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GIAI GAN PUNG BAI TOAN THAM cUA HE THONG
DAP DAT BANG PHUONG PHAP PHAN TU HUU HAN

NGO VAN LUQC, TA HONG QUANG,
LE KIM LUAT
Vién Todn hoc

=g~INH toan thdm qua cic dip dit 1a myt yéu ciu thyc tidn khi xAy dung cac cObng triak
T thiy di¢n va thiy lyi. 86i vi n6 lam co s& a2 tinh toidn d9 an toan cla dip uhw sy

6n dinh cla d4p vaA sy x6i ngim irong than d4p. O Viét Nam phin 16n cic dip thiy
1oi va thiy dién 12 cdc dap ddt da voi cdu tric dia chdt phac tap. Trong mot s8 trudng
hop, cdOng trinh xay dyng 12 mot hé thdng gdm nhiéu dip ddt.

Vé mit toin hoc, bai toan thim qua hé thdng dap dit !4 moOt bai toan bién eliptie
<6 nhiéu bién ty do 1d cec dudng phan chia phin uét va pkin kho trong cde than dap.

Trong bai nghién citru nay, chiing t6i gidi gin diprg bai toan thd&m cta hé thdng dap
a4t nhé phueong phip lip k&t hop phin 1T hitu han.

Day 1a sw mé rong thuat toan trang [2], [3], [4], 4% gidi bai toan thim mot dip
sang trudng bop hé thdng ¢gdm nhi€u dap. Mot chwong trinh may tinh di dwuge xdy dyng
theo phwong phép trén va duge sk dung d& gidi mot bai toan thim cha thue ti€n nuwde ta.

1. Pat bai toan.
Gid sk cho m¢t h¢ théng gom m dap va ky hiéu ['j 1a bién tu do (hay con goi '
m .
mit bio hoa) cda dap the jva aat [ = Y ICj. Goi Q 1a mi&n thdm duogc gi¢i han b&i I
j=
'va cAc bién dd cho kh#e. Ky higu Hp 1A muyc uuwde thugng luu, Hmyt la mye nuwde ha luw

vi Hj la cac mue nude trung gian gita dap the j—1 va dap tha j (j=2, 3,..., m). Gid s&
4¢ 6 thim k (x,y) di cho va mién thdm 1A hitu han (hinh D).
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trong d6 p(x, ¥) 1a 4p lyc nudc thim. ¢ la mit do nwoe thdm va g 12 gia t0c trong trudng.
Khi dé bai toan thim ddt ra nhur sau [1]. Tim bién tw do I" va 4p luc thiy luec @ théa man
cac diéu kién sau:
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trong do6 n la phap tuyén ngoaicfia I'. Tir d6 d& dang tinh dwogc cac dic trung khac cla

dong thdm nhu van (8e, luu lugng, v.v... (xem [1D. Bai toan (1) — (3) thudc loai bai toan bién

phi tuvén ma 16i gidi cla n6é chi co thé tim gin ding. Dudi day chung t6i xdy dung mot
thuidt toan dé& giai gin dung bai toan nay.

2. Phuong phap giai gan dang.

D& tim 1oi gidi gin dang cho baitoan (1) — (3) ching (6i m& rong thuat toan lip két
hop phan tir hiru hano trong ([2], [3], [4]) d& gidi bai toan thdm cha h¢ théng dap dat.
No¢i dung phuong phap nhu sau.

(1) -
Gid st ta da biét bién ty do gin dang & bude lip theila [ Y. Qua trinh giai 1iép
theo géom ba buée. :
~( i)
Buée 1. Nho l(]) dd biét ta xAy dung duoe mién thidm Q(l duoce gioi han boi cae
. 1
bien tr do I'™ yva che bien da cho khéc. Ta gidi bai toan bien (1), (2) trong midn da bidt
6
@

ol nay va thu duogc nghiém gin dtng nh¢ phuong phap phin t& hiiu han.

Bude 2. Kidm tra didu ki¢n bién (3) theo tiéu chuin

max . | (9(1) x,y)—yl<e (4
x,y) €T'!

trong do € 1a m{t hing s6 di nhé duoc chon tuy theo yéu chu v& d¢ chinh xae cia ting
bai toan cu thé (thong thuong ching t6i 1y & = 0,01).
Néu diéu kiéa (4) dugc théa méan thi qua trinh lip ding lai vi tdt cd cac diéu kién

(1) —{3) duge théa min. Trong truong hop nay ta ldy gin dung ' = r@ va @ = (pm lam
nghi¢m clia bai toan thim.

Néu didu kign (1) khong duge théa min thi ta chuyén sang buéc tiép theo.

Bude 3. Trong trudng hop nay digu kién (3) kbong dwoe thdéa min. Vi vay ta cin
stra d6i bién ty do D {hanh bien te do PO+D pim théa man t6t hon didu kién (3).
Gid s& (xi, y9 12 didm thuoe bien T ma tai @6 didu kién (4) khong dwoc thda man. Khi
d6 ta sta didm nay thanh didm (¥j1, yi+1) thudc bién ra+n bing cach ldy xj11=xj va

(p(i) Xi, yi) Ty .
9

“

Yiyr =

Sau Khi sita tit c& didm trén bien I'D khong thdéa min didu kién (4) ta duge bién pla+n,
Ta xem DUTD 1y mét xdp xi mai cia bién ty do I' va chuy@n sang bude Iip tiép theo,

tic 12 tré vé bude 1.
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trong d6 aj = xx ~ xj, bi=yi—yk 2A? = Xj Xk =~ Xk Yj» 2A = bja2 — baa;
(A la di¢n tich da tam gide D).
T (8) va (10) ta co

3
u - _L bTUe, ﬂ_ — _I_ aTUe, a l)
dx 2A dy 2A

trong 46 a = {ay, az, 33‘ » b= ’bx, bz, bs},
Ly luin twong ty ta di dén
0
v — _1_ bTVe, _—OV = _l_ aTVe’ {12}
ox 2A oy 2A
trong d6 V® = ,v;, vz, V3fT.’Vj 12 gia (ri ham v tai nat the j(G = 1,2,3),
Thay (11) va (12) vao (7) ta di dén
% veT

e=1

f k ®bT + aaTdx dy} Ut = 0. OE))
4A3 ﬁge y)

Voi gia thiét k = ke 1a hing so trén tam gide D¢ (ching han khi k 12 hing s6 ting
miu trong mién D) thi tir (13) ta di dén

M
= veTRUC =0, e
e=1

trong dé

bi + ai biby + ajaz  bibg + ajag
k
K® = ‘;‘i— babt + a2a; b3 + a} babg + asag

bgbs + agar bsba+aszaz  bE+ a}

-K® duroc goi la ma trin d ckng phiin tk. Do la mdt ma tran ddi xtng cdp 3 X 3. Tir (11
ta ¢6 hé phuong trinh

WK U =y, (15
trong d6 U (V) 1a véc to gdm gia tri cha ham u (v) tai cac nat cha ludi tam gide, K 12 ma
tran d9 cirng toan cuc. Ma tran nay duogc tao ra tir cac ma tran d¢ cirag phin t& K°.

% 1a mot ma tran d6i xteng bang voi do rong bing biing hidu sé 16n nhit cda chc
_s& hiéu nit cha mbitam gise. Vi Ul1a tuy ¥ nén tr (15) ta di dén

KA =o. (16)

By gio ta x& 1§ didu kién bién nhw sau. Gia si r 12 mot nit bidn vA tai d6 him u = uy,
tire la

Uy = Uur. (17)
" Do di®u kién (17) ta chuydn hé (16) thanh
KU=F.F=FrFo. Fn|" K= Ky |, 18)



Chi y 1. Viéc chon xdp xi ban diu clia mil ty do r 4nh hudng nhitu dén sy~
hoi tu cha phueong phap. Mot trong nhirng cach chon 16t 14 cin cir vao cac cdng thirc trong

qui pham k¥ thuit [5] d2 tinh gian ding cac duong bio hoa trong tirng ddp riéng ré r(,“
J
(3= 12,...m).

P& tiét kiém gid may do qua trinh lip c6é the khong hoi tu hofic qua trinh hoi tu
chim, ta dua thém tiéu chulin 1a may dung néu nhu sé bude lip vuet qua mot sé I, ndo
do (théng thudng ching 10i ldy 1o = 50).

Chi y 2. S& di chung t6i chon phuong phap phin tit hiru han d& gidi giin dang bai

foan (1), (2) trong mién Q(i), vi mi&n nay c¢6 hinh dang phtre tap. lon nita ta c6 the tiét
kidgm dugce bo nho, vi thé cin chia phan t& day & vuang gin Dbién ty do, cOn cic noi khac-
¢6 th& chia ludi kha thua.

3. Ky thuat phan t& hitu han tim nghiém trong tung buéc lap.

Nhu da trinh bdy & phiin 2 trong mdi bude Kp chung ta ciin gidi bai toin biém
hdn hop (rén mién da biét D

2 > > 2
(k — )+ : (k - ) =0
dx dx oy oy -
3 A (5)

A N 6“ N
u =g trén Sy, 0 0 trén Sg

v&i S1 U Sz = 3D, S1 N S2=¢, n la phap tuyén ngoai clia S2. Bing cach tich phan tung

phin tir (5) ta di dén
[ o] 3 dv
k ( LA AL A ) dsdy = 0 ®)
ox ox oy oy
D

1
véi moi ham v € li( (D) va triét tiéu Si.

be giai (6) theo phuong phip phin tk hiru han [4] ta chia mién D thanh M céc tam giac
Qe véi s6 dinh N sao cho

M
D=\yu Qe
e..—-:.]

Céc tam gidc ndy chi c6 th® chung nhau canh ho#c dinh. Khi d6 c6 thd viét (6) dudi dang
M
6] d "] 1]
ijk( e OV o, v)dxdy=0 -
dx 0x dy 0y
e=1 A, - ’

( N .
véi moi ham v € H b (D) va triét tiéu trén S;. MOi tam giac Lo xét mot chch dia phwrong
¢6 3 dinh duge ky hiéu 1a 1, 2 va 3 véi cée toa d9 tai dinh 12 (xj, yj), j=1, 2, 3. Ta xép
xi ham u trén tam gidc D¢ béi ham tuyén tinh

u=0o1+ dax + azy. ®)

Viét tai he¢ thiee (8) tai cac dinh tam gifc vd k¥ hiéu uj 12 gid tri ham u tai dinh
Hj=1,2, 3)ta ¢b

1 x1 w1 ]
U¢ = ca, c= {1 x2 v2 1}, (9
I x3 st

trong do Ut = {u,l, uz, usz, a = {a,, Ola, aagT voi chit T ky hidu 12 ma trAn chuy@a vi,.
T (9) ta cé



trong dé %rr =1, ?r = U, g{sr =0, ?s == %sr Ur véi meis .

% ciing 12 m¢t ma trdn bing, ddi xtrng. D& tict kiém bo nhg ta ch? ciin ghi cac phian &
cdc dudng chéo phia trén trong gidi bing clia ma tran K va gidi e (18) theo phuong:
phip Gausse.

So dbd khoi @& gidi bai toAn thdm nhu sau

Nhap s6 li¢u

{

s> LAP = LAP + 1

|

Tinh d9 rong clta MT bing

y

Xay dung MT do cirng phin t

!

Xaydung MT d9 cltng toan cyc

¢

X&r 1 diéu kién bién

v

Gidihé (18) bing phuwong phép Gausse ;

Kidm tra | 400g) " Tinh [ Tinh gradien |
-5 | m——> " e
digu kign (7)1 luu lwong | thim t6i da |
} sai )

———| Sita lai bién tu do 1 Stop

4. Chuong trinh may tinh va 4p dung.

Theo thuit toan trinh bay & trémp, ching 16i dd x4y dung mot chuong trinh may tinh
theo ngoén ngit FORTRAN. B0 chuong trinh nay gom c¢6 chuong trinh chinh va 3 chuong
trinh con. Chuong trinh con ZERO cho phép gan gia tri khéng cho mot ma tran (k& ci vec-
10) nhdim ftranh i&m I&n trong qua trinh tinh to4n do chuwa x6a trong bd nhé cac kétqua
tinh toan & bude lip trude.

Chuong trinh con BANG nhim gidi phuong (rich theo ma irian bing nho¢ phuong
phap GAUSS [4]. Chuong trinh con DCUOL nhim tinh c4c di®m gin dung cs sau mdibudc
lap theo phuong pbap ngeai suy tuyén tinh hoiic bac hai. Chuong trinh chinh ¢6 nhiém vu
doc s6 liéu vao., xy dung ma tran do ctng, 18 chuc 1ip va in két qud ra. Chwong trinh
nay cho phép thay ddi cac phin t& hiiv han mot cach tr dong theo qua trinh lip. Bé phu
hop v6i yéu ciu k§j thuit, chuong trinh dwoc (8 chite d¢ cé th® vwa tinh trong trudng
hop mot dip, vira tinh trong trudng hop hé théng dap va c¢6 thé tinh toan theo nhidu mit
cit trong mot 1an (inh. Chung 16i da tién hanh th& nghiém s6 trén cac may tinh dién tir
EC—1022 va Minsk—32 v nhin dugc két qua On dinh s§ trén may tinh...

Thuét todn va chuong irinh nay ciing d& duge st dung d& tinh thim cho dap thiy
dién Hoa Binh sau giai doan 14p s6ng dot 1. M6 hinh m¢t bai toan la mét he théng gom
hai d4p. Myc nu6c thugng luu 12 40m, mue nuoc ha luu 14 25m, myc nuéde gilta hai dap
14 37m.



Chiéu dai tinh todn 1 905m. Dip gom ba loai d4t d4 chinh: D& phong héa cé hé
s6 thdm 2 cm/s; dit cudi x06i ¢6 hé s6 tham 0,15 cm/s va d4t sét ¢6 hé s8 thim 5.107 cm/s.
Vi hé s6 thdm giira cac viang tinh toan hon kém nhau hang triéu lin nén viéc ding mod
hinh twong ty dign—thdy dong hofic moé hinh vat Ly gip nhidu khé khin. Do viy viée skt
dung md hinh toin hoc trong trudong hop niy la thich hop.

P& ddm bio A0 chinh xac do k¥ thuit doi hdi, ching tdi chia mi&n thdm thanh 220
phin t&r tam giac. C4c ham noi suy trong cac phdn t&r tam gide ndy dugc chon la ham
tuyén tinh. Sai s§ trong ti¢u chulin (4) duge ldy € =0,01. K& qua thuit toan dirng sau 12
bude 1dp. Cac két qua tinh toan vé dong thim dugc phia kj thuat chdp nhan.

Cin luu ¥ riing su hoi tu chia phuong phap con 12 mot vAn d8 md ngay ca ddi vaoi
truong hop mét dap. Tuy nhién, qua thye t& tinh toan, chiing toi thdy riing néu chgn xdp
xi ban diu ciia mit tw do t&t thi qua trinh hdi tu twoang déi nhanh.

Phuong phap trinh bay & trén ciing ¢6 the mé rong dé gidi gin dung bai toan
thdm qua hé théng dap ddt khi mye nude trung gian chwa biét trude.
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ABSTRACT

An approximate solution of the filtration problem of
a system of dams by the finite element method

Using the finite element method we construct an algorithm for solving the filtration
problem of a system of dams.

The Program based on this algorithm is coded in FORTRAN for the EC-1022 and
MINSK—32.

This program is used for solving the filtration problem of HOA BINH dam in
“Vietnam.




