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PHAN TICH VA DU BAO DAO PONG MU'C NUGC
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Trudng Pai hoc Khoa hoc Ty nhién, PHQG-HCM
(Béi nhan ngay 15 thang 04 nam 2007, hoan chinh siea chita ngay 22 thang 02 ném 2008)

?"(jM TAT: Bai bdo trinh bay viéc phan tich va dy bdo dao dgng muc nudc o Viing Tau,
TP Hé Chi Minh, nho vao phwong phap binh phuong 16i thiéu. Dia trén s6 liéu muc nudc
thue do tirng gio nam 2000, cac hfmg 56 diéu hoa sé dwoe xdc dinh. Pé udc lwong pha va bién
do, cdc khoang tin cdy 95% cua ching do cdc thanh phan diéu hoa so véi cdc thanh phan
khéng diéu hoa ciing dwoc thao ludn. Thity triéu thang 1 nam 2010 da dwoc dy bdo nho cdc
héing s6 diéu héa da co.

Tir khéa: Muc nude, thiy triéu, binh phwong toi thiéu, phé ning luwong, T_Tide, Viing
Tau, Viét Nam.

1.GIO1 THIEU

Muyc nude ven bo c6 mét y nghia quan trong trong cong tac xay dung, thiét ké, giao thong

duodng thuy, cip thoat nude va phong chdng thién tai. Cao trinh dé bién s& dugc thiét ‘ké pht
hop voi thue té néu dao dong muc nudce duge xac dinh chinh xac. Tau thuyen v’z,?m chuyén hang
hoa hay ngu dan vao cang s& thuan loi khi triéu dang, nguoc lai, hang hod xuat cang hogc tau
bé ra khoi s& kho khan khi gip triéu rat. Triéu cudng ven bd thudng gy trd ngai cho viéc
thoat nude do thi do muc nude ven bd cao hon myc nudce [trong song do ra. Nuoc dang cong
Vi tridu cudng dua séng bién tién sdu vao dat lién, dan dén nguy co x6i 16 bo bien cao hon,
xam nhap man nhidu hon. Viéc nim bét qui luat va hiéu biét day du ve dao dong muc nuée va
triéu luu 1a mot nhu cu rit ¢6 y nghia trong thuc tién cude song.

Mic dit rét nhiéu mé hinh sb tri dd dugc phat trién dé phan tich, tinh todn va du béo dao
dong muc nudc, tridu lru cho mot khu vuc rong 16n va thoi gian dai & vinh, bién, d6i ven bo
va cua song (0,[21,[3]), hau hét cac mo hinh sd tri nay déu dua vao hé phuong trinh nudc nong.
Piéu nay co6 nghia la anh hudng phirc tap cua day bién 1én dao ddng muc nude di duge trung
binh hoa theo phuong thing dimg. Noi cach khac, ap suét phan bd theo phuong thing dimg
tudn tha qui ludt thuy tinh. Thyc té cho théy, tai cic ving ven bd va gan clra song, cic gia
thuyét vé ap suat thiy tinh da bi vi pham, viéc phén tich va du bdo cac s6 liéu thuc do tir céc
tram quan trac nhiéu nim van dugc xem la mot trong nhitng phwong phép déng tin cdy va
duoc ua chudng cho céc nhu cAu thuc tién ciia cude sbéng.

Dao dong muyc nude thuc do thudng la sy chdng chép clia myc nude dao dong diéu hoa do
su tuong tac clia mit tring, mat troi va cac hanh tinh, cing véi muc nude khéng diéu hoa do
céc nguyén nhan khi tugng nhu gié, bdo. Thay triéu 12 hién tugng muc nude dao ddng diéu
hod dugc nghién ciru tir 1au [4]. N6 duoce du bao khd chinh xac & bién khoi nhd vao k¥ thuat
phén tich phd. Céc tan s6 thanh phan trong thiy triéu duoc xem nhu cac vach phod riéng 1é.
Tuy véy, do anh huong clia nuéc nong, thuy tridu ven bor thuong khac nhiéu so véi thuy triéu
bién khoi. Céc vach phd riéng 1é thudng khong rd nét, thay vao d6, mot ving tin sb co bé
rong, hep khac nhau dugc hinh thanh.

Trong bai bao nay, viéc phén tich va du bao dao dong muc nuée & Viing Tau, TP Hb Chi
Minh, nh&r vio phuong phép binh phuong t6i thiéu s& duge trinh bay. Dya trén s6 liéu muyc
nuoc thue dq tirng gid nam 2000, cac hfmg s6 diéu hoa s& duoc xac dinh. Thay cho ngdn ngit
Fortran truyén thong, chuong trinh phén tich dao dong muc nudc (T_TIDE) véi giao dién
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thudt tién cho ngudi sir dung (GUI) viét bing ngén ngit Matlab‘ s& duoc gi6i thiéu. Ngoai ra, dé
ude luong pha va bién dg, cac khoang tin cdy 95% cta cic hiang s6 diéu hoa ciing dugc thao
ludn.

2.PHUONG PHAP PHAN TiCH DAO PONG MUC NU'(')’C

Muc nuée thue do thudng duge xem nhu mét chudi thoi gian va viéc phan tich chung co
thé tién hanh bang nhiéu phuong phép. Tiy vio d6 dai cia chudi sé lidu (vi du: 7 ngay, 15
ngay, 1 thang, 3 thang, 1 ndm hay 18,6 ndm), cdc phuong phép sir dung c6 thé 1a phuong phép
Franco, phuong phap hang hai, phuong phdp wavelet, phuong phdp mang neutron, phuong
phdp binh phuong toi tlueu (0, [3], [4], [SD. Trong s6 céc phuong phép trén, phuong phip
phan tich diéu hoa thuy triéu bang phuong phap binh phwong t1 thiéu duogc ua chudng hon ca
vi n6 cho phép phén giai_ day du so tan s6 thiy tridu 1én dén 146 song thanh phén. Trong d6 45
thanh phan chinh ¢ ngudn gbc tir thién van va 101 thanh phan phu do cac séng nuée ndng.

Biéu thiic x4c dinh d6 cao thiy tridu (v;) bang phuong phép phan tich diéu hoa dugc viét
dudi danh sau day:

M M M
yi=Cy+ Z A, cos [er(ajt,. - Hj)] =Cy+ Z C, cos(2ro t;) +Z S;sin(2zo 1) (1)
=l J=l JE

trong do, C, 1a myc nudc trung binh, 4; (= (C;+S))'"?) 1a bién do triéu, o; 1a tin sb goc cia
song, € (=(1/2m)-arctg(S/C))) 1a pha séng, 4 1a thoi gian, M 1i s6 séng can phéan tich,
C=Acos(278) va §;= A;sin(276).

Téng sai s6 binh phuong (&) ciia muc nuée quan tréc va myc nuée phan tich duge biét nhu
sau, trong d6 N s6 muc nudc timg gio:
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Giai phuong trinh (4), céc nghiém C,, C;, S v6i j=1 t6i M sé cho xic dinh cac hiing sb diéu
hoa (4;,) cin phan tich. Chi tiét vé phuong phap phan tich diéu hoa bang phuong phap binh
phuong toi thiéu cing véi tiéu chuin chon lya cdc thanh phan didu hoa can phan tich c6 thé
duoc tham khao trong tai liéu lién quan [6].

3.CHUONG TRINH T_TIDE

Chuong trinh T_Tide 1a mét chwong trinh phan tich va dy bao dao dong myc nude duge
Pawlowicz (2002) viét bing ngén ngit Matlab thay vi ngén ngit Fortran tuyén thong cia
Foreman (2004) [6]. Khac véi Foreman, Pawlowicz trién khai phén tich diéu hoa muc nuéce
bing ham phic thay vi ham thyc cos-sin. Ngoai ra, T_Tide con tinh c4c doi s6 thién van, thé
triéu, phd nang lugng va wc lugng do tin cdy ciia bién d6 va pha cla céc hang s6 diéu hoa
trong: chudi mirc s‘(‘) liéu muc nudce [7]. C6 thé néi, T_Tide 1 mot chuong trinh phan tich dao
dong myc nudc bing phuong phép binh phuong t6i thiéu dwoc cai tién dua trén chuong trinh
Fortran ctia Foreman.

Hinh 1. Giao dién phén tich va du bio muc nude

Chuong trinh T_Tide bao gdm céc modules sau: f_getconsts, t_equilib, t_vuf, t_synth,
t errors, t_xstat, t_tide, t_predict. Nhém module #_getconss, t_equilib va t_vuf dung dé tinh
todn céc hing sb thién van, thé triéu thiy tinh va hing s6 tinh giam bién do va pha. Nhom
t_synth, t_errors va t_xstat ding dé tinh todn théng ké chudi s6 liéu nhim danh gia do tin cly

va wéc luong sai s6 tinh toan. Nhém ¢_tide va ¢_predict ding dé phén tich, tinh toén cdc hing
s didu hoa va dy bao dao dong muc nude. Chi tiét vé cic module nay va co s& ly thuyét co
thé duoc tham khao thém tir 0, [6], [7].

Nhim tién ich cho nguoi sir dung, tic gia bai bédo nay da thiét ké va trinh bay giao dién
nhap s liéu va kich hoat chuong trinh T_Tide dé phéan tich va dy bao dao dong muyc nudc
(Hinh 1). Vi sb liéu mye nudc quan tric dugc chuan bi, 4n nat “PhanTich” s& cho ta két qua
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phén tich cédc hang s6 diéu hoa cua chudi s liéu quan trdc. An phim “DuBao”, két qua du bao
dao dong muc nudc s& duoc hién thi.

4. KET QUA TINH TOAN

S6 liéu quan tric myc nude cé 18 day dii nhét tai Bic bd 1a Hon Diu (Hai Phong), tai
Trung bd 12 P4 Ning va tai Nam bo 1a Vung Tau. Myc nuée trén thém luc dja Nam bd noi
chung va Viing Tau néi riéng duge so véi muc nude “sb O” cua hai d6. Myc nuédc trén thém
luc dia Nam bo so véi “s6 O” cia hai dd trung binh nam la 243cm, cao nhét vao thing XI
(267cm) va thép nhat vao thang VI, VII va VIII (277cm)[8]. Vi vdy, sb lidu myc nude quan
tric timg gio (8760 s6 liéu) trong ca nam 2000 duogc sir dung dé tinh toan cac hing sb diéu hoa
va phan tich, du bao dao dong muc nude cing dya trén “sé O” nay.

Két qua tinh toan hing sb diéu hoa cua pha va bién dé duge trinh bay trong Bang 1 va
Hinh 2. Trong Bang 1 chi c6 20 trong s 62 séng thanh phén c6 tan sb, bién dg, sai-sd bién do,
sai s6 pha, pha va ti s6 tin hidu-nhidu (signal-noise ratio) dugc trmh bay dé lam vi du. Cac
hing sb diéu hoa véi ky hiéu "*" trong Bang 1 13 cdc song nhat triéu cé chu ky mét ngay (OI,
P1..) va ban nhét triéu c6 chu ky nira ngay (S2, M2...), ngodi ra cac séng nudc néng (SOI,
SIG1...) cling dugc trinh bay. Théng thuong chi ¢6 11 séng thanh phan dugc phan tich va dung
dé du bao dao déng muc nudc tai Viing Tau [8]. Tuy vay, két qua T_Tide cho thdy cac thanh
phan séng diéu hoa c6 thé dugc phén tich nhidu hon 11 séng thanh phan nhu da phén tich
trude day. Chi tiét vé gia tri cua 62 thanh phén song diéu hoa khdng dugc trinh bay ¢ day do
gi6i han khong gian cia bai bao.

Bing 1. Hang s6 diéu hoa tai Viing Tau nim 2000

tide Freq amp amp_err pha pha_err snr
*201 0.035706 1.8419 1.6430 257.55 64,98 1.30
SIGI 0.035909 1.2325 1.4390 281.60 77.78 0.73
*Ql 0.037219 8.6707 1.8070 258.13 11.30 23.00
*RHOI 0.037421 1.9484 1.4180 245.36 43.75 1.90
*01 | 0.038731 43.4945 1.5540 272.60 2.21 780.00
*P1 0.041553 18.5833 1.4610 307.69 4.55 - 160.00
*P1 0.041553 19.6714 1.4730 318.13 4.59 180.00
*K1 0.041781 59.4426 1.6140 311.06 1.63 1400.00
*J1 0.043293 2.6720 1.9980 343.15 41.77 1.80
SOl 0.044603 1.1173 1.3690 142.61 85.52 0.67
*001 0.044831 2.5169 2.2320 9.59 46.46 1.30
*N2 0.078999 16.1038 2.9720 25.38 8.69 29.00
*NU2 0.079202 3.0104 2.2600 30.92 49.05 . 1.80
*M2 0.080511 75.0654 2.5210 44.56 2.03 890.00
*MKS2 0.080740 3.6562 2.9010 140.07 48.29 1.60
LDA2 0.081821 1.3771 2.2210 42.28 102.94 0.38
*E2 0.082024 3.0509 2.1650 73.58 41.79 2.00
*82 0.083333 29.8101 2.5480 76.92 « | 577 . 140.00
*K2 0.083562 10.2885 2.9130 86.08 14.81 12.00
*K2 0.083562 8.1128 : 3.0210 99.32 19.61 7.20
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Hinh 2 trinh bay két qua tinh toan mdt nam cho dao dong muc nuée, hing s6 diéu hoa cuia
pha, bién do va phé nang luong tridu. Trong Hinh 2a, dao dong muc nugi'c thue do (¢ trén cling
vi ¢6 mau xanh duong) c6 khoang dao dong tir 50-400cm, dao dong diéu hoa (& dudi cung va
c6 mau xanh 14) c6 khoang dao dong tir -250 - +100cm, dao dong murc nude du (& chinh giira
va ¢6 mau do) do céac yéu t6 khi tuong tao ra ¢ khoang dao dong tir 250 - 350cm. Do Hinh 2a
khong d& thay, Hinh 3 12 hinh phéng to ctia Hinh 2a & 30 ngay déu tién cia nam 2000. R rang
thily triéu tai Viing Tau la bén nhat triéu khong diéu. Nhu viy, ngoai phan thay trieu, phan dao
dong myc nudc khong phai do thiy triu ciing gop phin dang ké (khoang 100cm) trong dao
ddng myc nude quan trac tai Viing Tau.

Hinh 2b va 2c trinh bay phd vach va pha cua céc thanh phan thiy triéu c6 do tin cdy 95%.
Trudce ddy 11 séng chinh cua thiy triéu hay dugc phén tich va sir dung dé du béo. Tuy nhién,
khong c6 cac khao sat dinh luong diy du vé mat thong ké va udc lugng dd tin cdy 95% cla
céc thanh phan thuy triéu duoc tinh toan. Hinh 2b va 2c, cdc thanh phén cé y nghia véi do tin
cdy 95% (ndm phia trén duong cham chim) c6 thanh phan nhiéu hon 11 séng. Cac thanh phén
nay chi yéu tip trung & céc tan sb (cycle per hour=cpm): 0.04, 0.06, 0.08, 0.12, 0.16. Hay noi
céch khéc, ngoai cdc thanh phin c6 chu ky nhat tridu, ban nhat triéu, cac thanh phan c6 chu ky
nira thing va nudc néng ciing dong gop quan trong.

Water Level Prediction in Vung Tau in 2010
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Hinh 3. Du bao dao dong myc nuée didu hoa nim 2010

Hinh 2d trinh bay phd ning lugng cia myc nudc triéu du (ndm & phia dudi va c6 mau do)
va muc nudc thyc do (ndm & trén va c6 mau xanh dwong). Trong hinh nay, d6i véi muc nude
tridu du va muc nuée thue do dinh phd tng véi tdn sO mdt ngdy va nira ngdy la cao nhit.
Trong khi dinh phd muc nuéc thyc do c6 tin s 0.12 va 0.16cph c6 thé nhan thay duge, dinh
phé clia myc nudc triéu du & cac tan sb d6 lai khong rd nét 1am.Vi vy, nang luong triéu du
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khong dang ké so voi ning lugng thuy triéu dong gép trong téng nang luong cia dao dong
muc nude thue do.

Hinh 4 1a du bdo dao dong muc nwée do cac thanh phan diéu hoa gdy ra tai Viing Tau vao
thdng 1 ndm 2010. Trong Hinh 4, thanh phan dao dong khéng diéu hoa do cac yéu tV6 khi
tuong thuy van khong dugc dua vao. Dao dong muc nudc trong Hinh 4 chu yéu dugc tinh tir
céc hang s6 diéu hoa trong Bang 1. Pén nim 2010, thuy triéu tai Viing Tau trong thang 1 chu
yéu van la ban nhat triéu khong didu c6 bién do thay ddi tir -250cm dén +130cm. Bing kinh
nghiem thyc té, cac dao  dong khong diéu hoa duwgc ude tinh bing cong thire-ban thue nghiém.
Vi phan muc nude diéu hoa va khéng diéu hoa, muc nude dy bdo thuc té 1a tong cua hai
thanh phin ndy (diéu hoa va khong diéu hoa) s& dugc dy bao day du.

5.KET LUAN

Thong qua viée tim hiéu chwong trinh T _Tide dé phan tich va dv béo dao dong muc nudc,
mot s6 nhan xét dugc rit ra nhu sau:

T_Tide 12 mét chuong trinh phén tich va dy bio dao déng muc nuéc bang phuong phép
binh phuong téi thiéu.

T_Tide c6 thé sir dung nhu mét phan mém (g dung hay mét bai tap thuc tdp cho sinh
vién trong phén thi nghiém mé phong so ctia nganh Hai dwong hoc.

T_Tide dugc thyc hién d& ding hon nhor giao dién (GUT) duoc thiét ké va phét trién trong
nghién ctru nay.

Véi s6 liéu muc nuée thue do tai Ving Tau ndam 2000, 62 thanh phan ctia hang sé diéu
hoa dugc phan tich, trong d6 34 thanh phin c6 y nghia va 28 thanh phan kém ¥ nghia voi do
tin cdy 95%. _

Ving Tau cé ché d6 ban nhat triéu khéng déu.

Céc hang s6 diéu hoa ¢O y nghia véi dé tin cdy 95% nhiéu hon 11 song. Cic thanh phan
nay chi yéu tp trung & cac tin sb 0.04, 0.06, 0.08, 0. 12, 0.16. '

Phé ning luong cua triéu du va thuc do déu cé dinh phd tmg véi tin sé mot ngay va nira
ngdy 1a cao nhit.

Ning luong triéu du khong dang ké so véi ning luong thiy tridu déng gop trong tong nang
lugng clia dao ddng mue nude thue do.

Du bao dao dong muyre nude diéu héa da duoc thyuc hién cho thang 1 nim 2010.

ANALYSIS AND PREDICTION OF WATER LEVELS

Dang Van To
University of Natural Sciences, VNU-HCM

ABSTRACT: This paper presents the least-squared method to analyze and predict the
water level in Vung Tau, Ho Chi Minh city. Based on the hourly recorded water levels in the
year 2000, the harmonic constants are determined. For estimating the constituent phases and
amplitudes, the 95% confident intervals of the tidal constituents compared to the non-tidal
constituents are discussed. The predicted tides in January 2010 are predicted using the
computed harmonic constants.
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Key words: Water elevation, tides, least-squared method, energy spectrum, T_T ide,
Vung Tau, Vietnam.
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