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�����Êxzvéq·nxrqn�kn}q
rvuw�íznétvp�ësnrzév{qoqvsvmqq
Him[ebdh\Zgh� \� DmeZbq_\� :�I�� Dhfivxl_jgZy� we_dljhnbabheh]by� b

nmgdpbhgZevgZy�^bZ]ghklbdZ��mq_[gh_�ihkh[b_���−_�ba^���i_j_jZ[��b�^hi�
²�F���NHJMF��BGNJ:−F��������²�����k���be�

<�bklhjbq_kdhf�jZa\blbb�hl_q_kl\_gghc�dhfivxl_jghc�we_dljhnbabheh-
]bb� k� hij_^_e_gghc� kl_i_gvx� \j_f_gghc� mkeh\ghklb� fh`gh� \u^_eblv

ij_^uklhjbx�b�ljb�fZdjhwlZiZ��jbk������1.

Jbk�������WlZiu�jZa\blby�hl_q_kl\_gghc
dhfivxl_jghc�we_dljhnbabheh]bb

Íénl�xzvéq¹

KqblZ_lky�� qlh� kbkl_fZlbq_kdh_� \g_^j_gb_� fZl_fZlbq_kdbo� f_lh^h\� \
we_dljhnbabheh]bx�[ueh�bgbpbbjh\Zgh�Ghj[_jlhf�<bg_jhf��dhlhjuc�\
����� ]��\ukdZaZeky� aZ�ijbf_g_gb_�dhjj_eypbhggh]h� ZgZebaZ�d�WW=��jZk-
kfZljb\Zy�_]h�dZd�klZpbhgZjguc�\hegh\hc�ijhp_kk��B�m`_�\������]��F�G�
Eb\Zgh\�bkke_^h\Ze�ki_dlju�WW=�fha]Z�djhebdZ�iml_f�ljm^h_fdhc�jmq-
ghc�h[jZ[hldb��Z�\������]��<�K��Jmkbgh\�bkke_^h\Ze�f_^e_ggu_�ihl_gpbZ-
eu�ijb�\ujZ[hld_�mkeh\guo�j_ne_dkh\�m�q_eh\_dZ�

<� wlh� `_� \j_fy� ihy\bebkv� i_j\u_�rbjhdh^hklmigu_� q_jgbehibrmsb_

[bhmkbebl_evgu_� ZiiZjZlu�� iha\heb\rb_� ijhba\h^blv� ^_lZevguc� \bam-
Zevguc�b�baf_jbl_evguc�ZgZeba��<Z`gh_�agZq_gb_�bf_eh�bah[j_l_gb_�=�

Mhel_jhf�\�gZqZe_���−o�]h^h\�Z\lhfZlbq_kdh]h�qZklhlgh]h�ZgZebaZlhjZ�k
�����������������������������������������

1�:\lhj�klhye�m�bklhdh\�^Zggh]h�gZmqgh]h�gZijZ\e_gby��ijbgbfZe�Zdlb\gh_�mqZ-
klb_�\�_]h��klZgh\e_gbb�b�jZa\blbb�b�^Ze�_fm�kms_kl\mxs__�gZbf_gh\Zgb_��>Zg-
guc�h[ahj�khklZ\e_g�k�bkihevah\Zgb_f�\hkihfbgZgbc�jy^Z�mqZklgbdh\�wlh]h�ijh-
p_kkZ�b�\i_j\u_�him[ebdh\Zg�\������]��gZ�kZcl_�medprom.ru .
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madhihehkgufb�nbevljZfb��dhlhju_�\�ihke_\h_ggh_�\j_fy�ihemqbeb� aZ-
f_lgh_�ijbf_g_gb_��GZqbgZy�k�k_j_^bgu���−o�ijbreZ�p_eZy�\hegZ�gh\Z-
pbc��\g_^j_gb_�wgp_nZeh]jZnbq_kdbo�dhfie_dkh\�k�qZklhlgufb�ZgZebaZ-
lhjZfb−bgl_]jZlhjZfb� �<�:��Dh`_\gbdh\��������b�fgh]hdZgZevguo�we_d-
ljhwgp_nZehkdhih\� ^ey� lhih]jZnbq_kdh]h� dZjlbjh\Zgby� �F�G��Eb\Zgh\�
������� ©\uqbkebl_evgZyª� deZkkbnbdZpby� lbih\� WW=� �?�:��@bjfmgkdZy�

�������ZgZeba�Zkbff_ljbb�α−\heg��:�:��=_gdbg���������ki_dljZevguc�ZgZ-
eba�WW=� gZ�W<F� �H�F�� =jbg^_ev�� ������� ehdZebaZpby�WW=−bklhqgbdh\
�<�<��=g_a^bpdbc��������b�fgh]b_�^jm]b_�

<ke_^� aZ� wlbf� ijbf_g_gb_� fZl_fZlbq_kdbo� f_lh^h\� gZqZeh� ihkl_i_ggh
jZkijhkljZgylvky� b� gZ� ^jm]b_� h[eZklb� we_dljhnbabheh]bb�� b� \� i_j\mx

hq_j_^v�²�gZ�bkke_^h\Zgby�k_j^_qgh−khkm^bklhc�kbkl_fu��F�:��Jhgdbg�
������J�F��;Z_\kdbc��������

H^gZdh�lh]^Z�wlh�[ueb�ebrv�ibhg_jkdb_�wdki_jbf_glZevgu_�jZajZ[hldb
_^bgbqgh]h� ijZdlbq_kdh]h� bkihevah\Zgby�� :� \� jZkrbj_gghf� gZmqghf

h[boh^_�^hfbgbjh\Zeb�]jhfha^db_�we_dljhggh−mkbebl_evgu_�mkljhckl\Z
k� aZibkvx�[bhkb]gZeh\�gZ�fZ]gblgu_�gZdhibl_eb� �ij_bfms_kl\_ggh��gZ
fZ]gblgu_�[ZjZ[Zgu��b/beb� k�\u\h^hf� ]jZnbdh\�gZ�[mfZ`gu_�ghkbl_eb
�q_jgbehibrmsb_�beb�nhlhhilbq_kdb_�mkljhckl\Z��beb�`_�gZ�wdjZgu�hk-
pbeehkdhih\��Ihemq_ggu_� aZibkb�jZkrbnjh\u\Zebkv�b� ZgZebabjh\Zebkv
\jmqgmx�beb�k�bkihevah\Zgb_f�f_oZgbq_kdbo�Zjbnfhf_ljh\��Z�iha^g__�²
deZ\brguo�ljZgabklhjguo�dZevdmeylhjh\�

<g_^j_gb_�fZl_fZlbq_kdbo�f_lh^h\�\�lh�\j_fy�ijhoh^beh�k�\ukhdbf�wg-
lmabZafhf� nbabheh]h\� b� khljm^gbqZxsbo� k� gbfb� bg`_g_jh\�� H^gZdh
ijhn_kkbhgZevgu_�fZl_fZlbdb�� g_� \b^y� ^ey� k_[y� \ukhdhc� gZmqghc� ij_-
klb`ghklb�]em[hdh]h�ih]jm`_gby�\�^Zggmx�h[eZklv��h]jZgbqb\Zebkv��dZd
ijZ\beh��h[sbfb�l_hj_lbq_kdbfb�ij_^eh`_gbyfb��>_ckl\bl_evgh�� wgp_-
nZeh]jZnby�gZoh^beZkv�gZ�i_j_nbjbb� ]hkm^Zjkl\_gguo�b� dhff_jq_kdbo
bgl_j_kh\�ih�kjZ\g_gbx�k�lZdbfb�h[eZklyfb��dZd�nbabdZ��obfby��ikboh-
eh]by�� khpbheh]by��`b\hlgh\h^kl\h� b� k_evkdh_� ohayckl\h� b� ^jm]b_�� ]^_
rbjhdh_� mqZklb_� ijhn_kkbhgZevguo� fZl_fZlbdh\� ijb\_eh� d� jZajZ[hld_
djmiguo� ijbdeZ^guo� b� l_hj_lbq_kdbo� jZa^_eh\��BgbpbZlb\gh_�`_� \g_-
^j_gb_�fZl_fZlbq_kdbo�f_lh^h\�l_ogbq_kdbfb�ki_pbZebklZfb�ijb\_eh�d
jZkijhkljZg_gbx� \� nbabheh]bq_kdhc� kj_^_� jy^Z� g_m^Zqguo�� g_dhjj_dl-
guo�b�^Z`_�hrb[hqguo�f_lh^h\ b�ihgylbc��gZijbf_j��rbjhdh_�bkihevah-
\Zgb_�ki_dljZ�fhsghklb�\f_klh�[he__�Z^_d\Zlgh]h�Zfieblm^gh]h�ki_dljZ�
g_djblbq_kdh_� ijbeh`_gb_� dhjj_eypbhggh]h� ZgZebaZ�� g_dhjj_dlgh_� \u-
qbke_gb_�b�bgl_jij_lZpby�dh]_j_glghklb��bkihevah\Zgb_�g_gZlmjZevguo
ki_dljZevguo�hp_ghd�kj_^g_c�Zfieblm^u�WW=��g_Z^_d\Zlgh_�ijbf_g_gb_
klZlbklbq_kdbo�hp_ghd� �gZijbf_j��d�ki_dljZf��dhlhju_�y\eyxlky�g_�\u-
[hjdZfb�� Z� wdki_jbf_glZevgufb� aZ\bkbfhklyfb�� b� l�� ^�� NZdlbq_kdb� k
wihob�[hevrbo�W<F�wgp_nZeh]jZnby�^\b]ZeZkv�\�nhj\Zl_j_�nbabq_kdbo
b�l_ogbq_kdbo�ijbeh`_gbc�f_lh^h\�ZgZebaZ�kb]gZeh\��\h�fgh]hf�g_Z^_d-
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\Zlguo�^Zgghc�ijh[e_fghc�h[eZklb��ijb�ijZdlbq_kdb�iheghf�hlkmlkl\bb
f_ljheh]bq_kdh]h�h[_ki_q_gby�b�khijh\h`^_gby��G_dhlhjh_�\j_fy�kimkly
g_Z^_d\Zlgu_�f_lh^u�ki_dljZevgh]h�ZgZebaZ�gZqZeb�ijhgbdZlv�b�\�bkke_-
^h\Zgby�WD=��;he__�^_lZevgh� khhl\_lkl\mxsb_�ijbf_ju�jZkkfhlj_gu�\
jZa^�����������

fyiëwv}j� ivs�¡q}� êÆÎ� �kgZqZeZ� eZfih\uo�� Z� aZl_f� b� ljZgabklhj-
guo��aZjh^beZkv�\�dhgp_���−o�]h^h\��Ihkl_i_ggh�ihemq_ggu_�gZ�kZfhibk-
pZo�aZibkb�[bhihl_gpbZeh\�klZeb�jZaebqgufb�kihkh[Zfb�hpbnjh\u\Zlv�
i_j_ghkblv� gZ� kh\f_klbfu_�fZ]gblgu_� ghkbl_eb� b� \\h^blv� \�W<F� ^ey
qbke_ggh]h� ZgZebaZ��<hagbd�b�ihemqbe�jZkijhkljZg_gb_� Ze]hjblf�[ukl-
jh]h�ij_h[jZah\Zgby�Nmjv_�������]����iha\heyxsbc�jZkkqblu\Zlv�jZaebq-
gu_�ki_dljZevgu_�oZjZdl_jbklbdb�\hegh\uo�ijhp_kkh\�

<�gZmqguo�bkke_^h\Zgbyo�\�dZq_kl\_�\uqbkebl_evghc�[Zau�eb^bjmxs__

iheh`_gb_�gZ�^he]b_�]h^u�aZgyeZ�e_]_g^ZjgZy�kmi_j−W<F�;WKF−61��jZ-
[hlZ�gZ�dhlhjhc�ijhoh^beZ�\�j_`bf_�iZd_lghc�h[jZ[hldb�k�i_jnhdZjl�b�k
ijh]jZffbjh\Zgb_f�gZ�yaud_�Zkk_f[e_jZ��Z�qmlv�iha^g__�²�k�jZkrbj_gb-
_f�gZ�nhjljZg_�b�Ze]he_��<�wlhl�i_jbh^�\_^msbc�\deZ^�\h�\g_^j_gb_�\u-
qbkebl_evguo� f_lh^h\� ZgZebaZ�WW=� gZ�W<F� \g_keb� jZ[hlu� [e_klys_c

ie_y^u� gZmqguo� khljm^gbdh\� bgklblmlZ�<G>� b�GN�:G�KKKJ [22]2��<
F=M�\�wlh�\j_fy� �����²����� ]]���gZdhie_gguc�\�bkke_^h\Zgbyo�dZn_^-
jhc�<G>�hiul�[ue�\hiehs_g�\�j_Zebah\Zgguo�gZ�;WKF−��fhsguo�fh-
^_eyo�ijbgylby�j_r_gbc�q_eh\_dhf�ijb�mijZ\e_gbb�keh`gufb�h[t_dlZ-
fb��kZfhe_lhf�gZ�gZb[he__�hl\_lkl\_gghf� wlZi_�ijba_fe_gby�b�\ha^mr-
guf�^\b`_gb_f�\�jZchg_�djmigh]h�ZwjhihjlZ�[31].

<Z`guc�kdZqhd�ijhbahr_e�\�k_j_^bg_���−o��dh]^Z�gZqZeb�kha^Z\Zlvky�k_-
lb�m^Ze_ggh]h��l_jfbgZevgh]h��^hklmiZ�d�W<F�k�jZ[hlhc�\�j_`bf_�jZa^_-
e_ggh]h� \j_f_gb�� kha^Z\Z\r_]h� m� ihevah\Zl_ey� ihegmx� beexabx�fhgh-
ihevgh]h�h[s_gby�k�W<F��Wlh�iha\hebeh�kha^Z\Zlv�g_�lhevdh�\uqbkeb-
l_evgu_�[b[ebhl_db�iZd_lgh]h�j_`bfZ��gh�b�bgl_jZdlb\gu_��^bZeh]h\u_�
kbkl_fu�g_�lhevdh�^ey�ZgZebaZ�^Zgguo��gh�b�^ey�ijh\_^_gby�nbabheh]b-
q_kdbo� wdki_jbf_glh\��H^gbfb� ba� i_j\uo� \� wlhf� gh\hf� gZijZ\e_gbb� \
F=M�[ueb�kha^Zgu������²�����]]���[32]��kbkl_fZ�ijh]jZffbjh\Zgby�^ey
aZ^Zq� fh^_ebjh\Zgby� ijbgylby� j_r_gbc� k� Ze]hjblfbq_kdbf� yaudhf

�����������������������������������������
1 ;WKF−��[ueZ�jZajZ[hlZgZ�\������]��\�BLF�J:G�ih^�jmdh\h^kl\hf�ZdZ^_fbdZ

K�:��E_[_^_\Z�b�aZdhgk_j\bjh\ZgZ�]hkdhfbkkb_c�gZ�^\Z�]h^Z�ih�ijbqbg_�bkihev-
ah\Zgby�g_�i_jki_dlb\ghc��Z�kms_kl\mxs_c�we_f_glghc�[Zau��\�\ukhdbo�dZ[bg_-
lZo�iheZ]Zeb��qlh�ijh_dlu�gh\uo�W<F�^he`gu�klbfmebjh\Zlv�jZa\blb_�we_f_gl-
ghc�[Zau���:�aZl_f�hgZ�_s_�gZ����e_l�klZeZ�\_^ms_c�hl_q_kl\_gghc�W<F� �ihke_-
^mxsbc�i_j_oh^�gZ�KW<−h\hkdb_�ZgZeh]b�k_jbb� ,%0�����\u]ey^_e�\�wlhf�kjZ\-
g_gbb�dZd�[hevrhc�rZ]�gZaZ^��

2�:dlb\gh� mqZkl\h\Zeb� \� wlhf�ijhp_kk_�b�g_cjhnbabheh]bq_kdb_� eZ[hjZlhjbb
bgklblmlh\�ikboheh]bb��^_n_dlheh]bb��l_ogbq_kdhc�wkl_lbdb��wdki_jbf_glZevghc
f_^bpbgu�b�^jm]b_�
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YJ>1��klZlbklbq_kdZy�^bZeh]h\Zy�kbkl_fZ�KL:LBK2 b�kbkl_fZ�hj]ZgbaZ-
pbb�b�ijh\_^_gby�dh]gblb\guo�b�ih\_^_gq_kdbo�wdki_jbf_glh\�WDKIH�

Ke_^mxs__�ihdhe_gb_�W<F�kj_^g_]h�deZkkZ��Fbgkd−����?K−�����b�l��i��
iha\hebeh� ih^dexqZlv� ijbfblb\gu_� ��−jZajy^gu_�� ZgZeh]h−pbnjh\u_
ij_h[jZah\Zl_eb� b� \\h^blv� q_j_a� gbo� g_ihkj_^kl\_ggh� \� W<F

WW=−aZibkb�k�fZ]gblhnhgZ��gZ�dhlhjuc�hgb�aZibku\Zebkv�\�wdki_jbf_g-
lZo�k�\uoh^Z�we_dljhwgp_nZeh]jZnZ�[23]��L_f�kZfuf�bkke_^h\Zgb_�jZa[b-
\Zehkv�gZ�^\Z�wlZiZ��jZa^_e_gguo�\h�\j_f_gb�b�ijhkljZgkl\_�

H^gZdh�\�p_ehf�kms_kl\mxsZy�\uqbkebl_evgZy�[ZaZ�[ueZ�ijbgpbibZevgh
g_Z^_d\ZlgZ�aZ^ZqZf�baf_j_gby�b�mijZ\e_gby�ijhp_kkZfb�j_Zevgh]h�\j_-
f_gb��d�dZdh\uf�b�hlghkylky�we_dljhnbabheh]bq_kdb_�baf_j_gby�b�l_klu�
Gh\u_� jZajZ[hldb� ^Z\Zebkv� k� [hevrbfb� mkbebyfb� b� ghkbeb� ihbkdh\uc
oZjZdl_j��gZmqgu_�im[ebdZpbb�ih�gbf�ijZdlbq_kdb�hlkmlkl\h\Zeb�beb�`_
[_agZ^_`gh�aZiZa^u\Zeb��Z�h[f_g�gZdhie_gguf�hiulhf�bf_e�ij_bfms_-
kl\_ggh�ehdZevguc�b�f_`ebqghklguc�oZjZdl_j�

;he__� ^_lZevgu_� h[ahju� ih� jZkkfhlj_gghfm� i_jbh^m� k� ^Zevg_crbfb

kkuedZfb�kh^_j`Zlky�\�[22, 23].

êwv}j�uqrév−êÆÎ

J_Zevgh� \hagbdgh\_gb_� jZkkfZljb\Z_fh]h� gZijZ\e_gby� [ueh� bgbpbbjh-
\Zgh�ijhbahr_^r_c�gZ�jm[_`_���−o�]h^h\�lZd�gZau\Z_fhc�fbdjhijhp_k-
khjghc� j_\hexpb_c�� dh]^Z� \ke_^kl\b_� hq_j_^gh]h�rZ]Z� we_dljhgghc�fb-
gbZlxjbaZpbb� m^Zehkv�gZ� h^ghf�g_[hevrhf� dj_fgb_\hf� djbklZee_� jZa-
f_klblv� p_evgh_� \uqbkebl_evgh_� mkljhckl\h� ²� fbdjhijhp_kkhj�� A^_kv
fu� bf__f� ijbf_j� dZj^bgZevgh]h� b� klj_fbl_evgh]h� gZmq-
gh−l_ogheh]bq_kdh]h�kdZqdZ3.

;ukljh� kh\_jr_gkl\mxs__ky� ijhba\h^kl\h� fbdjhijhp_kkhjh\�� \� k\hx
hq_j_^v��bgbpbbjh\Zeh�kha^Zgb_�kgZqZeZ�ijbfblb\guo�ki_pbZebabjh\Zg-
guo�fbdjh−W<F� �ij_bfms_kl\_ggh� ijbf_gbl_evgh� d� aZ^ZqZf� l_ogbq_-
kdh]h�b�ijhfure_ggh]h�mijZ\e_gby��� Z� aZl_f�b�mgb\_jkZevguo��J_rZx-

�����������������������������������������
1�Kbkl_fZ�ijh]jZffbjh\Zgby�YJ>�\oh^beZ�\�ljhcdm�kha^Zgguo�\�KKKJ�bgkljm-

f_glZevguo�h[hehq_d�k�yaudZfb�\ukhdh]h�mjh\gy��\dexqZy�J_nZe�b�>jZdhg��
2 DhlhjZy�ihke_�^ebl_evgh]h�jZa\blby�h[j_eZ�\�nhjf_�67$',$�klZlmk�klZg^ZjlZ

^_−nZdlh�^ey�Jhkkbb�
3 ;_amkeh\gh_�eb^_jkl\h�\�kha^Zgbb�b�ijhba\h^kl\_�fbdjhijhp_kkhjh\�kjZam�`_

aZo\Zlbeb�lZdb_�ba\_klgu_�nbjfu��dZd�0RWRUROD��=LORJ��,QWHO��<j_f_ggZy�^bgZfbdZ
lh]^Z� [ueZ� klhev� klj_fbl_evgZ�� qlh� fgh]b_� djmigu_� we_dljhggu_� nbjfu�� hih-
a^Z\rb_�k�\dexq_gb_f�\�fbdjhijhp_kkhjgmx�]hgdm�[md\Zevgh�gZ�kqblZggu_�f_-
kypu� �gZijbf_j��lZdhc�k\_jo]b]Zgl�dZd� IBM ���[ueb�[_ki_jki_dlb\gh�hl[jhr_gu
gZaZ^�b�\kdhj_�ij_djZlbeb�dZdb_−eb[h�ihiuldb�khklZ\blv�dhgdmj_gpbx�\�^Zgghc
h[eZklb��Ih^h[gu_�©ijhju\uª�fu�[m^_f�gZ[ex^Zlv�b�gb`_�\�hlghr_gbb�kha^Z-
gby� i_j\uo� dhfivxl_jguo� WW=−ZgZebaZlhjh\� b� fhgh]jZnbc� ih� dhfivxl_jghc
we_dljhnbabheh]bb�
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sbc�lheqhd�\�ieZg_�klZg^ZjlbaZpbb�ZiiZjZlghc�[Zau�[ue�\ua\Zg�\�gZqZe_

70−o�^\mfy�agZf_gZl_evgufb�kh[ulbyfb�
1) kha^Zgb_� nbjfhc� Data Equipment Corporation ijh_dlZ� fbdjh−W<F

PDP/11�� dhlhjZy� [ukljh� ijbh[j_eZ� ihimeyjghklv� b� jZkijhkljZg_gb_
ijbf_gbl_evgh� d� Z\lhfZlbaZpbb� jZaebqguo� h[eZkl_c�gZmqguo�bkke_-
^h\Zgbc��k������gZqZeb�ihkl_i_ggh�ihy\eylvky�b�hl_q_kl\_ggu_�ZgZeh-
]b�²�We_dljhgbdZ��KF��><D);

2) jZajZ[hldZ�?\jhi_ckdh]h�klZg^ZjlZ�Computer Application for Measure-
ment Acquisition and Control (CAMAC�� ^ey� khijy`_gby� baf_jbl_ev-
gh−mijZ\eyxs_c� ZiiZjZlmju� k� fbdjh−W<F� \� h[eZklb� wdki_jbf_g-
lZevghc�nbabdb�b�\uimkd�nmgdpbhgZevguo�fh^me_c�b�dj_clh\�\�wlhf
klZg^Zjl_�

WlZ� ZiiZjZlmjZ� kjZam� `_� klZeZ� ijbf_gylvky� kgZqZeZ� ^ey� nbabq_kdbo� b

l_ogbq_kdbo�bkke_^h\Zgbc��Z�g_kdhevdh�iha`_��gZ�jm[_`_���−o��²�b�\�nb-
abheh]bb�q_eh\_dZ�b�dhkfbq_kdhc�f_^bpbg_��>ey�p_e_\h]h�jZkij_^_e_gby
wlhc� djZcg_� ^_nbpblghc� l_ogbdb� ih� bgbpbZlb\_�:G�KKKJ� [ue� kha^Zg
jy^�]hkm^Zjkl\_gguo�b�gZmqguo�dhfbl_lh\��Hkgh\ghc�ihlhd�gh\hc�ZiiZ-
jZlmju��_kl_kl\_ggh��gZijZ\eyeky�gZ�j_r_gb_�h[hjhgguo�aZ^Zq�b�\�nbab-
dm�\ukhdbo�wg_j]bc��[bheh]bb�`_�b�^jm]bf�g_ijbhjbl_lguf�gZmdZf� �dh-
lhju_�g_�hkhagZ\Zeb�g_h[oh^bfhklb�eh[[b�\�\ukhdbo�dhfbl_lZo�b�dhfbk-
kbyo��g_�^hklZ\Zehkv�ijZdlbq_kdb�gbq_]h��Ih�ijbqbg_�ijb\be_]bjh\Zggh-
]h� kgZ[`_gby� b� gZebqby� kh[kl\_ggh]h� ijhba\h^kl\Z� aZqbgZl_eyfb� \g_-
^j_gby� \� nbabheh]bx� gh\uo� ZiiZjZlgh−ijh]jZffguo� dhfie_dkh\� y\b-
ebkv�l_ogbq_kdb_�gZmqgh−bkke_^h\Zl_evkdb_�hj]ZgbaZpbb��bf_xsb_�\�dZ-
q_kl\_�^hihegbl_evghc�ieZgh\hc�gZ]jmadb�b�[bheh]bq_kdmx�l_fZlbdm��\
qZklghklb�hl^_e�GBB�Z\lhfZlbdb�b�we_dljhf_ljbb�KH�:G�KKKJ��jmdh-
\h^bfuc�lh]^Z�ijhn_kkhjhf�F�;��RlZjdhf�

<� mgb\_jkbl_lkdhc� gZmd_� h^gb� ba� i_j\uo� jZ[hl� ih� \g_^j_gbx� baf_jb-
l_evgh−\uqbkebl_evguo�dhfie_dkh\�\�[bheh]bx�gZqZebkv�ih�bgbpbZlb\_
<�G�� <_johlmjh\Z1� gZ� dZn_^j_� [bhnbabdb� ;bheh]bq_kdh]h� nZdmevl_lZ

F=M��ih^�jmdh\h^kl\hf�dhlhjh]h�gZ�[Za_�W<F�We_dljhgbdZ−����KF−4,
F_jZ��B<D−��[ueZ�kha^ZgZ�p_eZy�kbkl_fZ�khijy]Z_fuo�f_`^m�kh[hc�Zi-
iZjZlgh−ijh]jZffguo�dhfie_dkh\��mijZ\eyxsbo�[bheh]bq_kdbfb�wdki_-
jbf_glZfb������²�����]]����<kdhj_��\������]��d�wlhfm�ijhp_kkm�ih^dex-
qbeZkv�b�dZn_^jZ�<G>��jmdh\h^bfZy�qe�−dhjj��:G�KKKJ�E�<��Djmrbg-
kdbf�� Z\lhjbl_lhf�dhlhjh]h�m^Zehkv� ©\u[blvª�ba�j_dlhjZlZ�F=M�ebfbl

gZ�h^gm�mklZgh\dm�><D−��b�aZdmiblv�dj_cl�D:F:DZ�\�Gh\hkb[bjkd_��<
j_amevlZl_�^\moe_lg_c�jZ[hlu�gZ�wlhf�dhfie_dk_��\dexqZxs_c�hk\h_gb_
ZiiZjZlmju� b� bgkljmf_glZevgh]h� ijh]jZffgh]h� h[_ki_q_gby�� [ueZ� kha-
^ZgZ�bgl_]jbjh\ZggZy� kbkl_fZ� hj]ZgbaZpbb�b�ijh\_^_gby�ihebnmgdpbh-

�����������������������������������������
1 Bf�`_�\������]��[ue�kha^Zg�i_j\uc�\�F=M��b�h^bg�ba�i_j\uo�\�KKKJ��mq_[guc

deZkk�i_jkhgZevguo�dhfivxl_jh\�
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gZevguo�bkke_^h\Zgbc�&$0(;��CAMac EXperiment) [32]��\�dhlhjmx�\oh-
^beh�q_luj_�[ehdZ�

��� [ehd�wdki_jbf_glZ��iha\heyxsbc�ihdZgZevgh�aZ^Z\Zlv�jZaebqgu_�j_-
`bfu� j_]bkljZpbb� k� iylvx� jZaebqgufb� \b^Zfb� fhgblhjbjh\Zgby� b

wdkij_kk−ZgZebaZ� \� aZ\bkbfhklb� hl� ihebqZklhlgh]h�� \heghh[jZagh]h
beb�bfimevkgh]h�oZjZdl_jZ�[bhkb]gZeh\�

��� [ehd� dZlZeh]Z� beb� iZd_l� h[_ki_q_gby� dh]gblb\guo� bkke_^h\Zgbc
TVEX (TV−EXperiment)��]^_�bkke_^h\Zl_ev�aZ^Z_l�ihjy^hd�ij_^ty\e_-
gby�bkiulm_fhfm�\�wdki_jbf_gl_�ajbl_evghc�bgnhjfZpbb�\�aZ\bkbfh-
klb�hl�_]h�^_ckl\bc�b�j_Zdpbc1;

��� [ehd ]jZnbq_kdh]h�j_^ZdlhjZ GRASS (GRAphical ASSistant��^ey�kha-
^Zgby�p\_lguo�l_klh\uo�l_e_\babhgguo�bah[jZ`_gbc��bkihevam_fuo�\
[ehdZo�dZlZeh]Z�b�wdki_jbf_glZ�

��� [ehd� ijhkfhljZ� b� \uqbkebl_evgh]h� ZgZebaZ� j_amevlZlh\�bkke_^h\Z-
gby��iha\heyxs_]h�j_^Zdlbjh\Zlv�b� kljmdlmjbjh\Zlv� aZibkb�� jZkkqb-
lu\Zlv� qZklhlgu_� oZjZdl_jbklbdb� b� klZlbklbq_kdb_� ihdZaZl_eb�� \u-
qbkeylv� Zfieblm^gh−ibdh\u_� b� bgl_j\Zevgu_� iZjZf_lju�� wdkihjlb-
jh\Zlv�ihemq_ggu_�aZibkb�b�j_amevlZlu�^ey�jZ[hlu�k�gbfb�\h�\g_r-
gbo�iZd_lZo�

L_f�kZfuf�&$0(;�k�^hklZlhqgufb�hkgh\Zgbyfb�fh`gh�kqblZlv�i_j\hc
\�KKKJ�dhfivxl_jghc�kbkl_fhc�dhfie_dkghc�Z\lhfZlbaZpbb�nbabheh]b-
q_kdbo�b�ih\_^_gq_kdbo�bkke_^h\Zgbc�

<�lh�`_�\j_fy�fgh]b_�hj]ZgbaZpbb�jZaebqgufb�imlyfb�^hklZ\Zeb�b�gZqb-
gZeb�\g_^jylv�\�k\hb�wdki_jbf_glu�kh\_jr_ggh�jZaebqgh_��\�lhf�qbke_�b

mgbdZevgh_� baf_jbl_evgh−\uqbkebl_evgh_� h[hjm^h\Zgb_�� LZd� \� gZqZe_
80−o�]]��\�kljZgm�ihklmibeZ�p_eZy�iZjlby�njZgpmakdbo�fbgb−W<F�Pluri-
mat−S�� jZg__� aZ^_ckl\h\Zgguo� \� dhkfbq_kdhc� ijh]jZff_�:jbZg��Ih� ljb
rdZnZ�wlh]h�g_\hh[jZabfh]h�ih�l_f�\j_f_gZf�qm^Z�bgha_fghc�l_ogbdb2

ihklmibeb� \� \_^msb_� g_cjhnbabheh]bq_kdb_� eZ[hjZlhjbb� bgklblmlh\
<G>��ikboheh]bb��^_n_dlheh]bb��l_ogbq_kdhc�wkl_lbdb��wdki_jbf_glZev-
ghc� f_^bpbgu� b� ^jm]b_�� G_iehobf� ih^kihjv_f� [ue� b� hl_q_kl\_gguc
>g_ij�� ij_^gZagZq_gguc� ^ey� Zlhfguo� ih^\h^guo� eh^hd� b� bf_\rbc� g_-
kdhevdh�:PI�b�P:Ih\�

Qmlv�iha`_�\� kljZg_� klZeb�ihy\eylvky�b�hk\Zb\Zlvky�i_jkhgZevgu_�dhf-
ivxl_ju��i_j\ufb�ba�dhlhjuo�gZ�;bheh]bq_kdhf�n−l_�F=M�\������ihy-

�����������������������������������������
1 A^_kv� [ueZ� bkihevah\ZgZ� f_lh^bq_kdZy� Zjobl_dlmjZ� kbkl_fu� WDKIH� ^ey

;WKF−���y\b\rZyky�aZl_f�ij_^l_q_c�ijhlhdheZ�\�CONAN.
2 Hgb�kh^_j`Zeb�g_�lhevdh�W<F�k� ���D�iZfylb��gh�b�`_kldbc�^bkd�gZ� ��F[l�

24−jZajy^guc� fgh]hdZgZevguc� :PI�� ZiiZjZlguc� ;IN�� ZenZ\blguc� ^bkie_c�
p\_lghc� ]jZnhihkljhbl_ev��yaudb� 36−����b�;_ckbd��ij_^_evgh�mijhsZxsb_�gZ-
ibkZgb_�Ze]hjblfh\�^ey�nbabheh]h\�
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\bebkv�Zg]ebckdb_�dhfivxl_ju�Torch1��GZqZeky�ke_^mxsbc�\blhd�hk\h_-
gby�gh\hc�l_ogbdb, â oh^_�dhlhjh]h�[ueZ�kha^ZgZ�^bZeh]h\Zy�klZlbklbq_-
kdZy� kbkl_fZ� DIASTA�� ]jZnbq_kdbc� j_^Zdlhj−fmevlbiebdZlhj� PEPSY2

^ey�bkke_^h\Zgby� ajbl_evgh]h�ijhkljZgkl\_ggh]h� \hkijbylby�ih�f_lh^m
i_jki_dlb\guo�dhgkljmdpbc�ZdZ^_fbdZ�;�<��JZmr_g[ZoZ��h^gh]h�ba�hkgh-
\hiheh`gbdh\� hl_q_kl\_gghc� dhkfhgZ\lbdb��� Z� lZd`_� jZaghh[jZagh_�f_-
lh^bq_kdh_�b�bgnhjfZpbhggh_�h[_ki_q_gb_�

H^gZdh� kf_gZ� g_kh\f_klbfuo� \uqbkebl_evguo� ieZlnhjf� \� wlhl� i_jbh^
[ueZ�klhev�klj_fbl_evgZ��Z�mkbeby�gZ�bo�ijbh[j_l_gb_�b�hk\h_gb_�klhev
agZqbl_evgu�� qlh� jZajZ[hldb�g_� m^Z\Zehkv� ^h\_klb�g_� lhevdh� ^h� mjh\gy
gZqZevghc�klZ[bebaZpbb�b�klZg^ZjlbaZpbb��gh�b�^h�j_Zevgh]h�klhjhgg_]h
\g_^j_gby��gZmqgh]h�hkfuke_gby��h[h[s_gby�b�him[ebdh\Zgby�

êwv}j�'26

Ihkl_i_ggh��k�aZ^_j`dhc�gZ�iZjm�e_l��dhjihjZpby�IBM gZqZeZ�\ub]ju\Zlv
m�fgh`_kl\Z djmiguo�b�f_edbo�nbjf�`_kldh_�khj_\gh\Zgb_�aZ�fZkkh\u_
dhfivxl_ju�� [Zabjmykv� gZ� ijhp_kkhjZo� Intel−80863�� <� KKKJ� b� kljZgZo
KW<� k� g_dhlhjuf� hlklZ\Zgb_f� klZeb� ihy\eylvky� bo� ZgZeh]b�� Jh[hljhg�

?K−���[��BkdjZ��Z�lZd`_�gZ�jm[_`_���−o�]h^h\� �qlh�g_baf_jbfh�^ey�gZk
[he__� \Z`gh��²� ieZlu� k[hjZ� ZgZeh]h\uo� ^Zgguo�� lZd� gZau\Z_fu_� dhg-
ljhee_ju�:PI� �f_edhk_jbcgu_�hl_q_kl\_ggu_�ZgZeh]b4�ZiiZjZlmju�Na-
tional Instruments, Analog Device�b�^j����d�dhlhjuf�fh`gh�[ueh�ih^dex-

�����������������������������������������
1 Wlb�dhfivxl_ju�jZkijhkljZgy_fu_�ba\_klg_cr_c�lh]^Z�nbjfhc�KI� ©Bgl_j-

d\Z^jhª�b�[Zabjh\Zebkv�gZ�dZkdZ^gh�khijy`_gguo�ijhp_kkhjZo� ������=LORJ−���b
Motorola−������� agZqbl_evgh� ij_\hkoh^y� ^hklmigu_� lh]^Z� fh^_eb� dhfivxl_jh\
$SSOH��&RPPRGRUH�b�,%0�[md\Zevgh�ih�\k_f�ihdZaZl_eyf�

2�IZd_lu�GRASS b�PEPSY��g_khfg_ggh�� y\eyebkv� h^gbfb� ba� i_j\uo� hl_q_kl-
\_gguo�iheghfZkrlZ[guo�]jZnbq_kdbo�j_^Zdlhjh\�

3 :�^_eh�[ueh�lZd��Fbjh\uf�klZg^Zjlhf�^_−nZdlh�lh]^Z�[ueZ�26�&3�0��kha^Zg-
gZy�\�'LJLWDO�5HVHDUFK�ih^�jmdh\h^kl\hf�=Zjb�Dbe^ZeeZ��b�jZ[hlZ\rZy�gZ�\k_o�ID
\_^msbo�lh]^Z�nbjf�&RPRGRUH��$FRUQ��$SSOH��Dh]^Z�,%0�k�[hevrbf�hiha^Zgb_f�\
�����]��ke_ibeZ�k\hc�i_j\uc�ijbfblb\guc�ID�gZ�hkgh\_�ijhp_kkhjZ�,QWHO�������lh
h[jZlbeZkv� d� =��Dbe^Zeem� k� ij_^eh`_gb_f� i_j_^_eZlv� &3�0� ^ey� L������H^gZdh
ba−aZ� \aZbfguo� Zf[bpbc� i_j_]h\hju� aZlygmebkv�� Lh]^Z� fheh^hc� lZeZgleb\uc
ZgZeblbd�Lbf�IZl_jkhg�ba�f_edhc�dhfiZgbb�6HDWWOH�&RPSXWHU�\�\b^_�g_dh_]h�ba^_-
\Zl_evkl\Z�ih�wlhfm�ih\h^m�aZ�^\_�g_^_eb�gZibkZe�^ey��L�����&3�0−ih^h[gmx�HK�
dhlhjmx� hg� \�rmldm� gZa\Ze� 4'26� �4XLFN� DQG� 'LUW� 2SHUDWLRQ� 6\VWHP�²� ©gZki_o
ke_ie_ggZy�b�]jyagZy�HKª���H[�wlhf�ijhkeurZe�[u\rbc�h^ghdZrgbd�LbfZ��gh\uc
ygdb�;��=_clk��dhlhjuc��aZgy\�\�[Zgd_����������h]jhfgZy�ih�l_f�\j_f_gZf�kmffZ��
[uklj_gvdh�ijbdmibe�b�kjZam�`_�i_j_ijh^Ze�,%0�ijZ\Z�gZ�wlm�HK�m`_�hl�k\h_]h
bf_gb��ih^dhjj_dlbjh\Z\�gZa\Zgb_�gZ�3&−'26��'LVF�2SHUDWLRQ�6\VWHP��b�hklZ\b\
aZ�kh[hc�ijZ\Z�gZ�ihke_^mxsb_�\_jkbb�kbkl_fu��;ukljuc�mki_o�'26�hij_^_ebeky
^_fibg]h\hc� iheblbdhc� ,%0� ²� hgZ� ijh^Z\ZeZkv� \� ��� jZa� ^_r_\e_� ZgZeh]h\�
Bf_ggh�hlkx^Z�f_edZy�dhfiZgby�0LFURVRIW��jZg__�ijhfurey\rZy�ijbfblb\gufb
rdhevgufb�[_ckbdZfb��b�ihreZ�\�]hjm�

4 H^gbf� ba� i_j\uo� [ue� dZebgbg]jZ^kdbc� dhhi_jZlb\�GLLF� ©F_^bgnhfk_j-
\bkª��ijhba\h^ysbc�ba\_klgu_�dhgljhee_ju�KWLM−���b�^j�
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qZlv� ZgZeh]h\u_� \uoh^u�rbjhdh� jZkijhkljZg_gguo� \� nbabheh]bq_kdbo
bkke_^h\Zgbyo� kZfhibrmsbo� we_dljhwgp_nZeh]jZnh\� b� ^jm]hc� \ukhdh-
dZq_kl\_gghc� [bhmkbebl_evghc� ZiiZjZlmju�� DhfiZdlgu_� baf_jbl_ev-
gh−\uqbkebl_evgu_� dhfie_dku� IBM/PC−:PI� klZeb� ihkl_i_ggh�� gh� g_-
mdehggh� \ul_kgylv� ]jhfha^db_� b� keh`gu_� \� jZ[hl_� kbkl_fu� fbdjh-
W<F−D:F:D�

<�gZqZe_���−o�\�k\yab�k�bklhjbq_kdbfb�ijhp_kkZfb�^_fhdjZlbaZpbb�fgh-
]b_�l\hjq_kdb_�b�jZg__�Zghgbfgu_�hl_q_kl\_ggu_�jZajZ[hlqbdb�baf_jb-
l_evgh−\uqbkebl_evguo� dhfie_dkh\�ihemqbeb� \hafh`ghklv� h[j_klb� hj-
]ZgbaZpbhggmx�b�nbgZgkh\mx�g_aZ\bkbfhklv��kh[kl\_ggh_�ebph�b�\�djZl-
qZcrb_�kjhdb�\hiehlblv�gZdhie_gguc�hiul�b�gZjZ[hldb�\�i_j\uo�dhgdm-
j_glhkihkh[guo�kbkl_fZo�k[hjZ�b�ZgZebaZ�^Zgguo��HlijZ\ghc�[Zahc�^ey

wlbo�jZ[hl�kem`beb�\_^msb_�gZmqgh−bkke_^h\Zl_evkdb_�b�h[hjhggu_�hj-
]ZgbaZpbb��<uoh^�`_�jZajZ[hlqbdh\�gZ�dhff_jq_kdmx�hkgh\m�^Ze�\Z`guc
bfimevk�^ey�^Zevg_cr_]h�kh\_jr_gkl\h\Zgby��j_adh�jZkrbjb\�djm]�ihev-
ah\Zl_e_c�� ki_dlj� j_rZ_fuo� aZ^Zq�� ih\ukbe� hl\_lkl\_gghklv�� h[_ki_qb\
^_ckl\_ggmx�h[jZlgmx�k\yav�

I_j\u_� hl_q_kl\_ggu_� dhfivxl_jgu_�WW=−ZgZebaZlhju�BrainMap� �<�;�
>hjhoh\�b�:�X��KZ]mjZ��b�G_cjhdZjlh]jZn� �<�;��>hjhoh\�b�:�<��Ibjh-
`_gdh��[ueb�kha^Zgu�\�bgklblml_�<G>�b�GN�:G�KKKJ�\�����²�����]]�1,
b�ih^�wlm�b^_x�gZmqgu_�khljm^gbdb�bgklblmlZ�<�;��>hjhoh\�b�:�<��AZoZ-
jh\�hj]Zgbah\Zeb�\������]��i_j\mx�\�KKKJ�gZmqgh−f_^bpbgkdmx�nbjfm
F;G��B�bf_ggh�G_cjhdZjlh]jZn� klZe� k\h_h[jZaguf�fZydhf�^ey�p_ehc
k_jbb�ihke_^mxsbo�jZajZ[hlhd��LZd��m`_�\�����²�����]]��gZ�<k_khxaguo

\uklZ\dZo� ihy\bebkv��G_cjhg−ki_dlj�:�;��Rm[bgZ� b�K�B��Rf_e_\Z� �]�
B\Zgh\h���Wgp_nZeZg�K�F��AZoZjh\Z��]��LZ]Zgjh]���L_e_iZl�G�H��;jbgdbgZ

b�<�:��IhghfZj_\Z� �]��E_gbg]jZ^���DX−System�:�<��DjZfZj_gdh� �]��OZjv-
dh\��b�^jm]b_��Wlh� y\ey_lky� _s_�h^gbf�ijbf_jhf� klj_fbl_evgh]h�gZmq-
gh−l_ogbq_kdh]h� kdZqdZ2.�GZ� i_j\uo� ihjZo� we_f_glu� ]jZnbq_kdh]h� ^b-

�����������������������������������������
1 <k_� wlh� [ueh� bgbpbbjh\Zgh� jZa\_jgmlhc� \� ����²����� ]]�� ZdZ^_fbdhf�I�<�

Kbfhgh\uf�dhfie_dkghc�ijh]jZffhc�bkke_^h\Zgby�q_eh\_q_kdh]h�khagZgby��ih^
dhlhjmx�[ue�ijb]eZr_g�p_euc�jy^�fZklbluo�bkke_^h\Zl_e_c�b�lZeZgleb\uo�\u-
imkdgbdh\�FNLB��H^bg�ba�gbo��:�X� KZ]mjZ��ih^�jmdh\h^kl\hf�<�;��>hjhoh\Z�b
ih�ijbf_jm�ihemq_ggh]h�gZ�bkiulZgb_�blZevygkdh]h�ZgZeh]Z�b�_]h�^hdmf_glZpbb
aZ�ihe]h^Z�gZibkZe�gZ�yaud_�Kb�WW=−dZjlh]jZn�%UDLQ0DS��GZ�ihemq_ggu_�ih�aZ-
dZam�fhkdh\kdhc�debgbdb�q_j_a�dhhi_jZlb\�GLLF�©=_yª�kj_^kl\Z�hg�ij_^eh`be
klZjr_fm� lh\Zjbsm�ih�FNLB�D�I��;mldh� �\ihke_^kl\bb�jmdh\h^bl_ev� \_^ms_c
nbjfu�/&DUG��ba]hlh\e_gb_�i_j\hc�k_jbb�ba�iylv�dhgljhee_jh\�:PI��gh�\�����
KZ]mjZ�m_oZe�\�=_jfZgbx��]^_�\kdhj_�hj]Zgbah\Ze�jZajZ[hldm�ihebkhfgh]jZnh\��
Ihke_� hj]ZgbaZpbb�F;G�ih^� jmdh\h^kl\hf�<�;��>hjhoh\Z� _s_� h^bg� \uimkdgbd
FNLB�:�<��Ibjh`_gdh�aZgh\h�gZibkZe�gZ�IZkdZe_�gh\mx�\_jkbx�iZd_lZ�ih^�gZ-
a\Zgb_f�G_cjhdZjlh]jZn� �iha`_�:�<��Ibjh`_gdh� \ha]eZ\be�F;G� k�^Zevg_crbf
jZa\blb_f�\k_]h�ijh_dlZ��

2�<kdhj_� Z\lhju� wlbo� kbkl_f� hj]Zgbah\Zeb� b� \ha]eZ\beb� kh[kl\_ggu_�nbjfu�
dhlhju_�hklZxlky�eb^_jZfb�jugdZ�f_^l_ogbdb�b�ih�k_c�^_gv�
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aZcgZ�b�^bZeh]h\hc�Zjobl_dlmju�qZklbqgh� aZbfkl\h\Zebkv�ba�^hklmiguo
aZiZ^guo�jZajZ[hlhd��lbiZ�Zg]ebckdh]h�BrainAtlas), à \ihke_^kl\bb��\�oh-
^_� bkihevah\Zgby� klZg^Zjlh\� Windows b� \aZbfhZkkbfbeypbb� hiulZ�� b
^hklZlhqgh�klZg^Zjlbabjh\Zebkv�

K� ����� ]�� \�F=M�gZqZeZ� kh\_jr_gkl\h\Zlvky�b� dhfie_dkgZy� we_dljhnb-
abheh]bq_kdZy�eZ[hjZlhjby�CONAN1��B�_keb�\k_�\ur_i_j_qbke_ggu_�iZ-
d_lu�[ueb�ebrv�WW=−j_]bkljZlhjZfb/ZgZebaZlhjZfb��lh�CONAN�y\beZkv
i_j\hc� dhfivxl_jghc� ihebnmgdpbhgZevghc� b� gZmqgh−hjb_glbjh\Zgghc
kbkl_fhc�

I_j\Zy�ihiuldZ�dhebq_kl\_ggh]h�kjZ\g_gby�b�hp_gdb�fbjh\uo�^hklb`_-
gbc� \� h[eZklb� dhfivxl_jghc� we_dljhnbabheh]bb� [ueZ� ij_^ijbgylZ2� \
[36]��b�hgZ�ijh^_fhgkljbjh\ZeZ��qlh�hl_q_kl\_ggu_�iZd_lu��g_kfhljy�gZ
kms_kl\_ggh_�hlklZ\Zgb_�ih�\j_f_gb�bo�kha^Zgby��gbkdhevdh�g_�mklmiZ-
xl��Z�ih�jy^m�ihabpbc�b�kms_kl\_ggh�ij_\hkoh^yl�aZiZ^gu_�ZgZeh]b��<�lh
\j_fy�[hevrbgkl\h�l_ogbq_kdbo�b�f_lh^bq_kdbo�hibkZgbc�b�jZ[hqbo�\_j-
kbc�iZd_lh\�[ueb�^hklZlhqgh�k\h[h^gh�^hklmigu��gh�ij_bfms_kl\_ggh�\
nhjf_� we_dljhgguo�ba^Zgbc�beb�im[ebdZpbc�gZ�ijZ\Zo� jmdhibk_c�� l�� _�
hgb�g_�fh]eb�[ulv�ij_^f_lhf�^ey�rbjhdh]h�gZmqgh]h�h[km`^_gby�

AgZf_gZl_evgh_�\�wlhf�hlghr_gbb�kh[ulb_�ijhbahreh�\�^_dZ[j_������]��k
\uoh^hf� gZmqghc� fhgh]jZnbb� E�J�� A_gdh\Z� [9]� ih� wgp_nZeh]jZnbb�� \
ijbeh`_gbb�d�dhlhjhc�[ueb�^hklZlhqgh�ih^jh[gh�jZkkfhlj_gu�dhfivx-
l_jgu_�kj_^kl\Z�b�f_lh^u�ZgZebaZ�WW=−aZibk_c��<�l_q_gb_�ke_^mxs_]h

�����]��ihy\beZkv�p_eZy�k_jby�ZgZeh]bqguo�ba^Zgbc� �\�ojhgheh]bq_kdhf
ihjy^d_��� ih� dhfivxl_jghc� we_dljhnbabheh]bb� [39]�� \ua\Zgguf� ihl_g-
pbZeZf�]heh\gh]h�fha]Z�[5]��j_h]jZnbb�[21]�b�we_dljhfbh]jZnbb� [4]��Wlh
fh`_l�kem`blv�lj_lvbf�ijbf_jhf�m`_�bgnhjfZpbhggh]h�kdZqdZ3.

LZdbf�h[jZahf�� k� dhgpZ� ����� ]�� dhfivxl_jgZy� we_dljhnbabheh]by� klZeZ
ijbh[j_lZlv� q_jlu� gZijZ\e_gby�� ^hklmigh]h� ^ey� gZmqgh]h� h[km`^_gby�
bamq_gby�b�kbkl_fZlbaZpbb�

L_f� kZfuf� wihoZ DOS�ij_^hklZ\beZ�^ey�jZkkfZljb\Z_fh]h�gZijZ\e_gby
i_j\mx�fbjh\mx� klZ[bebabjmxsmx�ieZlnhjfm� klZg^ZjlZ�^_−nZdlh��ih-

�����������������������������������������
1�I_j\Zy�\_jkby�^ey�'26�[ueZ�kha^ZgZ�gZ�hkgh\_�ijhlhlbiZ�&$0(;�b�gZjZ[h-

lhd�ba�WDKIH��\������]��gZ�'HOSKL�ihy\beZkv���−jZajy^gZy�\_jkby�^ey�:LQGRZV��Z
\������]��²���−jZajy^gZy�\_jkby��GZrbf�`_�'26−h\kdbf�bgkljmf_glhf�[ue�bam-
fbl_evguc� ih� fhsghklb�� dhfiZdlghklb� b� [ukljh^_ckl\bx� bgl_jij_lZlhj
%%&%$6,&� JbqZj^Z� JZkk_eZ� �D_f[jb^`�� kh� \kljh_gguf� Zkk_f[e_jhf� L������ \
kjZ\g_gbb�k�dhlhjuf�fbdjhkhnlh\kdb_�b�ijhqb_�[_ckbdb�kfhlj_ebkv�dZd�ijbfb-
lb\gu_�rdheyjkdb_�ih^_edb�

2 WlZ�ihiuldZ�klZeZ�b�ihke_^g_c�ih�[ukljh�\hagbdrbf�h]jZgbq_gbyf�dhff_j-
q_kdhc�lZcgu�

3 Wlb� ijhba\_^_gby� _s_� ^he]h� ijh^he`Zeb� i_j_ba^Z\Zlvky� b� eb^bjh\Zlv� gZ
dgb`guo�ijbeZ\dZo�
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a\heb\rmx�kbkl_fZlbabjh\Zgh�gZdZieb\Zlv�bgkljmf_glZevguc�b�f_lh^h-
eh]bq_kdbc�hiul�b�im[ebqgh�bf�^_eblvky�b�h[km`^Zlv.

êwv}j�:LQGRZV

Ihkl_i_ggh��ijbf_jgh�k�199��]�� \�gZr_c�kljZg_�\h�fgh]bo�kn_jZo�\g_gZ-
mqgh]h� ijbeh`_gby� kj_^Z� DOS klZeZ� aZf_lgh� \ul_kgylvky� kj_^hc� Win-
dows���o�k�gh\ufb�jZkrbj_ggufb�\hafh`ghklyfb�]jZnbq_kdh]h�^baZcgZ
b�aZimkdZ�g_kdhevdbo�ijbeh`_gbc�k�i_j_oh^hf�aZl_f�d�ieZlnhjfZf�Win-
dows 95 b�NT �k�ihy\e_gb_f�ijhp_kkhjh\�i286 b i386��b�^Ze__�

Ohly� gZmqgu_� jZ[hlgbdb� _s_� hq_gv� ^he]h� ij_^ihqblZeb� ihevah\Zlvky
ijb\uqgufb�� m^h[gufb�� eZdhgbqgh� b� ihgylgh� ^hdmf_glbjh\Zggufb

DOS−ijh]jZffZfb��gh�g_mdehggu_�k^\b]b�\�fbjh\hc�fh^_�\ugm^beb�jZa-
jZ[hlqbdh\�ihkl_i_ggh�i_j_\h^blv�k\hb�ijhba\_^_gby�\�gh\u_�hi_jZpb-
hggu_� kj_^u��B�i_j\uf� kha^Zgguf� \� ����²����� ]]�� kjZam�`_�^ey�Win-
dows�WW=−ZgZebaZlhjhf�y\beky�G_cjhkdhi�B�X��=Z\jbeh\Z��Fhkd\Z��

<� wlhf� ieZg_� dhfivxl_jgZy� wjZ� ij_^hklZ\beZ� g_fukebfu_� jZg__� \ha-
fh`ghklb��dh]^Z�dZ`^mx�gh\mx� klmi_gv� \h�fgh]bo�h[eZklyo�bkke_^h\Z-
gby�ijboh^behkv�gZqbgZlv�ijZdlbq_kdb�k�gmey��k�kZfh]h�hkgh\Zgby�wdki_-
jbf_glZevghc�kj_^u��L_i_jv�`_�ijb�kbkl_fZlbq_kdhf�p_e_gZijZ\e_gghf
ih^oh^_� d� bgl_]jbjh\Zgghc� dhfivxl_jghc� kbkl_f_� hgZ� ij_\jZsZ_lky� \
k\h_h[jZaguc�[Zgd�gZdhie_gby��kbkl_fZlbaZpbb�b�h[h[s_gby�dhee_dlb\-
gh]h�ijhn_kkbhgZevgh]h�hiulZ��dh]^Z�^ey�dZ`^h]h�\hkoh^ys_]h�rZ]Z�m`_
bf__lky�h[rbjg_crbc�[Zabk�b�lj_[m_lky�\g_k_gb_�ebrv�g_agZqbl_evguo
mkh\_jr_gkl\h\Zgbc�b�dhjj_dpbc��<�wlhf�hlghr_gbb�ieZlnhjfZ�Windows
h[_ki_qbeZ� g_khfg_ggmx� klZ[bebaZpbx� dZd� ^bZeh]h\h]h� bgl_jn_ckZ
ihevah\Zl_ey�� lZd�b�gZjZ[hlZggh]h�ijh]jZffgh]h� h[_ki_q_gby� \� kfuke_
_]h�ij__fkl\_gghklb�b�i_j_ghkbfhklb�\�ihke_^mxsb_�\_jkbb�hi_jZpbhg-
ghc�kj_^u��mkdhjb\�ijhp_kk�f_lh^heh]bq_kdh]h�jZa\blby��;eZ]h^Zjy�jZa-
\blbx� l_ogheh]bc \bamZevgh]h b h[t_dlgh]h� ijh]jZffbjh\Zgby� k�fhs-
gufb� h[t_dlgufb� [b[ebhl_dZfb�� ijhp_kk� kh\_jr_gkl\h\Zgby� ijbdeZ^-
guo� ijh]jZff� fgh]hdjZlgh� mkdhjbeky�� <k_� wlh� kh\iZeh� ih� \j_f_gb� kh
klZ[bebaZpb_c�b�klZg^ZjlbaZpb_c�we_dljhnbabheh]bq_kdhc�\uqbkebl_ev-
gh−baf_jbl_evghc�[Zau�
H^gZdh�k�ijboh^hf�Windows ���ijhbahreh�b�^jZfZlbq_kdh_�]eh[Zevgh_

mom^r_gb_� wj]hghfbdb�ijh]jZffguo� kbkl_f1�� qlh�g_ijb_fe_fh� ^ey�gZ-

�����������������������������������������
1 <� ij_^r_kl\mxs_f� [biheyjghf�fbj_�`_kldh]h� khj_\gh\Zgby� iheblbq_kdbo

kbkl_f� \_^ms_c� ^\b`ms_c� kbehc� l_ogbq_kdh]h� jZa\blby� [ue� \h_g-
gh−ijhfure_gguc�dhfie_dk��\�nbgZevghc�nZa_�bkihevah\Zgby�ijh^mdpbb�dhlh-
jh]h�j_rZxsmx�jhev�b]jZe�q_eh\_q_kdbc�nZdlhj��Ihwlhfm�ijb�kha^Zgbb�kj_^kl\
ij_^ty\e_gby� bgnhjfZpbb� b� mijZ\e_gby� p_gljZevgh_�f_klh� hl\h^behkv� wj]hgh-
fbd_�b�bg`_g_jghc�ikboheh]bb��\�dhlhjuo�aZ�fgh]b_�^_kylbe_lby�[ue�gZdhie_g
dhehkkZevguc�hiul�
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mqguo�ijbeh`_gbc��]^_�ijh]jZffgu_�bgkljmf_glu�^he`gu�[ulv�_kl_kl-
\_gguf�b�g_aZf_lguf� �©ijhajZqgufª��ijh^he`_gb_f�iZevp_\�b�fuke_c
bkke_^h\Zl_ey��H^gZdh�ih\ZevgZy�©hdhggZy�wcnhjbyª�aZo\ZlbeZ�g_�lhevdh
fZkku�g_hnbeh\��gh�\�ajbfhc�f_j_�²�b�\_^msbo�mq_guo�ba�h[eZklb�kbk-
l_fgh]h� ijh]jZffbjh\Zgby�� <� j_amevlZl_� hkfuke_gby� wlhc� kblmZpbb� b
i_jkhgZevgh]h� hiulZ� [ue� k^_eZg� jy^� hkljuo� im[ebpbklbq_kdbo� aZf_qZ-
gbc1� b� \ujZ[hlZgu� wj]hghfbq_kdb_� ijbgpbiu� b� f_lh^heh]by� kha^Zgby

gZmdh−hjb_glbjh\Zgguo�ijbeh`_gbc�[39].

Djhf_� lh]h��djZcg_�g_m^h[guf�^ey�j_]bkljZpbb�[bhkb]gZeh\�y\beky�j_-
`bf� fmevlbaZ^Zqghklb�� iheghp_ggh� j_Zebah\Zgguc� gZqbgZy� k� Windows
95�� b� hjb_glbjh\Zgguc� gZ� hkgh\gu_� h[eZklb� fZkkh\h]h� ijbeh`_gby
IBM/PC: [bag_k��fmevlbf_^bZ��bgl_jg_l�b�l��i���qlh�hljbpZl_evgh�kdZau-
\Z_lky�gZ�j_]bkljZpbb�[ukljuo�ijhp_kkh\��\�dhlhjhc�\hagbdZxl�ieZ\Zx-
sb_� aZ^_j`db� b� ijhimkdb� hlkq_lh\�� \� qZklghklb�� \� k\yab� k� hleh`_gghc

�dwrbjh\Zgghc��aZibkvx�gZdhie_gguo�^Zgguo�gZ�^bkd2��Ihke_^mxsZy�`_
ieZlnhjfZ� Windows NT ^ey� h[_ki_q_gby� [hevr_c� `b\mq_klb� kbkl_fu
\ayeZ�gZ�k_[y�_s_�[he__�`_kldbc�dhgljhev�aZ�^_yl_evghklvx�ijbeh`_gbc�
B�gZ^_`gZy�j_]bkljZpby�\�g_c�[ukljhl_dmsbo�ijhp_kkh\� klZeZ�\hafh`-
ghc�ij_bfms_kl\_ggh�\�j_`bf_�Z\lhghfgh]h�gZdhie_gby�\h�\gmlj_gg_c
iZfylb�:PI� g_h[oh^bfh]h� h[t_fZ� ^Zgguo�� qlh� g_ijb_fe_fh� ^ey� [hev-
rh]h� qbkeZ� nbabheh]bq_kdbo� aZ^Zq�� lj_[mxsbo� hi_jZlb\ghc� h[jZlghc
k\yab�k�^bgZfbdhc�bkke_^m_fuo�ijhp_kkh\��H^gZdh�g_khfg_gguf�^hklh-
bgkl\hf�ieZlnhjfu� IBM/PC�hklZ_lky�__�\k_h[sghklv��^hklmighklv�b�^_-
r_\bagZ�²�ZgZeh]bqgu_�dhfie_dku�gZ�^jm]bo�ieZlnhjfZo�h[oh^ylky�ih-
lj_[bl_eyf�\h�fgh]h�jZa�^hjh`_�

<�wlm�`_�wihom�\�h[_ki_q_ggu_�gZmqgu_�b�debgbq_kdb_�hj]ZgbaZpbb�rb-
jhdbf� ihlhdhf� klZeZ� ihklmiZlv� ^hjh]hklhysZy� aZjm[_`gZy� ZiiZjZlmjZ

��������������������������������������������������������������������������������������������
����<�h[eZklb�`_�fZkkh\hc�dmevlmju�q_eh\_d�\k_]^Z�[ue�g_�km[t_dlhf��Z�h[t_d-

lhf��hkgh\ghc�`bag_gghc�p_gghklvx�dhlhjh]h�y\eyxlky�g_�l\hjq_kdb_�\hafh`gh-
klb��Z�ihdmiZl_evkdb_�kihkh[ghklb��K�ijboh^hf�`_�Windows−���dhfivxl_ju�klZ-
eb�\Z`guf�dhfihg_glhf�fZkkh\hc�dmevlmju��\�fbjh\mx�ijh]jZffbklkdmx�weblm
ijbreh� gh\h_� ihdhe_gb_� fheh^uo� b� q_klhex[b\uo� ZgZeblbdh\�� bf_ggh� k� dhf-
f_jq_kdbo�ihabpbc�\hkijbgbfZxsbo�q_eh\_q_kdbc�nZdlhj��wj]hghfbq_kdZy�^bk-
pbiebgZ�wihob�DOS�[ueZ�mljZq_gZ��ijh]jZffgu_�kbkl_fu�b�^hdmf_glZpbb�[ukl-
jh�klZeb�ij_\jZsZlvky�\�h[\hjh`bl_evgh−fZgysb_�f_]Zk\Zedb��]^_�fh`gh�gZclb
\k_� qlh� m]h^gh��gh� k� h]jhfgufb� mkbebyfb�²� lh�� qlh� ^_ckl\bl_evgh�gm`gh��Gh
de_jdZf��[mo]Zel_jZf�b�k_dj_lZjrZf�^hklZlhqgh�\uam[jblv�lhevdh�g_[hevrhc�gZ-
[hj� hi_jZpbc� h^gh]h� iZd_lZ�� hdhgqb\� dhff_jq_kdb_� dmjku�� Z� ijhqb_� kf_jlgu_
h[yaZgu�ihqZs_�a\hgblv�\�dhff_jq_kdb_�dhgkmevlZpbhggu_�dhglhju��<k_�wlh�]jh-
abeh�miZ^dhf�\�gZmqguo�ijbeh`_gbyo��]^_�q_eh\_q_kdbc�l\hjq_kdbc�nZdlhj�\k_-
]^Z�[m^_l�hklZ\Zlvky�gZ�k\hbo�\_^msbo�ihabpbyo�

1 DmeZbq_\� :�I�� G_dhlhju_� ijh[_eu� \� wj]hghfbd_� kj_^u� :LQGRZV//Fbj� ID�
����������DmeZbq_\�:�I��<�imqbg_�g_ihagZ\Z_fh]h�:LQGRZV//Dhfivxl_jjZ� 1996.
����DmeZbq_\�:�I��:LQGRZV�dZd�ij_^f_l�gZmqgh]h�bkke_^h\Zgby//Fbj�ID−K_lb�
���������−12.

2 Ih^jh[g__�ih�i_j_qbke_gguf�ijh[e_fZf�j_]bkljZpbb�kf��\�jZa^�����������
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ijhba\h^kl\Z�Biomedica� �BlZeby���NeuroScan �KR:�� NeuroScience �:g]-
eby�, Nichon Koden� �Yihgby��b�^j���dhlhjZy�ih�k\hbf�ijh]jZffguf�\ha-
fh`ghklyf� b� hk\hy_fhklb� qZklh� agZqbl_evgh� mklmiZeZ� hl_q_kl\_gguf
ZgZeh]Zf�


