
DAI SO KHOANG VA CfNG DUNG 

VAO PHAN TiCH KET CAU THANH THEO PHl/ONG PHAP 

PHAN TLf HiJrU HAN KHOANG 

PGS.TS Tran Van Lien 
Khoa XSy dt/ng Dan dung vS Cdng nghipp 
Trudng Dai hgc Xay dt/ng 

Tdm tat: BSi bSo gidi thipu vi dai sd khoing, mpt Hnh vue toSn hgc dang phSt triin 
manh gin day, di tinh toSn eSc yiu ti khdng chic chin IS nhCmg dai lugng khoang 
bj chSn trdn vS ehSn dudi nhtmg khdng gin vdi mpt ciu true xSc suit nSo. TU dd, 
tSe gia dS Ung dt/ng dai sd khoang vSo vide phSn tich kit eiu thanh theo phuang 
phSp phin ttt hClu ban khoang vdi eSc tham so vpt lieu, hinh hgc vS til trgng IS cSc 
dai lugng khoing. Kit qua nhpn dugc xip xitd't vdi nghipm chinh xSc vS ed thi Ung 
dt/ng vSo thi/e ti. 

Summary: The paper presents the interval algebra, a developing mathematical 
field, to calculate uncertainties in the material, geometry, and load parameters In 
linear static structural analysis using Interval finite element Uncertainties are 
introduced as bounded possible values (intervals), and it has lower and upper 
bounds without assigning a probality stmcture. The obtained results should be 
accurate and effieienty computed. 

1. MO DAU 

Khi mP hinh hPa vd phdn lich ket cdu, ta thudng gdp trudng hpp cdc sd lieu v l vdt lipu, 
hinh hpc, lien kit, tai trpng eung nhu ehinh vipc mP hinh hoa vd phdn tich k i t eau ed chda nhilu 
ye'u td khdng chic chin, dan de'n cdc phan dng cda he cung Id nhOmg ye'u td khdng chic chin. 
Mde du md hinh xdc sud't vd thdng ke da dupc xdy dung khd day dd vd ro rdng, nhifng trong cac 
Irudng hpp sd lieu khdng dd, khdng rd rdng, khdng dupe phdn loai,... thi ngudi ta phai ehuyin 
sang sd dung cac mP hinh phi xdc sud't nhu ly thuylt tap md [1, 2, 15], phuong phap khoang [5, 
7, 8, 9, 10, 12, 13, 14], md hinh Idi [6, 13, 14], ly thuydt nhdn chdng [2, 6],... Id phd hpp hdn Si 
md hinh hda ede y lu t l khdng chic chin. 

Nlu ehl bi l l vdng cda tham sd bat djnh md khdng cd thdng lin ndo them, thi ngUdi ta 
Ihudng sd dung hdm phdn bo deu trong ly thuyet xde suat, nhU vdy, sif thie'u hut thdng tin da 
dupc bd dip bdi y kidn ehd quan cda ngudi phdn tich. Person vd Ginzburg [8] da chdng minh 
ring phuong phap xde sud't ed the mang lai nhung ki t qua khdng chinh xdc. Khi dd ylu to 
khdng chic chin dupe bilu dien td't nhd't bdng nhiJmg thdng lin ve khoang gid trj cua nd. Theo 
phuong phap khoang, dpi IUpng khdng chic chin x dugc gia thief Id dpi lupng khoang, bj chdn 
dudi vd chdn tren bdi can dUdi x va can tren x md khong gdn mpt cdu true xdc sudt ndo ea 
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x = \x,x] (1) 

Mue dieh eda phuong phap khoang Id danh gid ehinh xdc khoang gid tri cda phan dng hp 
thdng khi biel khoing gia tri eda cae tham sd dau vao. Phuong phap khoang dupe Moore dua ra 
dau tien ndm 1966, d in nhOmg ndm 1990, phuong phdp khoang da dupe sd dung de bilu dien 
cdc Iham sd khPng ehle chin trong cdc he ky thudt Phuong phap khoang mang lai mdt cdch 
bilu dien don gian, gpn nhe vd cd hieu qua tinh toan cao dd'i vdi cae ye'u to khdng ehle chin 
khi chi cd thdng tin ve vdng gia trj eda dai lupng nay. 

Khi cd them thong tin ve xdc sudt cda cdc ye'u td khPng ehle chin thi phuong phap xac 
sudt se dupe sd dung. Tuy vpy, do khdi lupng tinh loan cda phuong phdp khoang la il hon so vdi 
phuong phdp xdc sud't nen phuong phdp nay van dupe sd dung d l danh gia nhanh chong vdng 
gid trj dau ra cda hp. Phuong phdp khoang ed lien quan chdt che vdi cdc phuong phdp ddnh gid 
cae yeu td khdng ehle chin khde nhu ly thuyet tap md, ly thuyet lap nglu nhien, mo hinh Idi, 
mP hinh Dempster-Shafer, phUPng phap bien xde suat,... Vi du, mpt sd md la mpt tap khdng 
dem dupe cda ede khoang tUOng dng vdi mde dp thupc a, do dd phdn tich md ed Ih l dupe bieu 
dien nhu Id phdn tich khoang vdi nhdng mdc dp thupc a khac nhau [1,2,6,11,15]. 

Bdi bdo gidi thidu ve dpi sd khoang, mpt ITnh vifc loan hpc dang phdt trie'n manh gin ddy, 
d l tinh loan ede y lu td khdng ehle chin Id nhdng dpi lupng khoang bj chdn tren va chdn dudi 
nhung khdng gin vdi mpt cdu true xac sua't ndo. Td dd, ldc gia da dng dyng dpi sd khoang vdo 
vipc phdn lieh kit c lu thanh theo phuong phdp phan td huu han khoang vdi ede tham sd vdl 
lipu, hinh hpe vd tai trpng Id ede dpi lupng khoang. Ke't qua nhdn dugc xd'p xi lot vdi nghidm 
ehinh xdc vd ed Ih l dng dung vdo thue te. 

2. DAI SO K H O A N G 

2.1 So' khoing 

Mpt khoing thuc Id mpt tpp khdng rdng eda cdc sd thue 

X = \x, -cl = |jr 6 /?|x < jr < x\ (2) 

vdi A- vd x Id can dUdi vd can tren cda sd khoang x, x Id mpt phan td bat ky trong khoang x, R 

Id lap cdc sd thuc. Nlu x cd dang phdc tap hon, can dudi vd can tren dugc vidt dudi dang 

X = inf(x), x = sup(x) (3) 

Tap hpp tdt ea cdc sd khoang dupe ky hieu IR. Oilm giua x vd ban kinh radfx) cda mpt 

khoang x lan lupt dupc dinh nghla Id: 

X = mid(x) = ^ ^ , rad(x) = ^ (4) 

Do dd, s l khoang x cd fh l dupe bilu dien dudi dang; 

x = [x-rad(x), x + rad(x)\ (5) 

Trong nhilu frudng hpp, dilm gida x dupc xem Id 'giS tri, danh nghia' eda khoang. 

Khoang ed bdn kinh bing 0 dupe gpi Id khoang hep hay khoang suy biln, khoang hep bao gdm 
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ehi mpt sd thifc. Khoang co ban kinh Idn hon 0 dupe gpi Id khoang dSy. Neu dilm gida -V ^ 0 

thi x ed Ih l phdn tich thanh hai phan: phan xdc djnh (diem giCra) if va phin khoang 1 -•- d 
x = x(\ + S) (6) 

trong dd: 

X \\-rad(x)/x. rad(x)/x\ khi.\>0 

X \yad(x)/x, -rad(x)/x] , khi x<0 

S dupc gpi Id nhan td khoang. Id so do sU bien thien eda x dd'i vdi dilm gida x cda nd. 

Mpt khoang x ed 2% khong chac chin (ddi vdi dilm gida) nghla la d = {-0.01, O.Ol] vd 

X = x(\+[-0.01, 0.0i\). Dp rpng eda khoang x dupe dinh nghTa la 

wid(x) = 2rad(x) = 'x-x^ (8) 

Phan trong cda khoing JC dupe djnh nghTa la: 

int(x) = \x&R\x <x<x^ (9) 

Gid trj tuyet ddi hay magnhitude eda khoang dupe djnh nghTa Id: 

|jc| = mag('jr; = /«ar{|x|, |?|} (10) 

Khoang x Id khoang eon cda khoang >>, ky hieu Id xcy, khi va ehi khi y<x vd y>x. Bat 

ding thdc x<y ed nghTa Id x < y . Neu S la mpt tpp eon khong rdng vd gidi npi eda R, thi Pao 

(hulfj eda S Id khoang hep nha't chda S, dupe ky hieu la 

<>S:=[irt/(S),sup(S)] (11) 

2.2 Cdc phdp tinh so' hoc khoang 

Bdn phep lodn co ban cda sd thifc Id (+,-,x,^) ed the md rpng cho cdc sd khoang. Mpt 

phep loan bit ky <> e {+, -, x, -r) tren eae khoang dupe djnh nghTa theo quy t ic chung nhU sau 

xoy = ^xoy \xex, yey'\ (12) 

Tpp hpp cdc ke't qui cua phep todn ddi vdi xex vd yey tao thdnh mpt khoing ddng (nlu 
mlu sd khdng chda sd 0) vdi eae edn eda khoang xae djnh nhu sau 

xoy = [inin(xoy), max(xoy)^ vai °e{+, -. ^, -^) (13) 

Can dudi vd can Iren eda phep loan xoy dupe xdc djnh Id bdn cdp s l 

.vo V. xo J', xoy.xo y 

x + y = \ x + y, x + y^ 

x-y=[_x-y. x-yj 

-VX V = minl^xyxy,xy,xy\,maxlx)-,xy,xy.xy\ (14) 

llx = [l/3c, 1/̂ ] ne'it x>0 hay x < 0 

x-i-\ = XX I/y 

30 TAP CHf KHOA HOC C O N G N G H $ XAY DUNG Sd05 - 6/2009 



2.3 Hdm so khoang 

Hdm sd khoing Id mpt hdm ed gia tri khoang cda mpt hope nhieu biln khoang, do dd, 
hdm sd khoang anh xa gid tri eda mpt hope nhieu biln khoang len mpt khoang. 

Odi vdi hdm sd /('x, xJ , neu hdm gid tri khoang /( 'x, x„) cd tinh chd't 

f(x xj = f(x^, ,xj vdimgiddisdx 

Ihi/dupc gpi Id hSm md rpng khoang cda / Ta cd Ih l nhpn dupc ham md rpng khoing tif 

nhien cua f bing each thay thd mdi bie'n thUc x, bang mpt bie'n khoang x, va mdi phep todn 

thue {+. - , X, -=-) bing cdc phep lodn sd hpc khoang tuong (tng. 

Neu ham sd /(x x„) la mpt bieu thdc cua cae bien khoang ix, x,,) va cae 

phep tinh khoang (-1-, - , «. +) thi hdm nay thoa man linh chdt bao ham co ban la [7,10] 

Niu X, e J",, .,x, £>•„ thi f(x xji^fty yJ 

Mpt ddc dilm dang chd y cda bao ham la vdng gid trj cda mpt ham sd cd the dupe ddnh 
gid chdt bdi hdm md rpng khoang cda chinh nd 

{f(x xj|x, ejT x^^x„}^f(x, xJ (15) 

Oilu dd cd nghTa Id ham s6f(x xJ chda khoang gid trj eua f(x xJ ddi vdi 

mpi X, e X, (I = 1,2,n). Vi du, ddi vdi hdm sd f(x,, x, ) = x,+x^ vd\ x, e [l, 2], x:, e [2, 3] ta lim 

dupc khoang gid trj eda f bing each ddnh gia hdm md rpng khoang tu nhien cda ehinh nd 

/ = x:,+x:,=[l. 2] + [2, 3] = [3. 5] 

2.4 Ode diem bai toan phu thupc 

Theo (15), ddnh gid khoang gid trj hdm/Cx> thudng khdng dua ra dupe vung gid trj ehinh 
xae eda/md ehi danh gid dupc bao kin bien ngodi eua khoang. Trong nhieu trudng hpp, nhung 
bien dupe xde dinh bdi sd hpc khoang cd xu hudng qua rpng so vdi bien khoang gia tri thifc, do 
do, ki t qua nhdn dupc Id khdng ehinh xae. Vi du, bing cdch ddnh gia hdm md rpng khoang tu 
nhidn cda hdm sd f(x) = x- -x vdi x e [ - l , l ] , ta nhpn dupc vdng gia trj eua fid 

/ ^ v ; = x - . v = [ - l , l ] ^ - [ - i , i ] = [0, l ] - [ - i , l] = [ - l 2] 

Mdt khae, ta cd Ih l bilu dien: 

| / r x ; = x=-x = r x - 0 . 5 / - a 2 5 | x 6 [ - l , l] } = [-0.25. 2] 

Nhu vdy, vung gid trj hdm khoang/ed bao hdm vdng gid trj ehinh xdc, nhung nd dua ra 
gid trj cdn dudi Id qud Idn Id - 0.25 tdi - 1 . Trong linh todn sd hpc khoang, mdi lan xult hien cda 
mpt biln khoang ndo dd thi nd lai dupc xem nhu la mpt biln khoang khdc nhau, dpc lap nhau. 
Sau khi bilu thdc con x^ dupc tinh, sd hpe khoang khdng nhdn ra rang gia trj eua biln khoang x' 
Id lidn quan chdt che ldi gid trj eda biln khoang x. Sd hpe khoang xem cac khoang Id dpc lap 
nhau, nghTa Id, sd hpc khoing linh bilu thdc .v̂ -.v nhu Id .vV-V: vdi x, = [-1, l] , Xj = [-1, l ] . 
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Su md rpng khoang khdng mong mudn nay dupc gpi Id su udc tinh qud mdc do bdi todn 
phu thupc hay don gian Id bSi toSn phtj thupc. Ndi chung, niu tham sd khoang xuit hidn nhiiu 
han mpt lin trong tinb toSn thi se xay ra bai toSn phu thupc. Odi vdi cac bieu thdc md ede tham 
sd khoing xuat hien chi mpt lan, Ihi se khdng xay ra bdi todn phu thupe vd ta ed Ih l nhdn dUpc 
vung gid trj ehinh xdc cda hdm so. Neu bang cdch ndo dd, ta cd the giam dupe sd lan xudt hidn 
mdi tham sd khoang thi la ed the tranh dupe bai loan phu thupc. 

Do bai todn phu thupe, ehi con mpt sd Iual dpi sd cda sd thuc vPn con dung eho dpi s l 
khoang, cdc ludt khde ehi gid Irong mpt dang y lu hon. Co hai quy t ie chung eho ede phep loan 
khoang [7,10] Id; 

1 Hai bilu thdc dpi sd tUong dUOng trong dpi sd thUe thi eung tuong duong trong dai sd 
khoang khi md lat ca cdc bie'n xudt hien ehi mpt I ln. Vi du, neu a,b,ce IR thi 

a + b = b + a;ab = ba;(a + b)±c = a + (b±c); (ab)c = a(bc) (16) 

2. Neu / vd g Id hai bilu thdc dai s l tUOng dUOng trong dpi sd thifc Ihi hdm md rpng 

khoang ep dang/c g ndu cae bidn xud't hidn ehi mpt lan trong/ Vi du, neu a,b,ce IR thi 

a(b ± c) c fl6 ± ac, (a ± b)c Qactbc (ludt phdn b l phu) 

a-bc(a + c)-(b + c), alb c (oe)/(6c) (ludt gian Ude phy) (17) 

0 ea-a, \ea/a (ludt gian Udc phu) 

Bdi todn phu thupc lam eho ludt phdn bd, ludt gian Udc cda dpi sd khdng cdn phd hpp vd 
gdy rdt nhieu khd khdn d l cd dupe kit qua chinh xde ddi vdi cdc linh todn khoang phdc tap. 
ThSnh cdng cda phdp phSn tieh khoing phu thupe dSng ki vSo vipc st/giam bdt si/pht/ thuPc. 

2.5 Vdc to khoang, ma tran khoing 

Mdt ma trdn khoing AelR"""" Id mdt ma trpn md cdc phan td cua nd Id cdc khoang 

A„ =[Ajk, A_^J vdiy - 1,..., m: k = \,...,n: IR'""" bilu thj tap cda tat c l nhdng ma trdn khoang 

mx n: R""" bilu thi tap cda f i t ea nhCfng ma Iran s l thuc mx n. Can dudi, can trdn, dilm gida, 
phdn trong, gid tri tuypt doi eda mdt ma fran khoang dupe djnh nghTa lan lUpt Id 

d = (d,,):A = [A,);A = {A^,); int(A) = {ir,t(A,,)) ; \A\ = [\A,|) (18) 

Ma Iran khoing kieh thudc nxl gpi Id mpt vee tP khoing, bi lu thj bing IR" Hinh 1 bilu 

dien mpt vdc to khoang cd hai thdnh phan x = ( [ l , 3],[ I, 2] j " ^ 

Cdc phep loan trdn ma trdn khoang dupe md rdng td cdc phep todn tren ma trdn s l thifc 
tuong dng. Vi du, n lu .A e IR"""", B e IR""" vd x e IR" thi: 

A+B={A^^B,),,^,^^^,AXB = V^A^XBA '^-^A'LAJXX] (19) 
V*=l /ls.s».ls^s, V*=l Ji^^ 

Do bin chdt cua sd hpc khoang, mpt vdi ludt dpi sd dung cho cdc phep todn ma trdn s l 
thi ch? ddng d dang y lu hon cho cdc phep todn ma Iran khoang. Vi du, ddi vdi cdc ma trdn: 
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Xl 

2-

1--

- : • - : : • -

-1, l] 0 

0 [-1, x\ 

X\ 

Hinh 1. Vdc ta khoang 

^ = ([l.3l[l,2])' 

thi 

va 

( - ) c = ( : ; n {H •] 
0 H.']J~lH.'] [-1.1] 

[-1. i]l 

A{BC)= I 1 

0 I 
f[-l. 1] 
iH.i] [-i.i]J"l[-i.i] [-u]J 

[-2,2] [-1, in 

Cd fh l thiy {AB)C*A{BC), tde Id Iual lien k i t khPng con dung, ta cd 

{AB)C C A{BC) . Cdc lupt dpi sd dang yeu hon dugc Neumaier dUa ra [7,10] 

{AB)C c A{BC) cho A^R"""" , BeR""' , CelR""" 

(AB)Ci^ A{BC) choAef}""", BelR"'" ,̂ CelRi"" 

{AB)CC,A{BC) choAe:|R"'"',BdR"''P, C^RP'"' (20) 

A(BC)c{AB)C choAe«"^,8dR"''^CeR'""" 

A(aB)^a(AB) eho a ^R, AelR"«P, edR"" 

NPi Chung, khi linh todn lien quan tdi sd thue vd sd khoing, ke't qua se ehinh xdc hon nlu 
thuc hipn phdp loan khoing cdng mudn cdng lot. 

2.6 He phifdng trinh tuye'n tinh khoang 

HP phuong trinh tuydn tinh khoang vdi ma Iran hp sd khoang /4eIR""" vd vec to khoang 
AelR"cddang: 

Ax = b (AeA.beb) (21) 

Tpp nghipm cda phuong trinh (21) ed dang;•^ 

Y,{A,b)={xeR"\3AeA,3beb:Ax = b\ (22) 

o l d im b lo tap nghiPm '^^{A. b) bj gidi npi thi ma Iran A phai ehinh lac, tdc la mpi ma 

trdn .-ieA Id khPng ky dj. NPi ehung, lap nghiem "^(A, b) cd hinh dang phdc tap va khd d l 

tinh loan [7,10]. N lu AeIR""" Id mpt ma trdn khoang vuong ehinh t ie thi tap nghiem bj gidi npi. 

Sao cda tap nghidm Id vecto khoang hep nhd't chiJa ^ ( / f , b) 

A"b = 0'^(A.b) (23) 

Tuong dng vdi mdi AeA, beb. phuong trinh .-tx = bed mpt nghidm duy nhd'tx= A''b , nhu 
vdy. bao eua tap nghipm A"b cd Ih l bilu diln dudi dang 
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A"b=0{A-'b\AeA, beb] (24) 

Tuy nhidn, viec tinh todn bao eda tap nghiem cho trudng hpp long qudt Id bdi todn kha 
phdc lap. Trong thifc Id, nghiem can lim ludn md rpng hon bao cda tap nghiem, ndn ta se tim 
nghiem Id vec to khoang x bao hdm A"b md v in dam blo dp chinh xde can thie't 

A"b£x (25) 

X dupc coi la bao gan nhat cda tap nghiem, td't nhien, x cung khong phai la duy nhil. 
Dudi day, 'nghidm cda phuang trinh khoing dupc hilu Id 'bao gin nhat cda tap nghipm", edn 
'nghidm chinh xSc" dupe hieu Id 'bao cda tap nghipm". 

Khdi niem ve tap nghiem, bao eda tap 
nghiem vd bao gan nhd't cua tap nghiem dupc 
minh hop trong vi du sau day 

; 

0 "̂  

1X2 

r 

0 

< 

5 

b 

r - / " " ^ 

l5p /< . \ 
I ^ ̂  t.i. ) 

\ 

lan 

\" (s)' 

i> r 
1 

k 
s 

A 
i " 

™( 

. 

1 

4,1 

lA't 

0 xi 

) 

2 [-1, 0]] 

U-1. 0] 2 ' • ' 1 -1.2 

Khi do A CO the bieu dien dudi dang: 

2 
A = 

-p 2 

Hinh 2. TSp nghipm, bao cda tpp nghipm 
vS bao gin nhit cda fdp nghipm 

vdi a,pe[0, l ] . Nghiem gi l l tieh cda Ax=b theo 

quy t ic Cramer Id 

J l.2(2-o)/(4-ay8) ' 
''~[-l.2{fi-2)/{4-afi)^ 

Trdn hinh 2, tdp nghipm Id tdgidc vdi bin dinh Id (0.3,-0.6), (0.6, - 0.6), (0.6, - 0.3), (0.4, 
0.4). Td dd, ta xdc djnh dupe bao cda lap nghidm Id; 

A''b--
' [0.3, 0.6] ' 
[-0.6, -0.3] 

Id; 
Sd dung phan mem so hpc khoang b4m trong MalLab [9], bao gan nhdt eda lap nghidm 

_{ [0.2398, O7202] ' 
'"[[-0.7202 -02398]^ 

Rd rdng, bao gan nhd't cda tap nghiem x la rpng hon bao eua tap nghiem A"b. 

Cdc hp sd khoang trong ma Iran A cda vi du tren Id hodn lodn khdng phu thupc l in nhau, 
nghia Id, cae he sd a, fldugc xem Id bien thidn dde lap gida cac bien cda chdng. Loai phuong 
trinh luyen linh khoang nhu vdy gpi Id hd phuang trinh tuyin tinb khoang phi tham si. Trong 
nhieu bdi todn, gida cae hp sd eda ma Iran khoang ludn cd sif phu thudc ndo dd, khi dd hp 
phuong trinh tuydn tinh khoang gpi Id he phuang trinh khoing tuyin tinh tham so. Vi du, n lu ma 
trdn khoang A Id ma Iran dd'i xdng 
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2 -a 

-a 2 

vdi a e [O, l ] thi tap nghiem trong trudng hpp ndy Id: 

Y,^ymi'4.b)={xeR"\3AeA,3beb:Ax = bv&i .4' = A} 

Nghipm giai tieh eda Ax = b Id: 

x = 
fl.2(2-a)/(4-«^J 
1.2(a-2)/(4-a^), 

Vdi nghipm giai tich d tren, tap nghiem ^ , J „ ( ' 4 , A ) Id mpt dudng thing dam nhutren 

hinh 2 vd bao cda tap nghipm Id: 

^ [0.4,0.6] "l 
K.b = [-0.6,-0.4] 

Ro rdng: 

K-P^^"b 
nghTa Id bao cda trudng hgp ddi ximg IS hep han so vdl bao cda eSc trudng hgp chung 

trudc dd. Vi du ndy minh hop cho sif quan trpng cda vide tinh todn sif phu thupc de lim ra mpt 
bao ehinh xae cda cdc phuong trinh tuye'n tinh khoang vdi cae he sd phu thupc. 

Hinh 3. Sa dd dSn phing 

3. Vi Dy 

Xde djnh cdc chuyin vi nut theo phuong phap PTHH khoang vd so sanh vdi nghiem giai 
tich dd'i vdi ddn phdng sieu ITnh (hinh 3) gdm 10 thanh ed dien tieh A, md dun dan hdi E va chiu 
lai trpng P. Cdc sd lidu v l vat lipu, hinh hpc, tai trpng deu la cae dpi lupng khoang; £ = [195. 
205],\0\kN/m-), A =[9.75. 10.25].IO-'(m-')./> = [133, !47](A\y Z. = 4.5(m). 
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Hinh 4. Sa di rdi rac hda theo phuang phSp PTHH khoing 

So dd rdi rac hda theo phuong phdp PTHH khoing [4] dupc the hidn tren hinh 4 gdm 10 
thanh vdi 40 chuyin vj nut u = (w,,uj,--,u4o). Cdc dieu kipn bidn vd rdng bupc v l chuyin vi 
gida cdc nut dUPc xd ly bing phUPng phdp hdm phat. He 40 phupng trinh tuydn tinh khoang 
duoe giai theo phep ldp Kraw/ezyk [7] Id mpt phep ldp cho k i t qua nhanh vd tin cdy hon cac 
phdp khd khoang Gauss hay ldp khoang Gauss-Seidel. Bang 1 I h l hien vipc so sdnh kit qua 
tinh chuyin vj theo phuong phdp PTHH khoing vdi chuyin vj theo nghiPm giai lich. 

Chuyin 
vi nilt 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Nghidm giai 
tich (m) 

[0. 0) 

[0. 0) 

[0.0031. 0.00321 

[-0.0181, -0.0173) 

[0.0031. 0.0032] 

(-0 0181, -0.0173] 

[0 0055. 0.0058] 

[-0.0181. -0.0173] 

(0.0055, 0.0058) 

[-0.0181, -0.0173) 

[0.0086. 0.009) 

(0. 0) 

[00086. 0.009) 

|0. 0] 

(0 0024. 0.0026) 

(-0.0156, -00148) 

[0 0024. 00026) 

[-0.0156. -0.0148) 

[0.0055. 0 0058] 

(-0.0181. -00173] 

Bang 1. Kit qui tinh chuyin 

Nghipm theo 
chuang trinh (m) 
[ 0.0000, 0,0001] 

[ -0.0001, 0.0001] 

[ 0.0028, 0.0035) 

[ -0.0191, -0.0163) 

[ 0.0028. 0.0035] 

[ -0.0191, -0.0163) 

( 0.0050, 0.0063] 

[ -0.0191, -0.0163] 

[ 0.0050, 0.0063] 

[ -0.0191. -0.0163] 

[ 0.0079, 0.0097] 

[ -0.0001, 0.0001] 

( 0.0079, 0.0097] 

[ -0.0001, -0.0000] 

[ 0.0021, 0.0029) 

1 -0.0165, -0.0140) 

[ 0.0021, 0.0029) 

[ -0.0165, -0.0140) 

[ 0.0050, 0.0063) 

[ -0.0191, -0.0163] 

Chuyin 
vj nut 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

vj nut 

Nghipm giai 
tich (m) 

(0.0055, 0.0058] 

[-0.0181, -0.0173] 

(0.0061. 0.0065] 

[-0.0156, -0.0148] 

[0.0061, 0.0065] 

[-0.0156. -0.0148] 

(0.0031, 0.0032] 

(-0.0181. -0.0173] 

[0.0031. 0.0032) 

(-0.0181. -0.0173] 

[0.0024. 0.0026] 

[-0.016. -0.0144] 

[0.0024. 0.0026] 

[-0.016, -0.0144] 

[0.006, 0.0066) 

[-0.0156, -0.0148] 

[0.0061, 0.0065) 

[-0.0156, -0.0148] 

10. 0) 

[0. 0) 

Nghipm theo 
chuang trinh (m) 
I 0.0050, 0.0063] 

[ -0.0191, -0.0163] 

[ 0.0056, 0.0070] 

[ -0.0165, -0.0140] 

[ 0.0056, 0.0070) 

[ -0.0165, -0.0140) 

( 0.0028, 0.0035) 

[ -0.0191, -0.0163) 

[ 0.0028, 0.0035) 

[ -0.0191, -0.0163] 

[ 0.0021, 0.0029] 

[ -0.0165, -0.0140] 

[ 0.0021, 0.0029) 

[ -0.0165, -0.0140) 

[ 0.0056. 0.0070) 

[ -0.0165, -0.0140) 

[ 0.0056, 0.0070) 

[ -0.0165, -0.0140) 

[ -0.0001, -0.0000) 

[ -0.0001, -0.0000] 
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Ta nhdn thdy, nghipm giai tich ludn dua ra k i t qu i la mpt khoang hep nhd't so vdi cdc k i t 
qua tinh theo chuong trinh. Ke't qua nhdn dupe xlp xi tdt vdi nghiem chinh xae eho thiy cdch 
giai dd khic phuc dupc ddc dilm bai toan phy thupc cda dpi sd khoing, do dd, cd th i dng dung 
vdo phdn tieh cae ke't cau phdc tap hon vdi cdc sd lieu ve vat lieu, hinh hpc vd l l i trpng Id eae 
dai lupng khoang. 

4. KET LUAN 

- Neu cdc sd lidu ve vdl lieu, hinh hpe, lien kit, tai trpng cung nhu ehinh vide md hinh hda 
vd phdn tich ket cau cd chda nhieu ydu td khdng ehle chan thi ta phai sd dyng md hinh ede y lu 
id khdng ehle chin phi xae sudt nhu ly thuyet tap md, phuong phdp khoang, ly thuylt tap ngau 
nhien, md hinh ldi,... Phuong phap khoang mang lai mpt each bilu dien dPn gian, gpn nhe vd ed 
hieu qua tinh todn eao dd'i vdi cdc ydu td khdng ehle chin khi ehi cd thdng tin ve vung gia trj 
cua dai IUpng ndy md khdng gdn mpt ed'u true xde suit ndo c l . 

- Khi tinh todn khoing, can phli chu y d in ddc dilm bdi loan phu thupc Id nguyen nhdn 
eo bin d l dan tdi ke't qua khong ehinh xae, td do, phai eo cdch xd ly thich hpp. Odng thdi chi 
thuc hipn phep tinh sd hpe khoang khi that can thiet, cdng mupn cdng tdt. 

- Oa i^g dung dai s l khoang de tinh todn ket cdu he thanh vdi cdc tham sd vdl lieu, hinh 
hpc, tai trpng la dpi lupng khoing. Chuong trinh tinh ke't cdu dupe lap trong moi trudng MalLab 
theo phuong phdp PTHH khoang, sd dung phep giai ldp Kravî czyk d l giai he phuong trinh tuye'n 
tinh khoang. Cdc ki t qua nhdn dupe xlp xi tdl vdi nghiem ehinh xde vd ed th i iJmg dung vdo 
thue le. 
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Hinh 4. Sa di rdi rac hda theo phuang phSp PTHH khoing 

So dd rdi rac hda theo phuong phap PTHH khoang [4] dupe t h i hipn tren hinh 4 gdm 10 
thanh vdi 40 chuyin vj nut U = (M,,M2, ••,M4(|). Cdc dilu kipn bien vd rdng bupc v l chuyin vj 

gida cdc nut dupe xd ly bing phupng phdp hdm phaf. He 40 phupng trinh tuye'n tinh khoang 
dupe giai theo phep ldp Kravî ezyk [7] Id mdt phep ldp cho ki t qu i nhanh vd lin cdy hon cac 
phep khd khoang Gauss hay ldp khoing Gauss-Seidel. Bang 1 the hipn vide so sdnh kit qua 
linh chuyin vj theo phuong phap PTHH khoang vdi chuyin vi theo nghiPm giai lich. 

Bang 1. Kit qua tinb chuyin vj nut 

Chuyin 
vi nut 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Nghidm giai 
tich (m) 

[0. 0) 

[0. 0] 

[0.0031. 0.0032] 

[-0 0181. -0.0173) 

[0.0031. 0.0032] 

[-0 0181, -0.0173) 

(00055. 0.0058] 

[-0.0181. -0.0173] 

[0.0055, 0.0058] 

[-0.0181, -0.0173] 

[0.0086, 0.009) 

|0. 0] 

[0.0086. 0.009] 

|0. 0] 

[0 0024. 0 0026] 

[-0 0156, -0.0148) 

[0.0024. 0 0026] 

[-0 0156. -0.0148) 

[0.0055. 0.0058] 

[-00181. -00173] 

Nghipm theo 
chuang trinh (m) 
I 0.0000, 0.0001] 

[ -0,0001, 0.0001] 

[ 0.0028, 0.0035] 

[ -0.0191. -0.0163) 

[ 0.0028, 0.0035] 

[ -0.0191, -0.0163] 

[ 0.0050. 0.0063) 

[ -0.0191, -0.0163] 

[ 0.0050, 0.0063] 

[ -0.0191, -0.0163) 

[ 0.0079, 0.0097] 

[ -0.0001. 0.0001] 

1 0.0079, 0.0097] 

1 -0.0001, -0.0000] 

[ 0.0021. 0.0029) 

[ -0.0165, -0.0140] 

[ 0.0021, 0.0029] 

[ -0.0165, -0.0140] 

[ 0.0050. 0,0063] 

[ -0.0191, -0.0163) 

Chuyin 
vj nut 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

Nghipm giai 
tich (m) 

[0.0055, 0.0058] 

(-0.0181, -0.0173] 

[0.0061, 0.0065] 

[-0.0156, -0.0148) 

[0.0061, 0.0065] 

[-0.0156, -0.0148] 

[0.0031, 0.0032] 

[-0.0181, -0.0173) 

(0.0031, 0.0032) 

(-0.0181. -0.0173) 

[0.0024, 0.0026] 

[-0.016. -0.0144) 

[0.0024, 0.0026] 

(-0.016, -0.0144] 

[0.006, 0.0066] 

(-0.0156, -0.0148] 

[0.0061, 0.0065) 

[-0.0156, -0.0148] 

[0. 0] 

|0. 0] 

Nghipm theo 
chuang trinh (m) 

[ 0.0050, 0.0063] 

( -0.0191, -0.0163] 

[ 0.0056, 0.0070] 

[ -0.0165, -0.0140] 

( 0.0056, 0.0070] 

( -0.0165, -0.0140) 

( 0.0028, 0.0035] 

[ -0.0191, -0.0163] 

[ 0.0028, 0.0035] 

[ -0.0191, -0.0163] 

( 0.0021, 0.0029] 

( -0.0165, -0.0140] 

( 0.0021, 0.0029] 

( -0.0165, -0.0140] 

( 0.0056, 0.0070] 

( -0.0165, -0.0140] 

[ 0.0056, 0.0070) 

( -0.0165, -0.0140] 

( -0,0001. -0.0000) 

[ -0,0001, -0.0000) 
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