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Abstract: The task of safety assessment of a train control signal system is an indispensable
task for any railway transport system. The emergence of a train control signal system with
today's modern technology based on computers and computer networks will require a new
safety assessment method. The train control signal system is analyzed from the need,
function, structure, technology background to give the most general model of the system.
Analysis of possible errors of the train control signal system leads to dangerous unstable and
unstable events to provide a safety assessment model, thereby forming a full range of
concepts, safety indicators and risks for the system. The full determination of safety and risk
indicators for a modern train control signal system will be the basis for further studies, finding
quantitative methods for each indicator, serving service of evaluation, operation
management, design for train control signal system with solutions to ensure train safety.
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Tom tat: Nhiém vu danh gia an toan mot hé théng tin hiéu diéu khién chay tau la nhiém vu
khdng thé thiéu d6i voi bat cir hé thong van tai duong sat ndo. Su xuat hién hé théng tin hiéu
diéu khién chay tau voi cdng nghé hién dai ngay nay trén co s& may tinh va mang may tinh
s& can co duoc phuong phap danh gia an toan mdi. Hé thdng tin hiéu diéu khién chay tau
duogc phan tich tir s can thiét, chirc nang hoat dong, dac diém cau tric, nén tang cdng nghé
dé dua ra mo hinh chung nhét cua hé thong. Phan tich cac 16i ¢6 thé cua hé thong tin hiéu
diéu khién chay tau dan t&i cac sy kién bat 6n dinh, bat 6n dinh nguy hiém dé dua ra mé hinh
danh gia an toan, tir d6 hinh thanh dwoc nhitng khéai niém, nhitng chi sb an toan, rui ro day
da cho hé thdng. Viéc xac dinh day du cac chi s6 an toan, rai ro cho mét hé thdng tin hiéu
diéu khién chay tau hién dai s& 1a co s& dé cho nhiing nghién cuu tiép theo, tim ra nhiing
phuong phap dinh luong cho ting chi s6, phuc vu danh gia, quan Iy van hanh, thiét ké hé
thdng tin hiéu diéu khién chay tau véi cac giai phap dam bao an toan chay tau.

Tir khda: Hé thong tin hiéu hién dai, an toan chay tau, chi sb an toan, nguy hiém, dinh lugng.

@ 2023 Truong Pai hoc Giao théng van tdi

1. PAT VAN DPE

Daénh gid an toan chay tau trong van tai duong sat 1a mot trong nhitng nhiém vu quan trong.
Kha niang van chuyén khbi luong 16n lugng hanh khach va hang hda, Vige dé xay ra tai nan,
tham chi chi méi & muc d6 su ¢b ciing da co thé gay thiét hai dang ké vé ngudi va hang hoa,
anh hudng dén dén cac hoat dong binh thudng cia x4 hoi. An toan chay tau, nhiém vu danh gia
an toan chay tau luén 1a noi dung khong thé thiéu tir khi bat dau thiét ké, lap dat, xay dung cho
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t6i khi van hanh khai théc cac thiét bi, hé théng trong van tai duong sat.

An toan chay tau va danh gia an toan chay tau 1a mot pham tri c6 tinh tong thé, cd su tham
gia cua nhiéu yéu té nhu nhu: ha ting, thiét bi, con nguoi, quan ly van hanh, tac dong caa moi
trrong tu nhién va moi truong xa hoi.

Khi thiét ké, ché tao, xay dung, Iap dat, van hanh mot hé thong van tai duong sat, tat ca cac
trang thiét bi, hé thong da duoc tinh dén van dé an toan. Cé nhitng tiéu chuan, cd td chic quan
ly danh gia, kiém tra cua timg giai doan trong chu ky “sdng” cua cac trang thiét bi, hé thong.
Thong thuong trude khi dua vao van hanh, khai thac chung con dugc thir nghiém, danh gia boi
mot don vi doc 1ap ¢6 tinh chuy&n mon vé an toan dé dam bao hé théng dua vao van hanh dugc
an toan [1,2].

Trong tét ca cac trang thiét bi, hé thdng tham gia vao dam bao an toan chay tau c6 cac hé
théng tin hiéu diéu khién chay tau. Su c6 mat caa cac hé thong nay trong téng thé hé théng van
tai duong sét Ia khong I6n, tuy nhién nd la thanh phan tryc tiép lién quan toi an toan chay tau,
truc tiép t6i viéc dam bao an toan ciing nhu tao ra khd nang chong lai, loai bo cac yeu t6 gay
mét an toan. Hé thng tin hiéu diéu khién chay tau sinh ra 1a dé kiém soéat tat ca cac yéu té lién
quan dén van hanh an toan cua doan tau, d6 1a kiém tra sy dam bao cua co s& ha tang, thiét bi,
chuyén dong cua cac doan tau trén dudng, mong muén cua con ngudi Vé Sy van hanh cua cac
doan tau nén hé thdng tin hiéu diéu khién chay tau tu n6 can dam bao d6 tin cdy va an toan sé
la yéu té dau tién va quyét dinh truc tiép kiém soat duoc an toan chay tau.

Nhiém vu quan 1y, danh gia an toan & Viét Nam da va van dang duoc thuc hién trén he
thong duong sat truyen thong cua Vit Nam, mot phan trén cac h¢ thong duong sat do thi da va
dang xay dung nhung cho dén nay can co su thay doi vé noi dung véi nhiing ly do sau:

- Céc hé thdng van tai duong sat da co su thay doi 16n vé cong nghé dbi vai he thong tin
hiéu diéu khién chay tau ciing nhu murc d6 doi hoi cua x& hoi ddi véi an toan chay tau, o tinh
chat cy thé va cao hon so voi trude day. Cac hé théng tin hidu diéu khién chay tau trudc day
duogc x@y dung trén co s& role dién tur, viéc danh gia do tin cay va an toan thong qua do tin cay
clia céc role dién tir va mot s thiét bi lién quan, an toan cua hé thong lién quan dén viéc phan
tich nguyén nhan cac trg ngai, tai nan. Tuyén duong sat truyén thong Ha Noi - Vinh, cac tuyén
duong sat d6 thi tai HA Noi va Thanh phdé H6 Chi Minh da, dang va s& dugc trang bi cac hé
théng tin hiéu diéu khién chay tau trén co so tng dung cac cong nghé mai, trén co sd may tinh
va mang mdy tinh nhu: hé thong lién khoa dién ta (CBI), hé théng diéu khién tau ty dong
(ATC), diéu khién tau dya trén truyén thong (CBTC) cung cac hé thng thanh phan khac. Cac
hé thong nay khéc vé cong nghé vai cac hé thong trén co s0 ro le dién tor dugc xay dung trudc
day. Cong nghé méi va van dé an toan cho hé thong diéu khién tin hiéu da c6 nhiéu nghién cuau,
trong d6 c6 A. Boussif va cac cong su di dé cap van dé an toan gian cong nghé véi ngudi tac
nghiép [3];

- Trén thé gigi, viéc danh gia an toan hé thong giao thong duong sat & cac nudc phat trién
duoc thuc hi¢n nghiém ngat, cd cac tiéu chuan, quy chuan, ¢ t6 chire danh gia dugc Cap phép,
¢6 s6 lidu va cé nhiing phuong phap danh gia, phuong tién danh gia an toan. Do van d& an toan
d6i véi cac thiét bi, hé thong tin hi¢u dleu khién chay tau trén co so cong nghé mai, cong nghé
dién tir, may tinh dang phét trién nén van dé an toan ciing dang dugc mdi nudc phét trién cac
nghién ciru khac nhau, van dung nhirng phuong phap khac nhau. Nhung tuu chung lai la cac
nuée déu can chii dong trong viéc danh gia an toan va dinh luong trong danh gia an toan cho
minh. Vén d& nay ciing di dugc dé cap trong Hé théng tiéu chuan chau Au: EN50126-2 - Cac
ng dung duodng sat—Pa tin cdy, tinh sin sang, kha nang bao tri va cac thdng sb ky thuat va
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trinh dién an toan (RAMS) Phan 2: Phuong phap tiép can hé thong dbi véi an toan [2].

- Hién tai viéc quan ly an toan trong nganh Van tai duong sat ¢ Viét Nam da c6 tiéu chuan,
quy chuan nhung chi yéu duoc ap dung cta nudc ngoai. Viée dua cac tiéu chuan, quy chuan
vao qua trinh quan ly an toan chua c6 nghién cttu sy phu hop, kha nang thyc hi¢n va tham chi
thiéu doi ngii nim dugc ban chat cia cac chi s6 an toan. Cac cong viéc Ve dam bao an toan mai
chi durng lai & mirc d6 quan ly, ghi nhan nhitng su ¢é, tai nan, thiy van dé nao xay ra, xay ra
nghiém trong thi tap trung giai quyét. Viéc quan ly an toan trén cac mat: thiét bi, con ngudi,
moéi trudng (tw nhién, x& hoi) con thiéu céc tiéu chuan, quy chuan. Cac bao céo va thong ké vé
an toan mang tinh li¢t ké, con it phan tich, danh gia sat ndi dung dam bao an toan. Chua c6 mét
hé théng chi s6 hoan chinh dé danh gia an toan cho hé théng tin hiéu diéu khién chay tau hién
dai [4,5].

- Hién tai Viét Nam khi thuc hién cac dy an, cha yéu van dua trén cac tiéu chuan ap dung
do cé&c nha thau cung cap. Céc dy an dang st dung céng nghé ciia mot sé nude nhu Nhat, Phap,
Trung Quéc v.v, nén chua c6 sy théng nhat vé quan ly an toan. Su can thiét va cac noi dung
can c6 khi danh gia an toan bat dau tir khi 1ap du 4n chua dugc dit ra, viéc van dung tiéu chuan
an toan cua mot td chirc nude ngoai ma chua xét dén cac yéu té cong nghé, thuc té thuc hién
du 4n ciing nhu nghién ciru ban chat caa cac tiéu chuan sé dan dén bat cap khi danh gia an toan
cho hé théng tin hiéu diéu khién chay tau & nuéc ta.

Noéi dén hé thdng tin hi¢u diéu khién chay tau, cling nhu cac hé thong ki thuat khac 1a can
no6i dén dén khéi niém vé dé tin cay va an toan. O day, do tin cay chu yeu la cua trang thiét bi,
hé thdng; an toan ciing 1a ciia trang thiét bi, hé théng va con thém Ia cua cac yéu té tac dong téi
kha nang dam bao an toan cua né dbi voi cong tac chay tau. Vay ching ta can lam rd cac khai
niém do tin cay, do an toan cua hé théng diéu khién tin hiéu diéu khién chay tau. Mudn vay can
phan tich chirc nang hoat dong, dic diém cau tric, nén tang cdng nghé, phan tich cac 15i c6 thé
ctia hé théng dan téi cac su kién bat 6n dinh, bat n dinh nguy hiém dé dua ra mé hinh ddnh
gi4 an toan, hinh thanh duoc nhitng khai niém, nhitng chi s6 an toan, rii ro day du cho hé thong,
xéc dinh céc chi s6 dic trung cho sy an toan cua hé théng s& 1am co s& xem xét van dé dinh
lwong, Vi chi ¢ dinh lugng duoc thi ching ta mai ¢6 kha ning tiéu chuan hoa, danh gia va cap
phép cho céc hé thdng tin hiéu diéu khién chay tau va tiép theo 1a an toan chay tau, ¢ nhiing
giai phap dé c6 thé nang cao cac chi s do tin cay va chi sé an toan cia hé thong tin hiéu dicu
khién chay tau [1], [6].

2. HE THONG TiN HIEU PIEU KHIEN CHAY TAU HIEN PAI PAM BAO AN
TOAN CHAY TAU

An toan hoat dong cua hé thong tin hiéu diéu khién chay tau duoc xem xét & trong kha
nang dam bao hoan thanh cac diéu kién an toan chay tau:

L>Ly 1)

Trong d6: L - khoang cach tir dudi tau di trudc dén dau doan tau ké tiép theo chiéu di chuyén
cua cac doan tau cung hudng (¢ day xét truong hop tau chay theo mot hudng trén mdt duong;
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truong hop theo hai hudng trén mot dudng, viéc khong dé hai doan tau ddi dau nhau phu thudc
vao chirc nang kiém tra su thanh thoat cua khu doan, x4c 1ap huéng cua hé thdng tin hiéu diéu
khién chay tau, khong dé cap & day);

Lt - khoang cach tinh toan gitra cac doan tau;
Vpr — toc @0 thuc té cua doan tau,

Ve — tde do gid1 han an toan cua khu doan duong ma tdc do doan tau khong duogc vuot
qua.

R rang 1a khi khong dam bao diéu kién (1) tac 12 khoang céch giira cac doan tau bi nho
hon cac khoang céch tinh toan (cho phép) cua diéu kién an toan thi s& co thé xay ra va cham
gitra cac doan tau. Con khi ma khong hoan thanh duwoc diéu kién (2) tuc 1a khi téc do thuc té
ctia doan tau vuot tée d6 gisi han cho phép theo diéu kién an toan thi s& xay ra trat banh tau va
cac thanh phan cua doan tau ra khoi duong ray.

Trong ca hai trudng hop, cac yéu td gay su co phat sinh do quan tinh cua doan tau v6i hanh
khach va hang hoa tang manh, tac dong co hoc cua két ciu dau may, toa xe bi hong, viéc dé co
thé dan t6i nhitng nguy hiém. Chinh xéc 1a nhitng sy kién hu hong sé tao ra nguy hiém caa qua
trinh chay tau d6i véi hanh khach va hang hoa, ddi véi méi trudng chung, méi trudng ky thuat
va ca trong chinh hé thong giao théng, van tai duong sat.

Trang thai chuyén dong, trong qua trinh dich chuyén cia doan tau ma cac yéu té hu hong
phat sinh, duoc goi 12 nguy hiém. Theo loai ton that do tac dong cua cac yéu td gay thiét hai,
chung dugc chia thanh su ¢d, tai nan, nhitng trudng hop dac biét no c6 tinh tac dong lién hoan
ctia cac sy ¢d, tai nan [1].

Céu triic cua hé thong duong sét 1a phan bé theo chiéu doc tuyén, tai mdi diém: ga va khu
gian c6 nhiéu d6i trong nhu ghi, dudng chay, tin hi¢u can dé diéu khlen chay tau. Cac d6i tuong
bao gom nhiéu trang thai va hoat dong sudt ngay dém nén viéc nam duoc trang thai cua ching
va diéu khién ching tir trung tdm phuc vu cho chay tau an toan va hiéu qua la nhiém vu can
thiét trong van tai duong sit ma do hé thong tin hiéu diéu khién chay tau ¢am nhan.

Ban chat ctia hé thong tin hiéu diéu khién chay tau hoat dong véi cac d6i tuong & cac
khoang cach xa nhau, viéc truyén, nhan thong tin nhanh, nhiéu, tin cay s& quyét dinh dén chat
luong cua hé thong Trong su phat trién nhanh chong cua ky thuat dién tu, cong nghé thong
tin, chirc nang va cau trac ciia mot he thong tin hiéu diéu khién chay tau van dugc xac dinh nhu
cac hé thong trude day. Tuy nhién viéc giao tiép giita trung tim véi cac ddi tugng va nguoc lai
cling nhu viéc thu thap, td chuc dit liéu 1am cho hé théng thong minh hon, thuc hién cac tac
nghiép dugc nhanh chong, tin cdy, nhiéu ddi tuong, xa hon vé tim kiém soat s& duge dam bao
trén co s& mot mang may tinh. Hay néi cach khac, mot mang méy tinh gin voi mot hé thong
tin hiéu diéu khién chay tau s& dua hé théng 1én mot mirc phat trién méi. Cac cdng nghé hién
dai duoc ap dung cho hé théng mang may tinh ciing dugc ap dung trong cac hé thong tin hiéu
diéu khién chay tau va c6 xét dén nhirng yéu cau dic thui ctia h¢ théng ndy. Nhiéu cac van dé
khé khin ctia mot hé thong tin hi¢u didu khién chay tau truyen thong nhur: duong truyén, khoang
cach, nhiéu, luong tin tirc 16n, su tin cdy cua tin tic, tré v.v s& dugc hé thdng hién dai khic phuc
Nhung & nhing hé thdng tin hiéu diéu khién chay tau ciing xuit hién nhitng van dé méi can
dugc dat ra, do 1a su tin cdy, an toan cua cac tin hi€u trong mang may tinh chiu nhiéu tac dong
0 nhiing khoang céch xa, can co kha nang lam vi¢c moi thoi diém, 1am sao giam sat, diéu khién
cac ddi tuong dé dam bao hoan thanh cac duoc yéu cau nhu biéu thic (1), (2). [7].
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L&p chire nang Heé théng trung tam

XU ly frung tAm (Lién khéa, ATP, déng dwéng, may chil gidm sat ...)

Lép mang $

Mang truc chinh, mang cuc bg ...

Lép dau cudi

Bo diéu khién vao ra Giao dién ATP Thiét bi giam sat Thiét bj tai cac ga

Hinh 1. Cau trac dién hinh caa mot hé thng tin hiéu diéu khién chay tau hién dai.

Mot trong nhiing anh huong khi hé théng diéu khién chay tau chuyén sang cong nghé méi
da duoc Trinh Thi Huong va cac cong su ciing da dé cap dén su dich chuyén tan sé khi truyén
cac ban tin trong hé thong diéu khién tau cao tdc [8]. P6 chinh 1a nhiém vy danh gia an toan va
danh gia kha ning thuc hién dam bao chay tau an toan cua hé thong tin hiéu diéu khién chay
tau. Hinh 1 1a cAu trac dién hinh cua mot hé thdng tin hiéu diéu khién chay tau hién dai, vé ban
chat 1a c&c chire nang diéu khién chay tau thuc hién trén mot hé thong mang may tinh.

Dé giai quyét nhiém vu diéu khién chay tau, hé théng tin hiéu diéu khién can phai cd kha
nang hoan thanh cac chirc nang dugce xac dinh, nhitng chirc nang nay duoc chia thanh chirc
nang diéu khién va chiic ning thong tin. Chirc ning diéu khién 1a thé hién & viéc gian tiép hoac
truc tiép hinh thanh cac Iénh diéu khién ham va kéo dong co ciia doan tau con chirc ning thong
tin 1a viéc nhan dugc nhitng thong tin can thiét lién quan dén trang théi cac thiét bi, cac sé liéu
dé hinh thanh lénh diéu khién. Kha nang hoan thanh véi nhiing chie ning nay duogc thay doi
theo cac truong hop véi sy thay d6i nhitng yéu cau ddi véi an toan chay tau, kha ning thong
qua, toc do cia doan tau, do chinh xac thuc hién biéu do chay tau cho timg khu doan chay tau
cu the.

Nhu véy, dé dam béo cac dieu kién (1) va (2) hé thdng can phai c6 kha ning hoan thanh
hang loat cac chire nang thong tin va dieu khién. Néu nhu né khong c6 khd nang hoan thanh
nhirng diéu d6 tirc 1a khong dam bao diéu kién an toan chay tau.

3. CAC CHI SO AN TOAN CUA HE THONG TiN HIEU PIEU KHIEN CHAY TAU

Nhin nhan hé thdng tin hiéu diéu khién chay tau hién dai theo goc d6 kha ning thuc hién
dang chirc nang. Nhitng yéu tb, nhitng su Kién lién quan dén chirc ning thong tin va chirc ning
diéu khién caa hé thong c6 thé c6 nhitng quan diém va phuong phap quan ly khac nhau, vi du
nhu quan ly theo m6 hinh SM nhu H. Lin va cac cong sy da trinh bay hoac mot s6 phuong phap
khac [9]. Cac phuong phap deu céd nhung uu dlem va nhuoc diém nhung huéng Chung la can
mo hinh danh gia day du cac yeu t6 an toan va can dinh lugng trong danh gia.véi cau triic dac
trung cua hé théng tin hiéu diéu khién chay tau nhu hinh 1, c6 thé thiy an toan caa hé théng
lién quan dén bén nhom: Thiét bi phan cimg; chuong trinh, phan mém; tc nghiép caa nhan
vién; lénh diéu khién [2].

~ Nguyeén nhan pho bién chinh khi chuyén chuyén dong cua doan tau sang trang théi nguy
hiém la cac tré ngai nguy hiém cuaa cac thiét bi phan cung do diéu kién hoat dong khéng thuan
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lgi ciia ching. Tuy nhién khi phét trién hé thdng sang loai hinh ¢ céc phan tir vi xir ly, may
tinh 1am co sé thi lién quan dén viéc mat an toan chay tau s& con 1a cc 16i cua cac chuong trinh,
phan mém. Céc thuit toan cua cac hé thong tin hiéu diéu khién chay tau st dung may tinh tao
ra boi nha 1ap trinh va vi vay hé thong tin hiéu diéu khién s& phu thudc vao 16i cua cac chuong
trinh, phan mém.

Sy can thiét phai tinh dén cac 15i cua nhan vién tac nghiép 1a do thuc té cac hé thdng tin
hiéu diéu khién tau trén tuyén hoat dong rat linh hoat, tirc 12 con ngudi van hanh van 1a yéu té
khong thé thiéu cua cac hé thong nay. Céac két qua phan tich nguyén nhan sy ¢6 va tai nan cho
thy vé su can thiét tinh dén cac 15i nguy hiém cua cac nhan vién tac nghiép khi nghién ctiu cac
giai phap nang cao an toan chay tau [3].

Céc 15i hinh thanh lénh diéu khién 1 céc 15 ma ching dugc tao nén boi cac thong tin (tin
tue) 161 khi nhan duoc tir ngudn tin cung cap caa né; hoic 1a su bién dang thdng tin & cac kénh
truyén dan do sy khdng tin cdy caa hé thong chéng nhidu, trong sé d6 do hiéu qua khéng tin
cdy cua cac phuong phap dam bao twong thich dién tir cua hé thong tin hiéu diéu khién chay
tau va cac hé thdng khéc [8]; hoic ciing chinh la cac I18i thuat toan hinh thanh céc lénh diéu
khién sinh ra bai 161 ciia nhitng nguoi xay dung hé thng.

Cac 15i nguy hiém va céc tro ngai nguy hiém caa hé thong duoc goi 1a cac sy kién bat on
dinh nguy hiém bai ching s& pha v& su 1am viéc tiéu chuan caa hé théng tin hiéu diéu khién
chay tau va hau qua cua né 1a vi pham tiéu chuan chay tau. Ngoai cac khai niém su kién bat 6n
dinh nguy hiém con cé khai niém su kién bat 6n dinh khdng nguy hiém. Ching 1a nguyén nhan
chuyén Chuyén dong cua doan tau sang trang thai khong du tiéu chuan chay tau nhung khong
nguy hiém, n6 1am giam hiéu qua cia qua trinh van chuyén nhung khong anh husng téi muc
d¢ an toan [10]. Vi du la tré ngai nao do dan téi dong co suc kéo cua dau may giam sic kéo,
né s& dan dén 1am giam téc do cua doan tau 1a tré ngai khdng nguy hiém.

Trong sb nhitng trang thai bat 6n dinh khong nguy hiém ctia chuyén dong doan tau c6 trang
thai dugc goi 1a trang thai (dugc) bao v¢, trang thai nay chinh la khi bi tac dong gay bat 6n dinh,
kha ning chuyén hé théng sang trang thai bat 6n dinh nguy hiém c6 xac suit rat nho.

Nhu vay dé dan t6i he thpng tin hiéu Cﬁeu khién Chay tau ho%t dong khong dam bao an toan
chi CQ thé 1a nhitng su kién bat o6n dinh xuat hién tai bon nhom yeéu t6 lién quan dén an toan cua
hé thong tin hiéu:

- Tré ngai nguy hiém cua thiét bi phan cang;
- Céc 13i cua cac chuong trinh, phan mém;

- Loi tac nghiép cua cac nhan vién k§ thuat;
- LAi khi hinh thanh cac 1énh diéu khién.

Véi viéc dan ra cac khai niém vé trang thai nguy hiém cua doan tau va cac su kién bat 6n
bi nguy hiém sé& hinh thanh nén cac khai niém co ban cta an toan chay tau va hoat dong cua hé
thong tin hiéu dicu khién chay tau [11]:

- An toan chay tau la thuoc tinh chuyén dong cua doan tau khong chuyén sang trang thai
nguy hiem.

- An toan hoat dong cua h¢ thong tin higu diéu khién chay tau 1a thudc tinh hé thong hoat
dong khong c6 cac su kién bat 6n dinh nguy hiem.

Déi véi dac tinh nguy hiém cua chuyén dong st dung khai niém rui ro:
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- Rui ro chuyén chuyén dong ciia doan tau dén trang thai nguy hiém- 1a kha nang chuyén
chuyén dong cua doan tau dén trang thai nguy hiem.

Déi vai dic tinh nguy hiém hoat dong cua hé théng tin hiéu didu khién chay tau ciing c6
su dung khai niém rui ro:

- Rui ro xuat hién su kién bat on dinh nguy hiém cua h¢ thdng tin hi¢u diéu khién chay
tau la kha nang xuat hién su kién nguy hiém bat 6n dinh caa hé thong.

Do cac yéu t6 bit 6n dinh nguy hiém c6 tinh ngau nhién nén dé danh gia vé lugng ddi véi
an toan va nguy hiém sir dung cac chi s6 Xac suat, doi vai an toan chay tau:

- Chi sb an toan chuyén dong cua doan tau 1a xac suét di qua cua doan tau trén mot khu
doan duong xac dinh ma khéng ¢ su kién chuyén chuyén dong sang trang thai nguy hiém;

- Chi s an toan hoat dong cua h¢ thong tin higu diéu khién chay tau 1a xac suat hoat dong
cua hé thong khdng c6 ¢6 su kién bat 6n dinh nguy hiém khi c¢6 chuyén dong cua doan tau trén
mot mot khu doan duong xac dinh;

- Chi s6 rui ro chuyén chuyén dong cua doan tau sang trang thai nguy hiém 1a xac suat
chuyén chuyén dong ctua doan tau sang trang thai nguy hiém khi ¢ sy chuyén dong cua doan
tau trén mot khu doan duong xac dinh;

- Chi sé rai ro xuat hién sy kién bat 6n dinh nguy hiém Ia x4c suat xuat hién su kién bat
on dinh nguy hiém khi c6 chuyén dong ctua doan tau trén mdt khu doan duong xac dinh.

Do cac hé théng tin hiéu diéu khién chay tau dung dé dam bao an toan khi doan tau van
hanh nén céc chi sé vé luong an toan hoat dong cua hé thdng tin hiéu diéu khién chay tau va
chi sb sb rai ro xuat hién su kién bat on dinh nguy hiém cta hé théng xem xét trong diéu kién
chuyén dong cua doan tau.

Thiét bi phan cing Tac nghigp cla nhén vién

Heé théng tin hiéu didu
khién ding chirc ndng,
an toan

Chweong trinh phan mém

‘ Lénh diéu khién

Hinh 2. Cac yéu t6 an toan caa hé thdng tin hiéu diéu khién chay tau hién dai.
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Trén co s& md hinh an toan ciia h¢ thong thong tin higu diéu khien chay tau (Hinh 2), cac
xac dinh twong tu dugc hinh thanh ca cho nhitng hé thong thanh phan riéng biét:

- Chi s6 an toan hoat dong céc thiét bi phan cimg cua hé thong tin higu diéu khién chay
tau la xac suat hoat dong cua cac thi€t bi phan cung cua h¢ thong khdng co cac tro ngai nguy
hiém khi cé chuyén dong cua doan tau trén mot khu doan duong xac dinh;

- Chi s6 an toan hoat dong c4c chuong trinh, phan mém cua hé théng tin hiéu diéu khién
chay tau la xac suat hoat dong cua cac chuong trinh, phan meém cua hé thong khéng cé céc 10i
nguy hiém khi c6 chuyén dong ctua doan tau trén mot khu doan duoc xac dinh;

- Chi sb an toan hoat dong cua cac lai tau 1a xac suat hoat dong cua lai tau khdng c6 cac
I6i nguy hiém khi c6 chuyén dong ctuia doan tau trén mot khu doan duoc xac dinh;

- Chi sb an toan hoat dong thuat toan ciia h¢ thong tin hiéu diéu khién chay tau 1a xac suat
hoat dong cua hé thong khdng c6 cac 1o6i thuat toan khi c6 chuyén dong cua doan tau trén mot
khu doan duong xac dinh.

Déi 1ap vai céc chi sé an toan ta co céc chi s6 rai ro:
- Chi s6 rui ro trg ngai ‘nguy hiém phan ciing ctia hé théng tin hiéu diéu khién chay tau 1a

X4&c suit co tro ngai nguy hiém cua phan cing hé théng khi c6 chuyén dong cia doan tau trén
mot khu doan duong xac dinh;

- Chi s6 rui ro 15i nguy hiém chuong trinh, phadn mém cua hé thong tin hiéu diéu khién
chay tau la xac suat co 16i nguy hiém cta chuong trinh, phan mém khi cé chuyén dong cua doan
tau trén mot khu doan duong xac dinh;

- Chi sb rii ro cho I8i nguy hiém cua lai tau la xac suat c6 16i nguy hiém cua lai tau khi
doan tau chuyén dong trén mot khu doan duong xac dinh;

- Chi s6 rui ro cho 15i thuat toan caa hé thong tin hiéu diéu khién chay tau 1a xac suat cé
[6i nguy hiém cua thuat toan cua hé thong khi c6 chuyén dong ctua doan tau trén mot khu doan
duong xac dinh.

4. KET LUAN

Véi viée dua ra moi quan h¢ mat thiét ciia hé théng tin hiéu diéu khién chay tau hién dai
v6i van dé an toan chay tau; tim hiéu ban chat cong nghé cua cac hé thong nay, khai quat hoa
mo hinh hé théng tin hiéu diéu khién chay tau trén co s& may tinh va mang may tinh véi nhimng
dic diém lam viéc cua hé thong lién quan dén ha tang, thiét bi, con ngudi, quan 1y van hanh,
tac dong cua mdi truong tu nhién va mai truong xa hoi s€ cho chung ta ¢6 duge mod hinh danh
gi4 an toan (Hinh 2) ctia hé thong tin hiéu diéu khién chay tau hién dai. Phan tich cac yéu to
trong mo hinh theo géc dg an toan, rii ro dé tir d6 xac dinh cac khai niém roi dua ra cac chi sd
an toan va rui ro mot cach day du cho hé thong tin hiéu diéu khién chay tau.

Nudc ta can xay dung mot hé thong danh gia an toan xuyén subt phu hop véi diéu kién
nude ta: tir tiéu chudn, quy chuan, phuong phap, sé liéu v.v, dé chi dong trong viéc xdy dung
cac nhiém vy an toan tir khau 1ap dy an, thyc hién dy an, danh gia an toan, quan ly van hanh hé
thong tin hiéu diéu khién chay tau, dic biét ddi véi hé théng hién dai trén co s& may tinh. Vi
vay, nhiing khai ni¢m, nhiing chi s6 duoc xay dung trong bai bao c6 tinh dai di¢n du cho mét
btic tranh dam bao an toan chay tau ctia hé thong tin hiéu diéu khién chay tau, s& lam tién dé
cho nhitng nghién ctru tiép theo ddi véi timg chi s6 an toan v6i nhimg mé hinh toan hoc dé dinh
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lwong ching, hinh thanh hé théng danh gi4 an toan hé thong tin hiéu diéu khién chay tau.

TAI LIEU THAM KHAO

[1]. V. M. Lisenkov, Statistical theory of train safety, Russian Institute for Scientific and Technical
Information (VINITI RAS), Moscow, 1999.

[2]. EN50126-2; Railway Applications—Reliability, Awvailability, Maintainability and Safety
Specifications and Demonstrations (RAMS) Part 2: A systems approach to safety. Center for European
Standards Management (CEN-CENELEC): Brussels, Belgium, 2017.

[3]. A. Boussif, A.Tonk, J. Beugin, S. C. Dutilleu, Operational risk assessment of railway remote
driving system, Safety and Reliability, (2023). https://doi.org/10.1080/09617353.2023.2226965

[4]. Nguyén Duy Viét, Phan tich an toan h¢ thong dong duong tu dong duong doi dong mét chiéu trén
co s¢ phan tich chirc nang dé xac dinh nguyén nhan dan téi trang thai nguy hiém, Tap chi Khoa hoc va
Cong nghé Giao théng Van tai, 56 (2017) 52-58.

[5]. Nguyén Duy Viét, Xay dung phan tir logic “AND” an toan véi tin hiéu kiém tra chuyén dung sir
dung trong h¢ thong diéu khién chay tau, Tap chi Khoa hoc va Céng ngh¢ Giao théng Van tai, 64 (2018)
44-48.

[6]. Nguyén Duy Viét, Do tin cdy va an toan hé théng diéu khién giao thong, Nha xuat ban Giao thong
van tai, 2010.

[7]. R. Saddem, J. Beugin, M. Ghazel, Methodology Framework for Modelling ETCS - L3 Moving
Block System, Conference: TRA 2022 - Transport Research Arena, At: Lisbon, 2022.

[8]. Trinh Thi Huong, Nguyen Manh Dat, To Thi Thao, Nguyen Duy Viet, Vu Van Yem, Compensating
Doppler Frequency Shift of High Speed Rail Communications, International Journal of Applied
Engineering Research, 13 (2018) 13344-13348.

[9]. H. Lin, T. Yuan, W. Bai, Z. Zhao, L. Ran, X. Li, Q. Lin, Railway Signaling Safety Factors
Quantitative Analysis Using an Improved 5M Model, Sustainability, 14 (2022) 6247.
https://doi.org/10.3390/su14106247

[10].K. C. Hsueh, Y. C. Lai, Automatic Evaluation Framework for Reliability and Safety of Multiple
Train Detection Systems, Transportation Research Record: Journal of the Transportation Research
Board, 2677 (2022). https://doi.org/10.1177/03611981221130331

[11]. D. V. Efanov, V. V. Khoroshev, G. V. Osadchy, Principles of Safety Signalling and Traffic Control
Systems Synthesis on Railways, 2023 International Conference on Industrial Engineering, Applications
and Manufacturing (ICIEAM), Sochi, Russian Federation, (2023) 634-638.
https://doi.org/10.1109/ICIEAM57311.2023.10139292

922


https://doi.org/10.1080/09617353.2023.2226965
https://doi.org/10.3390/su14106247
https://doi.org/10.1177/03611981221130331
https://doi.org/10.1109/ICIEAM57311.2023.10139292

