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Abstract: Urban railway systems are considered complex systems, composed of sub-systems
such as fixed equipment: railways, bridges, tunnels, communications, signals, stations, power
supplies, and other equipment; mobile equipment: metro trains. On the other hand, if urban
railway vehicles (metro trains) are considered independent complex engineering systems,
they are divided into sub-systems such as bodies, running gears, transmissions, brakes,
controls, and auxiliary equipment. In the operation, the technical equipment may be damaged,
leading to interruption of train operation or break of train working diagram. Additionally,
when the mentioned equipment fails, its reliability is degraded and directly affects the
operational efficiency of both the railway system in general and of railway vehicles in
particular. Currently in Vietnam, there are only three urban railway routes that have been and
are being built: Cat Linh - Ha Dong, Nhon - Hanoi Railway Station and Ben Thanh - Suoi
Tien. In which, only Cat Linh - Ha Dong route has officially been put into operation since
November 2021. Assessing the reliability of urban railway systems in general and of urban
railway vehicles in particular in the exploitation is still completely new, and has not been
mentioned by any research. To contribute to solving the above problem, the article presents
the establishment of reliability assessment models for urban railway vehicles in general and
applies to the Cat Linh - Ha Dong route in particular.
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Tom tat: Hé thong thong duong sit d6 thi dwoc coi 1a mot hé thdng phuac hop, cau thanh tir
cac phan hé nhu trang thiét bj cd dinh: dudng sat, cau, ham, théng tin, tin hiéu, nha ga, thiét
bi cung cip dién ... va trang thiét bi dong: doan tau metro. Mat khac, néu coi phuong tién
duong sat d6 thi (doan tau metro) l1a mot hé thong ky thuat phac hop doc 1ap, thi no lai duoc
phan chia thanh cac phan hé nhu: than xe, bo phan chay, truyén dong, thiét bi ham, diéu
khién, thiét bi phu v.v. Trong qué trinh hoat dong, cac thiét bi k¥ thuat noi chung cé thé bi
hu hong, dan dén qué trinh chay tau bi gian doan hay ndi khac, biéu do chay tau bi pha va.
Mt khéc, khi xay ra hu hong caa cac thiét bj ky thuat da néu, chi tiéu do tin cay cua chang
bi suy giam va anh hudng truc tiép dén hiéu qua hoat dong caa ca hé thong duong sit do thi
noi chung va cia phuong tién duong sat d6 thi noi riéng. Hién nay ¢ Viét Nam, mai chi ¢6
ba tuyén duong sat d6 thi da va dang duoc xay dung, d6 la cac tuyén Cat Linh - Ha Pong,
Nhon - Ga Ha Noi va Bén Thanh - Subi Tién, trong d6 duy nhat c6 tuyén Cat Linh - Ha Dong
duogc dua vao khai thac chinh thirc tir thang 11 nam 2021. Van dé danh gia do tin cay caa hé
théng dudng sat d6 thi néi chung va caa phuong tién duong sat do thi noi riéng trong qua
trinh khai thac con hoan toan mai mé, chua cé nghién cau nao duge dé cap. Bé gop phan giai
quyét van dé da néu, bai bao nay trinh bay noi dung xay dung mé hinh danh gia do tin cay
ctia phuong tién duong sat do thi noi chung va ap dung cho tuyén Cat Linh - Ha Pong noi
riéng.

Tir khoa: xay dung mé hinh, danh gia d6 tin cay, phuong tién duong sat do thi, qua trinh
khai thac.

@ 2023 Truong Pai hoc Giao théng van tdi
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1. PAT VAN PE

Hé théng van tai dudng sit néi chung va hé thong duong sit d6 thi néi riéng duoc coi 1a
mot hé thong phirc hop, cau thanh tir cc trang thiét bi ¢6 dinh: duong sat, cau, ham, thang tin,
tin hiéu, nha ga, thiét bi cung cp dién (ddi véi duong sat dién khi héa) ... va cac trang thiét bi
dong: phuong tién dau may, toa xe hodc doan tau metro (dol v6i duong sat do thi). Trong quéa
trinh hoat dong, cac thiét bi ky thuat c6 thé bi hu hong, dan dén qué trinh chay tau bi gian doan
hay néi khéc, biéu d6 chay tau bi pha v&. Mat khéc, khi xay ra hu hong cua cac thiét bi ky thuat
da néu, chi tiéu do tin cay caa chang bi suy giam va anh huéng truc tiép dén hiéu qua hoat dong
cua ca hé thong van tai duong sit.

O nuéc ngoai di ¢ nhitng cong trinh lién quan dén van dé danh gid anh huéng caa do tin
cay cac thiét bi k¥ thuat toi hjéu qua hoat dong cua cac hé thong khac nhau néi chung [1-4] va
cua hé thong van tai duong sat ndi riéng [5-7].

O Viét Nam, ciing di c6 cong trinh budce déu dé cap dén van dé nay trén duong sat quéc
gia [8-9]. Tuy nhién, dbi voi duong sat do thi, vin dé nay cho dén nay van chua dugc dé cap.
Vi vay, can tiép tuc nghién cau nham ké thira va bo sung vé 1y thuyét ciing nhu thuc tién, dé
timg budc ap dung vao thuc té san xuit ciia nganh dudng sat Viét Nam néi chung va duong sat
do thi noi riéng.

Cho dén nay, quy hoach tong thé vé hé thong duong sit d6 thi (BSDT) & Viét Nam da duoc
phé duyét. Hé thong duong sat do thi Ha Noi bao gom 10 tuyén chinh, trong d6 ¢ hai tuyén da
va dang duoc xay dung. Tuyén Cat Linh - Ha Pong di duoc dwa vao khai thac chinh thic tir
thang 11 nam 2021. Tuyén Nhon - Ga Ha Noi da xay dung xong doan trén cao Nhén - Ga Cau
Gidy, du kién dua vao khai thac vao cubi nam 2023. Poan di ngam Kim Ma - Ga Ha Noi dang
tiép tuc duoc xay dung, du kién hoan thanh vao nam 2025. Hé thong duong sat do thi TP. Ho
Chi Minh bao gém 8 tuyén chinh, trong d6 tuyén Bén Thanh - Subi Tién da xay dung xong, du
kién dua vao khai thac cudi nim 2023.

Trong [10] da xay dung duoc md hinh tong quat danh gia do tin cay cua hé théng ky thuat
phue hop. Noi dung bai bao nay la ke thira md hinh tong quat da néu, tir do tien hanh xay dung
mo hinh cu thé cho viéc danh gia do tin cay cua phuong tién duong sat do thi (doan tau metro)
noi riéng.

2. PHAN CHIA HE THONG THANH CAC PHAN HE
2.1. Phwong ti¢n dwong sdt do thi véi tw cdch la phian hé (phan ti) ciia hé thong dwong sit
do thi

~ Néu coi toan bo h¢ théng dwong sit do thi noi chung va ¢ Viét Nam noi riéng la mot hé
thong ky thuét phirc hop, thi co the phan chia n6 thanh cac phan hé cap 1, cap 2, cap 3 v.v. So
do phén chia thanh cac phan hé cap 1 va cap 2 dugc thé hién trén hinh 1.

Néu xét riéng mot tuyén duong sat do thi, nam gitra hai ga dau va cudi, thi né dugc coi la
mot hé thong phurc hop don chitc nang hoat dong lién tuc theo thoi gian va roi rac trong khéng
gian. Khi @6, mot cach tuong doi, no co thé duoc phén chia thanh cac phéan hé sau day:

1. Phan hé cau, ham:
2. Phan hé duong sat;
3. Phéan h¢ phuong tién (doan tau metro);
4. Phan hé cung cap dién;
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5. Phén hé¢ tin hié¢u, thong tin;
6. Phan hé nha ga, v.v.

| Hé théng dwing sit d6 thi Viét Nam

,//7 T ‘\‘\_\
// \\‘\\
/,/ T
/
Hé théng DSDT TP. Ha Noi Hé théng DSDT TP. HCM
(Phan hé Cép 1) (Phéan hé cép 1)
[
\
I
|
Tuyén s6 1 Tuyén sd i Tuyén so n Tuyén sb 1 Tuyén so i Tuyén sb n
(Phan hé cap 2) (Phan hé cap 2) (Phéan hé cap 2) (Phén hé cap 2) (Phan hé cap 2) (Phén hé cap 2)

Hinh 1. So @ phan chia hé théng duong st d6 thi thanh cac phan hé cap 1, cap 2.

Chirc ndng cua hé théng nay 1a thyc hién khdi luong van chuyén cho truéc nao dé trong
mot khoang thoi gian xac dinh ma khong xdy ra gian doan chay tau. Thong thuong, cac tuyen
duong sat do thi hoat dong khoang thoi gian 18 gio trong mot ngay dém, va duoc tinh tue 5 dén
23 gio.

So dd phan chia thanh cac phan hé cp 3 duoc thé hién trén hinh 2.

Tuyén DSDT thit {
(Phén hé cap 2)

_

Phén hé Phan hé duong sat Phén hé phueong tién Phéan hé Phén hé
céu, him (dudng ray) (doan tau metro) cung cép dién tin hiéu, théngtin | @ @ @
(Phan hé cap 3) (Phén hé cip 3) (Phén hé cap 3) (Phén hé cip 3) (Phan hé cap 3)

Hinh 2. So d6 phan chia hé théng duong sit d6 thi thanh cac phan hé cip 3.
2.2. Phwong tién dwong sdt do thi véi tw cach la mét hé thong kj thudr déc 1gp
Néu coi phuong tién duong sit do thi (doan tau metro) la mot hé thong k§ thuat phirc hop
doc lap, thi Mot cach twong doi, co theé tiep tuc duoc phan chia no thanh cac phan hé cap 4. Viéc
phan maot hé thong thanh cac cac phén hé hoan toan cé tinh chat twong doi, nd phu thugc vao
muc dich nghién cttu cu thé do bai toan ban dau dat ra.
2.2.1. Cdc hé théng co ban ciia phwong tién dwong sdt do thi tuyén Cadt Linh - Ha Péng
~ Theo Ho so Dy én duong st do thi Cét Linh - Ha Dong [11-13], doan tau metro c6 16 hé
thong co ban, dugc tong hop trong bang 1.
Bang 1. Cac h¢ thong co ban cua doan tau metro tuyén Cat Linh - Ha Pong.
1 | Than tau va trang tri noi that

1.1 | Than tau
1.2 | Trang tri noi that
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2 | Heé thdng diéu hoa
2.1 | To may diéu hoa toa khéach
2.2 | Bo thdng gi6 budng lai
2.3 | Quat gi6 hudng tm
2.4 | Thiét bi bao vé an toan
3 | Thiét bj duong xuyén sudt
4 | Thiét bi mdc tau va giam xdc
4.1 | Thiét bi moc ndi ban ty dong
4.2 | Thiét bi mdc ndi ban vinh ctru kém 6ng long
4.3 | Thiét bi méc néi ban vinh ctru kém bo giam
X0C
4.4 | Thiét bi méc ndi ban ty dong trung gian
5 | H¢ thong cura thoat hiém khan cip
5.1 | Cira thoat hiém khan cap
5.2 | Thang thoat hiém
6 | Heé thdng cira hong khoang khach
7 | Heé thdng cira hong budng lai
8 | Hé thong dién budng l4i
8.1 | Banlaitau
8.2 | Tu diéu khién
8.3 | Tutdng hop
8.4 | Man hinh bén trai
8.5 | Man hinh bén phai
8.6 | Pén chiéu truéc
8.7 | B0 gat nuoc
9 | H¢ thong dién khoang khéch
9.1 | Chiéu sang khoang khach
9.2 | Thiét bi hé thong phét thanh toa xe
9.3 | bén bao phia ngoai toa xe
9.4 | Thiét bi dau ndi diéu hoa
9.5 | Tu diéu khién dién
9.6 | Tudiéu khién diéu hoa
10 | Hé thong diéu khién va giam sat tau dién
10.1 | Két cau td pd
10.2 | Cac thiét bi ciia hé thong

11 | He thng kéo din va phanh dién

11.1 | Tu dién cao &p loai TPQ86L
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11.2

Bo bién tan kéo dan loai TGN53H

11.3

Hop dién tré phanh loai TR8074

114

Bo dién khéang loc séng loai LKDG-
2x420A-5mH-A

11.5

Tu cau chi thanh cai loai TPK79F

11.6

Tu may cat nhanh thanh cai TDG3C

11.7

Bo diéu khién lai tau loai S353CC.028

11.8

B6 gom dong

11.9

Pong co kéo dan khong dong bo loai YQ-
190-21

11.10

Thiét bj tiép dat

12 | He théng hdm khi va cép khi

121

Hé thong cap khi

12.2

Bo loc kém thoat nude 3/4”

12.3

B6 phén diéu khién ham

124

Két cAu mo dun ham

12.5

Van xa gi6 chong truot

12.6

Bo cam bién toc do

12.7

Van diéu chinh d6 cao

12.8

Van chénh léch &p suat

12.9

B6 phan ham guéc

12.10

Khoa van thoét khi kiéu tiép diém dién

12.11

Dau cubi bao vé hé théng ham

13 | He théng nguon dién phu trg

13.1

Nguén dién phu trg

13.2

Tu cao ap phu trg

13.3

Tu cap dién mé rong

134

Tu cau dao tiép dat

135

Ac quy

13.6

B6 nghich Iuu (bd bién tan/bo chuyén dong)
thdng gi6 khan cap

14 ‘ Hé thong phat thanh doan tau

141

T4 hop thiét bi hé thong

14.2

Pau ndi dién

15 | Thiét bi vd tuyén gan trén tau

151

Giai thigu MDT-300

15.2

Két cAu co ban

15.3

May chinh

154

Hop diéu khién

155

Ang ten

16 | Gié chuyén huéng
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16.1 | Khung gia

16.2 | Cap banh xe

16.3 | T6 hop dau truc

16.4 | HEé 10 xo hop truc

16.5 | H¢ 1o xo trung uwong

16.6 | Thiét bi kéo dan

16.7 | Linh kién ham co ban

16.8 | Hop banh rang

16.9 | Khép ndi truc

16.10 | Ang ten bo phat dap va bo phan gat bo
chudng ngai vat

16.11 | Bé lap dat bo lay dién va phu kién

2.2.2. Phan chia cdc hé théng co ban ciia phwong tién dwong sit dé thi tuyén Cdt Linh - Ha
Dong thanh cdc phan h¢

Nhu trén d3 noi, viéc phan mot hé théng thanh cac cac phan hé hoan toan ¢4 tinh chat tuong
doi, né phu thuoc vao muc dich nghién cttu cu thé do bai toan ban dau dat ra.

Trong truong hop nay, tac gia dé xuat phan chia thanh 6 phan hé nhu sau.

1. Phéan hé 1: Than xe

2. Phén hé 2: Bo phan chay

3. Phan hé 3: Truyén dong

4. Phan hé 4: Thiét bi ham

5. Phan hé 5. biéu khién

6. Phan h¢ 6. Thiét bj phu

So d6 phan chia phuong tién dudng st d6 thi (doan tau metro) thanh cac phan hé dugc thé

hién hinh 3.

Phan hé phwong tién
(doan tau metro)

(Phan hé cip 3)

A

Phén hé than xe

(Phén hé cap 4)

Phan hé Phén hé Phéan hé Phan hé Phan hé

b6 phan chay truyén dong thiét bj ham didu khién thiét bi phu

(Phén hé cap 4) (Phan hé cip 4) (Phan hé cap 4) (Phén hé cép 4) (Phén hé cip 4)

Hinh 3. So d6 phan chia phuong tién duong sat d6 thi thanh cac phan hé cap 4.
Tir 16 hé thdng da néu, tién hanh phan chia thanh 6 phan hé, duogc thé hién trong bang 2.
Bang 2. Phan chia 16 hé thong ctia doan tau metro Cat Linh - Ha Pong thanh 6 phan hé.

1 | Phan h¢ than xe

1.1 | Thantau
1.2 | Trang tri noi that
1.3 | Thiét bi duong xuyén subt
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1.4 | Thiét bi moc tau va giam xoc
1.5 | Hé thng ctra thoat hiém khan cap
1.6 | Hé thong cira hong khoang khach
1.7 | Hé thong cira hdng buong lai
2 | Phan h¢ b phan chay
2.1 | Khung gia
2.2 | Cap banh xe
2.3 | T6 hop dau truc
2.4 | Hé 10 xo hop truc
2.5 | HE 10 xo trung uong
2.6 | Thiét bi kéo dan
2.7 | Linh kién hdm co ban
2.8 | Hop banh rang
2.9 | Khép néi truc
2.10 | Ang ten bd phat dap va bo phan gat bo
chudng ngai vat
2.11 | Dé lap dat bo lay dien va phu kién
Phan hé truyén dong (Hé théng kéo dan va
phanh di¢n)
3.1 | Tu dién cao ap loai TPQ86L
3.2 | B bién tan kéo dan loai TGN53H
3.3 | Hop dién tro phanh loai TR8074
3.4 | Bo dién khang loc song loai LKDG-
2x420A-5mH-A
3.5 | Tu cau chi thanh cai loai TPK79F
3.6 | Tu may cit nhanh thanh cai TDG3C
3.7 | Bo diéu khién lai tau loai S353CC.028
3.8 | B6 gom dong
3.9 | Pong co kéo dan khong dong bo loai YQ-
190-21
3.10 | Thiét bi tiép dat
Phan hé thiét bi ham (Hé thong hdm khi va
cap khi)
4.1 | Hé thong cap khi
4.2 | Bo loc kém thoat nude 3/4”
4.3 | Bo phan diéu khién ham
4.4 | Két cdu mo dun him
45 | Van xa gi6 chong truot
4.6 | Bo cam bién toc do
4.7 | Van diéu chinh d6 cao
4.8 | Van chénh léch ap suat
4.9 | Bo phan ham gudc
4.10 | Khéa van thoat khi kiéu tiép diém dién
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| 4.11 | Pau cudi bao v¢ h¢ thong ham

5 | Phan h¢ diéu khién (Hé thong diéu khién va
giam sat tau di¢n)

5.1 | Kétcau to pd
5.2 | Cac thiét bi cua hé théng

6 | Phan hé thiét bi phu (Hé thong nguon dién
phu trg)

6.1 | Nguon dién phu trg

6.2 | Tucao ap phutrg

6.3 | Tu cap dién mo rong

6.4 | Tu cau dao tiép dat

6.5 | Ac quy

6.6 | Bo nghich luu (bo bién tan/bd chuyén
6.7 | Hé thong diéu hoa

6.8 | Hé thong dién budng lai

6.9 | Hé thong dién khoang khéch
6.10 | Hé thong phat thanh doan tau
6.11 | Thiét bj vo tuyén gan trén tau

3. XAY DUNG MO HINH PANH GIA PQ TIN CAY CUA PHUONG TIEN PUONG
SAT PO THI VOIi TU CACH LA HE THONG KY THUAT PQC LAP

3.1. Md hinh trang thai diy da

Tuyén duong sat d6 thi (hé thdng) c6 thé nam & trang théi 1am viéc va dam bao thyc hién
100% biéu d6 chay tau, c6 thé & trang thai 1am viéc véi hiéu qua giam thdp do mot trong céc
phan tir hoac phan hé bi hu hong mot phan, va cudi cing 1a nam ¢ trang thai khong lam viéc do
mét trong cac phan tir hodc phan hé bi hu hong hoan toan, hoac khi can tién hanh bao dudng
k¥ thuat va sira chita dinh ky cho cac thiét bi c6 dinh, va khi d6 kha niang thuc hién biéu d6 chay
tau 12 0%. O day khong xét cac trang thai ma & d6 tién hanh sira chita dinh ky cho cac thiét bj
cd dinh va chi xem xét c4c trang thai hu hong caa ching.

Theo quan diém cua ly thuyét do tin cay [1-8, 14,15], tat ca cac phan tir hay phan hé trong
hé thong nay dugc coi la lién két ndi tiép véi nhau, c6 nghia 1a sy hu hong hoan toan cia mot
trong sé cac phan tir hay phan hé nao d6 s& lam cho toan bo hé thdng bi hu hong (ngirng hoat
dong). Thoi gian 1am viéc giira cac 1an hu hong caa céc phan tir hay phan hé cua hé théng va
thoi gian phuc hdi kha niang 1am viéc cua chung 13 cac dai lwong ngau nhién.

Tir mo hinh tong quat véi n phan h¢ va N trang thai da trinh bay trong [10], tién hanh xay
dung mo hinh trang théi day du cua phuong tién duong sat do thi voi 6 phan hé va 13 trang thai,
thé hién trén hinh 4.
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Phan hé
bd phén chay
Phan hé Phan hé
than xe truyén dong
Phan h¢ Phan h¢
thiét bi phu thiét bi ham

Phan hé
diéu khién

Hinh 4. Md hinh trang thai diy du cia phuong tién dudng sit do thi voi 6 phan hé.

Trong qué trinh hoat dong, cac phan hé ¢ cac chuyén tiép trang thai twong Gng voi cudng
d6 hong va cuong do phuc hoi sau day.

1. Poi véi phan hé 1 (than xe):

PHL_ 21, - cudng do hong cua phan hé 1 (than xe) chuyén tidp tir trang thai 1 (LV) sang

trang thai 2 (Hmp);

PHL_ A1 - cudng do hong cua phan hé 1 (than xe) chuyén tidp tir trang thai 2 (Hmp) sang

trang thai 3 (Hn);

PHL_ 2. - cudng do hong cua phan hé 1 (than xe) chuyén tidp tir trang thai 1 (LV) sang

trang thai 3 (Hn);

p = 1 - cudng do phuc hdi caa phan hé 1 (than xe) chuyén tiép tir trang thai 2 (Hmp)

sang trang thail (LV);

M = Y- cudmg d6 phuc hdi caa phan hé 1 (than xe) chuyén tiép tir trang thai 3 (H)

sang trang thai 2 (Hmp);
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= 1 - cuong do phuc hdi cua phan hé 1 (than xe) chuyén tip tir trang thai 3 (Hn)

sang trang thai 1 (LV).
2. P6i véi phan hé 2 (bd phan chay):

P2 — 2 _ cuong do hong cia phan hé 2 (bo phan chay) chuyén tiép tir trang thai 1 (LV)

—4 -4~

sang trang thai 4 (Hmp);

A2 = 219 _ cuong do hong caa phan hé 2 (bo phan chay) chuyén tidp tir trang thai 4 (Hmp)

sang trang thai 5 (Hn);
P2 — 22 _ cuong do hong cia phan hé 2 (bo phan chay) chuyén tiép tir trang thai 1 (LV)

—5 -5

sang trang thai 5 (Hn);

pt? = 11~ cudng d phuc hdi cia phan hé 2 (b6 phan chay) chuyén tidp tir trang thai 4

(Hmp) sang trang thai 1 (LV);

wH? = 1P, - cudng d6 phuc hdi ciia phan hé 2 (bo phan chay) chuyén tiép tir trang thai

5 (Hnt) sang trang thai 4 (Hmp);

uh? = 1P - cudmg do phuc hdi ciia phan hé 2 (b phan chay) chuyén tiép tir trang thai 5

(Hnt) sang trang thai 1 (LV).
3. Péi véi phan hé 3 (truyén déng):

PH3 _

P2 — 29 - cuong d6 hong cia phan hé 3 (truyén dong) chuyén tiép tir trang thai 1 (LV)
sang trang thai 6 (Hmp);

22 = 2%~ cuong d6 hong cua phan hé 3 (truyén dong) chuyén tiép tir trang thai 6 (Hmp)
sang trang thai 7 (Hn);

PH3 _

3 — 28 - cudng do hong caa phan hé 3 (truyén dong) chuyén tiép tir trang thai 1(LV)
sang trang thai 7 (Hn);

uE = 1 - cuong d6 phuc hdi cia cua phan hé 3 (truyén dong) chuyén tiép tir trang thai

6 (Hmp) sang trang thai 1 (LV);

e = 1 - cuong d6 phuc hdi cia ciia phan hé 3 (truyén dong) chuyén tiép tir trang

thai 7 (Hn) sang trang thai 6 (Hmp);

e = 19 - cuong do phuc hdi cua ciia phan hé 3 (truyén dong) chuyén tiép tir trang thai

7 (Hne) sang trang thai 1 (LV).
4. Poi véi phan hé 4 (thiét bi ham):

P4 — 2 - cudmg d6 hang cua phan hé 4 (thiét bi ham) chuyén tiép tir trang thai 1 (LV)

sang trang thai 8 (Hmp);

PH4 _

M — 24 - cudng d6 hong cua phan hé 4 (thiét bi ham) chuyén tiép tir trang thai 8 (Hmp)

sang trang thai 9 (Hn);
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P4 — 21~ cudmg @6 hong cua phan hé 4 (thiét bi ham) chuyén tiép tir trang thai 1 (LV)

sang trang thai 9 (Hn);

it = 1Y) - cuong @6 phuc hdi cua phan hé 4 (thiét bj ham) chuyén tiép tir trang thai 8

(Hmp) sang trang thai 1 (LV);

petd = 19 - cuong do phuc hdi cuia phan hé 4 (thiét bi ham) chuyén tiép tir trang thai 9

(Hny) sang trang thai 8 (Hmp);

pind = 1Y) - cuong do phuc hdi cia phan hé 4 (thiét bi ham) chuyén tidp tir trang thai 9

(Hnt) sang trang thai 1 (LV);
5. P6i véi phan hé 5 (diéu khién):
PHS — 2% - cudmg d6 hong ciia phan hé 5 (diéu khién) chuyén tiép tir trang thai 1 (LV)
sang trang thai 10 (Hmp);

PHe — 21 | - cudng d6 hong ciia phan hé 5 (didu khién) chuyén tiép tir trang thai 10
(Hmp) sang trang thai 11 (Hny);

PHe — 1) - cuong d hong ciia phan hé 5 (didu khidn) chuyén tiép tir trang thai 1 (LV)
sang trang thai 11 (Hhy);

s = 19 - cudmg do phuc hdi cua phan hé 5 (didu khién) chuyén tiép tir trang thai 10

(Hmp) sang trang thai 1 (LV);

it = ¥ - cudng d6 phuc hdi caa phan hé 5 (diéu khién) chuyén tiép tir trang thai 11

(Hnt) sang trang thai 10 (Hmp);

it = 1) - cudng do phuc hdi cua phan hé 5 (diéu khién) chuyén tiép tir trang thai 11

(Hnt) sang trang thai 1 (LV);
5. P6i véi phan hé 6 (thiét bi phu):

278 = 2®) - cuong do hong cua phan hé 6 (thiét bi phu) chuyén tiép tir trang thai 1 (LV)
sang trang thai 12 (Hmp);

PHe = A% . - cuong d6 hong cua phan hé 6 (thiét bi phu) chuyén tiép tir trang thai 12
(Hmp) sang trang thai 13 (Hn);

PHE — 2% .- cuong do hong caa phan hé 6 (thiét b phu) chuyén tiép tir trang thai 1 (LV)
sang trang thai 13 (Hn);

PH6

pite = 19 - cudng do phuc hdi ciia phan hé 6 (thiét bi phy) chuyén tiép tir trang thai 12
(Hmp) sang trang thai 1 (LV);

pite = 49 - cudng do phuc hdi ciia phan hé 6 (thiét bi phy) chuyén tiép tir trang thai

13 (Hnt) sang trang thai 12 (Hmp);
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PH6

e = 19 - cuong d6 phyc hdi cua phan hé 6 (thiét bi phy) chuyén tiép tir trang thai 13
(Hnt) sang trang thai 1 (LV).

Ma tran trang thai ddy du caa phuong tién duong sit d6 thi vai 6 phan hé thé hién trrong
bang 3.

Bang 3. Ma tran trang thai ddy du cia phuong tién duong sit d6 thi véi 6 phan hé.

LY ] A | A | A% | A | A | A A | A | A | A2 | A% | A

2513

W e AL o o[ o [o e o o o[ o |0

2,
#éljl 0 _(#21314_ 0 0 0 0 0 0 0 0 0 0
Hgl—zz)
|0 [0 Rl e e[ oo [ [ o |
+A2s)
ﬂézjl 0 0 0 _(“éi)l 0 0 0 0 0 0 0 0
+uss)
1123_21 0 0 0 0 _(#23_21_'_ 123_),7 0 0 0 0 0 0
22,)
Iigi)l 0 0 0 0 0 _(#gi)l 0 0 0 0 0 0
)
ué‘i)l 0 0 0 0 0 0 _(#g‘gl ,1(8‘29 0 0 0 0
)
#‘54_?1 0 0 0 0 0 0 0 _(#5‘31 0 0 0 0
+#‘§438)
WL [0 0 [0 o] © [0 |0 G e © | ¢
+l§5(’))—>11)
Mﬁ)—q 0 0 0 0 0 0 0 0 0 _(#ﬁ)ﬂ 0 0
+/‘ﬁ)—»10)
N B I R O R B AR AR BRI B R PO
AG)

ui?ﬂ 0 0 0 0 0 0 0 0 0 0 0 _(“g)_)l

+“$)—>12)

Hé phuong trinh trang thai ddy du ciia phuong tién duong sit do thi voi 6 phan hé thé
hién trong cong thac (1):
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(

(6)
t Ui

(6)

(6) (6) _
P+ Hi3,P5 =0

| ot st i i
25513

+/'4§3—)>1P7(3) + #5(321P8(4) + #g21p9(4) + #S))—APl(OS) + :ugsl)—ﬂpl(f)

Agl—zzpl - (ﬂ§1—21 + ’121—23)132(1) =0

/151—23131 + ’121—23132(1) - (ﬂ§1—21 + /"gl—zz Ps(l) =0

152—24;)1 - (#1(12—21 + )“1(1235)134(2) =0

A2~ (1 ) =0

K~ (2 + AR =0

2Py 4260 R Y = (g + usle )P = 0

/154—28131 - (ﬂs(;t—% + ’1;29)138(4) =0

154—)»9131 + Ag‘—zgpsm - (.“5;21 + ”‘(998)1)9(4) =0

)‘gs—zmpl - (“S))—q + lﬁ%)m)l’l(g) =0

5) ) (5) (5) 5) 5) _
A5 Pr+ Aosa P — (“1141 + /"11—>10)P11 =0

(6) (6) (6) 6) _
A Z12P — (ﬂ12—»1 + /112—>13)P12 =0
(6) (6) (6) (6) (6) 6) _
N3P+ AP, — (.“1341 + /"13—>12)P13 =0

3.2. M6 hinh trang thai giéi han

ey

Néu khong xét dén trang thai thir 2, 4, 6, 8, 10, 12, tirc 1a trang thai hong mot phan Hump,

thi mé hinh nay dugc goi 1a mo hinh trang thai gisi han (hinh 5).
Phan hé

b phén chay

Phan hé
than xe

Phan h¢
thiét bj phu

Phan hé
diéu khién

Phan h¢
truyén dong

Phan hé
thiét bi ham

Hinh 5. M& hinh trang thai gi¢i han cua phuong tién duong sit do thi voi 6 phan hé.

Ma tran trang thai giGi han ctia phuong tién duong sat do thi véi 6 phan hé thé hién

trrong bang 4.
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Bang 4. Ma tran trang thai gioi han ciia phuong tién dudng st d6 thi voi 6 phan hé.

-/'—3;;.,137”_)j /151_)’3 Agz—)’S ’153—27 ’154—29 ’155—211 /156—213
H3on —u, 0 0 0 0 0
.Uéz—)u 0 —ugz_zl 0 0 0 0
W 0 0 —u®, 0 0 0
12, 0 0 0 o) 0 0
3o 0 0 0 o | . | o
we, 0 0 0 0 0 —u®

Hé phuong trinh trang thai gi¢i han cua phuong tién dudng sét do6 thi véi 6 phan hé
thé hién trong cong thuc (2):

1 1 2 2) 3) p®) 4) p4) 5) (5) (6) (6) _
‘( E A1—>1’> P+ #5—211)3( )+ .“1(;—211)5( U5, P+ .“<(3—>1P9 + .“§1—>1P11 + U135, P3" =0
j=35,..,13

1 1

’15—231)1 - ”§1—)>1P3( =0
) (2 p@ _

MosPr—us5 T =0 2)
3 3) (3

2Py = 12 By =0

’154—291)1 - “591P9(4) =0
(5) ) (5) _
APy — o Py =0
(6) (6) (6) _
Ai5i3Pr — i35, Py =0

trong do:

P, - XAc Ssuat phuong tién nam & trang théi 1, trang thai lam viéc (d6 tin cay cua toan hé
thng - phuong tién):

P - xac sut phuong tién ndm & trang thai 3, trang thai khong 1am viée do hu hong cua
phan hé 1- than xe;

P® - xac suit phuong tién ndm & trang thai 5, trang thai khong 1am viéc do hu héng cua
phan hé 2 - bo phan chay;

P7(3) - X4C suat phuong tién nam & trang thai 7, trang thai khong lam viéc do hu hong cua
phan hé 3 - truyén dong;

P“)- x4c suat phuong tién ndm & trang thai 9, trang thai khong 1am viéc do hu hong cua
phan hé 4 - thiét bi ham;

P®) - x4c sudt phuong tién nim & trang thai 11, trang thai khong 1am viée do hu héng cua
phan hé 5 - diéu khién.
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P~ x4c sudt phuong tién nim & trang thai 13, trang thai khong 1am viéc do hu héng cua
phan hé 6 — thiét bi phu.

Giai hé phuong trinh tuyén tinh (2) véi cac an s6 P, i = 1,3,5,7,9,11,13 véi diéu kién

13
Z P =1 sau khi thay vao vi tri Ai(i)j va u(.k). cac gia tri cua chung, sé€ duoc cac xac suat gioi

joi
i=1

han hay d6 tin cay cua hé thong.

4. KET LUAN

M6 hinh da xay dung bao goém cac mo hinh trang thai day du va trang thai giéi han, voi
c4c ma tran chuyén tiép trang thai va cac hé phuong trinh xac suat chuyén tiép trang thai tuong
rng. M6 hinh trang thai gioi han véi 6 phan hé va 13 trang théi 1a co sé cho viéc xay dung phan
mém danh gia do tin cdy cta phuong tién (doan tau metro) trén tuyén duong st do thi Ct Linh
- Ha Pong. Viéc xay dung phan mém cho viéc ung dung va giai quyét cac bai toan cu thé néu
trén s& duoc tiép tuc trinh bay trong cac nghién cau tiép theo.

Tuy nhién, ciing can luu y rang khéng thé ap dung truc tiép phan mém s& xay dung nay
cho c4c tuyén duong sat d6 thi khac ¢ Viét Nam, chang han nhu tuyén Nhon - Ga Ha Noi hay
Bén Thanh - Sudi Tién. Ly do don gian |, phuong tién hay doan tau metro trén cac tuyén do
¢ cau hinh hoan toan khac so véi cau hinh doan tau metro Cat Linh - Ha Pong. B¢ danh gia
do tin cay cho phuong tién trén cac tuyén khac, can phai xay dung cac phan mém riéng biét phu
hop véi ddi tuong (doan tau) cu thé. Viéc xay dung cac phan mém nhu vay Van can cin cir Vao
co s& ly thuyét nhu da néu & trén, dong thoi co thé tham khao hozc ké thira nhitng noi dung nao
d6 trong phan mém xay dung cho phuong tién trén tuyén Cat Linh — Ha Pong.
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