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Abstract: The railway transport system is considered as a complex system composed of static
technical equipment (infrastructure) such as railways, bridges, tunnels, signal information
(TTTH) and mobile technical equipment such as rolling stock. The equipment is considered
as modules of the system. During the operation, the failure of one of these modules will lead
to breaking the timetable and interrupting the train operation. At that time, the operation
criteria and the reliability of the system will decline and the system performance will also
decline eventually. In order to solve the above problem, an operation model of a railway
section has been established and a basis for assessing the influence of technical equipment
reliability on the system performance has been also proposed. Based on the proposed model
and theoretical basis, we carried out assess quantitatively the influence of technical equipment
reliability on the performance of a specific railway section.

Keywords: reliability, technical equipment, performance, railway section, railway transport.

© 2020 University of Transport and Communications

956


https://doi.org/10.47869/tcsj.71.8

Tap chi Khoa hoc Giao thong van tai, Tap 71, S6 8 (10/2020), 956-972

Tap chi Khoa hoc Giao théng Van tai

PANH GIA ANH HUONG CUA PQ TIN CAY CAC
THIET BI KY THUAT TOI HIEU QUA HOAT PONG
CUA HE THONG VAN TAI PUONG SAT

Pd Pirc Tuin?, Vii Vin Hiép?, Than Piec Nam?

'Truong Pai hoc Giao thong van tai, sé 3 Cau Gidy, Ha Noi, Viét Nam
2wa(‘)’ng bai hoc Cong ngh¢ Giao thong van tai, sb 54 Triéu Khiic, Ha Noi, Viét Nam

3Cong ty C6 phan Xe lira Gia Lam, 551 Nguyén Vin Cir, Ngoc Lam, Long Bién, Ha Noi, Viét
Nam

THONG TIN BAI BAO

CHUYEN MUC: Céng trinh khoa hoc

Ngay nhan bai: 5/4/2020

Ngay nhan bai sua: 8/9/2020

Ngay chap nhan diang: 8/9/2020

Ngay xuét ban Online: 28/10/2020
https://doi.org/10.47869/tcsj.71.8.7

“Téc gid lién he

Email: ddtuan@utc.edu.vn; Tel: 0903905814

Tom tat: Hé théng van tai duong sit duoc coi 1a mot hé thong phicc hop cau thanh tir cac
thiét bi k§ thuat cé dinh (co so ha tang) 1a duong sit, ciu ham, thong tin tin hiéu (TTTH) va
cac thiét bj ky thuat di dong 1a phuong tién dau may, toa xe. C4c thiét bi nay duoc coi la cac
phan hé cua hé th(')ng Trong qua trinh hoat dong, néu mot trong cac phan hé bi hu hong sé
dan dén phé v biéu dd chay tau va gy gian doan chay tau, khi d6 cac chi tiéu van dung va
do tin cay cua hé thong s€ bi suy giam va cudi cung hiéu qua hoat dong cua toan hé thdng
cling bi suy giam. bé giai quyét van dé da néu, da thiét 1ap md hinh hoat dong cua mot khu
doan duong sit va dé xuat co so danh gia anh huong cua do tin cay céc thiét bi ky thuat toi
hiéu qua hoat dong caa toan bo hé théng. Tir md hinh va co so ly thuyét dé xuat, da tién hanh
danh gia anh hudng do cua tin cay cac thiét bi ky thuat mot cach dinh Iugng toi hiéu qua hoat
dong caa mot khu doan duong sit cy thé.

Tur khoa: do tin cdy, thiét bi ky thuat, hiéu qua hoat dong, khu doan dwong sét, van tai duong
sat.
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1. PAT VAN PE

Hé thdng van tai duong sat duoc coi 1a mot hé thdng phicc hop dugc cau thanh tir cac
trang thiét bi ¢4 dinh: duong sat, cau ham, thong tin tin hiéu, va cac trang thiét bi dong:
phuong tién diu mdy, toa xe. Trong qué trinh hoat dong, cé4c thiét bi k§ thuat c6 thé bi hu
hong, din dén qua trinh chay tau bi gian doan hay ndi khac, biéu d6 chay tau bi pha v&. Mat
khac, khi xdy ra hu hong, cac chi tiéu do tin cay cua ching bi suy giam va anh hudong truc tiép
dén hiéu qua hoat dong caa hé thdng van tai duong sat. Vi vay, can nghién ctu xay dung mo
hinh hoat dong cia khu doan duong sit va tién hanh danh gia anh huéng do tin cay cua cac
thiét bj k§ thuat dén hiéu qua hoat dong cia né mét cach dinh luong.

Biét muc do anh huong cia cac hu hong cua céc thiét bi ky thuat toi chat luong hoat
d6ng va hiéu qua caa khu doan ciing nhu mdi twong quan gitra nhitng chi tiéu d6 véi ky vong
toan cua thoi gian 1am viéc t6i hong va thoi gian khdi phuc chay tau, c6 thé lap ké hoach va
tién hanh cac giai phap kinh té-ky thut hop Iy cho viéc nang cao mire d¢ tin cy cua cac thict
bi ky thuat. Ngoai ra, Xuat phat tir céc dac diém st dung cac thiét bi ky thuat caa duong sat,
c6 thé dé ra céac Yyéu cau ddi véi cac don vi trong nganh vé viéc dam bao muc tin cdy cho
truc caa cac thiét bi ky thuat trong cac diéu kién ki thuat khai thac cu thé.

O nuéc ngoai dd c6 mot sé cong trinh lién quan dén van dé danh gia anh huong cua do tin
cay cac thiét bj ky thuat té1 hiéu qua hoat dong caa cac hé thong khac nhau [1,2,3] va cia hé
thong van tar duong sat noi riéng [4].

O Viét Nam, mai chi c6 mot cong trinh budc dau dé cap dén van dé nay [5], nhung chua
day du va toan dién.Vi vay, nghién ciu nay nham ké thira va bo sung vé ly thuyét ciing nhu
thuc tién, nham timg budc ap dung vao thyc té san xuit ciia nganh duong sit Viet Nam.

2. MO HINH HOAT PONG TONG QUAT CUA MOT KHU POAN DUONG SAT

Ning lyc thong qua cua cac khu doan duong sat phu thudc vao mit trac doc cua dudng,
trang thiét bj ky thuat, phuong phap té chirc chay tau va duoc tinh bang sé déi tau trong mot
ngay dém.

Khu doan duong sit nam gitta hai ga khu doan hoic gitra ga khu doan va ga lap tau duoc
coi 1a mot hé thdng phuc hop, bao gom cac trang thiét bi ¢ dinh va di dong, cé chic ning
van chuyén hanh khach va hang héa. Cac trang thiét bi néi trén duoc coi 1a cac phan hé cua hé
thdng, c6 chirc niang thyc hién khéi lugng van chuyén cho trude trong mot khoang thoi gian
xac dinh ma khéng xay ra gian doan (trd ngai) chay tau. Pay 1a hé théng don chirc ning, hoat
dong roi rac trong khong gian va lién tuc trong thoi gian, ¢ do su mat kha ning lam viéc c6
thé 12 hoan toan (Hn) hoic mét phan (Hmp), diéu d6 dan dén sy giam twong (ng muc chat
luong hoat dong va hiéu qua dau ra cua hé théng.

Do sy hu hong ciia cac phan hé riéng biét cau thanh hé théng van tai duong sat, dan dén
phai phong toa nhiing khu gian nhat dinh, biéu do chay tau trén khu doan bi pha v, nang luc
thong qua va nang luc van chuyén cua né giam xudng, dan dén chit luong hoat dong va hiéu
qua cudi cing giam xuéng. Muc do chat lwong hoat dong cua khu doan duong sat duoc xac
dinh bang ty so chi tiéu chat luong hoat dong cua hé thong & trang thai dang xét ctia no vai
chi tiéu chat luong hoat dong trong trang théi lam viéc 1y tusng.

Trong truong hop nay, do tin cdy lam viéc cua mot khu doan duong sat duoc hiéu 1a do
6n dinh cua céc chi tiéu chat lugng va hiéu qua hoat dong cua né. P 6n dinh cua cac chi tiéu
ndy anh huong toi chat luong hoat dong chung caa khu doan dudng sat, nd phu thude vao do
tin cdy cua cac trang thiét bi ky thuat va dic trung cho do tin cay tong thé cia ca khu doan.

Dbi vi mot khu doan duong sét, chi tiéu twong ddi cua chit lugng hoat dong dugc xac
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dinh bang ty sb giita nang lyc thdng qua thuc té cua nod véi nang luc thong qua ¢ do tin cay
tuyét doi cua cac thiét bi ky thuat, con hiéu qua cudi cung chinh 1a khéi lwong van chuyén,
doanh thu hoac loi nhuan thu duoc do van chuyen hanh khach va hang hoa.

Theo quan diém cua Iy thuyét do tin cay [1-3, 5-10], tat ca cac phan h¢ trong hé thong
nay dugc coi la lién ket noi tiep voi nhau, c6 nghia la sy hu hong hoan toan cua mot trong so
cac phan hé nao do s& lam cho toan b hé thong bi hu hong (ngung hoat dong). Thoi gian lam
viéc gitra cac lan hu hong cua cac phan hé cua h¢ thong va thoi gian phuc hoi kha nang lam
viéc cua chung la cac dai lugng ngau nhién.

O day can c6 mot sb gia thiét nhu sau [4,8]:

~ - Céc dong hong va dong phuc hoi cua hé thong 1a dong don tri, c6 nghia 1a tai mdi thoi
diém khéng c6 qua mét phan hé ¢ thé bi hu hong hoac cé thé dugc phuc hoi xong;

- Qua trinh hoat dong cua hé théng va cac phan hé cua nd la qua trinh xac lap (qua trinh
dimg), c6 nghia l1a cuong do xuat hién cac hu hong cua cac thiet bi ky thuat 1a khong doi theo
thoi gian, hay néi khac né tuan theo luat phan bo mda.

- Trén thyc té, cac hu hong cua cAc thiét b ky thuat nay ciing ¢6 thé anh huong téi kha
nang lam viéc cua cac thiet bi ky thuat khac, tuy nhién ¢ day hu hong cua cac phan h¢ dugc
coi la cac dai lwgng ngau nhién doc lap.

- Viéc phan chia céc phan hé trong h¢ thong hoan toan c6 tinh chat twong ddi, né phu
thudc vao muc dich nghién ctru cu thé do bai toan ban dau dat ra

Khu doan dudng sat (h¢ thong) c6 thé nam & trang thai lam viéc (LV) va dam bao thuc
hién 100% biéu do chay tau, c6 thé ¢ trang thai lam viéc vei hiu qua giam thap do mét trong
cac phan h¢ bi hu hong mét phan (Hmp), va cuoi cung la nam ¢ trang thai khdng lam viéc do
mot trong cac phan hé bi hu hong hoan toan (Hr); hodc khi can tien hanh bao dudng ky thuét
va sura chita dinh ky cho cac thiét bi co dinh, va khi d6 kha néng thuc hién bicu do chay té,u la
0%. O day khong xét dén cac trang thai ma ¢ do tien hanh sua chira dinh ky cho cac thiet bi
co dinh ma chi xem xét cac trang thai hu hong cua chang.

Xét mot khu doan duong sat khong dién khi hda, mot cach twong déi, c6 thé phan chia
cac trang thiét bi ky thuat caa né thanh 5 phéan hé:

- Phan hé 1: Pau may; Phan hé 2: Toa xe; Phan hé 3: Puong sat; Phan hé 4: Cau, ham;
Phan hé 5: Thong tin tin hiéu (TTTH).

Trong qué trinh hoat dong, khu doan duong sat c6 thé nim ¢ mét trong cac trang thai sau
day:

_ Trang thai 1. Trang thai lam viéc cua hé thong: tat ca cc thiét bi k¥ thuat (cac phan he)
déu hoan hao (khdng hong) va san sang thuc hién qua trinh van chuyén. Trang thai 2. H¢
thong lam viéc véi hiéu qua thap vi phan hé 1 (dau may) bi mat mot phan kha nang lam viéc
(lam viéc kém chat luong). Trang thai 3. H¢ thong khong lam viéc vi phan hé 1 (dau may)
hoan toan mat kha nang lam viéc (bi hu hong). Trang thai 4. H¢ thong lam viéc voi hiéu qua
thap vi phan hé 2 (toa xe) bi mat mot phan kha nang lam viéc (lam viéc kém chat lugng).
Trang thai 5. H¢ thong khong lam viéc vi phan hé 2 (toa xe) hoan toan mat kha nang lam viéc
(bi hu hong). Trang thai 6. H¢ thong lam viéc voi hiéu qua thap vi phan hé 3 (duong sat) bi
mat mot phan kha nang lam viéc (lam viéc kém chat lugng). Trang thai 7. Hé thong khong
lam viéc vi phan h¢ 3 (duong sat) mat hoan toan kha nang lam viéc (bi hu hong). Trang thai 8.
He thong lam viéc véi higu qua thap do phan hé 4 (cau, ham) bi mat mét phan kha nang lam
viéc (lam viéc kém chat lugng). Trang thai 9. H¢ thong khong lam viéc vi phan h¢ 4 (cau,
ham) hoan toan mat kha nang lam viéc (bi hu hong). Trang thai 10. HE thong khong lam viéc
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vi phan hé 5 (thdng tin tin hiéu) hoan toan mét kha niang lam viéc (bi hu hong).

Viéc chuyén tiép cua hé thdng tir trang thai ndy sang trang thai khac duoc dic trung boi
hu hong hozc phuc hdi chi cua mot phan hé cua hé théng. Mdi phan hé thir k nao d6 duoc dic
trung boi thoi gian 1am viéc trung binh gitra céc 1an hong a*) va cuong do hong chuyén tiép
trang thai A/, boi thai gian phuc héi trung binh a*) va cuong d¢ phuc hdi chuyén tiép trang
théi 4\ cia n6. Theo ly thuyét do tin cay, ddi véi mot hé théng cac phan tir lién két néi tiép
¢6 phuc hdi, ham phan bé thoi gian 1am viéc giita céc 1an hong cua cac phan hé va thoi gian
phuc hdi cua ching tuan theo luat phan bé mii va c6 dang [1-3, 5-10]:

FX =1—exp(—ﬂ1§k) ) @

Fo) =1-exp(-), (2)

Vi ’Iugk) = % ; ®)
&

4 = ﬁ _ (4)

trong do:

F.)- ham phan bé thoi gian 1am viéc giita cac 1an hong caa phan hé thi k; - ham
phan b thoi gian phuc hdi cua phan hé tha k; al*) - thoi gian 1am viéc trung binh giita cac 1an
hong cua phéan hé tha k; aﬁk) - thoi gian phuc hdi trung binh cia phan hé thi k; ﬂ,ék)- cuong
d6 hong chuyén tiép tir trang thai i sang trang théi j caa phan hé thir k; - cuong d¢ phuc

hoi chuyén tiép tir trang thai j sang trang thai i cua phan hé thu k.
M0 hinh trang thai day da cua mot khu doan dudng sét dugc thé hién trén hinh 1,

Phan h¢ 1 Phén hé 2
bau may Toa xe
Phan hé 5
TTTH
Phan h¢ 3 Phan h¢ 4
buong sat Cau, ham

Hinh 1. M hinh trang thai day da cia mot khu doan duong sit.
Khi d6 cuong d6 chuyén tiép cac trang thai cua khu doan (cta hé théng) nhu sau:
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1. Poi v6i phan hé 1 (dau may):

PHL = 2% - cudng d6 hong cua phan hé 1 (ddu may) chuyén tiép tir trang thai 1 (LV)
sang trang thai 2 (Hmp); Ao = A% - cuong do hong cua phan hé 1 (ddu may) chuyén tiép tur
trang théi 2 (Hmp) sang trang thai 3 (Hn); A" =% - cuong do hong cia phan hé 1 (dau
may) chuyén tiép tir trang thai 1 (LV) sang trang thai 3 (Hny).

it = 48 - cuong do phuc hdi cia phan hé 1 (dau méy) chuyén tiép tir trang thai 2
(Hmp) sang trang thai 1 (LV); oM =44 - cuong d6 phuc hdi cua phan hé 1 (diu may)
chuyén tiép tir trang thai 3 (Hhe) sang trang thai 2 (Hmp); zi* = 4l - cuong do phuc hdi cua
phan hé 1 (d¢au may) chuyén tiép tir trang thai 3 (Hn) sang trang thai 1 (LV).

2. Doi voi phén hé 2 (toa xe):

P2 — 212 - cuong d6 hong cua phan hé 2 (toa xe) chuyén tiép tir trang théi 1 (LV) sang
trang thai 4 (Hmp); A2 =12 - cuong do hong cuia phan hé 2 (toa xe) chuyén tiép tir trang
thai 4 (Hmp) sang trang thai 5 (Hn); A2 = A2 - cuong d6 hong cua phan hé 2 (toa xe)
chuyén tiép tir trang thai 1 (LV) sang tre_mg thai 5 (Hnt).

uit? = 42 - cuong do phuc hdi cua phan hé 2 (toa xe) chuyén tiép tir trang théi 4 (Hmp)
sang trang thai 1 (LV); ufH? = 42 - cudng d6 phuc hdi cua phan hé 2 (toa xe) chuyén tiép tu

PH2 (2)

trang thai 5 (Hri) sang trang thai 4 (Hmp); ui'? = 4y - cudng do phuc hoi cia phan hé 2 (toa

X€) chuyen tiép tir trang thai 5 (Hn) sang trang thai 1 (LV).
3. Poi véi phan hé 3 (dwong sat):

P2 — 219 cuong d6 hong cua phan hé 3 (dudng sit) chuyén tiép tir trang thai 1 (LV)
sang trang thai 6 (Hmp); AT = 21 - cuong d6 hong cua phan hé 3 (dudng sét) chuyén tiép tir

trang thai 6 (Hmp) sang trang thai 7 (Hi); A2 = A% - cudng do hong cua phan hé 3 (duong
sat) chuyén tiép tir trang thai 1(LV) sang tre_mg thai 7 (Hht).

ui® = 1 - cuong do phuc hdi cua cua phan hé 3 (duong sit) chuyén tiép tir trang thai 6
(Hmp) sang trang thai 1 (LV); =" = 4 - cuong do phuc hdi cua cta phan hé 3 (duong sét)
chuyén tiép tir trang thai 7 (Hn) sang trang thai 6 (Hmp); o = 1 - cudng do phuc hdi cua
cua phan ,he 3 (duong sat) ch‘uyen‘tlep tur trang thai 7 (Hnt) sang trang thai 1 (LV).

4. Poi véi phan hé 4 (cau, ham):

P4 — 29~ cudng do hong cua phan hé 4 (cu, ham) chuyén tiép tir trang thai 1 (LV)
sang trang thai 8 (Hmp); Aei* = 44 - cuong d6 hong cua phan hé 4 (ciu, ham) chuyén tiép tu
trang thai 8 (Hmp) sang trang thai 9 (Hn); A" = A% - cudng d6 hong cua phan hé 4 (cAu,
ham) chuyén tiép tir trang thai 1 (LV) sang trang thai 9 (H).

it = 4 - cuong @6 phuc hdi cua phan hé 4 (cu, hdm) chuyén tiép tir trang thai 8
(Hmp) sang trang thai 1 (LV); ui* = 4l - cuong do phuc hdi cua phan hé 4 (cAu, ham)
chuyén tiép tir trang thai 9 (Hri) sang trang thai 8 (Hmp); o = 4? - cuong d6 phuc hdi cua
phan hé 4 (ciu, ham) chuyén tiép tir trang thai 9 (Hnt) sang trang thai 1 (LV):
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5. Dbi v6i phan hé 5 (thong tin tin higu): ‘
Nguoi ta quy uac rang hé thong TTTH khdng c6 trang thai hong mot phan (Hmp), do do
no ludén duogc coi la chi c6 hai trang thai LV va Hnt [4]. Khi d6:

PHs — 2®)_ cuong do hong cua phan hé 5 (TTTH) chuyén tiép tir trang thai 1 (LV) sang
trang thai 10 (Hn); zn® = 143)- cuong do hong cua phan hé 5 (TTTH) chuyén tiép tir trang
thai 10 (Hnt) sang trang thai 1 (LV).

_V6i mo hinh trang thai day du nhu vay, tir cac phuong phép nghién ctru trong [1-4], ta
thiét 1ap duoc ma tran cuong do chuyén tiép cac trang thai nhu sau:

() + 2) 22(;) 0 0 0 0 0 0
0 (4 2) 0 0 0 0 0 0
0 0 (22 20 0 0 0 0
0 0 0 _(ﬂéf) +,u£f)) 0 0 0 0
0 0 0 0 (1 42 3 0 0

Mg + 7 (3)
( 61 7 ) ﬂ'67
0 0 0 0 0 (4 2) 0 0
0 0 0 0 0 0 (420 (4)
1) +
(7 +23)) AL
0 0 0 0 0 0 0 () + 43
0 0 0 0 0 0 0 0

3. CO SO PANH GIA ANH HUONG CUA PQ TIN CAY CAC THIET BI KY THUAT
TOI CHAT LUQNG VA HIEU QUA CUA HE THONG VAN TAI PUONG SAT

Pé don gian hoa bai toan, tir mé hinh trang thai day du trén day, ta xét mot khu doan
duong sat chi nam ¢ trang thai 1am viéc (1) va cac trang thai khong lam viéc (3,5,7,9,10) do
hu hong hoan toan phan hé 1 (dau may), phan hé 2 (toa xe), phan hé 3 (duong sit), phan hé 4
(cau, ham), phan hé 5 (TTTH). M6 hinh nay duoc goi 12 mé hinh trang thai gidi han cia mot
khu doan duong sat, thé hién trén hinh 2.

Phanh¢ 1 Phan h¢ 2
bau may Toa xe
Phan hé 5
TTTH
Phan hé 3 Phan hé 4

Puong sit Cau, ham

Hinh 2. M@ hinh trang thai gioi han caa mot khu doan duong sat.
Tir ma tran cudng do chuyén tiép trang thai ddy du, c¢6 thé xac dinh ma tran cuong do
chuyeén tiep cac trang thai cuaa hé thong ¢ trang thai gidi han nhu sau [4,8]:
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(AR A A a) A A A A A
T - 00 0 0
ﬂéi) 0 - éi) 0 0 0 (6)
A 0 0 -u) 0 0
! 0 0 0 - 0
Ha 00 0 0 -

Vi rang qué trinh dang xét 1a qua trinh "dung" cho nén hé phuong trinh tuyén tinh xéac
dinh céac xac suat gigi han dé khu doan duong sat nam trong moi trang thai dang xét c6 thé
vict dudi dang [4,8]:

(A2 A2 42 L) AR 4 TR IR R+ 0
R <
AR~ )R =0 (7)
AR P 0
AR R <0

AR -0
trong do:

P - x4c xuat khu doan nam & trang thai 1, trang thai lam viéc (d6 tin ciy cua toan hé
thdng);

P - xac xuét khu doan nim & trang thai 3, trang thai khdng lam viéc do hu hong cua

phan hé 1- dau may; P\? - xac xuit khu doan ndm & trang théi 5, trang thai khong lam viéc
do hu hong cia phan hé 2 - toa xe; P7(3) - X&c xuat khu doan nam & trang thai 7, trang thai
khdng 1am viéc do hu héng cua phan hé 3 - duong sit; P - xac xuit khu doan nim & trang
thai 9, trang thai khong 1am viéc do hu hong cua phan hé 4 - cau him; P - xéac xuat khu
doan nam & trang thai 10, trang thai khdng 1am viéc do hu hong cia phan hé 5 - TTTH.

Giai hé phuong trinh tuyén tinh (3) véi cac an sé P™, i = 1,3,5,7,9,10 véi diéu kién

N
> PY =1, sau khi thay vao vi tri A\ va ) céc gia tri cua chang, ta s& duoc cac X4c suét
i=1

gidi han cua hé théng.

Khi biét gia tri cac xac suét gi¢i han cua khu doan duong sit ndm & mot trong nhiing
trang thai ké trén, co thé xac dinh chi tiéu chat lugng hoat dong twong doi cia nd theo cong
thac tong quat nhu sau [4]:

P(t) :—% (8)
2
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trong do:

N - s6 lugng céc trang thai cta hé théng; n, - ning luc théng qua ctia khu doan & trang
thai thir i twong ung véi trudng hop c6 Xét t6i cac hu hong caa cac thiét bi ki thuat; Ny -
nang lyc thdng qua cua khu doan ¢ trang thai thur i twong ¢tng vai truong hop ¢ trang thai tin
cay tuyét déi cua cac thiét bi ky thuat; P~ xac suat gii han cua khu doan nim & trang thai
thtr i twong ting Véi trudng hop co tinh téi hu hong cua cac thiét bi ky thuat thir k; P, - xac
suat giGi han cua khu doan ndm & trang théi thir i twong (g véi truong hop ¢ trang thai tin
cay tuyét doi cua cac thiéet bi ky thuat.

Hiéu qua dau ra cua khu doan trong khoang thoi gian t duoc tinh theo céng thic tong
quat [4]:

N

¢[t1’t2]:tZ(Q:chkd )iPi’

i=1

9)

trong do:

QY - khéi lugng van chuyén trén khu doan trong mét ngay dém, tan; L, - chiéu dai khu

N
doan, km; > (QL,, )i - khdi Iwgng luan chuyén trén khu doan trong mot ngay dém va khi né
i=1
nam & trang thai thu i ;
t - khoang thoi gian can danh gia hiéu qua hoat dong, ngay dém.

4. PANH GIA ANH HUONG CUA PO TIN CAY CAC THIET BI KY THUAT TOI
CHAT LUQNG VA HIEU QUA CUA HE THONG VAN TAI DPUONG SAT
4.1. Thiét Igp bai toan

1. Cho khu doan AB (Giap Bat-Song Than) c6 chiéu dai L, = 1.700 km

2. Khéi lugng van chuyén hang hoa trén AB theo ca hai hudng chin va Ié trong mot nam
™ =55 trigu tan

3. Poan tau hang gdm m, = 20 toa xe, CAc toa xe c0 cac thong so sau day:
Ty trong: g, = 20 tan; Tai trong: g, = 30 tan; Téng trong: q,,,, = 50 tan

4. Gia cudc van chuyén hang héa c_. . = 500 d/1t.km khong bi

cuoc,h

5. Thoi gian gian doan chay tau trung binh do hu hong cua céc thiét bi ky thuat va thoi
gian giira cac lan hong (can xac dinh tir s6 liéu thong ké vé tré ngai chay tau trong nganh
duong sat trong mot khoang thoi gian xac dinh), duoc gia dinh cho trong bang 1 dé minh hoa.

Bang 1. Thoi gian gian doan trung binh chay tau (thoi gian phuc hoi) va
thoi gian trung binh giira cac lan hu hong clia cac phan hé thiét bi ky thuat.

. 2 gia Phanhé 1 | Phanhé2 | Phanhé3 | Phanhé 4 | Phan hé5
T Cac chi tiéu (dau may) | (toaxe) |(dwongsit) | (cau,ham) | (TTTH)
Thoi gian gién doan chay tau (thoi
1 glan phuC h61) trung binh do hu héng a(l) a(z) a(?’) a(4) a(s)
cua céc thiét bj ky thuat 2, h =15 =16 =19 =21 =12
5 Thoi gian trurgkg) binh gitra cac lan xay a(l) at(z) at(a) a[(4) at(S)
rahuhong, &, h T =2500 =1.925 =658 =1.600 =1.750
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4.2.Tinh toan cac chi tiéu vin dung
4.2.1. Co sé tinh todn [11]
1. Xéc dinh s6 d6i tau hang n, trén khu doan AB
n, = LY S
2x365%Q, ,,
trong do:
Qhio" khdi lwong doan tau hang (khong ké bi), tan;

Qi = Ohai XM,

V6i: (- tai trong cua toa xe hang, tan.

2. Xéc dinh khéi luong doan tau hang ca bi Qn o

Qe = (qtu + Qi )X m,
3. Xac dinh khéi lugng luan chuyén hang hoa trong mot ngay dém A,
- Ca bi:
Ao = 2% Lig x Ny xQ, o, t.km ca bi
- Khéng ké bi:
Al = 2x Lg xn, xQ, ,, t.km khong bi

nam

4. Xdc dinh khéi lwong luan chuyén hang héa trén tuyén trong mot nim Ay,
- Ca bi:
e = 2xQp o xny x Ly, tkm ca bi
- Khéng ké bi:

o = 2XQp o x Ny x Ly, t.km khong bi
5. Doanh thu tir van tai hang hoa trén tuyén trong mot nam
- Trong m¢t ngay dém:

Cite = Al ko X Eeuocn » 4ONG

- Trong mot nam:

nam __ AnNg X
Ch,Ic - Ah,Ic,kb X ecuoc,h x 365 B dong

4.2.2. Xdy dwng chwong trinh tinh toan

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

Tir co sé tinh toan da néu, tién hanh xay dung mot chuong trinh tinh toan tong hop véi cac modul

lién thong v6i nhau. Giao dién cia modul 1: nhap thong s6 dau vao, thé hién trén hinh 3.

965



Transport and Communications Science Journal, Vol 71, Issue 8 (10/2020), 956-972

] TSDV

File

dde

&

U DE| 08

CHU'ONG TRINH TiNH TOAN DANH GIA ANH HFYONG DO TIN CAY CUA CAC THIET BI KY THUAT TG1
HIEU QUA HOAT DONG CUA HE THONG VAN TAI DUONG SAT

Théng s6 déu vao

Nhap sé ligu tie file c6 sdn

S6 lwgng toa xe trong doan tau hang, mh 20 |toaxe
Ty trong qtu = 20 |tan
Taitrong qtai =[ 30 | 4n

Binh mirc tiéu hao nhién liéu cho dau may kéo tau hang 35 kg/10%dt_km ca bi

Gia nhién liéu diesel Cnl | 15000 dbnglkg

Gia cirére van chuyén hang héa Ceuoc,h | 500 | déngit km khang bi

Thévi gian gian doan trung binh chay tau va théi gian trung binh gitra céc 1an hie héng ciia cac thiét bi ki thuat

Lya chen khu doan  Giap Bat - Séng Thén i

Khéi lrerng van chuyén hang héa trén khu doan theo ca hai hwéng chén va lé trong mot nam | 5.5

[=]l®

Chiéu dai khu doan | 1700 | km

triéu tén

L Phén hé 1 Phan hé 2 Phéan hé 3 Phan hé 4 Ph&n hé 5
Cac chi tiéu — — —
(d@du may) (toa xe) (duwirng sat) (cdu, ham) (TTTH)
Thévi gian GOCT trung binh do hir hong cla cac thiét bi ki thuat, h 1.5000 1.6000 1.9000 2.1000 1.2000
Thévi gian trung binh gifra cac 13n hwe héng, h 2500 1925 658 1600 1750

"Nhép tén tuyén mi tai day” Luru s ligu mi nhap

Hinh 3. Giao di¢n nhap thng s6 dau vao.
Giao dién ctia modul 2: tinh todn cac chi tiéu van dung, thé hién trén hinh 4.

4] Untitled
File

(=~

LA UDE|0E

CHU'ONG TRINH TiINH TOAN CAC CHI TIEU VAN DUNG

Tinh céc chi tiéu
1. 56 d6i tau hang trén khu doan n(h)=| 13 | déi tau

2. Khéi liegng doan tau hang

1000 | tén

Khéng ké bi | 600 | thn

Ca bi

3. Khéi liegng luan chuyén hang héa troang mét ngay dém

b [44200000 | tkm=[__442 | trigu tkm

Khéng ké bi [ 26520000 | tkm=| 2652 | triéu tkm

4. Khéi liegng luan chuyé&n hang héa trén tuy&n trong mét ndm
[] Theo sé dbi tau hang da xéc dinh
(16133000000 | tkm=| 16133 | trigu t.km

Ca bi

Khéng ké bi 3679800000 t.km=| 9679.8 | trigu tkm

[] Theo khéi lgng van chuyén da cho

Khéng ké bi[9350000000| tkm=| 9350 | trigu tkm

5. Lwgng nhién liéu tiéu thu cho ddu may van dung kéo hang trén khu doan

Trong mét ngay dém 154700 kg= 1547 tin
56465500 | kg = 56465.5 thn

6. Chi phi nhién ligu tiéu thu cho ddu may van dung kéo tau hang trén khu doan

Trong moét nam

Trong mét ngdy dém| 2320500000 | déng =| 23205 | triéu déng

Trong mét nam | 846982500000 | déng = 846982 5 | tiéu déng

Doanh thu
7. Doanh thu tir van tai hang héa trén tuyén trong mét nam

[] Theo sé dbi tu hang da xéc dinh
13260000000

Trong mét ngay dém | |@éng =| 13260 | triéu déng

Trong mét nam | 4839900000000 |déng =| 4833900 | triéu déng

[_] Theo khéi Iwgng van chuyén da cho

Trong mét nam [ 4675000000000 | ddng =| 4675000 | trigu dong

8. Doanh thu ti¥ van chuyén hang héa trén tuyén trong mét nam da trie chi phi nhién ligu:

[] Theo s ddi tau hang da xéc dinh | 3992917500000 | ddng = 3992917 5 triéu déng

Quay lai Tinh toan Tiép theo

Hinh 4. Giao dién tinh toan cac chi tiéu van dung.

4.2.2. Két qud tinh todn

Két qua tinh toan xac dinh cac chi tiéu van dung cho trong bang 2.
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Bang 2. Két qua tinh toan xac dinh cac chi tiéu van dung.

TT Céc chi tiéu Tri s6

1 | S6 doi tau hang n, 12,557 ~13

2 | Khéi lugng doan tau hang, tan

-Cabi Q. 1.000

- Khong ke bi Q, , 600

3 | Khéi lwgng luan chuyén hang hda trong mot ngay dém, t.km

-Cabi A 44.200.000

Ic,cb

- Khong ké bi AT}, 26.520.000

4 | Khéi lugng luan chuyén hang héa trong mot nam, t.km

_Cabi AE 16.133.000.000

JIc ,cb

- Khong ké bi AT 9.679.800.000

Jlc kb

5 | Doanh thu tir van chuyén hang héa, dong

- Trong mét ngay dém Cp; 13.260.000.000

- Trong mét ngay nam C,J} 4.839.900.000.000

4.3. Tinh todn xdc dinh cwong d¢ chuyén tiép trang thai va xac sudt gidgi han
4.3.1. Xay dung chwong trinh tinh todn

C4c chuc nang cua chuong trinh:

1. Tl cac thong s6 dau vao vé thoi gian trung binh giita cac lan hong afk) va thoi gian
phuc hoi trung binh afk) cua céc phan hé thiét bi k¥ thudt cho trong bang 1, tién hanh xac dinh

cac thong sb cuong do hong A; va cuong do phuc hoi u i

2. Giai h¢ phuong trinh tuyén tinh (7) véi cac an s6 P, i = 1,3,5,7,9,10 voi diéu kién

N
> P =1, sau khi thay vao vi tri 4 va 4\ c4c gia tri ciia chiing, tién hanh xac dinh cac
i=1

xé&c suit gioi han cua hé théng R, P, P?, P® P va PP

Giao dién cta modul 3: x4c dinh cac cuong do chuyén ti€p trang thai va cac xac suat gioi
han, thé hién trén hinh 5.
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File

dde

4| TTDTC

La09a0E

CHWONG TRINH TiNH TOAN DO TIN CAY

Két qua tinh toan cwéng do héng va cwéng dé phuc hdi cda cac thiét bi ki thuat

Cac chi tiéu

f=llE ==

| Paanet | pdnne2 | PManes | prdnnds |

(ddu may) (toa xe) (dwirng sat) (cau, ham) (TTTH)
Thii gian GBCT trung binh do hw héng cla cic thiét bi ki thuat, h 1.50000 1.60000 1.90000 210000 1.20000
Cuing d6 phuc hdi, 1h (0.66667 (0.52500 0.52632 0.47619 0.83333
Thii gian trung binh gifa cc 13n he héng, h 2500 1925 653 1600 1750
Cuwiérng dd hang, 1h 0.00040 0.00052 0.00152 0.00063 0.00057

Két qua tinh toan cac xac suét giéi han

Cac chi tiéu

Xéc sufit khu doan ndm & trang thai lam vigc P1

0.99372

Xéc sudt khu doan ndm & trang thai khéng lam viéc do hw héng cla phan hé 1 P32 |(d4u may) 0.00060

Xc sudt khu doan ndm & trang thai khéng 1am viéc do hw hing cia phdn hé 2P5  |(toa xe) 0.00083

x4c suéit khu doan ndm & trang thai khéng Iam viéc do hw hing ciia phén hé 3P7  |(dwing sat) 0.00287

X&c sut khu doan ndm & trang thai khéng lam viéc do hw héng cda phan hé & P3 (chu, him) 0.00130

éc suit khu doan ndm & trang thai khéng lam viéc do hy hing ciia phin hé 5P10 |(TTTH) 0.00068
Quay lai Tinh toan Tiép theo

Hinh 5. Giao dién xac dinh cic cuong do chuyén tiép
trang thai va cac xac suat gioi han.

4.3.2. Két qud tinh toan

Két qua xac dinh cac thong s6 cuong d6 hong 4, va cudng do phuc hdi ;; cho trong

bang 3.
Bang 3. Két qua tinh toan cudng d6 hong va cuong dé phuc hoi
cua cac phan hé thiét bi ky thuat.
. s gia Phanhé¢1 | Phanhé2 | Phanhé 3 | Phanh¢ 4 | Phan hé5
TT Céc chi tiéu (dau may) | (toaxe) | (duongsit) | (cau,ham) | (TTTH)
Cudng d6 phuc hdi chuyén tiép trang thai,
1 2 3 4 5
1 ,UE:() -1/ agk) ,uél) =0,6667 ,uél):o,ezso ,ugl) =0,5263 ,uél):o,4762 ,ul(oizo,8333
Cudng d6 hong chuyén tiép trang théi, - 0.0015
2 |2 =1/a, A,3=0,0004 | A =0,00052 A7=0 A,9=0,00062 | A, =0,00057
] k

Két qua tinh todn xac dinh cac xac suat gigi han duoc cho trong bang 4.
Béang 4. Két qua tinh todn cac xac suat gidi han.

TT

Céc chi tiéu

Tri s6 X4c suat gioi han ¢ gia tri
thoi gian trung binh thyc té gitra

cac hu héng

Xéc suét khu doan nam & trang thai lam viéc P, 0,99370
X&c suat khu doan nam & trang thai khéng lam viéc do hu

hong cua:

- Phan h¢ 1 - dau may P 0,00059
- Phan hé 2 - toa xe P? 0,00082
- Phan hé 3 - duong sit P 0,00290
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6 | -Phanhe4-cau, him P 0,00130

7 |-Phanhe¢5-TTTH RY 0,00068

4.3. Danh gia anh hwong cia cac chi tiéu dj tin cgy thiét bi ky thugt téi higu qud hoat dgng
Cua khu doan dwong sat
4.3.1. Co sé tinh toan ’ ﬂ
~ Tur cac cdng thue tong quat (8) va (9), tien hanh cu the hda viéc tinh toan cac chi tiéu cu

thé nhu sau.

1. Nang luc thong qua & muc tin cay tuyét doi B,=100%, doi tau [da xac dinh theo cong
thic (10) va lam tron sé], n, = 13 déi tau

2. Nang lyc thdng qua & mic tin cay thuc té P, %, doi tau

thucte

N =n,xP (19)
3. B¢ giam nang lyc thong qua, d6i tau
An, =n, —nihee (20)
4. Khéi luong luan chuyén ¢ mic tin cdy tuyét doi (100%) cia ca hé thong, ty tan-km
khong ké bi [da xac dinh theo céng thurc (15)]
mieko = 2% Qp i XNy x Ly
5. Khéi luong luan chuyén & mirc chat luong hoat dong twong ddi hay muc tin cay thyc té
P, % cua ca h¢ thong (do hu hong cua tat ca cac phan h¢), ty tan-km khong ke bi
= A P, @)
6. Khoi lugng luan chuyen khong thuc hién duge do hu hong cua cac thiét bi ky thuat
(cta cé&c phan hé), ty tan-km khdng ké bi
AT ) = Al — AT (22)

nam

7. Doanh thu do thyc hi¢n khéi lugng van chuyén & muc tin cay tuyét doi (100%) C.i,

ty dong [da xac dinh theo cong thuc (18)].
8. Doanh thu do thyc hi¢n khoi lugng van chuyéen ¢ muc tin cay thuc té P, % , ty dong
Chi ™= = Cyir xR 23)
9. Muc giam doanh thu do khdng hoan thanh khéi luong van chuyén vi hu hong cua tat
ca cac phan hé (tong thé toan hé thong), ty dong
ACtongthe — Cm{? _ C:’akr:n,thucte (24)

10. Muc giam doanh thu do khdng hoan thanh khoi lugng van chuyén vi hu hong cia
phéan hé 1- dau may, ty dong

ACH =l x P (25)

11. Muc giam doanh thu do khong hoan thanh khéi luong van chuyén vi hu hong cua
phén h¢ 2- toa xe, ty dong
ACT, =Crit <R (26)
13. Muc giam doanh thu do khdng hoan thanh khdi luong van chuyén vi hu hong cia
phan hé 3 - duong sat, ty dong

ACH = x P (27)

nam
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14. Mirc giam doanh thu do khdng hoan thanh khdi lwong van chuyén vi hu hong cua
phan hé 4 - cau ham, ty dong

ACE =Clm x P (28)

15. Mt giam doanh thu do khong hoan thanh khdi luong van chuyén vi hu héng cua
phan hé 5 - TTTH, ty dng

(5)
ACr, =Cri xRy (29)
4.3.2. Xay dung chwong trinh tinh todn

Tu co sé tinh todn néu trén, tién hanh xay dung chuong trinh, voi giao dién cua modul 4:
tinh toan céac chi ti€u chat lugng va hi¢u qua hoat dong ctia khu doan duong sat, thé hi¢n trén
hinh 6.

4 PTDGPAL =] = ==
File
GRe R 0DR|0E
PHAN TiCH BANH GIA ANH HUG'NG CUA CAC CHI TIEU BTC THIET Bl KY THUAT TO1 HIEU QUA
HOAT BDONG VAN TAI DUONG SAT
. |Mlivc tin cay cua cac thiét bi kj thuét‘
Phwong an 1: theo s6 ddi tdu hang déd xac dinh (Cac chi tiéu) . "
Tuyétdéi Thucté |
1. Nang lirc theng qua, 4éi tau | | 1300000 | 1291840
|2. B giam nang Iwe théng qua, dbi tau | \ \ 0.08160
|3. Mrc chat lwgng hoat dong twong dbi, % | 100 99.37227
\4. Khdi Iwgng luan chuyén, ty tn-km khéng ké bi | 9.67980 | 9.61904
|5. Khéi legng ludn chuyén khéng thire hién dwoe do hw héng clia cic thiét b ki thuat, ty tin-km khong ké bi 0.00000 | 0.0GOTG‘
\a. Doanh thu do thic hign khéi lwgng vén chuyeén, ty dong \ 4839.90000 4809.51865
7. Mirc giam |*|7 1. Téng thé toan hé théng \ 0.00000 30.38135
doanh thu -
do khéng 7.2. Do hw hong cua phan hé 1- |(dau may) ‘ 0.00000‘ 2.88571
hoan thanh . - A
Khbi lwong | 7.3. Do hwr hong cua phan hé 2 - |(toa xe) ‘ 0.00000‘ | 3.99?52‘
vanchuyén | |7.4. Do hw hong ctia phén hé 3 - |(du’d’ng sdt) \ 0.00000 | 13.88767
vi hw héng - - = =
cua cac thiét | |7.5. Do hiwr hong cua phdn hé 4 - |(céu, ham) ‘ 0.00000 | 6.31249
bi ky thuat | | P | | ‘
(tv ddna) < 7.6. Do hw hong cua phan hé 5- |(TTTH) ‘ 0.00000 3.29796
Quay lai Tinh toan Tiép theo

Hinh 6. Giao dién tinh toan céc chi tiéu chat luong va
hi€u qua hoat dong ctia khu doan duong sét.
4.3.3. Két qud tinh toan
Két qua tinh todn cac chi tidu chat lwong va hiéu qua hoat dong cua khu doan dugc cho
trong bang 5.

Bang 5. Két qua tinh todn céc chi tiéu chét luong va hiéu qué hoat dong cua khu doan.

Mic tin cay cuaa cac thiét bi ky thuat

TT Céc chi tiéu Tuyét dbi Thuc &
Ning lyc théng qua, doi tau n, =13 Ny e = 12,9184
D6 giam nang luc thong qua, déi tau - An, =0,0816
3 | Muc chat lugng hoat dong tuong dbi, % P,=100 P, =99,3723

Khéi luong luan chuyén, ty tin-km khong
ké bi

o = 9,6798

nam,thucte __
i = 9,619

Khéi lwong luan chgyén khong thuc hién dugc do
5 hu héng cua cac thiét bi ky thuat, ty tan-km khdng
ké bi

A(ARD) =0,0607
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Doanxh tf'[u 90 thu’C hlén khoi luong van Cr:]?;n:4839’9 C:allcr:n thucte _ = 809,5187
chuyén, ty dong '

Muc giam doanh thu do khong hoan thanh
7 | khoi luong véan chuyén vi hu hong cua cac
thict bi ky thuat, ty dong

7a | Tong thé toan hé thng 0 ACEhe = 30,3813
7b | Do hu héng caa phan hé 1- diu may PY 0 ACP =2 8857
7¢ | Do hu hong cia phan hé 2 - toa xe P 0 AC,f’;m =3,9975
7d | Do hu hong ciia phan hé 3 - duong sat P 0 Cr =13,8877
7e | Do hu hong cia phan hé 4 - ciu, him P" 0 ACH" = 6,3125
7f | Do hu héng cua phan hé 5- TTTH P 0 AC'S = 3,208

Tur bang nay thay rang, véi thoi gian trung binh giita cac 1an hong va thoi gian phuc hoi
cuia cac thiét bi ki thuat da cho, thi chi tidu chat luong hoat dong twong d6i chi con 99,3723%,
khi lugng hang hoa khdng van chuyén dugc theo ding ké hoach 1a 0,0607 ty t.km khong ké
bi trong mot nam. Khéi lwong van chuyén khong thuc hién duoc theo ké hoach dan dén lam
giam doanh thu van chuyén hang hoa giam di 30,3813 ty dong trong mot nam. Thiét hai vé
doanh thu do hu hong cua tirng phan hé gay ra duoc thé hién trong bang 5.

5. KET LUAN

Tir m6 hinh hoat dong tong quat cua mét khu doan duong st va co so 1y thuyét danh gia
anh huéng do tin ciy cua cac thiét bj ky thuat toi chat lugng va hiéu qua cua hé thong, da xay
dung chuong trinh va tinh toan dugc cac chi tiéu chat luong va hiéu qua hoat dong cu thé cia
khu doan duong sit Giap Bat-Séng Than.

Pay 1a két qua danh gia hiéu qua hoat dong cho mot khu doan duong st ¢o tinh gia dinh
dé minh hoa cho phuong phap da néu. Dé két qua danh gia mang tinh xac thyc hon, can c6 hé
thong thong ké toan dién va day du Ve cac hu hong cua cac phan hé thiét bi ki thuat gay gian
doan chay tau trong nganh dudng sit mot cach lau dai va lién tuc, tir 46 méi xac dinh duoc
mot cach chinh xac thoi gian lam viéc trung binh giira cdc 1an hong va thoi gian phuc hoi
trung binh cta ching, lam thong s6 dau vao cho bai toan. Pay 1a van dé khé& phtc tap, t6n
kém nhiéu thoi gian va cong sirc, nhung ciing 1a myc tidu cho cac nghién ctru tiép theo.

M6 hinh da xay dung va céc chi tiéu chat luong va hiéu qua hoat dong caa khu doan
duong sat 13 co so cho viéc cai thién céc chi tiéu do tin cdy nham nang cao hiéu qua hoat dong
cua hé thdng, co thé duoc sir dung khi tong hop két qua danh gia chét luong bao dudng ky
thuat va stra chira cac thiét bi ki thuat ciia cac don vi trong nganh duong sat, xac dinh ty trong
cuia chling trong viée nang cao dé tin cay va hiéu qua caa qua trinh van chuyén.
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