
�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2005. ò4 33�������������� 519.246; 524 ������ ���������� ��������������� ���������� ��������� ��������� ����� � ������ <�����������������>�.�. �ãá¥¢(����)E-mail: avg@sai.msu.ru� à ¡®â¥ ¤«ï ªà¨®£¥ëå à¥§® áëå £à ¢¨â æ¨®ëå  â¥, à ¡®â îé¨å ¢ à¥¦¨¬¥<Fast filtering> (<¡ëáâà®© ä¨«ìâà æ¨¨>), à ááç¨â ë ¤¨á¯¥àá¨¨ ®è¨¡®ª ¯à¨ á®¢¬¥áâ®¬¨§¬¥à¥¨¨  ¬¯«¨âã¤ë ¨ ¬®¬¥â  ¢®§¨ª®¢¥¨ï è¨à®ª®¯®«®áëå £à ¢¨â æ¨®ëå ¨¬¯ã«ìá®¢á® á«ãç ©®©  ç «ì®© ä §®©. �®ª § ®, çâ® ¬ ªá¨¬ «ì ï à §à¥è îé ï á¯®á®¡®áâì â¥ë ¤®áâ¨£ ¥âáï ¯à¨ ¢¢¥¤¥¨¨ ¢ á®áâ ¢ ¯à¨¥¬¨ª  <¤¥â¥ªâ®à  ®£¨¡ îé¥©>, ®á®¢ ®£®  ¯à¥®¡à §®¢ ¨¨ �¨«ì¡¥àâ .1. �à¨ ®¡®¡é¥®¬   «¨§¥ çã¢áâ¢¨â¥«ì®áâ¨á®¢à¥¬¥ë¥ ªà¨®£¥ë¥ à¥§® áë¥ £à ¢¨â æ¨®-ë¥  â¥ë (���) à áá¬ âà¨¢ îâáï ª ª «¨¥©ë¥áâ æ¨® àë¥ á¨áâ¥¬ë á ¤¢ã¬ï áâ¥¯¥ï¬¨ á¢®¡®¤ë.�ä®à¬ æ¨ï ® ä¨§¨ç¥áª¨å ¯à®æ¥áá å ¢ ���  ¨¡®-«¥¥ ¯®«® á®åà ï¥âáï ¯à¨ ª®£¥à¥â®© ®¡à ¡®âª¥ [1]¨ä®à¬ æ¨¨ ¢ à¥¦¨¬¥ <Fast filtering> (<¡ëáâà®©ä¨«ìâà æ¨¨>) [2]. � íâ®¬ à¥¦¨¬¥ ¯®«¥§ë© á¨£- «   ¢ëå®¤¥ ¯à¥®¡à §®¢ â¥«ï ç áâ®âë ¯à¥¤áâ ¢«ï-¥â á®¡®© á¬¥áì ¤¢ãå ª¢ §¨£ à¬®¨ç¥áª¨å á¨£ «®¢á á¨«ì® à §¥á¥ë¬¨ à¥§® áë¬¨ ç áâ®â ¬¨, ®¨¬¥îé¨å ®¤¨ ª®¢ãî  ç «ìãî ä §ã [2, 3]. �à¨á¨â¥§¥ ®¯â¨¬ «ì®£® ¯® ªà¨â¥à¨î ¬ ªá¨¬ «ì®£®¯à ¢¤®¯®¤®¡¨ï  «£®à¨â¬  ®¡ àã¦¥¨ï ®â¤¥«ìëå£à ¢¨â æ¨®ëå ¨¬¯ã«ìá®¢ (��) ¯®¤®¡ ï <â®ª ïáâàãªâãà > ¯®«¥§®£® á¨£ «  ãç¨âë¢ ¥âáï ¯ãâ¥¬¯à¨¬¥¥¨ï ¯à¥®¡à §®¢ ¨ï �¨«ì¡¥àâ  [4] ¤«ï ä®à-¬¨à®¢ ¨ï ®£¨¡ îé¥© ¨§ª®ç áâ®â®£® á«ãç ©®£®¯à®æ¥áá    ¢ëå®¤¥ ®¯â¨¬ «ì®£® ä¨«ìâà .�¥è¥¨¥ <á¨£ « ¥áâì> ¯®§¢®«ï¥â ¯¥à¥©â¨ ª á«¥-¤ãîé¥© ¯à ªâ¨ç¥áª¨ ¢ ¦®© § ¤ ç¥ | ®æ¥ª¥ ¥¨§-¢¥áâëå ¯ à ¬¥âà®¢ ��. �  áâ®ïé¥© áâ âì¥ à ááç¨-â ë ¤¨á¯¥àá¨¨ ¬ ªá¨¬ «ì®-¯à ¢¤®¯®¤®¡ëå ®æ¥-®ª ¥¨§¢¥áâëå  ¬¯«¨âã¤ë ¨ ¬®¬¥â  ¢®§¨ª®-¢¥¨ï (¢à¥¬¥®£® ¯®«®¦¥¨ï) �� á® á«ãç ©®© ç «ì®© ä §®© ¯à¨ ª®£¥à¥â®© ®¡à ¡®âª¥ ¨ä®à-¬ æ¨¨ ¢ à¥¦¨¬¥ <Fast filtering>. �¤¤¨â¨¢ ï ¯®¬¥å ¯à¥¤¯®« £ ¥âáï £ ãáá®¢®©. �¨á¯¥àá¨ï ®æ¥ª¨ ¢à¥-¬¥®£® ¯®«®¦¥¨ï �� ®¯à¥¤¥«ï¥â ¢¥àåîî £à ¨æãà §à¥è îé¥© á¯®á®¡®áâ¨ áå¥¬ë á®¢¯ ¤¥¨© ¯à¨®¡ àã¦¥¨¨ �� á ¯®¬®éìî ¤¢ãå ¯à®áâà áâ¢¥®à §¥á¥ëå ��� <Explorer-Nautilus> [5].2. �å¥¬  ¯¥à¢¨ç®© ª®£¥à¥â®© ®¡à ¡®âª¨ ¨-ä®à¬ æ¨¨ ¢ à¥¦¨¬¥ <Fast filtering> ®¯à¥¤¥«ï¥âáïá«¥¤ãîé¨¬ ¢ëà ¦¥¨¥¬ [2]:x(t)!��!��! y(t);£¤¥ x(t) | á«ãç ©ë© ã§ª®¯®«®áë© ¯à®æ¥áá  ¢ëå®¤¥ ���, �� | ¯à¥®¡à §®¢ â¥«ì ç áâ®âë, y(t) |

á«ãç ©ë© ¨§ª®ç áâ®âë© (0 6 f 6 30 �æ) ¯à®æ¥áá  ¢ëå®¤¥ ®¯â¨¬ «ì®£® ä¨«ìâà  (��). �ä®à¬ æ¨ï® ¯®¢¥¤¥¨¨ á«ãç ©®£® ¯à®æ¥áá  y(t) á®åà ï¥âáï¢ ¡ ª¥ ¤ ëå ���.�ãáâì � = (0; 1) | ¯ à ¬¥âà ®¡ àã¦¥¨ï. �®£-¤  á«ãç ©ë© ¨§ª®ç áâ®âë© ¯à®æ¥áá y(t) ¬®¦®à áá¬ âà¨¢ âì ª ª á¬¥áìy(t) = �s(t; l) + n(t)¯®«¥§®£® <£à ¢¨â æ¨®®£®> á¨£ «  s(t; l) ¨  ¤-¤¨â¨¢®© £ ãáá®¢®© ¯®¬¥å¨ n(t) . �®«¥§ë© á¨£ «s(t; l) § ¢¨á¨â ®â ¢¥ªâ®à®£® ¯ à ¬¥âà  l = (l1 = a;l2 = �; l3 = ')> , £¤¥ a; �; ' |  ¬¯«¨âã¤ , ¬®¬¥â¢®§¨ª®¢¥¨ï ¨  ç «ì ï ä §  è¨à®ª®¯®«®á®£®��   ¢å®¤¥ ���.�à¨ ®¡®¡é¥®¬   «¨§¥ ¯®¬¥å®§ é¨é¥®áâ¨��� ¢ à¥¦¨¬¥ <Fast filtering> á«ãç ©ë© ¯à®æ¥ááy(t) æ¥«¥á®®¡à §® à áá¬ âà¨¢ âì ª ª ¤¥©áâ¢¨â¥«ì-ãî ç áâì   «¨â¨ç¥áª®£® á«ãç ©®£® ¯à®æ¥áá z(t) = �sz(t; l) + nz(t) =R(t) expfj	(t)g;£¤¥ R(t) , 	(t) | ®£¨¡ îé ï ¨ ä § . �ãªæ¨ïª®àà¥«ïæ¨¨ Bz(t2 � t1) ª®¬¯«¥ªá®£® £ ãáá®¢  á«ã-ç ©®£® ¯à®æ¥áá  nz(t) ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬¢ëà ¦¥¨¥¬:Bz(t2 � t1) = hn�z(t1)nz(t2)i= 2 ~B(t2 � t1); (1)£¤¥ h�i | á¨¬¢®«¨ç¥áª ï ä®à¬  § ¯¨á¨ ®¯¥à â®à áâ â¨áâ¨ç¥áª®£® ãáà¥¤¥¨ï~B(t2 � t1) = 1� 1Z0 N(!) expfj!(t2 � t1)g d!; (2)N(!) | á¯¥ªâà «ì ï ¯«®â®áâì  ¤¤¨â¨¢®© £ ãáá®-¢®© ¯®¬¥å¨ n(t) .�®à¬  ¯®«¥§®£® á¨£ «    ¢ëå®¤¥ ¯à¥®¡à §®¢ -â¥«ï ç áâ®âë �� ¯à¨¢¥¤¥  ¢ à ¡®â¥ [3]. �®íâ®¬ã,17 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò4



34 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2005. ò4ãç¨âë¢ ï á¢®©áâ¢  ®¯â¨¬ «ìëå á¨áâ¥¬ [1], ¨§ (1)¨ (2), ¨¬¥¥¬:sz(t; l) = a exp fj#('; �)g ~B(t� �); #('; �) = '� �!�;(3)£¤¥ �! | <ç áâ®â  £¥â¥à®¤¨ >, ®¯à¥¤¥«ï¥¬ ï¯ à ¬¥âà ¬¨ ¯à¥®¡à §®¢ â¥«ï ç áâ®âë �� (¤«ï��� <Explorer> [2] �f = (�!=2�) � 900 �æ ¯à¨f1 = (!1=2�)� 904:7 �æ ¨ f2 = (!2=2�) � 921:3 �æ).�ãªæ¨® « ãá«®¢®£® ®â®è¥¨ï ¯à ¢¤®¯®¤®¡¨ï�[yjl] ¯à¨ ®¡ àã¦¥¨¨ ®â¤¥«ìëå ��   ä®¥ £ ãá-á®¢®©  ¤¤¨â¨¢®© ¯®¬¥å¨ ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬¢ëà ¦¥¨¥¬ [3]:�[yjl] = �[yja; �; '] == exp�aRe hz(�)e�j#(';�)i� a2�22 � ;�2 = ~B(0) | ¤¨á¯¥àá¨ï  ¤¤¨â¨¢®© ¯®¬¥å¨ n(t)  ¢ëå®¤¥ ®¯â¨¬ «ì®£® ä¨«ìâà . � ç «ì ï ä §  '¥¨§¢¥áâ  ¨ ¬®¦¥â à áá¬ âà¨¢ âìáï ª ª á«ãç © ï¢¥«¨ç¨ , à ¢®¬¥à® à á¯à¥¤¥«¥ ï   ¨â¥à¢ «¥(��; �) . �à¨ ¯®¤®¡®¬ ¡ ©¥á®¢áª®¬ ¯®¤å®¤¥ ¨¬¥¥¬�[yja; � ] = 12� �Z�� �[a; �; '] d' == exp��a2�22 � I0 [aR(�)] ; (4)£¤¥ Im(�) | ¬®¤¨ä¨æ¨à®¢  ï äãªæ¨ï �¥áá¥«ïm-£® ¯®àï¤ª .3. �«¥¬¥âë ¨ä®à¬ æ¨®®© ¬ âà¨æë I == [Iij ] �¨è¥à  ®¯à¥¤¥«ïîâáï á«¥¤ãîé¨¬ ¢ëà ¦¥-¨¥¬ [1, 6]:Iij =�� @@li ln�[yja; � ] @@lj ln�[yja; � ]��==�� @2@li@lj ln�[yja; � ]� ; (5)£¤¥ l1 = a , l2 = � (á¬. ¢ëè¥); i; j = 1; 2 .�à¨¨¬ ï ¢® ¢¨¬ ¨¥ (4), ¨¬¥¥¬@ ln�[yja; � ]@li =��22 @a2@li +�I1[aR(�)]I0[aR(�)]� @[aR(�)]@li :�à¨ ¡®«ìè¨å ®â®è¥¨ïå á¨£ «{èã¬ I0[aR(�)] �� I1[aR(�)] ¨, á«¥¤®¢ â¥«ì®,@ ln�[yja; � ]@li ���22 @a2@li + @[aR(�)]@li : (6)�§ (5) ¨ (6)  å®¤¨¬ í«¥¬¥âë ¨ä®à¬ æ¨®®©¬ âà¨æë �¨è¥à :Iij � �22 @2a2@lilj � @2[a hR(�)i]@l1@l2 � �22 @2a2@lilj � @2[aRs(�)]@l1@l2 ;(7)£¤¥ Rs(t) = jsz(t; l)j | ®£¨¡ îé ï ¯®«¥§®£®á¨£ «  s(t; l)   ¢ëå®¤¥ ®¯â¨¬ «ì®£® ä¨«ìâ-

à  �� (¯à¨ ¡®«ìè¨å ®â®è¥¨ïå á¨£ «{èã¬hR(�)i �Rs(�) [7]).�®¦® ¯®ª § âì [1, 6], çâ® ¬ ªá¨¬ «ì®-¯à ¢¤®-¯®¤®¡ë¥ ®æ¥ª¨ â ¨ �̂ ¥¨§¢¥áâëå  ¬¯«¨âã¤ë a¨ ¢à¥¬¥®£® ¯®«®¦¥¨ï � ®â¤¥«ì®£® �� ï¢«ïîâáï á¨¬¯â®â¨ç¥áª¨ íää¥ªâ¨¢ë¬¨ ¨ ¥á¬¥é¥ë¬¨.�®íâ®¬ã ¯à¨ ¡®«ìè®¬ ®â®è¥¨¨ á¨£ «{èã¬ ¤«ï¢ëç¨á«¥¨ï ¤¨á¯¥àá¨© íâ¨å ®æ¥®ª ¬®¦® ¢®á¯®«ì-§®¢ âìáï ¥à ¢¥áâ¢®¬ � ®{�à ¬¥à  [1, 6]. �à¨ â -ª®¬ ¯®¤å®¤¥ ¤¨á¯¥àá¨¨ �211 = �2a ¨ �222 = �2� ¬ ª-á¨¬ «ì®-¯à ¢¤®¯®¤®¡ëå ®æ¥®ª ¥¨§¢¥áâëå ¯ -à ¬¥âà®¢ a ¨ � à ¢ë ¤¨ £® «ìë¬ í«¥¬¥â ¬¬ âà¨æë I�1 , ®¡à â®© ¨ä®à¬ æ¨®®© ¬ âà¨æ¥�¨è¥à  [1, 6]: �2ii = Aiidet[I] ; i= 1; 2; (8)£¤¥ Aij ¨ det[I] |  «£¥¡à ¨ç¥áª®¥ ¤®¯®«¥¨¥ í«¥-¬¥â  Iij ¨ ®¯à¥¤¥«¨â¥«ì ¨ä®à¬ æ¨®®© ¬ âà¨æë.4. �ç¨âë¢ ï ¢ëà ¦¥¨¥ (3),  å®¤¨¬ ®£¨¡ îéãîRs(t) á¨£ «  s(t; l) ¢ à¥¦¨¬¥ <Fast filtering>:Rs(�) = jsz(t; l)j= aj ~B(� � �0)j;j ~B(� � �0)j=pB2c (� � �0) +B2s (� � �0); (9)£¤¥ �0 | ¨áâ¨®¥ § ç¥¨¥ ¥¨§¢¥áâ®£® ¯ à ¬¥â-à  � ,Bc(�) = Re ~B(�) = 1� 1Z0 N(!) cos!� d!;Bs(�) = Im ~B(�) = 1� 1Z0 N(!) sin!� d!: (10)�à¨¨¬ ï ¢® ¢¨¬ ¨¥ (9) ¨ (10), ¨¬¥¥¬:R0s(�0) = 0; R00s(�0) = a�2 ��2B00c (0) +B02s (0)� ;B00c (0) =� 1� 1Z0 !2N(!) d!; B0s(0) = 1� 1Z0 !N(!) d!:(11)� à¥¦¨¬¥ <Fast filtering>  ¤¤¨â¨¢ ï ¯®¬¥å  n(t)  ¢ëå®¤¥ ®¯â¨¬ «ì®£® ä¨«ìâà  �� ¯à¥¤áâ ¢«ï¥âá®¡®© [2, 3] áã¯¥à¯®§¨æ¨în(t) = n1(t) + n2(t)¤¢ãå ã§ª®¯®«®áëå £ ãáá®¢ëå á«ãç ©ëå ¯à®æ¥á-á®¢ n1;2(t) = Re [~n1;2(t) expfj
1;2tg] á à¥§® á-ë¬¨ ç áâ®â ¬¨ 
1 ¨ 
2 (¤«ï ��� <Explorer>(
1=2�) � 4:7 �æ, (
2=2�) � 21:3 �æ). � ááâà®©ª �
=
2 �
1 áãé¥áâ¢¥® ¯à¥¢®áå®¤¨â ¬ ªá¨¬ «ì-ë¥ ç áâ®âë ¢ á¯¥ªâà¥ ª®¬¯«¥ªáëå ®£¨¡ îé¨å~n1;2(t) ¨, á«¥¤®¢ â¥«ì®, ¢§ ¨¬®© ª®àà¥«ïæ¨¥© íâ¨å¯à®æ¥áá®¢ ¬®¦® ¯à¥¥¡à¥çì. �®íâ®¬ã ¢ à¥¦¨¬¥<Fast filtering> á¯¥ªâà «ì ï ¯«®â®áâì N(!) ¨ ¤¨á-¯¥àá¨ï �2  ¤¤¨â¨¢®© ¯®¬¥å¨ n(t) à ¢ë:N(!) =N1(!) +N2(!); �2 = �21 + �22 ; (12)



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2005. ò4 35£¤¥ N1;2(!) ¨ �21;2 | á¯¥ªâà «ìë¥ ¯«®â®áâ¨ ¨ ¤¨á-¯¥àá¨¨ £ ãáá®¢ëå á«ãç ©ëå ¯à®æ¥áá®¢ n1;2(t) á®®â-¢¥âáâ¢¥®.�§ (11) ¨ (12) ®ª®ç â¥«ì®  å®¤¨¬R0s(�0) = 0; R00s (�0)��a (�1�2)2�21 + �22�
2:�«¥¤®¢ â¥«ì®, ¨ä®à¬ æ¨® ï ¬ âà¨æ  I (7) ¯à¨¡®«ìè¨å ®â®è¥¨ïå á¨£ «{èã¬ ¨¬¥¥â á«¥¤ãîé¨©¢¨¤: I=0B@�21 + �22 00 a2 (�1�2)2�21 + �22�
21CA : (13)�§ (8) ¨ (13)  å®¤¨¬ ¤¨á¯¥àá¨¨ �2a ¨ �2� ¬ ªá¨-¬ «ì®-¯à ¢¤®¯®¤®¡ëå ®æ¥®ª â ¨ �̂ ¥¨§¢¥áâëå ¬¯«¨âã¤ë ¨ ¢à¥¬¥®£® ¯®«®¦¥¨ï ®¤¨®çëå ��á® á«ãç ©®©  ç «ì®© ä §®© ¯à¨ ¡®«ìè¨å ®â®è¥-¨ïå á¨£ «{èã¬:�2a � 1�21 + �22 � a2q2 ;�2� � 1a2 � 1�21 + 1�22� 1�
2 = 1q2 ��1�2 + �2�1�2 1�
2 ;(14)£¤¥ q = a� � ap�21 + �22 | ®â®è¥¨¥ á¨£ «{èã¬,q� 1 . �à¨ �1 � �2 �� � (p2=q)�
�1 .�ë¢®¤ëI. �æ¥ª  ¥¨§¢¥áâ®£® ¬®¬¥â  ¢®§¨ª®¢¥¨ïè¨à®ª®¯®«®á®£® �� á® á«ãç ©®©  ç «ì®© ä §®©¢ à¥¦¨¬¥ <Fast filtering> ®áãé¥áâ¢«ï¥âáï ¯® ¯®«®-¦¥¨î  ¨¡®«ìè¥£® § ç¥¨ï ( ¡á®«îâ®£® ¬ ªá¨-¬ã¬ ) ®£¨¡ îé¥© R(t) (¨«¨ ¥¥ ª¢ ¤à â ) ¨§ª®-ç áâ®â®£® á«ãç ©®£® ¯à®æ¥áá  y(t)   ¨â¥à¢ «¥ ¡«î¤¥¨ï (0; T ) :max06t6T R2(t) = y2(t) + �2(t) =R2(�̂):�«ãç ©ë¥ ¯à®æ¥ááë y(t) ¨ �(t) á¢ï§ ë ¬¥¦¤ãá®¡®© ¯à¥®¡à §®¢ ¨¥¬ �¨«ì¡¥àâ :�(t) = 1� 1Z�1 y(t0)t� t0 dt0:�®ç®áâì ®æ¥¨¢ ¨ï ¯à¨ ¡®«ìè¨å ®â®è¥¨ïå á¨£- «{èã¬ ¥ § ¢¨á¨â ®â ¯®«®áë ¯à®¯ãáª ¨ï ®â-¤¥«ì®£® ç áâ®â®£® ª  « ,   ®¯à¥¤¥«ï¥âáï ¢¥«¨-ç¨®© à ááâà®©ª¨ �
= (
2 �
1) . � ª ¨ á«¥¤®¢ «®®¦¨¤ âì [6], ®æ¥ª¨ í¥à£¥â¨ç¥áª®£® ( ¬¯«¨âã¤  a)¨ ¥í¥à£¥â¨ç¥áª®£® (¬®¬¥â ¢®§¨ª®¢¥¨ï � ) ¯ -à ¬¥âà®¢ ®ª §ë¢ îâáï ¥ª®àà¥«¨à®¢ ë¬¨.II. �â «ìïáª ï £àã¯¯  [2, 5] ¯à¨ ¢â®à¨ç®©®¡à ¡®âª¥ ¨ä®à¬ æ¨¨ ¢ à¥¦¨¬¥ <Fast filtering>

®âª §ë¢ ¥âáï ®â ä®à¬¨à®¢ ¨ï ª¢ ¤à â  ®£¨¡ îé¥©R2(t) ¨ ®£à ¨ç¨¢ ¥âáï ¡®«¥¥ ¯à®áâ®© áå¥¬®©:y(t)! y2(t)! max06t6T y2(t) = y2(ty); (15)£¤¥ ty | ¯®«®¦¥¨¥  ¡á®«îâ®£® ¬ ªá¨¬ã¬  á«ãç ©-®£® ¯à®æ¥áá  y2(t) ¯à¨ 0 6 t6 T . � ¡¨£ à¬®¨ç¥á-ª®¬ ¯à¨¡«¨¦¥¨¨, à áá¬ âà¨¢ ï á«ãç ©ë© ¯à®æ¥ááy(t) ª ª á¬¥áì ¤¢ãå ª¢ §¨£ à¬®¨ç¥áª¨å ¯à®æ¥áá®¢á à¥§® áë¬¨ ç áâ®â ¬¨ 
1 ¨ 
2 , ¯à¨ 
1 � 
2¨¬¥¥¬: ty = �̂ + �� �
1� ;£¤¥ � | á«ãç © ï ¢¥«¨ç¨  á à ¢®¬¥àë¬ à á-¯à¥¤¥«¥¨¥¬   ¨â¥à¢ «¥ (�1; 1) . �«¥¤®¢ â¥«ì®,¯à¨¬¥¥¨¥ <¨â «ìïáª®©> áå¥¬ë (15) ¤«ï ®¡à ¡®âª¨á«ãç ©®£® ¯à®æ¥áá  y(t) á®¯à®¢®¦¤ ¥âáï ¯®ï¢«¥-¨¥¬ ¤®¯®«¨â¥«ì®© ¯®£à¥è®áâ¨ ¯à¨ ®æ¥¨¢ ¨¨¥¨§¢¥áâ®£® ¢à¥¬¥®£® ¯®«®¦¥¨ï �� á® á«ãç ©-®©  ç «ì®© ä §®©. �ç¨âë¢ ï, çâ® ¯à¨ ¡®«ìè¨å®â®è¥¨ïå á¨£ «{èã¬ h�̂i = �0 ¨ h�i = 0 , ¬®¦-® à áá¬ âà¨¢ âì § ç¥¨¥ ty ª ª  á¨¬¯â®â¨ç¥áª¨¥á¬¥é¥ãî ®æ¥ªã ¥¨§¢¥áâ®£® ¯ à ¬¥âà  � ,¤¨á¯¥àá¨ï ª®â®à®© ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬ ¢ëà -¦¥¨¥¬: D� = �2� +� �23
21� ;£¤¥ �2� | ¤¨á¯¥àá¨ï ¬ ªá¨¬ «ì®-¯à ¢¤®¯®¤®¡®©®æ¥ª¨ (14). � áâ ¤ àâ®© á¨âã æ¨¨ (¡®«ìè¨¥ ®â-®è¥¨ï á¨£ «{èã¬ ¨ 
1 � 
2 ) ®âª § ®â ä®à¬¨-à®¢ ¨ï ®£¨¡ îé¥© á®¯à®¢®¦¤ ¥âáï § ç¨â¥«ìë¬á¨¦¥¨¥¬ à §à¥è îé¥© á¯®á®¡®áâ¨ ��� ¯à¨ ¨§-¬¥à¥¨¨ ¢à¥¬¥®£® ¯®«®¦¥¨ï �� á® á«ãç ©®© ç «ì®© ä §®©. � ¯à¨¬¥à, ¤«ï ��� <Explorer> [2]¯à¨ q � 5 , �1 � �2 ¨ (
1=2�) � 4:07 �æ,(
2=2�) � 21:3 �æ (�
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