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TOM TAT

Tiéng on am thanh (séng &m) sinh ra tir c4c vu N6 min gay anh huong xau dén suc khoe, doi song cua
nhimg ngudi thudng xuyén tiép xdc hodc nhitng h dan séng gan khu vuc khai thac mo. N6 min 1a khau
Cong ngh¢ quan trong dé lam toi dat d4 va khoang san. Hiéu qua cong tac nd min dugc danh gia thong qua
phan nang lugng hiru ich dung dé pha v dat da an toan, hiéu qua. Ngoal ra, phan ning luong v0 ich sinh
ra khi tién hanh cac vu nd s& giy ra cdc tdc dong €6 hai anh huong dén sy an toan cua cac cong trinh bao
V¢ va sirc khoe ngudi lao dong, bao gom: song chan dong, song dap khong khi, song am, bui, da vang, khi
doc. Bai bdo nay tlen hanh do gidm sat n6 min thyc nghi¢m nhiéu vu nd & nhiéu mo khac nhau dé nghlen
ciu dac diém va mdi quan h¢ gitra song am (tiéng dn am thanh) va séng va dép khong khi khi tién hanh cac
vu nd nham dua ra cac khuyén nghi nang cao hiéu qua nd min, dam bao an toan khi tién hanh cac vu nd
min.

Tur khéa: S6ng am; Tiéng 6n nd min; song dap khdng khi; né min

1. D3t van dé
1.1. Song dap khong khi

‘Song dép khong khi 1a mdt trong nhirng tac nhan cua vu nd min gy ra, day 1a mot trong nhitng nguy
hiém tlem tang gdy cho cac cong trinh bao vé xung quanh va con ngudi. Su hinh thanh séng dap khong khi
khi no min xay ra trong ket qua tac dung cua cac san pham khi nod (Hinh 1). Céc yéu tb vé thot tiét, khi
quyén nhu: nhiét d, d6 am, toc do gi6, hudng gio.... c6 anh hudng rat 16n dén sy thay d6i vé cudng do
song dap khong khi tai thoi diém tién hanh cac vu ndé min (Pam Trong Thiang, Bui Xuan Nam, Tran Quang
Hiéu, 2015; Tran Quang Hiéu, Bui Xuan Nam, Nguyén Anh Tuén, Lé Qui Thao, 2017).

Thaoi gian tac dung cua song dap khong khi & gan viing né khong 16n, song tac dong 1én co thé con ngudi
dudi dang xung. Khi d6 su séng bi de doa bai chu ky dao dong riéng cua co thé con nguoi va dong vat cao
hon thoi gian tac dung ciia song. Khi thoi han tac dung cua song dap khong khi bang 20 + 200 ms, chu ky
dao dong riéng cua co thé con nguoi dugc so sanh véi thoi gian tac dung cua song. Trong nhiing truong
hop nhu vay &p luc trén mat séng c6 thé gay chan thuong. Néu &p luc 16n hon 35 kPa thi mang nhi cta con
ngudi bi thang, néu &p lyc 1én hon 100 kPa thi bap co bi té liét. Ap luc an toan ddi v6i nguoi la 10 kPa.
Khi téc dung dén con nguoi va dong vat trong thoi gian 200 + 250ms va hon nita, song dap khong khi
khong chi nguy hiém do &p luc ma con do téc do chuyén dong cua dong khdng khi sau mat séng. Khi &p
lyc bang 10 MPa, téc d6 vuot quéa 20 m/s, néu thai han tac dung cia dong vuot qua thoi gian phan tng cua
con ngudi 200 + 300 ms thi dong vét va con nguoi bi 1at ngd (Pam Trong Thang, Boi Xuan Nam,Tran
Quang Hiéu, 2015; Tran Quang Hiéu, Bui Xuan Nam, Nguy&n Anh Tuén, L& Qui Thao, 2017). Theo QCVN
01:2019/BCT, gié tri t6i da ap suit du va ap sudt am khi gi¢i han tin sé dudi cua hé thong do dao dong tir
0,1 Hz-6,0 HZ thi mirc t6i da cho phép ciia song dap khong khi dao dong tir 129-134 dB(L) (QCVN
01:2019/BCT).

1.2. Song ém

Song am 1a loai séng co hoc lan truyén trong moi truong, chat 16ng, chat ran hodc khi, ma su truyen dan
nang lugng duoc thue hién thong qua sy bién ddi ctia 4p sudt va mat d clia chat d6. Khi mot vat thé rung,
no tao ra nhirng ap sudt va mat do bién d6i xung quanh no, tao ra song &m. Cac song dm di chuyén thong
qua chét liéu bang cach 1am cac phan tir cia chat d6 dao dong doc theo hudng truyén cua song. Trong moi
truong khi, cac song Am thudng duge goi 1a 4m thanh. Day 1a nhitng séng Am ma tai ngudi c6 thé cam nhan

*Tac gia lién h¢
Email: tranquanghieu@humg.edu.vn
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dugc, véi tan sb tir khoang 20 Hz dén 20 kHz (QCVN 26:2010/BTNMT; Pam Trong Thing, Bui Xuin
Nam, Tran Quang Hiéu, 2015; Camosckuit M. A, 2004; H. S. Yang and N. S. Kim, 1999).

* S6ng am duoc chia thanh 3 loai: Séng ha 4m: f< 16 Hz; Am thanh: ¢6 f tir 16 Hz dén 20000 Hz va
Sbng siéu &m: f > 20000 Hz = 20 KHz.

Khi séng am lan truyén dén tai ngudi, nd s€ 1am cho mang nhi cling dao dong cung vdi tan so cua song
do. Va tir mang nhi nhiing séng am nay truyén qua hé than kinh cta bo nio tao ra cam giac cam thy a am,
gdy kho chiu cho nguoi nghe, tiéng On anh hudng toi qua trinh lam viéc, nghi ngoi va tac dong tryc tiép
den sttc khée con ngudi nhu: glam thinh lyc, cao huyét 4p, tim mach, cac bénh duong tiéu hoa, réi loan
gidc ngu, thay do6i chirc nang mién dich. Theo ¢ Quy chuédn k¥ thuat Quéc gia vé tiéng 6n” da quy dinh gidi
han tbi da céc mirc tleng on hop ly, khong gay hai dén strc khoe con nguoi trong khoang thoi gian tir 6h00”
- 21h00" hém trudce va tir 21h00° - 6h00° hém sau véi gia tri dao dong tir 55 dB(A)-70 dB(A) (QCVN
26:2010/BTNMT).

1.3. Nhitng diém khac nhau co bdn giita song am va séng va ddgp khong khi

Séng am va séng dap khdng khi déu 1a loai song &p suét truyén qua mdi truong nhu khdng khi, nude
hodc vat liéu ran, nhung ¢0 nhing diém khac nhau co ban, nhu:
* Ve Toc dé lan truyen

- S6ng &m: lan truyén véi van toc bang van tbc &m thanh trong mdi trudng ma ching truyén qua. Trong
khong khi ¢ muc nudc bién, toc d6 nay la khoang 343 mét/giady.

- Séng dap khong khi: Song xung kich truyén di nhanh hon té¢ ¢ am thanh. Ching dugc ddc trung boi
su gia taing manh vé &p suit do su x40 tron dot ngot va manh mé&, nhu sinh ra tir c&¢ vu nd min. Téc d6 cua
va dap khong khi c6 thé nhanh hon nhiéu lan téc 6 am thanh trong cing mét méi truong.

* Vé cwong do song:

- S6ng am: thudng la s6ng cudng do thip c6 thé duogce tao ra bai nhidu ngudn khac nhau, ching han nhu
161 ndi, &M nhac hodc may moc.

- S6ng dap khong khi: 1a séng c6 cuong do cao voi sy thay doi &p sudt nhanh va manh. Trong truong
hop xay ra vu nd, s6ng va dap khong khi duoc tao ra do sy giai phong ning lugng dot ngot, dan dén ap suat
va nhiét do tang nhanh.

* Vé hiéu irng am thanh:

- S6ng am: thuong duoc tai ngudi cam nhan 1a &m thanh cé thé nghe dugc. Chang cd thé di chuyén
quang duong dai va duoc sir dung dé lién lac, diéu hudng va nhiéu muc dich khac.

- S6ng dap khong khi: c6 thé gay ra thiét hai va sirc tan pha dang ké do ap suit va nang luong cao. Trong
bbi canh xay ra vu nd, séng xung kich c6 thé 1am v& cira so, 1am sap cac cong trinh va gay thuong tich hodc
tr vong cho nhirng nguoi & gan do.

* V6 hinh dang biéu do &p sudt trén mdt séng:

- S6ng &m c6 dang dao dong theo chu ky hinh sin (néu ¢6 hinh v& thi tdt);

- S6ng dap khong khi c6 dang doc bién (hinh 1)

2. Anh huémng ciia séng va dap khong khi va song &m thanh khi tién hanh cac vu né min
2.1. Anh hwéng cia séng va ddp khong khi khi tién hanh cac ve né min

Song dap khong khi la mot trong. nhitng biéu hién c6 hai sinh ra tir cac né min.Thoi gian tac dung cua
song va dap khong khi & gan viing no khdng lén, song tac dong Ién co thé con nguoi dudi dang xung. Khi
d6 sy song bi de doa bai chu ky dao dong riéng cua co thé con ngudi va dong vat cao hon thoi gian tac
dung cua séng.

Canosckuii M. A (Cagosckuii M. A, 2004) da gidi thidu cong thic tinh &p luc trén mat séng khi nd lugng
thudc trétin theo biéu thirc sau:

o+ Q Q2/3
R R?

+27 + 0,84 , kG/cm? 1)

Ql/ 3
R

trong do:

Q - khéi lugng thudc no, kg;

R - khoang cach tac dung, m

Khi né lugng thudc dai phan bé trén mat dét thi ap luc song xac dinh theo cong thuc:

Q , Q Q
LR?

)+ 13 (37 )Y, KGlem? @)

trong do: L - chiéu dai lu’qng thudc, m.
Tuy nhién, thyc nghiém (Cagosckuii M. A, 2004) da chi ra rang, khi nd lwong thude dap ngoai thi 30 +
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50% nang lwong nd chuyén thanh séng dap. B4i véi trudng hop ndy ¢6 thé sir dung cdng thic sau dé xac
dinh ap luc (P,) trén mat song:

P.=(53+ 2.4)km(£)1'5.105, kG/cm? (3)
trong d6: km - hé s6 anh huong boi yéu t6 thoi tiét.

\

LA @
ﬁ////

Mat Séng dap

Hinh 1. Su thay doi ap luc khong khi sau mdr séng dap khi né min [3]

Khi nd lugng thube dai trong 16 khoan phan bé vudng goc véi mat tu do thi cac théng sé cua séng cao
hon 5 + 8 1an so vdi lugng thube bé tri song song véi bé mat d6. Khi phan bd vudng goc 10 + 54% niang
lwong no tao thanh song dap khong khi.

Khi né lugng thudce nd trong 16 khoan, &p luc song dap khong khi xac dinh theo cong thirc (Pam Trong
Thiang, Bui Xuan Nam, Tran Quang Hiéu, 2015; Cagosckuit M. A, 2004):

Pa= (5,3 £ 2,4)Km. Kg.vn. (23 7)2/3. 10, kG/em? ()
trong do:

d- duong kinh 16 khoan, cm;

n- s lwong 15 khoan nd dong thoi trong nhom vi sai.

Km- hé s6 anh huong boi yéu té thoi tiét (mua dong Km = 3, cac mua con lai K= 2);

Kg- hé s6 anh huong ciia bua min dén cudng d6 song dap khong khi (khi nap thude dén miéng 15 khoan
Kg = 1; Khi chiéu dai bua Is= 20.d thi Kg= 0,4;

2.2. Anh hwong cia song &m thanh khi tién hanh cac va né min

Khi nd min, tiéng 6n sinh ra tir cac vu nd kha 16n, ddy 1a mot yéu t c6 hai ciing nhu yéu té ¢ hai cua
song va dap khong khi da néi ¢ trén. Mirc 4p suat 4m thanh dB(A) dugc biéu thi bang thang chi s6 va n6
dugc x4c dinh theo cong thirc (Tran Quang Hiéu, Bui Xuan Nam, Nguyén Hoang, 5 Ngoc Hoan, Nguyén
Trung Tinh, 2022; IOERSNU, 2000; ONECRC, 2007):

SPL = 20log (Pj ®)
PO

trong do:

SPL- murc ap suat Am thanh, dBA;

P- ap suat 4m thanh tham chiéu (2x105Pa), laap suét 4m thanh thap nhat ma mot ngudi co thé nhén ra.

Mirc d6 suy giam theo khoang cach cua tleng on phu thudc vao loai va dang ctia ngudn gay ra tiéng
on. Neu ngudn tiéng 6n duoc gia dinh 1a ngudn 4m thanh diém, thi mirc d¢ suy giam theo khoang céch
ctia tiéng 6n dugc xac dinh theo cong thirc (Chung-Won Lee, Jiseong Kim,Gi-Chun Kang, 2018) :

SPL = SPL, — 20 log (g) (6)

trong do:

SPL- muc do tléng 6n dB(A);

SPLo- muc tiéng on tong hop, dB (A);

r- khoang cach tir vi tri n6 min (nguon sinh ra tleng on dén diém do giam sat), m;

fo- khoang cach tir nguon gy ra tiéng 6n dén diém co ban, m.

Khi cudng d6 tan sé thay doi, cam gidc cia mirc ap sudt 4m thanh thay dbi theo co thé ngudi, do d6 gia
tri dugc hi€u chinh dua trén duodng cong ¢ nhay cam giac dya trén tan s0 trung tam 1.000 Hz. Nhoém tac
gia H. S. Yang and N. S. Kim [10] d& dua ra phuong trinh dy doan tiéng 6n né min:

P D"

dB(A)=20log| — | ; P=82| — U]
oy =znios{ 7 )

trong do:

Po- 4p suat &m thanh (2x10 5 Pa);
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W- khdi lugng thude nd lon nhét trong mot nhom vi sai, kg;

D- khoang cach tur vi tri n6 min dén dlem do giam sat tiéng on, m.

Dé du bao tiéng on sinh ra tir cac vu nd min, tic gia ONECRC (ONECRC, 2007) di xay dung mot
phuong trinh du bao nhu sau:

dB(4) = —16,02 log (7= )+97 46 (8)

trong do:

W- khéi lugng thube nd lon nhat trong mot nhom vi sai, kg;

D- khoang cach tir vi tri nd6 min dén diém do giam sat tiéng on, m.

Téc gia IOERSNU (IOERSNU, 2000) d4 dua ra phuong trinh dy doan tiéng on:

dB(4) = —14,05 log (7= )+97 46 9)

trong do:

W- khéi lugng thudc nd 16n nhat trong mot nhom vi sai, kg;

D- khoang cach t Ur vi tri né min dén diém do giam sat tiéng on, m.

Nhém tac gia H.S.Yang va N.S. Kim (H. S. Yang and N. S. Kim, 1999) d dé xuét phuong trinh du bao
tiéng n nhu sau:

dB(A) = —14,0Iog( D )+88,1 (10)

Iw

Téc gia M.J. Crocker (M. J. Crocker, 2007) di dua ra phuong trinh dy bao dé giam tiéng 6n nd min:

dB(A) =120-SPL (12)
trong do
SPL=20logr-8;

r- khoang cach tir vi tri nd min dén vi tri giam sat anh huong, m

3. Nghién ciru thuc nghiém xac dinh méi quan hé giira séng 4m va séng dap khong khi trong cac vu
né min

Trong cong tac quan 1y an toan st dung vat liéu nd cong nghiép, Bo cong thuong da ban hanh QCVN
01:2019/BCT dé quy dinh yéu cau phai giam st anh huong tac dong song dap khong khi, ¢dam bao an toan
ngudi va cho cac cong trinh can bao vé. Trong cac nghién cau (QCVN 01:2019/BCT; QCVN
26:2010/BTNMT; DBam Trong Thang, Bui Xuan Nam,Tran Quang Hiéu, 2015) cling cho thay tir cac két
qua, s6 lidu do giam sat tir cac thiét bi chuyén dung cho phép du bao, tinh toan t6i wu hoa cac vu nd min
nham dam bao an toan va hiéu qua truéc khi tién hanh cac vu ndé min. Tuy nhién chua c6 nghién ciru dé
cap, dua danh gia anh huong caa séng am (tiéng dn nd min) dé cac co quan chirc ning co co sé kiém tra,
giam sat. Do vy, bai bao nay tién hanh nghién ctru 1y thuyét va thuc nghiém dé xac dinh mbi quan hé giira
song am (tiéng on 4m thanh) va song dap khong khi nham khi tién hanh cac vu nd min. Nghién ctru di sir
dung thiét bi do c6 gén cac déu do am thanh va song dap khong khi chuyén dung Blastmate-111 (Canada)
(hinh 2) dé do cac két qua vé song dap khong khi va tiéng 6n am thanh cung thoi diém tién hanh cac vu nd
dé so sanh, dbi chiéu. Ket qua nghién ctru cho phép xdc dinh ban dau mbi quan h¢ gilra song 4m va song
va dép khong khi khi t1en hanh cac vu nd, tir &6 cho phép ra céac gidi phap kiém soat, giam thiéu song dap
khong khi, tiéng 6n nd min, gop phan nang cao hiéu qua san xuét cho doanh nghiép, bao vé strc khoe cho
nguoi cong nhan va nhiing nguoi dan song gan khu vyc khai thac.

Nhém nghién ctru d tién hanh do thyc nghiém, giam sat anh huéng ciia song 4m, song dap khong khi
tai mot s6 md nhu sau: Mo da voi Ang Dau-Xi mang Hoang Thach; M6 déa voi Ky Phu, Ninh Binh (Tran
Quang Hiéu, Bui Xuan Nam, Nguyén Hoang, Db Ngoc Hoan, Nguyen Trung Tinh, 2022); M6 ddng Ta
Phoi, tinh Lao Cai va giam sat tai du an nd min thi c6ng ham din nudc cia nha may thuy dién Hoa Binh
md rdng. Cac vu nd duoc thue hién nd va do dong thoi trong cung cac diéu kién. Cac két qué do dugc trinh
bay trong bang 1.

a. Microphone Blasmate 11 (Linear Mic) b. Microphone Blasmate Il (A Weight)
do séng dap khong khi do séng am thanh
Hinh 2. Microphone Blasmate 11 chuyén dung do anh hwong cia song ddp khong khi (a) va séng am (b)
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2 b. Do gidm sat tai du an‘ thay dién Hoa Binh mé rong
Hinh 3. Hai thiét bj do giam sat dat gan nhau dé cung do dong thoi anh huong
cuia séng dm va séng va ddp khong khi khi tién hanh v né min

Bang 1. Mg sé két qua do danh hirong né min cia séng dm dB(A) va séng va dap khong khi dB(L)
tgi cac khu vic thyc hién gidm sat

TT | Khéiluong thuéc | Khoang cach do Gid tri do Dia diém do
N Qmax, /Qus, Kg giam sét R, m May 1-dB(L) | May 2-dB(A)
1 57,15/2,4 320 116,4 77,6 Dy an nha may thay
2 57,15/2,4 246 110,0 75.7 dién Hoa Binh mo
3 35,1/8,4 140 115,8 78,5 rong, Tinh Hoa Binh
4 35,1/8,4 220 100,0 76,2
5 10.938/163 420 126,0 78,8 Mo ddng Ta Phoi-
6 7.680/185 383 121,9 74,7 Lo Cai
7 1000/59 220 128,0 93,6 Mo da véi Ky Phi
8 1000/59 250 105,2 78,0 -Ninh Binh
9 2381/35 200 116,9 75,8 Mo da voi Ang Dau,
Hoang Thach

Tir cac két qua trong bang 1 cho thay:

- Séng va dap khong khi do giam sat tir cAc vu n thay ddi tir 100 dB(L)-128 dB(L) & khoang céch anh
huang trung binh tir 140-420 m. Déi chiéu voi bang 1 cho thiy céc gia tri nay déu nam ¢ muc an toan cho
phép theo QCVN 01:2019/BCT;

- S6ng am (tiéng on am thanh) do giam sat tir c&c vu nd thay doi tir 74,7 dB (A- 93,6 dB(A) & khoang
céch anh huong trung binh tir 140-420 m. Doi chiéu véi cac quy dinh vé quy dinh an toan tiéng on (QCVN
26:2010/BTNMT; Tran Quang Hleu Bui Xuan Nam, Nguyén Hoang, DS Ngoc Hoan, Nguyen Trung Tinh,
2022) cho thay véi gia tri ndy néu con nguoi tiép xdc lién tuc, trong thoi gian dal sé gay ton thwong dén
thinh giac va hé than kinh cua nhitng tho min va nguoi dan sdng gan cac bai né. Cac vu nd min trén céc
mo 19 thién thuong dién ra nhanh chong va gay ra céac yeu t6 co hai trong thoi gian ngan tac thoi nén muc
d6 anh hudng cua no dén sirc khoe con ngudi tai thoi diém nd ming khong dang ké, nhung néu cac vy nd
min dlen ra thuong Xuyén vao cac ngay trong tuan thi n6 s& anh huong dén sic khoe con ngudi. Khi d6
phai can c6 cac giai phap klem soét tiéng on nay.

- Trong cung diéu kién né min nhu nhau vé& diéu kién dia chat, cac théng sé né min, phuwong phap nd
min, diéu kién khi hau thoi tiét v.v.. cho thiy: Gia tri song dap khdng khi I6n hon gié tri song am (tleng on)
trung binh tir 1,35-1,6 lan. Day la co s¢ s6 bo dé danh gia mac do anh huong cua séng am (tiéng 6n) dén
sic khoe nguoi lao dong khi biét dugc gia tri song dap khong khi do dugc theo QCVN 01:2019/BCT.

Két luan

- Song déap khong khi va séng am sinh ra tir cac vu nd min la cac yéu tb ¢o hai, anh huong dén wusc
khoe va doi sdng nhan ndm trong ving anh huéng. Cac quy dinh vé an toan song dap khong khi da duoc
quy dinh trong QCVN 01:2019/BCT. Tuy nhién quy dinh vé anh huéng tleng on nd min van chua dugc
dua vao QCVN 01:2019/BCT dé 1am co so danh gia va dua ra cac quy dinh can thiét dé tién hanh giam sat;

- Cac gidi phap téng thé vé ky thuat cong nghé nd min, cing voi st dung cac thiét bi do chuyén dung dé
glam sét, kiém soat, giam thiéu song dap khong khi, song am la véan dé méi, cAn dugc quan tim nham gop
phan nang cao hiéu qua san xuit, bao vé stc khoe cho nhitng nguoi cong nhan va nhitng ngudi dan song
gan khu vuc khai thac mo.

- Dé c6 co so khoa hoc day du vé viéc xac dinh, tim ra quy luat, méi quan hé mat thiét giira song am va
song dap khdng khi trong cac vu nd min can thiét phai c6 nhiéu két qua do dac, giam sat hon nita cho riéng
timg ddi twong, diéu kién cu thé dé cac giai phap dé xuat giam thiéu tiéng 6n nd min duoc day dii va c6 co
s& khoa hoc thyc tién hon.

Loi cam on

Nhom tac gia xin tran thanh cdm on cic don vi, cac can bo k¥ thuat tai mé da voi Ang Dau-Xi ming
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Hoang Thach; Can bo k¥ thuat mé déng Ta Phoi, Lao Cai; Can bo mo da voi Ky Phi, Ninh Binh va cén bo
ky thuat caa Cong ty CPXD 47; Nhém nghién ctru manh "Nhiing tién bg trong Khai thac mé bén viing va
c6 trach nhiém (ISRM)", Truong Dai hoc M6 - Dia chét, da phdi hop, hd trg nhém tac gia thuc hién nghién
ctru cho bai bao nay.

Tai ligu tham khao

QCVN 01:2019/BCT. Quy chuan k¥ thuat qudc gia vé an toan trong san xuat, thir nghiém, nghiém thu,
bao quan, van chuyén, sir dung, tiéu hay vat liéu né cdng nghiép va bao quan tién chat thudc nd.
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ABSTRACT
Research the relationship between sound waves
and air blast waves in an explosion

Tran Quang Hieu>%", Nguyen Dinh An?, Do Ngoc Hoan*?, Le Qui Thao'?
'Hanoi University of Mining and Geology
2Innovations for Sustainable and Responsible Mining (ISRM)

Blast noise is one of the types of sound emitted from blasting operations, which adversely affects human
health upon exposure. Blasting is a crucial technological process for loosening soil and minerals. The
effectiveness of blasting operations is assessed by the useful energy utilized to break rocks safely and
efficiently. Additionally, the useless energy produced during blasts causes harmful impacts on the safety of
protective structures and the health of workers, including: blasting vibration, air blast waves, sound waves,
dust, fly rocks. This paper studies the characteristics and relationship between sound waves and air blast
waves to provide recommendations for improving blasting efficiency and ensuring safety during blasting
operations.

Keywords: Sound waves; Blast noise; Air blast waves; Blast

936



	TUYỂN TẬP BÁO CÁO HỘI NGHỊ TOÀN QUỐC ERSD2024
	TIỂU BAN PHÁT TRIỂN BỀN VỮNG CÔNG NGHIỆP KHAI THÁC VÀ QUẢN LÝ AN TOÀN
	MỤC LỤC
	6. Nghiên cứu mối quan hệ giữa sóng âm và sóng va đập không khíkhi tiến hành các vụ nổ mìn




