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PH^M THI MINH LANH 
Tru&ng Bgi hgc Kien True Thdnhphd Hd ChiMinh 

NGUYEN QUANG TRU^OfNG 

Tru&ng Bgi hgc Bdch Khoa Thdnhphd Ho ChiMinh 

Tom tat: Hi thong phdn phoi nu&c (HTPPN) khong phdi Id mat he thong kin (nhung vi tri 
va, diet gdy, be chiea, ddi nuac. trgm bam...) nin chdt 6 nhiem co khd ndng xdm nhap vao hi 
thong qua cdc vi tri ndy. Tong hap cdc nghien ciin cho thdy khi ba yiu to ong va, dp sudt thdp 
hogc dm vd nguon 6 nhiem xdy ra vdo ciing mot th&i diim thi nguy ca chdt 6 nhiim xdm nhdp 
vdo duang ong Id hodn todn co the xdy ra. Tren ca sa ly thuyet logic ma nghien cieu phdt triin 
mo hinh du bdo nguy ca HTPPN bi 6 nhiem vai cdc hdm thupc dgng Gaussian, S - Sigmoidal vd 
Z - Sigmoidal. Mo hinh duac thiet lap trong phdn mim MATLAB v&i cong cu thiit ki logic m& 
ELD - Fuzzy Logic Design vd SIMULINK, kit qud mo hinh cho biit khd ndng chdt 6 nhiim xdm 
nhdp vdo tieng dogn ong cdp nu&c. De kiim chirng khd ndng ung dung thuc ti ciia mo hinh, 
nghien cieu thiec hiin die bdo nguy ca 6 nhiem cho HTPPN khu vuc HC05 qudn Hdi Chdu thdnh 
pho Dd Ndng. 

Tir khoa: 6 nhiim nu&c, mo hinh du bdo, he thong phdn phoi nu&c, logic m&, SIMULINK. 

Abstracts: Contaminant intrusion into the water distribution system through the leakge (break hole, 
crack, reservoir, tank, pump station,...) on the system. Review the research's showed that when three 
factors pipe break, negative pressure and contamination source appear at the same time that contribute 
to contaminant intrusions into the pipe. Based on theory of fuzzy logic with the member ship function is 
Gaussian, S - Sigmoidal and Z - Sigmoidal, the predicting model for the Potential of Contaminant 
Intrusion in Water Distribution Systems is proposed. The model is set up by MATLAB with the fuzzy 
logic design (FLD) tool and SIMULINK tool, the result of model is the potential contaminant intrusion 
into the water pipe. The model is verified its ability application in fact by apply for water distribution 
system of district meter area HC05, Hai Chau district. Da Nang city. 

Keywords: Water contamination, predicting model, water distribution system, fiizzy logic, SIMULINK. 

1. Gion THIEU trudng nude va thay ddi ap suit ben trong bing 
He thing phan phdi nude khdng phai la mdt each dieu khien van. Ddng thdi md phdng rad 

he thing kin (nhftng vi tri vd, dftt gay, be chfta, hinh tren phan mem ©Fluent Inc, tac gia da ki t 
dai nude, tram bam.. .) nen chat d nhiem cd kha luan dft kich thudc diem vo ri t nhd (1,5mm) thi 
nang xam nhap vao he thdng khi mdt sd cac yeu hien tugng d nhiem di vao trong dng van xay ra. 
td nhit dinh xay ra vao eung mgt thdi diera. Cac Phat trien nghien cftu cua tac gia Ldpez-

yiu td nguy co iin lugt dugc thft nghiem de xac jiraenez, tac gia Collins [2] da md hinh hda su 
dinh kha nang xay ra d nhiim xam nhap vao xam nhap cua ddng chay d nhiem vao dng dat 

mdi trudng nude ben trong dng bang cac md trong mdi trudng dat Id rdng bang phan mim. 
hinh thi nghiem, md phdng tren phan mera hay Ket qua cho thay ddng ehay d nhiem di vao dng 

thu thap sd lieu thyc t i . khi ap suat trong dng nhd hon -Ira. 

Tac gia Ldpez-junenez [1] da dat dng dan Nghien cftu thyc nghiem cua tac gia Chiara M. 
nude cd diim vd tren thanh dng nam trong mdi Fontanazza va cdng sy cftng kbing dinh chit d 
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nhiem di vao dudng dng trong khoang thdi gian 
40s khi xuat hien ap suat ara cd do Idn tft 0 den -
10m [3]. Tham chi theo tac gia Yang [4] bom chi 
mat dien dot nggt trong Is, thdi gian ddng van 
mdt chieu d mdi bom la 0,1s thi van xuat hien 
ddng chay d nhiera xam nhap qua Id rd ri. 

Cac kit qua cho thay trong thdi gian dien ra 
ap suit am ngan, vdi cac diem vd ed kich thudc 
nhd thi chat d nhiem deu cd kha nang di vao ben 
trong dng. Nhu vay, dy bao nguy co chat d 
nhiem cd the xam nhap vao dudng dng dugc coi 
nhu mdt bai toan gdm 3 bien dau vao la kha 
nang dng vd, gia tri ap suat ara, mftc do anh 
hudng cua ngudn d nhiem va 1 bien dau ra la 
kha nang HTPPN bi d nhiera. 

Trong bai bao nay, se sft dyng ly thuyet logic 
md de xay dyng md hinh du bao nguy co he thdng 
phan phdi nude bi d nhiem. Md hinh de xuat se 
dugc ap dung cho he thdng phan phdi nude thyc 
te tai quan Hai Chau thanh phd Da Ning. 

2. PHUONG PHAP LUAN 
Su dyng ly thuyet Dempster-Shafer, sd D hay 

logic md cac nghien cftu da udc lugng dugc 
nguy CO HTPPN bi d nhiem. 

2.L Ly thuyet Dempster-Shafer 
Danh gia nguy eo xara nhap d nhiem bang ly 

thuyet Dempster-Shafer da dugc tac gia Rehan 
Sadiq ftng dung tren mdt doan dng lam viec 
rieng le vdi mftc dd xay ra d nhiera d cac cap do 
khdng xay ra-thap-trung binh-cao [5]. Phuang 
phap ehua ung dung cho HTPPN thyc te vi 
trong ly thuyet ed sft dung cac gia thuyet loai trft 
giua cae kha nang xuat hien yeu td nguy co. De 
xuit phin mim tinh toan linh boat de cai thien 
cac gia thuyet cd khdi lugng bang 0 trong ly 
thuyit Dempster-Shafer eung da dugc nghien 
cuu, nhung ket qua van chua khang dinh kha 
nang ung dung cho mang thyc te [6]. 

2.2. L^ thuyit so D 
Tac gia Gou va cdng sy [7] da dua ra hudng 

tiep can theo phuong phap danh gia kha nang xay 
ra d nhiem trong mang ludi bang cdng cu sd D la 
mgt dai dien cua cac thdng tin khong chac chan, 
dugc phat trien tft ly thuyet Dempster-Shafer. Ba 

yeu td quyet dinh sy xam nhap d nhiim vao ddng 
ehay la: con dudng xara nhap - ty le vd dng trong 
1 nam (Dl), kha tmng xam nhap - ap suat qua do 
tren mang ludi (D2) va ngudn gay d nhilm-udc 
lugng khoang each giua ngudn gay d nhiem va 
dudng dng cap nude ehinh (D3), sd D se dugc 
xem xet cho 3 tap hgp {P}; {NP}; {P, NP} trong 
do P, NP lan lugt la cac gia tri cd the hoac khdng 
the xam nhap. Tft dd xem xet cac kich ban nham 
danh gia rui ro cho mdt HTPPN, vdi mdi kich 
ban se cho biet kha nang xay ra d nhiem la eao 
hay thip. Phuang phap sd D da dua ra h$ sd 
riSng cho mdi yeu td danh gia nguy co, nghien 
cftu mang tinh thuc te cao do thiet lap dugc mien 
xac suat trong tftng trudng hgp cu the, tuy nhien 
day cung la han ehe cfta kit qua vi chua xet tdng 
hgp nguy eo. 

2.3. Ly thuySt Logic md 
Tac gia Mansour-Rezaei da sft dung ky thuat 

phan tich khdng chac chan de udc lugng tiem 
nang chat d nhiera xara nhap vao HTPPN [8]. 
Dya tren logic md xay dyng tiSm nang chit d 
nhiem xam nhap vao dng gang qua cac diem vo. 
Yeu td tac ddng la ap suat thay ddi do ddng van, 
tac gia xem xet kha nang xuat hien ap suat thap 
hoac ara. Tuy nhien, ket qua nghien cftu chua 
dugc kiem chftng tren HTPPN thuc ti. Ben eanh 
dd, dang ham thugc tam giac va hinh thang ma 
tac gia lua chgn cd do bien thien khdng diu da 
lam giara do chinh xae eua ket qua. 

Vdi cac im diem cua logic md, nghien cuu 
tiep tuc lua chgn ly thuyet nay de xay dyng mo 
hinh dy bao nguy co. De cai thien do chinh xac 
cua ket qua du bao nghien cftu sft dung cac dang 
ham thudc Gaussian, S Sigmoidal va Z -
Sigmoidal. Cac ham thugc nay la nhung dudng 
eong biin ddi diu va ddi xftng theo true tung 
nen do bien thien cua gia tri tren true hoanh rit 
nhd. Md hinh de xuat eung dugc kiem chftng 
kha nang ung dung tren radt HTPPN thuc ti. 

3. NOI DUNG NGHIEN CUtJ 
3.1. Cff sd ly thuyit logic md 
Trong ly thuyit logic cd diin, di do kha 

nang xuat hien mdt bien cd thudng su dung 
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xac suat co xay ra hoac khdng xay ra. Trong 
khi do, rat nhieu cac thong tin khong chSc 
chan trong do cac dSi tirong co nhiSu hctn hai 
trang thai di xem xet. Vay nen, nam 1965 giao 
sir Lotfi Zadeh tnrdng dai hoc California - My 
da de ra Iy thuyet mo va nhanh chong dugc 
tog dung rong rai trong cac nghien cto. Ly 
thuySt dupe dung Si danh gia cac thong tin 
khong ro rang bang cac tap hpp mo, ham 
thupc va logic mcr. 

Tap mo dupe phat trien tu khai niem tap hpp co 
ban dupe phat bigu nhu sau: 'Tap mo A trong mien 
xac dinh U voi cac gia tri u thupc mign U dupe xac 
dinh A = {fij(u)\u:u£U,fij(u)€i[0,l]] trong do 
ham thupc fx,,(u)•.U-^[Q,l] dupe gpi la dp thupc 
cua phin tu u thupc ve tap mp A". 

Hinh dang tap mo phu thupc vao cac kieu 
ham thudc khac nhau va trong nghien cuu nay 
se xem xet cac dang Gaussian, S - Sigmoidal va 
Z - Sigmoidal nhu Hmh 1. 

ItAW 

0« 

0.2 

' 

—Zmf 

b •• 

Dang Gaussian Dang S-Sigmoidal 
Hinh 1. Dgng hdm thupc cda tap m& 

Dang Z-Sigraoidal 

3.2. Mo hinh du bao nguy eff HTPPN bi 
0 nhiem 

Tren ca sd ly thuyet logic md, thiit lap md 
hinh dy bao nguy ea vdi ba gia tri diu vao d 
dang md la Pf - kha nang dng vd, Hn - gia trj ap 
suat am, Sc - mftc do anh hudng cfta ngudn d 
nhiim. Khdi xft ly cfta md hinh la he thdng suy 
luan md (FIS - Fuzzy Inference System). Gia tri 
dau ra la mdt gia tri ro Pc - kha nang chat d 
nhiera xam nhap vao trong dng cap nude. Ket 
hgp vdi cdng cy thiet ke logic md FLD (Fuzzy 

Logic Design) va SIMULINK nghien cftu thiit 
lap md hinh trong phin mim MATLAB nhu 
Hmh 3. 

Theo dinh lugng eua tac gia, cac yiu td Pc, Pf 
duge danh gia d 4 muc do, mdi muc do tuang 
duong vdi mgt tap md cd mien xac dinh nira 
trong khoang tft 0 din 1. Tuy nhien Pc la radt 
gia tri rd nen cac tap md tuong ung vdi mgt gia 
tri sd nhat dinh. Hai yeu td nguy co cdn lai la Hn 
va Sc dugc danh gia vdi 3 tap rad thip, trung 
binh va eao nhu Bang 1. 

Thiet k^ tap mtr 

1 
Mien nic dinh cua -^ 
ba y^u to nguy ca 

I 
Tlii^t k^ luat mo' 

Bien vao tnS lunh 

i i 
Mfi hinh he thong 
snyluin mor(FIS) 

1 
Kha Dang HTPPN 

bi 6 iihiSin (P J 1 

Cong cy 

MATLAB 

Thiet ke logic mo 
T FLD 

4 SIMULINK 

=f 0.5 HnUga Sc 0 79 

^ - . I I -—^ 

j ^ 
Ktia rSng chSt6 I 0792II 

nhiem Kam nh|p(Pc) 

Hinh 1. Mo hinh du bdo nguy ca HTPPN bi 6 nhiem 
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Bang 1. Ki bifu tip mar cua cac bî n vito \i ra trong mfi hinh FIS 

Bien so 

Pfi 

H„i 
Sc, 
Pc, 

TSp mit A \i mien xac flinh |U1 

Thap - Low 

Ll [0 0,4] 
L2[-5 01 
U [0 0,5] 
L = 0,25 

Trung binh -
Medium 

M, [0,2 0,6] 
M2r-7,5 -2,5] 
Mj [0,25 0,75] 

M = 0,50 

Cao-High 

Hi [0,4 0,8] 
H2[-10 -5] 
H3[0,5 1] 
H = 0,75 

R t̂ Cao - Very 
High 

VHi [0,6 1,0] 

-
-

VH=1 

Quy udc gia tri mien xac dinh (U) trong 
Bang 1 ciia cac tap md dugc xac dinh theo 
phuang phap danh gia true quan. Cue tri ciia 
ham thugc thiet lap bang each chia d6u cac 
khoang trong mien U de dam bao kich thudc 
cua eac tap md la tuong duong nhau. Ben eanh 
dd cac tap md dugc lay theo tinh chit ph^n bii 
de dam bao cac gia tri dua vao ludn thude mdt 
tap rad nhat dinh va khdng bi dua vao tap rdng. 
Tu cae 4 tap md trong yeu td dng vd, 3 tap rad 

trong hai yeu td edn lai thi tdng sd luat md la 4 
X 3 X 3 = 36 luat. Cac luat md la co sd de ra 
quyet dinh eho bien ngo ra la kha nang dudng 
dng tren HTPPN bi chit d nhiera xara nhap (Pc) 
vay nen thiet lap luat rad tdt thi ket qua dua ra 
se cd do chinh xac cao. Luat md d dang nguyen 
nhan ket qua ''Neu...va....Thi" th6 hien d 
dang 3D trong phan mem MATLAB nhu Hinh 
4. Menh de ket qua Pc dugc xac dinh dua tren 
nhan dinh true quan ciia ngudi thiet ke. 

Hinh 3. Thiet ke logic ma bdng cong cu FLD Hinh 4. Ludt ma trong mo hinh FIS 

3.3. iTng dung mo hinh dl xu t̂ eho 
HTPPN khu vyc HC05, quSn Hai Ch3u, 
thanh pho Da Nang 

HTPPN quan Hai Chau dugc quan li theo 5 
khu vuc cap nude (DMA) tu HCOl din HC05, 
cae DMA dugc phan tach bang cac van khda va 
dong hd tdng. Mdi khu vuc cd hai d8n ba ngudn 
cap nude, DMA HC05 nam d vi tri ngudn c4p 
nude vao ciia quan Hai Chau, la khu vuc cung 
cdp nude rgng nhat so vdi eac DMA cdn lai, vay 

nen nghien cuu lua chgn DMA nay dl d\r bao 
nguy CO HTPPN bi d nhiim. 

Hinh 5. HTPPN khu vuc HC05 qudn Hdi Chau 
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Bang 2. DO- lî u Siin hinh flu^ vao mfi hinh du bao HTPPN bi fi nhiem 

Id 
1 
2 
3 
4 
5 
6 
7 

Pr(%) 
33,90 
3,20 
37,90 
29,50 
1,80 
1,80 
4,00 

H„(m) 
-9,98 
-3,16 
-9,98 
-9,98 
-9,98 
-9,98 
-9,98 

Sc(%) 
39,44 
16,50 
89,73 
89,23 
84,51 
59,70 
41,77 

Id 
8 
9 
10 
11 
12 
13 

P,(%) 
7,98 
7,00 
7,00 
4,74 
64,21 
64,21 

H„(m) 
-9,98 
-9,98 
-9,98 
-1,39 
-9,98 
-9,98 

Sc(%) 
59,78 
87,84 
5,24 
2,32 
20,52 
57,77 

DG lieu Bang 2 ve kha nang dng vd (Pf), gia 
tri ap sudt am cd kha nang xuat hien tren timg 
dng cap nude (Hn) va udc lugng kha nang anh 
hudng eua ngudn d nbilm tdi dng cdp nude (Sc) 
dugc lay theo tai lieu [9]. Bang gia tri dugc liru 
trong eac file excel, sau dd nhap vao md hinh du 
bao HTPPN bi nhiem da xay dung trong 
MATLAB. Ket qua md hinh eho biet kha nang 
d nhiim cua tiing dng nhu Hinh 6. Man xanh la 
cho thay cac dng cd nguy co d nhiera thap (nhd 
hon 36%), mau xanh lara va xanh nude bien eho 
biet gia tri nguy co nara trong khoang trung 
binh tu 36% den 52%, mau tira du bao dng cd 
nguy CO eao tii 68% den 84% va kha nang d 

nhiim Idn ban 84% va nhd ban hoac bang 
100% cho cac dng cd mau dd. 

Theo hd so ki8m dinh clidt lugng nude cua 
cdng ty cd phan cap nude Da Nang thi cdng tac 
kiem tra chat lugng nude tren dudng dng dugc 
thuc hi$n bang each idy mlu nude dinh ky va 
phan tieh kiem tra ba ehi tieu do due, ham lugng 
Clo du va lugng Eeoli trong nude theo quy 
chudn QCVN 01:2009/BYT cua Bg Y TL Bg 
phan kiem dinh chat lugng nude ciia cdng ty 
trong 1 thang kiem tra 8 lan, mdi lan lay mau tai 
10 diSm khac nhau dai diSn cho timg khu vuc 
cap nude, cd khoang hon 100 diem lay mau 
trong 1 nam. 

Bing h hieu mau 

«= 0 36 

- ^ — <= D53 

^ ^ — < - 0 84 

^ ^ ™ < • 100 

^O^ w^ 
Hinh 6. Kit qud du bdo nguy ca ong 

cdp nu&c bi 6 nhiem 
Hinh 7. Vi tri lay mdu thuang xuyin 
khong ddm bdo chdt luang quy dinh 

Cac mau kilm tra d ddu ra ciia nha may thi mau kiem tra tren dudng dng thi vin ed mdu 
dhxx dat chudn va dam bao saeh nhung nhiing khdng dat, theo thdng ke tii sd lieu cung cdp eiia 
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cdng ty cap nude Da Nang thi sd mau cd lugng 
Clo du thap hoac bang 0 va do due cao trong 
nam 2014 va 2015 la hon 100 n^u, mdt sd khu 
vuc lay raau thudng xuyen khdng dat dugc danh 
dau trong Hinh 7. Nhin chung, nhimg doan dng 
md hinh dir bao co kha nang bi d nhiem thap thi 
thuc tS Cling khdng cd danh ddu ve mau nude 
khdng dat chdt lugng. Tren radt sd tuyen dng 
truyen dan dugc md hinh du bao gia tri Pc cao vi 
cac tuyen nay nam gan cdng thoat nude chinh 
cua thanh phd va cd nguy ca be vd cao. Mac du 
nude trong dng khdng dat chat lugng cd the 
khdng phai do ehat d nbilm ben ngoai xam nhap 
nhung vdi viec ap dung md hinh de xuat cua 
nghien cuu cilng du bao dugc mdt phan kha nang 
xuat hien d nhiem eua tiing dng, day la mdt trong 
nhiing co sd de giara sat chat lugng nude. 

4. KET LUAN 
Tren co sd md hinh suy luan rad FIS sit dung 

tap md dang Gaussian, Sigmoidal S va 
Sigmoidal Z nghien ciiu de xuat md hinh dy 
bao d nhiem ddng thdi kiem chiing phuang 
phap de xuat bang HTPPN thuc te. Md hinh da 
du bao dugc kha nang d nhiem tren tiing doan 
dng cua HTPPN va eac gia tri nay tuong ddng 
vdi ket qua kiera tra, danh gia chat lugng nude 
thuc te tren mang ludi. Ket hgp vdi cdng eu 
SIMULINK, md hmh dl xuat dat duge ket qua 
chinh xac va tranh duge nhiing sai sd chu quan 
trong qua trinh suy diln md. Ket qua nghien cihi 
se la CO sd de rad phdng qua trinh lan truySn 
chdt d nbilm vao ben trong dng cap nude cung 
nhu danh gia tinh dl bi tdn thuong ciia mdt 
HTPPN. 

LM cSm gn 
Nghi8n cuu nay dugc tai trg bdi trudng Dai 

hge Bach Khoa - DHQG-HCM trong khudn khd 
dl tai ma sd T - KTXD-2018-57. 
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