KHOA HOC VA CONG NGHE M0

UNG DUNG MANG NO RON NHAN TRO
DU BAO LEN BE MAT BIA HINH DO KHAI THAC HAM LO

ho dén nay, cac ly thuyét dw bao dich

chuyén va bién dang bé mat mé dwoc chia

lam ba hwéng chinh: dwa vao nguyén ly hinh
hoc, duwa trén méi trwdng co hoc lién tuc va dua
vao ly thuyét ngdu nhién. Cac nha khoa hoc trén
thé gi¢i da phat trién nhidu phwong phap dw bao
dua trén cac ly thuyét nay, c6 thé nhém thanh 5
nhom phwong phap nhw: nhom phwong phap quan
hé thwc nghiém, ham mat cat, ham anh huO’ng,
gidi tich va mo hinh vat ly [9].

V&i sw phét trién cla khoa hoc may- tmh mang
no' ron nhéan tao d& dwoc (’ng dung rong rai trong
nhiéu IThh vire, trong d6 cé khoa hoc dw bao. Mang
no ron nhan tao c6 kha nang lién két, tich hop cac
théng sé khac nhau dé& xac dinh va du bao trong
nhiéu (rng dung [11]. Biém manh clia mang no ron
nhén tao la kha nang duw béo tét véi nhivng di liéu
phirc tap ma ngwdi dy bao khdng cé céc thong tin
va kién thirc cu thé vé tinh quy luat cda di liéu. Db
vei nhikng di¥ liéu nay, mang no ron ‘nhén tao cho

kha nang téng quat hda cao trong dw bao, hon nira,

nd con co kha nang du bao cho céc dai lwong xuét
hién khéng tuyén tinh.

Viéc dw béo cac dai lwgng dich chuyén do anh
hwéng qué trinh khai thdc mé hdm |6 bang mang no
ron nhan tao da dwoc thuc hién bdi kha nhiéu tac gia
nwéc ngoai nhw nghién ctru cia Ambrozic va Turk,
2003 [6] dé du doan mulrc dd sut Iin bé mat do khai
thac than tai mé Velenje, Slovenia; Ki-Dong Kim va
nnk, 2009 [7] nghién ctru dw bdo muic d6 sut Iin cla
thanh phé Samcheok, Han Quéc do &nh hwédng clia
mo than da khai thac; nghién clru clia Saro Lee va
nnk [8] st dung mang no ron nhan tao dé du bdo anh
hwéng sut lan tai khu mé Jeong-am, Han Quéc;
Nghién ctru cta Yang va Xia, 2013 [10] vé dy bao
muirc do sut IGn bé mat di khi khai thac cac md ndm
duwéi lép da méng va I6p dat mwon day.

So ve&i cac phwong phap dw bao mire doé sut lan
da dwgc st dung trwedc dwa vao cac cong thirc va
tham sb dwoc xac dinh thi phwong phap du bao
lin str dung mang no ron nhan tao duwgc coi 13
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phwong phap dy bao khéng st dung tham sé va
¢6 kha nang dy bao cho cac khu vuwc véi cac déac
diém dia chat, dia hinh dac biét. Pay la van dé can
dwoc gidi quyét trong bai toan dy bao cac dai
lwgng dich chuyén do anh hwéng cla qua trinh
khai thac mo. Dy bao mirc d6 sut lun bang mang
no ron nhan tao la phwong phap hién dai, phuwong
phap nay can cé di liéu thwe t& quan trac lun trén
cac khu vuc khai thac dé lam dir lieu diu vao huin
luyén mang; tuy vay diéu nay cé thd dé dang thu
nhan duoc hon nhleu so V@i viéc thu thap céc yéu
to anh hwdng can thiét véi dd chinh xac cao cho
cac nhém phwong phap dé cap & trén.

1. Khai Iu’o'c vé mang no ron nhan tao

Mang no ron nhan tao dwgc xay dung tlr nhirng
nam 1940 nham giai quyet cac bai toan vé phan
nhom, phan I&p, xap xi, tinh toan tdi wu, diéu khién,
dw bao dya trén mo phong mét sé chirc nang clia
bd ndo ngwdi. Mang no ron nhan tao duoc thiét ké
twong tw nhw no ron sinh hec dwoc rng dung réng
trong nhiéu Iinh vuc, né cé kha nang lién két, tich
hop céc théng sb khac nhau dé xac dinh va dw béo
hién twong theo nguyén ly nhan-qua. Mang no ron
nhén tao la thuét toan mé phong hoat dong clia hé
than kinh sinh hoc trong viéc giadi quyét cac bai
toan ky thuat va céng nghé. H.1 minh hoa so db
don gian cla mang no ron nhan tao.

xa'-f

H.1. So' dé cau tao no ron nhan tao
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Cau truc mang no' ron nhéan tao bao gém ba I&p
chinh: 1&p dau vao, lép an va Io’p dau ra. Lop dau
vao la nguén théng tin cla ca& mang voi cac tin
hiéu x4, Xa,..., X4 l& cac sb thuwe. Moi gia tri d&u vao
duwgc gan mc.;")t trong sb lién két wy, Wa,..., Wy
(synaptic weight). Téng cac tich clia tin hiéu dau
vao voi cac trong sb dwoc goi 1a ham kich hoat no
ron. Tap hop xi,..., Xg tao ra véc-to dau vao X, gia
tri xo=-1 la mot hang s6 va cling véi trong sb lién
két Wo tao ra nguong hay con goi la do 1éch (bias).

V& quan diém toan hoc, mang nhan tao thuc
hién cac phép bién dbi:

a= Zw Xi; y=g(a)= Q(ZW XJ (1)

i=0

Sy Ian truyén va két ndi théng tin gitra cac no ron
trong ting 16p theo nguyén tac két ndi cac tin hiéu.
L&p no ron dau ra 1a két qua x ly, thé hién méi quan
hé nhan-qua gidra dau vao va dau ra. Gia tr dau ra
clia mbi no ron sé& duoc xac dinh bdng mét ham sb
goi 14 ham kich hoat, ham kich hoat c6 nhiéu dang
khac nhau nhw ham nguwdng, ham logistics,... Qua
trinh xac dinh médi quan hé gitra dau vao va dau ra
duwoc goi 1a quéa trinh huén luyén mang ma ndi dung
chli yéu la hiéu chinh trong sé lién két.

Pé mét mang no' ron nhan tao méd phoéng chinh
xac mot hién twong, can phai co qua trinh huén
luyén mang. Trong qua trinh nay, cac théng sb
khac cua mang khong thay dbi, trong khi gia trj cac
trong s6 lién ket dwoc diéu chinh sao cho dau ra
cGa mang gan v&i gia tri mong mudn. M&i mot
trwong hgp tham gia trong qua trinh huén luyén 1a
mot véc-to dir liéu biéu dién sb liéu quan trac cla
hién twong. Qua trinh hoc clia mang cé thé chia ra
thanh 2 loai la hoc co giam sat va hoc khéng giam
sat. Trong trwcng hcyp xay dwng mé hinh dy bao
bién dang mé thi hau hét sir dung qua trinh hoc co
giam sat, trong do, de xac dinh trong sb cla céac
lién két trong mang can €O cac vec to dir liéu dau
Va0, CAC gia tri va yéu cau cla két qua lam dau ra.
Nhw vay, trong qua trinh hoc co giam sat, méi vi du
hoc bao gébm hai phan: véc to div lidu x, & dau vao
va véc to' y, & dau ra.

2. Banh gia kha nang trng dung mang no ron
nhan tao dy bao lun bé mat do khai thac ham 1o

2.1. Cac yeu t6 trong tép dir liéu huan luyén

Dir liéu dau vao huan luyén mang bao goém 11 yéu
tb déc trung cho yeu td dia chat-khai thac clia via than:

% Gaéc dbc via (a);

+ Chiéu day khau via (m);

“ B0 sau khai thac ranh g|o=| trén 10 cho (h);

%+ Goc dich chuyen xudi dbc B);

“ Goc dich chuyén nguoc déc (y);

< Goc lun cye dai (8);

% Kich thwoc khodng tréng khai thac theo
hwéng déc (1);

% Kich thwoc khoang trdng khai thac theo
hwéng dwéng phwong (w);

% Kich thwoc bdn dich chuyén theo huwéng
nguoc dbc (Lq);

< Kich thwdc bon dich chuyén theo hwdng
nguwoc dbc (Ly);

% Khoang cach ttr bién gi¢i bdn téi diém (s).

2.2. Xdc dinh cdc théng sé géc djch chuyén
trong tép huamluyén

DPé xay dang mét tép huan luyén cho mang thi
can rat nhiéu sd lidu quan tric IUn trén cac via khai
thac co cac diéu kién dija chat-khai thac khac nhau.
Tuy nhién trong thywc té tai Viét Nam, tai bé than
Quang Ninh m¢&i chi xay dung dwoc mot sb tram
quan trac tai cac mé Ha Lam, Nam M&u, Mao Khé,
Théng Nhéat, Méng Dwong [3]. Sé liéu Itun quan tréc
dwoc hau hét chwa phai l1a do lin khi khai thac
toan phan, vi vay dwdng cong lun trén mat cat
chinh clia bén dich chuyén thu dwoc chwa phan
anh hét mire d6 anh hwdng ctia qua trinh khai thac
lén bé mat. Vi vay dé xay duwng tép huén luyén tac
gia sir dung phwong phap vung twong ty do gido
sw Kazakovski dé& xuat dé xac dinh cac théng sb
géc dich chuyén. Phwong phap nay dua trén sy so
sanh hé sb kién cd dat da f dé xac dinh cac goc
dich ddng cho ving mé chwa nghién ctru. Phan
loai nhém mod theo dd kién cd (dd cirng) dat da
bang phwong phap viing twong tw dwoc thé hién
trén Bang 1 [5].

Bang 1. Phan J'oaf nhom moé theo do cwng dat da

Nhom He sb klen co dat déf -
f!_”lp Trun_g binh Khoang_glao dﬁng Y
AR den03 - 45 45
n| G5 U3+0¢ . |58 | 55
1D 08412 | 60] B0
Ve s 13120 ¢« 65 P65
\V 2,5 . 2135 70070
VI | 4,0 36445 g loilg:
Vil 59 . b0:60. | 80] 80
- Vil 8,0 B,1+120 |85 ] 85

Theo s6 liéu dia chat tham do bé than Quang
Ninh, dia téng chtra than ctia cac mé Ha Lam, Mao
Khé, Nam Mau, Méng Dwong, Théng Nhét,... bao
gbm: cat két, bot két, sét két, cudi két, sét than va cac
via than, ching ndm xen kep va phan nhip. Céac 1ép
da co dd gan két ran chéc, thudc loai da ciing bén
virng. Do kién cb dat da trung binh tai cac md da
dwoc thdm do ndm trong khodng tir 4+7 [1], do vay
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khi Iya chon céac goc dich déng dé duwa vao tép huan
luyén. tac gid chon bé than Quang Ninh thudc nhém
VI, Gée dich chuyén theo phuong & bang géc dich

chuyén theo huwéng nguge déc y=80°. Géc dich
chuyén theo hwéng xudi déc phu thude goc déc cia
via khai thac va duoc xac dinh dwa trén Bang 2 [5].

Béng 2. Xac dinh géc dich chuyén f3 theo nhém maé

Nhém Géc débc via o (d0)
mé 0 5 10 | 15 | 20 | 25 | 30 | 35 | 40 [ 45 | 50 | 55 | 60 | 65 | 70 | 80 | 90
Il b5 51 47 44 142 | 401089 |38 87| 37 135 |34 ] 331 32 | B2 /80 180
i B 56 | 52 | 49 1 46 | 44 | 42| 40 38| 37 86| 35 .34 [ 33| 32,80 (30
1\ B85 ' 6001 56 |58 || 50,148 | 46| 42 | 40 .38} 36 | 34 | 33 | 38 |/32./.30 130
V 0’65 | 61 | 58 | 54 {51 =48 |46 | 43 | 40| 38| 36| 33 | 31 | 30| 30 {30
VI o [ 0l 6651 62 |58 b4 1 50 | 48 | 46 | 42 | 38 | 34 | 31 | 30 ] 30 | 30 |35
vl 80 | 75 | 70 | 66 | 62 | 58 | 53 | 49 | 46 | 42 | 38 | 34 | 30 | 30 | 30 | 30 |35
Ml 85 e 80D 0 6bn 61 BT 52 ) 40 | 42 | 38 | 34 30 30 30| 80 |35

Goc lan cwe dai 8 dwgce xac dinh theo cong thire
thwe nghiém 6=90° - kqa. Trong do: gia tri k1 Xac
dinh tuy thugc vao nhém khoang sang va ty sé téng
chiéu day dat phi va I&p ndm ngang mézodoi voi
chiéu sau khai thac trung binh. D& xay dwng tép div
li&u huan luyén va kiém dinh phuc vu cho viéc danh
gia kha nang str dung mang no' ron nhan tao trong
bai toan dy bao bién dang & mé thi khoéng can thiét
phai thay dbi cac gia tri k;, do vay v&i didu kién
khai thac mé & Quang Ninh tac.gia cling chon gia
tri ky=0,77 [3].

2.3. Xdc dinh céc yéu tb khdc trong tép huan
luyén mang

Dé xay duwng tép di liéu huén luyén, 3 kich thwéc
khac nhau cda ving khai thac (LxW) dwoc dwa vao
tép huén luyén (50x100 m, 100x200 m, 150x300 m).
Céc ranh gidi trén cda 1o chg nam & 3 dd sau khac
nhau (100 m, 200 m, 300 m), d6 day khau via 1a 4 m,
6 m va 8 m. Goc dbc cha via la 10°, 20°, 30°, Cac goe
9, B, y xac dinh nhw trén muc 2.2 dbi véi nhém md
VII. Céc théng'sé dia chat-khai thac dwa vao tép huén
luyén mang nhuw trong Bang 3.

Béng 3. Céc thong sb dia chét-khai thac trong tép huén luyén mang

T | Géc dbc Chiéu day Do sau Kich thuwéc Goéc dich Géc¢ lun
T via khau via khai thac khai thac (1o chg) chuyén cure dai
(@) (m) (h) ()% (W) B Y e

4 -100 50 100 70° 80° 82°

1 10 6 200 100 200 70° 80° 82°
8 300 150 300 i 80° 82°
4 100 50 100 620 80° 75

2 20 6 200 100 200 62° 80° 75"
8 300 150 300 62° 80° s
4 100 50 100 53° 80° 67°

3 30 6 200 100 200 537 80° 672°
8 300 150 300 55 80° B7°.

D6 lun clia cac diém trén trén mét cat co ban di qua
tam bén dich chuy&n phia trén cac via khai thac ¢6 cac
théng sé nhw Bang 3 duoc xac dinh theo ham du bao
(2) dudi day, ham (2) da dugc chirng minh pha hop
v&i 6 liéu quan trdc IGn thyc t& tai mé Théng Nhét,
Quang Ninh [4] vi vay c6 thé coi d6 Itin xéc dinh tir ham
nay twong dwong véi dd lun thyce té & mé.

2,64 172
g6 3[L J 4,36[ LS]
: 1 +d.e =

MN(s) =Mmax| © - (2)
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Trong dé: Ly va Ly lan lwgt 1a kich thwde ban bén
dich chuyén theo hwéng ngwoc dbc va xudi déc,
xac dinh theo (3) va (4);
Li=[h.cotan(y)+0,5.l.cos(a)+
+(h+0,5.1.sin(a)).cotan(0)]; (3)
L>=[0,5.l.cos(a)-(h+0,5.l.sin(a)).cotan()+
+(h+l.sin(a).cotan(p)]; (4)
Tai day: s - Khoang cach tir diém can duw bao 1oi
diém c6 d6 lun cwc dai; s mang gia tri am khi nam
trén phla nguoc déc va du’crng khi ndm duéi phia
xubi dbc; ¢ va d - Cac hé sb didu kién, xac dinh
theo cdng thiec (5);
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c=1,d=0 (s<0)
c=0,d=1 (s<0) (5)
c=05d4=08 B=0]

Nmax 18 @6 1Gn cwe dai cla bén dich chuyén, xac
dinh theo (6);

Nmax=(a.m.cosa.N). (6)

V6i a la hé sb lun twong dbi, xac dinh theo sé
liéu quan tréc thwc dia, trong diéu kién cac mé &
Viét Nam thi a=0,8 [3], N la hé s6 mirc dd khai
thac, trong trwérng hop khai thac toan phan thi N=1
[2]. St dung cac tham sé dau vao nhu trong Bang
3, két hop véi d6 lun tinh dwoc khi thay cac tham
sb6 nay vao phuwong trinh (2) ta c6 dwoc mot tép
huén luyén va mét tép dich twong (rng.

Béng 4. Théng sé tép kiém dinh mang

2.4. Khao sat kha nang duw bdo lin ctda mang
no ron nhan tao

Thir nghiém v&i mé hinh mang no ron co 2 I1ép
an, 1&p an thi nhét c6 8 no ron, I6p an thr 2 ¢o 8
no ron, vi vay sé c6 11.8+8.8+8.1=160 két nbi gitra
cac no ron va clng can co tirng day trong sé can
duoc khéi tao trong qua trinh huén luyén.

Kiém tra kha nang dy bao clia mang no ron sau
huén luyén dwoc tién hanh trén 3 via khai thac co
cac tham sb do dbc, kich thwdc khai thac, kich
thuwée bdn dich chuyén, géc dich chuyén, goc lun
cire dai va dé sau khai thac khac hoan toan khac
div liéu trong tép huén luyén & Bang 3. Cac thdng
s6 tép kiém dinh dung dé danh gia kha nang cla
mang nhw trén Bang 4.

g Goc doc Chiiau day | Do sau Kich thwéc Géc di'ch Godc Itin
hop via khau via khai thac khai thac chuyén cuc dai
: () (m) (h) (L) (W) B Y 0
1 15 5,0 150 120 250 66° 80° 78°
25 6,7 230 195 350 58° 80° Ta
o 35 3,0 250 200 280 49° 80° 63°
Kéthop céc théng sd.trong 3 truong hop via -72.000 -0.754 -0.670 | -0.084
khai thac 15°, 25°, 35° trén Bang 4 v&i biéy thirc (2) 260.000 1408 3930 00T
ta xac dinh dwgc do Iin cac dlélT[ trégn bé mat, do -48.000 -2.208 -~ 22901 -0.006
IUn nay dU’UC coi la dﬁ Iun thU"C té dé so sanh voi -36.000 -2.975 -3.064 0.089
do Iunzdu bao tir mang, két qua soxsénl’} gia tri do 54000 3535 —3.634 0'099
[in thé hién trén cac Bang 5. Biéu d6 so sanh _12'000_ -3‘813 _3'939 0'127 -
duwdng 2 cong lun nhw trén cac hinh-H.2, H.3, H.4. - : : -
Trong trwéng hop 1, d6 léch dw bao va thuc té Ion 0.000 -3.868 -3.965 0.097
nhat la 0,127, nhé nhat 1a -0,204, RMS=0,086, 10.300 -3.552 -3.550 | -0.002
twong dwong 2 % d0 1un cwe dai. Trwdng hop 2 dd 20.600 -2.922 -2.804 -0.118
lech lon nhat la 0,212, nhd nhat la -0,163, 30.900 -2.202 -1.998 -0.204
RMS=0,106 m, twong dwong 2 % d6 IUn cuc dai. 41.200 -1.535 -1.374 -0.161
Trweng hop 3, d6 1éch 16n nhat 14 0,019, nhé nhéat 51.500 -0.996 -0.905 -0.091
la -0,183, RMS=0,095 m, twong dwong 5 % doé Iun 61.800 -0.604 -0.543 -0.062
cwc dai (Bang 6). V&i do léch gilra dworng cong dw 72.100 -0.344 -0.294 -0:050
bao va thyc té thé hién qua chi s RMS rat nho thi 82.400 ~0.184 0152 20.032
trén cac biéu d6 so sanh dé dang nhan thay cac 92.700 -0.093 0.081 0.012
duong cong lun rat sat nhau, ching t6 két qua dy 103.000 20.044 20.051 0.006
bao dat do chinh xac cao.
. e Lo Truong hop 2
Béang 5. So sanh gia tri dd lun dw bao béi mang
no ron va thue té -222.000 -0.009 -0.007 -0.002
-199.800 -0.041 -0.159 0.118
Trwong hop 1 -177.600 -0.147 -0.360 0.212
Khoang Bolin | Bolindw | oo \s -155.400 -0.416 -0.622 0.206
cach thure te bao i -133.200 -0.947 -1.007 0.061
-120.000 -0.007 -0.015 0.008 -111.000 -1.768 -1.807 0.039
-108.000 -0.033 -0.071 0.038 -88.800 773 -2 866 0.093
-96.000 0.117 -0.153 0.036 -66.600 85/ -3.747 0.010
-84.000 -0.331 -0.315 -0.017 -44.400 -4 440 -4.277 -0.163
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Khodng céch tdi tim bon

Kggg]:‘ g tahaéutré BO tl)l{ér;dw Dﬁ IéCh -230 -180 -130 -80 -3¢ 20 10 120 170
22200 | -4.788 -4.636 | -0.153 - TR ' P
0.000 -4.858 -4.766 -0.092 1000 2 /]
19.000 -4.461 -4.551 0.090 o \ /
38.000 -3.669 -3.757 0.088 % ‘ \ /’
57.000 -2.765 -2.866 0.101 2 3000
76.000 -1.928 -1.955 0.027 . \ /
95.000 -1.251 1231 | -0.020 N
114.000 -0.759 -0.756 -0.003 5000 =
133.000 -0.432 -0.474 0.043 —+—Dubng cong djlin tirma hich - -+ - Dudng cong dj lim dyrbdo
171.000 -0.117 -0.226 0.109 va thuc té trong truong hop 2
190.000 -0.056 0175 0.120
: Trudng hop 3 Khoiing cich téi thm bon
-283.000 -0.004 0.001 -0.005 300 250 200 S0 100 50 0 50 100 150 200 250
-255.000 -0.017 -0.010 -0.006 o
-226.000 -0.060 -0.052 -0.007
-198.000 | -0.168 ~0.159 ~0.009 - - P i
-170.000 -0.383 -0.328 -0.056 § 050 N ,,ff
4200 | Grie | wbEs oot 2o LA i
-113.000 | -1.122 -0.997 [ -07125 o [N i
-85.000 52 -1.367 -0.146 _ 1500 : <y
-57.000 -1.797 -1.636 -0.161 i :
-28.000 -1.938 -1.845 -0.093 .
som |t [ asme |00 ] i oot
48.000 -1.485 -1.309 -0.176 H.4. So sénh duong cong du bao
73.000 -1.119 -0.980 -0.139 va thuc té trong trirong hop 3
SEO0N0 . 080 L 0050 0119 Béng 6. So sanh két qué du béo voi thirc té
121.000 -0.506 -0.477 -0.030 :
145.000 -0.307 -0.326 0.019 Gocdéc | Do léch Do léch Sai
169.000 0175 -0.166 -0.009 via Ién nhat | nho nhéat sb
194.000 -0.094 -0.077 -0.017 (a) (AHmax) | (AHmin) RMS
218.000 -0.047 -0.030 -0.017 15° 0,127 -0,204 0,086
242.000 -0.023 -0.004 -0.018 25° 0,212 -0,163 0,106
35° 0,019 -0,183 0, 095
Khoing cich i tim bon )
a0 40 M W 3. Két luéan

26 50 80 110

0.000 -

-1.000

2,000 n—wﬁ b .77 2. AR N i

53 Hir

2000 -

4000 e

S A

—-—Bsmgcengdé]nnmmohmh - Bu&ngmngdél&nduhéo

H.2. So sanh dudng cong dw bao
va thue té trong trudng hop 1

n CONG NGHIEP MO, SO 5 - 2016

Két qua thwc nghiém cho thay viéc s dung
mang no ron truyén thang MLP &p dung phuwong
phap hoc c6 giam sat vao dw bao lin cho mat cat
bdn Ian ly thuyét dat chat lwong tét, thé hién qua
gia tri sai s& RMS |&n nhét trong cac trudng hop
thir nghiém chi x&p xi 5 % so v&i dd 1an thyc té cuc
dai. V&i mang no ron truyen thang sau- khi thir
nghiém nh|eu lan cho thdy mang no ron cé cau tric
hai I&p &n véi sb lweng tir 8+10 no ron méi I6p la
mang c6 cAu tric phi hop dé dw bao lun & cac mé
than c6 cac tham sé dau vao twong tw nhw trong
md hinh thwe nghiém. Khi di liéu quan tréc dung




KHOA HOC VA CONG NGHE Mo

dé& huan luyén mang phong phu, hoan toan cé thé
str dung ‘mﬁ hinh mang no ron nhéan tao dé du bao
sut Itin b& mat mé do khai thac ham 16 gay ra.0
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SUMMARY

This paper presents the results of

. assessing the artificial neural network usability
to predict surface subsidence caused by
underground coal mining, where a 2-layer
feedforward network are used. Training and
testing data are taken from the subsidence
forecast model that has been demonstrated to
fit with geological-mining conditions in Quang

Ninh coal seams. Assessment of Predictability
of the neural network after training period was
conducted in 3 geological - mining conditions
which absolutely different from the training
conditions. The largest RMS of 3 cases is
0.1086, equivalent to 5 % of maximum subsidence.
This result is prerequisite for building a
subsidence prediction model applied in
underground mining in Quang Ninh coal basin.
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SUMMARY

The article refers to the installation of

' intermediate substatins to supply electricity to |
the loads in Ha Long — Cam Pha area by circle

. principle. This is consistent with the transmission
levels, power supply radius, in

. voltage
. accordance with the mine electrical loads. The |
. research results can serve the planning and |

. development  of _power |

. network in the region.

medium-voltage
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