
uor sd fuc ouuc rRoNG rnflc sn c0nc rniur

rns. uoANcrtrl MNH HuoNG, pcs.rs. NcuyEH eunNe puuc,
rs. rcuvEn ucruA rns. HouvEH uA-rruingo?inqc Mfrlachdt

;r, 6 Ui6u di6n vi tri cia mot di6m ten mat d6t.11 nay trong khong gian, cAn srl dgrng mQt h6
7 tqa da nhat dinh nao d6. M6i he tqa d0 deu c6
nhong quy u6c. .nhong quy t5c thdnh lap nhSt dinh
vd gi0a ch6ng d6u c6 nh0ng m6i quan h0 hinh hqc
va toen hQc r5t cnat cn6. Trong nhong trudng hqp
cAn thi6t hoan toan c6 th6 chuy6n d6i qua lai gii?a

c6c h6 tga dQ. Phep chuy6n d6i tQa da crla Helmert
don gidn li phep bi6n d6i xoay, d6ng dang gi0a 2
he tqa_do pheng. T-uy nhien,. n6 lai c6 nhong ung
dung r5t hou hiQu de giii quyet mQt s6 nhi6m vu cia
tric tlia c6ng trinh: tinh chuy6n giOa he taa d9 c6ng
trinh voi cac hd toa d0 khdc; xAc Ctinh cac th6ng s6
chuydn dich bien.dang c6ng trinh hay xir ly c6c
m4ng luoi chuy6n dtrng ctla trdc dia c6ng trinh.

1. Bai toan chuyan d6i tga dQ Helmert

Gid sfr c6 2 mqng lu6itrtc_ dia dd tlugc binh sai
rieng biet, trong d6 c6 cec diCm chung v6i c6c tga
d0 ld xi, yi vir xi, y1'. Khi d6 dAt ra bai toan tinh
chuySn tga d0 tr) he nay sang he khac. C6ng th0c
quen thuoc cle tinh chuyen tga dO c6 dang [5]:
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?
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=ai +tiq yi

ilt

H.1. Quan he giha hai hC tqa dQ phdng.

V6i c5c tqa dO trqng tam, hQ (3) duqc vi6t lai
nhu sau:

xi -x
xi =ax+x
yi =ay + xi.mO.slnq + Yi.m0.coSQ

(4)
=ay + Vio - xi9

Trong d6 dA kf hi6u q-o-1.
Xem c6c hi6u s6: ,i -i1 =-l&, yi-il=-lvi nnu

la nhong "tri do" doc lap va cing d0 chinh xac, se
lap duEc hC phuong trinh s6 hieu chinh:

vii =at +i1o-Y

vti =at +Yio+x
(5)

mO.cosq - yi.m0.slnq
Yi -Y

Trong d6: <p - G6c xoay gl0a 2 he tAa d0; m0 - HC

s6 ti le; a, va ay - Tga d9 di6m g6c O' crla he tga
d0 x'O'y'trong h€ tqa d0 xOy (H.1).

K! hi6u: o = mg.cosq; B = mo.sin<p s6 c6:

xi = ax + xio- yiB

yi = uv * yio* xi0

Hodc vi6t lai theo cach sau

xi -xi =ax + xi(o- 1)- YiB

vi -vi =av * vilo- t 1* x;B

N6u.dich chuyen g6c tqa dO trong m6i nC v6
cli6m treng tam c6 c6c tga dQ rs =[X]in,ys =[y]nva

Voi n di6m chung, ta c6 hQ phuong trinh s6
hi€u chinh vi6t dudi dang ma trAn:

Y =BZ+L. (6)
Trong d6: B=(Bl 82 ... Bn)r vdi:

(1)

(2)

(3)

P+ lxi

F+ lri

0t -Yi l.
,i)

(t
Bi =l

[0 1y
(7)

!0r0A HoG uA cor{G ilcHi r[6

-^3R
PH€P cHUY€N DOI IoR o6 neuncnT Un.a

xs =1xiyn, yo = tyil/n , vdi n lir s6 diCm cia luOi thi
khi d6, taa dQ trang tam ctla c6c di6m trong m6i n6
tuong ung duqc x6rc dinh ld:

xi =xi -xo, yi =yi -y0 va xi =xi -xo, yi =yi -yo.
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Ph6p chuy6n d6i tAa tlg Helmert c0ng c6 thE
dugc srl dung trong phdn tich bi6n dang d6 x6c
dinh c6c th6ng s6 chuy6n dich t6ng th6 iria c6ng
trinh. Tr& lai vdi c6ng thrlc (4), n6u dit cAc hi6u s6

,i -r; =-o& va yi -Vi =-eri , voi ex, vd e, ti
chuy6n dich crla di6m i theo c6c huong tiuc tAa dq

vd gidi h6 (4) dudi di6u ki6n tQ!l* tOfrl = min tnl
khi d6, vector tham s6 Z Um duqc se dec trung cho.
chuy6n dich t6ng th6 cia c6ng trinh. Xem xei m6t
vi du sau Cl6y: gi6 srl c6 5 di6m quan trdc g5n tren
mot cong trinh_dqng thing; toa d0 cl]a chung trong
2 chu k!, li6n ti6p duEc cho trong Bdng 4.

T
T

I en dlem T9a da

x'(m) Y'(m)
2139863,3487 446135,9161

2139278,6054 446173,9850
TD-08 2138735,8179 445962,1034

2138866,1916 446553,0472
TD-10 2139543,5148 446453.7516

Taa d0 cOng trinh Toa d6 Nhe nuoc
Y (m) x'(m) Y'(m)

TD-01 2140250,0869 446040,6530 446041,5336

445462,9366

445519,0214

TD-02 2'140503,2359 445462,0890

2140177,2028 445322,0688 2140143,6671
TD-04 445518,1788

5 TD.O5 213941 '1,8688 445832,3288 445833,1604

Toa d0 trong chu ki, 1 Toa d0 trong chu ki 2
Y1 (m) X2 (m) Y2 (m)

QT-o1 2416.369 3017.045
QT.O2 2416.358 3050.181 2416.355
QT.O3 2416.375

'QTj04
3107.784 3107.782

2416.381 3131.328 2416.387 3131.330
TrQng tam 2416.366 2416.370 3077.235

S0 dUng cac thuat to6n n6u 0 tren, da x5c dinh
duEc c6c th6ng s6 chuy6n dich t6ng th6 cia c6ng
trinh nhu sau: hQ s6 tf lQ mo=1,966626; chuy6n
dlch trgng tam theo hudng truc X Q* =rj,6 ,r,
chuy6n dlch trQng tem theo huong trqc Y
qo =*1,4 mm; g6c xoay cOa hai hc tuc: qoo oo' 13,6".

4. Ph6p chuy6n at6i Helmert vdr bdi to6n binh
sai lu6i tr3 do tr6c dia c6ng trinh

4.1. Thi thuAt giei bai ben hinh sai luoi tgr do
c6 s6 khuy6t d>o

4.1.1. Bei ben binh sai lu6 tu do c6 s6
khuydt d>o

Ludi thic6ng va ludi quan trdc bi6n dqng ld dqng
ludi chuydn dtng c0a trdc dia cong trinh, co bin ch6t

ld lu6i tg do vdi s6 khuy6t d>O (ggi t6t H tuoi tr,r do
d>0). Trong truong hop nay, ma tran hC s6 A va ma
hdn he s5 he phuong trinh chudn R c6 d cot phu
thuQc tuy6n tinh, kh6ng gi6i duoc theo c6ch th6ng
thuong. D6 khir s6 fhuy6t d>0, c{c 5n s6 phii tluoc
x6c dinh voi dieu kien b6 sung C'X=o, trong d6 ma
tran hQ s6 C phdi c6 d cot doc tap tuy6n tinh. Dieu
kien VrPv=min s6 dan d6n h6 phuong trinh chuAn:

[n cltxt tutI - l.l l'l+l-l=o (14)
Lc' o lLKl Lol

c6 ma han hC s6 kh6ng suy bi6n n0a. Khi ct6, f6n
tai ma tran gid nghich d6o [3]:

R- = (R+ccry-1 -11r (15)

Ti6p theo, s6 s0 dqng R- d6 binh sai va denh
gi6 dQ chinh xdc c6c y6u t6 cria mqng ludi.

c0Ha ucmEp m6, s0 s - zors

BAng 3. K6t quA tinh chuydn tga dQ.

3. Ong dr,rng ph6p chuy6n d6i Helmert xec
dinh th6ng sii chuy6n dich c6ng trinh

Bdng 2. Tga d0 cii cdc di6m song trdng

CNM

[r-frD-06LL

I z I ro-oz

4l rD{,
TE

T6n di6m

2140216,5312

2140469,6982
TD.O3 445322,9324

2139702,9803 2139669,4386

2139378,3231

Bdng 4. Tga dQ cda cdc di6m quan trtc tong 2 chu kj,

T6n di6m

1 2416.371 3017.043
2 3050.179
o 3079.846 2416.380 3079.843
4 2416.349 2416.357
5 QT-05

3077 .237

42
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TT TCn
di6m

Taa d0
x (m) v (m)

1 TC-o1 2140216,533 446041,503
2 2140469,679 445462,947
? 2140143,650 445322,930
4 TC-04 2139669,434 445519,037

TC-05 2139378,329 445833,180
6 TC-06 2139863,356 446135,910

TC.O7 2139278,628 446173,994
2138735,844 445962,131

I TC.O9 2138866,235 446553,057
10 TC-l0 2139543,539 446453,747

C6c k6t qud arinh vi luoi cria 2 phuong an trong
hai Bdng 5 va 7 c0ng nhu.cac k6t qua taa da binh
sai trong hai Bing 6 va 8 cho th5y tinh d0ng din
cria nh0ng nhan x6t dua ra trong mqc 4.1.2. Cec
k6t qui binh sai cdn cho th5y: vector tri do sau binh
sai trong 2 trudng hqp dinh vi lir duy nh6t, kh6ng
phu thuoc vdo viec lua chQn ma tran E0.

5. KCt luan

Tu cac ket qud nghien cou nCu tr6n, c6 th6 rrlt
ra mot sO ket luan qau day:

* Ph6p chuyen d6i taa da c0a Helmert ld ph6p bi6n
d6i xoay, ddng dqng d6 chuyen d6i taa dO gioa cac he
tq?. d0 ?l5l.gl nhung duqc s0 dvng rat hiQu qud d6
gidi quy6t nhi6u nhiem W cUa trec dia cong trinh;

* Trong x& ly s6 lieu cAc mang luOi tU do d>O

theo mO hinh bAi to5n binh sai gi6n ti6p kdm di6u
kien, di6u kien CrX=o dugc x6c iap trcn co sd c0a
bdi to6n chuyen d6i tga d0 crla Helmert. Di6u kiQn niy
duEc dua vio bii to6n binh sai lu6i trx do d>0 d6 gidi
quy6t cldng thdi 2 nhiem vu: binh sai luoi; dinh vi tu6i;

* N6u chi binh sai ludi mir kh6ng dat vdn cld
dinh vi ludi thi chi c5n ep dung phuong phap binh
sai tri alo, tuc l?r binh sai diAu ki6n ngay cd d6i vdi
nhirng mqng ludi tU do d>.0. Hi6n nhi6n ld trong
trudng hqp nAy, kh6ng cAn b6 sung di6u kiQn

crx=o.o

rAr LrCu rHAM KHAo

1. Nguy6n Quang Ph0c (2010). NghiCn cou
hoan thien phuong phdp thanh lap va xrl lli s6 lieu
ludi kh6ng ch6 thi c6ng c6c cong trinh xay dHng
trong di6u ki4n Viet Nam. DO tei KHCN cdp BQ (B0
GD&DT). Md s6: 82008-02-52. InLt viQn Trudng
Dai hAc M6-Dia chat.

2. Eonguaxoo B.[., Mapxy:e lO. 14., Fony6ea
B.B. (1989). YpaexnaaHue reo.qe3 '{ecKrx
nocrpoeHufi. Cnpaaovxoe noco6ne - MocKBa, 1434.

TT Ten
dtem

Tga d0
x (m) v (m)

1 446041.497
2
c TC-o3
4 TC-04
5 TC-o5
b TC-06
7 TC-07
8 TC-08
o

r0roA Hoc rA c0ilG ilcHE il6

Beng 6. Tea dO blnh sai cha cdc cltdm (Ph.6n 1). Bdng E. Tga dO blnh sai c acdc&6mPh.en4.

TC-02
TC.O3

7
TC-08

TC-o1 2140216.536
TC.O2 . 2140469.680 '445462.541

2140143.651 445322.525
2139669.436 445519.033
2 139378.331 445833.178
2139863.359 446135.905
2139278.631 446173.991
2138735.847 445962.130

TC.O9 2138866.240 446553.056
10 TC.1O 2139543.543 446453.744

HeApa. 413 c. (crp. 302).
3. MapKy3e lo.l4. 14 KHF3eB A.f. (1986). O

KoppennqxoHHofi Marp[qe Hen3ecrHbrx B

ceo6oAxoi cerr. l4agecnrn By3oB. feoAe36r 14

aopoQorocbeMKa, Mocxaa - N0 611986, crp.12-21.
4. MapKy3e lO.t1. (1986). Cnoco6 aper.,tewoi

$uxcaqnr Her43BecrHbrx npta ypaBHlBaHxr
reoAe3rqecK!4x cerefi co cao6o4rulnau 6noxaun.-
l,Ibe. BY3oe. .l-eogeaun r aepoQorocreruxa. N0
4/1986, crp. 13-24.

5. MapKy3e lO.14. (1989). Anroprruur 4rn
ypaBHlBaHr4c reoAe3hqecK[x cerefi sa eBM - 14s4.

HeApa, Mocl(Ba.
6. MapKy3e lO.Ll. (2005). Ocnoaur ueroga

HaIMeHbur4x KEaApaToB 14 ypaBHhTenbHblx
Bbr,{rcneHhf . y.re6Hoe noco6re. M., Ml,114l-AnK,
280 c. (crp. 152).

Nguoi bi6n $p: Hd Si ciao

CNM

To determine the location of a point on the
ground or in space, need to use a certain
coordinates system. Each coordinate system
to be built in a reference frame according to
certain conventions. This raises the need to
switch between the coordinates systems in
case of necessity. The Helmert coordinates
transformation is one of the algorithms to
convert coordinates between two the plane
coordinate system, previously used to connect
the plane geodetic networks. ln this paper, the
authors mention some applications of the
Helmert coor-dinates transformation in
engineering surveying.

SUMMARY
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