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CHUONG 8
LY THUYET CHUNG VE CHAN POAN

8.1. KHAI NIEM CHAN POAN TRANG THAI KY THUAT
8.1.1. Binh nghia:

La cong tac k¥ thuat nham xac dinh trang thai k¥ thuat cia cum may dé du bao tudi
tho 1am viéc ti€p tuc ma khong phai thao may.

8.1.2. Cac loai thong s6 dung trong chan doan:
Mot téng thanh bao gém nhiéu cum chi tiét va mét cum bao gém nhiéu chi tiét tao

thanh. Chat lugng lam viéc cua téng thanh sé& do chat lugng ctia cac cum, cac chi tiét quyét
dinh.

Cac thong s6 két cAu 13 tap hop cac thong sb k¥ thuat thé hién dic diém két cAu
cua cum chi tiét hay chi tiét. Chat lugng cac cum, céc chi tiét do céc thong s6 két cau
quyét dinh:

Hinh déang, kich thudec.
Vi tri tuong quan.

Do bong bé mit.

Chét luong lap ghép.

Trang thai t6t hay xau ctia cum chi tiét thé hién bang cac dic trung cho tinh trang
hoat dong cua no, cac dac trung ndy dugc goi la thong so ra va dugc xac dinh bang viéc
kiém tra do dac. Vi du: cong suat, thanh phan khi thai, nhiét d§ nudc, dau, ap suat dau boi
tron, lugng mat kim loai trong dau boi tron, ti€ng On, tiéng go, rung dong, tinh trang 10p,
quang duong phanh...

M&i mot cum may déu c6 nhiing thong s6 ra giéi han 13 nhitng gia tri ma khi néu
tiép tuc van hanh sé khong dam bdo tinh kinh té k¥ thuat hoac khong cho phép. Khi doi
chiéu két qua kiém tra véi cac gia tri gidi han, cho phép xac dinh, du bdo dugc tinh trang
cua cum may. Cac thong so6 ra gidi han do nha ché tao qui dinh hodc xac dinh bang thong
ké kinh nghiém trén loai cum may do.

Chi cdn mot thong sb ra dat gia tri gio1 han bét budc phai ngung may dé xac dinh
nguyén nhan va tim cach khac phuc.

8.1.3. Cac diéu kién dé mét thong sé ra dwoec dung lam théong sé
chan doan

C6 ba diéu kién:
Diéu kién dong tinh:

Thong s6 ra duoc dung 1am théng s6 chan doan khi né twong tng (ty 1¢ thuan) véi
mot thong so két cau nao d6. Vi du: ham lugng mat kim loai trong dau boi tron ty 1€ thuén
v&1 hao mon céc chi tiét cia cum may nén thod man diéu kién dong tinh.

bicu kién mé rong vung bién doi:
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Thong s6 ra dugc dung lam thong s6 chan doan khi sy thay doi ctia né 16n hon
nhi€u so vodi sy thay doi cia thong s két cau ma n6 dai dién.

Vi du: - Ham lugng mat kim loai sé thay doi nhiéu, trong khi hao mon thay doi it
nén no dugc dung lam thong s6 chan doan hao mon.

- Cong suit dong co Ne thay ddi it khi c6 hao mon nén khong duoc ding lam thong
s0 chan doan hao mon.

Diéu kién dé do va thuan tién do dac.

Mot thong sé duoc dung lam thong sé chan doan khi nd phai dong thoi thoa man ba
diéu kién trén.

8.2. LY THUYET CO BAN VE CHAN POAN
8.2.1. Khai niém do tin cay

Khai niém vé do tin cay rat phurc tap, vi n6 phu thude rat nhiéu vao tham s6 ngau
nhién, chi c6 thé ap dung Iy thuyet xac sudt méi c6 thé phan tich mdi twong quan cua
chtng anh hudng cia ching dén do tin cay trong st dung.

Khai niém co ban cua 1y thuyét S
d6 tin cdy la khai niém sy cd, thoi
diém phat sinh sy ¢6 1a bién cb ngiu
nhién. Cac sy cb ndy phét sinh tng
vo1 nhitng xe dua vao st dung véi
cung diéu kién sau nhiing quing
duong hoat dong khac nhau va duogc !
xac dinh béng do phan tan. Sy ) } ,
duogc chia thanh sy c¢6 tic thoi (dot al
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Tham s6
cau tric
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\
7 ;. Lz I~ W | | Hanbh trin
xuat) hodc su co tiém tién (dién bién \
tir tir theo thoi gian sir dung). D6i v6i Thoi gian phu
0 t0, trong cac cum may, tong thanh
thi hu hong va sy ¢ dién ra mot cach
tir tir do qua trinh thay d6i cia cac
thong sb két cau.

Hinh 8.1 Po thi trinh bay khai niém su co

Vi du xét mot thong sO két cau S nao do, (hinh 8.1) tiy theo diu kién sir dung
thong s6 nay s& thay d6i theo cac duong cong khac nhau (dudng gach gach), gia tri trung
binh cta su thay ddi bleu dién bang duong nét lién. Néu tim thong s6 két cau S sau mot
quang duong 1 thi tri s6 d6 s& nam trong ving S’ - S’ va sy phan bd d6 tudn theo qui luat
Gauss (duong 1). Ta goi gia tri gio1 han cua thong s6 két cAu 1a S, thi hanh trinh phat sinh
su cd s 121’ - I, sy phan b ciing theo qui luat Gauss (dudng 2). Hanh trinh khéng phat
sinh su ¢ s& 1a 1 v&i d6 khuéceh tan 1a (-Aly,+AL).

bac diém co ban cua do bén xe 6 t tir khi st dung dén khi bat dau xuat hién sy co
dau tién la xac suat cua sy lam viéc tot trong quang hanh trinh cong tac hoac trong diéu
kién van hanh cu thé nao do, c6 nghia la d bén dugc xac dinh nhu xac suat trong hanh
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trinh d6 khong hé phat sinh ra mot hu hong, mot sy ¢d nao ¢o tri sd 16n hon tri sd cho
trudc nao do.
‘ Xéc suat cta hanh trinh hoat dong t6t ctia phuong tién cho t&i khi phét sinh su ¢6
dau tién dugc biéu thi bang bicu thuec:
p(l)=p(L>1)

1- 1a hanh trinh hoat dong cia phuong ti¢n.

Hanh trinh khong phat sinh sy cd ngau nhién L 13 hanh trinh hoat dong cho t¢i khi
coO biéu hién hu hong. Vi du véi rp@t tong thanh nao d6 véi mot hanh trinh xac dinh khi
p(1)=0,8 c6 nghia 1a chi c6 80% tong thanh giltr dugc khong hu hong trong khoang hanh
trinh do.

Xéc suat p(l) duge goi 12 ham d tin cdy va c6 cac tinh chat sau:

0<p(1)< 1 sau mot thoi gian str dung do thong sb két cau thay doi, d6 bén giam di.

p(1=0) = 1, khi bat dau str dung phuong tién con tot.

p(1) = 0, khi sir dung qua 1au (1 tién ti o), tong thanh hu hong hoan toan, hét do tin

A

cay.

p(1) 1a ham giam déu theo thoi gian sir dung hay quang duong (trir truong hop xay
ra tai nan hodc khi khéng chap hanh ding cac qui dinh bao dudng ky thuat). ham do tin
cay co6 thé co thé biéu dién bang cong thirc toan hoc nhu sau:

i=Al,

D An,

p(|)=1—':N— (8.1)

(0]

No - 12 s6 luong 6 t6, tong thanh hoat dong khong xay ra sy c¢d trong gidi han hanh
trinh qui dinh.

An; - 6 tong thanh bi hu hong trong khoang hanh trinh Al
1 - hanh trinh 1am viéc khong cé xay ra sy cd.
i - s6 thir tu quing khao sét.

béi véi cac cum téng thanh ctia 6 t6 con tiép tuc dugc st dung sau khi da dugc stra
chita hét cac hu hong thi do tin cdy cua ndé duge danh gia bang khoang hanh trinh hoat
dong gitra hai lan phat sinh su cd, khi xac dinh nguoi ta thuong léy tri s6 hanh trinh trung
binh giita hai lan sy ¢ L., theo sO liéu théng ké cua timg loai xe. Can khang dinh rang
tung cum, téng thanh riéng bié¢t thi c6 do tin cay khéac nhau.

Hanh trinh trung binh gitta hai 1an su ¢d c6 thé tinh toan theo cong thirc sau:

L i=N
L =—) — 8.2
cp N = Al/li ( )

N- Téng s ddi trong dugc khao sat.

An; - S luong cac hu hong ciia ddi twong thi i phat sinh ra trong hanh trinh L.
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8.2.2. Ly thuyét co’ ban vé chan doan

Chén doan 13 mot qua trinh 16gic nhan va phan tich cac tin truyén dén nguoi tién
hanh chan doén tir cac thiét bi str dung chan doan dé tim ra cac hu hong ctuia doi tuong (xe,
tong thanh may, hop so, gam v.v...).

Trang thai ky thuat cua 6t0, ctia tong thanh ciing nhu triéu chimg hu hong cia
chung kha phirc tap, trong khi d6 lugng thong tin lai khong day du lam. Vi vay viéc chon
cac tham s6 chan doan (triéu chung chan doan) ddc trung cho trang thai ky thuét cua dbi
tuong phai dugc tién hanh trén co s s6 lugng tin tirc nhan duoc ddi véi timg tridu ching
cu thé. Trong chan doan thudng sir dung 1y thuyét thong tin dé xir 1y két qua.

Trong qua trinh str dung, trang thai k¥ thuat ctia xe 6t6 thay ddi dan kho biét trudc
duge. Tién hanh chan doan xac dinh trang thai k¥ thudt cia 6t6 dua trén co so s6 lieu
thong ké x4c suit cla cac trang thai ky thuét do. Thi dy, trang thai k§ thuat cua bong den
pha 6t6 ¢co thé & hai trang thai: t6t (sang), khong t6t (khong sang). Ta gia thiét rang, xac
suat clia trang thai ky thuat tot 1a rat 16m - 0,9, con xéac suat cua hu hong - 0,1. Béng den
nhu mot hé théng vat 1y co rat it do bat dinh - hau nhu lac ndo ciing déu thiy bong dén &
trang thai k¥ thuét tot.

Mot thi du khéc, b ché hoa khi do ¢6 thé c6 nhiéu hu hédng nhu mic do tac ¢ cac
giclo, mon céc co cau truyén dong, cac hu hong khac v.v... nén co6 thé roi vao nhiéu trang
thai k¥ thuat khac nhau.

bo bét dinh cua mdt hé vat 1y (¢ dudi dang ddi tuong chan doén 1a 0to, téng thanh,
cum v.v...) trong 1y thuyét thong tin dugc thé hi¢n bang entropi.

Entropi 5> (X) = —Zpi log, p,, (8.3)

i=l1
trong d6: m - s trang thai k¥ thuat cta ddi twong X;
pi - X4c sudt ctia d6i twong X Ung v6i trang théi i.

Trong ly thuyét thong tin entrépi do bang don vi nhi nguyén va sir dung 16garit co
sO 2. Pon vi do entropi 1a bit. Bit 1a entropi mot liét s0 nhi nguyén néu nhu no c6 dong xac
sut co thé bang 0 hoic bang 1, nghia la:

1 1
1bit =1lo =lo =1
g, — » g 0.5

Ngay nay ta chua thé cung cap mot cach day du tri s6 xac sudt cta cac trang thai ky
thuat khac nhau cua tat ca cac tong thanh may. Vi vay dé don gian bai toan trudc tién la

cho ddng xac suét tat ca cac trang thai k¥ thuat cia ddi twong chan doan. Khi d6 cong thirc
(8.3) c6 dang nhu sau:

3 (X)=log,m
Trong trudng hop nay entrdpi 13 16n nhat. Thi dy dbi voi mot déi tuong nao do cé 4
trang thai ky thuat (m = 4) thi entr6pi bang 2 bit. Néu nhu xac suét cia 4 trang thai ky

thuat dé co tri so khac nhau, thi du 0,5; 0,3; 0,1; 0,1 thi entr6pi cua n6 luén luén bang 1,68
bit. O bang 8.1 1a tri s6 entropi ciia d6i twong co cac trang thai ki thuat khac nhau.
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Bang 8.1

S trang thai k¥ thuat m

Entropi 3(X), bit 1 1,585 (2,0 [2,322 2,585 2,807 |3,0 |3,17

Nhu vay la nho chan doan ta biét duoc mot phan nao trang thai ky thuat, do do do
bat dinh (vé trang thai k¥ thuat cua 6t0) s& giam di. Nhu vy cang hiéu biét nhiéu, nim
chic trang thai k¥ thuat ctia phuong tién dang str dung thi entropi cang giam di. Khi trang
thai k¥ thuat cta d6i twong hoan toan xéac dinh thi entropi ciia nd s& c6 tri s6 bang 0. Do d6
trong trudng hop nay sé luong tin tire vé dbi twong X bang entrdpi ciia no.

« = (X)=log, m

Néu mot ddi trong nao do (may, hop sd V.v...) ¢o trang thai ky thuét co thé cung
xay ra mot liic va xac sudt cia trang thai nay bang xac suat cua trang thai khac (cac trang
thai k¥ thuat c6 doéng xac sut) thi phan tin tc Uy xuét phat tir mot ngudn nao do ciing
bang:

U, =log, p; =log, m

trong do: p; - xac suit tinh trang tht i ctia ddi tuong X trong trudong hop nay p; =
L (vi cac trang thai k¥ thuat c6 ciing mot tr sO x4c suat).

Phén tin tirc s& ting 1én tiy theo d6 giam cua tri s6 x4c sudt cua trang thai k¥ thuat
cua doi tuong.

Gitra entropi cua doi tugng va ham do tin cdy cua doi tuong d6 c6 mot quan hé xac
dinh. Thi dy, ta khao sat mgt cum don gian sau:

Trong bt ky thoi diém nao d6 phu hop véi hanh trinh cua 6t6 L ham d6 tin cay p(l)
duoc bicu thi bang xac suat cia trang thai tot ciia cym may. Gia thiét rang p(l) = 0,85 thi
xac suat vé trang thai khong tot cia cum may do s€ bang 1 - p(1) = 0,15.

Nhu vay ddi v6i hai trang thai ki thuat cia cum may c6 thé xay ra ta cd thé xéac
dinh dugc entropi ciia cum theo cong thire (8.3).

Ta lay p, = p(l): ung vi trang thai k¥ thuat tot;

p2=1 - p(l): tmg voi trang thai ky thuat xau. Vi trong trudng hop nay m = 2 nén
entropi cua cum bang

> (X) = -p(l)log, p(l) - [1- p()]iog, [1- p(1)] (8.4)

O cong thirc (8.5) 1a mbi quan hé gitra ham d6 tin ciy cua cum may khi c6 m =2
vO1 entropi cua cum nay. Quan hé gitta entropi véi do tin cay gioi thi€u ¢ hinh 8.2.
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Chén dodn trang thdi k§
thuat cha d6itwong [~ - T T T T T T T T T T T T T T 7

Thu nhan va phan tich s6 liéu hé
thong vé dic tinh hu hong

Xéc dinh Phan tich Xéc dinh Nhitng dé Nhitng dé
muc do sai dac diém xdc sudt nghi hop ly nghi vé céi
léch so véi va nguyén cla su héa vé ky tién, hop 1y
tieu chuédn nhan sai lam viéc thuat bao héa gia c6

lech tot dudng cdc chi tiét
clia téng
thanh mdy
Kiém tra ky Nhimng két Nhing
thuat luan vé du dodn
chan dodn

Hinh 8.2. Quan hé gitra entropi ctia cum (X) véi ham do tin cay

Néu trong mat téng thanh c6 n cum, mdi cum c6 m = 2 thi entrdpi cla téng thanh
nay la:

>(X)= Zlogz[ OPO-pFY s

Nhu vy ta c6 hai hé thong lién quan: hé thong trang thai k¥ thuat (H) - khong tét
va hé thong triéu ching cua trang thai ky thuat do (C).

Trong qué trinh tién hanh chin doan ta cin ¢t vao cac tridu ching C, nghia 13 dua
trén h¢ thong trang thai C. Nhitng tin tirc ma ta nhan dugc luc d6 s€ lam giam entrdpi cua
h¢ thong H.

Ta ky hiéu nhiing tin tirc nhan duoc do két qua quan sat trén hé thong C, bang chir
U vo6i chi s6 C — H. Nhu vay do 16n cua tin tuc do la:

Uc,y = (H)->(H/C),

trong do: >(H/C) - tong entrépi ctia hé théng H tuong tmg voi hé théng C. D6 16n
nao dic trung d6 16n bat dinh cuia hé théng H trong khi hé théng C hoan toan xac dinh.

Sau khi c6 két qua chan doan thi tri s6 entropi con lai bang >(H/C).

Nhung gia tri thuc chat ctia cong viéc chan doan nim & phan tin tuc (triéu ching
Ci) chtng to hé thong H ndm trong mot trang thai k§ thuat cu thé - nghia 13 c6 nhiing hu
hong Hj . Phan tin tic duoc ky hiéu bang UCi_y va duoc tinh bang cong thic sau day:

P(H,/C;)

Uen =S PH /C)o , (8.6)
C,—>H JZi( )QZW

Pé tinh toan truc tiép phén tin tirc nhan duoc tu hé théng Ci dé dang, ta thay tri sb
xac suat c6 dieu kién P(Hj/Ci) bang tri s0 xac suat khong co6 diéu ki¢n P[H+Hj)(C+Ci)] va
ky hi¢u bang Pij thi cong thtrc (8.6) c6 dang:

& Py Pi .
Ueon = 25c) % pic, o, ) &7
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P.
P(H,/C)==",
P(C))

trong do: Pij - xac sudt khong co diéu kién. Nhu vay hé¢ théng H s& nam trong trang
thai Hj, nghia la H ~ H;, con hé théng C nam trong trang thai Ci, nghia 1a C ~ C;;

P(H;) - xac suit ctia hu hong da xuét hién H; hodc xac suat hé théng H trong trang
thai k¥ thuat H

P(C)) - x4c suit cua tridu ching da rd rang C;, nghia 1a xac sudt cua hé thong C
trong trang thai C,.

Gia thiét rang tat ca cac hu hong c6 cung xac sudt con cac triéu chimg dic trung
cho cac hu hong d6 ¢ cung xac suat thi néu mot cum c6 ba hu hong (m = 3) xac suét cua
mot trong ba hu hong d6 P(H;) = 1/3. Néu cho mét hu hong cu thé nao d6 dic trung boi ba
triéu chung (n;= 3) thi xac suat khong diéu kién cia mot trong cac triéu chimg dé bang:

o 1., 1 1 PlH))

179" 33 9

Nhu véy 1 trong trudng hop cac hu hong ¢ cing xac suat ta co thé viét:

P("'j):%i Pij‘ﬁ P(C; )= Z =—len—

Do d6 cong thirc (8.7) viét dudi dang sau:

m

1
Uc 5H = log,

nY o on
J n; J

=1 '

(8.8)

Mz|3

1
1M

Gia thiét rﬁng qhé théng H c6 ba trang théi k¥ thuat H,, H,, H; va céc hu hong du’gc
dac trung bang bon t6 hop tri¢u chimg khac nhau C,, C,, Cs, Cy4. Ta thanh 13p ma tran chan
doan C nhu ¢ bang 8.2.

Béng 8.2
C;(triéu H; (trang théi k¥ thuéat)
ching) H, H, H,
G 1 1 0
G, 1 0 1
C; 1 1 1
Cy 0 0 1

Tir bang trén ta thiy: trang thai k¥ thuat H, c6 triéu chiung n, = 3; trang thai k¥
thuat Hy co triu ching n, = 2; trang thai ky thuat H; c6 triéu chimg n; = 3. Dya trén co s6
ma tran chan doan ta 1ap duoc ma tran xac suat va tin tirc (bang 8.3).

UCi_,y 12 tri s6 phan tin tirc tinh theo cong thire (8.8) Gmg véi ting triéu ching.
Bang 8.3
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