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TOM TAT

K¢ thuat dtlng mang neuron trong nhén dang hé thong dong du’dc dp dung trong nhleu'
lmh vuc nhu vién thong, digu khién ty dong... Bai b4o nghién citu va phat trién sg do va cdc
thuét todn huén luyén mang neuron cho bé1 todn nhian dang da néu trong tai liéu [6] v8i hé
thdng nhigu chidu va ¢6 tré AT o

1. Gidi thig¢u

Mo hinh mang neuron dugc dua ra ddu tién vao nam 1943, tir &6 d&n nay cic thuét todn
mang neuron di dugc nghién ciu, phét trié_n va ing dung vao nhi‘éu linh vire [1]-[6]. Nhiing
nghién cfu v& bai todn nhin dang diing mang neuron trong troﬁg tai liéu [6] cling da .éhfrng
minh dugc tinh wu viét cla viéc ding mang neuron d€ nhén dang

Nhén dang hé théng ddng dl‘lng mang neuron 1?1 vin de thu’c sy rét du’dc nhigu nha bac
hoc trén th& gidi quan tAm va dugc dng dung nhidu trong cdc hé théng vién thong, tu ddng va
céc h¢ thdng dong lyc .. Bai todn nhén dang trong tai liéu [6] chi d& cip d&n hé théng mot
dau vao va khong c6 tré. Trén thuc t& hé thdng nhidu dau vio va ¢6 trd thutdng rat phd biéhn,
trong bai ndy chiing ta phét trién thém bai todn nhan dang da neu trong tai héu [6] cho he
thdng nhidu chiu va c¢6 tré.

2. S Iugc vé mang neuron

C6 nhi®u loai mang neuron khc nhau nhung ching déu c6 chung mdt cdu triic co ban,
ciu tric d6 duge md td & hinh 1.
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Hinh 1: Cu triic cia myt neuron

Trang 58



TAP CHi PHAT TRIEN KHCN, TAP 4, S 588/2001

Trong d6:

X1,X2, « s ¥m 12 CdcC tm hiéu dau vao
W1, W2 5 oo wkm 12 trong sé’ lién k&t ciia neuron thit k
b 12 trong s6 thién 1&ch dau vao cﬁé neuron thi k
Xp 12 tin hiéu thién l&ch d4u vio clia neuron thi k'
0o 12 miic ngudng d‘éu vao pﬁa_neuron thit k

" (.) 12 ham kich hoat' | h
ux 1a thdng 56 tong hdp tuyén tinh dau ra .
yi la thong s& dau ra
Ciéc thong s6 uy va yy dudc tinh theo cong thic:

4 M

U =Xebo + VWi Xi

" yi'=0 (u- 6o) ]

Mang neuron ¢6, thé ¢6 nhigu 1dp, tin hiéu dau ra clia 16p nay sé& 12 tin hiéu dau vao ciia

16p kia. Ham kich hoat ¢ ciing c¢6 nhigu dang khdc nhau: tuy€n tinh ho#c phi tuyén

Trudng hgp ddu vao mang neuron 13 mét tin hiéu 14y miu rdi rac ta ¢6 thé 4p dung

mang neuron c6 thanh phén tr& nhy hinh 2. Mang nay thudc loai mang nhigu 16p.

Y+ =Y inx(k—i)

y(k+1

x(k)

x(k-1). = x(k-2) x(k-n+1) x(k-n)

Hinh 2: C4u tric mang nevron véi cdc thanh phan tré dau vio

Trudng hop tin hiéu diu ra clia mang neuron dude d4nh gid qua tip hdp tin hiéu d4u ra
dudc tinh todn hodc thu thap trong qud khi ta c6 thé diing mang neuron hdi quy nhu hinh 3

yk+1) =x(k)+2“:wiy(k—‘i)

i=0

‘Trang 59



Science & Technology I!auelupm_ant, Val. 4, No. 5&6-2001

y(k+1)
(u-)4A (14u-2L

Hinh 3: So dé mang neuron hoi quy
K&t hgp mang neuron c6 thanh phin tr& (hinh 2) va mang neuron hdi quy (hinh3) ta c6 mang
neuron ¢6 cdc thanh phin tr& dau vao va hoi quy.

3. Ap dung mang neuron € nhén dafg hé thdng dong nhiéu chiéu cé tré
Xét hé thong roi rac trong mién thdi gian duge bi€u dién:

y(k) = (5 — 1), y(k = 2)-r, y(k = 1) F 0, (K), 0, (k = 1)yerry 0y (k — m)

1y (k= ),y (k —d = 1) 1y (k= d = m,)) =

Trong d6: y(k), uy(k), ua(k) Tan lugt 12 dau ra va hai dau vao ciia hé thong tai thdi diém
rdirac k
n,m,mgq >0 12 béc cia hé thong, d 12 thdi gian tré 1<d <my
Gi4 sit hé théng dong 13 tuyén tinh thi ham f 13 tuy€n tinh. Vi vdy hé thong c6 thé dude

biéu dién duéi dang sau :

700 = Yayk =)+ by, (k= )+ byu,k-d ) @)
i=1 =0 =0

Phuong trinh (2) c6 thé viét gon lai dang sau:

y(k) = B(k-d)b (3)

Trong doé:

0 =[a,,8,,008, Dg, by b b0g, gy g 1T = (W W, Wi I 4

v8i M = n +m+mg+2

B(k N d) = [Y(k - 1)5 }'(k - 2))"-9 y(k - ﬂ) ul(k)sul(k - l)s“‘:ul(k = I’Il)’

5
‘u,k—d),u,(k-d-1),..,u,(k-d-m,)] ©)

B(k-d) = [Bi(k-d), Pa(k-d), ..., Bn(k-d)]

D& binh phuong t6i thi€u vectd tham s, 8 c6 thé dugc udc lugng dua trén dif ligu dau
vao va diu ra theo thuc nghiém, chiing ta dinh nghfa:
Yo = [y(1),¥(2), -, YOOI v2 Ona = [B(1), B2)... BAD] T (6)

Yn=0¢na O M
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vdiN=n+m+mg+2 (8)

N 1a s& thoi gian 14y miu, ddp dng duge udc lugng dya trén binh phuong t6i thidu ’
dudc dinh nghia

YAN = {nd 0 )

G = 1,00, (K08, ()15, 00, B, 00, b () By (60, By () By (O
= [W, (K), %, (K),..., Wy (K]

v§ (10)

Ta chon tiéu chuidn dénh gid t5i wu dua theo phuong phdp binh phudng t5i thiéu
(31,(5),16].

EN=%eTe - min (11)
3 diy e :sai sd

e=Yn-odng 6 (12)

Pigu kién dé t6i thiéu héa (11) 12 gradient theo § ctia Ex=0

V,Ey =07 [Yy -0yf]=0 B ¢ k)

Ta c6 danh gi4 t6i wu:

~ N ~
Oy =argmin ), (y(k) - Bk - d)b)’ (14)
k=1
6y =@ Oy Yy (15)

Khi ton tai nghich ddo ctia ma trin hé s&, phuong trinh (15) c6 thé duge gidi bing
chuong trinh d& quy va nhin dang trong thdi gian thuc. C6 thé udc lugng tham s& - tai

thdi diém N+1 dua trén tham s& @ y di dugc uéc lugng tai thdi diém N, digu nay dude biéu
dién sau:

; 5 @ D) BT(N-d +1)
Oy =0y + 2 T a7
A+ B(N-d+ D@ Dy)" f (N-d+

T [y(N +1)— B(N —d +1)8,1(16)

Trong d6 A : 1a thong s3 bé

Ta ciing c6 thé udc lugng tham s6 6 n+1 theo cdch khac nhu sau @

A

5 g . OO TV -d )
N+l T YN

@ 0 BN -d+DF

(N+1)- B(N-d +1)6,] (A7)
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Hinh 4: So dé khoi nhén dang hé théng dpng nhiéu chiéu cé tré ding mang neuron.

Gidi thuit hoc dudc biéu dién theo cong thic (16) hozic (17)
Trong trudng hop hé thdng c6 nhiéu:
z(k) = y(k) + v(k) (18)
v6i  z(k)1a d4u ra cia hé thdng tai thdi diém k khi c6 nhiéu.
y(k) dugc biéu didn theo (2) 12 diu ra cda hé thdng tai thoi diém k khi khong c6
nhiu.
509 = Pk =D+ by k- ) 43 by k—d e
= 5 pn

v(k) 12 nhidu tring phan b& Gauss, ¢6 trj trung binh bing 0 va covariance o, 12 ma tréin d6i
xing x4dc dinh khéng am.

Ev]=0;  E[w"=0% <w;
Phuong trinh (18) c6 thé viét gon lai dang sau:
2(K) = Bk-d) + V(K) (19)
Trong d6: O dudc bi€u dién theo (4)
0 =[2,,8,,8, :by,byss b gy Bigseens b 1T = [Wy, Wy Wy 1 4)
v6i M = n+m+mg+2

Bk -d) =[z(k -1) - v(k - 1), z(k — 2) - V(k - 2),...,Z(k — 1)) - v(k - 1)’

tu,(k),u, (k= 1),....u,(k—m): u,(k-d),u,(k-d-1),.,u,(k-d-m,)] )

B(k-d) = [Bi(k-d), Ba(k-d), ...., P(k-d)]
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P& binh phuong t6i thidu vectd tham s8, & c6 thé duge udc lugng dya trén dt lidu dau
vio, dau ra theo thuc nghiém, ching ta dinh nghia Yy va ®ng nhtt (6):

Yy = [y(D,Y(2), . YOOI v Dra = [B(D), BQ).. BADT T (6)
Zn = [2(1),2(2), ... ZO)IT va Vy = [v(1),%(2), ., VD] (21)
Zn=0ng 0 +VN (22)
vBiN>n+m+mg+2 8)

N 12 s& thdi gian 14y miu, ddp dng dude vdc lugng dya trén binh phuong toi thidu ]
dugc dinh nghia

Pip=Zip =i 8 23)
o 6 =[4,(K),4,(K),...4,(K)}b, (K), D, (K)o D (K) 1D (K), By (K)yevvs By (1 il
= [W,(K)s W, (K),..., Wy (O
Ta d4nh gid cdc tham sG clia hé thdng biing cdch t6i thidu héa Ex
En= %eTW'1 e — méin 24)
L} 0 0 0
a,
o L o o0
veiw=| " of (25)
0 0o : 0
3 o o
L Oy |
e:Zn—d)Ndé (26)
1 o . :
Bn= o [Zn-éna "W Zn-na 61 27
hay Ex = 1Zy - ona 6 IPw . - (28)
Didu kién dé t5i thi€u héa (27) 1a gradient theo 6 ctia Ey=0
V,Ey = WO [Zy - 0y,0] =0 29
Ta c6 d4nh gid t6i vu:
A N A -
0, = argn'%inZ(z(k)—B(k—dﬁ)z (30)
k=1 . i
By = (@7 W'dy,) "0 W'Z,, 3D
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Khi t6n tai nghich d4o céia ma trin hé s6, phuong trinh (31) ¢ thé dugc gidi bing
chudng trinh dé quy va nhén dang trong thdi gian thuc. Co6 thé wdc lugng tham s& é Ns1 tai
thoi didm N+1 dya trén tham s6 8 y da dudc wdc lugng tai thdi diém N, digu nay dugc bidu

dién sau:

~

5 4 (@] @) BT(N-d+1)
N+l T YN

T BN —d+ )@ D) BTN —d D) DT AN Ao 62

Ta cfing c6 thé udc lugng tham s§ 9 ns+1 theo cdch khdc nhu sau :

s @F ®y)" BT (N —d +1)

0., =6, + N+1)=B(N-d+1)8,1 33
N+l N O'f+(‘D1d(DNd)_l ” ﬁ(N—d'Fl)"z [Z( ) ﬂ( ) Na ( )

4. Vi du md phong

| v

u(k) y(k) z(k)
— B X / }
uy(k) Hé thong rdirac [——» +

Hinh 5
Cho hé thdng c¢6 2 dau vao nhif hinh 5.

Trong d6: U, Uq 13 tin hiéu kich thich hé théng
v 14 tin hiéu nhiéu cdng & ngo ra
y 12 tin hiéu ra khong nhi&u clia hé thong
7 13 tin hiéu ra bi nhiéu

Hé th&ng trén dugc bifu dién bdi phueng trinh sai phin sau:

z(k) = a;y(k-1) + a;y(k-2) + bu(k) + bgug(k) + v(k)

Vectd thong s clia hé théng © =[a; a; b by]

Diing Matlab 5.3 d€ m6 phdng (Phan phu luc).

Gia st hé thdng c6 vectd tham so
6 =[1.6000 -0.8000 1.2000 2.4000]
Ap dung cdng thic (32), dva trén dit [iéu dau vao hé théng 12 u, ug va dif liéu dau ra b

nhi&u duge xdc dinh theo thuc nghiém 13 z ta udc lugng dude vectd thong s 0 cda hé thong:

0 n=[1.5965 -0.7964 1.2202 2.4174] véi thdi gian 18y mau N= 2000
Hinh 6,7 trinh bay qud trinh nhin dang théng s6 aj, az, b v by . K&t quéd mo phdng cho
thay ch4t lugng nhin dang cao: sai s& nhd va hoi tu nhanh, hé thong nhin dang dang tin cdy.
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6. K&t luin

Trong bai ndy ching ta d3 4p dung mang neuron dé nhin dang cho hé théng dong
nhigu chiéu cé tré. Viéc hoan thién kj thuit tinh cia mang neuron ciing 12 mot van dé rat
quan trong, digu d6 thé hién qua thdi gian huén luyén mang. Qua céng thitc (16) ta thiy viéc
chon thong s8 bé t&i wu A 13 rit quan trong trong viéc huan luyén mang neuron, ddm bo tinh
on dinh cla qud trinh hun luyén mang, 1am cho bai todn hdi tu nhanh hay chdm quyét dinh
dén thoi gian hudn luyén. Chon A t8i ttu Aoy 12 mot van dé rdt ddng quan tAm, chiing ta s& xét

trong cdc chuong trinh huin luyén mang neuron ti€p theo.

T4c gid chin thanh cdm dn cdc thiy GS.TSKH. Nguyén Thiic Loan, TS. Duong Hoai
Nghia va TS. Nguyé&n Dinh Thic v& nhiing g¢i § khoa hoc quy giA.

IDENTIFICATION OF DYNAMIC SYSTEM
USING NEURAL NETWORK "

Vol Phuoc Nhu An

ABSTRACT

* Identification of dynamic system using Neural Network was applicated in many domains such
as control of industrial process, equalization (in digital communication systems), faut detection
... This paper describes sheme and algorithms training Neural Networks for ‘problem of
identification of dynamic system [6], plant is multi-variable and delay.
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PHU LUC

Phdn mém mé phéng diing Matlab 5.3

clear all

% Tin hieu vao u, ud va nhieu v:

N = 100;
Q= N;nu = N;nud= N;
fori=1:N,

u(i) = rand-0.5;
ud(i)= rand - 0.5;

y» = 0
v(i) = 0.1*rand - 6.05;
end

% Kiem nghiem voi he thong teta
a = poly([0.8 + j*0.4, 0.8 - j*0.4]):;

a = [-a(2)-a(3)] ;N = size(a,2);
b = [1.2] ;. m = size(b,2);
bd = [24] ; md = size(bd,2);
d =

covy = 1.1z

teta = [abbd]

tetam = [0000];

% Mo phong ngo ra y theo mo hinh biet truoc teta
for k=1:Q
t1=0;t2=0;t3=0;
fori=lm
if k-i>0
t1=tl+a(i)*y(k-1);
end
end
fori=1:m
if ((k-i+1)>0)&((k-i+1)<nu)
t2= t2+b(@)*u(k-r+1);
end
end
fori=1:md
if ((k-d-i+1)>0)&((k-d-i+1)<nud)
3= t3+bd(i)*ud(k-d-i+1);
end
end
y(k)=t14t2+t3;
end
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% Mo phong ngo ra khi co tac dong cua nhieu
Z= y+v;

% Tinh phiNd
for k=1:Q
fori=1m
if k-i>0
phi(k,i)=z(k-);  %phi(k,i)=2z(k-1)-v(k-1)
end
end
for i=n+1:n+m
if (k+n+1-1)>0 &(k+n+1-i)<nu
phi(k,i)=u(k+n+1-1);
end
end
for i=n+m+1:n+m+md
if (k-d+n+m+1-i)>0&(k-d+n+m+1-i)<nud
phi(k,i)=ud(k-d+n+m+1-1);
end
end
end

% Cac du lieu y, v, z va phi da biet, uoc luong tham so tetam
for k=1:Q-1

a = inv(phi"*phi)*(phi(k+1,1:n+m+md))’;
bk) = z(k+1)-phitk+1,1:n+m+md)*tetam’;
c(k) = covv+ phi(k+l,l:n+m+md)*a;

delta = a*b(k)/c(k);

tetam = (tetam'+delta)’;

fori=1:n , am(k,i)= tetam(i);end
fori=n+1:n+m , bm(k,1)= tetam(i);end

for i = n+m+1:n+m+md , bdm(k,i)= tetam(i);end
end
tetam
figure
time = 1:Q-1;
plot(time,am,'’k")
figure
plot(time,bm,'b’,time,bdm, ")
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k U Uy v zZ a; a b by

1 0.4620 | -0.0242 0.0175 -0.1377 0.0000 0.0000 | 0.0000 | 0.0000
2 -0.3837 0.1955 -0.0182 1.3496 0.0226 -0.0191 | 0.4626 | 0.5312
3 - 0.3295 0.2905 0.0300 2.0221 0.0434 -0.0298 | 0.6716 | 0.2732
4 0.4895 0.3698 0.0320 2.6358 0.1973 -0.1509 | 1.5084 | 0.3728
5 0.4506 0.0689 -0.0394 1.9215 0.5227 -0.3840 | 0.4794 | 0.0641
6 0.1458 | -0.2593 -0.0411 2.1691 0.7954 -0.5072 | 1.06901 0.5942
i 0.4876 0.2440 0.0046 2.0544 0.7998 -0.4396 | 0.7089 | 0.7007
8 -0.0781 0.2862 0.0310 0.9180 0.8487 -0.3699 | 0.4877 0.5157
9 0.1288 -0.1814 -0.0197 0.7443 0.8479 -0.3341 | 0.6595 0.6098
10 -0.4509 0.1021 -0.0276 0.6859 0.8005 -0.2479 | 0.6360 | 0.6410
11 0.3587 0.2536 -0.0237 -0.2216 0.9231 -0.3931 | 0.6319 0.7066
12 0.1691 0.3619 0.0341 -1.4773 0.9361 -0.4076 0.2238 i.1164
13 -0.4822 0.3048 0.0032 -1.5847 0.9649 -0.4320 | 0.3424 | (.7620
14 -0.1900 | -0.3762 -0.0421 -1.9273 0.9728 -0.4377 | 0.3788 1.0936
15 -0.1103 0.4921 -0.0347 -1.2286 0.9726 -0.4375 | 0.6029 | 0.7342
i6 0.0044 | -0.1741 0.0210 -1.56%4 0.9741 -0.4391 | 0.9688 | 0.9856
17 0.3560 | -0.3846 -0.0326 -1.9925 0.9805 -0.4446 | 1.3894 0.9830
18 0.3904 0.0155 0.0141 -2.3452 1.0039 -0.4646 | 1.4346 1.2207
19 -0.2782 0.3967 0.0160 -2.4115 1.0053 -0.4666 | 0.7195 1.5731
20 0.0672 | -0.0327 0.0486 -0.9920 1.0203 -0.4823 | 0.6722 1.2272
Z1 0.1587 -0.2753 0.0417 0.8197 1.0291 -0.4895 | 0.6399 1.3423
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U Ty v Z aj as b bs
22 0.2283 0.0009 -0.0461 1.2430 1.0294 -0.4901 | 0.4117 1.2971
23 0.2535 0.0780 0.0460 -0.0544 1.0284 -0.4877 | 0.4213 1.3184
24 0.4281 0.2568 0.0174 -2.1430 1.0314 -0.4894 | 0.7532 1.5875
25 -0.3788 0.0659 0.0053 -4.0388 1.1053 -0.5419 | 0.7381 1.9773
26 0.3268 0.3852 0.0145 -5.0624 1.1141 -0.5372 | 1.2813 1.9104 -
27 -0.3055 | -0.2638 -0.0360 -4.9262 1.1754 -0.5683 | 1.6664 1.5643
28 -0.1856 0.4354 0.0073 -5.1745 1.1660 -0.5473 | 2.0062 | 2.0407
29 -0.2777 | -0.0498 0.0054 -5.5309 1.1657 -0.5406 | 2.3227 | 2.1887
30 0.0284 | -0.2217 -0.0194 -5.2120 1.1745 -0.5523 | 2.1934 | 2.3327
31 0.1341 -0.0183 -0.0432 -5.1541 1.2167 -0.5949 |} 2.3500 | 2.3921
32 0.4803 0.1566 0.0325 -4.9082 1.2361 -0.6096 | 2.0760 - | 2.6425
33 0.3878 0.3161 -0.0181 -3.9569 1.2354 -0.6076 | 1.8107 | 2.7225
34 0.0912 0.1779 0.0204 -2.1467 1.2:782 -0.6531 | 1.8634 | 2.6448
35 0.3869 0.2448 -0.0366 -0.1568 1.3348 -0.7015 | 1.8451 2.6589
36 -0.1332 0.2535 -0.0188 0.8426 1.4185 -0.7579 | 1.8444 | 2.6889
37 -0.1445 | -0.2592 0.0109 1.1028 1.4792 -0.7799 | 1.8205 |2.7130
38 0.1204 | -0.2856 0.0129 0.4811 1.4709 -0.7480 | 1.7226 | 2.6640
39 0.1766 | -0.2941 0.0400 -0.4066 1.4585 -0.7305 | 1.6942 | 2.6501
40 10.0707 | -0.1943 -0.0176 | -0.2950 1.4834 -0.7578 | 1.6894 | 2.6347
41 0.0481 -0.2206 -0.0325 _ -1.3870 1.5110 -0.7819 | 1.5859 | 2.5654
42 0.3186 | -0.2317 0.0141 -2.5486 1.5261 -0.7915 | 1.5515 | 2.5431

Trang 70




TAP CAi PRAT TRIEN KHOA 0C CONG NGRE, TAP 4, 80 566-2001

k U g v Z a a, b by

43 -0.4030 0.1855 0.0178 -2.6770 1.5499 -0.7918 | 1.5527 | 2.5331
44 0.3276 0.3505 -0.0375 -1.8091 1.5513 -0.7847 | 1.5325 | 2.5049
45 -0.2734 0.1422 0.0385 -0.3849 1.5503 -0.7833 | 1.5346 | 2.4789
46 0.2790 | -0.3188 0.0209 -0.1790 1.5555 -0.7892 | 1.5342 | 2.4768
47 0.4902 | -0.1032 0.0292 -1.0571 1.5697 -0.8020 | 1.5228 | 2.4680
48 0.1164 | -0.1442 -0.0234 -0.8066 1.5739 -0.8047 | 1.4830 | 2.5289
49 0.1184 | -0.3117 -0.0060 -1.3216 1.5771 -0.8032 | 1.4822 | 2.5484
50 -0.4517 0.3646 0.0017 -1.0602 1.5768 -0.8024 | 1.4908 | 2.5305
51 0.4431 0.0108 -0.0280 04112 1.5740 -0.7985 | 1.4744 | 2.5051
52 0.1868 0.4446 0.0279 1.9352 1.5709 -0.7941 | 1.4524 | 2.4865
k u Uy v 7 a, ap b by

53 0.1634 0.2053 -0.0470 1.5224 1.5688 -0.7926 | 1.3675 | 2.4370
54 0.3381 | -0.0842 -0.0384 1.8175 1.5762 -0.7970 | 1.3582 | 2.4250
55 0.2054 0.3849 -0.0137 2.6098 1.5795 -0.7976 | 1.3582 | 2.4252
56 -0.1218 0.4339 0.0329 3.7940 1.5846 -0.7998 | 1.3516 | 2.4215
57 0.0180 | -0.3639 0.0434 5.1381 1.5878 -0.8007 | 1.3615 | 2.4341
58 -0.2042 | -0.3521 0.0078 5.3793 1.5878 -0.8007 | 1.3495 | 2.4386
59 0.1141 0.3680 0.0179 4.8400 1.5827 -0.7944 | 13174 | 2.4524
60 0.2484 0.3342 -0.0175 4.0189 1.5851 -0.7970 | 1.3271 | 2.4515
61 0.4668 | -0.2257 -0.0471 2.1406 1.5850 -0.7970 | 1.2516 | 2.4305

Trang 71
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k U Uy v Z ai a, b bg

62 0.1836 0.2918 0.0144 -0.1392 1.5851 -0.7874 , 1.2499 2.4295
63 0.2225 | -0.1172 0.0169 -1.6081 1.5842 -0.7966 | 1.2279 | 2.4398
64 0.2949 0.1242 -0.0491 -3.9344 1.5832 -0.7959 | 1.2384 | 2.4547
65 0.4165 0.1248 -0.0249 -6.4279 1.5877 -0.7983 | 1.2364 | 2.4489
66 0.2342 | -0.0347 -0.0294 -6.3392 1.5885 -0.7987 | 1.2362 | 2.4526
67 0.2229 | -0.4092 0.0237 -5.1707 1.5910 -0:7981 | 1.2464 | 2.4507
68 -0.3598 | -0.4784 -0.0028 -3.9536 1.5921 -0.8004 | 1.2232 | 2.4666
69 0.2521 | -0.1850 -0.0461 -2.8694 1.5949 -0.8035 | 1.2262 | 2.4591
70 -0.4445 | -0.3991 -0.0270 -2.6806 1.391% -0.8007 | 1.2034 | 24221
71 -0.4450 —0.07:35 0.0332 -0.7939 1.5926 -0.8013 | 1.1649 | 2.3702
2 -0.2777 0.3780 0.009] 1.0711 1.6013 -0.8046 | 1.1719 | 2.3749
i 0.2876 0.0905 -0.0472 0.9052 1.6018 -0.8017 | 1.1930 | 2.4059
74 0.3594 | -0.1709 0.0092 -0.0072 1.6055 -0.8084 |1.2182 23733
5 -0.3944 |  -0.4672 0.0060 0.0289 1.5993 -0.8008 | 1.2246 | 2.3589
76 0.2963 0.1508 -0.0368 -0.5494 1.5973 -0.7981 | 1.2300 | 2.3421
77 0.3428 0.2860 0.0471 -0.6879 1.6040 -0.8047. | 1.2425 2.3281
78 0.1427 0.0447 0.0189 0.3343 1.5930 -0.7957 | 1.2335 | 2.3766
79 -0.4531 0.0017 -0.0011 1.7833 1.5966 -0.7975 | 1.2349 | 2.3740
80 0.0819 | -0.3912 -0.0337 4.1389 1.5965 -0.7980 | 1.2223 | 2.3552
81 -0.0422 0.4315 0.0204 5.3925 1.5027 -0.7922 | 1.2374 | 2.3497
82 0.3701 | -0.1372 0.0371 4.8552 1.5944 -0.7946 | 1.2811 | 2.3538

Trang 72
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k 8] Uy v Z a, a, b by

83 0.0006 0.4603 0.0459 4.2895 1.5953 -0.7958 | 1.2548 | 2.3827
84 -0.0108 | -0.4618 0.0430 3.5386 1.5955 -0.7958 | 1.2621 2.3736
85 0.1587 | -0.3237 0.0145 2.1452 1.5963 -0.7967 | 1.2620 | 2.3738
86 -0.0219 0.0024 -0.0252 0.0400 1.5977 -0.7978 | 1.2571 | 2.3810
87 0.4814 0.0832 10.0256 -1.2715‘ 1.5948 -0.7963 | 1.2544 | 2.3769
88 -0.2079 | -0.4138 -0.0457 -3.2660 1.5927 -0.7925 | 1.2485 | 2.3600
89 | -0.1571| -0.4166 -0.0217 -3.0897 1.5905 -0.7924 | 1.2692 | 2.3878
90 0.1000 | -0.4452 -0.0015 -1.8200 1.5910 -0.7927 | 1.2900 | 2.3431
91 0.4780 | -0.0697 -0.0263 -1.5375 1.5952 -0.7946 | 1.2897 | 2.3317
92 0.2590 | -0.1171 -0.0001 -2.0900 1.5949 -0.7960 | 1.2813 | 2.3283
93 0.1489 | -0.4114 0.0438 -1.7859 1.5958 -0.7978 | 1.2810 2.3306
94 -0.3246 0.1974 0.0332 -2.1237 1.5951 -0.7964 | 1.2786 | 2.3281
95 -0.1634 0.2994 -0.0471 -1.7693 1.5928 -0.7933 | 1.2554 | 2.3454
96 -0.4096 0.1533 -0.0066 -0.8148 1.6007 -0.8013 | 1.2520 | 2.3495
97 0.0085 0.0421 0.0120 -0.1168 1.5998 -0.8006 | 1.2273 | 2.3566
98 0.2403 0.4384 -0.0082 0.6544 1.5986 -0.8000 | 1.1914 | 2.3561
99 -0.0273 | -0.1917 0.0441 1.4777 1.6039 -0.8033 | 1.2050 | 2.3556
100 | -0.0265| -0.3181 -0.0234 1.8593 1.6021 -0.8054 | 1.2039 |2.3558

Trang 7:'5
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