50 rogMHN MuHHO-reonoxku yHusepcuteT “Ce. UsaH Punckn”
FogmwHuk, Tom 46, cBuTbK Il, [lobnB 1 npepadboTka Ha MUHepanHu cypoBuHm, Codua, 2003, cTp.39- 43

M3CTEABAHE HA ®AKTOPWTE, BNUSAELLM BLPXY MPOU3BOAUTENHOCTTA HA
LIMKNAYHO-NOTOUHATA TEXHONOr MYHA JIMHIS, U3MON3BAHA B PYHUK
“ACAPEN”

Unusn OxoboB
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Codus 1700, Bvnrapus
E:mail: idjobov@hotmail.com

PE3IOME

PabotaTa Ha LMKNNYHO-NOTOYHATA TEXHOMOrUrMYHA NWHWUA 33 U33eMBaHE Ha OTKPWBKA, BHeapeHa npe3 2000 roguHa B pyaoHuk “Acapen-Meget” (Bbnrapus) ce
XapaKTepuanpa C YeCTU NPeKbCBaHUS C pasnuyHa NPOAbIKUTENHOCT. AHanM3NpaHu ca NPecTouTe Ha TEXHONOTMYHATa NMHIA W e HanpaBeH Nperneq Ha dakTopute
BNMSIELN BbPXY HeiHaTa MpOW3BOAMTENHOCT. M3BbplueHa e cTaTucTMdecka obpaboTka Ha AaHHUTE M e onpedeneHa CTeneHTa Ha 3Ha4MMOCT Ha BCEKM OT

un3cneaBaHuTe NokasaTenu.

Bb3 ocHoBa Ha CpaBHUTENEH aHanu3 ca onpeaeneHun (*)aKTOpVITe BnuaeLn Halt - CbLUECTBEHO BbpXY pa60TaTa Ha LMKNUYHO-NOTOYHATA TEXHONOrMMYHa NnHUA.
PaSpaﬁOTeHMHT MaTemaTt4eckm Moaen onncea B3aMMOoBpb3KaTa MeXxay M3cneaBaHuTe nokasaTenu u Npon3BoaAUTENHOCTTA Ha LnT.

YBO[

Hait-ronsimMo npunoXeHue LMKIMYHO-NOTOYHAaTa TEXHOMOMS
(UNT) Hamupa B OTKpUT pyaHUK “Acapen- MegeT”. PyaoHuKLT e
OCHOBEH MPOM3BOANTEN HA MESHW U MUPUTHW KOHLEHTPaTK B
Bbnrapus u eguH oT Hai-3Haummute B EBpona. Obora-
TUTEIHUAT KOMMIEKC € pa3nonoxeH Ha nnowy ot 20 xun. dka,
B 6nm3ocT o rpag Maxartopuie.

LINT 6e BbBeeHa B Npoun3BoACTBeHMst npouec npes 2000 r.
Taau TexHomorust ce OBCMyxBa OT ronsMo pasHoobpasue Ot
MUHHW 1 TPAHCMOPTHM MaLLMHWM WU CE BHEAPsIBa 3a MbPBM MbT B
HalwaTa cTpaHa. W3nonasat ce Barepu “3KI™-84, “EKI™-5A, “RH'-
120C, “R™994, yeneH ToBapay “CAT"- 992D, aBtocamocsanu
‘benA3’-7519, “benA3’-75125, ‘BenA3’-7522, “BenA3"-7523,
“CAT-777C, “CAT-777D, “0&K™-K95, “TR™100, craumoHapeH
MpeToBapayeH MyHKT CHaboeH CbC CATO M KOHyCHa TpoLuadka
KRUPP”, neHToBM koHBeiiepu 1 Hacunoobpasysaten “VOEST
- ALPINE”.

Upes m3rpakhaHeTo Ha LMKITMYHO-NOTOYHA TEXHOMOrMS ce
OCbLLECTBABA WM3BO3 Ha OTKpMBKATa OT pyaHuK “Acapen” ao
3anagHoto Hacunme (cur. 1).

dakTopu, BNUsewM BbPXY nponssoauTenHoctTa Ha LIMNT

YcrnoBusTa 3a ekcnnoaTaums Ha MexaHusaumsTa B pyoHuK
“‘Acapen -MegeT” ca MHOrO pa3Hoo6pasHu U HenocTosiHHW. B
pesynTaT Ha ToBa paboTtaTta Ha MUHHUTE MaLLUHW € CBbp3aHa
C YeCTW NpeKbCBaHUS C pasnuyHa NPOABLIMKUTENHOCT, Nopaam
KOETO aHanua3bT Ha CTpykTypata Ha paboTHOTO Bpeme,
BMOOBETE MPECTOM U TAXHOTO BMWSHWE BBPXY MPOU3BO-
QUTENHOCTTa Ha MexaHusauusiTa npu KM3nom3BaHeTo Ha
LIMKIINYHO-NOTOYHA TEXHOMOTUS 3a M33eMBaHe Ha OTKpUBKA
npeacTasnsBa 0cobeH MHTepec.

Queypa 1

OCHOBHM MpUYMHKM 3@ CMMPAHETO Ha MPOM3BOACTBEHUS
NpoLecC B PyAHWKa Ca NNaHOoBO - NPESYNPUANTENHUTE PEMOHTY
(MMP), npemecTBaHUsITa Ha MaLWHUTE, Pa3NUYHUTE aBapuu,
B3pBHUTE paboTW, BMAWSHWETO HAa  METEOPONOrNYHUTE
YCNoBus, (OU3NKO-MEXAHUYHWTE CBOWCTBA W CbCTaB Ha
ckanuTe, MpeycTaHoBsiBaHe Ha paboTaTa B CbCefHM 3BEHa U
op. Bcwuko ToBa no3gonsiBa  ga  ce  npueme,  ue
NPOW3BOAMTENHOCTTA HA MUHHATA MeXaHu3auusi ce Bnusie OT
MHOXECTBO  CryyalHu  chbakTopu, CrnegoBaTenHo  uUma
BEPOSITHOCTEH XapakTep. [naHoBUTe PEMOHTM He ca B3eTu
nog BHMMaHWe B HacTosarta paspaboTka nopaau akra, ye
Te ca MNpeaBapuTENHO M3BECTHUM M OKasBaT MpeBMaMMO
Bb3JENCTBIE BbPXY NPOM3BOAMTENHOCTTA Ha TEXHOMOrMYHaTa
NHKSA,

OcHoBHYTe (haKTOpy BMMSIELLM BLPXY MPOM3BOOMTENHOCTTA Ha
LUMT ca pagerm B Tabmmua 1. B mscnedgaHeTo ca M3nonasaHm
CTOVMHOCTYTE 33 [JEHOHOLLHWTE MPECTON HA MEXaHU3aLMSITa B PYAHUK
“Acapen —Meget” npe3 2001 .
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OLOWTEITHOCTTA HA ...

CraTtuctuyecka o6paboTka Ha JaHHUTe

Mpu pas3rmexnaHeTo Ha KOHKpeTHaTa 3ajadya 3a
cTatucTuyecka obpaboTka Ha [aHHUTE ca  W3NON3BaHM
chopmynn ot (ToHkoB, 1984). N3uncnenmsTa ca U3BBLPLLEHN C
nporpamata “STATGRAPHICS PLUS”. Wsnonseawn ca
CNEeHNTE O3HAYEHNS:

X - MaTeMaTuyeckoTO O4aKBaHe;

0" mcnepeusTa;

G - CPeAHO KBafIpaTUYHOTO OTKIOHEHME;

Xunin - MUHUMANHATa CTOAHOCT Ha CriydalHaTa BeMNYMHa;

Ta6nmua 1. Onpe,qenﬂHe Ha CTAaTUCTU4ECKW NOKa3aTenu Ha AaHHUTE.

Xinax - MAKCUManHata CTONHOCT Ha cnyqaﬂHaTa BEJTMYNHa,

Xuse - NAB Kpa Ha poBeputenHns wntepsan npu 95%
[0BepUTENHa BEPOSITHOCT;

Xaecen - [ECEH Kpaii Ha fOBEpUTENHUS MHTepBan npu 95%
[0BEPUTENHA BEPOSITHOCT;

A - KOehULMEHT Ha acuMeTpus.

E, - KoetuLMEHT Ha ekcec;

r - KOeMLMEHT Ha Kopenauus;

R - koednumeHT Ha paHrosa kopenauus;

Pesynrature ot cratuctudeckara obpabotka Ha JaHHUTE ca
[faneHn B Tabnmum 1m2.

XapakrepucTtuka
W3acnenBaH nokasarern Bpoit Xinin Xinax X o
JaHHy
MpownseogunTenHocT Ha LT, t/ aeH 290 2800 65500 33079,7 | 13601,6
[MpecTon nopagu nunca Ha Matepuan, h 290 0 12,45 1,328 1,916
IMpecTou nopagw HerabapuTyi B npuemHns ByHkep, h 290 0 2,43 0,19 04
[pecTon nopaau M3KNYBaHe Ha MeTanogeTekTop, h 290 0 4,38 0,261 0,539
[NpecTon nopaav Nag Ha Hanpexexwe, h 290 0 3,98 0,153 0,522
[pecTon nopagn MeTeoponorMyHM NPUYMHK, h 290 0 8,97 0,214 0,99
lMpecTon nopaay B3puBsBaHUS, h 290 0 247 0,247 0,605
[NpecTon nopagy CMsiHa Ha nepcoHan, h 290 0 5,54 0,552 1,172
[NpecTon nopaau aBapus Ha Tpowaykara, h 290 0 11,6 0,991 2,135
[MpecTon nopaay 3anyLiBaHe Ha CUTO M Npenb/iBaHe Ha 290 0 3,35 0,146 0,459
“33emBalla neHta, h
[MpecToun nopaay npembiBaHe Ha npecunku, h 290 0 13,79 0,457 1,774
IMpecTou nopagw BynkaHusaums Ha [T, h 290 0 21,9 0,514 2,619
lMpecTou nopaam npemecTBaHe Ha TpaHcnopTbopn 1,2, 3 n 290 0 211 1,191 2,717
3afefiCTBaHe Ha IEHTOB M3knyBaTen, h
IMpecTou nopaay aBapusi Ha ab3eTuep, h 290 0 17,87 0,475 2,043
Tabnuua 2. OnpegensiHe Ha CTATUCTUYECKUTE NOKA3aTeN Ha JaHHNTe.
WacnepnBaH nokasaren XapakTepucTuka
02 XJ‘ISIB XneceH As Ex
MpoussogutenHoct Ha UMNT, t/ geH 185003522,6 | 31507,7 | 346517 - 1,069 -2,223
[MpecTon nopaau nunca Ha Matepuan, h 3,672 1,107 1,55 22,507 40,405
[Npecton nopaau Herabaputi B npuemHns 6yHkep, h 0,16 0,144 0,236 23,747 45,898
[NpecTon nopaau U3KNYBaHe Ha MeTanogeTekTop, h 0,291 0,199 0,323 32,724 92,61
[NpecTon nopaay naj Ha HanpexeHue, h 0,273 0,093 0,214 29,505 68,46
[NpecTon nopaay MeTeoponoryH1 NPUYMHK, h 0,98 0,099 0,328 42,75 148,387
[NpecTon nopaay B3puBsBaHUS, h 0,366 0,177 0,317 15,121 10,668
[MpecTon nopaan cMsiHa Ha nepcoHan, h 1,374 0,417 0,688 16,956 17,57
[NpecTon nopaau aBapusi Ha Tpowavkata, h 4,577 0,774 1,238 22,713 38,771
lMpecTou nopaay 3anyLuBaHe Ha CUTO U NPeNbriBaHe Ha 0,211 0,093 0,199 29,375 68,986
133emBalla NexTa, h
[NpecTon nopaay npenbnBaHe Ha npecunku, h 3,147 0,252 0,662 39,204 122,311
[Npecton nopaau BynkaHusaums Ha ['TJ1, h 6,859 0,211 0,817 40,08 120,21
[pecTon nopaau npemecTBaHe Ha TpaHcnopTsopu 1, 2, 3 7,384 0,877 1,506 33,672 90,334
W 3afeiCTBaHe Ha NEHTOB M3kntousaten, h
[MpecTou nopagm aBapusi Ha abaeTuep, h 4172 0,239 0,712 43,999 148,601
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Tabnuua. 3 KoeduumeHTH Ha kopenauusl, paHroBa kopenaums v B koedMUMeHTH 3a U3CNeABaHNTE NOKa3aTesu.

O3Ha MpoussogutenHoct Ha LIMT,
M3cnenBaH nokasaten yeHue t/ neH
r R B
[NpecTon nopaay nunca Ha Matepuan, h X4 -0,192 0,149 -0,348
IMpecTou nopaawn HerabapuTti B npuemMHns ByHkep, h X, 0,097 0,27 0,009
[pecTon nopaau U3kn4BaHe Ha MeTanogeTekTop, h X3 0,053 0,185 0,012
[pecTon nopaav Najg Ha HanpexeHxwe, h X4 -0,032 0,058 -0,132
[pecTon nopagn MeTeoponoryyHN NPUYMHK, h Xs -0,104 | -0,135 -0,173
[NpecTon nopaay B3puBSBAHUS, h Xe -0,11 -0,123 -0,148
[pecTon nopaay CMsiHa Ha nepcoHan, h X7 -0,008 | -0,173 -0,121
[pecTon nopaau aBapus Ha Tpolavkara, h Xs -0,173 0,012 0,257
[pecTon nopaau 3anylwsaHe Ha CUTO M Npenb/iBaHe Ha W33eMBalla NeHTa, h Xg 0,048 0,093 0,021
[pecTon nopaay NpenbrBaHe Ha NPecunku, h Xio -0,18 -0,114 0,227
lNpecTon nopaau BynkaHusauus Ha 'TJ1, h Xi1 -0,277 | -0,213 0,362
lMpecton nopaau NpemMecTBaHe Ha TpaHcnopTbopu 1, 2, 3 1 3agencTBaHe Ha Xi2 -0,264 | -0,058 0,35
TNIEHTOB M3KMtoyBaTen, h
lMpecTou nopaaw aBapus Ha ab3eTuep, h X3 -0,2 0,058 0,284

AHanu3bT noKa3Ba, Ye MaTeMaTMYecKkoTo O4akBaHe 3a
AeHOoHowWHaTta npowssogutenHocT Ha LIMT no otkpuska e
33079,7 t. B 95% ot cnyyauTe U33eTuTE KONUYECTBA OTKPUBKA
3a feHoHowume ca B uHTepBana ot 31507,7 t oo 34651,7 t.
VacnefBaHeTo Ha Bpb3kaTa Mexay NPOM3BOAMTENHOCTTA Ha
UNT ©u nocoyeHnTe chaktopu Cce W3BbPLUBA, Ype3
KopenauuoHeH aHanu3. Wauucnenwsta ca HanpaBeHn ¢
nporpamata “STATGRAPHICS PLUS”, kato ca u3nonasaHu
BXOZHWTE AaHHW. PesynTatute ca gagenu B Tabnuum 1 2. B
Tabmmua 3 ca MOMECTEHW MONyyeHWUTe KoeuUMEHTU Ha
Kopenauus 1 paHroea kopenaums.

OT HanpaBeHUs KOpenaLMoHeH aHanN3 ce BXAA, Y€ BCEK
OT u3crefBaHUTe NokasaTenu oka3ga cnabo Bb3aeicTBUe
BbpXy npoussogutenHoctta Ha LMT. OT gpyra cTtpaHa ce
HabntogaBa HaTpynBaHe Ha BIWSHWETO OT OTAEMHUTE
thakTopu BbpXy pabotata Ha cuctemara. ETo 3awo no -
HaTaTb4YHUTE YCUNMS Ca HACOMEHW BbPXY M3CNEABaHETO Ha
CbBMECTHOTO  Bb3OEACTBME  MeXay  pasrnexpaHute
nokasaTenu 1 NpoM3BOAUTENHOCTTA Ha LMKMMYHO — NOTOYHATa
TEXHOMOMYHA NIMHUS MO OTKPMBKA.

OnpepgensiHe Ha cTeneHTa Ha 3HAYMMOCT Ha U3CnefBaHUTe
nokasarenu

/3non3Ba ce perpecuoHeH aHanu3 3a onpefensHe Ha
MHOXECTBEHaTa Kopenauus Mmexgy pageHute B Tabnuua 3
nokasatenu. MauucneHusita ca HanpaBeHW C nporpamara
“STATGRAPHICS PLUS”, kato ca wu3non3BaHW BXOQHUTE
AaHHK. [lony4eHusT KoedULMEHT HAa MHOXECTBEHA KOpenauus
e 0,665. ToBa noka3sea, Ye Mexay U3cneaBaHuTe nokasarenu
CblUeCTBYBa MW3pas3eHa JMHeidHa 3aBuMcumocT. Ts  ce
XapaKTepuanpa Ype3 ypaBHEHWE Ha MHOXECTBEHA PErPecHs;

Y = 453256 — 2473,82X; + 309,737, + 295,25X; — 3433,61X,
— 2381,64Xs — 3321,52Xs — 1411,16X; — 1638,37Xs -
611,662X, — 1739,39X:y — 1881,38Xy; ~1749,95X, -
1892,58X s (1)

KbAeTo:
Y - npoussoautenHoctTa Ha LIMT, t/neH;
Xi— chakTopuTe, NocoyeHu B Tabnumua 3;
MHoxecTBeHaTa perpecus No3BonsiBa Aa Ce W3Mepu
BMUSHWETO Ha pasNUyHUTE (hakTOpUTe BbPXY NPOW3BOAM-

TenHoctTa Ha LT kato ce usnonseat Taka HapeyeHute Geta
koeduumeHTn (YeTbipkuH, 1982).

HamupaHeTo UM ce OCbLUecTBsIBa NOCPEACTBOM CNeaHOTO
HOPMUPaHE:

0y
Bi=a %WH (2)

KbaeTo:
a,— KOBMLIMEHT B ypaBHEHIe Ha Perpecus;
31— KoeMUMEHT Ha perpecust crieq HOPMUPaHETO;

0 x, - CpefiHo KBaAPaTUYHO OTKIOHEHWE Ha NPpOMeHnuBaTa X;;

0 , - CPEHO KBAAPATUYHO OTKMOHEHME Ha Y;

B Tabnuua 3 ca gapeHn uadmcnenute koeduumeHTu [3; 3a
BCEKM OT (paktopute. Bb3 OCHOBA Ha TAX e HampaBeHo
CNEAHOTO MofpexaaHe Ha mokasaTennTe Mo CTeneH Ha
BNMSIHWE BbPXY MPOU3BOAUTENHOCTTA:;

MpecTtou nopaau Bynkanuaauus Ha ['TIT— 100 %;

1

2. TpecTon nopaay NpeMecTsaHe Ha TpaHcropTLopH 1,

2, 3 1 3afiecTBaHe Ha NeHToB n3knousaten — 97%;

lpecTou nopaam nunca Ha matepuan — 96 %;

MpecTtou nopapu aBapusi Ha abseTuep — 78 %;

MpecTou nopaau aBapusi Ha Tpoladkata — 71 %;

MpecTou nopagu NpembhBaHe Ha npecunku — 63 %;

lpecTon Nopagyn METEOPONOrNYHN NpUnHY — 48 %;

Mpectou nopagu B3puBsBAHUA — 41 %;

MpecTtoun nopagu nag Ha Hanpexexne — 36 %;

MpecTou nopaam cMmsHa Ha nepcoHan — 33 %;

lMpecTou nopaay 3anyLiBaHe Ha CUTO U NpembiBaHe

Ha 133emBalla nexta — 6 %;

lMpecTou nopaau U3KMIOYBaHe HA METanoAeTeKTop —

3 %;

13. Mpectou nopaau HeraGapuTit B NpuemMHUs GyHkep —
2 %,;

—_ 2 OO N O~ W

—
N

[MokasaTensaT xapakTepuaupaly ce CbC Hail-BUCOKA CTOMHOCT
Ha koeduumeHTa B ce npuema, Ye MMa OTHOCUTENHA TEXECT
100 %. 3HaummocTTa Ha octaHanuTe (hakTopu Ce n3passiea
ype3 Hero.
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PaspaboTBaHe Ha maTemaTU4yecku Mogen, onucealy, B3a-
MMOBpb3KaTa MeXgy u3cneABaHUTe MNoKasaTenu W
npoussoauTenHoctTa Ha LMNT

Ha durypa 2 e fageHo “3MeHeHUeTo Ha koedmumeHTa Ha
MHOXECTBEHa Kopernauus B 3aBWCMMOCT OT OposT Ha
hakTopuTe BRMSELLM BBPXY NPOU3BOAMTENHOCTTA. Hanpumep
npu 6 nokasatenst ce OTYMTa BL3AEMCTBUETO HA MbpBUTE
LUeCT NOAPESEHMN MO CTENEH Ha 3HauMMOocCT (Tabn.3).

0,7

0,6

/|

0,5

04 4

0,3

Koed. Ha MHOXeCT. kopenauus

2 3 456 7 8 910111213
Bpoii Ha hakropute

@ueypa 2. N3meHeHuUe Ha KoeghuyueHma Ha MHOXecmeeHa
Kopenayus e 3asucumocm om 6posi Ha hakmopume

Ot rpadmkata Ha curypa 2 ca HanpaBeHu CriegHuTe

13BOAM:

O  Hal-3HauMTeNHO BRMSIHUE BBPXY KOeUUMEHTa Ha
MHOXECTBEHa KOpenauusi OkasBaT MbpBUTE LUECT
thakTopa;

O Bb3AENCTBMETO Ha APYruTe YETWpM nokasaTens €
no-cnabo;

o NOCMegHUTe TpU (hakTopa NOYTM HE BRUSST BbPXY
koeduLMeHTa Ha MHOXECTBEHA Kopenawms;

lMonyyaBaHeTO Ha Mofen C oTuMTaHe Ha u3bpoeHute 13
tbaktopa cnopes rpynupaHeto um ot 1 go 13 Ouxa
3aTpyaHunu pabotata. Mopaan ToBa Lie ce M3nonaeat Hai -
CbllUeCTBEHUTE T.€. 0T 1 40 6.

V3anon3Ba ce KopenauuMoHEH aHanmM3 3a OMMCBAHETO Ha
Bpb3KkaTa MeXay NpoW3BOANTENHOCTTA U 13bpaHuTe dhakTopy.
MauncnenunsaTa ca Hanpaserm ¢ nporpamata “STATGRAPHICS
PLUS” Ha GasaTa Ha kopenaluoHeH M PErpecioHeH aHamms,
KaTo Ca W3MOM3BaHM CTOMHOCTUTE Ha BXOOHUTE AaHHW.
[MonyyenuaT mogen e:

Y = 41879,7 — 2118,63X; — 1750X;;— 1570,29X;, -

1679,35X43- 1722,19X, - 1552,45X+o 3)
KoeduupeHTsT Ha MHOXecTBeHa kopenauus e 0,606. Tosa

nokasea, Ye Mexay NpoW3BOAUTENHOCTTA Ha TEXHOMOrMYHaTa

NNHMA 32 WM33eMBaHe Ha OTKpMBKa W U3CneaBaHuUTe
nokasatenu CbllecTByBa ACHO n3paseHa NUHENHa
3aBMCUMOCT.

MporHosupaHe Ha N3MEHEHUSITa Ha NPOU3BOAMTENTHOCTTA,
ypes3 Nony4eHUsT Mogen

Pa3paboTeHnaT Mogen Chyxu 3a MNPOTHO3MpaHe Ha
npoussoauTenHocTTa Ha LiMT, ypes nokasaTenure okassaluy
BIMSIHUE BbPXY Hesl.

Ha durypa 3 ca nokasaHu MpOrHO3HMTE pe3ynTaTy
nonyyeHn, ypes Mogena u HabnpaBaHWUTe CTOMHOCTM 3a
nepuoga Anyapu — Mapt 2001 .

OuensiBaHeTo Ha paspaboTeHnss Mopen cTasa upes
3HayeHneTo Ha abconTHaTa MpOLEHTHA rpewka (Empmp)
(Shim.J. 2000). Ts ce usuucnssa no ghopmynara:

100 & |Y; - ;
o | ;(x |,

i=1 i

KbaeTo:
Y,— HabniofgaBaHaTta CTOMHOCT;
f(Xi) — nporHoaupaHa CTONHOCT;
n — 6poit Ha HabngexusTa;

3a cpaBHeHWe ce pasrnexaa Mogena, B KOWTO yyacTBaT U
TpUHageceTTe wacriedBaHu (haktopa. Ha durypa 4 ca
noKa3aHu NPOrHO3HWUTE Pe3ynTaTh NoMyYeHu, Ypes ypaBHeHue
(1) v HabniopaBaHUTe CTOMHOCTU 3a nepuoga AHyapu — MapTt
2001 .

MpoLeHTHaTa rpeLuka Ha MOJENUTE Ce U34MCnsiBa 3a LienusT
nscneasaH nepuog — 2001 r. 3a ypasHeHue (1) e 34%, a 3a
ypaBHeHue (2) e 36%.

AHanusbT nokassa, Ye MOAENbT (2), BbMPEKU OTYMTaHWS Mo-
Manbk 6poii hakTopyU MpOrHO3Mpa MpOWM3BOAMTENHOCTTA Ha
UMT cbc nmoyt cblyata TOYHOCT Kakto M mogembt (1).
CrefoBaTtenHo, Npu NpakTU4eCKU U3YNUCTEHUs ypaBHeHNe (2)
€ 3a npernoymnTaHe.
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HabnapaBaH nepuop AHyapw - Mapt 2001 r.

18 28 11 2

—— [MporHo3Ha cromHocT

HabnrogaBaHa cToMHoOCT

Queypa 3. NsmeHeHue Ha npoussodumenTHOCmma Ha pydHuka npe3 nepuoda SHyapu — Mapm 2001 2.
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3AKITFOYEHNE

B HacTosWOTO M3cneaBaHe ca pasrnefaHu OCHOBHUTE
(haKkTopu OKa3Baluy Bb3AENCTBUE BbPXY paboTHMSA npoLec 3a
“33eMBaHe OTKpWBKa B pyaHuK ‘Acapen — Mezet”. Bb3 ocHoBa
Ha KOpEnauuOHEeH aHanmM3 € OMpefeneHa 3Ha4yMMocTTa Ha
BCEKM OT NOKa3aTenuTe BNSIELM BbPXY NPON3BOAUTENHOCTTA.
ABcontoTHaTa NpoLeHTHa rpeLuka Ha mogena e 36 %.

MpenopbyaHa 3a nybnukysaHe om kamedpa
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ABSTRACT

The cyclic-flow-line-technology (CFLT) for mining of overburden has been introduced since 2000 in “Asarel-Medet”. It's working is characterized by often interrupts

with different continuance.

The stays of technological line has been studied. A review of factors having an influence upon the productivity has been made. A statistic working of data is used for a

determination of the degree of significance of each of the investigated characteristics.

A comparative analysis has been used for the determination of the indexes having the most important influence upon the work of CFLT. A mathematical model has
been developed with describing the connection between the studied indexes and the CFLT’ s productivity.

INTRODUCTION

The cyclic-flow-line technology (CFLT) is most extensively
applied at Asarel Medet Open Pit. The mine is the primary
producer of copper and pyrite concentrates in Bulgaria, and
one of the main producers in Europe. The processing complex
is located on an area of 20 000 da close to the city of
Panagyurishte (Bulgaira).

CFLT was introduced in the production process in 2000. This
technology involves great variety of mining and transportation
equipment and it was introduced for the first time in our
country. The following machines are used: excavators “EKG™-
81, "EKG™5A, ‘RH-120C, “‘R™-994, front loader “CAT"- 992D,
drills “SBS” - 250, trucks “BelAZ-7519, “BelAZ’-75125, “BelAZ’-
7522, “BelAZ™-7523, “CAT’-777C, “CAT-777D, “0&K™-K95, “TR’-
100, a stationary re-loading point equipped with screen and cone
crusher “KRUPP”, belt conveyors and spreader “VOEST-
ALPINE”.

The cyclic-flow-line is used for overburden haulage from
“Asarel” Open Pit to the Western Dumpsite (fig. 1).

Factors influencing upon productivity of the CFLT

The mechanization in open pit “‘Asarel-Medet” works in
various and variables conditions. For that reason the work of
the mining machinery is characterized with often interrupts.
Because of that there is a special interest in analyzing the work
time structure, the kind of stays and their influence upon the
machinery productivity using the CFLT for output of
overburden.

The following are the main reasons for the interruption of the
production process in an open pit area: the planned running
repairs (PRR), the moving of mining machines, the different
kinds of damages, blasting, weather conditions, physical-
mechanical properties, rock compositions, the interruption of
the work in next section and etc. All that allows that it could be
accepted that the productivity of mining mechanization is
influenced by numerous accidental factors. Therefore it has a
probable character. The planned repairs have not been taken
into account in this paper, because of the fact that they are
known in advance, and they don't influence upon the
productivity of CFLT.

Figure 1.

The main factors influencing upon the productivity of CFLT
are given in a table 1. The values for 24 hours stays of
mechanization in “Asarel-Medet” in 2001 have been used.

Statistical working of data

Some formulas of (Toncov, 1984) have been used for solving
the concrete task of statistical working of data. The calculations
have been done by “Statgraphics Plus” program. The used
symbols are as follows:

e X -average;

e g variance;

* (o -standard deviation;

®  Xuin— Minimum value;

®  Xmax— Maximum value.

* X —lower limit (95% confidence intervals);
* Xy - upper limit (95% confidence intervals);
e A, -standard skewness.

e E,-standard kurtosis;

* r-correlation;

* R-rank correlation;

The final results of data statistic working are given in tables 1
and 2. The analysis shows that average overburden 24 h
productivity of CFLT is 33079 t.



The mining quantities of overburden for 24 hours are in
interval from 31507,7 t to 34651,7 tin 95 % of the cases.

The correlation analysis is used to study connection between
a productivity of CFLT and the factors given above. The
calculations have been done by “Statgraphics Plus” program
using the entrance data. The results are given in tables 1 and
2. The found correlations and rank correlations are given in
table 3.

It can be seen from the made correlation analysis that every
studied index has a weak influence upon a productivity of

Table 1 Found statistical indexes of data.

CFLT. On the other side it can be seen the accumulation of
influence by the different factors upon the system’s work. That
is why the further efforts are directed to the investigation of the
joint influence between given indexes and productivity of
CFLT.

Determination of the degree of importance of the studied
indexes

The correlation analysis has been used for determination of the
multiple correlation between indexes given in table 3. The calculations
are made by “Statgraphics Plus” program using the entrance
data. The receiving multiple correlation is 0,665.

Characteristic
Studied indexes Number Xunin Xinax X o
of data
Productivity of CFLT, t per 24 h 290 2800 65500 33079,7 [ 13601,6
Stays for material, h 290 0 12,45 1,328 1,916
Stays for rocks with bigger size than crusher size in hopper, h 290 0 2,43 0,19 04
Stays for metal detector switched off, h 290 0 4,38 0,261 0,539
Stays for voltage falls, h 290 0 3,98 0,153 0,522
Stays for weather, h 290 0 8,97 0,214 0,99
Stays for blasting, h 290 0 2,47 0,247 0,605
Stays for personnel change, h 290 0 5,54 0,552 1,172
Stays for crusher damage, h 290 0 11,6 0,991 2,135
Stays for screen choked and overfilled conveyer belt, h 290 0 3,35 0,146 0,459
Stays for overfilled delivery chute, h 290 0 13,79 0,457 1,774
Stays for conveyer belt vulcanization, h 290 0 21,9 0,514 2,619
Stays for conveyer belts 1, 2 and 3 removal and conveyer belt's 290 0 211 1,191 2,717
disconector switched off, h
Stays for spreader damage, h 290 0 17,87 0,475 2,043
Table 2 Found statistical indexes of data.
Studied indexes Characteristic
02 XJ‘ISIB X/ZleCeH AS EX
Productivity of CFLT, t per 24 h 185003522,6 | 31507,7 | 34651,7 - 1,089 -2,223
Stays for material, h 3,672 1,107 1,55 22,507 40,405
Stays for rocks with bigger size than crusher size in 0,16 0,144 0,236 23,747 45,898
hopper, h
Stays for metal detector switched off, h 0,291 0,199 0,323 32,724 92,61
Stays for voltage falls, h 0,273 0,093 0,214 29,505 68,46
Stays for weather, h 0,98 0,099 0,328 42,75 148,387
Stays for blasting, h 0,366 0,177 0,317 15,121 10,668
Stays for personnel change, h 1,374 0,417 0,688 16,956 17,57
Stays for crusher damage, h 4,577 0,774 1,238 22,713 38,771
Stays for screen choked and overfilled conveyer belt, h 0,211 0,093 0,199 29,375 68,986
Stays for overfilled delivery chute, h 3,147 0,252 0,662 39,204 122,311
Stays for conveyer belt vulcanization, h 6,859 0,211 0,817 40,08 120,21
Stays for conveyer belts 1, 2 and 3 removal and conveyer 7,384 0,877 1,506 33,672 90,334
belt’s disconector switched off, h
Stays for spreader damage, h 4172 0,239 0,712 43,999 148,601
Table 3 Correlation, rank correlation and [ coefficient of the studied indexes.
Symbol Productivity of CFLT,
Studied indexes tper 24 h
r R B
Stays for material, h X4 -0,192 0,149 -0,348
Stays for rocks with bigger size than crusher size in hopper, h X, 0,097 0,27 0,009
Stays for metal detector switched off, h X3 0,053 0,185 0,012




Stays for voltage falls, h

Xy -0,032 | 0,058 0,132

Stays for weather, h

Xs -0,104 | -0,135 0,173

Stays for blasting, h

Xs -0,11 0,123 -0,148

Stays for personnel change, h

Xz -0,008 | -0,173 0,121

Stays for crusher damage, h

Xg 0,173 | 0,012 0,257

Stays for screen choked and overfilled conveyer belt, h Xg 0,048 0,093 0,021

Stays for overfilled delivery chute, h X1o -0,18 -0,114 0,227

Stays for conveyer belt vulcanization, h X1 -0,277 | -0,213 0,362

Stays for conveyer belts 1, 2 and 3 removal and conveyer belt's disconector X1z -0,264 | -0,058 0,35
switched off, h

Stays for spreader damage, h X3 -0,2 0,058 0,284

This shows that there is an expressive linear dependence
between studied indexes. It is express by multiple regression
equation.

Y = 453256 — 2473,82X; + 309,737, + 295,25X; — 3433,61X,
— 2381,64X; — 3321,52Xs — 1411,16X; — 1638,37X;
611,662X; — 1739,39X:, — 1881,38X 1, —1749,95X, -
1892,58X 5 (1)

where:
Y - productivity of CFLT, t per 24 h;
Xi—indexes noticed in table 3;

Multiple regression allows influence of different factors upon
productivity of CFLT to be measured. For this purpose it is
used so called (3 coefficients (YeTbipkuH, 1982).

They are found by the following equation:

0y
Bi=a %?E (2)

where:
a; — coefficient in correlation equation;
31— correlation received after calculation;

g x, - standard deviation of variable X;;

0 y - standard deviation of Y for each factor;

The calculated coefficients 3, for each of the factors are
given in table 3. Using them the following arrangement of the
indexes according to their degree of influence upon the
productivity of CFLT has been used:

14. Stays for conveyer belt vulcanization — 100%;

15. Stays for conveyer belts 1, 2 and 3 removal and
conveyer belt’s disconector switched off — 97%;

16. Stays for material — 96 %;

17. Stays for spreader damage — 78 %;

18. Stays for crusher damage — 71 %;

19. Stays for overfilled delivery chute — 63 %;

20. Stays for weather — 48 %;

21. Stays for blasting — 41 %;

22. Stays for voltage falls - 36 %;

23. Stays for personnel change — 33 %;

24. Stays for screen choked and overfilled conveyer belt
-6 %,;

25. Stays for metal detector switched off - 3 %;

26. Stays for rocks with bigger size than crusher size in
hopper - 2 %;

It is accepted that index having the heist value of coefficient
B has the relative weight 100 %. The relative weight of the
other factors is expressed through it.

A mathematical model describing connection between
study indexes and productivity of CFLT

Figure 2 describes change of multiple regression in
depending on number of factors having influence upon
productivity. For example the influence of the first six indexes
arranged by a degree of significance is determined (table 3).
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Figure 2. The change of multiple correlation depending on
number of factors

The follow conclusions are done by chart from fig. 2:

o The first six factors have the most important
influence upon the multiple correlation;

O The influence of the other four indexes is less;

o The last three factors almost don't influence upon
multiple correlation;

The received model by determining the above — mention 13
factors according to their grouping from 1 to 13 will be difficult
to use. That is why the most important factors from 1 to 6 will
be used.

The correlation analysis is used for describing a connection
between productivity and chosen factors. The calculations are
done by a “STATGRAPHICS PLUS” program using the
entrance data. The received model is:

Y =41879,7 — 2118,63X; — 1750X; — 1570,29X4, -
1679,35X13- 1722,19Xs - 1552,45X 3)



Multiple correlation is 0,606. This shows that there is an
obviously expressed linear dependence between the
productivity of technological line for output of overburden and
the studied indexes.

Forecasting the change of productivity by the received
model

The studied model is used for forecasting of productivity of
CFLT by indexes influencing upon it.

The forecasted results, received by the model and the
results, observed for the period January — March 2001 are
given in figure 3.

The evaluation of the developed model can be done by
absolute percentage mistake (eym) (Shim.J. 2000). It is
calculated by a formula:

100 & [Y- £(x,
Fon == ") ;(x L @

1

where:

Y;— observe value;

f(Xi) — forecasted value;
n — number of data;

The model including the all 13 factors is used for
comparison. The forecasted results received by equation (1)
and the observed values for the period January — March are
shown on figure 4.

The percentage mistake for each of the models is calculated
for the whole studied period. It is 34 % for equation (1) and 36
% for equation (2).

The analysis shows that a model (2) forecasts productivity of
CFLT has almost the same accuracy as a model (1), in spite of
the less number of used factors in model (2). Therefore the
equation (2) is better for practical calculation.

CONCLUSION

The basic factors influencing upon the mining of overburden
in open pit “Asarel-Medet” are studied in this paper. The
significance of each of the indexes influencing upon the
productivity of CFLT is determined by a correlation analysis.
Six are the most significant factors received after suitable
arrange of all 13 factors. Therefore the mathematical model
describing the studied connection is received by them. The
absolute percentage mistake of the model is 36%.
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Figure 3. A change of open pit productivity during the period January — March 2001
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