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Chuong 7

Cac phuong phap do cac thanh phan truong tir qua
dat

Tir nhiéu thé ky trudc ngudi ta di tién hanh do cac yéu té trudng tir ciia qua dat.

S tri va dau cua do tir thién D duoc xéac dinh theo hi¢u s giita cac phuong vi thién van
va phuong vi tir cia mot vat thé xac dinh tai m01 mot diém. Trong trac dia, phuong vi thién
van duoc xac dinh theo cac phuong phap d c6 sin, con phuong vi tir duoc xac dinh bang cac
dung cu do tur.

Dé do gia tri tuyét d6i thanh phin nim ngang trudng tir qua dat (H) nguoi ta thuong
dung hodc té6dolit tir nham xac dinh chu ky dao dong ctia nam cham dong thoi véi viée xac
dinh goc 1éch cia mot nam cham khac, hodc ding céc tir ké thach anh Lacua (QMH).

Pé do do tir khuynh nguoi ta ding cac may do do nghiéng theo phuong phap cam tng
hodc dung kim nam cham.

Hién nay dé do gia tri tuyét dbi cuia vécto cuong do trudng tir cua qua dat ngudi ta ding
cac tir ké hat nhan. Cac tir ké nay ngay cang dugc sir dung nhiéu trong cac linh vuc khac
nhau. Ta hay lan luot xét dén mot sb nguyén ly do tir dugc st dung tir trude dén nay, tuy rang
ngdy nay cac may hién dai da dan dan thay thé cac may tir lam viéc theo cac nguyén 1y co
dién.

7.1 Phuwong phap twong tac twr

Trong lich str phat trién phuong phap do tir, cic may duoc ché tao theo phuong hudng
nay duogc pho cap hon ca. Cac nam cham vinh ctru duoc bd tri dao dong tu do xung quanh
mot truc nam ngang. Mit phang dao dong 13 mat phang thang dung. Truc quay thuong 1a mét
dao thach anh hodc mot day kim loai hay thach anh dit trong mat phang nim ngang. Mémen
quay dugc tao ra do sy twong tac giita truong tir ctia nam cham va truong tir cta qua dat, duogc
can bang voi moémen trong luc cia nam chdm hay mémen xodn cta soi ddy treo nam chdm
trén do.

Khi nam cham duoc dit & vi tri ndm ngang, thanh phan thang dung cua trudng tir trai dat
tao nén moémen quay 16n nhat. Nam cham & tu thé nay duoc sir dung trong céc tir ké do thanh
phén thang dung. Nguoc lai, néu nam cham duoc dit & vi tri thang dung thi mémen quay chu
yéu do thanh phan nim ngang cta truong tur qua dat tao ra va nam cham dang nay dugc sir
dung trong cac tir ké do thanh phan nim ngang.

Trong ca hai truong hop trén, do 1éch cia nam cham so véi truc ngang hodc truc théng
dimg duogc dung dé biéu thi cuong do truong tu tai diém d6. Nho mot hé théng quang hoc,
goc léch d6 hodc duoc phan anh trén thang do tuyén tinh (tir ké M-2 ciia Lién X6 cii) hoic
duoc bu trir bang trudng tir ciia mot nam chdm khac (tir ké M-27). Trong truong hop sau,
truong tir cia nam cham bu déng vai tro dai lugng so sanh va dwoc khic do trén mot nut
xodn, dung thay d6i vi tri cia nam cham bu dé diéu chinh trudng bu. Trong mot sé may ngudi



ta con treo nam cham trén mot sgi day thang dung (M-14 F). Nam cham dao dong trong mat
phiang nim ngang, mdémen quay cia nd trong trudng hop nay duoc can bang véi mémen xoin
cua day treo.

Pé do cuong do trudng tir ngudi ta con st dung hé thdng cac nam cham dao dong, gdom
hai hodc nhiéu nam cham vinh ciru. Hé thong nay duoc goi 1a hé thong tir phiém dinh. Hé
thng cac nam cham phiém dinh nay thuong cé trong cac tir ké c6 d6 nhay cao dugc dung dé
xéc dinh tinh chat tir cua dat da (tir ké MA. 21).

Hé théng tir phiém dinh don gian nhit gdm hai nam chim c6 mémen tir bang nhau va
duoc kep chit trén khung treo (Hinh 7.1). Truc cta hai nam chdm d6 nguoc chiéu nhau va
cling ndm trong mot mét phang.

NELE A S
S K g N
Hinh 7.1
Hé théng phiém dinh

Vi sy bd tri nhu vy trudng cua cidc nam cham bu trir 1an nhau va hé théng duogc dinh
huéng theo tac dung cia mémen xodn cua diy treo. Diéu nay xdy ra trong truong hop hé
thong duoc dit trong truong tir ddng nhat. Néu truong bén ngoai khong dong nhét thi truong
ctia cac thanh nam cham khéng bu trir nhau hoan toan, 14p tirc trang thai thing bang ban dau
s& bi huy bo va h¢ thong quay vé vi tri khac.

Goc quay nay phu thudc vao mirc d§ bat dong nhat cua truong tir bén ngoai va mémen
x0an cua day treo.

Hinh 7.2



Truong tir cia mot nam cham

Hé thdng tir phiém dinh c6 dic diém do 6n dinh khi trudong ngoai bién dbi ddng nhat, vi
vy thudng dugc st dung trong cic may do tir tinh ciia miu nham loai trir anh hudng bién
thién truong tir ciia qua dat va cac trudng tir bién doi ngoai lai khac. Ta hiy xét nguyén 1y 1am
viéc clia céac tir ké loai nay.

Gia str, c6 mot thanh nam cham véi tir khéi trén cac cuc 13 +m va -m (Hinh 7. 2), ta hay
khao sat trudng tir do nam cham d6 gy nén tai cac diém khac nhau trong mit phang chira
nam cham d6. Ta chon hé thong toa do x, y c6 truc hoanh x trung vaéi truc tir cia nam cham.
Tai diém P(x,y) luc tir gdy nén do mdi cuc ctia nam cham s§ la:

Ho M
fi=——
' 4n r’
va
Ho M
f,=——— 7.1
? 4rr; (7.1)
Phan chia cac luc f; va f; thanh cac luc thanh phén theo cac tryc x, y
f2
F'(—%:// Ps
//// f'l R
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-m ! ! m £, T f
Hinh 7.3
Luc tir ciia nam cham tai diém trén truc tir ctia n6
x, =1, cosf x, =f, cosa
y, =f,sinf3 y, =f, sina
Thanh phan X =x, + x, bang:
-1 +1
X=- m(zx )2 32 m(zx )2 3/2 (7.2)
[(x=D"+y """ [(x+D" +y7]
Trong trudng hop diém quan sat ndm trén truc tir tai P, (Hinh 7.3) tir cong thirc (7.2) ta
co:
u, M 2’
F=X="2—|1-— 7.3
2n R* ( R’ ] 73

v6i M = 2Im, R 1a khoang cach tir diém P, dén tAm nam cham.

Khai trién biéu thtrc (7.3) thanh chudi ta co:



u, M 217 31°
F:ﬁF(I-FF-FF-F... (74)

Néu I<<R ta c6 thé viét (7.4) dué6i dang gan dung:

M
B

N

/

Nam cham trong trudng tir ddng nht

Hinh 7.4

B M
=20 v 7.5
2n R’ (7-5)
Néu diém quan sat P3 ndm trén truc tung y, thi ciing tir biéu thirc (7.2) ta co:
2 4
o B mlf 30 asit
27 (12 +y?) 4ml 2R’> 8R
Khi I<<R ta c6
o M
F'=—>— 7.6
47t R3 (7.6)

Céc cong thuc (7.2), (7.5), (7.6) duoc dung dé tinh trudng tir B clia cac nam cham c6
trong cac may do tur.

Khi nam cham duoc dit trong trudong tir dong nhat véi cam ung tir B thi sy twong tac giita
nam cham voi truong tir s& gy nén mot ngau luc. Dudi tac dung ctia ngau lyc d6 nam cham
tu quay quanh truc ciia minh va dinh hudéng theo phuong truong tir ngoai. Mémen quay cua
n6 ¢ d6 1on bang:

P =2ml sina. B = MB sina (7.7)

Trong trudong hop truong tur bén ngoai khong ddng nhat. Cac thanh phan luc khong bang
nhau, nén ngoal chuyén dong quay cac luc tir con gay nén chuyén dong tinh tién va nam cham
s€ bi x¢& dich vi tri trong trudng tur.

Ta hay chuyén sang xét mot truong hop khac phtrc tap hon, khao sat sy tac dung giita
hai nam cham co ban dat canh nhau.



Gia su, hai nam cham c6 mémen tor M; va M, dugc dat trong mat phéng voi cac dac trung
hinh hoc nhu trong hinh 7.5.

Hinh 7.5
Tuong tac giita hai nam cham
Ta hay khao sat cac lyc tdc dung gitta ching véi nhau.
Trudce hét xét luc tac dung ciia tudng tir nam cham tht nhat 1én nam cham thi hai.

Thé tuong tac tir ciia nam cham thr nhat tai diém +m, s& 1a:

1, M, cos6,
U1 =ﬁ%m2 =V1m2 (78)
L
trong do6
M, cos 6, . . .
V, = Z—‘)& 1a thé tir twong tac don vi, twong tu thé tir trong tac tai diém - m, 1a
Ty
U, bing:
M, cos9),
U, = —Z—O%mz =V,m, (7.9)
T

Thé tir tong cong ctia nam cham thi hai sé la:
U=U;-U;=my (Vl-Vz) (710)
Néu goi thé tir tai O, 14 V, thi

v, =v+ Yy
ol
ov

V,=V+2=-1

2 al 2

M, cos©
V — 1 12 1
va tir (7.10) thé tir tong cong U ctia nam cham thir hai 1a:
oV

U=M, — 7.11
2 a1, (7.11)

vOl



Sau khi 14y vi phan ta nhin duoc biéu thirc cta thé tir nam cham tha hai dit trong
truong tir cila nam chdm thir nhat.

By MM,

U= S
Tt

(sin®,sin®, —2cosH, cosh,) (7.12)

Tuong tu ta cé thé nhan duogc biéu thirc biéu dién thé tir cia nam cham thir nhat dat trong
treong tir cia nam chan thi hai.

Khi nam cham thtr hai dat ¢ vi tri ty do trong trudng tir cia nam cham tha nhét, thé tur
tuong tac (7.12) da tao cho n6 mdt lyc chuyén dong trong khong gian. Theé nang tuong tac
tr nay s€ sinh ra cong va theo dinh luat bdo toan nang luong ta co:

dU(x,,x,,X,)=-dA(x,,x,,X;) (7.13)

Trong d0, A 1a cong dé hoan thanh sy dich chuyén nam cham thtr hai trong truong tir cta
nam cham thir nhit trén quang dudng AL(x;,X2,x3). Tir (7.13) ta c6:

WU g, + Yax, + Moax, =F, dx, +F,dx, +F, dx, |
0X, 0X, 0X 4 : ? ’
(7.14)
trong do
F, _u. F, _ U, F, _oU
o, o 0K (7.15)

Néu su bién d6i thé nang twong tac tir chi dé sinh cong quay nam cham tht hai quanh truc
cua no6 thi khi lay dao ham theo goc ta c6 momen quay:

p-_ U

9 (7.16)

Trong 1y thuyét may do thanh phan nam ngang, ngudi ta quan sat sy twong tac giira hai
nam cham dat trong mat phang nam ngang va cung chiu su tac dung cua truong tir qua dat;
nam cham tht nhat duge dit ¢b dinh con nam cham th hai c6 thé quay tu do xung quanh truc
ctia n6. Nguoi ta phan biét bbn truong hop (vi tri) sau day:

1. Vi tri Gauss tht nhat 13 truong hop khi nam cham cb dinh dit thang goc véi kinh tuyén
tr va nam trén duong di qua tdm cua nam cham giao dong (Hinh 7.6.a). Trong truong hop nay
tir (7.12)

_dU y, 2M\M,
00, 4n 1’

cos 6, (7.17)

2. Vi tri Gauss thi hai 13 truong hop khi nam cham cb dinh dit thing goc véi kinh tuyén
tu (Hinh 7.6.b).



Hinh 7.6
a. Vitri Gauss 1 b. Vi tri Gauss 2.c.
Vi tri Lamon 1 d. Vi tri Lamon 2

Trong trudong hop nay
MM
p=—Ho Y o0, (7.18)
4 r

3. Vi tri Lamon thtr nhat 13 truong hop khi hai nam cham dat thang goc v6i nhau. Tam
cua nam cham dao dong nam trén duong kéo dai cua nam chadm thir nhat. Trong truong hop
nay ta c6 (Hinh 7.6.c):

Ko 2M\M,
47 r

4. Vi tri Lamon thi hai 1 truong hop khi nam cham cb dinh dat thang goc véi nam cham
dao dong. Tam cuia nam cham c6 dinh nam trén duong kéo dai cua truc nam cham dao dong
(Hinh 7.6.d). Trong truong hgp nay:

P (7.19)

P :%)1\/[131\42 (7.20)
T r

7.2 Phwong phap cdm trng dién tir

Nguyén tic cam tGng dién tir dugc sir dung dau tién trong cac may do tur hang khong,
trong mot s6 may do tir tinh va do carota tir (do tir cam trong 16 khoan).

Pé do cuong do truong, bd phan cam tng dugc ché tao duéi dang moét cuon cam. Khi
quay trong trudng tlr, trong cudn day xuat hién dong cam tng c6 cudng do ty 18 véi truong tir
bén ngoai. Cac tir ké 1am viéc theo nguyén tic nay duoc dung dé do twong d6i truong tir ctia
qua dat, ddng thoi cac phép do lai phu thude vao sy dinh huéng cia dng day trong tir truong
can do. Tinh dinh huéng cudn day trong tir truong can do 1a mot trong nhitng nhuoc diém
nhung dong thoi lai 1a mot wu diém cua tir ké lam viée theo nguyén tic nay. Vi céc tir ké loai
nay qua cac goc dinh hudng khac nhau ta co thé do duoc hodc thanh phan thang ding hoac
thanh phan nim ngang. Trong qua trinh minh giai s6 liéu cac thanh phan nay dé duoc phan
tich hon. Sy dinh hudng dugc thuc hién bang cach dat cudn cam co 13i sit tir doc theo huong



clia truong tir can do. Cac quan sat dugc thyc hién béng cach do tong cac dong dién thir cap
trong cac cudn thir cap (Hinh 7.7). Cac cudn thir cap nay hoan toan gidng nhau nhung dugc
cudn nguoc chiéu nhau sao cho cac dong tht cap trong ching nguoc pha nhau, do d6

a)

b)

)

d)

e)

Hinh 7.7

Lo1 Ferit
Cudn sd cap
Cudn tht cap

T8 hop cac cudn thi cap & 16i ra

N A AL
Volts\/ \/

rA ra r
/ \ / \ /
V_\/ \/_\/ \/_\/ I

N \ \
\ / \ / \ /
) ) )

volts

Nguyén tic hoat dong cua tir ké cam tng dién tir

Céac dudng dam nét va chdm cham thudc vé gia tri 16i ra cta hai cudn thir cap strc dién
dong ¢ 16i ra bu trir nhau va bang khong. Strc dién dong tong ¢ 16 ra ty 1¢ véi trudng tir
khong d6i ciia qua dat va duoc do lién tuc, va d6 ciing chinh 13 dai luong can do. That vay,
néu nhu khong c6 truong khong doi cua qua dat can do, thi tir hai cudn day thir cap, sic dién
dong cam tGmg bang khong, nguoc lai khi c6 mat truong tir khong ddi can do, thi do hién
tuong léch pha, hién tuong ddi xung bi pha vo, suét dién dong téng tr¢ nén khéac khong, va
gia tri cang 10n néu nhu sy 1éch pha cang 16n, tic 1a tir trudng can do cang 16n. Cac tir ké loai
nay thong thuong c6 d6 nhay 1nT, mic dau trong mot sb truong hop dic biét do nhay co thé
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dat duoc dén 0,1nT. Trong cac tir ké hang khong loai nay néu dinh huong duoc chinh xéac céac
senso doc theo truong tir can do thi ta c6 thé do dugc gia tri tuyét doi cua truong tur.

7.3 Tir ké hat nhan va tir ké lwong tir

Trong nhimg nim gan day, trong cong nghé ché tao cac may tir hién dai, cac loai tir ké lam
lam viéc theo nguyén ly méi duge san xuét 6 at va dan dan thay thé cac tir ké lam viéc theo
nguyén 1y cii. Cac tir ké ndy 1am viéc theo cac hiéu ting vat Iy Larmo va Zeeman. D6 1a cac tir
ké hat nhan va lugng ta.

Nguyén 1y do dua trén mot biéu thirc don gian gitra cam tmg tir B va van téc goc Larmo
cua proton hay cua electron c6 mémen co p va moémen tir p:

0=g,B,
(7.21)
trong do g, duoc goi la hé s6 tir co cua céac hat
Déi véi éléctron:
e
g =foe-_° (7.22)
p. 2m,
Dbi véi proton:
My e

L B (7.23)
P p, 2m,

trong do6 B 1a mot hé s6 hang s6 nao do. HE sO tir co cua dién tir ¢ thé tinh dugce, nhung
hé so tur co cua protdn lai phai do truc tiép vi B khong lién hé gi voi cac hang s6 da duoc
biét trudce.

Cong thuc (7.21) chung to rﬁng khi da xac dinh duogc g, ta co thé xac dinh dugc B néu
nhu do duoc tan so tu€ sai Larmo . Mudn vay can phai tao ra nhirng thiét bi ti€p nhan tan sé
tué sai roi sau d6 chuyén vao khung dao dong tan so cua thiét bi do.

Vi g, 1a hang so6 vii tru khong phu thudce vao cac diéu kién bén ngoai nhu nhiét 4o, ap suat
v.v... nén viéc do o s€ khong gap phai cac sai s6 d6. Van dé la phai gat bo céc sai so6 hé thong
cua céc dyng cu do.

Hién nay qudc té thira nhan:

g,=2,67513.10* Oe's'=2,67513 T''s™".

Duya trén cong thie (7.21) nguoi ta da che tao ra cac tur ké cong hudng tir proton dé do tir
truong cta qua dat. Cac tir ké loai nay do tan s tué sai cua proton trong moi truong giau
hydrd. Trudc khi ¢6 chuyén dong tué sai cac mémen tir ciia protéon duoc dinh hudng bang tir
truong manh c6 hudng tao thanh mot goc kha lon dbi vé6i truong tir can do. Truong dinh
hudng nay do mot cudn day quéan quanh hop dung chat long giau hydrd tao ra (Hinh7.8). Sau
khi ngat truong tu dinh hudng, cac proton chuyén dong tué sai xung quanh trudng tir can do
va sau do trd vé dinh hudng nhu trudce khi ¢6 truong dinh hudng tac dung.

10
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a)
’ _»—— _»——
A = ©
b) c) d)

Hinh 7.8

Nguyén tic lam viéc cua tir ké proton

a. Sensor véi trudng tir qua dat can do.
b. Sw dinh hudng ciia cdc préton trong truong tir qud dat.
c¢. Sy dinh hudng cua proton khi co truong tie phan cuc.

d. Chuyén ddng tué sai ciia cdc prétén xung quanh truong tir ciia qua dat khi truong tir
phdan cuc bi ngat

Tir ké proton co nhiéu wu diém nhung dong thoi cling co nhugc diém chinh: Po dac
truong tir khéng duoc thyc hién lién tuc. Trong truong hop nay can phai c6 thoi gian dé dinh
huong cac pr6ton theo hudng truong phan cuc va can thoi gian dé do tan s tué sai. Giam cac
khoang thoi gian d6 sé din dén sy sut giam d¢ nhay cua tu ké. Nhuoge diém nay cin phai duogc
khic phuc mot cach nghiém tac khi tién hanh do tir hang khong hodc do tir trén cac phuong
tién chuyén dong.

Loai tir ké mé&i nhat dugc ché tao dya trén hiéu img Zeeman quen thudc trong ly thuyet
vat 1y hat nhan. Tir ké hoi kiém, c6 d6 chinh xac ciing ¢& hodc 16n hon tir ké hat nhan, lan
dau tién dugc dit trén may bay dé do truong tir toan phan cua qua dat. Tir ké loai nay lam
viéc theo nguyén ly bom quang hoc. Dudi tac dong cua trudong tir ngoai cac mirc nang luong
nguyén tir ciia khi va hoi duoc tach ra nhiéu mutc phu. Sy thay doi tan s phat xa hay hap
thu khi éléctrén chuyén tir mirc phu nay sang mirc phu khac duoc xac dinh bang cong thirc:

Ar—te B (7.24)
h pg
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Thau kmh Phan cuc tron

Huéng anh sang

Khuéch dai

Hinh 7.9
Nguyén Iy hoat dong cua tir k& luong tir
trong do
pg 1a manhéton Bo
h 14 hang sé Plank
B 14 cdm ung tur.
Néu dong thoi cing voi truong tir on dinh B ta cho tac dung trudng bién thién B, c¢o
phuong vudng goc voi phuong B thi xay ra hién tuong cong hué’ng di chuyén muc phu. Hién
tuong nay 1an dau tién duoc Bel va Blum phat hién duoc trong moi truong hoi kim loai kiém

va duge g dung trong loai tir ké mang tén 1a tir ké lugng tir. Nguyén tic lam viéc cua tir ké
nay nhu sau:

Mot tia sang phan cuc tron xuat phat tir hoi kim loai kiém di qua mot binh chira chinh hoi
kim loai d6. Binh dugc dit trong truong tir can do B. Anh sang phan cuc kich thich céc hoi
chuyén tir trang thai nang luong thip sang trang thai cao hon (Hinh 7.9) va anh sang bi hap
thy. Két quia 1a cac nguyén tir trd nén bi nhidm tir, bi phéan ra dén trang thai nang lugng khong
con kha nang hap thu 4nh _sang nira. Binh khi lac nay tr¢ nén trong sudt anh sang xuét phat tir
ngudn tré nén cuc dai. Néu lic ndy ta cho mot truong tir bién thién c6 phuong thing goc voi
truong tir can do tac dung vao thi cac dién tir lai chuyen tu trang thai nang luong cao dén
trang thai thdp va binh khi kim loai lai tré nén hap thy 4nh sang. Ning luong can thiét dé
chuyen binh khi tir trang théi trong sudt sang trang thai hap thu anh sang 1a ham s6 cua truong
tir cAn do. Nhu vay trudng tir duoc do bing cach thay doi tan sb trudng bién thién va bing
cach ghi gia tri tan s tai thoi diém ma binh khi tré nén hap thu anh sang. Tir ké loai nay c6 do
nhay cao hon tir ké cong hudng tir hat nhan. Tuy nhién mdt nhugc diém 16n cua tir ké loai nay
1a nguyén ly bom quang hoc khong hoat dong khi truc cua dung cu song song hodc thang goc
v0i trudng tur can do. Nhuoc diém nay s& duoc khic phuc néu nhu bo phan cam nhan tir co
nhiéu sensor hoat dong.

7.4 Phwong phap do dac va xay dung cac ban do tir

Cac do dac tir phuc vu cho cac muc dich khac nhau c6 thé dugc thuc hién trén mit dat,
trén céc tau bién hodc bang may bay.

Trong tham do tr nguoi ta thuong do cam ung tr B bang phuong phap tuong dbi, va
ngay nay voi su ra doi cua cac tur ké hat nhan, trén dién rong nguoi ta co thé do tur toan phan.
Viée do dac co thé duoc tién hanh theo dién tich hodc theo tuyén tuy thudc vao yéu ciu giai
quyet nhiém vu dit ra.

Bing 7.1. Cac thong s6 do tir theo cac ty 1¢ khac nhau

12
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y 1A Khoang cach Khoang cach Sa.li; 0 g}di ’han 01}9 DégléCh gici },@n Cﬁ;a
Ty I¢ céc tuyén (m) cdc diém (m) diem vat 1};’ 50 vOi tliyen do so voi tuyén
mang ludi trac dia (m) | da vach cho 1 km (m)
10
1:50.000 500 50 120 10
1:25.000 250 25 60 3
1:10.000 100 20 25 3
1:5.000 50 10 12 |
1:2.000 20 5 5 )
1:1.000 10 2-5 2,5

Trong trudng hop do theo dién tich, cac diém do dugc phan déu trén toan dién tich
nghién ctru theo cac 10 trinh, mang ludi 6 vuong hodc chir nhat. Khi do theo tuyén cac diém
do ¢6 thé dugc bd tri linh dong trén cac tuyén duoc chon. Do vay, cac két qua do ciing dugc
xdy dung dudi dang cac ban do phii toan dién tich hodc theo cac tuyén dudi dang do thi.

Mirc d chi tiét duge khdng ché boi ty 16 ciia ban d6 do. Céc ty 18 niy ¢ thé bé, trung binh
hodc 16n. Tuong tng voi cac loai ty 18, khoang cach giita cac tuyén va cac diém do dugc trinh
bay trong bang 7.1. Cac ty 1& tir 1:1.000.000 dén 1:100.000 thudc loai bé va trung binh dugc sir
dung v&i muc dich nghién ciu dia chét khu vuc: Phan vung kién tao, khoanh vung trién vong
khodng san. Hién nay viéc do tir theo cac ty 1¢ ban d loai nay chii yéu duoc tién hanh tir trén
may bay.

Céc ty 1¢ tir 1:50.000 dén 1:1.000 thudc loai ty 1¢ 16n thudng duogc st dung v6i nhiéu muc
dich khac nhau. Trong tim kiém ngudi ta thuong chon cac ty 18 1:50.000 dén 1:10.000 vai
nhiém vu v& ban dé dia chét ty 1& 16n. Trén cac ban do nay, trudng tur c6 thé phan anh cac déi
tiép xtic, cac dut gy kién tao, cac khdi macma thanh phan maphic va siéu maphic, cac than
quang st tir c6 quy md dang ké. Cac ty 18 1:1.000 va 16n hon dugc st dung trong ca budc
tham do véi muc dich khoanh v€ cdc than quang, x4c dinh hinh dang kich thudc va vi tri
khong gian cua cac than quing do, 1am co so cho viéc bd tri cac cong trinh khoan dao. Cac do
dac ty I¢ nay cling thuong dugc dung méi muc dich nghién ctru moéi truong.

Ngoai céc loai ty 18 trén, dé phuc vu cho nhitng muc dich nghién ctru riéng ngudi ta con
su dung céc ty }é cuc 1on: 1:500; 1:200 hoac 16n 1~10’n Céc do dac theo ty I¢ nay duogc tién
hanh trén mat dat (do micro tir) hodc do doc thanh 16 khoan.

Khi chon ty 1 khao sat ngudi ta thudng xuat phat tir nhiém vu nghién ctru dé ra va tir d6
quyét dinh do chinh xac cung muc d9 chi tiét can dat toi. Trén co s& do, xac dinh may do va
phuong phép do thich hop.

7.4.1 Phuwong phap do tir hang khong
Do tir hang khong thuong duoc két hop véi cac phuong phap do phong xa va dién hang
khong.

Do viéc do tir hang khong c6 nang sudt cao va c6 thé dugc tién hanh trén cac ving rimg
nui ram rap, dong lay, song, bién nén né thudng dugc st dung trong khao sat vdi ty 1¢ do dac
bé hodc trung binh. Trong nhing truong hop d6 hiéu qua kinh té mang lai s& 16n hon nhiéu so
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v6i do trén mit dat. O cac ty 16 1:10.000 va lon hon phuong phap do tu hang khong khong
dugc hodc it dugce sir dung do nhi€u han ché vé phuong phap (d¢ cao, toc dJ bay,...).

Viéc khao sat tir hang khong duoc tién hanh theo mot mang ludi tuyén & cac do cao xéac
dinh. Gia tri truong dugc ghi lién tuc trén cac bang tur, dia CD... theo tuyén bay. Hién nay cac
phép ghi twong tu da dugc thay thé bang cac phép ghi so.

Trude day voi cac loai tir ké cam tmg dién tir nguoi ta thuong do sb gia truong toan
phan AT. Cac gia tri duoc so vé mot diém chuan. Néu céc gia tri do duoc lién hé voi mot
diém da biét trude gia tri tuyét ddi thi ta co thé loai bo trudng binh thuong dé tinh gia tri di
thuong AT. Vi viéc xuat hién tir ké proton va tir ké luong tir, cac phép do tuyét dbi truong
T dugc thyc hién rong rii. Cac may nay do duoc moédun truong toan phan T, nho vay luong
thong tin thu thap duoc ting 1én nhiéu.

1. D6 cao va toe do bay.

Do viéc do dac dugc tién hanh trén may bay ¢ cac dd cao va toc dJ bay 16n, cac may do
¢6 quan tinh khéc nhau va cac yéu to gay nén di thuong tir lai ¢ gidi han vé kich thude va do
sau, cho nén viéc chon ché do khao sat phai dua trén quan hé gitra cac dai lugng vira dugc
néu.

Céc ddi tugng can nghién ctru tao nén cac di thudng twong tng voi kich thudce va do sau
thé nam cua ching. Kich thudc d6i tugng cang 16n thi dién tich di thuong do chung géy ra
cang rong va do d6 khoang cach giita cac tuyén bay khao sat co thé thua. Cam (g tir B ty 18
nghich v6i khoang cach tir diém quan sat toi cac ddi tuong gay di thuong theo cac bac khac
nhau tuy thudc vao hinh dang ctia cac vat thé gay di thuong. Vi vay khi vat thé nam cang sau,
dd cao bay cang 16n thi bién d di thuong cang bé.

Kha nang phat hién di thuong lai phu thudc vao d6 chinh xac quan sat bao gém do nhay
ctia may va hé cac phuong phap do. Pdi twong nghién ciru co tir tinh cang 16n thi cuong do
truong cang 16n, do cao bay c6 thé cao hon va mang ludi bay ¢ thé thua hon...

Nhu vay dé chon cac thong sd bay ‘'hop véi cac yéu cau thuc té, ‘nguoi ta thuong giai cac
bai toan thuan theo cac gia dinh dia chit - dia vat 1y da biét trudc d01 v6i vung khédo sat. Noi
chung ché d6 quan sat phai dam bao bét gip di thuong trén ba tuyén véi bién do ba lan 16n
hon sai s6 quy dinh. Su lya chon do6 c6 thé duoc kiém tra bfmg thuc nghiém.

Vian tc bay 10n va quan tinh cta may do cao c6 thé dan dén sy sai 1éch vé cac sd licu
thu duoc vé d6 16n cling nhu vi tri. Sy sai Iéch nay (S) phu thudc vao héng s6 thoi gian (1) cla
may do, do cao bay (h) va van toc bay (v) theo quy luét:

.

h

Tir biéu thirc nay ta thay su lya chon téc d6 va do cao bay rang budc 1an nhau ngoai y
mudn chii quan. Cac tir ké protén can c6 khoang thoi gian nghi, khoang thoi gian nay tuy
thudc vao trinh do k¥ thuat ctia timg hing ché tao. Tdc d cua cic may bay canh quat thuong
tir 100 km/h dén 300 km/h. Cac médy bay truc thiang c6 kha ning giam téc do nhé hon nhung
nguoc lai lai cho gid thanh khao st cao. D9 cao bay khong thé chon tuy y. N6 phu thude vio
kich thudc, d6 sau va do 16n cta trudng tir B cua dbi tuong nghién ciru, vao muc dg chi tiét va
d6 nhay cua may ghi. Neu vat gy di thuong co kich thudc bé nam sau va tur tinh yéu thi viéc
quan sat can phai duoc tién hanh & d6 cao thap véi do chinh xac cao va ngugc lai. Ngoai ra do
cao bay con bi khdng ché boi diéu kién an toan. Trong truong hop bay két hop véi do cuong

14
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do phong xa thi do cao khao sat theo quy dinh phai nho hon 100 m dé dam bao thu nhan duoc
truong gama.

2. Chon tuyén bay, huéng dan dwong bay va lién hé tuyén bay véi dia hinh

Nguoi ta phan tuyén bay do ra thanh cac loai: tuyén chudn (kiém tra), tuyén thudng, tuyén
lién két va cac tuyén phu tro.

Tuyén kiém tra gdm mot hodc vai tuyén dai khoang 20 km, chon trong ving truong on
dinh trén duong bay dén ving khao sat. Chung phuc vu myc dich kiém tra may trudc va sau
m01 chuyen bay. Trong truong hop trong vung co6 cac diém do tuyét ddi trén mat dat, cac
tuyén kiém tra duoc chon cit qua cac diém do.

Tuyén thuong 1a cac tuyén khao sat trén dién tich dugc chon cét thing goc véi phuong
chu dao ctia cac cdu tric dia chat trong ving. Cac tuyén nay duoc bo tri song song voi nhau
c6 khoang cach phu thudc vao ty 1¢ khao sat. Trén cac tuyén thuong do cao bay ciing can
dugc 6n dinh. Trudng hop gip dia hinh ndi cao ngudi ta cho phép sir dung céc tuyén bay theo
duong dong muc hoic bay truot theo mit dia hinh. Néi chung khoang cach giita cac tuyen
dugc xac dinh bai d6 cao ctia may bay, nhung chinh do cao bay lai duoc chon theo d6 sau thé
nam cua cac vat thé gay nén di thuong can nghién ctru. Dé theo ddi dugc cac di thuong ta can

phai quan sat duogc sy thay doi di thuong tir khoang — 2Tm dén ZT‘“ :

Nhu vy ddi voi di thuong dang nam chdm mdt cuc nhu hinh tru thfmg ding, cac 16p

2 , J A A r 5 ’ H A H M < 1A A A A 5
thang dirmg c6 do sau 16n khoang cach— 2Tm dén 2Tm bang hai lan d6 sau cuc trén cia so
do nam cham.

Véi cac vat thé dang cau, hinh try tron nam ngang khoang cach nay khoang 0.8 d6 sau
dén tam hinh cau hodc tam hinh tru.

Dbi voi cac da ¢ chiéu sau mit dudi gidi han, tirc 13 truong hop khoang cach gitta cac
e 1 \ 5 y A H \ 5 .~ A A
cuc cua ching gidi han thi thi khoang cach — % dén % vao khoang gifta 0,8 dén 2,0 lan

d6 sau dén cuc trén. Vi vay trong thuc té do cao bay thuong dugce chon 16n hon d6 sau dén
cuc. Trong truong hgp do dé co thé theo doi dugce cac di thuong khoang cach gitra cac tuyén
khong 16m hon hai lan d cao bay.

Tuy nhién d6 sdu cua cac vat thé gdy di thudng trong ving can nghién ctu néi chung
khong duoc bict trudc ma thong thuong dugce gia dinh theo cac tai li¢u dia chat dia vat 1y cé
san trong vung.

Tuyen lién két 13 tuyén mdc ndi cac sé lidu trén cac tuyén thuong. Ching cit ngang cac
tuyen thuong va lap thanh mot mang ludi lién két. Nguoi ta thuong tién hanh bay lip nhleu
lan trén cac tuyén lién két, ddng thoi cac tuyén nay dugc lién két chinh xac véi cac mbc dia
hinh. Phu thudc vao dg rongcua dién tich khao sat, cac tuyen lién két duoc bd tri linh dong voi
khoang cach 20-50 km trong ving truong twong dbi 6n dinh.

Cac tuyén phu tr¢g phuc vu cho nhiéu muc dich khac nhau. Khi phat hién dugc cac di
thuong céc tuyén d6 dugc ding trong bay chi tiét dé nghién ciru di thuong. Cac tuyén phu tro
cling dugc dung dé kiém tra va chuan may dinh ky.
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Pé xac dinh duong cong anh huong phuong vi nguoi ta chon mot dlem moc cd dinh
trong vung truong 6n dinh. Cac tuyén nay c6 hinh hoa thi gdm 8 - 12 tuyén cit qua diém
moc do.

Ngoai ra, trudc khi 1ap phuong an to chire bay trén mdi ving, nguoi ta con to chirc
cac chuyén bay tham thinh & cac do cao 16n véi muc dich quan sat dia hinh va chon lya
ché d¢ bay.

Cong tac tric dia giir mot vai trd quan trong trong thiam do tir hang khong, bao gdm cac
khau k¥ thuat dan duong va xac dinh tuyén bay trén ban d6 dia hinh.

Céc tuyén bay thuc té khong bao gio gilt chinh x4c theo tuyén quy dinh, nhét 13 trong
diu kién bay ¢ do cao bé. Do sai 1éch gidi han dugc quy dinh theo ting loai ty 1€ khao sat,
thuong khong quéa 1/4 khoang céach gitra cac tuyén. Cac chi ti€u khong ché sai so dugc quy
dinh trong bang 7.2.

Bang 7.2 Cac chi tiéu tric dia trong do tir hang khong

Khoang ) )
Tyle | cichdanh ) Saisoviti | Dolechtuyen | g crien b tuvén trén
o dau vitri | may bay toi bay thuc té toi L aA
khao sat . ban do
may bay da (m) da (m)
(km)
1:1000000 40 1000 -2000 2000 — 4000 -
1:500 000 30 500— 1000 1000 — 2000 -
1:200 000 25 200 — 400 400 — 800 -
1:100 000 20 100 — 200 200 — 400 200 — 300
1: 50 000 15 50-100 100 — 200 100 — 200
1: 25 000 10 25-50 50-100 50-100

Pé ‘phuc vu cho viée dan duong va thanh 1ap cac ban d6, dd thi dia vat 1y nguoi ta phai sir
dung dén cac ban d6 dia hinh quoc gia. Ban dd dia hinh phai c6 ty 1¢ 16n hon hodc bang ty 1€
khao sat cia phuong an. Céc tuyen bay dugc ké trén ban d6 dia hinh c6 danh déu cac moc du
kién. Hoa tiéu c6 nhiém vu dan dudong bay khong chéch qua mirc quy dinh.

Viéc klem tra vi tri dudng bay dugc tién hanh bang phu:ong phép chup anh dia hinh hodc
bang v6 tuyén dinh vi. Nhitng nim gan day, vo tuyen dinh vi dugc st dung rong réi trong
tham do tir hang khong véi cac hé thong do goc, hé théng do khoang cach hoic hé théng hon

hop.

Trong hé thdng do gbc, ngudi ta xac dinh hudng tir diém can xac dinh toa do dén dai phat
v6i mot s6 hudng chuan. Véi hé thong do khoang cach nguoi ta xac dinh duge khoang cach
t6i mot dai phat hay hiu khoang cach giita diém can xéac dinh toa do dén hai dai phat. Hé
thong hdn hop cho phép xéc dinh ca hai dai luong vira néi.

Nguyén tac hoat dong ctia may vo tuyén dinh vi nhu sau: Nguoi ta sir dung ba tram thu
phat vo tuyén, mot dit trén may bay co toa do di dong, hai dugc dat trén mat dat tai cac vi tri
da xac dinh dugc toa d9. Tir may bay céac tin hi€u co tan sb xac dinh duoc phat di. Cac tram
thu trén mat dat sau khi nhan dugc tin hiéu d6 1ap tac phat di cac tin hiéu cua minh t6i tram
thu dat trén may bay. Do thoi gian séng di va vé hodc hiéu sd pha giira song di va song vé ta
c¢6 thé xac dinh dugc khoang cach tir may bay dén tram trén mat dat va tir do 1a toa do cua
may bay.

16
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Thiét bi hién dai duoc thiét ké dya trén hiéu ung Doppler vé su phu thudc tan sb vao tdc
do bay:

2f
F, = CS V, cosy

voi:
f, 1a tan sb song phat tir may bay.
¢ van tdc anh sang.
v gbc nghiéng ctia chim song phat tir may bay v6i phuong thiang ding.

o

V, tdc do ciia may bay.

111

v
II I

Hinh 7.10

So 6 bb tri hé théng v tuyén dinh vi

Heé théng Doppler duoc dat trén may bay phat bbn chim song rada theo cac phuong nhit
dinh va thu lai sau khi dugc phan xa tir mat dat. Biét goc 1éch cua duong bay va tdc do bay ta
co the xéc dinh duoc tuyén bay thuc té. Bé xac dinh goc léch, hé thong duoc thiét ké co hidu
tan sb gitra cac cap chum song tuong tng (LII) va (IILIV) (Hinh 7.10) bang khong khi ang ten
trung véi tuyén bay Néu léch hudng thi méto ty ngiu sé& quay ang ten vé hudng tuyén 1y
thuyét va goc 1éch can biét s& 1 goc gitra truc ang ten va truc may bay. Khoang cach AS giira
maéy bay va diém gdc sé 1a tich sb giira tbc d6 véi thoi gian bay.

Hé thong Doppler hién dai c6 thiét bi may tinh dién tir cho phép xac dinh vi tri may bay
tai moi thoi diém va trd lai dinh huéng may bay theo huéng can thiét sau khi da xac dinh
duoc tuyén bay thuc té. Hoa tiéu chi can giit dong ho chi thi & mot vi tri ¢b dinh.

Hé théng Doppler dam bao sai sé xac dinh khoang cach khong quéa + 0,2% va xéac dinh
goc +0,2°.

Viéc sir dung vo tuyén dinh vi dé xac dinh tuyén bay tuy c6 nhiéu uu viét song lai gip sai
sO 16n trong diéu kién dia hinh phirc tap. Trong trudng hop nay cé thé dung phuong phap
chup anh. Trong phuong phéap nay, cic mdc danh dau dugc chup lai mot vai “pd” chom 1én
nhau. Viéc chyp anh lién tuc hodc chup phu dién tich duogc tién hanh doc theo tuyén chuén
hodc trén cac di thudong. Ty 18 anh phai x4p xi ban dd bay dé tién xac dinh vi tri cac mdc trén
ban d6 dia hinh. Dé chon may anh thich hop ngudi ta str dung cong thirc:
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1 _f
m h
trong do:

f - tiéu cy cua may anh

h - 6 cao bay

m - 1a miu s6 cua ty 18 ban dd.

3. Hiéu chinh va thanh Idp cdc do thi, ban do

Trong khao sat tir hang khong s6 gia truong tir, hodc trudng tur toan phan duogc ghi lién
tuc hodc ghi ngat quang voi khoang thoi glan ngan va déu. Cac gia tri do dugc can dugc
chuyén vé don vi nT va duoc gin véi cac vi tri tuong tmg trén tuyén bay. Cac s6 liéu can
dugc hiéu chinh cho hién tugng dich chuyén diém khong (néu do tuong déi bang cac tir ké
cam Ung di¢n tr), anh huong phuong vi, anh huong bién thién ngay dém, gradient truong
binh thuong. Do may bay chiu su tir hod boi thanh phan truong doc theo than nén tuy thudc
vao hudng bay ma cac thanh phan nay c6 nhing gia tri khac nhau tuy theo huéng bay. Gan
day nguoi ta da thiét ké cac may bay tu bu anh hudng cua phuong vi.

Viéc hi¢u chinh bién thién ngay dém va gradient truong tir binh thuong dugce tién hanh
theo s li€u cua céac tram dia tir va ban d6 truong tir binh thudng quy vé nién dai khao sat.

Céc gia tri T do duoc duoc sir dung dé thanh 1ap cac ban do tir, dong thoi ngudi ta ciing
thanh lap ban d6 AT,. Cac gia tri AT dugc tinh theo cong thuc sau:

AT =[T|-[T,|
v6i To 1a gid trj truong tir binh thudng 14y tir ban do trudng tir binh thudng.

Céc s6 liéu AT duoc xay dung trén cac ban d6, do thi va cac ban do6 dang tri theo ty 1€

khao sat. Ty 1& trudng trén ban dd, dd thi c6 thé dugc chon tuy y véi yéu cau ban vé cd do

phén giai cao. Khoang cach giira cac dudng dang trj (tiét dién cua cac duong dang tri) thuong
dugc chon bang ba lan sai s0 khao sat.

bé danh gia sai s6 khao sat ta sir dung cac s6 lidu trén cac do lap trén mot hodc nhiéu
doan tuyén, hoac tai cac diém giao cat gilta cac tuyén thuong va tuyén chuan. Sai s6 binh
phuong trung binh dugc tinh theo cong thurc:

> &
2n

m==%

voi:
& 1a hiéu s6 gia tri do 1an thir nhat va 1an hai gi4 tri trudng tr.

n 12 s6 diém dugc str dung dé tinh sai so.
7.4.2 Phwong phap do tir mit dat

Mic du phuong phap tir hang khong ¢é nhiéu wu viét, nhung né van khong thay thé duoc
cong viéc do tir trén mat dat. Phuong phéap do tir trén mit dat cho phép nghién ctru mot cach
ty my ddi twong gay tir véi do chinh xac cao.

Céc ty 1¢ thuong dung la 1:50.000, 1:25.000, 1:10.000, 1:5.000 va 1:2.000, tuy thudc vao
yéu cau mirc do chi tiét ciia khao sat. Mang ludi tuyén co thé chon 1a 6 vudng hay chir nhat
tuy thudc vao ddi tugng nghién ctru c¢6 dang ding thudc hay co6 dang ctia mot vat thé hai
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chiéu. Céc tuyén co phuong thang goc voi dudong phuong gia dinh (truc di thuong), dugc
vach theo cac dung cu trac dia.

Trong truong hop khao sat & nhitng ving hiém trd véi ty 18 bé, ngudi ta co thé s dung
cac 19 trinh do doc theo suodi, duong mon, dé dép theo phuong phap xac dinh vi tri diém do
bang cac cong cu trac dia tho so.

Cac két qua do thuc dia dugc biéu dién dudi dang do thi hay cic ban d dang tri theo ty 18
twong tng vai ty 1€ khio sat.

Khi minh giai dia chat cac di thudng tur, nguoi nghién ciu can phai tinh dén cac s6 lidu
dia chét va cac s0 liéu dia vat ly khac c6 san trong vung. Tuy nhién can phai nhg rang khong
dugc dung cac s6 lidu dia chat, dia vat Iy c6 san dé khang dinh cac két quad minh gidi ma
chung chi duoc dung dé phat hién thém cac két ludn méi bo sung hodc chinh xac thém céc s6
liu da co.
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