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CHINH HOA BAI TOAN NHIET NGUQC ‘
VOI HE SO PHU THUQC THOI GIAN TRONG TQA PQ CAU

LUPU HONG PHONG', PHAM HOANG QUAN", LE MINH TRIET™

TOM TAT
Nhw chiing ta dA biét, bai todn nhiét nguroc ¢ nhiéu iing dung trong vat i va céc
nganh khoa hoc ki thudt. Cho dén nay, cac cong trinh nghién cizu bai toan nhiét nguroc chi
yéu xem xét bai todn trong toa dé Pé-cac, co rat it bai bao xem xét bai toan trong toa do
cuc, toa do tru hay toa dé cau. Do dé trong bai bao nay, chdng téi mong muon nghién ciu
bai todn nhiér nguroc trong toa dé cau véi hé so khuéch tan phu thuge vao thoi gian. Chi
tiet hon, chuing téi sé chinh hoda bai toan bang cach ap dung phuwong phap tya gia tri bién
c6 diéu chinh va dua ra toc do hoi tu cua nghiém chinh héa nhanh hon dang Holder. Va
sau cung, mot vi du so dwoc dwa ra dé minh hea cho tinh hi¢u qua cua phwong phap cua
chung toi.
Tir khoa: bai toan nhiét nguoc, toa do ciu, phuong phép twa gia tri bién co diéu
chinh.
ABSTRACT

Regularizing the Backward Heat Problem with time-dependent diffusivity
in the spherical coordinates

It is known that the backward heat problem (BHP) has many applications in physics
and engineering sciences. Until now, the works on the BHP have been conducted in
Descartes coordinates, and there have been few papers in polar coordinates, cylindrical
coordinates or spherical coordinates. Therefore, in this paper, we study the BHP in the
spherical coordinates with the time-dependent diffusivity. In more details, we regularize
the problem by applying the modified quasi-boundary value method and get the
convergence of the regularized solution, which is better than the Holder type. Eventually, a
numerical experiment is given to illustrate the effectiveness of our method.

Keywords: backward heat problem, spherical coordinates, the modified quasi-
boundary value method.

1. Giéithigu

Nhu da biét, Ii thuyét phuong trinh dao ham riéng d& xuat hién tir 1au trong vat li
va céc tng dung khoa hoc ki thuat. Cho dén nay, mot trong cac phuong trinh dao ham
riéng duoc khao sat dén nhiéu nhét 1a phuong trinh parabolic. Cu thé hon, bai toan

“NCS - ThS, Trwdng Dai hoc Khoa hoc Ty nhién — DPHQG TPHCM
“ PGS TS, Trwdng Dai hoc Sai Gon; Email: phquan@sgu.edu.vn
" TS, Trwong Pai hoc Sai Gon

145



TAP CHi KHOA HOC BHSP TPHCM S6 12(90) nam 2016

nguoc cho phuong trinh nhiét duge dua vao nghién ctiu trong nhiéu thap ki qua. Y
nghia ctia bai toan, d6 13, chiing ta phai tim lai duoc su phan bd nhiét tai mot thoi diém
cu thé t<T khi chung ta do dac duoc sy phan bé nhiét tai thoi diém cubi T . Bai toan
nay duoc xuat hién trong nhiéu nganh khoa hoc ki thuat; vi du nhu, xac dinh nhiét do
dau caa mot vat thé, viéc do dac di chuyén cua nuwéc ngam, xac dinh va kiém soét cac
ngudn & nhidm, bao vé moi truong...

Bai toan nhiét nguoc (BHP) duoc xuat hién trong nhiéu bai bao chang han nhu
[9, 13, 14, 16, 17]. Céc bai bao trén tap trung nghién ciru cha yéu vao cac bai toan BHP
mot chiéu véi hé sé hiang hoac khdng hang trong toa do Pé-cac. Chi tiét hon, trong
[13], P. H. Quan ciing véi cac cong su dd xem xét bai todn BHP véi hé sb khuéceh tan
phu thudc thot gian sau:

u, (x,t)=a(tu(x,t), (x,t)el x(o,T),
u(x,T)=g(x), xel.

(1.1)

Bang phuong phap tua gié tri bién (MQBV) va yéu cau mot sé diéu kién dau cho
di liéu chinh xac, cac tac gia thu dwogc toc do hoi tu cua nghiém chinh hoa nhanh hon
dang Holder. Tuy nhién, cac bai toan BHP duoc xét trong toa do cuc thi rat hiém. Gan
day, bai toan truyén nhiét ngugc ddi xang (ABHP) trén mot dia tron dugc nghién ctu
boi W. Cheng va C. L. Fu [3, 4]. Trong bai béao [3, 4], W. Cheng va C. L. Fu da su
dung phuong phap chit cut phd toén tir va phuong phap Tikhonov co diéu chinh dé
chinh hoa bai toén sau:

ou_ o°u  1lou

—=—+-—, O<r<r, 0<t<T,
ot or* ror
ur,T)=e(r), 0<r<r, (1.2)

u(r,,t) =0, 0<t<T,
u@.t) <o,  0<t<T.

V&i mot s6 diéu kién caa nghiém chinh xac, c4c tac gia thu duoc cac sai s6 dudi
dang logarit. Trong [5], mot mé hinh vat 1i dugc xem xét dén 1a xac dinh ngudn nhiét
trong mot qua cau ¢6 béan kinh ro va duoc xét trong truong hop dbi xing tam vai thong
lwong nhiét trén bé mat bang 0. Tir d6, mé hinh toan hoc twong tng ¢6 thé mo ta qua
bai todn BHP dbi x{rng tam sau:

u=u, +-u, O<r<r, 0<t<T,

u(r,t)=0, O0<t<T, (1.3)
ur,T)=e(r), O<r<r,

‘U(O,t)‘<oo, 0<t<T,
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trong d0, ¢(r)la nhiét do tai thoi diém cudi. Hon nira, cac tac gia da sir dung phuong
phap Tikhonov c6 diéu chinh dé thu dugc téc d hoi tu nhanh hon dang Hélder (xem
[5]). Mot diém yéu caa hai bai toan (1.2), (1.3) d6 1a su phan b nhiét & thoi diém cudi
T lan luot doc 1ap véi 0 va (6,¢) ma rd rang didu nay khé xay ra trong thuc té. Do do,
dé tong quat hon va mang tinh (ing dung thuc té nhiéu hon, voi ¥ twong cua hai bai
toan (1.1) va (1.3), chdng toi tap trung nghién ctru bai toan xac dinh sy phan bo nhiét
do u(r,0,¢,t), véi (r,0,4,t)e(0,a)x(0,7) x(0,27)x(0,T) thoa man:

u, = a(t){azzJ +£a—u+ iz[ azg + cot@a—u+ csc’ azg J} (1.4)
or* ror r?loe Bl o

u(a,0,¢,t)=0, (1.5)

u(r.0,9,7)="1(r.0,¢), (1.6)

‘u(0,0,¢,t)‘<oo, (1.7)

trong d6, f 1a nhiét do tai thoi diém cudi T va a(t) la hé sé khuéch tan. Bai toan
(1.6), (1.7) 1a mot bai toan khdng chinh. Do d06, néu c6 su thay dbi rat nho cuaa dit liéu
thi nghiém xap xi tim duoc, néu ton tai, s€ cd su sai khac rat 1on so vai nghiém chinh
Xac. Van dé quan trong dugc cac nha nghién ctu quan tdm la chinh héa bai todn, nham
dua ra nghiém xap xi 6n dinh cho bai toan. Tur d6, ching t6i van dung phuong phép tua
gia tri bién co diéu chinh dé xay dung nghiém chinh héa cho bai toan (1.4)-(1.7). Y
tuong cua phuong phap nay 1a thém vao diéu kién bién (1.6) mot lwong “on dinh" s€
dugc trinh bay sau. Hon nira, ching t6i thu dugc udc lugng sai so gitra nghiém chinh
xac va nghiém chinh hoa theo dang Holder két hgp vai logarit. Bac biét hon, mét vi du
so dugc dé xuat d¢ minh hoa cho phuong phéap cua ching toi. Pay ciing 1a mot diém
manh cua bai bao nay vi trong bai béao [5], cac tac gia khong dua ra vi du so dé minh
hoa cho phuong phap cua ho.

Phan con lai cia bai bao duge chia nhu sau: Chung t61 dua ra mot s6 kién thuc
lién quan dén viéc tim nghiém chinh x&c cua bai toan (1.4)-(1.7) trong Chuong 2;
Chuong 3, ching t6i gioi thiéu nghiém chinh hoéa va dua ra wdc lugng sai so; Chuong 4
thé hién vi du s6 ma chang toi dé cap ¢ trén; cudi cung, ching tdi cé két luan trong
Chuong 5.
2. M@t sé dinh nghia va bé dé
Djnh nghia 2.1. Cho a>0 va L2[[Gafr|={f:[0;a]—>0|fla him do duoc

0 a]

Lebesgue Vi trong lugng r trén [0; } Tu d6, ta thidy rang khong gian

LZ[[O; a];r]trén la mot khong gian dinh chuan véi chuan

147



TAP CHi KHOA HOC BHSP TPHCM S6 12(90) nam 2016

], =ﬁr\f(r)\2 drj Vi f e L2[[0;al;r].

Tiép theo, ching t6i phét biéu mot vai dinh nghia va bd dé da duoc trinh bay
trong [11, 19].
Bé dé 2.1. Cho n 1a mét s6 nguyén khéng am. Khi dé, ching ta ¢6 cic ham cau Bessel
logi m¢t cap n nhw sau:

- B l 12
Jn(X)_[ZXJ Jnﬁé(X)’

, s T 1
trong do, J | laham Bessel logi mot Capn+5.
n+=

2

Bé dé 2.2. Cho n l1a mét sé nguyén khéng dm va phirong trinh cau Bessel cdp n dwoc
dinh nghia nhu sau

x2y”+2xy'+(/l2x2 -n(n +1))y =0,0<x<a, y(a)=0. (2.1)
Khi do, chung ta c6 cac nghiém ciua phuong trinh (2.1) nhuw sau:
yn'j(x)zjn(/ln'jx), n=0,1,2,...j=12,...,

nghiém dwong thir j cua J .
n+

VEIA= A = VR ong g5
GiA=2 = L rong do, a, .y,
Bé dé 2.3. Cho n la mét s6 nguyén khdng am thi ching ta cé da thirc Legendre logi mét
cap n nhw sau
M — |
Pn(x)zz_an(_l)m (2n 2m) Xn—2m
m=0

m!(n—m)!(n-2m)!" ' (2.2)

trong d6, M =n/2néu n lasé chan hay (n—1)/2 néu n l1a sé lé. Bén canh ds, ching
ta ¢c6 ham Legendre logi hai cdp n

Q,(x)=P,(x) I[Pﬂ(x)f(l—xz)dx’ (n=012...). (2.3)
Bé dé 2.4. Cho n=0,1,2,..., ta ¢6 phirong trinh Legendre cdp n
(1-x2)y"—2xy'+n(n+1)y=0, ~1<x<L. (2.4)
Tur d6, nghiém tong quét cia phwong trinh (2,4) 1a
y(x)=c,P,(x)+c,Q, (),
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trong do, P (x), Q (x) lan lwot diroc dinh nghia béi (2.2) va (2.3), ¢ c,la cac hang so.
Chuay2.1.

i) Cho n=0,1,2,... va m=0,1,2,..., ham Legendre lién hop P"(x)dugc dinh nghia
dudi dang dao ham cdp m cua da thirc Legendre cap n nhu sau:
d"P. (x)

X"

Tt P, 1a mot da thac cip n, dé P™ khac khong, ching ta phai chon0<m <n.

1 1!

Py (x) = (-1)" (1= x*)"" (2:5)

Hon nira, néu m 1a mot s6 nguyén am, ching ta dinh nghia P™ boi:

n(n+m
( )|Pn 0.

(n—m)!
bay la mo rong dinh nghia cua ham Legendre lién hop véi n=0,1,2,... va

m=—n,—(n—1),...,n—1,n.

P (0 = (-

ii) Sau déy, ching ta dinh nghia ham cau diéu hoa Y,  (6.4) boi:

2n+1( m)! P"(cosg)e™, (2.6)

Yon(6:6)= 4z (n+m) "

véi n=0,1,2,...va m =—n,—(n—1),...,n—1,n.

Bé dé 2.5. Cho n |a mét sé nguyén khéng am va phwong trinh vi phan cho ham cdu
diéeu hoa duwroc dinh nghia nhwr sau:

2
AN cot@a—YJr csc208—Y+ n(n +1)Y 0,
002 00 0¢?

V6i 0<O <, 0<¢<2rm. Khi do, ching ta ¢ 2n+1 nghiém khong tam thiong diroc
cho bai ham cau diéu hoa

Y(0.4)=Y,,(0.4). |m|<n,
v6i Y,  (0,8) dwgc dinh nghia boi (2.6).

Pinh nghia 2.2. Véi f(r,6,¢) 1a mgt ham kha tich bdc 2, xdc dinh véi 0O<r<a,
0<O<m, 0<p<2m, vacod chu ki 2z theo bién ¢. Khi dé, chiing ta cé:

f(r’0’¢):ii Z AjnmJ (ﬂ’njr)Yn m(@ ¢)

=1 n=0m
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trong do,

27

a
jnm J. J.
00
a Jn+1[ 1 J
n+=,j
2

va Ynnm lalién hop phiccua Y .

A j £(r,6,9)j, (A, )Y nn(8, p)r’sinadedgdr,

3. Céc két qua chinh
Bang cach sir dung phuong phép tach bién va khai trién chudi cau diéu hoa,
chtng t6i thu dugc nghiém chinh xac cua bai toan (1.4)-(1.7) nhu sau:

U060 =33 3 A (V)i (Y, 1 (0.9), 3.1)

j=1 n=0 m=-n

trong do,

A (1) = exp{ﬂb2 (F(T)- F(t))} jom?

azlrm
I
a JM[ n+1J
2

F(t) = ja(s)ds.

T £(r,0,9)j, (A, ;)Y nn(6,9)r’sindadgdr,

Tir d6, chung ta d& dang thay rang:
lim exp{/12 (F(T)—F(t))} — 40, N=0,1,....

j‘)r)o

Pay chinh 1a nguyén nhan gay nén tinh khong 6n dinh caa nghiém chinh xac
(3.1). Do d6, chiing ta can xay dwng mot nghiém xap xi cho bai toan (1.4)-(1.7) bang

cch thay thé thira sb exp{/ln%j (F(T)- F(t))} boi mot thira s6 "t6t hon". Pé lam duogc

diéu do, ching t6i dé xuét bai toan chinh héa sau:

2,,¢ € 2,,¢& & 2,,¢
u’ =a(t) 0 uz +gau +i2 0 u2 + ou 299 u2 , (3.2)
ar> r or r? 06 o0 o
u(a,0,4,t)=0, (3.3)
u8(0,9,¢,t)\<oo, (3.4)

va diéu kién bién tai t=T nhu sau;
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n exp{—/lnzvj (F(T)+ k)}

us(r,0,¢,T)=ii >

j=l n=0m=-n & (8)1[12] + eXp{_)«an (F(T) + k)

} fjim J-n ()“n,j r)Yn,m (01 ¢);

27

a
jnm J. J.
00
a Jn+1( 1 J
n+=,j
2

v6i a(e) 1a tham sb chinh hoa duoc chon sao cho Ilma( )=0,k=0 va f° ladi ligu

>0

f¢ j £5(r,0,9)j, (4, ;)Y nn(6,9)r’sinadadgdr,

do. Khi d6, ching t6i thu dugc nghiém chinh hoéa u® tng vai di ligu do f°

us(r,0,¢,t) = ZZ Z B, (1) 5. (A4, DY, . (0.9), (3.5)

j=1 n=0 m=-n

trong do,
exp{—/lnzvj (F(t)+k)} )
a (e)lnz'j + exp{—ﬂbnzvj (F(T)+ k)} nm?

va nghiém chinh héa v* tng vai dir liéu chinh xac f

V(r0.60=33 3 B, (1)i,(4 NV, (0.6), (3.6)

VGi
8, (1)- exp{-A2, (F(t)+K)| N
! a(e)lﬂ%i +exp{—ln2'j(F(T)+ k)} !

Pé tién cho viéc trinh bay, tir day tr¢ di, chung t6i ki hidu o =« (s)

Sau day, chung t6i dua ra mot s6 bo dé& gidp ich cho viéc danh gia sai sb giita
nghiém chinh x&c va nghiém chinh hoa.
Bédé3.1.Gidsir 0<a<T, a>0, taco bdrdang thirc sau:

e s 72))
——<—|In|— ]| .
aa+exp{-aT} « a

Bé dé3.3.Gidsir 0<t<s<T, O<a<Tvap=2. Khidé, ta cé cic bat dang thirc sau:

t-s

i) sup exp{(s—t—T)a} T [a In{IDT |

a0 aa+exp{ T a
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i) sup exp{—ta}

w0 aa+exp|-aT fiﬁ[d 'HGD
i) sup @ SC(p,T)I[m[ID_l'

>0 (1+a) (aa+ exp{—aT}) al \a

1-p/2
trong do, To=max{1;T}va C(p,T)= [pz;sz :

Chitng minh.
Ngudi doc ¢ thé tham khao phan ching minh cua (i) - (ii) trong bai béo [13], nén
trong phan nay, ching tdi chi chimg minh (iii). Pt

1-p/2
a p

H(a):anrexp{—aT}'

D& dang thay rang limH (a)=1limH(a)=0. Dén dén ton tai a, €(0,0)sao cho:

H(a)<H(a,) voia>0vaH'(a)=0.
Bang phép tinh don gian, chiing t6i c6 dugc:

aa,p/2

eXp {—aOT} = m

(3.7)

Mt khac, vé tréi cua (3.7) 1a mot sb thuc dwong, do do, chung t6i thu duoc:
ao Z p__2
2T
Ap dung BS dé 3.1, suy ra:
H(a)<H(a,)

) 1-p/2 . T -1
<| 2= —lIn[—1] .
2T a a
Két thic chirng minh B d¢é 3.1 iii).
Trong thuc té, dé co duoc nhiét do tai thoi diém cubi T, ching ta phai sir dung

c4c thiét bi do dac. Do d6, khong thé tranh duoc sy xuat hién sai s6 gira dit liéu chinh
xac f va dir liéu do dac dugc. Trong bai bdo nay, ching téi gia sir dir liéu do dac la

f¢va thoa diéu kién sau:
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Hi: Giasw, f, f°el’[[0;a]r] lan luot Ia dir lieu chinh xéc va dit ligu do dac
sao cho:

sup
(0.¢)(0.7)x(0,27)

Ngoai ra, ching tdi can them mot diéu kién dau vé nghiém chinh xac nhu sau:

<e.
2

H,: Voi mot sé thucp>2. Gia s rang u(,0,¢,t) e HP([0;a])- khdng gian
Sobolev, tic 12 ton tai mot sb dwong K sao cho

(6..)(0 S)u[())z,f Hu( 0.9, HP ([0;a]) ’ (3.8)
trong do,
HU( 0.9, HP ([0;a]) ii Z (]'—i_)“nz,j)p/2 Ajnm (t)jn()“n,j’)Yn,m (0,9)
j=1 n=0m ,

V&i hai diéu kién trén, ching t6i dua ra udc luong sai s6 giita nghiém chinh xac
va nghiém chinh héa qua dinh li sau.

pinh 1i 3.1. V6i f, fethoa diéu kién H,, 0<e<min{LT} va a=¢. Gia si ring
u(r,0,4,t) va u’(r,0,4,t), dugc cho bai (3.1) va (3.5), lan Iuot 1a nghiém chinh xé4c va
nghiém chinh héa twong ang véi dir ligu do f°. V6i(0,4,t)e(0,7)x(0,27)x(0,T),

chiing t61 c6 danh gia sau:

ng[ln[MD_ M(e). (3.9)
2 o
trong do, T, = max{l; F (T)+ k}va
F(t)+k
M(e) =[g |n[MDFWk +C(p, E(T)+K)K.
&

Chitng minh.
Chang minh cua dinh 1i nay duoc chia thanh hai phan. Trong phén 1, tir (3.5),
(3.6) va Bo dé 3.1, chung t6i c6 danh gia sau:

n exp{—/lz. (F(T)+k)}

%P3 £ = £ )1, G Y, (0.6)

—nadl +exp{ (F(T)+k)}( o

2
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F(t)+k
F(T)+k | |FO+* & & Q& :
STk o In (03 ZZ Z ( jnm - fjnm)Jn(An,j.)Yn,m(0'¢)
j=1 n=0 m=-n 2
F(t)+k
(T
<T | o | FOHK ~£(.0.9)|
(04 2
F(t)+k
F(T)+k
<T [ | ETDrK . (3.10)
(04

Trong phan hai, tir (3.1) va (3.6), chiing t6i c6 dugc:
A (® =B, (1)
exp{—/lnz'j (FH+ k)}
arl, Jrexp{—/’anvj (F(T)+ k)}
adl, exp{ A2 (F(T)-F(1)}
akl + exp{—/’anvj (F(T)+ k)} -

Ap dung Bb dé 3.2 iii), chiing tdi c6

{exp{an%j(F(T)F(t»}

. @ ar?,
Z;Z)mznaﬂ +exp{ L(F(M)+k)

% do Mo (0.9,
all; (1+ 22, )

) jZ:;nZ:(:)m;n alrl, +exp{— o (F(T)+k)}

}exp{/ln%j (F(T)- F(t))}

p/2 .
x(1+/1n%j) A 0, (4,

n,m

<aC(p, F(T)+k)£—k[ln{mn_

o

ii Z (1+A’nz,j)p/ Ajnm (t)J (ﬂ’nj )Yn,m (0’¢)

j=1 n=

SC(p,F(T)+k)Tk[In[MD_ K, (3.11)

o

X

2
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trong d6, C(p, F(T)+k) = [Z(Fp?‘)ik)} .

Bing bat dang thirc tam giéc, két hop (3.10), (3.11) va chon « = ¢, ching tdi suy

ra dugc danh gia sau:

k
&

F(t)+k
F(t)+k W_l -1
e 5 228 ey ] )
&
F(t)+k

L F(+k
<T[ [_F(T)“‘B [3F<T>+k+0(p,F(T)+k)K].

&

. F(T)+k \
Tur do, chung t61 c6 dugc danh gia (3.9). Chu y rang ¢ In{il s€ hoi tu vé
£

0 khi ¢ tién vé 0.
Két thlic chimg minh Binh 17 3.1.
Chay 3.1. Néu p=2, diéu kién H,tré thanh

‘ H2([0; a])

Hon nita, C(p,F(T)+k)=C(2,F(T)+k)=0. Diéu ndy dan dén wéc hrong sai sé
(3.9) trg thanh

()+k F(t)+k_1
e +k[.n[F“>+kB |
&

Pay la sai s6 dudi dang két hop logarit va Holder nhanh hon dang logarit cia

(3.9).
Chi y 3.2. Dira vao (3.9), chiing ta c6 thé thay rang k cang lén thi toc do héi tu

cia nghiém chinh héa cang tot.

4. Vidusd
Trong chwong nay, chling tbi xét bai toan cu thé sau:
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u = a(t){azu 20U +i[ o"u + cotea_u+ csc? 0 o' j} (4.1)
or? ror r?l o6’ o0 o
u(a,0,¢,t)=0, (4.2)
u(r.0,6,7)=1(r0.¢4), (4.3)
trong do, (r,0,4,t)€(0,1)x(0,7)x(0,27)x(0,1) va
f(r.0,¢)= 1010]12( 25/2,1r)[Y12,-12 (9’¢)+Y12,12 (9’¢)] (4.4)

1 1

Chung ta c6 duqc

Y12,12 (9’¢) 2422 Plz (COSQ) |12¢'

d6
RE() = (12— e

_ (24-2m)! oo
P12(X) 212 Z( ) m!(12—m)!(12—2m)!x
Yio 12 (9’¢):(_1)12Y12,12 (9,¢).

Tur do, chang t6i thu dugc nghiém chinh xac u twong tng vai dir liéu chinh xac
(4.4) nhu sau:

Ur0,6.0=33"3 exp{ 22, (FQ)—F@)} f (2, 1Y, (0.9),

j=1 n=0 m=-n

Xét dix liéu do sau
f5(r,0,9) = (1+g : rand(~)) f(r,0,9), (4.5)
trong d6, rand(-) ~ N (0,1). Tir (4.4) va (4.5), taco

<e.
2

Ngoai ra, tir (3.5), (4.5) va chon k; =0, ks = % chung t6i dua ra cac nghiém chinh

hoa u™ va u®* lan luot twong ung vaéi ki, ke nhu sau:
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U (r,0,¢,1)

» = (1+e~rand(~))exp{—ln2'jF(t)} _

;Zoz £22, +exp{-A2 F) poh U o (00 o
va

U (r,6,4,t)

o (1+e~rand(«))exp{—/ln2'j{F(t)+éj}

=22 Z o (B 1Y, 1 (6.9), (4.7)

&t +EXp {_/lnz,,- {F(l) + ;J}

Chung t6i dua ra cac tinh toan sai s6 giita nghiém chinh xac va nghiém xap xi tai
C4c gid trj cua t. Chi tiét hon, ching toi ldy ¢ lan luot 1a & =10",i=1,4, te{0;0.5}

va(0.4)e [%%} Céc bang sau day thé hién cac tinh toan sai s6 ciia ca hai truong hop

1
ki=0, k==
1 2 3

Bdng 1. Udc lwong sai 6 giiza nghiém chinh xac va nghiém chinh hoa u®*

trong truong hop (9 ¢) [E Ejva k =0

u® kl ﬂ- 7[ gt —ul - E Z t
6’6 '6'6 )|,
t | g=10" ¢, =107 £,=10" g, =10"
0 3.1297x10" | 3.1206x10" | 3.0320x10" | 2.3617x10°"
05 | 6.4538x10" | 6.4350x10" | 6.2524x10" | 4.8700x10°"

Bdng 2. Udc lwong sai so giiza nghiém chinh xac va nghiém chinh héa u*

1
trong truong h 0, —,—|vak,=
g truong hop (6,¢) [6 6} 3
us,kz _,Z,Z,t —u .’E’Z’t
6 6 66 ),
g =10" g, =107 g, =10" g, =10"
0 1.0669x10™" | 1.0649x10" | 9.2697x107“ | 9.2028x10"
05 5.6685x10™* | 5.5152x10" | 5.4914x10" | 5.3310x10*
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g ,kz
1

Tiép theo, Hinh 1 thé hién nghiém chinh xac va cac nghiém chinh héa u
i =14 tai thoi diém t=0 trong treong hop r=1va 0 =%. Sau cuing, ching t6i v& do thi

nghiém chinh xac u va cac nghiém chinh héa u®' , i=1,4 tai thoi diém t=0 véi 6 =%

trong Hinh 2, Hinh 3.
5. Kétluan

Trong bai bao nay, chung t6i ¢4 nghién cau mot bai todn nhiét khong ddi xing
trong toa do cau bang phuong phap tua gia tri bién co diéu chinh. Véi phuong phap
nay, ching t6i d4 dua ra udc Iugng sai so dang Holder két hop logarit trong Chuong 3.
Hon nira, trong Chuong 4, Bang 1 va 2 d@ minh hoa cho Cha y 3.2. Mot diém yeu cua
bai bao 1a chung t6i xét bai toan trong treong hop thuan nhat. Do do, trong nhiing cong
trinh tiép theo, chiing t0i s& tiép tuc nghién ctiu bai toan nay trong trudng hop khong
thuan nhat.

T
2

Nghiém chinh xdc +  Nghiém chinh bda ifng v8i=, - Nghiém chinh hda tng vdie,
+ Nghiém chinh hda ting vdi = Nghiém chinh hda tng véi =,

Hinh 1. Nghiém chinh xac va cac nghiém chinh hoéa tqi t=0, r=1vaé =%
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Nghig&m chinh xac Nghiém chinh hoa (esp=0.1) Nghi&m chinh hda (esp=0.01)

00152

0.010-

0.005-] e i

" h
ooos- g 78 _ fli
0015 o 4] | {..'
I 5 | L 'I T 004 W .
T 0.0 it} i e a0 LB e et
: * 0 003002 0.02 nmﬁ T ool

Hinh 2. Nghiém chinh xac va cac nghiém chinh héa u* | i=1,2 tgi t=0, 0 =%

Nghi&m chinh hoa (esp=1e-003) Nghi&m chinh héa (esp=1e-004)

Hinh 3. Cac nghiém chinh héa u“'* , i=3,4 tqi t=0, 0 =%
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