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Tém tit - Chinh séch bao tri du doan dua trén co hoi duge phat
trién cho hé thdng gdm nhiéu phan tir ¢6 sy phu thudc vé cu tric
va kinh té. Theo d, tinh trang hu hong cta hé théng duoc kiém
tra dinh ky tai Ty, = k. AT (AT > 0,k = 1,2,...). Tai thoi diém
kiém tra Ty, néu phan tir bi hong (X;(T}) < L;), hodc dé tin cay
ctia N6 duge dy doan tai 1an kiém tra tiép theo thip hon ngudng
bao tri phong ngua (R (Tk+1) < Rp), phan tir s& dugc bao tri.
Do sy phu thue v& cdu trlc, bao tri cac phén tir n6i trén co thé
cAn phai thao roi cac phan tir khac. D& giam rui ro hu hong xay ra
va tiét kiém chi phi bao tri, c4c phan tir bj thao s& dugc bao tri
ddng thoi ciing vai cac phan tir néi trén néu nhu do tin ciy cia
chiing thap hon ngudng bao tri co hoi (Ri(Tk+1) <R, 0 <R, <
R, <1). Két qua nghién ctru cho thay, chi phi bao tri trung binh
kh| &p dung chinh sach bao tri dwoc dé xuat trong nghién ctru nay
thip hon 9,1% so v&i khi &p dung chinh sach bao tri du doan
truyén théng.

T khéar- Bao tri du dodn; bao tri dua trén co hoi; sy phu thude
ve kinh té; sy phu thudc vé cau tric

1. Pit van dé

Mot chinh sach bao tri hiéu qua I can thiét dé dam bao
hé thdng san xut c6 do tin cdy, kha nang sin sang va ning
sudt cao. N6 c6 thé giam chi phi bao tri va tang hiéu suét
hoat dong cua hé thdng san xuét, ciing nhu giam thiéu
nhing rui ro hu hong dot ngdt 6 thé gay ra nhimg thiét hai
to 16n vé mat kinh té, tham chi 1 stc khoé va tinh mang
con ngudi [1]. Do do, trong nhimg thap ky gan ddy, nhidu
chinh sach bao tri tién tién da dugc phét trién nham muc
dich giam chi phi bao tri va giam thiéu thoi gian ngimg may
[2]. Trong do, bao tri du doan (Predictive maintenance -
PdM) 14 n6i bat hon ca. PdM ra quyét dinh bao tri dia trén
tinh trang hu hong hién tai va két hop v6i du doan tinh
trang hu hong ctia thiét bi trong tuong lai. Do d6, PdM gitp
1ap ké hoach béo tri dung thoi diém, chi ngay trudc khi hu
hong xay ra. Két qua la nd cé thé giam chi phi bao tri ciing
nhu thoi gian dirng may. Hinh 1 minh hoa chinh sach bao
tri du doan. Theo d6, hé thong duoc kiém tra dinh ky, va
mirc 46 hu hong cua thiét bi duoc xac dinh. Dya trén mirc
d6 hu hong hién tai, PAM du doan thoi diém hu hong xay
ra va lap ké hoach bao tri trudc khi hu hong xay ra.

PdM bao gdm 3 qué trinh: (1) Kiém tra tinh trang thiét
bi; (2) Md hinh hoé qué trinh hu hong va du doan tudi tho;
(3) Lap ké hoach béo tri [3]. Mirc d6 hu hoéng cua thiét b
co thé quan séat duoc thdng qua hoat dong kiém tra cac chi
s6 nhu dao déng may, nhiét do, dd mon, vv. Dua trén muc

Abstract - An opportunistic predictive maintenance policy is
developed for multi-component system with structural and economic
dependences. According to this policy, system’s components are
periodically inspected at time T, = k.AT (AT > 0,k =1,2,...).
Upon inspection Ty, if the component is failed (X; (Ty) < L;), or its
predicted reliability at the next inspection is lower than the preventive
maintenance threshold (R;( Ty+1) < R,), maintenance is applied.
Due to the structural dependence between components, maintenance
of the above components may require disassembly of others. To
reduce the risk of failure in the next inspection interval and save
maintenance cost, the disassembled components are considered for
maintenance if their predicted reliability at the next inspection is
below the opportunistic maintenance threshold (R;( Ty41) <
R,,0 <R, <R, <1). The simulation results show that the
proposed maintenance policy is more effective than the conventional
predictive maintenance one, with 9.1% maintenance cost rate lower.
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d6 hu hong hién tai, két hop véi dit liéu mirc d6 hu hong
trong qua khtr, c6 thé xay dung mé hinh toan hoc dé mo ta
Qua trinh phat trién cua tinh trang hu hong cua thiét bi.
Nhitng m6 hinh nay cling cho phep du doan muc do hu
hong cua thiét bi trong twong lai dé dua ra quyét dinh bao
tri hop ly.
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Hinh 1. Minh &oa chinh sach bdo tri du dodn

Tuy nhién, h¢ thong san xuét ngay cang tr& nén phirc
tap, N6 thuong bao gom nhiéu chi ti€t/bo phan (goi chung
la cac phan tir) voi sy rang budc lan nhau. Cac phan t
trong hé thong san xuat thuong phu thudc véi nhau theo ba
khia canh [4]:

- Su phu thugc vé kinh ¢¢: Thyc hién bao tri nhiéu phan
tir dong thoi cd thé giam chi phi béao tri trén moi phan tur;
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- Sw phu thugc vé hw héng: Hu hong ciia phan tir ndy
c6 thé 1am giam tudi tho, hodc gy ra hu hong cho cac phan
tir khéc;

- Su phu thugc vé mdt cdu tric: Dién ra trong trudng
hop dé bao tri mot phan tir cin phai thao d& cac phan tir
khéc trong hé thong.

Tbi uu hoa bao tri cho h¢ thong co cac phan tir phu
thudc vé kinh té da duoc nghién ctu rat sau rong. Dé tan
dung su phu thudc vé kinh té giita cac phan tir, chinh séch
bao tri theo nhém dugce dé xuit. Theo do, nhidu phan tir
duoc 1ap ké hoach thuc hién bao tri cing nhau dé tiét kiém
chi phi chuan bi va chi phi dimg méy, qua d6 giam chi phi
bao tri [5]. Gan ddy, mot sé mo hinh bao tri ciing dwoc dé
xudt dé nghién ctru anh hudng cua su phu thude vé hu hong
dén chinh sach bao tri [6]. Cubi cuing, su phu thudc vé mat
céu trdc dién ra rat pho bién trong thuc té, khi hau hét cac
hé thdng co khi ¢6 cau trdc phan cip, dé bao tri cac phan
tir & cap thap can phai thao rdi cac phan tir & nhimg cip cao
hon. Vi du trong hop giam tdc, dé bao tri banh rang, can
phai thdo 6 lan. Miac du vay thi nghién ctru bao tri cho hé
thdng c6 su phu thudc vé cau trdc van chwa duoc thoa dang.
Su phu thudc vé ciu tric thudong dwoc don gian hoé nhu
mot phan cia su phu thude vé kinh té [7]. Zhou va cong sy
sau d6 nghién ctru chi tiét vé& su phu thudc vé céu tric, va
Xé4c dinh rang bao tri dong thoi cac phan tir ¢d sy phu thude
vé céu tric c6 thé giam thoi gian bao tri [8]. Tuy nhién,
nghién ctru ndy xem xét tat ca cac phan tir [ nhu nhau khi
Iiya chon phan tir dé bao tri ma chwa dé xuat mot chinh séch
bao tri riéng biét cho cac phan tir 6 su phu thudc vé cau
tric. Didu ndy 1a chua hop ly khi xét dén dic tinh cua sy
phu thudc vé cau tric. Di voi hé thdng cb su phu thude vé
céu tric, khi bao tri mot phan tir, chi c6 mot hodc mot sd
phan tir bi thao, con cac phan tir khac thi khdng. Do do, cu
hoi nén dit ra la “Cé nén bao tri cac phén tir bi thao (trong
truong hop trén 12 6 lin) dong thoi voi phan tir cAn duoc
bao tri (banh réng) hay khong?”. Dé tra 161 cau hoi nay,
nghién ciru ndy dé xuét chinh sach bao tri dya trén co héi
cho hé théng c6 su phu thudc vé cu tric va kinh té. Theo
do6, cac nguyeén tic lya chon phan tir bao tri co hoi tai thoi
diém ma c6 mot hodc mot s6 phan tir khac da duge xac dinh
phai béo tri dugc xay dung.

2. M6 hinh hoa qua trinh hw hong ciia hé thong
2.1. M0 td h¢ théng

Hé thong dugc xem xét trong nghién ctru ndy bao gom
n phan tir. CAC phan tir trai qua qua trinh hu hong dan dan
va lién tuc, qua trinh hu hong nay c6 thé din dén nhiing sur
¢ hu hong dot ngdt. Qua trinh hu hong nay c6 thé 1a qué
trinh mai mon co hoc, an mon hoé hoc, hay la qua trinh
phat trién cua Vét nut, v. [9]. Qué trinh hu hong cua Ccéc
phan tir phat trlen mot CaCh lién tuc va ngau nhién. Do do,
mirc d¢ xudng cap cia mdi phan wi(@=12..,n) theo
thoi gian dugc md ta bang bién ngau nhién X; (t) Phan tur
i dugc coi la hu hong khi mirc d6 hu hong cua no, X;(t),
16n hon ngudng hu hong, L;, X;(t) = L;.

Dé giam thiéu tac hai ciia hu hong xay ra, ciing nhu dé
khoi phuc lai hé théng khi c6 hu hong xay ra, ca bao tri
phong ngira (PM) va bao tri khic phuc hu hong (CM) déu
duoc &p dung. Bao tri phong ngtra 1a hanh dong bao tri thuc

hién khi phan tir van con hoat dong, tirc 1a mirc d6 hu hong
ctia N6 van & dudi ngudng hu hong, X;(t) < L;. Nguoc lai,
bao tri khic phuc hu hong 1a hanh dong bao tri thuc hién
khi phan tir 43 hong, tirc 12 X; (t) > L;. Sau khi bao tri, thiét
bi ¢0 tinh trang nhu mdi, tuc la X;(t) = 0.

Céc phan tir trong hé thong duoc két ndi véi nhau theo
céu tric phan cdp gdm nhiéu tang 16p. Hé thong c6 cau tric
ndi tiép, tirc 12 bao tri bat cr mot phan tir ndo do thi yéu cau
dirng toan bo hé thong.

2.2. Mb hinh hoé qua trinh huw héng

Qua trinh hu hong cta CAc phan tir ¢6 thé duoc md ta
bang nhiéu md hinh khéac nhau, nhu mé hinh Wiener, mé
hinh Markov, hay mé hinh Gamma [10]. Trong d6, mé
hinh Wiener I pho bién hon ca. Md hinh Wiener mé ta qua
trinh hu hong khong don diéu, véi nhidu ¢6 kiéu phan bd
chuin. M6 hinh nay phi hop dé mé ta qua trinh hu hong
ma tinh trang hu hong duoc kiém tra boi cac cam bién c6
nhidu. M6 hinh Wiener da dugc 4p dung rat phd bién ca
trong nghién ctru va thuc tién [10]. Theo d6, qua trinh hu
hong theo thoi gian cta phén tir | duge md ta nhu sau:

X;(t) = x) + p;. t + 0,. B(t) 1)

Trong do6, X;(t) l1a mac do hu hong tai thoi diém t;
x? 1a mirc do hu hong ban dau (t=0); u; va o; la toc do va
d6 bién dong cua qua trinh hu hong, cac thdng sé nay c6 thé
wéc lugng duoc tir hu hong trong qué khir cua thiét bi [11],
trong nghién ctru ndy nhém tac gia gia st p; va o; la da biét
trudc; B(t) la chuyén dong Brownian chuan. Hinh 2 mé ta
qué trinh hu hong caa mot phan tir voi x? = 2,5, ; = 1,5,
0; = 1,2 vangudng hu hong L; = 120.
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Hinh 2. Qué trinh Aur héng cua thiét bj
~Thoi diém hu hong cia phan tir duoc Xéc dinh la thoi
diém ma mirc 6 hu hong caia n6 vuot qua ngudng hu hong,
X;(t) = L;, duwoc xac dinh nhu sau:
T/ = inf{t: X;(t) = Li|x? < L;} (2)

Khi dé, Tif tuan theo phan bé nghich dao Gaussian, véi
ham mat do xac suit dugc cho dudi day:

o = 2 Cexp (— Gt ) ) )

2
20i't

D6 tin cdy cia phan tir tai thoi diém t trong tuong lai
tuong tmg véi mirc dd hu hong hién tai x dugc dinh nghia
la x4c suat c6 diéu kién ma thiét bi d6 van con hoat dong
tai thoi diém t, tirc 12 X;(¢) < L;, duoc xac dinh nhu sau:



ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE - DAl HOC DA NANG, VOL. 21, NO. 1, 2023 3

(Li = () + . t))

Ri() = P[X;(t) < Li|x!] = @ NG
0.
exp (22D} g (- Lumal ) ()

Trong do, ®(.) la ham phéan phdi xéc suét tich luy cua
phén phoi chuan Gaussian.

2.3. M6 hinh hod sw phu thujc vé kinh té

Thyuc hién bao tri phong ngira d6i voi phan tir i
(i=1,2,..,n)cochiphila

cl =cs+cf +cf ®)

Trong do,

- ¢* la chi phi chuan b, bao gom chi phi di chuyen, Iip
dat gian giao, vv. Chi phi nay cd thé duoc chia s¢ khi nhicu
phan ti bao tri dong thoi;

- cip 1a chi phi bao tri phong ngtra ty nhién cua phan tir
i, chi phu thuge vao dac tinh caa phan tu nay, vi du chi phi
mua sam vat tu thay the.

- ¢ 1a chi phi ding may, né phu thudc vao thoi gian
bao tri,z;, va chi phi ding may don vi. Trong d9, 7; bao
gom thoi gian sira chira 77, va thoi gian thao lap T8

ct=ctr=ct (7 +18) (6)

Trong do, thoi gian théo Iap 7f dugc tinh bang tong thoi
gian thao lap cua tat ca cua nhitng phan tu can phai thao de
¢6 thé bao tri phan ta i, diéu nay sé dugc trinh bay ré hon
trong muc 2.4.

_Tuong ty, thuc hién bao tri phan ing hu hong (CM) véi
phan tt i c6 chi phi la:
Cf=cS+cf+ct 7

V6i ¢f Ia chi phi bao tri hu hong tu nhién cia phan tir
i. Boi vi, hu hong la ngau nhién nén viéc dat hang mua sam
vat tu thay thé c6 chi phi dat hon, do do, (¢! < ¢f).

Khi thyc hién béo tri dong thoi mot nhém nhiéu phan
tw cung nhau, chi phi chuan bi bao tri ¢ the dugc chia s¢
do sy phu thugc ve kinh te va cau tric giira cac phan ti. Do
do, chi phi bao tri cia nhom gém nhiéu phan tu la:

— c jc 14 _JC
Cor = zieGk[Ci JE+CP (1= 19)]
—(IG*| = 1).¢® — At k. c? (8)
Trong d6, If = 1 néu hoat dong bao tri 1a phan tng hur
hong, nguoc lai If = 0; |G¥| 1a sb lugng phan tur trong
nhém G* va (|G*| — 1).c¢* va Atk 1a chi phi va thoi gian
ding may tiét kiém duoc khi bao tri dong thoi nhiéu phén
tir cing nhau nhd sy phy thude veé kinh té va cau trdc gitta
cac phan tu.
2.4. M6 hinh hod sw phu thuéc vé ciu tric

Céc phan tu trong hé thong duogc két néi véi nhau theo
cAu trlic phan cip gdm nhiéu tang Co trat ty trong viéc thao
Iap cac phan tir. The tu thao Iap gitra cac phan tir dwoc biéu
dién bang so db thao lap. So d6 nay bao gdm cac nit mo ta
cac phan tir hodc cum phan tir, va cac canh cé huéng hoic
khong c6 husng dé bidu din thir ty thao I4p gitra céc phan
tir. C6 3 loai nat, nat rudt, ky hiéu 12 0, dung dé md ta hé

thdng, nit trung gian, ky hiéu bang chit cai, md ta cum phan
tar, va nat 14, ky higu bang s6, dung dé mé ta phan tir c6
muc thip nhat. Cac phan tir duoc két ndi boi cac canh,
trong do6 canh két néi phan tir tir nit & ting cao hon xudng
nit ¢ tang thip hon c6 nghia la dé bao tri nut thip hon, can
phai th4o nat ¢ ting cao hon. P4i véi cac ndt nam cling
tang, canh c6 miii tén nghia 1a dé bao tri nGt c6 miii tén
huéng dén thi can thdo nlt ¢ dau miii tén. Nguoc lai, néu
canh khéng c6 miii tén nghia la thdo mét nat thi ndt con lai
cling bi thao. Hinh 4 minh hoa so d6 théo lap cua mot hop
giam tbc con-try 2 cap, biét rang cau tric cua n6 duoc mo
ta trong Hinh 3. Theo so d6 nay, dé bao tri chi tiét 5-banh
ring 2 & cum tryc trung gian-B, dau tién can phai théo nip
v6 hop-11, sau d6 thao chi tiét 6-6 1an 2.

A-Cym tryc vao B-Cym tryc

trung gian

C-Cym trycra

10- Bénh
9-813n2 ring 3

6-O13n2 7-Bénh rang 3

1- Tryc vao

2-6lin1

3- Banh rang
1

5- Banh rang
2

11- V& hép

4- Tryc trung
gian
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Hinh 4. So do théo Idip ciia hép giam téc

Dé biéu dién bang toan hoc thir tu thao 1ap ciia hé thng,
ma tran thao lap dugc &p dung. Ma tran thao 1ap cua hé
théng duoc xac dinh 1A D = [D;;] _, véi D;j = 1 néu bao
\ L L, , onxn . ;
tri phan tir i can phai thao phan tir j, nguoc lai D;; = 0. Vi

du, Hinh 5 biéu di&n ma tran thao lp cua hop giam téc.
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Hinh 5. Ma trdn théo ldp cia hép giam téc
Khi do, thoi gian théo lap caa phan tir i dugc xac dinh
nhu sau:

i = Z;'l:1 Dy;. Tfm 9)
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Véi, 720 1a thoi gian thao lap caa riéng phan tir j ma
khéng tinh dén cac phan tir khac.

Khi bao tri dong thai mot nhém G* gom nhiéu phan tir
thi thoi gian thao lap tiét kiém duoc so véi bao tri riéng ré
ting phan tx la:

dao
21};1 T;

3. Chinh sach bao tri du doan dua trén co hji
3.1. M6 td chinh sach bdo tri

Theo chinh s&ch bao tri du doan, tinh trang hu hong cua
c4c phan ti duoc kiém tra dinh ky tai thoi diém
T, = k.AT, (k = 1,2,...), V6i AT la chu ky kiém tra. Do
viéc kiém tra tiéu ton mot khoan chi phi kiém tra 1a ¢y, nén
gia tri ciia AT ciing anh huong dén tong chi phi bao tri trong
sudt vong doi cua phan tir. Vi thé can phai xac dinh gia tri
t6i wu cua AT dé chi phi bao tri 1a thip nhét. Tai thoi diém
kiém tra thir k**, mac d6 hu hong cia mdi phan tir dwoc
xéc dinh, sau d6 do tin cay cua thiét bj tai thoi diém kiém
tratha k+1, R;( Ty 41), (Tx41 = (k + 1).AT) duoc duy doan
theo cong thuc (4). Do tin cay cua thiét bi 1a chi sb lién
quan mat thiét dén du doan thoi diém hu hong cua thiét bi.
Dua trén mirc d6 xudng cap hién tai va két qua du doan do
tin cdy ctia phan tir trong tuong lai, quyét dinh bao tri dugc
thuc hién gom 2 budc nhu sau:

- Bude 1. Bdo tri hu hong va/hodc bao tri phong ngiea:
Néu phan tir duge xac dinh 1a da hu hong (X;(Ty,) = L;),
hanh dong bao tri phan tng hu hong (CM) dugc ap dung
ngay 1ap tirc hodc néu phn tir van con hoat dong (X; (T,) <
L;) nhung d tin cdy cua no tai thoi diém Ty, bé hon
ngudng bao tri phong ngira Ry, (Ri(Tys1) <Rp),
0< R,<1, phan tur nay s& duoc bao tri phong ngira (PM)
tai 1an kiém tra thi k™. R,, ciing 1a mot thong sb can duoc
t6i wu dé giam thiéu chi phi bao tri.

Néu trong budc 1, ¢6 it nhat mot phan tir can phai thuc
hién bao tri (PM hodc CM) tai lan kiém tra thi kt". Dé bao
tri phan tr ndy, yéu cau ca hé thong phai dirng hoat dong,
ddng thoi c6 thé c6 mot hodc mot sé phan tir s& bi théo roi.
Khi @0, cac phan tir bi théo rai ndy duoc xem xét bao tri co
hoi nham giam thiéu rai ro hu hong xay ra va tiét kiém chi
phi dirng may ciing nhu chi phi chuan bi bao tri nho sy phu
thudc vé kinh té va cu trdc giira cac phan ti.

- Budc 2. Bdo tri co hgi: Néu phan tir j (j # i) bi théo
10i dé bao tri cho phan tir i trong bude 1 va do tin cay cia
NG tai thoi diém kiém tra thi Ty, thdp hon ngudng bao tri
co hoi Ry, Ry, < Rj(Ty41) < R, < 1), 6 s& duoc bao tri
co hdi clng véi phan tr i trong 1an kiém tra tha k",
R, ciing 1a mot théng s6 can duoc téi uu.

Thuét toan ra quyét dinh bao tri tai thoi diém kiém tra
thtr k duoc cho duéi day:

Thuit toan 1: Ra quyét dinh bao tri tai thoi diém kiém
tra thir k:

Input: Mirc do xudng cip cia cac phan tir X;(T),

i=1,2,..,n, L; Ry, matran thao lap D.

“Output: Nhom cac phan tir can duoc bao tri tai thoi
diém kiém tra thi k, G*

Atgr = .max(Z;eq Dij — 1,0) (10)

fori=1-n)do
if X;(T,) = L; do
i€GM X,(T,) <0
elseif R;( Ty4+1) < R, do
i €GPM X.(T,) <0
end if
GPM/CM P GPM U GCM
end for
Két qua 1a nhom céc phan tir gﬁn duoc bao tri hu hong
hodc phong ngira tai thoi diém kiém tra tha k, GPM/CM
forG=1-n)do
if D;; = 1,3i € GP"/M && R;(Ty41) < R, do
jEGOM, Xi(T) < 0
end if
end for
Gk - GOM U GPM/CM
Return G*
3.2. Téi wu hoé ké hoach bdo tri
Nhu d; n]c“> ta trong Muc 2, chiph sach bao trj bao gom
3 théng so6 can dugc toi wu, bao gom chu ky kiém tra AT,
ngudng bao tri phong ngira, R, va ngudng bao tri co hoi
R,. D¢ x4c dinh gia tri toi wu cua céc thong s6 nay, chi phi
bao tr] trung binh cuaa hé thong duoc dung lam ham muc
tiéu dé toi uu hod. Chi phi bao tri trung binh dugc xac dinh
nhu sau:
. CYHAT,Ry,R,
Co(AT,R,,R, ) = !LIEM
Trong d6, Ct(AT,R,,R,, ) latong chi phi bao tri trong
khodng thoi gian (0, t). Theo Iythuyet phuc hdi, chi phi bao
tri trung binh c6 thé duogc viét lai thanh:
lE[Zk=1(th+CGk+Czost)]
E[tenal
Trong do, E[.] 1a ky hiéu k}:/ vong cua bién ngéu nhién;
tend Iaqdé dai cua vong gic‘ri dau tién cua ’hé thong, tac 1a
thoi diém ma toan bo phan tir trong hé thong duoc bao tri
cung ldc. Vi phan tir chi ¢6 the bao tri tai thoi diem kiem
tra, nén ching ta gia su rang t,,q = N.AT, v6i N 1a s6 lan
kiém tra trong sudt vong doi cua hé thong; Cf; 1a chi phi
kiém tra lai 1an kiém tra thir k; C .« 12 chi phi bao tri tai lan
kiém tra thir k, dugc xéac dinh theo cong thirc (8); Cwst la
chi phi do hu hong cua hé thong xay ra giira lan kiém tra
thar (k-1) va k, dugc xac dinh boi

Clost =T17)). ¢ (13)

Vi, ctost 1a chi phi don vi do hu hong caa hé thng gay ra.

Gid tri tdi uu cia cac thong sb bao tri bao gom AT, R,

va R, duoc xéac dinh biang cach tbi thiéu hoa chi phi bao tri
trung binh,

C%(AT*R;,

(1)

Co(AT,R,,R,) =

(12)

= (T - maX(Tk

JRy) = n}?mR Co(AT, Ry, R,), (0 < AT <
D
ATpay, 0 <R, < 1,R, <Ry <1) (14)

Vi mdi phan tir can duoc kiém tra it nhat mot Ian trong
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vong doi cia né, do d6 ATy,q, = E[T/|x? = 0].

Pé xé4c dinh gia tri t6i wu cua cac tham sb bao tri
phuong phap mé phong Monte Carlo duoc tién hanh. Thuét
todn mo phong Monte Carlo nhu sau:

Thuat toan 2: M6 phong Monte Carlo
Input: $6 1an m6 phong M, tong s6 lan kiém tra N, céc
thdng so6 vé qua trinh hu hong va chi phi bao tri, u;, o;, D,
Cip. Cic1 Clost' Ct
Output: Chu ky kiém tra AT, ngudng bao tri phong
ngira va bao tri co hoi, R, vaR,
for(z=1- M) do
AT? « ATy rand (), Ry < rand(), R; = (1 —
R;).rand() +R3
for(k =1- N)do
Xi(Ty) < Xi(Ty—1) + - AT? + 0;. B(AT?)
Xéc dinh cac phan tir can bao tri tai thoi diém kiém tra
thir k, G* bang thuat toan 1
C? « CP+ Cfs + Cor + Cligy

end for
C5(AT, Ry R,) « 7
end for
C:(AT*,R;,R;) « min C (AT,R,,R,)

ATR ,Ro

Return AT, Ry, R,

Két qua 1a gia tri t5i wu cua chu ky kiém tra, AT,
ngudng bao tri phong ngira va bao tri co hoi R, vaR;
twong @ng Vvéi chi phi bao tri trung binh thap nhat
Cs(AT*, Ry, Ry).

4. Két qua nghién ciru
4.1. Sé ligu ban dau

Chinh séch bao tri d& xudt trong nghién ctru nay duoc
ap dung cho hé din dong co khi c6 céu tao, so d6 va ma
tran thao 1ap duoc trinh bay trong cac Hinh 2, 3 va 4. ch
thdng so ve qua trinh xuong cap va chi phi lién quan den
bao tri dugc trinh bay trong Bang 1. Cac thong so nay co
thé dugc xé&c dinh dya vao qud trinh bao tri trong qué khur.

Bing 1. Céc thdng s6 ciia md hinh bdo tri

P | .c|.dO| T lost d

Phin w oL [G|Cofm (e € Cre[C°| €

tr |77 @)@ ] ()] ($/ngan) |(D)|(®)] ($/h)
1,2|1,5/180|15 |45
2,2 2 [100] 4 |12
1,5/1,8({120(1030
1,1[1,5/180] 1650
1,8|2,0{100|4,5(15
1,6/1,6(120{20[ 60
1,411,5(120(1030
1,0/1,4/180] 18] 52
1,6/1,8{100| 5 |16
1,2|1,5/120/18 |58

0,4/0,6/200| 25| 68

N

15 418 4

© (00 |N (o |0 B W |N |-

[N
o

GNP INININIFP(NIN|-
GNP INININDIFPINDINIEFIDN

[EEN
[E=N

4.2. Két qud nghién ciru

Sau khi thyc hién thuat todn md phong Monte Carlo
trinh bay trong Muc 3.2, c4c thong sb tbi wu ciia md hinh
bao tri duoc x&c dinh, chu ky kiém tra AT* = 33,0 (ngay),
ngudng bao tri phong ngtra va bao tri co hoi
R, =0,70vaR; = 0,86 tuong ung vei chi phi bao tri
trung binh téi wu C;, (AT, R;, R;) = 4,62 ($/ngdy). Hinh
6 (duorng nét lién) biéu dién chi phi trung binh tuong ung
V6i cac gia tri khéc nhau cua chu ky kiém tra khi ap dung
chinh sach bao tri du doan dua trén co hol duoc d& xuét
trong nghién ctu nay (Policy 1). Ta thay rang, chi phi bao
tri trung binh thap nhat tai AT* = 33,00 (ngay).

Pé kiém tra tinh wu viét cua chinh sach bao tri du doan
dua trén co hoi dugc dé xuat trong nghién ctru nay, nhom
tac gia thuc hién so sanh chi phi bao tri trung binh tdi uu
dat duoc trong nghién ctru nay véi chi phi bao tri trung binh
khi &p dung chinh sach bao tri du doan thdng thuong duoc
ap dung trong nhiéu nghién ctu truéc d6 nhu trong Zhao
va cong su [12] (Policy 2). Béi véi chinh sach bao tri dy
doan théng thudng, viéc ra quyét dinh bao tri twong tu budc
1 cua chinh sach bao tri du dodn dua trén co hoi, tuc la
khong ap dung bao tri co hoi. Nhu vay, cac thong sé cua
md hinh bao tri ndy bao gom chu ky kiém tra AT va ngudng
bao tri phong ngtra R,,. Thuat toan mo6 phong Monte Carlo
cling dwoc ap dung dé xéac dinh théng s tdi wu cua chinh
s&ch bao tri du doan thong thuong, véi cac gia tri toi uu thu
duoc la AT = 34,00 (ngay), R, = 0,72 tuong tng V6i
chi phi bao tri trung binh 13 C, (AT*, R}, ) = 5,04 ($/ngay).
Gié tri chi phi bao tri trung binh ctia chinh sach bao tri nay
cao hon (9,1%) so vaéi chinh sich bao tri phong ngua dua
trén co hoi duoc dé xuat trong nghién ciru nay.

T T T T T T T T

Policy 1| /

e2p == Policy 2 '.’ b

C_ ($/ngay)

5 10 15 20 25 30 35 40 45 50
T (ngay)
Hinh 6. Chi phi bdo tri trung binh

Hinh 6 (dwong nét dut) thé hién chi phi bao tri trung
binh cuia chinh sach bao tri dy doan truyén théng (Policy
2) twong g Vai cAc gié tri khac nhau cua chu ky kiém tra.
Ta thdy rang, chinh sach bao tri du doan dya trén co hoi
luén c6 chi phi bao tri trung binh thdp hon so véi chinh
s&ch bao tri phdng ngura thong thuong.

Dé khao sat anh huong cia mic do phu thudc vé cau
trdc giita cc phan tir dén tinh hiéu qua cua chinh sach bao
tri du doan dua trén co hoi, tinh hiéu qua cuaa chinh sach
bao tri dugc khao sat véi céc gia tri khac nhau cia muc d6
phu thudc vé cau trac. Tinh hiéu qua caa chinh sach bao tri
co héi, ky hiéu Ia P, duoc xac dinh nhu sau:



6 Dinh Bdéc Hanh, Nguyén Pham Thé Nhan, Tao Quang Bang, Nguyén Linh Giang

€% (AT*,Rp,)—C% (AT* R},R5)
Coo(AT* Rp,RS)

Trong do, C, (AT, R;, ) va C5(AT*, R;, R;) 1a chi phi
bao tri trung binh téi wu khi &p dung chinh sach bao tri du
doan truyén théng va chinh sach bao tri dua trén co hoi.

Luu ¥ rang, mic do phu thugc vé cu tric gitra cac phan
tir dugc thé hién thong qua thoi gian théo I4p cua cac phan
tir, 72°. Hinh 7 dién ta sy thay doi cua tinh hiéu qua cia chinh
sach bao tri voi cac gia tri khac nhau (0%, 50%, 100%,
150%, 200%) ciia thoi gian théo Iip. Mic X% nghia la gia
tri cuia thoi gian thao lap twong duong X% so vai dir ligu 72°
cho trong Bang 1. Két qua cho thay, khi ting muc do phu
thudc vé cau trdc, tinh hiéu qua cua chinh sach bao tri dy
doan duya trén co hoi so véi chinh sach bao tri dy doan truyén
thong tang Ién. Biéu nay c6 thé duogc giai thich 1a do muc do
tiét kiem chi phi bao tri cua chinh sach bao tri dy doan dua
trén co hoi chi yéu phu thudc vao thoi gian thao I4p tiét kiem
duoc khi bao tri co hoi. Mot diéu dang chi y nira la khi muac
d6 phu thudc giam vé 0, tinh hiéu qua cua chinh sach bao tri
dwa trén co hoi khong giam vé 0. Diéu nay co thé duoc ly
giai 1a vi ngoai tiét kiém chi phi dirng may nho su phu thudc
vé cu trdc, bao tri co hoi ciing gidp tiét kiém chi phi chuan
bi nho s phu thugc vé kinh té.

P = .100%

(14)

12

0 50 100 150 200
Su thay déi mirc dd phu thudc (%)

Hinh 7. Tinh hiéu qua cua chjnh sach bao tri co hgi khi

muC d¢o phu thuge vé cau tric thay doi

5. Két luan

Nghién ctru ndy da xay dung thanh cdng chinh sach bao
tri du doan dua trén co hoi cho hé théng co khi bao gdm
nhiéu phan tir c6 su phu thudc vé cdu tric va kinh té. Két
qua md phong s6 cho thiy, chi phi bao tri trung binh cia
hé thong khi 4p dung chinh sach bao tri dugc phét trién
trong bai b&o nay thip hon déng ké (9,1% trong truong hop
hop giam tdc voi dir lidu duge cho) so véi khi &p dung

chinh séch bao tri du doan truyén thong. Trong cac nghién
ctru tiép theo, nhom tac gia s& tiép tuc khao sat chinh sach
bao tri du doan cho hé thdng nhiéu phan tir c6 su phu thudc
ca vé cau truc, kinh té va hu hong.

Loi caAm on:

Bai bao nély~du(jc tai tro boi Truong Dai hoc Bach khoa
- bai hoc Pa Nang voi dé tai co ma so: T2022-02-32.

Cac tac gid cling cam on nhitng ngudi phan bién da o
nhitng nhan xét hitu ich, gilp cac tac gia nang cao chat
lugng bai bao.
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