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TOM TAT

Nhitng tién bo cua khoa hoc va ky thuat diéu khién dang ngay cang thé hién su anh hu'ong t61 hiu qua
san xuat cong nghiép nodi chung va n6 min no6i riéng. Nghién clru qua trinh phat trién cac phuong phap nd
min trén thé gidi s& cho thiy vai tro ciia k¥ thuat diéu khién t&i hi¢u qua nd. Bai bao hudng tdi viée phan
tich nhiing két qua nghién ctru, nhitng cong trinh da dugc cong b6 vé k§ thudt nd min & Viét Nam va trén
the gidi. Két qua phan tich s& la co s6 cho cdc dinh hudng nghién ctru, xac dinh giai phap phu hop dé phat
trién cong nghé va k§ thut nd min trong diéu kién khai thac mé & Viét Nam.

Tir khéa: diéu khién nod min, song rung dong né min, cong nghé né min

1. Dit véan dé

N6 min 1a st dung mot lugng thuoc nd de phé v& mot két cAu ran chic (d4, cong trinh xay dung) trong
mot khodang thoi gian ngan giup tiét kiém rat nhiéu cong strc lao dong, tir d6 dem lai hi¢u qua kinh té 16n.
Khi mot lwong chit né duoc kich né trong 15 khoan, dat da xung quanh s& bi nit, tach ra va c6 the bi di
chuyén néu ¢6 du diéu kién. O mot khodng cach nhét dinh tur diém nd, ning luong giai phong do nd giam
di, nén khong gy ran nut hay di chuyen dat da nira ma tiép tuc lan tmyen qua khéi da dudi dang rung
dong dan hoi. Sy rung dong cua mat dat phat ra tir 16 min véi cudng do giam dan va giam xudng dudi
mirc c6 thé nhan thay khi khoang cach di xa. O murc d6 cao, rung dong trong dat da s& 1am hu hai cac
cong trinh xung quanh, nhung nguy hlem rinh rap cho con nguodi & cac cong trinh d6 con dang lo ngai
hon. Ngoai rung dong trong dat d4, nd min con gay ra cic rung dong, ap luc trong khong khi, trong nudc.
Céc rung dong nay cling gy anh huong khong nho t6i méi truong. Nhu vay, rung dong trong nd min vura
14 tac nhén tich cuc nhung cling vira 14 tac nhén ti€u cyc.

Nim 16 duge dang rung dong do no min ¢ khu vuce 1o, cac thong s lién quan s& duoc tinh todn va lya
chon mét cach hop 1y | nhat, hiéu qua nd s& gan voi mong muon nhét. Trén quan diém vé diéu khién, c6 the
thong ké cac thong s6 lién quan dén hi¢u qua cua moi vu n6 min thanh hai nhom. Mot la cac thong sO
khong thé diéu khlen Hai la cac thong s6 o thé diéu khién. Nhom mot bao gom hién trang dia chat tinh
chét co 1y, kich thuéc, cau tric cua dat d4 & khu vuc nd. Viée x4c dinh nhitng thong s6 ‘nay cling chi la dy
do4n bang cac phuong phap dia vét 1y nén khong mang tinh chinh xac tuy¢t dbi. Bé diéu khién mot vu nd
min dat dugc hi€u qua mong muon pha1 nim duoc thong s6 ctia nhom mot va tac dong vao nhom thir hai,
bao gdm: tong lwong thube nd; thoi gian vi sai; phwong phép dleu khién nd; phuong Pphap nd; “hudng nd;
kich thudc 16 khoan, khoang cach gitra cac 16 va lugng thuéc mdi 16; bo tri mang 16 min; kiéu loai bua
(lap 16 min); phén bd thudc nd trong timg 16 (Hb Si Giao va nhom ngh1en ctru, 2010). Trong do, cong
nghé dién tir c6 thé tac dong truc t1ep t6i hai thong sd 1a thoi gian vi sai va phuong phap diéu khién nd.

Khi cong ngh¢ dién tu phat trién, két qua do rung dong cang chi tlet thong s6 nhom mdt thu dugc cang
nhiéu va sai s0 cang nho. Cung véi do, viéc diéu chinh cac thong so nhom hai chinh xdc hon s& dem lai
hiéu qua nd cao hon. Nhu vay, nghién ciru, phan tich chan dong nd min va phat trién cac hé thong do
lwong, diéu khién nd chinh 1 co so cho viéc ning cao hiéu qua né min trong thoi dai cong nghé ngay nay.
2. So lwgc vé lich sir nghién ctru, phat trién ky thuat diéu khién nd min trén thé gidi
2.1. Lich sir nghién citu vé rung dong do né min

Viéc nghién ciru vé& chan dong nd min trén thé gidi da dugc tién hanh tir rit ldu va ngay nay van tiép
tuc. Theo do, séng chan dong trong dat d4 do nd min bao gom 3 thanh phan co ban 1a compressive (P),
shear (S) va rayleigh (R) (Langefors U, Kihlstrom B va Westerberg H, 1958). Trong mét thir nghiém
khac, nhom nghién ctru da tién hanh thi nghiém nd thir 60 1an v&i mirc d6 khac nhau tir cac khoang cach

* Tac gia lién hé
Email: dhieu.tdh@gmail.com; daohieu@humg.edu.vn

127



khac nhau. Quan sat, phan tich két qua tac dong 1én mot cong trinh dugc lwa chon, nghién ciru da di téi
két lugn rang van téc dao dong cua cic phan tir dat da chinh la yéu t6 gdy pha huy I16n nhét (T. D.
Northwood, R. Crawford va A. T. Edwards, 1963). Nam 1971, nhom tac gia Harry R. Nicholls, Charles
F. Johnson, va Wilbur I. Duvall da xudt ban cudn sich ‘Blast Vibrations and Theirs Effects on
Structures’. C6 thé néi day chinh la tai liéu dau tién phan tich mot cach day du nhimg yéu t6 d6i véi rung
dong nd min. Téi ndm 1984, cudn sach ‘Blast vibration monitoring and control” cua Charles H. Dowding
thue sy la mot tai liéu rt co ban, day du va hitu ich dén tan ngay nay khi hoc tap, nghlen cu’u vé rung
ddong nd min ddng thoi d& xudt cac k§ thuat tinh toan va phuong phap nd phu hop. Bt du tir tng quan,
nhitng thiét bi st dung dé nghién ctru, nhitng giéi han rung dong cho phép cho dén viéc phan tich, du
doan, sir dung cic phwong phap toan hoc khac nhau dé nham muc dich cudi cing 1a dua ra nhitng huéng
dan tinh toan va lya chon phu hgp cho cac vu nd min.

Dén giai doan nhimg ndm gén day, sy phat trién bung nd ciia cong nghé va ky thuat may tinh, nhing
du béo chan dong nbé min dugc ‘ap dung cac may moc cong nghé, phuong phap hién dai hon, tdn dung
nang lyc cua may tinh. Song chan dong ndé min do dugc cé d6 chinh xac cao, tir d6 nhung phan tich chi
tiét hon, nhiing du béo, tinh toan ciing chinh xac hon (Charles E. Needham, 2010). Cudn sach ‘Blast waves’
(Charles E. Needham, 2010), v& co ban ndi dung ciing tuong ty nhu “Blast vibration monitoring and control’
(Charles H. Dowding, 1984). Nhung khi nhirg phén tich, nhitng dudng dac tinh c¢6 d6 chinh xac cao nho
cac thiét bi dién tr thi quy trinh thuc hién dugc dé xuit ciing ¢6 mot vai thay di so véi trude d6. Viée tan
dung may tinh véi cic phuong phap phén tich hién dai hon con dugc st dung & nhidu nghién ctru khac.
Trong bai bao ciia minh Mohsen Hajihassani va nhom nghién ctru da mo ta viéc st dung phuong phap mang
noron trong ky thuat didu khién dé du bao rung dong dat d4 do nd min tai mo d4 granit & Malaysia (Mohsen
Hajihassani, Danial Jahed Armaghani, Aminaton Marto va Edy Tonnizam Mohamad, 2014). Két qua cho
thay, phuong phap méi thu duoc thong tin dy bao chinh xac hon 1 phwong phap tinh toan kiéu cii. Trong
khi d6, Avinash Teja va nhom nghién ctru ciia minh lai huéng dén nghién ctru viée tin dung tc do tinh toan
va do luong cua cac thiét bi dién tir méi, nham tng dung phuong phap méi dé ting d6 chinh xéc cua viée do
song chdn dong, huéng dén mot két qua phan tich dung nhét c6 thé (V. V.S. Avinash Teja va nhom nghién
ctiu, 2016). Theo mot hudng khac, mdt sO nha nghién ctiru lai muon st dung kha nang xu ly tin hiéu cua
cong nghé may tinh dé danh gid, dinh lugng nang luong cua song chin dong ma moi vu nd min tao ra. Giai
phap 14 sir dung phan mém may tinh va thiét bi may do chén dong dién tir dé do ludong va phan tich. Tir d6
dua ra cac két ludn vé ti 16 nang lugng cé ich va ning hrong lang phi gy hai cia mdi vu nd. (Vedala Rama
Sastry, Garimella Raghu Chandra, 2016).

Qua mdt sé din chimg tiéu biéu vé nhimg nghién ctru dugc cong bd theo hai giai doan trude va sau khi
cong nghé k¥ thuat dién tir phat trién, c6 thé nhan thiy sy tién bo kha rd rét. Khi cé sy xudt hién cia cac
thiét bi dién tu, cong nghé hién dai hd tro do dac va nghién ciru, cac k¥ thuat phan tich dwoc ap dung, cac
két qua, dy bao ¢6 d¢ chinh xac cao hon, song chan dong dugc xem xét dén trén nhiéu khia canh khac
nhau, c4c tinh chét cua séng twdng minh hon. D6 1a co sé dé diéu khién mot cach chi dong theo nhidu
hudng thong sé khac nhau.

2.2. Qud trinh phdt trién ciia cdc thiét bi phuc vu cong tic né min

Céc thiét bi phuc vu n6 min trén thé gidi ngay nay kha da dang va nhleu hang san xut. C6 thé thong
ké thanh cac nhom gém méy do, khao sat thim do dia chén va phan mem md phong, m6 hinh hoa khu
vue nd; may do va phén tich di liéu chén dong; may kiém tra mang no; may diéu khién nd; thiét bi khoi
nd (kip) va day dan. Bang 1 mé ta cac thanh phan thiét bi co ban dugc sir dung trong cac cong nghé nd
min d4 va dang dugc 4p dung cho dén ngay nay.

Bdng 1. Bang mé ta cdc thanh phan thiét bi chinh trong cdc cong nghé né min co ban

Thiét bi, tinh ndng | Céng nghéndé min | Céngnghénd min | Céng nghé nd min phi |{Céng nghé nd min dién
s0 khai dién dién tir
Khao sat dia chén va [Khong C6 (st dung cong nghé|Co (su dung cong nghé|Co (str dung cong nghé
mo hinh héa dién tr) dién tir) dién tir)
Po, phan tich chdn |Khong C6 (st dung cong nghé|Co (st dung cong nghé¢|Co (s dung cong nghé
dong dién tr) dién tir) dién tir)
Kip nd vaday din |Kip thyong, day|Kip dién (tc thoi, vi[Kip phi dién (tic thoi, Kip dién tu, déy dién
chay cham sai) , day dién vi sai), day dén séng nd |hodc khong day
Kiém tra mang nd |Khong C6 (nguy hiém) Khong C6 (an toan)
My diéu khién khdi |Khong C6 (Giri di xung dién|C6 (Gui di séngnd)  |C6 (Gui di tin hiu ma
no ap cao => nguy hiém) hda => an toan)
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Nhom thiét bi khio sat dia chan dé mé hinh hoa khu vuce nd 1a cac thiét bi do, phan tich chan dong.
Chiing khong déng vai tro truc tiép trong viée thuc hién cac vu nd min. Tuy nhién, tir nhitng thong tin thu
dugc, cac thong sb dit lidu Vé hién trang dia chat, c4u tric dat da khu vue nd dwoc du bao. Khi ky thuat va
cong nghé dién tir phat trién, cac thiét bi nay cang hién dai, du bao chinh xac hon, cac thong so thiét ké
cho cac vu nd min hop 1y hon, hiéu qua n6 s& cao hon.

Tu bang 1, quan sat qua trinh phat trién cua thiét bi kip nd va day dan, dé dang nhan thdy, su phat trlen
cua cong nghé dién tir va ky thuat diéu khién anh hudng nhu thé nao téi sy phat trién cua cong nghé nd
min va hiéu qua né min noéi chung.

Su phat trién ctia thiét bi diéu khién va kich né min bat du tir diy chay cham vdi kip nd. Mét kip nd
hoan chinh 1an diu tién ra doi boi phat minh cta Alfred Nobel nam 1863 (hinh 1). Nam 1875, Julius
Smith phat minh ra phuorng phap st dung dién dé kich nd, day ciing la thoi dlem kip dién ra doi (hinh 2).
Do han ché cia mét s6 truong hop su dung dién, nam 1907, day truyén song nd dugc sang tao boi Louis
L’heur, nhung di kém véi day truyén song nd phai 1a loai kip sit dung ddy din séng no (hinh 3). Ttr thoi
diém nay cho dén tan nhitng nam 1980 khi ki thuat va cong nghé con chwa phét trién cac thiét bi diéu
khién va kich né khong co nhiéu thay dbi, cac nha nghién ctru, ché tao chii trong vao viée tao thoi gian vi
sai cho kip né mot cach chinh xac nhét co thé (mili gidy) bang cach sir dung cic doan thudc chay chim
bén trong kip. Khi cong ngh¢ dién tu hién dai bét dAu phat trién (nhitng nam 1980) ciing 1a luc kip dién tir
ra doi (hinh 4). C6 thé noi bit du tir thoi diém nay, vai trd cua Cong ngh¢ va céc k¥ thuat dleu khlen moi
thuc sy o nét, lam thay i 16n tir quy trinh thuc hién cho dén hiéu qua vuot tréi cia mdi vu nd min
(ORICA Mining Services Germany).
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So sanh wu, nhuoc diém gitta kip dién, kip phi dién va kip dién tur dé thay rd sy anh hudng cua cong
ngh¢ dién tir va k¥ thuat diéu khién t&i hiéu qua nd min duogc thé hién (bang 2).

Bdng 2. Uu nhirge diém ciia kip né dién, phi dién va dién tir (ORICA Mining Services Germany)

Chung loai Uu diém Nhuoc diém
Kip dién |Dé thi cong; Gia thanh ré; Co thé kiém tra|Po an toan thap do kich nd bang dién ap cao;
(tirc thoi va |mang trudc nd Khoéng tng dung khi trdi mya, moi tryong 4m,
vi sai) c6 sét, khu vue dién cao thé, nhiéu nhifu dién
tir; SO lwong kip bi giéi han. Gidi han thoi gian
vi sai.

Kip phi dién |Dé thi cong; An toan; Khong c6 dong|Khdng thé kiém tra mang trudc no; C6 tré thoi
(tire thoi va [xung nod di lac; Khong cd hién twong min|(gian tai diém no6i; P chinh xac thoi gian thap.
visai) |cam; Khong gidi han s6 lugng kip Gidi han thoi gian vi sai.

Kip dién tt¢ |An toan; Picu khién nd chinh xac; Khong|Gia thanh cao do c¢ong nghé phtc tap. Nguoi
gi6i han thoi gian vi sai; Kha nang pha vo|thi cong can co ky thuat. S6 luong kip bi gidi
cao; Mtrc chéin dong thép; Kiém so4t|han.

chinh xéc cic thong s6 didu khién.

Kip dién (hinh 2) dugc kich nd béi dién ap mot chiéu dugc gii dén tir mot méy kich dién ép (thuong
dugc goi 1a may né min trong linh vyc n6 min). Mirc dién ap cua may n6 min (tir vai trdm dén hon 1000
VDC) the hién sé luong ti da kip trong mang ma mdi may nay co thé kich nd. Pién 4 ap nay duogc kich 1én
tir ngudn dién mot chiéu 12VDC cua dcqui. Chinh viée guri di dién 4p cao trén ddy dan, nén qua trinh kich
nd 1a rat nguy hiém khi diéu kién khong thuén loi. Mat khdc, do co ché tao ra mot chénh 1éch dién ap trén
hai dau kip dé kich né nén néu & moi truong co nhleu nhiéu dién tir co thé dan tdi tich tu nang luong gay
chénh 4p trén 2 dau day cua kip, co thé dan t6i nd ngoai y mudn, giy nguy hiém rat 16n. Viéc nay can
phai duoc tranh tuyét ddi.

Kip phi dién (hinh 3) duorc kich nd boi thiét bi tao song nd. Soéng né duoc truyen t6i kip bang day truyen
song nd qua cac thiét bi nbi mang. Kip phi dién rét an toan. Nhung khd nang didu kh1en lai rat han ché do
hoat dong dua trén cac hop chét hoa hoc; @6 chinh xac thap do thiét bi ndi mang c6 do tré nhét dinh.
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Kip dién tir (hinh 4) sir dung mét vi xir 1y gén bén trong kip. Moi hoat dong ciia kip dugc kiém soat va
diéu khién mét cach chinh xac béi vi xir Iy ndy. Nang luong kich né dugc tich lai trén tu dién bén trong
kip, né chi dugc giai phong ra khi c6 tin hiéu cho phép tir vi xtt 1y, vi vay thoi diém kich n kip va
khoang thoi gian tré 13 hoan toan chinh xac. Céc kip dién tr dwgc két ndi v6i nhau va véi thiét bi didu
khién n6 c6 thé bang day dién nhu kip dién hodc khong day (sir dung song dién tir tin s6 cao). Thiét bi
diéu khién nd co thé giao tlep, dat thoi gian vi sai, dat ché do lam viée va quan 1y t6i tung thanh vién (kip)
trong mang. Viéc giao tiép gitta cac thanh phan, thiét bi dwoc ma hoa nén khong bi nhiéu anh hudng, do
do viéce thi cong, kiém tra mang nd rat an toan. Viéc diéu khién nd c6 d6 chinh xac cao giup dam bao do
phén manh tot, mttc chan dong thap va dac biét, tuyét déi khong ¢6 hién tugng min cam.

Véi su hd trg clia cong nghé dién tur va ky thuat diéu khién hién dai, hiéu qua thu dugc la rat cao. Su
chinh xéc ctia ca hé thong du bdo, phan tich dién tu, va hé thong diéu khién nd dién tor dem dén hidu qua
vugt tri so véi cac cong nghé nd min trude do. Nhan dinh nay da duoc kiém nghiém qua nhiéu bao co

theo ddi qué trinh g dung va thir nghiém trong thuc té.
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Hinh 5. Két qua khao sat viéc sir dung thiét bi né min dién tir tai mé d‘c”;ng Mufulira thuéc Zambia
(Raphael Banda, 2003)

Trong hoi thao 14n tht 3 v& khai thac kim loai & Nam My¥, Raphacl Banda da cong bd mot khao sat tai
mo déng Mufulira thugc Zambia. Trong béo cdo két qua mot nam khai thac tir thang 1 t6i 12 ndm 2003
(bat dau chuyén sang sir dung hé thong nd dién tur tir thang 3) cho thay, khi viéc ap dung hé thong méi di
vao 6n dinh, &6 phan manh trong mdi vu nd ting, tin suit nd giam, téng san lugng clia mo tang trong khi
gia thanh khai thac gidm manh mac du chi ph1 ban dau cho hé thong 1a kha 16n (hmh 5).

DO phin minh

ciia dat d4 sau
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a Adelaide Biéu db 3D mé ta thn s6 va mirc d§ rung déng do duge tai
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Hinh 6. Két qua thir nghiém kip né dién tir tai Australia (David Miller va Drew Martin, 2007)

Nim 2007, nhém ky su vé cong nghé nd6 min David Miller va Drew Martin thudc hing dich vu Mo
Orica d3 tién hanh thur nghiém hé théng nd dién tir va so sanh hiéu qua vdi cong nghé nd hién tai dang
duogc sur dung tai cac mo thudc cac khu vuc phia Tay, Biéc va Nam Australia. Két qua thir nghiém da di téi
mot s6 két luan khi sir dung kip nd dién ti: tang d6 phan manh (tai mo da Adelaide: lugng van tai tang

23%, luu lwong nghién ting 18%, ti 1¢ dd qud c& giam 43%, do do, tong chi phi khai thac giam 13%);
tranh duoc thiét hai téi cac ciu truc xung quanh; c6 thé diéu khién dugc ca chin dong trong khong khi va
trong dat da. Céc két luan nay dugc md ta bang cac biéu dd do dac cua nhom, thé hién & hinh 6.

Ngoai ra con nhiing két qua khao sat thuc té khac nira déu cho thiy nhiing loi ich twong tu, nhu, bao
c4o cua Glenn Kiernan tai hoi thao vé trao giai thuong Caernarfon thang 7/2011 & New Zealand; bai bao
cua Manoj Lalwani va Suresh Menon vé hiéu qua va thyuc trang sur dung cac hé théng nay tai An Po, va
nhiéu béo céo tai cac khu vuc khai thac khac nhau trén thé gidi.

Tir nhitng nhan dinh cho dén nhiing khao sat thuc té déu thiy khi cong nghé phat trién, cac phuong
phap va ky thuat diéu khién dugc ap dung (cong nghé dién tir - hé vi xir Iy va may tinh cing vdi cac thuat
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toan diéu khién) da khong chi la anh huong ma s& con 1a yéu t6 chinh, din dat sy phat trién trong tuong
lai v6i cac linh vire cong nghiép noi chung va nd min noi riéng trén thé giéi.
3. Qua trinh nghién ctru va g dung cong nghé trong né min & Viét Nam

C6 thé ké t6i mot vai nghién ciru tiéu bidu vé& nd min & Viét Nam da duoc cong bd. Nam 2008, tai liéu
gi6i thiéu nhiing vn d& vé nguyén tic tinh toan lwong thude nd, nhitng phuong phap didu khién muic do
dap vo dit d4 bang nd min, nd min khi khai thac xudng siu trong khai thac mé (Nhit Van Bach, 2008)
duge xudt ban. Theo d6 1a luan an tién sy nghién cuu céc thong s6 cua céu trac lwong thude trong 16
khoan, cac thong 6 ndé min nhim nang cao hi¢u qua pha v& dat da va bao vé moi truong & mét s6 mo 10
thién Viét Nam (L& Ngoc Linh, 2009). Nam tiép theo, chuyén gia hang dau vé né) min & Viét Nam tiép tuc
xudt ban tai liéu nd hoa hoc-ly thuyét va thuc tién (Nhit Van Bach, 2010). Va gan day la cong trinh khoa
hoc thyc hién viéc nghién ciru Iy thuyét két hop thuc nghiém vé moi quan hé cua cac ycu t6 anh huong
dén chi tiéu thudc nd, dé xuat phuong phép xac dinh chi tiéu thuée nd hop 1y nham dam bao mirc do dap
v& dat d4 t6i vu cho mot s6 mo khai thac da vat liéu xdy dung ciia Viét Nam (Nguyén Dinh An, 2016).
Dé nang cao hi¢u qua nd min & Viét Nam, cac nghién ciru nay tap trung chu yéu vao ddi tugng thude nd
va céc thong s6 lién quan dén thudc nd. Do d6, cac cong nghé diéu khién nd con dang ding lai Y mot muc
do gidi han. Theo khao sat tai cac mo khal thac, cac cong ty Hoa chit Mo Va cac chuyén gia vé& nd min, &
Viét nam hién nay cac vu nb min chu yeu st dung hai cong nghé chinh la nd min dién va phi dién.

Ung dung cong nghé méi dang ké nhit & Viét Nam hién nay dén tir nhém cac hé thong khao sat khu
vue nd va du bao chan dong nd. D6 1a hé théng may dia vat Iy v6i phan mém mo hinh hoa va mé phong
khu vyre nd Shapematrix. D6 con 14 hé théng may do chin dong Micromate va phdn mém phan tich song
chan dong Blastmate ¢ tmg dung tri tu¢ nhén tao (vtv1,28/7/2018).

Su Véng mit ctia hé théng cac thiét bi diéu khién va kich nd dién tir & Viét Nam hién nay 1a boi cong
nghé ché tao trong nudce con chua chi dong. Moi thlet bi phai nhép khédu, din dén chi phi van hanh va st
dung con cao. Diéu d6 chi ra ring, dang c6 mot nhu ciu cap thlet cho viéc nghién ctru dé dwa cong nghé
dién tir, ap dung k¥ thuat vi xr Iy vao cac thiét bi diéu khién né min phi hop véi didu kién Viét Nam.

4. Két luan

Vai trd va mic d9 dnh hudng ciia cong ngh¢ va kg thuat diéu khién hién dai 1én hiu qua mdi vu nd
min 14 diéu da dugc thay rd. Mirc d hoan thién va ing dung cong ngh¢ cho nd min trén the gidiva ¢ Viet
Nam cting da dugc chi ra. Cong ngh¢ k§ thuat mdi dang phat trién tirng ngay. Diéu kién vé kinh té va moi
truong ngay cang doi hoi cac y€u cau cao hon. Tt ca cho thay tinh cap thiép va y nghia cua viéc can phai
som nghién ctru phat trién va hoan thién cong nghé méi cho nd min ¢ Viét Nam. Can g dung dugc cac
cong nghé nd min tién tién cua thé gidi nhung phu hop véi diéu kién Viét Nam. Céc dinh hudng ban diu
¢6 thé ké t6i nhu : Nghién ctru phin mém phan tich song chan dong va tinh to4n thoi gian vi sai cho vu )
ké tiép; Nghién ctru ché tao thiét bj diéu khién nd dién tit cho cong nghé¢ nd min dién; Nghién ctru ché tao
hé thong didu khién nd dién tir véi kip nd dién tir; Nghién ctru ché tao thiét bj do song chén dong va phén
mém du béo rung dong nd;.... Va xa hon 12 hoan thién toan b cac hé thong thiét bi cong nghé va phan
mém nham t6i wu hiéu qua nd min & Viét Nam, dé co thé twong dwong véi cong nghé va hidu qua nd min
trén thé giGi.

Tai liéu tham khao

Alan B. Richards, Adrian J. Moore. Blasting technology: Mesurement- Assessment-Control. A lecture
of blast vibration course by TERROCK Consulting Engineers, Astralia. 87 pages.

Nguyén Dinh An, 2016. Nghién ciu xdc dinh chi tiéu thuée né nham dam bao mirc do dap vé dat da
hop ly cho mot $6 mé khai thac vdt liéu xdy dung cua Viét Nam. LATS k¥ thuat, Ha noi.

Nhit Van Béch, 2008. Néng cao hiéu qud phd vé dit da bang né min trong khai thac mé. NXB GTVT.
147 trang.

Charles h. Dowding, 1984. Blast vibration monitoring and control. Evanston, Illinois, USA. 280
pages.

David Miler, Drew Martin, 2007. A review of the benefits being delivered using electronic delay
detonator in the quary industry. Orica Quarry Services, Germany. 15 pages.

GLENN KIEMAN, 2011. Electronic and non electronic detonators and new blast-hole loading
techniques-you decide. Caernarfon Award Submission, Inline Drilling Ltd Katikati, New Zealand. 33
pages.

Ho Si Giao, Pam Trong Thang, Lé Van Quyén, Hoang Tuan Chung, 2010. N6 héa hoc, Iy thuyét va
thue tién. NXB Khoa hoc va k§ thuét. 663 trang.

IME, 2017. Electronic Blast Initiation Systems (EBIS) Guideline. General User Information for

131



Mining, Quarrying and Construction Applications, Institute of Maker of Explosives, 1212 New York Ave,
N.W. 24 pages.

Langefors U, Kihlstrom B,Westerberg H, 1958. Ground Vibrations in Blasting. Water Power,
September, pages 335-38. October, pages 390-95, November, pages 421, 424.

Langefors U, Kihlstrom B, 1976. The Modern Technique of Rock Blasting. A Halsted press book, John
Wiley & Sons. New York- London- Sydney- Toronto. 440 pages.

Manoj Lalwani, Suresh Menon, 2016. Electronic delay detonators-benefits and growth prospects in
India. Recent Advances in Rock Engineering (RARE 2016), Published by Atlantis Press. Pages 424 —
428.

Marilena Cardu, Alessandro Giraudi, Pierpaolo Oreste, “Review of the benefits of electronic
detonators”, (2013), R. Esc. Minas, Ouro Preto, 66(3), pages 375-382, jul. set.

Mohsen Hajihassani, Danial Jahed Armaghani, Aminaton Marto, Edy Tonnizam Mohamad, 2015.
Ground vibration prediction in quarry blasting through an artificial neural network optimized by
imperialist competitive algorithm. Bulletin of Engineering Geology and the Environment, August
2015, Volume 74, Issue 3, pp 873-886.

Lé Ngoc Ninh, 2009. Nghién ciru cdc thong s6 ciia cau triic heong thuéc trong 16 min nham ndng cao
hiéu qua phd v ddt dd va bao vé méi truong ¢ mot s6 mé 16 thién Viét Nam. LATS k¥ thuat, Ha noi.

ORICA Mining Services. Initiation-Systems. FEuropean Shotfirer Standard Education for Enhanced
Mobility, a lecture by ORICA Mining Services Germany. 156 pages.

Raphael Banda, 2003. Electronic delay detonator — a unique solution to pertinent mining problems.
The Third Southern African Conference on Base Metals, The South African Institute of Mining and
Metallurgy. Pages 315 — 320.

Srdan Kostic, Nebojsa Vasovic, Igor Franovic, Andreja Samcovic, Kristina Todorovic, 2014.
Assessment of blast induced ground vibrations by artificia neural network. 12" Symposium on neural
network application in electrical engineering, university of Belgrade, Serbia, November, p25-27.

T. D. Northwood, R. Crawford, A. T. Edwards, 1963. Blasting vibrations and building damage. The
Engineer, Vol. 215, No. 5601, May 31, 1963, pages 973-978.

Vedala Rama Sastry, Garimella Raghu Chandra, 2016. Signal processing computation based Seismic
energy estimation of blast induced ground vibration waves. IEEE International Conference On Recent
Trends in Electronics Information Communication Technology, May 20-21, 2016, India. Pages 216-220.

VTV, 28/7/2018, Chwong trinh Qudc gia sé - cach mang cong nghiép 4.0.

V V S Avinash Teja, S Venkata Chaitanya, Uday Akula, Pathipati Srihari, V R Sastry, 2016. Blast
vibration signal analysis using S-transform. IEEE International Conference on Electrical, Electronics, and
Optimization Techniques (ICEEOT) — 2016. Pages 4182-4186.

ABSTRACT

A review of the development and impact of control techniques
on blasting efficiency

Dao Hieu!
! Hanoi University of Mining and Geology

The advancements in sciences and techniques have increasingly a strong influence on industrial
production in general and blasting in particular. Research on the development of blasting methods in the
world will show the role of techniques to blasting. The paper aims to analyze the research results and
published papers on blasting techniques in Vietnam and in the world. The results of the analysis will be
the basis for research orientations and appropriate solutions for the development of blast technologies and
blast techniques in mining conditions in Vietnam.

Keywords: blasting control, blast vibration, blasting technology
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