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1. Mo hinh treng thay van

: E\e tor ndm 1959, sau khi Dooge van dung ly thuy&l hd thong uonrf dle

' knlen hoc dL giai quvet hai toan duong don vi 16ng quat V‘i chra ra khax niém
Jiru wc song la mot neé lho—}o" thm' vin — phuong hudng md hinh bét diu
duoe st “dung trong thity van. Tuy n‘uen, phai cho toi 1973 Lh Dooge dua
 ra dinh nghia hoan clnnh ve hé va bidu dién nhirng vin dé co ban cha 1y
' ithuye; hé théng duwéi dang loian hoe ro rang thi o hinh ‘ma&i: thye hién sy
f:chlem linh dugc vi tri quan Lromf \':1 phat men voi mot mc c’io mL nbzmh
~"tron¢ Lhoa hoc muy vano o SRS AR PRRETE s o
-7 'Dinh ‘nghia hé lhona cua Domxe nhu: s [1] S

- r(He lhond h bat m mot cm i uc, tmet bx, sor do hoac 11'1nh tuf
‘thue hay trory twgng, duoce gin ‘voi mot bu'oc "hcn ‘gian- nhit _d‘inh ’llen hé
__""dnt‘t:lurml g vao (nduyen nhan, mot kich dong cia vat chat ‘ning lwong, {hong
Ctin) voi llmn ra (hp qua"“phan und cua thonc un. nang luong hay? ai"chat)»
Mot md- bmh ‘don thuin 13 bidu “dién ciia mot hé thonv I‘uy theo mire

do bxeu didn hé théng l1a don-gian hay p}urc tap, biéu dién it hay nhidu moi
‘quan hé {rong hé thong, muc tidu quan tAm iro ng nghién ectru hé théng...ma
co nhu‘no dang md hinh khac nhau cta cing mot heé thdng. Dudi day ching

ta s€ goi Iu‘cng vao (hay nhitng khai ni¢m twong dwong) la input va lwong

—ra (hay nh’“gv khai niém twong duwong) la outpui. Cac mo_hinh trong hé thdng
thay van co tnc CILI'O’C phin chia thanh ba dang mo hinh vat Iy, mé hmh teong
tr vamo hmh toan.
2. Mﬁ hinh tofm trong thuy vian

‘M6 hinh toan 13 mot mo hlnh ma trond 6 sy fwong tac tromg hé thdng
duforc biu dién béi mot tap. hop cac phuong trink, citng voi nhirng quan hé
logic bi€u dign mdi quan h¢ gitta cac bién sb va cac thong s6. Trong dang tdng
qual, mot mo hinh foan co 1he dwge mo 1A dudi dang sau:

o dk oyi. 4p :
¥ _x,(l) x,(l),___ ;.j.;‘,,,,d_t._f: d}t:_”"; dt:l, 01 ; - : Bq% """,0 N ()
-Trong do. ' ‘
S (t) — inpat cuq ‘hé thdng ldl thei diém t
Vi ) — output caa hé thdng tal thcn dlem t
Bi — thong s6 cua hé thong. §
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Khi mét hé théhg la rat phire lap — nhir hé théng thiy viin cé tinh dén
» A

-
: 2 . .
sy ton tai cha sai s§ trong hé thdng, ham [ trong (1) thudng &

boi ham f va néu tinh dén mot thye t€ 1a nhitng bién s6 trong lh’xy'v in thudng
duge do dac tai nhtng (hoi dtem r&di rac chi khong phéu lién tuc - theo

t, nghia la nhirig dao’ hém Tiéng dirge thay the bcn nlurng xap xx sax phan htfu'
han (At bing mot &orn vi thm Gian) -

R, X = 1 (Xl‘*‘l — Xt—- 1),2: 1

__.(Xt+1—2XL+Xl-I H
dt 2 de2 T 2, y ; e

pa

"lrong nnh hmh nhu' vay vGi ounut bat kv yl mod hmh (1) durac VIet
thanh T S S NS i g . :

RS

Vi="f Xil)"xfl-}q . y(x) yh) $iee3 e,,ez + St § o “i(2).

Bxeu nay b nghla lé output bat kv y1 tai thm dlem t cua he thﬁng la
phu Lhuoc vao nhitng gii tri yi tai-thoi doan: trude no va véo ‘gia iri hién tax:
ciing: nhir gia tri truso'c cua cac mput Xi. i el e L

3. Phaxn losi mn hinh toén trong thny van e TR o
‘Theo:cach phan loai’efia Clarke (1973). cac’ mé hmh toan trong thuy vin

) the deoc chia thanh- bén nhém chinh, ‘tuy theo sy 15 hop: g;ua hai edp

thudc linh Lhac nhau (‘ua mo hmh ngau nhlen - tat dmh va nhan thurcV-— kinh
nghxem : Poaddee dlngds 145 1613

"L Mo hinh la ngau nhlen neu ton lax }t nhat mot blen ngau nhlen cé.
phan b6 xédc sudt nao d6 con mb hinh la t4t dinh néu moi hién 'sd ddu khong .
phai la bi&én nglu nhién.

— M5 hinh dirge goi 14 mé hinh nhdn thie "né’u nhitng quan hé ham
gitta cac bién duwoc gin voi nhitng ¥ nghia vat 1y nio dd, con néumd hinh la
kinh nghiém thi khoncr thé gin dwoc nhimg v nghla vat 1y cho nhitng quan
hé nay. , : : o

— Mo hinh ((hép aen'» v mé hinh ghﬁp <hm»

Mt mo hinh duoe: goi 1a m6 hinh « hop den» néu ching ta hean toan

- khong bidt gi vé nhung tinh chét co ban cha hé théng (nhu: tuyén tinh hay
~phi tuyén, c6 hay khong c6 bd nhs..). Tuy nhién, irong thie hénh mot s6 gia
dinh phii dwge dat ra n&u mudn thu duogc nhiing két qué ndo d6, bdi vay -

nhitng m6 hinh nay dege goi la mé hinh «hép xamy», Ching han, ching ta( :
phél gid dinh hé théng 13 tuy&n tinh, bit bién theo thoi gian — nghia 12 cho mé.
hinh thudc v& mét dang riéng nao dé— trong khi con phii xac dinh nhirng

~thuée tinh con lai nhir bée cla phwrong trinh trong hé thong hoac gi4 trx riéng

elia che hé s6 trong phuwong lrmh as [7]

II - MO HINH SMA Rt

M6 hinh SMARt (Soil- Moxsiure Accoummg and Routing Model) & moét
mo hmh nhén thirc — tit dinh elia mot hé th6ng tuyén tinh khong ddi theo théi

‘gian v6i cac thong s6 l4p trung.

t
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J1Xudt X cﬁa md hinhSMAR'I ,
- . Nam 1970, Nash trinh bay ‘quan didm cha 1g vié
‘md. hmh nhan thtre .trong. thily van qua. logt ba bai bao dwoc viét cang voi
mot s3 nha 1huy vin co tén tudi [3,4, 6] Ba bai bao nay duwoge viét dwéi cuang -
-mot tiéu dé « Do bao. dong chiy song bang nhitng mo6 hinh nhén thire ». Nhitng:
bai bao nay 14 co s6 l) tuan cho syra doi efia md hinh 15p. (Lavers Model) phin.
co bin ciu triic nén thanh phan tdng lwgng chia mé hinh SMARL sau nay —
nhitng tr twong clia Nash- duge tiép tuc rhal trién qua loat mo hinh tuyén.
tinh phén trng tong hop da dwoc ong dhe két qua bai hao [5] viét cung vol;
Foley (198:). Song: song véi hwéng nghién ctru cdemd hinh tuyén tinh- phan
_ 1rng 16ng hop, ong phat trién huwong nghién ciru cac’md hinh tuyén tinh nhiéun
loai mé hinh t6 ra ¢6 nhidu wu didm khi s& dung tinh toan va du bao cha -
_ nhirng song 1én-ma dong. chiy mang tinh mua rd rét. :
N4m 1986, dudi sy chi dao truc txep cta Nash va Doocre, viéc ghép nbi
“va phat trién mo binh: 16p cting voi hai thanh phin di€n toan va cap nbal dae
tao ra.mot :mo hinh nhan thie hoan chinh:@a duorc: thye. hién tai Khoa Thiy
_viin k¥ thuét, Trudng Pai hoec tdng hgp. qudc gia Galway, Cong hoa Ailen [7]
M hinh hoan chinh nay dugc mang tén 1l mo hmh SMARt
2. Céiu tric tdng quéit clia mé hinh- SMARt: "~ © I
- M6 hinh: SMARt hinh. thanh & ‘ba ‘thanh phan co ban lhanh phan tong :
= lu'cng, thanh phin dién toan va thdnh phan cap nhat LA Y
-a)- Thdnh phan 16ng: lu'cmg N ST PO Bt H
- Nhu d& néu trén, thanh phan tonc lucrng du-crc x4y du'ng nén chﬁ“ jé’ix'
Tt m6 hinh 1¢p voi mot s6. cai tién ‘nhé trong ky thudt lua chon sir klen va
ky thuat‘tor,/’uu hoa tu‘ dono cac thong so Qua mé hmh - i v

P )

C)>

g ir o'.m viée su dnng cace




Hogl déng clia mo hinh [6p dwge mo L4 chi tist (rong [4]
’ s . ~

u
<
So dd téng quat cida m3 hinh SMARt dwge md t%. trong hinh vé { va
mdi quan h¢ gifra cac thong sd clia mo hinh 16p véi dong chiy tinh toan duge

mnd t& trong hinh 2
b) Thanh phin dién lodn
Vé6i thanh phin nay, input 14 «mua hitu hidu» va ontput 13 dong chay
tinh toan. Nhu vady, day chinh 1a mat bai toan trong ly thuyél dong nhit hé

théng tuyén tinh [1] nham tim ra ham phan dng chh dong khi cho {ruge
input va oulpul,

Vé nguyén ly,.bai toan nay co thé duoc gidi quyét biing ril nhiéu phwong
v phap Chiing ¢6 ihé dwoe phan chia thanh ba nhom nhdom cac phwong phap
¢O dién (dlen hinh'ld phwong phip ctia Collins), nhém cic phuwong phap bién
d6i va nhém cac phwong phap tuorng quan, Mic du nhitng phwong phap bién
ddi da duwoge nghién ciru nhidu (st dung phép bién d6i Laplace, phép bién déi
Fourier, phan tzch diéu hoa, phan tich ham Laguelre ) nhw da trinh bay lrong
[7] phlrong phép twong quan dya trén co s& Iy thuyét binh phwong t6i hxeuk
d& cye tidu héa sy sai léch gitta oulput tinh todn va thye do thlrcmﬂ cho nhirng
két qua twong d6i khd quan trong thue t€ st dung. S

~Trong qué trinh xdy dgng mé hinh SMARL, chung t01 da thu nghlem hai
‘mo hmh dleu toan-khic nhau: mé hinh thond so va mo hmh ph: théng so.

1 \Io hmh thong so \Tash (1957) da gm y rang chuon gom n be chira

véi he s8 luong f1u I& ba‘ nhau Ia mot mo hmh du toncr quat ‘\'hu vay. mo
hinh co “dang: o :

(1 + IxD) y(n w,\(t) T (3}
Vorl D Ia 10an ta —(—1—- | Doind, FesIn
' L v e _ dt '
“Bién ddi Laplace ctia’ he' A SR e e ‘
SR Ham chuyen clia hé s& la A S -
LT o H(S) (1 +KS) | B

i v6i Y(S) = L[y(t)]
: XS = L] ‘ :
Ham phéan u:ng mach ddng tirc thcn chmh la breu dm Laplaee ngu'orc"
etia ham chuyen nay S SRS HE N
T h(t) L= [H(S)]’.V TR T T ST I R ()
(L bxén dox Laplace)
Troncr truong hop tdng quat (khong nguyen) ta ¢O phin bd Gamma:
‘ 1 t »=t K

h(t) = KT (h e ' | (7)
Hai thong s6'n va K ¢6 the du-oc lim ra A so heu thuc clia chudi input
va output Trong trudng hop: nay, inputla: gla tri elia mua hifu hiéu (twe la
output cia mo hmh 16p) va ouiput 14 dong chay thuc: do. Vlec xéc dmh n va

K phii cin dén nhitng quan hé mé men ciia Nash: Sl ’
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w

o | (Q1 - llV )-; . s Qa = L o
n= = : vAK = — = — - (3)
u, . Q2 — In) . ) Q 1
Trong 46:
I;, Q) la nhitng m6é men gbc bac 1 cha input va output;
T2, Qa2 12 nhtrng mo men tam bac 2 cua input va output
“f‘+ Mo hinh phi thong s8: o |
Xuft phat tir tich phan chap quen thude trono thu\ van.
t :
y(t) = SX(T) h(l—1) dr o : (9)
’ o
’ ,‘Vcn dano‘ roi rac, chung ta c0 tonn chap ‘ | .
V S Vn Exn-—x hi o I (1

o =0
rong do S
X — chu01 mput
> jr-—chum output e e e e
" h — ham phin ung mach donﬁ o
' m-——do dai bo nh¢ cha hé,

Trong’, lhu*c t8, voi su' co mat cua bal sn va IlhlIIlO‘ gla dmh vE lmh chat
tuyen tinh cfia hé Lhéng giy nén. 1dng chap c6 thé dwye viél dubi dang ma tranfg
¢ linh dén thanh phin sai s6 nhu sau. e B
Hate Y= Xh+e S 11y

Trong do v la véc to outrut }x la ma tran mput h la véce to phan ung
mach dong, e 1a véc to sai s0.. el v ,

Véi nhitng bién ddi to'm hoe d& Lho tong binh phu'cmd clia cac. sai s6
la cuc tiéu, ta co:

”h = (\TX)*—1 ‘{T T S (12)

&,dcwqua trmh tinh toan- (7) va (12) 1a. n01 dunﬂ cha thanh phan dién

toan thong s67va phi thong s6 trong ‘mé6 hinh SMARt. St dung nhirng him
-nay. voiinput] 14 nwa hiru hidu (két-qui ctia thanh phin tdng lugng) s& cho ta
“output 1a dong chay tinh tean trong nhu:ng lhm doan tinh toan tu:orng rng vcn ,
-mput o ; : :

. c) Thanh phan cdp nhat R DA S G
Mo hmh cap nhat duorc su: dung 1a mot mod hmh tlr hoi quy bac ha

= u+2<b,(vt-,'-— e e

Trong 36+ :
S ¥E— chum pbu thuf)c, €o gla LT.'I trung bmh i va phuwong sai s
Et"—"ChLK)l doc lap co gia tm trung bmh banc 0va ph'.rcmﬁ sai khﬁnb,' :

’ doa P

D — Cac thond sO cua mo hmh

16;"




3. Thir nghigm md kinh SHMARt
a) __I.LLI. phdp rvde dinh thong sb

Nhuw (rén d3 mo ta, c6 nhiéu cach xic dmh thong s6, chang han, phuong
phap thit sai, phuong phap t6i vu héa lheo ham muc tiéu... 'Irong khi xay ;
dung md hinh SMARt, phwong phép sau duge st dgng. :

dinh theo tién chuar cta Nash va

_ Ham muc tiéu cha md hinh d‘u'crc
Sulclee (1970):

E (Qu do dac — Qu, tmh toan):? S (14).
E  Dong théi, do hiru hiéu cha md hinh duge xac dinh.bdi:
| F2 - F? - |
R2 — ° (15)
F?

trono do F la phlrcmg sai dau, duge tmh bcn‘

E(on-T) oy

Q — gia tri trung binh cla dong chiy quan tric 11'0110 thm ln' xéc dinh.

: Nhr viy cac théng s6 clia m6 hinh dwoe xac dinh bdi eue tidu hoa ham
Fz.. Chting t6i- da STt dung thuit toan. Rosenbrmk [1] dé xac dinh cac thong sd
pﬁanlo h]nh : B T T T L ;

-—Em = C.‘EB .
: mow f!_"o B < R s Ea > e

INFA 1 = (1 = H)(R = B} T4 (em KR -E)

Hinh 2,

Quan hé giu'a. cAo thdng 55 cla md’ hlnh Lup va dong ChBYa

*,}'T c Y, Hva Z: Cda thang 86 ola ms hlnh 10p}- sz th€ wdo’ hoij E_v Bo

- hod thys t.

- Y1 RUNOPE 3. ‘U3ng chdy do Z; INIW

‘ uD(Z)I Luqng hgb iu trong ads & t}hg Zg HUHDFPx Dong cuay tﬁng cgna.

.+ Muay RUNOFF 11 nong ohay do Hy RUNOZP 23 Uong chay do L
i Luqng nirde thém trung tAng thir 1 s

S L e SRR T R Y IR ST RN Y RS S [
INFW L'= INFW 1 RUROFP 2 “ (1*3) (R"Ea) - Y >
Kj&‘, ,: =l i - R IR B S R E SIS S S . .
8D(z) < THRE 5| RUNOFE. 3 = TYFW 6. snmf e et RUNOFP

e
1




by Lwu vie va sO liéu Lhir nghiém

‘ Luru vru'c Nuée vang duge sir dung jam leu vye thi nghi¢m cho mo
hinh SMARt. D6 1a mot luu vue nhd & viang Dong Bic: auge ta, véi dién tlich
ia 125kmae. 16p phii phin 16D 13 ring nhidu ting tan, do ddc twong déi 1ém.
S& liéu duge s& dung 14 lwgng mua ngay cha hai diem, lugng dong chdy ngay:
cfia tram luu luong khong ché loda. luu vuc va lugng hoc hoi ngay cia mol
tram khi lwong & ngoai luu vue (hinh 3. . : ,

- Thoi gian co s6 lidu 1a 6 ndm (1971 — 1975). Trong khi s& dung mo hinh
SMAR!, ching toi da ldy 4 nam (1971 — 1974)- lam thoi ki xac dinh dé iim bo
théng s6 cho mo hinhva dang tai liéu ctia har nim con lai (1975 — 1976) lam
thoi kv kidm tra d€ danh gia lai mé hinh vai ho thong sd xae dinb.

¢) K&t qua tinr nyhiém
— Thanh phiin 1dng lugng

Dia tim cae 16 hop (Si wu cla cic théng sd- bdi thuit toan Rosenbrock.
Qua qué trinh xéc dinh thong s6 161 wu nhén thiy v6i lwa vie nay cac thong
s5 C va Y la cac thong s& kém hoat dong. Béi viy. két qua cudi cing la lua
chon ra hai md hinh: ’ )
" Mb hinh hai thongsé: R :

" Mb hinh nay cho gid tri do htru hidu md hinh R2= 89,47 % trong thoi ki
xéc dinh va 87,74% trong thoi ky kiém tra. SRS LA
M6 hinh mot thong sd: H = 0.68. ‘ | _

- Mo hinh pay cho gi4 tri R = $9.45% trong thoi ky xac dinh va 88.87%
trong thoi ky kidm tra. -Nhur viy rd rang la sy tham gia cha Z ciing khong lam
‘ting dang k& gia tri do hitu hiéu, hay no6i mot cach kbac — trong liu vire nay
vai tro ctia thong s6 H ia quan trong nhét, Bdi vAy céc thong s6 khace duge
giit lai tai nhitng gia tri khong hoat dong cha chiing va thanh phén tong luong
chi bao gom mot thong s6 H duge t6i wu. o ' ' :

“xac dinh va ;64,26 % trong thoi k¥ kidm tra.

~ — Thanh phan dien todn

L Bi thﬁ: nghiém voi ¢ hai mé hinh dién toan: thong sé va phi
K&t qui nhiw sau: e T o
Mo hinh thongsé: 1 =L78 va K= 0,57 ,
Mo hinh nay cho gié. tri hiru hién R2 — 66,739 trong thoi ky xae dinh
'va 64,02% trong thoi ky. kidm tra.. IR
Mb hinh phi thong s6: mo hinh nay cho gia tri R* = 69.65% trong thoi ki

thong sd.

o

Thiy 40 don vi cfia hai moé hinh nay duwoc trinh bay trén hinh vak

4 t
qui dign toan so sanh gitta qua trinh dong chiy thye do va tinh toan b6i m

e

_hinh phi thong s6 dugc trinh ‘biy irong [7]. ~ =

— Thdnh-phdn. cdp nhul‘ e

Qua khio sat twong quan d5 va két qud tinh-loan sk dung nhitrng md

~ hinh ty hoi quy ¢ bic khae nhau, nhin thdy chudi sui s6 khong thé hién mot



dé tdn lwu rd rang. Pidw nay e6 thé duge gidi thich bai d6 tdn liu cda sai sd
chi bidu hién tde dong-cha no trong nhitng thoi doan nho hon théi doan s
dung d& tinh toan trong md hinh pay. N6i mo! cach khace thoi doan tinh todn
ngay la qua lon d3i vai mot luu vue dde, ¢6 dién tich 125km? nhw lwu vue thdr
nghi¢m, B&i vay. viée sk dung thaonh phln cip nhéat (lam ting s§ théng s6 ti
1 dén 3 —néu sk dyng md hinh Iy hoi quy béc 3 1a t6i da) ciing chi nang cao
d9 hitu hi¢u clia mo hinh tr 69,65% dén 69,90%. Trong khi do, doi véi mot
- lru vire khace (lwn vie Bird Creek) thanh . phin cap nhit dd lam ting do hitu
hiéu cfia mo hinh 1 83,37% d&n 88.77% trong ihdi ky xac dinh va tir 57,02 dén
71,26 trong thon ky kigm tra [7].

d) So sdanh vgi mGI sO0 mé hinh nhdan (hire khdc
D2 danh gia nhitng k&t qui thu dwge bdi md hinh SMARL, ching toi da
tién hanh so sanh dd hiru hiéu clia md hinh ndy voi mot sé md hinh khae

theo nhirng s3 liéu dwoe cung cip qua dgt so sanh qudc 18 v& cac mod hinh

nhin thic ding trong du ba@ thuy viin no‘mep vu do WMO 16 chirc nim
1975 [9]. : -

_ Nhitng mé hmh str dung de ‘S0 sanh Ia SSAF{R NWSH; SRFCH; TANK;
CLb SMARt.

- K&t qui tinh toan do hiru hién cha cac m6 hinh cho cic luu vye trong
thoi ky kiém tra duovc tlmh bay trong bang]

Bang 1 - So sanh do hu-u hleu gm'a cée mo hmh trong théi ky kiém tra.

| IU'U e
%o hinh i ;
Bird Creek - | Wollmbi Brook - Kiju .
(M§ s F = 2344km2) | (Uc ; F = 1580km?) {(Nhat, F = 1445km2

'SSARR . RN U : 28 : 70

NWSH 85 47 ~, 78

“SRFCH st ’ 56 85

‘TANKI 6o 66 | -
CLS _ 33 ; S 76 L 43 :
SMARt R e e
‘ |

e} mol s6 nhin xél

" M6 hinh S‘\'IARt 1% mot mé6 hinh nhan thuc do'n man — nhif tw tu'rmcr

~ chi dao cfia Nash khi 6ng d& xuitco s& xay du-ng 1&p eac mob hinh tuyentmh-—~

s don gxan ctia moé hinh duge thd hién & hai khia canh: s6 théng s6 1a nhé
va d& sfrdung. Chingta ¢6 thé sosanh s6 thong s6cue dai clia mo hinh SMARt
véi mot s6 mod hinh khae: N&u tdt ca cac thong s§ cia mé hinh SMARL déun
duge t6i wu thi con sé d6 1a 7, trong khi ca mo hinh GIRARD 1 (Phap)la 12,
cia TANK! (Nhit) la tor 12 161 24, cia IMH" — SSVP (Rumani) -la 13, cda
NWSH (M3 1a 18, cha SRFCH (\/Iy) la 11 cha H\dt, (Lién X0) la 1t.. Ngay ca
trong m6 hinh THL — mot dang gan glii cia m6 hinh SMARt, duge phat trién
irén nén tang tw twdng chi d’go cfia Nash ciing ¢6 téi 15 théng so6.

_— o







Tuy nhién. 1a moét-mo hinh mé1 duoe hoan thién, SMARE ciing ton €6
khoun it nhuoe diém can phai khic phye [7], thudt toan t6i wu tw dong theo
Rosenbrock (6 ra kém hi¢u luc khi trong khéng gian gia tri cia hdm myc tiéu
10n tai nhiu cyec {ri dia phuong; mo hmh didn toan thong s6 theo ham Gamma
clia Nash 1a gidn domn, nén duoc phat trién theo mé hinh hai bé chira ¢ hé s6
hrong triv khac nhau véi ham phdn wng mach dong dwoce biéu dién boi:

|
. Ky — Ko

hodc 10ng qﬁét ,hdn, 12 mo hinh n bé chira dée lap [1]
(I +E:D) (1 +K2D)... (1 4+ kKoD)y (L) = x(b)

h(!.) — (e~ K1 o—l/K2 ) " (17)

Viée hoan thién mo6 hinh SMARt dang dugce ti€p tuc lai Khoa Thay vin
k¥ thual, Truong Pai hoc 16ng hop qu("ic gia Galway, noi khai sinh ra né, Tuy
nhién, nhtrncf tng dyng ciéia no dé gidiquyét nhitng vin dé trong bai todn quy
hoach lai duge. nhxux noi quan tam. Viéc ghép ndi w6 hinh USLE- dé hinh
thanh mét 1o hinh {inh toan chi tiéu suy thoai moi trudong, sau khi k&t hop
v&inhirng ' mo hinh kinh (& cu thé (eac Subroutine vé nong 110hiep, [am nghiép,
thay (11611 .).Gadugc tién . hanh nhim giai quyét bai loan quy hoach-10i ru cho
mot lun vyce song cy thé voi muce tiéu: thu dwge hién qua kinh (€ toi da va sy
pha hoaz moi triedng 1.1 téi thidw [8]. SR
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