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PHAN 11CH SU CO HE THONG LO HOI DUA TREN
he thOng chuyEn Gia mo* va mang no-ron■ ■
LE...DINH.HlEU,LE.HOAIANH,NGO.XUANCUO’NG

TOM TAT
Bai bao trlnh bay van de chan doan su co he thong lo hoi dua vao cac dau hieu su co trong co sd dU lieu 

van hanh theo thdi gian thuc. Ap dung che' do chan doan song song cua suy luan md va mang no-ron de toi 
uu hoa ket qua chan doan su co. Bai bao dua ra ket qua che do chan doan song song cua suy luan md va mang 
no-ron cho chat luong tot nhat ve do chmh xac vdi thdi gian tmh toan khoang 14-37 giay.

TO khoa: He thong lo hoi; chan doan su co lo hoi; suy luan md; mang no-ron, mang no-ron BP.

1. MO DAU
Lo hoi la thiet bi quan trong, co the noi la trai tim cua 

nha may dien, thuc hien qua trlnh dot chay nhien lieu, sinh 
nhiet, toa va giU nhiet trong buong lda, dong thdi truyen 
nhiet luong cho nudc va hoi ben trong vach cac ong, cac 
ong nudc nhan nhiet, soi va boc hoi trong bao hoi. Lo hoi 
lam nhiem vu chuyen hoa nang luong, bien nang luong 
cua nhien lieu thanh nhiet nang cua dong hoi. Van hanh 
lo hoi an toan, thiet bi lam viec tin cay, bao dam dat duoc 
chi tieu kinh te va an toan cao nhat la uu tien hang dau 
cua ban quan ly nha may dien. Theo doi va quan ly thdi 
gian thuc, chmh xac tlnh trang van hanh lo hoi, chan doan 
chmh xac cac su co cua lo, ngan ngda su co lan rong va 
tham chi' la tai nan ldn [1]. Co che' suy luan va chan doan 
md [2] tren quy tac nhanh chong xac dinh su co dua vao 
thu vien mau su co va cac quy tac suy luan. Viec tao ra va 
dieu chinh tu dong cac ham lien thuoc, quy tac suy luan 

dua vao kinh nghiem cua chuyen gia va thieu kha nang tu 
hoc [3]. Rat kho de thoat khoi su co trong chan doan su co. 
Tmh ngau nhien va mang no-ron co kha nang tu hoc tot, 
co the hoc hoi, bo sung nhUng kien thdc chua biet de bu 
dap cho nhUng quy luat md con thieu [4]. Su ket hop hUu 
co cua ca hai khong chi phat huy uu diem ma con bu dap 
nhUng khuye't diem cua chmh chung [5, 6].

2. PHAN TICH QUA TRINH LAM VIEC VA DAC 
DIEM SU CO HE THONG LO HOI

Boi vdi nha may nhiet dien, thiet bi sinh hoi la lo hoi, 
trong do bao hoi la thiet bi chda nudc va hoi. Lo hoi sinh 
nhiet lam nudc trong bao hoi chuyen thanh hoi theo ong 
dan duoc dua den tuabin lam quay tuabin phat dien.

Be thuc hien suy luan md, ta can thanh lap nen tang 
kien thdc thuan loi cho viec tlm kiem va so sanh trong suy 
luan md. Bang 1 tom tat cac su co dien hlnh, cac nguyen 
nhan gay hu hong cua lo hoi.

Bang 1. Cac su co dien hinh cua Lo ho’i

STT Loai hong hoc (nguyen nhan) Trudng hop sU co (hien tuong)

E, Thieu nudc cung cap vao lo
Luu luong nudc cap giam xuong nhanh, ap suat nudc cap giam thap, muc 
nudc cap vao lo giam xuong con ap suat, nhiet do hoi tang len.

E2
Lo day nudc/Bo giam on bi ro 
nudc

Luu luong nudc cap ldn hon luu luong hoi rat nhieu, nhiet do hoi giam thap, 
trong dudng ong hoi co nudc xung kfch.

E3
Soda hoa (sui bot bong) trong 
bao hoi

Muc nudc dao dong, nhiet do hoi xuong thap neu nghiem trong thl co hien 
tuong xung kich trong dudng hoi, hoi co ham luong muoi ldn.

E4 Bua nudc Budng ong bi rung giat, phat ra am thanh va cham ben trong dudng ong.
E5 Nhiet do hoi tang cao Phat ra tm hieu, dong thdi co mui khet d dudng ong hoi.

E6 Su co tat lda lo
Ap suat am buong lda dao dong khoang cach ldn, luu luong hoi va ap suat hoi 
bong tut xuong, nhiet do hoi dot ngot tang trong choc lat sau do giam xuong.

E7 Lo luyen coc hong Nhiet do khthai tang, toc do quat gio vao tang, nhiet do lo tang.

E8 Bo qua nhiet bi hong
Buong lda dao dong, ap suat hoi giam thap, nhiet do dudng khoi sau bo qua 
nhiet va khoi thoat giam thap, luu luong nudc cap nhieu hon luu luong hoi, 
khoi d ong khoi co mau trang & dong dien quat gio ldn.

E9 Ong sinh hoi bi no

Ap suat va nhiet do hoi giam, trong buong lda co tieng keu khac thudng, d 
nhUng cho khong km cua buong lda co hoi nudc va khoi phun ra, ap suat 
buong lda dao dong, qua trlnh dot chay khong on dinh. Nhiet do dudng khoi 
giam, luu luong nudc ldn hon luu luong hoi.
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TO bang 1, ta ap dung quy tac md IF... THEN ... dang cau: 
IF ten thanh phan AND ten sU co THEN ly do sU co AND 

do tin cay Z .
He thong lo hoi duoc cau tao bdi nhieu he thong con va 

moi he thong con chUa nhieu tap hop con thiet bi. Do do, 
co nhieu nguyen nhan dan den sU co cua he thong lo hoi, co 
nhieu thong so can duoc theo doi trong qua trinh lam viec. 
Qua trinh tmh toan mUc do can xem xet trong qua trinh ly 
luan. Bang cach nhap gia tri theo thdi gian thUc, thu duoc 
luong md theo mUc do cac thanh phan md hoa.

3. CHAN DOAN VA PHAN TCCH Stf CO HE 
THONG LO HOI

Trong lo hoi, cac sU co nghiem trong nhu: thieu nudc, 
day nudc, nhiet do hoi tang qua cao, chUa chay lo va cac 
sU co chung bao gom luyen coc, bua nudc, dong phat thai 
hoi nudc va nudc, vd bo qua nhiet d nhiet do cao va hong 
bo gia nhiet so bo.

3.1. Phan tich chan doan sU co he thong lo hoi dUa 
tren suy luan md

Suy luan md duoc goi la suy luan gan dung, do la qua 
trinh suy luan dua ra ket luan TO mot tap hop cac quy tac 
IF - THEN md va cac dU kien da biet. Cau truc cua he thong 
suy luan md trong he thong gom ba thanh phan quan 
trong: thu vien luat, thu vien ham lien thuoc, suy luan md:

IF luu luong nudc cap > luu luong hoi bat thudng THEN 
sU co nudc day bao hoi CF = 0.85 .

Quy tac chu yeu duoc xac dinh bdi hinh thUc: tien thUc 
va hai hinh thUc cua tien thUc:

a) Tham so + luong md, trong do luong md bao gom: 
tang, giam, tang tUc thi, giam tUc thdi, v.v.

b) Tham so 1 + luong so sanh md + tham so 2, trong do 
luong md so sanh bao gom: ldn hon, ldn hon bat thudng, 
nho hon, nho hon bat thudng, v.v.

3.2. Cac nguyen tac co ban cua suy luan md phan 
tich sU co he thong lo hoi

Gia sU co m loai dau hieu sU co co the xay ra, chung 
duoc goi la a, a,... am, co n nguyen nhan sU co co the xay 
ra la p, p,... Pn . Vec to trieu chUng sU co: X= (^a, /Ja2... 
)j.mn) v&\)j.aJ(i = 1,2,...m) la mUc do cua doi tuong chan doan 
vdi cac trieu chUng sU co a1. Gia tri so cua no phan anh 
mUc do ro rang cua cac trieu chUng sU co va vec to md

cua nguyen nhan sU co Y=(^p,ip2... ypn), trong do (j = 
1,2,...n) la mUc do cua sU co Pj cua doi tuong chan doan. Bo 
ldn gia tri phan anh kha nang nguyen nhan sU co. Y va X co 
moi quan he md nhu sau: Y = XR.

R la ma tran chan doan md, mo ta moi quan he giUa cac 
trieu chUng sU co va nguyen nhan:

_ R11 R12 " • R1n ' (1)

R=
R21

R22 • • R2n

_ Rm1
Rm2 • Rmn _

Cac ham lien thuoc duoc su dung de mo ta cac bien 
md nhu: tang, giam, ldn hon va vuot bat thudng trong he 
thong:

Tang len:

0;
a( -- = i/(i+(—))2;

ei< 0
Z > et> 0

(2)

1 ; -> <Z

e(t): Bai dien cho luong thay doi; Z Gia tri gidi han cua 
thay doi.

Giam xuong:

(-) =
0;

Z /(1 + (—))2;
1;

ei > 0
- - 0 

ei >z

(3)

ei(t): Bai dien cho luong thay doi; Z: Gia tri gidi han cua 
thay doi

Ldn hon bat thudng:
T 0 ; r> < i (4)

(', 1) j1 - exP (-(O -j2 r>> 2 (2°2)) ; 2 - i

r.r: tuong Ung gia tri cua tham so tai cung mot thdi 
diem; o : Gia tri lien quan den tham so.

Vuot qua gia tri cho phep:

r o;
^°ver(r‘>rj 1 j1 -exP(-((r -Z')/r)2/(2.°2));

(5)

Bang 2. Cac su co thud’ng gap cua he thong lo hoi va bieu dien vec to
Lo day 

nudc/Bo 
giam on bi 

ro nudc

Thieu nudc 
cung cap 

vao lo

Soda hoa (sui 
bot bong) trong 

bao hoi
Bua nudc

Nhiet do 
hoi tang 

cao

SU co tat 
lua cua lo

Lo luyen 
coc bi 
hong

Bo qua 
nhiet bi 
hong

Ong sinh 
hoi bi no

Bang 3. Cac nguyen nhan su co pho bien he thong lo hoi va bieu dien vec to

Nhiet do 
hoi giam

Nhiet do 
hoi tang

Dong nudc 
cap <dong 
hoi

Nhiet do 
hoi qua 
cao

Lo tang ap 
suat am

Tang toc 
do quat 
gio

Tang nhiet 
do khf thai

Dong dien 
quat gio 
ldn

Ap suat 
gio may 
thoi rat 
thap
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r,r: gia tri cua tham so tai cung mot thdi diem;o : Gia tri 
tham so ldn hon bat thudng.

Cac tham so duoc sU dung trong cac ham lien thuoc 
nay chu ye'u duoc rut ra tU kinh nghiem. Boi vdi cac tham 
so khac nhau, cac gia tri tham so duoc sU dung trong ham 
lien thuoc cung khac nhau.

3.3. Xay dtfng ma tran chan doan md
Ma tran chan doan md R cua he thong xac dinh cu the 

bang ket hop giUa thong ke dU lieu va kinh nghiem cua 
chuyen gia, the hien trong hinh 1.

______ -__ ___—____ s___ -____ -____ _ Trong so: wj
Thu thap lir du li£u thong kc ina Iran S | <

■----------------------------- -------------------- —. I rong sd: w2
I Kinh nghiem cua chuyen gia. Ma tran E I

Chan doan Mir 
Ma tr$n syr cd R

Hinh 1. Ma tran chan doan md R dua vao thong ke dtf 
lieu va kinh nghiem cua chuyen gia.

Cac phan tU cua ma tran thanh vien Sij tU dU lieu thong
(6)ke: S= n/ N ij (ij ) sum(ij )

n(ij): So lan trieu chUng thU i do nguyen nhan thU j; 
N : Tong so lan xuat hien dau hieu thU i.sum(ij)

Theo thong ke dU lieu dai han, ta xay ddng dU lieu 
thong ke de co duoc ma tran Sij tU (6) [7]:

’ 0,5 0 0,61 0 0 0,2 0 0 0
0 0,42 0,21 0 0 0 0 0 0

0,2 0 0 0,4 0,1 0 0 0 0
0,41 0 0 0,6 0 0 0 0 0

0 0 0 0 0,6 0 0 0 0
0 0 0 0 0,51 0 0 0 0

0,21 0 0 0,25 0 0,61 0,59 0,51 0
0 0 0 0 0 0,21 0 0,41 0
0 0,101 0 0 0 0 0 0 0,69

Cac chuyen gia danh gia mUc do phu hop dda tren
kinh nghiem va thu duoc ma tran E [7]:ij

0 0,541 0,262 0 0 0 0 0 0 (8)
0,461 0 0,56 0 0 0 0,21 0 0

0 0,42 0,281 0 0 0 0 0 0
0,31 0 0 0,47 0,152 0 0 0 0

Eij = 0,45 0 0 0,58 0 0 0 0 0
0 0 0 0 0,55 0 0 0 0

0,251 0 0 0,245 0 0,62 0,597 0,55 0
0 0 0 0 0 0,31 0 0,458 0
0 0,101 0 0 0 0 0 0 0,657

DU lieu thu duoc bang thong ke tai cho tuong doi 
khach quan nen trong so cua dU lieu thong ke se cao hon 
luong nho so vdi trong so theo kinh nghiem chuyen gia 
dua ra la: W1 = 0,6, W2 = 0,4.

TU R = S W +E W, thu duoc ma tran chan doan md 
ij 1 ij 2

he thong:
(9)

’ 0.300 0,2164 0,4648 0 0 0 0 0 0

0,1844 25.200 0,3500 0 0 0 0,084 0 0
0.1200 0,1680 0,1124 0.24 0.060 0 0 0 0

0,3660 0 0 0,4548 0,0608 0 0 0 0

0,4176 0 0 0,5232 0 0 0 0 0

0 0 0 0 0,5800 0 0 0 0

0,251 0,2264 0 0,2480 0 0,6140 0,5928 0,5260 0

0 0 0 0 0 0,2500 0 2,430 0

0 0,1010 0 0 0 0 0 0 0,6768

a. x x r . SV v
4. PHAN TKH VA CHAN DOAN SO CO LO HOI

4.1. Chan doan sd co dda tren suy luan he thong 
chuyen gia

Dda tren thong tin thu thap: Nhiet do hoi nudc co xu 
hudng giam, toc do quat hut duy tri d mUc cao, nhiet do 
khf thai va nhiet do lo deu co xu hudng tang va d mUc 
tang cao. TU bang 1, ta co ba quy tac tU co sd kien thUc cua 
chuyen gia:

1) IF nhiet do khf thai tang THEN hong hoc do luyen coc 
cua lo: CF = 0.5.

2) IF Quat gio quay rat nhanh THEN sd co luyen coc cua
lo nung CF = 0.65.

3) IF nhiet do lo tang THEN sd co do luyen coc cua lo 
CF = 0.6.

Qua suy luan trudc cua he thong chuyen gia, sd co moi 
noi lo co mUc do khdp cao nhat vdi dac diem sd co thu 
thap duoc. Nhan dinh so bo, luc nay co the he thong lo hoi 
bi truc trac do lo luyen coc.

4.2. Chan doan sd co dda tren suy luan md
Bang cach tmh toan mUc do cac thanh vien cua ma 

tran nguyen nhan sd co Y, ta thu duoc ma tran bieu hien 
dau hieu sd co nhu sau: Y = [0; 0,2; 0; 0,4; 0; 0,5; 0,6; 0,7; 0]

TU cong thUc Y = XR, ta nhan duoc: X = Y/R. Ma tran 
chan doan sd co X thu duoc:

X = [0,20; 0,20; 0,24; 0,40; 0,232; 0; 0,593; 0,430; 0,101]

Dda vao cac gia tri cua ma tran X, ta chan doan sd co 

thU 7: X7=0,593>XError=0,5(50%), cu the X7 la sd co 
luyen coc Lo hoi (tra trong bang 2).

4.3. Chan doan sd co lo hoi dda tren mang no-ron
4.3.1. Mang na-ron Back-Propagation Algorithm 

(BP) ap dung chan doan sdco
Mo hinh mang no-ron BP co kha nang hoc manh me, 

xU ly phi tuyen manh me thong qua anh xa tong hop cua 
cac don vi phi tuyen va nhan ra anh xa phi tuyen tinh duoc 
ap dung trong bai toan chan doan sd co he thong lo hoi. 
Giai doan dao tao mang BP dda vao so lieu tap dau vao- 
ra vdi 09 mau chon de hoc. Cac gia tri vecto cua sd co va 
nguyen nhan sd co deu duoc dat thanh so nhi phan 0; 1.

Cau truc mang BP co 9 dau vao va 9 dau ra. Trong bai 
bao nay, so luong ldp an duoc chon la 7, so nut cua ldp an 
se la 7*9=63 va tong so 81 nut vdi ham dau vao-ra cua moi 
nut la ham Sigmoid.

Khi qua trinh dao tao ket thuc, mang no-ron dat ket 
qua hoi tu:
TRAINGDA -calcgrad, Epoch:0/3000, MSE: 7.7 / 0.0001, Gradient 3.9/1e -6 
TRAINGDA -calcgrad, Epoch 45/3000, MSE 8.8e -5 / 0.0001, Gradient 0.01/1e-6 

TRAINGDA, Performance goal met.

Cac tap mau dU lieu sau khi hoc kiem tra ket qua dau 
ra: y = sim (net,P); gensim (net).

4.3.2. Ket qua cua qua trinh nhan dang sd co dung 
mang na-ron BP

TU ke't qua tmh toan nhan dang sd co dung mang no- 
ron BP (Hinh 2-4) cho thay mang sd hoi tu rat nhanh va cho 
ke't qua kha chrnh xac hon so vdi chan doan sd co dda tren 
suy luan md d muc 4.2 nhu sau: Bo sai lech 10-4 sau 59 chu
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Hinh 2. Ket qua hoi tu cua mang nO-ron sau khi lap 59 chu ky vdi sai lech 10-4

Hinh 3. Ket qua hoi tu cua mang nO-ron sau khi lap 96 chu ky vdi sai lech 10-8

Hinh 4. Cau truc cua mang nO-ron BP ap dung cha’n doan sd co lo hOi
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ky vdi thdi gian 14 giay. Bo sai lech 10-8 sau 96 chu ky vdi
thdi gian 37 giay. Khi nhan dang mot sd co bat ky dien ra
vdi do chrnh xac chan doan sd co tang len (do sai lech cang
nho lai: 10-8 <10-4 ) thi so chu ky vong lap tmh toan tang len
(96 > 59 (chu ky)) va mat nhieu thdi gian hon de’ tmh toan
(37 >14(giay)).

5. KET LUAN
Bai bao da trinh bay mang no-ron BP de’ hoc, suy luan

md, he thong chuyen gia va phan tmh cay sd co, dong thdi
tie'n hanh phan tmh chi tiet hon viec phat hien sd co cua he
thong lo hoi. Ket qua da dap Ung gia tri muc tieu da cho,
bang cach phat hien cac dau hieu sd co trong co sd dU lieu
trong qua trinh van hanh thdi gian thdc cua lo hoi, dda
tren tmh bo sung cua suy luan md va mang no-ron. Che'
do chan doan mang no-ron duoc ap dung cho ket qua suy
luan cua tac gia de xuat hoi tu nhanh va hieu qua honv
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