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Paper contains the review of development and application of ideas of a
homology in a crystallography from origin of primary concepts before modern
representations. The link of a homology V. I. Miheev is shown with affine
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Kljmdlmjgh_�khklhygb_�fZl_jbZevguo�\_s_kl\�hij_^_ey_l-
ky�^\mfy�djZcgbfb�iheh`_gbyfb��ihjy^dhf�b�oZhkhf��<�j_Zevghf

fbj_� b^_Zevguc� ihjy^hd� �gZb[he__� jZ\guc�� gZb[he__� kbff_l-
jbqguc�� lZd`_� g_^hklb`bf�� dZd� b� b^_Zevguc� oZhk�� \� dhlhjhf

bf__lky�klj_fe_gb_�d�kljmdlmjbjh\Zgbx��mihjy^hq_gbx�\_s_kl-
\Z��F_`^m�wlbfb�khklhygbyfb�²�ihjy^dhf�b�oZhkhf�²�\_s_kl\h

gZoh^blky� \�ijhf_`mlhqguo� khklhygbyo��ijb[eb`Zykv� \�hl^_ev-
guo� kemqZyo� d� ij_^_evghc� dhkhm]hevghklb�� djb\hebg_cghklb�

kdjmq_gghklb� b� ^jm]bf�� >Z`_� ^ey� lZdbo� \ukhdhkbff_ljbqguo

ihkljh_d� dZd� djbklZeeu� kbff_ljby� hij_^_ey_lky�gZ� klZlbklbq_-
kdhf�mjh\g_��IZjZee_evgh�k�m\_ebq_gb_f�lhqghklb�f_lh^h\�hij_-
^_e_gby� kljmdlmj� djbklZeeh\� \k_� [hevr_� djbklZeebq_kdbo� \_-
s_kl\� i_j_\h^blky� \� gbadhkbff_ljbqgu_�� H_mihjy^hq_gghklv�
^\hcgbdh\Zgb_�b�[he__�keh`gh_�kljmdlmjbjh\Zgb_�gZ�fbdjh[eh-
dh\hf�mjh\g_�ih\urZ_l�kbff_ljbx�bg^b\b^h\�^h�hij_^_ey_fhc

gZ�fZdjhmjh\g_�

;hevrbgkl\h� ijbjh^guo� b� bkdmkkl\_gguo� djbklZeebq_-
kdbo� \_s_kl\� oZjZdl_jbam_lky� dhkhm]hevgufb� dhhj^bgZlZfb�� d

dhlhjuf� keZ[h� ijbf_gbfu� hjlh]hgZevgu_� ]jmiiu� kbff_ljbb�

>ey� [he__� Z^_d\Zlgh]h� ij_^klZ\e_gby� kbff_ljbcguo� k\hckl\

dhkhm]hevguf� djbklZeeZf� g_h[oh^bfZ� dhkhm]hevgZy� kbff_ljby�

LZdhc�kbff_ljb_c�y\ey_lky�]hfheh]by�²�h^bg�ba�jZa^_eh\�h[h[-
s_gghc� kbff_ljbb�� <� ]hfheh]bb� mklZgZ\eb\Z_lky� h^ghagZqgh_
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khhl\_lkl\b_�f_`^m�bkoh^ghc�nb]mjhc�b�nb]mjhc��ihemq_gghc�ba

g__�iml_f�h^ghjh^guo�^_nhjfZpbc��KZfb�`_�h^ghjh^gu_�^_nhj-
fZpbb�jZkly`_gby� �k`Zlby��b� k^\b]b�²�hlghkylky�d�jZajy^m� ]h-
fheh]bq_kdbo�hi_jZpbc�[24].

<�k\hx�hq_j_^v��ebg_cgu_� �h^ghjh^gu_��^_nhjfZpbb�jZk-
kfZljb\Zxlky�\�jZfdZo� Znnbgghc� ]_hf_ljbb��<�hlebqb_�hl�bah-
f_ljbq_kdhc� _\deb^h\hc� ]_hf_ljbb�� \� dhlhjhc� \k_� ij_h[jZah\Z-
gby�jZkkfZljb\Zxlky�\�hjlh]hgZevguo�dhhj^bgZlZo��\�Znnbgghc

]_hf_ljbb� ij_h[jZah\Zgby� jZkkfZljb\Zxlky� \� dhkhm]hevguo� dh-
hj^bgZlZo��Ijb�Znnbgguo�ij_h[jZah\Zgbyo�ijyfu_�i_j_\h^ylky

\�ijyfu_�b�iZjZee_evgu_�ijyfu_�i_j_oh^yl�\�iZjZee_evgu_�ijy-
fu_�� KhojZgyxlky� b� hlghr_gby� hlj_adh\� ijyfuo�� <k_� ijyfu_

Znnbggh�wd\b\Ze_glgu��LZd`_�Znnbggh�wd\b\Ze_glgu�b�\k_�lj_-
m]hevgbdb�� lZd�dZd�hgb�fh]ml�ij_h[jZah\u\Zlvky�^jm]� \�^jm]Z� k

ihfhsvx� Znnbgguo� ij_h[jZah\Zgbc��:nnbggh� wd\b\Ze_glgu� b

\k_�iZjZee_eh]jZffu��\k_�l_ljZw^ju��\k_�iZjZee_e_ibi_^u��rZj�b

\k_�weebikhb^u��Ijb�]hfheh]bq_kdbo�ij_h[jZah\Zgbyo��gZjy^m�k

h[sbfb�hkh[_gghklyfb�Znnbgguo�ij_h[jZah\Zgbc��g_�baf_gyxl-
ky�lZd`_�iehsZ^b��h[t_fu��nb]mj�

Kj_^b� Znnbgguo� ij_h[jZah\Zgbc� \u^_ey_lky� k`Zlb_� d

lhqd_��b�jZkly`_gb_�hl�lhqdb���lZd�gZau\Z_fZy�]hfhl_lby��<�djb-
klZeeh]jZnbb� ]hfhl_lby� \f_kl_� k� kbff_ljbcgufb� hi_jZpbyfb

khklZ\ey_l�ij_^f_l�kbff_ljbb�ih^h[by��jZajZ[hlZgghc�:��<� Rm-
[gbdh\uf� [38]�� <� p_ehf�� \b^guc� njZgpmakdbc� fZl_fZlbd
=��Rhd_�hij_^_ey_l�Znnbggh_�ij_h[jZah\Zgb_�dZd�ijhba\_^_gb_

�iheh`bl_evgh_�� ]hfhl_lbb� b� dhkuo� kbff_ljbc� [39]�� >ey� ^bk-
dj_lguo�]jmii�ex[uo�Znnbgguo�ij_h[jZah\Zgbc�:��F��AZfhjaZ-
_\�ij_^eh`be�gZa\Zgb_�©ZnnbggZy�kbff_ljbyª� [10]��K�bkihevah-
\Zgb_f�Zdkbhf�Znnbgghc�]_hf_ljbb�^ey�l_hj_lbq_kdh]h�h[hkgh-
\Zgby�]hfheh]bq_kdbo�ij_h[jZah\Zgbc�l_hjby�]hfheh]bb�ihemqZ-
_l�b�fZl_fZlbq_kdb�lhqguc�nmg^Zf_gl�

=_hf_ljbq_kdb_� ij_h[jZah\Zgby� k`Zlby� d� «ijyfhc»
�jZkly`_gby� hl� ijyfhc�� ihy\bebkv� m`_� \� ljm^Zo� :jobf_^Z� b

:ihehgby�� Wd\bZnnbggu_� ij_h[jZah\Zgby�� khojZgyxsb_

iehsZ^b��h[t_fu��nb]mj�\i_j\u_�\\_e�\�gZmdm�KZ[blZ�b[g�DhjjZ

\�©Dgb]_�h�k_q_gbyo�pbebg^jZ�b�_]h�ih\_joghklbª�>�@��AgZqbl_ev-
guc�\deZ^�\g_k�E��Wce_j��dhlhjuc�b�\\_e�\�gZmqguc�h[boh^�keh\h

©Znnbggucª��hl�eZlbgkdbo�keh\�DIILQLV�²�kbkl_fguc��DIILQLWDV�²

k\hckl\h��jh^kl\h���Bf�`_�\\_^_gu�ihgylby�dhkh]h�hljZ`_gby�b

dhkh]h� jZkly`_gby�� <� ����� ]�� @�� >_aZj]hf� ijb\_^_gh

^hdZaZl_evkl\h� l_hjbb� ]hfheh]bq_kdbo� lj_m]hevgbdh\�� Ihke_
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ihy\e_gby� WjeZg]_gkdhc� ijh]jZffu� N�� De_cgZ� \� ����� ]h^m

ZnnbggZy�]_hf_ljby�[ueZ�ijbagZgZ�kZfhklhyl_evghc�gZmdhc�

<� djbklZeeh]jZnbb� h[s__� k\hckl\h� ]hfheh]bqghklb

bkihevam_lky�\�h[t_^bg_gbb�\�]jmiiu�koh^guo�nb]mj��J��@��=Zxb

d� l_ljZw^jZf� hlghkbe� \k_� q_luj_oklhjhggbdb�� d� ljb]hgZevguf

ijbafZf�²�\k_�iylbklhjhggbdb��d�iZjZee_e_ibi_^Zf�²�\k_�r_k-
lbklhjhggbdb��O��K��<_ck�b�N��Fhhk�lZd`_�bkihevah\Zeb�]hfheh-
]bq_kdb_� k\hckl\Z� nb]mj� ijb� \u^_e_gbb� djbklZeeh]jZnbq_kdbo

kbg]hgbc�[33].
GZb[he__� ihegh� ]hfheh]bq_kdb_� k\hckl\Z� hebp_l\hjyxl

yq_cdb� ijhkljZgkl\_gguo� j_r_lhd�� <� ex[hc� j_r_ld_� fh`gh

\u^_eblv� [_kdhg_qgh_� qbkeh� we_f_glZjguo� yq__d��>_nhjfZpb_c

k^\b]Z�ex[mx�yq_cdm�fh`gh�ij_\jZlblv�\�^jm]mx��H^ghc�ba�]eZ\-
guo� fZl_fZlbq_kdbo� aZ^Zq� bkke_^h\Zgby� j_r_lhd� [ueh� gZ�

oh`^_gb_� g_dhlhjhc� _^bgkl\_gghc� h^ghagZqgh� aZ^Zxs_cky

yq_cdb�b�ijZ\be��iha\heyxsbo�i_j_clb�hl�ex[hc�yq_cdb�^Zgghc

j_r_ldb�d� wlhc� _^bgkl\_gghc�� l�� _��ijb\_^_gghc� yq_cdb� �l_hjby

ijb\_^_gby�j_r_lhd���WlZ�aZ^ZqZ�^ey�^\mf_jghc�j_r_ldb�\�qbklh

Zjbnf_lbq_kdhf�\b^_�[ueZ�jZkkfhlj_gZ�EZ]jZg`_f�\������]h^m�\

_]h� \u^Zxsbfky�f_fmZj_�h�g_hij_^_e_gguo�mjZ\g_gbyo� \lhjhc

kl_i_gb� k� ^\mfy� g_ba\_klgufb��>ey� lj_of_jgh]h� kemqZy� ZgZeh�

]bqgu_�\hijhku�[ueb�j_r_gu�ijhn_kkhjhf�nbabdb�\h�NjZc[_j]_

E��:��A__[_jhf�\� ����� ]h^m� >�@��Hg�`_�b�\\_e�\�gZmqguc�h[boh^

l_jfbg�©ijhkljZgkl\_ggZy�j_r_ldZ» \��8���]h^m�
<������]h^m�H��;jZ\_�i_j_g_k�b^_b�h�ijb\_^_gghf�iZjZee_-

e_ibi_^_�ba�l_hjbb�qbk_e�\�l_hjbx�djbklZeeh]jZnbb� >�@��AZ^ZqZ

ijb\_^_gby� \� hdhgqZl_evghf� \b^_� [ueZ� hnhjfe_gZ� qe_g�

dhjj_kihg^_glhf�:dZ^_fbb�GZmd� ;��G��>_ehg_�� ij_^eh`b\rbf

ki_pbZevguc�l_ljZw^jbq_kdbc�kbf\he�ijb\_^_gby��dhlhjuc�gug_

gZau\Z_lky� kbf\hehf� >_ehg_� >�@�� Ijbf_qZl_evgh�� qlh� kbf\he

^Z_l� \hafh`ghklv� \� ijhp_kk_� ijb\_^_gby� ih� agZq_gbyf� j_[_j

l_ljZw^jZ� hij_^_eblv� \� djbklZeebq_kdbo� j_r_ldZo� ijyfu_� b

dhku_�hkb�]hfheh]bb�

?��K��N_^hjh\�\�deZkkbq_kdhf�ljm^_�©GZqZeZ�mq_gby�h�nb-
]mjZoª�\\_e�\�djbklZeeh]jZnbx�b�mq_gb_�h�fgh]h]jZggbdZo�ihgy-
lb_� h� k^\b]Zo�b� jZkly`_gbyo�²�ij_h[jZah\Zgbyo��ba\_klguo� ^h

wlh]h� \� f_oZgbd_� [28]�� DeZkkbnbdZpby� jZa[b_gbc� lj_of_jgh]h
_\deb^h\h]h�ijhkljZgkl\Z�?��K��N_^hjh\Z�hkgh\u\Z_lky�gZ�\u^_-
e_gbb� q_luj_o� lbih\� iZjZee_ehw^jh\�� dm[� b� ^_nhjfbjh\Zggu_

ZgZeh]b� �ljbiZjZee_ehw^ju��� ]_dkZ]hgZevgu_� ijbafu� ijyfu_� b

kdhr_ggu_� �l_ljZiZjZee_ehw^ju��� jhf[h^h^_dZw^ju� ijZ\bevgu_
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b�bkdZ`_ggu_��]_dkZiZjZee_ehw^ju���dhf[bgZpbb�dm[Z�b�hdlZw^jZ

ijZ\bevgu_�b�^_nhjfbjh\Zggu_��]_ilZiZjZee_ehw^ju� [31].
<�©Dmjk_�djbklZeeh]jZnbbª��him[ebdh\Zgghf�\������]h^m�

?��K��N_^hjh\�jZa[bjZ_l�\hijhk�h�khhlghr_gbb�f_`^m�kbff_ljb-
_c� b� ]hfheh]b_c�� dhlhjmx� hg� gZau\Z_l� ©\b^bfhc� kbff_ljb_cª

[29]�� <� wlhc� dgb]_� ?�� K��N_^hjh\� \u^_ey_l� we_f_glu� \b^bfhc
kbff_ljbb�²�hkb�b�iehkdhklb��Hkgh\u\Zykv�gZ� koh^kl\_� k�ijZ-
\bevgufb�nb]mjZfb�hg�aZf_qZ_l��qlh�\k_�iZjZee_eh]jZffu�h[eZ-
^Zxl�q_l\_jghc�hkvx�b�q_lujvfy�iehkdhklyfb�\b^bfhc�kbff_l-
jbb�� <k_� lj_m]hevgbdb� lZd`_� h[eZ^Zxl� h^bgZdh\hc� \b^bfhc

kbff_ljb_c��Z�bf_ggh:�\_jlbdZevghc�ljhcghc�hkvx�b�lj_fy�ijh-
oh^ysbfb�q_j_a�g__�iehkdhklyfb�\b^bfhc�kbff_ljbb�

<������]h^m�?��K��N_^hjh\�knhjfmebjh\Ze�aZdhg�djbklZe-
eh]jZnbq_kdbo� ij_^_eh\�� \� hkgh\_� dhlhjh]h� e_`bl�n_^hjh\kdZy

l_hjby�djbklZeebq_kdh]h�kljh_gby��©Fbj�djbklZeeh\�hdZau\Z_lky

g_� _^bgbqguf�� gh� j_adh� jZkiZ^Z_lky� gZ� ^\Z� pZjkl\Z�� gZa\Zggu_

lbiZfb��dm[bq_kdbf�b�]_dkZ]hgZevgufª�>30]��Ih�wlhc�l_hjbb�km-
s_kl\mxl�q_luj_�b^_Zevgu_�j_r_ldb��dm[bq_kdb_� �ijbfblb\gZy�

h[t_fghp_gljbjh\ZggZy�� p_gljh]jZggZy�� b� ]_dkZ]hgZevgZy�� <k_

hklZevgu_�\u\h^ylky�iml_f�jZkly`_gbc�b�k^\b]h\�ba�wlbo�q_lu-
j_o�b^_Zevguo�j_r_lhd��Gh�b�dm[bq_kdb_�j_r_ldb�\aZbfgh�k\yaZ-
gu�k�]_dkZ]hgZevghc�q_j_a�ijhf_`mlhqgu_�lbiu�

Kh\j_f_ggbd�?��K��N_^hjh\Z� ]hjguc�bg`_g_j�b�ij_ih^Z-
\Zl_ev�djbklZeeh]jZnbb�b�fbg_jZeh]bb�\�Jbfkdhf�mgb\_jkbl_l_

DZjeh�FZjby�<bheZ�\������]h^m�\uimklbe�\�k\_l�dgb]m�©Hkgh\u

djbklZeeh]jZnbbª��\�dhlhjhc�agZqbl_evgZy�qZklv�ihk\ys_gZ�hib-
kZgbx� b� oZjZdl_jbklbd_� ]Zjfhgbqguo� k\hckl\� djbklZeeh\ [40].
We_f_glu�]Zjfhgbb�D��F��<bheu�lh`^_kl\_ggu�we_f_glZf�\b^b-
fhc�kbff_ljbb�?��K��N_^hjh\Z��Kj_^b�wlbo�we_f_glh\�\u^_eyxl-
ky� dhku_� iehkdhklb� �iehkdhklb� ]Zjfhgbb�� b� weebilbq_kdb_� hkb

\lhjh]h��lj_lv_]h��q_l\_jlh]h�b�r_klh]h�ihjy^dh\��]Zjfhgbb��^bk-
]Zjfhgbb�� ljb]Zjfhgbb�� ]_dkZ]Zjfhgbb���D��F��<bheZ� ijb\h^bl

wfibjbq_kdb_�ijZ\beZ�keh`_gby�we_f_glh\�]Zjfhgbb��khklZ\e_g-
gu_�ih� ZgZeh]bb� k� khhl\_lkl\mxsbfb�ijZ\beZfb� keh`_gby� we_-
f_glh\�kbff_ljbb��A^_kv�`_�\\_^_gu�ihgylby�h�\b^Zo�]Zjfhgbb�

gh�kZf�\u\h^�\b^h\�]Zjfhgbb�hdZaZeky�g_iheguf�b�\�g_dhlhjuo

kemqZyo�hrb[hqguf�

:��<��Rm[gbdh\�� jZkkfZljb\Zy� \hijhku� jZkrbj_gby� kbf-
f_ljbb�� ihdZaZe�� qlh� Zkbff_ljbqgu_�nb]mju� [m^ml� kbff_ljbq-
gufb�� _keb� kqblZlv� jZ\gufb� nb]mju� g_� ih� \k_c� kh\hdmighklb

k\hckl\��Z�\�dZdhf�eb[h�hij_^_e_gghf�kfuke_��GZijbf_j��[m^ml

jZ\gu�\k_�r_klv�qZkl_c�dhkhm]hevgh]h�lj_m]hevgbdZ��jZa^_e_ggh-
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]h�lj_fy�f_^bZgZfb��lZd�dZd�hgb�jZ\gu�ih�iehsZ^b��Ih�gh\hfm

hij_^_e_gbx�f_^bZgu�lj_m]hevgbdZ�b]jZxl�jhev�ebgbc�kbff_l-
jbb�[34]��<�dZq_kl\_�hkh[h]h�kbff_ljbqgh]h�ij_h[jZah\Zgby�\\h-
^bl� dhkh_� hljZ`_gb_� \�iehkdhklb�� Z� \� dZq_kl\_�gh\h]h� we_f_glZ

kbff_ljbb�dhkmx�iehkdhklv�kbff_ljbb��LZf�`_�hg�hij_^_ey_l�b

ihgylb_�dhkh]h�ih\hjhlZ�\hdjm]�dhkhc�hkb�[35].
<������]h^m�\ureZ�agZf_gblZy�©Kbgyy�dgb]Zª�G��<��;_eh\Z

©KljmdlmjZ� bhgguo� djbklZeeh\� b� f_lZeebq_kdbo� nZaª� [1]�� Ijb
jZkkfhlj_gbb� dhgdj_lguo� kljmdlmj�G��<��;_eh\m�ijbrehkv�rb-
jhdh�bkihevah\Zlv�^_nhjfZpbhggu_�ij_h[jZah\Zgby: jZkly`_gb_
b�k`Zlb_�ihebw^jh\�ih�hij_^_e_gguf�gZijZ\e_gbyf��d\Z^jZlbaZ-
pbx�jhf[bq_kdbo� k_lhd�b�^jm]b_�bkdZ`_gby� kljmdlmjguo�fhlb-
\h\��lh�_klv��]h\hjy�^jm]bf�yaudhf��bkihevah\Zlv�]hfheh]bq_kdb_

ij_h[jZah\Zgby.
Hkgh\Zl_ev�kh[kl\_ggh�mq_gby�h�]hfheh]bb�ijhn_kkhj�dZ-

n_^ju�djbklZeeh]jZnbb�E_gbg]jZ^kdh]h�]hjgh]h�bgklblmlZ�<bd-
lhj�B\Zgh\bq�Fbo__\��<� ����� ]h^m� hg� ijbklmibe� d� jZajZ[hld_

\hijhkh\�ijbf_g_gby�b^_c�n_^hjh\kdhc�gh\hc�]_hf_ljbb�\�djb-
klZeeh]jZnbb� \� k\yab� k� ihbkdhf� kihkh[h\� jZkrbnjh\db� ^_[Z_-
]jZff�gbadhkbff_ljbqguo�fbg_jZeh\��Q_j_a���]h^Z�klZlvy�h�n_-
^hjh\kdbo� ^_nhjfZpbyo� b� we_f_glZo� kbff_ljbb� ©Gh\u_� b^_b� \

mq_gbb�h� kbff_ljbb� �we_f_glu� ]hfheh]bqghklb� kZfh]hfheh]bq-
guo�kbkl_f�ª�[ueZ�^heh`_gZ�gZ�k_kkbb�N_^hjh\kdh]h�bgklblmlZ

[21@��:\lhj�bkke_^h\Ze�\ebygb_�k^\b]h\�b�jZkly`_gbc�gZ�kbff_l-
jbx��k\yav�]hfheh]bq_kdbo�ij_h[jZah\Zgbc�b�we_f_glh\�]hfheh-
]bqghklb� k� kbff_ljbq_kdbfb� ij_h[jZah\Zgbyfb� b� we_f_glZfb

kbff_ljbb��^Ze�ihgylb_�\b^Z�]hfheh]bqghklb�djbklZeeh\��l_hj_-
fu� keh`_gby� we_f_glh\� ]hfheh]bqghklb�� Hij_^_e_gu� ihgylby

kZfh]hfheh]bqghklb�nb]mj�� we_f_glh\� ]hfheh]bqghklb��GZ�ijb-
f_j_�koh^kl\Z�we_f_glZjguo�yq__d�knZe_jblZ�b�oZevdhibjblZ�[ue

ihdZaZg� i_j_oh^� hl� dm[bq_kdhc� kljmdlmju� d� l_ljZ]hgZevghc� k

lhqdb�aj_gby�]hfheh]bq_kdbo�ij_h[jZah\Zgbc�

<������]h^m�him[ebdh\ZgZ�klZlvy�<��B��Fbo__\Z��\�dhlhjhc

ijb\_^_gh� h[s__� qbkeh� \b^h\� ]hfheh]bqghklb� [_a� mq_lZ� dhkuo

weebilbq_kdbo� hk_c� >19@�� <� ^jm]hc� klZlv_,� [ueh� ihdZaZgh�� qlh
mdeZ^db�jZ\guo�b�iZjZee_evguo�^jm]�^jm]m�weebikhb^h\��bf_xl

lZdmx�`_�iehlghklv��dZd�b�iehlg_crb_�rZjh\u_�mdeZ^db�b�fh]ml

\klj_lblvky� ebrv� \� ��� djbklZeeh]jZnbq_kdbo� \b^Zo� kbff_ljbb

[20@��<� ����� ]h^m� him[ebdh\ZgZ� klZlvy� wlh]h�`_� Z\lhjZ� ©H�ijh-
kljZgkl\_gguo�]jmiiZo�]hfheh]bb» [22].

GZ�hkgh\_�l_hjbb�]hfheh]bqghklb�<��B��Fbo__\uf�jZajZ-
[hlZg�wnn_dlb\guc�kihkh[�bg^bpbjh\Zgby�^_[Z_]jZff��ihemq_g-



246

guo� hl� \_s_kl\� k� gbadhc� kbff_ljb_c��Ba\_klgh�� qlh� p_euc� jy^

fbg_jZeh\� b� djbklZeebq_kdbo� \_s_kl\� \� ijbjh^_� \klj_qZ_lky

lhevdh�\�ihjhrdh\Zlhf�\b^_��Kms_kl\_ggmx�jhev�\�^bZ]ghklbd_

lZdbo�fbg_jZeh\�b]jZxl�j_gl]_gh\kdb_�bkke_^h\Zgby��gh�ijbf_-
gy_fh_� ijb� jZkrbnjh\d_� j_gl]_gh]jZff� j_r_gb_� kbkl_fu� Q

mjZ\g_gbc�k��Q���b�[hevrbf�dhebq_kl\hf�g_ba\_klguo�g_�fh`_l

ijb\_klb�d�h^ghagZqghfm�j_amevlZlm�b�h^ghc�d\Z^jZlbqghc�aZ\b-
kbfhklb� g_^hklZlhqgh�� Kihkh[� <�� B��Fbo__\Z� hldjue� \hafh`-
ghklv�[he__�ijZ\bevgh]h�j_r_gby�aZ^Zq�bg^bpbjh\Zgby��<�hkgh\_

wlh]h� kihkh[Z� bkihevam_lky� aZdhg� djbklZeeh]jZnbq_kdbo� ij_^_-
eh\� ?��K��N_^hjh\Z��>Z[Z_]jZffu� kjZ\gb\Zxlky� k� wlZehggufb�

jZkkqblZggufb� ^ey� b^_Zevguo� n_^hjh\kdbo� lbih\�� G_dhlhjZy

^_nhjfZpby�kljmdlmj�hljZ`Z_lky�gZ�^_[Z_]jZffZo�jZks_ie_gb_f

ebgbc�ih�kjZ\g_gbx�k�^_[Z_]jZffZfb�dm[bq_kdbo�b�]_dkZ]hgZev-
guo�\_s_kl\�[23].

Ih^jh[gh_�baeh`_gb_�gh\hc�djbklZeeh]jZnbq_kdhc�l_hjbb

him[ebdh\Zgh�\�fhgh]jZnbb�©=hfheh]by�djbklZeeh\ª��m\b^_\r_c

k\_l�q_j_a�iylv�e_l�ihke_�dhgqbgu�Z\lhjZ��\������]�� >24@��<�wlhc
fhgh]jZnbb� ijb\h^ylky� ^Zggu_� ih� bklhdZf� mq_gby� b� bklhjbb

jZa\blby�ihgylbc�h[� we_f_glZo� ]hfheh]bqghklb��^Zgh�hij_^_e_-
gb_� wlbo� ihgylbc�� k^_eZg� \u\h^� h� \hafh`ghklb� \� djbklZeeZo

lhevdh� hk_c� ]hfheh]bb� i_j\h]h�� \lhjh]h�� lj_lv_]h�� q_l\_jlh]h� b

r_klh]h� ihjy^dh\�� JZajZ[hlZgu� l_hj_fu� h� keh`_gbb� we_f_glh\

]hfheh]bb�� k^_eZg� iheguc� \u\h^� lhq_qguo� ]jmii� ]hfheh]bb�

kgZ[`_gguc� jbkmgdZfb� kl_j_h]jZnbq_kdbo� ijh_dpbc�� A^_kv� `_

ihdZaZgh�gZmqgh�ijZdlbq_kdh_�agZq_gb_�]hfheh]bb��hibkZg�ijb_f

hij_^_e_gby�\b^h\�]hfheh]bb�djbklZeeh\�gZ�dhgdj_lguo�ijbf_-
jZo�jy^Z�fbg_jZeh\�b�bkdmkkl\_gguo�djbklZeeh\��<�dhgp_�fhgh-
]jZnbb�\\_^_gh�ihgylb_�h�ijhkljZgkl\_gguo�]jmiiZo�]hfheh]bb

b� ijZ\bevguo� kbkl_fZo� ]hfheh]bqguo� nb]mj�� ijb\_^_g� \u\h^

ijhkljZgkl\_gghc� ]jmiiu� ]hfheh]bb� 3�ePP� �\� kbf\heZo

<��B��Fbo__\Z�3Λ4
ïmm).

:�� <�� Rm[gbdh\� \� klZlv_� ©Qlh� lZdh_� ]hfheh]by� djbk�

lZeeh\"ª� ^Ze� ykgh_� fZl_fZlbq_kdh_� lhedh\Zgb_� ihgylby

]hfheh]bb�b��\�qZklghklb��ihdZaZe��qlh� ]hfheh]by� _klv� k\hckl\h

nb]mj� ij_h[jZah\u\Zlvky� \� k_[y� mjZ\g_gbyfb� kf_gu� dhhj^bgZl

lhq_d� beb� fZljbqgufb� ij_h[jZah\Zgbyfb�� bf_gm_fufb� Znnb�

ghjZfb� >��@�� A^_kv�`_�ijb\_^_g� \u\h^� hi_jZpbc� ]hfheh]bb� ^ey

nb]mju�� h[eZ^Zxs_c� ]jmiihc� �hµµ �beb� λ44π� \� kbf\heZo
<��B��Fbo__\Z���IhdZaZgh��qlh�kh\hdmighklv�hi_jZpbc�]hfheh]bb

h[jZam_l� ]jmiim�\�fZl_fZlbq_kdhf�kfuke_��hi_jZpbb� ]hfheh]bb

khklZ\eyxl� fgh`_kl\h�� ijhba\_^_gb_� wlbo� hi_jZpbc� ijbgZ^e_-
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`bl�wlhfm�`_�fgh`_kl\m��^ey�ijhba\_^_gby�lj_o�hi_jZpbc�bf__l

f_klh�ZkkhpbZlb\guc�aZdhg�

J��<��=Zebmebguf�\� �����]h^m�^Zgh�ke_^mxs__�ml\_j`^_-
gb_��ke_^kl\b_�l_hj_fu�FZrd_���^ey�dhg_qghc�]jmiiu�+�Znnbg-
guo�ij_h[jZah\Zgbc�nb]mju�F�\k_]^Z�fh`gh�ih^h[jZlv�lZdh_�Zn-
nbggh_�ij_h[jZah\Zgb_�σ��ihke_�^_ckl\by�dhlhjh]h�nb]mjZ�)�i_-
j_\h^blky�\�g_dmx�F′ = σ(F)��Z�kZfZ�]jmiiZ�H�ij_\jZlblky�\�]jmi-
im�G�ij_h[jZah\Zgbc�kbff_ljbb�^ey�]jmii�F′ [2]��K�wlbf h[klhy-
l_evkl\hf��dZd�kqblZ_l�J��<��=Zebmebg��b�k\yaZgu�]jmiiu�]hfheh-
]bb�<��B��Fbo__\Z�[3].

;hevrmx� jZ[hlm� ih� \u\h^m� djbklZeeh]jZnbq_kdbo� ]jmii

]hfheh]bb� ijh\_eb� fZl_fZlbdb� Fhe^Z\kdh]h� ]hkm^Zjkl\_ggh]h

mgb\_jkbl_lZ�� Ij_^klZ\bl_ev� wlhc� rdheu� I�� :�� AZ[hehlguc� \

����� ]h^m� ^ey� \u\h^Z� ]jmii� ]hfheh]bb� bkihevah\Ze� h[jZlgh_

ml\_j`^_gb_��ihke_�^_ckl\by�gZ�nb]mjm�F�Znnbggh]h�ij_h[jZah-
\Zgby�σ�hgZ�ij_\jZsZ_lky�\�g_dhlhjmx�]jmiim�]hfheh]bb�H�nb-
]mju�F′�ih�aZdhgm�H = σGσ-1 [9]. =jmiiZ�kbff_ljbb�*�gZau\Z_lky
bkoh^ghc�ih�hlghr_gbx�d�]jmii_�]hfheh]bb�+��_keb�kms_kl\m_l

lZdh_�Znnbggh_�ij_h[jZah\Zgb_�σ��qlh�H = σGσ-1.�Ijb�wlhf�]jmi-
iZ� ]hfheh]bb� gZau\Z_lky� djbklZeeh]jZnbq_kdhc�� _keb� __� bkoh^-
gZy� ]jmiiZ� kbff_ljbb� *� ²� djbklZeeh]jZnbq_kdZy�� >_ckl\b_

\hafh`guo� Znnbgguo�ij_h[jZah\Zgbc�gZ� kh\hdmighklb� we_f_g�

lh\� kbff_ljbb�nb]mj� jZkkfhlj_gh� gZ� ijbf_j_� ^_nhjfbjh\Zgby

dm[Z� \� iZjZee_e_ibi_^u�� <u\h^� lhq_qguo� ]jmii� ]hfheh]bb

ihdZaZe�� qlh� bo� dhebq_kl\h� jZ\gh� ����� Z� g_� ����� dZd� kqblZe

<��B��Fbo__\��<�wlhc�`_�jZ[hl_�I��:��AZ[hehlguf�\\_^_gh�ihgy-
lb_� Zglb]hfheh]bb�� ZgZeh]bqgh_� ihgylbx� Zglbkbff_ljbb

:��<��Rm[gbdh\Z��b�ijb\_^_gh�qbkeh�lhq_qguo�]jmii�Zglb]hfh-
eh]bb�²�\k_]h�����]jmiiu.

<������wlhl�`_�Z\lhj�him[ebdh\Ze�\u\h^������lj_of_jguo

ijhkljZgkl\_gguo� e_gl� >��@�� <� ����� ]h^m� I�� :�� AZ[hehlguf� b

<��B��>mfygm�\u\_^_gu����^\mf_jgZy�lhq_qgZy�]jmiiZ��jha_ldb��

Q_j_a���e_l�I��:��AZ[hehlguc�b�E��N��IZebkljZgl�ijb\_eb�kibkhd

ba� ��� ^\mf_jguo� iehkdhklguo� ]jmii� >��@�� AZ\_jrZxsbfb

jZ[hlZfb�dbrbg_\kdhc�rdheu�ih�\u\h^m�djbklZeeh]jZnbq_kdbo

]jmii�kem`Zl�^\_�klZlvb�:��N��IZebkljZglZ�b�:��:��AZ^hjh`gh]h�

him[ebdh\Zggu_� \� `mjgZe_� ©DjbklZeeh]jZnbyª� \� ����� b� ����

]h^Zo�� <� wlbo� jZ[hlZo� k^_eZg� \u\h^� e_glhqguo� ]jmii�� ��� [hj�

^xjh\� �iehkdhklguo� ^\mf_jguo� ]jmii��� ijb\h^blky� \u\h^

lj_of_jguo�ebg_cguo�b�iehkdhklguo�]jmii������kl_j`g_c�b����

keh_\�� [30]��<�hkgh\_�bo�\u\h^Z�e_`bl�ij_^klZ\e_gb_�h�^bkdj_l-
guo� ]jmiiZo� kbff_ljbb� dhg_qguo� nb]mj�� =jmiiZfb� ]hfheh]bb
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gZau\Zxlky� ^bkdj_lgu_� ]jmiiu� G� Znnbgguo� ij_h[jZah\Zgbc

wlbo�nb]mj�

<������]h^m�E��K��>m[jh\bgkdbc�b�G��:��>m[jh\bgkdZy�>�@

\u\_eb� ��� ^\mf_jguo� ]jmii� ]hfheh]bb��Hgb� ijhZgZebabjh\Zeb

bo� khhlghr_gb_� k� ]jmiiZfb� kbff_ljbb�b� qZklbqghc� ]hfheh]bb�

IhdZaZgh� [ueh�� qlh� bkihevah\Zgb_� ^\mf_jguo� ]jmii� ]hfheh]bb

ijb� bamq_gbb� \hafh`guo� h^ghjh^guo� ^_nhjfZpbc� k_lhd� ba

l_ljZw^jh\�iha\hey_l�ij_^kdZaZlv� \� kex^Zo�ihyk�^\hcgbdh\Zgby

[001].
Ke_^m_l� hlf_lblv�� qlh� \� ebl_jZlmj_� l_jfbg� «]hfheh]by»

mihlj_[ey_lky�\�jZaguo�kfukeZo��<�i_j_\h^_�k�]j_q_kdh]h�yaudZ

homologos hagZqZ_l� h^bgZdh\uc�� koh^guc�� ih^h[guc�� jZ\guc�
khhl\_lkl\_gguc��H�� ;jZ\_� mihlj_[eye� l_jfbg� ]hfheh]bqguc� \

kfuke_�jZ\guc��<��B��Fbo__\��\ke_^�aZ�?��K��N_^hjh\uf��hij_^_-
ebe� l_jfbg� ©]hfheh]byª� dZd� jZagh\b^ghklv� ijh_dlb\gh]h

ij_h[jZah\Zgby� ^\mo� kbkl_f�� f_`^m� dhlhjufb� mklZgZ\eb\Z_lky

h^ghagZqgh_� khhl\_lkl\b_� h^ghjh^guo� we_f_glh\� >��@�� ?keb

khhl\_lkl\_ggu_�we_f_glu�^\mo�kbkl_f�g_�lhevdh�h^ghjh^gu��gh

b�jZ\gu��lh�lZdh_�ij_h[jZah\Zgb_�gZau\Z_lky�kbff_ljb_c. D�]h-
fheh]bq_kdbf� ij_h[jZah\Zgbyf� ih�?��K��N_^hjh\m� b�<��B��Fb-
o__\m�hlghkylky�k^\b]b�b�jZkly`_gby��gh� wlb�ij_h[jZah\Zgby�g_

hlghkylky� d� we_f_glZf� ]hfheh]bb�� ih^� dhlhjufb�<��B��Fbo__\

ihgbfZe�]_hf_ljbq_kdb_�h[jZau��ihkj_^kl\hf�dhlhjuo�kh\_jrZ-
xlky�]hfheh]bq_kdb_�ij_h[jZah\Zgby�kZfh]hfheh]bqguo�kbkl_f�

LZdbf�h[jZahf��\u^_eyxlky�]hfheh]bq_kdb_�kbkl_fu��f_`^m�dh-
lhjufb� \aZbfgh� h^ghagZqgu_� khhl\_lkl\by� hij_^_eyxlky� q_j_a

k^\b]b�b�jZkly`_gby��b�kZfh]hfheh]bqgu_�kbkl_fu��f_`^m�dhlh-
jufb� \aZbfgh_� h^ghagZqgh_� khhl\_lkl\b_� hij_^_ey_lky� q_j_a

ij_h[jZah\Zgby� we_f_glh\� ]hfheh]bb� �iehkdhkl_c�� hk_c�� p_gljZ

bg\_jkbb��� Bkoh^y� ba� b^_b� h[s_]hfheh]bq_kdh]h� jZ\_gkl\Z�

<��B��Fbo__\� d� ]hfheh]bb� hlg_k� b� djb\hebg_cgmx� kbff_ljbx

>��<��GZeb\dbgZ��<�p_ehf�ih�<��B��Fbo__\m�]hfheh]by�hlh`^_kl-
\eyeZkv�k�h[h[s_gghc�kbff_ljb_c��gh�\u\h^�dhgdj_lguo�]jmii�

k^_eZgguc�<��B��Fbo__\uf�� kh^_j`bl� lhevdh� l_�� dhlhju_� h[jZ-
amxlky�ijb�Znnbgguo�ij_h[jZah\Zgbyo�

Ih�I��E��>m[h\m��<��:��NjZgd�DZf_g_pdhfm��B��B��RZnjZ-
gh\kdhfm� ]hfheh]by� ²� h^gZ� ba� jZagh\b^ghkl_c� h[h[s_gghc

kbff_ljbb��dhlhjZy�hkgh\u\Z_lky�gZ�Znnbgguo�ij_h[jZah\Zgbyo�

khojZgyxsbo� iehsZ^b� �h[t_fu�� f_`^m� we_f_glZfb� nb-
]mj [7].

;he__� rbjhdh� ihgbfZ_lky� ]hfheh]by� \� ij_^klZ\e_gbyo

<�� <�� GZj^h\Z� >��@�� <� hkgh\_� ]hfheh]bb� wlh]h� Z\lhjZ� e_`bl
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ihgylb_� h^bgZdh\hklb�� <�� <�� GZj^h\� aZf_lbe�� qlh� ijb� \u\h^_

ijhkljZgkl\_gguo� ]jmii� kbff_ljbb� g_� [ueh� mql_gh�� qlh

gZbf_gvrb_�qZklbpu��hljZ`Zxsb_�obfbq_kdbc�khklZ\�\_s_kl\Z�

\� djbklZeebq_kdbo� kljmdlmjZo� fh]ml� [ulv� g_jZ\gufb�� <� qZk�

lghklb�� Zlhfu� m]e_jh^Z� \� ]jZnbl_� h[jZamxl� ^\_� g_jZ\gu_

\aZbfhijhgbdZxsb_� ijZ\bevgu_� kbkl_fu�� <� jhf[bq_kdhc� k_j_

lZdbo� kbkl_f�q_luj_��=_hf_ljbq_kdb_� h[jZau��oZjZdl_jbamxsb_

\aZbfgh_� jZkiheh`_gb_� h^bgZdh\uo� qZklbp� k� mq_lhf� bo� g_jZ�

\_gkl\Z�� gZau\Zxlky� we_f_glZfb� h^bgZdh\hklb� beb� we_f_glZfb

]hfheh]bb� >��@�� <� [he__� jZgg_c� jZ[hl_� lZdb_� we_f_glu� [ueb

gZa\Zgu�©we_f_glZfb�kZfhkh\f_s_gby» [25].
Kj_^b� ]hfheh]bq_kdbo� ij_h[jZah\Zgbc� ih� <�� <��GZj^h\m

jZaebqZxlky�kbff_ljbq_kdb_��^_nhjfZpbhggu_��k^\b]b��k`Zlby�b

jZkly`_gby��� ]hfheh]bq_kdb_� �dhf[bgZpbb� kbff_ljbq_kdbo� b

^_nhjfZpbhgguo� ij_h[jZah\Zgbc�� b� ij_h[jZah\Zgby�� ih\urZx-
sb_� djZlghklv� kbkl_f�� dhku_� ljZgkeypbb� �i_j_ghk� b� ^_nhjfZ-
pby���p_glju�]hfheh]bb��bg\_jkby�b�^_nhjfZpby���^\Z`^u�dhku_

hkb��ijhklu_�b�dhku_�jZahj\Zggu_�hkb��jbk������Ihke_^gb_�fh`gh

gZa\Zlv�klmi_gqZlufb�hkyfb��<jZs_gb_�\hdjm]�wlbo�hk_c�fh`gh

ij_^klZ\blv� l_ogbq_kdb� dZd� \jZs_gb_� mqZkldh\� hk_c�� kh_^bg_g-
guo�f_`^m�kh[hc�klmi_gqZlufb� ©j_f_ggufbª�i_j_^ZqZfb��>_c-
kl\b_�^\mo��beb�g_kdhevdbo��dhkuo�ljZgkeypbc�ih�<��<��GZj^h\m

jZ\ghkbevgh�^_ckl\bx�ljZgkeypbb�\�h[uqghf�kbff_ljbcghf�ih-
gbfZgbb�wlh]h�keh\Z��Him[ebdh\ZgZ�lhevdh�qZklv�ijhkljZgkl\_g-
guo�]jmii�]hfheh]bb��hlghkysboky�d�ljbdebgghc�b�fhghdebgghc

kbg]hgbyf�� JZajZ[hldZ� wlhc� l_hjbb� hklZgh\beZkv� ba�aZ� [_a\j_-
f_gghc� dhgqbgu� __� Z\lhjZ� <�� <�� GZj^h\Z� ²� ^hp_glZ� dZn_^ju

djbklZeeh]jZnbb�E=M�

L_jfbghf� ©]hfheh]byª�rbjhdh�ihevah\Zeky�D��B��Q_ib`-
guc��<� hkgh\_� _]h ]hfheh]bb� e_`Zl� gZ[ex^_gby� ih� bkdZ`_gbx
djbklZeeh\�ijb�fbdjh[ehdh\hf�jhkl_��GZjy^m�k�]hfheh]bq_kdbfb

ij_h[jZah\Zgbyfb�ih�<��B��Fbo__\m� �Z\lh^_nhjfZpbhggu_�ij_-
h[jZah\Zgby���D��B��Q_ib`guc�\dexqZ_l�b�ij_h[jZah\Zgby�ih�J�

@��=Zxb��l��_��ihemq_gb_�jZaguo�nhjf�djbklZeeh\�ba�i_j\bqguo

fbg_jZevguo�y^_j�[32].
?s_�h^gh�gZijZ\e_gb_�]hfheh]bb�gZa\Zgh�kljmdlmjghc�]h-

fheh]b_c�� Bkoh^guf� ihgylb_f� wlhc� jZagh\b^ghklb� ]hfheh]bb�

ih�\b^bfhfm��kem`beb�ihgylby��aZbfkl\h\Zggu_�ba�hj]Zgbq_kdhc

obfbb�b�ijbf_g_ggu_� d� ]jmiiZf� jh^kl\_gguo� kh_^bg_gbc�� l�� _�

kh_^bg_gbc�k�h^bgZdh\ufb�obfbq_kdbfb�nmgdpbyfb�b�h^ghlbighc

kljmdlmjhc�� LZdb_� ]jmiiu� gZau\Zxlky� ]hfheh]bq_kdbfb� jy^Zfb

�\i_j\u_� q_ldh� knhjfmebjh\Zggu_�R��@_jZjhf� \� ����—����� ]h-
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^Zo���kj_^b�dhlhjuo�jZaebqZxlky�jy^u�ih�ijbgZ^e_`ghklb�d�hij_^_-
e_gguf� lbiZf� kljmdlmj��ih� w\hexpbhgghc�ihke_^h\Zl_evghklb�mk-
eh`g_gby�kljmdlmj��ih�ijbgpbiZf�khqe_g_gby�we_f_glh\�kljmdlmj

�gZijbf_j��baheh]bq_kdb_�jy^u�dj_fg_dbkehjh^guo�jZ^bdZeh\��b

l�� ^�� GZ� jZajZ[hld_� wlh]h� gZijZ\e_gby� kljhblky� kh\j_f_ggZy

ijZdlbq_kdZy�kljmdlmjgZy�djbklZeeh]jZnby�

Nmg^Zf_glhf�\b^bfhc�kbff_ljbb�?��K��N_^hjh\Z�� ]Zjfh-
gbb� D�� <bheu�� dhkhc� kbff_ljbb� :�� <��Rm[gbdh\Z�� ]hfheh]bb

<��B��Fbo__\Z�b�^jm]bo�kem`bl�aZdhg�khojZg_gby�kbff_ljbb��dh-
lhjuc�\�^Zgghf�kemqZ_�fh`_l� a\mqZlv�ke_^mxsbf�h[jZahf��ijb

h^ghjh^guo�^_nhjfZpbyo�nb]mj� we_f_glu�kbff_ljbb�g_�ijhiZ-
^Zxl��Z�i_j_oh^yl�\�we_f_glu�]hfheh]bb.

GZ]ey^guf� ijbf_jhf� baf_g_gby� kbff_ljbb� fh`_l� kem-
`blv� h[jZah\Zgb_� ^\hcgbdh\� kdhev`_gby� ijb� f_oZgbq_kdhf

^\hcgbdh\Zgbb� djbklZeeh\��GZfb� \� klZlv_� ©Baf_g_gb_� kbff_l-
jbb�ijb�^_nhjfZpbyo�fbg_jZeh\�kdhev`_gb_f�k�i_j_]b[hf�iehk-
dhkl_c� kdhev`_gbyª�� him[ebdh\Zgghc� \� ����� ]��� [ueh� ihdZaZgh�

qlh� f_oZgbq_kdb_� ^\hcgbdb� fh]ml� h[jZah\u\Zlvky� \� djbklZee_

ijb�k^\b`_gbb�qZklb�_]h��_keb�bkoh^guc�djbklZee�h[eZ^Z_l�we_-
f_glZfb� ]hfheh]bb� [12]��Ijb� kdhev`_gbb� qZklb� djbklZeeh\� ih
gZijZ\e_gbyf� iZjZee_evguf� eb[h� we_f_glZf� ]hfheh]bb�� eb[h

emqZf�ijh_dpbb�wlbo�we_f_glh\��^_nhjfbjm_fZy�qZklv�djbklZeeZ

ijhoh^bl� q_j_a� ijhf_`mlhqgh_� khklhygb_�� \� dhlhjhf� we_f_glu

]hfheh]bb�i_j_oh^yl�\�we_f_glu�kbff_ljbb��Z�aZl_f�kgh\Z�\�we_-
f_glu�]hfheh]bb��<�dhg_qghf�j_amevlZl_�h[jZamxsb_ky�^\hcgb-
dh\u_� we_f_glu� kbff_ljbb� [m^ml� iZjZee_evgu� we_f_glZf� kbf-
f_ljbb��\hagbdZxsbf�\�ijhf_`mlhqghf�khklhygbb�

A^_kv�`_�� \i_j\u_� \� gZmqghc� ebl_jZlmj_�� [ueb� ihdZaZgu

we_f_glu� ]hfheh]bb� \�dhgdj_lguo�djbklZeebq_kdbo� kljmdlmjZo�

knZe_jbl_�� Zglbfhgbl_�� f_lZeeZo� k� h[t_fghp_gljbjh\Zgghc

kljmdlmjhc��Bkoh^y� ba� \u\_^_gguo� ijZ\be� ij_h[jZah\Zgby� we_-
f_glh\� kbff_ljbb� [ueb� djblbq_kdb� i_j_kfhlj_gu� ba\_klgu_

ko_fu�f_oZgbq_kdh]h�^\hcgbdh\Zgby�^ey�fbg_jZeh\�b�jZajZ[hlZ-
gu�gh\u_�ko_fu�^ey�rbjhdh]h�djm]Z�fbg_jZeh\ [11].

<� ����� ]h^m� gZfb� ij_^eh`_gu� gh\u_� h[hagZq_gby� ]jmii

]hfheh]bb�� kdhgkljmbjh\Zggu_� ih� lbim� f_`^mgZjh^guo� kbf\h-
eh\�]jmii�kbff_ljbb�b�ijb\_^_gu�kibkdb�lhq_qguo�]jmii�]hfh-
eh]bb�\�gh\uo�kbf\heZo�[13]��<������]��\�Kudlu\dZj_��gZ�dhgn_-
j_gpbb�ih�fbg_jZeh]bq_kdhc�djbklZeeh]jZnbb��djbklZeeh]_g_ab-
km�b�djbklZeehkbgl_am�[ue�ijhqblZg�^hdeZ^��\�dhlhjhf�[ueb�ba-
eh`_gu� gZ]ey^gu_� kihkh[u� \u\h^Z� ex[uo� ]jmii� ]hfheh]bb�

\dexqZy� g_djbklZeeh]jZnbq_kdb_ [14]��<�fhgh]jZnbb� ©Kbff_l�
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jby� kjhkldh\� fbg_jZevguo� bg^b\b^h\ª�� ba^Zgghc� \� ����� ]h^m�

\� ]eZ\_� ©=jmiiu� ]hfheh]bbª�ijb\_^_gu�h[sb_� kbf\heu� ex[uo

lhq_qguo� ]jmii� ]hfheh]bb�� ijbf_gbfu_� g_� lhevdh� ^ey� h[hagZ�

q_gbc� djbklZeeh]jZnbq_kdbo� ]jmii�� gh� b� ^ey� g_djbklZeeh]jZ�

nbq_kdbo��<�qZklghklb��\i_j\u_�[ue�him[ebdh\Zg�iheguc�kibkhd

ZdkbZevguo�]jmii�]hfheh]bb�bdhkZw^jbq_kdhc�]hfheh]bb��khklhy�

sbc� ba� ��� ]jmii�� iheguc� kibkhd� lhq_qguo� ij_^_evguo� ]jmii

]hfheh]bb�>��@��<�wlhc�`_�fhgh]jZnbb�ijb\_^_gh�jZkij_^_e_gb_

ijhkljZgkl\_gguo� ]jmii� ]hfheh]bb� ih� deZkkZf� kbff_ljbcgh�

wd\b\Ze_glguo� ]jmii��Ijb� wlhf�ih^l\_j^behkv�jZg__�gZc^_ggh_

dbrbg_\kdbfb� mq_gufb� h[s__� dhebq_kl\h� ijhkljZgkl\_gguo

]jmii� ]hfheh]bb�� l�� _�� ����� _^bgbp�� A^_kv� `_� \i_j\u_� \� him[�

ebdh\Zgghc� ebl_jZlmj_� ijb\_^_gh� qbkeh� keh_\uo� ]jmii� ]hfh�

eh]bb�²������h^gZ�]jmiiZ�\�kibkd_�hdZaZeZkv�ebrg_c��

GZ�f_`^mgZjh^ghc�dhgn_j_gpbb� ©AZdhghf_jghklb�w\hex�

pbb� a_fghc� dhjuª� \� KZgdl�I_l_j[mj]_� [ue� ijhqblZg� ^hdeZ^

©Lbiu�ijhkljZgkl\_gguo�]hfheh]bq_kdbo�j_r_lhdª�>��@��JZkrb-
j_ggZy� klZlvy� gZ� wlm� l_fm� him[ebdh\ZgZ� \� ����� ]h^m� [18].
JZajZ[hlZggZy�kbf\hebdZ�iha\hebeZ�\�dhfiZdlghf�\b^_�him[eb-
dh\Zlv�b�lZ[ebpu��kh^_j`Zsb_�ihegu_�kibkdb�ijhkljZgkl\_gguo

b� lhq_qguo� ]jmii� ]hfheh]bb� >��@�� >ey� kl_j`g_\uo� ]jmii

ijb\h^blky�dhebq_kl\h������Wlh�qbkeh�hlebqZ_lky�hl�dhebq_kl\Z

kh[kl\_ggh� kl_j`g_\uo� ]jmii� ]hfheh]bb�� jZ\gh]h� ����� ba�aZ

\dexq_gby�^hihegbl_evguo�]jmii��hlebqZxsboky�djbklZeeh]jZ�

nbq_kdhc� hjb_glbjh\dhc�� GZijbf_j�� \� kibkhd� \oh^yl� ]jmiiu

p4µm, p4mµ�� g_jZaebqbfu_� ]_hf_ljbq_kdb�� gh� hlebqZxsb_ky
jZkiheh`_gb_f� iehkdhkl_c�� iZjZee_evgu_� b� ^bZ]hgZevgu_� ih

hlghr_gbx� d� djbklZeeh]jZnbq_kdbf� hkyf�� <� gZklhys__� \j_fy

ijh\h^blky�jZ[hlZ�ih�mklZgh\e_gbx�]jmii�]hfheh]bb�dhgdj_lguo

djbklZeebq_kdbo� kljmdlmj�� mklZgh\e_gbx� lbih\� ]hfheh]bq_kdbo

ij_h[jZah\Zgbc� fbg_jZeh\� ijb� nZah\uo� i_j_oh^Zo�

ihebfhjnguo�ij_\jZs_gbyo��h^ghjh^guo�^_nhjfZpbyo�

JZ[hlZ�k^_eZgZ�ijb�nbgZgkh\hc�ih^^_j`d_�JNNB��ijh_dl

96-05-65789).
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