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UNG DUNG MANG NO RON NHAN TAO
GIAI THUAT LAN TRUYEN NGUUC £ BE DU BAO SU BIEN Bﬂl
TiNH CHAT CO LY BA PHUC VU CONG TAC KHOAN NO MiN

1. Dit van dé

Tinh chét co Iy cla dat da dong vai trd quan
trong khi thwc hién cac vu nd min, anh hwéng trec
tiép t&i hiéu qua nd. Moi thong s6 tinh toan, lwa
chon dé thlet ké cac vu nd déu phai quan tam toi
cac théng sb do6, bao gdm ca khoang thoi gian vi
sai. V@i tinh chét dic thu cung sy bién dm bat quy
tac cua moi trwcmg dat da, cac thong s6 clia mot
vy ndé min luén an chira cac hé sé kinh nghiém va
thyc nghiém. O Viét Nam, cong thirc (1) la mot
trong nhirng coéng thire thre nghiém dwoc str dung
dé xac dmh khodng th&i gian vi sai phu hop cho
cac vu nd min trén ma 16 thién [1].

a .cp
- P = [ > B , 1
(30 35).0..g M

Trong do: oy, - DO bén nén clia dét da, kG/em?; ¢ - Tée
dd lan truyén cla song doc; m/s; p - Khoi Iwong riéng
cua dat da, g/cm an - Khoang cach gitra cac luvong
nd, m; g=9,8 m/s’ - Gia téc trong tru’omg

Trong cbng thirc (1), dé thay rang o, p chinh Ia
hai théng sé co' ly ctia dat da; con tdc do lan truyén
song doc c lai chiu anh hwéng truc tiép khong chi
tr cac théng sb co ly ma con ca tinh chéat, hién
trang cla dat da khu virc nd. Néu tdng hop cac
théng sé o,, p, ¢ va hé sb kinh nghiém (30+35)
thanh mot hé s6 K goi 1a hé sbé k& dén sy anh
hwdng cia méi treéng dat da thi céng thire (1) ltc
nay c6 dang:

=K 20 , ms (2)
g
Trong do:
K= SP (3)
(30+35).5,

Cac yéu td vé céu tric, d6 nit né, do toi xbp,
hwdng nit né cla dat da..., cac yéu td vé moi
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tredng nhw do am, nhiét d6 quyét dinh van tbc lan
truyén clia séng chan dong [5]. Do do, sw thay doi
cla van téc lan truyen séng chan dong sé& ham
chira sy thay dcn ctia moi treong dat da, trong do
c6 cac tham sbé o, va p. Mbi quan hé gilra c, on Va
p la phi tuyén va phu thudc vao hién trang dat da
mdi khu vue, nhwng noi chung c ty & thuan véi o,
va p [5]. Tlee la:

c=kf(c,.p).=> f(s,,p)= C_% =ck" (4)

Thay the biéu thirc (4) vao biéu thirc (3); Két ho'p
hai hé s6 K va k' thanh K va goi chung 1a hé sé ké
dén sy anh hudng clia méi treong; Tl co s& bidu
thire (4), coi o, va p= const=cno Va py la do bén nén va
khéi Igng riéng clia dat da khu vire nd min tai thoi
diém khado sat dia vat ly. Ta co Knf(c), cu thé:

_ _[ cm C.Hy
K. =(K_ K )= + a
mt ( min max) (35.(3”0 BO-GnoJ (5)

Trong qua trinh khao sat, tham do nguoi ta
da xac dinh céc tham sb o0, pg va ¢ dé co duoc
nhitng tinh toan gia tri K., pht hop nhat. O’ Viét
Nam viéc nay khéng duwgc thwe hién thwéng
xuyén do anh hwéng téi tién do va san lwong
khai thac.

Trong khi do, cac vu nd min va hau qua chan
déng cda nod lam thay déi cac théng s6 nay theo
thdi gian. Mat do nd cang day, khéi lvong thudc tai
mot thei diém nd cang Ién thi téc do thay ddi cang
nhanh, lwgng thay d6i cang nhiéu. D& dam bao va
nang cao hiéu. qué cac vu nd tiép theo, can thiét
phai c6 sy diéu chinh hé sb K, cling nhu théi gian
vi sai t cho phu hop.

Vi ly thuyét vé mang no ron nhan tao, nhom
nghién ctru dé xuét y twdng dw bao sw bién ddi cac
théng sé co' ly va hién trang dia chat ctia mé 16
thién lién tuc theo thdi gian. Co s& dir liéu cho
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mang la m01 quan hé gira hé sbé c va Kt T
nhirng vu ndé min da dwoc thuc hién, van téc lan
truyén trung binh (cw) cla séng chan déng duoc
xac dinh, coi c=cy xac dinh dwoc K. theo cong
thirc (5). Xay dwng mang ng ron nhan dang dwoc
xu thé bién ddi clia Kmt theo ¢ tlr cac vu nd da thuc
hién sé cho phep dw bao Ky, th&i gian vi sai hop ly
cho céac vu nb tiép theo.

Tl nhirng phan tich va y twéng do, nhom nghién
clru da tién hanh ghi chép di liéu va xay duwng
mang no ron nhan tao thir nghiém ap dung cho mé
NGi Béo, Quang Ninh. Bé két qua dw bao chinh
xac hon nhirng di kién dau vao dwoc bd xung
thém cho mang no ron gém: Khodng cach diém nd
dén diém do; van téc dao déng max cua hat dat da
do song chén dong va théi gian vi sai cla mang no
da s dung. Dé di liéu ghi chép cé y nghia cho
viéc du bao, mét s6 diéu kién trong qua trinh ghi
chép can dadm béo khong doi gdbm: chrng do vi
tri, phvong phap dat may do so véi diém nd; qui
trinh, phuong phap do; thiét bi do va tham chi 1a ca
nguwoi thwe hién.

2. Mang no ron nhan tao

Mang no ron nhan tao (Artificial no ron network)
(ANN) la tap hop cla cac méd hinh toan hoc mo ta
lai hoat déng cla mang no ron cta bd ndo con
ngu&i. ANN cling cé kha nang hoc hdi, phan tich
nhitng di ligu va dua ra nhitng phan doan, suy
ludn nhw con ngwoi. ANN chinh la co s& cla ky
thuat diéu khién tri tué nhan tao (Al) dang phat
trién manh mé nhirng nam gan day. ANN duoc tao
thanh tir cac lién két clia cac té bao than kinh goi la
no' ron, ching b tri trong mét Iop cAu truc dé tao
thanh mét mang lwéi cé kha nang thyc hién dong
thei cac phep tinh.

ANN va Al khéng phai la nhitng ky thuat hoan
toan mai trong Iinh vire N6 min. Cé kha nhiéu cong
bd quéc té vé viéc st dung ANN hogc Al dé dy
bao mét théng sé nao d6. Tuy nhién, hau hét déu
tap trung vao mac dd chan déng do nd min, t&r d6
hwéng t6i viéc diéu chinh cac tham sé dé giam
murc @6 chan déng do [5; 6]. Nghién ctru nay khéng
ldy mirc chan dong lam doi twong dw bao ma st
dung tbc do lan truyén séng chan dong lam co s&
dé dv bao, tinh toan thoi gian vi sai hgp ly, tir do
Iam tang hiéu qua nd min.

' 3. Giai thuat lan truyén ngwoc

Bryson va Ho da dé xuét si dung luat hoc lan
truyén nguoc (Back propagation learning rule) (BP)
cho mang truyén thdng nhidu I6p vao nam 1969
[4]. MGt mang no ron nhan tao v&i gidi thuat lan
truyén ngwoc (Back propagation no' ron network)

(BPNN) thuong co cAu tric nhidu I&p voi mot 16p
vao (input layer); mét vai I6p an (hidden layer) va
mét 16p ra (output layer). Bay 1a mot cong cu dw
bao phd bién va hiru dung trong khoa hoc dja chat.
Bén loai ham truyén thwong dung dé xay dwng
BPNN dwoc mé ta trong Bang 1. Co nhiéu coéng cu
va phwong phap (function) khac nhau nhw phu’ong
phap Newton va phuong phap hiéu chinh trong sé
dé huén luyén nhitng mang no ron nhan tao sk
dung giai thuét lan truyén nguwoc. Mot cach don
gidn nhat, trong sé va do sai léch dwoc cap nhat
thworng xuyén dé hiéu chinh tac ddng cla cac
funtion. Hai ky thuat khac nhau thwéng cung duwoc
dung de huén luyén ANN I3 phwong phap tang dan
trong sb va phuwong phap tbng hop nang cap déng
thoi, hang loat cho tat ca cac no ron trong mang.
Phwong phap tang dan trong s6 dé hiéu chinh do
léch dwoc thuc hién sau moi lAn cap nhat gia tri
dau vao. Quy trinh nang cap hang loat dwoc thuc
hién khi toan b div liéu dwoc cap nhat.

Bang 1. Cac ham truyén thuong ding trong mang no
ron nhén tao st dung gidi thuét lan truyén nguoe (BPNN)

Vi tri Nguyén Iy ham truyén
ham
truyén
a
i1 SO
lé’p én —|
a=logqpsig(n) a=tansig(n)
Log-sigmoid Tan-sigmoid
Lépra
a=poslin(n) a=purelin(n)
Positive linear Linear

Mot cach téng quat, ham hidu suat dwoc coi la
sai s6 binh phwong trung binh (E), dwoc tinh bang

phwong trinh sau:
N

18y
E= 20y ©®)

Trong d6: N - S6 lwong div liéu vao-ra.
Lép vao: Cé m no ron:

-
X = X0 X0 XXy, | (7)
Voisj=1,2, ..., m
Lép ra: Co n no ron:
Y= [nawsWirui] +
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Voij=1, 2, .

Cac no ron cua nhirng l6p an khong quan hé
mdt cach tryc tlep v&i cac dau vao x va dau ray.

0] trang thai dau tién: cac di lieu mAu cla dau
vao x lan truyén theo chiéu thuén tw lop vao qua
cac |op an t&i Iop ra cila mang no ron va tao nén
tln hiéu ra y. O trang thai thi hai: nhitng sai léch

e=(d-y) dwoc lan truyen theo huwéng nguoc lai tlr
I&p ra t¢i cac 16p 4n va tr& vé Iép vao clia mang
no ron. Qua trinh nay giup hiéu chinh céc gia tri
trong sb gitra cac I&p nham dwa tin hiéu ra y ngay
cang tién gan téi tin hiéu thyc té d.

Mé&t mang no ron ¢é S 16p, m no ron & |&p vao
va nno ron & |&p ra co:

> °net; va %y, 1a trong sb va gia tri dau ra cta no
ron thir i ctia 1&p thip S;

> Sw; la trong sb két ndi tir
s=1,2,3,...,5. )

Cac bu’c'rc ap dung gidi thuat lan truyén nguoc
cho mang no ron cé S I&p dwgc md ta cu thé trong
hinh H.1.

4. Xay dwng mang no’ ron nhén tao (ANN) va
két qua huéan luyén

&y, 161 By, vOi

B& di¥ liéu mang no ron thir nghiém dwgc ghi
chép tai hién trwdng md than Nui Béo, Quang Ninh
va trong cac hé so thiét ké nhirng vu né da thuc
hién. Khoang gia tri ctia b di liéu dwoc mod ta
trong Bang 2. Trong d6 hé s6 Ky dugc tinh toan
theo cdng thirc (5) v&i c=S/Ty, (M/s).

Mang no ron dugc xay dung voi hai tham sb
dau ra |a cac gia tri Max, Min cla K, va 6 dau vao
la cac tham s6 con lai trong Bang 2. Céu tric mang
xay duwng dwoc mo ta trong Bang 3. T nhing
tham sé va cau trac lwa chon, mang no' ron nhén
tao dwoc xay dwng nhw hinh H.2.

Bang 1. Cac théng sb ciia ANN

Ne| Cac thdng s6 ctia ANN | Gia tri/Ham truyén
1 |86 Iwgng dau vao 6

2 |Sé lvong dau ra 2

3 |Cau tric mang Truyén thang
4 |S6 lop 3

5 |S6 lwong no ron I&p vao 65/tansig

6 |S6 lwong no ron Iép an 60/tansig

7 |S6 lwgng no ron Iép ra 2/purelin

8 [Ham huén luyén trainscg

9 |Min Gradient 1.e-9

10| Goal 1.e-9

11| Epochs 100000

Hinh H.3 mo ta cac két qua huan luyén mang no
ron da xay dwng. Hinh H.3.c cho thay két qua dv bao

m cONG NGHIEP MO. SO 5 - 2020

ctia mang ANN thcy n%hlem chi sai khac so v&i giartri
thwe nhiéu nhat & 10”. Neu so sanh do sai léch nay
voi gia tri thue t& clia mau fwong ng thi sai sé lon
nhéat 14 0,1 %. Két qua cho théy ANN da dy bdo
twong dbi chinh xac gia tri K., cia mé NUi Béo, tao
thuan loi cho thiét ké va thuc hién cac vu né tiép theo.

"
Thiét 1ap bo dir 1igu miu diu vao-ra:
[x™, d™véik=1,2 3 .p

-=*'=
Thiét lap cae trang thdi ban dau cho mang:
Chon hang s6 hoc: n >0;

Thiét lap sai l&ch cho phép : £,/
Thiét 1ap céc trong sé ban dau: £ = 0vak =1;

Vong hudn luvén: .

Pua dir liéu cac mau d4u vao thir k£ vao lop
dau vao (s=1)

Sy ="y = x/ cho tit ca cac /.

;

"y, = a(‘net,) = ua (Z \L".qa ‘J’, ]
Cho méi gi4 tri i va s cho t&i khi cdc dAu ra
*y; ctia 1op ra dugce xac dinh.

.

E o = éz (dfc“ — ‘.";)2 + E
et

S, =(d, " = y)a'(Cnet,)
V&i B,y va Eqq lasai 1éch ¢ chu ky maéi va
chu ky ca

v

Atw, =18

s mew s, old
w:')' - ‘LJ

P

o

/

+A W,

TS = a'("net, )Z w,
vadis =8, §-1, 2

Epene < Egp

Save trained
result data

H.1. Giai thuat lan truyén ngugc
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Béang 2. Bang théng ké sé liéu dé xay dung ANN cho mé than Nui Béo, Quéng Ninh.

Ne Co sé dv liéu clia ANN Gid rj ghi dugre
Min Max

1-| Khoang cach tir diém nd dén diém do S (m) 458,04 655,68

2 | Thoi gian lan truyén séng doc tir diém nd-diém do; Ty(s) 0,31 0,51

3 | Khoang cach gitra cac 16 min a, (m) 3 7

b6 khang nén o, dwoc xac dmh b&i d6 cirng f clia dat da khu vwc mé _ _

* | than ngBeo[ 2], 3], (kg/cm ) ’ a,=(100.1)=1003

5 | Khéi lugng riéng clia dat da mo than Nui Béo p; (g/cm® 2,6

6 | Gia trj dao ddng dinh clia cac hat dat da do né min (PPV) [0], (m/s) 1,08 3,02

7 | Kmtmin 0,067918 0,152633

8 | Kmtmax 0,079237 0,178072

Neural Network

Mean Squared Emor (mus]

i . e s - - PR |
- - o e o - TORR——
Samples

H.3. Két qua huén luyén mang no ron: a - D6 thi
bidu didn mirc d6 sai léch ctia mang ANN so véi
‘mdrc d6 dat; b - D6 thi biéu dién khd ndng mé ta
dir ligu cia mang ANN; ¢ - Bé thi mé t& mic dé
sai khac ctia két qué dw béo ctia mang ANN so
voi két qua thurc té

5. Két luan

Két qua nghién ctru cho phép dwa ra mot sb
nhan xét sau day:

> Han che clia két qua du bao theo phuong phap
nay & Ky nam trong mot khodng gia tri (min+ max).
Do do, gia tri thdi gian vi sai tinh dwgc cling sé
nam trong mot khoang nhét dinh. Viéc Iwa chon gia
tri phu ho#p nhat van phai phu thuéc vao kinh
nghlem cua ngwol thiét ké& twong &ng véi tirng khu
viee nd min va viing ma:

» ANN thtr nghiém frong nghién clru nay dwa ra
két qué dy bao dya trén 113 di lieu mAu. Két qua
“hoc” va du bao clia ANN sé& c6 do chinh xac cao hon
khi Irong di liéu duwge cung cap thuéng xuyén sau
mbi vy nd. Dir liéu cang nhiéu, ANN s& cang thong
minh hon. Két qua dy bao clia ANN ap dung cho md
NGi Béo cho thay sy dung dan cla dinh hwéng
nghlen clru ma cac tac gia da Iwa chon. Nhiing dw
bo vé sy bién ddi hién trang dia chét va tinh chat co
ly clia dét d4 cap nhat lién tuc theo thoi gian 1a nhung
thdng tin vo cung quan trong &nh huéng tryc tiép dén
hiéu qua né min & cac mo;

» Két qud dw bao ciia ANN dat hiéu qua tot
nhat phu thudc vao hé théng thiét bj, phwong tién
nd cuing cac thiét bi do lwong ddng b, co kha nang
do lwong va didu khién véi d6 chinh xac cao.
Nhirng ghi chép day da va chi tiét moi thong sb
hién twong khi xay ra vu nd 1a co s& quan trong
cho cac nghién ctru, 1am nén tang cho sw phat trién
va ap dung céng nghé hién dai;

» Al va ANN la nhirng ky thuat diéu khién dang
phat trién manh mé trong ky nguyén ctia cac thiét
bi sO va cong nghé théng tin. Viéc ap dung Al va
ANN vao linh vuc nd min 1& buéc di dau tién dé
hwong tdi viéc ap dung ky thuat hién dai nay cho
nd min & Viét Nam.OJ
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Trach nhiém phap ly cua cac tac gia bai bao: Cac
tac gid hoan toan chiju trédch nhiém vé céc sé liéu, ndi
dung cong bd trong bai béo theo Luét Béo chi Viét Nam.

Tom tat: Ghi chép lai toc d6 lan truyen séng chan
déng né min va quan sét sw bién déi cia né dé duw
béo st thay doi ctia tinh chét co Iy da trén céc mé 16
thién & Viét Nam la muc tiéu ctia nghién ctru nay. Két
qua nghién ctru mo ra kha nang ap dung ANN va ky
thuét diéu khién Al nham néng cao hiéu qué né min
tai cac mo 16 thién Viét Nam.

Applying artificial no’ ron network with
backpropagation algorithm to predict the physical-
mechanical properties changes of rocks to
increase the efficency of blasting operations

The purpose of this study s fo reglster th
| speed of propagation of explos:ons and blast |
i waves and monitor its changes in order to predict |

| the rock mechanical properties changes at the |
| _open pit mines. The research results open up the |
| possibility of using ANN and Al control techniques 1
| to improve the efﬁmency of blastlng operatlons at §
| the open plts in Vletn m. "
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Study effect of electrical pressure
rheumatism on wattage loss
in the mining power network

SUMMARY

Based on the voltage dewatlon the

.- author assessed the dependence of power i
| loss on the vottage Ievel for eac|
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