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Abstract. The levelling from middle is a fundamental measurement method in geodesy that
meticulously and strictly prescribed in the standards or regulations for establishing the
elevation network. However, in cases of complicated terrain which do not allow for the
middle sight condition, this method encounters various difficulties in its implementation. This
article aims to analyze simultaneous impact of the curvature of the Earth, vertical refraction,
and non-horizontal sight axis in the levelling from the middle at one station and during dual
measurement with two staitons. Firstly, the corrected value of the simultaneous factors was
analyzed to define its quantification based on mathematical transformation and correlation
with the different sight distance and the total sight distance of a station. Furthermore, this
study proposes a rational option of dual measurement for the levelling from the middle to
minimize the the corrected value of the simultaneous factors that ensure the accuracy
requirement of the elevation network.
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Tom tit. Do cao hinh hoc tir giita 1a phuong phap do cao co ban trong tric dia, dugc quy
dinh chi tiét, chat ché trong cac tiéu chuan, quy pham khi tng dung thanh lap ludi d6 cao.
Tuy nhién, khi tng dung véi diéu kién dia hinh phuc tap, khong thé dam bao diéu kién chénh
léch tia ngdm tir may dén mia, phuong phap nay gap rat nhiéu kho khan khi trién khai thuc
hién theo quy pham. Noi dung cua bai bdo khoa hoc nay 1a phan tich danh gia mic d6 anh
huong dong thoi do do cong qua dat, chiét quang dung va truc ngam khéng nam ngang trong
do cao hinh hoc tur gitra tai mot tram may va trong do kép vei hai tram may. Trudc tién, s()
hi¢u chinh do anh hudng ddng thoi cua do cong qua dat, chiét quang dung va truc ngam
khéng nam ngang dugc phan tich bang co so toan hoc dé dinh luong do lon dya trén moi
twong quan v6i chénh I¢ch khodng cach tia ngam va tong chiéu dai tia ngam trong mot tram
may. Tur d6, bai bao dé xuat phuong an ap dung phuong phap do kép hop Iy trong do cao
hinh hoc tir gitta dé giam thiéu sé hiéu chinh do anh huong dong thoi do cong qua dat, chiét
quang dung va truc ngim khdng nam ngang dam bao d6 chinh xac yéu cau cua ludi do cao.

Tir khéa: do cao hinh hoc, ludi do cao, chiét quang dung, d6 cong qua dat
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1. PAT VAN PE

Trong do cao hinh hoc tir gitta d6 chinh xac cao ludn phai tuan thu thyc hi¢n moi quy dinh
cua quy pham nhu: chiéu dai dwong ngam, do cao duong ngam, dé chénh léch khoang céach tur
may dén mia trudc va mia sau, nhirng quy dinh nay da anh huong lén dén d6 chinh xac két qua
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do. Tuy nhién, trén thyc té trong nhiéu truong hop do diéu kién dia hinh khdng thé thuc hién
duoc theo quy pham. Vi vay, cac tac gia bai béo tién hanh phan tich danh gia mtc d6 anh hudng
ddng thoi do d6 cong qua dét, chiét quang dung va truc ngam khong nam ngang dén két qua do
cao hinh hoc tir giira, trén co s& d6 dé xuat phuong an do trong cac truong hop nay.

2.CO SO LY THUYET

2.1. Phan tich danh gia mirc d9 anh hwéng dong thoi dén két qua do do dd cong qua dat,
chiét quang dirng va truc ngam khong nam ngang trong do cao hinh hgc tir giira

a, Anh huéng do dé cong qua dat va chiét quang dirng

Nguyén ly vé anh hudng d6 cong qua dit va chiét quang dung dén do cao hinh hoc tir giita
dugc mo ta nhu hinh vé sau:

Hinh 1. Anh huéng do do cong qua dat va chiét quang diing cua truc ngam.

Theo hinh 1 [1-7] thi:

hap = (@ = b) + Vi, 1)
Trong do:

Vhf =f—h )

Vi =~ (53 = D) ®3)

Vy, 1256 higu chinh (muc d6 anh huong) do d6 cong qua dét va chiét quang dung

0.42

Trong do:
Ag= S, — & (5)
»S5=58+S5; (6)

Ag 13 @6 chénh léch khoang cach tir may dén mia trudc va mia sau.
> S 1a tong chiéu dai duong ngdm tir may dén mia trudc va mia sau.

b, Anh hwong do truc ngam khdng nam ngang
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. May thuy binh sir dung trong do cao hinh hoc ludn t6n tai sai s6 goc i do tia ngdm khéng
nam ngang, sai sé nay gay ra sai s6 khi do cao mé ta bang hinh vé sau:

[

Hinh 2. Anh huéng do truc ngam khéng nam ngang.

Theo hinh 2 [1], [2], [6], [8], [], [10], [11] thi:

hap = (@ —Db) + Vy, (7)
Trong do:
Vh, = % — %1 (8)
Vi, = (52 = 51) 9)
Vh, = %As (10)

Vi, 12 56 higu chinh (mtrc @6 anh husng) do truc ngdm khong nam ngang
¢, Anh huéng dong thoi do dé cong qua dat, chiét quang ditng va truc ngam khdng nam ngang
Theo hinh 1, hinh 2 va [1] thi:

h'AB = (a - b) + Ahf,x (11)
Trong do:

Ahf,xz Vhf + th (12)
Theo c6ng thuc (4) va (10) thi:

By, = ACEE S + 5 (13)

A, 1 s6 hiéu chinh (mirc ¢ anh hudng dong thoi) do d6 cong qua dat, chiét quang ding va
truc ngam khong nam ngang.

Xét cﬁng thl’rc (13) thi Ay, 1a ham s6 ludn luén dong bién va phu thu6c vao cac doi sd

Ags; 3.8 i". D6i v6i mot may thuy chuan duoc st dung dé do dac thi gid tri i coi 1a khong doi
Vi vay Ahf_x chi con phu thuéc vao Ag; ). S.

d, Khao sat mirc do twong quan giita A, va Ag; S
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* Poi v6i may thay chuan c6 i = 30", két qua khao sat dwoc ghi trong bang 1
Bang 1. Mirc d6 twong quan giita d6i vi may thity chuani = 30"

Ghi

Ag(m) o| 1| 2 | 3 4 5 16 | 7 |8 |9 10| ¢

ZS=100m
0(015| 030|045 | 0,60 | 0,75 | 0,90 | 1,05 | 1,20 | 1,35 | 1,50
Ay, .(mm)

ZS=150m
0016|032 | 048 | 0,64 | 080 | 0,96 | 1,12 | 1,28 | 1,44 | 1,60
Ap,(mm)

ZS=300m
0017|034 | 051|068 | 085|102 | 119 | 136|153 1,70
Ap, . (mm)

ZS=4SOm
0018|036 | 054 | 0,72 | 0,90 | 1,08 | 1,26 | 1,44 | 1,62 | 1,80

* Mtrc d6 trong quan gitra Ap, va Ag; Y. S (hinh 3):

2.0+ +Ahs x(mm)
S]=450m
S]=300m
S]=150m
HLST S]=100m
+1,0+
+0,5T
10 <9847 6 543 2 -1 o ~+A5(m)
AS(m) o ‘ 1234567 8 910
105
11,0
145
12,0
—Ahg  (mm)

Hinh 3. Biéu d6 tuong quan giita Dpg, va Ag; Y. S.

Nhdn xét:
- S6 hiéu chinh (mirc d6 twong quan) Ay, 1 ham s6 ludn luén dong bién ty 1& véi
AS!ZS-
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+ V&i moi gid tri ), S khi Ag= 0 thi Ay, =0

+ Vi moi gid tri 31 S khi Ag tang tir 1™ + 10™ thi A, tang 10 Ian.

+V6i moi gid tri As khi XS tang tir 100™ + 450™ thi A chi tang 1,2 lan.
- S6 higu chinh A, chii yéu phu thugc vao As.

2.2. Phén tich danh gia mirc d anh hwéng dong thoi do d§ cong qua dat, chiét quang
dirng va truc ngam khong nam ngang den ket qua do kép trong do cao hinh hoc tir giira

Hinh 4. So db do kép trong do cao hinh hoc tir giira.

Theo so dd do (hinh 4) [1] va can ctr vao cdng thic (11):
- Khi may thity binh dit tai J:

hag = (@—b) + Ay, (14)
- Khi may thity binh dat tai J:

hap = (a' = b') + By (15)
Khi d6, d6 chénh cao do kép la:

hIE = ~(hap + hjp) (16)

Hay hi% = ~[(a—b) + (a'— b)]+ A}, (17)
Trong do:

AR = 5By, + By ) (18)

AR la s6 hiéu chinh do anh huong ddng thoi do cong qua dat, chiét quang dung va truc ngim
khong nam ngang dén két qua do kép chénh cao bang phuwong phap do cao hinh hoc tir giita.
Theo cong thac (13):

- Khi do tai tram may J:

Bry,= AsCREES + ) (19)
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- Khi do tai tram may J':

0.42 i

By = b (ZES"+ (20)
Trong do:
Ag = Sy — 5] (21)
>S'= S+ S; (22)
Thay (19); (20) vao cdng thirc (18):
B2 = S (A TS + Ay TS +5 (b5 + A5) 23)

Nhdn xét:
Xét cong thuc (23) thi A7? 1a ham sb ludn ludén ddng bién va phu thudc vao cac gia tri
(As¥S+ Ag YS"); (As + Agr) vai'. Déi voi mot may thity chuan dugc str dung dé do dac
thi giatrii" coi 1a khong doi. Vi vay, A,Tlf?x chi con phu thugc vao (Ag Y. S + Ay ¥ S") va (Ag +
Agr) nghia 1a phu thugc vao Ag; Y S; Agr; XS

-NéuAg~ Ag; S = Y. S'nghialaS; =~ Sy; S, = Sj thi AR =0

- Néu Ag~ —Ag; TS # ¥ S thi A%?. phu thuoe (twong quan) véi (AsXS +
Ay TS,
2.3. Khao séat tuyén dé cao hang 111 c6 tri do kép

Hinh 5. Tuyén d6 cao c0 tri do kép.

So d6 tuyén d6 cao nhu hinh 5. Két qua do va tinh toan sb hiéu chinh do chénh cao do va do
cao cac diém tuyén duoc ghi trong bang 2.

Bang 2. Két qua do va tinh toan s hiéu chinh d¢ chénh cao do va do cao cac diém cua tuyén.

STT | Khoang | Pg chénh | Pgchénhcao | Sbhiéu | P§chénhcao | D§ cao
diém cach cao do do kép chinh sau binh sai diém
(3" (hi") (hj") v hi* H{"
M, 10,000
150 +0,427 -1,0 +0,426
1 10,426
175 +0,526 -1,3 +0,5247
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STT | Khoang | P9 chénh | Pgchénhcao | Sohiéu | P§chénhcao | D§ cao
diem cach cao do do kép chinh sau binh sai diem
($i") (h") (hj") Vi hi" H"
2 10,9507
185 +0,632 -1,2 +0,6308
3 11,5815
350 +0,347 +0,342 -2,4 +0,3396
4 11,9211
200 -1,765 -14 -1,7664
5 10,1547
195 -1,852 -14 -1,8534
6 8,3013
180 +0,450 -1,3 +0,4487
M, 8,750
Z S Z . hy do keép YV,=-10 | X h; = -1,250
d Y hgy = -1,240
=1,435 | = —-1,235

* Truong hop tuyén d6 cao c6 do chénh cao (h,) khi do khong dam bao diéu kién quy dinh cua
quy pham vé d6 chénh léch khoang cach tir may dén mia trude va mia sau; do dai caa duong
ngam.

Kiém tra:
fhd = Zhd + (HM1 -
fre, = £10VL = 12mm

HMZ) = +15mm

Nhu vay fn, > |fn,
* Trudng hop do chénh ¢ Kiém tra:

foge = Zhar + (Hy, — Hy,) = +10mm
Nhu vay fp, < |fhcp

Két qua tinh s6 hiéu chinh d6 chénh cao va d6 cao cac diém cua tuyén do cao trong bang 2.
3. KET LUAN

- Trong do cao hinh hoc tir gitra mirc d§ anh huéng dong thoi do do cong qua dat, chiét
quang ding va truc ngam khéng nam ngang dén két qua do phu thugc chu yéu vao do chénh

léch khoang cach tir may dén mia trudc va mia sau cho nén khi do trén dia hinh khdng thuan
lgi phai vu tién diém dat may sao cho do chénh léch khoang cach 1a nho nhat.
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- Truong hop do kép bang ‘phuong phéap do cao hinh hoc tur gitra thi mirc d anh huong
dong thoi do d6 cong qua dat, chiét quang dung va truc ngam khéng nim ngang phu thudc chu
yéu vao gia tri tong do6 léch cua chénh léch tia ngam tai hai tram may. Vi vy, khi do trén dia
hinh khéng thuan lgi phai cha ¥ uu tién chon cac diém dat may sao cho chénh léch tia ngim
cuia hai tram may xap xi bang nhau dé giam thiéu t6i da anh huong trén.

- Qua két qua phan tich danh gia mae d anh huong ddng thoi do do cong qua dat, chiét
quang ding va truc ngam khdng nim ngang dén d6 chénh cao do kép bang phuong phap do
cao hinh hoc tir giira thi phuong phéap do kép da dat duoc d6 chinh xac yéu cau nhiam khac phuc
nhitng diéu kién khong thuan loi caa dia hinh.
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