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Chuong 1

S0 gan dung va Sai so

1.1 Khai niém vé so6 gan dung

1.1.1 Sai s6 tuyét d6i, sai so twong d6i

Trong tinh toan ta thuong phai lam viéc véi cac gia tri gan ding cua cac dai lugng.
Ta néi a 1a s6 gan ding A, néu a khong sai khac A nhiéu. Pai lugng A := |a — A|
goi 1a sai s0 thuc su ctia a. Do khong biét A nén cling khong biét A. Tuy nhién ta c6
thé tim dugc s6 duong Aa thda man diéu kién:
la— Al < Aa (1.1)
hay a — Aa < A < a+ Aa. S6 duong Aa nay goi la sai s tuyét dbi cta a. RO rang
néu Aa da la sai s6 tuyét d6i ctia a thi moi s6 A’ > Aa déu c6 thé xem 1a sai s6 tuyét
dbi ctia a. Vi vay trong nhirng diéu kién cu thé nguoi ta chon Az la s6 duong bé
nhét c6 thé dugc théa man (1.1).
Néu a 1a s6 gan ding ctia A ¢6 sai s6 tuyét ddi 1a Aa thi ta quy udc viét:
A=a+Aa (1.2)
Aa

|a]
(1.2) cling c6 thé viét

Ty s6 éa = — duoc goi 1a sai s6 tuong dbi ctia a. Ta suy ra Aa = |a|éa, do d6

A = |a|(1 =+ da) (1.3)

@ Nhan xét Aa c6 cting thit nguyén véi 4, con éa la sd khong c6 thit nguyén va
dugc biéu dién bang %.

eVidu 1.1. Gidast A=rm,a=3,14.D03,14 < A < 3,15 = 3,144+ 0,01 nén ta

c6 thé ldy Aa = 0,01. Mt khac, 3,14 < A < 3,142 = 3,14 + 0,002 do d6 c6 thé lay
Aa = 0,002.
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e Vidu 1.2. Po d6 dai hai doan théng AB, CD ta duoca = 10cm va b = 1cm véi

Aa = Ab = 0,01cm. Khi d6 ta c6 da = 0,01 = 0,1% con éb = 0,01 = 1% hay
6b = 106a.
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Hién nhién phép do a chinh xac hon han phép do b mic du Aa = Ab. Nhu vay
do chinh xac cia mot phép do duge phan anh qua sai s6 tuong doi.

1.1.2  Su lam tron s6, sai s6 lam tron

Mot s6 thap phan a déu biéu dién duge dudi dang:
a = £(Bpl0F + B,_110P 1 + -+ + B,_s10P~%)

trong d6 B; (i=p,p—1,...,p — s) 1a cac sb nguyén duong tir 0 dén 9. Chang han
a = 572,96 = 5.10% + 7.10' +2.10° +9.10~! + 6.1072, & day B = 5,81 = 7, Bo =
2,.1=9,82=6.

Lam tron a 1a bé di mot s6 cac chit s6 bén phai a dé dugc mot s6 @ ngan gon hon

va gan dung nhat vdi a.
© Qui tac thu gon: Gia st
a=pBpl07 + -+ ,3j10j + o+ Bposl0P7S
va ta gitt lai dén s0 hang thtt j. Goi phan vt bd 1a y, ta dat
a=Bpl0F + -+ B 10T + B;10/,

trong do:
B e Bi+1 néu 0,510 <y <10
1B néu 0<p<0,510

Truong hop p = 0,5.10/ thi §; = B; néu ; 1a chan va B; = B; + 1 néu B; 1a1é vi

tinh todn vdi s6 chan thuan tién hon.

e Vidu 1.3. Thu gon dén 2 chit s6 sau diu phay cac sb sau:

a=>572,96573 a =>572,97; b =45,75346 b =45,75
¢ =301,38500 ¢ = 301,38; d =432,23500 d = 432,24

® Sai so lam tron: Sai so lam tron la so 6a > 0 thoa man diéu kién:

a—a| < 6a
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Via = B,10° + -+ 5]-101' +u,cona = B,10° + - - - + ,[3]-“10]”rl + leOj nén

[a—a| = [(B; — B;)10/ + | < 0,5.10'.

® Sai 56 ctia s6 da thu gon: Ta c6
a—-A=a—a+a—A
dodola—A|<|a—a|+|a—A| <Aa+06a
Vay c6 thé lay: A7z = Aa + 6a, tic 1a sau khi thu gon, sai s6 tuyét ddi tang lén.

© Anh hudng ctia sai s6 thu gon: Ta xét mot vi du. Ap dung cong thitc nhi thirc
Niuton ta c6 cong thic dung:

(V2 —1)10 = 3363 — 2378V/2 (1.4)
voi V2 = 1,41421356...

Bay gio ta tinh hai vé ctia (1.4) bang cach thay /2 bdi cac s6 quy tron:

V2 Vé trai Vé phai
1,4 0,0001048576 | 33,8
1,41 0,00013422659 | 10,02
1,414 0,000147912 | 0,508
1,41421 0,0001866399 | 0,00862
1,414213563 | 0,00014867678 | 0,0001472

Su khéc biét gitra cac gid tri tinh ra ctia hai vé chiing t6 rang sai s6 quy tron c6
thé gay ra nhimng két qua khong mong mudn trong qua trinh tinh toan.

1.2 Cach viet so xap xi

1.2.1 Chir s6 c6 nghia

Chtt s6 c6 nghia la moi chit s6 khac "0" va ca "0" néu noé kep gitta hai chit s6 c6
nghia hoac no dai dién cho hang duoc git lai.

e Vidu 1.4. a = 0,0030140. Ba chtt s6 "0" dau khong c6 nghia.

1.2.2 Chir s6 chac

Gia str a la gia tri gan dung ctia A vdi sai s6 tuyét d6i Aa. Ta biét rang moi s6 thap
phéan a déu viét duge dudi dang:a = + ﬁiloi, trong d6 B; la nhitng s6 nguyeén tir
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0 dén 9. Chit s6 c6 nghia B; ctia a goi 1a chit s6 chac, néu Aa < w x 107, trong d6 w
1a tham s6 cho trudc. Tham s6 w duogc chon d€ mot chit sd von da chac sau khi thu
gon van 1a chit s6 chic. Gid st chit s6 chic cudi cing cta a trude khi thu gon 1a B;.

Dé ;1 va cac chit s6 trude nd van chac, phai co:
Aa+6a < wx 101 = w x 10° 40,5 x 10! < w x 107!

hay w > 5/9. Dic biét B; goi la chir s6 chac theo nghia hep (nghia rong) néu
w=0,5(w=1).

e Vidu 1.5. Cho a = 65,8274 v6i Aa = 0,0043 thi cac chit s6 6, 5, 8, 2 1a chac, con
cac chirs6 7,4 1a khong chac. Néu Aa = 0,0067 thi cac chit s6 6, 5, 8 1a chac con cac
chirsb2,74la khong chéc.

Nhu vay, sai s6 tuyét ddi Aa tach sb gan ding a thanh 2 phan: phan & bén trai
gdm cac chit s6 chic, phan con lai § bén phai gom cac chit s6 khong chac. Do chinh
xac cia mot s6 gan ding duge danh gia khong phai & chd s 4y c6 nhiéu chit s6
ma & chd sb ay c6 nhiéu chit s6 chac.
® Chi y: Khi viét s6 gan dung, chi nén gitt lai mot hai chit s6 khong chac dé khi

tinh toan sai so chi tac dong den cac chir so khong chac ma thoi.

1.2.3 Cach viét s6 xap xi

Cho 4 1a s6 gan dung ctia A vdi sai s6 tuyét d6i la Aa. C6 hai cach viét s6 A:
i. Viét kém theo sai s6 nhu & cong thire (1.1) hoac (1.2).

ii. Viét theo quy udc: moi chit s6 c6 nghia déu 1a chit s6 chac. Nhu vay hai s6
g?m diung a = 9 va b = 9,00 khéc xa nhau vé do chinh x4ac, s a ¢6 thé sai s6
dén 1 don vi, con sb b chi c6 thé sai dén 0,01 don vi.

1.3 Sai s6 tinh toan

Gia st can tinh gia tri dai lugng y* = f(x},x3,...,x}) trong d6 chi biét cac gia tri
gan dung cta ddi s6 1a x1,xa, ..., x, V6i cac sai s6 tuong tng la Ax; (hay éx;). Sai
sbcuay = f(x1,x2,...,%,) duge goi la sai s6 tinh toan.

Néu f 1a mot ham kha vi, lién tuc theo cac bién x; thi

y_y*:f(.X'1,X2,...,xn)_f(xik,xél---/ fol )
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trong d6 ¥ la diém trung gian nam gitra cdc diém (x1, xa, ..., x,) va (x], x5, ..., x}).

Do f;. lién tuc va Ax; kha bé nén ta c6 thé viét

n n
Y=y =) (i — x| < ) 1 filBxi = Ay (1.5)
i=1 i=1
Khi do i
Ay &Sy 7.0
oy = — = “Ax; = —1Inf(x1,x0,...,x,)|Ax; (1.6)
V= T L AT lag St A

1.3.1 Sai s6 cac phép tinh cong trir

Néuy =x; £xp+ - +x, thiy, =41,¥i=1,2,...,1nnén theo (1.5) ta c6:

n
Ay i Z Axi/
i=1

tire 1a sai s6 tuyét doi ctia tong bang téng sai s6 tuyét ddi ctia cac sb hang.
Gia st Ax,; = max Ax; va chir s6 chic cudi ciing ctia x,, & hang thit k, nghia la
1<i<n
Axy = 10%. Ta c6 Ay > Axy, vi vay khi lam phép cong dai s, nén qui tron céc x;
dén muc gitt lai 1 hodc 2 chi s6 bén phai hang thu k.

® Chua y Truong hgp tong dai s6 rat nho, nghia 1a |y| << 1 thi sai s6 tuong doi
Ay
oy =

1yl
phai tranh cac cong thic c6 hiéu cta hai s6 gan nhau.

tré nén rat 16n, do d6 két qua khong chinh xéac. Vi vay trong tinh toan can

1.3.2 Sai s6 cac phép tinh nhan chia

Gia s

. xl e xp

xp+1 “ e xn
Khi do
P n )
Iny = Zlnxi - 2 Inx; = a—lny = =+1
i=1 j=p+1 Xi
Theo (1.6) suy ra
n
by =) ox;,
i=1

tirc 1a sai s6 tuong ddi ciia phép todn nhan chia bang tong sai s6 tuong ddi cac sd

hang.
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Goi dx,; = max 6x; va chit s6 chac cubi ciing clia x,; & hang thu k, ta thay
1<i<n

8y > 6xy, nén khi lam céc phép tinh trung gian dé tinh y chi can lay k+ 1, k + 2
chir sb 1a du.

1.3.3 Sai s6 ctia phép liy thira, khai can, nghich dao

Cho y = x%, khi d6 oy = \%lnymx = |a|ox
e Néu a > 1 (phép luy thira) thi 8y > éx, do d6 do chinh xac gidm.
e Néu 0 < a < 1 (phép khai can) thi 6y < §x hay d6 chinh xac tang.
e Néu a = —1 ta c6 phép nghich déo, 6y = dx nghia la do chinh xéac khong dai.

e Vidu 1.6. M6t san nho hinh chit nhéat c6 cac kich thude do dugcela: x = 2,56m +

0,01m, y = 4,2m = 0,02m. Tinh chu vi va dién tich ctia san?
Giai
Chu victasan la P = 2(x +y) ~ 2(2,56 +4,2) = 13,52m. Sai sb tuyét doi
AP = 2(Ax + Ay) = 0,06. Vi0,01 < 0,06 < 0,1 nén P chi c6 3 chit s6 chac va c6
thé viét P ~ 13, 5m.

Dién tich ciasan: S = xy ~ 2,56.4,2 = 10,752. Sai sb tuong d6i sS = éx + oy =

1 1 2 .

do d6 AS = |5|.65 = 0,093 < 0, 1. Nhu vay S ¢6 3 chir so chac va c6 thé

256 210’
viét S ~ 10, 8m?2.

e Vidu 1.7. Cho dién tich hinh vuoéng S = 12,34, AS = 0,01. Tinh canh a =?

Tacéa = /S ~ 3,5128. Vi 6S = AS/|S| ~ 0,01/12,34 ~ 0,0008 nén Aa ~
3,5128 x 0,0004 ~ 1,4 x 1073, Nhu vy a c6 4 chit s6 chac va a ~ 3,513.
e Vi du 1.8. Tinh sai s6 tuyét ddi va sai s6 tuong dbi ctia thé tich hinh cau: V =
%nd?y biétd = 3,7 £0,05 va = 3,14.

Giai

Xem 71 va d 1a dbi s6 ctia V thi theo (1.5) va (1.6) ta c6: 8V = 67 + 35d trong dé
0d =0,0016/3,14 = 0,0005 va éd = 0,05/3,7 = 0,0135. Suy ra 6V = 0,0005 + 3 X

1
0,0135 =~ 0,04. Mat khac V = gnd3 ~ 26,5nén AV = |V|6V = 26,5.0,04 ~ 1,1.
Vay V = 26,541, 1cm?.



1.4 Sai s6 phuong phap va sai s6 tinh toan 7

1.3.4 Bai toan nguoc ctia ly thuyét sai s6

Gia st dai lugng y tinh theo cong thic y = f(xq, X2, . .., x,). Hoi phai lay Ax; bang
bao nhiéu dé€ Ay < const cho trudc?

® Nguyén ly anh huédng déu: Ta coi | fr.18x; = c(i =1,n), khi d6

& c Ay
Ay =Y |fl|Ax; =nc= Ax; = =
! z; fulos YRl nlfyl

e Vidu 1.9. Mot hinh tru ¢6 ban kinh ddy R = 2m, chiéu cao h = 3m. Hoi AR, Ah
phéai bang bao nhiéu dé thé tich V dugc tinh chinh xac t6i 0, 1m?.

Giai
TacéV = nR?h, suy ra g—z = R*h=12nén At = 3(1112 < 0,003.
Tuong tu:
g—g =2nmRh =37,7 = AR = 33’—317’7 < 0,001;
%—Z = R*>=12,6 = Ah = % < 0,003.

1.4 Sai so phuong phap va sai s6 tinh toan

Trong thurc té khi giai mot bai toan phic tap ta thuong phai thay bai toan dé bang
bai todn don gian hon dé c6 thé tinh todn bang tay hodc bang may. Phuong phéap
thay thé nhu trén dugc goi la phwong phap gan diing.

Sai s6 do phuong phép gan diing tao ra goi la sai s6 phuwong phap. Méc du bai
toan da  dang don gian, c6 thé tinh toan bang tay hodc trén mdy tinh nhung trong
qua trinh tinh toan ta thuong xuyén phai lam tron cac két qua trung gian. Sai s6
tao bdi tat ca cac 1an quy tron nhu vay dugc goi la sai s6 tinh toan. Dé hiéu ré hon

ban chat cta sai s6 phuong phap va sai s6 tinh toan ta xét vi du sau:

e Vi du 1.10. Theo khai trién Maclaurin ctia ham e* ta c6:
; x? x"
et=14x+—4+---+—4...
2! n!
Véi x = 1 cong thitc nay c6 thé dung dé tinh gia tri ctia s6 e. Tuy nhién day la tong
vO han, con trong thuc té ta chi tinh duoc tong

1 1
Su=1+1++ "+,
2! !



