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THONG TIN KHOA HOC CONG NGHE MO M

NGHIEN CUU PE XUAT HQ CHIEU CHONG GIU KHAM PAU, KHAM
CHAN LO CHOQ GIA KHUNG CHO CAC MO HAM LO THUQC TKV

Tom tit:

TS. Nguyén Ngoc Giang, KS. Nguyén Pirc Quin
Vien Khoa hoc Cong nghé Mo - Vinacomin

Bién tap: TS. Phan Vin Viét

Trén co s¢ két qua déanh gid hién trang cong tac chong giik kham dau, kham chan 16 cho gid khung tai cdc
mo than ham 16 thuéc TKV, két hop tham khao kinh nghiém ép dung cong nghé khai thdc 16 cho gid khung
tai mot s6 mé than ham 1o ciia Trung Quéc, bai bdo trinh bay két qua nghién ciru dé xudt hé chiéu chong giiv
khdm dau, kham chan 16 cho phit hop voi diéu kién dia chat — ky thudt va thuc 16 san xudt tai cdc mé than ham

lo thuoc TKV.

1. Dat van deé

Kham dau va kham chan 16 cho dai la cac khu
vwc chuyén tiép gitva khong gian khai thac voi
cac duong 10 doc via théng gi6é va van tai, dong
th&i cling 1a nhirng vi tri chju tac ddng phirc tap
nhét cla ap lwc mé trong subt qua trinh khai thac.
Hién nay, tai cac mé than ham 16 thude TKV, cbng
tac chéng git khu vwe nay chd yéu st dung cot
thay Iyc don két hop xa hop. Méc du cé wu diém
vé tinh linh hoat va kha nang thich ng véi diéu
kién khai thac bién dong, gidi phap nay van bac 16
nhiéu han ché do mic d6 co gidi hda thap, phan
I&n cac cong doan chéng git, di chuyén va thu hoi
vi chéng phai thuc hién thd céng; khd nang chiu
tai va do 6n dinh clia hé théng chéng git» con han
ché, khu vwrc kham thwdng xay ra hién twong nén
lGn va bién dang Ién dwoi tac dong clia ap lwc
md, gay kho khan cho cdng tac diéu khién da vach
va diéu kién lam viéc con han ché. Do dd, nhdm
dam bao an toan va duy tri sw én dinh clta khu
viwc kham, tai nhiéu 16 cho cac méd thwdng han
ché hoac khéng thwe hién thu héi than tai pham vi
kham dau, kham chan.

Nham nang cao mirc d6 co gidi hda, kha nang
chéng gitr va do 4n dinh tai khu vec kham dau,
kham chan, nhiéu mé than ham 16 & Trung Quéc
da nghién ctru va ap dung gia khung thay Ilwc di
dong (gia khung qua do6). Thuc té san xuét cho
thay gidi phap nay cé kha nang chiju tai Ion, tinh
dn dinh cao va mirc do co gi®i hda vuot troi; déng
thoi thoi gian thwe hién cong tac chéng giG’ giam
khoang 60 + 70% so v&i phwong phap str dung
c6t thay lwc don két hop xa hop truyén théng.

Vi vay, dbi véi cac 16 cho gia khung dang ap
dung tai cac mé than ham 106 thudc TKV, viéc

nghién cru hoan thién cong nghe chbng gitr kham
dau, kham chan theo huwdng st dung gia khung
qua do la yéu cau can thiét, gép phan nang cao
mirc d6 an toan, giam lao dong thi cong, tang
cwong kha nang kiém soat ap lyc mo va nang cao
hiéu qua khai thac ctia cong nghé 16 cho gia khung
trong giai doan hién nay.

2. Hién trang ap dung hé chiéu chéng giiv
kham dau, kham chan 16 cho gia khung tai cac
mo6 than ham 16 & Viét Nam

Hién nay, cong nghé khai thac 16 chg st dung
gia khung thily lwc va gia xich van 1a loai hinh céng
nghé chi lwc tai cac mé than ham 16 thudc TKV,
déng gép khoadng 60 + 65% téng san lwong than
ham 16 toan Tap doan. Céng suat cac 16 cho gia
khung hién dat khoang 150.000 + 180.000 tan/
nam, nang suét lao dong dao dong tr 4,5 + 8,5
tan/cong-ca. Thuc té sén xuat cho thy cong nghé
nay co ban dap &ng yéu cau khai thac trong diéu
kién dia chéat phirc tap tai cac mé than ham 16 TKV,
bdo dam san lwong va hiéu qua san xuét 4n dinh
trong thoi gian dai. Dién hinh, Céng ty Than Vang
Danh hién duy tri déng thoi tr 10 + 11 16 cho gia
khung thay Iwc, véi san lwgng khai thac nam 2025
dat trén 1,6 triéu tan than nguyén khai. Tuy nhién,
sau nhiéu ndm ap dung va hoan thién, céng nghé
|6 cho gia khung da tirng bwéce tiém can gidi han
vé nang suét va hiéu qua khai thac. Trong bbi
canh diéu kién khai thac ngay cang xudng sau, ap
lwc md gia tdng va yéu cau nang cao mirc dod co
gi®i hda ngay cang cao, dw dia nang cao hiéu qua
cong nghé thong qua cac g|a| phap truyén thdng
khoéng con nhiéu. Thuc té cho thdy, mét trong
nhirng khau con tdn tai nhiéu han ché va chua
theo kip trinh d6 co gidi hda hién nay la cdng tac
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chdng gitr kham dau, kham chan.

Tai cac mé than ham 16 thudc TKV (Hinh 1),
khu virc kham dau, kham chan hién cha yéu duoc
chdng gilr béng cot thay lwc don loai DZ22, DZ25
hoac DW-22, DW-25 két hop v&i xa hop dai 2,6 +
3,6 m. Tuy thudc diéu kién khai thac cla tirng 10
cho, chiéu dai kham thuweng dao dong tir 2,0 + 4,0
m. M&i hang vi chéng gdm mét cdp xa hop két hop
v&i 4 + 5 cot thay Iwe don, khodng cach gilra cac
hang vi theo hwéng déc tir 0,6 + 0,8 m; phia pha
héa dwoc gia cuwdng bd sung béng cac ganh tang
cwong st dung codt TLD két hop xa go.

Kham diu
(c5t TLD + xa hsp)

Kham chan b1
@ ‘Lodocvia
L w(munnwy] phagt

Hinh 1. H6 chiéu chéng gii 1o cho gia khung tai
céc mé hdm o TKV

V& kha nidng chéng gitr, mbi cot thay lwc don
c6 tai trong cong tac khoang 250 + 300 kN, trong
khi khd nang chju tai lam viéc clia xa hép chi
khodng 300 kN (tai trong cwc dai khodng 400 kN),
véi mémen chéng udn khoang 52,5 kN.m. Mac
du mat d6 chéng gitr twong déi I&n, nhwng cac
vi chdng t6n tai dwéi dang don chiéc va chi dwoc
lién két v&i nhau théng qua vdng gb, nén chuwa
hinh thanh dwoc két ciu chiu lwc ddng bd. Trong
diéu kién lam viéc binh thwdng (da vach thudc loai
sap dd trung binh dén dé sap dé), tai trong da vach
c6 thé dwoc phan bd twong dbi déu 1én cac hang
vi chéng. Tuy nhién, khi xuét hién ap lwc twa tap
trung I&n tai khu viee ngé ba 16 chg' hoac khi da
vach thudc loai khé sap db tré lén, sé hinh thanh
cac khdi da vach treo cé dién tich Ién, tai trong
sé tap trung cuc bo I&én cac hang cot chéng phia
ludng pha héa. Khi do, xa hop va cot chdng phai
lam viéc trong trang thai chiu tai vwot mic thiét
ké, dan dén hién twong véng xa, nén 1in chan cot,
tut néc cuc bd va gidm do 6n dinh clia két ciu
chdng kham. Thyc té san xuét tai cac 16 cho gia
khung cho thdy khu vwc kham dau, kham chan
thwong 13 vi tri xuat hién bién dang I&n nhét, phai
thwdng xuyén xt& ly ciing cb va gia cwéong. Xét vé
ban chat co hoc, két cAu chdng gitr bang cot thay

lwe don két hop xa hop chd yéu lam viéc theo co
ché chéng gil cuc bd tirng diém twa, trong khi khu
vc khdm dau, kham chan lai chiu tadc dong cla
tai trong khoéng gian co tinh tap trung va bién déi
Ion. Day la nguyén nhan lam cho kha nang thich
tng cta két cdu chéng gitr hién nay ngay cang
han ché khi chiéu sau khai thac va ap lwc mé tiép
tuc gia tang.

Bén canh do6, toan bo cac cong doan 1ap dét, di
chuyén va thu hdi chdng giv hién van dwoc thuc
hién thd céng. Dac biét, cong tac thu hoi cot TLD
tai ludng pha hda phai tién hanh trong diéu kién
ap lwc mé 1&n va dat da vach thiéu 6n dinh, co
nguy co mat an toan va yéu cau cwdng do lao
doéng cao. Pay dwoc xem 1a mét trong nhirng diém
nghé&n quan trong lam han ché kha nang nang cao
naéng suét, gidm lao ddng thi cong va tiép tuc phat
trién céng nghé 16 cho gia khung tai cac mé than
ham 16 thudc TKV. Do d6, viéc dbi mai hd chiéu
chdng git kham dau, kham chan theo hwéng thay
thé két cu cot TLD két hop xa hop bang cac dang
két ciu chéng gilr cé kha nang chiju tai I&n hon,
dd 6n dinh va mire d6 co gidi hda cao hon la yéu
cau cép thiét.

3. Téng quan kinh nghiém ap dung ho chiéu
chéng giir kham dau, kham chan 16 cho tai cac
mé than ham 16 tai Trung Quéc

Twong tw nhw cac mé than ham 16 thudc TKV,
trong giai doan dau cac mé than tai Trung Quéc
cht yéu ap dung giai phap chdng gitr kham dau,
kham chan bang cot thay lwc don két hop xa kim
loai. Tuy nhién, do két cu chdng gilr r&i rac, mirc
dod co gidi héa thap va phu thudc nhiéu vao lao
doéng tha cdng nén kha nang chiu tai va do 6n dinh
con han ché. D& khac phuc nhirng tén tai nay,
nhiéu md da nghién clru va dwa vao ap dung gia
thay lwc dang xa trwot (Hinh 2). Loai hinh chéng
gitr nay st dung hé xa lién két ddng bd két hop co
cau kich thay lwc hd tro di chuyén, qua dé nang
cao dang ké kha nang chiu tai va do 6n dinh cla
hé thdng chéng gitr, ddng thoi gidm khéi lwong
thao tac tha cong, cai thién diéu kién lam viéc va
nang cao mwc dé an toan trong 16 cho.

Két qua ap dung thuc té tai mot s6 md than
& Trung Québc cho thdy nang suét lao dong dat
khodng 4,0 + 4,5 tAn/cdng-ca, san lwong khai thac
dat 15.000 + 17.000 tAn/thang va ty |& thu hdi than
trén 75% @. Mac du dat dwgc nhirng hiéu qua nhat
dinh vé néng suat va mrc dd co gidi hda, loai hinh
chdng gitr nay van con mot sé han ché nhw ty 1&
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Hinh 2. H6 chiéu chéng khdm béng gié thay luc
dang xa truot HDY-2 tai mé than Cao Trang,
Trung Quéc
ton that than twong doi lon va do 6n dinh clia hé
thong chong gilr chwa cao do cac két cau lien két
van chu yéu st dung vang go dé mét 6n dinh khi
diéu kién goc déc via thay ddi hoac &p lwc mé gia

tang.

Dé khéc phuc cac ton tai trén, nhiéu mé than tai
Trung Quéc da nghlen clru va ap dung cac dang
gid khung qua do chbéng kham 1o cho (Hinh 3).
V& co ban, giad khung qua doé cé cau tao twong
tw gia khung trung gian trong 16 cho, gdm hé xa
gia, khung d&, cot chdng, hé théng dich tuan hoan
va cum diéu khién thiy luc tap trung. Khac véi
cac dang chdng gi» don chiéc truéc day, hé théng
khung cla gia qua do dwoc lién két truc tiép voi
hé thdng gia khung trong 16 cho tao thanh két ciu
chdng gil chinh thé trén toan tuyén 16 chg. Nho
do, do dn dinh chéng gitr dwoc nang cao dang ké,
kha nang quan ly ap lwc da vach hiéu qua hon va
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Hinh 3. So dé céng nghé khai théc 16 cho st
dung gia khung qua dé

hién twong tut ndc cuc b da giam ro rét.

Thuc té ap dung tai mot s6 md dién hinh &
Trung Quéc cho thdy céng nghé chéng gitr kham
béng gia khung qua dd mang lai hiéu qua ré rét vé
ky thuat va kinh té. Tai 16 cho via 5 md Bb Bach
(Thiém Tay), khu vic kham chan s dung 03 bd
gia khung qua dd ZH1600/16/24ZQ két hop Voi
127 bd gia khung trung gian ZH1600/16/24Z. Két
qua ap dung cho thay thoi gian thi cong gidm 2 +
3 gid/ca, cwong dd lao dong gidm 30 + 40%, san
lwong khai thac dat khodng 26.900 tAn/thang va ty
|& thu héi than tang khoang 17%..

Tai 10 chg 31011 via 31 thuéc Tap doan Cong
nghiép Than Trinh Chau (Ha Nam), viéc ap dung
gia khung qua do da nang nang suét lao dong 1én
khoadng 8,91 tAn/ngudi-ca, cao hon khoang 68%
so véi cdng nghé chéng gilr bang cot TLD truwéc
day; déng thoi giam dang ké nhan luc, chi phi vat
tw va nang cao hé sb thu héi than!

4. Nghién ctru dé xuat ho chiéu chéng gilr
kham dau, kham chan 16 cho gia khung cho
cac mé ham 16 TKV

4.1. Co sé& Iwa chon céng nghé chéng giip
bang gia khung quéd d6

Kinh nghiém ap dung tai cac mé than ham 1o
Trung Quéc cho thdy céng nghé chéng gitr kham
dau, kham chan 16 cho gia khung phat trién theo
hwéng nang cao mirc do co gidi hda, kha nang
chiu tai va do én dinh cia hé théng chdng git.
Trong do, gia khung qua dé dwoc xem la gidi phap
tién tién nho két cdu chéng gitr dang chinh thé,
lien két ddng bo voi cac gia khung trong 16 cho
théng qua hé thdng khung d& va co cau diéu khién
thay lwe. So vé&i két cdu chdng gitk bang cot thay
lwc don két hop xa hop, gidi phap nay cho phép
nang cao dang ké& kha nang kiém soat ap lwc da
vach, gidm khéi lwong lao déng thd cong va cai
thién diéu kién an toan trong qua trinh khai thac.

Hién nay, gia khung qua d6 chéng kham tai
Trung Quéc chi yéu dwoc nghién ciru va &p dung
dwéi hai dang két cAu co ban Ia gia khung qua do
ban xa rong (hinh 4a) va gia khung qua dé ban xa
hep (hinh 4b). Mac du cé nguyén ly lam viéc twong
tw gia khung trung gian trong 16 chg, méi loai co
dac diém két cu, kha néng chdng gir va pham vi
ap dung riéng, phu hop véi cac didu kién dia chét
va so dd cong nghé khai thac khac nhau.

Gia khung qua do ban xa rong cé két cAu gébm
bdn cot chdng véi xa gia dang ban lién khdi cé
chiéu rong twong dwong gia khung chinh thé trong
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a) Gia khung qua do ban xa réng

b) Gia khung qua dé ban xa hep

Hinh 4. Gig khung qué d6 chéng khéam

16 cho. Nh¢ dién tich che chan Ién (khodng 96%),
han ché téi da hién twong dat da va than pha hda
roi lot vao khong gian lam viéc, ddng thoi khéng
can thuc hién codng tac trai lwsi noc trong qua
trinh chéng git. Tuy nhién, do kich thwéc va trong
lwong I&n nén coéng tac van chuyén, 1ap dat va thu
hdi twong déi phirc tap, déc biét trong diéu kién 1o
cho c6 goc déc lén.

Trong khi do, gia khung qua do ban xa hep cé
két cdu nhd gon hon, thwdng gdm hai cot chéng
V@i xa gia dang hép co chiéu réng twong ty mét
vé xa gia khung phan thé. Nh& kich thuwéc nhé
gon va trong lwgng nhe hon, loai gia nay thuan
loi cho cdng tac van chuyén, 1ap dat va di chuyén
trong diéu kién 1o cho cé goéc dbc Ién hodc tiét
dién duwong 16 han ché. Tuy nhién, dién tich che
chan néc nhé hon nén trong qua trinh chéng gitr
thwong phai két hop thém cac bién phap chéng
tam nhuw trai lwéi ndc.

Do dé, viéc lya chon loai hinh gia khung qua dé
phu hop can dwoc xem xét trén co s& tdng hop
cac yéu td nhu chiéu day via, géc dbc via, so dd
cdng nghé khai thac, diéu kién van tai, trang thai
4n dinh nén 16 va kha nang ddng bo va&i hé thdng
gia khung trong 16 chg.

4.2. Pé xuat pham vi ép dung gid khung qud
do ban xa réng

Qua phan tich d&c diém két cAu va kinh nghiém
ap dung thuc t& cho thay gia khung qua do ban xa
rong (Hinh 5) phu hop véi cac 16 che sir dung gia
khung thay lwc di ddng dang chinh thé, khai thac
cac via than c6 géc déc thoai va van tai than bang
mang cao. V&i két ciu xa gia dang ban rong, dién
tich che chén néc I&n va mire dd ddng bod cao véi
hé théng gia khung trong 16 cho, loai gia nay cé
kha nang kiém soat hiéu qua ap lwc da vach va
duy tri d6 én dinh clGa khu vwc kham dau, kham

—=A
o et Lodovia bonggh
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MAT CATB B

Hinh 5. So' db céng nghé khai thac o cho gia
khung str dung gia khung qua dé ban xa réng
chéng gitr khadm déu, khém chan
chan. Do dd, gia khung qua dd ban xa réng phu
hop v&i cac 16 cho khai thac thu hdi than néc hodc

lam viéc trong diéu kién ap lwc mé 1on.

Bén canh kha nang chéng gitr 6n dinh, cong
tac chéng tam guwong duoc thuc hién truc tiép
théng qua hé thdng tAm chan gwong tich hop trén
gia chéng, cho phép chéng gilr kip thdi khu vuc
guong 16 cho, han ché hiéu qua hién twong tut
néc va |& guwong. Dong thdi, nhe dién tich che
chan I&n nén khéng can thyc hién cong tac trai
lwdi né¢ nhw cac phwong phap chéng gitr truyén
thdng, qua d6 rut ngan thoi gian chdng git, gidm
khéi lwong lao dong thi céng va nang cao hiéu
qua té chlrc san xuét.

4.3. Bé xuat pham vi ép dung gid khung qud
do ban xa hep

So voi gia khung qua dé ban xa rong, gia
khung quéa dé ban xa hep (Hinh 6) c6 két cdu nhd
gon hon, trong lwgng nhe va thuan Igi hon cho
cong tac van chuyén, I&p dat, thu hoi trong pham
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Hinh 6. So do céng nghe khai thac I6 cho gia
khung str dung gia khung qué dé ban xa hep
chéng gitr khadm déu, khém chan
vi khéng gian hep Nh& kich thwéc gon nhe va kha
nang co dong cao, loai gia nay c6 kha nang thich
ing tbt v&i cac 16 cho cé goc déce 1on, diéu kién
dia chat bién ddi phirc tap hoac st dung gia khung

thay lwe di ddng dang phan thé.

Bén canh do, tai trong chéng gil trén méi don
nguyén twong doi I6n, két cau va nguyén ly diéu
khién twong déng véi gia khung phan thé dang
duwoc ap dung phd bién tai cac mé than ham 16
thuéc TKV, cho phép thuan lgi trong céng tac
quan ly, van hanh va déng b thiét bi. Do do, gia
khung qua d6 ban xa hep phu hgp véi cac 16 cho
khai thac via c6 géc dbc Ion, chiéu day bién doi
manh, diéu kién van tai phirc tap hodc cac khu
vire ¢6 yéu cau thwong xuyén diéu chinh chiéu dai
kham trong qua trinh khai thac.

4.4. M6t sé két qua ap dung thuc té

Trén co s& két qua nghién clru, giai doan 2024
+ 2025, Céng ty CP Than Vang Danh va Céng
ty Than Quang Hanh da phdi hop v&i Vién Khoa

hoc Coéng nghé M6 trién khai dau tw, thtr nghiém
cac loai gia khung qua dé chdng gitr kham dau,
kham chan 16 cho tai mot sé 16 cho gia khung cé
diéu kién dia chat khac nhau. Cac mé hinh thi
nghiém bao gdm gia khung qué dd ban xa rong
ZH2000/17/25Z(F) tai Céng ty CP Than Vang Danh
va gia khung qua do ban xa hep GLC800/16/24HT
tai Céng ty Than Quang Hanh (Hinh 7).

Két qua ap dung thuc té cho thay gia khung quéa
dod ¢ nhiéu wu diém ndi bat so véi phwong phap
chdng gilr truyén théng bang cot thay lwc don két
hop xa hop. Vé&i két cdu chéng gilr dang chinh thé,
céac gia chéng duoc lien két ddng bod théng qua hé
thdng khung d& doc 16 cho, qua d6 nang cao dang
ké kha nang chiju tai va do én dinh cta hé théng
chdng gilr, dac biét trong didu kién xuat hién tut
néc cuc bd hodc moét sb gia chdng bi mat ap luc
lam viéc. Dién tich che chan I&n cta ban xa giup
han ché hiéu qua hién twong dat da va than pha
hda roi lot vao khéng gian lam viéc, gép phan cai
thién diéu kién an toan cho ngudi lao dong.

Bén canh do, viéc str dung hé théng diéu khién
thay Ilwc tap trung cho phép co gidi hda hau hét
cac thao tac di chuyén va diéu khién gia chéng.
Thoi gian di chuyén gia sang ludng khdu méi chi
khoang 3 + 5 phut/lan, gidm dang ké so v&i mirc
25 + 30 phut ctia phwong phap chéng gilr bang cot
thay lwc don két hop xa hop. Nhé d6, ndng suét
lao d6ng cia nhédm khau kham tang tir khoang 4,0
m/ca lén khodng 6,0 m/ca. Bdng thdi, hé théng
thay lwc tuan hoan khép kin cho phép thu héi va
tai st dung dung dich nhii héa, gép phan gidm
tiéu hao vat tw va cai thién méi trwong lam viéc
trong 16 cho. Véi tai trong chéng gitr 16n va do
4n dinh cao, cong tac thu hdi than ha tran dwoc
thwe hién thuan loi va an toan hon, gép phan nang

Hinh 7. M6t s6 hinh &nh qué trinh trién khai, kiém tra Két qJé chéng gitk kham 16 cho st dung gié
khung thay Iuc tai lo cho TT-10-3, Céng ty than Quang Hanh
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cao hé sb thu hdi tai nguyén va hiéu qua khai thac.
Két qua san xuét buwéc dau cho thay san lwong
16 cho dat 9.174 + 20.189 tan/thang, trung binh
khodng 14.962 tan/thang; nang suét lao dong dat
6,0 + 11,5 tAn/cong, trung binh khoang 8,8 tan/
cong, cao hon khoang 1,1 + 1,2 1an so vd&i thiét ké.

Tuy nhién, qué trinh ap dung thuc té ciing
cho thay cac loai gia khung qua dd hién nay van
con mot sb ton tai can tiép tuc nghién ctru hoan
thién. Déi voi gia khung qua dd ban xa rong, kich
thwdc va trong lwong thiét bi Ién nén cong tac
van chuyén, 1ap dat va thu hdi con gdp nhiéu kho
khan, d&c biét trong didu kién 16 cho cé goc déc
I&n. Thuc té da ghi nhan hién twong tréi truot gia
chdng theo huéng dbc khi géc dbc via vwot qua
20°, lam gia ting khéi lwong cong tac cdn chinh va
xt ly trong qué trinh van hanh. DBéi v&i gia khung
qua do ban xa hep, mot sb chi tiét két cau cla gia
chdng ciing chwa thuwc sy phu hop véi diéu kién
lam viéc thuwc t&, nhw vi tri cot truwéc Ui vao trong
lam thu hep khéng gian thao tac hodc két ciu tAm
chan guwong chwa bdo dam ap sat néc 1o trong
toan bdé qua trinh lam viéc gay kho khan cho cac
cobng tac phu tro (khoan 16 min gwong, cai chén,
trai lwoi noc).

Nhin chung, két qua thtr nghiém da khang dinh
tinh kha thi va hiéu qua cla gidi phap chéng gitr
kham dau, kham chan bang gia khung quéa do tai
cac 16 cho gia khung thuéc TKV. Tuy nhién, dé
m& rong pham vi ap dung trong thoi gian téi, can
tiép tuc nghién ctvu hoan thién két cau thiét bj theo
hwéng nang cao kha nang thich (rng véi diéu kién
phure tai tai cdc mé hdm 16 TKV, qua dé phat huy
tdi da hiéu qua k¥ thuat va kinh t& cta céng nghé.

5. Két luan

Hién nay, cong tac chéng gitr kham dau, kham
chan 16 cho gia khung tai cac mé than ham 16 thudc
TKV cht yéu s dung c6t thay lyc don két hop xa
hép. Mac du dap ng yéu cau duy tri khéng gian
lam viéc, giadi phap nay van tdn tai nhiéu han ché
vé kha nang chiu tai, dd én dinh va mc do co
gi¢i hoa, dac biét trong diéu kién ap lwc mé 16n
va khai thac xudng sau. Trén co s& tdng hop kinh
nghiém ap dung tai Trung Qubc va két qua thir
nghiém thuc té tai mot sé6 mé than ham 16 thudc
TKV, nghién ctu cho thay gia khung qua do la
giai phap phu hop dé thay thé két cdu chéng gitr
truyén théng tai khu vwe kham dau, kham chan 16
cho.

Két qua thtr nghiém cho thdy ndng suét lao

dong tang khodng 1,5 lan, thdi gian di chuyén
chéng gitr gidm 65 + 70% va san lwong khai thac
thuc té dat cao hon khodng 10 + 20% so vaéi thiét
ké; ddng thoi kha nang kiém soat ap lwec da vach,
dd 6n dinh cla hé thdng chdng gitr va mirc d6 an
toan lao déng dwoc cai thién ro rét. Bén canh do,
viéc thye hién thu hoi than ha trén thuan lgi hon,
gop phan nang cao hé sé thu hoi tai nguyén va
hiéu qua khai thac 16 cho.

Mac du van con mot sd ndi dung can tiép tuc
hoan thién vé két cAu thiét bj va kha nang thich
&ng v&i cac diéu kién dia chat khac nhau, két qua
nghién ctu va ap dung thuwc té da khang dinh tinh
kha thi cling nhw hiéu qua ky thuat cta cong nghé
chdng gitr kham dau, kham chan béng gia khung
qua do. Pay 1a co s& quan trong dé tirng buéc
hoan thién cong nghé khai thac 16 cho gia khung,
nang cao mirc dé co gidi hdéa va hiéu qua khai
thac tai cac mé than ham 16 thudc TKV trong giai
doan t&i.
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Study on Proposed Support Passports for Headgate and Tailgate Junctions of
Shield-Supported Longwall for underground coal mines in TKV

Dr. Nguyen Ngoc Giang, Engineer Nguyen Duc Quan
Vinacomin - Institute of Mining Science and Technology

Abstract:

Based on the assessment of the current support practices at headgate and tailgate junctions of shield-
supported longwall for underground coal minesin TKV, together with a review of practical experience in
applying shield-supported longwall mining technology in several underground coal mines in China, this
paper presents the results of a study proposing support passports for headgate and tailgate junctions
which are designed to suit the geological and mining conditions as well as the actual production
requirements at underground coal mines in TKV.
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NGHIEN CUU XAY DUNG CO SO DU LIEU QUAN TRAC DICH PONG BO
MO PHUC VU GIAM SAT VA CANH BAO SOM MAT ON PINH TRONG
KHAI THAC LQ THIEN

ThS. Lé Ba Phirc, ThS. P Vin Triéu
Vién Khoa hoc Cong nghé Mo - Vinacomin

Bién tap: TS. Doan Vin Thanh

Toém tat:

Trong khai théc 16 thién, dich ddng bo mo, bdi thai la yéu té quan trong anh hwéng triee tiép dén phat
trién bén viing cia cic mo. Cac dai heong dich dong dwoc xdac dinh qua gia tri quan trac. Tuy nhién,
hién nay, dir liéu quan trdc thuwong dwoc luu trit phdn tan, chwa dwoc tich hop trong mét méi truong
co s¢ dir liéu khéng gian thong nhat, dan dén han ché trong phan tich xu thé dich chuyén va thiét lip
co ché canh bdo som Theo dé, mot mé hinh co s¢ dit liéu quan trac dich dong bo mé tich hop voi ing
dung Desktop va nén tang GIS nham quan ly tap trung dit liéu bién dang theo khong gian va thoi gian.
Dir liéu dau vao bao gom cdc nguon quan trdc bé mdt khdc dwoc chudn héa theo hé quy chiéu toa do,
cau triic thoi gian va don vi do, sau dé té chirc trong co sé dir liéu PostgreSQL/PostGIS véi cdu tric
logic phan dnh méi quan hé giita mé, khu viee, diém quan trac, dot do va két qua dich chuyén. Ung dung
Desktop dwgc phdt trién theo kién triic nhiéu 1op, cho phép kiém sodt chdt lwong va cdc tham sé ddc
trung nhir dg dich chuyén, van toc va gia toc dich chuyén va phan bé vén toc trén ban do GIS. Trén co
s do, co ché canh bdo kich hoat TARP dwoc thiét ldp theo nguyén tic nguwéng dong, xét dong thoi gid
tri vdn toc va xu thé tang toc theo chudi thoi gian. Két qua xdy dung hé théng cho thdy kha nang qudn
Iy di¥ liéu quan trdc mét cach nhdt quan, hé tro phan tich dién bién dich dong va tao nén tang cho phat
trién hé thong canh bdo sém trong diéu kién khai thac thuc té. Gidi phdp dé xudt gop phan thiic day
chuyén déi s6 trong canh bdo én dinh bo mé, bdi thai va nang cao mire do an toan trong khai thac 19
thién tai Viét Nam.

1. Pat van dé

Theo Quy hoach téng thé vé nang lvong qubc
gia thoi ky 2021 - 2030, tdm nhin dén ndm 2050
dwoc Tha twéng Chinh phi phé duyét tai Quyét
dinh s6 893/QD-TTg ngay 26/7/2023 va Quy tham
do, khai thac, ché bién va st dung céac loai khoang
san thoi ky 2021 — 2030, tAm nhin dén n&m 2050
tai Quyét dinh sb 866/QD-TTg ngay 18/7/2023.
San lwgng than nguyén khai tai cac mé than 10
thién thuéc TKV dén nam 2030 tir 11,3 + 12,0 triéu
tAn/nam, twong &ng khdi lwong dat boc tr 124 +
156 triéu m3/n&m, tap trung chu yéu tai cac mé
than 16 thién ving Quang Ninh. Béi v&i khoang
san ddng tap trung chi yéu tai Lao Cai (Sin Quyén,
Ta Phoi), cong suat 02 mé tr 2,8+3,05 triéu tan
quang nguyén khai/nam, khdi lwong dat béc tir
19,5 + 25,5 trieu m3/nam. Dé dap ung cobng suét
khai thac nhw trén, cac mé 16 thién tiép tuc khai
thac xudng sau va két thuc & cac mirc: mé Déo
Nai - Coc Sau (-350 m); mo than Cao Son (-325

m); mé than Ha Tu (-250 m); mé than Na Dwong
(+18 m), md ddng Sin Quyén (-307 m), md ddng
Ta Phoi (+110 m),..., hinh thanh cac b& méd cao
tr 300 + 700 m, géc dbéc bd mé tir 210 + 310, dat
da duoc db véi khdi lwong téi hang tram triéu m3
d4t da, chiéu cao trung binh tr 60 +150 m, ¢6 noi
dén 270 m, géc déc swon bai thai twong déi Ion
(300+370), sb lwong tAng thai 5+10 tang.

Hién nay, dé tang cuwong quan ly ky thuat an
toan cac bd mé va bai thai cac moé than — khoang
san 16 thién, TKV da thwdng xuyén chi dao céac
don vi tién hanh ra soat, kiém tra va danh gia diéu
kién an toan b& md va bai thai. Cac mé 16 thién
thuéc TKV da chu déng thwc hién cac cong trinh
quan trac dich ddéng b& md, bai thai hang nam tai
cac vi tri xung yéu dé co gidi phap x& ly kip thei khi
c6 nguy co méat an toan. Cong tac quan trac dich
ddng va danh gia dugc thyce hién theo Quy pham
trac dia va dia chat mé hién hanh.

T& ngudn dir liéu quan tréc dich déng hang
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nam clia cac md, ngoai viéc lwu trir, canh bao theo
cac phuwong phap truyén thdng, con cé thé duoc
khai thac, xay dwng thanh CSDL phuc vu cbng tac
theo ddi, quan ly, tién t&i dw bao, canh bao hién
thi trwe tiép trén ban dd sé GIS qua chwong trinh
PostgreSQL/PostGIS. Qua do, véi viéc tap hop,
xay dwng di liéu quan trc thanh hé théng CSDL
dwoc quan ly, van hanh mét cach co hé théng, cac
két qua dwoc thé hién truc tiép trén ban do GIS két
hop thang kich hoat TARP sé& cung cap thém giai
phap canh bao an toan, trwc quan, gép phan ciing
cb thém tinh bén virng trong khai thac 16 thién
duai didu kién dia k§ thuat ngay cang phure tap.

2. Phwong phap xay dwng CSDL va thang
canh bao kich hoat TARP

2.1. Phwong phap xay dwng CSDL

Viéc xay dwng CSDL quan trac dich dong bo
mé dwoc thwe hién theo cach tiép can tir phan tich
nghiép vu dén mé hinh hoa di liéu va hién thuc
héa trén hé quan tri CSDL khong gian. Trwéc hét,
to dac diém quan ly ky thuat quan tréc dich dong,
d liéu dwoc phan tach thanh hai nhom chinh nhw
trong Bang 1.
Bang 1. bac diém dir liéu quan trac dich dong tai

cac mé

_ [(1) Nhom div liéu | (2) Nhém dir liéu
Dir Ay K n 2.
n mo ta doi twong | dong theo thoi
liéu R - -

; khéng gian gian

Dot do; két qua dich
chuyén va cac chi
Thuéc | Mo; khu vire quan |tiéu quan trac (dich
tinh tré}c; tuyén quan |dbéng ngang, dé
div tré}c; diém quan Iun,ldich déng theo
liéu trac tuyen, vector dich
chuyén va téc do
dich chuyén)

Viéc phan tach nay cho phép xac dinh ré “déi
twong dwoc theo déi” va “trang thai do dwoc theo
thoi gian”, la tién dé dé tb chire di liéu khong gian
— th&i gian nhét quan [1][3].

V& mat md hinh héa, nghién ciru st dung mé
hinh thuc thé — lien két d& nhan dién cac thuc thé
chinh va quan hé gitra ching, sau d6 chuan héa
vé mo hinh quan hé nham gidm dw thiva, dam bao
tinh toan ven va tao thuan lgi cho truy van.

Theo do, phwong phap xady dwng CSDL dugc
lwa chon phu hop dac diém cla di liéu theo nhém
chtc ndng nhw so d6 Hinh 1.

Nhw so @6 Hinh 1 cho thay:

/] Truy van chudi thoi
gian

Lérp diF liéu khéng gian L&p diF liéu thoi gian

Hinh 1. Phéan loai chirc ndng ctia CSDL theo ddc
diém dir liéu

(1) Lé&p dir lieu khong gian: Lwa chon
PostgreSQL két hop phan mé rong PostGIS dé
quan ly ddng thoi dir liéu thude tinh va hinh hoc.

Diém quan tréc dwoc biéu dién bang dbi twong
hinh hoc diém; tuyén quan trédc dwoc biéu dién
bang déi twong dwdng; khu viee quan trac cé thé
biéu dién bang vung khi cé du di liéu bién. Cach
tiép can nay phu hop véi mé hinh Simple Features
clia OGC va cho phép thyc hién truy van khéng
gian truc tiép trén co s& di¥ liéu thay vi phu thudc
hoan toan vao phan mém GIS bén ngoai.

(2) Lé&p dir liéu thei gian: Lya chon GiST dé
tang tbc truy van khong gian, ndi suy trwéng dan
xuét va kiém soat nhat quan div liéu.

Mot yéu ciu quan trong khac la té chirc di
liéu theo truc thoi gian. Véi div liéu quan trc dich
dong, gia tri tai méi dot do khéng ¢ y nghia doc
lap hoan toan ma cha yéu phat huy gia tri khi dat
trong quan hé véi cac dot do trwdc do. Vi vay,
trong md hinh di liéu, méi ban ghi két qua khéng
chi lwu dai lwong dich chuy&n, ma con lwu ma dot
do dau, ma dot do cudi, khoang thdi gian gitra hai
dot va cac dai lwong suy dan. Cach té chirc nay
gitp co s& di¥ liéu cé thé truc tiép phuc vu truy van
chudi thai gian, thdng ké xu thé va canh bao sém.

2.2. Thang canh bao kich hoat TARP

TARP 13 viét tét ctia Trigger Action Response
Plan, trc ké hoach phan trng theo nguwdng kich
hoat. Trong quan ly ri ro ky thuat, TARP dwoc sk
dung dé& chuyén ddi tin hiéu theo ddi thanh hanh
déng quan tri twong ting theo cac cap dd [1].

Ban chét ctia TARP khoéng chi la xac dinh mot
ngwdng canh bao don 18, ma la thiét 1ap mdi quan
hé gilra chi tiéu giam sat, mirc d6 nghiém trong va
phan &ng diéu hanh twong tng. Déi véi quan trac
dich déng b& mdé, logic nay dac biét phu hop vi
su gia tang dich chuyén khong phai luc nao ciing
ddng nghia v&i méat 6n dinh tirc thoi; diéu quan
trong hon la nhan biét dwoc trang thai téng téc va
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Béang 2. Chi tiéu danh gia theo thang kich hoat TARP

Chi tiéu (1) Chi tiéu trang thai (2) Chi tiéu xu thé
A e Vector dich chuyén va van téc dich | Gia téc dich chuyén hodc théng qua s gia tang
Thuoc tinh 2 . iR . L, R e . n I3 n . N
; chuyeén tai thoi diém danh gia lién tiép cua van toc gilra cac chu ky do

&> public <> public
3 mines [ monitoring_zones
1 mine_id 1 zone_id —1
(2) mine_code #P mine_id N
] mine_name (@) zone_code
f sid f zone_name
@ pulic f created_at f zone_type
[ mine_boundaries A mine_type g note
boundary_id q is_acrive
&P mine_id L
4> public
f geom
— [ mine_boundary_points
0 created_at
id
2 mine_id L
— <> public
B comer_code
<& public 5 monitering_lines
I fi order_no 1
[ measurement_campaigns - line_id
g x 5 N
campaign_id - & mine_id
1Y
& mine_id N (@) line_code
% N
() campaign_code P zone_id
. public
H measurement_date @
3 displacement_results
result_id
A point_id L &> public
N A start_campaign_id [E5 menitering_points
. 1
N end_campaign_id point_id
B N
harizontal_disp_mm & line_id
vertical_disp_mm (@) point_code

vector_mm

oD |cp o oo | oo §y

along_line_disp_mm

velocity_mm_per_day

1 station_order
f geom

] elevation

Hinh 2. M6 hinh thurc thé - lién két dé xuét cia CSDL dich dong trén PostgreSQL

murc vrot nguéng theo chudi thoi gian.
Trong nghién ctru nay, thang kich hoat TARP
dwocxaydwngtrénco sdhainhomchitiéu (Bang 2).
Viéc st dung dong thoi hai nhém chi tiéu tai
Bang 2 gitp han ché tinh trang canh bao thiéu
chinh xac khi van téc tirc thoi cao nhwng khéng co
xu thé gia tdng, ho&c ngwoc lai khi van tc chua lon
nhwng dang tadng nhanh qua céc chu ky lién tiép.
V& nguyén téc van hanh, thang TARP duoc
chia thanh cac cap do tir an toan dén nguy hiém,
twong &ng v&i cac phan (ng nhu tiép tuc theo dbi
binh thwdng, tdng mat d6 quan tréc, kiém tra hién
trwdng, ra soat diéu kién an toan, han ché hoat
déng hodc kich hoat phwong an (rng phé khan cép.
Trong co s& di¥ liéu, cac mirc nay khong dwoc
quan ly theo dang mé ta r&i rac ma duwoc sb hoa
thanh bang ngwéng, bang quy téc va bang s kién
canh bao. Cach tiép can nay cho phép diéu chinh
ngudng theo mé, theo khu viwc hodc theo tuyén

quan trdc ma khong phai thay ddi ciu tric chwong
trinh, ddng thoi bao dam truy vét day da lich st
canh bao. Pay chinh la co s& khoa hoc dé tich
hop TARP vao hé co sé& di¥ liéu thay vi xtr ly tach
roi & 1&p ng dung.

3. Thiét ké hé théng co s& dir liéu khéng
gian - th&i gian da tang

3.1. Thiét ké mé hinh thuec thé - lién két trén
PostgreSQL

T d&c diém div liéu quan trac dich dong tai cac
mé (Bang 1), hé théng duoc thiét ké theo mé hinh
thuc thé — lién két gdbm sau thuc thé 16i: md, khu
vwe quan trac, tuyén quan tréc, diém quan tréc,
dot do va két qua quan trac. Trong d6, mé 1a thuc
thé gbc cé quan hé mot — nhiéu véi khu vee quan
tréc; khu vwe c6 quan hé mot — nhiéu véi tuyén:;
tuyén c6 quan hé mot — nhiéu véi diém; dot do c6
quan hé mot — nhidu voi két qua; va diém quan
tréc ciing c6 quan hé mot — nhiéu véi két qua dich
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chuyén. C4u tric nay phan anh dung logic van
hanh d liéu trong thwc t& san xuét.

Theo d6, nghién ctru dé xuét md hinh thuc thé
- lién két nhw Hinh 2.

Trén co s& md hinh trén, méi bang duoc thiét
ké v&i khda chinh dinh danh duy nhét va cac khéa
ngoai d& ddm bao toan ven tham chiéu. Trong do,
bang “monitoring_points” la bang trung tam cla
I6p khoéng gian, con bang “displacement_results”
la bang trung tam cha |op thdi gian. Day la lwa
chon hop ly vi moi két qua dich chuyén déu phai
quy chiéu duoc téi mot diém quan tréc cu thé va
mot khoang thi gian do xac dinh (Bang 3).

Trong hién thuc PostgreSQL, viéc té chirc nay
cho phép thiét 1ap cac rang budc khoa, rang budc
duy nhét va chi muc chuyén biét. PostgreSQL hd
tro phan vung bang cho di liéu I&n theo thdi gian,
trong khi PostGIS hb tro chi muc GiST trén trwdng
hinh hoc dé tang téc cac phép truy van khéng gian.

3.2. Thiét ké mé hinh néi suy dai lwong quan
trdc bang GIS

Muc tiéu cta I&p GIS trong hé théng khong chi
la hién thi vi tri diém quan tric, ma con tryc quan
hoa phan bd khoéng gian cla cac dai lwgng dich
dong phuc vu danh gia nhanh. Trén co s& cac
diém quan tréc c6 toa do va gia tri dich chuyén
twong (rng, nghién clru dé& xuét t& chirc hai cap
hién thi nhw Bang 4.

V& nguyén t&c ky thuat, trong GIS cac phép cat
I&p, loc theo viing, giao cét gitra diém quan tréc va
I&p khu vre dwoc thue hién true tiép trén PostGIS
bang cac ham quan hé khéng gian. Theo do, cac

phép nhw ST Intersects, ST_Within, ST_DWithin
c6 thé tan dung chi muc GiST dé tang téc dang ké
khi thao tac trén tap di¥ liéu I&n. Diéu nay dac biét
can thiét déi véi co sé di liéu quan trac nhiéu ndm,
nhiéu mé va sb lwong diém quan trac téng lién tuc.

3.3. Thiét ké kién tric chwong trinh hién thj
CSDL tich hop hién thij trén GIS

Kién tric chwong trinh dwoc xay dwng theo mé
hinh nhiéu I&p, gébm I&p di¥ liéu, I&p nghiép vu va
I&p hién thi (Hinh 3), trong do:

- L&p div liéu bao gébm: PostgreSQL/PostGIS,
noi lwu trir thdng nhét toan bo di liéu danh muc,
di¥ liéu quan tréc va div liéu canh bao.

- L&p nghiép vu: thwe hién cac chic nang
chudn hoa di liéu, tinh toan dai lwgng suy dan,
kiém soat chat lwong va danh gia nguéng TARP.

- L&p hién thi gdm (rng dung Desktop két hop
nén ban dd s GIS, cho phép ngwdi dung truy van,
xem biéu d6, ban db va trang thai canh bo.

Trong kién tric nay, CSDL déng vai tro trung
tdm, con ng dung Desktop va GIS la cac l&p khai
thac. Cach td chirc do giup giam sw phu thuéc vao
file r&i, ddng thoi cho phép nhiéu céng cu cung
truy cap mot ngudn dir lieu thdng nhat. Dbi voi
khéi canh bao, nghién clru dé xuét st dung trigger
tai Iop CSDL dé tw dong kiém tra cac diéu kién
ngwdng va sinh sy kién canh bao.

4. Xay dwng CSDL quan trac dich déng trén
PostgreSQL két hop GIS

4.1. Xay dwng nguén CSDL

Ngudn di¥ liéu dau vao cia CSDL dwoc nghién
ctru tébng hop tir két qua quan trdc cla cac md

Bang 3. Yéu tb thanh phéan ctia CSDL trong PostgreSQL

Bang Chirc nang chinh Khéa chinh Lién két chinh
. X o Lién két voi tat ca
mines Danh muc méd mine_id bang nghiép vu
monitoring_zones Danh muc khu vic quan tréc zone_id Thudc mines
monitoring_lines Danh muc tuyén quan trac line_id Thudc zones
monitoring_points Danh mh%gﬁ'ﬁg; %?:; trac va point_id Thudc lines
measurement_campaigns Danh muc dot do campaign_id Thudc mines
, Két qua dich chuyén gitra hai . Lién két points va
displacement_results dot do result_id campaigns

Bang 4. Cap hién mé hinh néi suy trong GIS

Céap dé Cap 1 Cap 2
Hidn thi truc tiép gia tri tai H_|en thi thep tuyén hoac_: thAeo- vung, trc;ng ’do caf:
o 4z .z . L «. .| dailwong dac trwng nhuw: dé dich chuyén I&én nhat,
DPac diem | diem, phu hop v&itruy xuatchi | 7 < . A ik = PO
PR A S van toc trung binh, P90 van toc hoac xu thé gia tang
tiet va doi chiéu so liéu goc 2 X A . ,
duoc tong hop theo I&¢p khéng gian twong tng
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Ngudn dif liéu quan trac

" Tién xur' ly va chudn hoa — PostgresQL/PostGIS

>  Kh&i xf ly nghiép vu

Ung dung Desktop

—

Kh&i canh bao TARP  —~

~

. -

-
T~ , BandbGls

Hinh 3. So dé kién truc ctia chuong trinh hién thi CSDL tich hop GIS

than 19 thién vang Quang Ninh nhw mé Ha Tu, md
Cao Son, cum mé Coc Sau — Déo Nai trong giai
doan 2014 + 2025.

Qua trinh tap hop dir liéu dwoc thwe hién qua
ba buwéc chinh nhuw sau:

(1) Buwéc 1: Chuén héa khéa dinh danh nhuw ma
mo, méa khu viwe, ma tuyén, ma diém va ma dot do;

(2) Budrc 2: Chuan héa kiéu dir liéu, don vi tinh
va thoi gian do;

(3) Bwde 3: Anh xa cac trwdng di liéu vao cau
tric bang twong &ng trén PostgreSQL/PostGIS.
Vi div liéu diém, trwdng hinh hoc dwoc dung tir
toa d6 (X, Y, H), v&i dir liéu két qua, cac trudng
dot do dau — cubi va khodng thdi gian gitra hai dot
duwoc bb sung dé phuc vu truy van chudi thdi gian.

Sau khi chuén hoa, bd di¥ lieu dé& dua vao
CSDL dwoc thé hién tai Bang 5.

Két qua tai Bang 4 cho thay, bd di¥ liéu sau
chuén héa gébm 22 khu vwc quan trac, 93 tuyén,
1.057 diém, 159 dot do va 7.473 ban ghi két qua
dich chuyén. Quy mé di liéu nay da dé kiém chirng
tinh phu hop clia mé hinh co s& di liéu, ddng
thdi phan anh dwoc yéu cau quan ly theo nhiéu
m&, nhiéu tuyén va nhiéu giai doan do khac nhau.

4.2. Chwong trinh hién thi CSDL tich hop
hién thj trén GIS

Trén nén co s& di liéu da chuan héa, chwong
trinh hién thi dwoc bai bdo xay dwng bdng ngén
ng® Python + Javascript d& hé tro ba nhém chirc
nang chinh nhw sau:

- Nhém chire ndng thir nhét: (1) Quan ly danh
muc khéng gian; (2) Truy cap theo md, khu vic
Bang 5. Quy mé dir liéu sau chuén hoé dé t6
chire trong CSDL

Mo khu y 2. | dot | ghi két
tuyen | diém N
vuc do | qua

Cao Son 5 30 402 | 32 | 1.851
beo Nai - 9 | 20 | 314 | 30| 3.076
Coc Sau

Ha Tu 8 43 | 341 | 97 | 2.546
Téng 22 | 93 |1.057|159| 7.473

va thoi gian quan trac; (3) theo ddi tuyén va diém
quan tréc.

- Nném chire nédng ther hai: Hién thi két qua
quan tréc gébm: (1) biéu dd diém, tuyén theo chubi
thoi gian theo gia tri tich luy hodc theo dot clia cac
dai lwong dich chuyén ngang I6m nhét, dé lun Ién
nhét, dich chuyén theo tuyén, vector dich chuyén,
téc dé dich chuyén va (2) cac chi tiéu théng ké (gia
tri dich chuyén I6n nhét, nhé nhét va gié tri dac
trirng (P90)).

Ngoai viéc hién thj di¥ liéu theo tirng diém, tuyén
nhw théng k&, cac dai lwong déc trweng con duoc
st dung trong hé thdng gdm: B6 dich chuyén tdng
hop va van téc dich chuyén. Cac cong thirc duoc
xac lap nhuv sau [2]:

D; = \/(Asi)2 + (An)?2 (1)

v =-— (2)

aym BVL (3)
Al;

Trong do, D,- o dich chuyén tong hop clia chu
ky i; As- thanh phan dich chuyen theo phuong
theo d0| Ah-thanh phan dich chuyén theo phuong
dung; v- van téc dich chuyén trung binh; a- gia tbc
dich chuyen va At- khoang thoi gian glwa hai dot
do lién tiép.

Cac dir liéu dac treng trong 7.473 dir liéu tap
hop dwoc thé hién tai Bang 6.

Két qua thdng ké tai Bang 5 cho thay: Phan
I&n ban ghi cé gia tri van téc nhd, nhwng van ton
tai mot sb gia tri rat I6n can dac biét quan tam tai
P90, P95 la 90 + 95 % cac diém quan tréc co gia tri
nhd hon. Day la diéu kién quan trong dé xay dung
thang kich hoat TARP.

- Nhém chire néng thir ba: Hién thi mic canh
bao theo thang TARP, cho phép danh gia khu vyc
can theo déi tang cuong.

Trén nén di liéu da dwoc td chirc tap trung
trong PostgreSQL va nguyén tic xay dwng thang
kich hoat TARP. Trong nghién ctru nay, ngudng
kich hoat dwoc xay dwng theo nguyén tac nguéng
doéng, két hop ddng thoi gia tri van téc dich chuyén
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Bang 6. Cac dai long dich chuyén tir CSDL quan trac dich dong ctia cac mé ving Quang Ninh

Dai lwong Min Trung vi P90 P95 Max
Dich chuyén ngang Ion -41,08 23,00 293,12 629,36 | 19.948,30
nhat(mm)
D6 1an 16n nhat (mm) -10.878,00 -20,00 0,00 5,00 5.219.90
Dich chuyén theo hudng -12.989,30 0,00 74.10 200,98 | 82.188,10
tuyén (mm)
Vector dich chuy&n (mm) 0,00 35,60 384.23 82924 | 82.188,30
Toc d6 dich chuyen (mm/ 0,00 0,46 6,40 12,85 1.369,81
ngdém)

Bang 7. Thang kich hoat TARP téng quét dé xuét cho hé théng quan trac dich dong bo mé

) Ngwong van Nguwong )
Cap canh bao téocv gia toc a Y nghia trang thai Hanh déng phan trng
(mm/ngdém)| (mm)
Mtrc O - Binh Bién dong trong nén;
thwong (mau v < P90 a < 0,05 |chwa c6 xu thé tang toc | Theo ddi dinh ky.
xanh dwong) dang ké.
MHCJ - Theo P90<v< |0,05<a Dich chuyen tang, can T&ang mat dd quan trac; ra
ddi tang cwdng kiém soat chat bién déng A R
R . P95 <0,10 . soat hién trvong.
(mau xanh 13) ngan han.
) . Dich chuyén bat thuwong 2 N e
o2 | pes<vs | 01023 fnoscana boroaion AT e ong st
X P99 <0,50 |thé phat trién mét én dinh |9'@ 8N foan :
vang) N hoat dong.
cuc bd.
Mdre 3 - Nau Dich chuyén vuot nén Kich hoat TARP; khoanh viing
e 3 - Nguy v>P99 | a=0,50 |rd rétva tang téc manh; |nguy hiém; han ché hosc
hiém (mau dod) AR : . Y
nguy co mat 6n dinh cao. |dwng hoat ddng khi can.

va xu thé tang tbc theo chudi thdi gian. Khac véi
cach tiép can st dung mét ngwdng cb dinh cho
toan bo hé théng, cac gia tri TARP dwoc xac dinh
theo hai tang:

- Tang khung téng quét ap dung cho logic van
hanh cta hé théng (Bang 7);

- Tang ngudng khéi tao theo tirng mé, dwoc xac
lap tlr cac phan vi dac triwng clia di liéu lich st hién
c6. Cach tiép can nay cho phép vira bao dam tinh
thdng nhét cia mé hinh canh béao, vira nang cao
dd nhay canh bao dbi véi dac trung dich ddng khac
nhau gita cac mé va khu vuc quan tréc (Bang 8).

Két qua xay dwng ngudng canh bao trén cho
thay, tinh logic cdnh bao dwoc dét ngay trong 16p
CSDL, thay vi chi xtr ly & I&p giao dién. Nho dé,
sau khi di liéu quan tréc dwoc cap nhat, hé théng
c6 thé tw dong kiém tra diéu kién vuot nguwdng, ghi
nhan sy kién canh b&o trong module xt ly bang
Al két hop mé hinh sb va chuyén trang thai canh
bao dén I&p hién thi. Ddng thoi, do cac gia tri néu

trong Bang 7 va Bang 8 dwoc xem la nguwéng khéi
tao, hé thdng cho phép tiép tuc hiéu chinh dinh ky
theo di liéu lich st ctia tirng mé, tirng tuyén hodc
tng khu vue quan trdc nham gidm canh bao gia
va nang cao do tin cay cla phan (rng TARP.

5. Két luan

Nghién clru da xay dwng dwgc mé hinh co
s& di¥ liéu quan tréc dich dong b& md theo ciu
trdc khong gian — thoi gian trén nén PostgreSQL/
PostGIS, bdo dam lién két chat ché gitra dir liéu
mé, khu vue, tuyén, diém quan trac, dot do va két
qué dich chuyén. M6 hinh dé xuét cho phép chuyén
dir lieu quan tréc tir trang thai lwu trir phan tan
sang trang thai quan ly tap trung, truy xuat cé hé
thdng va sén sang cho phan tich chudi thoi gian.

Két qua trién khai trén bo div liéu thuc nghiém
cho thay hé théng c6 kha ndng quan ly nhat quan
dtr liéu quan tréc, hé tro' hién thi trwc quan trén GIS
cac dai lwong dac trung nhw d6 dich chuyén, van

tdc, ... va tao nén tang dé kich hoat canh bao theo
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Bang 8. Ngudng van téc kich hoat TARP dé xuét so b theo tirng mé tr di liéu lich st hién c6

Mé Mdrc 0 Mdrc 1 Murc 2 Mdrc 3
(mm/ngdém) (mm/ ngdém) (mm/ngdém) (mm/ngdém)
Cao Son v<12,10 12,10<v<26,65 | 26,65 <v<104,64 v > 104,64
Déo Nai — Coc Sau v <546 5,46 <v <9,86 9,86 <v<33,72 v > 33,72
Ha Tu v <157 1,57 <v<6,26 6,26 <v < 94,09 v > 94,09

thang TARP. So véi phwong thirc quan ly truyén
thdng bang bang tinh r&i, gidi phap nay nang cao
ré rét khad nang truy xuét, déi sanh, tbng hop va hd
tro' ra quyét dinh an toan ky thuat.

Ngoai ra, nghién ctru con dé xuat moét mo hinh

TARP theo di liéu lich si tirng md nhdm nang
cao hon niva do tin cay cia hé thdng canh bao.
Tai liéu tham khao:
[1] Elmasri, R., & Navathe, S. B. (2016).
Fundamentals of Database Systems (7th ed.).

Pearson.

[2] Open Geospatial Consortium. (2023). OGC
APl — Observations, Measurements, and Samples
/1SO 19156.

[3] Obe, R. O., & Hsu, L. S. (2020). PostGIS in
Action (3rd ed.). Manning.

co s& di liéu chuyén nganh cho quan tréc dich
déng bd mo, trong d6 co s& di liéu dwoc xem la
hat nhan ctia hé thdng giam sat va canh bao sém.
Hwéng phat trién tiép theo 1a mé réng tich hop voi
cac ngudn dir lieu quan tréc khac, hoan thién mé
hinh phan tich xu thé tw ddng va hiéu chinh ngwéng

Development of a Slope Deformation Monitoring Database for Early Warning
and Stability Management in Open-Pit Mining

MSc. Le Ba Phuc, MSc. Do Van Trieu - Vinacomin - Institute of Mining Science and Technology

Abstract:

In open-pit mining, slope and waste dump deformation is a critical factor directly affecting the
sustainable development and operational safety of mining projects. Deformation parameters are
determined through monitoring measurements. However, monitoring data are currently stored in a
fragmented manner and have not yet been integrated into a unified spatial database environment,
limiting the ability to analyze displacement trends and establish effective early warning mechanisms.
To address this issue, an integrated slope deformation monitoring database model combined with a
desktop application and a Geographic Information System (GIS) platform was developed to facilitate
centralized management of spatiotemporal deformation data. Input data, including various surface
monitoring sources, are standardized with respect to coordinate reference systems, temporal structures,
and measurement units before being organized within a PostgreSQL/PostGIS database. The logical
database structure reflects the relationships among mines, monitoring zones, monitoring points, survey
campaigns, and displacement measurement results. A multi-tier desktop application was developed to
support data quality control and the analysis of key deformation parameters, including displacement
magnitude, displacement velocity, displacement acceleration, and velocity distribution on GIS-based
maps. Based on these functions, a Trigger Action Response Plan (TARP) warning mechanism was
established using a dynamic threshold approach that simultaneously considers displacement velocity and
acceleration trends derived from time-series data. The implementation results demonstrate the system’s
capability to consistently manage monitoring data, support the analysis of deformation evolution, and
provide a foundation for the development of early warning systems under actual mining conditions. The
proposed solution contributes to digital transformation in slope and waste dump stability monitoring
and warning, while enhancing operational safety in open-pit mining in Vietnam.
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NGHIEN CUU THIET KE CHE TAO KHUNG THU TAI 13000 kN DUNG
CHO CONG TAC KIEM PINH GIAN CHONG THUY LUC HAM LO

TS. Pham Trung Hai, ThS. Poan Ngoc Canh
ThS. Tran Ngé Huan, KS.Tran Quéc Chién
Vien Khoa hoc Cong nghé Mo - Vinacomin

Bién tap: TS. Nhit Viét Tuin

Toém tat:

Dan chéng thity lyc la thiét bi an toan quan trong trong khai théac than ham 16, ¢é nhiém vu chong
giir mdi dd va bao dam diéu kién lam viéc an toan cho nguoi va thiét bj. Cong tac kiém dinh, danh gid
chat heong dan chong truée khi dwa vao sur dung hodc sau sira chita la yéu cau bat budc nham ndng cao
dé tin cdy va giam thiéu nguy co mat an toan trong san xudt. Trén co s¢ nghlen curu cdac phwong phap
thir tdi dang dwoc dp dung tai Trung Quoc, bai bdo phdn tich wu, nhwoce diém cia hai phwong phdp gia
tai ngodi va gia tdi trong, tir dé lwa chon phwong phdp gia tdi trong lam co so thiét ké thiét bi thir tdi.
Bai bdo dé xudt phwong dn thiét ké khung thir tdi ¢ tdi trong thir nghiém toi da 13.000 kN sir dung két
cau dang 3 dam - 4 cét, két hop hé thé'ng mai di dong diéu chinh dé cao va co cau khéa co khi bc%ng
chot thity lwc. Hé thong diéu khién dong bé bon xi lanh ndng ha mdi dwge xdy dung trén co s cam bién
Vi tri, van servo thuy luc va thudt toan diéu khién PID nham bdo dam dé chinh xdc va dé on dinh trong
qud trinh van hanh. Két qua nghién ciru cho thdy phirong dn dé xudt dap g yéu cau vé do cimg, kha
nang chiu tdi, tinh linh hoat trong thir nghiém va phix hop véi diéu kién ché tao trong nude, gép phan
tirng buede lam chii cong nghé thiét ké, ché tao thiét bi kiém dinh dan chong thuy liec phuc vu nganh khai

thac than ham o Viét Nam.

1. Dat van de

Trong nhitng nam gan day, nganh khai thac
than ham 10 tai Viét Nam dang chuyén manh sang
co gi¢i héa va khai thac xubng sau nham dap &ng
nhu cau nang lwong va nang cao nang suét lao
dong. Céc thiét bi chdng gi* nhw dan chéng thay
lwe, gia khung thay lwc va cot chbng thuy lwc dworc
st dung ngay cang ph bién tai cac mé thudc Tap
doan Cong nghiép Than - Khoang san Viét Nam.
Day la nhirng thiét bi c6 vai trd dac biét quan trong,
truc tiép bao vé mai 16, duy tri khdng gian lam viéc
an toan va bao ddm hoat déng én dinh ctia toan bod
day chuyén khai thac.

Diéu kién lam viéc trong ham 16 vé cung khéc
nghiét, cac dan chdng thay lwc phai chiu tai trong
I&n, rung ddng manh, méi truéng am wot va ap
lwe dia chét phirc tap. Khi cac mé khai thac xubng
sau hon, ap lwc mo tang Ién lam nguy co hw hdng
két cAu, tut &p hodc mét én dinh thiét bi ngay cang
cao. Néu dan chéng xay ra su cb c6 thé dan dén
sap dé mai 16, gay tai nan lao déng nghiém trong,
thiét hai thiét bi va gian doan san xuét. Vi vay,
viéc kiém dinh va thir tai thiét bi trwdc khi dwa

vao sir dung hodc sau slra chira la yéu cau bat
budc nham bdo dam an toan khai thac. Dbi véi
van dé nay, Bd Coéng thwong cling da ra Thong
tw s6 10/2017/TT-BCT ngay 26/7/2017, ban hanh
quy trinh kiém dinh k¥ thuat an toan lao déng déi
v&i may, thiét bi, vat tw cd yéu cdu nghiém ngat vé
an toan lao dong. Quy trinh kiém dinh kj thuat an
toan lao déng cot chdng thiy lwe don, gia khung
di déng va dan chéng tw hanh clu tao tir cac cot
chéng thiy lwc don st dung trong viéc chéng gitr
16 trong khai thac ham 16 dwoc trinh bay trong Quy
trinh kiém dinh sé6 09-2017/BCT.

2. Hién trang cong tac kiém tra, kiém dinh
dan chéng thuy lwc tai Viét Nam

Hién nay, nang luc thi tai va kiém dinh dan
chéng thay lwc tai Viét Nam van con nhiéu han
ché. Hién tai chi c6 2 don vi la Trung tam kiém
dinh céng nghiép 1 va Céng ty C6 phan Co khi
Ubng Bi c6 trang bi thiét bi khung thir tai. Thiét
bi ctia Coéng ty C6 phan Co khi Ubng Bi (Hinh 1)
c6 luc thir nén tbi da 4000 kN do cong ty tw ché
tao, chi yéu sir dung dé kiém tra chat lwong xuét
xwdng cho san pham cuia céng ty. Thiét bi trén con
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Hinh 1. Khung tho tai cda Céng ty CP Co khi Hinh 2. Khung tha tai cda Trung
Ubng Bi tam kiém dinh céng nghiép 1

Bang 1. Bac tinh ky thuat mét sé loai dan, gié chéng thdy lwc dang st dung tai TKV

Hang Néng Hang trung Han Hang
(Ha Lam) (Ha Lam, trunc (ahe Hang trung | Hang nhe nhe
TT | Théna sé Dbon ZF8400/ Nui Béo, Ct?ém) (Khe Cham) | (Ha Long) | (Méng
g vi 20/32 Ha Long) - | , £'vs00o, | ZF L2800/ | 2Y2400/ | Duong)
(ZFG 9600/ | ZF4400/ 16128 16/24 14/32Q | ZF3000/
23/37) 16/28 15/24
1 gihé'r?“ NG| mm | 1430+1600 | 1430+1600 | 1430+1600 | 1160+1300 1430 1190
2 gihé'rf“ dai | 7.50 4704620 6.20 6,20 5500 5500
3 |Chieucao |, 2,0+3,2 1,6:2,8 1,6-2,8 1,6:2,4 1,4:32 | 15:2,4
chong
Khoang
4 |cachtam 2| mm 1500 1500 1500 1250 1250 1250
gian
5 [Solwong | o 4 244 4 4 4 4
cot
6 |Gocdéclo | do <25 <35 <35 <35 <35 <35
Géc dbc
7 |theo do <15 <15 <15 <15 <15 <15
phuong
g |Lwechong |\ 8400 4400+5000 5000 2800 2400 3000
lam viéc
g |Luwcchong |\ 6185 3880+3958 | 3880+3958 2533 2532
ban dau
10 | CUON9dO | b | 0954101 | 0,73:0.79 0,8 0,7 0,73+0,79
chong gilr
11| Apsuat Ty | 315 315 315 315 31,5 31,5
tram bom
12| Trong | 4, 245 15 16 7 12 12
lwong gian
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nhiéu mat han ché vé nang lyc ciing nhung tinh
nang st dung. Thiét bi ctia Trung tdm kiém dinh
coéng nghiép 1 (Hinh 2) dwoc lap dat tai CAm Pha
c6 lwc thtr nén téi da 5000kN s dung dé kiém
dinh va cap phép st dung cho cac loai dan chéng,
gia khung thay lwc c6 lwc chdng gilr twong tng.
Thiét bi dwoc nhap khdu nguyén chiéc tir Trung
Quéc, co gia thanh cao.

Déi v&i 2 loai thiét bi thir nghiém nai trén, tai
trong thtr dwdi 5000kN chi c6 thé ap dung kiém
dinh cho céc loai gian gia co tai trong chéng gitr
duwdi 4150kN. Trong khi d6 cac loai dan gia thay
lwe st dung trong TKV cé nhirng loai cé tai trong
chdng gilr dat t&i 9600kN. Bang 1 théng ké mot
s loai dan gia thay lwc st dung trong cac don vi
clia TKV.

C6 thé thay cac hé thdng & trong nuéc con &
quy md nhd, chwa dd kha ndng dé kiém tra, thir
nghiém toan bd cac ching loai thiét bi dang st
dung trong TKV. Mot sé thiét bi phai phu thudc
vao cdng nghé hodc hé théng nhap khau véi chi
phi rat cao. Diéu nay gay kho khan trong viéc danh
gia chinh xac kha nang chiu tai, dd bén két ciu va
chét lwong 1am viéc cta dan chdng thay luc.

Viéc nghién ctru ché tao thiét bj khung thir tai
trong nwéc vi thé cé y nghia rat cip thiét. Trudc
hét, hé théng khung thi tai cho phép kiém tra kha
nang chiu tai, dd én dinh két ciu, do kin thay lwc
va phat hién sém cac khuyét tat nhw n&t méi han,
bién dang hoac ro ri ap suat. Nhd d6 cé thé loai bd
cac thiét bi khong dat yéu cau trwéc khi dwa xubng
ham 10, gép phan gidm thiéu nguy co tai nan va
nang cao do tin cay cla hé thdng khai thac.

Bén canh yéu té an toan, viéc nghién ctru ché
tao khung tht tai con mang y nghia Ién vé khoa
hoc - cdng nghé. Pay la hé thdng tich hop nhiéu
Iinh vire k§ thuat nhw co khi két cau, thay lwc cong
suat 1&n, cam bién do lwong, diéu khién PLC/
SCADA va xt ly di¥ liéu. Qua trinh nghién ctru va
ché tao sé giup nang cao nang luc thiét ké&, ché
tao thiét bi mé trong nuéc, ddng thdi tao co s& xay
dwng cac tiéu chuan kiém dinh phu hop véi diéu
kién khai thac than ham 16 Viét Nam.

V& mat kinh t&, viéc chi dong ché tao hé thdng
thlr tai sé giup giam phu thudc vao thiét bi nhap
khau, tiét kiém chi phi dau tw, bao tri va stra chira.
DPdng thoi, né con thuc ddy qua trinh nodi dia hoa
thiét bi co khi mé, tao diéu kién phat trién nganh
co khi ché tao trong nwéc va nang cao kha nang
canh tranh cla doanh nghiép Viét Nam.

Ngoai ra, nghién ctru ché tao khung thir tai con
phu hgp véi dinh hwéng hién dai héa nganh than
theo huédng co gigi hda, tw ddong hda va xay dwng
“mdé théng minh”. Mot hé théng thd tai hién dai co
thé tich hop cam bién, lwu trir di liéu va tw dong
héa qua trinh kiém dinh, qua d6 hd tro quan ly chat
lwong thiét bi va theo déi tudi tho lam viéc clta dan
chéng thay luwc.

C6 thé thay rang, trong diéu kién cac mé than
Viét Nam ngay cang khai thac sau va yéu cau an
toan ngay cang cao, viéc nghién cru ché tao thiét
bi khung thtr tai phuc vu kiém dinh dan chéng thay
lwe 1a yéu cau cép thiét, mang y nghialén vé an toan
lao dong, hiéu qua kinh t& va phat trién khoa hoc
cbng nghé cho nganh céng nghiép than Viét Nam.

3. Khé khian thach thirc va giai phap thiét ké

V&i yéu cau dat ra cho thiét bi méi 1a phai co
nang lwc thtr nghiém va kiém dinh toan b cac loai
dan, gia khung thay Iwc hién dang dwoc sir dung
trong Tap doan Céng nghiép Than - Khoang san
Viét Nam (TKV), qua tdng hop va phan tich dac
tinh cla céc loai dan, gia chéng hién hanh, nhém
nghién cru da xac dinh cac yéu cu kj thuat cbt I5i
déi véi hé thdng khung thir tai nhw sau:

- Nang Iwc chiu tai: Tai trong th&r dinh mirc
phai dat 13.000 kN nham dap ng kha nang thi
nghiém cac loai dan hién co.

- Kich thwéc budng thir: Thiét ké budng thir
dat 6mx3m va théong cé hai mat, cho phép linh
hoat thtr nghiém cac loai dan gia cé chiéu dai vuot
qua 6 m.

- Kha ning diéu chinh dé cao: Chiéu cao
budng thir c6 thé thay déi linh hoat trong khoang
tr 1,75 m dén 3,75 m dé twong thich véi dai chidu
cao da dang cla cac thiét bj thay luc.

-Tinh nang thir nghiém: Tich hop day dd cac
chirc nang thtr tai chuyén biét cho ca tAm chén
guwong va xa pha héa.

- Hé théng diéu khién: Van hanh ddng bo
béng hé thdng dién - thay lwc hién dai nham dam
bao dd chinh xac va an toan.

- Tinh kha thi va kinh té: Thiét ké t&i wu hwéng
dén viéc ché tao hoan toan trong nwéc nhdm chi
déng cdng nghé va tiét kiém téi da chi phi dau tuw.

V&i mire tai 1én dén 13.000 kN - twong dwong
nang lwc cla cac may ép thly lwc cong nghiép c&
I&n — hé théng phai chiu mét lwc tac dong khdng
16 va bién ddi phirc tap. Lwc nay dé dan dén hién
twong udn cuc bd, xoan khung va tap trung ng
suét nghiém trong tai cac nut lien két. Dac biét,
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trong thuc té kiém dinh, cac bai thi tai trong léch
tdm sé phat sinh thém Iwc xién chéo va lwc ngang.
Néu khung chiu lwc khéng da dé cing vieng, chi
can dam ngang bj véng vai milimét ciing co thé
lam phan bb tai trong méat can bang, dan dén nguy
co bo ket co chu hodc gay bién dang, pha hady
toan bd hé théng khung.

Vé phuong dién dong lwc hoc, hé thdng diéu
khién thay lwc théng thuwdng van hanh & ap suét
31.5 MPa. Bé dat duwoc tai trong thtr 13.000 kN,
kich thuwéc piston yéu cau la cuc ky Ién. Do do,
phwong an str dung mét xi lanh dwdng kinh 1&n
hoan toan khong kha thi vi khéng thé tim kiém
ngudn cung trén thi trwdng trong nwéc, hodc néu
c6, gia thanh cling vé cung dat d6. Phuong an toi
wu hon la chia tai théng qua t6 hop nhiéu xi lanh
nho. Tuy nhién, gidi phap nay lai dat ra thach thirc
Ién cho hé théng diéu khién trong viéc déng bd
héa hanh trinh va kiém soat dao dong ap suét. Chi
mot sai léch nho vai milimét gilra cac xi lanh cling
sé gay ra hién twong léch tai, dan dén ket co ciu
va c6 nguy co lam gay hdng khung thi.

Thém vao do, viéc thiéu hut nghiém trong cac
tai lieu ky thuat tham khao trong nwéc da budc
nhom thiét ké phai tw nghién ctru, dich thuat va dbi
chiéu tir cac nguén tw liéu nwéc ngoai vén cling
rat han ché. Day chinh 1a moét rao can Ion déi voi
doi ngtl ky sw trong qua trinh trién khai dy an.

Trong linh vwc kiém dinh va thtr nghiém dan
chdng, gia chdng thdy lwc phuc vu khai thac than
ham 16, hién nay cé hai phwong phap thir tai cha
yéu 1a gia tai ngoai va gia tai trong. Day la cac
phwong phap dwoc sir dung rong rai tai cac trung
tam nghién ctru, thir nghiém thiét bi mé cda Trung
Quéc nhw Tap doan Cong nghé va Ky thuat Than
Trung Qudc (CCTEG), Vién Nghién ctru Than
Trung Quéc, Pai hoc Ky thuat Céng trinh Liéu
Ninh va nhiéu co s& nghién clu chuyén nganh

khac. Céc tiéu chuan va tai liéu ky thuat ctia Trung
Quéc nhw GB25974.1-2010 va MT312-2000 cing
da nghién clru, danh gia va quy dinh chi tiét déi voi
hai phwong phap thir tai nay.

Phwong phap gia tai ngoai str dung cac xi lanh
thay lwe cong suét Ién b tri bén ngoai dé tac dong
trwc tiép Ién dan chéng. Phuong phap nay cho
phép md phdng twong ddi chinh xac ap lwc cla
mai da tac dung lén dan chdng trong diéu kién lam
viéc thye té dwdi hdm 16. Uu diém ndi bat ctia hé
thdng 1a kha nang tai hién gan dung trang thai lam
viéc thuc té cda thiét bi, tr d6 danh gia chinh xac
hon céac théng sb vé bién dang, chuyén vi, d6 én
dinh va kha nang chiu tai cta két ciu. Tuy nhién,
hé théng gia tai ngoai cé két cu co khi phirc tap,
yéu cau hé thdng thady lwc va diéu khién cong suét
I&n, d&n dén chi phi dau tw cao va murc do ndi dia
héa thap, chwa phu hop véi yéu cau clia dé tai.

Hinh 4. So db nguyén ly phuong phép thir gia
tai trong

Trén co s& phan tich cac yéu té ky thuat va kinh
té, phwong phap gia tai trong duwoc lwa chon lam
phuwong an thiét ké. Phuwong phap nay tan dung
chinh hé théng xi lanh chéng clta dan chéng dé
tao tai thir nghiém. Ngudn dich &p suét cao dwoc
cung cép tir tram bom dich va hé théng tang ap,
cép truc tiép vao cac cot chdng chinh, st dung lwc
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sinh ra tlr cac cot chdng dé tao tai [én két cu thir
nghiém. So v&i phwong phap gia tai ngoai, giai
phap nay khoéng can trang bi hé thdng xi lanh gia
tai cong suét Ién cho khung thir, do d6 két ciu don
gian hon, dé ché tao va cé gia thanh dau tw thap
hon dang ké, chi khoang 30+50% so v&i hé thdng
gia tai ngoai co cung tai trong thiét ké.

Dé dap (rng yéu cau thr tai v&i tai trong dinh
mtrc 13.000 kN ddng thei han ché anh hwéng dén
két cAu nén mong cong trinh, nhém thiét ké lwa
chon két cu khung thi tai dang “3 dam - 4 cot”.
Day 1a dang két ciu chiu lwc dwoc st dung phd
bién trong cac may ép thiy lwc cong suét I&n va
cac hé théng thir tai tai trong cao.

Két ciu chinh ctia khung gdm bén cot chiu luc
b tri tai bdn géc, dé khung, hé gidng lién két, mai
di dong cung cac cum chi tiét phu tro. Trén cac
cot dwoc bd tri cac 16 dinh vi theo tirng bwdc nhat
dinh két hop v&i co cdu chbt ngang, cho phép diéu
chinh va cb dinh vi tri mai di déng phu hop véi kich
thwéc cta cac loai dan chéng va gia chéng khac
nhau (Hinh 5).

Nguyén ly lam viéc cta két cdu dwoc hinh
thanh theo vong tai khép kin. Tai trong tir mai di
dong xubng chuyén qua mau thir xuéng dé khung,
sau d6 duwoc truyén nguoc tré lai mai di dong
thdng qua bdn cot chiu lwc. Nhe co ché khép kin
nay, phan I&n tai trong thtr nghiém dwoc hép thu
trong chinh két ciu khung, qua d6 lam giam dang
ké yéu cau chiu tai cia nén méng. Bén canh do,
két cAu 3 dam - 4 cot c6 dd clrng va do dn dinh
cao, kha nang chiu tai Ién, phan bd tai twong dbi
ddng déu va phu hop véi cac ché do thir tai tinh,
tai dong cling nhw tai Iéch tam.

Chiéu cao khoang thir nghiém cé thé diéu chinh
bang cach diéu chinh dé cao clia mai di dong. Tai
cac dd cao nhat dinh, mai co thé lién két véi cot
thdng qua cac chét ngang dé khoéa cirng cao do
phuc vu coéng tac kiém dinh. Cac chét ngang duoc
didu khién thdong qua cac xi lanh thay lwc nhd,
trang thai khoa cta chét dwoc theo ddi béi cdm
bién va bao vé ban diéu khién théng qua hé théng
dén tin hiéu.

Viéc diéu chinh vi tri mai di dong duoc thuc
hién bang bdn xi lanh thay lwc bd tri dbi xirng trén
khung. Céc xi lanh duoc diéu khién ddng bo théng
qua hé théng cam bién vj tri két hop van servo
thay lwc va thuat toan diéu khién PID. Giai phap
nay bdo dam cac xi lanh dich chuyén déng thoi voi
do chinh xac cao, ngan ngtra hién twong Iéch mai

600
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Hinh 5. Thiét bi khung thir tai 13000kN
trong qua trinh nang ha, tranh nguy co ket co khi
va bao dam phan bd lwc ddng déu khi tién hanh
th&r nghiém. So' dd khéi hé théng thé hién trong
hinh 6. Théng sb co ban cia khung thw nghiém
nhw trong bang 2.

4.Két luan

Bai bao da nghién cru va dé xuat phwong an
thiét ké thiét bi khung thtr tai phuc vu cong tac
kiém dinh dan chdng thay lwc dung trong khai thac
than ham 16 véi tai trong thr nghiém téi da 13.000
kN. Trén co s& phan tich cac phwong phap thr
tai hién dang dwoc ap dung trong linh vuc thi
nghiém dan chéng thay lwc, phwong phap gia tai
trong dwoc lwa chon do cé két cdu don gidn, chi
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tin higu vi tri dén | - . . . . xi lanh di chuyén
| Bé diéu khién H Van servo thuy lyc H Xi lanh thuy luc }—4—

tin hiéu phan héi .

Hinh 6. So db khéi hé théng diéu khién xi lanh ndng ha mai di dong
Bang 2. Théng sé co bén cua khung thdr nghiém

TT Théng sé ky thuat Pon vi Gia tri Ghi cha

1 | Kich thwéc téng thé (DxRxC) m 9,7x6,1x6,6
Chiéu cao tinh tlr mat dat m <6

2 | Lwc thr nghiém tbi da kN 13000

3 |Kich thwée khoang thtr (DxR) mm 6000x3000

4 | Chiéu cao khoang tht
Chiéu cao nhd nhéat mm 1750
Chiéu cao I&n nhat mm 3750
Buwdrc tang/giam mm 400

phi dau tw hop ly va phu hop véi kha ndng néi dia
hoa tai Viét Nam.

Két cAu khung thir tai dang 3 ddm — 4 cot duoc
Iwa chon nho kha nang chiu tai Ién, d6 cirng va do
4n dinh cao, ddng thoi hinh thanh vong tai khép
kin gidp gidm dang ké yéu cau dbi véi nén mong
cong trinh. Hé théng mai di dong c6 kha néng diéu
chinh chiéu cao trong pham vi t&¥ 1.750 mm dén
3.750 mm, dap &ng yéu cau kiém dinh dbi voi
nhiéu chding loai dan chéng va gia chéng thay lwc
khac nhau. Giai phap diéu khién déng bd bbn xi
lanh nang ha mai bang cam bién vij tri, van servo
thay Iwc va thuat toan PID bao ddm dd chinh xac
trong qua trinh van hanh, han ché hién twong léch
mai va nang cao do an toan cla thiét bj.

Két qua nghién ctu la co s& quan trong cho
viéc thiét k&, ché tao va hoan thién thiét bj the tai
dan chéng thay luc trong nwéc, gép phan giam
phu thudc vao thiét bi nhap khau, nang cao nang
lwe kiém dinh thiét bi mé va phuc vu qua trinh hién
dai hoéa nganh coéng nghiép khai thac than ham 16
Viét Nam.
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Research, Design and Fabrication of a 13,000 kN Load Testing Frame for
Hydraulic Roof Support Inspection in Underground Coal Mines

Dr. Pham Trung Hai, MSc. Doan Ngoc Canh, MSc. Tran Ngo Huan, Eng. Tran Quoc Chien
Vinacomin - Institute of Mining Science and Technology

Abstract:

Hydraulic roof supports are critical safety equipment in underground coal mining, serving to support
the mine roof and ensure safe working conditions for both personnel and equipment. The inspection
and quality assessment of hydraulic roof supports before commissioning or after repair are mandatory
requirements to improve equipment reliability and minimize operational safety risks. Based on a review
of load-testing methods currently applied in China, this paper analyzes the advantages and limitations of
both external loading and internal loading approaches. The internal loading method was subsequently
selected as the basis for the design of the testing facility. A load testing frame with a maximum testing
capacity of 13,000 kN is proposed, employing a structural configuration consisting of three beams and
four columns, combined with a height-adjustable movable roof system and a hydraulic-pin mechanical
locking mechanism. A synchronized control system for the four roof-lifting hydraulic cylinders was
developed using position sensors, hydraulic servo valves, and a PID control algorithm to ensure high
accuracy and operational stability throughout the testing process. The research results demonstrate that
the proposed design satisfies the requirements for structural stiffness, load-bearing capacity, operational
flexibility, and suitability for domestic manufacturing conditions. The proposed solution contributes to
the gradual development of indigenous capabilities in the design and fabrication of hydraulic roof
support testing equipment, thereby supporting the advancement of Vietnam's underground coal mining
industry.
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N\ I

NGHIEN CUU XAY DUNG MO HINH HE THONG DIEU KHIEN PHAN TAN
CHO LO CHQ THONG MINH SO CAP TRONG TKV

TS. Pham Thanh Liém va NNK
Vién Khoa hoc Cong nghé Mo - Vinacomin

Bién tap: TS. Nhit Viét Tuin

Toém tat:

Tir phén tich mé hinh hé thong diéu khién phan tan (DCS), nhém nghién ciru di dén danh gid hién
trang ap dung mé hinh DCS trén thé giGi ciing nhw trong nganh than Viét Nam dé thdy rang nhu cau
xdy dung hé thong DCS cho 16 cho théng minh la tat yéu. TKV dang vin hanh thii cong 12 hé thong co
gidi héa trong 13 don vi khai thdc than ham 1o. Tuy nhién dé dap irng cong tdc trién khai dp dung céng
nghé khai thac than 16 cho giai doan 20262030 [1] can phai danh gid khd ndang dp dung mé hinh lo
cho théng minh vao TKV. Bai bdo nay nghién cieu xdy dung mét mé hinh hé thong DCS cho 16 cho théng

minh so cdp tai mot don vi trong TKV.

Dat van dé

Trong giai doan 2020 - 2025 cac don vi san
xuét than ham 16 cla TKV da tich cuc ap dung
céng nghé khai thac than co gidi héa déng bod
(CGHE)B) Cong nghé nay méi dwoc ap dung chu
yéu v6i via thodi va nghiéng, véi ty trong dat 12-

16% téng san lwong khai thac than ham 16.

Tai cac nuwdc cd nén cong nghiép khai thac
than phat trién cho thdy xu hwéng trén thé gidi
t ndm 2000 dén nay da tirng bwdc loai bd cong
nghé khai thac thd cong, chuyén sang CGHDB &
mirc d6 ngay cang cao. Vi vay can phai nghién
clru danh gia kha nang ap dung mé hinh 16 chg
thdng minh vao céc don vj trong TKV.

Theo phan cép trong nghién ctu [2], c6 3 mirc
dé tw dong hoa va théng minh héa 16 cho: so cép,
trung cip va cao cap. Trong diéu kién dia chéat
ky thuat va trinh do khoa hoc k¥ thuat clia nganh
than, nghién ctru [2], [3] Iwa chon x&y dwng 02 mo
hinh: 16 cho' théng minh so cp; 16 chg théng minh
trung cép.

Lo cho théng minh so cép l1a 16 cho trong do
gian chéng va hé théng van tai dwoc tw dong hoéa
va co6 kha nang hoat déng doc lap véi nhau.

Lo cho théng minh trung cép 1a 16 cho trong d6
may khau, gian chéng va hé thdng van tai duoc tw
dong hoa va hoat dong lién két véi nhau.

L& cho théng minh cao cip c6 kha ndng tw van
hanh déng bd dwéi sw diéu khién ciia phan mém
va tri tué nhan tao.

1. M6 hinh hé théng DCS cho 16 che théng
minh so cap

Nguyén ly hé thdng diéu khién dé duwoc thé
hién trong Hinh 1. Phong giam sat trén mat bang
két ndéi v&i phong diéu khién trong hdm 10 tai khu
Ve 16 chg théng qua mach vong cap quang trén
nen ethernet. Phong diéu khién trong 16 cho két
ndi v&i 3 hé théng chinh trong 16 cho (camera
giam sat, diéu khién gian chdng, diéu khién lién
dong tuyén van tai) qua hé théng céap eithernet.
Nhw vay c6 thé thay rdng mé hinh bao gém 6 phan
chinh: phong gidm sat; hé théng truyén théng:;
phong diéu khién; hé théng camera; hé théng diéu
khién gian chéng; hé théng diéu khién lién dong
tuyén van tai.

II:I

37:

Phong diéu l§h1en trén
!/: mat bang
Ring Ethernet cap
quang

!J

Phong g diéu khién l
him trong 16 chg
% Camera Piéu khién D,l ou k{ncn
™ 7 gigmsit  gian chén, lién dong
[ ] g g tuyén van tii
Lo chg T

Hinh 1. M6 hinh hé théng DCS cho lo chg thong
minh so cap
2. Hién trang hé théng diéu khién DCS cho
16 che’ théng minh co’ cap
V&i md hinh hé théng DCS cho 16 cho théng
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minh so cap trén, hién trang st dung trén thé gidi
va tai Viét Nam cu thé nhu sau:

Hé théng diéu khién phan tan (DCS) trong cac
mé hinh 16 cho théng minh so cap trén thé gioi
hién nay da dat dwoc nhirng budéc tién vwot bac
nho vao s tich hop clia cong nghé Internet van
vat (IoT), mang truyén théng bang théng rong va
cac thuat toan didu khién théng minh ty dong.
Tai cac quéc gia co nganh cbng ngh|ep mo phat
trién manh nhuw Trung Quoc My, Uc va Ba Lan,
kién trac hé thdng DCS so cép dich chuyén manh
mé tr moé hinh diéu khién tap trung sang cu truc
phan tan theo tdng. Theo md hinh phan tan nay,
cac thiét bj tai gwong khai thac nhw gian chéng
thdy Iwc tw hanh, may khdu than va mang cao
déu duoc trang bi cac bo diéu khién logic doc lap
(chang han nhw bd xt& ly DSP hodc bd diéu khién
dién-thay lwc chuyén dung), cho phép xt ly di¥ liéu
va phan hdi tai chd theo thoi gian thuc.

O cép dod van hanh thiét bi, hé théng DCS so
cap tich hop mang lwéi cdm bién da dang nhw
cam bién do géc nghiéng glan chdng hay cadm bién
dinh vi quan tinh (IMU) 1ap d&t trén may khau dé
xac dinh chinh xac trang thai khéng gian va dich
chuyén cua thiét bi. Cac dir liéu thd nay dwoc thu
thap, xt ly phan tan tai cac tram diéu khién cuc bod
duai 16 dé thuc hién cac chire nang tw dong hoéa
co ban nhu diéu khién may khau chay theo ché do
nhé, tw déng cang xich mang cao, hay tw déng bd
sung ap lwc chdng gilr cho gian chdng khi chiu tai.
Nh¢& két ndi phan tan nay, hé théng dadm bao tinh
sbéng con cao; trwérng hop mot phan hé bi mat tin
hiéu, cac thiét bi chap hanh khac van cé thé duy
tri van hanh an toan déc lap dwa trén cac kich ban
lap trinh s&n.

Truyén thdng coéng nghiép két néi cac nat phan
tan trong hé théng DCS so cap trén thé gioi dang
chuyén giao manh mé tir hé théng cap quang hiru
tuyén sang cac giai phap khong day tich hop nhw
mang 5G céng nghiép phong nd. Piéu nay cho
phép gidi quyét triet dé bai toan dwt gay day dan
do s di chuyén va rung l4c lién tuc cla thiét b 10
cho. D@ liéu tlr cac nat diéu khién phan tan dwoi
guong sé dwoc gom va ddng bd 1én hé théng may
chd d&t tai mat bang theo thoi gian thuc dé phuc
VU giam sat tap trung. Suw phat trién déng bod nay
da chirng minh hiéu qua van hanh khi gitp gidm
lwong nhan cong truc tiép tai gwong va tang san
lwong khai thac trung binh tir 19% dén 35% so v&i
cac |6 cho co gidi hoa truyén théng.

Tai Viét Nam, qua cac danh gia khao sat cla
Vién Khoa hoc Céng nghé M3, cac 16 chg ham 16
thudc TKV chi yéu ndm trong diéu kién dia chét
tr twong ddi phirc tap dén phirc tap. Dia hinh via
than bién dong I&n, da vach tru thueng cé dd 6n
dinh kém, nhiéu khu vuc bi anh huéng béi nwéc
ngam gay bung nén hodc & gwong.

Hién trang cac hé thdng diéu khién thanh phan
trong day chuyén khai thac ham 16 ctia TKV méi
chi dirng lai & mrc d6 tw dong hoda cuc bg, chuwa
hinh thanh mét hé thdng DCS 16 cho théng minh
so cap hoan chinh. Dbi v&i hé thdng chéng git,
cac mé dang ap dung da dang cac loai gian chéng
tw hanh véi tai trong khac nhau nhung viéc diéu
khién co ban van phu thudc vao thao tac thi cong
hodc ban tw dong don 1&. Tram cung cép dich
nhi héa cho gian chdng hau hét 1a cac tram dich
cuc bod st dung cac bom BRW san xuét tir Trung
Quéc, viéc pha ché dich van lam thd cdng va hoan
toan thiéu vang hé thdng giam sat tw dong chét
lweng dich.

Ha tang truyén thong két néi DCS duéi 16 cho
ctua TKV ciing dang gap phai nhirng thach thic
I&n vé& bang théong va tinh ddng bo. Mang lwdi
truyén tin duéi 16 cho co gi¢i hoa hién tai cha
yéu st dung cac dwdng truyén hibu tuyén truyén
thdng, rat dé hdng héc do va dap va khéng gian 16
cho chat hep, gay can tré viéc thu thap di liéu lién
tuc tr cac cam bién. Mac du TKV da va dang day
manh chwong trinh hién dai héa, co gi¢i hdéa ddng
bd giai doan 2026-2030, viéc xay dwng mot kién
trac DCS dbng nhat két néi phan tan gitra gian
chdng, hé théng camera giam sat, hé théng van tai
van dang trong qua trinh nghién ciru.

3. Xay dwng thanh phan chi tiét caa hé
théng DCS

Hé théng DCS 16 cho théng minh so cap gdm
6 thanh phan chinh sau:

Phong giam sat

Phong giam sat da dwoc hiu hét cac mé dau
tw kha bai ban va c6 khéng gian 16n dé cé thé
thém bot cac thanh phan, muc dich theo déi qua
trinh van hanh cac hé théng: truyén thdng, phong
diéu khién, hé théng camera giam sat, hé thdng
diéu khién gian chdng, hé thdng diéu khién tuyén
bang tai.

Hé théng truyén théng

Trong mé hinh 16 cho théng minh so cép chi
st dung céng nghé truyén théng cé day [4]. Cong
nghé két hop 2 cAu chic mang hinh tron (ring) cap
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H/nh 2 Céu truc he thong truyen thong Io cho’
théng minh

quang lam truc chinh két hop mang hinh sao dén
céac ti diéu khién qua cap dong. Trong d6 mang
ring trén nén cap quang ethernet dwoc st dung
lam mang nén cho toan bd cong ty. Mang hinh sao
dwoc trién khai tr cac nGt mang clia mang ring.
CAu truc céac tang cta hé théng (Hinh 2) dwoc cu
thé nhw sau:

Tang 1 (chép hanh):

Tai tang nay la cac thiét bj cap trwdng bao
gdm: Bong co cla cac thiét bi cap trwéng, cdm
bién géc nghiéng, cdm bién ap suét, cdm bién di
chuyén v.v.. Trong tAng nay chi yéu s dung 2
loai truyén thong 1a truyén thong RS485 va truyén
théng Analog qua cap dong va két ni véi tang
trén qua dwdng dong lwc bang cap déng.

Cac chirc nang chinh cla tAng chép hanh la
do lweng, dan déng va chuyén ddi tin hiéu trong
trwdng hop can thiét. Thuc té, da sé cac thiét bi
cam bién hay ch&p hanh cling cé phan diéu khién
riéng cho viéc thwc hién do lwdng/truyén dong
dworc chinh xac va nhanh nhay.

Tang 2 (diéu khién):

Tai tAng nay cac thiét bi didu khién truc tiép tac
dong dén mot nhém céc thiét bi chap hanh tai tang
1 théng qua giao tiép ngoai vi hodc truyén théng
cap trwong. Thiét bi chap hanh tai tang nay gdm
c6: Camera IP phong nd, hé théng diéu khién gian
chéng, hé théng diéu khién lien dong tuyén van tai

Tai tang nay s dung 2 kiéu truyén théng:
Truyén théong Ethernet dbi véi cac thiét bi diéu
khién va truyén thong RS485 dbi véi cac thiét bi
chap hanh. Nhiém vu chinh cla cap diéu khién 1a
nhan théng tin tlr cac bd cadm bién, x& ly cac théng
tin d6 theo mot thuat toan nhat dinh va truyén dat
lai két qua xubng cac bd chap hanh.

Téng 3 (diéu khién diéu do):

Tang nay st dung tram diéu khién tap trung
c6 két ciu phong né; Kiéu truyén thong ctia may
tram bao gébm: Analog, Ethernet, RS485. C6 chirc
nang diéu do va van hanh mét qua trinh k¥ thuat,
c6 nhiém vu hé tro ngudi st dung trong viéc cai
dat ing dung, thao tac theo ddi, diéu dd van hanh
va x& ly nhirng tinh hudng bét thwong.

Téang 4 (diéu hanh sén xuét):

Tang nay 1a tng quan ly cdp phong ban cla
Cong ty bao gébm: May tinh giam sat va phan tich
sb liéu, may in phuc vu céng tac xuat bao cao,
ngoai ra con cé may tinh chd phuc vu lwu co s& div
liéu clia toan bo cac thiét bj trong hé théng, thiét bj
twong Itra kiém soat viéc truy cap div liéu trong va
ngoai mang Lan.

Trong tang nay s dung truyén théng Ethernet
Lan trén dwong truyén cap dong trong khu vuc
van phong. Diéu hanh san xuét, tai tAng nay toan
b6 di¥ liéu ciia mét nha may hodac mot khu vwe Ién
dwoc dwa vé day.

Phong diéu khién

Hinh 3. Giao dién phédn mém diéu khién 1o cho
théng minh dang (ng dung tai Trung Quéc
Phong diéu khién dwoc thiét k& dé quan ly va
tdi wu hoa hoat dong. Phan mém (Hinh 3) cla
phong diéu khién duwoc thiét ké dé quan ly, giam
sat va toi wu hoa hoat déng cla 16 cho. Cac tinh
nang chinh:

- Giam sat thoi gian thwe: Thu thap di liéu vé
nhiét do, ap suat, dd &m va cac thong s khac.

- B4o cdo va théng ké: Tao bao cdo dinh ky vé
hiéu suat, nang lwong va cac théng sb quan trong.

Hé théng camera giam sét

Thiét bj hé théng giam sat video khu vuc 16 cho
bao gédm: may chd quan Iy lwu trir video; man hinh
hién thi; camera PTZ phong né; camera cb dinh
phong nd; dén LED phong né; switch mang phong
nd; cap mang ethernet chéng chay. C4u hinh cta
cac thanh phan trong hé thdng cu thé:

24
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-1 may chd quan ly lwu trir video va 4 dia clrng
8TB dwoc cu hinh dé lwu trir hinh anh video trong
[0 cho va khu vire quanh 16 cho;

- 03 man hinh hién thi video 16 chg duoc két
ndi dén may chi dé hién thj toan bd video giam sat
trang thai |6 cho;

- Camera PTZ phong né két néi truc tiép véi bod
diéu khién. Dé theo ddi hinh anh video cta I chg,
ct 8 gian chéng I&p d&t 1 camera;

- Camera ¢ dinh dwoc dat tai 06 vi tri: Dau cau
truyén tai, may nghién, dau cac bang tai;

- Led phong nd dwoc I&p dat tai cac vi tri
camera, déi v&i méi vi tri camera PTZ lap dat 2
dén Led chiéu sang 2 bén, dbi véi vi tri camera
c¢b dinh chiéu sang theo hwéng nhin clia camera;

- Switch mang phong né la mét switch cong
nghiép dwoc dat trong vé dadm bao tiéu chuén
TCVN 7079, thiét bi nay cung cap kha ndng két
ndi v&i phong gidm sat trén mét bang qua mang
vong cap quang cla Maé.

Hé théng diéu khién gian chéng

Gian chdng CGHDB hién nay trong tap doan
déu diéu khién co — thay lwc tha cong tai chd.
Dé dap wng diéu kién 16 cho théng minh so cép,
nhirng gian chdng nay can phai nang cap hé théng
didu khién co - thay lwc 1&n dién - thay lwc. Tuy
nhién viéc nang cip nay ching ta chwa lam dworc.
Vi vay nhém nghién ciru lya chon dau tw méi gian
chdng c6 sén hé théng diéu khién dién - thay luc.

= __Cam bién 46 nghiéng
=

Bén LED
.’ s BOthu diéu khidn tir a
g S o
e = Cym van diéu khién
(Camera gidm sat ey
‘i’l— dign-thity ye 80 loc & nguoe
= L]
a b}
89 didu khidn gi2n chdng i %
s bl Tast
pr— B thu hdng ngoai
Cam biéin 4p sudit
o
AR Cam bién hanh trinh ~ _ L_g ?
B dindong — 2
van dién il " . e .

Hinh 4. Hé théng diéu khién gidn chéng

Hé thdng diéu khién dién - thay lwc (Hinh 4)
la hé théng két hop bo didu khién dién tl véi hé
thdng diéu khién van thay lwc bang dién, hé thdng
két hop v&i cac cdm bién dé nhan dién trang thai
gian chéng. Tuy theo sé lwong va ching loai cdm
bién c6 thé danh gia mirc dd théng minh khac
nhau ctia hé thdng diéu khién gian chéng.

Heé thdng c6 thé thuc hién cac chirc ndng diéu

khién khung don, diéu khién nhém, diéu khién
tw dong, khoa va dirvng khan cép, hién thj va bao
dong 16i, bé sung ap suét ty dong, giam sat ap
suat mo.

Gian chéng trung gian ZFQ3000/16/26 va bo
gian chéng qua doé ZFH3200/19/31 hé théng gian
chdng dwoc chon trong mé hinh. Pay 13 kiéu 1a
gian chéng phuc héi mirc thap ba lién két bdn cot
nhe v&i hai mang cao, véi chiéu cao lam viéc 1,6—
2,6m, chiéu réng 1190-1330mm, ap lwc lam viéc
3000kN va trong lwgng khodng 10,5 tan. Hé théng
hé tro diéu khién dién — thay lyc toan dién. Céu
hinh co ban duworc liét ké trong bang 1.

Bang 1. Cau hinh co ban cta hé théng

TT Néi dung Théng s6

1 Ngudn dién DC phong |1 chiéc/4 gian
nd chéng

2 BQ’{dIeU khién gian 1 bo/gian chéng
chdong

3 f‘&‘-’ dan dong van dién | 4 s /cian chéng

Cum van diéu khién
dién thay lwc
B loc xa ngwoc

4 1 bd/gian chéng
5

6 |Bo thu hdng ngoai

7

8

9

1 bo/gian chdng
1 bo/gian chbng
1 bé/gian chbng
1 bd/gian chéng

Cam bién ap suét
Cam bién hanh trinh
Cam bién do nghién
gian chong

Beén led chiéu sang
quanh gian chong

B4 thu tin hiéu (cta
dieu khién cam tay)
12 | B diéu khién cam tay
13 | Camera giam sat

4 céi/gian chéng

2 céi/4 gian chéng

1 céi/gian chéng

15 cai/lo cho
1 c4i/8 gian chéng

Hé théng diéu khién lién déng tuyén van tai

Heé théng bao gébm chubi thiét bj lién hoan: may
khAu, mang cao trwéc; mang cao sau; cau chuyén
tai va bang tai. Dé diéu khién va bao vé chubi thiét
bi nay trong méi trwdng hdm 16 khac nghiét, md
hinh dung giai phap st dung khdi kh&i dong tw
kiéu phong nd kiém an toan tia Itra kiéu QJZ.

Thiét bi diéu khién lién dong hinh 5 & khéi QJZ
- 2000 / 1140(660) (t» 4 dén 12 nhanh), tich hop
bd vi xt ly théng minh, cho phép diéu khién tap
trung, giam sat tlr xa va bao vé toan dién cac dong
co dién xoay chiéu 3 pha. Thiét bj c6 cac déc diém
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e
H/nh 5 Th/et bi diéu khién lién dong tuyén van tai
clu tao chuyén dung va thyc hién ¢ ché do sau:

Ché d6 tw dong khéi déng tuén tw

Trong day chuyén van tai (Mang cao -> Cau
chuyén tai -> Bang tai), viéc khéi dong déng thoi
sé gay sut ap lwdi dién nghiém trong. Ché do khai
dong tuan tw nhiéu may dwoc ap dung dé giai
quyét van dé nay.

- Nguyén ly van hanh: Cac nhanh diéu khién
sé dong cau dao lan luot theo thir tw logic t ha
ngudn lén thwong ngudn (Bang tai khéi déng
trwdc -> Cau chuyén tai -> Mang cao).

- Cai dat thoi gian tré: Hé thdng cho phép cai
dat thoi gian tri hoan khéi dong gilra cac may
trong pham vi tir 0.1 gidy dén 99.99 giay.

- Logic diéu khién: Sau khi nhanh 1 (B&ng tai)
kh&i dong thanh coéng va gli tin hiéu phan hoi vé
bd diéu khién trung tam, l1énh kh&i dong nhanh 2
(cAu chuyén tai) méi dwoc kich hoat sau khoang
thi gian tré da cai dat. Twong tw, mang cao sé la
thiét bj kh&i dong cudi cung dé dam bao vat liéu
duwoc van chuyén ngay khi vira ra khéi gwong 1.

Ché d6 tw dong dtrng tuén tw

Dé tranh tinh trang un t&c vat liéu trén cac thiét
bi van tai khi dirng may, hé théng thuc hién quy
trinh dirng ngwoc lai v&i quy trinh khéi dong.

- Nguyén ly: Mang cao sé dirng dau tién dé
ngrng cap vat liéu tr gwong. Cau chuyén tai va
bang tai sé tiép tuc chay trong mét khoadng thoi
gian tré (thuwong tr 1-2 phat) dé van chuyén hét
lwong than con lai trén mang veé vi tri tap két.

- Tinh ndng bd tro: Hé théng tw dong tinh toan
lwong tai dwa trén dong dién ctia dong co dé quyét
dinh thoi diém ngat ngudn téi wu cho tirng nhanh.

Ché d6 diéu khién lién dong

Pay la tinh ndng cbt 16i cla «Ld cho théng
minh», d&m b&o an toan cho toan bd day chuyén.

Lién dong sw cb: Néu mét thiét bj trong chudi
(vi du cau chuyén tai) gap sw cb va dwrng lai, tin
hiéu khéa lién dong sé& ngay lap tirc dwoc giri dén
nhanh diéu khién mang cao dé dixtng may thwong
ngudn ngay lap tlre, tranh tinh trang than tir mang
cdo tiép tuc dd xubng gay ket cau chuyén tai.

Lién dong khi mé-tan va gié: Hé théng tich hop
tiép diém «Mé-tan dién gié». Néu ndng dod khi mé-
tan vuot nguwdng an toan hoac quat théng gioé gap
s ¢, hé théng sé ty dong ngat dién toan bod cac
thiét bj van tai 16 cho.

Ché d6 dirng sw cé va khéa an toan

- Nut divng khan cap (SB1): Buoc bd tri tai
ti diéu khién va doc theo tuyén mang cao/ciu
chuyén tai. Khi nhan SB1, mach diéu khién nhanh
sé bi ngat tryc tiép, dirng dong co ngay lap tuc.

- Khoa an toan: Hé thdng cé chlrc nang cai dat
mat ma (mat khau) dé ngan chan nhitng thao tac
trai phep hoac thay déi thong sb cai dat khi khong
c6 thdm quyén.

- Ghi nhé 16i: Khi dirng do sw ¢b, man hinh
sé& hién thi chinh xac loai 16i (quéa tai, mat pha, ro
dién...) va lwu vao nhat ky sw cb dé cong nhan sira
chi¥a c6 thé tra ctru nhanh chéng,.

T cac phan tich cu thé trén, nhém nghién ciru
xay dwng dwoc md hinh DCS cu thé cho 1 don vi
trong nganh than nhw hinh 6.

7 Ny
- rzh*h‘ﬁ\ '
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Hinh 6. M6 hinh DCS 16 cho théng minh so cép
cho 1 don vj trong nganh than

4. Két luan

Diéu kién dia chat ky thuat va trinh do khoa hoc
céng nghé clta Viét Nam hién nay cho thay viéc
chon mé hinh 16 cho théng minh so cép va trung
céap la phu hop.

Giai phap diéu khién phan tan khi ap dung cho
16 cho théng minh so' cdp gébm: phong gidm sat;
hé thdng truyén théng; phong diéu khién; hé théng
camera giam sat; hé thdng diéu khién gian chéng;
hé théng diéu khién lién dong tuyén van tai.

M6 hinh diéu khién DCS khi 4p dung cho |6 cho
théng minh so cip cé nhiéu thuan loi nhw: phong
giam séat va hé thdng truyén thong 1a co s& ha ting
hién c6 ctia md; hé théng diéu khién gian chéng
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c6 thé cai tao tir hé thdng diéu khién tha cong qua
didu khién dién thdy lwc hodc dau tw gian chéng
m&i ¢ sén hé thdng diéu khién dién thay lwc; cac
hé théng con lai c6 san trén thj trudng.
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Development of a Distributed Control System Model for Primary Smart
Longwall in TKV

Dr. Pham Thanh Liem and Others - Vinacomin - Institute of Mining Science and Technology

Abstract:

Based on an analysis of the Distributed Control System (DCS) architecture, the research team
assessed the current application of DCS technology worldwide as well as within Vietnam s coal industry,
concluding that the development of a DCS-based control system for smart longwall mining operations is
an inevitable trend. Currently, TKV are operating 12 mechanized longwall systems across 13 underground
coal mining units, most of which still rely heavily on manual operation and supervision. However, to
meet the requirements of the longwall mining technology development program for the period 2026—
2030 [1], it is necessary to evaluate the feasibility of implementing smart longwall technologies in TKV.
This paper presents the development of a Distributed Control System (DCS) model for a primary smart
longwall in TKV.
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UNG DUNG CONG NGHE SO TRONG CONG TAC PAO TAO VAN HANH
THIET BI MO

ThS. Ping Hong Thing, ThS. Nguyén Vin Dirc
Vién Khoa hoc Cong nghé Mo - Vinacomin

Bién tap: TS. Phan Vin Viét

Toém tat:

Trong béi canh chuyén doi so ciia nganh cong nghiép khai khoang viéc u’ng dung cac cong nghé sé
vdo dao tao nghé mé dang tré thanh xu hu’o‘ng quan trong nham ndng cao chat lrong nguon nhan lyc
va dam bao an toan lao dong. dic biét doi véi khal thac mé ham 16, noi diéu kién lam viéc phirc tap va
tiém an nhleu nguy co'tai nan. Trong nhitng nam gan ddy, nhiéu phwong phap dao tao hién dai dva trén
cong nghé sé da dwoc phat trién va ap dung réng rdi trén thé gidi, bao gom hé thong mé phong thiét
bi mo (equipment szmulator) thue té do (virtual reality — VR), terc 1é ting cuong (augmented reality —
AR), mo hinh mé sé (digital mine), va Pao tao qua hé théng truyén du" liéu thoi gian thuc. Bai bao trinh
bay tong quan cdc phu"ongphap dao tao nghé mé hién dai va cdc nén tang cong nghé tiéu biéu duwoc sir

dung trong dao tao nghé mé néi chung va van hanh thiét bi néi riéng.

1. Pat van dé

Nganh khai khoang la mét trong nhirng nganh
coéng nghiép co diéu kién lam viéc khac nghiét va
nguy co mét an toan cao. Trong khai thac mé ham
16, ngudi lao dong phai lam viéc trong méi treong
khong gian han ché va chiu anh hwéng cla nhiéu
yéu t6 nguy hiém nhw khi mé tan, buc nwéc, sap 16
ho&c va cham thiét bj. Vi vay cdng tac dao tao nghé
mé néi chung va van hanh thiét bi néi riéng déng vai
trd dac biét quan trong trong viéc nang cao nang
lwe van hanh thiét bi va ddm béo an toan lao dong.

Trong nhiéu thap ky truéc day, dao tao nghé
mé chi yéu dwoc thuc hién theo phwong phap
truyén théng, tirc 1a dao tao ly thuyét két hop truc
tiép tai hién trwdng trén cac thiét bi khai thac that.
Phwong phap nay c6 wu diém la ngudi hoc dwoc
tiép xuc truc tiép voi thiét bi va méi trwong lam
viéc thuye té. Tuy nhién, phwong phap dao tao nay
ciing tén tai han ché nhw chi phi dao tao Ién, kho
t6 chirc dao tao trong diéu kién san xuét lién tuc va
tiém an nguy co tai nan dbi véi hoc vién.

Sw phat trién cta cong nghé méd phdéng va
céng nghé sb trong nhitng nam gan day da tao
ra nhiéu phwong phap dao tao méi cho nganh
khai khoang. Cac hé théng mé phdng thiét bi, moi
trwong thuc té do va mé hinh mé sb cho phép tai
hién moéi trwdng khai thac mé trong khéng gian sb
véi d6 chan thyc cao. Nhe d6 ngudi hoc co thé
thwe hanh thuan thuc cac thao tac van hanh thiét
bi hodc xt ly cac tinh hudng nguy hiém trong diéu

kién hoan toan an toan trwdc khi thwe hanh trén
thiét bi that.

2. Cac hinh thirc dao tao van hanh thiét bimé

Dao tao van hanh thiét bj 1a néi dung quan
trong trong dao tao nghé mé vi cac thiét bi khai
thac hién dai c6 cau trdc phirc tap va gia tri dau tw
I&n. Quy trinh dao tao théng thuwdng bao gdbm dao
tao ly thuyét, dao tao bang video ky thuat, thyc
hanh trén mé hinh mé phdéng thiét bi va cudi cung
la thwe hanh trén thiét bj that. Viéc dao tao truc
tiép trén thiét bi that khi chwa thuan thuc cac ky
nang co thé gay hao mon thiét bj va tiém an nguy
co tai nan. Hién nay cac hinh thirc dao tao van
hanh thiét bj dang st dung bao gém:

- Dao tao két hop ly thuyét, thwe hanh (blended
training) & hinh thire tich hop nhiéu hinh thirc dao
tao, bao gébm hoc Iy thuyét vé cAu tao thiét bi, xem
video van hanh, thwc hanh trén mé hinh va thuwc
hanh tai hién trwdng. Hinh thirc nay gidp hoc vién
tiép can kién thirc mot cach toan dién va co 16 trinh
tr co' ban dén nang cao. Hinh thirc phu hop voi
hoc vién dao tao nghé chinh quy va cac chwong
trinh dao tao dai han.

- Pao tao tai chd (On-the-job training — OJT): la
hinh thirc phd bién nhét, trong d6 hoc vién duoc
dwa xudng 16 hodc khu vuc sdn xuét dé quan sat,
thao tac va thuwc hanh truc tiép dwdi sy hwéng
dan cla k§ sw, quan dbc hodc thg bac cao. Hinh
thirc nay gilp nguwdi hoc nhanh chéng ndm béat
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didu kién lam viéc thuc té va k§ nang van hanh
thiét bi, tuy nhién ti&m an rdi ro vé an toan va kho
trién khai v&i sb lwong I&n. Phwong phap nay phu
hop v&i cong nhan da co kién thirc co ban, can
nang cao tay nghé hodc thich nghi véi diéu kién
san xuat thuc té.

- Dao tao thwc hanh trén mé hinh (mock-up
training): st dung cac mé hinh thiét bi ho&c thiét
bi that dat tai khu vwc dao tao trén mat béng. Hinh
thirc nay cho phép hoc vién luyén tap nhiéu lan
trong diéu kién an toan, dé kiém soat va khong
phu thudc vao didu kién san xuat. Do d4, hinh thirc
nay phu hop véi cong nhan maéi tuyén dung, hoc
vién nghé hodc nhirtng nguwdi can 1am quen v&i
clu tao va nguyén ly hoat dong cla thiét bj trwdc
khi xubng mé.

- Dao tao bang thiét bi mé phdng (simulator
training): st dung cac hé théng mé phéng dé tai
hién qua trinh van hanh céac thiét bi nhw may dao
|6, may xuc, xe van tai md, may khoan... Hinh thic
nay loai bé hoan toan rii ro tai nan, cho phép moé
phdng céac tinh hudng nguy hiém va danh gia nang
lwc ngudi hoc mot cach dinh lwgng. Hinh thire phu
hop v&i dao tao van hanh thiét bi phirc tap, dao
tao lai (retraining) va huéan luyén nang cao cho
cébng nhan da cé kinh nghiém.

- Bao tao kém cap (mentoring/coaching): la
mot trong cac hinh thirc dao tao tai chd, trong do
tho' lanh nghé hodc ky sw giau kinh nghiém truc
tiép hwéng dan céng nhan méi thong qua qua
trinh quan sat, giai thich nguyén ly thiét bi, thuc
hanh va danh gia tay nghé. Hinh thirc nay cé wu
diém truyén dat kinh nghiém thuc tién va kj nang
xt ly linh hoat trong san xuét. Hinh thirc phu hop
v&i cong nhan mai vao nghé hodc chuyén ddi vi
tri cong viéc, nhat 1a dbi vai cac thiét bi phire tap.

- Pao tao theo tinh hudng (scenario-based
training): dat nguoi hoc vao cac kich ban san xuét
cu thé (co thé dang hoac sap xay ra) nhw ket can
khoan, méat dién hé thdng bang tai hodc ro ri dau
thdy Iwc... nham rén luyén kha nang x& ly sy cb
va ra quyét dinh. Hinh thirc nay gidp nang cao ky
nang phan trng nhanh va ddm bdo an toan trong
cac tinh hudng khan cép. Pay 1a hinh thirc phu
hop véi cong nhan van hanh chinh, td trwéng san
xuét va can bo ky thuat.

- Pao tao qua phan tich sy cb (case study

training): st dung cac sw cd da xay ra trong thuc
té nhw chay bang tai, gy can khoan hodc héng
hé thdng thay lwc... d& phan tich nguyén nhan va
rat kinh nghiém. Hinh thirc nay gép phan nang cao
nhan thirc vé an toan va phong ngtra rii ro trong
san xuét. Day Ia hinh thirc phu hop véi toan bo lwc
lwong lao dong trong mé, dac biét la can bd quan
ly, k§ sw va cdng nhan van hanh truc tiép.

Ngoai hinh thirc dao tao bang thiét bi mé
phdng (simulator training), cac hinh thirc dao tao
con lai hién nay déu dwoc cac trwdng nghé, don
vi d3o tao va cac don vi xan xuét trong nganh khai
khoang Viét Nam ap dung trong céng tac dao tao
nghé& mé néi chung va van hanh thiét bj néi riéng.

3. Cac phwong phap dao tao nghé mé trng
dung céng nghé sé

Trong dao tao nghé mé hién nay, nhiéu phwong
phap dao tao hién dai dwa trén céng nghé sb da
dwoc phat trién nhdm nang cao hiéu qua dao tao
va gidm thiéu rdi ro trong qua trinh huan luyén.

3.1. Pao tao bang hé théng mé phdéng thiét
bi mé

Hé théng mé phdng thiét bi mé Ia phwong phap
dao tao phd bién nhat trong nganh khai khoang
hién dai. Hé théng tai hién cabin diéu khién cla
thiét bi that va mé phéng méi trwdng khai thac
mé trén man hinh 3D. Nguwdi hoc ¢é thé van hanh
thiét bi thdng qua cac can diéu khién, ban dap va
bang diéu khién giéng nhu trén thiét bj thuc. Hé
thdng c6 nhiéu wu diém, giup nguwdi hoc luyén tap
nhiéu 1an; cho phép md phdng nhiéu tinh hubng
van hanh khac nhau nhw van tai trong dwdng 16
hep, quay dau xe, bdc xuc hodc xt ly sw cb thiét
bi bao gédm cac tinh hudng nguy hiém nhw sy cb
thiét bi ho&c diéu kién khi md bét loi...; Ngoai ra
hé théng con cho phép danh gia k§ nang van hanh
clia hoc vién thédng qua cac chi sb nhw nang suét
van hanh, mdc tiéu hao nhién liéu va mirc d an
toan. Hé thdng co kha néng tao “mé do” dwa trén
dir liéu thue té cla tirng md, gitp tang tinh thuc
tién trong dao tao.

Cac thiét bi chinh clia hé théng bao gdm cabin
mo phdng thiét bi, hé théng may tinh dd hoa hiéu
nang cao, hé théng man hinh hién thi 3D géc rong
270-360° va phan mém mé phdng méi truérng ma.
Phan mém mé phéng str dung cac thuat toan déng
lwc hoc dé tinh toan chuyén déng cuia thiét bi trong
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thoi gian thwe, két hop nén tang chuyén dong (3-6
bac tw do), ddng thdi mé phéng cac yéu té moi
treong nhw dia hinh mé, vat liéu khai thac va diéu
kién anh sang trong ham 6. Hé théng c6 thé mo
phdng nhiéu loai thiét bi khac nhau nhw may xuc,
may dao 16 khai thac, may kh&u, may khoan,... v&i
hanh vi dwoc xay dwng dwa trén dir liéu ky thuat
thwc t&. Pay Ia gidi phap hiéu qua dé nang cao
chét lwong dao tao van hanh thiét bi va an toan
trong khai thac mé ham 1o.

| Amthanhvemsa ,‘

Hinh 1. Hé théng mé phéng thié’t])j CYBRMINE
Mining Simulator (Nam Phi)

Hién nay co rét nhiéu cong ty chuyén vé céng
nghé mo phéng va cac nha san xuét thiét bi mé Ion
phat trién cac hé thbng md phéng thiét bi dé dao
tao van hanh thiét bj. Vi du: CYBERMINE Mining
Simulator (hinh 1) ctia ThoroughTec Simulation
(Nam Phi), IM360+ cla Immersive Technologies
(Australia), Sandvik va Epiroc (Thuy Dién) phat
trién cac nén tang dao tao sé nham hé tro dao tao
van hanh va bao duwdng thiét bi khai thac. Komatsu
Mining Equipment Simulator cia Komatsu (Nhat
Ban) dwoc str dung dé dao tao van hanh xe tai
va may xuc trong mo 10 thién, Caterpillar Mining
Simulator cda Caterpillar (Hoa Ky) mé phdng van
hanh nhiéu loai thiét bj khai thac mé khac nhau.

3.2. Dao tao bang céng nghé thuc té do

Coéng nghé thuc té do cho phép xay dung mbi
trwdng mé do trong d6 ngwdi hoc cé thé quan sat
va twong tac véi cac dbi twong trong khdng gian
ba chiéu. Hoc vién st dung kinh VR hodc man
hinh may tinh dé quan sat mdi trwong khai thac
va thue hién cac thao tac dao tao. Thiét bj clia hé
thong VR bao gobm kinh VR, bd diéu khién chuyén
dong, may tinh dd hoa va phan mém mé phéng
moi trrong md. Céng nghé VR dac biét hiéu qua
trong dao tao an toan mé vi ¢ thé mé phéng cac
tinh hudng nguy hiém ma khéng thé thwc hién
trong diéu kién thuc té.
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Hinh 2. Giao dién hé théng thuc té do VR Mine
Safety Training (Trung Quéc)

Mot vi du dién hinh 1a hé théng Hé théng VR
Mine Safety Training (hinh 2) do Bai hoc Mé va
Cong nghé Trung Quéc phat trién 1a mét nén tang
dao tao an toan mé dwa trén céng nghé thyc té
0, két hop mo phdng 3D, tri tué nhan tao (Al) va
dién toan dam may nham tai hién moi trwong khai
thac than dwdi long dat mot cach chan thuc. Hé
thédng dwoc trién khai tai phong thi nghiém thuwc
té 4o phuc vu dao tao sinh vién va huén luyén an
toan md. Hé théng cho phép md phéng day du cac
kich ban tai nan va clru hd md, bao gébm tai hién
qua trinh xay ra sy cd, danh gia nguyén nhan va
thwe hanh &ng phé khan cap. Nhd méi trwdng ao
c6 tinh twong tac cao, nguwdi hoc co thé luyén tap
k§ ndng nhan dién nguy co, thao tac thiét bj va quy
trinh an toan ma khéng phai xuéng mé thuc té.

Ngoai ra, hé théng con c6 khéd nang ghi nhan
dir liéu dao tao va danh gia nguoi hoc, hé tro xem
lai qua trinh thao tac va cai thién ky nang. Céng
nghé hién thi dam may gilp nang cao dd chan
thwe hinh anh, trong khi cac mé hinh hanh vi Al
lam tang tinh nhap vai va hiéu qua huén luyén.

3.3. Pao tao bang céng nghé thwe té ting
cwong

Cong nghé thuc té tang cwong (AR) la cong
nghé két hop hinh anh thyc véi thong tin s6. Trong
dao tao md, AR thuwong dwoc st dung dé hwéng
dér) bao dudng va SfPa’ChU’a thié; bi khai thac. Cac
thiét bi chinh clia hé thong bao gém: kinh AR hoéc
may tinh bang, camera nhan dang thiét bi, phan
mém hién thi hwéng dan.

Vi du, hé thébng Komatsu AR Maintenance
Training do Komatsu phat trién cho phép hién thi
hwéng dan bao dwédng thiét bi ngay trén hinh anh
cua thiét bi, giup k¥ thuat vién dé dang hiéu céu
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trac thiét bi va quy trinh bao tri. Hé théng bao gédm
cac mo-dun AR/3D md phdng chi tiét may (déng
co, hé théng SCR, kim phun DEF, cum truyén
dong...) trong khong gian do. Ky thuat vién cé thé
xoay, tach roi, thdo I&p tirng boé phan, xem trinh
ty thao tac bdo dwdng hoac stra chira, kem chu
thich cac bwéc va logic hoat dong. Trén nén tang
VR/AR, ngwoi hoc luyén quy trinh bado dwéng nhw
ngoai hién trwdng: chon dung dung cu, ndi ldng/
siét buldng theo thir tw, kiém tra cdm bién, chay
th(r... nhwng khéong lam mon hay hw may that. Sai
s6t chi la “40”, nén cd thé thir nhiéu 1an dén khi
thanh thuc.

3.4. Pao tao bang mé hinh mé sé

M6 hinh md sé (digital mine) 1a hé thdng md
phéng toan bé hoat déng clia mé dwa trén dir liéu
sb. Cac chirc nang chinh bao gdm: mé phéng céu
trdc dia chat va than quang; thiét k&, mé phong
hé théng dwdng 16 va khai truéng; mé phéng chu
trinh khai thac va van tai; phan tich cac phwong an
khai thac. Cac nén tang nay thwdng dwoc tich hop
véi div liéu san xuét thye té dé xay dwng ban sao
ky thuat s6 cia md, cho phép md phéng va phan
tich toan bd qua trinh khai thac. Théng qua mé
hinh mé sb, hoc vién cé thé: nghién ctru cau truc
mé trwdc khi khai thac; 1ap ké hoach khai thac;
phan tich cac kich ban san xuét khac nhau. Do
do6, Md hinh mé sb thueng dwoc st dung chi yéu
trong dao tao thiét k& mé va quan ly san xuét.

Mot s6 phan mém va nén tdng mé sé phd bién
hién nay gbém: Surpac, GEOVIA cia Dassault
Systémes (Phap): M6 hinh héa dia chat va thiét
ké mo, quan ly khai thac mé; Vulcan clia Maptek
(Australia): Thiét k& va moé phdng khai thac mé...

3.5. Dao tao qua hé théng truyén di liéu
thoi gian thyc (Mesh Network)

Khi thwe hién dao tao tai chd, dao tao kém cap,
ho&c thi nang bac, thi tho gidi trong ham 16, nguoi
hwéng dan cé nguy co gdp rdi ro va han ché vé
tam nhin do khéng gian chat hep. Dé giadi quyét
van dé nay, phwong phap dao tao qua mang lu6i
vo tuyén da diém (Mesh Network) da ra doi, vwot
xa gi¢i han cta cac hé théng camera ghi hinh
truyén théng.

Giai phap tiéu biéu cho céng nghé nay la hé
thdng Argus VTS (hinh 3) do Flight Technologies
(Australia) phat trién danh riéng cho méi trwéng
khai thac mé ham 16 (hinh 4). Thay vi phu thudc
vao cap mang quang hay song 4G/Wi-Fi théng
thwong, hé théng s dung cac Nut mang (Node)

, Tram phat va tiép séng (AP,
Mdy tinh bang amp P g (AP)

&~

Tai nghe Bluethoot

Camera dé gidc
hut

!

Tram truy cép thiét bi

/

Camera dé nam chim
Hinh 3. Hé théng truyén dir liéu thoi gian thuc

Argus VTS
gy

a—""#'

H&p dwng dung cu hudn luyén, chiva:
CAc tram phét va tiép sdng (AP); Pin danh
cho tram phét va tiép séng; Way tinh bang
hudn luyén; BA sac may tinh bang

V& méy, chiva: £ hé théng camera tir xa;
Tram truy cép thiét bi; Pin cho cic camera
va thiét bi dau cudi; Cap o0& I6i AP; Ang-ten
dw phong

Guwong dao lo

Tram tiép séng (AP)

Tram truy cap thiét bj (xe
khoan, may xic...)

Guwong dao o

Vitri nguéi
huan luyén

Tram phat
. séng (AP) \ ;

Hinh 4. So dé khu vure dao tao bang Hé théng
Argus VTS

.// X h : :
Hinh 5. Hinh dnh camera thé hién tr_én may tinh
béng cta nguoi hudng dan
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tao thanh mot mang lwéi vo tuyén td ong tw két
ndi va tw phuc héi. Khac véi cac camera an ninh
chi dung dé xem lai, Argus VTS |& mét nén tang
lloT (Industrial Internet of Things) cho phép truyén
ddng thei hinh anh da ludng (Video HD), am thanh
hai chiéu (Voice Intercom) va di liéu ky thuat cta
may méc (Telemetry) v&i do tré cuc thap. Hé théng
bao gdm man hinh diéu khién tai tram an toan, hé
thdng camera chéng sbc gan trén thiét bi, cac Nut
mang di ddng chay bang pin va tai nghe Bluetooth.
Diém wu viét cbt 16i clia cong nghé nay 1a kha nang
duy tri két ndi lién tuc (seamless roaming) ngay ca
khi thiét bi co gi&i di chuyén & tbc d6 cao qua cac
nga ré phirc tap, cho phép nguoi hwéng dan cach
xa hang tram mét van cé thé twong tac, cadnh bao
va nan chinh thao tac cia hoc vién ngay trong thoi
gian thwc. Hé théng 1&p dat st dung nhanh, trién
khai trong vong 5 phut, hoat ddng hoan toan bang
pin, d& dang di chuyén gitra cac khu virc trong mé.

Phwong phap nay cé wu diém 1a phan anh
chinh xac cac thao tac van hanh thuc té, va st
dung phu hop trong hdm 16 khi méi trwérng lam viéc
chat hep. Phu thudc vao méi trweng trong ham 106,
pham vi st dung gi*a ngu®i huwéng dan va vi tri
van hanh t&i 200m (khéng can dwong 16 thdng)
va c6 thé Ién hon khi I&p thém cac tram tiép séng.
Heé thdng khong chi duwoc st dung trong cong tac
dao tao, thi nang bac, thi tho' gidi ma nhiéu khi con
dwoc st dung ca trong céng tac ctru ho.

Hé théng cé d6 Bao mat dir liéu cao, nén tang
cobng nghé 16i va kha nang ctu hé sinh t&r. Bwoc
xay dwng trén nén tang thiét bi mang vo tuyén
chuén quan sw ctia My (Rajant), hé théng Argus
hoat ddng hoan toan ddc lap (offline) dwdi ham
16. Két hop vdi cong nghé ma hoa (cryptography)
chdng trdm cép, hé thdng bao vé tuyét dbi bi mat
di liéu kinh doanh va dia chét ctia doanh nghiép.

Déc biét trong kich ban rdi ro nhat 1a sap dé 10,
khi cap quang va cap dién théng thuwong dut lia,
cat dirt moi lién lac vién théng truyén théng, mang
lwdi vo tuyén ctia Argus sé phat huy tac dung. Cac
thiét bi gén trong budng lai va cac tram tiép séng
con nguyén ven sé ty dong do tim nhau dé thiét
lap lai dwéng truyén qua cac khe nirt da. Giong noi
va hinh anh tinh trang tho mé trong cabin van co6
co hoi truyén ra ngoai, bién hé théng dao tao nay
thanh mot “hdp den” va thiét bi cru mang.

Dé&c biét, hé thdng nay gidi quyét triet dé bai
toan nhan lwc chat lwong cao. Thay vi mbi xe phai
c6 mét ngudi hwdng dan di kém (chi phi quy lwong

I&n), gid day mot ngudi hwdng dan ngdi tai tram
an toan c6 thé giam sat va twong tac giong néi hai
chiéu v&i nhiéu hoc vién dang van hanh thiét bi that
& cac dwong 16 khac nhau. Bang cach can thiép
sau vao hé théng xe dé doc tryc tiép thong sé may
moc (vong tua, phanh, goc lai) va quan sat hanh
vi hoc vién qua camera véi do tré tinh bang mili-
giay, ngudi hwéng dan co thé can thiép ngay lap
tirc. Thdng qua hé théng Argus, moi thao tac cla
hoc vién trén thiét bi that duwdi hdm mé déu duoc
nguwdi hwéng dan giam sat, ghi hinh, nén chinh
tirc thoi va chdm diém ky nang qua mang Mesh.

Nhuw vay tir géc do dao tao nghé mé, cac cong
nghé dao tao s dung cdng nghé sbé co thé duoc
st dung theo cac muc tiéu khac nhau: Mé hinh
mé phdng thiét bi, Dao tao thuc t& qua hé théng
truyén dir liéu thoi gian thue st dung dé dao tao
van hanh thiét bi mé; Thuc té do str dung dao tao
an toan va quy trinh lam viéc; Thuc té do tang
cwong st dung dao tao bao dwdng va stra chiva
thiét bi; M6 hinh mé sé str dung thiét ké va quan ly
khai thac mé. Xu hwéng hién dai hién nay la xay
dwng trung tam dao tao cdng nghé sé tich hop, két
hop cac cong nghé trén nhdm dao tao toan dién
ngudn nhan luc cho nganh khai khoang.

4. Két luan

Coéng nghé sb dang déng vai trd quan trong
trong viéc ddi méi phwong phap dao tao nghé mé
trén thé gioi. Cac phwong phap dao tao st dung
céng nghé sb nhw hé théng mé phdéng thiét bi,
thuc té do, thuc té tdng cworng, md hinh mé sé va
Heé théng truyén di liéu thoi gian thwe cho phép
nang cao chét lwong dao tao hon so véi phwong
phap truyén thng.

Trong sé cac phwong phap nay, mé hinh mé
phdng thiét bi va Hé thdng truyén di liéu thoi gian
thwe dwoc str dung dé dao tao van hanh thiét bi.
Trong d6 M& hinh md phdng thiét bi dwoc str dung
dé dao tao hoc vién lam quen va thwe hanh thuan
thuc k§ ndng trwéc khi thwe hanh tric tiép trén
thiét bi that, cé gia tri dau tw I&n; Hé théng truyén
dir liéu thoi gian thwe qua mang vé tuyén dwoc st
dung khi hoc vién thwc hanh trén thiét bj that tai
hién trwong, c6 gia tri dau tw thap.

Nganh khai khoang Viét Nam dang tirng buéc
hién dai héa cong nghé khai thac va quan ly san
xuét. 'ng dung céng nghé sé trong dao tao van
hanh thiét bi 1a xu huwéng tat yéu nham nang cao
an toan va chat lwong dao tao. Giai doan hién nay,
viéc ap dung Hé théng truyén dir lieu thoi gian
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thwc la phu hop va phat huy hiéu quéa do co chi phi
thap, ap dung don gidn va &ng dung duoc trong
nhiéu cong viéc: dao tao, thi nang bac, thi tho' gioi,
ctru ho.

Tai liéu tham khao:

than dwa trén céng nghé dién toan dam may va tri
tué nhén tao. Mei Li 1 ,*, Zhenming Sun 2 , Zhan
Jian 1, Zheng Tan 3, Jinchuan Chen 3, 2019,

[3]. Argus Video Training System, https://fliight-
engineering.github.io/argus-interactive-guide/

[1]. https://www.thoroughtec.com/cybermine-
full—mission-mining-simulators. ) )
[2]. Hé théng mé phdng thurc té do vé an toan

Application of Digital Technologies in Mining Equipment Operator Training

MSec. Dang Hong Thang, MSc. Nguyen Van Duc
Vinacomin - Institute of Mining Science and Technology

Abstract:

In the context of digital transformation within the mining industry, the application of digital
technologies to mining workforce training has become an important trend for improving human resource
quality and enhancing occupational safety, particularly in underground mining operations where
working conditions are complex and associated with significant safety risks. In recent years, a variety of
advanced training approaches based on digital technologies have been developed and widely adopted
worldwide. These include mining equipment simulators, Virtual Reality (VR), Augmented Reality (AR),
digital mine models, and training systems supported by real-time data transmission technologies.
This paper presents an overview of modern mining training methods and representative technological
platforms used in mining vocational training in general and equipment operation training in particular.
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CONG TAC BAO TRI VOI VIEC NANG CAO PQ TIN CAY CUA HE THONG
QUAN TRAC KHi MO

ThS. Lwong Thé Tién
Vién Khoa hoc Cong nghé Mo - Vinacomin
Bién tap: ThS. Pham Chédn Chinh

Toém tat:

Trong céng tac khai théac than ham 16, nguy co chéy né khi métan (CH,), ngat hay ngé doc khi mo
luén thwong truec, doi héi cac gidi phdp kiém sodt khi moé hiéu qua. Hé thong quan trdic khi mé (HTQT)
da tré thanh cong cu quan trong trong viéc gidm sat, canh bdo sém va hé tro diéu hanh san xudt an toan.
Tuy nhién, trong méi truong khdc nghiét ciia mo ham 1o, cdc thiét bi dién tir trong hé thong phai lam viéc
lién tuc 24/24h, dé suy giam do tin cdy néu khong dwoc bao tri, bao duéng phii hop. Bai bdo tap trung
phdn tich vai tro ciia céng tdc bao tri doi véi hoat dong ciia HT or. danh gid thuc trang va dé xudt mot
50O glalphap nham ndng cao hiéu qua hoat dong dé tin cdy va tuéi tho thiét bi. Két qud nghién ciru cho
thay viéc tang cwo‘ng bao tri phong ngira, chuan hoa quy trinh va nang cao nang lyc nhan lyc la cac yeu
16 then chot d@é dam bao hé thong van hanh 6n dinh, gép phan ndng cao an toan va hiéu qua san xudt.

1. Pat van dé

Trong nhitng ndm gan day, cing véi sy phat
trién cGa nganh coéng nghiép khai thac than ham
16, yéu cAu dam bao an toan trong san xuét ngay
cang dwoc quan tam, dac biét ddi véi nguy co
chay né khi CH,, do do viéc dau tw, lap dat va
van hanh HTQT ty dong, lién tuc da tré thanh yéu
cau bat budc tai cac mé ham 16 thudc Tap doan
Cong nghiép Than - Khoang san Viét Nam (TKV)
va Téng cong ty Béng Bac.

Hé théng quan trac khi mé hién dai bao gdm
nhiéu thiét bj dién t& nhw cac cdm bién khi, gid,
tram thu thap di liéu, b xt ly trung tdm, mang
truyén théng, may chd va phdn mém quan tréc...
Céac thiét bi nay hoat déong lién tuc trong diéu kién

My tinh chit

moéi trwong khac nghiét véi dd am cao, bui, rung
doéng va nhiéu dién tlr, dan dén nguy co suy giam
do chinh xac va phat sinh hw hdng. Néu cong tac
bao tri khéng dwoc thuc hién day da va dang quy
trinh, hé théng c6 thé bi gian doan hodc cung cap
théng tin sai léch, anh hwéng tryc tiép dén cong
tac an toan va didu hanh san xuét.

2. Khai quat vé hé théng quan trac khi mé

2.1. C4u tric co’ ban cua hé théng quan trac
khi mé

So dd cAu tric co ban cla hé théng két ni stv
dung ctia mdt phan tram cho hé théng quan trac
khi mé phd bién dang l4p dat tai Viet Nam dwoc
mo ta tai Hinh 1.

Hé théng quan tréc khi mé tai cac mdé ham 1o

Ngoai mit bang

SC-CH4

T.m
Cép quang 12 8

DKDP

Trong o

SC-CH4

Zasilacz
buforowy

Ngudn dir phong

Zasilacz
buforowy

Nguén dir phong

Hinh 1. So db hé théng quan tréc khi mé két nbi dung mang cép quang
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hién nay thwdng dwoc clu thanh t cac thanh
phan chinh gdm: (1) cac thiét bi hoat dong trong
16 nhw cdm bién do cac loai khi (CH,, CO, CO,,
0O,...), gi6, nhiét do,... cac phan tram thu thap va
xt ly d¥ liéu, thiét bi cdnh bao, lien dong cét dién.
(2) cac thiét bi ngoai mat béng: trung tam quan
tréc (t diéu khién, may chd, may tram, phan mém
quan trac). Cac thiét bi trong 16 va mé&t bang két ndi
qua mang truyén théng cdng nghiép gédm cap tin
hiéu, cac thiét bj truyén dan,...).

Cac thiét bi trong hé théng c6 méi lién két chat
ché va hoat dong ddng bo; do dd, sy cb tai bat ky
khau nao ciing c6 thé anh hwdng dén kha nang
quan trac cta toan hé théng.

2.2. Bac diém lam viéc cua thiét bj cia HTQT
trong méi trrong mé ham 16

Cac thiét bi cia HTQT phan I6n 1a thiét bi cé cac
linh kién dién tt, phan t& cadm bién 1am viéc trong
moi tryng mé ham 16 véi nhiéu yéu té bat loi nhu:
Hoi nwéc cé dd &m cao, c6 tinh axit gay &n mon
va suy gidm cach dién; bui than, bui dat d4 bam
vao bé mat thiét bi; rung dong co hoc do hoat dong
khai thac; nhiéu dién tlr va dao déng ngudn dién.

Bén canh do, cac thiét bi phai van hanh lién
tuc trong thoi gian dai véi thoi gian divng béo tri
han ché, lam gia tdng nguy co suy gidm dd tin cay
va phat sinh hw hdng. Do dé, cong tac bao tri can
duoc té chirc khoa hoc, cé tinh phong ngira va
phu hop véi didu kién van hanh thuc té.

3. Vai tro ctia cong tac bao tri thiét bj trong
hé thdng quan trac khi mé

3.1. Dam bao dé tin cdy va tinh chinh xac
cua so liéu quan trac

Cac cam bién va thiét bj do khi, gié 1a “dau
vao” clia hé thdng phai 1am viéc lién tuc trong moi
truong &m wét va bui ban. Theo thoi gian, thiét
bi c6 thé bij tréi thong sb, suy gidm dd nhay hoac
sai léch két qua do. Viéc thuc hién bao tri dinh ky,
hiéu chuan va kiém tra cac thong sé k§ thuat giup
duy tri d6 chinh xac ctia di liéu do, d@m bdo phan
anh dung trang thai khi — gi6 méd, phuc vu hiéu qua
cho cong tac didu hanh va dadm bao an toan.

3.2. Phong ngtra sw cd, giam thiéu thoi gian
gidn doan hé thong

Cong tac bao tri nhdm phat hién sém cac dau
hiéu b4t thwong. Théng qua kiém tra viéc dinh ky,
vé sinh va danh gia tinh trang thiét bi, nhiéu nguy
co sw cb co thé dwoc nhan dién va x Iy kip thoi,
tr d6 han ché gian doan hé thdng va giam thiéu
anh hudng dén hoat dong san xuét.

3.3. Kéo dai tudi tho thiét bi, tiét kiém chi
phi dau tw

Thiét b dién tt trong hé thdng quan tréc khi mé
co giatrilén, chiphithay thé cao. Thuwc hién tdtcong
tac bao tri gitip thiét bi hoat dong n dinh, gidm tbc
dé 130 héa linh kién, kéo dai tudi tho st dung, tir d6
giam chi phi dau tw méi va chi phi stra chiva I&n.

3.4. Gép phan dam béo an toan lao déng va
san xuat

Hé thdng quan trac khi mé hoat dong tin cay la
“l4 chan” quan trong trong phong ngira tai nan khi
mé. Cong tac bao tri hiéu qua gitp hé théng ludn
san sang phat hién va canh bao dung, chinh xac,
kip th&i cac nguy co vwot ngwéng cho phép, gop
phan ddm bao an toan tinh mang con nguoi va tai
san cua doanh nghiép.

4. Thwe trang cong tac bao tri hé théng
quan trac khi mé hién nay

Qua khao sat va theo ddi thuc té tai mot sé md
ham 10 trong thoi gian gan day, cdng tac bao tri hé
thdng quan trac khi mé da dwoc quan tam trién khai,
tuy nhién van con ton tai mot s6 han ché anh hwéng
dén hiéu qua van hanh va do tin cay ctia hé théng.

Trwéce hét, hoat dong bao tri hién nay van cha
yéu tap trung vao xt ly sy ¢ sau khi thiét bj hoat
doéng sai léch cac thong sé hoac hw hdng, trong
khi cong tac bao tri phong ngtra va bao tri dw bao
chwa dwoc thue hién ddy dd. Diéu nay dan dén tinh
trang phat sinh sw c6 dot xuat, lam gian doan hé
thdng va anh hwéng dén cong tac giam sat an toan.

Bén canh d6, quy trinh bdo tri tai nhiéu don
vi chwa dwoc chuan hoa, con phu thudc vao kinh
nghiém cla can bo ky thuat. Viéc thiéu cac hwéng
dan chi tiét va tiéu chi danh gia cu thé khién chét
lwong béo tri chwa déng déu gitra cac don vi.

Céng tac hiéu chuadn cam bién khi chwa duoc
thwc hién dung chu ky theo quy dinh, trong mét
sb trwdng hop con mang tinh hinh thire. Diéu nay
tiém an nguy co sai léch sé liéu do, anh hwéng
truc tiép dén dd tin cay cua hé thdng quan tréc.

Ngoai ra, ngudn nhan lwc phuc vu coéng tac
b&o tri con han ché vé chuyén mén sau trong linh
virc dién tlr va tw dong hda. Nhan sw thwong kiém
nhiém nhiéu cong viéc, thiéu tinh chuyén trach,
dan dén hiéu qua cong viéc chua cao.

Diéu kién trang thiét bi va dung cu phuc vu bao
tri tai mot sd don vi chwa dap (rng yéu cau ky thuat,
dé&c biét la cac thiét bj kiém tra, hiéu chuén va xt
ly sw cb trén hé thdng truyén thong. Diéu nay lam
kéo dai thoi gian xt Iy sy ¢b va anh hwdng dén
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tinh lién tuc ctia hé théng.

Nhikng ton tai néu trén la nguyén nhan chinh
lam suy gidm d6 tin cay va hiéu qua van hanh cla
hé théng quan tréc khi mé, ddng thoi dat ra yéu
cau can cé cac giai phap déng bd nham nang cao
chét lwong coéng tac bao tri trong thdi gian toi.

5. Giai phap nang cao hiéu qua coéng tac
bao tri thiét bi quan trac khi mé

Trén co s& cac ton tai da phan tich, dé nang
cao hiéu qua cong tac bao tri hé théng quan trac
khi md, can trién khai ddng bd cac nhém giai phap
vé k¥ thuat, quan ly va nhan lwc nhu sau:

5.1. Xay dwng va hoan thién quy trinh bao
tri chuan

Can xay dwng quy trinh bao tri chi tiét cho tirng
nhoém thiét bj trong hé thdng quan trac khi mé, bao
gdm: kiém tra, vé sinh, hiéu chuan, thtr nghiém
chtrc néng va ghi chép hd so theo di. Quy trinh
phai phu hop véi diéu kién thuc t& clia mé va tuan
tha day du cac tai lieu ky thuat, tiéu chuén, quy
chuén hién hanh. Viéc chuan héa quy trinh can
tham chiéu c4c tiéu chuén ky thuat hién hanh nhu:
QCVN 01:2011/BCT, TCVN 7079, IEC 60079, va
cac tiéu chuan lién quan dén van hanh, bao tri
thiét bi dién céng nghiép.

5.2. Tang cwong bao tri phong ngtra va bao
tri dw bao

Chuyén déi phwong thirc bao tri tir bj dong
(stra chira khi hw hdéng) sang chi dong théng
qua b&o tri phdng nglra va bao tri dw bdo. Can ap
dung cac ky thuat theo dai tinh trang thiét bi nhuw
phan tich dir liéu van hanh, giam sat tin hiéu va
canh bao sem.

5.3. Nang cao trinh dé nhéan Iwc bao tri

Tang cuwdng dao tao, bdi dwdng kién thirc vé
thiét bj dién t&, tw dong hda, hé théng quan tréc
khi mé cho doi ngti can bo ky thuat; ddng thoi cap
nhat cac cdng nghé, thiét bi méi d& dap wng yéu
cau ngay cang cao trong cong tac bao tri.

Duwa cac can bo thwe hién cong tac bao tri, stra
chira, bdo dwdng cling nhw nhirtng nha quan ly
don vi tham gia cac khéa dao tao tai cac hang san
xuét thiét bi chinh hang.

Thanh 1ap ddi ngi can bd, nhan vién lam viéc
chuyén trach, chuyén nghiép vé cong viéc: kiém
tra, bao tri, bdo duwéng, 1ap dat, van hanh hé thdng
quan tréc khi ma.

5.4. Dau tw trang thiét bj va céng cu phuc
vu bao tri

Trang bj day du cac thiét bj kiém tra, hiéu chuan

va xt Iy si ¢d nhw: may hiéu chuan khi, thiét bj do
kiém tra tin hiéu, thiét bi kiém tra va han néi cap
quang. Viéc dau tw can phu hop véi yéu cau ky
thuat ctia hé théng va diéu kién thuc té tai cac mé.

Dé&c biét, cAn chu trong cac thiét bi phuc vu
kiém tra mang truyén théng nhdm dadm bdo tinh
4n dinh ctia dwdng truyén di liéu.

5.5. Ung dung céng nghé théng tin trong
quan ly bao tri

Trién khai cac hé théng phan mém quan
ly bao tri (CMMS computerized maintenance
management system) dé theo ddi tinh trang thiét
bi, 1ap ké hoach bao tri, quan ly lich s&v stra chiva
va danh gia hiéu qua cong tac bao tri.

Viéc rng dung céng nghé thdng tin giup nang
cao tinh minh bach, déng bd va khoa hoc trong
quan ly, déng thdi hd tro ra quyét dinh nhanh
chdéng va chinh xac.

5.6. Tang cwong kiém tra, giam sét va danh
gia dinh ky

Thiét 1ap co ché kiém tra, giam sat dinh ky déi
véi cong tac béo tri tai cac don vi nham dam bao
tuan tha quy trinh va tiéu chuén ky thuat. Bong
thoi, can xay dwng hé théng tiéu chi danh gia hiéu
qua bao tri gén véi cac chi tiéu nhw do tin cay hé
thdng, thdi gian gian doan va chi phi van hanh.

6. Két luan

Hé théng quan tréc khi mé gitr vai trd then chét
trong viéc dam bao an toan va hé tro diéu hanh san
xuét trong khai thac than ham 16. Trong dé, cong
tac bao tri thiét bi dién ttr 1a yéu t6 quan trong quyét
dinh dén dd tin cay, tinh chinh xac cta di liéu quan
trdc va kha nang van hanh lién tuc cta hé théng.

Két qua nghién cru cho thay, néu cong tac bao
tri dwoc thwe hién ddy dd, dung quy trinh va theo
hwéng phong ngtra, hé théng co thé duy tri trang
thai hoat dong &n dinh, giam thiéu sw cb va kéo dai
tudi tho thiét bi. Nguoclai, cachan ché trong té chire
va thwe hién bao tri sé lam suy gidm hiéu qua quan
tréc, tiém &n nguy co méat an toan trong san xuét.

D& nang cao hiéu qua cdng tac bao tri hé thdng
quan tréc khi mé trong thoi gian tdi, can tap trung
vao moét sé ndi dung chinh sau:

- Tang cwéong dau tw ngudn lwc cho cong tac
b&o tri, bao gdm nhan lwc, thiét bj va vat tw ky thuat;

- Chuan hoa va ddng bo hoéa quy trinh bao tri
theo cac tiéu chuén, quy chuan hién hanh;

- Pay manh trién khai béo tri phong ngira va
bao tri dw bao nham nang cao dd tin cay hé thdng;

- Nang cao nang lwc chuyén moén cho dbi ngi
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can bo ky thuat théng qua dao tao va chuyén giao [2]. TCVN7079 va IEC lién quan dén thiét bj do
cbng nghé; khi va hé théng giam sat an toan.
- Ung dung céng nghé thdng tin trong quan ly [3]. TCVN 10888: Tiéu chuédn Quéc gia vé khi
b&o tri, trng bwdc hién dai héa cong tac quan ly  quyén né.
va van hanh hé théng. [4]. C4c tai liéu ky thuat vé béo tri thiét bj dién
Tai liéu tham khao: tr céng nghiép.
[1]. Quy chuén ky thuét quéc gia QCVN 01:2011/
BCT vé an toan trong khai thac than hém Io.

Maintenance Practices for Enhancing the Reliability of Mine Gas
Monitoring Systems

MSc. Luong The Tien - Vinacomin - Institute of Mining Science and Technology

Abstract:

In underground coal mining, the risks of methane (CH4) explosions, asphyxiation, and mine gas
poisoning are ever-present, requiring effective mine gas control solutions. Mine gas monitoring systems
have become important tools for monitoring, early warning, and supporting safe production management.
However, in the harsh environment of underground mines, the electronic equipment within these systems
is required to operate continuously 24 hours a day and may experience reduced reliability if appropriate
maintenance and servicing are not carried out. This paper focuses on analyzing the role of maintenance
in the operation of mine gas monitoring systems, evaluating the current situation, and proposing several
solutions to improve operational efficiency, reliability, and equipment service life. The research results
indicate that strengthening preventive maintenance, standardizing procedures, and improving workforce
competence are key factors in ensuring stable system operation, thereby contributing to enhanced safety
and production efficiency.
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XU HUONG UNG DUNG TRi TUE NHAN TAO TRONG TOI UU HOA
NANG LUQNG HE THONG THONG GIO MO THAN HAM LO

TS. Nguyén Minh Phién
Vién Khoa hoc Cong nghé Mo - Vinacomin
Bién tap: ThS. Pham Chédn Chinh

Toém tat:

Trong cdc mo than ham 16, hé thong quat gié la nguon tiéu thu dién nang Ién nhdt. Tai cde mé than
ham 16 viing Qudng Ninh, riéng tram quat gioé chinh chiém khodng 26% tong dién nang toan mo. Xu
hiémg khai thac xuéng sau lam mang ludi dwong 16 ngdy cang phirc tap, kéo theo nhu cau ning lwong
ting cao. Hé thong théng gié theo nhu cau (VoD) dwoc trién khai nham t6i wu van hanh bang cach tw
déng diéu chinh heu heong gio theo nhu cd;u thuc té dya trén dir liéu cam bién thoi gian thue. Khi tich
hop trl tué nhan tao (AI), hé thong cé thé téi wu ché dé van hanh quat, phdan phéi glo hop Iy va duw bao
nhu cau tai cac khu vue thiéu cam bién. Nghién ciru cho thay VoD gitip gidm ddng ké dién ndng tiéu thu,
dong thoi van dam bao an toan thong gio, gop phan ndng cao hiéu qua, tir dong héa va an toan cho cdc

mé than ham [o.

1. Pat van dé

Khai thac than ham 16 tiém 4n nhiéu rdi ro do
s tich tu cac loai khi gay chay nd, khi doc va tinh
trang thiéu oxy tai noi lam viéc. Tai cac mé ham 16
vung Quang Ninh, mang lw¢i dwdng 16 ngay cang
phirc tap, khai thac ngay cang xudng sau khién
nguy co vé chay nd, vé ngd ddc khi tang cao, dan
dén hé thdng thong gié phai tiéu thu nhiéu dién
néng hon dé gidm thiéu cac nguy co do.

Hién nay, cac hé théng quan tréc khi mé chi
yéu dirng & mlrc canh bao. Viéc diéu chinh hé
théng thong gié van theo ché dd cb dinh va thiéu
kha nang duw bao. Trong bdi canh chuyén déi sé,
céng nghé loT, mang cam bién va tri tué nhan
tao (Al) cho phép giam sat thoi gian thwe, dw bao
nguy co mét an toan va téi wu héa van hanh théng
gi6 theo nhu cau.

Bai viét tap trung nghién clru cac cong nghé
hién dai va d& xuat mé hinh quan ly khi mé, théng
gi6 thdng minh nhdm nang cao an toan va gidm tiéu
thu dién nang cho cac mé than ham 16 Viét Nam.

2. Co s& ly thuyét va mé hinh tinh toan

Dé& danh gia kha nang tiét kiém néng lwong cla
hé théng thong gié mé, trwdc hét can 1am rd cac
quy luat vat ly chi phdi sw chuyén dong ctia dong
khi trong duwéng 16 va méi quan hé gitra lwu lwong
gi6 v&i cong suét tiéu thu clia quat.

2.1. Dinh luat Atkinson, strc can khidéng hoc

Dong khéng khi trong mang thong gié mé tuan
theo dinh luat Atkinson, trong d6 ha ap can thiét
dé dwa khong khi di qua dwéong 16 ty & véi binh
phuwong lwu lwong gid:

H=R.Q?

Trong do:

- H (Pa): ha 4p hodc ap suét can thiét dé théng
strc can cla dudng 10;

- R: strc cén khi déng hoc ctia dwdng 10;

- Q (m¥s): lwu lwgng gid.

Stre can khi ddng hoc R phu thudc vao nhiéu
yéu t& nhw chiéu dai dwong 16, dd nham bé mat,
tiét dién, chu vi va tinh trang théng thoang cla
dwong 10. Khi dwong 10 bi thu hep, sap cuc bd
hoac rd gié qua ctra gio, gia tri R sé tang Ién dang
ké&. Do H ty I v&i binh phwong clia Q, chi can téng
lwu lwong gid mét lwong nhd cling cé thé lam ap
suét va dién nang tiéu thu tang rat manh.

Vi du, néu can tang lwvu lvong gid thém 20%,
ap suat quat can tao ra sé ting khoang:

1,22=1,44

Tic la tdng 44%, diéu nay giai thich vi sao cac
mang théng gié cé nhiéu tén that thwdng lam quat
phai 1am viéc & ha ap lén, dan dén chi phi dién
nang tang nhanh.

2.2. Dinh luat déng dang cuda quat gié

Kha nang tiét kiém dién cta hé théng VoD va
bd bién tan dwa trén dinh luat ddng dang clia quat
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gi6 (Affinity Laws). Dinh luat nay cho thay cac
théng s van hanh cla quat phu thudc truc tiép
vao téc do quay cua dong co.

Quan hé gitra téc d6 quay cta quat N vé&i lwu
lwong, &p suat va cong suét duoc biéu dién nhw
sau:

@D _ N
o
oo (%)
H; Ny
B _ (M)
P[ J.;\lr]

Trong do:

- P: cong suét tiéu thy;

- N: téc d6 quay cla quat.

Ba méi quan hé trén cho thay:

- Lwu lwong gié tang hoac gidm ty 1é thuan véi
tbc do quat.

- Ap suét tang hodc gidm theo binh phwong
cla toc do.

- Cong suét dién tiéu thu tang hoac giam theo
lap phwong cua toc do.

Day |a nguyén ly quan trong nhat dé tiét kiém
nang lwong trong hé théng thong gié mé. Chi can
giam nhe tbc do quat, dién nang tiéu thu cé thé
giam réat Ion.

Diéu nay cho thay viéc duy tri mang gié kin,
gidam ro gié va ap dung bod bién tan diéu chinh
quat theo nhu cau |a giai phap cé hiéu qua rat 1on.
Trong cac giai doan it nguwdi lam viéc, khong co
hoat dong khai thac hodc khi ndng dé khi thap, hé
thdng co thé giam téc d6 quat tr 10-20% ma van
bdo dam an toan, dong thoi tiét kiém tw 27-49%
dién nang tiéu thu cho quat gi6. D@ liéu dwdi day
minh chirng cho méi quan hé lap phwong gitra téc
dd quat (N) va coéng suét tiéu thu (P).

Tém lai, mie tiét kiém thue té théng qua viéc

TGC DY KHI 80
‘DAP RO RISTON
THAT TANG 10%

TOC B0

‘ iBHPj_ RPM,\?
| BHP; \RPMy

140% | —

N

SU'GLA TANG CHI 2+

120% | NANG LUGNG THEO
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SUAT HAO PHI)

|

— |
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RITONTHAT) |
|
|
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DUTNG CONG CONG SUAT (&I
QUAN HE BAC 3; CONG SUAT
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PHUONG TOC 90 VONG QLAY

BIEN NANG TIEU THUY (BHP) / CHI PHI NANG LUONG (8]
&
2
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TOC BO/LUL LUCNG CUA QUAT
Hinh 1. Biéu dé hiéu qua tiét kiém nang lwong
cta VoD

trng dung céng nghé théng minh thwdng dao déng
phd bién tir 15% dén 30% cho toan bd hé thdng
md, va co thé dat trén 50% ddi v&i cac hé thdng
théng gi6 cuc bd hodc khi thye hién t6i wu hoa sau
tbc d6 van hanh cla quat gi6. Qua thuc té cho
thay, néu mot mé ham 16 gidm téc do quat xudng
90% trong cac gi¢ thdp diém (khéng dién ra hoat
dong san xuét), hé thdng thong gié da tiét kiém
dwoc gan 1/3 tién dién thong gié ma van dam bao
90% Iwu lwgng gid sach.

3. Nghién ctru théng gié theo nhu cau & moét
s6 nwéc trén Thé gidi

3.1. Mé phéng thuat todn téi wu tai mé
Wangjialing (Trung Quéc)

Nghién cu tai mé Wangjialing tap trung vao
viéc st dung bo diéu khién Al dé diéu khién mang
lwdi thdng giod phire tap théng qua thuat toan IEO
(Improved Equilibrium Optimizer):

- B6i cédnh: Mang luwéi théng gid tai md
Wangjialing cwc ky rac réi, dan dén lang phi ndng
lwgng I&n & cac nhanh 16 phu.

- Hiéu qua thuét toan: Khi dwa Al vao tinh toan
diém van hanh téi wu, hé théng da cat giam dwoc
17,83% tbng dién n&ng tiéu thu toan ma.

- Loi ich tai chinh: Mtrc tiét kiém nay twong
dwong véi khoang 2 triéu Nhan dan té (xap xi 7 ty
VND) mbi nam.

80 W00

Bang 1. Phén tich kha nang tiét kiém dién ndng duwa trén Dinh luat dong dang

Ty 1& tdc d6 (N_,/ | Lwu lwong gi6 | Coéng suat tiéu | Mirc tiét kiém dién | Ghi cha/Hé thire
Ndinh murc) twong rng | thu twong rng nang tinh toan
100% 100% 1,0 0,00% 1-1,02=0
90% 90% 0,729 27,10% 1-0,92=0,271
80% 80% 0,512 48,80% 1-0,8°=0,512
70% 70% 0,343 65,70% 1-0,7°=0,657
60% 60% 0,216 78,40% 1-0,6°=0,784
50% 50% 0,125 87,50% 1-0,5°=0,875
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Bang 2. So sénh déc tinh cong nghé Théng gio truyén théng va VoD

Tiéu chi so sanh

Théng gié truyén théng

Théng gié theo nhu ciu (VoD)

Ché doé van hanh

Cb dinh & codng suét thiét ké hoac chinh

Bién ddi linh hoat theo th&i gian

tay tha cong. thuyec.
Co ché didu khién Dpng/mc clra gio bang tay; thay doi goc | St duiwg Plen tan diéu khién toc dé
canh quat co hoc. quat vb cap.

Phan (rng an toan | /' pot nguding.

Thu déng: Chi bao déng hodc cat dién

Cha dong: Al dy bdo xu huéng dé
dieu chinh truwdc khi cham nguwéng.

Dir liéu giam sat

kiém soat gilra cac tram do.

Thuwa thét, ton tai nhiéu vi tri chwa dwoc

Tich hop Al dé tinh toan moi tredng
tai cac vi tri thiéu cam bién.

3.2. Nghién cteu rat ngan thoi gian san xuat
tai mé Tandsi (An D6)

Mot lgi ich ctia VoD 1a kha nang tdng nang suét
lao dong théng qua viéc kiém soat khi doc sau khi
ban min:

- Thoi gian cho doi: Trong diéu kién théng gid
cwdng birc thong thwdng, cdng nhan phai mét it
nhéat 480 (8 phut) giay dé ndng do khi CO va bui
gidam xudng murc an toan sau khi nd min.

- C&i thién nhor VoD: Bang céch tap trung toan
b lwu lwong gié vao guong 16 vira bén min (théng
qua Al diéu khién clra gié tw dong), thdi gian che
doi da gidm tir 480 giay xudng con 155 giay.

- Hiéu qué dau tw: Tai mé Tandsi, dw an VoD
c6 thoi gian hoan vén ky luc chi trong vong 7 thang
nhd két hop gilra tiét kiem dién va tang thoi gian
lam viéc hiru ich clia tho 10.

3.3. Nghién ctru tai Canada tién phong trong
twr dong héa mé sau va diéu kién khai théc
khdc nghiét

*Mé Kidd Creek - Bai toan do sau va chi phi
nang lwong

Mo Kidd Creek tai Ontario 1a md kim loai sau
nhat thé gi¢i (x&p xi 3 km). O' d6 sau nay, chi phi
théng gi6é chiém ty trong I&n nhét trong téng chi
phi van hanh:

- Giai phép trién khai: Kidd Creek da I&p dat hé
théng VoD ty déng hoan toan dwa trén mang WiFi
ham 16 va cac cam bién lwu lwong, nhiét d6 dm va
ndéng dd khi sau né min.

- Hiéu qua kinh té: Hé thdng giip mé tiét kiém
khoang 25.000 MWh dién méi ndm, twong duwong
v&i mirc cat gidm chi phi 2 triéu CAD (khoang 1,6
triéu USD/nam).

* M6 Totten - Tw dong héa mirc dd cao

M6 Totten la minh chiéng cho viéc nang cép
tr VoD co ban 1én VoD marc dd 3-4 (diéu khién

vong kin).

Két qua: Sau khi tich hop Al vao diéu khién
guat, mo nay ghi nhan mirc gidm dién nang |én t&i
50% so v&i mirc co' s& ban dau. Hé théng khong
chi cap gi6 theo vi tri sdn xuat ma con danh gia lich
trinh san xuat dé tw t6i wu héa nguéng diéu khién
clia quat méi 15 giay mot Ian.

3.4. Nghién ctru tai Uc mang lai hiéu qua tai
chinh va quan trj theo thoi gian thuc

* Mé Cadia (Newmont) - M6 hinh dw bao va
an toan

Tai md Cadia, hé thdng théng gié dwoc tich
hop sau vao quy trinh “Md théng minh” v&i cac
tram do chét lwong khong khi Maestro Vigilante:

- Rut ngédn thoi gian sén xuét: Mét trong nhirng
thanh céng I&n nhat 1a gidm Thoi gian quay lai
guong 16. Trwéc day, cong nhan phai doi ¢ dinh
45-60 phut sau khi b&n min. Nay, Al giam sat tryc
tiép ndng dd CO va bui, khi cac chi sé nay dat
ngwdng an toan, hé théng sé bao ngay vé trung
tam, giup tang thém khodng 30-40 phut lam viéc
htru ich cho méi ca.

- B6 chinh x&c: Qua kiém chirng, sw sai léch
gitka md phdéng Al va do dac thyc té chi dao dong
trong khodng 13,3%, cho phép cac ky sw tw tin
diéu tiét lwu lwong gié & mirc tdi wu ma khong lo
ngai rdi ro thiéu hut oxy hay tich tu mé tan.

Nhikng trworng hop trén chirng minh réng VoD
khong phai 1a mét chi phi dau tw thém, ma la mot
khodn dau tw théng minh c6 kha nang tw chi tra
trong thoi gian ngan. Déi véi cac mé tai Viét Nam,
bai hoc tir Fosterville vé viéc st dung quat hai téc
do hoac bai hoc tir Kidd Creek vé quan ly quat theo
mua la nhivng goi y rét sat thuc t& dé ap dung.

4. Hién trang théng gié va tiéu thu dién tai
cac mé Viét Nam

Trong céu trac chi phi van hanh cia mét mé
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ham 10 tai Viet Nam, hé thdng théng gi6 luén 1a hd
tiéu thu dién nang I&n nhéat, thuwdng chiém tir 25%
dén 50% tdng dién nang tiéu thu toan mé. Theo s6
liéu thdng ké, riéng dién ndng danh cho cac tram
quat gi6 chinh trung binh chiém khoang 25,87%
tbng lwong dién tiéu thu chung ctia mé. Thuc té
tai TKV, suét tiéu hao dién cho théng gi6 hién dao
dong tir 1,5 dén 4,0 kWh/tan than. V&i cac mé co
mang gi6 phtrc tap, con sé nay cé thé vwot mirc 5
kWh/tan. Trong khi d6, hau hét cac hé théng hién
nay van van hanh theo ché do cé dinh, tirc la quat
chay & cong suét téi da lién tuc bat ké ca san xuét
hay ca nghi, gay ra sw lang phi dién nang khéng
16. Do d6, viéc trién khai hé théng VoD théng minh
khong con 14 lwa chon, ma 1a yéu cau bat budc dé
dam bao nang suét lao ddng va hoat dong hiéu qua.

Hién nay, cac mé ham 16 viing Quang Ninh du
da co6 hé thdng quan trac khi md tw dong nhwng
van chad yéu dirng lai & mirc giam sat thu déng. D
liéu hién cé ch yéu phuc vu hién thi va canh bao
ngwdng, chwa cé sy tham gia cla tri tué nhan tao
trong viéc dw bao tich tu khi Mé tan hay diéu khién
tw dong mang gié theo nhu cau.

Hién tai c6 md s6 mé da dau tw I&p d&t bién
tan cho cac tram quat chinh nhw Ha Lam, Vang
Danh, Udng Bi, Thdng Nhét, cac mé khac nhuw Khe
Cham, Mao Khé, Nam MA4u ciing dang trong qua
trinh tich hgp hoac da Iap dat tuy theo cong suat
cua déng co. D6i v&i bién tan quat cuc bd hién tai
chi sb it cac don vi da trién khai va cé nhirng hiéu
qua rd rét. Cé thé danh gia thong qua mot sé don
vi nhw Ha Lam, Nui Béo 1a cac mé dién hinh vé
hién dai hda hé théng thong gio.

- Co6ng ty than Ha Lam: La don vi duwoc dau
tw hién dai, quy md vé san lwong khai thac trong
Tap doan TKV. Mé duwogc thdng gio béi tram quat
tai mirc +29 gébm 2 quat gi6 FBCDZ-8-N.30, méi
quat c6 déng co cong suat 500 kW. Theo di liéu
diéu tra, tram quat nay tiéu thu trung binh 15.641,8
kWh/ngay-dém, twong dwong khoang 5.709.253
kWh/nam. Nho trang bi déng bo bién tan dé diéu
chinh téc d& quat theo nhu cau thyc té, Than Ha
Lam da tiét kiem dwoc khodng 2.127.862 kWh/
nam, twong dwong mirc gidm 37% chi phi dién
nang théng gio.

- Coéng ty than Nui Béo: La mét don vi khai thac
16 thién va méi chuyén sang dw an khai thac béng
phuwong phap ham 1d. Trung binh méi ndm ma tiéu
thu trén 50 triéu kWh cho toan b6 hoat déng san

xuét. Mé da lap dat thiét bi diéu khién bang bién
tan va khéi dong mém cho céc thiét bi cong suét
I&n trén 20 kW, bao gdm c& tram quat gié ham 16.
Céac giai phap cong nghé nay da giup Than Nui
Béo tiét kiém trén 1 triéu kWh/nam.

Nhirng két qua tich cuc trén cho thdy néu tiép
tuc nghién ctu, trién khai ap dung céng nghé hién
dai dai tra trong toan nganh than cling nhw trién
khai t6i wu v&i clra gid tw dong va théng gié cuc
bd dbi véi thong gié sé mang lai hiéu qua cao hon
trong san xuét. Qua day, tac gia dé xuat mét cau
tric mé théng minh tich hop, nhdm b sung thém
cong nghé kiém soat khi, théng gié mé gira giam
séat don thuan va diéu khién téi wu trong béi canh
cac mé dang ngay cang khai thac xudng sau va
mang lwéi dwdng 10 tré nén phirc tap.

Trong nganh mé da c6 moét sd nghién ctru lién
quan dén diéu khién tram quat va cac quat cuc bd
bang bién tan nhdm phan nao thuwc hién y tuwdng
tiét kiém dién nang cho hé théng théng gié. Tuy
nhién, cac nghién cru van & mirc dé cuc bd cho
ting thiét bi, chwa cé sw lién két théng tin dé hoat
dong dong bd nhw mét hé thdng tap trung diéu
khién tw dong hé théng théng gié md. Cac mé ham
16 trong va ngoai TKV, du da cé nhirng buwéc tién
trong tw déng héa, nhwng hé théng van déi mat
véi nhiéu thach thire Ién nhw sau:

- Tinh thy déng cla hé thdng: Phan Ién céac
hé thdng hién nay chi hoat dong theo nguyén ly
giam sat tap trung, trc 1a thu thap di liéu dé hién
thi va phat canh bao khi vuot nguwéng. Viéc diéu
chinh théng gi6 van chi yéu dwa trén kinh nghiém
clia can bd k¥ thuat hodc van hanh theo ché do
cb dinh.

- Thiéu hut cdm bién: Mat do thiét bi do hién
tai chwa da vé so lwong, ching loai dé phan anh
chinh xac sy bién dong khi quyén trong toan bod
mang lw¢i dwdng 16 dai va phirc tap. Cac mé hién
tai s6 lwong chd yéu dau tw ddu do CH4, CO va
sb it dau do gi6. Riéng vé cac dau do khac nhu ap
suét, cdm bién Oxy gan nhw chwa dau tw. Diéu
nay khién can bd ky thuat khong ndm bat dwoc
blre tranh tdng thé vé ro gid, dan dén viéc quat gié
chinh phai chay & cong suét cao dé bu dap lwong
gi6 that thoat qua cac clra gio bi hé.

- Thiéu kha ndng du bao: Hé théng hién tai
chwa tich hop cac cong cu phan tich di¥ liéu va tri
tué nhan tao d& dy bdo sém cac nguy co tich tu
Mé tan hoac suy gidm lwu lwong gié ma van phu
thudc ch yéu vao cac can bo truc hé théng tai
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phong diéu khién trung tam.

- Lang phi nang Iwvong: Do chwa thyc hién
duoc diéu khién thdng gié theo nhu cau, hé théng
quat gié thuwdng van hanh dw thira cdng suét, gay
tdn kém chi phi dién ndng trong bdi cadnh cac mé
ngay cang khai thac xudng sau. Dac biét véi cac
mé cé mirc dd nguy hiém vé khi mé tan thap, viéc
van hanh quat & ché do toi da tai thoi diém thap
diém gay Iang phi l&n ve dién nang.

- Tiém an nguy co vé khi do mot s mé “lach
luat”; Hién nay, mot sb don vij thwe hién cha trwong
tiét kiém dién nang da xay cac twong chan tam,
rao lwéi tai cac dwong 16 dang dao tai thoi diém
cudi tuan sau do tat quat. Cach thuwc hién nay sé
tranh dwoc viéc vi pham quy dinh vé tat quat véi
cac dwong 10 dang san xuét va tiét kiem dwoc dién
nang (QCVN 01:2011/BCT). Tuy nhién, day ciing
la nguy co rat I&n vé tich tu khi c6 thé dan dén sy
cb chay nd khi.

Tém lai, hé théng théng gio tai cac md ham 10
Viét Nam hién nay dang dirng tredc ap lwc kép:
vira phai ddm bao an toan khi khai thac xudng
sau, vira phai cat gidm chi phi néng lwong dang
chiém ty trong qua 16n trong gia thanh san xuét.
Viéc trng dung céng nghé VoD va Al chinh la chia
khoa dé giai quyét mau thuan nay.

5. Dé xuat hé théng VoD tich hop Al

Viéc ap dung hé théng VoD cé thé giup gidm
dang ké chi phi nang lwong cho cac quat gié md,

(1) SO PO VoD TONG THE

vbn chiém ty 1& 16n trong tbng chi phi van hanh
ctia mé hadm 16. Trong béi canh phat trién ctia cong
nghé md théng minh, tri tué nhan tao déng vai trd
quan trong trong viéc nang cao hiéu qua giam sat
va diéu khién mai trwudng mé. Khac véi cac hé
thdng giam sat truyén thdng chi dirsng & murc thu
thap va hién thi di liéu, cac hé théng ng dung
Al cho phép phan tich d¥ liéu theo thdi gian thuec,
nhan dang cac mau bién dong bat thwong va dy
b&o cac nguy co méat an toan.

Trong cac md hién dai, hé théng thong gid
theo nhu cau dang dwoc &p dung réng rai nham
gidm tiéu thu nang lwong va nang cao hiéu qua
van hanh. Nguyén ly cta hé théng VoD la diéu
chinh lwu lwong gié dwa trén nhu cau thuc té cla
tirng khu vue trong md. Khi cac thiét bi khai thac
hoat déng hoac khi ham lwgng khi tang cao, hé
thdng sé tw dong tang lwu lwong gié dé& dam bao
an toan. Mot hudng nghlen clru quan trong trong
md thong minh la hé thong thong gi6 theo nhu cau.

Dé giai quyét cac van dé trén, tac gia dé xuét
mot kién truc hé théng 4 |6p dwa trén nén tang loT
va Al. So db nguyén ly ctia mot hé théng thong gié
théng minh trong mé ham 16 dwoc xay dung theo
mot cau tric khép kin gém 4 16p chinh, cho phép
thu thap dir liéu lién tuc va ra quyét dinh diéu khién
tw dong (Hinh 2):

- L&p thu thap di liéu tr cAm bién va thiét bi
truyén dong: cac thiét bi do méi trwong nhw cdm
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bién mé tan (CH,), carbon monoxide (CO), oxy
(0,) va lvu lvong glo (do dwgre d6 chinh xac cao
ngay ca khi dong hdn loan) dwoc b tri tai cac vi
tri quan trong trong mang duwéng 16. Cac cdm bién
nay lién tuc thu thap di liéu vé mai trudng khi mo;
cam bién chénh léch ap suét (D& xac dinh strc can
R cla tirng doan 16 theo thoi gian thwe; B bién
tan: Cho phép quat gié thay déi téc do vo cap theo
lénh tir trung tam diéu khién.

- Lép truyén théng: St dung cac mang truyén
théng khdng day hién dai nhw WiFi-6 cdng nghiép
hodc mang 5G dé& dam bao dir liéu dwoc truyén
theo thoi gian thuc véi do tré thap (dwdi 20ms).

- Lop x@v ly: tién xt ly va lwu triv div liéu, Hé
théng SCADA (Tiép nhan, tién x& ly va lwu trir div
liéu), Tri tué nhan tao, Ap dung céac thuat toan hoc
sau (nhw LSTM, CNN) dé dv bao, tinh toan néng
do khi va thong s dong gié tai cac vj tri khéng co
cam bién; Phat hién bat thwéng: Nhan dién sém
cac nguy co tich tu khi mé tan hoac suy gidm lwu
lwong gi6; Téi wu héa: Xac dinh ché dd van hanh
tdi wu cho quat gi6 dé tiét kiém nang lwong.

- Lop didu khién va canh bao: diéu chinh hé
thdng théng gié va canh bao diéu chinh lwu lvong
gi6 phu hop véi nhu cdu cla tirng khu vie trong
mé sau doé tw déng kich hoat coi bao dong hoac
théng bao dirng san xuéat khi ndng do khi vuwot
nguwdng an toan.

Viéc didu tiét mot mang lwdi véi hang tradm
nhanh 16 1a mét bai toan téi wu héa phi tuyén phire
tap. Hai thuat toan sau day da chirng minh duwgc
hiéu qua vuot troi trong thue té:

- Thuat toan IEO (Improved Equilibrium
Optimizer): Thuat toan nay mé phdéng trang thai
can bang khéi lwong vat chat. Phién ban cai
tién (IEQ) dé khéi tao div liéu, giup tim ra 1oi giai
nhanh hon, hiéu qué mang lai rat kha quan. Tai
moé Wangjialing, thuat toan nay giup giam 17,83%
dién nang tiéu thu, twong dwong tiét kiém khoang
2,11 triéu nhan dan té (~7 ty VND) mdi nam.

- Thuat toan lai SA-IPSO: Két hop gitra téi md
hinh wu héa PSO va mé phdéng SA, giup thuat
toan dam bao tim dwoc diém van hanh tiét kiém
dién nhat cho toan bd hé théng. Thuc té tai méd
Xintun, SA-IPSO da gidm tdng coéng suét tiéu thu
ctia mang lwéi di 95,69 kW ma van dam bao lwu
lwong gid yéu cau tai tat ca cac gwong 106.

M6 hinh nay cho phép tao thanh mét hé théng
khép kin tlr thu thap di¥ liéu dén ra quyét dinh diéu

khién, phu hop véi xu hwéng phat trién cta md
théng minh hién dai. Viéc ap dung hé théng théng
gié théng minh khéng chi nang cao mic dd an
toan ma con giup gidm tiéu thu nang lwong cla
hé thdng quat gio, vén chiém ty I& 1&n trong chi phi
van hanh ma.

6. Khé khan, thach thirc khi trién khai hé
théng VoD tich hop Ai

Mac du hé théng théng gié theo nhu cau
(Ventilation on Demand - VoD) tich hop tri tué
nhan tao dwoc danh gia la huo’ng phat trién tiém
nang déi véi cac mé than ham 10 hién dai, qua
trinh trién khai tai Viét Nam van dbi méat véi nhiéu
khé khan va thach thirc. Trwdc hét, chi phi dau
tw ban dau cta hé thdng twong ddi Ién do yéu
cau déng bd nhiéu hang muc nhw cdm bién khi
va cam bién lwu lwong gi6, bién tan diéu khién
quat, ha tdng truyén théng céng nghiép, may chi
lwu trir dir liéu, phan mém Al va hé théng SCADA
diéu khién trung tam. Bén canh d6, mdi trwdong
ham 16 c6 diéu kién lam viéc dac biét khac nghiét
véi dd Am cao, bui than, rung dong co hoc ... lam
anh huéng dang ké dén do bén, do 6n dinh va do
chinh xac cla cac thiét bi cdm bién ciing nhw hé
thdng truyén thong di liéu.

Mot thach thirc khac 1a ngudn nhan lyc chuyén
sau phuc vu van hanh va bao tri hé théng hién con
han ché, trong khi mé hinh VoD tich hop Al doi hoi
doi ngdi k¥ thuat cé kién thirc lién nganh vé thong
gié mé, tw dong hda, cdng nghé thong tin va tri tué
nhan tao. Ngoai ra, di¥ liéu méi trwdng tai nhiéu
mé hién van phan tan va chwa dwoc chuan héa
dong bd, gay khé khan cho qua trinh xay dwng va
huén luyén cac mé hinh Al dw bao khi mé va téi wu
héa mang gié. Cubi cung, khi hé thdng théng gid
duoc két ndi va dieu khién tw dong theo thoi gian
thue, van de an ninh mang cong nghiép ciling tr&
thanh yéu cau quan trong nhdm phong ngua nguy
co tan cbng mang hoac gian doan hé thong diéu
khién, c6 thé anh huéng truc tiép dén an toan san
xuét trong mé ham 0.

7. Két luan

Co6ng nghé md théng minh dwa trén nén tang
Internet van vat, mang cam bién khong day va tri
tué nhan tao dang tré thanh xu hwéng tat yéu vala
yéu cau khach quan trong nganh khai thac khoang
san toan cau. Dbi véi Tap doan Coéng nghiép Than
— Khoang san Viét Nam (TKV), trong bdi canh thuc
hién quyét liét cha trwong tw ddng hdéa cac cong
doan san xuét va chuyén déi sé, viéc trién khai cac
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hé théng giam sat khi mé va diéu khién théng gid
théng minh khong chi la gidi phap ky thuat ma con
la nhiém vu chién lwgc cbt 16i nhdm hién dai hoa
nganh ma.

Viéc rng dung cac gidi phap trén cho phép
chuyén dbéi c&n ban tir md hinh giam sat thu dong
sang hé théng quan ly chd déng theo thoi gian
thwe. Kha nang dw bao sém cac nguy co tich tu
khi mé tan va nhan dién bat thwong qua Al giup
bao ddm muc tiéu an toan tuyét déi cho ngudi lao
dong, dac biét tai cac mé ham 16 viing Quang Ninh
dang ngay cang khai thac xudng sau véi diéu kién
mang lwéi dwong 16 phire tap. Dong thoi, viec
thwe hién théng gié theo nhu cau khéng chi nang
cao hiéu qua quan ly ma con gidp TKV tdi wu hoéa
chi phi nang lwong, gép phan quan trong vao muc
tiéu phat trién mé bén virng va nang cao ning
suét khai thac tai nguyén. Tém lai, viéc ddy manh
nghién ctru va thwe thi 16 trinh mé thong minh la
bwdc di tht yéu dé TKV hoan thanh muc tiéu sb
hoéa, xay dwng cac mé hinh mé hién dai, an toan
va hiéu qua, dap wng day da cac yéu ciu phat
trién cGa nganh céng nghiép khai khoang trong
giai doan mai.

Tai liéu tham khao:

[1]. H. L. Hartman, J. M. Mutmansky, R. V.
Ramani and Y. J. Wang, Mine Ventilation and Air
Conditioning, 3rd ed. New York, USA: John Wiley
& Sons, 2012.

[2]. M. J. McPherson, Subsurface Ventilation

and Environmental Engineering. Dordrecht,
Netherlands: Springer, 1993.

[3]. W. B. Hemp, Environmental Engineering in
Mines. London, UK: Mining Journal Books, 1988.

[4]. L. de Vilhena Costa and J. Margarida da
Silva, “Cost-saving electrical energy consumption
in underground ventilation by the use of ventilation
on demand,” Mining Technology, vol. 129, no. 1,
pp. 1-8, 2020.

[5]. R. F. Fisne, “Optimization of mine ventilation
fan speeds according to ventilation on demand
and time of use tariff,” Energy, vol. 85, pp. 161-
172, 2015.

[6]. M. M. Rahman, A. K. Saha and S. M. Hasan,
“Energy Consumption Reduction in Underground
Mine Ventilation System,” Sustainability, vol. 17,
no. 3, 2025.

[7]. Y. Zhang, X. Liu and Z. Wang, “Theoretical
knowledge enhanced genetic algorithm for mine
ventilation system optimization,” Complex &
Intelligent Systems, 2024.

[8]. J. Li, H. Wang and Y. Zhao, “A Mine
Ventilation System Energy Saving Technique
Based on an Improved Equilibrium Optimizer,”
Frontiers in Energy Research, vol. 10, 2022.

[9]. E. Acuha and I|. S. Lowndes, “A review of
primary mine ventilation system optimization,”
Interfaces, vol. 44, no. 2, pp. 163-175, 2014.

Trends in the Application of Artificial Intelligence for Energy Optimization of
Underground Coal Mine Ventilation Systems

Dr. Nguyen Minh Phien - Vinacomin - Institute of Mining Science and Technology

Abstract:

In underground coal mines, ventilation fans are the largest consumers of electrical energy. At
underground coal mines in the Quang Ninh region, the main fan station alone accounts for approximately
26% of the total mine electricity consumption. The trend toward deeper mining operations has made mine
roadway networks increasingly complex, resulting in higher energy demand. Ventilation on Demand
(VoD) systems have been implemented to optimize ventilation operation by automatically adjusting
airflow according to actual demand based on real-time sensor data. When integrated with Artificial
Intelligence (Al), the system can optimize fan operating modes, distribute airflow more effectively, and
predict ventilation demand in areas lacking sensor coverage. Research shows that VoD can significantly
reduce electricity consumption while maintaining ventilation safety, thereby improving efficiency,
automation, and safety in underground coal mines.
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UNG DUNG CONG NGHE TRAM GNSS/CORS QUAN TRAC DICH PONG
BE MAT PIA HINH DO ANH HUONG KHAI THAC THAN HAM LO

Tom tit:

ThS. Nguyén Duy Long, KS. Trinh Quéc Lap
Vien Khoa hoc Cong nghé Mo - Vinacomin

Bién tap: TS. Phan Vin Viét

Trong qud trinh khai thdc than ham 16 tai cdc mé than thuée khu viee Quang Ninh, cdc hién tiwong
dich chuyén va bién dang bé mat dia hinh va cdc cong trinh l‘ren mdt dién ra ngay cangpho bién va
phikc tap. Pé xac dinh dwoc gid tri dich chuyén ndy can phdi tién hanh céng tac quan trdc thye dia.
Phuong phdp truyén thong sir dung mdy toan dac dién tir doi hoi viéc xdy dwng ludi khong ché toa do
va dé cao, ton nhiéu thoi gian, nhdn hec va chi phi. Véi nhitng dia hinh mé phiec tap, viéc do dac cang
tro nén kho khan hon. Cong nghé tram GNSS/CORS (Continuously Operating Reference Stations) la
mét gidi phdp hién dai ¢ do chinh xdc cao trong do dac, tiét kiém déang ké thoi gian va chi phi, cho
théy kha ndng vmg dung trong quan trac dich dong bé mdt dia hinh do dnh hieong khai théac than ham [o.

1. D3t van dé

Céng tac khai thac than hdm 16 tao nén cac
khoang tréng, 1am mét thé can bang tw nhién cla
(ng suét trong long dat, gay nén cac hién tuwong
dét da sap dé va dich chuyén bién dang lan dén
mat dat. Dich chuyén va bién dang dat da va bé
maét dia hinh c6 thé gay ra nhirtng héng héc cho dbi
twong thién nhién, cdng trinh xay dwng, lam tang
lwong xuét khi va nwdc vao khéng gian kha| thac,
lam bién dbi ché dé nwéc mat va nwdc ngam, lam
tang mire do6 trwot I& mai déc v.v...Luc lwong trac
dia mé c6 nhiém vu quan trdc qua trinh dich chuyén
va bién dang mat dat va dat da (goi chung 1a sw
dich déng dat da mé) v&i muc dich xac dinh cac
théng sbé dich chuyén va bién dang, theo déi canh
b&o sw anh hwéng cla khai thac mé dén cac cong
trinh trén mat dat. Viéc thwc hién quan tréc duoc
tién hanh bang viéc xay dung cac tram quan trac
(Tram quan trc dai han, trung han, ngan han, dac
biét hodc hén hop). Quan trac trén tuyén bao gébm
viéc xac dinh toa d6 va d6 cao cac méc trén tuyén
theo chu ky. Hién tai, phwong phap dé dinh vi xac
dinh toa do cac diém mbc dwoc thuc hién bang
phuwong phap toan dac, dé cao dwoc xac dinh
theo phwong phap do cao hinh hoc thiy chuan
ho&c lwong giac. Dé thuc hién theo phwong phap
nay doi héi phai xay dung mang lwdi khdng ché
toa d6 va do cao co s&. Tuy nhién dac thu dia hinh
tai cac khu mé rat phirc tap va kho khan trong do
dac. Cong tac lap lwdi khdng ché tén nhiéu chi phi,
thoi gian va cong stre. Phwong phap do sir dung

tram GNSS/CORS cho phép do c6 khoang cach
I&n, c6 thé do GNSS/CORS/RTK két ndi véi mang
CORS xa hang Km cho két qua do cé do chinh
xac cao. Do vay, néu trng cong nghé tram GNSS/
CORS vao trong cong tac quan trac dich déng bé
mat dia hinh do &nh hwéng khai thac than ham
|6 sé cho chung ta c6 thém Iya chon do dac ma
khéng can thiét phai xay dwng mang Iwdi khdng
ché cac cap nhw hién tai, thdi gian do dac nhanh
chéng, ddm bao dé chinh xac va hiéu qua kinh té
trong hoat dong tham do khoang san.

2. Téng quan vé cong nghé tram CORS
(Continuosly Operation Reference Station)

2.1 Khai niém tram CORS

Tram CORS 1a hé théng tram tham chiéu
lam viéc lién tuc, cé thé dwoc hiéu la mot hodc
nhiéu tram tham chiéu GNSS (Global Navigation
Satellite System) van hanh lién tuc tai cac diém
cb dinh, ’ng dung céng nghé may tinh hién dai va
internet truyén di liéu tao thanh mét mang 1w 6.
Do c6 nhiéu théng tin t& nhiéu tram tham chiéu
truyén téi nén tai tram chd, ngudi ta cé thé xay
dwng dwoc mé hinh sb cai chinh vi phan tic thoi
nhw 1& ham cua vi tri diém cac tram tham chiéu.
Trong mé hinh nay, nguoi ta cé thé xét toi mot sb
ngudn sai sb nhw sai sb quy dao vé tinh, sai sb
doéng ho veé tinh, anh hwéng cla tang di lwu, tang
dién ly,...

Cac tram tham chiéu hoat dong lién tuc dugc
xay dwng bao dam cho mat dé twong dbi dong
déu, khodng céach gitra cac tram tham chiéu la moét
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tham sb dac trwng cho d6 chinh xac ctia hé théng.
Vi tri cac tram tham chiéu sé dwoc xac dinh chinh
xac trong hé thwc dung. Tai méi tram tham chiéu
sé |ap d&t may thu GNSS da tan s do chinh xac
cao va lién tuc thu tin hiéu vé tinh. Cac tram CORS
duoc két ndi véi tram chi (MS) théng qua internet.
Tram chd c6 nhiém vu x& ly va lwu gilr cac thong
tin tlr cac tram tham chiéu gwi t&i

2.2. C4u truc tram CORS

Coéng nghé tram CORS la mét gidi phap mai,
cung cap phwong phap do GNSS/CORS/RTK
(Real-Time Kinematic) v&i két ndi téi cac mang
CORS quéc gia. Hé thdng nay bao gébm ba thanh
phan chinh: Hé théng tram tham chiéu, trung tam
diéu khién, va ngudi str dung [5].

HE THONG
TRAM CORS

—_—

INTERNET NGU'O1 DUNG

MAY CHU

Hinh 1. Céc thanh phén cda tram CORS

a) Hé théng céc tram tham chiéu:

Tram tham chiéu | cac may thu GPS/GNSS
duoc |&p dat tai cac vi tri hop ly va lién tuc thu tin
hiéu vé tinh. Cac tram tham chiéu dwoc dét tai cac
vi tri thda man mot sé yéu cau sau:

+C4c diém dat tram CORS phai Ia nhirng vj tri
4n dinh, thong thoéng, dam bao sw thu nhan tin
hiéu vé tinh 1a dn dinh nhat, cach xa cac ngudn
phat séng, duong day dién cao thé.v.v..

+ Mot sb yéu cau can thiét ciia may thu

- Cac may thu phai la thu GNSS

- Thu dwoc it nhat hai tan s6 L1 va L2;

- Thu dwoc it nhat 10 vé tinh trén 0 do;

- Cung cép L1 C/A - code khoadng cach gia
hoac P - code khodng céac gia va L1, L2 voi di
budc séng mang.

- Ghi di¥ liéu hang gi¢, hang ngay, trong dong
thoi gian thyec;

- Kha n&ng cung cép dién lién tuc;

- Tan suét thu tin hiéu it nhat la 30s;

b) Trung tadm diéu khién:

Trung tam diéu khién 14 noi bao gébm cac hé
thdng may tinh chd phuc vu cho xt ly, diéu khién

va lwu gitr théng tin tr cac tram tham chiéu gwi
t&i. Tai day, nguoi ta co thé xay dwng dwoc mo
hinh sb cai chinh vi phan tirc thoi nhw 14 ham cda
vi tri cac diém tram tham chiéu. T4t ca di liéu tw
cac tram tham chiéu duoc truyén qua internet dén
trung tam diéu khién & tram cha viéc tinh toan lu i
va hiéu chinh vi tri dwoc thwe hién va gri ching
dén nguwoi st dung. Tram chl cé phan mém va
phan ctrng bén virng.

TRAM DIEU KHIEN XU LY TRUNG TAM
(Data Center)

RTK Server
Web Server

CORS Server DB Server

Network Server  SAN Storage

Hinh 2. Trung tam diéu khién ctua tram CORS

Hé théng may chi dwoc cung cdp mang
internet tbc do cao. Puwoc cung cap dién 24/24 dé
dam bado hoat déng lién tuc khéng bi gian doan.

¢) Nguwoi sty dung:

Nguwoi stv dung ¢ thé dung tram CORS véi
phuwong phap dinh vi trc thoi RTK (Real Time
Kinematic) hodc phwong phap dinh vi x& ly sau.
Véi phwong phap dinh vi tic thoi, khi tram chu
nhan dwoc théng tin tr may thu cla nguwdi sk
dung, né sé tinh toan va gi gia tri hiéu chinh t&i
cac tram tham chiéu gan dé dé hiéu chinh ludn
vao két qua do. DI lieu dwoc truyén téi nguoi sir
dung théng qua mét trong cac cach sau: Théng
tin vo tuyén, dién thoai di dong, vé tinh, Internet.
Mang telefone cé dinh (Chi ap dung véi phwong
phap xt ly sau) - Internet béng viéc st dung dinh
dang RINEX.

3.Hiéntrang hé th6ng tram CORS & Viét Nam

Tai Viét Nam, hé théng tram CORS quéc gia
(VNGEONET) do Cuc Po dac, Ban db va Théng
tin dia ly Viét Nam xay dwng va quan ly bao gém
65 tram GNSS CORS, trong do: 24 tram Geodetic
CORS duogc b tri trén pham vi toan quéc voi
khodng cach trung binh gilra cac tram tir 150+200
km va 41 tram NRTK CORS dwoc bé tri tai 3 khu
viwe: Bong bang Bac Bo va khu vuc Thanh Héa;
khu viec mién Trung va Tay Nguyén; khu viec Nam
B6 v&i khodng cach trung binh gitra cac tram tir
50 - 80km nham cung cép dich vu dinh vi thdi gian
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Hinh 3. Nguwoi str dung GNSS/CORS
thwe d6 chinh xac cao ¢& cm. D liéu clia 65 tram
dinh vi vé tinh quéc gia dwoc truyén tryc tiép qua
mang internet vé Trung tam x& ly di¥ liéu tai Ha Noi
dé x@ ly tinh toan va cung cip cho nguwdi siv dung
qua hé théng séng 3G, 4G theo thoi gian thuc [4].

i RTK Base
Station 1 |

CHU BIA

:Ktnmunumnm a4 HA Noi, e6 tich bop NRTR
Toam DGPS oz Bo TNAMT dang boas dong
42 Hich hop Geedatie CORS

% Toum Geodetic CORS xty dung i
Trum NRTE xy dung méi

Hinh 4. So'dé hé théng tram Cors quéc gia Viét Nam

V&iwu diém co do chinh xac cao, thdigian dinh vi
nhanh, cong nghé tram dinh vi vé tinh quéc gia dang
dan thay thé cac céng nghé do dac truyén théng.

Do chinh xac khi str dung dich vy do déng thoi
gian thuc dwoc cung cip bdi mang luéi tram dinh
vi vé tinh qudc gia (Tram CORS) nhw trong bang 1.

4. Kha nang trng dung céng nghé tram
GNSS/CORS trong quan trac dich déng bé mat
dia hinh do anh hwéng khai thac than ham 16

Hang nam, tai nhiéu don vi khai thac than hdm
16 trong Tap doan Céng nghiép Than - Khoang san
Viét Nam phai thwc hién cong tac quan trac dich
dong bé mat dia hinh do anh hwéng ctia khai thac
ham 16. Viéc thuc hién cong tac quan tréc duoc
thwe hién bang phwong phéap do dac truyén thdng
bao gbm céc buwéc chi yéu sau:

=3

Hinh 5. Tram Cors tai tinh Quang Ninh

- Xay dwng lwdi khéng ché toa do

- Xay dwng lwéi khdéng ché do cao

- Do toa d6, d6 cao cac diém quan tréc, trong
doé: B6 cao dwoc xac dinh theo phwong phap do
cao hinh hoc thily chuan hoéc lwong giac. Toa do
cac diém quan tréc dwoc do duéi dang: Giao hoi,
dwong chuyén kinh vi. Thiét bi s&v dung 1a cac may
toan dac dién tlr va cac may thdy chuan. Khi diéu
kién dia hinh méd phtrc tap, kha nang théng hwéng
han ché s& anh hwéng I&n dén do chinh xac xac
dinh toa d6, d cao cac diém quan trac. Co thé thay
rang cong tac quan trac nhw hién tai phai thuwc hién
qua nhiéu bwéc, mat nhiéu thdi gian va chi phi.

Coéng nghé GNSS/CORS hién tai @@ mé ra mét
céng nghé méi trong linh vwe Ky thuat Tréc dia -
Ban dd ndi chung va linh viec Quan tréc chuyén
dich bién dang nai riéng. N6 cho phép trng dung do
vé ban d6, bé tri, quan trac cong trinh... ma khoéng
can phai xay dung lwdi khdng ché tric dia nhw cac
phwong phap truyén théng. Dac biét cong nghé
GNSS/CORS cho phép thu tin hiéu ctia nhiéu hé
thdng vé tinh (GPS, Glonass, Compass...) khéng
nhirng cho phép nang cao dé chinh xac dinh vi
ma con cé thé do dwoc & nhiéu khu vuc co do
thong thoang kém. Pham vi st dung clia mét tram
CORS c6 ban kinh rong hang chuc km v&i do
chinh xac nhé hon 3cm [1]. Nguyén Van Hai va
nnk (2024) da trién khai nghién ctu “Quan trac
do 1un b& mé 16 thién dwa trén cdng nghé GNSS/
CORS - Trwong hop nghién clru cho md Coc Sau”
cho thay két qua quan trac dd lun c6 dd chinh xac
c& mm [2]. Tl nghién ctru trén cho thay hoan toan
c6 thé ng dung cdng nghé GNSS/CORS trong
quan trac dich ddng bé mat dia hinh do anh hwéng
clia khai thac ham 1o.

- Uu diém clia phwong phap dé la:

+ Khong phai 1ap khdng ché trac dia so voi
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Bang 1.D6 chinh xac khi st¥ dung dich vu do déng thoi gian thuc duoc cung cép béi Cors

quéc gia [3].
Do chinh xac tuyét doéi vé mit phiang | D6 chinh xac tuyét doi vé dod cao
Phwong thire cai chinh Khu vuc Khu vue k>80km Khu vire dong | Khu vire mién
k<80km bang nai
VRS, MAX, iMAX 3cm + 5cm 4cm +7cm
Single Base <10cm <17cm
. « <5cm
(ap dung néu S < 25km)

phwong phap do dac truyén théng.

+ Pb chinh xac cao

+ Th&i gian do dac nhanh chong

+ Tiét kiém nhan lyc

+ Tiét kiém kinh phi khi thwc hién thi cong céng
trinh

- Nhwoc diém clia phwong phap dé la:

+ Phu thudc vao tin hiéu vé tinh

+ Phu thudc vao séng 3G,4G.

5. Két luan

Cobng nghé tram GNSS/CORS da chirng minh
tinh hiéu qua trong nhiéu cong tac Tréc dia - Ban
dd néi chung va quan tréc dich chuyén naéi riéng,
gitp gidm thiéu chi phi, thdi gian, va nhan luc so
véi phwong phéap do dac truyén thdng. Tai TKV,
néu ng dung coéng nghé tram GNSS/CORS
khong chi gitp tdi wu héa quy trinh quan tréc dich
dong bé mat dia hinh do anh hwéng ctia khai thac
ham 16 ma con dadm bado dd chinh xac cao trong
cong tac do dac. Bay la mét gidi phap hién dai,
htra hen thay thé hoan toan cac phuwong phap do
dac truyén thdng trong twong lai, dac biét trong

diéu kién dia hinh phtrc tap tai cac khu md. Coéng
nghé nay sé déng gop quan trong vao sy phat
trién bén vitng cla nganh cdng nghiép than va
khoang san tai Viét Nam.

Tai liéu tham khao:

[1]. Pham Trung Diing (2013), Khd nang (g
dung cua céng nghé tram CORS trong Tréc dia
cbng trinh, Bao cao hoc thuét tai BO mén Tréc dia
Coéng trinh, Pai hoc M6 - Dia chat, Ha Noi.

[2]. Nguyé&n Van Hai va nnk (2024), Quan trac
dé lan bo mé 1 thién dwa trén cdng nghé GNSS/
CORS - Truong hop nghién ctru cho md Coc Sau,
Tap chi Khoa hoc Ky thuat M6 - Dia chét Tap 65,
Ky 3 (2024).

[3]. Gidi thiéu mang Iwdi tram dinh vi vé tinh
quéc gia (CORS). Truy cap ngay 25/3/2026, tir
https://gddt.vhgeonet.vn/.

[4]. Hé théng tram CORS & Viét Nam. Truy cap
ngay 25/3/2026 tir https://dathop.com/.

[5]. Huéng dan do RTK tram CORS. Truy cap
ngay 25/3/2026 tir https://geotech.vn/blog/.

Application of GNSS/CORS Technology for Monitoring Surface Deformation
Caused by Underground Coal Mining

MSc. Nguyen Duy Long, Eng. Trinh Quoc Lap
Vinacomin - Institute of Mining Science and Technology

Abstract:

During the process of underground coal mining at Quang Ninh area, the phenomena of surface
displacement and deformation of terrain and surface structures have become increasingly common and
complex. To determine these displacement values, field monitoring must be carried out. The traditional
method using total stations requires the establishment of horizontal and vertical control networks, which
is time-consuming and requires significant manpower and cost. In complex mining terrains, surveying
becomes even more difficult. GNSS/CORS (Continuously Operating Reference Stations) technology is
a modern solution with high measurement accuracy, providing significant savings in time and cost,
and demonstrates considerable potential for application in monitoring surface deformation caused by
underground coal mining.
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NGHIEN CUU XAY DUNG PON GIA TONG HQP CAC CONG POAN
KHAI THAC QUANG PONG, QUANG BAUXIT TRONG TAP POAN CONG
NGHIEP THAN - KHOANG SAN VIET NAM

CN.Vii Thi Hong Gam va nnk
Vién Khoa hoc Cong nghé Mo-Vinacomin

Bién tap: TS. Nhit Viét Tuin

Toém tat:

Trong nhitng nam qua, cung voi cong tac khai thac ché bién than, céng tdc khai thdc, ché bién
khoang san ciing dong vai tro quan trong trong sw phat trién ciia Tap doan Cong nghiép Than - Khodng
san Viét Nam (TKV). TKV da va dang khai théc, ché bién nhiéu logi khodng san nh: dong sdt, bauxit,
...trong dé viéc khai thdc, ché bién quang dong, quang bauxit chiém ty trong I6n ca vé khéi lwong va
gid tri. Dé tang cwong hiéu qua cong tac quan 1y, qudn tri chi phi, lam co sé xdy dung ké hoach chi phi
- gid thanh va xdc dinh cdc chi tiéu ké hoach phoi hop SXKD hang nam ciia cac don vi va TKV, cdc don
vi khai thdc quing dong va quang bauxit di xdy dwng, ban hanh b dinh mike kinh té ky thudt cho cong
tac khai thac quang. Tuy nhién, chwa co bg don gia twong wng voi cac bo dinh mirc nén cac don vi phdi
van dung bo don gia khai thac than dé tinh toan, hach todn chi phi san xudt. Vi vay, nhiém vy xdy dung
don gid tong hop cdc céng doan khai thic quing dong, qudng bauxit trong TKV 1a rat can thiét. Trong
bai bdo nay, nhém tdc gia sé trinh bay két qud xdy dung bé don gid tong hop cdc cong doan khai thaic

quang dong, quang bauxit trong TKV.

1. bat van dé

Hién nay, linh vwc khai thac, ché bién quang
ddng gdm Téng Coéng ty Khoang san TKV - va
Cong ty c6 phan ddng Ta Phoi - Vinacomin; linh
vic san xuét Alumin (khai thac quéng bauxit va
san xuat Alumina) gém Céng ty TNHH MTV Nhém
Lam Ddng - TKV va Coéng ty Nhém Dak Néng -
TKV. D&c diém chung cia codng tac diéu hanh
san xuét kinh doanh tai cac coéng ty nay la td chirc
san xuat va hoach toan chi phi theo trinh tw cac
cobng doan san xuat gébm: Khai thac quéng; Tuyén
quang va Luyén (ddng, alumina).

Cac cong ty thwe hién cong tac diéu hanh san
xuét kinh doanh theo K& hoach phéi hop kinh
doanh gilra cong ty me - cac céng ty con. Trong
do, cong ty me - Tap doan TKV giao khoan cac
chi tiéu ké& hoach (nhw céac chi tiéu san lwong san
xuét, quan tri tai nguyén, lao dong, doanh thu, chi
phi, loi nhuan va céc chi tiéu khac) dé cac cong ty
con thwe hién.

Dé didu hanh hoat ddng san xuét, kinh doanh,
giao khoan cac chi tiéu ké hoach, TKV can cé day
dd cac bd dinh mlre, don gia twong ng dé ap
dung khi giao khoan. Cac bd dinh mwrc, don gia
la cong cu khong thé thiéu trong coéng tac quan ly,
diéu hanh san xuét.

Déi véi cong tac khai thac quang ddng, quéng
bauxit da cé cac bd dinh mirc KTKT ap dung trong
cac coéng doan san xuat nhuwng chwa co bd don
gia twong rng nén hién tai TKV va cac don vj
dang dang thuc hién giao khoan ddi véi cong tac
khai thac quang (ddng, bauxit) theo cac bd don
gia tam thoi hoac van dung don gia khai thac than
(Bon gia 1829/Qb-TKV ngay 29/12/2021).

Tuy nhién, khai thac than va khai thac quang
ddng, quing bauxit déu c6 cac budc cong nghé
chinh giéng nhau Ia khoan né min, xtc béc, gat,
van tai. Song cac diéu kién san xuét, dac diém dia
hinh, dia chét, tinh chat khoang san,... cla tirng
loai khoang san nay khac nhau, nén viéc van dung
don gia céng doan clia san xuét than dé tinh toan
cho khai thac quang dong quang bauxit la chua
that sw phu hop véi diéu kién san xuét, cong nghé
hién nay cua cac don vi.

Xuét phat tir Iy do trén, xay dwng don gia cac
coéng doan khai thac quing ddng, bauxit [a can
thiét, d@m bao sy phu hop véi mét bang gia ca,
diéu kién san xuét va tang cudng hiéu qua cong
tac quan ly, quan tri chi phi, lam co s& xay dwng
ké hoach chi phi - gia thanh va xac dinh cac chi
tiéu ké hoach phéi hop SXKD hang ndm cua cac
don vi va Tap doan.
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2. Tinh hinh thwc hién, ap dung don gia khai
thac quéng tai cac don vi san xuat

Cac don vi khai thac quang déng va quang
bauxit hach toan chi phi sén xuét theo tirng céng
doan khoan, xuc, gat, van tai. O’ mdi cong doan,
ttrng don vi c6 cac hinh thire thye hién khac nhau
theo cac phuong an: Ty thwe hién; Thué cac don
vi ngoai thuc hién; Két hop tw thwe hién va thué
ngoai.

Do chua c6 cac bo don gia xay dwng dé ap
dung cho cdng tac khai thac quing ddng, quang
bauxit, nén hién tai TKV va cac don vi dang dang
thwe hién giao khoan ddi véi cong tac khai thac
quang (ddng, bauxit) van dung don gia khai thac
than (BG1829/Qb-TKV). Vi vay, viéc giao khoan
ctia TKV hay viéc diéu hanh san xuét kinh doanh
clia cac cong ty con con gdp kha nhiéu khé khan,
thiéu co s& phap ly trong viéc thanh quyét toan noi
bd va thanh quyét toan véi cac nha thau.

Théng ké tinh hinh thwc hién cac ndm ti
2020+2025 cua 4 don vi khai thac quang trong
hinh 1.

Théng ké tinh hinh thye hién céc nam tir
202042025 cua 4 don vi khai thac quang

g, 0% 100,0%
100,0% i 23.8%
80,0 72,7%
60,00
40,00 -39
20,0% -
g % 6,2%
2,00 0,0%
0,0% —
Mé dBng Sin QuyBn  ME dBing T3 Phivi - Mé bauxite Tan Rai - M& bauxite Nhan
CTCP ddng T4 Phéi  Céng ty nhdm Lim Co - Cong ty nhém

Khodng sin Dang DékMéng

® Ty thirc hign B Thué ngodi

Hinh 1. Tinh hinh thuwc hién, ap dung don gia cua
4 don vj khai thac quang

Mé dong Sin Quyén - Téng céng ty Khodng
san: Ty thwc hién dat trung binh 72,7%, thué
ngoai 27,3% téng chi phi. Trong do:

- Cong tac khoan: Ty thwc hién trung binh
97,6%; thué ngoai khoang 2,4%.

- Cong tac nd min: Thué ngoai 100%.

- Coéng tac xuc bbc: Ty thwe hién trung binh
90%; thué ngoai khoang 10%.

- Cong tac van tai: Ty thwe trung binh 81%;
thué ngoai khoang 19%.

- Cong tac san gat: Ty thwe hién 100%.

Mé déng Ta Phoi - CTCP déng Ta Phoi:
Thué ngoai hon 98%, con lai chi tw thwe hién cong
tac san gat tir ndm 2022 dén nay, véi gia tri dat

khodng 2% téng chi phi.

- Cong tac khoan, né min: Thué ngoai 100%.

- Cong tac xuc béc: Thué ngoai 100%.

- Cong tac van tai: Thué ngoai 100%.

- Coéng tac san gat: Nam 2020, 2021 thué ngoai
100%, tr nam 2022 dén nay tw thwe hién 100%.

Mé bauxite Tdn Rai - Céng ty nhém Lam
DPéng: Ty thuc hién dat trung binh 6,2%, thué
ngoai 93,8% téng chi phi

(Tr nam 2020+2023 tw thwc hién trung binh
9,5%; thué ngoai khoang 90,5% téng chi phi. Tl
nam 2024 dén nay thué ngoai 100%.)

- Cong tac xuc bbc: tr nam 2020+2023 tw thwe
hién trung binh 34%; thué ngoai khoang 66%. Tt
nam 2024 dén nay thué ngoai 100%.

- Cong tac van tai: Thué ngoai 100%.

- Cong tac san gat: tir nam 2020+2023 tv thuc
hién trung binh 37%; thué ngoai khoang 63%. Tw
nam 2024 dén nay thué ngoai 100%.

Mé bauxite Nhdn Co - Céng ty nhém
DakNéng: Thué ngoai 100%.

* Nhan xét: Théng ké tinh hinh thwc hién ti
2020+2025 thay rang: ca 4 don vij khai thac quéng
ddng, quang bauxite chtl yéu st dung phwong an
thué ngoai.

3. Xay dwng don gia tong hop cac coéng
doan khai thac quang déng, quang bauxit

3.1. Danh muc cdc don gid can xay dwng

* Trong khai thdc quing déng

- Can cr so dd cong nghé thuwc té hién nay tai
mé déng Sin Quyén va mé déng Ta Phdi (Hinh 2);

- Can c& day chuyén thiét bj cong nghé cha
yéu dang dwoc st dung tai cac mo;

- Xac dinh don gia can xay dwng trong khai
thac quang déng nhuw sau:

+ Céng tac khoan 16 min: Xay dung don
gia khoan cho dwong kinh khoan d<127mm;
d<165mm; d<250mm; d6 cirng dat da, quang tir
f=7,5 dén >15.

+ Céng téc né min: Xay dwng don gia nd min
cho dwéng kinh 16 khoan < 127 mm; < 165 mm; <
250 mm; do clrng dat da, quang tr f< 8 dén >15.

+ Céng tdc béc xtc: Xay dyng don gia xuc,
véi may xuc dau gau xic <3m3; <5m3;<8m3; May
xuc dién gau xdc <5m3 (dat da cap 1,11,11,QNK).

+ Céng tac gat: Xay dwng don gia gat, voi
May gat cong suat <160CV; <240CV va >240CV
(a4t da cap |,11,11,QNK); Gat phuc vy, phu trg cong
suat <180CV va >180CV.

+ Coéng tdc van chuyén: Xay dung don gia
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Cong tac

x Cong tac
khoan 16 A-g .
nd min

min

Cong tac
béc xuc

Cong tac
van
chuyén

Cong tac
=]

Hinh 2. So db céng nghé ap dung tai mé déng Sin Quyén va mé déng Ta Phoi

van chuyén, véi 6 td co tai trong <60 tan; <40 tan
cung dé tir 0,1km+8km (dat da cap 1,11,11,QNK)

* Trong khai thac quang bauxit

- Can clr so d6 cdng nghé thuc té hién nay & cac
don vi khai thac quang bauxit Céng ty nhém Lam
ddng - TKV va Coéng ty nhém Dak Néng (Hinh 3);

Cong tac Cong tac Cong tac
béc xtc gat van chuyén

Hinh 3. So dé céng nghé ap dung tai cac dqn vi
khai thac quang bauxit Céng ty nljém Lém dong -
TKV va Céng ty nhém bak Néng

- Can c nhu cau &p dung don gia cta Coéng
ty nhém Lam déng - TKV va Céng ty nhém Dak
Néng — TKV;

- Xac dinh don gia can xay dwng trong khai
thac quang bauxit, nhw sau:

+ Céng tdc béc xuc: Xay dung don gia xuc,
véi may xuc dau gau xuc <1,5m3: <2m3: <3m3;
<5m3 (d4t pha, dat tru, QNK b réi, QNK két tang,
quang kho NK).

+ Cong tac gat: Xay dung don gia gat, voi
May gat cong suat <180CV; >180CV (Gat gom dat
pha, gat chon loc mat vach via quang, gat don nén
tadng vach via; Gat dat hoan thd; Gat quang kho
NK; Gat gom quang; Gat chon loc mat try via; Gat
don nén tang tru via)

+ Céng téc van chuyén: Xay dwng don gia
van chuyén, vai 6 té cé tai trong <15 tan; <21 tén;
<40 tan; <60 tan cung dd tir 0,17km+8km (d4t pha,
déat tru, QNK bé rovi, QNK két tang, quang kho NK)

3.2. Co’ s& va phwong phap xdy dwng don
gid

Cac chi phi dwoc tinh vao don gia tbng hop
cobng doan khai thac quang bao gébm: chi phi vat
liéu, nhién liéu, déng lwc, tién lwong, bao hiém xa
hoi, bdo hiém y t&, bao hiém that nghiép, kinh phi
cong doan, kinh phi hoat déng Pang, khau hao va
chi phi khac.

Céng thirc tédng quét xay dwng don gid tong
hop (Ccd):

Ccd = Cvl + Cnl-dn + Ctl + Cbh + Ckh + Ccpk

Trong do:

Cvl: Chi phi vat liéu.

Cnl-dn: Chi phi nhién liéu, dién nang.

Ctl: Chi phi tién lwong céng nhan tryc tiép, phu
tro, quan ly phan xwéng.

Cbh: Chi phi BHXH, Yté, kinh phi cong doan.

Ckh: Chi phi khdu hao TSCD

Ccpk: Chi phi khac phuc vu san xuét tai phan
xwéng.

- Chi phi vat liéu (Cvl): Gia vat liéu, nhién liéu,
dién nang tinh theo mwrc gia binh quén tai thoi
diém tinh toan;

- Chi phi tién lwong (Ctl): Quyét dinh s6 1387/
QD-TKV va VB s6 4841/TKV-TCNS cuta TKV.

- Chi phi BHXH, Yté, kinh phi CD, KP Déng
(Cbh):

+ BHXH,BHYT,BHTN duwoc tinh theo tién
lwong tai QD sb 1999/QD-TKV ngay 28/10/2024
clia TKV.

+ Ty |é trich ndp bao hiém trong don gia gém:
BHXH: 17,5%, BHYT: 3%, BHTN: 1%: (Can cw
theo Diéu 33 va 34 BHXH 2024; Diéu 57 Luat Viéc
lam 2013; Diéu 7 ND146/2018/ND-CP;Diéu 43
ND158/2025/ND-CP) va KPCD: 2% (Can cl theo
Diéu 5 ND sb 191/2013/NB-CP ngay 21/11/2013
vé viéc Quy dinh chi tiét vé tai chinh cong doan)

+ Kinh phi hoat déng Dang tinh bang 0,5% tién
lwong.

- Chi phi khdu hao TSCB (Ckh): quy dinh
TT45/2013/TT-BTC ngay 25/4/2013 cla B6 Tai
chinh

- Chi phi khac (Ccpk): Chi phi khac dwgec tinh
trén % chi phi truc tiép theo tirng loai cong tac

3.3. Lwa chon cédc théng s6 dé dwa vao tinh
toan don gia

* Trong khai thdc quang déng

- Cbéng tac khoan: BPuwong kinh khoan
d<127mm; d<165mm; d<250mm Iya chon: May
khoan thly Iwc d=127mm; May khoan thly Iwc
d=165mm; May khoan thay lwc (CAT MD6290)
d=230mm

- Céng tdc né min :

+ Puwong kinh 16 khoan d<127mm Iya chon:
Gau xtc BQ 3,5 m3; Chiéu cao tang xtc 12m; Ty
l& thubc nd chiu nuwéc 40%.

+ Pwong kinh 16 khoan d<165mm; d<250mm
lwa chon: Gau xtc BQ 5,0 m3; Chiéu cao tang xuc
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12m; Ty 1& thudc nd chiu nwéc 40%.

- Céng tdc béc xuc:

+ May xuc dau, xic dat da, quing gau xuc
<3 m3 ; <5 m3; <8 m3 lya chon: May xuc TLGN
(Komatsu Cat 349D2L) gau xuc 2,8 m3; May xuc
TLGN (CAT365) gau xdc 3,6 m3 ; May xtc TLGN
(PC1250) gau xuc 6,7 m3

+ May xuc dién xuc dat da, quang gau xuc <5
m3 lya chon: May xuc dién (EKG 5A) gau xuc 5
m3

- Céng tac van tai:

+ Van tai dat da, quing bang 6 t6 c6 trong tai
<40 tan lwa chon déng bd: O td 36 tan két hop
may xuc 3,6m3

+ Van tai dat da, quing bang 6 t6 c6 trong tai
<60 tan Iwa chon déng bo: O td 58 tAn (Komatsu
HD 465-7R) két hop may xuc 5,2m3 va 6,7m3

- Céng tdc gat:

+ Gat dat da, quang NK, may gat cong suat
<160CV; <240CV; >240CV: Iya chon May gat CAT
D5R2XL (114CV); May gat Komatsu D85EX-15
(240HP); May gat CAT D8R (328 HP)

+ Gat phu tro may gat cong suit <180CV;
>180CV: lwa chon May gat CAT D5R2XL (114CV);
May gat Shantui SD22 (235CV)

* Trong khai thac quang bauxit

- Céng tdc béc xuc: May xuc dau, xuc dat
da, quing gau xuc <1,5m3 ; <2m3 ;<3m3 ;<5m3;
>5m3 lwa chon: May xtc dau gau 1,3 m3; May
xtc dau gau 1,7m3; May xuc dau (PC600-7) gau
2,7 m3; May xuc dau (PC750 SE-7) gau 4,0 m3;
May xuc dau (PC1250-7) gau 5,2m3

- Céng tac van tai:

+ Van tai dat da, quing bang 6 t6 c6 trong tai
<15 tan lwa chon ddng bo: O t6 13 tAn (Kamaz
55111) két hop may xdc 1,4m3; 1,7m3; 2,7m3

+ Van tai dat da, quing bang 6 t6 cé trong tai
<21 tan lwa chon déng bd: O t6 17,82 tan (JAC)
két hop may xac 1,7m3; 2,7m3; 3,3m3

+Van tai dat da, quang bang 6 t6 cé trong tai <40
tan lwa chon déng bo: O t6 40 tan (VolvoA440E)
két hop may xuc 3,3m3; 4,0m3; 5,2m3

+ Van tai dat da, quing bang 6 t6 c6 trong tai
<60 tan Iwa chon déng bo: O t6 55 tAn (HD465-5)
két hop may xuc 5,2m3

- Céng tdc gat: Gat dat da, quing NK, may
gat cong suat <180CV; >180CV: lwa chon May gat
Komatsu D65EX; May gat Shantui SD22 (235CV)

3.4. Nguyén tic Iwa chon gid dau vao dé
tinh don gia

Déi véi gia vat tu:

- Lwa chon cac loai chiing loai/ma hiéu vat tw
phd bién: 1a loai dwoc nhiéu don vi sdn xuét st
dung, tan suét st dung cao.

- Lwa chon gia: bang gia thdng ké thuc hién
trung binh 3 ndm 2023-2025 (s6 théng ké da dwoc
loai bd cac gia mua don 1&, mua khan hoac cao/
thap dot bién).

* Poi véi gid thiét bi: Lwa chon gia gan nhat so
véi thoi diém lap don gia, theo t& tw wu tién: gia
thwe hién ctia cac don vi san xuét trong TKV, gia
thap nhat néu theo bao gia clia cac nha cung cap.

3.5. Két qua xay dwng don gid

Pon gia tbng hop cac cong doan trong khai
thac quang ddng gdm 509 mé don gia trong do:

Cobng tac khoan: 27 ma don gia;

Co6ng tac nd min : 54 ma don gia;

Cong tac bbc xuc: 16 ma don gia;

Coéng tac van tai: 392 ma don gia;

Cobng tac gat: 20 ma don gia.

Pon gia tbng hop cac cong doan trong khai
thac quéng bauxite gdm 1.013 ma don gia trong
doé:

Cong tac bdc xuc: 25 ma don gié;

Coéng tac van tai: 980 ma don gia;

Cobng tac gat: 8 ma don gia.

Ap don gia dy thdo vao Khéi lwong thuc hién
nam 2025 cla cac don vi san xuét, tdng chi phi
chéch l&ch so véi tbng chi phi thuc hién thuc té
nhw sau:

- Tai mé déng Ta Phoi: Téng gia tri thuc hién
khi ap don gia dy thdo so véi téng gia tri thwe hién
thuwe té ting 58,5 ty twong (ng tdng 21% trong d6
cong doan khoan tang 5%, cong doan nd min tang
0,5%, cong doan xuc tang 3%; cdng doan van tai
tang 11,3%, cong doan gat tang 0,7% ( trén tdng
gia tri thyc hién)

- Tai mé déng Sin Quyén: Téng gia tri thwe hién
khi 4p don gia dy thdo so véi tbng gia tri thwe hién
thwe té ting 137,8 ty twong (ng tdng 18% trong
dé coéng doan khoan tang 3%, cong doan ndé min
tang 1%, cdng doan xuc tang 3%; céng doan van
tai tang 11%, cong doan gat tang 0,3% ( trén tdng
gia tri thyc hién)

4. Két luan

Bo don gia tbng hop cac cong doan khai thac
quang déng, quang bauxit dwoc xay dwng trén co
s& khoa hoc, phu hop véi didu kién san xuét binh
thwong twong ng véi cac quy trinh cdng nghé,
thiét bi hién dang ap dung tai cac don vi khai thac
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quang. Nhirng thiét bi, quy trinh sdn xuét chua
dam bao theo thiét ké ban dau cla cac don vj da
duoc loai bd, khong dwa vao lam co s& dé xay
dwng don gia nay. B6 don gia dwoc xay dwng co
co s& khoa hoc, phu hop véi thuc té san xuét hién
nay tai cac don vi khai thac quang trong TKV khi
ban hanh, ap dung vao san xuét sé& hé tro viéc diéu
hanh hoat ddng san xuét, kinh doanh, giao khoan
cac chi tiéu ké hoach, va nang cao hiéu qua coéng
tac quan ly cGa cac don vi san xuét, ciia TKV.
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Study on the Development of Composite Unit Prices for Copper Ore and Bauxite
Ore Mining Operations in Vietnam National Coal and Mineral Industries
Holding Corporation Limited

BSc. Vu Thi Hong Gam and Others - Vinacomin - Institute of Mining Science and Technology

Abstract:

In recent years, alongside coal mining and processing activities, mineral mining and processing
have also played an important role in the development of Vietnam National Coal and Mineral Industries
Holding Corporation Limited (TKV). TKV has been engaged in the mining and processing of various
minerals such as copper, iron, and bauxite, among which copper ore and bauxite ore mining and
processing account for a large proportion in terms of both production volume and value. To enhance
management efficiency and cost management, and to provide a basis for developing cost and production
cost plans as well as determining annual coordinated production and business planning indicators for
the member units and TKV, the units engaged in copper ore and bauxite ore mining have developed
and issued technical and economic norms for ore mining operations. However, there is currently
no corresponding unit price system for these norms, therefore, the units have had to apply the coal
mining unit price system for production cost calculation and accounting. Therefore, the development of
composite unit prices for copper ore and bauxite ore mining operations in TKV is highly necessary. In
this paper, the authors present the results of developing a composite unit price system for copper ore and
bauxite ore mining operations in TKV.
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CAC GIAI PHAP NANG CAO HIEU QUA CONG TAC AN TOAN, VE SINH
LAO PONG TAI CONG TY CO PHAN PHAT TRIEN CONG NGHE VA
THIET BI MO

ThS. Pham Quang Hudng, ThS. Phung Thu
Vién Khoa hoc Cong nghé Mo-Vinacomin

Bién tap: TS.Phan Van Viét

Toém tat:

An toan, vé sinh lao dong (ATVSLD) la mét trong nhitng yéu t6 nén tang bao dam cho sw phat
trién on dinh va bén viing ciia doanh nghiép. Trong diéu kién san xudt cong nghiép hién dai, cong tac
ATVSLD khéng chi don thuan la yéu cdu tudn thii phap ludt ma da tré thanh mét néi dung quan trong
trong quan tri doanh nghiép, gép phan bdo vé nguon nhén e, ndng cao hiéu qud san xudt kinh doanh
va tang cuong nang lwc canh tranh. Céng ty Co phan Phat trién Cong nghé va Thiét bi Mo la don vi hoat
ddng trong cdc linh viee thir nghiém, hiéu chuan, kiém dinh thiét bi dién; san xudt vat liéu ky thudt phuc
vy nganh Than - Khoang san, thuc hzen cdc dich vu ky thudt tai hién truong san xudt. Pdc thit cong viéc
cua nguoi lao dong thu’ong xuyén tlep xiic véi dién dp cao, thiét bi co khi, thiét bi dp lwe, méi truong
céng nghiép va nhiéu yéu té nguy hiém, c6 hai. Vi vay, cong. tac ATVSLD luon duwoc Cong ty xac dinh la
nhiém vu trong tam, xuyén suot trong moi hoat dong san xudt kinh doanh. Huwéng iing Thang hanh dong
vé ATVSLD va Thang Céng nhdn nam 2026 véi chii dé “Péi méi quan 1y va ndng cao hiéu qud cong
tac an toan, vé sinh lao déng trong ky nguyén s6”, Cong ty da trién khai dong bg nhiéu gidi phdp tuyén
truyén, quan Iy kjj thudt, kiém sodt riii ro va cham lo nguoi lao dong. Cdc hoat déng dwoc té chirc khong
chi nham ndng cao nhén thicc, Y thirc chap hanh phap ludt vé ATVSLD ma con hwéng téi xdy dwng van

hoa an toan, hinh thanh moi truwong lam viéc chuyén nghiép, an toan va phat trién bén viing.

1. Cac hoat déng tuyén truyén, hwéng (rng
thang hanh déng vé atvsld va thang céng nhan
nam 2026

Thuc hién ké hoach ctia Tap doan Céng nghiép
Than - Khoang san Viét Nam vé Thang hanh déng
ATVSLD nam 2026, Céng ty da ban hanh ké hoach
trién khai ngay to dau n&m, thanh lap Ban Chi dao
Théang hanh déng ATVSLD va Thang Cong nhan
v&i sy tham gia truc tiép cla lanh dao Coéng ty, dai
dién cac phong ban chuyén mén, céng doan va
cac don vj san xuét.

Lé phat dong Thang hanh dong ATVSLD va
Thang Céng nhan nam 2026 duoc tb chirc trang
trong, thé hién cam két manh mé cla lanh dao
doanh nghiép trong viéc xay dwng méi trudng
lam viéc an toan. Thoéng qua |é phat dong, toan
thé can bd, nguoi lao dong dwoc quan triét muc
tiéu, nhiém vu va céac giai phap trong tdm nham
nang cao hiéu qua cong tac ATVSLD trong toan
Cdéng ty. Bén canh hoat déng phat dong, cong tac
tuyén truyén duoc trién khai dong bd dwéi nhiéu
hinh thirc. Cac ndi dung vé ATVSLD dwoc phd

bién théng qua hé thdng pano, khau hiéu, tai liéu
hwéng dan, cac budi sinh hoat chuyén dé va tuyén
truyén truc tiép tai noi lam viéc. Noi dung tuyén
truyén tap trung vao cac quy dinh ctia phap luat, ky
nang nhan dién nguy co, bién phap phong ngtra
tai nan lao déng, bénh nghé nghiép va trach nhiém
ctia mdi ca nhan trong viéc bdo dam an toan cho
ban than va déng nghiép. Song song va&i d6, Céng
ty tiép tuc kién toan mang Iluéi an toan vé sinh
vién, ra soat va bd sung cac quy ché, quy trinh
lam viéc an toan; t chrc ky cam két thuc hién
ATVSLD ddi voi cac don vi va ngudi lao dong.
Day la nhirng g|a| phap quan trong nham nang cao
trach nhiém cla cac cap quan ly va tirng ca nhan
trong cong tac ATVSLD.

Diém ndi bat trong ndm 2026 1a viéc gan két
chat ché gilra Thang hanh déng ATVSLD voi
Thang Céng nhan. Cong ty da td chirc nhiéu hoat
dong cham lo doi sbng vat chét va tinh than cho
ngudi lao ddng nhw dbi thoai tai noi lam viéc, tham
héi, dong vién ngwoi lao ddng cé hoan canh khoé
khan, tdng cuéng cac hoat ddng van héa, thé thao
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FAP DOANICONG NGHIEP THAN - KHOANG SAN VIET NAM
VIEN KHOA HOC CONG NGHE MO - VINACOMIN
CONG TY CO PHAN PHAT TRIEN CN VA TB MO

LE PHAT PONG

THANG HANH BONG VE AN TOAN VE SINH LAO BONG, THANG CONG NHAN NAM 2026

, "DOIMOI QUAN LY VA NANG CAO HIEU QUA
CONG TAC AN TOAN, VE SINH LAO DONG TRONG KY NGUYEN SO
Qudng Ninh, ngay 04 thing 5 nam 2026

Lé phéat déng Théng hanh dong ATVSLD, Thang
Cbng nhédn nam 2026

va xay dwng méi trwdng lam viéc than thién. Cac
hoat dong tuyén truyén, huén luyén va cham lo
nguwoi lao ddng da gép phan nang cao nhan thire,
tao sw doéng thuan va lan tda manh mé tinh than
trach nhiém ddi véi cong tac ATVSLD trong toan
Céng ty.

2. Cac giai phap quan ly ky thuat vé an toan,
vé sinh lao dong

2.1. Hoan thién hé théng quan ly ATVSLD

Xac dinh phong ngtra rdi ro la nhiém vu trong
tdm, Céng ty thwdng xuyén ra soat, cap nhat hé
thdng quy trinh, quy dinh va bién phap ky thuat an
toan phu hop voi diéu kién san xuét thyc té. Cac
don vi san xuat dwoc yéu ciu xay dwng va hoan
thién phwong an thi céng, bién phap ky thuat va
phuwong an bao dam an toan trwdc khi trién khai
cbng viéc. Moi nhiém vu déu phai duwoc xem xét,
danh gia nguy co' va kiém soat rii ro ngay tir giai
doan chuén bi.

Huén luyén ATVSLP tai don vi san xuét

Viéc chuén héa quy trinh lam viéc gidp nang
cao tinh théng nhét trong té chirc thuc hién, giam
thiéu sai st do yéu td chii quan va tao co sé cho
hoat dong kiém tra, giam sat.

2.2. Tang cwong kiém tra, giam sat hién
trwong san xuat

Kiém tra, giam sat hién trwong l1a mét trong

Phong KTAT Céng ty kiém tra Cong téc an toan
tai hién truong
nhi*ng gidi phap trong tdm nhdm phat hién sém
nguy co mat an toan va kip thoi dwa ra bién phap
khac phuc.

Céng ty da té chirc cac doan kiém tra chuyén
dé va kiém tra dinh ky tai Doi Thi nghiém hiéu
chuan dién, Xwéng san xuat Manhetit va cac don
vi san xuat khac.

Noi dung kiém tra tp trung vao viéc chap hanh
quy trinh k¥ thuat, céng tac quan ly thiét bj, diéu
kién lam viéc, viéc str dung phwong tién bao vé ca
nhan va thwec hién cac quy dinh ATVSLD tai hién
trwdng.

Théng qua hoat dong kiém tra, Cong ty da kip
thdi phat hién va yéu ciu khéc phuc céac ton tai
lién quan dén hé théng chéng ro dién, hd so quan
ly ATVSLD, cong tac vé sinh cong nghiép va quan
ly hién trwdng san xuét.

Diém khac biét trong cong tac kiém tra cla
Cong ty 1a chuyén t cach tiép can x& ly vi pham
sang hd trg don vi nhan dién nguy co, phan tich
nguyén nhan va dé xuét giadi phap phong ngwa.
Diéu nay giup nang cao tinh ch déng va hiéu qua
clia cong tac quan tri rdi ro.

2.3. Kiém soét thiét bj va diéu kién lam viéc

Déi v&i doanh nghiép hoat déng trong linh vuc
ky thuat dién va cong nghiép, viéc kiém soat tinh
trang k¥ thuat cda thiét bi c6 y nghia dac biét quan
trong.

Céng ty da thwc hién day du viéc kiém dinh,
kiém tra k¥ thuat an toan dbi véi cac thiét bi cé yéu
cau nghiém ngat vé ATVSLD theo quy dinh cla
phap luat. Béng thi, hé théng phong chay chiva
chay dwoc ra soat thwong xuyén nham bao dam
kha nang s&n sang tng pho khi xay ra sy cb.

Bén canh dé, Cong ty thuc hién cap phat day
da phwong tién bao vé ca nhan phu hop véi tirng
vi tri cong viéc; tang cwdng cai thién diéu kién lam
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viéc, gidm thiéu tac dong cla cac yéu td co hai
trong moi trwdng lao dong.

2.4. Ung dung céng nghé théng tin trong
quan ly ATVSLD

Trong xu thé chuyén dbi s, Cong ty tirng budc
(rng dung cong nghé théng tin vao cong tac quan
ly ATVSLD nham nang cao hiéu qua diéu hanh va
giam sat.

Cac hd so lién quan dén cong tac huén luyén,
kiém dinh thiét bi, quan ly rdi ro va theo déi thuc
hién kién nghi sau kiém tra dwoc cap nhat, lwu
tri va quan ly theo hwéng sé héa. Viéc trng dung
cbng nghé théng tin giup nang cao tinh minh bach,
giam thoi gian xt ly hd so, hd tro' 1anh dao trong
cbng tac quan ly va dwa ra quyét dinh kip thoi.

2.5. Phat huy vai tro ngwoi lao déng trong
xady dwng méi trirong lam viéc an toan

Nguwoi lao dong dwoc xac dinh la trung tdm cla
moi gidi phap ATVSLD. Ngoai viéc tham gia day
da cac khéa huén luyén, ngudi lao ddng con duoc
khuyén khich tham gia nhan dién nguy co, danh
gia rui ro va dé xuét cac sang kién cai thién diéu
kién lam viéc.

Théng qua hoat dong clia mang lwéi an toan
vé sinh vién, nhiéu kién nghi lién quan dén diéu
kién lam viéc, trang thiét bi bdo hd va bién phap
ky thuat da dworc tiép thu, xt ly kip thoi. Cach tiép
can nay giup hinh thanh y thirc tw giac va tinh
than trach nhiém ca nguoi lao dong déi véi cong
tac ATVSLD, ddng thoi tao nén tang cho viéc xay
dwng van hoéa an toan trong doanh nghiép.

3. Banh gia hiéu qua cac giai phap ATVSLD

Két qua trién khai cac giai phap ATVSLD trong
thoi gian qua cho thay cong tac quan ly an toan tai
Cong ty ngay cang di vao thwc chat va dat duwoc
nhiéu két qua tich cwc. Trwédc hét, nhan thire cla
can bd quan ly va ngudi lao dong vé ATVSLD
dwoc nang Ién ré rét. Cac quy trinh, quy dinh
dwoc thwe hién nghiém tdc hon; y thiec tuan tha
cla ngudi lao dong dwoc cai thién; viéc st dung
phwong tién bdo vé ca nhan va chap hanh cac
bién phap ky thuat an toan ngay cang tr& thanh
théi quen trong qua trinh lam viéc.

V& cong tac quan ly, Cong ty da té chirc 03
cudc kiém tra chuyén dé va kiém tra dinh ky; phat
hién, kién nghi kh&c phuc cac tén tai mat an toan
va hoan thanh x& ly 100% kién nghj theo dung
thoi han. Vé két qua huén luyén, 100% ngudi lao
dong thudc ddi twong bat budc dwoc huan luyén
ATVSLD theo quy dinh. Cac hoat déng tuyén

Chd tich cong doan TKV khen thuéng cho ca
nhén co thanh tich trong céng tac ATVSLD
truyén dwoc trién khai thwerng xuyén, gép phan
nang cao kién thirc va kj nang lam viéc an toan

cho nguwoi lao dong.

Trong nhiéu ndm qua, Céng ty khong dé xay
ra tai nan lao dong nghiém trong, sw c6 chay nd
hodc sw cb thiét bi gady mét an toan. Pay 1a chi
sb quan trong phan anh hiéu qua cutia cong tac
quan tri rdi ro va ndng lwc kiém soat cac yéu té
nguy hiém trong san xuat. Bén canh hiéu qua vé
an toan, cong tac ATVSLD con gép phan duy tri
4n dinh hoat déng san xuat kinh doanh. Cac hop
ddng dich vu ky thuat va san xuét cong nghiép
duwoc thue hién dung tién do; nang suét lao dong
dwoc duy tri &n dinh; tinh trang gian doan san xuét
do sw cb k¥ thuat hodc méat an toan dwoc han ché.

4. Két luan

Thoéng qua viéc trién khai déng bd cac hoat
doéng tuyén truyén, huén luyén, kiém tra giam sat,
kiém soat thiét bi, (’ng dung coéng nghé thdng tin
va phat huy vai tro clia nguwoi lao dong, Cong ty da
tlrng bwdc nang cao hiéu qua cdng tac ATVSLD,
giam thiéu nguy co méat an toan va xay dwng moi
trwdng lam viéc chuyén nghiép. Thuc tién cho
thay, hiéu qua cta cong tac ATVSLD khéng chi
dwoc do bang sb lwong cac cudc kiém tra hay
cac chi tiéu thdng ké vé tai nan lao dong ma quan
trong hon 1a sy thay déi trong nhan thirc va hanh
vi clla nguwoi lao dong. Khi an toan tré thanh thoi
quen, tré thanh chudn muc (rng x& va gia tri van
héa cta doanh nghiép thi d6 ciing chinh la nén
tang virng chac nhéat cho sw phat trién bén virng.

Trong thoi gian téi, Cong ty tiép tuc xac dinh
con ngwdi 13 tai sdn quy gia nhat; an toan la diéu
kién tién quyét cla san xuét; van hoéa an toan la
nén tang dé xay dwng doanh nghiép phat trién bén
virng, hiéu qud, nhan van va cé nang lwc canh
tranh cao trong tién trinh hoi nhap va phat trién
cta nganh Than - Khoang san Viét Nam.
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Solutions for Improving the Effectiveness of Occupational Safety and Health
Management at Mining Technology and Equipment Development Joint Stock
Company

MSc. Pham Quang Huong, MSc. Phung Thu
Vinacomin - Institute of Mining Science and Technology

Abstract:

Occupational Safety and Health (OSH) is one of the fundamental factors ensuring the stable and
sustainable development of enterprises. In the context of modern industrial production, OSH is not only
a legal compliance requirement but has also become an important aspect of corporate management,
contributing to the protection of human resources, improvement of production and business efficiency,
and enhancement of competitiveness. Mining Technology and Equipment Development Joint Stock
Company operates in the fields of testing, calibration, and inspection of electrical equipment, production
of technical materials for the coal and mineral industry; and provision of technical services at production
sites. Due to the nature of their work, employees are frequently exposed to high voltage, mechanical
equipment, pressure equipment, industrial environments, and various hazardous and harmful factors.
Therefore, OSH has always been identified by the Company as a key task throughout all production and
business activities. In response to the Occupational Safety and Health Action Month and Workers’ Month
2026 with the theme “Innovating Management and Enhancing the Effectiveness of Occupational Safety
and Health in the Digital Era”, the Company has implemented various solutions in communication,
technical management, risk control, and employee welfare. These activities are organized not only to
raise awareness and compliance with OSH regulations but also to promote a safety culture and establish
a professional, safe, and sustainable working environment.
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A THONG TIN KHOA HOC CONG NGHE MO

Théang 5 nim 2026, TKV sian xuit wéc
dat 3,13 triéu tan than nguyén khai
Chiéu ngay 05/6, Tong Gidim déc Tap doan Vii
Anh Tudn chii tri Hpi nghi giao ban truc tuyén
diéu hanh sin xudt thdng 6/2026 tai hai diém
cau: Tru sé Tdp doan tai Ha Ngi va Trung tim
Diéu hanh sin xudt tai Quing Ninh. D hji nghi
co lanh dao Ddng iy, HDTV, KSV Nha nuoc tai
TKV; Ban lanh dao diéu hanh Tap doan, Cong
doan TKV, Ddng 1iy Than Qudng Ninh; Doan
TN TKV, Poan TQN; cic Ban chuyén mon Tap
doan...

F:jfl il e Sy
Héi nghj giao ban truc tuyén diéu hanh sén xuét
thang 6/2026 tai tru s& Tap doan

TKV trién khai nhiém vy san xuét kinh doanh
thang 5/2026 trong bdi canh cé nhirng thuan loi,
khé khan co ban. Kinh t& chinh tri thé gidi tiép
tuc chiu anh hwdng néng né b&i cudc xung dot tai
Trung Bong. Thoi tiét thang 5 ndng néng & cudng
dod cao, kém giéng 16c, mwa 16n bat thwong, anh
hwdng dén hoat ddng khai thac than - khoang san,
nhu ciu s dung than trong thang 5 & mdc cao
nhat tr dadu ndm dén nay...

Cac don vj trong toan Tap doan da tuan thu
nghiém ky luat diéu hanh trong coéng tac t6 chirc
san xuét, tuc ddy manh hoat déng san xuét kinh
doanh & mirc cao so v&i mirc trung binh clia ca
nam. Nh& do, thang 5/2026 Tap doan co ban
hoan thanh cac chi tiéu ké hoach céac chi tiéu chu
yéu. Cu thé&: Than nguyén khai san xuéat dw kién
dat 3,13 triéu tan; badng 101,9% ké hoach thang;
Ity ké 5 thang dau nam woéc dat 16,29 triéu tan.
Than sach san xuét wéc dat 3,2 triéu tan; Ity ké 5
thang dau nam woéc dat 16,31 triéu tan. Tiéu thu
than wéc dat 4,92 triéu tan; Ity ké 5 thang wéc dat
22,17 triéu tAn. San lwong than giao dién trong
thang du kién dat 4,07 triéu tan; Ity ké 5 thang dau
nam wéc dat 18,36 tridu tan...

Hoat ddng san xuét kinh doanh clia cac don vi
khoang san co ban én dinh, san lwong san xuat
va tiéu thu cac sdn phdm khoang san chi yéu déu
dat ké hoach diéu hanh thang. Trong do, san xuét
Alumina dy kién dat 122 nghin tan, Idy ké 5 thang
dw kién dat 583,9 nghin tan. Tiéu thu Alumina dat
103,7 nghin tan, bang 101,0% ké hoach thang; Iy
ké 5 thang dv kién dat 524,6 nghin tan.

Tinh quéng ddng san xuat dw kién dat 8,79
nghin tan, Ity k& nam wéc dat 47,24 nghin tan;
tiéu thu 2,8 nghin tan, Ity ké 5 thang dat khoéng
14,29 nghin tn. Ddng tAm san xuét dy kién dat
2,52 nghin tan, Ity ké 5 thang dau ndm wéc dat
13,26 nghin tan; Tiéu thu wéc dat 2,7 nghin tan;
Ity ké 5 thang wéc dat 13,4 nghin tAn. San xuét
k&m thdi dat 1,0 nghin tan, Ity ké 5 thang woc dat
4,15 nghin tan. Phoi thép dat 17,47 nghin tan, Ity
ké 5 thang wéc dat 59,78 nghin tan; tiéu thu dat
23,17 nghin tan, Ity ké 5 thang dau ndm wéc dat
68,0 nghin tan, ...

San xuét 1.006 triéu kWh dién, Ity ké 5 thang
dau ndm woc dat 4.763 triéu kWh.

San xuat thuéc né dat 5.300 tan; Ity ké 5 thang
dau nam wéc dat 30.359 tan. Cung tng thubc nd
dw kién dat 8.000 tan; Iy ké 5 thang dau nam wéc
dat 40.963 t&n. Amon nitra san xuét thang 5 dat
18.000 tan, Ity ké& 5 thang wdc dat 76.909 tan;
Tiéu thu 15.800 tan, Ity ké& 5 thang dau nam wéc
dat 81.179 tan,....

DPdng thoi, trong thang 5/2026, Tap doan tiép
tuc trién khai nghiém cac gidi phap, bién phap an
toan - VSLD dam bdo céac quy dinh, cong tac moi
trwdng toan TKV dadm bao cac quy dinh va muc
tiéu dé ra, khong co6 sy cd méi truong.

Hoat dong san xuét kinh doanh cta TKV co
ban én dinh, ddm bao viéc lam va thu nhap cho
ngudi lao ddng. Tién lwong binh quan duw kién dat
19,8 triéu ddng/ngudilthang; trong d6 san xuét
than wéc dat 21 triéu ddng/ng-thang. Doanh thu
hop nhét toan Tap doan thang 5/2026 dat 16.914
ty dong; Iy ké 5 thang dau ndm wéc dat 77.073 ty
ddng. Nop ngan sach Nha nuéc thang 5 dat 3.227
ty ddng, Ity ké 5 thang wéc dat 12.424 ty dong.

Tai hoi nghi, cac Phé Tdng giam déc va lanh
dao cac Ban chuyén mén Tap doan da trinh bay,
bao cao cac cong viéc thyc hién trong thang 5;
ddng thei dé xuat ké hoach va nhiém vu trong tam
can trién khai trong thang 6/2026.

Phat biéu tai hdi nghi, Téng giam déc Tap doan
Vi Anh Tuén ghi nhan nhirng né lwc, cb géng cla
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Téng Giém doc Tap doan Vu Anh Tuan phat b/eu
két luén hoi nghj

NLD, CBCNV toan Tap doan trong thang 5, cac

chi tiéu san xuét kinh doanh co ban hoan thanh

va trién khai hiéu qua cac nhiém vu trong tdm da

dé ra.

Tbng Giam déc Tap doan Vi Anh Tuén dé nghi,
buwé&c vao thang 6 nam 2026, cac Ban chuyén mén
va cac don vi can tap trung trién khai quyét liét
cac nhiém vu theo Chuong trinh hanh dong da dé
ra, bam sat chi dao ctia Hoi déng thanh vién va
lanh dao Tap doan. Téng Giam dbc nhan manh
yéu cAu ra soat, stra doi, bd sung cac quy dinh,
quy ché dé phu hop véi tinh hinh méi va cac quy
dinh hién hanh ctia Nha nwéc; ddng thdi nang cao
chét lwong tham muu, bdo ddm nguyén tic “Ro
thoi gian - R trach nhiém - Rd két quad” trong thyc
thi nhiém vu.

Cung v6&i d6, can siét chat cong tac quan ly,
diéu hanh trén co s& cac chi tiéu, sé liéu cu thé;
d&c biét wu tién hang dau coéng tac an toan, béo
dam tuyét déi an toan cho ngwdi lao dong trong
moi hoat déng san xuét.Ddng thoi cac ban chuyén
mon va cac don vi chi dong phdi hop, bam sat
cac bo, nganh chirc nang dé day nhanh tién do
hoan thién cac tha tuc lién quan dén gidy phép
khai thac, tham do khoang san.

Cung VO nh|em vu SXKD, Téng Giam déc yéu
cau can yéu cau can tap trung quan tam cac don
vi kho khan xt ly cac ton tai, vwéng mac; chu trong
tuyén dung lao déng, quan tdm cham lo ddi séng,
dam bao viéc lam, thu nhap cho ngudi lao dong.

Theo ké hoach, thang 6/2026, Tap doan dat
muc tiéu san xuat 3,13 triéu tdn than nguyén
khai. Than sach san xuét tdng sé 3,3 triéu tAn. Ké
hoach tiéu thu 5,02 triéu tan than, than cung cép
cho san xuét dién ké hoach dat 4,13 triéu tan...
San xuét 127 nghin tn Alumina; tiéu thu du kién
115,1 nghin tan. San xuéat 11,85 nghin tan tinh

quang ddng; tiéu thu 2,8 nghin tn. San suat kém
thdi 1,04 nghin tan; tiéu thu 870 tn. Dy kién san
xuét ddng tdm 2,01 nghin tan; tiéu thu 1,7 nghin
tAn. San xuat phéi thép 5,0 nghin tan, tiéu thu
17,0 nghin tan. K& hoach san xuét 950 triéu kWh
trong thang 6/2026; san xuat 5,8 nghin tn thubc
nd, cung ng 9,0 nghin tan. San xu4t Amon Nitrat
18,0 nghin tan; tiéu thu 15,5 nghin tan... Doanh
thu hop nhét toan Tap doan thang 6/2026 dy kién
dat 16.513 ty déng.
Téc gia: Truyén théng TKV

Vinacomin va Tap doan Marubeni
(Nhat Ban): Thic diy hop tac toan dién
va bén virng

Sdng ngay 19/5, tai Ha Ngi, Chii tich Hpi dong
thanh vién (HDTV) Tap doan Cong nghiép Than
- Khodng sdin Viét Nam (Vinacomin) Ngé Hoang
Ngin da chii tri budi tiép va lam viéc véi ong
Kamoi Hiroaki — Tong gidm déc: Marubeni tai

Viét Nam cung doan cong tdc vé cdc ngi dung
hop tdc chién lwoc gita hai Tap doan

Vinacomin va Tap doan Marubem (Nhat Ban)
Thuc day hop téc toan dién va bén viing

Tham dy budi lam viéc, vé phia Tap doan
Marubeni con cé 6ng Kitamura Hideya - Giam déc
Khéi Phat trién Kinh doanh Kim loai va Tai nguyén
Khoang san khu viec ASEAN; ba Kato Manami -
Giam dbéc Ban Kim Loai va Tai nguyén Khoang
san, Marubeni Viét Nam. Vé phia Vinacomin c6
thanh vién HDTV Tran Van Cw; cac Phé Téng
giam déc: Tran Hai Binh, Nguyén Tién Manh; cling
dai dién lanh dao cac Ban: Kinh doanh than, Vat
tw — Thwong mai va Van phong Tap doan.

Tai budi lam viéc, éng Kamoi Hiroaki — Téng
giam déc Marubeni tai Viét Nam bay té niém vinh
hanh va givi 16 cdm on sau séc trudc sy don tiép
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chu dao tr phia lanh dao Vinacomin. Dai dién
Marubeni bay té sw quan tdm sau sic va mong
muén duwgc déng hanh, tham gia hop tac voi
Vinacomin trong cac du an trong diém twong lai,
cu thé I1a cac dw an mé rong nha may Alumin va
dién phan nhém/luyén nhém.

Phat biéu tai budi lam viéc, Cha tich HDTV Ngd
Hoang Ngan ghi nhan va danh gia cao sy phdi
hop hiéu qua, thuwc chét gitra hai bén trong subt
thoi gian qua. Dé nang tdm méi quan hé trong giai
doan m&i, Cha tich HDTV Ngé Hoang Ngan dé
nghi Tap doan Marubeni tiép tuc clr cac chuyén
gia nghién ctru sau hon, k§ hon cac linh vyc hoat
dong cdia Vinacomin nham tim kiém, mé rong linh
virc hop tac trén co s& phat huy téi da cac thé
manh sn cé ctia mdi bén.

Chu tich HDTV Ngé Hoang Ngan khang dinh,
Vinacomin sé luén ddng hanh, tao moi diéu kién
thuan loi va phdi hop chat ché véi Marubeni dé
hién thuc héa cac y twdng, thuc ddy cac chwong
trinh hop tac chung di vao chiéu sau, mang lai hiéu
qua kinh té cao. Chu tich HDTV Tap doan bay té
niém tin twdng virng chéc réng, trén nén tang két
qua hop tac hiéu qua thoi gian qua va sw hidu biét
lan nhau, mdi quan hé gitra hai Tap doan sé tiép
tuc gat hai dwoc nhidu thanh céng hon niva trong
twong lai, déng goép tich cwc vao viéc hoan thanh
xuét s&c cac nhiém vy kinh té - x4 hdi ma Chinh
pha hai nwéc Viét Nam - Nhat Ban giao pho, ddng
thoi cling ¢d mdi quan hé hop tac chién lvoc toan
dién gitra hai quéc gia.

Téc gia: Truyén théng TKV
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Vién Khoa hoc Céng nghé Mo - Vinacomin

Chao mirng Ngay Khoa hgc, Cong nghé
va Poi mo6i sang tao Viét Nam

Ngay 18 thang 5 la ngay co y nghia lich su ddc
biét quan trong cua gidi tri thurc khoa hoc va
cong nghé Viét Nam, boi ddy la ngay Chu tich
Hé Chi Minh dén dw va chiic mirng Dai héi Dai
biéu Phé bién Khoa hoc va Ky thudt Viét Nam
todn quéc lin thiv nhét. Ludt Khoa hoc, Cong
nghé va Doi mdi sdang tao nam 2025 ciing di liy
ngay nay la ngay “Khoa hoc, Cong nghé va Péi
mdi sang tao Viét Nam”

— VIEN KHOA HOC CONG NGHE MO - VINACOMIN —
NGAY KHOA HOC, CONG NGHE
VA D01 MG1 SANG TAO VIET NAM

=1 8/5.

0 B il : Ty

Ngay Khoa hoc, Céng nghé va Bdi méi sang
tao Viét Nam la dip dé ton vinh nhitng déng gop
to I&n cda do6i ngd tri thirc, nha khoa hoc, doanh
nghiép va nhirng ngwoi dang khéng nglrng sang
tao vi sw phat trién cGa dat nwoc. Trong thoi dai
chuyén dbéi s6 va hoi nhap toan cau, khoa hoc
cbng nghé va déi moi sang tao chinh la déng lyc
quan trong thic day ting trwdng kinh té, nang cao
chéat lwong cudc séng va khang dinh vi thé Viét
Nam trén trwdng quéc té.

Trén co s& Nghi quyét 57-NQ/TW ctia Bd Chinh
tri, Vién Khoa hoc Céng nghé Mé - Vinacomin da
tdng cwong tuyén truyén, nang cao nhan thic
cho can bo vé vai trd va tm quan trong clia khoa
hoc cong nghé, ddng thoi tiép tuc ddy manh hoat
dong dao tao bdi dwdng can bo, dau tw thiét bi thi
nghiém va phéi hop chat ché voi cac don vi sén
xuét, dwa cac giai phap khoa hoc céng nghé va
chuyén dbi sé vao thuc tién, gép phan nang cao
néng suét, gidm chi phi san xuét, nang cao murc
dd an toan lao dong, déng gop vao sy phat trién
chung cta Tap doan Céng nghiép Than — Khoang
san Viét Nam.

Nhan dip “Ngay Khoa hoc, Cong nghé va Déi
mé&i sang tao Viét Nam”, Hay cung lan tda tinh
than dam mé nghién ctvu. chic déi ngii cac nha
khoa hoc trén ca nwdc noi chung va Vién Khoa
hoc Cong nghé M - Vinacomin noi riéng ludn gilr

virng ngon Ira dam mé va sang tao, vi sy phat
trien chia Tap doan Cong nghiép Than - Khoang
san Viét Nam, vi mét Viét Nam thinh vwong.

*
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Mot sé hinh énh hoat déng khoa hoc céng nghé
cua Vién



TKV thic day nghién citu phat trién
dién mat troi tw san, ty tiéu dap ung
muc tiéu giam phat thai

Sdng ngay 12/5/2026, tai Tru sé TKV, Tong Gidm
doc Tap doan Vii Anh Tudn chii tri chwong trinh
lam viéc nghe bdo cdo nhi¢m vu tw van “Lép bdo
cdo ra sodt, danh gida kha nang phat trién dién
mdt troi phuc vu tw sdn, tw tiéu giai doan dén
nam 2030, tam nhin dén nam 2050”

Dw chwong trinh c6 Phé Téng giam dbéc Tap
doan Phan Xuéan Thuy; dai dién cac Ban chuyén
mon Tap doan; dai dién Vién Khoa hoc Céng nghé
mé - Vinacomin, Téng coéng ty Dién lwc - TKV cung
cac don vi lién quan.

e —y 4

Y

chuong trinh lam viéc

Trong chuwong trinh lam viéc, dai dién Vién
Khoa hoc Céng nghé mé - Vinacomin da bao cao
tbng quan két qua ra soat, danh gia tiém n&ng phat
trién dién mét tréi phuc vu tw san, tw tiéu trong
TKV.

Trwéc do, don vi tw van da td chirc khao sat
tai 46 don vi trong TKV. Két qua khao sat cho thay
cac don vi san xuat trong TKV ¢6 phu tai dién cong
suét lén, hoat ddng chi yéu vao ban ngay, phu tai
tap trung, thuan loi dé trién khai dién mat troi mai
nha gan diém tiéu thu dién. Viéc phat trién mé hinh
nay giup gidm tdn that dién nang trong qué trinh
truyén tai, nang cao ty 1& dién tw st dung va phu
hop v&i dinh hwéng phat trién dién tw san - tw tiéu
trong Tap doan.

Pon vi tw van dbng thoi dé xuat cac md hinh
phat trién dién mat tr&i phu hop véi diéu kién thuc
té tai cac don vj trong TKV. Trong d6, dién mat
tréi mai nha dwoc xac dinh 1a mé hinh wu tién sb
1, c6 thé trién khai ngay, tan dung mai nha xwéng,
thoi gian thwe hién nhanh, vén dau tw & mic vira
phai, pht hop véi nhu cau tw dung, véi suat dau
tw khoang 9 - 11 triéu dong/kWp. Déi v&i dién mat
troi mat dat, bao cao dé xuét trién khai theo 16 trinh

Vién trurédng Vién Khoa hoc Céng nghé mo -
Vinacomin Pao Héng Quéng béo céo téng quan
két qua nhiém vu
trung va dai han, tan dung cac bai thai mo, khu virc
hoan nguyén sau khai thac v&i khodng 784 ha tai
cac mé 16 thién va khoang 734 ha tai cac mé ham
16. Day 1a md hinh quy mé I&n, can tiép tuc hoan
thién co s& phap Iy lién quan dén st dung dat va
dau nbi hé théng dién, véi suat dau tw khodng 10
- 13 triéu ddng/kWp. Riéng mé hinh dién mét troi
mét nwéc dwoc dé xuat trién khai thi diém tai khu
vire Thay dién Dong Nai 5 véi dién tich khoang 15
ha, twong dwong cong suat khoang 20,3 MWp;
ddng thoi nghién ciru khéd nang trién khai tai cac
moong khai thac ctia Ha Tu, Sudi Lai sau ndm
2030. Suét dau tw dbi véi mod hinh nay dw kién

khoadng 13 - 14 triéu dong/kWp.

Phat biéu tai chuwong trinh lam viéc, Phé Téng
giam dbc Tap doan Phan Xuan Thly nhan manh
viéc phat trién dién mét troi tw san, tw tiéu can
duwoc xem xét trén co sé& phu hop véi dac thu san
xuét ctia TKV, bdo ddm hiéu qua dau tw, hiéu qua
van hanh, tinh déng bo trong quan ly ky thuat, an
toan hé théng dién.

Két luan chwong trinh 1am viéc, Téng Giam
déc Tap doan Vi Anh Tuin danh gia cao cong
tac chuan bj ctia Vién Khoa hoc Céng nghé mé -
Vinacomin va cac don vj lién quan. Téng Giam dbc
nh&n manh, viéc nghién ctru phat trién dién mat
tr&i phuc vu tw san, tw tiéu 1a xu huwéng can thiét,
phu hop véi dinh hwéng phat trién xanh, chuyén
ddi nang lwong va chién lwoc phat trién bén virng
ctia TKV va dé nghj Vién tiép tuc ra soat, danh gia
ky hién trang phu tai, nhu ciu s dung dién, tiém
nang mat bang tai cac don vi; nghién ctu ky hiéu
qua dau tw, phwong an ky thuat, cong nghé, co
ché van hanh phu hop véi diéu kién thuc té cua
TKV. Bdng thoi, xay dwng 16 trinh trién khai theo
hwéng trong tam, trong diém, wu tién cac khu vuc
c6 diéu kién thuan loi, bao dadm tinh kha thi, hiéu
qua va dong bd trong qua trinh té chirc thuwc hién.

Téc gid: Truyén théng TKV
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