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Abstract: In assessing the reliability of objects in general and railway vehicles in particular, it
is necessary to determine sample characteristics such as mean, variance, standard deviation,
coefficient of variation, etc. When using a sample selected from a population, these
characteristics are used to estimate the corresponding population characteristics. In addition,
they are also considered as statistical hypotheses and it is necessary to assess whether a
certain hypothesis of the population is true or false. Concluding to reject or accept a
hypothesis is called hypothesis testing. Statistical hypothesis tests are major problems of
mathematical statistics, including parametric and nonparametric hypothesis testing, widely
applied in many fields. Nevertheless, the application of these methods to assess mechanical
object reliability in general and railway vehicles in particular for specific cases has been less
studied. Thus, based on the theory of nonparametric statistical hypothesis testing, the
corresponding calculation programs have been built and applied to solve several specific
problems in the railway vehicle reliability assessment.
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Tom tit: Trong qua trinh danh gia do tin cay cua cac déi tugng néi chung va phuong tién
duong sat noi riéng, can xac dinh cac ddc trung ctia mau nhu gi tri trung binh, phuong sai, do
léch chuan, hé sé bién dong v.v. Khi st dung mau dugc chon ra tir mot tong thé, cac dic trung
nay duoc sir dung dé ude lugng cac dic trung tuong tng cua tong thé, ngoai ra ching con
duoc coi la mot gia thuyét va can phai danh gia xem mot gia thuyét nao d6 cua tong thé la
dung hay sai. Viéc tim ra két luan dé béac bo hay chap nhan mét gia thuyét duoc goi 1a kiém
dinh gia thuyét. Bai toan kiém dinh gia thuyét thong ké 1a mot bai toan 16n va quan trong cua
thong ké toan hoc, bao gom kiém dinh gia thuyét thong ké c6 tham s6 va phi tham sd, dwoc
ng dung rong rai trong nhiéu linh vyc. Tuy nhién, viéc tng dung cac phuong phép nay trong
danh gia do tin cay cua cac ddi twong co khi néi chung va phuong tién duong sat noi riéng
cho timg trudng hop cu thé, con it duoc dé cap. Vi vay, trén trén co so ly thuyét kiém nghiém
gia thuyét thong ké phi tham s, da tién hanh xay dung cac chuong trinh tinh toan twong ng
va ung dung cic chuong trinh d6 cho mot sé bai toan cu thé trong qua trinh danh gia do tin
cay cua phuong tién duong sat.

Tir khéa: xay dung chuong trinh, kiém dinh gia thuyét, phi tham s6, danh gia d¢ tin cay,
phuong tién duong sat.

@ 2024 Truong Pai hoc Giao théng van tai

1. PAT VAN PE

Trong qua trinh danh gia do tin cay cua cac ddi tuong noi chung va phuong tién duong
st noi riéng, can thiét lap cac quy luét phan bd xac suat cua céc dai luong ngau nhién c6 mit
trong tap tong thé hoac tap mau va xac dinh cac dic trung bang s6 cua nd nhu gi tri trung
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binh, phuong sai, d6 1éch chuan, hé sé bién dong v.v. [1,2]. Khi sir dung mau dwoc chon ra tir
mot tong thé, céc thdng tin cia né c6 thé mo ta dugc dic diém cua tong the, hodc ciing cd thé
dung dé danh gia mot phong doan hoic mot gia thuyét da dugc gia dinh d6i voi tong thé do.
Noi mot cach khac, cac déc trung cua Mau, Ngoai Viéc sir (dung dé udc lugng céc déc trung
cua tong thé con dugc ding dé danh gia xem mét gia thuyét nao d6 cua tong thé 1a dung hay
sai.

Viéc danh gia do tin cay cua cac dbi twong co khi noi chung va phuong tién duong sit
noi riéng da duoc thé hién trong nhiéu cong trinh nghién cuu [1-10]. Tuy nhién, viéc tng
dung cac phuong phap kiém dinh gia thuyét thong ké trong dénh gia do tin cay cua cac aoi
tuong noi trén, dic biét 1a ddi véi phuong tién duong sét, cho dén nay van con it dugc dé cap.

Tir nhidu nguon tai liéu khac nhau [11-18], thay rang c6 hai loai gia thuyét thong ké, d6 1a
gia thuyét thong ké c6 tham sb va gia thuyét thong ké phi tham sd. Kiém dinh gia thuyét
thong ké tham sd duoc phan ra: kiém dinh gia thuyét mot mau va kiém dinh gia thuyét hai
mau. Mit khéc, trong mdi phép kiém dinh lai phan ra: kiém dinh mot phia (phia trai hodc phia
phai) va kiém dinh hai phia.

Noi dung bai bao dé cap t6i phuong phap kiém dinh gia thuyét théng ké phi tham sé, tir
d6 tién hanh xay dung cac chuong trinh tinh toan tuong ing va ung dung cac chuong trinh d6
trong qua trinh danh gia do tin cay cua phuong tién dudng sat thdng qua cac vai toan cu thé.

2. CO SO KIEM PINH GIA THUYET THONG KE PHI THAM SO

Kiém dinh phi tham s6 (Nonparametric Tests) dugc sir dung trong nhiing truong hop di
licu khong c6 phan bd chuan, hozdc cho cac mau nhé c6 it ddi twong. Kiém dinh phi tham sé
cling dugc dung cho dir li¢u dinh danh (nominal), di liéu thir bac (ordinal) hoac dir liéu
khoang (interval) khdng c6 phan bé chuan. Nhuoc diém cia kiém dinh phi tham sé 1a kha
nang tim ra duoc su khac biét kém, khdng manh nhu cac phép kiém tra c6 tham sé (T student,
phan tich phuong sai...).

Céc kiém dinh phi tham sé duogc sir dung twong duong vai cac kiém dinh ¢ tham s6 thé
hién trong bang 1 [11-18].

Bang 1. So sanh kiém dinh phi tham s6 va kiém dinh tham sé.

Kiém dinh Kiém dinh c6 tham s Kiém dinh phi tham s
Kiém dinh twong quan Pearson Spearman
Mau theo cip Phép kiém dinh T véi mau theo Kiém dinh d4u va hang
cap Wilcoxon
Hai mau doc lap Phép kiém dinh T véi hai mau Kiém dinh tong va hang
doc lap Wilcoxon
Lén hon hai mau doc lap ANOVA mét chiéu Kiém dinh Kruskal-Wallis

Trong bai bao nay chi xét mot s6 truong hop dién hinh sau: Kiém dinh gia thuyét vé
quy luét phén b cua bién ngau nhién lién tuc, kiém dinh diu va hang Wilcoxon va kiém dinh
tong va hang Wilcoxon. So d6 tong quat vé kiém dinh phi tham sé dwoc thé hién trén hinh 1.
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4[ Kié¢m dinh phi tham s ]7
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Kiém dinh
dau va hang
Wilcoxon

Kiém dinh
tong va hang
Wilcoxon

Kiém dinh
vé quy ludt
phén bé

A Y Y
[]\’lﬁu nho n < ZDJ [Mﬁu lom i > ZDJ {Mﬁu nho n < IOJ [l\’lﬁu lém n > IOJ

Hinh 1. So d6 tong quat vé kiém dinh gia thuyét phi tham s6.
2.1. Kiém dinh gid thuyét vé quy lugt phan bé cia bién ngdu nhién lién tuc
Ky hiéu quy wéc: PTS1 - kiém dinh phi tham s dang 1.

Gia st ta can kiém dinh mét bién ngau nhién lién tuc X xem tuan theo quy luat phan bd
nao nhu: phan bo chuan, logarit chuan, ... Dua vao théng tin trén mau, dua ra két luan véi
muc y nghia a.

Trinh ty tién hanh nhu sau:
1. Phat biéu bai toan kiém dinh:
Ho: X tuén theo quy luat phan bo da cho
Hq: X khong tuan theo quy luat phan bo da cho.
2. Tinh céc xac suat: p; =P (x_, < X <) 1a xac suét cia X tai gia tri x;.
3. Tinh gia tri kiém dinh:
c(no-np ) L .
1i= Zﬁ véi k 1a s6 nhém tinh chat.
i=1 np;
4. Tim gié tri gigi han: x/_, ,, theo bang phan bd “khi binh phirong” [1,2] véi r 1a sb
tham s can wéc lwong cua quy luat phan bé can kiém dinh, véi quy luat phan bd chuan thir =
2.
5. Néu . > ;(kz_r_lﬂ thi bac bo Ho va nguoc lai.

2.2. Kiém dinh déu va hang Wilcoxon

Khi Igiém dinh gid tri trung binh cua mot bién ngau nhién X trén mot tong thé dua vao gia
thuyet bien X c6 luat phan bo chuan, nguoi ta tien hanh so sanh cac gia tri x = g,. Tuy nhién,
khi gia thuyét nay bi vi pham, dong nghia voi bién X khong tuan theo luat phéan bo chuan, khi
do, viéc kiem dinh gia thuyet ve gia tri trung binh thong qua viéc so sanh g = g, sé khong
con phl hop nita. Thay vao d6 nguoi ta s& lua chon gid tri dai dién tét hon cho bién X do la
trung vi, Median(X). Trudc khi di vao phuong phéap nay, can dinh nghia hang (rank) cua phan
tu.

Gia su ta c6 mot ddy cac s6 thue duoc xép thir ty ting dan, trong day nay khong c6 gid tri
nao bang nhau: x <X, <...<X,. Khi do: rank(x) =1 rank(x,) =2,...,rank(x,) =n. Néu cac
phan tir c6 gia tri bang nhau thi hang caa n6 1a hang trung binh cua cac phan tu ké tiép nhau.
2.2.1. Khi cé mau lén
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Ky hiéu quy wéc: PTS2 - kiém dinh phi tham s dang 2.

Khi ¢& mau 16n n > 20, cac budc kiém dinh dugc thuc hién theo cac twdng hop nhu
trong bang 2 [11-18].

Bang 2. Tém tit cac truong hop kiém dinh dau va hang Wilcoxon véi ¢ mau 16n.

Dang kiém dinh
TT  Noidung 1 2 3
Phia phai Phia tréai Hai phia

H, : Median(X) <d, {H[,:Median(X)zd0 {HO:Median(X)zdO
H, : Median(X) > d, H, : Median(X) < d, H, : Median(X) = d,

W, => R W, =>R W, =min(3"R",3"R")

1 Dat gia thuyét {

2 Kiémdinh W,
tt O'W
uyét dinh bac Z,>Z7,, hoic
Quyet dinn © Z,>Z, Z,<-Z, te
bo H, khi Z,<-Z,,
2.2.2. Khi cé méu nhé

Ky hiéu quy wéc: PTS3 - kiém dinh phi tham sé dang 3.
Khi ¢& mau nho n < 20, cac budc kiém dinh dugc thuc hién theo cac tuong hop nhu
trong bang 3 [11-18].

Bang 3. TAm tat cac trudong hop kiém dinh dau va hang Wilcoxon véi ¢& mau nho.
Dang kiém dinh

TT  No6idung 1 2 3
Phia phai Phia tréi Hai phia
o B H, : Median(X) <d, H, : Median(X) > d, H, : Median(X) =d,
1 batgiathuyet 14, yegian(x) > d, H, : Median(X) < d, H, : Median(X) = d,
2 Klém dlnh W :ZR+ Wi :ZR7 W, :min(zRJr’zRi)
Quyét dinh bac 3
bo H, Khi W, >W, W, <W, w, >W, hodc w, <w,

2.3. Kiém dinh téng va hgng Wilcoxon
D¢ 50 sanh sy khéc biét hodc hon kém trén hai mu doc I3p cua hai tong thé X, Y trong

truong hop cac gia thuyet ve tong the nhu phai ¢6 phan bo chuan, phuong sai bang nhau cho
¢ mau nho, ... khong théa man thi ¢6 the st dung kiém dinh tong va hang Wilcoxon dé so
sénh véi y tuong chinh 1a st dung trung vi thay thé cho gid tri trung binh.
2.3.1. Khi cé& mau lén

Ky hiéu quy woc: PTS4 - kiém dinh phi tham sé dang 4.

Khi ¢& mau 16n n >10, cac budc kiém dinh dugc thuc hién theo cac tudng hop nhu
trong bang 4 [11-18].
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Bang 4. Tom tat cac trudng hop kiém dinh téng va hang Wilcoxon véi ¢& mau 16n.

NG Dang kiém dinh
LI 1 2 3
g Phia phii Phia trai Hai phia
batgia |Ho: Median(X) < Median(Y) |H,:Median(X) = Median(Y) [H,:Median(X) = Median(Y)
thuyét H, : Median(X) > Median(Y) | H, : Median(X) < Median(Y) |H,: Median(X) # Median(Y)
Kiém 7 ::an__/AN
. tt
dinh Ow
Quyét
i : Z >Z7Z ., hoac
dér]h |E:ac Z.>7. 7 <-7 tt = Loz 1104
0 Mo L2y <=L,
khi

2.3.2. Khi cé& mdu nhé
Ky hi¢u quy wéc: PTS5 - kiém dinh phi tham s dang 5.

Khi ¢& mau nho n < 10, cac budc kiém dinh dugc thuc hién theo cac tuong hop nhu
trong bang 5 [11-18].

Bang 5. TOm tit cac trudng hop kiém dinh téng va hang Wilcoxon véi ¢& mau nho.

NG Dang kiém dinh
TT duﬁ 1 2 3
g Phia phii Phia trai Hai phia
biat gia  |H, :Median(X) < Median(Y) |H,: Median(X) > Median(Y) [H,: Median(X) = Median(Y)
thuyét H, : Median(X) > Median(Y) | H, : Median(X) < Median(Y) | H, : Median(X) = Median(Y)
léiﬁ? W, bang tong hang ciia mau 6 s6 phan ti it hon
Quyét
dé?)thjC W, >W, W, <W, W, >W, hoac W, <W,
khi

3. XAY DUNG CHUONG TRINH KIEM DPINH GIA THUYET THONG KE PHI
THAM SO TRONG PANH GIA PQ TIN CAY CUA PHUONG TIEN PUONG SAT

Trén co s¢ Iy thuyét trinh bay trong Muc 2, bang ngon ngi lap trinh Java, tién hanh xay
dung cac chuong trinh tinh toan tuong tng, bao gom céac luu dd thuat toan va cac giao dién.

3.1. Chwong trinh Kiém dinh gid thuyét vé quy ludt phan bé cia bién ngdu nhién lién tuc
(PTS1)

Luu d thuat toan caa chuong trinh duoc thé hién trén hinh 2.
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Nhap vao:
Xi.p. %5 My &, phin bo

Tinh £ a ’

(Tra bang phin bé khi binh phueng
theo bic twrdo & - r - 1 v gid tri @)

Khéng ¢ co s bic ba
gia thuyét Hy

Hinh 2. Luu d6 thuat toan chuong trinh kiém dinh gia thuyét
vé quy luét phén bo cua bién ngau nhién lién tuc (PTS1).

3.2. Chwong trinh Kiém dinh ddu va hang Wilcoxon khi cé mdu lén (PTS2)

Luu d thuat toan ctia chuong trinh duoc thé hién trén hinh 3.
x(i=em), dy e

d =x—d,(i=1+n)
[eh| =|x, = dy (i =1+n)

+ Xép hang median cho |}

s sh ph?m tircod; # 0

+R" - hang cla |djf véi d; > 0
R - hang cita |d] véi d, < 0
a(n' +1)

Hy = T

oy =,/

v 24

Gia thuyét
kiém dinh hai phia
H, : Median(X) = d,

| H, : Median( X) = d,

Gia thuyét
kiém dinh phia trai
ecian({ X) = d,
: Median(X) < d,

Gia thuyet
kiém dinh phia phai
[y : Median(X) < d,
| #, : Median( X ) > d,

b b b
W,=2 K W, =min(L &Y R)
z, - Waz b 7 Wt
[ Oy

Tinh Z,,
Tra bang phin bo chuan chuan)
hoa theo gia tri cua a)

Tinh Z,,»

(Tra bang phin bo chuan chudn|
hoa theo gia trj cua w/'2)

B b
Bac bo gia thuyet Hy

Bic bo gia thuyét Hy Bic bo gia thuyét H

Rhang ¢ ca 5o bac 5o

Khong co co sa bac bo §
§ gia thuyet Hy

gid thuyét Hy

Khéng co co so bic bo
gia thuyet Hy

Hinh 3. Luu d thu4t toan va giao dién chwong trinh kiém dinh dau va hang Wilcoxon véi ¢& mau 16n (PTS2).
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3.3. Chwong trinh kiém dinh dédu va hgng Wilcoxon khi cé mdu nhé (PTS3)
Luu db thuat toan cua chuong trinh duoc thé hién trén hinh 4.

Nhip vao:
X (i d=m), dyoa

d=x—d,.(i=1+n)
d|=|x, —dy|.(i=1+n)

+ Xép hang median cho d)
+n'- sb phin ti co d, + 0

+R" - hang cua || voi o, > 0
[

+ R - hang ctia [d,| vdi d, < 0

Gia thuyét
kiém dinh phia phai
[H, : Median(X) = d,
‘\ H, : Median(X) > d,

Gia Ihuyé(
kiém dinh phia trai
[H, : Median( X) = d,

| #, : Median(X) < d,

Gid thuyét
kiém dinh hai phia
[H, : Median(X)=d,
i H, : Median(X) # d,

j2]
W, =min(3 R, 3R )

Tinh W7, — (W Wy
(Tra bang diu hang Wilcoxon
hai phia theo n', a)

Tinh W, — (Wp W)
(Tra bang diu hang Wilcoxen
mét phia theo ', a)

Tinh W — (W W)
(Tra bang dau hang Wilcoxon
mot phia theo n', w)

Bic bo gia thuyét Hy Bic bo gia thuyét Hy Bic bo gia thuyét Hy,
Khéng c6 co so bac bo Khéng co co so bac bo Khong o ¢o sa bac bo
gia thuyet Hy gia thuyet Hy gid thuyet Hy

| I

Hinh 4. Luu db thuat todn cia chuong trinh kiém dinh dau va hang Wilcoxon véi ¢& mau nho (PTS3).
3.4. Chwong trinh kiém dinh téng va hang Wilcoxon khi cé mdu lén (PTS4)
Luu d6 thuat toan cia chuong trinh dugc thé hién trén hinh 5.

Bat dau

+ Két hop hai mau thanh (x;vy,)

: ‘
+ Xép hang median cho (x;

Gid thuyét
ki¢m dinh hai phia
[H,: Median( X') = Median(¥)
| M, Median{ Xy = Median(¥)

Gia thuyet Gia thuyét
kiem dinh phia trai
[ Hy s Median(X) 2 Median(¥)
| H, = Median{ X ) < Median(¥)

+ Ry - hang ctia x; lay tir Ry,
+ R, - hang cua y; ]:"ly tr Ry,

H,: Median( X) =
| H, : Median{ X) > Median(¥'y

hoa theo gid tri cua a)

n=n,+n,
_ n(n+l1)
Hy =7 _ b 2]
R A . ;\T‘mll\)f,‘l o Tz T
N2 ra bang phan bo chuan chan Tra bang phén bd chudn chuin (Tra bang phin hé chuin chuin

héa theo gia tri cua ) hoéa theo gid trj cia a/2)

s
b
Bac bo gid thuyet Hy Bac bo gid thuyet Hy
v
Khdng co co s& biac bo Khéng ¢o co sé bic bo héng c6 co sa bic bo
gid thuyét Hy gid thuyét Hy gia thuyét Hy
I

ol
Hinh 5. Luu d6 thuat toan cua trinh kiém dinh tong va hang Wilcoxon véi ¢ mau lén (PTS4)
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3.5. Chwong trinh kiém dinh téng va hang Wilcoxon khi cé mdu nhé (PTS5)
Luu db thuat toan cua chuong trinh duoc thé hién trén hinh 6.

Nhap vao:
xpli=1=ny), vi(i=1+n), «

Gia thuyét
kiém dinh hai phia
| H, : Median(X') = Median(Y)
| H, : Median{ X) % Median(Y')

Gia thuyét
kiém dinh phia trai
[H, : Median( X )= Median(¥)
|, : Median(X') < Median(Y)

Gia thuyét
kiém dinh phia phai
[#, : Median( X) < Median(¥)
| H, : Median{X) > Median(¥)

+ Két hop hai mau thanh (x;vy;)
+ Xép hang median cho (v;v);): Ry

+ Ry - hang cia x; lay tir Ry,

t R, - hang cua y; lay tir Ry, b b b
Tinh WY = (W W) Tinh W5 = (W W) Tinh W™ < (W W)
S (Tra bang tong hang Wilcoxon (Tra bang tong hang Wilcoxon (Tra bing tong hang Wilcoxon
mot phia theo n,, n,, @) mot phia theo n,, n,, «) hai phia theo n,, n,, )
b

T >

ﬁ
hong ¢ co sé bac bo hong ¢6 co sé bac bo héng c6 co 5o bac bo
gia thuyet Hy gia thuyet Hy gidt thuyét Hy

. .

Hinh 6. Luu d6 thuat ton ciia chuong trinh kiém dinh tong va hang Wilcoxon vai ¢& mau nho (PTS5).

4. MQT SO BAI TOAN KIEM PINH GIA THUYET THONG KE PHI THAM SO
TRONG PANH GIA PQ TIN CAY CUA PHUONG TIEN PUONG SAT

4.1. Bai todn kiém dinh gid thuyét vé quy ludt phan bé cia bién ngdu nhién lién tuc

W, 2R, )
vy
( W, — XRy )
I

Bic bo gia thuyet Hyy Bic bo gia thuyét Hy,

Bai toan PTS1: Khao sat thoi han lam viéc hay tudi tho cua mét loai chi tiét Idp trén mot loai
dau may/toa xe khai thac trén mot khu doan cu thé (X: tudi tho:10* km chay). Sé liéu cho
trong bang 6.
Bang 6. S liéu thdng ké vé tudi tho cua chi tiét
X: ’tU(;)i tho 35-40 40-45 45-50 50-55 55-60 60-65
SO toa xe 9 15 24 27 17 8
Véi mic y nghia « = 0,05, ¢6 thé coi dai lugng X tudn theo quy luat phan bd chuan
hay khéng?
Qua trinh kiém dinh
1. bt gia thuyét: Ho: X tuan theo quy luat phan bé chuén; Hi: X khong tuan theo quy
luat phan bo chuan.
2. Kiém dinh gia thuyét: a. Nhap s6 liéu vao chuong trinh; b. Tinh toan kiém nghiém.
Két qua tinh toan véi mic y nghia o = 0,05 thé hién trén giao dién hinh 7.
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= X
Tép tin Tro giip
.
=L I X
KIEM DINH GIA THUYET VE QUY LUAT PHAN BO CUA BIEN NGAU NHIEN LIEN TUC

Théng sb tinh toan
S5 liéu théng ké

STT - . n Trung binh miy 5 = 50.1000 Quy lut phin b6 | chudn v
= i '
1 35 40 9 . : 5
2 40 45 15 Phuong sai miu s = 48.2222 §6 tham s6 7= 2
3 45 50 24
4 50 55 27 . P S S
5 55 50 17 DG lech chudn miu s = 6.94422 Mitc § nghia a = 0.05
6 60 65 8
n=Xn=] 2 - 814
s 100 Gty ;= 7.81473
S6 nhém & = 6

Bing két qua tinh toin

T N TN %1 k3 P ) 2 P " np; (n-np)"/(np;)
1 - = 40.00 o -1.45445 0.00000 0729113 0720113 9 7.20113 0.400521
2 20.0000 - 45.0000 145445 0734424 0729113 231345 158434 13 15.8434 0.0443978
3 5.0000 = 50.0000 0734424 | 0.0144005 231345 404255 262010 24 26.2910 0.199636
4 50.0000 + 55.0000 -0.0144005 0.705623 404255 759789 265533 27 265533 0.00751366
5 55.0000 + 60.0000 0.705623 1.42565 759789 923015 163226 17 16.3226 00281117
6 60.0000 + +o 1.42565 +o 923015 00000 0.0769853 8 7.69853 0.0118052

Kiém dinh gia thuyéc
Gia thuyét Gia tri kiém dinh Quyét dinh
Hy: X tuin theo quy it phin b chudn , Khéng c6 co si bac b gid thuyét Hy
o o ¥ = 0.692485
Hy: X khéng tuan theo quy ujt phan b chudn Gi tri p = 0.874970

56 ligu aa dueoe xik I

Hinh 7. Giao dién hién thi két qua kiém dinh gia thuyét bai toan PTS1

3. Két luan: VSik=6,r=2, a= 5%, thi zkz—r—l,a =;(§0,05 =7,82 cho nén khong c6
co s béac bo gia thuyét Ho, hay néi khac, co thé xem X Ia tuan theo quy luat phan b4 chuan.
4.2. Bai todn kiém dinh ddu va hang Wilcoxon khi ¢é mdu lén

Bai toan PTS2: Khao sat ngau nhién quang duong chay an toan (khong bi hu hong dot XUt
phai cat moc) cua 24 doan tau hang cung ki€u loai khai thac trén mét tuyen xac dinh cia mot
cong ty van tai, (X: 10° km). Két qua duoc cho trong bang 7.

Bang 7. Quang duong chay an toan caa cac doan tau hang.

Doan tau 1 2 3 4 5 6 7 8 9 10 11 12

Quang duong 85 9 6 6,5 7 7,5 55 8 10 9,5 5 6,5
chay an toan

Doan tau 13 14 15 16 17 18 19 20 21 22 23 24

Quangdwong 72 78 83 68 92 84 76 6 75 105 11 115
chay an toan

Vé6i mirc ¥ nghia « = 0,05, hdy cho két luan gia thuyét cho rang quang dudng chay an
toan cua loai toa xe hang nay vuot qué 7,5.10° km?
Qua trinh kiém dinh

1. bat gia thuyét: Ho: quang dudng chay an toan cua loai toa xe hang khong vurot
qua 7,5.10° km.

H, : Median(X) <d, =7,5

H, : Median(X) >d, =7,5
2. Kiém dinh gia thuyét: a. Nhap s6 liéu vao chuong trinh; b. Tinh toan kiém nghiém.
Két qua tinh toan véi mic y nghia o = 0,05 thé hién trén giao dién hinh 8.
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_
Tép tin Trg gitp
'
M- 0
KIFM DINH DAU VA HANG WILCOXON VOI MAU LGN n > 20
Théng sé tinh toan
5o liéu thong ké Sai ich d = 75 m Y 4 Id] Hang B R
STT x 1] 8.50000 | 1.00000 | 1.00000 10.0 10.0 - ~
e - Mitc ¥ nghia a= 0.05 2| 9.00000 | 150000 | 1.50000 13.0 13.0 -
! 8.3 ) - 31| 6.00000 | -1.50000 | 1.50000 | 13.0 - 130
- 9 Gt Z, = 1.64485 4| 6.50000 | -1.00000 | 1.00000 10.0 - 10.0
3 6 o . 5| 7.00000 | -0.500000 | 0.500000 43 - i3
4 6.5 Gidtr Z , = 1.95996 6| 7.50000 | 0.00000 | 0.00000 - - -
5 7 . 7| 5.50000 | -2.00000 | 2.00000 16.5 - 16.5
6 7.5 C& mau n = 24 8| 8.00000 | 0.500000 | 0.500000 43 i3 g
7 5.5 o 9| 10.0000 | 250000 | 2.50000 185 183
8 8 &= g2 10/ 950000 | 2.00000 | 2.00000 16.5 16.5 -
0 10 ) _ . 11| 5.00000 | -2.50000 | 2.50000 185 g 185
10 03 Trung binh g 2600 12| 6.50000 | -1.00000 | 1.00000 10.0 - 10.0
1 5 - s 13] 7.20000 | -0.300000 | 0.300000 23 - 23
P - g lech chudn oy 30.8013 14| 7.80000 | 0.300000 | 0.300000 23 15 -
+_ = 15| 830000 | 0.800000 | 0.800000 70 7.0 -
BLET= 00 16| 6.80000 | -0.700000 | 0.700000 | 6.0 - 5.0
A Az - 17| 920000 | 1.70000 | 1.70000 15.0 15.0 -
© Cip nhat thong sb LR = 94.0000 1 AN00N |0 on0nan_ | ennnnn )n )n v
Kiém dinh mét phia
Kb diah oia |55 Gi thuyét Gia tri kiém dinh Quyét dinh
‘em G phia | p v - Median(X) < d,=1.5 Khing c6 co sé bic bo gid thuyét
= B E=Ey Z,=1.05513 € £ thayt Hy
E Hl: Median(X) >d0= 15 Gid tri p = 0.145682
Kiém dinh hai phia
Gia thuyér Gia tri kiém dinh Quyét dinh
3 Kiém dinh Ho Z,= Fo
Hy: Gidtrip=
S5 lidu da duoc xir b

Hinh 8. Giao dién hién thi két qua kiém dinh gia thuyét bai toan PTS2.

3. Két luan: Véi mirc ¥ nghia & =0,05thi Z, = Z,,, =164, do d6 khong ¢ co s¢ bac
bo gia thuyét Ho, hay noi khac, voi mic ¥ nghia 5% quéang dudng chay an toan cua loai toa xe
hang dang xét khong vuot qué 7,5.10° km.

4.3. Bai todn kiém dinh ddu va hang Wilcoxon khi cé mdu nhé

Bai toan PTS3: Phan xudng ché tao phu tung caa mot xi nghiép toa xe ché tao maot loai chi
tiét moi. Nguoi ta ldp dat thir nghiém loai chi tiét nay trén 10 toa xe cung kiéu loai khai thac
trén mot khu doan cu thé. S6 liéu thong ké vé tudi tho (X: 10° km chay) cua cac toa xe dugc
cho trong bang 8.

Bang 8. Tudi tho cua loai chi tiét méi 1ap trén toa xe.

Toa xe 1 2 3 4 5 6 7 8 9 10

Tudi tho 8,5 9 6 6,5 7 75 55 8 10 9,5

Véi mic y nghia  =0,05, hdy cho két luan vé gia thuyét cho rang tudi tho cia cac
chi tiét mai nay 16n hon 8.10° km?
Qua trinh kiém dinh
1. bat gia thuyét: Ho: tudi tho cua cac chi tiét méi khong vuot qué 8.10° km
H, : Median(X) <d, =8

{Hl :Median(X) >d, =8
2. Kiém dinh gia thuyét: a. Nhap s6 liéu vao chuong trinh; b. Tinh toan kiém nghiém.
Két qua tinh toan véi mic ¥ nghia o = 0,05 thé hién trén giao dién hinh 9.
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= X
Tép tin Tro giip
'
=1L I X )
KIFM DINH DAU VA HANG WILCOXON VGT MAU NHO n < 20
Théng s6 tinh toin

S6 liéu thong ké Sai téch dy = 3 TN ; ;| Hang B R
x 8.50000 | 0.500000 | 0.500000 15 5 -

STT 1 5
e ¢ nghia @ = 5 2] 9.00000 | 1.00000 | 1.00000 35 3.3 -
5 Mttc § nghia a = 005 [ 9.00000 |
! 8.5 ¥ nghia 3| 6.00000 | -2.00000 | 2.00000 75 - 75
: o CHE T = 50 4] 650000 | -1.50000 | 1.50000 55 - 55
3 6 i 2 5[ 7.00000 | -1.00000 | 1.00000 35 - 33
4 6.5 ) 6| 7.50000 | -0.500000 | 0.500000 15 - 15
5 7 Gia trj W= 370 7] 550000 | -2.50000 | 2.50000 9.0 - 9.0
6 753 8 5.00000 | 0.00000 | 0.00000 - - -
7 55 Cominn= 10 9| 10.0000 | 2.00000 | 2.00000 75 75
8 8 10/ 9.50000 | 150000 | 1.50000 55 55
9 ol [10 v o= 9
< +
IR = 18.0
© Cip nhir théng sb TR = 270
Kiém dinh mt phia
. = Gii thuyét Gia tri kiém dinh Quyét dinh
Kiem ginh phia | phai i Hy Median(X) < d, = & Khéng c6 co s bac b6 gia thuyet H;

w,=18.0

H,: Median(X) = dy = &

Kiém dinh hai phia
Gia thuyét Gid tri kiém dinh Quyét dinh

2 Kiém dinh Z,=

S liéu A e xie 1jf

Hinh 9. Giao dién hién thi két qua kiém dinh gia thuyét bai toan PTS3.

3. Két luan:Véi mic y nghia a=0,05, thi W, =W, s =(8;37) véi n’ 1a s phan tir co

d #0: n"=9. Vi W, =18 <W, =37 nén khong co6 co s& bac bé gia thuyét Ho, hay noi khac,
v6i mic ¥ nghia 5%, tudi tho cua cac chi tiét mai nay khdng 16n hon 8.10° km.

4.4. Bai todn kiém dinh téng va hang Wilcoxon khi cé médu lén

Bai toan PTS4: Theo ddi san luong ngay dém cua mot loai dau may kéo tau hang trén mot
khu doan x4c dinh ctia mot xi nghiép dau may (tinh bang tri¢u tkm khong ke bi) trong 15 ngay
dau thang 7 va 15 ngay dau thang 8 thu duoc két qua sau (bang 9).

Bang 9. San lugng ngay dém cua dau may kéo tau hang.

Ngay Thang 7 (X) Théang 8 (Y)
1 7,6 7,3
2 10,2 9,1
3 9,5 8,4
4 1,3 1,5
5 3 2,7
6 6,3 5
7 53 4,9
8 6,2 53
9 2,2 2
10 48 42
11 11,3 11
12 12,1 11
13 6,9 6,1
14 7,6 6,7
15 8,4 75

Vi mirc y nghia « =0,05, ¢d thé cho rang san lwong ngay dém ciia du may trong thang
8 c6 giam sut so véi thang 7 hay khong?
Qua trinh kiém dinh
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1. bat gia thuyét
H, :Median(X) <Median(Y) . .. ., . L.
) ) , Day 1a bai toan kiém dinh phia phai
H, : Median(X) > Median(Y)
2. Kiém dinh gia thuyét: a. Nhap s6 liéu vao chuong trinh; b. Tinh toan kiém nghiém.
Két qua tinh toan véi mic ¥ nghia o = 0,05 thé hién trén giao dién hinh 10.

2 - x
Tép tin Tro giop
.
=1L I X )
KIEM DINH TONG VA HANG WILCOXON VOT MAU LGN n > 10
Théng s6 tinh toin
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H 1 s Comiu X: 1, = 15 [6] 6.30000 | 5.00000 | 3.00000 | 6. 15.0 10.0
! ; b o = [7]5.30000 | 4.90000 | 4.20000 | 7. 113 9.0
B 2 Coméu ¥: 1 = 15 [8] 6.20000 | 5.30000 | 4.80000 | & 140 115
63 5 § = [0 2.20000 | 2.00000 | 4.00000 X 40 30
7 5.3 49 Trung binh sy = 116.250 [10[ 4.80000 | 4.20000 | 5.00000 0.0 0 7.0
8 62 53 . N 1[ 113000 | 11.0000 | 5.30000 L5 2! 275
9 v [22 v 2 v| | DO lch chudn o= 24.1001 [12[ 12.1000 | 11.0000 | 5.30000 L5 3 275
- = [13 6.00000 | 6.10000 | 6.10000 | 130 | 170 | 130
IR = 2500 [14] 7.60000 | 6.70000 | 6.20000 4 20 16.0
= - 5| 8.40000 | 7.50000 | 6.30000 5. 05 190
© Cip nhjt théng sé IR = 215.0 5 20000 5 ©

Kiém dinh mét phia
. Gia thuyét Gia tri kiém dinh “Quyér dinh
Kiem dinh phia |phat V| {: Medran(X) < Median(T) 7 o Bac b6 gid thuyét Hy
=5.54

&2 Kiem dinh Hy: Median(X) > Median(T) B Gi trj p = 1.44728E-08
Kiém dinh hai phia
Gid thuyér Gia tri kiém dinh Quyét dinh
= Hy H,
£ Kiém dinh z,=
H; Gid trip =

56 ligu i dhege xit I

Hinh 10. Giao dién hién thj két qua kiém dinh gia thuyét bai toan PTS4.
3. Két luan: Véi mic y nghla «=0,05, thi Z, =7 ,=164. Vi
Z, =5,55>Z, ,, =1,64 nén bac bo gia thuyét Ho. Vay, véi mirc ¥ nghia 5%, san luong ngay
dém cua dau may trong thang 8 thuc sy giam sit so voi thang 7.

4.5. Bai todn kiém dinh tong va hang Wilcoxon khi ¢é mdu nhé
Bai toan PTS5: Phan xuong sua chira ciia mot xi nghiép dau may tién hanh sua chira mot loai
chi tiét. D€ nang cao d¢ cung bé mat cua Ioaiq chiv tiét nay, nguoi ta tien hanh cuong hpa vé
mat chi ti€t bang hai phuong phap A va B. D€ kiém dinh xem viéc su dung loai chi tict nay
dugc chira bang cac phuong phap cuong hoa noi trén co tdc dong den tudi thg cua chung hay
khong, nguoi ta chon ngau nhién hai mau, mau thir nhat gom 10 toa xe c6 lap chi tict dugc
cuong hoa bang phuong phap A; mau tht hai gom 10 toa xe cung kiéu nhung lap chi tiét
duoc cuong hoa bang phuong phap B. Sau d6 théng ké tudi tho cta cac chi tiét nay.

- Toa xe ¢6 lap chi tiét cuong hoa bang phuong phap A: tudi tho: X, 10° km

- Toa xe ¢6 lap chi tiét cuong hoa bang phuong phap B: tudi tho: Y, 10° km

Sé lieu théng ké cho trong bang 10.

Bang 10. Tudi tho cua chi tiét.

X 20 33 50 60 30 40 62 80 54 61

Y 50 70 74 55 65 80 64 90 75 85

Véi mire y nghia o = 0,05, hdy cho biét c6 hay khong su khac biét vé tudi tho giira hai
loai chi tiet nhu trinh bay noéi trén? Gia su tuoi tho co phan phoi chuan.

Qua trinh Kkiém dinh
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1. Dit gia thuyét:
H,:Median(X) =Median(Y) . .., ., L
) ) , day la bai toan kiém dinh hai phia
H, : Median(X) = Median(Y)
2. Kiém dinh gia thuyét: a. Nhap s6 liéu vao chuong trinh; b. Tinh toan kiém nghiém.

Két qua tinh toan véi mac y nghia ¢ = 0,05 thé hién trén giao dién hinh 11.

= X
Téptin Trg giip
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£ Kim dinh H, i
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§6 liéu dé dueoe xit b

Hinh 11. Giao dién hién thi két qua kiém dinh gia thuyét bai toan PTS5.
3. Ké luan: Véi mic y nghia «=0,05, thi W™ =W;%°=(78,132). Vi
W, =70 <W, =78 nén bo gia thuyét Ho, hay noi khac, véi miic y nghia 5%, c6 su khac biét
vé Vvé tuoi tho giira hai loai chi tiét dugc cudong hoa bang hai phuong phap khac nhau.

Giao dién tong quat chuong trinh kiém dinh gia thuyét thong ké trong danh gia do tin cay
cua phuong tién duong sat duoc thé hién trén hinh 12.

,,,,,, - - . ey
B3 Kiém dinh gi& thuyét thdng k& = X

@ KIEM DINH GIA THUYET THONG KE TRONG QUA TRINH DANH GIA PO TIN CAY
& VA TUOI THO CUA PHUONG TIEN BUONG SAT
KIEM DINH CO THAM SO
Kiém dinh gi thuyét mdt mau Kiém dinh gia thuyét hai mau

Kiém dinh gia thuyét vé trung binh tng thé Kiém dinh gia thuyét vé sy khac biét cita hai trung binh
<6 phin bd chuin trong hai tong thé co phin bb chuin

Hai mau déc 1ip

Khi biét phwong sai (o°) cila téng thé

L o [ Khi biét phuong sai (¢7) cta hai téng thé ]
Khi khing biét phwong sai (c%)

ciia ting thé Khi khing biéc phwrong sai (6°) ciia hai téng thé

[ Mau I6n 0 230 ] [ Miu lon n = 30 Il Mau nhs n < 30 ]

[ Mau nhé n < 30 ]

[ Hai mau theo cip ]
l Kiemlinh slilthoyEcy 86718t aluing the ] [ Kiém dinh gia thuyét vé s khac biét ca hai 67 1& ]

véi mau lén FS A

trong hai téng thé, miu lém, dje 1ip

co phin bd chuin

Kiém dinh gia thuyét vé phwong sai ting thé
<6 phin b chuin

[ Kiém dinh gia thuyét vé sy khac biét cia hai phurong sai trong hai téng thé

KIEM DINH PHI THAM SO

Kiém dinh diu va hang Wilcoxon Kiém dinh téng va hang Wilcoxon
. R . [ Miu 16n n > 20 ] [ Méu Ién n > 10 ]
Kiém dinh vé quy luit phin b
[ Miu nhi n < 20 ] [ Mhu nhi n <10 ]

©2023 |

Nguyén Bike Toin
D6 Pire Tuin

Hinh 12 Giao dién tong quat chwong trinh kiém dinh gia thuyét thong ké
trong danh gia do tin cay cta phuong tién duong sat
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5. KET LUAN

Trén co s& ly thuyét kiém nghiém gia thuyét théng ké phi tham sé, da xay dung duoc 05
chuong trinh tinh toan va ng dung cac chuong trinh do6 cho viéc danh gia do tin cay cua
phuong tién dudng sit thdng qua cac bai toan cu thé. Cac chuong trinh da xay dung c6 giao
dién thuan Viét, than thién, d& s dung, cho phép tinh toan véi cac thong sé dau vao da dang,
cho két qua mot cach nhanh chong va tin cay. Cac chuong trinh tinh toan 1a tai liéu tham khao
hitu ich cho qué trinh giang day trong nha truong lién quan dén linh v do tin cay, dong thoi
c6 thé ap dung dé kiém dinh cac bai toan trong thuc té lién quan dén ky thuat phuong tién
duong sat. Ngoai ra, cac chuong trinh nay con co thé tng dung cho nhleu linh vuc khac nhu
xa hoi, nhén van, y té, ndng nghiép, thuong mai v.v. Néu c6 diéu kién, can mo rong va nghién
ctru sdu hon nira vé& kiém dinh phi tham s6, Vi Van dé nay dang con c6 nhing quan diém va
cach tlgp can khac nhau, dan dén két qua kiém dinh khong théng nhat va c6 nhitng khac biét
dang ke.
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