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Ñèíòåç ðîáàñòíîãî êåðóâàííÿ äëÿ
äèôåðåíöiàëüíèõ ðiâíÿíü äðóãîãî
ïîðÿäêó

Algebraic methods for interval analysis in synthesis robust controls of linear
second order di�erential systems are develop. For evaluation of solutions
of the matrix interval equations the algorithm based on the iterative
procedure of solving two algebraic equations with real coe�cients, which
are in accord with the boundary values of parameters of the investigated
system is o�ered E�ciency of method is shown on an example of rotor
systems.

Ðàçâèâàþòñÿ àëãåáðàè÷åñêèå ìåòîäû èíòåðâàëüíîãî àíàëèçà â ñèíòåçå
ðîáàñòíîãî óïðàâëåíèÿ ëèíåéíûõ äèôôåðåíöèàëüíûõ ñèñòåì âòîðî-
ãî ïîðÿäêà. Äëÿ âû÷èñëåíèÿ ðåøåíèé ìàòðè÷íûõ èíòåðâàëüíûõ óðàâ-
íåíèé ïðåäëàãàåòñÿ àëãîðèòì, îñíîâàííûé íà èòåðàöèîííîì ðåøåíèè
äâóõ ëèíåéíûõ àëãåáðàè÷åñêèõ óðàâíåíèé ñ âåùåñòâåííûìè êîýôôè-
öèåíòàìè, ñîîòâåòñòâóþùèìè ãðàíè÷íûì çíà÷åíèÿì ïàðàìåòðîâ èñ-
ñëåäóåìîé ñèñòåìû. Ýôôåêòèâíîñòü ìåòîäà äåìîíñòðèðóþòñÿ íà ïðè-
ìåðå ðîòîðíîé ñèñòåìû.

1. Âñòóï. Â ñó÷àñíèõ ïðèêëàäíèõ äîñëiäæåííÿõ âèíèêàþòü çàäà-
÷i àíàëiçó òà ñèíòåçó çàäàíèõ ñiìåéñòâ äèíàìi÷íèõ ñèñòåì, ÿêi îïèñó-
þòüñÿ äèôåðåíöiàëüíèìè ðiâíÿííÿìè ç íåâèçíà÷åíèìè ïàðàìåòðàìè
(äèâ., íàïðèêëàä, [1, 2, 3]). Ñèíòåç ñèñòåì âiäíîñíî ìíîæèí ïàðà-
ìåòðè÷íî¨ íåâèçíà÷åíîñòi áóäåìî íàçèâàòè ðîáàñòíèì. Íàïðèêëàä,
çàäà÷à ñèíòåçó ðîáàñòíîãî êåðóâàííÿ äèíàìi÷íèõ ñèñòåì âèãëÿäó [4]

ẋ = Ãx + B̃u, x(0) = x0, (1)
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äå Ã ∈Mn,n, B̃ ∈Mn,m, ïîëÿãà¹ ó âiäøóêàííi ìíîæèíè ðåãóëÿòîðiâ

u = −R−1B̃T X̃x, (2)

ÿêi çàáåçïå÷óþòü îïòèìàëüíó ñòàáiëiçàöiþ ñèñòåìè (1) ç êâàäðàòè÷-
íèì êðèòåði¹ì ÿêîñòi

J̃(x, u) =
∫ ∞

0

(xT Q̃x + uT Ru)dt, (3)

0 ≤ Q̃ = Q̃T ∈Mn,n, 0 < R ∈ Rm×m, J̃ ∈M1,1.
Â ÿêîñòi ìíîæèí ïàðàìåòðè÷íî¨ íåâèçíà÷åíîñòi Mn,n ñèñòåìè

êëàñó ñèñòåì (1) âèêîðèñòîâóþòüñÿ ìíîæèíà ìàòðèöü, åëåìåíòàìè
ÿêèõ ¹ äiéñíi iíòåðâàëè:

Mn,n = {M ∈ Rn×n : M ≤ M ≤ M}.

Ðîáîòà ïðèñâÿ÷åíà ñèíòåçó êåðóâàííÿ, ÿêå çàáåçïå÷ó¹ ðîáàñòíó
ñòiéêiñòü i ðîáàñòíó ÿêiñòü ïî âiäíîøåííþ äî ïàðàìåòðiâ íåâèçíà÷å-
íîñòi, äëÿ äèôåðíöiàëüíèõ ñèñòåì äðóãîãî ïîðÿäêó

M̃ q̈ + (D̃ + G̃)q̇ + (P̃ + S̃)q = f(q, q̇, t), t ≥ 0, (4)

äå q, q̇ ∈ Rn � âåêòîðè óçàãàëüíåíèõ êîîðäèíàò òà øâèäêîñòåé,
M̃, D̃, G̃, P̃ , S̃ ∈ Mn,n � íåçàëåæíi âiä ÷àñó ìàòðè÷íi êîåôiöi¹íòè.
Â ìîäåëÿõ ìåõàíiêè ìàòðèöÿ M̃ = M̃T õàðàêòåðèçó¹ iíåðöiéíi âëà-
ñòèâîñòi ñèñòåìè, D̃ = D̃T � ìàòðèöÿ äèñèïàòèâíèõ ñèë, G̃ = −G̃T �
ìàòðèöÿ ãiðîñêîïi÷íèõ ñèë, P̃ = P̃T � ìàòðèöÿ ïîòåíöiàëüíèõ ñèë,
S̃ = −S̃T � ìàòðèöÿ íåêîíñåðâàòèâíèõ ñèë, à ôóíêöiÿ f îïèñó¹ âïëèâ
çîâíiøíiõ ñèë íà äèíàìiêó ñèñòåìè (äèâ., íàïðèêëàä, [5]).

Äëÿ çíàõîäæåííÿ ïàðàìåòðiâ ðîáàñòíîãî ðåãóëÿòîðà âèêîðè-
ñòîâó¹òüñÿ ìåòîäèêà ïîáóäîâè îöiíîê (âíóòðiøíiõ àáî çîâíiøíiõ)
îá'¹äíàíî¨ ìíîæèíè ðîçâ'ÿçêiâ iíòåðâàëüíîãî ðiâíÿííÿ Ðiêêàòi. Äëÿ
ðîçâ'ÿçóâàííÿ òàêîãî ðiâíÿííÿ çàñòîñîâó¹òüñÿ iíòåðâàëüíèé iòåðàöié-
íèé ïðîöåñ, íà êîæíîìó êðîöi ÿêîãî ðîçâ'ÿçó¹òüñÿ iíòåðâàëüíå ìàò-
ðè÷íå ðiâíÿííÿ òèïó Ëÿïóíîâà.

2. Ïîñòàíîâêà çàäà÷i. Äëÿ ïðîñòîòè çàïèøåìî ìîäåëü êåðîâàíî¨
ñèñòåìè (4) ó âèãëÿäi

q̈ + L̃q̇ + Ñq = F̃ u, (5)
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äå q ∈ Rn, u ∈ Rm, L̃ = D̃ + G̃, Ñ = P̃ + S̃ ∈ Mn,n, F̃ ∈ Mn,m,
f(q, q̇, t) = F̃ u, u � âåêòîð êåðóâàííÿ.

Ïîêëàäàþ÷è x =
[

q
q̇

]
∈ R2n, ïåðåïèøåìî ñèñòåìó (5) ó âèãëÿäi

(1), äå

Ã =
[

0 I

−Ñ −L̃

]
∈M2n,2n, B̃ =

[
0
F̃

]
∈M2n,m. (6)

Íåõàé â (3)

Q̃ =

[
Q̃1 Q̃2

Q̃T
2 Q̃3

]
≥ 0, R > 0, (7)

Q̃1, Q̃2, Q̃3 ∈Mn,n, R ∈ Rm,m. Òîäi ïàðàìåòðè ñòàáiëiçóþ÷îãî ðîáàñò-
íîãî ðåãóëÿòîðà (2) ç êâàäðàòè÷íèì êðèòåði¹ì ÿêîñòi (3) äëÿ ñèñòåìè
(1) âèçíà÷àþòüñÿ iíòåðâàëüíîþ ìàòðèöåþ X̃ ∈ M2n,2n, ÿêà ïîâèííà
áóòè ñèìåòðè÷íèì äîäàòíî âèçíà÷åíèì ðîçâ'ÿçêîì iíòåðâàëüíîãî ðiâ-
íÿííÿ Ðiêêàòi

ÃT X̃ + X̃Ã− X̃K̃X̃ + Q̃ = 0, K̃ = B̃R−1B̃T . (8)

Òóò i äàëi ïiä iíòåðâàëüíèì ìàòðè÷íèì ðiâíÿííÿì (8) áóäåìî ðî-
çóìiòè ñóêóïíiñòü âñiõ òî÷êîâèõ ðiâíÿíü

AT X + XA−XKX + Q = 0, (9)

äå A ∈ Ã,K ∈ K̃, Q ∈ Q̃.
Ìíîæèíó ñèìåòðè÷íèõ äîäàòíî âèçíà÷åíèõ ìàòðèöü X, ÿêi çà-

äîâîëüíÿþòü ðiâíÿííÿ (9), áóäåìî íàçèâàòè îá'¹äíàíîþ ìíîæèíîþ
ðîçâ'ÿçêiâ (X̃) iíòåðâàëüíîãî ìàòðè÷íîãî ðiâíÿííÿ (8). Äëÿ ñèíòå-
çó êåðóâàííÿ ñèñòåìè (5) ïîòðiáíî çíàéòè çîâíiøíi îöiíêè îá'¹äíàíî¨
ìíîæèíè ðîçâ'ÿçêiâ, ùî ïðèâîäèòü äî ìíîæèíè áiëüø ïðîñòî¨ ñòðóê-
òóðè, ÿêà ìiñòèòü ìíîæèíó X̃. Òîáòî, ñòàâèòüñÿ çàäà÷à çíàéòè ií-
òåðâàëüíó ìàòðèöþ X̃ext = [Xext; Xext], ÿêà âêëþ÷à¹ îá'¹äíàíó ìíî-
æèíó ðîçâ'ÿçêiâ X̃ iíòåðâàëüíîãî ðiâíÿííÿ (8). Çîâíiøíi îöiíêè X̃ext

i êåðóâàííÿ u = −R−1B̃T X̃extx çàáåçïå÷óþòü ñòiéêiñòü áiëüø "øè-
ðîêî¨"ìíîæèíè ñèñòåì Ãext ⊇ Ã, B̃ext ⊇ B̃, îñêiëüêè îöiíêà X̃ext

ìiñòèòü äîäàòêîâi ðîçâ'ÿçêè ïî âiäíîøåííþ äî ìíîæèíè X̃.
3. Ìåòîä ðîçâ'ÿçóâàííÿ. Íåõàé ïàðè ìàòðèöü (A, B), (A,B),

êåðîâàíi. Âiäîìî [4], ùî çîâíiøíÿ îöiíêà X̃ext îá'¹äíàíî¨ ìíîæèíè
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ðîçâ'ÿçêiâ iíòåðâàëüíîãî ðiâíÿííÿ (8) äîðiâíþ¹ ãðàíèöi:

X̃ext = lim
k→∞

X̃ext(k),

äå lim
k→∞

X̃ext(k) âèçíà÷à¹òüñÿ ÷åðåç ãðàíèöi ìàòðèöü ç äiéñíèìè åëå-
ìåíòàìè

lim
k→∞

X̃ext(k)
def
=

[
lim

k→∞
Xext(k), lim

k→∞
Xext(k)

]
.

Ìàòðèöi Xext(k), Xext(k) ¹ ðîçâ'ÿçêàìè ëiíiéíèõ ìàòðè÷íèõ ðiâíÿíü:
[
A−KXext(k)

]T
Xext(k + 1) + Xext(k + 1)

[
A−KXext(k)

]
=

= − [
Q + Xext(k)KXext(k)

]
,

(10)

[
A−KXext(k)

]T
Xext(k + 1) + Xext(k + 1)

[
A−KXext(k)

]
=

= − [
Q + Xext(k)KXext(k)

]
.

(11)

Íåõàé ìà¹ìî áëî÷íå ðîçáèòòÿ ìàòðèöi

X̃ext =

[
X̃1 X̃2

X̃T
2 X̃3

]
, X̃1, X̃2, X̃3 ∈Mn,n. (12)

Âðàõîâóþ÷è ñòðóêòóðó ìàòðèöü â (6), (7) òà (12), ïiäñòàâèìî ìàò-
ðèöi A, B, Q òà Xext(k) ó ðiâíÿííÿ (10). Òîäi îòðèìà¹ìî

([
0 I
−N −L

]
−

[
0 0

0 FR−1F
T

] [
X1(k) X2(k)
XT

2 (k) X3(k)

])T[
X1(k + 1) X2(k + 1)
XT

2 (k + 1) X3(k + 1)

]
+

+

[
X1(k + 1) X2(k + 1)
XT

2 (k + 1) X3(k + 1)

] ([
0 I
−N −L

]
−

[
0 0

0 FR−1F
T

] [
X1(k) X2(k)
XT

2 (k) X3(k)

])
=

= −
([

Q̃1 Q̃2

Q̃T
2 Q̃3

]
+

[
X1(k) X2(k)
XT

2 (k) X3(k)

] [
0 0

0 FR−1F
T

] [
X1(k) X2(k)
XT

2 (k) X3(k)

])

Â ðîçãîðíóòîìó âèãëÿäi îñòàíí¹ ðiâíÿííÿ íàáóâà¹ âèãëÿäó
(
N + FR−1F

T
XT

2 (k)
)T

XT
2 (k+1)+X2(k+1)

(
N + FR−1F

T
XT

2 (k)
)
=

= Q
1

+ X2(k)FR−1F
T
XT

2 (k),

(13)
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(
N + FR−1F

T
XT

2 (k)
)T

X3(k + 1)−X1(k + 1)+

+X2(k + 1)
(
N + FR−1F

T
X3(k)

)
= Q

2
+ X2(k)FR−1F

T
X3(k),

(14)

(
L + FR−1F

T
X3(k)

)T

X3(k + 1)−X2(k + 1)−XT
2 (k + 1)+

+X3(k + 1)
(
L + FR−1F

T
X3(k)

)
= Q

3
+ X3(k)FR−1F

T
X3(k).

(15)

Âèðàç (2) äëÿ ìíîæèíè ðåãóëÿòîðiâ, âðàõîâóþ÷è áëî÷íèé âèãëÿä
B̃ òà X̃, áóäå òàêèì:

u = −R−1F̃T
[
X̃T

2 , X̃3

]
x. (16)

Ç îñòàííüîãî ñïiââiäíîøåííÿ âèïëèâà¹, ùî ñèíòåç îïòèìàëüíîãî
ðîáàñòíîãî êåðóâàííÿ, ÿêå çàáåçïå÷ó¹ ðîáàñòíó ñòiéêiñòü äëÿ ñèñòåìè
(4) áóäó¹òüñÿ çà äîïîìîãîþ ëèøå îöiíî÷íèõ ìàòðèöü X2, X3 òà X2,
X3. Ìàòðèöi X2 òà X3 çíàõîäÿòüñÿ âiäïîâiäíî ç (13) òà (15).

Ðiâíÿííÿ (13) äëÿ X̃2(k + 1) ÿâëÿ¹ ñîáîþ ðiâíÿííÿ òèïó Ëÿïóíî-
âà, àëå äëÿ íå îáîâ'ÿçêîâî ñèìåòðè÷íî¨ ìàòðèöi X̃2(k + 1). Ìàòðè÷íå
ðiâíÿííÿ (15) ¹ ðiâíÿííÿì Ëÿïóíîâà äëÿ ñèìåòðè÷íî¨ äîäàòíî âèçíà-
÷åíî¨ ìàòðèöi X̃3(k + 1), ÿêå ìîæíà ðîçâ'ÿçàòè ïiñëÿ çíàõîäæåííÿ
ìàòðèöi X̃2(k + 1).

Ââåäåìî ïîçíà÷åííÿ

V = N + FR−1F
T
XT

2 (k), W = Q
1

+ X2(k)FR−1F
T
XT

2 (k)

i íåõàé W > 0. Òîäi ç ðiâíÿííÿ (13) âèïëèâà¹

V T XT
2 (k + 1) + X2(k + 1)V = W. (17)

Ðîçâ'ÿçîê ðiâíÿííÿ (17) ìîæíà ïîäàòè ó âèãëÿäi [6]

X2(k + 1) = W (V + U H)−1,

äå ñèìåòðè÷íi äîäàòíî âèçíà÷åíi ìàòðèöi U òà H çíàõîäÿòüñÿ ç ðiâ-
íÿíü

U U = V W−1V T , H H = W.

Îòæå, äëÿ îñòàòî÷íî¨ ïîáóäîâè íèæíiõ îöiíîê X2, X3 îïòèìàëü-
íîãî ðîáàñòíîãî êåðóâàííÿ (16) äîñèòü ðîçâ'ÿçàòè òàêå ðiâíÿííÿ Ëÿ-
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ïóíîâà:
(
L + FR−1F

T
X3(k)

)T

X3(k + 1) + X3(k + 1)
(
L + FR−1F

T
X3(k)

)
=

= W (V + U H)−1 + (V + U H)−T W + Q
3

+ X3(k)FR−1F
T
X3(k).

(18)
Çáiæíiñòü ïîñëiäîâíîñòåé {X2(k)} òà {X3(k)} âèïëèâà¹ ç iñíóâàí-

íÿ ãðàíèöi lim
k→∞

Xext(k) = Xext.

Çà àíàëîãi¹þ âåðõíi îöiíêè X2, X3 çíàõîäÿòüñÿ ç ðiâíÿíü

X2(k + 1) = W (V + U H)−1,

(
L + FR−1FT X3(k)

)T
X3(k + 1) + X3(k + 1)

(
L + FR−1FT X3(k)

)
=

= W (V + U H)−1 + (V + U H)−T W + Q3 + X3(k)FR−1FT X3(k),
(19)

äå

V = N + FR−1FT X
T

2 (k), W = Q1 + X2(k)FR−1FT X
T

2 (k),

à U òà H � ñèìåòðè÷íi äîäàòíî âèçíà÷åíi ìàòðèöi, ÿêi çíàõîäÿòüñÿ
ç ðiâíÿíü

U U = V W
−1

V
T
, H H = W.

4. Ïîáóäîâà ðîáàñòíîãî êåðóâàííÿ ðîòîðíî¨ ñèñòåìè. Ðîç-
ãëÿíåìî êåðîâàíó ðîòîðíó ñèñòåìó, ùî îïèñó¹òüñÿ äèôåðåíöiàëüíèì
ðiâíÿííÿì

Mẍ + (D + iG)ẋ + (P + iS)x = Fu, x =
[

x1

x2

]
(20)

ç ìàòðè÷íèìè êîåôiöi¹íòàìè [7]

M =
[

m 0
0 s

]
, D =

[
d −p
−p p + h

]
,

P =
[

k −k
−k k + r

]
, S =

[
ω p −ω p
−ω p ω p

]
,

äå x1 i x2 õàðàêòåðèçóþòü çìiùåííÿ öåíòðiâ âiäïîâiäíî ãîëîâíî¨ ìàñè
m i äîäàòêîâî¨ ìàñè s, h i r � âiäïîâiäíî äåìïôóâàííÿ òà êîåôiöi¹íò
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Ðèñ. 1: Ðîòîð Ëàâàëÿ.

ïðóæíîñòi íà îïîðàõ. k > 0 � êîåôiöi¹íò ïðóæíîñòi, ω � êóòîâà
øâèäêiñòü îáåðòàííÿ ðîòîðà, ùî ïîðîäæó¹ ãiðîñêîïi÷íó ñèëó ωg, p i
q � âiäïîâiäíî âíóòðiøí¹ i çîâíiøí¹ äåìïôóâàííÿ, d = p + q > 0. Öÿ
ìîäåëü ðîòîðà ñõåìàòè÷íî çîáðàæåíà íà ðèñ. 1.

Ïîìíîæèìî êîìïëåêñíó ñèñòåìó (20) çëiâà íà ìàòðèöþ M−1 i çâå-
äåìî ¨¨ äî âèäó (5) ç äiéñíèìè êîåôiöi¹íòàìè

L̃ =
[

M−1D −M−1G
M−1G M−1D

]
, Ñ =

[
M−1P −M−1S
M−1S M−1P

]
, F̃ =

[
M−1F

O

]
,

äå q = [x O]T , O = [0 0]T .
Ïîáóäó¹ìî ðîáàñòíå êåðóâàííÿ ïðè çìiííèõ ïàðàìåòðàõ k ∈

[100; 150], ω ∈ [0, 20] i ôiêñîâàíèõ çíà÷åííÿõ iíøèõ ïàðàìåòðiâ m = 1,
s = 0.1, p = 1, q = 5, h = 10, r = 400, ïðè÷îìó, ãiðîñêîïi÷íi ñèëè
íå âðàõîâóþòüñÿ (G=0). Â ðîáîòi [8] áóëî ïîêàçàíî, ùî äàíèé ðîòîð
ìîæíà ñòàáiëiçóâàòè çà äîïîìîãîþ êåðóâàííÿ, ÿêå âïëèâà¹ ëèøå íà
ðóõ ïðè¹äíàíî¨ ìàñè s. Òîìó äëÿ ïðîâåäåííÿ ðîçðàõóíêiâ ïîêëàäåìî

[
0
1

]
≤ F ≤

[
0
4

]
.

Íåõàé [
2 1
1 1

]
≤ {Q1, Q3} ≤

[
4 2
2 2

]
, R = 1.

Îñêiëüêè, ïðè ïåðåõîäi âiä êîìïëåêñíî¨ ñèñòåìè äî äiéñíî¨ ¨¨ ðîç-
ìiðíiñòü çáiëüøèëàñÿ ó äâi÷i, òî â (18) òà (19) íåâiäîìi îöiíî÷íi ìàò-
ðèöi ïîäàìî ó áëî÷íî�äiàãîíàëüíîìó âèãëÿäi:
[

X2(k) O
O X2(k)

]
,

[
X3(k) O

O X3(k)

]
,

[
X2(k) O

O X2(k)

]
,

[
X3(k) O

O X3(k)

]
.
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Â öüîìó âèïàäêó, ðîçâ'ÿçàâøè iòåðàöiéíi ðiâíÿííÿ (18), (19), îò-
ðèìà¹ìî íàñòóïíi îá'¹äíàíi ìíîæèíè ðîçâ'ÿçêiâ:
[

0.013991674 0.000399294
0.006281753 0.000225626

]
≤ X2 ≤

[
0.021586589 0.000801214
0.009887372 0.000448765

]
,

[
0.172395292 0.009936108
0.009936108 0.004491140

]
≤ X3 ≤

[
0.368438230 0.021138449
0.021138449 0.009248278

]
.

Ðåçóëüòàòè iòåðàöiéíîãî ïðîöåñó ïîäàíî â òàáëèöÿõ 1, 2.

Òàáëèöÿ 1: Íèæíi îöiíêè X2(k), X3(k) äëÿ ãðàíè÷íèõ çíà÷åíü ïàðà-
ìåòðiâ ω = 0, k = 100

X2(k), (ω = 0, k = 100) X3(k), (ω = 0, k = 100)

k x11 x12 x21 x22 x11 x12 x21 x22

0 1.0000 1.0000 1.0000 1.0000 2.0000 1.0000 1.0000 1.0000
1 6.6689 0.2235 6.6000 0.2212 1.1835 0.5035 0.5035 0.4685
2 0.5223 0.0175 0.4908 0.0165 0.8777 0.2502 0.2502 0.2051
3 0.0175 0.0005 0.0091 0.0003 0.7102 0.1199 0.1199 0.0782
4 0.0139 0.0003 0.0062 0.0002 0.5358 0.0512 0.0512 0.0231
5 0.0139 0.0003 0.0062 0.0002 0.3035 0.0179 0.0179 0.0064
6 0.0139 0.0003 0.0062 0.0002 0.1801 0.0101 0.0101 0.0045
7 0.0139 0.0003 0.0062 0.0002 0.1724 0.0099 0.0099 0.0044
8 0.0139 0.0003 0.0062 0.0002 0.1723 0.0099 0.0099 0.0044

Òàáëèöÿ 2: Âåðõíi îöiíêè X2(k), X3(k) äëÿ ãðàíè÷íèõ çíà÷åíü ïàðà-
ìåòðiâ ω = 20, k = 150

X2(k), (ω = 20, k = 150) X3(k), (ω = 20, k = 150)

k x11 x12 x21 x22 x11 x12 x21 x22

0 1.0000 1.0000 1.0000 1.0000 2.0000 1.0000 1.0000 1.0000
1 0.5870 0.0251 0.5489 0.0236 2.9654 0.3866 0.3866 0.2448
2 0.0219 0.0008 0.0101 0.0004 1.1817 0.0839 0.0839 0.0303
3 0.0215 0.0008 0.0098 0.0004 0.4016 0.0225 0.0225 0.0094
4 0.0215 0.0008 0.0098 0.0004 0.3684 0.0211 0.0211 0.0092
5 0.0215 0.0008 0.0098 0.0004 0.3684 0.0211 0.0211 0.0092
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