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The necessity of researching and developing a monitoring
database and a slope stability warning program for pit walls
and waste dumps using digital models integrated with
artificial intelligence (AI) for open-pit mines under TKV
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ABSTRACT

In the context of the Fourth Industrial Revolution, the integration of artificial intelligence (Al) into
the mineral resources sector has increasingly demonstrated outstanding effectiveness in improving
operational efficiency, optimizing management processes, and enhancing the ability to forecast
and warn of safety risks. Worldwide, numerous studies have confirmed the potential of advanced
machine learning models such as LSTM, SVM..., as well as hybrid approaches combining Al with
numerical modeling (Al + LEM/FEM), in analyzing and predicting slope stability of pit walls and
waste dumps with high reliability (>85%). These models effectively utilize real-time data sources,
including displacement monitoring, geomechanical properties of rock and soil, and hydrological
conditions at open-pit mines. Currently, open-pit mines under the Vietnam National Coal and
Mineral Industries Group (TKV) possess extensive geological and geodetic datasets, providing
favorable conditions for developing and applying Al-based analytical and predictive models for
slope and waste dump stability. The research, development, and implementation of a stability
forecasting system for pit walls and waste dumps—based on big data, artificial intelligence, and
numerical modeling—not only enhance safety monitoring capabilities but also represent a
practical solution contributing to the sustainable development of Vietnam’s mining industry in
general and TKV in particular in the era of digital transformation.
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Nghién ctru xay dung co s& dit liéu quan trac dich dong va
chwong trinh canh bao 6n dinh bo mé, bai thai bang mo hinh s6
két hop tri tué nhan tao (AI) cho cic mo6 16 thién thudc TKV
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TOM TAT

Trong béi cdnh cudc cdch mang céng nghiép ldn thir tw, viéc tich hop cdc thanh twu ctia tri tué
nhdn tao (Al) vao linh vic khodng sdn dang ngay cang chithg minh hiéu qud vwot tréi trong
viéc ndng cao hiéu qud sdn xudt kinh doanh, t6i wu hoa céng tdc qudn tri va tdng cwong khad
nang dw bdo - cdnh bdo riii ro vé an toan. Trén thé giéi, nhiéu nghién ctru da khang dinh tiém
ndng ctia cdc mé hinh hoc mdy tién tién nhw LSTM, SVM,... ciing nhw cdc mé hinh két hop giira
tri tué nhdn tao va mé hinh sé (Al + LEM/FEM) trong phdn tich va dw bdo én dinh bo mo, bdi
thdi véi dé tin cdy cao (>85%). Cdc mé hinh nay str dung hiéu qud cdc ngudn di liéu quan trdc
dich ddng, ddc tinh co ly cta ddt dd, diéu kién thiy van,... theo thoi gian thuc tai cdc mé 16
thién. Hién nay, cdc ma 16 thién thudc Tdp doan Coéng nghiép Than - Khodng sdn Viét Nam (TKV)
c6 hé thong dir liéu dia chdt - trdc dia phong phu, la diéu kién thudn loi d€ phdt trién va tng
dung cdc mé hinh phan tich - dw bdo 6n dinh bor md, bdi thdi dwa trén Al Viéc nghién citu, xdy
dwng va trién khai hé théng dw bdo 6n dinh b md, bdi thdi dwa trén nén tdng dir liéu lon va
tri tué nhdn tao, mé hinh s6 khéng chi gép phdn ndng cao ndng lwc gidm sdt an toan ma con la
gidi phdp gép phdn phdt trién bén vitng cho nganh khai khodng Viét Nam ndi chung va TKV
ndi riéng trong thoi ky chuyén déi sé.

Ttr khéa: Co s& dir liéu 6n dinh, M6 hinh Al két hgp mo hinh s6, 6n dinh b mé, 6n dinh bai
thai.

1. Mé dau

Hién nay, khai thac 16 thién (KTLT) van giit vai tro chi dao trong nganh cong nghiép
khai khodng tai Viét Nam. Theo Quy hoach tong thé vé ning lwong quéc gia thoi ky 2021-
2030, tAm nhin dén 2050 (Quyét dinh s6 893/QD-TTg, ngay 26/7/2023) va Quy hoach tham
do, khai thac, ché bién va str dung khoang san (Quyét dinh s6 866 /QD-TTg, ngay 18/7/2023),
san lwgng than nguyén khai tai cdc mé 16 thién thudc TKV dwoc duy tri &@ mirc 11,3-12 triéu
tdn/nam dén nam 2030, twong ing khdi lwong dat da boc dat 124-156 triéu m*/nam, tap
trung chu yéu tai ving Quang Ninh. Péi v&i khodng san dong tai Lao Cai (mé Sin Quyén, mo
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Ta th) cong suat cac mo dat tir 1,0-2,05 triéu tin quing nguyén khai/nam, khoi lwong dat

da béc tir 5,0 -20,0 triéu m?/nim.

Qua trinh khai thac cAc mé 10 thién ngdy cang mé& rong khong gian, sip téi mot s6 mo

c6 chiéu sau khai thac 16n nhw bang 1.

Bdng 1. Théng s6 bor mé ddc trung ctia mdt s6 mé 19 thién Ién thudc TKV

sk ket
TT Tén mo d E%;’ll;lt(l:é, glg’l%léfeg bgorﬁgf’&:@ Ghi chu
m

1 Mo Béo Nai-Coc Sau -350 395 + 650 25+ 28

2 Cao Son -325 390 + 490 30+ 31

3 Ha Tu -250 385 + 470 32+ 36

4 | Sin Quyén -307 440 + 550 38+40

5 Khanh Hoa -400 400 + 430 29 + 34

6 Na Dwong +18 282 +310 28 +33

V&i thong s6 hinh hoc nhw bang 1 thiy rang nguy co mat 6n dinh b mé do nhiéu yéu
td bat lgi nhw: Chiéu cao bo 16, diéu kién dia chat - dia chat thay van (PCTV) phirc tap, tai
trong tac dong 16n, rung chin do né min, bién do6i khi hiu. Hién nay, trwot 1& bo mé da xay
ra tai nhiéu mo nhw Péo Nai, Na Dwong, Coc Sau, Cao Son, Khe Cham I, Sin Quyén, gy anh
hwdng nghiém trong dén an toan va hiéu qua khai thac.

Hién nay, cac bai thai & nhiéu khu vwe c6 chiéu cao lén ciing tiém 4n nhiéu nguy co xay
ra trwot 1& nhu: Dong Cao Son, Nam Khe Tam, Chinh Béc, bii ngoai Sin Quyen .co ch1eu cao
tlr 100-270 m, m&i bai thai tr 5-10 tang, goc doc bai thai tir 30-37°, mot s6 bai thai gan khu
dan cw hodc cac céng trinh can bao vé. Tran mua lich sir tai Quang Ninh nim 2015 cho thiy
cac bai thai khi bio hoa nwdc sé xay ra trwgt 16 vai khoi lwong 16m.

bé glam thiéu cac rdi ro tiém an trong qua trinh khai thac, d6 thai cac don vi thwong
xuyen kiém tra, quan trac dich dong va danh gia diéu kién an toan bo mo, bai thai, dac biét
tai cac khu vuc trong yéu. Cong tac quan tric dich dong dwoc thwce hién theo chu ky, nho' dé
g6p phian dwa ra canh bao va giai phap xt ly klp thoi. Véi hé thong dir liéu quan tric dich
dong dinh ky dtrc_rc cacdon V] thwc hién trong nhiéu nam du dé xay dung co s¢ div heu (CSDL)
két hO’p v&i md hinh tri tué nhan tao (Al) dé danh gia va canh béo 6n dinh bo mg, bai thai.
Viéc Umg dung cac mo hinh hoc may (h01 quy, phan loai...), phlro'ng phap s6 (FEM, LEM) cung
voi ngon ngit 1ap trinh ma nguon mao sé giup phat trién mot chwong trinh cdnh bdo 6n dinh
b& moé - bai thai theo thoi gian thuec, phan Vung mirc d§ nguy co trwot 16 tir thdp dén cao,
nhim cha dong trong céng tic phong ngira va xtr Iy sw cé.

2. Co’ s& dir liéu va phwong phap nghién ctiru
2.1. Khung dir liéu tich hop (Integrated Data Framework)

bé xiy dung mot chwong trinh cdnh bdo 6n dinh b mé, bii thai cé d6 tin ciy cao, viéc
thiét 14p mot khung dir liéu toan dién va dwoc chuidn hoa la yéu ciu tién quyét. Hién nay,
thach thirc 16n nhat doi véi cdc mo 16 thién 1a sw phin manh cda dir liéu thuc té. Dir liéu dia
chat, trac dia, thly van, va quan tric dich dong thwong dwoc lwu trit riéng 1¢, khong dong bo

913



Advances in Surface Mining for Environmental Protection and Sustainable Development - 2025

vé thoi gian va khong gian, gy khé khan cho viéc phan tich tong hop. Do d6, sy thay d6i mo
hinh tir thu thap di liéu riéng 1é sang xdy dung mot trung tam lwu trir dit liéu, khi d6 cac
ngudn thong tin dwgc tich hop va chuin héa. Pay 1a nén tang co ban cho cdc mé hinh Al (Bui,
2024).

Céc nhém dfj’ lléu d‘éu Véo D liu Quan trdc Chuyén
cho m6 hinh bao gém: v

Di¥ liéu Dia chét cong
trinh

Toc d6 va gia toc chuyen

- Dir liéu dia chat céng trinh  ubéma
(PCCT), bao gom: Lwc dinh két (c),
gbc ndi ma sat (¢), khéi lwong
riéng (y), va cac thong s6 bién
dang nhr mé dun dan hoi (E) va oo
hé s0 Poisson (v),... Hidv g e wta

mo

Cac trgéng sb vé do bén
cla dat da

Di¥ liéu Dia chét Thiy van

Ap lec nudce va dix ligu
mua

Cac dir liéu nay dwoc thu
thap tr bdo cao khao sat PCCT
(Qing, 2025). Hinh 1. Nhém dit liéu ddu vao cho mé hinh du bdo Al

- Ditliéu DCTV: iy 1a nhém dit liéu ddng, bao gdm ap lwc nwédc 16 rong (ru), chidu cao
muc nwdc ngam, lwu lwgng mwa. Cac so liéu nay dugc thu thap tir cc tram do mua tw dong
va cac cam bién do 4p lwc nwdc 10 rong (piezometer) dit trong bor mo (Qing, 2025).

- Thong s6 hinh hoc md, bao gom: Chiéu cao b md, bai thai (H), géc déc bo mé (B) va
goc dbc swon tang (a).

- Dt liéu quan trac chuyén vi: Dt liéu chudi thoi gian vé téc do va gia téc chuyén vi bé
mat vé trang thai 6n dinh cia b mo, bai thai.

MG hinh Tri

@i tué Nhan tao @& Phuong
dua trén dir = phép két hop
ligu

M6 hinh s&
dua trén tinh
chét co hoc

o8 Eggs?:%n & [z Hoe méy off - glt"??u:f
bang Gidi ] truyén théng e
o g hop

o o o gca i
o Gia dinh mét B =o] MO hinh Al
. H hgc & iléu

D4 M0 hinh thay
SO thé

DE gidi quyét bai toan dw bao 6n dinh b mo, bai thai, c6 thé chia thanh 3 nhém chinh:
(i) M6 hinh s6 dwa trén tinh chat co hoc; (ii) M6 hinh dwa trén dit liéu; (iii) M6 hinh két hop
(Hinh 2).

2.2. Cac phwong phdp mé hinh héa

Hinh 2. Cdc phwong phdp dw bdo én dinh bor mé, bdi thdi
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Tt hinh 2 cho thiy, véi m6 hinh s6 dwa trén tinh chit co hoc la cac phwong phap:
Phlrong phap Can bang Gidi han (Limit Equlhbrlum Method - LEM) va Phwong phap Phan
t& hitu han (Finite Element Method - FEM); d6i véi mé hinh dwa trén dit liéu 13 phwong phap
hoc may (Machine Learning) va phwong phap hoc sdu (Deep Learning); véi phwong phap két
hop la phwong phap dong bo gitra mo6 hinh s6 va mo6 hinh tri tué nhan tao

M6 hinh s6 (FEM/DEM) dong vai tro nhw mot "nha may san xult dir liéu tong hop", tao
ra mot bo dir liéu phong phu, c6 co s& khoa hoc virng chiac ma khoéng thé thu thap duoc trong
thuce té. Sau d6, mé hinh Al hoc cac m&i quan hé phttc tap bén trong bd dit liéu nay, tao ra
mot "mé6 hinh thay thé" (surrogate model) vira c6 d6 chinh xac cao, du bado theo thoi gian
thue. Cach tiép can nay 1a sw lién két ctia md hinh s6 va téc d6 dw bao ctia Al tao ra sw wu viét
so v&i tirng phwong phap riéng 1é (Verma, 2016).

Bdng 2. Cdc phwong phdp dw bdo 6n dinh b mé, bdi thdi

Phwong Nguyén ly coban | Dir liéu dau U'u diém chinh Ung dunlg phu hop

phap vao chinh

LEM Can bang hrc/mo- ¢, Y HB Nhanh, don gian, | Phan tich so b, thiét
men trén mat truot phé bién. ké ban dau.
gia dinh.

FEM Giai hé phuong | c @,v,E v,ru | Chinhxac, khonggia | Phan tich chi tiét,
trinh can bang trén dinh mdt trwot, tinh | nghién ctu co ché pha
lwdi phan ti. duoc bién dang huy

SVM/ANN | Tim siéu phan Ditliéulich st | C6 kha nang md | Dw bdo_dwa trén di
phan tach hoac anh | (cac tham s8 | hinh hoa quan hé | liéu c6 sin.

xa phi tuyén. va két qua) phi tuyén.
LSTM Mang no-ron c6 bd | Di liéu chudi | D bio xu huwong | Dy bao chuyén vi, phin
nh¢ dé xtrly chubi. | thoi = gian | thoi gian t8t, ndm | tich chudi thoi gian.
(chuyén ~ vi, | bat phu thuoc dai
mu’a{ han.

M0 hinh Lai | Al hoc tir di¥ liéu do | Dai blen thién Ket hop dd chinh | Hé thong canh bao

(FEM+AI) | FEM tao ra. clia cac tham | xdc vat ly cua FEM | som, phan tich rai ro
s6 dia kK vatoc do cta Al thoi gian thue.
’flhuat hin
oc.

2.3. U'ng dung mé hinh sé'va Al trong canh bdo 6n dinh bér mé, bdi thdi & mot s6 mé trén
thé gioi

Viéc ap dung cac phuo'ng phap tién tién két hop gitta mo hinh so6 va Al da dwoc trién
khai thanh cong tai nhidu m4 16 thién trén thé& gi¢i nhw: Mé than Latrobe Valley, Victoria (Uc),

mé quing sit Choghart (Iran), mé quing ddng Minera Los Pelambres (Chile), mé vang 1o
thién (Papua New Guinea),.... (Amini, 2024), (Contador Villegas, 2021).

Bdng 3. U'ng dung Al trong dw bdo 6n dinh tai mot s6 mé trén thé gidi

R » . Phwong e Két qua chinh/DPo chinh
Tén moé/nwéc phap/Mé hinh Al Dir liéu dau vao XAC
Mo than, A s i oA a1 v e
Latrobe Valley | MO hinh AL phi Chlle,“d‘,lay,lc’gA,p}l’)‘f' ddc tinh R? = 0.929
(Uc) tuyén co'ly da, goc doc bo mo
M¢ st Choghart | ANFIS (Hé théng | Khéi lwong riéng, lwc dinh, | Xac dinh twong phia nam

515



Advances in Surface Mining for Environmental Protection and Sustainable Development — 2025

R » . Phwong  tia am s Két qua chinh/P§ chinh
Tén mo/nwédc phap/Mé hinh Al Dir liéu dau vao X4c
(Iran) suy ludn mo- | gbc ma sat, chi‘ég cao, goc | languy hiém nhat (FS =
noron) doc, ap lwc nwée 16 rong 0.81)
M6 dong Minera . ea Xe opas e O A .
5 Dt liéu chuoi thoi gian vé | Tang ty 1é phat hién satlo
%é)}s;ﬂe;’elambres Mang No-ron (NN) chuyén vi bé mit tir radar nho tir 43% 1én 82%

o a TA A A1 " Xac thuwe co ché pha hoai,
1(\/}[)2 Vi;lg 16 tI}\IvaI; R%Mhén?m:)o N gg Dir liéu radar thoi gian thye, | danh gia tac dong ciia bao
Guigea) lidu Radar dir liéu ap lwc nwée 10 rong hoa, dé xuat giai phap

' khic phuc
Bai thai quing | Mo hinh lai FDM + | 707 MO hinh s6 (FOM) V0TI g pinh xGBoost higu
dudi XGBoost/RF g6¢ ma sat 46 bao hoa ’ | qua nhit (R* =98.22%)

2 1A il AL A Dit liéu da nguén: UAV (hinh x « e Tia
Mo 10 th‘?rT"rEf}ly 5 mo hinh ML +| 4nh), GIS (d0 doc, hutng | KCLhop M va dilicu da

T & | UAV & GIS déc), dia chat (thach hoc, dit | "8UON €10 K€L qla
Quoc) aiy) chinh xac, hiéu qua

F 1A A T 13 yéu to (d0 doc, thach hoc, | M6 hinh XGBoost vurot

IE“T‘;IE)S’I\EE‘TQI?};‘ZG' ’S(gﬁogzt% RIEEANN' st dung d&t, NDVI, khoang |  tréi véi do chinh xac
Y P L cach dén dwomng/song, v.v.) 92.58% va AUC 0.923

Két qua téng ho'p tai Bang 2 cho thiy, viéc tich hop Al va cac cong nghe glam sat h1en
dai vao thuc tién san xuit da dwoc nhitng két qua dang khich 1é trong quan ly rii ro vé an
toan bo mo va bai thai.

3. Nghién ctru xay du’ng co s& dir liéu va hé thong canh bao 6n dinh b mo, bai thai
bang phwong phap s6

3.1. Hién trang céng tdc quan trdc va dw bdo 6n dinh bor mé, bdi thdi tai cdc mé 19 thién
thudoc TKV

Hang nam, cac m4 16 thién thudc TKV thuc hién quan trac dich dong b mo va bai thai
tai cac khu vyrc c6 bién dang, nham danh gia 6n dinh va tiém 4n rii ro vé an toan. Cac thong
s6 quan trong nhu: Do lan, dich chuyén ngang, véc to va téc do dich chuyén. Két qua quan
tric dich déng tai mot s6 tuyén dic trung & mot s6 mé dwoc thé hién tai’ Bang 4 (Cao Son,
2023) (Péo Nai, 2023) (IMSAT, 2023).

Bdng 4. Téng hop két qud quan trdc dich dong mot s6 mé 16 thién giai doan 2022 - 2023

Mo than 5 . 4
M6 than Cao Son Khe l‘g? tll1\la1_1 SMO dong
Pai lwon . cham 11 | PeoNai | SinQuyéen
TT C S ong Pon vi — s -
dich chuyéen : B0 mé Bai thai Bo mo By mb B& mé Khu
(Tuyén Bang Nau (Tuyén (Tuyén 3) Ta
T3) (Tuyén T8) B) y y
Po Téch
1 | hudng tuyeén mm 2.519 1.728 2.522 1.841 -
cuc dai
2 | Dolincucdai| mm 352 -1.976 2193 | -14.429 40
Dich dong
3 | ppang cuc dag | MM 293 2.016 5.634 585 89
4 \clﬁﬁy gordich | 3.102 1.976 4762 14.432 72 +97
5 Zﬁgyé%‘? dich | 1 m/med | 6,00 3,875 9,337 34,4 5,2 + 6,9
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Qué trinh danh gia, dw bdo 6n dinh dwgc thwe hién theo 02 phwong phap chinh: Phwong
phap giai tich va phwong phap mo hinh s6 (LEM/FEM). Cac thong s6 dwa vao cht yéu nhw
sau: Théng s6 ky thudt: M6 hinh (mat cat 2D hodc mdé hinh 3D) thé hién hinh dang va cac
thong s6 bo mo, bai thai; cdc yéu td tw nhién: Thé trong, tin/m3; lwc dinh két, kG/cm?; goc
ndi ma sat trong, do; chiéu cao mwc nwéc ngdm, m; cac 1p dit d4, than va hwéng cam dat da
(d8i v&i bor mo). Mot s6 két qua dw bao bang phwong phap sé dwoc thé hién tai Hinh 3.

400
350
300
250
200
150
100
50
0
-50
-100 _L

a, Tuyén T3 mé than Cao Son b, B mé khu Tdy md Dong Sin Quyén

Hinh 3. Két qud dw bdo 6n dinh vé#i mé hinh LEM va FEM tai mdt s6 mé 16 thién

Két qua quan trac dich dong b mé ctiia mot s6 mo 10 thién thudc TKV giai doan 2022 +
2023, cac don vi da c6 giai phap xt ly Kip thoi cac khu vuee ¢6 nguy co triot 16, giam thiéu rui
ro vé an toan trong san xudt. Tuy nhién, viéc danh gia on dinh bo mo, bai thai con doc lap
theo moi phwong phap.

3.2. Nghién ciru, dé xudt xdy dung hé théng gidm sdt, canh bdo sé'm trwot 16’ bor md, bai
thdi bang phwong phdp sé

a. Kién tric hé thong giam sat, canh bio an toan

Dua trén phwong phap luin da trinh bay, mot kién tric hé thong tong thé dwoc dé xuit,
bao gdbm 3 module chinh hoat dong ph6i hop dé tao thanh mot chu trinh xtr Iy théng tin khép
kin, tir thu thip dir liéu tai hién treong dén cung cip canh bao cho ngudi ra quyét dinh (Hinh
4).

Sor d6 hinh 4 cho thiy:

- Module 1- Qudn ly Di¥ 3
liéu: Pay la nén tang cda
toan bo hé théng, chiu trach
nhiém quan ly dit liéu quan

Canh bao va Truc quan

Chuyén dai phan tich thanh théng
tin truc quan dé dua ra quyét dinh.

< : A <~ A Phan tich va Du bao
trac dich dong, dir liéu 2 '
PCCT, BCTV ctia b& mod, bai Sir dung mé hinh Al d€ phan tich
P ’ dit liéu va du doan céc xu hudng
thai. &n dinh.

Tai day, dir liéu dwoc o
gan nhdn thoi  gian 1 Quan ly Dir ligu
(timestamp), tham chiéu
khong gian (georeference),
sang loc, phan loai theo muc
tiéu dw bao. Hinh 4. Kién triic hé thong gidm sdt, cdnh bdo én dinh

Thiét 1ap mot hé thdng dé quan Iy
va céu tric dir lieu quan trac.

- Module 2- Phdn tich va dw bdo: Pay la "bd ndo" cia hé thong, noi cac mo hinh Al da
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dwoc huin luyén va xtr 1y dir liéu gan thoi gian thwe, bao gom:

+ Mo hinh dy bao FS (XGBoost/REF,... va LEM /FEM): M6 hinh nay lién tuc nhan dir liéu
cap nhit vé cac yéu to anh hwdng, dac biét 1a ap luwc nwéc ngadm (tlr piezometer) hodc tir mot
mo hinh thiy van duw bdo dwa trén lwong mwa, d€ xac dinh hé s6 an toan (FS) tic thoi cho
cac khu vuc khac nhau cia bo mé, bai thai.

+ Mo hinh du bao chuyen vi (LSTM): M6 hinh nay chuyén phan tich chudi dir liéu
chuyen vi bé mit thu thap tir dix liéu quan trac dich dong. Bang cach nhan dang cac mAu hinh
bién dang trong qua khit, n6 c6 thé ngoai suy va du bio xu huéng chuyén vi trong twong lai
gan (vi du: trong 24-72 gio téi).

- Module 3- Cdnh bdo va trwc quan: Module nay c6
nhiém vu chuyén d6i cic két qua phan tich phirc tap thanh
thong tin trwc quan, dé hiéu va gitp cho can bd c6 thim
quyeén ra quyét dinh Kip thoi.

+ Trwc quan theo khong gian: Hién thi trang thai 6n @
dinh ctatoan bo bo mé, bai thai thong qua cac ban dé6 mau
3D, thé hién gia tri FS hodc téc d6 chuyén vi theo cac cip
do khac nhau.

+ Trwc quan theo thoi gian thwe: Hién thi theo thoi
gian cla cac thong so nhw chuyén vi tich liy, toc do, gia
toc, lwgng mwa, va muc nwéc ngam, biéu dé6 dwong dw bao
ctia m6 hinh LSTM theo dir liéu thuwc té.

Tang téc dé bién dang

Hé théng canh bao tw dong: Khi bat ky mot thong s6
nao (FS, toc d6 chuyén vi) virot qua cac ngudng an toan
theo quy pham, hé thong sé tw dong kich hoat canh bao da .

kénh: Hién thi pop-up trén dashboard, giri tin nhdn SMS
va email dén nhimg nguoi c6 thdm quyen, trudng hop  Hinh 5. Ung dung hién thi
khéan cip co6 thé kich hoat coi bdo dong tai hién truong. théng bdo cdnh bdo 6n dinh

b. Thiét ké nguwdng canh bio sém vé an toan

Mot hé théng canh bdo yéu ciu phai cé cic ngudng (thresholds) dwoc xac dinh cu thé,
khi cic thong tin veot ngwdng sé kich hoat cac canh bao. Toc dé chuyén vi la thong sé quan
trong nhat dé cdnh bio sém truwot 1& b mé, bai thai. Téc dé chuyén vi phan anh truc tiép
trang thai dong hoc cia khdi triegt véi mo hinh pha huy dat da theo 3 giai doan: (i) Bién dang
ban dau (prlmary creep), (ii) bién dang 6n dinh (secondary creep), (iii) bién dang gia toc
(tertlary creep) dan dén phd huy. Giai doan chuyén tiép tir bién dang 6n dinh sang bién dang
gia toc [a thoi diém t6i wu d& phat di canh bao.

Theo nguyén tac trén, mot hé thong canh bao da cip cho phép cic don vi san xuat c6
nhitng u'ng phé phit hop véi mie d6 rii ro. Cac gla tri ngwdng canh bao duwoc th1et lap phu
hop cho tirng khu viee dwa trén dic diém ctia bo mé, bai thai va di liéu quan tric dich dong
(Hinh 4).
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Hinh 4. So d6 hé théng cdnh bdo dwa trén téc dé chuyén vi cia bo mé, bdi thdi

Hinh 4 cho thay: Cdp dé 1 (Xanh 14): Trang thai 6n dinh hodc bién dang nho, can quan
trac theo chu ky binh thwong; Cdp dé 2 (Vang): Xuat hién gia tang toc do6 bién dang, cin tang
chu ky quan tric; Cdp dé 3 (Cam): T6c d6 bién dang gia tdng rd rét, nguy co sat trugt cao, can
han ché hoat hodc tam dung hoat dong ctia ngudi va thiét bi trong khu viec anh htrong, chuan
bi sin sang cac bién phap Lrng phé; Cdp dj 4 (do) Bién dang gia toc manh, pha hity c6 thé xay
ra bat ct thoi diém ndo, cin di chuyén ngwoi va thiét bi ngay 14p tire ra khéi khu vwe anh
hwdng, kich hoat ké hoach &ng ctru khan cip.

Véi nghién ciry, de xuat nhu trén, viéc xay dwng co s¢ dir liéu quan trac dich dong va
chtrcrng trinh canh bdo 6n dinh b& mé, bai tha1 bang mo hinh s8 két hop tri tué nhén tao (Al
cho cac mé 16 thién thudc TKV 1a mot yéu cau cap thiét, gitp cho cac don vi khai thac 10 thién
giam thiéu cac rui ro vé an toan, ning cao hiéu qua san xuit kinh doanh.

4. Két luan

Trong diéu kién khai thac ctia cdc mo 16 thién siu cta TKV, cac yéu t6 DCCT, BCTV va
bién do6i khi hiu dang tr¢ thanh nhitng thach thirc 16m, dnh hudng truc tiép dén d6 6n dinh
b& mé, bii thai, cling nhw hiéu qud san xudt kinh doanh. Do d¢, viéc glam sat va dw bao 6n
dinh b& mo, bai thai bang hé thong canh bao sé'm tich hcrp, trng dung mé hinh s6 ket hop véi
trf tué nhan tao (AI) 1a can thiét. M6 hinh nay cho phép tin dung di liéu quan trac 16n (Big
Data), tang cu'o'ng kha nang dw bao theo thoi gian thwe va ho tro ra quyet dinh u'ng pho kip
thoi. Pay 1a tién dé quan trong gbp phin nang cao ning lwc quan 1y rii ro, hiéu qua van hanh
va dam bdo an toan trong nganh cong nghiép mo Viét Nam.
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