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Abstract. Reliability assessment against derailment is an important issue in vehicle—track
dynamic analysis, especially when the response of the derailment coefficient is affected by
random forward track irregularity. This paper proposes a reliability assessment framework
against derailment for the derailment coefficient Y/Q by combining coupled vehicle—track
dynamic simulation, the Generalized Extreme Value distribution, and Bootstrap. The data
were generated from 150 simulation scenarios of loaded type-G freight wagons running
through a representative curve on the North-South railway line. The maximum value of Y/Q
in each scenario was extracted to construct a block-maxima sample for distribution fitting,
derailment probability estimation, reliability assessment, and determination of the return level
zr. The results show that the Gumbel distribution was selected as the central model for
engineering interpretation. The derailment probability corresponding to the threshold [Y/Q]Jiim
= 1.2 is very small, indicating that the reliability is approximately equal to 1. At the longest
cycle, T = 54000 train passages, zr reaches 0.439 for the GEV model and 0.470 for the
Gumbel model, which are substantially lower than the assessment threshold. The results
confirm the applicability of the GEV-Bootstrap framework in reliability assessment against
derailment.

Keywords: derailment coefficient; Extreme Value Theory; GEV distribution; Bootstrap;
dynamic simulation; reliability against derailment.
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Tom tat. Panh gia do tin cay an toan chéng trat banh 1a noi dung quan trong trong phan tich
dong luc hoc phuong tién—duong ray khi dap wng cua hé sb trat banh chiu anh huong caa do
khong phang thuan ngau nhién cia duong ray. Bai bao dé xuat khung danh gia do tin cay an
toan chéng trat banh cho hé sé trat banh Y/Q trén co so két hgp md phong dong luc hoc ngau
hop phuong tién—duong ray, phan phéi gia tri cuc tri tong quat GEV va Bootstrap. Dir liéu
dugc xay dung tur 150 kich ban mé phong doan tau hang loai G chay qua mot duong cong
dién hinh trén tuyén duong sit Thong Nhat. Gia tri cuc dai caa Y/Q trong mdi kich ban dugc
trich xuat dé tao mau cuc tri khdi, phuc vu khop phan phéi, uéc luong xac suat trat banh,
danh gia d6 tin cay va xac dinh mac cuc tri chu ky zr. Két qua cho thiy Gumbel duoc lya
chon Iam mé hinh trung tim dé dién giai ky thuat. Xac suat trat banh tng véi ngudng [Y/QJiim
= 1,2 la rat nho, twong (g do tin cay xap xi bang 1. Tai chu ky dai nhat T = 54000 luot tau,
zr dat 0,439 theo GEV va 0,470 theo Gumbel, thap hon dang ké so v&i ngudng danh gia. Két
qua khang dinh kha ning ung dung caa khung GEV-Bootstrap trong danh gia d tin cdy an
toan chdng trat banh.

Tir khoa: hé s trat banh; ly thuyét gié tri cuc tri; phan phoi GEV; Bootstrap; md phong dong
luc hoc; @6 tin cay an toan chong trat banh.
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1. PAT VAN BPE

An toan chéng trat banh 1a mot trong nhitng ndi dung quan trong trong nghién ciru dong hre
hoc ngau hop phuong tién—duong ray. Trong qua trinh tau chay, luc twong tac banh xe-ray
bién thién dudi tac dong cua do khong phang thuan cua dudng ray, van téc, tai trong truc,
diéu kién hinh hoc tuyén va trang thai tiép xdc banh— -ray. Trong cac chi tiéu danh gia an toan
chay tau, hé s6 trat banh Y/Q, duoc xéac dinh bai ty sb giira luc ngang Y va luc ding Q tai tiép
xdc banh-ray, thuong duoc sir dung dé phan anh xu huéng mat 6n dinh tiép xtc va nguy co
leo bénh [1, 2].

Trong nhiéu bai toan kiém tra dong luc hoc, cach danh gia phé bién 1a so sanh gia tri I6n nhét
cua Y/Q thu duoc tir md phong hoac thir nghiém vai mot nguong gidi han cho trudc. Céch
tiép can nay don gian va tryc quan, nhung chii yéu phan énh két qua cua mot hoac mot sé kich
ban cuy thé. Trong thuc té, dap ung Y/Q c6 tinh bién dong do anh hudng cia d6 khdng phang
thuan caa duong ray, diéu kién van hanh va trang thai dong luc hoc cua hé phuong tién—
duong ray. Vi vay, bai toan danh gia an toan can dugC maé rong tir cach tiép can tat dinh sang
cach tiép can xéc sut va do tin cay, trong d6 dai luong can quan tam khong chi la gia tri cuc
dai ciia Y/Q, ma con 1a x4c suat trat banh va do tin cay an toan chéng trat banh tuong Gng.

M6 phong dong luc hoc ngau hop phuong tién-duong ray 1a cong cu quan trong dé tao dir
liu dau vao cho phan tich xéac suat va do tin cay. Cac mé hinh dong luc hoc da vat thé va mo
hinh ghép phuong tién—duong ray cho phép xac dinh lich st luc ngang Y, luc dttng Q va hé
s6 trat banh Y/Q theo thoi gian hoic theo toa do doc tuyén duéi tac dong cua do khéng phang
thuan cua duong ray [2-6]. Trong nghién ciu nay, md phong dong luc hoc duoc sir dung dé
tao ra céc lich st dap tng Y/Q; sau d96, gia tri cuc dai trong mdi lugt mé phong duoc trich
Xuat dé xay dung mau dix liéu cuc tri phuc vu phan tich xac suét va dé tin cay an toan chéng
trat banh.

Ly thuyét gia tri cuc tri (Extreme Value Theory — EVT) 1a hudng tiép can pha hop cho céc bai
toan lién quan dén vung dudi phan phdi va cac sy kién hiém. Trong linh vic duong sat, EVT
da duoc sir dung dé phan tich hé sé trat banh, cuc tri luc banh—ray, phat hién bat thuong banh
xe va kiém tra trang thai duong ray [7-10]. Trong nghién ctru nay, phuong phép cuc tri khoi
duoc lya chon vi dir lieu mé phong cé cau triac khdi tu nhién: mai lugt md phong dong luc
hoc dugc xem la mot khéi, tir d6 gid tri cuc dai ctia hé sb trat banh duoc trich xuat dé tao
thanh mau cuc tri. Cach tiép can nay phu hop véi phan phdi gia tri cuc tri tong quat
(Generalized Extreme Value — GEV), ddng thoi han ché viéc sir dung tryc tiép nhiéu diém di
liéu co phu thugc manh trong cung mét lich sur dap ung.

Do s6 lugng kich ban mé phong thuong bi gidi han bai chi phi tinh toan, cac tham s phan
phdi, xac suat trat banh, do tin cay an toan chdng trat banh va mac cuc tri ngoai suy co thé
chura bt dinh théng ké. Vi vay, Bootstrap dugc sir dung dé lugng hoa bat dinh thdng qua viéc
xay dung khoang tin cdy cho cac dai luong udc luong, gdm tham sé GEV, x4c suat trat banh,
do tin cay an toan chdng trat banh va mac cuc tri chu ky [11-15]. Bén canh dé, muc cyc tri
chu ky c6 thé dugc dién giai theo sé luot tu trong mot chu ky khai thac hoic bao dudng, qua
d6 lién hé két qua thdng ké cuc tri voi bai toan quan Iy an toan va bao tri dua trén rui ro [16,
17].

Trén co s& do, trong nghién cau nay, nhom tac gia xay dung khung danh gia d6 tin cay an
toan chdng trat banh cho hé sb trat banh Y/Q dua trén md hinh GEV két hop Bootstrap. Céc
gia tri cuc dai cua Y/Q dugc trich xuat theo timg lugt m6 phong dong luc hoc ngau hop
phuong tién—dudng ray va dugc xem 1a mau cuc tri khéi. Tir mau dit liéu nay, nghién ctiru uéc
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lugng xé&c suat dé Y/Q vuot ngudng an toan chong trat banh, xéc dinh d¢ tin ciy an toan
chong trat banh twong tmg, dong thoi xac dinh muc cuc tri ang véi chu ky bao dudng. Khung
phuong phap dé xuat cho phép chuyén bai toan danh gia an toan chdng trat banh tir cach tiép
can tat dinh dya trén gia tri cuc dai sang cach tiép can xac suat-do tin cay c6 xét dén bat dinh
théng ké.

2.CO SO LY THUYET VA PHUONG PHAP NGHIEN CUU

2.1. Dir liéu md phéng va miu cue tri khoi ciia hé sb trat banh

Trong nghién ctu nay, dir liéu dau vao cho phan tich xac suat — do tin cay duoc tao ra tir mod
phong dong luc hoc phuong ti¢n—-dudng ray. Cac mé hinh dong luc hoc da vat thé va mé hinh
ngau hop phuong tién—duong ray da duoc su dung rong rai trong thiét ké, danh gia an toan,
chap thuan phuong tién va phan tich van hanh duong st [2-4]. Ddi vai bai toan an toan chéng
trat banh, mé hinh can cung cip duoc lich st luc ngang banh—ray Y, luc dang banh-ray Q, tur
d6 xac dinh hé sé trat banh:

n(s) =16

Q(s)
trong d6 s 12 toa do doc tuyén. Céac m6 hinh ghép phuong tién-dudng ray cho phép xét ddng
thoi dao dong cua phuong tién, ket cau duong ray, d6 khong phang thuan cua duong ray va
tuong tac banh-ray, do do phu hop dé tao dir liéu dau vao cho danh gia xac suat cac chi tiéu
an toan chay tau [5, 6].

1)

Trong m6 hinh md phong, hé phuong tién-duong ray dugc xem la h¢ dong luc hoc ngau hop,
trong d6 dao dong cua doan tau, két cau duong ray va tuong tac banh-ray dugc xet dong thoi
dudi tac dong cua d6 khong phang thuan ngau nhién cia duorng ray. Tuong tac banh-ray dugc
mo ta thong qua bai toan tlep xUc gitra bién dang banh xe va bién dang ray; luc phéap tuyén
duoc xac dinh theo quan hé tiép xtc phi tuyén Hertz. Hé phuong trinh dong luc hoc dugc giai
trong mién thoi gian bang phuong phap tich phan tuong minh Zhai [6], ket hop lap tuong tac
tai timg budc thoi gian dé xac dinh lich st lyc ngang Y, luc dung Q va hé s trat banh Y/Q.

Néu xét dong thoi nhiéu banh xe, hé sé trat banh cia banh xe thir j trong lwot mé phong thi i
duogc ky hiéu la:

U (s)= [éj” (s) (2)

Dé phuc vu phan tich cyc tri, moi lugt md phong dugc xem la mot khéi dix liéu. Gia tri dai
dién cho khoi thir i la cuc dai ctia hé so6 trat banh trong toan b doan khao sat va trén cac banh
xe duoc xét:

Z; =maxip,(s) (3)
Véi n luot mo phong, tap di liéu cuc tri khéi duoc viét:
Z={2,,Z,,..2,} 4)

2.2. M hinh GEV va dj tin ciy an toan chéng trit banh
Theo dinh ly Fisher—Tippett—Gnedenko trong Iy thuyét gia tri cuc tri, néu ton tai phan phdi
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gisi han khong suy bién cia cc gia tri cuc dai khdi sau khi chuan héa, thi phan phéi gici han
d6 thuoc ho phén phoi gia tri cuc tri tong quét [18-20]. Vi vay, trong tiép can cyc tri khoi, cép
gia tri 1on nhat dugc trich xuat tir ting khoi dir li¢u thuong dugc md hinh héa bang phan phoi
GEV. Ham phan phai tich liy cia GEV dugc viét dudi dang:

_ye
G(z) :exp{{lﬂf(z_—’uﬂ } )
o

”]>o (6)

voi diéu kién:

1+§(Z_

(o)
trong d6 | 1a tham s6 vi trf; o 1a tham s6 ty 18 va & 1a tham s hinh dang. Tham s6 & quyét dinh
dic trung dudi ctia phan phdi cyc tri: & < 0 twong tng Véi truong hop ¢d gidi han trén hiu
han; &= 0 tuong ung voi ho Gumbel; va &> Otwong tng véi ho Fréchet. Khi & —0, GEV tién
t6i phan phdi Gumbel:

G(z) = exp{ exp [——ﬂﬂ (7

Trong bai toan danh gid an toan chéng trat banh, goi [Y/QJiim 12 ngudng an toan chéng trat
béph. Xac suat dé cuc dai khoi cua hé so trat banh vuot ngudng an toan chong trat banh (xac
suat trat banh) dugc xac dinh boi:

P, =P(z>[Y/Q],.) (8)
Sau khi khap phan phéi GEV cho mau cuc tri, x4c suat trat banh duoc wéce lwgng theo:
P =1-G([v/Q],,) ©)

Pai lugng P, phan &nh kha ning cuc dai khéi cia hé sb trat banh vuot qua ngudng an toan

chéng trat banh trong mot lugt md phong hoac mot luot tau chay. Trén co s& do, d6 tin cay an
toan chong trat banh dugc x4c dinh la xé&c suat dé cuc dai khoi cua hé so6 trat banh khong vuot
quéa ngudng an toan chong trat banh:

R=1-P, =P(z<[Y/Q],) (10)

Nhu vay, X4c suat trat banh Ps va do tin cay an toan chdng trat banh R 1a hai dai lugng bu
nhau. Trong do, P cho biét x4c suat trat banh theo ngudng danh gia da chon, con R phan anh
X4c suat duy tri trang thai an toan theo tiéu chi trat banh. Cach dién giai nay cho phép chuyen
két qua phan tich cuc tri tir dang xac suat trat banh sang dang do tin cy an toan chdng trat
banh, phu hop hon véi muyc tiéu danh gia an toan k¥ thuat cua nghién ctu.

Trong truong hop phan phdi GEV ¢6 & < 0, mo hinh ton tai gidi han trén hitu han. Khi d6, néu
ngudng [Y/QJiim 16n hon gidéi han trén cua phan phéi di khép, xac sut trat banh theo mé hinh
duge ude luong & muc tiém can 0 hodc khong dang ké, twong (ng voi do tin cdy an toan
chéng trat banh xap xi bang 1. Nguoc lai, khi st dung mé hinh khong bi chin trén nhu
Gumbel, x4c suat trat banh van cd thé duoc tinh tryc tiép tir ham phan phéi da khép, tir d6 suy
ra d6 tin cay an toan chdng trat banh tuong tng. Céch tiép can nay gitp danh gia dong thoi
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anh huong cua dang dudi phan phdi dén xéc suit trat banh va do tin cay cua hé phuong tién—
duong ray.
2.3. Mikc cue tri chu Ky ciia hé s6 trat banh

Bén canh d¢ tin cay an toan chéng trat banh, nghién ciru con xac dinh muc cyc tri chu ky cua
hé s trat banh. Pai luong nay duoc ky hiéu 1a zr, trong do T la s6 luot tau chay trong mét chu
ky khai thac, bao dudng hoic sira chira. V& miat xac suat cuc tri, zr dwoc hiéu 1a muc hé s6 trat
banh c6 x4c suat bj vuot trung binh khoang mét 1an trong T luot tau chay:

P(Z>2)=2 (11)
T
Tir d6, muc cyc tri chu ky dugc xac dinh theo ham phan vi caa phan phéi GEV di khép:
1
z.=G'1-= 12
T ( = J 12)

Trong ngit canh k¥ thuat duong sit, néu T duoc lua chon twong ng Véi s6 lugt tau trong mot
chu ky bao dudng hoic sira chira, thi zr cho phép dién giai mic bat lgi ciia hé sb trat banh co
thé xuat hién trong chu ky d6. Khi zr nhé hon ngudng an toan chéng trat banh [Y/QJim thi
muc cyc tri du bao trong chu ky khao sat van nam trong viing an toan theo tiéu chi trat banh
duoc lya chon:

<[y /Q]Iim (13)

Nguoc lai, néu zr vuot ngudng [Y/Qliim, trang thai khao sat can duoc xem xét thém trong
danh gié rui ro, kiém tra dong luc hoc va dinh huéng bao dudng. Do do, viée xac dinh zr gidp
chuyen két qua phan tich cyc tri tir dang xac suat don 1é sang dang chi tiéu co y nghia truc
tiép ddi vai quan ly khai thac va bao tri ha tang duong sat [16, 17].

Trong nghién ctu nay, chudi gia tri T duoc lva chon theo cac méc bao dudng, stra chita cua
ha ting duong sat. Nhd do, két qua zr khong chi phan anh muc cuc tri cia hé sé trat banh theo
mo hinh xac suat, ma con cung cip co sé dinh luong dé so sanh voi ngudng an toan chong trat
banh trong ting chu ky khai théc cu thé.

2.4. Bootstrap cho khoang tin cdy cta cac dai lwong wéc lwgng

Do sé luong kich ban md phong dong luc hoc thudng bi gidi han bai chi phi tinh toan, miu
cuc tri khdi c6 thé c6 kich thudc khdng 16n. Khi d6, cac tham sé GEV, x4c suat trat banh P,
do tin cay an toan chdng trat banh R va mic cuc tri chu ky zt déu chua bat dinh thong ké. Bé
luong hoa bat dinh nay, nghién ciu sir dung Bootstrap tham sé nham xay dung khoang tin cay
cho céc dai lugng udc lugng [11-15].

Truéc hét, phan phdi GEV duoc khdp cho mau cuc tri ban dau:

Zz{Zl,Zz,...,Zn} (14)
va thu dugc b tham sé uée luong:

6=(4.6.8) (15)
Tur phan phéi GEV di khép, mau Bootstrap thir b dugc sinh ngau nhién véi cung kich thuge

mau ban dau:
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Z"={7,".2,",..,.2,®} - GEV (,u,a g) (16)

véib=1,2,..., B, trong d6 B 1a s6 lan lap Bootstrap. Véi mdi mau Bootstrap, phan phéi GEV
dugc khép lai dé thu duoc bo tham so 9"® . Sau do6, x4c suét trat banh, do tin cay an toan
chong trat banh va muc cuc tri chu ky duoc tinh lai twong tng:

Isf*(b) =1-G'® ([Y /Q]Iim) "
R=1-P® ;
. TR 1

® _(G®) |1-= ”
o (6 (1-) ;

Sau B lan lap, khoang tin, cay 95% cua cac dai lugng udc lugng dugce xac dinh tir cac phan vi
2,5% va 97,5% cua tap két qua Bootstrap:

Clgsy (Pf ) = [Qz,s% ( Af*) 1 Q97,5%( Af* )J (20)
Cl 95%( ) [Q25%< ) Qg75%(IQ )} (21)
Clagy (2r) =] Quss (21) Qur (27) ] (22)

Nhu vay, két qua danh gia khong chi gom cac gié tri udc luong diém ma con c6 khoang tin
cay phan anh bat dinh thdng ké cia mau mé phong. Quy trinh Bootstrap cho phép két ni dir
licu md phong dong luc hoc vi md hinh xac suat cyc tri, phuc vu dong thoi ba myc tiéu: udc
lugng X&c suat trat banh, danh gia do tin ciy an toan chéng trat banh va xac dinh mac cuc tri
chu ky cua hé sé trat banh.

3. TRUONG HQP NGHIEN CUU VA XAY DUNG DU LIEU PHAN TiCH

DPé minh hoa cho khung phuong phiap GEV—-Bootstrap dé xuat, nghién ctu lya chon mot
duong cong dién hinh tai ly trinh Km1708+405,035 trén tuyén duong sit Thong Nhat Bac—
Nam. Céc thdng s6 dau vao cia bai toan &p dung gom thdng s6 hinh hoc duong cong, thong
s6 toa xe khao sat, dleu kién van hanh, s6 mau mé phong va ngudng gidi han an toan chéng
trat banh. Céc théng sé hinh hoc cua duong cong va thong sb chinh caa toa xe duoc tong hop
lan luot trong Bang 1 va Bang 2.

Bang 1. Thong sé hinh hoc ciia duong cong khao sét.

Stt Tham sé Gia tri

1 | Kho duong 1000 mm

2 | Lytrinh Km1708+405,035

3 | Ban kinh duong cong R 450 m

4 | Chiéu dai duong cong hoa hodn 40 m

5 | Goc chuyén hudng 13°31°30”

6 | Loairay P50

7 | Tavet Bé tong DUL lién khoi
8 | Siéu cao (ti I& vudt siéu cao) 75 mm (1 %o)
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Stt Tham sé Giatri
9 | Giakhoan (ti I& vuot gia khoan) 5 mm (1 %o)
10 | B¢ déc doc 2,2 %o
Bang 2. Thong s chinh cua toa xe khao sét.
Stt Théng sé ky thugt Giatri
1 |Loai toa xe Toa xe hang loai G
2 |Trang théi tai bay tai
3 |Khbi luong toa xe 52500 kg
4 |Khbi luong thing xe 47028 kg
5 |Khoang cach tdm 2 c6i chuyén hudng 10,7 m
6 |Chicu dai toa xe 15m
7 |Chiéu dai moc néi 0,453 m
8 [Sd truc/toa 4

Trong bai toan &p dung, doan tau gdm 15 toa xe hang loai G ¢ trang thai day tai, chuyén dong
Vvéi van toc V = 70 km/h trén doan duong cong khao sét theo chiéu Ién déc. Trong md hinh
moé phong, két cau dudng ray dugc md hinh hoa theo so dd hai 16p, trong d6 ray dugc md
hinh hoéa nhu dam Bernoulli—Euler tua trén céc géi d& dan hoi roi rac, twong ng vai hé ta vet
dd ray. Toa xe hang loai G dwgc mé hinh hoa nhu mot hé da vat thé gom 39 bac tu do dugc
nhom tac gia phét trién nham mé phong dong luc hoc ngau hop phuong tién—duong ray doi
Vi diéu kién khai thac cua duong sat qudc gia Viét Nam. Hé phuong trinh dong luc hoc ngau
hop phuong tién—dudng ray duoc giai trong moi trudsng MATLAB bang phuong phap tich
phan tuong minh Zhai, két hop lap tuong tac giita phan hé phuong tién va phan hé duong ray
tai tmg budc thoi gian. Trong mo hinh tiép x(c banh—ray, bién dang ray duoc khai béo theo
ray P50, pht hop véi thdng s6 dudng ray cia doan khao sét; bién dang banh xe duoc sir dung
la bién dang tuong tng vai toa xe hang loai G trong mé hinh mé phong. Viéc khai bdo cap
bién dang banh-ray 1a co so dé xac dinh hinh hoc tiép xdc va tinh toan lyc tuong tac banh xe—
ray trong md hinh déng luc hoc. P khdng phang thuan ngau nhién caa duong ray dugc st
dung 1am kich thich dau vao cia mé hinh dong luc hoc. 6 khong phang thuan ngau nhién
cua dudng ray duoc sinh tir ham mat do phd cong suat (Power Spectral Density — PSD), trong
d6 ham PSD sir dyung trong nghién ciru nay dugc ké thira va phat trién tir nghién ciru da cong
bo trong [22]. Viéc sinh do khdng phang thuan tir PSD dugc thuc hién dya trén gia thiét do
khong phang thuan cua duong ray la mot qua trinh ngau nhién dung theo khong gian trong
pham vi doan khao sat. Cac mau kich thich c6 cung dédc trung théng ké va cau tric phd nhung
khéc nhau do thanh phan pha ngau nhién. Nghién ctu thyc hién n = 150 luot mé phong,
tuong tng véi 150 mau do khéng phang thuan ngau nhién khac nhau. Tir mdi luot mé phong,
gia tri cuc dai cua hé so trat banh duoc trich xuat dé tao thanh mau cuc tri Z = {Z1,Z,...,Zn},
trong d6 Zi | gia tri cuc dai cua hé s trat banh trong lwot md phong tht i. Trong pham vi
nghién ctu nay, ngudng an toan chéng trat banh duoc ldy 1a [Y/Qlim = 1,2 theo QCVN
25:2025/BXD [21].

Mau cyc tri Z dugc str dung lam dir liu dau vao cho mo hmh GEV tbng quat va quy trinh
Bootstrap. Trong nghién cuu nay, s6 lan lap Bootstrap tham s dwoc chon 1a B = 3000 nham
tang tinh 6n dinh cua cac phan vi Bootstrap dung dé xac dinh khoang tin cay 95%. Céc
khoang tin cay 95% cua tham sé phan phdi, xac suit trat banh, do tin cay an toan chéng trat
banh va muc cuc tri chu ky dugc xac dinh tir tap mau Bootstrap nay. Trén co s& do, nghién
ctru wée lugng do tin cay an toan chéng trat banh, ddng thoi xac dinh mac cuc tri zr tng voi
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chu ky bao dudng gom T luot tau chay.

Theo thong tin quan ly khai thac hién hanh, nghién ctu gia thiét sb luot tau hang qua doan
khao sat theo chicu I&n doc dugc xét trong md hinh trung binh khoang 10 luot tau/chicu/ngay.
Do md hinh dong luc hoc trong nghién citu nay chi xét doan tau chay theo chleu lén doc, sb
luot tau tuong g véi cac cap do bao dudng, stra chira dugc quy ddi theo sd luot tau cua
chiéu chay nay. Céc gié tri chu ky T duoc tong hop trong Bang 3.

Bang 3. Chu ky bao dudng, stra chita va s6 luot tau hang twong Gng.

Cép dd bao dudng, sira Chu ky S6 lwot tau, T Ghi chd
chira thuc hién
Bao dudng thuong xuyén 1 thang 300
Stra chita dinh ky 1 nam 3600
Stra chira l16n 10-15nam | 36000 — 54000 | Tuong ung chu Ky bao tri trung han

4. KET QUA VA THAO LUAN
4.1. Phan tich két qua md phéng va khép phan phoi

Két qua md phong dong luc hoc véi 150 kich ban d6 khdng phang thuan ngau nhién caa
dudng ray cho phép xéac dinh chudi gié tri cuc dai khdi cua hé sb trat banh Y/Q. Trong mdi
kich ban, gia tri 16n nhit cua Y/Q dugc xem la dai dién cho trang thai bt lgi nhat cua doan
tau khi di qua doan duong cong khao sat. Két qua méd phong va chudi cuc dai khéi duoc trinh
bay lan luot trén Hinh 1 va Hinh 2. Két qua cho thay céc gia tri cuc dai khdi tap trung trong
mot mién tuong dbi hep va thap hon dang ké so voi ngudng an toan chdng trat banh [Y/QJiim
= 1,2, diéu nay phan anh rang, trong pham vi diéu kién md phong dang xét, hé phuong tién—
duong ray van duy tri bién do an toan Ion ddi vai chi tiéu trat banh.

g o
s >
0
150 - 200
14, - 100 ol
me &ng (M S6
ophd”g 4 Cuiting &1 & M6 g, 0 % Quang duond (m)
On), u
9
a) Banh xe s6 1 b) Banh xe s6 2
04
02
g
NS
0
150
200 S6,; 10 100
5‘0’/4,,," 100 N me phso 0 50 o guong (M)
6 o, ong 5 50 Quang duong (™ Ong Quang
¢) Banh xe s6 3 d) Banh xe s6 4

Hinh 1. Bap ng hé s trat banh Y/Q ung vai 150 lan mé phong (cac banh xe phia lung duong cong).
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Hinh 2. B6 thi biéu dién cuc dai khéi cua hé sb trat banh Y/Q.

Dé xét dén kha ning xuét hién cac gia tri hiém ¢ ving dudi phan phéi, mau cuc dai khéi tiép
tuc dwoc khép véi cac mé hinh phan phdi cuc tri. Két qua khop GEV tong quét tai Bang 4 cho
tham sb hinh dang & = - 0,07993, vé6i khoang tin cay 95% la [-0,18628; 0,02643], va gia trj chin
trén xap xi 0,487. Gia trj trung binh cua & &m cho thay dit liéu co xu hudng nghiéng vé dang
phan phéi c6 gidi han trén, tuong tng voi nhanh Weibull. Tuy nhién, do khoang tin cay cua &
chira gi tri 0, chura du co s¢ dé khang dinh chic chin rang dudi phan phdi bi chan trén.

50

Mat do xac suat

10 |

Xac suét tich Ity thie nghiém

08

06

04+

02}

Do thi mat do Histogram

D@ ligu
—— GEV

<100 N S O O O e, |
035 036 037 038 039 04 041 042
Z=max(Y/Q)
Do thj P-P P
o Diligu
Dudng tham chiéu
0 0,2 0,4 0,6 0,8

Xéc suét tich 1Ty ly thuyét

Db thi Q-Q

0,42

o 9 9 O
w w »
® © o =

(=]
w
~

Phan vi thwe nghiém

o
w
(e}

O D liéu
Puong tham chiéu

0,35

0,38 0,39 0,4 0,41
Phan vi ly thuyét

0,37

Db thi chu ky Iap

0,43
042
0,41
0,4
0,39 |
0,38 |
0,37
0,36

Mtrc cue tri z, (Y/IQ)

= = - 95% Cl trén
= = = 95% CI duo¢i
O Dt liéu

0,35

10° 102
Chu ky 1ap T (s6 lwot tau)

Hinh 3. Két qua khép dit liéu dbi véi phan phéi GEV.
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Bang 4. Két qua khop phan phdi GEV.

Tham ¢ C|95%(f) U C|95%(|J.) o Clgosw(o) Gia tri chan
s6 trén
Giatri | -0,07993 | [-0,18628; | 0,37141 | [0,36976; | 0,00925 | [0,00816; 0,487
0,02643] 0,37305] 0,01048]

Ngoai GEV tong quét, trong nghién ciru ndy cac moé hinh Gumbel, Weibull va Fréchet ciing
duogc khop dé so sanh va kiém tra tinh 6n dinh cia két qua. Két qua tong hop tai Bang 5 cho
thiy phan phéi Gumbel c6 AIC, BIC va KS tét hon, dong thoi co p-value cua kiém dinh
Anderson-Darling I6n hon so véi cac md hinh con lai. Vi vay, GEV tong quat duoc st dung
nhu mé hinh nén tang cua tiép can cuc tri khi, trong khi Gumbel duoc lya chon 1am mé hinh
trung tdm dé dién giai ky thuat. Cach lya chon nay phl hop véi thyuc té 1a tham sé hinh dang
ciia GEV chua khac biét rd rang so véi truong hop &= 0, dong thoi gilp tranh viéc phu thudc
qua manh vao gia thiét phan phdi co gisi han trén.

Bang 5. Tong hop két qua khap phan phdi cac mé hinh.

M® hinh é M o logL AIC BIC KS AD p-value
Weibull | -0,07993 | 0,37141 | 0,00925 | 472,66 | -939,32 | -930,28 | 0,08181 | 0,44941 | 0,177
Gumbel 0 0,37102 | 0,00909 | 471,68 | -939,37 | -933,35 | 0,07211 | 0,47246 | 0,237
Fréchet | 5,97.10% | 0,37102 | 0,00909 | 471,68 | -939,37 | -933,34 | 0,07211 | 0,47246 | 0,170

D6 thi mat do Histogram D6 thi Q-Q
45 : : e : : : - 043 - . . . : - :
35 = ] Buong tham chiéu ]
0,411
- EA o
T % 2040}
2
L 25
X 5039
g2t =
@ s
g .l i 5 0,38
il & 0371
5 0,36
0 = 0,35 4 L : ; -
034 03 036 037 038 039 040 041 042 043 0,35 0,36 0,37 0,38 0,39 0,40 0,41 0,42 0,43
Cuc dai khoi clia Y/Q Phan vi ly thuyét
Pb thj P-P Db thi chu ky lap
1 . . . 0,50 : A
09 o Dt ligu -
& 08 Budng tham chiéu ] AT
@ o
£ 0,7 =
2 > 045}
$06 3
- Nl—
305 =
= B o Diliéu
£ 04 3 Gumbel
& o 040 - = =95%Cltren |
i 2 - = = 95% Cl duti
5 02 O 2z taichudi T
0,1
0 . ) . ) " " . . 035 : . . .
0 01 02 03 04 05 06 07 08 09 1 10° 10! 102 10° 104 10°

Xac suét tich Iy Iy thuyét Chu ky 1ap T (sd lwot tau)
Hinh 4. Két qua khép phan phbi Gumbel.
Két qua ude luong X4c suit trat banh va do tin ciy an toan chdng trat banh dwgc trinh bay
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trong Bang 6. D6i véi phan phdi GEV tong quat, do tham s6 hinh dang & < 0, m6 hinh c6 gisi
han tréq hiru han. Gié tri chan trén thu dugc xap Xi 0,487, nhoé hon nhiéu so véi ngudng an
toan chong trat banh [Y/QJim = 1,2. Vi vy, xac suat trat banh theo mo hinh GEV dugc wéc
lwgng & muc tiém can 0, twong ttng vai @6 tin cdy an toan chong trat banh xap xi bang 1.

Bang 6. Két qua ude luong x&c suat trat banh va do tin cay an toan chéng trat banh.

Phan phoi X@c suat trat banh D4 tin cdy an toan chong trat banh
Ps Closw(Pr) R Closw(R)
GEV ~0 ~ [0, 0] ~1 ~[1,1]
Gumbel 2,46.10%° [4,79x10; 7,27x107] ~1 [1, ~1]

Péi véi phan phdi Gumbel, mic du mé hinh khong bi chan trén, xac suat trat banh van rat
nho, khoang 2,46x10%, véi khoang tin cay 95% ciing nam & muc rat nho. Do d6, do tin cay
an toan chdng trat banh twong ang xap xi bang 1. Két qua nay cho thay kha ning xuat hién gia
tri cuc tri vuot ngudng an toan chdng trat banh gan nhu khong dang ké trong diéu kién khao
sat.

Piém dang cha y 1a hai mé hinh c6 gia thiét dudi khac nhau nhung déu dan dén cling maot
nhan dinh ky thuat. Md hinh GEV tong quét cho két qua an toan do ton tai gisi han trén hitu
han nho hon ngudng danh gia, trong khi mo6 hinh Gumbel khong gia dinh gidi han trén nhung
van cho xac suat trat banh cuc nho. Biéu nay cho thay két luan vé do tin cay an toan chng
trat banh khong phu thudc riéng vao gia thiét dudi bi chan trén caa GEV, ma van duoc duy tri
khi xét md hinh khdng bi chan trén.

Két qua udc lugng muc cuc tri chu Ky zr dugc trinh bay trong Bang 7. Khi chu ky T ting tir
300 dén 54000 luot tau, z7 ting dan, phi hop véi y nghia ctia phan tich cuc tri. V&i phan phdi
GEV, z7 tang tir 0,414 tai chu ky 1 thang 1én 0,439 tai chu ky 15 nam. Vi phan phbi Gumbel,
zr tang tir 0,423 Ién 0,470 trong cung khoang chu ky. Tuy nhién, ngay ca tai chu ky dai nhat T
= 54000 luot tau, cAc gia tri zr van thap hon dang ké so véi ngudng an toan chéng trat banh.

Bang 7. Két qua udc lugng mic cuc tri chu ky zr cia hé sé trat banh Y/Q.

Stt Chu ky bao Chuky T MikcC cuc tri zr
dudng, sira chira (lwot tau) Phan phoi GEV Phan phoi Gumbel
1 1 thang 300 0,414 0,423
2 1 nam 3600 0,427 0,445
3 10 nam 36000 0,437 0,466
4 15 nam 54000 0,439 0,470

So sanh gitra hai md hinh cho thay Gumbel cho gié tri zr 16n hon GEV & toan bo cac chu ky
khao sat. Bieu nay phu hop vi Gumbel khong co gisi han trén hiru han, trong khi GEV véi § <
0 ¢6 xu hudng lam muc cuc tri tién] can ve gia tri chan trén. V‘l vay, trong boi canh danh gia
ky thuat, ket qua theo Gumbel co thé dugc xem 1a phuong an dién giai than trong hon.

Cu thé, ,tai chu ky 15 nam, zr theo Gumbel dat 0,470, twong duong khoang 39,2% ngudng an
toan chc‘)ng trat banh; trong khi theo GEV, z7 dat 0,439, tuong duong khoang 36,6% ngudng
an toan chong trat banh. Cac ty Ié nay cho thay h¢ so trat banh cuc tri du bao van con cach xa
gisi han danh gia. Ket qua nay thong nhat voi danh gia do tin cay ¢ Bang 6, khi ca hai mo
hinh déu cho xac suat trat banh rat nho va do tin cay an toan chong trat banh xap xi bang 1.
4.2. Ban luan két qua

Tir goc do ky thuat, két qua phén tich cho thay chi tiéu trat banh Y/Q trong cac kich ban md
phong déu thap hon dang ké so véi ngudng an toan chong trat banh. Khi m¢ rong danh gia
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theo huéng xac suat-do tin cay bang phuong phap EVT-Bootstrap, két qua cho thdy xéac sut
trat banh rat nho, d¢ tin cay an toan chong trat banh xap xi bang 1, dong thoi cac muc cyc tri
chu ky zr van duy tri khoang cach 16n so véi ngudng gisi han. D1eu nay cho thay, trong diéu
ki¢n khao sat cua nghién ciru, doan dudng cong va doan tau dang xét chua thé hién nguy co
bt loi v& an toan chdng trat banh.

Viéc xét chudi chu ky T tng véi céc cap bao dudng, sira chita ha tang dudng sit gidp két qua
phan tich gin truc tiép hon voi bai todn quan ly bao dudng. Thay vi chi danh gia gia tri 16n
nhét trong 150 1an mé phong, phuong phap dé xuit cho phép udc lwong ddng thoi ba dai
luong c6 ¥ nghia k¥ thuat: xac suat trat banh, do tin cay an toan chéng trat banh va muc cuc
tri ¢6 thé gap trong cac chu ky bao dudng, stra chita. Trong truong hop nghién ctu nay, ca
GEV va Gumbel déu cho thiy muc cyc tri dy bao van nim dudi ngudng danh gia voi bién do
I6n, ké ca tai chu Ky sira chita dai han.

Két qua theo Gumbel c6 ¥ nghia dac biét trong dién giai do tin cay, vi md hinh nay khdng &p
dat gigi han trén hitu han cho hé sb trat banh. Mac du vay, x4c suat trat banh van & mac cuc
nho va do tin cay van xap xi bang 1. Do d6, két luan an toan khong chi 1a hé qua caa md hinh
GEV ¢6 dudi bi chan, ma con dugc xac nhan béi mo hinh trung tdm cé dang dudi khong bi
chan trén.

Tuy nhién, cac gia tri z7 tai chu ky 16n 1a két qua ngoai suy théng ké tir tip mau mé phong
hitu han. Dic biét, chu ky dai nhat T = 54000 luot tu 1on hon déng ké so véi kich thuéc miu
cuc tri ban dau n = 150, nén két qua can dugc dién giai nhu mot chi bao dinh luong trong
pham vi mé hinh d3 khép, thay vi mét gia tri bao dam tuyét d6i. Bootstrap tham sb duoc st
dung dé lugng hda bat dinh do kich thuéc mau, nhung khong loai bé hoan toan bat dinh nhan
thirc do gia thiét phan phdi, gia thiét dirng ciia d6 khdng phang thuan ngau nhién va sai s6 mo
hinh dong luc hoc.

Ngoai ra, két qua nghién ctru duoc xay dung cho trudng hop toa xe hang loai G & trang théi
day tai, van téc ¢6 dinh V = 70 km/h, chiéu chay Ién déc va cip bién dang banh-ray da khai
bao trong md hinh. Vi vay, cac két luan vé xéc suat trat banh, do tin cay an toan chéng trat
banh va muc cuc tri chu ky can dugc dién giai trong pham vi diéu kién khao sat nay. Céc
nghién ctu tiép theo can mé rong danh gia cho cac dai van toc khic nhau, ban kinh duong
cong khac nhau, trang thai xe réng hoic tai nhe, trang thai mon banh xe/ray va cac diéu kién
duong ray suy giam chat luong.

5. KET LUAN

Nghién ctru di xay dung khung danh gia do tin cay an toan chdng trat banh cua hé s trat
banh Y/Q trén co sé két hop md phong dong luc hoc ngiu hop phuong tién—duong ray, mo
hinh GEV va Bootstrap. Ttr 150 kich ban m phong véi d6 khdng phang thuan ngau nhién cua
duong ray, cac gia tri cuc dai cua Y/Q dugc trich xuat dé tao mau cuc tri khdi, phuc vu khép
phan phdi cuc tri, u6c luong Xac suat trat banh, do tin cdy an toan chéng trat banh va mac cuc
tri chu ky.

Ket qua khép phéan phéi cho thay md hinh GEV tong quat phu hop voi mau cyc tri, voi tham
s6 hinh dang ¢ = -0,07993, thé hién xu hudng phan phdi c6 gigi han trén. Tuy nhién, khoang
tin cay 95% cua & chira gié tri 0, nén phan phéi Gumbel duogc lya chon 1am mé hinh trung tm
dé dién giai ky thuat. Viéc sir dung dong thoi GEV va Gumbel cho phép danh gia két qua
trong ca trudng hop phan phéi cé gidi han trén va truong hop khdng bi chan trén.
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Két qua woc lwong cho thdy xac suat trat banh ung véi ngudng an toan chdng trat béanh
[Y/QJiim = 1,2 12 rat nho. Theo md hinh GEV tong quat, xac suat trat banh duoc wéc luong &
muc tiém can 0 do gia tri chan trén caa phan phdi nho hon ngudng danh gid. Theo mé hinh
Gumbel, mic du phan phdi khong bi chan trén, xac suét trat banh chi khoang 2,46x10-.
Tuong tmg, d6 tin cay an toan chdng trat banh theo ca hai mé hinh déu xap xi bang 1, cho
thiy nguy co trat banh trong diéu kién khao sat 13 khong dang ké.

Muc cuc tri chu ky zr tang khi chu ky T ting, nhung van thap hon dang ké so véi ngudng an
toan chdng trat banh trong toan bo cac chu ky khao sét. Tai chu ky dai nhat T = 54000 luot
tau, zr dat khoang 0,439 theo GEV va 0,470 theo Gumbel, twong ttng khoang 36,6% va 39,2%
ngudng an toan chéng trat banh. Két qua nay cho thiy truong hop nghién ciru con bién do du
trir an toan 1on ddi vai chi tiéu Y/Q, ké ca khi xét dén chu ky sira chira dai han.

Khung GEV-Bootstrap dé xuat cé thé hd trg luong hoa dong thoi xac suat trat banh, do tin
cdy an toan chdng trat banh va muc cuc tri chu ky cia hé sé trat banh. Pay 1a co s¢ dinh
lugng hitu ich dé bo sung cho danh gia an toan dua trén md phong dong luc hoc, dong thoi hd
trg dinh huéng kiém tra, bao dudng theo chu ky. Tuy nhién, cac két qua tai chu ky Ion la két
qua ngoai suy tir tip mau md phong hitu han, do d6 can dugc dién giai cing véi gia thiét phan
phdi, gia thiét dung cia d6 khdng phang thuan ngiu nhién, chat lwong mé hinh dong luc hoc,
s6 lugng kich ban mé phong va diéu kién van hanh dugc xét. Trong cac nghién ctu tiép theo,
can mé rong khung danh gia cho nhiéu dai van tc, ban kinh dudng cong, trang théi tai trong,
trang thai mon banh xe/ray va diéu kién duong ray suy giam chét lugng nham kiém tra tinh on
dinh va tinh tong quat cua phuong phap dé xuat.
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