
(0) [フ;i:研ldXO=(人
X)y

ltu01 uOAnx Чu」ЧO u9Чu leЧ tueHく

(乙)(¨“乙`レ
)=p10くん:p(」十人.X×

光)=(人`X)】

loりЧl ep uCЧu leЧしtleHく

(し)                    人上X=(人`X)y

:Чull u9κnl u9Чu leЧ tuマト|く
ines uCЧu leЧしu?Ч Oeolつq uttЧ OハЧ]00np

9Ч]00連As`utu1 9u op e」Чuls 6u9p u9Чo 6uos
u90pハp9G lzレ]e」nep i」19!6o,0901マ1 0ЧO uoЧ

9ン6u,p6u9ЧンЧo91 ob lpA n」l uO」1(x)!Ш?Ч19Ш

l-lt'」
100n?|とAS eり。n91〕OniバIシ]09q np ЧulЧ 91」

6unp人ox op uoκnl uenЧ nO!| `!]p d91。90 uOo doЧ
d9119■l u9」l empた」AS(週AS)0」19Ч O]09A κnb 19Ч

?|!o6ooねp lNAS`lnb 19Ч?p u9A 090 1oA 19GrKnb
19Ч?A!eOl u9Чd Qp u9A 90 19人nb 1916 9Ч1 90 1NAS
・
[91 】ludeA」IШlpelA?A euul」Oo `SOりOЭ 19q :フnX

op 00np マA uOЧ 191 neu1 090 9ЧO ueЧ 6u`On1 9S

〕oし!e9Ч lenb 19Ч、9p oり」ln9o o」10」n91Ч:しu916o91

uOκn6u ue」l emp κ91」00Ч ue01 19nЧ:191」マ|(四AS
―Ou!Ч02Ш」010eAりOddns)a19Ч0109A_夕四

0」19Ч`01 00AAnb10Ч u9011enЧ1 9A uenb 6u91「Z
・夭?unりo u91Ч6u 6uo」lとAS Ч61Ч

9Ш loA Чu,S OS eA ulu1 9u 6u9p u9Чo 6uos 6uonl
ooハ9p 6unp d9 oomp 6uDO(四8S∩ ―SOulrヽ」0
nee」n8selels pe]!u∩)`冽eoH 9囚onЭ eOo tuolЧ6u

oハЧl deЧd 6uo`nЧd ]9い1 
・0`nЧ

l ep u9Чu leЧ しueЧ
6unp■st」eN 19!A u9!Ч191 ueЧ1 91」101」!91 ulШ

9u 6uop u9Чo 6uos o9q`rlp ЧulЧ 9Lu uol」l19Чd ep

6unp d,o`Onp(2」As―uolsse」6o」」o100AりOddns)
0」19Ч O)00A κnb!9Ч u9011cnЧl`κeu 09q!?q6uC)」上
・
19レ `レレ]ultu 9u 6u9p u9Чo oeq`np`[0レ]!Ч】6u9Ч】
dlp eA 6uos oeq np 6uo」1 6unp deマAn`r10u9!Ч6u

oonp ep oOl ucЧu Чu!u」6u9Ч]り」l`ulu1 9u op e」Чu!S
ono n9!16u9p o91 oeo o9q hp eA lヮOS tu9!ヽ9G

′ス・ηρθ・6“′″りC)6υθο″υθ/″δυ′〃θa′ョ

'夕

″。可G‐9〃●0ィ′
'c6:“

ン
'′

■
ONvOH器

冒
人nON

υ釘切99ι′υθヴ
'照

ιυ 9υ ορ
θプリυ′S15υ9ρι′9υ015υ9S eOυりυ′″γり7-′

.Ч
uて,nb 6unx

6u`oハ」]!9Ш ?A lρn6u u00 `Чul」1 6u9o lp1 6u9p
uoЧO oA ucnЧO人nb`uenЧO ne!1 0eOりЧl uen」_く ・ ~        ‐

:Чuenb 6unx 6uQn」l・!9ttl!01

uOntt1 6uoした1 6u9Ц】6uOp Oe1 000 nttЧ]tu e!9 く
:Чuenb 6unx Чuり16u9oo,ol`)1 6jo nЧ Чu9

Шマ16u9Ч】6u9p6un」9p onu!6u?」o9q tu9Gく
:neS Op`109019A19!Чl uマO clulu1 9u Op e」ЧulS

6uop u9Чo 6u9S OeX ЧulЧ0 0,q ap OolA`9p Oc●(「H)
…`Ш

マ
pu oっ沿ul!0 6uonЧ Чu9`9Ш Qq`6u9Чup u9 ηШ

κ06`Чuenb 6unx Чuり1 6uoo o,o oO」〕neO`OA eЧd`6u9p
6un」tue1 0Ч1 00 9N ・[ツ♭]`〔乙レ]`[81 1eЧu tた19!Ч κn6u
κ06 uOЧu oel e1 6uOp ucЧo 6u9s `9p nЧd 6unp。91

o,o6uO」上19レ]`[8レ]`16]`[8〕`[d09p lЧ】?A lnq`κeq,p
10p`jЧ、6u9Ч】dep 6u9s`(Add)6uop.u91o6u9s Ш96
6eq`9Чu 9Ч 6u9Ч、6u0001Ш9u op e」Чu!S Ш91Ч κn6J
6u()≦)oヮl o9o`u91Чu κn」_・ultu 9uマlu9A κマu u2()p6u90
oЧo leЧu oeo?nb nOIЧ le1 6uetu d,Чd 6uonЧd 6uOЧu

6uo」flo四(6u?s u9!Ч6u`!?Ч19p`!9u9A`o9qO,X)
9p nes OЧou 6u9C)neЧ】Oeo oЧO(9q o,!qШ?|)9p19p
oA eЧd O10Ч 6ulnb u9Чl e」91 9p ue」l uoq OЧd lep d`)i

!p o9q!?Чd 6uOnЧ〕u91Ч1919ユ1 0eЧlleЧ】ЧJり1,pt:)

9p uvA〕?G■

●

●

f

●

ヽ

ヽ

N=IH二o■oH N=uニ V          ｀
`'     0     

‐   ｀
`'

ヽ

NIW ON ONOG NUH〕ONOS｀OU」
´
nC〕C・ ｀  2■     V   ′V      ′    ′     2じ   ・

OuユOHD1 9ヨl inO 10H‖WOニユWnH1 9Nn口9‖n ~     
〕じ  ~     ″         r゙     ′      V                 ~′

■

■
‘

０

ヽ

OⅢヨ‖9‖9‖00■1 00H VOHl

墨岳量曇層: 3188‐30S'oむξ麺憲」当3爵言つ亜,0

:

ヽ

■

ヽ●

●   ヽ

ヽ

、
「

′ Ш□



Tronq d6:r.d.γ .σ ―Cactham s6 caa c6c ham hat
ihdi c6 th6 dυ oc diё u chinh d6 k16m soat hiOu
su6t cOa m6 hlnh du b6o.Ngoう i cac tham s6 cia
thuat tOan,tham s6“ c"clng la lTlot tiou chi danh
gi` d6 Can bふ ng mO hlnh dLPO'C Sф  dung d6 Cai
thien mic do chinh x6c cこ a mo hlnh[11.TЮng
nghlon ccPu nay,thuat t。6n hδi quy v6c tO,h6trα

dげ。c sI〕,dung voi harl hat nhan da thic d6 phat

tri6n mOt mO hinh dψ b6o s6ng chan dOng n6 min
tai mOt m6 than 10 thiOn.

3.K`t qua nghiOn c`'u

Nhu da dO cap,thuattoan h6i quy v6c to h5 trα

voi ham nhan da th●c dυ oc ap dung d6 phattri6n
mO hlnh dυ  bうo s6ng ch6n dOng n6 min trong
nghlon cou nay. Ba tham s6 coa thuat tO`n ba0
g6m degree,scaie,va c(COSt)duoC S● dung d6

KHllA HltC UA GO]IG ilGHE ]IIO

toi υu hOd mo hlnh du,bぅ。.Bo do liou huan iuvon
bao oom 157 di liOu du'oc sф  dunq d6 phattriさ n

mO h・ nh du bう o.TЮ ng.thυc t6,「ittth6 db bi6t m6 1
hlnh nao la t6i υu nhう t cho du,bう 。chan dong(ァ16 .

rnln.IDo d6,rnOt thtt tuc“ thむ va 16i''dυ o,c thuc hion

trOng nghion c口 u nay nhらm tlm ra m6 hlnh t6i υu

nhat.10001Υ 16 hlnh SVR duoc thuc hiOn v61 cも c
qia tri coa c6c tharn so thuattOan khac nhau do du

66o,chan donO n6 mln.sai s6 blnh Ouan pht,,α ぬふ
trung binh(RIJSE)va hO s6 tυ ong quan(R2)dW3C
sむ duno d6 danh oia hiOu suat cOa cie rn6 hinh du'

bうo.Hinh H.2 mtth hoa hiOu suat■ Oa 1000 mO
hinh SVR cho dυ  bうo s6ng chan dOng n6 min vgl
c6c tham sO kh6c nhau.RMSE・ dυo'c si dung dё

lυa chOn rno hlnh t6i υu vOi g16 trilRMSE hh6 nhat.
KOt quう la rnO hinh Sヽ /Rv(夕 i decree=3.scale=0.117
va C=0.081atOi υu nttttrong ni10n c口 u nay.

t
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L10n quan tσ i phυOng phap thυc ngh10m,k,
thuat du bうo s6ng chう n dOng cOa Cuc M6 Hoa kッ

(USBM)do Duva‖ ,VVilbur l vら Beniamin Petkof[7]
dさ xuat dυoc xelΥlla phuong phap ph6 bi6n nhat
cho υ。,c luong s6ng chan dOng n6 mln dυ oc sф

dung trOng nghlon c〔 l,u nay. IPhtPO,ng trlnh thuc

nghiOnl cOa USBM du'cc x6c dinh nhυ  sau:

th6 duoc xa9 dinh bら ng phuong phap phan tich
hOl quy da biOn.                    . ‐

Theo(4):λ ,｀αla cac hO s6thυ c nghionl khu vυ c  r

c6th6 dυ oc・ xac dinh bら ng phυ ong phap phab tich

hoi quy da bi6n.BO d〕 |lё u huan luyOn ba。 しらm
157 vu n6 du'(ソ c su'dunq dO xac dinh cac・ hO.sO λ. `1

α. Phan morγl phan tich d● |lou thonO ko,sPss
verslon 18.015]dυ oc s[dung cho phan tichl h6i
quy da bi6n x6c dinh cac ho s6 λ,α .cac k6t quδ

phan tich h6i quy cho thう yん , α  tu O'1lg u'ng bう ng

67,054 va O,585 1a t6i LPu ChO khu Vυ C nghiOn C`'u. _

Phυong‖ nh thuc ngh10m(4)duocxac dnh nhu sau:

√
(4)

Trong d6: Q― Kh61 1uα ng thu6c n6 1on nhat chO
m6i dot n6,Kg:D― Khoang c6ch do ch6n dOng n6

iTlln,m:λ,α ―Cac hO sO thuc nghiOm khu vuc c6

PPV=λ .
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KHOA‖ 00 VA 00‖G‖GHE‖ 6

Xung quanh.TいOng bう ibうol nay,m6hlnh hOi quy v6c
tO h6 tro(SVR)da duαC phattri6n d6 du b6o s6ng
chan dOng n6 min tai mOt m6 than lo thiOn cOa viOt

Nam.C6C kё t qua nghiOn C口 u d5 Chira rう ng SVR la
mO hinh manh mё  d6 du bうo s6ng chan dOng n6 min
trOn iT16 10 thiOn V('i hiOu suat dat RMSE=0.412 va

R2=0,916「 N6nOn ducc ap dung trong thuc tO d6
kiOnl SOat Va du'baO chinh xac s6ng chan dOng trt〃 (夕c
khiti6n hanh cac vu n6.□
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ln this study, a support vector regression
(SVR) with poly kernel function was developed
to predict blast-jnduced ground vibration in an
open-pit coal mine, Vietnam. The United States
Bureau of l\,4ines (USBM) empirical technique
was also applied to estimate ground vlbration
and compared to SVR. The results inJjcated
that SVR is the robust model with an RI\/SE cf
0.412 and R'? of 0.916. Whereas, the USBI\I
empirical mooel only reached an RN{SE of
0.856 and R' of 0.643. Hence, SVR should L,e
applied in practical engineering for predicting
and controlling blast-induced ground vibration
to reduce the impacts of it on the surrounding
environment.
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