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TOM TAT

Mo than Ndi Béo nam vé phia Nam tinh Quang Ninh, thudc dai than Hon Gai - Cam Pha, noi duoc
danh gi4 1a mét trong nhitng khu virc ¢6 tiém ning 16n vé than khoéng cua nudc ta. Trén co so tong hop tai
liéu, xtr ly s6 liéu vé cac thong sé via va chat lwong than bang thuat toan tri tu¢ nhan tao va phuong phép hdi
quy logictic cho phép nhan dang va khoanh néi cac via than khu mé mét cach pha hop. Nhan dang céc via
than mo Nui Béo theo phuong phéap hdi quy logictic cho két qua dat 70,87 %, trong khi d6 két qua nhan dang
cac via than bang thuat toan tri tué nhan tao cao hon, dat 84,94 %. Nhin chung, nhan dang cac via than bang
phuong phép tri tu¢ nhan tao cao hon phuong phap hoi quy logistic, tuy nhién van con 15,06 % sai s0, day
cling 1a két qua c6 thé chap nhan cho viéc dung thuat toan trong cong tac ddng danh via. So véi phuong phép
truyén thong, ddng danh céc via than khu mo Ndi Béo bang thuat toan cho thay cac via dugc noi don gian
hon, thoang hon va phu hop v&i méi truong tram tich. Két qua nghién ctu khang dinh vai tro ciia cac phuong
phép toan ng dung trong nghién ciru dia chat, dac biét trong dong danh céc via than va phu hop véi moi
truong tram tich khu mo.

Tir khéa: Bong danh via than, phuong phap hdi quy logistic, mang tri tué nhan tao, mé NUi Béo,
Quang Ninh.

1. MO PAU

Céc 16p trim tich ciing nhu via than phaét trién twong ddi lién tuc trong qué trinh thanh tao cho
nén chang c6 mbi lién hé khong gian gan giii nhau. Cac 16p da hoic via than gan giii nhau vé
khong gian sé& co chiéu day, goc doc, s6 16p kep ciing nhu dic diém, tinh chat twong tu nhau, chinh
cac yéu té nay 1a co s& cho viée dong danh, lién két via, tap via than [2, 3, 5-10]. Sau khi thanh tao,
qua trinh hoat dong kién tao vé sau s& lam thay d6i thé nam, tao un nép, dich chuyén cac via than
gay ra su gian doan, phuc tap hda trong qué trinh ndi via. Chinh vi vay, yéu ciu can phan chia ving
nghién ciru thanh céc khu vuc c6 tinh dong nhat twong dbi dé thuc hién cong tac ndi, lién két via
than, 16p tram tich.

Viéc dong danh via than trén bé than Quang Ninh ¢ db tin cay phu thudc vao mat do cong
trinh tham do, dac diém ciu tric dia chat cua tirng khu mo, khdi kién tric. Dong danh via gitra cac
khu mo trong ciing khéi cau triic bac 1V hoic trén toan dai than, bé than phu thudc cha yéu vao céc
phuong phap so sanh dic diém dia tang giita cac via than, so sanh vé hinh hoc, cac dic diém cia da
vich, da try via, quy luat bién doi cua via than, cau tao via, chiéu day via, cht lugng va céc tinh
chat vat ly cua céc via, phuong phap tang danh diu ciing da dugc chi trong ap dung [2, 3, 6]. Tuy
nhién, do tinh trang trang thiét bi, trinh do khoa hoc cong ngh¢ han ché nén viéc tim ra nhitng du
hiéu dic trung cho riéng mot vai 16p, mot vai tap nao dé 1a rat kho khin. Myc dich ctia nghién cau
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nay la nhan dang céc via than tai khu vuc mo Nui Béo, Quang Ninh bang thuat toan hoi quy
logistic va mang tri tué nhan tao trén co so phan tich cac thdng sé chiéu day, goc dbc va chat lugng
via than nham phuc vu cong tac dong danh lién két via, gop phan dinh huéng cho cong tac thiét ké
khai thac dugc chinh xéac va phu hop véi diéu kién khu mo.

2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. Pdi twgng

Mo NUi Béo thudc dai than Hon Gai - Cam Pha, khu mé nam trong dia phan cia 03 phuong,
do la phuong Ha Phong, phuong Ha Tu va phuong Ha Trung, thanh phd Ha Long, tinh Quang

Ninh. Khu mé nam & trung tdm thanh phé Ha Long, nam bén trai duong Qudc 16 18A tir Ha Long
di Mong Duong (Hinh 1A).

Khu mé phé bién cac thanh tao trim tich Trias thudc hé ting Hon Gai, phan hé tang gitra va
cac tram tich bo roi hé Bé tir [8] (Hinh 1B). Thanh phan thach hoc cua phan hé ting Hon Gai gitra
bao gom cac 16p cudi két, cat két, bot két, sét két, sét than va céc via than nam xen k& nhau, chiéu
day dia ting khoang 1.800 m. Phan hé ting Hon Gai giita 1a dbi twong chtra céc via than cong
nghiép. Tram tich hé¢ D¢ ti (Q) phu tryc tiép Ién céc thanh tao cia phan hé tang Hon Gai gitra,
chiing dugc phan b & cac khu vuc thap, thung liing xung quanh khu mé. Thanh phan tram tich bao
gom cudi, soi, cat, sét bo roi, doi noi 1a cac tang lan, day 1a san pham phong hoa tir cac d4 ¢ trudc.

Trong khu mé Nui Béo phat trién cac nép udn va hé théng cac dut gay, chlng lam phuc tap va
gay kho khin cho cong tac dong danh via va khai thac than. Theo Pham Tuan Anh (2009) [1], tir
trén bé mat dia hinh tré xudng, trong pham vi khu mé NGi Béo tdn tai cac via than sau V14, V13,
V11, V10, V9, V7, V6, V5 va V4.
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Hinh 1. A - Ban d6 Viét Nam va vi tri viing Ha Long, B - So d6 dia chat vang Ha Long, Quang Ninh
va vi tri khu mo Nui Béo [8]

2.2. Phwong phap nghién ciru
Trén co sé thu thap cac tai liéu dia chat da tién hanh tai khu vuc nghién ctru, dic biét 1a cac tai
liéu tham do, khai thac trién khai trén khu vgc Ha Lam - Nui Béo va tai liéu bo sung cua 11 16
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khoan thyc hién trong niam 2021 thuéc Du an tham do bd sung than mo Ndi Béo do Cong ty C6
phan Dia chat Viét Bac thuc hién, cac s liéu phan tich tai Trung tdm Phan tich Thi nghiém Dia
chét, thuoc Tong cuc Dia chat va Khoang san Viét Nam. Cac sé liéu thu thap tir 223 16 khoan
(chiéu day than, géc ddc, 16p kep), va 438 két qua phan tich cac loai (WP, AX, Ve, Q") duoc xir
ly, tong hop cho tirng via, st dung phuc vu cong tac nghién cuu.

2.2.1. Phidn nhém theo phwong phdp héi quy logistic (logistic regression)

) Theo Freedman (2009) [4], hdi quy logistic (logistic regression) 1a phuong phap phan chia cac
doi twong thanh cac nhdm khac nhau bai moét ranh gisi nao do.

Al B c|

Y =As+AsX « Linear Model

P Logistic Model
'
_ 1
b

I

Hinh 2. A - Biéu d6 phan chia céc ddi twgng theo phuong phép hoi quy logistic: phan b6 cac nhém khac
nhau, B - Xay dung cac dudng phén chia cac doi tugng, C - Phan biét md hinh hoi quy tuyen tinh
va hoi quy logistic

Nhu vay, mé hinh hdi quy tuyén tinh duoc x4c dinh theo ham: y = A(0)+ > A(j)x x(j)
=1

A Ly A- .. . N 1
M®& hinh hoi quy logistic dugc xac dinh theo ham: P = e

trong do: z = A@©)+ > A(j)xx(j); P 1 x4c suat 0/1 hozc [0,1]; y - Bién phu thuoc; x(j) - Bién doc lap
cua théng sé j; m 1a sé thong sb.

Céc gia tri 0/1 duoc xac dinh theo nguyén 1y 1dy via hién tai so sanh véi via chuan. Vi du ta
can xéc dinh via 6 theo phan loai ban dau. Néu via nay dugc xac dinh 1a chuan cua via 6 thi s& nhan
duoc gia tri 1. Néu khong xac dinh 14 via chuan thi ta can dung phuong phap phén loai dé tra 10i,
céc via khéc khong phai via 6 ban dau va khong la via chuan thi nhan gia tri 0. Ngoai ra, ching ta
co the hi¢u chinh dya trén khong gian dia tAng gan gili v6i cAc via chuan cho céc via phan loai mot
gia s6 nao d6 ma khong vuot qua 0,5; cach xir ly ndy s& gitip 1am ting su diéu chinh nhan dang cac
via lan can.

2.2.2. Phdn nhom theo phwong phdp tri tug¢ nhan tao (Artificial Neural Network - ANN)

Nhimg nim dau cua thap nién 90, Schmidhuber (1992) [11] da dinh nghia mang neural
(noron) hay con goi la mang tri tué¢ nhan tao 1a mot hé théng xir ly théng tin c6 mot vai dic tinh
thyc thi giong nhu cdc mang noron sinh hoc. Mang noron dugc phat trién nhu 14 tong quét héa cua
cac mo hinh toan hoc ciia nhan thic ciia con nguoi hay hé than kinh sinh hoc, dua trén cac gia dinh
sau: Thong tin xir ly tai nhleu phan to don glan goi 1a cac noron; tin hiéu dugc truyén giira cac
noron thong qua cdc két ndi; mdi két ndi c6 mot trong s6, thong thuong duoc nhan vei tin hiéu
truyen qua; moi noron sir dung mot ham kich hoat dé xac dinh tin hiéu dau ra theo téng cac tin hiéu
dau vao. Mot mang noron dugce dac trung boi ba dac tinh sau:
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1) Hinh théi cta cac két ndi giita cac noron (con goi la kién triic mang);

2) Phuong phap xéac dinh cac trong s6 cua cac két ndi (con goi la thuat toan hoc hay thuat toan
huan luyén - learning/training algorithm);

3) Ham kich hoat (activation function).

Mot mang noron dién hinh bao gom mot I6p dau vao (input layer), mot hay nhicu lop an
(hidden layers) va mot Iép dau ra (output layer). Trong cac ung dung thuc té, mot trong sé céc

mang noron dugc ding nhiéu nhat Ia mang noron tiép tuc cung cap (feed-forward) véi thuat toan
huan luyén lan truyén nguoc (back-propagation) va ham kich hoat sigmoid.

Ham kich hoat sigmoid: Y = —
l+e

Véi mang noron ¢ ny dau vao x, nz & 16p an thi ¢ dau ra y cua mang noron c6 thé biéu dién
mot cach toan hoc nhu sau:

y="fla,+> (i=1-n)af;(b; + > (i=1-n)bx |

trong d6: f 1a ham kich hoat; a, b 1a c4c trong sb cua cac két ndi; ao, bo goi 1a cac thién léch (bias).

A

B 1

Input Hidden Output
layer layers layer
v ——— v

0.5

Hinh 3. A - Mang noron dién hinh; B - Ham kich hoat sigmoid

Ham kich hoat sigmoid Ia ham nhan dang 0/1 (sai = 0, ding = 1) ding d¢ phéan loai cac doi
tuong, gia tri chi bién doi trong khoang (0,1).

Input layer (Lop dau vao) Hidden layer (Lop an) Output layer (Lop dau ra)
Hinh 4. M& hinh mang tri tué nhan tao (ANN)

Trong nghién cttu ndy chidng t6i sir dung mé hinh ANN 3 16p 4n, 1 16p dau ra, con 16p dau vao
tay thudc vao sb 16p dit liéu dugc xay dung. Do chiéu day than, 16p kep va géc déc via la nhitng
thdng s6 c6 do tin cao, tiép dén 1a do am (WP) va do tro (A¥) 1a 2 théng s6 chiém ty trong thong tin,
két qua dau ra la via than. Chinh vi vay, phuong phap ANN sir dung s6 I6p thong tin dau vao (Input
layer) 5; s6 16p thong tin an (Hidden layers) 3; s6 16p thong tin dau ra (Output layer) 1; véi phuong
phép noi suy la standard sigmoid; hé sé luyén (Learning rate) 0,5.

308



Ddng danh céac via than maé Nui Béo, Quang Ninh bdng phuong phép héi quy logistic va mang...

Phuong phap ANN ciing tinh ra cic hé s6 A(j) va tinh toan phi tuyén tinh cho cac I6p thong
tin. Tir cac 16p thong tin dau vao (chiéu day, goc doc, 16p kep, d4 vay quanh than, bién doi da trén
than, dudi than, cac théng sé WP, AX, Ve Q" d, m,...) twong (g Véi gid tri dau ra (t&n via,...), ta
can day cho chwong trinh nhan dang, tim dwoc cac hé sé A(j) sao cho hé sé twong quan cao nhat.
Két qua cudi cung 1a hé sb cua cac 1op an, dé tinh ra cac gia tri dau ra.

3. KET QUA VA THAO LUAN
3.1. Mi truwdng tao than va thdng sé nhan dang via

Theo Khwong Thé Hing va cong su [6], mo than Ni Béo dugc phéan thanh cac khu dong nhat
tuong ddi theo méi truong thanh tao: Khu A1 mang dic tinh méi truong dam lay; khu A2-Bai tridu;
khu A3-Bai triéu; khu B-Dong chay; khu C-Bii triéu; khu D-bam lay; khu E-Ngoai vi. Khu Al va
A2 lay ranh gigi bang dut gy F-Monplane; giita A1 va A2 lay ranh gidi caa céc yéu td phan nhom.
Khu B va khu A 1a dat giy F-K va F-C ddng thoi 1a dsi c6 do déc lon; khu C va khu B duogc gici
han boi sy hinh thanh biéu hién dong chay qua khu B. Khu D va khu C ¢6 ranh gi6i 1a d6i do doc
I6n; khu E tach biét, lay dut gdy F-N lam ranh gigi (Hinh 5).

600 m

Hinh 5. A - So' d6 vi tri cac 16 khoan tham do mo than NUi Béo;
B - So do6 phan khu mé than Nui Béo theo moi tredng tao than [5]

Bang 1. Bang danh gia thong ké tinh ddng bo cua cac thong sd

, cec | Chitu | o544
Théng sé : day Plowet | Ak | wveh | Qh | Qx| d S
doc kep
khoan )
Co mit (%) 71,07 70,8 70,8 45,73 51,07 | 44,53 | 42,27 | 42,27 | 41,73 | 33,47
) S6 Chiéu Goée
Day thong so QK Qn AK l6p day 46 d Ve | et S
oc
kep khoan
Pongbo (%) | 42,27 | 4227 | 4227 | 4227 | 32,93 [32,93] 32,93 | 31,73 | 29,33 | 27,07
S lop Goc Chicu
Thi tu p day AK Qb | Q| veh | owet | d S
kep doc
khoan
Panh gia (%) 56,535 52 51,865 | 46,67 42,27 | 42,27 | 38,13 | 37,53 | 37,33 | 30,27

Tur két qua Bang 1 cho phép c6 thé chon théng s6: S 16p kep, Goc ddc, Chiéu day khoan 1am
co s¢ dé phan loai. Néu sir dung két qua phan tich thi chon thém chi tiéu do tro (AX), can nira thi
thém nhiét lugng (Q°") va Q". Tuy nhién, neu chon tiép thi cac thong sb khong du dé phan loai nén
viéc sir dung cac thdng sb can chon theo nhom.
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Budc 1 - Dua trén bo 3 thdng sé khoan: Sb 16p kep, Goc doc, Chiéu day khoan.
Budc 2 - Dya trén 3 thong s khoan, két hop véi théng s6 phan tich.

3.2. Phan loai theo phwong phap hoi quy logistic va phwong phap ANN

3.2.1. Phwong phdp héi quy logistic

Bo dir liéu khong gian dugc chia thanh 2 tap dir liéu 1a tap dir liéu huan luyén va tap dir liu
xé&c nhan theo ty ¢ twong tng 1a 70 % va 30 %, duoc sir dung dé huan luyén md hinh. Truc quan
hoa phuong phap luan xay dung mé hinh ANN dong danh via than nhu Hinh 6. Phuong phap di
xay dung phuong trinh hoi quy logistic bang cach xac dinh cac hé sé A(j) cua phuong trinh, két
qua tinh toan nhu sau (Bang 2).

Bdng 2. Hé s6 cho phuong trinh hoi quy logistic cac via than theo ting khu vuc

Tén via i Khu Al _ _ Khu A2 _ _ Khu A3 _

Hé so Gia tri Hé so Gia tri Hé so Gia tri
A(1) 0,088022 A1) 0,002707 A(1) 0,032732
A(2) 0,272148 A(2) 1,12108 A(2) 0,217405

Via 14 A(3) -0,09336 A(3) -3,9892 A(3) -0,14573
A(0) -3,85164 A(0) -4,22798 A(0) -1,61819
Error 0,296827 Error 0,284721 Error 0,240848
R 0,774902 R 0,518068 R 0,401638
A(1) 0,000244 A1) 0,012333 A(1) 0,001388

A(2) -0,12559 A(2) -0,52641 A(2) -0,14068
Via 13 A(3) 0,001976 A(3) 0,005615 A(3) 0,334966
A(0) -0,02099 A(0) 0,446213 A(0) -0,34768
Error 0,364171 Error 0,357316 Error 0,423513
R 0,409526 R 0,392098 R 0,175268
A1) -0,04838 A1) -0,03699 A1) 0,010142

A(2) -0,02873 A(2) -3,63904 A(2) -0,49209
Via 12 A(3) -1,23011 A(3) 2,5630731 A(3) 1,088893
A(0) -1,91559 A(0) 3,523149 A(0) -2,63852
Error 0,139129 Error 0,145752 Error 0,151792
R 0,144595 R 0,607569 R 0,251075

A1) -0,03501 A1) -0,02514 A1) -0,0065

A(2) 0,031669 A(2) -0,18835 A(2) -0,0007
Via 11 A(3) 0,177201 A(3) 0,426931 A(3) -0,04324
A(0) -0,29457 A(0) 0,099162 A(0) -0,4608

Error 0,415585 Error 0,450393 Error 0,40148
R 0,23632 R 0,215475 R 0,057493
A1) 0,013269 A1) 0,016448 A1) 0,001596
A(2) 0,084949 A(2) -0,04197 A(2) 0,078735

Via 10 A(3) -0,67708 A(3) 0,028689 A(3) -0,07391
A(0) -0,60885 A(0) -0,66645 A(0) -0,55605
Error 0,413784 Error 0,477694 Error 0,392729
R 0,278119 R 0,103531 R 0,189156

A1) -0,00343 A1) -0,00994 A1) -0,02757

Via 9 A(2) -0,18373 A(2) 0,083062 A(2) -0,57098
A(3) -0,14044 A(3) -0,39948 A(3) 0,540446

A(0) -2,05877 A(0) -1,03753 A(0) -0,69387
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Error 0,162378 Error 0,40397 Error 0,133338

R 0,157772 R 0,184709 R 0,286658

A1) -0,02621 A1) 0,007157 A1) 0,027608

A(2) 0,085705 A(2) 0,202912 A(2) 0,487379

Via 7 AQ3) 0,709586 A®3) 0,319085 AQ3) 0,117666
A(0) -0,22664 A(0) -2,567114 A(0) -2,98334

Error 0,3935 Error 0,406092 Error 0,301582

R 0,519063 R 0,553502 R 0,756735

A1) 0,016889 A1) -0,01601 A1) -0,04377

A(2) -0,44566 A(2) -1,13996 A(2) -0,41193

Via 6 AQ3) 0,166863 A®3) 0,977674 AQ3) 0,398476
A(0) 0,441225 A(0) 3,317148 A(0) 1,08518

Error 0,372311 Error 0,278603 Error 0,355721

R 0,545029 R 0,795297 R 0,378055

3.2.2. Phwong phdap ANN

Két qua huin luyén theo phuwong phap ANN cho céac thong s nhan dang via nhu sau:

Bang 3. Hé s6 ANN céc via than theo cac khu khac nhau cua mo NUi Béo

Tén via Node Giatri Parameter Node 1 Node 2 Node 3
Node 0 -6,026 A(0) -14,013 0,997 4,693
Via 14 Node 1 39,072 Gocdoc 13,124 -0,404 -11,446
khu Al Node 2 -4,106 Bedaykhoan 72,170 -3,218 -68,944
Node 3 -60,617 Solopkep 37,456 -0,784 41,778
Node 0 3,090 A(0) 12,649 -2,235 27,815
Via 14 Node 1 -61,696 Gocdoc -16,510 9,563 -64,695
khu A2 Node 2 -12,038 Bedaykhoan -19,357 -26,471 -28,311
Node 3 57,050 Solopkep 17,867 19,227 -9,867
Node 0 -0,184 A(0) -16,251 13,630 -36,573
Via 14 Node 1 32,286 Gocdoc 10,786 -21,771 -0,1395
khu A3 Node 2 -28,079 Bedaykhoan 16,797 -108,206 47,783
Node 3 -27,145 Solopkep 5,119 -8,227 26,245
Node 0 57,668 A(0) -32,916 26,389 -16,778
Via 13 Node 1 -60,105 Gocdoc 38,485 -54,325 34,723
khu Al Node 2 -58,410 Bedaykhoan 213,145 -114,016 -17,828
Node 3 -64,556 Solopkep 20,325 -71,768 -35,794
Node 0 0,756 A(0) 4,673 -35,135 19,149
Via 13 Node 1 71,082 Gocdoc -0,138 29,141 -13,230
khu A2 Node 2 -17,665 Bedaykhoan -33,303 50,246 -86,592
Node 3 -69,055 Solopkep 16,575 16,951 36,563
Node 0 22,781 A(0) -3,704 10,496 2,748
Via 13 Node 1 -71,486 Gocdoc -19,853 28,598 -7,834
khu A3 Node 2 -23,844 Bedaykhoan 16,222 -38,473 -244,395
Node 3 56,246 Solopkep 9,887 -57,716 82,105
Node 0 34,076 A(0) -93,498 76,595 -10,009
Via 12 Node 1 -74,522 Gocdoc 223,120 -207,531 52,589
khu Al Node 2 -70,253 Bedaykhoan 355,277 -280,301 -38,492
Node 3 -33,051 Solopkep 22,231 13,670 3,00842
Via 12 Node 0 13,586 A(0) -14,231 -5,156 -3,358
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khu A2 Node 1 23,149 Gocdoc 21,721 17,867 0,246
Node 2 -19,639 Bedaykhoan 2,167 7,924 30,150
Node 3 -25,953 Solopkep -2,716 -10,784 -13,425
Node 0 52,209 A(0) 19,731 36,279 -6,923
Via 12 Node 1 -13,033 Gocdoc -16,444 -112,782 23,192
khu A3 Node 2 -38,634 Bedaykhoan 7,852 8,029 38,885
Node 3 -44,807 Solopkep -30,314 11,587 -3,240
Node 0 -110,308 A(0) 17,613 -40,398 -16,654
Via 11 Node 1 110,323 Gocdoc -62,328 -0,821 66,048
khu Al Node 2 107,283 Bedaykhoan -26,532 61,280 14,646
Node 3 109,064 Solopkep 20,547 17,902 -25,894
Node 0 -7,691 A(0) 45,852 2,531 45,075
Via 11 Node 1 227,750 Gocdoc -13,222 -257,766 -9,539
khu A2 Node 2 53,920 Bedaykhoan -43,355 -59,130 -23,305
Node 3 -221,553 Solopkep -45,444 49,392 -79,685
Node 0 -0,7190 A(0) 0,403 16,825 -4,430
Via 11 Node 1 -42,125 Gocdoc 0,110 -143,780 -31,192
khu A3 Node 2 107,956 Bedaykhoan -300,414 159,748 54,596
Node 3 -111,513 Solopkep 48,307 -297,982 -43,014
Node 0 -0,487 A(0) 68,157 -56,792 97,966
Via 10 Node 1 -2,854 Gocdoc -95,959 20,066 -134,341
khu Al Node 2 -22,115 Bedaykhoan -309,702 53,216 -61,133
Node 3 1,676 Solopkep 110,936 58,292 110,652
Node 0 -1,422 A(0) 130,041 -52,288 322,058
Via 10 Node 1 -89,504 Gocdoc -59,265 135,365 -189,735
khu A2 Node 2 95,256 Bedaykhoan -456,543 -145,823 -510,676
Node 3 2,577 Solopkep 65,775 -172,659 -159,772
Node 0 -5,216 A(0) 9,247 107,141 36,342
Via 10 Node 1 6,033 Gocdoc -8,674 -93,171 -37,827
khu A3 Node 2 -5,136 Bedaykhoan 12,679 -556,479 -297,256
Node 3 4,108 Solopkep -29,278 0,265 280,465
Node 0 14,555 A(0) 2,004 56,890 -44,887
Via 9 Node 1 25,703 Gocdoc -23,369 -97,444 69,961
khu Al Node 2 -54,818 Bedaykhoan 32,056 -106,075 87,130
Node 3 -46,798 Solopkep -4,416 0,6139 -3,738
Node 0 83,564 A(0) 49,723 -11,153 -12,008
Via 9 Node 1 -82,564 Gocdoc -30,487 -61,237 34,351
khu A2 Node 2 -84,336 Bedaykhoan -108,704 46,020 -4,891
Node 3 -83,799 Solopkep -23,535 66,113 -5,690
Node 0 -2,239 A(0) 28,182 -0,505 21,858
Via9 Node 1 46,389 Gocdoc -80,800 -11,001 -62,225
khu A3 Node 2 -46,359 Bedaykhoan -95,629 102,163 -193,109
Node 3 -81,237 Solopkep -92,688 -68,057 -17,563
Node 0 2,552 A(0) -5,953 55,010 -28,101
Via 7 Node 1 63,229 Gocdoc 9,840 -21,039 87,205
khu A1 Node 2 -3,562 Bedaykhoan -10,088 -56,791 -184,945
Node 3 -60,237 Solopkep 1,601 -68,135 -15,636
Via 7 Node 0 27,359 A(0) 75,451 0,203 -31,903
khu A2 Node 1 -29,188 Gocdoc -60,232 -297,329 69,328
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Théng sb 1, V11

Théng sé 2, V11

via V14
Thé 63, V11
@ Cho phép
: Théng s6 ANN Itra chon tir
¥ Via 11, N via V12 dén
Thoéng sé m, V11 Khuat @ via V14

[ Luyén ANN

Via 11
khu A1

QWO ©

Chéc chén

Node 2 60,550 Bedaykhoan -100,446 -14,675 -38,922
Node 3 -36,343 Solopkep -7,262 4,213 -39,419
Node 0 31,307 A(0) -3,151 -17,527 23,123
Via7 Node 1 -3,323 Gocdoc 46,929 26,250 133,670
khu A3 Node 2 4,479 Bedaykhoan -92,055 50,958 1,310
Node 3 -32,636 Solopkep -182,860 -33,650 -134,781
Node 0 0,674 A(0) -9,067 -14,424 -13,812
Via 6 Node 1 38,024 Gocdoc -21,374 -21,285 -8,849
khu Al Node 2 -30,719 Bedaykhoan 19,598 204,418 20,498
Node 3 -20,987 Solopkep 28,172 -69,085 19,407
Node 0 40,964 A(0) 29,206 -36,029 -11,684
Via 6 Node 1 -11,048 Gocdoc -124,377 111,579 -5,866
khu A2 Node 2 -40,214 Bedaykhoan 40,952 275,315 11,006
Node 3 -37,402 Solopkep -10,440 -178,306 30,046
Node 0 -0,295 A(0) -22,282 6,133 0,0101
Via 6 Node 1 -21,257 Gocdoc 24,132 -59,315 -14,106
khu A3 Node 2 34,235 Bedaykhoan 64,167 -40,888 -5,586
Node 3 -58,540 Solopkep -33,882 66,8301 12,650
R o - A B
’Phan loai di¥ liéu theo via khu A1| EvAa ’ e } e ‘ [ N':;:-: 3:;9

Chua chéc
chan thudc
via nao

D liéu théng s6 va khu A1 @ @ @ @

Hinh 6. A - M hinh xir ly dix liéu theo phuong phap ANN via than V11 cho khu Al,
B - Cac truong hgp nhan dang via than V13

Trén co sé cac thdng s6 chay theo via va cac khu khéc nhau (Bang 3), ta dua vao chuong trinh
tinh toan. Pau vao la cac théng so, dau ra la gid tri 1 va gia tri 0.

Gia sir thuat toan chay cho via 11 ¢ khu A1; gia tri 1 xac dinh chac chan 1a via 11, gia trj 0
chua chic 12 via 11, nhu vay ta ¢6 cac gia tri 1 twong Gng véi via 11. Tinh toan cho toan b cac 15
khoan cho két qua c4c via duoc nhan dang. Tuy nhién, két qua cac via da dugc nhan dang c6 thé
dung, c6 thé bi nhan dang sai, c4c via chwa chic chén (0) chua thudc via ndo s& twong &ng véi via
chuan (Hinh 6). Két qua dao tao cho thdy mo hinh da thyc hién rat tét véi tap dir liéu huan luyeén,
mirc d6 chinh xac ciia mé hinh dugc huan luyén bai tap dir liéu huan luyén rat cao 14 95,10 %. Muc
d6 pht hop cuaa mé hinh va bo dir lidu dao tao 1a tét & mac 0,91 (Kappa) véi sai sé trung phuong
thip bang 0,193 %.

Két qua nhan dang theo thuat toan cho thay cé truong hop can phai xem xét, xu ly. Céc dix lidu
theo thong s6 va theo khu duoc dwa vao chuong trinh dé nhan dang via (vi du via 11), néu két qua
cho gia tri 1 (nhan dang duoc via), gia tri 0 (chua nhan dang duoc via). Nhu vay, cac via trong khu
dugc chay ngiu nhién theo dau ra la via than. Néu chuong trinh chi c6 mét truong hop nhan dang
ra via, ta xac dinh déy 1a via chic chén; trudng hop chuong trinh nhan dang ra nhiéu via khac nhau
(via nao ciing nhan via d6 thudc vé minh) thi két qua c6 thé nhan dang via trong khoang 2 via do.
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Ngoai ra, cac truong hop chuong trinh khéng nhan ra via thi ciing c6 thé xép vao via chuan (Hinh
6A,B).

Chinh vi vy, sau khi nhan dang via than bang phuong phap ANN ta c6 budc xit Iy tiép theo la
hiéu chinh cac két qua nhan dang do thuat toan dua ra.

Bang 4. Panh gia két qua du bao via than theo phuong phap hoi quy logistic va ANN

Via Loc So Nhan dang diing Nhan dang sai _Ty 1€ dat (%)

: mau Hoi quy ANN Hoi quy ANN Hoi quy ANN
14 Khu Al 55 36 51 19 4 65,45 92,73
14 Khu A2 19 14 17 5 2 73,68 89,47
14 Khu A3 21 15 10 6 11 71,43 47,62
13 Khu Al 91 65 73 26 18 71,43 80,22
13 Khu A2 53 41 48 12 5 77,36 90,57
13 Khu A3 59 33 48 26 13 55,93 78,69
12 Khu Al 123 121 121 2 2 98,37 98,37

12 Khu A2 86 86 86 0 0 100 100
12 Khu A3 113 79 112 34 1 69,91 99,11
11 Khu Al 94 59 73 35 21 62,77 77,66
11 Khu A2 107 73 85 34 22 68,22 79,44
11 Khu A3 123 74 84 49 39 60,16 68,29
10 Khu Al 73 43 56 30 17 58,90 76,71
10 Khu A2 93 42 76 51 17 45,16 81,72
10 Khu A3 109 53 77 56 32 48,62 70,64
9 Khu Al 89 86 38 3 1 96,63 98,88
9 Khu A2 116 73 96 43 20 62,93 82,76

9 Khu A3 149 147 149 2 0 98,66 100
7 Khu Al 35 21 30 14 5 60,00 85,71
7 Khu A2 60 24 53 36 7 40,00 88,33
7 Khu A3 82 47 71 35 11 57,32 86,59
6 Khu Al 29 22 25 7 4 75,86 86,21
6 Khu A2 33 23 31 10 2 69,70 93,94
6 Khu A3 77 61 67 16 10 79,22 87,01
Trung binh 70,87 84,94

\ —

Via 9
* Via7

Via6

st AL
\ l % Via tbng hop silus Chiby séu (m)

Hinh 7. Bdng danh via than theo két qua tinh toén logistic va ANN trén mat cit T.VI
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Két qua trén cho thdy viéc nhan dang theo phuong phap hoi quy logistic dat ty 1¢ 70,87 %,
phuong phap ANN co ty I¢ 84,94 %; cao hon so vdi hoi quy logistic (Bang 4). Két qua nhan dang
via theo phuong phap hoi quy logistic va ANN déu dugc dwa 1én mit cat cac tuyén tham do dé
phuc vu dong danh via than, tap via than (Hinh 7).

Déi chiéu voi két qua ndi via caa Pham Tuan Anh va dong nghiép [1], két qua dong danh cac
via than khu mo Nui Béo bang thuat toan cho thay trén tong 751 vi tri via than thi c6 545 vi tri
trung khop, tuong tng ty 18 72,57 %. Tuy nhién, xét v& mit ciu tric, céc via duoc ni theo thuat
toan don gian hon, thoang hon va phu hop hon véi méi trudng tram tich. Mot s6 vi tri mat via than
(16 khoan SX1901), du doan nguyén nhén 1a do dirt gily nhung thuc té di 16 khai thac lai hoan toan
khong gap, diéu nay khé tring hop vai ly giai méi truong kénh rach ¢ day.

4. KET LUAN

Qua cong tac nghién ctru dong danh, ndi via than ¢ khu vuc mé NUi Béo bang phuong phap
hoi quy logistic va mang tri tu¢ nhan tao (ANN), cho phép rut ra mot s6 két luan sau:

1. So d6 x4c dinh ndi via moi bang thuat toan so véi ndi via hién co theo tai ligu thim do dam
bao trung khop 72,57 %. Bieu nay ching to rang cau trdc khu mo theo tai liéu ¢t dam bao muac do
co ban, dinh hudéng cho phuong phap noi via bang thuat toan.

2. Phuong phéap toan dua trén dac trung cua via cho nén khéng dam bao 100% nhan dang
dung, phuong phéap hoi quy logistic dat 70,87 %, phuong phap ANN dat 84,94 %. Nhan dang via
than bang phuong phap ANN cao hon phuong phap hoi quy logistic, tuy nhién van con 15,06 %
sai sO; day ciing 1a két qua kha quan nhat c6 thé chap nhan ding thuat toan trong cong tac ndi via.

3. So s&nh véi phuong phap ndi via truyén thong, dong danh céc via than khu mo NGi Béo
bang thuat toan cho thiy cac via dugc ndi don gian hon, thoang hon va phu hop véi méi truong
tram tich hon. Pay ciing 1a nguyén tac t6i thiéu phai nghién ctru méi trudng thanh tao than khi thuc
hién qua trinh néi via.
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IDENTIFYING THE CORRELATION OF COAL SEAMS IN NUI BEO MINE,
QUANG NINH PROVINCE USING LOGISTIC REGRESSION AND ARTIFICIAL
INTELLIGENCE METHODS

Khuong The Hung'*, Ta Thi Toan?, Nguyen Danh Tuyen?

'Hanoi University of Mining and Geology 18 Vien street, Duc Thang, Bac Tu Liem, Ha Noi
%\/iet Bac Geology Joint Stock Company, 65 An Trach, Dong Da, Ha Noi
*Email: khuongthehung@humg.edu.vn

ABSTRACT

Nui Beo mine is located in the southern part of the Quang Ninh province. It belongs to the Hon Gai-
Cam Pha coal zone with high coal resources exploitation potential. In this study, the data of the coal seam
parameters and coal quality were synthesized and processed using artificial intelligence and logistic
regression methods. The results allow identifying the correlation of the coal seams in Nui Beo mine.
Correlation identifying result using logistic regression methods is 70.87 % while correlation identifying
result using artificial intelligence is higher, reaching 84.94 % with 15.06 % errors. This error range is
accepted in using mathematical methods for identifying correlation of the coal seams. In comparison with
traditional methods, the identifying correlation of coal seams using artificial intelligence and logistic
regression algorithm is more simple and suitable with Nui Beo mine structure. The results confirm that
applying mathematical methods in geological science are effective, especially in identifying coal seams
correlation and in sedimentary environments.

Keywords: correlation of coal seams, logistic regression, artificial neural network, Nui Beo mine,
Quang Ninh.
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