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OTKA3W B ENNEKTPOCHABAUTENTHUTE CUCTEMU HA PYOHUK “TPAAHOBO -CEBEP”
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PE3IOME. PaboTata e nocBeTeHa Ha u3cnefBaHe Ha OTKA3uTe B eneKkTpOoCHabAUTENHUTE CUCTEMM HA OTKPUTUS PyOHUK “TposiHOBO-CeBep” kbM MuHM “Mapuua
nstok“ — EAl. CvbpaHn ca n ca obpaboTeHu JaHHM 33 OTKasuTe 3a Mepuog OT NeT roguHu. KnacuuuupaHu ca NpuuMHWTE MpeausBuUKanmn OTkasute B
enekTpocHabauTenHata cuctema. Ctatuctuyeckara obpaboTka Ha AaHHUTe e HanpaBeHa B nporpamHuTe cpean MATLAB n STATGRAPHICS.

FAILURE ANALYSIS OF THE POWER SUPPLY SYSTEMS IN OPEN-AIR MINE “TROJANOVO-NORTH”

Todor Varbev!, Tsanko Georgievz, lvan Kotov3

1 University of Mining and Geology “St. Ivan Rilski”, Sofia, 1700
2Technical University — Sofia, Faculty of Automation
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ABSTRACT. This article deals with safety analysis of the electrical power supply systems in open - air mine “Trojanovo-north” of the mines “Maritza-east” - Ltd.. The
data of failures are collected and investigated for five years time period. Classification of failures by reason of events is presented. Al statistical researches are carried

out using MATLAB and STATGRAPHICS packages.

BbBeaeHue

Muun  Mapuuya ustok” EAL e Han - ronsmoto
BbrnefobvBHO NpeanpusThe 3a 40OVB Ha BBITMLLA MO OTKPUT
HaunH B Penybnvka Bwbnrapus. [obuBa u TpaHcnopTa Ha
MOME3HOTO M3KOMAaeMO Ce OCBLLECTBAIBA C TEXKO MMHHO
obopyaBaHe BKITIOYBALLO: BEPWKHK Barepu, poTopHu Barepwm,
PEncoB TPaHCMOPT W TYMEHO-TIEHTOBM  TPAHCMOPTLOPU.
M3bpoeHoTo  MmHHO obopyaBaHe Ce  3axpaHBa  C
eNeKTpUYECKa eHepris OT uarpageHata Ha TepuTopusTa Ha
NpeanpuaTUeTo enekTpocHabauTenHa cuctema. B Hes ca
BKMIOYEHW  [ECETKM  MOHWKaBaM  TPaHCOPMaTOpHM
noactaHumn. OcHOBHaTa yacT oT TAX npeobpasysar
HanpexeHneto ot 110 kV / 6 kV, a uma » TakuBa C
TPMHAMOTBLYHY TpaHcopmaTopm 3a Hanpexenue 110 kV / 20
kV /6 kV.

EnexTpocHabasiBaHETO Ha ENEKTPUYECKUTE KOHCYMATOPH Ce
OCbILECTBABA OT MW3rpajieHaTa enekTpuyecka Mpexa 3a
CPE[HO HanpEeXeHWe BKIIOYBALLA: BLHLUHW MIMHAW U3MbITHEHN
¢ npoBogHuum  TMn AC/ACO/  MOHTMpaHM  Ha
XENe3opeLeTbyYHM CTbNBOBE U KabenHU NUHUM.

EnekTpocHabauTenHata cuctema BKIioYBalla MogacTaHums
W u3rpafeHaTa KbM Hes Mpexa € BaXHO 3BEHO OT
TEXHONOTMYECKMST MpoLieC Npu  AoGMBa Ha  BbITMLLA.
HapexHocTTa Ha TOBa 3BEHO € OT 0CODEHO 3HayeHue 3a
HEMpEKbCHATOCTTa Ha TEXHONOMMYHNS MPOLIEC.
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lpoBedeH e aHanu3 Ha OTKa3WTE Ha enekTpocHabauTenHaTta
cucTeMa  Ha  noacTaHums 3™ MapT’  3axpaHBalla
eneKkTPUYECKUTE KOHCYMaTopu B pyaHuuuTe ,TposiHoBO — 17 1
, 1 POSIHOBO — ceBep”. lNoAcTaHumaTa e TpaHcopmaTtopHa 1 ce
3axpaHBa ¢ Hanpexenne 110 kV upes Bxog ,Ctapoceney”
Bxog ,3Be3ga’. ObopygBaHa e € 4YeTupM  CUIoBK
TpaHchopmMaTopu ¢ HOMUHaNHa MoLHoCT Sk = 25 MVA. [1ga oT
TAX Ca AByHaMOTBYHM 3a Hanpexenwe 110 kV / 6.3 kV, a
ApyruTe ca TPMHaMOTBbYHM 3a HanpexeHne 110 kV /20 kV / 6
kV. C HanpexeHue 6 kV, upes aBapeceT 1 YeTupy nseoga (24)
C€ 3axpaHBaT ENEKTPUYECKUTE KOHCYMATOpPK B MOCOYEHUTE MO
rope pygHugu. OT 4eTupn um3Boga Ce  3axpaHsar
ENTEKTPUYECKUTE KOHCYMaTOpH C HanpexeHue 20 kV.

Otkasute B enekTpocHabgutenHata  cuctema  Ha
nogcTaHuusaTa ,3™ MapT” ca HabnoaaBaHy B NPOLbIKEHNE Ha
wectpecet (60) meceua B mepuoga ot 02.03.2003 r. go
12.04.2009 r., ¢ uskmtouenme Ha 2004 r. OBwwmsT Gpoit Ha
perucTpupaHute otkasu e 227. [aHHute ca cbbpaHm oT
onepaTWBHWTE QHEBHULUW B MOACTaHUMSTA M OT Te3n Ha
AEXypHUTE eHepruitHn gucnedvepu [laHHuTe 3a oTKasuTe ca
0bpaboTeHn Mo Meceuy W ca yCTaHOBEHM MeceuuTe C Hal —
ronsim 6poi oTkasu 060 3a noacTaHumsaTa. Toea ca: 3a 2003r-
cenTemBpu - 6 0TKa3a, AekemBpu — 12 oTkasa; 3a 2005 r. — mai
— 3 0TKa3a, tonm — 4 oTkasa, OKTOMBpM — 6 oTKa3a; 3a 2006r.-
mMapT — 9 0TKas3a, toHU — 8 oTKasa; 3a 2007 r. — oHU — 4 0TKa3a;
3a 2008 r. — toHn — 6 oTKa3a; 3a 2009 r. — aHyapu v heBpyapu
no 7 oTkasa, MapT — 21 oTkasa W anpun — 8 oTkasa. 3a To3u
nepuop Hail — MHOro 0TKasu B M3BOAWTE 3a HanpexeHue 6 kV
ca peructpupaH B cegem (7) useoga: Crpaxun — 11, Aitoc —



17, Bupuey — 31, [laHuena — 18, Tepsen — 31, 'ypko — 10 1
BeHkoBckn — 15. B Tpu 0T yeTupuTe M3BOLA 3@ HanNpexeHue
20 kV cbluo ca peructpupaHu ronam 6poi oTkasu: [leHuuya —
20 oTka3a, Mas — 13 oTka3sa 1 Yasgap — 13 otkasa.

AHaJ'IVIGI/IpaHI/I ca N Npu4nHUTE, KOUTO Ca Npeau3BuKanu
0TKa3uTe 3a HabnoaaBaHNs nepuno B pyaHUKa.

Hai — 4ecTo u3KNYBaHMs ca HaCcTbNBaNM creg NoBpeau B
kabenHuTe nunmm 3a 6 u 20 kV. O6wo 107 nospeaw, KOETO €
471 % or obwua Opon. OT 3eMHN CbEAMHEHUs
uskntouBaHusaTa ca 20 wnm 8.8 %. lonam e 6poAr Ha
,HEYCTAHOBEHM MPUYMHW" MPEAM3BMKANM  U3KITIOYBAHNA B
enekTpocHabautenHata cuctema, 57 unm 25% o1 obuwws
Opoit M3KIIOYBAHMSI.

OcHOBHM pe3ynTaTtu

3a pa ce nonyuu no-ronsiMa npeAcTaBa 3a OTKasuTe KaTo
cbbuTMe B enekTpocHabauTenHata cuctema [JaHHUTE ca
06paboTeHn cTaTuCTMYeckM B MporpamMHata cpefa Ha
npogykta STATGRAPHICS (1996). lMonyyeHnte OCHOBHM
napameTpu Ha CTaTMCTUYecKaTa ChBKYMHOCT Ca NoKa3aHu B
AonHata Tabnuua, Tabnuua 1.

Tabnuya 1.0606LeHN CTaTUCTUYECKN pe3ynTaTu

Bpoit (obemHa n3Bagaka) 59
CpenHa CTONHOCT 3.66932
MeanaHa 3.0
['eOMETP. CpPeHO OTKINOHEHWE 2.7094
[Oucnepcus 7.28521
CpenHoKBaapaTUYHO OTKMOHEHE 2.69911
CraHpapTHa rpetuka 0.351395
MuHUMYMm 1.0
Makcumym 12.0
Pa3smax 11.0
KoeduumeHT Ha BapuaLus 75.8322%
Cyma 227
3a onpemensHe Ha 3akoHa Ha pasnpegenieHne Ha
CnyyailHaTa BenMYMHA € MoCTpoeHa Tabmuuara Ha
pasnpegeneHueto, Tabnuua 2.
Tabrmya 2. Tabnuua Ha YecToTUTE Ha OTKasuTe.
N° | HonHa lopHa CpenHa YecToTa
rpaHuua | rpaHuua | Toyka
-oc 0 0
1 0.0 2.14286 | 1.07143 26
2 2.14286 | 4.28571 | 3.21429 19
3 4.28571 | 6.42857 | 5.35714 5
4 6.42857 | 857143 | 7.5 6
5 8.57143 | 10.7143 | 9.64286 1
6 10.7143 | 12.8571 | 11.7857 2
7 12.8571 | 15.0 13.9286 0
15.0 oc 0 0
No OtHocutenHa | KymynatueHa OTHocuTEnHa
yecToTa yecToTa yecToTa
oc 0,000 0 0,000
1 0.4407 26 0.4407
2 0.3220 45 0.7627
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3 0.0847 50 0.8475
4 0.1017 56 0.9492
5 0.0169 57 0.9661
6 0.0339 59 1,0000
7 0.0000 59 1,0000
oc 0,0000 59 1,0000

Mo [aHHMTE OT cTaTUCTMYeckaTa Tabmmua e mocTpoeHa
XWUcTorpamMa Ha pasnpefieneHueTo Ha cryyaitHata BenuuuHa,
ur. 1.
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®ur.1.Xucrorpama Ha oTKasuTe.

Ha courypata ca n3nonayBaHu 03HaueHusTa: X - Gpoit oTkasm
3a mecel, f -yectoTa Ha oTkasuTe.

OT dhopmaTa Ha NOCTpOeHaTa XuUcTorpama 1 no NOCoYEHUTe B
Bekepon TL.I. (1975) nokasaTtenu cme MPEAnoNoOXuM, Ye
pasnpegeneHneTo Ha CryyaiHata BenuuMHa MOXe fa ce
onuwWe € NOrapuTMUYHOHOPManHUs  3akoH,  [ama-
pasnpefeneHneTo WM C pasnpegeneHveto Ha Beibyn.
HanpaBeHa e npoeepka Ha XunoTesuTe 3a CbOTBETCTBUETO UM
C  eMMUPWUYHOTO  pasnpedeneHne Mo Kputepuure  Ha
KonmoropoB 1 TupcbH. OTyeTeHuTe BEPOSTHOCTM  Ha
CbLOTBETCTBME Ca:

- llo 3aKoHa 3a NorapuTMMYHOHOPMANHO pasnpeneneHue,

no Konmoropos  P[A]=0.19337,

noMupess Pl 2 |=0.312692,

- o 3akoHa 3a [ama pa3npeaeneHxve,
no Konmoropos P[] = 0.335086,

noMupesn Py 2 |- 0802781,

- o 3akoHa 3a pa3snpegeneHue Ha Benbyn,

no Konmoropos P[] = 0.255027,

noMupcsn Py ? |- 0.680349.

MbTHOCTTA Ha BEPOATHOCTHATa d)yHKLI,VIFl 3a TpUTE 3aKOHa
Ha pasnpeaeneHne ce gaBa C U3pasnte:
- 33 norapuTMUYHOHOPMAIHO pasnpeaenexue,
~(In(x)-0)?

2
f(x =L.e 201 ,
() c1V2m



KbIETO napameTpuTe Ha pasnpeneneHneTo o1 U O ce

ONpenensT oT u3pasute 012 = In(;l+ vz),

0=Inx-056%;
- npu ama pasnpegenexue

f 22 —}x.X'
W-rE

~ }\‘kxk—l

KbaeTo A e mawabeH koeduuneHT, a k e koeduUMeHT Ha
thopmarta Ha pasnpegeneHueTo ;
- Npv pasnpegenenue no Beibyn

X

b
f(x)=ab 3xP~1 .e_(aj x>0,

Kbaeto (e mawabeH koeduumeHT , a b e koeduumeHt
thopmata Ha pasnpeaeneHue.

C nomyyeHuTe CTOAHOCTM HA  MapameTpure  Ha
pasnpegeneHne 3a  TPUTE  3aKOHa Ca  MOCTPOEHM
TEOPETUYHUTE (PYHKLMM Ha NBLTHOCTTA Ha pasnpefereHve
Ha crnyyaitHata BenuumHa. Te ca MokasaHu Ha criedBalyuTte
cur. 2, 3un 4.

Histogram for otkasi
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®ur.2. AnpokcuMaLua Ha OTKasuTe C NOrapUTMUYEH HOPManeH 3aKoH.
KoedhmumenTtute Ha pasnpepenenuero ca: 6=1.06922 ,
0'1=0.733382.

Histogram for otkasi

24 F Distribution
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®ur.3. Anpokcumauus Ha oTkasuTe ¢ [ama pasnpeaeneHue.
Koedhmumentute Ha pasnpepenenmero ca: A=0.56998,
k =2.1349

MpenopvyaHa 3a nybnukysaHe om kamedpa ,Enekmpucbukayus
Ha MuHHOmo npou3godcmeo”, MEM®
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Histogram for otkasi
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®ur.4. Anpokcumauus Ha 0TKasuTe ¢ pasnpeaeneHue no Beiibyn.
KoethmumenTute Ha pasnpeaenenmeto ca: (1=4.17497,

b =1.49516

Ha durypute ca uanonsyBaHu o3HauyeHusTa: X - 6poii oTkasm
3a mecel, f -4ecToTa Ha OTKa3UTE.

MU3Boau

OT nonyyeHnTe pesynTaTi MoraT ga Ce HanpaesT CreaHuTe
13BOAN:

1. Hai — ronsim e BposAT Ha oTkasuTe B kabenHWUTe NuHUN
3a 6 u 20 kV, 47% ot obwwms 6pon. ToBa O3Ha4aBa, 4e
npobrnema e B kabenute u oTAEnHUTEe enemeHTH ( KabenHu
MycU, PasKMOHWUTENHM KyTWW, KabENMHW [NaBuW, MOABKHM
MpeBKioYBaTENHN, MyHKTOBE W Ap.), KOWTO u3rpaxaar
kabernHaTa Mpexa Ha pyaHuKa.

2. fonsm e OposAT Ha OTKAa3WTe C HEW3BECTHWU MPUHMHM
(egHa 4eTBBPT), KOETO 3aTPyOHSIBA MPELM3HWAT aHanus Ha
OTKa3uTE B €neKTpocHabauTenHata cuctemMa Ha MoACTaHUMs
3™ MapT” .

3. OnpepeneHn ca OCHOBHUTE TOYKOBM OLEHKM Ha
cTaTucTyeckata u3Bagka Ha otkasute (Tabnuua 1 v Tabmmua
2).

5. HuTO egHa OT MpOBEPEHUTE XWUMOTE3W 3a TEOPETUYEH
3aKOH Ha pasnpegeneHne Ha cnyyaiHata BennyuHa (0Tkasn Ha
Mecey) He Mmoxe pa Obge oTxBbpneHa. [ama
pasnpegeneHneTo e ¢ Hail — Jobpa oueHka 3a TeopeTudeH
3aKOH 3a pa3npegenexue. MNonyyeHuTe OLEHKM MO KpUTEpUS Ha
MpcbH 1 Konmoropos ca HanpaBeHu npu onTumaneH 6poi
KnacoBe B xuctorpammre ocem (8).

6. Heobxogumo e ga ce 06bpHE BHAMAHME Ha KOHCTPYKLMATA
Ha PasKMNOHWUTENHUTE KyTuW, kabenHuTe Mycu v rnasm, KakTo 1
Ha CbCTOSHNETO Ha MOABWKHMTE MPEBKITIOYBATENHU MYHKTOBE.

INuTepatypa

Magnugistics Inc., Statgraphics, User Guide,1996.

BekepoH M.I. MeTtogmka cOopa 00paboTku CTaTUCTUYECKOM
WHOPMALMM O  HALEeXHOCTM  LIAXTHOrO  3MEeKTpo-
obapygosanus, W.I'.0.,1975.
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