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LOI NOI DAU

Quyén sdch nay duge s dung lam tai lidu gido khoa,
trong A6 8/12 1a cdc chuong muc ma téc gid da gidng day nhidu
nam tai trudng Pai Hoc Téng Hop réi ti€p 1a truong Pai hoc
Khoa hge Ty Nhién Tp HCM.

N§: dung dao tao dinh huéng theo nghién ciu khoa hoc
cs bdn. Mét phin duge bién soan dya theo néi dung chuong
trinh efta trudng Pai hoc Téng hgp Moskva, noi tdc gia da ting
hoc tap nghién citu. Cdc cong thic duge ching minh ddy dg,
chit ché. Tuy nhién, trong lyc tham dd ciing duge chi trong dic
biét. Khdi lugng, ciing nhu mde d¢ sfu cia ndi dung siach nay
vugt ndi dung chuong trinh dugc gidng day theo quy dinh 45 ti&t
hoc & bac dai hoc, nhdm phuc vy thém cho cdc d6i tuong la
nghién ctfu sinh, cao hoe va la tai liéu tham khdo cho cdan bd
dang cbng tdc trong cdc nganh dia vit ly.

Téc gid muén gi6i thiéu véi ban doc cdc dng dung cda
phuong phédp trong luc vao cdc linh vyc khdc nhau clia khoa hee
vé trdi d4t, nhu nghién cfu cfu tric dia chét siu, hinh thé Trai
dat, dia triéu, thim do dia chdt, tim kifm khodng sdn. V&
phuong phéip nghién cifu, ngoai c4c phuong phép truyén thong
nhu ti€p tuc gidi tich trudng, trung binh hod, phuong phép lua
chon,.. séch cdn gidi thiéu vé phuong phdp phd, xdc sust théng
ké, thuit todn diéu chinh, phuong phép cuc tiu hoa phiém ham,
phuong phdp vé tinh d€ néi dung mang tinh hién dai. P& cho
ndi dung duge sinh ddng, v mang tinh Viét Nam, cdc k&t qua
nghién ctu khoa hoc & Viét Nam cla t4c gid va dong nghiép.
ciing d4 duge st dung 1am vi dy, minh hoa cho 1y thuyé&t. Céc
miy mée duge gidi thidu trong sdch 14 cdc mdy do trong luc tir
thé hé cii d&€n thé& hé hién dai, 46 chinh xdc cao.

Muén nim rd néi dung clia séch, ban doc phéi tim hiéu
truée cudn sdch ” Ly thuy&t thé va trudng trong dia vit 1" do
tdc gia vA TS Nguyén Thanh VA4n bién soan; gido trinh “Thién
van hoc dai cuong”. Nhan dip cuén sdch nay dugc xudt ban tac



gia Lay té long cdm on dén TS Lé Ngoc Thanh da bién soan
chuong XII vé phuong phap x4c sufit, théng ké.

Cho du tac gid di hét sitc cd gdng ning cao chét lugng
cudn sach, tuy nhién, khéng trdnh khéi thidu sét, ching téi
chén thanh mong ban doc lugng thit va gép ¥, phé binh d€ cudn
sdch ngdy mdt thém hay cho céc 14n xudt bén tip theo. Xin
chin thanh ¢Am dn ban doc.

Moi y kién d6ng gép xin giti vé& dia chi cla téc gid: B
mdn vit ly trai dit, trudng Dai Hoe Khoa Hoc Ty Nhién, Tp
HCM, hodc dia chi cia Chi Nhdanh Nha Xuit Ban Khoa Hoc Va
Ky Thuit : 28 Déng Khéi, Q.1, Tp. HCM.

Pién thoai: (08) 8225062 - 8296628,
Tac gia



CHUONG I

CO SG LY THUYET VE TRUONG
TRONG LUC CUA TRAI DAT
§1. TRUGNG TRONG LUC CUA TRAI PAT

Trong luc 1a huc lam cho moi vat déu roi vé phia Tréi dat.
Theo dinh nghia, trong lyc 14 tdng hgp clia lite hap dén cda Trai
dat va lyc ly tdm. Chinh xdc hon 1a lyc ly true, sinh ra do sy
quay hang ngay cia Trai ddt xung quanh truc cia né. Ngoai ra
cdn phéi ké dén nhitng lyc khac tdc dung vao moi vat nhu lue
hap din cha Mat trdi, Mat tring va cdc hanh tinh khée, lue hip
dan cha khdi khong khi day dic trong khi quyén. Nhung vi
nhiing luc nay rit bé so véi luc hadp din cia Trai dat va lue ly
tdm nén ching ta bd qua ching trong dinh nghia ¢da trong lue,
Nhitng lue nay sé duge xem nhu nhitng lugng bién thién nhd cia
trong luc theo thd¥i gian, goi 1a nhiéu. Trudng trong luc duge
hiéu nghia réng bao gdm thé, trong Iuc va cdc dao ham céc béc
cla nd.

Theo dinh luat van v4t hdp dén cia Newton (Niuton), hai
chat diém c6 khéi lugng m; va my & cdch nhau mét khodng la r,
hit nhau véi mét luc cé iri s& bing:

F=G%71 (1.1)
r

Trong 46 G 1a hang s6 hdp dan.

He 8SI: G =(6,673 + 0,003). 10 ! m%kg &

Hé¢ GGS: G = (6,673) + 0,003) . 10 ~® cm*/g.s?

Thit nguyén cia G duge xdce dinh theo dinh luidt Newton 1I:
F=ma

Theo d6, thit nguyén [ F 1= {kh6i lugnglx[chiéu dailx[thdi
gian] 2

D& lyc F & (1.1) cling ¢6 thd nguyén nhu trén, thi G phdi c¢6
thit nguyén nhu sau:



{G1 = [khoi lugng]l ' {chiéu dai)® [thoi gian] 2

G duge xdc dinh biing thue nghiém va chi phu thudc vao
h¢ don vi do ludng. Trong trong lte hoc, ngudi ta s dung
G = 6,673.10® em¥/gs?..

Trudng hop tuong téc gida Trdi ddt va mét chdt difm khai
lugng don vi m; = 1 (khéi lugng thi; dat tai vi tri quan sét P), ta
chia nhé Trai dit thanh nhidu khdi lugng vi phan dm. Lyc
tuong tdc gitta mdt khdi lugng dm v6i m;, theo dinh luat Newton
(1.1) la:

—

d;?:“Grdm

(1.2)
i
r = MP - khodng cdch tif khdi lugng vi phan dm tai diém M dén
khdi lugng don vi m; tai diém P. Ddu tri bidu hién vecto
- - -
1t = MP ngugc chiéu véi vects luc hdp dan dF.
Lyc hép dan cla cd Trdi d4t d&i v6i 1 don vi kh6i lugng m;
dat tai di€m quan sit P chinh 14 tich phan khoi:
—+ d —
F=-G [, (1.3)
ar
Q - thé tich cta Tr4i dat.

z

A
P(X, y. 2)
dF
e
O £ x> X

Hinh 1



Chon hé toa d9 x, y, z gén chat véi Trai dat. Chon goe O
tai kho&i tAm Trai dit. Mat phing toa d% xOy chon trung véi
mit xich dao cia Trai dat. Truc z trang v6i tryc quay cha Trai
dat.

Ky hiéu %, y, 2 12 toa dg cia P, con £ n ¢ 1a toa d) cha M.,

Hinh chiéu ca vectd lyc F‘ trén ba truc toa d$ bing:

F,=G IE—%Edm
r

Fy= G [152dm (1.4)
r

Fz =G J%dm

Ngoai lyc hap din F tée dung vao 1 don vi khdi lugng m;,
con ¢6 lyc ly tdm c6 tri s§ L t§ 1& v6i bdn kinh quay p, (1a
khoéng cdch t¥ m; dén truc quay cia Trdi ddt) va véi binh
phudng ciia vin t8c gée quay ngay dém o cia Trai dat. Ky higu

OP =p,ta c6 :
L = poo? (1.5)

po = yxZ +y% = pcoso (1.8)

' -
Thanh phén chidu clia vecto L trén céc truc toa dd bing:
Ly =Lcos (L, x) =0 %x

L, =Lcos(L,y) =0’y (1.7)
Lz = 0

Suy ra Ly va Ly bing dao ham riéng clia ham s§ v huéng
Q= %wz(x2+y1) (1.8)

L, =

R|3

, L, =% (1.9)



F L
3
T ""““-:‘:;:—-_:-.v ¥ - x
Y
Hinh 2

Ham Q goi la thé& cta lye ly tam, hay cia gia téc ly tAm.

Vén tdc goc cia Trdi dit quay quanh truc cda minh c6 tri
s6:
2n
(0 =
86164

86164 la s0 gidy trung binh ma Tr4i 44t quay hé&t mot
vong quanh tryuc so vdi cdc ngdi sao, duge coi 1a hé qui chidu c&
dinh.

K&t hop (1.4) va (1.7) trong luc duge ddng nhét véi gia téc
trong trudng g cé cdce hinh chi€u trén 3 truc toa do bing:

gx= G ~(-§_Tx)dm+a)2x

r
g, =G k?r_a_ﬁdm*'“’zy (1.10)
g =G I(& ;z)dm

r .

5
Mdbdun cia vecto g bang:

g= Jgi +g§ +g§ (1.11)

Thé cia trong lyc biing téng cda thé hap din V va thé ly
t&m Q:



Wix, y,2) = V(x, 5, 2) + Qx, )

(1.12)
ow oW oW
Nhu va x = — , = —, 7= — (1.13)
VA &= - ey = g %
va E = aW_; + 6W}t+ SWZ (1.14)
ox dy Oz

—p
Vecte g khong hudng vio khdi tam O cha Trai ddt do su

—
c6 mat eha luc ly tAm L, ma chi huéng gin dung vaoe khdi tam
(hinh 3).

Biéu thitc (1.11) viét lai thong qua W sé 1a;

2 2 2 ;
g = GWJ N oW +[6W] (115)
Ox oy 0z
Khoang cédch giita khéi lugng m; va dm bing:

r=y(x-£F +(y-n) +(@2-¢)

Vecto 1 nguge chiéu véi luc vi phan dF (huéng vé dm), do

- -
dé céc cosin chi hudng cda hai vecto dF vA r ¢6 ddu trai nhau:

cos (AF,x) = — cos (r,x) =— = -
r

cos (dF)y) = — cos (r,y) =-— y—n

cos (dF,x) = - cos (r,z) = - 2-§
r

—
Ba thanh phan chiéu clia vects d F trén céc true x, vy, z:

dF, = G2 cos(@F 0 = - G5 dm = G2 X dm =26 4"
r r r x r

dF, =G 2% cos (@F,y) =~ 62 Ldm =G 7Y am = L6 "
r r r gy r



dF, =G~d—2"1cos (dF,z) = —Gy;: dm = ngz dm =-—G—
r P r oz r

>
Vay thanh phédn cia F trén céc truc x, y, z bing:

F, = i(jjgﬂ

o r

J dm
P, = —G|— 1.16
v > . { )
F, = 2g[ém

dz r

Thanh phén c¢la lyc hdp din theo mdt truc toa d¢ bing
dao ham riéng ciia ham sé:

V=G [ii—“l (1.17)
r
theo cédc toa d9 tuong dng:
Fx=ﬁ’ Fy=4al . Fz=ﬂ (1.19)
ox Oy 0z

Chiing ta goi ham s6 V nay la
thé& cia e hdp din cla Trdi 44t
d6i v6i khdi lugng don vi dat tai P,
14 ham cia toa d) quan sit x, y, z.
Ham thé 1a ham cung tri s6, nhung
nguge dfu véi thé€ ning.

Pon vi do g 1a Gal = lem/s® =
1072 m/s? d€ k¥ niém nha béc hoe
Galilé 43 lam thi nghiém vé sy roi
ty do tit thip nghiéng Pizé¢ & Y.
Pon vi bé hon Gal 1000 14n goi 1a
miligal: mGal = 1/1000 Gal.

Gia st Trdi dat ¢6 dang cdu ban kinh R, qua hinh 3, ta
thély néu tién vé cuc Bdc N, ¢ =90% khi d6 L = 0 (vi po = 0) va
g 88 6 tri s8 cuc dai g, bling lyc hap ddn. Cang di vé xich dao

Hinh 3

10



—» —»
thi L cang 16n va tai ddy F va L nguge chiéu nhau, trir nhau,
lam cho g c6 tri s§ bé nhat g..

Khi py = R - bén kinh, tai xich dao, lyc ly tam dat gi4 tri
cuc dai va bing :

o’R =34 Gal
Nghia 12 g gidm mét lugng 3,4 Gal khi ta di tir cuc v& xich
dao.
Tai vi tri c6 ¢ gitta 0° va 90° thi lyc ly tAm bing o’R cose.

Luc ly tAm lam cho Trdi d4t phinh ra & xich dao, lam cho
R tang thanh a — ban truc 16n cta ellipsiod. Luc ly tdm ciing
tdng thém mét lugng, do d6 lam cho trong lue bé hon & cyc mot
lugng nita 1a 1,7 Gal. Két qua téng chénh léch gitra cye va xich

dao 12 5 Gal. Cu thé & xich dao g. = 978 Gal con & cue g, = 983
Gal.

Ty s6 B = =

§2. KHAI TRIEN THE CUA TRONG LUC THANH CHUOI
HAM CAU

Theo dinh nghia thé cla trong luc bing:
Wx, y,2) = Gj@+%wz(x’ +y?) (1.19)
ar

P4y 1a biéu thdc chinh x4c cia thé trong lye. Nhing trong
thuc t&, khong thé tinh W bing biéu thitc nay duge, vi ta khang
bigt sy phédn b8 cha dat d4 trong Trai dit (khong bigt mat do &
nhu ham cda x, y, z va khéng biét cd dang chinh xéc cha Trdi
dat, tic khong biét thé tich Q). Nhung, c6 th€ nhan duge the W
cia trong lyc & dang gin ding bing cdch dua (1.16) vé dang
chudi ham céu. Nhitng hé s6 cda chubi nay c6 thé x4c dinh bling
thire nghiém.

11



Dé khai trién (1.19) thanh chudi ham cdu, trudc tién ta

khai trién < trong (1.19) thanh chudi ham ciu. Ngoai hé toa
r

Descartes chon nhu trén, con c6 hé toa 4% cuc p, ¢, A c6 gdc

ciing tai 0. Toa d§ p c6 thé coi nhu khodng c4ch cue, con ¢, A 13

vi tuyén va kinh tuyén cia di€m quan sat. Giita hé toa do vubng
géc vA hé toa d cAu c6 mdi lién hé:

X = P COS { COSA
¥ = p cos ¢ sini
Z=psin @
Ching ta hiy xét th€ trong luc W cda Tr4i dat quan sat

tai diém P(p, ¢ A) trong khéng gian ngodi gom téng cda thé& hip
dén Newton ctia Trdi d4t va thé ly tam xdc dinh tai P.

Trude tién, ching ta hdy xét riéng th€ hip din Newton
quan sét tai diém P néi trén.

Thé tich vi phan dQ cia Tréi ddt duge dit tai di€m chay
M (p1, ¢1, A1) ndm trong thé tich Q cla Trai dat va duge biéu
dién qua toa d6 diém ca chay py, @1, A1 nhu sau :

dQ = picospide; diz dpr
Pai lugng li;mng bidu thite tich phan clia thé h&p din c6
r
th€ khai trién thanh chudi da thic Legendre (Lo gifing) nhu sau:

1 ‘ - 1
r \/pz +p} +2pp, cosy le+{&T ~ 2P cosy
p P
s [&} P, (cosy) Y
p nij =0 p

0] day goc w 12 géc hop bdi hai ban kinh vecto p va p; nhu
hinh 4.

12



Nhu chudi MacLaurin (Méc Loren), chudi (1.20) ciing hdi tu
v6i bén kinh p; < p. Vi vy ta chi sit dung chudi nay khi quan
st ¢ khong gian ngoai p > p;. N&u dung mot qué clu S ¢6 ban
kinh 1a p thi Trdi d4t s& hoan toan ndm gon trong qua ciu nay
(hinh 4).

Hinh 4 Hinh 5

Trudng hgp diém quan sdt ndm trong thé tich Trai d4t, thi
quéd cdu ban kinh p s& cdt Tr4i d4t, chia n6é ra 1am ba phédn:

— Phén n&m ngoai qué cdu c6 p; > p la nhitng khéi lugng
‘Idlrl.
— Phén ndm bén trong qua ciu p; < p c6 dang hinh ciu.

— Phén ndm trong 16p cdu méng c6 dd day + dp so véi mat
cdu S

DGi v6i thé cia phdn nim trong qud cdu S, ta 4p dung
chudi (1.20) binh thudng. Chudi nay hi tu d6i véi phdn nay.

D3i v6i thé clia phdn ndm ngoai qua cdu S, ta khai trién L]
r
thanh chudi sau:

1_ ! =ii(—p~J P (cosy) (1.21)

r . pi n=0 pl
p,JH(ﬂ] —2£cosw
P P

Vi p < p1 nén chudi nay hdi tu véi bén kinh p.

D3i v6i phén 3 1a 16p cdu méng, khi cho dp — 0 thi th&
hép dén cia 16p nay s& khong ddng ké va c6 thé bd qua.

13



Nhu v4y thé hdp din clia Trai dat d8i véi di€m quan st &
bén trong thé tich cia Trai dit s& la téng ciia thé do hai phén
diu gay nén. Chudi (120) va (1.21a) s& duge 4p dung. Con néu
quan sdt & khong gian ngoai clia Tr4i d4t, thi chi 4p dung chubi
(1.20).

Pa thic Legendre lién hé v6i ham lién k&t Legendre qua
biéu thie sau day viét cho diém P va M, goi 14 cdng thiic cdng
(Ly thuyé&t thé).

n
P,(cos y)= P,(sin¢)P, (sing;)+2 Y (Il—_lnlJr[cos mA cos mA
m=1 (n + m)!
+ sinmi sinmA1j Pry(sing) Poy (sing;) (1.22)
3 day Pum(sing) Pon (singy) 1a nhitng ham lién k&t
Legendre. Dat bidu thic (1.20) va (1.22) vae tich phén (1.19),
sau mét vai phép bién déi ta nhan dugc biéu thic cho thé cla

trong luc dudi dang chudi ham cau phu thudc toa d3 vi tri quan
sat :

[EJ (C,, cosmiA+S,, sinmA)P, (sing
P

2 2
+ % [l - Py(sin )] (1.23)

— 1& khdi lugng cia Trai d4t.

Com V& Sum 12 hiing s6 Stokes (Xtdc) khong phu thudc vaoe
toa do diém quan s4t ma chi phy thudc vio mat do dat dd 5 cda
Trdi 44t va thé tich Q cia né, va 14 nhitng dai lugng khong cb
thd nguyén:

no = I.[Iapl qu)l (9]

"= 2(11 m cosmll
Snm - MR" (n+m MR" -[Jljapl an(sm(pl sin m, dQ {1.24)

14



Chi s8 n bt dau tit 2, vi ta chon tAm Trdi dat la goc toa
d6 nén Cyo = Cyy = 0. Theo (1.24), Cog ¢6 tri s8 bling 1. Céc hing
s0 Stokes dugc xdc dinh bing thue nghiém nhu sau:

Mot 1a do gid tri g trén mat d4t tai hang van didm khae
nhau, sau d6 gidi hé phuong trinh (1.40) bing phuong phap t6i
thiéu binh phuong. Hai 1a quan s4t nhidu trong dudng bay clia
vé tinh nhéan tao duéi dnh hudng cla trong trudng réi phan tich
diéu hda. Tuy nhién, nhitng hling s§ trén chi xdc dinh duge mat
s8 hitu han. Ngay nay, két hop ca hai phuong phép ngudi ta c6
thé xdc dinh chufi d&én bac n = 360 (g6m n(n+3)/2 = 65340 didu
hod). Nhitng hdng s8 bé bac cao hon nita ¢6 tri 5 qua nhd va
sai 80 xdc dinh ching l6n, nén két qud nhan dugc kém tin cay.
Né&u bé qua nhitng hiing s8 bfic cao nay, thi ta c6 gi4 tri gan
ding cho th& cla trong luc W x4c dinh qua vé tinh.

Thanh phdn thd hai trong cong thite (1.19) 13 thé ly tam
biéu dién qua ham lién k&t Legendre Py(sing) nhu sau:

mz 2 m? 20052 m2 2
Q= Po = p (P= p [I—Pm]

(1.25
2 2 3 )
trong d6 ham lién k&t Legendre béc 2:
Py (sing) = vg—sinz 0] *%
szs
Ky hi = . (1.26)
¥ hiéu 9= 5

Ta ¢6 th& ly tam viét dang sau:
-3 -3
R 1GM (R : .
Q=lG—Mq(~—] [I—Pm]=——q(—] (I-sin’@)  (1.27)
3 p \p 2 p \p
§3. GEOID VA SPHEROID

N&u bujc ham thé cia trong lye (1.23) phai bing mot hiing
s0 bat ky C, ta ¢6 phuong trinh clia mét mat ddng ths:

W (p, 9, A} =C (1.28)

15



Cho C nhitng gid tri Cy;, Cs;, C;... khéc nhau, ta s& nhéan
duge mdt ho cdc mat ddng thé khdc nhau cia trong luc. Nhitng
mat ddng thé nay khong cit nhau. Trong lyc bao gid ciing
huéng vuéng géc véi mat ddng thé, nghia 1a c6é phuong theo

b
phédp tuyén ngoai n cha mit ding thé, nhung nguge chidu. Nhu
viy, trong luc c6 gid tri bang dao ham cha thé W theo phuong
cia phédp tuyén n:

_ W

1.29
n ( )

g -

D4u trit c6 nghia trong luc ¢6 hudng nguge véi hudng phap

tuyén ngodi cta mit ding thé (nguge v6i cid truc chiéu cao h
huéng tit mat d4t 1én).

Ta thdy khodng c4ch on giita hai mat ddng thé trong (1.29)
thay ddi ty 1&é nghich véi gia t6c trong trudng g. 0 cie Bic va
Nam cia Trdi dit, g ¢6 gid tri 16n nhét, vy khodng cdch giita
hai mit ding thé & dé ciing bé nhat va cdc mit ddng thé phan
bé khit nhau.

Trong vd s céc hling s ta c¢6 thé tim ra mdt héng s6 C,
sao cho mit ddng thé xdc dinh bdi Co trang véi mit dai duong
(phdi trung nhau vi mit dai duong xdc lap theo m#t ddng thé&
cia trong lyc Trdi d&t). Mit ddng thé tring v6i mit dai duong
dugc goi 1a geoid (gedit). Geoid tring vdi mit dai duong khéng
c6 séng va kéo dai ti€p tuc vao trong luc dia, d6 14 mdt mat kin
¢6 hinh dang r&t phtc tap chit khéng phai 14 mdt mat hinh hoc
don gidn nhu ellipsoid, do bat déng nhat cla cdu tric bén trong
Tr4i dat va dia hinh phic tap trén bé m#t Trdi dit gAy nén.
Geoid cé thé duge xdc dinh qua thé trong lue hodc qua di thudng
trong luc. Trong tréc dia cao cap (trdc dia todn cdu), nhiém vy
xéc dinh hinh thé cia Tr4i ddt dugc quan niém 1a bai todn xdc
dinh mi#t geoid. Dang clia geoid duge coi 1a dang cGa Tréi d4t.
Tuy nhién, m#t geoid hinh dang phdc tap khé gidi cdce bai todn
hinh hoc trén dé, nén trong tric dia cac cip, ngudi ta con xem
Trai dat 14 mot ellipsoid déu dén va chon mit ellipsoid 1am mét
chudn d€ giai cac bai toan trdc dia. Trai d4t dang hinh hoc don
gidn nhu vy gei 12 Trai ddt binh thudng (normal Earth). Khéi
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niém vé geoid di dude nha vat 1y Pic Listing dua ra naim 1873,
Phuong trinh cia geoid ¢6 dang :

Wip, o, M) = Cp (1.30)
Nhiing toa 46 p, ¢, A théa phuong trinh nay la nhiing toa
d6 cia nhing diém nidm trén mit geoid. Goi toa 49 clia mdt

diém n¥m trén mat geoid 1a p;, ¢;, A- Thay céc toa d6 nay vao
percmg trinh (1.30), va s dung (1.23) ta ¢6:

Zz [ J((,m cosmA +8, sin )P (sing)

n=l m=0
2

~ P, (sing,)]=C, (1.31)

V& bén trdi clia dang thice ta tinh duge va ky hidu 14 Wo,
12 hing, sau khi d3 thay toa dd néu trén vao. Nhu vay ta tim
duge hiing s§ geoid C, = W, — thé& cia trong luc xdc dinh cho
diém quan sat nidm trén geoid. Tuong tu, 14y toa d6 rit nhiédu
diém trén mat bién (hodc toa dd da qui vé mit biédn) thay 1an
lugt vao (1.31) ta sé& xac dinh dugce nhiéu gia tri W, va 14y trung
binh. Gid tri trung binh cia hing s6 W, xac dinh bdi cdc toa dd
dd qui vé mat geoid clia 13 tram quan s4t vé tinh bing:

W,=62637,23.10° m? 62 £ 0,08. 10° m*s ~*

Dang geoid cudng diéu theo 14t ¢dt qua xich dao duge biéu
dién trén hinh 6. Ta thdy geoid ¢6 dang phiic tap.

M

n =270 A =90

A-0

Hinh 6
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DE c¢6 phuong trinh cla geoid gin ding d&n dai luong bac
nhait (1a 46 det cﬁa Trai dat o = ?3%) ta chi giit lai nhitng dai
lugng 16n hon o, Cu thé ta gitt lai trong chudi (1.31) thanh
phdn diu tién R—22020P20 cung thé ly tdm. Phuong trinh mit
déng th€ cta trc_)ig Iue gdn ding bac 1 bing:

GM R’

2 2
W = _[1 +?cmgﬂ} +9-3~"—[1 ~-Pyl=C, 1.3

7]

Po,

Trong d6 Py =gsin2 Q- —%; thay Py bing bidu thdc cia né
vao (1.82), ta c6:

2 2 2
oM 1+R—2Cm(-3—sin2(p~l) + 2P |:I—Esin2¢+l]=Co
P 2 2 2 2

fol 3

(1.33)

Dé& xac dinh héing C, cda mat nay, ta thay toa dd clia mot
di€m trén mat dai duong nhu: ¢ = 0, p = R vao (1.33) va s dung

2 pi

biéu thie q =

, ta cd:

GM 1 R? 1
Cg = —‘—--*[1 “E?Cm +Eqi| (1.34)

Thay (1.34) vao (1.33) ta rat ra:
R? 3., 1] 1 .
l+—C, | ~sin“@g—1-— |+ —¢gll —sin
pE 20[2 @ 5 29’( ?’)
1R . 1

._..._____.C_) + —
2p2 20 zq

P
R

. - x e = by * R
Khai trién méu s6 thanh chudi va coi — =1 ta c¢é:
p
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3 . 1y 1 . ' 1
"E" :|:1+020[§Sln2(|)—“§)+5q (1"511'12 (p):|X|:1+§C20 - %j|

Nhén hai bi€u thic trong ddu mée va chi giit lai dai lugng
bée nhat 1a Cy va q ta c6:

p 1 .
§:1+§(3020—q)sm2(p (1.35)

Ching ta s& chdng minh diy 13 phuong trinh ciia geoid
chinh xdc dén cdc dai lugng bac 1, 1a ellipsoid gdn ding hay
spheroid.

Gia sl Trai dat 1a mét ellipsoid quay, ta ¢ phuong trinh:

x? +y® +_zi =1
a2 b2
Trong toa d cau:
0 2
2 0052 @, o sm2 tp =1, cdng trir vao mot lugng ~p—281n ¢
a b a
P 9 P .2 [ -2 P .2
—5 COS" P+ —SIN" @+ —sin“@g-—-—sin” g =1
a? a? b? a’
2 2 1.2
hay p—21+£l 2b sinf g |=1
a b

Theo din. ghia la d6 det a cda Trai dat, hay
b = a(1-a). S dung v.€u thic nay ta co:
a’-b’ 1-(1-a)
b? (1-a)

Néu giit lai dai lugng bac 1 (c& @), ta c6 phuong trlnh
spheroid:

=20+ 3’ +...

1

—5 = %(1+20Lsm (p)

P
a chinh 1a ban kinh xich dao trung binh = R. Vay ta cé:
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2

%2— = (1 - 2a sin? q))
Hay gén ding % =l-asin?g (1.36)

So sanh (1.35) vdi (136), ta c6 thé suy ra:

o =%(q—3020) (1.87)

Véay dai lugng %q —%Cm chinh 14 d6 det eda spheroid.

Spheroid, néi ném na la mét quéd cau bi det & hai cue, d5i
xung qua truc quay va xich dao. Céng thite (1.37) duge st dung
dé€ x4c dinh d§ det cha Tréi ddt chinh x4c dén bée 1.

§4. GIA TRI TRQNG LUC KHAI TRIEN THANH CHUOI
HAM CAU

Hiy xem mat ding thé geoid gidn dung 12 mét spheroid.

—»
Vectog g hudéng theo trong lue, duge xem la vudbng gdéc vdi mit
ddng thé nay, cling 14 gn ding, cing phuong nguge chidu véi

Y

phép tuyén ngoai n cda mat spheroid.

Theo (1.29) ta o6 : g = =
on ~
n
/.
’ L
M/ ¢-¢
o
SA
0
Hinh 7
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Qua hinh 7, ta thay, phuong cla p xudt ph4t tit tim Trai
d4t, duge xdc dinh bdi vi d§ dia tAm ¢, khéc vdi phuong cda g
theo phugng phap tuyén, x4c dinh béi vi 40 dia 1y ¢’. Xét thanh
phén trong luc theo p:

oW
g, =——=gcos(p- ') (1.38)
op

Hiéu cia hai vi d6 ¢ — ¢ rdt bé va dat gid tri max khi
cos (p —@’) dat gi4 tri min tai vi d6 45° bing 0,999996. 0 day,
ta s& pham sai s6 0,000005g (t8i da), 14 khong déng ké, néu st
dung biéu thic gin ding:

3]

g = _W {1.39)
op
Ldy dao ham biéu thide (1.23) theo p ta ¢ gid tri trong lue;
g=- oW _GM {1+Z > (n+l [ ] o COSMA+S, sinmA)P,
6)0 ,o n=2 m=0
2

—Eq [1 Py, ] (1.40)

P

§5. CONG THUC TRONG LUC BINH THUGNG

Truéng trong lue g cia Trdi ddt duge tam chia thanh
trudng binh thuting y va trudng di thudng Ag, sao cho g =y + Ag.

" Trudng binh thudng bié€n thién chdm, déu din nhung véi
bién d6 ldn, phdn dnh trudng cha Trdi d4t binh thudng, chiu
dnh hudng cia dé det (va su phinh 16n theo kinh d§ cua Trdi
d4t binh thudng, néu 1a ellipsoid ba truc). Trai lai, trudng di
thuérng bién thién nhanh v6i bién d% nhé hon dic trung cho céu
trie dia chdt dia phuong nhé § gan mat d4t, thuje vo Trai dit.

Th& binh thudng dugc chon gém ba thanh phdn co ban:
th& qud clu, thé chiu 4nh hudng clia 46 det (hay phan phinh ra
gén xich dao) phu thude vi 46 ¢ va thé ly tam:
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GM RZ 2 2
Ulp, 0, M) = —[1+—2C39PEO}+Q—‘D—[I—P20] (1.41)
o p 3

D€ ¢6 gid tri trong lue binh thudng v, ta 14y dao ham (1.41)
theo p. N6i cdch khdc 1a gii lai trong (1.40) ba thanh phén lue
tuong dng véi ba loai thé néu trén:

-3
GM | GM . 2 (R} GM
¥y = +3—-TR2C20P20(smqo)——q(—J 2[I—PN] (1.42)
p P 3 \e) »p

Dé ¢6 gia tri cha y trén mit spheroid chif khéng phai trong
khéng gian ngodi, ta thay vao (1.42) p & (1.35) viét dang sau:

1 1
p=R[1+§(302@—q)(on+5)]

i I 1
=R[1+(-Cy — =q) + (Cyg ——q )Py ] (1.43)
2 6 3
Sau khi nhém lai cdc dai lugng, ta ¢6 y dang chudi ham
cAu:
GM .
v==z (14 Yoo + 120 P fsing) | (1.44)

Trong d6 chi giit lai cde dai lugng bac 1 (Cy, q), ta cé:
1 4
=-—-q-C ; =Cyy+—-q .

Yoo 3 -2 Y20 2 T3 q

Ho&c nhém gon lai nhu sau:
¥ = Gog + Giag Py (sing) (1.45)

B4y 1a céng thite trong lyc binh thudng dang ham ciu: |

GM GM 1

GOO-_' Rz [1+700 ]=F[l—§q—czo)
GM GM [ 4 J

G20=_R7720 = “E}_ Czo‘*‘gq
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Thay Py (sing) béng biéu thie cda né g[sinz P - -:1_):) vilo

(1.44), sau khi nhém, ta c¢6 dang c¢& dié€n quen thube:

¥=7(1+8 sin2(p) (1.46)
Trong dé:
GM 1 GM 3
Tﬁ':?[l‘f}’oo*aho} = R [lfCI'ECm] 1.47)
GM 3 1} 1 GM 3
=Sy =g+ (1.48
=% 27, " T R [ 3 ”J )

Cong thic trong luc binh thudng (1.46) dng véi mot qui
d4t mé hinh spheroid (hay ellipsoid quay), dd dugce Clairaut
(Kle-rd, Phdp) tim ra nam 1743 dua vao trang thdi cin bang
thdy tinh ma Newton da dua vao dé€ xdc dinh dang cda thé léng
quay, 12 ellipsoid hai ban truc. Bidu thdc (1.46) con duge goi 1a
dinh 1y Clairaut, mé tad sy phy thudc cla trong luc g vao vi dd
dia ly.

N&u thé binh thudng xdc dinh v4i d6 chinh xdc cao hon.
Cu thé trong bidu thic cia th& W, nay ta git thém diéu hoa
CyoPuo(sing), ¢é bién d§ 16n sau Cy, bi€n thién theo vi d6 ¢, mbt
cdch d6i xing qua xich dao thi ta c6:

[R
14+|—
p

I

CoPplsing)

2 2.2
v-M C20P20(sin(p)+[5 +5°-ép—[l—Pm(simp)]
p p

Tuong tu, l4p lai qud trinh ta cé:

M | | '
7= R? [1"'700"'720P20(Sm§0)+740P40(5m¢)] (1.49)

Trong dé:
1 3 4
Yoo = “'gq*cza +Zc4o » Y20 = Coo +'37q
Y40 = 3 C40, (040 b\éng ¢ 1/1000 cﬁa ng).
Hoic (1.49) ¢6 thé viét lai dudi dang:
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Y = Goo +G20Pao(sing) + GyoP4o(sing) (1.50)

) oM GM
Trong dé: G, = —E-[l Y003 Gy = BHRES
GM M

Thanh phén méi: Gy = o 70 =35

Rz
D& c6 dang c8 dién, ta thay Py va Py trong (1.50) bang
bi€u thic clia né, bigt ring:

Py (sing) = é(BSsin‘4 @~ 30sin’ ¢ +3)

St dung cong thic lugng gide: sin'g = sin%p —%sin2 20
Két qua ta c6:
| 3 3 5 . 35 .
7= Goo —EGN +§G40 +(§G20 +§G40)sm2 (p—EGw sin® 2¢

Nhém lai cdc hé s§ bén canh sin®p va sin®2¢ ta ¢6 dang ¢8 dién:

Y =7 {1 + B sin’p — P; sin® 2¢) (1.51)
Trong d6:
1 3 GM 3 15 ,
Ye=Gou_5620+§G4U=F[1"q_'2'c20+§(440] (1.52)
13 5 1 GM 3. 15
ﬂ=z(5620+_§640)=z RZ (2 “C,20+—8*C40J (153)
1 1 GM 1 .
p= LB, - LOMIOS (1.54)

.32 % 4 R 32

Cong thuc trong lyc binh thudng kidu (1.51) cho ellipsoid
quay gén ding (spheroid) tif lau da duge nhidu ngusi dua ra voi
céc hé s8 xdc dinh tir s§ lidu trong lyc quan st trén mat dat.

DE xac dinh B, By, Ye, ngudi ta da tién hanh do tryc tiép gi4d
tri g tai nhiéu noi trén mat d4t, rdi lap hé phuong trinh dang
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(1.51) va gidi b&ng phudng phédp t6i thiéu binh phuong. Dudi day
1a mot sd cdng thic trong luc binh thudng dang ¢f dién:

Ngudi diu tién 12 Helmert (Hen-mét, Pde) dua ra céng

thite trong luc binh thudng vac nam 1884, trén co sé 108 sd ligu
trong luc quan s4t, cong thire cd dién dang (1.46):

y = 978,00 (1 + 0,005310sin%p) (1.55)

Vao nhiing nam tr 1901 dén 1909 trén co s6 1603 phép do
tuong d6i trong lyc tai 9 khu vife trén Trai dat cé vi do khic
nhau, Helmert dua ra edng thdc trong lyc tuong dng véi ellipsoid
quay c¢6 4o det o = 1/298,25:

y = 987,030 (1 + 0,005302sin%p — 0,000007 sin’20)  (1.56)

Nam 1915, trén c¢ s@ lya chon 410 trong sé 2000 gia tri
trong lue quan sit, Helmert dua ra c¢ong thie trong luc cho Tréi
d4t binh thudng nhu sau:

y = 987,502[1 + 00,5285sin%p ~ 0,00007sin*20 +
+ 0,0000018cos%pcos2(x + 17%)] (1.57)

Cong thic nay tugng dng véi mot ellipsoid ba bdn truc
khae nhau ¢6 cdc 46 det oy = 1/295; oe = 1/298; a; ~ az = 230m.

Nam 1930, Hsi nghi Qudc t& vé tréc dia tai Stockholm da
cong nhin céng thie Cassinis (Cat-xi-nhi, Y) 1am céng thic
trong luc binh thudng quéc té:

y = 978,049 (1 + 0,0052884sin’p - 0,0000059sin%2¢) (1.58)

Céng thic nay xdy dung trén cd sé khai trién cong thie
(1.66) cia Pizetti~-Somiglian (Pi-zét—ti, X6—mi-len, Y) thanh
chudi. Ellipsoid tuong tng c6 46 det o = 1/297 1a ellipsoid cda
Hayford (Hay-pho), ciing dugc H6i nghi nay chon 1a ellipsoid
qudc té.

Céc cdng thie trong luc binh thudng sau d6 ciing di duge
cac tdc gid khéc lan lugt dua ra:

Céng thic cta Zhongolovich (Gidng- gb- 16- vich, Nga)
1952:
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y = 978,0573 (1 + 0,0052837 sin®p — 0,0000059sin%2¢) (1.59)
v6i d6 det o = 1/296,6.
Cong thic cia Heiskanen {HAy-xca-nen, Bifc ) 1957:
y = 978,0497 (1 + 0,0052902sin + 0,0000059sin%2¢p)  (1.60)
va cho ellipsoid 3 b4n truc:
Y = 978,00516 {1 + 0,00529097sin%p — 0,0000059sin’2¢ +
+0,0000106c0s*pcos2(h + 6°5)] (1.61)
Cong thic cia Uotila (Ust-ti-la, My) 1959:
y = 978,04966 (1 + 0,0052934sin%p — 0,0000059sin’2¢)  (1.62)
voi 4o det o = 1/294,4:
Céng thic Groushinsky (Gru—sin-xki, Nga)
v = 978,0531 (1 + 0,0052883sin%p — 0,0000059sin°29)  (163)
véi 4o det o = 1/297,0
Cong thic quoc té&, 1971:
y = 978,0318 (1 + 0,53024sin%p — 0,0000059sin20) (1.64)

3 cdc nude xa héi chi nghia ci, cong thite Helmert cho
ellipsoid hai bdn truc duge st dung d€ tinh di thudng trong luc.
Con & Tay Au, My va Nhit, v.v.. eong thic Cassinis duge ding
rong rai. Dudi day 1a hiéu s &y = yc — yn Ung vdi céc vi 4o
khac nhau:

p(o)] 0 10 20 25 30 35 | 40 | 45
symgl| 190 | -187 | -179 | -17.3 | 165 | -~ 156 |- 14,6| -13.4

@ {df)| 50 55 50 65 70 80 S0
dymgl| -123 | -111 -939 -8,8 -7.8 6,3 ~5,8
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Ta thfy d6 chénh léch gitta hai ¢éng thdc cia Cassinis va
Helmert dat gid tri cye dai ¢ xich dao — 19 mGal, dat cyc tidu &
hai cyc caa Trai dat — 5,8 mGal.

Mot s6 ngudi da ¢ gdng dua ra cong thide cho Trai dat
dang ellipsoid ba bén trye, nhdm chinh xdc héa thém dang cda
Trai d4t binh thudng. Nhung cde cong thic cia ho dua ra lai ¢6
kinh d9 A, (vi tri phinh) khdc nhau xa, khién nguoi ta nghi ngd
va khéng st dung réng rii. Vi viy cbng thic ellipsoid hai ban
truc vin duge sit dung. Goi ellipsoid 12 gian ding, chinh xéac la
spheroid chit khéng cdn la ellipsoid nita, vi trong qua trinh rit
ra cdng thic, ta di bdé qua cdc sd hang bé bic cao hon bic 1 (c&
a). Cong thdc ang véi ellipsoid hai bdn trye chinh xde, chi ¢6
cdng thitc khép kin cda Pizetti- Somiglian ¢6 dang:

2 . 2
_ YeaCO8“ @+ y,bsin% o (1.65)

\/az cos? @+ b? sin? 0]
Ye, ¥p - 814 tri y & xich dao va cuc Trai dat. Hodic dang khéc:

l+(B-a-af)sin’g
Y=7. —
\/1—(2a—a )sin” @

(1.66)

Trong lyc vé tinh ph4t trién manh di gép phan chinh xéc
héa thém cdng thic trong lye binh thudng. Cong thic nim 1984
(WGS) do két hgp tric dac laze d6 cao geoid tir v& tinh
(altimeter) va quan sdt trong luc trén mit dat két hgp véi trong
lyc vé tinh biéu didn qua chudi ham cidu d&én bdc n = 180, ¢
dang tua ¢dng thdc cua Pizetti - Somiglian:

< 9780326771401+ 0.001931851386 sin’ )
J1-0.00669437999013 sin’ ¢

(1.67)

Dé det cia ellipsoid tuong dng : o = 1/298,257223563
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§6. CONG THUC TRONG LUC BINH THUGNG DANG
HAM CAU

Gidi hé phuong trinh (1.52), (1.53) va (1.54) ta thu duge:
1 8
Gy =7, [1+=B~—

) Ye [ + 3 B IS BI]

—v12p_8 (1.68)
Gy 'Ye[3|3 2113.]

32
Gy =Y. g BI

Ap dung (1.50) va (1.68), cac cong thic trong lye binh
thudng 6 dién dugce viet lai dudi dang ham cdu nhu sau:

Céng thdce cia Helmert (1.56) nay la:

Y = 979,75485 + 3,45440P3(sing) + 0,00626P4(sing) (1.69)
Cong thdce cia Cassinis (1.58) nay la:

y = 979,77003 + 3,44601P2(sing) + 0,0052P4(sinp) (1.70)
Céng thdc quéc t&€ 1971 nay la:
y = 979,75756 + 3,45508P%(sing) + 0,00528P 4(sing) (1.71)

§7. CAC MO HINH TRONG TRUGNG TRAI PAT

Ngay nay, qua quan sit nhiéu v@ tinh, ngudi ta nhén duge
v6i do tin cdy cao toan b tham s6 cla trudng thé Trai d4t, gdm:
fM, R, q, o, o, Wy va toan bd hing s6 Stokes Cpm, Snm cdc béc,
t8i da n = 360. Véi n = 18, gid tri di thudng trong luc va d6 cao
geoid nhén dugc tuong duong gid tri trung binh trén mang 6
vubng 10°x10° theo kinh vi d§. Véi n= 36 thi 5°%5° n=180 thi
1%1°% Vé6i n = 360 thi trong luc bign thién véi bude séng cd 55
km doc xich dao.

Céc tham s6 nay cho phép xdc dinh moi thanh phén cta
trong trudong Trai dat, vi dy nhu thé W, trong lyc g va di thudng
trong luc Ag, d¢ cao geoid, gradient cdc loai, d§ léch day doi
v.v... Tit ddy c6 tén goi cho hé théng nhu vay 14 “Mé hinh trong
truong Trai d4t” (Earth gravity model). DPai thién van
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Smithsonian (SAO, My) da 14n luge cong bd cic mé hinh trong
trudng Trdi d4t Standard Earth : SE-II, SE-III, SE-IV. Trung
tdm vii tru Goddard thujc NASA (My) dad cong b8 cdc md hinh
GEM-8, GEM-9, GEM-10, GEM-10B, GEM-T1, GEM-T2. Co
quan khéng gian Chiu Au ciing dua ra cdc mé hinh GRIM-1,
GRIM-2, GRIM-3, GRIM-L2.
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CHUONG 11

DI THUONG TRONG LUC VA CAC
LOAI HIEU CHINH
§1. KHAI NIEM VE DI THUGNG TRONG LUC

Gi4 tri trong lue binh thudng y 1a gia tri trong luc do mbt
Trai d4t mé hinh dang ellipsoid quay (hay spheroid), déng chat
hoac gém cdc 1dp ¢6 mat do 12 hing khac nhau sinh ra. Trudng
binh thudng thay d6i chdm, déu d4n phu thudc vao vi d dia 1y,
phan d4nh d4nh hudng duy nhit cha dd det cia Trai d4t.

Trai dat thuc ¢6 dang kh4 phic tap vé dia hinh: ndi non,
vite thdm, dai duong, v.v.. B& mit gb ghé, phitc tap néi trén, goi
la bé mat vat 1y cla Trai dat. Ngay cd cdu tric dia chat bén
trong ciing rit phuc tap, v6i mat dé dat da phong phd, tuy ring
¢6 qui ludt phin bd chung. Pidu d6 4nh hudng dén gid tri trong
lue g do duge trén méat d4t, bién thién ciing rat phic tap theo vi
tri quan sat.

Lugng bién thién nay clia trong lyc phan énh ciu tric bé
mat ldn c8u tric dia chdt bén trong (ndng va sdu) cha Trai dat.
N6 cé bién d¢ nhé hon nhiéu so véi toan bd gia tri trong luc g.
Do d6, viéc theo doi toan bd gid tri g 1a khdong cdn thist. Ta chi
can theo ddi bién thién cha higu s6 g - y goi la di thudng trong
lyc Ag. Anh hudng cia 9 det Trai dat da duge dua vio gid tri
trong luc binh thudng nén khéng thé hién trong di thudng trong
lue:

ABA=BA— YA . (2.1

Aga — di thudng trong lue, vé nguyén tic 1a hidu s8 gitra
gi4 tri trong lue binh thudng va gid tri trong lyc quan sit, xdc
dinh tai cing mot diém quan sét A.

Vi gid tri g phan 4nh khéi lugng phan bd trén bé mat vat
ly cta Trai dat 1an trong ldong Trai d4t, va cd dd cao quan sat so
véi bé mit chuén (ellipsoid ho#c geoid) nén di thudng trong luc
nhu (2.1) chua phdn 4nh duy nhét cdu tric dia chdt dudi mat
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quan sdt, nén chua th€ dem phan tich, gidi dodn dia chdt nao
hét, ma phai thyc hién hiéu chinh trude. Trude hét, ngudi ta
hiéu chinh sao cho g va y phai & cling mifc so sanh nhu trén, va
sau 12 diéu chinh sy phan bd khéi lugng trén bé mat Trai dat
thyc sao cho gidng nhu mit Trdi ddt binh thudng ellipsoid,
khéng cé sy 161, 1om, d€ cudi cing, di thudng trong luc chi phan
dnh cau tric dudi mit chuén ellipsoid. Do dé, ngudi ta phai
thém vao v& bén phai cia (2.1) mdt tdng dai s céc loai hidu
chinh 3. Trong d6 85 14 mét loai hidu chinh nao d6. S& lugng
hiéu chinh tiy thudc vao loai di thudng ta muén thanh lap.
§2. HIEU CHINH KHOANG KHONG

Mudn so sédnh g véi y thi ching phai duge xdc dinh & cung
mot d6 cao tinh tif mét gdc O (khdng) qui ude. Trén thye t&, y
duge xdc dinh trén mit spheroid. Con g ¢6 thé quan sat & trén
ndi hay trén mdy bay, ¢6 do cao H so mit spheroid. Trén
nguyén tdc, ta ¢6 thé quy gid tri y 1én vi tri quan sét g hoac quy
g xudng vi tri xdc dinh y 12 mit spheroid. Tuy nhién sy bién
thién cda g ra sao doc theo chiéu cao ta khéng biét, titc khong

biét gradient dia phuong theo d3 cao cia g l1a -;%, ma chi biét

éy—, la gradient cla trudng binh thudng. Do d6, ngudi ta dua

oH
mét hiéu chinh vao gia tri cha y d€ quy gid tri y 16n vi tri quan
sdt:
%)
Ag =g - +—=H (2.2)
gE=8 [}’ o

Cho réng Trai ddt gin ding 13 qua clu khéi lugng M, 'thi
M
trén mat dia cdu; y = G-E;.

D& ¢6 gradient, ta 14y dao ham y (R) theo R vi dH = dR:
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V4y, hiéu chinh che khodng H giita hai vi tri quan sét y va

g la:
8g = —2—?,H (2.3)
=% .
Cho gi4 tri trung binh y = 980,6 Gal, R = 6370 km ta c6:
5g = — 0,3086 H (2.4)

Trong cong thic nay, H tinh bing mét, R bang km, thi &g
nhén dugc bing mGal. Pay 1a hé don vi hdn tap theo truyén
théng. VAy ci 1én cao mdt mét thi trong luc gidm mdt lugng
khodng — 0,3 mGal. Néu di chuyén xudng mdt mét, gn tdm
Trai ddat hon thi 8g sé tang 14 + 0,3 mGal.

Hiéu chinh trén duge Faye (Phai) dua ra, nén c6 tén goi la
hiéu chinh Faye hay c¢dn goi 14 hiéu chinh khodng khéng ty do.
Thuc ra, Faye sit dung hiéu chinh nay di kém vé&i hiéu chinh dia
hinh chi khéng phai nhu trén. Hi¢u chinh khodng khéng (chédn
khong) cing khong chinh xdc nhu tén goi, vi thyc ra cdn 16p
khong khi ddy dic cia khi quyén ¢6 khdi lugng hap d&n. Di
thudng st dung hiéu chinh nay goi 1a di thuding khodng khong.

Agis = £ ~ (v — 0,3086 h) = g — v + 0,3086h (2.5)

Faye quan niém la thuc hién higu chinh gid tri g d€ qui né
xudng vi tri xdc dinh y trén mit spheroid tie:

Agig = (g + 0,3086 h) — v (2.6)

(?ng xem gAn ding gradient clia g 1& %%-—0,3086. Nhu
vy, thay vi quy gi4 tri y 1én diém quan sat, ngudi ta quy gié tri
g xudng mat spheroid. Nhung trén thyc t€ mat spheroid khé xdc
dinh, ngudi ta chi xdc dinh duge mat bi€n bang nivo, tic mat
geoid. Do d6 gid tri g duge qui vé mit geoid doc theo d¢ cao h so
v4i mit nay. Viy, két qué y xdc dinh trén mit spheroid, con g
lai x4c dinh trén mat geoid. Gifta hai mét ndy cdch nhau mjt
khodng cdch & goi 1a do cao geoid. Dd cao ¢ thay d6i phic tap
theo vi tri quan sét va dat t6i da hon 100 m. Di thudng nhu vy
goi 1a di thudng “tap” thay vi st dung di thudng “sach” la di
thudng ma g va y xdc dinh & cing mdt dd cao. Trén thuc t&,
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ngudi ta sit dung va chdp nhan di thutng tap. Nhung ngudi ta
bd qua £, coi né biing khéng, c¢6 nghia mat so sanh spheroid va
geoid nay coi trung chdp lam mét. Hay néi cdch khée dé 1a di
thudng sach gin ding.

D% cao H = £ + h, goi la d6 cao tric dia, chinh la do cao
ma 18 ra ta quy g thdng vé mat spheroid, nhung trén thue t& da
khéong dugc 4p dung nhu di néi, ma chi 4p dung d cao h so véi
miit bién (geoid).

Vay, di thudng trong lyc (tap) tai tat ¢d cdc vi tri duge
thong nhat thanh lap cho mit bién (geoid) va cdc ban dé trong
lue duge x4y dung cho mit chuén nay.

B bd mat vat ly

geoid

< g

Y

' I\J’\\spheroid
Hinh 8

] Hinh 8 cho thdy g do tai A, duge quy vé A’, con y x4c dinh

tai B cdch A’ mdt khodng {. Ngudi ta qui g v& mét bién, thanh
lap di thudng trong lyc tai m4t bién va théng nhat xdy dung
ban d6 trong lyc cho mét bién.

§3. Y NGHIA VAT LY CUA HIEU CHINH KHOANG
KHONG.

Trong qua trinh thanh ldp di thudng khodng khéng, ta
khoéng dugc phép tu tién 14y di hodc thém vao Trai dat khéi
lugng 44t d4 nao. Hiéu chinh khodng khong chi quy gia tri quan
st g v& gan tAm Trai dit hay xa khéi tadm Trai dat ma thai.
Mt khi khdi lugng dat d4 xung quanh didm quan sdt (nai déi)
va cdc di khéi trong v8 Trdi d4dt khdong bi déng cham d€n, thi
ching van & cdch ngudi quap sat nhu ci sau khi di chuyén gis
tri g tif difm quan sdt xudng mit geoid. T4t ¢d khdi lugng,
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chdng han nii ddi hosc khodng mé déu bi dich chuyén tinh tién
theo di€m quan sdt khi ta thyc hién hiéu chinh khodng khéng
thinh 10).

A WA
/w h h
A geoid A geoid
1/””” | /\,777777’*777,7.,
Hink 9

Truce khi hidu chinh

khodng khéng M 2

Hinh 10
Sau khi hieéu chinh khodng khéng

Di thuéng khodng khong phdn 4nh luc h&p din eda khéi
lugng vat chat ndm phia trén mét geoid c6 d¢ cao h so véi mit
geoid 1&n cdu tric dia chdt sadu. Di thudng khodng khéng Agu
thay d6i phu thudc manh vao d¢ cao h. Trén dia hinh nadi déi
cang cao, di thudng khodng khdng cang 16n. Sy phu thude vao
4% cao h cia dj thudng khodng khong lam cho di thudng nay
khong c6é hiéu qua trong viée phin tich dia chft. Bdi vi sy phu
thudc vao d9 cao h ¢6 thé 4t c& su phu thudc vao ciu tric dia
chat 1dn. Riéng & déng bing, noi ma dia hinh bing phing, thi
di thudng khodng khong it chiu dnh hudng cta d§ cao di€m quan
sdt. Con néi chung, di thudng khodng khéng thudng phu thude
g rét vao d6 cao diém quan sat. Pudng cong di thudng khodng
khéng c6 dang l3p lai hinh ddng cba dia hinh.

§4. HIRU CHINH LOP TRUNG GIAN VA HIRU CHINH
BOUGUER (BUGHE).

_ Dé di thudng trong lyc phén dnh cdu tao dia chdt du6i mit
quan sdt, thi nguyén tdc, didu kién do g trén Trdi dat thuc phai
giong diéu kién x4c dinh y trén Trdi ddt binh thudng, nghia la
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khéng cé khoi lugng bén trén mit geoid. Tuy nhién, trén thuc
t€, trén Trai dat that, luén ludn c6 khai lugng du vugt mat bién,
hodc thigu khéi lugng trong bién va dai duong. Vi viy, chd du
khéi lugng, ta phai 14y di va chd thidu, ta phai ba dfp thém
khdi lugng, sao cho mat Trdi dat thuc duge déu din nhu & Trai
ddt binh thudng. Mdi mét dong tdc di doi khéi lugng, déu tng
v6i mét hiéu chinh. Gid sif ta ¢6 khai lugng du trén mat geoid 1a
mot 16p dat dd c¢6 d6 diy h khong d6i dai vo tan. Piém quan s4t
P ném phia trén 16p nay va cdch mat 16p mdt khodng h;. Huéng
truc toa d¢ z thing ding xudng dudi, theo phuong trong lyc. Sic
h&p din cda 16p nay duge tinh theo tich phén:

+x +x h+h

8g(P)=G f S dm=Go [ f :iéd'ld;] (2.6a)
<Y 0

Trong d6 o 1a mat d¢ d4t d4. Trong toa db tru ta cé:

5g(P)LGcf | {Czdjipdc @)
7 %M

. Hinh 11: Lép trung gian cé d6 day h, réng vb tdn
Sau khi 1dy tich phan theo ¢ va sau dé theo p ta c6 :

hy+h

8g(p)=—2nGGf ;l

LN 14
h, (|32 +C2)2
= 2nGo(th + hy)) —h]) =2nGo h -

o

dg (2.8)
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Ta thdy thanh phén lye hdp din theo phuong thing dimg
z cua 16p trung gian dai v t4n khong phu thuje vac dd cao h,
cla difm quan sdt d€n m§t 16p ma chi phy thude vao béd ddy h
clia lop trung gian. Thay gid tri béing s8 cda n, G vao ta ¢6:

og = 0,0419 oh (2.9)

Né&u 14y h bang mét, o bing g/em® thi nhan duge g bing
m@Gal (don vi truyén thdng).

Khi loai bé 16p trung gian, di thudng trong lyc nhén duge
mdt hidu chinh &m ~ 0,0419 ch va sé gidm.

Higu chinh khodng khéng cfng véi hiéu chinh 16p trung
gian goi 1a higéu chinh Bouguer (Bu ghé) va di thudng tuong imng
cd tén goi 1a di thudng Bouguer:

Ags =g — v+ (0,3086 — 0,0419 6) h (2.10)

Di thudng Bouguer bién thién phu thude vao d§ cao h y&u
hon di thudng khoang khong, vi dnh hudng clia 16p trung gian
(¢chita h) da bi loai khéi di thudng. Di thudng Bouguer khu wc
bi€n thién déu d&n ngay c4 & ving nii cao va di thudng Bouguer
dia phuong phan énh cfu tric dia chat, khodng sdn duéi vi tri
quan sét. Di thudng Bouguer nhin chung, ¢6 dang ddo nguge cha
di thudng khodng khdng va bién thién véi bién d9 nhé hon.
Vung cao thi di thudng Bouguer thudng a4m. Mat do d4t dd o
trung binh la 2,67,

§5. HIRU CHINH DIA HINH.
Nhu trén, ta da gid sd 16p trung
gian 12 mdt 16p béng phing vd tan, P
chidu d&y chd nao ciing bing h. Néu 2\ 4277770

v

nhu mit 16p trung gian cé dia hinh ghd W
ghé thi trugc khi thye hién hiéu chinh Hinh 12

16p trung gian, ta phdi hiéu chinh dnh hudng cia dia hinh gé
ghé. Nhu vay tic 1a dua dia hinh th& trd vé truong hop bing
phdng, sau d6 méi 1am hiéu chinh 16p trung gian. Chon mit
phéng ngang di qua diém quan s4t P 1am chufin d€ san bling dia
hinh. Phén dat d4 nho cao hon mat nay lam gidm gia tri trong
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lyc. Khi higu chinh xong, gi4 tri trong luc s& ting 1én, nhan mot
higu chinh duong. Con ché khuy&t d4t, thdp hon mat phng, khi
hi¢u chinh xong ciing s& lam ting gi4 tri trong luc. Vi chd
khuyét dy s& dugc 14p mot khéi lugng d4t d4 sao cho cao bing
diém P. Tém lai, néi chung cd hai trudng hop, hidu chinh dia
hinh luén duong va 1am téng gi4 tri trong luc quan sat.

D€ tinh &nh hudng cia dia hinh dén gid tri trong lue,
ngudi ta thay thé& dia hinh phdc tap bing nhitng hinh kh&i don
gidn c6 thé tinh tich phan duge. Téng cac luc tac dung cia ting
khdi s& cho ta 4nh hudng cia toan bd dia hinh xung quanh vi tri
quan sat.

Ldy diém quan s4t P lam gdc toa d§ tru. Cdc hinh khdi
dugc xay dung trén mat phing di qua diém P, ¢6 ddy 1a hinh
quat, c6 chiéu cao bing chiéu cao trung binh cia dia hinh trong
pham vi ddy hinh quat cda khéi.

dia hinh

N i
PRRL oA >
<A R/} '

e T )

Hinh 13: Xép xi dia hinh bing tdp hop cdc khéi lang tru

Trong toa d¢ try dnh hudng vé luc hdp din theo phuong
thdng ding bing:

r
Pisr

H
d
(0.0,0)=Gf f f ‘;r—% (2.11)
o, 1 0 (r2 +C2)5
L&y tich phan nay theo ¢, r va ¢ ta cé6:

d

gij
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27G
5,,(0.0.0) =~ s~ + [+ B - 4| 2a12)

Hiéu s8 géc ¢y,1 — ¢ = 2n hing s6.
n

n 1a s8 hinh quat trén mét déi (vanh khuyén). Hiéu chinh dia
hinh biing téng tdc dung vé trong luc cia tat cd hinh khéi duge
chia ra trén m#t phng di qua P.

ag—z;Za 21!602“221(”' =1\ +HE =i+ H)
= = ==

(2.13)

P4y cta mbi khdi tru khong bdng nhau vi mit phédng quan
sdt duge chia theo p va n theo cdch nhu sau:

B&n kinh hinh déi r; 0 {0,002|0,01|0,02(005/01(02]{03105]07]1,0{15

S8 hinh quat trong 1 déi 1 4 |88 |8 /|8116(16 [16]16

Ngudi ta chia mat phdng theo quy luat phén bd cGa p va n
nhu vat trén mdt t& gidy béng md nhu vy khi tinh higu chinh
cho diém khéc ta chi viéc doi tAm palet di, dat tdm cda palet
trung véi didm quan sét. Tdc dung trong luc cda timng khéi cé
khodng cdch va do cao trung binh khdc nhau da duge tinh sdn

‘trén todn d6, ta chi vidc tra d€ tim ra &gy cla tiing khéi sau d6
chng t&t cd 8gy lai d€ c6 hidu chinh dia hinh. Toén db hidu
chinh dia hinh cOa Lucavchenco duge chia theo:n =1, 4, 8, 8, 8,
8, 16, 16, 16, 16. \

Hiéu chinh theo kidu palet nay cé nhuge diém 1a mdi khi
dich chuyén tam palet dén 1 diém quan s&t mdi ta phai tinh lai
tit ddu d6 cao trung binh cho mdi 8 hinh quat, tdn nhiéu thai
giarn. :

. P€ cong vide duge nhanh chéng hon, Nhem ~xdp did chia
dia hinh ra thanh nhiing kh&i c¢6 ddy hinh vudng bing nhau
khéng thay d6i. Piém quan sat dugc chon chinh giita cia mét &
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vubng ban dau. Xung quanh & ban dau c6 t4m 6 két tdt cd thanh
modt & méi, ¢6 kich thude (bé rong) 16n g&p 3 & ban dAu. Tinh
hiéu chinh dia hinh la céng viéc di tinh hidu d6 cao gitta diém
quan sdt va khdi hinh hoc trén, sau d6 nhan v6i hé s phu
thude vao khodng cdch cta cde khdi. Phuong phdp nay tién lgi
cho m4y tinh. Tuy nhién, viéc tinh dd cao trung binh cho mdi
khéi tén nhiédu thi gid, cdng sdc.

Chung qui, céng thie hidu chinh dia hinh bAng palet tron
chi chia r va d§ cao h cho nén Beridzkin chi chon vi trf ¢6 r va
dd cao h dac biét. Ong dua ra mot phuong phdp tinh dia hinh
theo cédc didm dic trung trén bén kinh (tia) 18 cdc di€m ma dp
cao ctia dia hinh ¢é cuc tri va diém udn. Pia hinh xap xi ¢6 49
cao thay d6i theo luat hepecbdn gitta hai diém dac trung k& cén
chit khéng phai dd cao trung binh, nhim chinh x4c ho4.

7

1
Hinh 14: Cdc diém ddc trung trén dia hinh theo tia r
Nhu vay trong pham vi r; va r;,; cha ban kinh, d§ cao thay
déi tu h; d&n h;,,. B&n s8§ liéu nay du d€ xdp xi béng ham
hypecbén. D€ tranh viéc tinh todn nhing hé 86 phu thudc vao

d} cao clia diém, ngudi ta 14p sdn bdng d€ theo d§ cao va ban
kinh, tra tim cdc hé s& d6. Ung véi tia thd j ta cé:

M 1 ,
3g; =;5gij =H [E+R|]+Fz (Rl +R2)+"‘+FM(RM—’ +R“)

Trong dé:
F - 21{(}0]‘1_]2 l—h—f'R __”ri+1_ri.5g—i6g (2.14)
' on I 2[}2 T T , =1 : -
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Hinh 15: Todn d6 cho F(h) (phdn trén) v cho R(r) (phdn duwdi)
cia Beriozkin 6= 2,0 g/em? F = 0,001 mGal n = 16, h — mét.

§6. HIEU CHINH PREY (Pray):

Trong trudng hgp thanh 14p di thudng Bouguer, ta loai &nh
hudng cia l6p trung gian ndm phia dudi may do (vi tri quan sit)
cho t6i mét bién. Tdc dua hiéu chinh am — 0,0419ch vao dj
thudng. Néu phia trén di€m quan s4t c6 16p dat d4 c6 do day h,
(nhu quan sdt trong hdm 10) ta s& don gidn dua vao di thudng
hiéu chinh 16p trung gian + 0,0419ch, 13 loai 4nh hudng caa l6p
bén trén nay. Vi lép nay lam gidm s6 do g. Khi loai né, thi g
duge phye hdi mot lugng + 0,0419ch,.

Tuy nhién, trong truong hegp thanh lap di thudng khodng
khong, ta chua duge phép loai bd 16p trung gian (phia trén hoic
dudi vi tri quan sdt). Nhung d€ nguyén 1¢p dat da dé & phia trén
vi tri quan sdt cling khéng 6n, vi di thudng khodng khéng chi
phdn dnh tdc dung cha 16p trung gian tit bé mat vat 1y Trai dat
dén mit geoid. Vay thi ta phai tam thdi loai 16p trung gian phia
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trén di, b&ng hiéu chinh +0,0419ch,. Sau d6, di chuyén 1én mot
d$ cao h; thuc hién hidu chinh khodng khéng — 0,3086h; Réi
phuc héi ¢ phia du6i ngudi quan sdt 16p trung gian bé diy h,.
Tdc thyc hién mét hiéu chinh +0,0419ch;. Téng cdng hai lin
hiéu chinh lép trung gian 1a + 0,0838ch,. Sau cing hiéu chinh
khodng khdéng duge thyc hién d&n mat bién. Tudng ty nhu vay
d6i vdi cde quan sét trong lye duéi tdu ngdm & 40 sau p so vdi
m#t bién. Lép nude trén ddu ngudi quan sit (hay méy do) duge
tam thoi loal di. Gia tri g dude qui 18n mit bién bing hiéu
chinh khodng khéng : — 0,3086p. Sau dé 16p nude bién c6 dd day
p duge phuc hdi lai phia dudi mit bién.

Hiéu chinh khodng khéng cdong hai l4n hiéu chinh ldp
trung gian goi la hidu chinh Prey. Di thudng mang tén di
thutng Prey:

Agpr = g — v — 0,3086p + 0,08380gp = g - v - 0,222P
op — méat d§ nudc bién bing 1,03 g/em®.

Thuc hién hiéu chinh Prey, thuc chit ngudi quan sat di
chuyén xuyén qua khéi lugng binh thudng, ma khong da dong
tdi né (d& yén). Tuy nhién, cdc di khdi vln di chuyén tinh tién
theo ngudi quan sat. Ngudi ta cé thé si dung higu chinh Prey dé
qui gia tri trong luc quan sat trén mat dat xuéng mét diém nam
trong long dat nhu trong ham 16. Hiéu chinh Prey khi di chuyén
xuéng ¢6 ddu nguge lai.

§7. MINH HOA Y NGHIA VAT LY CUA CAC HIRU CHINH

A Mt vat Iy
L. Trong e quan sét Yy 7 77 .
Iy, cdch mat ding SO . .
th& mot dd cao h. Hinh 16 (geoid= spheroid)
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2. Sau khi higu chinh

dia hinh ta c¢6 lép ,

trung gian bé day h.

3. Khi thuc hién hiéu

chinh khodng khong,
diém quan sdt A ha
xudng do cao h tai A'.
Ldp trung gian tinh
tién theo. Gid tri g
va y cung xic dinh
tai A’. Cé thé coi 16p
trung gian bt ép
méng vd cung trén
mit déng thé.

4. Sau khi hiéu chinh
16p trung gian. Anh
hudng cia ldp dé bi
loai trir.

5. Néu phuc hai lop
trung gian vé vi tri
¢l cd0a nd, nay la
trén diém quan sat,
ta thuc hién hiéu
chinh Prey, d€ c6 gi4
tri trong luc trong
long 44t d4.
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g diy méat geoid va spheroid duge coi trung nhau lam mt
mit chuén.

§8. HIEU CHINH TRQNG LUC VA DI THUGNG
TRONG LUC BOUGER § BIEN.

Mait bién va dai dudng trung v6i mit geoid. Vi thé, néu do
trong Iuc tai mit bién thi hidu s8 cGa g, do duge va y s& cho ta
ngay di thudng khodng khong ma khdi cdn hiéu chinh khoing
khéng va khi thanh lap di thudng Bouguer, khéi cAn hidu chinh
1¢p trung gian. Di thudng nhu vay goi 14 di thudng ddy 4a :

Ag =g — Y
Trudng hop quan sat dudi tdu ngdm & 49 sdu p thi di
thudng khodng khéng trd thanh di thudng Prey:

Agpr = g4 — 7 - 0,3086p + 0,0838.1,03p = ga — v - 0,222 p
(2.15)

Trudng hgp ¢ bién, khéng c¢6 khai lugng trdi 1én khéi mit
geoid. Nhung nuéc bién c6 mat d§ 14 1,03 nhé hon mat dp dat
d4 mot lugng o — 1,03. Nhu viy trong bién c6 sy thi€u hut khoi
lugng. Vi th& khi thanh 14p di thudng Bouguer & bién, ta phéi
bé sung cho bién mot khdi lugng phan déu tit mat bién dén ddy
bién vé6i mat do 1a (o - 1,03). Néu déy bién c6 @6 sdu la p thi
hidu chinh cin dua vao 1a +0,0419 (c - 1,03) p :

Ags = g0~ 7 +0,0419 (6 — 1,03) p (2.16)

Ngoai ra, tiy thudc vao vi tri quan sdt, ma ta con dua céc
hidu chinh khdc mot céch binh thudng nhu da néu. N&u quan
st & trén cao so v6i mat bién 1a h thi phdi hiéu chinh khodng
khéng. Ching han, quan sét trén boong tau hay tryc thing & 46
cao l1a h so v6i mit bién, thi di thudng Bouguer la:

Agg = ga— v + 0,3086 h + 0,0419(c - 1,03) p (2.17)

Né&u quan sat dudi tau ngdm & mdt dy sdu l1a p, thi phai
dua thém hiéu chinh Prey + 0,0838.1,03 p va di thudng Bouguer
la: .
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Agp = ga — v - 0,3086 p + 0,0838.1,03 p + 0,0419(c - 1,03) p
=ga—7-0,222 p + 0,0419(c - 1,03) p (2.18)

Néu ddy bién gd ghé phuc tap, ta phai lam cho ddy bién
bang phing. Nghia la phai hiéu chinh dia hinh d4y bién. Mat
phéng 1am chuéin dé san bing d4y bién dugc chon la mit di qua
hinh chi€u clia mét di€m quan sdt tai ddy bién. Dia hinh cao
hon mat nay s& nhan hiéu chinh 4m, th&p hon s& nhén higu
chinh duong.

. Sau day 12 bdc tranh tdng k&t céc trudng hdp quan s4t &
cdc vi tri khdc nhau va cée di thudng tuong dng. Thua ty thue
hi¢n cdc hiéu chinh di ¢6 khac nhau ciing s& cho cing mot két
qua.

I) Agpe = ga — v +0,3086h
Agr = ga — v +0,3086h - 0,0419 ch

II) Agkk =ga— +0,3086 (h + hl)
Agp = ga ~ 7 +0,3086(h + h;) -~ 0,0419 ch

D) Agic=ga - v
Agp =ga—y

IV} Ay =ga— v
Agg=ga—7+ 0,0419 (o~ 1,03) p

V) Agkk =EBa— %Y+ 0,3086111
Agp = ga — v +0,3086h; + 0,0419 (c - 103) p

VD) Agp = ga — v - 0,3086p; + 0,0838.1,03 p,= g4 - y-0222p,
Age=ga—Y — 0,222 p, + 0,0419 (c - 103) p
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VII) Agpr=ga—7- 0,222 p
Ags = ga— y— 0,222 p + 0,0419 (¢ - 1,03) p
= ga— v+ (0,0419 ¢ - 0,265) p

VIII) Agye = ga — ¥ + 0,3086 (h — h,) + 0,08380 h,
Agp = 8a— 7+ 0,3086 (h - h,) + 0,08380 h; — 0,0419 ch

IX) Agyr = ga—y— 0,3086 p  + 0,08380 (h+p)
Agn = ga — 7 - 0,3086 p + 0,08380 p +0,0419 ch
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CHUONG 111

NGHIEN CUU CAU TRUC SAU CUA TRAI DAT
BANG DI THUGNG TRONG LUC

§1. CAC GIA THUYET PANG TINH

Nghién cifu cfu tric sau ctia vd Trai ddt khéng nhing 6
¥ nghia v& 1y thuyét ma cdn c6 ¥ nghia thyc tidn 16n. Cang
ngay, ngudi ta cang thdy ¢6 méi lién quan rd rét gitta c&u tric
sdu caa vo Trdi dat véi sy phan b6 khodng sin hiu ich,

Phuong phdp dia chdn déng vai trd 16n trong nghién cdu
cdu trdc cia Tréi dat. Theo s lidu dia ch&n, nhin chung, Trai
dat c6 cdu tric dugc chia lam ba quyén: v8, boc (manti) va
nhdn. V6 Trdi dat la 16p trén ciing, duge mit Moho
(Mohorovichich — ngudi Nam Tu dd phét hién ra) phan cdch
v0i mdi truvng dia chdt duéi vé. Mat nay 1a noi xdy ra sy thay
d6i dot ngot gitta van tdc truyén clia séng ngang va séng doc.
Ciing theo s6 lidu dia chdn, vé Trdi d&t dugc chia ra lam ba ldp
€6 v4n tdc truyén séng va mat df tang din theo chidu sau: l6p
trdm tich, lp d4 granit va bazan. Mit ranh gitta 16p granit va
bazan khoéng phai ludn luén rd rét va d9 sdu cda né thay déi
phu thuéc thy khu vyc. S@ ligu dia chan cho bi&t, bé ddy vé
Trai ddt thay d6i tit 2 ~7 km & khu vye dai duong dén 30 — 80
km & khu vye lyc dia. V6 & khu vye dai duong khéng c6 16p
granit. V6i cdu tric nhu trén, vé Trai dit dugc phan biat
thanh 3 loai: vé luc dia, vé6 dai duong va vé chuyén ti€p. Bi&n
thién cia trong lyc lién quan chit ché vdi cdu tric cia Trdi
dét, dic biét cdu tric néng cla vd va cda 16p du6i gidp vb c6
mét d9 16n hon. Mac du 16p nay khéng con 18ng, nhung téc
dung lau dai, ti€p cdn, 4p s4t vao v3, khién ching ta c6 thé coi
né nhu léng va dp dung dinh luit cha thdy tinh.

1.1. M6 hinh ddng tinh theo giG thuyét Pratt (Prat).

Pratt (nha trdc dja ngudi Anh) da ph4t hién ring, d¢ léch
day doi do ddy nti Hymalaya (Hy mi lap sdn) giy nén, do
dugc chi khodng 5,2 gidy, khéng 16n nhu dy tinh 13 27,9 giay.
Ong phén dosn ring duéi day nui c6 sy thi€u hut khdi lugng
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va xdy dung md hinh v3 Trdi dit bing mot gid thuyét. Gid
thuyé&t cGa Pratt nhu sau:

V6 Trdi ddt goém cdc khéi ling tru thidng ditng, ¢é chidu
cao va mét d¢ trung binh khdc nhau, nhung ¢6 cing khéi
lugng. Mat ddy cda cdc lang tru ndy nim & d sdu gifng nhau
T so vdi méat bién va cdc khdi nim yén trén mét 16p déo méc
ma c6 mit dd 16n hon. Mt nay goi 1a mat déng 4p S, hay mat
bu tru.

nt Bié
’\T\ I n; I ,__...-- Mgt bidn

)
¥

Hinh 22: Mé hinh ddng tinh theo gid thuyét Pratt

Né&u thita nhén dién tich cdc day clia cdc khéi ling tru
nhu nhau, khi€n 4p luc 18n méi dién tich nay sé& nhur nhau.
Piéu kién néu trén cé thé vi&t nhu sau:

o (T + h) = const (3.1)

c: MAat d6 vat chdt trong lang tru.
h: Bo cao trung binh cha ling tru so véi mit bién.
T: D§ sdu clia mét ddng 4p so v6i mét bién.
Con déi véi ving bién ta co:

o (T -p)+ 1,03 p = const (3.2)
p — P9 sdu d4y bién.
1.2. M6 hinh ddng tinh theo gia thuyét Airy (E-ri).

Theo gia thuyét nay, mét dé cdc kh&i tao nén vé Trai d4t
12 nhu nhau o, (2,67 g/em?). Cdc khéi chim sfu khéc nhau
trong mdi trudng vat chit dudi vd, c6 mat dé o (3,27 g/em’) 16n
hon o, goi 14 méc ma. Khdi ndo cang cao so v6i mat bién, thi
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cang lin chim sau trong vt chdt dudi vé Trai dat. Mat ding
4p S ndm ngang cing d6 sidu v6i ddy cha khdi vd chim s&u
nhit. Ngudi ta thita nhén ring, cdc khoi tao nén vd Trdi dat
tudn theo trang thai can bing gita trong luc va luc Archimede,
tirc 13 théa man diéu kién:

Khdi (1) cao nhét: c,B=ocb (3.3)

o, — Mat d6 vé Trai dat,

c — Mat 3§ méc ma,

B — Bé day vo Trai dat.

b — Pd chim sau trong mic ma caa méi khoi,

M lh
N
By

bi&n
=~ e~ " === === === = mit bién
EEE [T I

N

1

t

mit mic ma

Hinh 23: M6 hinh ddng tinh theo gid thuyét Airy
Khéi (2)ec6 h = 0: Tuong ty o, B,=0b, (3.4)

Mat chufn 13 mat bién va mit S 13 mit ndm ¢ d§ lin
sdu nhét cia cac khéi. Didu kién ding 4p theo quan diém cla
Pratt trong md hinh clia Airy c6 thé vi&t cho hai kh&i dau (ti
trdi) nhu sau:

o.B = o,B; + cR (3.5)

Bing thuyét Airy, ta c¢6 thé ching minh ding thidc (3.5)
ciia Pratt. Hay ching minh v& phai cla (3.5) bing v& trdi cha
né. Theo hinh 23 ta¢6: R=b - b,

T (3.3) va (3.4) ta cé:
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b = (o/c) B va b, = (c,/o0) B, (3.53)
Dua 3 déng thic trén vao v& phéi cla (3.5) ta ¢6:
o, B, +0{b-b)=0,B, + 6 (c/0)B - o {c/5)B=c, B
Viy ta di ching minh xong déng thie (3.5).
Khéi (3) ¢ bién cling tudn theo trang thdi can bing :

1,03p + 6. By =a b, (3.6}

Cdn theo Pratt, thi d6i véi vung bién, (khdi 3) ta cé:

o B=103p+6,B,+0(T~B; - p) 3.7

Ta hdy ching minh (3.7) theo quan diém thuy&t Airy.
Theo diéu kién cAn bing cda thuyét nay, ta cé:

1,03 p+a. B+ (T-By-p)=ocby+(b-by)=0cb
Ma theo (8.3)tacé tiép: ob=0c, B

Vay ta d4 chdng minh xong ding thic (3.7). Hai thuyét
¢6 sy lién hé phu hgp nhau.

Su thi€u s6t ctia hai mé hinh trén 1a xem cdc khéi tdch
roi nhau. Thuc t€, ching ¢6 sy lidn k&t vdi nhau, do dé ting
khdi khéng thé ty do tudn theo trang théi cian bing ding tinh,
ma 13 ca tdp hgp cdc kh6i mdi tudn theo. Theo Tsuboi (Nhat
ban) thi kich thude cia khu vuc nghién citu phdi ¢d 300 km tré
1én méi c6 thé xét téi chuyén c¢6 & trang thdi ddng tinh hay
khong. Néu nhé hon 300 km thi néi d&n ddng tinh ciing v
nghia. Bdi vi kh6i nhé cé thé khong théa ddng thic vé déng
tinh, nhung trén thyc t€ né lai ndm yén (tinh), béi vi né bi tap
hgp céc khéi xung quanh lién két chat. Ma tip hop cac khoi
thi & trang th4i cdn bdng déng tinh.

Hai md hinh néi trén déu 12 mdé hinh tinh, khéng md ta
duge sy thay d8i khong ngiing cia vé Trai dit. Can bing déng
tinh 14 trang thdi ti€n t6i clla v6 Trdi ddt. V8 Trai dat dang
trong qué trinh ti€n téi déng tinh, c¢6 ving dd hoan toan dat
trang thdi ddng tinh, c6 vung chua, hoac hoan toan khéng &
trong trang thai dang tinh.
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Mb hinh v6 Trai ddt cda Vening—Meinesz xem vé Trai
da't 1a mdt tdm dan héi pha hop thyc t& hon. Tuy nhién né lai
khodng cho phép tinh todn don gidn nhu hai mé hinh trén.

Hién nay khoa hoc da khéng dinh sy tén tai cla trang
thai ddng tinh. Pia chén hoc dd tim ra mdt mat ¢6 dd sau T
thay d6i nhu trong thuy&t Airy (T lén dén tir dai duong vao luc
dia). Bé 1a mat Moho (tdt tén Mohorovichich, ngudi Nam Tu).
§2. MOI LIEN HE GIUA BE DAY VO TRAI DAT V31 DO

CAO PIA HINH.

To mé hinh Airy, goi D - khodng cdch giita hai mat
ranh — mat bién va mit méc ma. Khoi (1), theo hinh 23 ta cé:
D=T-Dbhay:

b=T-D vataconeé: B=T +h.
Thay b va B trong (3.3) bing 2 ding thic trén ta cé:
6 (T+h)=06(T-D)

Rat ra: T=h +D (3.8)

G - 04 C -0,

Pdi véi khai ¢6 h = 0 (khéi 2), ta cé:

T,=D —— :; Ritra D=T, 2% (3.8a)
G—0C, G
Thay (3.8a) vao (3.8) ta c¢é:
T=T +h—2 (3.9)
60,

T giv day tré thanh ham phu thudc vac h va 1a bé day
cla vo6 Trédi ddt. K&t qud nay cho thay h cang 16n (ndi cang
cao) thi T cang 16n (g8c cdm cang sdu) sao cho thda trang thai
cdn biing ddng tinh theo Airy. Cong thic (3.9) cho thdy khdi
lugng nai déi ho_bu trir véi khoi lugng thi€u dudi vé trai dat:

(T - TQ)(O' -0'0) -hO’o = 0
G vang bién, khdi Iugng ciia mét khai theo (3.6) bing:
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1,083p+c,B. =0 b,
Hay la: 1,03p+ 0, (T - p) =0 (T~ D) (3.10)

Pai v6i khéi ma dd sau ddy bién p = 0, h = 0 (khéi 2), ta
c6:
G, To =c (T, - D)

Ritra: D= Z-20 T . Thay vao (3.10) ta cé:
1,03p+ 0, (T, - p)=0 [Tl - }
Ky hiédu lai T, = T, ta c6 cho vang blen:
T=r1, —%};{?Sp (3.11)

Pay la trudng hgp Trdi dit dd & trang th4i cdn bing
déng tinh. N&u vé Traii d&t khong ¢ trang thdi can bing ding
tinh thi (3.9) va (3.11) khong 4p dung duge.

§3. MOI LIEN HE GIUA DI THUGNG TRONG LYC VI
BE DAY VO TRAI PAT VA TRANG THAI DANG
TINH.

Trai d4t binh thudng phdi déu dan va khéng c6 khdi
lugng trdi lén khéi m#t cla né (la mét ding thé dang
ellipsoid). Ngoai ra, nay né cdn phai théa méin diéu kién ddng
tinh 13 diéu kién bd sung. Vay ta chon mé hinh Trdi dat binh
thudng ma vé ¢é bé day 14 T, theo md hinh Airy, & trong trang
thai ding tinh va gid si Trdi dat nay sinh ra gi4 tri trong luc
y x4c dinh trén bé mét:

ga

h

R

)

Hinh 24: M6 hinh vé Trdi
ddt binh thuong
Hinh 25: M6 vé hinh vé Trdi ddt
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Ta hay xay dung mé hinh Trdi dédt thuc va gi4 tri trong
luc tuong dng trén d46.

Trai dat thyc cé khdi lugng du & trén mat spheroid, ¢é
mét dd o, (vd) lam ting trong luc. Con bé day T 16n hon T, thi
lam gidam gia tri trong lue mét lugng 2rnGlo~o )T — T,). Vi khu
vuc sdu hon T, khéng cdn 1a khu vyc ¢6 mét dé méc ma nhu &
Trai d4t binh thudng nita, do 46 gi4 tri trong luc g, gid quan
sdt tai A ¢6 h > 0 (hinh 25) la:

ga =7 + 21 G c.h — 0,3086h — 21G{c — o T — T,) (3.12)

Né&u vé Trdi dit & trang thdi ddng tinh thi T théa man
(3.9).

Thay v& phai cla (3.9) vao (3.12) ta ¢é:

o,h

ga = v — 0,3086h + 271G | o h — (@ -0,) =7~ 0,3086h

G — G,

(3.13)
3.1. Di thuong khodng khéng.

Theo dinh nghia, di thudng khodng khéng béng :
Agkk = 8a — 7 + 0,3086h; thay g, §{(3.13), ta cé:

Véy, ta suy ra, néu di thudng khodng khéng bing khong,
thi vé Tr4i dat & trang thdi cdn bang ding tinh.

3.2, Di thuong Bouguer.
Theo dinh nghia Agg = ga — v + 0,3086h - 2 n Go,h
Thay ga & vé phai bing (3.12), ta dugc:

Agp = 271G (6, — o) (T — Ty) (3.15)
A
hay T=T +— 88 (3.16)
27G(o, —0)

Két qud nay cho thdy gid tri Agg cang 16n (4m), thi T
cang 16n, khdi cang ldn sdu, nhung chua phai & trang thdi can
bing ding tinh.
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Néu v Trai ddt & trang thai cdn biing ding tinh, thay
(3.9) vao (3.15) ta cé:

Agg = -2 1Goh (3.18a)

Két lugn: Néu vo Trai ddt & trang thdi cin bing ding
tinh thi dudng cong Ags ¢6 dang ddo nguge cda dia hinh (theo
h): Tai viing nii cang cao (h > 0) di thuémg Bouguer cang Am.

Vidu: h =500m, o, = 2,67 g/cm®

Agg = —0,0419hg, = — 0,0419.2,67.500 = — 60mGal

3.3. Xét truong hgp & vang bién.

Mudn c6 gia tri quan sat & mé hinh bién, ta phai trir vac
gid tri binh thudng v, tdc dung cla 16p c6 d9 sau p cla day
bién ¢6 mat 49 (o, — 1,03) va thém vao phan dudi cia vé Trai
dat binh thudng mdt 16p trung gian c6 bé day (T,— T) c6 mat

d6 (o ~ 0,) do mic ma 1&n v6 Trai dat. O ving bién, T nhé hon
To. Trong lyc quan s4t 1a:

Ba=7Y— 2nG (00 - 1,03)p + 2nG (o — co)(Tc_ T) (3—17)
St dung (3.17), ta ¢6 di thudng khodng khéng & vang
bién:
Agrk = Ba — ¥ = 201G (0 = 0, T~ T) — 218G (o, - 1,03)p

Véay, néu bé day vé Trai ddt thyc & ving bién it thay d8i
T =~ const, thi di thudng khodng khéng 14p lai dang d4y bién
(phu thudc 46 sau p).

Né&u vé Trai dit thye & trang thdi ddng tinh, thay (3.11)
vao biéu thidc trén, ta cé:

o, -1,03

o-0,

Agi = ZﬂG{(Ga —J)(— Hp -27G (o, - 1,03)p =0
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Nhu vay cling nhu & d4t lién, di thudng khodng khéng
bing 0 14 ddu hiéu cda trang thai ding tinh cia v Tr4i d4t &
vung bién.

Di thutng Bouguer & vung bién:
Theo dinh nghia di thudng Bouguer & bién bang:
Agp=ga—7Y + 2nG{g, - 1,03) p (3.18)
St dung (3.17) thay cho ga, ta co :
Agr,; = 2nGlo — o J(To—T)

T = TU +—%§__
22G(o, —0)

T giong nhu & dat lién theo (3.16), khi chua ¢6 sy cén
bing ddng tinh.

Trong trudng hop vé Tréi dit cAn bing ding tinh, sk
dung (3.11) thay vao (3.18) ta c6:

Agn = 21G(o, — c)(TO - 20—1%@;) - TOJ
-0,

= 2 nG (o, - 1,03)p (3.19)
Vi 6, > 1,08 nén Ags > 0: Di thudng Bouguer & bién la
duong va ty 1é véi do sau day bién.
Vidu: p = 2000m thi:
Agg = 0,0418 (2,87 — 1,03) 2000 = 154 mGal.

Théng thudng, di thudng Bouguer & bién duong va dat
khodng vai tram mGal. '
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Hinh 26: Bin dé mgt Moho cho khu vic Nam Bé do Trédn Vdan
Nhac va Nguyén Thanh Vdn x4y dung theo cong thitc Andreev
tir 2237 s6 liéu di thuong trong luc Bouguer.

Tém lai, ddu hiéu clia trang théi cin biing ding tinh 1a di
thuong khodng khong béing khong, con di thudng Bouguer thi
am va ldp lai dia hinh ddy bién ddo ngugc. Thuc t&, di thudng
khodng khéng thuong duong, chiu d4nh huéng 16n cha khéi
lugng trén méat geoid. Di thudng khodng khong trung binh trén
khu vye rong 16n bé va duong, cht khéng phai ding bing
khong.
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Hinh 26b: M6 hinh 3D ciia mdt Moho cho khu vic phia nam
Viét Nam va Bién Péng ’

Néu coi vé6 Trai dat 1a hoan toan ddng tinh & moi ndi,
nguoi ta xdc dinh méat do vé o, theo di thudng Bouguer (3.17)
hodc (3.19), tir d6 xdc dinh d9 day T cda v Tréi dat theo di
thudng Bouguer ¢ (3.16a) hoidc (3.19). K&t qua tinh todn nhu
trén phu hgp véi sd liéu dia chan.

Phuong phdp néi trén khdéng thich hgp d6i véi nhitng
viung dugc biét 1a khong & trang théi ding tinh nhu ving cung
ddo hé dai duong, nai tré,v.v.. 12 nhitng khu vuc c6 hoat dong
kién tao manh.
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$4. HIEU CHINH PANG TINH, LIEN HE GITA DI
THUONG DANG TINH VOI CAC DI THUONG
TRONG LUC

4.1. Hi¢u chinh dédng tinh.

Do vé Trai dit dang & trang thai can bing ding tinh cho
nén khi thyc hién cac hidu chinh, ta phdi tén trong trang thai
nay cda né; ¢ nghia chang ta khéng tu y bét di khéi lugng ta
thdy 1a “ thiza “ hodc thém khéi lugng vao noi ta thay “ thidu “
trong vé Trdi d&t nhu khi l4p di thudng Bouguer, lam ph4 v
su can bing ding tinh dang c6. D38i v6i cbng tdc tham do, thi
chuyén phd v& can bing ddng tinh khéng quan trong, c6t sao
tim ra dugec quang mé théi. Nhung trong nghién ciu dia vat ly
16n, thi didu dé khéng cho phép. Vi thuc té& c6 su can bing
ddng tinh nén sy thye, nhin chung khéng cé sy thita ma cing
khong su thiéu khdi lugng. N&u nhu trong hidu chinh Bouguer
ta loai trir khéi lugng “ thia ” vugt khoéi mat geoid, thi gig day,
khéi lugng d6 phai duge hoan lai cho vé Trai d4t dudi hinh
thie phan déu vao v8 Trdi ddt mot cot khdi luong du cao h’ ké
tir 46 sau Ty trd xudng, c6 mat 46 du (o — o,). Pd cao b’ rit ra
tir ddng thie:

ch=(0-0,)h tacé h'=och(c—0c,)
Vi du: o, = 2,67 glem®. o= 3,27 gfem® ta c6 h’ = 4,45h

Ta c¢6 thé ching minh bing (3.5) ring h’ chinh bing R.
Lép nim giita 46 sau Ty va T, sau khi hidu chinh déng tinh sé
trd thanh 1ép méc ma.

Trong qué trinh thuc hié¢n higu chinh déng tinh, ta khong
duge s dung cdng thie 1§p trung gian, ma phai si dung céng
thic tich phin nhu trong hiéu chinh dia hinh d€ tinh tdc dung
héap din cda titng khdi (rdt 16n) déi véi diém quan sét,

Tém lai, thuc hién hiéu chinh ding tinh 8ga 1a sau khi
higu chinh khodng khéng, ta thue hién ti€p hai buéc sau:

1. Loai trir khdi lugng ¢ bén trén mit geoid (16p trung
gian),
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2. Phan déu khéi lugng néi trén vao vé Trai dat tir do sdu
To cho téi T theo md hinh Airy.

Bdi véi viing ¢6 bién ta thue hién nhu sau:

1. Lap bién, thyc hién higu chinh 16p trung gian cé bé
ddy p cho bién vdi mat do (¢ -1,03), nhu trong hiéu chinh
Bughé.

2. Lay di trong m#c ma tir 46 sdu T, trd 1én t6i dé sau
To — p’ mét ot khdi lugng dung biing khéi lugng da 14p vae
bién lic néy. Do cao p’ cha cot khdi lugng 14y di suy ra tir ding
thue :

6,-C
(Go-0B)p = (6-0,)p’, tacép = ———>O

p= 2,73[)

c-0,
Trong d6 op - m4t d6 nude bién; p _ d6 sdu day bién; o _mat d6
méc ma.

Hiéu chinh theo mé hinh Pratt la thuc hién diéu chinh
khdi lugng trong pham vi toan d¢ sdu T. Mat d3 o’ dugc phan
bé vao vo s& duge suy ra tir: o.h = o'T ;

Ta c6: o = g /T

Trudng hop & bién cing vay (o, — oplp = o'T, do d6 méit
dé bé sung vao vé: o’ = plo, — op)/T.

Hay la :
o’ = 1,643p/T

Hiéu chinh déng tinh cho khu vyc xung quanh diém quan
s4t duge ti€n hanh nhu hiéu chinh & dia hinh theo palet tron.
Mat dat duge chia ra thanh nhitng d6i goi 1a d6i Hayford ciing
cdc tia theo palet tron. Heiskanen d4 tinh sdn bdng hiéu chinh
déng tinh véi h = 40, 60, 80 va 100 km d€ tra cho cdc d¢i
Hayford. Ban kinh palet tron 1a 166,7 km. Xa hon ngudi ta
khong cdn coi 134 mit phdng nita ma 1a mat cdu vi Trai dat
tron. Néu vé Trai dat ¢ trang thdi can bing ding tirh (trude
khi hiéu chinh), thi sau khi hiéu chinh d&ng tinh, tic phan b&
lai khdi lugng sao cho vé Trai ddt c6 ddy T, & moi noi giong
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nhu & Trai ddt binh thudng (hinh 24) thi di thudng ding tinh
phéi béng khong. Moi sy khdc khong cia di thudng déng tinh
s& la d&u hiéu gidp ta ddnh gid mic dé khong can bing déng
tinh cda v6 Trai d4t & timg khu vice.

Nai

h |

Gy T,

Hinh 27: M3 hinh hiéu chinh ddng tinh theo Airy

4.2, Lién hé¢ gita di thuong ddng tinh, di thuong
khoang khong va di thuing Bouguer.

Di thuyng ddng tinh duge dinh nghia theo cong thiec:

Agar = ga — 7 + 0,3086h + dg4 (3.20)
8ga: — hiéu chinh ding tinh.

Né&u vé Trai dat & trang thai déng tinh, thi di thudng
déng tinh phdi b¥ng 0 nhu di néi. Phén 16n céc ving cha vé
Trai d&t dang & trong trang th4i déing tinh, do dé thuc t& di
thuong ddng tinh nhin chung bing khéng. N&u di thudng déng
tinh duong, ¢6 nghia bén trong vé Tr4i dat thira di khéi, mic
ma x&m nhap v6. Néi cach khéc, vé Trai d4t chua lan 44 46
slu can thi€t va né chua & trang thdi ddng tinh — dang tiép
tuc lin thém. Néu di thuong ddng tinh 4m, ¢6 nghia phia dudi
vé Trai dat thigu di khéi. Néi cdch khae, vd bi lin qué sdu vao
méc ma, va nay dang ndi 1én, dé trd vé& trang théi cin bing
ding tinh.

Cdc di thudng khodng khéng va Bouguer ¢6 thé coi nhu la
hai trudng hgp giéi han cia di thudng ddng tinh. That vy néu
cho d% sau phén bé khéi lugng bu trir T = 0 thi khéi lugng bu
trir duge coi nhu ép thanh 16p mdng ~ ta ¢6 di thudng khodng
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khong (muc §7 chuong 2). Néu cho T = «: khéi lugng ba trit &
xa vb cung, khong gay duge tdc dung — coi nhu bi loai bé hoan
toan, ta cé di thuong Bouguer.

Né&u nhu di thudng déng tinh bing khong d6i v6i nhimg
khu vyc dang ¢ trang thdi ding tinh, thi di thuong khoang
khong néi chung phdi duong va di thudng Bouguer phii am.
Néu cd di thudng khodng khéng va Bouguer déu 4m hoac déu
duong thi khu vyc dé khéng & trong trang thai can biing ding
tinh. Pay 14 ddu hiéu bd sung bén canh dau hiéu bing khéng
cia di thudng ding tinh.

Ly luén nay dugc ki€m ching tai nhiéu ndi trén thé gisi
nhu: ddo Sip, Siberi, An Dj, v.v...
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CHUONG IV

HINH THE TRAI DAT XAC PINH BANG
TRONG LUC

Néu nhur ching ta xdc dinh duogc dd cao cda hé mit vat ly
Tréi ddt so vdi spheroid thi coi nhu dang Trai dat thuc hoan
toan xdc dinh. B§ cao néi trén goi 13 do cao trie dia H. Néu 46
cao tric dia dugc xdc dinh tai cing nhidu vi tri trén Trai dat,
thi hinh dang cGa né duge xde dinh cang chinh x4c. Nhung d¢
cao xdc dinh bing phudng phap ni v6 khéng phai d6 cao so v6i
ellipsoid ma 14 db cao h so v6i mit chudn nao d6. Mait nay trang
v6i mét bién yén tinh va kéo dai trong luc dia goi 1A geoid.
Geoid duge xem nhu 13 mat trung gian gita spheroid va mat vt
ly eda Trai dat.

Nhu vay viée x4c dinh 49 cao trdc dia H = ¢ + h s& ¢6 hai
buge. D6 14 xde dinh d6 cao ¢ cha geoid so vdi ellipsoid va d9 cao
h cda mét vat Iy cla Trai dt so v6i geoid. O dai duong va bién
viéc nay thyc hién dé dang hon, trong khi d6 ¢ dat lién, vi tri
ctia geoid so v6i ellipsoid x4c dinh khé khin hon.

Bai todn xédc dinh d§ cao ¢ cGa geoid so vdi ellipsoid biing
gid tri trong luc da dugc Stokes gidi quy&t nim 1949 va duge goi
14 bai toan Stokes.

§1. THE NHIEU VA PIRU KIEN BIEN.
1.1. Thé nhiéu.

Goi W va U la thé eda Trdi 44t thuc va Trai dat binh
thudrng:

W=V+Q
U=V, +Q
V - Thé clia lyc hdp dén cha Trai d&t thye.

V. - Thé cia lue hip din cla Trai dat binh thudng dang
ellipsoid quay.

Q - Th# ly tam
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Hiéu s8 hai th€ W va U tai mét diém trong khong gian
chinh 14 di thudng cia thé va duge goi 1a th& nhidu:
T=W-U=V-V, (4.1)

Thé& nhiéu ciing ¢6 day dd cdc tinh chit cGa thé hdp ddn V
vi né 14 hiéu s8 clia hai th€ hdp dan Newton x4c dinh tai cung
mot di€m.

~ Tinh chit:

a) Th& nhiéu T 12 mét ham diéu hoa, tic & khéng gian
ngoai né théa méan phuong trinh Laplace:
o'T 8T  0'T _

AT = + + =
ox> oy’ o7

0 (4.2)

b) Th& nhiéu 14 mét ham chinh qui & vd cue:

lim T=0
r—owm
Hay lim rT = const (4.3)

P& x4c dinh thé nhidu T, ngoai hai diéu kién trén cin phai
c6 thém diéu kién lién két T v4i cdc dir kién do duge trén mat
ddng thé, cu thé 1a gia tri di thudng trong Iye do dugc trén toan
mat Trai d4t. Thé nhiéu T gay ra bédi di thudng trong lue quan
sat trén toan by mat dia cAu chi khong phdi cha méot dia
phuong nao dé6 ma théi.

1.2. Céng thitc Bruns

Tacod: g = —% hay gdh=-dW 4.4)

Gia sit ching ta di chuyén theo dudng siic cda trong luc tir
diém E trén ellipsoid dén diém G trén mit geoid, theo phuong
vudng gbc vdi 2 mat nay. G

Tich phan 2 v& (4.4) : m
_[gdh = IdW E
E E

ellipsoid
Hinh 28
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g [dn = - faw
E E
g (Hg - Hp) = Wg - Wg
Hg - Hy = —E- "o
g

N&u ldy mit spheroid lam mdc zerd dé€ tinh d9 cao thi
Hg = 0 va Hg 12 d§ cao cha geoid trén ellipsoid: Hg = &, ta c6:

We - W
g
Phuong trinh geoid Wg = W, va cia ellipsoid Ug = U,

Vay Wi - Ug =W, -U,

nén Wg = Ug + W, — U,. Thay v& phai nay vao (4.5). Piéu kién
d6i véi ellipsoid chudn 1a U, = W,, tir day ta cé:

= (4.5)

r=Ve-Up (4.52)
g
ma Wg ~ Ug =T néuva gtrungbinh: g=7v
Do dé = Th (4.6)

Cong thic (4.6) la cdng thic mang tén Bruns,

Tuy nhién, d6i v6i ellipsoid chon tuy ¥, thi U, # W, , ta cé:
=2t (4.62)

Y Y
1.3. Diéu kién bién cho thé nhiéu.
Thé trong lyc x4c dinh trén mit geoid tai diém G:
We=Us +Tg
Nhén hai v& v6i -1 va 14y dao ham theo phép tuyén n:
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oW _ oy T
on g onlg  Onig
1)
Ha = - — 4.7
y g6 = Yo o (4.7)
Ma yg thi béing yg cdng thém hiéu chinh khodng khéng:
oy
=g . — 4.8
Yo =18 o g (4.8)
Néu coi Tréi d4t 12 dang cdu, thi y = (;Af , ta cé:
70 HGM_ 1 (4.9)
on OR R R
Thay (4.9) vao (4.8), (4.7), ta ¢6 :
2y, or
=Yg - —0 —— 4,10
gc = Ye R n (4.10)
Nhung theo (4.6) : ¥, =T
2T 8T
Do dé: =Yg — — -
Be=TET R T n
2T 4T
Ha - YE=- -
¥ Ba — YE R on
2T or
Ag+——=_"". 4.11)
& R on

Trong d6 Ag = g¢ — & 1a di thudng tap ma ta van s dung.
Pay 1a diéu ki¢n bién cho T trén mit ding th& S. Theo (4.7),
_mZBn chinh 14 di thutng sach. Con *2% chinh 14 hiéu
chinh khodng khéng, 1a sy chénh léch vé trong luc do do cao ¢
gdy nén, cdn goi 14 phan t& Bruns, 1a 46 khéc bist gita di
thudng tap va di thudng sach.
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§2. BAI TOAN STOKES

Bé€ xdc dinh dd cao geoid ¢, ta phai giai bai todn bisn d&€
tim th& nhiéu T. Bai todn bién xdc dinh T nhu sau:

Tim ham T 14 ham diéu hda (AT = 0) & khéng gian ngoai
mit ddng thé S, chinh qui § v8 cyc va théa man didu kién bién
(4.11) trén mat S.

Goi V 12 ham thé hdp din. Mat déng thé S (Stokes chon 1a
mat cliu), r 12 khodng cdch tir mdt di€m quan sat A(x, y, z) dén
diém chay B (£, n, ¢). Goi V, 1a gi4 tri cGa thé V trén mat ciu S
xdc dinh tai vi tri M ma bédn kinh p cdt mit cdu. Cong thie
Green chung cho trudng hgp A & ngoai S va A & trén S theo ly
thuy€t thé (bién ddi Molodenxki) nhu sau:

V(A) = __H[.__,,(v V,)-—=— [ DdS (4.12)

Ap dung cong thic (4.12) cho bai toan xdc dinh T. Thay
V = T, sau d6 st dung céng thitc Bruns va diéu kién bién cho T:

1 M) ? 1]
T(A) = —— A +y(&-¢,)—| = {|dS
(A) 4nJ;J'[ [g+ J yi(a C")an[r
Ham T(A) biéu dién bing cong thifc nay lién tuc tit khong

gian ngoai dén mat S. Khi A tié’n téi mat cAu S thi tai M trén
mé&t S ta ¢ tich phan Gauss ff [ ]dS =27, nén:

o= ff Hoe s 2 e 2 os

-1/2
Vai 1 = (p2 +R?- 2pR cos \u)
r
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Hirnh 30

1
=——rcos(n,r)
r

Theo hinh 30, ta ¢6 cos (n,r) = sin % - L

2R
. i[l)__L
anlr) 2R

Do d4, cdng thice cho T, viét lai la:
1| rras 26 _ 16 ]
T.M)= =— —dS+ — ——=dS 4,13
o(M)=15, 2n ff r ff[ rR 2R @13
s $

Rut ra: go_—.%fsf%—g-dﬂﬁff%ds (4.14)
s

Nghiém ctia phuong trinh tich phan (4.14) chinh 13 cong
thitc Stokes cho d§ cao geoid.

§3. CHUOI STOKES, CONG THUC STOKES CHO PO CAO
GEOID. '

3.1, Chubi Stokes cho dé cao geoid.

bé gidi phuong trinh trén, ta s dung cdng thic cho ham
cdu chudn héa khi p = R trén m#t cdu 8. Theo ly thuyét thé, ta
c6 cdng thic ham clu chudn hod trén mét mit cAu S ban kinh
R:
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m
F(6,1) = (2n+1) JIF o, 7L)

(6, 1) — toa 406 diém quan sat.
(6'\1") - toa d6 di€m chay trong tich phén.
r — khodng cdch giita hai di€m néi trén.

Mat khdc, biéu dién Ag va ¢ duéi dang chudi ham ciu:

Ag=) Ag, (4.15)
n=2
5= tn (4.15a)
n=2
Trong d6:
n
Agn = z (Anm cosmh + By, sin mAJP, (cos©) (4.16)
m=0
n — —
Cn = Z(Anm cosmA + Bnm sinmA P, . (cos0) (4.16a)
m=0

Véi A, B, A,B 1a nhing hé s§ khai trién cia di thudng
trong luc va 49 cao geoid. Thay (4.15) va (4.16) vao (4.14) ta cé:

&, =5Liff%ds+ﬁiff%ds (4.17)

Ap dung phuong trinh tich phan cho ham ciu chufn ho4
(ly thuyé&t Thé&) doi voi Ag, va &, :

J'J’Ag"(e"“ Jag= R0 0.4) (4.18)
(2n+1)
@A)y 4nR o
j’ 48 = "= (0,0) (4.19)
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Thay (4.18), (4.19) vao c¢dng thdc (4.17) va khai trién ¢
thanh chu6i ham cdu ta c6 méi lién hé giita cdc s hang 1a:

2R 3 RAg,

:‘-——-—A o —— =
B ey ¥ T @R D 1y
% } R & Ag .
Co= Qo= 2 n (4.20)
n=2 ﬂ=2

Thay Ag, trong (4.20) bang chudi cia né (4.15a) ta cb:
chudi Stokes cho dé cao geoid so véi mét dia cAu ban kinh R :

_%i i:[n— cosml+B

n:

1 M sin m?x.)an {cos0)

(4.21)
Anm, Bum! 12 cdc hé s8 cia di thudng trong luc theo (4.15a).
3.2, Cong thic Stokes cho df cao geoid.
Tit (4.20), ta suy ra cong thitc cho th& nhiu:

e RZ Ag“ (4.22)

Ap dung (4.41) trong ly thuy&t th& cho Ag, ta cé:

Agn = 2“ +1 I AgP, (cos y)dS (4.23)

S — mit cdu ¢ ban kinh R = 1.

ds = siny dy dA

v, A 1a toa dd cuc ¢6 cyce tai vi tri quan s4t.
Thé& (4.23) vao (4.22) ta cé:

R 2n +1
T= nz_:z j AP, (cos w)dS (4.24)
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R = 2n +1
Hoge — T=_ “’ AgZ_: Py (cos y)dS (4.25)

Pay la gi4 tri T trén m4t cdu S (p = R). Trong trudng hgp
chung & khéng gian ngoai p > R d€ ham T chinh qui & vb cye, ta

n+l
phai dua ty s& [R p) vao (4.25) :

ﬂ 2‘”1 R =P, (cosy) |dS (4.26)

=.7]

Pat  S(p,y Z n+l I:H P, (cosy) 4.27)

S (p, y) 1a ham Stokes. Cong thiic (4.26) ¢6 dang :
R2
T= i HAgS(p,tp)dS
5

Chia hai vé& cho vy, ta cé:

R2
= im {J’AgS(p, y)dS (4.28)

Pay 13 cong thde Stokes, xdc dinh 4§ cao cla geoid trong
khéng gian ngoai. Trén mit cdu thi p = R, ta c6:

SR,y = R[cosec%+1 beosy - 631n§—3cosw1n(sm%+sm21"2—]]

1 \
= = W) (4.29)

Thay (4.29) vao (4.28) ta cé:

¢= % [[agsans (4.30)
-

Trong d6: dS = siny dy dA.
Cén cha vy trong tich phéan: tir 0 dén =.
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Cén cia gée & cuc A : tir 0 d6n 2n.

Pbat %sian(w} = F (y), ta c6 :
R
{= — I AgF(y)dwdA (4.31)
2my
g

Ham F(y) dugc tinh sén thanh bang theo bi&n 6 y.

Hinh 31

Tich phén toan mat dia cdu ¢6 thé thay bing téng cda céc
tich phdn trong cdc & dién tich gidi han bdi: y; — yi,,, va
Aj - A_j+1

n m Yi+l AJ"‘1

ZZ J IﬂgijF(w)dwdA (4.32)
i=0j=0 Wi Aj

Trong A6 wo =0,y =n; A, =0, A, = 2n
Goi Ag; 12 gid tri trung binh trén mét d6i cAu thy (i, §)
wigl Ajel

o m
- _13_._ 3 Y agy J' jF(w)dwdA
S T or B A

= %Zzﬁgij(Ajfl - Aj)IF(W)dW
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R n m
= Tzzﬁgumm APy, - Dlwy)] (4.33)
0f=0

Ham ®(y) duge tinh sdn trong bang Lamberta.

2~ D(y)
,5 +
a0 - - 180
1] T
M \—/‘
Hinh 32

§4 BAN PO GEOID

Coéng thic Stokes va chubi Stokes cho phép chiing ta tinh
d¢ cao geoid trén ellipsoid. Céng thdc va chudi Stokes dvi héi
biét gid tri di thudng trong luc khép noi trén mit dia cdu véi 4o
chinh x4c¢ nhu nhau. Tich cfia Ag v6i hidu ham ®(y) chi bing
khéng gan cdc diém cuc tri, theo dé thi (hinh 32) y = 40 va 120°
& d6: d(y;,1) — P(y;) nhd. Con lai 4nh hudng cda moi ving déu
ddang ké. Vi thé, chi ¢ thdi gian sau nay cong thic Stokes méi
¢6 dng dung khi mang ludi trong luc da day déic. Cé6 nhitng vung
gid tri trong luc chua duge xdc dinh, ngudi ta si dung gia tri ndi
suy.

Sau khi ¢6 vé tinh nhén tao xuat hién, gid tri di thuing
cha trong lue duge bifu dién dudi dang chudi ham cdu x4c dinh
qua quan sdt vé tinh. Do d6 cdc hé s6 Anm, Bum cGa di thudng
trong luc da duge x4c dinh dén bdc n = 180, thdm chi 360. Cong
thiic chudi Stokes véi nhitng hé s8 nay cho ta 4 cao geoid véi
nhitng séng c¢6 budc séng ¢d mét, hai ngan mét. Nhu vay cling
du cho ta thay nhitng chd cao, thdp clia geoid so véi mat
spheroid trén ban da.
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Hinh 33 a: M6 hinh 3D cia geiod theo mé hinh GEM-T1(1989)
do Trén Vdan Nhac va Nguyén Thanh Vén x4y dung

Tuy nhién, phuong phdp vé tinh da giip xdc dinh ham thé&
trong luc W, diéu ma xua nay nganh trong luc khéng do dugc vi
khong c¢6 may do thé. Vi vy, do cao geoid dugc x4c dinh truc
ti€p qua thé& cha trong luyc chd khéng qua di thudng trong luc
nita. Cu thé, khi x4c dinh dugc ham th€ W dang chudi ham c4u,
ta tim thé& nhiéu T va 4p dung céng thdc Bruns (4.6) dé tinh d
cao geoid so vdi ellipsoid thda diéu kién U, = W, hodc so véi
ellipsoid bat ky theo (4.6a)...

§6 PHUONG PHAP TRAC PAC PO CAO VE TINH VA
TiNH DI THUONG TRONG LUC TU PO CAO GEOID

D6 cao geoid 1a mic chénh léch d6 cao gitta mat ddng thé
ly thuyét ellipsoid va m#t ddng thé€ cia trudng trong luc hién
hitu cta trai dat. O phuong Tay nguti ta con goi d§ cao geoid la
di thudng geoid. Phuong phédp tinh d§ cao geoid duéi dang chudi
bing hiing s Stokes hay bing gid tri trung binh cia di thudng
trong luc quan sét trén mit ddt nho cong thic Stokes la phuong
phép gidn ti€p xdc dinh d9 cao geoid. Dang cla geoid nhan duge
khong chi tiét ma bién thién véi budc séng 16n, dng véi cdu tric
bat ddng nh&t siu thudc tAng manti, & d§ sdu mot, hai ngan
km. Phuong phép tric dac dd cao vé tinh 14 mdt phuong phdp
hién dai, thuc hién do truc ti€p mit geoid tit vé tinh nhén tao
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bing séng v6 tuyén va thu nhén phan xa, dé suy ra dé cao h cia
vé tinh so v4i mat geoid. Hinh 34 cho thdy mdi lidn hé giita h
v61 d6 cao geoid £ nhu sau:

r = R+{ +h (4.34)

Trong d6: r — khodng c4ch dia tam (tir tAm trai ddt) clia vé tinh
nhan tao; R — khodng cdch dia tdm cta hinh chigy vé tinh lén
mat ellipsoid, chinh 14 bdn kinh vects cta mit ellipsoid, bién
thién phu thudc vi d6 dang (1.43). Trong 46, ngudi ta da bd qua
d9 cao clia mat dai duong dang lén do dong chédy (1 - 2 mét). Tu
(4.33) ta rut ra db cao geoid:

E=r-R-h
S
AR
h
r
v
— be geoid
— 1 A ellipsoid

Hinh 34: V@ tinh S bay phia trén mat geoid va ellipsoid
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Hinh 35: Ban dé geoid xdy dung tit s6 lidu trdc dac dé cao
vé tinh cho khu vuc dai duong xung quanh Chdu My.

§6 PO LECH DAY DOI

6.1. Dy léch day doi xac dinh qua d cao geoid.

Su khéc biét gitta trudng trong luc binh thudng va trudng
trong luc cia Trai d4t da dugce thé hién qua cdc dai lugng nhu:
di thuong trong luc Ag, thé nhidu T, dd cao ¢ cla geoid. Ngoai ra
sy khac biét nay con duge thé hién qua mot dai lugng nita, dé
1a: d¢ léch day doi, dugc ting dung trong tric dia dé x4c dinh do
cao tric dia H. ‘

D¢ léch day doi duge dinh nghia 1a géc gitta phdp tuyén n
cia m#t ddng thé ly thuyét va phdp tuyén n cla mit ding th&
cia trudng trong luc thuc. Trén mit geoid, dé chinh 1a géc giita
phép tuyén cuaa ellipsoid va phép tuyén cia geoid; néi cach khéc,
dé6 1a goéc giita phuong cda vecto g va phuong cla vectd y .
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Néu phén tich § thanh hai thanh phén, theo 7 va theo
phuong vudng gbée v4i v ta cé:

Thanh phin chiu g theo phusng cda ¥ c6 thé coi gin
ding bang y va thanh phén kia la g = -%‘E— chinh 13 lyc h4p

S
dén theo phuong ngang do cac dj vat gay ra.

n
A

=== ¥

Geoid
——"‘-————-__-—-‘-'

s g
l\ﬁ]lipsoid

Hinh 36a: Dién gidi cho dé lech day doi:

g, - gid tri trong luc trén mit geoid,
Y - gid tri trong luc binh thudng.

g. - thanh phan chiéu cia g theo phudng s vudng géc véi §
1a phuong cé géc léch 16n 0 nhat;

Ta cé: g = B8 (4.35)
Y

0 1a géc rat nho (khodng vai chyc gidy), véi dd chinh xéc
d€n béc hai ta cé thé viét:

g=8s_ 1w (4.36)
Y yos
Mat khdc W=U + T, do dé:
0= —1(99+ﬁ) (4.37)
Y\ds Os :
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Nhung thanh phdn cGa ¥ theo phuong vudng géc véi ¥
bing khéng i—U =0. Vay (4.37) chi cdn lai.
S

g-_10T
Y Os
Ngoaira T =y, nén:
6= -5 (4.38)
os
Hay & = — 06 (4.39)

Két quéd trén ching t8 d6 léch day doi bing dao ham cda
d¢ cao geoid theo phuong bi€n thién nhanh nhét cta trong luc g
trén mit geoid.

6.2. Hai thanh phén chiéu cia dp léch day doi.

Chi€u mit géc 6 xudng mit kinh tuy&n va mit théng ding
thit nhat trong thién vin hoc (vudng géc véi mit kinh tuyén va
chifa phdp tuyén n). Ky higu thanh phdn géc chigu 1a £ va .
Lic d6 0s ciing dugc chi€u thanh hai thanh phin trén hai mat
nay. 00 =NL, trong dé N((po,ko) - diém quan s4t.

Xich dao

Hinh 36b
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Trong mit kinh tuyén dia 1y: Rogp

Trong mit thdng ding thi nhat (cha phép tuyén, vuﬁng
géc mait kinh tuy&n) : Reos @oA

1 &

E=—— (4.40)
R dg,

n= l 95 ' (4.41)
Rcosqa 04,

¢ duge xdc dinh bdi cong thie Stokes. Pay 1a nhitng céng
thae cho gid tri 39 1éch day doi trén mit geoid. Pé xdc dinh cho
mit vat ly Tr4i dat ta cdn thém mét hidu chinh nhé.

6.3. Cong thitc Vening-Meinesz cho dé léch day doi.
Thé £ biing cong thic Stokes (4.30) trong (4.40) va (4.41):

! )
=- ds 4.42
d Amy Jlae 09, e

n=—4;y [fag

S(y) dS
oA

(4.43)

(1]

dS = sin ydAdy - dién tich vi phan mat cdu bdn kinh
don vi.

Trong dé:
OS(y) _ 9S(w) oy
d¢, Oy Jo,

aS(y) _ 0(y) By
o, oy o,
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Hinh 37

Gi st diém quan st 12 N(po,Ae), diém chay 1a M(e,A), P 12

cuc Trai d&t. Theo lugng gidc cdu (trong thién vin hoce):

sin y sin A = cos @ sin (A = A,)

siny  cos¢ sin(900 - )
sinfA-A,) sinA sin A

Hay

sin y cosA = sin ¢ cos ¢, — cos ¢ sin @, cos (A — A,)
€os Y = sin Wy sin @, + €0S ¢ €08 @, €08 (A — A,)
L4y vi phén hai v& cia (c¢) theo o, ta c6:

~sinydy = sing cos@.dg, — cosp sing.cos (A — A,)do,
S0 s4anh (¢’) vdi (b) ta ¢o:

~dy = cosA do,
Hay dy =-cos A
do,

L4y vi phén (c) theo A,, ta cé:
—sinydy=cos ¢ cos g, sin (A — i) d A,
Lién hé véi (a), ta cé:
—dy = cos @, sinA di,

Ha = —cosp, sin A
4 da, Po

(céng thic sin) -

(a)

(a”)

(b)
(c)

(d)

(e}

(f)
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Dua vao (d) va (f), ta viét lai cdng thde cho &, n:

n2n

£ = L IIAg—S sin y cos A dy dA {4.44)
1 n2n 58
n= 4TEY J.J.Aga sin y sin Adw dA (4.45)

£, n: tinh ra radian; dé d6i thanh giay, ta nhan thém hé s&
p” = 206265” , sau d6 k¥ hiéu: '

p" OS
= ———sin (4.46)
Q 27 v \u
Goi Q 14 ham Vening — Meinesz
" —_ 1
&=~ o [[a8Q cos Adyaa (4.47)
= [[2gQsin Adyaa (4.48)
2n

Pay la cong thie Vening — Meinesz
6.4. Tink chdi cia ham Vening - Meinesz

Ham Vening ~ Meinesz lién tue khdp ving ma né dugc xéc
dinh trif y = 0, la diém dic biét.

Lay dao ham S (y) theo y ta s& c¢6 dang cu thé ham
Vening — Meinesz :

=L cos¥ cosec¥ +12sin¥ ~325i ¥ 4 3 —l2sin2gln[smw+smsz
2% 2 2 2 Lesin? 2 2 2

(4.49)

Gi4 tri Q duge tinh sén trong bang theo y bi&n thién tit 0
dén 180°,
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Q)
10 +

a0 180 "
1 "

Hinh 38
Thay ham Q b3ng (4.49) vao céng thitc (4.47), (4.48) va
tinh tich phian mdt cdch binh thud¥ng. Riéng tai w = 0 ta bién
d6i nhu sau:

. r
Slnl—l{ = -

2 2R
Do dé : drchos%dwadw (khi y = 0)

va cosec L ! 2R

sin L4 r

6.5. Coéng thic thue hanh.
Ta ¢6 thé chia tich phan ra cho 3 viing :
a) Ving trung tdm gin diém quan s4t trong vong bdn kinh

r =5 km, § d6 c6 thé coi trong luc bién thién déu theo phuong
ngang X, Y (gradient phuong ngang khong dai).
0" 2R

0 day Q=Q, =22 (4.50)
2y r

b) Vang hinh vanh khin: tai ddy c6 thé bé qua d6 cong cia
mat cdu. Ham Q dugce khai trién thanh chudi ¥ = 2000km.

3
Ap dung c6ng thie sin x = x - %T ta c6:
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Q=Q, = fi[—+—w+3J (4.51)

¢) Viing xa, van 1y Q toan phén thay vao tich phan:

To2x

§' =8 +8" +8"g = —— IIAngcosAdrdA
1 W 2n R 2n
JAng cos AdydA - — I IAgQ cos AdydA (4.52)
Wo o
T 2n
=+ = - _[ _[ gQ, sin AdrdA
a0
1 W 2 1 ® 2n
“on J- -[ AgQ sin AdydA - QJ‘ J- AgQsin AdydA  (4.53)
Vo © Yy o

Tich phén trén ciing duge trién khai thye hién trén palet.

D€ trdnh diém lam cho biéu thitc trong tich phan tré nén
vo cyc (r = 0), ta c6 thé bi€n ddi bén trong hai tich phan diu
nhu sau:

H% cos AdrdA = Hé‘g_r;‘g" cos AdrdA

Ago 1a di thudng trong lyc tai di€m quan sat A. Khi thém
Ago (h¥ng) vao, tich phan s& khong thay d6i, thuc vy :

r2x

” A8, cos AdrdA = Ag, J I—»—— cos AdA =0

a9 0

(18y tich phan xong, khi thay c&n vao sinA s& cho 0)

Khir—> 0lim A8 — 48, =6Ag
r oy

Gia tfc trong lyc theo r vd ¢6 thé khai trién thanh
gradient theo x va theo y.
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%:%cos‘,{.}.%

sin 4
ar
Thay vao biéu thie 6 1éch day doi:
In2n
£ =~ 21‘? J J.SAg cos? AdrdA - p I Ism A cos AdrdA
0 0
(4.54)
Iy 2'.18 g 2,;6
Mo = I j A8 cos A sin AdrdA - I I Ag sin? AdrdA
21':7
(4.55)

Péi v6i mot pham vi r dG nhd, gradient c6 thé coi 1a hiing
s6 va ta c6 thé dua ra ngoai d4u tich phéan.

&= —5%-9-8— _H.cos AdrdA - ZF:W oA oae I IsmAcosAdrdA

= - " Ohg '(jdr ‘Tcos AdA (4.58) -

o

N =- P’ ong Ism Acos AdrdA — _6A_g I ISID AdrdA
2my ax 2y Oy

p" OAg

=~ 2% \dr |sin? AdrdA (4.57)
2my Oy I '[
2n

Chu y: IsmAcosAdA=0

4]
Thuc hién phép tinh cubi cing va thay s6 ta duge:
OAg

L]

g",=-0"105r, (4.58)

dAg

n", =-0",105r, (4.59)
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CHUONG V

BAI TOAN THUAN CUA THAM DO
TRONG LUC

KHAI NIEM:

Bai todn thudn cia thim do trong luc la bai to4dn di tim
cdc thanh phan cla trong trudng, can ci vao sy phin bs bist
true cia ngudn — khéi lugng hap din. Thanh phén cta trong
truting duge hiéu la thé va dao ham cac béc clia né theo cde toa
dd x, y, z. Mot khi da bigt trude di vat, véi hinh dang, kich
thudc, mat d6, toa d9, thé ndm xdc dinh, thi ta tim duge bidu
thie gidi tich xdc dinh cdc thanh phan cia trong trudng &
khong gian bén ngoai di vat va ca trong long dj vat. Bidu thude
gidi tich chita cdc tham s6 cu thé cliia mbi di vat.

Trudng ngodi thuéng gap trong tham do. Khi trong luc
ham 16 phat trién, ngudi ta c6 dip nghién ciu dén truong trong
(dudi mat dat). Mgt khi da c6 biéu thuc gidi tich phu thubde toa
dd quan sit, thi Ung véi mot toa do quan sit, ta c6 mét gid tri
duy nhat cia trutmg. Bé 14 tinh chat don tri clia bai todn thuén.

Vi méy do trong luc luén dit theo phuong thing ding z so
véi mat phing quan s4t, 14 phuong cda trong lue Trai dat, cho
nén dao ham béc nhat cia thé hap din cha di vat theo z 1a V,
duge déng nhit véi di thudng trong lue Ag da duge loc bé anh
hudng cda céc yéu t8 dia chat khdc xung quanh.

Thanh phan ngang cia lyc tdc dung cha dj vat, la céc dao
ham theo phuong ngang x va y cda th& hdp din 1a V,, V,. Pao
ham béc cao hon cia thé hdp dan V,,,V,, V,,, V...,v.v.. goi la cde
gradient cua trong lyc, duge do bing méy chuyén do gradient.

Trong qué trinh gidi bai todn thudn cho cédc di vat c¢6 dang
hinh hoe don gidn, ta thita nhén cdc diéu kién:

— Vit thé gay trudng cé mat d6 déng nhat.
— V4t thé ¢6 dang hinh hoc don gidn hai, ba chiéu tién 18y
tich phan: hinh cdu, hinh hép chit nh4t, hinh tru ti&t dién tron,
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chit nhat, thang, v.v..

— Trudng hop di vat c6 hinh dang phic tap, ta x&p xi né
bang tdp hop cde di vat cd sd, ¢6 dang hinh hoc don gidn. Do
tinh chdt chéng chdt cha trusng, luc tdc dung cda di vét dang
phuc tap 1én diém do bing tdng lyc tdc dung cta cde khdi lugng
cd s¢ ma ta xap xi hinh hoe di vat dé.

§1 BAI TOAN THUAN DPOI V61 MOT S6 VAT THE 3 CHIEU.

1.1. Biéu thitc téng quat cho cdc vat thé hinh dang
bét k3.

Bai to4dn thudn, chung quy 1a bai todn 4y tich phin dé c6
biéu thite gidi tich cu thé cho th& va dao ham cia th&€ d6i véi
tung di vat cy thé. Cong thitc téng quat cho th& hip din cla vat
th& khai ¢6 thé tich 1 va dang bat ky la:

vog [dm 5.1)
Tr

G - h¥ng s hdp dan.

r - khoang cach gitta diém quan sat P (x, y, z) va diém
chay M (&, n, &) trong tich phén :

r={E-xP+m-y?+-2)"

Khéi lugng vi phan dm = odt = ¢ dg dn dg, trong dé o 1a
mét do du, thudng 1a hiing va d1 = d& dy d¢ 1a thé tich vi phan.

Bidu thuc (5.1) ¢ thé viét:

€, my s

Vix, v, 2)=Go J - déd‘n?@ .TF (5.2)
20 -0 Hn- ) + G-
£ e G _

V. x,y,2)=Go | (G - 2)d&dndG (5.3)

Bom b [(‘c:"‘)2 +Hn-y) +(C—Z)2]m

Ky higu V, 13 dao ham bac nh4t theo z cia V. Day chinh la
thanh phén theo phuong thang ding z cia lifc hip dan va dude
ddng nhét véi di thudng trong lue Ag do di vat gay nén. Truc z
dat hudng xudng dudi, vudng géc véi mat phing quan sat (theo
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phuong ngang). Truc x, y nim trong mit phing quan sit nay.

Pao ham theo x va y ¢6 dang tuong tu: Pao ham bac hai
cia V nhén duge biing céch 14y ti€p dao ham cda bidu thde (5.4)
theo toa d¢ mong mudn, vi du theo x:

g2 LF Qz . _ _
Vulx, ¥, 2) = 3Go J‘I (& -x)E - z)dEdndg

- {(5.4)
Q@ noa lE-x)? +n-y) +(-2)]

542

Duéi day 1a bang trinh bay cdc bidu thic giai tich cho cde
loai dao ham cia th& hdp din V cia dj vat.
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§2. BAI TOAN THUAN DPOI VOI CAC VAT CO DANG
HINH HOC DON GIAN 3 CHIEU

2.1. Hinh céu déc

Thé clia qua ciu dac, ddng chit, bdn kinh R bit ky, theo ly
thuy&t thé la tuong duong vdi thé cia chdt diém cé cing khéi
lugng M v6i qua cau va duge dat tai tAm qud cdu. Thé nay ty 18
nghich v6i khodng cdch r giita diém quan sat va tdm qui céu.

Vi{x,y,2)= GM _ GM - (5.5)

r -0 Hn-y)? + ¢ -2
Trong d6 £, 1, £ 12 toa d§ tAm quéd cau.

Dé don gidn, ta dit qud cdu sao cho tAm cia né nim trén
truc z v3 ¢ d6 sdu § (cdn & = n = 0). Ngudi quan sat trén truc x
s& ¢6 cac biéu thitc:

V, =Ag = GM¢ / (x* + ¢%) ¥2 (5.6)
Ve =-3GM C x/(x2 + D)% (5.7)
Vy = Vyy — Vi = - 3GMx% / (x% + 352 (5.8)
Vzz = GM (202 — x2) / (x% + £2)°"2 (5.9)
Vize = 3GMC (202 - 35 1 (2 + (57 (5.10)
Khéi lugng cQa qua cdu v6i mat dé du o:
M=§nR-‘c (5.11)

Hinh 39: Hinh cdu
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2.2. Hinh hop chit nhit

Gié sif ta c6 hinh hgp chit nhat véi cdc mit bién nim song
song vdi cac mit toa d§ xoz, xoy, zoy 1a va c6 toa d0: &, &, 1,
Ng, &1 va &s.

Ta c6:

Ag=—Go'|( —x)ln(n+R)+nln[ (E-x)+R ]
& -x)née Cg

Ry Gy
&

i

Mg
La§1

- Carctg

(6.12)

Co
Ci

G,

N2

vxz (0,0,0) = GO’l]II(T] +R)
M1

3

&,
&

V,,(0,0,0)= -—Gcr.arctgg‘gg—Rx)Tl

Trong d6: R = J(E;, ~-x)% + nz + q2.

Hinh 40: Hinh hép chit nhgt

Sau ddy 1a vi du tinh Ag cho hinh hép chit nhat. St dung
cdng thde téng quat (5.3) cho Ag quan s4t tai gbe toa do: '

Ag= Gcgjqﬁ‘ cdnde (5.18)
§md (g2 +n? + )

Tich phén theo { ta tinh dugc. Sau d6 d€ ldy tich phan
theo n, ta st dung cdng thuc:
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ey U GEUEL) B
+N° +

Ky hiéu: 1n(r| +ye2 +n? 42 ] = R, ta ¢ két qua:

L: M2

&y
.Ag =-Go Iln (m+R)de

S m
Ti&€p tuc lay tich phén theo ting phén ta cé:
£24z
(n+RR

[+ R)dE =g n+ Ry - j'

Trong dé:

¢2qr E2R-n) de J- 2d§
m+RR @2 DR 22

- EndE =I§d?§ fndi Jncda
g2+ R 7 +0?) €2+ R

] 2
O day jég:‘i - Carctg I(Mﬁ=c [E,HJ

CR
cdn f ndé da bist két qua theo (5.14).
R

Vay, k&t qua cubi cung:
Canz &2
Ag = —Go [ Eln(n+R)+nInE+ Ry + ¢ arctg—é'-g-

g1 &

Thanh phén ¢ —Carctg% khéng con § trén day, vi dd ty triét

tidu khi thay can theo n.

§3. BAI TOAN THUAN POI VI MOT SO VAT THE 2
CHIEU.

Dé chuyén tif bai todn 3 chiéu vé bai todn 2 chiéu thi
trong cdc cdng thic cho cdc vat thé 3 chiéu & trén cdn cho mét
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bién s8 ma vat kéo dai theo d6 chay tif —o dén +o. D& lam vi
du, ching ta xét trudng hgp tinh V,= Ag. Tir coéng thde ba chiéu
(56.3), ta c6:

Ag = Go j(ch)dgdndg (5.15)
W r-

Cho bién 58 n chay tit —e d&n +co:

(¢ - 2)dedndz
A Go
8= m[(é X+ -y +(G-2) "

Trong bi€u thifc nay, bién s& n chay tif —o d&n +w, con cde
bién 6 (x,z) di chuyén trong gidi han tiét dién ngang S cda vat

thé.

Né&u dat bién s6 mdi « nhu sau;

N-y=4E-x) +(-2) 1ga

LIP
thi V,(x,2) = Go H@ = Zj‘édc jcosada
tir o —260”@ (i) zzcéd_é 2 (5.16)

Ciing nhu trong trudng hgp 3 chiéu, néu dat didém quan sdt
tai gdc toa d9, tic 1a cho x = z = 0 thi cong thie duge don gidn:

V,(0,0) = 2Go ﬂg? fcz dedz, (5.17)
§

3.1. Hinh try tron, thanh ndm ngang

Trude tién, ta xét trudng hgp thanh dai hiru han nim
ngang doc truc y tit ~n, dén vy, & 46 sau § Tai vi trf quan sét x
bit ky ta c6:
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n

G | 1

x? +1]2 +Qz
-n

(6.18)

_Game | 3’ g
xz (X2+C2)2'Jx2+n2+C2! )

GA ‘ nd _ x? y
(xz +C2)‘(X2 +T12 +C2)3;2 (Xz +§2)

VA=

n[3(x +C y+ 20|
(x> +n’ +¢7"?

=Ty

Gl | (2§2—X2)T] N GETIB ’|"12
W+ | e e+ T+

2 =

M
v 3GM, | n@2o3x®) P (7@ - 3x%)
g )3|m 36 e+

¢n' [
+(x2+n g ).m!_m

Trudng hgp thanh kéo dai vo tin theo truc y, ta cé:
Ag = 2628/ (x2 + &3,

Vi = - 4GAx8 / (5% + £,

Vo= Vs = 2GA (2 - 5B/ (x° + CBF, (5.19)
Vo = 4GAE (52 - 3x%) / (x% + B8,
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Hinh 41: Hinh tru tron ndm ngang

Trusng hgp hinh tru ¢6 b4n kinh cia ti&t dién 1a R, mat
dé khéi o, ta cé:

Ag = 2GnoR%C / (% + &3,

Viz = - 4G1rcR2xC v Cz)z,

Viz = Va = 2GreR2 (@ - D7 2 + P
Vazz = 4Gnch2§ (Cz —3xh /i x . C2)3-
Bing 3: Dic trung tham s6 cGa céc dudng cong thude hinh

(5.20)

tru tron.
Thanh hodnh,
phdn Hoank 49 cha
gifm c6 tung

Hoanh a4 Tung a8 69 bing 0

Ag Xma;‘ = 0' Agmax = 2?‘I:GUR2;"C_, X=ztoo

Vi Xmax = - & /v3 | Vigma = + (343 / 4nGoR¥? | % =0
Xmax = - ‘; f\/g V:z min = 7 {3 \[é f 4)‘-'TGGR2;“'4C2 X=21w

Vi = V| Xmae = 0 Vi max = 2nGoRYE? x| = ¢
Xmin = £ (3 | Vamn = —nGoRYAL? X=tw

Vi Xmax = 0 Vs max = 4xGoRYE =t/ 3
Xmm =% C Vm min = —TI:GGR:!I‘GS X=+ o
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3.2. Hinh try ndm ngang tiét dign chit nhat

Day la trudng hop hinh hop chit nhit ma cén cfia n 1a + «©
Thay c&n nhu vay, c¢ong thic (5.13) cho két qua:

Ag = Gol(g - x)ln[(é x)2+C2]+2Carctg x [§2 2
g1 161
—Gcln[(g' 0 el -0t vl (5.21)

[(E.u_x) +g Jl({lz - x)? +QJ

_ ST G2 -
Ve = 260 {a”‘"‘tg R e o ] Tl

+ arctg G2 },

(&g - x)
Vi = 260 { _(52(§2x)_2xi 2] [(az(i)_;:). s
’ _(%;I(i)_;: 2| [(gl(flx)_;:) c%}’ (5.22)
o ¢, £

zy

Hinh 42: Hinh tru ndm ngang tiét dién chiz nhdt dai vé tlcfin

Sau ddy 1a vi dy tinh Ag cho trudng hgp nay. Hinh tru cé
chiéu dai vd tan theo y. Ta bdt dAu tir cong thic (5.13), k&t qua
tich phéan la (5.14) c¢6é thé viét sau:
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2
+ <o

?lim 22T _ g 1 TR
— o0 r;—»wR_}? n—ewo § +€’

2 2
=1im21n1{1+ 145 ;C ]~ln«§2+§2)

=

In( + R*

&t +¢”

Bé qua dai lugng —— bé, so véi 1, ta c6 két qua:
n

In(ry + R*+w=21n2n—ln(§2 +¢?)
— 0

Ti€p d6 thay can theo £ hosic ¢, thi 2In2n s& tridt tidu. Con

g 2 2

& +§

V,(00)=Go | In2—-22d¢
~! & +6

S
o

- gl‘fz +¢|2

2167
S1l¢)

& 2
‘fz_Go_I 2§ gzdé_-

= Gog Inf¢? +gzi :

= Ga[§ ln(g”z +¢7 )+ 2arctg ?}

Thanh phén 2¢ ty triét tiéu khi thay can theo &. K&t qua:

e g1 e
1 3 2 =
Sin(&* +.87)+ 2arcig 2 | )

{

Ag=Go (5.22a)

3.3. Thanh thang diing, hinh tru théng diing hitu hgn

Trudng hgp thanh hitu han e¢im thing ding theo ‘truc z, c6
chiéu dai tir §; dén &, quan sat doc theo truc x, ta c6 cdc cong

thdc:
Ag = Gx[1/1/x2 8} -1/ yx%+ 2 J

V,, = GAix

V(e +22)" —1/(x +82 )m} (5.23)
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Vo =G /(0 +8) =k +2) ]

Virz = GL[(:!(2 —25313:2 +C,§)M2 —(x2 - 2@%)“"(32 + C%)slz]'

3.4. Dai mong nam ngang

Xét trudng hgp ddi moéng (khéng c6 bé ddy, phing) nim
ngang, c6 bé rong hiu han 1, kéo dai vo cue theo truc y (tryc déi
xing caa d4i 1a truc y), ta cé:

1 1+x
Ag =2Gpu [arct — +arctg—]
g = B z z
1 1
V. =—-2G -
”C[(l ~x)2 4% A+ x)?+ q2]

| X +1 X —1
=V = —_
Va =V, ZG“[(XH)? +&7 (x=1)? +(;2}’

x+1

= - - x -1 .
szz 4Gu€ [kx + 1)2 + CEF [(x - 1)2 + §2F]’ (6.24)

My

N 1
. o R\ || .
., .:}%\_ ] \ \ / /./

v /
-r--’--—.--*—..,-q-
\

RN

r \

A

ik 43: Déi méng ndm ngang.
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3.5 Nita mdt phdng ndm ngang

D3i véi na mat phdng nim ngang & d6 sdu &, ta cé:
Ag = 2Gu [/2 + arctg (x/0)],
Vi = 2Gpg (x% + &)
Ve = 2Gpix / (x2 + 29
Varo = 4GuEx / (x% + £22 (5.25)

\
A

/7 \

// ..\'\-.'K!I
y, . Nt

-
- ay

W

L

NS
ey

H"._
'z
g

2"
- el o ol

zY

Hinh 44: Niza mgt phdng ndm ngang

Béng 4: Pic trung tham s§ cla cdc dudng cong thudc nira mit
phdng nim ngang.

Thanh Céc cyc trj Hoanh 4§ cla | Diém
phin Hodnh 63 Tung 0 didm c6 tung | cit trye
00 = % AQmae | hodnh
AQ X=+o Aldmax = 2Gnp Xip=0 -
Vi Xmax = 0 Vig mar = G/ § xiel = ¢ -
Va2 Vo Xnu =+ 8§ Vama = Gp/§ = % =0
Xmin = — & Vamn=-Gp/{ -
Vi Xax = + & /43 | Vzzmax = + 1,30 Gp / & - % =0
= - 2 -
xmin="'cf'\/§ Vizz min = 1306”"@
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3.6. Dai thdng ding cao hitu han

Trudng hgp ddi méng phing, thing ding c¢6 chidu cao hitu
han §; -C, , chiéu kia kéo dai vé tdn theo truc y ta cé:

Ag = Gpln[(x2 +§§);’(x2 +&F )]
Ve =26ux{ 1/(x* +2) - 1/(x* +¢3 )]
V, =V, =261 [¢,/(x* +23) =4,/ (x* +gf)]

(¥ =G+ ) (=g (v |

(5.26)

V,,, =2Gu

Hinh 45. Ddi thdng ding cao hizu han
3.7. Via thang ditng cdm xubng vé sye
Via ¢6 bé ddy &, - £; va kéo dai vb6 tan theo truc y. Xét
trudng hgp cdm xudng vd eyc 1 trudng hop ma hinh try cha

nhdt c¢6 han §; = ». Ap dung cédc cong thic ddu § muc 3.2 véi
viéc thay £, = «© vao dé, ta c6:

Ag=Gol[&, In(€] +&3)—&, In(&] +&3)— &, In(€2 + &) + &, In(E? +£2)

+ 2C2arctgé—2 - 2Q2arctg—2~'ﬂ + 2gl(arctg§1- —arctgé—zﬂ

2 2 cl Ql
- Go‘[ézoo ~&00 =8, In(E2 + &) +& In(E2 +£2) + 0.0 — 00.0

+2C, [arctg 2—2 —arctg %&] v6i x >0 (5.27)
|
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Hinh 46. Vig thdng ditng cdm xuéng vé cuc
Vé mit todn hoc ta c6 két qua Ag = ». Tuy nhién, trén
thuc t& va vé vat 1y, luc hdp din cia vat dai vé tdn khong phéi
bing vb cuc. D& khic phuc cde vd cuc, trong (5.27) ta khai trién
Inx thanh chudi va gi¢i han hai s§ hang dau:

Inx=2 x—1+ (x-1) + (x -1’ ..+ (x =™
x+1 3x+D* Sx+1° (2n+ D)(x + !

Ap dung céng thie chudi trén ta cé:
khil, -

In(& +c§)=2[(§§ +1-, G +83 -1 ]

E+52+1) 3(E;+65 +1)
& _ &%

2 2

=2+E=§
3 3

Ngoai ra arctg khi o>

Vay & arctg% =Ey; Tuongty & arctgé’—' =& )

2 2
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K&t qui ta c6:

Ag =Ga[§ (&, =) +E D +C8) &, InE2 +27)

+2<‘E,,(arctgié-'— —arctgf“_—zﬂ (5.28)
| =1
| 2 L 2
Vi = Goln (S x)2 * =2,
(€1 —-x)" +&7

V.. = 2Go [arctg é—gl—— — arctg L},

1 —X &2 - X

(Eg — x) (&1 —x)
v, =2G . .
G[@z -x)? 6} (& - %)? +C:12]

N&u bé diy cla via 1a 2a va gdc toa dp dat chinh giita via &

phia trén thi cong thdc dac ham c¢6 dang:

104

=Gcln(—a:i2+ﬁ,
(a +x)? +Q%

V.. =2Go [arctg S + arctg ——Q—J—} =
a+x a-x

26C1

, (5.29)
- a2 + Q%

= 2Go arctg 5
X

V= 2Go| —B-X _, 8+X) |
|:(a—-x)2+cf (a+x)%+22
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3.8. Bdc thdng ditng.

Trudng hgp bic thing ding thudng dugc 4p dung trong nghién
clu cdc &t giy kién tao. Ta cé:

(E-x)* +&) n £-x
Ag =00l — (& - x)In>——"— 2L 1 26 (= - arct
g (g X)n((:—}()z-l-(;lz g?(z g gz )

T E~-x
_2<‘;,(E—arctg - )]

=

(E—x? +&]]
[E-x +¢ ]

V., =Goln (5.30)

V,=V,=2Gc arctgi—arctgi
“ E—x E—x

E-x) _ E-x)
(€—x? +&)] [~y +&]

V,.=2Gc

Hinh 47. Bgc thdng ding
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9 — = Uy
z ! 25l 2o |
ANNI 29" NuNumim 27 * w@u\,
9 + = KWy | mp
- Z ! Za ) 2 I
wF=X - ANU+NUW|NUNUN_.+ﬁNU+ mu%
O = Ox —_ -
29 b5 o
) Boue - N|u‘r Bose [ogg = YW Zp
P Y ST
¢ b9  eum Yop X
ey bose - B Bose |onz = A B .
oF =X -
WIU‘rM\rH * wU=_bGNl§E§>
k5 B = XEU
o] H = X = N___—x NU O = _x Nx-’.
==X OH.Q_x AFU|~UV D“_h..wmux.n_toq o = ey @Q
0 bugg
o Bum
0 wgp e | - oves Duga 4p Buny 0P YueoH
0p  yugoy | % U 90 Wgp
P ugg iy 910 9¢9

Bupp Bugwy 98q s¢ny) Buos Bupnp 280 eNo gs weu) Buny o¢p 9¢3 g Bueg
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3.9. Via ndm nghiéng

Hinh 48: Via ndm nghiéng
Dgi v6i via nghiéng hilu han, céng thic trong toa do
Descartes rdt phitc tap, do d6 ta st dung toa dé cuc :

Ag = 2Gch{C(<p1 - 92) - (02 — 94)+& sin® alngg(é - n)sin? a x
. 1

x lng—3 -&sinacosafog —91)+ (£ —n)sina cos afp, - (Ps)}
4

(5.31)

Trong dé, ky hiéu £ = H/h, n = a/h, £ = x’h (xem hinh 48).
Xét hai trudng hgp. Via dai hitu han :

2 4

(¢ +xsinacosa) +x

V,, = Golsin® « In sih_a -
[t + (x —a)sinacosaf + (x - a) sin &
: £+xsinacosa £+(x—a)sinacosa || |*
—sin2a|arctg ~— —arctg —
xsin’ o (x —a)sin’ a L,
(5.32)
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V,=V,= G%{Si“acomln (G+xsina.cosa)® +x* sin' a
T AT
[

x —a)sinacosa +(x — o)’ sin' &

|

=+

L+ xsinacosa c

&

(5.33)

C_,+(x ——U.)sin o Ccoso

(x —Ot)sin2 o

+2sin’ ajarctg

— arctg
xsin® o

Trong toa d§ cuc:

2.2
Vo = Go[sin2 o PIPL _sin2alps - 91 + 03 - 04 )] (5.34)
P5P3

Ve =Va = Gc{sin 20 In £2P4 4 9 5in? alog -1 +93 - fP4)]
P2P3

(5.35)
Truong hgp via dai v6 han :

V.. =GalsinZaln [Cl +(x - a)sin oL Ccos a]2 + (x - a)2 sint o _
* [(Ql + X 8in a cos a)]2 +x2sint o

x - a)sin? a xsin? a

—sin 2a1:arctg g1 +(x—a)sinocosa arctg &1 + xsin o cos aD
(5.36)
sz = VA = Gag{sinaln [C"l * (x — G)Sinacos U.F + (X _ 0')2 Sin4 a -
(&1 + xsinacosa)f + x% sin*

+ sin? or.|:arctg Gy +(x - o) sm2a cosa arctg L1 +x smzoc COS or.]]
X - )sin® o xsin‘ «a
(5.37)
Trong toa dé cuc :
Vyz = Ga[z sin? o In 24 - sin 20(py - 04) (5.38)
P2
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Vg =V = Ga{sin acosaln 4 + 2gin? alpg ~ @4 )J {6.39)
P2

Toa d§ céc cuc tri :

xmax = "]2-((!‘ _4QICtga _\/az e 4gf COSCCQ’.)

|
Xoix = E(“ — 4 ctga + \/az + 4 coseca)

= Ja’ + 4% coseca

| %

min min

dal

v
I ﬂl 4€1—C{.2

- Vu

min min = —Q0Osin 2 arctg

§4. BAI TOAN THUAN DOI VGI VAT CO DANG BAT KY
Duéi ddy ta 1an lugt xét truémg hgp 2 va 3 chidu:
4.1. Palet Young ( Palet cuc )

Cho vat hai chidu x, z ¢6 dang bat ky nim dai theo phuong
y v tan:

Ap dung cong thuc (5.17):

V,(0,0)=2G H‘?%%C

Ding hé toa do cve 1> ® = ds = dEde= rdrdg
E=rsing
o(r, @) sin 2¢ |
V. (0,0)=2G [ drde (5.31)
r
5
V,,(0,0)=-2G |[o(r,¢) = 29 drdg (5.32)
S r
.3
V.. =—4G Ho(r,(p) sin—-drde¢ (5.33)
S r
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V (0,0)=2G Hr(r, @) cos pdrdo
s

{5.34)

Xét trudng hgp cho V, trong d6 mat dé 1a hing s8, theo

(5.32):

V,(0.0) = 2Go Hsin p.dodr
s

'(5.35)

Chia nda mit phing du6i tuyén quan sat thanh cdc dién
tich co ban bi gi¢i han bdi cdc vong tron ddng tdm r; va 1, va
cdc tia xuyén tdm lam v6i dudng nim ngang nhiing géc ¢; va

Pie1-
8U(0,0) = kGo _[ L” R(r)}¢(¢p)drde (5.36)
Diy la tdc dung cia m¢t & co ban. Coéng thide thuc hanh la:
8U(0,0) = kGoR (1, ,1,) (0, .9,
Béng 7. C4c thanh phén thujc palet Young.
Pao Hé s6 | Him trong theo ¢, | Ham trong theo bén
ham k @ (91, 0) kinh R (rj.(, 1y)
V. 2 COSQ; — COS0;y Tjs — Tj
V: 2 sing;,; — sing; Tjy1 = T
Vi 2 1 (cos29; — cos2¢i1) T
2 y
Ve -2 % lsin 2p;,1 — sin 2¢i] 1 r;;'
Viee -4 %(COS&N - CoSP;,y) é‘ r;]ﬂ
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Néu gén cho ﬁ(rj+1,rj), ® (¢i.1, ¢;) bang hang thi rdt tién
1oi: R(rj,,,rj)= const =a

¢ (Piv1, i) = const = %

Trudng hgp V,:
1

. l
Néui=0,i-~cosg= — ,dodbé cosg; =1~ —
n n

1 | . 2
1—- ——cos gz = — vAy co8s @g = 1 — —
n n

Téng quét héa: cosg ; = 1 — L yratra o©; = arcco;[l *LJ
n n

Trudng hgp Vy:  sing; = L ; do dé @; = arcsin—-
n

n
Chon n = 8 - 56 gé6c chén,
Pao ham| 1 2 3 4 5 6 7 8

V.| ¢ | 29,0 | 414 | 61,3 [60,0 68,0755 |828)|90,0
Vol @ | 7,2 | 14,5 | 22,0 | 30,0 38,7 |48,6161,090,0

Conrjy—-rj=asuyra:rj=aj

oV, = |8V, | =260 =
n

Vidu:o = O,Zga’cma, a=300m,n=8=V,=V,=1mGal

Hinh 49. Palet Young
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4.2, Palet Hamburgsev

Dung hé toa d§ tru phdng ciing rét don gidn, trong d6 ta
thay sineg dr = dz

V,(0.0)=2Go [ [ dzdo (5.37)
5

X4&p xI bang tadp hop cdc 6 ma mbi & c6 tac luc.
8V, (0.0)=2Go [ [ dzdp = 2Go(9,., ~ @, X2, ~Z,)

DPat ¢, —9; = Enw , n:sd nguyén bing sd géc trong géc %
n
Zj+1 — Zj = AZ = const

K&t qua:  8V,(0,0)=GoAzZ = const (5.38)
n

n = 8, Az = 500m o = 0,4 glem® = 5V, = 0,525mGal
Palet dugc sit dung khi khong ¢6 mdy tinh dién td.

Dédi véi bai todn 16n thi day la céng viée thh céng nang nhoc
m#t nhiéu thoi gian ma khong chinh xdc.

9 g R
Ly 100
2004 260
00+ |

RN \%%%:ﬁ:ém
‘W‘Pé//[/fﬂ Lﬂ\( 0
sl A L] “\\\\\\ 00
soa AV A SRR RLRRR

AV NNE 1 \S\Y\'”"’
wo¥, 4 L A LT ULV NN N Nooo

500 wo 9 0 200 %00 500~

Hinh 50: Palet Hamburgsev

4.3. Phuong phap x@p xi vt thé bang tdp hop cae vit

co ban c6 dang hinh hoc don gian.

Véi sy phét trién cia mdy tinh ngudi ta 4p dung phuong
phédp xép xi vt thé bat ky biing tap hop céc vat thé co ban, don
gidn dé& gidi bai todn thuin thay cho phuong phdp palet. D& c6
cd s& xAp xi ta xét bai todn sau day. Gid sd ta c6 hai di vat c6
mét d9, 40 sau nhu nhau va dién tich thi&t dién bing nhau. Mét
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¢6 tiét dién 13 hinh vudng cé canh la a, mét 1a hinh tron c6 bdn
kinh r.
Dién tich tiét dién hinh vuéng = a®

Dién tich tiét dién hinh try tron = ar?

Cho 2 dién tich bang nhau a® = nr® | taritra r =

Vi du:

a=200m=>r=1128m
Bi€u dién V, cda hai hinh trén cing mot dé thi, ta thdy
chiing trung nhau. T d6, ta ¢6 co s dé xaAp xi nhirng hinh ¢6
chu tuyén tron bing tdp hgp cda cdc hinh c¢6 chu tuyé&n chuaa gée
vudng ma khong s¢ phin du & cac géc anh hudng dén viéce tuong
déng ho4.
Dua vao tinh chdt trén ngudi ta xip xi di vat cé tidt dién
phic tap bing cdc hinh lang try c6 tiét dién don gidn c¢6 géc
vudng ma gid tri V, téng cdng c¢é thé thuc hidn trén vi tinh.

Agimgal}

~

600 —

-

5.00 —

4.00 —

3.00 —

Se

Bim)

2.0

4.00

3.00

12.000

15.000

Zim)

I 1] L]

LI L 1 |
P 200 400 800 800 1.0001.200 1.400 1.600 1.800 2.000 2.200

—r

Hinh 51: Hinh tru c6 tiét dién vuéng va tron cung dién tich cho

114

cdc duang cong Ag trung nhau



Trudmg hgp ba chiéu, ta cing xdp xi vat 3 chidu bing tap
hgp cdc vat don gidn, vi du nhu hinh chg nhéat. Tdc dung cia
mot vit co ban thd i va j theo (5.12):

Y1
Y;

= F (Xis1, X5, ¥io1, ¥jo 21) — F (x40, x5, Yi+1> ¥ 22 )

Xia

Xj

(5v, )ij = -G| xIn{y + R) + y In(x + R} - zarctg L Z2

Z

Z

F — ham 50 nao d6. T4c dung téng cong cha cae vit c¢o ban
déi v6i mdt diém quan sat:

V,(0.00)=3 > (3V,)y (5.40)
i ]

l,

Hinh 52, X6p x1 hinh hoc vit thé 3 chidy
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CHUONG VI

BAI TOAN NGUGC CUA TRONG LUC THAM DO
KHAI NIEM:

Bai to4n ngugc cia trong ldc tham do 1& bai todn tim sy
phan bé cia di kh&i dusi dat cin e vao sy bift trude vé trudng
hap din cia né 1a cdc dao ham thé hip din cia di khoi V,,V,,
Vo Vi, Vi Vi, Vi, vov., trong dé V, duge dong nhat véi di
thudng trong luc.

— Khéng gian ma cdc thanh phéin cia trong trudng cho
truée duge xdc dinh goi 1a “t4p diém” — “tap don tri”. Néi chinh
x4c han, 1a khong gian ma cédc thanh phin cta trung da duge
xdc dinh don tri tai tung diém trong d6. D6 cé thé la mat
phéng, hoic khéng gian ba chiéu, bén trong hodc bén ngoai Trdi
d4t. Néu khong gian ma & d6, cac thanh phan trudng cho trude
la khéng gian ngoai (trén, ngoai mat dat) thi ta cé bai todn
nguge ngoai. Nguge lai, 1a bai todn trong. Trong tham dd, ngudi
ta gidi bai todn nguge 1& chiG yéu. Bai todn thuin duge st dung
dé phu trg cho bai todn ngugc.

- Nguyén téc cda bai todn nguge 1a trudng duge dem phén
tich, gidi dodn dia ch&t phai ding la trudng cia chinh di vt
dang quan tdm gay ra. Do d6, ngudi ta c§ géng t6i da d€ loai trit
dnh huéng cha trudng do cdc di vat khédc & 14n cdn gy ra, tic
tach 18y riéng trudng quan tdm ra. Tuy nhién, viéc nay khong
bac gid dat duge mét cdch tuydt d6i, ma vln con sy lin 19n,
hosc “ mat mat ” phidn nao trudng trong qué trinh tdch trudng.

~ Bai toan ngugc duge tam chia ra lam ba loai:
a/ Loai khodng vat, c6 mat d 12 hling hoic thay d6i.

b/ Loai c8u tric — Sy phan thanh 16p, dia ting (cdc i6p
trdm tich, méng k&t tinh) c¢6 mat d§ khéc nhau, 1a hiing hosc
thay déi.

¢/ Loai phén bd phdc tap cia khoi lugng: vira khodng vat,
vita clu tric.
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§1 PHAN TICH DINH TINH VA DPINH LUGNG

Budc dau, viéc phan tich duge can ¢ vao hinh théi cda
trudng qua bdn d6, dé thi. Hinh dang ctia cdc dudng dng tri,
gid tri caa cyc tri, huéng chay cda cdc dudng dang tri k&t hop
thong tin dia chdt giip cho viée dua ra gid thuyét vé cdu tric
dia chdt, xdc dinh méi quan hé gitta di thudng vdi di vat, giap
cho viéc phdn do4n d6 s4u, kich thude, th& nim.

Ngudi phén tich dinh tinh cdn nim nhing kién thdc co
bdn sau day:

a/ Néi chung tdm cuc tri cia di thudng ¢ ngay trén tdm cda
di vat dudi dat.

b/ Phuong chay cla cdc dudng ding tri song song la
phuong nim cla di vat ¢ kich thudic kéo dai (di vat 2 chidu).

o/ Bé rong cla di thudng trong luc bding tir 2 dén 6 14n do
siu mit trén cha di vat. Vat thé cAng & sau, bé réng cia cuc tri
di thudng cang 16n.

d/ Pd 16n cda cuc tri ty 18 vl méat dd du cua di vat.

e/ Di thudng trong e duong ting véi trutng hgp méat do di
vit 16n hon méit d§ mai trudng d4t d4 xung quanh va nguge lai.
Vi du md mudi thudng cho di thudng Am. Di thudng duong con
do chd nang lén clia nén méng két tinh, mat dd du duong. Di
thung 4m cé thé 1a d4du hidu cda sy ltin siu cia nén méng.

Do nhitng nét khéi quét cia di vat thé hién true quan trén
bén d3 trong luc, va do dac nhanh, it t&n kém, nén phuong phép
trong luc dugc st dung dé khoanh viing, roi sau d6 1 céc phuong
phdp xdc dinh chi ti&t, dinh lugng cia trong luc va dia'vat ly
khédc sé duge 4p dung ti€p theo.

Phén tich dinh lugng 13 x4c dinh tri s6 chiéu sau, khéi
lugng, kich thuéc va thé niim, hinh dang cda di v4t. Nhu di néi,
khi ndm théng tin dia chat, tinh da tri duge han ché€ va tinh
don tri tang 1én. Du6i day, cin cf théng tin dia chét, ta coi hinh
dang gin ding cia di vit 1a thudc dang hinh hoc don gidn nhu
hinh cAu, hinh hdp, v.v.. thi d6 siu, khé&i lugng dugc xdc dinh
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don tri. N&u biét thém mat d¢ du thi xdc dinh duge thém thé
tich, kich thue. Buong nhién, trong thuc t& khéng c6 hinh ciu
ly tuéng, ma c6 sy méo dang. Lic d6 phdi co bién ph4p hiéu
chinh su sai khic.

§2. BAI TOAN NGUGC CHO DI VAT CO DANG DON
GIAN.

2.1. Hinh céu dic
Ta sif dung cde cong thic & chuong V cho ting di vit,

Chon hé toa d6 x, y, z véi truc z huéng xudng, truc x, y
trong mét quan sét. Gid sl ta c6 hinh cdu dic ma tam c6 toa dp
(0, 0, zo). Tai di€m quan sat vdi toa d6 x, y, 0 ta coi :

Ag =V, (X,y.0) (6.1)
GMz
2 =(pT+?2P)3_;2 (6.2)

zZ, — d6 siu qua ciu.
M — Khéi lugng qué cdu (khdi lugng du).
pP=x?+y?.
Tai diém quan sat 14 gdc toa d6 O, ta ¢6 gid tri cuc dai E
theo (6.2):

E = —2‘-— (6.3)

Khi V; = —g—: ta ¢6 thé xac dinh py» tir day:

E GMz,
"2_ = (pz 7 )m (6.4)
142 0

Ta ¢ hai phuong trinh (6.2), (6.3) va hai 4n s6 1a M va z,,
ta gidira :
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P2

Z, = = 1,305[)1;2

kul

. E
P, 14 toa do tai dé V, c6 gid tri bang 3

M = 2,55 10°Ep?

.J a2
R = 3.95.10° ‘\/EL

8]

DPéi v6i cdc dao ham, ta ciing gidi tuong tu. C6 thé€ chen

du trén.

2.2, Hinh try nam ngang dai vé tin.

Ag = Vz(x, 0) = 2Gk QZO 0
X + ZO
Zo — d6 séu hinh tru.
Taix =0 Agpax = 2GA
A
gmax — _@i = ZGX__;_Z"i’
2 Zu X'I-J’E +tZo
Giéi ra ta ¢6: z, = X1
A
Tit (6.6) ta c6 mat do dai: A= ;";

Né&u hinh tru dai hitu han 13 y, ta ¢6 kh&i lugng M = Ay.

2.3. Na miit phdang ndm ngang.
Tai x = 0, Ag(0) = Gun

Ag(0)

Rut ra mét d§ mat: p =
Gn

(6.5)

(6.6)

(6.7)

, _ E Y eLea
nhimg di€m ma tai d6 V, = —, khdng nhét thiét n = 2 nhu vi
n
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Ky hiéu x;» 14 toa dé6 ma tai d6 :

1
Ag(x1,2) = 5 Ag(OJ

Theo chuong V : Ag(x,.,) = ZGL{% +arctg El‘]—z] = G“—; (6.8)

Viy arctg X—lh"—z = g

Tim duge do sdu: h = xy2
2.4. Béc théng ditng.

Chon gdc toa d6 tai dau bac thing ddng (£ = 0).

2, -2
Ag = Go|rlts - ¢ )+ :?.(:Qarctg’,i - Zglarctg—}i +xln X2 53
Lo &1 x + &3
2, .2
V,, = Goln X *52 (6.9)
X° + L3
Vzz = 2Go arc:lg&—arctgEL
X X
Vix=—m Ag=0
x=0 Ag(0) = Gon (22 — z1)
X=w Ag(w) = 2Gon (22 — 21)

Tit ddy c6 thé biét dé day (zg — z1) ciing vdi 2y va zg.
§3. BAI TOAN NGUQ@C CHO DI VAT CO DANG TUY Y
3.1. Xac dinh khéi lugng va toa do khoi tam.

Pay la bai todn nguge khong doi héi phai bigt trude hinh
dang, mit 49 cla di vat va 14 bai toan don tri. Céng thdic Gauss
(2.32) trong ly thuyét thé& cho ta tich phén theo m#t S va theo

thé tich V;
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f——-ds—*4ntcdv=—4nGM (6.10)

Tich phan ddu ldy theo mat S, bao tram di khdi M. Nhung
dao ham dU/én lai duge cho trude trén mat phing ndm ngang
(m&t ddt). Do d6, d€ cho phu hgp ta cé thil thuit nhu sau. Bao
boc 14y di kh&i bing mét hinh tru trén dung ding, c6 mit trén
tring v6i mat d4t, con d4y n&m sfu hon di khdi. Ban kinh cla
hinh tru da 16n sao cho hinh try bao trim hét di vat. Nhu vay
tich phdn theo mit S giy day phén thanh mot tich phan theo
thanh bén cda hinh tru va hai tich phan theo hai ddy tron nhu
nhau. Cho bdn kinh R tang 1&n v6 han thi tich phan theo thanh
bén s& thanh khéng vi tinh chét chinh qui & vé cye cia ham thé
U. Con hai tich phan theo mat tron biing nhau. Nghia ]a:

[ Ju. (€ a0)dedn=2nGM.

— a0 -

Hay 1a: I S , (6.11)
ay M= +j; 1;[Uz (&, n, 0HEdn

L&y tich phan theo tiing phén, ta c6 cbng thic cho khdi
lugng va toa dd khéi tdm théng qua cdc dao ham caa thé U:

40

1
M=o J;

va vi khi £ 0 thi £U,> 0, cho nén:

U, &, * j&U,z(a, n, o)da}i

L VI e S

I
=_§§5£ {guu dédn. (6.12)
Tuong ty: 35 f THUW ddn.

+a —=

P6i voi bai todn hai chiéu, vat ndm dai v0 tan theo y.
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Ta cé:

f U, (£,0)d% =2rG)
{6.12a)

f &U,, (£,0)dz = —2nGh

D¢ tinh toa do khdi tam, thay V= & vao cong thie Green
(2.13) trong sdch ly thuyét thé (Tran Van Nhac & Nguyén
Thanh V&n):

ﬂ{u__v_ ds = m[uav VAU jdr

ta c6:

+x +x

f f U, (£,1,0)&d &dn=2nG fe;dm 2nGMx,,

G - hiing s6 hdp dén, 1 - thé tich trong mat S.
Va sau d6, thay V=1, ta cé tuong tu:

+o0 +ao

I IU (&, m, Ond &dn -21:Gj’ndm 27GMy,

—w -@

T dé rit ra:
1 1
%= [edm; yo= - [ndm (6.12b) .

Toa d§ z; x&c dinh khé hon va lin diu tién da duge
Hambourgsev tim ra biing cdch cho V = { trong céng thic
Green ta cé:

[ [lveno-—2_|ad=—2m0Mz,  (6.13)
e gZ _+_.r|2

Ap dung tich phan theo ting phdn céng thic nay, ta cé cdc
loai dac ham bgc khéc nhau xuét hidn sau déu tich phan:
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X v

J JuEn0+28v, (& n.0)dean=

+ W+

= [ [[vEn0)+2nU, (5n.0)|dsan—6xGMz,
o | 619

[ (En.0)~ E°U,, (£.n,0)|dEdn =

+u + N

+ X o+ X

=f f [nUy(&n,00-n*U,, (£,n.0)|dedn =~ 22GMz

—%x =%

Céc cong thdce trén diy ching td rdng, dé€ xdc dinh z;, ta
cn biét th& va dao ham cdc bac cda né. Tuy nhién, khéng cé
mdy do tryc ti€p cdc dai lugng nay, do d6 ta phai tim cdch bidu
dién chung qua di thudng trong luc quan sat trén mit dat (xem
chuong 7).

M#c db theo cdc cdng thic trén, tich phan duge 18y trén
mién rfng vé han, nhung trén thyc t& di thudng trong luc va
dao ham chi xdc dinh trén mién hitu han. Do d6, ta ph&i tinh
hiéu chinh b8 sung cho ving xa. D&i vdi bdn kinh r, ndo d6 tré
- di, ving nay dugc coi la ving xa thi di vat c6 thé coi gdn ding
bdc mét la di vt dang cdu va ta 4p dung cong thiic di thudng do
qud cdu gay ra:

UJrJ:GMLm
(17 +1?)
2% 3
U,(n=U (r)[’ +"2] ~ U ()5
+h T

vi h << r. Vay:

In

e I drd

Tich phan thd nhét tinh theo phuong phdp gidn ding, con
tich phan thit hai ¢6 thé tinh chinh x4c. K&t qua:
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M—l

2n
= oG L j IUz(r, alrdrda + 27U, (1, )rf} (6.15)

0 0

Trong trudng hop 2 chiu, c6 thé coi tif &, tré di di thudng
14 cda hinh tru trdn. Vay:

LJz =:[J2 n)éé-
(€) (4 .

1

Matdd dai: »=—
ab oo dar 2n;

+En ~
IUz(a)da + 20, (8,88 I 2—5]

—-&n +&n

1
2nG

+&
[U. ) + 20, &, »;n]
-

Tri s8 cda tich phan khic dudi bd di c6 thé lén. Tir dd thi,
ta thdy trudng hgp qud cdu, tich phan tinh duge U, chi bing
55% trudng toan phdn khi trudng giam con 0,1 gid tri cuc dai.
Dua vao dé thi, ta ¢6 thé rit ra hiéu chinh dua vao gi4 tri cia
M.

Hinh 53: D6 thi ctia tl 56 tich phén tinh todn va tich phén toan
phdn 1, hinh try; 2 hinh cdu.
3.2, Phuwong phap lua chon déi véi di vt phic tap

Khi gidi bai todn nguge ding phuong phdp lya chon, la so
sénh trudng tinh todn véi trudng quan sdt. Khi nao hai trudng
nay tring nhau thi md hinh lya chon 14 chdp nhén duge.
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a. Can cit vao cac théng tin dia chit xdy dyng mot md
hinh ciu tric dia ch4dt gdm mét hoac tap hgp nhidu vt ¢é hinh
dang don gidn.

b. Tinh tdc dung trong lyc cia mé hinh &y (st dung bai
toan thudn).

¢. N&u dudng cong tinh todn khéng trung v6i dutrmg cong
quan sat thi ti€n hanh diéu chinh lai dang cia md hinh, dé tién
din tdi mdt mdé hinh cho ta dudng cong bidu dién trutng tinh

todn 1y thuyét trung véi dudng cong quan s4t (hiéu 88 clia chiing
dat tai thidu).

Hinh 54
1. Hinh chit nhdt xdp xi.
2. Hinh xdp xi ban ddu. .
3. Butng cong xdp xi diing.
4. Dudng cong xdp xi ban dau.
5. Pudgng cong quan sdt.
6. Diém quan sdt truong ban ddu.

Ngay nay phuong phdp nay duge mdy tinh dién td gidp cho
lya chon nhanh chéng. Viée chinh hinh duge méy tinh dién td
ti€n hanh sao cho hai dudng cong tring nhau (cuc tiéu hod
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phi€m ham). Bulakh va Markova di thue hién cuc tidu hoa
phi€ém ham F théa diéu kién sau:
F=2 [qus(xi,yl)qﬂg"(x!,yi) ]zzmin (6.16)

N&u di vat duge coi 12 hinh hap chit nhat thi tham s§ gdm
¢6: mat 48 du Ao, dd sdu mat trén va dudi, chidu dai theo ¥ Va X,
toa d) cha cdc canh. Bai todn thuc hién theo hai chidu hoic ba
chiéu,

Do tinh da tri, ta ¢6 v6 s6 mé hinh cho bai todn nguge
(tinh da tri). Do d6, d9 chinh xdc, tin cdy cia phuong phap phu
thude rédt nhiéu vao cde thong tin dia chat. Ngoai ra, € han ché
tinh da tri, ndng cao d¢ tin ciy, ta phai k&t hop céc thong tin
dia vat ly: Cdc két qud nhdn duge bing phuong phép dia chén,
tir, dia dién, két hgp vdi nhau.

§4. TRUGNG HQP MAT PHAN CACH HAI MOI TRUONG
DIA CHAT CO MAT PO KHAC NHAU.

Diy 1a bai todn 2 chiéu thude loai edu tric. Hinh dang cda
mat phén cdch 1a d4i tugng duge quan tidm, cAn phai xdc dinh
dya vao trudng di thudng trong lyc quan st trén mat dat doc
theo tuyén do.

4.1. Danh gia d¢ sdu giéi han theo phuong phép
Fisher.

Trude hét ta cdn dénh gid so by dé sau t6i thidu ctia mat
phan cdch. Hai mat d¢ o; va og. Coi 16p trén c6 bé ddy (db sau
mat phén cdch) gy nén gid tri lyc hip din xé4c dinh theo cong
thie 16p trung gian:

V; = 21GeT

Trong dé mat dd du: o = o1 ~ o9

Gid st chd 16p méng nhét tng v6i §; va ddy nhat ¢, ta c6:
V. = 21Go ({2 — &) = 2nGeT

T = (€2 ~ §1) - hiéu d6 sau 1a bé day t6i da cda bac.
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vl v v w vl?i »
w w N v v x ¥
w| v w . »
L]
6! v FLl . vt
v’ b * 6!'
-
62

Hinh 55: BGc gdn thdng diing
Ap dung cong thic V,, cho bac thing ding:
& 2, g2
V,(0,0)=~Goln (g + )| | =ccm-§;L% 6.17)

] 1
Vi dat cuc dai tai &; va néu cho &, = 0 (g&c toa dé), thi tai
goc toa dd ta ¢6 cuc dai:

(Vigdoax = 2Goln 22

<1
(¥, ymax
Hay Ca =CGie %
ma Lo =81 + T, do do:
T
é'l = (¥, ymax (618)
e Mo _|

Khi biac phife tap khéng hoan toan thing ding, ta cé:
T

(Vxg)max
e 2G0' — 1

G S (6.19)

Hinh §6: Bdnh gid d¢ sdu giéi han
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4.2. Xac dinh dé sGu cia mét phéan cach hai mét do.

Khi hai méi truong dia chdt ¢6 méat d¢ khdc nhau thi di
thuéng trong luc phu thujc mat do du (o1 — o2} va bién thién
theo chidu day cia l6p trén ¢, (dong thoi 14 d6 sdu m#it phan
cdch hai 16p). Ap dung cbng thic 16p trung gian ta cé:

Ag = 211G (o1 ~ 02)8
Véy tai hai diém v6éi dd sau ¢ va &, tuong dng, ta c6:

Ag — Ago = 27G (01 — o2) (€ ~ o)

Ta ¢6 d6 sdu chua biét ¢ tinh qua cde dai lugng da biét:

Ag _Agc
2nG (os — o)

Q = C_lo + (620)

Hinh 57: D¢ sdu ¢ xdc dinh mdt phdn cdch 2 mét truong

Ta xem la 16p trung gian vd han thyc ra chi la gin ddng.
Song sai s6 khong ddng ké vi ¢dng thic trén hoan toan é.p dung
tot. Néu mudn chinh xdc hon ta cdé:

Ag = 21G {01 — 02)C +u

Thanh phén u la tdc dung cha khdi lugng vugt trdi so vdi
mue & (t61 thiéu).

27

_ = % tdadrdg
u=Go Ojoji(rz NEIOE (6.21)
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Trén thyc tién bai todn dugc gidi b¥ng phuong phdp gin
dung lién ti8p, trong d6 nguvi ta gid si ring su bién thién cda
di thudng chi do m#t phan cdch giy ra, hofic ¢é cdc nguyén
nhén khéc chi giy ra bi&n thién tuyén tinh cda di thudng trong
lure.

4.3. Phuong phap Tsuboi, Tomoda va Aki xae dinh dé

sdu m@t phan cach hai mat do.

Giad si d 1a dd sfiu trung binh cla mat phin cdch biét
trude. Su léch khéi gid tri d, ky hiéu h(x), la ciAn phai xdc dinh.
Phén khéi lugng ¢6 hiéu mit 46 1a Ac n¥m trong ranh h(x), da
gAy ra bién thién di thudng Ag theo x.

Mat quan s4t

Hinh 58: Mgt phén cdch dao déng quanh dé sdu trung binh d.

Ciing ¢6 thé quan niém di khéi 12 mdt mat phdng & do sau
d ¢6 mat d6 thay ddi do di khéi bi nén trén mat phing d6 va cé
mit dj mat ty 18 vdi hix):

o(x) = Ach(x)
Néu dudng cong Ag cé thé biéu dién bing chubi
Ag(x) = 2, Bneosmx (6.22)
thi & d9 sdu trung binh d va o(x) quan hé tuan theo qui luit:

d

o(x) = Y Bpcos mxe™

2nG

olx) _ 1

Vay ta c6: h = =
4y ta co (x) Ao 2nGAc

> B.cos mxe™ (6.22a)
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Céng thic (6.22a) c6 thé s dung dé xdc dinh sy bién thién
do sdu cda di khdi theo di thudng trong luc, hiéu mét dd va dé
slu trung binh.

§5 TINH TUGNG DUCGNG VA DA TRI CUA NGHIEM

Bén canh khé khan trong viéc tdch trudng trude khi gidi
bai todn nguge, con ¢6 khé khin sau day. Sau khi tdch 14y duge
truong do di vat dia phuong quan tAm gy ra, thi trudng nay via
c6 thé 12 do di vat nay, via c6 thé do di vat khac giy ra. Nghia
14 ta c6 thé tim duge nhidu phan bé cda di khéi tif mét truding
cho trude. Ngay khi trudng 1a qua cau, ta ¢6 vd s0 hinh cidu cing
khéi lugng, nhung ban kinh, mit d¢ khdc nhau giy ra cing mot
trudng hip dan.

Ta ciing kh6 c¢6 thé phan bigt trudng quan sdt cla mft
hinh lang try trdon va chiy nhat (hinh 59), mic du trudng cha hai
vat c6 cong thic khde nhau. Sy trung lap, sai khdc nhau vb cling
bé goi la tinh tuong duong ¢ {ép xi lon).

F ] !.ufi.ﬂ
! h

450
F£

Hinh 59: Tinh tuong duong giita hinh sao va da gide
(trdi) hinh lang try tron va chiz nhdt (phdi).

Két qua, néu nhu bai to4n thuin ¢6 nghiém duy nh4t, thi
bai todn nguge néi chung la da tri. Bai todn nguge cling ¢é tinh
don tri, nhung chi trong pham vi hep cda 16p bai todn, khi ta cé
nhiéu théng tin dia chdt giéi han tinh da tri. Nghia 14 cang cé
nhiéu théng tin dia chit chinh x4c, thi nghiém cla bai teédn
ngude cdng gan tinh don tri hon, tinh da tri s& bi thu hep lai.
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Tinh da tri s& duge can ban khdc phuc khi si dung cac
phuong phdp dia vat 1§ khdc nhau dé so sdnh két qud. N6i
chung, thudng ngudi ta sit dung t3 hgp phuong phap dia vat ly
dé dénh gid k&t ludn vé mot dbi tugng dia chat nghién ciu.

Tinh cuc by cia tinh da tri: Tinh da tri va tinh tuong
duong chi ton tai trong mét pham vi hep, cuc b cta khéng gian.
Vi du, tai mot khu vye khdo sat dién tich nhé, thi truding cia
hai di vt khdc nhau do duge 1a trang nhau. Nhung néu ti&p tuc
mé rong dién tich khdo sat, thi hai truéng quan sat cua hai di
vit sé& khong trung nhau nda. Vi néi chung, hai truéng nay cé
cong thic, qui lut khde nhau thi ching khong thé tring nhau
tai todn mién x4c dinh. Tinh da trt sé dugc khic phue. Tuy
nhién, trén thyc t& do réong nhu vay rdt tén kinh phi, khéng
khéa thi trén thue t&.

C6 mdt s6 dai luong duge x4c dinh mét cach don tri, khéng
can biét trude dang hay mat do di vat. Pé la tdng khéi lugng,
toa do khoi tdm, cdc mémen qudn tinh, ciing gitip cho ta han
ché tinh da tri. Bén canh phan tich di thuong, cdn phai phan
tich thanh phan khdc nhu dao ham, d& han ché tinh da tri. Vi
dao ham cia cée di vat cé thé khac nhau.

Tinh 6n dinh: Ngay trudng hgp tinh don tri cda bai todn
nguge, néu ton tai, thi né mang tinh khong én dinh. Nghia 1a
mét thay d6i nhé cha trudng ngoai, sé dng véi mét thay ddi 16n
cia sy phén bs khdi lugng. Hau qud, c4 sai s§ do dac trudng
quan sit s& din dén viéc gidi dodn sai v& phan bs khdi higng
dang tim,.

§6. TINH KHONG CHINH CUA BAI TOAN NGUGC .

Bai todn nguge cda trong luc tham do thude loai bai toan
6 dién cha phuong phdp todn ly. J. Hadamard da phén ching
ra lam hai loai: Loai duge dat chinh va loai duge dat khéng
chinh,

Ta hay lam quen v6i nhiing ky higu sau: Goi z 1a mot phan
bd khéi lugng (di vat) A 14 mot ham (todn td), cu thé 13 mdt tich
phén. Trudng cia z 1a u lién hé véi z béi phuong trinh:
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u = A(z) (6.23)

Péi véi moét di vat bat ki cho trude z dusi mat dat, ta lubn
ludn 6 mot trudng u tuong ng, xdc dinh duy nhit bdi (6.23)
trong toan khéng gian ngoai. Pé la bai toan thudn. N6 ¢é tinh
don tri. Mot thay d6i nhé cQa z, sé (ng v8i mot thay déi nhé cia
u, d6 1a tinh 6n dinh. Bai todn goi la dat chinh theo Hadamard
1a néu théa 3 diéu kién: a) Nghiém tén tai; b) don tri va ¢) én
dinh.

Trong bai todn nguge, ngudi ta phai gidi phuong trinh
(6.23) d€ tim z 14 nghiém cla bai todn nguge, cdn cd vao trudng
u bdt ky cho trude. Nghiém z cin tim nim trong todn td — tich
phén chap. Phuong trinh (6.23) thutng la phuong trinh tich
phéan Fredholm loai I. Ky hiéu Y la khéng gian (t4p) chia z. X
12 khéng gian (tuyén hofic mit phing) chia u - gid tri cia ham
A,

Theo ngbn ngit cia gidi tich phiém ham, néu ham (todn t)
A(z) 4nh xa Y vae X mot cdch don tri hé tuong, thi ham (todn
tif) A sé& ¢6 todn t nguge A™' = T sao cho:

z = T(u)

To4n t& nguge T 4nh xa X vao Y. Thudng, todn ti nguge T
khong thé hién tudng minh. Ta phai xdy dyng, tinh todn. Bai
todn cha phuong phédp todn ly duge dat 1a chinh trong chp
khéng gian metric (X,Y) theo ngdn ngif cla giai tich phiém ham
14 néu:

1) Phén t{ z (ze Y) - nghiém ctGa bai todn, l1a gid tri cda

ham T(u) — todn ti tdc dung ti X vao Y:

2) Mién xdc dinh ctia ham (todn t&) T(u) la toan khéng gian
X.

3) Ham (todn ti) T{u) lién tyc trong toan khéng gian X.

— Bai todn goi 14 dat khéng chinh trong cap khéng gian
metric (X,Y) néu mét trong ba didu kién 1), 2), 3) khéng duge
thoa.
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~ N&u diéu kién 2) va 3) khong dugc théa thi bai todn goi
14 khong 6n dinh.

Trong thuc t&, ching ta gdp bai todn nguge khong chinh
trong trudng hgp gidi phuong trinh:

u=A(z)
neRAYcX,ze DA cY:; A1 Y - X (A 4nh xa Y vao X).
D(A) — mién x4c dinh clia todn tf A trong Y.
R(A) - mién xdc dinh gi4 tri cia A (la u) trong X.

Trong lua chon tuong dng X va Y, mién xdc dinh cua A c6
thé€ 1a toan Y: D(A) = Y, nhung mién xdc dinh cta gid tri u cia
ham A khéng tring véi toan X: R(A) # X, nghia 12 mién xac
dinh cia todn tf nguge T(u) trong thuc té lai khéng phai toan
khéng gian X,

Truong u 1a di kién thudng khéng do duge & toan khong
gian X. Tdc toan t¢ nguge T khong xdc dinh trong toan khéng
gian X. Vay diéu kién chinh theo Hadamard khong duge thda.
Todn ti nguge T khoéng thé xdy dung duge trong thue t&. Két
qud, bai todn nguge trong thyc t& ¢6 thé khong c¢é nghiém. Hoac
néu ¢6 nghiém, thi nghiém khéng don tri. N&u nghidm 1a don
tri, thi né cé thé khéng dn dinh.

M&i lién quan gita nguén va trudng duge md ta bdi (6.23).
Su lya chon Y 1a lya chon 16p md hinh cdc loai ngudn (di vat).
Con lya chon X phy thude vao tinh chit clia cde dit kién thuc
nghiém. Su tdn tai nhidu trong dit kién khi&€n ta phai lga chon
X rong hon R,

§7. TINH CHINH CO DIEU KIEN THEO TIKHONOV.

Trong vdng nhiéu nim, ngudi ta cho ring khong thé giai
dugc bai todn khdéng chinh. Co s cho viée x4y dung phucong
phdp gidi bai todn khong chinh 13 nguyén tdc didu chinh da
duge Tikhonov (Chi-khdn-nép) dit ra, cho riing, trong viée gidi
bai todn khong chinh, cdn phéi sit dung phuong phap dic biét,
dya trén thong tin tién nghiém vé tinh ch&t cia nghiém dang
tim ki€m va nhiéu trong dit liéu & dau vaoc. TaAm quan trong cla
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viéc ndm thong tin tién nghiém da duge thé hién trong dinh ly
cia Tikhonov nhu sau:

Gid st c6 mot tdp compdc M cha khéng gian metric Y,
duge 4nh xa bdi ham A(z) vao tap N cha khéng gian metric X,
Néu ham A(z) dnh xa M vao N mot cdch don tri hd tuong va
lién tuc (tfec mdt thay déi nhéd cia z trong M Ung véi thay déi
nhé cda u trong N), thi sy dnh xa nguge N vao M ciing lién tuc
(ttc mot thay déi nhé cia u trong N dng v6i thay d8i nhé cia =
trong M)

Tinh compdc cia tdp M < Y khéng phai ludn ludn cin
thi€t. Tikhonov goi t4p M <= Y 1a 16p chinh. Tir tinh lién tuc va
don tri hé tuong cha 4nh xa bdéi A(z) vao N, ddn dén tinh lién
tuc cia 4nh xa nguge bdi T(u} vio M. Bai todn trd nén chinh
theo diéu kién cta Tikhonov.

Y nghia thuc tidn cha dinh 1y Tikhonov l1a nhu sau: Né&u
théng tin tién nghiém vé nghiém z 1A thudc 16p chinh M, thi a8
nhan dugc nghiém gin ding cia bai toan, cin ¢ vao thong tin
thue nghiém u; € X, nguéi ta tim phén t& gin dang cta
u = T(z) €N, 14 phan tit u.eN vdi d6 chinh xdc tdi . Khée véi
tinh chinh theo dinh nghia cda Hadamard, Tikhonov khéng yéu
cau nghiém z phai ton tai trong toan khéng gian Y, khéng yéu
cAu toan ti nguge T phai lién tuc trong toan khéng gian X. Pé
14 tinh chinh ¢é diéu kién theo Tikhonov.

DE gidi bai todn dit khong chinh, cdn phii s dung cédc
phudng phép gidi ddc biét — thuit todn didu chinh. Thuat todn
nay chuyén diing cho viée gidi bai todn ngugc trong 16p mé hinh
phan b6 khsi lugng, trong d6 nghiém 1a don tri, ¢6 tinh dén
thong tin vé tinh chdt cia nhidu & dir liéu vao va thong tin v
nghiém can tim. Vin dung cic thong tin nhu vay sé cho phép
khéc¢ phuc tinh tuong duong mét cdch cé hidu qua.

N6i cdch khde, theo Tikhonov, 1a khi ta nim duge hdu hét
théng tin tién nghiém, thi tinh da tri clia nghiém s& bi thu hep
lai, va bai todn trd nén don tri. Gidi bang phudng phdp gin
ding, ta ¢6 nghiém gén ding. V&n dé nay ta s& xét § muc §8
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§8. CAC PHUGNG PHAP GIAI BAI TOAN KHONG CHINH

8.1. Phuong phap lia chon dua trén co sd thudt toan
diéu chinh

Phuong phédp lua chon duge dng dung rong rai trong phén
tich dinh lugng, c6 tinh chét téng quat, duge s dung cho cédc
trudng hgp phéan lop thang ding (khoang vat) va phan lép
ngang (cdu trac), dac biét la trong viéc gidi bai toan véi cdc méd
hinh cho trugc. Tinh don tri cua nghiém bai toan loai nay dugc
Strakhov nghién cdu day du.

Trong mét 14t cit dia chat, di vat duge xdp xi bing tap
hgp cdc md hinh chon trude. Trong trudng hgp bai todn 2 chiéu,
tdc dung trong luc tinh todn 1y thuy&t d6i véi diém quan sat la:

. .
Zoi(pij (xi’ 2,5 Eypaeens &g Gy “‘9ij) =V, (x,.2)) (6.24)
i=1

i=1L,M (tir 1 dén M).
Trong d6 N — s3 di vat nguyén to.
o; — mat df du caa di vat tha j.
E1i 5 v » Eajs Gljy o Cij ~-tham s8 cha di vat tha j.

@ — tdc dung hap din cha di vat thd j d6i véi diém
quan sat thif i.

- ol A -
M - tong sd diém quan sét.

Khi xay dyng mé hinh ban diu, mdt phin cdc tham s6 cua
né da duge biét trude dua vao dir liéu dia chat, dia vat 1y véi dp
tin cAy cao. Céc gi4 tri cia cdc tham s6 néi trén coi nhu duge c6
dinh. Cdc tham s6 bi€n thién duge xdc dinh theo trudng quan
sat. Piéu kién lya chon tham s& t6i uu 14 trudng tinh todn ly
thuy&t theo md hinh trung véi trudng quan sét.

Vae (xi, 2) = qus (x;, z;}
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N
Zcrj(pij(xi.zi,c";]j,...,é_nj. Lipeerlog) = Vanlxi0z, ) 1= 1M (6.25)
)=

Nhu vay, nghiém bai todn ngugc cha trong lyc tham dbd
trong 16p mé hinh cho truée duge qui vé gidi hé phuong trinh
tuyén tinh (6.25). H¢ nay tuyén tinh hay phi tuyén la phu thudc
vdo tham s6 nao phai tim. Néu nhu dang cia dj vat 1a 8 dinh
thi 4n s0 12 mat do ho#c gradient mat dé (khi mat d¢ thay ddi
theo dang da thdc bai todn ¢6 dang (6.24) thi hé 1a tuyén tinh,
con lai 1a phi tuyén).

DE tién 1gi, ngudi ta biéu didn hé (6.25) biing phuong trinh
todan td loai 1:

Fx=b (6.26)
x € Hy, trong dé x — thanh phan can tim.
b € H; — dai lugng cho trude (truding V).
H; va H; — khéng gian Hilbert hitu han nao dé.

F — todan ti phi tuyén theo Fresh, 4nh xa H, thing
vao Hg_

Néu md hinh chon la thyc t&, thi nghiém cha (6.26) tén
tai, néu b dugc cho trude chinh xdc: b = b 1a gid tri chinh xdc
clia trudng.

Tuy nhién, trong thuc t€, do sai s6 do, nhidu ta chi ¢6 dai
lugng gin ding b théa diéu kién: ”b-b"H <8.

Do dé, hé phuong trinh (6.26) gidi duge khéng phai d6i véi
moi b € H, cho nén thay vi gidi (6.26), ngudi ta dat ra bai todn
nghiém gén ding binh phugng cho b, titc thda:

f(x)=]Fx—bf} (6.27)
Bai toan duge dat khéng chinh, do dé phdi sit dung phuong

phédp dic biét. Phuong phdp co ban tédng qudt d€ tim nghiém
gan ding 1a phuong phdp (thuat todn) didu chinh.

136



8.2, Khai niém vé thudt toan diéu chinh.

N&u trong phuong trinh (6.23) phan t bat ky u eR(A) duge
cho truée chinh xdc, 4n 86 cdn tim 1a z, thi phudng trinh (6.23)
c6 nghiém don tri, tdc (ng v6i modt u ta c6 mdt z. Lac dé tén tai
mdt todn tf ngude sao cho z =T(u). Tuy nhién, trong thuc té,
phén tf u chi duge cho trude mot cach gian ding 14 u; = u + du,
ma du € R(A). Metric p,{u, us) < 8, vay thi us; khéng thude R(A).

Nhiém vu 1 cin ct vao dai lugng gan ding u;, tim dai
lugng gin ding z; cha z.

Né&u bi&t trude tri s ciia & v mdt 58 théng tin vé nghiém
cAn tim, thi trén thuc tidn, ta c6 thé s dung mét algorit (thuit
todn) difu chinh ma thyc chét clia né nhu sau:

Thay cho ham T (ham nguge cia A), ngudi ta dua ra mot
ho R;, phu thudc vao & nhu tham s6 thda diéu kién sau day:

a/ Vi 0< 8§ < §; ta ¢6 R;, xdce dinh trong toan X, véy:
z; = Rs (us) (6.28)
b/ Véi bat k¥ 8 > 0, vd & < §) ¢6 R; lién tuc trong X;
¢/ P61 véi bat ki u eR(A) ¢6 dinh, tén tai sy hoi tu:
Py(Z, z5)— 0 (6.29)
30
Mét ham v6i tinh chdt nhu thé&, ¢6 vd s§. D& c6 nghiém
hitu higu, cdn chon Rs dua vao théng tin tién nghiém vé nghiém
z cdn tim. Tuy nhién, diéu kién (6.25) d6i véi Rs khong cho ta
kha nang ddnh gid sai s8 va toc d9 hoi tu cia pylz, zs). Su hdi tu
nay cé thé xdy ra rit chim. D& danh gi4 sai s6 cha céc nghig¢m
gén dang, cdn bi&t sy phy thudc cla z vao tdp chinh M c Y.
Ham s& R; ¢6 thé duge xdc dinh mdt cdch tudng minh,
hodc cho trudc khong tudbng minh. Vi dy, thudng ngudi ta thay
th& (6.23) bing mdt phuong trinh gin ding:
u = Ay z) (6.30)
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mé trong d6 o > 0 — tham s, ma véi moi g14 tri cia né, nghiém
ctia (6.26) déu tén tai, don tri va én dinh trong X. Phuong trinh
(6.26) dugc xdc dinh bdi algorit diéu chinh, ndu d§i véi ham
T; —~ ham nguge cia A; ta ¢6 kha nang chi ra sy phu thudc
a = o), ma a(d)— 0 khi §— 0, sao cho d8i v&i u e R(A) b4t ky,
tdn tai sy hoi tu.
Py {2, TusfusH— 0 (6.31)
8- 0
Céch thay th& (6.23) bing (6.26) phu thuge vao théng tin
vé nghiém cin tim.

Cdc phuong phép bién phan 4p dung dé giai bai todn
khéng 8n dinh ¢6 nhiéu ¥ nghia thue ti&n nhat la:

a/ Phuong phdp cyc ti€u héa phi€m ham cia Fillips.
b/ Phuong phédp phi€m ham diéu chinh caa Tikhonov.

¢/ Phuong phép gid nghiém clia Ivanov.

8.3. Phuong phap cuc tiéu héa phiém ham.

Phuong phép cyc ti€u héa phi€ém ham (cdn goi 1a phuong
phép gidm du) va phiém ham diéu chinh dya trén viée sit dung
thdng tin tién nghiém vé nghiém cdn tim z dudi dang phu thude
cia z vio mién x4c dinh D cla phi€m ham én dinh Q, théa didu
kién sau:

a/ Poi véi tdt cd z € D(Q), Q> 0 ;

b/ Tt diéu kién O > 0 din dén 2 = 6 - phén t trong Y;

¢/ Céc tdp mic cha phi€m ham, tic tdp dang Qz) < C
(h¥ing tuy ¥ C < + ®) — thyc chit 1a c4c tap compic trong Y.

Phuong phdp cyc ti€u héa phidm ham dva trén viée tim
kiém gid nghiém z; nhu nghiém cia bai todn cye tri c6 didu
kién.

Q(z) = min (6.32)

=D}
pxlus, A(z)] < &
Diéu kién: p,[us, A(2)] = & thudng duge 4p dung.
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8.4. Phuong phap phiém ham diéu chinh.

Phuong phdp nay (con goi la phuong phép bién phan)
khéng lua chon nghiém theo diéu kién cyc tiéu hod phi&ém ham
kiéu (6.27) c¢é dang binh phudng:

f(x)=]Fx - bn; = min

Noi dung clia phuong phdap phi€ém ham diéu chinh do
Tikhonov dua ra la tim kiém nghiém gin dang z; nhu nghiém
cla bai toan cyc tri vd diéu kién:

aldz) + plus, Alz)] = ny(g (6.33)

Vay phuong phédp phiém ham diéu chinh di trinh bay &
trén, didu kién cue tiéu ho4 1a (6.33), v4i tham s6 « > 0 t&i uy,
ludn tdn tai nghiém z, don tri, thda (6.34) vdi & cho trudc.

3 day phét sinh bai todn bd sung d€ luya chon tham s&
diéu chinh a (xem muc §9). Lua chon phd bi€n nhat 14 theo
nguyén téc cuc ti€u héa phidém ham, tic theo diéu kién:

pslus, Az)] =3 (6.34)

Mot phuong phap khac dé€ luya chon nghiém t6i uu v6i 8
biét truée la dua vao tiéu chudn gid t8i uu cGa Tikhonov-Glasko.
Theo d6, nghiém t6i wu 2z, duge chon tit trong ddy 1& nghiém
itng v6i diéu kién:

min
[+

a_

(6.35)
c

Trong trudng hgp khéng gian X va Y tuy&n tinh, ham A
lién tuc, va phi&m ham Q 14i chat ché, thi sy ton tai va don tri
ctia nghiém didu chinh trong cdc phuong cuc tiéu hod phiém
ham phéan va phi€ém ham diéu chinh dugc thiét 1ap trong 16p bai
todn rong rai.

Trén thuc té, cac khong gian Y va X, trong d6 ta gidi bai
todn dudgc lua chon 1a khoéng gian Banac (khéng gian tuy&€n tinh
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chudn hod), phd bi€n nh4t la khong gian Hiltbert. Trong trudng
hop nay, phuong phap cyc tiéu hod phiém ham va phuong phédp
phiém ham diéu chinh ¢6 thé duge sit dung trong cd trudng hop
gidi bai todn vdi nghiém khéng én dinh va khong don tri. N&u
khéng cé sy don tri, thi phai ¢6 diéu kién b8 sung cho phiém
ham diéu chinh: phiém ham diéu chinh Q cdn phdi 1a 16i chat
ch&. Nhu vy, ddm bdo luén cd tinh don tri cha nghiém didu
chinh. Nhitng nghiém nhu thé& goi 14 Q - chudn (normal) hoac
chuén theo phi€m ham Q.

Viéc lya chon phiém ham diéu chinh dude thye hién trén
¢ s¢ hi€u biét truée vé do tron clia nghiém cin tim. Vi dy, khi
gidi bai todn nguge trong 1dp cdc vat sao, phiém ham Q duge lua
chon sao cho ddm bdo min ciia dién tich bé mat cha vat sao.
Tudng tu, Q duge lua chon trong viéc gidi bai toan nguge cho
mat phan cach gom d6 sdu clia mat phing tiém cén va d6 chénh
Az(x,y) cGa mat ndm phia trén mat phing d6.

a0 2 2
O(z) = IIII@AZ;:,}!)J +(6A26(}:,y)]

—od

dxdy + g(H~H,)* 6.36)

Trong d6 H 1a @6 sau cin tim, Hy 14 @6 sdu cho trude.

Viée st dung phuong phdp phiém ham didu chinh déi héi
cho trugc dai lugng 8 vdi d6 chinh xac kha cao (sai s6 ti déi e
10% hodc bé hon), ma trén thuc tién, khéng phai luén luén hién
thuc. Trong nhitng diéu kién nhu viy, phuong phdp xiy dung
cdc nghiém gan ding nhd thuit todn didu chinh duge tign hanh
nhu sau: s& dung théng tin b8 sung vé tinh chit clia nghiém cdn
tim ki€m z (nhiéu hon so véi théng tin dugc st dung khi lya
chon phi€m ham én dinh Q) va nhidu 8u (us = u + 8u, u — tin
hiéu hitu ich). Théng tin nay cho phép coi gi4 tri § nhu tham sé
chua biét, cAn phai x4c dinh ciing vdi nghiém cin tim.

8.5. Phuong phép gia nghi¢m

Phuong phép gid nghiém (hay chudn nghiém) cia Ivanov
¢6 thé duge st dung trong trudng hgp nghiém cén tim duge cho
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bi&t trude la thudc vé tap compdc M < Y. Nghiém z; duge tim
theo diéu kién:

pylus, Alz)) = min (6.37)

zeM

Po6i véi 16p bai todn réng clia khéng gian metric Y va X
nghiém cia (6.32) 14 don tri. Trong thuc t&€ khi s& dung phuong
phdp gid nghiém, thudng xudt hién khé khiin trong viée cho
truéc compéc M. Dic biét, ¢6 thé véi M di chon, thi ta cé:

PLlus, Alz}] >> 8 (6.38)

Do d6, can thiét tién hanh nhu sau: Cho trude mét day
compéic mé rong My, My, My, _.Mi,...., M; M,,;;i=1,2,.. Dai véi
mbi compie, gidi bai todn tim z;" tir diéu kién:

pxlus, A{z)] = min (6.39)

e}
Nghiém t&i uu duge chon 14 nghiém théa diéu kién:
pxlus, A(z)] <38 (6.40)

Piéu kién trén day dubng nhu bit chudc phuang phép cyc
tiu hod phiém ham v phi€m ham diéu chinh. Phiém ham én
dinh dugc xdc dinh bdi mét ho céc tip compéc don tham sé,
trong dé nghiém thudc vé mot trong s6 cdc tAp d6, duge xdc
dinh béi 8.

Phuong phdp gid nghiém thudng duge s dung trong trong
lue thim do d€ giai bai todn ngugc trong l6p ngudn cé tham sd
cha trudng. Thuc chét van dé la & chéd, néu nhu 16p md hinh
duge xdc dinh bdi vecto tham s& S, thi tap compidc thudng
(khéng phai ludn luén) duge cho trudce bdi diéu kién gidi han cda

céc thanh phén cla vecto p trong khéng gian Y phén bd khéi
lugng.
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§9 BAI TOAN LUA CHON THAM SO PIEU CHINH o

9.1. Lua chon o theo phiong phap cue tiéu hod
phiém ham
Theo phudng phép cuc tiéu hod phidm ham, véi gid tri 8
cho trude, ngudi ta gidi mot day cdc bal todn (6.29) vdi cdc gia
tri @ = o, mA o, > oy > oy, .., qy, trong dé gid tri dau tién o
duge lya chon sao cho px(AZ_,u, )>>&; va nghiém sau cung dugc
Iya chon phai théa:

lpx (Az,.u, )-8 = min.

Nguyén téc clia cye ti€u héa phi&ém ham cho k&t qua hitu
hiéu néu § biét trude véi 6 chinh xdc cao (1- 5%). Song. trong
thuc t&€ khong dat duge nhu vay. Thudng, ngudi ta ¢6 giéi han
thé caa 8: 8. <8 <8,

Trong trudng hop nay, phuong phédp xay dung nghiém tsi
uu nhd algorit diéu chinh duge thuc hién nhy sau: St dung thong
tin tién nghiém khéc vé tinh chit cia “tin hidu hiu ich” u va
nhiéu 8u d€ coi & la tham s§ chua biét, phdi xdc dinh cung vai
nghiém cén tim.

Dya trén cg s& caa théng tin tién nghiém, ngudi ta chon
phi€m ham D trong khong gian X c6 nhitng tinh chdt sau day:

1/ P61 vdi tat cd ug: D (uy) 2 0;
2/ Déi v6i 6n Su: D (uz) = 0;

3/ Dai véi tin higu hitu ich: D (u) 2 C. Trong d6 C - hiing
da 16n.

Ngudi ta cho truée trong khodng [5.8,) mdt day cac dai
lugng: 8, = 8; > 83 > 83 >.> 8, = 5. va d6i véi mbi 8, theo nguyén
tdc cyc ti€u héa phiém ham, 3 = 8, ngudi ta tim nghiém gén
ding zz. Cdc nghiém tim duge cu thanh mét t4p nghiém kha
di chdp nhén duge, ung véi gidm du caa dit liéu diu vao:

Vsk = Us - AZak. (641)
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Ta thdy rd v 14 gid tri gan ding clia nhiu ¢ di liéu dau
vao. Sau khi tim duge &, tir diéu kién:

mn

Diu; - Azg) = o (6.42)
nghiém gin ding ug, sé& duge coi 1a nghiém t&i wu.

9.2, Lya chon atheo phuong phap bién phan.

Phuong phép 1y thuy@t nay nhim lya chon thanh phin zg
lam nghiém gan ding zg cia bai toan (6.27):

Fx)={Fx - bl

ddm bdo sy cyc tiéu héa phiém ham cé tham s6 cha Tikhonov
sau diy:

e o0 =[xl + afxx,, 643

Tham s8 o = o (8) > 0 duge lya chon sao cho théa diéu
kién:-

[Fx —b],, =8 (6.44)

trong d6 x, € H; — mdt khong gian ¢8 dinh nao dé, dua theo
théng tin tién nghiém vé nghiém can tim (mé hinh m4it d6 ban
d4u). Su lua chon o duge thuc hién bang diy cip so:

Opy1 = HO p=0,1.2. . . viiu<l

Véi gid tri bat ky cla 8 < §, , bai todn tim min cia ham
f* (x) ton tai nghiém don tri. Ngoai ra, néu todn t F lién tuc va
véi b = b, dai vdi (6.27), tap G 1a kin va 18i, thi d6i véi bat ky

Xo v £ > 0 s& tAn tai o* = afd) sao cho

<g, néu
H,

"b—B"H <8(e}, trong d6 x* — nghiém chinh (chudn) cGa bai toan

x* —x*

(6.27), duge xdc dinh bdi diéu kién:

(6.44)

H, " p
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Nhu vy d€ cuc tiéu hoa phiém ham (6.42) v4i didu kién
(6.43), thanh phédn x*® duge lya chon 1am nghiém gin ding cia
nghig¢m chinh x*- bai todn la chinh. Tir ddy ddn dén sy don tri
cia nghiém, khi § - 0 cdc thanh phén cha day cuc tiéu héa
phi€m ham s& hdi tu vé& nghiém khéng phu thude vao sy lua
chen xo, bdi vi trong trudng hop nay, x* luén trung vdi nghiém
cia bai todn. N&u bai todn (6.27) khéng c6 nghiém duy nhat, thi
nghiém s& duge xdc dinh béi su lya chon xg.
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CHUONG VIl

CAC PHUONG PHAP BIEN POI TRUGNG

TRONG LUC
KHAT NIEM:

Di thuéng trong lue quan sdt sau khi da dugc hiéu chinh
thanh di thuéng Bouguer phan 4nh dnh hudng cua vo s§ d6i
tugng dia chidt trong vé Trdai dat cho dén nhin cda né. Trén
nguyén téc, mudn nghién ciu ddi tugng dia chat nao. thi phai
phan tich di thudng do chinh d8i tugng dé gay ra. Nhu vay
ching ta bufc phai téch ra tir di thudng tdng hop quan sat, mot
thanh phan di thudng quan tam, lién quan d&n di vat nghién
cdu. Ngudi ta phai buge diu, thyc hién bign d6i trudng quan sat
ban ddu thanh trudng khu vise hoic trudng dia phuong, 1a tdch
trudng. Trudng dia phuong hay khu vye chi la tam qui uée.
Trudng khu vyc phan dnh anh hudng cia di vat 16n & dudi sau,
bi€n thién chdm déu din nhung véi bién d§ 1dn. Con trudng dia
phuong phan d4nh dnh hudng cda di vat nho, & ndng, bién thién
nhanh, nhung véi bién 4% bé. Do sy khdc biét trén, ma hai loai
trudng nay dé tdch ra. Tuy nhién, khong phai luén luén téch
duge ching ra hoan todn, ma thuc t& vin con sét phén nao,
ho#ic mét mat di thudng trong qu4 trinh tdch trudng. Néu hai dj
vat cung loai v6i nhau, thi trudng cia ching cang khé téch ra,
Cong viée doi héi nhiéu thong tin dia chit vé khu vuc nghién
citu. Cac phuong phdp tach trudng gém cdc phuong phédp chinh
nhu sau:

— Bi&n d6i trudmg (tiép tuc gidi tich ham diéu hoa) 1én cao
ho#ic trung binh héa trudng déu nhdm loai trudng dia phuong,
lam ndi b4t trudng khu vue.

— Bién d8i trudng xudng dudi hodc bién ddi trudng sang
dao ham béac cao hon déu nhim 1am ndi bat trudng dia phuong.

~ Ngoai ra dem trudng quan sdt nguyén thuy, trir di trudng
khu vye ciing 14 mét phuong phdp dé nhan duge trudng dia
phuong.
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Céng vigc ddi héi rat nhiéu kinh nghiém ¢ nha phén tich,
b&i vi ¢6 rat nhidu trudng khu vyc va nhiéu trudng dia phuong
khic nhau. Ngoai ra, d6i vdi ty 1& bdn d6 nay thi truding kia 14
khu vue, nhung t7 18 ban d6 khac, né lai la dia phuong. Tinh
khéc biét tuong d6i giira cdc trudng la y&u td lam cho ching c6
thé duge tdach ra khdi nhau. Truong di thudng Bouguer quan sat,
sau khi bi€n d6i, mang tén di thudng Bouguer khu vyc hodc
Bouguer dia phuong.

Trudng quan sit trén mat quan sat u(g, n, 0) duge bién doi
thanh trudng Ulx, y, z) tai toa dd x, y, z béng tich phin sau:

Ux, y, 2) = H K(x-&,y-n.z) ulé,n.0)dedn  (1.1)

Trong bai todn 2 chiéu:
Utx,2) = | K(x-¢.2) ulg,0)d¢ (7.2)

i
K(x — &, y— 1, 2) hay K(x ~ &, 2z} duge goi 12 nhén bign ddi.
Tich phéan dang trén goi 1a tich phan chap, ho#c tich chép.
Dang cta nhan phu thudc vao ting loai bi€n ddi. Nhén dac
trung cho titng phép bi&n ddi, lam nhiém vy bién ddi trudng ban
dau thanh trudng mong mudn.
§1. PHUONG PHAP TRUNG BINH HOA

Gi4 tri trung binh cia trudng quan sdt xung quanh diém
quan sét trong pham vi ban kinh R, dugc xdc dinh bing cong
thitc trung binh tich phén:

2 K

— 1
U(0,0,0) = — J’ Oju(r.a.{))rdrda (7.8)

& day c6 thé coi nhan 12 hing 1/aR% Trién khai cdng thdc
(7.3) thanh céng thde thuc hanh. Dién tich tron ¢6 ban kinh R
cha palet duge chon di 16n sao cho nd bao trum kich thudc vai
di vat dia phuong va nhd hon di vat khu vic. Palet tron gbm céc
dudng tron déng tdm va cac tia ban kinh. Mdi duing tron cla
palet ¢6 gid tri U(r) trung binh riéng, bang trung binh cia tat ca
cdc gid tri tai cdc nit (giao di€m cha tia v6i dudng trdn) trén
dudng tron d6. Ban kinh t3i wu R cha palet duge chon nhu sau:
Tang ddn ban kinh R cho dé&n khi trudng trung binh héa tai
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tdm palet ¢6 gid tri khong ting nita (tiém c4n ngang) thi ngiing
lai. Trén d6 thi, ta tim thdy ban kinh t6i wu. Tuy nhién néu tiép
tuc ting R ma trudng trung binh héa ting d8c lén rdi tiém can
ngang, thi 14y gid tri R dng v6i hoanh d4 di€m udn lam ban
kinh t8i uu cha palet.

7cpF)
4

{
i
)
|
!
I
i

.y

Ry
Hinh 60: Bdan kinh t6i wula R

Nhuge diém cta palet tron la mang ning tinh ch&t tha
cong. Cdc gid tri trudng cho trude trén mang lugi & vudng phai
ndi suy vé cdc niut trén dudng tron va khéng s dung duge nhiéu
lan. Do d6, d& tign cho mdy tinh dién td ngudi ta sit dung palet
vubng. Cong thic trong toa 46 Descartes (D& — cac) duge 4p
dung:

F+u ¥+a

J Jugnodsn e

Lt y-a

Ulx,y,0)=

(2a)’

Trong dé 2a la chiéu dai canh cda palet vudng, sao cho
chita tit 4 - 6 budc cia mang ludi 6 vubng phan bd trudng ban
dau. '
Trudmg hgp 2 chidu:

X+l

U(x,0) = 2—2 [ucz.0)de (7.48)

Cé khi, trung binh héa dugc thyc hién biing trung hinh s&
hoc. Gid tri trong lfc tai mdt di€m nghién cdu duge coi 1a trung
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bink 88 hoc ca tat cd cdc #i4 tri trong lue xung quanh n&m trén
cdc mit cha palet (tron hoac vuéng). Theo Griffin:

L0y = < (7.5)
‘.‘\.

N — 58 nut.

e : ul
i T T |
T

-l

Hinh 61: Palet tron (trdi) va palet vudng (phdi)

Phuong phdp trung binh héa con cé thé duge thuc hién
béng cach x4p xi tru¥ng quan sdt biing da thic (ham ma, luong
gidc) déc trung cho trudng khu vue ma cdc hé s6 clia né dugc xéc
dinh bing phuong phdp t6i thiéu binh phuong. Van dé 1a phai
chon bc a da thite sao cho phii hgp véi hinh th4i (tAn s8) cia
trudng kt .. vife cAn x4y dung.

§2. BIEN POI TRUONG TREN €O S& NGHIEM BAI
TOAN BIEN DIRICHLET. '

2.1. Tich phan Poisson.

Mit bién ¢ day, ching ta gidi han trong 2 loai, mat ciu va
phéng. V& 3 loai bai todn bién, 1y thuy&t thé da trinh bay. Bai
todn bién thd I — bai todn Dirichlet (Pi-rich—1&) ngoai:

Tim ham diéu hoa U (%, y, z) (thda phuong trinh Laplace)
tai moi diém clia khong gian ngoai mat S cho truge, chinh qui &
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v6 cuc va cb gid tri trén mét nay bang ding tdp hop lién tuc céc
gig tri u(s) cho trudc.

Nghiém bai todn bién Dirichlet la tich phan Poisson (Puat
xéngh

U(x_.y.z) =*

Z jf““ -10)ds (7.6)

dn R

Cong thiic trén 4p dung cho mit cdu S, ban kinh R.
D4u: + bai todn cho khéng gian ngoai (p > R).
— bal todn cho khéng gian trong (p < R).
Ulx, y, z) — ham c4n tim tai diém quan sat P(x, y, 2).
u(€, i, 0) ~ ham cho truée trén mait S.
p — khodng c4ch tif tAm qud cdu O dén P (diém quan sit).

r — khodng cdch gitta diém chay va diém quan s4t P:

r= \,/(x—ﬁ)2+(y—n)2+z2

Goi z 14 khoang cdch theo phuong p dén mit cdu ta cé:
p = R + z th& vio céng thitc (7.6) ta ¢b:

U, v, 2) = %Hu(szds = Hu(s)a’s amn

¥

Cho R -» » ta ¢6 bai todn cho m#t phing:

z u(s)ds '
Ux,y,2)= — 7.8
0y, 2= o {f . (7.8)

s — 1a mit phang vd tan trung véi mat xoy. True z huéng
1én.

u(s) = u(&, n, 0) - ham cho trude trén mét phing s: xoy.

Trong toa 49 vudng géc Descartes tich phan Poisson:
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£
Ux, y, 2) = — j j uls.n.0)d¢ dny (7.9)

; 502
_u,_»c[(x— 3% +{y- )'+zz]
Cheon tryuc y ndm doc chiéu dai cha vat, x cit ngang, z
hudng lén trong bai todn chuyén trudng, khéc trong tham do.

Trong tea d§ tru p, ¢, z, chon géc toa dd 1a hinh chi€u ca
P:

U0, 0,2) = = jj“("‘f ‘P’:’:’ ]‘f‘f“‘p (7.10)

G day ta qui udc khdng gian ngoai phia trén mit phdng
khdng chita khai lugng. Khéng gian trong, dudi mat xoy ¢6 chua
khoi lugng. Tim U & khéng gian ngoai goi la bai todn bién
ngoal. Con du6i mit xoy - bai todn bién trong.

Sau khi 18y tich phan (7.9) theo 1, ta c6 tich phan Poisson
-~ nghiém cda bai toan Dirichlet 2 chiéu:

Uk, z) = = ?—%d@’ 7.11)

'(khﬁng gian ngodi ng vdi z > 0)
2.2, Tiép tyc gidi tich truong lén cao.

Ap dung cbng thie (7.10), ta ¢6 cong thie thue hanh:

U©00.2)= - ZZM jdgp j' (7.12)

T 20 k=0

i - gid tri trung binh trong mdt dién tich & hinh quat. Lay
tich phéan ta c6:

1 1
U(0,0,Z) - zzud{ (QJHJ (Di [\/pz + 3 - ]
& Z

T 20 k=0 \/pr- +z2
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27
bit: ¢, -9 =

cho z = h — dd cao chuyén trudng 1&n.

n — 86 gbc trong palet tron.

Pt : —— - L (7.13)
\/pk +h? i, *hLJ m
m - hiing s8. K&t qua ta c6:
h & —
U0, =—> ux (7.14)

Mg k=0

Vidu: Chon =10; m = 10; h = 1 km. Ta ¢6 cdc ban kinh
dugc tinh theo (7.13) nhu sau: 0.48, 0.75, 1.02, 1.33, 1.73, 2.28,
3.17, 4.91, 9.80 (km). Pé 13 palet Malkin ¢é tdt c& c6 100 9,
trong méi & quat ta xdc dinh tri s6 trung binh uik . N&u ta chon
ban kinh tuy ¥, thi v& phai cta (7.13) s& khong phéi hiing nifa,
ta s& c6 bd hé s6 Ky thay vi hiing 1/m. Malovichko da chon bdn
kinh p sao cho hiéu cia ching Ap 14 hang h, nhu sau:

Po=0,pi=pPo=pa—pPr=pPs— Pz=Ps—Pa-.=h
Gi4 tri uik trung binh trong mdi vanh khan bang trung

binh c¢Ong gitta hai gi4 tri trén hai dudng tron bién. Ong da lap
duge bd hé sd.

Bang 8: Hé s& palet Malovichko.

Ry K Iy Ki

0 0.1464 3 0.1024
1 0.2764 4 0.0600
2 0.1954 5 0.0390
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16N [

Hinh 61a: Bdn dé6 di thuong trong luc ing véi dé cao 5 km
(cdc duong ddng tri cach nhau 2 mgal)

| i

Lo

Hinh 61b: Bdn dé6 dj thuong trong luc ing véi dé cao 10 km
(cdc duong ddng tri cach nhau 2 mgal)

152



Hinh 61c: Ban dé di thuong trong luc ung véi do cao 20 km
(cdc duong ddng tri cach nhau 2 mgal)

1L | oy

@ 2 A

Hinh 61d: Ban dé di thuong trong luc ing vdi do cao 30 km
(cdc duong ddng tri cach nhau 2 mgal)
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Ngay nay, khi ¢6 mdy vi tinh, ngudi ta 4p dung palet
vudng va trién khai 4p dung céng thdc (7.9), tién lgi hon palet
tron.

2.3. Tiép tuc gidi tich truong xuéng duéi.

Trudng hgp chuyén trusng xuéng nita khong gian duéi
phic tap hon, vi gap di vit 1a diém dac bist (r = 0, U= «). Bai
todn nay 1a khéng chinh, tdc nghiém khéng én dinh (mét bign
ddi bé cha di vat s& giy ra bién déi 1ém coa truong). K&t qua,
nghiém nhan dugc c6 thé bi sai. Tréi lai, khi chuyén trugng lén
thi nghiém luén luén 8n dinh. Bai todn la chinh. P& don gian,
ta 4p dung tich phan Poission (7.11) cho trudng hgp 2 chidu.
Quan hé giita truong quan sat trén maiat ddt u (x,0) va trudng
U(x,z) cén tim ¢ mat phing c6 d6 sau: — h (h duong) cling duge
thé€ hién bing tich phan Poisson:

h UE,-h)
L0 = = | ——=2 ¢ 7.15
ux 0 RJ(X*&)‘+h‘ : (19

Ham cén tim U, -h) & dé sau -h, lai ding sau ddu tich
phén, nén phéi gidi phuong trinh tich phén nay.

Ching ta gidi bling phuong phép gin ding lién tiép.
Trudng ¢ d% cao h so v6i mat dat ¢6 bién d¢é bé hon so véi
trudng & gan tdm Trai d4t, cho nén ta c6 d¢ chénh léch:

U(0,0) - U(0,h) = AU
Tuang ty, giita trudng ¢ mat dat véi trugng & dudi sdu (-h):
U(0,-h) - U(0,0) = A,U |
Vay ta cé: U(0,-h) = 2U(0,0) - U(0,h) (7.16)

Day la phuong trinh gin ddng béc 1. Tinh trudng ¢ d9 cao
2h, ta s& c6 AU, 14 hidu gia cdc hiéu s§ trong 2 khodng:
(0 ->h) v& (h —> 2h). Ta tim dugc gin diing bac 2:

U(0,-h) = U(0,0) + AU + AU
Hay 1a U(0, ~h) = 3U(0,0) - 3U(0,h) + U(0, 2h) (7.17)
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Tiép tuc qud trinh nay cho d€n bic n. Nhung chung ta ¢6
th€ dimng lai & bac n= 3, 14 di, ¢6 dang nhu sau:

U(0,-h) = 4U(0,0) — 61J{0, h) + 405{(0,2h} — U(0,3h)
Hodic: UO-h)= 4000y - Z U (7.18)
Trong d6: £ U = 6U(0,h} — 4U(0,2h) +~ U(0,3h}

S dung tich phan Poisson cho U, ta ¢6:

h "% 6 8 3
U = = 0 —— d
::_!u(g : Pz PN TE I EEYE g
l +o
= . u(S, MK(S, s, (7.19)
Vel K(Ey) = 1,_6 5~ 8 7+ 3 5~ |- trong d6 ky hi¢u:
hit1+8f 4+8; 9+Ef
-5
Sh .

Tich phan (7.19) dugce phén ra thanh cac tich phéan trong
titng khodng ngén. Méi khodng dugc tinh theo cdng thic Gauss.
Bd qua mién xa (), ta cé:

U

j&]:j;i‘4ij((§lf)u(émrﬁo)zxé;;] (7.2())

i=—n

S Cu(, 0)

V6i A; — hé s6 cong thic Gauss
AEy; — khodng tich phan
€hi — nat cda khoang tich phén.
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Béang 9 : Cdc hé sé ctia palet Strakhov.

il G| m=VG | i 5 Ci m; =VG
0 0] 1.5680 063714 4 4.366 | 0.0279 35.8
1 | 1.077 | 0.4030 2480} 5 6.067 | 0.0209 47.8
2 | 1.812 | 0.0824 12800 ] 6 8.943 | 0.0102 98.4
3} 2634 | 0.1020 9.840 | 7 12.113 | 0.0115 87.2

8 17.887 | (.0044 225.0

Gia tri C; va &p; dugce Strakhép tinh sén trong bang sau
cho palet: Palet 12 mot hé cic dudng théng dung co thang chia
déu. Hé s8 nhén cia cac thang do duge xdc dinh bdi m, = 1/C..
Cdc dudng thdng ding xuit phat ti¥ cdc nit cia cong thic
Gauss. Ngudi ta dit tAm palet tring véi diém quan sat cdn tinh
trudng U0, —h) 1a cde nit &p;. Téng cdc tung d9 (giao di€m
dudng cong cia trudng ban ddu véi cdc dudng thing ding cla
palet) s&¢ 13 £ U va duge dua vao cong thie (8.18) dé tinh
U(0,~h). Chuyén truéng xudng con thyc hién bing khai trién
trudng thanh chuéi Taylor hose chudi Mac Laurin.

Trudng hop 3 chiéu cling tuong tu, ta cé:

: un'f khu(ryrdr
U(0,0,h) = (n+1)U(0,0,0 —Nrekn [Lmrar
( (n+1)U( )+ ;( ) CLl J(rz +k2h2)3;2
Hofic  U(0,0,h) = (n+1) U(0,0,0) + Y u(r),K,
i=

n
Véi: K; = Vf-l)"ck“[ kh ]

Bign ddi truding xudng nia khong gian dudi duge thye hién
titng bude xudng téi do siu gin di vat. Cang gén dj vat trueng
cang “dac dong” manh, thé hién & cdc dudng ding tri cla
trudng. Va néu thuc hién chuyén trudng téi do sau cé di vat, thi
s& xdy ra hién tugng “phan ra trudng”. Cdc dudng ddng tri sé
bung dut. Ngudi ta c6 thé cin cit ddu hiéu nay dé nhan biét vi
tri c6 di vat trong mit cdt thdng ding doc tuyén do (hinh 62).
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Bién ddi trudng xudng nia khdng nita gian con c6 thé thyc
hién theo dinh 1y Gauss (ly thuyé&t th&) vé gi4 tri trung binh cda
trudng tai t&m hinh ciu. Theo dinh 1y gid tri nay bing trung
binh tich phén trén toan mit cdu. Chon tim qud cAu nim trén
mat phing quan sdt. Gid tri & tam qud cdu theo cong thde thuc
hiinh, s& biing trung binh cdng cua sdu gia tri xung quanh nim
trén mat cdu. Tir d6 ¢ thé rit ra gis tri cua truong tai di€ém
thdp nh&t, & 46 sdu h = R - ban kinh qud cau.

>
)
i

e B '( g:’! r - T3] it
A3 RS AN Ay 3 Wl Bt
-2 -t ¥ ! z  mum IWm

Hinh 62: Truong chuyén xudng t6i 1,6km bi “phén ra” do gdp
di vdt (diem ddc bigt)
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§3. PUONG PAC TRUNG PO SAU KLUSHIN.

Khi thic hién trung binh héa hay chuyén truong 1én cao,
ta nhin duge truong khu vue, bi€n thién déu dan, cham hon, vai
bién d¢ bé hon trudng ban dau. Th& nhung, trudng chuyén lén,
vi du 30 km va 35 km, 40km déu 1a trudng khu vue, véi mic do
déu dan khic nhau. Hay 12 khi trung binh héa trudng véi ban
kinh R = 20 hay 25km, 35km v.v.. ta ¢6 vé s trudng khu vuc
khdc nhau, véi mic d¢ trung binh héa khdc nhau. Mdi mét
trudng khu vuc d6 dng véi méi trudng dia chat nghién cdu
bao nhiéu km tré xudng? Néu khéng trd 15i duge cdu héi nay thi
s& khong biét chon sif dung trudng nao khu virc nio. N&u chon
trudng mot cich thy tién, khéng phan biét, s& pham sai s6.

Klushin da thiét 14p méi quan hé nay cho 3 phuong phép:
trung binh héa, ti€p tuc gidi tich va chuyén sang dac ham. Ta
xét trudng hgp trung binh hod va chuyén truéng lén. Truong da
bi€n d8i trong 2 trudng hgp néu trén déu c6 bién do gidm so véi
trudng ban daiu.

Goi N la 4% gidm bién 46 cla trudng bign 4di, 1a ty s&
gidfa trudng da duge bién ddi U, véi trudmg nguyén thdy u, tai
mot vi tri quan st tai m#t dat, § bén trén khéi tdm di vat.

N = U, (N<1) (7.21)

Trén thyc hanh, ngudi ta st dung md hinh qua ciu lam dj
vat. Dat qui cdu khéi lugng M & d% sau h cho trude. Bidu thie
gidi tich trudng cda né duge dung lam trudng u, gid quan s4t
trén m#t dat (z = 0) va trudng U(z) cia n6é & 46 cao z (trong
trudng hop chuyén trudng).

3.1. Trudng hop trung binh hoa.

a) Biing mé hinh: Trudng luc hdp dén cGa qua clu cé khéi
higng M n&m & d9 sdu h, duge coi 1a di thudng trong luc quan
sdt va chon gbc toa dp 1a hinh chidu tdm cdu lén mat quan sét
ta c¢é cong thite:

h

v !',01.0 :GM-;—T'r_
o ) (r* +h*)*?
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Tai gbc toa do ta cb :
Ag = Vz (0,00):9_%\1
r

M - khdi lugng.
G - hiing s8 van vat hap dan.
Trung binh héa theo (7.3) 1a co:

GMh?2*  rdu 2GM[ L. __h

2 2,32
" JR2 4 h?

V2(0,0,0) = >
aR® o (r“+hb

[

_Va(0,00) __2n? .
V,(0,00) R’ R? J
A

Ky higu Ry =1]:~,ta o :

(7.22)
1+ R

z
_’U b
f—“\_
1./

Bidu dién quan hé giita N va R, bing dé thi (hinh 683).

Hinh 63: M&i quan hé giza N va R,

b) Bing thuc nghiém : Ap dung trung binh héa tai mdt sd
vi tri quan sat tuy ¥ trén ban dd trong lyc, ta c6 mdi quan hé
gitta N trung binh v6i R. Lap bang sé quan hé nay. Két hop 2
méi tuong quan ta tim dugc méi tuong quan gitta R véi Ry. Hay
gita R vdi d§ sdu nghién cttu h vi biét h = R/Ry;:
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Hinh 64: Puong ddc trung dé séu biéu dién
méi quan hé giita dé sdu h va R
3.2. Trudong hygp chuyén truong lén cao.
a) Bing md hinh: Gid s ta ¢ trugng di vat 1a qua cdu nhu
cii, di thudng trong luc quan sat tai do cao z phia trén tam céu:
GM
Vv, = —

(h+ z)

Tai mét quan sat z = 0, ta ¢é trudng Vzo Lép ty s6 hai
trudng:

NV _ h?
Vzo (h + 2)2
bat z. Zp , ta cé:
h
N= —I—~;)- (7.23)
1+ Zh )

Duéi day biéu dién quan hé N, Z; bing dé thi. !
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Hinh 65: M6i quan hé gita N va z;

b) Ap dung chuyén truting 1én v6i z khéc nhau bing codng
thitc thue hanh ndo d6 va palet tai mat s6 di€m trén ban dé
trong lue, ta ¢6 N trung binh phy thujc vao d¢ cao chuyén
trudng z. Lap bédng s quan hé nay. K&t hgp hai méi tuong quan
ta thiét 1ap méi tuong quan giita z va zy, hay gitta z va h, vi bi&t
h = z/z,.

| i 1 i 1 | P
L] 1 4 1 1 L] htl

9 5 [0 15 200 25 30 zkm)

Hinh 66: Pudng ddc trung d¢ sdu bibu dién méi quan he
gita d¢ s6u h va dé cao chuyén truong z.

C4 hai loai bign ddi déu dem lai trudng khu vife dng véi di
vét c6 kich thuéce 16n, & d6 sau 16n. Hai phuong phép trén déu
lam cho bién d§ trudng cia di vat nhd, & néng bi gidm nhanh.
Song phuong phédp chuyén trudng lén vidn cé hiéu qud d6i véi
trudng cia di vt & sdu. Trudng cha né gidm khi z ting. Véi z
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chi bling 1/8 — 1/10h, thi N = 0,8. Con phuong phép trung binh
héa chi c6 hiéu qud ddi vdi truong cia di vat & néng. P8i véi di
vat § d6 slu lén, phuong phép t6 ra khong c¢6 hiéu quid gi may.
Vi du véi nhiing di vt ¢6 d9 sdu h bing 3, 4 14n R, thi sau khi
trung binh hod N vén con xdp xi 1, tide tro véi di vt & sau.

Phuong phdp trung binh héa va chuyén trudng 1én da loai
bé trudng clia cac di vdt nam tif mit dat dén do sdu h, 1am ndi
bat trudng cha céc di vat ndm tit d6 sAu h trd xudng.

Ta con ¢6 thé 1am néi bat trudng ndm trong mét 16p hiru
han tir 4§ sdu h; dén h;. Saksov — Nigaard di thuc hién diéu
nay bing cdch 14y trudng khu viye véi ban kinh trung binh hod
R, trit di trudng khu vyc véi ban kinh trung binh hod R,. Cing
c6 thé 1Ay trudng khu vuc véi d6 cao chuyén trudng z,, tru di
trudng khu vye véi dd cao chuyén trudng z,, trong dé z)< zp
Bing phuong phap Klushin, ta biét cdc d§ sau nghién cttu h,, hy
tugng ng, bi€t 16p nghién cdu Ah.
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Hinh 67: Bdn dé di thuong trong lic itng véi do cao 50 km, do
Trdn Van Nhac ve Vi Nguyén Kha x8y dung. Cdc duong ddng
tri edch nhau 2mGal (palet tron)
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Khi 4p dung phuong phdp Klushin, cin si dung palet
vudng trong viéc chuyén trudng lén. Béi vi khi si dung palet
tron, trudng khong chi gidm do d6 cao tdng, ma con gidm khi
trung binh héa trudng trén cdc duong tron cia palet (N khéng
don bién), khi€n trudng gidm rit nhanh, lam cho viéc x4c dinh
dd cao chuyén trudng theo phuong phap Klushin din dén z xdc
dinh sai. Can phéi nghién ctu sy giam cia trudng (N) phu thude
thuin tiy dé cao.

[

i)

=t

C 1IN

""(_
Hinh 68: Bdn dé6 dj thuong trong luc itng véi dé cao 50 km, do

Trdn Van Nhac va Va Nguyén Kha xdy dung. Cdc duong ddng
tri cdch nhau 2mGal (palet vuéng)

So sdnh bdn d6 chuyén trudng 1én theo palet tron (hinh
67) v6i bén d6 chuyén trudng 1én biing palet vudng (hinh 68) do
cao 50 km, ta thdy ¢ ban d6 béng palet tron, trudng gidm nhidu
hon, tron tru hon. Thyc chét, trudng nay dng véi do cao 60km
trd 1én chd khong phai 50km.
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§4. BIEN POI TRUONG THANH DAO HAM CAC BAC
CUA THE TRONG LUC DUA TREN cO sG NGHIEM
BAI TOAN BIEN NEUMANN.

Bai to4dn bién Neumann (Noi-man) 4p dung cho thé& hip
ddn W cha dj vit 1a: Bi&t dao ham V cta thé hdp din V trén
mat phdng, tim thé V trong khéng gian ngoai thda phuong trinh
Laplace didu kién bién néi trén va chinh qui & vd cuc. Ap dung
cdng thuc Poisson cho V- di thudng trong luc:

VAX, ¥, 2) = — f f YEnO0dedn (7.24)
[(x=&Y +(y—ny +7]

Nhén 2 v& v6i dz va lay tich phan theo z, tir z —» «

IM ffv(gn,o)f

4 : [x- g)1+(y n)’+z]
V,(€,n,0)dEdn
Vi3 @) = Voo v ) = __If[(x EY +(y—m)’ +z ] "

V(x, vy, ©) = 0 do chinh qui & «. Viy nghiém bai toan
Neumann la:

l V,(&,1,0) d&dn
V(x,y,2)=— : (7.25)
(x,y.2) 211:‘[! (x_§)3+(y_n)z +zzl 172

Trong toa d§ tru cé gb’c tai diém quan s4t ta c6:
TV (p,cp,O)pdpdtP
V(0, 0, z) = f f R (7.26)

Dat bién t = y—m va 14y tich phz’in (7.25) theo t tif — o d&n
+ e ta ¢6 nghiém bai todn Neumann 2 chiéu la:

Vix, z) = 2l [V.¢, 0)In+/(x - £)% + 22 d¢ (1.27)
n

Bay gi¥ ta tim cdch dua (7.25) va (7.27) vé dang c6 nhén.
Hay tré lai nghiém bai todn Neumann cho mét phing.

2 dé drl
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Vix, y, 7) = .:)‘_ Hm

r

de dn (7.27a)

- 5
Lay dao ham hai vé (7 27a) theo x, y, z, cdc bde m, n, 1;

amHHIV(X,y,Z) amﬂu]
ox"oy" o7 H om0 ( ] dsdn

Hay la :

alll (. 1V(X, y, z)
6){1118)’,1182}

ij Ivz(&.,n,on

x -0
y—=0
am+n+l 1
X | s dedn  (7.28)
ox™ay" oz | \f(x—8)2 +(y—m)? +22
5m+n+l { 1 A

Kl(x - &),(y - n)zl= — (7.29)
2n oxoy "oz U(x ~97 +(y -n)? + 2 J

Bang 10: Bang cGa nhan K cho cde loai dao ham (3 chidu).

Dao ham K[(x-t}, (y-1), z]
v, 1 €~
-8+ -+ 2
Vy 1 n-y _
2n|(x~&) +(y-n) +2*]"
V. 1 zz6)
27 (-9t + -+ 2
Ve 1 3z-O(x-§)
| 2 fx ) 4 (y-my +27 ]
v, 1 3E-Qy-w .
2m[(x-&)" +(y-ny +2°[”
V., - -0 -y
[x=2) 4y =my 422
Vi 13 -0k -0 -3E - %) -3 - v
o [x-eey-ny 42t
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Trudng hgp 2 chiéu, 14y dao ham 2 v& (7.27), ta ¢6 :

am'i*} v Y 1 o q‘!]’l+l —_——
¢ &mﬁé)ﬂ;jvggmé;alm$&—@2+£dg
x50z o : Z.

Suy ra nhén bi&€n déi K trong trudng hop hai chidu:

In(x—&)2 +22  (7.30)

Bang 11: Bing ciia nhan K cho cdc loai dao ham (hai chidu) :

s+l

]
K{ (=8, (y-m), z] = —
>y 7 "oz

Dao ham K[{x-E),z]
Vx “I_ X—E_‘
T (x—é)2+22
V. 1 2
T (x - 5)2 +z2
sz l (x ——é):—zz
T lx 2 + (K _ é )J 2
szz lZZ(X—é)z —72.2
: 13
7 [(x - é)z +z2 )
V., _1 22—
n[22+(x—ﬁ)212
V)()l
= 2 _(x—t}
[ +ix-e]

Tich phin Poisson trong trudng hgp ti€p tuc gidi tich
trudng cung ¢6 thé bidu dién dudi dang ¢6 nhan K.
§5. PHUONG PHAP GRADIENT CHUAN HOA.

Phuong phédp nay con ¢6 tén goi 1a phuong phdp gradient
toan phdn ma hai thanh phdn 14 V,, — thanh ph4n ngang va
V., — thanh phan th&ng dung. Hai thanh phin nay tao thanh
vecto gradient toan phén trong mit thing ding ma ching ta chi
quan tdm moédun va trudng mddun cia né.
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5.1. Gidgi thiéu phuong phap:

Trong bai todn hai chifu, dit lidu xudt phat duge si dung
dé tinh trudng gradieni chudn héa trong mét mit cit dia chat
doc theo tuyén do 1a s lidu di thudng trong luc Bouguer quan
sét theo tuyén x. Phuong phap cé uu diém la khéng bi cdn tré
bdi diém diac biét khi tinh trudng xudéng.

Cdc 6 liéu rdi rac cda di thudng trong lyc quan sdt duge
xdp xi bdi chudl Fourier, phu thudc vao toa d§ quan sat x doc
tuyén do va do sdu z cla tuyén nay: Thay vi chudi véi bac diéu
hoa N = o, ta ¢6 chudi v6i bac N hitu han :

N

Aglx,z) = YA, cos(mnx /L) + B, sin(mnx/ L)le™/ 1%
n=0

(7.31)

Trong d6, Ax 14 budc do trén mdt tuyén cé chidu dai L,

gdm M + 1 diém do (ké cd diém 0O tai gdc tuyén do x). Goi x 1a

toa d6 diém do bat ky thi x = j.Ax (j = 1, 2, 3...M). Vay L = M.
Ax va Ax = L/M. Céc hé s6 A, va B, cé cdng thic:

M

Ay, =2/ MZ Ag(jAx)sin(znj/ M) (7.32)
j=0
M

B, =2/ MZ Ag(3A%) sin{nj / M) (7.33)
j=0

Cdc hé s6 A, va B, con cé thé nhin duge bing phuong
phédp t6i thidu binh phuong. V& nguyén téc, khong nhét thiét
chudi phai bao gdm ¢4 hai loai ham cos va sin.

Chubdi bidu dién di thudng trong luc quan sdt Ag néi trén
duge déng nhat véi V, 1a dao ham bac nhit cia thé hdp dan do
di vat gy ra. Ldy dao ham lan lugt theo bién s8 x va z ta ¢é
gradient trong huc theo phuong x va z: V, va V,,.
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N
V,, = /L ¥ [nB, cos(nnx /L) - nA  sin(rnx/L)1Q, e™/ ¥

n=0

[13]

(7.34)

N
V,, = n/L Y [nA | cos(mnx/L) - nB, sin(xnx/1,)1Q e™ /12
n=0
(7.35)
& day, he s lam tron Qm duge dua bé sung vio theo cdng
thie:

sinmtn/ N T“
m | T 7.36
Q [ /N _( )

N - bédc cac nhét cia diéu hoa trong chubi Fourier, con
m =1, 2, 3... (thudng m = 2).

Gradient tong hgp 1a G (x, z) duge xde dinh theo cong thie:

Gix, z) = (V2 + V2V (7.37)

Trong dé v 1a s& nguyén 2, 3, 4, nhdm ting cudng d6 phan
giai. Ap dung cong thdc nay cho tung tuyén do véi dé séu z
tuong Ung. P81 vdi mdi do shu z ndo 46, ta tinh gid tri trung
binh G (x, z) cOa tdt ci cdc gid tri G(x, z) trén tuy&n do & d6 siu
z 46, rdi dem chia ting gid tri G(x, z) ¢ do sdu nay cho G (x, z)
trung binh, ta ¢6 cdc gid tri cla gradient chuidn héa G,(x, z) trén
mdt tuyén Ung v6i do sdu nay. Tiép tuc tinh cho t&t cd cdc dd
sdu khdc, ta c6 gradient chuidn héa ma gia tri cla nd phan bs
trong mit cit thdng ding doc tuyén do.

Vay gradient chudn héa G.(x, z) 1la dai lugng khéng thu
nguyén va ¢6 th& 16n hon hoiic nhd hon 1 va duge bidu didn dusi
dang thdap phdn. Theo quy ude, dudng ding tri 1 1a ranh giita
khu vye goi 14 duong (I6n hon 1) va 4m (nhé hon 1) trong mat
cit phan b8 gradient chudn héa dudi mat dat hoic bién.
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5.2. Xay dung mdt cdt phan bé gradient chuén héa va
phén tich.

Su phan bé gradient chudn héa theo céc tuyén trong mat
cit gitp ta xdy dung ban dé ding tri trong mit nay. Tam cua
cuc tri xdc dinh vi tri cia mé dang tim. N&u di vat c6 dang kéo
dai, thi ¢ hai ddu sé c6 hai cuc dai. Vi tri chinh x4c dugc diéu
chinh bang céch lua chon N t8i uu. Véi con s N khdc nhau thi
vi tri cda cuc tri s& di chuyén, thay ddi vi tri. V6i N thich hgp
thi gid tri cha cuc tri s& dat cuc dai. Lic d6 ta ding lai va do
dac toa dd cha vi tri dé, 1a vi tri cAn tim cia mé.

PR

T T
~ e =

'5'-::

J -
\,\, H{ 1‘5 Ny
>&(@W\<
i ST R
)\@(K

e) N=20 (G,nx dat gid tri cuc dai 8,68 la ddu hiéu cé di vét tai
dé sdu 2 km)

&4 8 =

L

]
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Hinh 70: Di vt dai, ndm ngang, hai dGu mit ¢6 Gumas
dat gid tri 2,8 ld cuc dai (b). L = 16 km a: N = 40;
b:N = 30; ¢: N =20.

D§ chinh xdc cia phuong phdp ¢6 thé€ duge nang cao hon,
néu chudi Fourier ¢6 n bién thién tir N; dé€n N, (thay vi ti 0 dén
N). Can lya chon N; va N, thich hgp dé cye tri cia gradient
chudn héa dat gi4 tri cuc dai.

5.3. Phuong phap cua Beriozkin.

Viéc lya chon N tdi uu cdn ¢6 thé thuc hién bing phuong
phdp sau day. Khdo sdt gia tri gradient chudn héa theo tuyén z
thdng dung xuéng dudi. Tuyén do z c6 thé di qua khéi tam hay
lan c¢4n khdi tam cda di vat (x = const). Truc vudng géc véi z la
tryc bidu din G,. Trén cing hé truc nay ta bidu didn nhidu
dudng cong G, iing v6i cde N khac nhau. Pudng cong nio ¢é cyc
tri dat gid tri max 13 dudng cong thd nghiém tng v6i N t8i uu
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va dinh cda max cia dudng cong sé c6 dd sdu bang d6 sdu cha di
vat (xem hinh 67 x4y dung cho hinh try tron). Dé tranh phai
ton céng xdy dung nhiéu dudng cong nhu trén, Beroizkin da dé
nghi x4y dung m{t dudng cong duy nhat. Dsi véi mdi toa do z ta
cOng tdt cd cdc gid tri G, c6 N khéc nhau rdi chia cho N 16n
nhAit:

1
N

max

Nlllil\
G,y = D 1xG,(N) (7.38)
1

trong dé, yy 1a trong va N =1, 2, 3... Njax

0 2 % & 8&%02)

HAn

Hinh 71: Vi L = 20 km. Gunay dat cuc dai ngay tai dé sGu
¢6 hinh tru tron 2 km.

1. A« =40m; N =40
2. Ax=200m; N = 35
3. Ax = 400 m, N = 3inh2

5.4. Phuong phap chudn héa theo dié¢n.

Phuong phép nay ciing giéng nhu phudng phédp theo tuyén
da trinh bay, nhung gié tri trung binh dugc st dung dé chuén
héa 1a gi4 tri trung binh cGa toan mat cdt, chi khong phai cia
ting tuyén véi mot do sdu z nao dé. Nghia 1a gid tri trung binh
st dung trong viéc chudn héa 1a gi4 tri trung binh cta t4t cd céc
tuyén do v6i cdc dd sdu khéc nhau.
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" ___1____ii\/[ui(i,j)wi(i,j)]"
MK

=l i=l

Trong d6:
U 1a ham t8ng quét (vi du V,) dugc 18y dao ham theo x va z.
M - s6 diém quan sat trén tuyén.
K - s8 tuy&n quan sdt trong mat cit.
j — 88 thi tu cha di€m quan s4t.
i— 86 thif tu cda tuyén do.
v — chi s8 bac kiy thira.

86 diéu hod Ny, cidn phdi nhu nhau cho cde tuyén. Uu
di€m cia phuong phdp nay la khic phuc duge dang & van ding
tri caa cyce tri.

5.5. Phuong phap gradient chudn héa ba chiéu.
Goi V(x,y,0) la ham thé¢ hép din trén mit nim ngang S

vdi toa 44 x va y la clia nit trong mang ludi 6 vudng, 1a diém
quan sat. True z huéng xuéng dudi. Gradient chudn héa ba chidu

ctia thé V ¢6 dang sau:

v
. \/[fo + Vyy + Vi + 20Vl + VE, + V3 | (7.40)
S =3

A B ”
L VR VR VB v V2, v
i=1j=1

Ky¥ hiéu dao ham béc nhét theo z cia the V 1a:
V., = U(x,y, 0) — ham cho truée trén m#t quan sdt z = 0.

Mat quan s4t c6 thé 14 mét hinh vudng hosic hinh chit nhat
v6i cdc canh L doc theo x va R doc theo y.

Ham U(x,y,z) ¢6 thé bidu dién biing chudi hai 16p Fourier:
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2 1+/2
) }Q

(7.41)

o)+

N M
Ux,y,2)= Zch‘m oosi? cos%exp[z

(7.42)

Trong d6 hé s& ¢6 cong thitc:
= ﬁjﬂ‘ljﬂU(x o)cosﬂcosmdxd
LAY ¥ L H y

C 1
Hé sd nay cling ¢6 thé biéu dién bing cong thic téng, gdn dung.

Hé sd 1am tron c6 dang:
B o mmY*
Q. = DN | My (7.43)

i mn mm
N M

Ldy tich phan U (x,y,z) & (7.41) theo z, ta ¢6 the V:

N M C
V(x,y,z) = ZZ " n,m i3 cogﬂmsm
o o [E]- N E‘I‘_ B L H
L H

5 g71/2
.£Xp { HEJ +(ﬂ) ] ].Q
L H mm
Tit d6 18y dao ham céc bac khdc nhau, ta ¢6 cdc thanh phén:
1% rox rmy
H

N M - 2
Vu(x,y,z)=EZCn_m [Eﬂ} +[%] —.COos
[ nn

cos

L . L
.eXp J, [_
L

()

1/2
Qn,m
nmy

nnx
142 cos

C
n.m cos— .
2 L H

2N M
V,‘(x.y,2)=*[{—] Yoo -
© [E L+ [mm
L H) |
9 1/2
TIL mm
exp {zl[—ﬂ-J +[—H—J :} ]Qn m
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Viy(X,¥,2) =

N M

__n . TnX Tmy

Viz(X,y,2) = L ; ; n.Cp m.8in —L-—.cos T
9 97172
mm "in
o z[[f] (F) | fenm

C, Tmy

yz(xy,z)—-—ZE m. mcos—L— .5in T

9 p11/2
wn Tm
&Xp z{( L} +(—H-] ] Qnm
Céc biéu thie cho dao ham cdc bdc cia V trén day gitp

tinh gradient chudn hod G, trong nia khéng gian trén hodc
dudi.

Gradient chufin héa 3 chidu chua duge ing dung rong rai
trong thuc t&, tuy nhién né cho phép rit ra mot s k&t luan. Ta
thdy ring phuong phép nay khic phuc duge hién tugng phan bd
duyng ddng tri méo (dvan) gid tri G,. Phuong phédp cdng rdi rac
cho két qud 6n dinh trong viée gidi tich vao nda khdng gian
nghién cfu, Viéc lua chon hé s6 Cy, nhu trudng hop chung da
thyc hién trong trudng hop 2 chidu.
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Vi tri cha cde di€m cye tri v6i 46 day di€m quan s4t thich
hop duge xdc dinh véi d6 chinh xdc tuong duong trong trudng
hop 2 chiéu. Viéc gidi thich dia chat ciing tién hanh gidng nhu
trong trudng hop 2 chiéu, cdn chi ¥ mét dng dung ctia gradient
chudn héa 2 chiéu nita. Nhu ta thdy tir bi€u thdc (7.41), ham ban
déu Ulx,y,z) duge x4p xi bing chudi cosin 2 16p, trong 46 thanh
phan tuyén tinh khong duge khit di nhu trong trudng hgp 2
chiéu. Diéu nay cé thé lam xuat hién hiéu Ung & bién. D6 13 sy
xuit hién tai ddu va cudi cia tuyén do cia cde di thudng G, gia
tao va cde di€m dic biét gid tao. Cé thé khéc phuc hiéu Ung nady
bing cdch b§ tri ddu va cudi cta khu vue nghién ciu nim dung &
vung trudng bién thién déu dan.
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CHUONG VIII
BIEN POI TRUONG BANG PHUONG
PHAP PHO
§1. TU CHUOI FOURIER PEN TiCH PHAN FOURIER.

Ham bit ky f{x) thda didu kién Dirichlet trén mién (- ¢, ¢)
¢6 thé khai tri&ér thanh chudi cia ham lugng gidc Fourier :

fx) = 32- Z[am cos '"fx +b sin m;”] (8.1)
m=1 -

Hé s& Fourier :

=_ff(§cos ‘5d§ m=0,1,2,..) (8.2)

“‘" ——_[f £ )sin édé (m=1,2,..) (8.3)

Piéu kién Dirichlet vé trién khai thanh chudi Fourier :

Dé€ trién khai thanh chubi Fourier, ham fix) véi chu ky 27
trén mién (-m ) cn cé sé cuc tri hdu han va lieén tue, tron,
ngoai tric mét s6 diém gidn doan (diut) loai mét.

Ky hitu o, =%. Cho ¢ tién téi . Khi d6, chudi Fourier
bi€n thanh tich phan Fourier :

1 - 4] -]
=— Idw f F(&)cosawfs —x)de (8.4)

Biét rang :

cosw(x~ &) = cosmx cosof + sinox sinwé, ta ¢ :

flx)= lﬂicosmxda) a_if(:f)cosa)fdf +% ICOSCOde jf(f) sinwé d&
7, —w 7 -
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Ky higu: A= L [r(g)ooswtde (8.5)
n -

o

Jf@)sinwgds (8.:6)

=0

B (w) =

Vay, mot ham lién tuc bat k¥ fix), c6 chu k¥ hay khéng chu
ky, c¢6 thé duge biéu didn dudi dang tich phin Fourier sau :

fix) = I[A(m) cos 0 x + Blo)sin o x]dx (8.7)

Q

§2. TICH PHAN FOURIER DANG PHUC.
Céng thite Euler (U le) cho ta :

IUJX+ e—m)x
COSWX=
2
. i'(u.t_e-m)x
sSin wx = -
2i

St dung cong thic Euler nay trong tich phén (8.7) ta ¢6 :

flx)= J'[A —x~2~e—_i+3(w) L;f——}dm

fes]

:% j"iA(m i B(o)]e* + [A{o)+iBl(o)]e” "“"]ﬂ(o (8.8)

Ky hidu: s(o) = [Alw) ~ iB(w)]
g'(w) = [Alw) + iB(o)]
Th& A(e) va B(w) bing biéu thidc cha né (8.5) va (8.6) ta cé :

=% a]f(f)(cosmf—isinwﬁ)df (8.9)
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s'(co):i O].f(cf)(cosakf +isines )dE (8.9a)

Thay o biing — o vao (8.9) thi ta ¢6 cong thde khong
khéc gi cong thife (8.9a) :

s(—a))=l c|_o[f(§)(cosm§+z‘sina)gf)a’é’ (8.10)

T

Tic s’ (w) = s(— ) nén két qud, (9.8) ¢6 dang :

o0

f(x)ziaj{s(a))e"” T steale ]da)

1] [

Vira ddo han tich phan thit hai, vita thay o biing -0, ta ¢6 :

1 N 224 ¥ i 1 ¥ iax
119 =g e do Jkao) - Ttohemao
Tém lai tich phan Fourier dang phuec :
/)= fslo)e™ do (8.11)
2 2

va trong (8.9) thay (cosm?;—isin m.’;) =¢ " tacé:

s(w)= mjf(;’)e-*”i dé (8.12)

Piéu kién Dirichlet d€ tén tai bi&n ddi Fourier :

[Fx0) dx < +o0 (8.12a)

Hay néi cach khéac fix) —» 0, khi x & + o,
Ham s(®) la bién d3i Fourier cia ham f(x), cdn goi la phd
phde cha bi€n ddi Fourier hoic dic trung phé cia fx), 1a mét

dai lugng phitc. Con ham f{x) 1a bién ddi nguge Fourier cia ham
s(o). Médun | s(w)| ~dac trung tin s6 cia phd.
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Y nghia cda (8.11) 1a mét ham f(x) phi tudn hoan ¢6 thé
duge biéu dién bing téng v6 s8 thanh phin phiec kidu €' ¢6 chu
ky vé cung nhé, tdn s8 vd cing gin nhau trong mién (- o, + ®)
va ¢6 bign 49 1a |s(w)|. Ky hiéu bién do phu thude tdn s6 o, Ia
W

v = [s(0)=Re*s(0) +Im’s(0) = {4(0) + Bo)’
Re sw) 12 phan thue cha s(®) : Al®)
Im s(®) 14 phén 3o clia s (w) : B (w)

s(0) = A(0) + iB(w) = [s(w)e®

_ Ims(w)
o () = arctg Res(aJ)

§8. CAC PINH LY VE PHO.
3.1. Pinh Iy chéng chét.

: d4c trung pha cia phd.

Phd ciia ham F(x), ma F(x) la téng cde ham fi(x), bdng
téng cde phé cia ting ham fi(x) tuong ing.

Chimg minh:
Gid st ham F(x) 1a tdng cta nhidu ham cho trude f; (x)

Fix) =) f(x)

Bién d8i Fourier ciia ham tdng F(x) theo (9.12) :
S)= [ 1) de=Y [£,&)e d&

Suy ra : S(0) = X 55 (w) (8.13)

Nghia 14 phé cia tdng c4c ham fi(x), biing t&ng cdc phé cla
timg ham fi(x) tuong dng. T két quid nay suy ra ring bi€n déi
Fourier 14 bi&n dé8i tuyé&n tinh.
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3.2. Dinh I§ vé phé cia dgo ham.

Ph& S, (w cila dgo ham bde n cia ham fix), bdng phé s(w)
cia ham ndy nhén véi (iw)*.

Chiing minh:
Goi fix) 14 ham cho trugec va f ’(x)=% la dao ham cha flx)
thi phé cda dao ham f'(x) la :

Sdw)= [f1(e g
LAy tich phan theo ting phén, ta ¢6 :
Su0) = R2e™ [+iw jf(g)e-w dé (8.14)

Theo diéu kién Dirichlet (9.12), ham f(¢) phai tién d&n 0
khi £ > +w, do d6 s§ hang ddu cia v& phai sé bing 0 va két
qué ta cé:

Sy(w) = ins(w) (8.15)
Tuong ty cho dao ham b4e n cha fix) theo x, ta c6 :
Selw) = (in)'s(w) (8.16)

Véi didu kién 1A tat c& cdc dao ham tif béc 1 d&n (n-1) cha
ham fix) phéi tién dén 0 khi x > + «.

3.3. Dinh Iy vé phé ciia dao ham theo tham sé.

Phé S.(w) cida dao ham theo tham s6 z ciia ham fix) bdng
dago ham ciia phé s(w ciia ham nay theo tham s6 dé : ds(w)i .

Chitng minh :

Goi [, (x,z)=a2 f(x,2) 1a dao ham cha f(x,2) theo tham s&
4
z, thi bién ddi Fourier cia dao ham f’,(x,z) nay la:
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8.(0)= j— (6.2p e

hay = 2 fEe<de 8.17)
oz
. d
Tic : S. (@) ~% s(w) (8.17a)
Z

Nghia 13 phé cGa dao ham theo tham s§ cla m¢t ham sé&
fix) biing dao ham cia phd bién d6 ham nay theo tham s3 d6.

3.4. Pinh I§ néng lugng (dinh 1§ Parseval).

Ndng luong cia ham fix) béng tich phdn binh phuong cida
ham dé, hogc bdng tich phan binh phuong médun cia phé ham
dé.

Chitng minh :

Nhén cdc phén bén trdi va bén phai cla tich phan Fourier
(8.11) véi fix)dx va ldy tich phan theo cdc cAn vb cuc ta duge
ndng lugng cua f(x) :

1 (ekie=5 [slokio. [ ax

= 42-1; [s(@). s(-w)da (8.18)

trong 46 s(w) va s(— ©) 1a cdc dai lugng lién hgp phie, chi khéc
nhau bdi déu cha phén 4o, vi vay:

s(0).8(=0) = s(w).s(a)* = s(w)® = yHw)

Két quad : j £ (x ) =% Ityz(a))da) (8.19)

-
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Nghia 14 ning lugng cia ham fix) bang tich phén binh
phuong clia ham d6, ho#c bing tich phén binh phuong médun
cia phg ham dé.

3.5. Dinh ly vé phd cia ham dich chuyén.

Phd S{w) cita ham flx~& dich chuyén mot khodng & so voi
ham nay ban déu fix), bing phé s(w) ciia ham fix) nhén véi e

Chitng nmunh :
Phd cda ham dich chuyén mét khodng & bing :

S,(@)= [fx-E)e ™ dx
Dit bién $6 mdi t = x-£ , ta ¢6 :
S, (w)-—-e""”‘" jf(t)e"’“”dr

Tue : S; (@)= e “s(w) (8.20)

3.6. Dinh ly tich chdp.

Ph& S(a) cia ham F(x}, la tich chdp cia ham fix) va ham
K{x—&) dich chuyén mét khodng & so véi ham fix), bing tich cia
phé ctia hai ham d6 va nguge lai.

Chung minh :

Khéi niém vé bién d8i Fourier cdn dugc ding trong bai
todn loc tAn s4 dya trén dinh ly tich hop. Gid si ¢6 ham f(x) va
ham dich chuyén mot khodng £ 13 ham K(x—&). Nhan hai ham
ndy v6i nhau va liy tich phan theo cdc c4n vd citc. Tich phéin
dinh nghia nhu viy goi 1a tich chiap ma ta da gip & (7.2) &
chuong VII :

F(x)= f K(x — E)f(E)dE (8.21)
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Ham F(x) goi 1a tich chip cia ham f{x) va K(x-%).

Ta hay tim phd Fourier cia F(x), tuong ty (8.12) :

3

S(w)= [Fx)e ™ dx (8.22)

S(m)zﬂf f(5)d%

K{x—&)e ""dx

Dt bién s6 méi t = x — £ cho tich phén theo x, ta dugc :

x

S(w) = f f(&)e *>dE. f K(t)e *dt

—

Suy ra : S(e) = s(0) Plw) {(8.23)
Trong d6, ® (») 12 phd cta ham K(x-£) :

Pw) = fK(t)e'iw‘dt (8.24)

va bié€n ddi nguge clia nd :
1 I imt

Theo (8.23) chiing ta da ching minh ring bién déi Fourier
S(w) cta tich chap cta hai ham fix) va K(x-£), bing tich cta cédc
big€n d8i Fourier cGa hai ham dé.

Ham K(x-£) goi la dac trung chuyén tiép cia phép 'bign
d6i, dsc trung cho mt phép bién ddi nao dé. Ham ®Klw), phd
né, goi 1 ddc trung tAn s6 clia phép bi€n 46i.

s4. AP DUNG DINH LY TiCH CHAP PE BIEN DOI
TRUONG NHU PHEP LOC TAN SO.

Cong thuc tich chap (8.21) goi cho ta ¥ niém vé phép bién
a8i truting hai chiéu theo cdng thdc (7.2) & chuong VII (trong,
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muc ti€p tuc gidi tich trudng), ma & day Fx) la ham da dugc
bi€n d6i tit ham ban d4u f{x) bdi nhan bién déi K(x-£) trong tich
chép. Do d6, dinh 1y nay c6 ing dung quan trong ddi véi phép
bi&n d6i trudng.

Nguyén tdc chung: Tty theo nhiém vu cda bai to4n chuyén
trudng ma déc trung bién d8i K(x—£) duge biét trude trong tich
chdp, ta tim todn ti ®(») cia bé phan loc theo (8.24), sau dé
tinh tin hiéu ra S (©) theo (8.23).

Nhu véy bién d6i trutmg 1a bai toan loc tdn, d& tim 14y
phé clia mién tdn s5 ma ta quan tdm, nhy dac trung tén sd loc
®{w), 1am ndi manh tin higu hitu ich, loai b hodc lam yé&u cde
nhidu. Ap dung dinh Iy tich chép vao bai todn loc tédn, ta ¢6 so
a6 loc sau :

o)
, | Pdc trung cda lgc

-

Tin hiédu vao Tin hiéu ra

s(w) S(w)

Y

M4t khi biét S(w), ta tim F(x) bing bién d6i ngugce Fourier:
F(x):i IS(m)e-fmdm (8.25)

27

Ho#c thay S(w) = s(w) ®(w) vao (8.25) ta ¢6 :

F(x)= 1 :i‘ D(w) s(w)e do (8.26)

2n ¥
Pay la tich chap trong bign d8i trudng du6i dang phd, c6
dang tuong dong véi (7.2) trong chuong VII. Dif kién dua vao 1A
tin higu s(w), 12 ham cla tin s8, duge loc béi todn tir loe d(w),

con goi 12 cifa s6. Do d6, m&u chdt 12 phai xay dung dic trung
tan s8 ®(w) thich hgp cho ting bién déi.
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K(x) [ Plw)

MV

Hinh 72: Bgc trung chuyén tiép K(x) va phé tuong ing
cta lgc thdp tdn A o)

» 4

K(x) [ ®lo)

R Adumn

Hinh 73: Ddc trung chuyén tiép K(x) va phé tuong iing
ctia loc trung va cao tdn N w).

Mgt phép tinh khde duge sit dung phé bién trong dia chén
13 tich chdp nguge. Tich chdp ngugc nhim xdc dinh dic trung
K(£) sao cho tin hidu ra ¢6 dang xung.

Phan tich phé thutng duge dung trong dia vat 1y médi khi
mudn biét hinh th4i va ¥ nghia cdc s6 liéu quan s4t trong tham
dd dia chén, thim dd dién hay trong luc va tir. '

$5. AP DUNG PINH LY VE PHO CUA PAO HAM
THEO THAM SO CHO DI THUGNG TRONG LUC.

N6i chung, v6i mot ham ban dau cho trude fix), ching ta cé
phé cda né s(w). Véi s(o), ta c6 thé tim phd S(w) cia ham bién
déi d€ thye hién mot bié€n ddi nao dé. Trong trudng hop bién ddi
thé hién biing tich chap, ta 4p dung dinh 1y tich chép, xay dung
todn tif loc tn s ®(w) nhu dd trinh bay. Tuy nhién, tru¥ng hop
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bi€n d6i sang dao ham, ta ¢6 thé si dung dinh ly vé phd cia dao
ham theo tham s& d8 tim truc ti€p S(e) ma khéng cdn c6 H(w),
roi st dung (8.25) d€ ¢6 ham bién ddi F(x).

5.1. Vi du : Di vit 2 chiéu dang bét ky.

Sau ddy chang ta hdy xem cach tim S{w) cda dao ham cla
di thudng trong lyc giy ra béi di vat 2 chidu dang c6 thi&t dién
s, vdn dung dinh 1y vé dao ham theo tham s6 z & muc 3.3.

Di thudng trong luc duge ddng nhat véi V, — dao ham caa
th€ hip din V theo phudng z, 1a thanh phédn lyc chidu theo
phuong thdng ding z. Khdc v6i bai toan chuyén trudng, trong
tham do trong lye, truc z hudng xuéng dudi. Nhiém vu 1a di tim
phé ctia dao ham béc n theo tham s8 z cia Ag(x,z) = V,. Ta ky
hiéu phé nay la S,.(®).

Gia s ta ¢6 vat hai chiéu, mit 46 o, ¢6 th€ nim kéo dai
v6 han theo truc y. Di thuding trong lyc quan sat tai diém P(x,z)
trong khéng gian trén (z < () cho bdi tich phén:

Ag(x,z)=2Ga [ ¢ _f)dgd; : (8.27)
¢ (x=¢) + (2=

trong 46 s 13 thi&t dién bat ki caa vat thé€ trong mit cit thing

ding (xo0z), con (&, £) 13 toa dd diém chay, noi c¢6 didn tich

nguyén t& ds = d¢d§ trong thiét dién s.

Phé caa Ag(x,z) la:
d d .
C & e “dx (8.28)
-¢)
Thay d8i thit tu tich phéan:
—-z)e™™
slw)=2Go dx [dédé (8.29)
@) '[ ‘[ 9"' Y +(z-¢) }

Thay ddi bién s& tich phén, ddt u = x_gé: , ta duge:
- :
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s(@)=2Go [fe [e"‘”‘i-f’" A ]dé'ds”

1+u’

Tich phdn d4u tinh dugc 1a :

I(a)) = J{e-m{C—z}u du }= m-lw({—z)l

1+u?

D€ don gidn cach viét, ching ta bd qua ddu tuyét d6i &
(¢ — z). Sau cung phd cGa di thuding trong luc trong trudng hgp
v4t thé hai chiéu la;

s(w) = 2Go f f e o gt g g (8.30)
5

Tai di€m P quan s4t z=0, bi€u thic § trén tré thanh:
s(@) =226 ([~ e dgdg (8.31)
hi

Ap dyng dinh ly (8.17) vé phé cGa dao ham theo tham s&,
nghia 1a khi 14y dao ham v& phai cia phuong trinh (8.30) theo z,
ta s& c6 phd clia dao ham lyc hdp din F(x) theo phuong ding oz:

S.(0)=21Gow [[e e dgds  (8.32)
kY

Tai diém quan sdt & mat ddt z = 0, vi vay:
S (@) =21Go [[e e d¢dé (8.33)
N
So sdnh phugng trinh (8.32) vdi (8.30) hodc phuong trinh
(8.33) v6i (8.31), ta thdy ring phd cia dao ham oF/oz 1a:

S.(w) = os(w) (8.34)

Ti€p tuc 4p dung dinh 1y vé phd dao ham theo tham sd, ta
s& dugc biéu thitc cho phd ciia dao ham béc hai cGa luc F theo z :

Se(w) =0’ s(w) (8.35)
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va m{t cach khai quit hon, phd cia dao ham bac n theo tham
86 z s& cho bdi hé qua :

Sinlw) =" s(w) {(8.36)

Qua ba cdng thic (8.34), (8.35), (8.36), ta suy ti¥ (8.23) ra
dic trung tdn sd ®(w) trong trudng hop nay bing o® (n=1, 2,.)
tai miit quan sdt. Dic trung tin s§ cho thdy tin s§ nao duge gat
bé, tdn s6 nao duge ting cudng sau phép loc. R3 rang phé cla
dao ham c6 tn s§ cao hon phé cla ham ban ddu va ting tj 18
véi liy thita n cda tin s6 . Viée s& dung cdce dinh 1y vé dao
ham da cho phép tim tryc ti€p phé S(w), khéng qua d(w).

Qua nghién cdu cdc phép bi€n d8i khac nhau biing phuong
phép phd va so s4nh, ching ta ciing c¢6 thé€ rat ra tinh chat
riéng, cd ban cia mdi phép bién ddi. Psi vdi cde phép bién dsi
khdc nhau, ngudi ta duge cdc ham dic trung tdn s6 ®(w) va phd
S(w) khéc nhau phy thufc vao phép bién d8i d6. Riéng phd S(w)
cdn phuy thudc vao phd ban dau s(w) theo (8.23).

5.2. Vi dy : Hinh tru trén ném ngang vé han.

Di thudng trong luc do hinh tru ngang dai vé han theo
phuong y, giy ra tai diém P toa d§ (x, 0),  mit z = 0 ¢6 bidu
thifc:

h
x? + 4t

Ag(x)=2GA

(8.37)
trong d6 h ]a d¢ sdu cia tAm hinh try va A 12 mat 49 dai (khdi
lugng trén don vi chiéu dai).

Bién ddi Fourier clia Ag(x) la:

s(@) = 2G4 I?de (8.38)

Thay bién s§ tich phan mdi t = x/h, ta c6 phd cia di
thudng trong luc Ag(x):

s(w) = 2rGA e (8.39)
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Ap dung két qua cda vi dy trude, ta duge phé cia dao ham
béc nhit va béc hai t;heo tham s6 z bﬁng cdch nhan phd ban ddu
s(@) lan lugt voi o va o

Hinh 74, 75, 76 minh hoa dudng biu didn cha cdc dj
thudng Ag, dao ham 0Ag/z, PAg/é2” cha hinh tru ngang va phd
s(w) tuong dng. Qua cdc dudng biéu didn nay, ching ta thay ro
diéu da dugc 1y thuyé&t ching minh, dé 1a bic dac ham cang cao
thi dinh phd tuong dng cang dich chuyén vé phia tdn sé cao.

4 Ag=V, 4 slw)
x 41
Hinh 74

) Ve . 1 s(w)
X [{1]

Hinh 75
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szz 4 S((!.)}

Ve
Hinh 76
Dudng biéu didn cia phd cia vat thé ¢6 dang cdu tuong tu
nhu trong trudng hop vat thé ¢6 dang hinh tru ngang vé han,
nghia 12 phé tan s6 cha dao ham dich chuyén vé phia nhiing tin
86 cao so v6i phd cia di thudng trong luc. Bac cia dao ham cang
cao thi d6 dich chuyén cda phé cang 16n.

Bang duéi ddy trinh bay dac trung tdn s6 cha vai phép
bién ddi trudng trong luc phd bién cho trudng hop 2 chiéu.

Bang 12: Dic trung tdn s6 ®(w) clia cdc phép bién d6i trudng.

Phép bién déi BTTS &{w) Chinh
Trung binh ho4 : sinwr/or Cé
Chuyén trutng :
— Lén trén g™ Cé
— Xuéng du6i : goh Khéng
Pao ham theo z bic n cda di thuéng:
— & miit quan sdt " Khong
— & mat phdng dd cao h : o"a™h C6
Pao ham theo x bdc n cha di thudng:
-4 mit quan st : (im)" Khong
— & mat phdng 4 cao h : {im)"e™" Cé

Pao ham cdc bdc n,m theo x, z tudng tng | (ie)"{(~|o))"e™F Cs
trén mit z = const

Tinh nguyén ham theo z trén mét z = const|  (—a™®F)/|a| Khéng
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Hinh 77 minh hoa dudng bidu dién cda dic trung tdn sé
®(w) theo tin s8 cda cdc phép bidn d§i khéc nhau. Pudng bidu
dién ham dic trung tdn s6 ®(w) cia mbi phép bién d6i s& cho
thay tin s6 ndo duge ting cudng va tdn s6 ndo bi gidm di trong
ting bi€n d6i kh4c nhau. Hinh nay cho thdy trong phép chuyén
trudng xudng nita khéng gian duéi va céc phép tinh dao ham
phuong thing ding, nhitg di thudng trong lge tdn 6 thdp bi
gidm. Nguge lai trong phép chuyén trudng lén nita khéng gian
trén, nhitng thanh phan di thuéng d6 dugc ting cudng va cdc
thanh phéan di thudng c6 tdn s& cao bi 1am yé&u di.

F 3

Do)

1.6

1.4

1.2

0.8

0.4

0.2 04 0.6
Hinh 77 — Pudng biéu dién ddc trung tdn s6 A w) ciia cde
phép bién d6i do Gladky tinh sdn.

I~ Trung binh hod; 2 - Tiép tuc gidi tich truong lén cao; 3 - Tiép
tuc gidi tich trubong xuéng dusi; 4 - Pao ham dagl &; 5 - Pgo ham
O*Agl 52%; 6 - Pao ham aAg! & trén cao.

$6. BIEN POI FOURIER CHO TRUGNG HGP 3 CHIRU.
Biéu kién Dirichlet cho bién d8i Fourier :

Gia slf u(x,y,0) 1a trutng ngoai ban ddu, cho trude trén mat
phéng z = 0 (thudng u = Ag). N&u thda didu kidn Dirichlet :
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[ flux,y.0 dxdy< +o (8.40)

- —at

thi bi€n d8i Fourier (ph8) cia ham u(x, y, 0) trén mat phing
xOy dé cho, duge x4c dinh béi bidu thie :

s(u,v) = I Iu(x, y,0) e W) dxdy (8.41)
Bi&n d6i nguge cia né c6 dang :

+0 40

ux,y) = 21—11 J Is(u,v) e' ) dudv (8.42)

-0 =gl

Pai vdi trudng duge bign d6i ta c6 tuong tu (8.26) :

+ X

Ulx,y) = 2_1ﬂ J; :E s(u, v) O(u, vIe ™ dudv (8.43)
1 i —t{ ux+v)}

swv) = — [ U p0)e dxdy (8.44)
2r 2

S(u,v) = s(u,v) ®(u,v) (8.45)

Trong 46 :
u,v — tdn sd theo x, y tuong tng.
S(u,v) — ph8 Fourier ciia trudng da duge bién aéi.

®(u,v) ~ diic trung tdn s6 loc, 1a bién ddi Fourier cia nhan
K(x-§, y-n, z).

bat :
p=x-§vaq=y-n,tacé: K(x-¢§ y-n, 2) = K(p,q) (8.46)
ta ¢6 d4c trung tan sd loc :

+x

- L —i{up+vq}
O(u,v) = o f f K(p,q) e dpdg (8.47)

- =00
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§7. PHO CUA DAO HAM DI THUONG TRONG LUC THEO
THAM SO (3 CHIEU).

Ung dung céng thie (8.36), ching ta di tim phé cda dao
ham di thudng trong luc tryc ti€p, khong qua K(w). Xét trutmg
hegp 3 chiéu. B3i v6i nhitng vat thé ba chidu dang bdt k¥, di
thudng trong luc Ag do né giy ra tai mdt di€m quan sét P(x,y,z)
¢6 bidu thic :

(& —~z)dddndé — (8.48)
-8 + (- +(z- 7]

va phé cia ham Ag(x,yz) 1a:

( )__ —z)dldndg ——J(uxwa (8.49)
o ffff[(x &y +(y n +z-6F]

Aglx, y, z) = Go Hr

Thay d8i thit tu tich phdn, ta s& duge:

z) e —i(uxivy)

P ]m dxdy {8.50)

s(u, v)—— jjj’dgdng j[ -

Riéng tich phin kép s& bing:

+0

—i(ux+vy)

j‘ f —z)e dxdy=2ne—i(u§+w|)e~(§—z)\/uz+v2
Yo I ( é) +(y—n) +(z-¢)

(8.51)

Do d6 phd cla di thudng trong luc do vat thé ba chidu giy
ra tai di€m P(x,y,z) la:

s(w,v) =Gz [[fe e e agdndg g pg)
14

va tai diém P & mit quan sét, z = 0, phé tré thanh:

s@v)=Go [ffe e acdnds (s
4 .
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Ap dung dinh 1y vé& phd cia dac ham theo tham s&, ta ¢6
phd cfia dao ham 8Ag/dz cla di thu¥ng Ag theo tham s§ z:

S.(u,v)=Vu' +u s(u,v) (8.54)
va phd cia dao ham bac hai §*Ag/éz*:
S_(u,v)=(u? +v?) s(u,v) (8.55)

Ky hidu Q =+vu® +u* tdn s§ trong trudng hgp 3 chiéu. Van
dung dinh 1y dao ham, ching ta ¢6 phé cia dao ham bing phd
cia di thudng ban diu nhan véi Q, vi vAy phé duge lam manh &
cdc tdn s6 cao so véi phd cha ham ban diu. Phé cia dao ham
bac 2 : nhén s(u,v) véi O°. Do d6 c¢6 su khuéch dai cang 16n hon.

Tinh chét trén c6 nghia 13 phép dao ham lam ting cudng
4dnh hudng cha nhimng di thudng c6 tin s8 cao, so véi nhitng di
thudng khéc, va vi vy ban d dao ham 9Ag/dz hay &Ag/dz® cho
ta do phéan gidi cao hon 1a ban dé di thudng trong luc Bouguer
ban ddu, nhiéu chi ti&t hon.

Du6i diy ching ta hdy 4p dung cdc két qué trén dé tim
biéu thie phé cha di thudng trong luc clia F*Ag/dz® trong trudng
hop vat thé cé dang qua cdu. Vi cée di vat cy thé khac nhau thi
phé s(u,v) ban ddu va phd dao ham S,(u,v) sau d6 s& khédc nhau.

7.1 Vi du : Qua cdu.

Di thudng trong luc Ag do qué ciu khéi lugng M niim & d)
sdu h gy ra tai di€ém quan sat P(x, y, 0) trén mét z = 0 ¢6 bidu
thide:

h
Ag(x, y,0) =GM RIS (8.56)
Phé tdn sd s(w) cda Ag(x, y, 0) trong trudng hgp nay :
x he—i(ux+vy]
(U, V) = | T Ty (8.57)

—x
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Thay d6i bi€n s6 tich phén, sau ciing ta dugc phé ban diu :
s(u,v) = GMe " +¥ (8.58)

Ap dung két qud vé dinh 1y phé cGa dao ham theo z d6i vdi
vat thé ba chidu, ta s& thu duge phé S,(uv), 8..(u,v) cda di
thutng 0Ag/dz va &Ag/dz’ cho qui cu bling c4ch nhan phé ban

dau s(u,v) cia di thudng trong lyc lan lugt véi vau®+v' va
(u®+v?) tuong dng.

Trén day ching ta vifa xem xét dao ham thing ding cda di
thudng trong e dusi dang bidu dién phd. Qua dé ching ta da
rut ra mét tinh chét co ban 14 dao ham lam né&i chi ti&t cau tric
dia chat hon di trudng trong lye.

Béang 13: Pac trung tin s6 cho cdc phép bién déi ba chidu

Phép bién déi DTTS ®(u, v) Tinh chinh
Iéncac:z >0
Bi&n ddi trudng lén dé cao e’ e — chinh
z = constant Xudng : z < 0
—khéng chinh
Tinh dao ham cdc bse n, | Gw" Gv)™ Khong chinh

m, | theo x, y, z tuong ng

ul +vh)le ™

Tinh nguyén ham theo z (~ e-zv’u’w’ Y v Khéng chinh
trén mat z = const

Trung binh hod trong cira

88 trugt D v6i ham trong - i
bat ky o(E,n) > 0 Hm(E_,,n)e Weemdedy | Chinh

[fotemdzdn =1

§8. PHEP BIEN DOI FOURIER ROI RAC.

Tin higu vao, trén thyc t& do dac khéng & dang biéu thic
giai tich lién tyc. Tin hiéu rdi rac, theo dinh nghia, c6 thé duge
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bi€u dién bing mdt day cdc gid tri (thyc hodc phic) v6i s8 thit
ty n {(nguyén) duge ky higu 1a x(n). Ta ¢6 :

x = {x(n)} -G < X < W {8.59)

x(n) duge goi 12 méu thd n cda tin hidu roi rac cha tin hiéu x.
Né khéng phdi lie nao ciing duge tao ra bang cdch 14y mau lién
tuc theo thdi gian, ma cdch quing déu nhau T, goi 1a chu ky 14y
méu. Day tin higu r¥i rac x(n) bat ky ciing c¢6 thé duge biéu dién
thanh td hgp tuyén tinh cdc ham truc giao. Ta c6 bién déi
Fourier :

X(w) = ix(n)e"“’" (8.60)

Va phép bién ddi Fourier nguge :
x(n) = —— [X(@)e" do (8.61)
2n o

Cap cong thic bién d6i trén con cé thé biéu didén bling tdn
38 f goi 12 tdn s8 vdng :

X(f) = ix(n)e““’“‘ (8.62)
1 112 .

x(n) = — [X(f)e"™df (8.63)
2n

12
(f = 2no, chu k¥ tudn hoan bing 1)
Piéu kién tdn tai cda bién ddi Fourier ciing tuong tu (8.43):
Y |x(n)| < » . (8.64)

n=—o

'Néu y(n) 1a tin hiéu ra lién hé véi tin hidu vao biing téng
chip :

yn) = ix(k).h(k -n) (8.65)

km—m

thi ta c6 phd clia né lién hé véi phd clia x(n) tudng tu (8.23) :
Y(H = X(DHD (8.66)
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Trong d6 H(f) 1a phé cla tin hiéu h(n—k).

Tan s6 { duge rdi rac hod theo titng buée Af nhu sau :
f = k.Af v6i bi€n nguyén k chay tir 0 dén N-1 nguyén.

Bude duge tinh : Af = T/N =1/N, do d6 f = k/N, tich phin
(9.64) c6 th€ duge bign thanh téng khi cho df = Af = 1/N :

x(n) = &= 3 X(k)oZmni/N (8.67)
Nk=4N>

V6in tit —o dén 4. Ky hituk =<N>la k=1, 2, 3,.. (N - 1).
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CHUONG IX
BIEN THIEN TRONG LUC VA DIA TRIEU

§1. THE TAO TRIEU

Thé cha trong luc Trai dat duge xem 1a ham cta toa do
quan sat, khéng phu thugc thoi gian néu nhu do chinh xdc yéu
cdu ciia phép do trong lyc ¢ 0,2 — 0,3 mGal. Vdi dé chinh xdc
cao hon thi ngudi ta phdi tinh d€n 4nh hudng cda luc hip dan
cia Mat trang, Mat trdi va cla cdc hanh tinh khdec. Thi ldce 46,
thé trong luc duge b8 sung phin phu thudc thdi gian, goi la
nhiéu (theo thei gian).

Gia s Mat trang ¢ vi tri L. Ngudi quan st tai P ¢6
khodng cdch thién dinh (trong thién van) cia Mat trang do duge
la géc z. Ching ta c6 hinh vé.

Hinh 78: T - Trdi ddt; L — Mat trang; P — Ngudi quan sdt

Goi m 1a khoi lugng Mat trang, ta c6 lyc hap dén clia Mat
tring tdc dung vao khdi lugng M ctia Tr4i dat tai P. Luc hip
dén tuong tdc gdn ding khi 4p dung cong thic Newton cho 2
qua chu : '

F, ="M ©.1)
P
dF, = G-dM 9.2)

o

G —~ hing s8 hap din.
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dM - khéi lugng nguyén td tai tdm Trai d&t. Huéng cia
- — ' —» -3 - —
vecto dF va dF,. Xét hiéu dF -dF, hay dF + (—-dF, ). Phép

— —
trir di dF, 14 phép cong v6i vectd ddi cia dF, nhu hinh 79.

Hinh 79: Litc tao tridu do mdt trang gy ra trén trdi dat

D& don gidn ta cho khéi lugng nguyén t6 dM = 1

Ag, =Gm{—17lz,——17;} 9.3)
Pl p

a9

- -
Trong d6 k,, k vecto don vi huéng vé Mat tring dit tai

—)
T va P. Chi&u xudng phuong ctia vectd n ta c6 :

G—? = %cosz (9.4)
LP 1, P
(Gm| GM
5| =—-cosf
2

LBy o 9.5)

Tir hinh 78 ta cé : |
pPocost — pcosz = r

Hay €OSZ = %E

Do dé6, c6 thé viét lai cong thice (9.4):

(9.6)
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L

Ag, = Gm{—l?cosé—%(pn cosé’—r)} (9.7)
Yoi

Thé giong nhu th€ nidng, bing céng cta luc Ag, nhung
ngugc ddu:

oW, +C=Gm f 1 (p cosB—r)dr— — | cosBdr| (9.8)
o p pD o
p2 =1 + po2 — 2p,reosd (9.9)
Vay:
W, +C= Gmf 0 COSTT 3 —izcose dr
(r? —2p rcos@-f—p ) P,
Vi phén 2 v& cha (9.9) ta ¢é:
1,29
(p, c089 —r)dr = _Edp = —pdp (9.10)

p
8W_+C=-Gm p@~Gm~r-—cose=9-Ip——GmLcose (9.11)
o p3 pz P p2
0 a o

P& xdc dinh hiing s6 C ta coi tai tdm Trai dat (r=0) th&
tao tridu bing 0 :

bW, +c]  =c=2 ©.12)

r—0
Po

i—[ +—-cose]
PP, Po

Dai lugng ~ c6 thé khai trién thanh chudi da thic
p

5W, = Gm (9.13)

Legendre (Logiing):
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-~ n
1.1y (LJ P, (cos 6) (9.14)
P Poy-p\Po

Po(cosd) = 1, Pi(cosO) = cosd do dé

W, = Gm [_r_

] P,(cos8) =) BW, (9.15)
Po n=2 \Pq n=2

§W,, tridu béc n. Ly gin ding chd yéu bcn = 2

rzm

3
4

§2. CAC HANG SO LOVE.

W, =G——=(3cos’ 1) (9.16)

Vi thé€ tao tridu thay ddi theo thdi gian cho nén th€ toan
phén ciing thay d6i:

W =W, + W, (9.17)

Mit ddng th8 W, + 5W, = C s& bién dang. Tdc mit ding
th& thay d6i vi tri so véi mat ci ¢§ dinh cé phuong trinh W, = C.
D% chénh giita 2 mat ¢6 thé xdc dinh bdi cong thie Bruns.

x = §W
Lo= Gm =2, g“ (9.18)
n=2 n=2

Dao dong cia mat ding thé trén diy la so v6i mét rdn cf
dinh cha Trai d4t. Tuy nhién trén thuc t€ mat Trdi d&t déo,
khéng ¢d dinh ma ciing ddng 1&n theo do d6 d¢ chénh gilta mit
déng the v6i mit ci qui u6e 14 cf dinh gidm va d¢ chénh gida 2
m#t bay gid nhéan hé s6 hy.

6= Z hp&on (9.19)

n=2

hp - goi 1a hé s§ Love thit 1. Gifta § v& & ¢6 sy ty 18 gén
ding:
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€ =hé (9.20)

Bdi vi diéu hoa bac 2 1a chd y&u, nén ta giir lai mot didu
hoa nay. Ta c6 hé thite ty 18 cho th&. Love da chi ra sy tj 8.

SWy = kpdW,,. (9.21)

38Won ~ di€u hda cda thé trong trudng hgp qud dat ridn
tuyét d6i. k, goi 1a hing s8 Love thd 2. Goi W, 1a thé phé4t
sinh do khdi lugng ddt d4 dich chuyén khi Trai d4t la déo. Vay
két qud 1a Trai dat thue c6 thé tao tridu 1a :

SWy = 8Wopn + 8Wy, = (1 + ky) W (9.22)

W = i (+k )W, (9.23)

n=l
Ly thuyé&t gén ding cho ring §W t 1& véi 5W, nhu sau:
8W = (1 + k) §W, (9.24)

Céc hling s h va k ¢6 thé x4c dinh qua quan st trong Iyc
theo thei gian va dao dong cia mat dat.

Bién thién trong Iyc cia Trai ddt thyc (déo) do duge va
trong luc tinh todn 1y thuy&t cta Tr4i d4t rdn cho ta tj s& :

5= 28 (9.25)
Ago

8= 1 va lién quan d&n h va k.

B¢ léch day doi do duge va tinh todn ly thuyét ciing ¢6 ty
86: |

y=— (9.26)
1

a

va néu biét sy phu thudc clia 8 va ¥ vao h va k thi c¢6 thé xéc
dinh duge h va k bang ti€n hanh quan s4t déng thyi bign thién
trong luc va dao djng nghidng clia mat d4t.
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§3. THIET LAP MOI LIEN HE GITUA CAC HANG S6 §, y
vOi h vA k.

Giad si mit ddng th€ W, = C di qua diém A trén mit dat.
Con khi ¢6 thém thé tao triéu thi mat d&ng thé W, + 8W, = C di
qua di€m méi B cdch A mdt khodng &. Sau dé vi Trai d4t déo
nén khdi lugng di chuyén lam th& thay ddi mét lugng W' nhu
dé néi :
W =W, +8W, + W, =C (9.27)

gi¥ day mit ddng th€ biéu dién bdi phuong trinh trén di qua
diém méi B’

B’ W =W, +5W,+8W, =C

-------------

-k

Pt W, +8W, =C

1
1
L]
1
1
1
¥
L}
1
1

_____________
-

Hinh 80: Mgt ddt déng lén (vi tri A’), phdt sinh thé tao tridu b6
sung SW:

Nhiém vu cha ching ta 1a xdc dinh bi€n thién trong lue
quan sdt tai diém A’ trén mat dat da dang 1én.

Trong luc tai A' ¢6 thé xdc dinh nhu sau:

N\ OW(A)
gA) = -

n - phdp tuyén clia mit ddng thé.

(9.28)

Con gié tri trong luc khéng ¢6 th& nhidu bing:
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OWg(A)

go(A) =— {9.29)
Bién thién trong luc do tridu la:
' oW oW
Ag = g(A") — = |20 | _[eW .
g = g(A) — go(A) ( — )A [an]A. (9.30)
Khai trién thanh chudi Taylor ta c6 :
2
Ag = (6W0] _(aw] ‘; d W 9.31)
an ), \om ),
Thay W = W, + SW" + 8W, vao bidu thic nay ta c6 :
* 2
—Ag = [a(swo) REQAR g[a WH 9.32)
én on on?
A
Pao ham theo phédp tuyén n coi gin dting biing dao ham
theo r:
azw , W) oBW)
~Ag = 9.33
C . o (9.33)
z
Ngoai ra biét rang : 8 2% ~28 (9.34)
r r
Ta cb :
2 3
_age Ca W oEW,) | 9EW") (©0.56)

or 0z
Néu trién khai thanh chudi ham cdu Ag, §W,, ¢ thi

26 HEW. )  OBW)) '
—Ag =8 on” 8 9.36)
8 =G r + or ar (
S dung &, = hp&on, va ¢bng thite Bruns :
Con = 8\’;0,, ~ Won , thay vao biéu thie (9.36) ta cé:
o
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SW, & dBW))
~Agn=hp 2—F + —(8W_)+ —"- 9.37
gn 1] t ar ( on ) ar ( )
Bao ham clia §W,, ta st dung (9.17) d& tinh :
n—i
8(5;?{”) =GP, (cos0) (9.38)
Po
= |G P, (cos0)| = - 5W,, (9.39)
r . r

Pao ham cia W™ s& cin cd vao bidu thic cia thé khéi két
hgp chudi tua (9.15) quan sit tai P, trong d6 P 1a diém chay tai
vi tri dm.

8W,* = G [P, (cosy)dm’ (9.40)
r
v

r 12 tham s& d6i véi tich phan trén.

Pt

T

Hinh 81: Dién gidi cho cbng thite (9.41)

BW.) r , |
=5 =—(0+1G ! ez P, (cosy)dm (9.41)
=_nHGfrn—HPn(cosw)dm'?-nHSW;
r v I
-2 L indWon (9.42)
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Thé (9.39), (9.42) vao (9.86), ta c6:

—Ag, = hy 2 en TLLE
r r
=2_8.‘ir0£(hn+£_
r 2
Khi trdi d8t rdn kn, =h, = 0, ta c6 :
—Agon = 26Won 2
r 2
Léap ty s6 :
5, = 2Bn o142y, S th
Zon n n
Viduy:
3
n=2: 82=1+h2—§k2
2 4
n=3: 83 =1+=-hy——k
k) 3 3 3 3
1 5
=4: 8g =1+-hy--k
n 4 +2 47, K4
Chd y&u la cong thie véin = 2 ;
5=1+h—§k
2

e sw,

kn]

{9.43)

(9.44)

(9.45)

(9.46)

Bay gid ta thiét lap méi lién hé giivta y v6i h va k. D€ 1am
viée ndy ta quan sdt bi€n thién cia do léch day doi theo thai
gian do dia triéu gAy nén. Phuong clia day doi la phuong vudng
géc v6i mat ddng the. Nhung mit ddng the do dia tridu ludn dao
dong lam cho phudng phép tuyén (12 phuong day doi) cling dao

déng.

Gid sif trong trudng hgp khéng cé dia tridu ta c6 mat ding
th& W, = C. Khi ¢6 dia tridu thi ta ¢c6 W + W, = C. Trén hinh

vé ta thdy 2 mat hgp nhau mét géc iy (tic 0 & chuong IV).

i0=-—°

s
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Hinh 82: D§ nghiéng i, ctia mgt dit do dia tridu.

oW .
Theo cong thie Bruns {_ ~-——=, th& vao (9.47), ta c6:
g

REEQA

e o (9.48)

0 —

Coéng thitc nay phi hgp véi trudng hgp Tréi ddt rin tuyét
ddi. Trong thyc t& Trai ddt déo, mit dit di chuyén, dang lén
khodng ¢ 1& dia tridu. Piéu d6 1am ph4t sinh ra th& bé sung sW"
lam cho mat ddng thé cé vi tri ¢'. Vay do lach gita mat
déng thé sau cling so vdi mit d4t 1a do léch quan sat duge xac
dinh la:

i--2 9.49)
Js

_W-W,

Theo cong thue Bruns : ¢ - é(z-sw0 +5W")

Trong d6: W = W, + W, + W'
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Hinh 83: Truong hop Trdi ddt déo, mat ddt déng lén.
St dung chubi ham cdu : W' = Tk,sW,,

va &= hplon = éZhnawon (9.50)

Thé vao cdng thic cda i ta c6.

i - B8W, swW' 10
1= —é;{ go +T‘C] = —E§Z(5Won + kn8Woq — hpdWoy)

(9.51)
Géc i ta ciing khai trién thanh chudi ham cdui = ¥ i, sau
khi bé ¥ & hai v€& ta c6:
_1aW

o= - (kg —hp) =i+ Ky ~hy)  (9.52)

Vay ta ¢ : 71~‘l~=7n =1+k, -h,
no
Hay y=1+k-h (9.53)
§4. CAC LOAI SONG TRIEU.
Do m#t tring va mat tréi ludn thay d8i vi tri tuAn hoan
theo thdi gian d6i v6i ngudi quan s4t trén trdi d4t cho nén két
qué bién dang cda dét cling xdy ra nhu cdc dao dong didu hoa cb

nhidu diéu hoa khéc nhau. D6 13 dia tridu. Ching ta hay xét
mot s6 diéu hoa chinh.
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Séng triéu c6 thé chia ra lam 3 loai : chu k¥ dai, chu ky
ngay dém, nhat triéu, va chu k¥ b4n nhdt tridu. Hay xét hai
loai tridu cudi, 14 co ban.

Thé tao triéu chi y8u duge biu din bdi (9.16):

2
™ (3cos? 6 -1) (9.54)

3

Dé dang thay cosd khéng khéc cos z nhidu, cho nén ta cé
thé viét :
r’m
BW, =G5

o

(3costz—1) (9.55)

Trong lugng gidc cdu (thién v&n hoc) ta ¢6 cong thie:

€os z = Sing sind + ¢cosQ cosd cost
Trong d6: ¢ — vi 4§ dia ly.
8 — xich vi clia thién thé.
t — gbc gid cha thién thé trén xich dao troi.
Thay vao ta cé:
2

3(3Sln @sin’ S +3cos’ peos’ Scos’ £ +

n”

oW, = =Gl
2

1
6singpcospsindcosdcost —1) = 62 [3(l—cos @)1 -cos’8)
o

o0

+ —;—cos2 @cos’ 5(1+cos2) + %sin 2¢sin 28 cost —1] (9.56)

2

= G—3[2+9cos @cos’ &) —3(cos® & +cos’ @)
2p, 2

+ —g-c:o;s2 cpcos2 Scos2t + gsin 2psindcost] (9.57)

Hai s8 hang cufi cung chita tham sd bién thién nhanh dé
13 géc gid t clia thién thé, thay ddi theo gi¥ clia ching ta dang
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sit dung. Mot ngay dém, t = 24 gig. Chu k¥ ban nhét triéu 12
gid 1a thanh phén:

2
3grm
4 2p

o

cos’ @cos’ dcos 2t

Tai vi df o = :'cg thanh phin nay triét tidu va triét tidu

En, 5—n, 11:. Né&u gitta cée vi tri séng tridu
4 4 4

triét tidu 1a cdc vi tri séng triéu cé gid tri Am va duong thi hinh
84 cho ta thiy ré sy phan vang trén dia cdu theo mui.

tic thoi lae t = g,

'

Hinh 84: Séng bdn nhit triéu

P31 vdi chc sao & xa thi chu k¥ cla né vong quanh Trai d&t
la t = 2n. Nhung m#t trang cé chuyén déng riéng ngoai tham
gia chuyén déng ngay dém (nhit dong) do Trai ddt quay, cho
nén chu ky 1a 12,4 gid d6i vdi séng ban nhat tridu. Séng nay 14
séng ldn chinh, c¢6 tén goi 13 bdn nhit triéu chinh cia Mt
trang, ky hiéu 1a Ms.

B4n nhét tridu cGa Mt troi ky hiéu 12 Sy, ¢6 chu ky chinh
xdc 1a 12 gi¥, c¢6 bién d§ bé hon hai lan triéu Mg clia Mit trang.

Qui dao cia Mit tring quanh Tr4i dit c6 dang elip chd
khong phai tron, cling dnh hudng dén tridu va sinh ra triéu Ny
bé hon Mz ndm lin.

Vi ban nhat tridu déi xing qua xich dao nhu hinh cho nén
n6 khong dnh hudng dén mémen quén tinh cia Trdi dat d6i véi
truc quay, va hudng cla truc.
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Trong thuyét vé tridu ngudi ta phat hién c6 30 loai séng
bdan nhéat triéa.

Séng nhét triéu mang hinh thdi khdc. D6 la thanh phin

3 m ) . :
ZGr2—351n2(psm2ﬁcost s6ng nay triét tidu khi t =g,% va
P,
Tt b/ ; . al s \
Q= 5 0, > Ching ta ¢6 bite tranh phin vung am va duong so

le (hinh 85).

b

Hinh 85: Séng nhit tridu

Nhu v&y nhat triéu phan b§ khéng déi xing qua xich dao.
Vay né tdc dhng vao tryc quay cla Trdi d4t, lam cho truc quay
thay d6i vi tri trong Trdi dat. Do d6 nhat tridu c6 ¥ nghia dén
viée nghién cliu cfu tao bén trong cha Trai d4t. Séng tridu nay
12 nh4t triéu chinh cla m4t trang va ¢6 tén la O,.

Triéu ddng ké tiép theo 1A triéu chinh cia Mt trang, Mat
troi Ky, nhéat triéu chinh ciia Mat tréng O, va nhét triéu chinh
cha Mat troi Py,

Nhém diu tién trong (9.57) khong chida gée gir t do d6
ciing khéng phu thudc vao gée tinh géc gitr t 1a vi tri ¢6 kinh d6
A cda ngudi quan sat.

Vay nhém nay thay d8i rat cham, goi 1a thanh phén chu
ky dai va duge xéc dinh bdi phuong trinh:

2 + gcosztp c0s28 = 3(cosZs + cos’p)
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Tir day ta tim ra vi tri ranh (cd dinh) Am va duong cia
tridu ¢ = + 35°16,

D

' -

Hinh 86: Séng chu ky dai

Séng nay khong phu thudc gbée gi¢ t caa Mat trang cho nén
né khong chay nguge chiédu quay cla Trdi ddt nhu cdc séng da
néu trén. S6ng nay lam thay ddi do det (46 phinh ra & xich dao)
cia Trédi d4t, tde 1am cho Trédi dat co b6p. Mdmen quén tinh cta
Tr4i dat vi thé cé thay d6i nhung khéng dnh hudag dén huéng
cua truc quay.

Trong d6 cdn c6 thanh phan triéu nita thdng cia mit
tring la M; (moon forthnighlty). Thuc viy xich vi & cha Mat
trang thay d6i véi chu ky mét thang. Nhu vay thanh phén

0828 = %(1 + cos 28) sé c6 chu k¥ nira thdng, tite hai tuln.

Khodng céch p, d8n Mat tring luén thay déi do qui dao elip, v6i
chu k¥ 1 thang. Do d6 ¢6 triéu chu ky dai mét théng My (moon
monthly). C& 2 loai séng M vd My, déu c¢6 ¥ nghia thyc tidn
trong thiy triéu.

Triéu chu k¥ dai khong chi ¢6 hai loai nay ma c6 rat nhiéu
v6i chu k¥ tif mét tudn 18 d€n 18,6 nam. Dudi day, 1a bang liét
ké cdc loai séng triéu.
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Tén séng Chu ky Nguyén nhan tao triéu
M, Ban nhat triéu Mat tring
So B4n nhét triéu Mt troi
Ny Bén nhat triéu | Qui dao elip clia Mt trang
K, Nhét triéu Mit trang va Mat trai
Q; Nhat triéu Mit trang va Mat trdi
P, Nh4t triéu Mat troi
0, Nhat tridu Mit trang
M, B4n nguyét tridu Mait trang
My, Nguyét triéu Mat trang

Pia tridu 12 mét chdng chdt cdc séng, 18 ham phie tap
theo thdi gian. Khi ghi duge dia triéu ngudi ta ¢é6 phuang phdp
téch tirng thanh phén séng ra goi 1a phan tich diéu hda.

Cé ba phuong phédp chinh duge dng dung trén thé gi6i la
phuong phép cia Dudson (P4t xén), Lekolaze (Lé cb la de) va
Persev. (Pe ro xép) Trinh bay chi tiét tiing phuong phdp vugt
qué khudn khd cla sdach nay. Do d6, & day chi néu nguyén téc
chinh cla cdc phuong phdp trén. Gid si ta c6 téng hai séng c6
bién d8, tdn s& khdc nhau va dé€ cho don gidn coi pha a; ban diu
cua ching nhu nhau : :

y(x) = a, sin2n —Ki + agsin2n§

Nhiém vy cia chang ta 1a tdch duge tit y ra hai séng nay
khi do duge y(x) va x4c dinh duge a; va a;. Gid s ta tim dugex;,

Xg, X3 580 cho trong téng yi(x1) + yalx2) + ysxa) séng thit nhi a,
s& bi loai.

] 5 9
Chéng han: x, =3—,x, =3—, X, =3—, ta nhén dugc:
RERRI K =T Ty an dug
) ° ] o 1 1
y(x1) = a38ind5” + apsin30” = :E:al + —2—8.2
(x2) = a15in225° + a3sin150° = -—ia + la
yXxXar=4a) 2 = -\/5 1 2 2
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¥(x3) = a138in45° + agsin270° = ——1—a1 —ag

V2
Tong y(x1) + y(xg) + y(xs) = L a; . Ta tim duge a;:
V2
15 9
- ool
= a7 2) s

Tuong tur nhu vdy ta ciing tim duge a, :

wesn{ 3o g )

Vi dy don gidn trén day chi la khdi niém gin ding cda
phuong phdp phan tich diéu hoa. Thyc t€ phuong phap cho phép
ta khong nhitng xdc dinh bién d6 ma con pha, tdn s6 clia cée
séng. P4 ¢6 nd lyc dp dyng chudi Fourier va xdc dinh mat do
phd lién tuc cda nang lugng, c6 sir dung cdc ham tu tuong quan.

Tuy nhién ba phuong phép da néu 12 co bén va c6 hiéu qua
nhu nhau, d¢ chinh xdc ngang nhau. Bién d6 cdc séng dia tridu
dat trén dudi 5 cm. D6 ciing chinh 1 bign d6 dao ddng cfia mit
dat.

$5. PHUONG PHAP QUAN SAT DIA TRIEU

Dia triéu ¢6 4nh hudng dén gi4 tri trong lyc quan st tai
mdt ndi, ldm cho gi4 tri nay bi€n thién theo th&i gian trong
ngdy. Thudng, ngudi ta xAy dyng tram quan sdt dia triéu trong
d6 c¢6 dat mdy trong lye cyec nhay. P§ chinh xdc cda né dat tdi
0,001 mGal. D6 1a mdy cia Pdc (Tay Pife cii) nhan hiéu Askania
— GS céc loai, cdn goi 1a trong luc k& cha Graf trude kia. Mdy c6
kh6i lugng lon. Khong ké gid do la 20,5kg. Riéng gis do 1a
7,8kg. Téng khdi lugng mAay 14n hop dyng mdy la 43 kg, cho nén
duge sit dung do tai mjt tram do dia tridu - trong lue.

Db nghiéng cia mat dat bién thién ngay dém do dia tridu
dugc quan sat bing d6 nghiéng ké. C4u tao nguyén tic gém con
14c ¢6 cAn n¥dm ngang, nhu hinh 87.
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Guong Tia sdng

.-..._‘__h-
———

>

Hinh 87: Con ldc ¢6 cdn ndm ngang, dao déng phuong ngang

P6 1la mot thanh kim loai c6 gin guong & mot dau duge
treo biing hai soi day kim loai cuc manh tai mot ddu kia va tai
dién gan giita thanh. Con 14c¢ ngang duge chiéu mét tia sdng vao
guong va phén xa nhu dién k€ khung quay. Bat ci mot do
nghiéng nhd ndo cia mat ddt sé lam cho con léc dao dong theo
phuong ngang. Vét sdng sé& thay ddi vi tri trén thang do va Jduge
ghi trén phim.

Ngay nay viéc do dac ngay dém duge ty dong héa. Tin
hiéu, 48 léch co hoc duge bién thanh sy bién thién cia dién thé,
va mdy ghi lai 88 do va luu lai trong may. Thoi gian do lién tuc
kéo dai 6 thang dén 1 nam.

K&t qua do bién thién cda trong lyc che ta:

6=l+h-‘§k
2

va do 46 nghiéng : y=1-h+k
Tt day, ta nhén duge cdc hiing s6 Love:
h=3-125-18y

k=2-126-08%
Thudng ngudi ta do 39 nghiéng clia mit d4t, song song vdi
do trong lue d&€ nhén duge h va k ddng thdi. Mdy do d6 nghiéng
v8n céu tao gidng méy dia chdn vé nguyén tdc (con lic ngang),
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nén rét nhay cdm déi v6i chdn dong manh, do d6 mdy duge dat
sdu 100 — 200m dudi mat d4t, trong hdm siu ho#ic giéng, hang
déng. Nhiét d6 trong diéu kién do nhu vy ciing it thay d6i. D&
ngudi khéng cham vao mdy, ngudi ta quan sat tir xa, didu khién
béng hé¢ théng truyén tin hiéu. Xung quanh khu ve quan sit
khong nén c6 dudng giao théng, hodic xudng 6n ao.

Trong luc k& cing duge dat trong hdm sfu dudi dat. Phai
c6 may 6n nhiét cho budng do. Ngoai ra, dé€ trdnh hién tuong
thdy triéu dnh hubng, ta cdn x4y dung tram do trong luc 1an do
nghiéng xa b& bién. Nudc bién dang 1én, gay 4p lue vao dat lidn
la mét sy nhiéu loan d6i véi dia triéu.

86 liéu do 3, § mot s6 noi trén thé gidi :

Pulkovo 8=1,20
Moskva 8=1,17
Trung A §=1,14

Simferopol 5=1,18

Thudng, ngudi ta do d6 nghiéng biing hai mdy dat theo
phuong vudng géc nhau dé do dugc dé nghiéng toan phin va
huéng dao dong chinh ciia 49 nghiéng. Vi du k&t qua do v & mot
s8 noi :

Huéng Bic - Nam Hudéng Pong -Tay
Kiev : 0,82 0,69
Donbas : 0,60 0,27

Herson (Crum) : 0,57 0,69
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CHUONG X

PHUONG PHAP PO VA MAY PO
TRONG LUC
KHAI NIEM:

Gia tri trong lue g tai mdt diém c6 thé xdc dinh duge bing
cach thuc hién do tuyét ddi hoic do tuong 4061, v4i hai phudng
phép: Phuong phdp dong va phuong phédp tinh.

Po tuyét 461 la do gid tri toan phén g tai vi tri quan sat.
Con do tudng doi 12 do s gia trong luc khi di chuyén tir mét
diém biét trude gia tri go, goi 1a diém gée hay tura, dén di€m cdn
quan sét. Trong phuong phdp déng, ngudi ta quan st chuyén
ddng cla mdot trong vat dudi tdc dung cia trong luc va do théi
gian ma vat dy dich chuyén tir vi tri nay dén vi tri khdc, 4€ tinh
ra g.

Ngay nay, viéc do tuong 461 gid tri trong luc chd yéu duge
thue hién bing trong luc k&, 14 phuong phép tinh. C6 nhiéu loai
trong lue k&. Thi ki dau, cde trong luc k& chi y&u 12 trong luc
k& s dung chét khi, ho#c chat 16ng. Hai loai trong luc k& nay
c6 nhuge diém 14 bi 4nh hudng manh bdi cdc yéu t6 din né do
nhiét dé clia chat luwu. Sau 1930, nh¥ su phat trién k§ thuat
luyén kim, ngudi ta ché tao loai trong luc k& 1d xo, bing hap
kim invar hofc thach anh, ¢6 49 chinh x4c¢ rit cao 0,0lmGal.
Néi chung, cdc loai trong luc k& déu hoat dong theo phuong
phdp tinh, trong d6 ngudi ta quan s4t sy thay d6i vi tri cin
bing cha bd phédn co dong, phu thudc sy thay d6i cha gii tri
trong luc, khi di chuyén tir vi trf quan sdt nay dén vi tri quan
sat khéc.

Trong do tuong d8i, ngudi ta chi cdn bi&t gi4 tri tuyét d&i
go tai mdt vi tri ndo d6, € lam gis tri gbc cho vide do tuong ddi,
roi trién khai két qua nghién citu trong luc vao mdt ving rong
16n hon, tao thanh mdt mang lu6i céc gid tri trong luc diém tua
dong nhdt, trong pham vi mt qudc gia hodc lién quéc gia. Sy
nhanh gon cia phuong phap do tuong déi da tao khé nang trién
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khai ¢dng tdc xédc dinh gis tri trong lyc khdp noi, lam cho mat
Tréi dat duge phd kin bdi mang i gi4 tri trong luc.

§1. PHUGNG PHAP PO TRONG LUC TUYRT POL.
1.1. Con lic teén hoc
TU phuong trinh chuyén djng quay co hoc, ta c6 :

16 + mglsin 6 = 0 (10.1)

Trong dé I 14 mémen quédn tinh cGa hé théng gém qud cdu
nhd khdi lugng m va day treo c6 chidu dai I. Trong trudng hop
géc dao dong 6 that nhd, c6 thé coi sin 8 ~ 6, khi d6 phuong
trinh (10.1) trd thanh :

16”+mglo=0 {10.1a)

6 = 0, cos (J%gf t+1|JJ (10.2)

0, = Omaex — bién d9 dao dong; V- pha ban déu.

ma nghiém 13 :

. N&u khéi lugng clha day treo xem nhu khong ddng ké va m
la khéi lugng chdt diém thi I = mi* - mémen quén tinh cia
chdt diém. Khi d6 chu k¥ dao dong 1& chu ky ctia con lic to4n
hoc:

T=2n £(14r(1]sin?95+(i.3)2 sin® $+...) (10.3)
g \2 2 2% 2

Khi bién d9 géc o bé ta c6 gdn ding :

T =2n LI— *—-2ng ' (10.4)
mg! g
£

Ritra g=4n’— (10.5)

T2

Trong thuc t&€ ngudri ta khong thé thuc hién duge con l¥c
don véi day treo khdng khdi lugng, nén con ldc todn hoc chi 1a
mét khdi niém ly tudng va thue t€ ta c6 con ldc vat 1y.
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1.2. Con ldc vat 1.

Con ldc vat 1y, duge Kater nghién cdu trién khai nim
1818.

D6 12 mot vat rin dang bat ky, khéi lugng M, dao dong
quanh lu@i dao 1a tryc quay (hinh 84). Phuong trinh chuyén dong
chia con ldc vat 1y gidng nhu phuong trinh con 1§¢ don:

I90+Mgasin8=0 (10.6)
trong dé a ~ khodng céch tir lugi dao O, dén trong tdm G cia
vit.
I ~ mémen quén tinh cGa v4t rédn d8i véi truc dao
» dong. '
Déi v6i nhitng bién d¢ that nhé, chu ki con lde vat 1y 1a :
T=2n L (10.7)
Mag

C6 thé xem day 14 chu ky cia mdt con 15¢c todn hoc c6
chiéu dai /, dac déng ciing chu ky v6i con Mc vat 1y (con lc todn
hoc tuong duong). Chiéu dai ! cGa con lic todn hoc tuong duong
bang:

I =— {10.8)

Hinh 88: Con ldc vat ly
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1L.3. Con ldc thudn nghich.

Cho dén nhitng nadm 1940 phuong phdp duy nhét duge sit
dung rong rai d& do tuyét ddi trong lyc 1a phuong phdp con lde
thudn nghich. Né cho phép xdc dinh g v6i d6 chinh x4c khéng
dat t6i 1 mGal.

Hién nay ngudi ta da c¢6 kha nang do véi 49 chinh x4c 1/10
mGal bing con 14c thuin nghich hoan héo hon.

D6 1a mét con 1dc vat Iy néu trén dao dong 14n lugt quanh
hai ludi dao 0; va 0, gén chit song song nhau trén con 1§e. Khi
dao dong l14n lugt tai ludi dao 0, va 0 thi chu ky T, va T, khéng
biing nhau. N6 vAn 1a con ldc vat Iy. Né&u vi tri cia 0, va 0, duge
diéu chinh sao cho chu ky T, va T, bing nhau khi con 1ic dao
dong l4n lugt quanh ching thi lic d6 ta ¢é con 1&c thudn nghich
(hinh 88). Theo (10.8), chiéu dai cia con lic todn hoc tuong
duong véi con ldc thuin nghich lic d6 14 :

I L

= = (10.9)
Ma, Ma,
Trong 46 a1 =G0y, as =G0
., I, -1,
tde 14 f=—T—it (10.10)
M(a, —a,)

ma theo dinh 1y Huyghens — Steiner trong co hoc vé mdmen
quén tinh ta c6 :

I, = Ig + Ma? (10.11)
I, = IG + Ma%
Trong d6 Iz 14 mémen quén tinh d6i véi truc di qua G.
Vaytaco: l=a, +a, (10.12)

Tic 1a chiéu dai ! ¢la con Iic toan hoc tuong duong, blng
khoang cédch gitta hai truc quay song song di qua 0, va 0, clia con
14c thuén nghich. K&t qud nay c6 nghia 14 néu con l4c thuén
nghich 14n lugt duge treo ¢ hai truc song song va dao dong dat
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cung chu ky thi chu ky d6 chinh 13 chu k¥ ciia con ldc todn hoc
tuong duong c¢6 chiéu dai béng khodng cdch giita hai true quay
(do duge), khéi lugng cla con lAc thuin nghich ciing chinh la
khéi lugng cda con ldc todn hoc tuong duong.

Nhu vay bing cdch do chu ky dao dong cha con lic thudn
nghich, ngudi ta x4c dinh duge gid tri tuyét déi cha trong luc g
b3ng céng thitc cda con 14c todn hoc :

g=4n’%=4n2a':;—f? (10.13)

Dya trén nguyén tdc trén, ngudi ta d4 cho ché& tao nhiéu
kiéu con lic thuign nghich, con ldc Gulf, con 14c Desforges,.. dé
do tuy&t d6i g qua cong thuc (10.13). P4 chinh xdc dat duge rat
khiém tdn, khodng 2 — 3 mGal, bi han ch& chi yéu do sai s&
trong viéc xdc dinh chidu dail = a; + a,.

1.4. Vét roi tw do

Bit d4u tif nam 1950, nhd su phat trién cha ky thuit,
phép do nhitng khodng thdi gian ngin 43 dat d6 chinh xdc 1078
~ 107 gidy, ngudi ta c6 kha ning do tuyét ddi trong luc véi 4o
chinh x4c cac hon phuong phdp ding con ldc, bding cdch quan
sdt mot vt thé roi tu do. Volet dd 14n ddu tién do g bing
phuong phdp nay tai Vién quéc t& do ludng Sevres (Phdp) vao
nam 1946. Mot cdy thude kim loai (invar ho#ic thau) ¢6 vach
chia duge tha roi trong chdn khéng (dp sudt 1-5 mmHg) duge
chup dnh sau nhitng khodng thdi gian déu nhau. Quan s4t céc
tfm 4nh, ngudi ta xdc dinh dugc vi tri cAy thube so véi cdc diém
chuéin & nhitng thoi diédm ké& tiép. Quang dudng ma vit roi trong
thai gian t duge tinh bdng céng thie:

h= Egt2 +v,t (10.14)
Néu x4c¢ dinh duge khodng cdch h va thoi gian t, g duge
tinh béng céng thie:

2h—-2vt

tz (10.15)

g:
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trong d6 v, 1a van t6c ban ddu cta vat.

D& loai trit van téc trong viéc xdc dinh gi4 tri cda g, ta
thdy ring cén phai xde dinh it nhat 1a hai cip gid tri (hy, t,) va
(hy, t2). Khi dé ta duge:

_ 2(h2t1 - hlt?_.)
titalto — t1)

(10.16)

D chinh xdc dat duge luc bay gir vao khodng vai mGal.

Véi phuong phdp trén, nhiéu thiét bi hoan hio hon duge
thie hi¢n ¢ nhiéu nu6e. Véi thiét bi cia Sakuma (1970), vat roi
ty do la mét ti dién phin xa 4nh sdng dit trong mot giao thoa
k& Michelson (Mai-ken-xon). Bing cich chup &nh nhitng van
giao thoa xdy ra mdi t dién di ngang qua (lic 1én va xudng) hai
myc ngang, ngudi ta xdc dinh duge khodng cdch h véi dd chinh
xdc 10 m. C4c tin higu thdi gian phét ra véi chu ky 10 MHy,
duge xdc dinh v6i d9 chinh x4c 107° giay.

Hign nay, nhiing thiét bi do tuyét d&i g bang phuong phap
roi ty do cho phép xéc dinh gid tri véi 49 chinh xdc rit cao, 0,01
mGal. Tuy nhién, cdng viéc ddoi héi phdi nhiéu ngay quan s4t.
Nh& ¢6 d§ chinh x4c cao nhu vay nén da dugc sif dung song song
véi phuong phép con lic trong viée kiém tra hodc xdc dinh gid
tri tuyét d6i cha trong lyc tai mot s8 noi trén thé gidi, dac bist
1& tai cdc diém chufin cda hé thong trong le quéc t&€ (Potsdam,
Paris, Teddington, Leningrad...). Nh¢ sy tién bd vé ky thuat
trong viéc do tuyét d6i ma ngudi ta dd phat hién k&t qua do cii
tai Potsdam ndm 1906 sai 14 mGal, va d4 thyc hién hiéu chinh
lai.

$2. PHUGNG PHAP DO TRONG LUC TUONG POI
2.1. Phuong phép dong - con lde

Ngudi ta c6 thé bigt duge gid tri tuyét d6i cia trong lue g
tai mét diém quan sdt bing cdch do bi&n thién Ag gitta diém
quan sdt va mot di€m gdc xudt phat ma & d6 bist gis tri g, :

g=g, +Ag (10.17)
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Trong tric dia, chdng han khi thiét 14p hé théng Potsdam,
ngudi ta d4 dung phuong phép do tuong déi bing con lic hay
trong lyc k&, d€ xdc dinh cdc gid tri clia g tai cdc diém tua cia
mang lu6i tir gid tri cha g cia Potsdam. Gid tri trong lyc duge
xdc¢ dinh nhu viy goi 1a “gid tri chuyén tir Potsdam” hay “gi4 tri
thugc hé théng Potsdam”.

Trong tham db dia 1y vat 1y, nhu d4 trinh bay, ngudi ta chi
quan tdm d&n gia tri tuong d6i cda trong lue, giita didm do nay
va di€m do khdc, vi v4y con ldc thuan nghich da duge sit dung
trong thoi gian dai trong linh vyc tham do d€ do tuong d6i trong
lue, trude khi cdce loai trong hic k& xuit hién.

Nguyén téc do tuong d6i trong luc biing con 1ic 14 xéc dinh
s6 hi€n thién chu ky dao déng AT giita hai diém do. Trong d6,
chiéu dai cda con lic duge giit khong di. C4c bién thién cia chu
ky dugc xdc dinh rdt chinh xdc biing phuong phap trung hop
trén mgt s6 rdt 16n cdc dac ddng vdi mét thi k&, hodc dung mot
con ldc ¢§ dinh tai diém géc va mét con ldc tuong tu tai diém
quan sit. Trong trudng hgp nay viée bdo thdi gian gitta hai diém
duge thyc hién bing v tuyén.

Thit vay, néu chiéu dai con ldc khéng thay d6i khi di
chuyén t di€m O, chon lam di€m gdc, dén diém quan s&t S, ta
¢6 thé xdc dinh duge trong lye tai S so véi trong luc tai O, ti s¢
trong luc & hai diédm suy ra tir (10.13):

g _ (L)
g, (T)

Tde 13, dng vdi moét bién thién AT cda chu ky quan sit &
hai di€m, ta sé& c6 bign thién Ag cha trong luc hai diém dé:

(10.18)

AT
g:— go=Ag=2g,— (10.19)
T

Hé thde (10.19) cho phép xdc dinh tuong d8i trong lse
chinh xdc hon 12 do tuyét d6i, vi d6 chinh xdc cia Ag chi phu
thudc chi y&u vao d¢ chinh xdc cla vide xdc dinh AT.
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Trude day, con l4c duge dung chd yéu trong cong tdc tric
dia. Bouguer dd so sdnh chu k¥ con ldc tai nhiéu noi khéc nhau,
& Nam My (Peru), Lapland va Paris vAo nhitng nim 1975 va
tinh duge dé det cha Trai dat. Nam 1949, cung bing cach do chu
k¥ con ldc, cd quan US Coast and Geodetic Survey di so sdnh
gia tri trong lyc tai 1185 di€m trén lanh thé nuéc M¥ véi trong
lute tai ba diém gdc trong tiéu bang Washington. Ngudi ta d€ con
14c dao ddng trong 6 gid dé cd gid tri chu ki chinh xdc dén mot
phéin triéu. Khi tién hanh do dac & bién, ngudi ta si dung mot
hé théng gom hai con lic gidng nhau bing thach anh duge dat
trén cing mét gid treo, dao dong nguge pha 180° nhdm khd dnh
hudng dao déng nhiéu cda tau. Chu ky cGa hai con lic nay duge
so sanh v6i chu k¥ cha mdt con lic tuong duong, duge cho dao
dong & diém géc. Biing cdch s dung mdt cap con ldc nhu vay,
ngudi ta da x4c dinh tuong d6i trong luc & bién véi do chinh xéc
0,23mGal (1969).

Ching ta s& thdy & phan sau réing, véi trong lye k& ngudi
ta ¢6 thé xdc dinh tuong ddi g véi 46 chinh xdc cao hon va thai
gian do ngdn hon nhidu. Tuy nhién, con ldc chiéu dai khéng d8i
(con ldc khong d8i) d&én nay vén giit duge lgi thé 1a ¢6 thé su
dung & bét cf noi ndo & mit ddt ma khong ddi hdi gi khdc hon
xéc dinh chu ky tai diém do, so sdnh chu ky nay véi chu ky tai
diém gdc. Ngudc lai, trong luc k& ddi héi nhiéu didm géc dé
ki€m tra, 14y méu ching va c¢6 t&m st dung (ddi do) gi6i han,
cang hep néu d6 nhay cing lén. Vi thé ma con lic van duge
ding, trong tréc dia ciing nhu trong tham dd, nhim xdc dinh
trong luc tai cde diém tua qudc gia cAp 1 ho#c edp 2. Dua trén
cd s& gi4 tri trong luc tai cdc diém nay, ngudi ta thiét lﬁp mang
u6i tua cdp 3 biing trong luc k&,

2.2, Phuong phap tinh - trong lue ké.

Cong tdc do trong ldc ngoai thue dia thudng duge thye
hién biing trong lue ké chuyén dung cho ting trudng hgp quan
s4t : trén d4t lién, ngoai bién khoi, dudi ddy bién, trong hidm 1o
va trén khong. Trong luc ké hoat dong theo phuong phdp tinh,
14 phuong phédp dugc s dung rong rai, nhit 1a trong dia vit 1y
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tham do, trong dé ngudi ta chi quan tdm dén gia s6 trong luc
gilta cdc diém do & mat dat. Nguyén téc cda trong luc k& 1a mét
trong vdt dugce treo trén mét 16 xo kim loai hodc thach anh va
quan sdt vi tri cia né ¢ trang thdi cAn bing, khéng dac dong.
Khi di chuyén dén noi cé gid tri trong luc khde vi tri cdn bing
s& ¢6 vi tri mdi. B9 dan dai c¢ha 16 xo 1a s8 do su gia tang cla
gid tri trong luc. Qua trinh do don gidn nhanh hon phuong phdp
déng. Do dé6 mdy trong luc thuce hién do tuong d6i gia tri trong
lue. C6 nhiédu loai trong lue k& khac nhau vé nguyén téc cdu tao:
trong lue ké khi, 16ng, dién tir va trong luc k& 10 xo. Vi d6 dan
dai caa 10 xo chi ¢6 gidi han, néi chung, trong cdc loai trong luc
k&, ngudi ta dung mot ngoai luc dé ba trir su thay déi trong luc,
nh&m dua trong vit trd vé vi tri cAn bing (xudt phat) goi la
phuong phép diém khéng. Su thay d8i trong luc duge do bang
cudng dé caa lue bu tru d6.

Trong loai trong luc ké& 1d xo, lue bt trit sit dung 1a lye dan
hdi cGa mét 10 xo phu va dai lugng duge do truc tigp 1a do dich
chuyén cia bé phén linh déng - trong vat. Hién nay, ngudi ta
chi dung cdc trong luc k& loai nay vi chiing gon nhe vd nh& cé
dd chinh xdc cao va ning sudt 16n so véi cdc trong luc k& khi va
léng da 16i thoi. Vi vAy ma trong phén nay ching ta chi xét cdc
trong luc ké& 10 xo.

— Nguyén tdc cla cdc trong luc k& hién dai :

Né&u nhu bang phuong phap con ¢ ngudi ta ¢6 kha ning
do tuong d6i trong lue v8i d6 chinh xde 1/10 mGal trong vong
vai chue phat thi trong tham do, thoi gian do nay vin cdon qua
lau. Trong luc k& cho phép do nhanh va don gidn hon, v lai cde
trong luc k& hién dai ¢6 d6 chinh xdc cao hon nhiéu, do d6 hoan
toan chidm wu thé& trong linh vuc thim do dia viat 1y tir ndm
1940.

Thanh phén chinh clia trong lyc 1a mot khéi lugng m treo
& dau mot 10 xo dai x,. Dudi tac dung cla trong lye, 1o %o din ra
mdt do dai x va cin bing véi trong lue :

mg = kx

225



véi k 12 hé s& dan hdi cia 1o xo.

Mot gia tang Ag cha trong luc s& gdy ra mot do din Ax
tuong dng cua 1o xo va ty 18 nhau theo dinh ludt Hooke (Huac) :

rg =K ax Aax (10.20)
m
Hing s8 A = k/m d¥c trung va lién quan dén d nhay caa
méy. P9 nhay dugc xdc dinh bing cdch dé mdy lan lugt hoat
ddng & hai dia diém khdc nhau, ma gia s§ trong lue Ag gitta hai
diém nay da duge biét trude bing con lec.

Nhu vay, nguyén tdc nay cho phép xdc dinh tuong dsi gia
trji trong lyc bt cif & d4u cin cit vio 46 dan thém cda 1o xo. Ung
vdi mdt Ag nhat dinh, ta ¢6 dd didn Ax cang rd rét, néu ti s6
k/m = A cang nhé. Mit khdc, chu ky dao dong clia hé théng trén

la:
m
T=2 ,/_
"k

K&t hop véi (10.20) ta duge:

47’
Ag = =

tife 13 d6 nhay Ax/Ag cua mdy lién hé véi chu ky dao dong qua
biéu thue:

Ax (10.21)

2
i—g—: -5; (10.22)

Qua biéu thife nay, ta thdy muén c6 46 nhay cao thi chu k¥
dao dong cia may phai 16n (chu ky dai). Day 1a mét ddc diém
cdn ghi nhd cGa céc trong luc ké 10 xo hién dai -~ 1a trong luc ké
bdt dn dinh hod - s& gip & phan sau.

- Ap dung sé:

Né&u x vado khodng 1m, g khodng 981.000 mGal, theo
(10.20) thi mot bién thién Ag = 100 mGal s& dugc biéu hién
bing mot bién thién Ax = 0,1lmm. N&u ta mudn xdc dinh g chinh
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xdc 1/10 mGal, dao ham cda (10.20) cho thiay mét d6 chinh x4ec
tuong dsi:
d(Ag) _1/10mGal 1073
Ag 100mGal

Gid tri do Ag doi héi mot 46 chinh xde tuong d5i y hét dsi
Vi gid tri do Ax, tidc 1a sai 6 d(Ax) khong qué con s& sau day:

d(4g) = M%sg_) =0,lmmx107= 10"*mm
g

Mgt d6 chinh xdc cao nhu vay chi ¢6 duge biing cdch gén
thém mot trang bi dc biét d€ c6 bi&n thién Ax that bé cia 1o
X0. '

Tuy nguyén tdc, rdt don gidn, nhung trong luc k& ddu tién,
trong lyc k& Thyssen, chi duge thuc hién vao nhitng nim 1935,
sau d6 dugc cdi tién, hoan thign hon nh¢ nhing ti€n bd cda
nganh luyén kim va ky thudt ché tao. Lo xo duge 1am tir thach
anh néng chay hodc biing hop kim thép d4c biét (invar).

Céc trong lyc k& hién dai dung trong thim db rat gon, nhe
(2 - 10kg) c6 do chinh xdc vao khodng 1/100mgal, dii do
50-100 mGal (trong lhuc k&€ North America, Worden,) Vigc do
thyc hign rat nhanh. Mét lan do chi c&n vai phat.S§ lugng lan
do c6 thé€ dat 30-40 trong 24 gi¢. Chinh nh& cdc wu diém trén,
ma trong vong 50 n&m nay, trong luc k& 16 xo chi€m lgi thé& so
v6i cdc loai mdy do trong lue khéc trong tham dd va gén nhu la
loai mdy duy nhat duge si dung trong thim do, tim kifm
khodng sédn hitu ich.

227



= o

h 2. 1 23
: .
e B &
r ko7 _
EEEN
S D © > |8
. -

Hinh 89: Nguyén tdc cdu tao cia trong luc ké.

Géan nhu tdt cid cédc loai trong lue k&€ hién dai déu hoat
dong theo nguyén téc sau :

Bb phén linh dong gom tay ddon véi khéi lugng M quay
quanh truc O, dugc giit & vi tri can béng theo thang 4 bdi 10 xo
chinh 1 (hinh 89). Khi mang mdy ti di€m do nay dén diém do
khde, trong luc thay d8i mot lugng Ag va don bdy dich chuyén
khdi vi tri xuit phat (vi tri cAn bing) mét géc ¢. Théng thudng
nh4t, viéc do tién hanh bing cédch dua b phan linh dong vé vi
tri diém khéng xudt phat (phuong phap diém khong), bing cdch
van 8¢ gdn 1ién A vdi 1o xo 2 (16 xo do). 86 vong vén cua 8¢ nay
duge xdc dinh bing thude 5. Pai lugng nay chinh 1a s8 do su
thay ddi trong luc gitta hai dia diém khdc nhau: Ngudi ta cé
dugc mdt do nhay cao clia trong luc k€ bang cdch thuc hién
thist k& theo nguyén ly trén, sao cho mét bién thién Ag rat bé
s& gAy nén mét do dich chuyén ding ké cda bo phan linh dong.
Piéu nay ddi hoi may hoat dong gin vi tr{ cdn bing phi€m
dinh, tdc 12 bd phan linh dong phai ¢é chu ky dao dong rat dai.
Trong didu kién dé trong luc k& duge goi 1a khéng 8n dinh. Cédc
loai trong luc k& hién dai thutng duge thigt k& véi don bay ¢b vi
tr{ xudt phat ndm trong mit phing ngang, va ching mang tén
goi chung 1a trong lyc k& c6 tay don ndm ngang. Lo xo 3 14 1o xo
ddi dai do gén lién vdi dc B.

Chui thich: Céc dia chén ké& dién tit st dung trong thim do
dia chan chdng qua 1 nhing lyc k& 16 xo: khdi lugng m 1a mét
6ng day linh déng trong khodng giita myt nam cham vinh cu.

228



Cdc trong luc k& hién dai duge thiét k& theo nguyén tdc cia dia
chédn k& Galitzine, ¢6 con ldc chu ky dai, dé 14 trudng hop trong
lue k&€ LaCoste — Romberg, Worden, North America, Askania,
Frost,... Con lic 1d xo trong dia chdn ké& nay dugc thidt k& theo
nguyén tfc con l&c c6 cAn ndm ngang dao dong doc phuong
thdng ditng nhu hinh 90 goi 1a dia chdn k& Galitzine.

Hinh 90: Trong luc k& bt 6n dinh hod.
- Tao diéu kién bat &n dinh hoa:

Trong cdc loai trong luc hién dai (trong luc k€ c6 tay don
ndm ngang), khoi lugng m dao déng quanh 0 nim ngang dugi
tdc dung cla trong luc mg ma moémen ddi véi truc 0 la:

M,= mgasind (10.23)

Lyc d6i khdang ddc lap vdi trong lue, tao bdi sde cing cia
16 xo biing kim logi hay thach anh. Mémen M; clia lic d6i khéng
nay la mot ham caa géce 6.

Pon bdy s& & vi tri cAn bing khi mémen tdng hgp cla cdc
moémen M, va M, triét tiéu :

M=M, +M;=0

Trén hinh 91 ta cé hai vi tri cAn bing cia tay don, tai
diém A va diém B, img v6i gée 0, Op.

Piém A (ng vdi cAn bing bén, vi khi géc 6 tang tir 6, thi
mémen téng hgp M dan va ngugc lai: M bién thién ngugc chiéu
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véi @ nghia la tay don ¢6 khuynh huéng tré vé& vi tri can bing :

oM N
Y < 0. Céan bang bén cang bén hon néu % cang nhé.

M
M }
1
|
1
[ M:
i
l v
1
| EA
0/'= \{1 X >0
A0 N
) \
b ‘M

Hinh 91 : Puong cong biéu dién cic mémen lyc.

— Diém B ting v6i can biing khéng bén, vi n€u 6 ting hay
gidm tir gid tri O, mdmen tong hgp M bién thién cing chiéu véi

0: %> 0 don bdy c¢6 khuynh huéng tdch khéi vi tri cin bing

nay.

. M . s ) s »x
Pai lugng %9~= tgi (do doc cda dudng biéu dién M(@) theo
tai diém tiéu biéu dd nhay cda trong luc k& : dé nhay g—q cha

mdy cang lén néu %% cang nhé. That viy, khi trong luc gia

ting tit g dé€n g + dg, mémen M, ting tif M; = mgasin® dén gis
tri: M; + dM = m (g + dg) asin® va mdmen téng hop M gia téng
ty Md&n: M +dM =M + mdgasin® (mdmen M, déc 14p véi
trong h.rc)."

Lic d6 diém A di chuyén dén diém A’, dng vdi géc
Oy =04 +d6 . Tach:



dM = dM'd9+a M2d9+6 M
o0 06 og

Ldg  (10.24)

Khi don bdy & vi tri cdn bing, hgp mdmen M = 0, hay
dM = 0. Suy ra :

M M
o_M, oM oM, (10.25)
dg og 06 06
oM
hay 40 __dg _ masin® (10.26)
dg oM~ M
B a8

Ma ta biét ring chu ky dao dong clia tay don cho bdi biéu
thite:

|
= e 10.27
T=2n v (10.27)
00
1 T*
fe 1a: —_— = 10.28
tic 1a é’}v{ peeE: ( )
76

Vi vay biéu thire (10.26) c6 thé viét duéi dang:

oM,
49 _ 98 p (10.29)

dg 4n°l

Ngoai ra ta biét :
% = masing (10.30)
1z
vad mdmen quén tinh I = ma’, do d6 thay vao (10.29) ta c6 :

4 _Tsint (10.31)

dg 4nza
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Nhu vay 1a d6 nhay cha trong luc k& ti 1é véi binh phuong
cia chu ky dao dng va véi sin ciia géc 6 hop bdi tay don & vi tri
xudt phét véi truc th&ng ditng oz. Mudn ¢6 dp nhay 16n, trong

Iye k& phéi duge thiét k& sao cho chu ky T v6 cung 16n va 0 = g—

(tay don ndm ngang). Trong didu kién dé ngudi ta néi ring
trong lyc k& bat 6n dinh hoan toan. Trén dé thi (hinh 91), 1a
dudng biu dién clia mémen tdng hgp M = M (1, tiép tuyén vdi
truc 0 tai diém A.

Voi 65 = n d6 déc xdc dinh béi tgi = @14— tré nén vé
2 o0
cung nho.
. . a6 Cx La v 2 e . e
Ty s6 d—f’ggol la hé s6 bat 6n dinh cda trong luc k&. Psi
g

véi trong luc k& North American hé s§ nay khodng 600 — 700.

Qua bi€u thde (10.31) ta thay ich lgi ¢dn phai bat én dinh
hod (1am cho may ¢6 chu ky dai va thiét ké cdc loai trong luc ké
hién dai, c6 d6 nhay cao v6i tay ddon gdn nhu nim ngang

6= % ). Dua trén chu ky dao djng, ngudi ta phan biét cdc trong
lyc k& thanh hai nhém:

¢ Trong luc k& 6n dinh: chu ky ngén.

¢ Trong luc k& bat 6n dinh: chu ky dai.

— Ap dung 56 : N&u 6 = % bidu thde (10.31) trd thanh:

do_ T .
dg  4n%a
2
hay adf & _T (10.32)
dg dg 4«
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Cho T = 20s, ta dugc ((11_; =10, nghia la ung véi meIt ao

o . 1 _ R , .
bién thién dg = ﬁmGaI =107 Gal, ddu tay don dich chuyén
mét doan ds bing 10 %em, titc 1& 1.

- Thay d8i dai do.

Lo xo bh tri trong luc k& hién dai dung trong tham do
vao khoing 100mGal. Khi cdc bién thién cia g khéng cdn do
dude nifa, ta cdn phéi thay d6i ddi do bang cdch s dung mét 1o
x0 mdi, 16 xo d8i dii do. Ld xo nay cé dai rong c6 thé tai 5000
mGal. Trong cdc diéu kién do dai ngay, viée do g khéng don
thudn chi do gia téc trong trudng, ma con 1& van dé én dinh gis
tua. P6 ciing 1A mot bai todn vé hiéu chinh, bdi vi cAn phai bi&t
van tdc tdc thai cla tau vdi dd chinh xdc 1 phit va hudng di tau
v6i dd chinh xdc 1 do dé c6 thé udc lugng gia t8c Coriolis vé do
chinh xd4c¢ bang 1mGal, do chuyén déng cia ban thén con tau.
Céc y&u t6 can thiét cho viée tinh toan cée hiéu chinh do chuyén
dong cha tau ciing duge ghi mdt cach lién tue.

~ Sy dich chuyé&n hay dd tréi cia diém 0.

Ciing nhu nhiing may do that nhay khéaec, mét trong luc k&
khong trung thue, 1a hai vach doc thuc hién tai cing mdt dia
di€m nhung vao hai th&i diém khée nhau s& khéng bao gidy y hét
nhau: ngudi ta néi ring trong luc k& c6 mot 4o troi (dich
chuyén) diém khong do “s¢ mdi* cla 10 xo va do nhitng chdn
ddng chuyén chd...

Mat khac gid tri cia g khong phai 12 khong déi tai mot dia
didm ma thay d6i theo thdi gian do stic hdp din cda Mat troi va
Mat trang duge biéu hién duéi hién tugng triéu. Téc dung cha
Mt tréi — Mat trang toi da 1la vai ll—OrnGal va téc dung caa dia
triéu khéng qua 5/100 mGal, ca hai tdc dung nay tai mdt diém
nhit dinh bién thién theo thdi gian va cfng thém vao d trot
di€m khéng cta ban than trong luc k& Thudng ngudi ta bao

gbm cd hai hién tugng bdn chdt khac nhau d6 duéi tir dd troi
di€m khéng va thia nhan ring dai lugng nay bi€n thién cham
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va déu, do d6 c6 thé xem nhu theo dudng thing trong mot
khodng thoi gian khéd nhé (t61 da 2 gid). Bidu hién rd rang cda
sy troi 14 khi quan sét tai mdt di€m trong nhidu ngay hoic ngay
cd sau vai gid, ching ta dugc nhimng gi4 tri trong luc trong lan
doc khdng gidng nhau ma thay ddi theo thoi gian. Hinh 92 cho
thay dudng biéu dién d6 tréi diém khéng cda trong luc ké trong
ba ngay khdc nhau, ¢6 duge bing cdch ndi lién céc gia tri trong
e quan sdt & cing mét diém do va trong cing mot ngay.

A Ag inial)
\
\\

\\

t{gid)

9¢ 10 (1 12 13

Hinh 92: D6 dich chuyén diém khéng quan sdt cdch
nhau ba ngay.

Trong thuc t&, dudng bidu didn d6 tréi diém khong theo
thoi gian duge thi€t 14p béng cich doc gid tri cia vach chia
nhiéu 14n tai mot diém do dic biét (diém tua) trong vang khéo
sdt, vao nhiéu gi khéc nhau trong cling mét ngay cdng téc. Tai
méi diém do ngudi ta ludn lubn quan sit cdc vach chia va dua hé
théng linh dong clia trong luc k& v& mdt vi tri ¢d dinh cila 1o xo
reset — spring ma tédc dung ¢6 thé so sdnh v6i mét thay ddi gia
tri cta khai m cla don bdy. Cing bang cdch nay, ngudi ta cé thé
thue hién viée do trong luc néi lién cyc dén xich dao (Ag = 5000
mGal), '

— Hiéu chinh 49 dich chuyén diém khong.

Céc gi4 tri doc ngoai thuc dia cdn phdi duge hidu chinh vé
dd dich chuyén diém khéng cda trong luc k&. T4t ¢4 nhitng gid
tri trong luc quan sdt trong qué trinh do dac déu phdi duge biéu
dién theo thoi gian. Mot duding biéu didn ds dich chuyén dugc
thi€t 1ap tai mét diém tya dé cho thay d0 bién thién cta gid tri

234



doc theo thdi gian. C& méi hai gi%, ngudi ta do lai it nhdt mot
lan tai diém tya T,. Thudng ngudi ta thita nhdn ring hién tuong
dich chuyén di€m khéng cha trong luc k& xdy ra cham va déu vi
vay ¢6 thé xem dudng biéu didn clia 46 chuyén theo thoi gian
tuy&n tinh trong mét khodng thai gian do & cdc diém do thusng.
Néu dé dich chuyén diém 0 khong tuyén tinh, ngudi ta phan ra
ting giai doan tuyén tinh, Muén c¢6 hiéu s8 trong luc giita diém
do thudng s va di€m T,. ta chi cAn doc hiéu s giifta tung do cua
di€m s va diém s' tuong dng trén dudng bidu dién dé troi da
duogc thiét lap tai diém tua T,

4 Ag (mGal)
0.40 3. /J
.S
0.20--,;9!/’¢ %
| } p—-- . >
78 3 98 10z gty

Hinh 93: Hiéu chinh dé dich chuyén diém 0
Ag quan sdt bi dich chuyén diém O
------- dé dich chuyén diém 0 tuyén tinh

Khi ché tao trong lue k&, ngudi ta d4 14y mau, nghia 1a x4c
dinh s6 vach chia tugng (ng vdi mot gia ting vach Ag biét trudc.
Chéng han nhu d6 gia ting Ag giita hai diém ma & hai ndi d6
gid tri trong lue g da duge x4c dinh chinh xdc. Piéu nay cho
phép xdc dinh hiing s6 dinh miu C cia trong luc k&, nghia la
gid tri cia mdi vach chia trén nam doc biing mGal. Gita mét
diém do s va di€m do d#c biét T, chon lam chudn goi 1a diém
tua, ta cé:

Ag = gs — 8o " (10.33)

Béing chi s§ vach quan sat tai s trir di chi s& vach quan sét
tai diém tya T,
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Duéi day ta lan lugt xem co ché& hoat déng cia hai trong
lyc k€& tidu bidu duge thédng dung trong tham do. Pé 1a trong luc
k& LaCoste — Romberg va trong luc k& Worden.

§3 MAY PO TRONG LUC - MOT SO MAY PHO BIEN.
3.1. Trong lic k&€ Lacoste - Romberg.

Loai trong lue k& nay duge ché tao rong rai dudi tén goi
khae nhau: North American, Askania, Magnolia... Cdu tao cla
mdy gdm mét tay don hgp mdt géc & ~ 90° v4i phuong thing
ding, mang & dau mdt khéi m va ¢6 thé dao doéng quanh truc
ngang O dudi tdc dung cha trong lyc. Khéoi m duge gilf cin bing
nhd 16 xo chinh nghiéng mot goc o = 45° (OA = 0B); mot dau 1d
x0 gin tai B, dau kia gén tai diém A trong mat phang ding
chita truc quay O (hinh 90). Trong diéu kién d6, ta thiy ring khi
g ting mot lugng dg, 10 xo dian mét lugng dl, sdc cang T cha 1o
X0 ting, nhung tay don (khoang cach d tir O dén 1o xo0) giam:
mémen M, cia lue d6i khang khéng phai 12 mét ham tuyén tinh
cia 6, ma phu thudc phi tuyén vio géc 8 nhu mémen M,; clia
trong lugng mg. Sy phu thudc phi tuyén vao 0 1a diéu kién gay
bat 8n dinh.

Ta c6 biéu thie cia M, va M, :

M, = mgacosf

My=-k{d-1,)d==-k (1~1,)b sina
= —k(l—!n)?siné’
Ta th&y néu sdp x&p sao cho:
mga = k (I-ly)bh/l ' (10.34)
hay mg = k(l - 10)2%— (10.35)
thi ta luén luén duge : M, =~ M,

hay Mi+M;=0 (10.36)

D61 véi gée 0 bat ky : Thic 12 may s& cAn bing bat ci & vi
tri nao (bat én dinh hoan toan). Trong thuc t& chi cAn thém vao
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M; mét lugng nhé d€ may hoat déng véi mot d6 nhay rat cao
trong mét ddi do rong. Theo (10.35); khi trong luc ting mot dai
lugng dg chiéu dai cda 16 xo chinh sé téng dai luong di cho bai:

dg :(ié l‘; h)a’l (10.37)
mal*

Bigu thie nay cho thdy 13 vng véi mot bién thién dg, do
dadn cang 1én néu cic s0 hang trong diu ngoac cang nhd, dic
biét 1a néu chiéu dai 16 xo lue nghi (khi khéng ¢6 luc cang) bing
khong [, = 0. Trong diéu kién dé, luyc cang T =k ( — £,) ctia 1d xo0
tr§ thanh T = ki. Bi€u thdc (10.37) th€ hién rd rang ich lgi cia
loai trong luc k& c6 15 xo khong c¢6 do dai ban dédu, goi 1a “I6 xo
khéng”.

Trén thuc tién, ngudi ta xde dinh do gia ting dg khéng qua
vigc do géc 6 ho#ic dé dan dl cda 1d xo chinh, ma thiét k& may
hoat déng theo phuong phdp khéng, biing cdch gin thém mat 1o
xo thit hai dé dua tay ddn vé vi tri niim ngang (vi tri xuat ph4t):
tai mdi di€m do, ngudi ta diéu chinh vi tri eda diém A (LaCoste-
Romberg) ho#ic diém 0 (North American) d€ sao cho tay don trd
vé nim ngang. Diu nay c6 nghia la chiéu dai CA = h clia 1d xo
phu thay d6i mét lugng dh ¢ méi diém do (hinh 89). Piém A s&
di d¢i mft khodng dh.

L&y dao ham logarit (10.35) ta dugc:

d _ dn .
g h
rit ra duge : dg = (l{hh - g) + E!)—dh | (10.39)
ma ma

" hay : dg=A+Bdh

Céc hiing s6 A va B duge xde dinh cho mdi loai trong luc
k& béng cach do dg ¢ hai dia diém bing phuong phdp con lie.
Sau khi dd xdc dinh difge gid tri cta A va B ngudi ta vé dudng
cong miu dg = fidh). Trong thyc t& do dac, ngudi ta ghi s§ vong
vén nim k duge chia d§ ti 18 vdi lugng dh. St dung dudng cong
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miu dg — va biét duge s6 vong chia n, ta suy ra dugc gid tri s6

. 1
gia trong luc Ag (1-5 mGal] . P nhay cia may khoang iJamGal.

Ap dung s8: Theo (10.38) dng v6i d6 nhay bing %mGal ta

¢6 mot dd dich chuyén bing :
dh 1075 g
Do L0
h 8
dh = 107 cm = 10A
v6i chidu dai cia 1o xo doc biing 10cm.

H 94: Trong luc k& North American

1. Tay don 6. Bu trit phong vil.

2. Lo xo chinh 7. Lo xo néi vdi 1o xo Id 4
3. Lé xo ddi do 8. Nuim tinh chinh.

4. Lo xo ld 9. Vach chi sé.

5. D&y gi2 truc quay tay don 10. Tay don lam cdng 1o xo ddi do.

— Trong lyc k& LaCoste — Romberg dugc sdn xuét 2 loai :
loai ddi do hep dung cho tham do. Loai dai do rdng cho cdng téc
trdc dia v6i dai do rong 7000 mGal phuc vu cho cdng tdc xay
dyng mang luéi di€m twa. Py dich chuyén di€m khéng rét bé,
0,5 mGal/thdng, c6 by phan dn nhiét, lam cho mdy lam vigc
dudng dai. Sai s6 do cda mdy dat 0,04 mGal, d§ nhay 0,01
mGal. Mdy dugc Ung dung réng rdi ¢ phuong Tay.
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— Trong lye k& North American khéi m bing vang nang
64g, chiéu dai cla tay don 0G = Sem. Toan bd may ning khodng
10kg khong k& trong luong cda chén va bd phédn cung cap dién
(binh acqui).

3.2. Trong luc k& Askania.

Trong luc k& Askania (GS) nang 20,5 kg. C3 gi4 may va
v6 dung may cdch tv, téng cong 43 kg. Ngoai ra con c6 phu kién
ghi do bing t&€ bao quang dién. Do ning, may duge dat tai cde
tram quan sdt bién thién trong lyc ngay dém do dia tridu. Sai
s0 do khong qua 0,001mGal. M4y c6 b6 phén dn nhiét bang dién
va chén khéng hod. Dai do cia may GS-16 1a 2000m@Gal, caa
GS-15 la 600mGal.

3.3. Trong luc k& Worden.

M4y nay duge thigt k& tai My (Texas) theo nguyén téc caa
con ldc ndm ngang trong dia chan k& Galitzine, va da duge bat
on dinh hod. Sai s§ do tuy model, tir 0,01 dén 0,08 mGal. Bg
nhay 0,01 mGal. C6 bd phéan bix trit nhiét dé bing sgi kim loai.

Bj phén linh ddng vén 1a tay don n¥m ngang OG gén chat
v6i tay don OB. Chung hgp mét géc o = 45° va dao dong quanh
truc ngang O, khi trong lyc gia ting mét lugng dg, tay don hgp
mdt géc ¢ v6i truc ngang (vi tri xudt phét) lam thay d8i chidu
dai ¢ cdald xo chinh AB c¢6 ddu ¢§ dinh gén tai A.

Hinh 95: So d6 nguyeén tic cia trong luc k& Worden

Nhu véi trong lyc k& LaCoste — Romberg, ngudi ta do dg
bling cdch do lyc cén thist d€ dua tay don v& vi tri nim ngang
theo phuong phdp khéng. Trong luc k& Worden : toan bd bing
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thach anh dun chdy, ridt gon, nhe, chi ning 2 — 3kg, hoat ding
bang pin.

— Céc gidi phdp bu trif thay ddi 4p suat va nhiét do:

Mudn cho trong luc k& nhay ching phdi duge phong chdng
nhitng su thay déi vi tri cAn bing giy ra do cdc bi&n d6i 4p suat
va nhiét d6. Tdc dung cia hai y&u t& nay rat 16n vi mét gia ting
4p suat bing lem tucng duong véi mot dd gidm cda trong lue

0
bing 2mGal, va mdt bién déi 1—00 gay ra do61 vdi trong luc ké
North American, mot thay doi két qua doe trén 1 mGal.
-

Hinh 96 : Trong luc k& Worden, Sharp, GAG-2

1. Tay don. 7. Day treo tay don b triz nhiét.
2. Tay don+ bu triz nhigt. 8. Ddy treo b§ phén db.

3. Day ba tru nhiét. 9. Vach chi s6 linh dong.

4. Ddy treo tay doén. 10. Thi kinh.

5. Lo xo chinh. 11, Pén chiéu sdng. !
6. Lo xo ddi do. 12. Ldng kinh.

P61 v6i 4p suat, hai gidi phdp duge chon lua, gidi phdp tha
nh4t nhi¥m dat bo phan do trong chin khéng (trong luc k&
Worden), gidi phap thit hai nham thyc hién can bing sic ddy
Archimade hai bén truc quay 0 (trong lyc k& North American)
bing cdch gé&n thém mot binh b trit hinh try réng kin & diu
kia cda tay don. Ta c6 thé ké thém gidi phdp thd ba la ngdm bd
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phdn do trong mét chit 6ng khdng chiu nén (trong iue ké
Norgard}.

D41 vi nhiét ¢4, trong cdc luc k& kim loai (trong luc ké La
Coste Romberg, North American ¢6 19 xo bing invar), tdc dung
cha cdc bi€n d6i nhiét d¢ duge khic phuc bing cdch duy tri bd
phin do ¢ nhiét 46 khéng thay ddi 0,1°C bén trong binh didu
nhiét. Cdc dién tré he néng cia binh nay duge cung cdp dién
bing binh acqui, binh acqui nay cing duge ding d€ lam sdng céc
bd phén khdc cha trong luc k&, nhu day chir thap v.v...

Mot giai phdp thd hai (trong luc k& Worden) nhim st
dung vét Liéu c¢é tinh dan héi thay d6i nguge chidu so véi cac
kim loai dudi tdc dung cda nhiét d¢: ngudi ta chon thach anh
nguyén ch4t dun 1d4ng vi tinh dan héi clia né tang khi nhiét 46
tdng, do dé ma cdc trong luc k& 1d xo bdng thach anh mang tén
12 trong luc ké thach anh, trong dé mét gia ting 46 dan héi cda
lo xo0 thach anh duge bu trif biing mdt sy gidn d6 dan héi caa
mdt 16 xo khéc bing kim loai.

3.4. Trong luc k&€ Lién X6 (ci) thé hé sau logi GAK.

Mblédenxki, nha ché tao trong lyc k& diu tién cia Lién X6
da ché tao ra trong lyc k& vao niam 1939 va dua vio san suit
hang loat nam 19486, l1a trong luc k&€ GKM mang tén 6ng. Sau
dé, loai trong luc k& bét 6n dinh ra ddi sau ndm 1950. Cudi thap
ky 50, K.E Vexelov da ché& tao trong luc ké& bat én dinh GAK, da
duge sir dung phd bién tai nudc ta. Thé hé sau nay la trong luc
k€ loai GNU - KA, 1a loai trong lyc k& thach anh ¢é dai do hep
(nhung chinh xdc¢ cac). Cé loai do ¢ day bié€n, didu chinh tit xa
dé thim dd ddu khf tai thém luc dia. Cé loai dii do rong d&
thanh lap mang luéi diém tya GNSK-A |

- Trong luec k& GNU - K.

Trong lyc k&€ GNU - KB duge st dung d€ tham do chi tiét.
Sai 88 do trong chuyén do kéo dai 4 giv la 0,03 mGal. Dai do
khong cdn thay d6i 13 100mGal. P4 nhay 0.06mGal. B§ phan

nhay cdm la con lic trong dia chdn k& thing ding Galitzine
gibng nhu & trong luc k& LaCoste — Romberg, North American,
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Worden.. Trong luc k& nay duge bdt n dinh héa, hoat dong theo
phuong phédp do & vi tri khong. Truc con 14c lam béng chi thach
anh cing ngang. S¢ dé cia trong lue k& nay & hinh 97. Trong
e k& ¢6 bd phéan bl tri nhiét. trong lyc k&€ GNU - KC ¢6 nim
thay d8i dai do. Mot vdng van cla nim cho mét budec 9mm, cé
dai do toan bd la 6000 mGal. Trong lyc k&€ GNU - KA va GNU -
KB duge st dung trong tham do chi tiét, dé tham do cdc quang
mé, dau khi.

Hinh 97: 8o dé trong luc ké GNU - KB
OR - tay don mang khéi lugng m. AB - b x0 cdng

F; — 1o xo chinh. DC - io xo bu tri nhigt
o - gée nghidng cia tay don khéi vi  f3 - 10 x0 ddi do
tri ban ddu. OL — truc

B - géc nghiéng ban ddu so vdi
phuong ngang.

BO'C - cdn thu 1

AO7F - cdn thu 2

M; - niim do vi edp
Mo — ndm d6i ddi do
2 — 1o xo vi do cdp

— Trong luc k& GMT-1 va GMT-2.

Trong luc k& loai GMT-1 ¢6 ddi do rat rong va c6 bd
phan &n nhiét, duge st dung trong vidc thiét l4p mang ludi
didm tya trén khu vyc rong 16n. DAi do khong can thay ddi la
1,5 Gal va ddm bdo sai s6 khéng qud 0,02 % cla s8 gia trong
lyc. Nghia 12 néu bién thién la 1000Gal, thi sai s6 la 0,2 mGal.

Tuy nhién dé€ tang dai do, cing ¢6 10 xo phu cho phép tang
dén 7-8 Gal. Bd trir nhiét duge thye hién bing 10 xo kim loai.
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Trong lyc k& c6 On nhiét vai phin trim d3. Hé théng nhay cam
(con 14c) duge dat trong chan khong va c6 bd phan ba trir ap
sudt trong trudng hgp m4t chin khéng. Déng bé ngoai cia trong
luc k& nhu phich nuée d4, ¢6 dudéng kinh ldem, cao 50cm. Ba
chén 13 nGém v3n. Thoi gian do ti 3-5 phat. Trong Iuc k& chi
ndng 8 kg. Viéc ¢6 bd phan 6n nhiét doi hdi phdi theo dai
#ic—qui nudi bd phan nay.

Trong lyc k&€ GMT-2 duge chuyén diung cho viée thim do
chi ti&t. Con ldc duge bét dn dinh hod va treo ngang bing 2 1o
x0 xo#in lam bing invar. Trong lyc k& hoat dong theo nguyén
tic do & vi tri khong va doc s§ do biing quang hoc. Lo xo bu tru
duge diéu khién biing nim tinh chinh cyc nhay. Trong lyc k&
duge 6n nhigt va 8n 4p, c6 bd phan chéng dnh hubng cha tif
trudng Trdi ddt. Khi xdch mdy di chuyén, ¢6 bs phan ham gii
hé théng con l4c. Trong lyc k& duge chuyén dung dé thim do chi
tiét, nhu st dung vao viée tim kigdm ddu khi, khodng mé. Dii do
la 1500 mGal, khong cdn thay déi. D nhay cta trong luc k& dat
0,2-0,4 mGal. Sai s8 trung phuong cia moét chuyén do dai ngay
8-10 ngay la 0.06 mGal. D¢ tréi diém khéng 0,5 mGal/ngay.
Trong lue k& hoat dong & nhiét d6 —40° — +40°C. Trong lugng
cia trong luc k& khéng kém vé 14 8kg.

3.5. Trong lue ké& cé dé chinh xéic cao.

Bén canh nhiing thanh tyu trong vidc <h& tao nhing trong
luc k€& hoat dong trong diéu kign dic bit néu trén vdi dé chinh
xéc chua duge cao 13m, nhiéu ¢6 ging dd duge thuc hién nhim
nang cao dd chinh xdc cda trong lyc k& d€ ti€p cAn mot s6 vén
dé. Ching han nhu ngudi ta bién d8i céc trong lyc k& tham do
@€ chiing hoat ddng nhu mdt may ghi dia tridu tai mot difm c&
dinh, thong thudng dit dudi nhitng cin hdm sau, nhiét d6 bén
ngodi khéng d8i. Trong didu kién hoat déng nhu vay, dé chinh
xdc khodng 1 microGal la diéu cin thiét d€ nghién cdu tridu
trong luc.

Trong nhitng ndm gén day, do yéu cdu frong linh vye vi
trong luc (thdm dob trong nganh xay dung), ngudi ta thigt k&
nhiing trong lyc k& ¢6 d¢ chinh x4dc vai microGal. Hing LaCoste
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da ch& tao vi trong luc k& do microGal dau tién nam 1968 ¢6 4o
chinh xdc gan 2 microGal.

Trong tham do trong lue, ngoai con ldc va trong lyc k&,
trude ddy ngudi ta cdn s dung mdt loai may do nita: can xodn.
Can xoin dau tidn duge thue hién vao diu thé ky 20 do nha dia
vat 1y Hungari, Eotvos va duge dua vao sd dung trong thim do
dia vat 1§. Mdy khéng do tuyét d6i hay tuong d6i g ma do thanh
phAn gradient ngang cia g, dg/dx va dg/dy, tdc la
gradientometer. Pon vi cia gradient ngang 12 Eotvos, bing 107
Gal/em hay 1mGal/10km. Nhuge di€m cha cin xodn la rdt nhay
v¢i nhitng 18i 13m cha dia hinh quanh diém do, viéc do rét cham.
Vi vy ma hién nay cin xodn rét it duge sit dung.

— Vi trong luc k& CG-3 :

Nh¥m muc dich ting cudng dé chi ti&ét cda phuong phép
tham do trong luc, nam 1999 Vién Vat 1y Dia cdu Viét Nam da
nhap mét mdy trong lyc 46 nhay cao CG-3 cia hang mdy dia
vat Iy ndi ti€ng Scintrex ctia Canada. Uu diém cla loai mdy thé
hé méi nay 1a: — C6 dp phén dai cao, cd 0,005 d&én 0,001 mGal,
nén c¢6 thé s dung trong tham dd vi trong luc va thiét lap
mang luéi tua trong lue.

— M4y do ty déng hoan todn nén vigc thao tdc nhanh, s6
liéu quan trdc hién 1én tryc ti€p trén man hinh va cé bé nhé lwu
trit ciing nhu khd néng chuyén tai sd liéu tir may CG-3 vio mdy
tinh, tao nén sy gin ndi chit ché gitla qua trinh quan tréc -
phan tich — x{ 1y s6 1iéu tv dfng hod hoan toan.

— S§ lidu quan tréc duge ndi két véi mdt hé phan mém xd
1y c4c higu chinh nhu : nhiét d9, 46 nghiéng, dia triéu, nhiéu, 43
én va rung dong, v.v... nhim ddm bao d9 chinh x4c cao trong
cong tdc quan tric trong luc.

Buge ddu, nhdm tim hiéu khd ning dng dung cia mdy
CG-3. Vién V4t 1y Pia cdu Viét Nam da ti€n hanh quan trdc thi
diém nghién ctu bi€n thién trong lyc, tinh 8n dinh cla méy
cling nhu kha n#ng st dyung may CG-3 trong nghién cdu vi
trong lyc ¢ Viét Nam.
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Nguyén Iy hoat dong cd bdn cia CG-3 14 dya trén co s§ hé
théng dan héi thach anh. Lyc hdp dén tdc déng t6i diém khdi
lugng duge can bang bdi mdt 1o xo va lyc hdi phuc tinh dién. Vi
tri ctia di€m khdi lugng bi dich chuyén 1a do su thay d8i cia gi
tri trong lyc. Mot gid trj tuong d6i nhé clia luc hdi phuc tinh
dién ¢6 thé dwa vi tri cia diém khéi lugng vé vi tri ban diu.
Dong dién mot chidu duge chon sao cho dai do cla may trong
lue dat 7000 mGal ma khong phai dat lai. May trong luc CG-3
cé bd phan gidm dnh hudng ti€ng On, ghi ty ddng v6i 4o phan
gidi cao, dat c& 0,005 d&€n 0,001 mGal va vi vay c¢6 thé duge su
dung trong do trong ltfc chinh xde cao (do tya trong luc) hosc
nghién citu vi trong lue, hodc tham do trong lye chi tiét. Pham
vi hoat dong cia mdy trong gidi han thay ddi nhiét d6 tir —40°C
dén +45°C. Toan b cdc by phén cau tao cda mdy trong luc duge
dit trong moi trudng chan khéng tuyét d46i, ddm bio cho hoat
dong 8n dinh cta hé théng dan hdi thach anh, tao nén tinh én
dinh cia mdy va ddm bdo 46 tréi diém khong dat bé hon 0,02
mGal/ngay.

Quan trdc thit nghiém may trong luc CG-3 duge ti€n hanh
tai phong Dia dong luc, Vién Vat ly dia cau. K&t qua quan tric
cho thiy:

- Hé s8 mdy CG-3 14y béng 1,16 1a én dinh, diéu nay dugc
bi€u hién bing sy chéng khép giita dudng cong bién thién
trong litc va bién thién dia triédu.

- Van tdc dich chuyén diém khéng 13 0,012 mGal/ngay.

- D9 léch khéi tiéu chudn clia mdy trong luc 13 rdt nhé, nhé
hon 0,024 mGal/ngay trong diéu kién si dung ché d4 loal
bé tiéng 6n va rung dong dia chén.

- Viéc tinh todn hidu chinh bién thién dia tridu mét cach ty
déng la nhan t6 quan trong dé nang cao khi nang thuc
hién cdc phép do trong luc eé6 d9 chinh x4c cao. Cé thé s
dung mdy trong luc CG-3 trong thim dd vi trong lye,
tham chi c& & ty 18 rdt lén, c& 1/1000 — 1/5000.
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§4. TRONG LUC KE VI TRANG BI DAC BIET

Trong lyc k& dung trong thidm do 14 nhitng maiy “khée”.
Ching c¢6 thé duge sit dung trong nhing diéu kién hoat dong rat
khé khan. Nhitng truc tric xay ra thudng la do cdc by phén
ngoai bdn than b phan do, chdng han nhu binh diéu nhiét
héng, d6 chan khéng thay d6i...

Ngudi ta da thiét k& cdc loai trong lue ké dung cho thim
dd tAm xa. Ching cho phép thuyc hién viée do dac ti xa khi céc
didu kién do trong luc 1 & ddy bién trong tham do cdc thém luc
dia. M4y trong luc k& chuyén do trén bién duge ldp 2 cdnh gidm
séc vao con lAc va con lic duge ngdm trong ddu nhon, nham ddp
t4t dao dong do séng bién.

Chung ta phéi ké dén khi ning mé ra hién nay cho nha
thim dd va nha dja tric thuc hién nhitng viéce do trong lyc trén
tau vd ngay ca trén mdy bay, d6 chinh xde dat duge thyc hién
nay vao khodng 1 mGal khi do trén tau va 5 mGal khi do trén
mdy bay. Cdc trong luc ké nay dugc trang bi dic biét dé ghi lién
tuc cdc bién thién clia g bao gdm cd nhiing gia t0c gy nén do
chc chuyén dong cla gia tua (tdu hodic méay bay), cdc bién thién
gia t6c ngan 1dn 16n hon cdc di thudng trong lyc can xdc dinh.
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CHUONG XI

CONG TAC KHAO SAT TRONG LUC
NGOAI THUC DIA
§1. CAC LOAI KHAO SAT TRONG LUC

Can ¢t vao nhiém vy dit ra cho cong tdc tham do trong
luc ddi véi vung nghién cifu ma ngudi ta chon loai khdo sat
trong Ite thich hgp : cdch b8 tri cdc diém do, mat d6 diém do
cing nhu d6 chinh xac do dac trong lye, v.v.. theo yéu cdu cha
tirng loai khdo sat dé. Coé thé phén biét loai khio sat trong luc
chinh:

+ Khio sdt so bd.

» Khéo sat khu vue.
e Khdo sdt chi tiét.
1.1, Khao sat so bj.

Nhiém vu d& ra cho khio siat trong luc s¢ bd 1a nhdm
nghién cifu phan bd trudng trong luc trén nhing viung rong lon.
K&t qud cha khéo sdt so by cho ta mdt bic tranh khai quat vé
céiu tao dia chit cha vo Trai d4t trong vang khéo sdt, hodc phat
hoa nhitng cdu tric 1én, dudi sAu hodc phan vang cdc nham
trAm tich, phat hién ving ning lén cda nén, cdc ving tring,
nhitng nép vong tich tu cdc nham thach tram tich day, hosc
phét hién nhitng dit gy sau cha v6 Trai dat.

Loai khao sAt nay tuong Ung véi ban dd ti 1§ tu
1: 2500.000 dén 1: 200.000 hodc theo tuyén v6i bude do ti 2km
dé&n 10km.

1.2. Khado sat khu vue

Nhiém vy 14 v& ban do dia chat — dia vat 1y khu vye va
tim kiém khodng sédn, cuy thé 1a nhim khoanh nhimng vung cé
trién vong dé€ tié€n hanh cdng tdc khao sat dia chdt, dia vat 1y ti
mi hon vé sau, hofic phat hién nhitng ciu tao dia phuong thuin
lgi cho suf tich tu cdc khodng san c¢é ich.
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Ti 1é ban d6 tir 1: 200.000 d&n 1: 10.000 hoidc theo tuyén
v6i khodng cdch tit 150m dén 2000m. '

1.3 Khao sat chi tiét.

Loai khdo sat trong lyc nay duge ti€n hanh trén nhing
ban d6 ti 1& ti 1: 10.000 dé&n 1: 1.000 hoiic theo tuyén vdi budc
do tir 20m d&n 150m. Nhiém vy cia né la chi tiét héa chinh xéc
cdc cdu trac dia chit da dugc phdt hién, nhing chua diy dd hode
mdi dy dodn, hodc nghién cltu nhitng cdu tric nhé, tim kiém
quing khodng sin : sdt, chromit, mangan, sulfur déng, vang,
mudi, than, d4, cdc mé dau khi... theo cdc ddu hiéu true tiép
hofic gidn ti€p cla ching. Trong mot s6 didu kién thuan lgi,
khdo sdt chi tiét con ¢6 nhiém vu xdc dinh hinh dang, kich
thu6c, thé nidm cla than quing va ddnh gid trir lugng.

Mat d6 cha cdc di€ém s& ti€n hanh quan st trong lue dude
chon sao cho giai quyé&t duge nhiém vy dia chat dé ra, tuy theo
ti 1& bén d6 do dac va dua trén sy ddnh gig phong chimng bé sau
va kich thudc cla déi tugng dia chat nghién cau. Cde diém do
trong luc ngoai thye dia cdch nhau khodng tit 10km dén khodng
20m (tham do chi ti&t), nhung néi chung khodng cich (bude do)
t6t nhdt ]1a nhé hon 1,5 46 sdu du dodn va bing hoac nhé hon
kich thu6e dy doan cia d6i tugng dia chat. Trong tham do ddu
khi, mat d¢ diém do thuong tir 1 dén 2 diém trén 4 km? vi
nhitng cfu trdc dia chat ¢6 kha ning tich trit ddu, thong thudng
c6 kich thuge 16n (cdu tric vdom mudi cé ban kinh chi vao
khodng 3 — 4 km). Do dé ma tdc dung trong luc clia nhitng cdu
tric dé phdi dugc quan sdt trén mot ving rong I¢n, ¢ nhimg
diém cach nhau kh4 xa.

Trong tham do quiing mé, tham do trong luc gén nhu it
khi duge st dung dudi dang khdo sdt so by, ma thudng duge
ding nhu mdt phuong phdp tham do théng chi tiét, nhim kiém
tra cdc két qua phén tich cla phuong phap ti hodc dia dién da
duge thuc hign trude d6. Vi vay nén khodng cdch giita cac diém
do trong luc thudng duge quyét dinh chi y&u ti két qud phan
tich cia phuong phdp thim do tir hodic dia dién chi ti&t, cach
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nhau t¥ 10m dén 30m va théng thudng, 1a chinh nhing diém do
da tién hanh hai phuong phdp dé.

Tuy theo cach b& tri cde diém do trong lue ngoai thue dia,
ngudi ta phan biét hai loai do: B& tri diém theo dién tich (goi la
do dién tich) va b tri theo tuyén (goi 1a do tuyén).

Do dién tich la dang co ban cia tham do trong lyc. Khi dé
cde diém do dugc phan bd déu khip trén toan bs dién tich ving
cdng tdc J nhitng ving ma dia hinh khéng qud phidc tap.
Khodng cdch c4ac diém quan sdt gan nhu nhau va thing hang.
Cdc diém do duge chon tai cac diém ndt cia mang ludi 6 vudng
hay chit nhat dé viéc xi 1y cdc s8 lidu do dac trong luc trén mdy
tinh dién tt duge thudn lgi hodc nhiam st dung lai cdc sb liéu
nay khi cAn chi ti6t hod mot s8 tuyén nao d6. Ich lgi cha do
theo dién 1a né cho phép c6 duge phan bé trudng trong lue trén
dién tich vang khéao sdt.

Trong loai do theo tuyén, cdc diém quan sat duge b tri
trén mét tuyén riéng biét hosic doc theo cde dudng qude 16. Két
qua cia dang do nay cho phép c¢é duge nhifng nét co ban vé sy
bién ddi cha trudng trong lyc doc theo cdc tuyén, qudc 16 da
chon. Loai do theo tuyén thudng duge st dung dé khdo sit so bd
khdi qudt (khi d6, cdc diém do duge bé tri cdch nhau vai km),
hodc nhim nghién cdu nhifng cdu tric dia chat dy dodn hai
chiéu. Khi d6, cdc diém do dugc bé tri trén cdc tuyén vudng goc
véi phuong chay cGa cdu tric 4y, Bo tri diém theo tuy&n thudng
4p dung khi cdn chinh xdc hod nhing nét dac biét clia trudng
trong luc trén viing di duge do theo dién, hodc nhim chinh xdc
héa d6i tugng dia chadt ma nhing tai liéu tham dd thye dia trude
da cho thay.

Biang du6i day trinh bay mdi quan hé gitta cdc loai khéo
s4t trong luc ti 18 khdc nhau va yéu cdu d61 v4i dd chinh xdc cha
phép do trong lyc, d9 day mang luéi diém do. Khi xay dung
phuong 4n cong téc, tiiy theo diéu kién dia chét cu thé cia vung
nghién ¢du va tinh cla di thudng, khd niang dat d6 chinh x4c
cia toa dg, do cao, dic diém cda mdy do, v.v.. 48 ddm bdo cdc
y&u chu dat ra d6i vdi tham dd trong lyc. D6 14 thé hién duge
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cdc dac diém cGa trudng di thudng do mét dSi tugng dia chat

cdn nghién cttu gay ra.

Bang 15. D9 chinh xdc, mat d§ di€m do cho ting loai khdo s4t

Sai 88 trung binh Mat 46
Ti&t diénl| Ti 1& bin dé binh phuong (mgal) Bi€m
ban dé va dé thi Di thuéng| Gid tri Bo dién | Po tuyén
(mgal) tdng két Bouguer | Treng luc| (km¥ diém} | (km?/ di&m)
10 1: 2.500.000 ~-25 - 08 150 - 400 5-10
1: 1.000.000
5 1: 1.000.000 { - 2.0 - 05 25 — 100 9.5 _ 5
1: 500.000
2-5
5 1. 500,000 | -15 - 0.3 20 - 50
1: 200.000
2 : 2.00.000 | -08 - 0.3 4 - 10 1-2
1: 100.000
1 1: 100.000 -05 - 0.3 1-4 0.5-1
1:  50.000
0.5 1.  50.000 -02 - 15 0.2-1 02-5
1. 25.000
1: 25000 |-02 - ol 0.2 - 0.5 01-5
0,2-025 1: 10.000
1: 10.000 - 0.1 - 0.07 2-01 0.05 - 15
0.1 1: 5.000
1: 5.000 -0.04 - 0.03 0-0.1

va ti 18 16n han

0.02 — 0.05

Bang trén néu méi quan hé giita cdc loai khéo sat trong luc ti
1é¢ khdc nhau vdi yéu cdu v& mat d6 di€m do va d6 chinh xdc do

dac.

§2 CONG TAC PO TRONG LUC NGOAI THUC DIA

Yéu ciu clia cong tac trong luc ngodi thue dia 1a gidi quyét
nhiém vy dia chat d4 d8 ra cho tham do trong luc. Do d6, sau
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khi da cheon hinh thie bs tri va d6 day cla céc diém do, cong
téc do trong luc ngodi thyc dia con phai chon hé théng diém tua
trong luc. Tdc dung cha mang luéi tya trong luc la:

¢ Loai tri tich liiy sai sd khi xac dinh gi4 tri trong luc tai
cdc di€m do thuyng.

* Loai trir 4nh hudng clia d6 dich chuyén diém khdng cda
trong luc ké.

e Kiém tra va nang cao chit luong do dac & cdc di€m do
thudng (theo tuyén, theo dién).

* Dua toan bd gid tri do dac trong luc vé mét mde nhét
dinh.

2.1. Mang luéi diém twa québe gia.

Trong thiam dd trong luc bing trong luc k&, ngudi ta thye
hién do tuong ddi — s6 gia Ag mét cdch lién tuc & tdt cd di€m do
so v6i mot diém T, chon la diém twa cho ving khdo s4at. Tai
diém tua T, gia tri trong luc tuyét déi gy d& dugc x4c dinh chinh
xdc, thudng bing cach quan sat chu ky dao déng cta con ldc
kép, hodc do chuyén bing cdc trong luc k& c6 do chinh x4c cao
tir cdc dai thién van gin d6 hay tif cdc diém tua qudc gia.

Thuc t&, khi do trong liyc trén nhitng ving dién tich 16n,
mot diém tua duy nhit khong thuin lgi, vi théng thudng viée
vén chuyén bing 6 t6 khong di nhanh dé ddm bio yéu ciu quay
trg vé& do ki€ém tra & difm tua sau méi 2 gid. Vi vdy ma vide dau
tién trude khi bit ddu cdng tdc ngoai thye dia trén todn bo dién
tich ving khdo sit 14 phai xiy dung mang ludi diém tua trong
Iitc chi ti€t dé tao nén mot hé thong chic chdn cde gid tri trong
lye chuéin, gin lién véi cdc diém tua qudc gia va thong nhat cidc
gid tri do dac trén pham vi toan quéc, tac thanh mdt mang luéi
da gidc khép kin, ma canh cla da gide 14 mét chuyén do dac déc
lap.

Khéo sat v6i ti 18 nhé trén mdt dién tich roéng, mang ludi
tua c6 thé xdy dung hai cdp. Cdp dau tién — cdp I, ¢6 49 chinh
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xdc rat cao, tao thanh mét hé thong da gide khép kin nhung
thua thét. Tiép theo la mang ludi ¢dp II, xdy dung ddy dac hon,
dya trén cdc di€m tua cdp 1. Mang lu6i diém tua cdp II nay la
cd 8¢ chinh dé€ ti&n hanh do trong lyc & cac dim do thudng, do
d6 d6 chinh xdc khi lap mang ludi tya cdp II cling phdi thda
mén yéu cau nhu mang luéi tua cdp 1.

Khi do dac ti 1&¢ 16n va vira, nhu trudng hgp nghién etffu
nhitng y€u t8 dia chat dia phuong hay tham do khodng sin,
mang ludi tua thudng chi edn gdn lién vdi mot di€m tua gdoc nao
dé6 trong ving cdng téc {con goi 1a diém tua chinh).

Céc diém tya phdi duge phan bd déu khip trong ving khdo
sdt, ¢ nhing noi di lai thuin lgi, dé tim va thudng cdch nhau
khoang vai chyc km, hoéic it hon. Mat d¢ diém tya duge chon
phdi ddm bdo ndi suy tuyén tinh d9 dich chuyén diém khang cia
mdy do trong cdc chuyén do ¢ diém do thuong. Vi vay, sd luong

diém tya duge chon théng thudng bing khodng % s6 lugng
diém do thudng.

Ngoai ra, vi trong luc k& cho gia s8 Ag tai cdc diém do
thudng so v6i cde di€m tua, cho nén gia tri trong ltfe quan sdt
tai cdc diém tya cAn phai duge x4c dinh k§ ludng, véi d6 chinh
xdc cao, 1,5 dén 2 lin d¢ chinh xdc quan sat tai cde diém
thudng.

D& ¢6 mdt mang Iudi tua chic chidn va tin cdy, ngudi ta si
dung loai trong luc k& c6 d6 chinh xdc cao, quan s4t nhidu l4n,
ddng thoi rit ngdn thoi gian mbi chuyén do, ti€n hanh kiém tra
tai 50% dén 100% tdéng s6 diém tya. Viéc do trén mang ludi tua
cdn phai dugc bt ddu va k&t thac tai didm xudt phat ma ta da
xédc dinh gia 88 trong lye tir d6. Sau khi khép kin cdc nhénh déc
lap cia mang ludi da gide, ching ta duge mdt dai lugng goi 1a
sai s§ khong lién k&t hay sai s6 khép v. Ging nhu trong tric
dia, sai 86 khép trong luc duge phin bd vé cdc canh cda mdi da
gidc tao thanh mang lugi tua.
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b% chinh xdc cha cdng tac do trong luc ¢ cdc difm tua duge
thé hién bdi sai s8 trung phuong ¢, theo cong thie:

ngzpf (11.1)

S-r

8; — d§ chénh léch cda gia s8 trong luc trude va sau khi san
bing mang ludi tua.

s — tdng s6 canh cia hé thong da gi4c.

r - tong s0 diém tuya.

Sau khi d4 xdy dyng mang ludi tua cho ving cong téc,
ngudi ta méi tién hanh do s6 gia Ag, 6 nhitng diém do thudng.
Khi d6, gia tri trong luc gs tai diém do thudng sé bing
gs =8t +Ags.

2.2, Céng tace do trong lue & diém do thuong.

Gi4 tri clia s6 gia Ag, tai cdc diém do thudng (do khio sat)
duge xdc dinh bing trong lyc k& theo phuong phdp do mot 14n
theo tuyén va ké&t thic tai mét diém tua nao dé, hodc theo
phuong phap do lip lai todn phAn hoic mdt phan cdc di€m
thudng da do khi do quay tré vé theo dudng di ¢ va k&t thic tai
diém tua xudt phat.

Phuong phdp do mot 14n, thudng duge tién hanh trong mét
ngay. Pdu tién 12 do & diém tya, sau 46 do lién tuc gig tri cha
gia s6 Ag & cdc diém do thudng. Piém do cudi cling 14 diém tua
nao dé.

Khi do 14p lai, mdi ngay do déu phdi bit ddu va két thic
tai cing mot diém tya va trong chuyén do tré vé phai do l4p lai
m{t phin & cdc diém thudng, khodng chimg 1/3 56 diém.

Chuyén do phdi lam sao di qua t6i thiéu 3 diém tya dé
ki€m tra dich chuyén diém khoéng. Néu sy dich chuyén khéng
phdi tuyén tinh nhu mong muén thi phai bé tri cdc diém do sao
cho trén mdi nhénh cia da gidc, dich chuyén diém khéng, duge
coi 1& tuyén tinh.
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Nhu vay, bing cdch xdy dung mang ludi cde diém tya
(To. T,...,Ty) trinh bay & phén trén, viéc van chuyén bing 6 to
duge 8 chitc d€ quay vé di€m tya ¢ sau mdi 2 gid trong chuyén
do mét Jan. Biing cdch quay vé& nhiéu lan tai cdc diém tua va
di€m thudng, ngoai myc dich xac dinh duge d6 dich chuyén diém
khéng cla mdy do va qua d6 tinh duge cdc gia tri cha Ag, va ldy
trung binh, ngu¥i ta con loai trir duge tich liiy sai s8 va néng cao
d$ chinh xdc viéc do & cdc diém do thudng.

Sau cing, mdi diém do thudng s mang mdt con s6 tiéu bidu
cho gia s6 Ag, 46 1a hiéu s§ giita gid tri trong luc g, tai s va gia
tri trong luc tai diém gde T,

Ags = gs — 810 = (s — 8m) + (8rn — E10) (11.2)
tinh bing mGal.

Tiéu chufin dung d€ ddnh gi4 d6 chinh x4c cla cdc quan

sat trong lyc 1a sai sd trung phudng & mot 1dn quan sat & céc
diém do thutrng. Sai s6 nay duge tinh theo cong thde:

=

§2

m-i

(11.3)

trong dé6:

8 — d6 chénh léch cda gia tri trong luc quan s4t va gia tri
trong luc trung binh.

m — t8ng s§ cdc ldn quan sat tai cdc diém kiém tra.

n - tdng s diém kiém tra.

2.3. Cong téc tréc dia.

Cong téc do dia hinh déng vai trd quan trong trong tham
dd trong lye. Khi die két s6 liéu do dac trong lyc thu duge ngoai
thyc dia bing trong luc k&, khong nhing cdn phai bift toa b
(kinh va vi d¢) cha cde diém nay nhim x4c dinh gid tri trong
lye binh thudng va dua diém quan sat ngoai thuc dia 1&n ban da.

P§ chinh xdc ddi hdi d6i véi cong tdc tric dia vé& dia hinh
thong thutng 1& 5¢m cho d9 cao z va vao khodng 10em cho céc
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toa d§ x, y néu mudn c6 do chinh xdc di thudng Bouguer = 0,02
m(zal.

Bdng 16 sau diy néi 1én méi quan hé gidta d9 chinh xdc
xdc dinh di thudng Bouguer va sai s§ gi6i han khi xdc dinh vi
tri va dd cao cha di€m quan s4t.

Bang 16: Mo6i quan hé giita d6 chinh x4c ctia di thuong Bouguer
va d6 chinh xdc cia viéc x4c dinh cha vi tri va do cao di€m do.

B§ chinh x4c Ti 1& ban db Sai sd gid¢i han Bd chinh x4c
cia di thudng Téng két Xac dinh toa 40 | Xdc dinh 49 cao
Bouguer {(mgal) {m)} (m)
+25 1: 2.5.00.000 600 + 10,0
1: 1.000.000
+2,0 1: 1.000.000 600 5,0
1:  5.00.000
+0.8 1:  200.000 240 +25
1:  100.000 120
+ 0.4 1: 100,000 120 + 1,0
1.  100.000 660
0,56
+0,2 1: 500,000 60
1:  25.000 30
0.3 — 0.25
+0.8~-0,1 1: 10,000 12
1: 5.000 &
+ 0,04 1: 5.000 6 + (.15
1: 2.000 2-4

§3. SAN BANG MANG LUGI PIEM TUA. |
3.1, Khéi ni¢m.

~ Gia s ching ta tién hanh do gia tri trong luc tai cdc diém
tua A, B, C theo ba canh cha tam gidc ABC va nhéan dugce cac gia
s0 trong luc Agas, Aggc, Agca, khi khép kin tam gide ABC, téng
dai s& cac gia s6 trong lyc tu A dén B, B dén C va C dén A phai
bing khong. Tuy nhién trong thuc t& tdng dai s¢ clia ching
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thudng khong bang khong, vi tdt cd cdce do dac déu chita sai s8.
K&t qué 12 téng dai s6 cdc gia s6 trong luc khi tré vé diém tua
xufit phat khong triét tiéu ma bing mot dai luong nao dé goi la
sai 58 khép hay sai 56 khéng lién k&t cia mang lugi. N6t chung,
mdt hé théng diém tua gom c6 bao nhiéu mang ké& tiép thi bay
nhiédu sai s& khéng lién két. TOn tai clia sai khong lién k&t dat
ra mdt bai todn, d6 1a bai toan ba trit, cdon goi 14 san bing mang
luéi diém tya.

Trong tham do trong luc, song song véi viéc do trong luc
con phdi tién hanh coéng téc do dia hinh ké& tiép, tuong ty nhu
mang lugi diém tya trong luc.

D€ thdy sy cAn thigt ciing nhu ¥ nghia ca suf san biing cdc
sai 86 khép, hiy xem mét mang ludi nhy hinh 98, gém 6 diém
tua, td A dén E va viéc do tién hanh theo cdc dudng canh clia 3
tam gidc. Gid tri cGa g tai A gid sit da bi€t, vAn dé 1a xdc dinh
gid tri cda g tai E. Bai todn don gidn nay khdong ¢6 nghiém duy
nhat, bdi vi d€ xdc dinh gi4 tri tai E tit diém tua géc, ching ta
phdi di bing nhiéu doan dutng khde nhau, nhu ABDE, ACE, do
d6 g tai d6 s& ¢6 gid tri khdc nhau. La mét diéu tai hai cho viéc
khai thdc ding dén k&t qud do trong lyc 1a khi mdi diém tiua
khéng cé gid tri duy nhat cia g. Vi vAy viéc san bang cdc sai 88
khép ¢6 muc dich truéc hét 12 nham ¢é gid tri do trong luc mang
tinh don tri tai bat ky diém twa ndo cGa mang ludi. Gid tri
trong luc nay khdong phu thudéc vao nhdnh di chuyén cia hé
thoéng da gidc ma doc theo d6 gia s6 trong lue da duge xde dinh
ludn. Vay can phéi tinh cho mdi canh cia mang ludi mot hidu
chinh a, b, c... sac cho sai 56 khép trong ting da gidc tré nén
biing khong ho#c khong d4dng ké. .

Nhim dat muc dich trén, ngudi ta tién hanh san bing
mang luéi tua theo nguyén téc sau : Trong mbdi da gidc, sai s8
khép dude phan bd cho cidc canh ti 18 nghich vdi trong s6 cia
canh tuong tng. Trong s6 cGa modt canh thudng 1a s6 l4n quan
sit trong luc thuc hién doc theo canh dé6.

Néu gia sé trong luc Ag doc theo cde canh cia mbi da gidc
duge xdc dinh véi do tin cdy nhu nhau, khi dé sai sd khép sé
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duge phan bd déu cho cdc canh ng véi 49 tin ciy thap sé tidp
nhén mét hiéu chinh i¢n cho gia s§ Ag va nguge lai.

Qué trinh san biing duge l4p lai nhiéu 14n cho d&én khi so
khép cia ting da gidc cha mang ludi trd nén khong ddng ké
(bing hoyc gin blng khéng). Khi tién hanh san bing mang ludi
tua, chd ¥ cdn phai tuin theo quy uGe sau:

Trén moi canh cla da gidc ngudi ta ding mii tén dé chi
huéng tang cua trong lue.

Mudn tinh sai s6 khép (tde 1a tdng dai s trong luc Ag
trong mbdi da gidc), ngudi ta di chuyén doc theo cdc canh
(nhédnh) cla da gidc d6 theo chidu quy udc, chdng han theo chidu
duong. Néu huéng cda da s8 trong luc trung chidu quy uée thi
gia s8 trong lyc Ag mang d4u +. Gia s& trong lyc Ag s& mang ddu
— trong trudng hgp ngugce lai.

B¢ kiém tra tinh ding ddn cia cac hiéu chinh (phdn sai s§
khép phan b cho cde canh), ngudi ta 4p dung tiéu chudn sau
day, lan lugt cho ting da gide thd i clia mang lu6i:

Y 5l -vi=0 (11.4)
k=1

Sau mét l4n san biing toan bd mang u6i tya mbi da gise
s& dugc mot gid tri sai s§ khép méi, nhd hon sai s§ khép cii.
Ngudi ta ti€p tuc 14p lai qué trinh tinh todn d&n khi nao sai s&
khép sau cling cia mdi da gidc tré nén bé hon gia tri sai sé

khép cho phép:
v;ﬂeﬁ (11.5)
m

Trong d6: ¢ 1a sai s§ trung phuong trong 1 ldn do tai cdc
diém cla mang ludi tya.

n - 86 canh cla da giac

m — 1a $6 14n quan sat gia s trong luc tai cdc diém.
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Biét dugc gid tri hiéu chinh trén mdi canh, ching ta diéu
chinh gia tri gia s trong lyc doc theo ting nhdnh cia mang
ludi.

Sal s trung phuong cda gia s8 trong lyc sau khi da san
b¥ng mang ludi tua cho don vi trong s6 duge tinh theo cong

thue:
> ps

czi\f”‘ (11.6)

n

Trong d6 : 3 14 hiéu chinh cho méi canh cla da gidc; n la
s8 da gidc trong mang lugi tua.

Sai s§ trung phuong cia gia s& trong luc doc theo tat ci
céc canh clia mang ludi tira s& biing:
5, =t (11.7)
pl‘l!

Trong d6 py la trong sd trung binh cha cdc trong s6 trén
cdc canh cua mang ludi.

Pé d4nh gid chdt luong cla mang luéi tya, ngudi ta tinh
gid tri trung binh clia sai sd trung phuong cia trong lue g tai cédc
diém tua bing cong thue:

Gm
o=t 7 (11.8)

Cé nhiédu phuong phép, tdi thiéu binh phuong, v.v.. ching
dugc st dung trong thye t€ tiy theo mang ludi tya don gidn hay
phdc tap, gdm mét s6 lugng 1én da gidc véi nhimng nhanh ching
chit, cdt 1én nhau. M&i phuong phdp duge chon tiy theo thoi
gian tinh todn cdn thiét san bdng bang tay hodc trén mdy tinh
dién tu.

Du6i day ching ta hdy xem vai phuong phdp san biing
mang lu6i tua théng dung trong linh vuc trong lyc.
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3.2. Phuong phap gidi tich

Xét mdt mang ludi tua hinh thanh bdi ba tam gidc k& tiép
1, 2, 3 (hinh 98).

Goi: v1, vz, vs 1an luot 12 sai s6 khép cia cdc tam gide 1, 2, 3.
* D1, P2, Pa 14 trong s6 cla c4c canh AB, BC, AC,...

*ny, Ng, N3, 18 dai lugng nghich ddo cha cdc trong s§ py, pe,
ps tic ny = 1/p;.

*k 1a lugng sai s6 khép phén bé& cho canh mang trong s§
don vi.

A P:| C Pg E

Hinh 98: Mang lu6i diém tua gém ba tam gidc.

Ching ta tién hanh san bing mang luéi tya trén bling
phuong phap gidi tich nhu sau:

G phia ngoai méi tam gidgc trén hinh 98, gdn cdc canh,
nguti ta ghi tri s6 trong luc g blng 1/100 mGal quan sat doc
theo canh tuong itng,

Thigt 1ap hé trong phuong trinh véi ba 4n 58 k,, kg, ky cho
tam gidc 1, 2, 3, chi ¥ nguyén tdc phan bd sai s6 khép ti 1&
nghich véi trong s6. Khi thiét l4p phuong trinh con phai chi ¥
diéu kién trung gian cla cdc canh chung cia cdc tam gisc tiép
gidp trong thi du ¢ hinh 98, canh BC ciia tam gidc 1 va 2 canh
CD cha da gidc 2 va 3, do d6 khi phan b s6 khép trong tam
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gige niy nhan mot lugng sai s6 bé sung bing ke tif tam gidc 2
2
chuyén sang, qua trung gian canh chung BC = P,, tie 1& trong

tam gidc sai s6 khép sé 1a v, + ﬁ Ngudgc lai, khi phan bé sai
Ps
s8 khép v; cho cdc canh cGa tam gidc 2 thi tam gidc nay sé
nhén mot lugng sai s& bd sung béng ky tif tam gide 1 chuyén
2
sang qua trung gian canh chung BC, d6ng thoi nhdn mét lugng

- o - . k . . . .
sai 88 b8 sung nita —2 tir tam gidc 3 qua trung gian canh chung

P
CD (ps). K&t qua, sai s khép thye su cha tam gidc 2 la:
vy + LS Ky .
Pz P4

Tuong tu nhu vay, khi hoan chinh san bang tam giéc 3. Ap
dung tiéu chuin san bing (11.4) cho tifng da gidc 1, 2, 3, ta duge
hé théng phuong trinh véi ba &n s6 ky, ks, ks sau day:

Tam gidc 1: L+—lw+i k, — -k-'~-v|=0
P P Ps P2
Tam gide 2 |4+ |k, - Ky _o (110
P Pa DPs P, P4
1 1 k
Tam gidc 3: -—~+i+-— kK, =2 -v,=0
p4 p() p'.i" p4

Giai hé théng phuong trinh trén, ta duge gid tri hé sé k
cho mdi da gidc, tidc 12 duge lugng sai s6 khép (hiéu chinh) can
phan bd cho mdi canh, thi du nhu canh AB s& nhén m{t higu

n k " . . I =
chinh biing 8 =—', canh BC chung cGa hai tam gidc 1 va 2 s&

nhén mét hidu chinh bing: 8} =pL {k,-k,)...

2
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Can chi ¥ 1a khi ghi gi4 tri hidu chinh 8'ciing phai tuan
theo qui uéc vé& hai huéng di chuyén, ching han 5.= 1 (k, —K.}
TP ’

1a lugng hiéu chinh phan b8 cho canh BC thude tam gide 1,
nguge lai 62: L (k,—k,)1a luong higu chinh ciing phan b§
Py
cho BC, nhung khi d6 canh BC duge xem thudc tam gidc 2.
Ching ta hidy 4p dung phuong phdp gidi tich dé san bing
mang ludi tya sau gém hai da gidc (hinh 99).
Trén hinh 99, ngusi ta dd ghi phia ngoai cac da gide, gan
cdc canh tuong ng:
e Trong s6 p

e Gia s trong luc Ag, tinh bing i%-—o- mGal quan sdt doc

theo cdc canh,

go= 1774 p=1 2303 gs= 4077
2 3
g= 1275 g= 3055
p=2 U p=
1264 505 3061
g:
p=4
gi="7 8= "7
1 4
506
= 515
&= g= 995
p=4
=1
520 5 1016
gs=0

Hinh 99: San bing mang ludéi diém tia gébm hai da gide
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Tinh gi4 tri sai s6 khép. S dung cdc s6 liéu cho trude,
chiing ta tinh gid tri sai s6 khép v lan lugt trong da gidc 1 va 2
chiéu di chuyé&n qui udc 12 chiéu lugng giac (chidu +, nguge chidu
kim déng hd):

*Da gidc 1 : v; = + 505 + 3055 — 2325 — 1275 = — 40 tdc
la v; = - 0,40 mGal.

e DPa gidc 2: vy = + 995 — 515 = ~ 25 tde 1a ve = — 0,25
mGal

Ta héy tinh sai s§ khép véi phép tinh v; tit cdng thuc
(11.5). trong thi du cho p = 3 va ¢ ddi hdi khong duge qua + 0, 17
mGal. Do d6, sai s8 khép d8i véi da gidc 1 va 2 1a ;

ePagidcl: v, =-0,41 mGal

ey

¢ Da gidc 2 ; V% = - 0,34 mGal

So sdnh gid tri thue t& va gid tri cho phép clia sai s§ khép
trong titng da gidc, ta thdy réing cdc két qua d6 khi thist lap
mang luéi tya cda thi dy trén thda mén y&u cdu vé sai sd khép.
Trong hinh 99, gid trj sai s§ khép dugc ghi & gitrta da gidc.

Bay git ching ta hay tinh lugng sai s§ khép cdn phdi dua
vé cho cdc canh trong méi da giéc.

D31 vdi da gidc 1 va 2, ta ¢6 hé théng phuong trinh:

1 1,1 1
—+1+=+— |k, —~k+40=0
[2 4 4] '

1 1 1, 1
—+1+—+|k,~~k, +—k,+25=0
[4 +4+] T

Gidi hé thong hai phuong trinh bay ta duge:
k=~ 22,5, k; = — 20,4
Nhu vdy, cdc canh s& nhian mét lugng sai s khép 5 béng:

eCanh1-2:-225/2=~11,25;
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«Canh 2 -3:-225
»Canh 4 -5: - 204

Luu ¢ 13 canh chung 1 - 4 nhan hai lugng sai s8 khép,
—-5,62 tir da gidc 1 va 5,1 tir da gide 2. D& ki€m tra cdc két qud
trén, ching ta 1y téng cdc sai s6 d4 phdn vé céc canh trong
mbi da gidc, d€ ¥ sai s& duge chuyén sang da gide k&€ cdn qua
trung gian canh chung 1 - 4:

ePagidc1:~ 11,25 - 22,50 — 5,63 -5,62 + 5,1 =~ — 40
ePagidac 2:-204-5,1 + 5,62 ~— 25.

Nhu vay 1a da gi4 tri cdc sai s§ cdn phdn b8 cho cdc canh
cha hé thong da gidc théa cdc phuong trinh (11.10). Sau khi biét
duge gid tri cdc sai s6 nay, ching ta tién hanh diéu chinh céc
gia s6 trong luc Ag trén cdc canh tuong Gng dé c6 gid tri chdc
chin cda cdc gia s6 Ag, cdn chd § qui u6c vé chiéu di chuyén.

Lan lugt di chuyén theo chidu lugng gidc, ta c6 tir diém tya khéc
doc theo cde canh:

guu=+506+1= +506
-g43 =+ 3055 + 6 = + 3061
o1 =— 1275+ 11 = — 1264
\A

Kiém tra cdc gié tri cha gia s§ lugng trong luc trén téng
dai s8 cac gia s6 Ag trong mdi da gidc phai biing khong:

¢ Da gidc 1: + 3061 — 2303 - 1264 = 0
e Da gide 2: + 1016 - 506 - 510 = 0

Khi diéu chinh gid tri cdc gia s§ trong luc doc theo céc
nhdnh cda mang ludi, ta xde dinh duge mdt cdch don tri gid tni
chdc chdn cha trong luc tai cde diém tua. Trong thi du trén,
di€m xudt phat cha mang ludi tua 1a di€m 5, gia tri trong luc tai
diém nay dugc chon bing 0. Vi vAy, mudn c6 gia tri trong luc tai
tat cd cdc difm tya cha mang ludi, ta s dung gid tri cha céc gia
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s6 trong lue; ddu cla cdce gia s6 Ag cho bdi chidu mii tén trén
canh tuong ¢ng, chdng han nhu:

g1 = g5 + Ags; = + 510
=g +Ag=+510+1264 = + 1774

v.V. ..

Bang 17

Canh | 1-4 4-3 3-2 2-1 b-4 4-1|1-56
Ag + 506 + 3055 | — 2325 | - 1275 | + 995 - 505 | — B15
p 4 4 1 ) 1 4 4

v -40 -25

+ 5,62 + 5,83 + 225 + 11,25 | +204 +51 | +5,1 -.

) -~ 5,1 - 5,62 ‘
v 0 0

Ag + b06 +3061 | —2303 | -1264 | + 1016 | -506 | — 510

Cudi cung, trong hd so dé san bing mang lu6i tua, chiing
ta ghi bén céc canh gid tri cda trong sf p, hiéu chinh & va gi4
tri cia gia s8 trong lye Ag trude va sau khi san bing mang 1udi.

3.3. Phuong phap tuong quan.

Trong phuong phép san biing nay ngudi ta tién hanh nhu

sau.

— Ngudi ta bat ddu phéan b sai s6 khép tir da gidc cé sai s6
khép 16n nhét réi dén cdc da gidc gidp v6i da gide nay.
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Trong qu4 trinh l&p lai, chd y d&n lugng sai s& khép
nhdn dugc tir cdc da gidc ti€p gidp chuyén sang céc
canh chung.

Khi sai s6 khép trong titng da gidc cda hé thdng trd
nén khéng ding ké, ngudi ta 1ay téng cdc sai s6 da
dugc phan vé cho cdc canh va hiéu chinh cédc gia s
trong luc Ag doc theo médi canh.



Nhu trong phuong phédp giai tich, sai sé khép duge phan bd
vé cho cdc nhanh theo nguyén téc ti 18 nghich véi trong s8, vi
vay trudc hét cAn phai tinh ti 1& phan bd sai s8 goi la “ s6 dd
cia cdc canh trong mdi da gide. S6 d6 k; eda canh j duge tinh
theo céng thite:

k — n.}'

(11.113
' Zni

trong d6 n; 1a dai lugng nghich ddo céa trong s6 (ing véi canh j :

1 = pi;Zr? 1a téng s8 cac dai lugng nghich ddo clia trong sd
J

trong mbi da gide. Ta thdy trong mdi da giac, téng cac s§ do k;
cla cic canh bing don vi.

Sau diy ching ta hay ap dung phuong phap tuong quan
san bing mang ludi tua cho bdi thi du trén.

— Tinh gid tri cia 8 dé.

Ching ta tinh gid tri cdc 56 cla tat cd cdc canh cia da gidc
1 va 2 theo cong thie (11.11)

Pa giac 1
canh 1 — 2 k ﬁ:L: 0,25
ol gt
2 4
canh 1 - 4 K4 =%=O,I25
— +]1 +--F--
2 4 4 !

Tuong ty, ta cé: kg = 0,5 ; kg = 0,125

1/4

1+l+l
4 4

Dagidc 2:  kyy= - 0,166

va tuong tu: ks = 0,167 ; k45 = 0,667
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Kiém tra két qud tinh gia tri cdc s6: Tdng s§ dd trong mdi
da gi4c phéi biing don vi:

ePagiac 1: 0,25 +0,56 + 0,125 + 0,125 =1

e Pa gidc 2: 0,167 + 0,166 + 0,667 = 1

Nhu vay la gia tri cdc s& 48 dd duge tinh ding.
— Phan bd sai s8 khép

Chiing ta phan b& sai s6 khép cdc canh bit ddu tir da gide
1 (da gidc c6 sai 6 khép 16n nhat, v; = 40). Mudn ¢6 lugng sai
s6 phan bd cho titng canh j cia da gidc 1, ta chi can 18y v, nhan
cho gi4 tri sd dé tuong ung, chdng hang canh 1-2 s& nhén tif da
gidc 1 lugng sai s§ 8 ;; bing: '

8ia=—-40 x 0,25 =—10  (0,01mGal)

Gia tri nay duge ghi vao bang tinh va trong hinh 99, bén
canh 1-2

Tuong tu, canh chung 1- 4 cda da gidc 1 nhidn mdjt sai s&
514 bﬁng:

814:—40!{0,125:—5

Gia tri nay dudc ghi vio bang tinh, déng th&i trong hinh
99, vao giita da gidc 2, dudi gi4 tri sai s6 khép va.

Nhu vay sau khi san bing 14n thd nhdt, da gidc 1, da gide
2 d4 nhén cta canh chung 1- 4 mét lugng sai s6 bé sung bing
- 5, nghia 1a sai s& khép v, cia da gidc 2 bay gi 12 biing tng
dai s cla sai s§ khép ban ddu (-25) va sai s6 b6 sung (-5) vira
chuyén qua tir da gidc 1, tite la vo = - 25 — 5 = — 30.

Sai s6 khép méiclahaidagidc 1va2la:v,=0,vy=-30

Bay gi¥ ching ta lai ti#n hanh san biing mang lu6i, bt
ddu tir da gidc 2 (c6 sai s8 khép l6n nhat):

Canh chung 1 — 4 nhan mét lugng sai s6 tu da gide 2 bing:
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514=-30X0,166=—5

Chung ta ghi gid tri ndy vao bang tinh cGa canh 1 — 4, bén
ngoai da gidc 2, ddng thoi ghi vao gita da gide 1, dudi gid tri sai
58 khép vong ddu v, = - 40 (sai s6 khép v, nay da duge phan bs
cho cdc canh cha da gidc 1 & vong dau). Sai sd khép clia da gisc
1 va da gidc 2 bay gio 14: vi=-5, vy = 0.

Sai s8 khép v; lai duge phan b& vé cho céc canh:
» Canh2-3 Os=-Hx05=-25
«+ Canh1-4 B1a=-5x 0,125 = - 0675

Ta ghi gid tri nay vao bang tinh cla canh 1 - 4 va déng
thoi vao giita da gidc 2, dudi céc gi4 tri sai s6 khép ci (-25, - 5).

Nhu vay 1a sau hai 14n phén bé, sai s& khép bay gi¥ cha da
gidc 1 14 0 va cla da gide 2 13 - 1. Sai 56 khép méi vo = - 1
ddng 1é phai duge phan b6 mdt lan nita cho ba canh cia da giac
2, nhung vi gid tri sai s6 khép méi nay khong dang k&, 1/100
mGal, cho nén ching ta ¢6 thé dua canh ngoai 4 - 5, mang
trong 56 nhé nhat.

Trén day, ching ta vita san bing mang lugi tua bing
phuong phdp tuong quan, trong d6, sai s6 khép duge phan bé ti
18 nghich v6i s§ dé cia mdi canh. Nhu trong phuong phép giai
tich, d€ c6 gia tri chic chdn cla trong luc tai cdc difm tua clia
mang ludi, g, va g, trong thi du trén, ching ta cAn phdi hiéu
chinh gia tri cdc gia s8 trong luc Ag trén cdc nhdnh. Muén viy,
ta 14y tdng dai s& cdc sai s6 di phan bd cho mdi nh4anh (ghi &
béng tinh) va chuyén cdc két qud d6 vao bén trong da gidc gin
canh tuong dng. Chi y 1a khi chuyén vao trong da gide, ta phdi
déi dau cdc sai s6. Thi du: tdng sai s§ lan lugt phan bd vé canh
1-21a:-10- 1= -11. Chuyén vao trong da gi4c 1, sai s8 cla
canh 1 — 2 tré thanh +11. Dgi v&i canh chung 1 — 4, c6 hai gid
tri sai s§ : - 5 nhén tir da gidc 1 va — 6 tir da gidc 2 chuyén qua,
vi vAy t6ng dai s& hai gid tri sai s§ nay la: -5 + 6 = + 1. Gid tri
nay chuyén qua da gidc 2 tré thanh —1.
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Kiém tra cdc gid tri sal s0 phan vé cdc canh cla mdi da
gidc, ta 14y téng cde sai s d4 ghi bén cdc canh trong mdi da
glac:

» Pagidcl:+23+6+1=+40
e Pagidgc2:-1+21+5=4+25
Péi chidu véi gid tri sai s§ khép ban dau cia hai da giae,
-40 va -25; chdng ta thay k&t qua tinh todn trén la dang.

B4y gid ching ta tinh gid tri ding eta cde gia 58 trong lyc
Ag doc theo cac nhanh ctia mang luéi tya, chil ¥ qui u6c vé chiéu
di chuyén va huéng cia cdc miii tén (huéng ting cia Ag), ta
dugc:

o Tit di€m tira 1 dén diém tua 4:
Agis =+ 505 +1 =+ 506 (0,01 mGal)
¢ Tir diém tua 4 d&€n diém tua 3 :
Agaz = + 3055 + 6 = + 3061
o Tir diém tya 2 dén diém tua 1 :
Agoy = -1275 + 11 = - 1264
o Tix didm tua 5 dén diém tua 4:
Agse = + 995 + 21 = + 1016

Biét duge gid tri ding cGa cdc gia s trong luc sau khi d&
san biing mang lu6i tua, ta tinh dugc gid tri chdc chdn cda g tai
diém 1 va 4 tir di€m tya bat ky:

g1 = g2+ Aoy = + 1774 - 1264 = + 510
=gs + Ags; = 0 + 510

814 = g5 + Agsa = + 1016
= g3 + A g3s = + 4077 - 3061 = + 1016

So sédnh gid tri sai s6 phdn bd cho cde canh va gid tri
trong luc tai cdc difm twa sau khi dd san bing mang luéi béng
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hai phuong phap gidi tich va tueng quan, chiing ta nhan thay ro
rang la két qua cho béi hai phuong phép dé 14 nhu nhau.

$4. HE THONG MANG LUGI TRONG LUC POTSDAM.

Truée day phuong phdp con lic 14 phuong phdp duy nhat
sit dung dé do tuyét d8i gi4 tri trong luc tai nhidu diém trén thé
gidi, trong mang léi trong lyc qudc gia hay lién qudc gia. Nam
1906, dudi su chi dao cda Helmert, hai 6ng Kuhnen va
Furtwangler da xdc dinh tuyét déi g tai Vién Trdc dia Potsdam
(Bdc) v6i nadm con lc khdi lugng tir 2,86kg dén 6,23kg. Trén co
$¢ 192 56 liéu thu dugce, hai 6ng nay di xdc dinh gid tri tuyét
d6i cia g tai Potsdam:

g Potsdam = 881,274Gal

Sau d6, & cdc nudc khac, ngudi ta ciing ti€n hanh xic dinh
tuyét d6i g tai mot di€m chon lam diém xuat phat (hay diém
g6c) cho hé thdng trong luc trén lianh thd elia minh. Mat khéc
d€ lién két cdc hé thong trong lue qudc gia véi nhau nh¥m tao
thanh m¢§t hé théng trong luc thdng nhét trén todn thé gidi,
phai tinh gi4 tri trong lue tai cdc diém gdc d6 béing cach chuyén
tit gid tri trong luc cla mdt diém chon 1am gée chudn. Trong hé
théng qudc t& Potsdam diém gd&c chudn duge chon tai Potsdam
véi gif tri trong luc b¥ng g Potsdam = 981,274 Gal, gid tri trong
lue nhitng diém gdc khdc cha hé théng duge xdc dinh tuong dsi
v6i Potsdam bing phuong phdp con l4c hodc trong luc ké&. Céc
gia tri trong luc duge xde dinh nhu viAy duge goi 1a gid tri thude
hé théng Potsdam, hay gid tri chuyén tit Potsdam. Bing 18
trinh bay két qua trong luc do dugc tai vii noi, so sanh véi gid
tri chuyén tir Potsdam. '
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Bang 18. Gi4 tri trong lyc xdc dinh tuyét d6i ¢ mét s8 noi.

Piém do | Nam Gi4 tri Gid tri trong | ge-g
do trong luc lue theo hé (mGal)
quan sit g, | théng Potsdam

(mGal) g (mGal)

Potsdam 1906 | 981274,0 981274,0
Washington | 1936 | 980081,6 980099,0 -17,4
Teddington | 1940 | 981183,2 981196,2 -13,0
Leningrad | 1956 981913,3 981931,4 -12,1
Paris 1958 | 980927,7 980940,5 -12,8
Ottawa 1960 | 980613,2 9806279 -147
Teddington | 1965 { 981181,0 081194,7 -13,7

Trong bang nay ta thiy ring cdc gia tri trong luc do tuyét
-d6i nhé hon gi4 tri chuyén tit Potsdam vao khodng 12 - 17
mGal.

Trong nhiing n&m sau nay, nhd nhitng thi&t bi do chinh
xdc, ngudi ta ti€n hanh xdc dinh lai gid tri tuyét déi cia g tai
nhiéu noi trén thé gidi, bing con 14c hodc dung phuong phép roi
ty do (bang 19). Theo k&t qud do trong lyc nim 1963, gia tri
trong lyc tuyét d6i tai Potsdam 1a 981260,3 mGal, nhdé hon két
qué do ¢ vao khodng 14mgal. Ap dung phuong phép roi tu do
v§i thiét bi 1a giao thoa k& laser, ndim 1971 Hamond-Fauer va
Sakuma di xdc dinh tuydt d6i trong luc tai tdm noi va dua ra
chc 58 lidu méi. Béng 19 trinh bay cac két qua x4c dinh méi d6
va so sdnh véi gid tri chuyén béng con ldc Gulf do Woolard va
Longfield thuc hién nam 1963 dua trén gi4d tri chudn tai
Potsdam (981274.15 mQGal).
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Béng 19

Gid tri trong luc (mgal) ) .
Bidm 4 Hiéu so
iém do {mGal)
Rai tu do (1) | Chuyén tir Potsdam (2)
Teddington | 981 181,866 981 195,81 ~13,944
Paris 980 925,972 980 939,94 - 13,968
Washington | 980 101, 271 980 151,24 ~13,969

Trong bang nay, ching ta ciing thdy riing gia trj tuyét d6i
trong luc do duge nhé hon gid tri tinh chuyén tir Potsdam, ma
dd chénh léch trung binh tai ba diém do trén bing 13,960 mGal.
K&t qua nay, cing v6i s6 ligu do & mot s& noi khdc trén thé gidi
dd din dén nhén dinh 14 gid tri trong lyc duge x4c dinh nim
1906 tai Potsdam ph&i dugc hiéu chinh mét lugng bing 14,0
mGal. Do d6, phdi chon mdt hé théng trong lyc qudc t& méi,
thay th& hé thong Potsdam cii c6 gid tri g Potsdam = 981,27
Gal. Hoi nghi Hiép hoi Quéc t& Tric dia va dia vat ly t8 chie
tai Moskva n&dm 1971, d4 quyét dinh chon gid tri mdi cho trong
lyc gdc chuin tai Potsdam : g Potsdam = 981260,3 mGal, thay
cho gid tri cii : g Potsdam = 981,274 Gal, va chon cong thdc
trong Iuc binh thudng khéc thay th& cho céng thic Cassinis ma
hdi nghi qudc t& vé trdc dia va vat ly dia cdu nam 1930 tai
Stockholm d4 chon 1am céng thic quic t&.

Céng thie cia trong lue binh thudng duge chon tai hdi
nghi Moskva nam 1971 la cdng thic trong lyc binh thudng lién
quan t6i hé thdng tric dia chuin nim 1976 (Geodetic Reference)

g = 976,031846 (1+ 0,005278895 sin%p ~ 0,000023462 sin? 2¢)
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CHUONG XII

AP DUNG CG 83 LY THUYET XAC SUAT
THONG KE DE BIEN DOI TOI UU TRUGNG
DI THUONG TRONG LUC

§1. CO SO LY THUYET

Ta biét ring muc dich cia phuong phdp bién ddi trudng
trong luc 13 nham x4c dinh cdc tham s& t&i wu cho phép tdch ra
mét cdch ddy dG nhat di thudng cha d6i tuong dia chat ma ta
quan tiAm. Viéc lua chon cde tham sé t81 uu dya trén tat cd céc
thoéng tin vé hinh dang, kich thudc, dé sau thé nim,... cac théng
tin vé dinh lugng va dinh tinh c¢6 thé thu nhip duge tir nhitng
hidu biét dia chat chung, tif s§ lidu cia cdc phuong phap nghién
cifu khac ciing nhu tit viée phan tich chinh trudng trong luc. T4t
nhién cang c¢é nhidu théng tin vé khdi lugng di thudng thi ta
cang ¢6 thé lya chon ddng tin cdy hon cac tham s8 t8i uu cha
phuong phép bién ddi.

Tuy nhién, phin 16n cdc phuong phép bién déi trudng
trong luc khdng tinh hé&t duge su da dang cing nhu dic trung
ngdu nhién cla cde hién tugng. Do 46, viéc lya chon phuong
phéap bién d6i t8i uu cdn phdi dya trén nhitng ki&n thdc vé céc
dinh luat théng ké cia cic hién tugng phdn dnh trong trugng
trong lue tdng cong. No6i cdch khdc, d€ gidi quyét bai todn cin
phdi s@ dung cdng cu thdng ké todn hoc, dac biét 1a 1y thuyét
ham ngau nhién.

- Ham ngdu nhién 12 hAm ma do k&t qud thi nghiém cé
thé nhan mét dang cu thé nao d6 ta chua bist trude. Dang cu
thé nay goi 1a hién thuc cia ham ngiu nhién. Khi ti€n hanh
nhiéu thi nghidm trén ham ngiu nhién, ta s& duge mdt nhém
hosic mdt ho cdc hién thue cta ham ngiu nhién nay.

LAy thi dy nhu trudng trong lyec V, cuia mét vat nao dé c6
thé coi nhu ham ngiu nhién clia cdc toa d0 quan sit. Néu do
trudng trong lue doc theo mit cdt trong mot vai ldn, thi mébi
dudng cong V,(A) s& 13 mdt hién thuc cGa ham ngiu nhién va
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tdp hgp cdc dudng cong nay tao thanh mét nhém hay mét ho
¢dc hién thue.

o

Hinh 100: Ho cdc hign thic ciia ham nglu nhién

Maéi hién thye 13 modét ham khéng ngldu nhién (t4t dinh)
théng thudng, hay néi edch khic, do k&t qui cha mbi thi nghiém
nén ham ngau nhién bién thanh mot ham ¢4t dinh. Néu gén gid
tri ca d6i s6 x = x; thi ham ngdu nhién bién thanh mét dai
lugng ngédu nhién.

P§i vdi dai lugng ngdu nhién ta thudng s dung cdc dac
trung cua né 1a ky vong todn hoe M va phuong sai D:

- Ky vong todn hoc M clia mét dai lugng ngiu nhién X
duge xdc dinh bing ddng thuec.

M(x)=;=ip. X, (12.1)
i=1

trong d6 p; — x4c suat cdc gia tri c6 thé ¢6 x; cia dai lugng ngiu
nhién X.

Zpi =1
i1

Ky vong toan hoe cia dai lugng ngiu nhién d6i khi c¢dn goi
1a gid tri trung binh cda né.

Céng thitc (12.1) bao gom céc dai lugng nghu nhién rdi rac.
Trong trudmg hop X 13 dai lugng ngdu nhién lién tuc thi ky
vong todn hoe duge xdc dinh béi tich phan:
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M(x)= Ixf(x)dx (12.2)
trong d6 f(x) — mat d6 phan bd cia dai lugng X.

Txf {(x)dx = 1.

- Phuong sai D cha dai lugng ngiu nhién X d6i véi phan bs
rdi rac va lién tuc duge biéu dién lan lugt bdi cdc cong thie sau:

(x ~xfp.;

D(x)= T (Xi - :_()2 fx)dx.

-0

Phuong sai cGa dai lugng ngiu nhién dic trung cho db tdn
xa, tdn man caa né.

bj léch binh phuong trung binh (trung phuong) duge dinh

nghia 1a:
o(x)=/D(x)

Ham ngau nhién duge md td bing cdc diic trung tuong tu.
Nhung cdn lwu ¥ la dic trung cGa dai lugng nglu nhién 1a mét
con s8, con dic trung cGa ham nghu nhién néi chung 1a mot
ham.

Ky vong todn hoc cia ham ngdu nhién X(x) 124 ham tat
dinh my(x), bdng ky vong todn hoc thiét dién tuong iing cla
ham ngéu nhién d6i v6i mdi gi4 tri cda 481 s8 x:

my(x) = M{X(x)].

Ky vong todn hoc cia hAm ngiu nhién 13 mét hAm trung
binh nao 46 ma xung quanh né cdc hién thyc khdc nhau cla
ham ngiu nhién bién d8i mjt cdch khdc nhau (hinh 101).

274



Phuong sai c¢da ham ngiu nhién X(x) la hiam tit dinh
D,(x), bing phuong sai thiét dién tuong Ung cla ham ngiu
nhién d6i v6i mbi d6i s6 x:

Dy(x) = D[(X(x)]. (12.3)

Phuong sai cia ham ngiu nhién dic trung cho tdn man
ctia hién thuc cia ham d8i véi ky vong todn hoe, tite 13 mitc 4@
ngiu nhién cia ham ngiu nhién.

D léch binh phuong trung binh ciia ham ngiu nhién duoc

dinh nghia la:
o, (x)=/D,(x) (12.4)

Ky vong todn hoc va phuong sai la hai dac trung quan
trong cfia ham nglu nhién, nhung d€ md td cdc tinh chat cha
ham ngiu nhién cdc dic trung nay van chua day da. That vay,
khi ¢é cung ky vong todn hoc va phuong sai, hai ham X;(x) va
Xa(x) ¢6 cdc dang khdc nhau xdc dinh cace hién thyc cia ching:
d8i véi ham Xj(x) dic trung cho sy bi€n d6i dau, con d6i véi
ham Xs(x) — cdc dao ddong khéng déu. Sy khiac nhau cia tinh
khéong déu trong bién ddi cda cdc ham Xj(x) va Xo(x) khong thé
md td bdi k¥ vong todn hoc va phuong sai. Khi d6 ngudi ta dua
ra mdt ham dac biét goi 1a ham tuong quan (ham tu tuong
quan). Ham tuong quan dic trung cho mie d¢ phu thude giita cdc
thiét dién cta mdt ham nglu nhién d6i véi cde d0i s6 x khdc
nhau.

o Il P £

Hinh 101: Hién thuc ciia hai ham ngdu nhién cé cing
ky vong todn hoc vé phuong sai
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Ta xét hai thi€t dién cda ham X(x) tuong tng véi Xi(x) va
Xo(x) (hinh 101). R3 rang la khi cdc gia tri x1(x) va x(x) cAng
gin nhau bao nhidu, thi cdc ham X;(x) vd Xx(x) cang gin nhau
by nhiéu. Nguge lai, khi tang khodng cich gitta cdc thist dién,
quan hé gitia X;(x) va Xa(x) n6i chung sé& giam.

)

/'\/\J/

T

% *
Hinh 102 : Dinh nghia ham tuong quan
Ham ty tuong quan duge xdc dinh bdi biéu thic :
Ka(x1, x2) = M{ [X(x;) — m(x))] [X(xo- me(xa)]}  (12.5)
Pitx;1 =g =X, ta cb :
Kx(x, x) = M{[X(x) - my(x)]*} = Dy(x)

tite 1 khi x; = xp thi ham tu tuong quan bién thanh phuong sai
cia hAm ngiu nhién.

Thay cho ham tuong quan Ki(xi, x2), ta thudng sif dung
ham tudng quan chudn héa:

KX(XI'X2) (12.8)

Ry (xy,x9)=
XL %2 Gx(xl)cx (XZ)

ma Rx (x1, x2} chinh la hé s0 tuong quan cda dai lugng X(x;) va
X(x2); khi x1 = x2 = X, ta ¢6:

 Kglx) _ Dgle) _
Bt X T 0F aP

Mot ham nghu nhién duge goi 14 ditng néu ky vong todn
hoc va phuong sai cGa né 1a khéng d8i, va ham tuong quan chi
phu thudc vao hiéu doi s6 x; — xp = 1

myx(x) = const ; Dx(x) = const
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Kx(x, x2) = Kx(xg, x1) = Kx{1).

Ham tuong quan chudn héa cda mdt ham ngiu nhién ding
(hé s6 tuong quan) dugc x4dc dinh bdi biu thie:

- Kx(f) K (T)
RX(’C)—K—X(Ejmg—X'

Hé s6 tuong quan thay d8i tit 0 dén 1: Rx(1) = 0 chimng t
khéng c6 su tuong quan ndo gidta X(x) va X(x + 1), Rx(1) = 1
tuong Ung sy tuong quan hoan toan (hinh 103). Khi 1 16n, ham
tuong quan tré nén bing 0; trong phan lén trudong hgp thuc t&
sy tuogng quan bién mét khi Rx(v) = 0,3. Pai lugng khi
Rx(t) = 0,3 goi 1& bdn kinh tu tuong quan R.

Cé khi ban kinh tuong quan duge xem 1a dién tich gigi
han bdi dudng cong Rx(t) va truc hoanh tic tich phan:

R = TRX(T)d‘r

Dang dutng cong Rx(t) va bdn kinh ty tuong quan R cho
phép ta ddnh gid vé mic d9 bién ddi cda ham X(x) theo su bién

d6i clia x. Khi su tuong quan y&u thi dudng cong Rx(t) gidm
nhanh, khi ham X(x) tron thi dutng cong Rx(t) s& bidn d&6i
cham. Khi ham X(x) tudn hoan, dudng cong R(x) biédn d6i d4u.

Trong phén 16n trudng hop thue t&, hé s8 tuong quan c6
thé biéu din gin ding béi bidu thitc.

(12.7)

trong d6 N — s8 nguyén.
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Ri(x)
1,0

0,5]

0.
Hinh 1038: Ham tuong quan cda cdc ham ngdu nhién diing

§2. DI THUONG TRONG LUC LA HAM NGAU NHIEN
DUNG.

Céac di thudng trong lyc c6 thé coi nhu ham ngau nhién
ditng do cdc hién thyc cia ching dao djng lién tuc xung quanh
mdt ham trung binh.

Ham ngdu nhién ditng goi 1a ¢ tinh ergodic néu cé6 mét
hién thuc cu thé€ c6 thé biéu dién tdt cdc tinh chit cha ham
ngau nhién. Tinh chat ergodic 1a ¢ ché mot hién thyc riéng 1é
duéi ham ngiu nhién 14 ham dai dién cho t4p hgp cédc hién thuc
va ¢ thé thay thé cho tdp hgp nay.

Su ti€n dén khong cia ham tuong quan Kx(1) khi t — o chi
ra tinh ergodic ciia ham. D4i véi cdc ham dimg c¢6 tinh ergodic,
cée dac trung cda ching duge xdce dinh khé don gidn, déc biét 1
ky vong toan hoc va ham tu tudng quan c¢6 th€ tim gan ding
theo mdt hién thue dai dién:

1 +L
M[X(x)]=my =T [X{x)dx; (12.8)

1
L-1

L‘J:[X(X)-Im][X(><+‘r)—nlx]d>< (12.9)

Q

KX(T)

Khi chia khodng tich phan L thanh n phin bidng nhau c6
chidu dai = L/n, ky vong todn hoc xédc dinh bdi cdng thic (12.8)
trd thanh.
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mx = — ZXI . (12.10)

Tuong tu, ¢6 thé tinh ham tu tuong quan khi 1 = q Ax:

n-q . .

Ky(r = aax)= 3 X; Xivg (12.11)
n-9q
trong dé: X, =X;-m,.
Khig =0

n 1

Dx =Kx(0)=%z(xj)2. (12.12)
i1

Viéc tinh todan ham tu tuong quan duge thuc hién déi véi
q=0,1,2,. d&n gid tri q ndo d6, khi ham tuong quan trén thuc
t& tré nén bing khong hoic bét diu dao déng xung quanh diém
khong. P& xdc dinh m, va K, i chinh xdc, s§ diém n phai dd
16n (thudéng 1a 16n hon 100).

Khi nghién cdu ham ngdu nhién, ngudi ta con sd dung
rdng rai bidu dién phd cda né. Su khéc nhau gita biéu dién phd
cdc ham ngiu nhién ding va ham t4t dinh 1a & chd bién d dao
déng ctia ham ngéu nhién 12 mét dai lugng nglu nhién. Phd cia
ham ngiu nhién dimg duge md td bdi phan bd phuong sai theo
¢dc tn s8 khdc nhau nhu sau:

Dy = [Glo)dw (12.13)

trong d6 ham G(w) goi la mat dé phé cia ham ngéu nhién ditng.

Céng thifc (12.13) 1a khai trién phuong sai Dx thanh tong
cde 88 hang cd ban G{w)de, trong d6 mbi s§ hang 13 phuong sai
dng v6i tin s6 co 8¢ do da cho. Ham G(w) cdn goi la phd ning
lugng cia ham nglu nhién. Ph§ nang lugng md t4 thanh phdn
tdn s6 cda mdt qud trinh ding. Pac trung ndy cla ham ngéu
nhidn 1a khéng déc lap, ma duge xdc dinh bdi ham tuong quan.

279



Theo dinh Iy Viner ham tuong quan va mat d6 phé c6 lién quan
nhau duge xdc dinh bdi hé thic sau:

Kx('c):—fG(m)ei““ do
(12.14)

G(m):% f Ky(t)e™ dr

Do Kx(1) v& G(o) 1a ham 1¢ d5i véi d6i s6 cda chiing nén
cdc hé thice trén c6 thé viét dudi dang:

K, (‘C)fG (w)coswtde
(12.15)

+
G(m):%‘_fox (7) coswt dt

P8i v6i ham nghu nhién ditng déng huéng (c6 tinh dsi
xling tron) phu thuge vao hai toa do, cdng thire (12.13) va (12.15)
¢6 dang:

Ky (1)=27 [ G(0)J, (01)0 do - (12.16)
0

27r0

Céc cong thuc (12.14) va (12.16) ¢6 mdt ¢ nghia rdt 16n va
duge sif dung rong rai trong nghién ctu phép bién d8i tuyén
tinh cdc ham nglu nhién. Bién d6i tuy&n tinh 13 phép bién déi
sao cho todn tif bién ddi e6 tinh cdng duge, thi du nhu todn t& vi
phén, phép nhan véi mét ham xdc dinh. T4t ci cdc phuong
phép bign d6i di thudng trong lyc déu la todn tif tuyén tinh.
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Trong phép bién déi tuyén tinh ham ngau nhién dimg, mit
d6 phd caa né duge nhan cho binh phuong médun dic trung tan
s0 cia phép bi&n d6i

Gilo) = Gl dlew) {2 (12.17)
trong d6 Gilw) — mat do phd clia ham bi&n doi.

§3. UNG DUNG PE XAY DUNG PHUONG PHAP BIEN
POI TOI UU TRUOGNG DI THUONG TRONG LUC.

Bay gid ta 1dy mot thi dg (ng dung cdc cong thitc da nhédn
dugc & trén d€ xay dung phuong phap bi&n déi toi uu, trong dé
cdn phéi tdch mdt ham ra ti téng hai ham nglu nhién dimg.
Bai toan nay dugce Klushin 1.G. nghién cqu.

Gia s ham ngdu nhién tdng céng 12 di thudng trong lyc U
quan sat doc theo mot mat cit, bao gdm di thuting Uy can tach
ra va di thuéng U, chéng chip lén né.

U = Ur + Un

Ham U, ¢6 thé& bidu dién cu thé dudi dang cdc di thudng
khu vuc hodc dia phuong cé bac cao hon U, duéi dang sai s3
quan tric...

P& c6 tidu chudn t8i wu cha phuong phép bién d6i ta 14y
cuc ti€u sai s8 binh phuong trung binh gan ding cia di thuing
bign d6i U,, d6i vdi gid tri di thudng U, quan sdt duge khi khéng
¢6 nhiéu U,. Khi dé6 gid thiét réng cdc di thuong U, va U, khéng
lién quan v6i nhau (hé s8 tuong quan béng khong):

Kin(t) = Koot} = 0.

Néu G{w) va G.(o) 1a mat d6 phé cta cac di thuong U, va
U, sau khi bién d8i, mat d§ pho cta cde di thudng nay 1a:

G N0)=G, @) ; GIMo) =G, (@)ol)

Pai lugng Ge)l1 - ®w)|® xdc dinh bign dang. Gi4 tri
trung binh binh phuong clia sai s6 tdng xuat hién do phép bién
d6i nhan dudc tir biéu thdc:
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o

2
I[Gr(m}l—<D(co12+(}n(m)[¢)(c0]2] do (12.18)
4]

Ddc trung cda bign déi ®(w) phdi lam cho tich phén
(12.17) c6 gid trj t6] thifu. Gid tri cye tiu cia tich phan o6
dang:

Gn (&))
Gr(0)+Gylo)

Theo bi€n ddi Fourier, ta nhén duge bi€u thie d6i vei

ham U;

Dlw)= (12.19)

o

Utr(x,0)=511_; je"‘“ D{o)d{w) ?U(g,o)e-mﬁdg (12.20)

Néu ham ®(w) ¢ tinh chit sao cho tich phén f$(m)dm
O
- héi tu déu, thi khi thay ddi thg tu tich phdn trong vé& phéi cda
biéu thic (12.20) ta duoc.

Uy (x,0)= % [UE O)K(E - x)dz (12.21)

—x) = [ eivlx) Gelo)
trong d6  K(£-x) __0'[ e GG do

=2 Tcos(&_, - x) ——El@—dm
o G, ((’J) +Gy ((0)
- Ham trong 6 cla phép bign ddi t5i uu.
Trén co s¢ cong thite (12.21), ta cé thé xay dung palét. Gia
st diém quan st c6 khodng cdch béing nhau Ax sao cho x = nAx.
khi d6 biéu thite (12.20) bi&n thanh téng.

Utr(n)=3_:‘{U(n)K(0)+ iI[U(n +m}+ Uln - m)]K(m)} (12.22)

trong dé
Gylo)

K(m)=2 ?cos ®OMAX m

]

dw-
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Céc tri s6 K(m) xdc dinh cdc hé s§ cia palét. Nhu vay, dé
xiy dung phuong phép bién ddi t6i uu cAn phai biét méat do phd
cia di thudng tdch ra xdc dinh theo ham tu tuong quan Kx(1).
Khi tinh G(o®) theo dd thi Kx(t), ta st dung tich phan s giai
ho#c tinh gin dung Kx(1) bdi cong thic :

Ky (1)=>a, e~ (12.23)
i=l
khi d6 Glo)=—1d die (12.24)
\/; i=1 bi

P& danh gid gin ding G(o) va Kx(o) c6 thé sit dung gid tri
trung binh binh phuong bién d¢ cia cdc di thudng téch ra va
ban kinh tuong quan R cda ching. Trén co sé cong thic (12.22)
ta c6 thé xay dung phuong phép bién d6i tdi uu cho cédc trudng
hgp phéan bé di thudng cu thé. Déi véi bai todn ba chiéu ta ciing
nhan duge céc cong thic ctia phuong phap bién déi téi uu bang
thi du tuong tu.

Hinh 104 : Cdu tric sdu xdc dinh bdang phuong phdp
xdc sudt théng ké
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