TINH TOA DO VUONG GOC PHANG THEO PHEP CHIEU HINH TRU
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Vién KHCN Xay dung

KS. VU VAN POAN

Vién Quy hoach va thiét ké nong nghiép

1. Pit véan dé

Tinh dbi toa do trac dia (BL) thanh toa do vuong goc phing (xy) 14 cong viéc quan trong va
thuong xuyén trong tric dia. Toa do vudng goc phing dung trong tric dia co ung dung rat rong réi.
NG xuat hién & tit ca cac dang cong tac tric dia cong trinh, nhat 12 khau lap ludi khéng ché mit bing
phuc phu xay dung cong trinh cong nghi¢p va dan dung. Vi vy, viéc nghién ctru 4p dung cic dang
cdng thirc tinh d6i toa do tric dia thanh toa d§ vudng goc phing nhim dat hiéu suat cao va dam bao
d6 chinh xac khi tinh d6i 1a viéc 1am rat can thiét.

Tét ca cac cong thuc tinh toa do vudng goc phing theo ludi chiéu hinh tru ngang git goc hién
ding & nuéc ta déu dugc xdy dung trén co s khai trién ham sé mii cia chudi Taylor. Cac cong thirc
biéu dlén bing ham mi co uu diém 1a dé biéu dlén truc quan, nhung bi han ché & diém khoi tinh dao
ham, sé lwong, sb hang, tdc d6 hoi tu cling nhu sb du coa chudi va do chinh xac ludn phu thude vao
d6 rong cua mui chiéu. HAm phire ¢6 rat nhidu diém manh, cc cong thic dung ham phuc khic phuc
dugc cac nhuoce diém ké trén va dem lai hiéu qua cho viéc ap dung vao thyc té.

Trong bao céo khoa hoc xay dung hé quy chiéu va hé théng diém toa d6 qudc gia VN-2000 ciing
c6 gidi thi¢u cong thire ding ham phirc nhung chua c6 cac bude tinh khi tinh thuan va tinh ngugc cu
the.

Bai bao nay gidi thidu cong thirc va cac budc tinh cu thé dé co thé ap dung vao san xuit.

2. Cong thikc tinh

Nhu dé biét, phép chiéu Gauss-Kruger 1a phép chiéu thoa mén 3 diéu kién:

- Phép chiéu giir goc;

- Sau khi chiéu kinh tuyén truc 12 dudng thing;

- Sau khi chiéu kinh tuyén truc c6 chiéu dai khong déi.

Co s& toan hoc dé xay dung cac cong thirc méi dua vao cac diéu kién ké trén caa phép chiéu.

2.1. Cong thizc ham sé phirc cho phép chiéu Gauss khi tinh thugn

Ta biét khi n6i dén phép chiéu Gauss khong thé khong ban dén d6 vi dwong luong g va quan hé
cta nd véi do Vi tric dia B.

Quan hé nay duoc biéu dién qua cong thuc:
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Néu dat w=q+il la céch biéu didn quan hé giita d6 vi duong lugng va hiéu do kinh va dat z=x+iy
la ham phire cua toa do vudng goc phing, trong d6 i =+/—1. Néu dat f la mot ham giai tich tay y, tur
Iy luan cua ham phtre, ta duwgc ham giai tich luén théa mén di€u kién git goc, cho nén dicu kién (1)
ctia phép chiéu Gauss s& c6 cong thirc toan hoc nhu sau:

z=x+iy=f(w)=~f(q+il) (2)
Tir diéu kién (2) cia phép chiéu Gauss, khi 1=0 thi y=0 nén ham (2) chi c6 bo phan thyc 1a:
x=f(q) 3

Tur diéu ki¢n (3) ctia phép chiéu ta c6 cong thire (3) chinh 1 ¢dng thic tinh chiéu dai trén cung
kinh tuyén, d¢ 1a:

dB
x=X(B)=a(l-¢e?)
I').(l e’ sin B)/ (4)

=a(l—e’)(aB + Bsin2B +ysin4B + 5sin6B + £sin8B +---)



Trong cong thuc trén a la ban truc 16n cua ellipsoid quy chiéu, cac hé sb trong cong thic (4) duoc
tinh theo cong thac sau:
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R& rang la cong thirc (1) quy dinh quan hé ham sé giita do vi tric dia va d6 vi dwong luong, néu
nhu ta trién khai d6 vi dwong lwgng g theo ham sé phirc w=q+il thi d6 vi ban dau ciing bién thanh
ham phirc va goi n6 1a d6 vi s6 phuc biéu thi bang é.

Ciing tir cong thirc (1) sau khi c6 do vi tric dia ta ¢ thé viét ra cong thirc tinh é nhu sau:

® = arcsin[tan h (w + earctanh (esin ®))]  (6)

Nhin vao cdng thirc (6) ta thdy, hai vé ctia n6 déu chira é nén phai tinh nhich din. Qua trinh
tinh nhich dan c6 thé biéu dién qua cong thirc sau:

@, ~ arcsin[tan h (w)] )
@, = arcsin[tan h(w + earctan h (esin @ _,))]

Trong cong thuc trén &, 12 tri ban dau, &, va & 1a cac gi4 tri tinh nhich dan 14n tht (i-1) va lan thi
i. Vi do léch tdm cua elipsoid trai dit rdt nho cho nén chudi chira e® hoi tu rdt nhanh, thudng chi can
tinh dén 1an thir ba 1a dat yéu cdu. Pem do vi s phire tinh dwoc thay vao cong thie (4) ta cé:

. 2 do
Z:XHy:a(l_eZ)I[(l—ezsinZ(D% (8)

=a(1—e2)(a®+ﬁsin 20 + ySin 4D + 55N 6D + £SiN8D +---)

Cong thirc (6) va cong thirc (8) dung dé tinh phin thuin cta phép chiéu Gauss va c6 thé giai thich nhu
sau:

- W quyét dinh d6 vi sé phirc &, d6 vi sé phirc & lai quyét dinh toa do vudng goc phing, tit ca déu
la quan hé ham so cip don tri thoa man diéu kién giit goc nén da théa man diéu kién (1) cia phép
chiéu Gauss.

- Khi hiéu d6 kinh 1=0 bo phan sé hu y=0; thi céng thirc (8) quy vé cong thirc (4) va ta c6 cong
thtrc tinh chiéu dai trén cung kinh tuyén thoéa méan diéu kién (2) va diéu kién (3) cua phép chiéu Gauss.
2.2. Cong thike ham sé phire cho phép chiéu Gauss khi tinh ngwoc

Cong thirc tinh nguoc trén nguyén tic c6 thé dwa vao cong thirc (8) dé chirng minh va lién quan
dén viéc tinh nguwoc chidu dai cung kinh tuyén ra do vi. Ta biét d6 vi tric dja co thé tinh theo cong
thire:

B=¢+a,sin2¢p+a,sin4¢p + a, sin 6¢ + a, sin 8¢ 9)
X(B)

Trong d6: ¢ = 10
g do: e m (10)
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Néu dat do vi phirc cua diém chin dudng vi tuyén 14 1, thi i tinh theo cong thirc:
X+1iy

Y = 12
all—e?)a (12)

DPem i thay vao vi tri caa & trong cong thirc (10) va lip vao cong thirc (9) ta co cong thire tinh é:

® =Y +a,sin2¥ +a,sin4¥ +a, sin6Y +a, sin8¥Y (13)
Sau khi tim dugc €, dem & thay vao (6) va tinh dugc:
w = g +il = arctanh(sin @) - earctan h(esin @) (14)
Sau khi tim duoc g tir cong thuce (1) ta giai dugc:
B = arcsin[tan h(q + earctan h(esin B))] (15)
Vi hai vé cua cong thirc (15) déu chira B nén ciing phai tinh nhich dan theo c6ng thirc sau:
B, ~ arcsin[tan h(q)] L6
B, = arcsin[tan h(qg + earctan h(esin Bi_l))]} (16)

Trong cong thic trén By 14 gia tri ban diu, Bi.y, B; 1a d6 vi tric dia tinh dwgc ¢ bude thir i-1 va bude
thir i. Vi € 12 s6 nho nén chudi ciing hoi tu nhanh va ciing chi cin tinh nhich dan dén 1an thir ba. C6 thé
coi cdng thire (12) dén cong thire (15) 1a cong thic tinh nguoc cia phép chiéu Gauss. Ciing tién hanh
trong ty nhu trén ta c6 thé thiy:

- Cong thtrc (13), (14), (15) ciing la cac ham gidi tich don tri nén tir z=x-+iy dén w=qg+il ciing 1a
phép chiéu giir goc thda man diéu kién (1) cua phép chiéu Gauss.

- Khi y=0 cbng thic (12) c6 y nghia nhu cong thac (10), tic 1& i= &, cbng thuc (13) khoi phuc
dang cong thtrc (9), ltc dé 1=0, giai ra duoc B 1a do vi tric dia trén kinh tuyén truc, théa man diéu kién
(2) va (3) cua phép chiéu Gauss.

2.3. Dang ham phwc ciia cong thirc tinh ty 1¢ chiéu dai va goc hgi tu kinh tuyen

Ty 1¢& chiéu dai va goc hoi tu kinh tuyén theo y nghia toan hoc déu 1a ham giai tich & mot diém nao

d6 nén co thé lay dao ham. Néu ta dat:

= 4w (17)
rdw
Trong d6: r=NcosB = __AcosB (18)
V1-e®sin’B
Cong thirc (17) c6 dang cu thé hon:
2 df (w)dd (19)
rdd dw

Néu ldy dao ham cua cong thirc (8) va cong thie (14) ta c6 cong thirc:
dfw) _ aft-¢?)
do 1 e’sin @V
aw__ f-e)
dd (1-e’sin’ ®)cosd
Pem cong thic (18), (20), (21) thay vao céng thire (19) ta dugce cong thic sau:
i COSD 1-e’sin’B

cosBy1—e?sin?®

Néu dem cong thuc trén biéu dién theo ham luong giac ta co:

(20)

(21)

(22)



cos®+/1—e’sin’ B

cosBv1-e*sin® ®
Tir dinh nghia dao hdm cia ham phirc ta c6 m 14 ty 1 chiéu, 6 1a goc do hoi tu kinh tuyén. Trong
cdng thirc (23) néu ta cho ddu “-” s& quy dinh 1a huéng thuan caa ham phirc (ngugc chiéu kim dong
hd), s& nguoc voi dau cua goc hoi tu kinh tuyén trong phép chiéu Gauss (tinh thuan theo chiéu kim
ddng hd). Cong thire (23) 1a cdng thirc khép kin gitra ty 1& chiéu va goc hoi tu kinh tuyén ciing c6
dang rat gon.
3. Vidu
3.1. Tinh theo ham sé phirc
Ta lay elip quy chiéu 1a Krasovxki c6:
a= 6378245 m ; €’=0.006693421623; f= 1/ 298.3
Ly diém tinh c6 B= 21°%; 1= 2° dé tinh theo cac cong thirc gisi thidu & trén.
3.1.1. Cong thirc ham sé6 phirc cho phép chiéu Gauss khi tinh thudn
Dau tién tir d6 vi tric dia B ta tim duoc d6 vi duong luong q:

g = arctan h{sin % —earctan h(esin %ﬂ =0.3726 (24)

z'=m(cosy —isiny)= (23)

Sau d6 cung v4i hiéu d6 kinh | ta tim dugc dang ham phuac w:
w=q+il =0.3726+2- 2 .j (25)
180

Coi e= 0 tir cong thirc (7) ta tinh dugc tri gan dung caa d6 vi sé phirc &o:

@, ~ arcsin[tan h(w)] = 0.36448+ 0.032621i (26)
Két qua tinh lip 3 1an nhu sau:

@, =0.3667147+0.03278389i

®, =0.3667278+0.03278452i

®, =0.36672787+0.03278452i

Néu c6 tinh 1ap 1an nita thi & vi tri s& 1 thtr 10 khong c6 sy thay ddi nén chi can tinh lap dén lan
thtr 3. Pem két qua tinh duogc thay vao cong thirc (8) ta co:
z = 2324419.4925419+ 207975.913763983i( /m) (27)
Trong cdng thirc 27 phan thyc 1a tung do, phan 4o 12 hoanh d6 trong toa do Gauss.
Vay toa d6 cua diém tinh 1a:
X=2324419.493; y= 707975.914
3.1.2. Cong thirc hdm sé phirc cho phép chiéu Gauss khi tinh ngiroc
Pau tién ta tinh duoc:
= XY - 0365041+0.032662i
all—e?)a
Thay (28) vao cong thirc (13) ta tinh dwoc do vi sb phtc:
® =Y +a,sin2¥ +a,sin4¥ +a, sin6Y¥ +a, sin8¥Y
= 0.3667279+0.0327845i (29)
DPem (29) thay vao (14) ta tinh dugc d6 vi s6 phuc:
w=(q+il=0.3726127+0.03490659i (30)
Phan thyc cua w 1a Vi d6 duong luong q, trong cong thirc (15) néu coi e=0 ta dugc tri ban dau cua
d¢ i trac dia Bo:
B, = arcsin[tan h(0.3726127)]= 0.364278 (31)
Tiép tuc tinh nhich dan ta duoc:
B1= 0.3665060521; B2= 0.3665060521; B3= 0.3665060521
Do vay B=B;*180/[]=21°%; I=1*180/]]=2°
3.1.3. Tinh ty Ié chiéu dai va goc héi tu kinh tuyén
Pem d6 vi s6 thuc va do vi s6 phirc thay vao cong thirc (22) ta dwoc dao ham cua z 1a 2’

(28)

2 ain 2
2'=m(cosy —isiny) = SSPVIZ€ SN B ;) 600456-0.01252i (32)

cosByvl—e?sin® @




Trong d6 phan modul chinh la ty 1¢ chi’éu: )
m=|z’|=1.00053, phan géc lay ngugc dau chinh 1& géc hoi tu kinh tuyén: 6 = -arg(z’) = 0.71699
So sdnh véi cong thac cii la:

2

4
m =1+|?cos2 B(1+e'> cos® B) + |2—4cos4 B(5+4tan® B) =1.00053 (33)

y =lsin B{1+I§cos2 B(1+3e” cos® B +2¢" B)} =0.71699 (34)

3.2. Tinh theo phdn mém Geotool ciia Trung tim thong tin luu triv tw ligu Pia chinh ding ham sé
ma

Tinh diém M1 cé6: B=21% 1= 2°

Parameters:

Ellipsoid: KRASOVSKI

Project: GAUSS

Center meridian: 105 degree 00 minute

Zone: 6 degree

Name ID B L X y
1 M1 210000.000 | 1070000.000 |2324419.495 |[707975.914
3.3. So sanh két qud
Cong thuc tinh doi B L X y
Dung ham s phtc 21°00°00”’ 107°00°00’” 2324419.493 707975.914
Dung Geotool 210000.000 1070000.000 2324419.495 707975.914
Sai léch 0.002 0

Tir bang so sanh két qua tinh toan & vi du trén ta ¢6 nhan xét sau:

- Dung ham s phtrc khi tinh thuan va tinh ngugce déu cho ta két qua giéng nhu tinh theo Geotool.

- Dung ham s phtrc tinh nhanh gon hon
4. Két luan

- CoOng thuc tinh cua phép chiéu Gauss viét dudi dang ham sb phuc co dang rat gon, hiéu sudt tinh
cao, nhiéu cong thiurc trong mdt cong thirc cd duogc hai dai luong cén tinh;

- Néu coi mit elip 1a mit cau thi dang cong thirc cang don gian hon;

- Néu dung phép chiéu UTM thi twong ty nhu cach tinh cii va chi cin thay m=1 bang 0,9996 hoic
0,9999 ta s& co cong thirc tinh toa 0 UTM cho mui 6° hodc 3°. RAt thuan tién cho cac mang ludi
chuyén dung ung dung trong tric dia cong trinh.
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