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PHUONG PHAP TOI UU HOA THIET KE, SUA CHUA VA
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Tom tat: Viéc lira chon téi wru cac théng sé ky thuat va thiét ké hé thong thoat nuéc dugc trinh bay trén co sé thiét
Iap mé hinh dong chay va gidi quyét trén do bai toan toi wu vé sir tim kiém dong chay I6n nhét véi gia thanh nhd
nhét. Bai viét nay duorc trinh bay trén co s gidi han kha ndng cho phép cia céc éng nude, duoc xac dinh boi
phurong trinh ham sé tuyén tinh theo gia thanh don vi ctia dong chdy. Chiing téi dé trinh mét phuong phép xay dung
thuét toén dé lra chon cac thong sé ky thuét clia cac duwong éng trong xay 14p va stra chia, nang cap hé thong
thoét nuéc, ciing nhuw &p dung phurong phép dé xay dung phdn mém mo phdng va toi wu héa hé thing thoat nuéc.
Tir khéa: Hé thdng thoat nwéc; phurong phap téi wu; dong chay Ién nhét chi phi nhd nhét; ham sé tuyén tinh cda
gia thanh don vi dong chay; stra chira dudng éng.

Summary: The optimal choice of specifications and the design of the drainage system is presented basing on
flow modeling and solved optimization problems about searching maximum flow with minimum cost. This article
is presented basing on allowed limitation of the water pipes which is determined by the equation linear function of
the unit cost of the flow. We submitted a algorithm construction method to select technical parameters of the
pipes in constructing, repairing and upgrading the drainage system and applying methods for building simulation
software and optimizing the water drainage system.

Keywords: Water drainage systems; optimal methods; the maximum flow with minimum cost; linear function of
unit flow value; water pipes repairing.

Nhan ngay 6/10/2016, chinh stra ngay 27/10/2016, chdp nhén déng 26/12/2016

(® 1.cisithicu

Trong viéc nghién clru va phat trién so d6 hé théng thoat nwéc cla thanh phé, néi bat 1én van dé lwa chon
cac théng sb ky thuat dudng 6ng, cau tric hé théng dé véi chi phi gia thanh thap nhat ching ta cé thé xay dung
dwoc hé théng dam bao dd virng chéc, tin cay, dap (g dwoc cac tiéu chuén trong van hanh ki thuat. Van dé nay
dwoc xac dinh qua sw téi wu hoa viéc thiét ké, sap xép cac tuyén nwéc thai, Iwa chon méi lién két gitra cac diém
nwée thai méi dén hé thdng nwéc thai da cb, stra chira nang cap hé théng nwéc thai cii, ma & d6 cd sw tang lén
vé& nhu cau thai nwée (Ivu lwong dong chay & diém thai cla hé théng tang |&n tir viéc phat sinh khu vire xay dwng
méinhw nha &, nha may, xi nghiép...) [7]. Trong bai viét nay, ching téi trinh bay phwong phap gidi quyét cac van
dé d6. Phuong phap dwoc xay dwng va phat trién dua trén nguyén tac tim kiém déng chay Ién nhat véi chi phi
nhé nhét [3].

Hién nay cé rat nhidéu phuong phap giai quyét van @& nay. Vi nhw phwong phap cd dién, cac nha thiét ké
mang luéi dua ra 2 dén 4 phwong an va chon phwong an cé chi phi gia thanh ré nhat. Chi phi gia thanh nay gom chi
phi vat liéu, chi phi xay dung, chi phi nhan céng va may maéc. Trong bai viét clia ching t6i, phwong phap duoc dé
cap dua ra rat nhiéu phwong an (hang tram phwong an, cac phwong an do 1a cac cach Iwu lwong tir 1 diém thai di
dén tap trung tai diém thai tdng, tram x(r Iy). Qua dé tim duoc phwong an tdi wu nhét, c6 chi phi nhé nhat. M&t khac,
chi phi gia thanh cla ching t6i khong chi bao gbém gia thanh ban dau (chi phi vat liéu, chi phi xay dwng, chi phi nhan
cong va may méc) ma con cod thém chi phi van hanh bao duéng, vé sinh dwéong éng tinh theo tudi tho cha cac
dwéng 6ng 50-70 nam. Chi phi nay 1on hon rat nhiéu [an so véi chi phi ban dau. Nghién cteu nay la mot phan két qua
trong dé tai luan an tién sTma tac gia da thue hién tai Trwedng Dai hoc Ky thuat Téng hop Irkutsk, Lién bang Nga.
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@ 2. Phan tich giai tich va phwong phap nghién ciru

Ban chét clia phuwong phap nay 1a xay dung mang lwéi van tai, xuét phat tir diém S (diém xuét phat cla
dong chay) dén diém t (diém tap trung x( ly nwéc thai hay con goi la diém thai tdng). TAt ca cac canh clia so dé
dwoc thé hién gia tri I&n nhéat Eij) (gi6i han cho phép t6i da kha néng cho dong nwéc thai co thé chay qua), gia tri
nhd nhét ( &) (giéi han cho phép toi thiéu kha nang cho dong nudc thai co thé chay qua, cudn chétlang can) va
gia tritién don vi ctia dong chay (C,), i €l, | - tap hop diém dau clia so do, j€J, J - tap hop diém cudi cia so do. Bai
toan duwgc cong thirc hda dwéi dang sau:

Y.C,x, >min, trong d6 ¢, <X; <6y (1)

Bai toan yéu cau tim kiém dong chady I&n nhat ciia mang lwéi & trang thai chay tw do hay co ap suét vai chi
phi nhé nhat trong viéc thiét ké hodc stra chiva, nang cap hé théng thoat nwée. Phuong phap dwoc bt dau tr sw
Iwa chon tuyén dwérng di ngan nhat tir S dén t, tuyén doé twong (ng véi tdng chi phi gia thanh don vi dong chay 1a
bé nhat. Tiép do, don vi dong chay dwoc tang |&n véi sw tim kiém tat ca cac tuyén tir S téi t. Khi tim dwoc tuyén tie
so db, dong chay trén tuyén dé sé téng 1én dén gidi han Ién nhét (gi¢i han lvu lvong 16n nhat ma éng nwére co thé
cho dong nuéce thai chay qua). Néu khéng tim thay tuyén méi tir S téi t, thuat toan sé dirng lai va dwa ra dong
chay I6n nhat. Lic nay, so dd bi chia lam hai phan riéng biét, khéng cé sw lién két ndo véinhau. Ching ta sé xem
xét & vi du cu thé phia dwéi.

Gi&i han kha nang lén nhat c6 thé cho phép dong nuéce thai chay qua dudng 6ng duoc xéc dinh & trang
thai lam viéc tran day (trang thai ngap) ctia dwdng éng:

€j=q,=

Néu Ileu lwgng thye té chay qua dng nhé hon Iuu lwgng Ién nhat (X, < &) thi khi do dwdng éng do dwoc
xem xét & che d6 dong tw chay. Trong tredng hop nguoclai (X; > 6 ) s& xay ra trang thai lam viéc cé ap xuat &
ché dd éng tw chay, dwerng dng bi ngap (trvdng hop nay ching ta khong xem xét & day). Véi nhivng dwérng éng
m&i, gigi han lwu lwong I&n nhat ma nwdc thai co thé chay qua la khong giai han. Gigi han lvu lweng nhéd nhat co
thé ( 8;) ciia duwdrng 6ng duge xac dinh tir tredng hop van tde khong 1&ng can. Van tbe khong lang cén la van toc
nhé nhét cGia dong chay co thé cudn theo cac chat lang cén tdn dong & dwong dng. Theo tiéu chudn xay dung
cla LB Nga (CHwuI 2.04.03-85) [2], van tdc bé nhat d& co thé cudn trdi nhivng chat 1ang can trong dwéng éng
dwoc xac dinh theo cong thire:

V.. =(0,2613xIn(d)+1,156).

- Danh cho nwéc thai sinh hoat, lwu lwgng nhé nhat dwoc tinh theo cong thire:

0.314 . d?.ﬁﬁ'? . 1—0.5 (2)

8, = V, -©=086-d° -(0,261 3-In(d)+ 11 5@ (3)
- Danh cho hé théng thoat nwérc mua rao, Ivu lrong nhé nhat dwoc tinh theo cong thire:
6; = Vin - @=0471 0" (4)

Gia str cho trweére mang lwéi van tai & dang mot tuyén, duoc trinh bay nhw Hinh 1.a, b.

Hinh 2. Xac dinh dong chay 16m nhét voi gioi han Ion nhat va nhd nhat
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Lwu leong Ién nhét co thé chay qua & tuyén nay duwoc xac dinh tir tap hop kha nang cho qua & mdi canh:

) =minfs,}={8,9,6:4:5) =4

Tuwong rng v&i canh 3-4. Lic nay, canh 3-4 dugc tinh xem nhw da bao hoa. O nhi*rng canh con lai, kha
nang cho phép lvu lwong Ién nhat co thé chay qua sé giam bat di va dworc tinh theo cong thirc:

x,‘j/ — - X(f)

Trong truéng hop gia tri lvu lweng I1én nhat, bé nhat déu dwoc cho trwdre thi dau tién, ching ta xac dinh
dong chay I&n nhat, sau do 1a dong chay nhé nhéat va so sanh gia tri clia chung. Néu gia tri dong chay nhé nhéatlén
hon gia tri dong chay I&n nhét thi tuyén dwong tir S téit do khdng thoa man didu kién, khéng dam bao dong co thé
chay qua va ching ta loai bé viéc xem xét tuyén nay. Tir Hinh 2, dé thdy rdng dong chay |én nhat cé gia tri bang 4
va twong trng véi doan 3-4, con gia tri dong chay nhé nhat bang 5, twong trng v&i canh S-1. Do d6, tuyén nay
khdng dam bao dong co thé chay qua.

Gia slr ta chon dwgc tuyén co téng gia thanh nhé nhat nhw Hinh 3, tuyén dwoc cu tao bdi 5 canh.

Hinh 3. X4c dinh dong chay I16n nhét véi gia thanh nhd nhét
Dong chay I6n nhit c6 thé chay qua & day duocxacdinhix | = {s, | = {89645 = 4 . Téng giatri don vi ciia
dong chay: > G X" =4.3+4.2+ 4.3+ 4.1+ 4.2= 44 (don i)

(@ 3.vVidytinhtoan

3.1Vidusd1

Xétvi du cu thé hon vé viéc thiét ké hé
théng thoat nwéc cho mét khu vwee dan cw
maoinhw Hinh 4.

Xac dinh gia thanh don vi clia dong
chay: Gia thanh don vi cla dong chay dwoc
xac dinh dwa vao tiéu chuén vé gia trong xay
dwng danh cho hé théng cép thoat nwéc clia
Lién bang Nga (HLIC 81-02-14-2012) [1]. &
ddy, ehungita x6tcac duoing Gng drgc cau Hinh 4. So dé thiét ké kha nang cua hé thng thoét nude
tao ttr nhira tong'hcyp, C?U’QC xay lap o do sau trong do: I - chiéu dai duong éng, m; q - luu luong nudce thai
32" s0 v&i mat dat va bang phuong phap mé tir diém thai vai hé théng, m'/s; i - d6 nghiéng thdy déng hoc
dé xay lap dwdng ong. T dé chung ta xac cda duong ong; duwong cong dai va chi so fuong (ing
dinh dugc gia thanh don vi clia dong chay & moi duong - dudng dia hinh va dd cao cua méat dat.
theoBang 1. a0l a-o.01

45504“]_&;100) /?({(7633@;100
<

<

T Bang 1 ta thiét 14p so dd mang luéi
bd sung ctia hé thdng thoat nwéc theo nhuw msgi;}z’;) e S
Hinh 5. Trén Hinh 5, & trong ngoéc don trng 1242688 100 T N(17650.28: 100)
véi mf)i qanh chi ra gia tri don vi dong chay i i i
(chi s dau tién) va kha nang Ilwu lwong Ion a=0.04 a=001
nhét co thé chay qua (chi sé thir 2). Kha nang - —
Iwu lwong 6N nhat co thé chay qua danh cho (14014.07: 100) (12496,86. 100)
dwong 6ng mai 1a khong gidi han. O day ta Sl s
xét no badng 100 m/s (rat Ién so véi don vi
0,03 m’/s).

q=0.03

SH05095 1005 (17387.33; 100)

Hinh 5. So db mang luwéi b sung ctia hé théng cép thoat nude
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Bang 1. Gia thanh don vi ciia dong chay danh cho céc duong éng & Hinh 1

" Tén‘dub-ng Chiéu dai, bd Ham so gia thanh don vi, Gia thanh don vi
ong Iij (m) nghiéng, i Cij=a*x" dong chay, nghin rip
1 2-1 250 0,004 Ci=7 934,8*x"%5° 5504,18
2 3-2 330 0,003 Ci=8 363,7*x>%%% 7 658,25
3 5-4 500 0,002 C=9 007, 7% 12 496,86
4 6-5 670 0,0015 Ci=9 494,5+x36% 17 650,78
5 8-7 320 0,003 Ci=8 363,7*x°%%* 7 426,18
6 9-8 960 0,001 C=10226563%2 27 239,17
7 1 - 630 0,0016 C;=9 383*x0%6% 16 402,09
8 12-11 660 0,0015 Ci=9 494,5+x>%%% 17 387,33
9 = 330 0,003 Ci=8 363,73 7 658,25
10 4-7 500 0,002 Cy=9 007,7*x>6%* 12 496,86
11 7-10 550 0,0018 Ci=9 183+ 14 014,07
12 2-5 250 0,004 Ci=7 934,8**%% 5504,18
13 5-8 250 0,004 (= Sl e 5504,18
14 8- 11 500 0,002 91007, 7225 12 496,86
15 3-6 330 0,003 Cy=8 363,7*x>%%* 7 658,25
16 6-9 330 0,003 Ci=8 363,75 7 658,25
17 9-12 660 0,0015 Ci=9 494,536 17 387,33
iy . - . e R P
V&i lwu lwgng nwédce thai vao hé e e e "
théng thoat nwde tir cac diém thai, chiing ta (S%E-T-‘_T_::-_:é—;—_:@,?o; o i B
thiét lap mang lwdi van chuyén nhu Hinh 6. “\“\\\\" ~%ag, N S ¢
5 s 2y 2% " . WSS L D e (550418, 100)  B—_ (7658.25; 100) B—
Puwong nét dirt thé hién lwvu lwgng nwéc thai \‘\\\‘ NN ER (2 )€ (3) : 1
3 . 3. 2 = £ i : N NN . HEE e
tlr diém thai zvao hé thong, gia tri trong MV . @;"E}“"s'” — l(:m-uﬁ, 100) l‘eis,;{ |m):
ngoé&c don biéu thj gia tri don vi dong chay N @0\\60:6 (B 10 - 265078 100 &1
(chisb dautién), bang 0, va lwu lwong nuwde YO g X :
2 & 5 : s 24 - 100) 5504,18; 100) —_
thai ttr di&m thai (chi sé ther 2). Hinh 6. Mang Y o AP
s s g S i ; 2T\ TN 37239.17; 100y S
lwdivan tai cua hé thong thoat nwéc < tq Pa P, )
Dau tién, chung ta xac dinh tuyén h uoan o PRSI0 L gnnas 1o
dwong tor S dén t co tng gia thanh don vi @,@\@‘E‘““”W Py b
3 > 5 > 4 = & ¥ ¢ —~” — g
dong chay la nhd nhat. Ta dé thay rang, dé i
A2

sé& la cac tuyén gan diém tap hop nwdc thai

tong nhat.

(14014,07: 100)

Hinh 6. Mang lui vén tai cta hé théng thoét nude

O tuyén nay, lvu lwong dong chay I&n nhat co thé chay qua la 0,01 va tdng gia tri don vi dong chay cla
tuyén 1a 14 014,07 (nghin rdp/1m’/s). Tl d6 ta tinh dwoc chi phi 1ap dat 1a: 0,01*14014,07=140,1407 nghin rap.
Chi sb & phia dwdi clia tuyén |a gia tri don vi ddng chay va kha nang cho phép téi da lwu lwong dong chay co thé
chay qua & doan 6ng d6. Doan S-7 duoc tinh |a da bao hoa va bi loai bé khéi so dd mang luéi. Lic nay ta co so db
mai. Tir so dd moi do ta tiép tuc tim kiém tuyén tlr S téit co tdng gia thanh don vi dong chay 1a bé nhét.
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(16402,09; 1%
0; 99,99 0,01+0,01
10 - @ —_—
\q—/(o 99,98) 140,1407+164,0209

Lwoc bo doan S-11.

(7426,18; 100) _ (14014,07:99,99)  (0; 99,98)
0,02+0,04

304,1616+857,61

’

(7426,18;99,96)  (14014,07; 99,95)
Lwoc bo doan S-8va 8-11.

(12496,86; 100) _ (14014,07;99,95)  (0; 99,94)
0,06+0,01

1161,7716+265,1093
(12496,86;99,99) (14014,07; 99.94)
Lwoc bo doan S-4.

(5504,18;100) _ (7426,18;99,96) _(14014,07; 95?\\(0 99 93) 0,07+0,01

@(o 001 e
5) » 3
o 99, gzv

(5504,15; 99,99) (7426.18:99,95) (14014,07;99,93)

1426,8809+269,4443
Lwoc bo doan S-5 va 4-5.

(5504,18; 100) 5504,18: 99,99 (7426.18: 99,95

0; 0,01
6 g\ )/\

(5504,18:99.99)  (5504,18;99,98) (7426.18:99.94) 11014 07. 99 92)

(14014.07; 99.93) 0,08+0,01
o 99 92)

99 91)

1696,3252+324,4861
Lwoc bo doan S-2.

(17387.33;100) _ (16402,09;99,99)  (0; 99,91)

/\o 09+0,01

(0; 99 90)\—/2020 8113+337,8942

(17387.33:99,99) (16402,09; 99.98)
bu cbodo nS-12.

(7658,25; 100) (12496.86;99,99)  (14014,07;99,92)  (0; 99,90) ;
(0; 0,01
8)
(0; 0) 0; 99,89)
(7658,25;99,99) (12496,86; 99,98) (14014,07; 99,91)
2358,7055+201,5511

Lwoc bo doan S-1 va 1-2.

7658.,25; 100) 5504,18;99,99) (5504,18:99,98) (7426,18;99,94)

P

7658,25;99.99) (5504.18;99,98) (5504,18;99.97) (7426,18;99.93) [ (14014,07: 99.91)
0; 0) (14014,07; 99.92)

(0; 0,01)

2560,2566+346,0268
Lwoe bo doan S-3.
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(0 0 03) (17650,78; 100) 5504,18; 99,97 (7426 18; 99,93
10)
(0 0)

(17650‘78‘ 99‘97) (5504.18; 99,94) (7426 18:99.9) 1 (14014,07; 99.88)
(14014,07; 99.91) ) ' 0,12+0,03

0; 99,88)
() —
(0; 99,85)
2906,2834+1337,8563
Lwoc bd doan S-6 va 3-6.

— 27239,17; 100)/(]%18 99.9) (14014,07; 99?_\(0 99,85) 0,15+0,01=0,16
O+ O ORO OO
(0; 0) \~/(0 99 SA\N/

(27239,17: 99.99) (7426,18, 99.89)  (14014,07; 99.87)

A J

4244,1397+486,7942

=4730,9339
Luwoc bd doan S-9; 9-12 va 6-9.
Lic nay, so db ban dau (Hinh 6) da R . a=0,01
bi chia lam hai so dé riéng biét, khéng con j/

o R . % (0.02)
dirng lai. Phwong én cudi cung cua so do a=0.01

& z < w3 - 2 e 9=0.03
thoat nwéc dwgce trinh bay & Hinh 7, tong < : ‘> e (00D ( = jl
chi phi xay dwng hé théng thoat nuéc la
= €0.02) (0.06)
4,731 tirdp. q=0.01 ,I; I a=0,04 a=0.01
hED.

Phuong an thiét ké hé thdng thoat < ( . 5 by ng 3{
nwéc nhw Hinh 7 1a phwrong an thiét ké téi ~— ~

lin két véi nhau. Sw tinh toan clia ching ta l“’o”
q=0,01

2 (0.14) o
wu nhat dya vao gia thanh don vij dong = a=0,01

S
chay, dwogc tinh theo phwong phap dong  ©.as Clo1/< — /ITS: St ‘Cl?_j

< ¢ B
chay l&n nhat véi chi phinhd nhat. o SR " ) i
Hinh 7. So dé thiét ké toi wru hé thong thoat nude

NPT

3.2Vidusd 2
Chuing ta cling xem xét hé théng thoat nwac don gian dugc xay dwng tir 5 diém thai nhw Hinh 8.
Qa

Hinh 8. Mat cét cda hé théng nudc thai don gian
Dé& nhan thay rang tir Hinh 8, sau khi bd sung lwu lwong nwéc thai vao diém thai sb 3, & hai doan dng dau
tién sé xuét hién hién twong lwu lweng trong 6ng bé hon lwu lweng gidi han ngap dng nhung van tée dong chay
bé hon van téc téi thiéu dé co thé cudn di chétlang can X, <6, ,;X,3<8, ,. Con & hai doan éng cudi, luu lvgng

trong éng 16N hon leu lwgng gidi han ngép clia dng Xy 5 2 645 ; X5 6= 65,6, xuat hién trang thai ngap 6ng thoat
nwére. Tir do xuat hién bai toan stra chira, nang cap hé théng dé dam bao hé théng lam viéc & trang thai tiéu
chuén, thdéa man hai diéu kién sau:

- Buéng kinh & hai doan dwéng 6ng dau tién can gidm bang cach dat dweng 6ng co dwong kinh bé hon
vao vitri hai duweng ng sdn cd. Tlr d6 1am téng van tbe trong dwirng 6ng dé cé thé cudn cac chét lang can di;

- Can tang dwdng kinh & hai dwéng dng cudi béng phwong phap lap dat dwéng dng méi véi dweng kinh
16n hon vao vi tri dwdng 6ng da cé, hodc xay thém dwdng 6ng méi song song véi dwdng dng da cé. Tir dd lam
cho hai doan dwérng 6ng lam viéc & trang thai khéng bi ngap tran.

Bang nhirng cach gidi quyét nhw vay ching ta co thé xay dwng mang luéi so d van chuyén dwoc trinh
bay nhw Hinh 9.
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Hinh 9. So dé mang luéi van chuyén téi vu hoa sy ndng cép, stra chira hé théng nuoc thai

O Hinh 9, hai cung tron dwoc thé hién & doan dwdng dng dau tién: cung phia trén bidu thi viéc xay 1&p éng
mai trong éng cii, cung phia dwdi biéu thj viéc xay mai dweng éng véi dwerng kinh bé hon. O hai doan duweng
éng phia dwei: cung & trén thé hién ky thuat xay 1ap dwong kinh Ién hon, cung duai thé hién xay 13p 6ng méi co
dwérng kinh 16n hon vao vi tri dwong 6ng cd, dwdng thang & gitka hai cung tron thé hién viéc 1ap dat song song
dwérng 6ng mai voi dweng dng da co. Phuong an giai quyét bai toan tdi wu hoa véc stra chiva hé théng thoat
nwéc co thé tuong tng véi Hinh 10.

Hinh 10. So db téi vu viéc nang cép stra chia hé théng thoat nudc
Theo Hinh 10, phwong an t6i wu duoc giai quyét nhu sau: & hai doan dng dau tién, ching ta st dung
phuong phap 1ap dat dwéng dng mai co dudng kinh bé hon vao vi tri dwéng éng cii. Con & hai doan dweng éng
sau, chung ta sra chiva bang cach xay 1ap duwdng dng méi véi dweng kinh 1o hon vao vi tri clia hai dwong dng
do. Cach gidi quyét dwoc thé hién & Hinh 11.
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Hinh 11. M4t cét dudng dng nude thai sau khi tdi wu viée ndng cép, stra chira

O Hinh 11, lvu lwgng dong chay & méi doan dwdng dng twong trng véi ché do chay tw do clia dong, van
téc chay & moi doan éng Ion hon van tc gici han dé& co thé cudn theo cac chatldng cén.
(® 4.Kétluan

O bai viét nay ching téi d& xuat xay dwng phwong phap luén, tiv dé co thé thiét lap thuat toan danh riéng
cho viéc nghién ctru md phéng va tbi wu hé thdng thoat nwéc. Chung ta co thé ap dung phuong phap va thuat
toan dé dé mé phéng mét chwong trinh phan mém trng dung vao thuc tién. Cu thé, chwong trinh do sé giup cho
cacnha thiétké, ky sw vé [inh vire xay dwng, cac nha quan ly thanh phé cé thém co s& dé giai quyét bai toan vé sw
tdi wu viéc stra chiva, nang cap hay thiét ké quy hoach hé théng thoat nwéc cho thanh phé hodc cac khu vwe dan
cw m&i [0 -6].
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