CHUONG 3 - NH’NG PHUONG PHAP PHAN
TiCH THUY TRIEU VA MUC NUOC

3.1. LY THUYET PHAN TiCH DIEU HéA THUY TRIEU

Nhu d6 thiy, nhitng 1y thuyét vé thuy triéu d6 giai théch duoc
nhiing nét co ban nhét trong hién twong thuy triéu & dai duong. Mic du
nhing 1y thuyét nay khong cung cap nhimng cong thic tinh toan chinh xac
dé dy tinh thily triu thyuc té, nhung nhitng tu tuéng ctia ching dé chi ra
nhirng coch hiru hiéu dé giai quyét van dé dy tinh thuy triéu. Laplace d6
sit dung cung thirc d6 cao thuy triéu tinh hoc cua Newton (1.11), dua
thém vao nhitng hiéu dinh vé bién do va pha dé nhan cong thirc ban thuc
nghiém duy tinh thity triéu nhu sau
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2 gr’

P
?lsin 2¢sin2dcos(A—¢,)+

P.
?Zsin 2¢sin28 cos(2A— ¢, )} ,

trong d6 P, P,,d,,¢, — nhiing hi¢u dinh dugc xac dinh tr quan tric

thuc té. Néu & tram nao do ngu tri thanh phén triéu ban nhat va ¢ dé co
chudi s6 lidu quan tric thd ch thé ténh nhimg tri sé chonh xdc clia coc
hiéu dinh trén va sau d6 dung cong thirc ban thyc nghiém dé dy tinh thuy
tridu trong twong lai. Tu tudng trén day ciia Laplace duoc Thomson va
Darwin phat trién tiép thanh phwong phdp phén tich diéu hiia thiy triéu.
Thyc chét ciia phuong phap nay 1a biéu thirc ham thé vi ctia thiy triéu
tinh hoc ctia Newton (1.6), trong d6 cac dai lugng Z — gbc thién dinh
clia Mit Tring va — khoang cach tir tim Trai D4t dén Mat Tring, 1a
nhirng ham phu thudc phirc tap vao thoi gian thong qua mot sé dic trung
thién van, duoc khai trién thanh dang téng ctia chudi nhitng ham diéu hiia
don gian dang

> CcosV,

trong 6 C — bién do; ¥ — pha dao dong; & ddy C va V' vé phda mdnh
lai phu thudc vao mot sé dic trung thién vin, nhung co thé coi 1a thuce té
khong d6i trong mot khoang thoi gian nao d6 va c6 thé tinh trudc duoc
nhu nhitng gia tri trung bdnh cia chyng trong khoang thoi gian d6. Moi
mét dao dong don CcosV , goi 1a phén triéu, duoc xem nhu mot thuy
triéu doc 1ap gay boi tac dong cua mot tinh tu gia dinh quay theo quy dao
triin trong mat phang xich dao, moi tinh ti ay co6 toc d6 goc ¢ cua riéng
n6. Mtc do chi tiét cia khai trién nhim dép tmg yéu cau sao cho bién do
C vapha V ciia mdi phan triéu c6 thé xem 1a nhiing dai luong thuc té
khong bién dbi trong mot khoang thoi gian nao do, thi du mot ngay, mot
nam. Tuy theo phuong phap khai trién ma s6 luong cac ham diéu hiia don
gian c6 thé khac nhau. Trong cong thirc khai trién diy du gém ca thé vi
cua Mat Trang va thé vi Mt Troi nguoi ta thuong danh s6 thtr ty cia mdi
s6 hang khai trién [2] va nhitng s hang nao c6 trj s6 cua bién d6 C 16n
dang ké, tic 6 ty trong twong dbi 16n trong tong, thd duoc dit tén, ky
hiéu bang mot vai chit coi hay chit c6i cung véi chit s6. Thd du trong
bang 3.1 (theo [4]) dAn mot s6 s hang khai trién quan trong nhét duoc
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goi 1a nhitng phén triéu chinh. Tir bang 3.1 thiy rang bién do va pha cua
cac ham diéu hiia don phu thudc vao cac tham s6 thién van, nhitng tham
s6 thién vin nay 1a nhimg dai lugng phu thudc thoi gian nhung c6 thé
tinh trudc nhu 1a tri s6 trung bonh trong mot khoang thoi gian nao do.

.
z,:A0+ZfiHicos(Vi+ui—ki), (3.1)
i=1

Theo 1y thuyét phan tich diéu hiia hién dai, d6 cao thuy triéu thuc tai
tram quan trac trén s6 khong do sdu vao thoi diém ¢ ciing co thé biéu
dién bang tong cua cac phén triéu qua biéu thirc tong quat nhu sau:
trong d6 A4, — do cao cua muyc trung bonh tron s6 khung tram (hoic sé
khung d¢ sau); f; — nhiing h¢ sb phu thudc cac yéu t6 thién van, goi la
nhirng hé s suy bién; H ; — nhiing g1 tri trung bonh cua bidn do phan
triéu; V. +u, — nhiing phan pha thién vin cta cic phan tridu biéu dién
cac gbc gid cha nhitng tinh ta gia dinh tai thoi diém ¢ k; — nhiing goc vi
dic trung cho hiéu giita pha phén triéu va pha cua lyc tao triéu.

Théy ring trong cong thic (3.1) d6i voi phan bién do cia mdi phan
triéu nguoi ta bo sung dai lwong H dic trung cho bién do trung bdnh va
dbi voi ddi sb ciia mdi phén triéu d6 bd sung dai lwong & dic trung hiéu
pha giita lyc tao triéu va thity triéu thyc tai diém quan trac cu thé.

Nhitng ddi s6 thién van gﬁa cac phan triéu chtra hai s6 hang: s6 hang
V., ma cdéc gid tri cia nl bién thion hoan toan ty 1€ thuan thoi gian voi
toc do bang tdc d6 goc cua phan tricu q;,va s6 hang u; , ma gio tri bién
thion tudn hoan phu thudc vao kinh d6 tiét diém 1én cua quy dao Mat
Trang N . Do do

V=V, +qd. (3.2)

trong d6 ¥, ung voi thoi diém dau quan tric, tic thoi diém =0, va

phuong trdnh (3.1) ct thé biéu dién duéi dang sau:

z,=Ay+ Y. fiH, coslg,t + (Vy +u), — k,]. (3.3)
Nhiing guc vi k; co thé dugc tinh theo thoi gian dija phuong trung
bdnh hay thoi gian myi gio trung b&dnh. Nguoi ta thuong ky hiéu: K —
goc vi theo thoi gian dia phuong trung bonh; K'- guc vi theo thoi gian
myi gio trung bonh. Cdc dai lugng nay li€n h€ véi nhau bang cong thirc:
K'=K + pdS~, (3.4
trong 46 dS° =4 —S°; A — kinh d6 tram quan tric tinh bang d6 (kinh
do tinh tir Greenwich, phia tiy v&i dau cong, phia dong voi diu trir);
S:’ — kinh d6 tinh bang d(f)’ cua kinh tuyén trung tdm ctia mui gid quan
trac duoc thuc hién; p — sO chu ky cta phan trieu chira trong mét ngay
dém (voi nhét tricu p =1, bdén nhat trieu p =2, triéu mdt phan tu ngay
p=4v.v.).
Tuy thudc thoi gian thuc hién quan tric, biéu thire d6 cao muc nudc
thuy trieu (3.3) co6 thé viét dudi dang:
a) Khi quan tric theo thoi gian dia phuong trung bdnh:

z,=A, + Zfl.H,- cos{qit +Gr.(V, +u), +|:1q—;—pl.:|ﬂ° _Kl} ,
b) Khi quan tric theo thoi gian myi gio trung bonh:
z, =4y +) f;H, cos{qit+Gr.(V0 +u); +|:1q—;—pi:|Sﬂ - p,dS° _K,} ,
hay
_ qi o '
z, =4, +Zfl.Hi cos{qurGr.(V0 +u), +[E—p,}S -K ,1 ,

trong d6 Gr.(V, +u)— goc gio cua tinh ti giad dinh vao thoi diém dau

quan trc trén kinh tuyén Greenwich.
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Néu khong dua vao nhitng hiéu dinh cho kinh do dia phuong hay
mui gio, tirc quy wdc chap nhan rang cac quan tric duoc tién hanh theo
thoi gian Greenwich trung bonh, thd cdc guc vi nhan duoc trong trudong
hop nay ctia cac phén triéu dugc quy wéc goi 1a cac goc vi dic biét va ky
hiéu bang chit c6i g°. Trong moi trudng hop sir dung cac goc vi dic biét
nhat thiét ta phai chi rir thoi gian ma coc gac vi d6 tuong tng (kinh do
ctia kinh tuyén tinh bang do).

Biéu thirc ctia d6 cao muc nudc (3.3) trong truong hop nay co thé
biéu dién thanh

2= Ay + X fiHcoslgt + (7 +u), - g; . (3.5)

Ngay nay thuong phd bién viée du tinh thuy triéu voi viée st dung
nhiing goc vi ddc bigt, v& khi d6 khong can thiét phai dan dai luong
Gr.(V, +u), t6i kinh tuyén dia phuong hodc kinh tuyén mui gio. Ti€p sau
day trong moi truong hop ching ta s& sir dung phuong 4n nay dé biéu
dién d6 cao thay tridu. Khi can thiét co thé tinh chuyén cac goc vi dic
biét sang cac goc vi theo gid dia phuong hodc mui gio theo nhiing cong
thirc sau:

a) Khi quan tric theo thoi gian dia phwong trung bdnh:

° q |5
K=g'-|p-L\x,
gt

b) Khi quan tric theo thoi gian myi gio trung bdnh:

° ° q °
K=g" —pdS —| p———15",
g — P I:p 15}

o P o
K'=g"—| p-L|s°.
¢-|p-2]

Téc d6 goc cua cac phan triéu khong ddi va duoc xac dinh bang ly
thuyét, nhitng phan thion van cua bién d6 va pha cta cac phan tridu dugc

tinh tuy thudc vao vi tri cia Mét Tr’a“lng‘vé Mat Troi. Cac bién d0 H va
coc guc vi g, goi la nhitng hang so diéu hiia, chi phu thudc vao nhitng
diéu kién dia phuong cua dia diém quan tric va duoc xac dinh tir két qua
quan tric thiy triéu. Viéc xac dinh nhitng dai lugng nay tir trong hé cac
phuong trdnh (3.5) chénh 1a nhiém vu cta phdn tich diéu hiia thiy triéu.
S6 lugng cac phuong tronh 1a do d6 dai quan tric quy dinh.

Khi nhimng hing s6 diéu hiia thuy tridu H va g do duoc xac dinh
ddi véi ting phan triéu cho mot dia diém hay mot cang cu thé, thd viec
dy ténh thity triéu chinh 13 tinh do cao muc nudce thuy triéu cho ting gid
t cta ngdy bat ky trong twong lai theo biéu thic d6 cao muc nudc thuy
triéu (3.5). Khi tinh theo biéu thirc (3.5) nhfrng’ gia tri cua cac dai lu:qng
thién van nhu f, ¥, va u, la nhitng ham d6 bict cua thoi gian, cu the tra
bang hodc ténh trude theo cac cong thic d6 biét (xem muc 3.4). Rir rang
d6 chinh x4c cta dy tinh thay triéu phu thudc vao hai yéu t6, d6 1a nhiing
hang sé diéu hila ¢t dugc tinh chinh xac khong va sb luong cac phan
triéu c6 mit trong cong thirc tong quat cia muc nude (3.5) co diy du
khong. Ca hai yéu t6 nay phu thudc vao do dai chudi quan tric muc nudc
d6 cu dé tir d6 phén tich ra cac hang s diéu hiia thuy triéu.

Nhitng hang sb diéu hila thiy triéu H, va g, chinh xac nhat c6 thé
dugce xac dinh tir hé cac phuong tronh (3.5) bang phuong phap bdnh
phwong nhé nhét. Viéc sir dung phuong phéap nay diii hoi mot khéi luong
lén céac tinh toan phurc tap, v& vay trudc ddy ngudi ta hay st dung céc
phwong phap t6 hop song nhu phuong phap Darwin va phuong phap
Doodson. Nhitng phuwong phap nay cho phép xac dinh gan dung cac hang
s6 diéu hiia thuy triéu, nhung du dép tmg yéu cau thyc tién vé du bao
muc nude va nhidu tinh toan khac. Phuong phap Darwin diii hoi chudi
quan tric do dai nira thang hoic mot thang dé phan tich ra cac hang sb
diéu hiia cua 8 hodc 11 sung, phuong phap Doodson phan tich dugc bon
song trén co sé chudi quan tric do dai mot ngay dém. Ngay nay nhiing
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phuong phap nay van ciin dugc tng dung, nhit 1a di v6i nhitng quan

trac diing triéu. Trong coc muc tiép sau s& gidi thidu nguyon 1y cua N . . Téc d6 goc
~ Lo ~ . ) ~ s , A Ky hiéu D6i s6 V gom phan (v) va (u) n
nhiing phuong phép nay. Do quy tronh ténh todn phdn téch thuy tricu o trong 1 gi
+ X N ’ <A ~ . ,~ son
thuong phtrc tap, nén trong thuc tien phan tich dieu hiia, nguoi ta do x0y 9 (v) (u) q
dung nhiing so d6 chuyén dung ti¢n ich cho céc tinh toan. M, ot +2h—25 262y 28,98410°
Bang 3.1. Hé sb va dbi sb ctia mot sé phan triéu chinh (trich tir [4]) N, 2+2h=3s+p +2E-2v 28,43973°
Hé sb gébm phan chung bang S 2t - 30,00000°
Ky smlal? Gia tri
hiéu Tén phan tridu 5?[:} a nhan voi trung binh K, 2t+2h 2v” 30,08214°
song A Ao A cla hé sb 0, t+h—25-90° +25-v 13,94304°
phan riéng cua tirng phan trieu
| 5 0 t+h=3s+p—90° +26-v 13,39867°
M, | M&t Tréng chinh {E— ez}cos4 0,4543
R t—h—90° - 14,95893°
3 3 C 7 1 ,
N, M::at '_I'rapg duwong L2 cost L 0,0880 K, t—h+90° -V 15,04107°
elliptic I&n 4 2
1 s Chu thich 1:
< \ . . 2 w
S2 | Mat Troi chinh |:E_Zel }GCOSE 0,2120 K, =[(1/4+3/8¢*)sin* I +(1/4+3/8¢] )G’ sin* o+
VAT " 2(1/4+3/8¢*)*(1/4+3/8¢?)Gsin? Isin® wcos2v]"?
at Trang — Mat
K at frang — Mg y th —_
1 Troi db thign Xem chy théeh 1 0,0576 Chu thich 2:
s ; K, =[(1/4+3/8¢*)? sin® 21 +(1/4+3/8¢])G*sin® w+
O, | Mat Trang chinh {E—Zef}sinlcoszg 0,1886 2(1/4+3/8¢*)*(1/4+3/8¢})Gsin 2 sin 2acosv]"?
2
. s S| c
3t Tra . 7 . 1 Cac ky hiéu trong bang: G=—| —
0, M::at '_I'rapg dwong L esinlcos? L 0,0365 y nig g bang W LJ
elliptic I&n 4 2
L s M — khéi lwgng Mat Trang, E— khéi lwong Trai Dat, S— khéi lwong Mat
. [0} z
P Mat Troi chinh [E—ZQZ}GSIHCUCOSZ? 0,0880 Troi, p— bon kénh trung bénh Tréi Bat, a— khodng cdch trung bénh tir Troi
DAt dén Mé&t Trang, ¢, — khoang cach trung binh tir Tréi DAt dén Mt Troi, e— do
K, gﬂ?t.;rf"?r?j Mat Xem ch thich 2 0,2655 lach tam quy dao Mat Trang, e — do léch tam quy dao Trai PAt, w— guc
ro’l do thien

nghiéng mat phéng hoang dao so vé&i mat phéng xich dao, 7 — géc nghiéng cla
quy dao Mat Trang so v&i mét phang xich dao, £— kinh dd giao diém quy dao
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Mt Tréng véi mat phang xich dao, ¥ — kinh do tiét diém 1én cla quy dao Mét
Trang, h— kinh dd trung b&nh ctia Mat Troi; s — kinh dd trung binh cla Mat
Trang; p — kinh d6 trung binh cén diém quy dao Mat Trang.

3.2. PHAN TiCH DPIEU HéA THUY TRIEU BANG PHUONG
PHAP DARWIN

Néu quy udc st dung cac goc vi dic biét, cong thire do cao thiy
triéu (3.5) duogc viét gon lai dudi dang
Z :A0+ZfiHiCOS[qit+(V0+u)i_gi]' (3.6)
Néu dung coc ky higu
R=fH; -{=(U+u)-g,
ta viét lai (3.6) dudi dang
z, = 4, +ZR1. cos(q;t—¢;). (3.7
Nhu vdy néu c6 chudi quan tric muc nudc z, nhiém vu cua phan
tich diéu hiia 1a xoc dinh R va ¢ trong cong thirc (3.8) va sau d6 tinh
H va g theo coc biéu thuc (3.7), cu thé 1a
R
H=—; g={+V,+u). (3.8)
f
M&i phén triéu (sung thanh phan) trong dao dong thuy triéu c6 thé
biéu thi nhu sau:
Rcos(gt — )= Rcosgtcos{ + Rsingtsin().
Néu quy udc
Rcos{=4; Rsin{ =B, (3.9)
tacu
Rcos(qt — )= Acosgt + Bsingt , (3.10)

trong 46 A va B la nhitng dai lugng chwa biét c6 chita R va ¢ .

Viéc tom nhimng dai lwong chua biét ¢ va R quy vé xac dinh cac dai
lugng A va B cho tit ca cac song triu. Khi d6 biét 4 va B, tom ¢ va

R theo cdc cung thirc:
tgé’:%; VR =A% +B* = Asec{ = Bcosec . (3.11)

Néu xem x0t chu ky ciia coc sung thity tridu ¢ thé nhan thay ring
chi c6 mot s6 it cac song, thi du nhu M,,M,, M, K,,K,,... ci chuky la
boi s6 clia nhau. Mit khoc ca nhiing nhiim siing ¢6 chu ky rat gan nhau
va hau nhu tring véi cac chu ky mot ngay, ntra ngay, mot phan tu ngay.
Viéc tach nhiing song riéng 1€ ra khoi cac nhom nay 1a mot viéc kha kho
khan. Darwin d6 dé xuit mot phuong phap loc song dic biét cho phép
loai trir tit ca nhiing song khac co chu ky gan véi chu ky cua séng can
quan tim tir dudng cong bién trdnh muc nudc.

Ngudi ta giai théch nguyon 1y cua phuong phap Darwin phan tich
thuy triéu nhu sau [2]:

Quy wdc goi khoang thoi gian bang 1/24 ngay song 1a mét gio sing.
Khi d6 ngay sing d6i véi cac séng tridu toan nhat s& bang chu ky cua
ching, ddi v6i cac song triéu ban nhat s& bang chu ky nhan doi, ddi véi
cac song mot phan tu ngay sé& bang chu ky nhan bon... V& chu ky coc
sﬁpg triéu khoc nhau, ‘ném gio sung ciing khung gidng nhau. Thé du, sung
tricu S, cu chu ky bang 12 giod, ngay sing ctua nu s& 1a 24 gio, clin gio
sting ctia na s& 1a 1 gio trung bdnh. Sing M, ct chu ky bang 12,42 gio,
ngay sting s& bang 24,84 gio va gid stng s& 1a 1,035 gid trung bdnh.

C6 thé viét lai phuong trdnh d6 cao muc nudce (3.8) dudi dang:

z, = Ay + Ry, c08(qy,t =&y )+ R, cos(gs,t =g )+

hoac
z, =4y + R, cos(qt = ¢ ,)+ Ry, cos(2qt =, ) +...
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Bay gio gia sir toc do goc clia song tridu ma ta can xét 1a ¢ . SO hang
dau cua chudi trén day ng v6i song nay. S6 hang thir hai 1a nhitng s6ng
c6 toc d6 goc 1a boi s6 cia ¢, thd du mgq , va so hang thir ba 1a song voi
tbc d6 goc khac ¢ va khung 13 boi sé cia ¢, ta ky hiéu tdc do goc do
bang ¢’. Khi d6 do cao muc nudc thuy tridu Gng véi thoi diém ¢ biéu
dién bang tong

R, cos(qt—~¢,)+R,, cos(mqt—¢, )+ R, cos(q't—¢ ).

Néu tir dudng cong d6 cao muc nudc trong n ngdy sang, bat dau tir
gio ¢ tuy ¥ nao du thudc ngay sung thir nhét, ta 1y coc tung d ung véi
nhing thoi diém

t, t+ﬂ, t+2@, t+(n—1)@
q q q
cach nhau dung mot chu ky sting, thd tri sé cua coc tung do dy dugc biéu
thi tudn ty nhu sau:
R, cos(qt—{,)+R,, cos(mgt—¢, )+ R cos(q't=¢ ),
R, cos(qt=¢,)+R,, cos(mgt =, )+ R cos(q't + q'@ -0
q

, ,360
R, cos(qt=¢, )+ R, cos(mgt =&, )+ R, cos(q't+2q T—Q») ,

Cong cac tung d6 nay, ta s€ dugc

n=n-1

nR, cos(qt—¢,)+nR,, cos(mgt—¢, )+ > R, COS[q'Hrn%q’_;q}

n=0

hay

nR, cos(qt—¢,)+nR, cos(mgt—¢,.)+
n=n-1 n=n-1
R, cos(qt=¢,) D cos nq'ﬂ —Rysin(q’t=¢,) Y sin nq'@.
n=0 q n=0 q
Nhimg biéu thirc trong ddu Y, & hai s6 hang cudi cung vé phai 1a

tong clia cac cosin va sin cua cac cung trong cap sO cdng, va dugc biet
7

M F LR PRV ~ 1 n M J A .k
rang céc tong nay s€ bang khong neu 4 bang so nguyén. Do do, néu ta
q

’
V4 N , n v A A s . A A
chon s0 n ngay song sao cho 1356 nguyén, thi hai so hang cuoi
q

cung nay s& bang khong. Trung binh cua tit ca cic tung do di ldy bang
tong hai so6 hang dau chia cho »

R, cos(qt—¢, ) +R,, cos(mgt—=¢,.),

s& 1a tung d trung binh ciia song tridu dang xét voi tbe do goc g gop véi
céc tung do cta cac song véi tde do goc 1a bo sd cta ¢ . Tap hop nhimg
song nay goi la logt song (thi du loat M , loat S v.v...).

Bz"mg cé}ch céng cac dd cao muc nudc nhu trén ta d?17 loai trir duoc
mot song triéu c6 toc dd goc khac voi g, nhung trong biéu thuc cua do
cao tl}ﬁy triéu z c6 mot chudi cac song triéu khac nhau, c6 tdc do khac
voi toc dO ¢, vy 1a tmg v6i moi ¢ s& co mot gia tri n riéng biét, duoc

. M Y LN ’ . X ~ A ~ 2
xac dinh bang dieu kién g la s6 nguyén. Vi vdy, khong thé chon duoc

n sao cho trong tung d¢ trung binh loai trir anh huong cia tit ca cac
song. Trong thuc hanh, ngudi ta han ché & viéc loai trir song nao c6 bién
d6 16n nhit. V& diéu nay co thé nhan dinh dya theo tri sb cua cac hé sb
céc song tridu riéng biét. Nhu vay thu dugc tung do cta song tridu can
tim ¢ cong thém véi cac tung do ciia nhitng song tridu véi toe do goc 1a
boi s6, hodc nhu ngudi ta néi, tung do cua loat séng triéu tai thoi diém ¢ .
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Chia ngay song cua ting song triéu cho 24, ngudi ta nhan duge mot
dai luong goi la gio song:
360 15
2q g
Trong tinh toan thuy triéu ngudi ta coi gbe thoi gian cua ngay trung
binh va ngay séng bat ky 1a mita dém trung binh ctia ngay quan tric dau
tién; vao thoi diém nay ¢ =0 gid. Bay gio cho ¢ nhitng gia tri
o 15208 s
q q q
ta c6 thé 1iy tir dudng cong nhiing tung do Gmg véi ting gid séng trong
vong n ngay song.
Bay gio ta xét cach chon s6 ngay n khi xac dinh tung d6 cua cac
song triéu chinh nham muc dich loai trir anh hudng cia cac song khac.
360°

Sau mot chu ky ( gid) séng can tim dich chuyén vé pha

360 , con song bi loai dich chuyén pha ¢’ 360

q , do do, trong thoi gian

nay cac séng dich chuyén tuong d6i so v&i nhau mot khoang

,. 360°
g—-9)

di qua tat ca cac vi tri cod thé cd so vdi song co toc dd goc g . Néu dieu

. Khi khoang dich chuyén dat 360°, song c6 téc do goc ¢’

nay dién ra trong n ngay (hay chu ky) cta séng c6 téc d6 goc ¢ , thi

» 360°

n(g—q’) =360°,

tur do

n=—"I_. (3.12)
q9—49
Pai luong 7 nhén dugc theo cong thirc nay s& cho s chu ky song
toi thi€u can tim cua song voi toc d0 ¢ , nhung dé loai trir tot hon sy anh
hudng cuia cac song khac (tbc o ¢”, ¢”...) nguoi ta can ldy n 16n hon
néu c6 thé, chi can la boi cua gia tri n nho nhét. Vi vay néu ky hiéu m la
s6 nguyén bat ky, nhan duoc
n=—m—m,
q9—9
hay ddi voi cac song triéu toan nhat
(g—q)n=gm
va ddi v6i cac song triéu ban nhat
, qgm
—-qg)n=—.
(G-q)n==
Ciing c6 thé 1y giai phuong phép trén day ciia Darwin theo cach hinh
hoc nhu sau. Gia st d6 cao myuc nudc thuy triéu z, chi gdm hai song
triu (M , va S,) cé chu ky gan bang nhau va c6 bién 46 H va g khac

nhau, ta viét

M S
z, =z, +z,? =Hy, cos(qut—gMz)+HS2 cos(qszt—gsz).

Do sy chénh léch vé chu ky dao dong, hiéu pha giita hai song triéu
bé{lt’ ky s& tang dan tir ngay triéu ndy sang ngay triéu khac. Néu & ngay thi
nhat hiéu pha gitta song S, va M, 1a ¢, (xem hinh 3.1), thi & ngay thir
hai hidu d6 s& bang ¢,, ngay thi ba — @ ... Sau mét sb ngay nhét dinh
higu pha dat 360°, tirc hai §c’>ng lai trung nhau V:é pha. Khi khoang c}ich
chuyén dat 360°, song co toc do goc S, di qua tat cd cac vi tri co the co
s0 véi song c6 toe do goc M 5-
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Ta s€ sir dung nhirng khai ni¢m trén day dé tach tir 46 cao muc nude
tong cong
M s
z, =z, +z? = HM2 cos(qut— gu, )+ HS2 cos(qszt - gs, )
nhitng song triéu
My _

z M, COS(qut—gMz),

z = Hg cos(qszt - g5, )
Mubn vay phai cong cac do cao ting gid z, liy & cling mot gio song
M, & mdi ngay song trong n ngay. Trén hinh 3.1 thdy rang cac tung do
clia song triéu M , tai cung mot gio song & tat ca cac ngdy déu nhu nhau.
Trong khi tai chinh nhiing gi® d6 tung d6 ctia song triéu S, khac nhau ca

vé tri s6 1an ddu. D& nhan thiy ring tong cta tit ca cac tung d6 ctia song
trieu §, trong n ngay song sé bang khong.

Nhu vay doi voi mot gio bat ky cua song M, dang thuc
n n M n s
j— 2 2
2n =2 )
1 1 1
s€ tr¢ thanh
n n
j— MZ j— MZ
Sz =3k =n
1 1
n S M 2
vi )z =0 va tung d6 song triéu M, khong doi. Tir d6 ta c6
1
cong thuc tinh d¢ cao myc nudce cia song tricu M, :
n
w, _ 1
z, P =—) z,.
n-y

Cong thirc trén dung cho bat ky gio séng nio cia song tricu M,

vy n6 cho phép tach 24 tung do cua song tridu M , ra khoi tung do téng
cong clia duong cong myc nude tong cong quan tric z,.

Néu thuc hién cong cac tung do z, theo céc ngay song cua song
triéu S, thi song trieu M , s€ bi loai va ta cling dugc 24 tri ) tung do
clia song triéu S, .

Két qua 1a cho mdi séng triéu ta c6 24 phuong trinh dang:

M
z, ' = HM2 cos(qut—gM2 )
Bién dbi cosin hiéu hai gbc va quy ude ky hiéu
Hy, cosgy, =Ady,; Hy sing, =B, ,
ta c6 24 phuong trinh (cho timg gid nguyén tir 0 dén 23 gid) dang

M2 = Ay, c08q, 1+ By sing, t.

dé x4c dinh hai 4n s 4 va B theo phuong phap binh phwong nho
nhat:

1 23
Ay, =—ZZth COS gy, 1,
1275 (3.13)

RS :
By, :EZO:thZ sing,, 1.

Dé x4c dinh 4 va B cho mdi song triéu c6 thé chi can hai phuong
trinh ciing di néu nhu tung do tach ra hoan toan “tinh khiét”. Tuy nhién,
d6 cao thuy triéu téng cong khong phai chi gdm hai, ma nhidu séng triéu.
Khi thyc hién cong céac tung do ctia dudng cong myuc nudc theo phuong
phap Darwin, o rang ta chi loai trir mgt cach hoan toan dugc mdt song
triéu, cac song tridu khac chua loai hét, anh huong dén séng tridu can
tach ra, muc dich st dung cac cong thirc dang (3.13) ctia phuong phap
binh phwong nho nhat 1a dé giam bét sai s6 khi phan tich song tridu.

Bing cach twong ty ta xac dinh cic hé s6 4 va B cho nhing song
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triéu khac. Theo nguyén tic trén, ngudi ta xdy dung nhitng biéu mdu

chuyén dyng tién loi trong khi phén tich thiy triéu.

€ Ngay thit 1 song M, —plgNgay thit 2 séng M,

Ngay tht 3 séng M,
Zy Z3;
\ A A / \ /\
A\ ( / AN /
\ /\ / VA \ /
[ \ J \ / \ |
\
J \ |
\Y/ /
/ f /\
Ty <+ 2 S, & M,
Hinh 3.1. Giai thich phwong phap phan tich thay triéu ctia Darwin
Bang 3.2. S& ngay triéu can thiét d& ap dung so’ dd Darwin
Séng triéu Sb ngay can quan trac
Bugc tinh Bi loai Chudi | Chudimot
Ky hieu | ¢ (/gi0) | Ky higu | g (°/gio) ntra thang thang
S, 30,000000 M, 28,984104 15 30
M, 28,984104 S, 30,000000 14 29
K, 30,082137 M, 28,984104 14 27
N, 28,439730 M, 28,984104 - 26
0, 13,943036 K, 15,041069 13 25
A 14,958931 0, 13,943036 15 29
0, 13,398661 K, 15,041069 13 25
K, 15,041069 0, 13,943036 14 27
MS, 58,984104 M, 57,968208 - 29

Céc cong thirc (3.12) xac dinh s ngay tridu téi thidu can thiét »
phai quan tric dé thyc hién phan tich thiy triéu theo so 6 Darwin. Trong
bang 3.2 dan sd ngay triéu tbi thiéu phai quan tric tmg véi mot sd cap
song tridu chinh. S6 ngay tridu tdi thiéu can thiét 1a 15 ngay, tc can
chudi nﬁ\:a thang. Mudn xéc dinh doc 1ap ’céc héng s6 diéu hba c‘ﬁa cac c{}p
song tricu N, —K,, P, —Q, ngudi ta lay chuoi quan trac triéu dai gap

d6i, bang 30 ngay.

3.3. PHAN TiCH PIEU HOA BANG PHU'ONG PHAP HANG HAI

Doodson va Warburg, nhitng ngudi d& xuit phuong phap phan tich
nay, cho rang nhiing dic diém chinh cua thuy triéu dwoc quy dinh boi
bon song chinh M,,S,, K,, O,. Nhitng hang so diéu hoa cua chung chiu

anh huong cua cic didu kién dia Iy manh hon so v6i nhirng séng khac.
Nhiing song N,, P, K,, O, it chiu 4nh hudng cua cic diéu kién dia
phuong va chung c6 thé duoc xac dinh mot cach gan dung theo bon song
chinh nho nhimg hé thic rit ra tir 1y thuyét phén tich diéu hoa thay triéu.
Do d6, néu gop cac song N,, B, K,, O, vao cac song M,,S,,K,,O,

thi cong thirc d6 cao muc nude thuy triéu (3.6) s& c6 dang
z=4,+Hg BsCy cos[qszt—(bs +eg +gs, )]+
+H, By, Cy cos[qut—(bM +ey + 8, )]+
+Hy BpCy coslqg t —(bg +cx + g )]+
+H, ByCpcos[gpt—(by +co +80)]

Trong cong thic trén nhitng hiéu chinh B,C va b,c thuc chit 1a

(3.14)

nhirng hé sb hiéu chinh cho bién do (goi 1a hé s suy bién) va nhirng phan
pha thién van dé tinh toi sy cong gop cac song N,, P, K,, O, vao cac
song chinh M,,S,,K,,O,. Hi¢u chinh B,b phu thudc vao ndm va ngay

quan tric; C phu thudc vao thi sai ngang cia Mat Trang va ¢ phu thude
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vao thoi diém thwong dinh Mat Tring tai kinh tuyén Greenwich.
Doodson di 1ap nhimng bang chuyén dung dé tra nhimg hi¢u chinh nay
trong khi phan tich diéu hoa va du tinh thay triéu theo phuwong phap cua
minh.

i Pé tinh cac héng s6 diéu hoa cong thirc (3.14) duoc rat gon hon nira
bang cach gdp bon song vao thanh hai: song chu ky nira ngay ¢, va song
chu ky ngay ¢, . Pugc biét khi gop cac song c6 cing chu ky nhung khac
bién d6 va pha ta can dua vao nhimg hiéu chinh cho bién d¢ va pha. Gia
sur can gdp hai song M cos(nt—m) va Scos(nt—s) thanh mot song, ta
viét:

M cos (nt —m)+ Scos (nt —s)=EScos[nt — (s +e)]
trong 46 E va e 1a nhimg hiéu chinh tuan tu cho bién do va pha.
Bién di tiép hé thirc nay dé xac dinh cac hiéu chinh £ va e:

S [cos(nt —s)+ %cos(nt -m—s+ S)il = EScos[nt—(s+e)].
Néu dung ky hiéu

nt'=nt—s; D=—; d=m-s,
S
ta co
S [cosnt’+ Dcos(nt’ — d)| = ES cos(nt’ - e)
hay
cosnt’+ Dcos(nt’—d) = Ecos(nt’—e) =
cosnt’+ Dcosnt’cosd + Dsinnt’sind =
=FEcosnt’cose+ Esinnt’sine =
cosnt’(1+ Dcosd — E cose) =sinnt’(Esine— Dsind).

Muon dang thirc nay ludn thyc hién can diéu kién:

1+ Dcosd —Ecose=0 }

1+ Dcosd = Ecose
Esine—Dsind =0 '

Dsind = Esine

T d6 ta ¢ cac biéu thirc dé xac dinh céac hiéu chinh pha va bién do
cua song gop:
_ Dsind
"1+ Dcosd’ (3.15)
E =\/(1 +Dcosd)’ +(Dsind)’

tge

Ap dung phuong phap gop song nhu vay, cong thirc (3.14) c6 thé
viét thanh
z=A4, +HSZBSCSE2 cos[q,t — (bg +c, +e, +gs, )]+
H, BCE cos[q,t— (b +c, +e +g, )] (3.16)
trong d6 E,,e, — céc hi¢u chinh cho séng gop chu ky ntra ngay va
E,,e — cac hi¢u chinh cho soéng gop chu ky ngay, dugc xac dinh theo
cac cong thire (3.15) theo cac dai lwong twong déi D va d . Cu thé:

— boi véi séng chu ky nira ngay:

DZ:M; d,=(, +c, +g,.)—(bs +cg+g;);
Hg B.Cy : :
(3.17)
— Péi voi song chu ky ngay:
FLOCO; dy=(by+co+gp)—(by+cx+gy)  (3.18)
HKIBKCK l 1

Nhu vdy néu biét twong quan bién d¢ va hi¢u pha ciia hai cip song
chu ky ban nhat va toan nhat (3.17), (3.18) thi c6 thé xac dinh cac hiéu
chinh £ va e theo cac biéu thirc (3.15) va d6 cao muc nudc thuy tricu
duoc biéu dién qua hai song S, va K, biang phuong trinh (3.16). Ta tiép
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