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Chwong 2
UNG DUNG CONG NGHE PINH VI VE TINH
TRONG TRAC P]A CONG TRINH

2.1. CAC HE THONG PINH VI VE TINH

Tur nhitng nim 60 cba thé ky trude, co quan hang khdng va vii tru ciia M, Nga di
tién hanh céc chwong trinh nghién ciru, phat tridn hé théng din dudmg va dinh v; bang
vé tinh nhén tao. Hé théng djnh vi din dudng bing vé tmh thé hé d4u tién 13 he théng
TRANSIT (M§) va SIKADA (Nga). Mt thoi gian ngén sau 86 cac hé théng dink vi

trén bt dau duge img dung trong tric dia, tuy nhidn d6 chinh xdc dat duge ctia cic hé
théng trén 12 khéng cao.

Theo ther gian, hé théng dinh vi vé tinh ngay cang dugc phét trién va hoan thién ca v&
thiét bi thu phét cling nhu phin mém xi Iy s6 liu. Trong nganh tric dia, pham vi img dung
cia cOng nghé dinh vi vé tinh ciing duge mé rang va dat hidu qui cao ¢ nhidu loai hinh
cOng viéc, PSi véi chuyén nganh tric dia cong trinh, céng nghé dinh vi vé tinh c6 tidm

“néing rét 16m 48 giai quydt cac cong vige: dinhvi cong trinh, xdy dyng cic mang ludi tric
dia chuyén ding chinh xic cao, quan tric bién dang céng trink....

Cho dén nay céc hé théng dinh vj vé tinh c6 1iém ning tmg dung hiéu qua trong tric

dia [A NAVSTAR - GPS (M¥), GLONASS (Nga), Galileo (Cong déng chau Au). Cic he )

théng dinh vi ndu wén c6 nguyen Iy cAu tric chung, bao gbm 3 thanh phén (dugt goi 13
doan) nhur sau:

1- Doan khong gian (Space Segment): bao gbm mét sb vé tinh trén quy dao.

2- Poan didu khién (Control Segment) bao gbm mot tram diéu khidn trung tam va mdt
s8 tram theo dai phén bb tai nhimg v tri khéc nhau trén Tréi Dét, '

3- Doan sir dung (User Segment): bao gdm céc thiét thu va xit 1¥ tin hiéu vé tinh.

2.1.1. Hé théng dinh vi toin ciu GPS (Global Positioning System ~ GPS)

H¢ théng dinh vi toan cdu cé tén ddy dit 1a Navigation Satellite And Ranging Global
Positioning System (NAVSTAR GPS) dugc bit ddu trién khai tir nhiing nim 1970 do quin

ddi My chi trl. Vao nam 1978 vé tinh ddu tién duoc phéng lén quy dao va dén 8/12/1993
rén 6 quy dao d3 cb da 24 vé tinh.

Ban ddu nhiém vu chi ydu cia hé théng 1a xdc dinh tea do khéng gian va tdc dp
chuyen dong cta didm xét trén tau vii tru, mdy bay, tau thuy va trén dit lién phuc vi che
bd quéc phong M§. Vao din thap ky 80, hé théng GPS da chinh thirc cho phép sir dung
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trong dén sy. Tir d6 céc nha khoa hoc cha nhidu nudc @4 tip trung nghién cuu phat tri‘én
céng nghé GPS d¢ dat duge nhimg thanh qua cao nhit trong viéc phdt huy nguén tiem
niing to 16n nay, Hudng nghién ciu chi yéu di vao cdc linh vire:

- Ché tac may thu tin higu. _

- X4y dung phin mém xi Iy tin higu dép img cho nhiéu myc dfch. :

- Thiét 14p va phat trién cOng nghé (ing dyng trong cic chuyén nganh. .

Song song vai hé théng GPS cita M¥, Lién X8 (cfi) cling dd xdy dyng mdt hé théng
dinh vi toan ciu tuong tu, mang tén GLONASS (Global Navigation Satellite System)_,
duoe dhra vao sir dung tir nim 1982. Nhung do nhidu didu kign khach quan nén it dugc phd
bién hon. Hién nay, lién minh Chiu Au cimg mt sb nude phat trién cling d& cho ra d&i hé
théng dinh vi toan cAu mang tén Galileo (GNSS) v6i muc dinh sir dung cho dén su.

" POAN KHONG GIAN . "
. - 24 v tinh
(Space Segment) 5 q‘l’g duo 55° _
- Ban kinh 20.0000 km

- Chu ky.748 phat

- ChuAn tin st
- Gid 1 fuyat 4éi gir GPS
- Tinh va phét toa do vé tink
- Thu va ki&m tra tin hidu

- Thau tin higu v tinh
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Hin 2.1 - St d6 cdu trilc ciia hé théng dinh vi toan gdu GPS
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Heé théng dinh vj to'e‘_m-_cz\‘iu - GPS bao gf’)m 3 b§ phén la doan khéng gian (Space
Segment), doan didu khidn (Control Segment) v& doan str dung (User Segment).

2.1.1.1. Pogn khéng gian

Poan khong gian dén nay bao gbm 24 vé tinh chuyén ddng trén 6 mit phing qu¥ dao
va 3 vé tinh dy trlr. V& tinh chuyén dong & 40 cao khoang 20180km. Mat phing quy dao
nghiéng so v&i mat phing xich dao Trai Dét mdt goc 55°, quy dao cla mdi vé tinh cach
nhau 60° kinh, Chu ky chuyén dong ciia v& tinh 13 gin 12h @bng hé. Tét ¢4 céc vé tinh GPS
d&u co thiét bi tao dao dc”,)ng“tén b chudn cor 5o fy = 10,23 MHz. Tir tin s co s 56 tao ra
hai tin sé séng tai Ly, La. (L= 120fy = 1227.60 MHz.PS , L= 154y = 1575.42 MHz.)

.5 g
T G H
3

Vg

21 SATELLITES WITH ..‘;E)PERATIONAL SPARES
& ORBITAL PLANES, 56 DEGREE INCLINATIONS
20,200 KILOMETER, 12 HOUR ORBITS

LS ind

Hinh 2.2 - Vé tink vé quf dao vé tink GPS

Céc song tai nay duoc-didu bién béi cdc ma, mid C/A va mi P. So 4o lién hé gifta céc
song thi va céc mi didu bién duge md t4 trong hink 2.3, '

Ma C/A (CoarselAc;;qﬁisition code) 12 mi thé cho phép sir dung réng rdi. MA C/A 1a

mét chudi nhi phdn mang finh chét twa nghu nhién, c6 tin sb 1.023 MHz, tuong tng véi
bude séng 293 m. Chu-ky ctia mé C/A la 1 mi-li-gidy, mdi v& tinh phat di mét md C/A
khac nhau va mi C/A chi' didu bién séng tai L.

Mai P (Precission coéie'.} 14 m# chinh x4c, duoc ding cho muc dich quin su 1a chi yéu.
M3 P ciing [4 mGt chudi nhi phan nhung phwc tap hon, c6 tén sb 10,23 Mz, tuong tng
véi buée séng 29,3 m, ¢b.chu ki 267 ngay. Ngudi ta chia ma P thanh 38 doan, mbi doan
dai 7 ngdy va méi doan did bién cho m4t vé tinh, sau 7 ngay lai thay déi. Bing céch chia
va didu bién ndy ma P rit kho bi gidi md.

Theo thiét ké, d8 chinh xdc dinh vi GPS c6 thé dat d6 chinh xdc c& 1% 8 dai budce
séng, nghia 13 chi v&i mi thd C/A ciing c6 thé dat d6 chinh xac ¢# 3 m. Chinh vi thé phia
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My di chi déng lam nhidu tin hiéu bing k§ thudt SA (Selcctive Availability) nhim ha thip
¢ chinh xéc dinh vj. Tir ngay 20-05-2000 M§ d4 b che d§ nhicu SA.

L1 CARRIER, 1575.42 MHz

L;: C/A-code 1.023 MHz
P - code 10,23 MHz
Thong tin dao hing

L1 SIGNAL

-

CJA CODE L0230z

NAVISYSTEM DATA 50 Hz

@ Modute ? Sum

P-CODE 10.23 Mz

Ly P - code 10,23 MHz
Théng tin dao hing

L2 CARRIER 1227.6 MHz
L2 SIGNAL

GPS SATELLITE SIGNALS

LT

Hinh 2.3 - Cdc thong tin didu bién séng tai Ly, L

Ngodi hai song tai L1 vi Ly phuc va muc dich dinh vi cho nguén sit dung, cdc vé tinh -

con ding hai séng thn sb 1783.74 MHz va 2227 5 MHz dé trao ddi thong tin v&i cac tram
diéu khién trén mt dit,

2.1.1.2. Pogn diéu khién

Poan diéu khién gbm mdt tram didu khién trung tdm dit tai Colorado Spnngs va
bén tram theo d&i phan bd déu quanh Trai Dét, dit tai Hawaii (Thai Binh Duong),
Ascension Island (Pai Tay Duong), Diego Garcia (An D Ducmg) vi Kwajalein (Téy
Thai Binh Duong).

N
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Céc tram didu khién lién tuc theo ddi sir hoat ddng cia c4c vé tinh. Ddng thoi trén mbi
tram theo doi déu c6 cac may thu GPS, cho phép do khoang céch, su thay ¢di khoang cach
vi ci céc 56 lidu kbi tugng, Céc 6 liéu ndy dugc giti t&i tram trung tim xir 1y, két qua tinh
toan la cc lich vé tinh (Ephemerit) va s cii chfoh ddng hé vé tinh, San d6 cic thong tin
nay duge chuyen 1én cac vé tlnh, tr d6 chuyen dén cdc may thu ciia ngudi sit dung.

Nhu vy nhigm v clia doan didu khién 13 rht quan trong, né khong chi didu chinh, theo
ddi moi hoat ddng cia cic vé tinh ma con lién tuc cdp nhét cic loai thdng tin bé trg dé
chinh x4c hoa cdc thong tin dao héng, dam bao 4§ chinh xdc khi dinh vi.

2.1.1.3. Dogn sir dung

Doan sir dung bao gdm tét cd cic may moc, thiét bi thu nhén théng tin tir v tinh dé
khai thac sir dung cho cic muc dich va y8u ciu khac nhau ci & trén bidn, trén khong va
trén d4t lidn. D6 co thé 13 mdt may thu riéng hoat djng dfc 1dp (dinh vi tuyét déi) hay mot
nhém gdm tir hai mdy thu tré 16n hoat dong ddng thdi theo mot lich trinh thdi gian nhit
dinh (dinh vi tmmg dbi) hodic hoat dong theo ché dd mot may thu déng vai trd méy chu
phét tin higu v6 tuyén higu chinh cho céc méy thu khdc (dmh vi vi phin}.

| Hinh2.5 -Mciy thu tin higu vé linh
2.1.2. H§ tlibng dinh vi todn chu Glonass
Hé théng dinh vj toan ciu thé hé 2 ciia Glonass tuong ty nhu hé dinh vi todn cdu GPS
NAVSTAR. Hé théng Glonass thanh 14p vio nhitng nim du cia thap ky 70, véi sy hep
téc chit ch& cita cie co quan quén sy va dan sy Lién Xo. H¢ théng Glonass duge sir dung
véi cdc myc dich: xdc dinh vi tri diém trén b& mt Trai DAt, din dudng chc hé théng
phwong tién trén khéng, trén bifn, dao hing céc v8 tinh v tm,

Céc vé tinh dAu tidn cia hé théng Glonass duge phéng 1én quil dac vio nim 1982, dén
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nim 1995 hé théng d4 duge xdy hoan chinh véi cdc qui dgo bay ciia céc vé tinh & 46 cao
19130 km. Hé théng Glonass dugc phat trién va dua vao str dung phuc vu cho 2 mue dich:
dam béo an ninh cho quéc gia va giai quyét céc yéu cAu nghién cim khoa hoc va dén s,

Ha théng cho phép trong khodng thii gian 1+2 phit, bét ki mdt didm nde rén Trai Eat
©6 thd x4c dinh duge vi tef vii sai s6 khéng qué 100m, vén téc chuyen dong véi sai sb
khéng qué 0,15m/gidy, lién két thoi gian thang. s& chudn véi sai sb khong qua 0,001 giay.
[é théng Glonass duge ing dung cho cdc myc dich:

1. Thanh ldp mang hroi tric dia toan cin trong hé toa 4 dia tam;

2. Quang ba thdi gian théng nhét todn cAu v6i dd chinh xac cao;

3. Din duwdmg cic phwong tién chuyén dong trén mit dat, trén bién Erong khong trung
va trong vii tr. :

2.1.2.1, Doan khong gian

Doan niy gom 24 v& tinh quay trén 3 mat phéing qui dao va 3 v§ tmh dy k. Qui
dao cia v§ tinh gén nhu tron, bay & 46 cao xap x1'19130 km. Mdi vé tmh duge trang bi
may phat tin hiéu radio dao hang véi 2 thn sb: CSA - do chinh xdc chidn va BT - 46
chinh x4c cao. :

2.1.2.2, Poqn diéu Lhién

Poan diéu khién gbm mot tram didu khién trung tAm dat tai Golishino céch Moscow
40 km; va cic tram theo ddi phén b6 ddu trén linh thé Nga: quanh | ngoal & Moscow,
SanPetecbua, Enhiseisk, lakutsk...
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Hinh 2.6 - So dd vi tri cdc tram theo dbi va tram didu khién Glonass

32

2.1.2.3. Dogn sit dyng -

Poan sir dung bao gf’)m:tét c4 cdc may, thiét bi thu nhin ti‘n(‘mg tin tir vé tinh d& khai
thae sir dung cho cac muc dich va yéu ciu khdc nhau cia khéach hang (twong tu nhir hé
théng GPS). '

2.1.3. So sanh céc dc trung ky thujt cia hai hé thng GPS vi GLONASS

Hai h¢ théng dinh vi vé tinh duge dua vio sit dung gin nhu cing mot thdi diém, va
trong tuong lai ¢ thé hop nhit thinh mdt hé théng dao hang vé tinh toan ciu. C6 thé dua
ra céc so sanh twong dbi vé.péc dic trumg k§ thudt cho dén hién nay cha hai hg théng GPS
va GLONASS nhu san: *

2.1.3.1. Cdc dgc mmg tong quan chung

* V& thanh phén hai hg thong ¢6 cdu tric nhu nhau, d8u gbm cic dgan khong gian, doan
diéu khién va doan sir dung

- Qui dao chuyén dong ¢fia céc v& tinh hiu nhir cling mdt d& cao (xép xi 20000Km).

- 86 lugng vé tinh nh nhau cling 24 vé tinh.

2.1.3.2. Cic diém klmc nlzau

- Trong hé théng GPS su dung hai séng tai L = 154fo = 1575.42 MHz, v L, = 120,

fp = 1227.60 MHz . Céac vé tinh dugc phén bigt va nhin biét qua Code diéu bién.

- Trong hé théng Glonaés cﬁng sir dung hai séng tai, nhung méi vé tinh 1am viéc riéng
trong dai tin cla minh.’ Céc tin sb clia mdi vé tinh duoc tinh theo cong thire:
fu=fy+tkA fl vafrs = foz + k. Af; nén kha néing chéng nhiBu trong lan truydn song tbt
hon, didu kién quan sét t6t h(m, nhung khéi lrgng vé tinh l6n hon,

- 88 luong mit phing qm dao chuyén dong clia cic v& tinh khac nhau {GPS - 6;
Glonass - 3) nén sb hrong vé tinh trén mdi qui dae khac nhau (GPS - 4; Glonass - 8). Do
viy su phén bé v& tinh trén bau tr&i clia GPS déu hon. Géc nghiéng cha mit phing qui dao
50 voi mit phing xich dao, .cling khéc nhau (GFS — — 53°% Glonass - 64,8%).

-Hétoa do $ir dung khéc nhau: (GPS - sir dung h toa d6 WGS-84, con Glonass - hc; PZ-90)
Pay I mét vén ¢ quan trong trong viée vmg dung tdng hop hai hé théng dinh vi todn cin
GPS va Glonass vio céc muc dich dinh vi v&i d6 chinh xéc cao.

WGS-84 - He thong toa d6 tric dia toan chu, 13 co s& thue hién cdc phép do, nhin ket
qua do cia cdng nghé GPS, Hé théng WGS-84 c6 céc tham sb:

- Kich thuée Ellipsoid qui chiéu: ban truc bn a = 6378137 m; dd det

 @=1/278,257223563, tde dd quay Trdi Dit: w = 7292115,8553.10"" rad/gidy, héng sb
trong le Trai Dét: Gy =3986004,418.1010° m*/gigy* ;

PZ - Hé théng toa 4% vudng géc dia tam, véi gbc 13 tAm cia Tréi Dit; truc Y hudng ve.

ciyc trung binh, truc X vé g1a0 diém cia kinh tuyén "0" véi mijt phing xich dgo. Hg théng
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toa db duge xdy dung irén cic s ligu do 1udi thién vin tréc dia cia CHLB Nga. Cling nhu

WGS-84, sai sb dinh vi diém gbc c& khoang 1+2m. Theo céc cAch dénh gid cua céc nha

khoa hoc, sy khdc nhau giita hai hé thbng dao dong tir 2 dén 15 m. PZ - hé théng toa a6
tréic dia todn ¢Au, 13 co 5& thue hién cdc phép do, nhin két qua do cha cdng nghé Glonass,
v6i cac tham sb: : '

- Kich thuéc Ellipsoid qui chidu: bén truc I a = 6378 136 m, 4§ det o= 1/278,257839303,
téc d6 quay Trai Dit: m = 7292115,8553.107" rad/gidy, hiing sb trong luc Tréi Dit;
Gy = 3986004,440.10° m*/giay* ;

2.1.4. Théng 56 k¥ thuit chi yéu ciia mdt sb hé thong dinh vi vé tinh

Céc thong sb ky thust chit yéu ctia hé théng GPS, GLONASS va Galileo duge. dua ra
trong bang 2.1. ¢ |

BEng 2.1: Théng 56 kp thudt ciia céc hg thing dinh vi vé tinh

Théng s6 k§ thuat

e

GPS GLONASS Galileo
S&lwgng vé tinh 24 (3) 24 (3) 27 (3)
58 Iwrgrng mat phéng qui dao 8 3 3
S6 vé tinh trén mbt mat phing 4 8 g
56 nghiéng clia quy dao 55¢ 64,8° 56°
P& cao cla quy dao, km 20180 19130
Chu ky guay cla vé finh 11h 58ph 005 11h 15ph 445
He thong toa ad WGS-84 13-90
Pha séng tai
MHz,L1/E1 1598,0625- 575,42
Mbz,l.2 1604,25 7/9 122760

l}c’)i tho clia vé tinh, n3m 3:10° 7.5

2.2. CAC PAI LUQNG PO GPS

2.2.1. Po khoang eich gia theo pha song tii

Trong céc cong téc trdic dia, do khoang cach gia (Pseudo Range) theo pha céc song tai
LivaLl;cho d6 chinh x4c cao, nén phuong phap do nay duge (ng dung nhiéu hom ca. Vige
do khoang cach gla theo pha séng tai dwoc thuc hién nhur sau: may thu GPS thu tin higu vé
tinh va do hiéu sd gitra pha cila séng tai clia vé tinh véi pha cla tin hleu do chinh may thu
tao ra. Ky hiéu pha séng ti la G0 < @ <2[1) s& ci:

@ =T(R—N/1+cAf) ' S @D

Trong do: : ¢
R - 1akhoang céich gifta v& tinh va mdy tim anten may thu;
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A - budc song cha song tai; .
N - 56 nguyén lin budc séng chira trong R, hofic cdn duge goi 12 6 nguyén da tri.
N thudmng khéng biét triréc ma phai x4c dinh trong qua trinh do;
At - sai sb khong ddng bo gitta ddng hé ciia vé tinh va ciia mdy thu.
Néu ki hiéu p I khoang cach hinh hoc tir may thu téi vé tmh, ¢ 1a van thc 4nh sdng
(c= 299792 458 m/s) s€ co:

1 c ' .
O =— —At+ NG 2.2
‘ Ap.&- 1 + ( )

Ngudi ta tim cach xac dinh chic chén sé nguyén lin chu ki N, v&'tir s6 1¢ hiéu pha do
¢t thé xdc dinh duge khodng cach gia R tir may thu téi vé tink theo cong thizc:

R=c2 ' ' (2.3)

2r.f
Bo canh theo pha séng tii ¢ thé dat dugc d6 chinh xdc c& 1% d§ dai bude séng, tic la
¢& 1,9 mm véi séng tai Ly, véi song tai'L thi d6 chinh x4c kém hon nhung tac dung chi yéu
clta né 14 két hop véi song tai L, tao ra kha ning dé Jam giam &nh hudng cia ta.ng dién li dén

dd chinh x4c x4c dinh canh, dong thivi givp xac dinh sb nguyén N da trj duge don gian hon.
2.2.2. Do khodng cich gia theo ma

Trong phu'orng phap nay, ma twa ngiu nhién dugc phét di & vé tinh toi may thu GPS
médy thu tiép nhén tin higu vé tinh va ciing phat ra mé tuong tu. Sau 46 may thu so sénh ma
thu duge tir v& tinh v6i ma cia may thu tao ra & xdc dinh ra thoi gian lan truyén cfia tin
hiéu vé tinh. Tir d6 tinh @ugc khoang cich tir may thu t61 v tinh theo cdng thie:

R=clt+4)=p +c A; (2.4)

véi t 12 thoi gian lan truyén tin hidu tk v& tinh dén didm xét, At 14 sai s khong déng b3
giita déng hd vé tinh va may thu, R 1 khodng cich gia do dugc;

.
— . el
.

Hinli 2.7 - Bo khodng cdch gia theo md

Tin hiéu v& tinh

Tin hi¢u may thu.

Néu ky hidu: X, Ys R Zs 14 toa d& ciia v& tinh; X, Y, 7 - toa 48 chia didm quan sit. Khi
d6 co thé viét :
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R=ct+ 80)=J(Xs =~ XV + (s — YV +(Z; - 2) +ed; (29)

Trong trudmg hep sir dung C/A code, theo dy tinh ciia cic nha thit ké hé théng GPS,
k¥ thuat do khoang thii gian lan truyén tin hidu chi ¢6 thé dam bao d% chinh xac do
khoz’mg céch c& 30 mét. Néu tinh dén Anh hudng cha didu kién lan truyén tin hiéu, thi sai
6 do khoang cach theo C/A - code s& & mitc 100 mét, véi mirc ndy chiih phu My chép
phin & cho khdch hang khai théc sir dung. Song k§ thugt xir 1y tin hiéu code pay da phat
trién dén mirc co thé dat 46 chinh xdc do khoang cach t6i mirc 3 mét, tir.13 béu nhy khéng
thua kém so véi trudng hop sir dung P - code ma phia My khéng cho khach hing sir dung
Chinh vi 1y do nay ma phia My da phai dua ra giai phép SA d& han che kha ning thyc té
ciia C/A - code, o

2.2.3. Po khodng ecdch gia theo thn sé Doppler

Theo phuong phép néy, khi v& tinh phét di tn sb fp, may thu thu duoc tan 56 f;, higu
thn 6 cia ching chinh 14 tin s Doppler:

)

AM=fo-f, | 26)
Déng thii Af lai duoc xéde dinh theo cong thirc: e
o =-1*=s : @7
véi p 14 vin the khoang cach tirc thoi. '
— 4 P 3 L ) ‘
_4p 2.8)
P= : (

Thu duoc phuong trinh bidu thi vén tée :
E=1.5=;+c.zt;. ’ :'_ (2.9}
Tu day s& xéc dinh duge khodng cich gid R tir may thu t6i vé tinh. .
2.3. NGUYEN LY VA K THUAT BINH VI VE TINH '
2.3.1. Nguyén Iy dinh vj GPS
Binh vi 14 viée xdc dinh vi tri dlem can do (vi tri tAm pha cila anten) Tuy thudc véo

dac didm cu thé cia viée x4c dinh toa 40 ma chia thémh 2 loai hinh dinh vj co ban 13 dinh’

vi tuyét déi va dinh vi tuwong abi.
2.3.1.1 Dinlt vi tuyét dbi (point positioning)

Khi dat may & diém bit ki thu tin hiu tir céc v tinh, tir 46 x4c dinh duge khoang cach -

twong ¥mg tir may thu dén vé tinh va tinh dugt toa d6 cia diém do trong-hé toa d§ vé tinh.
(hinh 2.8).
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Pinh vi tuyét d6i dua trén nguyén tic giao hoi nghich khéng gian khi biét toa dd clia
cdc vé tinh va khodng cach tuong img dén may thu. V& mit hinh hoc c6 thé md ta sy dinh
vi tal mét thoi digm nhu sau;

Sz
s, Ly
1Y
‘|
Ay 2
b
. o '
= A}

Pal lugng blét: r1 , r’
aailm:rngdu Pnpi ,p.
B3l fugng tinh: R;

Hinp 2.8 - Dinh vi tuyét doi

_Néu véi 1 vé tinh thi didm cin do s& niim trén miit ciu c6 tAm 12 vi tri v§ tinh, c6 bén

" kinh biing khoang cach do dirgc tir v& tinh dén mAay thu.

- Néu véi 2 vé tinh th1 d]ém do ciing nim trén mit chu thir 2 cé tam 1 vé tinh thit 2, cé
ban kinh 1a khoéng cach tir v& tinh tink 2 den may thu, K&t hop tej do dén 2 vé tinh thi vi tri
ciia difm do s& ndm trén glao cla 2 mit ciu trong khong gian - d6 1a 1 dwdng trén.

- Khi c6 v& tinh thi 3 thi cling nhu trén, vi trf cla diém do s& 12 giao cia mit chu thir 3
va duémng trdn néu trén - két qua cho 2 nghigm 14 2 v1 +rf trong khong gian.

-Néucé vé tinh thit 4 thi két qua tong hop s8 cho 1 nghiém duy nhét, d6 chinh 1 vi tri
ciia diém do trong khong-gian.

Nhu vdy it nhét cAn thu:tin hiéu 4 vé tinh dé xdc dinh tgé 46 diém do trong khdng gian
3 chidu. Bidu thirc todn hoc cia viée dinh vi duge thé hién qua cdng thic:

(Xs— X)* + (Ys—Y? + Zs = Zr)* 4+ (B —8T) + S + & (2.10)
Trong dé :
D 14 khoang cach do dtrc;rc tir vé tinh dén mdy thu.
Xs, Ys, Zs la toa d§ khéng gian 3 chiéu ciia v& tinh.
Xr, Yr, Z1, 14 toa 4§ khéng gian 3 chidu cia vi tri anten mdy thu.
¢ 1 the 46 truyén song (tbc 0 anh sang). .
5tva 5T la 48 16ch tuyét d5i ddng hd may thu vi clia ddng hé vé tinh.
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A s A ’ A s a2 A : ] r WA ]
& 4 12 52 56 do khi quyén vé o 12 tong ligp céc sai sd khéc. .

V6i 1 vé tinh ¢6 thé thanh lap dugc 1 phuong trinh dang (2.10). D& xdc dinh 3 insd
Xr, Yr, Zr 14 toa 46 difm cin do va &n s6 thir 4 12 d§ léch tuong déi ddng hd vé tinh va
ddng hd may thu (5t - & T) thi tei mbi diém do cin thu tin higu it nhit 4 vé tinh, khi d6
toa db ciia didm do s& duge xac dinh théng qua hé phuong trinh:

(D, —e.Af)? = (X5 — Xr)* + (Vs = Yr)* +(Zs - Zr)?
(D, — A = (X5 — Xr)2 +(¥s=1r)* + (s - zrn?
(Dy—cAt)? =(Xs— Xr): + (Ys—Yr)? +(Zs ~ )t
(Dy = c.bt)? = (Xs— Xr)* + (Ys=Yr)? +(Zs — Zr)*

Khi s6 vé tinh thu dwye tin hiéu 1én hon 4 va s6 l4n thu tin hiéu I hon 1 1an thi vi trf
didm do dugc gidi theo phuong phép sé binh phuong ohd nhét. Véi sé lugng vé tinh
thudmg xuyén 1én hon 4 nbur hién nay, dé chinh xac dinh vj ¢6 thé dat dén 3 m (tai Viét
Nam héu nhu thudng xuyén ¢6 t& 6 v§ tinh trd 1én). Néu str dyng lich v§ tinh chinh xac thi
sai s& vi ttf diém dinh vi ¢6 thé dgt dén 1 m.

2.3.1.2. Dint vi tuwong d6i (Relative GPS)

Do anh hudng ciia sai s6 vi tri clia cic vé tinh trén quy dao, do sai 56 déng hd va cic
yéu t moi trudng truyén séng khac din dén 4§ chinh xéc dinh vi diém don thip. Ngay ca
khi chinh phit M¥ loai bé nhifu SA thi viée dinh vj tuyét dbi chinh xdc nhit cling chi dat
161 dom vi & mét, d6 chinh xéc ndy khdng thé 4p dung cho cdng téc tric dia. Mot phuong
4n dinh vi khac cho phép sit dung hé théng GPS trong triic dia c6 d§ chinh xéc cao 13, dinh
vi tuong dbi. Sy khdc biét ciia phuong phdp dinh vj ndy 1a ¢ ch® phai sir dung t5i thidu 2
may thu tin hiéu v¢ tinh ddng thoi va két qua ciia phuong phip khong phai 1a-toa d diém
trong hé toa 49 GPS ma la vector khéng gian (Bascline) ndi 2 didm dat may thu, cu thé 1
céc thinh phin sb gia toa 40 AX, AY, AZ (hoic AB, AL, AH) clia 2 diém trong hé toa dd
GPS (hinh 2.9).

(2.11)

BIAM DA BIET PIEM CHUABIET.
Hinh 2.9 - So dé nguyén Iy dinh vi tuong asi
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Pinh vi twong déi sit dung tri do pha séng tai, dé dat dugc dd chinh xéc cae trong dinh
vi tuong @6i thi cAn tao ra sai phan. Nguyén the cha viée nay i dya trén su dbng anh
hwéng ciia cic ngudn sai s dén toa db cilia diém cin xéc dinh trong bai toan dinh vj tuyét
d8i (nhur sai sb ddng hd vé tinh, may thu, sai sb toa dd v& tinh, anh hudng cia mdi
trudmg,..). Cdch lam trén c6 ban chit 12 1dy higu trj do trxc tiép d€ teo thinh trj do méi (cdc
sai phan) dé loai trir hoic gidm bt céc sai sb ké trén. '

- Sqi phdn bdc mgt: . :

Ky higu hiéu pha song tai do duge tir vé tinh j tai didm thu r vao théi diém 12 ©, ().
Khi d6, néu xét 2 tram r-va s thu tin hiéu ddng thi vé tinh j vio thdi diém t; thi hidu sb:

A ()= d, (1) - Dyt) ’ (2.12)

goi 14 sai phan bic mdt dbi voi vé tinh j vao thoi diém t. '

Tri do ny loai trir duge sai 56 ddng hd vé tinh bdi gid tri ndy 1a nhur nhaw. Tri sai phén
don c6 thé 12 hidu sé tri do ciia I may thu véi 2 vé tinh; tri do niy logi trix sai s6 ddng hd
mdy thu, :

- Sai phén bdc hai:

Néu ly hiéu sb 2 sai phin bic mét (2 tram thu tin hiéu 2 v§ tinh j, k dong thoi) thi higu
sai phén: _

Kk a)= AdF () - A0 (1) (2.13)
duge goi 13 sai phin bic hai vao thoi didm t;,. Pay 1a trf do chudn trong do GPS tuong dbi.
Véi tri do ndy sai b vi tri vé tinh, sai s6 ddng hé méy thu, ddng hd v§ tinh duoc loai trir.

- Sai phdn bdc ba: '
Néu xét 2 tram tién hanh thu tin higu vé tinh j, k vao théi difm t va t i thi hidu sai
phén bic hai :

A= T ) - AT (1) (2.14)
dugc goi 1a sai phan bic ba. Tri do nay khéng phy thujc vao sé nguyén lin budc séng, do
vy tri do nay c6 thé xir Iy duge sur trrgt chu k. o

Viée xir Iy céc tri do sai phén cho phép xac dinh céc gid ttj thanh phin cla vector
khong gian ndi 2 diém dat may thu véi do chinh xAc cao (c& em). Bai toan dinh vi nay
duge ap dyung trong tric dia phuc vy viée do ludi khéng c_hé vi cac cong tic do dac khac
trong hé théng toa &) dja phuong bt ky.

2.3.2. Ky thujt do GPS

2.3.2.1. Po GPS taypgt di
‘Po GPS tayét-ddi 13 k¥ thudt xdc dinh toa d0 cita diém dit may thu tin higu vé tinh
trong hé toa ) toan chu WGS-84 sit dung nguyén 1y dinh vi tuyét dbi. Trong dinh vi tuyét
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d6i, vige tinh toa 46 ctia dim do duge thyc hién théng qua gidi bai todn giao héi nghich
khéng gian dva trén co s khodng cach mdy thu df:n vé& tinh tai th¥i diém do. Tri do co ban
cua ky thudt do nay 14 trj do code. Do cé nhiéu ngudn sa1 sb nén phuong phép dinh vi nay
c6 46 chinh xéc vi tri diém. thip va duge sit dung chd yéu cho viéc din durémg va cée muyc
dich do dac ¢6 y8u chu dd chinh x4c khéng cao. ’

2.3.2.2. Do GPS twong dbi (Carrier-phase-based Relative GPS)

Thirc chit ctia phwong phép do GPS twong abi 1a xac dinh hiéu toa dQ khﬁng gian cha
2 diém do ddng thevi dat trén 2 dfu ctia khodng céch cén do (Basellne) st dung nguyén 1y
dinh vi twong dbi, tri do coban 13 trl do pha Phuong phép do twong abi ¢6 d9 chinh xéc rit
cao vi da logi trir duoc nhidu ngudn sai sé. Trong dinh vj tuong dbi cin tdi thidn 2 méy thu
vé tinh trong 1 thoi difm do. Phy thudc vao quan hé cha cic tram thu nn,hleu trong thid
gian do ma chia thinh céc dang do GPS tinh va do GPS finh nhanh.

1. Po GPS tinh (Static)

Do GPS tinh sit dung c4 hai tri do code va pha song tal. Hai hodc nlneu méy thu dit ¢b
dinh thu tin hiéu GPS tai cic didm cin do toa db trong médt khodng thai gian nhit dinh
(thdng thudng tr 1 gi&s trér 18n). Thai gian do kéo dai dé dat duge sw thay ddi dd hinh vé
tinh, cung cﬁp tri do dur va gidm duge nhidu sai s& khac nhim muc dlch dat 45 chinh x4c
cao ohit. Po GPS tinh dat d5 chinh x4c ¢& cm va duoc ding cho cac ung dung ¢6 4§ chinh
Xé4C ¢ao.

2. Po GPS finh nhanh (Fast Static) ]

Phwong phép nay vé ban chit gibng nhur do GPS tinh nhu’ng thou g1an do ngén hon,
Thévi gian do tinh nhanh thay ddi tix 8' +30" phu thude vao s vé tinh va d&hinh v& tinh. )
vé tinh nhleu hon 4 bao dam trj do dir, vé véi db hinh v& tinh phin bd déu s& hd trg vige
tim nhanh sé da tri nguyén va gidm théi gian dinh vi.

2.3.2.3. Po GPS dong (Kinematic GPS)

Phuong phép do dong duge tién hanh voi 1 may dat tai tram ch dmh (base station) va
mdt hogic nhidu cdc may khac (rover stations) di dOng dén cAc diém cAn do toa 4§ va thu
tin hiéu v& tinh ddng thoi. Do GPS dong la gidi phap nhim giam tdi thidu thdi gian do (so
véi phuong phép GPS tinh) nhung vin dat @ chinh xéc do toa d§ c&- crn Tuy thudc vao
théd didm xir 1y 56 ligu do: xir 1y ngay tai thuc dia hay trong phbng sdtr khi do ma chia
thanh 2 dang 13 do GPS ddng thdi gian thue va do GPS ding xir Iy sau.

1. Do GPS dong thoi gian thue (GPS RTK - Real Time Kinematic GPS)

Trong cdch do ndy, ngoai cic may thu vé tinh con cin thém he théng Radio Link ‘

truyén sb lidu lign tye tr tram cb dinh dén tram di dong va thidt bi xir ly sﬁ lidu gon nhe. 88
nguyén da tri (so nguyén lin budc séng tir vé tinh dén may thu) duqc xdc dinh nhanh nhéy
giai phap khoi do va duge duy tri bing cdch thu tin higu lién tyc tir tBi thidu véi 4 vé tinh
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trong khi di chuyén may thu dén didm do tiép theo. Thoi gian do tai cée diém nay rit it, chi
cin 1 epoch (1 epoch twong duong véi 1"+ 5" tuy theo ché d6 twr chon). Néu viée theo dbi
v& tinh bi gian doan (vi du nhu di qua duwéi vét cén) thi sb nguyen dta tri s& bi mét, phai xdc
dinh lai. Do phai ding dén Radio Link truyén s6 lidu nén tim hoat ding do clia may di
déng bi han ché (khoing Skm). ‘Ngoai viéc do toa df didm chi tiét tai thuce dia, phwong

" phép nay cdn cé tinh néng chuycn toa db thiét ké ra thic dja va din dudng véi d§ chinh

XAc cao.
2. Po GPS dgng xit ly Sau (Post Procemmg Kinemaric GPS)

Piy 1 phuong phép do sir dyng méy do giéng nhu phwong phép GPS RTK dé do mot
loat diém dinh vi so véi tram phe b?mg_ cdch di chuyén méy thu dén céc diém cén x4c dinh

“toa d5. Toa dd clia cdc didm do c6 duge sau khi xir 1y s6 ligu trong phong, do vay khong sir

dung thiét bi truyén sb heu Radio Link. Trong phlrcmg phép do GPS ddng xir Iy sau cin
phai tién hanh viée khéi do xdc dinh sb nguyén da trj bing céch do tinh trén 1 doan thing
sau d6 méi dén do tai chc didm cAn x4c dinh toa dg voi thi gian ngén - tcu thiéu do 2 trj do
(2 epoch). Trong qué trinh d1 chuyén dén didm cin do may do di déng cén phai thu tin higu
lién tyc dén t6i thidu 4 vé tmh Néu trong qué trinh di chuyén dén diém cin do ma tin hiéu
cita mbt trong 4 v& tinh bi mét thi phai khai do kai bﬁng céch dira may thu quay lai diém do
truGe d6 hodic do tinh trén mét canh méi, K§ thudt do ddng xir Iy sau ¢6 ning suét lao dong

. cao, rit phit hop cho viée phat trién luéi khéng ché dang dudng chuyén, céc diém khéng

ché 4nh, do chi tlet bén 4 dla hinh.

2.3.2.4. Do cdi chirilt p!um sai DGPS (Code-based Differential GPS}

Po cdi chinh phén sai DGPS 1a phuong phap do GPS sit dung nguyén 1y dinh vi tuyét
déi str dung tri do code cd dd chinh xic do toa df ¢ 0,5m + 3m. N&i dung ciia phuong
phép do’'1a ding 2 tram do trong d6 1 tram gbe (Base station) co toa- dﬁ biét truwée va |
tram do tai cAc diém cin do toa d§ (Rover station). Trén co s& d 1éch vé toa d6 do so véi
toa 46 thuc cia tram gbe d& higu chinh vao két qua do tai cdc tram ddng theo nguyén the
dbug anh hudng. Yéu ciu quan trong khi do phan sai 12 tram gde va tram di dong phéi thu
sb liéu ddng thi, cing sb & tinh, C6 hai phuong phép cai chinh phén sai, 14 cii chinh vio
canh va cai chinh vao toa do

Cdi chinh vae canh: su dung canh tinh theo trj do Code ciia tram gbc téi timg v8 tinh
va tim dd 1&chi so véi khoang céch thye ciia nd trén co s& toa d6 didm ghe. Céc d6 léch ndy
duge ding d& cai chinh cho chifu dai canh tir didm cin dinh vi dén cdc vé tinh twong tmg
trude khi dua canh vio tinh toa 45 cho tram dong.

Cii chinh vio fpa dé: ciing twong tw nhu vige cdi chinh vio canh nhu trén, & ddy s&
xéc dinh duoc d6 léch vé toa db gifta toa dd thh duge clia tram gbe va toa d thye cia né
do anh hudéng chia cic fgiidn sai sb. Cac dd 1ch d6 duge cii chinh twong tng vio toa db
cia tram dong. '
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Duya véo thoi diém cai chinh ma chia thinh cic phwong phép do cai chinh phén sai 1&:
do DGPS thai gian thirc va do DGPS ci chinh sau.

1. Do DGPS thoi gian thye (Real Time DGPS)

Véi phuong phap nay, sb c4i chinh dugc truyén tir tram gbc 161 tram di dng ngay trén
thue dia dé cai chinh cho toa d) tram di dfng va hién thi k&t qua tai thye dia ngay trong khi
do. Dé thuc hién duge nhu véy, thiét bi do cin ¢6 thém mdy phat va thu tin higu Radio
Link d& truyén tin hiéu cai chinh. Mdy phat Radio Link 6 thé dat trén mat dét hogic phét
qua v& tinh dia tinh.

2. Do DGPS xtr ly sau

Ciing tuong tu nhw phuong phap do DGPS théi gian thuc nhung s6 lidu cai chinh
khéng thuc hién trong qué trinh do ma nhén duge sau khi x& 1y s6 liu trong phdng. Do d9
chinh x4c khéng cao nén phuong phéap DGPS chi duge sir dung trong do vE ban dd ty 18
trung binh va tj 1& nho hofc cdc cing tic dén dudng khac.

Bang 2.2: Bang tong hgp vé cdc phuong phdp do GPS

5 Sd vé Thivi P :
S0 Kidu do tinh t5i glan do be c:l::h xae Céc dic trung khic
ST thidu | toi thidu dat dwoc
: - May 1 tin s&: - May 1 tan sé cho d¢ chinh
Do tinh . Smm+ippm xac tht nhat & khodng cach
1 | st 4 191 | May 1 thn s <10km
(Static) o 0.5 -'Khang han ché khodng céch|
. mm + 8,5ppm vé&i may 2 tén sb.
2 BPo tinh rihanh 4 g'+30" {5 + 10)mm +tppm |- Cac ihi tyc do nhw voi do
(Fast Static) ) {phu thude thivi gian do) | Tinh.
Po dong x Iy _ Khodng cach t6i da 50km,
3 jsau 4 2t do 1cm + 1ppm - C#n khdi do bing do finh
(GPS-PPK} nhanh trén canh khdi do.
N R . Khoang cach do phy thudc
Bo dong thot cuia fom 1 v&o RadioLink, < 10km
¢ g‘;‘;,‘gﬁﬁ?m 4 Hdo om*1PPM L can kndi do trén digm biét
toa do hofic do finh nhanh
- 0,5m véi may thu - Khong cin thu lign tyc vé
Do DGPS xi Everest, Maxwel. voi | tinh, khdng cAdn Radio
5 |ly sau 4 2trido | §vétinh PDOP<4 truyen sdng
(PPK- PS) < {1 + 3)m vo&ri may
thu khac ciing DK
-02mvéimaythu |- Cén Radio truyn song,
Po DGPS thei Everest, Maxwel, véi | khong ¢an thu vé tinh lign
6 |gianthwe 4 itjdo | Své finh PDOP<4 tuc
(RTK-DGPS) | - {1 + 3)m vai méy
thu khac.
42

2.4. CAC NGUON SAI SO TRONG PO GPS.

Viéc dinh vj bing cac_hé théng dinh vi toan céin v thyc chét duge x4y dung trén phép
giao hoi khoang céch tir céc vé tinh cb toa 4o da bit. Khoang cach tir cdc vé tinh dén cic
diém quan st duge x4c dinh theo thdi gian lan truyén séng vo tuyen trong khong gian.
Nhut vay két qua x4c dinh thdi gian lan truyén s& chiu dnh huémg tryee tiép cha d§ chinh xédc
do thir gian trén céc dong b3 vé tinh va trong may thu; con thc 4o cua song phy thuje vae
didu kién ctia moi truomg lan truyén. Ngoai ra 49 chinh xéc clia vi tr didm con phy thude
vio sai sb toa 46 vé tinh va mét sb ngudn anh hudng kbéc.

2.4.1. Sai 56 ddng hd vé tink va ddng hé m4y thu

Pay 13 sai s ctia ddng hé v& tinh, sai sb ciia ddng hd méy thu va sw khong dbng b
giita chiing. Pdng hd trén vé tinh duoc tram didu khién trén mit d4t theo doi, va do d6 néu
phét hién c6 sai léch, tram nay s& phat tit higu chi thi théng béo s6 cai chinh cho may thu
GPS biét d# xir 1. P& cai tién ddng hd méy thu cb thé 1ap dzt cac ddng hd nguyen tir nhue
trén v& tinh, nhung khi d6 gi4 thanh may thu rét dit, ngudi ta chi c6 thé cai tién c4c dbng
hd thach anh trong may thu dé c6 kha ning lam vige 4n dinh hon trong giai doan da dbng
bd véi déng hd v& tinh.

Ngodi ra 4 1am giam anh hudng sai s6 ddng hé ciia ci v§ tinh v2 méy thu, ngudi ta sir

dung hiéu céc tri do gifta cc vé tinh cling nhu gifta cdc tram quan sit.

2.4.2. Sai sb ciia quy dao vé tinh

Chuyén ddng ca vé tinh trén quy dao khong tufn thi theo dinh ludt Kepler do c6
nhidu tée déng nhidu nhu: tinh khéng ddng nhét cia trong truémg Trai DAt, dnh hwong cia
strc hiit Mat Trang, Mit Troi va céc thién thé khéc, stic can cita khi quyén, 4p luc ciia birc
xa cia Miit Tring, Mt Troi, ... Vi tf tire thoi cia vé tinh chi cé thé duge xac dinh theo
mé hinh chuyén déng duge xdy dung trén co s& céc sb liéu quan sét tir cde tram cd d9
chinh xéc cao trén mit dét thudc doan didu khién cia hé théng GPS va dwong nhién c6
chira sai s8.

Ephermerit I tdp hop céc s6 ligu thé hién vi tri ciia thién thé n6i chung va v¢ tinh ndi
riéng dudi dang ham cia thoi gian, do d6 cling goi 14 lich v§ tinh. C6 ha loa Ephemerit
clia vé& tinh: Ephemerit duge xdc dinh tir két qua hau xir 1y céc sb liéu quan sit cho chinh
cic thoi didm nfim trong khoang thoi gian quan sét va Ephemerit duge ndi suy tlr céc
Ephemerit néu trén cho cic ngdy quan sat tiép theo. Loai Ephemerit thit nhét cé db chinh
xéc & mire 10 + 50 m, vi chi dwge cung cép khi chinh phit M¥ cho phép; con & muc hai cd
20 +100 m, cho phép céc khach hang dai tra sir dyng. .

$4 lidu cia lich vé tinh cho phép xéc djnh tic thdi cdc vector vi tri va toc df clia cde v§
tinh trong hé toa 4 Trai D4t. Cic may thu GPS thu tin higu vé tinh, vé sir dung lich v§ tinh
d& tinh todn xir Iy s6 1i¢a do. Sai s vi trf ctia vé tinh anh huéng ghn nhy tron ven t6i sai sb
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xdc dinh vi i didm quan st dom, hon toan riéng bigt; nhung lgi duqc loal trir déng ké
trong két qua dinh vi twong dbi gifta hai dlem quan sét, -

Sai 6 vi tri cha vé tinh & ngudn sai so kha 16n nhung tic dong chu ycu vio toa 4o
tuyét dbi duoe xir 1y theo phu'cmg phap do khoang céch gid. Vi viy, thong thudng toa 4§
tuyét dbi trong hé WGS-84 quoc té chi c6 thé xé4c dinh dugc voi dd chinh xac khoang tir 10

t&i 100 m. Néu d6 chinh xdc toa do tuyét dbi ciia mét ddu baseline ting dl.rac 1ir 100 m téi 2
m thi 46 chinh xdc cha AX, AY, AZ cb thé ting thém duge 1 dm. Chinh vi vﬁy ngudi ta cén
¢b toa dd gin ding trong he WGS-84 t6i c& 2 m d c6 duge céc baseline c6 dd chinh x4c
cao. D& khiic phue céce sai sb nay ngudi ta sir dung cdc bién phép sau:

- Co duge lich vé tinh chinh xic tai théi diém do: Lich vé tinh chmh xdc cé thé co
duge néu yéu chu céc co quan ninr NGS, IGS,.. - cung chp. :

- Quan tric lign tuc trong 24 gid: tic 14 hai vbng quy dao cia 32 vé tmh ¢6 thé hién
chinh duge lich vé tmh théng qua céc phin mém xir 1y.Pseudo Range mcn, d3 chinh xac
dat duoc t6i 1 m. :

-- Sir dung hé thong DGPS toan cdu do OMNI STAR cung chp voi céc b hiéu chinh
toa dd dugc 1Ay tir hé théng cac tram dinh vi ch dinh toan ciu. Céng: nghe nay ciing da
duoc thir nghidm tai Viét Nam vé cho d6 chinh xdc dat téi 1 m. ‘

2.4.3. Sai s6 do mbi trudng truyen séng

2.4.3.1. Anh luréng khiic xg ting dign ly ¢

biy ia sai so do hlcn tugng khiic xa tia séng di tir khoang k_hong vu tru vio ting dAu
tién ctia khi quydn, Sai sb nay khang gay anh hudng 16n t6i két qua do trong khoéng cich
nghn ma chi ank hudmg 1én trén khoéng cach dAi. Thng dién ly 12 tAng khi quyén & 4 cao
tir 50 km dén 1000 km. Do bitc xg manh cha mit trdi, cac phan ¢ khi trong tang dién ly
tao thanh mdt lucmg 16n céc dign tir khi tir do, Khi tin hiéu séng dién tir di qua tng dién ly
thi dtmng truyén tin hn;u s& bi cong. Téc dd truyén séng s& thay ddi, vi vy thoi gian
truyén tin hidu nhan véi t8c db 4nh sing trong chin khéng s& khong bing ‘khoang cdch tir
vé tinh dén may thu, .

Pé khiic phuc ngudn sai s6 dinh vi niy, ngudi ta da sir dung thn so thu hai @& higu
chinh céc trj do trén kho2ng cich dai.

2432 Anh hwdng khiie xg tang d0i len b

Téng ddi luu c6 b cao dén 8 km so véi mit dit 13 thng 1Am khuc xa dbi véi tin hidu
GPS do chiét suit bién dbi. Do vy s cai chinh md hinh khi quyén phal durgre Ap dyng abi
v6i tri do clha miy mit thn s va ca méy hai thn sb. Song dién tir khi di qua thng dbi huu thi
tbc 36 truyén bi thay ddi, dudng truyén song eling bi cong. Sai s6 khoang céch do tang dbi
Twu Ay ra trén thién dinh khodng 2,3 m, khi khoing thign dinh Z = 80° thii'§ai sb ndy c6 gia
tri khodng 13 m.
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Méi trudmg truyén séng giy nén sai sb nhidu tin hidu do mdi trudmg: Sai sb niy do 2
ngudn gy ra, mét 1a do é4c ngudn phat song ngén quanh méy thu tao nén (nhu céc dil
truyén hink, s6ng ciia dién thozi di dng ...), hai'1a do séng GPS phan xa tir céc vét thé diit
quanh anten. D& khic phuc ngudn sai sb ndy ngudi ta da cai tién céc anten c6 45 nhiy cao
hon nhim tao kha nang tr Toc nhiéu vi dat thém céc bJ loc trong phén mém xir 1f.

2.4.4. Sai sé do i nhm vé tinh va trivgt chu Ky

. Xhi do GPS cén phai thu duge tin hiéu cia it nhit 4 vé tinh, tic 12 phai c6 thm nhin
thong t6i cic vé tinh do. Tin hiéu GPS 13 séng cyc ngén trong phd dién tir, ¢6 thé xuyen
qua méy mi, song khdng thé truyen qua dugc tan cly hodc cic vat che chin, Do vy tAm
nhin v& tinh thong thedng.co tAm quan trong dic biét db1 voi cbng tic do GPS. Khi su'
dung tri do pha cin phéi bao dam thu tin higu v& tinh trye tlcp, lién tpc nhim x4c dinh sb
nguyén 1in budc séng khoi dhu. Tuy nhién cé trudmg hop ngay ca khi vé-tinh ludn duge
nhin théy.nhimg tin higu thu vin b gidn doan, khi dé c6 mét sb chu ki khong x4c dinh 44
trdi qua ma mdy thu k.hbng dém duge khidn cho sb nguyén lén bude séng thay abi va lam
sai két qua dinh vi. Mt s loai may thu ¢ thé nhén biét st trrot chu ky va thém vao sb

hiéu chinh tuong tmg khi xir ly sb ligu. Mﬁt khdc khi tinh todn x Iy sb ligu GPS cb thé '

ding sai phén bic ba dé nhén bidt va xit 1y trugt chu k.

2.4.5. Sai sb do hién twong da tuyén (Multipath) »

D6 14 nhimg tin hiu tir v& tich khéng dén thing anten may thu ma 33p vao bé mit
phén xa nio d6 xung quanh rdi méi dén méy thu (hinh 2.10). Nhur viy két qua do s& bi sai
léch. D& tranh hién twong niy anten phai c6 tAm nhin v& tinh théng thodng véi ngudng goe
cao trén 15°, Vige chon ngudng géc cao 15° nhéim gidm anh huéng bit loi cla chiét quang
ciia khi quyén va hién tuong da tuyén. Dé khic phyc sai s6 do hién tuong da tuyén, hiu hét

céc anten GPS dén duoe thlet ké c6 gin ban (mim anten) dang phiing, trdn d che chin tin
hiéu phan xa tir duédi mﬁt dat 1én.

Ve -n'nh - Buromg truyén gidn tiép

RN / Bucng truyén tryc tiép

Dredng truyén gidn tidp . ~——__y

Iﬂrﬂ: 2.10 - Sai 56 do hién tuong da tuyén
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2.4.6. Sir suy gidm @) chinh xéc (DOPs) do db hinh cdc vé tinh

Dinh vi GPS c6 ban chét 12 gidi bai todn giao hdi nghich khong gian dua véo diém goc
[4 céc vé tinh va céc khoang cach tuong fmg dén may thu. Trudmg hop t6i wu khi thu tin
hiéu vé tinh GPS 13 vé tinh cin phai c6 s phan bé hinh hoc can dbi trén bau trdi xung
quanh diém do.

GROP KEM GOOP TOT

e i,

GDOP TGT HHUNO TIH HEU
KHONG RG

Hinh 2.11 - D8 hinh vé tinh

Chi sé mb ta dd hinh v& tinh goi 13 hé s6 phén tan d¢ chinh xdc - hé s6 DOP (Delution
of Precision). Chi sé DOP 14 s& nghich dao thé tich ciia khéi ty dién tao thanh gilta cdc vé
tinh va mdy thu, Chi s& DOP chia ra c4c loai -

PDOP - chi sé phan tan d¢ chinh xdc vé vi trf (Positional DOP).

TDOP - chi s6 phén t4n dd chinh xac v& thdi gian (Time DOP).

HDOP - chi 56 phan tan 66 chinh x4c v& mit phing (Horizontal DOP).

VDOP - chi sé phén tan 9 chinh x4c vé cao d§ (Vertical DOP).

GDOP - chi 56 phén tan d6 chinh x4c v& hinh hoc (Geometﬂc DOP)

P hinh phan b5 vé tinh dugc thidt ke sao cho chi 56 PDOP dat x4p xi 2,5 véi xéc suat
90% thoi gian, P& hinh vé tinh dat gyeu cdu véi chi s5 PDOP <6.

2.4.7. Sai sb do ngudi do

Kli do GPS, t4m hinh hoc ctia anten may thu cin dat chinh x4c trén tim mdc diém do
theo dudng ddy dei. Anten phai ddt cin béng, chiw cao tir tim méc dén t4m hinh hoc clia
anten cin do va ghi lai chinh xac. Po chidu cao anten khéng ding thudng la 131 hay méc
phai cfia ngudi do GPS. Ngay ca khi x4c dinh toa do phing thi vige do chidu cao ciing
quan trong vi GPS 12 hé théng dinh vi 3 chidu, sai sb chiéu cao s& lan truyén sang vi tri mat
phéng va nguoe lai. '

2.4.8. Sai 56 do léch tim pha ciia anten

Tam pha 1 mét ¢iém ndm bén trong anten, [a noi tin hiéu GPS bién ddi thanh tin higu
trong mach dién, cdc tri do khodng cach duge tinh vao diém nay. Piéu nay ¢o y nghia quan
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trong 481 v&i cong tae tric dia. Khi ché tao, anten da duoc kiém dinh sac cho tim pha
tring v6i tim hinh hoc ciia 6. Tuy nhién tim pha thay déi vj trf phy thude vao db hinh vé
tinh, 4nh hudng nay co thé kidm dinh true khi do hodic sir dung mé hinh tAm pha & giai
doan tinh xir Iy. Quy dinh cin phai tufin theo 1a khi dit anten cin déng theo cling mot
huéng (thirdmg 13 huéng Béc) va tét nhét sir dung ciing mdt Joai anten cho cling mit ca do.

Pén nay, voi tién b ciia KHKT, cic ngudn sai 36 néi trén di duge khic phuc ding
ké, tao duge cic baseline ¢6 d0 chinh xéc rit cao. Céc tri do GPS canh dii d& nang d-

- ugc 4§ chinh xdc tir ¢& 1/10.000.000 vao giai doan 1990 dén 1/200.000.000 nhu hién

nay dat duoc.

2.5. UNG DUNG CONG NGHE GPS TRONG TRAC PIA CONG TRiNH

Vigo xéc dinh vi trf diém bing céng nghé dinh vi v& tinh ¢6 nhing wu diém 15 rét so
voi khi sit dung cic phép do miit dht tmyén théng, ddc biét 1a trong cong tde do dac ludi
khéng ché trfe dia mit bing. Hé théng dinh vi toan ciu cho phép xéc dinh cic yéu 8 ciia
luéi véi d6 chinh xédc rdt cao, nhét 12 vi t twong hé gilta cac diém ma khong phu thuje
vao khoang cach gilta ching. Chinh vi vy viéc phén cip hang céc mang ludi tric dja va
xdy dyng ching theo nguyén thc tir thng quét téi chi tiét khong con 12 vin d& cén thiét va
bit buc nita. Bén canh d6 hé théng khong doi hot s théng hudng gilta cc didm do, cong
tac do. dac c6 thé tién hanh trong moi didu kién cia théi gian va thai tiét. Thoi gian do trén

"mbi didm thuong khong qua 2+3h ddng hd, tham chi chi cin 2+3 phit, tixy thubc vio

khoang céch do. C6 thé khang dinh ring, cdng nghé dinh vi vé tinh da tao ra mdt cude cach
mang sdu sic trong linh v Tric dia - Ban db, vi con ham chira nhidu kha ning tidm 4n
cin duge khai thae.

2.5.1. Xay dumg edc mang fwéi khéng ché mit bing

Uu diém chit yéu va-quan trong nhét ciia cong nghé GPS 14 kha ning xdc dinh céc
vector canh giita cic diém quan sat voi d6 chinh x4c cao mé khong cén tm thong huéng
mit dt. Cong nghé GPS di dwge két hop voi cde phirong phip do canh dai khdc dé xdy
dung khung toa d6 Trai Pt quic t (ITRF), khung toa 46 chiu Au (RUREF).

U Viét Nam, viéc khai thic sir duyng GPS méi chi trién khai tir d3u nhitng nim 90 cia

thé ky trude. Tir thang 12-1991 dén thang 4-1993, Cuc do dac ban d6 Nha nudc - B§ Tai
nguyén & Moi trudmg 43 xdy dung mang ludi toa d¢ nhé nude khu vie Minh Hai, Song Bé
va Ty Nguyén bing cdng nghé GPS véi 117 diém phii déu khip khu vye. Xay dyng mang
luéi toa @9 trén quan ddo Trudmg Sa, ddng thod do ndi ludi ndy véi cdc dio khic va mang
lu6i trén d4t lidn tao thanh mang Iu6i triic dja bién Viét Nam, gép phin xay dyng cor s& dit
liéu hinh thanh hé quy chiéu VN2000. So @ quy trinh cdng nghé thanh 1p Lréi tric dia
bing phuong phap GPS duoc dua ra trong hinh 2.12.
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Hinh 2.12 - So 46 quy trink xdy ding uci trilc dia bing cong nghé GPS

2.5.2. Ung dung GPS trong nghién ciru dia ding

Hién nay cdng nghé dinh vi v§ tinh da duoc img dung trong nghién ctru dich chuyén
. v6 Trai DAt trén pham vi rdng Iém véi khoing céch tir vai chue i hang trim km. Bing
phuong phép do tuong doi xéc dinh gia 56 toa @) khong gian trong he thong toa db dia
tim, ngudi ta co thé xac dinh vi trf tuong hé gifta cdc didm véi do chmh xac vai ba em trén
khoang céch hang trim km.
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. , Khéng dat
Kiém tra hudi —

¢ Viét Nam cong nghé GPS ciing di dwoc img dung do dac céc mang lrdi nghién efru
dia dong va tham gia v6i cac nudc trong khu vire do dac va nghién cim chuyén dich vd
Tr4i Dét khu vire Dong Nam A.

2.5.3. U'ng dung GPS trong tréc dia cong trinh

Céng ngh¢ GPS di dwoc img dung rrgng rdi trong viée lap ludi khdng ché mit bé.ng co
s&, ludi thi céng cong trmh, lwéi quan tric chuyén dich ngang cong trinh, do vé thanh 14p
mit cht, chuyén troc cong trinh 1én cao. Cée dang céng téc tric dia céng trinh thuimg cd
khoing céch do khéng quéa dai, chidu dai thudng chi vai ba trim mét, hogc "dirdi 1 kam,
nhung yéu ciu do véi dd chmh xéac cao. Trong phep do twong dbi kha nhiu loai sai sb
duge giam thidu, do vy do chinh xdc do canh dat it cao. Véi chidu dai canh dudi 1 km,
béu nhir d5 loai bd duge dnh hudng sai sb cha ting didn ly va tAng déi Iuu ciia khi quyén.
Cong nghé GPS duge ting dung trong nganh tric dia cong trinh & céc linh vyc saw:

- Trong giai doan k_hao sat thidt ké: Thanh 14p ludi khéng ché do v&, do v& binh b,
mt cit,

- Trong giai dogn thi cong Thénh 18p ludi khéng ché thi cong, bb trf cdc diém chi tidt
ra thuc dia, chuyen true cang trinh trong xdy dung nha cao tAng.

- Trong giai doan vin hanh Quan tric chuyén dich, bién dang cong trinh.

2.5.4. Ung dung GPS trong thanh lip bin &

GPS ciing duge fmg dung rong 14 trong cong téc do v& chi tiét nhr thanh 14p hwéi
khong ché co sd, ludi khibng ché do vé va do vE chi tiét dia hinh. V6i céc ché 46 do déng,
¢Bng nghé dmh vi duge sit dung nhur 13 céc tram do vE chi tiét bing cdc méy toan dac dién
tir. Un didm ndi trdi nhét clia phucmg phép la khéng cin théng huéng ngim. Ngodi ra cac
mady thu GPS cé thé duoc sir dung dé xéc dinh toa 3, dd cao cia dlem dia hinh dé thanh
14p md hinh 56 dia hinh (DEM). ‘

Pic biét trong cong tdc hién chinh ban b, cbng nghé GPS duge sir dung rat thudn loi
dé hién chinh ndi dung ciia bén &b nhu b sung céc dia vat, dia hinh.

2.6. THIET KE VA TO CHUC PO GPS TRONG THANH LAP LUGI KHONG
CHE TRAC PIA CONG TRINI-I

2,6.1. Chon diém lu'én GPS

Chon diém do GPS Ilcn quan dén viéc thiét k& luéi GPS, ngoat mdt s6 yéu chu vé mat
45 didm, vé két ciu hinh' hoc cila mang Wwéi, cée diém do chin phai bio dam mdt sé yéu céu
riéng mang tinh djic th ciia cong nghé GPS.

Trong muc 2.4 d3 xem xét mét s6 ngudn sai sb anh hudng dén két qui do GPS. Co
nhidu ngodn sai s6 dd duoc loai bo hofic gidm thmu khi sir dung tri do pha song tai @ thuc
hién phép do tuong dbi trong c4c mang lusi GPS. Tuy vy cling c6 mot s6 ngudn sai sd
thuémg 13m gidm 6 chinh xédc két qua do c6 lién quan dén vi tri dit may thu GPS, nhr sai
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56 do cac ngudn gdy nhifu tin hidy, sai s da duimg din (multipath)... . Vi vy, khi chon
diém cén huu ¥ dén cic yéu té sau:

1. Dé thiét ké Iudi GPS va chon diém phii ¢6 ban dd dia hinh ty 1§ cang 16n cang tbt. TAt
ca céc diém dy kién cin duge chuyén vi tri 1én ban db cing véi céc didm gde da bide,

2. Trong mang luéi tréc dia truyén théng sir dung céc tri do gdc-canh, thi diéu quan
trong khi chon diém 13 phai bio dam théng hudng giita céc difm. Dbl véi ludi GPS yéu
chu thdng hudng gitra mdt sb ciip didm chi cAn thiét khi phat trién Iudi cdp thép hon hozc
tAm théng huéng tir didm GPS dén cong trinh x4y dung.

3. Hién tugng da dudng dén: Do hién twgng phan xa, tin hiéu di tir v& tinh dén mdy thu
¢6 thé qua nhidu dudng din. Hién tuong da dudng din gy bién dang tin hitu didu bién
C/A Code, P Code va anh hudng dén céc tr] do pha song tai. Céc tin hidu da dudmg déin co
thoi gian phét di cling nhau tir vé tinh, song khi dén méay thu d2 bj thay 4 code v pha do
hién tugng phéan xa khic nhau va phu thude vio chidu dai dudng truyén tin hiéu. Cac tin
higu phén xa dén may thu chim hon so voi tin hidu di theo dudmg thing do phai trai qua
mét quing dudng dai hon. ' :

Théng thudmg, vt phin xa cuc bd s& thé hién 6 tin hidu da dudmg din. Néi chung,
hién tugng da dudng din tic ddng mét cich ngiu nhidn ddi v&i tin higu tAn sd thip va tin
sb cao. Céc tin higu c6 thé bj phin xa béi vé tinh (da dudmg din vé tinh) va bdi cac vét
xung quanh may thu (da dwdmg din méy thu), cu thé nhw sau:

Anh huémg da dudng din vé tinh c6 thé duge Joai bo trong hiéu pha bic nhét ciia cc
trj do déi voi canh ngin (short baselines). Tin hidu phén xa thudng bi suy yéu sau khi phén
xa, mitc dd suy yéu nay phy thude vao chit lidu cua vat phan xa, phu thude vio goc t4i va
géc tan xa. Nhin chung, céc tin hidu phan xa véi goc t&i rit thip, trén thuc t& hiu nhu
khéng bi suy yéu. Diéu ndy giai thich tai sao cc vé tinh ¢6 “gbe cao” thip thudng giy ra
nhiéu da dudmg dén véi cudng d6 manh. Cic dinh toa nha xung quanh diém dat mdy thu
ciing 14 mgt mdi trirdmg gdy nén hién tuong da dudmg din dang ké. .

Nhiéu da duéng dén dén tir phia duéi may thu ciing gy ra sai s dang ké dén cong tac
dinh vi. Dwa vio dang cia anten sit dung cin phai luu y dén bé mat dét phia duéi may thu.
Théng thudng mit dudi anten 14 bé mat kim loai c6 dang tron hodc vuﬁng, duge chu tao
dang tir cdc hinh xuyén ghép lai v6i nhau. D6 14 cic vong kim loai nim ngang v6i khodng
rng c& 1,5 bude song tai.

4. Hién tugng nhigu do c4c dai phat séng: néu miy thu dt qua gin cAc tram phét séng
nhur dai phat thanh, truyén hinh, rada v.v..két qua do s& chju anh hudng ctia cic ngudn tin
hiéu d6 néu cdc ngudn phét song nay cé tin sé phi hep vai may thu GPS, Céac dudmg diy
dién cao 4p ciing gdy dnh hudng dén tin higu vé tinh trde khi vio may thu néu may thu
dit ngay dudi céc dudng diy dé, vi viy miy thu nén d4t xa cdc dai phét song trén 200 m
va xa dudng tai dién cao 4p trén 50m.
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5. Tin hiéu GPS thudc dai séng radio cuc ngén, dé b chén, do vdy cin bio dam su
théng thodng gilta vé tinh va may thu. Khi may thu dit dudi cic tdn cay thi tin hiéu v& tinh
dZ b gian doan, didu niy duwong nhién s& anh huong dén 49 chinh xdc ciia két qua do. Tét

‘nhét nén b tri didm do sao cho goc mé 1én biu tri (dang hinh non) khéng nhd hon 150°

hoic 140° (hinh 2.13). Diéu nay con nhim muc dich lim gidm sai s6 do ting ion va dbi luu
géy ra, vl v&i céc tin hidu c6 “gdc cao™ thilp, tic 13 goe t6i cda tin hidu dén bé mat 19n s&
[am cho sy khic xa cang lon.

Hinh 2.13 - Géc mo tai diém do GPS

6. Khi chon diém cin tranh tao thanh cac canh bi che chan déi ximg. Trong nhitng
tromg hop nay, kha ning quan sat cliing sé vé tinh 1 rdt khé thuc hién va gdy bét lgi cho

giai doan x1T 1y s6 lidu.

. 2.6.2. Thiét ké ludi GPS

Pb hinh luéi GPS néi chung khong khéc nhidu véi cae mang luéi tréic dia truyén théng
(ludi tam gide, da gidc ...). Ludi GPS gbm cic diém duoc chén trén mit dét noi én dinh
hojic bé tri trén dinh céc céng trinh vimg chéc, kién cd. Cic diém cia mang ludi duge lién
két v&i nhau boi cdc canh do va thong qua do6 dé tinh todn xdc dinh toa d, dé cao ciia cic
diém trong mét hé thdng tea d théng nhit. Cin chi ¥ dén dic diém cia ludi GPS 12 khéng
cén théng hudng gitta cic diém vin co thé do canh duge, yéu cau théng hudng gila mot sb
diém GPS dugc dit ra 12 chi dé do ndi phwong vi khi phat trién luéi cdp thip.

Mdt nguyén tic chung khi xay dung lugi tric dia Ia phai c6 trj do thira dé kiém tra két
qua do, chinh vi viy mang lu6i GPS phai tao thanh céc hinh khép kin, hoic dugc khéng
ché boi cdc didm clp cao. PE x4c dinh toa d va dd cao cho céc diém trong luéi GPS cin
do ndi véi cac didm toa d6 va d6 cao nha nuéc, cic didm ndy déng vai trd 14 céc diém khoi
tinh. Trong trudmg hop Iy tudng s lugng diém toa d khai tinh trong mét mang ludi GPS

thuomg 16n hon 3, sé lugng diém d6 cao khai tinh thudng 1én hon 4.

Vi tri diém va d6 hink lu6i GPS duge thiét ké linh hoat hon so voi ludi mat dit do
thumg khdng can dit ra vén d& théng hudng gitta céc didm hudi. Can cir vao mye dich sir
dung, ¢6 4 phwong thirc co ban dé thanh 1ap 1uéi 13 lien két didm, lién két canh, lign két
Iwéi va lién két phéi hop canh - diém.
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- Lién k8t diém: 14 dang lién két cic vong do dong b6 k& nhau bai mqt didm chung.
Phuong thire lign két ndy cé cudmg dd dé hinh yéu, co rht it didu kién khép hinh khdng
dbng bd (hinh 2.14-a). .

- Lién ké1 conh: 14 dang lién két giffa cdc vong do dbng b5 k& nhau bii mdt canh
chung, Phueng thirc lién két ndy €6 nhidu canh do lap, nhiéu diéu k1§:n khep hinh déng b$
va cudng d6 b hinh chat ch (hink 2.14-b).

- Lign két hén hop canh- diém: phuong thirc lién két nay cho phép ning cao cudng 46
ab hinh, d6 tin cdy cta lréi va giam khbi lugng céng téc ngoai nghiép (hinh 2.14-c).

-Lién kéf luéi: 13 dang lién két gifra céc d5 hinh do ddng b5 bdi hai diém chung tr& len
Luéi dwoe thanh 14p theo phucmg thirc ndy c6 cudmg do @b hinh chat ché va do tin cdy cao.

Hink 2.14 - D6 hinh lién két cdc diém do GPS . -
(a)- Lién k3t didm; (b)- Lién két cnh; (c)-Lién két canh-diém

Trong qué trinh thiét ké @b hinh lusi cAn chit ¥ dén céc yéu th sau:
1. Didu kién dia hinh dia vét tai khu vie cong trinh.

2. Tiy theo kiéu cdng trinh xdy dymg: céng trinh dudmg him c6 thé phm chon b hinh
dwdng chuyén, céng trinh thuy dién: dd hinh tam gide, khu céng nghiép: do ‘hinh tiy gidc va
tam gi4c két hop... B hinh ludi t41 wu cAn dat duge céc 1iéu chi:

- 86 ca do (SEESION) 12 it nhét, s canh do duge trong 1 ca do 14 nhleu nhét,
- 8é canh do trong lu6i it nhét va luéi vin dat d3 chinh xdc theo yéu cau.

- Cée diém gbe khdng ché phan bd déu vé cdc phia khic nhau ctia ludi. |
2.6.3. T chive do dac

2.6.3.1. Chudin bi lich vé tinl vi chon thoi diém thu tin hifu tt nhit .

Trude khi Hap ké hoach do cin dit may thu tai khu vire céin cong t4c dé thu tin higu vé
tinh trong kKhoang théri gian 5 phit nh3m xée dinh lich v& tinh méi nhét. Néu sir dung ll(.‘.h
vé tinh ¢ii qua 1 thang cde két qua s& khong chinh x4c.

Pé bao dam thanh céng cho cbng tic do GPS cén pha1 tién hinh lap Ké hoach do, cu
thé 14 xdc dinh thei gian do 11 v Khoang thei gian tdi uu cé thé sir dung 13 khodng thai
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gian trong d6 c6 s8 vé tinh qf{an tric ddng thoi 1a t6i da va c6 PDOP khdng virot qué gia tri
cho phép. Khodng théi glan to1 wru thay dbi 4 phiit mdi ngéy do sir khac nhau gifta gitr sao
va gidy thé gioi (UT). Vi duy: da xéc dinh dugc gidy quan tric phi hop cia ngay hém nay 13
9:00 h (gitr UT) thi vao ngdy tiép theo thdi gian quan tric phi hop lai 14 8:56 h. P dai ctta
khoang thévi gian quan tric 13 ham sé cia vi tri quan tric,

Sau khi vi tri cAc diém' cia mang lu6i ¢4 dugc trifn vé 1én ban d, co thé tién hanh
cbng tac khao sit thue dia. Mugc dich ctia vigc khao sat thue dia 13 nhim x4c dinh lai cdc
diéu kién do tai timg diém va diéu kién di chuyén mdy trong ludi. Thong thirdng 14p cho
mdi diém mot phiéu kho sat, trong d6 ghi dy di s6 hiéu diém, tén diém va nhiing diéu
cn luu ¥. Tai m&i didm GPS ngudi khio sit cin xdc dinh xem c6 bao dam yéu ciu géc
nguéing khéng nho hon 15° va bio dam xung quanh khong cé céc vit phan xa.

Khi sit dung phin mém GPSurvey 2.35, Modul Quick Plan/Plan I3 phdn mém ding dé
lap ké hoach do. Modul niy cung cip cho ngudi sir dung GPS nhiimg théng tin bao gdm
c4c.hé s8 DOP, goc cao cia vé tinh, géc phuong vi va vi tri cde vé tinh theo thii gian. Trén
¢o s& 46 c6 thé tinh todn valdp ké hoach do ngoai thue dia mét cich hop 1y.

263.2 Téclutccado”

Ca do (Session) dugc:ﬁiéu 14 khoang théni gian thu tin higu v€ tinh tring nhau cdia cac
may thu. Khoéng quan tric ddu tién trong ngly duge ky hidu 1a ca do DDDO va tiép theo 1a

ta do DDDI. 88 hiéu ngay DDD duge ky higu tix 001 dén 365 (ngay Julian), va nhur vdy ca

do 1052 chi ca do thit ba trong ngay thit 105, D6 dai théi gian quan tric trong céc ca do
duoe xdc dinh dua trén cac cﬁn i

D4 dai cita canh do;

1. S lugng vé tinh c6 thé quan tréc;

2. CAu hinh v& tink;

3. D6 dn cha tin higu vé tmh thu duge (SNR- Signal Noise Ratlo)

Théng thudng khi vé tinh cang nhidu thi cu hinh vé tinh cang t6t va thdi gian quan
tric c6 thé rat ngin hon. Théi gian quan trfic ciing c6 thé rt bot dbi voi canh do ¢6 chidu
dai ngén. Théi gian do phaikéo dai t6i mirc nhét dinh d& c6 thé x4c dinh duge s nguyén
da tri. D&t véi canh ngfn (nh$ hom 1 km), s6 nguyén da trj c6 thé duoc gidi ra trong
khoang thi gian 510 phitt khi siv dung pha ctia thn s6 L1. Bing may thu 2 tin b, khi sir
dung k¥ thuat céng rong (Wide lane), & khoing cich do 14 15 km c6 thé nhén duge két qua
chinh xac chi véi 2 phit do.

Phuong phé}ﬁ tht nhit ¢ xac dinh thoi gian quan tric déi véi cic mang ludi 16m 13 tién
hanh quan tréic v6i thdi gian dai hon binh thudmg & ngay thir nhét ¢é nhan duge céc tép sb
liéu chudn. Thutng quan 58 kéo dai 90 phit dbi véi canh dai 1+5 km va 120 phit déi véi
canh dai 5+20 km. Cac tp s6 liéu do thir duge xir ly vA thudng 13 s& dat két qua t6t, sau do
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céc tép s ligu nay duge xir Iy lai theo c4c chia dogn ngiin hon. Thoi gian quan tréc tt nhit
ta thoi gian duge rit ngin (44 ding xi 1y lai) nhung vin gitt duge két qua bt sau khi dbi
chidu vé&i két qua xir 1y toan b sb ligu di do. Khoang théi gian gitta 2 ca do ciing cén tinh
toan sao cho c6 thé kip di chuyén may dén diém tiép theo.

Trong do tinh, khiu t8 chire thye hidn do ciing 1 mét budc quan trong. Trong giai
doan ndy ngudi td chirc sip xép trinh ty do clia céc ca do, trinh i di chuyén méy va phan
cong cu thé timg thanh vién trong t do ngoai nghiép phu trach may GPS thuc hién. Viée
sip xép trinh tu do phai phit hop véi vige didu phuong tién di chuyén may tir diém nay
sang diém khac. MGi thanh vién trong t§ do cin cé trong tay so db Iudi, so db ké hoach di
chuyén ciia céc mdy thu va 1am quen véi dia hinh khu vire do, ¢6 nhw viy mdi thye hign di
chuyén may tir didm rlay sang didm khac mét cich nhanh chéng. P& lap dugc cic ca do
hop 1y can xéc dinh sb Ivong ca do tdi thidu nhu sau:

g o= s @.15)
r

Trong do: n 1a sb ca do, duge lam tron thanh sb nguyén 1én hon; s 13 sb lugng diém
cn dit may; r 14 sé lugng may thu va m 13 sb 14n @it may l#p trung binh tai diém do.

S6 Iugng tr do thira s;, xét cho trwdmg hop s6 13n trung binh d&t may tai cdc diém do
181 thidu ¢ = 1 s& duge tinh theo cbng thirc:

S, =nr—{s+(n-1] (2.16)

Trong qué trinh do dac GPS cin luu y nhing vén d& sau:

- Khi ¢6 diém bj che khudt ma khéng thé khic phuc dwoc thi cin phai chon thdi gian
do cén than ddm bio yéu clu dit 1a.

- Trong 1-ca do cin phai ¢4t duge nhidu tram mAy nhit va do durgc nhiéu canh nhét.

- S5 diém phai dit lai gifta c4c ca do 14 it nhét, s canh phai do lap lai giita céc ca do 1a
it nhét.

- Ngoai ra cén phai chon sao cho thdi gian do it nhét, quing dwong di 13 thudn tién va
ngén nhat.

- V6i qui trinh x8y dung ludi theo céng nghé i cin phét tridn ludi thank nhidu bic, thi
cfng xong cép cao mdi phat trién cép thfip hon do d6 qua trinh do duge thye hién riéng 1
cho timg cép ludi 1a hop ly. P&i vdi céng nghé GPS thi khong nhét thiét phai t chie thi

cong ludi theo tudn tw nhu trén ma céc cép ludi khic nhau cé thé do chung theo mét lich *

do. Khi d6 viéc lap lich cdn phai duge xem xét trén binh dién tht ci cdc lu6i cin phai do
trén cting mt khu vye.

Do tai mt tram mAy: Néu cdng tic chuin bi chu ddo, k§ ludng s& 13 didu kién & tranh
céc truc tric 6 thé xdy ra trong qud trinh do, Céng tic chudn bj bao gdm céc ndi dung
chinh sau:
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- Trude khi do cin kidm tra cac may thu GPS va céc thiét bi kém theo (chin mdy, dinh
tAm quang hoc, 8¢ ndi, thuéce do cao anten ...).

- Chuén bj phwong tién di lai, d& di chuyén méy ding lich do.

- Chufn bi nguén dién, 4c quy hdic pin du ding, c6 dy trlt, pin cb chét lugng tht.

- Chuén bi phuong tién lién lac (b dam, hofic dién thoai di déng...). Ngudi do cén co

dbng hd deo tay d& phbi hop thoi gian.

- C6 phuong 4n phdi hop néu khong lién lac duge bing bd dim hojic dién thoai di
dong (thdng nhét theo thi gian da dy kién).

- Chufin bi 53 do, bit ghi chép, 5o 45 Iudi va lich do da 1p cho cac thei doan do.

Trudc khi do cin kidm tra dung luong ciia pin va dc quy. Mdy va cac phy kién di kém
phai diy di. Trude khi thu tin higu cin kiém tra dung luong b nho trong clia mdy xem
con di chd dung nap khéng, néu khong du bd nhd thi phii xod bat sb lidu da trat, Khi do
trén méc c6 dinh tAm bét bude, phai lau sach mét mbc rbi méi lip may hojic loai anten roi.
Vach dijnh hudng cua anten phai luén ludn hudng v& phiz Bic véi sai s6 khéng vuot
qua £5° (nhiim giam thiéu sai sé léch tim pha anten). Nhiing chd kho dinh hudng cdn dat
trude coc dinh hudng, mdi lin do dua vao coc dinh hudéng dé dinh huéng anten.

Cong tic do trong ludi GPS bao gdm céc thao tic: khéi ddng méy thu GPS tai tram do

va quy trinh thu tin hiéu ghi vao b nh¢ ctia mdy. Khi do luéi khéng ché thi céng nén six

dung it nhit 3 may thu GPS loai mét tin s6 ¢6 tham sé 3 chinh xéc a ~ Smm, b =~ 2ppm va
cé dinh tim quang hoc. Binh tAm quang hgc cia miy thu GPS dirge kiém nghigm trude
khi sit dung, bao dam sai s& dinh tAm khdng vuot qué 1mm.

Trude khi mé may cho'mét ca do cin phai xéc dinh ngay chidu cao anten bang thudc
chuyén dung doc sé dén Imm. Sau khi t&t mdy cling phai do lai chidu cao anten d& kidm
tra, chénl Iéch chidu cao anten gidta hai ldn do khong dugc virgt qué 2 mm, 1dy gia tri
trung binh cia chidu cao anten va ghi vao sd do. Trong qué trinh do, cn tusn thit ding ké
hoach do va bao dam an todn cho may thu. Ghi ddy di cdc thng s theo quy dinh cua 58
do GPS ngoai nghiép.

Céc diém cén chi y d& dam bao d6 chinh xdc trong khi do GPS:

-8 lugng vé tinh 161 thiéu ¢6 thé thu duoc tin hidu tai tram do phai 1én hon 4.

- Sur thoang dang cia biu trdi, tirc cie may thu phai d3t cach xa cic vit can (nha cia,
cy cb thy, ....) va cac ddi trong gdy nhifu tin hidu (tram phét séng, duéng dién cao thé...).

- Vi tri twong h giita cac vé tinh véi nhau va giita céc vé tinh v6i mdy thu, didu nay
phan dnh trong chi tiéu PDOP phai dat yéu cdu.

- Po d6 cao anten dam bao chinh xéc.
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2.7. XU'LY 8O LIEU PO GPS

2.7.1. Gié6i thi¢n chung v& phin mém GPSurvey 2.35. .

G Viét Nam thudng sit dung phin mém GPSurvey 2.35 & xir Iy s6 ligu do GPS, déy 1a
phin mém do hﬁng Trimble xdy dung kém theo céc logi mdy cla hﬁng, véi may thu cha
cac hang khéc néu c6 dinh dang sé litu do khéng glong voi phin mém GPSurvey 2.35 thi
c6thé chuyén vé dinh dang RINEX dé xi¥ Iy bing phin mém nay. :

Phén mém GPSurvey 2.35 13 phdn mé&m tich hop (integrated family) ciia cae chwong
trinh xir Iy GPS, duge hing Trimble xdy dyng va ban kém theo m‘ziyu thu ciua hing.
GPSurvey 2.35 du'orc thiét ké phuc vu cho toan b céc cong doan do dac va tmh todn xur ly
s6 liéu do GPS ciia may thu mét tAn va may thu hai tn. "

GPSurvey 2.35 chay trong mdi trirdmg Wnndows c6 giao dién db hoa rat dE sir dung.
Phéin mém GPSurvey 2.35 ¢ cic modul:

Project Manager: Quan Iy dy 4n, duge sir dung cho toan b du an. B

Plan and Quick Plan: Lip ké hoach do. :

Gpload: Trao d8i sb lidu tir may thu, tir cic t&p 6 lidu da cé, tir TDC1 voi GPSurvey.

Check — in; HE tror b liéu cho Project nhur kiém tra sai s8, bién tﬁp sb liéu do va cho
cdc théng bdo; sét nhidp céc canh tir tinh toédn riéng 1&; nhap léi giai canh tir do thdi gian
thye, tr déng kidm tra sau khi két thic doc sb Héu vao.

Wave: Xt 1y két qua do Static, FastStatic, Stop-and-go, Kinematic, Conhnuous Kinematic.

Trimnet Plus: Binh sai ludi theo phuong phép sé binh phong nhé nhét tir tht ca cdc
sh litu do GPS (qua xir Iy hau ky va do thai gian thyc) cing cc sb 1iéu do truyen théng.

Network Ma:p: Xem hinh vé cdc mang lwdi, canh, diém do continuous kinematic, ghi
' ten tram mdy,.. Y

Utilities: Tinh todn hé théng kiém tra, xudt sb lidu, thong béo PrOJect béo cdo, t€p
chudn dd hoa (DXF), chuyén toa d5 (néu c6) va ghi chép antenna,

GPTrans: Chuyén d5i toa d6 va cic tham s chuyen dbi.

2.7. 2 Xir Iy kbt qué do canh

Xir ly canh 13 mdt trong nhimg bude quan trong trong qua trinh tinh toan GPS, chiéu
dai canh c6 thé duge coi 13 nhimg trj do cia ludl. X1t I canh 12 viée tirih todn cée canh
GPS duoc do déng b thdi gian tix hai hay nhidu may thu. Trong do GPS d# x4c dinh cic
canh giita cAc may thu bt budc phai thu sb ligu trong cling mét khoang thdi gian nhit
dinh. Pay 1a didu kién bat bugc dé tinh todn cdc canh GPS, céc file sb lidu khdng cing thoi

gian s€ khéng dugc dua vio tinh todn. Viée xft 1¥ canh s& dnh hudng dén'¥ét qua tinh todn |

cho toan mang luéi, tinh toén 5t cdc canh s& cho két qua tét trong binh sai.
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2,7.2.1, Cde buode xit Iy canh

- Tdi 56 ligu do: vio menu LOAD nhur hinh 2,15 ctia phin mém GPSurvey 2 35 gé tai
sb lidu do. 86 lidu do ¢ the dudi dang *.dat, hodc cé thé chuyén sang dang dit lidu RINEX
aé xir ly. -

Hinh 2.15 - Modul xit Iy carh-

- Tinh canh: Trute khi tinh canh phai tinh cai chinh chidu cao Anten do duge & thyc
dia v& chidu cao thing dimg theo edng thite phit hop véi timg logi Anten, Kidm tra cic gid
trj nhiét 49 4p sudt va dd 4m. C6 thé dua vio dd cao khéi twoe cua didm x4c dinh duge
théng qua méay thu dé kiém tra gié tri 4p suéf nhim loai trir sai sb thd. Tiép dén thye hign
cac bude tinh sb cai chinh do cao Anten va diéu kién khi tuong, chon khoang thei gian sir
dung div lidu d& tinh toén. Nhap gia tri toa do va 46 cao da biét trén WGS- 84 cho mdt
didm v6i tu cdch 1a diém. tham chiéu dé lam sb ligu khoi tinh cho mang ludi, Trude khi
tinh canh cé thé chon céc che da:

- All Baselines: chon dé tinh tit ca cac canh cé thé c6 trong mét session.

- Independent Set: cht_ﬁl cdc canh do d6e 1ap.

- User defined: cdc ca’nii do ngudi tinh chon.

Chét lwomg tinh canh s& duge thé hién théng qua viée lya chon nhir sau:

Lura chon 16i gidi: Viée xir 13'1' canh 13 qud trinh 1ién két cdc trj do thanh cdc canh v6i

chét lwgng tbt nhit co thé. Céc 151 gidi dua vio chét luong ctia s 1idu do GPS va tip hop
chc gid tri d4t cho vige xir Ij canh nhu: gée npwdng, 56 v& tinh...

Khi tin hidu thu 1a 1 thn s6 (L1) thi c6 céc i&i gidi: Fixed, Float, Code. Khi xir 1y sb
lien do mét tin sb s& phat sinh ra 157 giai L1- Fixed cudi cing néu xéde dinh dwec tinh da
L1. Néu vide x4c dinh L1 khéng dat, qu trinh xir 1y s& sinh ra 101 gidi L1 float. Lai giai L1
float x#y ra khi do canh rét ngin véi thdi gian do qué ft hodc bi anh hudéng nhidu trong qua
trinh thu tin hidu. Léd gidi L1 float kém hon 16 giai L1 fixed, do d6 trong cée img dung do
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dac khong nén ding 1o giai L1 float. Khi xir 1y canh ¢6 thé kiém soat dugc yéu td niy
théng qua gi4 tri cia Ratio, néu Ratio nho hon 1,5 tic 12 58 c6 164 giai L1 float.

Trong trudmg hop tin hiéu thu 13 hai tén sb (L1 va L2} s€ ¢0 cac Lo giai: Wide lane,
Narrow lane, Iono-free.

Loi giai Wide lane dya trén hidu lién két hai tin s L1- L2 tao ra mot budc séng
86 cm. Budc séng dai ndy s& lam cho viéc xir If sb nguyén da tri d& dang hon. Lai giai
Narrow lane dia trén ting lién két L1 + L2 tao thanh bude séng 11 cm. Budc song ngln
nay cung cip 1o gidi chinh xic hon nhwng cling d& xay ra tnromg hop xdc dinh sai sb
nguyén da tri. Loi gidi chi dinh Tono-free fixed I4 loi gidi t6t nhit trong cac didu kién cy li
rét xa, trong cyt li gn khéng dugc ap dung 19i giai nay.

Loi gigi Tono-free float cho cdc canh dai ¢& trén 30 km 13 167 giai 6t nhét va lm giai
nay cin phai c6 thoi gian do 14u hon dé dat duorc két qua do t6t nhét.

- Cdc chi tiéu vé d¢ chinh xdc: chi tiéu nay ciia cic canh thudng duge chi ra trong qui
pham hodc thiét k& k§ thudt d6i véi timg cip hang ctia ludi va bao gdm céc chi tidu: Ratio,
Reference Variance, RMS.

- Chi tiéu Ratio: phai dat y&u ciu 13 Ratio > 1,5. Tét ca cdc 101 pidd sé nguyén da tr ddu
c6 phuong sai, vige xir Iy canh s€ so sénh hai &1 gidi véi phuong sai 1nho nhét. Ratio chinh 13
phuong sai clia 191 gidi tét thir hai sinh ra tir phuong sai ciia 161 gidi 6t nhit. Néu Ratio 16n
hon 1,5 tic 1 10 giai t6t nhat gdp 1,5 13n hon 1i giai t5t thir-hai va trong trudng hop ndy
viée xir Iy chdp nhan 1od giai 16t nhét. Mot 161 giai véi Ratio I6n hon 1,5 duge coi 1 duge
théng ké t6t hon 104 giai t8t k& d6 va sinh ra 1o giai Fixed, chi ¢6 1&i giai Fixed méi cé Ratio.
Ngudng cudi cling cia Ratio khi xir Iy canh 14 1,5 khong thé thay dbi dugr, viée thay dbi gia
trj cho nho hon 1,5 trong chi tiéu khdng ¢6 ¥ nghia. Néu Ratio nhd hon 1,5 thi qu# trinh xi
1y canh khéng xéc dinh dugc 1&i glal nio 13 diing dén, viée nay dfn t&i Ioi giai Float. Ratio
khéng duge sir dung khi 16i giai cubi cng trong vige xit 1y canh 12 Float va Code.

- Reference variance: Refvar ciing 13 mft trong céc chi tidu &8 khang dinh c6 chip
nhén viéc xit 1y canh hay khong. Canh xir Iy dat yéu ciu phéi c6 gid trj nhé hon gié trj theo
yéu ciu, thong thudng gi tri nay phai nhd hon tir 10 dén 15 (voi may 1 tin b c6 thé 1én
hon nhung x4u nhét ciing khéng qua 30). :

- RMS: Chét lugng cia 16i giai canh chit yéu phy thude vao phép do nhidu vi d6 hinh
vé tinh, RMS 14 chi tidu ding d& do nhidu cda tin hidu thu dugc va dé thé hién chét lweng
ctta dd hinh vé tinh. Chi tiéu nay thudmg phai dat yéu ciu: <0,02+0,004 x S k.

- Két qua khép hink

$tr dung chite ning kidm tra sai s§ khép gitip danh gid dugc chit lrgng cia két qua xir
1y canh. D& kidm tra duge sai s6 khép bét budc phai thiét k& lwéi theo cac dd hinh hinh
hoc, khi d6 s& c6 diéu kién tinh to4n sai s6 khép theo dang dd hinh hinh hoc va dua ra bang
bdo cdo.
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Viée tinh sai 56 khép hinh trong ludi GPS dugce thye hién trong céc hinh khép kin theo
cong thirc:

fx =§AX:'
fr= f',AY.- : . (2.17)
Iz =éAZi

Sai 56 khép toan phin durge tinh theo cdng thirc:

ferz=Af2+fF+12 (2.18)

Sai sb khép fx, fy, fz thuc chit 1a ham clia cdc trj do AX", AY', AZ' (la céc thanh phin
cia vector canh).
2.7.2.2. Cic bign phdp niing cac chit legng xit Ij canh

Cén cir vao chi ti€u daoh gia chét lugng canh theo yeu chu dat ra d& x4c dinh canh d&
dat hay chua. Thong qua viéc xir Ij canh hoan toan ¢6 thé ning cao d6 chinh xéc cic canh
do GPS.

1. Két qua do kém chét luegng c6 thé xdy ra véi mét 50 Iy do sau:
- Sai 56t & ngoai nghidp: do xé4c dinh chidu cao anten sai, nhdp t8n tram do khéng ding,

dinh tam léch. D3t cdc tham s méy thu: goc ngudng khic nhau, tie d§ thu khdng dong bd,

sb v¢ tinh thu sir dung khdc nhau, dinh dang file sb liéu khéc loai (khac loai méy thu).

- Thu sé liéu & c4c didu kién ria: thu'qué it vé tinh, PDOP qué cao, nhiéu vé tinh & goc
ngudng thép, didu kién do c6 nhidu chudng ngai vat, truot chu ky pha nhidu va khong di
théi gian thu.

Loai sai s do sai sot & ngoai nghiép thudng goi 12 sai 56 thd, sai s ndy c6 thé tranh
duge b'fmg cé4ch tudn thit chit ché theo cic bude ngoai thuc dia. Po va ghi chidu cao anten
vao sb do, ghi thoi gian bit diu thu va thod gian két thac, Ghi 15 sb higu diém do vi ca do
tranh nhim 1&n véi céc ca khée. Céc sai sb niy s& dugc nhin biét va loai trir théng qua vide
xéc dinh sai 50 khép trude khi binh sai ludi. '

Viée chon nham diém do va vio sai tén didm do 1 mdt trong nhiing sai 56 do ngudi do
gy nén, loai sai sé ndy ciing c6 thé phat hién khi tinh sai sb khép ludgi va binh sai ludgi,
kiém tra cAn thén sé do va khi nhdp sb ligu do vao Project.

2. Cdc bign phdp dé ndng cao chét legng xit Iy canh

Cén dua vio diém tham chifu ban ddu v6i 6 chinh x4c cing cao cang tbt. Trong qué
trinh xir 1y canh ciing ddng thoi tién hanh tinh toa d6 ciia cac didm con lai, chit heong toa
d6 ctia cac diém tinh ra trong dwong voi diém tham chiéu. Do d6 néng cao chit lwgng toa
d§ ciia diém tham chidu ban diu chinh 4 néng cao chét lugng ciia cA mang Tudi.
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Cb6 thé chon lai b v& tinh tham gia vao qua trinh tinh canh, thdng qua menu SETUP\
SATELLITES ¢ loai bd céc vé tinh xAu: dé 14 cie vé tinh ¢6 qui dao sat véi ngudng cao,
che vé tinh c6 tin hidu bj diit quiing do bi che bai céc vat can. C6 thé loai bd mat hay nhidu
vé tinh khi théy thoi gian thu cla vé tinh nay khdng ddng bd hay cé nhiéu: khodng truot
chu k¥ va nhidu xay ra, bd céc‘doan tin hiéu khéng tét: théng qua Baseliﬁes \ Solution
Summary dé didu chinh cc thong sb phi ho'p trorig qué trinh tinh canh thong qua menu
SETUP\ Advanced controls... :

2.7.3, Tinh todn binh sai lwéi GPS

2.7.3.1. Yéu cdn xit Iy s8 ligu d8i véi hesi trdc din cong trinh

Théng thué‘ng luti khéng ché tric dia cong trinh 13 hé thong hri nhleu bac, yéu ciu
d chinh xac mi bic ludi tang din va khang chiu anh huong cha sai sb hcu ghe. Vi viy
luéi khdng ¢hé phai duoc tinh todn xir Iy theo cdc nguyén the saw:

- Xt 1y nhur Iu6i dde Iap, @ tranh anh hudng cia sai s6 sb lidu gbe.

- T4t ca c4c bic Iwdi phai duge tinh trong cling mdt hé théng toa 4o thong nhét 48 dugc
Iya chon trong giai doan khéo sat trudce. -

2.7.3.2, Cdc phirong dn tinh todn binh sai

Co4 phucmg an binh sai lwéi tric dia ndi chung |14 binh sai phy thuoc, bmh sai v6i sal
s sb liéu gbe, binh sai véi sb ligu gbc t8i thifu v binh sai tir do.

1. Phucmg 4n binh sai luéi phy thude: phucmg 4n binh sai nay s& chiu anh hudng cia

sai sb sb lidu gbc dén két qua binh sai, din dén sy bién dang cia céc baG luédi, do vy
khong ding phuong phép ndy d4 binh sai luei khéng ché thi céng cong trinh. -

2. Phuang 4n binh sai voi sai s6 6 liéu gbc hoiic binh sai chung céc bac ludi: phuong 7

4n nay chap nhén duge vé mit nguyén the nhung khé thye hi¢n duge & dieu kién thyc t&
trong tric dia céng trinh . e

3. Phuong an binh sai véi sb lidu gﬁc 11 thidu: phwong 4n ndy bao toan ducfc céu triic
ndi tai cita ludi, nhung thleu chiit ché vc mit dinh vi. Do quy ludt lan triyén sai s6, dén dén
céc diém cang xa diém goc $& 6 sai sb tich lity lcm, vi viy phuong phép ndy cling khéng
ap dung dugce cho ndi khéng ché thi cong.

4. Phuo'ng &n binh sai ludi ty do: phuong 4n niy tninh dirge anh hudrng cha sai sb 56
ligu gbe, qua trinh dinh vi luéi linh hoat phit hop véi k&t céu chng trinh.

2.7.3.3, Cor s3Iy thuyét binh sai i GPS trong hé tpa a3 vadng goc khong gian dia thm

Twomg tur nhu céc mang luéi tréc dia truyén thong khic, tusi GPS dugc binh sai theo
nguyén 1y s& binh phuong nhd nhét. Hién nay céc mang ludi tréc dia thuong dugc binh sai
theo phurong phép gidn tiép, vi day 12 phuong phép c6 thudt todn d& lap trinh trén may tinh
dién tir. Khi binh sai mang hréi GPS tir do trong hé toa dd vudng géc khonhg gian dia tdin
theo phuong phép binh sai gidn tiép, &n sb s& 1A toa d§ X, Y, Z clia céc diém cén xéc dinh.
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Trong luéi GPS tw do (sb khuyét bing 0) chi cin toa d6 ciia mét diém khéi tinh, mi diém
cdn lai trong ludi xéc dinh 3 &n sb, thng s6 &n s6 trong img I3 T =3P (P 14 didm chn x4c
dinh). Néu luéi GPS c6 tiy 2°diém gdc tror 1én thi goi 1a uéi GPS phu thude,

Két qua do GPS nhan duoc 1 s8 gia toa d¢ khong gian giita céc cip difm, cho nén céc
tri do tham gia bink sai s& 14 céc b gia toa dd DX, DY, DZ cha vector Baseline, ma trin
hiép phwong sai ciia céc tri do Mxyz(3x3) ¢6 dang:

[ vl coviy) -covix)
M( on=|Covim)  v(y) Ccovi) (2.19)
Vcovixz) coviyz) W(z)

Céc thanh phén cdia ma trén hiép phuong sai COV (xy), COV(xz), COV (yz) <6 gié tri
khéc nhau va duge dua ra trong 10i gidi canh. Nhir vy c6 thé thdy céc tri do DX, DY, DZ
14 cée tri do phu thude. Sir dung céc ky higu:

(X.%,Z)(X;, J,,Z) Toadosaubmhsmcuadlemlvaj

(X,", ¥, Zh (X], Y° 2°) Toa 38 gin ding cia didmivaj

(8%, 8%,, 62,), (6%, 5zj); S84 higu chinh vio toa d6 gin dung cta didm i véj.
( Ij 2 ) (AXE ¥
Vs Vars Vg : 86 higu chinh vao tr do.

y» AZ;) : Tri do va trj thu duge ma trén binh sai

Nhur véy sb gia toa df giita hai diém i, j s& duge vidt 13 :

AX, =X, - X,
AY, =Y =¥, ' (2.20)
AZ,=Z,- 2,

Tir d6 thu dwge cac phuong trinh s6 higu chinh :
Ve =X, - 8X, L
V=618 + 1 (221)
V=82 j-'f- 8Z, + I,
Trong d6 L., L, L, 14 s hang tir do, dugc tinh theo cong thire:
L =X}- X - AX,
Ly= Y” - AY, , (2.22)

Lz=zj.‘-z,,°- AZ,
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Trong mang huéi GPS ¢6 6 trf do 1a N = 3n, trong d6 n 1a s6 canh (baseline) do. Nhu
vay sé 14p duge hé phuong trinh chuén dudi dang:

ATPADX + ATPL=0 (2.23)
Trong d6 :
A 13 ma trdn hé sb cva hé phuong trinh sb hidu chinh véi vector 4n sé:

DX =(8X, &%, 62, 6X, 6Y, 62,

P lima tran‘trong-sé :

Ma trdn trong sé P 12 ma triin khéi, P, la céc ma trfin vudng kich thudc 3x3.

pi=M (xm)nl (2.24)

Giai hé phuong trinh chuén s& nhén duge vector 4n sé DX :

DX =—(ATPAY (ATPL) (2.25)

S6 liéu gbc i thiéu cho mdt mang lwéi GPS [a 3 gid tri ta d§ X,Y,Z (hodc B,L.H)
ciia mot diém trong fudi. Trong trémg hop ludi khong cd diém khéi tinh (ludi hoan todn
tu do) ma trdn hé s phwong trink chuin 12 ma trén suy bién, do d6 phai tinh ma trin
gid nghich dao dé giai nghiém cia hé phwong trinh chudn, khi d6 s& tinh duoc vector
dnsb DX :

DX =—(AT PAY* (ATPL) (2.26)

Trong d6 ma trén (A7 P 4)" 14 ma trén gia nghjch ddo clia ma trin hé sb phuong
trinh chufn, duge tinh theo cdng thire:

(ATP =4 Pa+CTCYy - cT(ccTecTy ' C (227
Véi C 13 mft ma trin phy, tho man didu kign:
C.DX =0 (2.28)

Gid trj binh sai ciia toa d6 cic diém trong lusi duge tinh theo toa d§ gin ding va sb
hiéu chinh DX . cu thé la:

X=X"+6&
Y=Y+ & {2.29)
Z=2Z"+ &
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Va tinh vector trj do sau binh sai :
AX =AX' + Vyy
AY =4Y + ¥V, (2.30)
AZ =47+ ¥,
D&i voi luGi GPS, vide ddnh gia db chinh xédc cac yéu 16 trong ludi sau binh sai ciing
dugc thue hién theo quy trinh gibng nhu 381 véi cic mang Judi truyén théng khéc.
2.7.3.4. Binh sai lwdi Bring phiin mém GPSurvey 2.35

Tir Menu adjust cho phép sit dyng modul Trimnet ciia phin mém GPSurvey 2.35.
Modul nay bao gbm cac thanh phin sau;

- GPS Network Module

- Terrestrial Observations Module

- Network Adjusttment Module

- Geoid Module

- Data Base Connection Module.

Trong truémg hop sit dung phwong phap do tuong ddi, san khi xir I phase s& nhén

dugce cdc thanh ph:’in cita véc to baseline bao gdm céc s gia toa db khéng gian DX, DY,
DZ vi ma trin tuong quan tuong ung.

Hinh 2,16 - Modul binh sai
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Quy trink chung dé tink toan binh sai mang Wuéi GPS bao ghm 2 bude sau:

- Birbe 1 Xem cie sb pia toa @6 khong gian ciia cdc vée to baseline tao nén mang Tuéi
GPS 14 céc tri do dé binh sai mang hréi trong hé toa 6 khdng gian qubc t& WGS-84.

- Bude 2: Xir 1y c4e tr] do GPS trong hé toa d6 gquée gia nhim nhin duge toa 4§ phing
v d9 cao cuia céc diém do trong hé toa dd ndy. Trong buwde 2 ndy cling tir dong thuc hién
vide bidn d8i céc sb gia toa d DX, DY, DZ thanh c4c trj do canh, phuamg vi va higu do
cao tric dia. Céc tri do nay duwge quy chiéu tiép 1én t':'a'c"mi_it todn hoc (ellipsoid, mit phiing)

dé binh sai trong hé toa d§ quée gia. Tir thyc don.chinh cia phin mém GPSurvey 2.35

chuyén sang Modul Trimnet béng cach chon Adjust-sau dé chon Network. Chon GPS
Network Module, khi d6 churong trinh s tr djng nhit nhing baseline trong co sor dif lidu
A& xAy dyng lwét. Két thiic qué trinh, s& hién 1a so db i, Iee nay cin dbi chifa kidm tra
i s d ludi so véi Thidt ké vé d hinh ludi, tén diém'so véi thiét ké. Néu o6 s saf Khic,

* chn kifm tra lai céc cOng doan cé lién quan dé quyét dinh bign phép giai quyét. Qua trinh

ndy ciing cho phép sia d5i 1én, kiém tra cde difm va ¢4¢ canh trimg.

Trude tién, cin x4y dung 1 hé théng quy chifu phi hop. Phin mém GPSurvey cé kha
niing cho phép lira chon theo hé toa d§ dia 1y hay hé tya dd phing. Céc elipxoid duge dinh
nghia bing 2 trong 3 tham sb7 ban true 16m: a, bin trﬁc nho: bva 45 det: o

Hé toa 4 dia tim WGS- 84 sir dung c!ipxdid cé che kich thwée: ban tmye kom:
a=6378137 m; bén truc nhéd: b = 635657 m; @ det: o=1/280,257223563.

Hé wa 46 HN 1972 cb céc thdng sb cha elipxoid quy chidu Krasovxki nhir sau: bdn
trpe I6m: & = 6371245 m; ban tryc nhd: b= 6356863,01“; db det: 0=1/289,3.

2.7.3.5. Bign phip ning cao ehiit rgng binh sai

Cin binh sai tir do véi mat didm co B, L, H trén WGS-84, céc didm con lad diing lam
cdc didm kiém tra. So sinh, d chidu cic difm da o6 toa d8, néu sai sb nhé thi cho phép
tiép wic ding cde diém dé lam ghe (FIXED) dé binh sai hréi. Néu sur sai khdc giita cée toa
6 ghc ma I¢m thi can kifm tra lai cde cdng doan 6 lién quan @& quyét dinh clc birde tiép
theo (xir 1§ lai hay do lai), Khi binh sai cén phai chit ¥ sir dung trong sb ciia cde trj do mdt
céch hep 1Y, nhit 14 cac mang Judi tric dia c6 46 hinh khéng chuiin (c4c canh trong hudi cé
chidu dai khc nhau nhidw), o

Tan dung 18] da cdc canh da do duge 42 dua vio tham gia x4y dung ludi, tao cho ad
hinh héi cb nhidu trf do thira, khi d6 dd hinh [éi c6 thé khong gifng v&i & hinh thiét ké.

Véi qui trinh xdy dyng luéi theo cong nghé cfi cAn phit trién Yu6i thanh nhidu bac, thi
céng xong ludi edp cao méi phat trifn lwéi cdp thip hon, do d6 qua trinh binh sai duge
thuc hién riéng r& cho timg cfp ludi I hop Iy. Véi cong nghé GPS thdi gian thi cong
nhank, tinh chit do dac khéng nhit thiét theo tuin tur (c6 thé gdp vio dé do chung theo mét
fich do), do d6 nén binh sai chung céc chp luéi vira dim bio niing cao df chink x4c cba
mang luéi, vira gidm thidu su tich n sai 56 s6 ligu ghe.
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2.8. TINH CHUYEN TQA PO .GPS VE TQA PO CONG TRINH

HE thong toa d§ toan cf‘iu WGS-84 durgre sir dung lam hé toa df quy chiéu cia cng
nghé dinh vi GPS. Vi tel qiém trong dinh vij toyét déi cling nhir cic vector canh déu durge
e dinh trong hé quy chiéu ndy. Trong cong tdc tric dia cong trinh, dé cc trj do it bj bién
dgm'g nhat can c'hqn mét hé toa 46 phi hop véi khu vye céng trinh thdng qua chon mit
chicu phat la miit' cd 'dé cao trung binh clia edng trinh, kinh tuyén trung binh efa khu vire
xy dymg c6 hé 55 bién dang gin bing 1.

. Co63phép chuyén dbi toa d6 thudmg duge sir dung dé chuyén ddi toa d6 do bing GPS

v& hé toa 45 cuc.bd ciia cong trinh 1A chuyén dbi toa d qua céc mui chibu, chuyén ddi tir
hé toa 45 dia tAm sang hé toa dé dia dién va chuyén di toa do phing ddng dang.

2.8.1. Tinh ghuyén toa &0 phﬁng giita cic i chiéu
2.8.1.1. Tinh chuyén foa do trong hé HN-72
L. Tinh chuyén tir (B, L) sang (x, ¥)

X= 63675584969 (B*/p")~ {20~ [0,5 + (as+ agl’} I 11"} SinB.CosB; )
y= [+t as1%) 1* JLN.CosB + 500000;
1= (L-Lo) “/p*;

N= ‘6;99698,902 -[21562,267 - (108,973 - 0,612.Cos™B)Cos’B]Cos’B;
6= 32140,404 - [135,3302 - (0,7092 - 0,004Cos’B)Cos?B]Cos’B; }  (2.31)
ai= (0,25 + 0,00252 Cos’B)Cos’B - 0,04166;

2= (0,166Cos’B - 0,084)Cos’B;

a=  (0;33333333 +0,001123Cos’B)Cos’B - 0,1666667;

&= 0,0083 - [0,1667 - (0,1968 + 0,004Cos’B)Cos B os’B ]

2. Tinh chuyén tir (x,y) sang (B,L)
B= B,-Tl - (bu- 0,1220)2"]2%b,p"/3600 AR
L= Lkl

L= [1-{b;-bsz))2’]zp"/3600
Be=  [B+{50221746 + [203622 + (2350+22Cos"B)Cos BiCos B} 10"
SinBCosBp"/3600

B= (x/6367558,4969)p"/3600 > (2.32)
z= (y-500000¥/(N,CosB,)
b= (0,5 +0,003369Co0sB,)SinB,CosB,
b= 0,333333 - (0,166667 - 0;00123 Cos*B,)Cos B,
by= 0,25 (0,16161 + 0,00562C0s’B,)Cos"B,
bs= 0,2 -(0,1667 - 0,0088Cos’R,)Cos By, J
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2.8.2.2. Tiuk chuyén tpa dp trong h€ Vu-2000
1, Tinh chuyén tix (x, y) sang {B, L)
y=—2= . v= y-300000,0 ; k=00
09996 0,9996
=R=6378137,0

by =6356752,314;

a—l+—3- -+£ J ﬂe‘-p

64 256
B3 0,320 5 2205 4
4 16 512 2048
15 0,105 4 2205
64 256 4096
35 4,315 .
512° " 204
35
—e
16384

1025
16384

d =

Lﬁp:N=R(]U +i= Sm(2K)-—Sm(4K)+ SIJ:(GK)-—SH!(&K)

N—ﬂﬁg T=ABS(N=K): K=N
44
Néu T2 0,000000001 quay fai Lip

2
R N= 4 H T Cos’k

e
J1-eZsin?k N 1=

(+DWN? (5+30 +6T 6T )WN* _ (61+90W -+ 45 )W

8= 2 24 T 720
Bk + 1808 )
n
N+ eTIN? . (54282 + 244 1+ 6T+ STW )N
CosK 6CosK 120CosK
L=H+ @
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(2.33)

L,

(2.34)

.(2.33)

I,

2. Tinh chuyén tir (B,L} sang (x,y)
R

\h - eZSiu_zB

2
3 Cos“B

x=R(1- ez)(aa—”a L sin(28) +£Sm(43) —ism(sa) + ism(szs)) +
Q" X _SinBCosB +(5-W? +9T+4T2)N9— SinBCos*B

+(61-582 + W4 +270T --33OTW2)N%-6.SMB.COSSB

1= NQCosB + (1~ 2 & T)N%i Cos>B

. . l5
+(5-18W % +147 - 58TW? +13772 —64T2W2)NIQZ—0CossB

X =09996X;y = 0,9996Y + 500000.0;
2.8.2. Tinh chuyén toa 4§ dja tim v tya dj dja dign

> (2.36)

HE 19a d6 dia dién chin wdi c6 ghe toa dd O° tring voi didm T trén mat dét {thuomg la

didm quan sat). Ba truc toa d6 13 O'x',

o'y, 0'2'. True O'z' trling véi phap tuyén tai

difm T. True- O'x' ndm trong m3t phing kinh tuyén qua T, vudng goc v trye O'z' va
huréng v& cuc bic Trél DAt Truc O0'y" vudng géc voi mit phing x'0'y' v womg vé phia

dong (hinh 2.17).

Hinh 2.17 - HE foa a¢ dia dién chdn troi
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Toa dd dia dién x, ¥, z ciia mdt diém qoan sét dirge tinh theo ¢ng thire:

x| [-sinBcosl -sinBsinL cosB| |X-~(N+H,)cosB,cosk,
y|=| =-sinl . cos L 0 [x|Y—(N+H,)cosB,sinl, .| (237
z| | cosBcosi cosBsinL sinB] |z _[No(l-e)+H,)sinB,

Trong d6: X, Y, Z 12 toa 48 vudng goc khong gian dja tim cia didm P can tinh chuyén;
Bo, Lo, Ho 1 toa d8 trhc dija cia didm trong tim Iuéi (hay gbc toa d3 ciia hé toa d5 dja dign).
Ny 12 bén kinh cong vang thing dimg thit nhét di qua h_é toa 4§ dia tdm:

2

Ny = a B (2.38)
2 2 2 -2 ‘
\/a cos” By +b7sin” By .
Trong cdng thirc (2.38): 2, b 13 ban tryc 16m va ban truc nhé ciia Ellipsoid WGS- 84;
e: tAm sai thit nhét ctia Ellipsoid.

{ 232
. Ll : 2.39)

a
B, L, H 12 10a db tric dia cia didm cin tinh chuyén, dugc xéc dinh tir céc cong thite:
z N
tgh==[1-¢° (2.40)
& P[ ¢ N+H ]
Y
gl= = (2.41)
L= .
=L __n (2.42)
cosB .
Trong d6:
S psdXT eyt ’ (2.43)

2.8.3. Tinh cliuyén toa dg phiing Helmert _
Déi v6i hai hé toa 4§ vubng géc phing lign
& v6i 2 hé quy chiéu khic nhav, trén pham vi -
khéng qua tén cé thé chuyén ddi toa 43 theo
cOng thire chuyén déi toa d¢ Helmert, Néu i
13 diém cé toa db trong ca 2 hé xoy va XOY
(hinh 2.18), khi dd:

X; =Xy +mxpcos@—my;.sing

(2.44)

Y; =Yy +m.y.cosp+mx;.sing

Trong cong thic (2.44): X;, Y 14 toa d§ cla

difm trong hé toa df thir hai; x; , y; 12 toa 80 Hinh 2.18 - Tink chuyén toa d6 phdng
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ciia diém trong hé toa dd thit nkdt; Xo, Yo 12 cée gid 1r] dich chuyén ghe toa 43, chinh 1 toa
dj gde cia hé thir nhét trong hé thit hai, Xp, Yo 1a cdc gid tr dich chuyén géc toa dd, @ 12
géc xoay gilta 2.hé toa dd, m 14 hé sb 1y 18 dai gitra hai hé.

Dé tinh chuYén toa dé tir hé thir nhit sang hé thir hai, cén xéc dinh 4 tham sb chuyén
dm d6 [a 46 1éch goc toa dd Xp, Yo, géc xoay ¢ va ty 16 dai m. Muén xéc dinh duge 4 tham
s thi cin {t nhdt 2 didm c6 toa dd trong ca hai hé (goi Ia didm song tring), Tmng trudmng
hop ndy thudmg khong tinh clmyen e tlép tir h§ x,y sang hé X,Y ma tinh chuycn théag
qua hé toa c[c_)_trgng tim xy' v&i cdc toa d6 thanh phan duge xdc dinh nhur sau:

B, =x -,
L TR (2.45)
L Yi=¥i=Yo
trong d6 Xe,Yo Ié toa dd trong tAm, duge tinh theo cdng thire:
X = u e = [)’]
: n
trong dd n la so_lu'o'ng diém tham gia t[nh.
Nhur vy bidn thire (2.44) s2 6 dang;
. X; = Xy +mx;.cos@— m.y;.sin
B R i (2.46)
- Y=Yy tmy;.cos9+mx;.sing .
Néu ¢6 n diém song tring thi s 14p duge 2.n phuong trinh s8 higy chinh dang:
U Vi =Xg -i-m.x;.cosgv— m.y;sin g ~-X;
=0 (2.47)

’ ¥V y=Yp +myp.cosp+mx sing-;

Coi ede diém song tring ¢é dd chinh xdc nhir nhau, hé phuwong trinh (2.47) duge gidi
vai ditu kién [V2 + ¥ = min .

Ki hiéu:
- P=mn.cos
- , v (2.48)
: O=msing
Khi dé: -
i @= acr!g% Vi m= w,'P2 + Q?' (2.49)
H2 phuong trinh s6 higu chinh (2,4’.5) duoe viét duge & dang:
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Vx=Xo+x5.P-y.0- X 250
Vy, =Yy +3.P+x.0~Y; .

Trén co s¢ ghép cip phwong trinh higu chinh déi voi cdc didm song tring s& lip hé
phuong trinh chudn véi 4 &n sé 18 X, Yo, Pva Q.

10 x -x -X
A N P 1
01 il X YO - Yl -
C={. . . . kX= p i L=| .. {2.51)
1 0 x, —-¥, 0 =X,
01 py, x -Y
Hé phwong trinh chudn c6 dang:
cTex+cTL=0 (2.52)
Suy ra:
X ==(C Toy'leTr (2.53)
Dura vio vector tham sb X dé tinh chuyén toa d§ cta céc didm tir hé xoy sang he XOY. }‘
2.8.4. Quy trinh tinh chuyén tga 45 GPS vé tga 1§ cing trinh
Khi sir dyng cdng nghé GPS dé thanh 14p hudi khéng ché thi cong trong tréic dia cong
trinh thi thwémg phii tinh chuyén toa 45 cdc difm do GPS v& hé toa db thi cong cong trinh.
Két qua tinh chuyén s& dim béo tinh déng nhét gifia hé toa d thikt ké va hé toa 43 thi cong
chng trinh ciing nhu dam bao 4§ chinh xéc can thiét khi b tri cong trinh. Hé toa 4§ duge
ltra chon cho céng trinh phéi dém béo 2 didu kign:
1- Sur déng nhét gifta hé toa 4 thiét k& va hé toa d6 thi céng cng trinh.
2- Chiéu dii canh trong hé toa dé cong trinh c6 43 bién dang it nhét so voi chidu di do
dwge & thue dia.
2.8.4.1, Tinh clhuyén tiv tpa d5 phing (x, 3)
Trong trwrdng hop nay vige tinh chuyén duge thyc hién qua cac budc sau:
- Tinh chuyen toa dd phang {x, ¥) sang mdi chifu pht hop sao cho df bién dang
chiéu di 1i nhé nhét so véi thl,rc dia, két qua thu duge toa 4§ (x°, ¥°)-
- Tinh chuyén toa 5 (x', y') theo phuong phap Helmert v& toa db cong trinh dya
trén co s& cac difm song tring. ’
2.8.4.2. Tinh c!myen tir tpa &3 khéng gian (X, ¥,Z) .
Bai toan tinh chuyén tir hé toa 6 vudng goc khong gian dia tim WGS 84 v hé toa d6
dja dign tai diém quan st duqc xde dioh theo quy trinh sau:
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1. Can cit véo toa 49 dja tdm clia cée diém do GPS, tinh chuyén toa dg diém GPS tir he
toa df dja tim vé hé toa dd tric dja.

2. Xéc dinh diém gdc cua hé toa do dja dicr bing cach Iy toa d9 trong tim va 46 cao
trung binh cla khu vire xdy dung.

3. Tir tga d¢ khong gian cia cac diém do GPS, tinh chuyén toa d§ cac diém do GPS tir
hé toa d6 WGS- 84 vé hé toa do d;a dién.

4, Dya vao toa 4o cia cic diém song tring trong hé toa 4§ thi céng, tinh cdc tham sé
tinh chuyén toa d9 trong hai hé toa d6 phing theo phép tinh chuyén Helmert,

5. Tinh tga d§ cho céc didm do GPS con lai trang hé toa d thi cong theo cde tham sé
tinh chuyén da xac lp.
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[

v = adX +1; (:34)

Trong dé: a 1a vector hé s8; v; va §; ln luot 12 sd higu chinh v sé hang tir do clia
phuong trinh.
- Tinh ma trfin nghich dao dén trj do thiri:

B
Q8 @i

3.35)
Qi = Qf—l - 1 T (
—+a;0;9;
i
Trong d6: p duoc ky higu 14 trong s6 cita trj do thir i.
- Tinh vector sb hang tir do ciia hé phuong trinh chudn:
b, =b, +a,.p; {3.36)

(Bude tinh 2-a, 2-b va 2-¢ duge lap bt diu tir tri do thit nhét dén tri do cubi cing).

' 3- Tinh vector dn s6:

85X =-0b (337)
4- Pdnh gic 43 chinh xdc cdc yéu té trong heoi
- Sai sb trong sb don vi;
_|vTey (3.38)
#= n—t
- Sai s trung phwong 4n sb: -
3.39
Mg, = pQi (3.39)
- Sai sb trung phuong ham sb:
! ' (3.40)
Mp=p. P, . -
Trong d6 trong sb dao ciia ham sb duoe tinh theo cng thire:
L: Tof (3.41)

Phuong phédp binh sai truy héi e6 tu difm hon edc phuong phip thong thudmg & nhimmg

diém sau :
- Phuong phép binh sai truy hdi 4p dung cdng thirc tinh ma trin nghich dio ma khong
¢in 1p hé phuong trinh chudn, do @6 thujt todn ciia phuong phip nay don gian va thusin

tién cho viéc 13p trinh trén méy tinh.
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- Trong bai todn khao sit 48 chinh xic cfia ce mang ludi trc dia, nhleu khi phai thay
dbi trj do nhur ting s8 trj do hodc gidm bét sb tri do, khi do cong thirc truy hdi cho phép
khéng cin phai l4p lai hé phuong trinh chudn, khéng cin tinh ma trin nghjch dio tir diu
nén rét thusin tién cho viée tinh todn thidt ké Luéi.

Tuy nhién phwong phép truy héi c6 khéi lugng tinh todn twong déi 16m, vide xir Iy sb
ligu biing céich tinh cAm tay gip nhiéu khé khain, con néu sir dung k§ thuat 13p trinh thi don
gidn va higu qua hon rit l'lhlel.l Vi vy véi su phd edp ciia céng ngh¢ thong tin nhur hién
nay thi viéc dp dung phu'(mg phép binh sai truy héi cho higu qua rdt 13 nét.

3.4, BINH SAI LUOI TRAC PIA TU DO
3.4.1, Khii nigm vé lwéi tric dia ty do

Phu thudc vao tinh chit sb liéu gbe, Iwéi tric dia duge chia thanh 2 logi 1a ludi phu
thude va Judi tw do. Ludi trie dia tr do duge dinh nghia 14 loai ludi ma trong dé khéng cé
di 56 Héu gbc tdi thidu can thiét cho vige dinh vj mang huéi d6.

MBi dang i ¢6 mot tap hop sb lidu goc t6i thién neng biét, cu the la: Iu'(h dQ ¢ao co
sb ligu gbe t61 thidu 12 46 cao cia mét didm gde, luéi mat biing c6 sb léu gbc i thidu 1a
mét cdp toa 49 (X, Y), mét phuong vi v mdt canh day. Nhu vy c6 thé rit ra dinh nghia

cu thé hon cho céc dang lu'érn tir do nhar sau:

1. Luéi d6 cao tir do la lum khong cé didm 46 cao ghc.

2. Luéi miit bing t do la lui thidu toan bd hodc thidu mot sb trong nhém yeu t6 goc

161 thidu 1: mét cap toa do (3%, Y), mdt gée phrong vi, mt canh ddy (sb hrong yéu tb gbhe
161 thiéu trong [uéi mat bang la 4y.

S huong cac yéu th goc con thidu trong tt ca cac mang ludi duge goi 13 s8 khuyét cia
ludi va duoe ky higu bﬁng d con ban thin ludi duge goi 14 ludi tir do bae d. Tir cde khai
niém trén suy ra: :

1- Déi véi [udi db cao tu' do, sb khuyét d =1 va 12 luéi tw do bac 1.

2- Péi véi ludi mat bang tr do, sb khuyét d c6 thé nhan cac gid tri (1 2,3, 4), tucmg
img bic tir do chia ludi 14 (1, 2 3,4).

Pé phén bist mirc dd va c!z_mg tir do clia hugi mit bing, thuong ding ky hiéu:

- Luéi (x, y, o, m) - 1y do: néu trong ludi thidu ca 4 yéu t& gbc thi thidu, sb bac tr do
cia lwdi [a 4.

- L (X, ¥, o) - tur do: néu trong v thiéu mot cip toa dd (X, Y) va goc dinh hudng
(hroi tur do bic 3).

- Lwéi (x, y, m) - tir do: néu trong lusi thidu mét cip toa d6 (X, Y) va canh dé xdc dinh
kich thwoe luéi (Iwsi fr do bic 3).

- Ludi (x, ¥) - tur do: néu trong huéi thidu mét cip toa dd gbe (X, Y), (lusi tu do bic 2),
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Néu lu6i tric dia c6 thira yéu td gbc t6i thidu thi duge goi 13 lu'c'Ji triic dia phy thu(’jc.
Nhu vay sé c6 mdt trudng hop dic biét khi trong ludi cé vira di sb lidu yéu td ghe tbi
thidu. Trong Iy thuyét binh sai, dang ludi nhw viy duge coi 14 Iudi tr do bac 0 (sb
khuyét d = 0).

Khi s liéi ghc trong ludi trc dia cd sai sb vuot qud sai sb do va ndu 58 lidu gbe chi
duge duge sit dung dé dinh vi Iudi thi mang 1udi d6 ciing duge cof 13 ludi ti do. Néu trong
binh sai ludi phu thudc, cic diém c6 sb ligu gée duge goi 1 diém gbc (holic didm khoi
tinh), thi trong binh sai tir do céc diém dé duge goi 14 diém dinh vi.

3.4.2. Co s& Iy thuyét ciia phrong phép binh sai ty do

3.4.2.1. Dinl nghia

Binh sai ty do dwoe dinh nghia 14 binh sai huéi tric dia tyw do theo phwong phap gidn
tiép v6i 4n sb chn xdc dinh 12 d6 cao (di vai ludi thiy chudn) hoge toa d (d6i véi luoi
mit bing) cha tét cic cAc diém trong ludi.

3.4.2.2, Ly thuyét chung

Gia st mot mang ludi ty do duge binh sai theo phuong phdp gian tlep v0i én 56 13 toa
d6 (49 cao) tt cd cic didm méc trong ludi, khi d6:

1. H¢ phirong trinh 56 hidu chinh c6 dang: .
ASX +L=V , (3.42)

Véi: A [a ma trdn hé s6, 5x 12 vector 4n s ; V, L 12 cac vector s& higu chinh va s hang
ty do.. '

Vi trong ludi tr do khidng co dd cac yéu 5 dinh vi t6i thidu nén ma trén hé 56 cita hé
phuong trinh s6 higu chinh (3.42) ¢ mot s6 cét phu thude, bing véi 56 khuyét (ki kiéu 1a
d) cia fudi.

2. Khi chuyén tir hé phuong trinh sé hiéu chinh sang hé phuong trinh chufin theo
nguyén 1y sé binh phuwrong nhé nhét s& thu duoc:

ROX +b=0 . (3.43)

Voi: R=ATPAb=ATL;

Ma trdn hé sb R trong phuong trinh (3.43) 6 tinh chit: Det (R) =0

3. Hé phuong trinh chudn (3.43) cé vé sb nghiém, vi véy khong thé giai theo cdc
phuong phép thong thudng. Nhung-cé thé xac dinh duge vector nghiém riéng béng cach
dua bd sung mét hé phuong trinh didu kisn rang budc dbi véi vector in sb dudi deng:

CTéX+L, =0 (3.44)

Biéu thirc (3.44) phai thoa mén 2 didu kién:
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- 88 lugng phuong trinh bing s6 khuyét trong mang ludi (d).
- Céc hang ciia ma trdn CT phai doc 18p tuyén tinh ddi véi cic hang clia ma trin A,

4. Két hop hai biéu thire (3.43) va (3.44) s& thu duge hé phuong trinh chudn mé réng;

R C [sx] [b ,
& ML e

Ma trin hé sé céa hé phuong trinh (3.45) 6 nghich dao thudmg va cb thé duge bidu
di&n dudi dang ma trin khéi:

R cl' (g~
LT

Khi d6 nghiém cita hé plurong trinh (3.46) dugc xdc dinh theo cdng thite:

X =-R"b-T.L, ) (3.47)
Trong céc cong thitc (3.46, 3.47), ma trin R la mét d';mg gia nghich dao cua R v co
thé dugc tinh nhu sau: _ :
~ = (R+CBCTY N - 1By (3.48)
Vai:
T=B(CTp™! (3.49)

Trong coag thitc (3.49): B 14 ma trdn kich thudc (dxk), théa man didu kién 4B =0,
Trong céic ing dung thyc tin ma trin B thudmg duge chon nhir sau:
- Dbi vé6i huéi 43 cao:

B=(11l.u.. n’ " (3.50)

- D6i voi ludi mit bang
By
p=|® (3.51)
'Bﬂ

véi céc phin tir B; (ing voi diém thi i) duge xéc dinh theo cdng thirc:

10 Y X
B=| = i (3.52)
0 I -X, Y
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5. Panh gia d0 chinh x4c cAc yéu td trong Iwdi duge thue hién theo quy trinh théng
thurdmg, trong ty nhr trong binh sai gidn tiép kém didu klen cn thé la:
- Sai s5 trung phuong donvi tmng sb
vTpr e
= 4| — : (3.53
KN Z1+d _ i )

- Sai sb trung phuong cda ham sb

Trong &6: )
1' ~ H HE

= fTR™f : _ C (359

| Pr _ 2

Trong cAc cdng thitc trén: N-k+d - sb lugng tri do thira trong ludi.

f- vector hé 86 khai trién ciia ham sb.

3.4.3. Cic tinh chit cfia binh saity do . - .

3.4.3.1. Tink chilt cita vector nghigm .

Céc vector tpa dd binh sai trong hrdi tr do {mg v6i nhimg lya chon ma tré‘m C va cie
vector toa do gin ding khéc nhau d8u cé sir dong dang hinh th

Pién ndy c6 nghia la nénX,, X 12 2 vector toa do binh sai clia cing mq:t mang ludi tu
do thi lu6n tdn tai quan hé:

Xy=X+BZ : o (3.56) -

v&i B 14 ma trdn chuyén d8i toa d6 phing Helmert, Z 1a vector tham s& chhyén ddi.

Truong hop 1: Neu trong 2 phirong 4n binh sai chon ma trén C khéc nhau v6i ciing 6 .

mét vector toa dp ghn ding X, khi do ‘ i
Xy =X, +B2Z, o RVRNEED)
Vi vector tham s chuyén ddi toa db: . . L
Z, = (7B ¢, R | o (3.58)
Truong hop 2: Néu trong 2 phuong 4n binh sai chor cling ma trén C va véi céc vector
- toa 40 gin ding khac nhau (5 =X82) - X((}l) =0). ' -
X5 =Xy +BZ, - (3.59)

© Véi vector tham s chuyén déi toa dg:

Zy=(C"B)'CTy , ' ' (3.60)
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Truong hop 3: Néu Vgcbr toa d¢ binh sai X, ting véi lya chon Cy, X, vector toa d
binh sai X; ting véi lya chon Cy, X, khi d6: '
Xo=X| ¥BZy 361
Vi vector tham sb chuyen abi: /
Z= (CIB) ' CF R b1 + 1) o 3.62)
3.4.3.2. Tinh chit cha pgctor tri binh sai Cfic dai lwong do

Vector tr] binh sai cha cac dai lugng do 1a duy nhét, khdng phu thudc vio su Ira chon
ma trén dinh vi C ciing nhir lia chon vector toa dé gin dung.

3.4.3.3. Vai ird ciia ma triin dinh vi

Néu phu trong binh sai lucn phy thude két qua toa d6 binh sai chi phu thudc vio sb heu

toa do gbe va khong phu thmpc véo vector toa db gin ding cia céc diém méi trong ludi, thi -

qui Tudt trén khong ding dbi v61 trubmg hop binh sai luéi ty do.
Xét mbi hen hé giira ha1 vector toa 46 binh sai Xy vaX,, ung vGi cac phuong 4n chion
vector toa db gan diing X|(°) va X, Pt
’ n= Xz@ :'.'lej
Giita 2 vector Xj, X, ¢6'mbi lién hé:

Xy =X ‘-z':‘-Tch (3.63)
Nhu viy: Vector toa ds binh sai trong ludi tir do phu thudc véo sy lva chon vector toa
ds gdn dingva matrgn C. ~

Giasit: C"= (C\T C" 7 = (71 72). Khi d6:

Xy - Xy =ST(C m + CT ) (3.64)
Tit céng thite (3.64) rétra duge hai hé qui:
LHqual: i
V&iCl =06, C2=0 ﬂn gma X, va X, ¢d quan hé:

X, - Xl relm ] (3.65)

Pidu d6 c6 nghiz la: Vector toa d6 binh sai khéng phu thube vio toa 3§ gin diing clia
cdc diém c6 C= 0.

(Céc didm c6 C; # 0 duge goi 12 didm dinh vi),
2 Hgqua 2:
Néu trong cong thirc (3. 65) chon CI1 =0; C2=0; qy=10, s& thu duqc
X=X, . (3.66)
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Nhur vily: V&i cing mét tdp hop vector toa dg cde diém dink vi thi 5€ thu duge két qud
1& mgt vector tpa d¢ binh sai duy nhdt. Véi cc tinh chét néu & trén, phuong phap binh sai
tu do hoan toan thich hep dé xir 1y c4c mang uéi thi cong, lwéi quan tric chuyén dichlbién
dang cong trinh.

3.5. TINH TOAN BINH SAI LUGI KHONG CHE THI CONG CONG TRINH

3.5.1. Quy trinh tinh toin

Luti khéng ché trc dia cong trinh 12 nhitg mang luéi duge thanh lap trong qua trinh
. khdo sat, thiét k&, thi c¢ong va vén hanh cc cong trinh ki thuit thude nhidu linh virc kinh
té-x3 hdi khéc nhau. Theo muc dich sit dung, 1uéi tréic dia cong trinh dwoc chia thanh 3
nhom, gdm: ludi khao sat, ludi thi cong va ludi quan tric chuyén dich bién dang, Yéu ciu
d6 chinh xdc, mét 49 diém va mot sb chi tiéu k¥ thudt cia Iudi tréc dia cong trinh c6 nhidu
diém khdc biét 50 voi cic mang luéi tric dia nhi nu6e do loai luti ndy cin phai dép g
nhing yéu ciu da dang cia cdc giai doan x4y dyng va cia timg loai cong trinh.

Tuy nhién, diém dic trung nhdt cta lwoi khéng ché trfc dia cong trinh 13 & chd, cic
mang luéi d6 déu 12 ludi cuc bd véi yéu chu db chinh xdc ting din tr bic trude dén bic
sau (ludi thi cong), hodic 1a dang ludi do lap v&i muc dich xac dinh 46 chuyén dich céc
diém mdbc trong ludi (lwdi quan tric bién dang céng trinh). Nhu vy lugi khéng ché tric
dia cong trinh thude v& dang Iudi tric dia tw do va do 46, trong tinh todn xir 1y s& liéu hudi
4p dyng phwong phép binh sai ty do 14 phit hep, dtng voi ban chét ciia cdc mang luwdi do.

Lu6i thi edng 13 mang [uéi nhidu béc, dugce thanh 14p trong giai doan thiét ké k¥ thut
cong trinh va 14 co s¢ tréc dia cho vige bd tri tdng thé, bd el chi tidt vA do v& hoan cong
cong trinh. Luéi khéng ché thi cong cé nhitng dic diém sau:

- Clu tric hé théng luéi duge x4y dung theo nguyén tic tir tdng thd dén cuc b9, déng
thori yéu cau dd chinh x4c d8i voi timg bc Iui lai ting din (ludi bic san c6 do chinh xac
cao hon béc ludi trurée).

- Céc b:_ic. ludi thi cong cdn duge dinh vi trong cing mdt hé toa do d& bao dam tinh
théng nhét trong phén b cic hang mue ¢éng trinh.

Yéu cdu 36 chinh x4c v d& hinh ludi dugc tinh toan, lya chon trén co s& dép vmg cic
chi tiéu ciia cong tac bé tri céng trinh va do v€ hoan cdng. Vi viy ludi thi cdng phéi duoc
x4y dymg va Xt Iy 56 lidu theo céc nguyén tic:

- La mang lu6i ddc 1ap cyc bd (d8 trinh anh hudng sai s6 s6 ligu géc).

- Tét c4 cdc bic luéi thi cong cin phai duoe tinh toa d§ (46 cac) trong mdt hé théng
théng nhét, ¢4 duge lua chon trong giai doan khao sét cong trinh.

Viéc thyc hién cdc quy dinh trén dam bio cho ludi thi céng khong bi bién dang do anh
huwéng sai 8 s§ 1igu ghc, dbng thoi tit ci cac bic ludi duye dinh vi trong cing mot hé toa
a6 chung.
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Phan tich kha ning img dung cac phucmg phép binh sai dbi véi ludi thi cong cﬁng trinh
cé thé nhan thiy: phuong phép binh sai ludi phu thuge s& dan dén anh huéng sai s6 & ligu
gbe trong két qui X 1y varnhu' viy s€ gly ra su bién dang clia timg bfc ludi, 4p dung

phirong 4n binh sai véi sai sé sb ligu gbc hodic binh sai g0p tong thé cac béc ludi trong hé &

théng 12 diing vé nguyén tic nhu'ng khé thyc hién trong didu kién thyc t& trac dla cdng
trinh, phwong an bm&sax voi sb ligu goc 161 thidu (ludi tr do bic 0) bio toan du'qc chu tritc
ndi tai coa ludi nhu‘ng o ‘ohurge diém 12 thidu chit che vé phuong dién @jnh vi lum, quy
ludt lan truyén sai sb s& din dén tinh trang cac diém cing xa diém goc 5& cb sai sb tich [u§
lén. Chi con phwong 4n binh sai lu'cn tr do dép tmg duoc cic yéu cdu dbi voi ludi thi cong:
trinh duge dnh hudmg cla sai sb sb ligu gbe, qua trinh dinh vj luéi duge thuc hién linh
hoat, phit hep véi didu kién thyc 18,

Dé dinh vi ludi thi cdng vao vi trf ghn dung nhét so véi hé tga d6 di co trén cong trinh
x4y dung cin chon ma, tran C trong cOng thirc 3.44 (véi didu kign L,=0) theo quy thc:

cm { B - dbi vai cic diém dinh vi

(3. 67)
0 - dbi vdi cac dlem khac

Trong cong thire (3.67), tity thuc vao timg dang hudi va didu kién dinh Vi ma ma trén
B duge xdc dinh theo mét trong céc bidu thire (3.50) hoic (3.51).

3.5.2. Vi du binh sai lwi khdng ché thi cong
1. Binh sai Iuéi d6 cao thi céng

Xir ly s6 ligu mang luéi 43 cao thi cong ¢6 5o dd nhu trén hinh 3.6: Céc diém mai lap
1a Rp1, Rp2, Rp3; Céc diém dinh vi R A, B, C (co dg cao gh1 trong ngoic dom). S5 lidu do

chénh cao ciia cic tuyén duge ghi dudi dang phén s8: & tir s& ghi chénh cao do, & ‘miu sé
ghl chiéu dai tuyén.

I 3,200m
5,25km

4 2,121m
2,54km

(Ha=25,115m) 3426200

1,44%m

(Hc = 28,762m)

i 1,668m
© 2,7 km

B ) 3,229m sz _ 6,390"1 Rp3
(Ha=20,810m)  3,67km 4,00/m

Hink 3.6 - So dé lugi d§ cao co 5o -
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Chuong V )
PHU'C‘NG PHAP BINH PHUONG NHO NHAT VA BINH SAIl TRUC TIEP

A. CO SG CUA PHUGNG PHAP BINH PHUGNG NHO NHAT

V-1. KHAI NIEM VE BiNH SAl

Chiing ta biét ring trong tric dia, ngodi lwgng do cén thigt ngudi ta cn ti€n h?tnh do thl‘.ra.
Céc dai lugng do thira nay dugc lién hé tryc ti€p vl cic dai lup‘ng do cdn thiét bang ca_ic ham
todn h.oc. Cic dai lugng do thiva s 1am tang A9 chinh xdc clia xg_hfmg dai luong cdn xédc dinh va
cho phép danh gid d6 chinh xdc clia chiing vdi do tin ciy cao,' tién co 50 mdi lién bé todn hoe
gitia cdc gid tri do. .

Vi dy: Trong tam gidc phi’mg {(hinh V-1) do c4 ba géc cuug dﬁ chinh xéc v nhan duge céc
két qua 1, 1, 1;. Céc gid tri thuc twong dng 14 X, %5 X

Chiing ta c6 thé thigt 1ap duge cic mdi quan hé todn hoc gnra 3 géc trong indt tam gidc
nhuw sau:

X,+ X, +X,-180° =0

Phuong trinh (V-1) goi 13 phuong trinh diéu kién hinh tam gidc, S6 phuong triinh ding |’

bing s6 dai lirong do thira bing 1. RS ring do thita chi 12 mot phén ctia téng cde gid tri do, cho
nén luén luén cér < n.

Hinh V-1

(3. vidu trén day r=1 van =3, Vi viy phuong trinh (V-1) cé vo 56 nghiém.
Vi gif tri thue clia cdc géc chiing ta khong biét nén thay céc gi tri do vio (VC1) ta s cé:
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(vV-1)

[ +1,+1,-180" =w (V-2)

Vi céc gid tri do cé sai s6, nén vé€ phai clla biéu thiic (V-2) khic khong, tic I ¢6 sai s§
khép w. D& 1am mat w' hay néi cich khéc 13 dem w higu chinh vio cic géc do theo mot
phuong phép todn hoc di chon ma ngudi ta gol 1a binh sai. Nhi¢m vy tigp theo Ia dénh gid do
chinh xéc theo cdc két qua da binh sat.

Ta ki higu gid 1 san mbmh saifd x; =1, +v, (i=1,2,3) {V-3)
3 day v, 1a 88 hieu.-cliinh cin tim.
Nhu vay (V-1yeGdang: 1, +v, +1, +v, +1, +v, —180% =0 (V-4).
So sdnh (V-4) véi (V:S) ta cé:

VitV vy +w=0 {V-5)

By ciing 12 phuong t_ﬁnh v6 dinh.

Phuong phép diot chion dé gidi bai todn trén phii thod mén hai yen cfu:

- Khir sai s6 khép w, ~ .

- S8 hitu chinh v, tim duge phéi x4p xi sai 86 thuc cha gid tri do (te 1 cic sai s& ngiu
nhién). Chiing ta cdn I ¥ hai diém quan trong trong bai todn binh sai A:

a. Diu kign dé tign hanh binh sai I: t6n tai nhitng dai lugng do thira vA nhiing sai s6 nhéd
khéng trénh cla cdc gid frj do.

b. Muc dich cha bmh sal 1a: trigt tiéu sai s& khép va ndng cao d§ chinh xéc cia tit ci cic
dai lr.rcmg cin xac dinh,

V-2 NGUYEN TAC BINH PHUGNG NHO NHAT

Duya trén co s& Ij thuyét xdc snat, ngudi ta di chitng minh duge ring trong trmmg hop do
cling d§ chinh x4c, d€ nhén duge céc gid trf sau binh sai (I; +v;), véi i = 1,2,3..n ¢ 46 tin
cdy 16n nhat 13 xdp xi véﬂ gid tri thye thiz téng cdc binh phuong v, phai thod miin diéu kién.

[vV] = min (V-6)
Trong trubng hop do khéng cing do chinh xdc thi
[va]= min V-7

2 .
J day P, = —— 1a trong sdclagidtridol,.
m; N

Cic diéun kién (V-6) va (V-7) goi 12 nguyén téc binh phuong nhd nhit.
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Neéu trong két qua do chii bao gém cdc sai 56 nghu nhién thi ching wan theo lujt phén bd
chuféin va nhiing gid i tudn theo nguyén tic binh phirong nho nhét s& 1a nhiing gid ti xdc suft
nhat. Cin chi ¥ ring cong thitc (V-3) duoc xdy dung trén co s& 1f thuyét nhung trong thuc t&
do dac khong thé loai bd triét dé sai s¢ he thong. Mt khéc, s¢ ldn do lai khong nhiéu do dé
khi dp dung phuong phap binh phirong nhd nhat dé tién hanh binh sai thi nén hidu 1a g4 gid
thiét véi s& 14n do v6 han va 4nh hudng cia sai s3 hé thdng 14 khong déng ké.

Nhw vay nghiém ciia (V-5) s& la mét nhém v, ndo d6 thod man didu kien (V-6) va s€ 1a
nghiém ctia phwong trinh (V-5).

Pé tim nghiém d6 ta 1am nhu sau:

Dt . @ =w]=min (V-8

hay O = (V2 + V2 +vE)—2k(v, + v, + V5 +W}=min

k - goi 14 s6 nhan chua xdc dinh hodc 1 hé 56 Lagrang, trong tric dia goi 14 hé s6 lién hé.
Pé fim cuc tiéu chia ham ¢ ta 14y dao him riéng theo v; 16l cho bing khong.

o0
é—‘;—:O ;Nghfa 12 2v,-2Zk=0vav;= k.

i /

Thay v, vio (V-5) tacé: 3k + w=0suy rak=- g.;

nghia la v, = ——.
Gid tri sau khi binh sai 1a x; =1 +(_§J

w 5
Réring v, = 3 thod mén diéu kién (V-6) v 1& nghiém duy nht cha (V-5).

Ta thdy ring wu diém nédi bt ciia phuong phép binh phuong nhd nhét khéng nhing gitp ta
tim dugc gid tri tin ciy nhdt clia cdc dai hegng c4n tim ma cdn gidp ta gidi nhing bai todn binh
sai rdt thuat lgi.

V-3. CO s6 BE GIAI CAC BAI TOAN BiNH SAl

Nhur d3 néu & trén, ta thiy ring viéc binh sai déng thivi nhiéu dai lugng theo phuong phip
binh phueong nhd nhat thuc chél 13 gidi bai lodn cye tri.
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(Y9

Gid thiét cdn fim cuc tiéu ciia ham [pvv]=min
Trong d6 céc bién v, dugc bing nhiing phuong trinh diéu kien doc lap c6 dang:
o;4, + vl 4 Vel V)= 0 (j=abec..r) (V- 10

DE gii bai todn nay, chiing ta ¢6 hai phuong phdp co ban: _

+ Phuong phap Lagrang véi cdc s6 nhdn chua xéc dinh (hay con goi 1a phuong phip cye
tr c6 diéu kién), trong tinh todn binh sai goi tit 1 binh sai diéu kién,

+ Phuong phép cuc tri tuyét d6i, trong tinh todn binh sai goi I binh sai gidn tigp.

Trong thuc t€ tuy thude vao ndi dung va khdi lugng tinh todn oy thé clia tirng bai todn m
v&n dung mot cdch linh hoat mat trong hal phucng phép binh sai co ban néu trén,

Vi du: Chi cdn tim gid trj xde sudt nhdt cda mot dei hugng ra dp dyng phuong phép binh
sai true tip (trubng hop dic bict cha phuong phip binh sai gidn tigp), Khi cfn tim gid frj xde
suffl nhit cha nhidu dai lwong ta co thé dp dung mat trong hai phwong phdp binh sai trén.

Trong binh sai Giéu kien, néu khat hrgng tinh todn 160 & ¢6 thé dp dyng phuong phdp binh
sai chia nhom. Ngoai 1, tuy thea yeu cdu dat ra cfia titng bii tofin chiing ta od thé dp dung
phuang phdp binh sai k&t hap.

Mic dit binh sai theo phuong phdp sio ciing phal thye hign 3 n6i dung cd hin saw:
- Tim gid trj xde sudt nhdt cha dai lugng do.

- Dénh gid d¢ chinh xdc clia gia trl deo,

- Diinh gid ¢ chinh xdc gid if xde suat nhat hay hiym cdc gid tri sau khi binh sal.

B, BINH SAI TRYC TIEP

Binh sai trae 1i8p 1 trudng hop dge bigt clia plurung phip binh sel gldn tiép khi cld o6 mat
dn s0, _

Béan chat ciia phuong phdp binb sai tryc tiép I tién hanh do nhiéu 14n mot dal lugng (vidy
ge vi chidu dai) va nhdn dugc nhidu gid uf do, ¢ thé I cing do chinh xdc hofie khong clng

d6 chinh xdc, Nhigm vy dat ra 12 tién hanh binh sai nbur the ndoe dé m gid 1} xde sult nhat cin
cée gid tri do vd ddnh gid chinb xic eia céc gid i do ciing nhu gid trj sau khi binh sai.

V-4, BINH SAI TRUC TIEP CAC GIA TR| PO CUNG B GHINH XAC CUIA MQT
PAI LUONG

Vedol, Gid tri trung binh ¢dng vi sai s0 trung phwong ciia né

a, Gid irf trung binh cdng
Tisn banh do ciing mot dai lugng shidu 1dn cing do chinh xde, kbi s¢ 1én tng 1én v6 han
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thi gid tri trung binh cong cla céc gid tri do & rat gdn véi gid i thuc, cho nén trong binh sai
truc tiép cting do chinh x4c, gif ui trung binh céng duge coi 14 gid fri xéc sudl nhat. Day chinh
13 nguyén 1y chia gid ui trung binh céng. Nguyén 1y nay cé thé dua vao dac tinh thit 4 clia sai
36 ngAu nhién dé ching minh.

Gia thiét gié tri there cha dai lugng d6 13 X. Chiing ta do n 1an ciing d§ chinh xdc va duge
cdc ket qua ll, L,...L, véi cdc sai s6 nglu nhién tuong dng 13 A, Ay By

Theo dinh nghia cha sai 86 ngdo nhién ta-cé:

A=X-1,(i=1+n)
1.4y téng hai v&: [A] =nX - [1]
Chia hai v& c¢ho n-ta dugc:
4] =X- o : (V-12)
n n :
Ky hiéu: s-la]
1n
i | ‘
=M B AT
n
Khidé (V-12)cddang: X=x+8 (V-15),

Ta nhan thiy ring x 14 gid trj trung binh cong ciia tat ¢4 cdc gid tri do con 5 14 sai s6 thuc
chia gid vi trung binh cong. ‘ .

Theo dic tinh thif 4 chia sai s& nghu nhién, ta cd:

hm[—1 0:D0d6 i x=X
n—m — :

Nghia la: kbi s8 14n do tang I&n vd han thi gid tri trung binh cong x s& xdp xi véi gid tri
thirc. Nhung trong thuc & khong thé tign hanh do v6 han 14n duge, vi viy ngudi ta goi gid tr
trung binh cong véi 56 14n do c6 han 14 gid tri ddng tin c4y nhit hay gid trj xdc sudt nhat.

Gi4 trj X4c suft nhdt tim dwoc cén thod min nguyén 1§ binh phrong nho nhét (tdng binb
phiong céc hién gifta cac gid tr] xdc sust nhat va gid tri do 12 nho nhat).

GiA thiét ring gié tri xdc suat nhat clia mot dai lugng ndo d6 13 x. Cdc gid trj do ldn lugt 1
L. 15,..1,. Do chénh lech giita gid tri xdc suat va gid tri dodugc ki hieu laviacé:

-
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V-1

v, =x=1
. ._.vz =x-1, ¥ -16)
v, =x-1

Trong céc cong thic v, cdn duge goi 12 5§ higu chinh cia gid tri do (sai s6 x4c sufit nhat),
Chiing 1a dua vio nguyén 1y binh phwong nhd nhit dé€ tim mét gid trf xdc suat nhat x sao
cho tong binh phitong cdc d¢ chénh léch giita x v cdc gi4 tri do 1, 13 nhé nhat, tic 1a:

":[W]=v,2+v§+...+ v; =min (V-17
DE timi gié i cye tié c‘ﬁa hém trén, ta viét 1ai quan he giita [vv] va x
Cw]E -1 =B ek (=L =min (V-18)
Ldy dao hium bic nhét qSi véi bi¢n x sau di cho bing 0.
A%%:(x—~1,)+(x-—12)+...-z-(x—ln):Q
Tir 6 ta nhan duge: nx- Nl=0suyrax= m (V-19)

11

' 2
1.4y dao ham bic hai ta cé: dd[‘: ] =2n>0
%2

Vi dao ham béc hai ducmg nén gid tr} X thn duge theo cong thite (V-19) thod min diéu
kign [vv] = min.

Do dé gid tri x im duo‘é theo nguyén 1 binh phuong nhd nhét ciing chinh 13 gid tri trung
binh céng. Vi vy nguyén ly gid i trung binh cong va nguyén 1y binh phuwong nhd nhat 1d
hoin todn théng nhit vi déu’ ‘¢ho ket qui nhr nhau.

b. Sai s6 tring phuong ctta gid tri trung binh cong

Vi cic gid tri do déu cling do chinh xdc vi déu ¢6 sai s6 trung phuong 13 m, nén sai 56
trung phivong cha x 1a:
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2 2
: m

Hay M2 =(l) (m?+m? +..+m?)= nizm2 =
' n n n

(V-20)
= N g 3 P S 2 1 ] . -
Tic 1a sai s§ trung phuong chia gid tr trung binh cgng bang T I4n sal 6 trung phuong
n

cita gid tri do.

Chdng ta nghién ctiu quan hé gifta M, van trong didu kién m khong 481 (vi dym = 1).

n 1) 2 ©3 4 5 6 3 10 20 50 1600
M 1.00 | 071 1 0.58 | 0.50 | 045 { 0.41 | 035 | 032 | 022 | 0.14 | 0.18

X

Ta thdy ring n cang 16n thi M, cing nhé, tic 1a 4§ chinh xdc cfia gid wi trung binh céng
dugc nang cao. ’

Nhung sau khi tang s6 l4n do lén dén mot miic do nhét dinh, réi Jai tiép tuc tang s6 14n do
thi dé chinh xdc tang 1én khéng dang k€. VI du, s ldn do tang tix 20-100, do chinh xfic cling
chi ting ¢6 2 lin, nhu vay 13 khong kinh t&. Cho nén muén nang cao do chinh x4c cid két qua
do kh6ng chi don gian 13 ting s¢ 1an do 1én 14 dat muc dich, md phai tim bi¢n phip ning cao
d6 chinh x4c do ngim, diéu kién do, phuong phap, mdy v s8 ldn do thich hop.

V-4.2. Sai 50 trung phuong cita gia tri do

a. Céng tinte Bet-xen

Ching ta d biét sai s6 rung phuwong cfia gid trj do tinh theo sai s6 nglu nhién:

m= iJM ’ ' (V-21})
n

Vi gid tri thuc thading khéng biét nén céc sai s¢ ngiu nhiéu A cing khong thé biét trudc,
do dé trong thuc & cong thifc trén it duge Gng dung.

Khi bi€t mot diy cdc gid tri do ], ta s tinh ngay dugc gid tri xdc sudt x cha ching, do do
dé dang tinh dugc s¢ higu chinh v;, téc :

vi=x-Li=1+n) ' (V-22)

Ta hdy thanh lap cong thic tinh sai s§ trung phuong clia gid trj do theo s6 higu chinh v;.
Muén vay truéc tién chiing ta phai tim quan hé giita A va v.

Theo cong thifc (V-11) A=X-1]
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Ly céng thiic nay trir di céng thic (V-22) theo vE, ta dugc:
CA-w=X-x (V-23)
Tadabiet X -x=28
Vay A-v,=0hay A=v+d (V-24)
Binh phurong hai v€ clia (V-24) 16i 18y t8ng theo hai v& ta ¢é:
[AA] = fvv] + 28[v] + n&® (V-25)

Tir cong thife (V-22) ta ¢d thé viét duge:

vy =x-]) |
va=x-l (v - 26)
v, =x-1,
L4y téng theo 2 v&:

[v] = nx - [1} vV-27

| 1] .

Thay x = == vao (V-27) ta duge

n
1]

bl=n-li]=0 (v -28)

Nghia 14 trong binh sai trizc ti€p ciimg d6 chinh xdc téng s¢ higu chinh bing 0. Vi vay
cong thic (V-25) ¢6 dang:

| [AA] = [v] +nd (V - 29)
Chia hai v€ clta (V-29) cho n ta c6:

AA
[ ] — _[W_] +3 {(V-30)
n n
Tix cong thitc (V-24) ta viét:
Ai=v +3
A, =v, +d
(V-31
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Ly tdng 2 v& eha (V-31) ta duge
[A} = [¥]+ nd

Theo (V-28) thi [A] = nd hay (8= [—Vgl) ’ . _ (V-32)

1 . )

Do d6 8= ;?([AA]+ 2aa)) i (V-33)

Vi tich cfia 2 sai s6 nghu nhién vin 12 sai s6 ngdu nhién nén theo tinh chat thd 4 cha sai s¢
ngiu nhién thi: '

[AiA] =0

lim

nepn I

Nhur vay 5 =[A—f‘]' (V- 34)
n

Thay cong thic (V-34) vao (V-30) ta cd

‘n 13 n

1(v-35)

Dua vio céng thide (V-21) thi (V-35) c6 dang:
, fw] m? [vv]

m°=+—+4— hay m=%x,/—
n n n-1"-

(V- 36)

Day chinh 12 cong thitc tinh sai =8 trung phwong cha gid trj do theo 56 higu chinh'v vh got
I cong thnic Bet-xen. . ' _

Vi 58 huong v, c6 han (s6 14n do cd han) nén bén than gid trj m tinh theo cong thnie-(V-36)
va M, tinh theo cong thic (V-20) vin ¢6 sai $6. Trong 1y thuyét x4c sudt da chéing minh duge
riing, trong trudmg hop v; ¢6 han thi sai $6 trung phuong clia m vA M, tinh theo cong thiic saw:

M, = e ‘ (V-37)
J2(n-1)
m, .
My, = +08 (V-38)
n

b. Cong tinte Péte
Cong thitc Bet-xen ddng s6 hiéu chinh v dé tinh sai s6 trung phuong (m) cdn cong thic
Péte thi ding v dé tinh sai s6 trung binh (6).
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Trong chuong I chiing ta da biét méi quan hé gifta sai s6 trung phuong va sai s6 trung
binh Ia: ‘ ' ’

hay (V-39)

Khin dd 16n thi v eé dﬁy dil dic tinh clia sai s& ngiu nhién. Do dé theo 1§ thuyét x4c suat
thi ta cé thé vigt duge:

M4 flan) (V - 40)
~n 5V m '
M4 ik} (V-408)
N 5V n
_ Theo céng thitc Bet-xen thi:
- [88] _ [w) w4y
T n n-1
Thay (V - 41) vao (V - 40) ta nhén duge
- M [t (v - 42)
n S5Vn-1 .
Mat khéc cong thitc (V - 40a) ¢6 thé viet dudi dang;
-4 []
gy M (V-43
V5 '\/H )
Coéng thitc (V - 42) ¢6 thé phan tich:
A 4 1
U:—-J{vv].— (V - 44)
.n 5 n-1
Thay (V - 43) vao (V -.44) ta nhin duge:
21 s S S | (V- 45)
n o Vn-1 n@-1)
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Hay 6= i‘—wﬂi— (V-46)

Pay la cong thiic tinh sal s§ trung binh theo s6 higu chinh v, dugc goi 1a cong thitc Péte.
Khi n dit 160, cé thé 14y gin ding
(n-1)n =n® - n +1/4 = (n-1/2)*

Nhu vay cong thife (V - 46) ¢6 dang:

M

{(V-47)
1
n —_——
2
. - ) 3 e
Néu tinh sai $6 trung phuong theo céng thiic m = -_I*Z 0 thi:
v
m= i1,253.-n—|]l~* - (V- 48)

n——
2

)

Trong thuc t€ thudng ding cong thic (V-36) (cong thic Bet-xen) de tinh ‘iﬂ/l 50 trung
phurong chia gid trj do, cdn cong thiic (V-48) ding 46 wde tinh sai s§ trung phuang do goic
trong ludi tam gidc cfp 1L, ITI va IV. Khi n dil 16n c6 thé ding cong thic (V-48) dé kiém
cong thifc (V-36).

V-4-3. Vi du vé binh sai trire tigp cdc gid tri do chng 44 chinh xéc

a. Trinh e cdc bitde 1ién hanh binh sai trre 1iép cing dg chinh xde nie sau;
1. Tinh céic gif tri xdc sudt nhét (gtd ti trung binh cong) clia t& ¢d cde gid wj do.

gl

2. Tinh céic sai 56 trung phuong gid tr] do theo cong thie Bet-xen

S Tl
n-1

3. Tinh sai 8 trung phuong cha gid ] trung binh cng.

m

A
J" V8 My = Z?ztn-nn
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Vido chénh gita céc gid tri do 1, twong déi nhd, nén khi tinh gid tri trung binh cong chi
cdn tinh gid tri trung binh cla c4c s6 chénh d6. Nghia 13 trong céc gid trj do L, ta chon mét gia
tri gdn ding x,. sau d6 1an lugt 18y méi gid ui do [; trlr di x, khi d6 ta cd cdc s§ chénh Ia:

5, =1 —-%,
&=k % (V-49)
3, =1, %
Ly tong 2 v&:
8,1 =01 - nx, (V-50
Clia2 vé chontacéd
B = b Xo (V-5
n
bt [87‘] =8, (V - 52)

! P .
Thay (V-32) vio (V-51) vacht § dén u = x neén cong thiic (V -51) ¢6 the viét dudi dang:
n

8, =x—X%
Hay  x=%g+8, (V- 53)
Khi d6 v, c6 thé duge tinh theo cong thic: v, =8, —J; (V-53a)
b. Céc bitde kiém tra trong qué trinh tinl todn
1. Téng c4c 56 hiéu chinh v thod man diéu kign [v] =0.
2. Kiém tra [w].
Dé thanh lap cong thitc ki€m tra [vv] ta bién déi:

[vv]= v 2wy By (L v (L) 4 (Rl

[vvl= x[v]-[lvi=0-[lv]

[wl= - [Iv] (V-534)

Chit y: Khi diing cdc gid tri do |, vl céc g1a tr] gdn ding x, dé tinh 5,, thi cong thic (V-34)
céin phéi bién ddi cho thich hop.
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Muén vay ta thay (V-49) viao (V-54) s€ nhan dudc
[ov] = - [V(xe+ 8] = - x,[v] - [¥8]]

Vi vl =0 neén [vv] =- [v3] (V-35)

3. Khin dii 16n, ta ding céng thiic Pete d€ kiém tra cong thic Bet-xen.

ul

m= 11,253-«&-'—1

n——
2

1}:' du: Doan thing AB duge do 6 ldn ciing d¢ chinh xdc. Ké"t qud ghi'trong bang (V-1).
Hay tinh:

- (3id tri xdc suft cha doan AB.

- Sai s6 trung phuong clia gid tri do.

- Sai s6 trung phuong cha gid i xdc sufit nht.

K&t qua binh sai ghi trong bang V-1

!
Bdng V-1
TT L{m) 5,(mm) A vv v, .‘ Chii thich
1| 346.535 5 44 16 20, | Cong thiic Bét - xen:
2 | 346.548 +8 9 81 2|, 6@31 - etlomm
3 346.520 20 +19 361 380
- 12
4 346.546 46 -7 49 42 = T = +4.6mm
5 346.550 +10 -11 121 110 | Cong thife kidon tra:
6 346.537 3 32 4 6 52
m=1253 X o
Xo=346.540 {5, = 4 M=2 | [wl= | &)= '
K&t qua cudi cing:
X=Xy + 8, 5] | tm=s2 | e | -6%0 q &
S==r X 346,539 '0.005
=346.539 .
=0.7 =1 .
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v-5. BINH SAI TRUC TIEP CAG GIA TRl DO KHONG CUNG DO CHINH XAC cUA
CUNG MOT DAI LUGNG

V-5-1. Gi tri trung binh eéng c6 mang trong s6 va trong so

Gid thigt ring mot dai lugng duge tién hinh do n 1dn khong ciing dd chinh xde. Nhu vay
38 x4y ra van dé lam thé ndo dya vio cdc gid tri do k.hong ciing d& chinh xdc dé tim gid tif xdc
suat nhat cita dai lugng do

Vi du: Ludi thuy chidn c6 mét diém ntt (hinh V - 2), 46 cao cia diém P do theo 3 tuyén
Z,, Z,, Z, tinh dén. '

AlCD

Hinh V-2
Xust phér tir didm A theo tuyén z,, ngudi ta tign hanh do 25 tram, xdc dinh duge dé cao
diém P I H’,. Tit diém B-theo tuyén z, do 16 tram Xfic dinh diwge do cao didm P Ia H”,. Tir
diém C theo nyén 2;, do 9 tram xdc dinh duge d§ cao didm P1a ..

Dura vio nguyén tic tinh sai s trung phuong, ching ta 48 dang xéc dmh duge sai 56 trung
phuong d6 cao diém P theo 3 tuyén khac nhau ldn lugt 12 m,, m,, m,.

Gia thi€t ring sai s6 trung phuong do hiéu d6 cao trén mbi tram mdy déu bing nhau va

V bing m, thi:

m, = mu\/2_5 = 5m,
: m, = m“ﬁ =4m,
m; = mo{/é_ =3m,

Nhu vay ta thiy ring d6 chinh xdc vé do cao diém P do 3 tuy#n tinh dén hoin ton khic

- nhau, do dé ching ta goi nhém cdc gid tri do ndy 14 khong eling 46 chinh xic.

P6i vai cdc gid i do khéng cing do chinh xéc thi d4p dung céng thie ndo dé tink gie'} tri
x4¢ sudt nhat x cha dai lugng chua bigt? Sau diy chﬁng ta hily nghién ctu vén dé dé.

Gié sir mot dai tugng do n 1dn khong ciing dé chinh xdc nhin duge cdc k&t qua la 1), L.l
véi cdc sai 88 hrung phvong tuong dng m,, My,..., M,

n
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Chiing ta cin tim mot gid tri x sao cho n6 co d6 chinh xéc cao nhét nghia 12 sal 56 trung
phuong ciia né 2 nhé nhit.
Ta hiy bifu thi gid tri xdc sudt nhat x 12 ham clia 1t ci cde gid tri do trie tiép, tic 1A

x =1 (1, heo 1) (V-36)

Dang cu thé clia ham (V-56) cin cif vao cdc tinh cht sau day dé xéc dinh:
a. Khi wing hay gidm cdc két qud do 1; bao 1thiéu Idn thi gid i x ciing s& ting hay gidm
by nhiéu ldn.
kx = £, kg . kI ) (V-57)
Trén co s& ciia dinh 1y Ole vé ham thudn nhat, ta c6 the ket ludn duge ham (V-57) ia tuyén
tinh va cd dang:

x=cl + e+t el (V-38)
of
Trong do: = — (V-59).
o,
b. Néu thém vdo mdi két qud do I, mot dai lugng khdng Ao a, thi dgi lugng x ciing .s'c‘f duge
thém mot dai higng ding bdng a, nic la: , /
x+a=c(,+a)+c(ly+ay+.+ ¢, (I, +a) (V-60)
hay [cl] +alc]=x+a

Theo (V-58), tacd afc] = a;thclafc] =1
Nhut vay céc hé 56 ¢; phai thod min diéu kién

¢ +tCte. te, =1 ' (V-61)

Trong cong thic (V+58) ta thdy véi cdc ¢; khic nhau ta s& nhan duge vo s6 gid i x v{i sai
$6 trung phuong khéc nhau. Gia trj déng tin ciy nhdt x phéi [a gid tri ¢6 sai s& wung phuong
nhd nhét. Vi vay cin phai i mot nhém hé s6 ¢ sao cho sai 6 trung phucng cha him (V-38)

I& nho nhék, nghia li:
M? = cIm? + cimj + ..+ ¢m? = min (V-62)

x =

Nhur vay thuc chat ciia vin ¢é & day 13 fim cyc i clia ham (V-62) déng thii cic he 56 ¢
phii thod man diéu kién (V-61). Trudng hop nhu vay goi B phuong phdp tim cuc tri ¢ di€u
kién, muén vy ta 1ap ham 8.

=M ~2k([cl-1)=min (V-63)
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Trong dé:  k - S& nhin chua xdc dinh Lagrang, 14y dao ham riéng theo moi bi€n c, Wi cho
bang khong, ta duge:

5 _ 2c;m? -2k =0; (i= 1+n) (V-64)
dc,
' k
SUy ra: C; = =y
m;
N 1
vi [e]=1= k[_z] (V-65)
. m
L ) 1
Tix (V-65) suy ra: k= B
)
1
m?
Vivay: ¢, = 1' (V-60)
H
Thay (V-66) vao (V-58) ta cd
1 1 1
“"fll + '-"'?12 + ..+ _21n
x =1 2 o (V-67)

Cong thitc {(V-57) cho phép xdc dinh gid tri xdc sudt nhat x. DE tinh todn thugn I¢i, ta nhan
cé tir 53 v méu 56 v€ phdi cong thic d6 véi 2,

2 2 2
[L] 1 +(L] 1, +...+( }J’J 1,
o= ml m?. mn

X

5 .
He s p tuy ¥ sao cho ty s6 H_z gin bing 1.
m .

i
Trong binh sai ngudi ta thutmng ky higu:
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p . (V-69)

vi goi p; 12 trong s6 clia gid trido 1. )

Tir cong thic (V-69) ta théy p; vh mi2 ¢6 quan hé ty 1¢ nghich,:vic 12 sai s6 trung phuong
cang nhd thi trong §6 cang kén vA nguae lai. Ngubi ta cé thé dung p; dé so sénh dé chinh xdc
giita céc gid tri do ;. ' )

Thay (V-69) va (V-68) ta nhan dugc.

x = Pl + Pz!z + .t Dol jiat (V-70.)
S Py tPrt T Pa [P]_

Day chinh 1a cong thic tinh gid tri x4c sufit nhat ciia cdc gid tri do tryc tiép khong cing 46
¢chinh x4c hay con goi X 13 gid i rung binh cong cb mang trong s6. Nhin vao cong thite (V-
70) ta thy: khi P, cing 16n thi gi tr do tuong dng 1; chi€m ty trong cang 16n trong viée tham
gia tinh gid tri xdc sudt hat x. D6 chinh 1d ban cht trong s8 clia gid tri do.

Gid i tdy@t d6i clia trong s6 khong gift vai trd chil y&u, 16 ¢6 thé thay déi. Chi yéu i

" guan he tf s6 giita chiing. Ty s6 nay pha thude vao dd chinh xéc cha gid tri do ma khong thé

tuy ¥ thay ddi duge. .
Trong trudng hop céc gid ui do ], ciing d6 chinh xdc, tic 1 p, = p thi (V-70) 6 dang:
1
Bl _ 1

np n

Pay chinh la céng llhﬁ-'C: tinh gid trj trung binh céng cha céc gid tri do cing dd chinh xéc.
V1 vay ta c6 thé coi gid tri trung binh cong cha céc gid tri do cing dé chinh xdc 12 trudng hop
dic biet cha gid tri trung binh cong c6 mang trong 56. o

Phuong phép chifng minh trén xuat phat tir diéu ki¢n sai st trung phuong nhd nhét hay cdn
goi 12 nguyén 17 trong s6 160 nhit.

Mat khdc ciing ¢6 thé dya vao nguyén 1§ binh phuong nho-nhat dé chiing minh cong thifc
tinh gid trj trung binh cong c6é mang trong s0. Theo nguyén 1y ndy, gid tri xéc suét nhat x tim
duge phai thoi man diéu kien: [pvv] = min. '

Chiing ta hiy gid thiét gid i xdc sudt nhat 12 x, céc gid tri do 1an lugt 1A 1, 1y, 1, véi céc
trong s6 tong tng & py. Pa-es Por Quan hé giifa gid tri xéc sudt nhitvigid tri do v, =% - L.

Binh phueng 2 v& cong thifc trén rdi nhan véi p, wong {ing ta dugc:

Pi‘"i2 = Pi(x _Ii)2
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Lay tdng theo v&: CTpvvl = py(x = 1) + pa(x = L)Y e+ p(x —=1)°

Lay dao ham véi bién x r8i cho bang 0 ta duge:

dlpw] _ 5 2 2 .
T px =1 +2p, (x~ L)Y +..+2p, (x - 1,2 =0
viét gon lai ta duge: [p]x - [pl] = Osuyra x = Egu
-[p]

‘ Két qud nhan duge cling gidng nhu céng thic (V-70). Trudng hop céc gid tri do ciing d6
chinh xéc, tiic 12 cdc p; bing nhau thi gid tri xdc suft nhit X tim dugc phai thod m.ﬁn diéu kiérll
[vv] = min. Pay 12 trudng hop dic biét cha [pvy] = min. . .

Tir k&t qua ching minh trén ta thiy: thanh 1ap cong thic tinh gi4 tri trung binh cdng theo
nguyén If trong s6 16n nhét (sai 6 trung phu&ng nhé nhédt) va nguyén 1§ binh phu'mig nho
nhat 12 hodn todn théng nhit vdi nhau.

V-5-2. Trong s6 vi trong 56 don vi

-N&u bit sai s trung phitong ciia céc gid tri do A m;, m,...m, ta ¢6 thé dua vio (V—69) aé

- tfnh céc trong s twong lmg Tir m&i quan hé gifta céc trong 6 vA sai s6 trung phuong ta viét

dugc:

' 2 _ 2 ’
Pm; =p,m; =..= p,m. = The (V-71)

Trong dé p 13 hiing s& ¢6 thé chon my ¥, nhung khi d chon dwge p thi p, hodn toén xdc

dinh. Cén chd ¥ trong m6t bi todn binh sai thi chi duge chon mét gid tri p duy nhat. Trodng

hop nguge lai thi quan hé tf & giita céc trong s6 s€ khong t6n tai nifa. Dudi day s& trinh bay
phuong phép co b:’aln xéc dinh trong s6 dya vao sai 8 trong phuong.

Vi dy: Bing phwong phép khéc nhau, x4c dinh dién tich hinh trdn va nhan dugc 3 két qua
ghi trong bing V-2. ' . .

Bing V-2
N° S(cm?) m{cm®) Tr;;)ng s6
1 45.5 '0.30 P,
2 45.1 '0.12 P,
44.9 '0.18 P
* Néutachon L= m, = +0.12th
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2
0.12
=[>==2] =0.16
P (0:30]
2
0.12
=== =100
P2 (0.12]
2
0.12
=|—=| =044
P (0.18)
Theo cong thitc (V-70) ta tinh dugc
k . 0.44(-0.1 0.12
x=45_0+1.16(04)+1(0 D+ { )245‘0%“__
0.166+1 + 0.44 ) 1.6
% =45.08 e’

* Néu chon p = 0.36 thi

vi ciing nhén duge

x=450+

1.44(0.4) + 90.D + (<0.1) _ 4z ygery?
1.44+9+4

Qua vi du trén chiing ta rit ra mot 56 khdi niém co bin saw:

+ Truong hop thit nhdt: Ly p = m, ta dugc p, = 1 diéu dé ¢ nghia 13 trong s& cta gid tri
do s, bing don vi. Cho nén rigudi ta goi p = 11a trong 56 don vi, cdn sai s§ trung phuong (ing
v6i p=1 goi la saisd trung phirong trong s6 don vi. Trudng hop nay sai §¢ trung phuong trong
s8 don vi 1a'0.12. )

+ Trémg hop thit hai: Sai s6 trang phuong trong s6 don vi s& 12 '0.36. Ta ding p. dé biéu
thi sai s¢ trung phuong trong s6 don vi. Trong vi dy trén ta thay sai s§ trung phuong trong 58
don vi p c6 thé 12 sai 56 trung phuong clia mot gi4 tri do no d6 c6 mat trong day do. Ching
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han p = m,, ciing ¢é thé I sai s6 trung phuong clia gid tri do nao do khing 6 mat trong day
do, chéng han p = '0.36, rd rang trong diy do ciia vi du tréq khong c6 gid tri do nio cd sai s
trung phuong nher vay ca.

V-5-3, Mot s6 phuong phép xdc dinh trong sé

Tren day da trinh bay phuong phdp co ban d€ xdc dinh trong s6 theo cong thitc (V-69).
Nhung trong thuc t& nhiéu trudng hop can phai bién déi cong thiic (V-69) dé tién cho viéc tinh
todn. Sau day s gidi thisu mdt s§ cong thiic thudng ding dé tinh trong s&.

a. Xdc dink trong s6 cila gid tri trung binh céng cita cdc nhom do véi s¢ ldn do khdc nhau.

Vi dy: C6 2 nhém cing tién hanh do 1 géc. Nhdm mdt do 4 lin do v nhin dugc gid tri
trung binh chia géc do 13 B,. Nhém hai do 2 14n do v& nhén dugc gid tri oung binh 14 B,. Gid
thi#t sai s§ trung phaong méi n do 13 m.

Nhur vay sai 6 trung phuong cOa géc §,s8la m, =% 2 vacha géc B lam, =% =
B RN

3 day B, v B, 12 2 kéi qui do khong ciing d§ chinh xde. Bé tim gid tri xdc sudt nhét cla gdéc
d6, trudc tién ta phai tinh trong s6 cha ting k&t qua do géc theo cong thic (V-69).

p? pY
gene
m, m

2
Ky higa i; = ¢ ta nhin duge: p, = 4¢; p; = 2¢.
1

S& 4 v 2 chinh 12 s6 14n do géc B, va B,. Nhut vay ta thdy riing: Trong 6 ciia két qua do ty
1é thuan véi s6 ldn do.

Trudng hop téng quét: Gia thiét ring déi v6i mot dai lugng ndo d6 tién hanh k nhém do va
nhan dugk céc két qua Ly, L..., l,. Biét ring cdc 1, 13 gid tri trung binh ciia ny, Ry, My 14n do.

Trong s& twong ing cfia ching s& 1a:

P, =ncli=1+k) T (V-72)

Trong d6 c 13 hing s& ty 18 chon tuy ¥, thung trong mét ba todn binh sai chi duge ch.c,m 1
£14 tri ¢ duy nhit,

Vi du: Gia thist B, = 56°34'28"; B, = 56"34721"
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Theo (V - 72)tachon c = —;— . Nhur v&y ta nhan dugc:

1
==—x4=2
P 5
1
==x2=1
P2 5

Duta vao cong thiic (V-70) ta tinh dugc gid tri xdc sudt nhat clia géc do 12

2(8) + 11"~

B =56"34'2" + = 56°34'25",7
2+1

B =56"34'26"
Qua vi du trén ta thiy: Néu chon ¢ = -%thi pi=2,p, = cé nghia la 14y gid tri trung binh

ciia két qua 2 gid tri do lam gié tri do ¢6 trong s6 bing don vi.
thip,=1vip,

- Neénldy c= i = % , tifc teén da My gid tri trung binh clia {{é’t qua 4 gid-tri

/

do 1am gi4 tri do c6 trong s6 bang don vi. .

Tém lai: Trong cong thifc (V-72), khi chiing ta cho ¢ = — tic 1a di 18y gif tri trung binh
.mn

clia n gi4 tri do 1am gié tri do c6 trong $6 bing don vi. Nhu vay sir dung cong thite (V-72) dé
tinh trong s6 thugn loi hon cong thitc (V-69), nhung véi didu kién 1a tit ca céc gid tri do trong
2 nhém déu ¢é do chinh x4c nhu nhav, Néu sai s6 trung ph!igng clia gid trj do trong cdc nhém
khéc nhau thi khong thé 4p dung cong thic (V-72) duge ma phii tinh trong $6 theo (V-69).

. Vi du: Hai gid tri do clia mot géc lan lugt 13 B, = 38°50°40" va B, = 38°50°20". Trong dé
B, 1a gid tri truﬂg binh ciia 4 14n do vA sai s6 trung phuong méi ldn do 20", Con B, i gid tri
trung binh chia 9 1an do va sai s& trung phuong cla méi 14n do 12 "15". Hay tinh gié tri xdc sudt
nhit cita géc dé. ‘

Gid trj B, 1a két qui trung binh clia 4 ldn do véi sai s6 trung phuong méi 1dn do 1a
m, = '20”, V4y sai s8 trung phuong ciia gid tri trung binh cong B, la: ,

W=7 =+ =10

Tuong ty sai s& trung phuong chia gid tri trung binh cng B, a:
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o107
M 0
2 2
p? 10
=—=_=4
P VR

Gid tri xdc sudt nhat cha gée do B
1 x 40" + 4 x 20
1+4

B =38"50"+ = 38%50'24"

b. Xdc dinh n"gng,sé'rrang do cao hinh hoc

Gia .thié't xufit phdt tit cc diém khéng ch& dd cao cdp cao va dua vio n tuyén do dé xdc
dinh d6 cao diém p (hinh V-3).

A

Hinh V-3

Cdc do cao nhin duge 1a H, H,... H, s6 tram do cha cdc tuyén tuong ing 13 N,, N,...N,.

Biét ring d¢ chinh x4c do hi¢u dé cao trén mdi tram mdy déu bing m.

Gié thiét cdc diém cdp cao khong ¢6 sai s6. Vay sai s& trung phuong xéc dinh dé cao dxcm
p theo céc tuygn 1a: m, =+m./N ;m, =+m.N,; .m, =3m./N_.

Theo céng thitc (V-69) trong s6 do hiéu do cao trén céc tuyén la:

[—”f
p? _\m)

N N

- P =
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2
D61 v6i mot cip khéing ché do cao nhdt dinb, m ludn luon khong ddi nhung [%) 1 mot

2
5§ tuy ¥. Do d6 ta c6 thé dat [ﬂj =c.
m
Nhu vay, trong 56 d6i véi mbi tuyén do b dang:

c
S (i=1i+n) 1 (V-73)
PN, )
Nghia J4, khi d¢ chinh x4c do hiu d¢ cao trén m&i tram méy béing nhau, thi trong s& cha
téng hiéu d¢ cao ciia tuyén tj 1& nghich véi s8 ram do.
Vi du: Xéc dinh higu dé cao gilta 2 diém A, B theo 3 tuyén nhy hinh (V-4) v nhén duge
ket qué sau: :

H,= 1.356m; n, = 40 tram do;
H, = 1.362m; n, = 25 tram do;
M, = 1.369m; n, = 50 tram do.

3 n
3

Hinh V-4
Hdy tfnh hiéu do cao xdc suflt nhat gifia 2 diém A va B. Bist ring sai s¢ trung phuong do
higu do cao trén méi tram méy déu bing nhau. ’
Theo céng thic (V-73), néi1 chon ¢ = 100 ta s& fim duge:
100 100

100
:—-:.'2,5; ,,,:—-: ; = ——=
P =0 Pr=5s TT R TS
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=

Hi¢u 9 cao xéc suit nhdt giita 2 di€ém A vaB la
2.5(-4) + 4(2) + 2(9)
25+4+72

h =1.360 + =1.362m

Khi tién hanh do cao hinh hoc ta c6 thé dva vao chiéu dai cha tuyén dé xdc dinh trong
s@. Trong thue t€ néu 6 ram mdy trén lkm bing nhau thi c6 thé coi do chinh xdc do hiéu

" do cao trén 1km ciing bing nhau. Gia thiét sai s6 trung phuong do hi¢u d¢ cao trén lkm la
m,, nh vay sai s6 trung phuong do hi¢u do cao trén céc tuyén cé do dai Ia s, s;...5, (km)

1dn luor s& &
m, =t m, /3,

S,

L

m, =tm

o

m% 5
2
o
_p_\m
Ph="7=
m; 8y
z
i
_pt_\mg
Prn=—7%
m; 8,
2
Dat [Lz] = ¢ thi trong s& hién d6 cao do trén ¢éc tuyen Ia:
My
c . .
p;, = S— (i=i+m (V-74;
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Vi dy: Ta vin ding s6 ligu cha vi du trén nhung biét chiéu-dai clia cdc wyén la s, = 4km;

s, = 2.5km; s, = 5km va chon ¢ = 101a ¢6:
P =~ =2.5:Ps =‘;%=4;.P3 =%=2

Vi tim duge gia tri xdc sudt nhat 1a h = 1.362m.

3 a4y vén dé 4t ra 1a trong diéu kién dia hinh nao thi d’l‘x.ng chidu dai S, hay s& tram may
N d€ tinh trong s6 P. Dién ndy trong cdc quy pham d¢ cao di quy dinh. Nlumg thong thudng &
nhifng khu vye twong d6i bing phing thi chiéu dai S dé tinh trong s6 vi s6 tram mdy trén 1km
déu nhu nhay, cdn & khu vuc dia hinh phic tap s6 tram mdy trén 1km chénh nhau nhiéu thi
ding s6 tram m4y dé tinh trong s6. L :

Khi diing céc cong thiic (V-73) va (V-74) vi chon ¢ = 100; diéu dé cé nghia la ldy trong
58 do hiéu dé cao trén 100 tram mdy lam trong 56 don vi, tifc &

10
P‘lnmram 100

DE d& nhé ta ¢6 thé phat bidu: ldy N tram do lam trgné s6 don viy o6 nghia 12 cfn phéi
chonc=N. . : .

Tuong ty nhu trén, khi dimg cdng thitc (V-74) thi cé thé —pl‘;ﬁt bidu: néu 14y S km 1am trong
s6 don vi, thi cAn phi chon c=35. ’

c. Xae dinh trong s ciia gbc phitong vi 1oa dé (gdc dinh hidng) canh da gide (ddng
cluyén) .

Xust phat n diém ludi khong ché cdp cao A, B, C... tgo- thanh lugi dudng chuyén cé 1
diém nit (hinh V-5). o

Hinh V-5
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] Tir diém P ta chon'mét canh tuy ¥. Gdc phirong vi toa do cita nd 14n loot duge xdc dinh tir
cdc gbe phirong vi o, g, ... tinh dén. O day ta 1y géc phuong vi canh PQ 14 ¢t lam vi du:

- Tir diém A dua vao N, géc clia tuyén (1) ta tinh duge gid tri gbe phuong vi canh PQ 12
. | L ca

- Tir difm B dua vao N, géc ciia tuyén (2) ta tinh duge gid tri gdc phuong vi canh I;Q 1Y
Olpy. .

Tuong tuy, tir dié:m ¥ dua vao N géce ciia tuyén (n) ta tinh duege gid tri gdc phuwong vi canh
PQ 13 o, o

Gia thiét cic dié'n"t_khc':’ng ch€ cdp cao khong cé sai s6 va do chinh xdc do gdc déu nhu
nhau vi bing m.

Nhu vay sai s6 trang phuong clia géc phuong vi toa dé o cha .ca_mh PQ do céc tuyén tinh
dén ldn oot s8 la: :
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2
Dit (ﬁj = ¢ ; cudi cling nhin dwgc:
o ;

p=—(i=1+n) (V-75)

i

Trong d6 N, 12 téng s8 géc clia tuyén da gide thif i

Nhu vay ching ta dua ra két lugn la: Khi cdc géc do ciing do chinh xdc thi trong 56 clia
goc phuong vi toa do canh da gidc ty 1& nghich véi téng s& géc cha da gidc, ké tit canh dﬁ biét
d&n canh cdn tinh.

d. Xdc dinh trong sé trong do cao lugng gide

Khi x4c dinh hi¢u dé cao giia Giém P v n difm Iudi tam gidc A, B, C...

(Hinh V-6) bing phuong phip do cao lugng gidc thi trong s0 cila cdc hién d6 cao c6 thé
dugc tinh nhir sau:

Néu ky hitu:
v - 1a géc diing; s - 12 khodng cdch ngang; h - 13 higu d6 cao thi cong thitc tdng quét tiah h
nhu sau: ' \

]
h=Stgv+@Q-D+f !

B

AN 1@ /” c
\l/ 3

N
.
.
RANERN
P
. .
.

Hinh V-6
Hai s6 hang sau dnh hudng rét nhd dén hiéu d¢ cao h, do dé khi tinh trong s chi cin xét
anh hudng cha s& hang ddu, vi vay cong thic trén c6 thé viét: h = Stgv. Theo conyg thifc tinh sal

s6-trung phuong ta cé:
2 2 F
NCANEAE.
My =| 7§ Mg+ =&
s, gv, ) p
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w 2
hay mi = [Si sec? v, m:i] +(tgvymy)’; s(i=i+n)
P

. m . P N . N
Trong thuc t€ do dac, m, so v6i —Ls 1t nhd cdn v thudng nhé hon 5% Neéntgv < 0,1, vi
P

v4y s6 hang thi 2 so véi s6 hang thi nbét nhé hon nhigu. Ngoai ra trong diéu kién v < 5% thi
sec® = 1 do d6 cong thiic trén 6 thé viet

. N2
2 _ 2t My
mhi“s{ "
P

Vay trong s6 ciia hiéu do cao 58 la:

My

Trong dé m,, 12 sai 56 trung phuong do géc diing v, Trong céc hwdng nfu ddm blo dp
chinh x4c do géc ding déu nhu nhau vi bing m,, khi 6 ta dat:

2
[L pj = ¢ goi 14 hiing s6 ty 12, ta nhin dugc
m

v

P= (V-76)

..‘.",.,Io

Ta nhn thdy ring: trong do cao lugng gidc, néu cic gdc ditng do cing d§ chinh xéc thi
trong s& ciia hiéu d¢ cao ty 1é nghich véi binh phuong chiéu dai canh, trong céng thic (V-76),
S thudng ldy don vi 1a km.

Né&u ta chon ¢ = 10 tdc 14 14y trong 56 do higu d9 cao trén khoang céch 10km la trong s6
don vi thi ’

10?
Pokm =75 =1
1km = 12

Trén day 12 m6t s6 phuong phép tinh trong s¢ thudng gip. Con nhiing trudng hop khic ta
ciing c6 thé 1ap duge cdc cong thite tinh trong s6 thich hop dua trén cong thic (V-69) nghia 13
trude tign tinh sai s& trung phuong sau d6 theo quan hé trong s ty 1& nghich vdi binh phuong
sai sd trung phuong. '
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e. Xdc dink trong s6 cita ham cdc gidi ri do

Chiing ta biét ring: trong s8 c6 quan h§ véi sai s6 trung phuong, do d6 c6 thé dia vao

¢ong thito tinh sai s4 trung phuong clia ham cdc gid tri do dé thanh lgp cong thiic tinh trong s6
ciia ham cdc gid tri do, tic 12 c4n phai bidu thi quan hé gifta trong so cha gid tri do va trong s6
chia ham céc gié tri do.

Goi Xy, X, .- X, 1A chc gid tri do doc lap;

m,, m,, ..., |, 14 sai s6 trung phuong cha cdc gid tri do; -

Dis Pz» - Py 12 trong s8 cha céc gid tri do tuong ¥ng. :

GiA thiét ham s6 ciia cdc gid-tri do cd dang tong qudt: = (X, )fz,...,xn)

Sai s6 trung phuong ciia bam 1a:
2 2 2
of
m? = o m? + o m§+..._+[ } m’
S\ 8% J, X, J, : %, Jy

2
Thay mf =2 o cong thiic trén ta dugce: . ; )
2 - 22 PO ar Y 2
iz(ﬁ] g.+[3f,J u_[ )E-
Pr \%% D \OX3 Jy P2 A\ 0%, Jg Pa
San khi khir p? ta cé:

1 (af]ﬁ [Ble . (afT,f
T L [N (T R Rl B
Py axl opl axz 0P2 ) axn {)Pn

Day chinh 12 quan he giifa trong s6 cha gid tri do va trong s6 cha ham céc gid tri do. D& dé

V-1

I T
nhé cong thiie, trede tién viét ra vi phan ciia ham s, san d6 chuyén vi phan thanh E » cbn cée
dao ham riéng dem binh phuong 1én ta s&€ nhin ducse cong thite (V-77).

Tit cong thic tioh trong s8 chia ham dang tdng quét, ta ¢6 thé van dung né dé thanh 13p
cong thitc tinh trong s6 cia cdc ham khac.
Vi dy: Ham s6 clia-g6c phuong vi toa 40 canh da gific thif i c6 dang
a, =, +pB +By+.. B, - x 180°

thay vao cong thitc (V-77) ta ¢6:
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. pun Pa, pB| Pgn

Trong cong thie: o, 1a gée phuong vi toa do canh khéi déu trong 56 s6 cla né 16n hon

nhidu so v6i trong s6 clia-gée do, do d6 trong s6 déo clia n6 rat nho, cé thé bd qua duge. Mt

o . 2 ‘ 5 - v n n -
khdc, trong s6 cla géc déu bang P, nén ta cé: = — hay p, . =—.

Pa,
-Néschonp=1thi p, =-—.
n

-N&uchonp=cthi p; = <. Cong thiic nay holn todn gidng cong thite (V-75). Tfong
R ‘
céng thic (V-75) § nghia clia ¢ chinh 14 trong s6 cha gée do.
Chit y réng: Cong thitc (V-77) chi ding d€ tinh trong s6 clia him cdc gid tri do doc 1ap.
Gip trudng hop ham céc gid tri do khéng doc 1ap (tuong quan) thi ta c6 thé tim cdch bién déi

ham cia céc gid tri do khéng doc 1ap thanh ham cla cdc gid tri do doe 1ap réi 4p dung cong
thifc da néu trén. Nhung trong thyc t€ viée bign déi gy hét sic phitc tap vi vy ngudi ta dd vin

. dung céng thic tinh truc ti€p s6 nghich dio trong s6 cha ham cdc gid tri do khong doc lap.

Phén ching minh cang thic nay khong trinh bay trong gido trinh nay.
V-5- 4. Tinh sai s6 trung phwong khi do khong ciing dd chinh x4c

a. Sai §6 trung phuong cia gid tri trung bink cfng c6 mang trong 56 va sai 86 trung
phitong ciia gid tri do '

Trong binh sai true ti€p cdc gid i do ciing d§ chinh xic, sai s6 trung phuong cha gid trj
do tinh theo cong thic: . : .

[AA]

=4 _|——

]

Khi tién hanh binh sai trwc ti€p cdc gif wi do khong cing do chinh xdc, mdi gid tri do cé
do chinh xdc khic nhau. Vi viy ta khong thé ding cdc cong thic trén dé tinh sat s8 trung
phuong clia mdi gid tri do duge.

Trong trudng hgp ndy trude tién cdn phéi tinh sai s6 trung phuong trong 58 dom vi p, sau
dé dua vio cong thic (V-69) dé xéc dinh sai s6 trung phuong clia gid tri do.

Dé thanh 14p cong thifc tinh sai s6 trung phirong cha gid tri trung binh cong ¢ mang trong
58, chiing ta van dung quy-tz‘ic tinh sai s§ trung phuong chia ham s6 tuyén tinh:
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p]_ ¢
x === =—(pl, +p,l; +..pnl,)
e
1
nén M: = W(pfm,z + pimg 4.+ pim?) - (V-T8)

Thay (V-69} viie (V-78) ta dugc:

1 2 2 2
M: = [137[13’2”_ rpE

P] P2 P
M? = —(p, + py + o+ Dy W
X [p]2 (Pl pZ e pn [

2
M: = —[-I% xp? =i

[p] (p]

cudi cling ta ¢

M, =% L (v-19)

/
Van dung cong thifc (V-69), d& ding tink duge trong 56 ctia gid i trung binh cong cb
mang trong so:

&

N5
oMo
[p]
hay P, =[pl (v-80)

VAy trong s3 gid tri trung binh cong cé mang trong s8 bing tdng trong 50 cic gid tri do
tham gia tinh x.

P4 tinh sai s6 trung phuong clia gid tri do ta 4p dung cong thic (V-69) iic Ta:

m, =+ _ (V8L

T

Trong d6 p; 1 trong s6 clia gid tri do 1;.
b. Céng thitc tinh saf s6 trung phuong trong 56 don vi theo sai s& ngdu nhién

[24]

Theo dinh nghia sai 56 trung phuong: m” = (V-82)
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Trong dé: A 12 sai s nghu nhién ciia cic gid tri do ciing do chinh x4c. Trong trudng hop
do khéng ching d¢ chinh xdc cdc gid tri do nhén duge 14 1, v6i cdo trong s6 tuong tng la p,. Nhu
viy khong thé ding sai s& ngiu nhién thay vao cong thitc trén dé truc ti#p tinh ra sai s6 trung
phuong trong s6 don vi p duge.

DE c6 thé van dung dugc cong thiic trén dé tiph sai s3 trung phuong trong s8 don vi, cn
phéi ¢6 sai s6 nglu nhien mét diy gid tri do cing d9 chinh xdc. Mudn vay cén phai sit dung
cdc gid tri do 1, d€ thanh lap mot day céc gid tri do déu cb trong s6 béng 1 (trudng hgp do cing
do chinh xdc). Noi dung cu thé nhu sau:

Lay |, nhan vdi \/E ta duge [')

Ly L, nhan véi p, taduge !,
L&y I, nhan véi 4/p, tadugcl

Nhu vay:

1;=11\/E

L =L+p, (V-83)
1, =1, +/P,

- Céc gid tri Jl'i = li\/p_i I hiim cdia céc gid tri do |, & dang F = kx vi vay sai s8 trung phuong
clia chiing s& Ia:

' m; =m,\/E
m, = my By

Dua vao cong thifc (V-69) ta c6:
ml,zu,m'2 = Hceennns ,m.n =4

Nhu vay ta cé thé col cdc gid tril I', I ciing d¢ chinh xdc vi déu c6 sai sG trung phuong
bing 1 sai 56 trung phuong trong s don vi. R rang I', [, .. 1 1a nhém céc gid tri do clng
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trong s6. Dén day ta c6. thé ding sai s6 nghu nhién cla chiing dé tioh sai s trung phucng
trong 6 don vi nhur saw: : /
Cic sai s6 ngu nhién tuong ing véi gid tj 1 Ia:

A = iy A = By BBy = BBy

Theo cong thitc (V-82) thi:
A%+ A7 LA

p==x
. n
- \F,A 2y p, AL, +p“A2
n .
n=+ IpaA] (V-84)
. n

¢. Céng thite tinh sai s6 trung phitong trong s& dom vi theo 6 higu chink

Trong trudmg hep chua biét gid tri thue cha dai lugng cén tim ngudi ta tinh g\i:i 1ri xéc suat
nhat clia dai ugng tix céc gid tri do li va trong s6 P, Nhu vay céc s6 hign chinlf V, duge tinh

theo cong thic:
V,=x-]
Theo dinh nghia sai s6 ngu nhién ta cé:
=X-]
Tir day m6i quan he A; va V, 1a:
A-Vi=X-x

hay A=X-x+V,
Trong d6 X - x 12 sai s& thue cn’ia gié tri trung binh cong c6 rﬁang trong s& v kj hiéu 14 8.

Nhr vay
A=V, +b

Binh phuong 2 v& rdi nhin véi P ta ducrc
P.AA= PVV+2PV 8+P86(1—1—n)

Ldy tdng n gid tri 2 v€ ta nhan dugc:

[PAA] = [PVV]+ 28[PV] + 62[P] (V-85)
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So hang thit 2 cha cong thiic bang 0 vi:
V=x-}

Nhan 2 vé véi P, ta duoc:
" P.V,=Rx-PLG=1+n)
L&y tdng:
[PVI=[P]x - [P1]

Ta da bict X = &PH; Suy ra: [Plx = [Pl]

Vivay [PV]=[P]-[F]]=0

Cong thic (V-86) con ding dé kiém tra trong qué trinh tinh todn.

(V-86)

Khi 56 14n do dit 16n thi sai s6 & s& rét nhd lic d6 c6 thé thay & = M, va cong thic (V-83)

co dang:
[pAA] = [pwv] + [p].M?%,

l'l'z

theo cong thitc (V-79) thi M? = =
oo p

nén ta ¢6 [pAA] = [pvv] + p?
(n - D = [pw]

[pvy]
n—1

p=

Visd ldn do cb h:'_in,_- nén ta cin xdc dinh sai so trung plwrong cha 1 va M,

va my =t-—==

V-5-5. Vi du binh sai tryc tiép cdc gid tri do khong ciing d6 chinh xéc

Trinh tu tinh todn binh sai nhur saw:

(V-87)

(V-88)

T (V-39
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e

a. Tinh trong 56 p;
b. Tinh gié tri xdc sudt nhdt x

(pl] + pdl; +p,0L; + ... ¥ Padl,

X=—"—=X,
B Pyt Dy ¥ FBy
X=Xq + @ (V-90}
(pl]
X=Xy + 8,
Trong do: 8, =1, — X,

¢. Kiém tra theo cong thic

[pvi=0

[pvv] = -[pvél]
ta chimg minh céng thifc nhi saw;

v=x-L=&+8)-]

L

v;i=8,- (- %) =8,-8;

pvivi = pivi(S, - 8} = pividy - PV
pv] = [pv] 3, - [pval]

vi [pv] = 0 ; nén: [pvv] = -[pval]

d. Ddnh gid do chinh xdc
1. Sai s& trung phuong trong 56 don vi

pvv]

i [l .
p=xt n_lrmm}l x e

2. Sai s§ trung phuong cla gid tri xdc suét nhat

=+ K

M, E =+
‘\/Ei- Va mMK ‘\/5

Vi dyu: Hay tinh sai lu6i do cao ¢6 1 diém nit (hinh V-7). Cac két qua do ghi trong bing
V-3,

—_
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Hinh V-7

Bdng V-3

Do cao da bigt

Hié¢u d6 cao do

Chiéu dai tuyén

Piém da biét Tuyén do
(m) duge () km
A 57.964 I 9,201 456
B 40.460 2 +8.324 32.8
C 41.202 3 +7.566 40.3
D 57.060 4 -8.293 514
Bdng V4
. Chiéu
- Pd cao
Tu - dai _ 100
d{) n diém tuyé]"n P=_— (nf;'ln) pdy v v AAY pividy
P(m) s
(lem)
1 48,759 45.6 2.19 +1 2.2 +9 +19 177 +20
2 48.748 328 3.05 +26 79.3 16 -48.8 781 -1269
3 48.758 40.3 248 0 0 10 +24.8 2438 4]
4 48.767 51.4 1.95 19 17.6 1 +2.0 2 +18&-
9.67 99.1 2.3 1208 -1231
= | B, s, | _991|=102]| = | 10mm | 23
48.758 [P] - 9.67

K¢t qua tinh todn duge ghi trong bang V-4.

Péanh gid do chinh xéc:
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p=:* /[pwi =i1f1208 = £ 20mm
n-

3
: il 20
mp=t o=t =t
Lo~ V6
&) day chon ¢ = 100 va don vi cha s 1a km, do dé p tinh duge chinh 14 sai s& trang plirong
do hiéu 46 cao trén tuyén dai 100km. Néu cén tinh sai s& trung phuong do higu d cao trén
tuyén dai 1km ta dya vio cong thic:

100
p = 100/S; Nhut v&y: Pyyy = ES =10

= +8mm

o

Myym = x

il 20

=)
w i
S

Vay x =48.768' 6,5mm (my_ = +2.6mm).
V-6. DANH GlA DO CHINH XAC CUA MOT DAY CAC GIA TRI PO KEP

Trong tric dia thong thudng ngidi ta tién hinh do dong thai nhiéu dai lqung'qﬁng loai. D& -
kiém tra va dénh gis d6 chinh x4c, mai dai lugng ngudi ta do khong it hon 2 ldn. '

Ciing c6 truding hop do yéu cdu vé do chinh xéc cin thi€t, ngu‘c:ﬁ ta chi do médi dai lugng 2
14n, phuong phip do nhu viy goi 1a do kép.

Vidy:

- Chiéu dai canh da gidc do 2 14n

- M5i doan trén tuyén dg cao dugc do 2 ldn: di va vé.

- Khi do céc géc da gidc, mbi géc duge 2 vi trf ban dd (vi tri thuan va vi tri ddo kinh)..

- Trén m&i hudng, viéc ngim chudn dugc tién hanh 2 lan.

Trong d6 kép, méi cip 1, va I', clia mét dai lugng X; 1a nhing gid tri eiing do chinh xéc, nén ¢é
thé &p dung phuong phap binh sai tryc ti€p cing d¢ chinh xéc @2 tinh gi tr trung binh cong.

L +L -
X, =
T
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vh col x,[2 gi4 tri xdc sudl cha X, nhung chi sir dung 2 =6 hiéu chinh
cviEx =l v Ex =

D& tinh sai s6 trung phuong cfia méi gid tri do theo cong thitc Bét-xen:

._' 2 ]
.‘m“ - ' vivil _ g ’Vi +v, ,
n—1 2-1

thi 56 lugng do thira 4t it (chi bing 2-1=1), do d6 d6 tin cAy thap. Mat khdc ban thén

my; =+ -1

Vi vay trong trudmg. hop do kép, d€ dénh gia do chinh x4c ngudi ta tinh sai s§ trung binh
theo hiéu clia ket qua do ké‘}é ciia t4t ¢4 nhitng dai lugng do cling loai. '

Trong do kép ciing xiy ra 2 truimg hop 12 do kép cling do chinh xdc va khong cing dé
chinh xdc. Mot d3y cée dai lugng do kép ducge goi 1a ching d6 chinh xde: Khi 2 gid iri do trong
mat cap (1 dai lugng) cé cling do chinh xdc vi giifa cdc cip do cling c6 cling d6 chinh X&c.
Mét day céc dai luong do kép got 1a khéng ciing d¢ chinh zde: Khi 2 gid ui do trong mot cip
c6 cing 40 chinh xdc cbn gila cdc cip do khong ciing do chinh xdc.

V-6-1. Tinh sai s6 trung phuong theo cic hiéu clia két qua do kép ciing d6 chinh x4c

Gid sit tign hanh do n dai lugng. Trong dé méi dai lugng do 2 Hn duoc két qui: idn L:
Pl L i 210 1 1

Biét ring ', va ", do c_.ﬁ'ng d6 chinh xdc. Trong trudng hop cdc gid i do chi chifa sai s¢
ngdu phién thi sai s6 clia T, va 1", ldn lugi 1a:

SAT=X -1

: .A}' =X; -1 G=1m)
P chénh giita mbi ca.p. gid tri do 1a:
d=L-1=A-4; (V-91)
Néu gié tri do déu chinh xac thi d; = 0, tic T gid tr] thue clia d; = 0, vi nhir vay sai 5§ ¢
a6 chéch d; T '

by=0-di=—d;=A;-A; (Vo

Céc higu nhan duge theo céng thite (V-92) chinh I cdc sai s6 nghu nhién cda cdc higu
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tugng ting. Vi vay ching ta c6 thé tinh sai s6 trung phuong ciia hiéu d; theo sai 50 nglu nhién

clia no.
m, =+ \/ (B2 _ 4 \/e—[dd] (V-93)
n n
Trong dé: n [ téng s6 cdc higu d;.
Néu ki hiéu m, 12 sai ¢ trung phuong ciia I' hodc 1", thi:
m
m, = +m+2 vam, =+—%
d I ] N
dd
hay m, =+ ad (V-94)
2n
Sai s6 trung phuong ciia gid tri trung binh céng s€ 1a:
m
m, =+-—-
X ﬁ .
1 [[dd
hay my =+ ad Jev -95)
2V n

V-6-2. Tinh sai s¢ trung theo céc hiéu cila két qua do kép khong cilng d6 chinh xdc
Gia sir m6i dai lugng clng loai X; (i = 1+n) duge tién hanh do 2 lén ciing do chinh xéc,
nhimg giita céc cap do Ia khong cling d¢ chinh xdc. Nhu vay trong s6 clla céc gid i do 1; va
1"; trong méi cap s& [:
P =pi =P

v trong $0 clia cdc higu

P,

I

_b ]
= (V -96)

Biét ring d, 12 sai 56 ngéu nhién cla higu thuge cap thi i vi viy theo cong thitc (V- 84), sai
s6 trung phuong trong 58 doa vi la: :

) N
BigzyPagzy Bogl
2 2 2

p=t
n
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hay p== [pdd]
\‘ 2n

Trong dé p; I trong 56 clia két qua mot 14n do trong cip do thir i.

Vo

Sai s6 trung phuong ciia k&t qua do |, mot 1dn c6 trong s6 p; s& duge tinh theo cong thifc:

L
m, = fae (V-98)
Vo
Sai s6 trung phuong clia gid tsi trung binh cong tir 2 gid iri do clha méi cap
m,, == (V-99)
V2p;
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Chuong VI N
PHUOGNG PHAP BINH SAI GIAN TIEP

VI-1. KHAI NIEM VE BINH SAI GIAN TIEP

Trong thue i€ chiing ta thut'm;g gap nhiing dai lugng cin tim khong phai 14 nhitng gid 0ri do
tryc ti€p, ma 1 ham cha mot s6 gid tri do tryc tiép. Nhiing da?ti}l_tgng duge xdc dinh nher vay
£oi 14 gi tri do gidn tiép. . .

Vi du: Trong mat phing ching ta d& bi&t toa dd clia 3 dlem A, B, C lin lugt 1 (Xs, Yay
%z, Yo (Xc» Yoy cn xéc dinh to2 d4 diém P (xp, ¥p, (hinh VI-1). Muédn vay chi can do hai canh
S, vi Sgp. RO ving céc gid 1r1 do true tiép lien hé v&i toa 49 cﬁn tim bing nhiing ham 5§ duge

xdc dinh nhy sau:

VASAP:\/(:P’XAf"'(yP_Y*‘)Zj ‘}
Sge = \](xp — %)+ (¥p — Va)

Gihi he (VI-1) 1a s& hhan duce toa do cha diém P nic 122 in X, ¥, V1 khong ¢6 tri do thira
nén chi xdc.dinh dugc toa 40 cdn thiét cha diém P.

N&u tiéa hanh do them Sgp thi s& thinh 14p duge 1 phuong trinh nifa 1a:

Sco = V@®p — %) + (p — ¥

(VI-2)

Dén day ching ta nhén dwge 3 phuong trinh v6i 2 4n 56, Néu ket hop giai tiing ¢3p hé
phuong trinh thi s& nhan duge 3 cap gid tri toa do diém P. Ta biét ring, cdc gid tri do Sup S
S lubn ludn tén tai sai s6, nén céc cip toa do tim duge ¢ling s& khéc nhau.

P& gii quyst mau thufn trén cén thiét phai ti&n hanh binh sai dé fim ra toa do xdc suit
phét ciia diém P. ’

Phrong phép binh sai d€ tim ra mot s6 céc &n 58 nhu vay ngudi ta goi 12 binh sai gidn ti€p.
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(VI-1)

Hink VI-1

© VI-2. LY THUYET VE BINH SAI GIAN TIEP

VI-2-1. Co's 1y thuyét

Giai sbr trong mot bai todn binh sai cdn xdc dinh gid tri x4c suft cha t 4n s doc lap x, v,
. tr n dai lugng do I, véi trong s6 P; (i = 1+ n). Chiing ta cdn biéu thi gid tri x4c suat nhat
cila dai lutmg do (}; =1 +v)la him ciia céc 4n s6 da chon tic 1a:

L, + v, =f(x,y.2,..V) (VI-3)

Trong d6 v, 1A s8 h1cu chinh chha gid tri do 1;. Tir (VI-3) ta nhan duge dang dng qudt ciia
phuong trinh s& higu chinh:

vi =f(x,y,2..v) - | (VI-4)

Trong hé phuong trinh (VI-4) s6 dai lwgng chua bigt 1a (n+t) vA n>t. D2 xde dinh chiing
cén phdi dp dung nguyén 1y s& binh phuong nhd nhét. Tic 13 tim cdc 4n 86 %, v, Z...u thod
mén diéu kién:

[pv¥] = min (VI-5)
Khi binh sai cdn chuyén (VI-4) vé dang tuyén tinh. Muén vay ta dat:
X=x,+8,
Y=x,+38,

Trong d&: Xq, Ygseoo» Uy - Gid tri gdn diing ciia cdc 4n s6

. 8, 8,,....8, - S6 hiéu chinh gi4 tri gdn ddng ca c4c 4n s6.
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Thay (VI-6) v (VI-4) s& cé:

v = (%, 8,17, + 8,50, +8,) -k

Cic gié tri gin ddng Xy, Yoserrr--r Uy €6 thé fim duge blng cdch gidi mot s6 phuong trinh 18y |

tuy ¥ tong (VI-4), néu coi cée v; trong cdc phu'cmg trinh d6 déu bang khéng.
Khai trién s hang ddu v€ phai (VI-7) theo chudi Taylor vi chi giif lai nhiing 56 hang bac

nhét s8 duge.
v, =X Yea Vo) H o S, + % 8, +. % 5, -1, (VI8)
d, BY au
Trong dé:

(%) ,[?] 3 [af ) Ia dao ham riéng cita ham tinh v6i gid tri gdn diing cla céc in
Q 4]

X ¥ Jg
s va 1a cdc hé s6.

.U

Ta ky hiéu:
1

%) -, J
ax Jn

P
AN

.................. 9
of,

——— = t]

\8, J,

£ (X, Ygoty) — L =Ly

vi =ad, + bd, +..+t;8, + L (VI-10)
D4y 12 he phuong trinh s¢ hiéu chinh dang tuyén tinh,
Pé x4c dinh 5,, 8,, .5, thod man diéu kién (VI-5), ta 14p ham sé:
=[pwl= Ypi(aid, + b8, +..t18, +L;)’ = min (VE-11)

DE tim gid trj cuc tidu ciia ham s& (VI-11) ta 16y dao ham riéng clia him theo ting bien,
16i cho béng khong vi nhin duge 1a:
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(VI-1y

i

“2ZP a,(a;8, + b8, + ..+ 1,8, +L;)=0

86 i=1
——=2 b(ad +bd, +..+5, +L;)=0
E;P 10120+ By ' ) , (VI-12)
dF
= =23 piti(a;8, +bd, + ..+ 48, +L)=0
i=1

u

hay viét theo kf hiéu t6ng Gauss s dugc:
" [paald, + [pabld, + [pacld, + ...+ [patld, +[pall= 0 |
[pab)3, + [pbb]3, + [pbeld, + ... + [pbt1d, - [pbi] = 0

[pac]d, + [pbcld, + [pecld, + ... + [pet]d, +[pell = 0 > (VI-13)

[pat]d, +[pbbld, +[pect]d, +... + [pttls, +iptt] =0

Hé (VI-13) goi 1a'he phuong trinh chudn trong binh sai gién ti€p. He phuong trinh chudn
nay c6 nhiing tinh chét dac bigt nhu sau: '

- Méi phuong trinh trong hé déu I3 tuyén tinh, & phuong trinh béng & 4n s6.

- C6 mot dudng chéo chink di qua he s6 binh phuong tic [a: (paal; [pbb];... {pu].

- Céc hé s6 khong binh phuong d6i xing qua dudng chéo chinh bing nhau timg déi mot.

Dua trén co s& cang thife (VI-10) va (VI-13}, ta cé: '

[pav] = [paa}s, + [pabld, + ...+ [pat]d, + [pal} =0
[pbv] = [pa.l:i[E‘ix + [pbbld, + ... + [pbt]d, + [pbl] = (VE14)
[ptv]=[pat]6 + [ptb}8, + ... + [ptt]d, + [ptl] = 0
Qua (VI-14), ta d& dang nhan thdy tinh chét clia s6 higu chinh v;:
[pav] = [pbv] = ... [ptv] = (VI-15)

Trong truting hop do ciing d¢ chinh xde, tic 1a p; = pr=...

= p, = p thi h¢ phuong trinh
chufn (VI-13) c6 dang: .

141




[aal5, + [ab8, + [ac]B, + ..+ [at]5, +[all <0 ]
[ab]s, + [bb]S, + [bc}8, + ... + [bi]d, +[b]] =0
[ac]ﬁ_‘ + {cb]By + [cc)8, + ... + [ct}B, + [cI] =0 L (VI-16)

{at]d, + [bt]5, + [ct]d, + .. + [tt]8, + [ = __

. VA [av] = [ev] = [1¥) = 0
Do tinh chit d6i xing cda hé phuong trinh chuiln, cho nén hé (Vl:l?:) 6 thé viét gon dudi dang:
[paals, +[pabls, + [pacls, + ...+ [pat}p, + [pal] )
[pbbls, + [pbc]s +...+[pbt]3, +[pbl]=0
[pecls, + ...+ [pet]o, + [pet] = 0 _ :

[ptels, + [pt]=0

(VI-17)

Dugi day chiing ta tém Eat trinh tir binh sai gisn tiép dé tim dn s6:

a. Cin cif vio quan heé giiia gid i do va 4n s& dé thinh lap he phuong trinh sdf hiéu chinh
dang (V1 - 10) ta chd ¥ riing trong binh sai gidn tiép 56 luong céc phuong trinh s6 hié
diing bing téng cdc gid ri don.

b. Dua vao hé 6 va s& hang tr do cha phuo‘ng trinh & hleu chinh d€ thanh 1ap cdc hé s§
vi s6 hang ty do clia hé phuong trinh chuin dang {VI-13). So luong phuong winh trong hé
phuong trinh chuén ding bang s0 insét.

¢. Giai he phuong trinh chudn dé tim ra céc 4n s5.

d. Thay cdc 4n s fim dugc vio phuang trinh s6 hiéu chinh.dé fim cac v; va gid tri xdc suflt
chia dai lugng do H; =1, + v, (i=l+ n).

VI-2-2. Vi du 4p dung
Cho luéi do cao nhu hinh (V1.2).

A

Hinh VI-2
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u chinh -

K&t qua do 1dn lugt 13;
h, = +5.974m s, = 40.0km
h, = +7.630m s, = 66.7km

h; =+2.468m s; = 55.0km’
h, =0.066m s,=50.5km
I =-5.896m s, =40.0km
B cao cdc diém géc: -
H, = 70.000m
H, = 68.594m
He=78.476m
Hp = - 84.318m
Trong lwéi d6 cao 'néy‘ s6 diém cdn phéi xdc dinh d6 cao [& 2, chinh 13 d¢ cao xdc suft nhit
cladiém EvAF.
batx=He. y=H;
Tir hinh (VI-2) ta viét dugc:

hy +v, =)S_AHA Hay V =x-H,-h
112+v2=x‘-H,3 V,=x-Hy-h,
h,+v1=-x-i-y V,=-Xx+y-h ‘ (a)
hytv,=y- Hc V,=y-He-ly,
he+vi=y-Hp V.=y-Hy-h

Méi phwong trinh s§ :f)ieu chinh déu c6 dang tuy&n tinh. Dya vio hé phuong trinh s6 hiéu
chinh d€ thinh 1ap hé phuong trinh chudn. Phirong phép thanh 14p nhu vay s& nhdn duge gid tri
tuyét d6i ciia 56 hang tydo trong hé phuong trinh chudn qué 16n, khong tién trong qué trinh
tinh todn, binh sai. Dé khvic phuc nhuge diém ndty chiing ta thay:

X=X+ 8,

y=Yotd, (b}
Trong dé x,, ¥, duge tinh:

Xp=H, +h,

Yoz=He+ 1Ny
Thay (b)-vho {a) va Eir_é’n déi ta nhén duge:
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V,=8,+0

V, =8, +20
V, =98, +8,-32
V,=8,+0
V5=5).—12

Cic s6 hang tu do ti'ong Ii¢ phuong trinh s& higu chinh tinh bang don vi mm.

Dua viio (VI-10) ta xdc dinh dugc céc he s6:

a, =+1; by=0; L,=0
a,=+1; by=0; L,=+20
a;=-1; by=+1 L,=-32
a,=0; by=+L L,=0
a,=0; by=+L Ls=-12

‘ . 100 .0 _
Cic trong s8 tuong ung tinh theo cong thic p; = o va ldn lugt nhan duoe.

P, = 2.50; P, = 1.50; P; = 1.82; P, =2.00; P;=2.50

Chiing ta thanh 1ap dugc céc he s¢ vh s hang tw do cira hé phuong trinh chudn:

[paa] = p1a;2; + Py@aly + weeeene + psasas = +5.82
[pab] = p,a,b, + Pyasb; + e + psaghs =— L. 82
[pbb] = p,b;b; + Pababy + e psbsbs = +6.32
[pal] = p,alL‘ + Padgly F e H Psdishis = +88.24
[pbL} = p,b\L; + pybaly + e + psbsLs = —88.24

va hé phuong trinh chudn ¢6 dang:
5.825,-1.825,+ 88.24 =0

- 1.828, + 6.328, - 88.24=0
Giai hé phuong trinh trén nhén duge:

8, =-12mm

3, = +10mm

D6 cao xdc suft nhdt cia diém EvaFla
¥ = Hgp= %, + 8, =+75.962m
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y=Hp=y,+5,=+78.420m

Thay 3; va 8, vao cdc phuong trinh s§ hiéu chinh s€ tinh duoc:
v, =-12mm; v, = +8mm, v, = -10mm
v, =+[0mm ; v,=-2mm

Hi¢u dé cao xdc sudt nhat ciia cdc tuyén do:

=Dy + v, =+5962m

=h, + v, =+7.363m

3 =hy+ v, =+2458m

=h, + v, =-0.056m

s =hy + v =—5898m

”’IE‘!FIEIFI

Trong thyc t€ ngoai nhiém. vy tim ra céc gid uj xdc sudt nhidt, cdn phéi tién hanh ddnh gid

do chinh xéc cdc gid tri do, cdc dn 56 tim dugc va ham cdc gid tri sau khi binh sai.

Vi-3. TRUGNG HOP DAG BIET CUA BiNH SAI GIAN TIEP
Trong binh sai tryc tiép quan hé giﬁ# 4n s6 vi higu chinh dugc biéu thi bang cang thic:
vi=x-L (i=1+n)
Neéu dat: X=X, +9,
v,=X, +8,~]; *)
Kihigw: x-L=L;thi
v;=8 +1 B

Néu so sanh véi (VI-10) thi (**) 12 trudng hop dac biét cha (VI-10) vichi cé 1 in 50 duy

nhat.

Dé tién so s4nh vdi binh sai tryc ti€p ta bién d6i s6 hang ty do trong (*) nhu sau:
V= (g - 1) + 5, '

Piat: x, -1, = §; s& nhan duge v, =8, + §,

R& rang chc hé s6 cia &, déu bing +1, tic taa, = 1 cdn b= ¢;=0va st hangL; = 8y

Do d6 cdc he s6 va s6 hang i do ciia hé phuong trinh chudn 1&:
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” [ R T

[paal = Pia,a, + Py, +. 4+ praga, =pyll+pyll+ o+ pyllld
[pab] = p,a,b, + p,a,b, + ... + p,a b, =p,.1.0+p,.0.0+ .. +p,.1.0=0
[pac] = p,a,C; + PydyCy + .o + Poa,c, = P10+ 1O+ .k Py 1.0=0

[pal] = — [pad,] = = p,.1.8, — p,.1.8,, — .. = P,.1.8, =—[p3,]
Phuong trinh ¢6 dang: -
P15, —[pd,1=0
_ [st]
1]

So sdnh v6i (V-90) dé ding nhan thdy: Binh sai tryc 1iép ki truimg hop dac biét cha
phucng phép binh sai gidn ti€p.

VI-4. PHUONG TRINH S8 HIEU CHINH

Chiing ta di bi€t cong viéc ddu tién d€ tien hanh binh sai la viét phirong trinh tinh gid tr
x4c susit nhét cha dai lugng do vi phuong trinh s& higu chinh vi c& 2 loai phuong trinh nay déu
12 ham cia céc dn 6 X, ¥, z.... do d6 khi vi€t phuong trinh s8 higu -qhinh chiing ta ca“n}xéc dinh
én s va ding dai lugng nio 13m 4n s6 trong bai todn binh sai.

VI-4-1. Xdc dinh s6 lwong cié 4n 56,

86 lugng cdc dn s t khong phu thude vao s& do ma phy thuge \;?;o bii todn binh sai.
Vi du: ) '

* Ludi d6 cao nhat hinh VI-3

Hirh VI-3

C6 4 diém 43 bigt do cao va 2 diém chira bit d6 cao 13 E va F. D6i véi ludi niy mye dich
ciia binh sai 12 fim d9 cao xdc sust cha 2 didm EvaF. Do désGdnsB1=2.

* Luéi 46 cao nhu hinh VI-4

346

D
HinhVI-4

Luéi gom 5 diém chwa biét toa d¢ A, B, C, D, E. Vi trong Iuéi chua c6 diém nio da biét
d6 cao, do d6 dé c6 thé x4c dinh duoc hiéu dé cao gifta 5 didm d6, hodc ¢6 thé 18y 1 diém nio
d6 1am chudn dé xdc dinh-}ilcf) cao tuong déi cha 4 diém con lai so véi didm chudn 46-(do cao
gid dinh) cho nén 4n 614 t=4.

Gié thiét ring, trong ludi do cao hinh (VI-4) ¢ 1 diém d3 bift d8 cao (diém A). Nhur vay
cén xéc dinh do cao myét doi clia 4 diém cdn lai, cho nén s6 4n s6 vin 13 t = 4, R6 rang 1
ciing mot luéi d6 cao nfu'cé 1 didm di biét hodc chua cé diém nao dd bi€t o cao thi déu cé
s6 4n s nhu nhau. -

Tém lai, ci hai trutmg hop luéi d§ cao hinh (VI-4) c6 thé dua ra cong thitc tinh 58 4n 56
nhur sau;

a. Trong heéi c6 diém dad biét:

Ct=p (VI-18)
b. Trong ludi chia cé -d.’ié}n ndo dd biét:
t=pel (VI-19)
Trong d6; p - S& luong didm chwra bigt 46 cao.
D61 véi mot tram do géc biing ciing dwa ra duge nhiing k&t luan tuong .
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Hinh VI-6

Hinh VI-5

Hinh (VI-5) trong 5 hudng da biét (tdc 1a da bi€t géc phuong vi toa do ciia 2 hudng dé}

OC va OF con lai 3 huéng chua bi¢t. O day cén phai xdc dinh géc phuong vi toa d& clia nhiing
huéng 46 hoac xdc dinh vi tri tuong di cha né so véi nhiing huéng di biét nén dn 6 t=3.

Hinh VI-6, tdt ca céc hudng do déu chua bi€t gdc phitong vi toa do clia né, trong trudng

hop ndy chi cé thé xdc dinh vi tri twong d6i gifta chiing, do d6 chi cdn 3 gée 13 o6 thé litn he -

chiing véi nhau, nén s6 dn s¢ vin la t=3.
Tém lai, trén mot tram do géc bing, néu cé nhing hudng da bigt thi s6 An s¢ & 1a duge
xéc dinh theo cong thic sau:
* Tren tram do c6 hudng di biet:
t=s (V1-20)

* Trén tram do chua cé hudng nao da biét:

t=g-1 (Vi-21)

Trong dé: s - 6 huéng chua biét gée phuang vi toa 9.

A

D

Hinh VI-7
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Déi v6i Iu6i 1am gide do gée nhwr hinh VI-7, 0 vA A a2 diém da biét 1oa do, cdc diém cdn

Iai déu chua biét.

MB5i didm chua biét ¢6 2 4n 56 x vd y, do d6 56 4n 56 t = 2. (p-2) = 2.4=8, trong 4 p - téng
56 diém trong luéi. Néu diém B ciing biét toa d¢ thi s6 ins6lit=2(p-3)=23=6.

Truding hop 1uéi tam gide chua cé 1 diém no da biét toa do, nhu vay chi cb thé x4c dinh
duge hinh dang ca ludi, mi khong thé xdc dinh dugc sy 1dn nhé va phuong vi clia né. Déi véi
truding nay mbi hinh tam gidc chi cén x4c dinh 2 géc, nhu vy s6 4n s s& [a t = 2.4 = 8. Hodc
c6 thé chon I canh néo 1am canh c& dinh (tic la gid dinh tog 49 diém ddu ¢lia canh dé, chiéu
dai va phuong vi toa d6 ciia canh d6 da biet) dé xdc dinh vi tf tuong d6i cha cic diém khic.
Do d6 56 4n 56 vin la: :

T=2(p-2)=24=8

Ta cé thé tém tét cong thiic 4n 56 nbir sau:

* Trong ludi tam gidc dd c6 diém biét toa dé: _
(VI-22)

t=2(p-k khik>2
* Trong ludi tam gidc chura c6 diém nio da biét toa do.
T=2(p-2)khik<2 (V1-23)

" Trong dé:  p- Téng s6 diém trong ludt tam gide (k€ ca diém da bigt va didm chua biét toa

do);

k - 56 diém d3 bit toa do trong Judi. .
Thong qua mét 58 vi du ta thay ring: s6 lugng cdc 4n s8 khong phu thude vao s& cdc dai

lugng do, ma chi y&u phy thudc vio van dé binh sai. D6i véi vi du trén thi 4n 58 phu thude vao

holn todn vio d6 hinh. Do d6 chiing ta cén phéi ném viing néi dung chia ting bai todn binh sai

cu thé dé xdc dinh diing s6 luong dn s6.

VI-4-2. Chon in s6.

Sau khi x4c dinh xong s& hugng cdc &n 8, cong vige 1iép theo 1a chon nhiing gid trj xdc
suat dai lugng nao dé 1am 4n sg?

Trong binh sai gién ti€p 4n s6 dugc chon phii doc Iap véi nhau. Néu gitia cde 4n s6 dugc
chion t6n tai quan hé ham s nao dé, thi nhing 4n s6 d6 khong phai 1a doc [ap.

Vi du: Hinh VI-3 véi t= 2 c6 nhiéu phuong 4n chon 4n s6 vi mdi cap dn s§ duoc chon

cling déu 11 4n 58 djc lap
x=H x=Hhi
OF R
y=Hg y=hs
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Trong dé: h, =h, +V,. :
Chu § ring: d6i véi ludi do cao tao thanh nhitng vong khép kin, néu chon nhimg diém
chua biét do cao 12 4n 56 thi chiing déu 12 phiing 4n & dgc lap.

X=H| X=_=H4
(1 — ' (2){ —
y=h» y=hs

D&t véi (1) thi: H, +x = Hy+y tic la x - y+H,-Hy=0: Condmvél(Z)thl He+x=

Hp+yticlax -y He-Hp=0.
Nhur vay gifta x va y tén tai quan hé phy thudc. Digu ndy c6 nghla 12 khi bigt mot trong 2
4n s6 dé ¢6 thé tim ra dudc 4n s6 thu' 2, véi cdch chon nhir viy trén thu‘c 1€ da thigu 1 4n s6.

¥ét hinh VI-4 véit =4 ta chom:
.X=EAE; YT-EBE]Z=ECE;t=hDE_ .
T ' ry ; . L)
K¢ hiew: hy - Hiéu dg cao xdc sut nhét giita diém i va j, cdc fin 56 duge chon déy doc lap
hodc chon: )

X=hAB;y=hAE;Z=hAD;t=hEC

thi c4c 4n s§ déu vin doc 14p. )

D61 véi lodi d6 hinh niy ciing ¢6 thé chon do cao lam 4n s&. Muén vay chi cdn gid dinh 1
didm nio d6 di biét 46 cao 1Am co s, 4 diém cdn lai déu dat B 4n 56.

Trutng hop chen X = hae; ¥y =hee; 7= Ece L= hipe, chitng khong doclap vi t+z =y.

Tém lai: d6i véi ci 2 loai ludi thity chudn tr do va khéng t do, thugn tién nhdt chon cdc
diém chua biét do cao 1am 4n s6.

ét hinh VI-5 véi t =3, ta chom:

x=C0A y=COB Z=COD
Cic 4n s6 déu doc 1ap, hogc chon:
X=ECA y=BEOB z=EOD
thi chiing vin doc lap
Céc trudng hop chon #n 56 nhur sau thi gifta chilng tén tai quan-hé phy thude:
X=00A y=EOD z=AOB
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vi X = y -+ z nhw vay trén thue t€ van thigu | n s6, do dé OD khong x4c dinli dugre.
Hoic chon: x=C0D y=EOD z=COB
Thi ¢dc 4n 58 vin khong dge L4p vi: x+ y = COE (géc da biét trude).
Déi ludi tam gide h‘mh VI—?, thudng chon tog dé cha nhiing diém cin xdc dinh 1am én s6.
Lién he véi hinh V-7 thi t4t ¢4 c6 4 cap dn s6 1a:
(huv ¥Ye)i (Res ¥o)s (Xp, Yoi (X Ve

Tdm lai: Trong phu‘o’ng phép binh sai gidn 1i€p céc 4n sG duge chon phéi thod min 2 yéu

* ¢fu: 4t vi doc lap. Néu chc_m thigu 4n 6 thi sau khi binh sai mot s8 dai lugng ¢dn tim nao dé
+ vin khong duge xdc dinh, tic 1 khong thé loai trir dirge nhiing mau thuln trong bai todn binh

sai, do d6 muc dich binh sai khong thyc hién duge. Nguge lai, nén chon dn s6 thi trong dé
chiic chin s& c6 4n s5 gid va giia chiing ton tai quan hé phy thudc.
Vin dé chon nhém dai huigng chua biét niio 1am &n s6 1a y thudc vao ndi dung cy thé cila

fimg bai tofin va mc do thugn l¢i trong tinh todn d€ quy&t dinh.
V1-4-3. Thanh lap phu’dﬁg trinh gié tri do vA phuong trinh s6 hi¢u chinh

Sau khi chon xong 4n sé‘f ¢An cif vio ndi dung ciia bai todn vA dé hinh dé biéu dién gid tr]
Xéc sufit nhat clia dai lugng do (I, + v,) duéi dang cla cc dn s6, tie 1a: | + v, = fi(x, ¥, Z,...U) Vi
goi 1a phuong tunh gid trj do thif i (i = L+n). ‘

Nhu viy, né’u cb n gid tn dothis€ c6 phmmg trinh. Chuyén gid tri do sang bén phai
chiing ta nhan dircc n phuong trink s8 higu chinh.

Vi dy 1: Trén tram do O (hinh VI-8) cé 4 huéng, tién hanh do 6 géc v nhin dugc ket qua:

1, = 48°1701"
I, = 96"5219"
I, =152°54'10"

1, = 48°3512"
1, = 104°37'07"
I, = 56°01'49"

Haly vigt phuong trinh s6 hiéu chinh?
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Hinh VI-8
Gidi: Trude tién xac dinh s6 4n 56 t theo cong thite (I-21) tacét=4-1=3

Chon fn s6 13 x, v, z nhu d3 biéu dién trén hinh vé.

- Cédc phuong trinh gid tri do [a: |
I, +v, =x }
L+v,=x+y
L+vi=x+y+z
ly+v, =y
ls+vs=y+z

lg+ve=2

“

Clyén cédc gid trj do L sang bén phai s& nhan dugc phuong trinh 56 hiéu chinh.
vi=x-1
vy =X+y-1,
Vi=X+y+z-ly

Vy=y -1,

Ve =2Z— I
X=X, + 8,
Pbat Y=y, +39,
z=1,+9,

Chon:
x, =1, = 48°17'01"
y, =1, = 48°35'12"
z, =l = 56°01'49"

Thay vao phuong trinh s& hiéu chinh s& nhan duge dang:

V1=5x+0
v, =8, +8, -6
vy=8,+3,+0
v, =98, +0
vy =0, +8, -6
v, =68, +0

56 hang tu do 14y don vi 13 giay.

Vi du 2: Trong luéi do cao (hhih VI-9) céc hiéu d¢ cao do duge va chiéu dai cdc tuyén
tuong ting nhu sau:

h, =+0.023m;  S,3=5km
h,=+1.114m;  Sye= Skm
hy=+1.142m;  S,=>5km
h, =-+0.078m; Sip=2km
he=+0.099m; Sy =2km
h,=+1216m;  Spc=2km
B
Iy
, by
A
C
hy
Hinh VI -9

Hay thanh [ap phuong trinh s6 higu chinh.
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i
i
|
|
I

Gidi:
Theo cong thitc (VI-19)ta cé: t=4-1 =3, ;
Ta chon hiéu do cao x4c suit nhat gilia cdc diém D - A; D - B; D ~Claen 4n 58 va 1dn luot
biéu dién bing x, ¥, 2.
- Dura vao d6 hinh vigt cdc phuong trinh gid tri doi
hy +v,==-x+y

h,+v,= -y+z
hy + vy =-X +2
h, +v, =

hs + v = +y

he + vy = + Z

- Chuyén thanh phuong trinh 53 hige chinh:
;\’1 =-x+y-h,

v,=-y +z-h,
V= -X 42 -hy , )
.\f4= x-hy
vy=y -hs
Vo= 2B
va X= x;, + 8
Y=Yt dy
2=2,+8,

Chon gid tri gin ding cha 4n 56 li:
" %g = h, =+0.078m

¥o = h; =+ 0.09%m
7y =hg=+1.216m

Thay vao phuong trinh s6 hiéu chinh trén s& nhén dugc dang cudi cling 1a:
vy=-38,+0,-2 v =+8,+0
v,= -8, + 8,43 vs=48,+0
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Cvy=-8, + 8,4 V=38, +0

56 hang 1 do 14y don Vl 14 mm.

Qua 2 vi du trén c6 thé dua ra trinh tr cdc bude thanh 14p phuong trinh s6 hiéu chinh va
nhfing diéu cdn chit § trqﬁg Quzi trinh thanh I4p nhy sau:

a. Dua vao ndi dung cy {hé cfia bai todn binh sai d€ xéc dinh s8 lugng cdc dn s6.

b. Chon 4n s6 phai thoa min hai yéu cdu: db va doc lap.

c. Vi€t cdc phuong trinh gid tri do, biét ring ¢6 n gid tri do s& thanh lap dirge n phong

trinh.
Néu 56 4n s6 bing t thi dang cha phuong tiinh gid tri do s la:
L+ v, =ax + by 4. u+d
d, = £,(Xy,Yrllg) - hiing s6 (i = 1 +n)
d. Chuyén thanh phwong trinh s& hiéu chinh dang:

V= ax b by . U Fd-

e. Dua vio gid tri do d€ tinh c4c gid tri gin diing clia n s6: x, Y,....t1, vA dit
X=X, +8,
Y=Y, +8,
u=n, +8§,

Thay vao phuong trinh $6 hiéu chinh dge:

vi =8, + b8, bt 18, + (X, + By, + e+ dy 1)

o
ba o Li=axy+by, 4ot d -]
v nhén duge I;hu'dng trinh s§ hign chinh cudi ciing:
.‘Vx =28, + BB, +ueeer 8, 4+ 1y
Chit y: L, va |, ¢6 d chinh xdc nhu nhau vi trong 6 ¢ha nd déu 13 p,.

Duya vao hé s6 va hang ty do clia hé phuong trinh s6 hi¢éu chinh, déng théi chii § dén trong
s& chia cc pid tri do dé thanh 13p hé phuong trinh chudn ¢ dang;
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[paa]d, + [pab]d, +...+ [pat]3, +[pal]=0
(pab]8, +[pbb]8, +..+ [pbe}d, + {pbL}=0
. [pat], +[pbt]d, +.. + [ptt]8, + [ptL}=10
Sau Xhi gidi he phuong trinh chudn s& nhan dugc céc gid ui ,, 8,.... &, va 14n Tugt vdi gid
trj gin dting Xq, Yo---. Uy ta s& nhan duge gid tri xdc suslt nhat X, ¥,....0.
Ciui‘)'l:
- Trong qué trinh tinh todn binh sai chi duge sir dung 1 nhém duy nhat cdc gid i gdn
diing ciia an 6. ‘
- Vi diing céc gid tri gin ddng cla dn s6 dé tinh, nén gid tri cla s6 hang ty do L; trong
phuong trinh 6 higu chinl tudng d6i nhd. Do d6 don vi clia né s& 1dy bing don vi cudi ciing
clia gid trj do. '

VI-5. KIEM TRA VA THANH LAP. HE PHUONG TRINH CHUAN

Trong binh sai gi4n ti€p, sau khi thanh 1ap duge dang cuéi ciing cla phuong trinh s6 higu
chinh, céng viéc ti€p theo [a thanh 13p hé phivong trinh chudn. Gia thi€l bai toén binh s;ai bao
gémngidtridovsit 4n s3 thi hé phuong trinh chudn cé dang:

[paa)d, +{pabld, + [pac]s, + ..+ [patld, + [pal] =0
| [pab]d, + [pbbld, + [pbcld, + ... + [pbt]d, + [pbL]=0
[pacld, -+ [pbeld, + [pccld, + ...+ [petld, + [pcL]=0

[pat}d, + [pbt}d, +[pectld, +..+ [pit]s, +[ptL]=10

DE trénh sai sét trong qué trinh thanh 1ap he phuong trinh chudn, cdn phéi tinh todn kidm
tra nhu sau:

* Kiém tra cdc hé s6 vi s& hang tu do trong céc phuong trinh 56 hi¢u chinh theo cong thic sau:
a, +b, +61 o b Ly =S
a, +by, +¢y + . F 1t Lz =85, (VI-24)

. a, +b, +c, +..+t, +L, =5,

Tinh ddng téng biing cdch cong theo cédc cot doc clia hé (VI-24). Néu tinh ding thi phai
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[a] 4 [b] + [c] + ... + [t] = [L] = [s] (VI-25)

* Kiém tra hé s6 clia he phuong tiinh chudn

Sau khi kiém tra cdc hé s6 va s& hang ty do ciia phuong trinh s& hiéu chinh, tiép tuc tinh
céc hé s& v s6 hang tu do ciia hé phuong trinh chuin. Kiém tra céc hé 56 va s6 bang tr do ciia
hé phirong trinh chudn thee cong thife sau: :

[paa] + [pab] + [pac] + ... + [pal] = [paS] ]

[pab] + [pbb] + [pbe] + ... + [pbL] = [pbS]
[pac]} + [pbe] + [pee] + ... + [pcL] = [peS]

v

(VI-26)

[pat] + [pbt} + [pot] + ... + [ptL] = [ptS]
[paL] + [pbL} + [pcL] + ... + [pLL] = [pLS]

Tinh déng téng b?lﬁg céch cong theo cdc cot doc clha hé (VI-26). Néu ding phéi co:

[paS] + [pbS] + [peS] + ... + [pLS] = [pSS] (V1-27)
Céc cong thike (VI-24), (V1-25), (VI-27) sl dung @€ tinh kiém tra wrén bing VI-1.
Bdng VI-1
Hé phuong trinh s¢ hi¢u chinkh
TT P : §]
a] b] ‘el L]
1 P, a b, c Ly S,
2 Py Az b, G L, S
3 P, 33 by Ca Ly Sy
n P, a b, ) L, S,
{ 1] [a] [b] {c] L] (sl
He [Pa [Paa} [Pab] [Pac] [PaLj [PasS]
phuong
trich {Pb {Pbb] [Pbe] {PbL] [PbS]
chudn [Pc [Pec) [PeL] {PcS]
[PL fPLL] [PSS]
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VI-6. GIAl HE PHUGNG TRINH CHUAN THEO PHUGNG PHAP GAUSS

Phuong phdp Gauss dya trén co s¢ khir dén céc 4n s6 trong he. -

Vi du:
[Pa]s,+ [Pab]d, + [Pac]s. +[PaL] =0 @)
[Pab]8, + [Pbb]4, + [Pbc]d,+ [PbL] =0 (b) (V128)
[Pac],+ [Pbe]s, + [Pec]8,+ [PeL] =0 ()
Tir phuong trinh (a):
_._[Pabl [Pacl, [Pal] Viz9)

o [paa] ¥ ([Paa] * [Paaj

Phuong trinh (V1 - 29) goi I phuong tinh khis thi nhdt ()
Thay &, tit (VI - 29) vao hai phuong trinh (b) yh {c)cla h¢ (VI?_ 28) 1ach

. Pal.
[{Pbb] ~ [1%;113][1)&‘0]}.)er [[qul _ [Pab][Pac]]az . ([PbL] - .[Pa[bfzia]a ]) -0

[Paa) ‘ 7 [Paa) . 1‘ (V1-30)
[Pab][Pac] ., [Pac][Pac] ( - [Pac][PaL]) o
[[Pbc] _—_[-Paa] J8y+([Pcc] _——[Paa] )8, +1 [PcL) ——-——‘ [Pa]
K¢ hign: _ .
: _[PabIPab) _ ot 1y ]
. [Pbb] Toaa [Pbb.1]
_ [Pab][Pac] — [Phe.l _
[Pbc] Pan] [Pbe.1] | L
(Pecj — P2clPacl _pec 3 L (VI-31)
[Paa]
[PbL] - [PabliPal] _ rpop 13
[Paa]
oLy — P2PaL] _ pey, py -
. [Paa) J
Vi vy (V1 - 30) c6 dang
([Pbb.1]8, + [Pbe.1]8, + [PBL.1] = 0(b) -
([Pbc.113, + [Pec.118, + [PcL.1] = 0{c,)
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(VI-32) goi la phuong ffmh bién déi 14n thit nhat,
Tiy phuong tinh (b,) cfia hé (VI - 32) x4c dinh 4n $6 8,
__ [Pbe.1] 5 [PbL.1}
©7Y [pbb.1] * [Pbb.1]

(&) -

Phuong trinh (VI - 33) goi 12 phuong trinh khir 14n thit hai ky higu ¢,.
Thay 8, vao (C) cha he (VI - 32) ta duoc:

([PCCJ] 3 [Pbc.l].[Pbc.l]]sz . ([PcL_l] _ [Pbc.l].{PbL.l]J .0 (VI-34)
[Pbb. 1] [Pbb.1]
[[Pcc.l] - ——-[Pbc'll'[Pbc'l]J = [Pcc.2]
: [Pbb.1]

Ky hieu: . (V1-35)
; ([PcL.l] - W[Pbc'l]'[PbL‘l]] ~ [PcL.2]
. _ [Pbb.1]

Do d6(V1 - 34) c6 dang:
[Pec.218, + [PcL.2] =0 (c,) (VI-36)

Phurong trinh {¢;) 12 phuong trinh bign déi lén thif hai trong d6 da khir c& 4n s6 th 2 8y, Tir
phuong trinh (VI-36) ta c6:

. __[PeL.2]

* [Pcc . 2]

() L (VI3T)

(VI-37) goi 1a phuong trinh khir lin thi 3.

Qua bign déi ta thay ring s6 phirong trinh kit lusn ding bing 6 4n trong hé phuong trinh
chudn (VI-28). Nhw vay hé phuong trinh chudn (V1-28) ¢6 thé thay béng mot hé phuong trinh
twong duong:

" - [paald, +[pab]d, +[pacls, + [pal.]=0
[Pbb.113, + [pbe.1]8, + [PbL.1]=0
[pcc.2}8, + [PcL.2]=0

Tir hé phuong trinh trén dé dang xdc dinh dugc cdc an 58 8,5, 8,
VI-7. TINH SAI S8 TRUNG PHUGNG TRONG SO BON VI

Sai 56 trung phirong cita dai lugng bat k¥ nio d6 ¢6 thé xdc dinh theo cong thifc:
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Trong dé:

j - Sai 5.6 trung phiong trong s6 don vi;

P, - Trong 56 dai lugng cén dénh gid da chinh xdc.

Nhu vay viéc dénh gid 46 chinh xdc gém 2 viln dé cy thé:

- Xic dinh sai 50 trung phuong trong 5§ don vi.

- X4c dinh'trong s6 cla dai lugng ¢in dénh gid d§ chinh xdc.
Sai s6 trung phuong trong sd don viz

[Pvv]
n—t

p=t

Trongdé: n-t=r- S5 dai lugng do thia,
v,- 8§ higu chinh ca dai lugng do;
p;- Trong 6 ctia dai lugng do.
Néu t = 1 thi cong thifc (VI-38) c6 dang:

[Pvv]
n—1

p=t

(VI-38)

—

Pay 1a cong thic tinh . trong binh sai true tigp khong cling ¢6 chinh xdc mt dai [ugng.
Tt cong thitc (V1-38) ta thdy mudn tinh . thi trude tien phai tinh [Pvv]. Cdc phuong phap tinh

[Pvv] nhur sau:

a. Thay cdc fn s@ vao phuong trinh s6 hiéu chinh s& tim dugc v, binh phuong v, sau dd

nhan véi P, tuong tmg va 1€y tdng ta nhan duge [Pvv].
b. Xuat phdt (it cong thic

v, =a;8, + b, +... + 15 +1,
Nhan 2 v& cha cong thitc (VI-39) véi p; v; 1ol iy tdng nhan duge:
[pvv] =[]

Trong dé:
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(VI-39)
(V1-40)

(VI-41)

vI-8. TINH SAI 50 TRUNG PHUONG cla CAC AN SO NHAN PUGC SAU

BiNH SAl
D& tinh sai s6 trung phuong clia cac dn sd trude hét phai bign déi mdi dn s
tri tryc tigp L.
Trong binh sai gidn ti€pl, = 1§ (Xan Yoooollp) (i = 1 5 m) MR T = [y
Mt khdc ta lai ¢
X=Xyt By
y=Yo+ 9,

Cho nén

m, = Mgy

& 13 ham cic gid

Diéu dé ¢6 nghia 1a hodn tohn 6 thé bidu disn mdi 4n s6 & dang ham chia sd hang ty do L

v chi cin thanh lap cong thifc tinh sai s trung phuong clia cic s6 higu chinh

4n s0.

Muén 1ap ham cta mot 4n s6 ndo 6 chi phu thuge va dai lugng L; €6 thé thuc hign bing

cdch khir déng thif cdc 4n s6 khdc trong hé phuong trinh chudn, Noi dung cilt

a phuong phdp 12

dua vio h¢ 56 nhan chira xdc dinh Qy, trong dé i ding 48 chi 56 thit ty 4n s& cén giff lai wong

he phuong trinh chudn con j 2 s6 thit ti phuong trinh cha hé.
Vi dy: C4 he phuong trinh (VI-42)

[paals, +[pal.3]6), +....+[pat]3, +[pal]=0
[pab]8, +[pbb]8, + .. +[pbt]3, +[pbL]=0

[pat]3, +[pbt]8, +...+ [ptt]3, +{ptl.]=0

(V1-42)

Muén cho 8, 12 ham clia cdc dai lugng L, ta nhan mbi phuong tinh trong he v&i mot 56

nhan chua xdc dinhk Q; G = 1,2, rdi cang lai ta duge:

161

[ U L R




{ [paa]Q, +pab]Q, +. o+ [pat]Qy, )8, +
([pab]Q,, [pbb] Qs +..rnt [PBE] Qi }8, +

; [pat]Q“ +[pbt1Qu. [pn]Q,)3+
([p aL]Qn+[PbL]Q13+....+[ptL]Q“ )=0

" Céches6 Q,; chira xdc dinh, nén ¢6 thé dat diéu kién.

[pea]Q, +[pab] Qs + - +[pat}Qy =1
[Pab]Qu + [Pblel" ot [pbt]Qlt =0

[pat]Q” [Pbt]Qn"' +[Pﬁ]Qu —0

' (VI-43)

(V1-44)

He (VI-44) goi la he phﬁung trinh trong 6 doi véi 4n s6 thit nha;{t véi dién kign (VI-44) ta

cd:

-8, =[paL]Q;, +[pbL]Qys -+ +[ptL]Qy

Dlay 13 phuong trinh s& hiéﬁ chinh cho dn s§ thif nhét.
Khai trién (VI-45} s€ nhan dugc:
-8, =(ps2 1Qu +P1b Qp +ent Pty Qn)L| +

{p52,Q P20y Qyy +ot PatyQu L2+

(pnaanl + puanll Fot pnthlt)Ln

oty =p; (8 Qpy +biQyp oot Q)
- t=12..n

Nhuvay —8, = oL, + 8Ly +ewt 0L,

Ta nhan thdy & 12 hdm clia cdc s6 hang ty do L; va s& tim duge:

oyl 2 R
L S Lo
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{(V1-45)
/

(VI-46)

(V4T

(V1-48)

Hay e (VI-49)
Ps, p

P tinh pLdé dang, ta bi¢n ddi v& phai cha cong thie (VI-49). Muén vay ldn lugt nhin
5 : .

(VI-46) véi a, by, 1, vA SE-18i 1Ay tng déng thoi chd ¥ dén (V1-44) ta s& nhan duge:
P

; (VI-50)

Do dé . Leq, (VI-51)

N . 1
va S, M =1 ;—'—'NQH
T 8y

Day 1a cong thiic tmh sa1 s& trung phuong clia 4n s6 thit nhét sau khi binh sai.
 Ta ciing lam twong ff nhu irén d6i véi cdc &n s6 con lai, cu thé 1a lin lu'ct dem
Q,;Q;;.Q4(=1L2...0) nhan v6i hé phuong trinh chudn (VI-42). Trong s6 dao chia céc 4n 56 con
lai la:

LI
Py, Qu
S
o L (VES3)
1
—=Q,
pﬁu J

vA sai 56 trung phuong cha céc dn s6 con lai s& 1a:
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- .
ma’_=H/P—=M Qn
af
I
max=uf1,—=u Qs ¢
8,

’ 1
m6n=i'l‘ 'P_-=“' Qu
EI

Qi Quzyevrn Qu bing trong 56 ddo clia cde dn s& nhén duge sau binh sal vi the goi ching
12 hé s0 trong s6. Cac hé s¢ ndy cé thé tinh dugc bing cich gidi cdc hé phuong trinh (VI-44)
va ¢dc hé phuoeng trinh sau: ‘

(VI-34)

[paa]Q,, + [pab]Qy, +.... + [put]Qy =0
[pab]Q,, + [pbb]Qy; + ...+ [pbt]Qy =1
[pa°]Q2| +[pbc] Qyy +eme +[P°t] Qy =0
[pat]Qzl + [pbt]Qz2 +...+ [ptt]Q;ZI =0
(VI}-55)

[p2a]Q, +[pab]Q,, +....+[pat]Q, =0
[pab]Q, +[pbb]Qe + ...t [pbt]Qn_=0

[0 {300+ 4 lprl0 =1

Cdc h¢ s0 clia cdc hé phuong trinh nay hoin todn gidng nhu hé s8 cha hé phuong trinh
chugin (VI-42) chi khdc nhau vé 4n sd va s§ hang ty do.

Do dé viéc giai hé phuong trinh trong s6 tuong tr nhu gidi hé phuong trinh chudn da trinh
bay & trén.
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Chuong YII .
PHUOGNG PHAP BINH SAI BIEU KIEN

Vil-1. KHAI NIEM VE BiNH SAI DIEU KIEN

DE 6 diéu kién ki€m tra két qui do vA nang cao dd chinh xdc céc yéu t§ cdn xdc dinh,
ngudi ta ti€n hianh do thira,

V{ dy: Mudh xéc dinh hinh dang cfia mét tam gide nhw hinh VII-1 ngodi y&u 1§ vé chiéu

dai canh d4 bigt, chi cin do 2 géc, nhung trong thuc t& ngudi ta do ca 3 géc.

Hinh VII-1

Nhu v&y 1a c6 mot dai lugng do thira.

i Do c6 mét dai Iuong do thita fy nén cé mot diéu kign hinh hec cédn phii dugc thod mén 13

: téng 3 géc trong mat tam gide phai bing 130", Nhilng diéu kién hinh hoc hodc v4t 1j thudng

i duge biéu dién dusi dang cic phuong trinh todn hoc nén goi I3 phuong trinh diéu kién.

! Goi A, B va C1a gid tri thuc clia 3 gdc trong mét tam gidc thi phwrong trinh diéu kien 1a:
A+B+C-180"=0 (VII- 1)

Thuc 1€ khong biét gia trj thuc cia dai lugng do ma ding phuong phip binh sai, chinh 1y
thuyét ket qua do dé tim gid tri xdc suft nhét cfia ching. Neu k¥ hiéu gid tri xdc sufit nhéi cid
3 géc trong tam gidc 14 x,, X, X, ta cling ¢d phuong trinh di€u kién

X+ Xt X, - 180°=0 (VII-2)
Trong d6 gid tri xdc xuit nh#t vi gid iri do, s6 hiéu chinh c6 quan hé vé6i nhau la:
x=l+v

(VII- 3}
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- thuyét, thudng goi 12 sai s6 khép va ky hiéula W. Trong trudng hop nﬁy

Vi vay ta viét phnrong trinh (VI - 2) dusi dang:

1)+ v)) + (gt o) + (Lot va) - 180"= 0
hay Vot Vot vt (L L+ 1) - 180°= 0 (VII- &

Trong phuong trinh diéu kign (VII- 4) 36 hang tw do bing hiéu s6 gid tri do vk gid i 1§

W= (14 1,+1) - 180" (VII- 5)
Nhu viy phuong trinh diéu kién (VII- 4) s& ¢6 dang:
v vyt Vet W= 0 (VIL- 6)

Téng quét hod cho trudmng hop cé n dai lugng do, trong dé cd r dai lrgng thira thi s€ cé 1
phitong trinh didu kién. ‘ :

Van dé dat ra I3 phdi g1a1 bai todn dé fim ra céc s8 hiéu chmh v, theo nguyén 1§ s6 binh
phirong nhé nhét, tic 13 [pw]-' rmn, déng that phai thod mén r phl.ro‘ng trinh diéu kién da lap
ra. Py 1i thue chit clia phuong phap binh sai diéu kién.

Vii-2. LY THUYET BiNH SA! BIEU KIEN : )

Gia thiét phai gidi mot bai todn trong d6 c6 n dai lugng do cé"ééc gia tri 1a 1), L, 1.1, v6i
céc trong sO tong vdng 14 P PP P,

S5 cdc dai lrong do cén thiét t6i thidu 12 t, con s6 cdc dai lucmg do thira 12 r=n-t. Nt viy
s& c6 1 phuong teinh dicu kién doc 14p.

Néu k¥ hidu gis tri binh sai cha cdc dai lugng do 12 x, X3, X3 Ky thi dang téng quét cia

phuong trinh diéu kién la:

F(%1:%0 %3--%,) =0 {(VIL-7)
" (j=a,b, )

'I‘hay (VII- 3) vao (VTI- 7) vi néu phuong tinh didu kién ¢6 dang phi tuyén tinh thi khai
trién theo chudi Taylor 161 cdc 56 hang bic nhit s& duge phv:cmg trinh didu kién dang tuyén
tinh:

avpt a2v2+...anv,l'+ W,=0
b+ byvt byt W =0 (VII-8)

I+ Vv, Wo=0
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oF,

' F &R,
Trong dé: g=—L 1 b =—2 ; p=—"
rong do Y ;

a, al,

W,=Fj(L, L., [2 52i 36 Knép.

Theo phuong phip bmh phuong nhé nhit [Pvv] = min déng thdi dién kien (VI-8) clng
phai duge thod min, ching'ta phii gial mot bai todn cyc tri ¢6 diéu kién. Theo Lagrang, bai
todn nay fuong duo'ng véu Ibai todn fim cue tri binh thudng clia ham.

¢ = [PW] 2K, .E, - ZK By~ ZKF min

Trong dé: K; (]—a b,.. ,r) 12 cdc he s§ nhan cin tim, duge goi & céc he s§ Lagrange va trong'

tréc dia goi 14 cdc sd'lién hé,

Pé fim cue tifu cha hhm (VIL-9) ta 1in luor 14y cdc dao him riéng clia ¢ theo v, réi cho
bing khéng. -

a¢ = 2BV, ~ 2K 3, —

2K,b, = . — 2K =0

Do d6 ifi = l @K, + bK, + .. +1K,) (VI-11)

-

“Tir (V TI-11) ta thiy dé tinh s6 hiéu chinh V, trudc hét phai biét cic s& lien hé K. Mudn
vay ta l4p hé phuong trinh d€ gidi K;. :
Thay céc V; tit (VII- 11) vio timg phuong trinh diéu kién trong hé (VII-8) va sip x&p lai ta cd:

g R, v —K,+Wh=0
P P P
b | 2, | E R, W, =0
P P P
[%]Ks.+[%}1{b o +[%]K, +W, =0
He (VII-12) 14 hé phwong trinh chudn s6 lien hé. Hé phuong trinh chudn s6 lien hé c6 s0
phuong trinh bing sd dai lugng do thiva (r), méi phuong trinh trong h¢ déu cé dang myén tinh.

v

(VI-12)

“He c6 mdt dudmg chéo chinh di qua cdc h¢ s6 binh phuong, cbdn céc hé s6 khdc bing nhau

ting d6i mot vh d6i xiing qua dudng chéo chinh.
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VII-3. PHUONG TRINH BIEU KIEN SO HIEU CHINH

Lap phuong trinh diéu kign sd higu chinh Ia khau ddu tién c6 ¥ nghia quyét dinh trong binh
sai diéu kién. Can phai 1ap dit s§ lugng va bao dim tinh chat doc lap ciia cde phuong tinh diéu
kién Iap ra. Tinh chét dgc lap & day 13 doc lap tuyén tinh, tic 14 mot phuong trinh diéu kién nay
khong thé duge suy ra tir cde phuong tinh didu kign khée. Hay néi cch khéc, mat phuong trinh
didu kién nio d6 khong phai 14 té hgp tuyen tinh cia cdc phuong trinh diéu kién con lai.

Tuy theo timg trudng hop cu thé, phuong trinh diéu kién ¢6 nhiing loai khic nhau. Xdc

dinh diing 56 lugng cha timg loai 13 diéu quan trong dé xdc dinh ding tdng s6 phuong trink
diéu kiéen va tinh chat doc 14p cila ching.

Ta biét ring: Téng s§ phuong trinh diéu kién doc 14p ludn luon bing s6 lugng do thira va
dugc xdc dinh theo cong thic: r=n - t.

Trong dé: t 1a s¢ lugng do cdn thidt, ding bing s& &n 56 doc kap khi binh sai theo phuong
phip gidn ti€p.

Trong tréc dia chiing ta thudng ti€p xde véi lwéi mat bang vi ludi 4o cao. Hai loai luéi nay
déu cd thé 1a ludi tr do hodc Iudi phu thuge, tuy theo 58 liéu gdc trong ludi.

Luéi tr do 1a luéi ohi ¢6 sd liéu g t6i thidu, vira di dé xdc dinh vi trf v kich thudc cla
né trong mot hé tog do nhat dinh. Ludi ¢ s liéu géc nhiéu hon s& liéu t6i thiéu thi goi L lirgi
phu thuge. /

D6t véi ludi co dé cao, 54 liéu goc 161 thiéu la d6 cao cla mot diém. Con déi véi luéi mat
bing, do gdc s6 Liéu gdc 161 thiéu 13 toa d9 clia mot diém, chiéu dai chia mot canh vi phuong vi
toa do clia mét canh, hodc thay cho hai y&u t6 sau 13 mét toa do ciia mét diém nita, tic 1a toa
dg ciia hai diém. D6 v6i luéi mat bling do gée canh, thi s& litu goc t6i thiéu 13 toa do cha mot
diém va phuong vi cia mdt canh.

* Trudng hop trong i khong c6 (hodc con thigu) cdc y&u 1 da bigt ding lam s6 lisu gde
thi phdi gid dinh hodc do dé c6 s6 ligu 16 thifu.

Sau day chiing ta s& x4dc dinh téng s6 phuong trinh diéu kién cho luéi toa dé va [uéi mat
béng ty do va phu thudc.

Neéu ding cho céc ki hien.
p - Tong s6 diém trong luéi;
k - 86 diém ¢4 biet;

a. Ludi d6 cao ti do: r=n-(p-1) (VII-13)

" b. Lu6i d6 cao phu thude: 1 =n-(p-k) av-14)

c. Ludi mat bang tu do: ‘r=n-2{p~-2) . (IV-15)

.d. Ludi mit bang phy thuge:  r=n-2(p-k) (IV-16)
168

VII-3-1. Phuong trinh diéu ki¢n trong luéi d cao

Vi dy I: Xét ludi te do ¢hinh VII-2). Trong trudmg hop ny ta 6 n=8, p= 5. Vay ting 58

phuong tiinh diéu kién ia:
r=8-(5-1)=4

Dé viet cdc phuong trinh didu kién ta ki hiu.

%~ gid tri hinh sai cfia higu d¢ cao trén dudng do thi i

h- gid trj do clta hi¢u d§ cao.

Hinh VII-2

- V6i céc ki hi¢u trén va chi ¥ dén hudng ciia dudng do ta viét duge 4 phuong trinh diéu

kién gi4 trj binh sai.
X tX,—~%X5=0
X, + Xy —Xg =0
X+ X - %, =0
Kyt X ~Xg=0

- Chuyén thanh phuong trinh diéu kign s6 hiéu chinh.

Hinh VII-3 -
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+ W, =

Vi —-V;+ Vg 4

A7) -V Vg + W, =0

v, v+ Ve ok W, =0

v, + Vs vy + Wy =0

Trong d6:

' . W, =h, —hg+hg
‘W, =h, —hg+hy,
W, =h,~h, +hy
"W, =h,+hs—hy

Vi dy 2: Xét lu6i phu thude (hinh VI - 3) trong trudng hop nﬁy-ta ehin=5;p=bk=4
Vay téng s6 phuong trinh diéu kign i r=5(6-4)=3. '
Néu ta ki hiéu do cao da biét céc diém A, B,C, D1a: Hy . Hy. Hc, Hp
Ta viét dugc céc phuong trinh didu kién gid trj binh sai. g
X, — %, +H, —Hy =0
x4 —%stHe =Hp =0

L

X, + %y =Xy +H, ~He =0

Chuyén thanh phuong trinh diéu ki¢n s6 hiéu chinh:

My = Va +W, =0
v, - Vs +W, =0 .

v, +v,—-v, W, =0 -

_Trongdc‘): _
anhl_hz'*'HA_HB ) ;
W, =h,~h;+He - Hp
Wc=h,+h3—h4+HA—Hc

Nhian xét:

- Phuong trinh diéu kién trong ludi d§ cao c6 dang tuyén tinh rat don gidn, § nghia cla né
12 tng gid tri binh sai cha cdc higu d6 cao trén mot dudng do khép kin phai bing khong; hodc
xudt phét tiY 4 cao cia mot diém gdc thong qua gid tri binh sai clia cdc hiéu do cao trén mdt

dubdng, tinh dén mot diém géc khéc thi d6 cao tinh duoe phéi khép v6i do cao dd biét cha diém

gdc ay.
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- Cdc phuong trinh- didu kién ciing c6 thé viét theo cdc dudng do cao Khic nhau, nhung
phai ddm bio tinh cht doc 14p tuyé&n tinh va don gian, tién tinh todn.

VI1-3-2. Phuong trinh didu kién trong ludi tam gide do gée

Trong ludi tam gide do gée 6 thé duge binh sai theo géc hodc theo hudng. Sau diy ta xét
phuong trinh diéu kién trong luéi do gée.

a. Luci tam gidic tir do

Trong thyc t& ching ta thuding gip cdc lusi ty do cé dang nhu hinh (VII-4) trong dé:

Cic diém duoc ddnh dau bing A I3 cdc diém gdc da biét toa d6. Trong ludi cling c6 thé cé
nhiing diém khong dat du::jc mAy vi c6 canh chi do méjt huéng.

Chiing ta vin ding kl":hiéu & phén trén va them cdc ki hiéu:

p- 56 diém khong dat mdy duge.

L - Téng s& canh tam gidc trong i,

L-S5 canh tam gi4c chi do mot hudng. ‘

Chiing ta c6 thé xdc c.j‘.inh s6 lugng timg loal phuong tinh difu kien thudng gip trong Iwéi
tam gide ti do theo céc cong thiic sau day:

* Pinong trinh dié kién hinh

¥ nglifa chia phuong trinh diéu kien hinh 13 téng céc gid tri binh sai cla cic gée trong mot
da gidc phai bing gid trj 1y thuyét cha né 1a (n-2)180°, trong 46 n 12 56 canh da gidc.

Chiing ta nhan thé’y‘ring chi c6 nhiing canh tam gifc duge do 2 hudng méi co thé tao
thanh phuong trinh diéu'i_ciép hinh. S5 Iugng nhiing canh dé Ja (L-L). Nhung nhiing canh dé
phéi dii d€ n6i cdc diém tam gidc ¢6 dat mdy thanh mot dl.r.Emg khép kin. 86 di€m c6 dat mdy
ta (P-P), do dé s6 canh vita dit d& ndi nhimg diém d6 thanh mét dudng khong khép kin 13 (p-
p)-1). S6 lugng canh cbﬁ thira chinh 12 s& phrong trinh diéu kién hinh. '

Ry =L-LY-{(p-pH-1

Hay: Ry=CL-~LY-(p-p)+1 (VII-18)
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Hinh VII-4

Vi dy: D61 véi udi (hinh VII-da) ta ¢é p=7, p= 0, L=12, L=0.
Vay R, =12-74+1=6
D6 chinh 1 6 phuong trinh didu kién hinh tam gidc. Ta ¢ thé vi€t duge phuong trinh didu
kién s hiéu chinh che mdt trong cic hinh tam gidc clia ludi, ching han tam gide ABO.
ViV, + v+ W =0
Trong dé: w, =B, + B, + By —180°; p - 1a gid trf thiz i.
P3i v6i ludi (hinh VII-4b) ta c6 P=4, P=0, L=6, L=0.
Viy Ry=6~4+1=3
D3I voi luéi (hinh VII-4d) ta cé P=6; P=0; L=10; L=0.
Vay R,=10-6+1=5.
Dé don gidn ta chon 4 phuong trinh diéu kién hinh tam gide vi mot pﬁuo‘ng trinh diéu kién
hinh da gidc AB31.
Ddi voi luéi hink (VII-de) ta ¢ P=15; P= 0;:L=30; L'=0.

.« Vay Ry =30-15+1=16. Trong d6 15 phuong trinh didu kién hinh tam gidc va met
[ phuong trinh diéu kién da gidc mudi canh BCDEFGHUK.

‘ * Pluconig trinh didu kién vong

Y nghia hinh hoc cha phuong trinh didu kign vong 12 trén mot tram mdy cé n' hudng, thi
gid tri binh sai cha téng n' géc c6 dinh 12 tram mdy &y phéi bing 360".

: Néu chi do ¢ (n' - 1) gée thi tram mdy khong c6 phuong triinh didu kign vong. Trong toin
uéi ¢§ (2L-L) huéng, née mbi tram méy bét di mét gic thi toan Iudi chi do:
{(ZL - L")y — (P — P")}géc thi ludi khong c6 phuong tinh didu kién vdng S6 géc thira
chinh bing s& phuong trinh diéu kién vong:

R,=n~{@2L-LY—-(P-P)}=n0-~QL-LY+{P-P) (VII-9)

Ta nhén thay ring phuong trinh diéu kién vong chi xust hién trong da gidc trung tam cé
do 14t ca cdc géc & didm trung tam 4.
D61 v6i Ludi (hinh VII-4a) chi cé mét phuong trinh diéu kién vong 1a:

VitV kv v v v+ W, =0
!E Trong dé: w, =B, + Py + s + By +Bs + B, —360°
J .
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* Phirong trinh diéu kién cire

¥ nghia hinh hoc ciia phuong trinh diéu kién cye 12 xudt phét tir mot canh nao do thong
qua gi4 trj binh sai clia cac gée, tinh chuyén chidu dai qua cde canh xoay quanh mét cuc va rd
vé canh xudt phat phii nhan duge chiéu dai ding bing chiéu dii ban ddu cha nd.

Ta nhén thiy ring canh tam gide do ci hai huéng hay chi mét 11Li§'ng cfing c6 thé tham gia
vio phuong trinh difu kién cyc. Nbhung néu s6 lugng canh tam gide chi vira di1 4 néi cédc diém
tam gidc thanh mot chubi tam gidc don thi ciing khéng 6 phuong trinh digu kién cyc. Mudn
néi céc diém tam gide thanh mot chudi don thi ba diém dén cén ba canh, (P-3) diém con lai cit
méi diém cén 2 canh do d6 cin tdt cd {3 + 2(P - 3}} canh.

S6 canh con thita chinh bing s phirong trinh diéu kién cuc:

R,=L—{3-2(P-3)=L-2P+3 (VII-20)

D6 v6i lusi hinh VI-4a 1L=12; P=7; Vay R, = 12-2x7+3 =1
Né&u xudt phét tir canh —CE , ditng gid tri binh sai cha cdc géc tinh chuyén chiéu dai theo
mot vong khép kin thuan chiéu kim déng hé wd vé canh OA s duge:

sinXy.sinX,,.sinX,;.5inx,5.8inX,5.8I0X; _ OA

(0A), =OA B, S Ky S0 X5 S0 X7 S0 (VIL-21a)
8N X 551N X, . 810 X ;. 510 X 1. 8171 X 14 SIN X } :
Diéu kién dat ra 1a (OA), tinh duge phai ding bing canh OA ban déu ufc 1a:
YN sinx,.sinx,,.sin )(,_1.51-11xls.s;.nx]-,..sx.nx7 -OA (VI1-21b)
sinX,.5in%,,.5i0 X 4. SN X 4. 81N X . SIA Xy
hoiic SinXy.Sin X, 80X .80 X (5.8 Xy SINKy _, (VI122)

8iNX .80 X, SN X, 810X 4.8i0 X 4. 81D %y

D6i véi lubi tt gidc trdc dia (hinh VII[-4b) ciing c6 mot phuong trinh diéu kién cuc. Ta c6
thé chon mét trong bén dinh cba tt gide 1am difm cue holc ¢ ;hé chon giao diém ciia hai
dubng chéo lam cuc.

Néu 14y A 1am didm cuc va xudt phat tir canh AB thi phuwong trinh diéu kién cyc 1a

sinx, .sin(x; + X4). sinxg

=1 (VI-23)
sinxy.sinx,.sin(X, + X,) - )

Ta cdn chd § mét s& twodng hop, trong phuong trinh diéu kién cuc cé mét s6 gée vira xust
hién & tit s6 vira xuat hién & miu s6; sau khi trién khai thanh dang tuyén tinh cdn tip hop cdc
hé s6 clia chiing lai vi 14y cc hé & higu chinh clia cdc géc do ra lam thira s& chung.

Pé6i v6i hinh quat (hinh VI-4¢) ciing ¢é mot phuong trinh diéu-kién cyc trong trudng hop
nay chi cé thé ding diém Cla dinh chung ciia cdc hinh tam gidc lam diém cyc.
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Trong chudi tam gidc vdng (hinh VII-4c) t6n tai mot phueng trinh diéu kién c6 ¥ nghia
hinh hoc gidng nhwr diéu kign cue, tdc 14 xn4t phat tr bat k¥ mét canh ndo d6 (ching han AB),
ditng gid tri binh sai ctia cdc gdc tinh chuyén chiéu dai ban ddu. Nhung & day khong tén tai
mot cuc cy thé nhu trong cdc hinh da thic trung tam, t gidc tric dia va hinh quat, ma cé thé
xem nhu mot phuong trinh diéu kién cyc “nghia rong" hodc phuong trinh diéu kign chiéu dai.

* Pincong trinh diéu kién hodnh d¢ gid dinh

Trong chudi tam gidc giita 2 di€m goc, ¢6 do hai géc néi (hinh VII-4d) chiing ta chira c6
chidu dai gdc cha mdt canh tam gidc d€ chuyén chidu dai sang canh khic, do dé thudng phai
gia dinh chiéu cao clia mot canh, vi vy kich thudc cia hedl cling IA gia dinh. Khi d6 khéng

thé dat diéu kién 12 toa db tinh duge cha diém B phii ding bing toa do da cé ciia né, ma chi -

c6 thé dat diéu kién diém B tinh duge phii ndm trén dudng chéo AB. Chi cin nhw vay, khi ta
thay chiéu di gia dinh clia canh m& ddu bing chiéu dai chinh thic cha né I c6 thé dua didm
tinh dugc vé tring véi diém B d4 tinh truéc,
Néu chon hé toa dé gid dinh ¢6 truc X tring véi AB, diu kién trén cé nghia 12 hoinh d6 ¥
ctia diém B (tic B tinh dugc) phai bing khong fic 13
 ¥g=0

(IV-24) 1a phuong trinh diéu kién hoinh do gid dinh. D€ vigt phwong trinh diéu kién ta

.. chon dudng tinh chuyén A1234B, canh m& ddu Al cé chiéu dai gid dinh S, géc tinh chuyén

phucng vi toa d 12 C, géc tinh chuyén chidu dii truéc 1a B, géc tinh chuyén chide dai sau 13 A
va ki higu chiée dii cé canh trén dudng tinh chuyén 13 S,, S, S, S, phuong vi toa db cic canh

. uén dudng tinh chuyén 13 o, o, o, o, . Phuong trinh didu kién {VII-24) s& cé dang:

4
Z()Si sing, =0

Trong d6 S, 1a chiéu dai canh thi i tinh duge qua S, va gid tri binh sai cla céc gée o; 1a
phuong vi toa d6 canh thit i tinh duge qua gid tri binh sai clia cdc gée.
Tir hinh VII-4d tacé: ..

. i SinA.
S, =8, ] [— (VII-26)
i j=t sin B,

va o= + 0+ D), Fi180° (VIL-27

=l

Trong d6 o, A, B, C 14 gid tri binh sai clia cdc gée tuong Ung 4y. Chiing ta th&y ring céc

i phuong tiinh diéu kién hodnh do gid dinh c6 dang phi ty#n tinh kha phifc tap c4n phii khai

trién Taylor d€ chuyén vé dang tuyén tinh theo nguyén téc chung,

175

(VIL24) -

(VI-25) .



* Plutong trinh diéu kién fog dé vong

Trong chudi tam gidc vdéng (hinh VII-4c) t6n tai hai phuong trinh diéu kién tog d. Y nghia -

hinh hoe clia né xudt phét tir mét diém bat ki tinh chuyén toa d6 theo mét vong td vé xudt phit
phai nhan duge diing gid tr clia toa 40 ban ddu. D€ tien tinh todn thudmg xust phét tir diém goc A,
diing chidu dai va phuong vi toa d¢ cla canh AB lam chidu dai vi phuong vi mé déu.

Trong trudmg hop niy phuong trinh didu kién toa d6 <o thé vist dudi dang téng s8 gia toa
d9 trén mot dudng khép kin phai bang khong.

Xp+AX, =X, = 2 A =0 (VII-28)
I

Yat+BYaa=Ya—> ZA,, =0 (VII-29)

Chon dudng tinh chuyén va diing cdc ki higu twong ty nhu trén thi 2 percrncr trinh diéu
kién toa d¢ s& cd dang:

> S,cose; =0 (VIL-30)
n }
>8;sinct; =0 (VII-31)
3 i sinA.
Trong dé: S, =8, I
j=18inB,
o; =0,y + Z(i)c + 180" .1 (VII-33)

Phuong trinh diéu kién toa dé cing c6 toa do cling ¢é dang phi tuyén tinh khac phic tap,
cin phai chuyén vé dang tuyén tinh bang cdch khai trién Taylor vi giit lai d&n s6 hang bac
nhit cila cdc 56 hi¢u chinh.

b, Ludi tam gidc phuy thude

Céc loai lu6i phu thugc ching ta thudng gap nhu (hinh VII-5) trong dé S, o, &', S, 13’

cdc chidu dai va cdc phuong vi d4 bigt,

Trong Iudi phu thudc, ngoai cic phuong tinh diéu kién cia hudi tr do, ching ta s& gip cdc
loai phuong trinh sau:

- Phuong trinh diéu kién phuong vi toa do.

- Phuong trinh diéu kien chiéu dai.

- Phuong trinh diéu kién toa do.
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* Phutong trinh diéu ki¢n phuong vi 1oa do
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Hinh VII-5

Trong luéi tam gidc néu cé hai phucng vi toa do da biét thi dién kién dit ra 13 néu xuét
phiét tir phwong vi gdc ,, dimg gid tri binh sai ciia cdc gée trung. gian tfnh chuyén phuong vi
dén aa thi phai ding bing phuong vi da cho. D& dang ta nhén thay rang s6 phuong triinh diéu
kién phuong vj bing s6 phuong vi goc thira..

Poi vii chudi tam gide (hinh VII-5a) phwong trinh diu kign pht:rcmg vi c6 dang:

~C, +Cy—Cy +C, —C, £5.180" = o ‘(VII-34)

Trong loai Iudi phu thuge ndm giita cic géc ¢6 dinh nhu hmh (VII-5d), hinh (VII 5¢e),
hinh (VII-5g) cling t6n 1ai phwong trinh diéu kigén phuong vi.

Phuong trinh diéu ki¢n phwong vi trong hinh VII-5d ¢6 dang:

oy +C, +C, +C, = (VII-35)
Chuyén o, sang bén phai clia phuong trinh trén thi:

C, +C, +C, =0, — 1 (VII-36)
Ta thily ring: 0y — 0 = géc; ABC
Do d6 phuong trinh dién kién trén ¢6 thé viét thanh:

C, +C, +Cy= géc ABC (VIL-37)

. Trong dé géc ABC Ia gdc c6 dinh, cho nén trong trudng hop ndy phrong nlinh diéu kién
phuong vi cdn duge goi 1a phuong trinh diéu kién gée 6 dinh.

Ludi phu thude nhu hinh (VII-5¢) va (VTI-5g) 12 luéi c6 cdc di€m géc tao thanh cdc canh

va phuong vi di biét bao kin hinh. Trong ludi (VII-3e), cdc diém géc tao thanh mot tam gidc

cd dinh. Ngodi cdc phwong trinh diéu kién clia mét Iudi ty do, tam-gidc c6 dinh niy hoan toln
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duge thoa man khi gid tn binh sai clia cAc géc thod mén hai phuong winh diéu kién géc oo
dinh, chang han:

X5+ Xg = ABCva x, + x, = BCA

Trong lu6i (hinh VII-5g), cc diém g6t tao thanh mét tf gide c8 dinh. Ta ¢6 thé x4c dinh

duge sd lugng phuong trinh didu kign géc cf dinh trong hréi nay 1 3.

Tém fai: Neu trong Iudi phu thuge ma cdc diém géc tao thanh cdc phuong vi va canh da
biét bao kin hinh thanh s6 Ivong phuong trinh dién kién phéi bing s6 canh da gidc trir di L.

Luéi phy thuge nhur-hinh (IV-5h) ¢6 3 diém g&c nhumg & cdch xa nhau, khéng tao thanh
cdc canh dd biét cha lugi fam gide bao kin hinh, nhung trén thye t€ 3 diém 4y ciing tao mot
tam gidc c& dinh, cling ¢6 hai phuong tinh diéu kién gée 6 dinh.

Hai phuong trinh diéu kigén gée ¢& dinh nay dam bio cho tam gidc ABC sau khi binh sai
déng dang véi tam gidc c6 dinh ABC a4 biet.

Néu ki higu AB C 13 tam gidc ABC sau khi binh sai vi ABC 14 tam gidc c8 dinh di bigt
trurde thi: .

BAC = BAC

(VII-38)
" JABC = ABC (VI1-39)
Hoac: : arctgél{£ — arctg Ane _ BAC (VII-40)
p AC AX pp:
_arctg BV _ arctg Ywe _ apc . (VIL-41)
- AC' B'C

Trong dé: Ax vA Ay 131:- s8 gia toa do tinh dugc bing gid tri binh.sai ¢la cdc gdc va goi 13
gid tri binh sai ciia s gia toa dé.

Ta vin ding céc ki higu nhwr 43 quy dinh & chudi tam gide b6 tri giffa hai diém géc, ta cé:

5
Ao = 3.8 cos (VII-42)
i=0
. 5
“AY e = 2.8 sing, (VII-43)

(=0

Trong d6 S; va «; 14 gié tri binh sai clia chiéu dai va phuong vi ciia canh tinh chuyén thi i.

=Sl

JISHIB

smA

(VII-44)
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o = oy D (# 1)C; F1.180° (VII-45)
J

1
i
v

Nhu viy phuong trinh diéu kién gdc c8 dinh trong truding hop nay ¢fing cé dang phi tuyén -

tinh khd phtic tap cdn phai chuyén vé dang tuyén tinh theo nguyén téc chung.

* Plutong trinh did kién chiéu dai '

Trong ludi tam gidc d& c6 2 canh da biét chiéu dai & tich biét nhau nhur hith (VII-5a),
(VII-5¢) hodc & lién nhau nhu hinh (VII-5d), n€u xust phét tir canh S, ding gid i binh sai clia
céc gée, tinh chuyén chiéu dai dén 5, phii ddng bing chidu dai di cho.

Déi véi chudi tam gidc (Rinh VII-5a), phuong tiinh diéu kién chidu cé dang:

sinA,.sinA, .sin A, .sinA, .sinA;

RIS =S,
® sinB,.sinB, .sin B, .sinB, .sin B,

0

(IV-46)

Suy rong ra la: n€u trong luéi cé n canh da bi€t chiéu dai & tach biét nhau hodc & lién nhau
nhung khong phii do cdc diém cf dinh d3 biét tao thanh hinh khép kin (hinh VII-5e, hinh VII-
5g) thi sd lwgng phuong trinh diéu kién chiéu dai bing n-L

Dé&i v6i ludi nhu (hinh VII-5¢) ngoai cdc phuong trinh diéu kién cita ludi tv do chi cdn 2
phuong trinh diéu ki¢n géc cd dinh thi tam gide ABC dugc xdc dinh hoan toan. Nhung déi yoi
ludi nhu (hich VII-5g) thi phii cé mot phuong trinh digu kién chiéu dai ciing véi 3 phuong
trinh diéu kién goc 6 dinh. Khi dé ti gide ABCD mdi duge x4c dinh hoan toan.

Vay trong cdc ludi c6 cdc diém g c6 dinh tao thanh cdc canh c6 chiéu dai di biét bao
kin hinh thi s& lvong phuong trinh diéu kien chiéu dai bing s& canh da biét chiéu dai trir di 3.

* Plurong trinh didu kién tog do

Trong ludi tam gidc, ngodi so lidu gdc 18 thiéu 1a hai diém ké nhau d4 bi€t toa d, néu cd
mét didm gdc thira khiong néi véi diém géc 51 thidu qua mot canh tam gide cda ludi thi s& cé
hai phuong-trinh diéu kién toa 6. Diéu chd ¥ diém géc thiva phii khong néi véi diém gdc 6
thiéu va hai diém géc t6i thiéu phai ké nhau. ’

Tuong by nhu diéu kién toa d¢ vbng trong lwdi tu do, néu xust phét tit toa do cha diém géc
da biét, ding cdc goc di binh sai tinh chuyén toa do dén mot diém gdc thita thi phai bing
diing toa do dé cho clia nd.

Vi dy: D6t vdi lusi ninr hinh (VII-5h) thi phuong trinh diéu kién toa d¢ cd dang:

3
Xa + 2.5;.cos0 = Xg - (IV-47)
i=( .
5 .
Ya+ 2 Sisina; =yc (IV-48)
i=0
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Trong dé:
i sinA;

Si = S“H

i=1sinB;

o =0, + 2. (1)C;.Fi.180°

i=1

Theo nguyén 1§ binh phuong nhd nhat, binh sai theo géc cdc ludi tam gidc do huéng 1a

khong chit che. Vi vay d6i v6i lu6i tam gidc nha nide hang I, hang II va céc ludi co do chinh

xac twong duong thutng phai binh sai theo huéng.

Ta biét ring gilta géc va hudng cé m&i quan hé rdt don gidn 13 gid tri binh sai chia géc
bling hiéu s6 gi tri binh sai chia hai hutng kep g6c dy. Vi viy thi khi thay géc bang cdc hudng
thi ta nh4n thay tfing phuong trinh diéu kién fudn Iuén dugc thod mén. Diéu d6 nghiz 1a khi
binh sai theo hudng thi phuong trinh didu kign vong khong tén tai nifa, con cdc phuong trinh
diéu kién khic vén giff nguyén § nghia cita ching. Mudhn 1ap céc phuong trinh didu kién &y chi
cdn thay géc biing hiéu cha hai hudng cé lien quan 12 dugc.

Vii-4, LAP VA GIAI HE PHUONG TRINH CHUAN S0 LIEN HE

VII-4-1. Lap hé phuong trinh chuin

Phuong phép lap hé phuong trinh chudn, trén co ban gidng nhu trong binh sai gidn 1i€p.
Nhutng hé s6 trong he phuorig trinh chudn 1

S

s . o . . . . N 1
Trong d6: P, nim & miu s, do dé khi lap cdc hé s6 cla phuong trinh chusn s€ diing P

nhan vdi a;, b;, cj..e.
. 56 hang ty do irong k¢ phuong trinh chufn chinh 13 s6 hang tit do trong phuong trinh diéu
kién: W, W,, W.....

Vi vay hé phrong trinh chudn s& lién hé véi dang:

[EK!.+ B+t | TR, +W, =0
PP P

b bh b (VII-49)
a 1y '
|:_i|Ka + |:—F:|Kb R I:F:|Kr + Wb =0

P
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_ [E]Ka g Y ...+I:E]K,'+,W, =0
: P P P

VIi-4-2. Gidi hé phirong trinh chuén

- Phuong phép giai he phwong trinh chusn trong binh sai diéu kit;én hoan todn gidng nhy
trong binh sai gidn tiép. Trong trudng hop nay 4n s6 K;vacdc sd hang twdo 1a W,

- Sau khi tinh dugc céc gid tri cita K tinh s6 hiéu chinh theo cong thitc:

v, = Pl(aiKu +b,K, +..t1K,)

- Kiém tra cdc 56 hiéu chinh tinh duge theo céng thite:

[Pv]=[alk, + PIK,.... + [FK,

- Tinh gi4 tri binh saj clia cdc dai lugng do theo cong thiic:

xi=]i+V|.

——

VII-4-3. Dinh gia dé chinh xdc

B R e Ve b e S i G e

A e

a. Tinh sai s6 trung phitong trong sé-don vi

AR ot

RIAYNR

Sai 88 trung phuong trong 8 don vi trong binh sai diéu kien giéng nhu trong binh sai gidn
ti€p, nhimg G ddyn~t=r, : ' -

Do d6 céng thiic ¢6 dang: -

=t BV (VII-50)
T
Tinh [Pvv] bing céich tinh tryc ti€p ding cdc s6 hiéu chinh V.
- Tinh theo céng thiic: .
[Pvv] = [av]K, + [bVIK, + ... + [1VIK,
Trong d6:
Al [aV] = _W_;
{bvl=-W,
[vl=-W,
Do dé: [Pw]=-w, K, -W, K, ~...- WK, (VIE-51)
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b. Tinh sai 36 trung plitong etia ham céc gid trf sau khi binh sai
F P,

Vi dy: Binh sai diéu kién:

Cho mét hwdi do cao nhur hinh vE. Hai diém A vA B d3 biét do cao, hiéu d6 cao do duge va
chiéu dai cc tuyén ghi trong bing sau:

B
h,
STT Hi{au.ﬂ@ cao do . Hiéu d-f) cao sau

Tuyén do d-!:rqc (m) Chicu dal (Km) Vi (mm) binh sai

1 41.359 1 -0.43 ‘ +1.59

2 42000 1 +2.78 42024

3 40363 2 -4.42 +0.359

4 -0.640 2 -0.28 -0.640

5 | +0.657 1 -5.80 "+0.653

6 -+1.000 1 -1.16 0,998

7 1.650 2 +2.04 +1.652

Hay tinh d6 cao x4c suat nhat cha cdc diém P, P,, P,

H, = 35.000m; Hy= 36.000m

Gidi:

* 88 higng phitong trink diéy kién:
r=n-P-K)=7-(5-2)=4
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* Pludong trinh diéu kién s6"higu chinh

Neéu ki higu x,, Xg...

phuong trinh diéu kign:
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X F X -%=0

X;-Xs-X=0

K+ Xs-%=0

Xy« Xy~ Xy- (Hg-Hpa)=0
h+V, h-V,+h+ V=0
s Vs -hg -Vt hy +V, =0
“hy -V +hy+ V4 hg+ V=0
h, + V,~-hy-V,-hy - V- (He-H,)=0
V-V, +V,+ W, =0

V-V +V,+ W, =0

-V V, + VW =0
V-V, -V, 4+ W,=0
W,=h-h+h=7

W, =-h;-hg+h,=-7
W,.=-hy+h,+h;=-3
Wy=hy-h,-h;-Hy +H, =-1

Phuong trinh diéu kién s6 higu chink 14:

V-V, +V+7=0
V-V +V,-7=0
“V 4V, 4V, -3=0
V- V,-V;-1=0

a, =+l b=0 ¢=0 d,=0
a,=-1  b,=0 e =0 d, = -1
8,=0  by=0  cy=-1 d, =0
a,=0 1b,=0 c,=+1 d,=-1
as=+1 by=-1 c;=0 d;=0
3s=0 b="1 = ‘c=1 ds=0
a;=0 b, =1 c,=0 d;=-1

Tinh trong $6 clia cdc hidu do cao do;

X, la gid tri binh sai clia higu do cao cdc tuyén 1,2... 7 ta ¢ thé viet

P = uc—chon C=1
S

1 1
B, ,—,5,135 =1P, =1P =5

* Thanh Idp hé phuong trinh chuén sé lién hé.

k2 e [
e e T fgomes
e[ [ [

Tinh cdc he s6 cha phuong trinh chudn

aa] Tl - )(1)+—1_3

1
~1
——]=—1- +——( 1)+—(1) 4

2
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pespEa e

P 1
[bd} 1
Zl=o(-D=-2
=g

)
[ce] 1 1 1
—l=—(-D+—=+=-.1=35
PITTETTN

2

Tcd] 1
—|==(D=-2
5 | l(‘)

2
da | -1 -1
“ol=m 1+ =+ 2 (=D =5
Tt T
- 2 2

He phuong trinh chusn s6 Tién hs 1a: : )

3K, —-K, -k, +7=0

-K, +4K, - K, -2K,-7=0 .
~K, ~5K,-2K,-3=0'
-k, -2K, -2K_+5K,—-1=0

* (3jAi hé phuong trinh chudn: theo phuong phép Gauss
K, =+2348; K, =2,212, K, =3370; K, =-0429

Kiém tra s6 lien he K da gidi duge thay gid i K vao hé phuong trinh chudn tinh's6 higu
chinh theo céng thiic:

v, = Pi(a,Ka FbK, + K, +6K,)

Gi4 tri V, tinh dugc ghi trong bang.

Tinh tryc tigp [PVV]= 35,58

Kiém tra theo cong thic: [PVV]= [WK]=35,58

Tinh gid tri hiéu d6 cao binh sai két qua ghi trong bang. o

Thay céc két qua niy vio phuong trinh diéu kién ban ddu dé kiém tra ta duge:
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X))+ X5 - Xy =1,359 40,653 -2012=0
Xy ~ X5 — X4 = 1,652 + 0,653 - 0,998 =0
Xy =Xy — X, —(Hg - H,)=2,012 - 1,655 + 0,640 — (36.000 — 35.000) = 0

* Ddnh pici dg chinh xdc

" Sai s8 trung phuong trong 56 don vi:

P\{V 35,58 _ +3,0mm
D6 cao x4c sudl cila céc diém P, B, Py

Hp =H, +x, =36359(m)

‘Hp, = Hy +x, =37,012(m)

Hypy = Hp + %, =35,360(m)
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