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Nhitng khai niém co ban

Dinh nghia

D6 sai lech gitta gia tri gin ddng va gid tri chinh x4c dugc goi I3 sai sb.
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Nhitng khai niém co ban

Dinh nghia

S0 a dugc goi la s6 gan ding cla s6 chinh xac A, ki hiéu [a
ar A

(doc 13 a xAp xi A), néu a khac A khéng déng ké va dugc diing thay cho A trong
tinh toan.
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g khai niém co ban

Dinh nghia

Dai lugng
A=la—A

dudc goi 13 sai sb that su cla sb gin ding a.
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Sai sb tuyét doi

Dinh nghia

Dai lugng
A=la—A

dugc goi 1a sai sb that su clia sb gﬁn ding a.

Trong thuc t&, do khéng biét sb chinh xic A, ta udc lugng mdt dai luong duong
A, cang bé cang tét théa diéu kién

A—al <A, (1)

duoc goi 13 sai sb tuyét dbi cia sb gin ding a.
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nghia ky hieu A=a+ A,

Trong thuc t& do ludng, ta thudng ky hiéu
A=a+ A,

trong dé:
o A la gia tri that (chua biét chinh xac) cla dai lugng,
o ala gia tri do dudc hay gis tri gin ding,
o A, |2 sai sb tuyét dbi clia phép do.

Ky hiéu A = a+ A, khong phai 13 mét phép toan, ma I3 cach viét tit cho bAt
dang thic (1):
|A—a] <A,

hay tuong ducng,
a—N, <A<a+ A,

Diéu nay c6 nghia 13 gi tri that A n3m trong mét khodng c6 tdm 13 a va ban
kinh la A,.
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Néu ta viét
A=28+0.014 (m/s),
thi diéu dé c6 nghia 13
2.786 < A < 2.814 (m/s).

Ta khéng biét chinh xac gia tri that A, nhung biét chic ring né n3m trong
khoadng trén.
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Sai s tuong doi

Dinh nghia

Sai sb tuong dbi clia sb gin diing a so véi sb chinh xac A 13 dai luong 8, duoc
tinh theo cdng thic
_|A—a]

0a
Al
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Sai s tuong doi

Cha §

Trong nhiéu trudng hop, néu khéng biét A ta c6 thé thay thé

A
52 = — 100%.

R
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Gidst A=m, a=3.14.

Do
3.13=3.14 - 0.01 < 7 < 3.14 4 0.01 = 3.15,

nén ta cé thé chon
A, =0.01.

Mat khac,
3.138 =3.14 — 0.002 < 7 < 3.14 + 0.002 = 3.142,
do dé ta ciing c6 thé chon

A, = 0.002.

Nhu vay, véi cling mét gid tri gan diing, c6 thé c6 nhidu sai sé tuyét déi khac
nhau. Trong trudng hgp nay ta chon gid tri nhd nhat cda ching.
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Vin téc chia mét vat thé do dugc 13

v=28m/s
véi sai sb tuong dbi
8, = 0.5%.
Khi dé sai sb tuyét dbi 13
A, =V, = 95 2.8m/s =0.014m/s
YUY 100 7 - :
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Ta do d6 dai hai doan thﬁng va thu dugc cic gia tri gén ding
a=10cm, b= 1lcm,

véi cling sai sb tuyét dbi
A, =A, =0.0lcm.

Budc 1. Tinh sai s6 tuang dbi
Sai s0 tuong déi dugc dinh nghia bdi

A
0= —.
|al
Do dé6: 0.01 0.01
5, = —— = 0.001 = 0.1%, §p = — =0.01 = 1%.
10 1
Ta thiy
0p = 104,.
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Vi du 3 (tiép)

Budc 2. Phan tich y nghia
Maic du hai phép do cé clng sai s6 tuyét doi

Aa = Ab7

nhung anh hudng clia sai sb nay dbi véi két qua do 13 khic nhau:
o V6i doan thing a = 10cm, sai s6 0.01 cm chi chiém 0.1% gia tri do.
o V6i doan thing b = 1cm, cling sai s6 0.01cm lai chiém t&i 1% gia tri do.

Diéu nay cho thiy két qua do a bi “nhidu” bdi sai sb it hon so véi két qua do b.
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Vi du 3 (tiép)

Két luan
Tur dé suy ra phép do a chinh xdc hon phép do b, mic du

A, = Ay

Nhu vay, trong thuc t& d6 chinh xac chia mdt phép do khéng dudc danh gia
bang sai so6 tuyét doi ma bang sai so0 tudng doi.
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~

if sO c6 nghia

Moi sb thuc a cé thé ducc bidu didn dudi dang thap phan hifu han hodc vé han
a==(amm_1...1Q0 - @_1Q_3...0Q_p)
m
==+ Z 10K, mneN, m>0,n>1, an#0,

k=—n

trong dé
ayx €{0,1,2,...,9}.
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Chit s6 c6 nghia

Vidu 1.
32450 =3x10°+2x 10" +4x10°+5x 1071 +9 x 1072

Mét sb viét & dang thap phan ¢6 thé gém nhiéu chir sb. Vi du:

20.25 6 4 chit sb, 0.03047 ¢4 6 chif sb.
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Chit s6 c6 nghia

Dinh nghia

Nhitng chif sb c6 nghia clia mét sb 13 nhitng chit sb clia sb d6 ké tir chir sb khic
khong dau tién tinh tir trdi sang phai.
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Chit s6 c6 nghia

Vi du 2.
S8 20.25 6 4 chit sb c6 nghia.

S6 0.03047 ciing c6 4 chif sb c6 nghia.
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Dinh nghia

Lam tron mdt sb thap phan a 1a bé mét sb cac chit sé bén phai a sau ddu chdm
thap phan dé dugc mét sé a ngan gon hon va gan ding nhat so véi a.

Quy tic. D& 1am tron dén chir sb thi k sau du chAm thap phan, ta xét chi sb
thit k 4+ 1 sau dau cham thép phan 1a aky1.
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Lam tron so

Dinh nghia

Lam tron mdt sb thap phan a 1a bé mét sb cac chit sé bén phai a sau ddu chdm
thap phin dé dugc mét sé a ngan gon hon va gan ding nhat so véi a.

Quy tic. D& 1am tron dén chir sb thi k sau du chAm thap phan, ta xét chi sb
ther kK + 113 aky1. Néu agq1 > 5, ta ting oy 1én 1 don vi.

uy&n Thé Vinh, B6 mén Toan giai tich, Trudng Dai Sb gan ding va sai sb




Lam tron so

Dinh nghia
Lam trdon mot sb thap phan a 13 bd mdt sb cic chit sb bén phai a sau ddu chdm
thap phan dé dugc mét sé a ngan gon hon va gan ding nhat so véi a.
Quy tac. D& 1am tron dén chir sb tha k sau diu chAm thap phan, ta xét chit sb
thdt k+ 113 apys-

e Néu Qky1 > 5, ta ting oy 1én 1 don vi;

o Néu ak+1 < b, ta gili nguyén chir s6 .
Sau dé bd phan dudi tir chit sb Qa1 tré di.
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Lam tron sb
7 = 3.1415926535. ..

dén chit sb thit 4,3,2 sau ddu chdm thap phan nhan dugc cic sb gin ding 1an
luot I3

3.1416; 3.142; 3.14.
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Sai so lam

Dinh nghia

Sai sb thuc su clia 3 so véi a dugc goi 1a sai s& 1am tron. Khi dé

05 =|a— 3.

Gid su gid tri ding I3 A, dai lugng do dugc la a thda
la— Al <A,
D& tim moét sai sb tuyét ddi Az clia 3 so v6i A, ta xét:

a—Al=[@-a)+(a-A)<|a—al+]a—Al
=05+ |a— A
<O+ A, =:A;

Vi 05 > 0 nén Az > A,. Do d6 sau khi [am tron sai sb tuyét déi ting lén. Vi vay,
khi tinh todn ta trdnh 1am tron cdc phép todn trung gian, chi nén lam tron két
qua cudi cling.
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Trong trudng hop 1am tron sb trong bat ding thic, ta st dung khai niém lam tron
[én va lam tron xudng.

Lam tron 1&n hay 1am tron xubng cin luu y dén chiéu bit ding thic.
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a < 13.9236

khi 1am tron 1&n dén 2 chit sb 1& sau diu chdm thap phan ta duoc

a < 13.93.

b > 78.6789

khi 1am tron xubng dén 2 chit s6 1& sau diu chAm thap phan ta dugc

b > 78.67.
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Dinh nghia

Cho a ~ A. Chit sb o trong phép biéu di&n dudi dang thap phan dudc goi 13
dang tin, néu

A, < =10k

I\J\r—\

Trong trudng hop nguaoc lai, chit sb oy ducc goi 13 khéng dang tin.
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Cho sb gan ding
a=3.7284
véi sai sb tuyét dbi
A, =0.0047.

S6 a cé:
o 3 chit sb déng tin 13: 3,7,2;
e 2 chit sb khéng déng tin 13: 8,4.
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Cach viét so6 gan dang

Chiing ta viét sb gan ding a clia sb chinh xdc A vdi sai sb tuyét dbi A, theo cac
quy tdc sau:

o Viét sb gin ding kém theo sai sb tuyét déi dudi dang
at A,
Vi dy: 17.358 & 0.003. Cach ndy thudng ding dé biéu di&n két qua tinh toan
hodc phép do.
o Viét sb gin ding theo quy udc: moi chit sb c6 nghia déu déang tin. Diéu nay

c6 nghia la sai sb tuyét déi A, khéng I6n hon mét nia don vi cha chit sb
cudi cling bén phai.
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Vi du minh hoa cho cich viét thit 2

Vé6i a = 23.54 thi sai sb tuyét dbi

1
A, < 5 1072 = 0.005.

Trong khi néu viét
a = 23.5400
thi sai sb tuyét ddi
1
A, < 5 10~* = 0.00005.

Cach nay thudng dung dé trinh bay cac bang sb. Mic du trong R:
23.54 = 23 5400 (cung gid tri sb hoc) nhung su khac nhau d 2 cach viét trén
khéng n3m & gia tri s hoc ma n3m & mic sai s6 dugc ngam hiéu.
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Uéc luong sai sb dua trén xap xi tuyén tinh

Ménh dé (Céng thitc Taylor bac nhat). Gid st f : R” — R thudc 16p C? trong
mét 1an can cta diém x = (xq,...,x,). Khi d6, véi X di gan x, ta c6

f(X) = f(x) + VFf(x) - (X — x) + Ra(X),
trong d6 phan du Ry(X) théa man

[Re(X)| = O(IIX = x]*).

Do dé,
f(X) = f(x) = Vf(x) - (X = x).
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Cong thic xap xi clia sai sO

Cho ham sb f : R" — R kha vi lién tuc

Yy = f(X17X27 s 7Xn)7
va gia st biét cac sai sb tuyét déi A, cha cic dbi sb x; (i =T..n).

Ky higu Xi, Y va x;, y (/ ..n) lan luot 13 cac gid tri chinh x4c va gin ding cda
cac dbi s6 va ctia ham sb.
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Cong thic xap xi tuyén tinh cta sai so

Gia st f € C? trong mdt 1an can cla diém x = (x1,...,%n). Khi c4c sai léch
|X; — x;| d0 nho, khai trién Taylor bac nhat cho ta

RO
o 8x,-

i=1

f(Xl,...7X,,)—f(Xl,...,Xn) (X)()(,'—X,')—f—RQ7

trong dé phan du R, = O(||X — x||?).

B& qua cac hang bac hai va cao hon, ta c6 xap xi

Y—ywzg—;(x) (Xi — x). (2)
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Cong thic xap xi clia sai soO tuyét doi

Vi | Xi — xi| < Ay, nén tir (2) ta suy ra

of of
Y —yl= 2 x; o2 () (Xi = xi) =2 8x,(X) | Xi — xil
| of
< A
<Y || o
Do dé sai sb tuyét dbi clia y dugc xap xi bdi
| of
A, ~ ; 7 9| B 3)
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Sai s tuong doi

Sai sb tuong dbi clia ham sb y I3

n of
A, Zizl ‘67,-

5, = Sy ZEO6] T
Tyl |£]
:Z a—XiInf(xl,xz,...,x,,) AN

i=1
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Tinh sai sb tuyét dbi va sai sb tuong dbi clia thé tich hinh ciu

1
V= 67rd3,

biét
d =3.70cm + 0.05cm, 7 = 3.14 = 0.0016.
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Vi du 6 (tiép)

Xét ham véi dbi sb 7 va d nhu sau:

V(r,d) = %wd3.

Ta chon diém
(ﬂ'o, do) = (3.].4-7 370)

Dé tién cho ngudi doc, ching toi nhic lai khai trién Taylor bac nhit cta V quanh
(o, do) (xem (2)):

V(r,d) — V(mo, do) = 8—V(m do)(m — 7o) +

5 — (70, do)(d — do).

oV
od
Do dé sai sb tuyét dbi cta V dugc xap xi béi (xem (3))
o, dO)

ov

ov
A”+‘8d(
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Vi du 6 (tiép)

Tacé v 1 v 1
_ 7d3 Z7 = d2.
or 6" ad 2"
Vi vy
1% 1%
Ay = 87(7T0’d0) A+ ‘M(Wo,do) Ay
1 1
= 6(3.70)3 -0.0016 + 5(3.14)(3.70)2 -0.05
= 1.0882.
Do dé
1.0882
_ 3 3 _ _
V = 26.5084 cm® + 1.0882 cm?, Sy = 26 5084 0.0411.
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Sai sO clia tong dai so

Xét ham sb
y=tx3tx+- - £x,.

Khi dé

Jdy

8x,-

=1, (i=T.n).

Thay vao cong thiic (3) ta c6 sai sb tuyét dbi:

n

A=)

i=1

y(xi, %0, Xn)| Ay = Ay + Ay + -+ Ay

8x,-

Va vi vy suy ra sai sb tuong dbi:
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Tinh sai sb tuyét déi va sai sb tuong dbi clia
y=a+b+c
véi

a=47.132+£0.003, b=47.111+£0.02, c=45.234+0.5.

A, =0.003 4 0.02 + 0.5 = 0.523.

0.523

= - . 7.
139.477 0.003

Y =130.477 £0523, 4,
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Sai so cla tich

Xét ham so
Y = X1Xp X

Khi dé

1
" Tl

‘ 8X,'

Thay vao cdng thic (4) ta c6 sai sb tuong dbi:

n

Sy =)

i=1

— Iny(x1, X2, ..y Xn)| - Dy, =0y + s + -+ + Ox, -

6X,‘

Va vi vy suy ra sai sO tuyét doi:

A, =0y -yl
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Tinh sai sb tuyét déi va sai sb tuong dbi clia

y=a- b .c
a=47.132+0.003, b=47.111+0.02, ¢ =45.2344+0.5.

0.003 0.02 0.5
oy = = 0.0115.
Y 47.132 + 47.111 + 45.234

Nguy&n Thé Vinh, B mén Toén giai tich, Trudng Dai Sb gan ding va sai sb



Vi du 8 (tiép)

Ay =9, |yl
0.003 0.02 0.5
+ +
47.132  47.111  45.234
= 1159.2503.

> (47.132 x 47.111 x 45.234)
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Biét A c6 gia tri gan ding I3

a = 3.5833

véi sai sb tuong dbi
0, = 0.28%.

Ta lam tron a thanh
a* = 3.58.

Tinh sai s6 tuyét déi cha a*.
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Tacé

Aa* = Aa+ |a_ a*| = |a|53+ |a_ a*|.

Thay sb:
A, =0.0134.
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Lam tron dén hai chit s6 1é sau dadu chdm thap phan cha cic sb sau:

a=12.6724, b=15476, c<12.8713, d > 1.2354.
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a=12.6724 = a~ 12.67.
b =1.5476 = b ~ 1.55.
¢ <12.8713 = ¢ < 12.88.
d>1.2354 = d > 1.23.
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Cho

a=7.1696

véi sai sb tuong dbi
5, = 0.83%.

Tim sb chif s6 dang tin trong cach viét thap phan cla a.
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Chit sb dang tin & vi tri k thda:

A, < =10k,

N~

Suy ra
k > log(2A,) = log(2|alé,) = —0.92.

Do dé
Kmin = 0.

C6 mét chit sb dang tin.
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Cho biéu thiic
f=x>+xy+y>
Biét
x = 1.9501 =+ 0.0050, y = 3.4740 + 0.0083.

Tinh sai sb tuyét d&i coa f.
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Ar =|f| A+ |f)] A,

= [3x® + y|Ax + |x + 3y?|A,

= |3-1.9501% + 3.4740| - 0.0050 + |1.9501 + 3 - 3.47402| - 0.0083 = 0.3912.
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Cho
a=15.00+0.02, b=0.1234+0.001, c=137+0.5.

H3y tinh sai sb tuyét déi cla:
e A=a+b+ec,
e B =20a—100b+ c,
e C=a+ bc.

S6 gan ding va sai s6
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e A=a+b+c=Ap=A,+A,+ A, =0521.
© B=20a—-100b+ c = Ag =20A, +100A, + A, = 1.
o C=a+bc= Ac=A,+|c|Ap+ |b|A. = 0.2185.
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Cho ham sb
f(x) =3x> —2x* +7

va

x = 1.234 £ 0.00015.
Tinh Af.
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Ta cé

f'(x) = 15x* — 4x.
Do dé

Ar = |f'(x)] - Ax.
Thay sb:

A = [15(1.234)* — 4 - 1.234| - 0.00015 = 0.0045.
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