@\“\“G SCIENCg, 7'5
'\
Q
9
w
>
w
a
wi
Z

7
‘t,

Y,
VouiANz and "

(49

TUYEN TAP BAO CAO HC)L NGHI KHOA HOC QUOC GIA

PHAT TRIEN BEN VONG
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HOI NGH| KHOA HOC QUGC GIA spM g
PHAT TRIEN BEN VI'NG KHOA HOC CONG NGHE MG VA MOI TRUONG 2026 ;

LOI NOI PAU

01 nghi khoa hoc qudc gia “Phdt trién bén vitng khoa hoc cong nghé Mo va Moi truong” -

SDM 2026 dwogc Truong Pai hoc M6 - Dia chat phdi hop voi Tap doan Cong nghiép Than -

Khoang san Viét Nam cung cac ddi tac to chirc nhan dip Ky niém 60 nam thanh 1ap Bé mon Khai
thac ham 10.

Hoi nghi 1a dién dan quan trong dé cac nha khoa hoc, nha quan 1y, chuyén gia va doanh nghiép gip g,
trao doi, chia sé kinh nghiém thyc tién, cong bd cac két qua nghién ciru méi va dé xuét nhiing giai phap
tién tién trong quan 1y tai nguyén, khai thac va sir dung hop 1y khoang san, bao vé méi trudng, hudng t6i
phat trién bén vitng nganh céng nghiép khai khoang.

Trong qua trinh chudn bi va to chirc, Hoi nghi di nhan dugc sy quan tdm, hudng tng tich cuc ctia dong
dao cac nha khoa hoc, chuyén gia va nha quan 1y trong va ngoai nuéc. Ban T chirc da tiép nhan 60 bai
bao khoa hoc thudc cac linh vuc chuyén mon cia Hoi nghi. Trén co s¢ danh gia, phan bién nghiém tuc,
Ban Bién tap da Iya chon dugc 37 bao cdo co chét lugong dé xuat ban trong Tuyén tap bao cdo toan vin,
tap trung vao cac cha dé chinh:

- Cong nghé va thiét bi khai thac mo;

- An toan, v¢ sinh lao dong trong nganh mo;

- M6i truong mo bén viing va ¢ trach nhiém;

- Chuyén d6i s6 va xanh trong linh vuc quéan 1y tai nguyén, khai thac khoang san;

Toan b thong tin khoa hoc vé Hoi nghi, trong d6 c¢6 Tuyén tap cac bao céo toan van, dugc cong bd va
dang tai trén website chinh thuc ctia Hoi nghi tai dia chi: https://khaithachamlo.humg.edu.vn/.

Ban T6 chiic tran trong cam on Truong Dai hoc M6 - Dia chét, Tap doan Cong nghi¢p Than - Khoang
san Viét Nam véi vai tro don vi ding cai, cting cac co quan, don vi dong t6 chirc da tich cuc phdi hop va
gop phan quan trong vao thanh cng cta Hoi nghi. Xin chan thanh cam on cac nha khoa hoc da giri t6i
Hoi nghi nhung cong trinh nghién ctru co gia tri; cam on Ban Bién tap, cac chuyén gia phan bién va Ban
Thu ky da nd luc, trach nhiém trong sudt qua trinh chuén bi, bién tap va to chirc.

Ban T chirc rdt mong tiép tuc nhan dwgc sy quan tam, hO’p tac va nhiing y kién dong gbp quy bau
clia cac co quan, t6 chirc, nha khoa hoc va doanh nghiép dé cac ky Hoi nghi ngay cang nang cao chat
luong, gop phéan thic day su phat trién bén viing trong linh vuyc tai nguyén, khai thac mé va moi trudng.

BAN TO CHUC



PON VI T6 CHUC
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CAC DON V] TAI TRQ CHINH

a V 4
AA

VINACOMIN
TAP DOAN CONG NGHIEP THAN TONG CONG TY DONG BAC
- KHOANG SAN VIET NAM - B0 QUGC PHONG

‘lM
VIEN KHOA HOC CONG NGHE MO - CONG TY CP TU VAN DAU TU MO CONG TY 35 - CHI NHANH CONG TY CANG - CHI NHANH
VINACOMIN VA CONG NGHIEP - VINACOMIN TGNG CONG TY DONG BAC TONG CONG TY DONG BAC
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720\
i pH )
L\ —
|
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CONG TY CP THAN TONG CONG TY KHOANG SAN TKV - CTCP TONG CONG TY CONG NGHIEP TONG CONG TY CONG NGHIEP
VANG DANH - VINACOMIN
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CONG TY CP THAN CAO SON - TKV

CONG TY THAN NUI HONG - VVMI
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CONG TY THAN KHANH HOA - VVMI
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HOA CHAT M0 - VINACOMIN

CONG TY XAY LAP MO - TKV
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NANG TAM GIA TR| DENG THAN

coNG TY CP KINH DOANH THAN
CAM PHA - VINACOMIN

CONG TY KHE SIM
CONG TY 91 - CHI NHANH CONG TY 45 - CHI NHANH CONG TY KHE SIM - CHI NHANH CONG TY CG PHAN 397
TGNG CONG TY DONG BAC TONG CONG TY DONG BAC TGNG CONG TY BONG BAC - TGNG CONG TY BONG BAC



BAN TO CHUC

Hovatén Don vi cong tac Nhiém vu
GS.TS. Tran Thanh Hai Truong Pai hoc M6 - Dia chat Truéng ban
PGS.TS. Nguyén Thé Vinh Truong Dai hoc Mé - Dia chat Phd Truéng ban
PGS.TS. D0 Ngoc Anh Truong Pai hoc Mo - Dia chat Uy vién
PGS.TS. Bui Manh Tung Truong Bai hoc M6 - Dia chat Uy vién
TS. Nguyén Cao Khai Truong Pai hoc M6 - Dia chat Uy vién
TS. Nguyén Van Thinh Truong Pai hoc Mo - Dia chat Uy vién

BAN KHOA HQC VA BIEN TAP

Hova tén Don vi cong tac Nhiém vu
PGS.TS. Nguyén Thé Vinh Truong Dai hoc Mé - Dia chat Truéng ban
PGS.TS. Nguyén Viét Nghia Truong Dai hoc Mé - Dia chat Phd Truéng ban
PGS.TS. Bui Manh Tuing Truong Dai hoc M6 - Dia chat Phd Truéng ban
TS. Nguyén Cao Khai Truong Dai hoc M6 - Dia chat Phd Truéng ban
GS.T5.V6 Trong Hung Truong Dai hoc M6 - Dia chat Uy vién
GS.TSKH. Lé Nhu Hung Hoi Khoa hoc va (6ng nghé M6 Viét Nam Uy vién
PGS.TS. Tran Xuan Ha Hoi Khoa hoc va (ng nghé Mo Viét Nam ny vién
PGS.TS. Tran Van Thanh Hoi Khoa hoc va (6ng nghé M6 Viét Nam Uy vién
PGS.TS. D6 Manh Phong Hoi Khoa hoc va (6ng nghé M6 Viét Nam Uy vién
PGS.TS. Phiing Manh Déc Hoi Khoa hoc va (6ng nghé M6 Viét Nam Uy vién
TS. Lé VanThao Hoi Khoa hoc va (ng nghé Mo Viét Nam ny vién
PGS.TS. L& Tién Diing Trudng Dai hoc Mé - Dia chét Uy vién
PGS.TS. Pham Van Hoa Truang Dai hoc Mo - Dia chat Uy vién
PGS.TS. Nguyén Phi Hing Truong Dai hoc Mé - Dia chat Uy vién
PGS.TS. Vi Trung Tién Truong Dai hoc Mé - Dia chat Uy vién
PGS.TS. Nguyén Anh Tuan Truong Dai hoc M6 - Dia chat Uy vién
TS. D0 Anh Son Truang Dai hoc Mo - Dia chat Uy vién
TS. Nguyén Van Thinh Truong Dai hoc Mé - Dia chat Uy vién

TS. Dao Van Chi

Trudng Dai hoc Mo - Dia chat

Uy vién




Hovatén Don vi cong tac Nhiém vu
TS. Pham Diic Hung Truong Dai hoc M - Dia chat Uy vién
TS. Vi Thai Tién Diing Trudng Dai hoc M6 - Dia chat Uy vién
TS. L& Quang Phuc Truong Dai hoc M6 - Dia chat Uy vién
TS. Nguyén Van Quang Truong Dai hoc Mé - Dia chat Uy vién
ThS. Pham Vén Quan Vién Khoa hoc Cong nghé Mé Uy vién
ThS. Nguyén Hong Cuong Truang Dai hoc Mo - Dia chat Uy vién
BAN THU KY
Hova tén Don vi cong tac Nhiém vu
PGS.TS. Bui Manh Tuing Truong Dai hoc Mé - Dia chat Trudng ban
PGS.TS. Lé Tién Diing Truong Dai hoc Mé - Dia chat Phd Truéng ban
TS.Vii Thai Tién Diing Trudng Dai hoc Mé - Dia chat Uy vién
TS. Nguyén Van Quang Truong Dai hoc Mo - Dia chat Uy vién
ThS. Dinh Thi Thanh Nhan Truong Dai hoc Mo - Dia chat Uy vién
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n

MUC LUC

BO MON KHAI THAC HAM LO: 60 NAM XAY DUNG VA PHAT TRIEN (1966 - 2026) & 12
70 NAM BAO TAO NGANH KHAI THAC MO HAM LO (1956 - 2026)

1  DINH HUGONG DOI MGI VA PHAT TRIEN CONG NGHE KHAI THAC THAN HAM LO TAI 17
TKV GIAI DOAN 2026 - 2030

Vii Anh Tuan', Nguyén Minh Tuyén'*
"Tap doan Cong nghiép Than - Khodng sdn Viét Nam

2 TINH TOAN THONG GIO MO KHI TO CHUC KHAI THAC DONG THJI 6 LO CHO CUA 29
TANG -230/-150 CONG TY THAN MAO KHE - TKV
Nguyén Cao Khai'*", Vii Thai Tién Diing"2, Dinh Thi Thanh Nhan'?, Vii Diic Nghia™
"Trudng Dai hoc Mé - Bia chdt
*Nhém nghién ciu Phdt trién bén viing Khoa hoc, Cong nghé M6 va Mi triong (SDM)
*Tap doan Cong nghiép Than - Khodng sdn Viét Nam
3 ANH HUGNG CUA QUA TRINH NO MIN KHI DAO LO DEN PO ON BINH CUA 41
DUONG LO LAN CAN: NGHIEN CUU TRUGNG HOP MOT BUONG LO TAI CONG TY
THAN VANG DANH

Bui Manh Tung', Ngé Thanh Tam?, Tran Trung Thai®, Nguyén Chi Thanh'
"Truong Dai hoc Mé - Bia chdt

2S¢ Nong nghiép va Mai truong tinh Qudng Ninh

3Cdng ty C6 phdn Than Cao Son - TKV

4 NGHIEN CUU VA XAY DUNG MO HINH TRi TUE NHAN TAO DU BAO DIEN TiCH 60
GUONG LO SAU KHI N& MIN TAI MOT SO BUGNG LO BIEN HINH TRONG KHAI THAC
HAM LO KHU VUC QUANG NINH
D6 Hoang Hiép'2, Nguyén Viét Hang?, Bui Manh Tung', Nguyén Chi Thanh™*
"Trudng Dai hoc Mé - Bia chdt
2(6ng ty 35 - Chi nhdnh Téng Cong ty Bong Bdc
3Céng ty C6 phdn Tu vdn Ddu tu Mé va (ong nghiép - Vinacomin
5 MECHANICAL BEHAVIOR OF CFRP-CONFINED HIGH-WATER MATERIAL UNDER 70
DYNAMIC LOADING

Feiyang Feng', Baiyun Yu', Shuling Meng?, Hongchao Zhao®**

"School of Geology and Mining Engineering, Xinjiang University

2China West Construction Group (., Ltd.

3 State Key Laboratory of Intelligent Construction and Healthy Operation and Maintenance of Deep Underground Engineering

6 NGHIEN CUU GIAI PHAP GIAM THIEU NONG DO BUI TAI MAT BANG CANG KHE DAY 80
THUOC CONG TY CANG - CHI NHANH TONG CONG TY BONG BAC
Bui Thanh Son', Bii Quang Sang' Nguyén Van Thinh?", Nguyén Viét Thang?
'Cong ty Cang - Chi nhdnh Téng Cong ty Dong Biic
Trutng Pai hoc Ma - Bja chdt




{SDM" HOINGHI KHOAHOCQUBCGIA S
12026, PHAT TRIEN BEN VNG KHOA HOC CONG NGHE MO VA MOI TRUONG

CO GIOI HOA TRONG KHAI THAC HAM LO TAI MO THAN HA LAM: THUC TRANG VA
DINH HUGNG CHIEN LUQC PHAT TRIEN BEN VUNG GIAI DOAN 2026 - 2030

Nguyén Hitu Pat’, Vii Ngoc Thang?, Dinh Trung Kién?, D6 Trung Thanh', Vi B Trugng"”

'(6ng ty (6 phdn Than Ha Lam - Vinacomin

2Tap doan (Gng nghiép Than - Khodng sdn Viét Nam

NGHIEN CUU BE XUAT GIAI PHAP PHUN EP NUGC TANG DO LIEN KET CUA THAN

TAI CAC GUONG LO PAO QUA VIiA THAN MEM YEU, BG ROI TAI CONG TY THAN
KHE CHAM - TKV

Tran Quéc Doan', Nguyén Cao Khai>*", Dang Van Kién?, D6 Trong Tan'

'(6ng ty Than Khe Cham - TKV

Truong Dai hoc M6 - Dia chdt

3Nhdm nghién ciu Phdt trién bén vimg Khoa hoc, (ong nghé MG va Méi trurong (SDM)

GIAI PHAP XAY DUNG CONG VIEN TRONG KHU VUC MO THAN NA DUONG, CONG TY
THAN NA DUONG, TONG CONG TY CONG NGHIEP MO VIET BAC TKV - CTCP

Nguyén Dang Hiép', Nguyén Cao Khai?*", Nguyén Quéc Tuan’

'(dng ty Than Na Duong - VVMI

Truong Dai hoc M6 - Dia chdt

3Nhdm nghién ciiu Phdt trién bén viing Khoa hoc, Céng nghé Md va Moi trucng (SDM)

NGHIEN CUU XAY DUNG PHUGNG PHAP XAC BINH LUONG GIO CAN BDUA VAO MO THAN
HAM LO TRONG NGAY KHONG LAM VIEC

Tran Xuan Ha', Dao Van Chi>*, Nguyén Hong Cuéng?

'Hoi Khoa hoc va Cong nghé Mé Viét Nam

?Truong Dai hoc M6 - Dia chdt

AN TOAN TRONG KHAI THAC THAN HAM LO VUNG QUANG NINH: THUC TRANG

CONG TAC AN TOAN VE SINH LAO DONG, CAC VAN BE COT LOI VA BINH HUGNG
CHIEN LUGC

Pham Diic Thang"", Hoang Hung Thang', Nguyén Ngoc Minh', Lé Quang Phuc

"Truong Dai hoc Cong nghiép Qudng Ninh

?Truong Dai hoc M6 - Dia chdt

GIAI PHAP NANG CAO TOC HO DAO LO TAI KHU N.V MO THAN KHE TAM, CONG TY
THAN DUGNG HUY - TKV

Cao Viét Phuong', Nguyén Thé Cudng’, Nguyén Van Thinh>*

"(ong ty Than Duong Huy - TKV

Truong Dai hoc M6 - Dia chdt

THANH LAP HO CHIEU CHONG GIU CHO CAC BUGNG LO DUGI KHU VUC MOONG
LO THIEN NUI BEO TAI MO THAN HA LAM

Vii Trung Tién"*", Dao Viét Doan', Do Anh Sen’

"Truong Dai hoc Mé - Dia chdt

Nhdm nghién ciu Phdt trién bén viing Khoa hoc, Céng nghé M6 va Méi trudng (SDM)

COMPUTER-AIDED DESIGN AND PLANNING METHODOLOGY FOR OPEN-PIT

AND UNDERGROUND DIMENSION STONE MINES: EUROPEAN EXPERIENCES AND
APPLICABILITY IN VIETNAM

Nguyen Anh Tuan'%", Pham Van Viet'?, Pham Van Hoa', Ngo Thanh Tuan?

Pham Tuan Cuong’, Tran Trung Anh'?, Do Anh Son’

"Hanoi University of Mining and Geology

?Research Centre for Mining and Electro-Mechanical Engineering, HUMG




HOI NGH] KHOA HOC QUOC GIA /' SDIMI™,

PHAT TRIEN BEN V'NG KHOA HOC CONG NGHE MO VA MOI TRUONG 12026/

TINH TOAN KIEM DINH KET CAU TUGNG BE TONG HAM CHUA NUGC TAI CONG TY
O PHAN THAN MONG DUGNG - VINACOMIN

Nguyén Phi Hing', Bui Manh Ting', Pham Diic Hung', Tran Trung Thai>*

"Tnuong Dai hoc M6 - Dia chdt

2(dng ty (0 phdn Than Cao Son - TKV

MECHANISM OF OVERSIZE BLOCK GENERATION AND BLOCK SIZE CONTROL IN
LARGE-SCALE OPEN-PIT COAL MINE BLASTING

Hongyan Xu', Fei Gao?, Hui Chen?"

"Xuefeng Science and Technology Group, Xinjiang University, Urumgi, 830000, China

%School of Geological and Mining Engineering, Xinjiang University, Urumagi, 830000, China

GIAI PHAP KY THUAT NANG CAO HIEU QUA THU HOI THAN NOC TRONG LO CHGO
CO GIGI HOA DONG BO ViA 7 MO THAN HA LAM

Pham Diic Hung'", D6 Anh Son', Nguyén Phi Hing', Dao Van Chi’, Pham Van Quan?

"Truomg Dai hoc M - Dia chat

2 Vién Khoa hoc Cong nghé Ma - Vinacomin

TONG QUAN VE HE SO SUC CAN MA SAT CUA CAC LOAI DUGNG LO TREN THE GIOI
VAVIET NAM

Dao Van Chi', Pham Diic Hung'", D6 Anh Son’

Pham Ti Phuong?, Dam Huy Tai2, Nguyén Minh Dic

"Truong Dai hoc Md - Dia chdt

2Céng ty C6 phdn Tu vdn ddu tu M6 va Cong nghiép - Vinacomin

3Cuc Cong nghiép, Bo Cong Thuong

DANH GIA KET QUA AP DUNG CONG NGHE CO GIGI HOA KHAI THAC TAI CAC
MO THAN HAM LO THUOC TKV VA BINH HUGONG PHAT TRIEN GIAI POAN 2026 - 2030
Duang Diic Hai"", Dao Hong Quang’, D6 Van Hoang'

"Vién Khoa hoc (Gng nghé Mé - Vinacomin

KET QUA TU VAN THIET KE CAC MO THAN HAM LO KHAI THAC TRONG DIEU KIEN
PHUC TAP CUA TKV

Pham Van Quan'?", D6 Van Hoang?, Than Van Duy?

"Trudng Dai hoc Mé - Bia chdt

2Vién Khoa hoc Cong nghé Md - Vinacomin

MO HINH TRI TUE NHAN TAO DU BAO VAN TOC HAT CUC DAI PPV TAI PUONG LO
CHIU ANH HUGNG CUA CONG TAC NO MIN

Nguyén Chi Thanh', Pham Quang Nam?, Bui Manh Tang"*

"Trudng Dai hoc Mé - Bia chdt

Tnong Dai hoc Dién luc

GOC NHIN VE HOAN THIEN VAN HOA AN TOAN LAO PONG TRONG KHAI THAC THAN
HAM LO G MO THAN VANG DANH KHI XUONG SAU

Lé Quang Phuc'*, Pham Ditc Thang?, Nguyén Dang Hiép’

" Truomg Dai hoc M - Dia chdt

2 Truong Dai hoc (Gng nghiép Qudng Ninh

3 (ong ty Than Na Duang - VVMI
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NGHIEN CUU SU DUNG NGUON CAT NGHIEN TU DA THAI MO CHE TAO BE TONG VA
MOT SO SAN PHAM UNG DUNG

Pham Thi Nhan'2", Huynh Linh Chi", Dang Quang Hiéu', D5 Manh Diing’

"Truong Dai hoc M6 - Dia chdt

2Nhdm nghién citu Dia ky thudt, vét liéu va phdt trién bén viing, Truong Bai hoc M6 - Dia chdt

NGHIEN CUU TONG QUAN VE ANH HUGNG CUA BUT GAY DEN QUA TRINH BAO LO
CHUAN Bl VA KHAI THAC TRONG MO THAN HAM LO

Vii Thai Tién Diing', Bui Manh Tung"", Nguyén Minh Ditc, Pham Quang Nam?

"Trudng Pai hoc Mé - Bia chdt

“Cuc Cong nghiép, Bo (ong Thuong

3Truong Dai hoc Dién luc

DANH GIA NGUON PHAT SINH KHI BUITAIMO THAN CAO SON VA BE XUAT GIAI PHAP
QUAN LY MOI TRUONG KHONG KHi CHO KHU VUC

D6 Manh Diing’, Tran Thi Thanh Thay?", Tran Anh Quan?

'Cong ty (6 phdn Tin hoc, (ong nghé, Méi trurong - Vinacomin

Truong Dai hoc M6 - Dia chdt

XU THE KHAI THAC BANG CONG NGHE CO GIGI HOA TAI CAC MO THAN HAM LO
VUNG QUANG NINH THUQC TKV

Pham Diic Hung'*"

"Truong Dai hoc M6 - Dia chdt

*Nhdém nghién ciiu Phdt trién bén vig Khoa hoc, (ong nghé M6 va Méi truding (SDM)

TU VAN THIET KE CHUYEN DOl CONG NGHE KHAI THAC DUGI TRU BAO VE
DUONG LO KHU 11 MO NUI BEO DE NANG CAO HIEU QUA KINH TE

Pham Van Quan'?", Pham Diic Hung', Dao Van Chi', Truong Tién Quéan’

"Truong Dai hoc Mé - Bia chdt

2Vién Khoa hoc Cong nghé M6 - Vinacomin

DANH GIA HIEU QUA LAM VIEC CUA CAC TRAM QUAT GIO CHINH TAI MO THAN
NAM MAU NHAM BAP UNG NHU CAU SAN XUAT THUC TE CUA MO

Dao Van Chi", Vii Thai Tién Diing"", Tran Xuan Ha?, Nguyén Hong Cuéng’

"Trudong Pai hoc Mé - Bia chdt

’Hgi Khoa hoc va Cong nghé Ma Viét Nam

NGHIEN CUU NGUYEN NHAN GAY MAT ON PINH HETHGNG DE BIEN TiNH KIEN GIANG
(TRUGC KHI SAP NHAP)

Nguyén Tién Tai", V6 Nhat Luan®*

"Truong Bai hoc Mé - Bia chdt

Truong Dai hoc Vin Hién

UNG DUNG THUAT TOAN TOI UU TRONG MO HINH HOI QUY VECTOR HO TRO BE
DU DOAN NHIET DO KHONG KHi LO CHO TAI MO THAN NAM MAU

Nguyén Van Quang'’, Nguyén Van Thinh', Bui Manh Ting'

"Truong Bai hoc Mé - Bia chdt

NGHIEN CUU MO HINH LIEN KET GIUA CAI TAO PHUC HOI MOI TRUONG VO TAI
SU DUNG QUY DAT SAU KHAI THAC KHOANG SAN: HUGNG TGI KINH TE TUAN HOAN
Tran Thi Ngoc"”, Dao Van Chi', Vii Thi Lan Anh’

"Truong Dai hoc M6 - Dia chdt
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NANG CAO HIEU QUA AP DUNG CONG NGHE CO GIGI HOA BDONG BO TRONG
DIEU KIEN KHAI THAC VIA PHUC TAP

Lé Quang Phuc"", Pham Ditc Thang?, Tran Van Hung?

"Tnuong Dai hoc M6 - Dia chdt

Truong Dai hoc Cong nghiép Quang Ninh

3C6ng ty 91 - Chi nhdnh Tong (ong ty Dong Béc

UNG DUNG TRi TUE NHAN TAO DU BAO BIEN NANG TIEU THU CUA BANG TAI KHU VUC
QUANG NINH DINH HUGNG TIET KIEM DIEN NANG

Nguyén Dinh Tién', Nguyén Huyén Trang?", Lé Xuan Thanh?

"Truding Bai hoc Cong nghiép Ha Noi

Truong Dai hoc Viét - Hung

3Truong Dai hoc M6 - Dia chdt

DANH GIA HIEN TRANG VA DE XUAT CAC GIAI PHAP KY THUAT ON DINH CHE 12]0)
THONG GIO TAI MO THAN MAO KHE

Nguyén Hong Cuéng'”, Dao Van Chi', Lé Van Thao?, Lé Quang Phuc', Vii Dic Trong®

"Truong Dai hoc M6 - Dia chdt

*Hgi Khoa hoc va (ong nghé Ma Viét Nam

3(dng ty Than Mao Khé - TKV

NGHIEN CUU UNG DUNG MO HINH CHUOI TRONG LUA CHON PHUONG AN MG ViA:
Vi DU CHO MO CHI - KEM LONG HOAI, BAC KAN

Dinh Thi Thanh Nhan'", Ngé Thai Vinh'

"Trudong Dai hoc Mé - Bia chdt

NGHIEN CUU BE XUAT GIAI PHAP CAITHIEN CHAT LUGNG MOI TRUONG KHONG KHi
TAI MAT BANG SAN CONG NGHIEP MO THAN MONG DUGNG

Hoang Hiing Théng', Nguyén Van Thinh>"

"Truong Dai hoc (ong nghiép Qudng Ninh

?Truong Dai hoc M6 - Dia chdt

UNG DUNG MO PHONG SO DANH GIA KHA NANG AP DUNG CONG NGHE KHAITHAC
KHONG TRU BAO VE DUGI BA VACH BEN VUNG VUNG THAN QUANG NINH

Lé Tién Diing™”, Pham Trung Nguyén?

"Tnurong Dai hoc M6 - Dia chdt

2Trung tdm Ho tro tién bd Ky thudt mé, Hoi Khoa hoc va Cong nghé Ma Viét Nam

11



TUYEN TAP BAO CAO HOI NGHI KHOA HOC QUOC GIA

PHAT TRIEN BEN VUNG

KHOA HQOC CONG NGHE MO VA MOI TRUONG

NHA XUAT BAN DAI HOC KINH TE QUOC DAN
bia chi: 207 duong Giai Phong, phuong Bach Mai, Ha Noi
Website: http://nxb.neu.edu.vn - Email: nxb@neu.edu.vn
Dién thoai/ Fax: (024) 36280280/ May 1¢é: 5722

Chiu trach nhiém xuit ban: TS. Pd Vin Sang,
Phé Gidm doc phu trach Nha xudt ban

Chiu trach nhiém ndi dung: ~ GS.TS. Lé Qubc Hoi,

Tong bién tap Nha xuat ban
Bién tap: Trinh Thi Quyén
Stra ban in va doc sach mau: Trinh Thi Quyén

Ché ban va thiét ké bia: Vuong Nguyén

In 150 ban, khd 19x26.5 cm tai Cong ty TNHH Pau tu Thiong mai va Dich vu Nam Hué
bia chi: 109 phé Tréan Dai Nghia, phuong Bach Mai, Ha Noi.

Ma s6 DKXB: 1712-2026/CXBIPH/3-143/DHKTQD

M:a s6 ISBN: 978-632-615-267-8

Quyét dinh xuét ban sd: 152/QD-NXBDHKTQD ngay 08 thang 5 nim 2026

In xong va ndp luu chiéu nim 2026.



HOI NGH] KHOA HOC QUAC GIA spM ;
PHAT TRIEN BEN VI'NG KHOA HOC CONG NGHE MG VA MOI TRUONG 2026 ;

MO HINH TRi TUE NHAN TAO
DU 'BAO VAN TOC HAT CU'C PAI PPV TAI DPUONG LO
CHIU ANH HUONG CUA CONG TAC NO MIN

Nguyén Chi Thanh!, Pham Quang Nam?, Bui Manh Tung"*
"Truong Dai hoc M6 - Dia chat
’Truong Pai hoc Dién luc

TOM TAT

Trong qué trinh dao 16, anh hudng ciia cong tic nd min téi cac duong 10 1an can 14 rat 1on. Trong
nghién curu ndy, mot s6 mo hinh sir dung tri tu¢ nhan tao vdi tinh nang co thé du bao duge van toc dich
chuyén 16n nhét tai bién mit cit ngang cia cac duong 10 1an cin duong 10 dang ddo sir dung phwong
phap khoan n min khu vuc Quang Ninh v&i d6 chinh x4c cao da dwoc nghién ctru, xay dung. Cac gia
tri cia mot sb thong s6 dau vao dé xay dung mo hinh tri tué nhan tao nay da dugc phan tich, lya chon va
su dung dé mé hinh c6 thé dat duge do chinh x4c cao nhu mong mubn. Dya trén két qua cua mo hinh,
c6 thé tién hanh diéu chinh c4c thong s6 dau vao nham muc dich nang cao hi¢u qua cta viéc du béo, tinh
toan véan toc dich chuyén 16n nhét tai cac dudng 16 1an can duong 10 dang xay dung va khai thac sir dung
phuong phap khoan nd min khu vic Quang Ninh day cao hiéu qua va an toan cua viéc khai thac, thi
cong cac duo‘ng 10 bang phuong phap khoan nd min téi cac dudng 16 1an can. Tir d6, diéu chmh ho chiéu
khoan - n6é min hop ly cho cac du’ong 16 khai thac cung nhu Iya chon duoc cac loai két cau chdng phu
hop cho cac duong 16 1an can nhdm muc dich gitr 6n dinh cho cac dudng 10 nay trong qua trinh dio cac
duong 16 dang dugc nghién cuiu.

Tir khéa: mé hinh; tri tué nhan tao; vén téc hat cuc dai (PPV), né min; du bao

1. Dit vin dé

Phuong phap khoan - nd min 12 phuwong phéap duoc sir dung rat nhiéu cho cong tac thi cong, xay dung
cac duong 10 khai thac ham 16 va cac cong trinh ngam trén thé gidi va tai Viét Nam. Phuong phép khoan
- n6 min dugc st dung phd bién trong thi cong cac dudng 16 khai thac vi gia thanh ré, khong doi hoi ky
thuat phuec tap khi ing dung, c6 kha nang sir dung voi cac diéu kién xay dung va dia chét khac nhau, va
phu hop vé6i nhiéu diéu kién dia chit thuy van, diéu kién dia chat cong trinh. Tuy c6 nhiéu vu diém nhu
dd néu ¢ trén, nhung néu khong duoc quan 1y can than, viée ing dung phuong phap khoan - né min trong
qué trinh thi cong, xay dung cac duong 10 khai thac co thé anh huéng tiéu cuc dén cac khu vuc xung
quanh cac dudng 16 duge dao, trong dé, c6 cac cong trinh dudng 16 14n can. Nhitng anh hudng nay c6 thé
bao gom: sat 16 dat/da qua mic, lam hu hai tinh chét khéi dat/da xung quanh cac duong 10 14n can, gy
ra sy mét 6n dinh cua cac két cdu chdng giir cho cac duong 16 1an can hodc gy hu hong cho cac két cau
chdng giir nay... Nhitng anh huong nay sé 1a cac van dé tiém an gy ra rii ro, sy ¢ cho cac duc‘mg 16 lan
can duong 10 duoc dao bang phuong phap khoan - nd min, do d6, can ¢ cac nghién ciru dé giam thiéu
bang cach sir dung cac ky thuat nd min ¢6 kiém soat.

Nhiéu nghién ciru khoa hoc d xem xét tac dong ctia viéc xay dung cac duong 16 khai thac va cac cong
trinh ngam bang phuong phéap khoan va nd min ddi véi cac cong trinh 1an can (Bastante, F.G va cong su,
2012; Trigueros va cong su, 2017; Monjezi & Bahrami, 2009; Cheng & Huang, 2000; Hakan & Konuk,
2008). Cac nghién ctru nay chi yéu du doan tac dong ciia cac cong tac khoan va nd min téi sy 6n dinh ciia
céc cong trinh 1an can dua trén cac thong s6 gom: kich thudc ciia cac 16 khoan str dung trong qua trinh nd
min, ty trong cua khéi dat/d4 xung quanh cac duong 16 dang thi cong va 1an can, van toc nd va nang luong
16, lugng thude nd sir dung trong vu nd. Theo cic tac gia Dey va Murthy (2012), anh huéng giy ra boi

*Tac gia lién hé
Email: buimanhtung@humg.edu.vn
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qué trinh nd min 1a két qua tic dong cua song tmg suat dugc tao ra boi vu nd, lan truyén trong cac khoi
dat/da giita cac cong trinh. Cac tac dong cua séng nd duoge chia thanh cac phan, gdm: phan ning lugng
giai phong chuyén hoa thanh ning luong séng, bao gdbm séng nén (S,), song cit (S) va song Rayleigh bé
mat (Ry), lan toa ra ngoai tir nguon nd. Tac dong cua cac song xung kich nay duoc dinh lwgng bang van
tdc hat cuc dai (PPV - Peak Particle Velocity) tai vi tri bi anh hudng dang xét. Khi cac nang lugng nay
tao ra g suat vuot qua mot ngudng nhit dinh trong cac diém dang chiu anh hudng, c6 thé 1am thay doi
hodc 1am hu hai cc dic tinh cua khdi da hodc cau tric két cau chéng trong khu vuc chiu anh huong cua
qua trinh n min. Vi cac anh hudng, tac dong ctia qua trinh dao ciia cac duong 10 trong moé ham 16 t6i
cac khu vuc va cong trinh 1an can duorc trinh bay & trén, can thiét phai tién hanh cac nghién ciru dé tinh
toan va du doan tac dong ctia cac vu n6 moé trong qué trinh dao cia cac duo*ng 10 t61 cac duong lo gan do.
Nhimg tinh toan va du doan sy anh hudng néi trén sau d6 s& cho phép kiém soat tac dong cua viéc nd6 min
trong qua trinh x4y dung va khai thac cac duong 10 him 16 sir dung phuong phép khoan - nd min. Nghién
curu nay trinh bay viéc xay dung mot mo hinh tri tu¢ nhan tao c6 kha nang tinh toan va du doan van tde
hat cuc dai cua cac ph?m tir trén bién mat cit ngang cia mot duong 10 1an can voi mot duong 10 khac dang
dugc dao st dung phuong phap khoan - né min. Mot mé hinh mang no-ron nhan tao (ANN - Artificial
Neural Network) di dugc xay dyng bang cach st dung tap dit lidu gém 75 co s6 dit liéu dugc thu thap
trong qua trinh dao cac duong 16 khai thac tai khu vue Cam Pha, Quang Ninh va vén tdc hat cuc dai do
duoc trén bién ciia mat cit ngang dudng 10 1an can. M6 hinh ANN thu dugc c¢6 thé tinh toan va du doan
chinh x4c van toc hat cuc dai tai bién mit cit ngang ciia dwong 16 1an can gay ra do qué trinh nd min trong
qua trinh dao dudng 10 dang dugc nghién ctru. Két qua tir md hinh ANN chirg minh rang tri tué nhan tao
¢6 thé dugc sir dung hiéu qua dé danh gia tic dong cua viéc nd min dio 16 trong dudng 10 khai thac ham
10 dén cac duong 10 14n can, tir 6, gitip tinh toan va diéu chinh dé dam bao an toan cho cac duong 10 lan
can trong qua trinh dao duong 16 dang duge nghién ctru bang phwong phap khoan - nd min.

2. Ly thuyét vé vén téc hat cue dai

Theo mot sb nghién ctru di duoc cong bd (Langefors & Kihlstrom, 1963; Holmberg & Persson, 1978;
Ghosh & Daemen, 1983), van tdc dao dong cuc dai dugc sinh ra boi anh hudng cua cac vu nd min tai cac
diém 1an can khu vuc nd min 1a do khi nd, ning lugng nd tir trong 16 min da duoc giai phong, tao ra cac
loai song rung dong (Bang 1). Song nd c6 thé chia thanh hai nhom 1a song khbi va song bé mat. Cac loai
song nay, khi lan truyén s& giai phong ning luong va gdy ra hién tugng dao dong cua cac hat dat trong
moi truong ma song lan truyén (chinh Ia cac hat dat trong mdi trudng gitta vy nd va khu vuce 1an can chju
anh huong cua vu nd min). Céc loai song co hoc nay cé thé lan truyén qua moi truong nhu khong khi, dat
hodc da (mdi truong ran). Chung xay ra khi mot phan ctia moi truong bi dich chuyén khoi vi tri can bang
ctia n6. Sy lan truyén tmg suit trong ving dan hoi tao ra séng dan hoi, duge goi 1a song dia chan. Song
dia chan thuong dwoc phan loai thanh hai loai nhu da nhic dén ¢ phén trén, gdm: song khdi va song bé
mat. Song than truyén nang lugng qua khdi da va di qua bén trong nd. Song doc va song cit 1a hai loai
song than. Song doc gay ra sy nén hodc gidn nd theo cing hudng véi hudng lan truyén ciia song. Nguoc
lai, song cit 1a song ngang truyén theo hudng vudng goc véi hudng lan truyén clia song. Song bé mit
lan truyén doc theo mot bé mit, chang han nhu dat hoac da. Hai loai song bé mit 1a song Love va song
Rayleigh. Song Love chuyén dong giéng nhu song ngang va dugc phén cuc theo chiéu ngang. Mt khéc,
song Rayleigh 1a song trong d6 cac hat chuyén dong theo chuyén dong tron trong mat phang thing ding
ctia sy lan truyén séng.
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Bdng 1. Mot 56 cong thure tinh todan van téc hat cuc dai PPV

Tén cong thirc Noi dung ciia cong thirc Thoi gian cong bd
B
Langefors — Kihlstrom PPV =k DQ3/2 1963
D -B
Ambraseys — Hendron PPV =k 1968
Q1/3
Q B
Bureau of Indian Standards PPV =k ek ) 1973
oY =%
Just — Free PPV =k| == | e ¢ 1980
D
D -8B
Ghosh — Daemen PPV =k| — e P 1983

Nguon: Nguyén Chi Thanh va cong sw (2025)

Trong do: PPV 1a van tdc hat cuc dai (mm/s), Q l1a luong thudc nd duge sur dung trong mot vu nd (kg),
D 1a khoang céch giita diém quan sat va 15 khoan (m), con k, B va a 1a cac hang sd vi tri.

Viéce du doan van tde hat cuc dai (PPV - Peak Particle Velocity (mm/s)) gy ra boi cac song nd tai
mot vi tri nhat dinh bi anh hudng boi rat nhiéu céac yéu td, gém: cac diéu kién dia chét tai vi tri dang xac
dinh van tbc hat cuc dai cling nhu méi trudng dat/da/khong khi giira vu nd va vi tri dang xac dinh vén toc
hat cuc dai; tinh chét caua vu nd (luong thudc nd st dung trong vu nd, cac dic tinh cua thude né); do 1on
khoang cach giita vu nd (tim nd) va diém dang xét van tdc hat cuc dai gy ra bai anh hudng ciia vy no...
Do d6, cac mé hinh tinh toan, du doan co thé khong chinh xac ddi voi céc vi tri khac nhau.

C6 thé nhén thdy tir ndi dung cua Bang 1, hai yéu té quan trong nhét anh huong dén viéc giam rung
dong mat dat 1a trong lugng cua khdi thude nd va khoang cach tir vu nd dén vi tri can xé4c dinh vén tdc hat
cuc dai PPV. Thong thudng, van tdc hat tai vi tri dang nghién ctru chiu anh huong cua vu nd tang 1én khi
trong lugng khéi thude nd ting va khoang cach tir khdi thudc nd giam. Hon nita, cac dac tinh vat 1y cua
moi truong da/dat ma séng nd truyén qua gitta vu nd va vi tri chiu anh huong dang tinh PPV ciing anh
huong dang ké dén gia tri van toc hat cuc dai (PPV).

3. M6 hinh tri tué¢ nhan tao mang no-ron nhan tao (Artificial Neural Networks - ANN)

Hién nay, ciing voi sy phat trién manh mé vé kinh té va ky thuat, viéc img dung cac bién phéap khoa
hoc k¥ thuat méi, tién tién vao linh vuc khai thic mo va xay dung cac cong trinh ngam da va dang 1a mot
yéu ciu cap bach cin dugc thyc hién dé co thé ning cao dugc hiéu qua trong khai thac cac loai khoang
san va xdy dung cic cong trinh ngam. La mot bo phan quan trong trong ndi dung ctia cudc cach mang
4.0, tri tu¢ nhan tao da va dang ngay mot ching té su quan trong ctia minh trong viéc thuc déy su hiéu
qué va chét luong caa cac linh vyre ma n6 tham gia. Trong linh vuc khai thac khoang san va xay dung cac
cong trinh ngdm ¢ Viét Nam hién nay, tri tué nhén tao (Artificial Intelligence - AI) dang tirng budc dugc
nghién ctru va tmg dung dé tir do, c6 thé cong nghiép hoa - hién dai hoa cac budc trong khai thac khoang
san, d'fly cao dugc san lugng va chét luwong cua vi¢e khai thac.

Mang no-ron nhan tao (Artificial Neural Network - ANN), hay con goi 1& mang no-ron (neural
network), 1a mdt mo hinh xtr 1y thong tin mé phdong cach thirc hoat dong cua cac hé no-ron sinh hoc trong
bd ndo con nguoi (Simpson P. K., 1990). Mang no-ron nhan tao dugc c4u thanh tir mot sb lugng 16n cac
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phan tr xir Iy (processing elements, hay con goi 12 no-ron nhan tao). Cac phan tir nay dugc két ndi vai
nhau théng qua céc lién két c6 trong s (connection weights) va cung phdi hop hoat dong nhu mot thé
théng nhét nhim giai quyét mot bai toan hodc nhiém vu cu thé. Mdi mot no-ron nhan tao la mot don vi
xtr 1y thong tin va 1a thanh ph?in co ban cua mdt mang no-ron nhan tao. Céu tric cia mot no-ron duge
mo ta trong hinh 1 & dudi day. Co thé nhan thiy, theo ciu tric ctia no-ron nay, sy lam viéc phdi hop giita
céc no-ron trong cac 16p 4n véi cac no-ron xir Iy tin hiéu dau vao (Input) va cc no-ron xir Iy tin hidu dau
ra (Output) da dugc mé ta. Cac thanh phan co ban ciia mot no-ron nhan tao trong mang no-ron nhén tao
(ANN) bao gém (Hinh 1):

i ligu din vao

Trong s6

Tong trong sé

Ham truyen s e
Dilr hiéu dau ma

799

Hinh 1. Céu tric hoat dong cua mot mang no-ron nhdan tao

Nguon: Nguyén Chi Thanh va cong su (2025)

+ Tap céc tin hiéu dau vao: Day la céc tin hi¢u vao (input signals) cia no-ron nhan tao, cac tin hi¢u
nay thuong dugc dua vao dudi dang mot vecto cd m chiéu;

+ Tép cac lién két: Mdi mot lién két duoc thé hién bai mot trong sb (goi la trong s6 lien két — Synaptic
weight). Trong s ¢6 tac dung 14 tao ra lién két gita tin hiéu vao thir j v6i no-ron k thuong dugc ky hiéu
1a wjk. Céac trong ) nay dugc khoi tao mot cach ng?lu nhién ¢ thoi diém khéi tao mang va dugc cdp nhat
lién tuc trong qua trinh dao tao cho mang.

+ B6 téng (Summing function): B téng nay thuong ding dé tinh tong cua tich cac dau vao véi trong
s lien két tuong (g,

+ Ngudng (dd 1éch - bias): Ngudng nay duoc dinh nghia 1a mot thanh phan cta ham truyén.

+ Ham truyén (Transfer function) — con goi 1a Ham kich hoat (Activation function): Him nay duogc
dung d¢ gi6i han pham vi dAu ra cia mdi no-ron. Ham truyén s& nhan dau vao la két qua ctia ham téng va
ngudng di cho. Trong nhiéu truong hop, dau ra cta mdi no-ron than kinh nhan tao dwoc gidi han trong
doan [0,1] hodc [-1,1]. Cac ham truyén rat da dang va c6 thé 1a cic ham c6 dang tuyén tinh hodc ham c6
dang phi tuyén. Loai ham truyén nao dugc su dyung la tuy thudc vao timg yéu cau cua bai toan va kinh
nghiém ctia ngudi tao ra mang. Can chu ¥ rang, viéc sir dung cac ham truyén twong ung s& lam cho dir
liéu ddu vao va dau ra trong mé hinh duoc xay dung phai bién déi theo.

4. Dit liéu va md hinh tri tu¢ nhan tao ¢é kha ning du bao vén téc hat cuc dai PPV

Béng cac phuong phap do thyc nghiém dugc tién hanh trong nhiéu duong 16 1an can véi cac duong 10
duogc dao bang phuong phap khoan - nd min tai khu vuc Cam Pha, Quang Ninh, mét bo dit liéu gdm 75
bo dir liéu bao gé)m: van tdc hat cuc dai tai bién ctia mat cit ngang duong 16 chiu anh hudng cua nd min
tai duong 16 1an can dang dao bang phuong phap khoan - né min PPV (mm/s); téng trong lugng thude nd
sir dung trong vu nd twong tng Q (kg); khoang cach tir diém dang xét PPV téi vu nd R (m); chi sé RQD
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ctia khoi dat/da giita vu nd va diém dang tinh PPV; dung trong ctia dat/d4 gira vu nd va diém dang tinh
van toc hat chiu anh huéng cta vu nd ¥ (kN/m?) da dugc thu thap, do dac (Nguyen Chi Thanh va cong
su, 2025). B9 dit liéu nay sé duoc sir dung dé xay dung mo hinh tri tu¢ nhan tao ing dung mang no-ron
nhan tao (ANN), cé kha nang dy bao va tinh toan dugc van tdc hat cuc dai cta diém trén bién cua mat cét
ngang dudng 16 dudi anh hudng ciia vy nd tai duong 16 1an can dang dao véi do chinh xéc cao.

Dua trén bo dir ligu voi cac dac diém trong Bang 2, tién hanh x4y dung mo hinh tri tu¢ nhén tao sir
dung mang no-ron nhan tao (ANN) c6 kha nang du bao, tinh toan van tdc hat cuc dai PPV tai diém trén
bién ciia duong 10 1an cén chiu anh hudng ciia cong tac nd min khi dao duong 10.

Bdng 2. Pdc tinh cia cdc bién dau vao va bién dau ra trong mé hinh ANN xdc dinh PPV

Tén cac bién Gia tri nhé nhit | Gia tri 16n nhit
PPV (Vin tbc hat cuc dai, mm/s) — Output 1,89 70,59
Q (Trong lwong thube nd st dung trong vu nd, kg) — Input 0,37 33,9
R (Khoang cach tir vu nd dén diém dang tinh PPV, m) — Input 15 97,5
Gamma y (Dung trong cua dat/da gilta vu nd va diém xéc dinh, 13 27
kN/m?) — Input
RQD (Tinh chét co ly cua vung dat/da gitra vu nd va diém xac 4 90
dinh PPV) — Input

Trong cac nghién ctru da dugc cong bd, viéc xac dinh cu tric cua mang no-ron nhan tao la rat quan
trong dbi v6i hiéu suét ung dung cia mo hinh tri tué nhan tao st dung mang no-ron nhan tao. Mot mang
no-ron nhin tao v&i cu trac hop 1y s& cho phép mé hinh tri tu¢ nhan tao sir dung mang no-ron nhéan tao d6
dat duoc két qua dy bao chinh xac nhat véi cac tap dir liéu dugc st dung dé xay dyng nén mo hinh. Cau
tric cia mang no-ron nhan tao (ANN) thuong dugc xac dinh boi ) luong 16p no-ron nhan tao, sb luong
no-ron nhan tao trong cac lép an, sb lugng bién dau vao va cac ham xir 1}'/ dugc su dung Trong nghién
clru nay, bdn bién dir liéu ddu vao di duoc Iya chon: dung trong ( 7) cua dat/da giita vu nd va vi tri diém
blen trén mat cat ngang cia duong 16 1an can chiu anh huong ctia vu nd tai duong 10 dang thi cong; chi
s6 khéi da (RQD) cuia Vung dat/da gitta vu nd va vi tri diém bién trén mat cat ngang cua duong 16 1an can
chiu anh huéng cua vu nd tai duong 16 dang dao; khoang cach (R) gitra vu nd va vi tri diém bién trén mat
cit ngang ctia duong 10 1an can chiu anh hudng cia vu nd tai dudng 16 dang dao; tong lwong thude nd
duoc str dung trong mot vu nd (Q) dang xét anh hudng. Bén bién nay anh huéng dang ké dén bién dau
ra: van toc hat cuc dai trén ranh gidi ciia mat cit ngang dudng 10 lién k&, bi anh hudng boi hoat dong nd
min trong qua trinh xay dung duong 16 dang dao bang phwong phap khoan - né min. Do mo hinh ANN
c6 s6 lugng bién dau vao han ché, nén trong nghién ctru nay, chi sir dung mét 16p an, véi ham truyén 1a
TANSIG. Dé dam bao d6 chinh x4c cua két qua mo hinh ANN, dit liéu dau vao va dau ra duge chuan hoa
trong pham vi [-1,1] bang cach st dung mot cong thirc cy thé (Simpson P. K., 1991):

X—Xmin

X, = *2+1 (1)

Xmax—Xmin
Trong do: Xva X, 1an luot biéu thi gia tri do duoc va gia tri chuan hoa. X
nho nhat va X, 14 gia tri bién s6 do dugc 16n nhét.

M0 hinh tri tué€ nhan tao c6 kha nang dy bao, tinh toan van tdc hat cuc dai trén bién cia mat cét ngang
duong 16 1an can véi duong 10 dang dao sir dung phuong phap khoan - nd min 4p dung mang no-ron véi
cac truong hop: mot 16p 4n va hai 16p an, tap di liéu thu thap tor du an dao tai cac duong lo ham 10 tai khu
vue Cam Pha, Quang Ninh bao gdm 75 diém dit lidu duoc chia thanh 5 tap dit lidu co kich thude bing
nhau, dit li¢u dugc x4o tron tu nhién, trong do, bdn tap dir licu dugc su dung dé hun luyén va mét tap
di liéu dugce st dung dé kiém tra. Nghién ctru nay da su dung thuat toan kiém dinh chéo K-fold dé xac

1a gia tri bién sb do dugc

mll‘l
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dinh s lugng no-ron tdi wu trong cac 16p an. S lugng no-ron trong 16p an duge gidi han ¢ mirc tdi da
1a “2*N+17, trong d6 N dai dién cho s6 luong bién dau vao. C6 5 mo hinh duoc xay dung ting véi vi tri
khac nhau cta cic tap dit liéu. Nghién ctru nay da danh gia cac mo hinh ANN véi s6 lwong no-ron tir 2
dén 9 trong 16p an, cudi cing chon mé hinh 1 véi 7 no-ron trong 16p an duy nhét (kién trac 4x7x1) 1a tdi
uu. M6 hinh nay cho két qua tot nhét, thé hién gia tri R? cao nhat va MSE thip nhét, so v&i cac mo hinh
ANN khéc cung voi cac cAu trac khac da dugce thir nghiém. Dya trén két qua tr cac mo hinh khéac nhau
véi s6 Ivong no-ron 16p an khac nhau va ap dung nguyén tac t6i vu, mo hinh 1, véi 4 no-ron, duoc tim
thiy 1a hiéu qua nhat d&é du doan PPV,

Trong do, sai s binh phuong trung binh duoc xac dinh véi cong thirc (2) (Nguyén Chi Thanh va cong
su, 2022), MSE dugc dung dé danh gia sy chinh xac ciia mé hinh tri tu¢ nhan tao ANN st dung dé du
bao, tinh toan vén tdc hat cuc dai PPV tai diém trén bién ctia dudng 10 1an can chiu anh huéng clia cong
tac n6 min khi dao duong 10:

1 & ,
MSE:NZ(yi_yi)z (2)
i=1

Hé s6 xac dinh R? dugc st dung dé danh gia su tuong quan va dg chinh xac ciia mo6 hinh ANN, hé sb
xac dinh nay dugc tinh theo cong thire (3) (Nguyen Chi Thanh va cong su, 2025):
N _ N 2
D=0 -y)
R =| = - 3)

PRCEID D NS

Trong do, N 1a sb lugng bién dir liéu ¢ 16p dau vao, y, 1a gia tri do thuc té thir i cua bién doc 1ap tai
daura, y’,1a gla tri dy doan thir i cua bién doc lap tai du ra tuong Gmg, 3 v 14n luot 14 gia tri trung binh do
thuc té va ¥ la gia tri trung binh dy doan tai dau ra.

5. Két qué du bao ciia mo hinh ANN va thédo luan

Dua trén cau tric tdi wu ciia md hinh ANN da duoc tim ra & muc 4 cia nghién ciru, mang no-ron nhan
tao toi uru ciia mo hinh s§ 1 gdm ¢6 1 16p an véi 7 no-ron than kinh trong 16p 4n nay, tién hanh chay mo
hinh ANN va dua ra cac két qua dyu bao gia tri van tdc dich chuyén 16n nhét tai bién mat cit ngang cua
céc duong 10 1an cin duong 16 dang xay dung va khai thac sir dung phuong phap khoan - nd min khu vuc
Cam Pha, Quang Ninh tmg véi bo dir liéu da dugc thu thap va téng hop. Két qua cua cac mo hinh ANN
duoc so sanh voi nhau. Phan tich va so sanh tt ca cac tiéu chi (R? va MSE) trong timg md hinh chimg
minh rang mé hinh ANN s4 1, véi cdu tric 4x7x1 (bao gom 4 bién dau vao, 1 bién dau ra va 1 16p an véi
7 no-ron), thé hién do chinh xéac cao trong viéc tinh toan va du doan PPV tai bién mat cit ngang cua cac
duong 16 14n can duong 10 dang xay dung va khai thac st dung phuong phap khoan - nd min khu vyc
Quang Ninh. Dlra trén cac gia tri PPV du bao nay, ¢6 thé diéu chinh cac thong s khoan va no min dam
bao an toan va 6n dinh cho cac dudng 10 tién hanh dao 16 1an can bang phuong phap khoan - nd min tai
khu vuc Quang Nlnh Céc gié tri van toc hat cuc dai ctia cac phan tir trén bién mat cit ngang cua dudng
16 14n can vé&i vu nd min xac dinh trén tap di licu kiém tra va tap dir licu dao tao duoc biéu dién, so sanh
trén cac hinh, tir Hinh 2 d&én Hinh 5.

240



wa“'“'-",
S _HOI NGHI KHOA HOC QUOC GIA / SDM®
PHAT TRIEN BEN VO'NG KHOA HOC CONG NGHE MO VA MOI TRUONG %%2026j

“ ANN trén tap dit liéu kiém tra
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Gia tri PPV thuc té, mm/s

Hinh 2. Van toc hat cuc dai cia cdc phan tie trén bién mdt cat ngang cua dwong lo ldan cgn voi vu no
min dwoc xdc dinh trén tap dir liéu kiém tra

30 ANN trén tap di liéu dao tao

Gia tri PPV dy bao, mm/s
[N
=1
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Hinh 3. Van toc hat cuc dai cua cac phan tir trén bién mdt cat ngang cua dwong lo lan cgn voi vu no
min dwoc xac dinh trén tap dir liéu hudn luyén

ANN véi tip di liéu kiém tra

=@ Gii tri PPV du bio =@ Gia trj PPV thyc té

2

Gia tri PPV, mm/s
1] (%3
=1 (=]

S

[S)

S6 hrgng mau

Hinh 4. So sanh gitka két qua du bdo va gid tri thue té ciia PPV trén bién gwong 1o lan cdn
chiu anh huwong ciia cong tac khoan - no min khi dao lo trén tdp dir liéu kiém tra

ANN voi tap dir liéu dao tao

80

=@=Gii tri PPV du bdo == Gia tri PPV thyc §§
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Hinh 5. So sanh giita két qua dw bdo va gid tri thuc té ciia PPV trén bién gicong 16 ldn cdn
chiu anh hwong cia cong tdac khoan - né min khi dao lo trén tdp dir liéu dao tao
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6. Két luan

Nghién ctru nay trinh bay viéc xay dung va phét trién cac mo hinh mang no-ron nhén tao (ANN) dé
dy doan van tdc hat cuc dai (PPV) tai ranh gidi cia bién mat cit ngang duong 10 lan cén véi duong 10
dang dao bang phuwong phap khoan - né min. Trong qué trinh x4y dung cac mé hinh tri tué nhan tao c6 kha
nang du doan van tdc hat cuc dai (PPV), nghién ctru da st dung bdn bién sb c6 anh huong 16n dén PPV
(bién déu ra) tai ranh gi6i cua bién mat cit ngang dudng 10 14n can véi dudng 16 dang dao bang phuong
phép khoan - nd min, bao gém: vén tdc hat cuc dai tai bién ctia mat cét ngang duodng 10 chiu anh huong
clia nd min tai dudng 16 1an can dang diao bang phuong phap khoan - né min PPV (mm/s); khoang cach tir
diém dang xét PPV t6i vu nd R (m); chi s6 RQD cua khéi dat/da gitta vu nd va diém dang tinh PPV; dung
trong cua dat/da gitta vu nd va diém dang tinh van tdc hat chiu anh hudng cia vu nd gamma y (kN/m?);
va téng luong thube nd duge sir dung trong mot chu ky xay dung (Q). Nghién ciru da st dung bo dit liu
gbém 75 phép do duge thu thap tai cic dudng 10 1an can véi dudng 10 dang duoc khai théc, thi cong bang
phuong phap khoan - nd min thude khu vue Quang Ninh, Viét Nam. 80% b¢ dit 1iéu thu thap dugc da su
dung dé huén luyén va 20% bo dit licu con lai dugc str dung dé kiém tra. Béng viéc phan tich cac két qua
thu dugc tir cac mo hinh noi trén, nghién ctru dua ra cac két luan sau day:

- M6 hinh tri tué nhan tao sir dung mang no-ron nhan tao (ANN) t1 wu cho két qua du bao gia tri van
tdc hat cao nhét tai bién ctia mat cit ngang duong 16 chiu anh hudng cua nd min tai duong 10 1an can dang
dao bang phuong phap khoan - né min PPV duoc xac dinh ¢6 céu trac 1a (4x7x1), bao gdm mot 16p dau
vao véi 4 no-ron, mot 16p 4n voi 7 no-ron va mot lop déu ra voi 1 no-ron;

- Cac mo hinh du bdo sir dung mang no-ron nhén tao (ANN) dat hé s6 xac dinh R” 12 0,99056 va sai s6
binh phuong trung binh MSE 1a 7.98e-5 véi tap dir liéu kiém tra. Dbi véi tap dit liéu dao tao, R2=0,99987
va MSE = 3.2¢-05. Két qua cho thay mé hinh tri tué nhan tao ANN c6 kha ning du doan chinh xac gia tri
van toc hat cuc dai (PPV) tai bién ctia mat cit ngang duong 16 chju anh huéng cia nd min tai dudng 10
lan can dang dao bang phuong phéap khoan - né min PPV. Cac két qua du bao van téc hat cuc dai nay s&
glup ich cho cac nha thiét ké, thi cong va giam sat trong viéc kiém soat va diéu chmh hi¢u qua céac thong
so ) mm trong qua trinh dao cac duong 10 lan cén, tur do, dam bao an toan va 6n dinh cho cac duong 16
nam gan duong 16 dang dao va chiu anh hudng boi qua trinh nd min noi trén;

- Khi ap dung mé hinh nay cho cac duong 16 1an can véi dudng 16 dang dao co cac diéu kién khac
nhau, diéu quan trong la phai hiéu chinh va thay ddi céu tric cia mé hinh tri tué nhan tao st dung mang
no-ron nhan tao (ANN) bang cach st dung dit liéu cu thé cua cac dudng 10.
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PREDICTING BLAST-INDUCED PEAK PARTICLE
VELOCITY IN UNDERGROUND MINING EXCAVATIONS:
AN ARTIFICIAL INTELLIGENCE MODEL

Nguyen Chi Thanh', Pham Quang Nam?, Bui Manh Tung""

'Hanoi University of Mining and Geology
’Electric Power University

ABSTRACT

This study develops high-accuracy artificial intelligence (AI) models to predict peak particle
velocity (PPV) at the cross-sectional boundaries of adjacent mining tunnels in Quang Ninh Province.
By systematically analyzing and selecting key blasting and geotechnical input parameters, the proposed
Al models demonstrate robust predictive performance. The results enable iterative optimization of
blasting parameters and patterns to reduce ground vibration, thereby ensuring the structural integrity and
operational safety of adjacent tunnels. This study provides a quantitative basis for optimizing blast design
and selecting appropriate support systems, ultimately improving both safety and operational efficiency in
complex multi-tunnel mining environments.

Keywords: peak particle velocity (PPV), blasting, artificial intelligence; predictive modeling;
underground mining stability
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