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Abstract: A complex engineering system is composed of elements and sub-systems. In
operation, they may be damaged, leading to their reliability indicators being degraded and
directly affecting the system's performance. If they are restored after failure, the reliability of
the system depends on the working time between failures and their restoration time. Such a
system is called a restorative serial system. To evaluate the reliability of the complex
engineering system, it is necessary to build a general model describing the system's operation
and its reliability evaluation model, including state models, state transition matrices, and
systems of state transition probability equations for the whole system. This is the content of
the article. From the general model, it will be applied to evaluate the reliability of certain
complex engineering systems, such as the national rail transport system, the urban rail
transport system, or their sub-systems, such as railways, bridges, tunnels, rolling stock or
metro trains, information and signal, power supply, stations etc., depending on their
functions, tasks and characteristics.
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Tom tit: Mot hé thong ki thuat phic hop dwoc cau thanh tir cac phan tir va cac phan hé.
Trong qué trinh hoat dong, cac phan tir hoic phan hé c6 thé bi hu hong, dan dén cac chi tiéu
do tin cay cua chdng bi suy giam va anh huéng truc tiép dén hiéu qua hoat dong cua hé thong.
Cac phan tir hoac phan hé sau khi hu hong, néu duoc phuc hdi, thi d6 tin cay cua hé phu thudc
vao thoi gian lam viéc giita cac l1an hong va thai gian phuc hdi cia ching. Mot hé thdng nhu
vy duoc goi la hé cac phan tir hoac phan hé lién két ndi tiép c6 phuc héi. Bé danh gia duoc
do tin cay cua cac hé thong ki thuat phuc hop da néu, trude hét can xay dung duoc md hinh
tong quat mo ta hoat dong cua hé théng va mé hinh danh gia do tin cay caa né, bao gom cac
mo hinh trang thai, cac ma tran chuyén tiép trang thai va cac hé phuong trinh xac suat chuyén
tiép trang thai cua toan hé théng. Pay chinh 1a noi dung cua bai bao. Tir mé hinh tong quat,
sé& tién hanh 4p dung cho viéc danh gia do tin cay cua cac hé thong ki thuat phuc hop cu thé
nao d6, chang han nhu hé thdng van tai duong sat quéc gia, hé théng van tai duong sit do
thi, hoac cac phan hé trong cac hé théng dé, nhu phan hé duong sat, cau, him, phuong tién
dau may, toa xe hay doan tau metro, phan hé théng tin, tin hiéu, phan hé cung cap dién, nha
ga V.v., tiry theo chirc ning, nhiém vu va dic diém cua cac dbi twong da néu.

Tir khéa: mé hinh trang thai, do tin cay, hé thong ky thuat, phan tir, phan hé
© 2023 Truong Dai hoc Giao théng vdn tdi

330


https://doi.org/10.47869/tcsj.74.3.7

Transport and Communications Science Journal, Vol 74, Issue 3 (04/2023), 329-345
1. PAT VAN PE

Mot hé thdng k§ thuat phic hop duoc cau thanh tir cac phan tir va cac phan hé. Trong
qua trinh hoat dong, cac phan tir hoac phan hé c6 thé bi hu hong, dan dén cac chi tiéu do tin cay
cua ching bi suy giam va anh huong truc tiép dén hiéu qua hoat dong cua hé thong.

Theo Ly thuyét do tin cay [1-11] cac hé thdng ki thuat phac hop c6 thé phan chia thanh:

+ H¢é cac phén tir lién két néi tiép, trong do co:

- Hé cac phan tir lién két n0| tlep khong phuc hoi

- Hé cac phan tir lién két ndi tiép co phuc hoi

+ Hé cac phan ti lién két song song, trong d6 ¢o:

- Hé cac phan tir lién két song song khong phuc hoi

- Hé cac phan tir lién két song song c6 phuc hdi

Theo dinh nghia trong Ly thuyét do tin cay, hé néi tiép Ia hé ma & d6 hé bi hong khi chi
mét phan tir hodc phan hé bj hong. Con hé song song Ia hé chi bi hong khi tat ca cac phan tu bi
hong.

Cac phan tir hodc phan hé sau khi hu hong, néu duoc phuc hdi, thi do tin cay caa hé phu
thudc vao thoi gian lam viéc giira cac 1an hong va thai gian phuc hdi cua chang. Mat khac, khi
chi mét phan tir hodc phan hé bi hong sé dan dén toan hé thdng phai ding hoat dong. Trong
truong hop nay, mot hé thdng nhu vay duoc goi la hé cac phan tir hodc phan hé lién két ndi tiép
c6 phuc hai.

O nudc ngoai di c6 mot s6 cong trinh lién quan dén van dé danh g1a anh huong cia do
tin cdy cac phan tir hoic phan hé tor hiéu qua hoat dong cua cac hé théng k¥ thuat khac nhau
[5-11], trong khi d6 & Viét Nam, van dé nay hau nhu chua duoc quan tam nghién cau.

Vi viy, dé danh gia duoc do tin cay cua cac hé thong ky thuat phic hop da néu, trudc
hét can xay dung dugc md hinh téng quat mo ta hoat dong cua hé théng va mo hinh danh gia
do tin cay caa no, bao gom cac mé hinh trang thai, cac ma tran chuyén tiép trang thai va cac hé
phuong trinh xac suat chuyén tiép trang thai cua toan hé thong. Pay 1a nghién ciru nham ké
thira va bd sung vé ly thuyét, tir d6 c6 thé timg bude ap dung vao thuc té trong diéu kién Viét
Nam.

Tir md hinh tong quat, s& tién hanh ap dung cho viéc danh gia do tin cay cua cac hé
thng k§ thuat phic hop cu thé nao do, chang han nhu hé thdng van tai duong sat qudc gia, hé
thong van tai duong sat do thi, hogc cac phan hé trong cac hé théng do, nhu phan hé dwong sit,
Cau, ham phuong tién dau may, toa xe hay doan tau metro, phan hé thong tin, tin hiéu, phan hé
cung cép dién, nha ga v.v., tuy theo chirc nang, nhiém vy va dac diém cua cac doi twong da néu.

Khi danh gia dugc cac chi tiéu d6 tin cay va mac do anh huong cua cac hu hong cua
cac phan tir hoic phan hé toi chat lugng hoat dong va hiéu qua caa hé thdng, cling nhu moi
tuong quan gitra nhirng chi tiéu d6 vai Ky vong toan cua thoi gian lam viéc tai hong va thoi
gian phuc héi, co thé 1ap ké hoach va tién hanh cac giai phap kinh té-ky thuat hop Iy cho viéc
nang cao muc tin cay cua cac phan tir hodc phan hé néi riéng va caa toan hé thdng néi chung.

2. KHAI QUAT VE MO HINH HOAT PONG CUA HE THONG KY THUAT PHUC
HOP

Mét hé thdng phuc hop duoc hiéu 1a mot tap hop cac cac phan ta hoac phan hé, duoc sir
dung dé thuc hién mot chirc ning nao d6. DI véi cac hé théng phirc hop, su mat kha ning lam
viéc 6 thé 12 hoan toan hoac mot phan, diéu d6 dan dén lam giam muc tin cay, chat luong hoat
dong va hiéu qua cua hé thong.
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O déy can phan biét cac hu hong mot phan va hu hong hoan toan ciia phan tir hogc phéan
hé trong hé thong phirc hop. Cac hu hong mot phan cua phan tir hoac phan hé cé thé khdng gay
ra hu hong hoan toan cua h§ khi thuc hién nhiém vu da cho. Tuy nhién céc cac hu hong nay cua
phan tir hodc phan hé c6 thé lam giam xau cac dac trung chat lugng va hiéu qua hoat dong cua
h¢ thong.

Céc chi tiéu chat lugng @ (t)va hi¢u qua hoat dong ¢[t1,t2] cia hé thong duge xac dinh
boi nhiém vy dit ra doi voi he thong do. Chi tiéu chat lugng hoat dong dugc xac dinh bang ky
vong todn hoc cua dac trung chat lugng hoat dong cua hé thong tai thoi diém da cho [7-11]:

O(t) = M[®, ()], 1)
trong do:

@ (t)- ham cia vecto Z(t) biéu thi trang thai cua hé thong, bang ®[Z (1)];

M [CDZ (t)] - ky vong toan hoc cua dic trung chét lugng hoat dong caa hé thong tai thoi
diém t da cho.

Dbi vai mot hé théng phie hop, trang thai cia né duge mo ta bang vecto:

X, (1)
ko
Zo=|.. |, @)
X, (1)

Y; (1)

trong do:
X; (t) - ham biéu dién trang thai cta tirng phan ti thir i trong h¢ thong;
Y, (t) - ham mé ta nhu cau thuc hién ting nhiém vy thir j .
Ham biéu dién trang théi cua ting phan ti thir i cia hé thdng dugc xac dinh nhu sau:
1 néu phan tir thir i ¢6 kha niang lam viéc;
X (t)=10<X;(t)<1 néuphintitht i bi hu hong mot phan;
néu phan tir thir i khdng c6 kha niang 1am viéc.
Ham biéu dién tirng nhiém vu thir j duoc xac dinh nhu sau:
1 néu cd nhu cau thuc hién nhiém vu tht j;
Y= {0 néu khdng c6 nhu cau thyc hién nhiém vu thtr j .
Chi tiéu hiéu qua cudi cung cua hé théng trong khoang thoi gian t <t <t, chinh laky vong
toan caa hiéu qua cudi cling:

o(tt) =Ml (L.t,)], )
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trong do:
¢, (t,t,) - higu qua cudi cling ctia hé thong twong tng véi viée thuc hign ham chuc
ning O, (t).
~ Céc chi tiéu cht luong hoat dong va higu qua cudi ciing ciia mot hé thong gici han (hé
thong tuyét doi khong bi hu hong hay hé thong ly tuong) cling duoc xac dinh tuong tu nhu vay.

Lic d6 & trang thai khong hong cuia hé théng, tit ca cac thanh phan cua vecto Z(t) trong cong
thirc (2) biéu dién trang thai ciia cac phan tir cia hé théng, bang 1.

Chi tiéu twong ddi chét lugng hoat dong cuaa hé théng tai thoi diém t [7-11]:
R(t)=®(t)/d,(t), (4)
trong do:

@ (t)- udc lugng tic thoi chat luong hoat dong cia hé théng 1y tusng tai thoi diém t;
@, (t) - chét lugng hoat dong cia hé thong ly twong trong khoang thai gian t, <t <t,.
Hiéu qua trung binh cua hé thong trong khoang thoi gian t, <t <t,:

r(tutz) :(P(tvtz)/% (tl’tz)’
trong do:
@, (t,,t,) - hiéu qua cudi cung cta hé théng 1y tudng trong khoang thai gian t, <t <t, .

Chi tiéu tich phan twong ddi cua chat lwong hoat dong cua hé thong trong khoang thoi gian
t <t<t,:

Pl 1= [ROIW (),

t
trong do:

w (t) - ham “trong $6” nao do.

Chi tiéu tich phan chat luong hoat dong cua hé théng duoc xac dinh bang céach trung
binh hoa chi tiéu trong ddi chét lwong hoat dong R(t) trong khoang thoi gian t, <t <t, nho
Mot ham “trong s6” ndo d6. Khi W (t)=t, chi tiéu p(t,t,) co thi nguyén Ia thoi gian va dac
trung cho sy 6n dinh chat lugng hoat dong cua hé thdng trong khoang thoi gian t.

~ Khi danh gia do tin cay ciia mot hé thng k§ thuat phirc hgp nao dé, can phai phan chia hé
thong do thanh cac phan tir hoac phan hé.

Trudc hét, xét xac suat lam viéc khdng hong hay do tin cay lam viéc cia mot phan tir hoic
mot phan hé nao do trong hé thong. Trong qua trinh lam viéc caa no cé thé xay ra ba trang thai:

1. Trang thai lam vi¢c binh thuong LV- phan tir hoac phan hé 1a hoan hao (khéng hong) va
san sang lam viéc, (c6 thé ky hiéu la trang thai 1).
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2. Trang thai hong mot phan Hmp — phan tir hodc phan hé 1am viéc véi higu qua thap, kém
chat lugng vi né bi mat mot phan kha nang lam viéc, (cé thé ky hiéu la trang thai 2).

3. Trang thai hong hoan toan Hr: — phan tir hogc phan hé hoan toan mat kha nang lam viéc
hay bi hu hong hoan toan, (c6 thé ky hiéu la trang thai 3).

Trang thai 1am viéc nhu vay cia phan tir hay phan hé duoc goi la trang thai day du (hinh
).

}\'1—>3

Hinh 1. M hinh trang thai day da cua mot phan tu.
- Khi phf‘in tr hay phan hé chuyén tir trang théi 1am viéc LV (trang thai 1) sang trang thai
hong mét phan Hmp (trang thai 2), thi cuong d6 hong hay cuong do chuyén tiép trang thai tur 1
sang 2 dugc ky hiéu 1a 4., _,,, ,hodc dongianla 4, _,.

- Néu hu hong mot phan khong dugc khic phuc (khong dugce phuc hdi) ma phan tir hoic
phan hé van tiép tuc 1am viéc cho dén khi né bi hong hoan toan, thi nd chuyén tir trang théi
hong mot phan Hump (trang thai 2) sang trang thai hong hoan toan Hh: (trang thai 3). Khi do cuong
d6 hong hay cudng do chuyén tiép tir trang thai 2 sang trang thai 3 cia nd duoc ky hiéu l1a
A, >n, » NOGc don gian 1a 4, ;.

- Néu phan tir hay phan hé chuyén tir trang thai lam viéc LV (trang thai 1) sang trang thai
hong hoan toan Hr (trang thai 3), thi cudng d6 hong hay cudng do chuyén tiép tir trang thai 1
sang trang thai 3 ciia n6 dugc ky hiéu la A om, hoac don gian la 4,_,.

- Néu hu hong mét phan Hmp ctia phan tir hodc phan hé dugc khic phuc (duoc phuc hoi),
thi né lai trg vé trang thai lam viéc LV (trang thai 1). Lac d6 cudng do phuc hdi hay cudong do
chuyén tiép tir trang thai hong mot phan Hmp (trang thai 2) sang trang thai lam viéc LV (trang
thai 1) cua n6 duoc ky hieu la 4, _,,\ , hoac don gian la x,

- Néu nhu hu hong hoan toan caa phan tir hodc phan hé duoc khic phuc (phuc hdi) nhung
khong day du, thi n6 chuyeén trang thai tir hong hoan toan H (trang thai 3) sang trang thai hong
mot phan Hmp (trang thai 2). Khi d6 cudng d6 phuc hdi hay cuong do chuyén tiép tir trang thai
3 sang trang thai 2 cua n6 dugc ky hiéu 1a s, _y, -, hodc don gian la s ,,.

- Néu nhu hu hong hoan toan Hr ciia phan tir hodc phan hé duogc khic phuc (phuc hoi) day
du thi né chuyen trang thai tur Hnt (trang thai 3) sang trang thai LV (trang thai 1). Khi d6 cuong
d6 phuc hdi hay cudng do chuyén tiép tir trang thai 3 sang trang thai 1 caa né duoc ky hiéu 1a

Uy, 1y » hodc don gian la 1, ;.

Néu khong xét dén trang thai thir hai, tirc 1a trang thai hong mot phan Hmp, thi mé hinh nay
dugc goi 1a mo hinh trang thai gidi han (hinh 2).
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M3

Mg
Hinh 2. M6 hinh trang thai giéi han cua mot phan ti.
Khi d6 ta c6 cuong do hong chuyén tiép trang thai 1a 4, ,, , hodic don gian la 4, va
cudng do phuc hdi hay cuong do chuyen tiép trang thai cua nd 1a s, ., , hodic don gian la
JLINE

Nhu vay, néu mét hé thong cé nhiéu phan tir (hay phéan he), trong d6 méi phan tir hay phan
hé thirk (k =1,2,..., n) nam & ba trang thai lam viéc LV, hong mot phan Hp, va hong hoan toan
Hh, thi tong so trang thai cua hé la 3"-1.

Con néu mdi phan tir hay phan h¢ thit k (k = 1,2,..., n) chi ndm ¢ hai trang thai lam viéc LV
va hong hoan toan Hut, thi tong so trang thai cua hé la 2"-1.

Véi cach 1ap luan nhu trén, qua trinh chuyén tiép trang thai cua bét ky hé théng phic hop
nao do ciing hoan toan tuong tu.

3. XAY DUNG MO HINH TONG QUAT PANH GIA PO TIN CAY CUA HE THONG
KY THUAT PHUC HQP

3.1. Co sé ly thuyét xay dung mé hinh

Bat ky mot hé thong ky thuat phic hop nao ciing c6 the duoc phan chia thanh cac phan tir
hodc cac phén hé nhu sau, tuy theo két cau, chirc nang cua hé thong va muc tiéu nghién cau:

Phan hé 1; Phan hé 2; Phan hé 3; Phan hé thir i; Phan hé tha n, v.v.

Chte niang cua hé thong 1a thuc hién nhiém vu cho trudc trong mot lghoéng thoi gian Xac

dinh ma khong xay ra hu hong. Trang thai cta h¢ thong trong truong hop tong quat ¢ thoi diem
bat ky dugc biéu dien bang vecto [7-11]:
Z,(t)
|z
Z(t)=|..
Z N-1 (t)
Zy (1)

Trong d6 c4c thanh phanZ, (t) véi i =1,2,..., N c6 thé 1a cac gia tri cia cac thong sb khac

: ()

nhau cta h¢ théng. Trong truong hop cu thé, cac thanh phan Z,(t), trong d6 i=1, 2,..., n c6
thé didc trung cho trang thai cua cac phan tir hay phan hé cua h¢ thong, con Z, (t), trong d6 i =
n+1, n+2,..., N biéu thi ché do bao dudng ki thuat va sira chita cua hé théng. Luc nay n biéu thi
sé phan tir cua hé théng con N 12 sé thanh phan cua vecto Z(t).
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Dbi v6i mot hé théng phuc hop hoat dong lién tuc, thi trong md hinh toan ciia qua trinh
khai thac cua nd, moét trong cac thanh phan cua vecto (5) chi ra su can thiét phai thuc hién yéu
cau sau day de thuc hién nhiém vy:

1 néu can thuc hién nhiém vu vao thai diém da cho;

ZN(t)=Y1(t)={

0 néu khdng c6 nhu cau thyuc hién nhiém vu vao thoi diém d cho.

Gia thiét rang, trong mot khoang thoi gian xac dinh ludn ludn c6 nhu cau thuc hién nhiém
vu dat ra, khi d6 co nghia la Y, (t) =1,

M&i mét trang thai cua hé théng dugc mo ta bing vecto Z(t) twong Gtng véi mot gia tri xac
dinh vé dic trung chat luong hoat dong cua no.

q)z (t) = (D[Z_(t)]’
Trong khi d6 néu @, (t)=®[Z(t)|=0 thi Y,(t)=0.

Nhu vay, mé hinh todn qua trinh hoat dong cua mét hé théng phirc hop don chirc nang hoat
dong lién tuc 1a mot qua trinh ngau nhién (I)[Z(t)} , MO ta sy thay doi theo thoi gian dic trung

chat luong hoat dong cua hé thong va ¢6 dac diém la gié tri ddc trung chat lugng hoat dong cua
hé thong bang 0 khi khéng cé nhu cau thuc hién nhiém vu da néu.

Nhu d3 trinh bay ¢ trén, theo quan diém cua Ly thuyét do tin cay, tat ca cac phan ti hay
phan hé cia hé thong dang xét duoc coi la lién két ni tiép voi nhau, co nghia 1a sy hu hong
hoan toan caa mot trong sé cac phan tir hoic phan hé do6 s& lam cho toan bo hé thong nging
hoat dong (bi hu hong). Thoi gian giita cac lan hu hong cua céc phan tir hay phan hé cia hé
théng phirc hop va thoi gian phuc hdi kha nang 1am viéc cta chung 1a cac dai luwong ngau nhién.

Mt khac, néu mdi phan tir ¢6 phan b thoi gian 1am viéc dén khi hong khéac nhau va phan
bd thoi gian phuc hdi khac nhau, thi thoi gian 1am viéc caa hé dén lan hong dau tién khac véi
thoi gian 1am viéc gitra hai 1an hong. Sy khac nhau d6 khéng nhitng & gia tri trung binh ma ca
luat phan b cua cac dai lugng ngau nhién tuong tng. Khi d6 két qua nghién ctru dan dén nhiing
biéu thirc hét sirc phirc tap, kho ¢6 thé ap dung duoc trong thuc té. Véi nhiing Iy do néu trén,
ngudi ta ludn coi rang thai gian 1am viéc dén khi hong caa hé c6 phan b mii va thoi gian phuc
hoi cua hé ciing ¢6 phan bd mii [1-11].

O day can ¢ mot sb gia thiét nhu sau:

- Céc dong hu hong va phuc hdi ciia hé thdng 1a dong don tri, co nghia 1a tai mdi thoi diém
khong c6 qua mét phan tir co thé bi hu hong hoac cé thé dugc phuc hoi xong;

- Qué trinh hoat dong cuia hé thdng va cac phan tir hoic phan hé cua né 1a qué trinh xéc 1ap
(qua trinh dumg), c6 nghia la cuong do xuat hién cac hu hong cua cac thiet bi ky thuat la khong
doi theo thoi gian;

- Néu thoi gian hé théng nam & nhitng trang thai nao d6 khong tuan theo luat phan bé mi,
nhung c6 thé mo ta chinh xac hodc gan dung voi luat phan bo Erlang, thi qua trinh phi markov
nhu vay duoc quy dan vé qué trinh markov nho phuong phap “trang thai ao”.

Qua trinh markov, xich markov hay moé hinh markov do nha toan hoc ngudi Nga Andrey
Markov dé xuat. N6 duoc (tng dung trong nhiéu linh vuc. Trong Iy thuyet do tin cay, né6 mé ta
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su blen dbi trang thai cua hé thong hay con goi 13 sy chuyén ddi (chuyén tlep) trang thai. Xac
sudt ctia cac kha ning chuyén doi trang thai khac nhau duoc goi 13 xac suat chuyen d6i. Mot
qué trinh dugc xac dinh bdi mot khong gian trang thai, mdt ma tran xéac SuAt chuyen ddi mo ta
X4c suit cta cac chuyén ddi, va mot trang thai ban dau (hay phan bd ban dau) trén khong gian
trang thai. Su chuyén tiép ctia hé thdng tir trang thai ndy sang trang thai khac, theo dic trung
markov, c6 nghia 1 Gmg xir trong twong lai ctia hé théng phu thudc vao qua trinh hién tai chu
khong phu thudc vao qua trinh trude do.

Nhu di trinh bay & trén, mot cach téng quat, mot hé thong ciing c6 ba trang thi sau day:

1. Trang thai 1 (LV): Hé théng ¢ trang thai sin sang lam viéc, trong d6 tat ca cac phan tir
hodc phan hé caa hé théng déu hoan hao va sin sang thyuc hién nhiém vu.

2. Trang thai 2 (Hmp): Hé thong & trang thai hong mot phén, trong d6 mot phan tir hogc
phan h§ nao do cua hé’ bi mat mot phan kha nang lam viéc, dan dén h¢ thong lam viéc véi hiéu
qua thap hoac kém chat luong.

3. Trang thai 3 (Hn): H& thong & trang thai hong hoan toan, trong d6 mot phan tir hay phéan
hé nao d6 cua hé hoan toan mat kha nang lam viéc, dan dén hé thong cting hoan toan mat kha
nang lam viéc.

O day can loai trir cAc trang thdi ma ¢ do tién hanh sua chita dinh ky cho céc phan tir hoac
phan hé cua hé thong.

Viéc chuyen tiep cua hé thong tir trang thai nay sang trang thai khac dugc dic trung boi hu
hong hoac phuc hoi chi cuia mot phan tir hay phan hé caa hé thong. Moi phan tur hay phan hé
dugc dic trung boi thoi gian trung binh giita cac 1an hong tf]') va cuong do hong 4 _,; cua chung,

bai thoi gian phuc hdi trung binh 7)) va cuong do phuc hdi 4, ;.

Quy luat phan bé (ham phan bé xac suat) thoi gian lam viéc giita cac l1an hong cua phan tir
hoac phan hé thir i doi véi phan bo mi:

F =1-exp(—4_;t) (6)

_Quy luat phan b6 (ham phéan b xéc suat) thoi gian phuc hdi cua phan tir hodc phan hé thi
i doi vai phan bo md:

R =1-exp(-;.t) (7)
trong do:
(i) \ A o ) A 4o ;- F Y S
A, - cuong d6 hong cua phan tir thir i chuyen tiep tir trang thai i sang trang thai j;
1

21“)' _ -
)

-]

(8)

trong do:

- ky vong toan hoc thai gian lam viéc gitra cac phan hong (thoi gian lam viéc trung
binh) cua phan tir hoic phan hé thu i;

ygii - cudng d6 phuc hdi cua phan tir thir i chuyén tiép tir trang thai j sang trang thai i;
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uﬁili =0 ©9)
Ton
trong do:
- ky vong toan hoc thoi gian phuc hdi (thoi gian phuc hdi trung binh) caa phan te
hoac phan hé¢ thu i;

Vi dic trung chuyén tiép cua hé théng 1a dic trung markov, cho nén trong truong hop
nay hé dugc xac dinh bai cac xac suit trang thai ban dau va ma tran xac suat chuyén tiép

P_,;(t,t,), mand co thé duoc xay dung nho so dd trang thai (hinh 3).

Vi ring mot hé théng co thé phan chia thanh nhiéu phan hé khac nhau, hodc mot phan
hé co thé dugc phan chia thanh cac phan tir khac nhau. Do d6 ¢ day s& xem xét mot cach tong
quat mot hé thong co n phan hé hay phan tir véi tat cac cac trang thai co thé cua né (hinh 3).

Dang thoi gia thiét rang, ham P_; (t,,t,) duge xéac dinh véi bat ky gia tri nao cua t, va
t, >t,. C4C X4C sut nay thoa man diéu kién: P_; (t,,t,)>0.

ddi voi i # j

limP,_,, (ti,tz):{f

-t

461 Vi i =

> P (t,t,)=1 dbivsii batky.

Vi ring qua trinh ton tai cua hé thong la dong nhat, cho nén P_; (t,,t,) = P_,; (At) va ddi
voi cac trang thai i va j bétky co thé chi ramot giatri t(t>0) ma P,(t)>0.

Néu phan bd xac sut cac trang thai tai thoi diém t dugc biéu didn bing vecto P (t), con
phan b XAc sut cAc trang théi tai thoi diém (t+At) bang vecto Ei(t + At) , thi cac vecto nay
duoc lién hé vai nhau bang quan hé:

P (t+At)=P (t)Pisj (At) (10)
trong do:
P, (At) - ma tran ngdu nhién cac x&c suat chuyén tiép cap N .

Pé xac dinh cac xéac Suat Chuyen tlep, tat ca cac trang thai cua so do trang thai dugc danh
s6 tir 1 dén N. Céc xac suat chuyén tiép dbi véi cac trang thai i = j duoc thé hién dudi dang:

=A,;At hodc B_; = u; At

I*)] (=g

Xéc suat P_; (At)nam & trang thai i duogce xac dinh nhu xac suat cua bién cé bo sung vao

i—j
t6ng thé cua tat ca cac chuyén tiép kha di (c6 thé) tir trang thai nay sang trang thai khac i # j
P (At)=1->"a At

1—]

trong do:
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a,,; - cudng do chuyen tiép tir trang thai i sang trang thai j (ttc 12 4, hodc u, ).
Trong khi do:
a_ At j#i

i—j
Poi(A)=11-Sa_ At j=i (11)
=
Thay céc biéu thire xac suat chuyén tiép (11) va P,(t)vao biéu thic (10) ta dugc mot he
phuong trinh “hi¢u-hitu han”. Rit P, (t) ra khoi 2 vé ciia phuong trinh va chia ca 2 vé cho At,
sau d6 tim gidi han khi At -0

d N i=12,...,N
ZP(t)Y=)a 12
FLCRLICR A 12
trong do:
P (At)
a: = [im—  #i
I LY
P (At)-1
3., = lim 1 (4) =i
At—0 At
0At .
im—— =0, ] #I
Im”at
O day:

> a,; =0a.,<0a,;>0

=1 o
O dang ma tran, phuong trinh (12) ¢6 thé viét nhu sau:
d — _
m P(t) = AP(t)
trong do:
A - ma tran cuong d chuyén tiép;
E(t) - vecto x4c suat trang thai tai thoi diém t.

Ma tran cuong do chuyén tiép A 1a ma tran cac hé sb cua hé phwong trinh vi phan (12) ddi
Vo cc xac suat trang thai P (t) cua h¢ thong.

Pé tim nghiém cua hé phuong trinh vi phan (12), can cho trude cac diéu kién dau dudi
dang xac suat P,(0), trong d6 i =1,2,..., N cac trang thai cua hé théng tai thoi diém ban dau
t=0.

Giai h¢ phuong trinh vi phan (12) & céc diéu kién dau P, (0) s& xac dinh dugc cac Xac suat
trang thai P,(t) cua h¢ thong tai thoi diém t bat ky.
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Céc phan tir duong chéo ciia ma tran vi phan dugc cho bai dang thuc:
8, =—>.a,; (voi i=1.2,.,N; j=1.2,...,N.
j#i
Do qué trinh hoat dong cua hé théng 1a qua trinh ding, cho nén % P.(t) =0 khi t > o, vi
rang cac xac suét gii han P 1a khong doi. Khi d6 ta co hé phuong trinh tuyén tinh N phuong
trinh, N an:

N
0=>a,P ;véii=12..,N;j =12.,N.

j=1

N
H¢ phuong trinh nay vai dieu kién phu Z P. =1 du dé xac dinh cac xac suat giéi han cua
j=L

cac trang thai P.

Khi biét cac xac suat P (t) dé hé tai thoi diém t ndm & trang thai Z,(t), i=1,2,3,...,N
, biét cc xac suat gisi han P, va cac dic trung @, (t) =@ cia h¢ trong cAc trang théi do, c6 thé
xé4c dinh dugc chi tiéu chat lwong hoat dong cua hé tai thoi diém t nhu 1a ky vong ton caa dic
trung @, (t)theo cong thirc (1) va higu qua du ra duge wdc lugng bai gia tri trung binh hay ky
vong cua no trong khoang thoi gian t, <t <t, va duoc tinh theo cong thuc (3).
3.2. Xay dung cdc md hinh téng qudr danh gid dé tin cdy cia hé théng ky thudt phac hep

Tir co so ly thuyét da trinh bay trong muc 3.1, nhom tac gia da tién hanh xay dung cac
mo hinh tong quat danh gia do tin cay cua hé thong ky thuat phuc hop vai trang thai day du va
trang thai gidoi han.

3.2.1. Xay dwng mo hinh téng qudt vdi trang thdi ddy di

~ M hinh tong quat ciia mot hé thong ¢6 n phan tir hay phan hé vai N trang thai day di duoc
thé hién trén hinh 3.

Xét mot phan tir hay phan hé thiri, véii=1-n

ﬂﬂ'((ki}l) = Z&)(H) - cudng d6 hong ciia phan hé th i chuyén tiép tir trang thai 1 (LV) sang
trang thai (k-1) (Hmp);

PR A ()

(k-1)—k (k-1)—k

- cudng do hong cia phan heé thir i chuyén tiép tir trang théi (k-1) (Hmp)
sang trang thai k (Hn);

A0 = 20 - cuong d6 hong cua phan hé thir i chuyén tiép tir trang thai 1 (LV) sang trang

—k

thai k (Hry);

y:’i((:()fl) = luliil(k—l) - cudng d6 phuc hdi cua phan hé the i chuyén tiép tir trang théi k (Hn)
sang trang thai (k-1) (Hmp);
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His) = Hy - cudng do phuc hdi cia phan hé thr i chuyén tiép tir trang thai (k-1)

(Hmp) sang trang thai 1 (LV);
it = 4V - cudng d6 phuc hdi cia phan hé th i chuyén tiép tir trang thai k (Hre) sang
trang thai 1 (LV).

Phan hé
2
Phan h¢ Phan h¢
1 3
Phan hé Phan h¢
n 4

Phan hé
i

Hinh 3. Md hinh téng quat ddy du cuong d6 chuyén tiép trang thai
ctia hé théng c6 n phan hé hodc phan tir véi N trang thai.
trong do:

S6 luwong phan tir hoic phanhé:n=1,2,3,...,1i, ...,n

S6 lwong trang thai N = 1, 2, 3,..., (k-1), k,..., (N-1), N

Trang thai lam viéc (LV), trang thai 1: trang thai hoan hao, hoan toan tin cay
Trang thai hong mot phan (Hmp): mang sé hiéu chan Nj= 2, 4, 6,..., N-1 chan
Trang thai hong hoan toan (Hny): mang sé hiéu lé Ni=3,5,7,...,N l¢

Phuong trinh (12) la mét h¢ phuong trinh vi phén c6 hé s6 khong doi, lien két cac xac sut
trang thai véi ma tran cuong do chuyén tiep. Ma tran tong quat cuong do chuyen tiep trang thai
cua hé thong c6 n phan hé hoac phan tir voi N trang thai dugc thé hién trong bang 1.
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Bang 1. Ma tran tong quat day du cuong do chuyén tiép trang thai cua hé thong
c6 n phan hé hoac phan tir vai N trang thai

- 1) ) 2 ) @ i (n) n
Ag—e Agz s A(la)s Ags Ai)ﬂ A12g /1(1439 v A12(k—1) A(llk : ’1171»(1\1—1) A(H)N
Xis . .
SN
2<j<N
A o I I L I B L B R I B B
1
+Az—>3)
#51_21 0 —(H§21+ 0 0 0 0 0 0 . 0 0 . 0 0
€8]
H35p
ijl 0 0 _(lﬁi?l )H(tz—)s 0 0 0 0 . 0 0 . 0 0
2
+2’4~>5
[©) 2)
), 0 0 0 _(M5—>1 0 0 0 0 . 0 0 . 0 0
2
+#§—24
Mgl 0 0 0 0 _(,(1%3_214. 12337 0 0 . 0 0 . 0 0
3
2’6%7)
Mgi)l 0 0 0 0 0 _(#(g?l 0 0 . 0 0 . 0 0
3
+ U756
4 4 4
/‘a(a—21 0 0 0 0 0 0 _(11(5(3;21 ﬂélg . 0 0 . 0 0
4
+ Ag2s)
4)
#5431 0 0 0 0 0 0 0 —(#éﬂ . 0 0 . 0 0
4
+#ggs
® . 0] ® B
1y 0 0 0 0 0 0 0 0 _(“(;—1)—»1 A’(k—l)—ﬂc 0 0
’ ®
+ A1)
M}((lll 0 0 0 0 0 0 0 0 . 0 _(ul({ill . 0 0
®
+l'tkl—»(k—1)
) . . n) m
Hiv-1)-1 0 0 0 0 0 0 0 0 0 0 _(“(2—1)—»1 A(N—l)—»N
’ m)
+ Aly-1)on
/"1(\/721 0 0 0 0 0 0 0 0 . 0 0 . 0 _(#1(\;21
(n)
+'uNna(N—1)

Hé phuong trinh tong quat ddy du x4c suat chuyén tiép trang thai cua hé thong co n phan
hé hoac phan tir vai N trang thai dugc thé hién trong céng thuc 13.
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@)

+ “2—>1P2(1)

+#§3—)>1P7(3) + Mz(s4—)>1ps(4) + l‘g21P9(4) ot #Elic)—l)*lpk(i)l +u
2 = (2, + 22080 =0
’151—23131 + ’121—23132(1) - (ﬂ§1—21 + Mg1_22 Ps(l) =0
’152—24131 - (#2231 + /15;2—)>5)P4(2) =0
,152_25131 + ’15123»5134(2) - (:“22—21 + .“22—24 PS(Z) =0
A§?6P1 - (:“23—21 + /1(63—)>7)P6(3) =0
253—)>7P1 + 123—27})6(3) - (A“gB—)A + .“§3—)>6 P7(3) =0
/154—)»8[')1 - (n“g:)1 + /1?—29)1)8(4) =0
®oP + ’1?—29138(4) - (,chi)l + .ufgi)s P9(4) =0

Al—>9 1

@ @ @ W _
AP — ('u(llc—l)—& + A(L—l)—»k)Pkil =0

@ ()] @ @ ()] @ _
2P+ 20 1 0Pl — (s + )P = 0
o) ) ) ) _
’11—>(N—1)P1 - (‘u'(N—l)—>1 + ’1(N—1)—>N)PN—1 =0

n) n) ) n) n) m) _
/1111>NP1 + /1(11\11_1)—>NPN7—11 - (.“Nnﬂ + HNn_,(N_1))PNn =0

Phan hé
2

®
k-1

Hinh 4. M6 hinh téng quét gigi han cuong do chuyén tiép trang thai

UL+ D 4P

pY

Phan h
i

¢

3 p®
6—>1P6 +

(n)
Tt Uiv-1y-1

P, 1\571)1 + Uy

(n)

P =0

cta hé thong c6 n phan hé hodc phan tir véi N trang thai.
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3.2.2. Xay dung mo hinh téng quat véi trang thdi gigi hgn

Néu khong xét dén trang thai hong mot phan Hmp, tic la cac trang thai tha 2, 4, 6,..., 8,...,
N-1 (mang so6 hiéu chan), thi m6 hinh nay dugc goi la mé hinh trang thai giai han (hinh 4).

_ Matran tong quat gioi han cudng do chuyén tiép trang thai cia hé thdng ¢6 n phan hé hoac
phan tir véi N trang thai duoc thé hién trong bang 2.

Bang 2. Ma tran tong quét gi¢i han cudng do chuyén tiép trang thai cia hé thong
c6 n phan hé hoidc phan tir vai N trang thai.

® )] (3) €))] O] )
- 7\41—>j /11—>3 /11—>5 /11—>7 /11—>9 /11—>k /11—>N
Jj=35,..,N

1 1 0 0 0 0 0
M35 TH3

@) 0 @) 0 0 0 0
Hs1 “Hsq

3) 0 0 ®3) 0 0 0
K754 “H754

@) 0 0 0 ) 0 0
Hosq “Hoq

o) 0 0 0 0 o) 0
Hk—)l _luk—>1

n) 0 0 0 0 0 n)
K51 “HnS1

Hé phuong trinh tong quat gici han xac suat chuyen tiép trang thai cia hé théng co n phan
hé hoac phan tir voi N trang thai dugc thé hién trong cong thuc 14.
'(Zi=3.5.....N ’11—>1')P1 + “gl—zlps(l) + ”é2—21ps(2)+11§3—31p7(3) + Hg‘flpg(“) +oet ”1&21})1((0 +ot #I(Vn—)dpl\gn) =0
2Py — 0P =0
li)spl - ﬂéz—21ps(2) =0
B2, = w2 PP =0

(14)
A00Py = s B = 0

0Py~ 10,0 =0

A by = 2R = 0
N
Giai h¢ phuong trinh tuyén tinh (14) véi cac 4nsb P, i =1,3,5,.., N vai diéu kién D P,

i
i=1

va 1. cac gia tri ciia chiing, s& xac dinh dugc cac xac suét

va sau khi thay vao vj tri A" .

i—>]

gi6i han hay d6 tin cdy cua hé thong.
4. KET LUAN

Cac md hinh téng quat bao gébm cac mé hinh trang thai, cac ma tran chuyén tiép trang
thai va cac hé phuong trinh xac suat chuyen tiep trang thai dugc xay dung cho h¢ thong ky thuat
phuc hop bat ky, véi n phan tir hoac phan hé va N trang thai.

Tir md cac mo hinh tong quat, sé& tién hanh ap dung cho viéc danh gia do tin cay cua cac
hé thong ky thuat phuc hop cu thé nhu hé thong van tai duong sat quoc gia, hé thong van tai
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duong sit do thi, hogc cac phan h¢ trong cac h¢ théng do, nhu phan h¢ dwong sét, cau, ham,
phuong tién dau may, toa xe hay doan tau metro, phan hé thong tin, tin hi¢u, phan h¢ cung cap
dién, nha ga v.v., tuy theo chirc nang, nhiém vu va dic diém cua cac doi tuwong da néu.

Viéc tng dung va giai quyét cac bai toan cu thé néu trén s& duoc tiép tuc trinh bay trong
cac nghién cuu tiep theo.
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