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THONG TIN KHOA HQC

ANH HUONG CUA CHIET QUANG POI VOI BQ CHINH XAC
KET QUA PO LASER TRONG MO HAM LO

VO NGOC DUNG, Truong Pai hoc M6 - Dja chat

Tom tit: Thiét bj laser ngdy cang dwoc sir dung réng rai trong cac ngi dung cdng tac trac
dia mé ham 10. Diéu kién méi truong trong ham 10 bién dong phirc tap, bao gom sir khac
biét vé mdt do khong khi, sw nhiéu déng khong khi, bui va @é am. Céac thanh phan dé la
nguyén nhan gay ra hién nirong chiét quang trong mé ham 10 1am gigm dg chinh xac cac
phép do dac bang céc thiét bi laser. Bai bao trinh bay ngi dung nghién citu vé dnh hwong
cua chiét quang ham 16 doi véi két qua do dac bang thiét bj laser.

1. Mé dau

Trong nhitng nim gan day, cling VGi Su
phét trién khong nging cua céc thiét bi trac dia,
ky thuat laser da duoc ng dung rong rai trong
cong tac tric dia noi chung va trac dia mo noi
riéng. Viéc ttng dung cdng nghé laser vao cac
noi dung cong tac trac dia mo ham 10 1a hét stc
can thiét, gop phan nang cao d6 chinh xac dam
bao cac yéu cau k¥ thuat, thiét thuc lam giam
thoi gian, cong stc va an toan cho nguoi lao
dong. Véi cé4c tinh chat nhu anh sang don sac,
cuong d6 manh, do hoi tu chum tia Ion, kha
ning do khong guong cic thiét bi laser tro
thanh mot trong nhirng céng cu phu hop va cho
hiéu qua ky thuat va kinh té cho cong tac trac
dia mo ham 10 [1,2,3],. Hién nay, cac hang ché
tao may toan dac dién tir nhu Leica, Topcon,
Trimble v.v... da san xuat nhiéu chung loai may
toan dac dién tir c6 ché do do khong gwong nhu
GPT 7500 cua Topcon; cac may do Leica san
xuat nhu; TC(R)-303, TC (R)-705, cac dong
Flexline Ultra nhu TS-02, TS-06, TS-09 v.v... .
May toan dac di¢n tir laser da phat huy cao cac
tinh ning k¥ thuat trong mo ham 1o, dac biét Ia
kha ning do khong guong. Tuy nhién, dé trién
khai (tng dung rong réi va khao sat 6 chinh xac
cua cac phép do laser can nghién ciu cac diéu
kién ngoai canh trong ham 10 1am anh hudng
dén két qua cac phép do.

So véi cdng tac tric dia trén mat dat, cac
noi dung cdng tac tric dia mé ham 10 phai thuc
hién duéi mat dat, trong cac diéu kién vi khi

hau dic biét, bao gom tc do chuyén dong dong
khong khi 16n, mat do cac 1op khdng khi bién
d6i, su nhidu dong khong khi cuc bg, gradient
nhiét do bién doi, to am l6n.

Nhitng diéu kién méi truong vi khi hau trén
day gay anh huong khdng nho dén céc két qua
do dac trong ham 10, ma chiét quang la mot
trong tac nhan c6 anh huong dang ké nht.

2. Ban chét cac hién twong chiét quang trong
mé ham 10

Chiét quang trong ham 10 xay ra do hién
tugng chuyén dong gay rung cua khong khi va
su khac nhau cia mat d6 cac lop khéng khi
trong ham 10. Do anh huong cua chiét quang,
tia ngam di léch khoi hudng thang chuan caa né
va vi thé anh huong truc tiép dén do chinh xac
cac phép do trong mo ham 10. Téc do gié trong
ham 10, mat do, dd am cua khong khi trong ham
10 Ia cac nguyén nhéan chinh gay ra hién tuong
chiét quang.

Tia laser khi di qua méi truong khong khi
trong ham 10 s& bi khic xa va mot sb tac dong
khéc lam anh huong téi do chinh xac cac két
qua do dac. Ngoai chiét quang, cham tia laser
con bi tac dong cua hién twong phan xa, tan xa
va hap thu. Quan hé trén day co6 thé biéu dién
dudi dang [4]:

O(A)=Ppxt Prx(R)=Ppxteix(A) +one(A) +@in(A), (1)
trong do:

¢ (A) - tia téi trén ranh gidi cua 2 16p khong
khi;
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@px - chum tia phan xa trén ranh gidi cia
2 16p khong khi;

@, (1) - chum tia khic xa trén ranh gii
cua 2 16p khong khi;

(Px(A) - chum tia tan xa;

@nt(\) - chum tia hap thy;

@,,(1) - chum tia Iéch huéng.

Tir cong thie (1) trén ddy co thé thiy rang
chim tia laser khiic xa trén ranh gi¢i cta 2 16p
khong khi c6 thé biéu dién dudi dang tong cua
chim tia ton xa, chum tia hap thu va chum tia
1éch hudng, c6 nghia la:

Pix() = Pex() + Pre) + 0, (1), (@)

Chia 2 vé cta cong thie (1) cho gia trj cta ¢
(A) ta nhan duoc cong thac sau:

_ o 0u® one® L o,() g
e e o) (p(k)
% hé sé phan xa cua laser trén ranh
gi61 2 16p khong khi;
Px(D) hé s6 t , A
sO tan xa cua laser trong moi
o ' °
truong khong khi;
eht) . s .« , o
——— h¢ so hap thu cua laser trong moi
o © p thy 9
trrong khong khi;
Pmt?) hé sd truyén qua ciia moi truong
CACY R
khong khi

Tur day ta c6 cong thuc:

1= p) + @) + @) +(0).  (4)

Su tan xa cua anh sang laser trong moi
truong khong khi xdy ra do tinh khong ddng
nhét cua cac phan t& khong khi. Phu thudc vao
kich thudc cua cac phan tir khi va chiéu dai cua
budc song ma nguoi ta phan ra thanh céc tan
xa sau day:

- Tan xa phan tr (molecular) : xay ra ¢ cac
moi trueong phan tir khi ¢6 khich thudc nho so
véi chiéu dai cua budc song laser.

- Tan xa nhiéu xa (diffraction): xay ra do
cac phan tir ¢6 kich thudc khac nhau so vai do
dai cua budc song laser.

- Tan xa hinh hoc (geometrical): xay ra vai
céc phan tir co kich thuéc kha 16n so véi chiéu
dai cua buac song laser.

Sy hap thu nang luong cua chum tia laser
phu thudc vao &p suat, nhiét do, d6 4m va mat
do khong khi. Cac dai lugng nay thuong thay
doi theo khdng gian, thoi gian. Chi sb bién doi
cua c&c dai lugng nay cho phép xac dinh do
chinh xac cac dai lwong hap thu cua chum tia
laser. Ngoai tan xa va hip thu thuong xay ra
trong moi trudng khong ddng nhat, chum tia
laser khi di qua khong khi con bi anh huong cua
cac hién tugng cudn xody nhiéu dong khdng khi
lam anh huéng rat 16n dén cac két qua do. Hién
tuong nhidu dong cua khdng khi xay ra do su
chuyén dong theo cac hudng ngau nhién va van
téc khac nhau cua cac phan tir khi. Trong khu
VuC cudn xody, tai moi diém, téc do chuyén
dong cua khong khi ludn luén bién ddi. Anh
huong cua hién twgng cudn xoay tac dong kha
I6n d6i véi chuyén dong pha va bién d6 dao
dong cua chum tia laze. Sy bién doi bién d6 va
pha ciia chum laser xay ra do su bién d6i ngau
nhién cua huéng va téc do chuyén dong cac
phan tir khi. Mot cach khai quét, c6 thé mo ta
anh huong cua hién twong cudn xody nhiéu
dong khong khi nhu sau:

1. Sy bién d6i huéng cua chum tia

a) Su bién d6i hudng cua chum tia gay ra do
nhiéu dong dong luc (dynamic turbulence). Sy
nhidu dong nay ton tai trong cac duong 10
khéng phu thudc vao nhiét do khéng khi.

b) Su bién d6i hudéng cham tia gay ra do sy
nhidu dong nhiét, phu thuéc vao su bién doi
nhiét d6 cac lop khong khi trong cac duong 10.
2. Su bién d6i goc hoi tu cua chum tia laser

Do anh huéng cua hién tugng nhiéu dong
khéng khi ham 10, vét laser s& bi thay ddi.
Puong kinh cua no 16n hon dbi véi vét laser
cung khoang cach khi do trong phong thi
nghiém khong cé anh hudng nhiéu dong.

3. Dudi tac dong cua nhiéu dong khong khi, vét
laser bi rung va dao dong lam cho tam vét laser
c6 thé bién dbi.

Do su khong ddng nhat caa khdng khi, hé
s6 chiét quang trong quing duong tir bd phan
phat dén muc tiéu va tr muc tiéu dén bo phan
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thu ciing khac nhau. Hiéu rng nhiéu dong cua
khong khi c6 thé xac dinh dugc thdng qua quan
hé gitra duong kinh cua chum tia laser dB va
duong kinh cua khéi khong khi khong dong
nhat I.

. dB
Neu: T< 1 - vét laser s€ c6 duong kinh tang
Ién
— = 1- vét laser c6 thé 16n hon hodc

nh6 hon véi kich thuéc sai léch khong dang ké
nhung chum tia gitr vi tri kha 6n dinh trong thoi
gian do

? > 1- Vét tia laser thuong dao dong

manh va khong 6n dinh trong qua trinh do

Su 1éch chum tia laser cua n6 trong khong
khi c6 thé xay ra ¢ 2 mit phang thang dung va
nam ngang. Vi vy, chiét quang chum tia laser
c6 thé phan thanh chiét quang ding va chiét
quang ngang. Co s& dé xac dinh hé sd chiét
quang 1a xtr 1y céac tri do trong cac diéu kién
khac nhau ma muc dich chinh 1a xac dinh hé s
khtc xa ctia moi trudng khong khi ham 10, va tir
d6 xac dinh duoc dudng cong cta tia ngam
trong moi truong thuc dia. Tur cac phan tich trén
day, c6 thé thdy rang mat do va dic tinh cua cac
16p khong khi ma chum tia laser di qua rat phtrc
tap. N6 phu thudc vao rat nhidu yéu t6 theo
khong gian va thoi gian, vi vay, viéc xac dinh
cac hé sb chiét quang va cac thong sb dé mo ta
quy dao chum tia laser trong khong khi ddi
Vi cac phép do tric dia 1a hét sirc can thiét.
3. Anh huéng ciia chiét quang doi véi cac két
qua do tric dia

Trong cic ngudn sai s6 ngoai canh anh
huong dén d6 chinh xac do dac bang cac thiét bi
laser trong mé ham 16 thi chiét quang c6 anh
hudng 16n nhét, trong d6 sy nhidu dong khong
khi dong vai tro quan trong. Khi di qua cac moi
truong khong khi khac nhau chum tia laser
khong gitt dugc do 6n dinh bén viing, cuong do
cua chum tia bi suy gidm. Céac hién tuong dao
dong chum tia, lam mo vét laser trén muc tiéu.
Vét laser ciing bi yéu dan cung véi su ting dan
vé khoang cach do. Anh hudng nay ty 1¢ thuan

véi toe do gio, toc do chuyén dong cua khong
khi. Su nhiéu dong cuc bd trong cac doan
duong 10, ké ca nhiéu dong dong luc va nhiéu
dong nhiét déu lam léch hudng chum tia. Két
qua thuc nghiém dd cho thiy rang, do sy da
dang cua cac diéu kién khong khi trong ham 10,
d9 1éch cua tia laser so véi huéng dau ciing bién
d6i. Sy khong 6n dinh cta pha tin hiéu tac dong
16 rét dén chum tia laser 1am giam do chinh xéc
cac phép do nhét 13 cac phép do doi hoi do
chinh xac cao. Nhu vay, c6 thé hiéu rang: khuc
xa lam léch huéng chum tia, trong khi d6 tan xa
va hip thu 1am giam ning luong va cong suat
chum tia. Sy suy giam khoang cach va cong
sudt laser 1am anh huong dang ké dén chat
lugng va hiéu qua cac két qua do dac trong ham
10. Trong nhiéu truong hop, do vét laser co
cuong do yéu, nén phai giam khoang cach do
bang cach tang s6 luong tram do, didu d6 lam
tang thoi gian va cong stc dbi v6i cac ndi dung
cong tac tric dia. Trong cac mdi trudng khong
khi c6 ham luong bui 16n va do 4m cao nhu
trong cic mé ham 16 Viét Nam, qua trinh hép
thu va tan xa tia laser duoc thé hién rat r3. So
v6i diéu kién trén mit dt, dé dam bao d¢ chinh
xéac, khi do dac trong ham 10, khoang cach sb
lugng canh do thudng phai ting gip do6i. Su
giéi han ctia khoang cach gay ra do d6 4m cua
khong khi ¢ thé dugc biéu thi thong qua hé sb
hap thy hoi nudc bang cong thirc sau day [4] :

o Hz0= KA) X V (5)

trong do:

K(A) - hé s phu thudc vao chiéu dai budc
song laser. Vi du véi A=0,6328 thi K(A) = 0.01

V - ham lugng hoi nudec.

Ciing nhu bui, 40 4m han ché kha 16n
khoang cach ctua chum tia laser, dac biét trong
mé ham 10. Trong diéu kién binh thuong, chiét
quang dimg thuong duge thé hién 1a mot dudng
cong 10i 1én phia trén boi vi cac ting trén cia
khong khi thuong c6 mat dd nhdé hon céc 16p
khong khi phia dudi. Piéu ndy duoc thé hién
qua cong thirc (6):

nl.Sin(Xl:nz.Sinaz . (6)
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Ranh gigi cac I6p khdng khi

Do néng cao cua tia laser

Mat dat

—

\
\

Hinh 1. Tia laser 1éch theo hudng cong 1én phia trén

TR

Hinh 2. Tia laser léch theo hudng 16m xuéng phia duéi

Tuy vay, cling c6 nhitng truong hop duong
cong lai 10m phia dudi. Nguoi ta thuong coi
day la tinh di thuong cua hién tuong chiét
quang, thuong chi xay ra trong cac truong hop
chiét quang trén mit dét. Trong nhirng ngay btrc
xa mat troi 16m, chiéu sang manh xiy ra ¢ sa
mac, nén bé tong, vi lic dé cac 16p khong khi
sat bé mat bj ham néng va mat d khong khi
lodng hon (hinh 2).

Nhiét d6 ciia khong khi trong ham 16 1a tac
nhan lam gia ting anh huong cia chiét
quang.Tuy thudc vao diéu kién thong gio va do
sau khai thac, dic tinh co 1y dat d4 trong ham 10
ma gradient nhiét do ciing bién d6i theo khong
gian va thoi gian. Chiéu siu khai thac cang 16n,
gradient nhi¢t d6 cang lon, anh huong cua sai
s6 chiét quang, vi thé ciing 16n hon.

4. Két lun

1.Trong céac ham 16 Viét Nam, diéu kién vi
khi hau nhu d6 am, nhiét do va cac hoat dong
nhidu dong cua khong khi rat phire tap. Cac yéu
t6 nay bién dong theo thoi gian va khong gian
va 1a nguyén nhan giy ra hién tuong chiét
quang cua chum tia laser.

2. Két qua nghién ciu cho thdy rang, anh
hudéng cua chiét quang cang 16n khi sy nhiéu
dong khong khi cang 16n. Su nhiéu dong cua
khong khi 16n tap trung ¢ cac ham 10 c6 dong khi
manh, d6 4m cao va gradient nhi¢t do bién d6i.

3. Anh huéng cua chiét quang ty 1¢ thuan
v6i @6 sau khai thac. O do sau 500m, gradient
nhiét do c6 thé dat t&i 5°C/m. Chum tia laser c6
thé 1éch khoi vi tri chuan hang chuc mi-li-mét
va lam I¢ch huédng mot goc khoang vai phut.

(xem tiép trang 83)
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Vi cac thiét bi laser hién dai, d6 chinh xac
do cac dai lugng trong ham 16 dugc nang 1én
dang ké, giam nhiéu cong sirc, thoi gian va an
toan lao dong. Tuy vay, diéu kién moi truong
do trong ham 10 lai rt phuc tap, anh huéng cia
chiét quang 1a rat dang ké va khong thé tranh
khoi, lai bién dong theo khéong gian va thoi
gian. Can nghién ctru xac dinh cac hé sé chiét
quang va quy luat anh huong cia ching dbi véi
cac két qua do dac trong ham 10.
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SUMMARY

Influence of vertical refraction on the precission of laser measurement in underground mines
Vo Ngoc Dung, University of Mining and Geology

Abstract. When laser beam passes from a medium of one density into a medium of a different

density, the rays change in direction (bend). The change in direction is called refraction. Since sight

lines are light rays, they are refracted, or bent, by changes in the underground mining atmosphere,

causing errors in angular, distance and elevation measurement. The influence of vertical refraction
on the precission of laser measurement in underground mines is discussed.
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