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Trwéng Dai hoc Tai Nguyén va Méi trwong

cong trinh ngdm va dwéng hadm, cong tac trac

dia dong vai tro quan trong. D6 chinh xac cla
cac phép do dac va tinh toan la nhan té quyét dinh
hiéu qua kinh té-ky thuat clia qua trinh xay dwng
dwéng ham. Két qua thong hwéng dwong ham
dwoc thé hién qua hai thanh phan: dé chinh xac
hu’ung ngang va do chinh xac hwéng doc dudng
ham, trong d6 huéng ngang la déi twong can duoc
duwoc quan tam hon [1].

Sv sai léch v& hwéng ngang vuet qua gidi han
cho phép so vai thiét ké sé gay dinh tré san xuét,
ton that v& kinh phi, tham chi gay nguy hiém tinh
mang con nguoi. Cac cong tac do dac phuc vu thi
cdng trong du’ong hdm déu phai dwa vao mang
lwéi khdng ché trac dia trén mat dat. Chét lwong
cla mang lwdi nay la yéu té quyét dinh do chinh
xac va do tin cay cua cac phép cho huwéng va két
qua thong hwéng duwdng ham.

Trwéc day, ludi khéng che mat bang trén mat
dat thwong dugce thanh 1ap béng cac phwrong phap
truyén théng duwéi dang lwéi do géc-canh nhw: cac
phu’o’ng phap giao hdi, chudi tam giac, lwdi dwong
chuyen Cac phwo’ng phap nay doi hdi nhiéu thei
glan va cong slrc, chat lwong mang lwéi bi suy
giam trong trwdng hop duwdng ham dwoc thi con
trong cac diéu kién dia hinh phirc tap, séng sudi
chia cét,..

Trong thoi gian gan day, voi sy phat trién cta hé
théng GNSS, cac mang lwéi khdng ché trac dia ndi
chung va Iwéi khdng ché phuc vu xay dyng duwdng
ham néi rieng da dwoc thanh 1ap béng cdbng nghé
hién dai nay. Tinh wu viét cla phwong phap da duwoc
minh chirng trong thyc tién, tuy vay, chwa cé quy
chuén cu thé nao quy dinh quy trinh thiét k&, va thi
cong ludi khdng ché mat bang trong xay dung cong
trinh dwong hdm bang céng nghé GPS/GNSS.

‘r rong qua trinh thiét ké, thi cong va khai thac

1. Thiét ké lwéi GPS trong xdy dwng céng
trinh dwdng ham

1.1 Nguyen tic chon diém Ilwéi khéng ché
mat bang

Xuét phat tir dic diém cla cong tac trac dia
phuc vy thi cong dwong ham, v tri diém lwéi khdng
ché ¢ nhitng y&u cau riéng. D& bao dam d tin
cdy cdng tac do chuyén toa dd cho mang luwéi
khong ché trong dworng hdm, tai vi tri clra hdm va
céc 16i dao phu (giéng dirng, giéng nghiéng, ham
phu bang, ham phu nghiéng...) cin phai ¢ it nhat
3 diém khéng ché mat bang. Diém & clra hdm phai
thuan lgi cho viéc bé tri truc thi céng, do ndi diém
khdng ché trén mat d4t véi diém khéng ché tréic dia
trong ham; chiéu dai canh dinh huéng dé dinh
hwéng dwdng hdm khéng nén nhé hon 300 m [1].

1.2. Lwa chon hé quy chiéu

Chon hé truc toa d6. Dbi v&i lwodi khdng ché
dworng ham, cé hai phuong an vé hé truc toa do:
Hé truc toa do quéc gia va hé toa do doc lap. Hé
toa do doc lap la hé toa d6 quy wéc co diém gbc
toa d6 1a mot diém & clra ham; truc OY dwoc chon
theo hwéng vudng géc véi mét dao thdng ham[1].

Chon mat chiéu. V&i cac dwdng ham sau hodc
duoc xay dwng & ving nui cao can phai lwa chon
mat chiéu lwéi thi cdng cho phu hop dé tinh cac s
hiéu chinh khi chuyén cac tri do tir mat dat tw nhién
xubng ellipxoid quy chiéu va chuyén tir ellipxoid
quy chiéu 1&én mét phang qua phép chiéu Gauss
hodc phép chiéu UTM[2]. V&i cong trinh dwéng
ham, thwong chon mat chiéu c6 dd cao la do cao
truc tim ham.

1.3. Uérc tinh dé chinh xdc can thiét caa lwdi

Trong cac ngudn sai s6 dao théng hadm, sai sé
hwéng ngang dwoc coi 13 quan trong nhét. Khi thiét
ké lwéi khdng ché mit bang, can xuét phét tir yéu
cau sai sb thong hdm dé danh gia, wéc tinh do
chinh xéc, qua do xac dinh cac chi tiéu ky thuat ctia
lwéi khéng ché trac dia trén mat dat. Céng- thirc
tbng quat tinh sai sd trung phwong (SSTP) tong
hop hwéng ngang tai vi tri dao théng ham dbi
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hwéng véi dwerng hdm thang dwoc thé hién bang
cong thirc:

Mq:\/m12+m%+m§+mﬁ+m§ (1)
Trong dé: m; - SSTP hwéng ngang clia khéng ché
tric dia trén mat dat; mo, m; - SSTP hwéng ngang
dinh hudng dwdng ham qua 16i dao phu (néu co);
m4, ms - SSTP hwéng ngang clia hai tuyén duéng
chuyen nhanh trong ham.

Déi véi dwdng ham cong, anh hudng clia sai sb
huwéng doc va huéng ngang doi voi dd chinh xac théng
ham c6 gia tri nhw nhau, cdng thire (1) sé ¢ dang:
%:Jm%+m%+m§+m§+m% (2)

Dé xac dinh cac ngudn sai sb trong (1) va (2), tay
thudc vao hinh dang dudng ham, co thé si dung
nguyen tac anh hudéng bang nhau hoac khong bang
nhau dé xac dlnh cac nguon sai sb.

1.4. Tinh yéu té6 dic treng va woc tinh dé
chinh xac Iwéi

a. Tinh céc yéu t6 dac trung cua lwdi

% Dwa vao ban @b dia hinh ty 1& trung binh (v&i
dwéng hadm dai) hodc ban db ty 1é I&n (v&i duwong
ham ngan) dé thiét k& d6 hinh va db giai toa do gan
ding lwéi thiét ké. Cac diém trong lwdi phai duoc
chon theo nguyén tac néu trong muc 1.1;

% Thiét ké goc ludi GPS;

% Dwa vao kha nang may méc va thiét bi (sb
lwong may thu) tién hanh tinh toan cac diéu kién
dac trwng cla lwdi [3].

Sé thei doan do:

Tl 3
C= (3)
Trong d6: n - Sé diém trong lwai; m - S6 1an dat

may (dat tram) & méi diém; N - S6 may thu.

Téng sb dwdng day:

e C.N.(ZN—1) )
Sé duwong day can thiét:

J=m=A (5)
Sé dwérng day dbc lap:

Jgi =C(N-1) (6)
Sé dwérng day du:

Jg=C(N-1)-(n-1) 7)

S6 canh GPS/GNSS trong mét thei doan do cla
d6 hinh déng bd dwoc tao thanh tir N may thu sé la:

Ji N.(N-1) ®)

2

Db hinh lwéi GPS/GNSS linh hoat hon @ hinh
cla lwoi trac dia truyén théng do cac diém lwéi
khéng can nhin théng nhau. Can cir vao myc dich
str dung, théng thwong c6 4 phuong thirc co ban
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thanh 1ap Iwdi 1a lién két diém; lién két canh; lién
két hdn hop canh-diém va lién két lwéi.

b. Uéc tinh dd chinh xac lwdi

Theo nguyén ly do GPS/GNSS twong ddi, gia
s toa do gitra cac diém dat may thu sé dwgc xac
dinh, tlr d6 c6 thé tinh dwoc canh va phuong vi
gitra cac diém do. Néu coi day la cac tri do doc lap,
sé& woc tinh dwoc dd chinh xac lwéi GPS/GNSS
dwa trén thuat toan binh sai gian tiép quen thudc.
Co6 hai phwong phap wéc tinh anh hwdng clia lwéi
trén mat dat ddi vai dd chinh xac dao théng ham,
bao gom:

% Wéc tinh theo sai sd hwéng ngang diém cudi
chudi, tlrc 1a ldy SSTP huéng ngang diém clra
ham con lai lam gia tri &nh hwéng sai sb Iwdi
khéng ché trén mat dat déi voi do chinh xac hwong
ngang dao théng ham;

< Wéc tinh theo sai s6 hudng ngang diém dao
thong ham, con goi la phwong phap ‘e-lip sai sb
diém khong”, Iay anh hwéng sai sé lwai khéng ché
trén mat dat dbi véi do chinh xac hwéng ngang dao
thong ham d&i hwéng 13 hinh chiéu cla e-lip sai sb
diém “khong” trén méat dao théng ham duwoc tinh
theo ¢cbng thic:

Mczl - E%cos Y + F2sin 2y (9)
Trong dé: ¥ - Géc phwong vi clia truc X khi lay ban
truc I&n ca e-lip lam huwéng khéi dau, W=360,; E,
F, ¢ - Cac yéu tb cha ellipse sai sb twong hd vi tri
diém “khéng”.

Sau khi wéc tinh dd chinh x&c |wéi thiét ké can
so sanh véi d6 chinh xac can thiét dé co thé két
luadn xem lwéi thiét k& cd di dd chinh xac khéng
hay can diéu chinh.

3. Thi céng va xiv ly s6 liéu

Sau khi wéc tinh dd chinh xac lwai, tién hanh
trién khai thi cdng lwéi GPS ngoai thuwe dia véi cac
ndi dung chinh sau day: chon diém, chén mbc theo
thiét k&; lap lich do; do dac; xtv Iy s ligu.

Quy trinh thanh lap lwéi khéng ché mat béng thi
coéng dudng ham bang céng nghé GPS/GNSS trén
day dwoc minh hoa theo so dd H.1.

4, Thwrc nghiém

Mé& hinh thyc nghiém la mdt dwong ham vira
thdng vira cong cé hai clra hdm 1a A, va C; dwoc
chia lam 2 doan béi giéng dirng G;, doan ham
thang dai khoang 2,2 km va doan ham cong dai
khoanh 1,3 km nhw hinh 2.

4.1. Uére tinh d6 chinh xdc can thiét cua Iwéi

Chon hé tryc toa do c6 diém gdc O trung diém
A, truc Y trung dwong nbi gitra hai ctba ham, khi
doé phai dwa vao cong thirc dworng hdm cong dé
tinh cho ca 2 doan ham.
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Tt cac nguyén tac trén, lwdi khong ché trén mat
dat can dwoc thiét ké voi cac diém & hai cira hdm
va miéng giéng ding la A;, C; va G,, cac diém
dinh hwéng tai hai ctra ham va giéng ding bb tri
nhw hinh 2. Trong do diém A, va A; Ia 2 diém dinh
hwdng cho diém A, diém G, va G; 1a 2 diém dinh
hwéng cho diém G4, diém C, va C; 1a 2 diém dinh
huong cho diém C,. Diém dinh hwéng phéi nhin
thay diém & clra hadm, diém & miéng giéng dirng va
khong nhét thiét phai théng hwong v&i nhau. Cac
diém dinh hwéng nén cach xa diém ctra ham va
diém & miéng giéng it nhat [a 300 m.

4.3. Tinh diéu kién dic trueng lwéi GPS
Ap dung céc cdng thire tir 3 dén 8, ta co:

H.2. Mé hinh duong hdm

Ky hiéu cac nguén sai sd anh hwéng téi do chinh
xac huwong ngang dao thong ham doi hwéng doan
ham A:G4 1a myq, Mz, Mag, Mys; cua doan ham G1C1
la Ma1, M2, Mag, My, Khi d6 sai s6 hwéng ngang can
thiét cdia khong ché trén mat dat |1a Mgmd:

(10)

Vé&i myy va mqp duge tinh tr cdng thirc tinh
SSTP téng hop huwéng ngang tai chd dao thong
ham déi hwéng clia dwéng ham cong:

2 oo rd
Mgmd = Miq +m31

Mcﬂ 2

5 =m#q s + M35 +mTy +mis (11)

Ap dung nguyén tac anh hwong bang nhau dbi
vOi cac ngudn sai sb thanh phan, doan ham A;G;
dai 1,3 km nén IVIq1—50 mm[1], suy ra:

q1

mqq= J— \/—

Twong tw véi doan hdm G1Csta co: my=17 mm.
Thay vao céng thirc (10) €6: Mgmg=25 mm. Nhu vay
can thanh 1ap luoi khéng ché mat bang trén mat
dét véi sai s6 hwdng ngang khong qua 25 mm.

4.2. Thiét ké do hinh Iw6i - ,

Lw&i khéng ché mét bang trén mat dat dw kién
duoc thanh lap béng céng nghé GPS véi 5 may
thu ctia héng Trimble- My. Theo phan 2.1, tai ctra
ham va 16i dao phy bt budc phai c6 3 diém khong
ché mat béng; canh nbi gitva hai clra ham va 16
dao phu phai dwgc xac dinh véi d§ chinh xac cao

nhit, \lu oc dwoc do nhiéu lan nhét).

=17,7 mm. (12)

S6 thdi doan do:
_hm_9.15/9 _ 3
N B
Téng sb dwong day:
oo CNN-1) 35.(5-1) _ 30

2 2

Sé duwong day can thiét: Ju=n-1=9-1=8.

S6é duwdrng day doc lap: Jg=C(N-1)=3(5-1)=12.

S6 canh dw: Jg=C(N-1)-(n-1)=3(5-1)-(9-1)=4.

S6 canh GPS trong mét thdi doan do ciia dd
hinh dong bg dworc tao thanh tlr N may thu sé la:

JNIN-1) _5(5-1) _10

2 2
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As e ) N
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H.3. So db lwéi GPS

S6 vong do ddng bo it nhét 1a:
T=J-(N-1)

_(N-1)(N-2)

2

=10-(5-1)=6

Nhuw vay, lvéi duwgce thiét ké 3 ca do va cd so do
nhw hinh H.3.
4.4. Udc tinh dé chinh xac Iwoi

Bang 1. Sai sé vj tri diém lwéi GPS

Theo [1], wdc tinh &nh hudng sai sb Iu6i trén
mat dat doi véi dé chinh xac hwéng ngang dao

thong ham dbi huéng theo phuong phap “e-lip sai

s diém khéng” c6 d6 chinh xac tét hon. Két qua
wéce tinh theo phwong phap nay dbi véi ludi GPS
thiét ké trinh bay trong Bang 1.

Stt | Tén diéem X (m) Y (m) (r:]“""]) my (mm) | m, (mm) Ghi chu
1 A 23241285 | 5021480 Ctra ham
2 A, 23237895 | 5017165 2.3 2,9 3,7
3 As 2323748,0 | 501990,0 2,4 a1 37
4 B 2325304,0 | 501414,0 2,0 2.4 3.1 Giéng dirng
5 5 23257125 | 5014445 3,0 2.8 4.1
6 G 2324794,0 | 501715,5 2,8 28 4,0
7 o 23274205 | 501977,0 2,0 37 42 Ctra ham
8 O 23276405 | 501535,0 2.7 43 51
9 G 23270785 | 5017895 | 53 3.9 48
10| P.A 123247165 | SO57840 | 16| 26 3,1 Diém dao thong
11 PG |7 e
- “_-+(16,5 | 5017815 25 3.7 4.5 Biém dao thong
112! 0.6 123263625 | 5016955 | 23 49 54 Pidm dao thong
| 13 P,C 2326362,5 | 5016955 23 5,6 6,1 DPiém dao théng
Bang 2. E-lip sai sb tuwong hé vi tri diém dao Két aud woc tinh cho thay, luéi GPS thiét ké dat
théng.ham d% chinh x4c theo yéu cau.
— = 4.5. Do dac va xt ly sé liéu thuc nghiém
Biem 1|Diem2|E, mm |F,mm| ¢, (0’") [Mg Mm Lwéi thue nghiém dwoc do trén mé hinh tai khu
P1A | P1G | 49 | 2,7 [3420320,9| 4.7 vic dd thi méi My Dinh bang 5 may thu GPS (3
P2G | P2C | 6,9 | 30 [3545324,2] 69 may Trimble R3 va 2 may Trimble 4600LS).
Béng. 3. Két qud binh.sai luoi GPS
Sy Toa do sau binh sai Sai s0 Sl
Stt| Tén diem X (m) Y ™) N Ghi chu
1 A 2324128,3177 502148,1481 1,0 1,0 1,4
2 X 2323789,4756 501716,4060 2.4 25 35
3 As 2323748,0282 501989,8016 1,8 1.9 2,6
4 G 2325304,0000 501414,0000 Fixed
5 c 2325712,3322 501444 5244 i 7 25 3,0
6 = 2324794,0216 501715,5970 2,8 o7 46
7 G 2327420,2467 501976,9316 1,1 1 1,6
8 Cs 2327640,5342 501534,9096 1,8 1,9 2,6
9 o 2327078,5697 501789,4522 1,9 1,9 k]
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Tién hanh do 3 ca, mdi ca 60 phut cac théng sb
khi do so v&i digu kién 1ap lich déu tét (so vé tinh luén
>6, PDOP<5) [3]. St dung phan mém GPS TBC
(Trimble Business Center) d& xtr Iy so liéu do, cac
canh trong lwéi dé& co 1o giéi tdt nén tién hanh binh
sai lwoi. Trong Iu’ou ¢6 diém G4 co toa dd nha nuéce
nén lay lam diém gbc, két qua binh sai néu & Bang 3.

Nhan xét: két qua binh sai luwgi GPS va két qua
wée tinh lwdi two’ng ddi séat nhau, sai léch khong
dang ké cho thay tac dung cua viéc wéc tinh lwoi
trwdre khi do. Lwdi méat bang xay dwng dwong ham
thanh Iap bang GPS cho d8 chinh xac cao, sal sb
vi tri diém nho hon rat nhiéu so voi sai sé cho
phép. Vi day la mé hinh dwérng hdm nén khéng
tinh chuyén vé hé toa do cong trinh.

5. Két luan

< Thanh lap Iwéi mat bang trén mat dat trong
thi cong duong hdm béng céng nghé GPS nén
tuan tha theo ding quy trinh dé lwéi dam bao do
chinh xac theo yéu cau;

% Can woc tinh lwdi GPS trudc khi tién hanh
do dac luéi;

< Lwdi mat bang trén mat dat trong xay dung
dwdng ham khong nhirng dam bao do chinh xac
ma con ¢6 loi vé thei gian va chi phi.O -
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SUMMARY

In underground construction, the lateral
. error of cut-through play an important role.
| The value of this error is depended on the
~quality of control network on the earth
. surface. The GPS/GNSS control network is

 more and more applicated for underground
. construction, however, until now there is no
. standarded procedure on its establishment.
' The research results on the GPS/GNSS
= controi network - establishment procedure
' have been presented in this paper.
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(Tiép theo trang 31)

c4c chi tiéu déu dat cot A, rieng Pb va Mn chi dat cot B
(chét lvong nudc thai dugc pheép xa vao ngudn nuwoéc
khéng dung cho muc dich cAp nwéc sinh hoat).0
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SUMMARY

Currently the majority of wastewater from
pilot metallurgical facilities is either untreated or
treated only by simple methods. This paper

- introduces a study on removal of residue chemicals
and heavy metals in wastewater of typical pilot
. metallurgical facility. It was found that two types
)i reducmg agents FeS0..7H,O 12,5 % and
Nano Fe’ were efficient and economical in the
- wastewater treatment process.
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