrum salicaria
Halorhagaceae Myriophyllum spicatum
Hippuridaceae Hippuris vulgaris
Apiaceae Cicuta virosa
Primulaceae Lysimachia vulgaris
Menyanthaceae Menyanthes trifoliata
Lamiaceae Lycopus exaltatus

Scutellaria galericulata
Scrophulariaceae Pedicularis palustris
Lentibulariaceae Utricularia vulgaris
Rubiaceae Galium uliginosum
Asteraceae

Tussilago farfara
Bidens tripartita

Nardosmia laevigata
Senecio congestus

Fontinaliaceae Fontinalis antipyretica
Characeae Chara sp.1

Chara sp.2
Chara sp.3
Nitella sp.



171

L Z [ e b p Z � � �

LZdkhghfbq_kdbc�khklZ\�fZdjhnblh\�ha_jZ�;hevrh_�FbZkkh\h

Dhebq_kl\h�\�hl^_e_

LZdkhgu Magnolio-
phyta

Polypo-
GLhSK\WD

Equiseto-
phyta

Bryo-
phyta

Charo-
phyta

<k_]h

K_f_ckl\h 31 1 1 1 1 35
Jh^ 45 1 1 1 2 50
<b^ 77/91.7* 1/1.2 1/1.2 1/1.2 4/4.7 84

I j b f _ q Z g b _ � � 
<�qbkebl_e_� ±�dhebq_kl\h�\b^h\��\�agZf_gZ-
l_e_�±���hl�h[s_]h�qbkeZ�\b^h\

<�lZdkhghfbq_kdhf�hlghr_gbb�ih^Z\eyxs__�[hevrbgkl\h

\b^h\�fZdjhnblh\�hlghkblky�d�hl^_em�p\_ldh\uo��HklZevgu_�hl-
^_eu�ij_^klZ\e_gu�g_agZqbl_evgh��lZ[e������

Khhlghr_gb_�qbkeZ�\b^h\�\�k_f_ckl\Zo�p\_ldh\uo�\u]ey-
^bl�ke_^mxsbf�h[jZahf��GZ�i_j\hf�f_kl_�k_f_ckl\Z�hkhdh\uo�b

j^_klh\uo��ih����\b^h\��beb���������aZl_f�b^ml�aeZdh\u_����\b^h\�

beb� ������ gbfn_cgu_�� keh`ghp\_lgu_� ij_^klZ\e_gu� �� \b^Zfb

(4.8�����QZklmoh\u_��]j_qboh\u_��exlbdh\u_��\h^hdjZkh\u_��jyk-
dh\u_�\dexqZxl�ih�ljb���\b^Z����������HklZevgu_�ij_^klZ\e_gu

�±��\b^Zfb�����±������khhl\_lkl\_ggh��

KbglZdkhghfbq_kdZy�kljmdlmjZ

Ih^�kbglZdkhghfbq_kdhc�kljmdlmjhc�a^_kv�ihgbfZ_lky�kh-
klZ\�jZklbl_evguo�khh[s_kl\�b�^hey�mqZklby�bo�\�jZklbl_evghf

ihdjh\_� Ijb�\u^_e_gbb�jZklbl_evguo�khh[s_kl\��nblhp_ghah\�
ijbf_gyeZkv� nbabhghfbq_kdZy� deZkkbnbdZpby�� hkgh\ZggZy� gZ

\u^_e_gbb�jZklbl_evguo�khh[s_kl\�ih�ijbagZdm�koh^kl\Z�^hfb-
gZglh\� \� jZaebqguo� yjmkZo�� dhlhjhc� ijb^_j`b\Zxlky� fgh]b_

]_h[hlZgbdb� \� gZr_c� kljZg_� �DZlZgkdZy�� ������ I_ljh\Z�� ������

>hfbgbjh\Zgb_�jZaebqguo�\b^h\�\�khh[s_kl\Zo�fZdjhnblh\�y\-
ey_lky�^hklZlhqgh�q_ldbf�ijbagZdhf��dhlhjuc�iha\hey_l�^bnn_-
j_gpbjh\Zlv�wlb�khh[s_kl\Z�b�hljZ`Z_l�ki_pbnbdm�bo�[bhlhih\�

Nblhp_ghau�\�[hevrbgkl\_�kemqZ_\�h[eZ^Zxl�\ujZ`_gghc�yjmk-
ghklvx��<_ck[_j]��������

<�j_amevlZl_�bkke_^h\Zgbc�\uy\e_gh�[he__� ���\b^h\�ijb-
[j_`guo�b�\h^guo�fZdjhnblh\��h[jZamxsbo�nhjfZpbb��l��_��^h-
fbgbjmxsbo�\�jZklbl_evguo�khh[s_kl\Zo��qlh�khklZ\ey_l�hdheh

35���hl�h[s_]h�qbkeZ�\b^h\��;ueb�\u^_e_gu�ke_^mxsb_�ij_h[-
eZ^Zxsb_�nhjfZpbb�b�ZkkhpbZpbb�
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=jmiiZ�nhjfZpbc�\ukhdhljZ\guo�]_ehnblh\��NhjfZpby

ljhklgbdZ�h[udgh\_ggh]h��3KUDJPLWHWD�DXVWUDOLV���Rbjhdh�jZkijh-
kljZg_gZ��aZgbfZ_l�[hevrb_�iehsZ^b�\�jZaebqguo�f_klZo�h[blZ-
gby�dZd�\�\h^_��\�ijb[j_`ghc�ahg_�gZ�]em[bg_�^h�����f��lZd�b�gZ

ijb[j_`guo� kieZ\bgZo��HlebqZ_lky� jZaghh[jZab_f� ZkkhpbZpbc�

GZ�hldjuluo�mqZkldZo�[_j_]h\�gZb[he__�h[uqgu�qbklZy�ljhklgb-
dh\Zy��3KUDJPLWHV�DXVWUDOLV�DVV���b�\h^ghjZaghljZ\gh�ljhklgbdh\Zy

�3KUDJPLWHV� DXVWUDOLV� ±� +HUED� PL[WDH� DTXDWLOHV� DVV��� ZkkhpbZpbb�

<�khklZ\�khh[s_kl\�fh]ml�\oh^blv�kmkZd�ahglbqguc��klj_ehebkl

h[udgh\_gguc�� ]j_qboZ� a_fgh\h^gZy��j^_klu�[e_klysbc�b� kl_[-
e_h[t_fexsbc�� l_ehj_a� Zehw\b^guc�� weh^_y� dZgZ^kdZy�� mjmlv

dhehkh\b^gZy�� jh]hebklgbd� ih]jm`_gguc�� oZjh\u_� \h^hjhkeb�

%� ijb[j_`ghc� ihehk_� aZeb\h\� b� gZ� kieZ\bgZo� jZkijhkljZg_gZ

\eZ]hex[b\h�jZaghljZ\gh�ljhklgbdh\Zy� ZkkhpbZpby� �3KUDJPLWHV

austraOLV� ��+HUED�PL[WDH� K\JURSKLODH� DVV����<� keh`_gbb� khh[s_kl\

mqZkl\mxl� jZaebqgu_� \b^u� hkhd�� ^\mdbklhqgbd� ljhklgbdh\b^-
guc�� \_cgbd� EZg]k^hjnZ�� ljhklygdZ� h\kyggbp_\b^gZy�� jh]hau

madhebklguc�b�rbjhdhebklguc��sblh\gbd�[hehlguc�� kZ[_evgbd

[hehlguc�b�^jm]b_�]b]jhnblu�

NhjfZpby� dZfurZ� ha_jgh]h� �6FLUSHWD� ODFXVWULV��� DZfur

ijhbajZklZ_l� g_[hevrbfb� mqZkldZfb� beb� ij_ju\bklhc� ihehkhc

\^hev�[_j_]Z�gZ�]em[bg_�^h���f��Ij_^ihqblZ_l�i_kqZgu_�b�dZf_-
gbklu_�]jmglu��Khh[s_kl\Z�f_g__�jZaghh[jZagu��q_f�ljhklgbdh-
\u_��GZb[he__�jZkijhkljZg_gu�^\_�ZkkhpbZpbb��qbklZy�dZfurh-
\Zy� �6FLUSXV� ODFXVWULV� DVV��� b� \h^gh�jZaghljZ\gh�dZfurh\Zy

�6FLUSXV� ODFXVWULV� ��+HUED�PL[WDH� DTXDWLOHV� DVV���� \� khklZ\� dhlhjhc

fh]ml� \oh^blv� j^_klu� [e_klysbc� b� kl_[e_h[t_fexsbc�� mjmlv�

l_ehj_a��weh^_y��[hehlgbd�[hehlguc�b�f_edZy�oZjZ��<klj_qZxlky

lZd`_� g_[hevrb_� mqZkldb� dZfurh\hc� k� dm[urdhc� `_elhc

�6FLUSXV�ODFXVWULV�±�1XSKDU�OXWHD�DVV����dZfurh\hc�k�]j_qbohc�a_f-
gh\h^ghc��6FLUSXV�ODFXVWULV�±�3RO\JRQXP�DPSKLELXP�DVV���b�oZjh\h�

dZfurh\hc��6FLUSXV�ODFXVWULV�±�&KDUD�VS�DVV��ZkkhpbZpbc�

NhjfZpby� jh]haZ� madhebklgh]h� �7\SKHWD� DQJXVWLIROLDH��

H[uqgh� ij_^klZ\e_gZ� qbklhc� ZkkhpbZpb_c� �7\SKD� DQJXVWLIROLD

DVV���� Bgh]^Z� ijbkmlkl\mxl� hkhdb� b� ljhklgbd�� AZgbfZ_l� hq_gv

g_[hevrb_�iehsZ^b��\klj_qZ_lky�_^bgbqgh�\[ebab�aZ[hehq_gguo

[_j_]h\�gZ�]em[bg_�^h�����f�

NhjfZpby�jh]haZ�rbjhdhebklgh]h� �7\SKHWD� ODWLIROLDH���>h-
\hevgh� qZklh� \klj_qZ_lky� gZ� ijb[j_`guo� kieZ\bgZo�� <� khklZ\

khh[s_kl\� qZs_� \k_]h� \� jZaghc� kl_i_gb� \oh^yl� ljhklgbd�b� jZa-
ebqgu_� \b^u� hkhd�� GZb[he__� jZkijhkljZg_gZ� ljhklgbdh\h�

jh]hah\Zy�ZkkhpbZpby��7\SKD�ODWLIROLD���3KUDJPLWHV�DXVWUDOLV�DVV���
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=jmiiZ� nhjfZpbc� ijbdj_ie_gguo� ]b^jhnblh\� k� ieZ-
\Zxsbfb� ebklvyfb�� NhjfZpby� dm[urdb� `_elhc� �1XSKDUHWD

OXWHL��� AZgbfZ_l� [hevrb_� iehsZ^b� \� aZeb\Zo�� h[jZam_l� ihehku

\^hev�[_j_]Z�gZ�]em[bg_��±��f�gZ�aZbe_gguo�]jmglZo��Ij_^klZ\-
e_gZ� ]eZ\guf� h[jZahf� \h^gh�jZaghljZ\gh�dm[urdh\hc� ZkkhpbZ-
pb_c� �1XSKDU� OXWHD�±�+HUEDH�PL[WDH�DTXDWLOHV�DVV����<�khklZ\�khh[-
s_kl\� fh]ml� \oh^blv� dm[urdZ� fZeZy�� dm\rbgdZ� qbklh�[_eZy�

<�yjmk_�ih]jm`_gguo�]b^jhnblh\�ij_h[eZ^Zxl�j^_klu�kiexkgm-
luc�� [e_klysbc�� kl_[e_h[t_fexsbc�� mjmlv� dhehkh\b^gZy�� weh-
^_y�� exlbd� \h^yghc�� l_ehj_a�� oZjh\u_� \h^hjhkeb�� \h^yghc� fho

nhglbgZebk�

NhjfZpby� ]j_qbob� a_fgh\h^ghc� �3RO\JRQHWD� DPSKLELL��

IjhbajZklZ_l� hl^_evgufb� g_[hevrbfb� mqZkldZfb�� gZ� ]em[bg_

���±�� f�� ]eZ\guf� h[jZahf� gZ� i_kqZguo� b� dZf_gbkluo� ]jmglZo�

[hevrbo� iehsZ^_c� g_� aZgbfZ_l��Hkgh\gZy� ZkkhpbZpby� ±� \h^gh-
jZaghljZ\gh�]j_qboh\Zy� �3RO\JRQXP� DPSKLELXP� ±� +HUEDH� PL[WDH

DTXDWLOHV� DVV����<� keh`_gbb� khh[s_kl\�mqZkl\mxl�j^_klu�[e_kly-
sbc�b�kl_[e_h[t_fexsbc��weh^_y��mjmlv��j_`_�±�l_ehj_a��jh]heb-
klgbd�b�^jm]b_�]b^jhnblu��OZjZdl_jgu�lZd`_�oZjh\u_�\h^hjhkeb

b�bgh]^Z�±�nhglbgZebk��Hlf_q_gu�qbklZy�]j_qboh\Zy��3RO\JRQXP

DPSKLELXP�DVV���b�dZfurh\h�]j_qboh\Zy��3RO\JRQXP�DPSKLELXP�±

6FLUSXV�ODFXVWULV�DVV���b�oZjh\h�]j_qboh\Zy��3RO\JRQXP�DPSKLELXP�

&KDUD�VS��DVV���ZkkhpbZpbb�

=jmiiZ� nhjfZpbc� ih]jm`_gguo� ijbdj_ie_gguo� ]b^jh-
nblh\�� NhjfZpby� j^_klZ� [e_klys_]h� �3RWDPRJHWRQHWD� OXFHQWLV��

IjhbajZklZ_l� ij_ju\bklhc� ihehkhc� \^hev� hldjuluo� mqZkldh\

[_j_]h\�gZ�]em[bg_��±��f��Ij_^ihqblZ_l�l\_j^u_�]jmglu��Hkgh\-
gu_�ZkkhpbZpbb�±�qbklZy�[e_klys_j^_klh\Zy� �3RWDPRJHWRQ�OXFHQV

DVV���b�gbl_eeh\h�[e_klys_j^_klh\Zy��Potamogeton lucens + Nitella
VS�� DVV���� j_`_� ±� ijhga_gghebklgh�[e_klys_j^_klh\Zy� k� \h^guf

jZaghljZ\v_f� �Potamogeton lucens + Potamogeton perfoliatus +
+HUEDH� PL[WDH� DTXDWLOHV� DVV���� dm^Z� \oh^yl� mjmlv� dhehkh\b^gZy�

weh^_y�b�^jm]b_�]b^jhnblu�

NhjfZpby� j^_klZ� kl_[e_h[t_fexs_]h� �3RWDPRJHWRQHWD

SHUIROLDWLV��� Hlf_q_gu� g_[hevrb_� njZ]f_glu� beb� ij_ju\bklu_

ihehku�gZ� ]em[bg_� ���±��f�gZ� dZf_gbkluo�b�i_kqZguo� ]jmglZo�

KZfZy�jZkijhkljZg_ggZy�ZkkhpbZpby�±�oZjh\h�kl_[e_h[t_fexs_�

j^_klh\Zy� �3RWDPRJHWRQ� SHUIROLDWXV� �� FKDUD� VS�� DVV��� k� mqZklb_f

mjmlb�b�weh^_b�
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NhjfZpby�mjmlb�dhehkh\b^ghc��0\ULRSK\OOHWD�VSLFDWL���JZk-
ijhkljZg_gZ�^h\hevgh�rbjhdh��GZb[he__�qZklh�\klj_qZ_lky� weh-
^__\h�dhehkhmjmlv_\Zy� ZkkhpbZpby� �0\ULRSK\OOXP� VSLFDWXP� �

(ORGHD� FDQDGHQVLV� DVV���� \h^ghjZaghljZ\gh�dhehkh\hmjmlv_\Zy

�0\ULRSK\OOXP�VSLFDWXP���+HUEDH�PL[WDH�DTXDWLOHV�DVV���k�mqZklb_f

j^_klh\�[e_klys_]h�b�kl_[e_h[t_fexs_]h��weh^_b��jh]hebklgbdZ�

exlbdZ�\h^ygh]h�b�^jm]bo�]b^jhnblh\�

NhjfZpby�l_ehj_aZ�Zehw\b^gh]h��6WUDWLRWHWD�DORLGLWLV���H^gZ

ba� kZfuo� jZkijhkljZg_gguo� nhjfZpbc� \� aZeb\Zo�� Khh[s_kl\Z

aZgbfZxl�agZqbl_evgu_�iehsZ^b�\�aZeb\Zo�gZ�]em[bg_�hl ��^h���f�
KZfZy� jZkijhkljZg_ggZy� ZkkhpbZpby� ±� \h^ghjZaghljZ\gh�

l_ehj_ah\Zy� �6WUDWLRWHV� DORLGHV� �� +HUEDH� PL[WDH� DTXDWLOHV� DVV���

<�khklZ\�khh[s_kl\�\oh^bl�[hevrh_�dhebq_kl\h�\b^h\� ±�j^_klu

kiexkgmluc��lmihebklguc��kl_[e_h[t_fexsbc��mjmlv��jh]hebkl-
gbd��\h^yghc�exlbd��weh^_y��jykdb�fZeZy�b�lj_ojZa^_evgZy��fgh-
]hdhj_ggbd� h[udgh\_gguc�� Z� lZd`_� dm[urdZ�`_elZy�� dm\rbgdZ

qbklh�[_eZy��oZjh\u_�\h^hjhkeb�b�nhglbgZebk��<klj_qZ_lky�lZd-
`_�qbklZy�l_ehj_ah\Zy�ZkkhpbZpby��6WUDWLRWHV�DORLGHV�DVV���

NhjfZpby� weh^_b� dZgZ^kdhc� �(ORGHHWD� FDQDGHQVLV���<klj_-
qZxlky�ebrv�_^bgbqgh�g_[hevrb_�mqZkldb�gZ�jZaebqghc�]em[bg_�

HlebqZ_lky�g_[h]Zluf�\b^h\uf�khklZ\hf��QZs_�weh^_y�\uklmiZ-
_l�dZd�kh^hfbgZgl�\�^jm]bo�khh[s_kl\Zo�

Djhf_� hibkZgguo� \ur_� nhjfZpbc�� \� ijb[j_`ghc� ahg_

ha_jZ�jZkijhkljZg_gu�khh[s_kl\Z�k�^hfbgbjh\Zgb_f�jZaebqguo

\b^h\� hkhd�� q_luj_� \b^Z� oZjh\uo� \h^hjhke_c� ��� \b^� Nitella� b
��\b^Z�Chara��lZd`_�qZklh�^hfbgbjmxl�gZ�jZaebqguo�]em[bgZo�

GZ�]em[bg_����±��f�\klj_qZxlky�lZd`_�khh[s_kl\Z�o\hsZ

lhiygh]h��[hehlgbpu�[hehlghc�� _`_]heh\gbdZ�ijhklh]h�� klj_eh-
ebklZ� h[udgh\_ggh]h�� kmkZdZ� ahglbqgh]h�� dm[urdb� fZehc��Hgb

hlf_q_gu�_^bgbqgh�b�aZgbfZxl�hq_gv�g_[hevrb_�iehsZ^b�

BlZd��ha��;��FbZkkh\h�oZjZdl_jbam_lky�agZqbl_evguf�neh-
jbklbq_kdbf� b� nblhp_ghlbq_kdbf� [h]Zlkl\hf�� qlh� h[tykgy_lky

jZaghh[jZab_f�[bhlhih\��oZjZdl_jguf�^ey�wlh]h�ha_jZ�

<b^h\Zy�kljmdlmjZ�khh[s_kl\

Ih^� \b^h\hc� kljmdlmjhc� jZklbl_evgh]h� khh[s_kl\Z� \� kh-
\j_f_gguo� wdheh]bq_kdbo� jZ[hlZo� ihgbfZ_lky� _]h� \b^h\hc� kh-
klZ\� b� dhebq_kl\_ggh_� khhlghr_gb_� ij_^klZ\bl_e_c� jZaebqguo

\b^h\��I_k_gdh��������
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Dhebq_kl\h�\b^h\�fZdjhnblh\��\oh^ysbo�\�khklZ\�\h^guo

jZklbl_evguo�khh[s_kl\�ha_jZ�;��FbZkkh\h

� GZa\Zgb_�nhjfZpbb Dhebq_kl\h�\b^h\

1 Phragmiteta australis 25
2 Scirpeta lacustris 12
3 Nuphareta lutei 15
4 Polygoneta amphibii 13
6 Stratioteta aloiditis 20
7 Myriophylleta spicati 11
8 Potamogetoneta lucentis 6
9 Potamogetoneta perfoliatis 5

Ijb� kjZ\g_gbb� gZb[he__� jZkijhkljZg_gguo� nhjfZpbc

\h^guo� fZdjhnblh\� hdZaZehkv�� qlh� \ukhdbc� mjh\_gv� \b^h\h]h

[h]Zlkl\Z�hlebqZ_l�khh[s_kl\Z�ljhklgbdh\hc�nhjfZpbb��Ba�nhj-
fZpbc� ]b^jhnblh\� \� wlhf�hlghr_gbb� \u^_eyxlky� khh[s_kl\Z� k

^hfbgbjh\Zgb_f�l_ehj_aZ�Zehw\b^gh]h��KZfufb�[_^gufb�\�wlhf

hlghr_gbb�hdZaZebkv�khh[s_kl\Z�j^_klh\��lZ[e�������LZdbf�h[jZ-
ahf��hlghkbl_evguf�\b^h\uf�[h]Zlkl\hf�oZjZdl_jbamxlky�khh[-
s_kl\Z�� ijhbajZklZxsb_� \� [he__� rbjhdhf� ki_dlj_� wdheh]bq_-
kdbo�mkeh\bc�

:gZeba�koh^kl\Z�\b^h\hc�kljmdlmju�khh[s_kl\�kh[kl\_ggh

\h^guo� fZdjhnblh\� ijh\_^_g� f_lh^hf� deZkl_jgh]h� ZgZebaZ� k

ijbf_g_gb_f�bg^_dkZ�koh^kl\Z�Q_dZgh\kdh]h�Kt_j_gk_gZ�

H[s__� dhebq_kl\h� ijhZgZebabjh\Zgguo� iehsZ^hd� gZ

ha��;��FbZkkh\h� ±� ����Ijb� wlhf�fu� jmdh\h^kl\h\Zebkv� l_f��gZ-
kdhevdh� jZkijhkljZg_gu� \� \h^h_f_� khh[s_kl\Z� l_o� beb� bguo

nhjfZpbc� \� \h^h_f_�� Z� lZd`_� jZaghh[jZab_f� \oh^ysbo� \� gbo

�ZkkhpbZpbc�

:gZeba�^_g^jh]jZffu� �jbk�� ����ihdZaZe��qlh�nblhp_ghau�

hlghkysb_ky� d� h^ghc� b� lhc�`_�nhjfZpbb�� bf_xl� \ukhdmx� kl_-
i_gv� koh^kl\Z� \b^h\h]h� khklZ\Z��Q_ldh� \b^gZ� bo� ]jmiibjh\dZ� \

hl^_evgu_� deZkl_ju��<gmljb�gbo�ijhkfZljb\Z_lky�b� jZa^_e_gb_

ih�hl^_evguf�ZkkhpbZpbyf�

<b^h\h_�jZaghh[jZab_��H^gbf�ba�ihdZaZl_e_c��oZjZdl_jb-
amxsbo�kljmdlmjm�khh[s_kl\Z��y\ey_lky�_]h�\b^h\h_�jZaghh[jZ-
ab_�� KhklZ\eyxsbfb� \b^h\h]h� jZaghh[jZaby� ijbgylh� kqblZlv

\b^h\h_�[h]Zlkl\h��beb�qbkeh�\b^h\�b�\ujh\g_gghklv��beb�jZ\gh-
\hafh`ghklv��k�dhlhjhc�hkh[b�jZkij_^_e_gu�ih�\b^Zf� �I_k_gdh�

�������Fw]ZjjZg�����������NhjfZebaZpb_c���fZl_fZlbq_kdbf��\ujZ-
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Jbk�� ���� >_g^jh]jZffZ� koh^kl\Z� \b^h\hc� kljmdlmju� khh[s_kl\

fZdjhnblh\�ha��;hevrh_�FbZkkh\h�
JZklbl_evgu_�nhjfZpbb�

I – Phragmiteta australis; II – Scirpeta lacustris; III – Nuphareta lutei; IV –
Polygoneta amphibii; V – Stratioteta aloiditis; VI – Myriophylleta spicati; VII –
Potamogetoneta lucentis; VIII – Potamogetoneta perfoliatis.

`_gb_f� \b^h\h]h� jZaghh[jZaby� y\eyxlky� jZaebqgu_� bg^_dku�

GZfb� [ueh� ijhZgZebabjh\Zgh� jZaghh[jZab_� hkgh\guo� \h^guo

jZklbl_evguo�khh[s_kl\�ha_jZ��KqblZebkv�mkj_^g_ggu_�bg^_dku

ih�dZ`^hc�nhjfZpbb��lZ[e������

Bg^_dk�3,(�rbjhdh�ijbf_gyxl�\�hkgh\ghf�^ey�oZjZdl_jb-
klbdb�\ujh\g_gghklb�\b^h\�\�khh[s_kl\_�ih�h[bebx��Q_f�[hev-
r_�\_ebqbgZ�bg^_dkZ��l_f�\ur_�\_jhylghklv��qlh�^\Z�wda_fieyjZ

\u[hjdb��\u[jZggu_�gZm]Z^��[m^ml�ijbgZ^e_`Zlv�d�jZaguf�\b^Zf�
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<b^h\h_�jZaghh[jZab_�hkgh\guo�jZklbl_evguo�nhjfZpbc

ha_jZ�;hevrh_�FbZkkh\h

Bg^_dku�\b^h\h]h

jZaghh[jZaby� NhjfZpby

Dhebq_kl\h

hibkZgbc

PIE �?K +ï

1 Phragmiteta australis 10 0.663 3.899 1.213
2 Scirpeta lacustris 10 0.633 3.361 1.258
3 Nuphareta lutei 10 0.739 4.381 1.542
4 Polygoneta amphibii 7 0.358 2,252 0.69
5 Stratioteta aloiditis 10 0.661 3.548 1.393
6 Myriophylleta spicati 8 0.663 3.250 1.213
7 Potamogetoneta lucentis 6 0.24 2.105 0.65
8 Potamogetoneta perfoliatis 5 0.703 3.548 1.322

Bg^_dk� �?K� gZau\Zxl� _s_� bg^_dkhf� iheb^hfbgZglghklb�

Hg�ihdZau\Z_l��dZdh_�qbkeh�\b^h\�ijbkmlkl\m_l�\�]bihl_lbq_kdhc

dhee_dpbb��]^_�\k_�\b^u�jZ\ghh[bevgu��_keb�hgZ�bf__l�lZdh_�`_

jZaghh[jZab_��dZd�^ZggZy�dhee_dpby��X��:��I_k_gdh��������kqblZ-
_l�_]h�gZb[he__�ijb_fe_fuf�^ey�wdheh]bq_kdbo�bkke_^h\Zgbc�

Bg^_dk�+ï�y\ey_lky�f_jhc�bgnhjfZpbb��kh^_j`Zs_cky�gZ

h^bg�kbf\he�khh[s_gby��khklhys_]h�ba�6�\b^h\�^bkdj_lguo�kbf-
\heh\��qvb�\_jhylghklb�\klj_qZ_fhklb�_klv�j1��j2�� �����ji��<�wdheh-
]bq_kdhf� kfuke_� hg� baf_jy_l� jZaghh[jZab_� fgh]h\b^h\h]h� kh-
h[s_kl\Z�\�kj_^g_f�gZ�h^gm�hkh[v

@bag_ggu_�nhjfu�b�bo�khhlghr_gb_

Ih^� `bag_gghc� nhjfhc�� beb� wdh[bhfhjnhc�� \ke_^� aZ

[hevrbgkl\hf�kh\j_f_gguo�[hlZgbdh\��\�^Zgghc�jZ[hl_�ihgbfZ-
_lky� kbkl_fZ� Z^ZilZpbc� �fhjnheh]bq_kdbo�� ZgZlhfbq_kdbo�� nb-
abheh]bq_kdbo�� [bhobfbq_kdbo�� jZklbl_evgh]h� hj]ZgbafZ� d� hd-
jm`Zxs_c�kj_^_��Bkihevah\ZgZ�h^gZ�ba�kZfuo�^jh[guo�deZkkb-
nbdZpbc��ij_^eh`_ggZy�<��=��IZiq_gdh\uf���������<�ha��;��FbZk-
kh\h� h[gZjm`_gu� ij_^klZ\bl_eb� ��fb� wdh[bhfhjnheh]bq_kdbo

]jmii��lZ[e�������Hdheh\h^gu_�jZkl_gby�g_�^bnn_j_gpbjh\Zebkv

gZ�]b]jh]_ehnblu��]b]jhnblu�b�]b]jhf_ahnblu��lZd�dZd�]jZgbpm

f_`^m� gbfb� ijh\_klb� ^hklZlhqgh� keh`gh�� >j_\_kgu_� nhjfu

lZd`_� ijbgbfZebkv� \h� \gbfZgb_�� lZd� dZd� jZaebqgu_� \b^u� b\u

b� ^\Z� \b^Z� hevob� ^hklZlhqgh� qZklh� \oh^yl� \� khklZ\� khh[s_kl\

gZ�aZ[hehq_gguo�mqZkldZo�b�kieZ\bgZo�
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:gZeba�ihemq_gguo�^Zgguo�ihdZaZe��qlh�\�p_ehf�\h�nehj_

ha_jZ�jZaghh[jZag__�\k_o�]jmii�ij_^klZ\e_gu�]b]jhnblu��Kj_^b

kh[kl\_ggh� \h^guo� jZkl_gbc� \u^_ey_lky� ]jmiiZ� ih]jm`_gguo

]b^jhnblh\�� ijbdj_ieyxsboky� d� km[kljZlm�� ;h]Zl� \b^h\hc� kh-
klZ\�gbadhljZ\guo�]_ehnblh\��g_kdhevdh�[_^g__�±�]jmiiu�\ukh-
dhljZ\guo� ]b^jhnblh\� b� ijbdj_ie_gguo� ]b^jhnblh\� k� ieZ\Zx-
sbfb�ebklvyfb�

GZjy^m�k�ZgZebahf�h[s_]h�nehjbklbq_kdh]h�kibkdZ��gZfb

hij_^_eyeky� khklZ\� `bag_gguo� nhjf� jZaebqguo� jZklbl_evguo

khh[s_kl\� �jbk�� �����G_� mqblu\Zebkv� ijb[j_`gu_� nblhp_ghau�

lZd�dZd�khklZ\�`bag_gguo�nhjf�a^_kv�h]jZgbqb\Z_lky�ij_bfms_-
kl\_ggh� ]b]jhnblZfb��djhf_�dhlhjuo�g_fZemx�jhev�b]jZxl�ljb

\b^Z�\ukhdhljZ\guo�]_ehnblh\�±�ljhklgbd�h[udgh\_gguc��jh]h-
au�rbjhdhebklguc� b� madhebklguc��Bkoh^y� ba� ]_h[hlZgbq_kdbo

hibkZgbc�� hij_^_eyehkv� qbkeh� \b^h\� fZdjhnblh\�� ijbgZ^e_`Z-
sbo� d� jZaguf� wdh[bhfhjnheh]bq_kdbf� ]jmiiZf�� \oh^ysbf� \

khklZ\�l_o�beb�bguo�jZklbl_evguo�nhjfZpbc�

DZd� ih� \b^h\hfm� [h]Zlkl\m�� lZd� b� ih� jZaghh[jZabx�`ba-
g_gguo� nhjf� \u^_ey_lky� nhjfZpby� ljhklgbdZ� h[udgh\_ggh]h�

<�__�khklZ\�\oh^yl����\b^h\���lb�`bag_gguo�nhjf��G_kfhljy�gZ

lh��qlh�^hfbgbjmxsbc�\b^�y\ey_lky�\ukhdhljZ\guf�]_ehnblhf�

ih�dhebq_kl\m�\b^h\�a^_kv�ij_h[eZ^Zxl�ijb[j_`gu_�]b]jhnblu

�bo� ijbkmlkl\b_� oZjZdl_jgh� lhevdh� ^ey� wlhc�nhjfZpbb�� b� ijb-
dj_ie_ggu_�ih]jm`_ggu_� ]b^jhnblu��<ukhdhljZ\gu_� ]_ehnblu

ebrv� gZ� lj_lv_f� f_kl_�� NhjfZpby� dZfurZ� ha_jgh]h� \dexqZ_l

f_gvr__��qbkeh��\b^h\�±������ijbgZ^e_`Zsbo�d���wdh[bhfhjnheh�

L Z [ e b p Z � � �

KhklZ\�`bag_gguo�nhjf�fZdjhnblh\�\�ha_j_�;hevrh_�FbZkkh\h

� Wdh[bhfhjnheh]bq_kdb_�]jmiiu Dhebq_kl\h

\b^h\�


1 =b^jhnblu��k\h[h^gh�ieZ\Zxsb_�\�lhes_�\h^u 2/2.4
2 =b^jhnblu�ih]jm`_ggu_��ijbdj_ie_ggu_�d�km[kljZlm 20/23.8
3 =b^jhnblu� ieZ\Zxsb_�gZ�ih\_joghklb�\h^u 3/3.6
4 =b^jhnblu�mdhj_gyxsb_ky�k�ieZ\Zxsbfb�ebklvyfb 6/7.2
5 =_ehnblu�\ukhdhljZ\gu_ 5/5.9
6 =_ehnblu�gbadhljZ\gu_ 10/11.9
7 =_ehnblu�ijba_fgu_ 2/2.4
8 Hdheh\h^gu_�jZkl_gby 36/42.8

I j b f _ q Z g b _ ��
<�qbkebl_e_�±�qbkeh�\b^h\��\�agZf_gZl_e_�±��

hl�h[s_]h�qbkeZ�\b^h\
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Jbk�� ����KhklZ\� wdh[bhfhjn� jZaebqguo� jZklbl_evguo� kh-
h[s_kl\�ha��;hevrh_�FbZkkh\h�

JZklbl_evgu_�nhjfZpbb�

I – Phragmiteta australis; II – Scirpeta lacustris; III – Nuphareta lutei; IV –
Polygoneta amphibii; V – Stratioteta aloiditis; VI – Myriophylleta spicati; VII –
Potamogetoneta lucentis; VIII – Potamogetoneta perfoliatis

Wdh[bhfhjnheh]bq_kdb_�]jmiiu�

��±�ijb[j_`gu_�]b]jhnblu����±�ijba_fgu_�]_ehnblu����±�gbadhljZ\gu_

]_ehnblu�� �� ±� \ukhdhljZ\gu_� ]_ehnblu�� �� ±� ]b]jhnblu� ijbdj_ie_ggu_� k� ieZ-
\Zxsbfb�ebklvyfb����±�]b^jhnblu��ieZ\Zxsb_�gZ�ih\_joghklb�\h^u����±�ijbdj_-
ie_ggu_�ih]jm`_ggu_�]b^jhnblu����±�]b^jhnblu��k\h[h^gh�ieZ\Zxsb_�\�lhes_

\h^u�

]bq_kdbf�]jmiiZf��[hevrZy�bo�qZklv�±�ijbdj_ie_ggu_�ih]jm`_g-
gu_�]b^jhnblu��<�hlebqb_�hl�ljhklgbdh\uo�khh[s_kl\�hlkmlkl-
\mxl�ijb[j_`gu_�]b]jhnblu�b�ieZ\Zxsb_�gZ�ih\_joghklb�\h^u

]b^jhnblu��b�ihy\eyxlky�ijba_fgu_�]_ehnblu�

Kj_^b� \b^h\�� keZ]Zxsbo� khh[s_kl\Z� k� ^hfbgbjh\Zgb_f

ijbdj_ie_gguo� ]b^jhnblh\� k�ieZ\Zxsbfb�ebklvyfb� �nhjfZpby

dm[urdb� `_elhc� b� ]j_qbob� a_fgh\h^ghc��� lZd`_� ij_h[eZ^Zxl

ijbdj_ie_ggu_�ih]jm`_ggu_�]b^jhnblu��Ih�qbkem�\b^h\�[h]Zq_

dm[urdh\Zy�nhjfZpby��ih� khklZ\m�`bag_gguo�nhjf� ±� ]j_qboh-
\Zy��Ba�khh[s_kl\�k�^hfbgbjh\Zgb_f�ijbdj_ie_gguo�ih]jm`_g-
guo�]b^jhnblh\��ih�[h]Zlkl\m�b�\b^h\h]h�b�wdh[bhfhjnheh]bq_-
kdh]h� khklZ\Z�\u^_ey_lky�nhjfZpby� l_ehj_aZ� Zehw\b^gh]h��\� kh-
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klZ\� dhlhjhc� \oh^bl� ��� \b^Z� iylb�`bag_gguo�nhjf��NhjfZpby

mjmlb�dhehkh\b^ghc��djhf_�ijbdj_ie_gguo�ih]jm`_gguo�]b^jh-
nblh\�� \dexqZ_l� ebrv�ih� h^ghfm� \b^m�ba� \ukhdhljZ\guo� ]_eh-
nblh\� b� ijbdj_ie_gguo� ]b^jhnblh\� k� ieZ\Zxsbfb� ebklvyfb�

KZfufb� [_^gufb� hdZaZebkv� nhjfZpbb� j^_klh\� ±� [e_klys_]h

b� kl_[e_h[t_fexs_]h�� <� bo� khklZ\� \oh^bl� khhl\_lkl\_ggh� �� b

��\b^h\�ijbdj_ie_gguo�ih]jm`_gguo�]b^jhnblh\�

IhdZaZl_evgh�lh��qlh�\g_�aZ\bkbfhklb�hl�`bag_gghc�nhj-
fu�^hfbgZglZ��\h�\k_o�nhjfZpbyo�ih�qbkem�\b^h\�ij_h[eZ^Zxl

ih]jm`_ggu_�ijbdj_ie_ggu_�]b^jhnblu��?keb�]_ehnblu�b�ijb-
dj_ie_ggu_�]b^jhnblu�k�ieZ\Zxsbfb�ebklvyfb�\�hkgh\ghf�ijh-
bajZklZxl� \� kljh]h� h]jZgbq_gguo� wdheh]bq_kdbo� mkeh\byo�� ]^_

g_dhlhju_� ba� gbo� ^hfbgbjmxl�� ij_^klZ\bl_eb� ^jm]bo� wdh[bh-
fhjnheh]bq_kdbo� ]jmii� fh]ml� \klj_qZlvky� \� jZaebqguo� f_klZo

h[blZgby�� Hkh[_ggh� wlh� dZkZ_lky� ijbdj_ie_gguo� ih]jm`_gguo

]b^jhnblh\��dhlhju_��h^gZdh��fh]ml�^hfbgbjh\Zlv�lZd`_�lhevdh

\�hij_^_e_gguo�[bhlhiZo�

IjhkljZgkl\_ggh_�jZkij_^_e_gb_�khh[s_kl\

Mqblu\Zy� gZb[he__� h[sb_� aZdhghf_jghklb�� \� \h^h_fZo

\u^_eyxl�ahgu�jZklbl_evghklb��kf_gyxsb_�^jm]�^jm]Z�k�m\_eb-
q_gb_f�]em[bgu��DZ`^Zy�ba�ahg�h[jZam_lky�\b^Zfb��hlghkysbfb-
ky�d�hij_^_e_gguf� wdh[bhfhjnZf��DZd�ijZ\beh��hgb�jZkiheZ]Z-
xlky�\� ke_^mxs_f�ihjy^d_�� ��� ahgZ�ijb[j_`guo�\eZ]hex[b\uo

jZkl_gbc�� ��� ahgZ� \ha^mrgh�\h^guo� jZkl_gbc�� beb� ]_ehnblh\�

��� ahgZ� ]b^jhnblh\� k� ieZ\Zxsbfb� ebklvyfb�� ��� ahgZ� \ukhdbo

ih]jm`_gguo�]b^jhnblh\�����ahgZ�ijb^hgguo�]b^jhnblh\��H^gZ-
dh��\ke_^kl\b_�keh`ghklb�fhjnheh]bq_kdh]h�kljh_gby��fgh]hh[-
jZaby�lbih\�]jmglZ�^ey�ha_jZ�oZjZdl_jgh�\�[hevrhc�kl_i_gb�fh-
aZbqgh_� jZkij_^_e_gb_� khh[s_kl\��<� lZ[e� 28� ij_^klZ\e_gu� oZ-
jZdl_jbklbdb� dhgdj_lguo� �� wdheh]bq_kdbo� ijhnbe_c�� ij_^klZ\-
eyxsbo�gZb[he__�lbibqgu_�mqZkldb��kf��jbk�����

<k_�ijhnbeb�fh`gh�jZa^_eblv�gZ�^\Z�hkgh\guo�lbiZ�[_j_-
]h\�� �� ±� jZklbl_evghklv� hldjuluo� [_j_]h\�� �� ±� jZklbl_evghklv

f_edh\h^guo� aZeb\h\��>ey�i_j\h]h�oZjZdl_jgu� ke_^mxsb_�hkh-
[_gghklb�

M� kZfhc� djhfdb� \h^u� ijhbajZklZ_l� ]b]jhnbevgZy� jZklb-
l_evghklv�� ]^_�qZs_�\k_]h�\klj_qZxlky�hkhdb��\_cgbd�EZg]k^hj-
nZ��ljhklygdZ�h\kyggbp_\b^gZy��^\mdbklhqgbd�ljhklgbdh\b^guc�

re_fgbd� h[udgh\_gguc�� \_j[_cgbd �h[udgh\_gguc��fZlv�b�fZq_oZ,   
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Wdheh]bq_kdb_�ijhnbeb�fZdjhnblghc�jZklbl_evghklb�ha_jZ�;hevrh_�FbZkkh\h

��ijhnbey�b�ahgu =em[bgZ��f OZjZdl_j�]jmglZ JZklbl_evghklv

1 2 3 4
IJHNBEV������F_klhgZoh`^_gb_��k_\_jguc�[_j_]�ha_jZ��aZiZ^g__�=jZgZlh\hc�]hjdb��;_j_]�g_\ukhdbc��k�\uoh^Zfb�dZfg_c�

F_klZfb�ohjhrh�\ujZ`_g�^j_\gbc�[_j_]h\hc�\Ze��JZklbl_evghklv�±�khkgh\uc�e_k��m�djhfdb�\h^u�±�ihehkZ�q_jghc�b�k_jhc

hevob��>gh�hleh]h_��i_kqZgh_�beb�i_kqZgh�dZf_gbklh_�

AhgZ�� 0–0.5 I_kqZguc�k�f_e-
dbfb�dZfgyfb

JZaj_`_ggu_�]jmiibjh\db�f_edhc�oZju�k�mqZklb_f�j^_klZ�kl_[e_-
h[t_fexs_]h�b�hl^_evgufb�dmjlbgZfb�kmkZdZ�ahglbqgh]h��klj_eh-
ebklZ�h[udgh\_ggh]h��F_klZfb�\klj_qZ_lky�nhglbgZebk�ijhlb\h-
ih`Zjguc��hq_gv�j_^dh�±�wda_fieyju�qZklmob�aeZdh\b^ghc�b�j^_klZ

fZe_gvdh]h�

AhgZ�� 0.5–1 I_kqZguc��f_klZ-
fb�aZbe_gguc

Ij_ju\bklZy�ihehkZ�j^_klZ�kl_[e_h[t_fexs_]h�k�mjmlvx�dhehkh-
\b^ghc��j^_klhf�[e_klysbf��weh^__c�dZgZ^kdhc��f_edhc�oZjhc�

AhgZ�� 1–2.5 Bebkluc FhaZbqgh�jZkiheh`_ggu_�khh[s_kl\Z�l_ehj_aZ�Zehw\b^gh]h��mjmlb

dhehkbklhc�k�weh^__c��nhglbgZebkhf��gZ�]em[bg_�����f�±�k�gbl_e-
ehc�

AhgZ�� 2.5–3.5 Bebkluc GZ�^g_�±�ihqlb�kiehrghc�dh\_j�ba�l_ehj_aZ��nhglbgZebkZ��gbl_eeu�

weh^_b��j_`_�±�k�mjmlvx��Ijbkmlkl\mxl�jZajhag_ggu_�]jmiibjh\db

j^_klZ�[e_klys_]h�

AhgZ�� 3.5–5 Bebkluc Ij_h[eZ^Z_l�nhglbgZebk�
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1 2 3 4
IJHNBEV������F_klhgZoh`^_gb_��dmjvy�Abfgbd��k_\_jh�aZiZ^guc�m]he�ha_jZ��;_j_]�gbadbc��ihkl_i_ggh�ih\urZxsbcky�d

x]m��Ih�djhfd_�\h^u�±�aZjhkeb�hevob�b�b\u��\ur_�±�khkgh\uc�e_k��K�k_\_jZ�ijbfudZ_l�g_[hevrh_�[hehlh��ba�dhlhjh]h�\�ha_jh

\l_dZ_l�jmq_c��>gh�hleh]h_��i_kqZgh�bebklh_�

AhgZ�� 0–1.5 I_kqZguc��k

f_edbfb�dZfgyfb

JZklbl_evghklv�jZaj_`_ggZy��F_edZy�oZjZ�b�j^_kl�kl_[e_h[t_fex-
sbc��_^bgbqgu_�wda_fieyju�mjmlb��klj_ehebklZ�b�kmkZdZ�

AhgZ�� 1.5–2 I_kqZgh�bebkluc =jmiibjh\db�mjmlb�k�iylgZfb�j^_klZ�[e_klys_]h�b�k�mqZklb_f

f_edhc�oZju��weh^_b��j^_klZ�kiexkgmlh]h��?^bgbqgh�ijbkmlkl\m_l

]j_qboZ�a_fgh\h^gZy�

AhgZ�� 2–2.5 Bebkluc >hfbgbjm_l�dm[urdZ�`_elZy��<�khklZ\�khh[s_kl\Z�\oh^yl�l_ehj_a�

j^_kl�kiexkgmluc��mjmlv��weh^_y�

AhgZ�� 2.5–3.5 Bebkluc L_ehj_ah\h_�khh[s_kl\h�gZ�^g_��k�mjmlvx�b�j^_klhf�kiexkgmluf�

AhgZ�� 3.5–5.5 Bebkluc Ij_h[eZ^Z_l�nhglbgZebk

IJHNBEV������F_klhgZoh`^_gb_��dmjvy�EZlhqdZ��x`guc�aZeb\��AZeb\�h]jZgbq_g�dZf_gbklufb�fukZfb�k�khkgh\uf�e_khf�

p_gljZevgZy�qZklv�ihgb`_ggZy��aZ[hehq_ggZy��]jZgbqbl�k�[_j_agydhf�

AhgZ�� 0.3–0.5 Lhjnygh�bebkluc Ijb[j_`gu_�aZjhkeb��gZqZevgZy�klZ^by�kieZ\bghh[jZah\Zgby�

FhaZbqgZy�jZklbl_evghklv��Ij_h[eZ^Zxl�hkhdh\u_�khh[s_kl\Z�

i_j_f_`Zxsb_ky�k�ljhklgbdh\ufb�dmjlbgZfb��JZaghh[jZagu_

\b^u�ljZ\ygbkluo�]b]jhnblh\��f_klZfb�\klj_qZxlky�b\u�

AhgZ�� 0.5–1 Fhsguc�kehc�beZ Ij_h[eZ^Zxl�ih]jm`_ggu_�]b^jhnblu��JZkij_^_e_gb_�g_jZ\gh-
f_jgh_��>hfbgbjmxl�l_ehj_a��weh^_y��j^_kl�[e_klysbc��<klj_qZxl-

ky�j^_klu�kl_[e_h[t_fexsbc��kiexkgmluc��dm[urdZ�`_elZy�

Baj_^dZ�ihiZ^Zxlky�gbadhljZ\gu_�]_ehnblu�±�klj_ehebkl��_`_]h-
eh\gbd�ijhklhc�
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1 2 3 4
AhgZ�� 1–2.5 Bebkluc Iehlgu_�aZjhkeb�dm[urdb�`_elhc�k�l_ehj_ahf��weh^__c��j^_klhf

kiexkgmluf��nhglbgZebkhf��[eb`_�d�����f�±�k�gbl_eehc�

AhgZ�� 2.5–3.5 Bebkluc Iehlguc�dh\_j�gbl_eeu�k�l_ehj_ahf�b�mjmlvx��J_^dh�±�exlbd

\h^yghc�

AhgZ�� 3.5–5 Bebkluc Ij_h[eZ^Zxl�nhglbgZebk�b�gbl_eeZ�

IJHNBEV������F_klhgZoh`^_gb_��dmjvy�Ebih\Zy��k_\_jguc�[_j_]��D�\hklhdm�hl�ijhlhdb��kh_^bgyxs_c�Ebih\mx�dmjvx�k

Ijhoh^ghc��^gh�hleh]h_��[_j_]�ihgb`_gguc��ihjhkrbc�e_khf�ba�ebiu�k_j^p_ebklghc��^Ze__�d�x]m�hg�ih\urZ_lky��ebigyd

kf_gy_lky�f_jl\hihdjh\guf�khkgydhf�

AhgZ�� 0–0.1 Ijb[j_`gu_

gZghku�hj]Zgbdb

AZjhkeb�hkhd�k�mqZklb_f�]b]jhnblh\�b�g_dhlhjuo�e_kguo�\b^h\�

AhgZ�� 0.1–0.5 Lhjnygh�bebkluc Ljhklgbdh\h_�khh[s_kl\h��H[uqgu�hkhdb��^_j[_ggbd�b\hebklguc�

^\mdbklhqgbd�ljhklgbdh\b^guc��\_cgbd�EZg]k^hjnZ�

AhgZ�� 0.5–1 Bebkluc JZaghh[jZagu_�]jmiibjh\db�]b^jhnblh\�ih]jm`_gguo�b�k�ieZ\Zx-
sbfb�ebklvyfb��GZb[he__�h[bevgu�]j_qboZ�a_fgh\h^gZy��dm\rbgdZ

qbklh�[_eZy��j^_klu�[e_klysbc�b�kl_[e_h[t_fexsbc��mjmlv�dheh-
kh\b^gZy��f_edZy�oZjZ��Ba�gbadhljZ\guo�]_ehnblh\�\ukhdh]h�h[b-

eby�^hklb]Z_l�o\hs�lhiyghc��JZkij_^_e_gb_�g_jZ\ghf_jgh_�

AhgZ�� 1–1.5 Bebkluc Ij_h[eZ^Z_l�dm[urdZ�`_elZy��ijbkmlkl\mxl�l_ehj_a��oZjh\u_

\h^hjhkeb��mjmlv��f_klZfb�ijbf_rb\Z_lky�dZfur�ha_jguc�

AhgZ�� 1.5–3 Bebkluc Khh[s_kl\Z�oZjh\uo�\h^hjhke_c��l_ehj_aZ�k�mjmlvx��jh]hebklgb-
dhf��\h^yguf�exlbdhf�

AhgZ�� 3–5 Bebkluc Ij_h[eZ^Z_l�djmigZy�oZjZ�
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1 2 3 4
IJHNBEV������F_klhgZoh`^_gb_��dmjvy�Ebih\Zy��x`guc�[_j_]��A^_kv�dZf_gbklu_�fuku�q_j_^mxlky�k�f_edh\h^gufb�aZ\h-

^yfb�\�eh`[bgZo��Ijb[j_`gZy�jZklbl_evghklv�±�kf_rZgguc�[_j_ah\h�khkgh\uc�e_k�

AhgZ�� 0–1 Bebkluc��bebklh�

i_kqZguc

JZaghh[jZagu_�khh[s_kl\Z�]b]jhnblh\�b�]_ehnblh\��qZs_�\k_]h

ljhklgbd��hkhdb��m�[_j_]h\hc�djhfdb���=em[`_�ijhbajZklZ_l�dZfur

b�^jm]b_�]_ehnblu�k�mqZklb_f�]b^jhnblh\�±�j^_klh\�kl_[e_h[t_f-
exs_]h�b�[e_klys_]h��mjmlb��f_edhc�oZju�

AhgZ�� 1–2 Bebkluc >hfbgbjmxl�mjmlv��l_ehj_a��exlbd�\h^yghc�

AhgZ�� 2–2.5 Bebkluc IhehkZ�aZjhke_c�dm[urdb��<�khklZ\�khh[s_kl\�\oh^yl�j^_kl

kiexkgmluc��mjmlv��djmigZy�oZjZ��l_ehj_a��exlbd�\h^yghc�

AhgZ�� 2.5–3.5 Bebkluc Dh\_j�djmighc�oZju�k�gbl_eehc��l_ehj_ahf��mjmlvx��f_klZfb�k

j^_klhf�[e_klysbf�b�exlbdhf�\h^yguf�

AhgZ�� 3.5–5 Bebkluc Ij_h[eZ^Z_l�djmigZy�oZjZ

IJHNBEV������F_klhgZoh`^_gb_��dmjvy�RlZggZy��aZiZ^g__�fukZ�DhjZ[ebd��Gbadbc�aZ[hehq_gguc�[_j_]��hdZcfe_gguc�ljh-
klgbdh\h�hkhdh\hc�kieZ\bghc�

AhgZ�� M�djZy±

1–1.5
Lhjnygh�bebkluc Ijb[j_`gZy�ljhklgbdh\h�hkhdh\Zy�kieZ\bgZ�k�^_j[_ggbdhf�b\heb-

klguf��kZ[_evgbdhf�[hehlguf��\_ohf�y^h\bluf��jh]hahf�madhebkl-
guf��sblh\gbdhf�[hehlguf�

AhgZ�� 1.5–2 Bebkluc Khh[s_kl\h�l_ehj_aZ�h[udgh\_ggh]h�k�mqZklb_f�dm[urdb�`_elhc�

mjmlb�dhehkbklhc��jh]hebklgbdZ�ih]jm`_ggh]h��j^_klh\�kiexkgm-
lh]h�b�lmihebklgh]h�

AhgZ�� 2–2.5 Bebkluc AZjhkeb�l_ehj_aZ�k�iylgZfb�mjmlb��weh^_b��JZkij_^_e_gb_

fhaZbqgh_�

AhgZ�� 2.5–3.5 Bebkluc L_ehj_ah\h�mjml_\h�gbl_eeh\uc�dhfie_dk�k�exlbdhf�\h^yguf�
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1 2 3 4
IJHNBEV������F_klhgZoh`^_gb_��dmjvy�RlZggZy��k_\_jguc�aZeb\��;_j_]�aZeb\Z�ij_^klZ\ey_l�kh[hc�djZc�ljhklgbdh\h�

hkhdh\hc�kieZ\bgu��dhlhjZy��ihkl_i_ggh�jZkrbjyykv��\�dhgp_�aZeb\Z�i_j_oh^bl�\�hkhdh\h�[_j_ah\h_�[hehlh�

AhgZ�� M�djZy�±���� Lhjnygh�bebkluc Ijb[j_`gZy�ljhklgbdh\h�hkhdh\Zy�kieZ\bgZ�k�^_j[_ggbdhf��sb-
lh\gbdhf�[hehlguf��jh]hahf�rbjhdhebklguf��kZ[_evgbdhf�[hehl-

guf��axagbdhf�\ukhdbf�

AhgZ�� 1.5–2 Bebkluc Iehlgu_�aZjhkeb�l_ehj_aZ��\�hkgh\ghf�\kieu\Zxs_]h�gZ�ih\_jo-
ghklv�\h^u�k�mqZklb_f�jykhd�lj_ojZa^_evghc�b�fZehc��fgh]hdhj_g-

gbdZ�b�weh^_b�

AhgZ�� 2–2.5 Bebkluc Khh[s_kl\h�l_ehj_aZ�b�jZaghh[jZaguo�]b^jhnblh\��ba�dhlhjuo

gZb[he__�h[bevgu�dm[urdZ�`_elZy��mjmlv��jh]hebklgbd��j^_klu

kiexkgmluc�b�ieZ\Zxsbc��dm\rbgdZ�qbklh�[_eZy��JZkij_^_e_gb_

khh[s_kl\�iylgbklh_�

AhgZ�� 2.5–3.5 Bebkluc Mjmlv_\h�gbl_eeh\h�l_ehj_ah\uc�dhfie_dk�

IJHNBEV������F_klhgZoh`^_gb_��dmjvy�Gyr_\kdZy��k_\_jg__�dhj^hgZ��;_j_]�m�\oh^Z�\�dmjvx�\ukhdbc��f_klZfb�dZf_gbkluc�

k�khkgh\uf�e_khf��aZl_f�ihkl_i_ggh�ihgb`Z_lky�d�mklvx�j_db�Gyr_\db��dhlhjh_�ij_^klZ\ey_l�kh[hc�h[rbjgh_�[hehlh��hdZcf-
e_ggh_�kieZ\bghc�

AhgZ�� 0–0.5 Lhjnygh�bebkluc Khh[s_kl\h�ljhklgbdZ�kh�aeZdZfb��ljhklygdhc�h\kyggbp_\bghc�

\_cgbdhf�EZg]k^hjnZ��sblh\gbdhf�[hehlguf��\_ohf�y^h\bluf�

qZklmohc�ih^hjh`gbdh\hc��kZ[_evgbdhf��<klj_qZxlky�dmjlbgu

jh]haZ�rbjhdhebklgh]h��<�hdgZo�ihiZ^Z_lky�\h^hdjZk�h[udgh\_g-
guc�

AhgZ�� 0.5–2 Bebkluc >hfbgbjm_l�dm[urdZ�`_elZy��<�khklZ\�khh[s_kl\�\oh^yl�dm[urdZ

fZeZy��dm\rbgdZ�qbklh�[_eZy��j^_klu�kl_[e_h[t_fexsbc�b�[e_-
klysbc��gbl_eeZ�b�weh^_y�

AhgZ�� 2–4 Bebkluc Khh[s_kl\Z�oZjh\uo�\h^hjhke_c�k�mqZklb_f�weh^_b��mjmlb�
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gZj^hkfby�]eZ^dZy��^_j[_ggbd�b\hebklguc�b�^jm]b_��Z�lZd`_�ljh-
klgbd�h[udgh\_gguc��Kx^Z�`_�fh]ml�aZoh^blv�b�kmohimlgu_�jZk-
l_gby�ba�ijbe_]Zxsbo�e_kguo�jZklbl_evguo�khh[s_kl\��RbjbgZ

__�aZ\bkbl�hl�djmlbagu�[_j_]Z�b�mdehgZ�iZ^_gby�^gZ�

>Ze__� ke_^m_l� ahgZ� \ukhdhljZ\guo� ]_ehnblh\�� ij_^klZ\-
e_ggZy�khh[s_kl\Zfb�ljhklgbdZ�h[udgh\_ggh]h�b��j_`_�±�dZfu-
rZ�ha_jgh]h��GZ�mqZkldZo��hkh[h�ih^\_j`_gguo�^_ckl\bx� \heg�

\_ljZ��hkh[_ggh�gZ�dZf_gbkluo�]jmglZo��jZaj_`_ggZy�jZklbl_ev-
ghklv� ij_^klZ\e_gZ� jZaebqgufb� \b^Zfb� ijbdj_ie_gguo� ih]jm-
`_gguo� ]b^jhnblh\�� d� dhlhjuf� fh]ml� ijbf_rb\Zlvky� gbadh-
ljZ\gu_�]_ehnblu�±�klj_ehebkl�h[udgh\_gguc��kmkZd�ahglbqguc�

GZ� ]em[bg_�[he__� ��f�ijhbajZklZxl�h^gb�ijbdj_ie_ggu_

ih]jm`_ggu_�]b^jhnblu��mjmlv�dhehkh\b^gZy��j^_klu�[e_klysbc

b�kl_[e_h[t_fexsbc��l_ehj_a�Zehw\b^guc��exlbd�\h^yghc��jh]h-
ebklgbd�� weh^_y�� oZjh\u_� \h^hjhkeb�� <_ebqbgZ� ijh_dlb\gh]h

ihdjulby� aZ\bkbl� hl� oZjZdl_jZ� ]jmglZ� �gZ� i_kqZguo� b� i_kqZgh�

bebkluo�]jmglZo�iehlghklv�aZjhke_c�]hjZa^h�\ur_��q_f�gZ�dZf_-
gbkluo��b�hl�kl_i_gb�^bgZfbq_kdh]h�\ha^_ckl\by��<�f_klZo��[h-
e__� aZsbs_gguo� hl� \_ljZ�� gZ� i_kqZguo� b� bebkluo� ]jmglZo� gZ

]em[bg_� ���±����f�fh`_l�[ulv�\ujZ`_gZ�ihehkZ�ijbdj_ie_gguo

]b^jhnblh\�k�ieZ\Zxsbfb�ebklvyfb��<�hkgh\ghf�wlh�khh[s_kl\Z

dm[urdb�`_elhc�� j_`_� iylgZfb� \klj_qZ_lky� ]j_qboZ� a_fgh\h^-
gZy��GZ�]em[bg_�[he__��±����f�\klj_qZxlky�ebrv�ijb^hggu_�jZk-
l_gby� ±�weh^_y��nhglbgZebk�ijhlb\hih`Zjguc��oZjh\u_�\h^hjhk-
eb��FZdkbfZevgZy� ]em[bgZ� jZkijhkljZg_gby� jZklbl_evghklb� ±� �±

����f�

>ey� \lhjh]h� lbiZ� oZjZdl_jgu� iheh]bc� mdehg� ^gZ�� aZsb-
s_gghklv� hl� \heg�b� \_ljZ��ij_h[eZ^Zxsb_� ]jmglu� ±�bebklu_�b

lhjnygh�bebklu_� ;_j_]Z� a^_kv� aZ[hehq_gu�� aZqZklmx� hgb� ij_^-
klZ\eyxl� kh[hc� kieZ\bgu� gZ� jZaebqguo� klZ^byo� h[jZah\Zgby� k

]b]jhnbevghc�jZklbl_evghklvx�b�khh[s_kl\Zfb�ljhklgbdZ��hkhd�

sblh\gbdZ� [hehlgh]h�� jh]haZ�rbjhdhebklgh]h�� =em[bgZ� m� djZy

kieZ\bgu� khklZ\ey_l� \� kj_^g_f� ���±��f��bgh]^Z� ^hklb]Zy� ����f�

DjZc�kieZ\bgu�qZklh�[u\Z_l�hdZcfe_g�jZaebqghc�rbjbgu�iheh-
khc� iehlguo� aZjhke_c� l_ehj_aZ�� \kieu\Zxs_]h� gZ� ih\_joghklv�

>Ze__� fh]ml� ijhbajZklZlv� khh[s_kl\Z� jZaebqguo� \b^h\� ih]jm-
`_gguo� ]b^jhnblh\� ±� j^_klh\�� mjmlb� dhehkh\b^ghc�� l_ehj_aZ�

exlbdZ�\h^ygh]h��GZ�]em[bg_��±����f�[u\Z_l�q_ldh�\ujZ`_g�ihyk

dm[urdb�`_elhc�



187

Ebklhkl_[_evgu_ fob 

Ki_pbZevgu_�jZ[hlu��ihk\ys_ggu_�[jbhnehj_�aZih\_^gb-
dZ��hlkmlkl\mxl��Hlju\hqgu_�k\_^_gby�\�jy^_�im[ebdZpbc� (=hj-
gh\kdbc��������DmeZ]bg��������FZdh\kdbc��������FheqZgh\Z��DZ-
jZ\Z_\Z������)�kh^_j`Zl�bgnhjfZpbx�lhevdh�h�^hfbgbjmxsbo�b

rbjhdh� jZkijhkljZg_gguo� \b^Zo� foh\�� GZb[he__� bgnhjfZlb\-
gufb� \� wlhf� hlghr_gbb� y\eyxlky� Zjob\gu_� ]_h[hlZgbq_kdb_

fZl_jbZeu�nhg^Z� aZih\_^gbdZ�� Z�bf_ggh�g_him[ebdh\Zgguc� hl-
q_l�D��<��=hjgh\kdh]h�©;hehlZ�Bevf_gkdh]h�aZih\_^gbdZª�(1950).
M^_eyy�k_jv_agh_�\gbfZgb_�fhoh\hfm�ihdjh\m�ijb�bkke_^h\Zgbb

jZklbl_evghklb�[hehl��hg�ijb\h^bl�^ey�l_jjblhjbb�aZih\_^gbdZ�

\dexqZxs_c� :j]Zabgkdmx� qZklv�� ��� \b^Z� ��� i_q_ghqgbdZ�� ��

knZ]gZ�����\b^h\�gZklhysbo�foh\���<������]��\�j_amevlZl_�]_h[h-
lZgbq_kdbo�jZ[hl�BgklblmlZ�wdheh]bb�jZkl_gbc�b�`b\hlguo�MjH

J:G�hlf_q_gh 40 \b^h\�fhohh[jZaguo (2�i_q_ghqgbdZ����knZ]gZ�
���\b^Z�gZklhysbo�foh\)��K����� ]��\_^_lky�kbkl_fZlbq_kdh_�bam-
q_gb_�nehju�ebklhkl_[_evguo�foh\�Bevf_gkdh]h�aZih\_^gbdZ�

<� ijb[j_`gh�\h^gmx� ]jmiim� ebklhkl_[_evguo� foh\� fu

\dexqbeb� \b^u��ijhbajZklZxsb_�ihklhyggh� \�ih]jm`_gghf� kh-
klhygbb�b�h[blZxsb_�\�ij_^_eZo���f�hl�mj_aZ�\h^u��FZl_jbZehf

ihkem`beb� [jbheh]bq_kdb_� k[hju� ������ ����� ]]�� b� ^Zggu_

D��<��=hjgh\kdh]h��������

;_j_]h\Zy� ebgby� ha_jZ� oZjZdl_jbam_lky� ohjhrh� \ujZ`_g-
ghc�baj_aZgghklvx��GZ�\k_f�__�ijhly`_gbb�fh`gh�\u^_eblv�jZa-
ebqgu_�lbiu�[_j_]h\: dZf_gbkluc��i_kqZguc��lhjnyghc�b�q_l\_j-
luc�±�h[gZ`_gby�dhj_gguo�ihjh^��GZ�aZiZ^ghf�[_j_]m�\h^h_fZ�

hkh[_ggh� \� aZeb\Zo�� ijhbajZklZ_l� ijb[j_`gh�\h^gZy� jZklbl_ev-
ghklv��?_�h[bevghfm�jZa\blbx�gZ�\hklhqghc� klhjhg_�ha_jZ�ij_-
iylkl\m_l� kbevgh_� \ebygb_� kh� klhjhgu� ij_h[eZ^Zxsbo� \� wlhf

jZchg_�x]h�aZiZ^guo�\_ljh\��dZf_gbklhklv�[_j_]Z�b�^gZ�b�djmlh_

iZ^_gb_�ihke_^g_]h��=hjgh\kdbc��������

<� ijb\_^_gghf� Zgghlbjh\Zgghf� kibkd_� gZa\Zgby� \b^h\

foh\� ^Zgu� \� khhl\_lkl\bb� k� jZ[hlhc� ?��:��B]gZlh\hc�

F��K��B]gZlh\Z���������Ihke_�dZ`^h]h�\b^h\h]h�gZa\Zgby�mdZaZgu

_]h�f_klhgZoh`^_gb_��djZldZy�wdheh]bq_kdZy�oZjZdl_jbklbdZ�f_-
klhh[blZgbc��ijb\_^_gZ�qZklhlZ�\klj_qZ_fhklb�^ey�bkke_^m_fhc

ahgu�ih�ij_^eZ]Z_fhc�rdZe_:
±�j_^dh��\b^�\klj_q_g���jZa�,
±�baj_^dZ��\b^�\klj_q_g�\��±��lhqdZo��

±�qZklh��\b^�\klj_q_g�\��±��b�[he__�imgdlZo�;
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\b^u��\klj_q_ggu_�\i_j\u_�^ey�l_jjblhjbb�aZih\_^gbdZ��h[hagZ-
q_gu�a\_a^hqdhc;�\�kdh[dZo�mdZau\Z_lky�nhjfZ�jhklZ�ih�kbkl_f_
=bfbg]ZfZ�k�khZ\lhjZfb� �Gimingham, Robertson, 1950): ih^mrdb
±�I�� ^_jgh\bgu� ±� ^� �dhjhldb_���>� �\ukhdb_���>ie� �ieZ\Zxsb_��

kie_l_gby� ±�K�� dh\jbdb� ±�D� b�Die� �ieZ\Zxsb_��� � ^j_\h\b^gZy

nhjfZ�jhklZ�±�>j�

;eZ]h^Zjbf�B��E��=hev^[_j]� �BWJb@� ]��?dZl_jbg[mj]�� aZ

dhgkmevlZpbb�ijb�hij_^_e_gbb�k[hjh\�fhohh[jZaguo�

Kibkhd�ebklhkl_[_evguo�foh\

ijb[j_`gh�\h^ghc�ahgu�ha_jZ�;hevrh_�FbZkkh\h

K_f��Polytrichaceae:
Polytrichum juniperinum Hedw. – Fuk� FjZfhjguc�� gZ� dZfgyo

\��±��f�hl�mj_aZ�\h^u��J_^dh���>�

P. piliferum Hedw. – K_\_jh�\hklhqguc�[_j_]�ha_jZ��[_j_]Z�dmjvb
Ijhoh^gZy�� gZ� ijb[j_`guo� dZfgyo�� \� jZks_ebgZo� b� lj_sb-
gZo��J_^dh���>�

K_f��Dicranaceae:
Cynodontium polycarpon (Hedw.) Schimp. –� I�h\� Ebih\uc�� gZ

dZfgyo�\��±��f�hl�mj_aZ�\h^u��J_^dh���^)
Dicranum fragilifolium Lindb. – I�h\�FmjZ\vbguc��gZ� aZl_g_gguo

dZfgyo�\�����f�hl�mj_aZ�\h^u��J_^dh��<b^�lj_[m_l�mlhqg_gby��(^)
D. fuscescens Turn. –�I�h\�Ebih\uc��gZ�dZfgyo�\���f�hl�mj_aZ�\h-

^u��J_^dh���>�

D. scoparium Hedw.�±�;_j_]Z�dmjvb�Ijhoh^gZy��gZ�dZfgyo�\��±��f
hl�ebgbb�\h^u��J_^dh���>�

Oncophorus  wahlenbergii Brid. –� X]h�\hklhqguc� [_j_]� dmjvb

Gyr_\kdZy��GZ�dhj_�[j_\_g��J_^dh��(^)
Orthodicranum montanum (Hedw.) Loeske – I�h\� Ebih\uc�� gZ

ijb[j_`guo�dZfgyo��J_^dh��(^)
Paraluecobryum longifolium (Hedw.) Loeske –�I�h\�Ebih\uc�� gZ

ijb[j_`guo�dZfgyo��J_^dh��(^)
K_f��Encalyptaceae:

*Encalypta sp. –�f��FjZfhjguc��\�jZks_ebg_�aZl_g_gguo�fjZfhj-
guo�\Zemgh\��J_^dh��(^)

K_f��Pottiaceae:
*Bryoerythrophyllum recurvirostre (Hedw.) Chen  – ;_j_]Z� dmjvb

Ijhoh^gZy��\�jZks_ebg_�dZfgy��J_^dh���^�
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Didymodon rigidulus Hedw. – I�h\�Ebih\uc��f��FjZfhjguc�� gZ

ijb[j_`guo�dZfgyo��Baj_^dZ��(^)
*Weisia controversa Hedw. – K_\_jguc� [_j_]� ha_jZ�� gZ� kdZe_�� \

lj_sbg_�k�i_kdhf�b�behf��h[jua]b\Z_lky�\hegZfb��J_^dh��(^)
K_f��Grimmiaceae:

*Grimmia sp. –�;_j_]Z�dmjvb�Ijhoh^gZy��gZ�dZfgyo�\� ���±��f�hl
mj_aZ�\h^u��J_^dh��(I)

G.  montana Bruch et Schimp. in B.S.G. – K_\_jh�\hklhqguc�[_j_]
ha_jZ��[_j_]Z� dmjvb�Ijhoh^gZy��gZ� \ZemgZo� \� �±��f� hl� mj_aZ

\h^u��Baj_^dZ��(I)
G. ovalis (Hedw.) Lindb. – Ih�\k_fm�ih[_j_`vx�ha_jZ��gZ�dZfgyo�\

���±��f�hl�mj_aZ�\h^u��QZklh��(I)
Schistidium apocarpum (Hedw.) Bruch et Schimp. in B.S.G. – GZ

dZfgyo�ih�\k_fm�ih[_j_`vx�ha_jZ�\��±��f�hl�mj_aZ�\h^u��QZk-
lh��(I)

*Schistidium sp. – ;_j_]Z�dmjvb�Ijhoh^gZy��gZ�dZfg_�\���f�hl�mj_-
aZ�\h^u��J_^dh��(I)

K_f��Funariaceae:
Funaria hygrometrica Hedw. – Ih� \k_fm� ih[_j_`vx�� gZ� ihq\_� m

dhjg_c�hevob��QZklh���^)
K_f��Bryaceae:

Bryum argenteum Hedw. – K_\_jh�aZiZ^guc�b�k_\_jh�\hklhqguc�[_-
j_]Z�ha_jZ��gZ�dZfgyo�\�lj_sbgZo�k�i_kdhf�b�behf��Baj_^dZ��(^)

*Bryum pseudotriquetrum (Hedw.) Gaertn. et al. – Ih� \k_fm�ih[_-
j_`vx�ha_jZ��gZ�dZfgyo��ih]jm`_gguo�\�\h^m�b�m�\h^u��gZ�ku-
jhc�ihq\_�\���f�hl�mj_aZ�\h^u��gZ�aZbe_gghf�i_kd_��gZ�]gbx-
sbo�hklZldZo�jZkl_gbc�kj_^b�dZfg_c��gZ�aZ^_jgh\Zgguo�dZf-
gyo�\�aZjhkeyo�ljhklgbdZ��gZ�ihq\_�m�dhjg_c�hevob��gZ�]gbeuo

dhjgyo�ih�djZx�kieZ\bgu��QZklh��(^)
Bryum sp. – K_\_jh�aZiZ^gZy� b� k_\_jh�\hklhqgZy� klhjhgZ� ha_jZ�

x]h�\hklhqguc� [_j_]� dmjvb� Gyr_\kdZy�� gZ� dZfgyo�� gZ� dhj_

[j_\_g��gZ�ihq\_�kj_^b�aZjhke_c�hevob��Baj_^dZ��(^)
Bryum sp. – K_\_jh�aZiZ^gZy�klhjhgZ�ha_jZ��gZ�ihq\_�\� aZjhkeyo

hevob��J_^dh��(^)
Leptobryum pyriforme (Hedw.) Wils. – K_\_jh�\hklhqgZy� klhjhgZ

ha_jZ��gZ�kujhc�h[gZ`_gghc�ihq\_��Baj_^dZ���^�

Rhodobryum roseum (Hedw.) Limpr. – f��FjZfhjguc��gZ�l_gbkluo
dZfgyo�\���f�hl�mj_aZ�\h^u��J_^dh���>j�

K_f��Mniaceae:
*Mnium marginatum (Dicks.) Beauv. – f��FjZfhjguc��\�s_eb�l_-

gbkluo�dZfg_c��J_^dh���^�
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Plagiomnium cuspidatum (Hedw.) T. Kop. – Ih� \k_fm�ih[_j_`vx
ha_jZ��gZ�]gbeuo�dhjgyo�\���f�hl�mj_aZ�\h^u��gZ�dZfgyo�\����±��f

hl�\h^u��gZ�]gbehf�kl\he_�\���f�hl�\h^u��QZklh���^�

P. medium (Bruch et Schimp. in B.S.G.) T. Kop. – Dmjvy�RlZggZy�

ih�djZx�kieZ\bgu��Baj_^dZ���^�

P. ellipticum (Brid.) T. Kop. – Dmjvy�RlZggZy��[_j_]Z�dmjvb�Ijh-
oh^gZy�� f�� FjZfhjguc�� x]h�\hklhqgZy� qZklv� [_j_]Z� dmjvb

Gyr_\kdZy��ih�djZx�kieZ\bgu��\�hkgh\Zgbb�aZbe_gghc�dhqdb

\���f�hl�\h^u��gZ�aZ^_jgh\Zgguo�dZfgyo�\���f�hl�\h^u��gZ�ku-
jhc�ihq\_��Baj_^dZ���^�

K_f��Orthotrichaceae:
*Orthotrichum anomalum Hedw. –� K_\_jh�\hklhqgZy b� k_\_jh�

aZiZ^gZy�klhjhgZ�ha_jZ��i�h\�FmjZ\vbguc��f��FjZfhjguc��gZ

\ZemgZo�\��±��f�hl�mj_aZ�\h^u��QZklh���I�

*O. obtusifolium Brid. – X]h�\hklhqguc�[_j_]�dmjvb�Gyr_\kdZy�

gZ�dhj_�[j_\_g�\��±��f�hl�\h^u��J_^dh���I�

O.  speciosum Nees in Sturm – X]h�\hklhqguc�[_j_]�dmjvb�Gyr_\-
kdZy��gZ�dhj_�[j_\_g�\��±��f�hl�mj_aZ�\h^u��J_^dh���I�

K_f��Ditrichaceae:
Ceratodon purpureus (Hedw.) Brid. –�Ih�\k_fm�ih[_j_`vx��gZ�]Z-

e_qgh�i_kqZghf� Zeex\bb��gZ�dZfgyo�\�jZks_ebgZo�\� ���±��f

hl�mj_aZ�\h^u��gZ�ihq\_�kj_^b�aZjhke_c�hevob��QZklh���^�

*Distichium capillaceum (Hedw.) Bruch et Schimp. in B.S.G. –
f��FjZfhjguc��\�jZks_ebg_�l_gbkluo�\Zemgh\�\��±��f�hl�\h-
^u��J_^dh���^�

K_f��Hedwigiaceae:
Hedwigia ciliata (Hedw.) Beauv. – Ih�\k_fm�ih[_j_`vx��gZ�dZfgyo

\��±��f�hl�mj_aZ�\h^u��QZklh���I�

K_f��Fontinaliaceae:
Fontinalis antipyretica Hedw. – K_\_jh�aZiZ^gZy� b� k_\_jh�

\hklhqgZy�klhjhgZ�ha_jZ��\�\h^_�gZ�]em[bg_�����±�����f��QZklh�

�>ie). <i_j\u_�^ey�aZih\_^gbdZ�\b^�mdZaZg�D��<��=hjgh\kdbf
(1961).

*Fontinalis antipyretica var. gracilis (Lindb.) Schimp. – K_\_jh�
\hklhqguc� m]he� ha_jZ�� ijb[bl� \hegZfb� d� [_j_]m�� Baj_^dZ�

�>ie)
*F. hypnoides Hartm. – K_\_jh�aZiZ^guc� m]he� ha_jZ�� Abfgbd��gZ

dhj_� miZ\r_]h� \� \h^m� kl\heZ� [_j_au�� ijhbajZklZ_l� \f_kl_� k

Leptodictyum riparium gZ�]em[bg_���kf��J_^dh���>ie)
K_f��Climaciaceae:

Climacium dendroides (Hedw.) Web. et Mohr –� I�h\� Ebih\uc�

x]h�\hklhqguc� [_j_]� d�� Gyr_\kdZy�� gZ� kujuo� dZfgyo�� gZ
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\eZ`ghc� ihq\_� \f_kl_� k Brachythecium mildeanum.� Baj_^dZ�
(>j, gZ�kbevgh�m\eZ`g_gguo�f_klhh[blZgbyo�±�D)

K_f��Leucodontaceae:
*Leucodon sciuroides (Hedw.) Schwaegr. – K_\_jh�aZiZ^gZy� klh-
jhgZ�ha_jZ��f��FjZfhjguc��gZ�\ZemgZo�\���f�hl�\h^u��Baj_^dZ�

(D)
K_f��Anomodontaceae:

*Anomodon viticulosus (Hedw.) Hook. et Tayl. – f��FjZfhjguc��gZ
\ZemgZo�\��±��f�hl�mj_aZ�\h^u��J_^dh���D)

K_f��Neckeraceae:
Neckera pennata Hedw. ±�I�h\�Ebih\uc��gZ�ijb[j_`guo�dZfgyo�

J_^dh��(D)
K_f��Leskeaceae:

*Leskea polycarpa Hedw. – f��FjZfhjguc��gZ� aZl_g_gguo�\Zem-
gZo�\��±��f�hl�mj_aZ�\h^u��J_^dh��(D)

Leskeella nervosa (Brid.) Loeske – Ih�\k_fm�ih[_j_`vx��gZ�dZf-
gyo�\����±��f�hl�mj_aZ�\h^u��gZ�]gbehf�[_kdhjhf�kl\he_�\���f

hl�\h^u��gZ�dhjgyo�hevob��gZ�dhj_�[j_\_g��Baj_^dZ��(D)
*Pseudoleskeella catenulata (Brid. ex Schrad.) Kindb. – ;_j_]Z�dm-
jvb�Ijhoh^gZy�\����±��f�hl�mj_aZ�\h^u�gZ�dZfgyo��J_^dh��(D)

P.  tectorum (Funck ex Brid.) – K_\_jh�\hklhqgZy�klhjhgZ�ha_jZ�
f��FjZfhjguc��gZ�dZfgyo�\���f�hl�mj_aZ�\h^u��Baj_^dZ��(D)

K_f��Thuidiaceae:
Abietinella abietina (Hedw.) Fleisch. – Ih� \k_fm� ih[_j_`vx�� gZ

dZfgyo�\��±��f�hl�\h^u��QZklh��(K)
K_f��Amblystegiaceae:

Amblystegium serpens (Hedw.) Schimp. in B.S.G. – K_\_jh�aZiZ^gZy
klhjhgZ� ha_jZ�� x]h�\hklhqguc� [_j_]� dmjvb� Gyr_\kdZy�� gZ

dZfgyo��gZ�i_kd_�kj_^b�]Zevdb��gZ�]gbehf�kl\he_�khkgu��gZ�dh-
j_�[j_\_g��QZklh��(D)

Amblystegium serpens var. juratzkanum (Schimp.) Rau et Herv. –
K_\_jh�\hklhqgZy� klhjhgZ� ha_jZ�� f��FjZfhjguc�� gZ� dZfgyo

\j_f_ggh�aZlhiey_fuo��kj_^b�ijb[j_`guo�dZfg_c��\�hkgh\Z-
gbb�aZbe_gghc�dhqdb��gZ�]gbeuo�dhjgyo��QZklh��(D)

*A. varium (Hedw.) Lindb. – ;_j_]Z�dmjvb�Ijhoh^gZy��gZ�dZfgyo�\
����f�hl�\h^u��J_^dh��(D)

Calliergon cordifolium (Hedw.) Kindb. – Dmjvy�RlZggZy��ih�djZx

kieZ\bgu��Baj_^dZ��(>)
Calliergonella cuspidata (Hedw.) Loeske – Dmjvy�RlZggZy��ih�djZx

kieZ\bgu�gZ�hklZldZo�]gbeuo�dhjg_c�^_j_\v_\��Baj_^dZ��(>)
Campylium chrysophyllum (Brid.) J. Lange – f��FjZfhjguc��gZ�l_-

gbkluo�\ZemgZo�\���f�hl�\h^u��J_^dh��(D)
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*C. polygamum (B.S.G.) C. Iens. – Dmjvy� RlZggZy�� k_\_jh�

\hklhqgZy�klhjhgZ�ha_jZ��x]h�\hklhqguc�[_j_]�dmjvb�Gyr_\-
kdZy��ih�djZx�kieZ\bgu��gZ�dhjgyo�hevob�\�����f�hl�mj_aZ�\h-
^u��QZklh��(D)

Drepanocladus aduncus (Hedw.) Warnst. –�Ih�\k_fm�ih[_j_`vx��\

\h^_�kj_^b�g_[hevrbo�dZfg_c�gZ�]em[bg_�hdheh���±���kf��gZ

dZfgyo�m�\h^u�b�\����±��f�hl�\h^u��QZklh��(D)
*D. sendtneri (Schimp. ex C. Muell.) Warnst. – K_\_jh�\hklhqgZy

klhjhgZ�ha_jZ��f��FjZfhjguc��\�\h^_�gZ�dZfgyo�m�[_j_]Z�\f_-
kl_�k�Fontinalis antipyretica.�Baj_^dZ��(Die)

*Hygrohypnum luridum (Hedw.) Jenn. –�;_j_]Z�dmjvb�Ijhoh^gZy��\
\h^_�gZ�dZfg_�k�\hklhqghc�klhjhgu��J_^dh���Die)

*Leptodictyum riparium (Hedw.) Warnst. – Ih�\k_fm�ih[_j_`vx��ih

djZx�kieZ\bgu��gZ�aZbe_gghf�i_kd_�kj_^b�ijb[j_`guo�jZkl_-
gbc��gZ�dZfg_�\�\h^_�k�x`ghc�klhjhgu�gZ�]em[bg_���kf��gZ�dh-
j_�kl\heZ�[_j_au�miZ\r_]h�\�\h^m��gZ�dhj_�[j_\_g�\��±��f�hl

\h^u��QZklh��(D)
Limprichtia cossonii (Schimp.) Anderson et al. – K_\_jh�\hklhqgZy

klhjhgZ�ha_jZ��i�h\�Ebih\uc��gZ�dZfgyo��\�imklhrb� ]gbeh]h

igy�\���f�hl�\h^u��Baj_^dZ��(D)
Sanionia uncinata (Hedw.) Loeske – I�h\�FmjZ\vbguc��i�h\�Ebih-

\uc��f��FjZfhjguc��x]h�\hklhqguc�[_j_]�dmjvb�Gyr_\kdZy�

gZ�\eZ`guo�dZfgyo�\� ���±����f�hl�\h^u��gZ� ]gbehf� kl\he_�\

��f�hl�\h^u��QZklh��(D)
Warnstorfia fluitans (Hedw.) Loeske – Dmjvy�RlZggZy�� ih� djZx

kieZ\bgu��Baj_^dZ��(>ie)
K_f��Brachytheciaceae:

Brachythecium mildeanum (Schimp.) Schimp. ex Milde – X]h�

\hklhqguc�[_j_]�dmjvb�Gyr_\kdZy��gZ�kujhc�ihq\_��gZ�\eZ`-
guo�dZfgyo��J_^dh��(D)

*B. plumosum (Hedw.) Schimp. in B.S.G. –�K_\_jh�aZiZ^guc�b�k_-
\_jh�\hklhqguc�djZy�ha_jZ��[_j_]Z�dmjvb�Ijhoh^gZy��gZ�dhj-
gyo�hevob��gZ�]gbehf�kl\he_�\�����f�hl�\h^u��gZ�]gbeuo�dhj-
gyo�\���f�hl�\h^u��Baj_^dZ��(D)

*B. populeum (Hedw.) Schimp. in B.S.G. – K_\_jh�\hklhqgZy�klh-
jhgZ�ha_jZ��[_j_]Z�dmjvb�Ijhoh^gZy��f��FjZfhjguc��gZ�dZf-
gyo��\�jZks_ebgZo�\����±��f�hl�\h^u��Baj_^dZ��(D)

B. reflexum (Starke in Web. et Mohr) Schimp. in B.S.G. –�I�h\�Eb-
ih\uc� [_j_]Z�dmjvb�Ijhoh^gZy��kj_^b�dZfg_c�\��±��f�hl�\h^u
gZ�ijb[j_`guo�dZfgyo��Baj_^dZ��(D)
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*B. rutabulum (Hedw.) Schimp. in B.S.G. –�K_\_jh�\hklhqgZy�klh-
jhgZ�ha_jZ��x]h�\hklhqguc�[_j_]�dmjvb�Gyr_\kdZy��gZ�kujuo

l_gbkluo�dZfgyo��gZ�dhj_�[j_\_g��Baj_^dZ��(D)
B. salebrosum (Web. et Mohr) Schimp. in B.S.G. – Ih�\k_fm�ih[_-

j_`vx��gZ�dZfgyo�\����±��f�hl�\h^u��\�s_eyo�dZfg_c��gZ�dhj_

[j_\_g��QZklh��(D)
K_f��Plagiotheciaceae:

*Plagiothecium cavifolium (Brid.) Iwats. – ;_j_]Z�dmjvb�Ijhoh^gZy�
gZ�dZfgyo�\���f�hl�\h^u��J_^dh��(D)

P. laetum Schimp. in B.S.G. –�I�h\�Ebih\uc�� f��FjZfhjguc�� \

l_gbkluo�jZks_ebgZo�dZfg_c��Baj_^dZ��(D)
K_f��Hypnaceae:

Hypnum cupressiforme Hedw. – ;_j_]Z� dmjvb� Ijhoh^gZy�� x]h�
\hklhqguc�[_j_]�dmjvb�Gyr_\kdZy��gZ� kibe_�[j_\_g��gZ�dZf-
gyo�\���f�hl�\h^u��Baj_^dZ��(D)

H. lindbrgii Mitt. –� ;_j_]Z� dmjvb�Ijhoh^gZy��f��FjZfhjguc�� gZ
dZfgyo�m�\h^u�b�\����±��f�hl�\h^u��Baj_^dZ��(D)

H. pallescens (Hedw.) P. Beauv. – K_\_jh�\hklhqgZy�klhjhgZ�ha_jZ�
f��FjZfhjguc��gZ�]gbeuo�kl\heZo�\��±��f�hl�\h^u��gZ�l_gb-
kluo�dZfgyo��Baj_^dZ��(D)

Homomallium incurvatum (Brid.) Loeske – I�h\�FmjZ\vbguc�� gZ

l_gbkluo�dZfgyo�\�����f�hl�\h^u��J_^dh��(D)
Platygyrium repens (Brid.) Schimp. in B.S.G. –�I�h\�FmjZ\vbguc�

f��FjZfhjguc��gZ�dZfgyo�\����±��f�hl�\h^u��Baj_^dZ��(D)
Pylaisiella polyantha (Hedw.) Grout – K_\_jh�aZiZ^guc�b� k_\_jh�

\hklhqguc� djZy� ha_jZ��f��FjZfhjguc�� gZ� dZfgyo� \� ����f� hl

\h^u��gZ� ]gbehf� kl\he_�[_j_au�\� ��f�hl�\h^u��gZ�hkgh\Zgbb

kl\heZ�hevob�\�����f�hl�\h^u��Baj_^dZ��(D)
Ptilium crista-castrensis (Hedw.) De Not –�I�h\�Ebih\uc��gZ�ijb-

[j_`guo�dZfgyo��J_^dh��(K)
K_f��Hylocomiaceae:

Hylocomium splendens (Hedw.) Schimp. in B.S.G. – I�h\ Ebih\uc�
gZ�ijb[j_`guo�dZfgyo��J_^dh��(K)

Pleurozium schreberi (Brid.) Mitt. – ;_j_]Z�d��Ijhoh^gZy��i�h\�Eb-
ih\uc��gZ�dZfgyo�\��±��f�hl�\h^u��Baj_^dZ��(K)

NehjZ� ebklhkl_[_evguo� foh\� ijb[j_`gh�\h^ghc� ahgu

ha��;��FbZkkh\h�^hklZlhqgh�jZaghh[jZagZ�b�gZkqblu\Z_l����\b^h\

�b���jZagh\b^ghklb��ba����jh^h\�b����k_f_ckl\��Hkgh\m�ijb[j_`-
gh�\h^ghc� ]jmiiu�fhohh[jZaguo�khklZ\eyxl�k_f_ckl\Z�Amblys-
tegiaceae – 13 \b^h\� Dicranaceae b Hypnaceae – ih� ���Brachythe-
ciaceae�b Bryaceae –�ih����Grimmiaceae –5, Leskeaceae b Mniaceae
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– ih�4, Pottiaceae b�Orthotrichaceae ±�ih���\b^Z��GZb[he__�[h]Zlu
\b^Zfb� ke_^mxsb_� jh^Z� gZklhysbo� foh\: Brachythecium (6� \b-
^h\���Bryum (4), Dicranum, Grimmia, Hypnum, Orthotrichum, Pla-
giomnium �ih�����Amblystegium, Campylium, Drepanocladus, Fonti-
nalis, Pseudoleskeella, Plagiothecium, Polytrichum b� Schistidium
�ih�����hklZevgu_����jh^h\�±�ih���\b^m��lZ[e������

Q_lujgZ^ZpZlv�k_f_ckl\��ij_^klZ\e_gguo��� jh^hf��\dex-
qZxl��4�\b^Z b���jZagh\b^ghklv���������±�gh\uo�^ey�l_jjblhjbb

Bevf_gkdh]h�aZih\_^gbdZ�

=jmiiZ� \klj_qZxsboky� «j_^dh»� \� ijb[j_`gh�\h^ghc� ih-
ehk_�ha_jZ�h[t_^bgy_l����\b^Z���� %).�<�g__�\hreb�\b^u�k�^bat-
xgdlb\guf� Zj_Zehf�� \b^u�� kihjZ^bq_kdb� jZkijhkljZg_ggu_� ih

l_jjblhjbb�aZih\_^gbdZ��b�\b^u��bf_xsb_�rbjhdh_�jZkijhkljZ-
g_gb_�� gh� g_oZjZdl_jgu_� ^ey� ^Zgghc� ]jmiiu� b� ihwlhfm� \klj_-
qZxsb_ky� _^bgbqgh. «Baj_^dZ»� \klj_qZxlky� �9� \b^h\ (38 %).
<klj_qZxsboky�«qZklh»�±����\b^h\ (20 %).

<hklhqguc�b� aZiZ^guc�[_j_]Z�ha_jZ�hlebqZxlky�\b^h\uf

[h]Zlkl\hf�nehju�foh\��khhl\_lkl\_ggh� ����� ����\b^h\��b� �� %
����\b^Z��h[s_]h�khklZ\Z��Z�lZd`_�khhlghr_gb_f�\b^h\�\_^msbo

k_f_ckl\�ijb[j_`gh�\h^ghc�]jmiiu��lZ[e������

Lhevdh�gZ�\hklhqghf�[_j_]m�\klj_q_gu�ij_^klZ\bl_eb�k_-
f_ckl\: Anomodontaceae, Pottiaceae, Encalyptaceae, Neckeraceae,
Plagiotheciaceae, Orthotrichaceae.

H[sbfb�^ey�[_j_]h\�y\eyxlky����\b^Z��kj_^b�dhlhjuo�\u-
^_ey_lky� ]jmiiZ� m[bd\bklh\: Ceratodon purpureus, Leptobryum
pyriforme, Funaria hygrometrica, Bryum argenteum.� G_j_^dh� \
[hevrhf�dhebq_kl\_�bo�fh`gh�\klj_lblv�gZ�aZiZ^ghf�[_j_]m�\h-
^h_fZ�gZ�gZjmr_gguo�g_aZ^_jgh\Zgguo�ihq\Zo�b�]Zjyo� �dhkljh-
\bsZo��

Bkoh^y�ba�ijbagZdh\�ijbkihkh[e_gghklb�d�dhfie_dkm�mk-
eh\bc�\g_rg_c�kj_^u�\�ijb[j_`gh�\h^ghc�ihehk_�\h^h_fZ��dhg-
klZlbjm_fu_�\b^u�ih^jZa^_eyxlky�gZ���]jmiiu: \h^gu_����\b^h\�
b�ijb[j_`gu_� ����\b^���Fh`gh�\u^_eblv�ke_^mxsb_�lbiu�km[-
kljZlZ��gZ�dhlhjuo�hgb�ijhbajZklZxl:

���dZf_gbklu_�h[gZ`_gby��dZfgb�\�\h^_�dZd�^ebl_evgh��lZd

b� \j_f_ggh� aZlhiey_fu_;� [_j_]h\u_� dZfgb;� dZfgb�� e_`Zsb_� \
ihehk_��±��f�hl�ebgbb�\h^u�;

���]gbxsb_�jZklbl_evgu_�hklZldb:
Z��djZc�kieZ\bgu��«\lhjbqguc»�[_j_]�(=hjgh\kdbc������)),
[�� kh[kl\_ggh� ]gbxsb_� jZklbl_evgu_� hklZldb� �]gbxsb_

kl_[eb�b�ebklvy�ijb[j_`guo�jZkl_gbc��]gbeZy�^j_\_kbgZ�i_jbh-
^bq_kdb�aZlhiey_fZy��Z�lZd`_�k\h[h^gh�e_`ZsZy�gZ�[_j_]m�;
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Kbkl_fZlbq_kdbc�khklZ\�[jbhnehju

ijb[j_`gh�\h^ghc�ahgu�ha_jZ�;��FbZkkh\h

QbkehGZa\Zgb_

k_f_ckl\Z \b^h\ jh^h\
Jh^��qbkeh�\b^h\�\�g_f�

Polytrichaceae 2 1 Polytrichum (2)
Dicranaceae 7 5 Cynodontium (1), Dicranum (3), On-

cophorus (1), Orthodicranum (1),
Paraleucobryum (1)

Encalyptaceae 1 1 Encalypta (1)
Pottiaceae 3 3 Bryoerythrophyllum (1), Didymodon

(1), Weisia (1)
Grimmiaceae 5 2 Grimmia (3), Schistidium (2)
Funariaceae 1 1 Funaria (1)
Bryaceae 6 3 Bryum (4), Leptobryum (1), Rhodo-

bryum (1)
Mniaceae 4 2 Mnium (1), Plagiomnium (3)
Orthotrichaceae 3 1 Orthotrichum (3)
Ditrichaceae 2 2 Ceratodon (1), Distichium (1)
Hedwigiaceae 1 1 Hedwigia (1)
Fontinaliaceae 2 1 Fontinalis (2)
Climaciaceae 1 1 Climacium (1)
Leucodontaceae 1 1 Leucodon (1)
Anomodonta-
ceae

1 1 Anomodon (1)

Neckeraceae 1 1 Neckera (1)
Leskeaceae 4 3 Leskea (1), Leskeella (1),

Pseudoleskeella (2)
Thuidiaceae 1 1 Abietinella (1)
Amblystegiaceae 13 10 Amblystegium (2), Calliergon (1),

Calliergonella (1), Campylium (2),
Drepanocladus (2), Hygrohypnum (1),

Leptodictyum (1), Limprichtia (1),
Sanionia (1), Warnstorfia (1)

Brachythecia-
ceae

6 1 Brachythecium (6)

Plagiotheciaceae 2 1 Plagiothecium (2)
Hypnaceae 7 5 Hypnum (3), Homomallium (1),

Platygyrium (1), Pylaisiella (1), Ptil-
ium (1)

Hylocomiaceae 2 2 Hylocomium (1), Pleurozium (1)
3) i_khd��]Ze_qgh�i_kqZguc�Zeex\bc�;
4) h[gZ`_ggZy�ihq\Z;
5) dhjgb�b�hkgh\Zgby�kl\heh\�ijb[j_`guo�^_j_\v_\�
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Qbkeh�\b^h\�\_^msbo�k_f_ckl\�[jbhnblh\

gZ�aZiZ^ghf�b�\hklhqghf�[_j_]Zo�ha_jZ�;��FbZkkh\h

GZa\Zgb_ Qbkeh�\b^h\

k_f_ckl\Z aZiZ^guc�[_j_] \hklhqguc�[_j_]

Amblystegiaceae 8 10
Brachytheciaceae 2 6
Dicranaceae 1 6
Hypnaceae 3 6
Bryaceae 4 5
Grimmiaceae 2 5
Leskeaceae 1 4
Mniaceae 3 3

Ijb� ZgZeba_� [bhfhjn� fhohh[jZaguo� [ueZ� bkihevah\ZgZ

kbkl_fZ�nhjf�jhklZ�=bfbg]ZfZ��l��_��fhjnheh]bq_kdb_�hkh[_ggh-
klb�b�]Z[blmk�kh\hdmighklb�ih[_]h\�

<� ki_dlj_� `bag_gguo� nhjf� ij_h[eZ^Zxsbfb� y\eyxlky

dh\jbdb� ������ h[s_]h� khklZ\Z�� b� ^_jgh\bgu1 (39��� h[s_]h� kh-
klZ\Z���gZ�^hex�`bag_gguo�nhjf�ih^mrdb�b�kie_l_gby�khhl\_l-
kl\_ggh�ijboh^blky������b�����h[s_]h�khklZ\Z��>\Z�\b^Z�Clima-
cium dendroides2 b�Rhodobryum roseum�bf_xl�^j_\h\b^gmx�nhj-
fm�jhklZ� �����h[s_]h�khklZ\Z���JZkij_^_e_gb_�`bag_gguo�nhjf

foh\�\h^ghc�b�ijb[j_`ghc�]jmii�ijb\_^_gh�\�lZ[ebp_����

L Z [ e b p Z � � �

Ki_dlj�`bag_gguo�nhjf�ebklhkl_[_evguo�foh\

ijb[j_`gh�\h^ghc�]jmiiu�ha_jZ�;��FbZkkh\h

@bag_ggZy Dhebq_kl\h�\b^h\ Ijhp_gl�hl�h[s_]h�qbkeZ

nhjfZ \h^guo ijb[j_`guo \h^guo ijb[j_`guo

I 0 9 – 12 %
> 3 27 60 % 38 %
D 2 29 40 % 41 %
K 0 4 –   6 %
>j 0 2 –   3 %
\k_]h: 5 71 100 % 100 %

1�>ey�ijb[j_`guo�\b^h\�ZgZebabjh\Zehkv�h[s__�dhebq_kl\h�dh-
jhldbo�b�\ukhdbo�^_jgh\bg�

2 Ijb�h[s_f�ZgZeba_�mqblu\ZeZkv�^j_\h\b^gZy�nhjfZ.
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Ba� \h^guo�foh\��hlghkysboky� d� k_f_ckl\Zf�Amblystegia-
ceae b�Fontinaliaceae����\b^Z�bf_xl�nhjfm�jhklZ�ieZ\Zxsbo�dh\-
jh\: Drepanocladus sendtneri b�Hygrohypnum luridum��b� ��\b^Z� ±
ieZ\Zxsbo� ^_jgh\bg: Fontinalis antipyretica (F. antipyretica var.
gracilis), F. hypnoides b�Warnstorfia fluitans��NhjfZ�jhklZ�^_jgh-
\bg�\�\h^ghc�kj_^_�±�>ie��gZijbf_j�Fontinalis antipyretica��bf__l
kbevgh� jZa\blmx� b� ijh^he`bl_evgh� jZklmsmx� \_jlbdZevgmx

kbkl_fm� ih[_]h\�� ]hjbahglZevguc� iheamqbc� ih[_]� bagZqZevgh

jZa\b\Z_lky� keZ[uf� b� m� \ajhkeuo� nhjf� ih^\_j]Z_lky� j_^mdpbb

(Meusel, 1935)��H[� h[jZlbfhf� oZjZdl_j_� baf_g_gbc� `bag_gghc
nhjfu� k\b^_l_evkl\mxl� hiulu� RhgZ� b� WevkfZggZ� �Schoenau,
1912; Elssmann, 1923, pbl��ih: 0HXVHO���������\�dhlhjuo�ba�mqZkl-
dh\� ih[_]h\� \h^guo� hkh[_c� Fontinalis antipyretica�� gZ� \eZ`ghc
ihq\_� dmevlb\bjh\Zebkv� gh\u_� ih[_]b�� Hgb� bf_eb� dh\jh\mx

nhjfm�jhklZ�

Fontinalis antipyretica� ±� oZjZdl_jguc� \h^guc�fho�g_dhlh-
juo�khh[s_kl\�fZdjhnblh\�ha��;��FbZkkh\h��Hlf_q_gh���imgdlh\

_]h�f_klhgZoh`^_gbc�\�ha_j_� �=hjgh\kdbc�� �������DZd�\uykgbeb

Felföldy�b Toth (Felföldy, Toth, 1957, pbl��ih: Boros, 1968)�� wlhl
fho� ihy\ey_lky� lhevdh� \� f_klZo�� ]^_� \h^Z� bf__l� ih\ur_ggmx

dhgp_gljZpbx�k\h[h^ghc�m]e_dbkehlu��Ih�^Zgguf�D��<��=hjgh\-
kdh]h� �������hg�gZqbgZ_l� aZk_eylv� ]jmgl�m`_� k� ]em[bgu� ��f��gZ

]em[bg_��±��f��j_`_���f��hkh[_ggh�\�k_\_jghc�qZklb�ha_jZ��hg�^h-
fbgbjm_l�gZ�[hevrbo�iehsZ^yo�

GZ�dhj_�miZ\r_]h�\�\h^m� kl\heZ�[_j_au�gZc^_g�F. hypno-
ides��ijhbajZklZxsbc�\f_kl_�k�Leptodictyum riparium gZ�]em[bg_
�±��kf��Hygrohypnum luridum�\klj_q_g�gZ�ih^\h^ghf�dZfg_�\�dm-
jv_�Ebih\Zy��Kj_^b�g_[hevrbo�dZfg_c�gZ�]em[bg_� ��±���kf�ba-
j_^dZ�\klj_qZ_lky�Drepanocladus sendtneri.�Ih�djZx�kieZ\bg�ih^

\h^hc�ijhbajZklZ_l�Warnstorfia fluitans – rbjhdh�jZkijhkljZg_g-
guc��ihqlb�dhkfhiheblguc�\b^��\klj_qZxsbcky�gZ�[hehlZo�aZih-
\_^gbdZ�

Ijb[j_`gZy� ]jmiiZ� h[t_^bgy_l� ��� \b^�� D� i_jbh^bq_kdb

aZlhiey_fuf� hlghkylky: Drepanocladus aduncus, Calliergon cor-
difolium, Calliergonella cuspidata, Bryum pseudotriquetrum, Plago-
imnium medium, P. ellipticum, Leptodictyum riparium.

Ba\_klgh��qlh�\ebygb_�Zd\Zlhjbb�ha_jZ�jZkijhkljZgy_lky�\

ij_^_eZo� ���� df�� ^Ze__� hlghkbl_evgZy� \eZ`ghklv� \ha^moZ� lZdZy

`_��dZd�gZ�jZkklhygbb���df�hl�[_j_]Z��@Zjbdh\���������Djhf_�lh-
]h�� \�ijb[j_`ghc� ahg_� \hajZklZ_l�fgh]hh[jZab_�f_klhh[blZgbc�

hlebqZxsboky� ehdZevgufb� wdheh]bq_kdbfb� iZjZf_ljZfb�� khhl-
\_lkl\_ggh� m\_ebqb\Z_lky� dhebq_kl\h� \b^h\�� <� aZ\bkbfhklb� hl
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wdheh]bq_kdh]h�^bZiZahgZ�\b^�fh`_l�ijhbajZklZlv�gZ�h^ghf�beb

g_kdhevdbo� lbiZo� km[kljZlZ�� KZfZy� fgh]hqbke_ggZy� ]jmiiZ� dZ-
f_gbkluo�km[kljZlh\�gZkqblu\Z_l� ���\b^�ba�k_f_ckl\: Grimmia-
ceae, Hedwigiaceae, Pottiaceae, Brachytheciaceae, Hypnaceae, Leskea-
ceae, Anomodontaceae, Leucodontaceae, Encalyptaceae, Bryaceae, Am-
blystegiaceae b�^j��Ba�gbo� ���\b^Z�\klj_qZxlky�bkdexqbl_evgh�gZ
dZfgyo��K\h_h[jZaguf�ih�\b^h\hfm�khklZ\m�y\ey_lky�_^bgkl\_g-
gh_� gZ� ih[_j_`v_�f_klh� \uoh^h\� dZj[hgZlkh^_j`Zsbo� ihjh^� ±

fjZfhjh\� �fuk�FjZfhjguc���Ba� ��� \b^h\�� ijhbajZklZxsbo� gZ

fjZfhj_�� �� \b^h\� \klj_q_gh� lhevdh� a^_kv: Anomodon viticulosus,
Distichium capillaceum, Encalypta sp., Campylium chrysophyllum,
Leskea polycarpa, Mnium marginatum b�Rhodobryum roseum.

GZ�]Ze_qgh�i_kqZghf�Zeex\bb�\klj_q_gh���\b^Z: Amblyste-
gium serpens, Bryum pseudotriquetrum, Ceratodon purpureus, Lepto-
dictium riparium.

GZ�dhjgyo�b�hkgh\Zgbyo�^_j_\v_\�±���\b^Z: Brachythecium
plumosum, Pylaisiella polyantha, Campylium polygamum b�Leskeella
nervosa.

D�h[gZ`_gghc�ihq\_�ly]hl_xl�\b^u�ba�k_f_ckl\: Bryaceae,
Ditrichaceae, Funariaceae,� \klj_qZxlky� \b^u� ba� k_f_ckl\

Brachytheciaceae b�Climaciaceae.�<k_]h�hlf_q_gh���\b^h\: Funaria
hygrometrica, Bryum pseudotriquetrum, Bryum sp., Bryum sp., Lep-
tobryum pyriforme, Ceratodon purpureus, Climacium dendroides,
Brachythecium mildeanum.

GZ�lbi_�km[kljZlZ�«]gbxsb_�jZklbl_evgu_�hklZldb»�hlf_-
q_g����\b^�ba�k_f_ckl\: Bryaceae, Amblystegiaceae, Mniaceae, Di-
cranaceae, Brachytheciaceae, Hypnacaeae, Leskeaceae, Orthotri-
chaceae.� Ba� gbo� ih� djZx� kieZ\bgu� ±� «\lhjbqgh]h»� lhjnygh]h
[_j_]Z� \klj_qZxlky: Calliergon cordifolium, Calliegonella cuspi-
data, Plagiomnium medium, P. ellipticum, Leptodictyum riparium,
Bryum pseudotriquetrum.

W\jblhiguo�\b^h\��ijhbajZklZxsbo�gZ�g_kdhevdbo�lbiZo

km[kljZlZ�� ����� h[s_]h� qbkeZ� ijb[j_`ghc� ]jmiiu� ���� \b^h\��

Bryum pseudotriquetrum, Bryum sp., Plagiomnium cuspidatum,
P. ellipticum, Brachythecium mildeanum, B. plumosum, B. rutabulum,
B. salebrosum, Hypnum cupressiforme, H. pallescens, Pylaisiella
polyantha, Ceratodon purpureus, Climacium dendroides, Leskeella
nervosa, Amblystegium serpens, Campylium polygamum, Leptodic-
tyum riparium, Limprichtia cossonii, Sanionia uncinata.�;hevrbgkl-
\h�ba�gbo�ij_^ihqblZxl�km[kljZlu�^\mo�lbih\�

Ki_dlj� `bag_gguo� nhjf� ijb[j_`ghc� ]jmiiu� foh\� ih

kjZ\g_gbx��k��\h^ghc��[he__��jZaghh[jZa_g��lZ[e�����������>hfbgb�
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Ki_dlj�`bag_gguo�nhjf�ijb[j_`guo�foh\

gZ�jZaebqguo�lbiZo�km[kljZlZ

Lbiu�km[kljZlh\

�@bag_ggu_

nhjfu
i_khd h[gZ-

`_ggZy

ihq\Z

dZf_gb-
klu_�h[gZ-
`_gby

]gbxsb_

jZklbl_ev-
gu_�hklZldb

dhjgb�b�hkgh-
\Zgby�kl\heh\

^_j_\v_\

I – – 7/11 % 2/10 % –
> 2/50 % 6/75 % 21/34 % 8/38 % –
D 2/50 % 1/12.5 % 28/46 % 11/52 % 4/100 %
K – – 4/7 % – –
>j – 1/12.5 % 1/2 % – –

\k_]h�\b^h\: 4 8 61 21 4

I j b f _ q Z g b y :� ���I_j\Zy� pbnjZ� ±� dhebq_kl\h� \b^h\; \lhjZy
pbnjZ� ±� ijhp_gl� hl� h[s_]h� qbkeZ� \b^h\�� ijhbajZklZxsbo� gZ� ^Zgghf

lbi_� km[kljZlZ; 2.�QZklv� h[jZaph\�Climacium dendroides�� kh[jZgguo� gZ
\eZ`ghc�ihq\_�bf_xl�nhjfm�jhklZ� ±�>j��^jm]Zy�qZklv� ±�k�ijb[j_`guo

dZfg_c�\�mkeh\byo�ba[ulhqghc�\eZ`ghklb�±�D�

jmxsbfb� `bag_ggufb� nhjfZfb� ijb[j_`ghc� ]jmiiu� foh\�

\klj_qZxsboky�gZ�jZaebqguo�lbiZo�km[kljZlZ��y\eyxlky�nhjfu

jhklZ� dh\jbdh\� b� ^_jgh\bg�� Iheguc� ki_dlj� `bag_gguo� nhjf

ij_^klZ\e_g�gZ�km[kljZl_�«dZf_gbklu_�h[gZ`_gby»��>ey�dhjg_c�b
hkgh\Zgbc�^_j_\v_\�oZjZdl_jgZ�dh\jh\Zy�nhjfZ�jhklZ�foh\��Hk-
lZevgu_� lbiu� km[kljZlh\� oZjZdl_jbamxlky� g_iheguf� ki_dljhf

`bag_gguo�nhjf�

LZdbf� h[jZahf�� \i_j\u_� khklZ\e_g� kibkhd� [jbhnehju

ijb[j_`gh�\h^ghc� ]jmiiu� ha�� ;�� FbZkkh\h�� \� dhlhjuc� \hreb

��� \b^h\� �b� �� jZagh\b^ghklb�� ba� ��� jh^h\� b� ��� k_f_ckl\��Ijb

wlhf����\b^Z��b���jZagh\b^ghklv��y\eyxlky�gh\ufb�^ey�l_jjblh-
jbb� Bevf_gkdh]h� aZih\_^gbdZ�� ;h]Zlkl\h� [jbhnehju� ijb[j_`-
ghc� ahgu� ha_jZ� h[mkeh\e_gh� fgh]hh[jZab_f� f_klhh[blZgbc� k

ba[ulhqguf� �^ebl_evguf�� j_`bfhf� m\eZ`g_gby�� Hkh[mx� ki_-
pbnbdm�ijb^Zxl�_c�\h^gu_�fob��GZb[he__�fgh]hqbke_gghc�y\ey-
_lky�]jmiiZ�ijb[j_`guo�foh\��[hevr_c�qZklvx�khkj_^hlhq_ggZy

gZ�\hklhqghf�[_j_]m�\h^h_fZ��Ijhihjpbb�khhlghr_gby�\b^h\h]h

khklZ\Z�foh\� \hklhqgh]h� b� aZiZ^gh]h� [_j_]h\� ���:32)� hljZ`Zxl
debfZlbq_kdb_�� ]_heh]bq_kdb_�� fhjnhf_ljbq_kdb_� hkh[_gghklb

ha_jZ b� hkh[_gghklb� kbkl_fZlbq_kdhc� kljmdlmju� ijb[j_`gh�
\h^ghc�]jmiiu�foh\�ha��;��FbZkkh\h��<�hlebqb_�hl�dhgdmj_glgh-
kihkh[guo� ijb[j_`gh�\h^guo� jZkl_gbc�� h[bevgh� ijhbajZklZx-
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sbo�gZ� aZiZ^ghf�[_j_]m��hgb�[hevr_c�qZklvx� aZk_eyxl� \hklhq-
guc� ±� [he__� djmlhc� b� dZf_gbkluc�� ih^\_j`_gguc� \ebygbx� g_-
[eZ]hijbylguo�debfZlbq_kdbo�nZdlhjh\��DZf_gbklu_�h[gZ`_gby

\eZ`guo� l_gbkluo�f_kl� �f��FjZfhjguc�� i�h\�Ebih\uc��� aZsb-
s_gguo�hl�kbevgh]h�\ebygby�\_ljZ��hlebqZxlky�[hevrbf�jZagh-
h[jZab_f� \b^h\��>jm]hc�ijbqbghc� jZaebqby� \b^h\h]h� [h]Zlkl\Z

foh\�\hklhqgh]h�b�aZiZ^gh]h�[_j_]h\�ha_jZ��ih�gZr_fm�fg_gbx�

y\ey_lky�gZjZklZxs__�\ebygb_�Zgljhih]_ggh]h�ij_kkZ��kf��]e� 10).
GZ[hj�`bag_gguo�nhjf�hljZ`Z_l�jZaghh[jZab_�wdheh]bq_-

kdbo� mkeh\bc�ijb[j_`gh�\h^ghc� ahgu� ha_jZ��Nhjfu� jhklZ� dh\-
jh\�b� ^_jgh\bg� y\eyxlky� ^hfbgbjmxsbfb�gZ� jZaebqguo� lbiZo

km[kljZlZ�kj_^b�foh\�ijb[j_`gh�\h^ghc� ]jmiiu�b�oZjZdl_jbam-
xl��ih�fg_gbx�?��G��:g^j__\hc� ��������kbevgmx�aZ\bkbfhklv�hl

[bhlhiZ��<�bghc�wdheh]bq_kdhc�h[klZgh\d_�fhohh[jZagu_�fh]ml

ijbh[j_lZlv� g_lbibqgmx�nhjfm� jhklZ�� iha\heyxsmx� \� emqr_c

f_j_�Z^Zilbjh\Zlvky�d�dhfie_dkm�mkeh\bc�hdjm`Zxs_c�kj_^u�
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=E:<:����WDHEH=BY�JU;

I_j\hc�jZ[hlhc�bolbheh]bq_kdh]h�gZijZ\e_gby�[ue�h[ahj

<��:��:e_gbpbgZ� ��������dhlhjuc�aZljZ]b\Ze�hl^_evgu_�\h^h_fu

aZih\_^gbdZ��:��<��Ih^e_kguc��������\�k\h_c�jZ[hl_�ih�ebfgheh-
]bq_kdhfm�hibkZgbx�ha_j�kj_^g_c�b�k_\_jghc�qZkl_c�aZih\_^gbdZ

aZljhgme�hkgh\gu_�k\_^_gby�ih�[bheh]bb�b�ijhfukem�g_dhlhjuo

\b^h\�ju[��Ke_^m_l�hlf_lblv�jZ[hlu�:��G��Ihih\Z��B��<��Rmlh�

\hc���������:��<��Ih^e_kgh]h��<��B��Ljhbpdhc���������G��<��;hg^Z�

j_gdh�b�K��D��Hkbih\Z� ��������oZjZdl_jbamxsb_�bolbhnZmgm�hl-
^_evguo�ha_j�Bevf_gkdh]h�aZih\_^gbdZ�

;he__�ihegh_�bkke_^h\Zgb_�ju[gh]h�gZk_e_gby�ha_jZ�[ueh

ijh\_^_gh�N��?��;h]Zghf� �������� <� k\h_c� jZ[hl_� hg� ij_^klZ\be

kibkhd�bolbhnZmgu�ha_jZ��hibkZe�[bheh]bx�hkgh\guo�\b^h\�ju[

�ijb\h^ylky� ebg_cgh�\_kh\u_� oZjZdl_jbklbdb��fhjnheh]bq_kdb_

^Zggu_�� kjhdb� g_j_klZ�� bg^b\b^mZevgZy� ieh^h\blhklv��� lZd`_

^Zxlky� k\_^_gby�h�ihiuldZo� ZddebfZlbaZpbb�p_gguo�\�ju[hoh-
ayckl\_gghf� hlghr_gbb� ihjh^� ju[��<� ^Zevg_crbo� _]h� jZ[hlZo

�;h]Zg������;�������wlb�^Zggu_�[ueb�mlhqg_gu�b�^hiheg_gu�
<�jZ[hlZo�<��B��;_ey_\Z������; 1986; 1988;�����Z��[��\; 1994)

ih^jh[gh� jZkkfhlj_gh� khklhygb_� b� ^bgZfbdZ� ihimeypbb�smdb�

Ijh\_^_g� ZgZeba� bolbhf_ljbq_kdbo� ihdZaZl_e_c�� khhlghr_gby

iheh\�\�jZaguo�\hajZklguo�]jmiiZo��\uy\e_gu�baf_g_gby�\hajZk-
lghc� kljmdlmju� b� jhkl� hkh[_c� ijhfukeh\hc� qZklb� ihimeypbb�

\uykg_gZ� bg^b\b^mZevgZy� Z[khexlgZy� ieh^h\blhklv� kZfhd� ^Zg-
gh]h� \b^Z�� kjhdb� iheh\h]h� khaj_\Zgby�� ij_^_evgZy� dZe_g^ZjgZy

ijh^he`bl_evghklv�`bagb��ijh\_^_gh�dZjlbjh\Zgb_�f_kl�ehdZeb-
aZpbb�obsgbdZ��Bamq_gZ�ijh[e_fZ�mf_gvr_gby�ihimeypbhggh]h

klZ^Z�iml_f� ZgZebaZ�ba[bjZl_evghklb� jZaguo� hjm^bc�ijhfukeZ�

bkihevah\Zgguo�^ey�hleh\Z�hkh[_c�wlh]h�\b^Z�ju[��;_ey_\������Z��

LZd`_� bamqZebkv� oZjZdl_jgu_� hkh[_gghklb� nmgdpbhgbjh\Zgby

ihimeypbc�fheh^b�hdmgy�b�iehl\u��bo�jZkij_^_e_gb_�ih�Zd\Zlh-
jbb� \h^h_fZ�� ijbmjhq_gghklv� d� jZaebqguf� f_klZf�� \hajZklghc

khklZ\��k_ahggZy�^bgZfbdZ��;_ey_\������Z��\��

J��:��GZkucjh\uf� ������� bkke_^h\Zgu� g_dhlhju_� ]_fZlh-
eh]bq_kdb_�ihdZaZl_eb�hdmgy��dhgp_gljZpby� ]_fh]eh[bgZ��qbkeh

wjbljhpblh\��e_cdhpblh\�b�^jm]bo�nhjf_gguo�we_f_glh\�djh\b�

:��=��Jh]habguf�b�H��<��S_lbgbghc� �������gZqZlh�bamq_gb_�qm^-
kdh]h� kb]Z��Ij_^klZ\e_gu� iheh\Zy� kljmdlmjZ�� jZaf_jgh�\_kh\u_

oZjZdl_jbklbdb��jZkkqblZgu�dhwnnbpb_glu�miblZgghklb�
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FZl_jbZe�b�f_lh^u�jZ[hlu

Hl[hj�fZl_jbZeZ�ijhba\h^beky�klZ\gufb�k_lyfb�kh�klhjh-
ghc�yq_b�hl����^h�����ff��Z�lZd`_�m^hqdhc�b�kibggbg]hf�

FZl_jbZe�hl[bjZeky�\�i_jbh^�hldjulhc�\h^u�k�fZy�ih�gh-
y[jv�\�����±�����]h^Zo��gZ�]em[bgZo�hl���^h����f�\�aZeb\Zo��dmjv-
yo��Abfgbd��Aujygh\kdZy���]eZ\ghf�ie_k_��Z�lZd`_�gZ�ihklhygguo

klZgpbyo��Dhgljhevgu_�hleh\u�ijh\h^bebkv�gZ�iylb�ihklhygguo

bolbheh]bq_kdbo� klZgpbyo� �=em[bggZy��DhjZ[ebd��Ebih\Zy��Gy-
r_\kdZy��RlZggZy��dhgljhevghc�k_lvx��ihklZgh\dZ�dhlhjhc�hkm-
s_kl\eyeZkv�gZ� kmldb�gZ�dZ`^hc� klZgpbb�hl�[_j_]Z�\� ]em[bgm� k

i_jbh^bqghklvx�h^bg�jZa�\�f_kyp��DhgljhevgZy�k_lv��^ebgZ����f�

\ukhlZ�����f��khklhyeZ�ba�gZ[hjZ����f_ljh\uo�k_l_c�kh�klhjhghc

yq_b�hl����^h����ff��IhklZgh\dZ�^jm]bo�k_l_c�hkms_kl\eyeZkv�\

l_o�`_�f_klZo�dZd�\^hev�[_j_]h\hc�ebgbb��lZd�b�\]em[v�hl�g__�

Ihe�m�\ueh\e_gguo�ju[�hij_^_eyeky�\�j_amevlZl_�\kdju-
lby�� <hajZkl� hij_^_e_g� ih� `Z[_jguf� djurdZf� �hdmgv�� _jr�� b

q_rm_� �hklZevgu_� \b^u�� iml_f� ih^kq_lZ� kde_jblh\� k� ihfhsvx

[bghdmeyjZ� fh^_eb� F;K��� ih^� m\_ebq_gb_f� \� ����±����� jZa�

KgbfZebkv� ke_^mxsb_� ihdZaZl_eb�� fZkkZ�� gZb[hevrZy� \ukhlZ

l_eZ�� gZb[hevrZy� lhesbgZ�� h[sZy� ^ebgZ�� ijhfukeh\Zy� ^ebgZ

�m�kb]h\�^ebgZ�ih�Kfbllm���^ebgZ�]heh\u��Zgl_^hjaZevgh_��Zgl_-
\_gljZevgh_�b�Zgl_ZgZevgh_�jZkklhygb_��<�dZq_kl\_�baf_jbl_ev-
guo�bgkljmf_glh\�bkihevah\Zgu�\_ku�k�p_ghc�^_e_gby���]�b�gZ-
[hjhf� ]bjv��rlZg]_gpbjdmev� �gZ� ��� kf��� ebg_cdZ�� <bamZevgh� m

g_dhlhjuo�hkh[_c�ih^kqblu\Zehkv�dhebq_kl\h�luqbghd�\�i_j\hc

`Z[_jghc�^m]_�b�qbkeh�q_rmc�\�[hdh\hc�ebgbb�kijZ\Z�b�ke_\Z�

>ey�jZkq_lZ�kj_^gbo�ihdZaZl_e_c�\_kZ�b�^ebgu�m�\k_o�\b-
^h\�ju[�� khhlghr_gby� k_f_ckl\�� \b^h\�� \klj_qZ_fhklb� \� meh\Zo

bkihevah\ZeZkv�ijh]jZffZ�Ficrosoft Excel 7.0.

LZdkhghfbq_kdZy�kljmdlmjZ�bolbhnZmgu

BolbhnZmgZ�ha_jZ�;��FbZkkh\h�gZkqblu\Z_l� ���\b^h\��Ba

gbo� �� \b^Z�� dZji� ±� Cyprinus carpio carpio, jhlZg�]heh\_rdZ� ±
Perccottus glenii�� km^Zd� h[udgh\_gguc� ±� Stizostedion licioperca
hlf_q_gu� lhevdh� ih� _^bgbqguf� hkh[yf�� Ba� hklZevguo� �� \b^Z

�e_s� ±� Abramis brama�� kb]� qm^kdhc� ±� Coregonus lavaretus
maraenoides��y\eyxlky�ZddebfZlbaZglZfb�����\b^h\��_jr�h[udgh-
\_gguc�±�Gymnocephalus  cernuus���dZjZkv��ahehlbkluc�±�Carassius
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Jbk������Khhlghr_gb_�k_f_ckl\�\�bolbhnZmg_�ha��;��FbZkkh\h�

carassius��dZjZkv�k_j_[jbkluc – Carassius auratus gibelio��ebgv� ±
Tinca tinca�� gZebf� ±� Lota lota�� hdmgv� j_qghc� ±� Perca fluviatilis,
iehl\Z�±�Rutilus rutilus��sbih\dZ�kb[bjkdZy�±�Cobitis melanoleuca,
smdZ� ±�Esox lucius��yav� ±�Leuciscus idus��Z[hjb]_ggufb��Khhlgh-
r_gb_�k_f_ckl\�ih�qbkem�\b^h\�ju[�ihdZaZgh�gZ�jbk�����

<� kbkl_fZlbq_kdhf� ieZg_� \� gZklhys__� \j_fy� khklZ\� bo-
lbhnZmgu�ij_^klZ\e_g�ke_^mxsbfb�\b^Zfb�

Hljy^�DZjihh[jZagu_�±�&\SULQLIRUPHV

K_f_ckl\h�<vxgh\u_�±�&RELWLGDH

1. Sbih\dZ�kb[bjkdZy

K_f_ckl\h�DZjih\u_�±�&\SULQLGDH�

2. DZjZkv�ahehlbkluc
3. DZjZkv�k_j_[jbkluc
4. DZji
5. E_s
6. Ebgv
7. Iehl\Z
8. Yav

Hljy^�Ehkhk_h[jZagu_�±�6DOPRQLIRUPHV

K_f_ckl\h�Kb]h\u_�±�&RUHJRQLGDH

9. Kb]�qm^kdhc
K_f_ckl\h�Smdh\u_�±�(VRFLGDH

10. �SmdZ

<vxgh\u_ DZjih\u_ Kb]h\u_ Smdh\u_

=heh\_rdh\u_ Hdmg_\u_ GZebfh\u_
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Hljy^�Hdmg_h[jZagu_�±�3HUFLIRUPHV

K_f_ckl\h�=heh\_rdh\u_�±�(OHRWULGLGDH

11. �JhlZg�]heh\_rdZ
K_f_ckl\h�Hdmg_\u_�±�3HUFLGDH

12. �?jr�h[udgh\_gguc

�����Hdmgv�j_qghc

14. �Km^Zd�h[udgh\_gguc
Hljy^�Lj_kdhh[jZagu_�±�*DGLIRUPHV

K_f_ckl\h�GZebfh\u_�±�/RWLGDH

15. �GZebf
JZkij_^_e_gb_� b� \klj_qZ_fhklv� jZaguo� \b^h\� ju[� ih

Zd\Zlhjbb�ha_jZ�ihdZaZgu�\�lZ[ebp_����b�gZ�jbk�����

DZd� \b^gh� ba� lZ[ebpu� ���� hdmgv� b� iehl\Z� ijbkmlkl\mxl

ihqlb�ih\k_f_klgh��Ebgv�aZgbfZ_l�ij_h[eZ^Zxs__�iheh`_gb_�\

dmjvyo��DZjZkv�\klj_qZ_lky�\�meh\Zo� lhevdh�\�f_edh\h^guo��[h-
ehlbkluo�aZeb\Zo�ha_jZ��E_s�b�kb]�\�hkgh\ghf�h[blZxl�\�f_klZo�

khk_^kl\mxsbo� k�[hevrbfb� ]em[bgZfb��beb�gZ�[hevrbo� ]em[b-
gZo��SmdZ�ijbkmlkl\m_l�ih�\k_c�Zd\Zlhjbb�\�fZeuo�dhebq_kl\Zo�

Ih�dhebq_kl\m�dbkehjh^Z��g_h[oh^bfh]h�^ey�ghjfZevgh]h

^uoZgby��ju[�ha_jZ�;��FbZkkh\h�fh`gh�jZa^_eblv�gZ�ke_^mxsb_

]jmiiu:
1��Lj_[mxsb_�[hevrh]h�dhebq_kl\Z�dbkehjh^Z��gh�ohjhrh

k_[y� qm\kl\mxsb_� ijb� kh^_j`Zgbb� _]h� \� \h^_� �±�� kf3/e�
D�wlhc�]jmii_�hlghkylky�gZebf��kb]�

��� Lj_[mxsb_� kjZ\gbl_evgh� g_[hevrh]h� dhebq_kl\Z� db-
kehjh^Z�b�fh]msb_� k\h[h^gh�`blv�ijb� _]h� kh^_j`Zgbb� �� kf3/e�
Wlh�lZdb_�\b^u�dZd�iehl\Z��yav��hdmgv��_jr��smdZ��e_s�

���<b^u�� \u^_j`b\Zxsb_� hq_gv� keZ[h_� gZkus_gb_� \h^u

dbkehjh^hf� b� `b\msb_� ^Z`_� ijb� _]h� dhgp_gljZpbb� ���� kf3/e:
ahehlbkluc� b� k_j_[jbkluc� dZjZkb�� ebgv�� jhlZg� �Gbdhevkdbc�

1974).

L Z [ e b p Z � � �

<klj_qZ_fhklv�\b^h\�ju[�ih�jZaebqguf�mqZkldZf�Zd\Zlhjbb��%)

KlZgpby ?jr DZjZkv E_s Ebgv Hdmgv Iehl\Z Kb] SmdZ Yav

=em[bggZy – – – – 6.6 6.6 80.0 6.6 –
Abfgbd – – – 50.0 14.3 – – 35.7 –
Aujygh\kdZy – – 17.6 35.3 5.9 41.2 – – –
DhjZ[ebd 0.5 – 17.0 12.6 24.3 27.0 7.8 10.7 –
Ebih\Zy – – 21.0 9.6 33.3 24.6 0.9 8.8 1.8
Gyr_\kdZy – 20.7 7.0 55.0 – 7.0 – 10.3 –
RlZggZy – 13.5 – 40.5 32.4 10.8 – – 2.7
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Jbk������<klj_qZ_fhklv�jZaguo�\b^h\�ju[�\�meh\Zo�gZ�ha��;��Fb-
Zkkh\h�

K_ahggZy�^bgZfbdZ�\klj_qZ_fhklb�jZaguo�\b^h\�ju[�ijb-
\_^_gZ�\�lZ[e�����

;bheh]bq_kdZy�oZjZdl_jbklbdZ�ihimeypbc

hkgh\guo�\b^h\�ju[

Iehl\Z

<klj_qZ_fhklv��Iehl\Z��gZjy^m�k�hdmg_f��y\ey_lky�kZfuf

jZkijhkljZg_gguf� \b^hf� \� ha_j_��<� i_jbh^� hldjulhc� \h^u� hk-
gh\guf� f_klhf� h[blZgby� fh`gh� kqblZlv� g_[hevrb_� ]em[bgu�

FZdkbfZevgZy� qbke_gghklv� wlh]h� \b^Z� \� Aujygh\kdhc� dmjv_

�lZ[e��������Hk_gvx���\�hkgh\ghf�\lhjZy�iheh\bgZ��k_gly[jy�±�i_j-

L Z [ e b p Z � 3 4
K_ahggZy�^bgZfbdZ�lZdkhghfbq_kdhc�kljmdlmju�bolbhnZmgu�(%)

ih�j_amevlZlZf�meh\h\�klZ\gufb�k_lyfb

F_kyp ?jr DZjZkv E_s Ebgv Hdmgv Iehl\Z Kb] SmdZ Yav

FZc – – – 8.3 8.3 75.1 – 8.3 –
Bxgv 1.0 1.0 1.0 43.8 21.9 11.5 9.4 9.4 1.0
Bxev – – – 57.1 19.1 12.7 – 9.5 1.6
:\]mkl – 9.9 23.8 11.9 27.7 14.8 – 11.9 –
K_gly[jv – – 27.3 4.5 28.8 25.8 5.0 8.0 0.5
Hdly[jv 0.8 – 13.5 1.5 20.3 34.6 14.3 15.0 –
Ghy[jv – – 11.1 – – 11.1 55.6 22.2 –

hdmgv

���

_jr

��

iehl\Z

���

ebgv

���

e_s

���

dZjZkv

��

yav

��

kb]

���

smdZ

���
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\Zy�iheh\bgZ�hdly[jy��m�ih\_joghklb�\h^u�gZqbgZxl�\klj_qZlvky

[hevrb_�kdhie_gby�iehl\u��dhlhjZy�ih�\_q_jZf�\�lbomx��[_a\_l-
j_ggmx� ih]h^m� Zdlb\gh� dhjfblky� f_edbfb� gZk_dhfufb� m� ih-
\_joghklb�\h^u��K�mklZgh\e_gb_f�e_^ygh]h�ihdjh\Z�gZ�\h^h_f_

iehl\Z�moh^bl�k�ijb[j_`ghc�ahgu�b�gZqbgZ_l�\klj_qZlvky�gZ�[h-
e__�]em[hdbo�f_klZo��^h����f��

Iheh\Zy�kljmdlmjZ��GZfb�[ueZ�hleh\e_gZ�����hkh[v�^Zg-
gh]h�\b^Z��Ba�gbo����hdZaZebkv�kZfpZfb������±�kZfdZfb��Ba�lZ[e�

���\b^gh��qlh�\�ihimeypbb�iehl\u�kZfdb�ij_h[eZ^Zxl�gZ^�kZf-
pZfb�b�\�\hajZkl_�klZjr_�iylb�e_l�wlh�ij_h[eZ^Zgb_�klZgh\blky

Z[khexlguf��>Zggh_� y\e_gb_� h[mkeh\e_gh�� ih�\b^bfhfm�� [he__

jZggbf�\ufbjZgb_f�kZfph\��;h]Zg��������

JZafgh`_gb_�b�ieh^h\blhklv��Iheh\h_�khaj_\Zgb_�ijh-
bkoh^bl�m�kZfph\�\�\hajZkl_�������Z�m�kZfhd�������qlh�ih^l\_j`^Z-
_l� ^Zggu_� [he__� klZjuo� bkke_^h\Zgbc� �;h]Zg�� ������� Ieh^h\b-
lhklv� dhe_[e_lky� hl� ����� bdjbghd� �\hajZkl� ���� ^h� ������ ������

G_j_kl� ijhoh^bl� \� dmjvyo� gZ� hlf_jr_c� ijhreh]h^g_c� jZklb-
l_evghklb��\�eZ[aZo��h[uqgh�\�dhgp_�fZy� ±�gZqZe_�bxgy��<� wlhl

i_jbh^�gZ[ex^Z_lky�j_adh_�ij_h[eZ^Zgb_�iehl\u�\�meh\Zo��dh]^Z

hgZ�khklZ\ey_l�¾ \k_o�ihcfZgguo�\�dhgljhevgu_�k_lb�ju[��lZ[e�
34).

JZa\blb_�b�jhkl��=h^h\hc�ijbjhkl�iehl\u�g_agZqbl_e_g�

GZb[he__� bgl_gkb\_g� hg� gZ� iylhf� b�r_klhf� ]h^Zo�� Z� lZd`_� gZ

��±���f��jbk�������>Zggu_�ijhf_jh\�ihdZau\Zxl��qlh�jhkl�kZfhd

hi_j_`Z_l�jhkl�kZfph\�(lZ[e� 36).

L Z [ e b p Z � � �

Iheh\Zy�kljmdlmjZ�ihimeypbb�iehl\u

<hajZkl 1+ 2+ 3+ 4+ 5+ 6+ 7+ 8+ 9+ 10+ 11+ 12+ 13+
Qbkeh�kZfph\ 1 4 3 6 1 – – – – – – – –
Qbkeh�kZfhd – – 4 21 8 15 33 49 17 15 11 2 2

L Z [ e b p Z � � �

Kj_^gyy�fZkkZ��]��kZfhd�b�kZfph\�iehl\u

<hajZkl 3+ 4+ 5+
KZfpu 20.0 28.8 40.0
KZfdb 20.5 30.8 68.8

Ijb�ZgZeba_�^Zgguo�ih�fZkk_�iehl\u�\�gZrbo�bkke_^h\Z-
gbyo�b�ijh\_^_gguo�\������]��\b^gh��qlh�jZgvr_�hgZ�jhkeZ�emqr_

(lZ[e� 37).
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Z

[
Jbk�������AZ\bkbfhklv�jZaf_jgh�\_kh\uo�oZjZdl_jbklbd�hl�\hajZk�

lZ�m�iehl\u��Z�±�kj_^gyy�^ebgZ��[�±�kj_^gbc�\_k�

L Z [ e b p Z � � �

Kj_^gyy�fZkkZ��]��iehl\u�\�ha_j_�;��FbZkkh\h

<hajZkl 2+ 3+ 4+ 5+ 6+ 7+
�����]� 27.0 43.7 63.2 80.6 111.0 171.0
����±�����]� 12.0 19.3 30.3 64.0 100.0 112.0

�

�

��

��

��

��

��

��

�� �� �� �� �� �� �� �� �� ��� ��� ���

<hajZkl

Kj_^gyy��

^ebgZ��kf

�

��

���

���

���

���

���

���

���

�� �� �� �� �� �� �� �� �� ��� ��� ���

<hajZkl

Kj_^gbc�\_k��]
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L Z [ e b p Z � � �

Kj_^gb_�^ebgZ�b�fZkkZ�q_luj_oe_lg_c�iehl\u

\�jZaebqguo�\h^h_fZo�Q_ey[bgkdhc�h[eZklb

Ha_jZ =h^ >ebgZ��ff FZkkZ��]

Bldmev 1959 138 37
Bjlyr 1959 125 27
Q_[Zdmev 1958 126 36
;��DZkeb 1960 120 30
Dmg^jZ\bgkdh_ 1952 114 26
Km]hyd 1940 190 123
:jZdmev 1939 138 42
:eZ[m]Z 1939 258 380
M\bev^u 1939 155 70
;��FbZkkh\h 1936 121 35
;��FbZkkh\h 1962 127 32
;��FbZkkh\h 1969 105 18
F��Dbk_]Zq 1936 172 120
F��Dbk_]Zq 1962 124 31
;��Dbk_]Zq 1965 153 64
Brdmev 1969 117 18
Lmj]hyd 1962 134 37
Q_[Zjdmev 1966 130 43

GZ�wlh�mdZau\Z_l�b�dhwnnbpb_gl�miblZgghklb�ih�Nmevlh-
gm��dhlhjuc�jZg__� ������]���khklZ\eye����±�����<�gZr_�\j_fy�_]h

\_ebqbgZ�g_kdhevdh�kgbabeZkv�b�dhe_[e_lky�\�ij_^_eZo����±����

>ey� kjZ\g_gby�fh`gh�ijb\_klb�^Zggu_�ih�^ebg_�b�fZkk_

q_luj_oe_lg_c�iehl\u�\�\h^h_fZo�Q_ey[bgkdhc�h[eZklb�b� aZih-
\_^gbdZ��lZ[e� 38).

DZd� ke_^m_l� ba� lZ[ebpu�� \h� \k_o� ha_jZo� iehl\Z� ^Zggh]h

\hajZklZ�djmig__�[hevr_fbZkkh\kdhc��bkdexq_gb_�±�;��Brdmev��

qlh�ih^l\_j`^Z_l�__�f_^e_gguc�jhkl \�ha_j_�

Hdmgv

<klj_qZ_fhklv��LZd`_�y\ey_lky�ij_h[eZ^Zxsbf�\b^hf�\

ha_j_� ;��FbZkkh\h�� JZkijhkljZg_g� ih� \k_c� Zd\Zlhjbb� \h^h_fZ�

QZs_� \klj_qZ_lky� \� meh\Zo� \� Z\]mkl_� b� k_gly[j_� �kf�� lZ[e�� ����

GZb[hevrb_� kdhie_gby�gZ[ex^Zxlky� \�ijb[j_`ghc� ahg_� �]em[bgZ

�±�� f��� ]^_� ij_h[eZ^Zxl� feZ^rb_� \hajZklgu_� ]jmiiu��FZdkb-
fZevgZy�qbke_gghklv�_]h�\�dmjvyo�Ebih\Zy�b�RlZggZy��kf��lZ[e������

Iheh\Zy�kljmdlmjZ��GZfb�[ue�hleh\e_g�����hdmgv��Hq_-
\b^gh��ij_h[eZ^Zgb_��kZfhd��gZ^��kZfpZfb��lZ[e������^ey�\k_o�\ha-
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L Z [ e b p Z � � �

Iheh\Zy�kljmdlmjZ�ihimeypbb�hdmgy

<hajZkl 1+ 2+ 3+ 4+ 5+ 6+ 7+ 8+
KZfpu 3 2 14 6 4 6 – –
KZfdb – 12 13 23 51 11 7 5
G_iheh\haj_eu_ 4 – – – – – – –

L Z [ e b p Z � � �

Kj_^gyy�fZkkZ��]��hdmgy�\�jZagu_�]h^u

<hajZkl
=h^u

1+ 2+ 3+ 4+ 5+ 6+ 7+ 8+
1988 90 216 229 330 482 507 – –
1989 105 95 169 480 616 646 835 –
1993 – 21 25 42 97 127 157 148
1998–99 15 25 57 81 118 136 250 287

jZklh\��djhf_� lj_oe_lhd��Ih�^Zgguf�ij_^u^msbo�bkke_^h\Zgbc

�E_lhibkv�ijbjh^u«������±�������dhebq_kl\h�kZfhd�ij_\urZeh

dhebq_kl\h�kZfph\��FZdkbfZevguf�hgh�[ueh�\������]���dh]^Z�kh-
hlghr_gb_�kZfdb/kZfpu�^hklb]eh��:1.

JZafgh`_gb_� b� ieh^h\blhklv�� <� j_amevlZl_� h[jZ[hldb

fZl_jbZeZ�[ueh�mklZgh\e_gh��qlh�iheh\hc� aj_ehklb�^Zgguc� \b^

^hklb]Z_l�m`_�\�\hajZkl_�������Ieh^h\blhklv�hl�����������^h�����

bdjbghd�������JZggyy�iheh\Zy�aj_ehklv�fh`_l�kem`blv�ijbagZdhf

i_j_gZk_e_gghklb�ijb�keZ[hf�ij_kk_�obsgbdh\�b�g_o\Zld_�ibs_-
\uo�j_kmjkh\�

JZa\blb_�b�jhkl��jbk�������Ihimeypby�hdmgy�agZqbl_evgh

baf_evqZeZ� � b� ij_^klZ\e_gZ� \� hkgh\ghf� lZd� gZau\Z_fhc� ijb-
[j_`ghc�� f_edhc� b� f_^e_gghjZklms_c� nhjfhc�� Hlf_qZ\rZyky

jZg__� ]em[hdh\h^gZy�� djmigZy� b� [ukljhjZklmsZy� nhjfZ� \� ih-
ke_^g__�\j_fy�ijZdlbq_kdb�\�meh\Zo�g_�\klj_qZ_lky��lZ[e������

Ijb�kjZ\g_gbb�kh�klZjufb�^Zggufb��;h]Zg���������baf_ev�

qZgb_�hdmgy�ohjhrh�\b^gh��LZd��kj_^gyy�fZkkZ�ju[�\�\hajZkl_���

khklZ\eyeZ�jZg__�����]��ih�gZrbf�bkke_^h\Zgbyf�±����]��\�\hajZk-
l_����±�����b�����]��\�\hajZkl_����±�����b�����]�khhl\_lkl\_ggh�

<�j_amevlZl_�hdmgv�ij_^klZ\ey_l�k_jv_agmx�hiZkghklv�^ey�bdju

b�fheh^b�[he__�p_gguo�ij_^klZ\bl_e_c�ha_jghc�bolbhnZmgu�

Ebgv

<klj_qZ_fhklv��Ebgv�ihke_�iehl\u� y\ey_lky�ih�qbke_g-
ghklb��\lhjuf��\b^hf��kj_^b��dZjih\uo���>_j`blky�\�hkgh\ghf�gZ
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Z

[

Jbk�������AZ\bkbfhklv�jZaf_jgh�\_kh\uo�oZjZdl_jbklbd�hl�\hajZk�

lZ�m�hdmgy�
Z�±�kj_^gyy�^ebgZ��[�±�kj_^gbc�\_k.

g_]em[hdbo�f_klZo�� ]^_� ij_^ihqblZ_l� aZjhkeb� jh]hebklgbdZ�� l_-
ehj_aZ� b� mjmlb�� Ijbkmlkl\m_l� ih� \k_fm� \h^h_fm�� gh� gZb[he__

fgh]hqbke_g� \� dmjvyo� Abfgbd�� Gyr_\kdZy��RlZggZy� �kf�� lZ[e�

�����<�k_lguo�meh\Zo�ebgv�gZqbgZ_l�\klj_qZlvky�ijZdlbq_kdb�kjZ-

�

�

��

��

��

��

��

��

�� �� �� �� �� �� �� ��

<hajZkl

Kj_̂ gyy��̂ ebgZ��

kf

�

��

���

���

���

���

���

�� �� �� �� �� �� �� ��
<hajZkl

Kj_^gbc�\_k��]
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am�ihke_� hk\h[h`^_gby� \h^h_fZ� hl� e_^ygh]h�ihdjh\Z��GZb[he__

Zdlb\_g�\�e_lgb_�f_kypu��hkh[_ggh�dh]^Z�ijh^he`bl_evgh_�\j_fy

klhbl�l_ieZy��g_�^h`^eb\Zy�ih]h^Z��D�hk_gb�Zdlb\ghklv�ebgy�kgb�

`Z_lky�� b� hg� ijZdlbq_kdb� i_j_klZ_l� \klj_qZlvky� \� meh\Zo� �kf�

lZ[e�������<������]��gZfb�ihke_^gb_�hkh[b�[ueb�ihcfZgu����hd-
ly[jy��<_kghc�^h�ih^t_fZ�\h^ghc�jZklbl_evghklb�baj_^dZ�ihiZ-
^Z_lky�gZ�[hevrbo�]em[bgZo��dmjvy�Aujygh\kdZy��

Iheh\Zy�kljmdlmjZ��Ba�hleh\e_gguo�����ju[��������hdZ-
aZebkv� kZfdZfb�� ����� �� ±� kZfpZfb� b� ���� �� ±� g_iheh\haj_eu_

�lZ[e������� Ih� ^Zgguf� J��:��GZkucjh\Z� (E_lhibkv� ijbjh^u«�

1988–1992),�^hey�kZfhd�\�meh\Zo�mf_gvrZeZkv��k����� %�^h��� %).
JZafgh`_gb_�b�ieh^h\blhklv��G_j_kl�ebgy�ijhbkoh^bl

\�ljb�klZ^bb��I_j\Zy�h[uqgh�gZklmiZ_l�ihke_�^hklZlhqgh]h�ijh-
]j_\Z� \h^u� ���±�� ºK�� \� dhgp_� \lhjhc� ±� gZqZe_� lj_lv_c� ^_dZ^u
bxgy��<�wlh�\j_fy��ij_bfms_kl\_ggh�\�\_q_jgb_�b�ghqgu_�qZku�

ebgv�\uoh^bl�gZ�f_edh\h^vy�k�^hklZlhqgufb�dhebq_kl\Zfb�ih^-
\h^ghc�jZklbl_evghklb��]^_�b�hldeZ^u\Z_l�i_j\mx�ihjpbx�bdju�

Ihke_^mxsb_�g_j_klu�ijhbkoh^yl�\�bxe_�m`_�ijb�[he__�\ukhdhc

l_fi_jZlmj_� \h^u�� gh� ijb� hlkmlkl\bb� [eZ]hijbylguo� mkeh\bc

�oheh^gh_�b�^h`^eb\h_�e_lh��g_j_kl�fh`_l�\hh[s_�g_�ijhbahclb�

Ih�kh[kl\_gguf�gZ[ex^_gbyf�hlf_qZeky�\�dmjvyo�Ebih\Zy��Gy-
r_\kdZy��RlZggZy�

JZa\blb_�b�jhkl��GZfb�aZ�k_ahgu�����±���]h^h\�[ueh�hl-
eh\e_gh� ���� ebg_c�� <� hkgh\ghf� ij_h[eZ^Zxl� hkh[b� \� \hajZkl_

lj_o±iylb� e_l�� [he__� klZjr_\hajZklgu_� ]jmiiu� \� meh\Zo� \klj_-
qZxlky� � \� g_agZqbl_evguo� dhebq_kl\Zo� �lZ[e�� ����� ?keb� jZg__

������ ]��� hkgh\gmx� qZklv� ihimeypbb� khklZ\eyeb� ju[u� \_khf

���±���� ]� �;h]Zg�� ������� lh� \� gZrbo� meh\Zo� ±� g_� [he__� ���� ]�

<�����±�����]h^Zo�hkgh\hc�[hevr_fbZkkh\kdhc�ihimeypbb�ebgy

y\eyebkv� hkh[b� \_khf� ���±����� ]� �E_lhibkv� ijbjh^u«�

����±�������AZ\bkbfhklv�fZkku�b�jZaf_jh\�ebgy�hl�\hajZklZ�be-
exkljbjm_l�jbk�����

L Z [ e b p Z � � �

Iheh\Zy�kljmdlmjZ�ihimeypbb�ebgy

<hajZkl 2+ 3+ 4+ 5+ 6+ 7+ 8+
KZfpu - 14 26 17 5 1 1
KZfdb - 11 12 22 3 - -
G_iheh\haj_eu_ 1 1 - - - - -
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Jbk�������AZ\bkbfhklv�jZaf_jgh�\_kh\uo�oZjZdl_jbklbd�hl�\hajZk�

lZ�m�ebgy�
Z�±�kj_^gyy�^ebgZ��[�±�kj_^gbc�\_k.

E_s

<klj_qZ_fhklv�� Y\ey_lky� \b^hf-\k_e_gp_f�� <_jhylgh�
ihiZe�\�\h^h_f�ba�ha��;ZjZmk�\�ihegh\h^guc�i_jbh^�ih�ijhlhd_

Ebih\hc���dm^Z�[ue�aZims_g�\�������]��\�g_[hevrhf�dhebq_kl\_���AZ

�

�

��

��

��

��

��

��

��

�� �� �� �� �� �� ��
<hajZkl

Kj_^gyy�^ebgZ��
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���

���

���

�� �� �� �� �� �� ��
<hajZkl

Kj_^gbc�\_k��]
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L Z [ e b p Z � � �

Iheh\Zy�kljmdlmjZ�ihimeypbb�e_sZ

<hajZkl 1+ 2+ 3+ 4+ 5+ 6+ 7+ 8+ 9+ 10+ 12+
KZfpu – 6 7 13 18 2 – 1 – – –
KZfdb – 3 12 4 10 6 3 3 1 2 1

G_iheh\haj_eu_ 2 4 – – – – – – – – –

ljb�^_kylbe_lby��dhlhju_�wlhl�\b^�h[blZ_l�\�ha_j_�;��FbZkkh\h�

hg�ij_djZkgh�ijb`beky�b��km^y�ih�ijbkmlkl\bx�\�meh\Zo�hkh[_c

ijZdlbq_kdb� \k_]h� \hajZklgh]h� jy^Z� �lZ[e�� ����� j_]meyjgh� jZa-
fgh`Z_lky��JZg__�������������������������]h^u��[ue�hq_gv�j_^hd�

\�l_q_gb_�ihe_\h]h�k_ahgZ�ihiZ^Zehkv�ih�h^ghfm�wda_fieyjm�(E_-
lhibkv�ijbjh^u«������±����)��E_lhf�hkgh\gZy�fZkkZ�ij_^iheh-
`bl_evgh� ^_j`blky� \� ]eZ\ghf� ie_k_�� gZ� [hevrbo� ]em[bgZo�� Z

lZd`_� \� dmjvyo�Ebih\Zy�b�Gyr_\kdZy��Hk_gvx�gZqbgZ_l�ih^oh-
^blv�d�[_j_]Zf�\�k_\_jghc�qZklb�ha_jZ��KlZjr_\hajZklgu_�]jmiiu

ij_^ihqblZxl�^_j`Zlvky�gZ�]em[bgZo����b�[he__�f_ljh\��Abfhc�\

meh\Zo�e_s�hq_gv�j_^hd��GZb[hevrZy�Zdlb\ghklv�gZ[ex^Z_lky�\

k_gly[j_� �kf�� lZ[e�� ����� dh]^Z� hg� gZqbgZ_l� aZiZkZlvky� iblZl_ev-
gufb�\_s_kl\Zfb�gZ�abfgbc�i_jbh^�b�ihqlb�ih\k_f_klgh�\klj_-
qZ_lky�\�meh\Zo��djmighyq_bklu_�k_lb�±�^h��������

Iheh\Zy�kljmdlmjZ��DZd�\b^gh�ba�lZ[e�� ����m�e_sZ�lZd

`_��dZd�b�m�iehl\u�\�klZjr_\hajZklguo�]jmiiZo�����b�\ur_��ij_-
h[eZ^Zxl�kZfdb�

JZafgh`_gb_��G_j_kl�e_sZ�ijhoh^bl� kjZam�`_�ihke_�g_-
j_klZ�iehl\u�\�dmjvyo��b�ih�\j_f_gb�aZ\bkbl�hl�kjhdh\�\kdjulby

\h^h_fZ� hlh� ev^Z� b� ijh]j_\Z� \h^u��Bgh]^Z� kjhdb� g_j_klZ� e_sZ

b�iehl\u�kh\iZ^Zxl�

JZa\blb_�b�jhkl��JZaf_jgh�\_kh\u_�ihdZaZl_eb�[ueb�\ay-
lu�m����wda_fieyjh\��GZb[he__�bgl_gkb\guc�jhkl�gZ[ex^Z_lky�gZ

iylhf�b�gZ�\hkvfhf±^_\ylhf�]h^Zo�`bagb��jbk������

Qm^kdhc�kb]

<klj_qZ_fhklv��I_j\u_� ihkZ^db� bdju� qm^kdh]h� kb]Z� ba

ha_jZ�Lmj]hyd�\�g_[hevrbo�dhebq_kl\Zo�[ueb�ijh\_^_gu�\�����±

�����]h^Zo��gh�[_aj_amevlZlgh��Ih\lhjgh�\������]��[ueh�ihkZ`_gh

��feg��\�Zij_e_������]��– ��feg�bdjbghd��Ih^e_kguc���������Bkke_-
^h\Zgby��ijh\_^_ggu_�\�����±���]h^Zo��ihdZaZeb��qlh�kb]��\�ha_j_

ohjhrh�jZkl_l�b�ghjfZevgh�jZafgh`Z_lky� �;h]Zg�� ������Jh]habg�

S_lbgbgZ���������:gZeba�jZaf_jgh�\_kh\hc�kljmdlmju�ihimeypbb
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Jbk�������AZ\bkbfhklv�jZaf_jgh�\_kh\uo�oZjZdl_jbklbd�hl�\hajZk�

lZ�m�e_sZ�
Z�±�kj_^gyy�^ebgZ��[�±�kj_^gbc�\_k.

[ue� ijh\_^_g� ih� ��� hkh[yf�� Hkgh\guf� f_klhh[blZgb_f� kb]Z

y\ey_lky� i_eZ]bZev�� ]em[bgu� ��±��� f�� ]em[hdh\h^gu_� k\Zeu

�kf��lZ[e�������Ihke_�ihegh]h�bkq_agh\_gby�ev^Z�gZ�\h^h_f_�kb]��\

g_[hevrbo�dhebq_kl\Zo�ih^oh^bl�d�[_j_]Zf�b� aZoh^bl�\� aZeb\u

�dmjvb��ha_jZ� �Gyr_\kdZy��Aujygh\kdZy��Abfgbd���>_j`blky�hg�\

�

��

��

��

��

��
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�� �� �� �� �� �� �� �� �� ��� ���

<hajZkl

Kj_^gyy�^ebgZ��

kf
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<hajZkl

Kj_^gbc�\_k��]
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h^gbo�b�l_o�`_�f_klZo�g_ihklhyggh��ih�\b^bfhfm��kh\_jrZy�fb-
]jZpbb�ih�Zd\Zlhjbb�ha_jZ�

Iheh\Zy� kljmdlmjZ�� DZd� ke_^m_l� ba� lZ[e�� ���� ������� \

meh\Zo�kb]Z�khklZ\eyeb�kZfdb���������±�kZfpu��l�_��khhlghr_gb_

iheh\�khklZ\beh�������khhl\_lkl\_ggh��Ih�^Zgguf�:� =��Jh]habgZ
b�H��<��S_lbgbghc���������gZ�gZqZeh������o�]]��kZfdb�khklZ\eyeb

ihqlb� h^bgZdh\mx� ^hex� k� kZfpZfb� \� ihimeypbb��H^gZdh� ]h\h-
jblv�h�dZdhf�eb[h�k^\b]_�\�iheh\hc�kljmdlmj_�ihimeypbb�ij_`-
^_\j_f_ggh�ba�aZ�g_^hklZlhqgh]h�h[t_fZ�kh[jZggh]h�gZfb�fZl_-
jbZeZ�

JZafgh`_gb_��G_j_kl�ijhbkoh^bl�gZ�g_[hevrbo�]em[bgZo

gZ� i_kqZguo� b� dZf_gbkluo� mqZkldZo� ^gZ�� K� k_j_^bgu� hdly[jy

i_j\u_�iZjlbb�kb]h\�gZqbgZxl�\klj_qZlvky�m�[_j_]h\� �ijb�ihy\-
e_gbb�rm]b�lZd`_�aZoh^bl�\�Gyr_\kdmx�dmjvx���Ih�\j_f_gb�g_-
j_klh\uc�i_jbh^� �agZqbl_evgh�jZklygml��lZd�dZd�gZqbgZ_lky�_s_

ih�hldjulhc�\h^_��aj_eZy�kZfdZ�[_a�bdju�[ueZ�ihcfZgZ����������

Z�aZdZgqb\Z_lky�m`_�ih^h�ev^hf��<gZqZe_�gZ�g_j_klbebsZ�ih^oh-
^yl� kZfpu��ihke_� kZfdb��I_j_^�g_j_klhf�q_rmy�ju[� klZgh\blky

r_jrZ\hc�gZ�hsmiv��MklZgh\e_gh� �;h]Zg���������qlh�qZklv�[hev-
r_fbZkkh\kdhc�ihimeypbb�moh^bl�gZ�g_j_kl�\�ha_jh�F��FbZkkh\h

q_j_a�ijhlhdm�Ijhoh^gZy�dmjvy�

JZa\blb_�b�jhkl��Ih�j_amevlZlZf�bkke_^h\Zgbc�����±�����]h-
^h\��Jh]habg��S_lbgbgZ��������[ueh�\uykg_gh��qlh�\�meh\Zo�ij_-
h[eZ^Zeb�ju[u�\�\hajZkl_����±�����<�gZrbo�meh\Zo�lZdh]h�g_�gZ-
[ex^Zehkv��qlh��ih�\b^bfhfm��k\yaZgh�k�g_^hklZlhqghklvx�fZl_-
jbZeZ��gh�l_fiu�jhklZ�ijZdlbq_kdb�kh\iZ^Zxl��jbk�������Ih�kjZ\-
g_gbx�k�ij_^u^msbfb�^Zggufb��m\_ebqbehkv�qbkeh�\hajZklguo

]jmii� �lZ[e�������JZg__�fZdkbfZevguc�\hajZkl�kb]Z�khklZ\eye���

�Jh]habg��S_lbgbgZ��������

L Z [ e b p Z � � �

Iheh\Zy�kljmdlmjZ�ihimeypbb�kb]Z

<hajZkl 2+ 3+ 4+ 5+ 6+ 7+ 8+ 9+ 11+ 13+
KZfpu 1 1 2 – 3 – 1 – 1 –
KZfdb 7 2 2 2 5 10 4 1 – 1

SmdZ

<klj_qZ_fhklv�� Y\ey_lky� h[uqguf� \b^hf� ^ey� ha_jZ

;��FbZkkh\h��H[blZ_l�ij_bfms_kl\_ggh�\�ijb[j_`ghc�ahg_��Z�lZd`_

\�f_klZo�i_j_iZ^h\� ]em[bg��Ij_^ihqblZ_l� aZjhkeb�j^_klh\��<klj_�

qZ_lky��ih��\k_fm��ha_jm���kf��lZ[e��������GZ��[hevrbo�]em[bgZo�\
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lZ�m�kb]Z�
Z�±�kj_^gyy�^ebgZ��[�±�kj_^gbc�\_k.

ihke_^gb_�]h^u�ihbfdb�__�klZeb�j_^db��<�l_ieh_�\j_fy�]h^Z�^_j-
`blky�hgZ�\�hkgh\ghf�\�f_klZo�k�\h^ghc�jZklbl_evghklvx��dhlh-
jZy�kem`bl�mdjulb_f�^ey�hohlu�aZ�^h[uq_c��Ih�gZrbf�gZ[ex^_-
gbyf��hlf_q_gh���qlh���[eb`_��d��e_^hklZ\m���hkgh\gZy���fZkkZ���smdb
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<hajZkl
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L Z [ e b p Z � � �

Iheh\Zy�kljmdlmjZ�ihimeypbb�smdb

<hajZkl 2+ 3+ 4+ 5+ 6+ 7+ 8+ 11+
KZfpu 1 13 12 5 5 2 – –
KZfdb – 2 16 11 6 1 2 1

i_j_f_sZ_lky�gZ�[he__�]em[hdb_�f_klZ�p_gljZevgh]h�ie_kZ�\ke_^

aZ�fb]jbjmxs_c�iehl\hc�b�hdmg_f��]^_�b�ijh\h^bl�abfm�

Iheh\Zy� kljmdlmjZ�� Khhlghr_gb_� iheh\� \� ihimeypbb

ijZdlbq_kdb�h^bgZdh\h_��lZ[e�������gh�ih�^Zgguf�ij_^u^msbo�e_l

hlghr_gb_�kZfph\�d�kZfdZf�\Zjvbjh\Zeh�hl������^h�������;_ey_\�

����������������������Z��\;�E_lhibkv�ijbjh^u«������±������

JZafgh`_gb_�b�ieh^h\blhklv��G_j_kl�smdb�gZqbgZ_lky

\�dhgp_�Zij_ey��bgh]^Z�_s_�ih^h�ev^hf�b�aZdZgqb\Z_lky�h[uqgh�\

i_j\hc� ^_dZ^_� fZy�� Ijhoh^bl� \� ijb[j_`ghc� ihehk_� \� aZeb\Zo�

dmjvb� Gyr_\kdZy�� EZlhqdZ�� RlZggZy�� bgh]^Z� gZ� aZlhiey_fuo

mqZkldZo�� Ieh^h\blhklv� m� h[ke_^h\Zgguo� hkh[_c� \Zjvbjm_l� hl

�����������^h�������bdjbghd�������;h]Zg��������

JZa\blb_�b�jhkl��jbk�������<�ihke_^gb_�]h^u�qbke_gghklv

smdb�g_mdehggh�kgb`Z_lky��<�meh\Zo�����±�����]]��[ueh�h[ke_-
^h\Zgh� ���wda_fieyjh\��;hevrmx�qZklv�khklZ\eyeb�hkh[b�\�\ha-
jZkl_����±�����LZ[e�����hlh[jZ`Z_l�\hajZklghc�khklZ\�ihimeypbb

\�ijhp_glZo�

G_[hevrh_�kgb`_gb_�djb\hc�gZ�]jZnbdZo�k�\hajZklZ� ���d

���h[mkeh\e_gh�l_f��qlh�\�]jmii_�\hkvfbe_lhd�ij_h[eZ^Zeb�kZf-
pu��l_fi�jhklZ�dhlhjuo�g_kdhevdh�gb`_��q_f�m�kZfhd�

<hajZklgZy� kljmdlmjZ��<�gZrbo�meh\Zo�gZb[he__� qZklh

\klj_qZebkv� iylbe_lgb_� ju[u� �lZ[e�� ����� Ih� bkke_^h\Zgbyf

<��B��;_ey_\Z� �;_ey_\�� ����;� E_lhibkv� ijbjh^u«�� ����±�����

�������\������b������]]��lZd`_�ij_h[eZ^Ze�wlhl�\hajZklghc�deZkk

(41.8 %; 38.6����� k� ����� ih� ����� ]]�� ±� q_luj_oe_lgb_� hkh[b

(38.6 %; 35.5 %; 27.9 %; 34.1����� \� ����� ]��hiylv� klZeb�ij_h[eZ-
^Zlv� \� meh\Zo� hkh[b� \� \hajZkl_� ��� ����������GZqbgZy� k� ����� ]��

ihkl_i_ggh� m\_ebqb\ZeZkv� ^hey� k_fbe_lgbo� smd� �k� ������ ^h

12.6�����Z�k������]��±�\hkvfbe_lgbo��k�������^h���������qlh�khhlgh-
kblky�k�gZrbfb�^Zggufb��lZ[e������

L Z [ e b p Z � � �

<hajZklghc�khklZ\�ihimeypbb�smdb

<hajZkl 2+ 3+ 4+ 5+ 6+ 7+ 8+ ���b�klZjr_

>hey�hl�h[s_]h

qbkeZ�hkh[_c���
0.79 20.3 35.4 20.3 13.9 3.8 2.5 0.79



218

Z
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Jbk�������AZ\bkbfhklv�jZaf_jgh�\_kh\uo�oZjZdl_jbklbd�hl�\hajZk�

lZ�m�smd�
Z�±�kj_^gyy�^ebgZ��[�±�kj_^gbc�\_k.

IblZgb_��Hkgh\m�iblZgby�khklZ\eyxl�hdmgv�b�iehl\Z��gh

baj_^dZ�b�^jm]b_�\b^u�ju[��LZd��m�^\mo�wda_fieyjh\�\�`_em^dZo

[ueb�h[gZjm`_gu�ebgb�b�m�h^gh]h�±�f_edbc�e_s��DjmigZy�smdZ

�\_khf� ��b�[he__�dbeh]jZffZ���dhlhjhc�\�ihke_^g__�\j_fy�klZeh

�
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�� �� �� �� �� �� �� ���
<hajZkl
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g_fgh]h��hohlblky�gZ�[hevrbo�]em[bgZo�aZ�kb]hf��Z�lZd`_�ih^oh-
^bl� aZ� _]h�b^msbfb�gZ�g_j_kl� klZyfb� d�[_j_]Zf� �DhjZ[ebd���g_

ij_g_[j_]Zy��\ijhq_f��b�^jm]hc�^h[uq_c�

Mf_gvr_gb_� dhebq_kl\Z�smdb� \� \h^h_f_� k\yaZgh� k� ij_^-
r_kl\h\Z\rbfb� � fZeh\h^gufb� k_ahgZfb� �����±����� ]h^u��

\ke_^kl\b_�q_]h�ijhbahreh�h[f_e_gb_�_kl_kl\_gguo�g_j_klbebs�

G_fZeh\Z`guf�nZdlhjhf��\ebyxsbf�gZ�kgb`_gb_�qbke_gghklb�

y\ey_lky� � [jZdhgv_jkl\h� \h� \j_fy� g_j_klh\h]h� i_jbh^Z�� dh]^Z

iheh\haj_eZy� qZklv� ihimeypbb� klZgh\blky� e_]dhc� ^h[uq_c� gZ

f_edh\h^guo� mqZkldZo� \h^h_fZ��LZd`_� b]jZ_l� jhev� \� wlhf� ijh-
p_kk_�b�eh\�smdb�kibggbg]hf��\�j_amevlZl_�dhlhjh]h�ijhbkoh^yl

baf_g_gby�khhlghr_gby�iheh\�\�ihimeypbb�\�ihevam�kZfph\��qlh

kgb`Z_l�\hkijhba\h^bl_evguc�ihl_gpbZe�b�ih^l\_j`^_gh�bkke_-
^h\Zgbyfb��;_ey_\������[��

?jr

<� hkgh\ghf� \klj_qZ_lky� \� f_klZo� k� dZf_gbkluf� ^ghf

�dmjvy�Aujygh\kdZy��k_\_jgZy�qZklv�ha_jZ���<�meh\Zo�qZs_�ihiZ-
^Z_lky�\_kghc�b�hk_gvx��Wlh� lm]hjhkeuc� \b^��<�ibs_\hf�hlgh-
r_gbb�y\ey_lky�dhgdmj_glhf�^jm]bo�\b^h\�ju[��ihlj_[eyy�p_g-
gu_� ibs_\u_� dhfihg_glu�� LZd`_� gZghkbl� ms_j[� bolbhnZmg_�

ih_^Zy�bdjm�

DZjZkv

<klj_qZ_lky�ih�\k_fm�ha_jm�\�fZeuo�dhebq_kl\Zo��GZb[he__

fZkkh\Zy�_]h�qbke_gghklv�\�dmjvyo��aZeb\Zo��RlZggZy��Gyr_\kdZy�

<� ihke_^g_c� \� ����� ]�� hkh[_ggh� m\_ebqbeZkv� ^hey� k_j_[jbklh]h

dZjZky� \� k\yab� k� ijhju\hf� iehlbgu�� hl^_ey\r_c� ha��Gyr_\kdbc

Ijm^hd�hl�ha_jZ��\�dhlhjhf�hg�[ue�_^bgkl\_gguf�\b^hf�

;ueh�hleh\e_gh����wda_fieyjh\�\�\hajZkl_����±�����fZkkhc

hl����^h�����]�b�Z[khexlghc�^ebghc�����±�����kf��Ba�gbo���hdZaZ-
ebkv�kZfdZfb����kZfpZfb��<k_�kZfdb�[ueb�k�bdjhc��qlh�ih^l\_j-
`^Z_l�^Zggu_�h�ihjpbhgghf�bdjhf_lZgbb�m�dZjZky�

Yav

>ey�\h^h_fZ�klZgh\blky�j_^dbf�\b^hf��?^bgbqgu_�hkh[b

ihiZ^Zxlky�\�dmjvyo� �aZeb\Zo��Ebih\Zy��RlZggZy��Aujygh\kdZy�

?s_�\� ����� ]h^m�wlhl�\b^�[ue�[he__�jZkijhkljZg_gguf�b�qZklh

\klj_qZeky� \� meh\Zo� \� aZeb\_�Gyr_\kdZy� dmjvy�� AZ� ^\Z�ihe_\uo

k_ahgZ�\� ����±����� ]]��[ueh�ihcfZgh�\k_]h� ��hkh[b� wlh]h� \b^Z�

qlh�]h\hjbl�h�gbadhc�qbke_gghklb�yay�
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Kh\j_f_ggh_�khklhygb_�bolbhnZmgu

M�\k_o�hkgh\guo�ij_^klZ\bl_e_c�bolbhnZmgu�[ue�ijhba-
\_^_g� ih^kq_l� q_rmc� \� [hdh\hc� ebgbb� b� `Z[_jguo� luqbghd� \

i_j\hc�`Z[_jghc�^m]_��<�j_amevlZl_�ih^l\_j^behkv��qlh�\k_�h[b-
lZl_eb�ha_jZ�y\eyxlky�lbibqgufb�ij_^klZ\bl_eyfb�k\hbo�\b^h\�

Wlh�\b^gh�ba�lZ[ebpu����

Ba�aZ�gbadhc�qbke_gghklb�smdb�\�ha_j_�;��FbZkkh\h��jZg__�

ih�^Zgguf�<��B��;_ey_\Z��E_lhibkv�ijbjh^u«���������qbkeh�hkh-
[_c�smdb� \� \u[hjdZo� \� jZagu_� ]h^u� dhe_[Zehkv� hl� ���� ^h� ���

wda_fieyjh\��ijhbkoh^bl�jZajZklZgb_�ihimeypbc�f_edh]h�hdmgy

b�iehl\u��dhlhju_��g_�\klj_qZy�^hklZlhqgh]h�ij_kkbg]Z�kh�klhjh-
gu� obsgbdZ�� hlebqgh� jZafgh`Zxlky� b� ihkl_i_ggh� f_evqZxl

�kf��lZ[e�����������<�j_amevlZl_�`_��\u_^Zgby�smdhc�\�g_dhlhjhc

kl_i_gb� klbfmebjm_lky� l_fi� jhklZ� wlbo� khjguo� b� lm]hjhkeuo

\b^h\�� Ijhbkoh^bl� ha^hjh\e_gb_� ihimeypbb� b� memqr_gby� dZ-
q_kl\� __� iheh\haj_ehc� qZklb��Ihwlhfm� ke_^m_l� h[jZlblv� hkh[h_

\gbfZgb_� gZ� hojZgm� ^Zggh]h� \b^Z� b� mkbebyfb� E_kgh]h� hl^_eZ

aZih\_^gbdZ� fZdkbfZevgh� mf_gvrblv� Zgljhih]_ggh_� \ha^_ckl-
\b_��dZd�gZ�\b^��lZd�b�gZ�\h^h_f�\�p_ehf��qlh�\�^Zevg_cr_f�ih-
fh`_l�\hkklZgh\e_gbx�khklZ\Z�bolbhnZmgu��kf��]e������

;ue�ijhba\_^_g�ih^kq_l�bolbhfZkku�\k_o�hleh\e_guo�ju[

�lZ[e�������Bkihevah\Zebkv�^Zggu_�lhevdh�k_lguo�meh\h\��lZd�dZd

m^hqdZ�b�kibggbg]�y\eyxlky�ba[bjZl_evgufb�hjm^byfb�eh\Z��<�dZ-
l_]hjbx�obsguo�ju[�[ueb�hlg_k_gu�smdZ�b�hdmgv��gZqbgZy�k�\ha-
jZklZ�����dZd�ihqlb�iheghklvx�i_j_oh^ysbc�gZ�iblZgb_�fZevdhf�

         L Z [ e b p Z � � �

Qbkeh�luqbghd�b�q_rmc�m�ju[�ha_jZ�;��FbZkkh\h

<b^ E_s Ebgv Hdmgv Iehl\Z Kb] SmdZ

Qbkeh�luqbghd 20–24 22 15–19 9–12 33–43
Qbkeh�q_rmc 50–56 93–94 58–69 40–45 86–101 117–123

L Z [ e b p Z � � �

Khhlghr_gb_�jZaebqguo�]jmii�ju[�\�ha_j_�;��FbZkkh\h

ih�^Zgguf�k_lguo�meh\h\

Hdmgv DZjih\u_ Obsgu_ Fbjgu_ <k_]h

H[sZy

bolbhfZkkZ��]
17156 134769 65616 185210 250862

>hey�hl�h[s_c

bolbhfZkku���
6.84 53.72 26.16 73.84 100.00

Ih� dhebq_kl\m� hkh[_c� jZaguo� \b^h\� ju[� \� meh\Zo� ha_jh

;��FbZkkh\h�fh`gh�hlg_klb�d�iehl\bqgh�hdmg_\hfm�\h^h_fm�
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=E:<:����HDHEH<H>GU?�@B<HLGU?

>ZggZy� ]eZ\Z� ihk\ys_gZ� `b\hlguf�� g_� hlghkysbfky� d

]b^jh[bhglZf�� gh� l_kgh� k\yaZgguf� \� k\h_c� `bagb� k� ha_jhf� b�

ke_^h\Zl_evgh��b]jZxsbf�hij_^_e_ggmx�jhev�\�nmgdpbhgbjh\Z-
gbb�\h^ghc�wdhkbkl_fu�

<h^gu_�b�hdheh\h^gu_�gZk_dhfu_

GZk_dhfu_� �,QVHFWD��khklZ\eyxl�kms_kl\_gguc�dhfihg_gl

ha_jguo� [bhp_ghah\�� h^gZdh� \� Bevf_gkdhf� aZih\_^gbd_� wlZ

]jmiiZ�bamq_gZ�agZqbl_evgh�keZ[__��g_`_eb�gZa_fgu_�gZk_dhfu_�

G_kfhljy�gZ�lh��qlh�AZih\_^gbd�\�gZklhys__�\j_fy�y\ey_lky�h^-
gbf� ba� kZfuo� bamq_gguo�f_kl� gZ�MjZe_� \� ieZg_� wglhfhnZmgu�

bklhjbq_kdb�keh`behkv�lZd��qlh�hkgh\gh_�\gbfZgb_�bkke_^h\Zl_-
eb� m^_eyeb� lZdbf� ]jmiiZf� gZk_dhfuo�� dZd� \j_^bl_eb� e_kZ

�����±�����_� ]h^u��� ihq\_ggu_� b� gZihq\_ggu_� [_kiha\hghqgu_

�����±�����_� ]h^u��� gZk_dhfu_� ±� h[blZl_eb� ljZ\ygbklh]h� yjmkZ

jZklbl_evghklb������±�����_�]h^u���`_kldhdjueu_�±�h[blZxsb_

\�^_j_\hjZajmrZxsbo�]jb[Zo�������_�]h^u��b�^jm]b_��;he__�ih^-
jh[gh� bklhjby� wglhfheh]bq_kdbo� bkke_^h\Zgbc� \� Bevf_gkdbo

]hjZo�jZkkfhlj_gZ�gZfb�jZg__��EZ]mgh\��Khdheh\��������EZ]mgh\�

Gh\h`_gh\��������

Ebrv�g_kdhevdh�jZ[hl�kh^_j`Zl�k\_^_gby�h�nZmg_�\h^guo

gZk_dhfuo�ha_j�Bevf_gkdh]h� aZih\_^gbdZ��D�gbf� ke_^m_l�hlg_-
klb�jZ[hlu�:� G��;Zjl_g_\Z� �����; 1909; 1910;�%DUWHQHI��������ih
klj_dhaZf��\ihke_^kl\bb�j_\baby�aZih\_^ghc�nZmgu�wlhc�]jmiiu

[ueZ�ijh\_^_gZ�:� X��OZjblhgh\uf������; 1975; 1976; 1977; 1978;
1980; 1986;��������<b^h\hc�khklZ\�jmq_cgbdh\�bamqZeky�\�gZqZe_
OO� \_dZ� :� <�� FZjlugh\uf� �����;� ������� \� jZ[hlZo� dhlhjh]h
ijb\_^_gu�k\_^_gby�h�7ULFKRSWHUD Bevf_gkdh]h�ha_jZ�����\b^h\��

NZmgZ�objhghfb^�bkke_^h\ZeZkv�H� B��@_[_g_\uf��������\
ha_jZo�;��Dbk_]Zq�b�:j]Zyr��]^_�[ueh�aZj_]bkljbjh\Zgh�khhl\_l-
kl\_ggh����b����\b^h\�b�nhjf�wlh]h�k_f_ckl\Z�

H� <��AZihjh`kdbf�him[ebdh\Zg�jy^�jZ[hl�ih�nZmg_�ieZ-
\mgph\� \h^h_fh\� aZih\_^gbdZ� �AZihjh`kdbc�� Dhjh[_cgbdh\�

1982;�AZihjh`kdbc�� ����; 1989;� �������K\h^dZ�ih�nZmg_�\h^guo
dehih\� him[ebdh\ZgZ�:� <�� EZ]mgh\uf� �������� Z� [he__� iha^gyy
im[ebdZpby� �:]eyfaygh\��EZ]mgh\�� ������ \� hkgh\ghf� ih\lhjy_l

wlb�k\_^_gby��>Zggu_�ih�g_dhlhjuf�]jmiiZf�\h^guo�`_kldhdju-
euo� kh^_j`Zlky� \� fhgh]jZnbb� ©NZmgZ� `_kldhdjueuo� Bevf_g-
kdh]h�aZih\_^gbdZª��EZ]mgh\��Gh\h`_gh\��������
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H[ahj�wglhfhnZmgu

<�gZklhysbc�h[ahj�\dexq_gu�\b^u�gZk_dhfuo��j_]bkljb-
jh\Z\rb_ky�\�ha_j_�;��FbZkkh\h��Ih�\hafh`ghklb�fu�klZjZebkv

^Zlv�keh\_kgmx�oZjZdl_jbklbdm�\klj_qZ_fhklb�\b^h\��^ey�j_^dbo

gZk_dhfuo�ijb\_^_gu�dhgdj_lgu_�^Zlu�gZoh^hd�

Hljy^� klj_dhau� (Odonata). Klj_dhau� ±�h^gZ�ba�ohjhrh
bamq_gguo�gZ�l_jjblhjbb�Bevf_gkdh]h� aZih\_^gbdZ�]jmii�gZk_-
dhfuo��Bo�nZmgZ�gZkqblu\Z_l� ��� \b^Z� �EZ]mgh\�� �������H^gZdh

ki_pbZevgu_�bkke_^h\Zgby� klj_dha�ha��;��FbZkkh\h�g_�ijh\h^b-
ebkv�� ebrv� \� ����� ]h^m�:� X��OZjblhgh\uf� \� j_amevlZl_� q_lu-
j_o^g_\guo� wdkdmjkbc� ������±������ [ue� khklZ\e_g� kibkhd� klj_-
dha�� gZkqblu\Zxsbc� ��� \b^h\�� h[gZjm`_gguo� \� hdj_klghklyo

ha_j�;��b�F��FbZkkh\h�b�;��LZldmev� �OZjblhgh\���������dhlhjuc

fu�ijb\h^bf�[_a�baf_g_gbc�

Libellula quadrimaculata /�� ±� klj_dhaZ� q_luj_oiylgbklZy�
Orthetrum cancellatum /�� ±� ijyfh[jxo� j_r_lqZluc�� Sympetrum
flaveolum /��±�k`Zlh[jxo�`_eluc��S. pedemontanum All .�±�k`Zlh[jxo
i_j_\yaZgguc�� S. scoticum Don. ±� k`Zlh[jxo� q_jguc�

S. vulgatum /�� ±� k`Zlh[jxo� h[udgh\_gguc��Somatochlora metallica
Lind. ±� a_e_ghl_edZ�f_lZeebq_kdZy��Anax parthenope Selys ±�^hahj-
sbd� l_fgheh[uc��Aeschna juncea /�� ±� dhjhfukeh� dZfurh\h_��Ae.
grandis /��±�dhjhfukeh�[hevrh_��Lestes dryas .LUE\�±�exldZ�^jbZ^Z�
L. sponsa +DQV��±�exldZ�g_\_klZ��Erythromma najas +DQVHQ�±�djZkgh-
]eZadZ�gZy^Z��Enallagma cyathigerum &KDUS��±�f_gyrdZ�dm[dhghkgZy�
Coenagrion concinnum Joh.� ±� klj_edZ� kljhcgZy�

C. pulchellum� /LQG�� ±� klj_edZ� baysgZy�� C. hastulatum Charp. –
klj_edZ� dhiv_ghkgZy�� Ischnura elegans /LQG�� ±� lhgdho\hkl� bays-
guc��Is. aralensis Harit.�±�lhgdho\hkl�ZjZevkdbc�

Lhgdho\hkl�ZjZevkdbc�jZg__�kqblZeky�wg^_fbdhf�Kj_^g_c

:abb��DjZkgZy�dgb]Z�KKKJ���������gh�gZoh^dZ�:� X��OZjblhgh\Z

�hg�� dklZlb�� b� hibkZe� wlhl� \b^� \� ����� ]h^m�� h^gh]h� wda_fieyjZ

wlh]h� \b^Z� gZ� ha_j_� ;�� FbZkkh\h�� aZklZ\beZ� i_j_kfhlj_lv� wlb

ij_^klZ\e_gby� �OZjblhgh\�� �������Wlhl�j_^qZcrbc�\b^�\dexq_g

\�ijh_dl�DjZkghc�dgb]b�Q_ey[bgkdhc�h[eZklb�

Hljy^� ihem`_kldhdjueu_ (Hemiptera). NZmgZ� ihem`_-
kldhdjueuo�aZih\_^gbdZ�gZkqblu\Z_l� ����\b^h\��ba�gbo�\h^guo

b�hdheh\h^guo�dehih\� ±� ���\b^h\� �:]eyfaygh\��EZ]mgh\�� ������

kj_^b�ihke_^gbo����\b^�h[blZ_l�\�ha��;��FbZkkh\h�

K_f_ckl\h�&RUL[LGDH ±�]j_[eydb
1. Corixa dentipes 7KRPV��<� gZrbo� k[hjZo� _^bgbqgu_� wd-

a_fieyju��\klj_qZ_lky�\�bxe_�Z\]mkl_�
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2. Cimatia bonsdorffii C. Sahlb.� ?^bgkl\_gguc� wda_fieyj
ihcfZg� ��������� gZ� k\_l� eZfiu� gZdZeb\Zgby�� mklZgh\e_gghc� \

���f�hl�[_j_]Z�\�d\ZjlZe_��d\������

3. C. coleoptrata )��Fgh]hqbke_gguc�\b^��qZklh�\klj_qZx-
sbcky�\�aZjhkeyo�\ukr_c�\h^ghc�jZklbl_evghklb�\�f_edh\h^ghc

qZklb�ha_jZ�

4. Sigara assimilis Fieb. Ohjhrh�e_lbl�gZ�k\_l��gZfb�hleZ\-
eb\Zeky�\�d\�����gZ�eZfim�^g_\gh]h�k\_lZ��fgh]hqbke_g_g�

5. S. concinna Fieb.�Fgh]hqbke_gguc� \b^�� h[blZxsbc� \
[hevrbgkl\_�ha_j�aZih\_^gbdZ��\�lhf�qbke_�b�gZ�ha��;��FbZkkh\h�

bfZ]h�qZklh�e_lbl�gZ�k\_l�\�bxg_�bxe_�

6. S. falleni Fieb.�J_^hd��\k_]h� �� wda_fieyjZ�[ueh� kh[jZgh
gZ�f_edh\h^v_�m�k_\_jgh]h�[_j_]Z�ha_jZ�22.04.81.

7. S. fallenoidea Huhg.�H[uq_g��\klj_qZ_lky�\h�fgh]bo� aZ-
ih\_^guo�ha_jZo��ij_^ihqblZ_l�f_edh\h^gu_�aZeb\u�

8. S. fossarum Leach.�Hq_gv�j_^hd��hleh\e_g�\k_]h���wda��gZ
k\_l�\�d\���������������

9. S. germary Fieb.�DZd�b�ij_^u^msbc� \b^��[ue� hleh\e_g
ebrv� h^gZ`^u� �������� gZ� k\_l� eZfiu�gZdZeb\Zgby�� mklZgh\e_g-
ghc�\����f�hl�[_j_]Z�ha_jZ�\�d\�����

10. S. longipalus J. Sahlb.�H[uqguc� \b^�� k_jby� ba� ��� wda�
[ueZ�hleh\e_gZ�m�k_\_jgh]h�[_j_]Z�ha_jZ������������\ihke_^kl\bb

qZklh�hlf_qZeky�\�meh\Zo�gZ�k\_lheh\mrdm�

11. S. praeusta )LHE��H[uq_g��\�bxe_�Z\]mkl_�Zdlb\gh�e_lbl
gZ�k\_l�

12. S. semistriata Fieb.�J_^dbc�\b^��\�gZrbo�k[hjZo�\k_]h��
wda���kh[jZgguo�gZ�k\_lheh\mrdm������������

13. S. striata /��H[uqguc�h[blZl_ev�aZeb\h\�ha_jZ��e_lbl�gZ
k\_l�k�dhgpZ�fZy�ih�k_gly[jv�

K_f_ckl\h�1DXFRULGDH�±�IeZ\lu

14. Ilyociris cimicoides /��±�ieZ\l��Ij_^ihqblZ_l� aZjhkrb_
mqZkldb�Zd\Zlhjbb��h[uq_g�

K_f_ckl\h�1RWRQHFWLGDH�±�=eZ^urb

15. Notonecta glauca L.�±�]eZ^ur�h[udgh\_gguc��H[uqguc

\b^��bgh]^Z�e_lbl�gZ�k\_l�

16. N. reuteri Hung.�<�ha��;��FbZkkh\h�\klj_qZ_lky�]hjZa^h
j_`_�ij_^u^ms_]h�\b^Z�

K_f_ckl\h�1HSLGDH�±�<h^ygu_�kdhjibhgu

17. Nepa cinerea L.�±�\h^yghc�kdhjibhg��>h\hevgh�h[uqguc
\b^�� \klj_qZ_lky� \� aZjhkeyo� \ukr_c� \h^ghc� jZklbl_evghklb� gZ

f_edh\h^vyo�ha_jZ�
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18. Ranatra linearis /��±�jZgZljZ�iZehqdh\b^gZy��Wlh�kZfuc
djmiguc�ij_^klZ\bl_ev�hljy^Z�\�nZmg_�aZih\_^gbdZ��<klj_qZ_lky

g_kdhevdh�j_`_�ij_^u^ms_]h�\b^Z��ij_^ihqblZ_l�f_edb_�aZeb\u�

aZjhkrb_�]b^jhnblZfb�

K_f_ckl\h�+\GURPHWULGDH�±�IZehqdh\b^gu_�\h^hf_jdb

19. Hydrometra gracilenta Horv.� �<� aZih\_^gbd_� hlf_q_gZ
ebrv� \� h^ghf�f_kl_� ±� \� [hehl_�gZ�i_j_r_cd_�i�h\Z�KZcfZ�� ]^_

[ueh�hleh\e_gh����wda_fieyjh\�wlh]h�\b^Z�

K_f_ckl\h�9HOLLGDH�±�<_ebb

20. Microvelia buenoi Drake.�J_]bkljbjh\Zeky�lZf�`_��]^_�b
ij_^u^msbc�\b^��\�Z\]mkl_������]h^Z�[ueh�ihcfZgh����wda�

K_f_ckl\h�*HUULGDH�±�<h^hf_jdb

21. Gerris lacustris /��±�ijm^h\Zy�\h^hf_jdZ��H[uqguc�\b^�
\klj_qZ_lky�[eba�[_j_]Z�ij_bfms_kl\_ggh�\�aZeb\Zo�ha_jZ�

22. G. lateralis Schumm.�Wlh�gZb[he__�fZkkh\uc�^ey�aZih-
\_^gbdZ� \b^�� qZs_� \k_]h� _]h� fh`gh� \klj_lblv� \� em`Zo� b� ebrv

baj_^dZ�gZ�f_edh\h^v_�ha_j�

23. G. odontogaster Zett.�H[uqguc� h[blZl_ev�ijb[j_`ghc
ahgu�ha_jZ�

24. G. paludum )�� ±� [hehlgZy� \h^hf_jdZ�� <� hlebqb_� hl
G. lateralis�__�qZs_�fh`gh�h[gZjm`blv�gZ�ha_jZo��qZs_�\�aZeb\Zo�
FZkkh\uc�\b^�

25. G. sphagnetorum *DXQ�� ±� knZ]gh\Zy� \h^hf_jdZ��Hq_gv

j_^dbc�\b^��gZfb�hleh\e_g�\k_]h���wda����������\�hkhdh\hf�[hehl_

gZ� i_j_r_cd_� i�h\Z� KZcfZ�� <i_j\u_� ^ey� l_jjblhjbb� [u\r_]h

KKKJ�[ue�mdZaZg�?��<��DZgxdh\hc� ��������ihfbfh�KdZg^bgZ\bb

hlf_qZeky� \� hdj_klghklyo�E_gbg]jZ^Z�� \�IhelZ\kdhc� h[eZklb�� \

\_joh\vyo�:g]Zju�b�Gb`g_c�Lmg]mkdb��GZrZ�gZoh^dZ�k\yau\Z_l

_\jhi_ckdmx�b�ZabZlkdmx�qZklb�Zj_ZeZ�wlh]h�\b^Z�

K_f_ckl\h�6DOGLGDH�±�KZev^b^u

26. Chartoscirta cincta H.-S.�Hq_gv�j_^hd��\�gZrbo� k[hjZo
\k_]h���wda_fieyjZ�kh[jZgguo����������\�hkhdh\hf�[hehl_�gZ�i_-
j_r_cd_�i�h\Z�KZcfZ�

27. Ch. elegantula Fall.�J_^dbc�\b^��gZc^_gguc�lZf�`_��]^_
b�ij_^u^msbc��\�bxe_������]�

28. Saldula arenicola Scholtz.�<� gZr_c� dhee_dpbb� \k_]h� �
wda_fieyj������������ihcfZgguc�m�mj_aZ�\h^u�gZ�k_\_jghf�[_j_]m

ha��;��FbZkkh\h�

29. S. melanoscela Fieb.�Hq_gv�j_^hd��_^bgkl\_gguc�wda_f-
ieyj�ihcfZg�kh\f_klgh�k�ij_^u^msbf�\b^hf�

30. S. opacula Zett.�H[uqguc�h[blZl_ev�[_j_]h\hc�ihehku
ha_j�aZih\_^gbdZ��bgh]^Z�e_lbl�gZ�k\_l�
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31. S. saltatoria /��H[uq_g�� \klj_qZ_lky� \� gZghkZo� jZklb-
l_evghklb�\�ijb[hcghc�ihehk_�[_j_]h\�ha_jZ�

Hljy^�`mdb� (Coleoptera).�<� gZklhys__� \j_fy� \� khklZ\_
nZmgu� aZih\_^gbdZ� gZkqblu\Z_lky� �006� \b^h\�`mdh\� �EZ]mgh\�
Gh\h`_gh\�� ������QZsbgZ��2000���Ba�gbo�ebrv�hl^_evgu_�ij_^-
klZ\bl_eb�g_dhlhjuo�k_f_ckl\�k\yaZgu�k�\h^h_fZfb�

K_f_ckl\h�&DUDELGDH�±�`m`_ebpu

K\_^_gby� h� \klj_qZo� `m`_ebp� \� [_j_]h\hc� ihehk_� ha_jZ

;��FbZkkh\h� hkgh\Zgu� gZ� ^Zgguo�X��B��Dhjh[_cgbdh\Z� �������

gZ�k\_^_gbyo��ihemq_gguo�?��<��Abgh\v_\uf�\������]h^m� �mklgh_

khh[s_gb_��b�gZ�gZrbo�k[hjZo�����±�����]]���h[jZ[hlZgguo�\ih-
ke_^kl\bb�X��B��Dhjh[_cgbdh\uf�b�?��<��Abgh\v_\uf��Dhfie_dk

hdheh\h^guo�`m`_ebp�ha��;��FbZkkh\h�gZkqblu\Z_l����\b^h\�

1. Nebria livida /���J_^dbc�]_ji_lh[bhglguc�\b^��oZjZdl_j-
guc�^ey�[_j_]h\hc�ihehku�ha_j�aZih\_^gbdZ�

2. Notiphilus aquaticus /���Hq_gv�j_^hd��j_]bkljbjh\Zeky�gZ
[_j_]m�ha_jZ�;��FbZkkh\h�\�jZchg_�[bhklZgpbb�

3. N. palustris Duft.� �H[blZ_l�\h�\eZ`guo�[bhlhiZo��hlf_-
qZeky�\�[ZgdZo�eh\mrdZo��mklZgh\e_gguo�ih�[_j_]m�ha_jZ��\_a^_

hq_gv�j_^hd�

4. Elaphrus cupreus Duft.�Hq_gv�j_^hd����wda��[ue�hleh\e_g
\�bxe_� �����]h^Z� �?��<��Abgh\v_\��\�[Zgdm�eh\mrdm�gZ�k_\_jghf

[_j_]m�ha_jZ�

5. E. riparius /��<klj_qZ_lky�qZs_�ij_^u^ms_]h�\b^Z��j_]b-
kljbjh\Zeky�lZf�`_�

6. Loricera pinicornis /��Hq_gv�j_^dbc�\b^��\k_]h�g_kdhevdh
gZoh^hd�ih�[_j_]Zf�ha_jZ�

7. Dyschirius globosus Hbst.�>ey� aZih\_^gbdZ�hq_gv�j_^hd�
\klj_qZ_lky�lhevdh�ih�[_j_]Zf�ha_j�

8. Bembidion articulatum Panz.� �Ij_^ihqblZ_l� [_j_]Z� \h^h-
_fh\��h[blZy�\�gZghkZo�ba�\h^hjhke_c��^Zgguo�ih�qbke_gghklb�g_l�

G_h^ghdjZlgh�hleZ\eb\Zeky�gZ�k_\_jghf�[_j_]m�ha_jZ�;��FbZkkh\h�

9. B. bruxelense Wesm.�J_^dbc�\b^��\klj_qZ_lky�ih�[_j_]Zf
ha_jZ�

10. B. femoratum Sturm.�@b\_l�\�gZghkZo�ih�[_j_]Zf�ha_j�
qbke_gghklv�g_ba\_klgZ�

11. B. obliguus 6WXUP��H[uq_g�ih�[_j_]Zf�ha_jZ�

12. B. quadrimaculatum /��Baj_^dZ�ihiZ^Z_lky�\�[_j_]h\hc
ihehk_�ha_jZ�

13. Patrobus assimilis &KG���J_^dbc�\b^��oZjZdl_j_g�^ey�[_-
j_]h\�ha_j��[hehl�b�^jm]bo�\h^h_fh\��]^_�`b\_l�\�gZghkZo�b�ih^-
klbed_��Hlf_qZeky�m�ha_jZ�;��FbZkkh\h�
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14. Pterostichus anthracinus Jll.�Fgh]hqbke_gguc�\b^�k�rb-
jhdbf� ki_dljhf� aZk_ey_fuo� [bhlhih\�� j_]meyjgh� \klj_qZ_lky� b

ih�[_j_]m�ha��;��FbZkkh\h�

15. Pt. aterrimus Hbst.��Hq_gv�j_^hd��ij_^ihqblZ_l�k_eblvky
ih�[_j_]Zf�ha_j�

16. Pt. melanarius Jll.� �H^bg�ba�kZfuo�fZkkh\uo�\b^h\�`m-
`_ebp� aZih\_^gbdZ�� qZklh� ihiZ^Z_l� \� [Zgdb�eh\mrdb�� mklZgh\-
e_ggu_�ih�[_j_]m�ha_jZ�

17. Pt. strenuus Pz.� H[uqguc� \b^�� dhlhjuc� qZs_� fh`gh
\klj_lblv�gZ�[_j_]m�ha_jZ��g_`_eb�ih^�iheh]hf�e_kZ�

18. Agonum assimile Pk. �FZkkh\uc�\b^�ih�[_j_]m�ha_jZ��gh
\klj_qZ_lky�b�\�e_kghc�ih^klbed_�

19. Ag. gracile Gyll.��Hq_gv�j_^hd��\klj_qZ_lky�\�[_j_]h\uo
gZghkZo�ha_jZ�

20. Ag. sexpunctatum /��J_^hd��ij_^ihqblZ_l�\eZ`gu_�em]Z
b�[_j_]Z�ha_j�

21. Synuchus nivalis Pk.�Hq_gv�j_^hd�±�\k_]h���wda��[ue�hl-
eh\e_g�gZ�k_\_jghf�[_j_]m�ha��;��FbZkkh\h�

22. Anisodactylus binotatus )�� �Hq_gv�j_^dbc�\b^��`b\_l�ih
[_j_]Zf�ha_j�

23. Stenolophus mixtus Hbst.�Hlf_qZeky�gZ�em]Zo�b�ih�[_j_-
]Zf�ha_j��>Zgguo�ih�\klj_qZ_fhklb�g_l�

24. Chlaenius nigricornis )�� <klj_qZ_fhklv� g_� ba\_klgZ�
ij_^ihqblZ_l� [_j_]Z� ha_j� b� [hehl� �mklgh_� khh[s_gb_� ?��<�� Ab-
gh\v_\Z��

25. C. tristis Schall. �@b\_l�ih�[_j_]Zf�ha_j�b�gZ�[hehlZo�
^Zgguo�ih�\klj_qZ_fhklb�g_l�

26. C. vestitus Pk. >Zgguo�ih�\klj_qZ_fhklb�g_l��h[blZ_l�m
\h^u�

27. Oodes gracilis Vill .�Hq_gv�j_^hd��`b\_l�ih�[_j_]Zf�ha_jZ�
28. O. helopioides )��Hq_gv�j_^dbc�\b^��hlf_qZeky�ih�[_j_-

]m�ha_jZ�;��FbZkkh\h�

K_f_ckl\h�'\WLVFLGDH�±�ieZ\mgpu

IeZ\mgpu�±�lbibqgh�\h^gZy�]jmiiZ�`mdh\��NZmgZ�ieZ\mg-
ph\�Bevf_gkdh]h� aZih\_^gbdZ�� \dexqZ_l� ��� \b^h\�� ba� gbo� ��� ±

aZj_]bkljbjh\Zgu� \�ha_j_�;��FbZkkh\h� �AZihjh`kdbc�� ������EZ-
]mgh\��Gh\h`_gh\��������

Hydrotus inaequalis L., Potamonectes depressus Fabr.,
Platambus maculatus L., Ilybius fenestriatus Fabr., I. subaeneus Er.,
Rhantus exoletus Forst., Ph. notatus F., Colymbetes paykulli Er.,
Acilius sulcatus L., Dytiscus circumcinctus Ahr., D. circumflexus
Fabr., D. lapponicus Gyll., D. latissimus L., D. marginalis L.
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Dhfie_dk�ieZ\mgph\�ha_jZ�;��FbZkkh\h�hlebqZ_lky�hl�ZgZ-
eh]bqguo� dhfie_dkh\� ^jm]bo� \h^h_fh\� aZih\_^gbdZ� gZebqb_f

ohjhrh� \ujZ`_gghc� ]jmiiu� j_hnbevguo� \b^h\� �P. depressus,
Pl. maculstus, Il. fenestriatus��� Ih� fg_gbx� H��<�� AZihjh`kdh]h
��������wlh�fh`_l�[ulv�k\yaZgh�k�gZebqb_f�\�\h^h_f_�ih^\h^guo

l_q_gbc�

K_f_ckl\h�*\ULQLGDH�±�\_jlyqdb

Obsgu_�`mdb��h[blZxsb_�gZ�ih\_joghklb�\h^u��\�ha_jZo

qZs_�^_j`Zlky� m�[_j_]Z�b� \� aZeb\Zo��KeZ[h�bamq_ggZy� \�nZmgb-
klbq_kdhf� hlghr_gbb� ]jmiiZ�� <� aZih\_^gbd_� aZj_]bkljbjh\Zg

\k_]h���\b^�±�Gyrinus marinus *\OO���dhlhjh]h�qZklh�fh`gh�\klj_-
lblv�\�aZeb\Zo�ha_jZ�;��FbZkkh\h�

K_f_ckl\h�&KU\VRPHOLGDH�±�ebklh_^u

H^gh� ba� kZfuo� [h]Zluo� \b^Zfb� k_f_ckl\h�`mdh\�� gZkqb-
lu\Zxs__� \�nZmg_� aZih\_^gbdZ� ���� \b^Z� �EZ]mgh\��Gh\h`_gh\�

�������GZ� \ukr_c� \h^ghc� jZklbl_evghklb� ha��;��FbZkkh\h� gZfb

aZj_]bkljbjh\Zgh���\b^h\�

1. Donacia crassipes )���G_h^ghdjZlgh�hlf_qZeky�\�Ebih\hc
dmjv_�gZ�ebklvyo�`_elhc�dm[urdb��H[uqguc�\b^�

2. D. dentata Hoppe.��Hq_gv�j_^dbc�\b^��\klj_q_gguc�gZfb
gZ�`_elhc�dm[urd_�\�dmjv_�Ebih\hc�����������������wda���

3. D. fennica 3D\N�� <� aZih\_^gbd_� hq_gv� j_^hd�� GZc^_gh
��wda����������gZ�k_\_jghf�[_j_]m�ha��;��FbZkkh\h��?s_�h^bg�wd-
a_fieyj�ba�k[hjh\�<��G��Kl_iZgh\Z�k�wlbd_ldhc�©���������]���Bev-
f_gkdbc� aZih\_^gbdª� ojZgblky� \� dhee_dpbb� BWJb@� �]�� ?dZl_-
jbg[mj]��

4. D. thalassina Germ.�<�gZr_c�dhee_dpbb�\k_]h���wda_fi-
eyj��hleh\e_gguc�gZ�ha_j_�;��FbZkkh\h����������

5. Plateumaris sericea /��<�mkeh\byo�Bevf_gkdh]h�aZih\_^-
gbdZ�qZs_�\klj_qZ_lky�gZ�[hehlZo�k�aZjhkeyfb�ljhklgbdZ��h^gZdh

hlf_qZeky�b�gZ�[_j_]m�ha_jZ�;��FbZkkh\h�

6. Galerucella nymphaeae /�� H[uqguc� \b^�� `mdh\� qZklh
fh`gh�\klj_lblv�gZ�dm[urdZo�\�aZeb\Zo�ha_jZ�

Hljy^� \bkehdjuedb� (Megaloptera). Ebqbgdb� ij_^klZ\b-
l_e_c� wlh]h�hljy^Z�h[blZxl�\�\h^_��Z�bfZ]h�qZklh�fh`gh�\klj_-
lblv�[eba�\h^h_fZ��Kdhie_gby�\bkehdjuehd�g_h^ghdjZlgh�hlf_-
qZebkv�gZfb�\�bxe_�Z\]mkl_�\�jZaebqguo�f_klZo�[_j_]h\hc�iheh-
ku�ha��;��FbZkkh\h��Hgb�[ueb�h[jZah\Zgu�^\mfy�\b^Zfb�±�Sialis
morio Klst.�b�S. sordida Klst.,�ijbq_f�\lhjhc�\b^�\klj_qZ_lky�ijb-
f_jgh�\��±��jZa�j_`_�ij_^u^ms_]h�

Hljy^�q_rm_djueu_�(Lepidoptera). Ebrv�g_fgh]b_�ij_^�
klZ\bl_eb� wlh]h� hljy^Z� ljhnbq_kdb� k\yaZgu� \� k\h_f� jZa\blbb� k
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\ukr_c�\h^ghc�jZklbl_evghklvx��NZmgZ�wlh]h�hljy^Z�\�aZih\_^-
gbd_�gZkqblu\Z_l� [he__� ����� \b^h\� �=hj[mgh\��EZ]mgh\��Hevr-
\Zg]��Gbiihg_g���������ba�gbo�ebrv�m����\b^h\�]mk_gbpu�iblZxl-
ky�gZ�\h^guo�jZkl_gbyo�

K_f_ckl\h�&RVVLGDH�±�>j_\hlhqpu

1. Phragmataecia  castaneae Hübn.�±�DZfurh\uc�k\_jebeh�
=mk_gbpu�`b\ml���]h^Z�\�kl_[eyo�b�dhjgyo�ljhklgbdZ��E_l�[Z[h-
q_d�\�bxg_±bxe_��H[uq_g�

K_f_ckl\h�7RUWLFLGDH�±�Ebklh\_jldb

1. Bactra lancealana Hübn. =mk_gbpZ�`b\_l�\�kl_[eyo�kbl-
gbdZ��dZfurZ�b�^j��E_l�[Z[hq_d�\�bxg_±bxe_. H[uq_g�

2. Bactra furfurana�+DZRUWK�±�Kblgbdh\Zy�ebklh\_jldZ��=m-
k_gbpZ�`b\_l�\�kl_[eyo�kblgbdZ��dZfurZ��b�^j��E_l�bfZ]h�\�bxe_.
J_^hd�

K_f_ckl\h�3\UDOLGDH�±�H]g_\db

1. Elophila  nymphaeata /��±�Dm\rbgdh\Zy�\h^gZy�h]g_\dZ�
=mk_gbpZ� ih^� \h^hc� \� iZmlbgghf� q_oebd_� gZ� ebklvyo� j^_klh\�

\h^hdjZkZ��dm\rbgdb�b�dm[urdb��;Z[hqdb�e_lZxl�k�bxgy�ih�Z\-
]mkl��Fgh]hqbke_gguc�\b^�

2. Acentria ephemerella Den. & Schiff.±�;_eZy�ih^\h^gZy�h]-
g_\dZ��=mk_gbpZ�`b\_l�ih^�\h^hc��\�kie_l_gguo�iZmlbghc�ebklv-
yo�j^_klh\��weh^_b�b�jh]hebklgbdZ��E_l�[Z[hq_d�\h�\lhjhc�iheh-
\bg_�e_lZ��H[uqguc�\b^.

3. Parapoynx stratiotata L. ±�<h^hj_ah\Zy�h]g_\dZ��=mk_gbpZ
`b\_l�ih^�\h^hc��\�iZmlbgghf�dhdhg_�gZ�ebklvyo�j^_klh\��weh^_b�

jh]hebklgbdZ��b�l_ehj_aZ��BfZ]h�qZklh�fh`gh�\klj_lblv�\�bxe_±

Z\]mkl_�

4. Ostrinia palustralis Hübn.� ±�SZ\_e_\uc�fhlue_d��=mk_-
gbpZ�`b\_l�gZ�ebklvyo�b�\�kl_[eyo�sZ\_ey�\h^gh]h��E_l�[Z[hq_d

\�bxg_±bxe_� H[uqguc�\b^�
K_f_ckl\h�1RFWXLGDH�±�Kh\db

1. Simyra albovenosa Goeze – ;_eh`bevgZy�kh\dZ� =mk_gbpZ
`b\_l�\�Z\]mkl_±k_gly[j_��gZ�jZaebqguo�jZkl_gbyo��hkhdZo��\Zol_�

jh]ha_��bjbk_�[hehlghf��b�^j��G_kdhevdh�wda_fieyjh\�hleh\e_gh

gZ�k\_l�\�bxg_������]h^Z� J_^dbc�\b^�
2. Mythimna straminea Treitschk.� ±�@_elh\ZlZy� ihehkZlZy

kh\dZ� =mk_gbpZ�`b\_l�\��k_gly[j_�b��ihke_�abfh\db��\�fZ_±bxg_

gZ�ljhklgbd_��;Z[hqdb�e_lZxl�\�bxg_±bxe_��H[uqguc�\b^�

3. Mythimna obsoleta Hübn. – H[udgh\_ggZy�ihehkZlZy�kh\-
dZ� =mk_gbpZ�`b\_l�\��k_gly[j_�b��ihke_�abfh\db��\�fZ_�gZ�ljhkl-
gbd_��BfZ]h�hleZ\eb\Zeb�gZ�k\_l�\�bxg_�\�hdj_klghklyo�ihk��Fb-
Zkkh\h��H[uqguc�\b^�
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4. Mythimna flammea &XUWLV� ±�MadhdjueZy�kh\dZ� =mk_gbpZ
`b\_l� \�bxe_� ±� Z\]mkl_�gZ� ljhklgbd_��E_l�bfZ]h� \�bxg_±bxe_�

>h\hevgh�qZklh�

Hljy^�^\mdjueu_ (Diptera). P_euc�jy^�hl^_evguo�lZdkh-
gh\�wlh]h�hljy^Z�\�k\h_f�jZa\blbb�lZd�beb�bgZq_�k\yaZg�k�\h^ghc

kj_^hc�h[blZgby��LZd��gZijbf_j��[hevrbgkl\h�ebqbghd� ke_ig_c

�7DEDQLGDH��y\eyxlky�]b^jh[bhglZfb�beb�w^Znh[bhglZfb��jZa\b-
\Zxsbfbky� \� m\eZ`g_gguo� ihq\Zo� b� ih^klbed_�� Ihwlhfm�� fu

khqeb�p_e_khh[jZaguf�^Zlv� a^_kv� kibkhd� \b^h\� ke_ig_c� ���� \b-
^h\���hleh\e_gguo�\�ijb[j_`ghc�qZklb�ha��;��FbZkkh\h��Chrysops
caecutiens caecutiens L., Ch. divaricatus Loew, Ch. pictus Meig.,
Ch. relictus Meig., Ch. rufipes Meig., Ch. sepulcralis F.,
Haematopota pluvialis L., Hybomitra confinis Zett., H. distinguenda
Verr., H. lundbecki Lyneb., H. lurida Fall., H. muhlfeldi Br., H.
nigricornis Zett., H. schineri Lyneb., H. tropica Panz.

LZdbf�h[jZahf��\�j_amevlZl_�h[jZ[hldb�kh[kl\_gguo�fZl_-
jbZeh\� b� k\_^_gbc�� bf_xsboky� \� jZaebqguo� im[ebdZpbyo�� m^Z-
ehkv� \uy\blv� \h^gmx� b� hdheh\h^gmx� nZmgm� ke_^mxsbo� ]jmii

gZk_dhfuo��klj_dhau�±����\b^h\��ihem`_kldhdjueu_�±�����`m`_-
ebpu� ±� ���� �ieZ\mgpu� ±� ���� \_jlyqdb� ±� ��� ebklh_^u� ±� ��� \bkeh-
djuedb�±����q_rm_djueu_�±�����ke_igb�±����\b^h\��Wlh�iha\hey_l

hoZjZdl_jbah\Zlv�ha_jh�;��FbZkkh\h�dZd�h^bg�ba� kZfuo�bamq_g-
guo�\�hlghr_gbb�wglhfhnZmgu�\h^h_fh\�X`gh]h�MjZeZ�

<� aZdexq_gb_� hlf_lbf�� qlh� kh\_jr_ggh� g_� bamq_ggufb

ih�ij_`g_fm�hklZxlky�ih^_gdb��jmq_cgbdb��\_kgygdb��ba�`_kldh-
djueuo�±�ij_^klZ\bl_eb�k_f_ckl\Z�\h^hex[h\��Z�ba�^\mdjueuo�±

g_dhlhju_� k_f_ckl\Z�� ebqbgdb� dhlhjuo� \� k\h_f� jZa\blbb� l_kgh

k\yaZgu�k�\h^ghc�kj_^hc�

<h^hieZ\Zxsb_�ilbpu

Bamq_gb_� nZmgu� b� gZk_e_gby� \h^hieZ\Zxsbo� ilbp

ha��;��FbZkkh\h�ij_^klZ\ey_l� [hevrhc�bgl_j_k�ijb�ijh\_^_gbb

^ebl_evgh]h�wdhfhgblhjbg]Z�wlhc�]jmiiu�ilbp�b�bo�f_klhh[blZ-
gbc�� _keb� mq_klv� d� lhfm�`_�� qlh�;��FbZkkh\h� ±� _^bgkl\_ggh_� \

j_]bhg_�djmigh_�f_ahljhngh_�ha_jh��fh]ms__�kem`blv�wlZehghf

\� mkeh\byo� aZih\_^ghklb�� AZfudZy� ljhnbq_kdmx� p_iv� \h^guo

hj]Zgbafh\�� \h^hieZ\Zxsb_� ilbpu� Zddmfmebjmxl� \� ljZgknhj-
fbjh\Zgghf�\b^_�ihklmiZxsb_�hl�gbo�ihlhdb�\_s_kl\Z�b�wg_j-
]bb�� qlh� iha\hey_l�� ijh\h^y� khijy`_ggu_� bkke_^h\Zgby� gZ� jZa-
guo� mjh\gyo� ibjZfb^u�� ^Zlv� dhfie_dkgmx� hp_gdm� khklhygby

dhfihg_glh\� [bhp_ghaZ� b� ijh]gha� h[� _]h� baf_g_gbb��<� k\yab� k
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wlbf� bgl_j_kgh� [ueh� [u� \uy\blv� [bhp_ghlbq_kdb_� k\yab� wlhc

]jmiiu�k�^jm]bfb�qe_gZfb�wdhkbkl_fu�ha��;��FbZkkh\h�

LZd� dZd� \h^hieZ\Zxsb_� ilbpu� oZjZdl_jbamxlky� \ukhdhc

^bgZfbqghklvx�k\h_c�ohjheh]bq_kdhc�kljmdlmju��\ujZ`Zxs_c-
ky�\�ihklhygguo�kmlhqguo�b�k_ahgguo� �i_j_f_s_gbyo��hkh[_ggh

\h�\g_]g_a^h\h_�\j_fy��gZ�khk_^gb_�\h^h_fu�b�h[jZlgh��\�jZ[hlm

\dexq_gu� gZ[ex^_gby� aZ� gZb[he__� bgl_j_kgufb� \b^Zfb� gZ� kh-
ij_^_evghc� k� ha�� ;��FbZkkh\h� l_jjblhjbb� �Gyr_\kdbc� ijm^hd�

F��FbZkkh\h�k�aZeb\hf�Bgurdh��b�^j����Djhf_�lh]h��^ey�iheghlu

dZjlbgu�fu�ihkqblZeb�g_h[oh^bfuf�^hihegblv�nZmgbklbq_kdbc

kibkhd� ^jm]bfb� ]jmiiZfb� ilbp� \h^gh�[hehlgh]h� dhfie_dkZ� ±

qZcdh\ufb��dmebdZfb�b�^j�

P_evx� jZ[hlu� [ueh� \uy\e_gb_� k_ahgghc� b�fgh]he_lg_c

^bgZfbdb� \b^h\h]h� b� dhebq_kl\_ggh]h� khklZ\Z� \h^hieZ\Zxsbo

ilbp�ha��;��FbZkkh\h�

JZg__�hjgblhnZmgZ�wlh]h�ha_jZ�ki_pbZevgh�gbd_f�g_�bam-
qZeZkv�� \� ebl_jZlmj_� � bf_xlky� ebrv� � k\_^_gby� &��E�� Mrdh\Z

�������������h�khklZ\_�b�qbke_gghklb��]g_a^ysboky�ilbp�\������]��

Z� lZd`_� h[� bgl_gkb\ghklb� fb]jZpbc� jy^Z� \b^h\� \� ����±��� ]]�

JZ[hlZ�ijh\h^beZkv� klZpbhgZjgh� \h� \k_� k_ahgu� k�bxey� �����ih

hdly[jv������]]��F�ijbf_g_gb_f�fZjrjmlguo�b�lhq_qguo�f_lh^h\

mq_lZ�dZd�i_rdhf�\^hev�ih[_j_`vy��lZd�b�k�eh^db�ih�i_jbf_ljm

ha_jZ��H[sZy�^ebgZ�fZjrjmlh\�±���±���df��dhebq_kl\h�mq_lh\�±

�±��� _`_]h^gh��Fgh]h� p_gguo� k\_^_gbc� [ueh� ihemq_gh� hl� gZ-
[ex^Zl_e_c�aZih\_^gbdZ��klm^_glh\�;Zrdbjkdh]h�=M�<��GZaZjh\Z

b�W��:ebf[_dh\Z�b�gZmqgh]h�khljm^gbdZ�<��>��AZoZjh\Z�

NZmgZ� Hjgblhdhfie_dk�\h^gh�[hehlguo�ilbp�ha��;��FbZk�
kh\h�ij_^klZ\e_g� ���\b^Zfb� �lZ[e�� �����ba�gbo�hij_^_e_ggh� ]g_a-
^ysboky� ±� ����dhqmxsbo�\�iha^g_�e_lgbc�i_jbh^�b�ijhe_lguo� ±

����Iheh\bgZ� \k_o� \b^h\� ijboh^blky� gZ� \h^hieZ\Zxsbo� ilbp� k

ij_h[eZ^Zgb_f� ih� qbkem� \b^h\� ieZklbgqZlhdex\uo�� gZ� \lhjhf

f_kl_�klhyl�qZcdh\u_��?keb�bkoh^blv�ba�[bhlhibq_kdh]h�ij_^ihq-
l_gby�l_f�beb�bguf�\b^hf�ilbp�k�hij_^_e_gghc�ljhnbq_kdhc�hjb-
_glZpb_c��^Zggh_� ha_jh�fh`gh� hlg_klb� d� ]Z]Zjh\h�djydh\uf�� l�_�

aZk_e_gguf�ij_bfms_kl\_ggh�ilbpZfb��bf_xsbfb�ju[hy^guc��b

kf_rZgguc��`b\hlgh�jZklbl_evghy^guc�lbiu�iblZgby��?keb�kjZ\-
gblv�gZrb�^Zggu_�k�fZl_jbZeZfb�K��E��Mrdh\Z���������������\�ih-
ke_^gb_����e_l�g_�\klj_q_gu�gZ�ijhe_l_�b�dhq_\dZo�q_jguc�Zbkl�

h]Zjv��i_]ZgdZ��[_eheh[uc�]mkv��fhjygdZ��e_[_^v�debdmg��Z�gZ�]g_a-
^h\v_� eukmoZ� b�rbjhdhghkdZ�� Ihy\bebkv� b� klZeb� h[uqgufb� gZ

]g_a^h\v_�]h]hev�b�k\byav��lh]^Z�dZd�djhoZeb�klZeb�j_^dbfb�\b^Z-
fb��;_a�baf_g_gbc�hklZeZkv�qbke_gghklv�]Z]Zj�b�djyd\�
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L Z [ e b p Z � � �

H[sZy�oZjZdl_jbklbdZ�nZmgu�b�gZk_e_gby�\h^gh�[hehlguo�ilbp

ha��;��FbZkkh\h�ih�bkke_^h\Zgbyf�����±���]]�

<b^

KlZlmk

ij_[u\Zgby

\b^Z

JZaf_s_gb_ H[beb_

Mq_lu

E��K��Mrdh\Z

(1993)
1 2 3 4 5

Q_jghah[Zy

]Z]ZjZ

=g_a^ysbcky <k_�aZeb\u �±��iZj�

�������hl

\k_o�\b^h\

<������]�

[ueh���iZj –
14.8 %

;hevrZy

ih]ZgdZ

=g_a^ysbcky�

dhqmxsbc�

ijhe_lguc

P_gljZevgZy

qZklv�ie_kZ

F��FbZkkh\h

��±���iZj��gZ

ijhe_l_��b

dhq_\dZo�±

��±����hkh[_c

=g_a^behkv

��iZju

DjZkghr_c-
gZy�ih]ZgdZ

Ijhe_lguc &_\_jgZy

qZklv�ha_jZ

?^bgbqgh =g_a^bebkv

gZ�Ijm^d_

;hevrZy

\uiv

=g_a^ysbcky�

ijhe_lguc

IjhlhdZ

Dueu

J_^dZ <klj_qZeZkv

K_jZy�pZiey =g_a^ysbcky�

ijhe_lguc

�AZeb\

Bgurdh�

FmjZ\vbguc

ihemhkljh\

J_^dZ Hlf_q_gZ

e_lhf

K_juc�]mkv Ijhe_lguc P_gljZevguc

ie_k

J_^hd GZ�ijhe_l_

[ue�fgh]h-
qbke_g_g

E_[_^v-
rbimg

Dhqmxsbc�

ijhe_lguc

�AZeb\�Gy-
r_\kdZy

dmjvy�

Bgurdh

��\u\h^hd�F

�±���il_gpZ-
fb��gZ�ijhe_-
l_�±�g_�[he__

���hkh[_c

�G_�hlf_q_g

Djyd\Z =g_a^ysbcky�

ijhe_lguc

Ih\k_f_klgh

\�aZeb\Zo

�±��iZj�

�������hl

\k_o�\b^h\

<������]�

[ueh���iZj�±

18.5 %
Qbjhd-

k\bklmghd

=g_a^ysbcky�

ijhe_lguc

Ih\k_f_klgh �±��iZju�

5.6 %
��Mql_gh

ijbf_jgh

��iZj�±�����

K_jZy�mldZ =g_a^ysbcky�

ijhe_lguc

Ihemhkljh\

KZcfZ��ijh-
lhdZ�dmjvy

Ijhoh^gZy

�±��iZju�

2.8 %
<������]�

[ueh���iZju

– 2.4 %

Qbjhd-
lj_kdmghd

=g_a^ysbcky�

ijhe_lguc

Ih\k_f_klgh �±��iZju�

8.5 %
�;ue�j_^hd

K\byav =g_a^ysbcky�

ijhe_lguc

Ih\k_f_klgh �±��iZj�

14.5 %
J_^dZ
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I j h ^ h e ` _ g b _ � l Z [ e � � � �

1 2 3 4 5
Rbeho\hklv =g_a^ysbcky �AZeb\

Bgurdh

J_^dZ ��iZju������

RbjhdhghkdZ Ijhe_lguc Bgurdh Hdheh���ilbp ���iZju�����

DjZkgh]heh�

\Zy�q_jg_lv

=g_a^ysbcky

ijhe_lguc

Ihemhkljh\

KZcfZ��aZeb\

Gyr_\kdZy

dmjvy��Ijm^hd

��iZju

\������]��

gZ�ijhe_l_�±

^h����hk�

���iZju�������

OhoeZlZy

q_jg_lv

=g_a^ysbcky�

ijhe_lguc

AZeb\�Gyr_\-
kdZy�dmjvy�

aZeb\

Bgurdh

�±��iZju�

�������gZ�ijh�

e_l_�±�hl���

^h�����hkh[_c

���iZju�

14.9 %

FhjkdZy

q_jg_lv

Ijhe_lguc AZeb\�Gyr_\-
kdZy�dmjvy

J_^dZ ���hdly[jy

�����]���mql_�

gh����ilbp

H[udgh\_g-
guc�]h]hev

=g_a^ysbcky�

ijhe_lguc

Ih\k_f_klgh �±��iZj�

��������gZ�ijh-
e_l_�g_�[he__

���hkh[_c

��;ue�j_^hd

H[udgh\_g-
guc�lmjiZg

Ijhe_lguc K_\_jgZy

qZklv�ie_kZ

G_�[he__

���ilbp

��;ue�j_^hd

Emlhd =g_a^ysbcky�

ijhe_lguc

AZeb\u�Abf-
gbd��Bgurdh

�±��iZju�

2.1 %
<������]�

��iZjZ�]g_a-
^beZkv�gZ�ha�

F��FbZkkh\h

>ebgghgh-
kuc�djhoZev

G_j_]meyjgh

]g_a^ysbcky

b�ijhe_lguc

AZeb\u�Aujy-
gh\kdZy

dmjvy�b

Ijhoh^gZy

J_^hd���±�

iZju��±������

�;ue�h[uq_g

\�Z\]mkl_

;hevrhc

djhoZev

=g_a^ysbcky�

ijhe_lguc

Ih\k_f_klgh �±��iZju�±

�������gZ

ijhe_l_�hl���

^h�����ilbp

<���±���]]�

mqblu\Zehkv

^h�����\u-
\h^dh\�h[hbo

\b^h\��hk_gvx

±�^h���luk��hk�

K_juc

`mjZ\ev

=g_a^ysbcky AZeb\u

RlZggZy

dmjvy�b

Bgurdh

�±��iZju =g_a^beky

K_j_[jbklZy

qZcdZ

Dhqmxsbc�b

ijhe_lguc

�P_gljZevgZy

qZklv�ie_kZ

Hl����^h����

ilbp��[hevr_

\k_]h�[ueh�\

1989, 1990, 1992
b������]]�

�G_�hlf_q_gZ
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H d h g q Z g b _ � l Z [ e � � � �

1 2 3 4 5
KbaZy�qZcdZ Dhqmxsbc�

ijhe_lguc

P_gljZevgZy

qZklv�ie_kZ

��±���hkh[_c JZg__�[ueZ

h[uqgZ

Ha_jgZy

qZcdZ

Ijhe_lguc P_gljZevgZy

qZklv�ie_kZ

Hl����^h����

ilbp��[hevr_

\k_]h��\������]�

<klj_q_gZ�\

�����_�]h^u

FZeZy�qZcdZ Ijhe_lguc P_gljZevgZy

qZklv�ie_kZ

Mql_gh����fZy

�����]�����ilbp

�J_^dZ

;_ehdjueZy

djZqdZ

Ijhe_lguc P_gljZevgZy

qZklv�ie_kZ

J_^dZ�����fZy

�����]��mql_-
gh����hkh[b

�J_^dZ

J_qgZy

djZqdZ

=g_a^ysbcky�

ijhe_lguc

AZeb\u�Eb-
ih\Zy�dmjvy�b

RlZggZy

Dhehgbb�ba

�±���iZj��gZ

dhq_\dZo�±�^h

���ilbp

;ueZ�h[uqgZ

I_j_\haqbd =g_a^ysbcky Ih\k_f_klgh <�kj_^g_f�ih

��iZj_�gZ�����f

ih[_j_`vy

;ue�h[uq_g

Q_jgur =g_a^ysbcky <k_�aZeb\u H[blZ_l�ijb�

f_jgh����iZj

H[uq_g

;hevrhc

mebl

Ijhe_lguc Ih[_j_`v_ J_^hd Baj_^dZ

\klj_qZeky

e_lhf

Fhjh^mgdZ Ijhe_lguc�

]g_a^ysbcky"

AZeb\�Gyr_\-
kdZy�dmjvy

J_^dZ

Dmebd�±

khjhdZ

Ijhe_lguc AZeb\�Gyr_\-
kdZy�dmjvy

J_^hd Hlf_qZeky

\_kghc

LjZ\gbd Ijhe_lguc GZ^�p_g-
ljZevguf-
ie_khf

J_^hd Baj_^dZ

\klj_qZeky

F_klhh[blZgby� Ih� oZjZdl_jm� j_ev_nZ�� lbim� jZklbl_ev-
ghklb�� hkh[_gghklyf� jZkiheh`_gby� gZ� \h^h_f_�� f_klhh[blZgby

\h^hieZ\Zxsbo� ilbp� mkeh\gh� jZa^_eyxlky� gZ� �� ]g_a^h\uo� klZ-
pbc��]^_�mkljZb\Zxlky�]g_a^Z�b�^_j`Zlky�\u\h^db�k�fZe_gvdbfb

il_gpZfb�� b� �� \g_]g_a^h\mx�� ��� [_j_]h\Zy� djhfdZ� k� hkhdh\ufb

dhqdZfb�\^hev�mj_aZ�\h^u�m�\ha\ur_ggh]h�aZe_k_ggh]h�[_j_]Z�±

f_klZ�]g_a^h\Zgby�q_jghah[hc�]Z]Zju;����aZeb\u��dmjvb��kh�kieZ-
\bgZfb� gZ� f_edh\h^vyo� k� aZbe_gguf� ^ghf� ±� ]Z]Zju�� ohoeZlu_

q_jg_lb�� ih]Zgdb�� djyd\u�� j_qgu_� djZqdb;� ��� ]heu_� dZf_gbklu_
djmlu_�[_j_]Z�±�[hevrb_�b�^ebgghghku_�djhoZeb;����\ha\ur_gu_
h[e_k_ggu_�[_j_]Z�\[ebab�ha_jZ�±�j_qgu_�mldb��dmebdb;����[_j_-
ah\h�khkgh\uc�e_k�\�hdj_klghklyo�\h^h_fZ��\�jZ^bmk_�^h���df��±
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djyd\u�� qbjdb�k\bklmgdb�� ]h]heb�� [hevrb_� djhoZeb� b� emldb; 6)
ijbha_jgu_�\eZ`gu_�gbabgu�b�[hehlZ�±�qbjdb��djyd\u;����hldju-
luc�ie_k�±�dhjfh\u_�b�^g_\hqgu_�klZpbb�\k_o�\b^h\�ilbp��djhf_

dmebdh\� b� pZi_ev�� DZd� \b^gh� ba� ko_fu�� kdhie_gby� ju[hy^guo

ilbp�ijbmjhq_gu�d�p_gljZevghc�b�\hklhqghc�qZklb�ie_kZ��ijbq_f

ilbpu�^_j`Zlky�g_�[eb`_��q_f���±���f�hl�[_j_]Z��l�_��\�f_klZo�k

]em[bghc�[he__���f�±�bf_ggh�lZf�gZoh^ylky�ihehku�ih]jm`_gguo

]b^jhnblh\� ba� j^_klh\�� weh^_b�� mjmlb�� oZjh\uo� \h^hjhke_c

�<_ck[_j]�� ������ kf�� lZd`_� ]e�� ����ijb\e_dZxsb_� ]b^jh[bhglh\�

kem`Zsbo� dhjfh\ufb� h[t_dlZfb� ^ey� ilbp�� GZ� hkljh\Zo� qZs_

\k_]h�ij_^klZ\e_gu���c����c�b���c�lbiu�f_klhh[blZgbc��Ij_^ih-
qblZ_fufb� klZpbyfb� \� i_jbh^� ]g_a^h\Zgby� y\eyxlky� aZeb\u�

bf_xsb_�ohjhrb_�]g_a^h\u_�b�dhjfh\u_�m]h^vy�^ey�[hevrbgkl-
\Z�\b^h\�ilbp��ihklhyggh�h[blZxsbo�lZf�k�fhf_glZ�mkljhckl\Z

]g_a^�^h�gZqZeZ�dhq_\hd�\u\h^dh\��l��_��kh�\lhjhc�^_dZ^u�fZy�^h

dhgpZ�bxgy��LZd�dZd�\h�\j_fy��jZafgh`_gby�]g_a^Z�k�deZ^dZfb�b

\u\h^db�k�fZe_gvdbfb�il_gpZfb�ijZdlbq_kdb�[_aaZsblgu�i_j_^

obsgbdZfb��\�wlhl�i_jbh^�g_h[oh^bfh�kh[ex^_gb_�Z[khexlgh]h

aZih\_^gh]h�j_`bfZ�\�wlbo�mqZkldZo�^ey�h[_ki_q_gby�khojZggh-
klb�deZ^hd�b�ihdhy�il_gph\��Mya\bfufb�ijb�j_adbo�dhe_[Zgbyo

mjh\gy� \h^u� klZgh\ylky� ]g_a^Z� ]Z]Zj��jZaf_s_ggu_�m�[_j_]h\hc

djhfdb�b�gZ�kieZ\bgZo:�ijb�[ukljhf�ih^t_f_�mjh\gy�hgb�aZlZi-
eb\Zxlky��b�gZh[hjhl��ijb�h[kuoZgbb�kieZ\bg�\�fZeh\h^gu_�]h-
^u� �����±���b������]]���]g_a^h\Zgby�wlh]h�\b^Z�a^_kv�\hh[s_�g_

ijhbkoh^bl�

DZd�\b^bf��ha��;��FbZkkh\h�±�wlh�dhfie_dk�f_klhh[blZgbc

jZaebqguo�lbih\��q_f�b�h[mkeh\e_gh�\b^h\h_�[h]Zlkl\h�_]h�hjgb-
lhnZmgu��h^gZdh��iehlghklv�]g_a^ysboky�ilbp�g_\_ebdZ�ih�kjZ\-
g_gbx�k�[he__�w\ljhnbjh\Zggufb�\h^h_fZfb�aZih\_^gbdZ� �=hj-
^b_gdh�b ^j���������=hj^b_gdh���������qlh�h[tykgy_lky�g_\ukhdhc
kl_i_gvx� aZjZklZgby� ha_jZ� gZ^\h^gufb�fZdjhnblZfb�� b�� ke_^h-
\Zl_evgh��fZeufb�jZaf_jZfb�]g_a^hijb]h^ghc�iehsZ^b�

Qbke_gghklv� Qbke_gghklv�\h^hieZ\Zxsbo�ilbp�ih^\_j-
`_gZ� agZqbl_evguf� k_ahgguf� b� f_`]h^h\uf� dhe_[Zgbyf

�lZ[e�������GZbf_gvrb_�ihdZaZl_eb�hlf_q_gu�\�]g_a^h\hc�i_jbh^�

gZb[hevrb_� ±� \h� \j_fy� hk_gg_c� fb]jZpbb�� <_k_ggbc� ijhe_l�

ijhoh^ysbc�k�dhgpZ�Zij_ey�^h�k_j_^bgu�fZy��keZ[h�\ujZ`_g�±�gZ

ha_j_� hlf_qZ_lky� hl� ��� ^h� ���� ilbp� �djyd\�� ]h]he_c�� ohoeZluo

q_jg_l_c�b�qbjdh\���ijbq_f�kdhj__�\k_]h�wlh�\�hkgh\ghf�f_klgu_�

]g_a^ysb_ky�a^_kv�hkh[b��GZ�]g_a^h\v_�mql_gh�hl����^h����iZju�

qlh�g_�hlebqZ_lky�hl�^Zgguo�mq_lh\�\������]���h^gZdh�khhlghr_-
gb_��\b^h\��k_cqZk��bgh_���_keb�jZgvr_�^hfbgZglZfb�[ueb�djyd\Z�
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L Z [ e b p Z � � �

Mq_lu�\h^hieZ\Zxsbo�ilbp�gZ�ha��;��FbZkkh\h�\�����±���]]�

�ih�fZdkbfZevguf�ihdZaZl_eyf�

=h^u <_k_ggbc

ijhe_l�

hkh[_c

=g_a^h�

\Zgb_�

iZj

Dhq_\db

\�Z\]mkl_�

hkh[_c

Ijhe_l�\

k_gly[j_�

hkh[_c

Ijhe_l�\

hdly[j_�

hkh[_c

<k_]h

hkh[_c

1989 ? ? 22 440 1100 1562
1990 25 27 42 240 400 761
1991 – 31 86 800 600 1548
1992 30 32 62 233 36 422
1993 – 23 245 70 49 510
1994 100 23 122 230 130 628
1995 81 34 131 205 315 800
1996 128 29 82 ? ? 268
1997 30 26 62 30 ? 174
1998 20 26 50 ? ? 122
1999 10 22 86 100 226 466

<�kj_^g_f
hkh[_c 53.0 27.2 90.9 260.0 358.1 660.1

Kj_^gyy
iehlghklv�
hkh[_c

�iZj�����]Z

4.8 2.3 8.1 23.6 32.4 14.7

ohoeZlZy�q_jg_lv�b�q_jghah[Zy�]Z]ZjZ��lh�\������_��]]��bfb�klZeb,
djhf_�djyd\u�b�q_jghah[hc�]Z]Zju��lZd`_�k\byav�b�]h]hev��<�Z\-
]mkl_� qbke_gghklv� ilbp� aZf_lgh� \hajZklZ_l� aZ� kq_l� \uoh^Z� gZ

ie_k�\u\h^dh\� ]Z]Zj��djhoZe_c�b�qhf]��ih^dhq_\u\Zxl� k_j_[jb-
klu_�qZcdb� k�fheh^ufb��<� wlh�`_� \j_fy�gZ[ex^Zxlky�j_]meyj-
gu_�dhjfh\u_�i_j_e_lu�mlhd�gZ�khk_^gb_�\h^h_fu��wlh�ijhbkoh-
^bl�ihke_� aZdZlZ�khegpZ��k� ���qZkZ�^h� ���qZk��<�k_gly[j_�khklZ\

hjgblhp_ghaZ�ihihegy_lky�aZ�kq_l�ih^dhq_\Z\rbo�ohoeZluo�q_j-
g_l_c��djhoZe_c��ha_jguo�qZ_d�b�j_qguo�djZq_d��Ijhe_l�fb]jZg-
lh\�klZgh\blky�aZf_lguf�k�dhgpZ�Z\]mklZ��^hklb]Z_l�fZdkbfmfZ�\

dhgp_�k_gly[jy�±�i_j\hc�^_dZ^_�hdly[jy��dh]^Z�aZ���kmldb�ijhe_-
lZ_l�hl� ����^h� ��luk��ilbp��h^gZdh�ij_`g_]h�h[beby�fb]jZglh\��gZ-
[ex^Z\r_]hky�\ 19���_�]]���dh]^Z�aZ���qZk��mqblu\Zehkv�^h���luk��ilbp�
b�k�lZdhc�bgl_gkb\ghklvx�hgb�e_l_eb�\�l_q_gb_��±���^g_c��(Mr-
dh\�� ������� k_cqZk� g_l��GZb[he__�fgh]hqbke_ggufb� gZ� hk_gg_f

ijhe_l_�\h�\j_fy�hklZgh\hd�y\eyxlky�ohoeZlu_�q_jg_lb��]h]heb�

qhf]b��\�hl^_evgu_�]h^u�±�[hevrb_�djhoZeb��h[jZamxsb_�kdhi-
e_gby� ba� g_kdhevdbo� ^_kyldh\� b� khl_g� hkh[_c�� Kj_^b� ^jm]bo

]jmii� ^hfbgbjmxl� k_j_[jbklZy� b� ha_jgZy� qZcdb�� g_j_^dh� h[jZ-
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amxsb_� kf_rZggu_� klZb� k�qhf]Zfb��djhoZeyfb��gujdh\ufb�ml-
dZfb�b�j_qgufb�djZqdZfb��GZb[he__�ij_^ihqblZ_fufb�f_klZfb

dhjf_`db�wlbo�ju[hy^guo�ilbp�k�k_j_^bgu�Z\]mklZ�^h�k_j_^bgu

hdly[jy� y\eyxlky� k_\_jgZy� qZklv� ie_kZ�� ijb[j_`gu_� mqZkldb

\[ebab�dmjvb�Ebih\hc�b�p_gljZevgZy�qZklv�±�gZijhlb\�Ijhoh^ghc

dmjvb� �kf��jbk������]^_�ijhbkoh^bl��\_jhylgh��dhgp_gljZpby�ju[-
guo� dhkydh\�� qlh�ih^l\_j`^Z_lky�bkke_^h\Zgbyfb�<��B��;_ey_\Z

��������a^_kv�`_��km^y�ih�gZrbf�gZ[ex^_gbyf��jZaf_s_gu�b�h[-
rbjgu_�ih^\h^gu_�©em]Zª ih]jm`_gguo�\h^guo�jZkl_gbc�±�j^_-
klZ�[e_klys_]h�b�ijhga_gghebklgh]h��AZ\_jrZxl�ijhe_l�\�i_j\hc

^_dZ^_�ghy[jy��i_j_^�e_^hklZ\hf��lmjiZgu��]h]heb�b�djyd\u��hl-
f_qZxsb_ky�g_[hevrbfb�klZcdZfb�ba��±���ilbp��H[sZy�qbke_g-
ghklv�\h^hieZ\Zxsbo�ilbp�gZ�ha��;��FbZkkh\h�\�ihke_^g__�^_ky-
lbe_lb_�[ueZ�fZdkbfZevghc�\������������b������]]�

Ih^\h^y� blh]b� \ur_baeh`_gghfm�� hlf_lbf� ke_^mxs__�

nZmgZ�ilbp� \h^gh�[hehlgh]h� dhfie_dkZ� ha��;�FbZkkh\h� kms_kl-
\_gguo�baf_g_gbc� aZ�ihke_^gb_� ���e_l�g_�ij_l_ji_eZ��KlZ[bev-
ghc� hklZeZkv�b� qbke_gghklv� ]g_a^ysboky� ilbp�� ohly� bo� khhlgh-
r_gb_�baf_gbehkv�\�ihevam�ju[hy^guo�\b^h\��]h]hev��djhoZeb��b

\b^Z��k\yaZggh]h�gZ� ]g_a^h\v_�k�[_j_]h\ufb�dmklZjgbdZfb� �k\b-
yav��� qlh�fh`gh� h[tykgblv� mkbe_gb_f� aZjZklZgby� [_j_]h\��Kgb-
`_gb_� qbke_gghklb� hk_ggbo� fb]jZglh\� kdhj__� \k_]h� k\yaZgh� k

h[sbf�mom^r_gb_f�khklhygby�\h^hieZ\Zxsbo�ilbp�b�bo�f_klh-
h[blZgbc� \�Kj_^bgghf� j_]bhg_� \� ihke_^gb_� ^_kylbe_lby� �Djb-
\_gdh���������<\b^m�hlghkbl_evgh�g_[hevrhc�iehsZ^b�]g_a^h\uo

m]h^bc��ha��;�FbZkkh\h�b]jZ_l�kms_kl\_ggmx�jhev�\�`bagb�\h^h-
ieZ\Zxsbo�ilbp� \� hkgh\ghf� dZd�f_klh�bo� hl^uoZ�b�`bjh\db� \

ihke_]g_a^h\hc� i_jbh^�� l�_�� \� l_q_gb_� ^h\hevgh� h]jZgbq_ggh]h

\j_f_ggh]h�hlj_adZ� �����f_kypZ���OZjZdl_j�klZpbZevgh]h�jZkij_-
^_e_gby� kdhie_gbc�ilbp� \� wlhl�i_jbh^� h[mkeh\e_g� hkh[_gghklyfb

jZaf_s_gby�dhjfh\uo�h[t_dlh\�±�\h^guo�[_kiha\hghqguo�b�ju[�

Ihem\h^gu_�fe_dhiblZxsb_

<�ihke_\h_gguc�i_jbh^� �ih�\k_c�kljZg_�ijh\h^bebkv�rb-
jhdhfZkrlZ[gu_� f_jhijbylby� ih� ihiheg_gbx� hohlgbqv_�

ijhfukeh\hc�nZmgu��<� jZfdZo� lZdh\uo� \�Bevf_gkdhf� aZih\_^-
gbd_� [ueh� \hkklZgh\e_gh� ih]heh\v_� j_qgh]h� [h[jZ� b� iheh`_gh

gZqZeh�nhjfbjh\Zgbx�ihimeypbb�hg^Zlju��Ihkdhevdm�\�ha��;hev-
rh_�FbZkkh\h��\�hlebqb_�hl�^jm]bo�ha_j�aZih\_^gbdZ��klhd�\h^u

[ue�bkdmkkl\_ggh�aZj_]mebjh\Zg��\hijhk�h�khklhygbb�a^_kv�wlbo

\b^h\�q_j_a�fgh]h�e_l�ihke_�\uimkdZ�djZcg_�ZdlmZe_g�b�bgl_j_k_g�
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;h[j�aZ\_a_g�\�Bevf_gkdbc�aZih\_^gbd�\������]h^m�ba�<h-
jhg_`kdh]h� aZih\_^gbdZ�\�dhebq_kl\_� ���hkh[_c��<�^Zevg_cr_f

^h�dhgpZ� �����o� ]h^h\�ijhbkoh^be�jhkl�_]h�qbke_gghklb��H^gh-
\j_f_ggh�reh�jZkk_e_gb_�`b\hlguo�b�aZ�_]h�ij_^_eu��Mf_gvr_-
gb_�[h[jh\h]h�gZk_e_gby�gZqZehkv�q_j_a����e_l�ihke_�\uimkdZ�b

ijh^he`behkv�^h�dhgpZ������o�]h^h\��=eZ\ghc�ijbqbghc�^Zggh]h

ijhp_kkZ� y\behkv� khdjZs_gb_� aZiZkh\� hkbgu� b� b\u� \ke_^kl\b_

ba[ulhqghc�iehlghklb�`b\hlguo�(>\hjgbdh\Z������).
Hg^ZljZ� aZ\_a_gZ� \�Bevf_gkdbc� aZih\_^gbd�ba�;jh^hdZe-

fZdkdh]h�jZchgZ�Q_ey[bgkdhc�h[eZklb�����bxgy������]��\�x`ghc

qZklb� aZih\_^gbdZ�\�h^bg�\h^h_f�[ueh�\uims_gh� �� kZfph\�b� �

kZfhd��\�^jm]hc� ±���fheh^uo�hkh[_c��<�h[hbo�\h^h_fZo�a\_jvdb

ijb`bebkv�b�klZeb�jZafgh`Zlvky��<�gZqZe_������o�]h^h\�hg^Zljm

h[gZjm`beb�\�p_gljZevghc�qZklb�aZih\_^gbdZ��<�gZklhys__�\j_-
fy�hgZ�jZkk_ebeZkv�ijZdlbq_kdb�ih�\k_f�ijb]h^guf�f_klhh[blZ-
gbyf�� b� __� ijhkljZgkl\_ggh_� jZaf_s_gb_� b� qbke_gghklv� \Zjvb-
jmxl�\� aZ\bkbfhklb�� ]eZ\guf�h[jZahf��hl� ]b^jheh]bq_kdh]h�j_-
`bfZ�\h^h_fh\�(KZfhceh\Z������).

>bgZfbdZ�h[beby�ihem\h^guo�]juamgh\�gZ�ha_j_�;��FbZk�

kh\h� aZ�ihke_^gb_� ���e_l�hljZ`_gZ�gZ�jbk��69��Qbkeh�ihk_e_gbc
[h[jZ�gbdh]^Z�g_�ij_\urZeh�^\mo��Qbke_gghklv�hg^Zlju�dhe_[Z-
eZkv� \� ij_^_eZo� hl� �� ^h� ��� ihk_e_gbc� beb� hl� �� ^h� ��� `bebs�

k�i_jbh^bqghklvx��±��e_l��GbdZdbo�q_ldbo�l_g^_gpbc�\�klhjhgm

m\_ebq_gby� beb� mf_gvr_gby� h[beby� wlbo�`b\hlguo� g_� ijhke_-
`b\Z_lky�

;h[j�� >ey� [h[jZ� aZeb\u� �dmjvb�� ;��FbZkkh\h�� hq_\b^gh�

y\eyxlky� g_� emqrbfb� f_klZfb� h[blZgby� \� aZih\_^gbd_�� AZ� \k_

jZkkfZljb\Z_fu_�]h^u�hgb�aZk_eyeb�ebrv���mqZkldZ��H^bg�ba�gbo

hlghkblky�d�lbim�[_j_agydb�k�hevrZgbdZfb��kj_^g_ijh^mdlb\gZy

dhjfh\Zy�[ZaZ���jZkiheh`_g�gZ�\iZ^Zxs_f�\� �aZeb\� �dmjvx��EZ-
lhqdZ�jmqv_�b�[ue�h[blZ_f����e_l�ih^jy^��>jm]b_�^\Z�hlghkylky�d

lbim�b\gydb��kj_^g_ijh^mdlb\gZy�b�gbadhijh^mdlb\gZy�dhjfh\Zy

[ZaZ���jZkiheZ]Zebkv�\�aZeb\_�RlZggZy�dmjvy�\�kieZ\bgZo�b�[ueb

h[blZ_fu� lhevdh� \� hl^_evgu_� ]h^u� k� [hevrbfb� i_j_ju\Zfb�

>hklh\_jgh�gZebqb_�ijbieh^Z�hlf_qZehkv�lhevdh�h^bg�jZa�\�i_j-
\hf�ihk_e_gbb�\� ����� ]��A^_kv�[h[ju�jueb�ghju�� kljhbeb�oZlu

b�aZijm^u�gZ�jmqv_��<h�\lhjhf�b�\�lj_lv_f�ihk_e_gbb�hgb�h]jZ-
gbqbebkv�khhjm`_gb_f�oZl��GZ�hklZevghc�[_j_]h\hc�ebgbb�[h[ju

g_�\klj_qZebkv�

Hg^ZljZ��<�j_amevlZl_�fgh]he_lgbo�gZ[ex^_gbc�hlf_q_-
gu�ke_^mxsb_�hkh[_gghklb�`bag_^_yl_evghklb�hg^Zlju�gZ�ha_j_�
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Jbk�� ���� >bgZfbdZ� ihdZaZl_e_c� h[beby� ihem\h^guo� ]juamgh\�

debfZlbq_kdbo�b� ]b^jheh]bq_kdbo�oZjZdl_jbklbd�ha_jZ�;hevrh_�FbZk-
kh\h�k������ih������]]�

<k_]h� aZ� ihke_^gb_� ��� e_l� hlf_q_gh� ��� ihk_e_gby� �lZ[e�� ���

hg^Zlju�� hgb� khklZ\eyxl� �������ijhly`_gghklb� \k_c� [_j_]h\hc

ebgbb�ha_jZ��Baex[e_ggu_� __� klZpbb� ±� ljhklgbdh\h�iZihjhlgb�

dh\h�jh]hah\u_� kieZ\bgu�� \� l_o�f_klZo�� ]^_� iha\hey_l� ]em[bgZ�

h^gZdh�lZdbo�ihk_e_gbc�\k_]h��������������ijbq_f�hk_^eh�hg^Zlju

`b\ml� lhevdh� \� ��o� ihk_e_gbyo� ��������� Z� hklZevgu_� aZk_eyxl

ebrv�\�g_dhlhju_� ]h^u� �lZ[e�� ����� \�hkgh\ghf�ijb� \hajZklZgbb

h[s_c�qbke_gghklb��Wlh�k\yaZgh�eb[h�k�g_^hklZlhqguf�h[\h^g_-
gb_f��eb[h�k�ij_kkhf�obsgbdh\��eb[h�kh�keZ[hc�dhjfh\hc�[Zahc�

Ihk_e_gby�� jZkiheZ]Zxsb_ky� \� aZjhkeyo� ijb[j_`guo�fZdjhnb-
lh\��khklZ\eyxl�������������hl�h[s_]h�dhebq_kl\Z��l_�\�dhlhjuo

bf_xlky�mqZkldb�b�kieZ\bg�b�aZjhke_c�±�������������<ukhdhijh-
^mdlb\gZy�dhjfh\Zy�[ZaZ��lh�_klv�gZebqb_�h[rbjguo�kieZ\bg�beb

aZjhke_c��hkgh\guo�dhjfh\uo�jZkl_gbc��bf__lky�\���fb�ihk_e_gbyo
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>bgZfbdZ�aZk_e_gghklb�hg^Zljhc�[_j_]h\hc�ebgbb�ha_jZ�;hevrh_�FbZkkh\h�k������ih������]]�

Ihk_e_gby=h^u

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
1980 + + + + + + + +
1981 + + + + + + + +
1982 + + + + + + + + + + +
1983 + + + + + + + + + + + + +
1984 + + + + + +
1985 + + +
1986 + + + + + + + + + + +
1987 + + + + + + + + +
1988 + + + + + + + +
1989 + + + + + +
1990 + + + + + + + + +
1991 + + + + + + + + + + + + +
1992 + + + + +
1993 + + + + + + +
1994 + + + + + + + + + +
1995 + + + + + + + + + +
1996 + + + + + + + + +
1997 + + + +
1998 + + +
1999 + + + + + + + + + +

I j b f _ q Z g b _ � �PbnjZfb�h[hagZq_gu�ihk_e_gby:���±�fuk�DhjZ[ebd����±�dmjvy�Abfgbd����±�dmjvy�EZlhqdZ����±�dmjvy�LjZ\ygZy����±
dmjvy�A_e_gZy����±�dmjvy�RlZggZy����±�dmjvy�Q_jg_gvdZy��k_\��klhjhgZ�����±�dmjvy�Q_jg_gvdZy��aZi��klhjhgZ�����±�\oh^�\�Gyr_\kdmx�dmjvx�����±

Dhj^hggZy�dmjvy��Z������±�Dhj^hggZy�dmjvy��[������±�mklv_�j��Gyr_\db�����±�dmjvy�Bklhd�����±�dmjvy�G_ijyobgkdZy�����±�dmjvy�=_g_jZevkdZy�

���±�dmjvy��MadZy�����±�dmjvy�Ebih\Zy��x`gZy�klhjhgZ������±�dmjvy�Ebih\Zy��p_glj������±�dmjvy�Ebih\Zy��k_\_jgZy�klhjhgZ������±�dmjvy�Ijhoh^-
gZy��x`gZy�klhjhgZ������±�dmjvy�Ijhoh^gZy��]jZgbpZ�±�dhkZ������±�dmjvy�Ijhoh^gZy��k_\_jgZy�klhjhgZ������±�dmjvy�Aujygh\kdZy�
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Dhjj_eypby�h[beby�hg^Zlju�gZ�ha��;hevrh_�FbZkkh\h

k�debfZlbq_kdbfb�ihdZaZl_eyfb��aZ�����±�����]]��

b�k�dhe_[Zgbyfb�mjh\gy�\h^u��aZ�����±�����]]��

NZdlhju
Dhebq_kl\h

ihk_e_gbc

Dhebq_kl\h

`bebs

=h^h\h_�dhebq_kl\h�hkZ^dh\��ff 0.07 0.19
Kj_^g_kmlhqgZy�l_fi_jZlmjZ�\ha^moZ�aZ

^_dZ[jv�yg\Zjv�n_\jZev�ij_^u^ms_c�abfu��°K
0.41 0.41

Kj_^gbc�mjh\_gv�\h^u�\�ha_j_

\�Z\]mkl_�k_gly[j_�hdly[j_
0.52 0.36

(34.8����� Z� gbadhijh^mdlb\gZy� ±� dmjlbgdb� aZjhke_c� dhjfh\uo
jZkl_gbc�b�\�g_dhlhjuo�mqZkldZo�g_[hevrb_�njZ]f_glu�kieZ\bg

±�\����lb������ %).
Mf_gvr_gb_�dhebq_kl\Z�hg^Zljh\uo�ihk_e_gbc�b�`bebs�\

dmjvyo�ha_jZ�b�\�ih^lZieb\Z_fhc�ahg_�mklv_\�\iZ^Zxsbo�j_d�k\y-
aZgh�k�j_adbf�dhe_[Zgb_f�mjh\gy�\h^u��GZijbf_j��e_lhf������]�

ijb� h[ke_^h\Zgbb� [_j_]h\hc� ebgbb� [ueh� h[gZjm`_gh� �� aZlhi-
e_gguo�oZlhd��Z�\�kmohf������]��±���[jhr_gguo�\ukhorbo��Ih^-
l\_j`^Zxl�wlh�agZq_gby�dhwnnbpb_glZ�dhjj_eypbb��ijb\_^_ggu_

\� lZ[ebp_� ���� ohly� \k_� wlb� agZq_gby� hdZaZebkv� g_^hklh\_jgu�

GZb[he__�kms_kl\_ggZy�aZ\bkbfhklv�b�fbgbfZevguc�mjh\_gv�__

g_^hklh\_jghklb��P� ����������hlf_q_gZ� �f_`^m�dhebq_kl\hf�ih-
k_e_gbc� b� � dhe_[Zgbyfb� mjh\gy� \h^u�� Kmjh\hklv� ij_^u^ms_c

abfu�b� dhebq_kl\h� hkZ^dh\� �g_�ih\ebyeb�gZ�ihdZaZl_eb� h[beby

hg^Zlju��Ebrv�\������b������]]��l_ieu_�abfu�b�ih\ur_ggh_�dh-
ebq_kl\h�hkZ^dh\�kh\iZeb�k�ibdhf�qbke_gghklb�hg^Zljh\uo�`b-
ebs�

GZfb�mklZgh\e_gh��qlh�f_kl�k�[eZ]hijbylgufb�mkeh\byfb

^ey� h[blZgby� hg^Zlju� gZ� ha_j_� fZeh�� ihwlhfm� hgZ� \ugm`^_gZ

_`_]h^gh�kh\_jrZlv�fb]jZpbb��<hafh`ghklv�ijhkljZgkl\_ggh]h

i_j_jZkij_^_e_gby� ihk_e_gbc� ih� [_j_]h\hc� ebgbb� k]eZ`b\Z_l

dhe_[Zgby� qbke_gghklb� a\_jvdh\�� \� hlebqb_� hl�fZeuo� ha_j�� ]^_

lZdh\u_�[u\Zxl�\_kvfZ�j_adbfb�

JZaf_j� hg^Zljh\uo� ihk_e_gbc� \Zjvbjm_l� hl� ^h\hevgh

[hevrbo� ±� ��df�[_j_]h\hc�ebgbb��^h�fZeuo� ±� ����f�� ]^_�`b\ml

�±�� a\_jvdZ��GZ[ex^Zxlky�g_j_^dh�b�k_ahggu_�fb]jZpbb�hg^Zl-
ju��e_lhf�`b\hlgu_�jZkk_eyxlky�ih�f_edbf�ha_jpZf��jmqvyf��Z�d

abf_�\ha\jZsZxlky�\�l_�f_klZ�;��FbZkkh\h��]^_�\h^Z�g_�ijhf_jaZ-
_l� ^h� ^gZ��LZdbf� h[jZahf�� mqZklhd�ihk_e_gby� d� abf_�fh`_l� km-
`Zlvky��QZklbqgh�hg�fh`_l�khdjZsZlvky�b�\�i_jbh^�\udZjfeb\Z-



241

gby� ihlhfkl\Z� ba�aZ�f_gvr_c� ih^\b`ghklb� kZfhd�� Z� \h� \j_fy

©gZ]meZª�d�hk_gb�jZkrbjy_lky�

GZ� l_jjblhjbb� aZih\_^gbdZ� ij_h[eZ^Zxl� k_\_jgu_� b� aZ-
iZ^gu_� gZijZ\e_gby� \_ljh\�� Ihwlhfm� hg^Zlju� ij_^ihqblZxl

k_eblvky�gZ�k_\_jguo�b�aZiZ^guo�[_j_]Zo�ha_jZ�b�hl^_evguo�aZ-
eb\h\��qlh[u�ijb[hc�g_�jZajmrZe�`bebsZ���������\k_o�__�f_klh-
h[blZgbc��

Hkgh\ghc� \b^� bkihevam_fuo� `bebs� ±� oZldb�� >hey� ghj

kj_^b� `bebs� \hajZklZ_l� eb[h� \� ]h^u� k� ih\ur_gguf� mjh\g_f

\h^u�\�\h^h_fZo��lh�_klv�dh]^Z�ihy\eyxlky�[he__�\u]h^gu_�mkeh-
\by�^ey�ghj_gby�hg^Zlj�\�[_j_]Zo��eb[h�\�]h^u�k�gbadbf�mjh\g_f

\h^u��dh]^Z�ghju�jhxlky�ijyfh�\�^_jg_�\ukhorbo�kieZ\bg�beb

gZ�khk_^gbo�mqZkldZo� l\_j^h]h�[_j_]Z��JZaf_ju�`beuo�oZlhd�hl

mj_aZ�\h^u�\�kj_^g_f�khklZ\eyxl�ih�\ukhl_�hdheh����±����f�b�\

^bZf_lj_� hdheh� ���±���� f�� >Z`_� \� ij_^_eZo� h^ghc� kieZ\bgu

a\_jvdb� ]h^� hl� ]h^Z� i_j_f_sZxlky� ±� kljhyl� dZ`^uc� ]h^� gh\u_

oZlu�� hkh[_ggh� dhjfh\u_�� G_j_^dh� [u\Zxl� kemqZb�� dh]^Z� hgb

j_fhglbjmxl�klZju_�`beu_�oZlu��_keb�l_�g_�kbevgh�jZajmr_gu�

b� kgh\Z�bo�bkihevamxl��@beu_�oZlu�\�hkgh\ghf�jZkiheZ]Zxlky

qmlv�^Zevr_�hl�mj_aZ�\h^u�\]em[v�kieZ\bgu��M�djZy�\h^u�qZs_

jZkiheZ]Zxlky�dhjfh\u_�oZldb��G_j_^dh�\klj_qZxlky�oZldb��mkl-
jh_ggu_�\�hkgh\Zgbb�hevoh\uo�dmklh\�beb�ih\Ze_gguo�djmiguo

^_j_\v_\��gZ�igyo��gZ�[j_\gZo��Ih\_jo�oZlhd�hg^Zlju�qZklh�ijh-
deZ^u\Zxl� oh^u�ljhiu�� Hg^Zlju� gZqbgZxl� ]hlh\blvky� d� abf_

h[uqgh�\�gZqZe_�k_gly[jy��KgZqZeZ�kljhylky�beb�j_fhglbjmxlky

`beu_�oZldb��aZl_f�khhjm`Zxlky�dhjfh\u_��<�hkh[h�aZkmreb\u_

]h^u� a\_jvdb� kljhyl�fgh]h��Hgb� [jhkZxl� h[kuoZxsb_� oZldb� b

kljhyl�gh\u_�gZ�[he__�]em[hdbo�f_klZo��\ughky�bo�ihjhc�^Z`_�aZ

ij_^_eu� ihdjh\bl_evkl\mxsbo� aZjhke_c� jZklbl_evghklb� gZ� hl-
djuluc�iezk�\�ms_j[�kh[kl\_gghc�[_ahiZkghklb�

Fbdjhihimeypby�hg^Zlju�ha_jZ�;hevrh_�FbZkkh\h�\_kvfZ

^bgZfbqgZ��b� wlh� \�[hevr_c�f_j_�hij_^_ey_lky� kms_kl\_ggufb

dhe_[Zgbyfb�mjh\gy�\h^u�\�g_f�

Hkgh\gufb�dhjfh\ufb�h[t_dlZfb�hg^Zlju�gZ�ha_j_�y\ey-
xlky��ljhklgbd��jh]ha��l_ehj_a��dm[urdZ��dZfur��dm\rbgdZ��j^_-
klu��hkhdb��_`_]heh\gbd��kmkZd��axagbd��kblgbd��kZ[_evgbd��a_f�

gh\h^gZy� ]j_qboZ�� qZklmoZ��sblh\gbd�� klj_ehebkl�� \h^yghc� ex-
lbd��mjmlv��jh]hebklgbd��weh^_y��\h^hdjZk��[hehlgbpZ��\_j[_cgbd�

\ZolZ��fulgbd��ba�`b\hlguo� ±�^\mkl\hjqZlu_�fheexkdb��Djhf_

wlh]h� hg^Zlju�� hkh[_ggh� iha^g_c� hk_gvx� b� jZgg_c� \_kghc�� h[-
]juaZxl�dhjm�k�g_[hevrbo�\_lhd�b\u��hkbgu��q_j_fmob��hevob�b

kt_^Zxl�bo�fheh^u_�ih[_]b�
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Hkgh\guf�ijbjh^guf� \jZ]hf� hg^Zlju� \� aZih\_^gbd_� y\-
ey_lky�ghjdZ��AZ�ihke_^gb_� ���e_l�e_kgbdZfb� aZih\_^gbdZ�g_h^-
ghdjZlgh�gZ[ex^Zebkv�kemqZb�mki_rghc�hohlu�ghjdb�gZ�hg^Zljm�

Ke_^u� ij_[u\Zgby� ghjdb� ihklhyggh� hlf_qZxlky� gZ� mqZkldZo�

aZk_e_gguo�hg^Zljhc��K�[h[jhf�hgb��\_jhylgh��g_�khi_jgbqZxl�

ihkdhevdm�\klj_qZebkv�l_kgh�khk_^kl\mxsb_�ihk_e_gby�wlbo�`b-
\hlguo�b�bkihevah\Zgb_�hg^Zljhc�[h[jh\uo�ghj�b�oh^h\�

Ihimeypby�hg^Zlju�ihke_�i_j\hgZqZevgh]h�\kie_kdZ�qbk-
e_gghklb� b� ijhkljZgkl\_ggh]h� jZkijhkljZg_gby� d� gZklhys_fm

\j_f_gb� ^hklb]eZ� khklhygby� ^bgZfbqgh]h� jZ\gh\_kby��GZ� ha_j_

;hevrh_�FbZkkh\h� m\_ebq_gb_� qbke_gghklb�ihem\h^guo� ]juam-
gh\�h]jZgbq_gh�iehsZ^vx��ijb]h^ghc�^ey�bo�h[blZgby��[jZdhgv-
_jkl\hf�� � bf_xsbf� f_klh� ba�aZ� [ebahklb� djmiguo� gZk_e_gguo

imgdlh\�b�bkdmkkl\_ggh�m\_ebq_gguf� dhe_[Zgb_f�mjh\gy� \h^u�

i_jbh^bq_kdb�h[gZ`Zxsbf�beb�aZlhieyxsbf�`bebsZ�a\_jvdh\�
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=E:<:����I:J:ABLU�JU;�<�IJBJH>GHF

DHFIE?DK?�HA?J:

IZjZablu�y\eyxlky�_kl_kl\_ggufb�khqe_gZfb�[bhp_ghah\�

lZdhc�`_� wdheh]bq_kdhc� ]jmiihc�hj]Zgbafh\��dZd�gZa_fgu_�beb

\h^gu_� hj]Zgbafu� �>h]_ev�� ������� <hagbdeZ� g_h[oh^bfhklv

h[h[s_gby� j_amevlZlh\� bolbhiZjZablheh]bq_kdbo� bkke_^h\Zgbc

k�p_evx�\uy\e_gby�kh\j_f_ggh]h�khklhygby�iZjZablhnZmgu�ju[

ha��;��FbZkkh\h�� <� k\yab� k� wlbf� hkh[uc� bgl_j_k� ijbh[j_lZ_l

khh[s_kl\h� iZjZablh\� b� ohay_\� dZd� [bhp_ghlbq_kdZy� kbkl_fZ�

ihkdhevdm�ihdZ�fZeh�qlh�ba\_klgh�h�f_kl_�b�jheb�iZjZablbq_kdbo

hj]Zgbafh\� \� `bagb� [bhp_ghah\�� h[� mjh\g_� bo� wg_j]hh[f_gZ�

dhwnnbpb_glZo� Zkkbfbeypbb� \_s_kl\Z�� f_oZgbafZo� j_]meypbb

qbke_gghklb�ihimeypbc�dZd�ohay_\��lZd�b�bo�iZjZablh\��N_^hjh\�

1996).
Bkke_^h\Zgb_� iZjZablh\� ju[� b� ^jm]bo� `b\hlguo� gZ

ha��;��FbZkkh\h� jZg__� gbd_f� g_� ijh\h^behkv��MdZaZggu_� bkke_-
^h\Zgby� ^ey� ha��F��FbZkkh\h� [ueb� gZqZlu� <��:��AZo\Zldbguf�

F��:��:`_]Zgh\hc���������<�l_q_gb_�^\mo�e_lgbo�k_ahgh\�\�bxg_

b�Z\]mkl_������b������]h^h\�wdki_^bpby�I_jfkdh]h�mgb\_jkbl_lZ

ijh\h^beZ�bamq_gb_�iZjZablh\�ju[�ha_j�Bevf_gkdh]h�aZih\_^gb-
dZ��GZ�ha��F��FbZkkh\h�wdki_^bpb_c�^ey�iZjZablheh]bq_kdbo�bk-
ke_^h\Zgbc�[ueh�^h[ulh���hdmg_c����ebg_c����q_[Zdh\�b����smd�

Ijb�bkke_^h\Zgbb�wlbo�ju[�[ueh�h[gZjm`_gh����\b^Z�iZjZablh\�

Z� ^ey� ju[� ha_j� aZih\_^gbdZ� ±� ����Rbjhdh� jZkijhkljZg_ggufb

iZjZablZfb�ju[�ha��F��FbZkkh\h�hdZaZebkv��Diplostomum spatha-
ceum, Diplostomum clavatum� b� `Z[_jguc� iZjZabl� ju[� Ergasilus
sieboldi. <� ����� ]�� <��<��DZrdh\kdbf�� >��:��JZafZrdbguf�

W��=��Kdjbiq_gdh��������[ueb�ijh^he`_gu�bkke_^h\Zgby�ih�bam-
q_gbx�[he_ag_c�b�iZjZablh\�ju[�ha��F��FbZkkh\h��<�j_amevlZl_

bkke_^h\Zgby� bfb� [ueh� mklZgh\e_gh� [he__� ��� iZjZablh\� ju[

ha��F��FbZkkh\h��M�ju[�ijm^h\uo�b�ha_jguo�ohayckl\�AZiZ^ghc

Kb[bjb�b�MjZeZ�\�����±�����]]��hgb�h[gZjm`beb�����\b^h\��JZa-
fZrdbg�>��:����������bamqZy�ebqbghd�lj_fZlh^��iZjZablbjmxsbo

m� ju[� \h^h_fh\� h[v�bjlurkdh]h� [Zkk_cgZ�� bkke_^h\Ze� lZd`_� b

ju[� ha��F��FbZkkh\h�� <� j_amevlZl_� bf� [ueh� \uy\e_gh� m� ju[

ha��F��FbZkkh\h� ���\b^h\�iZjZablbq_kdbo�ebqbghd��LZdb_�\b^u�

dZd� Holostephanus cobitidis, Metorchis xanthosomus� ^h[ulu

ba�fmkdmeZlmju�sbih\db��Z�Rhidocotyle illense ±�k�`Z[j�\_joh\db�



244

GZ�ha��;��FbZkkh\h�wlb�\b^u�ju[�fZehqbke_ggu�b�\klj_qZxlky

j_^dh��Djhf_� lh]h�� bfb� [ue� h[gZjm`_g� \b^ Ornithodiplostomum
scardini��iZjZablbjmxsbc�\�]heh\ghf�fha]_�iehl\u��IZjZablheh-
]bq_kdb_�bkke_^h\Zgby�ju[�ha��;��FbZkkh\h�gZqZlu�k������]���qZk-
lbqgh�hljZ`_gu�\�jZ[hlZo�LdZq_\Z�<��:�������Z��[��

F_lh^bdZ� bkke_^h\Zgbc�� JZ[hlZ� k� ebqbgdZfb� lj_fZlh^

ijh\h^beZkv�ih�h[s_ijbgylhc�f_lh^bd_��;uoh\kdZy�IZ\eh\kdZy�

������� Z� lZd`_� bkihevah\Zebkv� f_lh^bdb� <��?��Km^Zjbdh\Z�

:��:��Rb]bgZ� ��������L��:��=bg_pbgkdhc� ��������FZl_jbZe� kh[b-
jZeky�ijb�ijh\_^_gbb�_`_]h^guo�ieZgh\uo�h[ke_^h\Zgbc�ha_jZ�k

jZaebqguo�f_kl� �klZgpbc��� jZkiheh`_gguo� ih� i_jbf_ljm� �aZeb-
\Zo�� dmjvyo��� F_lh^hf� iheguo� iZjZablheh]bq_kdbo� \kdjulbc

�>h]_ev�� ������ ;uoh\kdZy�IZ\eh\kdZy�� ������ [ueh� bkke_^h\Zgh

�����wda��ju[��hlghkysboky�d����\b^Zf�ju[��Hleh\�ju[�hkms_kl-
\eyeb�k_lyfb��h[t_f���±���ff��gZ�]em[bgZo�hl���^h����f�gZ�klZg-
pbyo��DhjZ[ebd��Ebih\Zy��Gyr_\kdZy��RlZggZy��Abfgbd��>ey�\u-
ykg_gby�g_dhlhjuo�\hijhkh\�ih�wdheh]bb�hl^_evguo�\b^h\�iZjZ-
ablh\�ijh\h^bebkv� ki_pbZevgu_� \kdjulby� l_o� hj]Zgh\�� dhlhju_

bgl_gkb\gh�aZjZ`_gu�iZjZablZfb�

IZjZablheh]bq_kdb_� bkke_^h\Zgby� fheexkdh\�� GZ� ijh-
ly`_gbb� ����±����� ]]�� \� aZih\_^gbd_� \_ebkv� bkke_^h\Zgby� ih

bamq_gbx� [_kiha\hghqguo� `b\hlguo�� H[t_dlhf� bkke_^h\Zgby

[ueb� b�fheexkdb��<� mkeh\byo� aZih\_^gbdZ� jhev� ij_kgh\h^guo

fheexkdh\� \� wibahhlheh]bb� lj_fZlh^hah\� jZaebqguo�`b\hlguo

ih� gZklhys__� \j_fy� g_� \uykg_gZ��G_� bamq_g� b� \b^h\hc� khklZ\

ebqbghd� lj_fZlh^� \� ij_kgh\h^guo� fheexkdZo�� g_� mklZgh\e_gZ

jhev�fheexkdh\�dZd�ijhf_`mlhqguo��^hihegbl_evguo�b�j_a_j\m-
Zjguo�ohay_\� ]_evfbglh\��<� aZih\_^gbd_�b�khij_^_evguo� k�gbf

l_jjblhjbyo�gZoh^blky�[he__����ha_j�b����[hevrbo�b�fZeuo�j_d�

Ih� ^Zgguf� ]b^jh[bheh]bq_kdbo� bkke_^h\Zgbc� ijhn_kkhjZ

H.�:��LZmkhg� ��������\�ha_jZo� aZih\_^gbdZ�h[blZ_l� ���\b^Z�fhe-
exkdh\�� GZfb� h[ke_^h\ZgZ� lhevdh� qZklv� \h^h_fh\�� Hkgh\gu_

k[hju�[ueb�ijh\_^_gu�gZ�ha��;��FbZkkh\h��<k_]h�aZ�\j_fy�bkke_-
^h\Zgby�[ueh�\kdjulh�����fheexkdh\��hlghkysboky�d����\b^Zf�

ba� gbo: Lymnaea stagnalis – 150, Galba palustris – 150,
G. truncatula – 100, Radix ovata – 100, R. auricularia – 80, R. pere-
ger – 80, Bithynia tentaculata – 60, Planorbis planorbis – 60, Coretus
corneus – 60, Anodonta cellensis – 40.

H[gZjm`_gh� ��� \b^h\�p_jdZjbc�b�nhjf� lj_fZlh^��Bamq_-
gb_� fhjnheh]bb� p_jdZjb_\�� j_^bc� \_ehkv� gZ� `b\uo� h[t_dlZo�

<� gZklhys_c� jZ[hl_� hljZ`_gu� lhevdh� l_� p_jdZjbb�� dhlhju_� g_
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\uau\Zeb�khfg_gby��\�\b^h\hf�hlghr_gbb�hgb�fhjnheh]bq_kdb

[ebadb�d�jZg__�hibkZgguf�

K_f_ckl\h�Echinostomatidae
P_jdZjby�Echinostoma revolutum (Frohlich, 1802) Dietz, 1902.
Ohaybg��L. stagnalis, G. palustris, C. corneus.
F_klh�h[gZjm`_gby��ha��Bgurdh��ha��;��LZldmev��ha��;��Fb�

Zkkh\h�� P_jdZjbb� ^ebghc� ����±���� ff�� rbjbghc� ����±����� ff�

O\hkl�^ebghc�����±����ff�b�rbjbghc�m�hkgh\Zgby�����±�����ff�

=heh\ghc�\hjhlgbd������±�����ff�rbjbghc��\hhjm`_g����hkljh-
dhg_qgufb�rbiZfb�ih� ��gZ�m]eh\uo�\_gljZevguo�ehiZklyo��Jh-
lh\Zy� ijbkhkdZ� �����±����� ×������±������ff�� ij_nZjbgdk� �����±
������ff� ]ehldZ� �����±����� × 0.028–0.040�ff��Ibs_\h^� ^ebghc
0.22–0.30� ff�� hdjm`_g� ^\mfy� ]jmiiZfb� h^ghde_lhqguo� `_e_a�
\_l\b� dbr_qgbdZ� ^hklb]Zxl� mjh\gy�fhq_\h]h� imaujy��;jxrgZy

ijbkhkdZ� djmig__� jhlh\hc�� \� ^bZf_lj_� �����±������ff��Wdkdj_�

lhjgZy�kbkl_fZ�wobghklhfgh]h�lbiZ��Pbklh]_ggu_�`_e_au�kbevgh

jZa\blu�� P_jdZjbb� jZa\b\Zxlky� \� j_^byo� jZaf_jhf� l_eZ

1.0–2.0 × 0.40–0.43� ff�� =ehldZ� ����±���� × ����±����� ff�� Qbkeh
p_jdZjbc� �±��� F_lZp_jdZjbb� qZs_� gZoh^ylky� \� i_q_gb� \� \b^_

pbkl�����±�����ff�

P_jdZjby�Echinoparyphium recurvatum (Linston, 1973).
Ohaybg��L. stagnalis, G. palustris, R. ovata, G. truncatula.
F_klh� h[gZjm`_gby�� ha�� ;�� FbZkkh\h�� ha�� F�� FbZkkh\h�

ha�� ;�� LZldmev�� ha�� Bgurdh�� P_jdZjbb� bf_xl� jZaf_ju

0.44–0.21 × ����±�����ff��=heh\ghc�\hjhlgbd�kgZ[`_g���±���rb�
iZfb��ba�dhlhjuo�[hevrZy�qZklv���±���^\mfy�jy^Zfb�ih�_]h�djZ-
yf��O\hkl�[_a�ieZ\Zl_evghc�f_f[jZgu��Jhlh\Zy�ijbkhkdZ�^bZf_l-
jhf������±����� × �����±�����ff��ij_nZjbgdk�������ff��rZjh\b^-
guc�nZjbgdk� ������ff��ibs_\h^� ����±�����ff��jZa\_l\ey_lky�gZ

dbr_qgu_� kl\heu� m� i_j_^g_]h� djZy� [jxrghc� ijbkhkdb��JZaf_j

[jxrghc�ijbkhkdb� �����±�������<i_j_^b�[jxrghc�ijbkhkdb�ih-
eh\Zy�[mjkZ�

K_f_ckl\h�Notocotylidae
P_jdZjby�Notocotylus attenuatus (Rud, 1809).
Ohaybg��L. stagnalis, R. ovata, G. palustris.
F_klh�h[gZjm`_gby��ha��Bgurdh��ha��F��FbZkkh\h��ha��;��Fb-

Zkkh\h��>ebgZ�l_eZ� ����±�����ff��rbjbgZ� ����±�����ff��Jhlh\Zy

ijbkhkdZ� jZaf_jhf� �����±����� × �����±������ ff�� Ibs_\h^� dh-
jhldbc������±������ff��dbr_qgu_�kl\heu�lygmlky�\^hev�^h�mjh\-
gy�fhq_\h]h� imaujy��DZgZeu� \u^_ebl_evghc� kbkl_fu� h[jZamxl

aZfdgmlh_� dhevph��Ih� [hdZf� fhq_\h]h� imaujy� aZf_lgu� aZqZldb
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k_f_ggbdh\������±������ff�b�ybqgbdZ��[he__�\ujZ`_ggh]h�jZa-
f_jhf� �����±����� × �����±������ ff�� Djmigu_� p_jdZjbb� bf_xl
ljb� ib]f_glbjh\Zgguo� ]eZadZ� �����±������ ff�� O\hkl� ^ebgg__

l_eZ� ±� ����±����� ff��P_jdZjbb� jZa\b\Zxlky� \� djmiguo� j_^byo�

JZaf_ju�l_eZ�����±���� × �����ff��<�j_^byo�aj_euo�p_jdZjbc��±��
K_f_ckl\h�Strigeidae

P_jdZjby�Cotylurus cornutus (Rud, 1808).
Ohaybg��R. ovata, Planorbis planorbis, L. stagnalis.
F_klh�h[gZjm`_gby��ha��Bgurdh��ha��;��LZldmev��L_eh�p_j-

dZjbc������±������ff�^ebghc�b�������ff�rbjbghc��Hgh�ihdjulh

f_edbfb�rbibdZfb��dhlhju_�ohjhrh�ijhke_`b\Zxlky�^h�mjh\gy

[jxrghc�ijbkhkdb��;jxrgZy�ijbkhkdZ������±����� ×������±������ff�
Ij_nZjbgdk�dhjhldbc�������ff��]ehldZ������±������ff��Ibs_\h^

jZa\_l\ey_lky�gZ�k_j_^bg_�jZkklhygby�f_`^m�]ehldhc�b�[jxrghc

ijbkhkdhc��@_e_a� ijhgbdgh\_gby� ^\_� iZju�� jZkiheh`_gu� m� i_-
j_^g_]h�djZy�[jxrghc�ijbkhkdb��O\hklh\hc�kl\hebd�dhjhq_�l_eZ�

^hklb]Z_l� ���±�����ff�^ebgu�b� �����±������ff�rbjbgu��P_jdZ-
jbb� jZa\b\Zxlky� \� dhe[Zkh\b^guo�� k_jh]h� p\_lZ� kihjhkpblZo

^ebghc����±����ff��rbjbghc������ff�

K_f_ckl\h�Diplostomatidae
P_jdZjby�Tylodelphys clavata Nordmann, 1832.
Ohaybg: L. auricularia.
F_klh�h[gZjm`_gby��ha��Lmj]hyd��ha��Dukudmev��ha��;��Fb-

Zkkh\h��P_jdZjbb�kj_^gbo�jZaf_jh\��^ebgZ�l_eZ�ij_\urZ_l�^ebgm

o\hklh\h]h� kl\hebdZ�� I_j_^gbc� hj]Zg� ]jmr_\b^ghc� nhjfu�� gZ

k\h_c� ih\_joghklb� g_k_l� �� jy^h\�rbibdh\�� L_]mf_gl� \hhjm`_g

f_edbfb� rbibdZfb�� ;jxrgZy� ijbkhkdZ� \hhjm`_gZ� rbibdZfb

�h^bg� jy^���Bo� qbkeh� \Zjvbjm_l� hl� ��� ^h� ����Ibs_\Zjbl_evgZy

kbkl_fZ�ij_^klZ\e_gZ�dhjhldhc�ij_^]ehldhc��hdjm]ehc�]ehldhc�b

ibs_\h^hf��Ke_iu_�\_l\b�dbr_qgbdZ�b^ml�^h�aZ^g_]h�dhgpZ�l_eZ�

Hgb� ebjhh[jZagh� \u]gmlu�� Fhq_\hc� imaujv� f_rdhh[jZaghc

nhjfu��Iylv�iZj�dZm^Zevguo�l_e�\ulygmlhc�nhjfu�jZkiheh`_gu

\�o\hklh\hf�kl\hebd_��>ebgZ�l_eZ�ebqbgdb� �����±������ff��rb-
jbgZ� �����±����� ff�� � ^ebgZ� o\hklh\h]h� kl\hebdZ� ����±����� ff�

^ebgZ�\_l\_c�o\hklZ�����±�����ff��I_j_^gbc�hj]Zg������±�����ff�

^bZf_lj� [jxrghc� ijbkhkdb� �����±������ ff�� ^bZf_lj� ]ehldb

������ff��P_jdZjbb�jZa\b\Zxlky�\�^ebgguo�ih^\b`guo�q_j\_h[-
jZaguo� kihjhpbklZo�� bf_xsbo� ^ebgm� ���±���� ff�� rbjbgm

�����±������ff�b�kh^_j`Zl�hl����^h����knhjfbjh\Zgguo�p_jdZjbc�

P_jdZjby�Diplostomum sp.
Ohaybg��R. ovata, R. auricularis, L. stagnalis.
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F_klh�h[gZjm`_gby��ha��;��FbZkkh\h��>ebgZ�l_eZ�p_jdZjby

����±�����ff��rbjbgZ�����±������ff��I_j_^gbc�hj]Zg�]jmr_\b^guc�

bf__l� �����±������ff� \� ^ebgm�� ^bZf_lj� ]ehldb� �����±������ff�

[jxrghc�ijbkhkdb������±������ff��Ij_nZjbgdk�ohjhrh�jZa\bl�

>ebgZ� o\hklh\h]h� kl\hebdZ� ����±����� ff�� \_l\_c� o\hklZ

�����ff��I_j_^gbc�hj]Zg�\hhjm`_g���jy^Zfb�djxqv_\��L_eh�hihy-
kZgh�^jm]�aZ�^jm]hf�gZ�h^bgZdh\hf�jZkklhygbb����jy^Zfb�rbib-
dh\�� ;jxrgZy� ijbkhkdZ� \hhjm`_gZ� ^\mfy� \_gqbdZfb� djxqv_\�

Ibs_\h^� jZa\_l\ey_lky� i_j_^� [jxrghc� ijbkhkdhc�� Dbr_qgu_

\_l\b�� h]b[Zy� ijbkhkdm�� k[eb`Zxlky� ihaZ^b� g__�� =eZadh\� g_l�

@_e_au� ijhgbdgh\_gby� djmigu_��Bf__lky�r_klv� f_jpZl_evguo

de_lhd��Qm\kl\bl_evgu_�\hehkdb�bf_xlky�\�qbke_��±���iZj�

K_f_ckl\h�Plagiorchidae
P_jdZjby�Plagiorchis sp.
Ohaybg��R. ovata, G. truncatula, L. stagnalis.
F_klh� h[gZjm`_gby�� ha�� ;�� LZldmev�� ha�� F�� FbZkkh\h�

ha��;��FbZkkh\h��ha��Bgurdh��P_jdZjbb�f_edb_��^ebghc�����±�����

rbjbghc�����±�����ff��DmlbdmeZ�\hhjm`_gZ�f_edbfb�rbibdZfb�

>bZf_lj�jhlh\hc�ijbkhkdb������±������ff��Klbe_l�������ff�^eb-
ghc�� bf__l� jZkrbj_ggu_� [hdh\u_� djuevy�� ;jxrgZy� ijbkhkdZ

������ff�\�^bZf_lj_��Wdkdj_lhjguc�imaujv�f_rdhh[jZaghc�nhj-
fu��Bf_xlky�de_ldb�ijhgbdgh\_gby��>ebgZ�o\hklZ������ff��rb-
jbgZ� ������ff��nZjbgdk� �����±������ff��Ibs_\h^�jZa\_l\ey_lky

i_j_^� [jxrghc� ijbkhkdhc�� <_l\b� dbr_qgbdZ� ihqlb� ^hklb]Zxl

aZ^g_c� qZklb� l_eZ��P_jdZjbb� jZa\b\Zxlky� \� h\Zevguo� kihjhpb-
klZo��^hklb]Zxsbo�^ebgu�h���±�����ff�

<�j_amevlZl_�ijh\_^_gguo�bkke_^h\Zgbc�mklZgh\e_gh��qlh

\� ha_jZo� aZih\_^gbdZ� ��� \b^h\�fheexkdh\� kem`Zl� ijhf_`mlhq-
gufb� ohay_\Zfb� wobghklhfZlb^�� kljb]_b^�� iZjZablbjmxsbo� m

ilbp��<�jZaguo�\h^h_fZo�jhev�hl^_evguo�\b^h\�fheexkdh\�dZd

ijhf_`mlhqguo�ohay_\�g_h^bgZdh\Z��<�agZqbl_evghc�kl_i_gb�p_j�

dZjbyfb�aZjZ`_gu�fZkkh\u_�rbjhdh�jZkijhkljZg_ggu_�\b^u�fhe-
exkdh\��L. stagnalis, R. ovata, G. palustris.�Wdkl_gkb\ghklv�aZjZ`_-
gby�fheexkdh\�p_jdZjbyfb�gZ[ex^Z_lky�\�dhgp_�bxgy±bxe_�

IZjZablu�ju[

IeZghf_jgu_�iZjZablheh]bq_kdb_�bkke_^h\Zgby�[ueb�gZqZ-
lu�gZ�ha��;��FbZkkh\h�k������]��AZ�e_lgbc�i_jbh^�ba�����wda��bkke_-
^h\Zgguo�ju[���\b^h\� �iehl\Z��hdmgv��smdZ��ebgv��_jr��aZjZ`_g-
gufb�hdZaZebkv����wda������������Ijhkl_crb_�hlf_q_gu�m���o�wda�
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(3.8�����ehdZebaZpby� ±�`Z[ju�� ]eZaZ��P_klh^u�h[gZjm`_gu�m� ��

wda��ju[� ���������ehdZebaZpby� ±�ihehklv� l_eZ��i_q_gv��dbr_qgbd�

Lj_fZlh^u�hlf_q_gu�m����wda��ju[� ����������ehdZebaZpby�±�]eZaZ�

`_em^hd��dbr_qgbd��G_fZlh^u�hlf_q_gu�m���wda��ju[����������eh-
dZebaZpby� ±� ]eZaZ��IZjZablbq_kdb_� jZdhh[jZagu_� hlf_q_gu� m� ��

wda��ju[����������ehdZebaZpby�±�`Z[ju��<������]��[ueh�ijh^he`_gh

bamq_gb_� iZjZablh\� ju[� gZ� ha��;��FbZkkh\h�� Hleh\e_gh� ���� wda�

ju[�k_fb�\b^h\��ba�gbo�aZjZ`_gh�����wda���lZ[e�������DZd�b�\�����

]���\_^ms__�f_klh�aZgbfZeb�lj_fZlh^u�±���������p_klh^u�±����� %
b�jZdhh[jZagu_�±��������:gZeba�bkke_^h\Zgby�ju[�ih�]h^Zf�ihdZ-
aZe�� qlh� d� ����� ]�� \_^ms__� f_klh� lZd`_� aZgbfZxl� lj_fZlh^u� ±

77����P_klh^u�mljZlbeb�aZgbfZ_fh_��mkeh\gh��\lhjh_�f_klh�b�i_-
j_reb�gZ�q_l\_jlh_�ihke_�fhgh]_g_c� �lZ[e���������������DZd�hlf_-
qZ_l�;��B��Dmi_jfZg���������mjh\_gv�bg\Zabb�]b^jh[bhglh\�h^gbfb

\b^Zfb� iZjZablh\� kgb`Z_lky�� ^jm]bfb� ±� \hajZklZ_l�� lj_lvbfb� ±

hklZ_lky�lZdbf�`_��dZd�b�\�qbkluo�\h^h_fZo��Ijb�wlhf�gZjmrZxlky

[bhp_ghlbq_kdb_�k\yab�\�ha_j_��qlh�ijb\h^bl�d�kgb`_gbx�qbke_g-
ghklb� beb� \uiZ^_gbx� \ukhdhqm\kl\bl_evguo� [_kiha\hghqguo

`b\hlguo��kem`Zsbo�ijhf_`mlhqgufb�ohay_\Zfb�iZjZablh\��AgZ-
qbl_evgh� kgbabeZkv� aZjZ`_gghklv� ju[� ijhkl_crbfb�� fhgh]_g_y-
fb��Hlf_q_gh� j_adh_�iZ^_gb_� qbke_gghklb�p_klh^� �Triaenophorus
nodulosus, Protheocephalus percae b�Ligula intenstinalis), k\yaZgguo
\�k\h_f�jZa\blbb�k�ieZgdlhggufb�jZqdZfb��Mjh\_gv�bg\Zabjh\Zg-
ghklb� obsguo� ju[� �smdZ�� hdmgv�� _jr�� ie_jhp_jdhb^Zfb

T. nodulosus j_adh�kgbabeky�kh�\j_f_gb�ij_^u^msbo�bkke_^h\Zgbc
�����±�����������]]����H^gh�ba�\_^msbo�f_kl�klZeb�aZgbfZlv�iZjZ-
ablbq_kdb_� jZdhh[jZagu_�� M� ju[� h^gbf� ba� [Zjv_jguo� hj]Zgh\�

klhysbo� gZ� imlb� ijhgbdgh\_gby� lhdkbdZglZ�� y\eyxlky� `Z[ju�

hkms_kl\eyxsb_�\�hj]Zgbaf_�hkgh\gu_�nmgdpbb�^uoZgby�b�ih^-
^_j`Zgby�]hf_hklZaZ��Hgb�h^gbfb�ba�i_j\uo�\klmiZxl�\�dhglZdl�k

lhdkbq_kdbf� \_s_kl\hf�� Kj_^b� aZ]jyagyxsbo� Z]_glh\� \h^u� \k_

[hevr__� \gbfZgb_� ijb\e_dZxl� bhgu� ly`_euo� f_lZeeh\�� \� lhf

qbke_�b�Pb+2��ohjhrh�khojZgyxsbcky�\�kj_^_�b�\ukhdhlhdkbqguc

^ey�]b^jh[bhglh\��I>D�dhlhjh]h�g_�^he`gZ�ij_\urZlv�����f]�f�

Ba\_klgh��F_l_e_\�b�^j����������qlh�kh_^bg_gby�k\bgpZ��ojhfZ�y\-
eyxlky�lhdkbdZglZfb�ehdZevgh]h�^_ckl\by��dhlhju_�qZklbqgh�beb

iheghklvx�ih\j_`^Zxl�dh`guc�b�e_]hqguc�wibl_ebc�ij_kgh\h^-
guo�[jxohgh]bo�fheexkdh\��\uau\Zy�_]h�kemsb\Zgb_�b�hllhj`_-
gb_��Wlh�ijhy\ey_lky�\�gZjmr_gbb�dh`gh]h�b�e_]hqgh]h�^uoZgby

fheexkdh\��GZfb�hlf_q_gh�ih\ur_ggh_�kh^_j`Zgb_�ly`_euo�f_-
lZeeh\�\�\h^guo�jZkl_gbyo�ha_jZ��kf���lZ[e��������\��ju[Zo��b��^jm-
]bo  �]b^jh[bhglZo���kf���lZ[e�������   
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AZjZ`_gb_�ju[�ha_jZ�;��FbZkkh\h�iZjZablbq_kdbfb�`b\hlgufb�\������]h^m��bxgv±k_gly[jv�

<b^�ju[
Bkke_-
^h\Zgh

AZjZ`_gh
�AZjZ`_g-
ghklv���

Ijhkl_c�

rb_
Fhgh]_g_b P_klh^u Lj_fZlh^u G_fZlh^u

JZdhh[-
jZagu_

Iehl\Z 13 71 54.6 4 (5.63 %) 6 (8.4 %) 21 (29.5 %) 28 (39.4 %) – 12 (16.9 %)
Hdmgv 69 60 86.9 2 5 14 26 1 12
SmdZ 31 28 90.3 1 3 6 10 – 8
Ebgv 10 9 90 – 1 – 6 – 2
Yav 5 5 100 – 1 – 2 – 2
DZjZkv 4 4 100 – – 2 1 – 1
Kb] 3 2 66.6 – – – 1 – 1
Blh]h� 295 180 61.0 6 (2.03 %) 16 (5.42 %) 43 (14.5 %) 46 (15.5 %) 1 (0.33 %) 38 (12.8 %)
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AZjZ`_gb_�ju[�ha��;��FbZkkh\h�iZjZablbq_kdbfb�`b\hlgufb�\������]h^m��bxgv±k_gly[jv�

<b^�ju[
Bkke_^h-
\Zgh

AZjZ`_gh
AZjZ`_g-
ghklv���

Ijhkl_c-
rb_

Fhgh]_g_b P_klh^u Lj_fZlh^u G_fZlh^u
JZdhh[-
jZagu_

Iehl\Z 91 74 81.3 6 12 4 45 (49.4 %) 1 5
Hdmgv 21 20 95 14 3 2 15 (71.4 %) 8 4
SmdZ 4 4 100 2 3 4 – 1 1
Ebgv 14 14 100 6 – – 14 (100 %) – 8
DZjZkv 26 2 7.7 – 2 – – – –
Yav 18 15 8.3 – – – 14 (77.7 %) – 2
?jr 16 16 100 – – – 16 (100 %) – –
Blh]h� 190 145 25.3 28 20 10 104 (54.7 %) 10 17
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Djhf_�ly`_euo�f_lZeeh\��\�\h^_�ha��;��FbZkkh\h�\uy\e_gu�gbl-
jZlu�� gbljblu�� nhknhjgu_� kh_^bg_gby�� y\gh� mdZau\Zxsb_� gZ

ljhnghklv�ha_jZ��AZjZ`_gb_�ju[�hl^_evgufb�]jmiiZfb�]_evfbg-
lh\�ih�]h^Zf�lZd`_�g_jZ\ghf_jgh_� �kf��lZ[e�� ��������������������

GZ�hkgh\Zgbb�\ur_baeh`_ggh]h�fu�ij_^iheZ]Z_f��qlh�]b^jhob-
fbq_kdb_��]b^jheh]bq_kdb_�b�^jm]b_�mkeh\by�\h^h_fZ�hdZau\Zxl

\� jZagu_� ]h^u� jZaebqgh_� \ebygb_� g_� lhevdh� gZ� iZjZablhnZmgm

ju[� ha��;��FbZkkh\h�� gh� \� p_ehf� gZ� [bhlm� ha_jZ�� qlh� lj_[m_l

^Zevg_crbo�bkke_^h\Zgbc�

GZb[he__� rbjhdh� jZkijhkljZg_gu� ^\Z� \b^Z� ±� D. spatha-
ceum b� D. paraspathaceum�� Hgb� h[gZjm`_gu� m� �� \b^h\� ju[�� <
jZkijhkljZg_gbb� ^biehklhfb^� gZ[ex^Z_lky� hqZ]h\hklv�� dhlhjZy

gZoh^blky� \� ijyfhc� aZ\bkbfhklb� hl� ]b^jheh]bq_kdbo�� ]b^jhob�

fbq_kdbo�hkh[_gghkl_c�b�gZebqby�\�gbo�\k_o�a\_gv_\�`bag_ggh]h

pbdeZ� wlbo�iZjZablh\��<�ha_j_�ju[u� aZjZ`_gu�^biehklhfb^Zfb

gZ� ��±�����ijb�bgl_gkb\ghklb�bg\Zabb� �±��� wda��<ukhdZy� aZjZ-
`_gghklv� ju[� \ha[m^bl_eyfb� ^biehklhfhah\� hlf_q_gZ� gZ� \k_o

mdZaZgguo�dmjvyo�ha_jZ��Ijb\_^_ggu_�nZdlbq_kdb_�^Zggu_�k\b-
^_l_evkl\mxl� h� jZkijhkljZg_gbb� \ha[m^bl_e_c� ^biehklhfhah\

ju[�\�ha_j_��qlh�k\yaZgh��hq_\b^gh��k�ju[Zfb�\hkijbbfqb\ufb�d

^biehklhfhaZf��kf��lZ[e�������������������Hkgh\gZy�jhev�\�i_j_^Z-
q_� \ha[m^bl_e_c� ^biehklhfhah\� kj_^b� fheexkdh\� ijbgZ^e_`bl

Lymnae stagnalis �b�Lymnae pereger��H^gZdh�aZjZ`_gghklv�bo�gh-
kbl� hqZ]h\uc� oZjZdl_j�� Hgb� kdZieb\Zxlky� \� f_klZo� g_j_klZ� b

gZ]meZ�ju[��kha^Z\Zy�b�ih^^_j`b\Zy�ehdZevgu_�hqZ]b�aZjZ`_gby

ihke_^gbo�� EhdZevgu_� fbdjhhqZ]b� ^biehklhfhah\� h[gZjm`_gu

gZ� dhehgbb� h[udgh\_gguo� k_j_[jbkluo� qZ_d� b� j_qguo� djZq_d�

]^_�ihklhyggh�dhjfylky�ih]Zgdb�b�^jm]b_�\h^hieZ\Zxsb_�ilbpu�

<�f_klZo�gZb[hevr_]h�kdhie_gby�qZ_d� aZjZ`_gghklv�fhe-
exkdh\�\ha[m^bl_eyfb�^biehklhfhah\�khklZ\ey_l���±������?keb

mq_klv��qlh�aZjZ`_gguc�h^gbf�fbjhpb^b_f�[hevrhc�ijm^h\bd�\

l_q_gb_� k\h_c� `bagb� \u^_ey_l� [he__� ��� fbeebhgh\� p_jdZjbc

�Rb]bg���������lh�fh`gh�ij_^klZ\blv�gZijy`_gghklv kms_kl\mx-
sbo�hqZ]h\�^biehklhfhah\�\�ha_j_��K\h_h[jZaguc�hqZ]�^biehklh-
fhah\�kms_kl\m_l�m`_�\�l_q_gb_�fgh]bo�e_l�gZ�ha��;��FbZkkh\h�

Djhf_�^biehklhfb^��gZ�ha��;��FbZkkh\h�bf_e�jZkijhkljZ-
g_gb_�eb]me_a�ju[��<ha[m^bl_ev� Ligula intestinalis�aZj_]bkljbjh-
\Zg� m� iehl\u�� k_j_[jygh]h� b� ahehlh]h� dZjZky�� H[sZy� aZjZ`_g-
ghklv�ju[�\�\hkvfb^_kylu_�]h^u�eb]me_aghc�bg\Zab_c�khklZ\eyeZ

^h�������Z�bgl_gkb\ghklv�bg\Zabb�^h����wda��\�h^ghc�ju[_�
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AZjZ`_gb_�ju[�ha��;��FbZkkh\h�iZjZablbq_kdbfb�`b\hlgufb�\������]h^m��bxgv±hdly[jv�

<b^�ju[
F_klh�bkke_^h-

\Zgby

Bkke_^h-
\Zgh

AZjZ`_gh
AZjZ`_g-
ghklv���

Ijhkl_c-
rb_

Fhgh]_-
g_b

P_klh-
^u

Lj_fZ-
lh^u

G_fZ-
lh^u

JZdhh[-
jZagu_

SmdZ Ha��;��FbZkkh\h 17 14 82.3 – 7 4 8 2 14
Iehl\Z Lh�`_ 21 21 100 – – – 18 – 7
Hdmgv - “ - 20 20 100 – – 1 20 – 16
Ebgv - “ - 21 20 95.2 – 1 2 14 1 20
Kb] - “ - 18 17 94.4 – – – 17 – 17
Blh]h� 97 77 79.38 – 8 7 77 3 74

L Z [ e b p Z � � �

AZjZ`_gb_�ju[�iZjZablbq_kdbfb�`b\hlgufb�gZ�ha��;��FbZkkh\h�\������]h^m��bxgv±hdly[jv�

GZa\Zgb_

ju[

Bkke_^h-
\Zgh

AZjZ`_gh
AZjZ`_g-
ghklv���

Ijhkl_c-
rb_

Fhgh]_g_b P_klh^u Lj_fZlh^u G_fZlh^u
JZdhh[jZa-

gu_

Iehl\Z 107 37 34.5 13 2 9 31 – 6
Hdmgv 71 59 83.0 – 2 4 54 1 16
SmdZ 20 18 90 – 2 6 6 – 13
Ebgv 20 12 60 2 – – 12 2 10
Yav 20 8 40 – – – 8 – –
DZjZkv

ahehlbkluc
10 2 20 – – – – 2 –

GZebf 1 1 100 – – – 1 – 1
Kb] 1 – – – – – – – –
Blh]h� 250 137 54.8 15 (6.0 %) 6 (2.4 %) 19 (7.6 %) 112 (44.8 %) 5 (2.0 %) 46 (18.4 %)



L Z [ e b p Z � � �

AZjZ`_gb_�ju[�E. sieboldi�gZ�ha��;��FbZkkh\h�\�����±���]]���fZc±hdly[jv�

1981 1982 1983 1984 1985 1986 1987
<b^

ju[

H[s__

dhebq_kl-
\h�bkke_-
^h\Zgguo

B A A��� B A A��� B A A��� B A A��� B A A��� B A A��� B A A���

Iehl\Z 403 29 1 3.1 181 9 4.9 20 1 5 28 1 3.5 57 6 10.5 68 4 5.8 20 7 35
Hdmgv 183 17 1 5.8 55 7 12.7 18 1 5.5 30 1 3.3 30 6 20 13 4 30.4 20 16 80
SmdZ 89 26 2 7.6 16 5 31.2 3 1 33.5 5 1 20 20 13 65 2 1 50 17 14 82.3
Ebgv 77 6 1 16.6 6 1 16.6 2 1 50 3 3 100 20 10 50 13 5 38.4 21 20 95.2
Kb] 19 - - - - 1 - - - - - - - - - - 2 1 50 18 17 94.4
?jr 3 2 2 100 - - - - - - - - - - - - - 1 - - - -
DZjZkv 4 3 2 66.6 - - - - - - - - - - - - - - - - - -

I j b f _ q Z g b _ : ��B�±�bkke_^h\Zgh;�A�±�aZjZ`_gh;�A����±�aZjZ`_gghklv��\��

L Z [ e b p Z � � �

AZjZ`_gb_�ju[�ha_jZ�;��FbZkkh\h�iZjZablbq_kdbfb��`b\hlgufb�\������]h^m��bxev±k_gly[jv�

<b^�ju[ Bkke_^h-
\Zgh

AZjZ`_gh AZjZ`_g-
ghklv���

Ijhkl_c-
rb_

Fhgh]_-
g_b

P_klhb-
^u

Lj_fZlh^u G_fZ-
lh^u

JZdhh[-
jZagu_

Ebgv 20 15 75 2 2 - 5 (25 %) - 6 (30 %)
Yav 20 13 65 - 2 - 6 (30 %) - 6 (30 %)
E_s 20 16 80 - - - 10 (50 %) - 6 (30 %)
Kb] 10 7 70 - - - 3 (30 %) - 4 (40 %)
?jr 20 16 80 - - 2 7 (35 %) - 7 (35 %)
Blh]h: 150 118 78.6 3 (2.0 %) 8 (5.3 %) 8 (5.3 %) 50 (33.3 %) - 49 (32.6 %)
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AZ�����±���]]��kh[jZg�^hihegbl_evguc�fZl_jbZe��gZb[he__

ihegh�oZjZdl_jbamxsbc�ihimeypbx�E. Sieboldi�gZ�ha��;��FbZkkh\h
�kf��lZ[e�������;ueh�ih^\_j`_gh�bkke_^h\Zgbx�k_fv�\b^h\�ju[� ±

���� wda�� jZaguo� \hajZklh\� b� k� jZaguo� f_kl� \h^h_fZ�� Iehl\u

^h[ulh�b�bkke_^h\Zgh�����wda���hdmgy�±������smd�±�����ebgy�±����

kb]Z�±�����_jrZ�±����dZjZky�k_j_[jbklh]h�±����Ijhp_gl�aZjZ`_gby

ju[�wj]Zabexkhf�ih�]h^Zf�khklZ\be��\������]��±�������������]��±

9���� ����� ]�� ±� ������� ����� ]�� ±� � %, 1985� ]�� ±� �������� ����� ]�� ±

14.2���������]��±�������GZb[hevrmx�bgl_gkb\ghklv�aZjZ`_gghklb

ju[�jZdZfb�hlf_qZeb�m�smdb���±���wda����hdmgy���±���wda����ebgy

��±��� wda���� AZjZ`_gghklv� hdmgy�� ebgy�� smdb�� kb]Z� [ueZ� gZb�

[hevr_c�� \� hlebqb_� hl� fheh^b� ju[�� dhlhjZy� ijZdlbq_kdb� [ueZ

k\h[h^ghc�hl�wj]ZabexkZ��Hdmgv�\�ha_j_�aZjZ`_g�wj]Zabexkhf�\

�����]��gZ�������������]��±��������������]��±�������������]��±���� %,
����� ]�� ±� ������ ����� ]�� ±� �������� ����� ]�� ±� ������SmdZ� [ueZ

aZjZ`_gZ� \� ����� ]��gZ� ������� ����� ]�� ±� �������� ����� ]. – 33.6 %,
�����]�� ±������������]�� ±������������]�� ±� �����������]�� ±� ���� %.
Ebgv�[ue�aZjZ`_g�\������]��gZ��������������]��±����� ��������]��±

50���������]��±��������������]��±����� %.
Fgh]he_lgb_� iZjZablheh]bq_kdb_� bkke_^h\Zgby� ihdZaZeb�

qlh�`Z[_jgu_�jZdb��hlf_q_ggu_�jZg__�m�lZdbo�ju[��dZd�hdmgv��smdZ�

ebgv�� iehl\Z� \� g_[hevrbo� dhebq_kl\Zo� ^ey� ����±��� ]]�,� \
gZklhys__�\j_fy�gZqbgZxl�rbjhdh�jZkijhkljZgylvky�kj_^b�ju[�\

\h^h_f_�

<k_]h�m�ju[�ha��;��FbZkkh\h�h[gZjm`_gh����\b^h\�iZjZab-
lh\��Ba�gbo� ���\b^h\�khklZ\eyxl�\b^u�k�ijyfuf�pbdehf�jZa\b-
lby��<�khklZ\_�iZjZablh\�ju[�ij_^klZ\e_gu��fbdjhkihjb^bb�±���

bgnmahjbb� ±� ����fhgh]_g_b� ±� ����p_klh^u� ±� ��� lj_fZlh^u� ±� ���

g_fZlh^u�±����ZdZglhp_nZeu�±����jZdhh[jZagu_�±���\b^Zfb��Ijh-
\_^_ggu_�bkke_^h\Zgby�ihdZaZeb��qlh�^ey�ju[�ha_jZ�oZjZdl_j_g

\ukhdbc�ijhp_gl�aZjZ`_gby�g_�lhevdh�ijhkl_crbfb��gh�b�ebqbg-
dZfb�lj_fZlh^��Z�lZd`_�iZjZablbq_kdbfb�jZdhh[jZagufb��M�ju[

gZfb�g_�[ueb�h[gZjm`_gu�kdj_[gb� �aZ�bkdexq_gb_f�Neoechino-
rhynchus rutili��h[gZjm`_gguc�m�iehl\u��b�g_dhlhju_�\b^u�g_fZ-
lh^��MklZgh\e_gZ�\hajZklgZy�^bgZfbdZ�aZjZ`_gghklb�hdmg_c�Tri-
aenophorus nodulosus��LZd��m�ju[�\�\hajZkl_� �±��e_l� �^ebgZ�l_eZ
���±�����kf��^hey�aZjZ`_gguo�hkh[_c�khklZ\beZ�������lh]^Z�dZd�m

hdmg_c�klZjrbo�\hajZklguo�]jmii� ��±��e_l� ±� ����±�����kf��^Zg-
guc� ihdZaZl_ev� khklZ\be� ������ LZd`_� hlf_q_gh� mf_gvr_gb_

aZjZ`_gghklb� iehl\u� eb]meZfb� m� klZjrbo� \hajZklguo� ]jmii

���±��� kf�� ^h� ����� gZ� ����±��� ]]��Kj_^b� iZjZablh\� _klv� lZd`_

\b^u��dhlhju_�\klj_qZxlky�m�[hevrbgkl\Z�ju[��D�gbf�hlghkylky�
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`Z[_jguc� jZqhd� Ergazilus sieboldi�� Z� lZd`_� ]eZaghc� iZjZabl
Diplostomum spathaceum�� Ba� hj]Zgh\� ju[� kjZ\gbl_evgh� kbevgh
aZjZ`_gu�]eZaZ��?jr�aZjZ`_g�]eZagufb�iZjZablZfb�gZ�������q_-
[Zd�±�������hdmgv�±�������Ljb�]jmiiu�iZjZablh\�h[jZamxl�nZmgm

`Z[j�� fbdkhkihjb^bb�� fhgh]_g_lbq_kdb_� khkZevsbdb� b� jZdhh[-
jZagu_�� D� qbkem� rbjhdh� jZkijhkljZg_gguo� iZjZablh\

;��FbZkkh\h� ijbgZ^e_`bl� `Z[_jguc� khkZevsbd� Ergasilus
sieboldi��Hg�h[gZjm`_g�m�[hevrbgkl\Z�\b^h\�ju[��Hkh[_ggh�qZk-
lh� � \klj_qZ_lky�m�smdb� ��������m�ebgy� ��������KhklZ\�iZjZablh-
nZmgu� g_kdhevdh� \Zjvbjm_l� ih� ]h^Zf� \� qZklb� iZjZablh\� [he__

j_^dbo�

Iehl\Z���<�iehl\_�ha��;��FbZkkh\h�hlf_q_gh��8�\b^h\�iZ-
jZablh\��ijhkl_crbo�±����fhgh]_g_b�±����lj_fZlh^u�±����e_glhq-
gu_�q_j\b�±����g_fZlh^u�±����ZdZglhp_nZe�±����jZdhh[jZagu_�±���

Ij_h[eZ^Zxl�\b^u�k�ijyfuf�pbdehf�jZa\blby��GZb[he__�bgl_g-
kb\gh�iehl\Z�aZjZ`_gZ�lj_fZlh^Zfb�b�eb]meZfb��>bgZfbdZ�aZjZ-
`_gghklb� iehl\u� ^biehklhfb^Zfb� hljZ`_gZ� \� lZ[e�� ���� ���� ���

���� Wdkl_gkb\ghklv� bg\Zabb� iehl\u� eb]mehc� \� ����±��� ]]�� \� 2
jZaZ�\ur_�ih�kjZ\g_gbx�k������]��Eb]meu�\�gZklhys__�\j_fy�hl-
f_q_gu�\�f_edhjZaf_jghc�iehl\_� ���±���kf���<�djmighc�iehl\_

���±���kf��eb]meu�j_]bkljbjmxlky�j_^dh�

<� j_amevlZl_� ieZghf_jguo� bkke_^h\Zgbc� k_]he_lhd� b

\ajhkeuo�hkh[_c�iehl\u�k�r_klb�jZaguo�klZgpbc�ha_jZ�[ueh�mk-
lZgh\e_gh�� qlh� aZjZ`_gghklv� fheh^b� iehl\u� Ligula intestinalis
ijbmjhq_gZ�d�mqZkldZf�ijb[j_`ghc�f_edh\h^ghc�ahgu�

Hdmgv.� <� hdmg_� ha�� ;�� FbZkkh\h� hlf_q_gh� ��� \b^Z

iZjZablh\: ijhkl_crb_�±����fhgh]_g_b�±����lj_fZlh^u�±����e_glhq-
gu_�q_j\b�±����g_fZlh^u�±����jZdhh[jZagu_�±����Ij_h[eZ^Zxl�\b-
^u� k� ijyfuf� pbdehf� jZa\blby��Hdheh� iheh\bgu� \k_o� bkke_^h-
\Zgguo� hdmg_c� aZjZ`_gu� lj_fZlh^Zfb��f_lZp_jdZjbyfb� kljb]_-
b^��Bg\Zaby�hdmg_c�lj_fZlh^hc�Bunodera lucipercae m\_ebqb\Z_l-
ky�d�dhgpm�e_lZ��=eZagu_�iZjZablu�ij_^klZ\e_gu�Tylodelphys cla-
vata, Tylodelphys podicipina, Diplostomum baeri, Cotylurus pileatus.
?^bgbqgh� \klj_qZ_lky� e_glhqguc� iZjZabl� Diphyllobotrium latum.
Dbr_qgu_�iZjZablu� ±� lj_fZlh^u��p_klh^u� ±�g_� y\eyxlky� wibah-
hlbq_kdhc�m]jhahc�^ey�hdmgy��Ijhp_gl�aZjZ`_gby�khklZ\ey_l����±

8.0����Rbjhdh�ij_^klZ\e_gu�`Z[_jgu_�iZjZablu�Apiosoma compa-
nulata, Chilodonella cyprini, Epistylis lwoffi, Trichodinella percarum,
Aneyrocephalus percae, Ergasilus sieboldi. <�gZklhys__�\j_fy�hdmgv

ih^\_j`_g�bg\Zabb�lZdbfb�\b^Zfb��dZd�Ergasilus sieboldi, Diplos-
tomum baeri, Tylodelphys clavata, Tylodelphys podicipina �kf�� lZ[e�

57).  G_�bkdexq_gu�ehdZevgu_�\kiurdb�bg\Zabc�lZdbo�\b^h\��dZd
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Apiosoma companulata, Chilodonella cyprini, Trichodinella per-
carum�b�^jm]bo�ijb�gZebqbb�iehlguo�ihimeypbc�hdmg_c�

SmdZ.�<�smd_�ha��;��FbZkkh\h�hlf_q_gh����\b^h\�iZjZab-
lh\��Dhebq_kl\h�`Z[_jguo�iZjZablh\�khklZ\ey_l���\b^h\��Mqblu-
\Zy� gbadmx� qbke_gghklv� smdb�� wibahhlbq_kdZy� m]jhaZ� fh`_l

[ulv� lhevdh� ehdZevgh]h� oZjZdl_jZ�� E_glhqgu_� iZjZablu� ij_^-
klZ\e_gu�^\mfy�\b^Zfb��ba�dhlhjuo�Triaenophorus nodulosus qZ-
s_� \klj_qZ_lky�� q_f� Diphyllobothrium latum��SmdZ� ih^\_j`_gZ

wdkl_gkb\ghfm�aZjZ`_gbx�`Z[_jguf�iZjZablhf�Ergasilus sieboldi b
]eZagufb�iZjZablZfb�Diplostomum commutatum b Tylodelphys clavata
�kf��lZ[e�������IZjZablbq_kdb_�ijhkl_crb_�ba�]jmiiu��p. Apiosoma)
b�fbdkhkihjb^bb��p. Henneguna��\klj_qZxlky�m�hl^_evguo�wda_f-
ieyjh\�ju[�k�g_agZqbl_evghc�bgl_gkb\ghklvx�bg\Zabb���±��wda���

Kb].� <� ha��;��FbZkkh\h� m� kb]Z� aZj_]bkljbjh\Zgh� �� \b^h\
iZjZablh\�� <� k\yab� k� gbadhc� qbke_gghklvx� kb]Z� \� ha_j_� gZ[hj

iZjZablh\�m�\k_e_gpZ�h]jZgbq_g��G_h[oh^bfh�hlf_lblv�dbr_qgh-
]h�iZjZablZ�Sphaerostoma glabiporum��Kb]�ih^\_j`_g�aZjZ`_gbx
`Z[_jguf� iZjZablhf� Ergasilus briani b� ]eZagufb� iZjZablZfb
Diplostomum spathaceum�b Tylodelphys clavata��Fh`gh�ij_^iheh-
`blv��qlh�\b^h\hc�gZ[hj�iZjZablh\�[m^_l�f_gylvky�

Qlh�dZkZ_lky�^jm]bo�\b^h\�ju[� ±�ebgv��yav��e_s��gZebf� ±

g_h[oh^bfh�hlf_lblv�gbadmx�qbke_gghklv� \b^h\h]h� khklZ\Z�iZ-
jZablh\��Kj_^b�iZjZablh\�\_^ms__�f_klh�aZgbfZxl�]eZagu_�Dip-
lostomum commutatum, Diplostomum spathaceum, Tylodelphys cla-
vata�b�`Z[_jgu_�iZjZablbq_kdb_�jZdhh[jZagu_�Ergasilus sieboldi.
G_h[oh^bfh� lZd`_� hlf_lblv� qbke_gguc� jhkl� iZjZablh\� _jrZ�

dhlhjuc�fh`_l�m\_ebqblvky�\�\b^h\hf�khklZ\_�ijb�\hajZklZgbb

qbke_gghklb�_jrZ�b�^jm]bo�obsguo�ju[�

Kbkl_fZlbq_kdbc�kibkhd�iZjZablh\�ju[

ha��;��FbZkkh\h

DeZkk Cnidosporidia Doflein, 1901
K_f. Myxididae Thelohan, 1892

Myxidium liberkühni %XWVFKOL�������±�smdZ��fhq_\hc�imaujv�
Myxidium rhodei Leger, 1905 – �iehl\Z��ihqdb�
Zschokkella nova Klokavceva, 1914 –�ahehlhc�dZjZkv��yav��`_eqguc

imaujv�

K_f��Sphaerosporidae, Davis, 1917
Sphaerospora cristata SFKXOPDQ�� ����� ±� gZebf� �ihqdb�� fhq_\hc

imaujv�
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K_f. Myxobolidae Thelohan, 1892
Myxobolus pseudodispar�*RUEXQRYD�������±�iehl\Z �furpu�
Myxobolus dispar Thelohan, 1895 – iehl\Z��`Z[ju�
Myxobolus mulleri Butschli, 1802 – iehl\Z��furpu�
Myxobolus ellipsoides TKHORKDQ�������±�ebgv��`Z[ju��fmkdmeZlmjZ�
Henneguya psorospermica�7KHORKDQ�������±�smdZ��`Z[ju�

DeZkk�Plasmosporidia Sprague, 1965
K_f� Haplosporidia Caulleryet et Mesnil, 1899

Dermocystidium percae�5HLFKHQEDFK�.OLQNH�������±�hdmgv��ieZ\gbd�
DeZkk Ciliata Perty, 1852

K_f� Chlamydodontidae Claus, 1874
Chilodonella cyprini Moroff, 1902 –�hdmgv��gZebf��`Z[ju�

DeZkk Plasmosporidia Sprague, 1965
K_f. Ophryoglenidae Kent, 1872

Ichthyophthirius multifiliis�)RXTXHW�������±�_jr��iehl\Z��smdZ �ih-
\_joghklv�l_eZ��`Z[ju�

K_f. Urceolariidae Stein, 1867
Tripartiella copiosa (Lom, 1959) ±�iehl\Z��`Z[ju�
Trichodina domerguei f.esocis /RP�������±�smdZ� �ih\_joghklv�l_-

eZ�

Trichodina urinaria Dogiel, 1940 – hdmgv��fhq_\hc�imaujv�
Trichodina carassii �'RJLHO��������±�hdmgv��_jr��ebgv��iehl\Z��ih-

\_joghklv�l_eZ�

Trichodinella epizootica �5DDEH��������±�smdZ��_jr��`Z[ju�
Trichodinella percarum �'RJLHO�� ������ .RVWHQNR�� ����� ±� hdmgv

�`Z[ju�

K_f. Scyphididae Kahl, 1935
Apiosoma companulata Timofeev, 1962 – hdmgv��_jr��ih\_joghklv

l_eZ��`Z[ju�

Apiosoma piscicola Blanchard, 1885 – iehl\Z� �ih\_joghklv� l_eZ�
`Z[ju�

Apiosoma megamicronucleata 7LPRIHHY�������±�smdZ��`Z[ju�

Apiosoma esocina Lubarskaja, 1968 – smdZ��`Z[ju�
Epistylis lwoffi Faure-Eremiet, 1943 – _jr�� hdmgv��smdZ� �ih\_jo-

ghklv�l_eZ��`Z[ju�

DeZkk Suctoria Claparede et Lachmann, 1858
K_f. Dendrosomidae Butschli, 1889

Trichophrya intermedia 3URVW�������±�smdZ��`Z[ju�
DeZkk Monogenoidea (Buneden) Bychowsky, 1937

K_f. Monogenoidea
Dactylogyrus crucifer :DJHQHU�������±�iehl\Z��`Z[ju�

Dactylogyrus nanus 'RJLHO�HW�%\FKRZVN\�������±�iehl\Z��`Z[ju�
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Dactylogyrus similis (Wagener, 1909) – iehl\Z��`Z[ju�
Dacrylogyrus sphyrna Linstov, 1878 – iehl\Z��_^bg��wda��gZ�`Z[jZo�
Dactylogyrus vistulae�3URVW�������±�iehl\Z��`Z[ju�
Ancyrocephalus percae�(UJHQV�������±�hdmgv��`Z[ju�

K_f��Tetraonchidae Bychowsky, 1937
Tetraonchus monenteron�'LHVLQJ�������±�smdZ��`Z[ju�

 K_f��Gyrodactylidae (Beneden et Hesse, 1863, Cobbolt, 1964)
Gyrodactylus lucii Kulakowskaja, 1952 – smdZ��ih\_joghklv�l_eZ�
Gyrodactylus magnificus Malmberg, 1956 – iehl\Z� �ih\_joghklv

l_eZ�

K_f��Discocotylidae Price, 1936
Diplozoon homaion�%\FKRZVN\�HW�1DJLELQD�������±�iehl\Z��`Z[ju�

DeZkk�Cestoidea Rudolphy, 1808
K_f��Caryophyllaeidae Leuckart, 1878

Caryophyllaeides fennica (Schleider, 1902) – iehl\Z��dbr_qgbd�
K_f��Triaenophoridae Loennberg, 1889

Triaenophorus nodulosus (Pallas, 1781) –� hdmgv� �i_q_gv��� smdZ�
_jr�(dbr_qgbd�

K_f��Diphyllobothriidae Luhe, 1910
Diphyllobothrium latum (Luhe, 1758) – hdmgv��smdZ� �fmkdmeZlmjZ�

hj]Zgu�ihehklb�l_eZ�

K_f��Ligulidae Claus, 1885, emend Dubinin, 1959
Ligula intestinalis (Linstow, 1758) – iehl\Z��dZjZkv��e_s� �ihehklv

l_eZ�

K_f��Proteocephalidae La Rue, 1911
Proteocephalus dubius�/D�5XH�������±�hdmgv��dbr_qgbd�
Proteocephalus percae��0XOOHU��������±�hdmgv��dbr_qgbd�

DeZkk�Trematoda Rud, 1808
K_f��Bucephalidae Poche, 1907

Rhipidocotyle illense (Ziegler, 1883) – iehl\Z��fmkdmeZlmjZ��`Z[ju�
K_f� Allocreadiidae Stossich, 1904

Sphaerostoma glabiporum (Rud, 1802) – iehl\Z��dbr_qgbd�
Bunodera luciopercae (Muller, 1776) – hdmgv��ebgv��dbr_qgbd�

K_f��Echinostomatidae Laoss, 1902
Eschinochasmus coaxatus� 'LHW]�� ����� ±� iehl\Z� �ieZ\gbdb�� ieZ\Z-

l_evguc�imaujv�

K_f��Diplostomatidae Poirier, 1886
Diplostomum spathaceum (Rud, 1819) – iehl\Z��_jr��ojmklZebd�
Diplostomum paraspathaceum�6FKLJLQ�������±�gZebf��ojmklZebd�
Diplostomum flexicaudum� �&RUW� HW� %URRNV�� ������ ±� iehl\Z

�ojmklZebd�
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Diplostomum indistinctum (Guberlet, 1923) –�iehl\Z��_jr� �ojmklZ-
ebd�

Diplostomum commutatum��'LHVLQJ��������±�iehl\Z��smdZ��ebgv��yav
�ojmklZebd�

Diplostomum mergi Dubois, 1932 – dZjZkv��ojmklZebd�
Diplostomum baeri�'XERLV�������±�hdmgv��^hggZy�qZklv�]eZa�
Tylodelphys clavata� �1RUGPDQQ�� ������ ±�iehl\Z�� hdmgv��smdZ��gZ-

ebf��_jr��kl_deh\b^gh_�l_eh�]eZa�

Tylodelphys podicipina� .R]LFND� HW� 1LZLDGRPVND�� ����� ±� hdmgv

�kl_deh\b^gh_ l_eh i_j_^g_c�dZf_ju�]eZaZ�
Posthodiplostomum brevicaudatum (Nordmann, 1832) – hdmgv��kl_d-

eh\b^gh_ l_eh��ib]f_glguc�kehc�]eZa�
K_f��Azygidae Odhner, 1911

Azygia lucii (Muller), 1976 – smdZ��dbr_qgbd�
K_f��Allocreadiidae Stossich, 1904

Allocreadium transversale (Rud, 1802) – dZjZkv��dbr_qgbd�
Bunodera luciopercae (Muller, 1776) ±�hdmgv��e_s��dbr_qgbd�
Sphaerostoma glabiporum (Rud, 1802) – kb]��dbr_qgbd�

K_f��Strigeidae Railliet, 1919
Cotylurus pileatus (Rud, 1802) – hdmgv��_jr��k_j^p_��ihqdb�
Cotylurus variegatus �&UHSOLQ��������±�hdmgv��ihqdb�

K_f��Kyathocotylidae Poche, 1925
Prohemistomum hughesi��0DUNHYLWVFK��������±�iehl\Z��fmkdmeZlmjZ�

DeZkk�Nematoda Rudolphi, 1828
K_f��Anisakidae Skrjabin et Karokhin, 1945

Raphidascaris acus (Bloch, 1779) – hdmgv��iehl\Z��ebqbgdb�
K_f��Camallanidae Railliet, et Henry, 1915

Camallanus lacustris (Zoega), 1776 – hdmgv��dbr_qgbd�
K_f��Capillariidae Noven-Lemaire, 1936

Capillaria bravispicula��/LQVWRZ��������±�ebgv��iehl\Z��dbr_qgbd�
DeZkk�Acanthocephala (Rud, 1808)

K_f��Neoechinorhynchidae van Cleave, 1919
Neoechinorhynchus rutili��0XOOHU��������±�iehl\Z��dbr_qgbd�

DeZkk�Crustacea J. Lamarck, 1801
K_f��Ergasilidae, Thorell, 1859

Ergasilus sieboldi (Nordmann, 1832) – ebgv�� hdmgv�� _jr�� smdZ�
iehl\Z��`Z[ju�

Ergasilus briani��0DUNHZLWVFK��������±�yav��`Z[ju�

K_f��Argulidae (Linne, 1758)
Argulus foliaceus (Linne, 1758) – iehl\Z��dZjZkv��dh`Z��`Z[ju�
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H[sbc�kibkhd�\b^h\��ehdZebaZpby�iZjZablh\�ju[�ha��;��FbZkkh\h

1. Allocreadium transversale ±�dbr_qgbd
2. Aneyrocephalus percae – ̀ Z[ju

3. Apiosoma companulata – ̀ Z[ju��ieZ\gbdb

4. Apiosoma esocina – ̀ Z[ju

5. Apiosoma megamicronucleata – ̀ Z[ju

6. Apiosoma piscicola – ̀ Z[ju

7. Argulus foliaceus –�`Z[ju
8. Azygia lucii– dbr_qgbd
9. Bunodera luciopercae – dbr_qgbd
10. Camallanus lacustris – dbr_qgbd
11. Capillaria bravispicula – dbr_qgbd
12. Caryophyllaeides fennica – dbr_qgbd
13. Chilodonella cyprini –�`Z[ju
14. Cotylurus pileatus ±�ihqdb
15. Cotylurus variegatus�±�ihqdb��ieZ\Zl_evguc�imaujv
16. Dactylogyrus erucifer ±�`Z[ju
17. Dactylogyrus nanus – ̀Z[ju
18. Dactylogyrus similis – ̀ Z[ju

19. Dactylogyrus sphyrna – ̀ Z[ju

20. Dactylogyrus vistulae – ̀Z[ju
21. Dermocystidium percae – ieZ\gbd
22. Diphyllobothrium latum – ihehklv�l_eZ
23. Diplostomum baeri – ̂ hggZy�qZklv�]eZa
24. Diplostomum commutatum�±�ojmklZebd
25. Diplostomum flexicaudum�±�ojmklZebd
26. Diplostomum indistinctum –�ojmklZebd
27. Diplostomum mergi�±�ojmklZebd
28. Diplostomum paraspathaceum – ojmklZebd
29. Diplostomum spathaceum – ojmklZebd
30. 'LSOR]RRQ�KRPDLRQ�±�`Z[ju

31. Epistylis lwoffi – ̀ Z[ju��ieZ\gbdb

32. Ergasilus briani – ̀ Z[ju

33. Ergasilus sieboldi – ̀ Z[ju

34. Eschinochasmus coaxatus –�ieZ\Zl_evguc�imaujv
35. Gyrodactylis magnificus – ih\_joghklv�l_eZ
36. Gyrodactylus lucii – ih\_joghklv�l_eZ
37. Henneguya psorospermica – ̀ Z[ju

38. Ichthyophthirius multifiliis – ̀ Z[ju

39. Ligula intestinalis – ihehklv�l_eZ
40. Myxidium lieberkuhni – fhq_\hc�imaujv
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41. Myxidium rhodei –�ihqdb
42. Myxobolus dispar – ̀Z[ju
43. Myxobolus ellipsoides – fmkdmeZlmjZ
44. Myxobolus mulleri – ̀ Z[ju��ihqdb

45. Myxobolus pseudodispar ±�`Z[ju

46. Neoechinorhynchus rutili ±�dbr_qgbd
47. Posthodiplostomum brevicaudatum – kl_deh\b^gh_�l_eh
48. Prohemistomum hughesi�±�fmkdmeZlmjZ

49. Proteocephalus dubius – dbr_qgbd
50. Proteocephalus percae – dbr_qgbd
51. Raphidascaris acus – dbr_qgbd
52. Rhipidocotyle illense – fmkdmeZlmjZ��`Z[ju
53. Sphaerospora cristata – ihqdb
54. Sphaerostoma glabiporum – dbr_qgbd
55. Tetraonchus monenteron – ̀ Z[ju

56. Triaenophorus nodulosus –�dbr_qgbd
57. Trichodina carassii – ih\_joghklv�l_eZ
58. Trichodina urinaria – fhq_\hc�imaujv
59. Trichodinella epizootica – ̀ Z[ju

60. Trichodinella percarum – ̀ Z[ju

61. Trichophrya intermedia – ̀ Z[ju

62. Trichodina domerguei fesocis – ihehklv�l_eZ
63. Tripartiella copiosa –�`Z[ju
64. Tylodelphys clavata – kl_deh\b^gh_�l_eh
65. Tylodelphys podicipina –�]eZagh_�y[ehdh
66. Zschokkella nova�±�`_eqguc�imaujv

<b^h\hc�khklZ\��ehdZebaZpby

Iehl\Z

1. Apiosoma piscicola – ̀ Z[ju

2. Argulus foliaceus –�`Z[ju
3. Capillaria brevispicula – dbr_qgbd
4. Caryophyllaeides fennica – dbr_qgbd
5. Dactylogyrus erucifer ±�`Z[ju
6. Dactylogyrus nanus – ̀Z[ju
7. Dactylogyrus similis – ̀ Z[ju

8. Dactylogyrus sphyrna – ̀ Z[ju

9. Dactylogyrus vistulae – ̀Z[ju
10. Diplostomum commutatum�±�ojmklZebd



261

11. Diplostomum flexicaudum�±�ojmklZebd
12. Diplostomum indistinctum  –�ojmklZebd
13. Diplostomum spathaceum  – ojmklZebd
14. Diplozoon homaion – ̀Z[ju
15. Ergasilus sieboldi – ̀ Z[ju

16. Eschinochasmus coaxatus –�ieZ\Zl_evguc�imaujv
17. Gyrodactylis magnificus – ih\_joghklv�l_eZ
18. Ichthyophthirius multifiliis – ̀ Z[ju

19. Ligula intestinalis – ihehklv�l_eZ
20. Myxidium rhodei –�ihqdb
21. Myxobolus dispar – ̀Z[ju
22. Myxobolus mulleri – ̀ Z[ju��ihqdb

23. Myxobolus pseudodispar ±�`Z[ju

24. Neoechinorhynchus rutili – dbr_qgbd
25. Prohemistomum hughesi�±�fmkdmeZlmjZ

26. Rhipidocotyle illense – fmkdmeZlmjZ��`Z[ju
27. Tripartiella copiosa –�`Z[ju
28. Tylodelphys clavata – kl_deh\b^gh_�l_eh

Hdmgv

1. Ancyrocephalus percae – ̀ Z[ju

2. Apiosoma companulata – ̀ Z[ju��ieZ\gbdb

3. Bunodera luciopercae – dbr_qgbd
4. Camallanus lacustris – dbr_qgbd
5. Chilodonella cyprini –�`Z[ju
6. Cotylurus pileatus ±�ihqdb
7. Cotylurus variegatus�±�ihqdb��ieZ\Zl_evguc�imaujv
8. Dermocystidium percae – ieZ\gbd
9. Diphyllobothrium latum – ihehklv�l_eZ
10. Diplostomum baeri – ̂ hggZy�qZklv�]eZa
11. Diplostomum spathaceum – ojmklZebd

12. Epistylis lwoffi – ̀ Z[ju��ieZ\gbdb

13. Ergasilus sieboldi – ̀ Z[ju

14. Gyrodactylus lucii – ih\_joghklv�l_eZ
15. Posthodiplostomum brevicaudatum – kl_deh\b^gh_�l_eh
16. Proteocephalus dubius – dbr_qgbd
17. Proteocephalus percae – dbr_qgbd
18. Raphidascaris acus – dbr_qgbd
19. Triaenophorus nodulosus – i_q_gv
20. Trichodina urinaria – fhq_\hc�imaujv
21. Trichodinella percarum – ̀ Z[ju
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22. Tylodelphys clavata – kl_deh\b^gh_�l_eh
23. Tylodelphys podicipina –�]eZagh_�y[ehdh

SmdZ

1. Apiosoma esocina  – ̀ Z[ju

2. Apiosoma megamicronucleata  – ̀ Z[ju

3. Azygia lucii – dbr_qgbd
4. Diphyllobothrium latum  – ihehklv�l_eZ
5. Diplostomum commutatum��±�ojmklZebd
6. Epistylis lwoffi  – ieZ\Zl_evguc�imaujv��`Z[ju
7. Ergasilus sieboldi  – ̀ Z[ju

8. Gyrodactylus lucii  – ih\_joghklv�l_eZ
9. Henneguya psorospermica  – ̀ Z[ju

10. Ichthyophthirius multifiliis  – ̀ Z[ju

11. Myxidium lieberkuhni  – fhq_\hc�imaujv
12. Tetraonchus monenteron  – ̀ Z[ju

13. Triaenophorus nodulosus  –�dbr_qgbd
14. Trichodinella epizootica  – ̀ Z[ju

15. Trichophrya intermedia  – ̀ Z[ju

16. Tricxodina domerguei fesocis – ihehklv�l_eZ
17. Tylodelphys clavata  – kl_deh\b^gh_�l_eh

Ebgv

1. Bunodera lucipercae – dbr_qgbd
2. Capillaria bravispicula  – dbr_qgbd
3. Diplostomum commutatum�±�ojmklZebd
4. Ergasilus sieboldi – ̀ Z[ju

5. Myxobolus ellipsoides  – fmkdmeZlmjZ
6. Trichodina carassii  – ih\_joghklv�l_eZ

?jr

1. Apiosoma companulata – ih\_joghklv�l_eZ��`Z[ju
2. Camallanus lacustris – dbr_qgbd
3. Diplostomum spathaceum  – ojmklZebd
4. Ergasilus sieboldi – ̀ Z[ju

5. Ichthyophtirius multifiliis – ih\_joghklv�l_eZ
6. Triaenophorus nodulosus  –�i_q_gv��ihehklv�l_eZ
7. Trichodina carassii – ih\_joghklv�l_eZ
8. Trichodinella epizootica – ̀ Z[ju

9. Trichophrya intermedia – ̀ Z[ju

10. Tylodelphys clavata  – kl_deh\b^gh_�l_eh��]eZa
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E_s

1. Bunodera luciopercae  – dbr_qgbd
2. Diplostomum paraspathaceum  – ojmklZebd
3. Ergasilus sieboldi – ̀ Z[ju

4. Tylodelphys clavata  – kl_deh\b^gh_�l_eh

Yav

1. Diplostomum commutatum�±�ojmklZebd
2. Diplostomum spathaceum  – ojmklZebd
3. Ergasilus briani  – ̀ Z[ju

4. Zschokkella nova �±�`_eqguc�imaujv

Kb]�qm^kdhc

1. Diplostomum spathaceum  – ojmklZebd
2. Ergasilus briani  – ̀ Z[ju

3. Ergasilus sieboldi – ̀ Z[ju

4. Sphaerostoma glabiporum  – dbr_qgbd
5. Tylodelphys clavata  – kl_deh\b^gh_�l_eh

GZebf

1. Allocreadium transversale – dbr_qgbd
2. Apiosoma megamicronucleata  – ̀ Z[ju

3. Chilodonella cyprini  –�`Z[ju
4. Sphaerospora cristata  – ihqdb
5. Trichodinella epizootica – ̀ Z[ju

6. Tylodelphys clavata  – kl_deh\b^gh_�l_eh

Ahehlhc�dZjZkv

1. Allocreadium transversale ±�dbr_qgbd
2. Argulus foliaceus  – ̀ Z[ju

3. Diplostomum flexicaudum��±�ojmklZebd
4. Diplostomum mergi – ojmklZebd
5. Ergasilus sieboldi – ̀ Z[ju

6. Ligula intestinalis – ihehklv�l_eZ
7. Prohemistomum hughesi – fmkdmeZlmjZ

8. Zschokkella nova �±�`_eqguc�imaujv

Wdheh]h�nZmgbklbq_kdbc�ZgZeba

b�wibahhlbq_kdZy�h[klZgh\dZ

FZl_jbZeu�ih�iZjZablhnZmg_�iehl\u��hdmgy��smdb��ebgy�

kb]Z��_jrZ��e_sZ��yay�b�dZjZky�ha��;��FbZkkh\h��ijb\_^_ggu_�gZ-
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fb��^Zxl�ij_^klZ\e_gb_�h[�h[s_f�oZjZdl_j_�aZjZ`_gby�iZjZab-
lZfb�ju[�gZ�ijhly`_gbb����\_k_gg_�e_lgbo�k_ahgh\��IZjZablu�k

ijyfuf�`bag_gguf�pbdehf�g_�khklZ\eyxl�h[beby�\b^h\��GZb[h-
e__�fZkkh\Zy�]jmiiZ�kh�keh`guf�`bag_gguf�pbdehf�±�lj_fZlh^u

�^biehklhfZlb^u�� klj_]_b^u��� jZa\blb_� dhlhjuo� k\yaZgh� k�fhe-
exkdZfb�b�ju[hy^gufb�ilbpZfb��J_adbo�f_`]h^h\uo�dhe_[Zgbc

khklZ\Z�b�qbke_gghklb�iZjZablh\�\�ha_j_�g_�gZ[ex^Z_lky�

M�ZddebfZlbabjh\Zgguo�\b^h\�ju[��kb]Z�qm^kdh]h��e_sZ�±

khklZ\�iZjZablhnZmgu�fZehqbke_gguc� ���\b^h\���lZd�dZd�\�ha_j_

jZg__�hlkmlkl\h\Zeb�kb]h\u_�b�bo�ki_pbnbqgu_�iZjZablu��IZjZ-
ablhnZmgZ�ju[�Z[hjb]_gh\�ij_^klZ\e_gZ�rbjhdh�jZkijhkljZg_g-
gufb�\b^Zfb��oZjZdl_jgufb�^ey�hdmgy��iehl\u��smdb��GZb[he__

jZaghh[jZagZ�iZjZablhnZmgZ�iehl\u�����\b^h\���hdmgy���3�\b^Z��b
smdb� ���� \b^h\��� H[s_c� hkh[_gghklvx� iZjZablhnZmgu� ju[

ha��;��FbZkkh\h� y\ey_lky�ihqlb�hlkmlkl\b_�iZjZablh\� lZdbo� kbk-
l_fZlbq_kdbo�]jmii��dZd�kdj_[gb� ���\b^��b�fZehqbke_gghklv�g_-
fZlh^� ��� \b^Z��� Ih^h[gh_� h[_^g_gb_� nZmgu� hlf_qZeb� <��:��AZ�

o\Zldbg��F��:� :`_]Zgh\Z���������<��<��DZrdh\kdbc�b�^j���������
<�j_amevlZl_�bkke_^h\Zgby�\u^_e_gu�iZlh]_ggu_�iZjZablu

ju[� �±�ljboh^bgu��^biehklhfb^u��iZjZablbq_kdb_�jZdhh[jZagu_

(Ergasilus sieboldi, E. briani), hgb�bf_xl�wibahhlbq_kdh_�agZq_gb_
dZd�^ey�Z[hjb]_gguo�ju[��lZd�b�^ey�ju[�\k_e_gp_\��>ey�fheh^b

kb]h\uo�� e_sZ� b� ^jm]bo� ju[� hij_^_e_ggmx� wibahhlbq_kdmx

hiZkghklv� ij_^klZ\eyxl� iZjZablbq_kdb_� jZdhh[jZagu_�Ergasilus
sieboldi, E. briani. �Bo�bgl_gkb\gh_�jZafgh`_gb_�fh`_l� \ua\Zlv
[he_agv� wj]Zabe_a�� >ey� iehl\u� wibahhlbq_kdh_� agZq_gb_� bf__l

L. intestinalis��^ey�hdmgy�±�T. nodulosus.
<� hlghr_gbb� dZjih\uo� ju[� ijb\e_dZ_l� \gbfZgb_� jZagh-

h[jZab_�ihimeypbc�^Zdlbeh]bjb^�(Dactylogyrus crucifer, D. nanus,
D. similis, D. sphyrna).

Hkh[_ggh� hiZkguf� ^ey� ju[� ih� bgl_gkb\ghklb� aZjZ`_gby

y\eyxlky�]eZagu_�iZjZablu��Diplostomum spathaceum, D. paraspa-
thaceum, D. commutatum, D. baeri, Tylodelphys podicipina, Pos-
thodiplostomum brevicatum)��Ba�hklZevguo�hj]Zgh\�ju[�[he__�^jm-
]bo�aZjZ`_gu�`Z[ju��OZjZdl_jgh��qlh�ljb�]jmiiu�iZjZablh\�h[-
jZamxl� nZmgm� `Z[j�� fbdkhkihjb^bb�� fhgh]_g_lbq_kdb_� khkZev-
sbdb�b�jZdh[jZagu_�

Ihemq_ggu_�^Zggu_�ihdZau\Zxl��qlh�jy^�\b^h\�iZjZablh\

fh`_l� kem`blv� ihdZaZl_e_f� Zgljhih]_ggh]h� aZ]jyag_gby�� Ijb

wlhf� gZb[he__� h[t_dlb\gufb� [bhbg^bdZlhjZfb� ^he`gu� [ulv

\b^u�iZjZablh\��\ukhdhmklhcqb\u_�d�lhdkbq_kdhfm�\ha^_ckl\bx

�Dmi_jfZg���������D�gbf�hlghkylky�Diplozoon homoion�ba�fhgh]_-
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g_c�b�Caryophyllaeus laticeps ba�p_klh^��;he__�qm\kl\bl_evgu_�d
aZ]jyag_gbx�ijhkl_crb_��iby\db�b�g_dhlhju_�fhgh]_g_b� �Ancy-
rocephalus percae, Dactylogyrus crucifer, D. nanus, D. similis, Myxo-
bolus pseudodispar, M. musculi, M. ellipsoides�b�^jm]b_���Bkke_^h-
\Zgby�?� :��;h]^Zgh\hc� �������ihdZaZeb��qlh�bolbhiZjZablu�jZa-
guo� kbkl_fZlbq_kdbo� ]jmii� hlebqZxlky� hij_^_e_gghc� qm\kl\b-
l_evghklvx�d�fgh]hnZdlhjghfm�aZ]jyag_gbx�

<�j_amevlZl_�fgh]he_lgbo��bkke_^h\Zgbc�\�ha��;��FbZkkh\h

mklZgh\e_gZ�iZjZablhnZmgZ�^ey� ���\b^h\�ju[��<uy\e_gh�fgh]h-
h[jZab_�iZjZablh\��ijbgZ^e_`Zsbo�d�r_klb�deZkkZf��:gZeba�bk-
ke_^h\Zgbc�ihdZaZe�� qlh� k� ����� ]�� ih� gZklhys__� \j_fy� \_^ms__

f_klh�ih� \b^h\hfm� jZaghh[jZabx�b�ih� \klj_qZ_fhklb� \�iZjZab-
lhnZmg_� ju[� aZgbfZxl� lj_fZlh^u�� <uy\e_gu� ehdZevgu_� hqZ]b

aZjZ`_gby� ju[� lj_fZlh^Zfb�b� jZkk_e_gb_�iZjZablbq_kdbo� jZdh-
h[jZaguo�kj_^b�ju[�\�ha��;��FbZkkh\h��MklZgh\e_gu�aZlmoZxsb_

hqZ]b�ljb_ghnhjhaZ��eb]me_aZ��Ijh\_^_ggu_�bkke_^h\Zgby�ihdZ-
aZeb� kms_kl\_ggmx� jZagbpm� \� aZjZ`_gghklb� iZjZablZfb� kb]Z�

smdb��ebgy��e_sZ��iehl\u��kf��lZ[e����±�����K_ahggu_�baf_g_gby

aZjZ`_gghklb� ju[� p_klh^Zfb� \h�fgh]hf� hij_^_eyxlky� oZjZdl_-
jhf�iblZgby�b�ibs_\ufb�k\yayfb�ju[�\�jZagu_�k_ahgu� ]h^Z��<

hlebqb_�hl�ha��F��FbZkkh\h�h�iZjZablZo� ju[� ha��;��FbZkkh\h�^h

ihke_^g_]h� \j_f_gb� gbq_]h� g_� [ueh� ba\_klgh�� D� gZklhys_fm

\j_f_gb� m� ju[� ha��;��FbZkkh\h� hlf_q_gh� �6� \b^h\�iZjZablh\�� Z
lZd`_�h[gZjm`_gh�\�fheexkdZo����gh\uo�^ey�aZih\_^gbdZ�p_jdZ-
jbc��nhjf��lj_fZlh^�

Ihegh_� \uy\e_gb_� bolbhiZjZablhnZmgu� ha��;��FbZkkh\h

aZljm^g_gh�l_f��qlh�lZdb_�\b^u��ju[��dZd�sbih\dZ��\_joh\dZ��jh-
lZg��i_kdZjv�\klj_qZebkv�j_^dh�b�g_�ih^e_`Zeb�iZjZablheh]bq_-
kdhfm�ZgZebam�
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=E:<:�����HP?GD:�WDHEH=BQ?KDH=H

KHKLHYGBY�HA?J:

<�hp_gd_�wdheh]bq_kdh]h�khklhygby�ha_jZ�fh`gh�\u^_eblv

ke_^mxsb_�hkgh\gu_�dhfihg_glu�

<h�i_j\uo�� wlh� w\ljhnbjh\Zgb_�� lh� _klv� jhkl� [bhijh^md-
lb\ghklb� ha_jZ� \� oh^_� _kl_kl\_gghc� w\hexpbb�� mkdhjy_fuc� oh-
ayckl\_gghc� ^_yl_evghklvx� q_eh\_dZ� gZ� [_j_]Zo� b� \h^hk[hj_�

=eZ\guf� ©mkdhjbl_e_fª� kem`bl� klhd�� ijbghkysbc� \� ha_jh� kh-
_^bg_gby�nhknhjZ�b�ZahlZ��Kdhjhklv�Zgljhih]_ggh]h�w\ljhnbjh-
\Zgby�gZfgh]h�\ur_��q_f�_kl_kl\_ggh]h�b�baf_jy_lky�g_�lukyq_-
e_lbyfb��Z�^_kyldZfb�e_l�beb�]h^Zfb��\ke_^kl\b_�q_]h�hgh�ij_^-
klZ\ey_l�hkh[mx�hiZkghklv�^ey�\h^h_fZ�

<h�\lhjuo��wlh�dZq_kl\h�\h^u�±�__�iblv_\u_�b�j_dj_Zpbhg-
gu_�k\hckl\Z��DZq_kl\h�\h^u�hp_gb\Z_lky�f_lh^Zfb�obfbq_kdh]h

ZgZebaZ� b� k� ihfhsvx� jy^Z� ]b^jh[bheh]bq_kdbo� oZjZdl_jbklbd�

dhlhju_� \� gZklhys__� \j_fy� ijbgylh� kqblZlv� [he__� ihdZaZl_ev-
gufb�(:g^jhgbdh\Z������;�Baf_g_gb_�kljmdlmju«������;�Djxq-
dh\Z������;�L_hj_lbq_kdb_�\hijhku«�������b�^j�).

<�lj_lvbo��wlh�ju[hohayckl\_ggZy�hp_gdZ��dhlhjZy�\�mkeh-
\byo�aZih\_^gh]h�j_`bfZ�bf__l�ebrv�gZmqgh_�agZq_gb_�

:gljhih]_ggh_�w\ljhnbjh\Zgb_

Jhkl�[bhijh^mdlb\ghklb�ha_jZ�±�w\ljhnbjh\Zgb_�±�khijh-
\h`^Z_lky� mf_gvr_gb_f�ijhajZqghklb�� jhklhf� ^_nbpblZ� dbkeh-
jh^Z��©p\_l_gb_fª�\h^u��gZdhie_gb_f�hj]Zgbq_kdh]h�\_s_kl\Z�\

\h^_� b� hkZ^dZo� �<hkklZgh\e_gb_� wdhkbkl_f«�� ������� Ijb� wlhf

kgb`Z_lky�dZq_kl\h�\h^u�

Mjh\_gv�w\ljhnbjh\Zgby�ha��;��FbZkkh\h�hij_^_e_g�k�ih-
fhsvx�jZaguo�]b^jh[bheh]bq_kdbo�ihdZaZl_e_c�ih�dhfie_dkghc

hp_ghqghc�rdZe_�(Hdkbxd�b�^j�������).

=b^jhnbabq_kdb_�b�]b^jhobfbq_kdb_�ihdZaZl_eb

w\ljhnbjh\Zgby

IjhajZqghklv� \h^u�� IjhajZqghklv� ha_jZ� ;�� FbZkkh\h

[hevrmx�qZklv�[_ae_^gh]h�i_jbh^Z�dhe_[e_lky�\�ij_^_eZo��±��f

b�ebrv�g_aZ^he]h�^h�e_^hklZ\Z�ih\urZ_lky�^h� ����f� �kf�� ]e�� ���
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JZkq_l�bg^_dkZ�ljhnbq_kdh]h�klZlmkZ�DZjekhgZ��TSI)�ih�ijhajZq-
ghklb� \h^u� ^Ze� kj_^g_]h^h\mx� \_ebqbgm�TSI =����� qlh� khhl\_l�
kl\m_l�lbibqghc�f_ahljhnbb��<_kghc�b�e_lhf��\�i_jbh^u�fZkkh-
\h]h�jZa\blby�nblhieZgdlhgZ� �kf��]e�� ����Z�lZd`_�\� aZeb\Zo�mjh-
\_gv�ijh^mdlb\ghklb��dZd�ijZ\beh��g_kdhevdh�\ur_�±�TSI = 44–45,
gh� hklZ_lky� \� ij_^_eZo� f_ahljhnbb��Iha^g_c� hk_gvx� k� jhklhf

ijhajZqghklb�\h^u�ljhnbq_kdbc�klZlmk�kgb`Z_lky�^h�����l� _��^h
heb]hf_ahljhnghklb�

Dhgp_gljZpby� oehjhnbeeZ�� >Zggu_� ih� dhgp_gljZpbb� \

\h^_�oehjhnbeeZ�©Zª��kf��]e�����iha\heyxl�^Zlv�ij_^\Zjbl_evgmx

�ba�aZ�fZeh]h�qbkeZ�gZ[ex^_gbc��hp_gdm�ljhnbq_kdh]h�klZlmkZ�ih

wlhfm� ihdZaZl_ex�� <uqbke_gby� ih� nhjfme_�� ij_^eh`_gghc

<� <��;mevhg� (������^Zeb�\_ebqbgm�TSI hl����^h�����qlh�khhl\_l-
kl\m_l�\h^h_fZf�f_ahljhngh]h�lbiZ�   

JZkl\hj_gguc� dbkehjh^�� hdbkey_fhklv�� [bheh]bq_kdh_

ihlj_[e_gb_�dbkehjh^Z� �;ID5). Kj_^g_]h^h\Zy�\_ebqbgZ�gZku-
s_gby�\_jogbo�keh_\�\h^u�dbkehjh^hf�khklZ\ey_l���±������]e����,
qlh�mdZau\Z_l�gZ�dhe_[Zgby�ljhnbq_kdh]h�klZlmkZ�\�ij_^_eZo�hl

f_ahljhngh]h�^h�heb]hf_ahljhngh]h� (Hdkbxd�b�^j�������)��>Zg-
gu_� ih� i_jfZg]ZgZlghc� hdbkey_fhklb� khhl\_lkl\mxl� f_ahw\-
ljhnghfm� mjh\gx�� ;bheh]bq_kdh_� ihlj_[e_gb_� dbkehjh^Z�� kh-
]eZkgh� k\_^_gbyf� K� =��AZoZjh\Z� �E_lhibkv� ijbjh^u«�� 1996),
f_gyehkv�hl�����^h�����f]H2�e�\������]���kj_^g__�±������b�hl�����^h

����f]H2�e��kj_^g__�±�������\������]��Wlh�khhl\_lkl\m_l�w\ljhnguf

mkeh\byf�\������]��b�f_ahljhnguf�\������]�

Dhgp_gljZpby�[bh]_gguo�we_f_glh\� Ih�^Zgguf������]�
dhgp_gljZpby�jZkl\hj_gguo�nhknZlh\�dhe_[ZeZkv�\�ij_^_eZo�hl

����� ^h� �����f]�e�b� \� kj_^g_f� aZ� i_jbh^� gZ[ex^_gbc� khklZ\beZ

�����f]�e��qlh�oZjZdl_jgh�^ey�f_ahw\ljhnguo�\h^��DZd�ihdZaZgh�\

]eZ\_����hkgh\guf�bklhqgbdhf�nhknhjZ�\�ha��;��FbZkkh\h�fh]ml

kem`blv� ^hggu_� hleh`_gby�� l�_�� ijhbkoh`^_gb_� jZkl\hj_ggh]h

nhknhjZ� Z\lholhggh_�� ihklmie_gb_� k� \h^hk[hjZ� b� hdjm`Zxsbo

we_f_glh\�Dbk_]Zq�FbZkkh\kdhc� ha_jghc� kbkl_fu� \_jhylgh��g_-
agZqbl_evgh_��HdhgqZl_evgu_� \u\h^u� lj_[mxl� ^hihegbl_evguo

bkke_^h\Zgbc�

Kh^_j`Zgb_�\�\h^_�gbljZlh\�b�gbljblh\�dZd�ijZ\beh��\ur_

\� aZeb\Zo� �]e�����b�\�p_ehf�gZoh^blky�gZ� kj_^g_f�mjh\g_� ±�f_ah-
ljhnghklb�\�]eZ\ghf�ie_k_�b�f_ahw\ljhnghklb�±�\�djmiguo�aZeb-
\Zo�

Blh]h\Zy�hp_gdZ��G_kfhljy�gZ�_kl_kl\_ggu_�f_`]h^h\u_

b� k_ahggu_�dhe_[Zgby�� Z� lZd`_�g_^hklZlhqguc�h[t_f�fZl_jbZeZ

ih�g_dhlhjuf�ihdZaZl_eyf��]b^jhnbabq_kdb_�b�]b^jhobfbq_kdb_

oZjZdl_jbklbdb ^Zxl�ykgh_�ij_^klZ\e_gb_�h[�ha_j_�;��FbZkkh\h�
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dZd� h� lbibqghf� f_ahljhnghf� \h^h_f_�� <� l_o� kemqZyo�� dh]^Z� \

gZr_f� jZkihjy`_gbb� bf_xlky� k\_^_gby� ��±���e_lg_c� ^Z\ghklb

(;hg^Zj_gdh�� ����;�LZmkhg�� ����)�� kjZ\g_gb_� k�gbfb�ihdZau\Z_l
hlkmlkl\b_�dZdbo�eb[h�kms_kl\_gguo�baf_g_gbc�mjh\gy�ijh^md-
lb\ghklb�aZ�wlhl�i_jbh^��Ke_^m_l�hlf_lblv��qlh�\�djmiguo�aZeb-
\Zo� ih� g_dhlhjuf� ihdZaZl_eyf� hlf_qZ_lky� [he__� \ukhdbc� mjh-
\_gv� ijh^mdlb\ghklb�� khhl\_lkl\mxsbc�f_ahw\ljhnguf� b� ^Z`_

w\ljhnguf�mkeh\byf�

;bheh]bq_kdb_�ihdZaZl_eb�w\ljhnbjh\Zgby

NblhieZgdlhg�� H[s__� m\_ebq_gb_� qbke_gghklb� b� [bh�

fZkku�nblhieZgdlhgZ� ]h\hjbl� h� gZjZklZxs_f� w\ljhnbjh\Zgbb�

AZnbdkbjh\ZggZy�gZfb� kj_^g_k_ahggZy�[bhfZkkZ� ����� ]�f3 ihiZ-
^Z_l� \� ^bZiZahg� �±�� ]�f3�� h[hagZq_gguc� K��I��DblZ_\uf� ������

^ey� β�f_ahljhngh]h� khklhygby� \h^h_fZ�� Ih� H��I��Hdkbxd� k
khZ\lhjZfb� �������� ^ZggZy� \_ebqbgZ� oZjZdl_jgZ� ^ey� w\ljhnguo

\h^h_fh\�

Kj_^gyy� [bhfZkkZ� nblhieZgdlhgZ� ^ey� \h^h_fh\� ahgu

kj_^g_c�b�x`ghc�lZc]b��dm^Z�[ueb�hlg_k_gu�ha_jZ�aZih\_^gbdZ�\

bkke_^h\Zgbyo� BgklblmlZ� ha_jh\_^_gby� �EZg^rZnlguc

nZdlhj«�� ������ Wdheh]h�ijh^mdpbhggu_«�� ������ \� ����±����

]]���jZ\gy_lky��ih�K��I��DblZ_\m� ������������]�f3��qlh�agZqbl_evgh

gb`_� ihemq_ggh]h� gZfb� agZq_gby� [bhfZkku�� Ih� kh\j_f_gghfm

]_h[hlZgbq_kdhfm� jZchgbjh\Zgbx� bkke_^m_fZy� l_jjblhjby

hlghkblky� g_� d� x`ghc� lZc]_�� Z� d� ih^ahg_� khkgh\h�[_j_ah\uo

e_kh\�� y\eyxs_cky� \hklhqguf� ZgZeh]hf� ih^ahgu� kf_rZgguo

e_kh\�� >ey� ha_j� ahgu� kf_rZgguo� e_kh\� K��I��DblZ_\� ijb\h^bl

kj_^gxx� [bhfZkkm� nblhieZgdlhgZ� ����� ]�f3�� qlh� \� ljb� jZaZ

ij_\urZ_l�ihemq_ggh_�gZfb�agZq_gb_�kj_^g_c�[bhfZkku�

Ih�gZebqbx�\b^h\�±�bg^bdZlhjh\�kZijh[ghklb�lZd`_�fh`�

gh�k^_eZlv�\u\h^�h�gZjZklZgbb�f_ahljhnbb��;hevrbgkl\h�\b^h\

Zev]hnehju�ha_jZ�ijbgZ^e_`Zl�d�dhkfhiheblZf� �Ijbeh`_gb_ 1)
±�hgb�\klj_qZxlky�\�\h^h_fZo�jZaebqgh]h�ljhnbq_kdh]h�klZlmkZ�

H^gZdh� agZqbl_evgh_� mqZklb_� \� nblhieZgdlhgguo� khh[s_kl\Zo

klZe� ijbgbfZlv� lbibqguc�f_ahkZijh[�Cyclotella comta�� g_� mih-
fbgZ_fuc� \� bkke_^h\Zgbyo� �����o� ]]�� kj_^b� h[uqgh� b� qZklh

\klj_qZxsboky� ^bZlhf_c�� F_ahkZijh[�� ij_^ihqblZxsbc� w\-
ljhngu_�\h^h_fu��±�Attheya zachariasii – lZd`_�^hklb]Ze�aZf_lgh]h
jZa\blby�� <klj_qZxlky� \ZjbZpbb� f_ahkZijh[Z� Synedra ulna,
β�f_ahkZijh[Z Euglena acus.� IhdZ� � _s_� h[be_g� \b^�bg^bdZlhj
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heb]hkZijh[ghklb� Ceratium hirundinella,� bkq_aZxsbc� ijb� kbev-
ghf�jZa\blbb�kbg_a_e_guo�\�\h^h_f_� (Hij_^_ebl_ev�ij_kgh\h^-
guo…, 1959–1986).�L_f�g_�f_g__��gZebqb_�\b^h\�f_ahkZijh[h\�b
bo�aZf_lgh_�mqZklb_�\�nblhieZgdlhgguo�khh[s_kl\Zo�]h\hjbl�h

gZjZklZxs_c� ljhnbb� ha_jZ�� <_ebqbgZ� bg^_dkZ� kZijh[ghklb

IZgle_�;mddZ� �kf�� gb`_�� ±� ����� jZkkqblZggZy� ^ey� ha_jZ� ih

gZ[ex^_gbyf� ����� ]���khhl\_lkl\m_l�f_ahw\ljhnguf�mkeh\byf�\

ha_j_�� KjZ\g_gb_� k� j_amevlZlZfb� bkke_^h\Zgbc� H��:��LZmkhg

�������ihdZau\Z_l�ihqlb�ihegh_�hlkmlkl\b_�baf_g_gbc�ljhnbq_k�

dh]h�klZlmkZ�aZ�bkl_drb_����e_l�

AhhieZgdlhg��LZdkhghfbq_kdZy�kljmdlmjZ��<b^h\hc�kh-
klZ\�ahhieZgdlhgZ�Lmj]hydZ�\iheg_�lbibq_g�^ey�ha_j�\hklhqguo

ij_^]hjbc�X`gh]h�MjZeZ��Hkgh\m� _]h� khklZ\eyxl�rbjhdh� jZk-
ijhkljZg_ggu_�\b^u��kj_^b�dhlhjuo�fgh]h�w\jb[bhglguo��h^gZ-
dh�hkgh\gZy�fZkkZ� ±�oZjZdl_jgu_�h[blZl_eb�oheh^guo�� ]eZ\guf

h[jZahf� heb]hljhnguo� ha_jguo� \h^� mf_j_ggh]h� debfZlZ�� ba[_-
]Zxsb_� fbg_jZebah\Zgguo� b� aZ]jyag_gguo� \h^�� H[jZsZ_l� gZ

k_[y�\gbfZgb_�gZebqb_�\�ha_j_�p_ehc�]jmiiu�\b^h\�±�bg^bdZlh-
jh\� w\ljhnguo� mkeh\bc�� Bosmina longirostris, Chydorus
sphaericus, Cyclops kolensis, C. strenuus, Daphnia cucullata,
Mesocyclops crassus. Ijb� wlhf� gZa\Zggu_� pbdehihb^u jZg__� g_
\klj_qZebkv�\�ha_j_��Z�Chydorus sphaericus��g_dh]^Z�ihiZ^Z\rbc-
ky�\�g_[hevrbo�dhebq_kl\Zo��j_adh�m\_ebqbe�qbke_gghklv��Ke_^m-
_l� hlf_lblv� lZd`_� mf_gvr_gb_� \klj_qZ_fhklb� beb� bkq_agh\_gb_

jy^Z� heb]hljhnguo� nhjf�� Asplanchna herricki, Conochilus hippo-
crepis, Bipalpus hudsoni, Bosmina longispina, Bythotrephes longimanus.
<� lh�`_� \j_fy� dZjlbgZ� g_� lZd� h^ghagZqgZ� ±� \� ha_j_� ihy\bebkv

lZdb_� bg^bdZlhju� heb]hljhnbb�� dZd� Cyclops abissorum b
C. scutifer, m\_ebqbehkv� h[beb_ Daphnia longispina, Z�ba� w\ljhn-
guo� \b^h\� bkq_aeZ� Bosmina coregoni, klZeZ� j_^dhc Trichocerca
cylindrica.�<�p_ehf�baf_g_gby�\b^h\h]h�khklZ\Z��k\b^_l_evkl\mxl
h�gZjZklZxs_c�ijh^mdlb\ghklb�ha_jZ��gh� l_fiu� wlh]h�ijhp_kkZ

g_\ukhdb� b�� \_jhylgh�� gZoh^ylky� \� khhl\_lkl\bb� kh� kdhjhklvx

_kl_kl\_ggh]h�w\ljhnbjh\Zgby�

<ur_�[ueh�ihdZaZgh��qlh�\�\b^h\hf�khklZ\_�ieZgdlhggh]h

khh[s_kl\Z�aZ�ihke_^gb_����e_l�ijhbahreb�baf_g_gby� �]eZ\u���

����Kh]eZkgh�ba\_klghc�dhgp_ipbb��Wdhkbkl_fu�\�djblbq_kdbo«�

�������i_j_oh^�jZg__�^hfbgbjh\Z\rbo�\�khh[s_kl\_�\b^h\�\�jZa-
jy^�\lhjhkl_i_gguo�beb�bo�ihegh_�bkq_agh\_gb_��Z�lZd`_�\uoh^

gZ� i_j\u_� jheb� jZg__� \lhjhkl_i_gguo� beb� ^Z`_� j_^dbo� \b^h\

y\eyxlky�ijbagZdZfb�ijb[eb`_gby�djblbq_kdh]h�khklhygby�wdh-
kbkl_fu��Kf_gZ�jmdh\h^ysbo�nhjf�mdZau\Z_l�gZijZ\e_gb_� kbk-
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l_fghc�i_j_kljhcdb��<�ha_j_�;hevrh_�FbZkkh\h�b^_l�ihkl_i_g-
gZy�kf_gZ�^hfbgZglh\��hkh[_ggh�hgZ�aZf_lgZ�\�gZb[he__�[ukljh

w\ljhnbjmxs_cky�eblhjZevghc� ahg_��H^gZdh�gZijZ\e_gb_� wlh]h

ijhp_kkZ�hij_^_eblv�ihdZ�ljm^gh��baf_g_gby�\b^h\h]h�khklZ\Z�g_

mdZau\Zxl�gZ�kdhevdh�gb[m^v�aZf_lgh_�w\ljhnbjh\Zgb_�

AhhieZgdlhg��Dhebq_kl\_ggu_� oZjZdl_jbklbdb��Kj_^-
gyy� [bhfZkkZ� ahhieZgdlhgZ� aZ� i_jbh^� gZ[ex^_gbc� khklZ\beZ

3.���]�f3��Z�iehlghklv�±�[he__���������hk��f3��DZd�mdZaZgh�\�k\h^d_

DblZ_\Z� ��������[bhfZkkZ�ihjy^dZ��.��]�f3�y\ey_lky�ih]jZgbqghc

f_`^m� f_ahljhnguf� b� w\ljhnguf� lbihf� \h^h_fZ�� Kh]eZkgh

^Zgguf� ;eZgr_� (Blancher, 1984),� qbke_gghklv� ahhieZgdlhgZ
300����� hk��f3� oZjZdl_jgZ� ^ey� \h^h_fh\� i_j_oh^gh]h� hl� f_ah-
ljhngh]h�d�w\ljhnghfm�lbim�

=h\hjy�h�lZdhf�bg^bdZlhjghf�ihdZaZl_e_��dZd�dhebq_kl\_g-
gu_�khhlghr_gby�hkgh\guo�]jmii�ahhieZgdlhgZ��ke_^m_l�hlf_lblv

\ukhdmx�hlghkbl_evgmx�qbke_gghklv�dheh\jZlhd��hkh[_ggh�\�eb-
lhjZevghc�ahg_��\�aZeb\Zo��wlh�kqblZ_lky�ijbagZdhf�gZjZklZxs_]h

w\ljhnbjh\Zgby��<hkklZgh\e_gb_�wdhkbkl_f«������; Karabin, 1985;
Djxqdh\Z�� ������� <ukhdZy� qbke_gghklv� jZdhh[jZaguo� lbibqgZ

^ey�f_ahljhnbb��l_f�[he__��qlh� wlh�khq_lZ_lky�k�dhi_ih^guf�Zk-
i_dlhf� ahhieZgdlhgZ� �.DUDELQ�� ����;�Djxqdh\Z�� �������Hq_gv�g_-
\_ebdh� bg^bdZlhjgh_� hlghr_gb_� [bhfZkk� &\FORSRLGD�&DODQRLGD�

BCyc/BCal = 0.���� qlh� g_� ij_\urZ_l� mjh\gy� f_ahljhnguo� ha_j�� <
eblhjZevghc�ahg_�gZ[ex^Zxlky�\_ebqbgu�gZa\Zgguo�ihdZaZl_e_c�

oZjZdl_jgu_�^ey�w\ljhnguo�mkeh\bc��Djmigu_�aZeb\u�ha_jZ��hkh-
[_ggh�Ebih\Zy� b�Gyr_\kdZy� dmjvb�� \hafh`gh�� hdZau\Zxl� w\ljh-
nbjmxs__�\ha^_ckl\b_�gZ�ha_jgmx�wdhkbkl_fm�

HibkZggZy�\ur_�^bgZfbdZ�hkgh\guo� ]jmii� ahhieZgdlhgZ

lbibqgZ�^ey�heb]hf_ahljhnguo�b�f_ahljhnguo�\h^h_fh\��?jfh-
eZ_\��Ijmk_\bq�� ����;�Wdheh]h�ijh^mdpbhggu_«�� ����� b� ^j��� b

hij_^_ey_lky�^bgZfbdhc�ibs_\uo�j_kmjkh\� ±�nblh��b�[Zdl_jbh-
ieZgdlhgZ��Z�lZd`_�k�l_jfbq_kdbfb�mkeh\byfb�

AhhieZgdlhg�� JZaf_jgu_� oZjZdl_jbklbdb� ]b^jh[bh-
glh\�� ljhnbq_kdZy� kljmdlmjZ�� ;hevrbgkl\h� bkke_^h\Zl_e_c

kqblZ_l� ij_h[eZ^Zgb_� f_edbo� jZaf_jguo� ]jmii� ijbagZdhf� w\-
ljhnbjh\Zgby� \h^h_fh\� �:g^jhgbdh\Z�� ���8;� Dmag_ph\Z�� ����;
FZdZjp_\Z������;�FZdZjp_\Z��EZ\j_glv_\���������<�heb]hljhnguo
ha_jZo�� \\b^m� gbadhc� dhgp_gljZpbb� ibs_\uo� h[t_dlh\�� agZqb-
l_evgZy� jhev� ijbgZ^e_`bl� djmiguf� k_e_dlb\guf� obsgbdZf�� \

w\ljhnguo� ha_jZo�� \� mkeh\byo� \ukhdhc� dhgp_gljZpbb� \a\_r_g-
guo�ibs_\uo�qZklbp�ij_h[eZ^Zxl�f_edb_�nbevljZlhju�� �H[blZ-
l_eb�ieZgdlhgZ� w\ljhnguo�\h^h_fh\�bf_xl� kj_^gxx�fZkkm�ih-
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jy^dZ������±�����f]��FZdZjp_\Z������;�Dmag_ph\Z�������b�^j����aZ
kq_l� ^hfbgbjh\Zgby� dheh\jZlhd� b�f_edbo� \_l\bklhmkuo��LZdbf

h[jZahf��[he__�f_edb_�jZaf_ju�]b^jh[bhglh\�\�eblhjZevghc�ahg_

b� djmiguo� aZeb\Zo� ha�� ;��FbZkkh\h� ih� hlghr_gbx� d� i_eZ]bZeb

hljZ`Zxl�w\ljhnbjmxs__�\ebygb_�ihke_^gbo�gZ�wdhkbkl_fm�ha_-
jZ�b�oZjZdl_jgu�^ey�h[s_]h�jhklZ�ljhnbq_kdh]h�klZlmkZ��<�lh�`_

\j_fy�hlghkbl_evgh�[hevrZy�kj_^gyy�fZkkZ�hkh[_c�ahhieZgdlhg-
lh\�\�ha_j_�±��.����f]��^ey�kjZ\g_gby�\�heb]hljhnghf�ha��Lmj]hyd
– 0.���� f]� �Wdheh]by� ha_jZ«�� �������� ihdZau\Z_l�� qlh� ijhp_kk

w\ljhnbjh\Zgby� g_� aZr_e� kebrdhf� ^Ze_dh� b�;��FbZkkh\h� gZoh-
^blky�\�khklhygbb�f_ahljhnbb�

Ljhnbq_kdZy�kljmdlmjZ�fbZkkh\kdh]h�ahhieZgdlhgZ�k\b^_-
l_evkl\m_l�h�ijbgZ^e_`ghklb�ha_jZ�d�f_ahljhnghfm�lbim�

AhhieZgdlhg��Kljmdlmjgu_�ihdZaZl_eb��mklhcqb\hklv

khh[s_kl\Z��<ur_�[ueh�ihdZaZgh��qlh�f_jZ�jZaghh[jZaby�R_g-
ghgZ�Mb\_jZ��jZkkqblZggZy�dZd�^ey�\k_]h�ahhieZgdlhggh]h�khh[-
s_kl\Z��lZd�b�^ey�hkgh\guo�_]h�khklZ\eyxsbo��bf__l�hq_gv�\u-
khdb_� agZq_gby� b� khhl\_lkl\m_l� mjh\gx� heb]hljhnguo� b� ^Z`_

mevljZheb]hljhnguo�ha_j��Wlh�g_� kh\iZ^Z_l� k�ijhqbfb�bg^bdZ-
lhjgufb� ihdZaZl_eyfb�� aZ� bkdexq_gb_f� \_ebqbg� bg^_dkZ� ^ey

jZdhh[jZaguo�� dhlhju_� fh]ml� kem`blv� ijbagZdhf� f_ahljhnbb

ha_jZ��.DUDELQ��������

KjZ\gbl_evgh�[hevrh_�qbkeh�^hfbgbjmxsbo�\b^h\�b�\u-
jZ`_ggZy� kljmdlmjZ� ^hfbgbjh\Zgby� �DK = 2.����� \_jhylgh�� lb-
ibqgu�^ey�f_ahljhnguo�ha_j� �kf��]e������Wlh�hlghkblky�b�d�^jm-
]bf�ihdZaZl_eyf�kljmdlmjghc�keh`ghklb�khh[s_kl\Z�gZ�ihimey-
pbhgghf� mjh\g_� �BPA� \b^Z�kmi_j^hfbgZglZ�� kmffZjguc� BPA

ahhieZgdlhggh]h� khh[s_kl\Z� �Jh]habg�� �������� Z� lZd`_� d� kljmd-
lmjguf�ihdZaZl_eyf�\lhjh]h�mjh\gy��jZkkqblZgguf�^ey�wdheh]b-
q_kdbo�]jmii�±��ahhkbgmabc��kf��]e������LZdbf�h[jZahf��[hevrbg-
kl\h�kljmdlmjguo�ihdZaZl_e_c�oZjZdl_jbam_l�ha��;��FbZkkh\h�dZd

\h^h_f�kh�kj_^gbf�mjh\g_f�ijh^mdlb\ghklb�

AhhieZgdlhg�� KZijh[ghklv�� <_ebqbgZ� kZijh[ghklb

S =����� �kf��gb`_�� khhl\_lkl\m_l�f_ahljhnghfm� lbim� k� g_agZqb-
l_evgufb� ijbagZdZfb� heb]hljhnbb� �<hkklZgh\e_gb_� wdhkb-
kl_f«��������

<ukrb_� \h^gu_� jZkl_gby�� <� jZ[hl_� <��:��K_fbgZ�

:��<��Nj_c^ebg]� (1988) ijb\_^_gu� fZdjhnblu� ±� bg^bdZlhju
ljhnghklb�^ey�ha_j�DZj_ebb��;hevrbgkl\h�mihfygmluo�bfb�\b-
^h\� ba� qbkeZ� jZkijhkljZg_gguo� \� ;��FbZkkh\h� ijbgZ^e_`Zl� d

]jmii_� bg^bdZlhjh\� f_ahljhnguo� b� w\ljhnguo� ha_j�� dhlhju_
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h[t_^bg_gu�\�h^gm�]jmiim��Wlh�hkhdZ�imaujqZlZy��qZklmoZ�ih^h-
jh`gbdh\Zy�� \h^hdjZk�� jykdb� fZeZy� b� lj_ojZa^_evgZy�� weh^_y�

dm\rbgdb�qbklh�[_eZy�b�fZeZy��jh]ha�madhebklguc��exlbd�\h^y-
ghc��j^_kl�kiexkgmluc��G_dhlhju_�hlg_k_gu�^Z`_�d�ihdZaZl_eyf

^bkljhnbb��dm[urdZ�`_elZy��[_ehdjuevgbd�[hehlguc��kZ[_evgbd

[hehlguc�� ijhbajZklZxsbc� \� [hevrbo� dhebq_kl\Zo� gZ� kieZ\b-
gZo��[he__�j_^dZy�\ZolZ�lj_oebklgZy���K��F��OwkeZf�(1977)�kqblZ-
_l� dm[urdm� `_elmx� \b^hf�� oZjZdl_jguf� ^ey� w\ljhnguo� ha_j�

H^gZdh� lZdhc� h[uqguc� ^ey� ha_jZ� \b^�� dZd� j^_kl� [e_klysbc�

\�p_gljZevghc�?\jhi_�kqblZ_lky�h[blZl_e_f�heb]hljhnguo�ha_j�

Z�gZ�k_\_jh�aZiZ^_�gZr_c�kljZgu�±�f_ahljhnguo�

<� k\h^d_� ©FZdjhnblu� ±� bg^bdZlhju«ª� (������ \_kvfZ
ihegh� hoZjZdl_jbah\Zgu� k\hckl\Z� \b^h\�� ijhbajZklZxsbo� gZ

MdjZbg_� b� \� Q_oh�Keh\Zdbb�� G_dhlhju_� ^Zggu_� k� h]h\hjdhc

fh`gh� wdkljZihebjh\Zlv�gZ�X`ghmjZevkdbc�j_]bhg��LZd��mjmlv

dhehkh\b^gZy� bg^bpbjm_l� \� ;�� FbZkkh\h� ^hklZlhqgh� \ukhdbc

mjh\_gv� fbg_jZebaZpbb� \h^u�� Jh]ha� rbjhdhebklguc�� fgh]hdh-
j_ggbd�h[udgh\_gguc��jh]hebklgbd�ih]jm`_gguc��kmkZd�ahglbq-
guc� fh]ml� mdZau\Zlv� gZ� ijhp_kku� w\ljhnbjh\Zgby� \� aZeb\Zo�

qZklmoZ�ih^hjh`gbdh\Zy�±�gZ�nhjfbjh\Zgb_�bebkluo�hleh`_gbc�

Bg^bdZlhjhf�ijhp_kkh\� aZ[heZqb\Zgby� \� kh\hdmighklb� k� w\ljh-
nbjh\Zgb_f�b�kgb`_gb_f�mjh\gy�\h^u�kqblZ_lky�o\hs�lhiyghc�

Gm`gh�hlf_lblv��qlh�ij_`^_�\k_]h�mqblu\Z_lky�fZkkh\hklv�jZa-
\blby�� iehlghklv� ijhbajZklZgby� \b^h\� �h^gZdh� hgb� fh]ml� b� g_

[ulv� ^hfbgZglZfb��� ijhoh`^_gb_� jZkl_gbyfb� ihegh]h� `bag_g-
gh]h�pbdeZ�gZ�l_o�beb�bguo�mqZkldZo�\h^h_fZ�

Ih^\h^y�blh]��fh`gh�dhgklZlbjh\Zlv��qlh�jZklbl_evghklv

;��FbZkkh\h� oZjZdl_jbam_l� _]h� dZd� f_ahljhngh_� k� ijbagZdZfb

w\ljhnbb�\�aZ[hehq_gguo�f_edh\h^guo�aZeb\Zo�

Ju[u��Ih� qbkem� \b^h\� ju[�� Z� lZd`_� ih� ij_h[eZ^Zxsbf

\b^Zf1� �hdmgv��iehl\Z��smdZ��ha��;��FbZkkh\h�fh`_l�[ulv� lbib-
abjh\Zgh� dZd� w\ljhngh_� (;bheh]bq_kdbc� dhgljhev«�� ����).
<Z`ghc� oZjZdl_jbklbdhc� ljhnbq_kdh]h� klZlmkZ� y\ey_lky

bolbhfZkkZ�� J_`bf� aZih\_^ghklb� g_� iha\hebe� hij_^_eblv� __

\_ebqbgm� g_ihkj_^kl\_ggh�� iml_f� g_\h^guo� h[eh\h\� beb

^jm]bfb� ih^h[gufb� kihkh[Zfb�� HgZ� mklZgh\e_gZ� dhk\_gguf

iml_f��DblZ_\���������ih�gZ[hjm�]b^jh[bheh]bq_kdbo�ihdZaZl_e_c

�lZ[e������

1AgZqbl_evgmx� jhev� \� bolbhp_gha_� ha_jZ� b]jZ_l� lZd`_� qm^kdhc

kb]��h^gZdh�hg�y\ey_lky�ZddebfZlbaZglhf�b�\�^Zgghf�dhgl_dkl_�g_�jZk-
kfZljb\Z_lky�
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L Z [ e b p Z � � �

BolbhfZkkZ�b�ju[hijh^mdlb\ghklv�ha��;��FbZkkh\h

=b^jh[bheh]bq_kdb_

ihdZaZl_eb


BolbhfZkkZ�

d]�]Z

BolbhfZkkZ�

]�f3

Ju[hijh-
^mdlb\-
ghklv�

d]�]Z⋅]h^
IehsZ^v��]Z 1140 93.6 3.11 –

FZdkbfZevgZy

]em[bgZ��f

24 103.0 1.82 –

Kj_^gyy�]em[bgZ��f 11.2 – – 31

IjhajZqghklv��f 4.5 73.0 1.34 27

L_jfbq_kdZy�]jmiiZ

F_lZ]bih-
l_jfbq_-
kdZy

46.8 0.93 –

I_jfZg]ZgZlgZy�hdbk-
ey_fhklv��f]H�e

8 – – 63

IjhajZqghklv�kj_^gyy

]em[bgZ
0.40 84.3 – –

Dbkehjh^�

��gZkus_gby
89–99 82.5 4.60 –

jG 8.3 94.1 – –

FWB 18.9 112.1 3.75 –

=b^jhdZj[hgZlu��f]�e 140 115.0 3.00 –

;bhfZkkZ

ahhieZgdlhgZ��]�f3 3.99 103.0 – –

>hey�dZjih\uo

\�bolbhp_gha_� %
54 105.6 – –

>hey�obsgbdh\�ih

bolbhfZkk_���
26 94.0 – 27

Lbi�bolbhp_ghaZ
iehl\bqgh�

hdmg_\uc
– 4.88 –

>hey�hdmgy

ih�bolbhfZkk_����
7 – –

Blh]h��kj_^g__� – 94.6 2.92 37

I j b f _ q Z g b y � � FWB�±�fhjnhw^Znbq_kdbc�bg^_dk� �FWB� �h[-
sZy�fbg_jZebaZpby��f]�e�kj_^gyy�]em[bgZ��f��


<\b^m�jZaghjh^ghklb�ihdZaZl_e_c�bo�jZaf_jghklv�g_�kh[ex^_gZ�
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Ihemq_ggu_�\_ebqbgu�bolbhfZkku�±������d]�]Z�b������]�f3�\�h[-
s_f� khhl\_lkl\mxl� mjh\gx�f_ahljhnguo� ha_j�� [m^mqb� g_fgh]h

f_gvr_� gb`g_c� ]jZgbpu� ihdZaZl_ey� ����� d]�]Z�� kf�� ;bheh]bq_-
kdbc� dhgljhev«�� ������� Dhg_qgh�� ke_^m_l� mqblu\Zlv� mkeh\guc

oZjZdl_j�ihemq_gghc�\_ebqbgu�

Mjh\_gv�kZijh[ghklb��������jZkkqblZgguc�ih�bolbheh]bq_-
kdbf�ihdZaZl_eyf� �kf��gb`_��� khhl\_lkl\m_l�ha_jZf�f_ahw\ljhn-
gh]h�lbiZ��gZoh^ykv�gZ�]jZgbp_�w\ljhnghklb�

Blh]h\Zy�hp_gdZ�ljhnbq_kdh]h�klZlmkZ

<ur_�jZkkfhlj_gu�jZaebqgu_�\aZbfhk\yaZggu_�ihdZaZl_-
eb� ljhnbq_kdh]h� klZlmkZ�ha_jZ��<k_�hgb� k\b^_l_evkl\mxl��ha_jh

;��FbZkkh\h� ±� lbibqguc� f_ahljhnguc� \h^h_f�� lh� _klv� bf__l

kj_^gbc� mjh\_gv� [bheh]bq_kdhc� ijh^mdlb\ghklb��Hlf_q_gu� hl-
^_evgu_�ijbagZdb� w\ljhnbb�b� heb]hljhnbb�� h^gZdh� h[s_c� dZj-
lbgu�hgb�g_�gZjmrZxl��KjZ\g_gb_�kh\j_f_gguo�^Zgguo�k�fZl_-
jbZeZfb� bkke_^h\Zgbc� ��±���e_lg_c� ^Z\ghklb� ihdZau\Z_l� klZ-
[bevghklv�ljhnbq_kdh]h�klZlmkZ�

DZq_kl\h�\h^u

KZijh[ghklv b� ^jm]b_� ]b^jh[bheh]bq_kdb_� ihdZaZl_eb�

GZfb�^ZgZ�hp_gdZ�kZijh[ghklb�\h^�ha_jZ�;� FbZkkh\h�ih�f_lh^m
IZgle_� b� ;mddZ�� mdZau\ZxsZy� gZ� kl_i_gv� aZ]jyag_gby� hj]Zgb�

q_kdbfb� b� ]gbehklgufb� \_s_kl\Zfb� �FZdjmrbg�� �����

Mgbnbpbjh\Zggu_�f_lh^u«���������F_lh^�bkihevam_l�mkeh\gmx

rdZem�qZklhlu�\klj_qZ_fhklb�\b^h\�bg^bdZlhjh\�kZijh[ghklb�b

ihwlhfm�m^h[_g�^ey�hp_gdb�kZijh[ghklb�\h^h_fZ��Bg^bdZlhjgu_

hj]Zgbafu�hlghkylky�d�q_luj_f�]eZ\guf�]jmiiZf�]b^jh[bhglh\

±� nblh��� ahhieZgdlhgm�� fZdjhnblZf�� ju[Zf�� JZkq_l� bg^_dkZ

IZgle_�;mddZ� ih� ��� \b^Zf� \h^hjhke_c� �FZdjmrbg�� ����� ^Ze
\_ebqbgm�6 = 1����qlh�khhl\_lkl\m_l�β′-f_ahkZijh[ghc�ahg_�k���f
deZkkhf� dZq_kl\Z� \h^u� �jZajy^� �Z� ±� ©^hklZlhqgh� qbklZyª�

�Hdkbxd�b�^j���������

Kibkhd� \b^h\�bg^bdZlhjh\� ahhieZgdlhgZ� ijb\_^_g� \

lZ[e������JZkq_l�kZijh[ghklb�\h^u�ih�ahhieZgdlhgm�^Ze�\_ebqbgm

S = 1.4��qlh�khhl\_lkl\m_l�α�heb]hkZijh[ghc�ahg_��DZq_kl\h�\h^u
ijb� wlhf� khhl\_lkl\m_l� ��fm� deZkkm� �©qbklZyª��� ih^deZkkm� �[

�©\iheg_�qbklZyª���Hdkbxd�b�^j��������.
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L Z [ e b p Z � � �

Bg^bdZlhjgu_�hj]Zgbafu�ahhieZgdlhgZ�ha��;��FbZkkh\h

(ih��Sladecek, 1983;�FZdjmrbg������)

<b^�bg^bdZlhj
Bg^bdZlhjgZy

agZqbfhklv

;Zee�\klj_qZ_-
fhklb

1 2 3

Anuraeopsis fissa 1.2 1
Asplanchna priodonta 1.5 7
Bipalpus hudsoni 1.2 1
Bosmina longirostris 1.5 2
Bythotrephes longimanus 1.0 1
Ceriodaphnia quadrangula 1.1 7
Chromogaster ovalis 1.2 1
Chydorus sphaericus 1.8 5
Colurella uncinata uncinata 1.3 1
Conochiloides natans 1.0 1
Conochilus unicornis 1.3 4
Cyclops strenuus 2.3 2
Cyclops vicinus 2.1 1
Daphnia cucullata 1.7 9
Daphnia longispina 2.0 5
Diaphanosoma brachyurum 1.4 7
Euchlanis deflexa deflexa 1.5 1
Euchlanis dilatata lucksiana 1.0 3
Euchlanis dilatata macrura 1.9 1
Euchlanis incisa 1.5 1
Eudiaptomus graciloides 1.2 9
Filinia longiseta limnetica 1.5 1
Gastropus stylifer 1.0 1
Kellicottia longispina 1.2 5
Keratella cochlearis cochlearis 1.7 5
Keratella cochlearis hispida 1.1 2
Keratella irregularis 1.1 1
Keratella quadrata 1.5 2
Leptodora kindtii 1.7 2
Mesocyclops leuckarti 1.2 7
Mytilina ventralis brevispina 1.5 1
Notholca acuminata extensa 1.4 2
Platyias patulus 1.8 1
Platyias quadricornis 1.8 1
Polyarthra euryptera 1.2 1
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H d h g q Z g b _ � l Z [ e � � � �

1 2 3

Polyarthra longiremis 1.0 1
Polyarthra remata 1.5 1
Polyarthra vulgaris 2.1 2
Polyphemus pediculus 1.3 2
Proales fallaciosa 1.9 1
Ptygura velata 1.0 2
Sida crystallina 1.3 1
Simocephalus vetulus 1.5 1
Synchaeta grandis 1.1 1
Synchaeta kitina 1.4 2
Synchaeta pectinata 1.7 2
Trichocerca (D.) inermis 1.3 1
Trichocerca (D.) similis 1.3 2
Trichocerca (D.) weberi 1.1 1
Trichocerca (T.) capucina 1.2 1
Trichocerca (T.) cylindrica 1.2 1

<�ha��;��FbZkkh\h�\klj_qZxlky�fgh]b_�bg^bdZlhjgu_�\b^u

fZdjhnblh\��D�heb]hkZijh[Zf�hlghkblky�j^_kl�[e_klysbc��qZklh

\klj_qZxsbcky� \� ha_j_�� D� .�f_ahkZijh[Zf� ijbqbke_g� ]hjZa^h

f_g__� jZkijhkljZg_gguc� j^_kl� ]j_[_gqZluc�� =jmiiZ� ��f_ahkZ-
ijh[h\�ij_^klZ\e_gZ�rbj_��kx^Z�\oh^yl�dm[urdZ�`_elZy��h[uq-
gZy� \h� \k_o� aZeb\Zo�� j^_kl� ieZ\Zxsbc�� jykdZ� lj_ojZa^_evgZy�

weh^_y�� nhglbgZebk� �lZd`_� qZklh� \klj_qZxsb_ky� \b^u��� [he__

j_^db_�[hehlgbd�[hehlguc��j^_kl�dmjqZ\uc�

<b^u� ju[�bg^bdZlhjh\� kZijh[ghklb� mdZaZgu� \� lZ[e� 60.
JZkq_l�bg^_dkZ�^Ze�\_ebqbgm� 6 =������qlh� khhl\_lkl\m_l�β′�f_ah-
kZijh[ghc�ahg_����c�deZkk�dZq_kl\Z�\h^u��jZajy^��Z�±�©^hklZlhqgh

qbklZyª �Hdkbxd�b�^j���������
L Z [ e b p Z � � �

Ju[u�bg^bdZlhju�kZijh[ghklb�ha��;��FbZkkh\h

<b^�bg^bdZlhj
Bg^bdZlhjgZy

agZqbfhklv

;Zee�\klj_qZ_fh-
klb

SmdZ 1.8 3
Hdmgv 1.8 5
Iehl\Z 2.0 5
Ebgv 2.5 3
E_s 1.9 3
DZjZkv 2.5 1
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LZdbf�h[jZahf��ih�mjh\gx�aZ]jyag_gby�jZkl\hj_ggufb�hj-
]Zgbq_kdbfb� \_s_kl\Zfb� \h^Z� ha_jZ� ;��FbZkkh\h� khhl\_lkl\m_l

β′�f_ahkZijh[ghc� ahg_� b� fh`_l� [ulv� hlg_k_gZ� d� dZl_]hjbb
©m^h\e_l\hjbl_evgh�qbklZyª��Hdkbxd�b�^j���������

JZkkfhljbf� khhl\_lkl\b_� wlhfm� \u\h^m� ]b^jhobfbq_kdbo

ihdZaZl_e_c� kZijh[ghklb� ±�hdbkey_fhklb��;ID��gZkus_gby� \h^u

dbkehjh^hf��Hdbkey_fhklv�b��;ID�khhl\_lkl\mxl�mjh\gx�β�f_ah-
kZijh[ghklb��Z�dhgp_gljZpby�dbkehjh^Z�±�heb]h�β�f_ahkZijh[ghklb
�kf��]e� 3����qlh�khhl\_lkl\m_l�j_amevlZlZf�[bheh]bq_kdh]h�ZgZebaZ�

Qlh[u� \uy\blv�fgh]he_lgb_� baf_g_gby� kZijh[ghklb� [ue

\uqbke_g� bg^_dk� ^ey� i_jbh^Z� ����±����� ]]�� ih� fZl_jbZeZf

H��:.�LZmkhg���������>ey�nblhieZgdlhgZ�61937 = 1.5, ahhieZgdlhgZ
S1937 = 1.��� LZdbf� h[jZahf�� aZ� ihke_^gb_� ��� e_l� kdhevdh�gb[m^v
aZf_lguo�baf_g_gbc� �\�aZ]jyag_gbb�\h^u�hj]Zgbq_kdbf�\_s_kl-
\hf�g_�ijhbahreh��deZkk�dZq_kl\Z�__�g_�baf_gbeky��AZih\_^guc

j_`bf�ha_jZ��g_khfg_ggh��ku]jZe�\�wlhf�\Z`gmx�jhev�

>ey�hp_gdb�dZq_kl\Z�\h^u�g_fZeh\Z`gmx�jhev�b]jZxl�ih-
dZaZl_eb�jZa\blby�nblhieZgdlhgZ��lZd�dZd�©p\_l_gb_ª�\h^u�±�km-
s_kl\_gguc�nZdlhj� lhdkbnbdZpbb� \h^h_fZ� �kf��gb`_���Ih� [bh-
fZkk_� nblhieZgdlhgZ� �kj_^gyy� aZ� i_jbh^� bkke_^h\Zgbc� ±����

]�f3��\h^Z�ha_jZ�ijbgZ^e_`bl���fm�deZkkm�dZq_kl\Z��jZajy^m��[�±

©keZ[h� aZ]jyag_ggZyª�� Z� \� i_jbh^u� kbevgh]h� ©p\_l_gbyª� ±� ��fm

deZkkm�� jZajy^m� �[� ±� ©kbevgh� aZ]jyag_ggZyª� �ih� deZkkbnbdZpbb

HdkbxdZ� b� ^j��� ����)��>Zggu_� ih� kh^_j`Zgbx� oehjhnbeeZ� ©Zª
�]e��4��iha\heyxl�hlg_klb�fbZkkh\kdmx�\h^m�dh���fm�deZkkm�dZq_-
kl\Z� �©qbklZyª� b� ©hq_gv� qbklZyª��� gh� a^_kv� ke_^m_l� mqblu\Zlv

fZeh_�dhebq_kl\h�baf_j_gbc�

Lhdkh[ghklv��<�]eZ\_�3�[ueh�ihdZaZgh��qlh�\h^u�ha_jZ�kh-
^_j`Zl� ^hklZlhqgh� \ukhdb_� dhgp_gljZpbb� ly`_euo� f_lZeeh\�

Kh]eZkgh� dhfie_dkghc� wdheh]bq_kdhc� deZkkbnbdZpbb� dZq_kl\Z

ih\_joghklguo� \h^� kmrb� (Hdkbxd� b� ^j��� ����),� ih� wdheh]h�
lhdkbdheh]bq_kdbf�ihdZaZl_eyf�\h^Z�ha��;��FbZkkh\h�khhl\_lkl-
\m_l���fm�deZkkm�dZq_kl\Z�±�©aZ]jyag_ggZyª��Ih�kh^_j`Zgbx�f_^b

b�ojhfZ�\h^u�ha_jZ�hlghkylky�d�jZajy^m��[�±�©kbevgh�aZ]jyag_g-
gu_ª�� ih� dhgp_gljZpbb� pbgdZ�� k\bgpZ�� kmjvfu� b� fZj]ZgpZ� ±� d

jZajy^m� �Z� ±� ©mf_j_ggh� aZ]jyag_ggu_ª�� �Ih�nlhjb^Zf�b�`_e_am

\h^u�ha_jZ�ijbgZ^e_`Zl�d�jZajy^m��Z��©^hklZlhqgh�qbklu_ª��

Kh^_j`Zgb_�\_s_kl\�Zahlghc�]jmiiu��NH4
+, NO3

–, NO2
–��b

nhknZlh\�g_\_ebdh� �kf��]e��3��b�khhl\_lkl\m_l���fm�deZkkm�dZq_-
kl\Z�\h^u� �©m^h\e_l\hjbl_evgh�qbklZyª���jZajy^m� �Z� �©^hklZlhq-
gh�qbklZyª��
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Ju[hijh^mdlb\ghklv

G_kfhljy� gZ� aZih\_^guc� oZjZdl_j� \h^h_fZ�� fu� kqblZ_f

g_h[oh^bfuf�ijb\_klb�^Zggu_�ih�ju[hijh^mdlb\ghklb��lZd�dZd

hgb�y\eyxlky�g_h[oh^bfhc�khklZ\ghc�qZklvx�hp_gdb�wdheh]bq_-
kdh]h� khklhygby� \h^h_fZ�� <k_� jZkq_lu� \uiheg_gu� dhk\_gguf

iml_f��kf��lZ[e��58���K�mq_lhf�iehsZ^b�ha_jZ��h[sb_�aZiZku�ju-
[u� khklZ\eyxl� hdheh� ���� l�� Z� ju[hijh^mdlb\ghklv� hp_gb\Z_lky

\_ebqbghc����d]�]Z⋅]h^��Ke_^m_l�hlf_lblv��qlh�\k_�wlb�\_ebqbgu�±
ebrv�ihl_gpbZevgh�h[_ki_qb\Z_fu_�kms_kl\mxsbfb�\hafh`gh-
klyfb�\h^h_fZ��j_Zevgmx�\_ebqbgm�ju[guo� aZiZkh\�b�ju[hijh-
^mdlb\ghklv�fh`gh�[ueh�[u�hij_^_eblv� lhevdh�ijyfufb�f_lh-
^Zfb��g_ijb_febfufb�\�aZih\_^gbd_�

W\hexpby�ha_jZ�b�ijh[e_fu�_]h�hojZgu

=eZ\gu_�nZdlhju�Zgljhih]_ggh]h�\ha^_ckl\by

gZ�wdhkbkl_fm�ha��;��FbZkkh\h

Oh^� _kl_kl\_gghc� w\hexpbb� \h^h_fZ�fh`_l� k_jv_agh� gZ-
jmrZlvky�^_ckl\b_f� hkgh\guo� Zgljhih]_gguo�nZdlhjh\�� Zpb^b-
nbdZpb_c� �aZdbke_gb_� \h^��� gmdeb^baZpb_c� �gZebqb_� jZ^bhgmd-
eb^h\�� bhgbabjmxsZy� jZ^bZpby��� kZijh[baZpb_c� �hj]Zgbq_kdh_

aZ]jyag_gb_��� l_jfhnbdZpb_c� �k[jhk� l_ieuo� klhqguo� \h^��� lhd-
kbnbdZpb_c� �ihklmie_gb_� lhdkbdZglh\��� w\ljhnbdZpb_c� �\ha^_c-
kl\by��ijb\h^ysb_�d�jhklm�ijh^mdlb\ghklb�� �;jZ]bgkdbc�� �����.
<\b^m� ihegh]h� hlklmlkl\by� ijhfure_gguo� ij_^ijbylbc� gZ

iehsZ^b�\h^hk[hjZ�ha_jZ�b�l_f�[he__�gZ�_]h�[_j_]Zo��fh`gh�Zi-
jbhjgh�bkdexqblv�gmdeb^baZpbx�b� l_jfhnbdZpbx��JZkkfhljbf

\_jhylghklv�\ha^_ckl\by�gZ�wdhkbkl_fm�hklZevguo�nZdlhjh\�

:pb^bnbdZpby�� ?^bgkl\_gguf� bklhqgbdhf� Zgljhih]_g-
gh]h� aZdbke_gby� \h^� ha��;��FbZkkh\h�fh]ml� kem`blv� dbkehlgu_

^h`^b�� k\yaZggu_� k� ^_yl_evghklvx�DZjZ[Zrkdh]h� f_^_ieZ\bev-
gh]h�dhf[bgZlZ� �\ijhq_f��ijhklZb\Z\r_]h�ihke_^gb_�]h^u���Bg-
^bdZlhjZfb�^Zggh]h�ijhp_kkZ��ihfbfh�gbadbo�agZq_gbc�jG�\h^u�

fh]ml� kem`blv� lZdb_� [bheh]bq_kdb_� oZjZdl_jbklbdb�� dZd� ^hfb-
gbjh\Zgb_�\�ieZgdlhg_�^_kfb^b_\uo�\h^hjhke_c��gbadh_�\b^h\h_

[h]Zlkl\h� ahhieZgdlhgZ�� m]g_l_gb_� bolbhnZmgu��<k_� wlh� kh\_j-
r_ggh� g_oZjZdl_jgh� ^ey� ha�� ;��FbZkkh\h�� gZ[ex^Z_lky� ij_bfm-
s_kl\_ggh�s_ehqgZy�j_Zdpby�kj_^u� �kf��]e������\ukhdh_�\b^h\h_

[h]Zlkl\h� ahhieZgdlhgZ� �]e�� ���� ^hfbgbjh\Zgb_� ^bZlhfh\uo� \h-
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^hjhke_c��]e����1��ghjfZevgh_�khklhygb_�bolbhnZmgu��]e������ke_-
^h\Zl_evgh��Zpb^bnbdZpby�g_�gZ[ex^Z_lky�

KZijh[baZpby�� Jhkl� hj]Zgbq_kdh]h� aZ]jyag_gby� \h^u� kh-
ijh\h`^Z_lky�\ukhdbfb�agZq_gbyfb�hdbkey_fhklb��;ID��ihy\e_-
gb_f�^_nbpblZ�dbkehjh^Z�b�j_]bkljbjm_lky�k�ihfhsvx�[bhbg^b-
dZlhjh\�kZijh[ghklb��kf��\ur_���GZrb�bkke_^h\Zgby�ihdZau\Zxl

�kf��]e������qlh�hdbkey_fhklv��[bheh]bq_kdh_�ihlj_[e_gb_�dbkeh-
jh^Z�bf_xl�kjZ\gbl_evgh�g_\ukhdb_�agZq_gby��khhl\_lkl\mxsb_

β�f_ahkZijh[ghklb��wlh�`_�ihdZau\Z_l�bg^_dk�kZijh[ghklb�IZgl-
e_�;mddZ�� jZkkqblZgguc� ih� jZaguf� ]jmiiZf� ]b^jh[bhglh\�

bg^bdZlhjh\��kf��\ur_���>_nbpbl�H2  \�\_jogbo�kehyo�\h^u�gbdh-
]^Z�g_�j_]bkljbjm_lky��G_�hlf_q_gh�lZd`_�gbdZdbo�fgh]he_lgbo

baf_g_gbc� mjh\gy� kZijh[ghklb� �kf�� \ur_�� Z� lZd`_�� Jh]habg�

1998���Ke_^h\Zl_evgh��fh`gh�ml\_j`^Zlv��qlh�kZijh[baZpby�\�ha�
;��FbZkkh\h�bf__l�_kl_kl\_ggu_�l_fiu�b�ijhoh^bl�\�jZfdZo�]_h-
eh]bq_kdh]h� \j_f_gb��Wlh� e_]dh� h[tykgy_lky� ihqlb� iheguf� hl-
klmlkl\b_f�[ulh\uo�b�k_evkdhohayckl\_gguo�klhdh\� �^\Z�dhj^h-
gZ�b�gZmqguc�klZpbhgZj�©FbZkkh\hª��gZk_e_gguc�ebrv�\�e_lg__

\j_fy�� fh]ml� g_� ijbgbfZlvky� \h� \gbfZgb_� \\b^m� gbqlh`gh]h

h[t_fZ�klhdh\���<ebygb_�ha��F��FbZkkh\h�g_�gZ[ex^Z_lky�\ke_^-
kl\b_� gZijZ\e_gby� h[s_]h� \h^hlhdZ� \� Dbk_]Zq�FbZkkh\kdhc

ha_jghc�kbkl_f_�

LhdkbnbdZpby�� Bklhqgbdb� Zgljhih]_gghc� lhdkbnbdZpbb

\h^h_fh\� ±� klhqgu_� \h^u�ijhfure_gguo�b� k_evkdhohayckl\_g-
guo�ij_^ijbylbc��Z\bZh[jZ[hldb�ohayckl\_ggh�hk\h_ggh]h�\h^h-
k[hjZ��Zlfhkn_jgu_�hkZ^db��Z�lZd`_�lhdkbgu�\h^hjhke_c��hlfb-
jZxsbo� \� i_jbh^u� ©p\_l_gbyª� \h^u�� <� gZr_f� kemqZ_� bf__l

kfuke�jZkkfZljb\Zlv�ebrv�^\Z�ihke_^gbo�nZdlhjZ�

Ki_pbZevgu_� bkke_^h\Zgby� ih� kh^_j`Zgbx� \� \h^_� \h^h-
jhke_\uo�lhdkbgh\�gZfb�g_�[ueb�ijh\_^_gu��L_f�g_�f_g__��fh`-
gh�ij_^iheh`blv��qlh�\�i_jbh^u�fZkkh\h]h�©p\_l_gbyª�\h^u�kb-
g_a_e_gufb� b� ahehlbklufb� \h^hjhkeyfb� \� dhgp_� bxgy�� dh]^Z

[bhfZkkZ�l_o�b�^jm]bo�ij_\urZeZ����]�f3��Z�kl_i_gv�©p\_l_gbyª

f_gyeZkv� hl� III ^h� IV �©mf_j_ggh_ª�©kbevgh_ª�� kf�� ]e�� ���bf_eZ
f_klh� lhdkbnbdZpby� ha_jZ��H^gZdh� wlhl� i_jbh^� [ue� djZldh\j_-
f_gguf�b�g_�\uoh^be�aZ�jZfdb�_kl_kl\_gguo�ijhp_kkh\��l_f�[h-
e__��qlh�Zgljhih]_ggh_�w\ljhnbjh\Zgb_�\�ha��;��FbZkkh\h�g_�\u-
jZ`_gh��kf��gb`_���Ke_^h\Zl_evgh��\h^hjhke_\mx�lhdkbnbdZpbx

ha_jZ�fh`gh�kqblZlv�g_agZqbl_evghc�

1� <� k_gly[j_� ����� ]�� hlf_q_gh� fZkkh\h_� jZa\blb_� ^_kfb^b_\hc

\h^hjhkeb�Staurastrum gracile��h^gZdh�hgZ�g_�y\ey_lky�Zpb^hnbehf�
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Kh]eZkgh�^Zgguf�=� =��DhjZ[e_\Z�(1994���\�fZjl_������]��gZ
Zd\Zlhjbb�ha��;��FbZkkh\h�hlf_q_gZ�kbevgZy�kl_i_gv�aZ]jyag_gby

kg_]h\h]h� ihdjh\Z� b� bgnbevljZlZ� \bkfmlhf��`_e_ahf� �k_\_jgZy

qZklv� ha_jZ��� dZ^fb_f��f_^vx�� jm[b^b_f�� pbgdhf� �jZchg� aZeb\Z

Gyr_\kdZy� dmjvy���Hlf_q_gu� ahgu� kbevgh]h� aZ]jyag_gby� kg_]h-
\h]h� ihdjh\Z� \bkfmlhf�� dZ^fb_f�� f_^vx�� fheb[^_ghf�� furvy-
dhf��k\bgphf��pbgdhf�gZ�\h^hk[hjghc�iehsZ^b�d�\hklhdm�b�x]h�

aZiZ^m� hl� ha_jZ� �\hklhqguc� kdehg� Bevf_gkdh]h� oj_[lZ�� ihcfu

j_d� ;_ehc� b�Gyr_\db���G_khfg_ggh�� qlh� \� i_jbh^� kg_]hlZygby

agZqbl_evgZy�qZklv�fbg_jZevghc�iueb�ihklmiZ_l�\�ha_jh�dZd�g_-
ihkj_^kl\_ggh�kh�kg_]h\h]h�b�e_^h\h]h�ihdjh\Z��lZd�b�\�j_amevlZ-
l_�klhdZ�lZeuo�\h^�b�k�]eZ\gufb�ijblhdZfb�±�j_dZfb�;_ehc��Gy-
r_\dhc�� jmqvyfb� \hklhqgh]h� kdehgZ�Bevf_gkdh]h� oj_[lZ��=eZ\-
guf�bklhqgbdhf�Zlfhkn_jgh]h�aZ]jyag_gby�wlh]h�jZchgZ�y\ey_l-
ky�DZjZ[Zrkdbc�f_^_ieZ\bevguc�dhf[bgZl��G_kfhljy�gZ�fZeuc

h[t_f�fZl_jbZeZ��fh`gh�ij_^iheh`blv��qlh�Zlfhkn_jgu_�hkZ^db

\ghkyl�hij_^_e_gguc�\deZ^�\�lhdkbnbdZpbx�\h^h_fZ�b�kihkh[kl-
\mxl�\ukhdhfm�kh^_j`Zgbx�ly`_euo�f_lZeeh\�\�\h^Zo�ha_jZ��kf�

]e�����

Qlh� dZkZ_lky� dhgp_gljZpbb� [bh]_gguo� kh_^bg_gbc� ]jmii

ZahlZ�b�nhknhjZ��lh�hgb�g_\ukhdb�b�khhl\_lkl\mxl�lbim�\h^h_fZ

b�ijbjh^ghfm�nhgm�

W\ljhnbdZpby� <ur_�[ueh�ihdZaZgh��qlh�ha��;��FbZkkh\h
gZ�ijhly`_gbb�[he__�ihem\_dZ� khojZgy_l�g_baf_gguf� ljhnbq_-
kdbc� klZlmk��Wlh� k\b^_l_evkl\m_l� h� lhf�� qlh� oh^� _kl_kl\_ggh]h

w\ljhnbjh\Zgby�g_�mkdhj_g�Zgljhih]_gguf�\ebygb_f�b�ijhl_dZ-
_l�\�jZfdZo�]_heh]bq_kdh]h�\j_f_gb�

G_kfhljy� gZ� ihqlb� ihegh_� hlkmlkl\b_� k\_^_gbc�� dZkZx-
sboky�ihklmie_gby�\�ha_jh�]eZ\gh]h�w\ljhnbjmxs_]h�we_f_glZ�±

nhknhjZ�� ±� fh`gh� k^_eZlv� ij_^iheh`_gb_� h� fZehc� nhknhjghc

gZ]jmad_� \\b^m� ijhlhqghklb� ha_jZ� b� gZ[ex^Z_fuo� g_[hevrbo

dhgp_gljZpbc� nhknZlh\� \� aZeb\Zo�� ijbgbfZxsbo� klhd� k� \h^h-
k[hjZ��kf��]e������G_agZqbl_evgZy�w\ljhnbjmxsZy�jhev�\h^hk[hjZ

hij_^_ey_lky�_]h�\ukhdhc�h[e_k_gghklvx��]e�����b�ohayckl\_gghc

g_hk\h_gghklvx�� Ke_^m_l� mqblu\Zlv� lZd`_� fZkkh\h_� jZa\blb_

fhsgh]h� nhknhjgh]h� [mn_jZ� ±� ijb[j_`ghc� b� \ukr_c� \h^ghc

jZklbl_evghklb� \� f_klZo� \iZ^_gby� \� ha_jh� hkgh\guo� ijblhdh\

�]e�� ����Bf_xsb_ky�^Zggu_�iha\heyxl�ij_^iheZ]Zlv��qlh�hkgh\-
gZy� qZklv� jZkl\hj_ggh]h� nhknhjZ� ±� Z\lholhggh]h� ijhbkoh`^_-
gby��\ughkbfZy�ba�^hgguo�hleh`_gbc�\�f_edh\h^guo� aZeb\Zo�\

j_amevlZl_� bgl_gkb\gh]h� i_j_f_rb\Zgby� \h^u� ijb� hlklmlkl\bb

l_fi_jZlmjghc�kljZlbnbdZpbb��kf��]e�����
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<h^hj_]mebjmxsb_� f_jhijbylby�� Ha_jh� ;�� FbZkkh\h

]b^jheh]bq_kdb�ij_^klZ\ey_l�kh[hc�_^bguc�\h^h_f�k�ha��F��Fb-
Zkkh\h��dhlhjh_�[ueh�^h� �����]��aZj_]mebjh\Zgh�<_jog_dZjZkbg-
kdbf� hl^_e_gb_f�Q_[Zjdmevkdh]h� ju[ohaZ��MijZ\eyy� klhdhf� ba

ha��F��FbZkkh\h�^ey�ih^^_j`Zgby�hij_^_e_ggh]h�mjh\gy�\h^u�\

ju[h\h^guo� ijm^Zo�� ju[oha�� \_jhylgh�� mkbeb\Ze� _kl_kl\_ggu_

dhe_[Zgby�mjh\gy�ha��;��FbZkkh\h��h^gZdh�fu�g_�bf__f�\hafh`-
ghklb�^Zlv�dhebq_kl\_ggmx�hp_gdm�wlhfm�\ebygbx�

GZ[ex^Z\rb_ky� j_adb_� dhe_[Zgby� mjh\gy� \h^u� �]e�� ���

ijb\h^b\rb_� d� i_jbh^bq_kdhfm� aZlhie_gbx� ijb[j_`ghc� ahgu�

\_jhylgh�� kihkh[kl\h\Zeb� ihklmie_gbx� \� \h^m� � [bh]_gguo� we_-
f_glh\�]eZ\guf�h[jZahf�\�aZeb\Zo��bf_xsbo�\�[hevrbgkl\_�k\h-
_f�gbadb_�b�aZ[hehq_ggu_�[_j_]Z��kf��]e�����b�\g_keb�k\hc�\deZ^�\

w\ljhnbdZpbx��AZf_lgh_�\ebygb_�mjh\g_\uc�j_`bf�ha_jZ�lZd`_

hdZaZe� gZ� khklhygb_� g_j_klbebs� ju[�� qbke_gghklv� ihem\h^guo

fe_dhiblZxsbo� �kf��]eZ\u��������Hlf_q_gh�_]h�g_[eZ]hijbylgh_

\ebygb_�gZ�khklhygb_�ijb[j_`guo�e_khgZkZ`^_gbc��lZd�dZd�hgb

ijb\h^yl�d�qZklbqghfm�mkuoZgbx�^_j_\v_\�b�bo�\u\Zem�ijb�ih-
\ur_gbb� mjh\gy� b� ihke_^mxs_fm� aZjZklZgbx� wlbo� iehsZ^_c

hevohc�ijb�_]h�kgb`_gbb��kf��]e�����

E_kgu_� ih`Zju�� ?s_� h^gbf� ki_pbnbq_kdbf� \b^hf� Zg-
ljhih]_ggh]h�\ha^_ckl\by�gZ�ha_jgmx�wdhkbkl_fm�y\eyxlky�e_k-
gu_� ih`Zju� \� ijb[j_`ghc� ahg_�� \� ih^Z\eyxs_f� [hevrbgkl\_

kemqZ_\�±�©jmdhl\hjgu_ª��AZ����e_l�k������ih������]]��g_�aZj_]b-
kljbjh\Zgh�ih`Zjh\�\�[Zkk_cg_�ha_jZ�lhevdh�\�iylb�d\ZjlZeZo�\

^hebg_�b�ijbfudZxsbo�kdehgZo�kj_^g_]h�l_q_gby�j��Gyr_\db��Z

\� d\ZjlZeZo��ijbfudZxsbo� d�RlZgghc��LjZ\yghc�b�Gyr_\kdhc

dmjvyf��[ueh�hl���^h����ih`Zjh\�kj_^g_c�iehsZ^vx� ����]Z��Ih-
`Zju�kihkh[kl\mxl�\ughkm�\�Zd\Zlhjbx�ha_jZ�\us_eZqb\Z_fuo

ba�aheu�we_f_glh\�b�kgb`_gbx�\h^hhojZggh�\h^hj_]mebjmxsbo

k\hckl\�e_kZ�

;jZdhgv_jkl\h��H[t_dlZfb� [jZdhgv_jkl\Z� \� ha��;��FbZk-
kh\h�y\eyxlky�ju[u�b�ihem\h^gu_�fe_dhiblZxsb_��[h[j��hg^Zl-
jZ���DZd�[ueh�ihdZaZgh�\�]e�����hlf_q_gu�kljmdlmjgu_�baf_g_gby

\�bolbhp_gha_�ha_jZ��\hafh`gh��k\yaZggu_� k�[jZdhgv_jkdbf�\u-
eh\hf�smdb��Ihfbfh� ©hfheh`_gbyª� b� baf_evqZgby� ihimeypbb

kZfh]h�obsgbdZ��wlh�ijb\h^bl�d�jZajZklZgbx�ihimeypbc�iehl\u

b� hdmgy� k� ij_h[eZ^Zgb_f� f_edbo�� f_^e_ggh� jZklmsbo� hkh[_c�

LZdb_�baf_g_gby��[_amkeh\gh��y\eyxlky�g_[eZ]hijbylgufb�b�gZ-
jmrZxl� _kl_kl\_ggh� keh`b\rbcky� [ZeZgk� \� wdhkbkl_f_� ha_jZ�

Qlh� dZkZ_lky� ihem\h^guo� fe_dhiblZxsbo�� lh� [jZdhgv_jkl\h

kgb`Z_l�qbke_gghklv�wlbo�`b\hlguo��]e������ohly�\jy^�eb�wlh�hdZ-
au\Z_l� \ebygb_� gZ� wdhkbkl_fm� ha_jZ� \� p_ehf�� ;jZdhgv_jkl\h� b
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g_aZdhggh_�ihk_s_gb_�aZih\_^gbdZ�bf__l�b�g_dhlhju_�g_hq_\b^-
gu_�gZ�i_j\uc�\a]ey^�ihke_^kl\by��DZd�ihdZaZeb��gZijbf_j��bk-
ke_^h\Zgby�[jbhnblh\� �]e������gZ�aZiZ^ghf�[_j_]m�ha_jZ��dZd�[h-
e__�^hklmighf�^ey�]hjh^kdh]h�gZk_e_gby��bkq_aZxl�_kl_kl\_ggu_

f_klhh[blZgby�foh\��\hajZklZ_l�dhebq_kl\h�gZjmr_gguo�±�g_aZ-
^_jgh\Zggu_� ihq\u� b� dhkljh\bsZ�� gZ� dhlhjuo� ijhbajZklZxl

dhkfhiheblu: Ceratodon purpureus, Funaria hygrometrica b� ^jm-
]b_�� <� j_amevlZl_� ijhbkoh^bl� h[_^g_gb_� [jbhnehju� dZd� ijb-
[j_`gh�\h^ghc�ahgu�ha_jZ��lZd�b�\k_c�l_jjblhjbb�aZih\_^gbdZ�

:gljhih]_ggh_�\ha^_ckl\b_�b�ijh[e_fZ

mklhcqb\hklb�ha_jghc�wdhkbkl_fu

<ur_�[ueh�ihdZaZgh��qlh�^_ckl\b_�hkgh\guo�nZdlhjh\�Zg-
ljhih]_ggh]h�\ebygby�gZ� wdhkbkl_fm�ha��;��FbZkkh\h� \ujZ`_gh

keZ[h��IjZdlbq_kdb�g_� m^Z_lky� aZj_]bkljbjh\Zlv� dZdb_�eb[h� km-
s_kl\_ggu_� baf_g_gby� aZ� ihke_^gb_� ��±��� e_l��<� k\yab� k� wlbf

kha^Z_lky� \i_qZle_gb_� h� klZ[bevghf� khklhygbb� wdhkbkl_fu� ha�

;��FbZkkh\h��<hijhk�h�k\yab�keh`ghklb��jZaghh[jZaby�wdhkbkl_-
fu� b� __� hl^_evguo� dhfihg_glh\� k� mklhcqb\hklvx� ^hklZlhqgh

^bkdmkkbhg_g�� ljZ^bpbhggZy� lhqdZ� aj_gby� ±� keh`gh� hj]Zgbah-
\Zggu_�kbkl_fu�[he__�mklhcqb\u��Khh[s_kl\Z�nblh��b�ahhieZgd-
lhgZ�ha_jZ��]e��������bf_xl�\ukhdbc�mjh\_gv�\b^h\h]h�jZaghh[jZ-
aby� b� \_kvfZ� keh`gmx� hj]ZgbaZpbx��Mjh\_gv� nehjbklbq_kdh]h

[h]Zlkl\Z��jZaghh[jZab_�b� keh`ghklv� kljmdlmju� khh[s_kl\�fZd-
jhnblh\� � lZd`_� fh]ml� k\b^_l_evkl\h\Zlv� h[� hlghkbl_evghc� mk-
lhcqb\hklb� b� g_gZjmr_gghklb� ha_jghc� wdhkbkl_fu�� Hlf_q_gZ

ihklhyggZy� aZ� fgh]b_� ]h^u� qbke_gghklv� ihem\h^guo� fe_dhib-
lZxsbo� b� \h^hieZ\Zxsbo� ilbp� �kf�� ]e�� ����H^gZdh� wlb� h[sb_

iheh`_gby� g_� kh\k_f� ih^l\_j`^Zxlky� dhebq_kl\_ggufb� jZkq_-
lZfb��baf_jyxsbfb�mklhcqb\hklv� ahhieZgdlhggh]h� khh[s_kl\Z�

Hp_gdZ� ^ZgZ� ih� khhlghr_gbx� dhe_[Zgbc� [bhfZkk� \lhjhkl_i_g-
guo� b� ^hfbgbjmxsbo� \b^h\�� 6m/Sd =�������Kh]eZkgh� ebl_jZlmj-
guf�^Zgguf� �:g^j_yrdbg��Dhaeh\Z�� �������wlh�^h\hevgh�gbadZy

\_ebqbgZ�� k\b^_l_evkl\mxsZy� h�g_klZ[bevghf� khklhygbb� wdhkb-
kl_fu��L_f�g_�f_g__��^Zggu_�h�fgh]he_lgbo�baf_g_gbyo�\b^h\h-
]h� khklZ\Z�� kljmdlmju�� dhebq_kl\_gguo� oZjZdl_jbklbd� nblh�� b

ahhieZgdlhgguo�khh[s_kl\�ihdZau\Zxl��\�gbo�ijhbkoh^yl�lhev-
dh�qZklgu_��g_agZqbl_evgu_�i_j_klZgh\db�^hfbgbjmxsbo�\b^h\

b�]jmii��gh�dZdb_�eb[h�kms_kl\_ggu_�baf_g_gby�\�wdhkbkl_f_�g_

j_]bkljbjmxlky��Mqblu\Zy� g_kh\_jr_gkl\h� b� g_hljZ[hlZgghklv

f_lh^h\� baf_j_gby� mklhcqb\hklb�g_mklhcqb\hklb� [bhkbkl_f�
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\k_�lZdb�ke_^m_l�ijbagZlv��qlh�kdeZ^u\Z_lky�h[s__�\i_qZle_gb_

h[�hlghkbl_evghc�klZ[bevghklb�wdhkbkl_fu�ha��;��FbZkkh\h�

Ijh[e_fu�hojZgu�ha_jZ

Ba� i_j_qbke_gguo� \ur_� hkgh\guo�nZdlhjh\� Zgljhih]_g-
gh]h�\ha^_ckl\by�gZ�wdhkbkl_fm�ha��;��FbZkkh\h�lhevdh�ljb�ih^-
^Zxlky� mijZ\e_gbx�� j_]mebjh\Zgb_� klhdZ� ba� ha�� F��FbZkkh\h�

e_kgu_�ih`Zju�\�ijb[j_`ghc�ahg_�b�[jZdhgv_jkl\h��JZkkfhljbf

\hafh`ghklb� aZih\_^gbdZ�ih�mf_gvr_gbx�beb�ebd\b^Zpbb�^_c-
kl\by�wlbo�nZdlhjh\�

AZj_]mebjh\Zgghklv� ha_jghc� kbkl_fu��>h� ����� ]�� jmdh-
\h^kl\h�aZih\_^gbdZ�\�ebp_�^bj_dlhjh\�:� >��=mjv_\Z��I� F��<Z-
eba_jZ�� gZqZevgbdZ� e_kgh]h� hl^_eZ� aZih\_^gbdZ� :� I��;ZljZ_\Z
ijb�mqZklbb�khljm^gbdh\�EZ[hjZlhjbb�fhgblhjbg]Z�\h^guo�wdh-
kbkl_f� ij_^ijbgbfZeh� g_h^ghdjZlgu_� b� [_amki_rgu_� ihiuldb

^h[blvky� hl� jmdh\h^kl\Z�<_jog_dZjZkbgkdh]h� hl^_e_gby� Q_[Zj-
dmevkdh]h� ju[ohaZ� kh]eZkh\Zgby� \h^hj_]mebjmxsbo� f_jhijby-
lbc�gZ�ha��F��FbZkkh\h�k�p_eyfb�b�aZ^ZqZfb�Bevf_gkdh]h�aZih-
\_^gbdZ�ih�hojZg_�\h^guo�h[t_dlh\��H^gZdh�\������]��ijh[e_fZ

jZaj_rbeZkv� kZfZ� kh[hc��<_jog_dZjZkbgkdh_� hl^_e_gb_� ij_djZ-
lbeh� k\h_� kms_kl\h\Zgb_� \\b^m� [_ki_jki_dlb\ghklb� \� mkeh\byo

jughqghc� wdhghfbdb��K� ����� ]�� klhd� ba� ha_j�;hevrh_� b�FZeh_

FbZkkh\h� ijhbkoh^bl� _kl_kl\_gguf� iml_f� b� h[t_f� _]h� [hevr_

g_�j_]mebjm_lky��LZdbf�h[jZahf��^Zgguc�nZdlhj�Zgljhih]_ggh]h

\ha^_ckl\by�ij_djZlbe�k\h_�kms_kl\h\Zgb_�

E_kgu_�ih`Zju��E_kgu_�ih`Zju�\�ijb[j_`ghc�ahg_�ha_jZ

\hagbdZxl�dZd�ih[hqguc�j_amevlZl�g_aZdhggh]h�ihk_s_gby�aZih-
\_^gbdZ�b�[jZdhgv_jkl\Z��E_kgZy�hojZgZ�aZih\_^gbdZ�\_^_l�k�gb-
fb�bgl_gkb\gmx�[hjv[m�k�i_j_f_gguf�mki_ohf��kebrdhf�[hev-
rZy�gZ]jmadZ�gZ�aZih\_^gbd��e_`Zsbc�\^hev�]jZgbp�]��FbZkkZ�b

keZ[Zy�fZl_jbZevgZy�[ZaZ�g_�iha\heyxl�b�\�h[hajbfhf�[m^ms_f

g_� iha\heyl� ebd\b^bjh\Zlv� ^_ckl\b_� wlh]h� nZdlhjZ�� H^gZdh� \

ihke_^g__�iylbe_lb_�gZf_lbebkv�hij_^_e_ggu_�mki_ob�\�[hjv[_�k

e_kgufb� ih`ZjZfb�� ohly� qbkeh� \ha]hjZgbc� g_� mf_gvrZ_lky�

kj_^gyy� iehsZ^v�� ho\Zlu\Z_fZy� bfb�� khdjZlbeZkv�� Wlhfm� kih�

kh[kl\mxl�[he__�wnn_dlb\gu_�^_ckl\by�e_kghc�hojZgu�

;jZdhgv_jkl\h� b� g_aZdhggh_� ihk_s_gb_� aZih\_^gbdZ�

;hjv[Z�k�[jZdhgv_jkl\hf�dZd�\ukr_c�nhjfhc�g_aZdhggh]h�ihk_-
s_gby� aZih\_^gbdZ \k_]^Z� klhyeZ� \� jy^m� i_j\hhq_j_^guo� aZ^Zq
e_kghc�hojZgu��<uiheg_gb_�wlhc�aZ^Zqb�mkeh`g_gh�\�aZih\_^gb-
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d_� ^\mfy� h[klhyl_evkl\Zfb�� <h�i_j\uo�� aZiZ^guc� [_j_]� ha_jZ�

y\eyxsbcky� p_gljhf� [jZdhgv_jkdh]h� eh\Z� ju[u�� y\ey_lky� gZb-
[he__�m^Ze_gghc�qZklvx�h[oh^h\�e_kgbdh\��dhlhju_�g_�\�khklhy-
gbb� j_]meyjgh� _]h� dhgljhebjh\Zlv�� <h�\lhjuo�� \� aZih\_^gbd_

keh`beZkv� ijZdlbdZ�� dh]^Z� eh\� ju[u� g_� jZkkfZljb\Z_lky� dZd

klhev�`_�k_jv_agh_�gZjmr_gb_��dZd��gZijbf_j��hlklj_e�ilbp�beb

fe_dhiblZxsbo��?`_]h^gh�E_kguf� hl^_ehf� aZih\_^gbdZ� \u^Z-
xlky�^_kyldb�ijhimkdh\�gZ�eh\�ju[u��ijb�wlhf�h[t_dlu�b�h[t_f

\ueh\Z�gbdZd�g_�j_]eZf_glbjmxlky�b�g_�dhgljhebjmxlky��Ba[b-
jZl_evghfm� \ueh\m�fgh]b_� ]h^u�ih^\_j]Z_lky�smdZ�� dZd�gZb[h-
e__�©bgl_j_kgucª�h[t_dl�bolbhnZmgu��wlh�g_�fh]eh�g_�kihkh[kl-
\h\Zlv� lhfm��qlh�ihimeypby� ju[u�gZoh^blky� \� m^jmqZxs_f� kh-
klhygbb��kf��]e������=j_rZl�ihklZgh\dhc�k_l_c�\�ba[ulhqguo�jZa-
f_jZo� b� g_dhlhju_� e_kgbdb�� b� qe_gu� ^h[jh\hevghc� ih`Zjghc

^jm`bgu�

G_�\uau\Z_l�khfg_gby��qlh�lZdh_�iheh`_gb_�^he`gh�[ulv

baf_g_gh��H[t_dlu�b�jZaf_ju�eh\Z�\�l_o�kemqZyo��dh]^Z�wlh�^h-
imklbfh��^he`gu�hij_^_eylvky�ki_pbZebklZfb�EZ[hjZlhjbb�fh-
gblhjbg]Z� \h^guo� wdhkbkl_f� gZ� hkgh\_� _`_]h^guo� hp_ghd� kh-
klhygby�bolbhnZmgu�

Blh]h\Zy�wdheh]bq_kdZy�hp_gdZ

�\f_klh�aZdexq_gby�

Ihemq_ggu_� j_amevlZlu� ihdZau\Zxl�� qlh� i_jki_dlb\u

ha_jZ� dZd� [bh]_hkbkl_fu� \_kvfZ� [eZ]hijbylgu�� W\hexpby� _]h

ijhoh^bl� _kl_kl\_ggufb� l_fiZfb� \�jZfdZo� ]_heh]bq_kdh]h� \j_-
f_gb��Hkgh\gu_�nZdlhju� Zgljhih]_ggh]h� \ha^_ckl\by� gZ� ha_jh

\ujZ`_gu� keZ[h� beb� \h\k_� hlkmlkl\mxl�� � DZdb_�eb[h� hljbpZ-
l_evgu_�baf_g_gby�\�_]h�wdhkbkl_f_�\�gZklhys__�\j_fy�g_�j_]bkl-
jbjmxlky�
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EBL?J:LMJ:

:[Zlmjh\�X� >�� DjZldZy� oZjZdl_jbklbdZ� ihq\� hkgh\guo� lbih\
e_kZ� Bevf_gkdh]h� aZih\_^gbdZ� ��� Lj�� Bg�lZ� [bheh]bb� MN:G� KKKJ�

<ui�������������K����±���

:\pbg�:� I���@Z\hjhgdh\�:� :���Jbr�F� :��FZdjhwe_f_glu�q_eh-
\_dZ��F���F_^bpbgZ������������k�

:]eyfaygh\�J� K���EZ]mgh\�:� <��NZmgZ�ihem`_kldhdjueuo�Bev-
f_gkdh]h� aZih\_^gbdZ� �Heteroptera, Insecta�� ���FZl_jbZeu� ih� nehj_� b
nZmg_�Q_ey[bgkdhc�h[eZklb��FbZkk��B=A��������K����±���

:e_dbg�H� :��=b^jhobfby�j_d�KKKJ����Ljm^u�==B��<ui�����������
K�����

:e_gbpbg�<� :��Hq_jd�Ljhbpdh�Q_ey[bgkdbo�ha_j��Hj_g[mj]kdhc
]m[_jgbb�� b� bo� bolbheh]bq_kdhc� nZmgu  //�Lj��K��I_l_j[mj]kdh]h� h�\Z
_kl_kl\hbki��������L�����\ui�����K����±���

:g^j__\Z� ?� G��<ebygb_� Zlfhkn_jgh]h� aZ]jyag_gby� gZ� fhoh\uc
ihdjh\� k_\_jh�lZ_`guo� e_kh\ // E_kgu_� wdhkbkl_fu� b� Zlfhkn_jgh_� aZ-
]jyag_gb_��E�� GZmdZ��������K����±����

:g^j__\Z� F� :�� =Zah\uc� j_`bf� ha_j� Q_ey[bgkdhc� h[eZk-
lb //�>hde��gZmq��djZ_\hc�dhgn��Q_ey[bgkd��������<ui�����K����±���

:g^j__\Z�F� :�� Ha_jZ� Kj_^g_]h� b�X`gh]h� MjZeZ�� Q_ey[bgkd�

X`gh�MjZevkdh_�dg��ba^�\h������������k�

:g^j_yrdbg�X��=���Ex[bfh\Z� L� K���YjmrbgZ�F� B��KljmdlmjZ
ieZgdlhggh]h�khh[s_kl\Z�ju[h\h^guo�ijm^h\�X`gh]h�MjZeZ� ���Wdheh-
]by�������������K����±���

:g^j_yrdbg�X� =���Dhaeh\Z�B� <��Kljmdlmjgu_�hkh[_gghklb� kh-
h[s_kl\�i_eZ]bq_kdh]h�ahhieZgdlhgZ�\�jZaghlbiguo�ha_jZo�MjZeZ�b�AZ-
mjZevy //�Wdheh]by�������������K����±���

:g^jhgbdh\Z�B��G��Bkihevah\Zgb_� kljmdlmjgh�nmgdpbhgZevguo

ihdZaZl_e_c�ahhieZgdlhgZ�\�kbkl_f_�fhgblhjbg]Z //�=b^jh[bheh]bq_kdb_
bkke_^h\Zgby�fhjkdbo�b�ij_kguo�\h^��E���GZmdZ��������K����±���

;Zdmgbg� <��:�� Dhfie_dkguc� ^hdeZ^� h� khklhygbb� hdjm`Zxs_c

ijbjh^ghc�kj_^u�Q_ey[bgkdhc�h[eZklb�\������]��Q_ey[bgkd������������k�

;Zjl_g_\�:��G��Dhee_dpby� klj_dha�ba� hdj_klghkl_c� ha��M\bev^u

?dZl_jbg[mj]kdh]h�m_a^Z�I_jfkdhc�]m[_jgbb� ���Ljm^u�h[s_kl\Z�_kl_kl-
\hbkiulZl_e_c�ijb�DZaZgkdhf�mgb\_jkbl_l_��������L������\ui�����K���±���

;Zjl_g_\�:��G��FZl_jbZeu�ih�nZmg_�klj_dha�Kb[bjb�����±�����Ba-
\_klby�Lhfkdh]h�mg�lZ���������L������K����±���

;Zjl_g_\�:��G��FZl_jbZeu�ih�nZmg_� klj_dha�Kb[bjb���� �±��� ��

JZ[hlu�eZ[hjZlhjbb�ahheh]bq_kdh]h�dZ[bg_lZ�<ZjrZ\kdh]h�mgb\_jkbl_-
lZ���<ZjrZ\Z���������K���±���

;Zlmjbg�=��G��=_hobfby�fZj]Zgp_\uo�dhgdj_pbc�hd_ZgZ��F���GZm-
dZ������������k�
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;Zr_gbgZ�G� <��IZe_h]jZnby� b� q_l\_jlbqgZy� bklhjby�nhjfbjh�
\Zgby�j_ev_nZ�juoeuo�hleh`_gbc�X`gh]h�MjZeZ����FZl_jbZeu�kh\_sZ�

gby�ih�bamq_gbx�q_l\_jlbqgh]h�i_jbh^Z��L�����F��������K�����±����

;Zygh\�G��=��AhhieZgdlhp_ghau�jZaghlbiguo�dZjklh\uo�ha_j�Ib-
g_`kdh]h� aZih\_^gbdZ�b�bo�bkihevah\Zgb_� \�p_eyo�fhgblhjbg]Z��:\lh-
j_n��^bkk��«�dZg^��[bhe��gZmd��F������������k�

;_ey_\�<� B��:gZeba�khklhygby�ihimeypbb�smdb�ha��FbZkkh\h� ��
Djm]h\hjhl� \_s_kl\Z�b� wg_j]bb� \� \h^h_f_��Ju[u�b�g_jiZ��<ui�� ���Bj-
dmlkd��������K����±���

;_ey_\�<��B��>bgZfbdZ� \hajZklghc� kljmdlmju� ihimeypbb�smdb

ha��FbZkkh\h� ��� =hjgu_� wdhkbkl_fu�MjZeZ� b� ijh[e_fu� jZpbhgZevgh]h

ijbjh^hihevah\Zgby���K\_j^eh\kd��MjH�:G�KKKJ��������K����

;_ey_\�<��B��>bgZfbdZ� ihimeypbc�smdb� ha��FbZkkh\h� gZ�nhg_

Zgljhih]_ggh]h� \ha^_ckl\by //�JZpbhgZebaZpby� ohayckl\_ggh]h� bkihev-
ah\Zgby� [bheh]bq_kdbo� j_kmjkh\� AZiZ^ghc� Kb[bjb�� Lxf_gv�� ����Z�

K����±����

;_ey_\�<��B��>bgZfbdZ�\hajZklghc�kljmdlmju�b�jhklZ�ihimeypbb

smdb�ha��FbZkkh\h����:gZeba�jZaf_jghc�b�\hajZklghc�kljmdlmju�ihimey-
pbc�iha\hghqguo���K\_j^eh\kd��MjH�:G�KKKJ������[��K����±���

;_ey_\�<��B��>bgZfbdZ�\hajZklghc�kljmdlmju�gZ�nhg_�baf_g_gby

qbke_gghklb�ijhfukeh\hc�qZklb�ihimeypbb�smdb�ha��FbZkkh\h����J_kmj-
ku�`b\hlgh]h�fbjZ�Kb[bjb:�Ju[u���Gh\hkb[bjkd������Z���K�����±����

;_ey_\� <�� B�� Ba[bjZl_evghklv� hleh\Z� kZfhd� b� kZfph\� smdb� \

ha��FbZkkh\h� jZagufb� hjm^byfb� eh\Z� ���Ijh[e_fu� hojZgu� ijbjh^guo

j_kmjkh\�X`gh]h�MjZeZ���Q_ey[bgkd������[���K���±��

;_ey_\� <�� B��F_oZgbaf� i_j_]jmiibjh\db� ju[� \� we_f_glZjguo

ihimeypbyo����@b\hlguc�fbj�X`gh]h�MjZeZ��Hj_g[mj]������\��K����±���

;_ey_\� <�� B�� Hkh[_gghklb� baf_g_gby� bolbhnZmgu� Bevf_gkdhc

]jmiiu� ha_j� \�OO� \_d_� ��� Wdheh]bq_kdb_� bkke_^h\Zgby� \�Bevf_gkdhf

]hkm^Zjkl\_gghf�aZih\_^gbd_��FbZkk��B=A��������K����±���

;bheh]bq_kdbc�dhgljhev�dZq_kl\Z�\h^��F���GZmdZ������������k�

;bhobfbq_kdb_� dZj[hgZlu� Zgljhih]_gh\uo� ha_j� b� bklhqgbdh\�

F_`\ma��k[��gZmqguo�ljm^h\��I_jfv��I_jfkdbc�ihebl_ogbq_kdbc�bgklb-
lml������������k�

;h]Zg�N��?��BolbhnZmgZ�Bevf_gkdh]h� aZih\_^gbdZ�b�g_dhlhjuo

ha_j�ijbe_]Zxsbo�jZchgh\� ���Ljm^u�Bevf_gkdh]h� ]hkm^Zjkl\_ggh]h�aZ-
ih\_^gbdZ�bf��<��B��E_gbgZ����������<ui������K����±���

;h]Zg�N�� ?�� J_amevlZlu� b� ^Zevg_crb_� aZ^Zqb� bamq_gby� bolbh�

nZmgu�Bevf_gkdh]h�aZih\_^gbdZ����Ljm^u�Bevf_gkdh]h�]hkm^Zjkl\_ggh-
]h�aZih\_^gbdZ��bf��<��B��E_gbgZ��������<ui������K����±���

;h]Zg�N��?��Ha_jZ�b�bo�h[blZl_eb����Bevf_gkdbc�aZih\_^gbd���Q_-
ey[bgkd��X`gh�MjZevkdh_�dg��ba^�\h���������K�����±����

;h]^Zgh\Z�?� :��IZjZablhnZmgZ�ju[�f_gy_lky //�Ju[gh_�ohayckl-
\h��������������K����±���

;h]hkeh\kdbc�;� ;��Ha_jh\_^_gb_��E���=b^jhf_l_hba^Zl�� ������ ���
k�
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;hg^Zj_gdh� G� <�� ;bheh]by� ]hjguo� ha_j�� :job\� Bevf_gkdh]h
]hkm^Zjkl\_ggh]h�aZih\_^gbdZ��hi�����^����������������k�

;hg^Zj_gdh�G� <���Hkbih\�K� D��Ha_jZ��bo�nehjZ�b�nZmgZ� ���Bev-
f_gkdbc�aZih\_^gbd���Q_ey[bgkd��Q_ey[]ba���������K����±����

;jZ]bgkdbc�E��I��Ijbgpbiu� deZkkbnbdZpbb� b� g_dhlhju_� f_oZ�

gbafu� kljmdlmjgh�nmgdpbhgZevguo� i_j_kljh_d� ij_kgh\h^guo

wdhkbkl_f� \� mkeh\byo� Zgljhih]_ggh]h� ij_kkZ� ���� =b^jh[bhe�� `mjgZe�

������L�����������K����±���

;mevhg�<� <��I_j\bqgZy� ijh^mdpby� ieZgdlhgZ� b� deZkkbnbdZpby
ha_j  // �Ijh^mdpbhggh�]b^jh[bheh]q_kdb_� bkke_^h\Zgby� \h^guo� wdhkb-
kl_f��E���GZmdZ��������K����±���

;mj^bg�D��K��Hkgh\u� [bheh]bq_kdh]h�fhgblhjbg]Z�� �F���Ba^�\h

Fhkdh\kdh]h�mg�lZ�������������k�

;mreydh\�B��G���;Z`_gh\�:��=��=_hobfby�]Zeh]_gh\�\�]jZgblhb^Zo

b�f_lZfhjnblZo�Bevf_gh]hjkdh]h�dhfie_dkZ��?dZl_jbg[mj]�����������k�

;uoh\kdZy�IZ\eh\kdZy� B��?�� IZjZablheh]bq_kdb_� bkke_^h\Zgby

ju[��F�:�Ba^�\h�:G�KKKJ������������k�
;uoh\kdZy�IZ\eh\kdZy� B��?�� IZjZablheh]bq_kdh_� bkke_^h\Zgb_

ju[��E���GZmdZ�������������k�

<_ck[_j]� ?��B�� D� bamq_gbx� fZdjhnblghc� jZklbl_evghklb� ha�� ;�

FbZkkh\h� ���<h^gu_� b� hdheh\h^gu_� wdhkbkl_fu�Bevf_gkdh]h� aZih\_^-
gbdZ�?dZl_jbg[mj]��MjH�J:G��������K���±���

<_ck[_j]�?��B��Jhev�\h^guo�fZdjhnblh\�\�kbkl_f_�j_]bhgZevgh]h

wdheh]bq_kdh]h� fhgblhjbg]Z� gZ� X`ghf� MjZe_ //�Ijh[e_fu� wdheh]bb
X`gh]h�MjZeZ��Q_ey[bgkd��XMj=M��������K����±���

<_ck[_j]�?��B��KjmdlmjZ�b�^bgZfbdZ�khh[s_kl\�fZdjhnblh\�ha_j

Bevf_gkdh]h�aZih\_^gbdZ��FbZkk:�B=A������������k�
<bg[_j]�=��=��I_j\bqgZy�ijh^mdpby�\h^h_fh\��Fbgkd:�Ba^�\h�:G

;KKJ������������k�

<hkklZgh\e_gb_�wdhkbkl_f�fZeuo�ha_j���KI[���GZmdZ������������k�

<j_f_ggu_�f_lh^bq_kdb_�mdZaZgby�ih�ijh]ghabjh\Zgbx� khklhy�

gby� nblhieZgdlhgZ� \� fZeuo� \h^hojZgbebsZo� b� ijhlhqguo� ha_jZo

X`gh]h�MjZeZ��Q_ey[bgkd��X`MjZe<GBBHJO�����������k�

=Z`Z�G_q_jgha_fghc� ahgu�KKKJ��I_jfv��I_jfkdbc�ihebl_ogb-
q_kdbc�bgklblml������������k�

=beyjh\�:��F��� =hj_eh\Z� L��:�� Dhjj_eypby� f_`^m� ljhnbq_kdhc

kljmdlmjhc�� \b^h\uf� jZaghh[jZab_f� b� [bhfZkkhc� ahhieZgdlhgZ� k_\_j-
guo�ha_j //�Ahhe��`mjgZe��������L������\ui�����K����±���

=bg_pbgkdZy�L��:��Lj_fZlh^u��bo�`bag_ggu_�pbdeu��[bheh]by�b

w\hexpby��E���GZmdZ������������k�

=emrdh\Z�F��:���IZrdh\Z�B��F��:ddmfmeypby�ly`_euo�f_lZeeh\

ldZgyfb�ju[�ha_j�Ikdh\kdh�Qm^kdh]h�b�<ujlkvyj\ // II�<k_khxagZy�dhg-
n_j_gpby�ih�ju[hohayckl\_gghc�lhdkbdheh]bb��L�����KI[���������K�����±����

=hj[mgh\� I��X��� EZ]mgh\� :��<��� Hevr\Zg]� <��G��� Gbiihg_g� D�

Q_rm_djueu_�Bevf_gkdh]h�aZih\_^gbdZ��FbZkk��B=A��������\�i_qZlb��

=hj^b_gdh�G��K��Kh\j_f_ggh_� khklhygb_� qbke_gghklb� b� jZkij_-
^_e_gby�\h^hieZ\Zxsbo�ilbp�Bevf_gkdh]h�aZih\_^gbdZ� ���Hjgblheh]b-
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q_kdb_�bkke_^h\Zgby� \�Q_ey[bgkdhc�h[eZklb��?dZl_jbg[mj]��MjH�J:G�

������K����±���

=hj^b_gdh�G��K���GZaZjh\�<�K���:ebf[_dh\�W��NZmgZ�b�gZk_e_gb_

\h^hieZ\Zxsbo� ilbp�Bevf_gkdh]h� aZih\_^gbdZ� ���<h^gu_� b� hdheh\h^-
gu_� wdhkbkl_fu� Bevf_gkdh]h� aZih\_^gbdZ�� ?dZl_jbg[mj]�� MjH� J:G�

������K����±����

=hjgh\kdbc�D��<��;hehlZ�Bevf_gkdh]h� aZih\_^gbdZ��:job\�Bev-
f_gkdh]h�]hk��aZih\_^gbdZ��hi����������

=hjgh\kdbc� D��<�� <h^gZy� jZklbl_evghklv� ha_j� ;�� FbZkkh\h� b

;��LZldmev����Lj��Bevf_gkdh]h�]hk��aZih\_^gbdZ�bf��<��B��E_gbgZ��<ui����

K\_j^eh\kd���������K����±���

=jb]hjv_\� K��<�� H� g_dhlhjuo� hij_^_e_gbyo� b� ihdZaZl_eyo� \

ha_jh\_^_gbb //�FZl_jbZeu�ih�]b^jheh]bb� �ebfgheh]bb�DZj_ebb��������
<ui������K����±���

>Z\u^h\�H��G���BkZ_\Z�G��F��IZjZablu�ju[�ijb�\ha^_ckl\bb�lhd-
kbdZglh\�\�ijbjh^_�b�\�wdki_jbf_gl_����=b^jh[bhe��`mjgZe��������L�����

������K����±���

>ZgbeZgk� B��Y�� =hehp_gh\u_� ij_kgh\h^gu_� hleh`_gby� EZl\bb�

Jb]Z��Ba^�\h�:G�EZl\bckdhc�KKJ������������k�

>Zpmg�E��;��<_s_kl\_gguc�khklZ\�^hgguo�hleh`_gbc�ij_kgh\h^-
guo� ha_j� Kj_^g_]h� MjZeZ���� =Z`Z� G_q_jgha_fghc� ahgu� KKKJ�� I_jfv�

I_jfkdbc�ihebl_ogbq_kdbc�bgklblml��������K�����±����

>\hjgbdh\Z�G��I��>bgZfbdZ�ihimeypbc�b�[bhp_ghlbq_kdZy�jhev

j_qgh]h� [h[jZ� gZ�X`ghf� MjZe_�� :\lhj_n�� ^bkk�� ���� dZg^�� [bhe�� gZmd�

K\_j^eh\kd��MjH�:G�KKKJ����������� k�
>blfZj�;��Ha_jZ�Bevf_gkdh]h�aZih\_^gbdZ����A_fe_\_^_gb_�������

L������\ui���±���K�����±����

>h]_ev�<��:��Ijb_fu�bkke_^h\Zgbc�iZjZablheh]bb�ju[��F_lh^b-
dZ�b�ijh[e_fZlbdZ�iZjZablheh]bq_kdbo�bkke_^h\Zgbc�����Lj��E_gbg]j��h[�

\Z�_kl_kl\hbki��������L�������K�����±����

>m[bgbgZ� =��:��� >_jx]bgZ� A��I�� We_dljhggh�fbdjhkdhibq_kdh_

bkke_^h\Zgb_�`_e_ah�fZj]Zgp_\uo� dhgdj_pbc� ba�Imggmk�Yj\b� ���>hde�

:G�KKKJ��������L�����������K�����±����

?\lmr_gdh�G��X���>Zgbedh�H��<��Hkh[_gghklb�gZdhie_gby�f_lZe-
eh\�\�ldZgyo�ju[�Dj_f_gqm]kdh]h�\h^hojZgbebsZ����=b^jh[bhe��`mjgZe�

�������L������������K����±���

?]hjh\Z�E��B���Kljb`h\Z�L� :��Kh\j_f_ggZy�]b^jhobfbq_kdZy�oZ-
jZdl_jbklbdZ�j��:g]Zju�\�ahg_�kha^Zgby�;h]mqZgkdh]h�\h^hojZgbebsZ //
Djm]h\hjhl�\_s_kl\Z�b�wg_j]bb�\�\h^h_fZo��=b^jhobfby��Bjdmlkd��Ba^�

\h�KH�:G�KKKJ��������K�����

?jfheZ_\�<� B���Ijmk_\bq�E� K��Khhlghr_gb_� [bhfZkku�nblh�� b� ahh�
ieZgdlhgZ�\�f_ahljhnghf�ha_j_ //�=b^jh[bhe��̀ mjgZe��������L�����������K����±���

@Zjbdh\� K��K�� Ha_jZ�� j_db� b� ]jmglh\u_� \h^u� Bevf_gkdh]h

aZih\_^gbdZ��:job\�Bevf_gkdh]h� ]hkm^Zjkl\_ggh]h� aZih\_^gbdZ�� hi�� ��

^�������������������k�
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@Zjbdh\� K� K�� DebfZl� jZchgZ�Bevf_gkdh]h� ]hk�� aZih\_^gbdZ� b
khij_^_evguo� ijhkljZgkl\�X`gh]h�MjZeZ //�Ljm^u�Bevf_gkdh]h� ]hkm-
^Zjkl\_ggh]h�aZih\_^gbdZ�bf��<��B��E_gbgZ����������<ui�����K���±���

�@_[_g_\�H� B�� Ahh[_glhk� ��� Wdheh]h�ijh^mdpbhggu_� hkh[_ggh-
klb� ha_j� jaebqguo� eZg^rZnlh\� X`gh]h� MjZeZ�� E��� GZmdZ�� �����

K�����±����

@heg_jh\bq�<� :��;bhfbg_jZehh[jZah\Zgb_�b�_]h�jhev�\�nhjfb-
jh\Zgbb� ha_jguo� hkZ^dh\ ��� L_abku� I� j_kim[ebdZgkdhc� dhgn_j_gpbb
�<u_a^gZy�k_kkby�MdjZbgkdh]h�fbg_jZeh]bq_kdh]h�h[s_kl\Z��ih�[bhfb-
g_jZeh]bb��Empd��Empdbc�]hk��i_^Z]h]bq_kdbc�bg�l��������K�����

AZihjh`kdbc� H� <�� D� nZmg_� ieZ\mgph\� \h^h_fh\� p_gljZevghc
]hjghc� ijh\bgpbb�X`gh]h�MjZeZ� ���NZmgZ�� wdheh]by� [_kiha\hghqguo

`b\hlguo�Q_ey[bgkdhc�h[eZklb��K\_j^eh\kd��MjH�J:G��������K����±���

AZihjh`kdbc� H� <�� D� nZmg_� ieZ\mgph\� \h^h_fh\� \hklhqgh]h
kdehgZ�X`gh]h�MjZeZ����GZk_dhfu_�\�[bh]_hp_ghaZo�MjZeZ��K\_j^eh\kd�

MjH�:G�KKKJ���������K�����

AZihjh`kdbc� H� <�� Wdheh]bq_kdb_� ]jmiibjh\db� ieZ\mgph\

(Coleoptera, Dytiscidae��\h^h_fh\�Bevf_gkdh]h� aZih\_^gbdZ� ���FZl_jbZ-
eu�ih�nehj_�b�nZmg_�Q_ey[bgkdhc�h[eZklb���FbZkk��B=A���������K����±���

AZihjh`kdbc�H� <���Dhjh[_cgbdh\�X� B��D�bamq_gbx�nZmgu�ieZ-
\mgph\� ha_j�Bevf_gkdh]h� aZih\_^gbdZ� ���<hijhku� wdheh]bb�`b\hlguo�

Hlq_lgZy�k_kkby�ahheh]bq_kdbo�eZ[hjZlhjbc�BgklblmlZ�wdheh]bb�`b\hl-
guo�b�jZkl_gbc��K\_j^eh\kd��BWJb@���������K�����

AZo\Zldbg�<� :���:`_]Zgh\Z�F� :�� �IZjZablu� ju[� ha_j�Bevf_g-
kdh]h�aZih\_^gbdZ�gZ�MjZe_����Mq_gu_�aZibkdb�Fhehlh\kdh]h�]hkm^Zjkl-
\_ggh]h�mgb\_jkbl_lZ��I_jfv��������L�����<�����K���±���

Am[dh\Z�;� B���;bjxdh\Z�K� :��F_lZeeu�\�hj]ZgZo�b�ldZgyo�ijh-
fukeh\uo� \b^h\� ju[� >m[hkkZjkdh]h� \h^hojZgbebsZ // II� <k_khxagZy
dhgn_j_gpby� ih� ju[hohayckl\_gghc� lhdkbdheh]bb�� L�� ��� KI[��� �����

K�����±����

B\Zgh\�I��<��DeZkkbnbdZpby� ha_j�fbjZ� ih� \_ebqbg_� b� kj_^g_c

]em[bg_ //�;xee��E=M��������������K����±���

B]gZlh\�F� K���:nhgbgZ�H� F��Kibkhd�foh\�l_jjblhjbb�[u\r_]h

KKKJ // Arctoa.�;jbheh]bq_kdbc�`mjgZe��������L� ����±����K� 1–85.
B]gZlh\Z�?� :���B]gZlh\�F� K��Fob�;Zrdbjbb: ij_^\Zjbl_evguc

kibkhd� \b^h\� b� nblh]_h]jZnbq_kdb_� aZf_ldb // FHBI�� ������ L� 98.
<ui���.�K�����±����

Baf_g_gb_� kljmdlmju� wdhkbkl_f� ha_j� \� mkeh\byo� \hajZklZxs_c

[bh]_gghc�gZ]jmadb��E���GZmdZ������������k�

Bevbg�<� ;��Ly`_eu_�f_lZeeu�\�kbkl_f_�©ihq\Z�jZkl_gb_ª��Gh\h-
kb[bjkd��GZmdZ�������������k�

DZgxdh\Z�?� <��<h^hf_jdb�(Heteroptera, Gerridae)�nZmgu�KKKJ���
Kbkl_fZlbdZ� jZ\ghdjueuo� b� ihem`_kldhdjueuo� gZk_dhfuo� nZmgu

KKKJ���Ljm^u�Ahheh]bq_kdh]h�bgklblmlZ�:G�KKKJ��L�������E���ABG�:G

KKKJ���������K����±���

DZlZgkdZy� <��F�� <ukrZy� \h^gZy� jZklbl_evghklv� dhglbg_glZev-
guo�\h^h_fh\��F_lh^bdZ�bamq_gby���E���GZmdZ�������������k�
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DZrbg�<��<��Pbgd�\�hkgh\guo�dhfihg_glZo�eZg^rZnlh\�[Zkk_cgZ

ha��;ZcdZe //�=_hobfby�������������K����±���

DZrbg� <� D��� B\Zgh\� =� F�� Hkh[_gghklb� gZdhie_gby� k\bgpZ� \

jZkl_gbyo�[Zkk_cgZ�ha_jZ�;ZcdZe����Wdheh]by�������������K�����±����

DZrdh\kdbc�<� G���JZafZrdbg�>� :���Kdjbiq_gdh�W� =��;he_agb�b
iZjZablu�ju[�ju[h\h^guo�ohayckl\�Kb[bjb�b�MjZeZ��K\_j^eh\kd��MGP

:G�KKKJ�������������k�

DZrmebg�G� :��J_Zdpby�kb]h\uo�ju[�gZ�aZ]jyag_gb_�km[Zjdlbq_-
kdbo� \h^h_fh\� ly`_eufb� f_lZeeZfb //�� :\lhj_n�� ^bkk�� «� dZg^�� [bhe�

gZmd��F������������k�

DZrmebg�G� :���J_r_lgbdh\�X� K��GZdhie_gb_�b� jZkij_^_e_gb_
gbd_ey��f_^b� b� pbgdZ� \� hj]ZgZo� b� ldZgyo� ju[� \� km[Zjdlbq_kdbo� \h^h-
_fZo //�<hijhku�bolbheh]bb��������L�����������K�����±����

D_jg_j�nhg�FZjbeZmg�:��@bagv�jZkl_gbc��L� ���KI[��Lh\Zjbs_-
kl\h�©Ijhk\_s_gb_ª������������k�

Dbk_e_\�B��:��F_lh^u�bkke_^h\Zgby�ieZgdlhgZ //�@bagv�ij_kguo
\h^��L��,9��F��E���Ba^�\h�:G�KKKJ��������K������

DblZ_\� K��I�� Wdheh]bq_kdb_� hkgh\u� [bhijh^mdlb\ghklb� ha_j

jZaguo�ijbjh^guo�ahg��F���GZmdZ������������k�

DblZ_\�K��I��BolbhfZkkZ�b�ju[hijh^mdpby�fZeuo�b�kj_^gbo�ha_j

b�kihkh[u�bo�hij_^_e_gby��KI[���GZmdZ������������k�

Dh\Zevqmd� :� B�� =b^jh]_heh]bq_kdb_� b� ]b^jh]_hobfbq_kdb_
ij_^ihkuedb� h[jZah\Zgby� dhglbg_glZevguo� dZj[hgZlh\� gZ� MjZe_ //
Ha_jgu_� dZj[hgZlu�G_q_jgha_fghc� ahgu�KKKJ��F_`\ma�� k[�� gZmqguo

ljm^h\��I_jfv��I_jfkdbc�ihebl_ogbq_kdbc�bgklblml��������K����±���

Dhe_kgbdh\�;� I��E_khjZklbl_evgu_�mkeh\by�b�e_khohayckl\_ggh_
jZchgbjh\Zgb_� Q_ey[bgkdhc� h[eZklb� ��� Lj�� Bg�lZ� [bheh]bb� MN:G

KKKJ��������<ui������K���±���

DhemiZ_\�;� B��GhjfZevgu_�b�iZlheh]bq_kdb_�baf_g_gby�m�]b^h-
[bhglh\ //�;bhe��gZmdb�������������K����±���

DhjZ[e_\�=� =��=_hobfbq_kdZy� hp_gdZ� wdheh]bq_kdh]h� khklhygby
l_jjblhjbb�]hjh^Z�FbZkkZ�b�_]h�hdj_klghkl_c //�Wdheh]bq_kdb_�bkke_^h-
\Zgby�\�Bevf_gkdhf�aZih\_^gbd_��FbZkk��B=A��������K�����±����

Dhjgbeh\�X� ;��� <_j_l_ggbdh\Z� L� X��FZj]Zgp_\u_� dhgdj_pbb

ha��;hevrh_�FbZkkh\h��X`guc�MjZe�����Fbg_jZeh]by�MjZeZ��FZl_jbZeu

III � j_]bhgZevgh]h� kh\_sZgby�� L�� I�� FbZkk�� BFbg� MjH� J:G�� �����
K�����±����

Dhjh[_cgbdh\�X� B��@m`_ebpu�Bevf_gkdh]h�aZih\_^gbdZ�b�bo�k_�
ahggZy� ^bgZfbdZ� Zdlb\ghklb //�Kljmdlmjgh�nmgdpbhgZevgu_� k\yab   
\� [bh]_hp_ghaZo� X`gh]h� MjZeZ�� K\_j^eh\kd�� MGP� :G� KKKJ�� �����

K����±���

Dhjrbdh\�H� :��IL^deZk�ijhlhdhdh\L (Protococcineae) // <bagZq-
gbd�ijikgh\h^gbo�\h^hjhkl_c�MdjZigkvdhi JKJ��L��9��Db_\��Ba^�\h�:G

MJKJ������������k�

DhkbgkdZy� ?��D�� Dhgtx]Zlu� beb� kp_ieygdb�� >_kfb^b_\u_

\h^hjhkeb� ��� NehjZ� kihjh\uo� jZkl_gbc�� L����� <ui����� E��� Ba^�\h� :G

KKKJ������������k�
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DjZkgZy�dgb]Z�KKKJ��J_^db_�b�gZoh^ysb_ky�ih^�m]jhahc�bkq_a-
gh\_gby�\b^u�`b\hlguo�b�jZkl_gbc���L������F���E_kgZy�ijhfure_gghklv�

�����������k�

Djb\_gdh� <� =�� <h^hieZ\Zxsb_� ilbpu� b� bo� hojZgZ��F��� :]jh-
ijhfba^Zl������������k�

Djxqdh\Z�G� F��KljmdlmjZ� khh[s_kl\� ahhieZgdlhgZ� \� \h^h_fZo

jZagh]h� lbiZ //�Ijh^mdpbhggh�]b^jh[bheh]bq_kdb_� bkke_^h\Zgby� \h^-
guo�wdhkbkl_f��E���GZmdZ��������K�����±����

Dmag_ph\Z�F� :��Kljmdlmjgu_�i_j_kljhcdb�\�ahhieZgdlhgghf�kh-
h[s_kl\_� w\ljhnbjh\Zgguo� \h^h_fh\� k� ihabpbc� ij_^klZ\e_gbc� h� kmd-
p_kkbb //�Wdheh]by�������������K����±���

DmeZ]bg�X� A��Lbiu�[hehlguo�e_kh\�Bevf_gkdh]h�aZih\_^gbdZ�b
bo�^bgZfbdZ // Lj��Bg�lZ�[bheh]bb��������<ui������K����±���

Dmi_jfZg� ;� B�� IZjZablu� ju[� dZd� [bhbg^bdZlhju� aZ]jyag_gby
\h^h_fh\ //�IZjZablheh]by��������L�����������K�����±����

Dmj^bg�<� I��=jmglu�;_eh]h�ha_jZ����Ljm^u�bg�lZ�[bheh]bb�\h^h-
ojZgbebs�:G�KKKJ��������<ui���������K�����±����

Dmlbdh\Z�E� :��Dheh\jZldb�nZmgu�KKKJ��E���GZmdZ������������k�
EZ]mgh\� :� <�� NZmgZ� \h^guo� ihem`_kldhdjueuo� (Hemiptera)

Bevf_gkdh]h� ]hkm^Zjkl\_ggh]h� aZih\_^gbdZ� ��� <h^gu_� b� hdheh\h^gu_

wdhkbkl_fu�Bevf_gkdh]h�aZih\_^gbdZ�� �?dZl_jbg[mj]��MjH�J:G�������� �K�

21– 24.
EZ]mgh\�:� <��<b^h\h_�[h]Zlkl\h�wglhfhnZmgu�Q_ey[bgkdhc�h[-

eZklb����Ijh[e_fu�wdheh]bb�b�wdheh]bq_kdh]h�h[jZah\Zgby�Q_ey[bgkdhc

h[eZklb���Q_ey[bgkd���������K����±���

EZ]mgh\�:� <���Gh\h`_gh\�X� B��NZmgZ�`_kldhdjueuo�Bevf_g-
kdh]h�aZih\_^gbdZ���FbZkk��B=A�������������k�

EZ]mgh\� :� <��� Khdheh\� =� B�� ;b[ebh]jZnbq_kdbc� mdZaZl_ev� ih
gZk_dhfuf�Q_ey[bgkdhc�h[eZklb������±�����]]����K\_j^eh\kd��MjH�J:G�

����������k�

EZg^rZnlguc�nZdlhj�\�nhjfbjh\Zgbb�]b^jheh]bb�ha_j�X`gh]h

MjZeZ��E���GZmdZ������������k�

EZibg�B� :���DjZkxdh\Z�<� G���?^b]Zjh\Z�B� :��JZkl\hj_ggh_�hj-
]Zgbq_kdh_�\_s_kl\h�dZd�nZdlhj�mklhcqb\hklb�ij_kgh\h^guo�wdhkbkl_f

d�aZ]yag_gbx�ly`_eufb�f_lZeeZfb // Dhfie_dkguc�]eh[Zevguc�fhgblh-
jbg]� khklhygby� [bhkn_ju�� L_a�� ^hde�� III �F_`^�� kbfihabmfZ��F��� �����

K�����±����

E_lhibkv� ijbjh^u� Bevf_gkdh]h� ]hkm^Zjkl\_ggh]h� aZih\_^gbdZ

aZ������]��:job\�B=A��hi�����^�������������������k�

E_lhibkv� ijbjh^u� Bevf_gkdh]h� ]hkm^Zjkl\_ggh]h� aZih\_^gbdZ

aZ������]��:job\�B=A��hi�����^�������������������k�

E_lhibkv� ijbjh^u� Bevf_gkdh]h� ]hkm^Zjkl\_ggh]h� aZih\_^gbdZ

aZ������]��:job\�B=A��hi�����^�������������������k�

E_lhibkv� ijbjh^u� Bevf_gkdh]h� ]hkm^Zjkl\_ggh]h� aZih\_^gbdZ

aZ������]��:job\�B=A��hi�����^�������������������k�

E_lhibkv� ijbjh^u� Bevf_gkdh]h� ]hkm^Zjkl\_ggh]h� aZih\_^gbdZ

aZ������]��:job\�B=A��hi�����^�������������������k�
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E_lhibkv� ijbjh^u� Bevf_gkdh]h� ]hkm^Zjkl\_ggh]h� aZih\_^gbdZ

aZ� ����� ]�� :job\� Bevf_gkdh]h� ]hkm^Zjkl\_ggh]h� aZih\_^gbdZ�� hi�� ��

^�������������������k�

E_lhibkv� ijbjh^u� Bevf_gkdh]h� ]hkm^Zjkl\_ggh]h� aZih\_^gbdZ

aZ������]��:job\�B=A��hi�����^�������������������k�

E_lhibkv� ijbjh^u� Bevf_gkdh]h� ]hkm^Zjkl\_ggh]h� aZih\_^gbdZ

aZ������]��:job\�B=A��hi�����^�������������������k�

E_lhibkv� ijbjh^u� Bevf_gkdh]h� ]hkm^Zjkl\_ggh]h� aZih\_^gbdZ

aZ������]��:job\�B=A��hi�����^�������������������k�

E_lhibkv� ijbjh^u� Bevf_gkdh]h� ]hkm^Zjkl\_ggh]h� aZih\_^gbdZ

aZ������]��:job\�Bevf_gkdh]h�]hkm^Zjkl\_ggh]h�aZih\_^gbdZ��hi���������^�

�����������������k�

E_lhibkv� ijbjh^u� Bevf_gkdh]h� ]hkm^Zjkl\_ggh]h� aZih\_^gbdZ

aZ� ����� ]�� :job\� Bevf_gkdh]h� ]hkm^Zjkl\_ggh]h� aZih\_^gbdZ�� hi�� ��

^�������������������k�

E_lhibkv� ijbjh^u� Bevf_gkdh]h� ]hkm^Zjkl\_ggh]h� aZih\_^gbdZ

aZ� ����� ]�� :job\� Bevf_gkdh]h� ]hkm^Zjkl\_ggh]h� aZih\_^gbdZ�� hi�� ��

^�������������������k�

Ebggbd�I� G���GZ[b\Zg_p�;� B��Nhjfu�fb]jZpbb�f_lZeeh\�\�ij_-
kguo�ih\_joghklguo�\h^Zo��E���=b^jhf_l_hba^Zl�������������k�

Ebggbd�I��G���BkdjZ�B��<��DZ^fbc� \� ih\_joghklguo� \h^Zo�� kh-
^_j`Zgb_��nhjfu�gZoh`^_gby��lhdkbq_kdh_�^_ckl\b_ //�=b^jh[bhe��`mj-
gZe��������L������������K����±���

EmdZr_\�D� B��=_hobfbq_kdh_�ih\_^_gb_� we_f_glh\� \� ]bi_j]_g-
ghf�pbde_�fb]jZpbc��Fbgkd��GZmdZ�b�l_ogbdZ�������������k�

Eukxd�=� G��Jhev� [bh]_ggh]h�nZdlhjZ� \� h[jZah\Zgbb� hd_Zgbq_-
kdbo�`_e_ah�fZj]Zgp_\uo�dhgdj_pbc  ���Fbg_jZeh]by�b�`bagv��[bhfbg_-
jZevgh_�\aZbfh^_ckl\b_��Kudlu\dZj��=_hijbgl��������K�����

FZdZjp_\Z� ?��K�� Hp_gdZ� h[s_c� klZ[bevghklb� ahhieZgdlhggh]h

khh[s_kl\Z� b� _]h� hl^_evguo� ihdZaZl_e_c� ijb� Zgljhih]_gghf� _\ljhnb�

jh\Zgbb�\h^h_fh\ //�=b^jh[bhe��`mjgZe��������L�����������K����±���

FZdZjp_\Z ?� K���EZ\j_glv_\�I� Y��Ijh^mdpby�f_ah��b�fbdjhahh-
ieZgdlhgZ //�LjZgknhjfZpby� hj]Zgbq_kdh]h� b� [bh]_ggh]h� \_s_kl\� ijb
Zgljhih]_gghf�w\ljhnbjh\Zgbb�ha_j��E���GZmdZ��������K�����±����

FZdh\kdbc�<� B��JZklbl_evghklv�b�kljZlb]jZnby�lhjnyghc� aZe_-
`b� [hehl� \� hdj_klghklyo� ha_j� ;hevrh_�FbZkkh\h�� ;hevrhc� b�FZeuc

LZldmev� �Bevf_gkdbc� aZih\_^gbd� //� ;bhp_gheh]bq_kdb_� bkke_^h\Zgby
gZ�X`ghf�MjZe_��K\_j^eh\kd��Ba^�\h�MGP�:G�KKKJ��������K���±���

FZdjhnblu�bg^bdZlhju� baf_g_gbc� ijbjh^ghc� kj_^u�� Db_\�

1993. 413�k�
FZdjmrbg�:�<��;bheh]bq_kdbc�ZgZeba�dZq_kl\Z�\h^��;b[ebh]jZ-

nbq_kdbc�mdZaZl_ev��Kibkhd�hj]Zgbafh\�bg^bdZlhjh\� aZ]jyag_gby� ���E�:
ABG�:G�KKKJ�����������k�

FZdmgbgZ�:�:��EZg^rZnlu�MjZeZ��F���GZmdZ������������k�

FZgmceh\Z� ?�N�� <_l\bklhmku_� jZqdb� �&ODGRFHUD�� nZmgu� KKKJ�

F��E���GZmdZ������������k�
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FZjlbg�J��;bhwg_j]_lbq_kdZy�obfby�lhdkbqguo�bhgh\�f_lZeeh\�

F���Fbj���������K����±���

FZjlugh\� :�<�� Trichoptera� Kb[bjb� b� ijbe_`Zsbo� f_klghkl_c�
QZklv�,,�����?`_]h^gbd�Ahheh]bq_kdh]h�fma_y�:dZ^_fbb�gZmd���������L�����

\ui������K�����±����

FZjlugh\�:� <��D�ihagZgbx�nZmgu�Trichoptera�MjZeZ�\�ij_^_eZo
Mnbfkdhc� b�Hj_g[mj]kdhc� ]m[_jgbc� ���Ljm^u� Jmkkdh]h� wglhfheh]bq_-
kdh]h�h[s_kl\Z�\�I_ljh]jZ^_��������L�����������K���±���

FZkeh\�<� I��<h^hjhkeb�b�dZj[hgZlhh[jZah\Zgb_����Ba\_klby�:G
KKKJ��K_j��]_he�������������K����±���

F_l_e_\�<� <���DZgZ_\�:� G���>aZkhoh\Z�G� =��<h^gZy� lhdkbdheh-
]by��F���Dhehk�������������k�

F_lh^bdZ� bamq_gby� [bh]_hp_ghah\� \gmlj_ggbo� \h^h_fh\�� F�:
GZmdZ������������k�

F_lh^bq_kdb_� j_dhf_g^Zpbb� ih� k[hjm� b� h[jZ[hld_� fZl_jbZeh\

]b^jh[bheh]bq_kdbo� bkke_^h\Zgbc� gZ� ij_kgh\h^guo� \h^h_fZo�� Ahh-
ieZgdlhg�b�_]h�ijh^mdpby��E���=hkGBHJO�����������k�

F_lh^bq_kdb_� j_dhf_g^Zpbb� ih� k[hjm� b� h[jZ[hld_� fZl_jbZeh\

ijb� ]b^jh[bheh]bq_kdbo� bkkke_^h\Zgbyo� gZ� ij_kgh\h^guo� \h^h_fZo�

NblhieZgdlhg�b�_]h�ijh^mdpby��E�: =hkGBHJO�����������k�
F_lh^u�hij_^_e_gby�f_lZeeh\�\�jZkl_gbyo��F���<BFK������������k�

Fbjhgh\�;� :��=b^jheh]bq_kdb_�hkh[_gghklb�e_kh\�Bevf_gkdh]h
aZih\_^gbdZ����Lj��Bg�lZ�[bheh]bb�MN:G�KKKJ��������<ui������K����±���

Fbjhgh\� ;� :��FbdjhdebfZlbq_kdb_� hkh[_gghklb� ]hjguo� e_kh\
Bevf_gkdh]h� aZih\_^gbdZ� ���>hde��<lhjhc� gZmqgh�l_ogbq�� dhgn��fheh-
^uo�ki_pbZebklh\�e_kgh]h�ijhba\h^kl\Z�MjZeZ�ih�blh]Zf�jZ[hl� �����]�

K\_j^eh\kd��������K����±���

Fbjhgh\�;� :��H�\h^hhojZggh�aZsblghf�agZq_gbb�]hjguo�e_kh\
Bevf_gkdh]h� ]hkm^Zjkl\_ggh]h� aZih\_^gbdZ� ��� Lj�� Bg�lZ� [bheh]bb

MN:G�KKKJ������Z��<ui������K����±����

Fbjhgh\�;� :��H�kf_g_�khkgydh\�gZ�[_j_agydb�\�]b^jheh]bq_kdbo
mkeh\byo�\� ]hjguo�e_kZo�X`gh]h�MjZeZ�� ���Lj��Bg�lZ�[bheh]bb�MN:G

KKKJ������[��<ui������K����±���

Fbjhgh\� ;� :�� =b^jheh]bq_kdZy� jhev� e_kh\� Bevf_gkdh]h� aZih-
\_^gbdZ����Lj��Bevf_gkdh]h�aZih\_^gbdZ��������<ui��O��K����±���

Fbjhgh\�;� :��Ihklmie_gb_�b�jZaeh`_gb_�hiZ^Z�\�khkgydZo�b�[_-
j_agydZo� \� aZ\bkbfhklb� hl� ]b^jhl_jfbq_kdh]h� j_`bfZ� ihq\� ��� Lj�

BWJb@�MN:G�KKKJ��������<ui�������K���±���

Fbjhgh\�;� :��G_dhlhju_� \hijhku� kljmdlmjgh�nmgdpbhgZevghc
hj]ZgbaZpbb�b�mklhcqb\hklb�e_kguo�[bh]_hp_ghah\�X`gh]h�MjZeZ����Lj�

BWJb@�MN:G�KKKJ��������<ui�������K����±���

Fbjhgh\� ;� :��Bamq_gb_� ]b^jheh]bq_kdhc� jheb� e_kh\� ijb� dhf-
ie_dkguo� [bh]_hp_gheh]bq_kdbo� bkke_^h\Zgbyo� gZ� X`ghf� MjZe_� ��

Wdheh]h]_h]jZnbq_kdb_� b� ]_g_lbq_kdb_� ijbgpbiu� bamq_gby� e_kh\�

K\_j^eh\kd��MGP�:G�KKKJ��������K�����±����
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Fbjhgh\� ;� :�� :gljhih]_ggu_� baf_g_gby� ]b^jheh]bq_kdbo

nmgdpbc� ]hjguo� e_kh\�MjZeZ� ���Wdheh]bq_kdb_� hkgh\u� jZpbhgZevgh]h

bkihevah\Zgby� b� \hkijhba\h^kl\Z� e_kh\� MjZeZ�� K\_j^eh\kd�� MjH� :G

KKKJ������Z��K����±���

Fbjhgh\�;� :��Hkh[_gghklb�kljmdlmjgh�nmgdpbhgZevghc�hj]Zgb-
aZpbb�e_kguo�[bh]_hp_ghah\�X`gh]h�MjZeZ����H[sb_�ijh[e_fu�[bh]_h-
p_gheh]bb��L_a��^hde��II �<k_khxagh]h�kh\_sZgby���F�������[��K����±���

FheqZgh\Z� B� <��� DZjZ\Z_\Z� ?� G�� JZkij_^_e_gb_� 906U� b� 137&V� \

fhoh\h�lhjnygbkluo� hleh`_gbyo� \_joh\h]h� [hehlZ //� Wdheh]by�� �����
�����K���±���

Fw]ZjjZg� W�� Wdheh]bq_kdh_� jZaghh[jZab_� b� _]h� baf_j_gb_��F�

Fbj������������k�

GZkucjh\� J��:��G_dhlhju_� ]_fZlheh]bq_kdb_� ihdZaZl_eb� hdmgy

ha��;��FbZkkh\h�Bevf_gkdh]h� aZih\_^gbdZ // Ijh[e_fu�hojZgu�ijbjh^-
guo�j_kmjkh\�X`gh]h�MjZeZ���Q_ey[bgkd��������K�����

GbdZghjh\�:� F���@meb^h\�:� <��;bhfhgblhjbg]�f_lZeeh\�\�ij_-
kgh\h^guo�wdhkbkl_fZo��E���=b^jhf_l_hba^Zl������������k�

GbdZghjh\�:� F���@meb^h\�:� <���IhdZj`_\kdbc�:� >��;bhfhgb-
lhjbg]�ly`_euo�f_lZeeh\�\�ij_kgh\h^guo�wdhkbkl_fZo��E���=b^jhf_l_h-
ba^Zl������������k�

Gbdhevkdbc�=��<��Wdheh]by�ju[��F���GZmdZ������������k�

Gh\hk_eh\� :� <�� M]jhau� wdheh]bq_kdhc� [_ahiZkghklb� Q_ey[bg-
kdhc�h[eZklb�b�^_yl_evghklv�hj]Zgh\�mijZ\e_gby //�Ijh[e_fu� wdheh]bb
X`gh]h�MjZeZ��Q_ey[bgkd��XMj=M���������K����±���

H^mf�X��Wdheh]by��L�����F���Fukev������������k�

Hdkbxd�H� I���@mdbgkdbc�<� G���;jZ]bgkdbc�E� I���Ebggbd�I� G��
Dmavf_gdh�F� B���De_gmk�<� =��Dhfie_dkgZy�wdheh]bq_kdZy�deZkkbnbdZ-
pby�dZq_kl\Z�ih\_joghklguo�\h^�kmrb //�=b^jh[bhe��`mjgZe��������L� 29,
�����K����±���

Hij_^_ebl_ev�ij_kgh\h^guo�[_kiha\hghqguo�?\jhi_ckdhc�qZklb

KKKJ��E���GZmdZ������������k�

Hij_^_ebl_ev�ij_kgh\h^guo�[_kiha\hghqguo�Jhkkbb��KI[���Ba^�

\h�ABG�J:G������������k�

Hij_^_ebl_ev�ij_kgh\h^guo�\h^hjhke_c�KKKJ�\����lhfZo� ��Ih^

j_^�� F��F��=hee_j[ZoZ�� LL�� �±��� �±��� ���� ���� E��� Ba^�\h� :G� KKKJ�

1951–1986.
Hkbih\� K��D�� Hlq_l� ih� ]b^jh[bheh]bq_kdhfm� bamq_gbx� ha_j

Bevf_gkdh]h� aZih\_^gbdZ��:job\�Bevf_gkdh]h� ]hkm^Zjkl\_ggh]h� aZih�

\_^gbdZ��hi�����^�������������������k�

Hkgh\u� iZe_hglheh]bb�� <h^hjhkeb�� fhohh[jZagu_�� ikbehnblh-
\u_�� ieZmgh\b^gu_�� qe_gbklhkl_[_evgu_�� iZihjhlgbdb�� F��� Ba^�� :G

KKKJ������������k�

Hlq_l�bevf_gh]hjkdh]h�]_heh]hkt_fhqgh]h�hljy^Z�h�j_amevlZlZo

]_heh]bq_kdh]h�^hbamq_gby�fZkrlZ[Z� �������� �Bevf_gh]hjkdhc�iehsZ-
^b�� ������ I=H� «MjZe]_heh]byª�� Q=JW��Xj_pdbc� <��G��� I_ljh\� <��B��

Dmag_ph\�=��I���E_\bg�<��Y���Img_]h\�;��G��b�^j�
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Hlq_l�bevf_gh]hjkdh]h�]_heh]hkt_fhqgh]h�hljy^Z�h�j_amevlZlZo

]_heh]bq_kdh]h� bamq_gby� kj_^g_c� qZklb� Bevf_gh]hjkdh]h� dhfie_dkZ

fZkrlZ[Z��:50000��������I=H «MjZe]_heh]byª��Q=JW��B=A��E_\bg�<��Y��
I_ljh\�<��B���Dmag_ph\�=��I���Fmjdbg�<��=��b�^j�

IZiq_gdh\�<��=��H�deZkkbnbdZpbb�fZdjhnblh\� \h^h_fh\�b� \h^-
ghc�jZklbl_evghklb����Wdheh]by���������������K���±���

I_jfydh\� ;��G�� Dbk_]Zqkdbc� ]jZgblguc� fZkkb\�� FbZkk:� B=A�
����������k�

I_k_gdh�X��:��Ijbgpbiu�b�f_lh^u� dhebq_kl\_ggh]h� ZgZebaZ� \

nZmgbklbq_kdbo�bkke_^h\Zgbyo���F���GZmdZ������������k�

I_ljh\Z�B��:��<ukrZy�\h^gZy�jZklbl_evghklv�b�__�ijh^mdpby� ��

Wdheh]h�ijh^mdpbhggu_�hkh[_gghklb�ha_j�jZaebqguo�eZg^rZnlh\�X`-
gh]h�MjZeZ��E���GZmdZ��������K����±����

Ib^]Zcdh�F��E��AhhieZgdlhp_ghau�\h^h_fh\�jZaebqguo�ihq\_g-
gh�debfZlbq_kdbo�ahg //�Ba\��=hkGBHJO��������L�������K���±���.

Iehlgbdh\�<��<�� =_g_abk� fZeuo� ha_j�Bevf_gkdh]h� aZih\_^gbdZ

�ij_^e_khkl_igh_� AZmjZev_� //�;bh]_hp_gheh]bq_kdb_� bkke_^h\Zgby� gZ
X`ghf�MjZe_���K\_j^eh\kd��MGP�:GKKKJ��������K����±���

Ih^e_kguc� :�� <�� D� oZjZdl_jbklbd_� ha_j� :j]Zyrkdh]h� dZglhgZ� b

ju[gh]h�ohayckl\Z�gZ�gbo����Ohayckl\h�;Zrdbjbb�����������±���K�����±����

Ih^e_kguc�:��<��Ha_jZ�Kj_^g_]h�b�X`gh]h�AZmjZevy����FZl_jbZ-
eu� � ebfgheh]bq_kdhc� oZjZdl_jbklbdb�� ;ZrdbjkdZy� � wdki_^bpby� :G

KKKJ������±������:job\�MjZe<GBBHJO�������

Ih^e_kguc�:��<��:ddebfZlbaZpby� ju[� gZ�MjZe_� b� __� j_amevlZ-
lu //�Lj��MjZe<GBBHJO��������L�����K����±����

Ih^e_kguc�:��<���LjhbpdZy�<��B��Bevf_gkdb_�ha_jZ�b�bo�ju[hoh-
ayckl\_ggZy�hp_gdZ //�Lj��MjZe<GBBHJO��������L� ���K�����±����

Ihih\� :��G��� Rmlh\Z� B��<�� ;bheh]by� ju[� ha�� F�� FbZkkh\h� ��

Mq��aZi��I_jfkdh]h�mg�lZ��������L�����\ui�����K����±����

JZafZrdbg�>��:��H� ebqbgdZo� lj_fZlh^�� iZjZablbjmxsbo� m� ju[

\h^h_fh\�H[v�Bjlurkdh]h�[Zkk_cgZ����;he_agb�b�iZjZablu�ju[�E_^h\b-
lhfhjkdhc�ijh\bgpbb��\�ij_^_eZo�KKKJ���K\_j^eh\kd��������K����±����

Jh]habg�:� =��D�wdheh]bb�ij_kgh\h^guo�lmj[_eeyjbc��Ihbkd�f_-
lh^h\� \u^_e_gby� kbgwdheh]bq_kdbo� ]jmii� ��� Ahhe��`mjgZe�� ������L�� ���

<ui�����K���±���

Jh]habg�:��=��Dheh\jZldb� �Rotifera) Q_ey[bgkdhc� h[eZklb�� �Fb-
Zkk��B=A������������k�

Jh]habg�:��=��KjZ\gbl_evgZy�kZijh[bheh]bq_kdZy�oZjZdl_jbklbdZ

ha_j�Lmj]hyd�b�;hevrh_�FbZkkh\h //�Ba\��Q_ey[bgkdh]h�GZmqgh]h�P_g-
ljZ��������<ui�����K����±���

Jh]habg�:��=��Hkh[_gghklb� kljmdlmjghc� hj]ZgbaZpbb� ahhieZgd-
lhggh]h� khh[s_kl\Z� \� ha_jZo� jZagh]h� ljhnbq_kdh]h� klZlmkZ�� <b^h\u_

ihimeypbb //�Wdheh]by������������

Jh]habg�:��=���S_lbgbgZ�H��<��DZ^Zklj�dheh\jZlhd�Bevf_gkhdh]h

aZih\_^gbdZ //�NZmgZ� b� nehjZ� Bevf_gkdh]h� aZih\_^gbdZ�� K\_j^eh\kd�
MjH�:G�KKKJ��������K����±���
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Jh]habg�:��=���S_lbgbgZ�H��<��D�fhjnhf_ljbq_kdhc�oZjZdl_jb-
klbd_�qm^kdh]h�kb]Z�ba�ha��;��FbZkkh\h����Ahheh]bq_kdb_�bkke_^h\Zgby�\

Bevf_gkdhf�aZih\_^gbd_�b�_]h�hdj_klghklyo���FbZkk��������K����±���

Jhkkhebfh�E��E���N_^hjh\Z�?��B��Heb]hljhnby�ha_j�X`gh]h�MjZ�

eZ����:gljhih]_gguc�nZdlhj�\�jZa\blbb�ha_j��F���GZmdZ��������K���±���

Jueh\�<��F��D� k\_^_gbyf�h�ieZgdlhg_�AZmjZevkdbo�ha_j��:job\

=hkGBHJO�������

KZ\_gdh� <��K�� H� ijhp_kkZo� nhjfbjh\Zgby� `_e_ah�fZj]Zgp_\uo

dhgdj_pbc� �nbabdh�obfbq_kdbc� ZgZeba�� ��� =_hobfby�� ������ �� ��

K������±�����

KZfhceh\Z�G��F��G_dhlhju_�j_amevlZlu�ZddebfZlbaZpbb�hg^Zlju

\� Bevf_gkdhf� aZih\_^gbd_� ���Ijh[e_fu� jZpbhgZevgh]h� \_^_gby� hohl-
gbqv_]h� ohayckl\Z� gZ�X`ghf� MjZe_�� ij_ijbgl�� K\_j^eh\kd�� MjH� :G

KKKJ��������K����±���

KZijhi_eb�b�bo�e_q_[gh_�ijbf_g_gb_���Ih^�j_^��HjZgkdh]h�B��?��

N_^hjh\Z�:��:��Q_ey[bgkd��Q_ey[bgkdbc�^hf�i_qZlb������������k�

KZml�J���Mbllbd�:��Hkgh\u�Zev]heh]bb��F���Fbj������������k�

KZnhgh\Z�L��:��:ev]heh]by��Gh\hkb[bjkd��GZmdZ��������K����±���

K_f_glh\kdbc�<��G��Ha_jZ�b�j_db�Bevf_gkdh]h�oj_[lZ� ���Mq��aZi�

DZaZgkdh]h�mg�lZ��������Dg������K����±���

K_f_glh\kdbc� <��G�� Bkke_^h\Zgb_� ]hjguo� ha_j� MjZeZ� e_lhf

�����]h^Z�//�Ba\_klby�Jmkkdh]h�=_h]jZnbq_kdh]h�H[s_kl\Z� L��XI. 1914.
K_f_glh\kdbc�<��G��=hjgu_� ha_jZ�MjZeZ //�Ba\��Bfi_jZlhjkdh]h

]_h]j��h�\Z��������L������\ui���±����K�����±����

K_fbg�<��:���Nj_cg^ebg]�:��<���FZdjhnblu�b�bo�f_klh�\�kbkl_f_

wdheh]bq_kdh]h� fhgblhjbg]Z� ��� GZmqgu_� hkgh\u� [bhfhgblhjbg]Z� ij_-
kgh\h^guo�wdhkbkl_f����Ljm^u�kh\_lkdh-njZgpmakdh]h�kbfihabmfZ��:kl-
jZoZgv���±���k_gly[jy������]���E���=b^jhf_l_hba^Zl�������]��K����±����

K_j_gvdZy�?��I��Obfbq_kdbc� khklZ\� \h^u�Dbk_]Zq�FbZkkh\kdhc

ha_jghc�kbkl_fu�\�abfgbc�i_jbh^����<h^gu_�b�hdheh\h^gu_ wdhkbkl_fu
Bevf_gkdh]h�aZih\_^gbdZ��?dZl_jbg[mj]��MjH�J:G��������K����±���

Kb]h\�:��I���Rm[�<��K��=_hfhjnheh]bq_kdh_�jZchgbjh\Zgb_�MjZ�

eZ� ��� FZl_jbZeu� ih� ]_hfhjnheh]bb� b� gh\_cr_c� l_dlhgbd_� MjZeZ� b

Ih\he`vy��K[�����MnZ��������K����±���

KdZ[bq_\kdbc� :��I�� IeZgdlhggu_� ^bZlhfh\u_� \h^hjhkeb

ij_kguo�\h^�KKKJ��F���Ba^��F=M������������k�

Kfbjgh\�G��G�� &K\GRULGDH�nZmgu�fbjZ��NZmgZ�KKKJ�� gh\�� k_j��

�������JZdhh[jZagu_��l�����\ui������E���GZmdZ�������������k�

Kfbjgh\�<��I���Dhjlbdh\Z�G��F��D�\hijhkm�h�iZlh]bklheh]bq_kdhf

bamq_gbb�ju[�\�\h^ghc�lhdkbdheh]bb��I_ljhaZ\h^kd���������K����±���

Kgblvdh�E��<��H�gZdhie_gbb�ly`_euo�f_lZeeh\�^hfbgbjmxsbfb

\b^Zfb�jZklbl_evghklb //�Ba\��QGP�MjH�J:G��k_j��;bheh]by�����������.
K. 1–10.

KijZ\hqgbd� ih� \h^guf� j_kmjkZf�KKKJ // MjZe� b�X`gh_�Ijb-
mjZev_��L��;,,��Q��,��0��������
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Km^Zjbdh\�<��?���Rb]bg�:��:��D�f_lh^bd_� jZ[hlu� k�f_lZp_jdZ-
jbyfb�lj_fZlh^�hljy^Z� Strigeidida��Ljm^u�]_evfbglheh]bq_kdhc�eZ[hjZ-
lhjbb�:G�KKKJ�������L�������K�����±����

LZmkhg�H��:�� =b^jh[bheh]by�Bevf_gkdbo� ha_j� b� bo� ju[hohayc�

kl\_ggZy� hp_gdZ�� :job\� Bevf_gkdh]h� ]hkm^Zjkl\_ggh]h� aZih\_^gbdZ�

hi�����^������������������k�

L_hj_lbq_kdb_�\hijhku�deZkkbnbdZpbb�ha_j���KI[���GZmdZ�������

����k�

LdZq_\� <��:�� Bamq_gb_� ihimeypbb� Ergasilus sieboldi gZ
ha��;��FbZkkh\h����<h^gu_�wdhkbkl_fu�MjZeZ��bo�hojZgZ�b�jZpbhgZevgh_

bkihevah\Zgb_��K\_j^eh\kd��MjH�:g�KKKJ������Z��K�����±����

LdZq_\�<��:��D� \uykg_gbx� iZjZablheh]bq_kdhc� kblmZpbb� ju[� \

\h^h_fZo�Bevf_gkdh]h�aZih\_^gbdZ� ���=_evfbglheh]by�k_]h^gy��ijh[e_-
fu�b�i_jki_dlb\u��L�����F�������[��K������

LhiZq_\kvdbc� H��<��� HdkLxd� H��I�� >iZlhfh\i \h^hjhkli – Bacil-
ODULRSK\WD� �'LDWRPHDH�� ��� <bagZqgbd� ijikgh\h^gbo� \h^hjhkl_c

MdjZigkvdhi JKJ��L��XI. �Db_\��Ba^��\h��:G�MJKJ������������k�
Mbevyfk�>��F_lZeeu�`bagb��I_j��k�Zg]e��F���Fbj������������k�

Mgbnbpbjh\Zggu_�f_lh^u�hij_^_e_gby�dZq_kl\Z�\h^� ���F���Ba^�

\h�KW<��������K���±���

Mrdh\� E��K�� Ijhfukeh\Zy� nZmgZ� Bevf_gkdh]h� aZih\_^gbdZ� ��

Ljm^u�Bevf_gkdh]h�aZih\_^gbdZ��������\ui�������q�����K����±����

Mrdh\�E��K��A\_jb�b�ilbpu�Bevf_gkdh]h�aZih\_^gbdZ��?dZl_jbg-
[mj]��GZmdZ������������k�

N_^hjh\� D��I�� H� [bhp_ghlbq_kdhc� p_ehklghklb� khh[s_kl\

iZjZablh\� b� ohay_\� ��� Kb[bjkdbc� wdheh]bq_kdbc� `mjgZe�� ������ �� ��

K�����±����

N_jrlZl_j�=��;���;hjh^bgZ�G��K���JZiihjl�F��K���Hkbih\Z�L��:��

Kfbjgh\�<��G���E_\bg�<��Y��Hjh]_gguc�]jZgblhb^guc�fZ]fZlbaf�MjZeZ�

FbZkk��B=A������������k�

Nbeh\�<��:��G_hj]Zgbq_kdb_�kh_^bg_gby�we_f_glh\ V–VII �]jmii
���<j_^gu_�obfbq_kdb_�\_s_kl\Z��E�:�Obfby��������K�����±����

Nbevjha_� ?��F�� Lbiu� e_kZ� Bevf_gkdh]h� ]hkm^Zjkl\_ggh]h

aZih\_^gbdZ�b�bo�^bgZfbdZ� ���Lj��ih�e_kghfm�ohayckl\m�Kb[bjb�� �����

<ui�����K�����±����

Nbevjha_� ?��F�� Ko_fZ� ]_g_lbq_kdhc� deZkkbnbdZpbb� lbih\� e_kZ

lZc]b� \hklhqgh]h� fZdjhkdehgZ� X`gh]h� MjZeZ� b� k_\_jghc� e_khkl_ib

\hklhqgh�mjZevkdh]h�i_g_ie_gZ����Lj��BWJb@�MN:G�KKKJ��K\_j^eh\kd�

�������K�����±����

Nhjr�E��N���<Zj_gph\�E��G��L_jfbq_kdbc�j_`bf�b�l_ieh\hc�[Z-
eZgk // EZg^rZnlguc�nZdlhj�\�nhjfbjh\Zgbb�]b^jheh]bb�ha_j�X`gh]h

MjZeZ��E���GZmdZ��������K�����±����

OZjblhgh\�:��X��JZkijhkljZg_gb_� klj_dha�gZ� l_jjblhjbb�Q_ey-
[bgkdhc� h[eZklb� ��� GZmqgh�djZ_\_^q_kdZy� dhgn_j_gpby� Q_ey[bgkdh]h

hl^_e_gby�=_h]jZnbq_kdh]h�h[s_kl\Z�KKKJ��L_a��^hde��Q_ey[bgkd�������

K����±���
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OZjblhgh\�:��X��Klj_dhau�Bevf_gkdh]h�aZih\_^gbdZ����<hijhku

ahheh]bb��Q_ey[bgkd��Q=IB��������<ui�����K����±���

OZjblhgh\�:��X��NZmgZ�klj_dha� �Insecta, Odonata��MjZeZ�b�<hk-
lhqgh]h�IjbmjZevy����GZmqgu_�ljm^u�;bheh]bq_kdh]h�bgklblmlZ�KH�:G

KKKJ��Gh\hkb[bjkd��������<ui������K�����±����

OZjblhgh\�:��X��@bag_ggu_�pbdeu�g_dhlhjuo� \b^h\� klj_dha� \

\hklhqghf�IjbmjZev_� ���Ba\��KH�:G�KKKJ��k_jby�[bheh]bq_kdbo�gZmd�

Gh\hkb[bjkd��������<ui����������K����±���

OZjblhgh\�:��X��Ahh]_h]jZnbq_kdh_�jZchgbjh\Zgb_�<hklhqgh]h

IjbmjZevy� gZ� hkgh\Zgbb� jZkijhkljZg_gby� klj_dha� �Insecta, Odonata) //
GZmqgu_�ljm^u�;bheh]bq_kdh]h�bgklblmlZ�KH�:G�KKKJ���Gh\hkb[bjkd�

������<ui������K����±���

OZjblhgh\�:� �X��Rbjhlgu_� baf_g_gby�n_gheh]bb� klj_dha� �In-
secta, Odonata)�AZmjZevy�b�DZaZoklZgZ����Wdheh]by����������������K����±���

OZjblhgh\�:��X��Klj_dhau�Bevf_gkdh]h�aZih\_^gbdZ����E_lhibkv

ijbjh^u�Bevf_gkdh]h� ]hkm^Zjkl\_ggh]h� aZih\_^gbdZ� aZ� ����� ]��:job\

B=A��hi�����^�������������������k�

OZjblhgh\�:��X��MjZe�b�IjbmjZev_����NZmgZ�b�wdheh]by�klj_dha�

Gh\hkb[bjkd��GZmdZ���������K����±���

Obljh\� F��E��� OhebgZ� X��;�� Nhjfu� gZoh`^_gby� fZj]ZgpZ� \

hd_Zgbq_kdhc�\h^_� ���Hq_jdb�kh\j_f��]_hobfbb�b�ZgZeblbq_kdhc�obfbb�

F���GZmdZ��������K�����±����

Ovxa� F�� G_hj]Zgbq_kdZy� obfby� [bheh]bq_kdbo� ijhp_kkh\�

F���Fbj������������k�

OwkeZf�K��F��FZdjhnblu�b�dZq_kl\h�\h^hlhdZ����GZmqgu_�hkgh\u

dZq_kl\Z� ih\_joghklguo� \h^� ih� ]b^jh[bheh]bq_kdbf� ihdZaZl_eyf�� E��

������K�����±����

QZsbgZ�H��?��Gh\u_� \b^u� `_kldhdjueuo� ��� E_lhibkv� ijbjh^u

Bevf_gkdh]h� ]hkm^Zjkl\_ggh]h� aZih\_^gbdZ� aZ� ����� ]h^�� :job\� B=A�

hi�����^�������������������k�

Q_j_iZgh\� K� D�� Khkm^bklu_� jZkl_gby� � KKKJª�� E��� Ba^�\h� :G
KKKJ������������k�

Qbke_gdh�E� E��Ghfh]jZffu�^ey�hij_^_e_gby�\_kZ�\h^guo�hj]Z-
gbafh\�ih�jZaf_jZf�b�nhjf_�l_eZ�E���GZmdZ������������k�

RZihj_\�B� :���DhdZjh\p_\�<� D��<uy\e_ggu_�b�ihl_gpbZevgu_
j_kmjku�dZj[hgZlghc�]Z`b�G_q_jgha_fvy�b�khij_^_evguo�l_jjblhjbc //
Ha_jgu_� dZj[hgZlu�G_q_jgha_fghc� ahgu�KKKJ��F_`\ma�� k[�� gZmqguo

ljm^h\��I_jfv��I_jfkdbc�ihebl_ogbq_kdbc�bgklblml��������K���±���

Rb]bg�:� :��D� bamq_gbx�`bag_ggh]h� pbdeZ�Diplostomum mergi
(Trematoda Diplostomidae) ±� gh\h]h� \ha[m^bl_ey� ^biehklhfhah\� ju[� ��
Lj��=_evfbglheh]bq_kdhc�eZ[hjZlhjbb�:G�KKKJ��������L������K����±���

Reyigbdh\�>� K���>_fqmd�B� =���Hdmg_\�I� <��Fbg_jZevgu_�dhf-
ihg_glu�^hgguo�hleh`_gbc�ha_j�MjZeZ��K\_j^eh\kd��Ba^�\h�MjZevkdh]h

mg�lZ����������� k�
W^_evrl_cg�Y��K��Hkgh\u�]_hfhjnheh]bb��F���G_^jZ������������k�

Wdheh]by�ha_jZ�Lmj]hyd��FbZkk��B=A������������k�
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Wdheh]h�ijh^mdpbhggu_� hkh[_gghklb� ha_j� jZaebqguo� eZg^rZn-
lh\�X`gh]h�MjZeZ��E���GZmdZ��������212 c.

Wdhkbkl_fu�\�djblbq_kdbo�khklhygbyo��F���GZmdZ������������k�

Xj_pdbc�<� G�� =_hobfbq_kdZy� dZjlZ�Bevf_gkdh]h� aZih\_^gbdZ�
F��������

Ydh\e_\Z�E� <���K_j]__\Z�E� <��Obfbq_kdbc�khklZ\�ha_jguo�hleh-
`_gbc����EZg^rZnlguc�nZdlhj�\�nhjfbjh\Zgbb�]b^jheh]bb�ha_j�X`gh-
]h�MjZeZ��E���GZmdZ��������K����±���
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Ijbeh`_gb_��

:gghlbjh\Zgguc�kibkhd�ieZgdlhgguo�\h^hjhke_c

ha_jZ�;hevrh_�FbZkkh\h

Kbghgbfby� ^ZgZ� ih� ©Hij_^_ebl_ex� ij_kgh\h^guo� \h^h-
jhke_c�KKKJª�ih^�j_^��F� F� =hee_j[ZoZ;�oehjhdhddh\u_�\h^h-
jhkeb��Chlorophyta, Chlorococcales) ^Zgu�ih�©<bagZqgbdm�ijikgh�
\h^gbo� \h^hjhkl_c�MdjZigkvdhi JKJª �Dhjrbdh\�� �����; ^_kfb-
^b_\u_� �Desmidiales, Closteriaceae) ^Zgu� ih� ©Nehj_� kihjh\uo
jZkl_gbcª�?��D��Dhkbgkdhc;�hl^_evgu_�\b^u�ahehlbkluo��Chryso-
phyta)� ±� \� khhl\_lkl\bb� k� ©Die Binnengewasserª� <d. 16 (Huber-
Pestalozzi, 1941).

Dhff_glZjbc�d�\b^m�^Zg�\�ke_^mxs_f�ihjy^d_:
– Z\lhj�b�^ZlZ�i_j\hc�gZoh^db�\�ha� ;� FbZkkh\h��gZa\Zgb_

ha_jZ� g_� mdZaZgh�� beb ^jm]bo� ha_jZo�Bevf_gkdh]h� aZih\_^gbdZ�
bf_xsbo� k�gbf�ihklhyggmx�beb� \j_f_ggmx� k\yav�ihkj_^kl\hf

ijhlhd��j_d��jmqv_\��[hehlguo�mjhqbs�

– kkuedZ� gZ� jZ[hlm� Z\lhjZ� i_j\hc� gZoh^db� b� kbghgbfby
�_keb� \� ^Zgghc� jZ[hl_� hgZ� hlebqZ_lky� hl� kh\j_f_gghc��

dhebq_kl\_ggu_� oZjZdl_jbklbdb� ih� ^Zgguf� i_j\h]h� Z\lhjZ

�_keb�bf_xlky��

– kh[kl\_ggu_�^Zggu_�ih�wlhfm�\b^m�
– wdheh]bq_kdb_�k\hckl\Z�b�]_h]jZnbq_kdh_�jZkijhkljZg_-

gb_.
Hp_gdZ� h[beby� \b^h\� \� pblbjm_fhc�jZ[hl_� LZmkhg�H��:�

(1940) ^ZgZ� ih� rdZe_�R_nn_jZ� b� Jh[bgkhgZ:� fZkkh\uc� \b^� ±
\klj_qZ_fhklv�\�ijh[Zo���±�������fgh]h�±���±������ihjy^hqgh�±

5–30 %,�fZeh�±��±� %, _^bgbqgh <1 %.

C Y A N O P H Y T A ±�kbg_a_e_gu_ \h^hjhkeb
DeZkk�Chroococcophyceae
Ihjy^hd�Chroococcales
K_f_ckl\R Holopediaceae

1. Holopedia geminata Lagerh. Kgblvdh� E��<��� �����]��� aZeb\
Gyr_\kdZy� dmjvy�� _^bgkl\_ggZy� dhehgby� \� fZckdhc� ijh[_�

Lbibqguc� \b^� klhyqbo� \h^�� hlf_q_g� ^ey�?\jhi_ckdhc� qZklb

Jhkkbb�b�X`gh]hMjZeZ�
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K_f_ckl\R FLFURF\VWLGDFHDH

2. FLFURF\VWLV�DHUXJLQRVD�Kutz emend Elenk. LZmkhg�H��:��������].
�fZeh�±�fgh]h����Ih�Zd\Zlhjbb�\������]��\klj_qZ_fhklv����� %,
\� fZehf� dhebq_kl\_�� H[uqguc� \b^�� qZklh� \uau\Zxsbc

©p\_l_gb_ª�\h^u�

FLFURF\VWLV�DHUXJLQRVD�f. viridis (A. Br.) Elenk. (= M. viridis (A. Br.)
/HPP���;hg^Zj_gdh�G��<��������]���Ih�Zd\Zlhjbb�\������]��_^b-
gbqgufb�dhehgbyfb��NhjfZ�viridis�\klj_qZ_lky�f_klZfb�\�?\-
jhi_ckdhc�qZklb�Jhkkbb�

3. FLFURF\VWLV� SXOYHUHD� (Wood) Forti emend Elenk. (= F�� SXOYHUHD
�:RRG��0LJ��LZmkhg�H��:��������]���ha��F��FbZkkh\h��fZeh���Ih

Zd\Zlhjbb� \� ����� ]�� \klj_qZ_fhklv� ������� H[uqguc� \b^

ieZgdlhgZ�klhyqbo�\h^��h[jZklZgbc�b�\�ihq\_�

4.� FLFURF\VWLV� ILUPD� �%UHE�� HW� /HQRUP��� 6FKPLGOH�� Kgblvdh

E��<�������� ]��� ]eZ\guc� ie_k�� Abfgbd� MdZaZg� LZgZ_\hc� =��<�
^ey� Q_ey[bgkdhc� h[e�� Ih� Zd\Zlhjbb� ����� ]�� \klj_qZ_fhklv

dhehgbc��������Lbibqguc�\b^�klhyqbo�\h^��\klj_qZ_lky�j_^dh

\�?\jhi_ckdhc�qZklb�Jhkkbb�b�K_\_jghf�DZ\dZa_�

5. Aphanothece clathrata W. et G.S.West. LZmkhg� H��:��� ����� ]��
F��FbZkkh\h��fZeh��_^bgbqgh���;��b�F��Dbk_]Zq��fZeh���<������]�

hlf_q_gZ� _^bgbqgh�� \klj_qZ_fhklv� ±� ���� ��� IeZgdlhgguc

ha_jguc� \b^�� \klj_qZ_lky�f_klZfb� \� _\jhi_ckdhc� qZklb�Jhk-
kbb��Kb[bjb��Kj_^g_c�:abb�

K_f_ckl\R�Gloeocapsaceae
6. Gloeocapsa limnetica (Lemm.) Hollerb. ( �KKURRFRFFXV�OLPQHWLFXV

Lemm.� LZmkhg� H��:��� �����]��� \� ha��;��b� F��FbZkkh\h�

;��b� F��Dbk_]Zq�� _^bgbqgh� b� fZeh�� <� ����� ]�� gZc^_g� gZ

klZgpbb� ©DhjZ[ebdª� _^bgbqgu_� dhehgbb�� Lbibqguc� ieZgd-
lhgguc�\b^��\klj_qZ_lky�ih\k_f_klgh�

K_f_ckl\R�Coelosphaeriaceae
7. Coelosphaerium kuetzingianum 1DJ�� LZmkhg� H��:��� �����]�� 

gZc^_g� \� ha�� F��Dbk_]Zq� �fZeh��� Bevf_gkdhf� �fZeh��

JZkijhkljZg_gguc�\������]��ih�Zd\Zlhjbb�\b^��\klj_qZ_fhklv

17.4����JZkijhkljZg_ggZy�ieZgdlhggZy�\h^hjhkev�

8. Coelosphaerium dubium Grun. LZmkhg� H��:��� �����]���� F�� b

;��FbZkkh\h� �ihjy^hqgh��� Ih� Zd\Zlhjbb� \� ����� ]��� \� fZeuo

dhebq_kl\Zo��\klj_qZ_fhklv��������Rbjhdh�jZkijhkljZg_gguc

\b^�aZ]jyag_gguo�\h^h_fh\��]Zehnbe�
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K_f_ckl\R�Gomphosphaeriaceae
9. Gomphosphaeria lacustris &KRG��Kgblvdh�E��<��������]., klZgpby

©DhjZ[ebdª� _^bgbqgu_� dhehgbb�� \klj_qZ_fhklv� ��� %.
Lbibqguc�ieZgdlhgguc�\b^�klhyqbo�\h^.

10. Snowella rosea (Snow) Elenk. LZgZ_\Z� =��<��� AZoZjh\� K��=��
1995�]�� �mklgh_�khh[s_gb_��hlf_lbeb�fZkkh\h_�jZa\blb_�\b^Z
\� ha�� ;��FbZkkh\h��Ih� \k_c� Zd\Zlhjbb� �����]�� h[uqguc� \b^�

bgh]^Z� \� agZqbl_evguo� dhebq_kl\Zo�� \klj_qZ_fhklv� ���� %.
IeZgdlhgguc� ha_jguc� \b^�� \_jhylgh�rbjhdh� jZkijhkljZg_g�

gh�kf_rb\Zeky�k�Coelosphaerium kuetzingianum.

DeZkk�+RUPRJRQLRSK\FHDH

Ihjy^hd�Nostocales
K_f_ckl\R�Anabaenaceae

11. Anabaena flos-aquae (Lyngb.) Breb.� LZmkhg�H��:��� �����]� \h
\k_o� ha_jZo� aZih\_^gbdZ� �hq_gv� fgh]h� ±� ihjy^hqgh��� Ih

Zd\Zlhjbb� \� �����]�� \klj_qZ_fhklv� ������� H^bg� ba� kZfuo

jZkijhkljZg_gguo� _\jhi_ckdbo� \b^h\�� \uau\Zxsbo� ©p\_l_�

gb_ª�\h^u��bg^bnn_j_gl�

Anabaena flos-aquae f. gracilis (Kleb.) Elenk. Kgblvdh�E��<��
1999�]�� nhjfZ� \b^Z� jZa\b\rZyky� \� ����� ]�� \� fZkkh\uo
dhebq_kl\Zo�ih�\k_c�Zd\Zlhjbb�b�\ua\Z\rZy�©p\_l_gb_ª�\h^u

ha_jZ�� <oh^be� \� ^hfbgbjmxsbc� dhfie_dk� \� �����]�

IeZgdlhgguc�\b^�klhyqbo�\h^�b�j_d��\klj_qZ_lky�\�jZaebqguo

jZchgZo�[u\r_]h�KKKJ�

12. Anabaena hassalii (Kutz.) Wittr. ;hg^Zj_gdh� G��<��� �����]�
fZkkh\uc� \b^�� <� ����� ]�� \klj_qZ_fhklv� dhehgbc� ��� %.
Rbjhdh�jZkijhkljZg_gguc�ieZgdlhgguc�\b^�

13. Anabaena spiroides Kleb.� LZmkhg� H��:��� �����]�� fZeh_

dhebq_kl\h�� Ih� Zd\Zlhjbb� \� ����� ]�� ihiZ^Zebkv� _^bgbqgu_

dhehgbb�� \klj_qZ_fhklv� ��� %. Rbjhdh� jZkijhkljZg_gguc

\b^�

14. Anabaena lemmermannii P. Richt Kgblvdh�E��<��� �����]�,�hlf_-
q_gh fZkkh\h_� jZa\blb_� \� dmjv_� Ebih\hc�� \klj_qZ_fhklv
0.9���� H^bg� ba� gZb[he__� rbjhdh� jZkijhkljZg_gguo� \b^h\

klhyqbo�\h^��qZklh�\uau\Zxsbc�©p\_l_gb_ª�\h^u�

K_f_ckl\R�Aphanizomenonaceae
15. Aphanizomenon flos-aquae �/��� 5DOI�� LZmkhg� H��:��� �����]�� \

;��Dbk_]Zq_��fZeh��b�;��Brdme_��g_fgh]h���<������]��\klj_q_gZ

_^bgbqgZy� dhehgby� \� dmjv_� Abfgbd�� � Ih\k_f_klguc� \b^�

\uau\Zxsbc�©p\_l_gb_ª�\h^u�
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K_f_ckl\R�Rivulariaceae
16. Gloeotrichia echinulata (J. S. Smith) P.�5LFKW��;hg^Zj_gdh�G��<��

1936�]��� LZmkhg� H� :�, 1937 ]��� \� _^bgbqghf� dhebq_kl\_�
<������]��hlf_q_gh�fZkkh\h_�jZa\blb_�ih�\k_c�Zd\Zlhjbb�\�klZ-
^bb Pseudorivularia V. Poljansk.� <klj_qZ_fhklv� �������� <b^

\oh^be� \� ^hfbgbjmxsbc� dhfie_dk� ?^bgkl\_gguc� lbibqgh
ieZgdlhgguc�\b^�jh^Z��\� klhyqbo�\h^Zo�qZklh�h[mkeZ\eb\Z_l

©p\_l_gb_ª�\h^u��rbjhdh�jZkijhkljZg_g�\�KKKJ�

Ihjy^hd�Oscillatoriales
K_f_ckl\h�Oscillatoriaceae

17. Oscillatoria sp. <b^� H� sp.� <klj_q_g� LZmkhg�H��:�� 1937�]�� \
_^bgbqghf� dhebq_kl\_�� LZgZ_\hc�=��<�� b� AZoZjh\uf� K� �=�� \
1995�]��O.  limosa hlf_q_gZ \�agZqbl_evghf�dhebq_kl\_��<������]�
\klj_q_gu�_^bgbqgu_�ljbohfu�ih�Zd\Zlhjbb�

C H L O R O P H Y T A – a_e_gu_ \h^hjhkeb
DeZkk�Chlorococcophyceae
Ihjy^hd�Chroococcales (Protococcales)
K_f_ckl\h�Chlorococcaceae

18. Desmatractum indutum Pasch. (Geitl.) Kgblvdh�E��<��� ����� ]��
\klj_q_g� _^bgbqguc� wda_fieyj� \� dmjv_� Abfgbd� [eba� mklvy

\iZ^Zxs_]h�jmqvy��j_^dbc�_\jhi_ckdbc�ieZgdlhgguc�\b^�

K_f_ckl\h�Hydrodictyaceae
19. Pediastrum duplex Meyen. LZmkhg� H��:��� �����]�� _^bgbqgh�

<klj_qZ_fhklv�������\����� ]��Rbjhdh�jZkijhkljZg_g�

20. Pediastrum boryanum (Turp) Menegh. LZmkhg�H��:��� �����]�
�fZeh���<klj_qZ_fhklv�\������]��±��������_^bgbqgufb�dhehgby�

fb��Rbjhdh�jZkijhkljZg_g�

21. Pediastrum simplex Meyen. (= P. clathratum Lemm, ;hg^Zj_g-
dh�G��<��� �����]�� LZmkhg�H��:�� �����]��� _^bgbqgh�� <� �����]�
\klj_q_gZ�_^bgbqgZy�dhehgby�gZ�klZgpbb�©DhjZ[ebdª��Ih\k_-
f_klguc�\b^��Rbjhdh�jZkijhkljZg_g�

K_f_ckl\h�Oocystaceae
22. KKORUHOOD� VS�� <b^u� jh^Z� qZklh� \� fZeuo� dhebq_kl\Zo

\klj_qZebkv� \� ijh[Zo� ����� %). DeZkkbnbdZpby� \b^h\� jh^Z
aZljm^g_gZ�ba�aZ�hlkmlkl\by�hij_^_ebl_ey�ih�jh^m�Chlorella.

23. Tetraedron incus (Teiling) G.M. Smith (= T. regulare var. incus
Teiling., T. regulare var. torsum Turn.)� LZmkhg� H��:��� �����]� 
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<b^� T. regulare Kutz hlf_q_g� \� ha��DZjfZldmev� �fZeh��

jZaebqgu_�\b^u�jh^Z�\klj_q_gu�LZmkhg�H��:��\�^jm]bo�ha_jZo

aZih\_^gbdZ��<������]��\b^�\klj_q_g�_^bgkl\_gguc�jZa�\�dmjv_

Abfgbd�

24. Oocystis solitaria :LWWURRN�� LZmkhg�H��:��� �����]�� mdZaZg� ^ey
ha�� F��Dbk_]Zq� �fZeh��� <klj_qZ_fhklv� \� ha��;��FbZkkh\h� \

1999 ]� – 7.3���� _^bgbqgh�� H^bg� ba� gZb[he__� rbjhdh

jZkijhkljZg_gguo�\b^h\�jh^Z�

25. Oocystis lacustris Chod. LZmkhg� H��:��� �����]��� mdZaZg� ^ey
ha��F��Dbk_]Zq� �fZeh���<klj_qZ_fhklv� ������\� �����]��\�dmjv_

Abfgbd��Rbjhdh�jZkijhkljZg_gguc�\b^�

K_f_ckl\h�Protococcaceae
26. Coenococcus planctonicus .RUVFKLN�� Kgblvdh�E��<��� �����]�

QZklh� \klj_qZxsbcky� �������� ijh[�� \� e_lg_f� ieZgdlhg_� \

fZeuo�dhebq_kl\Zo��JZkijhkljZg_gguc�_\jhi_ckdbc�\b^�

27. Coenochloris ovalis .RUVFKLN��Kgblvdh�E��<��������]��<klj_qZ_�
fhklv� ��� %� ih� \k_c� Zd\Zlhjbb��Rbjhdh� jZkijhkljZg_gguc

\b^�

K_f_ckl\h�Dictyosphaeriaceae
28. Dictyosphaerium pulchellum Wood. LZmkhg� H��:��� �����]�

hlf_q_g�\�ha��F��Dbk_]Zq��fZeh���<������]��_^bgbqgh�\klj_q_g

\� dmjv_� Abfgbd�� <b^�� rbjhdh� jZkijhkljZg_gguc� \b^� \

\h^h_fZo�jZaebqgh]h�ljhnbq_kdh]h�klZlmkZ�

29. Dictyosphaerium ehrenbergianum 1DHJ�� LZmkhg�H��:��� �����]��

hlf_q_g�\�ha��;��Dbk_]Zq� �fZeh���\� �����]��_^bgbqgh�\klj_q_g

\�dmjv_�Abfgbd��Rbjhdh�jZkijhkljZg_gguc�\b^�

K_f_ckl\h�Botryococcaceae
30. Botryosphaera sudetica (Lemm.) Chod. (= Botryococcus sudeticus

Lemm.) Kgblvdh�E��<�� 1999�]���_^bgkl\_ggZy�gZoh^dZ�dhehgbb
gZ�klZgpbb�©DhjZ[ebdª�\�k_gly[jvkdhc�ijh[_��QZklh�\klj_qZ�

_lky�\�heb]hljhnguo�b�^bkljhnguo�\h^h_fZo�

K_f_ckl\h�Coelastraceae
31. Coelastrum cubicum Naeg (= C. naegelii Rabenh, C. cubicum var.

salinarum Hansg., C. cornutum /HPP��� <b^u� jh^Z� hlf_q_gu
;hg^Zj_gdh� G��<�� 1936�]��� LZmkhg� H��:��� �����]�� \h� fgh]bo
ha_jZo�aZih\_^gbdZ��<������]��\klj_q_gZ�h^gZ�dhehgby�\�dmjv_

Abfgbd�

32. Coelastrum microporum Naeg ( � K�� UREXVWXP� Hantzsch,
C. sphaericum var. compactum Moeb., C. inditum Turn) ;hg^Z�
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j_gdh�G��<��������]���hlf_q_g�^ey�ha��F��Dbk_]Zq��LZmkhg�H��:��

����� ]��� mdZaZg� \� ha��Brdmev�� <� �����]�� \klj_qZeky

_^bgbqgufb� dhehgbyfb� \� Gyr_\kdhc� dmjv_� b� p_gljZevghf

ie_k_��Rbjhdh� jZkijhkljZg_gguc� \b^� \h^h_fh\� jZaebqgh]h

lbiZ�

K_f_ckl\h�Scenedesmaceae
33. Scenedesmus quadricauda (Turp) Breb. ;hg^Zj_gdh�G��<��

1936�]�� hlf_q_g� \� ha�� F��FbZkkh\h�� LZmkhg� H��:�� �����]�

h[gZjm`_g� \� ha��;��b� F��Dbk_]Zq� �fZeh��� F��FbZkkh\h

�_^bgbqgh���<� �����]�� \klj_qZ_fhklv� \b^Z� ±� ������� _^bgbqgh

ih� Zd\Zlhjbb�� Rbjhdh� jZkijhkljZg_gguc� \b^� \h^h_fh\

jZaebqgh]h�lbiZ�

34. Didymocystis planctonica Korschik. Kgblvdh�E��<��� ����� ]���ih
\k_c�Zd\Zlhjbb��\klj_qZ_fhklv��������IeZgdlhgguc�\b^�\h^h-
_fh\�jZaebqgh]h�lbiZ�

DeZkk 8ORWULFKRSK\FHDH�±�mehljbdkh\u_�\h^hjhkeb
Ihjy^hd Ulotrichales
K_f_ckl\h�Ulotrichaceae

35. Elakatothrix genevensis �5HYHUG���+LQG��YjmrbgZ�F��B���Kgblv�

dh�E��<�� 1999�]��� hlf_q_g� h^bg� jZa� \� abfg_c� ijh[_�� klZgpby
©DhjZ[ebdª��<b^�ijhlhqguo�b� klhyqbo� \h^h_fh\�jZaebqgh]h

ljhnbq_kdh]h�klZlmkZ�b�[hehl�

36. ?ODNDWRWKUL[�JHODWLQRVD�Wille.�LZmkhg�H��:�� 1937�]�� hlf_q_g�\
ha��F��Dbk_]Zq��fZeh���<������]��dhehgby�\klj_q_gZ�h^gZ`^u�\

dmjv_� Abfgbd��IeZgdlhgguc� \b^�� g_j_^dh� \klj_qZxsbcky� \

jZaebqguo�jZchgZo�

DeZkk�&RQMXJDWRSK\FHDH

Ihjy^hd��Desmidiales��±^_kfb^b_\u_�\h^hjhkeb
�K_f_ckl\h�Desmidiacea

37. Staurastrum subgracillimum 5DOI��Kgblvdh�E��<�� 1999�]���\klj_�
qZ_fhklv��������IeZgdlhgguc�\b^�

38. Staurastrum gracile Ralf var. gracile. ;hg^Zj_gdh�G��<��������]�
LZmkhg� H��:��� �����]��� _^bgbqgh�� JZkijhkljZg_gguc� \� ha_j_

\b^��\klj_qZ_fhklv����������\�k_gly[jvkdbo�ijh[Zo�ihiZ^Zeky

\� agZqbl_evguo� dhebq_kl\Zo�� H^bg� ba� gZb[he__� rbjhdh

jZkijhkljZg_gguo� \b^h\� ^_kfb^b_\uo�� ieZgdlhgguc� \b^

\h^h_fh\�jZaebqgh]h�ljhnbq_kdh]h�klZlmkZ�b�[hehl�

39. Cosmarium sp. LZmkhg� H��:�� 1937�]��� \klj_qZeky� _^bgbqgh�
?^bgbqgh�hlf_q_g����� ]��\�RlZgghc�dmjv_�
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K_f_ckl\h�Closteriaceae
40. Closterium aciculare 7XIIHQ� :HVW�� ;hg^Zj_gdh�G��<�� 1936�]�

hlf_q_g� \� ha�� Bevf_gkdh_�� :j]Zyr��� C. sp.� LZmkhg� H��:��
1937�]� hlf_q_g \�F��FbZkkh\h��<������]��\klj_q_g�_^bgbqgh�\

Gyr_\kdhc� dmjv_�� IeZgdlhgguc� \b^� \h^h_fh\� jZaebqgh]h

ljhnbq_kdh]h� mjh\gy� b� knZ]gh\uo� [hehl�� _\jhi_ckdh]h� jZk-
ijhkljZg_gby��lZd`_�\�:\kljZebb�b�X`ghc�:f_jbd_�

41. Closterium inaequale Ehrenb. Kgblvdh�E��<�������� ]��<klj_q_g
_^bgbqgh�\�dmjv_�Abfgbd��?\jhi_ckdbc�\b^�klhyqbo�\h^h_fh\

jZagh]h�ljhnbq_kdh]h�klZlmkZ�b�[hehl�

DeZkk�9hOYRFLRSK\FHDH  – \hev\hdkh\u_ \h^hjhkeb
Ihjy^hd�Chlamydomonadales
K_f_ckl\h�Phacotaceae

42. Phacotus lenticularis (KUHQ��LZgZ_\Z�=��<���AZoZjh\�K��=��������]�
mdZaZg� ij_h[eZ^Zxsbf� ba� a_e_guo� \h^hjhke_c�� <klj_qZ_�

fhklv�\������]��������\�fZeuo�dhebq_kl\Zo��JZkijhkljZg_gguc

\b^�\h^h_fh\�jZaebqgh]h�ljhnbq_kdh]h�klZlmkZ�

K_f_ckl\h�Polytomaceae
43. Polytoma sp. ;_kp\_lgu_� ^\mo`]mlbdh\u_� h^ghde_lhqgu_

fZehbamq_ggh]h� jh^Z� kh� keZ[h� jZajZ[hlZgghc� kbkl_fZlbdhc

g_j_^dh�\klj_qZebkv�\�fZeuo�dhebq_kl\Zo�ih�\k_c�Zd\Zlhjbb

ha_jZ������]���fh]eb�[ulv�^bZ]ghklbjh\Zgu�jZg__�dZd�Chlamy-
domonas.

Ihjy^hd�Volvocales
K_f_ckl\h�Volvocaceae

44. Pandorina morum (Mull) Bory. LZmkhg�H��:��� �����]��mdZaZgZ
^ey� ha��F��Dbk_]Zq� �fZeh���<klj_q_gZ� \� ���� ]�� _^bgkl\_ggZy
dhehgby� \� dmjv_� Abfgbd��Rbjhdh� jZkijhkljZg_gguc� ieZgd-
lhgguc�\b^�jZaebqguo�\h^h_fh\�

45. Eudorina elegans Ehr. ;hg^Zj_gdh G��<�, 1936 ]���LZmkhg�H��:�,
1937 ]�� �fZeh�� _^bgbqgh��� <klj_qZ_fhklv� \� ����� ]�� ±� ��� %.
Rbjhdh�jZkijhkljZg_gguc�ieZgdlhgguc�\b^�

C H R Y S O P H Y T A – ahehlbklu_ \h^hjhkeb
DeZkk�KKU\VRSK\FHDH

Ihjy^hd�Chrysomonadales
K_f_ckl\h�Ochromonadaceae

46. Uroglenopsis americana Lemm.� ;hg^Zj_gdh�G��<�������� ]��� \
ha��F��FbZkkh\h� hlf_q_g� \b^� Uroglena volvox (Uroglenopsis
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Lemm.= Uroglena Skuja)��<� �����]�� \b^� hlf_q_g� \� fZkkh\hf
dhebq_kl\_�LZgZ_\hc�=��<��b� AZoZjh\uf�K��=� (E_lhibkv�ijb�
jh^u����� ������� <� �����]�� dhehgbb� hlf_q_gu� ^\Z`^u� \� dmjv_

Ijhoh^ghc�b�Abfgbd��<b^�\h^h_fh\�jZaebqgh]h�ljhnbq_kdh]h

klZlmkZ��[hehl�b�ijb[j_`guo�aZjhke_c��Rbjhdh�jZkijhkljZg_g�

K_f_ckl\h�Synuraceae
47. Mallomonas caudata� ,ZDQ�� LZmkhg� H��:�� 1937�]��� mdZaZg� ^ey

ha��F��Dbk_]Zq��fZeh���<������]��\klj_qZ_fhklv��������ih�\k_c

Zd\Zlhjbb��\�k_gly[jvkdbo�ijh[Zo�±�\�agZqbl_evguo�dhebq_kl�

\Zo�� <b^� \h^h_fh\� jZagh]h� ljhnbq_kdh]h� klZlmkZ�� Rbjhdh

jZkijhkljZg_g�

48. Mallomonas acaroides Perty. Kgblvdh�E��<�� 1999�]��� \klj_qZ_�
fhklv� ������� Rbjhdh� jZkijhkljZg_gguc� \b^� \h^h_fh\

jZaebqgh]h�ljhnbq_kdh]h�klZlmkZ�

K_f_ckl\h�Dinobryonaceae
49. Dinobryon sociale Ehr. Kgblvdh�E��<��� �����]��� \klj_q_gZ�h^gZ

dhehgby�\�dmjv_�Abfgbd��IeZgdlhgguc�\b^�ha_j�b�[hehl�

 Dinobryon sociale var. americanum Binnengewasser – nhjfZ
\b^Z��^bZ]ghklbjm_fZy�gZfb�\�khhl\_lkl\bb�k «Die Binnenge-
wasser»�%DQG�;9,��+XEHU�3HVWDOR]]L����7HLO��?\jhi_ckdZy�nhjfZ
\b^Z� �kf�� jbk�� ����� <� ����±����� ]]�� bf_ggh� wlZ� nhjfZ� \b^Z

[ueZ� ^hfbgZglhf� nblhieZgdlhgguo� khh[s_kl\� \� bxg_

�\klj_qZ_fhklv� ����� ���� Ij_h[eZ^Zxsbc� \b^� ����±��� ]]�

�LZmkhg��������;hg^Zj_gdh���������Dinobryon stipitatum Stein =
D. bavaricum Imh. (Hij_^_ebl_ev�«������±���]���g_�\klj_lbeky

\� ijh[Zo�� Ih� ^bZ]gham� \b^Z� D. sociale var. stipitatum (stem)
Lemm��\�Hij_^_ebl_e_�ih^�j_^��=hee_j[ZoZ�F��F�������±���]]��

b�kbghgbfbb�fh`gh�k^_eZlv�\u\h^��qlh�D. sociale var. ameri-
canum,�hlf_qZ_fuc�gZfb��hij_^_eyeky�jZg__�dZd�D. stipitatum
(Stein) – ij_h[eZ^Zxsbc�ih�H��:��LZmkhg� ��������Lh�_klv�kf_gu
^hfbgZglZ�nblhieZgdlhgguo�khh[s_kl\�aZ����e_l�g_�ijhbahreh�

50. Dinobryon divergens Imh. ;hg^Zj_gdh� G�<��� ����� ]��� LZmkhg
H��:��� �����]��� \� dhebq_kl\_� ©hq_gv� fgh]hª� hlf_q_g� \

ha��F��Dbk_]Zq��\�ha��;��Dbk_]Zq� ±� ©ihjy^hqghª��H^bg�ba�ij_�

h[eZ^Zxsbo� \b^h\� gZ� ijhly`_gbb� \k_]h� e_lZ�� JZkijhkljZ�

g_gguc�ieZgdlhgguc�\b^�\h^h_fh\�jZaebqgh]h�ljhnbq_kdh]h

mjh\gy�b�[hehl�

Dinobryon divergens var. angulatum (Sel.) Brunnth. LZmkhg
H��:��������]���g_fgh]h���<������]��\klj_qZ_fhklv��������Ih\k_�

f_klgh�jZkijhkljZg_ggZy�ieZgdlhggZy�nhjfZ�
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51. Dinobryon cylindricum Imh var. palustre /HPP��LZgZ_\Z�=��<��
AZoZjh\�K��=��� �����]��� \b^� hlf_q_g� \� [hevrbo� dhebq_kl\Zo�

<������]��±�_^bgbqgu_�dhehgbb�\�dmjv_�Abfgbd��Ih\k_f_klgh

jZkijhkljZg_gguc� ieZgdlhgguc� \b^� \h^h_fh\� jZaebqgh]h

ljhnbq_kdh]h�klZlmkZ��[hehl.
52. Dinobryon sertularia Ehr. LZmkhg�H��:�, �����]���\b^�hlf_q_g�\

dhebq_kl\_�©ihjy^hqghª��<������]��\klj_qZ_fhklv�\b^Z���� ��\

dmjv_�Ebih\hc��IeZgdlhgguc� \b^� \h^h_fh\� jZaebqgh]h� ljh-
nbq_kdh]h�mjh\gy�b�[hehl��W\jbl_jfguc�dhkfhihebl��d�kheyf

f_g__�qm\kl\bl_e_g��q_f�^jm]b_�\b^u�

B A C I L L A R I O P H Y T A – ̂bZlhfh\u_ \h^hjhkeb
DeZkk��KHQWURSK\FHDH

Ihjy^hd��Discoidales
K_f_ckl\h��Melosiraceae

53. Melosira islandica O. Mull subsp. helvetica O. Mull (=Melosira
granulata subsp. helvetica O. Mull) LZmkhg� H��:��� ����� ]�,
;hg^Zj_gdh�G��<��� ����� ]�� hlf_q_gZ� \� ha_j_� dZd�M. granulata
(KUEU���_^bgbqgh��fZeh���<������]��±�^hfbgbjmxsbc�\�k_gly[-
j_� ih� \k_c� Zd\Zlhjbb� \b^�� \klj_qZ_fhklv� ���� �� LbibqgZy

ieZgdlhggZy�nhjfZ j_ebdlh\h]h�\b^Z��rbjhdh�jZkijhkljZg_ggZy
b� jZa\b\ZxsZyky� \� fZkk_� \� w\ljhnguo� ha_jZo�� g_j_^dh� b� \

heb]hljhnguo�

54. Melosira ambigua (Grun.) O. Mull (= M. italica f. ambigua Grun).
LZmkhg� H��:�, 1937 ].,� mdZaZgZ ^ey� ha_jZ� ;�� FbZkkh\h� dZd
M. italica .XW]� �_^bgbqgh�� fZeh�. <� �����]�� \klj_qZ_fhklv
12.8����\f_kl_�k�ij_^u^msbf�\b^hf��\�k_gly[jvkdbo�ijh[Zo�

Dhkfhiheblguc� \b^�� jZkijhkljZg_gguc� ij_bfms_kl\_ggh

\�_\jhi_ckdhc�qZklb�Jhkkbb��?\jhi_�b�ljhibdZo�

&_f_ckl\h�Aulacosiraceae
55. Aulacosira granulata (Ehr) Sim. (= Melosira granulata (Ehr.) Ralfs).

LZmkhg� H��:�, 1937 ]� (M. granulata Ehrbr), ;hg^Zj_gdh� G��<�,
1936�]�� �M. granulata), hlf_q_gZ� ^ey� ha_jZ� ;�� FbZkkh\h�� <
1999 ]��\klj_qZ_fhklv�\�ijh[Zo����� ���\f_kl_�k�ij_^u^msbfb

\b^Zfb�\�k_gly[jvkdbo�ijh[Zo��\�[hevrbo�dhebq_kl\Zo��Dhk-
fhiheblguc�\b^��rbjhdh�jZkijhkljZg_gguc�\�w\ljhnguo�\h-
^h_fZo��j_`_�\�heb]hljhnguo�

Aulacosira granulata (Ehr) Sim. var. curvata��*UXQ��+XVW��Kgblv�
dh�E��<�� 1999�]���wlZ�nhjfZ�\b^Z�ihklhyggh�\klj_qZeZkv�\f_kl_
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k�lbibqghc�\�ijhihjpbb� �?��qbke_gghklb�ih�\k_c�Zd\Zlhjbb�

<klj_qZ_fhklv�__�agZqbl_evgh�f_gvr_�

56. Aulacosira italica (Ehr) Sim. var. tenuissima (Grun.) O. Mull.
LZmkhg�H��:�, 1937 ]���hlf_q_gZ�dZd�Melosira italica var. tenuis-
sima Grun. \�ha� F� Dbk_]Zq��fZeh���<�ijh[Zo����� ]��\klj_qZ_-
fhklv���� ���Rbjhdh�jZkijhkljZg_gguc�\b^��ij_bfms_kl\_g-
gh� \� eblhjZevghc� ahg_�� heb]hkZijh[�� m� wlhc� \ZjbZpbb� \b^Z

\klj_qZ_fhklv�agZqbl_evgh�gb`_��q_f�m�lbibqghc�

K_f_ckl\h�Stephanodiscaceae
57. Stephanodiscus astraea (Ehr.) Grun. var. minutulus (Kutz) Grun.

E_lZgkdZy =��B�, 1973 ]���ha��;� Dbk_]Zq��\�khklZ\_�^hfbgbjmx�
s_]h� dhfie_dkZ�� <klj_qZ_fhklv� ������ \� �����]�� JZkijhkljZ-
g_gguc� ij_kgh\h^gh�khehgh\Zlh\h^guc� ieZgdlhgguc� \b^�

bg^bnn_j_gl����f_ahkZijh[.
58. K\FORWHOOD�FRPWD�(Ehr)�.XW]��;hg^Zj_gdR�G��<��������]���LZmkhg

H��:�, ����� ]�� �_^bgbqgh�� fZeh��� <� ����� ]�� \klj_qZ_fhklv
32.1 ��ih�\k_c�Zd\Zlhjbb�\�g_[hevrbo�dhebq_kl\Zo��Bklbggh

ieZgdlhgguc�� rbjhdh� jZkijhkljZg_gguc� ij_kgh\h^gh�

khehgh\Zlh\h^guc�\b^� ]Zehnbe��ij_^ihqblZxsbc�w\ljhngu_
\h^h_fu�b�ha_jZ�k�s_ehqghc�j_Zdpb_c�\h^u�

59. K\FORWHOOD� RSHUFXODWD� �$J��� .XW]�� LZmkhg� H��:��� �����]�� \
ha��F��Dbk_]Zq��fZeh���mdZaZg�\�^hfbgbjmxs_f�dhfie_dk_�ha�

;��FbZkkh\h�\� ����� ]��LZgZ_\hc�=��<��b�AZoZjh\uf�K��=��<b^

\klj_qZeky� \� aZeb\Zo� \� ����� ]��j_`_�ij_^u^ms_]h� �\klj_qZ_-
fhklv���� ����gh�\�[hevrbo�dhebq_kl\Zo.�Rbjhdh�jZkijhkljZ-
g_gguc�ij_kgh\h^guc�eblhjZevguc�\b^��bg^bnn_j_gl�

60. K\FORWHOOD�PHQHJKLQLDQD�.XW]��LZmkhg�H��:�� 1937�]���ha��F��Fb�

Zkkh\h� �fZeh��� <klj_qZ_fhklv� \� �����]�� ������� _^bgbqgh�

Rbjhdh�jZkijhkljZg_gguc�eblhjZevguc� \b^��ij_kgh\h^guc�

gh� i_j_ghkysbc� aZkhe_gb_� ±� qZs_� hlghkbfuc� d

bg^bnn_j_glZf��heb]hkZijh[�

61. K\FORWHOOD�NXHW]LQJLDQD�Thw. LZmkhg�H��:�� 1937�]���ha��Brdmev
�g_fgh]h��� <� ����� ]�� \klj_qZ_fhklv� ������� _^bgbqgh�

JZkijhkljZg_gguc� eblhjZevguc� \b^�� \klj_qZxsbcky� \

ijb^hgghf�ieZgdlhg_��[_glhk_�b�\�h[jZklZgbyo��bg^bnn_j_gl�

heb]hkZijh[�

62. K\FORWHOOD�ERGDQLFD�Eulenst var. lemanensis O. Mull. E_lZgkdZy
=��B�, 1973�]�� \� khklZ\_� ^hfbgbjmxs_]h� dhfie_dkZ� ha��;� Db�
k_]Zq��NhjfZ�\b^Z�\������]��bf_eZ�\klj_qZ_fhklv����� ���J_^-
dbc�i_eZ]bZevguc�\b^�]hjguo�b�k_\_jguo�ha_j�
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Ihjy^hd�Biddulphioidales
K_f_ckl\h�Biddulphioidaceae

63. Attheya zachariasii Brun. Cgblvdh E��<�, 1999�]��� \b^�^hklb]Ze
agZqbl_evgh]h� jZa\blby� \� dhgp_� e_lZ� b� \klj_qZeky� \� ��� %
ijh[�ih� \k_c� Zd\Zlhjbb� ����� ]��IeZgdlhgguc�ij_kgh\h^guc

\b^� ij_bfms_kl\_ggh� w\ljhnguo� \h^h_fh\��rbjhdh� jZkijh-
kljZg_g�

DeZkk�3HQQDWRSK\FHDH

Ihjy^hd�Araphinales
K_f_ckl\h�Diatomaceae

64. Diatoma elongatum (Lyngb.) Ag.�;hg^Zj_gdh�G��<�� 1936�]��<b^
\klj_qZeky�_^bgbqgh�\�Gyr_\kdhc�dmjv_�\������]���ihke_�ijh-
ju\Z�iehlbgu�gZ�Gyr_\kdbc�Ijm^hd��IeZgdlhgguc��rbjhdh

jZkijhkljZg_gguc�\b^��]Zehnbe��heb]h���f_ahkZijh[�

K_f_ckl\h�Fragilariaceae
65. Fragilaria crotonensis .LWW�� LZmkhg� H��:�� 1937�]�� �g_fgh]h��

<������]� \b^�bf_e�gZb[hevrmx�\klj_qZ_fhklv����������e_lhf�

qZklh�ihiZ^Zeky�\�fZkkh\hf�dhebq_kl\_��Rbjhdh�jZkijhkljZ�

g_gguc� ieZgdlhgguc� \b^�� \� qbkluo� \h^Zo� qZklh� \� fZkk_�

]Zehnbe��w\jb]Zebgguc��heb]hkZijh[�

66.�)UDJLODULD�FDSXFLQZ�'HVP��LZmkhg�H��:�� 1937�]��^ey�ha��F��Fb�

Zkkh\h� �fZeh��� F��Dbk_]Zq� �fZeh��� ;��Dbk_]Zq� �ihjy^hqgh��

<������]��\klj_q_gZ�h^gZ�dhehgby��Dhkfhihebl��w\jb]Zebgguc

heb]hkZijh[�

67. Synedra acus Kutz. LZmkhg�H��:�, �����]���fZeh���<������]��\b^
bf_e�\klj_qZ_fhklv���� ��ih�\k_c�Zd\Zlhjbb�\�fZeuo�dhebq_-
kl\Zo��<b^�ieZgdlhgguc�b�wibnblguc��dZevp_nbevguc��rbjh-
dh�jZkijhkljZg_gguc��heb]hkZijh[�

Synedra acus var. radians .XW]��Kgblvdh�E��<�� 1999�]���\klj_qZ�
_fhklv� �������� Bklbggh� ieZgdlhggZy� \ZjbZpby� \b^Z�

\uau\ZxsZy� bgh]^Z� p\_l_gb_� \h^u�� heb]hkZijh[�� ijb

fZkkh\hf�jZa\blbb���f_ahkZijh[�

68. Synedra ulna (Nitzsch.) Ehr. LZmkhg�H��:�������]���fZeh���<�����
]��lbibqgZy�nhjfZ�\b^Z�bf_eZ�\klj_qZ_fhklv���� ��\�g_[hev-
rbo� dhebq_kl\Zo��H^bg� ba� gZb[he__�rbjhdh� jZkijhkljZg_g-
guo� dhkfhiheblguo� \b^h\�� ij_bfms_kl\_ggh� w\ljhnguo� b

[h]Zluo� ba\_klvx� \h^�� ieZgdlhgguc� b� wibnblguc�� f_ahkZ-
ijh[�
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Synedra ulna var. danica .XW]��Kgblvdh�E��<��������]��\klj_qZ_�
fhklv� ������� _^bgbqgh��Rbjhdh� jZkijhkljZg_ggZy� bklbggh�

ieZgdlhggZy�nhjfZ��\b^Z�

Synedra ulna var. aequalis (Kutz) Hust  Kgblvdh�E��<�� 1999�]�
NhjfZ�\b^Z�bf_eZ�\klj_qZ_fhklv�������ih�Zd\Zlhjbb������]�

Synedra ulna var. oxyrhynchus (Kutz) V.H. f. mediocontracta
)RUWL��Kgblvdh�E��<�� �����]���nhjfZ�bf_eZ�\klj_qZ_fhklv���� %
\������]�

69. Synedra tabulata (Ag.) Kutz var. obtusa Pant. (= S. affinis Kutz.,
LZmkhg�H��:�, ����� ]� \�ha� ;� Dbk_]Zq� ±�fZeh���<� ���� ]�� _^b-
gbqgh��\klj_qZ_fhklv���� ���Wibnblguc�b�j_`_�ieZgdlhgguc

\b^��rbjhdh�jZkijhkljZg_g��]Zehnbe�

70. Synedra capitata Ehr. LZmkhg� H��:�, ����� ]��� ha� F� Dbk_]Zq
�g_fgh]h���<� ���� ]��\b^�\klj_q_g�h^gZ`^u�\�Gyr_\kdhc�dm-
jv_��Rbjhdh�jZkijhkljZg_gguc�eblhjZevguc�\b^�

71. Asterionella formosa Hass. LZmkhg� H��:�������� ]�� Dhehgbb
\klj_qZebkv�\�abfgbo�b�e_lgbo�ijh[Zo���������\�fZeuo�dheb�

q_kl\Zo�� IeZgdlhgguc� ha_jguc� \b^�� w\jbl_jfguc�� rbjhdh

jZkijhkljZg_g��qZklh�\klj_qZ_lky�\�fZkk_��heb]hkZijh[�

72. Asterionella gracillima (Hantzsch) Heib. ;hg^Zj_gdh G��<�, 1936
]��<� ����� ]�� a\_a^qZlu_� dhehgbb� \klj_qZebkv� gZ� ijhly`_gbb

\k_]h�]h^Z�\�fZeuo�dhebq_kl\Zo��ab]aZ]hh[jZagZy�dhehgby (=A.
zigzagostellata Elenkin, A. gracillima var.  zigzagostellata (Elen-
kin) Wisl) \klj_q_gZ�h^gZ`^u�\�Gyr_\kdhc�dmjv_��\b^�bf__l
[hevrmx� \klj_qZ_fhklv� \� ijh[Zo� ±� ���� ��� IeZgdlhgguc

ha_jguc��rbjhdh�jZkijhkljZg_gguc�\b^��qZklh�\�fZkk_��heb-
]hkZijh[�� w\jbl_jfguc�� bg^bnn_j_glguc� ih� hlghr_gbx� d

khe_ghklb�

Ihjy^hd�Naviculales   
K_f_ckl\h�Naviculaceae

73. Navicula minuscula *UXQ��Kgblvdh�E��<�� 1999�]���\b^�\klj_q_g
h^gZ`^u� \� ijh[_� ihke_�rlhjfZ� Rbjhdh� jZkijhkljZg_gguc

ij_kgh\h^guc� \b^�� f_jhieZgdlhgguc� b� [_glhkguc�� \

h[jZklZgbyo�

74. Navicula pupula Kutz var. mutata �.UDVVNH�� +XVW�� LZm�
khg�H��:., 1937�]��<������]��\klj_q_g�_^bgbqgh�\�ijh[_�\aylhc
\h�\j_fy�rlhjfZ��;_glhkguc��rbjhdh�jZkijhkljZg_gguc�ij_-
kgh\h^gh�khehgh\Zlh\h^guc�\b^�

75. Navicula placentula �(KU�� *UXQ�� LZmkhg� H��:��� ����� ]�� \� ha�
;��Dbk_]Zq��fZeh���<������]��\b^�_^bgbqgh�\klj_lbeky�\�ijh[_

ihke_� rlhjfh\�� Hq_gv� rbjhdh� jZkijhkljZg_gguc� dhkfh�
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iheblguc� \b^�� hkh[_ggh� \� eblhjZeb� s_ehqguo� \h^h_fh\�

heb]h]Zeh[��bg^bnn_j_gl�

76. Navicula sp. ?^bgbqgh�\�ijh[Zo�ihke_�rlhjfZ�
77. Neidium dubium (Ehr) Cl. LZmkhg� H��:�, ����� ]��� _^bgbqgh.

<� ����� ]�� \klj_q_g�gZ� klZgpbb� ©DhjZ[ebdª��Rbjhdh�jZkijh-
kljZg_gguc� f_jhieZgdlhgguc� \b^� ij_kguo� b� khehgh\Zluo

\h^�

78. KDORQHLV�VLOLFXOD�(Ehr) Cl.�LZmkhg�H��:�, �����]� <klj_q_g�_^b-
gbqgh�\�dmjv_�Abfgbd�\�ijh[_�ihke_�rlhjfZ��RbjhdhjZkijh�

kljZg_gguc�^hgghieZgdlhgguc�b�[_glhkguc�\b^.
 KDORQHLV�VLOLFXOD var. tumida +XVW��Kgblvdh�E��<�� 1999�]��nhjfZ
\b^Z�\klj_q_gZ�h^bg�jZa�\�dmjv_�Abfgbd�\�rlhjfh\hc�ijh[_�

79. Gyrosigma sp.� <b^u� jh^Z� hlf_q_gu� LZmkhg�H��:��� ���� ]�� \
ha�� F��FbZkkh\h�� <� ����� ]�� \b^� \klj_q_g� _^bgbqgh� \� Gy�

r_\kdhc�dmjv_���F_jhieZgdlhggu_�b�[_glhkgu_�\b^u�

K_f_ckl\h�Achnanthaceae
80. Achnanthes exigua *UXQ�� Kgblvdh�E��<�� 1999�]��� \klj_q_g

_^bgbqgh� \� dmjv_� Abfgbd� \� ijh[_�� \aylhc� ijb� rlhjf_�

Ij_kgh\h^guc�\b^��oZjZdl_jguc�^ey�]em[hdh\h^guo�[bhp_gh�

ah\�ha_j�

K_f_ckl\h�K\PEHOODFHDH

81. K\PEHOOD�YHQWULFRVD�.XW]��LZmkhg�H��:�� 1937�]��^ey�ha��;��b�F��Db-
k_]Zq� �fZeh��� <� �����]�� \klj_qZ_fhklv� ������� _^bgbqgh�

Rbjhdh� jZkijhkljZg_g� \� h[jhklZgbyo� \� \h^h_fZo� jZaguo

lbih\�

82. K\PEHOOD�WXPLGXOD�Grun. LZmkhg�H��:�,������]��\�ha��;� Dbk_]Zq
�fZeh���<����� ]� \klj_qZ_fhklv��������EblhjZevguc�\b^��rb-
jhdh�jZkijhkljZg_g�

83. K\PEHOOD�VS��\klj_qZeky�_^bgbqgh�
84. Amphora ovalis .XW]��LZmkhg�H��:��������]���\�ha��;��FbZkkh\h�±

_^bgbqgh�� \� ha��F��FbZkkh\h�� ;�� b� F��Dbk_]Zq� ±� fZeh�

<klj_qZ_fhklv� \� ����� ]�� ±� ������� \� dmjv_� Abfgbd��Rbjhdh

jZkijhkljZg_g� gZ� ^g_� eblhjZevghc� qZklb� \h^h_fh\� jZaguo

lbih\�k�ij_kghc�b�khehgh\Zlhc�\h^hc��bg^bnn_j_gl�

85. Amphora perpusilla Grun (= A. ovalis f. exilis *UXQ��� Kgblv�
dh�E��<�� 1999�]��� \klj_q_g� _^bgbqgh��Rbjhdh� jZkijhkljZg_g�

guc� \b^� h[jZklZgbc� ij_kguo� b� khehgh\Zlh\h^guo� \h^h_fh\

jZaebqguo�lbih\��bg^bnn_j_gl�
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86. Amphora veneta .XW]��Kgblvdh�E��<�� 1999�]���\klj_q_g�_^bgbq�
gh� \� dmjv_�Abfgbd��Rbjhdh�jZkijhkljZg_gguc�eblhjZevguc

ij_kgh\h^gh�khehgh\Zlh\h^guc�\b^�

K_f_ckl\h�Eunotiaceae
87. Eunotia sp.�LZmkhg�H��:��� �����]���\klj_q_g�_^bgbqgh�\�dmjv_

Abfgbd��<b^u�eblhjZevgu_�b�h[jhklZgbc�

K_f_ckl\h�Nitzschiaceae
88. Nitzschia recta +DQW]VFK��Kgblvdh�E��<�� 1999�]�� \klj_q_g� _^b-

gbqgh��Rbjhdh�jZkijhkljZg_g��eblhjZevguc�\b^�

89. Nitzschia dissipata �.XW]��*UXQ��Kgblvdh�E��<��������]��<�ijh[Zo
����� ]�� \klj_qZ_fhklv� �������Rbjhdh� jZkijhkljZg_gguc� \b^

h[jhklZgbc�b�gZ�^g_�eblhjZevghc�ahgu����f_ahkZijh[�

90. Nitzschia holsatica Hust. LZmkhg�H��:�, �����]� �fZeh���<����� ]�
a\_a^qZlu_� dhehgbb� [ueb� hlf_q_gu� \� agZqbl_evguo� dheb�

q_kl\Zo� \� k_gly[jvkdbo�ijh[Zo�� \klj_qZ_fhklv� ��� ���IeZgd-
lhgguc�i_eZ]bZevguc�\b^��<klj_qZ_lky�j_^dh��f_klZfb��<�hi-
j_^_ebl_eyo� �Hij_^_ebl_ev«�� ����±����;� LhiZq_\kdbc�� Hd-
kbxd�� ����;� KdZ[bq_\kdbc�� ������ \b^� ij_^iheZ]Z_lky b^_g-
lbqguf�Synedra astinastroides Lemm.,�rbjhdh�jZkijhkljZg_g-
guf�b�hlf_q_gguf�\�ha_jZo�K\_j^eh\kdZ�

91. Nitzschia  sp.�\klj_q_g�h^bg�jZa�\�Gyr_\kdhc�dmjv_�

Ihjy^hd�Aulonoraphinales
K_f_ckl\h�Surirellaceae

92. Cymatopleura solea (Breb.) W. Sm. LZmkhg�H��:�, 1937 ]��hlf_-
q_g� \� ha� F� FbZkkh\h� �_^bgbqgh��� ;� b F� Dbk_]Zq� �fZeh��
<������]��\klj_qZ_fhklv���� ��\�i_eZ]bZeb��_^bgbqgh��;_glhk-
guc�b�eblhjZevguc�^hgghieZgdlhgguc�\b^��\klj_qZ_lky�lZd-
`_�gZ�^g_�i_eZ]bZeb�\h^h_fh\�jZaguo�lbih\��rbjhdh�jZkijh-
kljZg_g��b^bnn_j_gl�

Cymatopleura solea var. gracilis *UXQ�� Kgblvdh�E��<�� 1999�]��
\ZjbZpby� \b^Z� \klj_q_gZ� _^bgbqgh� \� ijb^hgghf� keh_

i_eZ]bZeb�

93. Surirella biseriata %UHE�� LZmkhg�H��:�� 1937�]�� hlf_q_g� \b^� \
ha��Bevf_gkdh_� �_^bgbqgh���\ZjbZpbb�\b^Z�\�ha� F� FbZkkh\h
�_^bgbqgh���<������]��\klj_q_gZ�_^bgbqgh�\�ijh[Zo�\ayluo�\h

\j_fy�rlhjfZ�gZ� klZgpbb�©DhjZ[ebdª��>hgghieZgdlhgguc�b

[_glhkguc�\b^��bg^bnn_j_gl�d�khe_ghklb��heb]hkZijh[�
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K�5�<�3�7�2�3�+�<�7�$�±�djbilhnblh\u_

DeZkk Cryptomonadineae
Ihjy^hd�KU\SWRPRQDGDOHV

K_f_ckl\h�Cryptomonadaceae
94. Cryptomonas sp. \klj_q_g�Kgblvdh�E��<��g_kdhevdh� jZa� \�fZ-

euo�dhebq_kl\Zo�\����� ]�

D Y N O P H Y T A – ^bghnblh\u_��ibjhnblh\u_) \h^hjhk-
eb

DeZkk�Peridineae
Ihjy^hd�Peridinales
K_f_ckl\h�Peridinaceae

95. Glenodinium berolinense (Lemm) Lind. (= Peridinium bero-
linense Lemm). Kgblvdh E��<� 1999 ]��<b^�Peridinium sp.�mdZaZg
LZmkhg� H��:�� ���� ].� ^ey� ha��F� FbZkkh\h� �fZeh��� <� ���� ]�
\klj_qZ_fhklv�\b^Z�[ueZ� ���� ���ihiZ^Zeky�\�g_[hevrbo�dh-
ebq_kl\Zo�ih�\k_c�Zd\Zlhjbb��IeZgdlhgguc�\b^��ij_^ihqblZ_l

\h^h_fu� kh� k\_lehc�\h^hc� kj_^g_c�`_kldhklb�b� kj_^g_c�s_-
ehqghklb��heb]h�f_ahkZijh[�

Glenodinium berolinense var. apiculatum /HPP��Kgblvdh�E��<��

�����]���nhjfZ�\klj_qZeZkv�\f_kl_�k�\b^hf��\klj_qZ_fhklv���� %.
96. Glenodinium sp.�<b^�jh^Z�k�kbevgh�k`Zlufb�^hjah\_gljZevgh

de_ldZfb��h^bg�jZa�\klj_lbeky�\�ijh[_�

97. Peridinium cinctum (O.F.M.) Ehr. LZmkhg� H��:�, 1937 ]�,
;� FbZkkh\h� �fZeh��� F� Dbk_]Zq� �ihjy^hqgh��� <� ����� ]�

\klj_qZ_fhklv����� %, bgh]^Z�\�[hevrhf�dhebq_kl\_��H^bg�ba
kZfuo�jZkijhkljZg_gguo�\�KKKJ� w\jblhiguo�\b^h\�� k�g_h]-
jZgbq_gghc�kihkh[ghklvx�d�ijbkihkh[e_gbx�

Peridinium cinctum f. angulatum �/LQG���/HI��Kgblvdh�E��<�� 1999�]�
NhjfZ�\klj_qZeZkv�\f_kl_�k�lbibqghc��\klj_qZ_fhklv��������\

i_eZ]bZeb��Bf__l�j_^dh_�jZkijhkljZg_gb_�

98. Peridinium bipes 6WHLQ��Kgblvdh�E�<�������� ]��� \b^� \klj_lbeky
_^bgbqgh��W\jblhiguc� \b^� k�g_h]jZgbq_gghc�ijbkihkh[ey_�

fhklvx��ih\k_f_klgh�jZkijhkljZg_gguc�

99. Peridinium willei +XVWI��.DDV��;hg^Zj_gdh�G��<��������]��KZfuc
jZkijhkljZg_gguc� \b^� jh^Z�� \klj_qZeky� j_^dh� b� _^bgbqgh

�\klj_qZ_fhklv���������W\jblhiguc�\b^�k�[hevrhc�ijbkihkh�

[ey_fhklvx�

100. Peridinium volzii /HPP��Kgblvdh�E��<��������]��<klj_qZ_fhklv
6.4 �� �\� k_gly[jvkdbo�ijh[Zo� \�g_[hevrhf� dhebq_kl\_���Ih-
\k_f_klgh�jZkijhkljZg_gguc�\b^��ij_^ihqblZxsbc�qbklmx�b

keZ[hs_ehqgmx�\h^m�
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101. Ceratium hirundinella �2�)�0���%HUJK��LZmkhg�H��:�� 1937�]���\
dhebq_kl\_�©g_fgh]hª��<������]��hlf_q_g��bgh]^Z�\�agZqbl_ev-
ghf� dhebq_kl\_�� ih� \k_c� Zd\Zlhjbb�� <klj_qZ_lky� \� \b^_

mdZaZgguo� gb`_� nhjf�� Rbjhdh� jZkijhkljZg_gguc

l_iehex[b\uc� \b^�� ]Zehnh[� ±� g_� fh`_l� `blv� \� \h^_

kh^_j`Zs_c� [he__� ������ khe_c�� bkq_aZ_l� ijb� kbevghf

jZa\blbb�kbg_a_e_guo��heb]hkZijh[

Ceratium hirundinella f. gracile %DFKP�� <� ����� ]�� fZkkh\h
\klj_qZ_fZy�\�ha_j_�nhjfZ�\b^Z�����������NhjfZ�\b^Z�\oh^beZ

\�^hfbgbjmxsbc�dhfie_dk������]�

Ceratium hirundinella f. austriacum (Zederb)�%DFKP�� J_^dh
\klj_qZ_fZy�\�ha_j_�nhjfZ�\b^Z��<klj_qZ_fhklv���� %.
Ceratium hirundinella f. piburgense (Zederb) %DFKP�� Baj_^dZ
\klj_qZ_fZy�\�ha_j_�nhjfZ�\b^Z��<klj_qZ_fhklv���� %.

E U G L E N O P H Y T A – w\]e_gh\u_ \h^hjhkeb
DeZkk�(XJOHQRSK\FHDH

Ihjy^hd�Euglenales
K_f_ckl\h�Euglenaceae

102. Trachelomonas volvocina Ehr. LZmkhg� H��:�, 1937 ].,� ha� Kb�
jbddmev� �fZeh���<� ����� ]��\klj_lbeky�_^bgbqgh�\�Gyr_\kdhc

dmjv_� ihke_� ijhju\Z� iehlbgu� Ijm^dZ� ����� ]��� Z� lZd`_� gZ

klZgpbb� ©=eZ\gZy� ijhf_jgZy� \_jlbdZevª�� Rbjhdh� jZkijh-
kljZg_gguc� \b^�� ijb� [hevrhc� qbke_gghklb� oZjZdl_jbam_lky

dZd

��f_ahkZijh[�heb]hkZijh[�

103. Euglena acus Ehr.�;hg^Zj_gdh�G��<�,������]�� mdZaZg�\�ha� Bev�
f_gkdh_��<������]� h^bghqgh�\klj_qZeky�\�eblhjZevguo�ijh[Zo
– \klj_qZ_fhklv���� ���Rbjhdh�jZkijhkljZg_gguc�\b^��heb]h-
]Zeh[����f_ahkZijh[�

K_f_ckl\h�Astasiaceae
104. Gyropaigne kosmos Skuja. Kgblvdh�E��<�� 1999�]�� <klj_qZ_�

fhklv�������\�ijh[Zo��_^bgbqgh�
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Ijbeh`_gb_��

Kibkhd�ieZgdlhgguo�\h^hjhke_c��hlf_q_gguo�\�ha_j_

;hevrh_�FbZkkh\h�ijb�bkke_^h\Zgbyo�����±���]]�

b�g_�gZc^_gguo�\�ijh[Zo������]�

Cyanophyta – kbg_a_e_gu_�\h^hjhkeb
1. Anabaena scheremetievi Elenk. (;hg^Zj_gdh�G��<�,������]���;hg�

^Zj_gdh������� )
2. Aphanothece saxicola Nag. F. nudulans (P. Richt.) Elenk.

(= Aphanothece nudulans Rich. LZmkhg�H��:��� �����]�� �LZmkhg�
1940)��fZeh�

3. Merismopedia glauca (Ehr.) Nag. (;hg^Zj_gdh� G��<��  ����� ]�
�;hg^Zj_gdh���������LZmkhg�H��:�������]�� �LZmkhg�������� �±�fZ-
eh�

4. Microcystis ichtioblabe Kutz.��;hg^Zj_gdh�G��<�,������]���;hg^Z�
j_gdh�������)

5. Woronichinia naegeliana (Ung.) Elenk. (= Coelosphaerium Nae-
gelianum Ung. ;hg^Zj_gdh�G��<��� ����� ]�� �;hg^Zj_gdh�� �����,
LZmkhg�H��:�������]���LZmkhg���940)��fZeh�

Chlorophyta – a_e_gu_�\h^hjhkeb
1. <otryococcus Braunii Kutz �;hg^Zj_gdh�G��<�, 1936�]�� �;hg^Z�

j_gdh���������LZmkhg�H��:�� �����]���LZmkhg���������fZeh�
2. KUXFLJHQLD� UHFWDQJXODULV� (A. Br.) Gay.� �LZmkhg� H��:�, 1937�]�

�LZmkhg���������_^bgbqgh�

3. Coelastrum recticulatum (Dang.) Senn. �LZmkhg� H��:�, 1937�]�
�LZmkhg���������_^bgbqgh�

4. Sphaerocystis schroeteri Chodat. (= Gloeococcus schroeteri
Lemm. ;hg^Zj_gdh�G��<�,������]���;hg^Zj_gdh�������)

5. Rizchneriella lunaris –  kh\j_f_ggZy�kbghgbfby�g_�hij_^_e_gZ
�;hg^Zj_gdh�G��<�,������]���;hg^Zj_gdh�������)

6. KRVPDULXP�%RWU\WLV�Menegh (LZmkhg�H��:�������]���hq_gv�fZeh�
7. Staurastrum paradoxum Meyen �;hg^Zj_gdh� G��<�,� ����� ]�

�;hg^Zj_gdh�� �������<b^� [ebahd� d�S. gracile Ralf., ijhy\ey_l
kbevgmx� baf_gqb\hklv�� ij_^iheZ]Z_lky� �Hij_^_ebl_ev

ij_kgh\h^guo����� ����±������� qlh� S. paradoxum dZd� _^bgh]h
\b^Z�g_�kms_kl\m_l��:\lhj�ijb^_j`b\Z_lky�wlhc�lhqdb�aj_gby

b�hlf_qZ_l�g_khfg_ggh_�ijbkmlkl\b_�^\mo�\b^h\�jh^Z�Staura-
strum ±�kf��lZ[ebpm�����

8. Staurastrum sexangulare (Bulnh.) Lund. (;hg^Zj_gdh� G��<�,
�����]���;hg^Zj_gdh�������)
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9. Staurastrum furcigerum Breb. �;hg^Zj_gdh� G��<�,� ����� ]�

�;hg^Zj_gdh�������)
10. Staurastrum dejectum – ch\j_f_ggZy�kbghgbfby�g_�hij_^_e_gZ

�;hg^Zj_gdh�G��<�,������]���;hg^Zj_gdh�������)
11. Xanthidium antilopaeum (Breb.) Kutz. �;hg^Zj_gdh�G��<�,������]�

�;hg^Zj_gdh�������)
12. Volvox sp. �;hg^Zj_gdh�G��<��������]���;hg^Zj_gdh��������
13. Volvox aureus Ehr. (LZmkhg�H��:�, 1937�]�� �LZmkhg�� �������_^b-

gbqgh�

14. Spirogyra sp. �LZmkhg�H��:�,������]���LZmkhg���������_^bgbqgh�

Bacillariophyta – ^bZlhfh\u_�\h^hjhkeb
1. Kampylodiscus sp. (;hg^Zj_gdh� G�<�, 1936�]�� �;hg^Zj_gdh�

1938))
2. Fragilaria construens (Ehr.) Grun. �LZmkhg�H��:�,� ����� ]�� �LZm�

khg���������fZeh�

3. Fragilaria virescens Ralfs. (;hg^Zj_gdh�G��<�,� ����� ]�� �;hg^Z�
j_gdh�������)

4. Tabellaria fenestrata (Lyngb.)Kutz. (= T. fenestrata Kutz. ;hg^Z-
j_gdh�G��<�,������]���;hg^Zj_gdh���������LZmkhg�H��:�,������]�
�LZmkhg�������, fZeh��_^bgbqgh�

5. Pinnularia major Kutz. (= P. major (Kutz.) Cl. LZmkhg� H��:�,
1937 ]���LZmkhg���������_^bgbqgh�

6. Navicula exigua (Greg.) O. Mull. (= N. exigua Gregory LZmkhg
H��:�,������]���LZmkhg���������_^bgbqgh�

7. Rhoicosphenia curvata (Kutz.) Grun. �LZmkhg� H��:�,� ����� ]�
�LZmkhg���������_^bgbqgh�

8. Epithemia zebra (Ehr.) Kutz. var. saxonica (Kutz.) Grun. (LZm�
khg�H.�:�,������]���LZmkhg���������_^bgbqgh�

9. Rhopalodia gibba (Ehr.) O. Mull. (LZmkhg�H��:�,������]���LZmkhg�
1940)��_^bgbqgh�

Euglenophyta – w\]e_gh\u_
Trachelomonas intermedia Dang. (LZmkhg�H��:�,������]���LZm�

khg���������fZeh�
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