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Tom tat Mot trong nhitng nhiém vu co ban cua nganh trac dia la lam sao dé thong nhdt hé dg cao cia
cdc quoc gia trén toan thé gidi hodc trong khu viec. Viéc nay sé gitip cho qud trinh nghién civu cdc du d dan
lién quéc gia, lién chau luc nhi sy ddang lén ciia miee nwée bién, hodc cdc cong trinh xdy dung lién quoc
gia sé dam bao dwoc do chinh xdac. Tuy nhién, cac phuwong phap truyén thong nhu thity chudn hinh hoc
s€ khong thyc hién dwoc vi qua ton kém vé thoi gian va kinh phi. Mot trong nhitng huong nghién ciru
mai gan day la tmg dung trdc dia twong doi tinh dé thong nhdt hé dé cao toan cau. Trong nghién ciru
nay, nhém tac gia xday dung mét mé hinh thong nhdt hé dé cao Chdau A bang mang ludi dong ho nguyen
tir quang hoc d¢ chinh xdc cao. Két qua mé phong cho thdy cé thé thong nhdt hé théng do cao Chdau A
Vi d6 chinh xdc ¢ mike 2 + 3em. Pdy la mot két qua kha quan cho cdc nghién ciru thuc té tiép theo.
Tir khéa: Trdc dia twong doi tinh; Hé do cao toan gdu; Pong hé nguyén tir; Cdp quang.
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Abstract: One of the fundamental tasks of geodesy is to unifing the height systems of countries worldwide
or within a specific region. This will help ensure accuracy in research for transnational and
intercontinental projects, such as sea level rise or transnational construction projects. However,
traditional methods such as spirit leveling are not feasible due to their high time and cost. One of the
recent research directions is the application of relativistic geodesy to unifing the global height system.
In this study, the authors developed a simulation to standardize the Asian height system using a network
of high-precision optical clocks. The simulation results show that it is possible to unifing the Asian height
system with an accuracy of 2 = 3cm. This is a promising result for further practical research.
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1. Gidi thiéu

Trong cac cong viéc quan trong, c6 tdc dong xa hdi 16n nhu giam sat myc nude bién dang,
giam sat bién dang vo Trai dat, giam sat sut lan long dét, v.v., thi yéu cau vé do chinh xdc trong
viéc xac dinh d¢ cao 1a rat nghiém ngat. Hién nay, viéc thuc hlen cac hoat dong nay & mdi quoc
gia vé co ban dugce dam bao t6t, viée xac dinh d6 cao duge thuc hién bang phwong phap do cao
bang thily chuin hodc phuong phap GNSS két hop véi dir lidu trong lyc. Tuy nhién, khi 4p dung
rong rai hon cho mot khu vuc hogc toan cau, viéc tham chiéu dén cting mot mit phang tham chiéu
1a rat kho. Didu nay 1a do mdi quoc gia (hodc khu vyc) sir dung mat phang tham chiéu riéng va
co hé thong d cao riéng, chu yéu str dung muc nude bién trung binh lam mat phing tham chiéu.
Diéu nay dan dén su khéc biét giita cac hé thong nay 1én dén 1-2 m [1]. Hién nay trén thé gidi co
hon 100 hé thong dd cao va viée thong nhét cac hé thong do cao nay la mot van dé co y nghia
thyc tién cao. Be thong nhit hé théng do6 cao toan cau,  Hiép hoi Do dac Quéc té (IAG) da ban
hanh nghi quyét s 1 v€ dinh nghia va thuc hi¢n H¢ thong Tham chiéu Do cao Quoc té (IHRS)
nam 2015 va nghi quyét s6 3 vé viéc th1et 1ap Khung Tham chiéu Po cao Qudc té (IHRF) nim
2019. Ké tir d6, cac nha khoa hoc da nd luc rat nhidu dé dwa ra nhiéu phuong phép khac nhau
nham thiét 14p mot hé thdng dd cao khu vuc va toan cau thdng nhat [2-5].

Lién quan dén viéc thdng nhit hé théng do cao thé gi¢i, mot sé phuong phap khéac nhau da
duogc dé xuat [5- 8]: (1) bo cao két hop dir liéu trong lyc [5]. Phuong phap nay cho két qua tét, do
chinh x4c c6 thé dat muc milimét néu khoang céach gitra hai diém do khong qua xa nhau. Tuy
nhién, phuong phap nay c6 sai sd tich liiy 16n néu khoang cach giira hai diém 16n. Ngoai ra,
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phuong phéap nay rét tdn cong sirc, mét thoi gian va rit tén kém vé mat kinh té. Hon nita, bang
cach str dung phuong phap nay, d6 cao khong thé duge truyén tai hiéu qua qua dai duong, vi vay
rat kho dé sir dung n6 dé thong nhat do cao toan ciu. (2) Do cao dai duong [6]. D§ chinh xac cua
phuong phép nay c6 thé dat mirc decimet, thich hop dé két ndi do cao cua cac qudc gia c6 chung
duong bo bién. Tuy nhién, han ché cua phuong phap nay 1a né yéu cau mat do dir lidu giam sat
thity tridu ven bién du 16n trong nhiéu ndm. Va phuong phap nay khong hiéu qua d6i véi cac quic
gia ndm su trong dat 1ién ma khong c6 dudng bo bién. (3) Udc tinh tiém ning di thudng bing
cach giai quyét bai toan gia tri bién trac dia [9]. Phuong phap nay cho do chinh xac ¢ mirc centimet
d6i v6i cac khu vuc khao sat t6t va do chinh xac ¢ muc decimet d6i v6i cac khu vuc ¢ it dit lieu
hon. Tuy nhién, phuong phap nay yéu cau moét luong 16n dir liéu, chang han nhu dir li€u trong
luc, dit liéu thuy triéu, dit liéu mé hinh tiém ning dia cau, v.v., va két qua s& bi anh huong boi
nhiéu 16 tr cac dit liéu nay. (4) St dung mo6 hinh trong luc toan cau [10]. Hién nay, c6 nhiéu md
hinh trong lyc dugc cac nha khoa hoc dua ra, chang han nhw EGM2008, EIGEN6C4,... Cac md
hinh khac nhau c6 thé cho két qua khac nhau do st dung céc tap dir liéu khac nhau. Van d& cbt
16i nam & chd do phan giai cia cac md hinh khong du tot.

Gan day, cac nha khoa hoc dé ap dung phuong phap tric dia tuong dbi tinh dé giai quyét
Van dé nay. Mot sb nghién ciru da de xuit mang luéi dong ho dé thiét 1ap h¢ thong d6 cao toan
cau. Wu va Miiller (2020) da dé xuit mot mang ludi dong hd duoc két ndi bang lién két vé tinh
va ca lién két cap quang, voi mot hé théng phan cp cu thé, bao gdm dong hd chuan, ddng hd 15i
va dong hd khu vuc/qudc gia [8]. Céc tinh toan m6 phong trong khu vuc chau Au cho tha"iy do
chinh xé4c la lem voi gia dinh dong hd c6 do 6n dinh 1078, Shen va dong nghiép da dé xuat mot
mo hinh dong hd duoc két ndi bang vé tinh, sir dung phuong phap truyén tin hiéu tan sé vé tinh,
va cac tinh toan mo6 phdéng cia ho cho thay d6 chinh xac chénh 1éch d cao OH 13 2 cm ¢6 thé dat
dugc bang cach sir dung dong hd c6 do chinh xac 10" [7]. Tét ca cac nghién ctru déu cho thiy
tiém ning cua tric dia twong dbi tinh trong viéc thiét 1ap hé thong do cao toan cau. Trong nghién
clru ny, chung toi s& trinh bay mot mé hinh mang luéi dong hd quang hoc duoc két ndi bang cap
quang dé thong nhét hé théng d6 cao khu virc Chau A.
2. Phuong phap nghién ciru

Tréc dia tuong d6i tinh dua trén thuyét twong ddi rong cua Einstein: chiéc dong ho & vi

tri thip hon - nam trong the trong truong manh hon - s€ chay chdm hon chiéc dong hd & vi tri cao
hon. Vi vdy, khi so sanh tin sé ciia dong hé tai hai diém, ta c6 thé xac dinh chénh 1éch thé trong
truong (ciing nhu d6 cao chinh) gitta hai diém d6. Mbi lién hé nay dugc biéu thi bang cong thirc
sau [11]:

AW, = Ms e (D)
4 f \ 7 2 2 N
trong do, ¢ 1a toc d anh sang, f1a tan so chuan, Afys va Wp tuong Gng la sy dich chuyén tan
s6 va chénh léch thé trong truong giita 2 diém A va B.
Gia str chiéu cao cua diém A d3 biét va can xac dinh chiéu cao cua diém B. D6 cao chinh
Hjp clia diém B sé& dugc xac dinh bang cong thirc sau [12]:
b, < Mg, +0.0424H ) | e A i )
g, +0.0424H, g,+0.0424H, f
trong do g4, g5 tuong (mg 1a gia tri trong lyc do tai diém A va B. Tl cong thirc (2), néu biét H
va do duoc gia trj dich chuyén tan sd Afys, thi c6 thé xac dinh duoc Hp. Cong thirc ndy s€ dugce
giai bang phuong phép tinh lap. Day la nguyén 1y xdc dinh d¢ cao dya trén hudng tiép can tric
dia twong dbi tinh.
3. Két qua nghién ctru
3.1 Xdy dung mé hinh
Pé kiém chimg ¥ tuéng st dung mang dong ho quang hoc dé thong nhét hé thng do cao,
ching t6i d thiét ké mot mo hinh mang dong hod quang hoc sir dung lién két cap quang dé thong
nhit hé thong d6 cao chau A. M6 hinh nay lay mot hé thong diém c6 do cao tric dia da biét lam
du vao. Gia st mdi diém c6 mot tram ddng hd quang hoc va chiing ta thu duoc "gia tri do chénh
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1éch do cao" bang cach cong cac sai s6 ngau nhién, twong g véi sai sé clia phwong phép so sanh
tan s dong hd. Sau khi thuc hién hiéu chinh theo phuwong phép hiéu chinh binh phuong nho nhat
v6i cac truong hop khac nhau khi chon diém tham chiéu, thu duoc d6 cao tric dia cia mé hinh

sau khi hi¢éu chinh. So sanh hai gia tri do

Toa dg cia cic tram IGS  —T— M hinh EGM2008 cao trudc va sau khi hi€u chinh dé co duoc
8 i két’ qua su dung mang dépg hd dé thong
tham chiéu nhat h¢ thong do cao. So d6 md hinh dugc
thé hién trong Hinh 1.
SN  sosmn M hinh duoc thiét 1ap nhu sau:
- Tat ca cac dong ho trong mang
‘ ludi déu 1a ddng hd quang hoc véi do on
G tr thay o Db cao chinh san dinh tur 10718,

Ensd e o = - Vi tri ctia cac dong ho chiing toi
L6l ngiu nhien ———— ] st dung la vi tri cua cac tram IGS (Dich vu
Gid b thn 56 - GNSS Quéc té). Toa do (Kinh do, Vi do,
— Do cao elip) clia cac tram duoc 4y tir trang

Hin 1. So d6 mé hinh web: https://igs.org/network

- Mot sb quoc gia co dién tich lon, chung t61 da thiét ké nhiéu déng hd hon (vi du: Trung
Quoc co65 dong ho, An B cd3 dong ho). Mot sb quoc gia khong co tram IGS, chung t61 khong
thiét ké dong ho. Chu yéu mdi qudc gia s& co mot dong hd. Tong s6 dong hd trong mang ludi 1a
42.

- bé tao diéu kién thuan loi cho viéc két nbi gitia cac déng ho, chung t6i chia chau A
thanh nam khu vuc: Tay A (bao gdm céc qudc gia nhu: Thd Nhi Ky, Israel, Iran, Iraq, A Rap Xé
Ut, Oman, Sip, Armenia, Bahrain, ...); Trung A (bao gém cac qudc gia nhu: Turkmenistan,
Uzbekistan, Kyrgyzstan, Tajikistan, Kazakhstan) Poéng A (bao gom Trung Qudc, Nhat Ban, Han
Qudc, Triéu Tién va Mdng C6); Nam A (bao gbm cac quoc gia nhu An D9, Afghanistan, Bhutan,
Sri Lanka, Pakistan...); Dong Nam A (bao £06m cdc quoc gia nhu: Singapore, Indonesia, Malaysia,
Thai Lan, Viét Nam,...) va Bic A (bao gdm mdt phin cua Nga). M6i khu vuc s& tao thanh mot
vong khép kin.

- D0 cao tric dia cua cc tram s& dugc tinh theo cong thirc: H =h - N. Trong do, h dugc
léy tur dir liéu cua cac tram IGS tai https://igs.org/network, di thuong d6 cao N dugc tinh tir mo
hinh EGM2008, 14y tir trang web http://icgem.gfz-potsdam.de/calcpoints

- Chuing t6i gia dinh rang dong ho trong mé hinh c6 d¢ 6n dinh tir 1078, do d6 do chinh
xac cua cac gia tri chénh 1éch d6 cao do dugc la 1cm.

- Tr toa do céc tram va mo hinh EGM2008, chiing ta thu dugc chénh 1éch d§ cao mdé hinh
giita cac tram. Dé tao ra "gia tri do dugc", chiing toi thém cac sai s6 ngiu nhién c6 d6 16n ti da
1a 1em (twong tng v6i do chinh xé4c gia dinh cua dong hd quang hoc duoc sir dung trong mé hinh)
vao cac gia tri chénh 1éch thu dugc tr m6 hinh. Chung t6i coi nhitng "gia tri do dugc chénh Iéch
d6 cao" nay la két qua cuia cac phép do so sanh dong hd.
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- Bing cach diéu chinh mang
ludi theo phuong phép binh
phuong t6i thiéu [PPV] =
Min, ta thu duoc sy chénh
léch d9 cao md phdng cua
cac tram. So sanh gia tri nay
voi su chénh léch dd cao
thuc té dé danh gia hiéu qua
cua phuong phap.

Thong tin cu thé vé
mo hinh dugc trinh bay
trong Bang 1. Thong tin vé

- c4c tram dong hd duoc trinh
bay trong Bang 2. Gia tri do

cao ciia cac tram dugc trinh bay trong Bang 3. So 6 md hinh mang déng hd quang st dung lién
ket cap quang dé thong nhat do cao & chau A dugc the hién trong Hinh 2.
Bdng 1. Cadc thong so suw dung trong mo hinh

Théng sd

Gia tri

Do 6n dinh cua dong hd
Toa dd cac tram
EGM2008

1018
https://igs.org/network
http://icgem.gfz-potsdam.de/calcpoints

Do chinh xac xac dinh d¢ cao 1 cm
Tdong sb tram 42
Tdng sb chénh cao 49

Bdng 2. Thong tin cua cdc tram IGS
STT  Tram SO DOMES  Vidd Kinh d Vi tri
1 TURK 20817M001 38.2341 27.0455 [zmir, Turkey
2 CYPR 14302M001 35.0828 33.2347 Nicosia, Cyprus
3 ISRA 20705M001 32.4644 35.0112 Haifa, Israel
4 IRAQ 20308M001 33.2029 442618 Palestine Street, Iraq
5 ARME 12312M002 40.1709 44.0508 Aruch-Yerevan, Armenia
6 RUS1 12351M001 43.4718 41.3354 Zelenchukskaya, Russian
7 BAHR 249015002 26.1233 50.3629 Manama, Bahrain
8 OMAN 25001M001 22.1111 56.0644 Yibal, Oman
9 KAZ1 25605M001 47.0751 51.5714 Atyrau, Kazakhstan
10 KAZ2 25609M001 53.1328 63.3629 Kostanay, Kazakhstan
11 KAZ3 25608M001 50.2558 80.1557 Semey, Kazakhstan
12 IRAN 20404M002 35.4150 51.2003 Tehran, Iran
13 RUS2 12365M001 55.0654 36.3410 Obninsk, Russian
14 RUS3 12362M001 56.2547 58.3338 Arti, Russian
15 RUS4 12319M001 54.5026 83.1408 Novosibirsk, Russian
16 RUSS 12313M001 52.1308 104.1858 Irkutsk, Russian
17 MONG 24201M001 47.5154 107.0308 Ulaanbataar, Mongolia
18 UZBE 12334M004 39.0800 66.5312 Kitab, Uzbekistan
19 KYRG 12348M001 42.4047 74.4139 Bishkek, Kyrgyzstan
20 IND1 22313M001 26.1224 73.0126 Jodhpur, India
21 IND2 22306M002 13.0116 77.3413 Bangalore, India
22 IND3 22305M005 26.5444 80.5720 Lucknow, India
23 SRIL 23501M003 6.5331 79.5227 Narahenpita, Sri Lanka
24 CHII 21612M001 43.4829 87.3602 Urumgqji, China
25 CHI2 21613M002 29.3926 91.0614 Lhasa, China
26 CHI3 23015M001 22.2219 113.5541 Tuen Mun, China
27 CHI4 21601M001 39.3631 115.5333 Fangshan, China
28 CHIS 21611M002 43.4726 125.2636 Chang Chun, China
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29 KORE 23910M001 35.3524 127.5511 Geochang, Korea

30 JAP1 217315004 43.3143 141.5041 Shintotsukawa, Japan

31 JAP2 217425001 31.4927 130.3559 Aira, Japan

32 PHI1 22006M005 14.3208 121.0227 Taguig City, Philippines

33 PHI2 22013M001 6.0354 125.0754 G.Santos, Philippines

34 INDI 23105M002 1.2620 125.1126 Bitung, Indonesia

35 BRUN 22501M001 4.5816 114.5709 Gadong, Brunei

36 VIE1 24301M001 21.0017 105.5038 Hanoi, VietNam

37 VIE2 24306M001 11.5642 108.2855 Da Lat, VietNam

38 THAL1 21908M001 18.4539 98.5557 Chiang Mai, Thailand

39 THA2 21907M001 10.4329 99.2228 Chumphon, Thailand

40 MALA 22720M001 2.4705 101.3024 Putrajaya, Malaysia

41 SING 22601M003 1.2035 103.4046 Singapore, Singapore

42 IND2 23101M005 -6.2925 106.5057 Cibinong, Indonesia
Bdng 3. Gid tri dj cao cua cdc tram

STT  Tram Pj cao Tric dia  Di thwong dd cao P cao chinh  Ghi chii

1 TURK 74.900 38.982 35.918 Diém gbc

2 CYPR 191.700 28.868 162.832

3 ISRA 225.100 20.787 204.313

4 IRAQ 72.400 -0.982 73.382

5 ARME 1222.000 22.909 1199.091

6 RUSI 1167.000 26.118 1140.882

7 BAHR -13.900 -26.735 12.835

8 OMAN 95.100 -34.661 129.761

9 KAZ1 -32.052 -14.598 -17.454

10 KAZ2 163.031 -20.428 183.459

11 KAZ3 180.211 -43.904 224.115 Diém gdc

12 IRAN 1194.570 3.007 1191.563

13 RUS2 182.634 16.048 166.586

14 RUS3 247.511 -5.997 253.508

15 RUS4 123.643 -37.028 160.671

16 RUS5 502.317 -38.059 540.376

17 MONG 1575.700 -36.710 1612.410

18 UZBE 620.631 -37.319 657.950

19 KYRG 1714.200 -35.744 1749.944

20 INDI 168.200 -46.797 214.997

21 IND2 843.715 -85.485 929.199

22 IND3 64.182 -63.636 127.819

23 SRIL -78.500 -100.336 21.836 Diém gbc

24 CHII 858.900 -59.181 918.081

25 CHI2 3622.000 -33.820 3655.820

26 CHI3 95.300 -4.278 99.578 Diém gbc

27 CHI4 87.413 -10.860 98.273

28 CHI5 268.300 14.999 253.301

29 KORE 927.965 27.755 900.210

30 JAP1 118.540 32.107 86.433

31 JAP2 314.640 32.422 282.218

32 PHI1 86.647 44.342 42.305

33 PHI2 121.124 71.520 49.604

34 INO1 74.993 69.356 5.637

35 BRUN 90.669 43.108 47.561

36 VIE1 34.870 -27.985 62.855

37 VIE2 1587.620 4.031 1583.589

38 THAL1 308.962 -38.579 347.541

39 THA2 9.143 -27.922 37.065

40 MALA 15.002 -3.361 18.363
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41 SING 92.540 6.654 85.886 Diém gbc
42 INO2 169.133 17.241 151.892
3.2 Két qud mé hinh

Dé tinh toan d6 chinh xac ciia mang dong hd, chung t6i thuc hién 5 thir nghiém, mdi thu
nghiém str dung s6 luong ddng hd tham chiéu khac nhau dugc phan bd déu trén mang, chi tiét
duoc trinh bay trong Béang 4.

Bdng 4. S6 lwong dong hé tham chiéu cho méi thir nghiém
Thir nghiém 1 Thtr nghiém 2 Thur nghiém 3 Thtr nghiém 4 Thir nghiém 5
5dong hé (CHI3, 4 ddng hdo 3 ddong ho 2 dong hé 1 dong hod
TURK, KAZ3, (CHI3, TURK, (CHI3, TURK, (CHI3, TURK) (CHI3)
SRIL, SING) KAZ3,SRIL)  KAZ3)

Pau tién, dé udc tinh d chinh x4c clia mang dong ho, chiing toi thiét 1ap d6 1on cua cac
sai s6 ngau nhién gidi han 13 lem, trong ng v6i do chinh xac ciia dong hd sir dung trong mod
hinh. Sai s6 binh phuong t6i da ciia két qua chiéu cao trong mang dugc thé hién trong Bang 5.
Bdng 5. Két qud woc tinh véi cdc thir nghiém

Thirnghiém 1  Thinghiém 2  Thi nghiém3  Thianghiém4  Tha nghiém 5
Tén tram  CHIS52 SING SING KAZ2 ISRA
Sai s6 15 mm 17 mm 17 mm 18 mm 22 mm

Tiép theo, chung ta cong thém vao sy chénh 1éch d6 cao (& day, sy chénh Iéch d6 cao
gifra cac tram dugc tinh tir d6 cao tric dia cta cac tram, dugc thé hién trong Bang 3, bdng cong
thirc: Hag = Hg — Ha) mét sai sb ngﬁu nhién c6 do 16n t6i da 1a 1em, ta thu duge "gia tri do". Coi
"gia tri do" nay 1a két qua cua viéc so sanh dong hd bang phuong phap OFFT. Mang ddng ho
quang hoc dugc xir Iy bang phuong phép hiéu chinh binh phuong nhé nhat, cic an sé duoc tinh
theo cong thuc:

X =(A"PA)"' (A" PL) 3)
trong do6, A 1a ma tran thiét ké hoan chinh, P 1a ma tran trong s6 va L 1a vecto quan sat.

Két qua cudi ciing, chung ta c6 thé xac dinh sai s6 binh phuong tdi da cta chiéu cao nhu
thé hién trong Bang 6. Su khéac biét t6i da giira chiéu cao sau khi diéu chinh va gi tri chiéu cao
thuc dugc thé hién trong Bang 7.

Bdng 6. Sai s6 toi da cia dg cao sau binh sai véi cac thir nghiém
Thu nghiém 1 Thu nghiém 2 Thu nghiém 3 Thuo nghiém 4 Thi nghiém 5
Tén tram CHIS SING SING SING ISRA
Sai s6 16 mm 19 mm 20 mm 21 mm 26 mm
Bdng 7. Chénh léch t6i da giita chiéu cao sau khi binh sai va gid tri chiéu cao thuc té
Thu nghiém 1 Thu nghiém 2 Thu nghiém 3 Thuo nghiém 4 Thu nghiém 5

Tén tram THA1 JAP1 JAP1 JAPI CYPR
C,henhA’le;ch 23 mm 18 mm 18 mm 18 mm 38 mm
16n nhat

4. Két luan

Thong nhat hé d6 cao toan cu & mic centimet 1a bai toan mo trong cong dong trac dia.
Trong nghién ctru nay, ching t6i sir dung phuong phap so sanh tan sb dong hd dé théng nhit hé
thdng d6 cao toan cau. Két qua nghién ctru cho thay, mot mang dong hd quang vdi cac dong hd
d6 chinh xac cao (1x10°"® trg 1én) duge két ndi bang cac soi quang c6 thé thong nhat hé thong do
cao toan ciu & cép dd centimet, thAm chi milimet. Dé xac dinh d6 cao & muac 1 cm, d6 chinh xac
ctia ddng ho phai dat 1 x 10" hogdc cao hon. V&i sy phat trién cia cong nghé¢ ddng ho, ddng hd
c6 do chinh xac 7 x 10" da dugc tao ra trong phong thi nghiém va dong ho di dong da dat duoc
mirc 1078, Piéu nay lam cho phuong phap so sanh tan s6 dong ho c6 tiém niang va trién vong
trong viéc thong nhit hé thong d cao toan cau.

Vi sb lugng dong ho tham chiéu khac nhau, d§ chinh x4c ctia mang dong ho 1a tir 1,6 —
2,6 cm, chénh 1éch t6i da gilta gia tri chiéu cao thyuc va chiéu cao tinh toan tir mod phong la 3,8 cm.
Day 1a két qua day hira hen cho sy thong nhit ciia hé théng chidu cao chau A.
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Cam két ciia cac tac gia
Tt ca cac tac gia co tén trong bai bao cam két sy dong thuan va khong c6 xung dot loi ich

trong cong bd khoa hoc tai bai bao nay.
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