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$SSOLFDWLRQ 21 5SHOHYDQFH ODSV OHWKRG 7R (YDOX
&RDO 6DPSOHV )RU )OXLGDO *DVLILFDWLRQ 3URFHVYV

'DULXV] -DPURADV] 1LHO®RED$IQLHVIND 6 XURZLDN

$*+ 8QLYHUVLW\ RI 6FLHQFH DQG 7HFKQRORJ\ )DFXOW\ Rl )DFXOW\ Rl (OHFWULFDO (QJLQHH

%LRPHGLFDO (QJLQHHULQJ 'HSDUWPHQW RI $SSOLHG &RPSXWHU 6FLHQFH DO OLFNLHZLF]D
$*+ 8QLYHUVLW\ Rl 6FLHQFH DQG 7HFKQRORJ\ )DFXOW\ RI OLQLQJ DQG *HRHQJLQHHULQJ 'HS
DQG OLQHUDO 3URFHVVLQJ DO OLFNLHZLF]D .UDNyZ 3RODQG

$EVWUDKN FRDO JDVLILFDWLRQ SURFHVV LV RQH RI WKH WHFKQRORJLHV ZKLFI
WHFKQRORJLVWY GHDOLQJ ZLWK SURFHVVLQJ DQG XWLOL]DWLRQ RI FRDO ,Q FD
LV IOXLGL]HG EHG JDVLILFDWLRQ )RU VXFK JDVLILFDWLRQ WKH JXLGHOLQHV ZHL
QR 5 $XWKRUV FKRVH PDLQ RI WKHVH JXLGHOLQHV FRQFHUQLQJ WKF
,Q SXUSRVH RI LQYHVWLJIJDWLQJ FRDO IRU LWV VXLWDELOLW\ WR JDVLILFDWLRQ
-DQLQD DQG =* :LHF]JRUHN DQG SURFHVVHG SURSHUO\

7KH PHWKRGV EHLQJ XVHG WR YLVXDOL]DWLRQ RI PXOWLGLPHQVLRQDO GDWD W
LQWR WZR GLPHQVLRQDO VSDFH DOORZ WR SUHVHQW PXOWLGLPHQVLRQDO GD
UHOHYDQFH PDSV PHWKRG FDQ EH IRXQG ZKLFK ZDV XVHG LQ WKLY SDSHU WR SU
GHVFULELQJ FRDO VDPSOHV RULJLQDWLQJ IURP ERWK PLQHV W ZDV GHFLGHG
RI PXOWLGLPHQVLRQDO GDWD DOORZV WR GLYLGH WKH VDPSOHV VSDFH LQWR VX
JDVLILFDWLRQ RU QRW 7KH PHWKRG HQDEOHV WKH YLVXDOLVDWLRQ RI WKH R
FRQFHUQLQJ WKH SURSHUWLHV RI FRDOV LQWHQGHG IRU WKLV SURFHVYV

JQWURGXFWLRQ RI PHWKRGV WKH REVHUYDWLRQDO WXC
IRXQG@ SDUDOOHO D[HV PHWKRG .RKR

,Q WKH SDSHU FRDO VDPSOHV FRPRMIVIURPLWYERSHROD @ FPRSRHYHQW OHWKRG

-DQLQD 0OLQLQJ 30DQW =* -DQLQD/FDQGQILHRURD KW RORRFELDWLYH QHXUD

OLQH =* :LHFJRUHN ZHUH DQDOANHGH [¥HSFODBRXHH WR ILQG DGGLWLR

PHQWLRQHG VDPSOHV ZHUH WDNHQWIKM REGIOW HGR PHYWDKIRGRMOR IV KIHQE VLP L O

VXLWDELOLW\ IRU RQ VXUIDFH JDVLILFDWLRQ LQ IOXLGL\@G EHG

7KH SURSHUWLHV RI FRDOV GLUHFWHG WR JDVLILFDWLRQ PXVW

FRPSO\ ZLWK WKH OLPLWV > @ ZKHUHLQ LW

PXVW EH QRWHG WKDW WKH\ DUH A WRHG ZLWK HDFK RWKHU

7KH HYDOXDWLRQ RI FRDO VXLWDEL

WKHUHIRUH FRQGXFWHG PXOWLGLIH

RI PXOWLGLPHQVLRQDO GLVWULEXJQ

F
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WKLQJ WKDW WKH DQDO\VLV RI P|g<
QV XVI
: RQ wB@é@ oS

GLVWULEXWLRQ DQG SDUWLFOH
DQG WKHQ LV HIWHQGHG RQ WKH E
HVSHFLDOO\ WKH FRQWHQWYV RI

WR WKH SURFHVVHV RI LWV SURF
LQ WHUPV RI GLVWULEXWLRQ RI
LV WKH LQLWLDO LQIRUPDWLRQ

DQG VWDWLVWLFV EHJLQ ZLWK WK
RI GHYHORSLQJ WKH VXUIDFH IXU FRQWHC

Rl IODPPDEOH DQG YRODWLO URJHOQ FF
'KLOH PXOWLGLPHQVLRQDO PHWK RQ D SV
IRU\NKHFRPELQHGLQWHUSUHWD @ %

LQ WHVWHG WHUPV 5HFHQWO\ KRVH;
VFLHQFH PXOWLGLPHQVLRQDO v ELHQW L
VLIJQLILFDQW PHDQLQJ ,W LV Z LOD BOG R
PXOWLGLPHQVLRQDO YLVXDOL]DW% &FQ E@

WUHDWHG DV PRGHUQ DQDO\VLV PRQ \SHV

PERUUHVSRQGLQJ DXWKRU WQLHGRED#DJK HGX SO
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7TDEOHOHPHQWDO DQDO\VLV RI FRDO LQ OD\HU ,, DIWHU EHQHILFLDWLF

7RWDO
7RWDO VXOSWEUWRIHQ1ILWURJRBEORYLQH +HDW RI $VK
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,Q RUGHU WR LQYHVWLIJDWH WKH PLQHUDO EHQHILFLDWLRQ

FDSDELOLW\ LQWHQGHG IRU WKH S % JDVLILFDWLRQ

LQ IOXLGLVHG EHG ELWXPLQRXV FR#@W}%@ -DQLQD FRDO

R WASH DQG =* :LHFJRUHN FRDGRW RWiHH WLBBFEDWD FRPSRXQGV RI
Rl WKHP ZDV VXEMHFWHG WR WIEH QEHQJWREJWNITWQFDQ%JEWHQQ/WH
LQ WKH ODERUDWRU\ ULQJ MLJ Y H@ WR LNR DAL\ Qv IND GRIWD/ R kWRU DV
PP $IWHU WKH FRPSOHWLRQ RI,WKHOJRYD WKW LRQUFURFHWR UHDOL]H YL\
PDWHULDO ZDV GLYLGHG LQWR O@\HLQJI-VOFZYW@FHUFL@§\FRQ)Q/@WAD\FWHYHUDO \
RI WKHP ZDV VLHYHG RQ VLHYHV LQWR gr$®UYSLFAH IDFWIRQYDWD . QGL
HVWDEOLVKLQJ \LHOGV RI OD\HUV DQG UMW My H & @\ S|_U @Q(\FLW;\;(DO GI

REWDLQHG LQ VXFK D ZD\ = SDUWLF@@HIVBBWMBQM D\ DVVXULQ

WKH VHSDUDWLRQ RI DQDO\WLFDO VS QM g;g,qzwﬂl,‘:wﬁbqgm W ZI

WR FKHPLFDO HOHPHQWDO DQG WHFKRKFD( @LQYQ_Q;\ Rk CS%/DWHV | H
LQ RUGHU WR FKDUDFWHULVH IHDWXUH"‘L”:L\@ﬂQ X/HR R LG % JVLILFDWLR

SURFHVVHV 7DEOH SUHVHQWYV DQ H[BRHGHKR AR MKRBEWPLHS L DO ORFE

GDWD IRU OD\HU ,, ITURP =* -DQLQD LPDJHV LQ GLPHQVLRQDO VSDFH

WKDW LP'BIRERMKDW PHDQV WKH SR

5SHOHYDQFH PDSV UHODWHG WR LW LQ GLPHQVLRQ

EH PDUNHG WV ,Q SUHYLRXV SRLQW

Rl GDWD YHFWRUV FRRUGLQDWHV Z

'"HVFULSWLRQ RI WKH PHWKRG 7KDW LV ZK\ WKHyLR@®LDO FRR

5HOHYDQFH PDSV PHWKRG RQ SODQHZ URP UbQJH

YLVXDOL]DWLRQ LV EDVHG RQ SODF‘I;Q \gﬁ@% LRO%FDDS\,
UHOHYDQFH SRLQWV ZKLFK UHSUHYH VEODB )
Y ﬁy (ELPWH(

; RPN o b

R FRQVLGHUHG REMHFW > @
FRRUGLQDWH WKH UHOHYDQFH SRLQW
LV DVVLIQHG 7KDW PHDQV WKDW E\ V§
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LQGLYLGXDO FRRUGLQDWHV 7KH Wﬁ})\}v 'TH DFK LQL
UHSUHVHQWLQJ SUHVHQWHG PXO

W LVWDQFH
IHDWXUH LV SUHVHQW LQ FHUWKDLQ RE g g)WYDQFH S|
FRRUGLQDWH LV KLJKHU WKH FORVHVW POMHRMWBFQ L C
REMHFW DFFRUGLQJ WR UHOHIDMEHHS RLQ W, - 3
FRRUGLQDWH VKRXOG EH ,Q WKLV zD\ HDFK

UHSUHVHQWLQJ FHUWDLQ IHDWXUH GLY7L|ﬁ14\p|§6'%)
RU OHVV GH¥HEOWQEWHR®RUH RU OHVV \/(\'73
IURP UHOHYDQFH SR"LIQIWWDKIHIS{UHVHQWLQ

UHODWLRQV EHWZHHQ WKHVH/'&DWD DE}
H
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éGH%DWLRQ GLVWDQFH
LV FKDQJHG LQ WKH ZzD\
WKH GLDI,WIJ.QTFH-I UHOHYDQFH SRLOQ




E3S Web of Conferencel0, 00065 (2016) DOI: 10.1051&3sconf/2018000065
SEED2016

WR EH UHOMWRRQW LWRWH RI GDV\(PS\{—HLB:MVFRHQWDO UHVXOWYV
7KH JRDO LV WR DFKLAKMH K XERK LPDJH

KLIJK YDWRRRRIG L QD HCRR VAR IMRW
LV SRVVLEO\ FORVHwWRRummD\oxogFﬁ RIRYW RI YLVXDOL]DWLRQ RI VHY!
YDOX\/'LH:FR|RUGLQDX)N_|'VVR|WR)M(B|W@H FULELQJ FRDO VDPSOHV WKH FRPS

IURP UHOHY®QFH SRLQW FRQVWUXFWHG ZKLFK zZDV EDVHG RQ DV

LQ SUHYLRXV SDUW Rl WKH SDSHU ,W

b, -y —x,;-D;) ODQJXDJH E\ PHDQV RI OLFURVRIW 9LVXD

my=u;+ . L JE Y 7KH REWDLQHG UHVXOWV ZHUH SUHVH!

' Dy 7KHVH YLHZV VKRZ KRZ VHYHQ GLPHC

v, -z —x;;, -D;) DUH WUDQVIRUPHG E\ PHDQV Rl UHOHYD(

vi=v+ . I — GLPHQVLRQV 7KH DOJRULWKP RI YLVXD

i RI UHOHYDQFH PDS ZRUNV LQ WKH ZD\ H¢

ZKH#HHD QG DUH YDOXHV DIWHU FKDWUIMLITXD@WRONGXFWLRQ RI GLPHQVLRQ
DQG FDXV b WY OAD B\RHUWD KRG RLEWWZHHQ SRLQW UHSUHVHQWLQJ FHU

xi DQG IDUWKBKWQRY, 7KH GLVORPRWLRIGFIOHYDQFH SRLQWV GHSHQG SR
Rl SRLQRFFXUV DFFRUGLQJ WR VWRUDLERRUBLQYRWHIR\RALQUKLY GDWD YHF
WKURXJKp, SRI@W&RQVWDQW YDOXHNKH PRPRUWWDQW IHDWXUHV RI VHYHQ C
WKH VSHHG RI SRLQWV PRYLQJ LQ BURGFHRAYUHRWERY WU VFUHHQ
1H[W VWHSVY DUH UHDOL]HG IRU HDFK UHOHYDQFH SRLQW
e JRU JEMYKQOHYDQFH SRIL,QW LWV GLVWDQFH

FDOFXODWHG |pRPl GDAMKDLPBBEWRU E\ PHDQV

Rl HTXDWLRQ
e 7KH ORFDWLRQ R UNOHKYD@AHGSWDQWQJ

LQWR FRQVLGHUDWLRQ @G LRIWBIMWH IURP HDFK LPDJH

YHFWRW LV FKDQJHG LQ WKH ZD\ DVVXULQJ GLVWDQFH

D; Il URP UHOHYDWRHESIRUB®WHYDQW WR

FRRUGLQDWH xR |6GPWDDYUMRVORB H LQ VWHS

WKH JRDO LV WR REWDLQ SRVVLEO\ FORVHVW ORFDWLRQ RI LPDJH

pp WR UHOHWDEFKLIRLYMORRUWRILQDWH

Rl SRLEWRVH WR JRVWYYPDOO YDOXH RI

FRRUGLQDWHWY FRIVNQMIU IURP

UHOHYDQ®FH SRLQW

yomye . 2tk D)
i
(5 -v,\ -x,, -D,) )LIXUH,QLWLDO SRVLWLRQ LQ ZKLFK HDFK
yo—g oy ST VANTY T UHSUHVHQWLQJ VHYHQ GLPHQVLRQDO FRDO V!
L Dy SRLQW DUH LQ UDQGRP SRVLWLRQV %\ v

if

: ; UHSUHV Qd IRDO VDPSOHV OHVV VXLWD

ZKHYHDQG DUH YDOXHV DIWHU FKDﬂﬂj'h rﬂﬁQR%d- RV: VDPSOHV ZHOO VXLWDEO

DQG FDXVH WKDW IU\H®BRY GHHWRRIBGAWE W WK P @K HUHOHYDQFH BRLQW UHSI
ZKH®@;! % DQG IDUWKHU DURR, LW FRRWGLQDWH

LVVORFDWLRQ RI WHBRFRQFBFSRUGWOIpy GHFIGHG WR FKHFN ZKHWKFE

WR VWUDLJKW OLQH FHRVEQIKWKHYRGHSSREEMY pPpSy RI GDWD YLVXDOL]I
FRQVWDQW YDOXH PHDQV VSVBSSBHVSR\V ¥PH PRIWR) puHDvV RI YD
LQ SURSHU GLUHFWLRQV IRy VXUIDFH 10XLGDO JDVLILFDWLRQ

7KH ZKROH SURFHGXUH FRYHUHGLLB RS v byvo A58 BRde, SRLOWYV
,7(5 WLPHV ZKHUH ,7(5 PHDQV WKUH%%@BUWWVPF’%&B%W@[?WD YHFWRUV Gt
LQ FHUWDLQ PRPHQW REWD QN G, LURP =2 ; LQD D =* :LHF]R

,Q WKLV ZD\ WKH LPDJH RI PXOWLGLR} Q,v B Uiy Rg(%\@& RI SRLC
SRLQWV LQ WZR GLPHQVLRQDO % vv é'DvW}_‘BP#Q WR WKH GL
W LV VXIILFLHQW WKHQ WR SUH F(>) I—lb 5;{5@ s I|_= g WL SL
RQ FRPSXWHU VFUHHQ ,W LV UH UG EH VHHO WKE
UHSUHVHQWLQJ 'UDFWLH@Q'—WRU'Z@'%’}KFW@FW DVV'[EWLﬁ—PSUHVHQWLQJ WKH VDP
LQ SODFH RI ERRUGIGEIWHRQDOO\, V\PER M, QUDWHE VXEDUHDY
UHSUHVHQWLQJ UHOHYDQFHySR'-QV‘}KI—F oH® Y/ M\'ﬁq"%l}é’\ﬁﬁﬁ H GLYLVLRQ
FDQ EH GUDZQ Q@ WKLV ZD\ WKH LgP Ity Rl PEOYH L Q,\p PHDQV EF

SRLQWYV LV FUHDWHG RQ FRPSXWH U Vi ®L\E/HWZZFHHQ SRLOWV LPDJHV DQ:

SRLQWY LQ WZR GLPHQVLRQDO VSDFH D¢
Rl VHYHQ GLPHQVLRQDQJEDWD YKRWWRU
WKH LQLWLDO SRVLWLRQ LQ ZKLFK HDFK

l_
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DQG HDFK UHOHYDQFH SRLQW LV ORFDWHG LQ UDQGRP SRVLWLRQ
RQ WKH VFUHHQ )LJXUH SUHVHQWV WKDW HYHQ E\ VPDOO YDOXH
RI WKH ,7(5 SDUDPHWHU EHLQJ HTXDO WR WKH LPDJHV
RI SRLQWV UHSUHVHQWLQJ WKH VDPH IUDFWLRQV VWDUW WR JURXS
JLIXUH VKRZV WKH PRVW FOHDU UHVXOW ZKLFK ZDV REWDLQHG
IRU WKH GLVFXVVHG GDWD DFFRUGLQJ WR WKH GLYLVLRQ RI VDPSOHV
LQWR ZHOO DQG OHVV VXLWDEOH FRDOV WR JDVLILFDWLRQ SURFHVV
,W RFFXUUHG E\ WKH YDOXH RI ,7(5 SDUDPHWHU EHLQJ HTXDO
W R W FDQ EH YLVLEOH RQ WKLV VFUHHQ WKDW LPDJHV
RI SRLQWY UHSUHVHQWLQJ VDPSOHV RI ZHOO DQG OHVV VXLWDEOH
FRDOV WR JDVLILFDWLRQ DUH ORFDWHG LQ VHSDUDWHG VXEDUHDYV
DQG JDWKHU LQ JURXSV $OVR LW FDQ EH VHHQ WKDW WKHVH
JDWKHULQJV RQ WKH ZKROH SLFWXUH FDQ EH HDVLO\ VHSDUDWHG
7KDW PHDQV WKDW WKURXJK DSSOLFDWL WK H UHOHYD
PHWKRG LV SRVVLEOH WR GLYLGH)JV’ é"' 5 P@ \\Qﬁ \L/HF§| RY'D\L’J‘
RI YDULRXV VXLWDELOLW\ IRU f(j \ XH RI . 7(5
7KHQ WKLV PHWKRG DOORZV WR I}J,EQ %RL W UHSUHW
VDPSOHV RI FRDOV LQWR ZHOO Rucmw V)(Q(WMV@Q)E_{OWRIR@XQQM@I]}E AW LR Q
RQHV WKURXJK WKH YLVXDOL]DWLARp S VRIFHYEOH, WRLI\O)LLFGSDFOUJ/W@-I@WWDWLRQ
PDLQO\ EHFDXVH VDPSOHYV RI ZHO OUW & HWDEHHS R R DR & B SUKGHBVEQMLIG H
RI'WKH VHYHQ GLPHQVLRQDO FXERLG & ,2KDW L V LP W WK
W REFEXUV GLUHFWO\ IURP WKH IDF %\}%‘ﬁ’ m%&ﬁ%@%ﬁﬁﬁ@g

J

GHWHUPLQLQJ DIILOLDWLRQ . DOLOD

3&DUG RI WHFKQRORJLFDO VXLWD 5% H % H
LQHTXDOLWLHV E\ ZKLFK PHDQV L g%}éﬁé Q KRDW WKH L

DIILOLDWLRQ ,Q UHDOLW\ KRZH FRDOV IUF
WKH DIILOLDWLRQ DUHD FDQ KDY
VKDSH ,Q VXFK FDVH RQ WKH

Rl VDPSOHV ZKLFK ZRXOG EH H %b
WR WKH ZHOO VXLWDEOH IRU JD

RI UHOHYDQFH PDSVY DOORZV WR

QEH H PDSV
LQWR DUHDV UHSUHVHOQwWLQJ vDPr<BREN LgD E/gV
VXLWDEOH WR JDVLILFDWLRQ SUR

5@ %G ég KWK
WKDW WKH REWDLQHG PDSSLQJ Z LVH B B3 Qcnv

WKH UHDOLW\ 7KDW LV ZK\ WKH W Q

UHOHYDQFH PDSV PHWKRG DOORZV, \%6-1 W V}['\‘? % Wf(';lFE’L‘
LQWR DUHDV RI YDULRXV VXLWDE& 5 e
SURFHVV EHFRPHV SDUWLFXODUO\ LWXDWLRQ WKLV KRZ DR

FHUWDLQ IUDFWLRQ ZLOO EH JURXSHG GH
SURSHUWLHV QRWLFHG E\ WKH DOJRULW
DQG GLIIHU EHWZHHQ WKHPVHOYHV R
RI LQGLYLGXDO SRLQWV WR YDULRXV U
WKH IDFW WKDW ERWK )LIXUHV ZHUH FUH
RI UHOHYDQFH PDSV DOJRULWKP RQ SUHF
GLPHQVLRQDO GDWD DQG E\ WKH VDPH YD
EHLQJ HTXDO WR ZLWK RPLWWHG LQ
DIILOLDWLRQ WR LQGLYLGXDO IUDFWLRQ\
RI SRLQWV RQ )LJV DQG LV LGHQWLFDC
RI LQGLYLGXDO SRLQWYV WR DSSURSULDW

G VXEDUHD
HULQJV FDQ
EDVLV RI WKL\

JLIXUH9LHZ RI VHYHQ GLPHQVLRQDO GDWD UHSUHVHQWLQJ FRDO
VDPSOHV RI YDULRXV VXLWDELOLW\ WR IOXLGDO JDVLILFDWLRQ SURFHVV E\
WKH YDOXH RI ,7(5 SDUDPHWHU EHLQJ HTXDO WR 6WDUWLQJ RI
JURXSLQJ LV WLWKHOHP DAHV Rl SRLQW UHSUHVHQWLQJ FRDO

VDPSOHV OHVV VXLWDEOH WR IOXLGDO JDVLILFDWLRQ ZHUH PDUNHG R
VDPSOHV ZHOO VXLWDEOH WR IOXLGDO JDVLILFDWLRQ 'LJLW Rl WKH YDOXH
PHDQV UHOHYDQFH i FIRRW GILHOTUMW HQWLQJ
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HIILFLHQWO\ $PRQJ WKHVH VDPSOH
IURP =* -DQLQD DQG RQO\ RQH IURP =*

e &OHDUQHVV RI WKH UHVXOWV JURZV ZL
RI WKH GL\EWMWZFHQ SRLQWV LPDJHV L
UHOHYDQFH SRLQWV LQ WZR GLPH
DQG DSSURSULDWH FRRUGLQDWHG RI V
YHFWRUZLWK WKH JURZWK RI WKH YDC
SDUDPHWHU

e &0HDUQHVV Rl REWDLQHG UHVXOWYV
RQ DFFHSWHG SDUDPHWHUYV

e $ SUREOHP RFFXUULQJ E\ VXFK YLVXDO
RI VHOHFWLRQ RI WKH SDUDPHWHUV L
YLHZ ZKLFK FOHDUO\ SUHVHQWYV LQIRU
WKH UHVHDUFKHU ,W VKRXOG EH PH

LIXUMLHZ Rl VHYHQ GLPHQVLRQDO GD\/\F \ﬁ(;ﬁa‘\ﬂ@ %J? 'E\lQWV WKH YLHZV
L[WUDFWLRQ SRLQW?/ E\ W}?H YDQOXH RI , S!qD $:D'% W 15><Do WORWRWHU TUR
%\ v WKH LPDJHV RI SRLQWYV UHSU JUEBHMERD@WY PS FRQGXFWHG F
REWDLQHG LQ =* -DQLQD ZHUH PDUNHG LENQR"ZHGDRJQ'@-IWUFDV\#lR@b RI' UDQGRP
REWDLQHG LQ =* :LHF]JRUHRHDLQVW RO MWKBRWEFOXHPHY LW OHDG WR REWDLQ PF
SRLQW U HSURRRLDBL Q@IV H $OVR YDULRXV VSHHGV RI OHDUQLQJ Z
WKH RQH SUHVHQWHG LQ HTXDWLRQV
7KH SUHVHQWHG UHVXOWV DUH WK
&RQFOXVLRQV IURP WKH REWDLQHG RQHV

7KH FRQGXFWHG H[SHULPHQWYVY EDVHG R8 YLVXDOL]DWLRQ
RI VHYHQ GLPHQVLRQDO GDWD E\ PEN@R B O bR RWpDsV
PHWKRGYV DOORZ WR FRQFOXGH WKDW
e 0OXOWLGLPHQVLRQDO YLVXDOL] yaﬁ ﬂ’ﬁ%ﬁ%ﬁf\/"fRf(’e Uy BOE -
PDSV DOORZ WR VWDWH WKD %% PDIHV RI SRLQWYV
UHSUHVHQWLQJ VDPSOHV RI FRDO ZHOO RU OHVV VXLWDEOH FRDOV
DUH ORFDWHG LQ VHSDUDWHG V %BPWHHPY QFRXIBVIRUP JIDWKHULQJV
ZKLFK FDQ EH HDVLO\ VHSDUDWHG 7KH UHOHYDQFH PDSV
PHWKRG DOORZ WKHQ WR GLYLGH WE&H “\ORZDFH V OHDWHIRG HQM DBWFLHQFH 5
Rl YDULRXV VXLWDELOLW\ WR IOXLGDO JDVLILFDWLRQ SURFHVYV
)W LV SRVVLEOH WKHQ WR TXDOLI\$ RDQVHWREHNEIR KoSrdindRes: Z HSHBL
VXLWDEOH RU OHVV VXLWDEOH |RU MibMimiskomMWEe&@try and its Applications
e $V D UHVXOW Rl YLVXDOL]DWLRQ DSSONLQIHUHOHYDQFH PDSV
PHWKRG LV SRVVLEOH WR VWDWH SWKERWPLRYNLY RB SBREWYV - % $IQH:
UHSUHVHQWLQJ FRDO VDPSOHV |URNRFH\ODWQQID7 BHKQROR I\
:LHF]JRUHN DUH ORFDWHG LQ VHSDU® WHEDMNXE BUHDMSBBISDLMHM RI 0LQLQJ
JDWKHULQJV ZKLFK FDQ EH HDVLO\ GHSH@BHWHG £+, W LV SRVVLEOH
WKHQ WR GLYLGH VDPSOHV VSDFH $ QOREROHDVYNUHSUKRKRPOQWQQUDN 7 7I
YDULRXV PLQHV DQG WR LGHQWLIGZAWHFD Q3ROLWKHLRRRJVEHYLHEQ
=* -DQLQD RU =* :LHF]JRUHN E\ PHD3RWRVKUBIOHYDQFH
PDSV $ B6REROHZVNL 7 &KPLHOQLDN 7 71
e 7KH DOJRULWKP RI YLVXDOL]DWLRQ*ENI®PHDBOWER| UHOHFLRQFROLVK@
PDSV GRHV QRW XVH WKH LQIRUPDWLRQVEXRR@DWSK H*D &1 HOUL\OW-L RGKHPLFDO
Rl SRLQWV UHSUHVHQWLQJ GDWD WR FHUWDL® 3IBOFWH@RQV
,Q VXFK VLWXDWLRQ WKLV KRZ $POWHUIRODSRLYWQLFND .RODU] 0 6
UHSUHVHQWLQJ FHUWDLQ IUDFWLRGQ@RQRbD ERXY@RYOSHG GHSHQGV
RQO\ RQ VRPH GDWD SURSHUWLHV FRWEKFRELEDINW RH %DORKRUN. WBKRVLFRFKHP |
7KLV LV GRQH LQGHSHQGHQWO\ RQOIWQd-i-LLEQJO BUREHMWLRY
WR LQGLYLGXDO IUDFWLRQV 6XURZLDN 0 %UR]JHN SUFKLYHV
e 7KH VDPH GLYLVLRQ RI VDPSOHV \ﬁsEMﬂr@FF'-hV GXFWHG E\
PHDQV RI UHOHYDQFH PDSV PHW}@RGGXJUJIRZUSQ/N SRLQWWR]HN $UFKLYHYV
UHSUHVHQWLQJ DQDO\JHG GDWD DPFRUGFHY WR WKHLU RULJLQ
SRLQW RI H[WUDFWLRQ + =* -DQLQD  RUDEQ :|-H ERRR KR Internat. Joint
DQG DOVR WKHLU VXLWDELOLW)\ (Rnfi On BexraldVereyr 9p¥PAWDbRRRD O
SURFHVV
e 2Q WKH EDVLV RI 3&DUG RI WHFKGRORAEPK vXRWWEHUSL whi FRIQLWLRQ
Rl FRDO" DPRQJ DQDO\]HG VDPSOHV RI FRDOV RQO\
Rl WKHP ZHUH PDUNHG DV WKH RQHV ZKLFK JDVLI\
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$VLPRY 6,$0 -RXUQDO RI 6FLHRWIUKFNNDQG3V\FKiRPHWULND
6WDWLVWLFDO &RPSXWLQJ 0 %UR]JHN $ 6XURZLDN $ -DURVLQVN

JRVIF] 0 "XFKQRZVND 7 1L HGIREIDOOXUJ\ DQG ODWHULDOV
7XPLGDMVNL 3K\WLFRFKHPLFDO 3WRE®HRWRI GLQEHUDRZLDN $UFKLYHV

BURFHVVLQJ% 6FLHQFHYV
' -DPUR] $UFKLYHV RI OLQLQJ 6FLAQ®MWWR]IHN $ 6XURZLDN 3K\VLFRFKHPI
D RI OLQHUDO 3URFHVVLQJ
' -DPUR] ,Q *UXFD $ &]DFKyUVNLO7 % UR|IHHNOVINIBBRURZLDN 3K\VLFRFKHPI
H G V Man-Machine, Interactions 3 $,6& RI OLQHUDO 3URFHVVLQJ
6ZLW]HUODQG 6SULQJHU ,QWHUQDSVLRQHOSNBXENLVIKLQUDSLHUDM $UFKLY
E 6FLHQFHYV

-DPUR] 3K\WLFRFKHPLFDO 3UREOHPMNMWRRZALHFMUDG .LMHQVNL - ORFK
3URFHVVLQJ F 6FLD]NR O PurtHdbergy, chemical products

-DPUR] ,Q &\UDQ . .RILH OV N Land coal 3dd I\~ evaluation of development
6WDQF]\N 8 :DNXOLF] 'tibhD $  pbt&andl ,&K3: =DEU]H >LQ 3ROLVK@
Machine, Interactions $,6& +HLGHOEHUJ 63URBPHHOQLDN * 7RPDV]HZLF] .DUEF
9HUODJ = >LQ 3ROLVK@
' -DPUR] 7 1LHGRED $UFKLYHV RI170LQRKRQEFOIAQFaNM and Associative

+ Memory 6SULQJHU 9HUODJ

' -DPUR] 7 1LHGRED 3K\VWLFRFKHPLFIDHHGRERE®HBXURZLDN 3URFHHGLQ.
Rl OLQHUDO 3URFHVVLQJ , QWHUQDWLRQDO OLQHUDO 3URFHVVL
' -DPUR] 7 1LHGRED 3K\WWLFRFKHPIOKOO 3UREOHPV
RI OLQHUDO 3URFHW%¥VLQJ 7 1LHGRED $UFKLYHV RI OLQEQJ 6FLH

6DUDPDN 3K\WLFRFKHPLFDO 3UREOHPV RI OLQHUDO
BURFHVVLQJ % 7 1LHGRED ' -DPUR] $UFKLYHV RI OLC

6DUDPDN $UFKLYHV RI OLQLQJ 6FLHQFHV
7 1 L H GRuEziBimensional characteristics of

*- /\PDQ &RDO 3UHSDUDWLRQ random variables in description of grained materials
+ +RWHOOLQJ -RXUQDO RI (GXFD WrdRkgl> QepaMdtidnKrdoedd\ \GDZQLFWZR

DQG ,QVWA\WXWX *RVSRGDUNL 6XURZFDPL
+$ 0 $KPHG - 'U]J\PDOD 3K\VLERHAKHPLB®D .UDNRZ D >LQ 3ROLVK
BUREOHPV RI OLQHUDO 3URFHVVLQYZ 1LHGRED $*+ -RXUQDO RI O0LQL
, 1 -RQPaicpuHComponent Analysis 6HULHYV *HRHQJLQHHULQJ >LQ 3ROLVK@
6SULQJHU 6HULHV LQ 6WDWLVWLFV7 65UH@RED BK\VLFRFKHPLFDO 3UREO
- $VVD ' &RKHQ 2U 7 OLOR 9LWMXYXRCG HVRRXWHU

7 1LHGRED 3K\WLFRFKHPLFDO 3UREO

- "U]\PDRadrs of minerallurgy 21LF\QD BURFHVVLQJ E
‘\GDZQLF]D 3ROLWHFKQLNL :URF&D7ZV NLHGIR PBceedindQ of the XIV Balkan
3ROLVK Mineral Processing Congress 7X]OD %RVQLD DQ(
- "U]J\P DMInBral processing: foundations of +HUJHJRYLQD

theory and practice of minerallurgy 2ILF\QD 7 20HMQLN $ 6XURZLDN 7 *DZHQGD
‘\GDZQLF]D 3ROLWHFKQLNL :URF&ADZVANLGIM V:NNRFOIPEZ -RXUQDO RI O0OLQ

*HRHQJLQHHULQJ >LQ 3ROLVK(
- ODUFLQLDN .RZDOVND HW DO 3UR MM COHVE\RNUMMEERIDUID RN of
Elaboration of technology of coal gasification for mathematical statistics in mineral processing
highly efficient fuel and energy production UHSRUW :\GDZQLFWZR $*+ .UDNRZ >LQ 3R
IURP SDUW RI Md&tidati&t B NebiF W 7 7 X P LG DrtsthaNit analysis of grained
beneficiation by means of mechanical processing materials properties and their separation processes
QRW SXEOLVKHG ZRUN >LQ IR®DLXYBE@WZR $*+ .UDNRZ >LQ 3R

- ODUFLQLDN .RZDOVND 7 1LHGRED6 $&GNKYRDDMN 75 OF*LOO -RXUQDO F
7TXPLGDMVNL SUFKLYHV R OLQAWDWIBWHRFEGIVWVVRFLDWLRQ
+



