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The closure and environmental restoration of quarry sites for construction material
extraction in Vietnam in general and in Binh Duong province in particular still face
various challenges that have not brought significant and sustainable development
opportunities. The study aims to select a suitable model for the closure of building
material stone mines to contribute to sustainable development in Binh Duong. Based
on the survey of economic-social characteristics, environmental safety, and
development policies of the construction material quarrying area in Binh Duong
province, this study applied SMART methods to determine specific objectives as a
basis for constructing measurable, achievable, relevant, and time-bound criteria for
evaluating quarry closure options. The simple additive weighting method was
employed to calculate the value of each option, which was optimized through the
analytic hierarchy process for clear criteria or the fuzzy analytic hierarchy process
method for dealing with uncertain or ambiguous criteria, to determine the
reasonable option for mine closure. For criteria that was ambiguous or unclear, the
fuzzy analytic hierarchy process was employed to establish reasonable options for
quarry closure. Synthesizing the research results for two closure options after
extraction for a typical quarrying area in Binh Duong, the study selected a viable
option that effectively utilized land resources, created new residential areas for the
local population, and utilized the quarry pit for solar energy extraction, which is a
clean energy source that brings economic and social benefits to the region. This
approach could serve as a valuable reference for mine closure decision-making
processes in Vietnam and other countries facing similar challenges in sustainable
development.
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Nghién ctru lwra chon m6 hinh déng ctra cac mo da vat liéu xay
dwng pht hop gép phan phat trién bén virng tai Binh Dwong,
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Vatliéu xay dung.

Cdng tdc dong ctra mé va phuc hoi méi trvong sau khai thdc cho cdc mé khai
thdc dd vat liéu xdy dung & Viét Nam ndi chung va tai Binh Dwong ndi riéng con
gdp nhiéu bdt cdp chwa mang lai nhitng co héi ddng ké'va phtt hop véi muc tiéu
phdt trién bén vitng. Dwa trén co sé khdo sdt cdc ddc diém kinh té - xd hoi, ddm
bdo an toan méi trromg va chinh sdch phdt trién khu vue khai thdc dd vt liéu
xdy dumng tai tinh Binh Dwong. Nghién ctiu dd dp dung cdc phwong phdp SMART
dé xdc dinh cdc muc tiéu cu thé, tir dé lam co s& dé xdy dung cdc tiéu chi cé thé
do luomg duwrorc, ¢6 thé dat dwor, ¢6 lién quan, diing thoi gian déi lam co sé ddnh
gid cdc phwrong dn déng ctra mé. Phuong phdp trong sé cdng don gidn SAW sty
dung ham céng tuyén tinh dé tinh gid tri cia mdi phuong dn, t6i wu bdng tién
trinh phdn tich cdp bdc (analytic hierarchy process) doi véi cdc tiéu chi ré rang
hodic phwong phdp xtt Iy phdn cdp phan tich mo dé xi ly dwoc sy mor ho hodc
khéng ré rang dé lam co s& xdc dinh phwong dn hop Iy cho cong tdc dong ctra
mé. Téng hop két qud nghién ctru cho hai phwong dn déng civa mé sau khai thdc
doi véi khu mé dién hinh cho hoat dong khai thdc dd vt liéu xdy dung tai Binh
Duwong, nghién ctru lwa chon dworc phwong dn hop Iy la viva tdn dung duroc quy
ddt, hinh thanh khu dén cw méi cho cw ddn, mdt nwéc moong khai thdc ciing
dworc tdn dung khai thdc dién mdt troi - ddy la ngudn ndng lwong sach, mang lai
loi ich cd vé mdit kinh té - xd hoi cho khu vuec.
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1.M¢ dau

bong cra md dwoce danh gia la mot trong
nhirng hoat dong rui ro hang dau cta khai thac mé,
tAm quan trong ctia né ngay cang dwoc thira nhén,
cac quy dinh dong ctra mé dwoc yéu ciu nghiém
ngdt hon da dwoc ap dung tir nhitng nam 1990
(Tomlins va nnk., 2007; Norouzi va nnk.,, 2021) .
Viéc dong clra mo cac thé giy ra cac tic dong tiéu
cwe nhw mat viéc 1am, thAm hut nguén thu tir thué,
anh hwdng téi phat trién co sé ha ting, gidam nhu
cau vé hang héa va dich vu dia phwong va dic biét
la canh quan méi trwong (Antwi va nnk.,, 2017;
Gupta va nnk.,, 2012; Hancock va nnk., 2003). Cac
co hoi phat trién ma cac mo cé thé mang lai cho
cong dong dia phwong sau khi dong clra mé can
dwoc nghién ctru can trong. Néu dwoc quan Iy hop
1y, qué trinh chuyén déi khi dong ctra mo c6 thé
mang lai nhitng co hdi dang ké pht hop véi muc
tiéu phat trién bén virng (SDGs), chang han nhuw tai
dinh cw, phat trién co s& ha ting cho cdc muc dich
khéc tao ra nguon lyc kinh t€ méi (Monosky and
Keeling, 2021; Butler va nnk., 2016) .

Trén thé gidi, cac to chirc nhw Hoi ddng Quoc
té vé khai thac va kim loai (ICMM), Ngin hang thé
gi¢i da c6 nhirng bao cdo vé khung dong ctra mo
bén vitng (IIED, 2002; ICMM, 2012); cac nwdc co
nén coéng nghiép mé phat trién nhw My, Uc,
Canada, Nam Phi da ludt héa cong tac dong ctra mé
va ban hanh sg tay hwéng dan chi tiét. Cac qudc gia
khac nhau cé nhitng yéu cau mét cach chi tiét khac
nhau vé déng ctra mo, tuy nhién mot s6 nwéc
khéng qui dinh nhiéu vé déng ctra mo (1IED, 2022;
ICMM, 2019; Clark, 2005). Cac cong trinh nghién
ciru dd nhian manh tim quan trong va hiéu qua
tich cuc cta viéc két hop cac bén lién quan quan ly
nha nwéc, chi dau tw va chinh quyén dia phwong
trong viéc ra quyét dinh d6i véi cac khu vuce sau
khai thac (Akbar va nnk, 2019; Doley and Audet,
2013; Worrall va nnk., 2009). Trong d6, cac quan
diém cua cong doéng it dwoc quan tAm ma cha yéu
la cac tdc dong xa héi, kinh té va van hdéa (McHaina,
2001; Cooke and Johnson, 2002; Lei va nnk., 2016;
Srivastava va nnk., 2014; Bielecka, 2010; Smith,
2016; Bascetin, 2007; Pavloudakis va nnk., 2009;
Hoang, 2016; Mukhopadhyay, 2014).

Nhin chung, cac quy dinh vé déng ctra mé chi
yéu tip trung vao cac khia canh moi trueong va vt
ly cu thé la cai tao va phuc hoi, khia canh x4 hoi it
dwoc ké téi (Monosky, 2021; Vivoda va nnk.,

2019; Clark, 2005). Trén thé gi¢i chi mdt sé quoc
gia va cac tinh hodc bang riéng 1é da ban hanh va
thuec thi cac ludt hodc quy dinh thuc té vé dong clra
mo nhu: Vwong qudc Anh, Chile, Peru, Manitoba
va Ontario - Canada va bang Nevada, Hoa Ky, hau
hét cac qudc gia déu co6 cac yéu cau dong cira mo
16ng ghép trong luat khai thac mé hodc trong luit
moi trwedng (IIED, 2002; Vivoda va nnk, 2019;
Clark, 2005). Cach tiép cin hién dai d€ dong ctra la
tuan tht cac yéu cau lap phap & mirc téi thiéu va
vugt qua nhirng yéu cau nay bat cir khi nao c6 thé
(ANZMEC, 2000).

Trong nhitng ndm gan day, cac huéng dan
thuwc hanh t6t nhat ctia cac té6 chirc quéc té da
khuyén khich cic cong ty khai thac cam két thuc
hién cc nguyén tic phat trién bén virng trong viéc
13p ké hoach déng ctra mo (Asr va nnk., 2019;
Bainton va Holcombe, 2018). Cic t0 chirc phat
trién qudc té€ da thiét1ap cac hwdng dan va deé xuit
cac tiéu chuin vé déng ctra md. Mot sé chu dé
chinh trong cac huéng dan va tiéu chuin nay bao
gom lap ké hoach dong ctra tich hop xem xét boi
canh moi trwong, tai chinh, vat chat va kinh té xa
hoi cia mot khai truedng cu thé, két hop quan diém
cda cac bén lién quan bao gdm cac muc tiéu cong
déng va cac khia canh cta phtc loi x4 hoi, quan ly
moi trrong dwa trén t6i wu hba cong tic bao vé, st
dung dit va co s& ha ting (Bainton va Holcombe,
2018; ICMM, 2019). Mot s6 dao luit dua ra bao
gom cac thuwc hanh st dung dit bén vitng theo
khuon khé luat dinh nhw sau: i) Viéc dong ctra phai
bat dau khi bat dau giai doan hoat ddng va tiép tuc
cho dén khi bat d4u giai doan déng ctra; ii) Phai dat
duoc viéc dinh lwong va quan ly cac rai ro moi
trwedng; iii) Cac quy dinh vé An toan va Strc khoe
Mé phai dwoc tuan thi; iv) Phai dat dwoc viéc xac
dinh va dinh lwong cac tac dong méi tredng con
sot lai; v) Pat phai dwoc phuc héi vé trang thai tw
nhién hodc vé trang thai xac dinh trudc theo théa
thuén béi chinh phu dwa vao khai niém phat trién
bén vitng; vi) Hoat ddng khai thac phai dwoc dong
lai mét cach hiéu qua va tiét kiém chi phi (Bui va
nnk,, 2015; Ho va nnk., 2010).

Viét Nam c6 khoang 5000 diém mo khai thac
trén 60 loai hinh khoang san khac nhau. Trong do,
mot s6 loai khdng san cé tiém nang, trir lwong du
dé khai thac nhw: Bauxit, Titan-zircon, dat hiém,
than d4, da voi, apatit, d4 hoa trang, ....(Ho va nnk.,
1996; 2009; Phung, 2005) Khoang sang da véi la
vat liéu xdy dung (VLXD) théng thwong & Viét
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Nam rat da dang va phong phti vé nguén goc thanh
tao, phan bo tlr nam ra bac véi trit lwong 16m. Day
la diéu kién thuin loi cho cac dia phwong khai thac
va st dung tai chd ngudn d4 vat liéu xay dung tai
chd dé tao ngudn thu va phat trién co s& ha ting
dia phwong. Tuy nhién, chinh diéu nay ciing tao ra
viéc khai thac va quan ly véi quy mo nhé mang
tinh cuc bo tirng mé, tirng dia phwong ma khong
dwoc xem xét quy hoach Ky ciling nhw dong bo vé
quy hoach khai thac va déng clra mé (Ho va nnk,,
2010; Hoang 2016; Bui va nnk., 2015). Trong lich
s, viéc dong ctra md khong phu hop da gay ra
nhitng hau qua tiéu cwc lau dai (Nguyen va
Nguyen, 2010; Hoang and Huynh 2001; Phan and
Do, 2020). Vi du nhw viéc rit nhiéu mo6 da VLXD
sau khi két thic khai thac khong thuc hién cong
tac cai tao phuc h6i moi treorng va déng ctra mo do
sw quan ly yéu kém & dia phwong dan téi nhitng
nguy hiém khi d€ lai cac vach da thing ding cé
kha nang gy sat 1¢, cac hé nwéc sdu vai chuc téi
hang tram mét gy nhitng tai nan dudi nwéc
thwong tdm, cac h6 ranh khéng dwoc san lap,...
gay ra nhiéu nguy co mat an toan cho con nguoi
(Hoang va nnk.,, 2012; Phan va Do 2020). Viéc
quan ly va quy hoach khéng déng bo ciing giy ra
hiu qua 1a khé khan cho cong tac chuyén d6i muc
dich st dung dat sau khai thac. Do cac mé thwong
dwoc cip v&i quy mé khai thac, dién tich nhé, viéc
cip phép dworc thwe hién doc 14p va co thoi gian
cap phép va khai thac 1a khac nhau dan téi thi€u
déng bo trong quy hoach dong ctra mo.

Tai Viét Nam, cac qui dinh dong ctira mo dwoc
xac dinh la sau khi két thic khai thac dwa mo vé
trang thai 6n dinh: san gat, cai tao tang, thao d&
cong trinh,... Lip ké hoach dong ctra mé va trinh
cac co quan chirc nang khi chuin bi két thuc khai
thac. Hoat dong dong clra mé méi quan tam cht
yéu vé 6n dinh vatly ctia cong trinh, chwa tich hop
cac yéu t6 kinh té, xa hoi vao viéc déng clra mo.
Mt bang str dung dat sau dong clra mé lién quan
truc ti€ép téi xd hoi, nhwng méi dinh hwéng st
dung lam hé chira nuéc, trong cidy khong cod
huwéng dan cu thé vé tinh 6n dinh vatly, hoa hoc...
Chi phi dong ctra mo phai st dung kinh phi ctia dy
an ma v6i moi md hinh str dung dat sau khai thac
khac nhau chi phi déng ctra mé sé khac nhau anh
hwédng téi hiéu qua cta nha dau tw. Khi d6, cin
xem xét tudi tho, bién gidi két thuc, cac giai phap
dam bao 6n dinh khac nhau d€ ddm bao dw an hiéu
qua sau déng ctra. Str dung dat sau dong cira cac

mo chwa hiéu qua, dinh hwdéng str dung cac mat
bang dwoc néu trong bdo cio danh gia tac dong
moi treong (PTM) thwdng mang tinh d6i phd, don
gian, cang it chi phi cai tao cang tot, chwa thuc sw
pht hop véi diac diém tw nhién va kinh té xa hoi
cua khu vure.

Cacmo trong cung khu virc chwra c6 swlién két
trong mot tong thé chung, chwa c6 mé hinh déng
ctra tich hop dé viéc st dung mit bang sau dong
ctra t6i wu nhit. Cac cong trinh nghién ctru hién c6
méi tAp trung vao viéc str dung mit bang sau d6ng
ctra trén co s& cac tiéu chi ddm bao muc tiéu dé ra
ma chwa cé cac nghién ctru vé 6n dinh cho tirng
mo hinh.

Trén co s& cac dic diém tw nhién kinh t€ xa
hoi khu vuc mé, stt dung phwong phap phan tich
da tiéu chi (MCA) xay dung bd tiéu chi va s dung
ky thuét tién trinh phin cap bac (AHP) dé lwa chon
hinh thitc st dung mit bang sau khai thac
(MBSKT) mo hop ly nham ning cao hiéu qua st
dung dat cling nhw tinh tich cwc cia hoat dong
khoang san. Trong bao cdo cac théng tin clia cum
mo Tan Déng Hiép, huyén Di An, tinh Binh Dwong
duoc st dung va danh gia bang phwong phap
MADA va ky thuit AHP dé lwa chon huwéng st
dung hop ly MBSKT mé (Hoang va nnk, 2012).
bdc thu cac mé da VLXD khu vec DPong Nam B6 1a
khai thac dwdi mic thoat nwdc tw chdy. Khi két
thuc khai thac tao thanh nhitng khéng gian chira
nuwédc mat va nwdc ngdm. Phu thudc cac yéu to dia
hinh, dia chat, qui hoach cua dia phwong cé thé
xem xét cac mo hinh déng ctra va st dung mat
bang: hd nwéc nudi trong thily san, khu céng vién
gidi tri, ho chira nwére va bai chira chat thai... Viéc
xem xét hiéu qua cac tiéu chi ki thuit, moi truweong,
kinh té va xa hoi da dwoc xac dinh 1a co s& quan
trong lwa chon t6i wu mé hinh déng clra da xac
dinh, st dung quy trinh phan tich thir bac (AHP)
va phwong phdp t0 chic xép hang wu tién
(PROMETHEE) dé danh gia cho thay thdy mo hinh
nuodi trong thiy san dwoc lwa chon phu hop nhat
cho cac mo da xdy dwng Binh Dwong cling da dwoc
nghién ctru (Phan va Do, 2020). Nhin dién cac vin
dé hién trang str dung tai nguyén dit sau dong clra
mo da dé dé xuit phwong an cai tao, phuc héi moi
trwong phu hop boi canh dia phwong theo xu
hwéng phat trién bén virng. Qua trinh phén tich
cho thiy nhirng wu diém cta viéc tin dung tiém
nang moé da sau khai thac ddm bao quy dat, gop
phén phat trién kinh té& gan lién cai tao, phuc hoi
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moi tredng (Saaty, 2008). Cac nghién ctru truédc
day gidi quyét van dé ton tai lién quan dén cac
phén tich kich ban dong cra va str dung dit sau
dong ctra md c6 sw tham gia ho tro viéc dua ra
quyét dinh trweéc. Cac mé da khai thac xuéng sdu
tai Binh Dwong c6 dic diém: Khai thac xuéng siu,
gan cac cong trinh can bao vé, khu vuc ¢é toc do
d6 thi héa nhanh,... D€ ddm bao cong tac dong ctra
mo bén virng, nghién ctiru di sdu nghién ctru, phat
trién cac vin dé nhu sau:

- Xay dung co s& khoa hoc dong ctra mo bén
virng cho cdc md da khai thac xudng sau:

+ Lwa chon muc tiéu déng cira moé phu hop
vi dac diém, tinh chit dat da va kha nang st dung
mat bing sau khi d6ng ctra trén co s& dong ctramo
tich hop cac van dé kinh té, xa hoi, méi treong;

+ Xay dung mé hinh tinh toan tudi tho mo toi
wu khi tinh toan t¢i phwong an déng ctra mé va st
dung mit bang sau khi dong cira;

+ Can bang nwdc va du bao khéi lwong, chat
lwong nwérc tai cc khu vure sau khai thac lam ho
chira;

+Nghién ctru 6n dinh ho khi tinh dén dong dat
kich thich.

- Xay dung khung tiéu chi déng ctra mé bén
vitng dua trén cac tru cot: méi trwong, kinh té, xa
hoi; trén co sé kinh nghiém ctia cac nwéc, cic mo
trong nuwée va y Kién chuyén gia;

- Xay dwng cac mo hinh déng ctra mo phu hop
vGi mo da khai thac xudng siu; st dung ly thuyét
tién ich da thudc tinh dé xac dinh mé hinh déng
ctra mo véi két qua bén virng nhat vé mat kinh té,
moi trrdng va xa hoi.

- Xay dung quy trinh dong ctra mé cho cacmé:
chuén bi, dang khai thac va chuén bi két thic.

2. Khao sat khu vire nghién ciru

2. 1. Khu vwc nghién ciru

Binh Dwong 1a moét tinh cong nghiép di dau
trong ca nwéc. Cung védi sy phat trién kinh té va
xay dung co s& ha ting thi nhu ciu vé da VLXD
ngay cang lon. Hién trén dia ban tinh c6 32 diém
mo da dwoc cap gidy phép tham do da VLXD voi
tong dién tich da tham do hon 1.046 ha, trir lwong
da dwoc phé duyét hon 710 triéu m3. Toan tinh cé
26 moé da da dwoc cap giily phép khai thac da xay
dwng dang hoat v&i tong dién tich 777 ha, trir
lwong dwoc phép khai thac 377,1 triéu m3. Theo
quy hoach da duoc duyét, cic mé da & huyén Bac

Tan Uyén cho phép tham do, khai thac dén do siu
-70 m va dwoc thong gitra cac mo lién ké nhau.
Riéng m6 da Thwong Tan Il va Thwong Tan IV
dwoc cip phép tham do, khai thac dén do siu -
100m. Hién van con mdt s6 mé chi méi boc ting
pht va xay dwng co ban, chwa di vao hoat dong
khai thac, nhw cac mo da ctia Cong ty TNHH Hung
Thinh. Mot s6 mé chwa di vao hoat dong nhw mo
da Thwong Tan VII khu II (chwa dwoc cip phép)
cua Cong ty CO phan Mién Dong va mé da Thuwong
Tan VII khu I cta Cong ty TNHH Bao Thanh. Nhin
chung, cac mé da khu vuc Binh Dwong dén nay
khai thac dén do sdu khong dong déu, nhung déu
c6 xu hwéng xin phép tham do danh gia trir lwong
dén dd sau cho phép 1a -70 m va dw kién con siu
hon nira. Hién tai, c6 mot s6 mé dang trong giai
doan két thic khai thac va déng ctra mo.

Hinh 1. Cum mé dd VLXD Thwdng Tdan - Tan My,
Binh Dwong.

Hinh 2. Cum mé dd VLXD Phti Gido, Binh Duwong.

2. 2. Khdo sdt thwc dia

DE& khao sat khu vuee khai thac va din cw xung
quanh lam co s& dé€ cip nhat hién trang khai thac,
tinh hinh st dung dit va xay dung cac phwong an
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cai tao phuc h6i méi trweong va déng ctra mo cho
hai khu vwrc cum mé khai thac da VLXD trén dia
ban tinh Binh Dwong. Nhéom nghién cru da sir
dung thiét bi khong nguoi 1ai UAV dé thu thap div
liéu va xtr Iy trong nam 2020.

3. Phwong phap nghién ciru

3.1. Phwong phdap SMART

Phwong phap SMART dua trén danh gia tiéu
chuin cac tiéu chi: cu thé, ¢ thé do lwong dworc, co
thé dat dworc, c6 lién quan, ding thoi gian.

e Cu thé: cac tiéu chi phai lién quan truec tiép
dén cac muc tiéu va cic hoat dong dong ctra riéng
1é. Hoat dong dong ctra hodc nhom dong civa cac
hoat dong khong cé tiéu chi lién quan chi ra 16
héng; mot tiéu chi khéng c6 bién phép lién quan
hodc cac bién phap c6 thé chira tiéu chi qua chung
chung.

e C6 thé do lwong: néu mét tiéu chi khong thé
do lwong dworc thi khong c6 cach nao dé chirng
minh véi co quan quan ly hodc cac bén lién quan
rang né da dwoc dap ing. Trong khi phwong phap
do lwdmng thwong rd rang ddi vai s6 tiéu chi (chang
han nhw néng dé hodc ty 1€ xa thai), cic tiéu chi cd
thé yéu ciu cac hinh thirc do lwong thay thé
(chang han nhu hoan thanh mot nhiém vu nhit
dinh dwoc thwce hién thong qua cac ban vé da xay
dwng hoac kiém tra thuc dia). Mot s6 muc tiéu c
thé yéu ciu su két hop ctia phép do dinh tinh va
dinh lwong

o C6 thé dat dwoc: néu mudn ban giao hoic tra
lai sw ddm bao tai chinh, diéu quan trong la cac
tiéu chi phai thuc té va c6 thé dat dwoc. Cac tiéu
chi khong thuc té€ hodc kém xac thuc c6 thé tri
hoan hodc ngan can viéc ttr bo, hoac kéo dai thoi
gian theo d6i mot cach khong cén thiét.

* C4 lién quan: cac tiéu chi phai phu hop véi
cac muc tiéu déng clra va boi canh xa héi, moi
tredng va quy dinh cia dia phwong.

e Pung thoi gian: tiéu chi sé c6 mot thanh
phén thoi gian, r6 rang hodc ngdm dinh. Mot s6 ¢
thé dworc coi 1a hoan thanh ngay sau khi thwc hién
cac hoat dong déng ctlra lién quan trong khi nhirng
ngudi khac sé yéu cau mot thoi gian theo doi. Doi
Vi cac tiéu chi sé yéu ciu mot giai doan giam sat,
diéu quan trong la phai sém lam ro trong viéc lap
ké hoach thoi gian theo doi sé dwgc xac dinh ro
rang.

3.2. Phwong phdap SAW

Phuong phap trong s6 cong don gian la mot
trong nhiéu phwong phap phé bién, dé hiéu, dé st
dung. Phwong phap nay dwa trén ly thuyét gia tri
da thuoc tinh (Multiple Attribute Value Theory
(MAVT)) va dwa trén gia thiét vé sy doc lap cia cac
thudc tinh. Phwong phap SAW st dung ham cong
tuyén tinh d€ tinh gia tri cia moi phwong an dudi
dang Value Theory (MAVT) va dwa trén gia thiét
vé sw doc 1ap cda cac thudc tinh. Phwong phap
SAW st dung ham cdng tuyén tinh dé tinh gia tri
clia mdi phwong an.

Quy trinh tinh trong s6 theo phwong phap thi
tu:

- Xac dinh nhiém vu phan tich, muc tiéu phan
tich, cAc phwong an cin so sanh dé quyét dinh;

- Cu thé héa muc tiéu thanh muc tiéu thanh
phan, muc tiéu thanh phan thanh cic tiéu chi va
chi thi do, don vi do;

- Xac dinh tiéu chi lam can ctr chon va cac chi
thi do (dinh tinh, dinh lwgng);

- Chuén hoéa dir liéu, duwa dir liéu vé cing thi
nguyén:

.S;‘ = (S' Smax)/(Smax - Smin) (1)

- Tinh trong sé cho cic tiéu chi;
- Tinh diém danh gia va so sanh cic phwong
an.

3.3. Phwong phdp AHP

Lwa chon md hinh t8i wu bang tién trinh phan
tich cip bac (Analytic Hierarchy Process - AHP).
b4y la mot trong nhirng ki thuit néi tiéng nhat va
dwoc str dung rong rai nhit trong phan tich da tiéu
chi dé gidi quyét cac quyét dinh phirc tap. AHP
cung cip mot khung toan dién va hop ly dé ciu
trdc mot quyét dinh, dé dai dién va dinh lwong cac
yéu t6 cia quyét dinh, dé lién hé cac yéu to véi
muc tiéu tong thé va dé danh gia cac giai phap.
AHP duoc str dung trén khap thé gi¢i trong cac
linh vwec nhw chinh phq, kinh doanh, y té, cong
nghiép va gido duc (Che, 2012; Lechner va nnk,,
2017).

Muc dich ctia AHP 1a gitip moi ngwoi t6 chirc
cac suy nghi va phan doan cta ho dé dwa ra quyét
dinh hiéu qua hon. AHP cung cdp thuét toan khach
quan dé xtr ly cac thé tach roi khoi chi quan va cac
s& thich riéng tw ciia mot ca nhan hoac nhéom
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trong viéc dwa ra quyét dinh (Guillet va nnk.,
2010). Sor @6 cAu truc thir bic AHP & Hinh 3.

Tiéu chi 2 ] [

[ Tiéu chi 1 Tieuchi 3 ]

( Phwong an 1 ] [ Phwong dn 2 J

Hinh 3. Sor do cdu triic thit bdc AHP.

Phuong phap giai bai toan AHP gom 4 buwéc
co ban sau (Hinton va nnk., 2011):

a) Thiét1ap thi bac: Phan tich 1a kha ndng ctia
con nguwoi trong nhan thirc phirc té, phin biét trao
d6i thong tin. D& nhan thirc dwoc thuc tién phirc
tap, con ngwoi phan chia ra lam nhiéu thanh phan
cdu thanh, cac phan nay lai dwgc phan thanh nhd
hon va nhw vay thanh cac thit bac.

b) So sanh cic thanh phan théng qua so sdnh
cdp la so sanh cip dung dé xac dinh tim quan
trong twong d6i clia moéi nhan t6. Két qua cudi
cung dwoc phat trién thanh mot ma trin so sanh.
Ma tran nay dugc st dung thé hién moi quan hé
ctia cic nhan t6 véi nhau. Sau dé téng hop s6 liéu
vé do wu tién dé co tri s6 chung ciia mic do wu
tién, can tong hop cac sd liéu duy nhat vé do wu
tién. S dung phwong phap xac dinh chuin hoa
vector w. Cudi cting 1 kiém tra tinh nhit quan cta
cac so sanh cap.

Can ctr vao bang khao sat dé tai da str dung ky
thuit AHP xac dinh tinh nhat quan va dé xuit bo
tiéu chi v&i cac trong s6 thé hién trén cic bang.

@ (b)

Ma trén ¥ kién chuyén gia

Di¥ liéu nghién ctru dwoc dong bd, tinh toan
tri s6 trung binh hinh hoc va cac trong sé (Wi). Cac
s8 liéu thu thap phan tich théng ké va xtt Iy bang
phan mém Excel 2016 va SPSS 16.0.

3.4. Phwong phap FAHP

Phuong phap AHP tao diéu kién thuén lgi cho
cac phan doan va wu tién tinh to4an bang cach st
dung so sanh theo cdp. Pay ciing 1a quy trinh t6t
nhat dé thwc hién so sdnh phin doan theo cip
(Akbar va nnk., 2019; Worrall va nnk.,, 2009). Tuy
nhién, cac phan doan cta con ngwoi hoan toan
khoéng chinh xac do d6 cac wu tién khong dwge xac
dinh bang s6 lwong chinh xac (Akbar va nnk.,
2019). Ly thuyét m¢ dwgc phat trién boi Zadeh
(1965) @€ khac phuc nhitrng phan do4n va sé& thich
khong chinh xac. Nhiéu phwong phap can do cac
thuéc tinh va cac phwong an thay thé duwgc thuc
hién mot cach théng minh bang cac thang do dinh
tinh, trong khi viéc xac dinh logic cac wu tién la kho
khan doi véi nhitng nguwoi ra quyét dinh néi chung
(Hinton va nnk.,, 2011). Do d6, dé thyc hién cac
phép so sanh phan doan theo cap chinh xac va ra
quyét dinh, ly thuyét tip mo va phwong phap AHP
dwoc két hop cho két qua tot (Norouzi va nnk,
2021). Sau do6, cac phwong phap khac da dwoc
trinh bay thong qua viéc két hgp hai cach tiép can
nay (Lei va nnk,, 2016). Vi tinh mo h6 va mo ho la
nhirng dic diém chung trong nhiéu vin dé ra
quyét dinh, nén phwong phép xtr ly phan cip phin
tich m& (FAHP) sé c6 thé xi ly dwoc sw mo ho
hoac khong ro rang (Monosky va Keeling, 2021).

Cac bwdc cia thuit toan FAHP xem Hinh 5.

Budéc 1: bao gom viéc tao ma trin so sanh
theo cap mo. Trong budc nay, ma tran so sanh
theo cdp khén ngoan dwoc thiét 14p théng qua suy
nghi mo va FTN st dung phwong phap AHP.

Sai

Ma trdn ti so nhat quan W1

Ma trdn ti s0 nhat quan W2

Y

'—* Ty sonhat quin CR =<0.1 I

ding

Trong so cua ting nhan to

. /,/
l ding
L2

Nhip gid tri ma trin
trong so

Hinh 4. So do thudt gidi (a) va so do thudt todn (b)

, Budc
: Buwéc )
Burdc o thir 6:
. thir 5: i
dau . tinh
tion: Budc cung .
. . . . A oan
a0 Bude thk 3: Budc cap i
’ thir 2: tinh thir 4: vecto am
ma . . . juan
. tinh todn tinh trong N 4
tran ; ] . . | trong
toan mirc todn 50
so . . trong
. lwrgng 46 c6 trong clia Lo
sanh : : doi
Sk the s0 thuée
theo o o hésb
xay ra tinh "
o chuan va
mé &
. xé
hoa P
hang

Hinh 5. Cdc bwéc thuc hién quy trinh FAHP
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Buwérc 2: tinh todn lwgng Sk. Trong nay budr,
lwong Skla TFN va dwoc tinh cho méi hang cia ma
tran so sanh theo cap theo biéu thirc (1).

-1
n
{

m n
j=1 i=1j=1

=12,.mj=12,..n

Trong d6: k- s6 lwong cia mdi hang; i, j- lan
lwot 1a chi so cta thay thé va thudc tinh.

Buéc 3: bao gbm tinh toan mirc d6 kha thi.
Trong bwéc nay, mirc d6 c6 thé xay ra cua cac Sk
khac nhau dwoc tinh todn. Néu Mi va Mj 1a hai FTN,
murc d6 kha ndng ciia Mi dén Mj dugc biéu thi theo
biéu thirc (2).

( 1Lm =m
u; — l]

(wi=1)+(mj=my) "7
k 0,néu khong thi (2)

V(M; = M) =

< U, ll] = 1;2; "'In;j
* 1
Trong do: Mi = (li,mi,ni); M] = (l]-,m]-,nj);
V(M; = M;) - mitc d6 kha di cia M; thanh M;. Hinh
6 minh hoa mrc d6 c6 thé xay ra.

uix)
{

1o

<

v

=
T

0.0

Hinh 6. Mirc dé khd ndng ctia V, M, M.

Mtrc do kha nang xay ra FTN tir k FTN khac
duorc tinh theo cong thirc (3).

V(My = M,, ..., M)

= [V(M, 3)
> M,), .., V(M; = My)]

Trong d6: k - chi s6 cia FTN cuéi cung.
Buérc 4: bao gobm tinh toan trong lwong. Trong
sO duoc tinh theo cong thirc (4).

W' (x1) = Min{V(S; = S}
=12,..,k; k 4
=12,.mi#k

Trong do: S - trong lwong mong mudn. Vécto
cda trong lwong dat dwoc theo phwong trinh (5).

r_ 1 ’ ’ T
W' = [Wep Wieyy - Wie] )

Trong d6: W’ - vecto trong sé cua cac thudc
tinh.

Buérc 5: bao gobm dé c6 dwoc vecto trong so
cda cac thudc tinh chuin héa. Vecto trong so cta
cac thudc tinh chuin héa dwoc thuc hién theo
cong thirc (6).

w/
— i,j=12,..,n (6)

W=t
j=1""]

Trong do: i - chi s8 cia moi thudc tinh va n 1a
sO lwong cac thudc tinh

Buéc 6: bao gom tinh todn cac hé s6 quan
trong twong doi clia cic mo hinh dong ctra mo va
xép hang ctia chiing. O buéc 6 hé s§ quan trong
twong d6i dwoc tao ra bang cach str dung dé€ nhan
trong so cta cac thudc tinh véi trong so dat dwoc
cla cac mo hinh dé xuit déi véi tirng thudc tinh.

Mo hinh déng ctra mé dworc chon khi c6 hé so
quan trong twong déi 16m hon.

4. Két qua nghién ciru

Duwa trén phwong phap SAW nghién ctru chon
ra 9 tiéu chuin quan trong dung dé danh gia trong
s6 va dwoc tom tit & BAng 1. Trong d6: i) Phu hop
dic diém tw nhién ctia khu vuc mo - 7 tiéu chi; ii)
Phu hop dic diém kinh té - x4 hdi khu vuec - 5 tiéu
chi; iii) Pam bao an toan moi trwong - 4 tiéu chi;
iv) Hiéu qua kinh t€ - 3 tiéu chi.

Bdng 1. Khung tiéu chi lvra chon mé hinh déng ctra mé.

Nguyén tac 1: Nguyén tic 2: Nguyén tac 3: Neuvén thc 4:
Phu hop dic diém tw nhién | Phi hop diac diémkinh t&€| Dam bao an toan méi Mguy a
7 , 1A \ Hiéu qua kinh té
cta khu vuee mé - xa hoi khu vuee truong
TC 17: 1¢i ich kinh té ch
TC 1: dia hinh khu mé TC8:dan cw TC 13: moi truedng nwée orich Knitecho

chu dau tw
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TC 2: nwéc mat N
. ha tang

TC 9: diéu kién co s&

TC 18: lgi ich cho

TC 14: moi trweong dat T
cong dong

TC 3: nwdc dwdi dat TC 10: cong nghiép

TC 15: méi trwomg
khong
khi

TC 19: lgi ich cho
dia phwong

TC 11: str dung dat

TC 4: khi h3
i trwére khai thac

TC 16: rdiro

TC 5: hé dong thwc vat khu

TC 12: khu giai tri
mo trwdre khi khai thac ¢ ugiartrl

TC 6: Quy md mo
TC 7: Théng tin dia chat

Trén co s& cac tiéu chi néu trén, cic kinh
nghiém déng ctra mo tai cc nwdre trén thé gidi, cd
thé dé xuit 2 phwong an cai tao phuc h6éi moi
truedrng sau khai thac cho moé da co: dién tich mat
mo: 50 ha, chiéu siu mad: 150 m. Khi két thic khai
thac sé thuc hién dong clra theo cac muc tiéu str
dung dat sau déng ctra:

Phwong an 1: cai tao thanh khu du lich, nghi
dwdng, phu hop véi nhitng moé cé dia hinh am, ¢
nguon nwéc mit va nwde dwdi dit doi dao, gan cac
khu dan cw. Tuy nhién, bién phap nay cin cé vén
dau tw va chuyén mén, thoi gian thuwce hién lau
nhuwng mang lai hiéu qua kinh té;

Phwong an 2: cdi tao thanh khu din cw két
hop tan dung mit nwéc moong khai thac lap dat
pin mit troi ndi, cung cdp dién cho khu dan cw.
Phwong an nay phu hop véi nhitng mo da co6 dia
hinh 4m, nguén nwéc mit va nwéc dwdi dat doi
dao, gan cac khu dan cuw, gidm thiéu 6 nhiém, dan
cw xung quanh dwoc hwdng loi tir dy an, hiéu qua
kinh t€ cao. Tuy nhién von diu tw cao, thoi gian
thuc hién dai va cin trinh d6 chuyén mén ki thuit
cao.

Trong nghién ctru nay, phwong an 1 xay dwng
va phat trién khu du lich cho ku viec Thwong Tan
(Hinh 7), tién hanh xac dinh trong sé cac nguyén
tic d6i v6éi phwong an bang phwong phéap trung
binh hinh hoc (Geomean) tinh trong s6 (w) dwoc
thé hién Bang 2.

Danh gia tdng hop trén co s& cic trong so cla
nguyén tic va cac tiéu chi cé két hop véi diém s6
cua cac chuyén gia trong vin dé khodng san, quan

ly st dung dat va bao vé moi trwong doi véi
phwong an 1 - ci tao thanh khu du lich dat tong s6
69,14 diém (Bang 3).

=y
’»"‘,‘}(,;\' —~

Hinh 7. Phéi cdnh cdi tao thanh khu du lich, nghi
dwdng du lich sau khi két thiic khai thdc.

Bdng 2. Tinh trong s6 W cho cdc nguyén tdc cia
phwong dn 1 (khu du lich).

Muctiu| & [ KIRE ypyp | Sy
nhién | xahoi qua
Twnhién| 1,00 2,00 2,00 | 2,00 | 0,39
Kinht€-1 oo | 100 | 200 | 200 | 028
xa hoi
An toan
moi 0,50 0,50 1,00 2,00 | 0,20
truong
Hiéuqua| 0,50 0,50 0,50 1,00 | 0,14
Ty s6 CR = 0,062 < 0,1 (chdp nhan) 1,00
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Bdng 3. Ddnh gid tdng hop phwong dn 1 - khu du lich.
w n%uyen Tiéu chuin Dién gidi tiéu chudn w tlfu Diem  Diem Eleu Dl(fm .
tac chuan |PGT, BCG| chuan |nguyén tac
. . bia hinh mé phu hop véi
Pia hinh ' : 0,36 70 252
I hinh thitc SDDSKT ’ ’
Nwéc mat H6 chira nwée phu hop véi SDBSKT | 0,17 65 11,05
, Nude dudi dat =
Nuéc dudi dét o G fat cung ap 007 | 65 | 455
cho h6 chira nwérc
0,39 o Khi hiu dnh hudng dén 26,25
Khi hau muc dich SDBSKT 0,21 70 14,70
Hé dong thyc vat|Hé dong thuc vat phong phd hay khong| 0,04 50 2,00
Quymomo  |Quy md mé co dién tich phu hop khong| 0,08 70 5,60
Thong tin di .
ongtmaa CAu triic dia chdt 6n dinh 007 | 60 4,20
chat
g Mat do dan s6 dong dé
Dan s0 Co 0,53 65 34,45
anso tham gia SDDSKT
Coso haA ‘Fang xa biéu kl(_.%fl giao ,thong,Aman_g lwdi 0,19 80 15,20
hoi dién, nwére thuan loi
R n Cac hoat dong cong nghiép
0,28 Cong nghiép h tro hinh thirc SDPSKT 0,12 75 9,00 19,33
Su: dung.dat, Sw\dung da,lt. tr\woc k},lal thac cé 0,08 70 560
truére khai thac pht hop véi hinh thire SDDSKT
Khu gidi tri Khu YUi ChO’i: giai t’{ri xung qua,nh 0,08 60 480
mo anh hudng dén phwong an
Hinh thirc SDDSKT c¢6 anh hwd
020 |Mditrwomgnuee| o COCESRECOGMRAMONE 1 g4z 1 70 | 3290 | 1326
dén nguon nuwéc
’ Hinh thirc SDDSKT c6 gay 6 nhié
Moi truomg dat | OO PESRICOBIVOIMEM g 451 6o | 10,20
moi treong dat
Moi trurd Hinh thirc SDDSKT c¢6 anh hwd
01A ru'o'n,g in t trc S , ¢6 anh hwéng 0,19 cg 1045
khéng khi dén khong khi xung quanh
Riliro Hinh thic SDD?K:F cé gll.am thiéu 017 75 1275
dwoc kha nang rui ro
Loi ich cho chu s R A~
" Chi phi va loi nhuan cho cha dau tw 0,63 75 47,25
dau tw
Loi ich cho cong o, 2 an
0,14 dong Mang lai lgi ich cho cht dau tw 0,28 70 19,60 10,30
Loi ich dia Thu dworc thué tir Elnh thire str dung 0,09 75 675
phuong dat
69,14

Piém thanh phin d6i v6i cac nguyén tac phi
hop diéu kién tw nhién, dic diém kinh té - xa hoi,
an toan mdi trwong va hiéu qua kinh té lan lwot
twong &ng 26,25; 19,33; 13,26 va 10,30 diém.

trong s thé hién trong Bang 4 .

Lién quan dén phwong an 2 dwoc lya chon
cai tao thanh khu dan cw két hop tin dung mét
nuéc moong khai thac 1ap dit pin mét troi ndi,
cung cap dién cho khu dan cu, két qua xac dinh
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Bdng 4. Tinh trong s6 W cho cdc nguyén tdc ctia (Hinh 8) cho ku vuc Thuong Tan c6 tong so
phwong dn 2 (khu dan cw). 73,27 diém (Bang 5). Piém s thanh phan doi véi
o T cac nguyén tac phu hop diéu kién tw nhién
| KTXH | ATMT i w (32,38 diém), dac diém kinh t€ - x3 hdi (18,26
nhién qua

diém), yéu t6 an toan moi treong (12,70 diém)

Tl.l’ nhién 1,00 3,00 3,00 2,00 0,45 Vé tinh hiéu qué (9,93 dlém)

KTXH 0,33 1,00 | 2,30 | 2,00 | 0,25
ATMT 0,33 0,50 1,00 | 2,00 | 0,17
Hiéuqua | 0,33 050 | 050 | 1,00 |0,13
Ty s6 CR=0,012 < 0,1 (ch4p nhin) 1,00

banh gia tong hop trén co s& cac trong s6
clia nguyén tac va cic tiéu chi cé két hop voi
diém s6 cua cac chuyén gia trong van dé khoang
san, quan ly str dung dat va bao vé moi trueong
thi phwong an 2 - Cai tao thanh khu dén cu két
hop tAn dung mit nwéc moong khai thac 1ap dat
pin mat troi ndi, cung cip dién cho khu dan cw

Hinh 8. Cdi tao tdn dung mdt nwoc moong khai
thdc ldp ddt pin mdt troi.

Bdng 5. Ddnh gid tong hop phuwrong dn 2 - khu dén cw két hop tdn dung mdt nuéc moong khai thdc ldp dt
pin mdt troi noi.

Wnguyén Tiéu chuin Dién gidi tiéu chun Wtién | Diém |Diémtiéu Diém
tac & chuidn [PGT,BCG| chuin |nguyén tic
) , bia hinh mo phu hop véi
bia hinh : ' 24 1
Fa i mo hinh thtrc SDDSKT 0 7 800
Nwéc mat HO chira nwée phu hop véi SDBSKT | 0,18 70 12,60
045 y Y 7 = 32,38
’ ’ Nwée dwdi dat ho h ’
Nuéc dudi dat HorquoLaatcuns cAp OOl 005 | 65 | 3,25
chiva nwéc
L Khi hju anh hwéng dén
Khi hiu muc dich SDPSKT 0,11 75 8,25
Hé dong thue vat ph h
Hé dong thuc vat ¢ dong “hwrc et prong pau 004 | 70 | 280
hay khong
. Quy m6 mo c6 dién tich
0,29 70 20,30
Quy mo mo phtt hop khéng
Thong tin dia chat] C4u truc dia chat 6n dinh 0,09 75 6,75
y Mat d6 dan s6 déng dé
Dén s0 fo 0,53 70 37,10
anso tham gia SDPSKT
Cos& haA ‘.cang xa | bDiéu klt?? giao }:hong,Aman.g lwéi 0.19 85 16,15
hoi dién, nwére thuan loi
R = Cac hoat dong cong nghiép
0,25 C h AN : 0,12 65 7,80 18,26
’ Ong nghiep hd tro hinh thitc SDDSKT ’ ’ ’
St dung.dat, trudc Su'\dung dfilF tI:u’O‘C k},lal thac cé 0,08 75 6,00
khai thac pht hop véi hinh thire SDDSKT
Khu gidi trf Khu Yui ch(ri, giai Eri xXung qua,nh md 0,08 75 6,00
anh hudng dén phwong an
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Hinh thirc SDPSKT c¢6 dnh hwo
Méi truomg nude| o CoDEon COGMANONE g 451 g0 | 37,60
dén ngudén nwéc
Hinh thirc SDDSKT c6 ga

MG trudmg dat I EILC SUDOR L CO By 017 | 65 | 11,05

017 0 nhiém moi trweomg dat 1270
’ Moi truomg khong|  Hinh thirc SDDSKT c¢6 &nh hwdng ’
; X 1A , 0,19 70 13,30
khi dén khong khi xung quanh
Hinh thitc SDDSKT c6 gidm thié
Rili ro IRTAES ISR COBAMEIEL | 017 | 75 | 12,75
dworc kha nang rii ro
Loi ich cho chu
QUL RO A s bhivaloi nhuan cho chi diutw | 0,63 | 75 | 47,25
dau tw
Loi ich cho cong S -
0,13 dong Mang lai loi ich cho chu dau tw 0,28 80 22,40 9,93
Loiichdi Thu dwoc thué tir hinh tha
oiich dia u Lr(_rc7 ué tir Nln trc 0,09 7c 675
phuong str dung dat

Tong 73,27

5. Két luin va ki€n nghi

Viéc Iwa chon mé hinh déng ctra mé da khai
thac xuéng siu hiéu qua can dwa trén cac phan
tich danh gid dic diém tw nhién, kinh t€ xa hoi,
quy hoach s dung dit va y kién cong dong.
Phuwong phap tién trinh phin cip thir bic (AHP,
FAHP) 1a c6ng cu phu hop dé lwa chon theo tirng
giai doan 14p ké hoach déng ctra mo. Téng hop
két qua nghién ctru cia dé tai cho thay phwong
an cai tao thanh khu dan cw két hop tin dung
mit nwdc moong khai thac 1p dit pin mit troi
noi, cung cip dién cho khu dan cw véi tong diém
nguyén tic 1a 73,27 1a phwong 4n déng clra mé
va str dung mat bang sau dong ctra phit hop cho
mo da. Phwong &n vira tAn dung duoc quy dat,
hinh thanh khu dan cov méi cho cw dan, mat nwéc
moong khai thac cling dwoc tan dung khai thac
dién mat troi - diy 1a ngudn nang lwong sach,
mang lai li ich ca vé mat Kinh té - xa hoi cho khu
vuec.

Tuy nhién, bén canh nhitng két qua dat
dwoc van con nhirng van dé cin quan tAm nghién
ctru d€ hoan thién hon vé quan ly tai nguyén va
moi trwong trong hoat dong khai thac khoang
san no6i chung va mé da noéi riéng. Trong dd, cin
tién hanh ap dung triét dé phwong an vira cai tao
vlra khai thac nham gidm thiéu thoi gian cling
nhu kinh phi cai tao sau két thic khai thac.

Loi cAm on

Cac tac gia xin cAm on Trung tdm Nghién
ciru Co dién mo cia Trwong Pai hoc Mé - bia
chit da cung cép so liéu thue té cho bai bao.
Pong gop cua tac gia

Phan Hong Viét - 1én y twdng, xay dung
phwong phap lun, viét bai; Bui Xudn Nam - hoan
thién y twdng nghién ctru, lwa chon phwong phap
nghién ctru; D6 Ngoc Tudc - phat trién y twéng
nghién ctru va phwong phap nghién ctu; D6
Ngoc Hoan - lién hé, viét bai, chinh stra va hoan
thién bai bao.

Tai liéu tham khao

Akbar, D., Rolfe, J., Rahman, A., Schrobback, P.
Kinnear, S, and Bhattarai, S, (2019).
Stakeholder collaboration models for
exporting agricultural commodities in Asia:
Case for Avocado, Lychee and Mango.
Milestones 11-13 Report for CRCNA.
CQUniversity Australia, Rockhampton, 74

pages.

Antwi, E. K, Owusu-Banahene, W. Boakye-
Danquabh, ., Mensah, R, Tetteh, ]. D., Nagao,
M. & Takeuchi, K. (2017). Sustainability
assessment of mine-affected communities in
Ghana: towards ecosystems and livelihood
restoration. Sustainability Science, 12, 747-
767.



D6 Ngoc Hoan va nnk./Tap chi Khoa hoc Ky thudt M6 - Pia chdt 64 (4), 89 - 102 101

Asr, E. T., Kakaie, R,, Ataei, M., & Mohammadi, M.
R. T, (2019). A review of studies on
sustainable development in mining life cycle.
Journal of Cleaner Production, 229, 213-231.

Bainton, N., & Holcombe, S., (2018). A critical
review of the social aspects of mine closure.
Resources Policy, 59, 468-478.

Bascetin, A., (2007). A decision support system
using analytical hierarchy process (AHP) for
the optimal environmental reclamation of an
open-pit mine. Environmental Geology, 52,
663-672.

Bui Xuan Nam (editor), (2015). Improving
the exploitation efficiency of construction
stone quarries in the Southern region.
Construction Publishing House, Hanoi.

Butler, C. R, Hynds, R. E., Gowers, K. H,, Lee, D. D.
H. Brown, J. M., Crowley, C,, ... & Janes, S. M,,
(2016). Rapid expansion of human epithelial
stem cells suitable for airway tissue
engineering. American journal of respiratory
and critical care medicine, 194(2), 156-168.

Che Dinh Ly, (2012). Process of hierarchical
analysis. Master's Lecture, Vietnam National
University, Ho Chi Minh City.

Clark, A. L; Clark, J.C. VIII, (2005). An
International Overview of Legal Frameworks
for Mine Closure; Environmental Law Alliance
Worldwide: Eugene, OR, USA.

Cooke, ]. A, Johnson, M. S., (2002). Ecological
restoration of land with particular reference
to the mining of metals and industrial
minerals: A review of theory and practice.
Environmental Reviews, 10(1), 41-71.

Doley, D., Audet, P., (2013). Identifying natural
and novel ecosystem goals for rehabilitation
of postmining landscapes. Responsible
Mining: Case Studies in Managing Social and
Environmental Risks in the Developed World,
609-638.

Guillet, C, Join-Lambert, O. Le Monnier, A,
Leclercq, A., Mechai, F., Mamzer-Bruneel, MF,
.. & Lecuit, M., (2010). Listeriosis in humans
is caused by Listeria ivanovii. Emerging
infectious diseases, 16 (1), 136.

Gupta, S.; Kumar, U, (2012). An Analytical
Hierarchy Process (AHP)-Guided Decision
Model for Underground Mining Method
Selection. Int, J. Min. Reclam. Environ. 2012,
26,324-336.

Hancock, G. R, Loch, R. ], & Willgoose, G. R,
(2003). The design of post-mining
landscapes using geomorphic principles.
Earth Surface Processes and Landforms: The
Journal of the British Geomorphological
Research Group, 28(10), 1097-1110.

Hinton, G. E. Krizhevsky, A, & Wang, S. D,
(2011). Automatic encoder switching. In
Artificial Neural Networks and Machine
Learning-ICANN 2011: 21st International
Conference on Artificial Neural Networks,
Espoo,  Finland, 14-17 June 2011,
Proceedings, Part 1 21 (pages 44-51).
Springer Berlin Heidelberg.

Ho Si Giao, (1996). Technology base of
quarrying. Education Publishing House,
Hanoi.

Ho Si Giao (ed.), (2009). Mining of solid minerals
by open-pit mining. Science and Technology
Publishing House, Hanoi.

Ho Si Giao (ed.), (2010). Environmental
protection in mining. Hanoi Polytechnic
Dictionary Publishing House. Hanoi.

Hoang Cao Phuong, (2016). Research on
technology and management solutions for
sustainable development of construction
material mining mines in Vietnam. Thesis of
Doctor of Engineering. Hanoi University of
Mining and Geology.

Hoang Thi Hong Hanh, (ed.), (2012). Application
of multi-criteria analysis method and process
of hierarchical analysis to orient the use of
post-mining site. Journal of Natural Resources
and Environment, No. 22, p.156.

Hoang Thi Hong Hanh, Huynh Thi Minh Hang,
(2001). Types of return and ground use after
mining construction quarries, Collection of
reports of Vietnam Mining Science and
Technology Conference Hutchison, I
Dettore, R. Statistical and Probabilistic
Closure Cost Estimating. In Proceedings of the



102 D6 Ngoc Hoan va nnk./Tap chi Khoa hoc Ky thudt M6 - Pia chdt 64 (4), 89 - 102

Tailings and Mine Waste 2011, Vancouver, BC,
Canada, 6-9 November 2011.

International Council on Mining and Metals -
ICMM, (2012). The role of mining in national
economies- London, UK.

International Institute for Environment and
Development - IIED (2002). Minerals and
Sustainable Development Mining for the
Future Appendix B: Mine Closure Working
Paper; WBCSD: Geneva, Switzerland.

Lechner, A. M., McIntyre, N., Witt, K., Raymond, C.
M., Arnold, S., Scott, M., & Rifkin, W. (2017).
Challenges of integrated modelling in mining
regions to address social, environmental and
economic impacts. Environmental modelling
& software, 93, 268-281.

Lei, K, Pan, H, & Lin, C, (2016). A landscape
approach towards ecological restoration and
sustainable development of mining areas.
Ecological Engineering, 90, 320-325. https://
doi.org/10.1016/j.ecoleng.2016.01.080.

McHaina, D. M., (2001). Environmental planning
considerations for the decommissioning,
closure and reclamation of a mine site.
International Journal of Surface Mining,
Reclamation and Environment, 15(3), 163-
176.

Monosky, M., & Keeling, A., (2021). Planning for
social and community-engaged closure: A
comparison of mine closure plans from
Canada's territorial and provincial North.
Journal of Environmental Management, 277,
111324.

Mukhopadhyay, S. C., (2014). Wearable sensors
for human activity monitoring: A review.
IEEE sensors journal, 15(3), 1321-1330.

Nguyen Duc Quy, Nguyen Van Hanh, (2001).
Restoring Vietnam's mining environment.
Collection of Scientific Conference on Natural
Resources and Environment.

Norouzi Masir, R, Ataei, M., Khalo Kakaei, R,, &
Mohammadi, S, (2021). Sustainable
Development Assessment in Underground
Coal mining by Developing a Novel Index.

International Journal of Mining and Geo-
Engineering, 55(1), 11-17.

Pavloudakis, F., Galetakis, M., & Roumpos, C,
(2009). A spatial decision support system for
the optimal environmental reclamation of
open-pit coal mines in Greece. International
Journal of Mining, Reclamation and
Environment, 23(4), 291-303.

Phan Hong Viet, Do Ngoc Tuoc, (2020). Method
of selecting closure model for construction
quarries in Binh Duong province. Mining
Industry Magazine No. 4/2020.

Phung Manh Dac, (2005), Research and assess
the impact of the Law on Minerals on the
development of Vietnam's mining industry,
Vietnam Union of Science and Technology
Associations, Hanoi.

Saaty, T. L. (2008). Decision making with the
analytic hierarchy process. International
journal of services sciences, 1(1), 83-98.

Srivastava, N. K, Ram, L. C, & Masto, R. E,
(2014). Reclamation of overcrowded and
lowland soils in coal mining areas with fly ash
and selective planting: An ecologically
sustainable approach. Ecological
Engineering, 71, 479-489.

Tomlins, S. A, Laxman, B., Dhanasekaran, S. M,,
Helgeson, B. E., Cao, X, Morris, D. S, .. &
Chinnaiyan, A. M., (2007). Distinct classes of
chromosomal  rearrangements  create
oncogenic ETS gene fusions in prostate
cancer. Nature, 448(7153), 595-599

Vivoda, V., Kemp, D, & Owen, ], (2019).
Regulating the social aspects of mine closure
in three Australian states. Journal of Energy &
Natural Resources Law, 37(4), 405-424.

Worrall, R, Neil, D., Brereton, D., & Mulligan, D.,
(2009). Towards a sustainability criteria and
indicators framework for legacy mine land.
Journal of cleaner production, 17(16), 1426-
1434.

Zadeh, L. A. (1965). Fuzzy sets. Information and
control, 8(3), 338-353.



