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LOI NOI PAU

Giéo trinh "Dng lyc hoc bién - Phin 3 - Thity triéu" cung cip cho
ngudi hoc nhiing kién thirc co s& vé mot hién tuong dong luc quan trong
dién ra trong dai dwong va bién 13 hién tuong thuy tridu.

Chuong 1 mé dau bang mé ta dinh tinh vé hién tuong thiy tridu
trong dai duong va bién, nhimg dic diém bién thién vé cuong do va tinh
chat ciia dao dong thily triéu ctia muc nude trong khong gian va thoi
gian. Noi dung chinh cta chuong ndy nham giai thich co ché hinh thanh
hién tugng thuy tridu trong bién, nhimg nguyén nhan lam cho dao déng
thuy triéu c6 nhiing tinh chéat va d6 16n, twong quan giita dao dong muc
nudce va triéu luu... phan hoa ma ching ta quan sat thay trong bién va dai
duong thuc. Pong thoi trong chuong nay ciing chl ¥ xdy dung nhing
biéu thirc dinh luong cua d6 cao thuy tridu tinh hoc, hé phuong trinh vi
phan cia chuyén dong triéu 1am co sé cho nhiing phuong phap tinh toan
thuy triéu & cac chuong 2 va 3.

Tinh toan thuy tridu 1a mot linh vyc phirc tap va ti mi va nhiéu
phuong phap tinh va phan tich sb liéu myuc nude thuy triéu da hinh thanh.
Céc chuong 2 va 3 chi gi6i thiéu nhitng nguyén 1y vé nhimng phwong phap
tinh toan thuy triéu, nhung ciing chu ¥ t6i nhitg phuong phap dang duoc
sir dung rong rdi hién nay nham gitp cho nguoi hoc tim hiéu va c6 thé
trién khai trong cong tac nghién ctru sau nay.

Giéo trinh nay dugc soan dya theo nhiing tai li€u c6 tinh chét gido
khoa hoac chuyén khao cua cac tac gia Suleikin V. V., Puvanhin A. L.,

Peresupkin V. 1., Koutitas C. G va. Nhekrasov A. V.

The Text-book "Tide in the sea" is intended for supplying students-
oceanographers with the basic knowledge on an important dynamical
phenomenon in the sea - the tide.

Chapter 1 describes qualitatively the tidal phenomenon in oceans
and seas. The main content of this chapter is to explain the mechanism of
formation of tidal motion in oceans, the dynamic factors that cause the
space differentiation on the magnitude and wave properties of tidal
oscillations, the ratio of tidal level and current oscillations... in real
oceans. In this chapter quantitative expressions of equilibrium tide height
and differential equations of the tide propagation are also derived to serve
a basis for tidal computations in chapter 2 and chapter 3.

Tidal computation is a complex and detailed field and a large
number of tide calculation methods are available. So in the chapter 2 and
chapter 3 presented the basic principles of the computations. The
attention is paid to largely used methods such as harmonic analysis after
the Darwin and Doodson schemes and by the least squares method and
numerical modeling of tide propagation in sea space.

This text-book was prepared based on the text-books and
monographs by V. V. Suleikin, A. I. Duvanin, V. 1. Peresipkin, C. G.
Koutitas, A. V. Nhekrasov...



CHUONG 1 - CO’' SO Li THUYET VE THUY TRIEU

1.1. HIEN TWUONG THUY TRIEU O DAl DUONG

Hién tuong thuy triéu trong bién va dai duong 1a nhing chuyén dong
phtre tap cua nude cac thuy vuc d6 do cac luc hap dan vii tru gay nén.
Hién tuong thuy triéu biéu hién dudi dang bién doi tuan hoan cua muyc
nuée bién va dong chay. Nhing lyc hap din vii tru giy nén thuy tridu
gom luc hap dan giita Trai DAt v6i Mat Triang va Mat Troi. Do vi tri
tuong d6i gitra Trai Dat, Mat Trang va Mat Troi thay doi lién tuc trong
thoi gian, nén nhing lyc gay ra thuy tridu ciing thay ddi, kéo theo su thay
ddi vé dic diém ciing nhu cuong d6 cua thuy tridu voi thoi gian ma
chung ta thy trong dai duong.

Chuyén dong tridu 1a hién tugng chuyén dong song. Dudi tic dong
cta lyc tao triéu bién ddi tuan hoan, trong bién xuét hién nhitng dao dong
voi chu ky tuong ung voi chu ky ctia lyc va nhitng dao dong nay lan
truyén trong bién, chiu tic dong cua nhitng qué trinh khac, dao dong &
nhitng diém khac nhau trén bién s& khac nhau vé cudong do va pha.

Nhirng hat nudc trong song triéu chuyén dong theo nhiing quy dao
dang ellip. Ngudi quan sat ghi nhan dugc quy dao iy théng qua hién
tuong bién thién tudn hoan ciia d6 cao muc nude thuy tridu va cac vecto
dong triéu. Dong tridu ¢ thé coi nhu hinh chiéu cua quy dao chuyén
dong 1én mit phang ngang, con dao dong muc nudc — hinh chiéu ctia quy
dao 1én mit phang thang dung.

Nhitng diéu kién dia 1y cua bién nhu hinh dang dudng bo, kich
thudc hinh hoc ctia bo, phin b d6 sau, su ton tai cac dao va cac vinh
trong bién c6 anh hudng quyét dinh dén d6 16n va dic diém thuy tridu
trong bién d6 va trong cic b phan ciia n6. Thuc té quan tric thdy ring,
trong khi & mot sé ving cia dai dwong dao dong thuy triéu c6 bién do rat
16n, thi & mot s6 ving khac dao dong thuy triéu dién ra yéu hodc gan nhu
khéng cé. Pugc biét noi co bién do dao dong myc nudc thuy triéu 16n
nhét trong dai duong 18m 1a ving vinh Fundy (Canada) va noi thuy triéu
hoan toan khong dang ké 13 bién Bantich.

Dué6i day 1a mot sé thudt ngir va dinh nghia co ban thudng gip khi
mo ta va nghién ciru thuy triéu.

Triéu dang 1a sy dang 1én cia myc nudc tir myc thap nhat (nuéc
rong) 1én t6i muc cao nhat (nwdce I6n) trong mot chu ky tridu. Chu ky
triéu 1a khoang thoi gian gita hai nude 16n hodc hai nudc rong lién tiép
nhau. Theo chu ky triéu ngudi ta phéan loai: triéu bdn nhdt néu nhu chu
ky dao dong cua thuy triéu bang nira ngay Mit Trang (12g25ph), triéu
toan nhdt — chu ky bang mot ngay Mit Trang (24g50ph) va triéu hon hop
v6i chu ky bién ddi trong thoi gian nira thang Mit Trang tir ban nhat sang
toan nhat hay nguoc lai. Néu sé ngdy véi chu ky toan nhat chiém uu thé
thi thuy triéu duoc goi 13 triéu toan nhdt khéng déu, néu sb ngay véi chu
ky ban nhat chiém wu thé — triéu ban nhdt khéng déu.

Bién d¢ triéu duogc xac dinh br:ing hiéu gitta d6 cao muc nudc lon
hodc myc nudc rong va myc nudc trung binh (gia tri trung binh s6 hoc
cua cac do cao muc nudc trong mot khoang thoi gian: ngay, thang, nam
hodc nhiéu nam). Trong thyc t& ngudi ta hay dung mot dai luong goi 1a
dé 1om triéu — bang hiéu gitra do cao nudce 16n va nude rong ké tiép nhau
trong mot chu ky triéu.

Tudn ty Gng v6i cac thoi diém xuat hién nudc 16n va nudc rong
ngudi ta c6 cac khai ni€ém thoi gian nuwdc lon hodc thoi gian nudc rong.



Khoang thoi gian tir nudc rong téi nudce 16n — thoi gian ddang nudc va
khoang thoi gian tir nude lon téi nudc rong — thoi gian rit nudc.

D6i véi thity triéu hdn hop khi trong mot ngay tridu c6 hai 1an nudce
16n va hai lan nudc rong, thi nguoi ta con phan biét nude Ién cao va nude
I6m thdp, meée rong cao va miede rong thap. Hinh 1.1 13 thi du bién thién
muc nude thiy triéu ¢ mot tram véi thiy tridu hdn hop (tram Viing Tau
ngay 11-12/01/1988).
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Hinh 1.1. Bién trinh ngay cGia muc nuwéc thay tridu

Khi xem dudng cong triéu ky trong nhiéu ngay lién, c6 thé thiy
nhitng khac nhau vé cac thoi gian dang nudc hodc rat nude ciing nhu vé
d6 16n triéu trong cac chu ky triéu, cac ngay tridu ké tiép nhau. Nhiing
khac nhau nay lién quan t6i nhitng thay doi c6 quy ludt cia vi tri Mat
Trang, Mét Troi va Trai Pét va duoc goi 1a triéu sai. Can ctt vao chu ky
bién d6i ctia cac triéu sai ngudi ta phan chia thanh triéu sai ngay, triéu sai
ntra thang, triéu sai thi sai va cac triéu sai chu ky dai véi chu ky tir nira
nam tré 18n t6i nhiéu nam.

Triéu sai ngay thé hién ¢ chd do cao hai nudc 16n hay hai nuéc rong
ké tiép nhau trong ngay khong bang nhau, thoi gian nudc dang va thoi
gian nudc rit trong ngay khong bang nhau. Tridu sai ngay lién quan t&i

goe xich vi Mt Trang, Mt Troi va diéu kién dia 1y tai diém quan trac.
Trong nhét triéu khong déu, triu sai ngay co6 thé thé hién manh lam mat
han nude 10n thap va nudc rong cao trong nhitng ngay Mat Tring c6 goc
xich vi 16n va dao dong thuy tridu tré thanh toan nhat déu trong nhimng
ngay do.

Triéu sai nira thang c6 hai dang: 1) Triéu sai lién quan t6i tuan trang
dic trung cho thuy tridu ban nhat. Vao ky soc vong (tring non hodc tring
tron) tridu dat d6 16n cuc dai (triéu cuong), con vao ky truc thé (thuong
huyén hodc ha huyén) tridu dat do 16n nho nhét (triéu kém). Do anh
hudng cua didu kién dia 1y, tridu cuong khong trung han véi ky soc vong,
ma thudng xay ra mudn hon mét sb ngdy, khoang tré ndy goi 14 tuéi bdn
nhdt triéu. 2) Triéu sai lién quan toi bién doi goc xich vi Mit Tring trong
mot thang Mit Trang dic trung cho nhat triéu. Khi goc xich vi 1on nhat,
Mat Trang t6i chi tuyén bac hodc chi tuyén nam) thi triéu dat do 16n cuc
dai — triéu chi tuyén, nhilng ngay goc xich vi bang khong, Mit Tring &
xich dao, thi tridu cuc tiéu — triéu xich dao hay trieu nhdt phdn. Ciing do
diéu kién dia 1y cu thé cua diém quan tric, triéu chi tuyén thuong xay ra
mudn hon so véi thdi gian goc xich vi Mat Trang cyc dai mot khoang
thoi gian goi 1a tuéi nhdt triéu.

Triéu sai thi sai lién quan t&i sy thay ddi khoang cach tir Trai Dat toi
Mit Trang. Chu ky cua dang triéu sai ndy bang mot thang Mat Trang.
Nhimng triéu sai chu ky dai c6 nguyén nhan & sy bién ddi goc xich vi Mt
Troi (chu ky nira ndm), su bién doi khoang cach Trai Dat — Mat Troi
(chu ky nam) va sy bién thién nhiéu nim cua goéc xich vi Mat Tring
(trong chu ky 18,61 nam goc xich vi Mat Triang bién thién trong khoang
23°27'3+5°8'7).

Thiy triéu quan sat thiy ¢ nhitng ving dai dwong rat khac nhau vé
do 16n va dac diém. Nhing dic trung ndy cia thuy triéu cha yéu phu
thuoc vao diéu kién dia Iy diém quan tric biéu hién dinh lugng bang



nhimg dai luong goi 13 hang sd diéu hoa thuy tridu cua cac phan triéu
chinh (xem chuong 3).
Trong thyc hanh ngudi ta cin clr vao gid tri clia ty s6
Hy +H,
Hy,
trong d6 H —héng s diéu hoa bién do cua cac phan triéu chinh: nhat
tricu Mat Trang — Mat Troi K, ; nhat tricu Mét Trang elliptic O, va ban
nhat triéu chinh Mt Trang M, , dé phan loai thuy triéu. Trén dai duong
c6 thé c6 bdn loai thity triéu co ban Gmg v6i nhitng gia trj cua ty sb trén

nhu sau [4]:

Logi thuy triéu: Gidi han cua ty so:

— Ban nhat triéu déu 0+0,5
— Ban nhat triéu khong déu 0,5+2,0
— Nhat triéu khong déu 2,0+4,0
— Nhat triéu déu >4,0

Thi dy, nhiing duong cong tridu ky ciia mot s6 loai giao dong triéu
co ban trén ddy ¢ bién Pong duoc thé hién trén hinh 1.2. Trén hinh nay,
truc ngang biéu thi nhimg ngay trong mot thang, truc thing dimg 1a do
cao muc nudc thiy triéu (cm) trén sé khong tram.

Thay rang & ving Hon Dau, hau hét cac ngay cua thang mdi ngay c6
mot 1an nudc 16n, mot 1an nuéce rong. Trong khi d6 & Viing Tau, mdi
ngay c6 hai lan nude 16n va hai 1an nudc rong, do cao cia cac nude 1on
va cac nudc rong trong ngay khong nhu nhau. Bién d¢ va d6 lon cta thuy
triéu & hai tram nay tuong ddi 16m, khoang 3,6-3,8 m. Tai tram Ctra
Gianh, ta thiy thiy tridu c6 tinh ban nhat, mbi ngay thuong c6 hai nuéc

16n va hai nuée rong, nhung d6 16n cua giao dong thiy triéu khac voi hai
tram trén 1a rat nho, khoang xap xi mot mét. Qua thi du nay chung ta thy
r& vé hién tuong phan hoa cua thuy triéu ca vé tinh chat 1dn d6 16n trong
khong gian cua bién.
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(a — tram Hon DAu, b — tram Ctra Gianh, ¢ — tram Viing Tau)

Hinh 1.2. Bién thién mwc nwéc thang cia mét sé loai thiy triéu



1.2. SU HINH THANH LU'C TAO TRIEU

Nhimng luc tac dung 1én mdi phan tir vat chat cua Trai Dat gdm luc
trong truong, luc hép dan cta Mit Trang, Mat Troi va luc ly tdm hinh
thanh khi cac hé Trai DAt — Mt Trang hay Trai Dat — Mat Troi quay
quanh nhing trong tdm chung twong tng cta chung. Trong luc ddi vai
mdi diém cua Trai Dt khong ddi, vi vay c6 thé khong can ké dén. Luc
hap dan ctia Mit Triang hay Mat Troi tac dong 1én nhitng diém khac nhau
trén Trai Dét s& khong bang nhau, phu thudc vao khoang cach tir nhiing
diém d6 dén Mit Trang va Mit Troi.

Mudn hiéu vé lyc ly tdm vira ndi & trén, ta xét sy chuyén dong cua
hé Trai Dat — Mit Trang hay Trai D4t — Mat Troi. Nho nhimg chuyén
dong biét 1ap trong khong gian va hip dan 1an nhau, Trai Dt va Mat
Trang khong roi vao nhau ma cung quay quanh mot trong tam chung P ¢
khoéang cach 0,73 ban kinh Trai Pat, trén dudng ndi tim Trai Dat voi tim
Mat Trang (hinh 1.3). Gia sir vi tri Mat Trang ky hiéu la M , tam Trai
Piat ky hiéu 1a O . Néu nhin tir sao Bic Cuyc, thi thiy Mat Tring quay
quanh trong tim chung theo chiéu ngugc kim dong hd, sau mot khoang
thoi gian vi tri méi cia Mat Trang sé 1a M, tam Trai Pat O ciing quay
quanh trong tim chung theo chidu ngugc kim dong hd trén vong tron o'
ban kinh OP &n diém O’ (hinh 1.3). Bay gio néu ta khong xét dén sy
xoay cua Trai DAt quanh truc cua no, thi thdy ring tat ca cac diém bén
trong va trén mit Trai D4t déu quay trén nhitng vong tron ban kinh bang
ban kinh vong tron quy dao cta tim Trai D4t nhung v6i nhitng tam khéc
nhau, thi du: diém A quay theo duong tron dén diém A4, diém B quay
theo duong tron b' dén diém B’. Trén hinh vé ta thy rang tai thoi diém
bat ky nhitng duong thang ndi nhitng diém quay bét ky voi nhimg tim
quay tuong Ung cia chung déu song song v6i nhau va song song véi
duong thang ndi tdm Trai Pat voi Mat Trang. Vay trong khi hé thdng
quay, nhitng luc ly tim (dugc v& bing nhitng mii tén dam) xuit hién &

moi diém trén Trai Dat, ké ca & tim cua no, déu bang nhau vé do 16n va
¢6 hudng song song voi duong thang ndi tam Trai Dat véi Mit Trang vé
phia xa Mat Trang.

Qua trinh hinh thanh nhimg lyc ly tim ¢ cac diém trén Trai Dat
trong khi hé¢ Trai Dt — Mt Troi quay quang trong tim chung ciing tuong
tu nhu vay.

Néu ky hiéu lyc ly thm & diém bt ky trén Trai Pt la C, luc hdp
din ciia Mt Tring 1én diém d6 1a P (hinh 1.4). Téng vecto cua lyc ly
tam va luc hép dan tai moi diém s& 1a luc tao tridu F

F=C+P. (1.1)

Hinh 1.3. Giai thich sw hinh thanh lwc tao triéu cta hé Trai Dat — Mt Triang

Nhung do luc ly tim ¢ mdi diém bat ky bang vé do 16n va nguoc
huéng so véi luc hip dan ctia Mt Trang 1én tim Trai Dat nén

F=P-P

0

(1.2)

trong do 130 — lyc hap dan cia Mat Trang 1én tam Trai Dat.



Nhu vay suy ra lyc tao triéu tai mot diém bat ky trén Trai bit béng
higu gitra lyc hép dan cua Mit Trang lén diém d6 va luc hép dan cia Mat
Trang 1én tam Trai Dat. Cong thirc (1.2) rat thuan tién khi tinh cac luc tao
triéu cho cac diém trén Trai DAt.

Hinh 1.4. Phan bé lwc tao triéu trén Trai Dat

Trén hinh 1.4 biéu dién sy phéan bd lyc tao tridu trén mat Trai Dat.
Thiy rang tai diém gan Mit Tring nhét trén duong ndi tim Trai Dat véi
tam Mat Trang luc tao triéu c¢6 do 16n 16n nhét va hudng vé phia Mt
Trang. Tai diém xa Mit Tring nhét trén dudng nay luc tao triéu ciing co
d6 16n d6 nhung hudng vé phia xa Mt Trang. Tai nhitng diém trén vong
sang Trai Pit, luc tao tridu c6 d6 16n chi béng khoang mot nura so voi hai
truong hop trén va hudng vao phia tim Trai Dat. Vi nhimng diém chuyén
tiép khac, cac luc tao triéu c6 do 16n va hudéng chuyén tiép giira hai
truong hop dac biét trén.

Dudi tac dong cia cac luc tao triéu, nhiing phﬁn tor nude trén Trai
Pit can phai dich chuyén theo chiéu cic mili tén chi vecto Iyc. Néu nhu
dai duong 1a mot 16p vo nude day déu bao phu khip mat Trai Dét thi
nude s& dang cao nhit tai nhitng diém nam trén duong ndi cac tdm Trai
DAt va Mt Trang, ha thép nhét tai nhitng diém nam trén vong sang Trai
Pat. Két qua 1a mat dai duong c6 dang ellipxoit tron xoay v&i truc 16n

huéng theo dudng ndi cac tim Trai Dt va Mit Trang (hinh 1.5).

Hinh 1.5. Phan b6 dé cao mwc nwéc trén Trai Dat dwéi tac dung lwce tao triéu

Bay gio ta thir sir dung cong thirc (1.2) dé tinh do 16n cua cac luc tao
triéu cua Mat Trang va Mat Troi va so sanh chung. Luc h:?ip dan cta Mit
Trang 1én mét hat nude khéi lugng mot don vi tai tdm Trai Pt bﬁng

kM

5
r

FM

trong d6 M — khéi luong Mat Tring; khoang cach tir tam Trai Dt t6i

2
Mait Trang; k — hang sb hap dan (k= 8P , g— gia tbc trong truong

Trai Dat, p— ban kinh Trai Dat, E— khoi lugng Trai Dat). Khoang
cach tir tim Trai Dat dén Mit Trang bang 60 lan ban kinh Trai Dat, khdi
luong Trai Dat 16n gap 81 1an khéi lwgng Mat Tring. Do d6 ta tinh dugc
lyc hip dan ctia Mit Tring lén tim Trai DAt bang

pu__ 8°M ¢ g

0 ~

T (60p)%.(81M)  (60)2.81 291600

va luc hip dan cia Mat Trang 1én diém xa Mat Trang nhit trén mat Trai
Dit bang



M gp’M g g

P T 61p)2.81M)  (61)2.81 301401

Viay d0 16n cua lyc tao triéu Mat Trang tai diém nay bz"mg
F 1£M =0,11x10"° g . Tuong tu ta tinh lyc tao triéu ciia Mat Troi, biét rﬁng
khoang cach tir tim Trai Dat toi Mt Troi bang 23.400 lan ban kinh Trai
Dat, khdi lugng Mt Troi bang 333.000 khéi lugng Trai Dat. Cac luc hap
dan cia Mat Troi 1én tam Trai Dat va 1én mot diém xa Mt Troi nhét trén
mat Trai DAt tuan tu béng:

7S - gp’E(333.000) g(333.000) ¢

C T (23.400p)°E  (23.400)>  1644,3243°
PS5 gp’E(333.000) g(333.0000 g

S = = ~

(23.401p)* E (23.401)%  1644,4649 ’
va dd 16n luc tao tridu Mt Troi cho diém nay F PS =0,52x107" g . Tu

day c6 thé danh gia luc tao tridu Mit Triang 16n hon lyc tao triéu Mt Troi
khoang 2,1 lan.

1.3. BIEU THUC GIAI TiCH CUA LUC TAO TRIEU

Bay gid ta s& tim nhimg biéu thire dinh lugng cia luc tao triéu lam
co s cho nhitng tinh toan thay triéu tiép sau.

Trén hinh 1.6 14 hé toa d6 vuong goc OXYZ vo6i tdm O tai tdm Trai
Dét va mit phing XOY tring mat phing xich dao Trai Pét’., truc OZ
hudng 1én trén. Mat Trang voi khoi lwong M ¢6 toa d6 bién doi £,7, ¢ .
Ky hiéu p — ban kinh Trai Dat, D — khoang cach tir diém P(x, y,z) dén
tam Mit Tring, r — khoang cach tir tim Trai DAt dén tim Mt Tring, Z
— goc thién dinh cua Mat Trang ddi v6i diém P . Hinh chiéu cua luc tao
triéu trén cac truc toa do tinh cho mot don vi khoi luong cla phén tor
nudce tai diém P theo cong thirc (1.2) s& bang

F :kﬂu_kﬁﬁsz[n_y_%} (1.3)

trong d6 k — hang s6 hip dan.
Trong tam gidc MOP ta co
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D=(2+p> -2rpcosz)”’ :r(1+p—2—2£cosZ] :
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Vi £ tt nho nén o thé bo qua binh phuong cta n6 va
r
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D :r(1—2£c0s2]2,
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do doé
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L=L 1—2£cosZ ? zi 1+3£cosZ .
D* r r r
Thé biéu thirc cudi cung nay vao (1.3), bién ddi, bé qua nhitng sd
hang nhé dang
px py Pz
r 2 r b r b

ta s€ nhan duoc
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