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Application of Optimal Control Strategy to Converter Gas Recovery System
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Abstract The characteristics of converter gas recovery process and the important factor in the effect of recycling are

analyzed, run indicators of process parameters to achieve optimal control of the recycling process are described, and an

optimal control strategy to increase CO concentration is raised. Fuzzy radical basis function (RBF) neural network is used

to online identify the mathematical model between pressure of converter mouth and the CO concentration. The identified

model is used to optimize pressure settings and control the pressure of converter mouth near the set value, thus significantly

increasing the effect of CO concentration. Network learning algorithm is improved in the process of identification, so that

the network is robust and easy to convergence for the variational learning parameters. The application of the optimal

control strategy in a gas recovery system shows that this optimal control strategy can significantly improve the quality

and quality of gas recovery, and achieve good application results.

Key words Gas recovery, pressure of converter mouth, fuzzy radical basis function (RBF), optimization of CO concen-

tration, learning rate
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�� 24 % ±þ[3−5]. Ïd, m�=¬uí`z£ÂEâ�ïÄ, ?�ÚJpuí£ÂÇ9Ù¬�, éug
ó��ÌÝü$UÑY²!Jp℄
|^Ç!�y­½±Y�u�äk­��¢S¿Â. 8
�vk�±¢y�7ó�L§$1���`z���{,�k�é,
äN�7ó²�k?���{�ïÄY~. X©z [1−2] �éÀ¶ç¬��L§, JÑ
Jp^À+£ÂÇ�`z���{. ©z [6] ÏLïá=¬õgEUL§���5G��m�., JÑ
Äu)��þ�I�"���Ô�EUL§�Ä�`z���Y. du=¬uí£ÂXÚäk+��!ó²E,!��¯õ!)�ëY5±9ØU�¿Ê�Á��A:, Ï~Ñæ^²;!¤Ù���EâÚ�ã (X PID!�
���{), ¿3)��Ý�½UE�Ï�g5�¤XÚ��Ü��õUNÁ,�ý�ò#����YÝ\A^äk����JÝ.�©�éKǑuí£Â�J��«Ï�, ÏL£Âó²Ån�©Û9£ÂL§�þ{¤êâ�*



1018 g Ä z Æ � 38ò	uy, ¬�Ø��½�3é�§Ýþû½uí£Â��J (CO ßÝ!9�). Ǒd, æ^�
»�Ä¼ê (Radical basis function, RBF)  ²�ä3�E£uí£ÂL§�¬�Ø�� CO ßÝ�m'X�êÆ�., �â=¬¢S$1ó¹¢�N�¬�Ø��½�, ¿ÏL��XÚ?1�l, rØ���3�½�NC, �Ø��Czk|u CO ßÝ�wÍJp, l
¢y£ÂL§ CO ßÝ99�ó²ëê�I�3�`z. 3E£L§¥U?
�äÆS�{, �E£�äéÆSëêCzäk���°�5, ¿´uÂñ. 3A^d`z���{éuí£ÂXÚ?1�ý©Û�Ä:þ, ±êQìg
�°k�úi (e{¡êg) 1�gWo� 1 Ò=¬Ǒé�Ý\��$1. A^(JL², d`z��üÑU²wJp CO ßÝ9uí9�, ��
���uí£Â�J.

1 uí£ÂXÚó²6§©Û8
=¬uí£ÂXÚÌ�æ^�{Ø�£ÂEâ — �í=¬uí£Â{ (Oxygen converter
gas recovery, OG), Ä�ó²6§Xã 1 ¤«, Ì�d=¬¹Äëí!ðzë�!�©øY!�©ú�N!!£Âð�!�Ñ©9ÙNá�S�g�C�|¤, ©OäkÓ8Ñxëí!ü§Ø�!6þN!!uíÂ8!�Ñü��õU[7−9] . 3NõL§¥,=¬SÜ�)¹pßÝ CO Ú�þ7á®��p§ëí[10]. 3ÄºÅ��^e, ëí²Lë�9ÀzC��e%Àz�, ÷v£ÂEâ�� (O2 ≤ 3%,

CO ≥ 45 %) �uí�Ñx�uí�¥, Ø÷v£Â���KÏL�Ñëjé	ü�.

ã 1 =¬uí£ÂXÚó²6§
Fig. 1 Converter gas recovery system technologyëí�¬�m�3�½�mY, =¬NõL§¥, ëí?�Úü$, ±��U~�í÷Ú¬��mY, l
���Ý/Ó8NõÏl¬��Ä�uí,¿;�3¬í£ÂÏLõá\í	�í, ü$£Âuí��þ. =¬NõL§¥, ¬�ëíØå�ëí	Ü�íØå�m�3Øå�, Ï~¡�Ǒ¬�Ø�. w,, TØ��½��(½òwÍKǑuí£Â�J���. Ø��½����, Ø=E¤¬�

ëí	Ä, uí£Âþ~�, ¿�À/�í�¸. ��, Ø��½K���, K�¬	�íá\ëí, ��¡~�£Âuí� CO ßÝ, ?
��£Â�uí9�ü$, ,��¡�E¤¬��þ CO �)-�, ��£Â�uíþ~�. Ï~¬�Ø�A�±3�����S (−20 Pa∼� 20 Pa), =¤¢� “��Ø”. ��Ø����ÏL��ØDaì�3�iÿ,¢�N!ðzë��©ú��ëí6þN!z (RDz) ¢y. Ïd, �â=¬¢S$1ó¹, ¢�3�N���Ø�½�´û½=¬uí£ÂL§`�p��'�Ï�[8, 10].

2 XÚ$1��8I9yG£ã
2.1 uí£ÂL§��8Ió�L§$1�`z��8I´ò�N)�L§��¬�þ!�ÇÚ�Ñ�ó²�I��38I���S, 
=¬uí£Â´���~E,�õ�õ�p§�AL§, ��X¯õ�ÔnzÆCz!E,��CL§±9�þ�Ô�ÚUþ�$Ä!D4Ú=�, É�õ«Ï��KǑ. Ù`z���8I´3�yXÚS�­½$1�
Je, ��U/­½¬�ëíØå!Jp CO ¹þÚuí£ÂÇ! á£Â�m!ü$>U�Ñ. Ïd, CO ßÝó²ëê�I σ(t) �¬�Ø� y(t) ���', ÙÄ�A5�£ãǑ

σ(t) = f(y(t), β1, · · · , βn) (1)Ù¥, β1, · · · , βn Ǒ>.^� (Xõg�Æ!¤©!ø�þ!�õ±Ï�), f(·) Ǒ����5¼ê.

max(σmax − σ(t)) ½ max(σ(t) − σmin),

σmin ≤ σ(t) ≤ σmax (2)éu�N)�L§��þ��Çó²�I σ(t), ��U�Ù�u σmin, = max (σ(t) − σmin); éu�N)�L§�Ñ�ó²�I σ(t), ��U�Ù�u
σmax, = max(σmax − σ(t)). �é�©¤?Ø�uí£Â¯K, Aæ^
ö. ª (2) ¥, σmax Ú σmin©OǑ=¬uí£ÂÏS��� CO ßÝ�þ!e�, $ue�K£Âuí� CO ¹þ�$, 9�Ø÷v��, ØÎÜ£Â^�, ÏLëj:»-��Ñ. �âó�uí£Â��9ó²²�, σmin ���Ǒ 32 %∼ 36 %; 
þ�Kvk��, ���$u
85 %[3].

2.2 $1��yG£ã�NõE,ó�)�L§�Ó, uí£ÂXÚ�$1��8
Eæ^<ó²��{ (Xã 2 ¤«). $1ó§��âó²�I CO ßÝ σ(t) �þ� σmax Úe� σmin!)�>.^�±9 COßÝ�



6Ï Ù[ñ�: =¬uí£ÂXÚ`z��üÑA^ 1019©Û�, ÏL¢�³²�(½Ø��½��� [rmin,

rmax], y|ö�ó�â¤(½�Ø��½���, *	y|Ø�� CO ßÝCzª³, ³²��ÑØ���£´�Ø��½� r(t), Ø�£´��XÚÏLN!ì!�1ì��L§é�, �£´ÑÑ y(t)�l£´�½� r(t), l
òó²�I��38I���S [rmin, rmax]. �´, du)�>.^�9ó¹$1^�²~u)Cz, =³<ó²�¤(½�Ø��½�ØU9�Ün/�Nù«Cz, $�Ï<ó�äÚö�Ø�, �ÑØT���½��, Ø=ØU¢y��8I, �
��¬��»!ëíZL��æó¹�u), î­KǑuí£Â)�L§�S��­½$1[1, 3].

ã 2 =uí£ÂXÚ$1��yG
Fig. 2 Operation control status of gas recoveryÏd, XÛ�â=¬uí£ÂL§�A:, ¢�N�¬�Ø���£´��½� r(t), ¿ÏLgÄN!XÚ�lØ��½�, ±��Jp CO ßÝ9uí9�!Uõuí£Â�J!ü$XÚ$1�æ�8�, ´`z��I�)û�¯K.

3 `z���Y�ïnØþ, ¬�Ø���Ǒ"�, QU�y¬�ëíØ¬	Ä, ǑØ¬�íSá\�í, uí£Â�J'�n�. �ÏLé=¬õgÚuí£ÂXÚ�©Ûuy, KǑ=¬uí£Â�Ï��)��^�!�Æ^�!gY%ßÝ!�íá\þ!£Â^�!ø�rÝ�, Ù¥�íá\þ!uí£Â^�!ø�rÝ��KǑ
ǑwÍ[5] , Ù¥, �íá\þd¬�Ø�û½, �Ø�´KǑ£ÂuíßÝ99�����~­��Ï�. ÏL©Ûuí£ÂL§�Ø�Ú COßÝ��þ{¤êâ'X, �±²wwÑ, Ø��Cz�ǑKǑX CO ßÝ�Cz. ¢SA^¥Ø���XÚ��½þǑ���½��, uí£Â�JØZ. Ǒd, �©JÑ
ã 3 ¤«�Äu CO ßÝJp�`z���Y, �ý©Û(J�¢SA^�JL²
T�Y��15Úk�5. ã 3 ¥, 3�E£Ü©æ^�
 RBF  ²�ä3�E£Ñ=¬�õL§¥Ø�� CO ßÝ�êÆ�., TDL (Tapped

delay lines) �LäkÄÞ�ò��[11] , äkò´Ñ\&Ò�õU. 3�`zÜ©|^����.3�ÏéØ���£´��Z�½�, ±��� CO ßÝ99�Ǒ�p�ó²�I. Ø���XÚ�â3�N���½�?1Ø���£´�gÄN!, l
��Jp CO ßÝ��J. 3E£L§¥é�äÆS�{�
U?, �E£�äéÆSëêCzäk���°�5, ¿�´uÂñ.

ã 3 Jp CO ßÝ�`z���Y
Fig. 3 Optimal control scheme to increase the

CO concentration

4 `z���{�O
4.1 êâÈÅÚ8�z?n¢�êâÈÅ�8�´³�Ú~f	Ü�¸ÚXÚD(¤�)��ÅZ6, Jpæ8êâÚ�.E£�°Ý, �¤�[ÈÅìaq�õU. æ^±e$ÏÈÅ�{:

Y (k) = αX(k) + (1 − α)Y (k − 1) (3)Ù¥, X(k) Ǒ��æ��; Y (k − 1) Ǒþg�ÈÅÑÑ�; α ǑÈÅXê, Ù�Ï~��u 1; Y (k) Ǒ�gÈÅ�ÑÑ�.Ǒ
Jp�
 RBF  ²�ä�Ôö�ÇÚ§S$1�Âñ�Ý, I�éæ8�Ø�Ú COßÝêâ?18�z?n. æ^Xe�8�z�{[12−13]: b� αi (1 ≤ i ≤ n, n Ǒêâoê) ǑI�8�z�êâ, - m1 = max(ai), m2 = min(ai),K8�zÚ�8�zúª©OǑ
bi =

ai − m2

m1 − m2

, 1 ≤ i ≤ n (4)

ai = bi(m1 − m2) + m2, 1 ≤ i ≤ n (5)

4.2 �
 RBF�äïá
RBF �ääk¿1O�!N�5ÚgÆS�`:, �Ø·ÜL��£, ØU��/|^®k�²��£, 
�
Ü6·ÜL��
Ú½5�£, äkaqu<ag��ín�ª, �"ygÆSÚg·AUå[14−15]. duuí£ÂXÚäk��5!X¢



1020 g Ä z Æ � 38ò�!Ø(½!Z6��A:, E£�äXæ^ RBF�ä!BP �ä, K%C°ÝØp, Ïd�©ò RBF�äÚ�
Ü6üö�(Ü, �¤
�
 RBF �ä, Ø=äk<�g�ín�ª, Ǒäkér�ÆS�zUå, U
��/%C¢S�..

4.2.1 �ä(�ã 4 Ǒ�
 RBF  ²�ä(�, Ì�dÑ\�!�
z�!�
ín�ÚÑÑ��¤[16−17] . �
 RBF �ä¥&ÒDÂ9���õUL«Xe:

ã 4 �
 RBF  ²�ä(�
Fig. 4 Fuzzy RBF neural network structure

1) 1��: Ñ\�T�k 4 �Ñ\: u(k), u 1, y 1, y 2. u(k) Ǒ
k �Ǒ�Ø��, u 1 Ǒ k− 1 �Ǒ�Ø��, y 1 Ǒ
k − 1 �Ǒ� CO ßÝ, y 2 Ǒ k − 2 �Ǒ� CO ßÝ, k �ǑǑ�
�Ǒ. T�z�!: i �Ñ\ÑÑL«Ǒ

f1(i) = xi, i = 1, 2, 3, 4 (6)

2) 1��: äá¼ê�, =�
z�T��z�!:äkäá¼ê�õU, æ^pd¼ê�Ǒäá¼ê. é1 j �!::

f2(i, j) = enet2j (7)

net2j = −
(f1(i) − cij)

2

(bj)2
(8)Ù¥, cij Ú bj ©O´1 i �Ñ\Cþ�1 j ��
8Üpd¼ê�þ�ÚIO�.

3) 1n�: 5K�, =�
ín�T�ÏL��
z��ë�5�¤�
5K���, ��!:�m¢y�
$�, =ÏL���
!:�|Ü���A�:»rÝ. z�!: j �ÑÑǑT!:¤kÑ\&Ò��È, =
f3(j) =

N
∏

j=0

f2(i, j) (9)

Ù¥, N =
∏n

i=1 Ni, Ni ǑÑ\�¥1 i �Ñ\äá¼ê��ê, =�
z�!:ê.

4) 1o�: ÑÑ�T��ÑÑǑ²LN�����O�� CO ßÝ, %Cý¢�uí¹þ. T��z�!:�ÑÑǑT!:¤kÑ\&Ò�\�Ú, =
f4(l) = wf3 =

N
∑

j=1

w(l, j)f3(j) (10)Ù¥, l ǑÑÑ�!:��ê, w ǑÑÑ!:�1n��!:�ë��Ý
.

4.2.2 ÆS�{T�äI�N��ëêǑ�
z�äáÝ¼ê�þ� cij!IO� bj ÚÑÑ���� W . ùn�ëêÓ�^�«kiÒ�ÆS�{ — FÝeü{?1Ôö. ÄkÀ½,«5U�I, ^FÝeü{���äëê, �T5U�I���`�. ÀJØ�¼ê�Ǒ5U�I, ëêÆS�8I´�Ø�¼ê��[16−17].� ym(k) Ú y(k) ©OL« CO ßÝ�¢SÑÑÚÏ"ÑÑ, K�ä%CØ�Ǒ
e(k) = y(k) − ym(k) (11)½Â8I¼êǑ

E =
1

2
e(k)2 (12)�ä�ÆS�{Xe:ÑÑ����ÏLXe�ªN�:

∆w(k) = −η
∂E

∂w
= −η

∂E

∂e

∂e

∂ym

∂ym

∂w
= ηe(k)f3

(13)KÑÑ����ÆS�{Ǒ
w(k) = w(k−1)+∆w(k)+α(e(k−1)−w(k−2))

(14)Ù¥, η ǑÆS�Ç, α ǑÄþÏf, η ∈ [0, 1],
α ∈ [0, 1]. Ñ\äá¼êëê?��{Ǒ

∆cij = − η
∂E

∂cij

= −η
∂E

∂net2j

∂net2j

∂cij

=

− ηδ2
j

2(xi − cij)

b2
ij

(15)

∆bj = − η
∂E

∂bj

= −η
∂E

∂net2j

∂net2j

∂bj

=

− ηδ2
j

2(xi − cij)

b3
j

(16)
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δ2

j =
∂E

∂net2j
= −e(k)

∂ym

∂net2j
=

− e(k)
∂ym

∂f3

∂f3

∂f2

∂f2

∂net2j
= −e(k)wf3 (17)äá¼êëêÆS�{Ǒ

cij(k) = cij(k − 1) + ∆cij(k) + α(cij(k − 1) −

cij(k − 2)) (18)

bj(k) = bj(k − 1) + ∆bj(k) + α(bj(k − 1) −

bj(k − 2)) (19)

4.2.3 �{U?�ä��`zL§¥ÆS�Ç η �À��~­�, e���L�, �Ï`L§?uØ�­��²"«�, ���?�þǑé�, l
�ä�Âñ�Ýú; ��, XJÆS�Ç����, �Ï`?uØ�­��Í�«�, �ä�Uu)��$�uÑ. 
ÆS�ÇÀ�Ï~�5K�Ï, I�²�Ú�E¢�(½. 
�3Ôöm©����ëêØ�½·Üu�Y��äÔö. Ïd, AT3���N!L§¥Ä�/��ÆS�Ç���, ±÷v�äÆS�I�[11].¤¢Ä���ÆS�Ç, Ò´3z�ÚÆSL§¥N�ÆS�Ç η. ò η �Ø�¼ê�'é, �XeN�: �8I¼ê E ~��, O�ÆS�Ç; �8I¼ê E O��, ~�ÆS�Ç[18].�E��5¼ê:

η(e(t)) = a + bsech(ce(t)) (20)Ù¥, a, b, c Ǒ�~ê. �Ø� e → ±∞ �, η ���� a + b; � e = 0 �, η ����Ǒ a. b Ǒ η �Cz«m, N� c ����N� η Cz��Ç. sechǑV­��¼ê[19]:

sech(x) =
2

ex + e−x
, −∞ < x < +∞ (21)ã 5 ǑÆS�Ç�Ø��¼ê­�. lã¥�±wÑ, Ø�ýé�C�KÆS�ÇC�, Ø�ýé�C�KÆS�ÇC�, l
��gÄN!ÆS�Ç�8�. ²Lù��U?�, �ä�ÆSgê�Ìeü, �ä�Âñ�ÝǑ��Ì\¯.

ã 5 ÆS�ÇCz­�
Fig. 5 Learning rate curve

4.3 3�`z�{3Ø�����S, l���m©��, z����, Ò^3�E£����.O�Ñ�� CO ßÝ�, l
|¢Ñ� CO ßÝ���p�Ø��½�. ��æ���äN`z�{Xã 6 ¤«, Ù¥, “=>” L«òTÎÒ
¡��D�Ù��Cþ,
u1 Ǒþ��Ǒ�Ø��, y1 Ǒþ��Ǒ� CO ßÝ.

ã 6 3�`z6§ã
Fig. 6 Flow chart of online optimization
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5 �ýïÄ3A^u¢S�=¬uí£ÂXÚ�
, ò�©JÑ�`z���Y?1O�Å�ý, �[�{�A^�J, (½ëê��N��. Ǒd, lêg1�gWo� 1 Ò=¬uí£ÂXÚæ8êâ, �âã 3 ¤«��n, 3 Matlab 7.1 �¸e?1�ý¢�. �ä(�À 4 − 625 − 625 −

1,  ²�ä�� W ��©�� [−1, +1] �m��Å�, ¥%¥þÚpdÄ°�þ���©O�Ǒ CCC =











−5 −2 0 2 5

−5 −2 0 2 5

−5 −2 0 2 5

−5 −2 0 2 5











Ú BBB =

[

5 5 5 5 5
]T

, �äÆS�Çdª (20) ��,ª (18) ¥ a = 0.02, b = 0.02, c = 300, ÄþÏf
α = 0.05. ÆS�Ç�A�ëê�J(½, ëê��ØÜ·¬���äuÑ, ØU%C�E£é�, I�ÏL�þ¢�âU���E£�J���ëê�.ã 7 Ǒ�.E£­�, �±wÑ, �©|^U?��
 RBF �ä��p°ÝE£ÑØ�Ú CO ßÝ�êÆ�.. ã 8 Ǒ CO ßÝé'­�, Ù¥, J�Ǒ¬�Ø��½þǑ�½��� CO ßÝ, ¢�Ǒæ^�
 RBF `z�� CO ßÝ, :y�Ǒæ^
RBF `z�� CO ßÝ. ÏLé'��, �
 RBF`z�{²w`u RBF `z�{, �±�ÌÝJ,
CO ßÝ=uí9�, ��!U~ü�8�.

ã 7 �.E£­�
Fig. 7 Model identification curves

6 ó§A^Ǒò�©JÑ�ÄuJp CO ßÝ�`z���YA^�êg1�gWo�=¬uí£ÂXÚ, æ^Ü�f S7-300 PLC �Ǒy|��ì, ±
WinCC |��¸�Ǒþ Åi�^�muóä�O`z��XÚi�x¡. éu��ì§S�O,

du ²�ä�{¢y�E,, æ^Ü�f Step 7?§óä¥� STL � LAD �óéJ¢y, 
 SCL�ó� BASIC �ó�{(��q, ¢yE,�{�é�N´, �é PLC ��ìæ^ SCL �ó?§.æ8�þ�y|êâ, ÏL Matlab �ý(½�

RBF �ÆS�Ç!ÄþÏf�ëê��N��, e1� PLC ��ì¥, �ây|A^�JN�ëê.��æ��Ǒ�Ø��½�`z�{Ñ� 8 s �m,z� 8 s �1�g`z�{. NõL§¥uí£Â�m�Ǒ 600 s, 3ù�L§¥�±`z 75 g, �� 75 �Ø��½�, '��L§�k���½���uí£Â�J²wUõ. ã 9 (a) ¤«Ǒ¬�Ø��½�Ú��£´ÑÑ��Czª³; ã 9 (b)Ǒ CO ßÝCzª³, �±wÑ, æ^�`z���{���ÌÝJpuí£Â� CO ßÝ; ã 9 (c)Ǒuí£ÂL§ºÅDÄ>Å�>6Cz­�, ÏLé'�±uy, ºÅDÄ>Å�CªìÑÑ>6��
²w�ü$, l
�!��þ�>U�Ñ. L
1 Ǒæ^`z���Y
�uí£Â� CO ²þßÝ!9�!£Âþ!ºÅÑ>þ²þ�êâÚO(J. lÚOêâ�é'�±wÑ, `z���Y�¢�� CO ßÝ!uí9�Úëguí£Âþ©OJp 14.6 %!14.6 % Ú 23.5 %; ºÅÑ>þd�5�
5.4 Ý/¬ü$� 4.5 Ý/¬, !>üÑ� 16.7 %, ¿�ºÅ$1�Ç?�ÚJp, oN!UüÑ�J²w, �Ǒè�MEwÍ�²L��.

ã 8 CO ßÝé'­�
Fig. 8 Comparison curves of CO concentrationL 1 CO ßÝ!9�!£Âþ!ºÅÑ>þ²þ�êâé'

Table 1 Comparisons of CO concentration, heating

value, recycling volume, and fan electric power

consumption average data

CO ßÝ uí9� uí£Âþ ºÅÑ>þ
(%) (kCal/Nm3) (Nm3/t) (Ý/¬)`z��
 48 1 600 85 5.4`z��� 55 1 833 105 4.5
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(a) ¬�Ø��½�Ú��£´ÑÑ�ª³
(a) Furnace pressure settings and control loop

output value trends

(b) CO ßÝ­�é'
(b) Comparison curves of CO concentration

(c) Cªì>6­�é'
(c) Current curves comparison of the inverterã 9 `z���J

Fig. 9 Results of optimal control

7 (Ø�©3©Û=¬uí£Âó²A:±9KǑ£Â�J­�Ï��Ä:þ, �ã
uí£ÂXÚ¥¬�Ø��½�éuí CO ßÝ99��KǑ�¹,JÑ
�«ÄuJp CO ßÝ�`z���Y, |^U?��
 RBF  ²�ä3�E£Ñ¬�Ø�� CO ßÝ�m�êÆ�., �âE£�.|¢�`¬�Ø��½�. 3A^d`z���{éuí£ÂXÚ?1�ý©Û�Ä:þ, ±êg1�gWo� 1 Ò=¬Ǒé�Ý\��$1. A^(JL²,d`z��üÑU
²wJp CO ßÝ9uí9�,k�ü$ºÅDÄ>Å>69ÑÑõÇ, �����uí£ÂÚºÅ!U�J, �)
wÍ�²L��.
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