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Abstract: The rational selection of the operating interval between two successive repairs
plays an important role in reliability management and maintenance planning for technical
systems. For elements subject to sudden failures, the timing of repair is influenced by the
probability distribution of time to failure and the relationship between scheduled repair costs
and unscheduled repair costs. This study proposes a method for determining the optimal
operating interval of elements whose time to failure follows the Weibull-Gnedenko
distribution based on the criterion of minimizing the relative repair cost. Based on the
established mathematical model, a computational program was developed in Java to
determine the relative cost function, the optimal relative operating distance, and the optimal
operating interval for different repair cost ratios. The proposed method was applied to a
dataset comprising 78 time-to-failure observations of main and connecting rod bearings in
diesel locomotive engines. The results show that, as the ratio of scheduled repair cost to
unscheduled repair cost increases from 0.1 to 0.6, the corresponding optimal operating
interval varies from 19.0 x 10 km to 57.1 x 10 km. The results demonstrate the significant
influence of the repair cost relationship on the optimal operating interval and provide a
quantitative basis for selecting repair intervals for components subject to sudden failures in
railway vehicles and other technical systems with similar characteristics.
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Tom tat: Viéc lya chon hop 1y khoang thoi gian lam vigc gitra hai lan stra chira lién tiép co
y nghia quan trong trong quan ly d9 tin cay va t6 chirc bao tri cac d6i tugng k¥ thuat. Dbi véi
nhitng phan tir xuat hién hu hong dot ngot, thoi dlem tién hanh stra chita chiu anh huong cta
quy luat phan b6 thoi gian lam viéc t61 hong va méi twong quan giita chi phi sira chira theo
ké hoach véi chi phi khic phuc hu hong ngoai ké hoach. Nghién ciru nay dé xuat phuong
phap xéac dinh thoi han lam viéc tdi wu ciia phan tur co thoi gian lam viée to1 hong tuan theo
phan bd Weibull-Gnedenko dya trén tiéu chi cuc tiéu hoa chi phi sira chita twong di. Tir md
hinh toan hoc dugc thiét 1ap, mot chwong trinh tinh todn bang ngdn ngit Java dugc phat trién
dé xac dinh ham chi phi tuong d6i, quang duong chay twong ddi t6i vru va thoi han lam viéc
t6i wu ing v6i cac ty sd chi phi khac nhau. Phuong phap duoc ap dung cho b sb liéu gom
78 gia tri thoi gian lam vi¢e td1 hong cua bac truc va bac bién dong co dau may diesel. Két
qua cho thiy, khi ty s6 giita chi phi stra chita theo ké hoach va chi phi sira chita dot xuét ting
tir 0,1 dén 0,6, thoi han lam viéc t6i wu tuong tng bién thién tir 19,0x10° km dén 57,1x10°
km. Két qua thu duogc chi ra anh huéng dang ké cia twong quan chi phi stra chita dén thoi
han 1am viéc toi uu, déng thoi cung ca‘ip co s¢ dinh lugng cho viée lya chon chu ky stra chira
dbi voi cac chi tiét hu hong dot ngdt trén phuong tién dudng st va nhimng ddi tuong ki thuat
c6 dic diém tuong ty.

Tir khoa: t6i uu hoa, thoi han 1am viéc, chi phi sira chita, phan bd Weibull-Gnedenko, chuong
trinh tinh toan.
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1. PAT VAN PE

Céc nghién ctru lién quan dén trang thai ky thuat va qua trinh khai thac cia may moc, thiét
bi c6 thé dugc xem xét theo hai hudng chii yéu. Hudng thir nhat tap trung nghién clru qua trinh
hao mon, hu hong, danh gia do tin cdy va xac dinh thoi han 1am viée cling nhu tudi tho ctia d6i
tuong [1-5]. Hudng tht hai hudng tédi viée lya chon hop 1y thoi han lam viée va chu ky bao
dudng, sura chira.

Xéc dinh khoang thoi gian phu hop giita cac 1an bao dudng, sura chira lién tiép 1a mot noi
dung quan trong trong quan ly do tin cdy va vong doi cua dbi twong k¥ thuat. Cac nghién ctru
da cong bd tlep c4n bai toan t6i uu chu ky sira chira theo nhleu tiéu chi, trong d6 c6 do tin cay,
rui ro, tinh san sang va chi phi vong doi [6-14]. Mot huong tiép can duoc trinh bay trong [11-
14] 1a xay dung tiéu chi t6i uvu dya trén chi phi bao dudng, stra chira, v6i su phan biét giita chi
phi thuc hién stra chira theo ké hoach va chi phi phat sinh do sira chita dot xuét. Cach tiép can
nay dac biét phu hop voi cac phan tir c6 dang hu hong dot ngdt, boi thoi diém stra chira c6 quan
hé tryc tiép v6i xac sudt xuat hién hu hong va ton that kinh té twong tng.

O Viét Nam, bai toan t6i wu hoa chu ky bao dudng, sira chita da duoc dé cap trong mot sO
cong trinh nghién ctru [15-16]. Tuy véy, phuong phap xac dinh thoi han lam viée t6i wru cho cac
phan tir hu hong dot ngdt van can duoc tiép tuc hoan thién theo hudng c6 kha nang ap dung cho
nhiéu diéu kién tinh toan. Mot trong nhitng van dé can xem xét 14 anh hudéng cta tuong quan
giita chi phi sira chita theo ké hoach va chi phi stra chita dot xuat khi thoi gian 1am viéc t6i hong
ctia dbi twong tudn theo nhitng quy luat phan bd xac suat khac nhau.

Ttir van dé trén, nghién ctru lya chon céch tlep can kinh té - k¥ thuat dé xay dung bai toan
t6i wu. Hai dai lugng duoc sir dung lam bién s6 gom ty sd quang duong chay gitra cac lan sira
chita theo ké hoach so véi tham s0 ddc trung cua phan bd va ty sb giita chi phi sira chira ké
hoach véi chi phi sira chita dot xuat. Vi gia thiét thoi gian lam viée téi hong ctia phan tir tuan
theo phan b Weibull-Gnedenko [17-19], mé hinh toan hoc duoc thiét 1p va chuong trinh tinh
toan dugc xay dung nham xac dinh thoi han 1am viée t6i wru ing véi timg phuong an chi phi.

Két qua thu dugc gop phan cung cap co s¢ dinh lugng cho viéc lya chon chu ky stra chira
phu hop d6i vé6i cac doi tuong k¥ thuat va co thé 4p dung cho cac chi tiét, cum chi tiét caa
phuong tién dudng sat trong diéu kién khai thac tai Viét Nam.

2.CO SO TOI UU HOA THOI HAN LAM VIEC GIUA CAC LAN SUA CUAPHAN TU
KHI THOI HAN LAM VIEC TOI HONG TUAN THEO LUAT PHAN BO WEIBULL-
GNEDENKO

Bai toan xac dinh thoi han 1am viéc téi wu cua phan tir hu hong dot ngot doi hoi phai xéac
dinh duoc quy luat phan bb xéac suat cua thoi gian lam viéc hodc quing duong chay toi hong
f(l), cing cac dic trung théng ké twong tmg nhu ky vong toan hoc, do léch chuan va hé sé

bién dong (L,,0,,v,)- Khi bai toan dugc xem xét theo quan diém Kinh té - k¥ thuat, ngoai dic
tinh hu héng ciia phén tir con phai tinh dén yéu t6 chi phi. Trong nghién ciru nay, hai thanh
phan dugc xem xét la chi phi sua chira theo ké hoach va chi phi stra chira dot xuat [11-14].
Chi phi stra chira theo ké hoach C,, phu thudc vao dac diém két ciu, kha nang phuc hdi va
cong nghé sira chita ap dung cho chi tiét. Trong khi d6, chi phi stra chita dot xut C4 Chiu dnh
huong cua nhjéu yéu t6 phat sinh trong qua trinh van hanh va thuong gin véi hau qua cua hu
hong ngoai ké hoach. Do dd, viéc dong thoi xem xét hai thanh phan chi phi nay cho phép danh
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gia thoi han stra chira trén ca phuong dién d¢ tin cay va hi€u qua kinh té. Vi diéu kién 1am viéc
va cuong do khai thac co thé khac nhau gitra cac ddi tuong hoac moi truong van hanh, ton that
kinh té do hur hong gay ra ciing khong giéng nhau. Boi vy, cac thanh phan chi phi lién quan
can duoc xéac dinh tir dir liéu théng ké thu thap trong nhitng diéu kién khai thac cu thé [11-14].

D6i véi chi tiét duge thao kiém tra, phuc hdi hodc thay thé theo chu ky dinh trudc, chi phi
stra chira ké hoach c6 thé duoc cau thanh tir:

- Chi phi nhan cong cho cac cong viée thao, lap va kiém tra chi tiét trong ky stra chita;

- Chi phi mua chi tiét moi néu 4p dung phuong an thay thé; thanh phan nay khong phat
sinh khi chi tiét dugc phuc hoi;

- Chi phi phuc hdi hodc sira chita chi tiét; thanh phén nay khong dugc tinh néu lya chon
phuong an thay moi.

Trong thuc té, gia tri chi phi stra chira ké hoach ¢6 thé dugc xé4c dinh tir dinh mirc lao dong,
don gia nhan cong, gid phu tung va vat tu thay the theo quy dinh cua don vi quan 1y, khai thac.

Nhu céu stra chita dot xudt c6 thé xuat hién khi chi tiét bi hu hong trong khoang thoi gian
giira hai ky sira chira theo ké hoach. Tty theo mirc do hu hong, chi tiét c6 thé phai sira chira
hoic thay thé ngoai ké hoach. Ngoai ra, chi phi dot xuét ciing c6 thé phat sinh khi hu hong dugc
phat hién trong qua trinh thyc hién mdt ky stra chita dinh ky nhung ndi dung xtr Iy hu hong do6
chua duge du kién trong ké hoach ban dau.

Khi xay ra hu hong ngoai ké hoach, ddi twong c6 thé phai ngimg khai thac dé sira chita
hoic kéo dai thoi gian nam tai cép sira chita dinh ky do khéi lugng cong viée tang thém. Vi vay,
chi phi dot xuat khong chi bao gf)m chi phi truc tiép cho viéc stra chita hodc thay thé chi tiét ma
con ¢o thé bao gom cac ton that gian t1ep do su c0 géy ra. Dbi véi phuong tién duong sit, cac
ton that nay cé thé lién quan dén su ¢d xdy ra trén tuyén, thoi gian dimg phuong tién ngoai ké
hoach va nhiing chi phi phat sinh khac trong qua trinh khac phuc hu hong. Do chiu anh huéng
ctia diéu kién khai thac thuc té, chi phi sira chita dot xuat co tinh bién dong va can dugc danh
gia duya trén sb liéu thong ké. Trong trudng hop chua dil co sé xac dinh chinh x4c gia tri tuyét
d6i cua timg thanh phéan chi phi, bai toan ti uu c6 thé duoc thiét 1ap thong qua ty s6 chi phi

: C C
tuong doi 7, = v su dung dai lugng nay lam mot bién sé tinh toan.
dx
Khi da xac dinh duoc quy luat phan bé thai gian 1am viéc téi hong va gid trj trung binh L,
, khoang thoi gian giita cac lan stra chita theo ké hoach c6 thé duoc biéu dién dudi dang dai
L . s
lugng khong thi nguyén v, = %““ . Viéc st dung ty s6 nay 1am bién sé cho phép khao sét su
h
thay d6i cia ham muyc tiéu theo thoi han sira chira va tir 6 xac dinh gié tri Ly PhU hop Véi
tiéu chi ti wu [11-14].
Theo cach tiép can trén, bai toan téi vu duoc xay dung dwa trén hai dai luong chinh:
- Ty sb biéu thi quang dudng chay gitra cac 1an stra chita theo ké hoach so véi quing duong
sc,kh

chay trung binh téi hong, v, = L' :
h
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Lo 4 N X N N an, X c
- Ty s0 gifta chi phi stra chita theo ké hoach va chi phi sira chira dot xuat, y, = —*.

Cdx

Trén co s& cac phuong phap duoc trinh bay trong [11, 13-14], mé hinh téi wu thoi han 1am
viéc gitra cac 1an sira chita dugc xem xét cho phan tir hu hong dot ngot tng véi cac quy luét
phan b thoi gian 1am viéc téi hong khac nhau. Di voi trudng hop thoi gian 1am viéc ti hong
tuan theo phan b6 Weibull-Gnedenko, bai toan dugc thiét lap nhu sau.

2.1. Ham muc tiéu

e rent ]

U, = = min (1)

Ve,sc

I exXp(—V2y )dVee

0

Cac rang bugc: v, . >0;0<y,<10;
trong do:
U. - chi phi téng cong tuong doi;

F(1+ %j - ham gamma;

S =b- tham s6 hinh dang cua phan bé Weibull-Gnedenko;
a = a, - tham sb ty Ié ciia phan bd Weibull-Gnedenko;

L (e i I o~ £
Ve = a—s° - ty 1€ quang duong chay tuong doi giira cac lan stra chira theo ké hoach so
€

v6i thong sé a, ctia phan bé Weibull-Gnedenko;

Ve = cﬂ - chi phi tuwong doi (ty so gitta chi phi stra chira theo ké hoach va stra chita dot
dx
XUAt).

Ttr ham muc t1eu c6 thé xac lap quan hé giira gia tri quing duong chay twong ddi tdi wu
Ve min Va chi phi tong cong twong d6i U_ déi voi phan bd Weibull-Gnedenko:

il

Uu. .
v = c,min (2)

MGE

Khi xac dinh duoc v thot han 1am vié€ce to1 vu gitra hai 1an stra chira lién ti€ép duogc tinh

sc,min

theo biéu thirc:

Lsc,tu = Ve,sc,min ae (3)
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2.2. Céc thong sb tinh toan
Céc dai luong dau vao va két qua can xac dinh cta bai toan tdi wu duoc tong hop trong
Bang 1.
Bang 1. CAc thdng s6 tinh toan xac dinh thai han 1am viéc téi wu gitra cac lan sira chira khi thoi han
Iam viéc t¢i hong cua phan ti tuén theo luat phan bo Weibull-Gnedenko.

TT Thong s dau vao Théng sb can tinh toan
1 Ky vong thoi gian lam viéc t6i hong L, , km Tinh toan gia tri ham U theo v

o.sc V01 phén
b6 Weibull-Gnedenko va v& do thi
2 Tham s6 hinh dang cia phan bd Weibull- Xac dinh gia tri Ue.min
Gnedenko b
3 Tham s ty 1& ctia phan bo Weibull-Gnedenko @,  Xac dinh gia tri quing duong chay tuong doi
t6i wu v, ,, twong ing v6i Uemin

sc,tu
4 Ty 1¢ quing duong chay tuong doi giita cac lan Xac dinh thoi han lam viéc toi wu
sua chita theo k& hoach so vdi thong s6 a. cia L, =v, . ..a

. L .
phan bo Weibull-Gnedenko Vv, =—= (bién
, a,
chay)
5 Chi phi tuong d6i (ty s6 gitta chi phi stra chita

. . C
theo ké hoach va stra chita dot xuat) y, = —h

. dx
(bién chay)

3. XAY DUNG CHUONG TRINH TiNH TOAN XAC PINH THOI HAN LAM VIEC
TOI UU GIUA CAC LAN SUA CHUA CUA PHAN TU HU HONG PQT NGOQT KHI
THOI HAN LAM VIEC TOlI HONG TUAN THEO LUAT PHAN BO WEIBULL-
GNEDENKO

Tir md hinh toan hoc di thiét 1ap, chuong trinh tinh toan dwoc phét trién bang ngdn ngir
Java [20-22] nham thuc hién qué trinh khao sat ham muc tiéu va xac dinh thoi han lam viéc toi
uu.

3.1. Lwu do thuét toan

Trinh tu thyc hién cac budc tinh toén cua chuong trinh dugc md ta bang luu do trén
Hinh 1.

3.2. C&c chirc nang cia chwong trinh

Chuong trinh duoc xay dung dé thuc hién cac chirc ning chinh sau:

- Tinh gia tri ham chi phi twong déi Uc theo bién v, . ddi véi phan bé Weibull-Gnedenko
va biéu dién két qua duéi dang d6 thi;

- Tim gié tri nho nhat Ug min ciia ham muc tiéu;

- X4c dinh quing duong chay twong dbi toi wu v, @ng voi Ugmin;

sc,tu
- Tinh thoi han 1am viéc ti wu theo bieu thirc L, =V, . in -

3.3. Giao dién chinh cia chwong trinh

877



Transport and Communications Science Journal, Vol 77, Issue 06 (8/2026), 872-884

Nhap vao:
b,
Vese,(i=1+n),
Ye;(§=1+m)

Xudt ra:

UU:.J

Hinh 1. Luu dd thuat toan xac dinh thdi han lam viée t6i wu gitlra cac lﬁr} stra chira cia phﬁn tr hu hong
dot ngot khi thoi han lam viéc toi hong tuan theo luat phan bo Weibull-Gnedenko.

Giao dién phuc vu nhap dir liéu va thyc hién cac chirc nang tinh toan duoc trinh bay trén
Hinh 2.

o TUH_THLV_PT — x
Tép tin Phin v Chire ning Ngon ngi Tro giup
=1RAL - PP E

TOI UU HOA THOT HAN LAM VIEC CUA PHAN TCU
HU HONG POT XUAT CO XET TOI CHI PHi SUA CHUA
THEO QUY LUAT PHAN BO VEIBULL GNEDENKO

Cac théng s6 cin nhip Két qua tinh toin
b= Py
'Both.!Lctheove’sc
ve,sc:
g = Béngtin.hT]ctheo Vo
c

Hinh 2. Giao dién tinh toan xéac dinh thoi han 1am viée ti uu cua phﬁn tor hu hong dot ngdt khi thoi
gian lam viéc téi hong tuan theo luat phan bo Weibull-Gnedenko.
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Do chinh xac cua chwong trinh dugce kiém tra thong qua viéc tinh toan lai cac bai toan
mau trong [11, 14] va dbi chiéu két qua thu dugc. Két qua so sanh cho thiy cac duong cong co
cung xu hu:o*ng bién thién, trong khi sai 1éch giita gia tri tinh bang chwong trinh va két qua tham
chiéu 1a khong dang ké. Do gi6i han dung luong bai bao, ndi dung chi tiét ciia qua trinh kiém
tra khong duogc trinh bay tai day.

4 DoTinCay - X

Teptin  Hienthi Danh gia dotincay  Thiet lap moiquan he Congcu  Tro giup
Jdde RO PEEN |~
DO TIN CAY CUA PHAN TU HU HONG DOT NGOT KHONG PHUC HOI

Ket qua xu ly so lieu Chon ham phan bo meu

Tong so lieu
78

Ky vong toan hoc

| Chon loai do thi Ham mat do phan bo v

0.0247 [

T T
[ phan bo thue nghiem

46.9039 Thiri gian 1am viée 161 héng ela 78 d6i tuong
f(t) = 9.0035¢-05t 7 exp(-3 4797 e-05t> 2 %)

= datal T

Phuong sai 0.0204 |

380.0066 L

Sai lech BPTB
19.4938

Hs bien dong
0.41561 g0z
Mode
43.74
Median 3 33;2 / \
45.8757

Momen TT bac 3

0.0032 [ [
NaN
0.0011 [
Cac tham so rieng 0 - - - - - - - T
n 18.6056 30.5368 42.4680 54.3992 66.3304 78.2616 90.1927 102.1239
alpha t
52.8567 . Xet su phu hop Cai dat so lieu
Khi Xac suat Ket luan Tudong []Sonhom [] Buoc cua nhom
Beta binh phueng phu hop
2.5875 7.1543 0.20941 Phu hop 8 1.1931e+01

Hinh 3. Ham mét d6 phan b thoi gian 1am viéc téi hong cua 78 phan tir ddi voi phan bd Weibull-
Gnedenko. Dau . tuong duong dau , xét vé biéu dien so.

4. TINH TOAN XAC PINH THOI HAN LAM VIEC TOI UU GIUA CAC LAN SUA
CHUA CUA PHAN TU HU HONG PQT NGQT KHI THOI HAN LAM VIEC TOI
HONG TUAN THEO LUAT PHAN BO WEIBULL-GNEDENKO

4.1. So liéu thong ké

B6 s6 liéu sir dung trong tinh toan gom 78 gia tri quang duong lam viéc téi khi xuét hién
hu héng dot ngot cua bac truc va bac bién dong co dau may diesel, véi don vi 102 km [2, 3].

51,380; 65,130; 69,200; 85,240; 48,150; 50,530; 82,600; 90,980; 76,430; 58,510; 42,660;
84,050; 53,220; 86,040;58,070; 55,690; 75,400; 60,650; 42,350; 63,540; 48,450; 41,280;
99,520; 50,980; 42,600; 72,880; 78,790; 39,170; 42,360; 35,740; 53,980; 68,870; 35,980;
32,450; 30,030; 44,730; 47,940; 41,300; 42,700; 46,310; 40,950; 45,110; 31,220; 42,290;
50,630; 46,200; 34,940; 44,450; 41,920; 77,930; 36,820; 33,420; 53,880; 39,690; 67,470;
35,640; 20,500; 42,040; 39,080; 58,050; 24,960; 32,940; 33,480; 12,640; 28,500; 24,700;
29,090; 17,320; 21,290; 18,630; 30,040; 35,080; 21,800; 34,560; 42,800; 29,670; 14,520;
28,350

4.2. Xac dinh thoi han [am viéc ti wu giira c4c Ian sira chira
4.2.1. Thiét Idp ham mdt dé phan bé
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B6 s6 liéu dugc xir Iy bang phan mém chuyén dung [23] dé x4c dinh ham mat d6 xac suat
va uéc luong céc tham sb cua phan bé Weibull-Gnedenko. Két qua phan tich duoc trinh bay
trén Hinh 3 va tong hop trong Bang 2.

Bang 2. Céac tham s6 cuia phan b Weibull-Gnedenko.

TT Céac tham sb Tri s6
1 K¥ vong toan hoc a, 10% km 46,904
2 Do léch chuan o, 10% km 19,394
3 He¢ sé bién dong v, 0,416
4 Tham sé @ =a, 52,8567
5 Thamsé S=b 2,5875
6 Xéc suat phu hop p 0,209

4.2.2. Xdc dinh théi han 1am viéc téi wu giiva cac lan sira chira

Cac tham s phan bd xac dinh duoc tir bo s6 lieu tiép tuc duoc sir dung 1am di liéu dau
vao cho chuong trinh nham tinh toan thoi han lam viéc t6i uu.

Qua trinh tinh toan dugc thuc hién vai cac dir liéu va pham vi khao sat nhu sau:
- Tham s6 hinh dang cua phan bé Weibull-Gnedenko: b = 2,5875

- Bién Vs duoc khao sat trong khoang tir 0,01 dén 2,0 vé6i bude tang 0,01;
- Bién y,_, duoc khao sét tir 0,1 dén 0,9 véi bude ting 0,1.

Giao dién nhap cc tham sé tinh toan dwgc minh hoa trén Hinh 4.

| & TUH_THLV_PT - X

Tép tin Phin t Chikc ning Ngén ngié Tro ginp
MOoF &m0
TOI UU HOA THOI HAN LAM VIEC CUA PHAN TU
HU HONG POQT XUAT CO XET TGI CHI PHI SUA CHUA
THEO QUY LUAT PHAN BO VEIBULL GNEDENKO
Cic théng sé cin nhiap Két qua tinh todn
b=l z=iE D thi U theo v, ;.
Tzn= 0.01 3 0.01 = 2

c s ] . o0 . o Bing tinh tc theo Vo se

Tép s6 liéu di dwec xit If: "TUH 78 phin tit - Phiin b8 Weibull-Gnedenko.txt”

Hinh 4. Giao dién nhap s6 liéu va tinh toan thoi gian 1am viéc téi wu cta 78 phan tir déi véi phan bo
Weibull-Gnedenko. Dau . trong duong dau , xét vé biéu dién so.
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V/6i mi gid tri cua yc, chuong trinh tinh U tai 200 gid tri cua v, ., trong pham vi khao st.

Mot phan bang két qua tinh toan duoc trich xuat va trinh bay trén Hinh 5.
X

Bing tinh Tu'c theo Vesc (Céc 6 man vang la gia tri nhé nhit cia mbi cét)
(Tép s li¢u: "TUH 78 phin tir - Phin b6 Weibull Gnedenko.txt")

STT | ve.se | Ue (ye=0.10) | Uc (yc=0.20) | Ue (ye=0.30) | Uc (yc=0.40) | Uc (yc=0.50) | Ue (ye=0.60) | Ue (ye=0.70) | Uc (yc =0.80) | Uc (yc=10.90)

1 0.01 8.88140] 17.76220 26.64300) 35.52380 44.40460] 53.28541 62.16621 71.04701 79.92781| &
2 0.02 4.44208 8.88237 13.32267 17.76296 22.20325 26.64355| 31.08384 35.52413 39.96443
3 0.03 2.96343 5.02347 8.88351 11.84354 14.80358 17.76362 20.72365| 23.68369 26.64373
4 0.04 2.22519 4.44501 6.66483 8.88466 11.10448 13.32431 15.54413 17.763%96 10.98378|

5 0.05 1.78326 3.55887 5.33449) 7.11011 8.88573 10.66135 12.43697 14.21258 15.08820
[] 0.06/ 1.48961 2.96901 4.44842 5.02782 7.40723 8.88663 10.36604) 11.84544 13.32485

7 0.07 1.28078 2.54853 3.81629) 5.08404 6.35179 7.61954 8.88730/ 10.15505 11.42280
8 0.08 1.12505 2.23309 3.34204 4.45188 5.56083 6.66977 7.77871 8.88766 9.99660
9 0.09 1.00477 1.99014 2.97550) 3.96086 4.94622 5.03158 6.91694 7.90230 8.887066
10 0.10] 0.90038 1.79581 2.68224| 3.56867 4.45510 5.34153 6.22795) 7.11438] 8.00081|
190 1.90/ 0.99608/ 0.99659/ 0.90711 0.90763 0.90815 0.90867 0.90018 0.99970 1.00022
101 1.01 0.99634) 0.99683 0.90731 0.90779) 0.90827 0.90875 0.90024 0.99072 1.00020)
192 1.92 0.99660/ 0.99704] 0.99749] 0.99794 0.99839 0.90884 0.99929 0.99973 1.00018
193 1.93 0.99683 0.99725 0.99767 0.99308 0.99850 0.99892 0.99933 0.99975 1.00017|
194 1.94 0.99705] 0.99744 0.90783 0.90821 0.90860/ 0.90890 0.90038 0.99976 1.00015
195 1.95 0.99726] 0.99762 0.90708/ 0.90834) 0.90870/ 0.90006/ 0.90042 0.99978 1.00014]
196 1.96. 0.99746/ 0.99779] 0.99812 0.99846/ 0.99879 0.99012 0.99946/ 0.99979 1.00012
197 1.97 0.99764/ 0.99795/ 0.99826/ 0.99857 0.99887 0.99918/ 0.99949 0.99980/ 1.00011
198 1.98) 0.99781 0.99810] 0.90838/ 0.90867 0.90895 0.90924 0.90953 0.99981 1.00010)
199 1.99] 0.99707 0.90823| 0.90850| 0.90876/ 0.90903 0.90920 0.90956 0.99982 1.00009)
200 2.00 0.90812 0.99836| 099861 0.90885 0.99010/ 0.90034 0.99059 0.99084 1.00008 ~

Hinh 5. Két qua tinh toan Uc theo v, véi cac , khac nhau cta 78 phan tir ddi voi phan bd Weibull-
Gnedenko. Dau . twong dwong dau , xét vé biéu dién sb.
Trén co s& CAC gid tri da tinh, quan hé gitta U_va v, tng véi ting gid tri yc dugc biéu

dién duéi dang cac duong cong trén Hinh 6.
P6 thi U_theo v
Eut e,sc
(Tép s6 liéu: "TUH 78 phan ti - Phan bo Weibull-Gnedenko.txt")

C

= ""f’ =

- ’\/>

2 g
\ ' /£ 0.73721v =061, 72030
\ 7

/ i
= 0.59949; v=0.49;
i

40699; v=0.36; y=0.10

01 02 03 04 05 06 07 08 09 10 1.1 12 13 14 15 16 17 18 19 20
VE.SC

==ryc=0.10 = yc=0.20 — yc = 0.30 = yc = 0.40 — yc = 0.50 = yc = 0.60 ==+c = 0.70 ==yc = 0.80 == c = 0.90
Hinh 6. Giao di¢n d6 thi ham Uctheo v, vai cac . khac nhau cua 78 phan tir doi véi phan bo
Weibull-Gnedenko. Dau . trong dwong dau , xét vé biéu dién sd.
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Két qua trén Hinh 5 va Hinh 6 cho phép x4c dinh sau trudng hop ton tai cuc tiéu caa ham

Ue, trong tmg véi sau cap giatri U, Va v, o i (hay v, ). Thay cac giatri v, .. vao biéu
thirc L

=v a, thu dugc thoi han 1am viéc téi uu ang vai ting ty s6 chi phi. Cac két qua

SC,tu e,sc, min e
duoc tong hop trong Bang 3.
Bang 3. Két qua xac dinh thoi han 1am viéc téi wu ctia 78 phan tir dbi voi phan bé Weibull-Gnedenko.

1T Uc,tu 7/(: Ve,sc,min ae ! 103 km Lsc,tu ! 103 km
1 0,40699 0,1 0,36 52,8567 19,02841

2 0,59949 0,2 0,49 52,8567 25,89978

3 0,73721 0,3 0,61 52,8567 32,24259

4 0,83942 0,4 0,73 52,8567 38,58539

5 0,91347 0,5 0,87 52,8567 45,98533

6 0,96288 0,6 1,08 52,8567 57,08524
Nhan xét:

- Két qua tinh toan cho thay su ton tai va gid tri cua thoi han 1am viéc téi wu chiu anh huong
truc tiép cua ty sé chi phi yc. Trong pham vi khao sat, ham muc tiéu ton tai gia tri cuc tiéu khi
ye bién thién tir 0,1 dén 0,6; do d6 xac dinh dugc sau phuong an thoi han 1am viéc téi wu. Vi
ye > 0,6, khéng tim thay cuc tiéu cia ham muc tiéu trong mién tinh toan da lya chon.

- Ung véi mdi gia tri yc c6 nghiém tbi wu, két qua thu duoc mot gia tri thoi han 1am viéc toi
uu duy nhét. Khi yc tang tir 0,1 dén 0,6, thoi han téi uu ting twong wng tir 19,02841x10° km Ién
57,08524x10% km. So v6i quing dudng lam viéc trung binh toi hong Ln = 46,904x10° km, thoi
han t6i wu nho hon Ly khi ye nam trong khoang tir 0,1 dén 0,5 va Ién hon L khi yc = 0,6.

- Xu huéng trén cho thay khi chi phi sira chita theo ké hoach chiém ty trong nho so vai chi
phi stra chita d6t xuat, viéc lua chon thoi diém sira chita sém hon c6 loi hon theo tiéu chi tdi uu
da thiét lap. Nguoc lai, khi chi phi sira chita theo ké hoach ting twong ddi so véi chi phi sira
chita dot xuat, thoi han 1am viéc téi wu c¢6 xu huéng kéo dai.

Do d6, khi d3 c6 s liéu thong ké vé thoi gian 1am viéc ti hong va xac dinh duoc cac thanh

N . Y - n - , X . _ K C , X , , -y . \
phan chi phi trong diéu ki¢n khai thac thuc te, ty so y, = cﬁ ¢ thé duogc tinh toan. Gia tri nay,
dx
két hgp Vv6i md hinh va chuong trinh da xay dyng, chg phép lua chon thoi han lam viéc gitra
cac lan stra chira phu hop véi diéu kién khai thac cu thé.

5. KET LUAN

Nghién cuu da thiét 1ap mo hinh xac dinh thoi han lam viée ti wu gitta cac lan sira chita
dbi v6i phan tr hu hong dot ngdt c6 thoi gian 1am viée t6i hong tuan theo phan bd Weibull-
Gnedenko. Bai toan dugc xay dung theo cach tiép can kinh té - k¥ thuat, trong d6 ty s6 giira chi
phi stra chira theo ké hoach va chi phi stra chira dot xuat duoc xem xét ciing v6i quing duong
chay tuong d6i dé xac dinh cyc tiéu ctia ham chi phi. Trén co s6 md hinh nay, chuong trinh tinh
toan bang ngdn ngir Java da dugc phat trién nham khao sat ham muc tiéu va xac dinh thoi han
lam viéc téi uu ing véi cac phuong an chi phi khac nhau.

Vi€c ap dung phuong phap cho bo s6 liéu gém 78 gia tri quang dudng lam viéc t6i hong
cua bac tryc va bac bién dong co dau may diesel 9ho thay, khi y. tdng tr 0,1 dén 0,6, thoi han
lam viéc t6i wu ting twong tng tir 19,0x10% km dén 57,1x10% km. Trong pham vi khao sat ciia
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bai toan, mdi gia tri yc tir 0,1 dén 0,6 twong tng véi mot nghiém t6i uu, trong khi khong xéac
dinh duoc cuc tiéu cia ham muc tiéu khi y.> 0,6.

Ket qua thu dugc cho thay ty s6 chi phi stra chita c6 anh huong rd rét dén thoi diém sira
chita t6i uvu. Phuong phap dé xuat c6 thé duogc st dung nhu mot cong cu ho tro Iua chon chu ky
sira chita cho cac phan tir hu hong dot ngdt khi c6 du sb lidu vé thoi gian 1am viée t6i hong va
cac thanh phan chi phi tuong tmg. Day cling la co s¢ dé tiép tuc ‘ap dungva kiém chimg phuong
phap d6i v6i cac chi tiét, cum chi tiét ciia phuong tién dudng sét trong didu kién khai thac thuc
té tai Viét Nam.

TAI LIEU THAM KHAO

[1]. B3 Bac Tuan, Panh gid hao mon va do tin cdy cua chi tiét va két ciu trén dau may diesel, NXB
Giao thong van tai, Ha Noi, 2005.

[2]. D6 Bac Tuin, Do tin cay va tudi bén may, NXB Giao thdng van tai, Ha Noi, 2013.

[3]. B4 Btic Tuan, V6 Trong Cang, Nguyén Puc Toan, Co so danh gia do tin cdy caa chi tiét may va
phuong tién hu hong do mon, NXB Pai hoc Quéc gia TP. HS6 Chi Minh, 2016.

[4]. G. Gelumbickas, G. Vaicitinas, Research on the influence of operational factors on the number of
failures of diesel locomotives’ engines, Transport Problems, 9 (2014) 5-12.

[5]. G. Vaidiiinas, G. Gelumbickas, L.P. Lingaitis, Methods of research of locomotive axes wear,
Transport Problems, 8 (2013) 95-104.

[6]. R. Mullor, J. Mulero, M. Trottini, A modelling approach to optimal imperfect maintenance of
repairable equipment with multiple failure modes, Computers & Industrial Engineering, 128 (2019) 24-
31. https://doi.org/10.1016/j.cie.2018.12.032

[7]. M. Di Mascolo, Z. S. Abazi, R. Djeunang, Innovative distributed maintenance concept: From the
design to cost optimisation, International Journal of Prognostics and Health Management, 16 (2025) 1-
18. https://doi.org/10.36001/ijphm.2025.v16i2.4265

[8]. N. Yousefi, D.W. Coit, X. Zhu, Dynamic maintenance policy for systems with repairable
components subject to mutually dependent competing failure processes, Computers & Industrial
Engineering, 143 (2020) 106398. https://doi.org/10.1016/j.cie.2020.106398

[9]. C.E. Ebeling, An introduction to reliability and maintainability engineering, Third edition,
Waveland Press, Inc., The United States, 2019.

[10]. A. B. Ma6ansu, E. I'. TluadyeB u ap., OnTuMH3alms TEXHHYECKHX CHCTEM TpaHCHopTa, M.:
Tpancnopt, 1990.

[11]. B.I'. Tankusn, B.I1. ITapam3un, B.A. YerBepros, HaiexxHOCTh TATOBOTO MOJBMIKHOTO COCTaBa,
Mocksa, Tpancnopt, 1981.

[12]. A.B. T'opckuii, A.A. BopobseB, OnTrMm3anus CHCTEMBI PEMOHTa TEMJIOBO30B, MOCKBa,
Tpancnopt, 1994.

[13]. A. 1. [TyzankoB, MeTopl pacyéra ¥ HCHIOJIB30BaHUS MTOKa3aTelel HaJAEKHOCTH B SKCILTyaTallUH,
MMUUT, Mocksa, 2004.

[14]. A. 1. Iy3ankoB, HanéxHocTh KOHCTpYKIHit JokoMoTHBOB, MUUT, Mocksa, 1999.

[15]. Vo Trong Cang, Nguyen Duc Toan, Do Duc Tuan, Determining the optimized repair cycle
structure considering the repairing cost and the gamma-percent lifetime, International Journal of
Mechanical Engineering and Applications, 5 (2017) 33-40.
https://doi.org/10.11648/j.ijmea.s.2017050401.16

[16]. V& Trong Cang, Téi uu hoa thoi han bao dudng, stra chita by phan chay dau may diesel khai thac
trong diéu kién Viét Nam, Luan an Tién si ky thuat, Truong Dai hoc GTVT, 2020.

[17]. M. Shahriari, H. Shahrasbi, A. Zaretalab, Reliability analysis of lifetime systems based on Weibull
distribution, International Journal of Nonlinear Analysis and Applications, 15 (2024) 321-329.
https://doi.org/10.22075/ijnaa.2024.31309.4609

[18]. C.G. Papadopoulos, K. Politis, New approximations for the renewal function of the Weibull
distribution,  Reliability = Engineering &  System  Safety, 272 (2026) 112425.

883


https://doi.org/10.1016/j.cie.2018.12.032
https://doi.org/10.36001/ijphm.2025.v16i2.4265
https://doi.org/10.1016/j.cie.2020.106398
https://doi.org/10.11648/j.ijmea.s.2017050401.16
https://doi.org/10.22075/ijnaa.2024.31309.4609

Transport and Communications Science Journal, Vol 77, Issue 06 (8/2026), 872-884

https://doi.org/10.1016/j.ress.2026.112425

[19]. R. Zellagui, L. Khammar, Optimization of industrial system maintenance using the mixed Weibull
distribution, Reliability: Theory & Applications, 20 (2025) 1150-1158. https://doi.org/10.24412/1932-
2321-2025-489-1150-1158

[20]. Poan Vin Ban, Poan Vin Trung, Gido trinh Lap trinh Java, Nha xuat ban Giao dyc Viét Nam,
2011.

[21]. A. Downey, C. Mayfield, Think Java - How to Think Like a Computer Scientist, Green Tea Press,
The United States, 2016.

[22]. D. Salter, R. Dantas, NetBeans IDE 8 Cookbook, Packt Publishing Ltd, The United Kingdom, 2014.
[23]. Nguyén Dirc Toan, P Puc Tuan, Xiy dung phdn mém dénh gia cac chi tiéu d tin cdy cta phin
tir va hé thong dau may, toa xe trén co s ngdn ngit 1ap trinh Matlab, D¢ taii NCKH ma s6: T2013-CK-
28, 2013.

884


https://doi.org/10.1016/j.ress.2026.112425
https://doi.org/10.24412/1932-2321-2025-489-1150-1158
https://doi.org/10.24412/1932-2321-2025-489-1150-1158

