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Chuong 1
Nhirng kién thiic co ban vé trac dia
1.1. Khai niém vé tric dia

Trac dia 12 mon khoa hoc nghién ctu vé hinh dang kich thudc trai dat vé
céc phuong phép do dac va biéu thi bé mat qua dat dudi dang ban dé va s6 liéu.

Trac dia dugc chia ra 1am nhiéu chuyén nganh khac nhau nhu trac dia cao
cép, tric dia dia hinh dia chinh, tric dia anh, tric dia cong trinh, ban do... méi
nganh c6 mot chic nang riéng.

Trac dia tham gia tat ca cdc giai doan khi xay dung cong trinh tir khao st,
thi€t k€, thi cong va doi do 6n dinh cta cong trinh khi cong trinh dua vao si
dung.

Mon hoc trac dia gidi thiéu nhiing kién thiic co ban va can thi€t vé nganh
trac dia trong linh vuc xay dung co ban.

1.2. Hinh dang kich thudc trai dat

Bé mat tu nhién trai dat phic tap véi dién tich khoang 510 trieu km?, luc
dia chi€ém khoang 29%, con lai 71% la dai duong. Do cao trung binh cua luc dia
so v6i muc nudc dai duong khoang 875m, con do sau trung binh khoang -
3800m. Chénh léch do cao gifta noi sau nhat ( H6 marian -11032m) va diém cao
nhat (dinh ndi chomuluma 8882m) khoang 20km. Ban kinh trung binh cua trai
dat 1a 637 1km.

Vi s6 liéu trén ta hinh dung néu thu nho trai dat thanh qua cau nudc cé
ban kinh 1a 3m thi vét gon 16n nhat trén bé mat 1a 1cm. Nhu vay c6 thé coi mo
hinh trai dat 1a nhan nhui.

Bé mat tu nhién cuta trdi dat phiic tap dé biéu dién duoc bé mat trai dat
theo phuong phap todn hoc ta phai dua né vé bé mit quy uéc c6 thé biéu dién
duoc dudi dang toan hoc va gan véi bé mat thuc nhat.

1. Mat thay chuan

Bé mit nuGc bién trung binh yén finh, trai dai xuyén qua luc dia va hai dao
tao thanh mat cong khép kin goi 12 mat thily chudn (hay con goi 12 miat Geoid,
mat nuéc goc). Mt nay duoc 14y 1am mat chudn do cao. O Viét Nam 14y mat
nuéc bién trung binh nhiéu nam cta tram nghiém tri€u & dao Hon Dau ( D6 Son,
Hai Phong) 1am mat khoi tinh do cao. Mit nude goc ¢6 dic diém tai bat ky diém
nao trén mat nay phuong phap tuyén trung véi phuong cua duong day doi di qua
diém d6, mat thay chudn 1a mat gin v6i bé mat thuc.



Phuong cta duong day doi phu thudc vao vat chit phan bd trong long Trai
dat ma su phan b6 vat chat lai khong déu. Vi vay mat thiy chuédn bién déi phiic
tap kh6 mo hinh hoa.

2. Mat elipxoid

Thay thé mat thiy chuin bang elipxoid tron xoay c6 ban truc 16n a bing
bén kinh trdi dat & xich dao, ban truc nho b bang ban kinh trdi dat ¢ hai cuc ( hinh
1.1).

Tinh chdt ciia Elipxoid la:

+ Tam Elipxoid trung tam qua dat.

+ Thé tich Elipxoid bing thé tich Geoid.

+ Mat phang xich dao Elipxoid tring mp xich dao trai dat.

+ Téng binh phuong chénh cao giita mat Elipxoid va mat Geoid nho nhét.

+ Tai moi diém trén mat dat phuong ctia phap tuyén vuong goc véi Elipxoid.

-0,

Mat Ellipsoid

Hinh 1.1 Hinh dang quy udc ciia Trai Dat

Mat elipxoid c6 cac tham so dac trung la:
+ Ban truc 16n a.
+ Ban truc nho b.
a—>b

a

+ Do det a =

(1.1)

Kich thuéc mot s6 Elipxoid da dugc stt dung khi xtr 1y s6 liéu ¢ nudc ta
duoc gidi thiéu trong bang 1.1

Bang 1.1
Elippsoid Nam Ban truc 16n (a) bodet (a)
Everest 1830 6.377.296 1:300,8
Kraxovski 1940 6.378.245 1:298,3
WGS - 84 1984 6.378.137 1:298,2




O Viét nam truée nam 1975 mién Bic ding ellipxoid Kraxovski va mién
Nam str dung elippxoid Everest . Tt thang 7 nam 2000 , theo quyét dinh cta Thu
tuéng Chinh phu , Viét nam st dung s6 liéu elippsoid WGS-84(bang 1-1)
Elippsoid WGS - 84 1a co s& toan hoc ctia hé toa do VN - 2000 dong thoi cling 1a
hé toa do dung trong cong nghé dinh vi v¢ tinh GPS .

Cic s6 lieu duogc do dac trén mat dat duoc tinh chuyén lén mat Elipxoid
sau d6 dugc tinh chuyén 1én mit phang.

Khi do dac trong khu vuc ¢6 dién tich nho anh hudng do cong trai dat dén
két qua do nho nén c6 thé bd qua, khi d6 ta coi bé mat Trai dit 12 mat phang.

1.3. Anh huéng do cong trai dat dén két qua do

Bé mat Trai dat 1a cong, cdc dai luong do nhu chiéu dai canh (D), géc
bang (B), chénh cao (h).. déu duoc do trén mat cong nay. Khi xt 1y so6 liéu cac
dai luong do dugc tinh chuyén tir mat dat 1én mat phang nén ching bi bién dang.
V6i pham 1anh thé nho dé€ don gian ta coi mat chuin quy chi€u 1a mat cdu c6 ban
kin R = 6371km, mat phiang chiéu hinh 12 mat phang ti€p tuyén v6i mat ciu va

do bién dang la sai s6 do anh hudng ctia do cong trai dat dén dai luong do.

1.3.1. Anh hudng do cong trdi ddt dén két qud do dai

Hai diém A, B trén mat dat; A’, B’ 1a hinh chi€u clia A, B 1én mat thuy
chudn (coi 12 mit c4u) nhu hinh 1-2.

t
A
/Z S B’ F
A’ d q
0
Q
Hinh 1.2

Gia sir ding mat phang F ti€p xdc v6i mat cau & A’ dé thay thé mat ciu
trong phép chiéu.
Khi dé hinh 4nh cta A, B trén mat phang F1a A”, B’(A”B” = s).

Sai s6 vé do dai khi thay thé mat cdu boi mat phang 1a



Ad = s-d (1-2)

s =R. tgb (1-3)
d=R.6 (1-4)
Ta co: Ad =R (tg 6-0) (1-5)
Khai trién ham tg0 thanh chudi va giit lai hai s6 dau ta duoc:
tgd =0 +0°/3
Cong thuce (1-5) c6 dang:
Ad=R.6°/3 (1-6)

Thay (1-4) vao (1-6) va d€ tién so sanh ta biéu dién sai léch ndy duéi dang

sai sO tuong doi
Ad/d=d*/3R? (1-7)

Xét t6i do chinh xac do chiéu dai thuc t€ hién nay thi khu vuc do dac trong
pham vi ban kinh 10 km, c6 thé coi 12 mat phing ma khong 1am sai léch do chiéu
dai

(d=10km > Ad=1cmvaAd/d=1:1220 000)
1.3.2. Anh huidng do cong Trdi ddt dén goc bing
Theo luong gidc ciu: téng cic géc trong mot da gidc phang nhd hon téng
cdc gbc trong cua da gidc d6 khi né nam trén mét cdu mot dai luong
e’ =p” AR? (1-8)
e: do vuot gbc mat cau (siéu giac cau)
A: dién tich da giac trén mat cau
Tuy theo do chinh x4c do géc ma quyét dinh pham vi khu vuc ¢6 thé coi 1a

mit phing. Vi du do géc chinh xdc 17 thi pham vi 100 km? dugc coi 12 mat
phéng.
1.3.3. Anh hudng do cong Trdi ddt dén do cao

Theo hinh 1-2, q 12 sai léch do cao khi thay mat cdu bing mit phang, c6
thé chitng minh dé dang:

q=d* 2R (1-9)

Khi do cao v6i do chinh xac t6i mm thi d >50 m phai tinh dén anh huéng
do cong Trai dat (d = 50 m , q = 0,2 mm). Trong do cao hinh hoc dat may & giita
tram do, sai s6 do anh hudng do cong Trai dt clia tia ngam trudc va sau triét tiéu

nhau.



1.4. Hé toa do dia ly

Trong hé toa do dia Iy nhan trai dat l1a hinh
tam O cla qua dat 1a goc toa do ( hinh 1.3), hai
mat phang toa do 1a mat phang xich dao va mat
phang xich dao va mat phang chita kinh tuyén géc —.
Greenwich. Toa do dia ly cia diém A duoc xdc

dinh bdi vi d6 ¢ va kinh do A cua n6.

Vi do dia ly cta diém A 1a géc hop boi Hinh 1.3
phuong ctia dudng day doi di qua né va mat phang
xich dao, ky hiéu 12 ¢@,. Néu diém A & bic béan cdu ( tir xich doa vé phia Béc) thi
goi 1a vi do Bic con diém A & phia nam ( tir xich dao vé phia Nam ) 1a vi do
Nam. Tri s6 ctia vi do c6 gia tri tir 0° dén 90°.

Kinh do dia ly clia diém A 12 géc nhi dién hop bdi mat phang kinh tuyén
goc Greenwich va mat phang kinh tuyén qua diém A d6 ky hiéu A,. Diém A
nam & phia dong kinh tuyén goc ta c¢6 kinh do Pong, di€ém A nam & phia tay ta
c6 kinh do Tay. Tri s6 kinh do c6 gid tri tir 0° dén 180°.

Lanh th6é Viét nam ndm hoan toan trén phia bac ban c4u va phia dong kinh
tuyén goc nén tat ca cdc diém nim trén dé déu c6 vi do Bac va kinh do Dong.

Vi du: Cot c& Ha Noi ¢6 toa do dia 1y 1a ¢ = 21°02'B, L = 105°50°D.

Heé toa do dia 1y duoc xdc dinh bang phuong phédp do thién van nén con
goi la toa do thién van.
1.5. Hé do cao dung trong Trac dia

Nhu muc 1.1 da gi6i thiéu mat chudn dé khoi tinh do cao 1a mat thiy
chudn, do cao tuyét d6i cia mot diém (H) trén bé mat dat 1a khoang cach theo
phuong day doi tir diém d6 dén mat thiy chudn goc ( hinh 1.4).

e

b %Q i,
B

Hinh 1.4



Do cao tuong doi hay chénh cao gifta hai diém 1a khoang cach tinh theo
phuong day doi giita hai mat thily chudn quy uéc di qua hai diém d6. Trén hinh
1.4, H, va Hg 1a do cao tuyét doi ciia hai diém A va B, con chénh cao giita hai
diemIah,, = H,—H,.

Khi biét do cao tuyét d6i cia mot diém i 1a H; va chénh cao giita hai diém
1a h;; ta tinh dugc do cao tuyét doi diém j theo cong thuc:

H = H, +h, (1-10)
1.6. Phép chiéu ban dé va hé toa do vuong goc phang

Céac két qua do dac duoc ti€n hanh trén bé mat dat tu nhién dugc tinh
chuyén lén mat Elipxiod sau d6 dugc tinh chuyén lén mat phang. Viéc tinh
chuyén cdc yéu t6 tir Elipxoid Ién mit phang s& c6 bién dang. Dé han ché nhitng
bién dang can lua chon phép chi€u ban d6 thich hop, tuy theo vi tri dia ly cla
tiing viing 1anh thé va yéu ciu diac diém bién dang ma 4p dung phép chiéu khdc

nhau, trong néi dung bai nay chi néu mot sé phép chi€u thong dung.

1.6.1. Phép chiéu Gauss - Kriuger

La phép chiéu hinh tru ngang dang géc

Chia Elipxoid thanh 60 mui, méi mdi 6°, danh s6 thi tu tir 1 + 60 theo
chiéu tir Tay sang Dong bat ddu tir kinh tuyén goc Greenwich. Kinh tuyén gitta
ctia moi mui duoc goi la kinh tuyén truc (kinh tuyén gitta mdi) c¢6 kinh do duoc
tinh theo cong thiic:

L,=32n-1) (n 12 s6 thtt tw mui chi€u) (1-11)

Long bén ngoai Elipxoid mot hinh tru va tiép xuc véi Elipxoid tai mot
kinh tuyén truc ctia mui can chiéu, truc quay cta Elipxoid vuong goc véi truc
hinh tru (hinh 1.5a).

! Kinh tuyén bién
k
Xich dao
Kinh tuyén truc
Hinh 1.5a Hinh 1.5b

Hinh 1.5. Phép chiéu Gauus



Lay tam O cua Elipxoid lam tam chiéu, lan luot chi€u tirng mui 1én mat
tru bang céch vira xoay, vira tinh ti€n. Sau d6, cét hinh tru theo hai dudng sinh va
trdi phang, dugc hinh chiéu ctia 60 miii (hinh 1.5b).

Pdc diém ciia phép chiéu Gauss - Kruger:

- Khong lam bién dang vé géc nhung dién tich bi bién dang.

- Hinh chiéu cta xich dao va kinh tuyén truc vuéng goc véGi nhau.

- Kinh tuyén gitta mdi 1a truc doi xding va khong c6 bién dang vé chiéu dai
(ty 1é bién dang bang 1). Cang xa kinh tuyén truc, bién dang chi€u dai cang tang
(kinh tuyén bién c6 ty 1é bién dang bang 1.0014).

Dé giam ty 1¢ bién dang, ngudi ta chia nho mdi chi€u thanh mii 3°, tham
chi 1.5°.

Phép chi€u Gauss duoc sir dung dé xay dung hé toa do HN72.

Hé toa do vuong géc phang Gauss - Kruger:

Truc X Ia hinh chi€u cua kinh
tuyén truc, truc Y la hinh chi€u cta

R xXp
xich dao va giao diém cuta hai truc 1a AN

goc toa do O.

Nhu vay, nhiing khu vuc & Bac | \

ban cau, gid tri X luon duong con gia

tri Y ¢6 thé am hoac duong. Dé tranh J v
toa d0 Y am, truc OX doi sang phia
Tay 500km (hinh 1.6). \ /

Moi mii chi€u, thanh 1ap mot hé

A

toa do vuong gbéc cho miui do, do do6 cod

50
thé c6 diém thudc hai mui chiéu khic

nhau lai c6 cling gid tri toa do. Dé
tranh truong hop nay, nguoi ta ghi kem Hinh 1.6
sO tha tu mui chiéu trudc toa do Y.

Vi du: Toa do di€fm A: X, = 2244 900.469m

Y,= 18594 655.609m

(Piém A niam céch xich dao 244900.469m vé phia Béc, thuoc mdi chiéu
thit 18 va cach kinh tuyén truc 594655.609 - 500000 = 94655.609m vé phia
Dong)



Dé tién sir dung, trén ban do dia hinh ngudi ta ké sin nhitng dudong thang
song song vGi cac truc va cdch déu nhau chan kilomét, goi la luéi 6 vudng hoac
luéi kilomét ctia ban do.

1.6.2 Phép chiéu UTM (Universal Transverse Mercator)

Tuong tu nhu phép chi€u Gauss, Ellipsoid ciing chia thanh 60 mui va danh
so thit tu tir 1 + 60 nhung bat dau tir kinh tuyén (A = 180°W) theo chiéu tir Tay
sang Dong.

Dung hinh tru ngang cat Ellipsoid tai hai kinh tuyén cach déu kinh tuyén
truc 180km, lic nay kinh tuyén truc nam phia ngoai mat tru con hai kinh tuyén
bién clia mii ndm phia trong mat tru (hinh 1.7a).

Lay tam O cua Elipxoid lam tam chiéu, lan luot chi€u tirng mui 1én mat
tru bang cédch vira xoay, vira tinh ti€n. Sau d6, cét hinh tru theo hai dudng sinh va
trdi phang, dugc hinh chiéu ctia 60 miii (hinh 1.7b).

! Kinh tuvén

~

rd

Xich dao
180km
\Il
L~
Hinh 1.7a
Hinh 1.7b

Hinh 1.7. Phép chiéu UTM

Pdc diém ciia phép chiéu UTM :

- Khong lam bién dang vé géc nhung dién tich bi bién dang.

- Hinh chiéu cta xich dao va kinh tuyén truc vuéng goc véGi nhau.

- Ty 1& bién dang vé chiéu dai tai hai kinh tuyén ti€p xtc bang 1, tai kinh
tuyén truc biang 0.9996 (D6i véi mui chidu 3°, ty 1& nay 1a 0.9999), ngoai kinh
tuyén bién ti 1& bién dang chiéu dai 16n hon 1.

So v6i phép chi€u Gauss, phép chiéu UTM giam dugc ty 1€ bién dang
ngoai bién va bién dang la twong d6i déu trén pham vi mui chiéu.

Phép chi€u UTM duoc str dung dé xay dung hé toa do VN 2000.
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1.6.3 Phép chiéu thang goc

Khu vuc ¢6 pham vi nho (ban
kinh nhé hon 10km), c6 thé su
dung phép chi€u thang géc. St T T
dung mat phang tiép xic véi diém
tam khu vuc can chié€u ( hinh 1.8).

VS N L - Hinh 1.8
Tam chi€u ¢ vO cung, céc tia chiéu
song song nhau. Phép chiéu c6 do bién dang tai tam khu vuc = 1, ti 1 bi€n dang

tai khu vuc khdc nho hon sai s6 do nén ¢6 thé bo qua.
1.7. Khai niém vé ban do6 binh do va mat cat
1.7.1. Khai niém vé ban do, binh do6 va mat cat

1. Ban do

Béan d6 1a hinh anh thu nhé va dong dang ctia mot khu vuc mat dat 1én mat
phing nim ngang theo mot phép chiéu nhat dinh, c6 ké dén 4nh hudng ciia do
cong qua dat.

Ban do6 co ti 1¢ thay déi & cac phan khdc nhau do su bién dang khi chi€u
lén mat phang. Ti 1é chinh 12 ti 1& ctia huéng dugc chon 1am co s& cho viéc thanh
lap ban d6 ( kinh tuyén hoac vi tuyén), phan con lai la ti 1€ riéng.

Béan d6 duoc chia lam nhiéu loai tuy theo muc dich st dung va noi dung
biéu dién.

2. Binh do

Binh d6 1a hinh chi€u thu nho va dong dang cia mot khu vuc mat dat 1én
mit phang nim ngang theo phép chiéu thing géc, khong ké dén anh hudng ctia
do cong Trai dat. Binh do ¢6 ti 1& duy nhat, trong xay dung cong trinh ding binh
do 1a cha yéu.

3. Mat cat

Miit cat 1 hinh chi€u thu nho ciia mot hudng nao dé ¢ ngoai thuc dia Ién
mat phang thang ding. Mat cit dia hinh dic trung cho dia hinh theo tuyén ngoai
thuc dia.

1.7.2. Tilé ban do

1. Ti 1é ban dé: La ti so giita doan thing trén ban d6 va do dai that cla

doan thang d6 ngoai thuc dia, ky hiéu 1a 1:M.
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LI (1-12)
M S,

Dé tién sir dung ngudi ta thudng chon miu s6 M 1a nhitng s6 chin tram,
chin nghin. Miu s6 M cang nho thi mitc do biéu dién dia vat cang chi tiét nén
goi la ty 1¢ 16n.

Trén ban do, mat ngudi, mat ngudi chi phan biét duoc doan thang 16n hon
0,1 mm vi vay nguoi ta 18y 0,1 mm lam co s& xac dinh do chinh x4c cua ty 1é (t).

t=0,1 M mm (1-13)

2. Thudc ti 1&: DE thuan tién cho viéc x4c dinh khoang cach trén ban d6 dé
dang tai cudi to ban do6 c6 in san thudce ti 1&. C6 hai loai thudc ti 1€ 1a thudce ti 1&
thang va thuée ti 1¢ xién.

a)Thuéc ti 1¢ thang:

DPé dung thudc ti 1¢ thiang trén duong thang ta dat cdc doan thang lién ti€p
bang nhau, mdi doan d6 goi 1a don vi co ban cta thudc, trén doan diu tién cta
thudc ta chia 1am n phan bang nhau ( hinh 1.9).

1:5000
q = 1em = 50m neoai thuc dia

100 0 100 200 300 400
[ | [ |

D,x=252m

Hinh 1.9. Thudc ti 1é thdng

Khi st dung, dung compa do va dat truc ti€p 1én thudc ty 1é 1a xac dinh
duoc tri s6 do dai.
b) Thudc ti 1€ xién:

Tuong tu nhu xay dung thuée ty 1é thiang, sau khi nhan dugc c4dc doan don
vi co ban , ta dung cic duong vuong géc AA/, OO/ ¢6 chiéu dai bang don vi co
ban va chia chdng ra n phan bang nhau ( hinh 1.10).

Qua cédc diém chia ké cdc duong thing song song véi dudng ddy. Tiép tuc
chia cic doan AO , A/O’ thanh m phan bing nhau va ndi véi nhau theo cic
duong xién (6 day 1dy n = m = 10)

Do chinh xac cta thudc ty 1€ xién ty 1a:

AO AO 20

tX: =

=—"—"=0,2 mm
n.m 10.10 100
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Nhu vay, v6i cuing mot ty 1€, do chinh xac cta thudce ty 1é xién cao hon do
chinh x4c clia thuéc ty 1é thang m lan.

1.8. Chia manh va danh s6 ban do dia hinh

Do kich thuéc to ban d6 dia hinh c6 han ( thuong 1la 50cmx50cm hoac
60cmx60) nén khi biéu thi ving dat rong 16n can nhiéu t& ban d6 ghép lai. Dé
tién cho viéc quan 1y va st dung phai thdng nhit cac qui dinh chia manh va danh
s6 ban do.

Quy udc quoc t€ qui dinh 1ay t& ban d6 1/1000.000 1am co s& dé chia
manh va dianh s6 ban d6, dudi day la so d6 chia manh danh s6 ban d6 dia hinh
theo phién hiéu VN-2000 tai Viét Nam ( hinh 1.11).

1
1000.000

1 K12 =3
500,000

| zace =4

1
250,000 1

100.000

1
50,000

! 16316 = 256

1
25000

1
10.000 1

5000
| 53
1
2000
1 4704 16
1000
1
500

Hinh 1.11. So' dé phdn manh ddnh sé bdn do

1.9. Biéu dién dia hinh, dia vat trén ban dé
1.9.1. Biéu dién dia vat
Dia vat 1a nhitng vat thé do thién nhién hay do con ngudi tao ra nhu song

suoi, rng nui, thanh pho, lang mac...
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Viéc biéu dién dia vat tuan theo cic ky hiéu quy uéc do Cuc do dac ban
dé quy dinh. C4c ki hiéu bi€u dién dia vat phai don gian, rd rang va thong nhat.
Céac dia vat ¢6 kich thudc khac nhau nén biéu dién chiing lén ban dé ciing khic
nhau:

- Biéu dién dia vat theo ty 1é: d6i v6i nhitng dia vat ¢6 hinh ddng, kich
thude ro6 rang nhu ao ho, sinh lay, lang mac, theo ty 1€ nguoi ta vé truc ti€p 1én
ban d6 didng hinh dang va kich thudc ctia ching.

- Bi€u dién dia vat khong theo ty 1é&: d6i vé6i nhitng dia vat c6 kich thuGe
nho ma theo ty 1é ban d6 khong thé thuc hién dugc nhu cay doc lap, giéng nudc,
nha tho... thi dung cac ki hiéu dé biéu thi.

i I Théap co. Dinh, chiia, dén, miéu

A [l Choi cao. Tugng dai, bia tudng niém
n m Nghia dia. Mo xay doc lap
Trg. Truong hoc. Bénh vién
= (v Tram tiép xang dau. Lo nung,say
% ; Tram bién thé. Cot anten
& I Pai phat thanh, truyén hinh.Tram buu dién
T o Dai, tram khi tugng. Dién thoai cong cong

- V6i nhiing cong trinh dang tuyén nhu song sudi, duong giao thong, bién
gidi... ngudi ta két hop hai cdch bi€u dién trén.
Dé biéu dién dia vat day da, ngudi ta con dung céc ky hiéu chu giai d6 1a
dung céc con so, chit dugc ghi kem theo ky hiéu.
Tuy theo ti 1¢ ban d6 ma dia vat dugc biéu dién ¢ mitc do chi tiét khac
nhau, ban dé ti I¢ cang 16n thi dia vat duoc biéu dién day du, chi ti€t va chinh
xac hon.

1.9.2. Biéu dién dia hinh

Dia hinh 1a hinh ddng, do cao thap cua bé mat diat. Co6 nhi€éu phuong phap
dé biéu dién dia hinh nhu: phuong phéap ké van, phuong phap t6 mau, [] nhung
c6 nhiéu vu diém va pho bién nhat hién nay 12 phuong phap dudng déng mic két
hop ghi chu do cao.

Puong dong mic hay dudong binh do 1a dudng néi lién céc diém c6 cing do

cao & trén mat dat tu nhién theo mot quy luat nhat dinh, hay néi cach khac la
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giao tuyén gitta mat dit tu nhién va mit song song v6i mit thily chuan ( hinh

1.12)
2\ .
et i O 100m

Biéi1 dién dia hinh bana dirdna ddna mive

Hinh 1.12
C4c tinh chat clia duong dong miic:
- Céc diém trén cung mot dudng déng mic c¢6 do cao nhu nhau.
- Puong dong muc 1a cac dudng cong tron, lién tuc va khép kin.

- C4c duong déng miic khong cat nhau.

- Cac duong dong mic cang sit nhau, mat dat cang doc. Cac duong dong

muc cang xa nhau, mat dat cang thoai.

- Duong vuong gbéc ngan nhat véi hai dudng dong mic ké nhau 1a dudng

doc nhat.- Hiéu s6 do cao gitta hai duong dong miic ké nhau la khoang cao déu

h, khoang cao déu h dugc lua chon phu thudc vao ti 1€ ban do va do doc dia hinh.
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Chuong 2
KIEN THUC CO BAN VE SAI SO

2.1. Khai niém va phan loai sai so
Do dac mot dai luong 1a dem so sanh n6 v61 mot dai luong cung loai duoc
chon lam don vi.

Khi tién hanh do dac mot dai luong can phai ding dung cu do r6i tién hanh
do theo mot phuong phap nhat dinh trong moéi trudng do cu thé.

Sai s0 thuc (A) la do léch gitta gia tri do (L) va tri thuc (X) ctua dai lugng

can do.
A=L—X (2-1)

Gia tri sai sO0 A cang nho, két qua do cang chinh xac. Nghién ciu cac
phuong phap do, dung cu do, phuong phép xir 1y két qua do, [] nham dat két qua
do chinh xéc theo yéu cau ciing 1a nhiém vu cua Tric dia.

Theo tinh chat, theo quy luat ma sai s6 phan thanh ba loai: sai so tho (sai

lam), sai s6 hé thong, sai s6 ngau nhién.

1. Sai s6 thé: La sai s6 nham 1an trong khi do dac hoac tinh toan. Vi du,
khi do khoang cdch nhidm hin mot doan thu6c. Sai s6 tho thudong cé gid tri 16n
nhung dé phat hién va loai trir néu c6 bién phép kiém tra nhu thém tri do thira.

2. Sai 56" hé thong: La sai s6 c6 tri sO va dau khong déi trong sudt qud
trinh do. Nguyén nhan gy ra sai s6 hé théng do nguoi do, dung cu do hoac anh
hudng cua ngoai canh.

Dé loai trir hodc han ché anh hudng cla sai s6 hé thong can: kiém nghiém
va di€u chinh dung cu do, 4p dung phuong phap do thich hgp hoac tinh s6 hiéu
chinh vao két qua do.

3. Sai s6 ngau nhién: La sai sO xuat hién trong két qua do moét cach ngau
nhién khong biét trude quy luat xudt hién ciling nhu tri s6 cta no.

Sai s6 ngau nhién c¢6 tinh chat nhu sau:

- Trong diéu kién do nhit dinh sai s6 ngiu nhién khong vuogt qua mot giGi
han nhat dinh.

- Sai s6 ngau nhién c6 tri sO tuyét doi cang nho thi c6 kha nang xuét hién
cang nhiéu.
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- S6 1an xudt hién cua sai s6 ngau nhién duong xap xi sO 1an xuat hién cta
sai sO ngau nhién am
- Khi s0 1an do tang 1én vo han, s6 trung binh cOng cua sai s6 ngau nhién
tién t6i 0.
. A
Lim u =0 (2-2)
n—x© n
Sai s6 ngiu nhién khong thé tranh dugc trong qud trinh do dac. Day 1a sai

sO chinh ma Ly thuyét sai s6 nghién ctu.

2.2. C4c tiéu chuan danh gia do chinh xac két qua do

Dé danh gid do chinh xac clia két qua do truc tiép cua mot dai luong ngudi
ta ding cdc tiéu chudn sau:
2.2.1. Sai s6 trung binh cong (6)

Tri do L duoc do n lan (L, L,...., L) ta dugc n gia tri sai s thuc tuong
ung (A, A,,..., A,). Sai s6 trung binh cong duoc tinh:

9=M (2-3)
n

Vi du: Hai nhém A va B cung do mot géc B, moi nhém c6 cac sai s6 do
nhu sau:

Sai s6 thuc nhém A gom coé: -57, -37, +77, +17.

Sai s6 thuc nhém B gom c6: +57, -47, -37, +4”.

Ta tinh dugc sai sO trung binh cOng tuong Gng ctia hai nhém la:

1
9]:5+3+7+ g
4

4 4
g dTAt3+d_ 4

Néu dung tiéu chuén sai s6 s6 trung binh ta thdy nhém A va nhém B dat
do chinh xdac nhu nhau, nhung thuc t€ di€u kién do cia nhém B t6t hon vi bién

dong sai s6 cia nhom B nho hon nhém A.

2.2.2. Sai s6 trung phuong (m)

Dé khic phuc su han ché cla sai s6 trung binh cong, Gauss dua ra cong
thitc tinh sai s6 trung phuong nham khuéch dai pham vi bién dong cua sai s6
ngau nhién, gidp ta danh gia chinh xac hon.
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AA
m=, [ ——

n (2-4)

Vi du: Tir s6 liéu hai day sai sO thuc & trén, st dung cong thic Gauss ta tinh

sai s0 trung phuong cua hai diéu kién do la:

=\/25+9+49+1=i4"58
4
:\/25+16:9+16 406

Liic nay ta c6 thé thay két qua do ctia nhém B do chinh x4c t6t hon nhém A.
Trong thuc t€, hau hét ching ta chua biét duoc tri thuc X. Vi vay Betxen

dua ra cong thic tinh sai s6 trung phuong vdi tri x4c suat nhat L

vV
m-=
n—1 (2-5)
Trong do: B
v; =L, - L 14 sai s6 x4c sudt nhat
— |L
-

n la tri xac suat nhat
Sai s0 trung phuong khuéch dai dugc pham vi bién dong cta sai s6, do do

sai sO trung phuong thudng duoc ding dé ddnh giad do chinh xdc két qua do.

2.2.3. Sai s6 xdc sudt (p)
La tri s nao d6 cua sai s6 ngau nhién ma cac sai s6 ngau nhién khac c6
gia tri tuyét d6i 16n hon hodc nho hon déu c6 kha nang xuat hién nhu nhau.
Néu ta sap x€p cdc sai s6 ngiu nhién theo thit tu tri tuyét doi tang dan thi
sai $60 nam & gitta 12 sai s6 xdc suat. Tuong quan gitta sai sO xdc suat va sai s@
trung phuong la:
p= %m (2-6)
3
2.2.4. Sai s6 gioi han (f)
La sai s60 ma cac sai s6 ngau nhién khong vuot qua gia tri nay, néu vuot
qua thi phai loai bd. Sai s6 giGi han chinh 1a sai s6 cho phép do 16n ctia n6 phu

thuoc vao diéu kién do.

Thuc nghiém cho thdy khi do mot dai lugng 1000 14n trong ciing mot diéu
kién va tinh sai so thuc thi ¢6 ba gia tri sai sO thuc (0,3%) vuot qua giGi han ba
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lan sai s6 trung phuong (3m) va ¢é 50 gia tri sai s thuc (5%) vuot qua gidi han
hai 1an sai so trung phuong (2m). Do d6 nguoi ta nhan gia tri ctia sai s6 gidi han

f = 3m. Trong cong tac doi hdi do chinh xac cao, chon sai s6 gidi han f = 2m.

2.2.5. Sai s6 twong doi 1/T
C4c chi tiéu trén déu la sai sO tuyét doi, trong mot s6 truong hop nhu do
chiéu dai ding tiéu chuén sai s0 tuong doi sé€ phan 4nh dugc 16 mic do chinh
xac cua két qua do. Sai s0 tuong doi 1a ti s6 giita sai sO do va gia tri ciia dai lugng
do.
1/T = m/L (2-7)
Vi du: Po canh S,; = 100m c6 sai so trung phuong m,; = [1cm.
Canh S, = 2m c6 sai s0 trung phuong mqp, = [11mm.

Ap dung cong thic tinh sai s6 twong doi ta c6:

1001 1
T,, 100 10.000
10001 1
T, 2  2.000

CD

Nhu vay canh S, dugc do chinh xac hon canh S,

2.3. Sai s0 trung phuong cua ham cac dai luong do
Trong cac bai toan trac dia thuong gap cdc trudng hop mot dai luong duoc
xac dinh gian ti€p thong qua cac dai luong do truc ti€p khac. Vi vay ta phai xac
dinh sai s0 trung phuong cua ham so cac déi so 1a tri do truc ti€p doc lap nhau.
2.3.1. Sai so trung phuong cua ham sé c¢6 dang tuyén tinh
Xéthamso: z=x +y (2-8)
Vi x, y 1a cdc dai lugng do doc 1ap, tuong tng c6 céc sai sO thuc A, va A,.
Khi x, y thay d6i mot luong A, , A, thi ham s6 z ciing thay d6i mot lugng A, ,
nghia la:
z+A=x+A)+(y+A)
A=A+ A, (2-9)
Néu méi dai luong do dugc do n Ian, nhu vay ta c6 n dang thic dang (2-9).

Binh phuong ca hai vé clia cic dang thifc trén, ta c6 n dang thic c6 dang:

A= Ny o+ N+ 20 (2-10)

Xi—yi

Cong céc dang thiic trén lai va chia cho n, ta cé:
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(] [aad | (AT [aa)]

2-11)

Theo tinh chat clia sai s6 ngiu nhién, ta ¢ thé bd qua s6 hang cudi cling:

) _ (a4, [AA)]

Trén co s& cong thic (2-4), ta co:
m’,=m’, + m’ (2-12)
Tur (2.12), ¢6 thé suy ra cho ham c¢6 n bién so6:
z=k,t k,x, £ kx,*...... £k X, (2-13)
Trong do6 x,, X,,... X, 1a cdc bién sé doc lap, twong tng cd cac sai sO trung
phuong m;, m,.. m,.
Ko, K, k.. k12 cdc hang s6.
Khi d6 sai so trung phuong ctia ham z s€ la:
m?, = k*>m?, + k*\,m>, +... + kX m?, (2-14)
Vi du: Trong tam gidc ABC, dé x4c dinh géc C ngudi ta do cac géc A va B
va nhan dugc s6 liéu sau:
A =53°18'19" vGim, = 2"
B = 69°3527" vGi my=£3"
Tinh gia tri géc C va sai s6 trung phuong m
Giai:
C=180°(A + B)
C = 180°-(3°18'19" + 69°35'27")
C =57°06'14"
Sai sO trung phuong m tinh theo (2-12)
m’. = m?, + m’
m’.=2>+3*=13
->m.=13.6"

Gia tri ctia géc Cla C=57°06'14" £ 3.6"

2.3.2. Ham sé6 dang tong quat:
Co6 ham s0: z =1(x, X,... X)) (2-15)
X;, X5... X, Cac bi€n so6 doc lap
A, A,... A,: Cac sai s6 thuc tuong Gng cua cac bién so.
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Ta cé thé viét:

z+ A, = (X +A; X,+A,... X +A,) (2-16)
Khai trién theo chubi Taylor va bo qua s6 hang phi tuyén tinh nhan duoc:
Z+AZ=f(Xl,x2...xn)+ﬁA] . O A, + o+ O A,
X1 X2 Xn
Nghia la:
A, = O A, + O A, + o+ O A, (2-17)
0 0 0

X1 X2 xXn

Trén co s& (2.13) va (2.14) ta ¢6 sai sO trung phuong cua ham z la:

2 2 2
m: = (sf]mf + (;f ] m; + ... + (;f]mﬁ (2-18)
X1 X2 Xn

.. 0 A 5 R P
Trong d6: —*: Pao ham riéng phan cua ham z véi bién so x;

Xi

N

m;: sai sO trung phuong cua x;
Vi du: Do chiéu dai doan duong doc duoc D = 50,00m; my = £0,05 m ,
goéc nghiéng V = 15°00 ; my= £30”. Tinh chiéu dai bing S va sai s6 trung
phuong ctia n6 (hinh 2.1)

Giai: Theo hinh vé chiéu dai S 1a:

S=DcosV
S =50,00. cos 15°00 = 48,29 (m) b
Va sai s6 trung phuong ctia chiéu dai S: /M
2_ 08 v 2, 08, m, S |
Hinh 2.1

o5 =-DsinV; §=1
oV oD

Thay so tacd:  mg= £0,05 (m)

Nhu vay chiéu dai doan do la: S = (48,29 +£0,05) m
2.4. Tri trung binh cong va sai s6 trung phuong ctia n6

Trong thuc t€ tri thuc ciia mot dai luong va sai s6 thuc khong thé x4c dinh
dugc 1én thuong coi tri trung binh 1a gan véi tri thuc nhat.

Trong cing mot diéu kién do, mot dai luong dugc do n 1an cédc gié tri moi
landola L,, L,.......,L_, cdc sai s0 thuc twong ung la m,, m,, ...... , m_. Tri trung
binh cong la:
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T L, +L,+...+L_ :M (2-19)

n n

L 1a ham céc tri do 1., theo (2-15) ta nhan duoc sai s6 trung phuong cua L

lam,.
2_ Ll 2 1y 2 1y 2
m;"=(—)m;"+ (—)m,” +... + (—)'m,
n n n
Gia st m;= m, =... = m, = m thi sai s6 m, ¢6 gia tri:
m, = % (2-20)

Tir cong thiic (2-20) ta nhan thdy s6 trung binh cong c6 sai s6 nhd hon n
14n so véi sai s6 ctia mdi 14n do. Vi vay so trung binh cong 1a s6 ddng tin cay
nhat.

Sai s0 trung phuong ctia s6 trung binh cong theo s6 hiéu chinh la:

=+ T fvl) , (2-21)

my,

Trong d6 s6 hiéu chinh v, = L-L,
Vi du: Chiéu dai ctia mot doan thiang dugc do 5 14n véi s6 liéu trong bang sau:

STT S, \2 \AZ Cong thuc
(m) (mm)
1 48,39 1 1 -
2 48,35 -3 9 my =+, — = *2em
3 48,40 2 4 n
4 48,37 -1 1 M, = = +0,9cm
5 48,39 1 1 n
) S =48,38 0 16

2.5. Tinh toan khi do khong cung d¢ chinh xac.
Trong thuc t€ két qua do dugc thuc hién trong di€u kién do khac nhau sé
c6 do chinh x4c khdc nhau. D€ tinh todn va danh gid do chinh x4c cua két qua do

khong cung do chinh xac do, sit dung khai niém trong s6 P:

P=-" (2-22)
m.

1

Trong d6: m.: Sai sO trung phuong cua lan do i

c: Hang s6 tuy chon
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Va trung binh cong L cha day tri do khong cung do chinh x4c (trung binh
trong s0):

PL +PL,+..+PL, [Pl
P] +P2 +...+Pn [P] (2_23)

L=

Sai s0 trung phuong ctia két qua do khong cuing do chinh xéc:

mo = |
’ (n—D[P] (2-24)
2.6. Pac diém tinh toan trong Tric dia
2.6.1. Cac don vi dung trong Trac dia
1. Don vi do chiéu dai:

Nam 1791 Té chic do ludng quoc t€ 14y don vi do chiéu dai trong hé SI 1a
mét, ngudi ta quy udc <* Mor mét bang mot phdan muoi triéu chiéu dai cung kinh
tuyén di qua Paris .

Nam 1960, Hoi nghi do luong quoc t€ dinh nghia lai ‘CIMor mér bang
1.650.763,73 lan chiéu dai budc séng biic xa trong chdn khong ciia nguyén ti
Kripton 86, tuong duong véi quy dao chuyén doi cia dién it giit hai miic ndng
luong 2P,, va 5d; “’Ngoai ra con hay dung cic bdi s6 va udc s6 cua mét nhu:
Kilomet (km), D€ xi mét (dm), xang ti mét (cm), mi li mét (mm)...

Mot s6 nudc con dung don vi do chiéu dai cua Anh: 1foot = 0.3048m,
linch = 25.3mm, va dam, hai ly.

2. Don vi do goc:
G6c duoc do bang do © Grad (gr) hoac Radian (rad)

Mot do (1°) 1a gia tri géc & tam chan cung ¢6 chiéu dai bang 1/360 chu vi
ctuia duong tron.
1

60>

Do con duoc chia thanh phut (1'=%) va giay (1"=

Mot Grad (1gr) 1a gia tri géc & tam chan cung ¢6 chiéu dai bang 1/400 chu

vi ctia duong tron. Cac udc sO cua grad:

. 1°
Xang ti grad 1°=
sié 100
. w I
Mili grad 1% =
100
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Mot Radian (1rad) 12 gid tri géc & tam chan cung c6 chiéu dai bang ban

kinh ctia dudng tron. Cc don vi do ¢6 thé tich chuyén doi:
IRad = 57°,29578 = 63,66198n gr
1°=0,01745 Rad = 10/9 gr
1#"=0,1571 Rad = 0°,9

Dé dé dang chuyén d6i cung tron tir don vi dai sang don vi géc va nguogc

lai, ngudi ta dung hé s6 chuyén déi p

p° =573
p' = 3438
p'"'= 206265

2.6.2. Pac diém tinh toan trong Tric dia
1. Lam tron sé
Khi 1am tron, cac s6 bo di c6 gia tri nho hon 5 thi s6 trude do gitt nguyén.
Khi 1am tron, cac s6 bo di c6 gia tri 16n hon 5 thi s6 trudc dé cong thém 1.
Khi lam tron, cdc s6 bo di c6 gia tri ding bang 5:
+ S6 trude d6 gitt nguyén néu la chan
+ SO trude d6 cong thém 1 néu 1a 1é.
VD: 25.126 =25.12
12.132 =12.13
45.125 =45.12;  36.135 = 36.14.

2. Ldy du chit s6 can thiét
Khi tinh todn can 1y thém mot chit s6 c6 nghia so v6i két qua do nham
giam anh hudng cuia sai s6 lam tron so.
VD: do khoang cach chinh xac t6i cm, két qua tinh 14y tGi mm.
do goc chinh xdc téi gidy, két qua tinh 14y t6i 1/10 giy.
Gid tri cdc ham luong gidc 14y sau dau phdy 6 chit so.
VD: cos 30°12°23” = 0,864218.
Riéng doi v6i cdc ham lugng gidc cha cdc goc nho, chiing ta ¢ thé tinh:
sine=¢+¢&/3!+&/5!+ 1 =¢
tge=¢c+&/3+1/15+ 1 =¢

VD: sin 3” = 3/206265 = 0.0000145 rad.
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Chuong 3
PO GOC
3.1. Khai niém

Trong trac dia géc duoc chia 1am hai loai 1a géc bang va géc ding.

3.1.1 Gé6c bang A

Géc bing B ciia hai huéng OA va OB o P
1a géc nhi dién hop boéi 2 mat phing thang > B
diing, chda OA va OB (hinh v& 3.1). N

Gid tri cia gbéc bang bién doéi tir
0°—360° theo chiéu kim dong ho v A

3.1.2 Goc ditng B

Goc dung V (con goi la goc nghiéng)

cua huéng ngdm OA 1a géc tao bai Hinh 3.1 Géc bing
huéng ngdm v6i mat phiang nim ngang P
(hinh v€ 3.2) A

Néu OA nam phia trén mat phing 7
ngang V mang gia tri duong, truong hop

nguoc lai V mang gid tri am. 0) MO

Gid tri ctia V bién déi tir 0° + 90°
Trong thuc t€, mot s6 may dugc ché Hinh 3.2 Goc dimg
tao dé do géc thién dinh Z. V va Z 1a hai
goc ¢6 gid tri phu nhau (V+Z=90).
3.2. May Kkinh vi
3.2.1. Phan loai may Kinh vi
May kinh vi 1a dung cu dé do géc bing va géc ditng ngoai ra con ding dé
do chiéu dai, chénh cao.
Theo do chinh xac may kinh vi dugc chia thanh 3 loai:

- M4y kinh vi d6 chinh xéc cao: mg =+ 0"5 + +2"
- May kinh vi do chinh x4c: mg = £ 3"+ £10"
- May kinh vi ky thuat: mg = £ 10" + +60".

Theo cau tao ban do, may kinh vi dugc chia l1am 3 loai:

- M4y kinh vi kim loai: ban d6 lam bang kim loai va doc s bang kinh lip
- M4y kinh vi quang hoc: ban do 1am bang thuy tinh, doc s6 bang kinh hién vi
- M4y kinh vi dién ti: ban do bing dia tir, doc s6 nhd man hinh hién thi.
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3.2.2. Cau tao may Kkinh vi
May kinh vi duoc céu tao gobm cac bo phan co ban sau:
1. Chdn mdy: Bing gb hoic kim loai gom ba chan, dung dé dat mdy kinh vi
vao diém do. Céc chan c6 thé thay d6i do dai.
2. D¢ mdy: La ban dé€ c¢6 3 6c can bing, ching dé can bang may khi do.
3. Thdn mdy: Gom rat nhi€u ciac bo phan:
- Ban do ngang va ban do dung
- 6ng kinh
- 6ng thuy
- Bo phan doc so
- C4c loai oc khoa, oc vi dong...
a) Ong kinh
La bo phan xdc dinh tia ngam. ong kinh duoc ciu tao gdbm cdc bod phan
chinh (hinh 3.3):
+ Kinh vat 1 ¢6 tac dung tao anh that ctia vat tai tam mang chi chit thap 2

Hinh 3.3 Cau tao 6ng ngim

+ Mang day chit thap 2: 12 mot tdm kinh phang trén d6 khic day ditng va
day ngang vuong goc véi nhau (hinh 3.4). Ngoai ra trén mang chi chit thap con

c6 khac thém cap day do khoang cach.

Hinh 3.4. Hinh anh cua luéi chi chit thap
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+ Kinh mit 3: C6 tac dung nhu kinh lip qua d6 nhin thay anh trén ludi day
chit thap. Kinh mit c6 thé di chuyén duoc nhd mot 6c¢ goi 1a 6c diéu tiéu. Khi
thay d6i vat ngam, vi tri anh twong ting ciling thay déi theo. Dé dua anh vé ludi
day chit thap, nguoi ta bo tri mot thau kinh phan ky giita kinh vat va luéi day chit
thap dé thay ddi tieu cu sau ctia kinh vat. Thau kinh phan ky di chuyén doc truc
nho 6c diéu anh 4.

Duong thang néi quang tam kinh vat véi quang tam kinh mét va di qua tam
ctia mang day chit thap 12 truc ngdm cta 6ng kinh.

Do phéng dai ctia 6ng kinh V*

f
V= 3-1
P (3-1)

Trong do: f, - tieu cu kinh vat
f - tiéu cu kinh mat
Hién nay do phong dai clia 6ng kinh tric dia thudng tir 15 dén 50 lan,
viing ngam 0,5°+ 2°.
b) Ban do va bo phdn doc s6
Trén vanh do ngang va vanh do ding dugc khac vach chia déu thanh céc
khoang. Mdi khoang gia tri vach khic ¢6 do dai cung 1a 1+3mm tuong ing véi
gdoc & tam tir 10°+60°. Kha nang phan biét ciia mat ngudi chi ¢6 han, khoang mot
phan mudi clia khoang chia nho nhat trén vanh do. Dé tang do chinh xdc doc so,
ngudi ta dung céc bo phan doc s6 nhu du xich, kinh hién vi mot vach, kinh hién
vi thang vach. Trong cdc may kinh vi quang hoc thudng sit dung kinh hién vi
thang vach. Doi v6i cac may kinh vi ¢6 do chinh xac cao bo phan doc s6 duoc
gan thém bo do cuc nho.
Trén hinh 3.5 1a hinh anh cua ban d6 ngang va ban do dang khi nhin qua
kinh hién vi. Khi doc s6, dua theo vach khic nao d6 clia vanh do nam lot trong
thang vach.

158 S6 doc trén ban do ngang la
ettt ottt dost HZ = 158°06,2". S6 doc trén
IR S - T S - B ban do ding V = 9223’
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c) OA/ng thity: La bo phan dua dung dé can biang mdy, 6ng thily gom 02 loai
la 6ng thuy tron va ong thuy dai.

- 6ng thiy dai: Pugc cdu tao tr mot 6ng thuy tinh hinh tru v6i mat trén
phia trong c6 dang cong tron, ban kinh R = 3 ™+ 200 ™. 6ng thuy dugc do day
chét 10ng c6 do nhét thap nhu ete hay cén néng réi han kin lai. O nhiét do
thudong, khoi chat 1ong giam thé tich tao khoang tréng goi 1a "bot nudc". Mat
trén ctia ong thuy c6 cac vach chia cdch nhau 2mm tuong Gng vGi géc & tim 1
(Hinh 3.6). Gia tri T cang nho thi do chinh xac cta 6ng thuy cang cao (thuong t
= 15" + 60"). buong ti€p tuyén vGi mat cong phia trong clia 6ng thuy va di qua
diém giita ("diém khong") goi 1a truc cua o6ng thuy dai. Khi hai dau "bot nudc"

d6i xiing v6i nhau qua "diém khong" truc 6ng thuy dai nim ngang.

L' v

[ 11111 | 1>
] i

3.6a 3.6b
Hinh 3.6

- 6ng thay tron: La 6ng thiy tinh hinh try, mat trong cua 6ng thuy tron c6
dang chom cdu, dinh mat chdom céu 1a "diém khong". Trén mat chom cau khic
hai vong tron déng tam ( hinh 3.6b) va khi bot nuéc & di€ém khong thi lic d6 truc
diing clia 6ng thiy tron thang ding. Po nhay 6ng thly tron thdp hon ong thiy
dai, ong thuy tron thudng c¢6 do nhay t = 3’+ 7’ nén chi dung dé can bing so bo.

d) Cdc loai o6c cua mdy kinh vi

- Oc néi: 6¢ dung dé lién két may v6i chan mdy, n6 thudng dugc gan vao
chan may.

- Oc can: May kinh vi ¢6 ba 6c can nim & d€ mdy, cdc 6c can nay cé thé
dai ra hoac ngén lai nham muc dich can bang may.

- Oc ham: Mady kinh vi gobm c6 ba 6¢ ham. Oc him truc quay may, dung
dé khong ché chuyén dong ciia may xung quanh truc quay mdy. Oc him truc

quay 6ng kinh khong ché chuyén dong cta ong kinh xung quanh truc quay cua
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n6. Oc him ban do ngang c6 tac dung khong ché chuyén dong twong doi ctia né
theo truc quay may.

- Oc vi dong: M4y kinh vi ¢6 hai 6c vi dong dung dé bét chinh xdc muc
tieu. Oc vi dong ding ding dé diéu chinh 6ng kinh chuyén dong theo phuong
thang diing trong mot pham vi nho. Oc vi dong ngang c6 tac dung diéu chinh
mdy chuyén dong trong mot pham vi nho theo phuong ngang. Luu y ring 6¢ vi
dong ding va vi dong ngang chi lam viéc khi cac truc tuong tng la truc quay ong
kinh va truc quay may da duoc khoa lai.

3.3. Kiém nghiém cac diéu kién co ban cua may kinh vi

May kinh vi 1a dung cu do dac chinh xac, khi ché tao ching phai dam bao
cac diéu kién nhu sau ( hinh 3.7)

QM) TOK(0)
TQOK(H) TQOK(H)
TO T(L) /// /////// ﬁi To T(L)

TOK(C)
TQM(V)

Hinh 3.7. Céc truc may kinh vi

Céc di€u kién hinh hoc ma cac truc phai dam bao la:
- Truc 6ng thuy dai vudng goc véi truc quay may (TOT L TQM)
- Truc ong kinh vuong goéc véi truc quay ong kinh (TOK 1L TQOK)
- Truc quay ong kinh vuéng géc véi truc quay may TQOK L TQM).
3.3.1. Truc ong thuy dai vuéng géc voi truc quay may
Sau khi can bing mdy, quay mdy dé cho 6ng thuy dai song song véi
duong ndi hai trong ba 6¢ can, xoay hai 6¢ can nay dong thoi va nguoc chiéu
nhau cho bot thuy vao gitra.

Quay mdy 90°, ding 6c can thi ba dua bot nudc vao giita.
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Quay may di 180°, néu bot nudc khong léch hoidc léch khong qud nira
khoang chia thi diéu kién nay thoa man.

Néu bot nudc 1éch nhi€u hon can phai di€u chinh.

| @% S

(c)

c
Hinh 3.8.Kiém nghiém diéu kién TOTLTQM

3.3.2. Truc ong kinh vuong goc véi truc quay ong kinh ( 2C)

Dit mdy & diém A, sau khi can bang mdy, quay mdy vé ngam diém B (cach
mdy 25 + 40m). Diém B phai rd va do cao gin bing do cao 6ng kinh. Po & hai vi
tri 6ng kinh duoc céc tri s6 T va P. Tinh sai 1éch:

P-T-180° = 2c (3-2)

Néu 2¢ < 3my (t: d0 chinh xac cua bo phan doc s6) thi coi nhu di€u kién
nay da dam bao. Néu 2¢ > 3my céan phai di€u chinh.

Gilt nguyén tinh trang ctia may, tinh s6 doc da hiéu chinh.

P'=P+c (3-3)

Tim s6 doc ding P' trén ban do ngang. Lic nay day ding cua ludi chi day
chit thap léch khoi di€ém B. Néi 1ong cdc 6c giit ludi day chit thap, diéu chinh dé
trung tam ludi day chit thap tring diém B sau d6 van chit cac 6c lai.

Diéu kién nay thudng tién hanh mot s6 1an méi thoa man.

3.3.3. Truc quay ong kinh vuong goc véi truc quay may ( 2i)

Ciing tuong tu nhu kiém nghiém diéu kién 3.3.2, chi khdc chon muc tiéu
trén cao. Diéu kién nay dam bao néu: T— P [J 180° < [13.m,

Diéu kién nay rat quan trong khi st dung mdy kinh vi chuyén truc lén ting
cao, trong kiém tra su thang ding clia cong trinh...
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3.3.4. Kiém nghiém day ditng chi chir thap thang ding

Sau khi can bang mdy, hudng ong kinh t6i mot day doi treo ¢ noi kin gié
cach mdy 20+25m. Néu hinh anh day doi trung véGi day chi ding thi diéu kién
nay dam bao. Nguoc lai hinh anh day doi va day chi ding léch nhau thi diéu
chinh bing cach néi 16ng céc 6c giit lu6i chit thap va xoay ludi chi dé day ding
tring véi hinh anh day doi roi van chat cac 6c giit lai.
3.3.5. Kiém nghiém diéu kiéen MO

MO 1a s6 doc trén ban do ding khi truc ngam nam ngang. MO ¢ gid tri 0
hodc 90° (néu may kinh vi do géc thién dinh). Do ché tao, do qua trinh sir dung
gid tri MO c¢6 thé sai khac, néu gid tri sai khdc ndy 16n s€ anh hudng t6i do chinh
xac do goc dung.

Cdch kiém nghiém:

Sau khi can bing may, dé ban do ding bén trai (thuan), ngdm vé mot diém
o nét va doc so6 doc trén ban d¢ ding, dugc s6 doc T.

Quay may, dao ong kinh, lic nay ban do ding & bén tay phai (nghich),
van ngdm diém d6, doc s6 doc trén ban do ditng, dugc s6 doc P.

0
Xc dinh MO theo cong thic: MO = ﬂ (3-4)

Néu MO < [13.my (my: sai s6 doc sO cua mdy) thi coi nhu di€u kién nay
dam bao. Néu khong, can phai diéu chinh.
Khi do goc ding & hai vi tri ban do trai va phai, goc nghiéng & hai vi tri

thuan va dao duoc tinh:

V,=MO-Z
T T . (3_5)
V,=7,-(180" + MO)
Goc nghiéng trung binh giira hai lan do:
V:VT+VP :ZP—(180°+M0)+MO—ZT :ZP—ZT—ISOO (3-6)

2 2 2
Nhu vay, khi do géc ding & hai vi tri 6ng kinh thi két qua trung binh sé
khong bi anh hudng cua sai s6 MO.
3.4. Po goc bang
3.4.1. Phuong phap do géc don (do don gian)
Phuong phéap nay ap dung trong truong hop tai tram do chi cé hai huéng
ngam. D€ ti€n hanh do géc bang B hop boi hai huéng OA va OB ( hinh 3.9) ta

lam nhu sau:
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Dit mdy kinh vi 1én chan mdy tai diém
O tién hanh dinh tam can bang mdy, dung
hai sao tiéu tai diém A va B. Mdi vong do
dugc tao boi hai nlra vong do doc 1ap nhau
& hai vi tri 6ng kinh. Vong do thuan, ban do
ding bén tay trai nguoi do, vong do dao

ban do ding bén tay phai ngudi do.

Hinh 3.9

a) Nita vong do thudn

- Dit gia tri huéng ban diu, ngdm chinh xdc A dugc gid tri a,.

- M6 6¢ ham , quay mdy thuan kim déng h6 ngam chinh xdc B doc dugc s6 b,.
Gia tri géc la: B, =b, -a, (3-7)

b) Nua vong do ddo:

- Dédo 6ng kinh qua thién dinh quay may nguoc chiéu kim déng hé ngdm B,
doc dugc b,.

- Quay mdy ngugc kim dong hd ngam vé diém A, doc dugc tri s6 a,. Gia tri
goc khi do dao kinh 1a: B, =b,-a, (3-8)

c¢) Tinh gid tri goc cua vong do:
Néu B, - B, < 2t (t: do chinh xac clia may) thi gia tri gbc cua vong do P la:

B= P —B, (3_9)

2

180° ,
o

Néu tai mot tram do n vong thi gia tri huéng ban dau s€ khac nhau
n

moi vong do.
SO PO GOC BANG THEO PHUONG PHAP PO DON GIAN

May: T100 So6: 893 Nguoi do: Trdan Vin An

Ngay do: 20/09/2006

Thoi tiét: troi ndng, gié nhe

Nguoi ghi: Nguyén Vin Hiing
Nguoi tinh: Nguyén Vin Hiing

Tram do | Huéng S6 doc ban do ngang Géc nura 1an G6c mot 1an Géc trune binh
Lan do do Trai-T Phai - P do do g
1 2 3 4 5 6 7
0 A 0°00°00”(1) 179°59°50”(4) | 105°35°207[1]
1 105°35°35”[3] | 105°35°28[4]
B 105°35°20(2) 285°35°40(3) | 105°35°507[2]
0 A 60°00°00” 240°00°20” 105°35°40”
5 105°35°35”
B 165°35°40” 345°35°50” 105°35°30”
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3.4.2. Phuong phap do toan vong

Phuong phép nay ap dung cho tram do c6 ba huéng do trd 1én.

Hinh 3.10

Gia str do géc tai tram may O gom 3 huéng do OA, OB va OC (hinh 3.10).
My kinh da dugc dinh tAm va can bang chinh x4dc tai O, tiéu ngam dat tai A, B,
va C.

- Dé ban do ding bén trai (vi tri thuan 6ng kinh), ngdm chinh xdc diém A,
quay mdy thuan chiéu kim déng hé 14an luot ngdm chinh xac cdc diém B, C va A,
doc s0 trén ban do ngang, 1an luot dugc cac gia tria,, b, c,, a’;.

- Quay mdy va dao ong kinh dé€ ban do diing bén phai (vi tri dao ong kinh),
ngam chinh xdc diém A, quay mdy nguoc chiéu kim dong hé lan lugt ngam
chinh x4c céc diém C, B va A, doc s6 trén ban do ngang, 1an luot duoc cac gia tri
a,, C,, b,, a’,.

Cach ghi s6 do gbc bing theo phuong phap do toan vong duoc trinh bay
theo bang 3.2.

SO PO GOC BANG THEO PHUONG PHAP PO TOAN VONG

May:T100 So: 724693 Nguoi do: Trdan Vin An
Ngay do: 20/09/2006 Nguoi ghi: Nguyén Vin Hiing
Thoi tiét: troi ndng, gié nhe Nguoi tinh: Nguyén Vin Hiing
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Bdng 3.2

Tra:m do | Hudng SO doc ban do ngalql'g 2 Trung% binh Quy 0 Goc trung binh
Lan do do Trai - T Phai - P huéng
1 2 3 4 5 6 7
A 0°00°00(1) 180°00°20”(8) | -20” | 0°00°107/12[1] 0°00°00”[5]
(6] B 42°36°107(2) 222°36°207(7) | -10” 42°36°157[2] 42°36°037[6] | 42°36°00”[8]
1 C 89°20°30(3) 269°20°207(6) | +10” 8920°25”[3] 89°20°13”[7] | 89°20°177[9]
A 0°00°107(4) 180°00°20”(5) | -10” 0°00°15”[4]
A 60°00°10” 240°00°20” -20” 60°00°157/15 00°00°00”
(6] B 102°36°20” 282°36°10” +10” 102°36°15” 42°36°00”
2 C 149°20°40” 329°20°30” +10” 149°20°35” 8920°20”
A 60°00°10” 240°00°20” -10” 60°00°15”
A 120°00°00” 299°59°50” +10” 119°59°557/-2 00°00°00”
(6] B 162°35°50” 342°36°00” -10” 162°35°55” 42°35°57”
3 C 20920°10” 29°20°20” -10” 209°20°15” 89°20°17”
A 119°59°50” 300°00°10” -20” 120°00°00”

3.5. Sai so trong do goc bang

Nhitng nguyén nhan chinh gay ra sai s6 trong do géc bang l1a: moi trudng

do, dung cu do va do nguoi do. Thong qua viéc nghién cttu cac sai s6 nay nguoi
ta tim ra dugc bién phap lam giam hoac loai trir dugc ching ra khoi cac két qua
do.

1. Sai s0 do mdéi truong:

Khi tia ngdm truyén trong moi trudong do cé hé s6 chiét sudt khac nhau, né
bi khic xa sai s6 nay la sai s6 chiét quang. Sai sO nay rat khé xac dinh vi n6 luén
bién déi theo yéu t6 khi tugng. Dé khiac phuc khong nén bo tri cac huéng ngam
chay doc song, b bién, qua khu cong nghiép....

Anh hudng cta bui, 4nh ning.. 1am cho hinh 4anh cta muc tiéu khong duogc
ro nét, anh sang mat trdi chiéu truc ti€p vao may lam cho cac bd phan ctia may
gian nd khong déu. Dé han ché nén do gbc & thoi diém thich hop, c6 bién phap
bao vé mdy nhu ding 6 che may dé cho cac tham s6 k§ thuat ctia mdy dugc 6n
dinh.

2. Sai 56 do mady:

Tru6c khi do thong thudng mdy kinh vi da dugc kiém nghiém va hiéu
chinh, song khong thé thod man hoan toan cac diéu kién hinh hoc clia may va dé

cling 1a nguyén nhan dan dén sai so.
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Tuy nhién, n€u do géc & hai vi tri ban do s& khac phuc duoc sai s6 do truc
ngam khong vuong gdoc véi truc quay ong kinh ciing nhu truc quay 6ng kinh
khong vuoéng gbc vdi truc quay mdy, con khi dat gid tri huéng ban dau ctia moi
vong do khac nhau 180°/n s&€ 1am giam sai s6 cac vach khic khong déu nhau ctua
vanh do.

3. Sai s6 do nguoi do:

a) Sai s6 do dinh tdm mdy:

Theo hinh v€ (3.11) may dat léch tam doan e_,
8y=B-p'= o (3-10)
SA

Nhu vay, anh hudng cua sai sO nay
cang I6n khi khoang cach tir may dén
tiéu cang nho va ban kinh léch tdm e

cang 16n. D€ han ch€, giam e bang cich B
dung bo phan dinh tAm quang hoc. (sai) (diing)
b) Sai s6 do dinh tam tiéu Hinh 3.11

Tiéu bi léch tam do dat tiéu ra ngoai moc hoac do dung tiéu nghiéng ( hinh

3.12). Sai s6 0 do dinh tam tiéu tai A la: A (sai)

(]
5=t 3-11
S, p ( )

Dé khiac phuc, ngoai viéc dat
tiéu ding tam moc va dung tiéu thang,

khi do c6 gang ngam dén goc hodc gan

goc tiéu.
c) Sai s6'ngam m,:
e a2 Hinh 3.12
n T ES
60": G6c nhin t6i han clia mat nguoi do.
V*: Do phong dai cua ong kinh.
d) Sai s6 do doc m,
t
mg= - (3-13)

t: Do chinh xac ctia bo phan doc so.
So v6i cac sai s6 thanh phan khac, sai s6 do doc s6 anh hudng 16n hon ca.
Do d6, khi do goc, can luu y dén sai sO nay.
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3.6. Do goc ding

v

A MO

Hinh 3.13 Do gbc ding

Gia sur can do géc ditng huéng AB hinh (3.13). Sau khi can bang, dat may
tai diém A.

O vi tri thuan kinh, dung chi gifta bat chinh xdc muc tiéu diém B, doc
dugc s6 doc T trén ban do ding. Dao kinh, bat lai muc tiéu diém B, doc duogc
trén ban do dung s6 doc P.

Tuy vao cach khac vach ma ta xac dinh duoc gia tri MO, v6i mdy Theo
020, T110, T100 MO dugc tinh theo cong thiic:

+ 0
MO:P+T2_180 (3-14)
Gia tri goc dung (goéc nghiéng) dugc xac dinh theo cong thirc:
Vi=MO'-T
VP =P —MO" (3-15)

V=(V+V")2
Dé tang do chinh xdc, & mdi vi tri 6ng kinh ngudi ta do goc diing ba lan
ing vGi ba vi tri bat muc tiéu bang chi trén, chi dudi va chi giira.
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Chuong 4
PO KHOANG CACH

4.1. Khai niém

Xac dinh khoang cdch gifta hai diém 1a mot trong céc cong tac do co ban
cta trac dia.

Gia str ¢6 hai diém A va B trén mat dat tu nhién ( hinh 4.1) khoang céch
AB 1a khoang c4ch nghiéng ki hiéu 12 D. Chi€u hai diém A va B nén mat phang
nam ngang theo phuong day doi dugc hinh chiéu tuong tng 1a A,, B,; khoang
cach A B, 1a khoang cach ngang ki hiéu 1a S.

D B

|
i |
I i
| 1
A !
[ & ’
#
B /
A o
#
#

Ay S

Hinh. 4.1
Dé xdc dinh do dai AB c6 thé dung phuong phdp do truc ti€p ( so sanh
truc ti€p chi€u dai can do vé6i chiéu dai cua dung cu do ) hoac do gian ti€p (
chiéu dai can xdc dinh duoc tinh thong qua moét dai luong khac dugc do truc
ti€p).
Phan loai do khoang cach theo dung cu do ¢6 cac phuong phap do:
- Do dai bang thudc: thuée gd, thude vai, thude thép, thude inva.

- Do dai quang hoc.

+ Dua theo nguyén 1y x4c dinh
mot trong hai dai luong ctuia tam giac thi /m b
sai ( hinh 5.2) va diing cong thic tuong \N

ting dé tinh két qua:

1
S= Ebcotgg 4.1) Hinh 4.2

Trong do:
b - Canh day;
B - Goc thi sai.
- Do dai bang séng dién tir: Dat may tai diém A, thiét bi phan xa song tai
B chiéu dai AB tinh theo cong thic:
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v.t

S= o 4.2)
v - van toc truyén séng trong khi quyén;
t- thoi gian song di va vé trén quang duong AB.
Tuong tng véi loai s6ng ta ¢6 mdy do dai bang séng dnh sdng va mdy do

dai vo tuyén dién.
- Do dai bang cong nghé GPS.
Phan loai do dai theo do chinh x4c ta c6:
- Do dai do chinh x4c cao: 1 LS—LG
r 100 10

- Do dai do chinh x4c trung binh: LIS N

T~ 5000 10000
< oxaA o Ls . v 1 1 1
- Do dai do chinh x4c thap: =300 3000

4.2. Po khoang cach bang thude thép
4.2.1. Dung cu do

Thué6c thép phd bién dung trong tric dia thudng cé chiéu dai la 20, 30,
50m, chiéu rong cua thudc 10-15mm, do day 0.2- 0.3mm. D€ ting do chinh x4c
khi do thu6c dugc khiac dén mm & dm dau tién. TruGe khi do phai kiém tra, kiém
nghiém thudc dé biét thudc c6 dam bao yéu cdu do dac hay khong va chiéu dai
thuc t€ cua thudc.
4.2.2. Dinh duong thang

Thong thuong chiéu dai doan thang thudng 16n hon chiéu dai clia thudc
lén ta phdi chia doan thang cin do ra 1am nhiéu doan trén huéng duong thang dé6
sao cho chiéu dai cdc doan nay ngan hon chiéu dai cta thudc (hinh 4.3). Thao
tac d6 goi la dinh dudng thang. Viéc dinh dudng thang c6 thé bang mat thudong
hoac biang may.

A B

Hinh 4.3

Pinh dudng thang bang mat (hinh 4.3) dung sao tiéu tai hai diém A va B,

mot ngudi ding phia sau diém A ngdm 2 sdo tiéu ndy trung nhau. Diéu chinh
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ngudi thit hai dung sao tiéu tai cic diém trung gian sao cho sao tiéu tring véi
huéng ban dau.

Sao tié
a0 ey Sao tiby Sao teu

Hinh 4.4

Dinh huéng biang mdy (hinh 4.5) dat mdy kinh vi tai A can bang may ngam
v€ sao tiéu tai B. Khéa 6¢ ham vanh d6 ngang khi d6 6ng kinh quay xung quanh
truc quay clia né va tao ra mat phang thang diing. Tat c4 cdc vi tri sdo tiéu nim
trong mit phang nay déu thuoc huéng AB.

O 7 2 I8 B

Hinh 4.5
4.2.3. Do va tinh khoang cach
Dung thudc thép xéc dinh truc ti€p chiéu dai giita 2 diém trung gian ké
nhau. Phai ti€n hanh hai 14n do 12 do di va do vé viéc 1am nay dé loai trir sai sO
sai 1am va la co s& cho viéc danh gia do chinh xac két qua do.

Néu sai so tuong do < % thoa man yéu cau dat ra cia cong trinh
th

thi tinh gia tri trung binh do di va do vé lam két qua cudi cung.

1
Stb = E(Sdi +S8,:) (4-3)

Khi khoang cach giita hai diém do duoc 1a khoang cich nghiéng D, cin tinh

chuyén vé chiéu dai bing S.
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Néu dia hinh gitta A va B la doc déu, xac dinh géc nghiéng V (hinh 4.6) ta
tinh duoc
S=DcosV 4-4)

Hinh 4.6

Néu dia hinh giita A va B ¢6 do doc thay déi (hinh 4.7) hodc do do chinh
Xac yéu cau, can xac dinh hiéu do cao giita cac coc phan doan. Khi d6 chiéu dai

bing cta doan thang thit i 1a:

S,=D,+ AD, (4-5)

h}
AD; = - — 4-6
iz o (4-6)

1

S1 SZ Sn-l Sn
o o o o o o
(6] 10 2'0 nO o
Hinh 4.7
Va chiéu dai d cua doan AB sé€ la:
n n h2
S=>D. - 1' 4-7
z t z 2D1 ( )

i=l1 i=l
Trong d6: D, Chiéu dai do truc ti€p ¢ doan i
h,. P6 chénh cao gitta hai coc phan doan i
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4.2.4. Sai so trong do khoang cach bang thudc thép
a) Sai s6 do kiém nghiém thudc:
Al =11, (4-8)
1. chiéu dai thuc t&€
1,. chi€u dai danh nghia
b) Sai s6 do dnh huong ciia su thay doi nhiét do:
Al, = all,. At (4-9)
o: hé s6 gian nd vi nhiét cua vat liéu lam thuéc
At: chénh léch nhiét do gitta khi do va khi kiém nghiém
¢) Sai s6 do thudc bi nghiéng (hinh 4.8)

Al =" i 4-10
=55 (4-10)
D
h
v
S
Hinh 4.8
d) Sai s6' do dinh dwong thang: (hinh 4.9)
A2
Al,= =< 4-11
=5 (4-11)
2 A,
D ‘ 4
s UL —
A, 3
Hinh 4.9
e) Sai so do thudc bi vong: g AS
Al = 8?; (4-12) B L ——
' Hinh 4.10

1) Sai s6 do luc kéo thudc khong déu:
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d.AP
Alg= == 4-13
= L E (4-13)

Vé6i:  AP: Chénh léch luc kéo thudc khi do so v6i khi kiém nghiém
E: Hé s6 dan hoi cta vat liéu lam thudc
q: Tiét dién thudc.
Ngoai ra con phai tinh dén sai s6 do thudc bi cong theo phuong ngang, sai
s6 do doc s6, do vach khic cua thuéc khong déu...

4.3. Po khoang cach bang may cé cap day do khoang cach va mia ding
Phuong phap do khoang cach truc ti€p chi thuc hién duoc khi dia hinh
thuan lgi. Trong truong hop phai vuot song ngoi, ao ho... thi phuong phap do
khoang cach gian ti€p 1a hop ly. Mot trong nhitng phuong phap do gidn tiép 1a do
bang hé thong ludi chi ciia mdy kinh vi hoac mdy thuy binh ( hinh 4.11) két hop
v6i mia ding. Mia 1a thude lam bang gb hodc kim loai chiéu dai tir 3 +4m, khic

( Vach do xa

Hinh 4.11

vach dén cm.

Dé do khoang cdch giita hai diém A va B, mdy dat tai A, mia dat tai B.
4.3.1. Truong hop tia ngam nam ngang

Theo hinh 4.12 ta tinh duoc:
D.n_p-t, (4-14)
f p p
Khoang cach D tir truc quay ciia may dén mia la:
D=D"+f+9 (4-15)
Trong d6: f: tiéu cu cua kinh vat
p: khoang cach gitra 2 day do khoang cach
d: khoang cach tir truc quay cua mdy dén tdm ctia kinh vat

n: khoang cdch trén mia giita hai diém E va C
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Truc may :
. E
BN D)
| !
C | !
. |
! F |
o | _iQ
B 5SS SV R ORI ISPt RS S
p ™15 | >
| i
! i
‘ ' C
5, f D | -
i 1
/A v g ey v VY e é
Hinh 4.12

V6i mbi may cu thé f + & = C thuong khong déi va duoc goi 1a hing s6 cua
may va ty s f_ K ciing khong doi duoc goi 1a hé s6 do dai.

Chiéu dai D sé la:

D=Kn+C (4-16)
Hé s6 C thuong rat nho so véi khoang cach can do nén c6 thé bo qua, khi d6:
D =Kn 4-17)

Dé dé dang trong tinh todn, ngudi ta cau tao mdy sao cho K = 100 (c6
trudong hop bang 200).
4.3.2. Truong hop tia ngam nghiéng

Trong thuc t€ tia ngdm thudng bi nghiéng so v6i mat phang nim ngang
mot goc V (hinh 4.13).

Hinh 4.13
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Khoang cach nghiéng: D = Kn’ (4-18)

n' = n.cosV (4-19)
Khoang cach nghiéng D:
D=Kn'=K.ncosV (4-20)

Khoang cdach niam ngang S:
S=D. cosV =K n cos*’V (4-21)
Cong thic (4-21) c6 thé viét dudi dang:
S = Kn(1-sin*V) = Kn-Knsin*’V (4-22)
Trong d6 AD = Knsin®*V 1a s6 hiéu chinh tir chiéu dai nghiéng vé chiéu dai
béng, dai luong nay ¢6 thé xdc dinh nhanh chéng trong béang tra chuyén ding.
Trong thuc € v6i V< 2° ¢6 thé coi chiéu dai nghiéng xap xi chiéu dai bang.
Do chiéu dai theo phuong phdap nay nhanh chéng, phtt hop véi dia hinh
phtc tap song do chinh xac thap (1:300).
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Chuong 5
PO CAO
5.1. Khai niém
Do cao tuyét doi ctia mot diém (H) 1a khoang céch theo phuong day doi tir
diém d6 t6i mat thuy chudn goc ( hinh 5.1).

Mat thuy chuén

Hinh 5.1

Do cao twong doi hay chénh cao giita hai diém 1a khoang cach tinh theo
phuong day doi gifta hai mat thiy chuin quy udc di qua hai diém do:

h,s =Hg - Hy (5-1)
Do cao 1a xéc dinh chénh cao giita hai diém va tir d6 cao ciia mot diém xac
dinh do cao clia diém con lai: Hy=H, + h,, (5-2)
5.2. Po cao hinh hoc

5.2.1. Nguyén ly do cao hinh hoc

Dua trén co s& tia ngdm ngam ngang (hinh 5.2) dé x4c dinh hiéu do cao h,,
(chénh cao gifta hai diém A va B).

Po cao hinh hoc dat duoc do chinh xac cao m, = (0,5 + 50) mm/km phuong
phéap nay thuong duoc ap dung trong do luéi khong ché do cao, xay dung cong
trinh...

Tia ngdm ngang |

: b
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Dung cu dé tao tia ngdim nidm ngang 1a may thuy binh (ni vo) con dung cu
dat tai cac diém dé tao ra cac "s6 doc" 12 mia.

Néu mdy thuy binh dat trong khoang AB (hinh 5.3a) ta ¢6 do cao tur giita,
con néu may dat & A, mia dat & B hoac may dat 6 B mia dat & A tuong tng c6 do
cao mot phia ( hinh 5.3b).

a
/ / / / / / / / i t Mat nude gﬁc
Hinh 5.3a Hinh 5.3b
Phuong phap do cao hinh hoc tur gitta cho do chinh xac cao lén hay dugc ap
dung.

Gia sir can x4c dinh chénh cao gifta hai diém A va B dat mdy thuy binh &
khoéang gitta A diém da biét do cao H, (mia sau) va B diém can xdc dinh do cao (
mia trudc), doc cac gia tri a, b trén mia dung & A va B (hinh 5.3a) ta c6:

h,g=a-b (5-3)
va: Hy=H, + h,; (5-4)

Néu hai diém A, B xa nhau (hinh 5.4), cin phai thuc hién lién ti€p nhiéu
tram do. Khi do:

h,z=h,+h,+... + h,
hag= D4, (5-5)
i=1
Trong d6 h,1a do chénh cao & doan do thit i. Do cao cla di€ém B sé 1a:

Hg=H, + ) h; (5-6)
i=1

A e Hinh 5.4
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5.2.2. May thuay binh va mia

1. Mdy thity binh: La dung cu tric dia chiic niang chinh dung dé do cao
ngoai ra con dung dé do gbc va do khoang céch.

TOK {C) . \

TOT(L)  -—---

TQM (V)

__ TOK(C) \Q\n.

=== TOT{L) E

e =
TOM (W)
Hinh 5.5a. Mdy thuy binh Hinh 5.5b. Mia do cao

Theo do6 chinh xadc may thuy binh duoc chia thanh:

+ M4y thuy binh chinh x4c cao m, = (0,5 +1,0) mm/km thudng ding dé do
luGi do cao Nha nude cdp I, II; quan trac ldn.

+ Mady thuy binh chinh xac trung binh: m, = (3 +8) mm/km. St dung do
luGi Nha nudce cap III, IV quan trac lin trong giai doan thi cong cong trinh...

+ M4y thuy binh chinh xac thap: m, = (10 +30) mm/km. St dung trong do
thuy chudn k§ thuat va phuc vu xay dung céc cac cong trinh.

Theo cau tao mdy thuy binh duoc chia thanh hai nhém:

+ M4y thuly binh ¢6 6c kich nang dé diéu chinh tia nhim nim ngang.
+ M4y thly binh tu dong diéu chinh tia ngdim nam ngang.

2. Mia do cao (hinh 5.5b)

Mia do cao dugc lam bang g6 hodc kim loai dai 3 mét, c6 hai mit déu ké
thang so chia vach vé6i khoang chia nho nhat dén cm. Mot mat ¢6 vach chia va so
mau den la mat chinh (goi 1a mat den) con mat kia vach va s6 mau do (mat do)
dé ki€m tra khi do. D€ mia mit den c6 gid tri 0,000 con d€ mia mat do cé gid tri
khac khong (4473, 4573...) goi la hang s6 mia. Gia tri d¢ mia mat dé ctia mot
cap mia thudng chénh nhau 100 mm. Mia ¢6 gan 6ng thuy tron dé dung mia
duoc thang ding.
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5.2.3. Kiém nghiém cac diéu kién ciia may thuy binh

Ciing tuong tu nhu may kinh vi, mdy thuy binh phai thoa man cac di€u
kién hinh hoc co ban:

1. Truc 6ng thuy dai vuéng goc véi truc quay may

2. Day ngang ctia day chit thap ndm ngang.

3. Truc 6ng kinh song song véi truc 6ng thuy dai (sai s6 goc i).

Hai diéu kién 1 va 2 duoc ki€m nghiém tuong tu nhu d6i véi mdy kinh vi.

Kiém nghiém truc ong kinh song song vdi truc ong thuy dai (hay con goi

diéu kién truc ong kinh nam ngang hodc sai so goc i)

Sai s6 goc i: La géc hop bdi truc ngam ong kinh va mat phiang ngang (hinh
5.6).

Hinh 5.6

Néu may thuy binh khong ¢6 sai s6 goc i, cac s6 doc tuong ung trén mia A
va B la s va t, chénh cao khong chia sai s6 h dugc xac dinh:
h=s-t (5.7)
Néu mady ton tai sai s6 goc i, cac s6 doc tuong tng s’ va t’, chénh cao bi
anh hudng cua sai s6 goc i la: h=s —1t (5.8)
Theo hinh 5.6: h> = (s + s's ) — (t + '1) = (s + S,tgi) - (t + Sgtgi) (5.9)
Hay: h’ =h + (S, — Sp)tgi (5.10)
Néu S, = Sg thi W’ = h, tiic la mdy ddt giita hai mia thi sai so goc i bi triét
tiéu
Kiém nghiém:
Chon hai diém A va B trén khoang dat twong doi bing phang, cich nhau
khoang 50m ( hinh 5.7).
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Hinh 5.7
Dit mdy cdch déu hai diém, can bing chinh x4c. Quay may doc s6 doc mia

tai A, dugc gia tri s. Quay may doc s6 doc mia tai B, duoc gia tri t.
Chénh cao khong chira sai sO goc i: h=s-t
Chuyén mdy cdch mia sau 2 - 3m. Do chénh cao giita hai diém A va B lan
thit hai tuong tu nhu trén.
Chénh cao chita sai s6 goc i: h’=s—1¢
Sai 1éch gitta hai gia tri chénh cao h’ va h 1a do anh hudng cua sai s6 goc i,
sai 1éch nay phai nho hon mot gia tri nhat dinh. Vi du khi do cao hang IV, hiéu
(h—h’) < 3mm.
5.2.4. Do cao hinh hoc hang IV
Tuy do chinh xac, do cao hinh hoc dugc chia thanh 5 cap. Trong dé cap IV
va cap V thuong duoc ap dung trong xay dung.
Trong do cao cép IV, thuong dung may thuy binh ¢6 d6 phéng dai ong kinh
V* > 25%, © < 25"/2 mm, mia hai mat den do c6 gan 6ng thuy tron.
Trinh tu cong viéc tai moi tram do:
-Dit mdy & gitta hai diém can do, can bing so bo mdy bang 6ng thuy tron.
-Dung mia & hai diém sao cho mia thang ding (dua vao 6ng thuy tron gan
trén mia).
-Quay mdy ngdm mat den mia sau, doc s chi trén (t), chi giita (g), chi
dudi (d).
-Quay mdy ngam mat den mia trudc doc s6 chi trén (t), chi gita (g), chi
du6i (d). Poc s6 doc trén mat do mia trude theo vach gitra
-Quay mady trd lai ngdm mat dé mia sau, doc so theo vach giira.
Trudc khi doc cdc s6 doc trén mia phai dung oc kinh nang dé dua bot thuy

cua ong thuy dai tap trung.
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Mot sO quy dinh trong do cao hinh hoc hang IV.

- Khoang cédch tir mdy dén mia khong 16n hon 100m, chénh 1éch chiéu dai

tia ngdm trudc va tia ngam sau khong qua 5m va chénh tich luy trén tuyén do

khong qua 10m.

- Tia ngam phai cdch mat dat t6i thiéu 1a 0,2m.

- Sai léch giita do chénh cao tinh theo mat den va mat d6 khong qua Smm.

SO PO PO CAO THUY CHUAN HANG IV

Mady: NAS820 No 56971
Ngay do: 22- - 2006
Thoi tiét: Ndng, gié nhe

Nguoi do: Trdan Vin An
Ngudi ghi: Nguyén Phiic Thing
Ngudi tinh: Nguyén Phiic Thdng

Hang s6 mia: ¢, = 4475, c, = 4575.
y Chénh cao
Tram A S6 doc )
do/ Ss (M) Ki hleu mia den do Chénh cao trung binh
tuyén St (m) ma- (mm) hyg (mm)
do AS/ZS Hang so ?g;l Truée (T)
1 2 3 4 5 6
74.2[1] den trén 1636(1) 2363(4)
77.0[2] den giita 1265(2) 1978(5) -713[7]
1/A-B | 151.2/-2.8 | den du6i 0894(3) 1593(6)
[31/14] do giita 5741(8) 6553(7) -812[8]
c 4476][5] 4575[6] +99[9]
88.8 den trén 2600 2413
86.0 den giita 2156 1983 +173
1/B-C den dudi 1712 1553
174.8/+2.8 do giita 6730 6454 +276
C 4574 4471 -103
Trinh tu tinh toan va kiém tra:
Khoang ngiam: [11=(1)—3)
[2] =(4) —(6)
Téng khoang ngam: [3]=[1] + [2]
Chénh léch khoang ngam: [4] = [1] — [2]
Hang s6 mia: [51=@)—(3)
[6] = (7) —(6)
Chénh cao mat den: [71=2) —(5)
Chénh cao mat do: [8]=(8) — (7)

Kiém tra:

Héng s6 clia cap mia

Chénh cao trung binh

[8] — [7]< [l Smm

[91=[6] —[5]=[7]—[8]

110] = [7]+[82]i100
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5.2.5. Do chinh xac trong do cao hinh hoc
1. Sai s6 dung cu do:

-Do diéu kién co ban (géc i) khong dam béao, c6 thé han ché sai s6 nay
bang cach dat mdy cach déu 2 mia (do cao tir gita) hodc giam tdm ngam (do cao
phia truéc, do cao phia sau).

-Do vach khac trén mia khong déu, mia bi cong, vénh, d€ mia bi mon...

2. Sai s6 do nguoi do:

-Do can 6ng thuy dai khong that chinh xdc. Can dam chan may chac chan
truGe khi do va tranh do lac gié to.

-Do dung mia bi nghiéng. Khac phuc bang cdch ding mia c6 gian 6ng thuy
tron.

-Sai s6 do ngam va doc s6, sai s6 nay phu thudc vao khoang cach do
ngam, do phéng dai 6ng kinh...

3. Sai s6 do moi truong:

-Khiic xa 4nh sdng 12 yéu t6 rat quan trong, dé han ch€ sai s6 nay can rit
ngan tdm ngam, tia ngdm phai cach chuéng ngai vat 16n hon 0,2m, do vao lic
thoi tiét tot.

-Do mady bi chi€u nang truc ti€p s€ gidn nd cuc bo do d6 khi do phai ding
0 che may.

4. Sai s6 do anh huong do cong trdi ddt:

Sai s6 nay s& khong dang ké khi do cao tir gifta v6i chiéu dai tia ngam
truéc bang hoac xap xi chiéu dai tia ngam sau.

Khi do cao phia trudc hoac sau, can tinh hiéu chinh sai s6 nay vao két qua
do khi chiéu dai tia ngam 16n hon 50m.

5.3. Po cao lugng giac

Do cao hinh hoc cho do chinh xdc cao nhung trong di€u kién dia hinh phc
tap, do doc dia hinh 16n thi phuong phdp do cao luong gidc ¢6 nhiéu vu diém
hon.

Trong do cao lugng gidc chénh cao h duoc xac dinh qua géc nghiéng cta tia
ngam va chiéu dai bing giita hai diém.

Dé xdc dinh chénh cao giita hai diém A va B ( hinh 5.8) tai A dat mdy kinh
vi tién hanh do chiéu cao mdy j. Ngdm mia tai diém B doc duoc s6 | trén mia. Do
gbc dung V.
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Hinh 5.8. Do cao lugng gidc

Theo hinh vé ta co:

h'+j=h,g+1

hay= h'+j-1 (5-11)
Néu khoang cdch AB = S duoc xdc dinh bang thudc thép thi:

h'=S.tagV (5-12)

= h,;=StgV +j—1 (5-13)
Néu khoang cidch AB dugc do bing day do khoang cdch theo 4.21 ta cé:
S =Kn cos’V

1
khi do: h' = Kn cos*V.tagV = 5 Knsin2V  (5-14)
Thay (5-13) vao (5-11) duogc:
1
h,g= 2 Knsin 2V +j -1 (5-15)

Véi: K-hé s6 do xa cia may

n-Khoang cdch trén mia chan gitta 2 vach do xa

V-G6c nghiéng clia tia ngdm

j-Chiéu cao mdy dat & A

1-S6 doc trén mia theo day chi giita

Tur (5-13) ta nhan thay, dé xac dinh do chénh cao giita hai diém trén can

phai do cdc yéu t6: j, 1, v, S. Néu goi cdc sai so tuong ting la m;, m;, m,, my thi sai
s0 xac dinh do chénh cao theo (5-13) s€ la:
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s (onY , (onY m® (enY , (on) ,
mh = 5 mS+ a— sz + aT m, + a— mj
v 2 J

2
e m? 4 m’ (5-16)

IZ

Do chinh xac do cao luong gidc phu thudc vao do chinh xac do khoang

m, = tg’V.m; +S*Sec’v

céach gifta hai di€m va do chinh xac do géc nghiéng V.
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Chuong 6

LUGI KHONG CHE MAT BANG

6.1. Khai niém

Lu6i khong ché€ mat bang 1a tap hop cdc diém duoc co dinh ngoai thuc dia

c6 toa do mat bang dugc xdc dinh chinh x4c trong mot hé thong nhat.

Luéi khong ché mat bang duoc xay dung theo nguyén tac tir tong thé dén

cuc bo, tr do chinh xac cao dén do chinh xac thap.

Theo quy mo va do chinh xdc lu6i khong ch€ mit bang duoc chia thanh 03

dang:
- Luéi khong ché nha nuéc
- Luéi khong ché khu vuc

- Lu6i khong ché do vé

Ludi khong ché€ mat biang nha nude duge xay dung gom 04 cép. Ludi hang

I bao phu toan qudc, lugi hang I chém day vao luGi hang I, tiép d6 chém day
thém bang luGi hang III va hang IV. Cic chi tiéu k§ thuat cta ludi bang 6.1

Bang 6.1 Céc chi tiéu k¥ thuat cta luéi tam giac Nha nudc

Chi tiéu ky thuat Hang | Hang 11 Hang 111 Hang IV
Chiéu dai canh tam gidc (km) 20 +30 7+20 5+10 2+6
. .. . 1 1 1 1
Sai s0 tuong doi do canh day
400000 300000 200000 200000
Sai s6 trung phuong do géc +0"7 +1"00 +1"5 +2"5
Go6c nho nhat trong tam gidc 40° 30° 30° 25°

Luéi khong ché khu vuc duge xay dung dua vao cdc diém Iu6i khong ché

nha nudc. C4c dang cua ludi khong ché khu vuc ¢6 thé 1a ludi giai tich cdp 1, cap

2, duong chuyén cap 1, cép 2.

Bang 6.2 Cac chi tiéu k¥ thuat cua luéi duong chuyén cép 1, cap 2

Yéu cau ky thuat Cép | Céap |l

Chiéu dai duong chuyén (km)

- DPudng don 5 3

- Giita diém khdi tinh va diém niit 3 2

- Gifta cac diém nut 2 1,5
Chu vi vong khép 16n nhat (km) 15 9
Chiéu dai canh (m) 120 - 800 80 - 350
Go6c nho nhat >25° > 25°
S6 canh nhiéu nhat trong duong chuyén 15 15
Sai s6 trung phuong do géc + 3" + 10"
Sai s6 khép goc clia duong chuyén <+10"/n < 420" /n
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Luéi khong ché do vé€ 1a cap cudi cung ctia mang lugi khong ché phuc vu
truc ti€p cho viéc do vé ban d6 dia hinh. Ludi khong ché do vé duoc xay dung
duéi dang dudng chuyén kinh vi, lu6i tam gidc nho, giao hoi diém... Do chinh
xac cta lu6i khong ché€ do vé phu thudc vao ty 1€ ban do can thanh lap.

Theo phuong phap xay dung luGi khong ché mit bang dugc chia thanh:

- Phuong phédp tam giac

- Phuong phdp duong chuyén

- Phuong phédp dinh vi v¢ tinh
6.2. Dinh huéng duong thang

Dinh huéng duong thang 12 x4c dinh géc gifta duong thang v6i mot huéng
dugc chon lam huéng goc. Trong Trac dia, huéng goc dugce chon cé thé 1a kinh
tuyén thuc, kinh tuyén tir va kinh tuyén truc cua mui. Tuong tng cé cac khai
niém: goc phuong vi thuc, phuong vi tir va géc dinh huéng.

1. Géc phuong vi thuc: La géc hop bdi hudng bac clia kinh tuyén thuc dén
huéng ctia dudng thang theo chiéu kim déng hé ( hinh 6.1).

G6c phuong vi thuc ¢6 gid tri tir 0 +360°

Do céc kinh tuyén thuc khong song song

v6i nhau lén trén cing mot dudng thang tai Be

céc diém khac nhau géc phuong vi thuc sé

khac nhau: A;; = A, +y. Trong d6 y 1a do gan

kinh tuyén y = A, sino. C Hinh 6.1
2. Go6c phuong vi tir:

Goc phuong vi tir (A') 1a goc tinh tir
huéng bac cta kinh tuyén tir (huéng kim
nam cham) t6i huéng clia dudong thang
theo chiéu thuan kim dong hé. Goéc
phuong vi tir c6 gia tri tir 0° dén 360°.

Kinh tuyén tir cdc diém khdc nhau
s€ khong song song v6i nhau. Do dé
phuong vi tir tai cdc diém khac nhau trén
cuing dudng thang ciing khac nhau:

A=A UG
Trong dé: 6 - do 1éch tir.

Hinh 6.2
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3. Géc dinh huéng: La géc hop boi huéng bic cla kinh tuyén truc (truc
0X) dén huéng ctia dudong thang theo chiéu kim déng ho. Gia tri goc dinh huéng

tor 0+-360°.
Oy

Hinh 6.3. G6c dinh hudng

Tai cdc diém trén cling mot dudng thang gia tri clia géc dinh huéng khong ddi

O = Oy

Theo hinh (6.3), géc dinh huéng thuan o, va géc dinh huéng nghich oy,
lech nhau 180°.

Ol = Oy + 180° (6-1)

Do céc diac diém trén nén géc dinh huéng duge st dung rong rai, tién loi
ngoai thuc té.
4. Quan hé giita géc dinh hudng va géc bang
Gia st ¢6 cdc doan thang gap khic nhu hinh vé 1-13, géc bing kep giita hai
doan thang 12 B,, géc dinh huéng canh khéi ddu o,

i By
3
Hinh 6.4. Quan hé giita géc dinh huéng va géc bang
Theo hinh 6.4, géc B, & phia trai duong tinh (huéng di tr A dén N), ta co:
oy, = o,u-(180°-B))
o, = ap-P, + 180°
Nhu vay g6c dinh huéng tinh cho canh n s€ 1a

a,=a, +pB,-180°
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Va néu tinh tr géc dinh huéng canh khéi dau (o = o)
an:ad+zn: B, —n.180° (6-2)
1

Tinh tuong tu khi géc bang phia phai duong tinh ta duoc

a,=a,~> B +nls0° (6-3)

1

Tur (6-2) va (6-3) ta c6 thé viét
an:adizn: B, Fn.180° (6-4)
1

6.3. Hai bai toan trac dia

6.3.1. Bai toan thuan
Biét toa do diem A (X, , Y,), géc dinh huéng o, va do khoang
cach bang S,g. Tinh toa do cua di€ém B (X;, Yy).

‘X

X, AY 5
SAE
AX,, e
XA
A
0 Y, Yy
Hinh 6.5
Theo hinh ve:
Xp =X+ AX, (6.5)
Y=Y, +AY, (6.6)
Ttrong do:
AX,5 = D,p cOSQsp (6.7)
AY 5 = D,p sina, g (6.8)
Thay (6.7), (6.8) vao (6.5), (6.6):
Xg =X, + D,g cosa,g (6.9)
Yy =Y.+ D,j sino,g (6.10)
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6.3.2. Bai toan dao
Biét hai di€m A (X,, Y,) va (X, Yy, , tinh khodng cdch bang S,; va géc
dinh huéng o 5.

Ta co:

D,, =+AX , +AY;, (6.11)

Trong do: AX = Xg - X,

L 2 p AY
Go6c dinh huéng: g, =—22 (6.12)
AX

Tién hanh xét ddu AX,; va AY ,; dé xdc dinh g6c dinh huéng o,
6.4. Duong chuyén kinh vi
6.4.1. Khai niém

Chon trén mat dit mot so diém tao thanh da gidc khép kin hay khong
khép kin, ding mdy kinh vi do géc bang kep giita cac canh, do chiéu dai
tryc ti€p tat ca cdc canh. Dua vao toa do mot diém va gbc dinh huéng clia
mot canh nao d6 tinh duoc toa do cac diém con lai. Pudng nhu vay goi 1a
duong chuyén kinh vi

Céc dang cta lu6i duong chuyén:

S Siin _@

b) Buong chuyén phu hop
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c¢) Dang di€ém niit

d) Dang khép kin

Hin 6.6. Cic dang luéGi dudng chuyén

6.4.2. Xay dung luéi duong chuyén

Xay dung dudong chuyén kinh vi qua cic budc thiét k€&, khao sat, chon
diém, do dac va tinh to4n.
1. Thiét ké duong chuyén:

Can ctf vao nhiém vu do vé va nhitng diém khong ché cép cao hon trong
khu vuc dé€ bo tri cac diém dudng chuyén sao cho ching phan bo déu trén khu

vuc do. Tuy diéu kién dia hinh cu thé ma chon mot trong cdc dang dé hinh trén.
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Chiéu dai canh dudng chuyén khong vuot qua 350m, chiéu dai toan dudng
chuyén don quy dinh trong bang 6.3

Bang 6.3
Ty 1é do vé Khu vuc quang dang Vung doi nii
1:500 0,6 km -
1:1000 1,2 km 1,0 km
1:2000 2,0 km 1,5 km
1:5000 4,0 km 3,0 km

2. Khdo sat, chon diém:

Trén co so thiét k€ dé chon diém va chon moc. Diém dugc chon phai ndm
& noi 6n dinh, thuan tién cho cong tic do dac. Cac di€m duoc ddnh didu bang
moc (g6, bé tong, thép...), trén mit moc khac vach chir thap. Dé dé tim moc, phai
lam dau nhan biét va v& phéc vi tri ciia moc vao so.
3. Do duong chuyén:
+ Do goc bang:

Dung may kinh vi d¢ chinh xac 30", do mot vong do v6i chénh 1éch gitra
hai ntra vong do khong qua 45". Sai s6 khép gbéc cho phép trong do duong
chuyén la:

fpr< £60"Vn
n: s6 goc cua dudng chuyén
2. Po chiéu dai canh

Chiéu dai cic canh dugc do bang thudc thép hodc bang may do xa véi sai
sO tuong doi khong qua 1:2000 doi véi khu vuc quang dang va 1:1000 doi véi
khu vuc déi nii. Noi c6 géc doc 16n hon 1°5 cin phai tinh chuyén tir chiéu dai

nghiéng vé chi€u dai nim ngang.

6.4.3. Tinh toan binh sai luéi duong chuyén

Do cédc két qua do ton tai sai s6 1én dé c6 toa do chinh xéc cla cdc diém
trong ludi dudng chuyén ta can phai loai trir cdc sai s0, tinh toan hiéu chinh két
qua do dé cic dai luong do thdoa min diéu kién toan hoc. Cong viéc dé goi la
binh sai duong chuyén. Vi cac mang ludi yéu cdu do chinh xac cao can st dung
phuong phép binh sai chat ché. Puong chuyén kinh vi 1a luéi khdng ché do vé ¢6
do6 chinh xac thap nén chi dung phuong phép binh sai gan ding.
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1. Tinh todn binh sai duong chuyén kinh vi khép kin (hinh 6.7)

a) Tinh sai s0 khép goc fp:
fy = [B]-(n-2)180°
[B]: Téng céc goc trong cua dudng chuyén
n: SO dinh ctia dudng chuyén
Tinh sai s6 khép kin cho phép fp,; = 60" v/n
Néu f; >f;., phai do lai géc bang.

Néu f3<fp, tinh s6 hiéu chinh Vi, vao géc: Vp, =--£
n

Khi d6 goéc sau hiéu chinh Ia:

=P+ V5,
b) Tinh goc dinh huong cac canh:

(6-13)

(6-14)

(6-15)

(6-16)

Goc dinh huéng clia canh thit i (g6c B, ndm phia phai huéng tinh)

iy = Oy B+ 180°

i,i+1
Khi géc B, nam phia trdi huéng tinh
Oy =0 + B 180°

i,i+1

(6-17)

(6-18)

61



Dé kiém tra viéc tinh todn, khi tinh dén canh cu6i cung ta tinh lai géc dinh
huéng canh khai dau.

c¢) Tinh sai s6 khép toa do fx, fy.

fx = [AX]
(6-19)
fy = [Ay]
Trong d6:  AX;;,, = S;;,,.c080 ;.
(6-20)

AYi i = Si,i+1.81na

i,i+1

Trén co s& sai 6 khép toa do fx, fy ta tinh dugc sai s6 khép kin toan phan fs :

fs = /2 + 5 (6-21)

. fs
Néu: — <

[d]

V61 vung quang dang

< vGi ving doi ndi

Tién hanh tinh s6 hiéu chinh gia s6 toa do cho cac canh theo cong thic:

fx
Vay o =-2=.8. .
Ax1,1+l [S] ii+l
A (6-22)
VAyi,i+l =__y'Si,i+l
[S]
va gia s6 toa do sau hiéu chinh la:
A'X 1= AX i1+ Vagiin
' (6-23)
AYii1 = AYiin + Vayiin
d) Tinh toa do cdc diém:
Xip1 = X+ AX 5y
(6-24)

Yier = Yit AYiin
2. Tinh todn binh sai duong chuyén kinh vi phit hop
Céc budc tinh todn tuong tu nhu dudng chuyén kinh vi khép kin, nhung do
diém d4u va diém cu6i khong tring nhau nén céc biéu thic trén c6 nhitng thay
déi nhu sau:

- Sai 56 khép goc:
fp = [B]-(0tcp-0Lpp)-(n+1) 180° (6-25)
- Tinh sai s6 khép toa do:
fx = [AX]-(X-Xp) (6-26)
fy = [Ay]-(Yc-ys) (6-27)
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6.5. Xay dung luéi mat bang bang phuong phap giao hoi
6.5.1 Giao hoi goc thuan

Tur hai di€ém khong ché da biét toa do A, B ti€én hanh do goc giao hoi B, By
t6i diém can xac dinh toa do P (hinh 6.8 ).

Hinh 6.8

Toa do di€ém P duogc tinh theo cong thiic (Cong thitc Tung):

Y, Y, + X cotgf, + X, cotgp,

cotgfl, +cotgfl, (6.28)
_X,-X,+Y, cotgB, +Y,cotgp, )

cotgf, +cotgf,

X

P

YP

Hodc theo cong thic Gauss:
X = X 1gap — Xptgog, + (¥ —Y,)
b=
180 p —18%pp (6.29)
Y, =Y, +(X, - X iga,

Dé tang do chinh x4c, toa do diém P thudong dugc xdc dinh tir ba diém da
biét toa do, tao thanh hai tam gidc giao hoi géc, toa do diém P dugc tinh tir hai
tam giac va 14y trung binh.

6.5.2 Giao hoi goc nghich

Can xéc dinh toa do diém P, tai P
do cdc géc B,, B, t6i ba diém A, B, C
da biét toa do (Hinh 6.9).

Ta c6 quan hé:

Ya - ¥p = (X5 - Xp)tg0ip,
Yp - ¥p = (Xg - Xp)tg(0pa+P)) Hinh 6.9
Yo - ¥p = (Xc - Xp)tg(0pat+f,)
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Bién déi, ta duoc:

tga,, = (yB _yA)Ctgﬁ] _(yc _yA)Ctgﬁz +(xc _xB) (630)
(xp —x)ctgh — (xc —x )etgh, = (e —yp)

Tu d6 xac dinh cac géc dinh hudng:
Qgp =ap, + B, +180°
Qep =0y, + B, +180°
Toa do di€ém P tinh theo cong thic Gauss (6.29).
Truong hop di€m P ndm trén vong tron ngoai ti€p tam gidac ABC thi s& ¢6
v0 s0 diém P thoa man cdc cong thic trén, diém P s& 1a bat dinh va vong tron

ngoai ti€p tam gidc ABC dugc goi 1a vong tron nguy hiém.
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Chuong 7
LUGI KHONG CHE PO CAO

7.1. Khai niém

Lu6i khong ché do cao 1a tap hop cdc diém duoc ddnh dau ngoai thuc dia
va dugc xac dinh do cao chinh xdc, lién két v6i nhau bdi duong chuyén do cao.
Mang luéGi khong ché do cao, n6 bao gom lugi khong ché do cao Nha nude, ludi
do cao ky thuat va luéi do cao do v&. DPiém "0" clia tram nghiém triéu Hon Dau
(D6 Son-Hai Phong) 1a di€ém khdi tinh cho luéi do cao.

Nguyén tic xay dung Iu6i khong ché do cao tir tong thé dén cuc bo, tir do
chinh xac cao dén do chinh xac thap.

Mang lu6i khong ch€ do cao nha nudc duoc chia thanh 4 cap. Ludi cap I va
céap II duoc xay dung trén pham vi toan quéc 1am co s& dé xay dung mang ludi
cap thap va nghién cttu khoa hoc. Lui khong ché€ hang III va IV duoc xay dung
trén co s& ludi hang I va II. N6 lam co s& cho cong tac do vé ban d6 dia hinh va
xay dung co ban.

Bang 7.1 Céc chi tiéu k¥ thuat cua cac cip hang ludi do cao

Cap hang
Cac chi tiéu k¥ thuat
I II III v K¥ thuat
Khoang ngam 16n nhat (m) 50 65 75 100 150
Chénh léch khoang ngam (m) 0.5 1.0 2.0 5.0 -
Sai s6 khép do cao (mm) 3 \/f 5 \/f 10\/f 20\/f 50\/f
Sai s6 trung phuong cua 1 tram do | 0.15 0.30 0.65 3.0 8.0
(mm)
Cac dang cta ludi khong ché do cao:
Hg
H h
{:S h”'; - h1g N Maa » B
A Las 1 Liz 5 L 3
a) Ldi phis hap
Ha Py b M
.I‘!\ L.M '1 |_12 2 Lﬂa

by Ldi @ cao treo

Hinh 7.1. Céac dang lué6i do cao
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7.2. Lud6i khong ché do cao ky thuat
7.2.1. Xay dung ludi

Lu6i khong ché do cao k§ thuat duoc xay dung dua vao céc diém cua luéi
khong ché do cao nha nuéc va lam co s dé xay dung ludi do cao do V.

Tuy theo di€u kién dia hinh ma lugi khéng ché do cao ky thuat dugc bd tri
dang dudng don, khép kin hodc diém nit. Cac chi tiéu cua luéi do cao k§ thuat
dugc thé hién trong bang 7.2

Bang 7.2
) Khoang cao déu
Dang tuyén do cao
0,25 0,5 1-2-5
1. Tuyén don 2km 8km 16km
2. Tuyén giita diém c4p cao va diém niit 1,5km 6km 12km
3. Tuyén giita hai diém niit 1km 4km 8km

7.2.2. Do luéi

Mady thuy binh dung dé do c6 céc chi tiéu k§ thuat phai thoa man:
V*>20%, © < 45"/2mm. Mia c6 thé dung loai 2 mat hoac 1 mat.

Néu ding mia 2 mat doc s6 theo thi tu: doc s6 den, dd 6 mia sau roi doc
sO den do & mia trudc.

Néu dung mia 1 mat: doc s6 mia sau — doc s6 mia truéc. Thay doi chiéu
cao may (>10cm), doc s6 mia trudc — mia sau.

Chénh léch do chénh cao & moi tram tinh theo hai mat mia hay theo 2 s6
doc khi thay doi chiéu cao may khong vuot qua 5mm. TAm ngdm tir may dén
mia 120m, trong diéu kién thuan 1¢i c6 thé 1én t6i 200m.

Sai s& khép cho phép:

f = +50~/L (mm) (7-1)

L: Chiéu dai tuyén do tinh bang km

Khi s6 tram do n 16n hon 25 tram trén 1km dai
f =+10~/n (mm) (7-2)
7.2.3. Tinh toan binh sai luéi do cao ky thuat

Sau khi kiém tra s6 do va két qua do khong con sai s6t 1ap bang tong hop
két qua do, vé& so d6 mang ludi. Trén so d6 ghi diy du cdc moc da biét, cac diém
can xac dinh, miii tén chi huéng do. Véi luGi do cao ki thuat giGi thiéu phuong
phap binh sai gan ding.
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1. Binh sai ludi do cao noi 2 diém goc

Gia sir ¢6 tuyén do cao k§ thuat phét trién gitta 2 diém cip cao A(H),),
B(Hp) (hinh 7-2) h,

Hinh 7.2
- Tinh sai s6 khép chénh cao f,.
f, = ihi “(H,-H,) (7-3)
- So sénh f, v6i f, ; Néu f, < +50/L (mm) (7-4)

- Tinh s6 hiéu chinh vao cac tram do

V, =-——3S, (7-5)

- D06 chénh cao sau binh sai:

h'=h+V, (7-6)
- Do cao tuyét doi cua diém:

H=H_+h (7-7)
Kiém tra *[V,] =1,
Do cao diém B tinh duoc phai bang do cao diém B di cho

Néu gifta cdc diém trung gian 1, 2... kh4 xa nhau va bao gém nhiéu tram do,
c4c biéu thic (7-4), (7-5) sé& la:

f, < £10+/n (mm) (7-8)
fh
Vi =-—.n, (7-9)
n
Trong do: n-Téng s tram do trén toan tuyén

n,-S6 tram do giita hai diém trung gian (i, i+1)
Dé tranh nham 14n, viéc tinh toan dugc thuc hién trén bang biéu.
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Vi du : Tinh binh sai duong do cao ky thuat (7.2) véi s6 liéu cho trong bang
(7.3) vaH, = 10.000m, Hy = 10.410 m

Bang 7.3
Tén Khoang cach S, | Hiéu do cao | S6 hiéu chinh | Hiéu do cao Do cao diém
diém (m) h, (mm) V, (mm) da hiéu chinh
h; (m)
1 2 3 4 5 6
A 10.000
200.5 -1023 -2 -1025
1 8.975
300.5 1360 -3 1357
2 10.332
400.5 850 -4 846
3 11.178
350.5 -764 -4 -768
B 10.410
2
1.252 423 -13
S, =13(mm)
By = SOVL = £55(mm)
fi < fry — tinh V; V——i
h hef i Vi = 1252
2. Binh sai luoi do cao khép kin
Véi dang duong chuyén do cao h 1
khép kin nhu trén, viéc tinh todn binh A Y
sai hoan toan tuong tu nhu doi véi 1
lu6i duong chuyén do cao noi hai
diém goc. Chi khic sai s6 khép do h 5
cao:
f, = [h] (7.10) n
Hinh 7.3
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Chuong 8
PO VE BAN PO PIA HINH VA MAT CAT
8.1. Khai niém
Thuc chat cua do vé ban do dia hinh la xac dinh vi tri tuong quan cua cac
doi twong do vé (cdc diém dic trung cla dia hinh, dia vat) trén thuc dia roi dung
cédc ky hiéu ban dé dé biéu dién chiing lén to gidy phang theo ty 1é ndo dé.
Nhu vay, khi do v& ban dé dia hinh can phai dua vao cdc di€ém khong ché
mit bang va khéng ché€ do cao Nha nuéc.
Do v& ban d6 dia hinh c6 thé tién hanh theo mot s6 phuong phép:
- Phuong phép do vé toan dac.
- Phuong phép do vé ban dac
- Phuong phdp do vé bang anh
- Phuong phap do vé tong hop.
8.2. Po vé ban do theo phuong phap toan dac
Do vé toan dac 1a do vé dia hinh biang mdy toan dac hay mdy kinh vi theo

phuong phép toa do cuc.

A (XY, H,) 5 3
1 4
B s,
B (X5, Ys.Hs)
Hinh 8.1

Noi dung ctia phuong phép la tir hai diém A(X,, Y, H,) va diém B (X, Yg,
Hy) da biét toa do. D€ xac dinh vi tri diém 1 (X, Y,, H,) dit may tai di€ém B do
goc bang B, khoang cach ngang S, ta xdc dinh duoc toa do diém 1, do cao H
duoc x4c dinh thong qua phuong phap do cao luong giac

Do v& ban d6 theo phuong phép toan dac cho do chinh xac cao, thich hop
khi thanh 1ap céc loai ban do6 ti 1é 16n

Trinh tu do vé ban do6 theo phuong phap toan dac:
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8.2.1. Xay dung luéi khong ché mat bang va do cao

Cac diém cta lu6i khong ch€ phai dam bao di mat do diém. Quy trinh

thanh 14p luGi khong ché gidi thiéu & chuong 6 va chuong 7.

8.2.2. Po vé chi tiét bang may kinh vi quang hoc

* Cong tdc chudn bi tai mot tram do chi tiét:

- Dit may vao diém tram do (1a diém khong ché€ ). Sau khi dinh taAm, can

bang mdy xdc dinh gid tri MO.

- Do chiéu cao mdy (i) bang thudc hoic mia.

- Dinh huéng ban diu 00° vé diém khong ché lan can.

* Po cdc yéu to diém chi tiét:

- Quay may dén ngam mia dit & diém chi tiét (diém diac trung cua dia hinh,

dia vat)

- PBoc s6 doc theo 2 day do khoang cach (n)

- DBoc s6 doc theo giay chi gitra (1)

- Poc gdéc bang B trén ban do ngang

- Can bot thuy trén ban do ding va doc goc ding V

Céc s6 liéu do duoc ghi vao s6 do theo mau quy dinh (bang 8.1).

Tram do: A, H, = 170.50m

Dinh huéng: B

Chiéu cao mdy: i = 1.45m

MAU SO PO CHI TIET

Nguoi do: Nguyén Van Doan

Nguoi ghi: Nguyén Tudn Khanh

Nguoi vé so hoa: Pham Hong Van

Bang 8.1
kn S6 doc |S6 doc ban|S6 doc ban| Khoang cach | Chénh cao | Do cao Ghi chd
(m) | chi gitta | d0 ngang | do ding | ngang (m) (m) (m)
Diém 1 B \Y S=kncos’V | h=StgV+ |H=H,+h
+1—1

1 2 3 4 5 6 7 8 9
1 110.2 1600 20°18'10”| 92°31'00” 109.99 -4.98 165.52 Cay doc lap
2 70.2 1700] 55°29'00”| 82°22'00” 68.96 8.99 179.49 Tu thuy

Dé dam bao do chinh xdc vi tri diém dia hinh dia vat khoang c4ch tir mdy

dén cdc di€ém mia khong vuot qud bang 8.2
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Bang 8.2

Ty 1é do | Khoang Khoang cach 16n nhat Khoang cach 16n nhat tir may dén
G cao déu gita cdc diém mia khi do v& (m)
(m) (m) bia hinh bia vat
1: 5000 0,5 60 250 150
1,0 80 300 150
2,0 100 350 150
5,0 120 350 150
1: 2000 0,5 40 200 100
1,0 40 250 100
2,0 50 250 100
1: 1000 0,5 20 150 80
1,0 30 200 80
1: 500 0,5 15 100 60
1,0 15 150 60

Dé trdnh tring 1ap hodc bd sét, can phai phan viing cho cic tram do. Tuy
nhién, gitta c4c tram do c4n c6 ving phu dé tién viéc kiém tra.

Cung v6i cong tdc doc s6, can vé& phac so d6 vi tri diém khong ché, diém
chi tiét dé tranh nham 14n khi vé ban do.

Truée khi két thic tram do cin kiém tra lai huéng ban d4u, néu léch khong
qua 1'5 1a dam bao.

8.2.3. Vé ban do

Vé ludi 6 vuong: Ludi 6 vuong 13 hé théng cdc dudng thang cich déu nhau
song song véi hé truc toa do 0X va 0Y. Luéi 6 vuong c6 thé dung bang mdy hoic
bang phuong phép thi cong. Sau khi v& xong kém tra cdc canh 6 vuong khong
chénh nhau qua 0,2mm, cic duong chéo 6 vuong khong chénh nhau quéa 0,3mm.

Chdm cdc diém khong ché trdc dia lén ludi 6 vuong theo phirong phdp toa
do vuong géc: Vé ky hiéu di€ém khong ché va bén phia trdi diém ghi mot phan s
c6 tlr s0 1a tén diém con mau s6 12 do cao cta diém.

Sau khi chdm xong céc di€ém khong ché, ki€ém tra lai khoang cdch cua
ching trén ban vé€ va so sanh chiing véi khoang cach ngoai thuc dia da ridt vé ty
1é. Sai l1éch nay khong qué 0,2mm.

Chdm cdc diém chi tiét theo phuong phdp toa doé cuc: Cac diém chi tiét

dugc trién lén ban vé& theo phuong phdp thi cong hoidc cidc phadn mém chuyén
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dung. Diém chi tiét duoc ddnh dau bang bt chi va né 1a ddu phan cich phan
nguyén va thap phan cua gia tri do cao.

Keét thdc tung tram may dung but chi v€ dia vat theo quy uéc va vé dudng
dong miic theo phuong phap ude lugng.

Sau khi két thiic tdt cd cdc tram do va da kiém tra cdn thdan, bdn vé duoc té
muc theo thir tu:

- T6 chit va sO

- To dia vat

- V& muc duong dong miic

- Trinh bay khung va ban vé.

Kiém tra danh gid do chinh xdc bdn do dia hinh:

Cong tdc kiém tra nghiém thu ban d6 dugc tién hanh hai buéc 1a kiém tra
noi nghiép va kiém tra ngoai nghiép.

Can ctt vao do chénh léch dé ddnh gid chat lugng ban do. S6 lugng diém
chénh léch vuot qué giGi han cho phép khong qud 10% tong s6 diém kiém tra.
8.3. Do vé mat cat dia hinh

Dé phuc vu khao sat, thiét k& va thi cong cic cong trinh dang tuyén nhu
duong giao thong, kénh muong tudi tiéu, duong 6ng dan nudc... phai ti€n hanh
do v& mat cit dia hinh.

Do vé& mat cat dia hinh gom cédc giai doan chinh sau:

1. Khdo sdt chon tuyén:

Dua vao céc tai lieu ban d6 dé tién hanh chon tuyén cong trinh. Tuyén duoc
chon danh dau trén ban do.

2. Pinh tuyén ngoai thuc dia:

Tu céc di€ém da chon tuyén trén ban do, tién hanh b6 tri ¢ dinh tuyén trén
thuc dia tai cdc coc tai cdc diém km ky hiéu K, va coc 100m ky hiéu H, vé6i do
chinh xdc tir 1:1000 dén 1:2000. Tai vi tri dinh géc ngoat dinh vi bang coc bé
tong, do dinh géc ngoat bang mdy kinh vi vé6i do chinh xdc mg < £0.5’

Néu tuyén giao cit v6i cdc cong trinh khac va huéng tuyén thay déi do
doc phai danh dau diém giao cit bing cdc coc va ki hiéu bang 1y trinh, vi du:
H1+23, H4+35, [
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Doéng thoi véi dinh tuyén trac doc, tién hanh dinh tuyén tric ngang. Mt
cit ngang vuong goc véi tuyén va dai tir 20 + 70m sang mdi bén. Mat cat ngang
thuong dugc bo tri tai cac coc H, coc K. Doi khi do yéu cau, khoang cach giita
cdc mat cat ngang day hon, khang 25m mot mat cat.

3. Po cao doc tuyén:

Tram may 3 Tram may 2 1 2

Tram may 1
Hinh 8.2 So d6 do mat cat

Xac dinh do cao cua cac diém trén tuyén bing do cao hinh hoc k¥ thuat.

Cac diém coc chinh (coc H, coc K, dinh ngoat, [1) duoc do nhu cic diém
lu6i khong ch€ do cao va do hai mat den, do.

4. Tinh todn va vé mdt cat:

- Tinh to4n binh sai do cao cdc diém chinh nhu dudng chuyén néi hai diém
goc, £.<+50 VL (mm).

- Tinh do cao cdc diém chi tiét trén mat cat doc va cdc mat cit ngang.

- V& mat cat. Thong thudng, mit cat doc ¢6 ty 1& ding 1:1 000, ty 1& ngang
1:100. Mat cat ngang ty 1¢ ding bang ty 1é ngang va bang 1:200.
8.4. Stt dung ban do dia hinh

Muén nghién ctu va thu nhan duoc s6 liéu can thiét cho viéc khao sat, thiét
k€& cong trinh ngudi can bo ky thuat can sir dung thanh thao ban dé, hi€u duoc
tinh chat noi dung y nghia cta chit, sd, ky hiéu....trinh bay trén ban do.

Céc s0 liéu thu duoc cang chinh xdc néu ty 1& ban do6 16n khoang cao déu

nho, thoi gian do vé gan véi hién tai nhat.
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8.4.1. Xac dinh toa d¢ diém trén ban do
1. Xdc dinh toa doé dia ly:

Trén moi td ban d6, bon géc khung ghi gid tri do kinh, d6 vi. & moi canh
khung ban d6 ngudi ta chia thanh nhiing khoang tring den biéu thi gia tri do
kinh va do vi chdn dén phut goi 1a thang chia do. N6i cdc diém c6 cling gi4 tri &
cac canh khung doi dién s€ duoc ludi toa do dia ly.

Tir diém M can xac dinh toa do dia 1y, ké hai duong thang. Mot dudng
song song v4i canh 6 kinh tuyén va mot

duong song song véi canh 0 vi tuyén. Do
cic doan thang MH va MV sé tinh dugc

cac gia s6 A va Ah. Khi d6 toa do M
dia Iy diém M sé Ia: h N
Op=¢; + A@ (8-1) ‘ M ‘ .
D= g+ AL (8-2) z

Hinh 8.3

2. Xdc dinh toa doé vuoéng géc mot diém

Dé xdc dinh toa do vuong géc clia diém P, tir P ké cac duong thing song

song v6i cac canh Iuéi, va do cdc doan thang a, b, ¢, d nhu hinh vé:

Toa do vuong géc cua diém P duoc tinh: X,
C
XP:X1+c+d(X2_X1) ¢
. (8.3) P
Yo=Y +—, -1) a *

a+b c

X1
Y, Y,
Hinh 8.4

8.4.2. Xac dinh do cao cia mot diém
Dé x4c dinh do cao diém P, tir P ké dudng vuong géc vdi hai dudng dong
mtc ké nhau (H,, H,) va do céc doan thang a, b nhu hinh vé:

Do cao cua diém A dugc tinh: H, = H, +Lb(H2 —H)) (8.4)
a+
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Hinh 8.5

8.4.3. Xac dinh khoang cach

Dé dai ciia mot doan thang duoc xdc dinh bdang cdch:

- Dung thuéc milimet do va tinh ra khoang cach thuc t€ dua vao ty 1é ban do.

- Dung compa do khoang cach va két hop véi thudce ty 1€ (in san bén dudi to
ban d6) tinh ra khoang céch thuc té.

- X4c dinh toa do vuong géc cua diém dau, di€ém cudi va tinh ra khoang

céach theo bai todn ngugc.

D¢ dai cua mot doan cong:

- Chia duong cong thanh cdc doan thang nho, xdc dinh chiéu dai ting doan
nho va két qua 1a téng cua chiing.

- Ding may do do dai chuyén dung (nguyén ly tuong tu nhu do khoang
cach & xe may, 6t0).
8.4.4. Xac dinh do déc doan thang

A S

Hinh 8.6
Do doc (i) clia doan thang AB chinh 13 ty s6 giita chénh cao vé6i khoang
cach ngang cua chiing:
tgi= e~ (8.5)
S
HB _HA

hay: i% =
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8.4.5. Xac dinh dién tich trén ban do

Tuy theo hinh dang ctia khu vuc can xac dinh dién tich ma ta c¢6 cac phuong
phép sau:

1) Phuong phdp gidi tich: Ap
dung khi khu vuc x4c dinh dién tich
¢6 hinh da gidc (X4, Ya)

Céac dinh cla da gidc biét toa T (XY

do ta sdp xép cédc dinh theo thi tu

theo chiéu kim dong ho:

1 n
AZEZXI'(YM _Yi—l) (86) Hinh 8.7

A= 3K -X) B

Trudng hop céac dinh cta da giac khong biét toa do ta chia da gidc thanh cac
tam gidc, xdc dinh dién tinh cdc tam gidc bang cdch do chiéu dai a,, b, ¢, cic

canh ctlia cac tam giac va tinh dién tich theo cong thic Hé-rong:
S :\/pi(pi —a;)(p;, —b)(p; —¢) (8.8)

Trong d6: p - & *DB +G
2

Dién tich ctia da gidc 1a tong dién tich céc tam gidc.

2) Phuwong phdp dé gidi: Ap dung khi dién tich cin xdc dinh gi6i han bai
duong bao bat ky:

Vach ké lu6i 6 vuong kich thuéec 2x2mm hoac 4x4mm trén to gidy trong
su6t. Phu luGi 6 vuong 1én hinh can do, d€m s6 6 vudng nguyén va udc lugng cac
0 vuong bi khuyét & mép. Dién tich khu do bang s6 6 vuéng nhan véi dién tich
mot 6 vuong tinh theo ty 1&€ ban do.

3) Sur dung mdy do dién tich: nguyén 1y cling tuong tu nhu may do khoang
cidch, may do duoc chiéu dai ctia dudong bién, dién tich duoc tinh bang tich cua

chiéu dai d6 v6i mot hang s6 cua may.
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8.4.6. Lap mat cat doc nho ban do

Gia s can l1ap mat cat doc dia hinh theo huéng AB trén ban d6 nhu (hinh
8.8). it to gidy ké ly theo huéng AB, ddnh dau tat ca cdc diém giao nhau giita
dudng AB v6i cdc dudng dong mutc. Tir nhitng diém nay, dung cdc dudng vuong
gbc voi AB, trén d6 dat do cao clia cac duong dong mic tuong Ung theo ty 1&
diing cta mat cat. Noi ddu mit cta cdc doan vuong géc nay bang dudng cong, ta
nhan duoc mat cit ding dia hinh theo huéng AB.

65

69
68 |\

67
66
65

Al123 4 5 6 7 B

Do cao

Khoang cach

Hinh 8.8
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Chuong 9
BO TRI CONG TRINH

9.1. Khai niém

Viéc xac dinh vi tri ting phan hay toan bo cong trinh & ngoai thuc dia theo
ding thié€t k& goi la cong tac bo tri cong trinh.

Khi do v& ban d6 phai do dac ngoai thuc dia, tinh todn roi vé 1én ban do.
Khi b6 tri ta phai dua vao ban vé thiét ké tién hanh tinh toan s6 liéu can thiét roi
ti€én hanh do dac bo tri ngoai hién truong. Vay cong tac bo tri ngugc véi do vé
ban d6 dia hinh.

Thuc chat ciia cong tdc bo tri cong trinh 12 b tri cdc diém dic trung cla
cong trinh trong khong gian. Do d6 noi dung cua cong tac bo tri cong trinh cling
12 b tri cdc yé€u t6 co ban: gc bang, khoang cach bang va do cao.

B6 tri cong trinh ciing tuan theo nguyén tic tir tong quat dén chi tiét, tir do
chinh xac thap dén do chinh xac cao va tién hanh theo thu tu:

- Xay dung luéi thi cong v6i do chinh xac thuong yéu cau cao hon so véi
luéi khong ché do ve.

- B0 tri cac truc co ban clia cong trinh.

- Dua vao céc truc co ban, bo tri cdc diém chi tiét dic trung clia cong trinh.

Do chinh xéc ctia cong tac bo tri duge xac dinh nhu sau:

- Do chinh xdc b6 tri khoang cach giita hai diém thudc cong trinh xay dung:
m, :i%\/f (mm) (9-1)

Trong d6: L - Khoang céch tinh bang mét.
k - Hé s6 phu thuoc phuong phap thi cong
k = 2 khi thi cong d6 bé tong tai chd
k = 1 khi thi cong lap ghép.
- Do chinh x4c bé tri géc bang:

0,03k

mg == P (9-2)
L
- b6 chinh xac bo tri do cao:
my, = + 2 mm d6i v6i cong trinh d6 toan khoi (9-3)
my = = 0,8 mm d6i vdi cong trinh 1ap ghép (9-4)
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Do chinh xac khi chuyén truc 1én ting cao
m, =+ 0,8 9-5)

L - Chiéu cao truyén truc tinh bang mét

9.2. Bo tri cac yéu to co ban
9.2.1. Bo tri goc bang
Trén ban vé thiét k& da biét géc bang BAC = B,,, ngoai thuc dia biét céc

diém A va B. C6 thé xc dinh huéng AC tao v6i huéng AB béng B, nhu sau:

Hinh 9.1

bat mdy kinh vi & A (hinh 9.1), dinh huéng 6ng kinh vé B. M& vanh
chudn ngang 1 géc bang B, theo huéng 6ng kinh dédnh dau duoc C,. Pao ong
kinh, thao tdc tuong tu nhu trén, danh d4u dugc diém C,. Chia doi khoang C,C,,
dugc diém C can xdc dinh. Phuong phdp nay dp dung khi b6 tri so bo goc béang.

Khi can bo tri géc bang v6i do
chinh xac cao, cac thao tac bo tri tuong tu
nhu khi nhan dugc diém C, (hinh 9.2). Do
gbéc bang BAC, nhiéu l4dn theo phuong

phap do cung nhan dugc két qua f,.

Tinh doan cén dich chuyén Ad la: Hinh 9.2
Ad=cc, = T 9-6)
o
véi d 12 chiéu dai tir A dén C,
AB” = Bt_Btk (9-7)

Tir C, theo huéng vuong géc véi AC, dat doan Ad = C,C vé phia can thiét
dugc diém C. Géc ABC la géc cén xac dinh.
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A

9.2.2. B6 tri doan thang
Trén ban v& c6 doan thang AB chiéu dai d,, ngoai thuc t€ c6 diém A va
huéng Ax, can xdc dinh diém B ciach A mot doan d,.

T diém A, theo huéng Ax do so bo mot doan AB' c6 chiéu dai xap xi
bang d,, dinh d4u diém B' ( hinh 9.3)

A B B X

L ]
L
L
L J

Hinh 9.3

Dung thuéc thép do doan thing AB', sau khi tinh todn nhan dugc gid tri d'
= AB' chinh x4c. Tinh doan cén dich chuyén.
Ad =d'-d, (9-8)
Tu B' diat doan Ad vé phia tuong ting dugc diém B can tim.
9.2.3. Bo tri do cao:
Ban thiét k& ¢6 2 diém A(X,, y,, H,) va B(xXg, yg Hp). Ngoai thuc dia c¢6
A(X,, Y, Hy) va B'(Xg, yp), cin xdc dinh diém B.

_—‘B

%// /

/W o B

Hinh. 9.4
bat may thuy binh gitta A va B' (hinh 9.4)
Poc s6 doc trén mia dung & A dugc a. Khi d6 chiéu cao mdy la:
H =H,+a (9-9)
T do cao cia mdy va diém B, ta dé dang tinh ra dugc s6 doc b trén mia
dung & B' la:
b=H_-H; (9-10)
Quay mdy ngam mia dung & B, diéu chinh mia dé tim ding s6 doc b, khi
d6 dé€ mia chinh 1a diém B, dung coc dé c6 dinh diém.
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9.3 Bo tri diém mat bang

Trén ban vé thiét k€ c6 cac diém mat bing A(X,, Y,), BX;, Yp) va C(X,
Y ). Ngoai thuc dia da c¢6 hai moc A va B, can phai bo tri diém C.
9.3.1. Phuong phap toa do cuc

1. S0 do bo'tri

Hinh 9.5

2. Cdc yéu to' bo'tri
Theo hinh 9.5 chon diém A lam goc cuc, canh AB lam canh goc. Cac yéu to

can bo tri 1a géc cuc B va canh cuc S cua diém C cin bo tri:

B=0, —Oyup

Sal =\/(XA _X1)2 + (Y, _Yl)z

3.Bo'tri:

Dit may kinh vi tai A, b6 tri goc bing B, c6 dinh chuyén dong ngang cua
mdy, lic ndy diém C ndm trén huéng ong kinh. Theo hudng 6ng kinh, diung
thuGc thép dé bo tri khoang cach ngang S, dugc diém C cén bo tri.

4. Do chinh xdc cua phuong phdp:

m, :i\/m§+s2(m?ﬂ)2 (9.10)

(mgp: sai sO bo tri géc; mg: sai s6 bo tri khoang cich)

Phuong phép toa d6 cuc dugc st dung nhi€u nhat trong s6 cac phuong phap.
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9.3.2. Phuong phap toa do vuong goc

Véi khu vuc xay dung cé luéi thi
cong 6 vuong bo tri diém mat bang bing
phuong phap toa do vuong goc rat thuan
loi, nhanh chéng (hinh 9.6)

a, Tinh so'liéu bo tri C

2 AXx
Al Ay M B
Ay =ycYa (9-11). Hinh 9.6

b, Bo'tri:

AX = XX,

Phéi chon gia s6 toa do c6 gid tri 16n dé bo tri doc theo canh truc toa do cla
ludi 6 vuong, con gia so toa do nhod hon dat theo hudng vuong géc véi no.

Theo hinh 9.6, ta thay doi v6i di€ém C c6 Ay > Ax. Dat mdy kinh vi tai A,
dinh huéng vé B va theo 6ng kinh bé tri doan thing Ay dugc diém M. Doi may
kinh vi vé diém M, dinh huéng mdy vé B, dat mot goc vuong, theo hudng nay bo
tri doan thang Ax dugc diém C.

¢) Do chinh xdc b6 tri diém C (khi b6 tri theo truc y trudc)
2 _ 2 2 Mp 12 42
mc—mAy+mAx+(7) A x (9-12)
Néu b tri theo truc x trudc ta co:
2 _ 2 2 Mp 2 42
mc—mAy+mAx+(7) Ay (9'13)

Trong d6:  mjy,, my, la sai sO bo tri doan Ax, Ay
mg  la sai s6 trung phuong bo tri géc vuong.
9.3.3. Phuong phap giao hoi goc
a, Tinh so'liéu bo'tri:
Theo hinh V€ ta c6:
Pa = Clac-Oup (9-14)
Pe = Olpa-Olgc (9-15)

Oacs Oap > Ope duoc xac dinh qua bai

Hinh 9.7

toan nghich.
b, Bo'tri:
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Dat hai may kinh vi & A va B, bé tri cdc gbc bang tuong tng B, , By ; giao
ctia hai hudéng ngam 1a diém C céan b6 tri.
¢) Po chinh xdc bo'tri diém C
m
me =+ 2 D+ D; 9-16
CopsinB+p) T 1o

Phuong phép giao hoi goc thudng duge dp dung dé bo tri tru ciu, cong trinh

thuy 1oi... khi di€ém céin b6 tri & xa di€ém khong ché va viéc di lai kho khan.

9.3.4. Phuong phap giao hoi canh B
a) Tinh s6'liéu bo' tri q
2
Tinh cac ban kinh giao hoi d, va d,:
d=(xc =%, + (e —y.)" (9-17) A 3 C
dy =(xc =x,)" + e —ya)’ (9-18) Hinh 9.8

b) Bo'tri:

Dung 2 thudc thép, dau O cta ching dat tai A va B, kéo thude dén s6 doc

d, va d, tuong tng. Giao ctia hai s6 doc 1a diém C cén x4c dinh.
¢) P chinh xdc cua diém C

m,

V2 (9-19)

m-~= +
c— T .
sn C

Trong d6: my-Sai s6 bé tri canh d, va d, (& day coi m,, = my, = m,).

Phuong phap nay ap dung khi di€ém can b6 tri & gin cac di€ém khong ché
(ban kinh giao hoi nho hon chiéu dai thuée), dia hinh bing phing.
9.4. Bo tri duong cong tron
9.4.1. Khai niém

Khi xay dung cac cong trinh dang tuyén (kénh muong, dudong xa...) &
nhitng noi tuyén déi huéng cin bé tri cidc dudng cong dé noi cac doan thang cla
tuyén v6i nhau. C6 nhiéu loai dudng cong: dudng cong tron, dudng cong xoan...

Mot dudng cong tron dugc xdc dinh néu biét 3 di€ém: diém dau T,, diém
gitta G va di€ém cuoi T.. Ba diém nay goi 1a ba diém chinh ctia dudng cong tron.

Dé dam bao thi cong dudng cong tron duoc chinh xéc, ngudi ta bo tri mot
s0 diém nam trén dudng cong d6. Cac diém nay goi 1a diém phu. Khoang cich
gifta cdc diém phu tuy thudc vao tinh chat ciia cong trinh (5 + 20 m)
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9.4.2. Bo tri cac diém chinh ctia duong cong

Cac diém chinh ctia dudng cong 1a diém
ti€p dau Tp, diém ti€p cudi T va diém gitta G.
Cac tham s6 cua duong cong la: b

- Go6c ngoat O do ngoai thuc dia

- Ban kinh R theo thiét ké

B/2
e e T. e,
- D0 dai cua doan ti€ép tuyén T. d E
- Do d%l% do?n phan gié\c P. Hinh 9.9
- Do dai duong cong tron K.
1. Cdc so'liéu dé bo'tri cdc diém chinh ciia duong cong tron la:
Do dai tiép tuyén T=7,p=T.D = Rtgg (9.20)
Phancu P: P= R(;H -1) (9.21)
COS—
2
CA Inc gus RO
Chiéu dai duong cong K: K = 120° (9.22)

2. B6'tri cdc diém chinh:

it mdy kinh vi & D, dinh huéng vé canh chita diém T,, theo huéng 6ng
kinh b6 tri doan thang T, déng coc méc dugc diém T,.

Mé géc bang g, (B = 180°-0) theo huéng ong kinh dat doan thang P,

déng coc moc xac dinh duoc G.
Mo ti€p géc bang g, trén huéng nay dat doan thang T xdc dinh dugc

diém T..

9.4.3. Bo tri cac diém chi tiét cia duong cong

1. Phuong phdp toa do vuong goc x(D)a
P>

.9 9 2~ o X 9 ~ X
Gia su cac diem phu cua duong cong 2

cdch déu nhau mot cung k, tuong ting P,

2 2 9 A N Xl
vOi gbc & tam la: \

360°
i om :
¢
T —p- >
180° ‘o Y2 O y
qD =
R Hinh 9.10
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Theo hinh vé (9.10) ta c6 toa do cac di€ém phu:

X, = Rsing (9-24)
y, = R-Rcosp = R(1-cosop)

@
y, = 2Rsin25 (9-25)

Ching minh tuong tu, ta c6 toa do di€ém phu thit i 1a:

x; =Rsin1i @
ip
y, = 2Rsin27 (9-26)

B6 tri cac diém phu:

- bat mdy kinh vi tai T,, dinh huéng vé diém D. Theo hudng 6ng kinh dat
cac doan x,, X,,... X;,...

- Chuyén mdy lan luot dén x, m& goc vuodng so v6i huéng T,D, tuong ting
dat cac doan y,, déong coc moc xac dinh duogc P..
2. Phuong phdp toa do cuc mo rong

Gia st cdc diém phu P, P,,... P,cdch déu nhau va cdc gbc & tam tuong tng
la @ (hinh 9.11)

Dé xdc dinh P,, P,.... P, can tinh cdc tham s6 @, ¢,,... @,,... va ban kinh cuc
di dong la day cung S=T,P,=P,P, = ...

Nhu hinh vé ta c6: A
Y = E(P Y, Py
P

=0 v | K S

= 3—(P S
’Y3 2 P

1¢
v=s (9-27) o\
T, ) .
0]

BO tri: Hinh 9.11

biat mdy kinh vi & T,, dinh huéng mdy vé di€ém D, lan lugt b tri céc goc
Yi> Yaseer Vis-.. Theo hudng canh vy, bo tri chiéu dai S dugc P,. Tt P, quay cung c6

ban kinh s cit canh géc y, & P,... Lam tuong tu ta duoc cic diém P,.
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9.5. Cong tac trac dia phuc vu xay dung cong trinh
9.5.1. Tinh khéi luong dat san nén

Tinh todn khoi lugng dao dép khi san nén 1a cong viéc khong thé thi€u khi
lap tién do thi cong va tinh to4n gia thanh cong trinh. Dé dé dang tinh toan va thi
cong nguoi ta 1ap ludi 6 vudng bao trum toan bd khu vuc can san nén. Tuy theo
yéu cau do chinh xac tinh khoi lugng ma lua chon kich thude 6 vuong, cac gia tri
kich thudc cua luéi thuong 1a 5, 10, 20, 40, 50m[ !

Sau khi thiét k€ tai cac dinh cua ludi 6 vuong c6 hai gia tri cao do la: cao
do tu nhién (H,,,) va cao do thiét k&€ (Hy). Do cao cong tac tai dinh 6 vudng
duoc x4c dinh theo cong thiic:

h=H,;,—H (9.28)

Khi h > 0, twong tng vdi phan dap, h<0, tuong ting v6i phan dao.

den

Nhu vay thé tich cia méi "kh6i 6 vuong" duoc tinh gin ding:
v=a’ h, (9-29)

Trong d6: v - thé tich ctia " kh6i 6 vuong "
a - chiéu dai canh 6 vuong.
h,, - " chi€u cao cong tac " trung binh ctia khdi

_hy+hy,+hy+h,

h, =" (9-30)

Véi hy, hy, h;, h, 1a "chiéu cao cong tac" & bon dinh 6 vuong
Thé tich cong tac dat trong toan khu vuc tinh theo:

Ly2sh" +33h™ +43h Y
Vo B F +j * 9-31)

Trong d6: a - Canh 6 vuong
h'- Chiéu cao cong tic & dinh chi thudc vé mot 6 vuong.
h" - Chiéu cao cong tdc & dinh thuoc vé hai 6 vuong.
h™ - Chiéu cao cong tac & dinh thudc vé ba 6 vuong.
h'Y - Chiéu cao cong tac & dinh thudc vé bon 6 vuong.
Tu thé tich cong tac V s& tinh dugc khoi lugng cong tac dat W dao hay
dap thong qua hé s6 nén chat. Do chinh xéc cua viéc tinh khéi luong phu thudc

vao kich thudc 6 vuong, do chinh xac tinh chiéu cao cong tic...
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9.5.2. Bo tri duong thang theo thiét ké

Gia slr can bo trf doan thang AB c6 do dai d véi mot do doc i% theo thiét
k& (hinh 9.12).

Hinh 9.12

Chia dudong AB thanh n doan nhd, méi doan cé chiéu dai d.. Péng coc &

céc diém trung gian.
Do cao thiét k& clia cac coc H* 1a
H%*=H,+d.i
H,*=H, +d..i
H®*=H, +di
H%=H, +di -~

(9-32)

Dung mdy thuy binh x4c dinh do cao cdc dinh coc dugc H . Chiéu cao
cong tac & cac coc h:

h=H*-H (9-33)

Quy udc:

+ Néu h > 0 tir dinh coc do 1én cao mot doan h duoc di€ém thiét ké.

+ Néu h < 0 tir dinh coc do xudng thap mot doan h dugc diém thiét k€.
9.5.3. Pinh vi cong trinh

Tu cac moc trac dia, bo tri cdc truc cua cong trinh ra ngoai thuc dia. Cic
truc nay 1a co s& dé bo tri chi ti€t cong trinh. DE tién cho thi cong, céc truc dugc
danh d4u lén khung dinh vi (hé thong coc ngua). Khung dinh vi c6 thé lién tuc
(hinh 9.13) hodc khong lién tuc (hinh 9.14), ngay nay nguoi ta hay dung khung
dinh vi khong lién tuc ttc 1a chi bo tri coc ngua & nhitng noi can thiét .
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Hinh 9.14. Khung dinh vi khong lién tuc

Cac di€ém déng cua céc truc duge cd dinh lén gid dinh vi bang dinh va
vach son mau. Diing mdy thuy binh dé xac dinh do cao céc diém nay. Dua vao
cac truc duoc co dinh nay ti€n hanh bo tri cac truc chi tiét.

9.5.4 Chuyén truc cong trinh lén tang cao

Sau khi két thic qud trinh thi cong mot san cin chuyén truc cong trinh lén
san d6, viéc chuyén truc lén ting c6 thé dung day doi, chi€u ding hay may kinh
vi tlly thudc vao do cao ctia san. C6 thé dung day doi dé chuyén truc lén ting véi

cong trinh thip dudi 4 tang.
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Dung mdy kinh vi dé chuyén truc Ién ting véi cong trinh thap duéi 10 tdng

( hinh 9.15).

A
A A< w
6
O O o S
O O O /O
/
) 0
O O o,/ O
/
/
/
/
/
/
/ e
/ L
/ -
£
A /LY
Hinh 9.15

D6i v6i nha cao trén 10 ting dung may chi€u ditng, khi d6 phai dé cic 16

trong 20x20cm trén céc san (hinh 9.16), truc sé€ dugc mdy truyén qua cac 16 nay

1én san can thiét.

7=3
O -

|
O ,
&

|
0 B
,ﬁ,
A

Hinh 9.16

9.5.5 Chuyén do cao lén tang

Dé chuyén do cao Ién ting nguoi
ta st dung thudc thép, mdy thuy binh va

mia nhu so d6 9.17.
Khi do:

Hy=H,+a+(d-c)-b  (9-39)

Trong do:

a, b s0 doc trén mia dung & A va B

d, ¢ s6 doc trén thude thép

=

o

Fl=x

W

Hinh 9.17

,W
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Chuong 10
QUAN TRAC BIEN DANG CONG TRINH
10.1. Khai niém

Trong qua trinh thi cong va st dung cong trinh ngoai tai trong ban than
cong trinh con chiu tac dong cta cdc diéu kién ngoai canh khac nhu bién dong
cua vo Trai dat, dong dat, anh hudng clia cac cong trinh bén canh,[] cling anh
hudng t6i cong trinh. Cac anh hudng nay lam cong trinh bi chuyén dich trong
khong gian, néu chuyén dich khong déu sé din t6i bién dang va pha huy cong
trinh.

Chuyén dich duoc chia 1am hai dang la chuyén dich theo phuong thing
ditng ( troi, lin) va chuyén dich theo phuong ngang.

Muc dich clia quan trac chuyén dich 1a xdc dinh chuyén vi thuc t€ cia
cong trinh qua d6 c6 bién phdp bao vé cong trinh hitu hiéu bang giai phap thiét
k€, thi cong hay thay déi vat liéu, trang thi€t bi ctia cong trinh.

Thuc t€ su chuyén dich ctia cong trinh thudng nhd 1én quan trac chuyén
dich 1a mot tap hop cac cong tac do dac véi do chinh x4c cao va thoi gian dai.
10.2. Quan trac lin cong trinh

Do 1dn 1a su chuyén dich cong trinh theo phuong thing ding. Nguyén
nhan chu yéu do tai trong ban than cong trinh va cac di€u kién nén méng cla
cong trinh.

Thuc chat cha viéc quan trac do lin 1a ta so sanh do cao cua cong trinh tai
céc thoi diém khac nhau:

S=H_—H"! (10.1)
S=H_—H (10.2)

Trong d6: H', H"', H: do cao cong trinh & thoi diém j, j-1, 0.

Néu S> 0 cong trinh bi troi, S < 0 cong trinh bi ldn.

Viéc quan trac do ldn can phai ti€én hanh véi cac nodi dung nhu sau:

10.2.1. Xay dung hé thong moc quan trac

1. Méc chudn: La hé théng moc ¢ do cao on dinh trong sudt thoi gian
quan trac, dugc bo tri ngoai pham vi dnh hudng lin clia cong trinh. S6 lugng moc
chuén t6i thiéu 12 03 moc. Méc chudn dugce thiét k€ dudi dang chon sau hodc gan

vao cdc dia vat lau nam da on dinh do lan.
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2.H¢é thong moc do lun: La hé thong cac moc duoc gan truc ti€p vao cong
trinh, dugc bo tri vong quanh dinh méng cong trinh dudi cac cau kién chiu luc
(cot, tuong chiu luc), hai bén khe 1dn, noi c6 tai trong dong... Moc ldn duge 1am
bang kim loai sao cho tién 1oi trong do dac, don gian trong thi cong va bén chac
sudt qua trinh do. Can phai ghi s6 hiéu cho cac mdc lin.

10.2.2. Chu ky quan trac

Chu ky quan trac d4u tién bat dau sau khi xay lap xong méng cong trinh.

Trong giai doan xay dung, cidc 1an do dugc tién hanh khi cong trinh c6
budc nhay vé tai trong, dac biét khi cong trinh dat duoc 25%, 50%, 75%, 100%
tai trong thi€t k€. Doi véi cong trinh c¢é chiéu cao 16n, dia chit nén méng phic
tap, c6 thé tang thém chu ky do.

Trong giai doan sir dung cong trinh, chu ky do c¢6 thé 1a thang, quy, nira
nam... viéc quan trac ldn phat trién cho dén khi do lin trong 3 chu ky lién ti€p
khong thay d6i hodc téc do lin < 1+2mm/nam thi ditng quan tréc.

Khi cong trinh bi niit, chu ky quan trac 1dn 1a 10 dén 20 ngay.

10.2.3. Phuong phap do

Phuong phdp duoc dp dung phd bién nhit trong do lin 1a do cao hinh hoc
tia ngdm ngan (S<25m). Dung cu do 1a mdy thuy binh c6 bo do cuc nho va mia
Inva.

10.2.4. Tinh toan do lin va vé biéu do

Viéc tinh todn binh sai ludi quan trac theo phuong phdp s6 binh phuong
nho nhat.

Tinh toan cac tham so lin:

Do lin tuyét doi cua cac moc:

- Gitta hai chukijvaj-1: §//"'=H/ - H/" (10.3)

- So v6i chu ky 0: S/ =H/ - H) (10.4)

Do lin trung binh clia cong trinh & chu ky j:

n

2.5,
s == (10.5)

n

3 S.f
Toc do lun: y=-"2
t

(10.6)

91



Lun 1éch: Sicch = Stnax = Smin (10.7)
Dua vao céc tham s6 lin trén ngudi ta con 1ap bi€u d6 lin clia cdc moc

dac trung theo thoi gian, biéu do lun cha céc truc, binh do lin, [

Thoi gian 1 2 3 45
0 i i i | > 0 | | | | >
Moc 1 ' o g
-104 , -10
20 Méc 2 204 T
230 30+
v v
bo lin (mm) bo lin (mm)
a) Do lin theo thoi gian b) Mat cat lin

10.3. Quan tric chuyén dich ngang

Chuyén dich ngang cong trinh 1a su thay déi vi tri cong trinh trong mat
phang nim ngang. Nnguyén nhan chli yéu do céc luc phuong ngang tic dong lén
nhu ap luc nuée tac dung 1én dap thuy loi, thuy dién, [

Thuc chat ctia quan tric chuyén dich ngang 1a xac dinh toa do mat bang cua

céc diém dic trung trén cong trinh tai céc thoi diém khac nhau:

qg=yNx+Ay (10.8)

Ax =X/ - X/

Trong do: o
Ay — YiJ _ Yi]_]

(10.9)

Do d6 twong tu nhu quan tric lin, d€ quan tric chuyén dich ngang, can lap
luGi mat bang c6 cdc moc gan vao vi tri dac trung clia cong trinh va ¢ hé thong
diém goc ndm ngoai khu vu dich chuyén.

Viéc do dac ciing theo ting chu ky, thoi gian gitta cic chu ky tuy thudc vao
ap luc tdc dong 1én cong trinh.

C6 nhiéu phuong phdp dé quan trac chuyén dich ngang tlly thuoc vao hinh
ddng cong trinh nhu phuong phiap huéng chudn, bing luéi do géc canh, bing
GPS, [
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