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TOM TAT

Mo than NUi Béo nam vé phia nam tinh Quang Ninh, thudc dai than Hon Gai-Cam Pha, noi duoc
danh gia 1a mot trong nhitng khu vuc 6 tiém ning 16n vé than khoang cta nudc ta. Trén co sO
tong hop tai lidu, xtr 1y s6 liéu vé cac thong sb via va chat luong than bang thuat toan K-means
va phuong phéap hdi quy cho phép phan khu mo Ndi Béo thanh 3 ving 13 rét, ving thir nhat c6
chiéu day >18,5 m; vung thir hai c6 chiéu day <18,5 m va goc doc <32°% viing ba c6 chiéu day
<18,5 m va goc dbc >32°; két hop sb 16p kep 1dy ranh gidi 1a 5 16p kep. Két qua nhan dang theo
phuong phap K-means va ham hdi quy cho 2 hodc 3 thong s6 via tinh cho ca khu mo co ty 1¢
nhan dang rét thap, chi ¢6 via 4, 12, 14 1 ¢o ty 1é nhan dang cao hon (trén 50%). Sau khi phan
khu, viéc nhan dang céc via ting 1én nhiéu, ddc biét cac via 5, 7, 11, 12, va 14, trung binh dat
30,38% so v&i nhan dang cho toan by mo 14 16,83%. Két qua nhan dang cac via than theo 6
thong s6 phan tich cho ty 1¢ nhan dang trung binh dat 16,64%, theo 9 thong sb ty 1& nhan dang
dat 25,93%. Nhin chung, sau khi phan khu ty 1€ nhan dang cac via than theo cac thong s6 via va
chit lugng than cta timg khu vyc da ting 1én dang ké. Két hop cac dic tinh vé chiéu day, goc
déc, s6 16p kep va chat lugng than, cho phép phan chia mé than Nui Béo thanh 07 khu dong nhat
twong d6i, trong d6 khu A1 mang dic tinh méi truong dam lay; khu A2 va A3 mang dic tinh moi
truong bii tridu; khu B mang dic tich méi truong dong chay; khu C mang dic tinh bai tri¢u; khu
D mang dic tinh méi truong d¢am lay; va khu E thudc phan ngoai vi. Két qua nghién ctru khang
dinh vai trd cta cac phuong phép toan tng dung trong nghién ctru dia chat, dic biét trong viéc
nhan dang céc via than va méi trudng tram tich hinh thanh ching, gép phan phuc vu dic luc cho
viéc lién két, ddng danh céc via than dugc chinh xac va pht hop v6i méi truong, cling nhu cdu
triic khu mo.

Tir khéa: Via than, mdi truong tram tich, mé NUi Béo, Quang Ninh

MO DAU

Céc l6p tram tich cling nhu via than phat trién tuong ddi lién tuc trong qua trinh thanh tao cho
nén ching co6 mbi lién hé khong gian gan giii nhau. Cac I6p da hoac via than gan giii nhau vé
khong gian s& co chiéu day, goc dbc, sé 16p kep ciing nhu dic diém, tinh chit twong ty nhau,
chinh cac yéu té nay 1a co so cho viéc dong danh, lién két via, tap via than1 -3, Sau khi thanh tao,
qué trinh hoat dong kién tao V& sau s& lam thay doi thé nam tao nép udn, dich Chuyen cac via
than gdy ra sy gian doan, phirc tap hoa trong qua trinh ndi via. Chinh vi vdy, yéu cau can phén
chia vung nghién ctru thanh céc khu virc c6 tinh dong nhat twong dbi dé thyc hién cdng tac ndi,
lien két via than, 16p tram tich.



Hau hét cac nghién ciru trude day vé dong danh, lién két via than it chi y dén mai truong
thanh tao tram tich. Tuy nhién, trong cung thoi ky thanh tao, trong cling mot bon triing, than ¢o
thé hinh thanh trong méi truong dam 1y (than day, thé ndm thoai, dang thau kinh, dang 6, chit
luong than t6t), moi truong bai tridu bun (via than co chiéu day vira phai, thé nam thoai, c6 dang
via, chat lugng than tt), moi trudng bai boi ven séng, ven hd (via than ¢ chiéu day thay doi, thé
nam hoi déc, c6 dang hinh ném vat, dang vanh khan, chét luong than trung binh va kém) va
nhiéu moéi trudng khac'®. Nhu véy, trong cing mot thoi ky, ciing mot via than nhung chiéu day
via lai thay ddi, hinh dang thay d6i, va tham chi chit lwong than ciing thay ddi, diéu ndy s& dan
dén pha v& tinh dong nhét tuong ddi gy ra sy phtc tap trong qua trinh lién két, ndi via. Cac via
than & ven song, ven hd ciia cing mot via nhung khong thé lién két voi nhau vi ching bi ngén
cach bai 10ng song cling nhu khu vuc ngdp nude sau. Tuy nhién, chu ky tram tich lai phan anh
ching kha giéng nhau vé trat tu bién tién, bién thoai, day vira 1a yéu td kién tao, vira 1a moi
truong thanh tao trim tich.

Muc dich cua nghién ctru nay la nhén dang cac via than va mdi truong tram tich tai khu vuc
mo NUi Béo, Quang Ninh bang thuét toan K-means va phuong phap hdi quy trén co s¢ phan tich
c4c thdng sb chiéu day, goc doc va chat lugng via than nham phuc vu cong tac lién két via, tinh
toan tai nguyén, trir lugng than, dinh hudng cho cong tac thiét ké khai thac duoc chinh xéac va
phu hop véi diéu kién khu mo.

KHAI QUAT VE PAC PIEM PIA CHAT MO

Mo NUi Béo nam trong dai than Hon Gai-Cam Pha, vi tri khu moé thuoc dia phan cua 03
phuong: phuong Ha Phong, phuong Ha Tu va phuong Ha Trung, thanh phé Ha Long, tinh
Quang Ninh. Khu mé nam & trung tdm thanh phd Ha Long, ndm bén trai duong qudc 16 18A tur
Ha Long di Mong Duong (Hinh 1A).

Trong khu mo c6 mat cac tram tich Trias thudc hé ting Hon Gai, phan hé tang giira va cac
tram tich bo roi hé Dé ta’ (Hinh 1B). Thanh phan thach hoc cua phan hé ting Hon Gai giira bao
gom cac 1op cudi két, cat két, bot két, sét két, sét than va cac via than nim xen k& nhau, chiéu
day dia ting khoang 1.800 m. Phan hé tang Hon Gai giira 1a d6i twong chua cac via than cong
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Hinh 1: A-Ban d6 Viét Nam va vi tri ving Ha Long, B-So d6 dia chat ving Ha Long, Quang
Ninh va vi tri khu mo Nui Béo (theo Hung va nnk, 1996).

Tram tich hé D¢ tur (Q) phu tryc tiép 1én cac thanh tao ciia phan h¢ tang Hon Gai giira, ching
duoc phan b6 & cac khu vuc thap, thung liing xung quanh khu mo. Thanh phan tram tich bao
gom cudi, soi, cét, sét bo roi, doi noi 1a cac tang lan, day 1a san pham phong hoé tir cac da c6
trudc.

Trong khu mo Nui Béo phat trién cac nép udn va hé théng cac dut gay, ching lam phic tap va
gay kho khan cho cong tac ddng danh via va khai thac than. Theo Anh PT (2009)8, tir trén bé mat



dia hinh tr xuéng, trong pham vi khu mo NGi Béo ton tai cac via than sau V14, V13, V11, V10,
V9, V7, V6, V5, va V4.
CO SO TAI LIEU VA PHUONG PHAP NGHIEN CUU

Trén co so thu thap cac tai liéu tim kiém, tham do va khai thac d tién hanh tai khu vuc
nghién ctu, dic biét 1a cAc tai liéu tham do, khai thac trién khai trén khu vuc Ha Lam-Nui Béo
va tai liéu méi bd sung cua 11 16 khoan thuc hién trong nam 2021 thugc Dy an tham do bd sung
than mo Nui Béo do Cong ty C6 phan Dia chat Viét Bac thuc hién, cac sb liéu phan tich tai
Trung tdm Phan tich Thi nghiém Dia chét, thudc Téng cuc Dia chét va Khoéang san Vi¢t Nam.
Nhiing $6 liéu c6 duogc qua Céc tai liéu la s6 liéu khoan, phan tich dugc xtr 1y, téng hop cho ting
via, str dung dé phuc vu cong tac nghién ctru.

Xay dung co sé dir liu

Trén co s dir liéu gde vé céc 16 khoan cit qua cc via than mo Nui Béo va két qua phan tich
mau, tién hanh dong bo hoa dit liéu.

DPdng b6 dir liéu theo hé toa do: Toan bo dir lidu toa dd cbng trinh khai dao duoc 14y theo hé
toa do VN2000 mui 6 do, kinh tuyén truc 107°45°. Dit liéu phan tich dwgc ddi sanh véi dit liéu
khoan dé lay toa do (x, y) twong ung. Két qua dong bod toa do duoc ghi va luu vao file
* ToadoPT.xls.

Loai trir cac 16 khoan tring lap: C6 rat nhiéu 16 khoan tring 1ap khi dé cac tuyén doc cuing cac
tuyén ngang. Dleu d6 s& gay ra sy trung chap va khi tinh chiéu day via Va s€ gay kho khan.
Chinh vi vay, can phai loai trur cac 16 khoan va via trung lap truge khi dua s6 liéu vao tinh toan.

Hiéu chinh thong s6 khoan: chiéu day cac via dugc tinh tong cho cac via riéng 1¢; goc déc, sd
16p kep duoc tinh trung binh ctia cac gia tri. Két qua hiéu chinh thong s6 khoan dugc ghi vao file
* DLkhoan.xls.

Hiéu chinh két qua phan tich: Cac két qua phan tich theo miu, khi tong hop theo via ta tinh
trung binh gia quyén theo chiéu day. Két qua phan tich dugc ghi vao file *_DLPhantich.xls.

Déng bo hoa dit liéu khoan va phan tich: C4c 16 khoan, via c6 céac dit liéu chiéu day, goc déc,
s6 16p kep s& dong bd hoa. Két qua khoan, phan tich dugc ghi vao file *_DulieuKPT .xls.

Hiéu chinh dir liéu dé phan loai: Hiéu chinh dit liéu khi tinh khoang cach Euclide, gia tri duoc
quy vé tir 0 téi 1. Hiéu chinh dir liéu khi phéan tich nhan dang, gia tri dugc quy vé 0 (sai) dén 1
(dang).

Phwong phap nghién ciru
banh gia daic trwng phan logi ciia cac thong 0

Khi phan loai cac thong s6 nguoi ta thuong 4p dung 2 nhém phuong phép, phuong phap phan
loai theo déc diém, tinh chét dic trung ciia dbi tugng va phuong phép phéan loai theo qua trinh
phat trién ctia ddi twong.

Phan 16n céac phuong phap hién nay déu phan loai theo dac diém, tinh chat dic trung cua d6i
tugng. Dé phan loai ddi tuong co thé ap dung phuong phap K-means, phan tich tinh dong nhat,
phan tich biét thic, hoi quy tuyen tinh, hoi quy logistic, mang tri tu¢ nhan tao (ANN),... Vlec
phan loai theo qué trinh phét trién cua dbi twong thudng rat han ché va qué trinh phan |0a1 rat
phtic tap nén it duoc 4p dung. Khi d6i twong 1a cac 16p da tram tich, cac via than tuan theo quy
luat trAm tich, méi trudng tram tich nén dic diém, tinh chit cta via than ludn bi bién dong, dicu
d6 c6 nghia la ta khong thé lay dic diém, tinh chat ctia via than dé phan loai ma can phan ra cac
moi trudng tram tich khac nhau.



Si

Hinh 2: Biéu do tinh chat dic trung ciia nhom A va B: d& phan loai (A), nhom A va B bi x6a
nhoa (B), khd néng phan loai theo déc trung ciia nhém (C), phén loai cua thong s6 Al va Si (D).

Nhin vao biéu do (Hinh 2A) cho thay, de dang phén loai nhom A va B theo thong s6 Si va AL
Tuy nhién, thuc té thuong phirc tap hon réat nhiéu, vige phan tach gitra nhdm A va B khong phai
dé dang (Hinh 2B). Nhu viy, cin ctr vao 2 thong s6 Si va Al ta khong thé phan loai duoc 2
nhom A va B (Hinh 2C). Do d6, can bo sung thém cac théng sé nhan dang khac hodc chip nhan
mot sai s6 nhat dinh cho két qua phan loai.

Vi 2 thong s6 Si va Al ta chi ¢ thé phan loai ddi tugng A va B ding mot phan nao (Hinh
2D). Goi nA 1a tong s6 diém nhém A, mA 14 s6 diém phuong phap nhan dang duoc. Ty 18 thanh
cong nhan dang dat: 100 XmA/nA (%).

Néu chi cin ctr thong s6 Al thi ta c6 thé phan loai B duoc con cin ctr vao thong sb Si thi
khong phan biét dugc A va B. Diéu d6 néi 1én mdi thong sb co gia tri dic trung phan loai khac
nhau. Dbi v&i thong sé Al: gia tri dic trung phan loai nhom B dat 100 X21/60=35%, con ddi voi
thdng sb Si gan dat 0%.

Phwong phap phdn nhom theo K-means

Thuat toan K-means clustering (phan cum K-means) 1a thuat toan rat quan trong va dugc st
dung pho bién trong k¥ thudt phan cum (cluster). Tu tudng chinh cua thuat toan K-means [ tim
cach phan nhom cac dbi tuong (objects) da cho vao K cum (K la s6 cac cum duoc xac dinh
truéc, K nguyén duong) sao cho téng binh phuong khoang cach giira cac d6i tuong dén tam
nhém (centroid) 1a nho nhat ma dic trung 1a cac gia tri gan véi gia tri trung binh (Mean) ciia tim
nhom do.

Khi phan cum K-means thi s6 cum két qué phu thude rat nhiéu vao cac trung tdm cum dé ra
ban dau.

Hinh 3: Két qua clia viéc xdy dung trung tim cac cum ban dau.

Diéu d6 cho thay vi tri cac cum ban dau dua ra khac nhau s& cho ta két qua khac nhau. Dé
tranh tinh trang nay ta can dwa ra tiéu chuan xay dung trung tdm cac cum ban dau chuan.

C6 3 phuong phép tao trung tim cum, d6 1a: phuong phap chia déu - Chia cac yéu t6 thanh
phan cac khoang cach déu nhau; Phuong phap mat d6 - Chia cac yéu t6 thanh phan theo mirc do



tap trung cac diém theo mat do diém; Phuong phap tu chon nhu theo via, theo ciu trac, theo moi
truong,... SO nhom, cac diém trung tdm tu cac nha nghién ctru dé xuat theo muc dich.

Phuong phap chia déu Phuong phap mat do
Hinh 4: Phuong phap tao trung tim cum.

Phuong phap mat d¢ sé tién gan t6i két qua hon nhung thém céc phép tinh phtic tap va doi khi
tao ra cac trung tam gia (Hinh 4).

Néu dung phuong phap chia déu theo s6 ngudng (k) cho mot théng s6 thi voi m thong sb s&
6 n=k™ nhom. Gia st ¢6 3 ngudng min, mean, max neu 2 thong so ta c6 32 = 9 nhom, 3 thong
s6 3%=27 nhom, 4 thong sé 3*=91 nhom,.. ..

Néu dung phuong phap mat do thi s nhom 1a 7= Hk(j)

Trong d6: 7 1a sb nhom; k(j) 1a s6 ngudng cia thong sO j; m la sO thong sd.

Gia sir ¢6 2 thong sb, thong s6 1 chon 2 ‘ngudng, théng s6 2 chon 3 ngudng thi s6 nhém theo
phuong phap mat do 12 2X3 = 6 nhom. Néu ludn chon 2 ngudng thi sé nhom 12 y=2m. Gia tri
ngudng theo phuong phap mat d6 s& khac voi chia déu mac di mdi théng sb ¢ 2 ngudng.

Vé6i phuong phép chia déu, 2 ngudng ta thudng chon 0,25 va 0,75 trén doan [0,1]; 3 ngudng
ta thuong chon 0, 0,5 va 1 trén doan [0,1]; 4 ngudng ta thuong chon 0, 1/3, 2/3 va 1 trén doan
[0,1];...

Thong thuong nguoi ta chi nén dung t6i da 3 ngudng vi cang nhiéu ngudng sb nhom s& ting
1én quéa nhiéu gy ra sy qué phic tap va kho tim hleu quy luat. Tuy nhién, trong nhiéu truong
hop cac diém khong quy tu thanh diém ma phat trién thanh duong (Hinh 5).

Mux L e CHIDAN
o Nhom 1
Nhom 2
Nhom 3
Nhom &
Nhom 5

Nhom &

Trung tim nhom
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Hinh 5: Biéu d6 phan nhom K-means vai cac diém tuan theo quy luét duong thang tuyen tinh.
Nhu vay, viéc ap dung K-means s€ khong co tac dung néu khong xem xét dén yéu t6 duong
(Line), dé b dap nhirng thiéu s6t ndy va mong muén phat trién phuong phap K-means ching toi
d4 tién hanh xay dung thuat toan L-mean clustering (Line means) hay goi la phan cum theo
duong tuyén tinh L-means. Két hop su cai tién nay véi K-means cho ta thuat ngir chung 13 KL-
means (phan cum theo diém, duong).
Tinh déng nhdt ciia cdc nhém
Khi xay dung cac nhom, yéu cau phai tinh mitrc ¢ dong nhét ciia cac nhoém. Mic du theo K-
means phan thanh 2 nhom nhung khi so sanh ching lai giéng nhau thi ta phai gop lam mot. Co
rat nhiéu tiéu chuan danh gia mirc 4o dong nhat cta cac nhém tap mau 1 va tap mau 2 co thé
theo céc tiéu chuan nhu Rodionov (1981)°, Rao (1967)%,...



Khi Khong xét toi moi lién quan gilta cac thong s6, tiéu chudn cia Rodionov (1981) thudng
duoc str dung dé danh gia ml'rc dé dong nhat giita 2 tap mau®.

n1+n 1 . t=1 t=1
VT = n, xn, x (0, +n, Zl , o1 (he Y 1)
ZX‘J _n1+n2(z x“j

t=1

Trong do: V(T1,T2) 1a gia tri Rodionov tinh toan gitra 2 tap mau T1, T2; m 1a s6 thong s6; ny, ny
la s6 mau tap mau Ti, T2; xij 1a gid tr1 tng v6i mau thir t thong sb j.

V(T1,T2) <#%(0.05,m) thi 2 tdp mau |a hoan toan giéng nhau.

Gia tri #%(0.05,m) la gia tri tra bang twong tmg véi gidi han dudi V(L)=4#%(0.05,m).

Néu céc thong s6 déu dat muc do t(j)=t(0.05,n-2) thi gidi han trén dugc coi la hoan toan khéac
nhau dugc xac dinh 1a V(U) theo t(0.05,n-2). Nghia la.
V(U)=m X15(0.05,n-2) hoac V(U)=m x1.962

Néu gia tri ndm giira V(L) va V(U) thi 2 tdp méiu d6 co thé gidng nhau hodc c6 thé khac nhau.

n xn, (x[j]l- Xz[J]) 2
V= <
hoac Y ,le S[iT’ = Xam

Trong do SZ[]] la phuong sai chung cﬁa hai tip mau
82[J']— _1{ZX [i, J]+ZX [i, J]— (zxi[l J]+ZX2[I iD } (2)
Xét t6i mdi lién quan gitta cac thong s, str dung tiéu chuan Rao (1967)

V_hx.n[ ] i (3)

P

Trong d6 h=n,+n, - 2—9,\21\ |,/ 14 dinh thirc ctia ma tran c6 cac phan tir o1[i,j] va o2[ij].

1 1 CE DF
A+B- C+D)E+F ij]=——|A+B-==_
1+n2—2{ n1+n2( X )| edtdl n1+n2—2{ n, nz} 4)

A=Yt 1 B= STV, 7€ = S ALiED = Yyl E= YAl ik F = Yyitil  (5)

Trong nghién ctru ndy, chlng toi sir dung tiéu chuan cua Rodionov (1981), day la budc cai
tién quan trong d6i v6i phuong phap K-means, goi 1a phuong phap K-means cai tién hay KL-
means (K-means va L-means tuong tng cum diém va dudng).

Cac buoc thwe hién thudt toan K-means

Thuat toan K-means cai tién thuc hién qua cac budc chinh sau:

1) Chon ngau nhién K tdm (centroid) cho K cum (cluster), mdi cum duoc dai dién bﬁng cac
tam cua cum.

2) Tinh khoang cach gitra cac dbi twong (objects) dén K tdm (thuwong dung khoang cach
Euclide).

3) Nhom cac ddi trgng vao nhém gan nhat.

4) Néu dir liéu theo quy luat duong thi chuyén sang L-means.

5) Loai trir cac nhom c6 it diém tham gia, chon giéi han 0,1%.

6) Ghép cac nhém theo tiéu chuan ctua Rodionov (1981), gop cac nhom co chi sé V thap.

7) Xéac dinh lai tam méi cho cac nhém.

8) Thuc hién lai budc 2 cho dén khi khong c6 su thay ddi nhom nao cua cac dbi tuong.

Cac buoc 1, 2, 3, 5, 7, 8 1a dung cho K-means.

aili, j]=
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Hinh 6: So d6 thuat toan K-means cai tién (KL-means).

Vong lap chi dung lai khi 6 cum On dinh K1=K2 (K1 cum dau vong lap, K2 cum cudi vong
13p) hodc K2 < Kmin (K2 cum cudi nho hon K cum tdi thiéu).

S6 cum t6i thiéu Kmin va sé cum t6i da Kmax tity theo ddi tuong, muc dich, sb thong s dau vao
va chuong trinh. Ta c6 thé dwa ra cac giéi han nay dé quy dinh cho chuong trinh tiép tuc thyuc
hién hodc dimg vong 1ap sao cho két qua dat muc dich mong muon Vi du nhu ta c6 9 via bao
gdm cac via 4,5,6,7,9, 10, 11, 13, 14 thi ta can chon s6 cum tdi da Kmax=9. SO théng sé dau
vao 1a 3 thi sb cum khoi tao 1a 33 =27. S6 cum tdi thiéu thuong l1dy Kmin = 2Xm-1 = 2X3-1=5,
Nhu vay, yéu cau chuong trinh chay sao cho s6 cum cudi ciing c6 két qua dung 1an can 5+9 cum.
Tuy nhién, chuong trinh c6 thé dimg lai sé cum nhé hon Kmin khi chua 6n dinh. Do vy, can diéu
khién chuong trinh ra sé nhém theo mong mudn khi gop cac nhom cé khoang cach trung tim
nhém gan nhau nhat.

Danh gia mirc do phu thudc

Mirc d6 phu thuge hay mirc d6 doc lap ndi 1€n kha nang sir dung cua phuong phép, gia st ¢o
200 diém thudc nhom A, sau khi phan loai ta nhan duoc 186 diém con 14 diém bi nhan sang
nhém B thi ty s6 186/200=0.94 hay 94% nhén dién ding. Ty sd ndy cang nho chimg to cac diém
nhom A phu thudc vao B cang 16n va nguoc lai ty s6 ndy cang 16n thi mirc d phu thudc cia cac
diém thuoc nhom A vao B cang giam. Khi ty sé dat toi 100%, ta khang dinh A doc lap khong
chiu bat cir anh huéng nao cua B.

Pé danh gia muc do phu thudc, ngudi ta st dung mirc xac suét (P):

+ P <58% - Hoan toan phu thudc;

+ P > 58 + 90% - Phuy thudc nhiéu;

+ P >90 + 95% - Phu thudc it;

+ P >95% - Bgc lap.

Phan 16n mirc xac suat (P) roi vao ngudng phu thudc nhiéu (58+90%) nén ta can hiéu chinh
trung tdm nhom ngay tir ban dau. Gia tri trung binh d6 phu thudc ctia cic nhém ciing gop phan
danh gid viéc lgya chon nhdom sao cho phu hop nhét.

Phan nhom theo phwong phdp hoi quy tuyén tinh (linear regression)

Hbi quy tuyén tinh (linear regression) thugc nhom supervised learning (Hoc c6 giam sat). Hoi
quy tuyén tinh 13 mot phuong phap rat don gian dé thlet 1ap mbi quan hé giira mot bién phu
thudc va mot nhom tap hop cac bién doc lap. Hoi quy tuyén tinh 1a mot phwong phap dé du doan
bién phu thudc (y) dwa trén gia tri cta bién doc 1ap (X).

Kiém tra

X

Hinh 7: Hoi quy tuyén tinh (linear regression).




C6 thé phan ra hdi quy tuyén tinh don bién (Simple Linear Regression - SLR) va hoi quy
tuyén tinh da bién (Multiple Linear Regression - MLR). Pon bién con goi 14 2 chiéu, don gian,
da bién con goi 1a da chiéu hay boi.

Phuong trinh hoi quy tuyen tinh don bién: y = o + P1x + €

Phuong trinh hoi quy tuyén tinh da bién: y = Bo + Pix1 + Paxz + ...+ Pnxn + €

Trong d6 y 1a bién phu thudc, X 13 bién doc 1ap, B 13 hé so tuong u:ng v6i bién X, ¢ 1 sai s6 hoi
quy.

Do hé sé B chua biét cho nén phai di xac dinh, ¢6 2 phuong phap xac dinh hé sé p co ban d6
la phuong phép giai hé phuong trinh hdi quy then tinh (Linear Regression Equation - LRE) va
phuong phéap luyén phuong trinh hdi quy tuyén tinh (Linear Regression Training - LRT) theo
thuét toan hoc may (Machine Learning - ML). Ca hai phuong phap nay déu 4p dung thuit toan
wdc lugng binh phuwong nhé nhat (Ordinary Least Squares - OLS).

D6i v6i cac thanh tao trim tich, cic via 14 tap hop su bién ddi c6 quy luat theo tuéng trim tich
nén dac dlém ctia via phan lon co sy bién ddi tuan theo quy lut hdi quy tuyén tinh. Mot via than
c6 thé rat day, chat luong tdt dugc thanh tao & moi trudng dam 1y s& dwoc ndi via véi via than &
ven bo ¢6 chidu day trung binh, chat Iwong than kém hon, tham chi via than ndy con dugc lién
két vé6i via c6 chiéu day mong, chat luong kém ¢ dia hinh déc hon. Nhu vay, khi sir dung thuat
toan K-means dé xac dinh ddc trung cua via €6 thé dan t6i sai 1am nén viéc ung dung két hop
phuong phap hdi quy tuyen tinh s& lam giam thiéu nhiing sai s6t d6. Tl cac tap hop dir li€u ta
xay dung ham hdi quy tuyén tinh da chiéu va phan nhom theo cac dudng hdi quy tuyén tinh nay.
Theo phuong phéap nay ta chon kiéu L (Line) dudng dé phan cum (cluster) tuong ty nhu K-
means va goi tén la phuong phap L-means.

Khoang céach Euclide tinh tir diém bét ky téi duong thfmg A(0)+iA(j)xx(j)=0du’(_yc ap dung

theo cong thirc sau:
|A©)+ A *x(i )|

d(l)JZAT (6)

Trong do: d(i) 1a khodng cach Euclide tr dlem i t6i dudng thang; A(0) va A(j) 1a hé so tu do
va h¢ so theo cac thong s6 j cua ham hdi quy tuyén tinh; x(i,j) 14 gi4 tri diém i ctia thong sd j.

Céc budc tién hanh phan cum theo dudng (L-means).

1) Chon L dudng (Line) cho L cum (cluster), mdi cum dugc dai dién bang cac ham hoi quy
tuyén tinh (Linenear Regression);

2) Tinh khoang cach giira cac d6i twong (objects) dén L duong (thuong dung khoang cach
Euclide);

3) Nhém cac ddi trong vao dudng gan nhat;

4) Loai trir cac nhom c6 it diém tham gia, chon gidi han 0,1%;

5) Xac dinh lai duong mai cho cac nhom;

6) Thuc hién lai budc 2 cho dén khi khéng c6 sy thay d6i nhom nao cia cac dbi tuong.
Phén nhém theo phwong phdp héi quy logistic (logistic regression)

Hoi quy logistic (logistic regression) 1a phuong phap phan chia cac ddi twong thanh cac nhom
khac nhau bdi mot ranh %iéi nao do.

[a] [c]

¥ =Dby+byX 4= LinearModel

)

Hinh 8: Biéu do phan chia cac d6i tuong theo phuong phap hdi quy logistic: phan b cac nhom
khac nhau (A), xay dung cac duong phan chia cac doi tugng (B), phan biét mé hinh hoi quy



tuyén tinh va hdi quy logistic (C).
Nhu vy, m hinh hdi quy tuyén tinh duoc xac dinh theo ham: y= @)+ AG)xx(j)

1
1+e™?

Mo hinh hdi quy logistic dugc x4c dinh theo ham: p-
Trong d6: 7 - a0+ A =x(j); P 1a xac suat 0/1 hoac [0,1]; y - Bién phu thudc; X(j) - Bién doc

1ap ctia thong s6 j; m 1a sé thong sd.

Céc gia tri 0/1 duoc xac dinh theo nguyén 1y 14y via hién tai so sanh vé6i via chuén. Vi du ta
can xac dinh via 6 theo phan loai ban dau. Néu via nay duoc xac dinh la chuin cua via 6 thi s&
nhan duogc gid tri 1. Néu khong xac dinh 1 via chuén thi ta can ding phuong phap phan loai dé
tra 16i. Cac via khac khong phai via 6 ban dau va khong 12 via chuan thi nhan gi trj 0.

Ngoai ra, chung ta co thé hi¢u chinh dya trén khong gian dia tang gan giii voi cac via chuan
cho cac via phan loai mot gia s6 nao d6 ma khong vuot quéa 0,5. Cach xir Iy ndy sé& gidp lam tang
su diéu chinh nhan dang cac via 14n can. Vi dy, & mo than Nui Béo, via 5, via 7 hiéu chinh lay
gia tri 0,5 (S0 Vi via 6 12 via chuén); via 4 14y 0; via 13 14y 0; via 14 iy gia tri 0,.

KET QUA VA THAO LUAN
Panh gia cac thong s6 nhan dang via than

Dé phuc vy viéc phan chia cau tric mo than, nhém nghién ctru tién hanh danh gia thong ké
cho cac yéu t6 thanh phan co ban cua via than nhu chidu day, goc dbc, 16p kep, va cac két qua
phan tich WP, AK, veh Qe .

Trén so dd phéan bd cac thong s6 via (hinh 9) cho thay vé phia d6ng khu mo Nui Béo céc via
c6 chiéu day kha I6n goi y day la vung trling dang dam lay 1a chu yéu. Két qua danh gia do thong
tin 3 thong s6 1a goc ddc, chidu day, s 16p kep | nhu bang 1.

Bang 1: Danh gia tuong quan gitra cac thong s6 goc déc, chiéu day va sé 16p kep cua via than.

Thong so Goc doc chiéu day that | So6 16p kep
Goc doc 1 -0,051 -0,041
chiéu day that | -0,051 1 0,741

S6 16p kep -0,041 0,741 1

Thir tuy chiéu day that | S 16p kep G6c doc
Ty 18 60,52% 82,84% 100%

Két qua tinh toan cho thdy chiéu day via c6 dd tin cao nhat chiém 60,52% lugng thong tin sau
do6 1a so 16p kep va cudi cung 1a goc doc. Bé dam bao nhan dang 95% trd 1én ta dung ca 3 thong

- - _ :‘ Pudng déng mirc Dt gay
Min Max

Hinh 9: So dd phan bé cac théng s via than, chiéu day that (A), goc déc (B),

s0 16p kep (C) khu vue mo Nui Béo, Quang Ninh. ’ N

Bang 2: Danh gid moi quan hé twong quan va do thdng tin cac thong so phan tich mau.

Théng s6 | WP AK Ve Qeh QXh S

WP 1 0,188 |-0,460 | 0,002 |-0,150 |0,053
AK 0,188 |1 0,367 |-0,486 |-0,972 |-0,116
veh -0,460 |0,3673 |1 -0,156 | -0,364 | -0,071

Qe 0,002 |-0,486 |-0,158 |1 0,652 10,043




Q" -0,150 |-0,972 |-0,364 |0,652 |1 0,108
S 0,063 |-0,116 |-0,071 |0,043 ]0,108 |1
Thir tur Qch Qkh WP Vch S AK
Ty 1é 46,54% | 65,64% | 76,92% | 86,28% | 94,49% | 100%

Tir bang 2 cho thdy yéu t6 nhiét luong Q% va Q"h c6 muc do tuong quan chit nhét va nhiét
lwong Q" chiém do thong tin cao nhét, tuy nhién dé phan loai cdu tric khu mé ciing can sir dung
tat ca cac thong so nay

- -

Min Max

Hinh 10: So d6 phan b céac thdng s6 phan tich do am - WPt (A), nhiét lugng - Q" (B) khu mé
than Nui Béo, Quang Ninh.

Trén co s& phan nhom theo phuong phap K-means cho 3 déi tuong 1a Do ddc - chiéu day - S6
16p kep, mdi nhom phan thanh 3 ngudng, thi tir 33=27 nhom, ta thiy chuong trinh con 10 nhom.
M&i nhom phén thanh 2 ngudng, thi tir 2° = 8 nhém ban dau, chwong trinh con 6 nhém.

Bang 3: Céc trung tdm K-means ban dau.

Nhoém | Gée doc | Chiéu day that | SO 16p kep
1 0,25 0,25 0,25
2 0,25 0,25 0,75
3 0,25 0,75 0,25
4 0,25 0,75 0,75
5 0,75 0,25 0,25
6 0,75 0,25 0,75
7 0,75 0,75 0,25
8 0,75 0,75 0,75

Bang 4: Céc trung tdm K-means sau khi ghép nhdm.

TT | Géc doc | Chiéu day that | S6 16p kep
1 ]0256 0,105 0,073
2 [0277 10,329 0,474
3 [0265 [0521 0,280
4 10269 [0,735 0,734
5 [0560 |0,088 0,078
6 [0514 10,333 0,466

[C]

oma

H|nh 11 Bleu do phan nhom K means khu mo than NUI Beo theo chiéu day that goc doc (A),
chiéu day that - s6 16p kep (B), va goc dbc - s 16p kep (C).

+ Két qua phan nhém theo K-means (Hinh 11A) cho thay ranh giéi r& nét nhat cho phan chia
chiéu day 14 gitra nhom 3 so v&i nhom 1 va nhom 5.

Néu lay ranh gidi gitta nhém 3 va 1 ta co :



RG=60%(0,5205+0,1045)/2=0,625/2=60x 0,3125=18,75

Néu ldy ranh gidi giita nhém 3 va 5 ta c6 :

RG=60 X (0,5205+0,088)/2=0,6085/2=60 %X 0,30425=18,255

Ranh giéi trung binh 1a (18,75+18,255)/2=18,5025; do vy ta liy ranh gidi chiéu day that lam
co s¢ phén loai 1a 18,5 m.

+ Dbi véi goc doe (Hinh 11B) ranh giGi gitra nhém 5 va nhom 1 14 rat rd rang
RG=80X%(0,5599+0,2557)/2=0,8156/2=80% 0,4078=32,624

Do viy, ranh gidi goc dbc duge chon 1a 32°,

+ Dbi v6i s6 16p kep (Hinh 11C) ranh giéi nhom 2 va nhom 1 12 rd rang.
RG=20x(0,0726+0,4741)/2=20%0,5447/2=20< 0,27335=5,467

Két qua cho phép chon ranh gidi s 16p kep 1 5 16p kep.

Mot cach tong thé, cac nhom cé tinh phén tan cao nhung ta c6 thé chon ranh gi6i gOC déc &
32° lam ranh gi6i phan chia d6 dbc, con chidu day l1a 18,5m c6 kha ning phan chia chiéu day.
Két hop gitta chiéu day va goc déc cho phép phan thanh 3 ving rd rét, ving 1 c6 chiéu day >18,5
m; viing 2 ¢6 chiéu day <18,5 m va goc doc <32%; viing 3 ¢6 chiéu day <18,5 m va goc dbc >32°;
két hop s6 16p kep lay ranh gidi 1a 5 16p kep.

Phan chia cac khu vue dong nhat twong ddi va nhan dang cac via than mé NUi Béo

Trén co s chidu day, goc dbc, sé 16p kep va cac thong sé phan tich tién hanh cong tac phan
loai cac khu vuc dong nhét twong d6i cho cac via than mo NUi Béo va nhan dang c4c via than
theo tht tu cho toan khu mo va sau khi @ phan ra cac khu vuc dong nhat tuong doi.

Bang 5: Péanh gia nhan dang céac via theo 3 thong s6 (goc dbc, chiéu day, 16p kep)
bang phuong phap K-means cho toan khu moé.
Tén via | Tong s6 | Nhin dang | Ty 18

14 267 131 49,064
13 221 10 4,525
11 321 32 9,969
10 359 37 10,306
9 112 4 3,571
7 159 35 22,013
6 84 1 1,191
5 45 1 2,222
4 21 11 52,381
12 15 8 53,333
Tong | 1604 270 16,830

Bang 6: Danh gia két qua nhén dang cac via than theo 2 thong 5O
(goc doc, chieu day) bang phuong phap K-means cho toan khu mo.
Tén via | Tong s6 | Nhin dang | Ty 1§

14 267 134 50,187
13 221 23 10,407
11 321 29 9,034
10 360 34 9,444
9 113 4 3,540
7 160 22 13,750
6 84 1 1,191
5 45 1 2,222
4 21 11 52,381
12 15 10 66,667
Tong | 1607 269 16,740

Két qua danh gia theo bang 5, 6 cho thay viéc nhan dang theo phuong phap K-means cho 2
hoac 3 thong so tinh cho khu mo co ty 1€ nhan dang rat thap, chi ¢6 via 4, 12, 14 1a c¢6 ty 1€ nhan



dang cao hon (trén 50%). Do vay, Khong the giit nguyén dit liéu dé phan loai ciu tric cho ca khu
mo dwoc ma phai phan theo méi truong trim tich va theo timg phan khu riéng biét.

Bang 7: Danh gia thon

tin theo twong quan cac thong sb.

Théng sb R P tin ciy | Trong sb

Goc doc -0,015 | 0,150 1

chiéu day that | 0,178 | 1,778 9

S 16p kep 0,194 | 1,938 10

WP -0,062 | 0,616 3

AK -0,057 | 0,566 3

Veh -0,017 | 0,170 1

eh -0,061 | 0,609 3

QK -0,021 | 0,212 1

d -0,025 | 0,245 1

Bang 8: Panh gia dp tin cao c@a cac thong sb.

Thong sé | Gac déc tﬁ;“t‘e“ day |S(;)p cep | WA veh Qh | Qk d
Gocdoc |1 0,114 0,140 /0,303 |-0,090 |-0,156 -0,040 |-0,003 | -0,0004
tﬁ;‘t‘e“ By o114 |1 0,701 |0,0053 |-0,176 |-0,191 0,129 |-0,005 |-0,085
IS," 0,140 | 0,701 1 0,127 |-0,052 |-0,162 -0,153 |-0,091 |-0,096
6p kep
WPt 0,302 [0,053 0127 |1 -0,064 | -0,263 -0,137 |-0,101 |-0,135
AK -0,090 | -0,176 -0,052 |-0,064 |1 0,388 -0,076 |-0,580 | 0,432
veh -0,156 | -0,191 -0,162 |-0,263 0,388 |1 0,389 |0,084 |0,504
Qeh -0,040 | -0,129 -0,153 |-0,137 |-0,076 | 0,389 1 0,839 | 0,470
QKh -0,003 | -0,005 -0,091 |-0,101 |-0,580 | 0,084 0839 |1 0,181
d -0,0004 | -0,085 -0,096 |-0,135 |[0,432 |0,504 0470 |0181 |1
Thir tw ven Q< QKn wht AK chiéu day that | d G6c doc | S6 16p kep
Ty lé 38,18% | 53,21% 64,40% | 73,01% | 79,82% | 85,48% 90,87% | 95,63% | 100%

Két qua danh gia do thong tin (bang 7) va do tin cao cac thong s6 (bang 8) cho thay moi quan
hé voi tap via thi chiéu day, s6 10p kep co d6 thdng tin va quan hé tdt, con cac gia tri tin cao
dugc danh gia cho chat bdc V1 cao nhat. Trén co s¢ d6 ching toi tién hanh phan khu dua trén
cac tlnh chat ctia Vla than.




Hinh 12: So db phan khu mo than NUGi Béo theo chiéu day (A), theo mdi truong (B), theo
phuong phap hdi quy (C), va theo phuong phap hdi quy ¢6 bd sung thém yéu td do am (WP va
nhiét lugng (Q).

Trén so do hinh 12 cho thay khu A1, A2, va A3 ¢ tinh cht twong tu nhau, tuy nhién khu Al
va A2 c6 mirc d6 gidng nhau hon. Chinh vi vy, cho phép phan chia mé than Nui Béo thanh 07
khu sau day: Khu Al mang dic tinh méi truong dam 1ay; khu A2, A3 mang dic tinh méi truong
bai tridu; khu B mang dic tich méi truong dong chay; khu C mang dic tinh bai triéu; khu D
mang dic tinh moi truong dam lay; va khu E thudc phan ngoai vi.

Vé ranh giéi phan khu: khu A1 va A2 liy ranh gi6i bang dut gy Monplane, gitta Al va A2
liy ranh gidi cta cac yéu té phan nhom. Khu B va khu A ranh gidi 1a dat gay F-K va F-C dong
thoi 14 d6i c6 do dbe 16n. Khu C va khu B duge gidi han bdi sy hinh thanh biéu hién dong chay
qua khu B. Khu D va khu C c6 ranh giéi 1a d6i do dbc 16n. Khu E duoc tach biét bai su ngan
céach Cua dut gay F- N

Hinh 13: Két qﬁé phéﬁ chia cac khu vy dong nhat twong déi mo than Ni Béo.
Bang 9: Danh gia ket qua nhan dang cac via theo 3 thong s6 (goc doc, chieu day va 16p kep)
khu A1 bang phuong phap K-means sau khi da phan khu.

Tén via | Tong s6 | Nhin dang | Ty 18
14 82 53 64,634
13 37 0 0

11 47 16 34,043
10 41 2 4,878
9 11 0 0

7 27 6 22,222
6 13 0 0

5 1 1 100

12 1 1 100
Tong | 260 79 30,38

Khi phan khu, viéc nhan dang cac via cao I&n nhiéu, dic biét via 5, 7, 11, 12, 14, trung binh
dat 30,38% so v6i nhan dang toan bo 16,83%. Phan khu theo méi trudng cang chuan, cang hep
thi kha nang nhan dang chinh xéac cang cao.

Bang 10: Panh gia két qua nhan dang cic via theo 6 thong sd
(WPL, AK Ve Qo QK" S) bang phuong phap K-means sau khi di phan khu.

Tén via | Tong s6 | Nhin dang | Ty 1é
14 23 12 52,174
13 21 3 14,286
11 49 11 22,449
10 57 2 3,509
9 24 0 0

7 45 3 6,667




6 14 1 7,143
5 3 1 33,333
4 3 2 66,667
Tong | 239 35 14,640

Bang 11: Déanh gid nhén dang cac via theo 9 thong s6 (goc dbc, chiéu day that, 16p kep, WP, AK,
Ve Q" QX S) bang phuong phap K-means sau khi dé phan khu.

Tén via | Tong s6 | Nhin dang | Ty 18
14 21 13 61,91
13 18 5 27,78
11 43 5 11,63
10 ol 7 13,77
9 21 10 47,62
7 44 11 25,0

6 13 2 15,39
5 3 2 66,67
4 2 1 50,00
Tong | 216 56 25,93

Qua két qua danh gia ¢ cac bang 9+11 cho thay, viéc nhan dang cac via than theo 6 thong sb
phan tich cho ty 1¢ nhan dang trung binh dat 16,64% con theo 9 thong sb ty 1& nhan dang dat
25,93%. Nhu vay, sau khi phan khu ty 1¢ nhan dang cac via than theo cé&c thong s6 via va chat
lwong than ciia tmg mdi truong d ting 1én dang ké.

KET LUAN

Két qua téng hop, phan tich tai lidu, xir Iy thong ké s6 liéu 16 khoan va két qua phan tich mau
bang thuat toan K-means va phuong phap hoi quy khu mé Nui Béo, Quang Ninh cho phép rit ra
mot s6 két luan nhu sau:

1) Ap dung thuat toan K-means va hoi quy cho phép lya chon ranh giéi goc déc ¢ 32° lam
ranh gi6i phan chia d6 dbc, con ranh giGi phan chia chiéu day la 18,5m. Két hop giita chiéu day
va goc doc cho phép phan thanh 3 ving 1 rét, ving 1 ¢ chiéu day >18,5 m; ving 2 c6 chiéu
day <18,5 m va goc doc <32°%; viing 3 ¢6 chiéu day <18,5 m va goc ddc >32% két hop s6 16p kep
liy ranh giéi 14 5 16p kep. Két qua nhan dang theo phuong phap K-means cho 2 hoic 3 thong s6
tinh cho khu toan mo ¢6 ty 1¢ nhan dang thap, chi c6 via 4, 12, 14 1a ¢6 ty 1é nhan dang cao hon
(trén 50%). Sau khi phan khu, viéc nhan dang cac via than dugc nang 1&n nhiéu, dic biét cac via
5, 7, 11, 12, 14, trung binh dat 30,38% so v&i nhan dang via cho toan by khu mo 1a 16,83%.
Phan khu theo mdi trudng cang chuan, cang hep thi kha ning nhan dang chinh xac cang cao. Két
qua nhan dang CAc via than ¢ ting khu riéng ¢ theo 6 théng sd phan tich cho ty 1¢ nhan dang
trung binh dat 16,64%, con theo 9 thong sb ty 1é nhan dang dat 25,93%. Nhin chung, sau khi
phan khu ty 1¢ nhan dang cAc via than theo cac thong s via va chét lugng than cia timg moi
truong d4 tang 18n dang ké.

2) Két hop céc dic tinh vé chiéu day, goc déc, sd 16p kep va chat lugng than, cho phép phan
khu mo NUi Béo thanh 07 khu vuc dong nhét trong doi mang cac dic trung khéc nhau vé moi
truong tram tich, trong d6 khu A1 mang dic tinh méi truong dam lay; khu A2 va A3 mang dic
tinh moi trudng bai tridu; khu B mang dic tinh mai truong dong chay; khu C mang dic tinh bai
tridu; khu D mang dic tinh méi truong dam lay; va khu E thudc phan ngoai vi.

3) Két qua nghién cuu khing dinh vai trd ctia cc phuong phép toan ung dung trong nghién
ctru dia chét, dic biét trong viéc nhan dang cac via than mot cach khoa hoc va mai truong trim
tich chiing g6p phan phuc vu déc luc cho viéc lién két, dong danh cAc via than duogc chinh xé4c va
ph hop hon véi mdi trudng, ciing nhu cau tric khu mo.

XUNG DPOT LQI iCH , , , ,
Céc tac gia dong y khong co bat ky xung dot 1oi ich nao lién quan dén cac ket qua da cong bo.



DPONG GOP CUA CAC TAC GIA q
Khwong Thé Hung thuc hién nghién ctru, tong hop dir liéu, tinh toan va hoan thanh bai bao.
Nguyén Danh Tuyén thuc hién cong tac thuc dia, lay mau, phan tich va chinh sura hinh anh.
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Abstract

The Nui Beo mine is located in the southern part of the Quang Ninh province. It belongs to the
Hon Gai-Cam Pha coal zone, where many coal resources have been estimated in Vietnam. Based
on synthesizing and processing data of the coal seam parameters and coal quality by using K-
means and regression methods, results allow dividing the Nui Beo mine into three areas, the area
1 bearing coal thickness greater than or equal to 18.5m, the area 2 containing coal thickness less
than 18.5m, and coal seam dipping angle less than 32.0 degrees; and the area 3 obtaining coal
thickness less than 18.5m, and coal seam dipping angle greater than or equal to 32.0 degrees,
combining with five interlayers as the scared boundary. Identifying results using K-means and
regression methods for 2 or 3 coal seam parameters is very low; only coal seams of V4, V12, and
V14 are higher (over 50%). After dividing the mining area, the identifying rate is higher,
especially the coal seams of V5, V7, V11, V12, and V14 reach 30.38% on average compared to
16.83% for the whole mining area. Identifying coal seams based on six analyzed parameters
shows 16.64% on average; the nine analyzed parameters show 25.93% on average. Generally,
each environment has increased significantly after dividing the identifying rates of coal seams
according to seam parameters and coal quality. Using the seam characteristics as thickness, dip
angle, the number of interlayers, and coal quality, they help divide the Nui Beo mine into 07
relatively homogenous blocks, namely Al, A2, A3, B, C, D, and E, respectively. In which block
Al is formed in a swamp environment; blocks A2 and A3 are characterized by a mudflat
environment; block B is suggested a flow environment; block C is characterized by mudflat;
block D features a swampy and block E in the periphery. The results confirm that applied
mathematical methods in geological science are effective, especially in identifying coal seams
and sedimentary environments.

Keywords: Coal seams, sedimentary environment, Nui Beo mine, Quang Ninh province
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