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MATLAB 5

0$7/$%����yaud�\ukhdh]h�mjh\gy�^ey�gZmqgh�l_ogbq_kdbo�\uqbke_gbc��Hg�h[t_^bgy_l�\

k_[_�qbke_ggu_�jZkq_lu��\bamZebaZpbx�b�ijh]jZffbjh\Zgb_��J_r_gb_�ijbdeZ^guo�aZ^Zq�\
kj_^_�0$7/$%�e_]dh�b�ijhklh��Kj_^b�h[eZkl_c�ijbf_g_gby�

• FZl_fZlbq_kdb_�jZkq_lu

• JZajZ[hldZ�Ze]hjblfh\

• Fh^_ebjh\Zgb_

• :gZeba�^Zgguo�b�\bamZebaZpby

• GZmqgZy�b�bg`_g_jgZy�]jZnbdZ

• JZajZ[hldZ�ijbeh`_gbc��\dexqZy�]jZnbq_kdbc�bgl_jn_ck�ihevah\Zl_ey

 

<�dgb]_�hibkZgu�hkgh\gu_�^hiheg_gby�d�kbkl_f_�0$7/$%: Toolboxes, Simulink,
Matlab Compiler

=^_�ijbh[j_klb�0$7/$%"

�NbjfZ�SoftLine Corp.���_^bgkl\_gguc�Z\lhjbah\Zgguc�iZjlg_j�nbjfu�The Mathworks, Inc.
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Toolboxes - ^hihegbl_evgu_

ki_pbZebabjh\Zggu_�iZd_lu�Matlab

7RROER[HV���wlh�g_�ijhklh�^hihegbl_evgu_�gZ[hju�nmgdpbc�^ey�j_r_gby�jZaebqguo�deZkkh\�aZ^Zq��Hgb

ij_^klZ\eyxl�kh[hc�ieh^�mkbebc�fgh`_kl\Z�ba\_klg_crbo�mq_guo��jZ[hlZxsbo�\�lZdbo�h[eZklyo�dZd�

kbkl_fu�mijZ\e_gby��h[jZ[hldZ�kb]gZeh\��b^_glbnbdZpby�kbkl_f�b�^j�

Communications 
Control System 
Financial Toolbox 
Frequency Domain System Identification 
Fuzzy Logic   
Higher-Order Spectral Analysis 
Image Processing 
LMI Control 
Mapping
Model Predictive Control 
µ-Analysis and Synthesis 
NAG

Neural Network 
Optimization 
Partial Differential Equation 
QFT Control Design 
Robust Control 
Signal Processing 
Splines
Statistics
Symbolic/Extended Symbolic Math 
System Identification 
Wavelet
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Communications Toolbox
Dhee_dpby nmgdpbc0$7/$% b [ehdh\ 6,08/,1. ^ey ijh_dlbjh\Zgby� fh^_ebjh\Zgby

b ZgZebaZ kbkl_f k\yab b i_j_^Zqb bgnhjfZpbb� 

IZd_l� &RPPXQLFDWLRQV� ij_^hklZ\ey_l� iheguc� gZ[hj� \hafh`ghkl_c� ^ey� jZajZ[hldb�� ZgZebaZ� b

l_klbjh\Zgby�fh^_e_c�pbnjh\uo�b�ZgZeh]h\uo�kbkl_f�b�mkljhckl\�k\yab�b�i_j_^Zqb�bgnhjfZpbb��IZd_l

kh^_j`bl� [he__� ���� nmgdpbc� 0$7/$%� b� ijbf_jgh� ���� [ehdh\� 6,08/,1.� ^ey� jZajZ[hldb� b

fh^_ebjh\Zgby� lZdbo� kbkl_f�� dZd� mkljhckl\Z�jZ^bhk\yab��fh^_fu�b� mkljhckl\Z�ojZg_gby�bgnhjfZpbb�

IZd_l� y\ey_lky� ij_djZkguf� kj_^kl\hf� ^ey� gZmqguo� jZajZ[hlhd�� Z� lZd`_� ^ey� h[mq_gby� klm^_glh\� ih

ki_pbZevghklyf��k\yaZgguf�k�bgnhjfZpbhggufb�l_ogheh]byfb�

Hkgh\gu_�k\hckl\Z

• Dh^bjh\Zgb_�b�hpbnjh\dZ

• Dhgljhev�hrb[hd�ijb�dh^bjh\Zgbb

• Fh^meypby�b�^_fh^meypby

• NbevljZpby�ijb�i_j_^Zq_�b�ijb_f_

• KbgojhgbaZpby��\�lhf�qbke_�ZgZeh]h\u_�b�pbnjh\u_��kbkl_fu�nZah\hc�Z\lhih^kljhcdb�qZklhlu

• Dhee_dlb\guc�^hklmi

• <uqbke_gb_�ihe_c�=ZemZ

• =_g_jZlhju�kb]gZeh\

• Nmgdpbb�ZgZebaZ�b�ihkljh_gby�]jZnbdh\

�IZd_l� &RPPXQLFDWLRQV� iha\hey_l� jZ[hlZlv� kh� \k_fb� hkgh\gufb� dhfihg_glZfb

dhffmgbdZpbhgguo� kbkl_f�� g_h[oh^bfufb� gZf� ^ey� fh^_ebjh\Zgby� \ukhdhkdhjhklghc

Z[hg_glkdhc�ebgbb��KbglZdkbk�0$7/$%�hq_gv�[ebahd�ljZ^bpbhgghc�fZl_fZlbq_kdhc�aZibkb�

Z�6,08/,1.�iha\hey_l�e_]dh�kljhblv�fh^_eb�keh`guo�b_jZjobq_kdbo�kbkl_f� 

Walter Chen, Texas Instruments
Project Leader at the DSP Research & Design Center 

NB!

;ukljhlZ� jZajZ[hldb��IZd_l� &RPPXQLFDWLRQV� ihfh]Z_l�<Zf� [ukljh� kha^Z\Zlv� b� l_klbjh\Zlv�fh^_eb

keh`guo�kbkl_f��ij_^hklZ\eyy�bgl_]jbjh\Zggu_�kj_^kl\Z�^ey�jZajZ[hldb�Ze]hjblfh\�b�ijh_dlbjh\Zgby

kbkl_f� 

H[eZ^Zy� wnn_dlb\guf� gZ[hjhf� nmgdpbc� 0$7/$%� b� [ehdh\� 6,08/,1.�� iZd_l� ij_^hklZ\ey_l

\hafh`ghklv�kh[bjZlv�ba�gbo�ex[u_�dhffmgbdZpbhggu_�kbkl_fu��<u�fh`_l_�jZajZ[Zlu\Zlv�Ze]hjblfu�

bkihevamy�yaud�fZljbqguo�\uqbke_gbc��fh^_ebjh\Zlv�kbkl_fu�k�ihfhsvx�[ehd�^bZ]jZff� 6,08/,1.�

beb�dhf[bgbjh\Zlv�h[Z�kihkh[Z�jZ[hlu� 

Mkdhj_gb_�jZajZ[hldb�l_ogbq_kdbo�dhffmgbdZpbhgguo�kbkl_f��IZd_l�&RPPXQLFDWLRQV�h[_ki_qb\Z_l

iheguc� gZ[hj� kj_^kl\�� mkdhjyxsbo� ijh_dlbjh\Zgb_�� ZgZeba� b� fh^_ebjh\Zgb_� dhffmgbdZpbhgguo

kbkl_f��Ihevamykv�iZd_lhf�&RPPXQLFDWLRQV��bg`_g_ju�fh]ml�jZajZ[Zlu\Zlv�b�l_klbjh\Zlv�Ze]hjblfu�^ey
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fh^meypbb��dh^bjh\Zgby��nbevljZpbb�ijb�ijb_f_�b�i_j_^Zq_�b�kbgojhgbaZpbb��IZd_l�lZd`_�m^h[_g�^ey

ZgZebaZ�oZjZdl_jbklbd�kbkl_f�b�dZgZeh\�k\yab� 

H[rbjguc� gZ[hj� � nmgdpbc� 0$7/$%� b� [ehdh\� 6,08/,1.�� <� iZd_l� \dexq_gu� [he__� ���� nmgdpbc

0$7/$%�b�[ehdh\�6,08/,1.�\�bkoh^guo�dh^Zo��Wlh�h[_ki_qb\Z_l�hldjulhklv�\uqbkebl_evghc�kj_^u�

iha\heyxs_c�fh^bnbpbjh\Zlv�dh^�^ey�ihevah\Zl_evkdbo�ijbeh`_gbc� 

K\yav�f_`^m�jZajZ[hldhc�Ze]hjblfh\�b�kha^Zgb_f�ijhlhlbih\�kbkl_f��Bkihevamy�iZd_l��bg`_g_ju

ih�dhffmgbdZpbyf�fh]ml�[uklj__�kha^Z\Zlv�aZdhgq_ggu_�ijbeh`_gby� 

>_fhgkljZpbb� b� ijbf_ju�� Ihegh_� Jmdh\h^kl\h� Ihevah\Zl_ey� \dexqZ_l� hibkZgb_� dZd� nmgdpbc

0$7/$%��lZd�b�[ehdh\�6,08/,1.��<�iZd_l�lZd`_�\dexq_gu�g_kdhevdh�ijbf_jh\�ijbeh`_gbc��\dexqZy

ijh\_jdm� qZklhlu� h^gh[blh\uo� hrb[hd�� kbgojhgbaZpbx� k� hi_j_`Zxsbf� b� aZiZa^u\Zxsbf

kljh[bjh\Zgb_f��pbnjh\mx�\ukhdhkdhjhklgmx�i_j_^Zqm�^Zgguo��fh^meypbx�j_r_lqZlh]h�dh^Z� 

Fh^_ev�fh^_fZ��JZ[hlZxsZy�fh^_ev�fh^_fZ�Y����\dexq_gZ�\�iZd_l�b�iheghklvx�^hdmf_glbjh\ZgZ��WlZ

fh^_ev�fh`_l�[ulv�bkihevah\ZgZ�\�]hlh\hf�\b^_�beb�baf_g_gZ�ih�`_eZgbx�ihevah\Zl_ey� 

Dhgljhev� hrb[hd� b� fh^meypby�� IZd_l� &RPPXQLFDWLRQV� y\ey_lky� kh\j_f_gguf� kj_^kl\hf� ^ey

fh^_ebjh\Zgby�dhffmgbdZpbhgguo�kbkl_f��Kj_^b�gbo�nmgdpbb�dhgljhey�hrb[hd��nmgdpbb�ih^^_j`db

kZfuo� jZkijhkljZg_gguo� ZgZeh]h\uo� b� pbnjh\uo� f_lh^h\� fh^meypbb� b� ^_fh^meypbb�� IZd_l

ij_^hklZ\ey_l�\u[hj�jZaebqguo�ih^oh^h\�d�fh^_ebjh\Zgbx�b�\kljh_ggu_�kj_^kl\Z�ZgZebaZ� 

IZd_l�&RPPXQLFDWLRQV�ij_^hklZ\ey_l�ihevah\Zl_ex�m^h[kl\Z

ijb�\uiheg_gbb�aZ^Zq�ZgZebaZ�b�\bamZebaZpbb�oZjZdl_jbklbd�b

iZjZf_ljh\� jZajZ[Zlu\Z_fhc� kbkl_fu�� gZijbf_j�

ihdZaZggu_�gZ�jbkmgd_�ke_\Z� 

Bgl_]jbjh\Zggh_�j_r_gb_��IZd_l�&RPPXQLFDWLRQV�g_jZaju\gh�k\yaZg�k�0$7/$%��6,08/,1.�b�iZd_lhf

Signal 3URFHVVLQJ�� Wlhl� gZ[hj� kj_^kl\� iha\hey_l� kha^Z\Zlv�� fh^_ebjh\Zlv� b� fZd_lbjh\Zlv� ijh_dlu
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dhffmgbdZpbhgguo� kbkl_f� k� g_h[udgh\_gghc� kdhjhklvx�� ]b[dhklvx� b� e_]dhklvx�� <u� fh`_l_� e_]dh

ijh\_jylv� k\hb� b^_b� gZ� jZgg_c� klZ^bb� jZajZ[hldb� ijh_dlZ�� >ey� [ukljh]h� kha^Zgby� ijhlhlbih\� ieZl

pbnjh\hc�h[jZ[hldb�kb]gZeh\�<u�fh`_l_�bkihevah\Zlv�Real-Time :RUNVKRS�b�]_g_jbjh\Zlv�i_j_ghkbfuc

&�dh^�

<kljh_ggu_� ijbf_ju�� <k_� nmgdpbb� b� [ehdb� \� iZd_l_� iheghklvx� ^hdmf_glbjh\Zgu� b� kgZ[`_gu

ijbf_jZfb�bo�bkihevah\Zgby��IZd_l�lZd`_�ij_^hklZ\ey_l�ijbf_ju�ijZdlbq_kdbo�ijbeh`_gbc�



8 DhjihjZpby KhnlEZcg ± _^bgkl\_gguc Z\lhjbah\Zgguc iZjlg_j 7KH MathWorks, Inc. \ Jhkkbb

L_e� ����� ��������� ��������� ��������       NZdk� ��������
e-mail: info@softline.ru              http: // www.softline.ru

Control System Toolbox
;h]Zl_crZy dhee_dpby Ze]hjblfh\ ^ey deZkkbq_kdh]h b kh\j_f_ggh]h ZgZebaZ�

fh^_ebjh\Zgby b ijh_dlbjh\Zgby kbkl_f mijZ\e_gby

IZd_l�Control 6\VWHP� ��dhee_dpby�Ze]hjblfh\�0$7/$%�^ey�fh^_ebjh\Zgby��ZgZebaZ�b�ijh_dlbjh\Zgby

kbkl_f� Z\lhfZlbq_kdh]h� mijZ\e_gby�� Nmgdpbb� iZd_lZ� \dexqZxl� gZb[he__� ljZ^bpbhggu_� f_lh^u

i_j_^Zlhqguo� nmgdpbc� b� kh\j_f_ggu_� f_lh^u� ijhkljZgkl\Z� khklhygbc�� K� ihfhsvx� iZd_lZ� Control
6\VWHP� <u� fh`_l_� fh^_ebjh\Zlv� b� ZgZebabjh\Zlv� dZd� g_ij_ju\gu_�� lZd� b� ^bkdj_lgu_� kbkl_fu�

QZklhlguc�b�\j_f_gghc�hldebd��^bZ]jZffu�jZkiheh`_gby�gme_c/ihexkh\�fh]ml�[ulv�[ukljh�\uqbke_gu
b�hlh[jZ`_gu�gZ�wdjZg_�

Hkgh\gu_�k\hckl\Z

Fh^_ebjh\Zgb_

• G_ij_ju\gu_�b�^bkdj_lgu_�kbkl_fu

• NhjfZlu�fh^_e_c��i_j_^Zlhqgu_�nmgdpbb��ijhkljZgkl\h�khklhygbc��gmeb�ihexkZ

• Ihkljh_gb_�ebg_cguo�fh^_e_c�kbkl_f

• Ij_h[jZah\Zgb_�fh^_e_c�\�jZaebqgu_�nhjfZlu

:gZeba

• Iheguc�gZ[hj�kj_^kl\�^ey�ZgZebaZ�0,02�kbkl_f

• <j_f_ggu_� oZjZdl_jbklbdb�� i_j_^ZlhqgZy� b� i_j_oh^gZy� nmgdpbb�� j_Zdpby� gZ� ijhba\hevgh_

\ha^_ckl\b_

• QZklhlgu_�oZjZdl_jbklbdb��^bZ]jZffu�;h^_��GbdhekZ��GZcd\bklZ�b�^j�

Ijh_dlbjh\Zgb_

• JZajZ[hldZ�h[jZlguo�k\ya_c

• Ijh_dlbjh\Zgb_�/45�/4(�j_]meylhjh\

• OZjZdl_jbklbdb�fh^_e_c��mijZ\ey_fhklv��gZ[ex^Z_fhklv��ihgb`_gb_�ihjy^dZ�fh^_e_c

• Ih^^_j`dZ�kbkl_f�k�aZiZa^u\Zgb_f

NB!

IheghnmgdpbhgZevgZy� kj_^Z� ^ey� fh^_ebjh\Zgby�� IZd_l� Control 6\VWHP� iha\hey_l� ZgZebabjh\Zlv� b

ijh_dlbjh\Zlv� g_ij_ju\gu_� b� ^bkdj_lgu_� kbkl_fu�� >hihegbl_evgu_� nmgdpbb� ihkljh_gby� fh^_e_c

iha\heyxl�dhgkljmbjh\Zlv�[he__�keh`gu_�fh^_eb� 

H[t_dlu�� Ihevamykv� h[t_dlgh�hjb_glbjh\Zggufb� \hafh`ghklyfb� 0$7/$%� ��� iZd_l� iha\hey_l

h[jZ[Zlu\Zlv�6,62�beb�0,02�ebg_cgu_�kbkl_fu�h^ghc�dhfZg^hc��lZd`_�dZd�ijhba\h^ylky�hi_jZpbb�k

fZljbpZfb�
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:gZeba�\j_f_ggh]h�b�qZklhlgh]h�hldebdZ��<j_f_gghc�hldebd�fh`_l�[ulv�jZkkqblZg�^ey�bfimevkgh]h

\oh^Z��_^bgbqgh]h�kdZqdZ�beb�ijhba\hevgh]h�\oh^gh]h�kb]gZeZ��Kj_^b�fgh`_kl\Z�nmgdpbc���^bZ]jZffu

;h^_��GZcd\bklZ�b�GbdhekZ�^ey�qZklhlgh]h�ZgZebaZ��Bf_xlky�lZd`_�nmgdpbb�^ey�ZgZebaZ�kbg]meyjguo

qbk_e� 

Ij_^\Zjbl_evguc� ijhkfhlj�� Bgl_jZdlb\gZy� kj_^Z� ^ey� kjZ\g_gby� \j_f_ggh]h� b� qZklhlgh]h� hldebdZ

kbkl_f� ij_^hklZ\ey_l� ihevah\Zl_ex� ]jZnbq_kdb_� mijZ\eyxsb_� we_f_glu� ^ey� h^gh\j_f_ggh]h

hlh[jZ`_gby�hldebdh\�b�i_j_dexq_gby�f_`^m�gbfb��<u�fh`_l_� \uqbkeylv�jZaebqgu_�oZjZdl_jbklbdb

hldebdh\��lZdb_�dZd�\j_fy�jZa]hgZ�b�\j_fy�j_]mebjh\Zgby�

GZkljhcdZ�h[jZlghc�k\yab��IZd_l�Control 6\VWHP�kh^_j`bl�kj_^kl\Z�^ey�\u[hjZ�iZjZf_ljh\�h[jZlghc

k\yab�� Kj_^b� ljZ^bpbhgguo� f_lh^h\�� ZgZeba� hkh[uo� lhq_d�� hij_^_e_gb_� dhwnnbpb_glZ� mkbe_gby� b

aZlmoZgby��Kj_^b�kh\j_f_gguo�f_lh^h\��ebg_cgh�d\Z^jZlbqgh_�j_]mebjh\Zgb_�b�^j�

<hafh`ghklv� gZkljhcdb� gZ� ihevah\Zl_ey�� IZd_l� Control 6\VWHP� \dexqZ_l� [hevrh_� dhebq_kl\h

Ze]hjblfh\�^ey�ijh_dlbjh\Zgby�b�ZgZebaZ�kbkl_f�mijZ\e_gby��Djhf_�lh]h��hg�h[eZ^Z_l�gZkljZb\Z_fuf

hdjm`_gb_f��\�dhlhjhf�<u�bf__l_�\hafh`ghklv�ijh]jZffbjh\Zlv�kh[kl\_ggu_�F�nZceu�

;Zabk�^ey�ijh_dlbjh\Zgby�kbkl_f�mijZ\e_gby��IZd_l�Control 6\VWHP�qZklh�bkihevam_lky�\�dhf[bgZpbb

k� ^jm]bfb� iZd_lZfb� ^ey� ijh_dlbjh\Zgby� kbkl_f� mijZ\e_gby�� Wlh� iha\hey_l� kh\_jr_gkl\h\Zlv

kha^Z\Z_fu_�kbkl_fu�

K�ihfhsvx�iZd_lZ�Control 6\VWHP�e_]dh�\uqbkeylv�lZdb_��qZklhlgu_�oZjZdl_jbklbdb��dZd�^bZ]jZffZ
;h^_��ij_^klZ\e_ggZy�gZ�jbkmgd_�

IZd_l� &RQWURO� 6\VWHP� bkihevam_l� ]jZnbq_kdb_

\hafh`ghklb� 0$7/$%� ^ey� ihkljh_gby� g_h[oh^bfuo

^bZ]jZff�

                      <j_f_ggZy�oZjZdl_jbklbdZ
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JZkiheh`_gb_�gme_c�b�ihexkh\�i_j_^Zlhqghc�nmgdpbb

>bZ]jZffZ�GbdhekZ
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Excel Link
K\yau\Z_l0$7/$% k Microsoft Excel for Windows 

Excel /LQN� h[t_^bgy_l� \uqbkebl_evgu_� b� ]jZnbq_kdb_� \hafh`ghklb� 0$7/$%� k� \hafh`ghklyfb

we_dljhgghc� lZ[ebpu� Microsoft® ([FHO�� kZfhc� jZkijhkljZg_gghc� we_dljhgghc� lZ[ebp_c� ^ey� Windows.
Excel /LQN� iha\hey_l� h[f_gb\Zlvky� ^Zggufb� f_`^m� 0$7/$%� b� ([FHO�� h[_ki_qb\Zy� [_kij_p_^_glgu_

\hafh`ghklb�^ey�ZgZebaZ��h[jZ[hldb�b�ij_^klZ\e_gby�^Zgguo� 

Hkgh\gu_�k\hckl\Z

• �@b\Zy��k\yav�0$7/$%���Excel
• >\mklhjhggbc�h[f_g�^Zggufb�f_`^m�0$7/$%�b�Excel
• Ijhkfhlj��j_^Zdlbjh\Zgb_�b�h[jZ[hldZ�^Zgguo�0$7/$%�\�Excel
• :gZeba�^Zgguo�([FHO�\�0$7/$%

• <uiheg_gb_�nmgdpbc�0$7/$%�ijyfh�ba�Excel
• Ih^]hlh\dZ�([FHO�ijbeh`_gbc

NB!

M^h[guc� j_^Zdlhj�fZkkb\h\� Excel /LQN� hkh[_ggh� ihe_a_g� \� dZq_kl\_� j_^ZdlhjZ� ^ey� bgl_jZdlb\gh]h
ijhkfhljZ� b� baf_g_gby� ^Zgguo�� Ex[u_� ^Zggu_�� bfihjlbjm_fu_� ba� Excel� fh]ml� [ulv� i_j_^Zgu� \
0$7/$%�^ey� ZgZebaZ�b� \bamZebaZpbb��K\yav�f_`^m� ([FHO�b�0$7/$%� �`b\Zy��b�g_� lj_[m_l� kha^Zgby

ijhf_`mlhqguo�nZceh\�beb�gbadhmjh\g_\h]h�ijh]jZffbjh\Zgby� 

Bkihevah\Zgb_� \hafh`ghkl_c� ([FHO� \� 0$7/$%� Excel /LQN� k\yau\Z_l� ([FHO� k� jZ[hq_c� h[eZklvx
0$7/$%�� ij_^hklZ\eyy� ([FHO� ijyfhc� ^hklmi� dh� \k_fm� k_f_ckl\m� ijh^mdlh\� 0$7/$%�� \dxqZy

^hihegbl_evgu_� iZd_lu��Wlhl� bgkljmf_gl� iha\hey_l�<Zf� ba\e_dZlv� ij_bfms_kl\Z� hl� \uqbkebl_evghc

fhsb�0$7/$%��ihevamykv�^jm`_kl\_gghc�kj_^hc�Excel. 
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Frequency Domain System
Identification Toolbox
GZ[hj Ze]hjblfh\ ^ey jZkq_lZ qZklhlguo oZjZdl_jbklbd b ^bZ]ghklbdb kbkl_f 

IZd_l� Frequency Domain System ,GHQWLILFDWLRQ� ij_^hklZ\ey_l� ki_pbZebabjh\Zggu_� kj_^kl\Z� ^ey

b^_glbnbdZpbb�ebg_cguo�^bgZfbq_kdbo�kbkl_f�ih�bo�\j_f_gghfm�beb�qZklhlghfm�hldebdm��QZklhlgu_

f_lh^u�gZijZ\e_gu�gZ�b^_glbnbdZpbx�g_ij_ju\guo�kbkl_f��qlh�y\ey_lky�fhsguf�^hiheg_gb_f�d�[he__

ljZ^bpbhgghc� ^bkdj_lghc� f_lh^bd_�� F_lh^u� iZd_lZ� fh]ml� [ulv� ijbf_g_gu� d� lZdbf� aZ^ZqZf�� dZd

fh^_ebjh\Zgb_�we_dljbq_kdbo��f_oZgbq_kdbo�b�Zdmklbq_kdbo�kbkl_f� 

Hkgh\gu_�k\hckl\Z 

• I_jbh^bq_kdb_� \hafms_gby�� ibd�nZdlhj�� hilbfZevguc� ki_dlj�� ik_\^hkemqZcgu_� b� ^bkdj_lgu_

^\hbqgu_�ihke_^h\Zl_evghklb

• JZkq_l�^h\_jbl_evguo�bgl_j\Zeh\�Zfieblm^u�nZau�b�gme_c�ihexkh\

• B^_glbnbdZpby�g_ij_ju\guo�b�^bkdj_lguo�kbkl_f�k�g_ba\_klguf�aZiZa^u\Zgb_f

• >bZ]ghklbdZ�fh^_eb��\dexqZy�fh^_ebjh\Zgb_�b�\uqbke_gb_�g_\yahd

• Ij_h[jZah\Zgb_�fh^_e_c�\�nhjfZl�System Identification 7RROER[�b�h[jZlgh

IZd_l�Frequency Domain System ,GHQWLILFDWLRQ�bkihevam_l�hp_gdb

q_luj_o� gme_c� b� q_luj_o� ihexkh\� ^ey� b^_glbnbdZpbb

ih\_^_gby�fZgbimeylhjZ�jh[hlZ�

NB! 

Ijh\_jdZ�fh^_e_c��Bkihevamy�qZklhlguc�ih^oh^��<u�fh`_l_��^h[blvky�gZbemqr_c�fh^_eb�\�qZklhlghc

h[eZklb�� ba[_`Zlv� hrb[hd� ^bkdj_lbaZpbb�� e_]dh� \u^_eylv� ihklhyggmx� khklZ\eyxsmx� kb]gZeZ�

kms_kl\_ggh�memqrblv�khhlghr_gb_�kb]gZe/rmf. 

Fh^_ebjh\Zgb_� kb]gZeh\�� >ey� ihemq_gby� \hafmsZxsbo� kb]gZeh\� iZd_l� ij_^hklZ\ey_l� nmgdpbb

]_g_jZpbb� ^\hbqguo� ihke_^h\Zl_evghkl_c�� fbgbfbaZpbb� \_ebqbgu� ibdZ� b� memqr_gby� ki_dljZevguo

oZjZdl_jbklbd� 
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B^_glbnbdZpby� ebg_cguo� klZlbq_kdbo� kbkl_f�� H[_ki_qb\Z_lky� b^_glbnbdZpby� g_ij_ju\guo� b

^bkdj_lguo� ebg_cguo� klZlbq_kdbo� kbkl_f�� Z\lhfZlbq_kdZy� ]_g_jZpby� \oh^guo� kb]gZeh\�� Z� lZd`_

]jZnbq_kdh_�bah[jZ`_gb_�gme_c/ihexkh\�i_j_^Zlhqghc�nmgdpbb�j_amevlbjmxs_c�kbkl_fu� 

L_klbjh\Zgb_�� Nmgdpbb� ^ey� l_klbjh\Zgby� fh^_eb� \dexqZxl� \uqbke_gb_� g_\yahd�� i_j_^Zlhqguo

nmgdpbc�b�gme_c/ihexkh\��ijh]hgdm�fh^_eb�k�bkihevah\Zgb_f�l_klh\uo�^Zgguo� 



14 DhjihjZpby KhnlEZcg ± _^bgkl\_gguc Z\lhjbah\Zgguc iZjlg_j 7KH MathWorks, Inc. \ Jhkkbb

L_e� ����� ��������� ��������� ��������       NZdk� ��������
e-mail: info@softline.ru              http: // www.softline.ru

Financial Toolbox
GZ[hj g_h[oh^bfuo nmgdpbc ^ey nbgZgkh\h]h ZgZebaZ

IZd_l� )LQDQFLDO� y\ey_lky� hkgh\hc� ^ey� j_r_gby� \� M$7/$%� fgh`_kl\Z� nbgZgkh\uo� aZ^Zq�� hl� ijhkluo

\uqbke_gbc�^h�iheghfZkrlZ[guo�jZkij_^_e_gguo�ijbeh`_gbc��IZd_l�)LQDQFLDO�fh`_l�[ulv�bkihevah\Zg

^ey� jZkq_lZ� ijhp_glguo� klZ\hd� b� ijb[ueb�� ZgZebaZ� ijhba\h^guo� ^hoh^h\� b� ^_ihablh\�� hilbfbaZpbb

ihjln_ey�bg\_klbpbc� 

Hkgh\gu_�k\hckl\Z

• H[jZ[hldZ�^Zgguo

• >bki_jkbhgguc�ZgZeba�wnn_dlb\ghklb�ihjln_ey�bg\_klbpbc

• :gZeba�\j_f_gguo�jy^h\

• JZkq_l�^hoh^ghklb�p_gguo�[mfZ]�b�hp_gdZ�dmjkh\

• KlZlbklbq_kdbc�ZgZeba

• :gZeba�qm\kl\bl_evghklb�jugdZ

• DZevdmeypby�_`_]h^gh]h�^hoh^Z�b�jZkq_l�^_g_`guo�ihlhdh\

• F_lh^u�gZqbke_gby�baghkZ�b�ZfhjlbaZpbhgguo�hlqbke_gbc

GZ� jbkmgd_� ihdZaZgZ� \aZbfhk\yav� jbkdZ� b� j_glZ[_evghklb� ^ey� ihjln_ey� bg\_klbpbc�� HilbfbaZpby

iha\hey_l� jZkij_^_eblv� bg\_klbpbb� lZd�� qlh[u� h[_ki_qblv� ieZgbjm_fuc� ^hoh^� k� fbgbfZevguf

jbkdhf� 
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NB!
 
H[jZ[hldZ� ^Zgguo�� Mqblu\Zy� \Z`ghklv� ^Zlu� lhc� beb� bghc� nbgZgkh\hc� hi_jZpbb�� \� iZd_l� Financial
\dexq_gu�g_kdhevdh�nmgdpbc�^ey�fZgbimebjh\Zgby�^Zlhc�b�\j_f_g_f�\�jZaebqguo�nhjfZlZo� 

:gZeba�wnn_dlb\ghklb�bg\_klbpbc�\�p_ggu_�[mfZ]b��IZd_l�)LQDQFLDO�iha\hey_l�jZkkqblu\Zlv�p_gu�b

^hoh^u�ijb�bg\_klbpbyo�\�h[eb]Zpbb��Ihevah\Zl_ev�bf__l�\hafh`ghklv�aZ^Z\Zlv�g_klZg^Zjlgu_��\�lhf

qbke_� g_j_]meyjgu_� b� g_kh\iZ^Zxsb_� ^jm]� k� ^jm]hf� ]jZnbdb� ^_[blguo� b� dj_^blguo� hi_jZpbc� b

hdhgqZl_evgh]h�jZkq_lZ�ijb�ih]Zr_gbb�\_dk_e_c��Wdhghfbq_kdb_�nmgdpbb�qm\kl\bl_evghklb�fh]ml�[ulv

\uqbke_gu�k�mq_lhf�jZagh\j_f_gguo�kjhdh\�ih]Zr_gby� 

H[uqgu_�jZkq_lu�ih�kq_lZf��:e]hjblfu�iZd_lZ�)LQDQFLDO�^ey�jZkq_lZ�ihdZaZl_e_c�^\b`_gby�^_g_`guo

kj_^kl\� b� ^jm]bo� ^Zgguo�� hljZ`Z_fuo� \� nbgZgkh\uo� kq_lZo�� iha\heyxl� \uqbkeylv�� \� qZklghklb�

ijhp_glgu_� klZ\db� ih� aZcfZf� b� dj_^blZf�� dhwnnbpb_glu� j_glZ[_evghklb�� dj_^blgu_� ihklmie_gby� b

blh]h\u_� gZqbke_gby�� hp_gb\Zlv� b� ijh]ghabjh\Zlv� klhbfhklv� bg\_klbpbhggh]h� ihjln_ey�� \uqbkeylv

ihdZaZl_eb� baghkZ� b� lhfm� ih^h[gh_�� Nmgdpbb� iZd_lZ� )LQDQFLDO� fh]ml� [ulv� bkihevah\Zgu� k� mq_lhf

iheh`bl_evgh]h� b� hljbpZl_evgh]h� dwr�nehm� �ij_\ur_gby� gZebqguo� ihklmie_gbc� gZ^� ieZl_`Zfb� beb

gZebqguo�\uieZl�gZ^�ihklmie_gbyfb��khhl\_lkl\_ggh�� 

Kh\j_f_ggu_�f_lh^u�ZgZebaZ�nbgZgkh\hc�b�wdhghfbq_kdhc�^_yl_evghklb��IZd_l�)LQDQFLDO�kh^_j`bl

Ze]hjblfu�� dhlhju_� iha\heyxl� ZgZebabjh\Zlv� ihjln_ev� bg\_klbpbc�� ^bgZfbdm� b� wdhghfbq_kdb_

dhwnnbpb_glu� qm\kl\bl_evghklb�� <� qZklghklb�� ijb� hij_^_e_gbb� wnn_dlb\ghklb� bg\_klbpbc� Financial
iha\hey_l�knhjfbjh\Zlv�ihjln_ev��m^h\e_l\hjyxsbc�deZkkbq_kdhc�aZ^Zq_�=��FZjdh\bpZ��Ihevah\Zl_ev

fh`_l�dhf[bgbjh\Zlv�Ze]hjblfu�iZd_lZ�^ey�\uqbke_gby�dhwnnbpb_glh\�RZji_�b�klZ\hd�^hoh^Z��:gZeba

^bgZfbdb� b� wdhghfbq_kdbo� dhwnnbpb_glh\� qm\kl\bl_evghklb� iha\hey_l� ihevah\Zl_ex� hij_^_eblv

ihabpbb�^ey�klj_^^e�k^_ehd��o_^`bjh\Zgby�b�k^_ehd�k�nbdkbjh\Zggufb�klZ\dZfb� 

>hihegbl_evgu_� \hafh`ghklb�iZd_lZ��IZd_l� )LQDQFLDO� h[_ki_qb\Z_l� lZd`_� h[rbjgu_� \hafh`ghklb

^ey� ij_^klZ\e_gby� b� ij_a_glZpbb� ^Zgguo� b� j_amevlZlh\� \� \b^_� ljZ^bpbhgguo� ^ey� wdhghfbq_kdhc� b

nbgZgkh\hc� kn_j� ^_yl_evghklb� ]jZnbdh\� b� ^bZ]jZff�� >_g_`gu_� kj_^kl\Z� fh]ml� ih� `_eZgbx

ihevah\Zl_ey�hlh[jZ`Zlvky�\�^_kylbqghf��[Zgdh\kdhf�b�ijhp_glghf�nhjfZlZo� 
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Fuzzy Logic Toolbox
Bglmblb\gZy ]jZnbq_kdZy kj_^Z ^ey jZajZ[hldb bgl_ee_dlmZevguo kbkl_f

IZd_l� Fuzzy /RJLF� h[eZ^Z_l� ijhkluf� b� ohjhrh� ijh^mfZgguf� bgl_jn_ckhf�� iha\heyxsbf� e_]dh

ijh_dlbjh\Zlv� b� ^bZ]ghklbjh\Zlv� g_q_ldb_� fh^_eb�� H[_ki_qb\Z_lky� ih^^_j`dZ� kh\j_f_gguo� f_lh^h\

g_q_ldhc�deZkl_jbaZpbb�b�Z^Zilb\gu_�g_q_ldb_�g_cjhggu_�k_lb��=jZnbq_kdb_�kj_^kl\Z�iZd_lZ�iha\heyxl

bgl_jZdlb\gh�hlke_`b\Zlv�hkh[_gghklb�ih\_^_gby�kbkl_fu� 

Hkgh\gu_�k\hckl\Z

• Hij_^_e_gb_�i_j_f_gguo��g_q_ldbo�ijZ\be�b�nmgdpbc�ijbgZ^e_`ghklb

• Bgl_jZdlb\guc�ijhkfhlj�g_q_ldh]h�eh]bq_kdh]h�\u\h^Z

• Kh\j_f_ggu_� f_lh^u�� Z^Zilb\guc� g_q_ldbc� \u\h^� k� bkihevah\Zgb_f� g_cjhgguo� k_l_c�� g_q_ldZy

deZkl_jbaZpby

• Bgl_jZdlb\gh_�^bgZfbq_kdh_�fh^_ebjh\Zgb_�\�6,08/,1.

• =_j_jZpby�i_j_ghkbfh]h�&�dh^Z�k�ihfhsvx�Real-Time Workshop®

�IZd_l�Fuzzy /RJLF� ohjhr� \h� \k_o� hlghr_gbyo��Hg� ^_eZ_l� g_q_ldmx� eh]bdm� wnn_dlb\guf

kj_^kl\hf�^ey�kha^Zgby�bgl_ee_dlmZevguo�kbkl_f� 

AZ^_��kha^Zl_ev�g_q_ldhc�eh]bdb�

University of California at Berkeley 

NB! 

IjhklhlZ�\�bkihevah\Zgbb��IZd_l�Fuzzy /RJLF� kha^Zg�^ey� lh]h��qlh[u�<u�[ukljh�h\eZ^_eb�g_q_ldhc
eh]bdhc� b� ijbf_gyeb� __� ^ey� j_r_gby� ijZdlbq_kdbo� aZ^Zq�� L_f�� dlh� m`_� ohjhrh� agZdhf� k� g_q_ldhc

eh]bdhc��iZd_l�ij_^eZ]Z_l�kh\j_f_ggu_�f_lh^u�b�\hafh`ghklv�kha^Z\Zlv�kh[kl\_ggu_�f_lh^u� 

=jZnbq_kdh_� ijh_dlbjh\Zgb_�� IZd_l� Fuzzy /RJLF� kh^_j`bl� iylv� ]jZnbq_kdbo� j_^Zdlhjh\� ^ey

ij_^klZ\e_gby�g_h[oh^bfhc�bgnhjfZpbb�\�ijhp_kk_�ijh_dlbjh\Zgby��kha^Zgby�b�l_klbjh\Zgby�g_q_ldbo

fh^_e_c� 

Kh\j_f_ggu_� f_lh^u�� IZd_l� Fuzzy /RJLF� \dexqZ_l� kh\j_f_ggu_� f_lh^u� g_q_ldh]h� fh^_ebjh\Zgby�
\dexqZy� 
• :^Zilb\guc�g_q_ldbc�\u\h^�k�bkihevah\Zgb_f�g_cjhgguo�k_l_c�^ey�Z\lhfZlbq_kdh]h�nhjfbjh\Zgby

nmgdpbc�ijbgZ^e_`ghklb�\�ijhp_kk_�h[mq_gby�bo�gZ�\oh^guo�^Zgguo

• G_q_ldZy�eh]bdZ�b�deZkl_jbaZpby�^ey�aZ^Zqb�jZkihagZ\Zgby�h[jZah\

• <hafh`ghklv�\u[hjZ�rbjhdh�ba\_klgh]h�f_lh^Z�FZf^Zgb�beb�fhsgh]h�f_lh^Z�Km]_gh�^ey�kha^Zgby

]b[jb^guo�g_q_ldbo�kbkl_f

Bgl_]jZpby�fh^_ebjh\Zgby�b�]_g_jZpbb�dh^Z��IZd_l�ij_^gZagZq_g�^ey�kh\f_klghc�jZ[hlu�k�6LPXOLQN��K

ihfhsvx�Real-Time :RUNVKRS�fh`gh�]_g_jbjh\Zlv�$16,�&�dh^�^ey�jZ[hlu�\�j_Zevghf�\j_f_gb� 



17 DhjihjZpby KhnlEZcg ± _^bgkl\_gguc Z\lhjbah\Zgguc iZjlg_j 7KH MathWorks, Inc. \ Jhkkbb

L_e� ����� ��������� ��������� ��������       NZdk� ��������
e-mail: info@softline.ru              http: // www.softline.ru

Kha^Zgb_� fh^_e_c�� jZ[hlZxsbo� \h� \g_rgbo� ijbeh`_gbyo�� <ZrZ� g_q_ldZy� fh^_ev� fh`_l� [ulv

khojZg_gZ�\�nhjfZl_�$6&,,�^ey�ihke_^mxs_]h�bkihevah\Zgby�\g_�kj_^u�0$7/$%��IZd_l�ij_^hklZ\ey_l

wnn_dlb\guc� bgkljmf_gl� g_q_ldh]h� \u\h^Z�� kihkh[guc� aZimkdZlv� g_q_ldmx� fh^_ev� dZd� Z\lhghfgh_

ijbeh`_gb_�beb�dZd�qZklv�^jm]h]h�ijbeh`_gby�

 

GZ�jbkmgd_�ihdZaZg�hldebd�g_q_ldh]h�j_]meylhjZ�
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Higher-Order Spectral Analysis
Toolbox
Dhee_dpby Ze]hjblfh\ ^ey ZgZebaZ g_]Zmkkh\uo kb]gZeh\

IZd_l� Higher-Order Spectral $QDO\VLV� kh^_j`bl� ki_pbZevgu_� Ze]hjblfu� ^ey� ZgZebaZ� kb]gZeh\� k

bkihevah\Zgb_f� fhf_glh\� \ukr_]h� ihjy^dZ�� IZd_l� ij_^hklZ\ey_l�rbjhdb_� \hafh`ghklb� ^ey� ZgZebaZ

g_]Zmkkh\uo�kb]gZeh\��lZd�dZd�kh^_j`bl�Ze]hjblfu��ih`Zemc��kZfuo�i_j_^h\uo�f_lh^h\�^ey�ZgZebaZ�b

h[jZ[hldb�kb]gZeh\�

Hkgh\gu_�k\hckl\Z

• Hp_gdZ��ki_dljh\�\ukhdh]h�ihjy^dZ

• LjZ^bpbhgguc�beb�iZjZf_ljbq_kdbc�ih^oh^

• <hkklZgh\e_gb_�Zfieblm^u�b�nZau

• :^Zilb\gh_�ebg_cgh_�ijh]ghabjh\Zgb_

• <hkklZgh\e_gb_�]Zjfhgbd 
• Hp_gdZ�aZiZa^u\Zgby

• ;ehqgZy�h[jZ[hldZ�kb]gZeh\

GZ�jbkmgd_�ijb\_^_gh�ij_^klZ\e_gb_�fhf_glZ��lj_lv_]h�ihjy^dZ�\�fh^_eb�Z\lhj_]j_kkbb���kdhevays_]h

kj_^g_]h��ihemq_ggh]h�ih�Ze]hjblfZf�iZd_lZ�Higher-Order Spectral Analysis. 

NB!

Ij_bfms_kl\Z� ki_dljh\� \ukhdh]h� ihjy^dZ�� IZd_l� Higher-Order Spectral $QDO\VLV� iha\hey_l

ZgZebabjh\Zlv� kb]gZeu�� ih\j_`^_ggu_� g_]Zmkkh\uf�rmfhf� b� ijhp_kku�� ijhbkoh^ysb_� \� g_ebg_cguo
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kbkl_fZo��Ki_dlju� \ukhdh]h� ihjy^dZ�� hij_^_ey_fu_� \� l_jfbgZo�fhf_glh\� \ukhdh]h� ihjy^dZ� kb]gZeZ�

kh^_j`Zl� ^hihegbl_evgmx� bgnhjfZpbx�� dhlhjmx� g_\hafh`gh� ihemqblv�� ihevamykv� lhevdh� ZgZebahf

Z\lhdhjj_eypbb�kb]gZeZ�beb�fhsghklb�ki_dljZ��Ki_dlju�\ukhdh]h�ihjy^dZ�iha\heyxl� 

• Ih^Z\blv�Z^^blb\guc�p\_lghc�]Zmkkh\�rmf

• B^_glbnbpbjh\Zlv�g_fbgbfZevgh�nZah\u_�kb]gZeu

• <u^_eblv�bgnhjfZpbx��h[mkeh\e_ggmx�g_]Zmkh\uf�oZjZdl_jhf�rmfZ

• H[gZjm`blv�b�ijhZgZebabjh\Zlv�g_ebg_cgu_�k\hckl\Z�kb]gZeh\

<hafh`gu_� ijbeh`_gby� ki_dljZevgh]h� ZgZebaZ� \ukhdh]h� ihjy^dZ� \dexqZxl� Zdmklbdm�� [bhf_^bpbgm�

wdhghf_ljbx��k_ckfheh]bx��hd_Zgh]jZnbx��nbabdm�ieZafu��jZ^Zju�b�ehdZlhju� 

Kh\j_f_ggu_�f_lh^u�h[jZ[hldb�kb]gZeh\��Hkgh\gu_�nmgdpbb�iZd_lZ�ih^^_j`b\Zxl�ki_dlju�\ukhdh]h

ihjy^dZ�� \aZbfgmx� ki_dljZevgmx� hp_gdm�� ebg_cgu_� fh^_eb� ijh]ghaZ� b� hp_gdm� aZiZa^u\Zgby�

Bkq_jiu\Zxs__�����kljZgbqgh_�jmdh\h^kl\h�kh^_j`bl����ijbf_jh\�b�[he__����beexkljZpbc� 
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Image Processing Toolbox 2
Iheguc gZ[hj Ze]hjblfh\ ^ey pbnjh\hc h[jZ[hldb b ZgZebaZ bah[jZ`_gbc \

MATLAB. 

IZd_l� Image 3URFHVVLQJ� ij_^hklZ\ey_l� mq_guf� b� bg`_g_jZf� rbjhdbc� ki_dlj� kj_^kl\� ^ey� pbnjh\hc

h[jZ[hldb�b�ZgZebaZ�bah[jZ`_gbc��;m^mqb�l_kgh�k\yaZgguf�kh�kj_^hc�jZajZ[hldb�ijbeh`_gbc�0$7/$%�

iZd_l� Image Processing 7RROER[� hk\h[h`^Z_l�<Zk� hl� \uiheg_gby� ^ebl_evguo� hi_jZpbc� dh^bjh\Zgby� b
hleZ^db� Ze]hjblfh\�� iha\heyy� khkj_^hlhqblv� mkbeby� gZ� j_r_gbb� hkgh\ghc� gZmqghc� beb� ijZdlbq_kdhc

aZ^Zqb� 

Hkgh\gu_�k\hckl\Z

• <hkklZgh\e_gb_�b�\u^_e_gb_�^_lZe_c�bah[jZ`_gbc

• JZ[hlZ�k�\u^_e_gguf�mqZkldhf�bah[jZ`_gby

• :gZeba�bah[jZ`_gby

• Ebg_cgZy�nbevljZpby

• Ij_h[jZah\Zgb_�bah[jZ`_gbc

• =_hf_ljbq_kdb_�ij_h[jZah\Zgby

• M\_ebq_gb_�dhgljZklghklb�\Z`guo�^_lZe_c

• ;bgZjgu_�ij_h[jZah\Zgby

• H[jZ[hldZ�bah[jZ`_gbc�b�klZlbklbdZ

• P\_lh\u_�ij_h[jZah\Zgby

• Baf_g_gb_�iZeblju

• Ij_h[jZah\Zgb_�lbih\�bah[jZ`_gbc

�0$7/$%� b� iZd_l� Image Processing 7RROER[� iha\hebeb� gZf� ijbf_gylv� \ukhdhdZq_kl\_ggu_
Ze]hjblfu��khojZgb\rb_�^hklZlhqgh�fgh]h�gZrbo�kbe�b�kj_^kl\�

– Michael Paluszek
Princeton Satellite Systems

NB!

Mgbnbpbjh\ZggZy� h[hehqdZ� ^ey� ij_^klZ\e_gby� ]jZnbdb�� IZd_l� Image 3URFHVVLQJ� ij_^hklZ\ey_l
rbjhdb_� \hafh`ghklb� ^ey� kha^Zgby� b� ZgZebaZ� ]jZnbq_kdbo� bah[jZ`_gbc�� iheghklvx� kh\f_klbfuo� kh

kj_^hc� 0$7/$%�� Wlhl� iZd_l� h[_ki_qb\Z_l� qj_a\uqZcgh� ]b[dbc� bgl_jn_ck�� iha\heyxsbc

fZgbimebjh\Zlv� bah[jZ`_gbyfb�� bgl_jZdlb\gh� jZajZ[Zlu\Zlv� ]jZnbq_kdb_� dZjlbgu�� \bamZebabjh\Zlv

gZ[hju�^Zgguo�b�Zgghlbjh\Zlv�j_amevlZlu�^ey�l_ogbq_kdbo�hibkZgbc��^hdeZ^h\�b�im[ebdZpbc��=b[dhklv�

kh_^bg_gb_� Ze]hjblfh\� iZd_lZ� k� lZdhc� hkh[_gghklvx� 0$7/$%�� dZd� fZljbqgh�\_dlhjgh_� hibkZgb_�

^_eZ_l� iZd_l� hq_gv� m^Zqgh� ijbkihkh[e_gguf� ^ey� j_r_gby� ijZdlbq_kdb� ex[uo� aZ^Zq� ih� jZajZ[hld_� b

ij_^klZ\e_gbx�]jZnbdb�

Ki_pbZevguc� ih^oh^� d� jZajZ[hld_�� <� 0$7/$%� \oh^yl� ki_pbZevgh� jZajZ[hlZggu_� ijhp_^mju�

iha\heyxsb_� ih\ukblv� wnn_dlb\ghklv� ]jZnbq_kdhc� h[hehqdb�� Fh`gh� hlf_lblv�� \� qZklghklb�� lZdb_

hkh[_gghklb�

• Bgl_jZdlb\gZy�hleZ^dZ�ijb�jZajZ[hld_�]jZnbdb
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• Ijhnbebjh\sbd�^ey�hilbfbaZpbb�\j_f_gb�\uiheg_gby�Ze]hjblfZ

• Kj_^kl\h� ihkljh_gby� bgl_jZdlb\gh]h� ]jZnbq_kdh]h� bgl_jn_ckZ� ihevah\Zl_ey� �*8,� %XLOGHU�� ^ey

mkdhj_gby�jZajZ[hldb�*8,�rZ[ehgh\��iha\heyxsbc�gZkljZb\Zlv�_]h�ih^�aZ^Zqb�ihevah\Zl_ey

Wlhl� iZd_l� iha\hey_l� ihevah\Zl_ex� ljZlblv� agZqbl_evgh� f_gvr_� \j_f_gb� gZ� kha^Zgb_� klZg^Zjlguo

]jZnbq_kdbo� bah[jZ`_gbc� b�� lZdbf� h[jZahf�� iha\hey_l� kdhgp_gljbjh\Zlv� mkbeby� gZ� \Z`guo

ihevah\Zl_ex�^_lZeyo�b�hkh[_gghklyo�wlh]h�bah[jZ`_gby�

Hldjulhklv�b�\hafh`ghklb�jZa\blby��0$7/$%�b�iZd_l�Image 3URFHVVLQJ�fZdkbfZevgh�ijbkihkh[e_g
^ey� jZa\blby�� \g_^j_gby� gh\uo� b^_c� b� f_lh^h\� ihevah\Zl_ey�� >ey� wlh]h� bf__lky� gZ[hj� khijy]Z_fuo

iZd_lh\�� gZijZ\e_gguo� gZ� j_r_gb_� \k_\hafh`guo� ki_pbnbq_kdbo� aZ^Zq� b� aZ^Zq� \� g_ljZ^bpbhgghc

ihklZgh\d_�

Yaud� 0$7/$%� h[eZ^Z_l� hldjulhc� Zjobl_dlmjhc�� qlh� iha\hey_l� ihevah\Zl_ex� \u[bjZlv� b� khijy]Zlv

fh^meb� gZ� K�� )2575$1�� 0$7/$%�� dhlhju_� [ueb� kha^Zgu� jZg__�� ;Zau� ^Zgguo�� Ze]hjblfu�� b

ijh]jZffgu_�dh^u�ih^^_j`b\Zxlky�\�jZaebqguo�hi_jZpbhgguo�kj_^Zo��\dexqZy�3&��81,;��b�Macintosh.
L_klbjh\Zgb_�� ijh\_^_ggh_� 0DWK:RUNV�� ihdZaZeh�� qlh� \k_� dhfihg_glu� kj_^u� 0$7/$%�� \dexqZy

^hihegbl_evgu_�iZd_lu��iheghklvx�jZ[hlhkihkh[gu�\�wlbo�hi_jZpbhgguo�kj_^Zo�

Ijbeh`_gby� iZd_lZ� Image Processing. IZd_l� Image 3URFHVVLQJ� \� gZklhys__� \j_fy� bgl_gkb\gh

bkihevam_lky� \� [he__� q_f� ����� dhfiZgbyo� b� mgb\_jkbl_lZo� ih� \k_fm� fbjm�� Ijb� wlhf� gZ[ex^Z_lky

g_\_jhylgh�rbjhdbc�gZ�i_j\uc� \a]ey^� djm]� aZ^Zq�� dhlhju_�ihevah\Zl_eb� j_rZxl� k� ihfhsvx� ^Zggh]h

iZd_lZ�� gZijbf_j�� dhkfbq_kdb_� bkke_^h\Zgby�� \h_ggu_� jZajZ[hldb�� Zkljhghfby�� f_^bpbgZ�� [bheh]by�

jh[hlhkljh_gb_��fZl_jbZeh\_^_gb_��]_g_lbdZ�b�ijhq__�

�0$7/$%�b�iZd_l� Image 3URFHVVLQJ�iha\hebeb�gZr_c�]jmii_�[ukljh�jZajZ[hlZlv�b�kha^Zlv
hibkZgb_�lj_of_jghc�nhjfu� h[t_dlZ��<hafh`ghklb� iZd_lZ� ih� \bamZebaZpbb� kms_kl\_ggh

khdjZlbeb�gZr_�\j_fy�gZ�jZajZ[hldm�fh^_eb�h[t_dlZ�

— Rick Tutwiler
Applied Research Laboratory
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LMI Control Toolbox
J_r_gb_ aZ^Zq \uimdehc hilbfbaZpbb ijb ijh_dlbjh\Zgbb mklhcqb\uo kbkl_f

mijZ\e_gby

IZd_l� /0,� &RQWURO� h[_ki_qb\Z_l� bgl_]jbjh\Zggmx� kj_^m� ^ey� ihklZgh\db� b� j_r_gby� aZ^Zq� ebg_cgh]h

ijh]jZffbjh\Zgby�� Ij_^gZagZq_gguc� i_j\hgZqZevgh� ^ey� ijh_dlbjh\Zgby� kbkl_f� mijZ\e_gby�� iZd_l

iha\hey_l�j_rZlv�ex[u_�aZ^Zqb�ebg_cgh]h�ijh]jZffbjh\Zgby�ijZdlbq_kdb�\�ex[hc�kn_j_�^_yl_evghklb�

]^_�lZdb_�aZ^Zqb�\hagbdZxl�

Hkgh\gu_�k\hckl\Z

• J_r_gb_� aZ^Zq� ebg_cgh]h� ijh]jZffbjh\Zgby�� aZ^Zqb� kh\f_klghklb� h]jZgbq_gbc�� fbgbfbaZpby

ebg_cguo�p_e_c�ijb�gZebqbb�ebg_cguo�h]jZgbq_gbc��fbgbfbaZpby�kh[kl\_gguo�agZq_gbc

• Bkke_^h\Zgb_�aZ^Zq�ebg_cgh]h�ijh]jZffbjh\Zgby

• =jZnbq_kdbc�j_^Zdlhj�aZ^Zq�ebg_cgh]h�ijh]jZffbjh\Zgby

• AZ^Zgb_�h]jZgbq_gbc�\�kbf\hevghf�\b^_

• Fgh]hdjbl_jbZevgh_�ijh_dlbjh\Zgb_�j_]meylhjh\

• Ijh\_jdZ� mklhcqb\hklb�� d\Z^jZlbqgZy� mklhcqb\hklv� ebg_cguo� kbkl_f�� mklhcqb\hklv� ih� Eyimgh\m�

ijh\_jdZ�djbl_jby�Ihih\Z�^ey�g_ebg_cguo�kbkl_f

NB!

Kbfie_dkgu_� Ze]hjblfu.� IZd_l� /0,� &RQWURO� kh^_j`bl� kh\j_f_ggu_� Ze]hjblfu� ^ey� j_r_gby� aZ^Zq

ebg_cgh]h�ijh]jZffbjh\Zgby��IZd_l�bkihevam_l�kljmdlmjgh_�ij_^klZ\e_gb_�ebg_cguo�h]jZgbq_gbc��qlh

ih\urZ_l�wnn_dlb\ghklv�b�fbgbfbabjm_l�lj_[h\Zgby�d�iZfylb� 

Kh\j_f_ggu_� kj_^kl\Z� ijh_dlbjh\Zgby� kbkl_f� mijZ\e_gby�� IZd_l� \dexqZ_l� ki_pbZebabjh\Zggu_

kj_^kl\Z�^ey�ZgZebaZ�b�ijh_dlbjh\Zgby�kbkl_f�mijZ\e_gby�gZ�hkgh\_�ebg_cgh]h�ijh]jZffbjh\Zgby .

:gZeba� mklhcqb\hklb��K�ihfhsvx�j_rZl_e_c� aZ^Zqb�ebg_cgh]h�ijh]jZffbjh\Zgby�<u� e_]dh�fh`_l_

\uihegylv�ijh\_jdm�mklhcqb\hklb�^bgZfbq_kdbo�kbkl_f�b�kbkl_f�k�g_ebg_cgufb�dhfihg_glZfb��JZg__

wlhl�\b^�ZgZebaZ�kqblZeky�kebrdhf�keh`guf�^ey�j_ZebaZpbb� 

Fgh]hdjbl_jbZevguc� kbgl_a� j_]meylhjh\�� IZd_l� iha\hey_l� ^Z`_� lZdh_� dhf[bgbjh\Zgb_� djbl_jb_\�

dhlhjh_�jZg__�kqblZehkv�kebrdhf�keh`guf�b�jZaj_rbfuf�ebrv�k�ihfhsvx�w\jbklbd� 

Ijbeh`_gby�� IZd_l� y\ey_lky� fhsguf� kj_^kl\hf� ^ey� j_r_gby� \uimdeuo� aZ^Zq� hilbfbaZpbb�

\hagbdZxsbo� \� lZdbo� h[eZklyo� dZd� mijZ\e_gb_�� b^_glbnbdZpby�� nbevljZpby�� kljmdlmjgh_

ijh_dlbjh\Zgb_��l_hjby�]jZnh\��bgl_jiheypby�b�ebg_cgZy�Ze]_[jZ� 
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IZd_l� /0,� &RQWURO� \dexqZ_l� ^\Z� \b^Z� ]jZnbq_kdh]h� bgl_jn_ckZ� ihevah\Zl_ey�� j_^Zdlhj� aZ^Zqb

ebg_cgh]h� ijh]jZffbjh\Zgby� �LMI Editor�� b� bgl_jn_ck� Magshape. LMI Editor (gZ� jbkmgd_�� iha\hey_l
aZ^Z\Zlv�h]jZgbq_gby�\�kbf\hevghf�\b^_� 
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Mapping Toolbox
Rbjhdbc ki_dlj kj_^kl\ ^ey ZgZebaZ b hlh[jZ`_gby ]_h]jZnbq_kdhc bgnhjfZpbb

ba0$7/$%� 

IZd_l�0DSSLQJ�ij_^hklZ\ey_l�]jZnbq_kdbc�b�dhfZg^guc�bgl_jn_ck�^ey�ZgZebaZ�]_h]jZnbq_kdbo�^Zgguo�

hlh[jZ`_gby�dZjl�b�^hklmiZ�d�\g_rgbf�bklhqgbdZf�^Zgguo�ih�]_h]jZnbb��Djhf_�lh]h��iZd_l�ijb]h^_g

^ey� jZ[hlu� k� fgh`_kl\hf� rbjhdh� ba\_klguo� :leZkh\�� <k_� wlb� kj_^kl\Z� \� dhf[bgZpbb� k� 0$7/$%�

ij_^hklZ\eyxl� ihevah\Zl_eyf� \k_� mkeh\by� ^ey� ijh^mdlb\ghc� jZ[hlu� k� gZmqgufb� ]_h]jZnbq_kdbfb

^Zggufb� 

Hkgh\gu_�k\hckl\Z

• <bamZebaZpby��h[jZ[hldZ�b�ZgZeba�]jZnbq_kdbo�b�gZmqguo�^Zgguo�

• ;he__����ijh_dpbc�dZjl��ijyfu_�b�bg\_jkgu_�

• Ijh_dlbjh\Zgb_�b�hlh[jZ`_gb_�\_dlhjguo��fZljbqguo�b�khklZ\guo�dZjl

• =jZnbq_kdbc�bgl_jn_ck�^ey�ihkljh_gby�b�h[jZ[hldb�dZjl�b�^Zgguo

• =eh[Zevgu_�b�j_]bhgZevgu_�:leZku�^Zgguo�b�khijy`_gb_�k�ijZ\bl_evkl\_ggufb�^Zggufb�\ukhdh]h

jZaj_r_gby

• Nmgdpbb�]_hklZlbklbdb�b�gZ\b]Zpbb

• Lj_of_jgh_�ij_^klZ\e_gb_�dZjl�kh�\kljh_ggufb�kj_^kl\Zfb�ih^k\_ldb�b�aZl_g_gby

• Dhg\_jl_ju�^ey�ihimeyjguo�nhjfZlh\�]_h]jZnbq_kdbo�^Zgguo��'&:��7,*(5��(7232�

NB!

IheghlZ�kj_^kl\��IZd_l�0DSSLQJ�\dexqZ_l�fgh`_kl\h�bgkljmf_glh\�^ey�hlh[jZ`_gby�]_h]jZnbq_kdbo

^Zgguo�� IZd_l� jZkrbjy_l� yaud� 0$7/$%�� h[_ki_qb\Zy� ihevah\Zl_e_c� \hafh`ghklvx� hlh[jZ`Zlv

]_h]jZnbq_kdmx� bgnhjfZpbx� klhev� `_� ijhklh�� dZd� b� ex[hc� ^jm]hc� lbi� ^Zgguo�� 0$7/$%� b� iZd_l

0DSSLQJ�ij_^hklZ\eyxl�ihevah\Zl_ex�iheguc�gZ[hj�kj_^kl\�^ey�bgl_]jZpbb�]_h]jZnbq_kdbo�b�gZmqguo

^Zgguo��ZgZebaZ�b�fh^_ebjh\Zgby��\bamZebaZpbb�b�jZajZ[hldb�ijbeh`_gbc� 

Iheguc�gZ[hj�ijh_dpbc�dZjl��IZd_l�0DSSLQJ�\dexqZ_l�[he__����gZb[he__�rbjhdh�ba\_klguo�ijh_dpbc�

\dexqZy��pbebg^jbq_kdmx��ik_\^hpbebg^jbq_kdmx��dhgbq_kdmx��ihebdhgbq_kdmx�b�ik_\^hdhgbq_kdmx�

ZabfmlZevgmx� b� ik_\^hZabfmlZevgmx�� <hafh`gu� ijyfu_� b� h[jZlgu_� ijh_dpbb�� Z� lZd`_� kh[kl\_ggu_

\b^u�ijh_dpbb�ihevah\Zl_ey�

=b[dhklv�hlh[jZ`_gby�b�mijZ\e_gby�dZjlhc��<�iZd_l_�0DSSLQJ�dZjlhc�gZau\Z_lky�ex[Zy�i_j_f_ggZy

beb�fgh`_kl\h�i_j_f_gguo��hljZ`Zxsbo�beb�gZagZqZxsbo�qbke_ggh_� agZq_gb_� ]_h]jZnbq_kdhc� lhqd_

beb� h[eZklb�� IZd_l� iha\hey_l� jZ[hlZlv� k� \_dlhjgufb�� fZljbqgufb� b� kf_rZggufb� dZjlZfb� ^Zgguo�

Fhsguc�]jZnbq_kdbc�bgl_jn_ck�h[_ki_qb\Z_l�bgl_jZdlb\gmx�jZ[hlm�k�dZjlZfb��gZijbf_j�\hafh`ghklv

ih^\_klb�mdZaZl_ev�d�h[t_dlm�b�s_edgm\�ihemqblv�bgnhjfZpbx��=jZnbq_kdbc�bgl_jn_ck�0$3722/� �

ihegZy�kj_^Z�jZajZ[hldb�ijbeh`_gbc�^ey�jZ[hlu�k�dZjlZfb�

:leZku� b� ]_h]jZnbq_kdb_� ^Zggu_��GZb[he__�rbjhdh� ba\_klgu_� ZleZku� fbjZ�� Kh_^bg_gguo�RlZlh\�

Zkljhghfbq_kdb_� ZleZku� \oh^yl� \� iZd_l�� =_h]jZnbq_kdZy� kljmdlmjZ� ^Zgguo� mijhsZ_l� ba\e_q_gb_� b

h[jZ[hldm� ^Zgguo� ba� ZleZkh\� b� dZjl�� =_h]jZnbq_kdZy� kljmdlmjZ� ^Zgguo� b� nmgdpbb� \aZbfh^_ckl\by� k

\g_rgbfb� ]_h]jZnbq_kdbfb� ^Zggufb� nhjfZlh\� Digital Chart of the :RUOG� �'&:��� 7,*(5�� 7%$6(�� b
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(7232�� h[t_^bg_gu� \h_^bgh�� qlh[u� h[_ki_qblv� fhsguc� b� ]b[dbc� bgkljmf_gl� ^ey� ^hklmiZ� d� m`_

kms_kl\mxsbf�b�[m^msbf�]_h]jZnbq_kdbf�[ZaZf�^Zgguo�

:gZeba� ]_h]jZnbq_kdbo� ^Zgguo� b� nmgdpbb� gZ\b]Zpbb�� LsZl_evguc� ZgZeba� ]_h]jZnbq_kdbo� ^Zgguo

qZklh�lj_[m_l�fZl_fZlbq_kdbo�f_lh^h\��jZ[hlZxsbo�\�kn_jbq_kdhc� �g_�^_dZjlh\hc��kbkl_f_�dhhj^bgZl�

IZd_l� 0DSSLQJ� kgZ[`_g� ih^fgh`_kl\hf� ]_hklZlbklbq_kdbo� b� gZ\b]Zpbhgguo� nmgdpbc� ^ey� ZgZebaZ

]_h]jZnbq_kdbo� ^Zgguo�� Nmgdpbb� gZ\b]Zpbb� ^Zxl� rbjhdb_� \hafh`ghklb� ^ey� \uiheg_gby� aZ^Zq

i_j_f_s_gby��lZdbo�dZd�ihabpbhgbjh\Zgb_�b�ieZgbjh\Zgb_�fZjrjmlh\�

<uimdeZy�lhih]jZnbq_kdZy� dZjlZ� fbjZ�� \uiheg_ggZy� \� \b^_� ijh_dpbb� a_fgh]h�rZjZ�� k� ih^k\_ldhc� b

wnn_dlZfb�aZl_g_gby� 
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Model Predictive Control Toolbox
GZ[hj nmgdpbc ^ey mijZ\e_gby keh`gufb fgh]hdZgZevgufb ijhp_kkZfb ijb gZebqbb
h]jZgbq_gbc

IZd_l� Model Predictive &RQWURO� �� iheguc� gZ[hj� kj_^kl\� ^ey� j_ZebaZpbb� kljZl_]bb� ij_^bdlb\gh]h
mijZ\e_gby�� WlZ� kljZl_]by� [ueZ� jZajZ[hlZgZ� ^ey� j_r_gby� ijZdlbq_kdbo� aZ^Zq� mijZ\e_gby� keh`gufb

fgh]hdZgZevgufb�ijhp_kkZfb�ijb�gZebqbb�h]jZgbq_gbc�gZ�i_j_f_ggu_�khklhygby�b�mijZ\e_gb_��F_lh^u

ij_^bdlb\gh]h� mijZ\e_gby� bkihevamxlky� \� obfbq_kdhc� ijhfure_gghklb� b� ^ey� mijZ\e_gby� ^jm]bfb

g_ij_ju\gufb�ijhp_kkZfb� 

Hkgh\gu_�k\hckl\Z

• Fh^_ebjh\Zgb_��b^_glbnbdZpby�b�^bZ]ghklbdZ

• Ih^^_j`dZ�0,62��0,02��i_j_oh^guo�oZjZdl_jbklbd��fh^_e_c�ijhkljZgkl\Z�khklhygbc

• Kbkl_fguc�ZgZeba

• Dhg\_jlbjh\Zgb_�fh^_e_c�\�jZaebqgu_�nhjfu�ij_^klZ\e_gby��ijhkljZgkl\h�khklhygbc��i_j_^Zlhqgu_

nmgdpbb�

• Mq_[gbdb�b�^_fhgkljZpbhggu_�ijbf_ju

�Ih\_joghklv� ij_^klZ\ey_l� kh[hc� hilbfZevguc

hldebd� fh^_eb�� ihemq_gguc� k� ihfhsvx� Model
Predictive Control Toolbox. 

NB!

HilbfbaZpbhgguc�ih^oh^� Ij_^bdlb\guc�ih^oh^� d� aZ^ZqZf� mijZ\e_gby�bkihevam_l� y\gmx�ebg_cgmx
^bgZfbq_kdmx� fh^_ev� h[t_dlZ� ^ey� ijh]ghabjh\Zgby� \ebygby� [m^msbo� baf_g_gbc� mijZ\eyxsbo

i_j_f_gguo� gZ� ih\_^_gb_� h[t_dlZ�� AZ^ZqZ� hilbfbaZpbb� nhjfmebjm_lky� \� \b^_� aZ^Zqb� d\Z^jZlbqgh]h

ijh]jZffbjh\Zgby� k� h]jZgbq_gbyfb�� dhlhjZy� j_rZ_lky� gZ� dZ`^hf� lZdl_� jZ[hlu� aZgh\h�� IZd_l� Model
Predictive &RQWURO� iha\hey_l� kha^Z\Zlv� b� l_klbjh\Zlv� j_]meylhju� dZd� ^ey� ijhkluo�� lZd� b� ^ey� keh`guo
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h[t_dlh\� 

;Zabk�iZd_lZ��IZd_l�\dexqZ_l�[he__� ��� ki_pbZebabjh\Zgguo�nmgdpbc�^ey�ijh_dlbjh\Zgby�� ZgZebaZ�b

fh^_ebjh\Zgby�^bgZfbq_kdbo�kbkl_f�k�bkihevah\Zgb_f�ij_^bdlb\gh]h�mijZ\e_gby� 

Ij_^klZ\e_gb_�fh^_e_c��IZd_l�ih^^_j`b\Z_l�ke_^mxsb_�nhjfZlu�kbkl_f��bfimevkgu_��g_ij_ju\gu_�b

^bkdj_lgu_�ih�\j_f_gb��ijhkljZgkl\h�khklhygbc� 

Fgh]hdZgZevgh_� hilbfZevgh_� mijZ\e_gb_��IZd_l� h[jZ[Zlu\Z_l� jZaebqgu_� \b^u� \hafms_gbc�� Djhf_

lh]h��\�fh^_ev�fh]ml�[ulv�y\gh�\dexq_gu�h]jZgbq_gby�gZ�\oh^gu_�b�\uoh^gu_�i_j_f_ggu_� 

Fh^_ebjh\Zgb_�b�ZgZeba��Kj_^kl\Z�fh^_ebjh\Zgby�iha\heyxl�hkms_kl\eylv�ke_`_gb_�b�klZ[bebaZpbx�

Kj_^kl\Z� ZgZebaZ� \dexqZxl� \uqbke_gb_� ihexkh\� aZfdgmlh]h� dhglmjZ�� qZklhlgh]h� hldebdZ�� ^jm]b_

oZjZdl_jbklbdb�kbkl_fu�mijZ\e_gby� 

B^_glbnbdZpby� fh^_eb�� >ey� b^_glbnbdZpbb� fh^_eb� \� iZd_l_� bf_xlky� nmgdpbb� \aZbfh^_ckl\by� k

iZd_lhf�System ,GHQWLILFDWLRQ��IZd_l�lZd`_�\dexqZ_l�^\_�nmgdpbb�6,08/,1.��iha\heyxsb_�l_klbjh\Zlv

g_ebg_cgu_�fh^_eb� 
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µ-Analysis and Synthesis Toolbox
Kj_^kl\Z ^ey ijh_dlbjh\Zgby mklhcqb\uo hilbfZevguo kbkl_f mijZ\e_gby

IZd_l� ��Analysis and 6\QWKHVLV� kh^_j`bl�nmgdpbb�^ey�ijh_dlbjh\Zgby�mklhcqb\uo� kbkl_f� mijZ\e_gby�
IZd_l�bkihevam_l�hilbfbaZpbx�\�jZ\ghf_jghc�ghjf_�b�kbg]meyjguc�iZjZf_lj� ���<�\_jkbx� ��\dexq_g

]jZnbq_kdbc� bgl_jn_ck� ^ey� mijhs_gby� hi_jZpbc� k� [ehdZfb� ijb� ijh_dlbjh\Zgbb� hilbfZevguo

j_]meylhjh\�

Hkgh\gu_�k\hckl\Z

• Ijh_dlbjh\Zgb_�hilbfZevguo�\�jZ\ghf_jghc�b�bgl_]jZevghc�ghjf_�j_]meylhjh\

• Hp_gdZ�^_ckl\bl_evgh]h�b�dhfie_dkgh]h�kbg]meyjgh]h�iZjZf_ljZ��

• '�.�bl_jZpbb�^ey�ijb[eb`_ggh]h���kbgl_aZ

• =jZnbq_kdbc�bgl_jn_ck�^ey�ZgZebaZ�hldebdZ�aZfdgmlh]h�dhglmjZ

• Kj_^kl\Z�ihgb`_gby�ihjy^dZ�fh^_eb

• G_ihkj_^kl\_ggh_�k\yau\Zgb_�hl^_evguo�[ehdh\�[hevrbo�kbkl_f

NB! 

Ihkljh_gb_�fh^_eb��Fh^_ev�ijhkljZgkl\Z�khklhygbc�fh`_l�[ulv�kha^ZgZ�b�ijhZgZebabjh\ZgZ�gZ�hkgh\_

kbkl_fguo� fZljbp��IZd_l� ih^^_j`b\Z_l� jZ[hlm� k� ^bkdj_lgufb�� g_ij_ju\gufb� b� ^bkdj_lbah\Zggufb

fh^_eyfb� 

'�.�bl_jZpbb��IZd_l�h[eZ^Z_l�iheghp_gguf�]jZnbq_kdbf�bgl_jn_ckhf��\dexqZxsbf� 

• \hafh`ghklv�mklZgZ\eb\Zlv�^bZiZahg�\\h^bfuo�^Zgguo

• ki_pbZevgh_�hdgh�^ey�j_^Zdlbjh\Zgby�k\hckl\�'�.�bl_jZpbc

• ]jZnbq_kdh_�ij_^klZ\e_gb_�qZklhlguo�oZjZdl_jbklbd

Kbkl_fgu_�nmgdpbb�^ey�jZ[hlu�k�fZljbpZfb��IZd_l�\dexqZ_l�nmgdpbb�^ey�fZljbqgh]h� keh`_gby�

mfgh`_gby��jZaebqguo�ij_h[jZah\Zgbc�b�^jm]bo�hi_jZpbc�gZ^�fZljbpZfb� 

��ZgZeba�b�kbgl_a��IZd_l�ih^^_j`b\Z_l�kbgl_a�^bkdj_lguo��g_ij_ju\guo�b�^bkdj_lbah\Zgguo�fh^_e_c�

Ihgb`_gb_� ihjy^dZ� fh^_eb�� >ey� ihgb`_gby� ihjy^dZ� fh^_eb� fh`gh� \hkihevah\Zlvky� lZdbfb

kj_^kl\Zfb�dZd�Hankel norm model UHGXFWLRQ�b�^j�
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Gh\uc� ]jZnbq_kdbc� bgl_jn_ck� ihfh]Z_l� \u[jZlv

iZjZf_lju�'�.�bl_jZpbc�
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NAG® Foundation Toolbox
Ki_pbZebabjh\Zggu_ kj_^kl\Z ^ey hilbfbaZpbb� klZlbklbq_kdbo� j_r_gby

^bnn_j_gpbZevguo mjZ\g_gbc b j_r_gby ^jm]bo \uqbkebl_evguo aZ^Zq

IZd_l� 1$*� )RXQGDWLRQ� �� gh\uc� ijh^mdl� k_jbb� �IZjlg_ju�0DWK:RUNV��� kha^Zgguc� \� khljm^gbq_kl\_� k

Numerical Algorithms Group, /WG���1$*���IZd_l�kh^_j`bl�[he__�����nmgdpbc��ho\Zlu\Zxsbo�fgh`_kl\h

hljZke_c�gZmdb�b�l_ogbdb��\dexqZy�hilbfbaZpbx��H>M�b�mjZ\g_gby�\�qZklguo�ijhba\h^guo��d\Z^jZlmju

b�klZlbklbdm�

GZa\Zgby� nmgdpbc� b� kbglZdkbk� bo� \uah\Z� aZbfkl\h\Zgu� ba� ba\_klghc� [b[ebhl_db� 1$*� Foundation
/LEUDU\��<ke_^kl\b_�wlh]h�hiulgu_�ihevah\Zl_eb�1$*�)RUWUDQ�fh]ml�[_a�aZljm^g_gbc�jZ[hlZlv�k�iZd_lhf

1$*�\�MATLAB ��;b[ebhl_dZ�1$*�)RXQGDWLRQ�ij_^hklZ\ey_l�k\hb�nmgdpbb�\�\b^_�h[t_dlguo�dh^h\�b

khhl\_lkl\mxsbo�0�nZceh\�^ey�bo�\uah\Z��Ihevah\Zl_ev�fh`_l�e_]dh�fh^bnbpbjh\Zlv�wlb�0(;�nZceu

gZ�mjh\g_�bkoh^gh]h�dh^Z�k�ihfhsvx�NAGWare Gateway *HQHUDWRU��ihklZ\ey_fh]h�Numerical Algorithms
Group, /WG�� IZd_l� 1$*� )RXQGDWLRQ� h[_ki_qb\Z_l� ijh]jZffbklm� ^hklmi� d� klZg^Zjlguf� kj_^kl\Zf
ijh]jZffbjh\Zgby�gZ�yaud_�)RUWUDQ�ba�kj_^u�0$7/$%� 

Hkgh\gu_�k\hckl\Z 

• Dhjgb�fgh]hqe_gh\�b�fh^bnbpbjh\Zgguc�f_lh^�EZ]_jjZ

• <uqbke_gb_�kmffu�jy^Z��^bkdj_lgh_�b�wjfblh\h�^bkdj_lgh_�ij_h[jZah\Zgb_�Nmjv_

• H>M��f_lh^u�:^ZfkZ�b�Jmg]_�DmllZ

• MjZ\g_gby�\�qZklguo�ijhba\h^guo

• Bgl_jiheypby

• <uqbke_gb_� kh[kl\_gguo� agZq_gbc� b� \_dlhjh\�� kbg]meyjguo� qbk_e�� ih^^_j`dZ� dhfie_dkguo� b

^_ckl\bl_evguo�fZljbp

• :iijhdkbfZpby�djb\uo�b�ih\_joghkl_c��ihebghfu��dm[bq_kdb_�kieZcgu��ihebghfu�Q_[ur_\Z

• FbgbfbaZpby� b�fZdkbfbaZpby�nmgdpbc�� ebg_cgh_� b� d\Z^jZlbqgh_� ijh]jZffbjh\Zgb_�� wdklj_fmfu

nmgdpbc�fgh]bo�i_j_f_gguo

• FZljbqgZy�nZdlhjbaZpby

• J_r_gb_�kbkl_f�ebg_cguo�mjZ\g_gbc

• Ebg_cgu_�mjZ\g_gby��/$3$&.�

• KlZlbklbq_kdb_�jZkq_lu��\dexqZy�^_kdjbilb\gmx�klZlbklbdm��jZkij_^_e_gby�\_jhylghkl_c

• Dhjj_eypbhgguc�b�j_]j_kkbhgguc�ZgZeba��ebg_cgu_��fgh]hf_jgu_�b�h[h[s_ggu_�ebg_cgu_�fh^_eb

• Fgh]hf_jgu_�f_lh^u��]eZ\guo�dhfihg_gl��hjlh]hgZevgu_�\jZs_gby

• =_g_jZpby�kemqZcguo�qbk_e��ghjfZevgh_�jZkij_^_e_gb_��jZkij_^_e_gby�ImZkkhgZ��<_c[meZ��b�Dhrb

• G_iZjZf_ljbq_kdb_�klZlbklbdb��Njb^fZgZ��DjmkdZeZ�MheebkZ��FZggZ�Mblgb

• <j_f_ggu_�jy^u��h^ghf_jgu_�b�fgh]hf_jgu_

• :iijhdkbfZpbb�ki_pbZevguo�nmgdpbc��bgl_]jZevgZy�wdkihg_glZ��]ZffZ�nmgdpby��nmgdpbb�;_kk_ey�b

=Zgd_ey
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NB! 

>bgZfbq_kdZy�ebgdh\dZ� NAG Gateway *HQHUDWRU� �1$*��iha\hey_l�ihevah\Zl_ex�kha^Z\Zlv�ijh]jZffu

gZ�)RUWUDQ��dhlhju_�^bgZfbq_kdb�ebgdmxlky�k�0$7/$%� 

Ih\_joghklv� nmgdpbb�� ehdZevguc� fbgbfmf� dhlhjhc� bs_lky� k� ihfhsvx� ijh]jZffu� 
(��-$)
�

Bah[jZ`_gb_�ih\_joghklb�ihfh]Z_l�\u[bjZlv�gZqZevgu_�lhqdb�^ey�gZoh`^_gby�jZaebqguo�ehdZevguo

fbgbfmfh\��\�qZklghklb�b�]eh[Zevgh]h�fbgbfmfZ��hlf_q_ggh]h�gZ�jbkmgd_
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Neural Network Toolbox

IZd_l�^ey�jZ[hlu�k�g_cjhggufb�k_lyfb�ij_^klZ\ey_l�kh[hc�iheghp_ggmx�kj_^m�0$7/$%�^ey�j_r_gby

ijbdeZ^guo� aZ^Zq�� IZd_l� h[_ki_qb\Z_l� \k_klhjhggxx� ih^^_j`dm� ijh_dlbjh\Zgby�� h[mq_gby� b

fh^_ebjh\Zgby� fgh`_kl\Z� ba\_klguo� k_l_\uo� iZjZ^b]f�� hl� [Zah\uo� fh^_e_c� i_jk_iljhgZ� ^h� kZfuo

kh\j_f_gguo� ZkkhpbZlb\guo� b� kZfhhj]Zgbamxsboky� k_l_c�� IZd_l� fh`_l� [ulv� bkihevah\Zg� ^ey

bkke_^h\Zgby� b� ijbf_g_gby� g_cjhgguo� k_l_c� d� lZdbf� aZ^ZqZf�� dZd� h[jZ[hldZ� kb]gZeh\�� g_ebg_cgh_

mijZ\e_gb_�b�nbgZgkh\h_�fh^_ebjh\Zgb_� 

Hkgh\gu_�k\hckl\Z

• MijZ\ey_fu_� k_l_\u_� iZjZ^b]fu�� i_jk_iljhg�� ebg_cgu_�� h[jZlgh]h� jZkijhkljZg_gby�� E_\_g[_j]Z�

jZ^bZevguc�[Zabk��WefZgZ��Ohinbe^Z�b�kZfhh[mqZ_fh_�d\Zglh\Zgb_�\_dlhjh\

• G_mijZ\ey_fu_�k_lb��Ow[[��DhoZg��dhgdmj_glgu_��dZjlu�ijbagZdh\�b�kZfhhj]Zgbamxsb_ky�dZjlu

• Dhgdmj_glgu_��ij_^_evgu_��ebg_cgu_�b�kb]fhb^Zevgu_�i_j_^Zlhqgu_�nmgdpbb

• G_h]jZgbq_ggh_�qbkeh�we_f_glh\�b�\aZbfhk\ya_c

• GZkljZb\Z_fu_�gZ�ihevah\Zl_ey�Zjobl_dlmju�b�i_j_^Zlhqgu_�nmgdpbb

• >bgZfbq_kdh_�fh^_ebjh\Zgb_�k�ihfhsvx�6,08/,1.

• =_g_jZpby�i_j_ghkbfh]h�&�dh^Z�k�ihfhsvx�Workshop

NB! 

Fh^mevgZy� hj]ZgbaZpby��IZd_l�bkihevam_l� kh]eZkh\Zggmx��fh^mevgmx� j_ZebaZpbx�� dhlhjZy� h[e_]qZ_l

bkke_^h\Zgby�b�mijhsZ_l�gZkljhcdm�gZ�ihevah\Zl_ey��IZd_l�g_�gZdeZ^u\Z_l�bkdmkkl\_ggu_�h]jZgbq_gby

gZ� jZaf_j� k_lb� beb� k\yaghklv� ±� l�_�� g_� h]jZgbq_gh� qbkeh� g_cjhgh\� \� keh_� beb� \� lbi_� i_j_^Zlhqghc

nmgdpbb� 

:jobl_dlmju�b�h[mqZxsb_�ijZ\beZ. <�iZd_l�\dexq_gu�[he__����ba\_klguo�lbih\�k_l_c�b�h[mqZxsbo

ijZ\be��iha\heyxsbo�ihevah\Zl_ex�\u[bjZlv�gZb[he__�ih^oh^ysmx�^ey�dhgdj_lgh]h�ijbeh`_gby�beb

bkke_^h\Zl_evkdhc� aZ^Zqb� iZjZ^b]fm�� >ey� dZ`^h]h� lbiZ� Zjobl_dlmju� b� h[mqZxsbo� ijZ\be� bf_xlky

nmgdpbb� bgbpbZebaZpbb�� h[mq_gby�� Z^ZilZpbb�� kha^Zgby� b� fh^_ebjh\Zgby�� ^_fhgkljZpbb� b� ijbf_j

ijbeh`_gby�k_lb� 

MijZ\ey_fu_� b� g_mijZ\ey_fu_� k_lb�� >ey� mijZ\ey_fuo� k_l_c� <u� fh`_l_� \u[jZlv� ijyfmx� beb

j_dmjj_glgmx�Zjobl_dlmjm��bkihevamy�fgh`_kl\h�h[mqZxsbo�ijZ\be�b�f_lh^h\�ijh_dlbjh\Zgby��lZdbo

dZd� i_jk_iljhg�� h[jZlgh_� jZkijhkljZg_gb_�� h[jZlgh_� jZkijhkljZg_gb_�E_\_g[_j]Z�� k_lb� k� jZ^bZevguf

[Zabkhf�b�j_dmjj_glgu_�k_lb� 

>ey�g_mijZ\ey_fuo�k_l_c�<u�fh`_l_�\u[jZlv�ZkkhpbZlb\gu_�beb�kZfhhj]Zgbamxsb_ky�k_lb��lZdb_�dZd

dhgdmj_glgu_�� dZjlu� k\hckl\�b� kZfhhj]Zgbamxsb_ky� dZjlu��:kkhpbZlb\gu_� k_lb�fh`gh� bkihevah\Zlv

dZd�khklZ\eyxsb_�[ehdb�^ey�[he__�keh`guo�k_l_c�k�bkihevah\Zgb_f�h[mqZxsbo�ijZ\be�O_[[Z��DhoZgZ�

\gmlj_ggbo�beb�\g_rgbo��instar, or RXWVWDU��ZkkhpbZlb\guo�h[mqZxsbo�ijZ\be� 
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Neural 1HWZRUN� dZd� bg`_g_jgZy� kj_^Z�� IZd_l� Neural 1HWZRUN� ij_^hklZ\ey_l� <Zf� ^hklmi� d� iheghfm
gZ[hjm�kj_^kl\�^ey�bkke_^h\Zgby��ijh_dlbjh\Zgby�b�fh^_ebjh\Zgby�g_cjhgguo�k_l_c��Kj_^kl\Z�ZgZebaZ�b

fh^_ebjh\Zgby�0$7/$%�b�6,08/,1.�iha\heyxl�<Zf�[ukljh�hp_gb\Zlv�ih\_^_gb_�k_lb�b�__�dZq_kl\h�\

kfuke_� hdhgqZl_evgh]h� j_amevlZlZ� ijh_dlbjh\Zgby�� K� ihfhsvx� Real-Time :RUNVKRS� <u� fh`_l_

]_g_jbjh\Zlv� &� dh^� ^ey� Z\lhghfguo� ijbeh`_gbc� b� \kljh_gguo� kbkl_f�� =b[dbc� bfihjl� ^Zgguo� b

nmgdpbb�ij_h[jZah\Zgby�mijhsZxl�i_j\bqgmx�ih^]hlh\dm�\oh^guo�^Zgguo� 

GZkljhcdZ�gZ�ihevah\Zl_ey��<u�fh`_l_�e_]dh�baf_gylv�ex[u_�Zjobl_dlmju��h[mqZ_fu_�ijZ\beZ�beb

i_j_oh^gu_�nmgdpbb��^h[Z\eylv�gh\u_�±�[_a�gZibkZgby�_^bghc�kljhqdb�gZ�&�beb�Fortran. 

>_fhgkljZpbb� b� dhgkmevlZpbb�� Jmdh\h^kl\h� ihevah\Zl_ey� agZdhfbl� ihevah\Zl_ey� k� ijbgpbiZfb

g_cjhgguo� k_l_c� b� ih^dj_iey_l� i_j\h_� agZdhfkl\h� qbke_ggufb� ijbf_jZfb� b� iheguf� jZa^_ehf

mdZaZl_e_c�nmgdpbc�

IZd_l�Neural 1HWZRUN�iha\hey_l�<Zk�bkke_^h\Zlv�jZaebqgu_�dhgnb]mjZpbb�k_l_c��GZ�jbkmgd_�ihdZaZgh
kjZ\g_gb_� kdhjhkl_c� h[mq_gby� ^ey� f_lh^h\� h[jZlgh]h� jZkijhkljZg_gby� �[_eZy� ebgby�� ���� rZ]h\�� b

[ukljh]h�f_lh^Z�E_\_g[_j]Z��kbgyy����rZ]h\��   
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Optimization Toolbox
Kj_^kl\Z ^ey hilbfbaZpbb ebg_cguo b g_ebg_cguo nmgdpbc

IZd_l� 2SWLPL]DWLRQ� \dexqZ_l� ijh]jZffu� rbjhdh� ba\_klguo� f_lh^h\� fbgbfbaZpbb� b� fZdkbfbaZpbb

ebg_cguo�b�g_ebg_cguo�nmgdpbc��Wlb�ijh]jZffu�fh]ml�[ulv�bkihevah\Zgu�^ey�j_r_gby�keh`guo�aZ^Zq

hilbfbaZpbb�klhbfhklb��gZ^_`ghklb�b�dZq_kl\Z�^ey�jZaebqguo�ijbeh`_gbc� 

=jZnbq_kdb�fh`gh� ij_^klZ\blv� aZ^Zqm� hilbfbaZpbb� dZd� ihbkd� \ukhqZcr_c� �beb� ]em[hqZcr_c�� lhqdb

ih\_joghklb�keh`gh]h�\b^Z��H[jZagh�]h\hjyl��Ze]hjblf�hilbfbaZpbb�iml_r_kl\m_l�ih�]hjZf�b�h\jZ]Zf�\

ihbkd_�lhih]jZnbq_kdh]h�wdklj_fmfZ� 

Hkgh\gu_�k\hckl\Z 

• ;_amkeh\gZy�hilbfbaZpby�g_ebg_cguo�nmgdpbc

• F_lh^�gZbf_gvrbo�d\Z^jZlh\�b�g_ebg_cgZy�bgl_jiheypby

• J_r_gb_�g_ebg_cguo�mjZ\g_gbc

• Ebg_cgh_�ijh]jZffbjh\Zgb_

• D\Z^jZlbqgh_�ijh]jZffbjh\Zgb_

• Mkeh\gZy�fbgbfbaZpby�g_ebg_cguo�nmgdpbc

• F_lh^�fbgbfZdkZ

• Fgh]hdjbl_jbZevgZy�hilbfbaZpby

�Fu�g_�ohlbf�ibkZlv�k\hb�kh[kl\_ggu_�hilbfbaZpbhggu_�ijh]jZffu��b�0$7/$%�iha\hey_l

gZf�wlh]h�g_�^_eZlv� 
- Peter Knez

University of Wisconsin-Madison School of Business

NB! 

=b[dZy� hilbfbaZpbhggZy� kj_^Z�� H[eZ^Zy� h[rbjgufb� \uqbkebl_evgufb� \hafh`ghklyfb� b

hldjulhklvx�� 0$7/$%� y\ey_lky� b^_Zevghc� kbkl_fhc� ^ey� ihklZgh\db� b� j_r_gby� aZ^Zq� hilbfbaZpbb�

Bgl_jZdlb\gZy�ijbjh^Z�0$7/$%�iha\hey_l�e_]dh�i_j_hij_^_eylv�b�Z^Zilbjh\Zlv�aZ^Zqb�hilbfbaZpbb�

^Z\Zy� ihevah\Zl_ex� \k_� \hafh`ghklb� ^ey� gZoh`^_gby� ^_ckl\bl_evgh� �gZbemqr_]h�� j_r_gby��P_e_\u_

nmgdpbb�b�h]jZgbq_gby�aZ^Zxlky�ijhklh��b�klhev�`_�ijhklh�j_rZ_lky�ihklZ\e_ggZy�aZ^ZqZ� 

F_lh^u� g_ebg_cgh]h� ijh]jZffbjh\Zgby�� IZd_l� \dexqZ_l� fgh`_kl\h� f_lh^h\� ^ey� j_r_gby� aZ^Zq

hilbfbaZpbb�g_ebg_cguo�nmgdpbc��Hilbfbabjm_fZy�nmgdpby�fh`_l�[ulv�aZibkZgZ�\�\b^_�F�nZceZ�beb

\ujZ`_gby� 0$7/$%�� IZjZf_lju� f_lh^h\�� mklZgh\e_ggu_� ih� mfheqZgbx�� iha\heyxl� jZ[hlZlv� hq_gv

wnn_dlb\gh��h^gZdh�fh]ml�[ulv�baf_g_gu�ih�`_eZgbx�ihevah\Zl_ey��IZjZf_lju�fh]ml�[ulv�i_j_^Zgu

g_ihkj_^kl\_ggh�nmgdpbyf��[_a�bkihevah\Zgby�]eh[Zevguo�i_j_f_gguo� 

<�lhf�kemqZ_�_keb�y\gh�g_�aZ^ZgZ�nmgdpby�^ey�\uqbke_gby�]jZ^b_glZ��hg�\uqbkey_lky�Z\lhfZlbq_kdb��k

bkihevah\Zgb_f�dhg_qguo�jZaghkl_c� 
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KZfu_� kh\j_f_ggu_� Ze]hjblfu�� <� iZd_l� \dexq_gu� kZfu_� kh\_jr_ggu_� \_jkbb� ljZ^bpbhgguo� b

gh\_crbo�Ze]hjblfh\�hilbfbaZpbb� 

• [_amkeh\gZy� hilbfbaZpby��f_lh^� kbfie_dkgh]h� ihbkdZ�G_e^_jZ�Fb^Z� b� d\Zab�gvxlhgh\kdbc�f_lh^

;NR

• mkeh\gZy�� fgh]hdjbl_jbZevgZy� hilbfbaZpby� b� f_lh^� fbgbfZdkZ�� jZaebqgu_� \ZjbZglu� f_lh^Z

ihke_^h\Zl_evgh]h�d\Z^jZlbqgh]h�ijh]jZffbjh\Zgby

• f_lh^u�ebg_cgh]h�b�d\Z^jZlbqgh]h�ijh]jZffbjh\Zgby��f_lh^�ijh_dpbc

• \hafh`ghklv�\u[hjZ�f_lh^Z�hilbfbaZpbb�b�kljZl_]bb�ebg_cgh]h�ihbkdZ� 

Ijbf_ju�� JZaghh[jZagu_� ijbf_ju� ^_fhgkljbjmxl� wnn_dlb\gh_� ijbf_g_gb_� nmgdpbc� iZd_lZ�� K� bo

ihfhsvx�lZd`_�fh`gh�kjZ\gblv��dZd�h^gZ�b�lZ�`_�aZ^ZqZ�j_rZ_lky�jZagufb�f_lh^Zfb� 
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Partial Differential Equation Toolbox
Fhsgh_ b ]b[dh_ kj_^kl\h ^ey j_r_gby ^bnn_j_gpbZevguo mjZ\g_gbc \ qZklguo

ijhba\h^guo

IZd_l�Partial Differential (TXDWLRQ��3'(��kh^_j`bl�kj_^kl\Z�^ey�bkke_^h\Zgby�b�j_r_gby�g_klZpbhgZjguo

^bnn_j_gpbZevguo� mjZ\g_gbc� \lhjh]h� ihjy^dZ� \� qZklguo� ijhba\h^guo��<� iZd_l_� bkihevam_lky�f_lh^

dhg_qguo� we_f_glh\�� DhfZg^u� b� ]jZnbq_kdbc� bgl_jn_ck� iZd_lZ� fh]ml� [ulv� bkihevah\Zgu� ^ey

fZl_fZlbq_kdh]h� fh^_ebjh\Zgby� 3'(� ijbf_gbl_evgh� d� rbjhdhfm� deZkkm� bg`_g_jguo� b� gZmqguo

ijbeh`_gbc�� \dexqZy� aZ^Zqb� khijhlb\e_gby�fZl_jbZeh\�� jZkq_lu� we_dljhfZ]gblguo� mkljhckl\�� aZ^Zqb

l_iehfZkkhi_j_ghkZ�b�^bnnmabb� 

Hkgh\gu_�k\hckl\Z

• Iheghp_gguc�]jZnbq_kdbc�bgl_jn_ck�^ey�h[jZ[hldb�3'(�\lhjh]h�ihjy^dZ

• :\lhfZlbq_kdbc�b�Z^Zilb\guc�\u[hj�k_ldb

• AZ^Zgb_�]jZgbqguo�mkeh\bc��>bjboe_��G_cfZgZ�b�kf_rZggu_

• =b[dZy�ihklZgh\dZ�aZ^Zqb�k�bkihevah\Zgb_f�kbglZdkbkZ�0$7/$%

• Iheghklvx�Z\lhfZlbq_kdh_�k_lhqgh_�jZa[b_gb_�b�\u[hj�\_ebqbgu�dhg_qguo�we_f_glh\

• G_ebg_cgu_�b�Z^Zilb\gu_�jZkq_lgu_�ko_fu

• <hafh`ghklv� \bamZebaZpbb� ihe_c� jZaebqguo� iZjZf_ljh\� b� nmgdpbc� j_r_gby�� ^_fhgkljZpby

ijbgylh]h�jZa[b_gby�b�ZgbfZpbhggu_�wnn_dlu

NB!

Ijhp_kk� j_r_gby� 3'(�� IZd_l� bglmblb\gh� ke_^m_l� r_klb� rZ]Zf� j_r_gby� 3'(� k� ihfhsvx� f_lh^Z

dhg_qguo� we_f_glh\�� Wlb� rZ]b� b� khhl\_lkl\mxsb_� j_`bfu� iZd_lZ� lZdh\u�� hij_^_e_gb_� ]_hf_ljbb

�j_`bf� jbkh\Zgby��� aZ^Zgb_� ]jZgbqguo� mkeh\bc� �j_`bf� ]jZgbqguo� mkeh\bc��� \u[hj� dhwnnbpb_glh\�

hij_^_eyxsbo� aZ^Zqm� �j_`bf� 3'(��� ^bkdj_lbaZpby� dhg_qguo� we_f_glh\� �j_`bf� k_ldb��� aZ^Zgb_

gZqZevguo� mkeh\bc� b� j_r_gb_� 3'(� �j_`bf� j_r_gby��� ihke_^mxsZy� h[jZ[hldZ� j_r_gby� �j_`bf

]jZnbdZ�� 
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:gZeba�gZ]jmadb�gZ�]Z_qguc�dexq��Ihe_�gZijy`_gbc�ihdZaZgh�\�p\_l_�
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QFT Control Design Toolbox
GZ[hj nmgdpbc ^ey ijZdlbq_kdh]h ijh_dlbjh\Zgby jh[Zklguo j_]meylhjh\ k

h[jZlghc k\yavx

IZd_l�4)7� �quantitative feedback WKHRU\�� kh^_j`bl�nmgdpbb�^ey�kha^Zgby�jh[Zklguo� kbkl_f� k�h[jZlghc
k\yavx�� 4)7� �l_hjby� h[jZlguo� k\ya_c�� �� bg`_g_jguc� f_lh^�� bkihevamxsbc� qZklhlgh_� ij_^klZ\e_gb_

fh^_e_c� ^ey� m^h\e_l\hj_gby� jZaebqguo� lj_[h\Zgbc� d� dZq_kl\m� ijb� gZebqbb� g_hij_^_e_gguo

oZjZdl_jbklbd� m� h[t_dlZ�� <� hkgh\_� f_lh^Z� e_`bl� gZ[ex^_gb_�� qlh� h[jZlgZy� k\yav� g_h[oh^bfZ� \� l_o

kemqZyo�� dh]^Z� g_dhlhju_� oZjZdl_jbklbdb� h[t_dlZ� g_hij_^_e_ggu� b/beb� gZ� _]h� \oh^� ih^Zxlky

g_ba\_klgu_�\hafms_gby�

Hkgh\gu_�k\hckl\Z 

• Hp_gdZ�qZklhlguo�]jZgbp�g_hij_^_e_gghklb��ijbkms_c�h[jZlghc�k\yab

• =jZnbq_kdbc�bgl_jn_ck�ihevah\Zl_ey��iha\heyxsbc�hilbfbabjh\Zlv�ijhp_kk�gZoh`^_gby�lj_[m_fuo

iZjZf_ljh\�h[jZlghc�k\yab

• Nmgdpbb� ^ey� hij_^_e_gby� \ebygby� \\_^_gby� jZaebqguo� [ehdh\� \� fh^_ev� �fmevlbie_dkhjh\�

kmffZlhjh\��i_l_ev�h[jZlghc�k\yab��ijb�gZebqbb�g_hij_^_e_gghkl_c

• Ih^^_j`dZ� fh^_ebjh\Zgby� ZgZeh]h\uo� b� pbnjh\uo� dhglmjh\� h[jZlghc� k\yab�� dZkdZ^h\� b

fgh]hdhglmjguo�ko_f

• JZaj_r_gb_� g_hij_^_e_gghklb� \� iZjZf_ljZo� h[t_dlZ� k� bkihevah\Zgb_f� iZjZf_ljbq_kdbo� b

g_iZjZf_ljbq_kdbo�fh^_e_c�beb�dhf[bgZpbb�wlbo�lbih\�fh^_e_c

NB!

Ijh_dlbjh\Zgb_� mijZ\e_gby� k� h[jZlghc� k\yavx�� L_hjby� h[jZlguo� k\ya_c� y\ey_lky� _kl_kl\_gguf

ijh^he`_gb_f�deZkkbq_kdh]h�qZklhlgh]h�ih^oh^Z�d�ijh_dlbjh\Zgbx��?_�hkgh\gZy�p_ev���ijh_dlbjh\Zgb_

ijhkluo� j_]meylhjh\� g_[hevrh]h� ihjy^dZ� k� fbgbfZevghc� rbjbghc� ihehku� ijhimkdZgby�

m^h\e_l\hjyxsbo�dZq_kl\_gguf�oZjZdl_jbklbdZf�ijb�gZebqbb�g_hij_^_e_gghkl_c� 

IZd_l� 4)7� Control 'HVLJQ� iha\hey_l� \uqbkeylv� jZaebqgu_� iZjZf_lju� h[jZlguo� k\ya_c�� nbevljh\�
ijh\h^blv�l_klbjh\Zgb_�j_]meylhjh\�dZd�\�g_ij_ju\ghf��lZd�b�\�^bkdj_lghf�ijhkljZgkl\_��IZd_l�bf__l

m^h[guc� ]jZnbq_kdbc� bgl_jn_ck�� iha\heyxsbc� kha^Z\Zlv� ijhklu_� j_]meylhju�� m^h\e_l\hjyxsb_

lj_[h\Zgbyf�ihevah\Zl_ey� 

G_hij_^_e_gghklv� h[t_dlZ�� 4)7� iha\hey_l� ijh_dlbjh\Zlv� j_]meylhju�� m^h\e_l\hjyxsb_� jZaebqguf

lj_[h\Zgbyf��g_kfhljy�gZ�baf_g_gby�iZjZf_ljh\�fh^_eb� 

Bkihevah\Zgb_� wdki_jbf_glZevghc� bgnhjfZpbb�� Baf_jy_fu_� ^Zggu_� fh]ml� [ulv� g_ihkj_^kl\_ggh

bkihevah\Zgu� ^ey� ijh_dlbjh\Zgby� j_]meylhjh\�� [_a� g_h[oh^bfhklb� b^_glbnbdZpbb� keh`gh]h� hldebdZ

kbkl_fu� 

Ebg_cgu_� h[t_dlu� ^ey� hibkZgby� g_ebg_cghc� ^bgZfbdb�� Fgh`_kl\h� ebg_cguo� h[t_dlh\�

hibku\Zxsbo� jy^� mkeh\bc� jZ[hlu�� � fh]ml� [ulv� g_ihkj_^kl\_ggh� bkihevah\Zgu� ^ey� ijh_dlbjh\Zgby

QFT. 



39 DhjihjZpby KhnlEZcg ± _^bgkl\_gguc Z\lhjbah\Zgguc iZjlg_j 7KH MathWorks, Inc. \ Jhkkbb

L_e� ����� ��������� ��������� ��������       NZdk� ��������
e-mail: info@softline.ru              http: // www.softline.ru

3KLOLSV�ihevam_lky�4)7�^ey�ijh_dlbjh\Zgby�&'�ie_c_jZ

AZ^Zq_c� Philips Research /DERUDWRULHV� y\ey_lky� ^hklb`_gb_� ohjhr_]h� kqblu\Zgby� lj_dh\� ijb� gZebqbb

\hafms_gbc�b�g_hij_^_e_gghkl_c�iZjZf_ljh\�fh^_eb�f_oZgbafZ�KD-ie_c_jZ��WlZ�aZ^ZqZ�ijh_dlbjh\Zgby
[ueZ� j_r_gZ� \� jZfdZo� 4)7� k� bkihevah\Zgb_f� baf_jy_fh]h� qZklhlgh]h� hldebdZ�� Fh^_ev� j_]meylhjZ

]heh\db�[ueZ�mki_rgh�j_Zebah\ZgZ�\�kj_^_�'63� 
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Robust Control Toolbox
Ki_pbZebabjh\Zggu_ kh\j_f_ggu_ kj_^kl\Z ^ey jh[Zklgh]h

fgh]hiZjZf_ljbq_kdh]h mijZ\e_gby

IZd_l�Robust &RQWURO� \dexqZ_l� kj_^kl\Z� ^ey� ijh_dlbjh\Zgby� b� ZgZebaZ�fgh]hiZjZf_ljbq_kdbo� kbkl_f
mijZ\e_gby��mklhcqb\hklv�dhlhjuo��bf__l�[hevrh_�agZq_gb_��Kj_^b�lZdbo�kbkl_f�fh]ml�[ulv�kbkl_fu�k

fh^_evgufb� hrb[dZfb�� ^bgZfbdZ� dhlhjuo� � ba\_klgZ� g_� iheghklvx�� beb� iZjZf_lju� dhlhjuo� fh]ml

baf_gylvky� \� oh^_� fh^_ebjh\Zgby�� Fhsgu_� Ze]hjblfu� iZd_lZ� iha\heyxl� <Zf� \uihegylv� keh`gu_

\uqbke_gby��ijbgbfZy�\h�\gbfZgb_�baf_g_gby�fgh`_kl\Z��iZjZf_ljh\� 

Hkgh\gu_�k\hckl\Z

• Kbgl_a�/4*�j_]meylhjh\�gZ�hkgh\_�fbgbfbaZpbb�jZ\ghf_jghc�b�bgl_]jZevghc�ghjfu

• Fgh]hiZjZf_ljbq_kdbc�qZklhlguc�hldebd

• Ihkljh_gb_�fh^_eb�ijhkljZgkl\Z�khklhygbc

• Ij_h[jZah\Zgb_�fh^_e_c�gZ�hkgh\_�kbg]meyjguo�qbk_e

• Ihgb`_gb_�ihjy^dZ�fh^_eb

• Ki_dljZevgZy�nZdlhjbaZpby

NB!

Ijh_dlbjh\Zgb_�jh[Zklgh]h�fgh]hiZjZf_ljbq_kdh]h�mijZ\e_gby��IZd_l�Robust &RQWURO�[Zabjm_lky�gZ
nmgdpbyo�iZd_lZ�Control 6\VWHP��\�lh`_�\j_fy��ij_^hklZ\eyy�mkh\_jr_gkl\h\Zgguc�gZ[hj�Ze]hjblfh\�^ey

ijh_dlbjh\Zgby�kbkl_f�mijZ\e_gby��IZd_l�h[_ki_qb\Z_l�fhklbd�f_`^m�kh\j_f_gghc�l_hjb_c�mijZ\e_gby

b� ijZdlbq_kdbfb� ijbeh`_gbyfb�� IZd_l� \dexqZ_l� fgh`_kl\h� nmgdpbc�� j_Zebamxsbo� kh\j_f_ggu_

f_lh^u�ijh_dlbjh\Zgby�b�ZgZebaZ�fgh]hiZjZf_ljbq_kdbo�jh[Zklguo�j_]meylhjh\�

:gZeba�mklhcqb\hklb��Ijhy\e_gby�g_hij_^_e_gghkl_c�fgh]hh[jZagu���rmfu�b�\hafms_gby�\�kb]gZeZo�

g_lhqghklv�fh^_eb�i_j_^Zlhqghc�nmgdpbb��g_fh^_ebjm_fZy�g_ebg_cgZy�^bgZfbdZ��IZd_l�Robust Control
iha\hey_l� hp_gblv� fgh]hiZjZf_ljbq_kdmx� ]jZgbpm� mklhcqb\hklb� ijb� jZaebqguo� g_hij_^_e_gghklyo�

Kj_^b�bkihevam_fuo�f_lh^h\��Ze]hjblf�I_jjhgZ��ZgZeba�hkh[_gghkl_c�i_j_^Zlhqguo�nmgdpbc�b�^j�

Kbgl_a�mklhcqb\uo�j_]meylhjh\��Kha^Zl_eb�jh[Zklguo�kbkl_f�mijZ\e_gby�qZklh�ihevamxlky�h[jZlghc

k\yavx�� qlh[u� m^h\e_l\hjblv� hij_^_e_gguf� lj_[h\Zgbyf� d� dZq_kl\m� ijh_dlbjm_fhc� kbkl_fu�� IZd_l

Robust &RQWURO�h[_ki_qb\Z_l�jZaebqgu_�f_lh^u�ijh_dlbjh\Zgby�h[jZlguo�k\ya_c��kj_^b�dhlhjuo��/45�
/4*��/4*�/75��b�^j�

Ihgb`_gb_� ihjy^dZ� fh^_eb�� G_h[oh^bfhklv� ihgb`_gby� ihjy^dZ� fh^_eb� \hagbdZ_l� \� g_kdhevdbo

kemqZyo��ihgb`_gb_�ihjy^dZ�h[t_dlZ��ihgb`_gb_�ihjy^dZ�j_]meylhjZ��fh^_ebjh\Zgb_�[hevrbo� kbkl_f�

DZq_kl\_ggZy� ijhp_^mjZ� ihgb`_gby� ihjy^dZ� fh^_eb� ^he`gZ� [ulv� qbke_ggh� mklhcqb\Z�� Ijhp_^mju�

\dexq_ggu_�\�iZd_l�Robust &RQWURO��mki_rgh�kijZ\eyxlky�k�wlhc�ijh[e_fhc� 
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IZd_l� Robust &RQWURO� kihkh[kl\m_l� m^h\e_l\hj_gbx� lj_[h\Zgbc� d� mklhcqb\hklb� b� dZq_kl\m

ijh_dlbjm_fhc�kbkl_fu
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Signal Processing Toolbox 4
GZ[hj kh\j_f_gguo Ze]hjblfh\ ^ey h[jZ[hldb kb]gZeh\� jZajZ[hldb ebg_cguo
kbkl_f b ZgZebaZ \j_f_gguo jy^h\ 

IZd_l� Signal 3URFHVVLQJ� h[_ki_qb\Z_l� g_h[uqZcgh� rbjhdb_� \hafh`ghklb� ih� kha^Zgbx� ijh]jZff

h[jZ[hldb� kb]gZeh\� ^ey� kh\j_f_gguo� gZmqguo� b� l_ogbq_kdbo� ijbeh`_gbc�� <� iZd_l_� bkihevam_lky

jZaghh[jZagZy� l_ogbdZ� nbevljZpbb� b� gh\_crb_� Ze]hjblfu� ki_dljZevgh]h� ZgZebaZ�� IZd_l� kh^_j`bl

fh^meb�^ey�jZajZ[hldb�gh\uo� Ze]hjblfh\�h[jZ[hldb� kb]gZeh\��jZajZ[hldb�ebg_cguo� kbkl_f�b� ZgZebaZ

\j_f_gguo� jy^h\��IZd_l� [m^_l�ihe_a_g�� \� qZklghklb�� \� lZdbo� h[eZklyo�� dZd� h[jZ[hldZ� Zm^bh�� b� \b^_h�

bgnhjfZpbb��l_e_dhffmgbdZpbb��]_hnbabdZ��aZ^Zqb�mijZ\e_gby�\�j_Zevghf�j_`bf_�\j_f_gb��wdhghfbdZ�

nbgZgku�b�f_^bpbgZ� 

�Y�bamfe_g�ijhba\h^bl_evghklvx�0$7/$%��Hg�iha\hey_l�j_rZlv�ijZdlbq_kdb�ex[u_�aZ^Zqb�

\hagbdZxsb_� \� kh\j_f_gghc� gZmd_� b� l_ogbd_�� hl� ijhkl_cr_]h� ZgZebaZ� ^h� jZajZ[hldb

keh`guo�fh^_e_c� 

±�=j_]hjb�QZfblhnn�

G:K:

Hkgh\gu_�k\hckl\Z

• Fh^_ebjh\Zgb_�kb]gZeh\�b�ebg_cguo�kbkl_f

• Ijh_dlbjh\Zgb_��ZgZeba�b�j_ZebaZpby�pbnjh\uo�b�ZgZeh]h\uo�nbevljh\

• ;ukljh_�ij_h[jZah\Zgb_�Nmjv_��^bkdj_lgh_�dhkbgmkgh_�b�^jm]b_�ij_h[jZah\Zgby

• Hp_gdZ�ki_dljh\�b�klZlbklbq_kdZy�h[jZ[hldZ�kb]gZeh\

• IZjZf_ljbq_kdZy�h[jZ[hldZ�\j_f_gguo�jy^h\

• =_g_jZpby�kb]gZeh\�jZaebqghc�nhjfu

• Hdhggh_�hlh[jZ`_gb_

:fieblm^gZy�b�nZah\Zy�oZjZdl_jbklbdb�ihehkh\h]h�weebilbq_kdh]h�nbevljZ�^_kylh]h�ihjy^dZ�  
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NB!

JZajZ[hldZ� Ze]hjblfh\� IZd_l� Signal Processing -� b^_ZevgZy� h[hehqdZ� ^ey� ZgZebaZ� b� h[jZ[hldb
kb]gZeh\�� <� g_f� bkihevamxlky� ijh\_j_ggu_� ijZdlbdhc� Ze]hjblfu�� \u[jZggu_� ih� djbl_jbyf

fZdkbfZevghc�wnn_dlb\ghklb�b�gZ^_`ghklb�

Fh^_ebjh\Zgb_� kb]gZeh\� b� ebg_cguo� kbkl_f� IZd_l� Signal 3URFHVVLQJ� kh^_j`bl� rbjhdbc� ki_dlj

Ze]hjblfh\� ^ey� ij_^klZ\e_gby� kb]gZeh\� b� ebg_cguo� fh^_e_c�� Wlhl� gZ[hj� iha\hey_l� ihevah\Zl_ex

^hklZlhqgh� ]b[dh�ih^oh^blv�d�kha^Zgbx�kp_gZjby�h[jZ[hldb�kb]gZeh\��IZd_l�\dexqZ_l�Ze]hjblfu�^ey

ij_h[jZah\Zgby�fh^_eb�ba�h^gh]h�ij_^klZ\e_gby�\�^jm]h_� 

Kha^Zgb_�nbevljh\��IZd_l�Signal 3URFHVVLQJ� \dexqZ_l�iheguc�gZ[hj�f_lh^h\�^ey� kha^Zgby�pbnjh\uo
nbevljh\�k�jZaghh[jZagufb�oZjZdl_jbklbdZfb��IZd_l�iha\hey_l�[ukljh�jZajZ[Zlu\Zlv�nbevlju�\ukhdbo

b�gbadbo�qZklhl��ihehkghijhimkdZxsb_�b�ihehkghaZ^_j`b\Zxsb_�nbevlju��fgh]hihehkgu_�nbevlju��\

lhf�qbke_�nbevlju�Q_[ur_\Z��XeZ�Mhed_jZ��weebilbq_kdb_��b�^jm]b_�nbevlju� 

=jZnbq_kdbc�bgl_jn_ck�iha\hey_l�ijh_dlbjh\Zlv�nbevlju��aZ^Z\Zy�lj_[h\Zgby�d�gbf�\�j_`bf_��point and
FOLFN���<�iZd_l�\dexq_gu�ke_^mxsb_�gh\u_�f_lh^u�ijh_dlbjh\Zgby�nbevljh\�

• H[h[s_gguc� f_lh^� Q_[ur_\Z� ^ey� kha^Zgby� nbevljh\� k� g_ebg_cghc� nZah\hc� oZjZdl_jbklbdhc�

dhfie_dkgufb� dhwnnbpb_glZfb�beb�ijhba\hevguf� hldebdhf��:e]hjblf� jZajZ[hlZg�FZde_gZghf� b

DZjZfhf�\������]h^m�

• F_lh^� gZbf_gvrbo� d\Z^jZlh\� k� h]jZgbq_gbyfb� iha\hey_l� ihevah\Zl_ex� y\gh� dhgljhebjh\Zlv

fZdkbfZevgmx�hrb[dm��k]eZ`b\Zgb_�� 
• F_lh^�jZkq_lZ�fbgbfZevgh]h�ihjy^dZ�nbevljZ�k�hdghf�DZca_jZ� 
• H[h[s_gguc� f_lh^� ;Zll_j\hjlZ� ^ey� ijh_dlbjh\Zgby� gbadhqZklhlguo� nbevljh\� k� fZdkbfZevgh

h^ghjh^gufb��ihehkZfb�ijhimkdZgby�b�aZlmoZgby�

 Ki_dljZevguc�ZgZeba��Hkgh\Zgguc�gZ�hilbfZevghf�Ze]hjblf_�[ukljh]h�ij_h[jZah\Zgby�Nmjv_��iZd_l

Signal 3URFHVVLQJ�h[eZ^Z_l�g_ij_\ahc^_ggufb�oZjZdl_jbklbdZfb�^ey�qZklhlgh]h�ZgZebaZ�b�ki_dljZevguo
hp_ghd�� IZd_l� \dexqZ_l� nmgdpbb� ^ey� \uqbke_gby� ^bkdj_lgh]h� ij_h[jZah\Zgby� Nmjv_�� ^bkdj_lgh]h

dhkbgmkgh]h�ij_h[jZah\Zgby��ij_h[jZah\Zgby�=bev[_jlZ�b�^jm]bo�ij_h[jZah\Zgbc��qZklh�ijbf_gy_fuo

^ey� ZgZebaZ�� dh^bjh\Zgby� b�nbevljZpbb��<� iZd_l_� bf_xlky� lZdb_� f_lh^u� ki_dljZevgh]h� ZgZebaZ�� dZd

f_lh^�<_evoZ��f_lh^�fZdkbfZevghc�wgljhibb�b�^jm]b_� 

<bamZebaZpby�� Gh\uc� ]jZnbq_kdbc� bgl_jn_ck� iha\hey_l� <Zf� ijhkfZljb\Zlv� b� \bamZevgh� hp_gb\Zlv

oZjZdl_jbklbdb� kb]gZeh\�� ijh_dlbjh\Zlv� b� ijbf_gylv� nbevlju�� ijbf_gylv� ki_dljZevguc� ZgZeba�

bkke_^my�\ebygb_�jZaebqguo�f_lh^h\�b�bo�iZjZf_ljh\�gZ�ihemqZ_fuc�j_amevlZl��=jZnbq_kdbc�bgl_jn_ck

hkh[_ggh�ihe_a_g�^ey�\bamZebaZpbb�\j_f_gguo�jy^h\��ki_dljh\��\j_f_gguo�b�qZklhlguo�oZjZdl_jbklbd�

jZkiheh`_gby�gme_c�b�ihexkh\�i_j_^Zlhqguo�nmgdpbb�kbkl_fu� 

>hihegbl_evgu_�\hafh`ghklb��IZd_l�Signal 3URFHVVLQJ�y\ey_lky�hkgh\hc�^ey�j_r_gby�fgh]bo�^jm]bo

aZ^Zq�� GZijbf_j�� dhf[bgbjmy� _]h� k� iZd_lhf� Image 3URFHVVLQJ�� fh`gh� h[jZ[Zlu\Zlv� b� ZgZebabjh\Zlv
^\mf_jgu_� kb]gZeu� b� bah[jZ`_gby�� <� iZj_� k� iZd_lhf� System ,GHQWLILFDWLRQ� iZd_l� Signal Processing
iha\hey_l� \uihegylv� iZjZf_ljbq_kdh_�fh^_ebjh\Zgb_� \h� \j_f_gghc� h[eZklb��<� khq_lZgbb� k� iZd_lZfb

Neural 1HWZRUN� b� Fuzzy /RJLF� fh`_l� [ulv� kha^Zgh� fgh`_kl\h� kj_^kl\� ^ey� � h[jZ[hldb� ^Zgguo� beb
\u^_e_gby� deZkkbnbdZpbhgguo� oZjZdl_jbklbd�� Kj_^kl\h� ]_g_jZpbb� kb]gZeh\� iha\hey_l� kha^Z\Zlv

bfimevkgu_�kb]gZeu�jZaebqghc�nhjfu� 
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Ijbf_g_gb_� iZd_lZ� Signal 3URFHVVLQJ� jZkrbjy_l� <Zrb� \hafh`ghklb� ZgZebaZ� j_amevlZlh\�� \ujZ[hldb

gh\uo�b^_c�b�kha^Zgby�ijZdlbq_kdbo�ijbeh`_gbc�\h�fgh]bo�h[eZklyo� 
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 Spline Toolbox
 Ih^ijh]jZffu ^ey kha^Zgby b bkihevah\Zgby dmkhqguo ihebghfbZevguo nmgdpbc

IZd_l� 6SOLQH� y\ey_lky� b^_Zevghc� kj_^hc� ^ey� bamq_gby� kieZcgh\� b� jZ[hlu� gbfb�� KieZcgu� �]eZ^db_

�g_kdhevdh�jZa�^bnn_j_gpbjm_fu_��dmkhqgh�ihebghfbZevgu_�nmgdpbb��bkihevam_fu_�^ey�ij_^klZ\e_gby

nmgdpbc�gZ�[hevrbo�bgl_j\ZeZo��]^_�ZiijhdkbfZpby��_^bguf�ihebghfhf�g_\hafh`gZ��<�k\yab�k�l_f��qlh

kieZcgu� ]b[db�� wdhghfbqgu� b� e_]db� \� bkihevah\Zgbb�� hgb� bkihevamxlky� ^ey� ij_^klZ\e_gby

ijhba\hevguo�nmgdpbc�\�aZ^ZqZo� 

• hibkZgby�fZkkb\h\�wdki_jbf_glZevguo�^Zgguo

• ZiijhdkbfZpbb�nmgdpbyfb

• j_r_gby�nmgdpbhgZevguo�mjZ\g_gbc

Hkgh\gu_�k\hckl\Z

• Ij_^klZ\e_gb_�\�%�nhjf_�b�dmkhqghc�nhjf_

• Bgl_jiheypby��ZiijhdkbfZpby�b�ij_h[jZah\Zgb_�kieZcgh\�\�%�nhjf_�\�dmkhqgh_�ij_^klZ\e_gb_

• Bgl_jiheypby�dm[bq_kdbfb�kieZcgZfb�b�k]eZ`b\Zgb_

• Hi_jZpbb�gZ^�kieZcgZfb��\uqbke_gb_�ijhba\h^ghc��bgl_]jZeZ�b�hlh[jZ`_gb_

• Mlbeblu��h[jZ[hldZ�maeh\��bo�hilbfZevgh_�jZkiheh`_gb_��j_rZl_eb�ebg_cguo�kbkl_f�mjZ\g_gbc

NB! 

H[ahj� kieZcgh\��IZd_l� 6SOLQH�hkgZs_g�ijh]jZffZfb�jZ[hlu� k� %�kieZcgZfb��hibkZggufb� \� $�Practical
Guide to 6SOLQHV�DZjehf�>_[mjhf��bah[j_lZl_e_f�kieZcgh\�b�Z\lhjhf�iZd_lZ� 6SOLQH��Nmgdpbb�iZd_lZ��\

khq_lZgbb�k�yaudhf�0$7/$%�b�ih^jh[guf�jmdh\h^kl\hf�ihevah\Zl_ey��h[e_]qZxl�ihgbfZgb_�kieZcgh\

b�bo�ijbf_g_gb_�d�j_r_gbx�jZaghh[jZaguo�aZ^Zq� 

%�nhjfZ� b� dmkhqgu_� ihebghfu�� <� iZd_l� \dexq_gu� ijh]jZffu� ^ey� jZ[hlu� k� ^\mfy� gZb[he__

mihlj_[bl_evgufb� nhjfZfb� ij_^klZ\e_gby� kieZcgh\�� %�nhjfhc� b� dmkhqgufb� ihebghfZfb�� %�nhjfZ

m^h[gZ�gZ�wlZi_�ihkljh_gby�kieZcgh\��\�lh�\j_fy�dZd�dmkhqgh�ihebghfbZevgZy�nhjfZ�[he__�wnn_dlb\gZ

\h� \j_fy� ihklhygghc� jZ[hlu� kh� kieZcghf�� IZd_l� \dexqZ_l� nmgdpbb� ^ey� kha^Zgby�� hlh[jZ`_gby�

bgl_jiheypbb��ZiijhdkbfZpbb�b�h[jZ[hldb�kieZcgh\�\�<�nhjf_�b�\�\b^_�dmkhqguo�ihebghfh\�
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 Statistics Toolbox
H[t_^bgy_l mklhcqb\u_ klZlbklbq_kdb_ Ze]hjblfu b bgl_jZdlb\guc

]jZnbq_kdbc bgl_jn_ck 

IZd_l� 6WDWLVWLFV� ij_^eZ]Z_l� rbjhdbc� ki_dlj� bgkljmf_glh\� ^ey� klZlbklbq_kdbo� \uqbke_gbc�� Hg

ij_^klZ\ey_l�kh[hc�mgbdZevgh_�khq_lZgb_�]jZnbq_kdhc�ijhklhlu�\�bkihevah\Zgbb�b�ijh]jZffbjm_fhklb�

Bgl_jZdlb\gu_�bah[jZ`_gby�iha\heyxl�<Zf�k�e_]dhklvx�ijbf_gylv�f_lh^u�klZlbklbdb��\�lh�\j_fy�dZd

yaud�0$7/$%�^Z_l�<Zf�\hafh`ghklv�kha^Z\Zlv�k\hb�kh[kl\_ggu_�f_lh^u�klZlbklbdb�b�ZgZebaZ��LZdh_

h[t_^bg_gb_�^Z_l�<Zf�k\h[h^m�^hklmiZ�d�gbadhmjh\g_\uf�nmgdpbyf��lZdbf�dZd�nmgdpbb�\_jhylghklb�b

$129$� ijyfh� ba� dhfZg^ghc� kljhdb�� beb� bkihevah\Zgby� ]jZnbq_kdh]h� bgl_jn_ckZ�� qlh[u� mqblvky� b

wdki_jbf_glbjh\Zlv�kh�\kljh_ggufb�\�iZd_l�kj_^kl\Zfb�ZgZebaZ�b�\bamZebaZpbb� 

Hkgh\gu_�k\hckl\Z

• >_kdjbilb\gZy�klZlbklbdZ

• JZkij_^_e_gby�\_jhylghkl_c

• Hp_gdZ�iZjZf_ljh\�b�ZiijhdkbfZpby

• Ijh\_jdZ�]bihl_a

• Fgh`_kl\_ggZy�j_]j_kkby

• Bgl_jZdlb\gZy�ihrZ]h\Zy�j_]j_kkby

• Fh^_ebjh\Zgb_�Fhgl_�DZjeh

• :iijhdkbfZpby�gZ�bgl_j\ZeZo

• KlZlbklbq_kdh_�mijZ\e_gb_�ijhp_kkZfb

• IeZgbjh\Zgb_�wdki_jbf_glZ

• Fh^_ebjh\Zgb_�ih\_joghklb�hldebdZ

• :iijhdkbfZpby�g_ebg_cghc�fh^_eb

• :gZeba�]eZ\guo�dhfihg_gl

• KlZlbklbq_kdb_�]jZnbdb

• =jZnbq_kdbc�bgl_jn_ck�ihevah\Zl_ey 

�IjhklhlZ�bkihevah\Zgby�ijb\e_dZ_l�f_gy� \�0$7/$%��=jZnbq_kdb_� \hafh`ghklb� \_ebdhe_igu�b�bfb

e_]dh�ihevah\Zlvky� 

Michael B. Miller,
Washington University School of Medicine 

NB!

Kj_^Z�^ey�ZiijhdkbfZpbb�IZd_l�b^_Ze_g�^ey�g_ijh]jZffghc� ZiijhdkbfZpbb��Hkgh\gu_�\hafh`ghklb

\dexqZxl�� j_]j_kkbhgguc� ZgZeba� b� ^bZ]ghklbdZ� k� \u[hjhf� i_j_f_gghc�� g_ebg_cgh_� fh^_ebjh\Zgb_�

fh^_ebjh\Zgb_� \_jhylghkl_c� b� hp_gdZ� iZjZf_ljh\�� ZgZeba� qm\kl\bl_evghklb� k� bkihevah\Zgb_f

]_g_jZlhjZ�kemqZcguo�qbk_e��mijZ\e_gb_�klZlbklbq_kdbfb�ijhp_kkZfb�b�ieZgbjh\Zgb_�wdki_jbf_glZ� 

JZkij_^_e_gby�\_jhylghkl_c��IZd_l�\dexqZ_l����jZaebqguo�jZkij_^_e_gbc�\_jhylghkl_c��\dexqZy  T, F
b� Ob�d\Z^jZl�� Ih^[hj� iZjZf_ljh\�� ]jZnbq_kdh_� hlh[jZ`_gb_� jZkij_^_e_gbc� b� kihkh[� \uqbke_gby

emqrbo�ZiijhdkbfZpbc�ij_^hklZ\eyxlky�^ey�\k_o�lbih\�jZkij_^_e_gbc� 
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Kj_^kl\Z� ]jZnbq_kdh]h� bgl_jn_ckZ� ihevah\Zl_ey�� Ij_^mkfhlj_gh� fgh`_kl\h� bgl_jZdlb\guo

bgkljmf_glh\� ^ey� ^bgZfbq_kdhc� \bamZebaZpbb� b� ZgZebaZ� ^Zgguo�� Bf_xlky� ki_pbZebabjh\Zggu_

bgl_jn_cku� ^ey� fh^_ebjh\Zgby� ih\_joghklb� hldebdZ�� \bamZebaZpbb� jZkij_^_e_gbc�� ]_g_jZpbb

kemqZcguo�qbk_e�b�ebgbc�mjh\gy� 

KlZlbklbq_kdb_�]jZnbdb��DhfZg^u�klZlbklbq_kdhc�]jZnbdb��lZdb_�dZd�ZHLESORW�b� UDQGSORW�iha\heyxl

<Zf�\uihegblv�ZgZeba�gZ^_`ghklb�b�ZiijhdkbfZpbx�jZkij_^_e_gby� 

JZajZ[hldZ�Ze]hjblfh\��<�kh_^bg_gbb�k�\uqbkebl_evguf�yaudhf�0$7/$%��iZd_l�Statistics ��wlh�\k_�
qlh� <Zf� gm`gh�� qlh[u� jZajZ[Zlu\Zlv� gh\u_� Ze]hjblfu� klZlbklbq_kdh]h� ZgZebaZ�� <u� fh`_l_

bkihevah\Zlv� ]jZnbq_kdb_� nmgdpbb� iZd_lZ� 6WDWLVWLFV� beb� kha^Z\Zlv� kh[kl\_gguc� bgl_jn_ck�� bkihevamy

k\hckl\Z�Handle Graphics MATLAB. 

GZ� jbkmgd_� dhfZg^Z� KLVWILW� gZdeZ^u\Z_l� djb\mx� ghjfZevgh]h� jZkij_^_e_gby� gZ� ]bklh]jZffm�� Qbkeh

klhe[bdh\�ih�mfheqZgbx�mklZgZ\eb\Z_lky�jZ\guf�d\Z^jZlghfm�dhjgx�ba�qbkeZ�we_f_glh\�^Zgguo�

IZd_l�   6WDWLVWLFV� h[eZ^Z_l� k\hckl\hf� bgl_jZdlb\gh]h� hlh[jZ`_gby� ^Zgguo�� qlh� iha\hey_l� <Zf

wdki_jbf_glbjh\Zlv�b�bamqZlv�bf_xsb_ky�\�iZd_l_�kj_^kl\Z�\bamZebaZpbb�b�ZgZebaZ��Bgl_jZdlb\guc

bgkljmf_gl�� ihdZaZgguc� gZ� jbkmgd_�� ihemq_g� k� ihfhsvx� nmgdpbb� UVPGHPR� b� h[mqZ_l� ieZgbjh\Zgbx

wdki_jbf_glZ�b�j_]j_kkbhgghfm�fh^_ebjh\Zgbx�
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Symbolic Math Toolboxes 2
Hkgh\ZggZy gZ0DSOH 9 bgl_]jbjh\ZggZy kj_^Z ^ey kbf\hevguo \uqbke_gbc

IZd_l�Symbolic 0DWK� iha\hey_l� ihevah\Zlvky� kbf\hevghc� fZl_fZlbdhc� b� \uqbke_gbyfb� k� ieZ\Zxs_c

lhqdhc� \� 0$7/$%��IZd_l� \dexqZ_l� \uqbkebl_evgh_� y^jh� iZd_lZ� Maple V RHOHDVH� ��� jZajZ[hlZggh]h
nbjfhc� Waterloo Maple 6RIWZDUH�� IZd_l� Extended Symbolic 0DWK� ij_^hklZ\ey_l� ihevah\Zl_ex

^hihegbl_evgmx�\hafh`ghklv�ijh]jZffbjh\Zgby�gZ�0DSOH�b�h[_ki_qb\Z_l�^hklmi�d�ki_pbZebabjh\Zgguf

[b[ebhl_dZf� 0DSOH��IZd_lu� Symbolic 0DWK� b� Extended Symbolic 0DWK� iha\heyxl� ihevah\Zl_ex� e_]dh

dhf[bgbjh\Zlv� qbke_ggu_� b� kbf\hevgu_� \uqbke_gby� \h_^bgh� [_a� ihl_jb� kdhjhklb� b� lhqghklb

\uqbke_gbc� 

Hkgh\gu_�k\hckl\Z 

• <uqbke_gby

• Ij_h[jZah\Zgby

• Ebg_cgZy�Ze]_[jZ

IZd_l� 0$7/$%� Symbolic 0DWK� mijhsZ_l� j_r_gb_� mjZ\g_gbc�� ij_^klZ\e_gguo� \� kbf\hevghc� nhjf_�

GZijbf_j�� hg� fh`_l� [ulv� bkihevah\Zg� ^ey� j_r_gby� \hegh\h]h� mjZ\g_gby� f_lh^hf� >ZeZf[_jZ� b

ij_^klZ\e_gby�j_amevlZlh\�

NB!

Kbf\hevgu_� \uqbke_gby��IZd_l�Symbolic Math 7RROER[� kgZ[`_g� [he__� q_f� ����F�nZceZfb�0$7/$%

^ey� ijbf_g_gby� kbf\hevghc� Ze]_[ju� b� \uqbkebl_evguo� ijhp_^mj� 0DSOH� 9�� IZd_l� iheghklvx

bgl_]jbjh\Zg�\�kj_^m�b�yaud�0$7/$%��LZdbf�h[jZahf��j_amevlZlu�kbf\hevguo�\uqbke_gbc�fh]ml�[ulv

i_j_^Zgu�^ey�^Zevg_cr_c�h[jZ[hldb�\�kj_^m�0$7/$%�
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<uqbke_gby� k� i_j_f_gghc� lhqghklvx�� IZd_l� kgZ[`_g� Ze]hjblfZfb� ^ey� \uqbke_gbc� k� i_j_f_gghc

lhqghklvx�� Qbke_ggu_� jZkq_lu� fh]ml� ijh\h^blvky� k� lhqghklvx�� dhlhjZy� h]jZgbq_gZ� lhevdh

\hafh`ghklyfb�dhfivxl_jZ�

Bkihevah\Zgb_�Maple V.�IZd_l�Symbolic 0DWK�h[_ki_qb\Z_l�^hklmi�d�y^jm�0DSOH�9��Z�lZd`_�d�iZd_lZf

0DSOH�ih�ebg_cghc�Ze]_[j_�b�bgl_]jZevguf�ij_h[jZah\Zgbyf��Hkgh\gZy�[b[ebhl_dZ�\dexqZ_l�[he__����

nmgdpbc��gZijbf_j�

• IZd_l�ebg_cghc�Ze]_[ju

• IZd_l�bgl_]jZevguo�ij_h[jZah\Zgbc

IZd_l�Extended Symbolic Math.�IZd_l�Extended Symbolic 0DWK��ihklZ\ey_fuc� hl^_evgh�� h[_ki_qb\Z_l

^hklmi�d�j_kmjkZf�ijh]jZffbjh\Zgby�gZ�0DSOH�9��?keb�dZdZy�eb[h�ijh]jZffZ�kha^ZgZ�gZ�yaud_�Maple V,
lh� hgZ�fh`_l� jZ[hlZlv� kh\f_klgh� k�iZd_lhf�Extended Symbolic 0DWK��Wlhl�iZd_l� \dexqZ_l� ijhp_^mju

0DSOH�^ey�jZ[hlu�[he__�q_f�\����h[eZklyo�fZl_fZlbdb��<�bo�qbke_��dhg_qgu_�we_f_glu��l_hjby�]jZnh\�

ieZgbf_ljby��ZgZeba�\j_f_gguo�jy^h\��;me_\Z�Ze]_[jZ��l_gahjguc�ZgZeba�b�l_hjby�qbk_e�

0DSOH�9�jZajZ[hlZg�Waterloo Maple Software, Inc.  
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System Identification Toolbox
Bgl_jZdlb\gZy kj_^Z ^ey ihkljh_gby ijhkluo lhqguo fh^_e_c keh`guo kbkl_f k
mq_lhf aZrmfe_gguo ^Zgguo

IZd_l�System ,GHQWLILFDWLRQ�kh^_j`bl�bgkljmf_glu�^ey�kha^Zgby�fZl_fZlbq_kdbo�fh^_e_c�^bgZfbq_kdbo
kbkl_f� gZ� hkgh\_� gZ[ex^Z_fuo� \oh^guo/\uoh^guo� ^Zgguo�� IZd_l� kgZ[`_g� ]b[dbf� ]jZnbq_kdbf
bgl_jn_ckhf��ihfh]Zxsbf�hj]Zgbah\Zlv�^Zggu_�b�kha^Z\Zlv�fh^_eb��F_lh^u�b^_glbnbdZpbb��\oh^ysb_

\� iZd_l�� � ijbf_gbfu� ^ey�rbjhdh]h� deZkk� aZ^Zq�� hl� ijh_dlbjh\Zgby� kbkl_f� mijZ\e_gby� b� h[jZ[hldb

kb]gZeh\��^h�ZgZebaZ�\j_f_gguo�jy^h\�b�\b[jZpbb� 

Hkgh\gu_�k\hckl\Z

• Ijhklhc�b�]b[dbc�bgl_jn_ck

• Ij_^\Zjbl_evgZy� h[jZ[hldZ� ^Zgguo�� \dexqZy� ij_^\Zjbl_evgmx� nbevljZpbx�� m^Ze_gb_� lj_g^h\� b

kf_s_gbc

• <u[hj�^bZiZahgZ�^Zgguo�^ey�ZgZebaZ

• F_lh^u�Z\lhj_]j_kkbb

• :gZeba�hldebdZ�\h�\j_f_gghc�b�qZklhlghc�h[eZklb

• Hlh[jZ`_gb_�gme_c�b�ihexkh\�i_j_^Zlhqghc�nmgdpbb�kbkl_fu

• :gZeba�g_\yahd�ijb�l_klbjh\Zgbb�fh^_eb

�:^_d\Zlghklv�fZl_fZlbq_kdbo�fh^_e_c�kZfhe_lZ�b�ibehlZ�bf__l�hq_gv�[hevrh_�agZq_gb_

ijb� jZajZ[hld_� gh\uo� dhgkljmdpbc� kZfhe_lh\�� 0$7/$%� kms_kl\_ggh� mijhsZ_l� bo

kha^Zgb_� 

DZje�Wjbd�Obj\bgb_fb�

Saab Military Aircraft

NB!

M^h[kl\h� ]jZnbq_kdh]h� bgl_jn_ckZ�� =jZnbq_kdbc� bgl_jn_ck� mijhsZ_l� ij_^\Zjbl_evgmx� h[jZ[hldm

^Zgguo��Z�lZd`_�^bZeh]h\uc�ijhp_kk�b^_glbnbdZpbb�fh^_eb��Hi_jZpbb�aZ]jmadb�b�khojZg_gby�^Zgguo�

\u[hjZ�^bZiZahgZ��m^Ze_gby�kf_s_gbc�b�lj_g^h\�\uihegyxlky�k�fbgbfZevgufb�mkbebyfb�b�gZoh^ylky�\

]eZ\ghf�f_gx� 

<hafh`ghklb� ]jZnbdb�� Ij_^klZ\e_gb_� ^Zgguo� b� b^_glbnbpbjh\Zgguo� fh^_e_c� hj]Zgbah\Zgh

]jZnbq_kdb� lZdbf� h[jZahf�� qlh� \� ijhp_kk_� bgl_jZdlb\ghc� b^_glbnbdZpbb� ihevah\Zl_ev� e_]dh� fh`_l

\_jgmlvky� d� ij_^u^ms_fm� rZ]m� jZ[hlu�� >ey� gh\bqdh\� kms_kl\m_l� \hafh`ghklv� ijhkfZljb\Zlv

ke_^mxsb_� \hafh`gu_�rZ]b��Ki_pbZebklm� ]jZnbq_kdb_� kj_^kl\Z�iha\heyxl� hlukdZlv� ex[mx�ba� jZg__

ihemq_gguo�fh^_e_c�b�hp_gblv�__�dZq_kl\h�\�kjZ\g_gbb�k�^jm]bfb�fh^_eyfb� 

IZjZf_ljbq_kdb_�fh^_eb��GZqZ\�k�baf_j_gby�\uoh^Z�b�\oh^Z��fh`gh�kha^Zlv�iZjZf_ljbq_kdmx�fh^_ev

kbkl_fu�� hibku\Zxsmx� __� ih\_^_gb_� \� ^bgZfbd_�� IZd_l� System ,GHQWLILFDWLRQ� ih^^_j`b\Z_l� \k_
ljZ^bpbhggu_� kljmdlmju�fh^_e_c��\dexqZy� Z\lhj_]j_kkbx�� kljmdlmjm�;hdkZ�>`_gdbgkZ��^jm]b_��IZd_l

ih^^_j`b\Z_l� ebg_cgu_� fh^_eb� ijhkljZgkl\Z� khklhygbc�� dhlhju_� fh]ml� [ulv� hij_^_e_gu� dZd� \



51 DhjihjZpby KhnlEZcg ± _^bgkl\_gguc Z\lhjbah\Zgguc iZjlg_j 7KH MathWorks, Inc. \ Jhkkbb

L_e� ����� ��������� ��������� ��������       NZdk� ��������
e-mail: info@softline.ru              http: // www.softline.ru

^bkdj_lghf��lZd�b�\�g_ij_ju\ghf�ijhkljZgkl\Zo��Wlb�fh^_eb�fh]ml�\dexqZlv�ijhba\hevgh_�qbkeh�\oh^h\

b�\uoh^h\� 

Fh^_ebjh\Zgb_� b� l_klbjh\Zgb_�� <� iZd_l� \dexq_gu� nmgdpbb�� dhlhju_� fh`gh� bkihevah\Zlv� dZd

l_klh\u_�^Zggu_�^ey�b^_glbnbpbjh\Zgguo�fh^_e_c� 

RbjhdZy� h[eZklv� ijbf_g_gby�� B^_glbnbdZpby� ebg_cguo� fh^_e_c� rbjhdh� bkihevam_lky� ijb

ijh_dlbjh\Zgbb� kbkl_f� mijZ\e_gby�� dh]^Z� lj_[m_lky� fh^_ev� h[t_dlZ�� <� aZ^ZqZo� h[jZ[hldb� kb]gZeh\

fh^_eb�fh]ml�[ulv�bkihevah\Zgu�^ey�Z^Zilb\ghc�h[jZ[hldb�kb]gZeh\��F_lh^u�b^_glbnbdZpbb�mki_rgh

ijbf_gyxlky�^ey�nbgZgkh\uo�ijbeh`_gbc� 



52 DhjihjZpby KhnlEZcg ± _^bgkl\_gguc Z\lhjbah\Zgguc iZjlg_j 7KH MathWorks, Inc. \ Jhkkbb

L_e� ����� ��������� ��������� ��������       NZdk� ��������
e-mail: info@softline.ru              http: // www.softline.ru

Wavelet Toolbox

IZd_l ijh]jZff ^ey h[jZ[hldb b ZgZebaZ kb]gZeh\� bah[jZ`_gbc� k`Zlby b

nbevljZpbb 

IZd_l� :DYHOHW� ij_^hklZ\ey_l� ihevah\Zl_ex� iheguc� gZ[hj� ijh]jZff� ^ey� bkke_^h\Zgby� fgh]hf_jguo

g_klZpbhgZjguo�y\e_gbc��F_lh^u�iZd_lZ�:DYHOHW�jZkrbjyxl�\hafh`ghklb�ihevah\Zl_ey�\�l_o�h[eZklyo�

]^_�h[uqgh�ijbf_gy_lky�l_ogbdZ�Nmjv_�jZaeh`_gby��IZd_l�fh`_l�[ulv�ihe_a_g�^ey�lZdbo�ijbeh`_gbc�

dZd�h[jZ[hldZ�j_qb�b�Zm^bhkb]gZeh\��l_e_dhffmgbdZpbb��]_hnbabdZ��nbgZgku�b�f_^bpbgZ� 

Hkgh\gu_�k\hckl\Z

• Mkh\_jr_gkl\h\Zgguc� ]jZnbq_kdbc� ihevah\Zl_evkdbc� bgl_jn_ck� b� gZ[hj� dhfZg^� ^ey� ZgZebaZ�

kbgl_aZ���nbevljZpbb�kb]gZeh\�b�bah[jZ`_gbc

• Ij_h[jZah\Zgb_�fgh]hf_jguo�g_ij_ju\guo�kb]gZeh\

• >bkdj_lgh_�ij_h[jZah\Zgb_�kb]gZeh\

• >_dhfihabpby�b�ZgZeba�kb]gZeh\�b�bah[jZ`_gbc

• Rbjhdbc�\u[hj�[Zabkguo�nmgdpbc��\dexqZy�dhjj_dpbx�]jZgbqguo�wnn_dlh\

• IZd_lgZy�h[jZ[hldZ�kb]gZeh\�b�bah[jZ`_gbc

• :gZeba�iZd_lh\�kb]gZeh\��hkgh\Zgguc�gZ�wgljhibb

• NbevljZpby�k�\hafh`ghklvx�mklZgh\e_gby�`_kldbo�b�g_`_kldbo�ihjh]h\

• HilbfZevgh_�k`Zlb_�kb]gZeh\

�Wlh�emqrbc�bgl_jn_ck��k�dhlhjuf�fg_�ijboh^behkv�jZ[hlZlv��Hg�iha\hey_l�kijZ\blvky�k

ex[ufb� ljm^ghklyfb�� =jZnbq_kdbc� bgl_jn_ck� iZd_lZ� :DYHOHW� ihf_sZ_l� gm`gu_

bgkljmf_glu�ih^�jmdhc�b�Z\lhfZlbq_kdb�hlh[jZ`Z_l�j_amevlZl�dZ`^hc�hi_jZpbb� 

– EZgp�FZjlbg��Martin Consulting,
FZjlbg�DhgkZelbg]�

Ih^jy^qbd�<<K

N;J� bkihevam_l� f_lh^u� iZd_lZ� WDYHOHW� ^ey� k`Zlby� b� ih\ur_gby� wnn_dlb\ghklb� ojZg_gby

hli_qZldh\�iZevp_\��K`Zlh_�bah[jZ`_gb_�ihqlb�g_hlebqbfh�hl�hjb]bgZevgh]h�
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GZ�\_jog_f�jbkmgd_�ij_^klZ\e_g�kb]gZe��dhlhjuc�jZaeZ]Z_lky�k�bkihevah\Zgb_f�Ze]hjblfh\�iZd_lZ��GZ

gb`g_c�^bZ]jZff_�ij_^klZ\e_gu�oZjZdl_jbklbdb�dh]_j_glghklb�

 

NB!

Kh\j_f_ggu_�f_lh^u��Ihevamykv�iZd_lhf��fh`gh�ZgZebabjh\Zlv�lZdb_�hkh[_gghklb��dhlhju_�mimkdZxl

^jm]b_� f_lh^u� ZgZebaZ� kb]gZeh\�� l�_�� lj_g^u�� \u[jhku�� jZaju\u� \� ijhba\h^guo� \ukhdbo� ihjy^dh\�

Ihwlhfm�iZd_l�iha\hey_l�k`bfZlv�b�nbevljh\Zlv�kb]gZeu�[_a� �y\guo�ihl_jv��^Z`_�\�l_o�kemqZyo��dh]^Z

gm`gh�khojZgblv�b�\ukhdh��b�gbadhqZklhlgu_�dhfihg_glu�kb]gZeZ� 

NbevljZpby�b�k`Zlb_��Bf_xlky�Ze]hjblfu�k`Zlby�b�nbevljZpbb�b�^ey�iZd_lghc�h[jZ[hldb�kb]gZeh\�

Ijh]jZffu� k`Zlby� \u^_eyxl� fbgbfZevgh_� qbkeh� dhwnnbpb_glh\�� ij_^klZ\eyxsbo� bkoh^gmx

bgnhjfZpbx�gZb[he__�lhqgh��qlh�hq_gv�\Z`gh�^ey�ihke_^mxsbo�klZ^bc�jZ[hlu�kbkl_fu�k`Zlby� 

;Zabkgu_� gZ[hju�� <� iZd_l� \dexq_gu� ke_^mxsb_� [Zabkgu_� gZ[hju�� [bhjlh]hgZevguc�� OZZjZ�

�F_dkbdZgkdZy�reyiZ���FZc_jZ�b�^jm]b_��<u�lZd`_�fh`_l_�^h[Z\blv�\�iZd_l�k\hb�kh[kl\_ggu_�[Zabku� 

Jmdh\h^kl\Z� b� ^_fhgkljZpbb�� H[rbjgh_� Jmdh\h^kl\h� ihevah\Zl_ey� h[tykgy_l� ijbgpbiu� jZ[hlu� k

f_lh^Zfb�iZd_lZ��khijh\h`^Zy�bo�fgh]hqbke_ggufb�ijbf_jZfb�b�iheghp_gguf�jZa^_ehf�kkuehd� 

IZd_l�Wavelet�gZibkZeb�Michael Misiti, Yves Misiti, Georges Oppenheim�b�Jean-Michel Poggi��jZ[hlZxsb_�\

eZ[hjZlhjbb��Laboratoire de 0DWKcPDWLTXHV", Orsay-Paris 11 University France. 
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 SIMULINK
  KZfh_ kh\_jr_ggh_ kj_^kl\h ^ey ]jZnbq_kdhc jZajZ[hldb fh^_e_c

6LPXOLQN���wlh�bgl_jZdlb\gZy�kj_^Z�^ey�fh^_ebjh\Zgby�b�ZgZebaZ�rbjhdh]h�deZkkZ�^bgZfbq_kdbo�kbkl_f�

6LPXOLQN� ij_^hklZ\ey_l� ihevah\Zl_ex� ]jZnbq_kdbc� bgl_jn_ck� ^ey� dhgkljmbjh\Zgby� fh^_e_c� ba

klZg^Zjlguo� [ehdh\� ijb� ihfhsb� l_ogheh]bb� �GUDJ�DQG�GURS���H[rbjgZy� [b[ebhl_dZ� [ehdh\� iha\hey_l

<Zf�fh^_ebjh\Zlv�kbkl_fu�hq_gv�[ukljh���[_a�gZibkZgby�_^bghc�kljhqdb�dh^Z�

Hkgh\gu_�kj_^kl\Z�^ey�fh^_ebjh\Zgby�b�ZgZebaZ

• H[rbjgZy� [b[ebhl_dZ� [ehdh\� ^ey� kha^Zgby� ebg_cguo� b� g_ebg_cguo�� ^bkdj_lguo� b� g_ij_ju\guo�

]b[jb^guo��6,62�b�0,02�fh^_e_c

• B_jZjobq_kdZy�kljmdlmjZ�fh^_e_c�k�g_h]jZgbq_gghc�\eh`_gghklvx

• KdZeyjgu_�b�\_dlhjgu_�k\yab

• Kj_^kl\h�^ey�kha^Zgby�ihevah\Zl_evkdbo�[ehdh\�b�[b[ebhl_d

• Bgl_jZdlb\gh_�fh^_ebjh\Zgb_�k��`b\uf��hlh[jZ`_gb_f�gZ�wdjZg_

• K_fv�f_lh^h\�bgl_]jbjh\Zgby�k�nbdkbjh\Zgguf�b�i_j_f_gguf�rZ]hf

• Ebg_ZjbaZpby

• Fh^_ebjh\Zgb_�Fhgl_�DZjeh

• Hij_^_e_gb_�lhq_d�jZ\gh\_kby

• JZaebqgu_�kihkh[u�\u\h^Z�gZ�wdjZg�b�[b[ebhl_dZ�\oh^guo�kb]gZeh\

�Ihevamykv� 0$7/$%� b� 6LPXOLQN�� fu� ]em[`_� ijhgbdZ_f� \� kmlv� jZ[hlu� kbkl_fu�� Wlh

hagZqZ_l��qlh�fu�jZajZ[Zlu\Z_f�fh^_eb�[he__�\ukhdh]h�dZq_kl\Z� 

Eric Gassenfeit
General Motors

NB!

Bgl_jZdlb\gh_�kha^Zgb_�fh^_e_c��<�6LPXOLQN��\oh^bl�[hevrZy�[b[ebhl_dZ�[ehdh\��iha\heyxsZy�e_]dh

kha^Z\Zlv�fh^_eb��<u�ijhklh�i_j_ghkbl_�dhfihg_glu�ba�[b[ebhl_db�\�gh\mx�fh^_ev�b�kh_^bgy_l_�bo�k

ihfhsvx�furb��=jmiibjmy� [ehdb� \� ih^kbkl_fu��<u�fh`_l_� kha^Z\Zlv� b_jZjobq_kdb_�fh^_eb��Qbkeh

[ehdh\�b�k\ya_c�\�fh^_eb�g_�h]jZgbq_gh� 

�@b\h_�� fh^_ebjh\Zgb_�� ;ehd�^bZ]jZffu� 6LPXOLQN� h[_ki_qb\Zxl� bgl_jZdlb\gmx� kj_^m� ^ey

g_ebg_cgh]h�fh^_ebjh\Zgby��<u�fh`_l_�\uihegylv�fh^_ebjh\Zgb_�k�ihfhsvx�f_gx�beb�ba�dhfZg^ghc

kljhdb��J_amevlZlu�fh^_ebjh\Zgby� hlh[jZ`Zxlky� \�ijhp_kk_� jZ[hlu��K�ihfhsvx� 6LPXOLQN�<u�fh`_l_

baf_gylv�iZjZf_lju�fh^_eb�^Z`_�\�lhl�fhf_gl��dh]^Z�\uihegy_lky�fh^_ebjh\Zgb_� 

GZkljhcdZ�gZ�ihevah\Zl_ey� 6LPXOLQN� h[eZ^Z_l� hldjulhc� Zjobl_dlmjhc�b� iha\hey_l� h[h]ZsZlv� kj_^m

fh^_ebjh\Zgby� 
• Kha^Z\Zlv�kh[kl\_ggu_�[ehdb�b�[b[ebhl_db�[ehdh\�k�^hklmihf�ba�ijh]jZff�gZ�0$7/$%��)RUWUDQ�beb

C
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• K\yau\Zlv� [ehdb� k� jZajZ[hlZggufb� jZg__� ijh]jZffZfb� gZ� )RUWUDQ� b� &�� kh^_j`Zsbfb� m`_

ijh\_j_ggu_�fh^_eb�

Bgl_]jZpby� k�0$7/$%�b�^hihegbl_evgufb�iZd_lZfb�ijh]jZff��Ihkdhevdm� 6LPXOLQN�h[_ki_qb\Z_l

g_ihkj_^kl\_gguc� ^hklmi� d� fZl_fZlbq_kdbf�� ]jZnbq_kdbf� b� ijh]jZffguf� kj_^kl\Zf� 0$7/$%�� <u

fh`_l_� ZgZebabjh\Zlv� ^Zggu_�b� hilbfbabjh\Zlv� iZjZf_lju�fh^_e_c� ijyfh� ba� 6LPXOLQN��<hafh`ghklb

^hihegbl_evguo�iZd_lh\�lZd`_�fh]ml�[ulv�bkihevah\Zgu�\�oh^_�fh^_ebjh\Zgby� 

Ki_pbZebabjh\Zggu_� [b[ebhl_db� [ehdh\�� ;b[ebhl_dZ� [ehdh\� 6LPXOLQN� fh`_l� [ulv� ^hiheg_gZ

ki_pbZebabjh\Zggufb�[b[ebhl_dZfb��GZijbf_j��[b[ebhl_dZ�'63�%ORFNVHW�bkihevam_lky�^ey�jZajZ[hldb

Ze]hjblfh\� pbnjh\hc� h[jZ[hldb� kb]gZeh\�� [b[ebhl_dZ� Fixed-Point %ORFNVHW� jZkrbjy_l� \hafh`ghklb

6LPXOLQN�^ey�fh^_ebjh\Zgby�kbkl_f�mijZ\e_gby�b�pbnjh\hc�nbevljZpbb� 

=_g_jZpby�dh^Z��K�ihfhsvx�Real-Time :RUNVKRS�<u�fh`_l_�]_g_jbjh\Zlv�K�dh^�fh^_e_c�Simulink. 

>hihegbl_evgu_�iZd_lu�^ey�SIMULINK:

• Real-Time Workshop
• Stateflow
• Stateflow Coder
• DSP Blockset
• Fixed-Point Blockset
• Nonlinear Control Design Blockset
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MATLAB Compiler
MATLAB &RPSLOHU ljZgkebjm_l0$7/$% dh^ \ K dh^ klZg^ZjlZ $16, &

K�ihfhsvx�0$7/$%�&RPSLOHU�<u�fh`_l_�Z\lhfZlbq_kdb�]_g_jbjh\Zlv�hilbfbabjh\Zgguc�&�b�&���dh^

^ey� 0�nZceh\�� LjZgkebjmy� dh^� 0$7/$%� gZ� &� b� &���� dhfibeylhj� kms_kl\_ggh� mkdhjy_l� jZ[hlm

ijbeh`_gby� 

Hkgh\gu_�k\hckl\Z

• :\lhfZlbq_kdh_�dhg\_jlbjh\Zgb_�0�nZceh\�\�\ukhdhdZq_kl\_gguc�&�b�&���dh^

• Kms_kl\_ggh_�ih\ur_gb_�kdhjhklb�\uiheg_gby�ijh]jZff

• <hafh`ghklv�\kljZb\Zlv�dh^�0$7/$%�\�^jm]b_�ijbeh`_gby��k�bkihevah\Zgb_f�[b[ebhl_d�0$7/$%

&�b�&���Math
• =_g_jZpby�ohjhrh�Zgghlbjh\Zggh]h�b�i_j_ghkbfh]h�&�b�&���dh^Z

• <hafh`ghklv�kdjulby�dh^Z�^ey�h[_ki_q_gby�aZsblu�aZiZl_glh\Zgguo�Ze]hjblfh\

NB! 

Mkdhj_gb_� \uqbke_gbc��Hjb_glbjh\Zgguc�gZ� jZ[hlm� k�fZljbpZfb� yaud�0$7/$%� hilbfbabjh\Zg� ^ey

\uiheg_gby�hi_jZpbc�k�fZkkb\Zfb��H^gZdh�\uiheg_gb_�^jm]bo�lbih\�hi_jZpbc��lZdbo�dZd�hi_jZpbb�kh

kdZeyjZfb�� fh`_l� [ulv� kms_kl\_ggh� mkdhj_gh� ijb� ij_h[jZah\Zgbb� gZ� yaud� &� beb� &���� Compiler
ijhba\h^bl�wlh�ij_h[jZah\Zgb_�e_]dh�b�[ukljh�

Mf_gvr_gb_�\j_f_gb�jZajZ[hldb��Dhfibeylhj�k[_j_`_l�<Zf�\j_fy��h[_ki_qb\�Z\lhfZlbq_kdbc�i_j_oh^

hl�bgl_jZdlb\ghc�kj_^u�0$7/$%�d�wnn_dlb\guf�fZl_fZlbq_kdbf�ijbeh`_gbyf� 

Bkihegy_fu_�fh^meb�\� �0$7/$%�Z\lhghfgu_�fh^meb��Dhfibeylhj�]_g_jbjm_l�&�dh^�^ey�^\mo�lbih\

bkihegy_fuo�fh^me_c��0(;�nZceu�b�Z\lhghfgu_�bkihegy_fu_�fh^meb��0(;�nZceu���wlh�bkihegy_fu_

fh^meb�0$7/$%��dhlhju_�\uau\Zxlky�ba�0$7/$%�b�^bgZfbq_kdb�ebgdmxlky� \h� \j_fy� \uiheg_gby�

:\lhghfgu_�fh^meb��]_g_jbjm_fu_�dhfibeylhjhf��fh]ml�[ulv�\kljh_gu�\�ijbeh`_gby��gZibkZggu_�gZ�&

b�&�����dhlhju_�\uihegyxlky�\g_�kj_^u�0$7/$%� 

Bkihevah\Zgb_�dhfibeylhjZ�b�[b[ebhl_d�&�b�&���Math.�Ebgdmy�Z\lhghfgu_�fh^meb�k�ih^dexq_gb_f

[b[ebhl_d�0$7/$%�&�Math /LEUDU\�b�0$7/$%�&���Math /LEUDU\��<u�fh`_l_�k^_eZlv�fZl_fZlbq_kdb_
\hafh`ghklb�0$7/$%�hkgh\hc�<Zrbo�\uqbkebl_evguo�ijbeh`_gbc� 
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KjZ\g_gb_�kdhjhklb�\uqbke_gbc

function g = sqrtfib(n)
% Sqrt of Fibonacci numbers
f = zeros(1,n);
f(1) = 1;
if n < 2, return, end
f(2) = 1;
if n < 3, return, end
for i = 3:n
   f(i) = f(i-1)+f(i-2);
end
g = sqrt(f);

Dhfibebjmy�0�nZce� VTUWILE� �ke_\Z��[_a�dZdbo�

eb[h�hipbc��m\_ebqb\Z_l�kdhjhklv�bkiheg_gby

\� ��jZa��Bkihevah\Zgb_�hipbb� �ri (real, arrays
LQ�ERXQGV��m\_ebqb\Z_l�kdhjhklv�\����jZa� 

=bklh]jZffZ� ^_fhgkljbjm_l� kjZ\g_gb_

kdhjhklb� bkiheg_gby� bkoh^gh]h� 0�nZceZ� b

0(;�nZceZ�� k]_g_jbjh\Zggh]h� 0$7/$%

&RPSLOHU�^ey�ijh]jZffu�VTUWILE�ijb�n=5000.
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MATLAB C Math Library
;b[ebhl_dZ h[t_dlguo fh^me_c� kh^_j`ZsZy hdheh ��� Ze]hjblfh\ 0$7/$% ^ey

\uiheg_gby qbke_gguo jZkq_lh\ b ZgZebaZ ^Zgguo 

;b[ebhl_dZ� 0$7/$%� &� 0DWK� ij_^hklZ\ey_l� ihevah\Zl_ex� gZ[hj� h[t_dlguo� fh^me_c� 0$7/$%� ^ey

\uiheg_gby�gZb[he__�mihlj_[bl_evguo�fZl_fZlbq_kdbo�Ze]hjblfh\�^ey�qbke_gguo�jZkq_lh\�b�ijhp_^mj

^ey�ZgZebaZ�^Zgguo��Ihevah\Zl_ev�fh`_l�ijbf_gylv�wlm�[b[ebhl_dm�kh\f_klgh�k�0$7/$%�&RPSLOHU�^ey

kha^Zgby� ijhp_^mj� 0$7/$%�� jZ[hlZxsbo� \� dZdbo�eb[h� \g_rgbo� ijbeh`_gbyo�� Z� lZd`_� fh`_l

bkihevah\Zlv�Ze]hjblfu�[b[ebhl_db�0$7/$%�&�0DWK�\�ijh]jZffguo�ijh^mdlZo��jZ[hlZxsbo�\�^jm]bo

kj_^Zo�

Hkgh\gu_�k\hckl\Z

• FZljbqgZy�Zjbnf_lbdZ

• KjZ\g_gby�fZljbp

• J_r_gb_�ebg_cguo�mjZ\g_gbc

• /8��b�45��jZaeh`_gby�fZljbp��kbg]meyjgu_�qbkeZ�b�kh[kl\_ggu_�agZq_gby

• GZoh`^_gb_�h[jZlghc�fZljbpu��^_l_jfbgZglZ�b�\ha\_^_gb_�fZljbpu�\�kl_i_gv

• We_f_glZjgZy�fZl_fZlbdZ

• ;_lZ���]ZffZ��nmgdpbb��nmgdpby�hrb[db�b�weebilbq_kdb_�nmgdpbb

• KlZlbklbdZ�b�ZgZeba�^Zgguo

• GZoh`^_gb_�dhjg_c�fgh]hqe_gh\

• Nbevlju��k\_jldb��[ukljh_�ij_h[jZah\Zgb_�Nmjv_

• Bgl_jiheypby

• Hi_jZpbb�gZ^�kljhdZfb

• <\h^/\u\h^�\�nZce

NB!

Hkgh\u�0$7/$%��;b[ebhl_dZ�0$7/$%�&�0DWK�kh^_j`bl�gZ[hj�hldhfibebjh\Zgguo�ih^ijh]jZff�gZ�&

^ey�gZb[he__�qZklh�bkihevam_fuo�nmgdpbb�0$7/$%�^ey�qbke_gguo�jZkq_lh\��ZgZebaZ�^Zgguo��^hklmiZ�d

nZceZf� 

<aZbfhk\yav�j_amevlZlh\��Nmgdpbb��kh^_j`Zsb_ky�\�[b[ebhl_d_�&�Math /LEUDU\��b^_glbqgu�nmgdpbyf�
\kljh_gguf� \�0$7/$%�� lZdbf� h[jZahf�� j_amevlZlu� jZ[hlu� \Zrbo� Z\lhghfguo� ijbeh`_gbc� g_� [m^ml

hlebqZlvky�hl�j_amevlZlh\�jZ[hlu�0$7/$%� 

Ljb�klZ^bb�ijhp_kkZ�dhfibeypbb��<kljZb\Zgb_�dh^Z�0$7/$%�\�Z\lhghfgh_�ijbeh`_gb_�\dexqZ_l�ljb

ijhkluo�rZ]Z� 

1. Ij_h[jZah\Zgb_�<Zr_]h�0�nZceZ�\�&�dh^�k�ihfhsvx�0$7/$%�Compiler.
2. Dhfibeypby�bkoh^gh]h�&�dh^Z�\�h[t_dlguc�dh^�k�ihfhsvx�dhfibeylhjZ�$16,�&�

3. Ebgdh\dZ� ihemq_ggh]h� dh^Z� k� bkihevah\Zgb_f� 0$7/$%� &���Math /LEUDU\� b� ^jm]bo� g_h[oh^bfuo
[b[ebhl_d
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AZf_qZgb_�� ;b[ebhl_dZ� 0$7/$%� &� 0DWK� g_� h[_ki_qb\Z_l� ih^^_j`dm� hi_jZpbc� k� jZaj_`_ggufb

fZljbpZfb��[ehd�^bZ]jZffZfb�6,08/,1.�b�]jZnbdhc�0$7/$%�

GZ�^bZ]jZff_�ke_\Z�ihdZaZgh�dZd�k�ihfhsvx�0$7/$%

&RPSLOHU�b��0$7/$%�&�Math /LEUDU\�fh`gh�ij_h[jZah\Zlv

0�nZce��k�l_f�qlh[u�\kljhblv�_]h�\h�\g_rg__�ijbeh`_gb_
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MATLAB C++ Math Library 
Hkgh\gu_ fZl_fZlbq_kdb_ nmgdpbb b nmgdpbb ZgZebaZ ^Zgguo0$7/$% ^ey
ijbeh`_gbc &��

K� ihfhsvx� [b[ebhl_db�MATLAB C++ 0DWK� \u�fh`_l_� \klZ\eylv�fhsgu_� ih^ijh]jZffu� qbke_gguo

jZkq_lh\� 0$7/$%� \� ijbeh`_gby�� gZibkZggu_� gZ� &���� ;b[ebhl_dZ� ij_^gZagZq_gZ� ^ey� kha^Zgby

Z\lhghfguo�ijbeh`_gbc��dhlhju_�lj_[mxl�bkihevah\Zgby�fhsguo�fZl_fZlbq_kdbo�nmgdpbc�0$7/$%� 

;b[ebhl_dZ�fZl_fZlbq_kdbo�nmgdpbc� 

• FZljbqgZy�Zjbnf_lbdZ

• KjZ\g_gb_�b�hp_gdZ�fZljbp

• J_r_gb_�ebg_cguo�mjZ\g_gbc

• /8��b�45��jZaeh`_gby��kh[kl\_ggu_�agZq_gby�b�kbg]meyjgu_�qbkeZ

• H[jZs_gb_�fZljbp�b�\uqbke_gb_�hij_^_ebl_e_c

• We_f_glZjgZy�fZl_fZlbdZ

• ;_lZ���]ZffZ��nmgdpbb��nmgdpby�hrb[hd�b�weebilbq_kdb_�nmgdpbb

• KlZlbklbdZ�b�ZgZeba�^Zgguo

• Dhjgb�fgh]hqe_gh\

• Nbevlju��k\_jldb�b�[ukljh_�ij_h[jZah\Zgb_�Nmjv_

• Bgl_jiheypby

• G_jZ\_gkl\Z

• <\h^�b�\u\h^�^Zgguo

NB! 

Ijh]jZffbjh\Zgb_� gZ� &���� >ey� kha^Zgby� ijh]jZff� gZ� K���� dhlhju_� bkihevamxl� fZl_fZlbq_kdb_

ijhp_^mju�0$7/$%��ihevah\Zl_ev�fh`_l�dhg\_jlbjh\Zlv�k\hb�0�nZceu�\�K���ijb�ihfhsb�0$7/$%

&RPSLOHU�beb�gZibkZlv�ijh]jZffm�g_ihkj_^kl\_ggh�gZ�K����\uau\Zy�nmgdpbb�ba�&���Math Library. 

Koh^guc�k�0$7/$%�kbglZdkbk� C++ Math /LEUDU\�bkihevam_l�g_keh`guc�kbglZdkbk��dhlhjuc�\h�fgh]hf
koh^_g�k�yaudhf�0$7/$%��Ihwlhfm�ihevah\Zl_ev�fh`_l�^h\hevgh�e_]dh�� k�fbgbfZevghc� lj_gbjh\dhc

kha^Z\Zlv�b�mkh\_jr_gkl\h\Zlv�ijh]jZffu�gZ�K���iml_f�bkihevah\Zgby�0$7/$%�&���Math Library. 

M\_ebq_gb_� kdhjhklb� jZ[hlu� dh^Z�� Dhfibebjmy�F�nZce� \� K��� dh^�� fh`gh� ^hklb]gmlv� m\_ebq_gby

kdhjhklb�jZ[hlu�ijh]jZffu��Bgh]^Z�\hafh`gh�^hklb]gmlv����lb�djZlgh]h�\ub]jurZ�\�kdhjhklb� 

Ij_bfms_kl\Z� hl� kh_^bg_gby� 0$7/$%� b� K���� Bkihevamy� &��� Math /LEUDU\�� ihevah\Zl_ev� fh`_l
ihemqblv� ij_bfms_kl\Z� hl� kh_^bg_gby� kdhjhklb� ijbeh`_gbc� gZ� K��� b� ]b[dhklb� \uqbkebl_evguo

fh^me_c�0$7/$%��dhlhju_�ih^^_j`b\Z_l�hibku\Z_fZy�[b[ebhl_dZ� 
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KbglZdkbk�F�nZceZ�b�kbglZdkbk�K�� 

Ijbf_j��ijb\_^_gguc�gb`_��ihdZau\Z_l�F�nZce�nmgdpbb�KLOE�P�b�khhl\_lkl\mxsbc�fh^mev��gZibkZgguc

gZ�K����Z\lhfZlbq_kdb�ihemq_gguc�k�ihfhsvx�0$7/$%�&RPSLOHU� k�bkihevah\Zgb_f�[b[ebhl_db� &��

Math Library. 

MATLAB KLOE�P�0�nZce� Khhl\_lkl\mxsbc�&���dh^�

J = 1:n;
J = J(ones(n,1),:);
I = J';
E = ones(n,n);
H = E./(I+J-1);

MwMatrix J,I,E,H;
J = ramp(1,n);
J = J(ones(n,1),colon());
I = ctranspose(J);
E = ones(n,n);
H = rdivide(E,I+J-1);

H]jZgbq_gby��0$7/$%�&���Math /LEUDU\�ihdZ�g_�ih^^_j`b\Z_l�hi_jZpbb�k�jZaj_`_ggufb�fZljbpZfb�
[ehqgu_�^bZ]jZffu�6,08/,1.�b�]jZnbdm�0$7/$%�  


	Matlab 5
	Содержание
	Toolboxes
	Communications Toolbox
	Control System Toolbox
	Excel Link
	FDIdent Toolbox
	Financial Toolbox
	Fuzzy Logic Toolbox
	HOSA Toolbox
	Image Processing Toolbox
	LMI Control Toolbox
	Mapping Toolbox
	MPC Toolbox
	µ-Analysis Toolbox
	NAG® Foundation Toolbox
	Neural Network Toolbox
	Optimization Toolbox
	PDE Toolbox
	QFT Toolbox
	Robust Control Toolbox
	Signal Processing Toolbox
	Spline Toolbox
	Statistics Toolbox
	Symbolic Math Toolboxes
	SysId Toolbox
	Wavelet Toolbox

	SIMULINK
	MATLAB Compiler
	MATLAB C Math Library
	MATLAB C++ Math Library


