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T6m tat: Bai bao gidi thiéu vé dai s6 khodng, mét linh vuc toan hoc dang phat trién
manh gan day, dé tinh toan cac yéu t6 khéng chdc chdn la nhimg dai lugng khoang
bi chan trén va chadn dudi nhung khéng gén voi mét cau truc xac sudt nio. Tir do,
tac gia da img dung dai s6 khodng vao viéc phan tich két cau thanh theo phuong
phap phan t& hitu han khodng vdi céc tham s6 vét ligu, hinh hoc va tai trong la cac
dai luong khodng. Két quéd nhan dudc xap xi tét véi nghiém chinh xéc va co thé€ ung
dung vao thuc té.

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 structure. The obtained results should be
accurate and efficienty computed.

1. M3 AU

Khi mé hinh héa va phan tich két cau, ta thudng gap truong hgp cac s6 ligéu vé vat liéu,
hinh hoc, lién két, tai trong ciing nhu chinh viéc mé hinh héa va phan tich két cau cé chira nhiéu
yéu 8 khdng chac chén, dan dén cac phan (g cla hé ciing 1a nhimg yéu t6 khong chéc chin.
Mac di mé hinh xac suét va thdng ké da dugc xay dung kha day dd va ré rang, nhung trong cic
truong hop s6 liéu khdng dd, khong ré rang, khéng dugc phan loai,... thi ngudi ta phai chuyén
sang sir dung cac mé hinh phi xac suét nhu ly thuyét tap ma [1, 2, 15], phuang phap khoang [5,
7.8.9, 10, 12, 13, 14], md hinh 16i [6, 13, 14], ly thuyét nhan chimg [2, 6),... la phu hogp han a8
mb hinh héa cac yéu té khong chic chén.

Néu chi bi€t ving clia tham s6 bat dinh ma khong c6 thong tin nao thém, thi ngudi ta
thudng str dung ham phan bd déu trong ly thuyét xac suat, nhu vay, sy thidu hut théng tin da
dugc bu dap bdi y ki€n chi quan cla ngudi phan tich. Ferson va Ginzburg [8] d& chimg minh
ring phuong phap xac suat co thé mang lai nhimg két qué khong chinh xac. Khi d6 yéu t6
khong chdc chan dugc biéu dién t6t nhat bang nhimg théng tin vé khoang gia tri ciia né. Theo
phuong phap khoang, dai lugng khong chac chan x dugc gia thiét 1a dai luong khodang, bi chan
dudi va chan trén bdi can dudi x va can trén X ma khdng gan mét ciu trdc xac suat nao ca
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x =[x, %] (1)

Muc dich cdia phuong phap khoang la danh gia chinh xac khoang gia tri cia phan (g hé
théng khi biét khoang gia tri ctia cac tham s dau vao. Phuong phap khoang dugc Moore dua ra
dau tien nam 1966, dén nhimg nam 1990, phuong phap khoang da dugc sif dung dé biéu dién
cac tham sé khéng chic chan trong cac hé ky thuat. Phuong phap khoang mang lai mét cach
biéu dién don gian, gon nhe va c6 hiéu qua tinh toan cao ddi vdi cac yéu té khong chac chén
khi chi c6 théng tin vé ving gia tri cla dai lugng nay.

Khi c6 thém théng tin vé xac suat cua cac yéu td khong chic chén thi phuong phap xac
suét sé dugc st dung. Tuy vay, do khéi lugng tinh toan ctia phuong phap khoang la it han so véi
phuong phap xac sudt nén phuong phap nay van dudc sif dung dé danh gia nhanh chéng viing
gia tri dau ra clia hé. Phuong phap khoang c¢6 lién quan chat ché véi cac phuong phap danh gia
cac yéu t& khéng chéc chén khac nhu ly thuyét tap ma, ly thuyét tap ngau nhién, mé hinh 16i,
mé hinh Dempster-Shafer, phuong phap bién xac suét,... Vi du, mot s6 md la mot tap khong
dém dugc clia cac khoadng tuang (ng véi mitc do thudc @, do do phan tich ma cé thé dugc biéu
dién nhu fa phan tich khoang véi nhitng mitc do thudc o khac nhau [1,2,6,11,15].

Bai bao gidi thiéu vé dai s& khodng, mét linh vuc toan hoc dang phat trién manh gan day,
dé tinh toan cac yéu t& khong chéc chén la nhitg dai lugng khoang bi ch&n trén va chin dudi
nhung khéng gén véi mét cau tric xac suat nao. Tur do, tac gia da ing dung dai s6 khoang vao
viéc phan tich két cdu thanh theo phuang phap phan tir hitu han khoang vdi cac tham sé vat
liéu, hinh hoc va tai trong 1a cac dai lugng khoadng. Két qua nhan dugc xap xi tét vdi nghiém
chinh xac va c6 thé (ng dung vao thuc té.

2. PAI SO KHOANG
2.1 S& khoang
Mét khoang thuc 1a mét tap khong rdng clia cac so thuc

x=[§. )—c]={xeR()_ths;} (2)

véi X va X 13 can dudi va can trén clia sG khoang x, x 1a mét phan tlf bat ky trong khoang x, R
a tap cac s6 thuc. N&u x ¢6 dang phirc tap hon, can dudi va can trén dugc viét dudi dang

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

Tap hop tat ca cac s6 khoang dugc ky hiéu IR. Diém gilta ¥ va ban kinh rad(x) clia mot
khoang x 1an lugt dugc dinh nghia la:

i=mid(x)=£;x; rad{x)=x;E (4)

Do d6, s6 khoang x c6 thé dugc biéu dién dudi dang:
x=[%-rad(x), X+rad(x)] (5)

Trong nhiéu trudng hop, diém gitta X dudgc xem la “gid tri danh nghia’ clia khoang.
Khoang cé ban kinh bing 0 dudc goi 1a khoadng hep hay khoang suy bién, khoang hep bao goém
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chi mét s6 thuc. Khoang c6 ban kinh 16n hon 0 dugc goi la khoang day. Néu diém gilta X # 0
thi x c6 thé phan tich thanh hai phan: phan xac dinh (diém gilta) ¥ va phan khoang 1+ 9

x=3%(1+6) (6)
trong dé:

M

X {[—rad(x)/fr, rad(x)/%| khi >0
=

[rad(x)/ %, —-rad(x)/%] , khi <0
J dugc goi la nhén tir khodng, 1a s6 do su bién thién cla x déi véi diém gifta X cia nd.
Mbt khodng x c6 2% khong chic chin (d6i véi diém gilta) nghia la 6=[-0.01, 0.01] va
x=%(1+[-0.01, 0.01]). S rong clia khodng x dugc dinh nghia la
wid(x)=2rad(x)=X-x (8)
Phan trong clia khoang x dugc dinh nghia la:
inr(x):{xe R|)?<x<§} 9)
Gia tri tuyét d6i hay magnhitude ctia khodng dugc dinh nghia la:
le =mag(x)= max{ |§| |f\"|} (10)
Khoang x la khoang con clia khoang y, ky hiéu la xcy, khi va chikhi y<x va y>x. Bét
déng thirc x<y c6 nghia la ¥ < y. Né&u S 1a mét tap con khéng réng va gidi néi ctia R, thi bao
(hulfy ctia S 1a khoang hep nhét chita S, dugc ky hiéu la
08 1= [inf(S), sup(S)] (11)
2.2 C4c phép tinh s& hoc khoang
BG6n phép toan co ban clia s6 thuc 1a (+,-,x,+) c6 thé md réng cho cac sé khoang. Mét
phép toan batky o e (+. -, X, +) trén cac khoang dugc dinh nghia theo quy téc chung nhu sau
X°y={x°y |X€X,YEJ'} (12)

Tap hop cac két qua clia phép toan ddi véi xex va yey tao thanh mot khoang déng (néu
mau s6 khdng chifa s6 0) véi cac can clia khoang xac dinh nhu sau

xoyz[min(xoy), max(xcy)] voi oe(+, - A, +) (13)
Can dudi va can trén cla phép toan xoy dugc xac dinh tir bén cip s6

Yoy.xoy X0y, Xoy

x+y=[‘f+z, +;]
x=y=[x-r.x-y]

xxy =[min{ﬂg;,;z,;;},max{i',g;,;z.xy}] (14)

= |

1x =[1/%,1/x] néu x>0 hayx <0

xsy=xxl/y
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2.3 Ham sé khoang

Ham s6 khoang la mot ham cé gia tri khoang ctia mét hodc nhiéu bién khoang, do do,
ham s& khodng anh xa gia tri cia mot hoc nhiéu bién khoang Ién mét khoang.

Déi véi ham s6 f(x,, .....«,), n€u ham gia tri khoang f(x,. ...,x,) c6 tinh chat
fIx, nx, )= f(x,, .....x, ) vOi moi d6i s6 x

thi f dugc goi la ham md réng khoang cla f. Ta c6 thé nhan dugc ham md rong khoang tu
nhién cla f bang cach thay thé méi bién thuc x, bing mot bién khodng X, va mdi phép toan

thuc (+, - X, +) béng cac phép toan s6 hoc khoang tuong img.

Néu ham s8 f(x,, ....x,) la mot biéu thitc clia cac bién khodng (x,. .....,) va cac
phép tinh khoang (+, -, ~, +) thi ham nay thod man tinh chat bao ham co ban la [7,10]
Néu x, c y,, WX, ¥, thi fix,, x,)C f(y,. . y,)

Mét d4c diém dang chu y clia bao ham la ving gia tri cia mot ham sé cé thé dugc danh
gia chat bdi ham mad réng khoang clia chinh né

{/(x. ... X.)

IR =S — SEX} S fX, . x,) (15)

Diéu d6 cb nghia la ham s6 f(x,, .....x,) chira khoang gia tri cia f(x,, ....,x,) ddi vdi
moi x, ex, (i=12,n).Vidy, d6i véi ham s6 f(x,. x,)=x+x, Vi x, €[l, 2]. x, €[2, 3] tatim
dugc khoang gia tri cGia f bang cach danh gia ham md réng khoang tu nhién cia chinh né

f=x+x,=[12]+[2 3]=3 9]

2.4 Dic diém bai toan phu thudc

Theo (15), danh gia khoang gia tri ham f(x) thuong khéng dua ra dudc vlng gia tri chinh
xac clia £ ma chi danh gia dugc bao kin bién ngoai clia khoang. Trong nhi€u trudng hgp, nhimg
bién dugc xac dinh bdi s6 hoc khoang c6 xu hudng qua rong so vdi bién khodng gia tri thuc, do
dé, két qud nhan dugc 1a khong chinh xac. Vi du, bang cach danh gia ham ma rong khoang tu
nhién cla ham s6 f(x)=x"-x V0i xe [—1, 1] , ta nhan dugc vlng gia tri ctia fla

fix)=xt-x=[-1 1] -[-1.1]=[0, 1]-[-1, 1]=[-1, 2]
Mat khac, ta co thé biéu dién:
{f(x)=x*-x=(x-057-025xe[-1.1] } =[-025, 2]

Nhu vay, ving gia tri ham khoang f c6 bao ham viing gia tri chinh xac, nhung n6 dua ra
gia tri can dubi 13 qua I6n tir - 0.25 t6i -1. Trong tinh toan s& hoc khoang, méi lan xut hién cta
mét bién khoang nao dé thi né lai dugc xem nhu la mot bién khoang khac nhau, doc lap nhau.
Sau khi biu thitc con x? dugc tinh, s6 hoc khoang khong nhan ra réng gia tri clia bién khoang x*
|a lién quan chat ché téi gia tri clia bién khoang x. S6 hoc khoang xem cac khoang la doc lap
nhau, nghia 13, s6 hoc khodng tinh biéu thitc x*-x nhu 1a x°-x;véi x, =[-1 1] . x, =[-1, 1].
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Su md rong khoang khéng mong mudn nay duge goi 1a sy udc tinh qua mic do bai toan
phu thudc hay don gian la bai toan phu thuée. Néi chung, néu tham s6 khodng xudt hién nhiéu
hon mét Idn trong tinh toan thi sé xay ra bai toan phu thuéc. DGi véi cac bidu thic ma cac tham
6 khoang xuat hién chi mét 1an, thi s& khong xay ra bai toan phu thudc va ta co thé nhan duge
viling gia tri chinh xac clia ham s8. N&éu bang cach nao d6, ta cé thé giam duoc so Ian xuat hién
méi tham s6 khoang thi ta c6 thé tranh dugc bai toan phu thuéc.

Do bai toan phu thudc, chi con mot s6 luat dai s6 clia s6 thuc van con ding cho dai s§
khoang, cac luat khac chi gilt trong mét dang yéu hon. C6 hai quy tic chung cho cac phép toan
khoang [7,10] Ia:

1 Hai biéu thic dai s6 tuong duong trong dai s6 thuc thi cling tuong duong trong dai s6
khoang khi ma tat ca cac bién xuat hién chi mét 1an. Vi du, néu a, b, ¢ € IR thi

a+b=b+a;ab=ba;(a@a+b)tc=a+(bztc);(ab)c=a(bc) (16)

2. Néu f va g la hai biéu thic dai s6 tuang duong trong dai s6 thuc thi ham mé réng
khoang c6 dang f c g néu cac bién xuat hién chi mét 1an trong £ Vi du, néu a, b, ce IR thi

a(b+c)cab+ac, (atb)ccact+be (luat phan bé phu)
a-bc(a+c)-(b+c), albc (ac)/(bc)  (luat gidn udc phu) (17)
Oca-a, leaa (luat gian udc phu)

Bai toan phu thudc lam cho luat phan bé, luat gian udc cha dai s6 khéng con phi hop va
gay rat nhiéu kho khan dé c6 dugc két qua chinh xac ddi véi cac tinh toan khoang phifc tap.
Thanh c6ng cla phép phén tich khodng phu thubc dang ké vao viéc su gidm bot su phu thubce.

2.5 Véc to khoang, ma tran khoang

Mot ma tran khodng AeIR™" 1a mét ma tran ma cac phan tir cGa né la cac khoang
A, =[A.\'—A.n] vij = 1,..,m; k=1,..n; IR™ biéu thi tap cla tit ca nhitng ma tran khoang

mx n; R™" biéu thi tap clia tat ca nhimg ma tran s thuc mx n. Can dudi, can trén, diém giita,
phén trong, gia tri tuyét d6i clia mét ma tran khoang dugc dinh nghfa 14n lugt 1

4:(4,‘) ; Z:(Z,,‘) A =(ij): im(A)=(int(A,,)) : |A|=(|A,k|) (18)

Ma tran khoang kich thuéc nx1 goi la mét véc ta khoang, bidu thi béng IR" Hinh 1 biéu
dién mét véc to khoang cé hai thanh phan x =([L3][12] )T

Cac phép toan trén ma tran khodng dugc md rong tir cac phép toan trén ma tran sé thyc
tuong (mg. Vidu, néu 4 € IR™"  B€ IR™" vax € IR" thi:

,4+B=(,1’+By)lgwsm, AXB=["ZA"XB”) Axx:(iAuxx/J (19)

1915n, 15750 l<isn

Do ban chat cta s6 hoc khoang, mot vai luat dai s6 dung cho cac phép toan ma tran s6
thi chi dung & dang y&u hon cho cac phép toan ma tran khoang. Vi du, dgi véi cac ma tran:
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Co thé thdy (AB)C = A(BC), tiac 1a luat lien két khong con ding, ta cb
(AB)C c A(BC). Cac luat dai s6 dang yéu hon dugc Neumaier dua ra [7,10]

(4B)C < A(BC) cho AeR™" , BeR™ , CelR9

(4B)C c A(BC) cho AeR™", BEIR™, € elRP

(AB)C c A(BC) cho AelR™", B€IR™, CeR™ (20)
A(BC)c (AB)C cho AeR™", BEIR™, CeRP™

A(aB)c a(AB) cho O €R, AclR™, BelR™

N6i chung, khi tinh toan lién quan tdi s6 thuc va sé khoang, két qua sé chinh xac hon néu
thuc hién phép toan khoang cang muén cang tét.
2.6 Hé phuong trinh tuyén tinh khoang
Hé phuong trinh tuyén tinh khodng véi ma tran hé s6 khoang A IR™" va véc ta khoang
belR" c6 dang:
Ax=b (A€A, beb) (21)
Tap nghiém cla phuang trinh (21) c6 dang:+
3 (4 b)={xeRr
DE dam bao tap nghiém > (A, b) bi gidi ndi thi ma tran A phai chinh tic, tirc 1a moi ma

tran 4 € A 1a khong ky di. N6i chung, tap nghiém (A, b) c6 hinh dang phifc tap va kho dé
tinh toan [7,10]. Néu AelR™" |4 m6t ma tran khoang vuéng chinh tic thi tap nghiém bi gidi noi.

J4e€ A, 3beb: Ax=1b} (22)

Bao clia tap nghiém Ia vécto khodng hep nhét chira D (A, b)
A"b=0%"(A, b) (23)

Tuong (mg véi mbi A €A, beb, phuong trinh Ax = b c6 mét nghiém duy nhat x= 4”6, nhu
vay, bao clia tap nghiém 4”5 c6 thé bidu dién dudi dang
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A"b=0{4"bldc A, beb) (24)

Tuy nhién, viéc tinh toan bao cla tap nghiém cho truang hop tdng quat la bai toan kha
phic tap. Trong thuc t&, nghiém can tim luén md réng hon bao clia tap nghiém, nén ta sé tim
nghiém la véc tg khoang x bao ham 4" ma van dam bao do chinh xac can thiét

Apex (25)

x dudc coi la bao gan nhat cia tap nghiém, tat nhién, x ciing khong phai la duy nhat.
Dudi day, “nghiém cia phuong trinh khodng” dudc hiéu 1a “bao gan nhat cia tap nghiém”, con
“nghiém chinh xac” dudc hiéu 1a “bao cla tap nghiém’.

4\ x2 0.5 10 x Khai niém :/é té[.: nghiérp. baomcﬁa tap
| - nghiém va bao gan nhat cla tap nghiém dugc
minh hoa trong vi du sau day

4 :[[—f 0] [_]é 0]]' b :(_1122]

0.5 Khi d6 A c6 thé bidu dién dudi dang:
2 -a
53
hat -B 2
véi a,f€[0, 1]. Nghiém giai tich clia Ax=b theo
quy tic Cramer la
Hinh 2. Tap nghiém, bao cua tap nghiém 1.2(2-a)/(4-ap)
va bao gan nhét cda tap nghiém x= ~1.2(8-2)/(4-ap)

Trén hinh 2, tap nghiém |a tr giac vdi bon dinh 1a (0.3,-0.6), (0.6, - 0.6), (0.6, - 0.3), (0.4, -
0.4). Tur dé, ta xac dinh dugc bao ctia tap nghiém la:

A”b=[ [03, 0.6] J

[-0.6, -0.3]
SU dung phan mém s hoc khoang b4m trong MatLab [9], bao gan nhat cla tap nghiém
la:

[ [02398, 0.7202]
T [F0.7202 -0.2398]

RO rang, bao gan nhat cla tap nghiém x la réng hon bao cla tap nghiém 4.

Cac hé s6 khoang trong ma tran A clia vi du trén 1a hoan toan khong phu thudc 1an nhau,
nghia la, cac hé sé a, S dugc xem la bién thién doc lap gitra cac bién cla chang. Loai phuong
trinh tuyén tinh khodng nhu vay goi 1a hé phuong trinh tuyén tinh khodng phi tham s6. Trong
nhiéu bai toan, gilta cac hé s6 clia ma tran khoang ludn cé sy phu thudc nao dé, khi dé hé
phuang trinh tuyén tinh khoang goi la hé phuong trinh khoéng tuyén tinh tham s6. Vi du, néu ma
tran khoang 4 1a ma tran déi ximg
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3

A=

-a 2

vOi a e [0, 1] thi tap nghiém trong trudng hgp nay la:
Z ‘ym(A, b): {x eR"

Nghiém giai tich cia 4., x =b la:

sym

d4eA.3beb: Ax=bvoi A' = A}

_ 1.2(2—a)/(4—a2)

T [1.2((1 - 2)/(4-a?)]

Vi nghiém gidi tich & trén, tap nghiem »_ (A, b) 1a mot dusng thing dam nhu trén
hinh 2 va bao cla tap nghiém la:

A,,b_( [0.4,0.6] )

“{[-06,-04]

sym
R6 rang:
H H
A,,bcA”b
nghia la bao cda trudng hgp déi ximg & hep hon so vdi bao cia céc trudng hdp chung
trudc d6. Vi du nay minh hoa cho su quan trong cla viéc tinh toan su phu thudc dé tim ra mot
bao chinh xac clia cac phuong trinh tuyén tinh khoang véi cac hé sé phu thudc.

Hinh 3. So dé dan phing

3.viby

Xac dinh cac chuyén vi nat theo phuong phap PTHH khoang va so sanh voi nghiém giai
tich dGi véi dan phang siéu tinh (hinh 3) gém 10 thanh c6 dién tich 4, mo dun dan héi E va chiu
tai trong P. Cac s liéu vé vat liéu, hinh hoc, tai trong déu la cac dai lugng khodng: £ = [195.
205].10°kN/m’), A = [9.75,10.25).107(m), P = [133, 147)(AN). L = 4.5(m).
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Hinh 4. So dé6 roi rac hba theo phuong phap PTHH khodng

Sa dé roi rac hoa theo phuong phap PTHH khodng [4] dugc thé hién trén hinh 4 gém 10
thanh v&i 40 chuyén vi nit u = (uy,uy, .y ) . Cac diéu kién bién va rang budc vé chuyén vj
gilfa cac nat dugc xUr Iy bang phuong phap ham phat. Hé 40 phuong trinh tuyén tinh khoang
dugc giai theo phép 1ap Krawczyk [7] [a mét phép I&p cho két qua nhanh va tin cay hon cac
phép khir khoang Gauss hay Iap khodng Gauss-Seidel. Bang 1 thé hién viéc so sanh két qua
tinh chuyén vi theo phuang phap PTHH khoang véi chuyén vi theo nghiém gidi tich.

Bang 1. Két qua tinh chuyén vi nut

Chuyén Nghiém giai Nghiém theo Chuyén Nghiém gidi Nghiém theo
vi nut tich (m) chuong trinh (m) vi nut tich (m) chuong trinh (m)
1 {0. 0) [ 0.0000, 0.0001] 21 [0.0055, 0.0058] | [ 0.0050, 0.0063]
2 [0. 0) [ -0.0001, 0.0001] 22 [-0.0181, -0.0173] | [ -0.0191, -0.0163]
3 [0.0031, 0.0032) [ 0.0028, 0.0035) 23 [0.0061, 0.0065] | [ 0.0056, 0.0070]
4 [-0.0181, -0.0173] | [ -0.0191, -0.0163] 24 [-0.0156, -0.0148] | [ -0.0165, -0.0140]
5 [0.0031, 0.0032) [ 0.0028, 0.0035) 25 [0.0061, 0.0065] | [ 0.0056, 0.0070]
6 00181, -0.0173] | [ -0.0191, -0.0163] 26 [-0.0156. -0.0148] | [ -0.0165, -0.0140]
7 [0.0055, 0.0058) [ 0.0050, 0.0063] 27 [0.0031, 0.0032] | [ 0.0028, 0.0035)
8 (-0.0181, -0.0173] | [ -0.0191, -0.0163] 28 [-0.0181, -0.0173] | [ -0.0191, -0.0163]
9 [0.0055, 0.0058]) [ 0.0050, 0.0063] 29 [0.0031, 0.0032) [ 0.0028, 0.0035]
10 [-0.0181, -0.0173} | [ -0.0191, -0.0163] 30 (-0.0181, -0.0173] | [ -0.0191, -0.0163]
1 [0.0086, 0.009) [ 0.0079, 0.0097) 31 [0.0024, 0.0026] | [ 0.0021, 0.0029]
12 {0. 0] [ -0.0001, 0.0001] 32 [-0.016, -0.0144] | [ -0.0165, -0.0140]
13 [0.0086, 0.009) [ 0.0079, 0.0097] 33 [0.0024, 0.0026] | [ 0.0021, 0.0029]
14 [0. 0 [ -0.0001, -0.0000] 34 [-0.016, -0.0144] | [ -0.0165, -0.0140]
15 [0.0024, 0.0026] [ 0.0021, 0.0029) 35 [0.006, 0.0066) [ 0.0056, 0.0070]
16 [-0.0156, -0.0148) | [ -0.0165, -0.0140) 36 [-0.0156, -0.0148) | [ -0.0165, -0.0140]
17 [0.0024, 0.0026) [ 0.0021, 0.0029) 37 [0.0061, 0.0065] | [ 0.0056, 0.0070]
18 [-0.0156, -0.0148) | [ -0.0165, -0.0140] 38 [-0.0156, -0.0148] | [ -0.0165, -0.0140]
19 [0.0055, 0.0058] [ 0.0050, 0.0063] 39 [0. 0] [ -0.0001, -o.ooﬁ
20 [-0.0181, -0.0173] | [ -0.0191, -0.0163] 40 [0. 0 [ -0.0001, -0.0000]
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Ta nhan thdy, nghiém gii tich luon dua ra két qua la mét khodng hep nhat so vdi cac két
qua tinh theo chuong trinh. K&t qua nhan dugc xap xi tét véi nghiém chinh xac cho thay cach
gidi da khic phuc dugc dac diém bai toan phu thudc cla dai s6 khoang, do do, c6 thé img dung
vao phan tich cac két cdu phirc tap hon véi cac s6 liéu vé vat liéu, hinh hoc va tai trong 1a cac
dai lugng khoang.

4. KET LUAN

- Néu cac s6 liéu vé vat liéu, hinh hoc, lién két, tai trong ciing nhu chinh viéc mé hinh héa
va phan tich két cau c6 chlra nhiéu yéu t6 khong chac chan thi ta phai st dung mé hinh cac yéu
t6 khéng chac chan phi xac suét nhu ly thuyét tap md, phuong phap khoang, ly thuyét tap ngau
nhién, md hinh 16i,... Phuong phap khoang mang lai mét cach bidu dién don gian, gon nhe va cé
hiéu qua tinh toan cao ddi vdi cac yéu t6 khdng chac chan khi chi c6 thong tin vé viing gia tri
cla dai lugng nay ma khoéng gan mét cu trdc xac suat nao ca.

- Khi tinh toan khoang, can phai chu y dén dac diém bai toan phu thudc la nguyén nhan
co ban dé dan tai két qua khong chinh xac, tir d6, phai ¢ cach xt ly thich hgp. Déng thdi chi
thitc hién phép tinh s6 hoc khoang khi that can thiét, cang muén cang tét.

- Pa (mg dung dai s6 khoang dé tinh toan két cau hé thanh vdi cac tham sé vat liéu, hinh
hoc, tai trong la dai lugng khodng. Chuang trinh tinh két cau dugc lap trong méi truang MatLab
theo phuang phap PTHH khodng, sif dung phép giai lap Krawczyk dé giai hé phuong trinh tuyén
tinh khoang. Cac két qua nhan dugc xap xi tot véi nghiém chinh xac va cé thé (mg dung vao
thuc té.
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Hinh 4. So d6 rdi rac hoa theo phuong phap PTHH khodng

Uzo
Uy

Sa dé roi rac hda theo phuong phap PTHH khoang [4] dugc thé hién trén hinh 4 gém 10
thanh véi 40 chuyén vi nut u=(u,u,++,uy) . Cac diéu kién bién va rang budc vé chuyén vi
gilta cac nut dugc xU ly bang phuong phap ham phat. Hé 40 phuong trinh tuyén tinh khoang
duoc giai theo phép Iap Krawczyk [7] la mét phép 13p cho két qua nhanh va tin cay hon cac
phép khif khoang Gauss hay 1ap khodng Gauss-Seidel. Bang 1 thé hién viéc so sanh két qua
tinh chuyén vi theo phuang phap PTHH khoang véi chuyén vi theo nghiém giai tich.

Bang 1. Két qua tinh chuyén vi nut

Chuyén Nghiém giai Nghiém theo Chuyén Nghiém gidi Nghiém theo
vi nat tich (m) chuong trinh (m) vi nat tich (m) chuong trinh (m)
1 [0. 0} [ 0.0000, 0.0001] 21 [0.0055, 0.0058) | [ 0.0050, 0.0063]
2 [0. 0] [ -0.0001, 0.0001] 22 [-0.0181, -0.0173] | [ -0.0191, -0.0163]
3 [0.0031, 0.0032) [ 0.0028, 0.0035) 23 [0.0061, 0.0065] | [ 0.0056, 0.0070]
4 (00181, -0.0173] | [ -0.0191, -0.0163] 24 [-0.0156, -0.0148] | [ -0.0165, -0.0140)
5 [0.0031, 0.0032) [ 0.0028, 0.0035)] 25 [0.0061, 0.0065] | [ 0.0056, 0.0070]
6 00181, -0.0173] | [ -0.0191, -0.0163) 26 [-0.0156, -0.0148] | [ -0.0165, -0.0140]
7 [0.0055, 0.0058) [ 0.0050, 0.0063] 27 [0.0031, 0.0032] | [ 0.0028, 0.0035]
8 [-0.0181, -0.0173] | [ -0.0191, -0.0163) 28 [-0.0181, -0.0173] | [ -0.0191, -0.0163]
9 [0.0055, 0.0058] [ 0.0050, 0.0063) 29 [0.0031, 0.0032] | [ 0.0028, 0.0035)
10 [-0.0181, -0.0173] | [ -0.0191, -0.0163] 30 [-0.0181, -0.0173] | [ -0.0191, -0.0163]
1 {0.0086, 0.009] [ 0.0079, 0.0097] 31 [0.0024, 0.0026] | [ 0.0021, 0.0029)
12 [0. 0] [ -0.0001, 0.0001] 32 [-0.016, -0.0144) | [ -0.0165, -0.0140)
13 [0.0086, 0.009) [ 0.0079, 0.0097] 33 [0.0024, 0.0026] | [ 0.0021, 0.0029)
14 [0. 0] [ -0.0001, -0.0000] 34 [-0.016, -0.0144] | [ -0.0165, -0.0140)
15 [0 0024, 0 0026) [ 0.0021, 0.0029) 35 [0.006, 0.0066] [ 0.0056, 0.0070]
16 [-00156. -0.0148) | [ -0.0165, -0.0140) 36 [-0.0156, -0.0148] | [ -0.0165, -0.0140]
17 [0.0024, 0 0026] [ 0.0021, 0.0029] 37 [0.0061, 0.0065] | [ 0.0056, 0.0070]
18 [-0 0156, -0.0148) [ -0.0165, -0.0140] 38 [-0.0156, -0.0148] | [ -0.0165, -0.0140)
19 [0.0055, 0.0058) [ 0.0050, 0.0063] 39 [0. 0] [ -0.0001, o.m
20 [-0.0181. -0.0173) | [ -0.0191, -0.0163) 40 [0. 0 ([ -0.0001, -0.0000)

36 TAP CHi KHOA HOC CONG NGHE XAY DUNG SO 05 - 6/2009





