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PHUONG PHAP KIEM TRA SAI SO VUOT GIO1 HAN TRONG CAC
TRI DO QUAN TRAC LUN CONG TRINH

ThS. Tran Ngoc Béng

Vién KHCN Xay dyng

ThS. Nguyén Ha

Truerng Bai hoc M6 - Pia chéat

TOM TAT: Bai bo c6 néi dung trinh bay phuong
phép phat hién céc tri do quan tric Itn céng trinh ¢6
sai s6 vuot qua sai s6 gioi han trong budc xt ly s6
ligu, dé tir do co sw chon loc s6 liéu quan trc dua vao
xt Iy tinh todn dé Iin céng trinh nhdm néng cao muc
dé tin cay déi voi gia trf quan tric lun.

1. Dit van dé

Trong quan trdc d9 1Gn cong trinh néu sé liéu
quan trac tén tai sai sé thd hoic sai sé hé théng thi sé&
khé khan cho viéc phan tich va gidi thich d§ lun, thém
chi ¢6 két luan sai. Bdng thdi, vi ban than gia tri do
lan twong ddi nhd, xAp xi bang gi¢i han cua sai sb do,
dé phan biét 4o lun va sai s6, nhan dwoc do lun chinh
xac dac trung cho d6 lun thwe clia cong trinh, ngoai
viéc nang cao do chinh xac do dé giam thiéu anh
hwéng cla sai sé do déi véi phan tich dd lun cong
trinh, can phai co bién phap loai trir tri do co sai sb
twong d6i I6n (vwot qua sai sé do).

Dwa vao quan hé hinh hoc cta luéi quan trac do
lin céng trinh, gitra cac yéu té do tdn tai quan hé nhét
dinh, dung phuong trinh toan hoc lién hé cac yéu t6 do
lai v&i nhau, Nhung trong cac trj do tén tai sai sé ngau
nhién, dé kiém tra sai s6 vuet giéi han trong cac trj do,
c4n phai diing phuong phap kiém dinh théng ké.

2. Kiém djnh téng thé sai sé vwot gi¢i han

Gia thiét L 1a vector ti do n chiéu, chia thanh hai
phén. Trong d6 Ly 1a vector trj do n; chidu, khong gbm sai
sb vwot gidi han; L, la vector trj do n, chidu, nghi la ¢6 sai
s6 gi6i han va dung & bidu thj vector sai s vuot gidi han.
Luc d6, mé hinh toan clia binh sai tham sé 1a [3]:

IRV [

Dé phan doan tng thé, trong vector trj do co sai
sb vuot gidi han hay khang, 1ap gia thiét gbc Hg:8 = 0.
Khi 1ay gia thiét géc lam diéu kién rang budc cta (1),
¢6 thé dung didu kién nay dé& khir di vector 4n sé 5, do
dé, voi diéu kién rang budc thi (1) tr¢ thanh:

] (A @

Trong d6 v, v, biu thi s6 hiéu chinh khi co didu
kién rang budc, dé& phan biét voi sb higu chinh vy, V,

40

khi chwa thém diéu kién rang budc (2) cé thé viét don
gian la:
L+V AX (3)
Ung dung phuong phap binh sai theo nguyén ly
sé binh phuong nhé nhét, tinh dugce tri wéc lugng
phwong sai cla tap nén.

_
- 4
6= VTPV 4)
r
&2
Khi gia thiét gbc dwoc chép nhan, bién —2- tuan
Oo
theo phan phéi F vé&i bac tw do r va trung tam oo, tic:
62 (5)
U—g-F(r.oo)

0

LAy mirc o, ¢6 thé tién hanh kidm dinh d6i vei gia thiét
gdc H, (trong céc trj do khong c6 sai s6 vrgt gidi han),

Sau khi kiém dinh gia thiét géc Hy bj bac b, biéu
thi v&i mlrc a, trong cac tri do ¢6 thé ¢é sai s6 wurot
gioi han.
3. Kiém dinh cuc b sai s6 vwot gidi han
3.1. Phwong phép kiém djnh F

Dé phan doan cy thé trj do nao c6 sai s6 vuot gidi
han, tredc tién gia thiét chi co tri do L; co sai s6 vugt
gi¢i han, thi (1) c6 thé viét [3]:

L+V-[A e,][:] ©

Trong 6, ;=1[0,....0,1,0...,0]"
Hé phuong trinh chudn twong &ng 13

ATPA ATPe, X |_ ATPL ()
e/PA e/Pe, [{A;] |e/PL
Tim nghjch dao ma tran chia khoi, 'giai duoc:
-elPV ®)
' e’PQ, Pe,
Mau sé ¢/ PQ,.Pe, trong (8) 1a mét sb. Do do:
e’P Pe, T .1
=P _q,. = (e'PQ P
& e’PQ,,Pe, Qw e/PQ,,Pe, (erPQnPe)
Q. =e/PQ,Pe, 9)

Dé kiém dinh A; ¢6 phai 1a sai s6 vuot gidi han
hay khdng, lap gia thiét gdc Ho; A khdng phai la sai s6
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vwrot gidi han, tirc A; tién dén 0. Can dung céng thic
wéc tinh phwong sai trong s6 don vi:
d'Qd

r

Béy dénr=1,d=A, ding céng thirc [8] va [9]
thay vao dworc:

SZ = (10)

elPV)?
s* el‘SPQVvI)’e‘ (11)
Do d6, bién
oS (e/PV)? (12)
a; (e/PQ,,Pe,)a?

Khi gia thiét gbc Hy dwoc chap nhan cin tuan theo
phan phéi F v&i bac tw do r = 1 va trung tam oo, voi
mtkc o ¢6 thé tién hanh kiém dinh abi voi gia thiét géc.
3.2. Phwong phdp kiém dinh B (phuwong phap
kiém dinh u)

Két qua tinh dwegc theo (8), (9) cing co thé ding
kiém dinh u d& tién hanh kidm dinh dbi voi gia thiét
gbc Ho (Tri do Li khéng cé sai sb vwet gidi han). Vi
thé, tiéu chuan héa bién A, dwgc lwgng théng ké [3]:
lerPv| (13)
o,(efPQ,,Pe)'"”

w = 180
oAi

cantuan theo luat phan phéi chuén.

Trwérng hep chung, ma tran trong sé P clia c4c tri
do 1a ma tran dwéng chéo, thi (13) co6 thé dwoc don
gian hoéa thanh;

P p— L
I Oo+/Avy,

Dung cong thirc xac suét:

P(WPU 1.0{2' Ho}=0

(14)

(15)
C6 thé kidm dinh théng ke ddi véi gia thiét gbc, tor
d6 quyét dinh trj do Li c6 chiva sai s6 vugt gidi han
hay khéng.
3.3. Phwong phéap kiém dinh ©
Phwong phap kiém dinh B yéu cau phai biét truéc
phwong sai tap nén ocz,
trwdng hop ndo do khong co cach nao biét trudc oo,

khi 06 ding tri u6c lwgng phuong sai VPV 5

r

[3] tim dugc trwéc khi loai bd tri do thay cho oo dé
tao thanh luong thdng ké.

Ivil
N

Va chi ra rang khi gia thiét gbc trj do L khéng
chiva sai s6 virot gi¢i han, lwgng théng ké tuan theo
phan phéi t bac tw do la r, do @6 co thé dang cong
thic xac suat:

cua gia tri do, nhung trong

(16)

T =
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P{r>T1.ar2(r)Ho}=ax (17)
d& tién hanh kiém dinh d6i voi gia thiét gbe.
Phuong phap kiém dinh nay thuong gei la phuong
phap kiém dinh <.
Tri phan vi ctia phan phéi t cé thé tinh dwoc tir tr
phan vj ctia phan phéi t theo céng thirc:
r? o {r-1)
r-1 +t12-a/z(r'1 )

(18)
Tyan(l) =

Trong d6, t2,(r-1) la tr phan vi t khi dung kiém
dinh hai phia v&i bac tw do r-1, méc a.
3.4. Phwong phép kiém dinh t

Khi phuong sai tap nén o2 chwa biét thi ding tr
wée lugng clia phwong sai tim dwec sau binh sai da
loai bd tri do L ¢o sai s6 vurgt gidi han [3]:

V'PV®
r-1

- 2 2 (19)
=(6§) (vpvyw =viPv . Y

VeV

Thay cho o2, ltic d6 lwgng théng ke la:

(vl (20)
65" Ja.,,

Khi gia thiét géc He: trj do L, khong chiva sai sb
Vgt gidi han, lwgng thdng ké t tuan theo phan phdi t
v&i bac ty do r-1, do d6 ding céng thirc xac suat:

P{ti>th(r-1 )l Ho}=0

(21)

Tién hanh kiém dinh gia thi&t géc, phwong phap
nay goi la phuwong phap kiém dinh t.

4. Cac bwéc kiém djnh sai s6 vwot gidl han dbi
véi cac tri do quan tric lun céng trinh theo
phwong phap kiém dinh théng ké

Dé kiém dinh sai sb vt gi¢i han dbi véi cac tr
do quan tric lin céng trinh ching ta thyc hién theo
cac buéc sau:

(1) Tién hanh binh sai déi v&i cac tri do clia cac
chu ky cua lwsi quan tréc Ian, tim dwgc vector An sé
X va ma tran hiép trong s dao Q. tir dé tinh:

V = AQA'PL-L 22)

Pugc VPV, ding (5), véi mac a, tién hanh kidm
dinh tdng thé sai sé vwrgt giGi han, khi két qua kidm
dinh cho thay ton tai sai s6 vwot gi¢i han, thi tinh:

Qu=(AQAP-1)QL L (AQLATP-I)T (23)
Qu=Qu -AQAT (24)

. (2) Ding céc phan t& trong vector V va cac phan
t& twong (ng trén duding chéo chinh clia ma tran Q,,

tinh lvi|/~/qviv| ldy tri do twong Gng véi max
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(vil7 Jav.y. ) (qia thiét 1a L) 1am t do c6 thé chira sai
ii
s vuot gidi han.

(3) Dung phwong phap kiém dinh B hodc phwong
phap kiém dinh t hodc phuong phap kiém dinh t tién
hanh kiém dinh théng ké gia thiét gbc. Khi gia thiét gbc
duoc chap nhan, nhan dinh cac tri do trong Iwdi quan
trc khong chira sai s vuot gidi han. Néu khong thi
nhan dinh tr do L co chira sai s& vwot gi¢i han, can
phai loai trev.

(4) Khi gia thiét gbc bi bac bd, loai trir tri do Ly, 1&p
lai cac bwéce 1) ~ 3), cho dén khi khdng con kha nang
tén tai tri do c6 chira sai s6 vwot gidi han (tirc gia
thiét géc duwgc chip nhan).

5. Vi du tinh toan theo phwong phap kiém djnh
théng ké

Hinh 1 1a lwéi khéng ché d6 cao co s& quan trac
lan cdng trinh theo phwong phap do cao hinh hoc
hang |, mang lwoi gdm 6 diém khéng ché dd cao co
s& (1, 2, 3, 4, 5, 6), trong hinh mi tén biéu thj huwéng
do, chénh cao 1a mm, n la sb tram do. Cac vong khép
cua luéi déu dat yéu ciu do lun hang |

<0.3/n ).

(wsw,,

-44.88

+39.03

-41.42
5 n=3

n=3
Hinh 1. So db lu6i khdng ché dé cao co sé quan tréc fun
céng trinh

Sai s6 trung phwong do cao trén mot tram may

sau binh sai d6i v&i do lin hang | theo tiéu chun quy

dinh 1a (Mywam < 0.15mm). Gia thiét ban dau la sai sb

trung phwong do cao trén mét tram may la o = +0.12
mm.

Dé tién hanh kiém tra trong vector trj do lwdi hinh
1 ¢6 tri do chira sai s6 vuot gidi han hay khéng tién
hanh theo cac bwéc sau:
Buoe 1: Tién hanh binh sai lwdi va kidm dinh téng thé
sai s6 vugt gidi han.
. Binh sai lwéi

Vé&i s6 liéu & hinh 1 gia thiét 36 cao cda didm 1 1a
H,=0, d% cao cla diém 2, 3, 4, 5, 6 12 x,, X3, Xy, Xs, X ,
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trong 6 clia cac tri do Pi=1/n; Tién hanh tinh toan
binh sai |wéi va tinh dugec:
0.1868

VTPV = 0.1868 ; § = 0.216 mm /tram

Sau khi két thuc binh sai lwgi ching ta nhén thay
v&i mang ludi hinh 1 tat ca cac vong kép déu dat han
sai theo do lun hang | (w _, < 0.3+/n ) nhung két qua
binh sai cho két qua sai sb trung phwong trong s
don vi la 0.216mm/ tram > 0.15mm / tram (theo tiéu
chudn quy dinh Mpaam < 0.15mm) do dé, sau binh sai
mang lwéi khong dat do chinh xac theo tiéu chuin
quy dinh. D& tién hanh kiém tra luéi khong dat yéu
cau db chinh xac la do dau chung ta tién hanh thuc
hién kiém tra cac tri do xem co tri do nao chra sai sé
virot sai s6 gi¢i han hay khéng?
. Kiém dinh tdng thé sai s6 vwot gidi han

Theo gia thiét ban d3u la sai s trung phwong do
cao trén mot tram may op = +0.12 mm, véi mic
=0,05 tién hanh kiém dinh tong thé sai sb wuot gisi
han theo céng thie (5), ta co:

.2
F=20 =324>237 (a=0.05, F(4, ) = 2.37) do
%

do, gia thiét gbc bi bac bd, nhan dinh trong cac trj do
¢6 trj do chiva sai s vugt gidi han.

Buge 2: Tinh |/ vy

|V,

=0.193; Y2l =g 193
'\’q\ﬁv, \'quvz
Ml 20403 Ll = 0310,
q\,l\,l qv‘v‘
fvs| Ivel
=0.076; —¥el_ = 0.249:
\'quvs \'quve
Vil 2018, Ml =018 Mol — a4
NCT ., Qe
Max IVl o Vsl _ g 403 tong tng véi ti
'\'qv(vl q\.r;,\.rl
do h51

Bute 3: Kiém dinh cuc bd sai sb vuot gioi han
Theo phwong phép kiém djnh B
Vi gia thiét ban diu l&y sai sé trung phwong do
cao trén mét tram may Ia 0.12mm, Do d6, theo cbng
thire (14) tinh dwgc We, = 3.358.

Néu ldy mic o = 0,05 thi trj phan vj 1a Uy, =
1.96. Vi W,y = 3.358 > 1.96 nén gia thiét géc bi bac
b6, nghi ng& hsy cé chia sai s6 vwot gidi han.

- Theo phuong phép kiém dinh ©

Tir vector sb hiéu chinh V tim dwoc sau binh sai
va ma tréan trong s& P ctia cac trj do, co thé tinh dwoc

Tap chi KHCN X&y dung - s6 1/2014
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tri wdc luong clia sai s6 trung phuong trong sé don vi
trwdre khi loai bo tri do c6 chlva sai sé vuot gioi han.

. [v'
G,- 9_P5V =+0.216mm

T d6 theo cong thire (16) ta dugec.
0.403
T = =
61 0216 1.865

Véi bac tw do 3, mic o = 0,05, tra bang dwoc
t0.975(3)=3.1824; Theo céng thirc (18) tinh trj phan vj .

[4x3.1824°
) (4)= J—oo < =
oars{4) a1+3.18247 738

Vi 16, = 1.865>1.756, do d6 c6 két luan giéng nhw
phuong phap kiém dinh B nghi ngé hs, c6 chira sai
s6 vuot giGi han.

Theo phuong phép kiém djnh t
P& st dung kiém dinh t, cAn phai tinh tri wéc
lugng phuong sai (6%)?sau khi loai bd trj do co
chira sai s6 vugt han sai. O’ day, diing céng thirc (19)

@oy VO PV =Py L Y

R

(V YP v )(k)
-1

ta tinh duoc 68") =0.09

Lugng théng ké dwoc tinh theo céng thirc (20):

4.4
o 0.091 28

Vi tg; = 4.428 > 3.1824, do do6 nghi ngd hg; co
chira sai s6 vuot gioi han, nhw két luan cla hai
phuong phap kiém dinh trén.

Sau khi loai bd tri do hg; ¢ chiva sai s6 vuot giGi
han, tién hanh kiém dinh cac tr do con lai, két qua
kiém dinh cho thy cac tri do con lai khéng chira sai
s6 vurot gici han va sai s trung phuong trong s don
vi cOa lwdi luc nay 1a 0.09mm / tram < 0.15mm/ tram.
Luai dat do chinh xac theo cép hang & ra.

6. Kiém dinh cyc b sai s6 vwet gidi han theo tiéu
chuén sai sé giéi han

Qua trinh kiém dinh cuc bd sai sb vwot giéi han
theo phuong phép kiém dinh B, 7, t theo céc cong
thirc & trén, ngoai viéc sir dung két qua binh sai lwéi
da tinh toan con phai tra bang xac suét théng ké. Do
dé khé co thé tw dong hoa qua trinh tinh toan trén
may tinh dién t&. Trong trudng hop dé ty dong 16a
qua trinh tinh toan trén may tinh dién t& thi co thé ap
dung cdng thirc sau dé kiém tra trj do chia sai sé
vuot gii han:

Vil S tmvi ; (25)

Trong cbng thirc (25):
V;: sb hiéu chinh’ctia cac trj do.
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t: 13 hé sb chuyén dbi tr sai s trung phuong
sang sai sb gioi han (t = 2+3); trong quan trac chuyén
dich cdng trinh t thwérng chon béng 2.

my: sai s trung phwong xéac dinh sé higu chinh Vi:

my; = W Qvivi (26)

Trong céng thirc (26), tly tirng truong hop cu thé
ma ngudi tinh toan xr Iy b liéu ¢6 thé lay p theo gia
thiét ban dau hoac 14y theo két qua sau binh sai lugi
hoac cling co thé Iay p theo cap hang lu¢i ma quy
pham, tiéu chuan quy dinh.

7. Vi dy tinh toan theo tiéu chuén sai sé gi¢i han
7.1. Vidy 1

Quay trd lai v&i vi dy tinh toan lwdi hinh 1 & trén,
sau khi tinh toan binh sai luGi 14y gia thiét sai s6 trung
phuong do cao trén mot tram may 14 op = £0.12 mm
tién hanh kidm tra tri do chua sai sb vuot gidi han
theo cong thirc (25). Két qua dwee néura & bang 1.

Bang 1. Két qua kiém tra trj do chira sai s6 vupt gisi han

So
STT| Vi | mu | 22my | Vi zlvr:lw. l:;"‘l';i

2, my
1 | v12 | 0.204 | 0.408 | 0.327|-0.081| <
2 | v26|0.170 | 0.340 | 0.273 | -0.067 | <
3 | ve1|0098| 0.196 | 0.330 | 0.134 | >
4 |v15|0.128 | 0.256 | 0.332| 0078 | >
5 | V560297 | 0.594 | 0.188 | -0.406 | <
6 |Vv63|0126]| 0.252 |0262| 0010 >
7 |v34|0088| 0176 | 0.014 | -0.162 | <
8 | V45| 0132 | 0.264 | 0.020 | -0.244 | <
9 |vs3|0185]| 0370|0376 | 0.006 | >

Tir két qua & Bang 1 nhan thay cac trj do hg, hys,
hss va hs3 co thé chira sai s6 vwot gidi han. Tién hanh
loai bd tri do c6 V| -2.my; = max(tri do het) va binh
sai lai mang Iwoi sau d6 tiép tuc tién hanh kiém tra
cac tri do can lai. K&t qua kidm tra sau khi da loai bd
tri do hg; dwge dua ra & Bang 2.

Bang 2. Két qua kiém tra trj do chira sai sé vurot giti han (sau
Kkhi da loai b6 trj do hey)

So
) 2. .
STT | Vi | mu | i | Vi | sanh
mvi 2.my | |Vi| v&i
2. my,
1 V12 | 0.174 | 0.348 | 0.029 | -0.319 <
2 V26 | 0.145 | 0.290 | 0.024 | -0.266 <
3 V15 | 0.087 | 0.174 | 0.014 | -0.160 <
43
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4 | V56 | 0.279 | 0.558 | 0.147 | -0.411 <
5 | V63 | 0.112 | 0.224 | 0.069 | -0.155 <
6 |Vv34 0087|0174 | 0.071 | -0.103 <
7 | V45 [ 0.130 | 0.260 | 0.106 | -0.154 <
8 | V53 |0.180 | 0.360 | 0.234 | -0.126 <

Két qua & bang 2 cho thay, sau khi loai bo tri do
hey c&c tri do con lai khéng chira sai sb vuot gi¢i han
va sai sb trung phwong trong sé don vi cda lwéi lic

nay la 0.09mm / tram < 0.15mm/ tram. Luoi dat 4§
chinh xac theo cap hang dé ra.
7.2. Vidy 2

Hinh 2 la lwéi do cao quan tréc lun cong trinh
theo phwong phap do cao hinh hgc hang Il, trong hinh
mi tén biéu thi hwdng do, chénh cao la mm, n 13 s
tram do. Mang Iw&i gdm c6 3 mée chudn (R1, R2, R3)
va 36 diém quan tric (1, 2, ..., 36). Cac vong khép
cia lwdi déu dat yéu clu do ldn hang 1l
(w < W, < 0.5+/n )

Hinh 2. So dé lui d6 cao quan tréc lun céng trinh

Sai sé trung phuong do cao trén mét tram may

sau binh sai d8i vé&i dd cao quan tréc lun (do IGn hang

11} theo tiéu chuan quy dinh la (Myam < 0.25mm). Gia

thiét ban dau la sai s6 trung phuong do cao trén mét
tram may la oo = £0.24 mm.

Dé tién hanh kiém tra trong vector trj do lwéi hinh
2 ¢6 tri do chira sai s6 vuot giGi han hay khéng tién
hanh theo cac budc sau:
o Binh sai hwdi

Véi sb ligu & hinh 2 gia thiét d6 cao caa didm R1
1& Hg1=6.00000m, trong sb clia cac tri do Pi=1/n;: Tién
hanh tinh toan binh sai lwéi va tinh duoec:
2.6887

39-1

Sau khi két thic binh sai Iwéi chiing ta nhan théy

v&i mang Iwdi hinh 2 tat ca cac vong kép déu dat han

VTPV = 2.6887 .6, = 0.266 mm /tram
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sai theo do Iun hang Il (w <Wgp <0.5Vn) nhung két

qua binh sai cho két qua sai sb trung phwong trong sé
don vj la 0.266mm/ tram > 0.25mm / tram (theo tiéu
chudn quy dinh ddi v&i do lin hang I, Muyam S
0.25mm) do d6, sau binh sai mang lwdi khong dat do
chinh xac theo tiéu chudn quy djnh. Tién hanh thyc
hién kiém tra c4c tri do xem ¢o trj do ndo chiva sai sé
vuot sai s gidi han hay khong?
*  Kiém dinh cuc b sai sé vuwot gidi han theo
tiéu chuén sai s6 gi¢i han

Sau khi tinh toan binh sai lugi lay gia thiét sai sd
trung phwong do cao trén mdt tram may la op = 10.24
mm tién hanh kiém tra tri do chira sai s6 vuot giéi
han theo ¢ong thirc (25). Két qua tim dwgc hy.s, hss
ha.10, D10.11, D112, Dig20, 2021, N21.22, Na2.23 VA hpg.24 €O thé
chira sai s6 vugt gi¢i han. Trong céc tri do nay trj do
cd |V -2my; =maxIa tri do hs., tién hanh loai b trj do

Tap chi KHCN Xéy dung - s6 1/2014
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nay ra kh01 tap hop ti do va binh sai lai mang lwei
sau do tleP tuc tién hanh kiém tra cac tri do con lai.
Két qua kiem tra sau khi da loai bod lr| do hgg cho lhay
cac tr| do cdn lai khong chua sai sb vu'qt gigi han va
sai s6 trung phuwong trong sé don vi coa luéi ldc nay
1a 0.23mm / tram < 0.25mm/ tram. Lw6i dat do chinh
xac theo cép hang dé ra.

8. Két luan

- P& nang cao mic d6 tin cay di voi gia tri quan
trac 1Gn céng trinh, ngoai viéc dam bao han sai do dac
theo quy pham, tiéu chuén quy dinh thi trong khau xc
Iy s& lieu quan tric lGn cAn phai loai bd cac tri do
chira sai s6 vwot sai sé gici han.

Phuong phap kiém dinh théng ké dé kiém dinh
téng thé va kiém dinh cuc bo sai sé vuot gi6i han dbi
vOi cac ti do 1a hoan toan chat ché va phu hep dbi
voi mang lwéi quan tréc 1an cang trinh.

- Phuong phap kiém dinh cuc bd sai sb vuwot gioi
han theo tiéu chuan sai sé gidi han cho két qua gibng

Tap chi KHCN Xy dymg - s6 1/2014

phwong phap kiém dinh théng ké va c6 cong thire tinh
toan don gian, d& dang lap trinh két hop voi bai toan
binh sai lwéi quan tréc @& ty déng hoa qua trinh tinh
toan trén may tinh dién tdr.
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