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•
¿��¦¨�� ÇMÈ ¡ ÇòQÈ ª� ����¤�°� ¦¡ ¦± ¼ª«¢ P

® �¡«�§��  ��¦¨�� ÇOÈ ¦¡ °�°�§ ��¥¤�ª¢¶ ÇÂ ��¨¥�� ��´²¢°� ¦�¢ µ¨«�ª«®Æ¤« ¡�� ª¦¨²¢°�¶È
•
ñ  ��¦¨�� ÇMÈ °� �¡« ¦£® ²� ¦�§± ª§´ª¤ ��¤¨« ¡� ¨� ¦� P §�¦³�® ¦�² Re

» ¨�¦�� ©´ ª� �´ ��¦¡¤¡¶��¤¥± ¥��¡ ¨¡¦µ¦�§¡«¨��
P
�������± ��¤¥£ ¦�¢ µ¨«�ª«¨ �� �¸ª«¢�¦�§ §���¤¢® «° ¶ ��¤¥£ ¦����ª¦�ª«¨ � ¡� ¨� ¦�§ ���¡�¢ ª«¡�¢¦�©� � §½��¦�¶

•
ñ� ��«¡�¢ � � K

°� �¡« ¦£® ²� ¥� �¥�� ª«¡�¢ �� Æ¤« ¡�¨ ©¢��¢
X �½«³�® °�ª«¤¨²� ¦�¢ µ¨«�ª« ���¡�¢ ª«¡�¢ ÇP È °� �½«³�®
X §�¦³�® °�ª«¤¨²� ¦�¢ µ¨«�ª« §½��¦� �¸ª«¢�¢ ÇRe

È °� �½«³�¶
•
¹ ¦¡¥�¦��® ¥�´² P

��¨ Æ¤« ¡�¨ ���¤¨³ ¥¤�ª¦�®  ��¦¨�� ÇòQÈ �� �¡ª� ������¦� ���¤�
Rv

¶
EÔE YÛôãæÜàÜãÞ× Þßåøß ÙàÜß×åÜÝçã GÚÙôÚÜãÞÚ IÙèå÷
ñ±¥¤¡��§ ��§��¦¨¦��£ �� �� ¡¤º� ¨«§¢ � � Ì¡¤§¡¦¼� Æ¤«  °�  ��¥¤¡� ¥��¡ ¨¡¦µ¦��� §¡«¨� §���¤¼ ¦¡ ��§��¦¨¦´®«° ¶

Rv = rvr′v
¡

Re = rer
′
e

¡ ª«�°¦½ «¡¥ � � ¥��¡ ¨¡¦µ¦� §¡«¨�¨ ���¡�¢ ª«¡�¢ P = pp′
¡ ��§��¦�¢ §¡«¨�¨ Q = qq′

Çª���ª¤¢³¦¸§¨ ¨¦��Ä´È¶ Â�«�§ �¤¡«�Ë � � ÇMÈ
q = trg([re, Cpt|t−1]),� � O Ç� ����� ª� ¦½°¡¥¸§ ¥�¢�¤�§È® ¡ � � òQ

pt+1|t = trg([rv , Apt|t]),¥��
trg(.)

����ª«¡�¢°� É¢¦¥�¨ « �°Ã��¤¦�¥��±¦�¶Å¦�� �� ��¨ �¸��µ«¢ K
ª� � ����� °¡¥� ¨¦�� �� « �°Ã��¤¦�¥��£ §¡«¨��® ��² ¦�¦� ¦¢§� ¨�¥´ ¦±��´¤¦£¶

EÔZ óßèãÛÚ [\èßÜÛßÛ GÚÙôÚÜ ]àÙèßå
Î�«��¡ ^Ä«�¦��� Ì¡¤§¡¦ Æ¤«�  ¦�©�¤¨ §�«��¡  ��³���¦£�� Ì¡¤§¡¦��¡ Æ¤« ¢ °� �¡¤�²�¦¡ ¦¡ ¤¨¦�¡ ¨�¡�¨ ¦�¤¨¦�¡ ¨«¬¯¶ _�¡²¢°�§� ¦�¤¨¦�± ¦� ª«¡���¸ §���¤ �� «�¡ ¢

xt+1 = f(xt, ut) + vt

yt = g(xt) + et

@



·�¦«� §���¤ ¤¨¦�¡ ¨�¢°�§� ��§��� � �¦��� ���¢ µ¤�¦¼ ·¡´¤� ��¡  ����°� � ©��½ x̂t|t−1

® «° ¶ � ��«¨§±¤¦�§ ���¡�¢ª«¡�¢ � §¨¦¢¤£�� ¥ �¥¢¶ Â � ¤¨¦�¡ ¨���¡¦¸ §���¤ �¤¡«�
xt+1 = f(x̂t|t−1, ut) + dF [xt − x̂t|t−1] + vt

yt = g(x̂t|t−1) + dG [xt − x̂t|t−1] + et¥��
dF =

df(xt, ut)

dxt

∣
∣
∣
∣
xt=x̂t|t−1

, dG =
dh(xt)

dxt

∣
∣
∣
∣
xt=x̂t|t−1

EÔ` óßèãÛÚ aaÕ äåã ÜßÙàÜß×åÜÝ IÙèåÚæà
Î�«��¡ ÁÁò ÇÁ¨�¨��� Á¨ð� �¦�� �É «�� òª« � �� È ¡� �Ä¨§¢°� �� ¨�¡�� � ·¡´¤� ��½  ����°¨ ��§��� ª´§�« ¨�¥¸���¨É� �¦�� ¬¯¶Â�¨ ��ª¢¦¢ ª«¡�¢ x = x0 +4x

ª� �´¢²��± « ¡¦ªÉ� §¡�� xn = S−1xs

® ¥��
xn

°� ¦��¸ ª«¡�®
xs

°� ª«¡ ¸ ª«¡� ¡
S
°���§��¦¨¦¡ � ¥��¡ ¨¡¦µ¦� §¡«¨�� ª«¡�¢¶ ·�§ ª� ª¤�²¥´ ª«¡�¢ Ê�´©½¤�Ê » �¤¡«� � � ¦½ E[(xn −Exn)(xn −Exn)′] = I
®¡ «��´ ��� ¼ª«¥´ ¦��£�� ª«¡�¢ 4x = xn − Exn

§¡°� ¦��±�¨ª¤£ ª¤�²¥´¶ ·� �°��¦��¢³¢°� �¡¤³� �¸ ¡�´¶Â�ª«¢� ��¨ ¥�¦ª« ¢¥�¨ ¡¤º� ¨«§¢ ÁÁò °� ¦±ª¤��¢°���Ë
ò¶ _�¡²¢°�§� É¡¥«� ¨���¡¦£ ¥��¡ ¨¡¦µ¦� §¡«¨�� Re

®
Rv

®
Pt|t

¡
Pt+1|t

¶ b¡¥«� ´ ��¦¡µ�§� §¡¤¸§¨ ��ª§�¦´¶
>¶ ñ �������¡°����� Ç§¨¦¢¤¸��È ¥��¡ ¨¡¦�� ¢ µ�§� h

� � �¨É� �¦���±¦� » �� ª§½ ��� �¤¡ª«¦��� ��¥«� ¼¶
?¶ À�ª«¡��§� §¡«¨�� �¨É� �¦��

Sx
t = (f(x̂t|t−1 + hsx,j, ut, 0) − f(x̂t|t−1 − hsx,j, ut, 0))/2h

Sy
t = (g(x̂t|t−1 + hsx,j, ut, 0) − g(x̂t|t−1 − hsx,j, ut, 0))/2hÎ¡«¨�� �¨É� �¦��

Iv
®
Ie
���¤� ³¢§¼ °ª�¢ °��¦�«¥��£® � �«�²� ³¢§ °� � ¦¡³�§ ����¡�½ ¡�¨«¨�¦�¶

@¶ Â ��¨¥��
x̂t+1|t = f(x̂t|t, ut)

pt+1|t = trg([Sx
t , Iv])

L¶ b¨¤« ¡��
ŷt = g(x̂t|t)

qt = trg([Sy
t , Ie])

Kt = pt|t−1S
y
t [qtq

′
t]
−1

x̂t|t = x̂t|t−1 + Kt(yt − ŷt)

pt|t = trg([pt|t−1 − KtS
y
t , Kt])
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e cdAIC ÒeÑÐCfdIIg FehiH�CÒFC
aÞÚ Þöè÷äâ Ú jßÛßÜ Þköè÷ä

ì© ±��¥ òË ·�� ¡§�¦¦± °��¦�ª§½ ¦± ¥�¨²��¡«¥¡ ª °��¦�§ ¦�§½��¦¸§ �ª«¢��§
ZÔÕ läÙÜk öèÚÞãÞk äãäàö
À«¡���¸ §���¤ ¤�� ���ª¡« °¡¥�

xt+1 = Axt + Bzt + F + εt

ÇòòÈ
yt+1 = Cxt+1 + G + et

Çò>È
xt =

[
ξ1,t ξ3,t O1,t O3,t

]′ ®
A =







δ1,t 0 0 0
0 δ3,t 0 0

κ1,t 0 β1,t 0
0 κ3,t v1,3 β3,t







®
B =







−b1 0
0 −b3

0 0
0 0







®
F =







I1

I3

λ1

λ3







®
¥��

bi = (1 − δi,t)Ii,t − δi,tSi

¡
zt = [ z1,t z2,t z3,t z4,t ]

¶
C =





−α1,2 −α3,2 0 0
0 0 1 0
0 0 0 1




®

G =







ξ̂1,t + I1,t

ξ̂3,t + I3,t

0
0







¶

ZÔÓ [\äßåàôßÜèâ m öàô÷ÙãÞÚÜ× ÛÚèÚ n
ñ  �±¤¦¸�� �¡« ©�� ¥�¤�¦ ©´¤´ �´«����¦´ �¡«¡ ª ¥�¤�¦¡§¨ «¡¥® ²� �ª«¢�¦� ¨¦«�¦�¨«´ Åò ¡ Å? ª� ��¸³¨¤´¶ ·�¢«� Ã� ¡��¢ª� ���¡�¨¤� ��ª¥¡« �¡«¡ ¦¡  �±¤¦£§ �±¥¤¡�½® ¡¤� ª ¥�¤�¦¡§¨¶ À¨§¢¤¡�� ª� �°¨³ê��¡¤¡ ª¥¢«�µ¦± �£¤¥¡ ¥�¤�¦´¶
oúùúû K�T	ýTÿ< ÿ�/	��ýÿ<

•
��§½  ��©�µ�¦�Ë

α32 = 1 � α42 = 1
®

•
ª¡«¢ ��¡¦¸ «�¥Ë S1 = 25 � S2 = 130

®
•
�¡ ¡§�« ´ ��«¡�¢ ¥�¤�¦¡ » �©ª¡��¦�ª«Ë κ1 = κ2 = 0.07 � β1 = 0.6 � β2 = 1.0 � λ1 = 0 � λ2 = 1.2

®
•
�¡ ¡§�«  ��«¡�¢ �©ª¡��¦�ª«¨ ª�¢ª��¦���  ¡§�¦Ë v1 = 0.1 �
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Ñ�ª¤� Á£¤¥¡ Ìb ÁÁò Æ¤«  ñ¤��³�¦� ¡§�¦� ª¥¢«¶ ¥�¤�¦´ ����´¤¥¡ �
%

����´¤¥¡ �
%

�
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4, 113 · 105 9, 986 · 104 >@®>O
2, 017 · 104 @®PQ

+19, 38?
2, 934 · 105 2, 101 · 105 Nò®M>

1, 275 · 104 @®?L
+67, 27òÒ?

7, 047 · 105 3, 100 · 105 @?®PP
3, 293 · 104 @®MN

+39, 32·¡©¢¤¥¡ >Ë Â� ��¦±¦� ���¡�¢ ��§��� Ìb ¡ ÁÁò Æ¤« ¢
:�Ó�= ·�¦«� «�ª« ��¥±�¡¤® ²� Ìb � � «�¦«� ����¡� ¦�©´¤� ����¦£ ��¢²�«¶ Í�§½��¦¸ �°��� ¡ ¦� ���¤¡ ���ª¦£¦¡ª«¡��¦� �¡ ¡§�« ¼ �¦¡§�¦¡¤ � � «�¦«� Æ¤«  ���¤¨³ ��¤¥�¢ ¦�¢ µ¨«�ª«® ª ¥«� �¢ ª� ¦�¢§½¤ �´ ��¦¡«® ¦¡��¡¥ ÁÁò ª«¡¥���¢ ¦�¢ µ¨«�ª«� ¦�§½¤ � �©¤£§´¶
oúùúÔ ���� ù
�<;= ¡È Í¡°�« ¤��³� ¦¡ª«¡��¦� ¥��¡ ¨¡¦µ¦� §¡«¨�� ª«¡�¢® «¡¥ ¡©´ ª¢§¡ ����´¤�¥ §��¨ ª¥¢«�µ¦�¢ ¡ ���¡�¦¢«�¢�£¤¥�¢ ¥�¤�¦´ ©´¤¡ �� ¦�°§�¦³�¶©È Í¡°�« ¤��³� ¦¡ª«¡��¦� ¥��¡ ¨¡¦µ¦� §¡«¨�� ª«¡�¢ ¡ §½��¦� «¡¥® ¡©´ ���¡� �£¤¥´ ¥�¤�¦´ ©´¤ �� ¦�°¤��³�¶
��/	��ýÿ<= Ì��¡ ¨¡¦µ¦� §¡«¨�� ³¢§¢ §½��¦� ¡ ¥��¡ ¨¡¦µ¦� §¡«¨�� ���¡�¢ ª«¡�¢ ¡ �¡ ¡§�« ¼ ª� ��¦���¡¤´ ���¤���µ±«�µ¦��� ¦¡ª«¡��¦�® �¨� @¶>¶ò¶
K�/	0� 	ý/	0= Â�¨ «�ª«��±¦� ©´¤¡ ��¢²¨«¡ §�«��¡ Õ�³� �� �³�§Ö � � ª«¡� ¡ �¡ ¡§�« ´ � ¥��¡ ¨¡¦µ¦� §¡«¨�¨ ª«¡�¢¶¾��¦± ª� � ���¦�«´ �� 105 �� 10−9 ® ¥�´ ¥¡²�¸ �¡¤³� ¥ �¥ °� 10x

§�¦³� ¦�²¤¨ «�¦ ���������¶ ¾� «� «��´ ��¤¥�§ >>L¥�§©¨¦¡�� ��¤¨¥�ª«¨ ¥��¡ ¨¡¦µ¦� §¡«¨�� ª«¡�¢ � � �¡ ¡§�« ´ ¡ ª«¡�¶ Â � ���¡� ¥��¡ ¨¡¦µ¦� §¡«¨�� ª«¡�¢ ¨ §½��¦�§�«���¢ Õ�³� ª� �³�§Ö «� °� ??NL ¥�§©¨¦¡��¶
A1/;ýþ��= � ���������§ «�ª«¢ ©´¤¡ �� ��¦±�¡¦¡ ���¦�«¡ ¥�¡¤¨«´ ���¡�¢ §��¨ Ìb ¡ ÁÁò Æ¤« �§¶ ·�¦«� «�ª« §±¦¡°�« §�²¦£ �¤��³�¦� ��¨ °¨¦£§ ¦¡ª«¡��¦� ���¦�« ¥��¡ ¨¡¦µ¦� §¡«¨�� ª«¡�¢¶ Â �����¦¸ «�ª« �°¨ª«¨¤ ��«¨§±¤¦� ¦¡ª«¡��¦�¥��¡ ¨¡µ¦� §¡«¨��Ë

|¨� y�r� } s£r¤~¥����q���~���� ��� ��v×�q���~���¦v��§�

Ñ�ª¤� Á£¤¥¡ �¥Ø¶�¡  ÇL®L®»òÈ �Ø¥¶�¡ Ç»ò®L®»PÈ ñ¤��³�¦� ¡§�¦� ª¥¢«¶ ¥�¤�¦´ ����´¤¥¡ �
%

����´¤¥¡ �
%

�
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4, 114 · 105 2, 017 · 104 @®PQ
1, 252 · 104 ?®QL

+1, 85?
2, 934 · 105 1, 276 · 103 @®?L

1, 050 · 103 ?®LO
+0, 77òÒ?

7, 048 · 105 3, 293 · 104 @®MN
2, 302 · 104 ?®>N

+1, 40·¡©¢¤¥¡ @Ë Â� ��¦±¦� ���¡�¢ ÁÁò Æ¤« ¢ ��¨  ¼�¦£§ ¦¡ª«¡��¦� ¥��¡ ¨¡¦µ¦� §¡«¨�� ª«¡�¢
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ì© ±��¥ ò?Ë ì���´¤¥´ �� ª¥¢«�µ¦£ ¥�¤�¦´
Ù¤��±¦� ¦�°�¦ ¥��¡ ¨¡¦�� ª«¡�¢® ¡¤� ¨ §½��¦� ª� ¢¥±�¡¤�® ²� ��«¨§±¤¦� ¦¡ª«¡��¦� °�

|¨� y�r� } s£r¤~¥����q���~���� ��� ��v×�q���~���¦v��§��|�� y�r� } ����s£r¤~q���~��� ���¥�� �Ø¥¶�¡  °� ¥��¡ ¨¡¦µ¦� §¡«¨�� ª«¡�¢ ¡ ��¥¶�¡  °� � � §���¦�¶·�§«� ¦¡ª«¡��¦�§ ª� ��¤¥��± ����´¤¥¡ ª¦�²¨¤¡ ¦¡ ���¦�«¢ 2, 159 · 104 ® ��² °� �¤��³�¦� � 0, 21%
¶ ·�«� �¤��³�¦�°� ��³�§ ��¤§¨ §¡¤£ ���¤���§ ¥ ��¸³�¦£ ��«��©½ �¸��µ�«¦��� µ¡ª¢¶ Â �«� °� �¸���¦£ �¤��¡« ��¢�� ��«¨§±¤¦�¦¡ª«¡��¦� ¥��¡ ¨¡¦µ¦� §¡«¨�� ª«¡�¢¶ Â � «�¦«� ������¥¤¡� °� ��³�§ °�³«½ �¼¤�²¨«£ �°¨ª«¨«® °¡¥ §�� §¼²� ��¤¨�¦¨«�¸ª¤���¥ ¦��±�¨ª¤£ ¦¡ª«¡��¦� ¥��¡ ¨¡¦µ¦� §¡«¨�� §½��¦�¶�¸ª¤��¥´ ��¨ ¦¡ª«¡��¦� ¥��¡ ¨¡¦�� ª«¡�¢

|¨� y�r� } s£r¤~¥����q���~���� ��� ��v×�q���~���¦v��§�yÍ�°�� ³� ¦¡ª«¡��¦� ª� �� ��«¨§±¤¦��� ¤¨³� � �±�¢ ¦½¥�¤¨¥¡ ��ª�«�¥ ª�«¨¦ %
¶
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:�Ó�= ì�«¨§±¤¦� ¦¡ª«¡��¦� ¥��¡ ¨¡¦µ¦� §¡«¨�� ª«¡�¢ ���� ¦¡ ¤��³� �¸ª¤��¥´® ¡¤� ¦�¦� ��«��©¡ �¤��¡« ¨��±¤¦� ��§½ §��¨ ¥��¡ ¨¡¦µ¦� §¡«¨�� ª«¡�¢ ¡ §½��¦�¶ ��¤¨¥�ª« �¤��³�¦� ¦��������± �¸��µ�«¦� ¦± �µ¦�ª«¨ ¦¡ �¤��±¦� «���«� §½��¦�¶ì�«¨§±¤¦� ¦¡ª«¡��¦� ���¤���§ ¥ ��§½ ¢ ¥�¡¤¨«¡ Ë ¦± �µ¦�ª« �´��±��
|¨� y�r� } s£r¤~¥����q���~���� ��� ��v×�q���~���¦v��§��|�� y�r� } ��v��s£r¤~q���~��� ���¥�� �Ø¥¶�¡  °� ¥��¡ ¨¡¦µ¦� §¡«¨�� ª«¡�¢ ¡ ��¥¶�¡  °� � � §���¦�¶

oúùúo ���� Ô
�<;= Í¡°�« ¤��³� ¦¡ª«¡��¦� ¥��¡ ¨¡¦µ¦� §¡«¨�� ���¡�¢ ª«¡�¢ ¡ �¡ ¡§�« ¼® «¡¥ ¡©´ ª¢§¡ ����´¤�¥ §��¨ ª¥¢«�µ¦�¢¡ ���¡�¦¢«�¢ �£¤¥�¢ ¥�¤�¦´ ©´¤¡ �� ¦�°§�¦³�¶ ñ°¨³«½¦�® °¡¥ §�� °� «�¦«� ���¡� �¼¤�²¨«¸ � � ��¤¥��¸ ���¡� ¥�¤�¦´®��¡ °� � � ¦½° ª«¡«¨ª«¨�¥´ �¸�¦¡§¦¸ µ¨ ¦¨¥�¤¨�¶
��/	��ýÿ<= Ì��¡ ¨¡¦µ¦� §¡«¨�� ³¢§¢ §½��¦� ¡ ¥��¡ ¨¡¦µ¦� §¡«¨�� ª«¡�¢ ª� ¦¡ª«¡�¨¤´ ���¤� ¦�°¤��³��� �¸ª¤��¥¢®¥«� ¸ ª� ���¡�¨¤� ��ª¥¡« � ����������� «�ª«¢¶ Ì��¡ ¨¡¦µ¦� §¡«¨�� °ª�¢ «��´Ë

|¨� y�r� } s£r¤~¥����q���~���� ��� ��v×�q���~���¦v��§�|�� y�r� } ��v��s£r¤~q���~��� ��¥�� �Ø¥¶�¡  °� ¥��¡ ¨¡¦µ¦� §¡«¨�� ª«¡�¢ ¡ ��¥¶�¡  °� � � §���¦�¶
K�/	0� 	ý/	0= Â�¨ «�ª«��±¦� ©´¤¡ ��¢²¨«¡ §�«��¡ Õ�³� �� �³�§Ö � � ª«¡� ¡ �¡ ¡§�« ´ � ¥��¡ ¨¡¦µ¦� §¡«¨�¨ ª«¡�¢¶¾��¦± ª� � ���¦�«´ �� 105 �� 10−4 ® ¥�´ ¥¡²�¸ �¡¤³� ¥ �¥ °� 10x

§�¦³� ¦�²¤¨ «�¦ ���������¶ ¾� «� «��´ ��¤¥�§ òQQ¥�§©¨¦¡�� ��¤¨¥�ª«¨ ¥��¡ ¨¡¦µ¦� §¡«¨�� ���¡�¢ ª«¡�¢ ¡ �¡ ¡§�« ¼¶
A1/;ýþ��= ¡È Í�°¤��³� �¸ª¤��¥´ °ª�¢ ��¨ ¦¡ª«¡��¦� ¥��¡ ¨¡¦µ¦� §¡«¨�� ���¡�¢Ë

|��sy�¡�t¢�r� } s£r¤~¥����q���~���� ��� ��v��q���~���¦v��§�©È ñ§½¦¡ ¥��¡ ¨¡¦µ¦� §¡«¨�� ���¡�¢ ��¤¨�ï¢°� ��¤¥��¸ ���¡� ��¤§¨ �¸ ¡�¦½¶ Á¼¤�²¨«± °� � «�§«� ����¡�½ ��¢��¥��¡ ¨¡¦�� ���¡�¢ �¡ ¡§�« ¼® � �«�²� ¥��¡ ¨¡¦µ¦� §¡«¨�� � � ���¡� ª«¡�¢ ��¤¨�ï¢°� ��¤¥��¸ ���¡� �£¤¥´ ¥�¤�¦´§¨¦¨§±¤¦½¶ ·�¦«� « �¦� ¤�� ���� ��¡« ¦¡ �© ±�¥¢ ò@¶

1e5

1e3

1e1

1e−1

1e−3

1e−5

1e−7

1e−9

1e5

1e3

1e1

1e−1

1e−3

1e−5

1e−7

1e−9

0.5

1

1.5

2

2.5

x 10
5

kovariance stavu

kovariance parametru

su
m

a 
od

ch
yl

ek

7

6

5

4

3

2

8

1

ì© ±��¥ ò@Ë Ì��¡ ¨¡µ¦� §¡«¨�� ���¡�¢ ª«¡�¢ ¡ �¡ ¡§�« ¼ ª �´�¦¡µ�¦¸§¨ ©��´ � � ��«¡¨¤¦� ª¤����±¦� �¸��°��¡ ¡§�« ¼
ò@



Ú´¤´ � �����¦´ � «�ª«´ � ��¦¡µ�¦¸�� ©����� ¦¡ª«¡��¦� ¥��¡ ¨¡¦µ¦� §¡«¨�� ���¡�¢ Ç©��´ ò » O ¦¡ �© ±�¥¢ ò@È ª��¡§½��¦�§ ¦¡ � ¼©½� ���¡�¢ �¡ ¡§�« ¼¶ ·´«� � ¼©½�´ ¤�� ���� ��¡« ¦¡ �© ±�¥¢ òL¶ é�� ���� ��¡«® ²� ª¦¨²��±¦�§���¦�«´ ¥��¡ ¨µ¦� §¡«¨�� ���¡�¢ �¡ ¡§�« ¼ ����±�� ¥ Õ¢«¡²�¦�Ö �¡ ¡§�« ¼¶ ·�¦«� ª«¡� §± �¡ ¦±ª¤���¥ ��� ³�¦���¤£�� ���¡�¢® °¡¥ ¤�� �¨�½« � «¡©¢¤�� ò>¶
Ú�� Ì��¶ §¡«¨�� ���¡�¢ �Ø¥Çò®L®»PÈ® ��¥Ç»òÈµ¶ ª«¡� �¡ ¡§�« ´ ����´¤¥¡ � íò

10−4 105 2, 374 · 104 @®>Q
>

105 105 2, 373 · 104 @®>Q
?

105 100 2, 216 · 104 ?®P>
@

105 10−1 2, 071 · 104 ?®MN
L

105 10−2 3, 792 · 104 M®Nò
M

105 10−3 1, 266 · 105 >>®@ò
N

105 10−4 1, 364 · 105 >@®ò@
O

10−4 10−4 1, 364 · 105 >@®ò@
·¡©¢¤¥¡ MË Ì��¡ ¨¡µ¦� §¡«¨�� ���¡�¢ ª«¡�¼ ¡ �¡ ¡§�« ¼
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:�Ó�= _ ¥��¡ ¨¡¦µ¦� §¡«¨�� ���¡�¢ °� �¼¤�²¨«£ ª� ±�¦½ ¢ µ¨« �¤¡�¦½ ¥��¡ ¨¡¦�¨ �¡ ¡§�« ¼¶ Â�¨ ³�¡«¦£§ ¦¡ª«¡��¦�¥��¡ ¨¡¦�� �¡ ¡§�« ¼ §¼²� ��°�« ¥ �§���¦� Õ��¤¦�ª«¨Ö �¡ ¡§�« ¼ ¡ �§½¦¡ ����¤�¦± � µ¡ª� ¦�§¢ª� ©¸« ��ª«¡«�µ¦±¶·�§ ª� Ã¤��¡ �¡µ¦� ©¤�²¨« ¥ Ã¤��� ©�� ���¡�¢ �¡ ¡§�« ¼ ¡  �ª«� ��´©¡¶
ZÔE [\äßåàôßÜèâ m öàô÷ÙãÞÚÜ× ÛÚèÚ Û
ñ  �±¤¦¸�� �¡« ©�� ¥�¤�¦ ©´¤´ �´«����¦´ �¡«¡ ª ¥�¤�¦¡§¨ «¡¥® ²� �ª«¢�¦� ¨¦«�¦�¨«´ Åò ¡ Å? ª� ��¸³¨¤´¶ ·�¢«� Ã� ¡��¢ª� ���¡�¨¤� ��ª¥¡« �¡«¡ ¦¡  �±¤¦£§ �±¥¤¡�½® ¡¤� ª ¥�¤�¦¡§¨¶ À¨§¢¤¡�� ª� �°¨³ê��¡¤¡ ª¥¢«�µ¦± �£¤¥¡ ¥�¤�¦´¶
oúÔúû K�T	ýTÿ< ÿ�/	��ýÿ<
Í�§½��¦¸ �°��� » ¹Íì ÇÅ�È

•
��§½  ��©�µ�¦�Ë

α32 = 1 � α42 = 1
®

•
ª¡«¢ ��¡¦¸ «�¥Ë S1 = 25 � S2 = 130

®
•
�¡ ¡§�« ´ ��«¡�¢ ¥�¤�¦¡ » �©ª¡��¦�ª«Ë κ1 = κ2 = 0.07 � β1 = 0.6 � β2 = 1.0 � λ1 = 0 � λ2 = 1.2

®
•
�¡ ¡§�«  ��«¡�¢ �©ª¡��¦�ª«¨ ª�¢ª��¦���  ¡§�¦Ë v1 = 0.1 �
pqrs srtruvwxyzrt{| } srtr~�������y�� � |q����q�� ����s �r ���t�|�{� } srtr~�������y�� � �rtq��q�r{� } srtr~���Ü���y�� � ��q�q���r
�� } srtr~������� } srtr~�����

oúÔúù ���� û
�<;= ñ°¨ª«¨«® ��¡ °� ����¦½°³� � � ���¡� ��¢²�« ¤¨¦�± ¦� Ì¡¤§¡¦¼� Æ¤«  ÇÌbÈ ¦�©� ¦�¤¨¦�± ¦� ÁÁò Æ¤« ¶
��/	��ýÿ< �ù�= ¹� ¨� ¦� ¦¡ª«¡��¦� ¥��¡ ¨¡¦µ¦��� §¡«¨� Ç� � «�ª« ÁÁòÈË

� qs�rs  �tr�� r |r�rz�t��
|��sy�¡�t¢�r� } s£r¤~¥����q���~���� ��� ��v��q���~���¦v��§��� �t��s�£ �qs�qt  �tr�q���q ��z� r ��z� z����£
|¨� yz�r� } ���q�~�¦����|�� yz�r� } ���q�~� ����� �q�r�£r���£ zrt£�� �tr�q���q ��z� r ��z� z����£
|¨� y�r� } s£r¤~¥����q���~���� ��� ��v��q���~���¦v��§��|�� y�r� } ��v��s£r¤~q���~��� ���¹� ¨� ¦� ¦¡ª«¡��¦� ¥��¡ ¨¡¦µ¦��� §¡«¨� Ç� � «�ª« ÌbÈË
� qs�rs  �tr�� r |r�rz�t��
|��sy�¡�t¢�r� } s£r¤~¥����q���~���� ���§��� �t��s�£ �qs�qt  r �q�r�£r���£ zrt£�� ��z� z����£ r �tr�q���q ��z�
|¨� yz�r� } ���q�~�¦����|�� yz�r� } ���q�~� ����|¨� y�r� } s£r¤~¥����q���~���� ���§��
|�� y�r� } ��v��s£r¤~q���~��� ���

K�/	0� 	ý/	0 ·�ª«��¡¦± �¡«¡ ©´¤¡ ��¨� ¡��¦¡ «¡¥® ¡©´ ª� �´ª¥´«��¡¤´ ¥�¤�¦´ ¡ ¦�§½��¦¸ �°���® ���¤� �© ±�¥¢ ò¶Í¡ «¡«� �¡«¡ ©´¤ ��¢²¨« ¤¨¦�± ¦� Ì¡¤§¡¦¼� Æ¤«  ¡ ¦�¤¨¦�± ¦� ÁÁò Æ¤« ¶ Â � �©¡ Æ¤« ´ ©´¤� ��¢²¨«� ª«�°¦£ ��µ±«�µ¦�¦¡ª«¡��¦� Ç�¨� @¶?¶òÈ¶
A1/;ýþ��=

òN



«�ÿý�ÿ< S�;��ÿU� .;	� �S¬� Ì¡¤§¡¦¼� Æ¤«  §± �� ��¤�¢ ��©¢ ¥�¦ª«¡¦«¦� �¡ ¡§�« ´® °¡¥ °� �¨�½« ¦¡�© ±�¥¢ òN¶ ñ �¼���¢ �Ä¨ª«�¦�� ¦�§½��¦£�� �°���¢ ¤�� ¦¡ �© ±�¥¢ òM ���� ��¡«® ²� «�«� ¦¡ª«¡��¦� ¦���ª«¡µ¢°�¶�´©¡ ���¡�¢ �£¤¥´ ¥�¤�¦´ ª¥¢«�µ¦£ ¡ ���¡�¦¢«£ ª� ���´©¢°��� >? �� @Q
%
¶ Í�����¦�ª« ��¢²¨«� Ìb ¤�� ���� ��¡«¨ ¦¡ �© ±�¥¢ òP¶

0 1000 2000 3000
−200

0

200

400

600

800

1000
Kolona 1

0 1000 2000 3000
−50

0

50

100

150

200
Obsazenost 1

0 1000 2000 3000
−50

0

50

100

150

200

250
Kolona 3

0 1000 2000 3000
−20

0

20

40

60

80

100

120
Obsazenost 3

skutecna data
odhadnuta data

ì© ±��¥ òMË À¥¢«�µ¦£ ¡ ���¡�¦¢«£ ¥�¤�¦´ ��§��� Ìb

0 1000 2000 3000
−20

0

20

40

Ip

0 1000 2000 3000
−1

0

1

2

v1

0 1000 2000 3000
−1

0

1

2

K
ap

a 
1

0 1000 2000 3000
−1

0

1

2

K
ap

a 
2

0 1000 2000 3000
−1

0

1

2

B
et

a 
1

0 1000 2000 3000
0

1

2

B
et

a 
3

0 1000 2000 3000
−1

0

1

La
m

bd
a 

1

0 1000 2000 3000
0

1

2

3

La
m

bd
a 

3

ì© ±��¥ òNË �¸��° ���¡�¢ �¡ ¡§�« ¼ � µ¡ª� ¢ Ìb

òO



0 500 1000 1500 2000 2500 3000
0

50

100

150

200

K
ol

on
a 

1

Suma odchylek = 108696.2048

0 500 1000 1500 2000 2500 3000
0

50

100

150

200

K
ol

on
a 

3

Suma odchylek = 43523.7398

ì© ±��¥ òOË ì���´¤¥´ ª¥¢«�µ¦£ ¡ ���¡�¦¢«£ ¥�¤�¦´ ��§��� Ìb

0 500 1000 1500 2000 2500 3000
−6

−4

−2

0

2

4

6

8

K
ol

on
a 

1

Rozdil hodnot merenim a modelem

0 500 1000 1500 2000 2500 3000
−25

−20

−15

−10

−5

0

5

10

K
ol

on
a 

3

ì© ±��¥ òPË �´©¡ � ��¨¥�� ¢ Ìb
�ý;�ÿý�ÿ< --û .;	� Í�¤¨¦± ¦� Æ¤«  ÁÁò ¢§�²ï¢°� �½¤¡« ª� ±�¦£ ���¡�´ ¨ ��¨ ¢ µ¨«£ ¦�¢ µ¨«�ª«¨® °¡¥�¢ °�� «�§«� ����¡�½ ¦�§½��¦¸ �ª«¢� Å�¶ Â¡ ¡§�« ´ °ª�¢ ���¡���±¦´ ¡ � µ¡ª� � �§½¦¦£® °¡¥ °� �¨�½« ¦¡ �© ±�¥¢ >ò¶À¥¢«�µ¦£ �£¤¥´ ¥�¤�¦ ª� ���¤¨³ ¦�¤¨³� �� ���¡���¡¦£ �£¤¥´ ¥�¤�¦® �¨� �© ±��¥ >Q ¡ «��´ ¨ ����´¤¥´ °ª�¢ §¦���§§�¦³� ¡ ���´©¢°� ª� ¥�¤�§ O

%
¶ À� ±�¦�ª« ¦¡ª«¡��¦� Æ¤« ¢ ª¨ ¤�� ��½�¨« ¨ ¦¡ �© ±�¥¢ >?¶ Î���¤ ©´¤ ¦�°����� ¦¡ª«¡��¦¦¡ ³�¡«¦�¢ ���¦�«¢® ¡¤� ��¥´ �§½¦½ �¡ ¡§�« ¼ ª� Æ¤« ¢ ���¡�¨¤� ª ��¦¡« §���¤ ª §½��¦�§¶ ·¡«� �§½¦¡ ¤�� ¦�°¤£������ ��¡« ¢ Ì�¤�¦´ ? ¦¡ �¡µ±«¥¢¶

òP



0 1000 2000 3000
−200

0

200

400

600

800
Kolona 1

0 1000 2000 3000
−50

0

50

100

150

200
Obsazenost 1

0 1000 2000 3000
−50

0

50

100

150

200

250
Kolona 3

0 1000 2000 3000
−20

0

20

40

60

80

100

120
Obsazenost 3

skutecna data
odhadnuta data

ì© ±��¥ >QË À¥¢«�µ¦£ ¡ ���¡�¦¢«£ ¥�¤�¦´ ��§��� ÁÁò Æ¤« ¢

0 1000 2000 3000
−20

0

20

40

Ip

0 1000 2000 3000
0

0.1

0.2

v1

0 1000 2000 3000
0

0.1

0.2

K
ap

a 
1

0 1000 2000 3000
0

0.05

0.1

K
ap

a 
2

0 1000 2000 3000
0.4

0.6

0.8

1

B
et

a 
1

0 1000 2000 3000
0.5

1

1.5

B
et

a 
3

0 1000 2000 3000
0

0.5

1

La
m

bd
a 

1

0 1000 2000 3000
1

1.2

1.4

La
m

bd
a 

3

ì© ±��¥ >òË �¸��° ���¡�¢ �¡ ¡§�« ¼ � µ¡ª� ¢ ÁÁò Æ¤« ¢

>Q



0 500 1000 1500 2000 2500 3000
0

20

40

60

80

100

K
ol

on
a 

1

Suma odchylek = 38400.636

0 500 1000 1500 2000 2500 3000
0

5

10

15

20

K
ol

on
a 

3

Suma odchylek = 6641.3124

ì© ±��¥ >>Ë ì���´¤¥´ ª¥¢«�µ¦£ ¡ ���¡�¦¢«£ ¥�¤�¦´ ��§��� ÁÁò Æ¤« ¢

0 500 1000 1500 2000 2500 3000
−6

−4

−2

0

2

4

6

8

K
ol

on
a 

1

Rozdil hodnot merenim a modelem

0 500 1000 1500 2000 2500 3000
−10

−5

0

5

10

K
ol

on
a 

3

ì© ±��¥ >?Ë �´©¡ � ��¨¥�� ¢ ÁÁò Æ¤« ¢
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Ñ�ª¤� Á£¤¥¡ Ìb ÁÁò Æ¤«  ñ¤��³�¦� ¡§�¦� ª¥¢«¶ ¥�¤�¦´ ����´¤¥¡ �
%

����´¤¥¡ �
%

�
%ò

4, 563 · 105 1, 087 · 105 >?®O>
3, 840 · 104 O®@>

+15, 40?
1, 087 · 105 4, 352 · 104 @Q®Q@

6, 641 · 103 M®òò
+33, 93òÒ?

5, 650 · 105 1, 522 · 105 >M®P@
4, 504 · 104 N®PN

+18, 97·¡©¢¤¥¡ OË Â� ��¦±¦� ���¡�¢ ��§��� Ìb ¡ ÁÁò Æ¤« ¢
:�Ó�= ·�¦«� «�ª« ��¥±�¡¤® ²� Ìb � � «�¦«� ����¡� ¦�©´¤� ����¦£ ��¢²�«¶ Í�§½��¦¸ �°��� ¡ ¦����ª¦£ ¦¡ª«¡��¦��¡ ¡§�« ¼ �¦¡§�¦¡¤´ � � «�¦«� Æ¤«  ���¤¨³ ��¤¥�¢ ¦�¢ µ¨«�ª«® ª ¥«� �¢ ª� ¦�¢§½¤ �´ ��¦¡«® ¦¡��¡¥ ÁÁò ª «¡¥���¢¦�¢ µ¨«�ª«� ¦�§½¤ � �©¤£§´¶
oúÔúÔ ���� ù
�<;= Í¡°�« ¤��³� ¦¡ª«¡��¦� ¥��¡ ¨¡¦µ¦� §¡«¨�� ª«¡�¢® «¡¥ ¡©´ ª¢§¡ ����´¤�¥ §��¨ ª¥¢«�µ¦�¢ ¡ ���¡�¦¢«�¢ �£¤¥�¢¥�¤�¦´ ©´¤¡ �� ¦�°§�¦³�¶
��/	��ýÿ<= Ì��¡ ¨¡¦µ¦� §¡«¨�� ³¢§¢ §½��¦� ¡ ¥��¡ ¨¡¦µ¦� §¡«¨�� ���¡�¢ ª«¡�¢ ¡ �¡ ¡§�« ¼ ª� ��¦���¡¤´ ���¤���µ±«�µ¦��� ¦¡ª«¡��¦�® �¨� @¶>¶ò¶
K�/	0� 	ý/	0= Â�¨ «�ª«��±¦� ©´¤¡ ��¢²¨«¡ §�«��¡ Õ�³� �� �³�§Ö � � ª«¡� ¡ �¡ ¡§�« ´ � ¥��¡ ¨¡¦µ¦� §¡«¨�¨ ª«¡�¢¶¾��¦± ª� � ���¦�«´ �� 105 �� 10−9 ® ¥�´ ¥¡²�¸ �¡¤³� ¥ �¥ °� 10x

§�¦³� ¦�²¤¨ «�¦ ���������¶ ¾� «� «��´ ��¤¥�§ >>L¥�§©¨¦¡�� ��¤¨¥�ª«¨ ¥��¡ ¨¡¦µ¦� §¡«¨�� ª«¡�¢ � � �¡ ¡§�« ´ ¡ ª«¡�¶
A1/;ýþ��= � ���������§ «�ª«¢ ©´¤¡ �� ��¦±�¡¦¡ ���¦�«¡ ¥�¡¤¨«´ ���¡�¢ §��¨ Ìb ¡ ÁÁò Æ¤« �§¶ ·�¦«� «�ª« §±¦¡°�« §�²¦£ �¤��³�¦� ��¨ °¨¦£§ ¦¡ª«¡��¦� ���¦�« ¥��¡ ¨¡¦µ¦� §¡«¨�� ª«¡�¢¶ Â �����¦¸ «�ª« �°¨ª«¨¤ ��«¨§±¤¦� ¦¡ª«¡��¦�¥��¡ ¨¡µ¦� §¡«¨��Ë

|¨� y�r� } s£r¤~¥��v��q���~���� ��� ��v×�q���~���¦v��§�
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Ñ�ª¤� Á£¤¥¡ �¥Ø¶�¡  ÇL®L®»òÈ �Ø¥¶�¡ Ç»ò®L®»PÈ ñ¤��³�¦� ¡§�¦� ª¥¢«¶ ¥�¤�¦´ ����´¤¥¡ �
%

����´¤¥¡ �
%

�
%ò

4, 563 · 105 3, 840 · 104 O®@>
1, 321 · 104 >®PQ

+5, 52?
1, 087 · 105 6, 641 · 103 M®òò

5, 124 · 103 @®Nò
+1, 40òÒ?

5, 650 · 105 4, 504 · 104 N®PN
1, 833 · 104 ?®>L

+4, 72·¡©¢¤¥¡ òQË Â� ��¦±¦� ���¡�¢ ÁÁò Æ¤« ¢ ��¨  ¼�¦£§ ¦¡ª«¡��¦� ¥��¡ ¨¡¦µ¦� §¡«¨�� ª«¡�¢
Ù¤��±¦� ¦�°�¦ ¥��¡ ¨¡¦�� ª«¡�¢® ¡¤� ¨ §½��¦� ª� ¢¥±�¡¤�® ²� ��«¨§±¤¦� ¦¡ª«¡��¦� °�

|¨� y�r� } s£r¤~¥����q���~���� ��� ��v×�q���~���¦v��§��|�� y�r� } ��Ý�s£r¤~q���~��� ���·�§«� ¦¡ª«¡��¦�§ ª� ��¤¥��± ����´¤¥¡ ª¦�²¨¤¡ ¦¡ ���¦�«¢ 1, 707 ·104 ® ��² °� �¤��³�¦� � 0, 23%
¶ ·�«� �¤��³�¦� °� ��³�§��¤§¨ §¡¤£ ���¤���§ ¥ ��¸³�¦£ ��«��©½ �¸��µ�«¦��� µ¡ª¢¶ Â �«� °� �¸���¦£ �¤��¡« ��¢�� ��«¨§±¤¦� ¦¡ª«¡��¦�¥��¡ ¨¡¦µ¦� §¡«¨�� ª«¡�¢¶ Â � «�¦«� ������¥¤¡� °� ��³�§ °�³«½ �¼¤�²¨«£ �°¨ª«¨«® °¡¥ §�� §¼²� ��¤¨�¦¨« �¸ª¤���¥¦��±�¨ª¤£ ¦¡ª«¡��¦� ¥��¡ ¨¡¦µ¦� §¡«¨�� §½��¦�¶�¸ª¤��¥´ ��¨ ¦¡ª«¡��¦� ¥��¡ ¨¡¦�� ª«¡�¢
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¦¡ª«¡��¦� ¥��¡ ¨¡¦�� §½��¦� ����´¤¥¡ �
%��«¨§±¤¦� ò�»ò 1, 834 · 104 >®?Q¦�°�� ³� ò�L

3, 120 · 104 L®L>
·¡©¢¤¥¡ òòË Í¡ª«¡��¦� ¥��¡ ¨¡¦�� §½��¦� ��¨ ��«¨§±¤¦�§ ¦¡ª«¡��¦� ¥��¡ ¨¡¦�� ª«¡�¢

|¨� y�r� } s£r¤~¥��v��q���~���� ��� ��v×�q���~���¦v��§�yÍ�°�� ³� ¦¡ª«¡��¦� ª� �� ��«¨§±¤¦��� ¤¨³� � �±�¢ ¦½¥�¤¨¥¡ %
¶

:�Ó�= ì�«¨§±¤¦� ¦¡ª«¡��¦� ¥��¡ ¨¡¦µ¦� §¡«¨�� ª«¡�¢ ���� ¦¡ ¤��³� �¸ª¤��¥´® ¡¤� ¦�¦� ��«��©¡ �¤��¡« ¨��±¤¦� ��§½ §��¨ ¥��¡ ¨¡¦µ¦� §¡«¨�� ª«¡�¢ ¡ §½��¦�¶ ��¤¨¥�ª« �¤��³�¦� ¦��������± �¸��µ�«¦� ¦± �µ¦�ª«¨ ¦¡ �¤��±¦� «���«� §½��¦�¶ì�«¨§±¤¦� ¦¡ª«¡��¦� ���¤���§ ¥ ��§½ ¢ ¥�¡¤¨«¡ Ë ¦± �µ¦�ª« �´��±��
|¨� y�r� } s£r¤~¥��v��q���~���� ��� ��v×�q���~���¦v��§��|�� y�r� } ��v��s£r¤~q���~��� ���¥�� �Ø¥¶�¡  °� ¥��¡ ¨¡¦µ¦� §¡«¨�� ª«¡�¢ ¡ ��¥¶�¡  °� � � §���¦�¶

oúÔúo ���� Ô
:�þÿ<Ë¡È Í¡°�« ¤��³� ¦¡ª«¡��¦� ¥��¡ ¨¡¦µ¦� §¡«¨�� ���¡�¢ ª«¡�¢ ¡ �¡ ¡§�« ¼® «¡¥ ¡©´ ª¢§¡ ����´¤�¥ §��¨ ª¥¢«�µ¦�¢¡ ���¡�¦¢«�¢ �£¤¥�¢ ¥�¤�¦´ ©´¤¡ �� ¦�°§�¦³�¶ ñ°¨³«½¦�® °¡¥ §�� °� «�¦«� ���¡� �¼¤�²¨«¸ � � ��¤¥��¸ ���¡� ¥�¤�¦´®��¡ °� � � ¦½° ª«¡«¨ª«¨�¥´ �¸�¦¡§¦¸ µ¨ ¦¨¥�¤¨�¶©È ñ°¨ª«¨« �±�¨ª¤�ª« §���¤¢ ¦¡ ¥��¡ ¨¡¦µ¦� §¡«¨�¨ ���¡�¢ ª«¡�¢ ¡ �¡ ¡§�« ¼¶
��/	��ýÿ<= Ì��¡ ¨¡¦µ¦� §¡«¨�� ³¢§¢ §½��¦� ¡ ¥��¡ ¨¡¦µ¦� §¡«¨�� ª«¡�¢ ª� ¦¡ª«¡�¨¤´ ���¤� ¦�°¤��³��� �¸ª¤��¥¢®¥«� ¸ ª� ���¡�¨¤� ��ª¥¡« � ����������� «�ª«¢¶ Ì��¡ ¨¡¦µ¦� §¡«¨�� °ª�¢ «��´Ë

|¨� y�r� } s£r¤~¥����q���~���� ��� ��v×�q���~���¦v��§�|�� y�r� } ��v��s£r¤~q���~��� ��¥�� �Ø¥¶�¡  °� ¥��¡ ¨¡¦µ¦� §¡«¨�� ª«¡�¢ ¡ ��¥¶�¡  °� � � §���¦�¶
K�/	0� 	ý/	0= Â�¨ «�ª«��±¦� ©´¤¡ ��¢²¨«¡ §�«��¡ Õ�³� �� �³�§Ö � � ª«¡� ¡ �¡ ¡§�« ´ � ¥��¡ ¨¡¦µ¦� §¡«¨�¨ ���¡�¢¶¾��¦± ª� � ���¦�«´ �� 105 �� 10−4 ® ¥�´ ¥¡²�¸ �¡¤³� ¥ �¥ °� 10x
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N
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O
10−4 10−4 1, 364 · 105 >@®ò@
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:�Ó�= _ ¥��¡ ¨¡¦µ¦� §¡«¨�� ���¡�¢ °� �¼¤�²¨«£ ª� ±�¦½ ¢ µ¨« ¥��¡ ¨¡¦�¨ �¡ ¡§�« ¼¶ Â�¨ ³�¡«¦£§ ¦¡ª«¡��¦� ¥�»�¡ ¨¡¦�� �¡ ¡§�« ¼ §¼²� ��°�« ¥ �§���¦� Õ��¤¦�ª«¨Ö �¡ ¡§�« ¼ ¡ �§½¦¡ ����¤�¦± � µ¡ª� ¦�§¢ª� ©¸« ��ª«¡«�µ¦±¶·�§ ª� Ã¤��¡ �¡µ¦� ©¤�²¨« ¥ Ã¤��� ©�� ���¡�¢ �¡ ¡§�« ¼ ¡  �ª«� ��´©¡¶
_ c�Þ ßÒGeÐCfdIID FehiH�CÒFG
àßöè Þöè÷äH Ú Þköè÷äH
Ì�¨²��¡«¥´ §¡°� ��¤¨µ¨¦´ ¡ �¡ ¡§�« ´ �µ�ª¤��±¦´ � �«¨ ª§½ ¢ ���¨¦��¸��  ¢µ¨µ�¥® ¥�´ °� ¤��£  ¡§�¦¦� ¥�¨²��¡«¥´��¦¡µ�¦� °¡¥� � �¦�¶ Ì�¨²��¡«¥¡ µ¶ ò §± ¨¦��Ä´ �� µ¶ ò �� µ¶ @ ¡ ¥�¨²��¡«¥¡ µ¶ > �� µ¶ L �� µ¶ O® �¨� �© ±��¥ ?Q¶

ì© ±��¥ ?QË Á�½ µ«´� ¡§�¦¦£ ¥�¨²��¡«¥´
`ÔÕ ÖØå×æßÜk öèÚÞãÞk äãäàö
���¤���§ ¥ � ���°��±¦� ¥�¨²��¡«�¥ ª� ¢¥¡�¢°� �¸���¦�ª« Õ¥�§�¡¥«¦��� ¢ª���±�±¦�Ö ® ¥�´ ª«�°¦£ ��¤¨µ¨¦´ ª«�°� ���¤�ª�©�¶ ·�«� ¢ª���±�±¦� ��¢² °̈�§� ¨ ���® � � ��½ � ���°�¦£ ¥�¨²��¡«¥´ ���¤� ª�©�¶ Â � �°��¦��¢³�¦� ¡ ����¤��¦�ª«ª¤�¢µ�§� °��¦�«¤¨�£ ��¤¨µ¨¦´ ¡ �¡ ¡§�« ´ � ��¤£ ¥�¨²��¡«¥´ �� °��¦£¶ Â¡ ¡§�« ´ ¡ ��¤¨µ¨¦´ ¥�¨²��¡«¥´ µ¶ ò® ¥«� £ §¡°�¨¦��Ä �� ò �� @® ª� ©¢��¢ ��¦¡µ��¡« ¢ �¡¦£ ��¤¨µ¨¦´ �� ¦�§ ¨¦��Ä�§ 1 ¡ � � � ¢��¢ ¥�¨²��¡«¥¢ Ç̈ ¦��Ä´ L»OÈ �� ¦�§¨¦��Ä�§ 2 ¶ ·� �¦¡§�¦±® ²� ¦¡���¥¤¡� �£¤¥¡ ¥�¤�¦´ � � ¥�¨²��¡«¥¢ µ¶ ò °� ξ1

t

¡ � � ¥�¨²��¡«¥¢ > °�
ξ2
t

® ¥��
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t =

[
ξ1,t ξ2,t ξ3,t ξ4,t

]′ ®
ξ2
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[
ξ5,t ξ6,t ξ7,t ξ8,t
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t

¡
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¡
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® §¡«¨�� ��§½ ¢��©�µ�¦�
α1 ¡ α2 ® ¡«�¶ �¸ª«¢�¦� ¨«�¦�¨«¡ °� §½��¦¡ ¦¡ �¸ª«¢�¦���  ¡§�¦���® «° ¶  ¡§�¦���® ¥«� £ ����¢ ��¦ � §½��¦£�©¤¡ª«¨® � «�§«� ����¡�½ °ª�¢ «�  ¡§�¦¡ ò® >® @® M® N® O® �¨� �© ±��¥ ?Q¶ �¸ª«¢�¦� ¨¦«�¦�¨«¡ °� «��´ y1
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�	����1 ��þý; À«¡���¸ §���¤ °� «��´

xt+1 = Axt + Bzt + F + εt

Çò?È
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Çò@È
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t+1 ξ2
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°� �¨¡º�¦±¤¦� §¡«¨�� ª ��¥«� �§

a
¦¡ �¨¡º�¦±¤�®

D(a, b)
°� ª¢©�¨¡º�¦±¤¦� §¡«¨�� ª ��¥«� �§ a
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b
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°� ¦¢¤��± §¡«¨�� ª ��«��©¦¸§  ��§½ �§¶

A =







D(δ1
t ) ∅ ∅ ∅

∅ D(δ2
t ) ∅ ∅

D(κ1
t ) ∅ D(β1

t , v1
t ) ∅

∅ D(κ2
t ) ∅ D(β2

t , v2
t )







®

B =







B1
t ∅
∅ B2

t

∅ ∅
∅ ∅







®
F =







I1
t

I2
t

λ1
t

λ2
t







®
¥��

B
1(2)
t =

[
−b1(5) 0 −b3(7) 0

0 −b2(6) 0 −b4(8)

]′ ¡
bi = δi,tSi + (1 − δi,t)Ii,t
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G1(2) =
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g1(5) g2(6) g3(7) g4(8)
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gi = [ξ̂i,t + Ii,t]

¶Â¡ ¡§�« ´ β
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¡

λ
°ª�¢ ¥��Æ�¨�¦«´ ��«¡�¢ §��¨ �£¤¥�¢ ¥�¤�¦´ ¡ �©ª¡��¦�ª«�¶ Â¡ ¡§�«  v

���¨ª¢°� ��«¡� §��¨�©ª¡��¦�ª«§¨ ª�¢ª�������  ¡§�¦¶ Â¡ ¡§�«  δi,t

¦¡©¸�± ���¦�«´ 1
® ¥�´² ¥�¤�¦¡ �Ä¨ª«¢°�® ¦�©� 0

°¨¦�´¶
á��â<�ýÿ1 /	����1 ��þý; Â¡ ¡§�« ´ β

®
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®
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¡
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°ª�¢ � �§½¦¦£ � µ¡ª� ¡¦¨ ¦��¦±§� °�°¨�� ���ª¦£ ��µ±«�µ¦�¦¡ª«¡��¦�¶ ñ «½��«� �¼���¼ ¦�¦� ����¦£ ��¦¡µ¨« °� °¡¥� ¥�¦ª«¡¦«´® ¡µ¥�¤¨� °�°¨�� � �§½¦�ª« � µ¡ª� °� ��¤§¨ ��§¡¤±¶¾¡¥� ����¦± ��ª«¡ ���¡�¢ ª� ¢¥¡�¢°� °�°¨�� Õ�¡©¢���±¦�Ö �� ª«¡���£�� §���¤¢ ¡ ¢�½¤¡« «��´  ��³���¦¸ ª«¡���¸§���¤¶� «�§«� ����¡�½ °� «��´  ��³���¦¸ ª«¡���¸ §���¤
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θ
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§¼²� ¦¡©¸�¡«  ¼�¦¸�� ��§½ ¼® ���¤� ��µ«¢ ���¡���¡¦¸�� �¡ ¡§�« ¼¶���¤���§ ¥  ��¦¨�¨ ÇòLÈ °� ¦¢«¦± Ã� ¡�¡ §¡«¨� �� ª«¡���£§ §���¤¢¶ Â� Ã� ¡�½ «��´ ©¢��¢ §¡«¨��Ë
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C ∅
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G̃ = G

¶
� §¡«¨�¨

Ã
��¤¨¥�ª« ��¥«� ¢ ÁÇòÈ �������± ��¤¨¥�ª«¨ � �§½¦¦£ θ

¶
`ÔÓ [\äßåàôßÜè n
� � �º ¡§¢ ¹ÅÎÀ_Í ©´¤¡ �´«����¦¡ §¨¥ ��©¤¡ª« Ç�© ±��¥ ?QÈ ª¥¤¡�¡°��� ª� �� ���¢ µ«´� ¡§�¦¦¸�� ¥�¨²��¡«�¥®¥�� °ª�¢ ��  ¡§�¦ ��¢³«½¦´  �±¤¦± �¡«¡¶ ñ ¹ÅÎÀ_Í¢ °ª�¢ �¡¥ © ±¦´ �¡«¡ � ��«�¥«� ¼® �ª«¢�¦��� ¨ �¸ª«¢�¦���®ÇÅ¦«�¦�¨«¡ ¡ ì©ª¡��¦�ª«È ¡ §¡Ä¨§±¤¦� ¡ � ¼§½ ¦± �£¤¥¡ ¥�¤�¦¶

:�;�þÿ< ÿ�/	��ýÿ<= Â � �Ä�� ¨§�¦« ©´¤´ ��¢²¨«´ �³���¦´ ��ª«¢�¦£ ¨¦É� §¡�� � ��«�¥«� ¼® «° ¶ M �ª«¢�¦���ª« ¡«�º¨�¥¸�� ��«�¥«� ¼® > ���±¤�¦£ ��«�¥«� ´ � §��¨Ãª�¥¢® M �¸ª«¢�¦��� ��«�¥«� ¼¶
ãúùúû K�T	ýTÿ< ÿ�/	��ýÿ<

•
��§½  ��©�µ�¦�Ë

α12 = 0, 3 α31 = 0, 5 α56 = 0, 3 α73 = 0, 5
α14 = 0, 2 α32 = 0, 2 α57 = 0, 5 α76 = 0, 2
α15 = 0, 5 α34 = 0, 3 α58 = 0, 2 α78 = 0, 3

α21 = 0, 3 α41 = 0, 2 α63 = 0, 3 α83 = 0, 2
α24 = 0, 5 α42 = 0, 5 α67 = 0, 2 α86 = 0, 5
α25 = 0, 2 α45 = 0, 3 α68 = 0, 5 α87 = 0, 3
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•
ª¡«¢ ��¡¦¸ «�¥Ë S1 = S3 = S5 = S7 = 37

° ¶�¶ë�� � S2 = S4 = S6 = S8 = 34
° ¶�¶ë�� 

•
�¡ ¡§�« ´ ��«¡�¢ ¥�¤�¦¡ » �©ª¡��¦�ª«Ë �� λ1 = 0 � λ2 = 1.2

®
κ1 = ... = κ8 = 0
β1 = ... = β8 = 1
λ1 = λ3 = λ5 = λ7 = 0 λ2 = λ4 = λ6 = λ8 = 1.2

•
�¡ ¡§�«  ��«¡�¢ �©ª¡��¦�ª«¨ ª�¢ª��¦���  ¡§�¦Ë

v1,2 = v2,3 = v3,4 = v5,6 = v6,7 = v7,8 = 0.1 v4,1 = v8,5 = 0

pqrs t��t£�¢��
ãúùúù ���� û
�<;= ñ°¨ª«¨«® ��¡ °� ����¦½°³� � � ���¡� �£¤¥´ ¥�¤�¦ ¥�¨²��¡«¥´ ��¢²�« ¤¨¦�± ¦� Ì¡¤§¡¦¼� Æ¤«  ÇÌbÈ ¦�©� ¦�¤¨¦�± ¦�ÁÁò Æ¤« ¶
��/	��ýÿ< �ù�= ¹� ¨� ¦� ¦¡ª«¡��¦� ¥��¡ ¨¡¦µ¦��� §¡«¨� Ç� � «�ª« ÁÁòÈË

� qs�rs  �tr�� r |r�rz�t��ä| } s£r¤~¥����q���~���x� ��vå�q���~���¦v�x�§��|��sy�¡�t¢�r� } ��qp~ä|��� �t��s�£ �qs�qt  �tr�q���q ��z� r ��z� z����£
|¨� yz�r� } ���q�~�¦����|�� yz�r� } ���q�~� ����� �q�r�£r���£ zrt£�� �tr�q���q ��z� r ��z� z����£
|¨� y�r� } s£r¤~¥��Ý�q���~���� ��v��q���~���¦v�x�§��|�� y�r� } ��v��s£r¤~q���~��� ���¹� ¨� ¦� ¦¡ª«¡��¦� ¥��¡ ¨¡¦µ¦��� §¡«¨� Ç� � «�ª« ÌbÈË
� qs�rs  �tr�� r |r�rz�t��
|��sy�¡�t¢�r� } s£r¤~¥����q���~����§��� �t��s�£ �qs�qt  r �q�r�£r���£ zrt£�� ��z� z����£ r �tr�q���q ��z�
|¨� yz�r� } ���q�~�¦����|�� yz�r� } ���q�~� ����|¨� y�r� } �y��s£r¤~q���~���¦���|�� y�r� } ��v��s£r¤~q���~��� ���Â � «�ª«��±¦� �¼ª«¡¤� �§���¦� ���¡�¢ �£¤¥´ ¥�¤�¦ �� �±�� ¦¸�� ���¦�«¶æ
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