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XAY DUNG THUAT TOAN TINH DO LUN BE MAT DIA HINH
DO ANH HUONG CUA QUA TRINH KHAI THAC HAM LO
THEO PHUONG PHAP DU BAO KEINHORST
NGUYEN QUOC LONG, VUONG TRONG KHA
Truong Pai hoc Mo - Pia chat
Tom tit: Bai bao gidi thidu phuwong phdp dir béo dich chuyén bién dang Keinhorst, day la
phwong phap don gian, dé tinh toan. Tuy nhién viéc tinh toan bang phuwong phap wéc luong
trén ludi do glal deén nay khdng con phi hep. Vi vdy céc tac gid dé xudt thugt todn cho phép
tw dong hoa xdc dinh ty 1¢ dign tich anh hwong theo phwong phdap nay va trén co so do xay
dung module chuwong trinh tinh todn dir béo. Két qua thec nghiém cho phép khang dinh
thugdt toan dé xuat la chinh xac. Thugt toan nay c6 thé duwoc ap dung cho cdc phirong phdp

du bao khac nhuw Sauer, Bals, Beyer, Sann.

1. Mé dau

Nhiing nd lyc dau tién dé xuit cac phuong
phap du bao dich chuyén bién dang duoc nay
sinh tir do dac thuc nghiém tric dia mo. N6
duogc tién hanh tir nhitng nam dau caa dau thé
ky truoc (Kohne — 1907). Tuy nhién phuong
phap dau tién ma c6 thé duoc goi 1a 1y thuyét du
bao 1a do H.Keinhorst dé xuat nam 1928, nd
thugc nhdm ma ta hinh hoc. Nhiing gia thiét va
phuong phap quy nap khoa hoc cua ong da
dugc cac nha nghién ctu vé sau ap dung va
hoan thién. Ban chit cua phuong phap
Keinhorst 1a xac dinh cac vung anh hudng gay
ra 1Gn tai mot diém can xét trén bé mit dat do
qua trinh khai thac ham 10. Vai gia thiét ving
trbng khai thac cé dién tich bang mot don vi khi
khai thac dat toi trang thai hoan toan tai diém
khao sat. Keinhorst tién hanh phan chia don vi
dién tich nay theo ty Ié anh huong téi do lan
bang phuong phap dd giai nén c6 do chinh xac
khong cao, mat nhiéu thoi gian va cong sac. Do
vay can nghién cau thuat todn tinh do lin va
xay dung module dy bao dich chuyén bién dang
dé gop phan hoan thién phuong phap du bao
Keinhorst.
2. Phwong phap Keinhorst

Toan bo vung khai thac gy anh huong toi
d6 1Gn hoan toan cua diém P trén mat dat duoc
Keinhorst chia thanh 2 phan ving (phén vung A
va B) c6 hinh dang 1 hinh tron dong tam c6 béan
kinh tuong ung I r1 va rz (hinh 1). Gia thiét khi
khai théc trong phan ving A lam diém P bi ldn
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manh hon 2 1an so voi khai théc trong phan
vung B. Khai thac ¢ ngoai vong tron 16n khong
gay anh huong lan t6i diém P. Dua vao két qua
quan tric, Keinhorst da xac dinh duoc do lun
cuc dai cua diém P théng qua biéu thuc:

NMmax = a&-8§ 1)
trong do:

a- hé s6 khai thac, phu thudc vao phuong
phép chén 14p khoang trong khai thac;

g — chiéu day khau via (m).

1

!
Hinh 1. Cac phan vung anh huong [7]

Dya vao m6 hinh trén cho phép tinh duoc

dd Iun cia mot diem theo cong thirc sau:
283 1S3

Mlp ag<3sA+3sB) '
trong do:

Sa, Sg - dién tich vung A va B;

)

Sa , Sp - dién tich da khai thac trong ving
anh hudéng A va B.



Tir cac gia tri do 1Gn cua diém P ta tinh
dugc céc dai luong bién dang nhu d6 nghiéng i
va do cong k [1]. Gia thuyét Keinhorst khong
dé cap toi chuyen dich ngang va bién dang
ngang cua mat dat.

Trong ly thuyét Keinhorst xuét hién 3 tham
sb 1a a, r1, r2; duge xéc dinh nhu sau:

Tham s6 a duoc xac dinh theo két qua quan
trac 10n cuc dai nmax khi khai thac dat téi trang
thai hoan toan (day bon dich chuyén phang) [1].

Nmax

a===, 3)

Tham sé r1 duoc xac dinh theo goc dich
chuyén B; r2 xac dinh theo goc bién y. Khi do
sau khai thac H khac nhau thi trudc hét phai
tinh gia tri trung binh cac goc y va B (hinh 2).

Z

2

T2 = (4)
trong do:

H - d¢ sau khai thac (m);

vy c6 gid tri khoang 53% B co gia tri
khoang 70° [7].

Khi tinh dugc cac gia tri ban Kinh dnh huong

r1, Iz, tien hanh tao do giai trén giay can ky thuat
Véi ty 1€ nhu ban do thiet ké khai thac va su dung

nod d tinh wéc luong cac ty 1& dién tich anh
o SA s SB Njiaa s 1A A i
hudng S—A va S—B Viéc udc lugng ty 1€ nay bang
A =q A, AB - z A A A
do giai c6 do chinh xac khong cao, mat nhiéu
thoi gian va cong sac néu so lugng diém can du
bao lon. Vi vay viéc xdy dung thuat toén tinh ty
T] n

I¢ dién tich anh hu:0’ng : c6 y nghia quan
B

trong trong viéc tu dong hoa cong tac du bao ldn
theo phuong phap Keinhorst.

3. Xay dung thuat tean xac dinh ty I€ dién
tich anh hwong trong tinh do lan

3.1 Xdp xi ving dnh hwéng bang 1 da gidc

Ranh giéi phan vung anh hudng la duong
tron tam P(Xp,Yp) ban kinh R duoc xap xi bang
mot da giac déu n canh (n cang tang thi dién
tich da giac cang sat vai dién tich hinh tron).
Toa dd cac dinh cua da giac dugc tinh theo
cong thuc:

Xi = Xp+r.Cosei; Yi= Yptr.Singi , (5)

Ranh gi¢i phan vung dnh huong A 1a duong
tron tdm P(Xp,Yp) ban kinh r1 duoc xap xi bang
da giac abcdefg. Ranh gi¢i vung anh huéng B
dugc xap xi bang da giac a’b’c’d’e’f’g’ (hinh
3). Toa dod cac dinh cua hai da giac nay duoc
tinh theo cong thirc (5).

Truong khai thac dugc gidi han bai mot da
giac 16i, trén (hinh 3) lay vi du la da gidc
ABCD, danh sach diém Cla cac da giéc trén
duoc sap xep theo chicu kim dong ho. Thuat
toan sap xép nhu sau:

Tinh toa d6 diém trong tdm cua da giac c6 n
dinh, toa d¢ cac dinh la (Xi, Yi):

Xi. Yi

Xo =2 vy, =20 (6)

Tinh goéc phuong vi caa duong thang ndi tix
tdm O tai cac dinh cua da giac:

| = arctgXl 1:’ , (7

Sap xép cac goc phuong vi tir bé dé'nrlc'm sé
€O tap hop céc dinh cua da gidc dugc xep theo
chiéu kim dong ho.

D
Hinh 3. Xap xi dwong tron thanh da gidc déu
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3.2. Xdc dinh diém giao ciia 2 da gidc
7 Mbi da giac déu duoc tao nén tir nhiéu doan
thang, da gidc tha nhat dugc tao nén boi cac
doan thang i_it+1, da giac thir hai duoc tao nén
béi cac doan thang j_j+1. Ban chat cua viéc xac
dinh diém giao cua 2 da giac chinh la xé4c dinh
diém giao cua 2 doan thang i_i+1vaj_j+1.
Toa do giao diém cuia 2 canh i_i+1vaj j+1
duoc tinh theo cong thuc (8) [2]:
Xq= Xi + (Y541 =Yi) = (Xj1=Xi)-t80 i+1 ’
80 g ~tBA j+1 (8)
Yg = Yi + (Xg - Xj+1).tgoci_i+1 ’
trong d6 a j+1 VA 0441 duoc tinh theo cong
thuc (7).
Trén (hinh 3) toa do diém 1 1a giao diém
cia 2 duong thang ab va BC duoc tinh theo
cbng thuc:

X1:Xa+

(Yc—Ya)—(Xc—Xa)-tgoap
tga,, —tgagc

Y1 = Ya + (X — X¢)- tgoap
3.3. Xdc dinh vung giao ciia 2 da gidc

Sau khi tinh dugc toa do diém 1 va 2, chén
hai diém nay vao 2 da giac cii theo chiéu kim
ddng hd ta dugc 2 da gidc méi 12 AB12CD va
albcdef2g.

Dung vong lip dé duyét hai da giac trén,
khi duyst dén diém tén la 1 & da giac
albcdef2g ma tim thdy ¢ da gidc AB12CD ciing
c6 diém tén 1a 1 thi quay sang duyét da giac
AB12CD cho dén khi gap diém gidng nhau tén
la 2 & da giac albedef2g thi két thic (hinh 4).
Nhu vay ta duoc 1 da giac moi al2g l1a phan
giao nhau cua 2 da giac AB12CD va albcdef2g

—:»l\b c d e f 2 —
A B 1—:»2%

Hinh 4. So do ldp xdc dinh ving giao
Cua 2 da giac albcdef2g va AB12CD

©9)

Bang phuong phap lap tuong ty nhu trén ta
c6 da giac a’1°2’f’g’ 1a phan giao cua hai da
gidc a’b’c’d’e’f’g’ va da giac ABCD (hinh 5).
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Hinh 5. So' d6 lap xdc dinh ving giao
Cua 2 da giac a’b’c’d’e’f’g’ va ABCD

3.4. Xdc dinh ty I¢ dién tich dnh hwong

Dién tich vung anh huéng Sa va Sg duogc
tinh theo cbng thuc:

Sa=n.ri ; Sg=n.(r} — rf) , (10)

Tur cong thic tong quét tinh dién tich cua
da giac 16i [6], ta c6 cong thic tinh dién tich da
khai thac trong vung anh huong A:

SR = S(a12g) = 5 (Xa-y1 + X1.Y2

+X2.Yg + Xg.Ya — X1.Ya — X2V1
—Xg: Y2 — Xa-Yg) ,
Di¢n tich da khai thac trong vung anh
huong B la:

(11)

Sp=S@r2ry) - SR , (12)
trong do:
1
S(a'1'2’f’g’) = E (Xa" vy + Xq7.Yo!
F Xor. Vo + X Yo + Xor.
2. ¥t f Yg g Ya (13)

— Xy Va!
XY ~ XY = Xg'- Yy ~ Xar-Vg')
Tur cac biéu thic (10 11, 12) tinh duoc ty

T'I

I¢ dién tich anh huong Va £ Thay cac gia tri

nay vao (2) ta tinh du:qc do lun cua diém P bat
Ky trén bé mit.
4. Xay dung module du bdo theo phwong
phéap Keinhorst
4.1. Ngén ngir viét module

Module du bao duoc xiy dung bang ngdn
ngit Visual C++, 1a mot ngdn ngir 1ap trinh pho
bién, ObjectARX la mot thu vién lép C++, nd
dugc sir dung dé phat trién cac module dua trén
nén AutoCAD [5] do vay s& tan dung duoc céc
tinh ning d6 hoa rat manh cua Autocad, dam
bao duoc yéu ciu luu trit va chinh sira két qua
trén moi trudng do hoa chuan qudc té.
4.2. Tinh nang cua module

Module dugc tich hgp dudi dang mot
pulldown menu cua phian mém Autocad (hinh
4), ¢0 cac chirc nang chinh dudi day:



DEH QQE CH|~V Taotuyén dybso
AutoCAD Classic v |5t A2 Khai béo cac tham s6, tinh rl, r2

® Tinh cac dai luong dich chuyén, bién dang
2’ VE& bi€u dd dé Ian, do nghiéng, do cong
f Lap bang tdng hap két qua

Hinh 6. Menu cza module

- Tinh béan kinh anh huéng ry, ry:

Module nay cho phép khai bao cac tham sé
ban dau, tinh ban kinh anh huéng ry, r,. Cac
tham sé a, g, ry, I, dugc luu vao bd nhé dé 1am
tham sd dau vao xac dinh dién tich ving anh
huong A va B.

Hé sd khai thac a:
Chigu day via g:
Gdc p

Gdcy

Bd sdu H

K&t qua tinh r1,r2

ri 25.48 2 5275

| Tinn |

| Cancel |

Hinh 7. khai bao cac tham s¢ va tinh ban kinh
anh hwong

- Xay dung tuyén du béo:

Cac duong line, polyline trén ban vé duoc
chuyén thanh céc tuyén du béo véi mat do diém
khao sét trén tuyén tuy y, ddy chinh 1a cac diém
dugc tinh toan du bao lan. Trén (hinh 8) thé
hién 2 tuyén du béo véi khoang cach gitra 2
diém la 20m.

- Tinh cé4c dai lwgng dich chuyén:

Tir céc tuyén du béo va gisi han cua khai
truong (diém ding cua guong 10) s& tinh duoc
d6 1un cua cac diém, do nghiéng va do cong cua
cac doan trén toan tuyén. Gia tri do lun cua céc
diém dugc hién thi ngay trén ban vé.

1168 1.265 1.250 1160 1.007 0.836 0,659

1732 1786 1781 1766 1744 L717 1687

Hinh 8. B¢ IUn cac diém trén tuyén

- Lap bang bao céo tong hop:

Cac dai lugng dich Chuyén, bién dang duoc
tong hop trong cling mot bang, hién thi ngay
trén ban vé& autocad dé tién kiém tra, so sanh,
dbi chiéu voi céc biéu d6. CO6 thé xuit bang
tong hop két qua cua ting tuyén ra file excel dé
tién in 4n va luu trit (bang 1).

Bang 1. Tong hop cdc dai lirong

BANG TONG HOP KET QUA TUYEN 4
Tén diém | Khoang cach (m) | 6 Itn (mm) D&lngflgr)}g ({-:cl)oc/t\)n%
1 0.00
20.00 0.71
2 14.23 0.04
20.00 1.56
3 45.51 0.01
20.00 1.86
4 82.78 0.09
20.00 3.63
5 155.44 0.27
20.00 8.98
6 334.98 0.11
20.00 11.25
7 559.95 0.05
20.00 12.28
8 805.64 0.01
20.00 12.47
9 1054.96 -0.03
20.00 11.84
10 1291.74 -0.08

- V& biéu d6 dich chuyen, bién dang:

Céc biéu d6 dy béo do lan, do nghiéng, do
cong cua tuyén dugc V& véi ty 1é ngang giong
nhau, ty 18 dang tdy chon gilp cho viéc hién
thi, danh gia dugc dé dang hon.

Bibu 68 86 nghidng tuyén 3

Hinh 9. Cac biéu dé dur bdo
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5. Thuc nghiém

Str dung module trén dé tinh ty I¢ dién tich
anh huong cho via than véi céc thong sé dudi
day:

- b6 séu khai thac: 150 (m);

- Chiéu day via 2 (m);

-y nhan gia tri 53 do;

- B nhan gia tri 70 d6

Két qua tinh duoc:
Sa = 9365.59 (m?).

Gia tri S}) tinh duoc bang module dy bdo va
gia tri Sj (acad) tinh thu cong trén phan mém
autocad duoc ghi trong bang 1. So sanh két qua
cho thay do léch giira ty 1¢ dién tich anh huong
tinh bang module du béo va xac dinh bang phan
mém autocad bang 0. Piéu d6 ching to thuat
toan duoc dé xuat 1a chinh xéc, c6 do tin cay
cao.

Bdng 2. So sanh ty I¢ di¢n tich danh huong

ri = 54,60 (m);

n
TT| Sp | S (acad) S :_i Do
Sa | (acad) | "¢
1 0 0| 0.000f 0.000 0
2 72.239 72.241| 0.007| 0.007 0
3 | 1436.87 1436.8| 0.153] 0.153 0
4 | 3426.95 3426.99| 0.365| 0.365 0
5 | 9365.59 9365.64| 1.000, 1.000 0
6 | 9365.59 9365.64| 1.000| 1.000 0
7 | 9365.59 9365.64| 1.000| 1.000 0
8 |8516.456 8516.466| 0.909| 0.909 0
9 16665.631| 6665.637| 0.711| 0.711 0
10 |4516.001| 4516.008| 0.482| 0.482 0
11 | 2412.79 2412.83| 0.257| 0.257 0
12 | 672.785 672.79| 0.071| 0.071 0
13 0 0| 0.000f 0.000 0
6. Két luan

Phuong phap du bao dich chuyén bién dang
Keinhorst dO’n gian, de tir}h toan, da dugc tng
dung ¢ nhiéu nuac trén the gidi. Tuy nhién viéc
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tinh toén bing phuong phap wéc luong trén ludi
d6 giai dén nay khéng con phu hop, do vay viéc
xay dyng thuat toan dé giai quyét bai toan nay
trén may tinh la can thiét.

Thuét toan duoc dé xuét & trén dam bao do
chinh x&c, giup tu dong hda qué trinh tinh toan,
g6p phan hoan thién phuong phap du bdo dich
chuyén bién dang cua Keinhorst.

Thuat toan trén c6 thé dugc dung dé xay
dung cac chuong trinh du bao cho cac |y thuyét
khac nhu: Ahrhardt and Sauer, Bals, Beyer,
Sann [3]. Nhimg 1y thuyét nay déu dua trén
nguyén ly xac dinh dién tich vung anh huong,
nhung phuong phap xac dinh ban kinh anh
huong thi khac nhau.

C6 thé st dung module nay dé dy bao céc
dai lwong dich chuyén va bién dang bé mat dat
do khai thac ham 10 & cac via bang va doc thoai
nhim ning cao do chinh xac, giam thoi gian,
cong sirc va mang lai hiéu qua kinh té.

TAI LIEU THAM KHAO

[1]. Nguyén QUOC Long, 2010. Nghién ctu du
bao cac thong sb dich chuyén va bién dang mat
dat do anh huong cua qué trinh khai thac ham
10, luan van thac sy ky thuat, Pai hoc Mo-Dia
chat, Ha Noi.

[2]. Nguyén Pinh Bé, V& Chi My, Nguyén
Xuan Thuy, 1997. Tric dia mo, NXB Gido
théng van tai, Ha Noi.

[3]. Barry N. Whittaker, David J. Reddish,
1989. Subsidence, Occurrence, Prediction and
Control, Elsevier Science Publishers, The
Netherlands

[4]. Charles Mcauley,
AutoCAD  Using
Learning, Africa.
[5]. Foley, VanDam, Feiner, Hughes, 2004.
Computer graphics: Principles and prcatice,
second edition in C, United states of Ameraca.

[6]. http://www.mathwords.com

[7]. Karol Gren, Edward Popiotek, 1990.
Wptyw eksploatacji gorniczej na powierzchnig 1
gorotéwor. AGH, Krakdw.

2000. Programming
ObjectARX.  Cengage

(xem tiép trang 89)


http://www.powells.com/s?author=Charles%20Mcauley
http://www.mathwords.com/

SUMMARY
Building algorithm for determining the surface subsidence
due to underground mining according to prediction method of keinhorst

Nguyen Quoc Long, Vuong Trong Kha, Hanoi University of Mining and Geology

Mining subsidence prediction Method of Keinhorst is applied in the many coal fields in the
world, principle of this method is determine the area of influence zone. The determination of the
area was previously done manually on graphical integration grid usually takes much time, low
accuracy. This article introduces Keinhorst forecasting method, building computer algorithm and a
prediction software made on this algorithm.
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