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LOI CAM ON

Bang tam long thanh kinh, t6i xin t6 long biét on sdu sic va su kinh
trong toi:

- Thay giaq TS. Vii Vinh Quang di quan tAmtan tinh huéng dan va gitp d&
t6i trong qua trinh trién khai nghién ctru dé tai va hoan thanh luan van nay.

- Céc thay cb trong Khoa Toan — Tin cing toan thé cac can bd, nhan
vién truong PH Khoa hoc , trung tim hoc ljéu cua PH Thai Nguyén da gitp
do toi1 trong subt thoi gian hoc tap, nghién ctru khoa hoc, tao thuan lgi cac thu
tuc hanh chinh, tai liéu can thiét d¢ t6i hoan thanh bai luan van .

- Ban Giam hiéu truong Pho thong Dan Toc Noi Tru Tinh - Tinh Lai
Chau, cac thay co giao trong to toan va anh em bé ban dong nghiép da tao
diéu kién giup d&, dong vién tdi trong qua trinh hoc tap va nghién ctru khoa

hoc.

Théai Nguyén, ngay 6 thang 5 nam 2013

Tac gia

Hoang Diéu Anh
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MO DPAU

Thuc té cho théy, 6 nhiém mdi truong 1a mot van dé quan trong, co tinh
cap thiét trén toan thé gidi. Phuong phap phan ri giai bai toan 6 nhiém moi
truong c6 rat nhidu tng dung trong nhiéu linh vyc. Chang han, do la nhung
bai toan vé co hoc lug ng tu, ning lyong hat nhan , nhung qua trinh tac déng
hoc phi tuyé n trong vat ly , héa hoc va mot sb bai toan trong cac linh vuc
khéc.

Trong pham vi dé tai nay , chung toi dé cap téi céc bai toan lién quan
dén moi truong va khi hau. Su tac dong qua lai cua cc phan tir khi trong moi
truong chinh 13 trong tm can nghién ctru mang tinh khoa hoc va thyc tién cao
vi n6 anh huong truc tiép téi su séng trén trai dat.

Trong mdi truong khong khi , khi quyén, cac thanh phan khi ciing nhu
cac thanh phan khac duoc pha tron [an nhau (theo mot ty 16 nao do ) dudi tac
dong cua gio va hién tuong khuyéch tan trong moi truong.

Khi thai cong nghiép 1a tac nhan 16n nhat gay 6 nhiém khong khi . Cac
thuc thé vat chat bi nhiém ban o dang khi (khéi nha may, 10 hat nhan, nai lira,
v.v...) dugc lan truyén, khuyéch tan trong khi quyén , tic dong v6i nhau dudi
su anh hu’bng cua nhiét d6, d6 Am tao thanh mot hop chat phtic tap, goi chung
1a hop chat khi. Trong qua trinh chuyén dong cac thanh phan cua hop chat khi
tac dong vo1 nhau, mot s6 thanh phﬁn dang tur khong doc hai trd thanh doc hai
dbi voi doi séng sinh vat . Qu4 trinh ndy dan dén 6 nhiém cac luc dia va dai
duong.

Dé giai quyét dugc van dé do ta can biét dugc nhitng qua trinh lan
truyén va khuyéch tan cac thuc thé nhiém ban trong méi trwong vi khi di
chuyén chung se khong bién thanh nhung thanh phan co hai va nguoc lai . Do

1a van dé rat dang quan tdm. Vi thé giéi khong ngimg hoan thién, bén canh do
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lanén cong nghiép phat trién . Chinh vi vay, dé bao vé méi truong chu ng ta
phai diéu chinh nhiing tiém ning san c6 trong thién nhién dé it bi mat di , ma
con nang cao no, cai thién moi truong. Tuy nhién doi hoi mot luong kinh phi
rat lon, can su chung tay , gop strc ciia ca qudc gia va sy quan tAm cua nhan
loai.

O phuong dién toan hoc, nhiém vu chu yéu dé giai quyét nhu ng van dé
nay 1a xay dun g duoc mé hinh toan hoc pha n anh dung dan ban chat tu nhién
khach quan cua cac hién twong va tim ra cac mdi quan hé bién ching vé dinh
tinh, dinh lvong, phuwong phap huu hiéu nham giai quyét bai t oan dit ra dé tir
do dinh ra chién lvoc bao vé méi tru’bng s?)ng. Noi dung cua dé tai ﬂay, ching
t6i trinh bay nhung phuong trinh lién hop duoc phan tich dua trén cac phuong
trinh co ban da duoc thira nhan cac diéu kién bién , diéu kién ban dau déng
thoi nghién ctru cac phuong phap giai cac bai toan thu duoc két qua cudi cung
ma nho ching co thé danh gia duoc muc do tac dong cua thuc trang 6 nhiém
trong mdi truong cua mot vung fanh tho.

Noi dung chuong 1 13 phén tich cac mé hinh tod n hoc khac nhau cua
bai toan 6 nhiém moi truong . Mdi bai toan co ban déu dugc xdy dung thong
qua mot bai toan lién hop twong ung nho ding thuc phan tich Lagrange . Tinh
duy nhét n ghiém cua bai toan co ban va bai toan lién hop d6i voi nhung mo
hinh chinh dugc ching minh mot cach chat ché.

Chuong 2 gidi thi€u phuong phap sai phan giai bai toan khong dung va
thuat toan phan rd 1 thanh phan va nhiéu thanh phan giai cac bai toan sai phan
thuan nhit va khong thuan nhat. Co sé toan hoc ctia phwong phap phan ri,
tinh 6n dinh va tinh chinh xac cua thuat toan ddi voi tung luoc dd phan ra.
Chuong 3 xdy dung phuong phap giai cac bai toan dat ra & chuong 1. Do do
phirc tap cua phuong trinh, v6i nhitng gia thiét vé diéu kién bién, gia tri ban

dau chéat ché nguoi ta moi nhan dugc nghiém chinh xac cta bai toan. Thuc té
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cho théy cac bai toan dat ra thuong rong hon, phuc tap hon. Do do, viéc tim
cac phuong phap giai sé cho 16p cac bai toan trén 1a mot trong nhimg phuong
phap hitu hiéu duoc str dung. Ludn vin trinh bay phuong phap xap xi toan tir
vi phan cua bai toan khuyéch tan dit ra & chuong 1 bing toan tir sai phan véi
d6 chinh chinh xac cap hai theo cc bién khong gian va thoa man tinh khong
am, xdy dung cac lugc dd phan ra ddi véi bai toan 6 nhiém moi trudng tir d6
chuyén viéc tim nghiém s ctia bai toan vé cac hé phuong trinh dai s6 dang 3
duong chéo.

Trong luan vin, cac lugc d6 phan rd giai bai toan 6 nhiém méi trudng duoc

cai dat bang ngdn ngir Matlab trén may tinh PC.
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CHUONG 1
CAC PHUONG TRINH CO BAN CUA TRUYEN TAI
VA KHUYECH TAN VAT CHAT.

Moi trudng, cac trang thai ctia nd va van dé 6 nhiém tir 1au di trd thanh
véan dé trong tim nghién ctru ctia cac nha khoa hoc. Cac chét thai cong nghiép
v6i cac thanh phan nhiém ban dugc thai vao khi quyén va dai duong giy tac
dong xdu dén moi truong khong khi, méi trudng nude, dat va moi truong sinh
thai ctua cic vung cong nghiép 16n. Piéu nay di lam ting ndng do
cacbondioxit va cac thanh phan khac trong khi quyén. Nhing thay d6i cua
qua trinh sinh thai dugc biéu hién rd nét ¢ nhimg khu coéng nghiép 16n nhu «
Mua axit” v.v..

Sy lan truyén céac thuc thé nhiém ban trong khi quyén 1a do cac ludng gid
va su chuyén dong réi. Dong chay trung binh cua cac thuc thé vat chat ay
duoc trung binh hod va duoc xem nhu 13 hién twong khuéch tan trén nén
chuyén dong trung binh.

Ta s& xem xét cac md hinh toan hoc khiac nhau cia sy truyén tai va
khuéch tan vat chit trong méi truong 16ng va moi truong khi.
1.1Phwong trinh truyén tai vt chat trong khi quyén, tinh duy nhat

nghiém( Xem tai liéu [2,5,6]).

Gia st o(X,Y,2,t) 1a cudng d6 chat thai nao d6 di chuyén cung véi
dong khong khi trong khi quyén, ta s& xac dinh nghiém ctia bai toan trong mot
mién hinh try G véibémat S. S=XUZ, UL,
trong d6 X la mat bén (hay mat xung quanh) cta hinh tru G.

2, 1a mat day dudi khi z=0.

2, lamatday trénkhi z=H.
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Goi V =ui+Vj+wk 1a véc to van tdc ctia cac phan khong khi, duge coi

—

nhu 1a ham cua Xx,y,z,t (trong do i, j,R la cac véc to don vi cua cac truc
X,Y,z tuong tng). Su dich chuyén cua cac thuc thé vat chat doc theo quy dao
cua cac hat khong khi véi sy bao toan cuong do cua nd dugc mo ta boi

phuong trinh:

do
7 -0 1.1.1
it (1.1.1)

Hay

9 492 0P WP _g. (1.1.2)

ot oX oy 0z
Do & 16p duéi khi quyén 1 16p tiép giap v6i mat dat, véi do chinh xéac
kha cao, c6 thé xem khong khi 1a chat khéng nén duoc, thé hién bang phuong
trinh lién tuc
2—§+%+%:0. (1.1.3)
Tir phuong trinh (1.1.2) ta di dén phuong trinh
%’) +diWg=0 (1.1.4)
V& sau, néu khong noi gi thém ta ludn xem diw =0.
Ta dua vao phuong trinh (1.1.4) diéu kién ban dau:
=@, khit=0 (1.1.5)
va diéu kién bién trén S ctia mién tru G
@=¢, trén S khiu, <0 (1.1.6)
trong d6 ¢@,, ¢, 1a cic ham cho trude, u_ 1a hinh chiéu ctia véc to V' 1én phéap

tuyén ngoai d6i voi mat S. Pé tim nghiém ¢(X,y,z,t) cua bai toan (1.1.4)
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thoa man cac diéu kién (1.1.5) va (1.1.6) ta gia thiét rang u,v,w 1 nhimng
ham da biét.

Phuong trinh (1.1.4) c6 thé duoc khai quat hoa. Néu trong qué trinh dich
chuyén, thanh phan vat chit dang xét c6 tham gia phan tng voi méi trudng
hay 1a bi phan giai, thi qua trinh nay c6 thé dugc xem nhu su hap thu vat chat
ty 1& véi dai luong o. Khi d6 trong phuong trinh (1.1.4) xuat hién thém sb

hang méi o biéu thi sy gia tang thanh phan ¢ trong khdng khi.
%+div\7(p+a¢:0 (1.1.7)
Néu trong mién xac dinh nghiém G c6 cac ngudn vat chat lam thay doi
cuong d6 ¢ cia thanh phan khong khi dang xét va dugc md ta bang ham
f (x,y,z,t) thi phuong trinh (1.1.7) ¢6 dang:
op . =
E+dIVV(0+a(0: f (1.1.8)
Ta xét bai toan (1.1.8) cung véi cac diéu kién:
@ =g, khit=0
@=¢, trén S khi u, <0
w=0khi z=0vz=H
Nhan ca hai vé (1.1.8) véi ¢ ta duoc:

¢%+¢div\7¢)+a¢2 =fo (1.1.9)

Lay tich phan hai vé cua (1.1.9) theo ca khong gian va thoi gian, tirc 13 trén

mién G x[0,T] ta dugc:

p22tdG+ | pdiwpdtdG+ [ ofdtdG= [ fodtdG

Gx[0,T] Gx[0,T] Gx[0,T] Gx[0,T]

hay:
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| dG]@aﬁdt +}dt [ odiWpdG + a_T[dt [o*dG :].dt [ fodG (1.1.10)
G 0 at 0 G 0 G 0 G

Ta c6 nhan xét:
op _log*
ot 2 ot?

t 0p 170% ®
d —dt=|dG=|—-dt=|—
ielgpat t iGZJﬁtZ t £2

0

. 2 2 2
b)  diyYe _O[ue |, O(ve |, Ofwg
2 o\ 2 ) oy 2 ) az\ 2

= ¢§(U(ﬁ) + go%(V(p) + go%(qu) = ¢div\7(p

a) @

—

T T 2
Nhuvay : [dt[pdiWgdG = [t [div-2-dG
0 G 0 G 2
V&1 nhan xét nay thi phuong trinh (1.1.10) tré thanh

¢2
I

2
de—i%

T \7 2 T T
dG+jdtjdiv%dG+ajdtj(p2dG=jdtjfgode
0 G 0 G 0 G

t=T t=0

(1.1.11)

Theo cong thirc Ostrogradski — Gauss ta co
Vi 2
| divy 2 4G = [*2ds (1.1.12)
G 2 S 2

Ta nhan thay rang, do diéu kién (1.1.10), u, =0 khi z=0vz=H nén
viéc 1y tich phan theo S & vé phai cta (1.1.12) thuc chat chi con 1a 13y tich
phan theo mit bén Y cua hinh tru G . Pé khong lam mat tinh tong quat, ta ki
hiéu tich phan d6 duoc lay trén S, cho du c6 xuét hién diéu kién (1.1.10) voi
gia thiét :

@ = ¢, khit=0
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o=, trén S khi u <0 (1.1.13)

trong do ¢,, s 1a cac ham cho trudc, vay hé thie (1.1.11) tré thanh :

2 T Ut T 2 AT T
[2rdG + [dt [~7-dS + o[ dt [ 9?dG = [£2dG - [dt [~2>dS + [ dit [ oG
G 2 0 S 2 0 G G 2 0 S 2 0 G

(1.1.14) v6i o= khi t=T

trong do
= u, u,>0
"0 u<0O
U, = U, - U,

Pang thirc (1.1.14) chinh 1a dang thirc tich phan co ban dé ching minh

tinh duy nhat nghiém ctia bai toan (1.1.8) va (1.1.13).
That vay, gid st bai toan (1.1.8) va (1.1.13) c6 hai nghi€ém phéan biét

@, @,. Khi d0, Vi ¢, ¢, 1a nghiém cua bai toan trén nén ta co:

% +diWe, +op, =

(01:@0:1::0 (*)
0, =0s.(%y,2)eS,u, <0

va
%+ diV\_/’go2 +op, = f
ot
(02:(00,1::0 (**)
@, =5,(XY,2)€S,u, <0

Lay (*) trir (**) va dit o=, — @, ta co:

00 | §iWw+ow=0
ot

(1.1.15)
o=0,t=0
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w=0,(x,y,z)eS,u, <0 (1.1.16)
Péi voi ham o thi dang thie (1.1.14) c6 dang:

j%zde +]dth2”2ds +0]dtjw2dG:0 (1.1.17)
G 0 S 0 S

Tat ca cac s hang trong (1.1.17) 1 duong. Vay dang thtc nay xay ra khi
va chi khi @=0, trc ¢, =¢,. Nhu vay tinh duy nhat nghiém cua bai toan
hoan toan dugc chirng minh.

1.2 Phuong trinh truyén tai dirng
Trong phan nay ta mo ta qua trinh dirng ciia bai toan truyén tai vat chat:

Xét bai toan :

%(p+div\7¢+a¢: f (1.2.1)
@=¢, khi t=0
=@, trén S,u. <0 (1.2.2)

C6 nghiém duy nhat trong 16p ham @(X, Y, z,t) lién tuc, kha vi theo tat ca cac
bién véi diéu kién dau ¢, =(X,y,z) va diéu kién bién ¢ (X, y,z,t)1a cac ham
lién tuc voi cac hé sb u=(x,y,z,t) lién tuc va kha vi, thoa méin diéu kién
diww =0va ham o lién tuc timg khuc. Tir nay ta c6 thé coi cac didu kién nay
dugc thoa man. Néu cac hé sd u,v, w cliing vai cac yéu td cho trude khong phu
thudc thoi gian thi bai toan dung tuong g véi bai toan (1.2.1) va (1.2.2)
duoc phat biéu nhu sau:

diWep+op= f (1.2.3)

=@, trén S khi u, <0 (1.2.4)

D@ dang thay rang dang thirc twong tmg véi (1.1.14) ¢ dang:

IL;DZdS +o[p*dG = IL;’Sst o fodG (1.2.5)
G S G

S
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Bang phuong phap di trinh bay ¢ muc 1.1, ta c6 thé thiy rang bai toan
(1.2.3) va (1.2.4) c6 nghiém duy nhat.

Nhu viy, bai toan (1.2.3) va (1.2.4) mo td mot qua trinh truyén tai vat
chat riéng, voi nhitng dit kién cho trudce khong thay ddi theo thoi gian. Tuy
vay, bd nghiém tuong tmg véi nhitng bd gia tri V, f ,@; khac nhau cua cac bai
toan ding riéng biét c6 thé dugc dung dé mo ta nhitng hién tuong vat 1y phuc
tap hon trong thuc té&. Pé chimg minh duoc diéu nay ta gia sir rang trong ting
giai doan khac nhau ctia ciac moc thdi gian, sy chuyén dong cta khoi luong
khong khi cho trude du ¢ trang thai nay hay trang thai khac trong vung dang
Xét c6 thé coi la trang thai dimg. Sau mdi khoang thoi gian nhu vay, su
chuyén dong cua khoi luong vat chét lai c6 thay doi va bat dau sang mdt trang
thai dimg méi. Su thay ddi ndy dién ra trong khoang thoi gian ngin hon
khoang thoi gian ton tai ctia dang chuyén dong trong bai toan dimng, co thé
xem nhu sy chuyén dong d6 dién ra rat nhanh.

Gia sir ¢ n khoang thoi gian 1am xuat hién bai toan dimg. Bang cach
nay ta sé di dén mot hé phuong trinh doc 1ap:

diw.p + op, = f (1.2.6)

=@, trén S khiu, <0,i=12,..,n (1.2.7)

trong d6 @ 1a gia tri cia ham ¢, trén bién S, u. 13 hinh chiéu cta véc to van

tdc gid loai i trén phap tuyén ngoai d6i véi bién, twong timg véi mdi khoang
thot gian t <t <t , c6 do daila At..

Gia str tat ca cac bai toan (1.2.6) va (1.2.7) giai dugc. Khi d6 nghiém cta

bai toan trung binh trong thoi gian T = Zn:Ati md ta su phan bd cac chat pha

i=1

tron duoc biéu dién dudi dang t6 hop tuyén tinh nhu sau:
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o= %Z:Ati (1.2.8)
C6 thé goi bai toan (1.2.6) — (1.2.8) 1a mé hinh thdng ké.
Nghiém cua cac bai toan dung dang (1.2.3)-(1.2.4) va (1.2.6)-(1.2.7) cé
nhiéu diém chung voi nghiém ctia bai toan trung binh trong khoang thoi gian
T nao d6 cta su phan bd vat chat ctia bai toan khong dimg.

That vay, xét bai toan khong dung:
%0+div\7go+aqo: f (1.2.9)

@=¢, trén S khiu, <0
o(r,T)=0(r,0),r=(x,y,2)eG (1.2.10)
Ta gia thiét 1a cac ham V va @ khong phu thudc vao thoi gian t.
Tinh duy nhét nghiém cua bai toan (1.2.3) va (1.2.4) véi cac gia thiét
tuong Gmg vé do tron cta cac ham dugc thiét 1ap nhu muc 1.1.
Léy tich phan hai vé cta phuong trinh (1.2.9) trong doan [0,T], ta

nhan dugc phuong trinh:

T a¢ T - T T
| —dt [diwpdt + [ oyt = [ fdt (1.2.10°)
0 0 0

0

Chia ca hai vé ctia phuong trinh cho T rdi bién d6i ta dugc:
- - 17"
divug + 8¢ = f,@z?jwdt (1.2.11)
0

Tir phuong trinh nay, v6i tinh duy nhat nghiém cua bai toan (1.2.3) va
(1.2.4) ta di dén két luan: Nghiém trung binh trong chu ki T ciia bai toan
(1.2.9) va (1.2.10) trung véi nghiém cta bai toan (1.2.3) va (1.2.4).

1.3 Bai toan truyén tii vt chat, tinh duy nhat nghiém.

Xét bai toan truyén tai vat chat d3 duoc dua ra trong muc 1.1
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aat—¢+div\7(p+a(p:f (1.3.1)

@ =g, khit=0 (1.3.2)
Vi thuc té, cing voi qua trinh truyén tai cac thanh phan vat chat con chiu

anh huong cua su khuyéch tan nén ta c6 thé xem ham ¢ nhu la:

trong do & 1a gia tri trung binh x4p xi bang ¢, nghia la:

_ 1t+T
_ 2 [ oot
9 T!(/)

t+T

va ¢' 12 thanh phan bo xung c6 gid tri rat nho va c6 thé coi g?) :Ti I @dt
t

Hoan toan tuong tu, ching ta c6 thé coi
V=V4V' (1.3.4)

trong do V 12 gia trj trung binh xap xi V:V' 1a thanh phan nhiéu.
Lay tich phan (1.3.1) tu t d&én t+T r6i chia két qua do cho T ta duoc:

p(t+T)-p(t) 1 . "F= 1
= +?d|v ! Vgodt+o-? ! odt = j folt (1.3.5)

t
Néu bai toan (1.3.1), (1.3.2) khong co ngudn ( f =0) thi trong tng véi
(1.3.5) sé la:

¢(t+T)—(D(t) 1 - t+T_' lt+T ~
= +div tj Vipdt + o~ ! pdt =0 (1.3.6)

Thay (1.3.3), (1.3.4) vao (1.3.6) ta duoc:

AT)B) SET00. 14, o

(1.3.7)

t+T

1 _
— —_)dt=0
to- !((p ?"
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(p(t+T)—(0(t) 1 [ T=_ t+T_;'
T +?d|v _!‘Vgodt+_!‘V(pdt +

S

t+T t+T ' N
+O'i J.&dtﬂ-ai J'(p'dtz—(p(t+T) ? (1) (1.3.8)
LI LI T

AL +TT) RAUM diW gt + diW o'+ ogp = — ot +TT) ~2'() (139

Ta gia su
o=AD,p'=ad'’ (1.3.10)

Trong do O va @' 14 nhing dai luong cung cap . Theo gia thiét ¢'[] &
nén ki hjéu % — &. Khi do thay (1.3.10) vio (1.3.9) ta di dén phuong trinh

tuong duong sau:

O(t+T)-D(t)

+ AW + sdiW D' + oD = ?oa) (1.3.11)
Trong do O(l) 14 dai lugng cdp ®'. V& phai cua phuong trinh (1.3.11) 1a
dai lvong bac $ du nho, nén co thé bo qua va phuong trinh co dang;

CHT) =) | VD + WD+ 0B =0 (1.3.12)

Néu T 14 khoang thoi gian trong do ham ®(t) bién doi khong lon thi

D(t+T)-D(t)
T
trinh cho thanh phan trung binh:

c6 thé thay bang dao ham aa—cf va két qua ta di dén phuong

%+div\76+gdiv\7q_>'+06=o

S6 hang thu ba o vé trai cua phuong trinh nay biéu thi thanh phan

khuyéch tan ctia qua trinh dich chuyén cac thuc thé vat chat trong khi quyén .

S6 héa boi Trung tam Hoc liéu — Dai hoc Thai Nguyén http://www.Irc-tnu.edu.vn



Véc to van toc rdi VD' co thé thay bang biéu thirc thuc nghiém qua dudng
trung binh nhu sau;

,uag,w' ':—7/82 (3.1.13)
oy 0z

V=22 Toi=-
OX
O day ©>0,7>0 1ahé sé khuyéch tan theo phuong nam ng  ang va
th%mg d{mg. N6 dugc xac dinh nho thuc nghiém do dac va la cac dai luong
cho truoc trong cac bai toan vé khuyéch tan.
Thé cac biéu thuc (1.3.13) vao (1.3.12) ta di dén phuong trinh truyén tai
va khuyéch tan vat chat trong khi quyén nhu sau:

oD

= diW @ + oD = kD (1.3.14)
trong do
K@:gﬂ@+iﬂ@+gy@ (1.3.15)
OX' OX oy oy oz oz
Néu thanh phan nim ngang cua hé s6 khuyéch tan la hing sd (

L =const) thi:
Kq_>=yAq_>+§yaE (3.1.15")
oz oz
trong do A 13 toan tir Laplace hai chiéu.
Cung véi phuong trinh  (1.3.14) can phai thoa man ding thuc biéu thi

tinh khong nén dugc cia moi truong.

diw =0 (1.3.16)
va cho diéu kién ban dau:
®=0° khit=0 (1.3.17)

D61 voi céac dieu ki én bién cua bai todn ching ta can phat bi€u sao cho

bai toan c6 nghiém duy nhat.
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Néu trong méi treong co nguon thi can bo xung vao phuong trinh
(1.3.14) ham ngué)n f(x,y,z1).
Nhin chung, voi tit ca cac yéu to di dugc phan tich va trinh bay & trén
thi bai toan truyén tai va khuyéch tan vat chat dugc xét trén mién tru co bién
S=>u2,u>,, trong do Y 12 mat bén hay mit xung qu anh cua hinh tru G,

2., 1a mit day dudi khi z=0, >, 1a mat day trén khi z=H sé& c6 dang:
op . =
—+diWp+op=kp+ f
ot
@=¢, khi t=0 (1.3.18)
=@, trén S khiu, <0

Ta co thé dat diéu kién nhu sau:

@=g@, trén X khi u, <0

99 _0 trén ¥ khi u, >0

on

99 _ g trén ¥, (1.3.19)
oz

op o

—— =0 trén X,

oz 4

trong do & >0 12 mot ham nao d6 dic trung cho tac dong cua 16p khi
quyén tiép giap voi mit dat . Ngoai ra can chu ¥ rang thanh phan thing dtng
ctia véc to van toc gié bang khong trén Y, va X,
w=0 khi z=0 hoac z=H
Bai toan truyén tai va khuyéch tan véi diéu kién bién cho o dang
(1.3.19) ciing c6 nghiém duy nhat. Két hop (1.3.18) véi (1.3.19) ta co:

%ti+diN¢+a¢:k¢+f.

@ =@, khi t=0.

S6 héa boi Trung tam Hoc liéu — Dai hoc Thai Nguyén http://www.Irc-tnu.edu.vn



@=@ trén > khi u, <0.

a—(Dzo trén > khi u, >0.

on
99 _ g tren Y, . (1.3.20)
0z
=0 trén X, .
oz :

1.4 Bai toan lién hop cho mién 3 chiéu.
Xét bai toan co ban trong khong gian ba chiéu:
op 0 Op
D diWg+op——y 22 - =f.
p Prop=— Y THAP
@=0 trén 2 khi u, <0.

=0 trén 2 khi u, >0.

on

% _ ap trén 3. (1.4.1)
z
=0 trén >, .

oz :

Gia st nghiém (X, y,z,t) ctabaitoan (1.4.1) lién tuc trong mién
G x [O,T] va 1a ham kha vi, tuin hoan theo t voi chu ky T . Hon nua voi moi
t, ham ¢@(X,y,z,t) thudctdp D(A)cac ham tir khong gian Hilbert thuc
L,(G), lién tuc va kha vi trong G sao cho:

1L g e, (@),

O day, mbi ham thudc tap D(A) déu thoa mén diéu kién bién cua (1.4.1)

Ta di xay dung bai toan lién hop nhu sau.
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Nhén phuong trinh dau cua (1.4.1) voi ham ¢ nao d6 va 1ay tich phan

trén mién xac dinh cua nghiém G x [O,T] , ta nhan duoc:
T . 6(0 T . . T .
jdtjgo a—de+jdtj¢ leVgodG+aIdtI¢go dG —

—jdtj —y—dG yjdtjgmgode jdtjgo fdG.

(1.4.3)

Thuc hién cac bién doi nhd cong thirc tich phan timg phan, cong thirc

Ostrogradski — Gauss, ta co:

jdtjgo 946 = j(p pdG|] —]dtﬁ%ﬁ@.
0 G

]dt [¢'diWedG = ]dt Ju,pp'ds —]dt [ i p'dG .
0 G 0 S 0 G

,u_[dtj¢ AgdG = yjdtj[ ——(pmjdzwjdtjmgo dG.

Pua cac gia trj (1.4.4) — (1.4.7) vao (1.4.3) ta duoc:
T * *
8¢ - N, * * a 8(0 *
dt ———diWe + ——y——ulhp dG=
_[ Iﬁ”( ot » +op pe 4 pe HAQ ]

T

J tj¢ fdG - JgoT(pTdG +I¢O¢OdG jdtjungogo dsS +

*

0
) T 0 dp
! JH;/(go ——go—jd Z—!dtzjoy{go 8—(5—(pa—Jd D+

<0 op
+£dt£(gp a—f—go@—(f]jd 2.

(1.4.4)

(1.4.5)

(1.4.6)

(1.4.7)

(1.4.8)
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Bay gio ta gia su ring ¢ thda man phuong trinh

—%’J—div\ﬁo*+a(p*—§7aé—gz—;ﬂ(ﬂ*= p (1.4.9)
va bién doi vé phai cua dang thtc (1.4.8) trong d6 ta thua nhan diéu kién bién
ctia ham ¢ tu (1.4.1) va diéu kién tuan hoan cia ham ¢ theo thoi gian. Ta gia
surang ¢ ciing 12 ham tuin hoan theo thoi gian v6i chu ki T .
Khi do
~[ 070G +[ pyp5dG =0. (4.1.10)
G G

theo gia thiét
@=0 trén 2 khiu, <0

nén
]dtjun¢¢*d8 :].dtju:¢¢*d 2. (1.4.11)
0 S 0 z

Str dung diéu kién:
w=0 khi z=0 hoac z=H.
khi do

Jdtj 7/( (Zp jd 2 - jdt J }/go—d 2. (4.1.12)

*

Jdtjy( —¢—¢8¢ de Jdtjy(p[a——ago]dz (1.4.13)

Trong (1.4.12), (1.4.13) ta su dung diéu kién bién tuong ung tu (1.4.11)
khi z=0, z=H. Cudi cung, su dung diéukién ¢ =0 trén X khi u <0 va

- =0 trén 2 khi u, >0, ta duoc:
n
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ﬂjdq[ i h- ,ujdtf¢—d2 ujdtf¢*6(pd2 (1419

trong do:
={(x,y,2) e XJu, 20}
={(x,y,2) e X|u, <O};
Pua két qua tinh toan tu cac biéu thuc  (1.4.9) — (1.4.14) vao (1.4.8) ta

duoc:

T T .
jdtj ppdG =jdtj(p* fdG _]dtju;w*d Z—]dt f " aagi N
(1.4.15)

*

+jdtjy¢(a——a(p ]dz yjdtjq)a—dz ujdtjgo Py,

Cung voi phuong trinh (1.4.9) ta dat:

op o Op
_9P i o0 - L, 28 -
p @ +op e /4 e AQ = p.

@ =0 trén X khiu, <0

yaaiwngo*:o trén Y khi u, >0
n

*

? —ag’ trén Y. (1.4.16)
Z

op A
——_=0trén 2, .
oz H

Trong truong hop nay biéu thuc d6i ngu co dang:
T T
[dt[ ppdG = [dt[¢"fdG. (1.4.17)
0 G 0 G

Bai toan lién hop (4.1.16) c6 thé viét dudi dang toan tir nhu sau:

oQ .
9P Ny =p.
o TP
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Trong do A" 1 toan tir lién hop véi toan tir ~ A. Toan tir ndy tac dong

trong khong gian Hillbert thuc L, (G)Vél dugc dinh nghia boi dang thic:

Mién xac dinh  D(A") ciatoantir A" c6thélatip cacham ¢ tu
L, (G), lién tuc va kha vi trong G sao cho:

0 0¢

2% g <L, (6)

Moi ham thuéc D(A") nay déu thoa man diéu kién bién ciia bai toan (1.4.16)
1.5 Tinh duy nhat nghiém ciia bai toan lién hop.
Ta se chi ra rang bai toan lién hop (1.4.16) c6 nghiém duy nhét
Gid st nghiém ¢'(X,y,z,t) cla bai toan lién tuc trong mién Gx[0,T] va
la ham kha vi, tudn hoan theo t (voi chuky T). Ngoai ra ta con gia sir v4i
mbi t cua ham ¢ (X, Y,z,t) thudc vao tap D(A") c L, (G).
Nhan phuong trinh (1.4.16) voi ¢ va lay tich phan trén toan mién xéac

dinh cua nghiém, ta thu duoc

—jdtj *a(/’de jdtjgod.vv(pdmjdtjmp dG -
(15.1)
—jdtjgo 2 7 %%46- detIgpA(pdG jdtjp¢de

Ta bién d6i tung thanh phan o vé trai cua (1.5.1) nhu sau:

]dt j @ diW @ dG = ]dt j o diw 7 dG = ]'dt j Md > (15.2)
0 G 0 G 2 0 > 2

]dtj 00 a—(/;dG—T[dtj *8—¢*d2—j[dtj *a—(p*dZ—]dtj o' 4o (1.5.3)
A LA R ZHW o ZOW) a - .
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ﬂjdtj(pAgodG ﬂjdtj —dZ yjdtj(v(p)de (1.5.4)
trong do:
2
dp= Op- ) 840)2 op) .
Y i+—j; Vo) =| == | +| = | ;
v= on é'yJ (Vo) (ax oy
Su dung két qua cua (1.5.2) — (1.5.4), hé thuc (1.5.1) dua vé dang;

p 1 8(0*2 P *2 8¢* ’ *\2
0 G 0

G

op" .00
—Jco [ P +u—jd2 j 2 dy+ (1.5.5)
on s, oz
;
* gp _ «
+i[]/(0 Ed Z} —‘([dte[ Po dG.
Vi bai toan 1 tuan hoan nén:
j dt j dG 0. (1.5.6)
Tur diéu kién bién
@ =0 trén Y khiu_ <0. (1.5.7)
Taco
T _ % *
Idtjgf(—u”—(p+u;(p* +yai]d >=0. (1.5.8)
D o 2 on
Do diéu kién
. o A :
u,e +,ua—:0 trén > khi u, >0. (1.5.9)
n
nén ta nhan duoc
T ) T a
jdtju;¢*dz+jdtjy¢* % 4y 0. (1.5.10)
0o > 0 >
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Chu v t6i hai thanh phan cubi ¢ vé trai ctia dang thuc (1.5.5) tuvong tng

v6i céc diéu kién bién trén Y, va Y, , ta co:

jdtjygo* %9 4y _o. (1.5.11)

jdtj 7/(0* 8(p d2= jdtjya(o d>. (1.5.12)
Str dung cac hé thirc (1.5.6) — (1.5.12), khi d6 hé thic (1.5.5) s€ tré thanh

jdt;“ 9 o3+ [atfov dG+IdtJy( jdewjdtp Voo
© (1.5.13)

+a7/jdtj(0 d>= Jdtj P dG.
0

Hé thire (1.5.5) 1a hé thiic co ban trong viéc chimg minh tinh duy nhat
nghiém ciia bai toan d6i ngiu (1.4.16)
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CHUONG 2
PHUONG PHAP PHAN RA
GIAI BAI TOAN KHONG DUNG

Trong nhiéu trudng hop, viéc giai cic bai toan phirc tap cua phuong
trinh vat 1y toan co6 thé duoc dua vé viée giai lién tiép cac bai toan don gian
ma nghiém cua chiung duoc xac dinh hiéu qua thong qua cong cu may tinh
dién tir. Van dé do c6 thé thuc hién dugc trong cc trudng hop khi toan tir nira
xéac dinh duong ctia bai toan gbc duoc biéu dién dudi dang tong clia cac toan
tir nira xac dinh duong don gian. Cac phuong phap nhu vay goi 1a cac phuong
phép phan ra. Bay gio ta thiy rang d6i vdi cac bai toan nay, cac phuong phap
phén rd ma céc tac gia khac nhau dua vao xét thuc chat 1a twong duong va chi
sai khac nhau boi cac luge do thé hién khac nhau. Vi thé chung ta s& khong
phén biét cdc phuong phap nay. Pham vi tng dung cua cac phuong phap phan
ra dé giai cac bai toan phuic tap dugc mo ta bang cac phuong trinh vat 1y toan.
2.1 Cac lwgc d0 sai phan x4p xi cap hai cho bai toan khong dirng véi toan
tir phu thudc thoi gian( Xem tai liéu [2,5,6]).

2.1.1 Bai toan thuin nhat dang 1.
Xét bai toan:

%‘%A@:o trén QOxQ,p(0)=g. (2.1.1)

Trong do:
@: la phan tir cua khong gian cdc ham ludi (hay véc to gia tri cua
nghiém can tim tai cac diém luoi).

Q: 12 ludi sai phan cac bién khong gian Q= (O,T] :
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A= A(t): 1a ma tran x4p xi cua toan tir vi phan (hay toan tir tuyén
tinh trong khong gian cac ham lu¢i) va A 1a todn tor nira xac dinh duong tirc
(Ap,p) >0,V @ (thuong ki hi¢ula A>0).

Gia st bai toan xac dinh trong mot mién khong gian da duoc rdi rac hoa
theo bién khong gian, ¢ nghiém du tron.

Xét luoc d6 sai phan sau:

i+ P! j
uﬂv%:o_ (2.1.2)
T

Trong do:

@’ : xap xi nghiém ¢ tai thoi diém t j

A': xap xi ma tran A trong khoang thoi gian [t it j+1}

7 =t;,, —t;: budc ludi theo thoi gian
Luoc db ¢o tén goi 13 luge dd Crank — Nicolson.

e Tinh 6n dinh ciia phwong phap.
Trudc hét ta di chimg minh bo dé sau:
Bo dé 2.1.1. véi moi o la sé thuc duong va toan tr A nwa xac dinh duong
déu ton tai nghich dao (E + o A)™ va dong thoi H(E + GA)_lH <1.
Chiing minh
Xét phuong trinh thuan nhat (E + cA)y =0. Vi A nira xac dinh duong nén
(E+oAy,y)=(y.y)+o(Ay.y)=(y.y). (2.1.3)
Vay néu (E+oAyw =0 thi (v,p)=0, do 46 w =0. Hé thuin nhat chi c6
nghiém tdm thuong cho nén ton tai nghich dao (E +oA)™, hon nita voi
w=(E+cA) e thitr(2.1.3)tacod
W) <o) =|vl<|4-

Hay
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H(E + O'A)_l(pH <|e|. Vo.
Tu do
|E+on)?|<1.
Bo dé 2.1.2.(B6 dé Kellogg) néu todn tir A nika xdc dinh dwong va o la sé
thuc dwong thi H(E +oA)H(E - O'A)H <1.
Chung minh:
Ki hiéu ¢ la khong gian cac ham ludi va dat
T=(E+cA)(E-cA).
Do (E+cA) ™ (E-cA) =(E-cA)(E+cA)™ nén
iT[F =sup ((E-oA)YE+0A) p,(E-cA)(E+0A) p)
ped (¢.9)

(E—cAw.(E-omy)
P
(

up (v.y) —20(Ay.p) + " (Ay, Ay))
oo ((w.0) +20(Ay ) +0° (A, Ay) )

Mait khac >0 va A>20= o(Ay,w) >0 tir do HTHSI (dpcm).

(6 day w=(E+ aA)‘l(p )

Bo dé 2.1.3.(Bo dé Kellogg) néu todn tir A nita xdc dinh dwong va o la sé

thuc duwong va A la todn tir Skew — Hermitian tirc la (Ay,w) =0,V pthi

1 ~ 1
H(E+EO-A) E-LoA <l

Chung minh:
Taco
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H(E + ;GA)_l(E —;GA)(pH H(E + ;GA)_l(E — ;GA)(D

el H(E +;<7A)(E +;O'A)_1(p

(E —;O'A)(E + ;O'A)_lgo

(E +;O'A)(E +;JA)_1¢

(E—;onH
= 1 (2.1.4)

(E+ O'A)l//H

2
Trong d6 w =(E +cA) "¢
Vi A latoan tir skew — Hermiti tirc (Ay,r) =0 nén
1 1 2 1 2

(€ Zom| =€+ Somw| @l +3ul). @19

Két hop (2.1.4) va (2.1.5) ta dugc
H(E ' %aA)‘l(E - %JA)goH ~[l¢]|- Ntur vay bé dé duoe chimg minh.

Bay gio chiing ta s& nghién ctru sy on dinh cta luge d6 (2.1.2), khi d6 ta c6

thé viét lai lwgc do nhu sau :

1 .\ . 1 .\ .
E+ZA) o= E-ZA) |0’
( 2" j¢ ( 2" jw

Theo bd dé 2.1.1 ton tai nghich dao (E + %aAj)‘l

Dit Tj:(E+% Aj)‘l(E—% AY).

Khi do6 (2.1.2) tuong duong
P =Tlp!, (2.1.6)
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Theo bb dé Kellogg |[T'] <1 suy ra '

<|e'|<...<]g|

Néu A’ 13 toan tir Skew — Hermitian theo bd dé 2.1.3 ta ¢

j+l

o™ 1=l¢’]|=--=ql.
Két luan: phuong phap phan rd Crank — Nicolson cho bai toan (2.1.1) on
dinh vo diéu kién.
e Cap chinh xac
Dat toan tir vi phan

Lo=22 4 Ap. 2.1.7)

va toan tir sai phan

—P L AI® 2“” 0. (2.1.8)

Khi d6 sai sé xap xi cta luoc d6 sai phan trén nghiém ding cia bai toan vi
phan
(.) =L(p) ~(Lo) =L(0)". (21.9)
& day (@)’ 1a nghiém dung tai t j
Khai trién theo cong thirc Taylor nghiém dung ¢ tai t J.
@) =) +7(p) ' +57(p,) +0().

trong do

i [0 i (0
((Dtt) :(Gt_?j(tj)’ ((Dt) :(a—f)(tj),
Mat khac tur (2.1.1) thu dugc:

9, =—Ap,p, = Nop—Ap.
Tt do ta co:
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(0)" =(p)) ~=A(9) +5=* (A () ~ A (0)' | +O(7)"

trong do Al = A(t)), A :(aA)(tj )

ot
Suyra
() o1 ATIRY WORY 2
W0 oy el (A (o) - (o) J+0()
va
A —‘”M; 2 A (p) —%AJ‘AJ ()’ +0(*).

Thé céc biéu thire trén vao (2.1.8) thu duoc:

L. (9)' =(A' - AY)(p)’ _%f[w ~A)AI(p) + Al(p) ]+0(?)  (21.10)

hoac

L. (p) = [Aj ~ A —%TA[j ((/))J}((o)j —%T(Ai — A Al (p) +0(?) (2.1.12)
Nhu vay néu chon A’ =A’ khi d6 thay (2.1.10) vao (2.1.9) ta c6 sai sd

phuong phap (¥.) =L, (p) = %TAij (¢)’ +0(z?), do d6 bai toan xdp xi bai

toan vi phan, madt khac do tinh on dinh cta luge d6 nén phuong phéap hoi tu
vo1 do chinh xac cép mot va khi ma trdn A khong phuy thudc thoi gian thi

phuong phap c6 do chinh xéac cip hai.
X R 2 IS i+
Néu tachon L' = A’ + —tA’ + ... (chang han chon xap xi L’ = A" ?)
2
thi tor (2.1.11) suy ra

(‘{’T)j = Lr(go)j :O(rz).
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tirc 1a trong truong hgp ma tran A 1a ham theo thoi gian thi phuong phap van
hoi tu véi cap chinh xac 2.

Nhan xét:

a. Néu nghiém cua lugc d6 sai phan cho bai toan vi phan (2.1.11) dua dugc vé

dang ¢ =Hlp! trong d6 H' c6 dang

2
Hi=E—zA] +%(Aj)2+0(13). (2.1.13)

1
. i 5 g A . A A ;A Y TR N LI .
trong d6 A’ =A 2 thi lugc d0 sai phan xap xi cap hai doi véi bai toan vi

A

phan
That vay, ta co

2
o {E — A WL%(A")2 +o(r3)}¢".

Tu do suy ra

(CD)Hl (o)’ = —Algp] +%T(Aj)2¢j +O(rz).

T
-

W0 g L gro(e)
Do d6

T 2

Xét toan tur sai phan

. i+ ) i+1+ j )
(g¢Y5¢ T¢)+AJ¢ 2¢ =F'.

1
trong d6 F’=0(?) khi d6 chi y A'=A"2 va sit dung (2.1.12) ta ¢

L ((o)j :O(rz), do d6 sai s6 xap xi cua luge dd sai phan trén nghiém ding

T
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cita bai toan vi phan (¥,)' =L ()’ —(L1)' =L, (p)' —F' =0(7?), tir diéu
kién d6 ta co diéu phai chimg minh.
b. Khai trién T? theo chudi lity thira 7, gia sir %HA‘H <1

j 1, 1,
T =(E+=A )Y (E-=oA’
( > ) ( > )

] i Y 3 1 i
:{E—%A +%(A) +0(z )}(E—E A j

2
:E—rAj+%(Aj)2+O(13). (2.1.14)
2.1.2. Bai toan thuan nhat dang 2
op A
5F+A¢=Otmn§bd;,¢w):g. (2.1.15)

Trong d6 A=A +A,, A,A >0

Xap xi cac ma tran A, A, trén khoang thoi gian t jSt<t,

1
A=A a=12
Xét hé sai phan gém hai luge do sai phan Crank-Nicolson cho bai toan
(2.1.15) nhu sau

.1
o i Y j
LA (R A Ay (2.1.16)
T 2
07— p) -¢j+§+¢j
+A, =0
T
1 ) j+t 1 ) .
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e Sw 6n dinh phwong phap

bit T) :(E+% Ai)l(E—% A) a=12

1
Khu (pJ 2 h¢ sai phan (2.1.17) c¢6 thé dua vé mot hé phuong trinh

P =Tlpl,
trong do

T =TT/ :(E+% Ag)‘l(E—% A E +% Alj)‘l(E—% A).

Theo bd dé Kellongg ta ¢6 |[T] <1, do dé [T <|T|<|T,| <1 nén

j+l
|

Néu AJ, A} 14 cac toan tir Skew — Hermitian thi theo bo dé 2.1.3 ta c6:

<|e’|<..<]g].-

j+l

=lo'[[=-=lel.
K¢ét luan: Phuong phéap phén ra (2.1.16) cho bai toan (2.1.15) on dinh.

o

e Cip chinh x4c

Alll<1:

Khai trién T theo chudi lily thira znhu (2.1.14), gia thiét %\

2

T :E—TA;+%(A;)2+O(13) a=12 (2.1.18)
j - oo i Do -

SuyraT' =T)T)=E -\’ +?[(A;)2 +2A5A] + (A})* ]+0(%).
Trong @6 A'=AJ+ Al ,néu A} c6 tinh giao hoan thi
j N S
T :E—rA‘+?(AJ)2+O(13). (2.1.19)
Nhu vay ¢ =Tlp! va ¢’ c6 dang nhu (2.1.13) tir d6 néu chon

1

Al = A7 va ciing véi nhan xét a) thi phuong phép sai phan (2.1.15) cho bai
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toan (2.1.16) khi céc toan tir giao hoan c6 do chinh xac cap hai. Khi cac toan
tr Alj ,Ag giao hoan thi phuong phap phan rd st dung cac lugc d6 Crank —
Nicolson (2.2.2) cho bai toan (2.2.1) s& hoi tu v6i do chinh xac cip hai. Tuy
nhién néu tinh giao hoan khong thoa man thi phuong phap khong hoi tu véi
d6 chinh x4ac cp hai nita ma cho do chinh xac cap mot theo thoi gian do d6
luge dd it dugc quan tAm trong linh vuc giai cac bai toan vat 1y toan.

Sau day, ching toi s& trinh bay phuong phdp phan rd nhim khac phuc
nhugc diém trén ma vin dam bdo tinh 6n dinh vo diéu kién va hoi tu vé6i cap
chinh xac 2 theo thoi gian.

2.2 Phuwong phap phan ra.
2.2.1 Xét bai toan thuan nhat.

aat—¢+ Ap=0 trén QxQ,, ¢(0)=g.
Trong d6 A=A +A, AA >0
Bay gio ta x4p xi toan tur A(t), A(t) trén khoang thoi gian trén doan
t, <t<t,.
Dit A=A, ()= ALa=12
Xét hé phuong trinh sai phan sau:

2 _ it 2 L i

»

_ 2
—+Ag%=o. (2.2.1)
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Hay viét dudi dang:

1 . .
2 Z(E—%TAéj(p] (2.2.2)

1 i) iu 1 5) i
E+§TA1 Q= E—ETA1 o °.
e Su 6n dinh ciia phwong phap.
bat

T)=(E +% Ai)‘l(E—% A)) a=12

Tj :leszszle .
Khi d6 taco @' =Tlp/™
Thco ¢ Ketogg o [ 1 o 1< <

j+l

ng < H¢j_lH <...<||g|. Nhu vay phuong phép on dinh v6 diéu kién.

e Cip chinh xac.

Ry X1~ \ co v e A T A p
Khai trién theo chuoi Iy thura 7, gia thiét EHA fZH <1, ta co:

2
T =E -+ [(A)) +20]A] + (A]) ]+O(7)
(2.2.3)

2
T =E- A+ Z[(AD +200A] +(A))*]+O(")
Suy ra
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2
T =T)T)T)T) =E - 227 +%(AJ)Z +0(7%). (2.2.4)

& day ta xét bude di 1a 27, khi d6 ¢ =T ™ véi T ¢6 dang nhu (2.2.2) va
A} = Al cung vé6i nhan xét a) thi phuong phdp phan rd (2.2.1) cho bai toan
thuan nhat (2.2.1) xét trén khoang thoi gian t, , <t <t s& hoi ty v6i do chinh

j+1
xac cap hai ma cac toan tir A] khong can diéu kién phai giao hoan.

2.2.2 Bai toan khong thuin nhit.

%t—¢+A¢=f trén OxQ, p(0)=g. (2.2.5)
Trong d6
A=A+A, A/A 20
Pt
A=A g=12

Xét hé phuong trinh sai phan sau:

1
1 J*E_

E+§ A o —(E—%rAf)(oH

L il j AR
E+§ AZ ((0 —Tf ): E—ETAZ ®Q
1 ) i 1 ) .
E+§ AL | 2 :(E—ErAéj((p’ +7f ’) (2.2.6)

1 i) ja 1) i
E+E Al @ = E—ETAl gD .

Trong d6 fl= f(tj)

e Su 6n dinh phwong phap
bat
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Tai =(E +%TA1£)1(E—%TA,£) a=12

T =TT 7T/
L . _ il .
Tu hé (2.3.2) ta duoc: p 2=Tlp" | =9 T)+cf)
. _ _ Ll
@ 2:T21(¢J+z.f1>’ (pl+1:'|'11¢ 2.

1 1
N J+7 i Jii \ /4 '/‘7\ 4 ~
Khtr ¢ 2,0, 2 tir cac bi€u thirc trén ta dugc:

P =Tl + 27TIT 1, (2.2.7)

Theo bd dé Kellogg ta c6 o’ , tir 6 dAn dén bét déng thuc

<|o” |+ 2] 1

6n dinh “(oj“s“g“+ erfHSHgHJrTHfH trong do ||f||:mtaXHfjH. Nhu vay

phuong phéap 6n dinh.
e Cip chinh xac.

Biéu dién T’ va T,T,) theo chudi lily thira 7z nhu (2.2.3),(2.2.4) gia
thiét %HA}IH <1, thay vao (2.2.7) ta co:

o :[E —27A' + 272(Aj)2](0j_1 + 2T(E —TAj) f) +O(f3)- (2.2.8)

hay
%-FAJ'(E—TAJ')(DJ1=(E—Z‘Aj)fj+0(z'2)_
T

Dat toan tir sai phan
(Lo) =F!véi FI=(E—Al)f1+0(c?).

Khi do sai s6 xap xi cua lugc do sai phan

(.) =L(9)' ~(Lo)' =L ()’ -F' =0(2?).
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OO () (e )1 0() (229)

Khai trién theo cong thirc Taylor nghiém ding ¢ tai t,
(@) =(p)"" +7(p,) " +0O(z").

Trongdo () =o(t,). (2)’ =(%‘pj(tj),
Mit khac

((pt)H =(g0t)j +0(7)=-A’ ((p)j +f1+0(7).
do d6

(p)’ :((p)jl+r[—Aj (p) + f‘}+0(r2).
rat gon lai ta dwoc:

(E-Al) (@) =(p)' —z17+0(%).

Thé céc biéu thire trén vao (2.2.5) thu duoc:

(W,) = ()" 2_7(@]_ + Al () +0(7?). (2.2.10)

Sai s6 xdp xi ctia luge d6 sai phan cap hai két hop véi diéu kién 6n dinh
suy ra phuong phap phan ra (2.2.2) ¢6 d6 chinh xac cip hai.
2.3 Phwong phap phén ra nhiéu thanh phén.

Do d6 phuc tap cua bai toan cung voi nhung gia thiét vé diéu kién bién
va gia tri ban dau 1a rat chit ché nén viéc tim nghiém tudng minh cho bai toan
ban dau cho trub’ng hop téng quét la khong thuc hién duoc, do do viéc dé xuat
cac phuong phap tim nghiém xap xi cta bai toan 1a mot trong nhitng hudng
nghién cuu dang phat trién trén thé gioi. Trong phan nay, chung téi trinh bay
phuong phap phan ra nhiéu thanh phan ¢ ho bai toan va chung minh tinh 6n
dinh v6 diéu kién va d6 chinh xac cp hai theo thoi gian va khong gian cua

phuong phap.
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Y tudng cta phuong phap ndy 13 phan rd bai toan phirc tap thanh nhiéu
thanh phan nho hon. Qua trinh phén ra d6 s& giup chung ta giai quyét nhiing
bai toan phtc tap trong vt Iy ma van dam bao tiéu chi 6n dinh v6 diéu kién

vo1 do chinh xac cap hai.

Giast A=Y A A >0 a=1n. Taxét trudong hop n>2

a=1

2.3.1 Bai toan thuin nhat.

Z)—I-A(p 0 tréen QxQ,, ¢(0)=g. (2.3.1)

Trongdé A=Y A,A >0 a=1n
e Sw on dinh ciia phwong phap.
Dat A= ZA’ Al=Al a=1n

Xét hé phuong trinh sai phan gdm céc lugce do sai phan Crank - Nicolson
E+ETAQ ®Q N = E—ETAQ ®Q n a:].,n. (232)
khi d6 @' =Tlp! trong dé:

1 1

T,=[]T)T)=(E +ETA;',)-1(E _ETAL)’ a=1n
=1

Theo b6 dé Kellogg

<t nen [T|I)<t swy ra
a=1

<|e’|<..<]g]-

Két luan: phuong phap phan rd (2.3.2) cho bai toan (2.3.1) 6n dinh

j+l
o

e Cip chinh xac

2

Tur khai trién T) =E —zA} +%(AO{)2 _
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Suy ra
2 n n o o
T)=E-zA’ +%{(Ai)2 £33 (AlA) —A}BA;)}O(%).
a=1 f=a+l
Két luéin: phuong phap phan ra (2.3.2) cho bai toan thuan nhat (2.3.1) c6 do
chinh x4c cap mdt, trong trudng hop néu toan tt A! khong giao hoan thi
phuong phap c6 d6 chinh xac cip hai, con trong trudng hop toan tir A} giao

hoan thi so d6 (2.3.2) dugc thay bang hé sau

l - j—1+g - j—1+0l—_l
E+ETA;‘ p "=|E-=Al |p a=12,..n

1) i 1) e
E+ErA; o "= E—ETAJ ¢ " a=nn-1..1 (2.3.3)

Hé phuong trinh dau (2.3.3) dugc giai trén khoang thoi gian t i1 STT,

trong truong hop o =1,2,...,n , h¢ phuong trinh thtr hai duoc giai trén khoang

thoi gian t; <t <t , trong truong hop a=n,n-1,...,1

Bay gio ta ching minh phuong phap (2.3.3) dam bao tinh 6n dinh va do
chinh xac cap hai
. . . . n . 1 . ” \
That vy, ta c6 @' =T'p trong do T' =] [T T]T. . Do do tr bo de
a=1 a=n
Kellogg suy ra dugc tinh 6n dinh ctia phuong phap.
Mt khéc, tir khai trién T theo Iiiy thira cta 7 (2.3.4) ta 0.

2

QT@} ZE—TAj+% (MY +3 3 (AlAL-AlAL) [+0(2)

a=1 p=a+l

- . (2.3.4)
T[T/ =E - +T—22 (A1) 33 (AIAL-ALAL) [+O(¢)
a=n i a=1 f=a+1 ]
Suyra TI=E—2¢A] +@(Ai)z+o(r3). (2.3.5)
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Viy phuong phap phan rd (2.3.3) dam bao tinh hoi tu voi do chinh xéc cap
hai.
2.3.2. Bai toan khong thuan nhat

%DJrA(p: f trén QxQ, ¢(0)=g. (2.3.6)

Trong do A:ZA[X,AQ >0 a=1,n.

a=1

So dd phén ra

e Su 6n dinh ciia phwong phap.
Tu hé (2.3.7)

aj+l:ﬁTaj(goj+rfj), a :ﬁTaj(oj_l+ffj.

a=1 =
Do do6
o [T TTia + 2[ [T (2.38)
a=1 a=n a=1
Theo bd dé Kellogg ' <[¢"*|+ 22| f ] dén dén

o' <lall+ izl tl<lal+ Tl

trong do | f|= mtaXH f ’H
i
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Két luan: Bit dang thirc cho ta tinh 6n dinh cua so do (2.3.7)
e Cip chinh xdc.
Ttr khai trién (2.3.4) va 2.3.5) ta c6
o' = E-2eA + 207 (M) o't + 20 (E—7AY) £ 4+O(2%). (2.3.9)
Suy ra phuong phéap phén rd (2.4.7) hoi tu v6i 6 chinh xac cap hai theo
thoi gian. Do d6 phuong phap phan ra (2.4.7) c6 thé biéu dién bdi hé sai phan

Sau :
i1+% . 127t
(E +%7Aij‘/’1 o :(E_%TAQ}"J T a=12,..,n-1
1) 1 :
E+§z'Ar'] p'=|E-=7A} | "+ f’
1 . j+1 1 . . .
(Eﬁmé}” n:(E_ETA;}DJHfJ (2.3.10)

. a-1 i %
(E+%TAJ)¢H n :[E_%TAJ)(””” a=nn-1..1

Bang cach khir twong tu cac truong hop trén ta duoc:

) n 1 o n ) ) ] n-1 _‘1 )
o =TT [T +] T, (E +%n\,{j flee]]T, (E +%m;j f!
a=1

a=1 a=n a=1
(2.3.11)

Tinh 6n dinh ctia phuong phap duoc dam bao nhd bo dé 2.1.1 va bd dé
Kellogg Hgoj*l

<[+ 2] 7]
Tir d6 c6 bat dang thirc 6n dinh |o’|<|g]|+ jz| f|<|g]+T|f].

Mat khac

-1

n ) _‘1 ) n-1 ) ]
Tl?l[Taj(E+%TArj1j f‘+rHTa‘(E+%rA,{j fl=
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n-1

-1
=71 (T)+ E)(E +%TA3) fl

a=1
:r[E —rgAij(ZE —rAg)(E —%TA,{j f1+0(z°)
:f(E —TEA;;](zE —2tA}) £ +0(7°)

a=1
:ZI(E —z'Aj) f +O(2'3).
Do d6 ta dua dugc vé phuong trinh dang
o' =[E-2:A) + 207 (A')? |o't + 20 (E- A’ ) 1 +0(7°).

Vay phuong phéap phan ra (2.3.7) c6 d6 chinh x4c cap hai theo thoi gian.
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CHUONG 3
UNG DUNG PHUONG PHAP PHAN RA
TRONG BAI TOAN O NHIEM KHi QUYEN

Hién nay, 6 nhiém khi quyén 1a van dé thoi sy dang dugc x3 hoi quan
tam. M6i truong khi quyén dang c6 nhiéu bién doi 1 rét va c6 anh hudng xau
dén moi trudng sdng cia con ngudi cling nhu cac sinh vat. O nhiém moi
truong khi quyén tao nén su ngdt ngat, anh huong dén méi truong, gay nhiéu
bénh cho con ngudi va moi trudng ty nhién. Vi vdy, van dé bao vé, gin giir
moi trudng 14 hét stic can thiét. Didu d6 dit ra bai toan vé 6 nhiém khi quyén
can duoc giai quyét.

Khi mo ta qua trinh khuyéch tan chat 6 nhiém trong khong khi bang mo
hinh toan hoc thi mtc d6 6 nhiém khong khi thuong dugce dac trung b?mg tri

s6 nong do6 chat 6 nhiém phéan bo trong khong gian va bién doi theo thoi gian.
3.1 Bai toan 6 nhiém khi quyén( Xem tai liéu [2]).

Xét bai toan lan truyén khi thai giy boi ngudn phat thai, phwong trinh

cua bai toan duogc viét nhu sau:

op Op O op 0 O

—+U—+V—+W—+0op——y—— =f. 3.1.1

a UV TN T T n Y (LD
Véi diédu kién ban dau ¢ =g khi t=0. (3.1.2)

Trong do go(X, y,z,t) la nong do cua khi thai trong méi truong tai
diém (X,y,z) & thoi diém t, u,v,w 1a céc thanh phan cua véc to van toc gio
nhu di dé cap ¢ chuong 1, f 13 cong suét khi thai, g 1a phan bd ndng d6 ban

dau cua chat khi thai, o 1a dic trung hé sé bién ddi khi thai trong qua trinh
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lan truyén, z,7 1a hé s6 khuyéch tan rdi ngang va thang ding, A 13 toan tir
Laplace hai chiéu.

Néu f=Q8(x—%,)5(y—Y,)5(z—2,), & 1a ham Dirac thi bai toan
tré thanh bai toan lan truyén khi thai gay boi ngudn diém dit tai (XO, Yo ZO) cb
cuong do Q.

Pé han ché, ta s& quan sat va nghién ciu bai toan trong mién
G=[0,X]x[0,Y]x[0,H], véibé mat S.S=>UX UY,,.

Trong d6
> 14 mat xung quanh ctia mién G .
2, la mat day dudi khi z=0.
2y lamatday trén khi z=H.

Chét 6 nhiém dugc khuyéch tan tir ngudn phét ra moi trudng xung
quanh 1a nhd gi6. Nhung gié cang 16n cang 1am giam sy khuyéch tan theo
chiéu dimg cua ludng khi thai, ludng khi thai cang sém tiép xuc voi mat dat.
Do & 16p dudi khi quyén (16p tiép gidp v6i mat dat) véi do chinh xac cao co
thé xem khong khi l1a chét khong nén duogc, nén véc to van tbe gio vV duoc thé
hién boi phuong trinh lién tyc.

ou ov Oow
o + 5 + y =0.

Ngoai ra, thanh phan thang dimg cta véc to van tc gio triét tiéu trén
cac mat day w=0 khi z=0vz=H.

Pé x4c dinh tinh duy nhat nghiém ¢ cia bai toan, ching ta cin Xac
dinh cac rang budc ndng do cia khi thai ¢ trén bién S caa mién G. Tur thuc
té va 1y thuyét phuong trinh vat Iy toén c6 thé viét cac dicu kién bién cia bai
toan lan truyén khi thai gay ra boi nguon phét thai nhu sau:

@ = 0 trén 2 khiu, < 0.
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@ = 0trén 2 khiu, > 0

%9 =ap trén X, (3.1.3)
0z

o .

—~— =0trén X, .

Fovd :

Trong d6 >0 1a hé s6 hap thu hodc phan xa mit day. Bai toan trén
hoan toan théa man tinh duy nhat nghiém, diéu khang dinh di duoc ching
minh & chuong 1.

3.2 Lwogc d0 phén ra giai bai toan 6 nhiém khi quyén.
3.2.1 Luoe d6 sai phan( Xem tai liéu [1]).

Stur dung phuong trinh lién tuc ta thu dugc phuong trinh

@_(/){ua_(ﬂ_z@_ll}(va_cﬂ_z@}

ot ox 20X oy 2oy
op @ OW 0 O
+HW—-—L"——|+o0p——y——tAp=1
( oz 282) v 827/62 HEP

Ta viét lai phuong trinh ctia bai toan lan truyén khi thai gay ra boi ngudn phat

thai nhu sau:
%p+ Lo=f trén Gx(O,T]. (3.1.4)

vOl

2

OX 20X Ox?
2
ngo:(v%—%a—y]—yi—f (3.1.5)
op @OwW) O O
—lwL - |-y L+
L ( 0z Zazj azyaz(” P

Gia thiét rang nghiém clia bai toan du tron trong mién Gx[0,T]. Ta

phu mién G bang luéi sai phan
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Q={(x =kh,y, =z, =mh,),k=0,K,1 =0,L,m=0,M}.

Céc todn tir vi phan L; dugc xdp xi bang cdc todn ti sai phan A

CCR T,

Vo), +(ve);
Ap=——""0———"pp,, (3.1.6)
LR R

Trong do u”,v',w",»" 1a nhitng ham ludi x4c dinh trén ludi Q va
Uk:u l’V|:u|7£’Wm:Wm,1’7m:?/
2

K—=
2 2

1

Cht y ¢ day chung ta chi viét chi sO theo mot hudng, khong chi viét cac
chi s0 cua cac hudng khac, khi viét cac chi s6 dudi k,I,m s€ twong ng cac

huéng cta cac bién x,y,z,vidu: u , thaychou , .
k—= K->
2

Hé (3.1.6) c6 thé viét lai nhu sau:

U 1¢oa—U 1904
k+= k—=

(A&(p)k __ o 2 y P — Zh(?k TP
VI%(DM ] ul_%(ol_l Pra — 20+ Py

(A2¢)| - 2h, —HT hj (3.1.7)
W 1 @na=U 1Py 7 1(Pna=P0) =7 1(Pn =00

(A3(p)m _ ™3 - - Cmg . m- v op,

z z

k=LK,=1Lm=0,M -1

Vi cae diéu kién bién duoc phan ra nhu sau:
», =0 tai k=0k=K
¢ =0 tai 1 =0,1=L
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o~ Pni e tai m=0 (3.1.8)

h

:
p,=0taim=M .

B6 dé 1. Cdc todn tir sai phan A xdp xi cdp 2 doi véi cdc todn tik vi phdn L,
B6 dé 2. Véi gid thiét déic trung hé sé bién doi khi thai, cac hé sé khuyéch tan
roi ngang va thang dirg o, u,y trong qua trinh lan truyén, va cdc thanh
phdn u,v,W ciia véc to vin toc gioé khéng am, khi dé cdc todn tie A khong am.
3.2.2 Cac lwge d0 phan ra

Do céac toan tir A khong giao hoan va da chimg minh ¢ trén la khong
am, nén dé giai bai toan lan truyén khi thai, ta st dung phuong phap phan ra
nhiéu thanh phan véi cac thé hién khac nhau.

Cu thé, bai toan lan truyén khi thai gdy ra boi ngudn phat thai co thé
duoc giai bai so do sai phan sau:

bat A; = A(j,(o:1,2,3

e Luwoc @ phan ra thir nhat
.2 .2 .2
(E%”\j}?] 3 :(E_%TAfjW‘l% *=0,p, °=0

1 gt 1) 2l L
(E+ETA§)¢ 3:(E_ETA5}0 5,0, *=0,¢p =0

_ , , I Y B o
E+%Aé ((ﬂ‘—ff’){E—%fAéij3,—(p1h(p° =gy, ¢y =0
1) i 1 0\ i - (phé—(pé TSN
E+2hs o 3=(E—§TAéJ(¢‘—”’)’—1 —=ag, *py° =0
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j_z _ j_l ) _Z + j_l > _2
L AT =0, 4 =0,p * =0
T
T4 _a J"§+ 7 J 2
P M =00y =0, =0
T
12 12 P L
A 4 ¢ ‘ot ot -t % 1
. +A; 5 =0,~ h —=ag, “,¢y*=0
pA
1 1

2 . .2 1
e _ a0 e _ 2 a2
4 4 +Aé¢ 4 _0’§91 P :a(o(:47¢|\J/|4:0
T 2 h,
4 4 +Ag(0 4 =0,0, *=0,p, *=0
T 2
i+ j+Z ! j+Z _ )
a0l =00 <0
T

e Luwoc d6 phan ri thir ba.

TN R 3 3
Al AN Zw 0.0 220, 220
T
1 .2
0 3-p* o ‘§+¢"§ it j-L
. + A, 5 =0,¢, *=0,¢ *=0
gpj_(p"‘i e pi—gl o
+A] =fl, 22— =apl,¢p), =0
T 2 h,
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.1 .1

"3 _ i 0 340 R T

% - 4 +Aé(p 2(” :f1’¢1h(ﬂo =a@, 3,p,° =0
pA

.2 .1 .2 .1
I3 013 C T3 I3 .2 2
: r¢ +aE ng =0,p, *=0,p, *=0

.2 .2
j+1 I*3 I3

_ 3 it 3 . _
(D qu +Af€0 ;(0 :0’(001-%—1:0’¢}J<+1:O.

Nhan xét:
+ Cac lugc db phan ra trén duogc bat dau tir hé diéu kién ban dau

(po =0,) = 12,3,... . Trong chuong 3 ta da chung minh tinh on dinh cua ba
lugc db phan rd giai bai toan 6 nhiém khi quyén va nghiém cta bai toan sai

phan xap xi nghiém cuda bai toan vi phan véi cap chinh xac O ( h? + rz) :

Tir phuong trinh 1 va 3 ciia so d6 thir nhét ta co:

. 2
(E +%TA1JJ(DJ 3=F' véi F/ =—(E—%rAfj¢j_l,

1
—(E+%TA§}0" =F/) voéi F/ :—T(E+%TA?{]fj—(E—% Agjgp‘ 3

hay
1
—P _ET(A1¢)|( =Fy
1
@, —ET(A3§D) = I:1m'
Trong do ki hiéu:

.2

D :¢I<JI;1§’A1 = AR,y :(Flj)k P = Pam N = A3, By, :(Faj)m’

86 héa boi Trung tam Hoc liéu — Pai hoc Thai Nguyén http://www.Irc-tnu.edu.vn



Thay cong thirc cac toan tir sai phan vao hai cong thirc trén ta co:

(4 U, T [ 4 U
E[h_f_ 2khxlj¢k+l _(1+h_3]¢k +E(h_f+2k_hﬂ¢“ =Ry

Va
T Vw2 Wi |14+ T(Ymaao + Yimw2) pe +
2( e 2n ](””‘“ ( 2n2 On
4 7m71/2 Wmfl
+— — =F,.
2[ hzz 2hz ]q)ml 3m

Dit cac hé sb cua cac biéu thirc trén
S
=7 E h?  2h,

_T A Y
Pu 2(h2+2hX]

2%,
Clk _1+ h_f
a = T Vmaz Wi
3m 2
2\ h; 2h,

b — z 7m—1/2 _ Wm—l
3m 2
2| h?  2n,

C :1+ z-(7/m+1/2 + ym—l/Z)

3m 2h?

+ 0.

(3.1.9)

(3.1.10)

Khi d6 cac hé (3.1.9) va (3.1.10) chinh 1a cac hé phuong trinh dai sd

tuyén tinh voi ma tran c6 dang ba duong chéo. Véi gia thiét u,7 duong con

cac thanh phan u,v,w ciia véc to van tdc gi6 khong am va ting theo bién

khong gian, khi d6 v6i budc ludi ddi véi cac bién khong gian thich hop, ta co

cac hé so cua hé¢ 3 duong chéo trén luén ludn théa man di€u ki¢n 6n dinh cua

phuong phap truy dudi. Vi vay cac hé nay ludn giai dugce bang thuat toan truy
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dudi 3 duong chéo véi do phic tap tinh toan 1a O(n) trong d6 n 14 sé budc
ludi sai phan.
3.2.3 Két qua thue nghiém( Xem tai liéu [1,3]).

Xuat phat tir phuong phap phan rd nhiéu thanh phan, viéc giai s bai
toan 6 nhiém moi trudng trong trudng hop mot ngudn phat théng qua phuong
phap sai phan dan t6i bai toan giai cac hé phuong trinh dai sd tuyén tinh dang
3 dudng chéo. Cac hé nay s& duoc giai bang thuit toan truy dudi 3 dudng
chéo. Trong phan nay luan van s& dua ra két qua giai sb trong truong hop 1
nguén phat dat tai toa do (0,0,0). Chung ta sé cho trudc nghi¢m dung cua bai
toan va cac gia tri van tdc gio theo cac phuong, tir d6 xac dinh ham vé phai
f(X,y,2). Str dung phwong phap sai phan chuyén bai toan vi phan vé bai toan
sai phan va ap dung thuét toan phan ra chuyén vé cac hé phuong trinh dai sb
tuyén tinh dang 3 dudng chéo. Ap dung thuét toan truy dudi giai cac hé dai s6
tir 46 xac dinh nghiém s6 ctia bai toan. Sai s ctia phuong phap dugc xac dinh

béng cong thirc saiso = max(| nghiem _ dung(i, j,k) - nghiem _ gandung(i, j,k) D

trén toan ludi sai phan.
Két qua giai sb
Ham nghiém dung udung = 10°x(1- x)y(1- y)z°(1- z)*t
S6 khoang chia theo phuong x: K=40;
S6 khoang chia theo phuong y: L=40;
S6 khoang chia theo phuong z: M=40;
S6 khoang chia theo thoi gian: T=40;

Két qua thuc nghiém dugc cho béi bang 1
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Bang 1: Sai s6 ung voi cac luoi chia

Lu6ichia | Ludichia Ox | Ludi chia Oy | Luéi chia Oz | Sai so tuyét
thoi gian d6i
10 10 10 10 0.0111
20 20 20 20 0.0042
30 30 30 30 0.0025
50 50 50 50 0.0013
100 100 100 100 6.033" 10°“
Mong do cua khi thai tai do cao:20(km). O thoi diem:1
paa
1o
;-
qad
ae
g4 | J bl
I ;.‘r::':'#l'lﬂln / “ il
0
0

phuang x (km)

a0
phuong y (km)

Hinh 1: Nong d khi thai trong truong hop 1 ngudn phat

3.3 Bai toan nhiéu ngudn phat

Xét bai toan 6 nhiém moéi trudng duoce cho béi phuong trinh
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aat_¢+ Ap=Tf +f,+.+f tren QxQ,,

Trong d6 f(X- X.y- y.z- z,,t),k=12..,n dic trung cho cic ngudn
phat kh&c nhau dt tai cac toa do A, (X,,Y,.Z,).

Do tinh chat tuyén tinh cia dao ham riéng va cua toan tor A, bai toan

nhiéu ngudn phat trén s& twong dwong voi N bai toan doc 1ap sau day :

%+ Ap =T . k=12,..,n.

Khi d6 sit dung phuong phap chong chit nghiém, ta s& tién hanh sur
dung phuong phap phan rd nhiéu thanh phan tién hanh giai s6 lan luot n bai
toan dé xac dinh gén dung cac nghiéme,,k =1,2,...,n. Tir d6 nghiém cua bai
toan nhiéu nguon phat dugc xac dinh bdi cong thuc ¢ = Zn:(ok tai moi ludi

k=1

diém.

Sau day 1a két qua trong trudng hop bai toan 6 nhiém c6 hai nguén phat
dat tai 2 diém A(15,0,0), B(0,15,0)

Két qua giai so

Ham nghiém dung udung = 10°x(1- x)y(1- y)z°(1- z)*t

S6 khoang chia theo phuong x: K=40;

S6 khoang chia theo phuong y: L=40;

S6 khoang chia theo phuong z: M=40;

S6 khoang chia theo thoi gian: T=40;
Két qua thuc nghiém dugc cho bdi bang 2
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Bang 2: Sai s6 ung voi cac luoi chia

Lu6ichia | Ludichia Ox | Ludi chia Oy | Luéi chia Oz | Sai so tuyét
thoi gian d6i
10 10 10 10 0.0123
20 20 20 20 0.0073
30 30 30 30 0.0045
50 50 50 50 0.0056
100 100 100 100 8.79" 10°*

Mong do cua khi thai tai do cao:20(km). O thoi diem:1

phuong x (km)

phuong y (km)

Hinh 2: Nong do khi thai trong trudng hop 2 ngudn phat

Hoan toan tuong tu, cac luge do sai phan dang 2 va 3 ciing duoc cai dat

bang céc thuat toan trén moi trudng Matlab, cac két qua bang sd ciing khang

dinh tinh kha thi cua cac luge dd.
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Két ludn
Lu4n van dd dé& cip dén viéc nghién ciru mé hinh va phuong phap giai
bai toan 6 nhiém moéi trudng, mot van dé dang dugc xa hoi quan tam. Két qua
chinh cua luan vin gdm co:

1. Trinh bay va hoc tip mo hinh todn hoc md ta bai toan 6 nhiém moi
truong va nghién ctu tinh duy nhat nghiém cua bai toan.

2. Trinh bay thuat toan phan ra 1 chiéu va nhiéu chiéu giai bai toan 6
nhiém moi trudng, chimg minh tinh dung dén cua thuat toan phén ra va
d6ng thoi chi ra cip chinh xac ciia phuong phap.

3. Trén co s¢ phuong phép sai phan va phuong phdp phan ra dua viéc tim
nghiém sd cta bai toan 6 nhidm moi truong vé viée giai cac hé phuong
trinh dai s tuyén tinh dang 3 dudng chéo. Panh gia do phirc tap cua
thuat toan

4. St dung ngdn ngit Matlab va thuat toan truy dudi 3 dudng chéo xac
dinh nghiém s cta bai toan 6 nhiém méi truong trong truong hop 1
ngudn phat va nhiéu ngudn phat chimg to tinh kha thi cia phuong phap
phan ra d6i véi viée giai bai toan 6 nhiém méi trudng.

Huéng phat trién tiép theo cia luan vin 13 ap dung céc két qua dat duogc vé

mat 1y thuyét, tién hanh khao sat va tinh toan 6 nhiém d6i voi méi trudng thuc

té (cu thé 14 tai Thai Nguyén
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PHAN PHU LUC
1. Chwong trinh ngudn giai bai toan 1 ngudn phat theo thuit toan

phan ra

% Truong hop nguén phat dat tai toa d6 (0,0)
% Ngbn ngir 1ap trinh Matlab 7.0
% Ngay lap trinh: 3/1/2013

clear all

cle

global XY ZK M L dem

% Cac tham s6 cua bai toan

alpha=1;

muy=1;

sixma=1;

gama=1,;

u=2; % Van toc gi6 theo phuwong x
v=1; % Van tbc gi6 theo phuong y
w=0; % Van toc gi6 theo phuong z
K=40;% So khoang chia theo phuong x
L=40;% So khoang chia theo phuong y
M=40;% So khoang chia theo phuong z
T=40;% So khoang chia theo truc thoi gian

il

o2& N <X
@S

Ti I
Iee
=

hx=X/K;hxx=hx*hx;
hy=Y/L;hyy=hy*hy;
hz=Z/M;hzz=hz*hz,
to=tg/T;
saiso=0;
% Tinh gia tri ban dau
for k=0:K;
x=k*hx;
for I=0:L;
y=I*hy;
for m=0:M;
z=m*hz;
phil(dem+k,dem+I,dem+m)=0;
end;
end;
end;
=L
while j<=T;
t=j*to;
% Gia tri ve phai
for k=0:K;
x=k*hx;
for I=0:L;
y=I*hy;
for m=0:M;
z=m*hz;
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f(dem+k,dem+l,dem+m)=100*x*y*z*t;% Ham ve phai
end;
end;
end;
%Giai he 1
for 1=0:L;
for m=0:M;
%tinh he so C
c(dem+0)=1;
c(dem+K)=1;
for k=1:K-1;
c(dem+k)=1+to*muy/hxx;
end;
%tinh he so b
b(dem+0)=0;
for k=1:K-1;
b(dem+k)=(muy/hxx-u/(2*hx))*to/2;
end;
%tinh he so a
a(dem+K)=0;
for k=1:K-1;
a(dem+k)=(muy/hxx+u/(2*hx))*to/2;
end;
%tinh he so ve phai F
F(dem+0)=0;
F(dem+K)=0;
for k=1:K-1;
F(dem+k)=phil(dem+k,dem+l,dem+m)-(to/2)*((u*phil(dem+k+1,dem+l,dem+m)-u*phil(dem+k-
1,dem+l,dem+m))/(2*hx)-muy*(phil(dem+k+1,dem+l,dem+m)-
2*phil(dem+k,dem+l,dem+m)+phil(dem+k-1,dem+l,dem+m))/hxx);
end;
phi=truyduoi(a,b,c,F,K);
for k=0:K;
phi2(dem+k,dem+l,dem+m)=phi(dem+k);
end;
end;
end;
phil=phi2;%ket thuc giai he 1

%giai he 2
for k=0:K;
for m=0:M;
%tinh he so C
c(dem+0)=1;c(dem+L)=1;
for 1=1:L-1;
c(dem+l)=1+to*muy/hyy;
end;
%tinh he so b
b(dem+0)=0;
for 1=1:L-1;
b(dem+1)=(muy/hyy-v/(2*hy))*to/2;
end;
%tinh he so a
a(dem+L)=0;
for I=1:L-1;
a(dem+I)=(muy/hyy+v/(2*hy))*to/2;
end;
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%tinh he so ve phai F
F(dem+0)=0;
F(dem+L)=0;
for I=1:L-1,
F(dem+l)=phil(dem+k,dem+l,dem+m)-(to/2)*((v*phil(dem+k,dem+I+1,dem+m)-
v*phil(dem+k,dem+I-1,dem+m))/(2*hy)-muy*(phil(dem+k,dem+I+1,dem+m)-
2*phil(dem+k,dem+l,dem+m)+phil(dem+k,dem+I-1,dem+m))/hyy);
end;
phi=truyduoi(a,b,c,F,L);
for 1=0:L;
phi2(dem+k,dem+l,dem+m)=phi(dem+I);
end;
end;
end;
phil=phi2;%ket thuc giai he 2

%giai he 3
for I=0:L;
for k=0:K;
%tinh he so C
c(dem+0)=(1+alpha)*hz;c(dem+M)=1;
for m=1:M-1;
c(dem+m)=1+(to/(2*hzz))*(gama+gama)+sixma*to/2;
end;
%tinh he so b
b(dem+0)=1,;
for m=1:M-1;
b(dem+m)=(gama/hzz-w/(2*hz))*to/2;
end;
%tinh he so a
a(dem+M)=1;
for m=1:M-1,
a(dem+m)=(gama/hzz+w/(2*hz))*to/2;
end;
%tinh he so ve phai F
F(dem+0)=0;
F(dem+M)=0;
for m=1:M-1;
F(dem+m)=to*f(dem+k,dem+l,dem+m)+(to*to/2)*((w*f(dem+k,dem+l,dem+m+1)-
w*f(dem+k,dem+l,dem+m-1)/(2*hz))-(gama*(f(dem+k,dem+l,dem+m+1)-f(dem+k,dem+I,dem+m))-
gama*(f(dem+k,dem+l,dem+m)-f(dem+k,dem+I,dem+m-
1)))/hzz+sixma*f(dem+k,dem+1,dem+m))+phil(dem+k,dem+I,dem+m)-
(to/2)*((w*phil(dem+k,dem+l,dem+m+1)-w*phil(dem+k,dem+l,dem+m-1)/(2*hz))-
(gama*(phil(dem+k,dem+l,dem+m+1)-phil(dem+k,dem+l,dem+m))-gama*(phil(dem+k,dem+l,dem+m)-
phil(dem+k,dem+l,dem+m-1)))/hzz+sixma*phil(dem+k,dem+l,dem+m));
end;
phi=truyduoi(a,b,c,F,M);
for m=0:M;
phi2(dem+k,dem+l,dem+m)=phi(dem+m);
end;
end;
end;
phil=phi2;%ket thuc giai he 3
%tinh sai so
t=j*to;
% Gia tri nghiem dung
for k=0:K;
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x=k*hx;
for I=0:L;
y=I*hy;
for m=0:M;
z=m*hz;
phidung(dem+k,dem+I,dem+m)=x*(X-x)*y*(Y-y)*(z-2)*(z-Z)*z*z*t;%nghiem dung
end;
end;
end;

for k=0:K;
for I=0:L;
for m=0:M;
if saiso<abs(phil(dem+k,dem+l,dem+m)-phidung(dem+k,dem+l,dem+m))
saiso=abs(phil(dem+k,dem+l,dem+m)-phidung(dem+k,dem+l,dem+m));
end;
end;
end;
end;
if j==T
break;
end;
%giai he 4
for I=0:L;
for k=0:K;
%tinh he so C
c(dem+0)=(1+alpha)*hz;c(dem+M)=1;
for m=1:M-1,
c(dem+m)=1+(to/(2*hzz))*(gama+gama)+sixma*to/2;
end;
%tinh he so b
b(dem+0)=1;
for m=1:M-1;
b(dem+m)=(gama/hzz-w/(2*hz))*to/2;
end;
%tinh he so a
a(dem+M)=1;
for m=1:M-1;
a(dem+m)=(gama/hzz+w/(2*hz))*to/2;
end;
%tinh he so ve phai F
F(dem+0)=0;
F(dem+M)=0;
form=1:M-1;
F(dem+m)=to*f(dem+k,dem+l,dem+m)+(to*to/2)*((w*f(dem+k,dem+l,dem+m+1)-

w*f(dem+k,dem+l,dem+m-1)/(2*hz))-(gama*(f(dem+k,dem-+l,dem+m+1)-f(dem+k,dem+1,dem+m))-
gama*(f(dem+k,dem-+l,dem+m)-f(dem+k,dem-+|,dem+m-

1)))/hzz+sixma*f(dem+k,dem+l,dem+m))+phil(dem+k,dem+l,dem+m)-
(to/2)*((w*phil(dem+k,dem+l,dem+m+1)-w*phil(dem+k,dem+l,dem+m-1)/(2*hz))-
(gama*(phil(dem+k,dem+l,dem+m+1)-phil(dem+k,dem+l,dem+m))-gama*(phil(dem+k,dem+l,dem+m)-
phil(dem+k,dem+l,dem+m-1)))/hzz+sixma*phil(dem+k,dem+l,dem+m));

end;

phi=truyduoi(a,b,c,F,M);

for m=0:M;

phi2(dem+k,dem-+1,dem+m)=phi(dem+m);

end;

end;
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end;
phil=phi2;%ket thuc giai he 4

%giai he 5
for k=0:K;
for m=0:M;

%tinh he so C

c(dem+0)=1;c(dem+L)=1;

for I=1:L-1;
c(dem+l)=1+to*muy/hyy;

end;

%tinh he so b

b(dem+0)=0;

for 1=1:L-1;
b(dem+1)=(muy/hyy-v/(2*hy))*to/2;

end;

%tinh he so a

a(dem+L)=0;

for I=1:L-1;
a(dem+l)=(muy/hyy+v/(2*hy))*to/2;

end;

%tinh he so ve phai F

F(dem+0)=0;

F(dem+L)=0;

for 1=1:L-1;

F(dem+l)=phil(dem+k,dem+l,dem+m)-(to/2)*((v*phil(dem+k,dem+I+1,dem+m)-
v*phil(dem+k,dem+I-1,dem+m))/(2*hy)-muy*(phil(dem+k,dem+I+1,dem+m)-

2*phil(dem+k,dem+l,dem+m)+phil(dem+k,dem+I-1,dem+m))/hyy);

end;
phi=truyduoi(a,b,c,F,L);
for I=0:L;
phi2(dem+k,dem+l,dem+m)=phi(dem-+l);
end;
end;
end;
phil=phi2;%ket thuc giai he 5

%Giai he 6
for I=0:L;
for m=0:M;

%tinh he so C

c(dem+0)=1;c(dem+K)=1;

for k=1:K-1;
c(dem+k)=1+to*muy/hxx;

end;

%tinh he so b

b(dem+0)=0;

for k=1:K-1;
b(dem+k)=(muy/hxx-u/(2*hx))*to/2;

end;

%tinh he so a

a(dem+K)=0;

for k=1:K-1;
a(dem+k)=(muy/hxx+u/(2*hx))*to/2;

end;

%tinh he so ve phai F

F(dem+0)=0;
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F(dem+K)=0;
for k=1:K-1;
F(dem+Kk)=phil(dem+k,dem+l,dem+m)-(to/2)*((u*phil(dem+k+1,dem+l,dem+m)-u*phil(dem+k-

1,dem+l,dem+m))/(2*hx)-muy*(phil(dem+k+1,dem+l,dem+m)-
2*phil(dem+k,dem+l,dem+m)+phil(dem+k-1,dem-+l,dem+m))/hxx);

%

end;
phi=truyduoi(a,b,c,F,K);
for k=0:K;
phi2(dem+k,dem+1,dem+m)=phi(dem+Kk);
end;
end;
end;
phil=phi2;%ket thuc giai he 6
%tinh sai so
% Gia tri nghiem dung
t=(j+1)*to;
for k=0:K;
x=k*hx;
for I=0:L;
y=I*hy;
for m=0:M;
z=m¥*hz;
phidung(dem+k,dem+I,dem+m)=x*(X-x)*y*(Y-y)*(z-Z)*(z-Z)*z*z*t;%nghiem dung
end;
end;
end;
for k=0:K;
for I=0:L;
for m=0:M;
if saiso<abs(phil(dem+k,dem+l,dem+m)-phidung(dem-+k,dem+I,dem+m))
saiso=abs(phil(dem+k,dem-+l,dem+m)-phidung(dem+k,dem+l,dem+m)) ;
end;
end;
end;
end;
if j+2>T
break;
end;
saiso
j=+2;

end;

saiso
x=0:hx:1;
y=0:hy:1;
m=floor(M/2);

%

Nghiem xap Xi

for k=0:K;

for I=0:L;
mz(dem-+k,dem-+1)=phil(dem+k,dem+l,dem+m);
end;

end;
for i=0:K;

for j=0:L;
mmz(i+1,j+1)=mz(dem+i,dem+j);
end;

end;

%

D4 thi mé ta ndng do 6 nhidm trong hé toa do Oy
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mesh(x,y,mz)

xlabel('phuong x (km)")

ylabel('phuong y (km)")

title(strcat('Nong do cua khi thai tai do cao:',int2str(m), '(km). O thoi diem:',num2str(j*to) ))

2. Chwong trinh ngudn giai bai toan 2 ngudn phat theo thuit toan

phan ra

% Trudng hgp cac ngudn phat dat tai 2 diém A(15,0,h) va B(0,15,h)
% Ngbn ngir 14p trinh Matlab 7.0
% Ngay lap trinh: 12/1/2013

clear all

cle

global XY ZK M L dem

% CAc tham s6 ctia bai toan
alpha=1;

muy=1;

sixma=1;

u=2; % Van tdc gi6 theo phuong X
v=1; % Van tbc gié theo phuong y
w=0; % Van tdc gi6 theo phuong z
gama=1,;

x10=0;y10=15;% Toa do ngudn phat thir nhat
x10=15;y10=0;% Toa d6 ngudn phat thir hai
K=40;% So khoang chia theo phuong x
L=40;% So khoang chia theo phuong y
M=40;% So khoang chia theo phuong z
T=40;% So khoang chia theo truc thoi gian

==

& N <X
Ter
=

hx=X/K;hxx=hx*hx;
hy=Y/L;hyy=hy*hy;
hz=Z/M;hzz=hz*hz;
to=tg/T;
saiso=0;
% Tinh gia tri ban dau
for k=0:K;
x=k*hx;
for I=0:L;
y=I*hy;
for m=0:M;
z=m*hz;
phil(dem+k,dem+l,dem+m)=0;
end;
end;
end;
=1
while j<=T;
t=j*to;
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% Gia tri ve phai
for k=0:K;
x=k*hx;
for I=0:L;
y=I*hy;
for m=0:M;
z=m*hz;
f(dem+k,dem+l,dem+m)=100*x*y*z*t;% Ham ve phai
end;
end;
end;
%Giai he 1
for I=0:L;
for m=0:M;
%tinh he so C
c(dem+0)=1;
c(dem+K)=1;
for k=1:K-1;
c(dem+k)=1+to*muy/hxx;
end;
%tinh he so b
b(dem+0)=0;
for k=1:K-1;
b(dem+k)=(muy/hxx-u/(2*hx))*to/2;
end;
%tinh he so a
a(dem+K)=0;
for k=1:K-1;
a(dem+k)=(muy/hxx+u/(2*hx))*to/2;
end;
%tinh he so ve phai F
F(dem+0)=0;
F(dem+K)=0;
for k=1:K-1;
F(dem+k)=phil(dem+k,dem+l,dem+m)-(to/2)*((u*phil(dem+k+1,dem+l,dem+m)-u*phil(dem+k-
1,dem+l,dem+m))/(2*hx)-muy*(phil(dem+k+1,dem+l,dem+m)-
2*phil(dem+k,dem+l,dem+m)+phil(dem+k-1,dem+l,dem+m))/hxx);
end;
phi=truyduoi(a,b,c,F,K);
for k=0:K;
phi2(dem+k,dem+l,dem+m)=phi(dem+Kk);
end;
end;
end;
phil=phi2;%ket thuc giai he 1

%giai he 2
for k=0:K;
for m=0:M;
%tinh he so C
c(dem+0)=1;c(dem+L)=1;
for 1=1:L-1;
c(dem+l)=1+to*muy/hyy;

end;
%tinhheso b
b(dem+0)=0;
for I=1:L-1;
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b(dem+I)=(muy/hyy-v/(2*hy))*to/2;

end;

%tinh he so a

a(dem+L)=0;

for I=1:L-1;
a(dem+1)=(muy/hyy+v/(2*hy))*to/2;

end;

%tinh he so ve phai F

F(dem+0)=0;

F(dem+L)=0;

for I=1:L-1,
F(dem+l)=phil(dem+k,dem+l,dem+m)-(to/2)*((v*phil(dem+k,dem+I+1,dem+m)-

v*phil(dem+k,dem+l-1,dem+m))/(2*hy)-muy*(phil(dem+k,dem+I+1,dem+m)-
2*phil(dem+k,dem+l,dem+m)+phil(dem+k,dem+I-1,dem+m))/hyy);

end;

phi=truyduoi(a,b,c,F,L);

for 1=0:L;
phi2(dem+k,dem+l,dem+m)=phi(dem-+l);

end;

end;
end;
phil=phi2;%ket thuc giai he 2

%giai he 3
for I=0:L;
for k=0:K;
%tinh he so C
c(dem+0)=(1+alpha)*hz;c(dem+M)=1;
for m=1:M-1,
c(dem+m)=1+(to/(2*hzz))*(gama+gama)+sixma*to/2;
end;
%tinh he so b
b(dem+0)=1,;
for m=1:M-1;
b(dem+m)=(gama/hzz-w/(2*hz))*to/2;
end;
%tinh he so a
a(dem+M)=1;
for m=1:M-1,
a(dem+m)=(gama/hzz+w/(2*hz))*to/2;
end;
%tinh he so ve phai F
F(dem+0)=0;
F(dem+M)=0;
for m=1:M-1;
F(dem+m)=to*f(dem+k,dem+l,dem+m)+(to*to/2)*((w*f(dem+k,dem+I,dem+m+1)-
w*f(dem+k,dem+l,dem+m-1)/(2*hz))-(gama*(f(dem+k,dem-+l,dem+m+1)-f(dem+k,dem+1,dem+m))-
gama*(f(dem+k,dem-+l,dem+m)-f(dem+k,dem-+|,dem+m-
1)))/hzz+sixma*f(dem+k,dem+l,dem+m))+phil(dem+k,dem+l,dem+m)-
(to/2)*((w*phil(dem+k,dem+l,dem+m+1)-w*phil(dem+k,dem+l,dem+m-1)/(2*hz))-
(gama*(phil(dem+k,dem+l,dem+m+1)-phil(dem+k,dem+l,dem+m))-gama*(phil(dem+k,dem+l,dem+m)-
phil(dem+k,dem+l,dem+m-1)))/hzz+sixma*phil(dem+k,dem+l,dem+m));
end;
phi=truyduoi(a,b,c,F,M);
for m=0:M;
phi2(dem+k,dem-+1,dem+m)=phi(dem+m);
end;
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end;
end;
phil=phi2;%\ket thuc giai he 3
%tinh sai so
t=j*to;
% Gia tri nghiem dung
for k=0:K;
x=k*hx;
for 1=0:L;
y=I*hy;
for m=0:M;
z=m*hz;
phidung(dem+k,dem+l,dem+m)=x*(X-x)*y*(Y-y)*(z-Z)*(z-Z)*z*z*t;%nghiem dung
end;
end;
end;

for k=0:K;
for I=0:L;
for m=0:M;
if saiso<abs(phil(dem+k,dem+I,dem+m)-phidung(dem-+k,dem+I,dem+m))
saiso=abs(phil(dem+k,dem+l,dem+m)-phidung(dem+k,dem+I,dem+m));
end;
end;
end;
end;
if j==T
break;
end;
%pgiai he 4
for I=0:L;
for k=0:K;
%tinh he so C
c(dem+0)=(1+alpha)*hz;c(dem+M)=1;
for m=1:M-1;
c(dem+m)=1+(to/(2*hzz))*(gama+gama)+sixma*to/2;
end;
%tinh he so b
b(dem+0)=1;
for m=1:M-1,
b(dem+m)=(gama/hzz-w/(2*hz))*to/2;
end;
%tinh he so a
a(dem+M)=1;
for m=1:M-1;
a(dem+m)=(gama/hzz+w/(2*hz))*to/2;
end;
%tinh he so ve phai F
F(dem+0)=0;
F(dem+M)=0;
for m=1:M-1,
F(dem+m)=to*f(dem+k,dem+l,dem+m)+(to*to/2)*((w*f(dem+k,dem+l,dem+m+1)-
w*f(dem+k,dem+l,dem+m-1)/(2*hz))-(gama*(f(dem+k,dem+l,dem+m+1)-f(dem+k,dem+1,dem+m))-
gama*(f(dem+k,dem+l,dem+m)-f(dem+k,dem+l,dem+m-
1)))/hzz+sixma*f(dem+k,dem+1,dem+m))+phil(dem+k,dem+I,dem+m)-
(to/2)*((w*phil(dem+k,dem+l,dem+m+1)-w*phil(dem+k,dem+l,dem+m-1)/(2*hz))-
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(gama*(phil(dem+k,dem+l,dem+m+1)-phil(dem+k,dem+l,dem+m))-gama*(phil(dem+k,dem+l,dem+m)-
phil(dem+k,dem+l,dem+m-1)))/hzz+sixma*phil(dem+k,dem+l,dem+m));
end;
phi=truyduoi(a,b,c,F,M);
for m=0:M;
phi2(dem+k,dem-+1,dem+m)=phi(dem+m);
end;
end;
end;
phil=phi2;%ket thuc giai he 4

%giai he 5
for k=0:K;
for m=0:M;
%tinh he so C
c(dem+0)=1;c(dem+L)=1,;
for I=1:L-1;
c(dem+l)=1+to*muy/hyy;
end;
%tinh he so b
b(dem+0)=0;
for 1=1:L-1;
b(dem+1)=(muy/hyy-v/(2*hy))*to/2;
end;
%tinh he so a
a(dem+L)=0;
for 1=1:L-1;
a(dem+l)=(muy/hyy+v/(2*hy))*to/2;
end;
%tinh he so ve phai F
F(dem+0)=0;
F(dem+L)=0;
for 1=1:L-1;
F(dem+l)=phil(dem+k,dem+l,dem+m)-(to/2)*((v*phil(dem+k,dem+I+1,dem+m)-
v*phil(dem+k,dem+I-1,dem+m))/(2*hy)-muy*(phil(dem+k,dem+I+1,dem+m)-
2*phil(dem+k,dem+l,dem+m)+phil(dem+k,dem+I-1,dem+m))/hyy);
end;
phi=truyduoi(a,b,c,F,L);
for I=0:L;
phi2(dem+k,dem+l,dem+m)=phi(dem-+l);
end;
end;
end;
phil=phi2;%ket thuc giai he 5

%Giai he 6
for I=0:L;
for m=0:M;
%tinh he so C
c(dem+0)=1;c(dem+K)=1;
for k=1:K-1;
c(dem+k)=1+to*muy/hxx;
end;
%tinhheso b
b(dem+0)=0;
for k=1:K-1;
b(dem+k)=(muy/hxx-u/(2*hx))*to/2;

86 héa boi Trung tam Hoc liéu — Pai hoc Thai Nguyén http://www.Irc-tnu.edu.vn



end;

%tinh he so a

a(dem+K)=0;

for k=1:K-1;
a(dem+k)=(muy/hxx+u/(2*hx))*to/2;

end;

%tinh he so ve phai F

F(dem+0)=0;

F(dem+K)=0;

for k=1:K-1;
F(dem+Kk)=phil(dem+k,dem+l,dem+m)-(to/2)*((u*phil(dem+k+1,dem+l,dem+m)-u*phil(dem+k-

1,dem+l,dem+m))/(2*hx)-muy*(phil(dem+k+1,dem+l,dem+m)-
2*phil(dem+k,dem+l,dem+m)+phil(dem+k-1,dem+l,dem+m))/hxx);

%

end;
phi=truyduoi(a,b,c,F,K);
for k=0:K;
phi2(dem+k,dem-+l,dem+m)=phi(dem+Kk);
end;
end;
end;
phil=phi2;%ket thuc giai he 6
%tinh sai so
% Gia tri nghiem dung
t=(j+1)*to;
for k=0:K;
x=k*hx;
for I=0:L;
y=I*hy;
for m=0:M;
z=m*hz;
phidung(dem+k,dem+1,dem+m)=x*(X-X)*y*(Y-y)*(z-2)*(z-Z)*z*z*t;%nghiem dung
end;
end;
end;
for k=0:K;
for I=0:L;
for m=0:M;
if saiso<abs(phil(dem+k,dem+l,dem+m)-phidung(dem+k,dem+l,dem+m))
saiso=abs(phil(dem+k,dem+l,dem+m)-phidung(dem+k,dem+l,dem+m)) ;
end;
end;
end;
end;
if j+2>T
break;
end;
saiso
j=i+2;

end;

saiso
x=0:hx:1;
y=0:hy:1;
m=floor(M/2);

%

Nghiem xap xi

for k=0:K;

for 1=0:L;
mz(dem-+k,dem-+1)=phil(dem+k,dem+l,dem+m);
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end;
end;
for i=0:K+25;
for j=0:L+25;
sum(i+1,j+1)=0;
suml(i+1,j+1)=0;
sum2(i+1,j+1)=0;

end;
end;

% Nghiém (mg véi ngudn phat thir nhat
for i=0:K;
for j=0:L;
suml(i+26,j+1)=mz(i+1,j+1);
end;
end;

% Nghiém tmg voi ngudn phat thir hai

for i=0:K;
for j=0:L;
sum2(i+1,j+26)=mz(i+1,j+1);
end;
end;
% Chong chat nghiém
for i=0:K+15;
for j=0:L+15;
sum(i+1,j+1)=suml(i+1,j+1)+sum2(i+1,j+1);
end;
end;
% D6 thi mo ta dd 6 nhidm trong h¢ toa do6 Oxyz
mesh(x,y,sum)
xlabel('phuong x (km)")
ylabel('phuong y (km)")

title(strcat('Nong do cua khi thai tai do cao:',int2str(m), '(km). O thoi diem:',num2str(j*to) ))
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