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Applied statistics — Estimation and confidence intervals for parameters of Weibull
distribution

1. Pham vi ap dung

Tiéu chuén nay quy dinh céc quy tac xac dinh cac udc luvgng va khoang tin cay cho cac tham s
clia phan b6 Weibull dwa vao mau ngau nhién don gian rat ra tir téng thé c6 phan bd Weibull.

2. Thuat ngir va dinh nghia

Tiéu chuén nay st dung cac thuat ngtr va dinh nghia trong TCVN 8244-2 (ISO 3534-2), Théng
ké hoc — Tir vieng va ky hiéu — Théng ké g dung.

3. Cac dac trwng co’ ban

3.1. Pai lwvgng ngau nhién X dwoc goi la c6 phan bé Weibull (ba tham s6) néu ham phan bé clia
no co6 dang:
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trong do: a > 0 la tham s6 ti I€;

b > 0 la tham s6 dang;

c la tham s6 dinh vi.

NEu ¢ = 0 thi phan bd Weibull dwoc goi la phan bd Weibull hai tham sé.
Khi b = 1, phan b6 Weibull tré thanh phan bd mi.

Khi b = 2, phan b6 Weibull tré thanh phan bd Rayleigh.

3.2. Ham mat do cla dai lwvong ngau nhién X c6 phan bé Weibull cé dang:
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3.3. Ky vong, phuong sai, hé sé bién dong, do bat déi xirng clia dai lwgng ngau nhién X c6 phan
b6 Weibull:

Ky vong:

E(X) = akKy,+c 3)
Phuong sai:

D(X)=a’+ g, (4)

Hé s6 bién dong:
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Céc gia tri Ky, go, b, Vb Cho trong Bang 2.
4. Cac van dé chung
C6 mau ngau nhién don gian xi, ..., X, va x ¢6 phan bé Weibull véi ba tham sé a, b, c.
4.1. Cac woéc lwong diém
a) U6c luvong a khi b va c da biét;
b) Uéc lugng a va b khi c da biét;
c) Uéc lwong a va ¢ khi b da biét;
d) Uéc lvong ca ba tham s6;
e) Uéc lvong ky vong, phwong sai, hé s6 bién phan.
4.2. Khoang tin cay
a) Khoang tin cay cta tham s6 a khi b va c da biét;
b) Khoang tin cay cta tham s6 a khi b chwa biét va ¢ da biét;

¢) Khoang tin cay clia tham s6 b khi a chwa biét va ¢ da biét;



4.3. Tiéu chuan sl dung hai phwong phap wéc lvgng: phuong phdp mé men va phwong phap
hop ly cuc dai. Phuwong phap mé men don gidan hon, phuong phap hop ly cuc dai chinh xac hon
nhwng tinh toan phirc tap hon, né dwoc dung tét nhat trong tredng hop sir dung may tinh.

5. Uéc lwong cua tham s6 a khi b va ¢ da biét
NE&u b va c da biét, wéc lvgng a cla a cé dang:
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6. Uéc lwong cuia cac tham so a, b khi ¢ da biét

6.1. U6c lvong don gian co thé nhan dwoc bang cach sau:
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1 n

y=— In(x; ¢) (11)
n,;;

Z[In{x_, —c)- sz

5, =\~

n—1 (12)

2) Tinh wéc lwong b ctia tham s6 b dudi dang
; A6 (13)

3) Tinh wéc lvgng a cla tham sé a dwéi dang
(14)
trong d6 hang s6 Ole =0,577 226 va

—= =1,28255
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Khi n bé, uwéc luvong l; c06 do chéch dang ké. dé cé wéc lwgng khdng chéch ]j ctiatham s6 b
can hiéu chinh nhw sau:

b =MMxb (15)

M(n) duoc goi la hé sé khdng chéch va cho trong Bang 1.

6.2. Cac wéc lwong a , p cla cac tham s6 a, b (khi ¢ d4 biét) theo phwong phap hop Iy cuc dai
nhan dwoc bang cach giai hé phwong trinh (cac 8n s6 1a a va b).
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Phuong trinh (16) c6 thé gidi bang phuong phap xap xi lién tiép Newton Raphson theo céng
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Va b, laxdp xi tht k cda nghiém j . C6 thé dung w6c luong b (theo 4.1) lam xap xi thir nhat
Qua trinh xap xi lién ti€p sé két thic khi diéu kién sau dugc théa man:
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O day la sé dwong nhé cho truéc, chdng han = 107°.
Uéc lwong @ clia a nhan dwoc bang cach thay b bang j vao phuong trinh (17).
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V&in < 120 woc lwgng khéng chéch ciia tham s6 b ¢é thé nhan dwoc boi
(24)

b=BM b
Hé s6 hiéu chinh B(n) cho trong Bang 1.



7. Uéc lwong cua cac tham sd a va ¢ khi b da biét

7.1. Néu b da biét thi viéc xac dinh cac wdc lvong a va ¢ clia tham so a va ¢ theo phwong phap
mo6 men dwoc tién hanh theo th& tw sau (tuy nhién khi b < 1 nén &ng dung tryc ti€p phuong
phap & 7.3).

1) Tinh cac dac treng mau
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2) Ung vai gia tri b cho trede, theo Bang 2 tim cac gia tri g, va Ko.

3) Uéc lwong a cla a dwoc tinh theo cong thic
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4) Tlr cac gid tri mau Xi, Xz, ..., X tim Xmin (gié tri Nhé nhat) va tinh

¢ X ak, 28)

Uéc lwong ¢ cla c la nhd nhat trong hai s6 ¢* va Xmin.
7.2. Néu b > 1, wéc lugng hop ly cuc dai g va ¢ cla cac tham s6 a va ¢ dwoc xac dinh bang
cach giai hé phuong trinh (cac 4n sb la a va ¢)
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Phuwong trinh (29) c6 thé giai bang phuong phap xap xi lién ti€p theo Newton Raphson theo céng
thire
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A\ = 5 (33)
il (-x,‘ Ck)2
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& day C, 1a xap xi thir k chia gia tri ¢ .
DE lam xap xi thtr nhat co6 thé 18y gia tri ¢ theo 7.1. NEu ¢ = Xmthi [y gia tri nhd hon mot chat,
chéng han €, = Xmin = 0, 0010 (Xmax — Xmin), VOi Xmax 12 gid tri I&n nhét trong mau. Tuong tw, dé co
C, 1, NEU C, | = Xmnthi |8y gia tri trong kho&ng €, VA& Xmin (Vi du €, | = 0,5 (C; O + Xmin)).
Qua trinh xap xi lién ti€p sé két thic khi théa man diéu kién:
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V6i  la s6 dwong nhé cho trwdc, vidu = 10°.
Uédc lwong a cia a nhan duwoc bang cach thay ¢ bang ¢ vao phuong trinh (30).
7.3.Néu b <1, wéc lwgng ¢ cua c duoc nhan nhu sau
C = Xmin
Uédc lwgng a cia a nhan dwoc bang cach thay ¢ bang ¢ vao cong thikc (10) & diéu 5.
8. Uéc lwong cua cac tham sd a, b, ¢
Trong tredrng hop nay, cac wéc lvgng bang phrong phap mé men thu dwgc theo cach sau:

1) Tinh cac dac trung mau X va s theo cac cong thikc (25), (26) va

R i

s° (39)

2) Thay , bang . va can clr vao gia tri nay (c6 thé dung ndi suy tuyén tinh) dé tim trong Bang 2
cac giatri b, g, Ky twong rng.

v

3) L4y gia tri b tim dwoc lam wéc luong b .
4) Cac wéc lwong a va ¢ clia a va c dwoc tim theo phwong phap & 7.1 voi dieukien b = p .

9. Uéc lwong cua ky vong, phwong sai, hé so6 bién dong

Uéc lvgng cta ky vong, phurong sai, hé s6 bién dong clia dai lwgng ngiu nhién x c6 phan bd
Weibull (ba tham s6) dugc xac dinh nhuw sau:

1) U6c lwgng cac tham sb chua biét theo cac phuwong phap da néu tir diéu 5 dén diéu 8;



2) Ung dung cong thire (3) dé wdc lwgng ky vong, néu tham s6 nao trong dé chua biét thi thay
bang wéc lwgng cta né, con hé sé K, tim trong Bang 2;

3) Ung dung céng thirc (3) dé wéc lvong phwong sai, néu tham s6 nao trong doé chwa biét thi
thay bang wéc lvgng cda nd, con hé s6 gy tim trong Bang 2;

4) Dung cong thirc (5) dé wéc lwgng hé s6 bién dong, néu tham s6 nao trong do6 chua biét thi
thay bang wéc lwgng clia né, con hé sb K, va g, tim trong Bang 2.

10. Khoang tin cay ctia tham s6 a khi cac tham s6 b va c da biét

Khoang tin cdy hai phia (a;; a.) clla tham s6 a khi gia tri clla cac tham so b va c¢ da biét v&i muic
tincay 1 — xac dinh boi
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trong dé ;(v) la gia tri g — phan vi ctia phan b6 2 véi v bac tw do, gia tri nay cho trong Bang 6.
Khodng tin cdy mot phia v&i mirc tin cdy 1 — xac dinh béi a; néu khoang la (ai; + ) hoac a; néu
khoang la (- ; a,), nhung trong cong thirc (40) va (41), thay /2 bang

11. Khoang tin cdy cta cac tham sé a va b khi tham s6 c da biét

11.1. Khodng tin cay hai phia (a;; a,) v&i mic tin cdy 1 — cla tham sé a khi b chwa biét va ¢ da
biét dwoc xac dinh b&i cong thirc

a1 = a exp s (42)

a,= a exp Py (43)

trong d6 @ va p la cac wéc lugng clia a va b theo phuong phap hop ly cwe dai néu trong 6.2.
Phan vij z, tim trong Bang 3 khi 5 < n < 120. Néu n > 120 cé thé dung cong thirc gan ding

Z.=u, 1,108 (a4)
n

trong d6 ug 1a g — phan vi clia phan bé chuén tra trong Bang 5.

11.2. Khoang tin cay hai phia (b1; b2) v&i mic tincdy 1 — cha tham s6 b khi a chua biét va ¢ da
biét dwoc xac dinh b&i cong thirc



b
b1 = t’ (45)
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trong dé [; la wéc lwong hop ly cuwe dai ctia tham s6 b theo 7.2. Phan vi €, tim trong Bang 4 néu
5<n<120. Néu n > 120 thi &4p dung cdng thirc gan dang

0,608

n

. . (47)

trong dé uq l1a g — phan vi cdia phan bd chuan chuan héa tra trong Bang 5.

11.3. D€ xac dinh khoang tin cay mot phia véi mic tin cdy 1 —  clia tham s6 b can xac dinh b,
néu khoang tin cay la (b1; + ) hoac b, néu khoang tin cay la (- ; b,) va trong cac gia tri clia
phan vi phai thay /2 bang

12. Cac bang so6
Bang 1 — Cac hé s6 khong chéch M(n), B(n)

n M(n) B(n) n M(n) B(n)
5 0,738 0,669 42 0,963 0,968
6 0,778 0,752 44 0,965 0,970
7 0,806 0,792 46 0,966 0,971
8 0,831 0,820 48 0,967 0,972
9 0,848 0,842 50 0,969 0,973
10 0,863 0,859 52 0,970 0,974
11 0,875 0,872 54 0,971 0,975
12 0,884 0,883 56 0,972 0,976
13 0,893 0,893 58 0,973 0,977
14 0,900 0,901 60 0,974 0,978
15 0,906 0,908 62 0,975 0,979
16 0,912 0,914 64 0,976 0,980
18 0,921 0,923 66 0,976 0,980
20 0,928 0,931 68 0,977 0,981
22 0,934 0,938 70 0,978 0,981
24 0,939 0,943 72 0,978 0,982
26 0,943 0,947 74 0,979 0,982
28 0,947 0,951 76 0,979 0,983
30 0,950 0,955 78 0,980 0,983
32 0,953 0,958 80 0,980 0,984




34 0,955 0,960 85 0,982 0,985
36 0,957 0,962 90 0,983 0,986
38 0,959 0,964 100 0,984 0,987
40 0,961 0,966 120 0,986 0,990
Bang 2 — Cac dac trwng co’ ban ctia phan bé Weibull
b Ky [*]) Vb b
0,200 120,0 1901 15,84 190,1
0,210 80,36 1091 13,58 1442
0,220 56,33 665,1 11,81 112,3
0,230 41,06 426,7 10,39 89,46
0,240 30,94 286,1 9,248 72,69
0,250 24,00 199,4 8,307 60,09
0,260 19,09 143,6 7,524 50,45
0,270 15,51 106,5 6,865 42,94
0,280 12,85 81,03 6,304 36,99
0,290 10,83 63,06 5,824 32,22
0,300 9,261 50,08 5,408 28,33
0,310 8,024 40,48 5,045 25,14
0,320 7,035 33,25 4,727 22,48
0,330 6,234 27,71 4,445 20,25
0,340 5,575 23,39 4,195 18,36
0,350 5,029 19,98 3,972 16,74
0,360 4,571 17,24 3,771 15,35
0,370 4,184 15,02 3,590 14,15
0,380 3,853 13,20 3,426 13,09
0,390 3,569 11,70 3,277 12,17
0,400 3,323 10,44 3,141 11,35
0,410 3,109 9,377 3,016 10,63
0,420 2,921 8,475 2,901 9,983
0,430 2,756 7,703 2,795 9,404
0,440 2,609 7,037 2,697 8,883
0,450 2,479 6,460 2,606 8,413
0,460 2,362 5,956 2,522 7,986
0,470 2,257 5,515 2,443 7,597
0,480 2,163 5,125 2,370 7,243
0,490 2,077 4,780 2,301 6,917




0,500 2,000 4,472 2,236 6,619
0,510 1,930 4,197 2,175 6,343
0,520 1,865 3,951 2,118 6,089
0,530 1,806 3,728 2,064 5,853
0,540 1,752 3,528 2,013 5,634
0,550 1,702 3,345 1,965 5,431
0,560 1,657 3,179 1,919 5,241
0,570 1,614 3,028 1,876 5,063
0,580 1,575 2,889 1,835 4,896
0,590 1,538 2,762 1,795 4,740
0,600 1,505 2,645 1,758 4,593
0,610 1,473 2,537 1,722 4,455
0,620 1,444 2,437 1,688 4,325
0,630 1,416 2,345 1,656 4,201
0,640 1,390 2,259 1,625 4,085
Bang 2 (ti€p theo)

b Kb db Vb b
0,650 1,366 2,179 1,595 3,974
0,660 1,344 2,104 1,566 3,869
0,670 1,322 2,035 1,539 3,770
0,680 1,302 1,970 1,512 3,675
0,690 1,284 1,908 1,487 3,585
0,700 1,266 1,851 1,462 3,498
0,710 1,249 1,797 1,439 3,416
0,720 1,233 1,747 1,416 3,338
0,730 1,218 1,699 1,394 3,262
0,740 1,204 1,653 1,373 3,190
0,750 1,191 1,611 1,353 3,121
0,760 1,178 1,570 1,333 3,005
0,770 1,166 1,532 1,314 2,991
0,780 1,154 1,496 1,296 2,930
0,790 1,143 1,461 1,278 2,871
0,800 1,133 1,428 1,261 2,815
0,810 1,123 1,397 1,244 2,760
0,820 1,114 1,367 1,227 2,707
0,830 1,105 1,339 1,212 2,657




