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EKCMNEPUMEHTAIHO U3CNEOBAHE HA IMABHU BOOOOTIIMBHU YPEQBU HA
NOA3EMHWU PYOHULIN
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“Mura “HepHo mope”

PE3IOME. B poknapa e obocHoBaHa 1 npeasoxkeHa MeToauMka 3a eKCnepuMeHTanHo U3cneaBaHe 1 oLeHka 3a eGheKTUBHOTO U3NON3BaHe Ha enekTPoeHeprusTa 3a
BOAO0OTNIMB HA NOA3EMHU PyOHULIK. Tosu MeTO[ Llie Ce 13non3ea 3a 13cnensaHe Ha rmaBHN BOOOOTIMBHU ype,q6|/| Ha NoA3emMHUTe pyaHULIM B eKcnnoartayus.

EXPERIMENTAL RESEARCH OF MAIN WATERTIDE INSTALLATION OF UNDERGROUND MINES
Evtim Karcelin?, Rumen Istilianov?, Petar Petrov?, llia lochev3, Todor Kavroshilov3, lvan Kostadinov*
" University of Mining and Geology, 1700 Sofia, Bulgaria

2“Bobov Dol” Mines — Bobov Dol City

3“Rudmetal” — Rudozem

4“Cherno more” Mine

ABSTRACT. Methods of experimental research and evaluation of effective usage of electricity for watertide in underground mines are substantiated and proposed.
This method will be used for research of main watertide installations in underground mines that are in operation.

BbBepeHue PEXUM Ha paboTa, Npu KOMTO fa y4acTBaT Npu U3paBHSBAHETO
Ha eNeKTpUYECKITe TOBApN HA eNeKTPOeHepruitHaTa cucTema.
TnaBHUTE BOAOOTMNBHM ypenbu ca eauH OT Hail-MOLHUTE 3a pabota B pexum Ha “notpebuTen-perynatop Ha MoLHoCT”
KOHCYMaTopn Ha enekTpudecka €eHeprust npu MOA3EMHMS [9] e HeobxoaMmo fa ObAAT pelueHn peula BbNPOCH, Npy
[o6ue Ha nonesHyn uskonaemu. ETo 3alijo 060CHOBABAHETO 33/ibIDKUTEITHO Crla3BaHe Ha HopMaTUBHIUTE AOKYMEHTU [3,4].
BHEPSIBAHETO Ha BCSIKO peLleHue, BOAELLO A0 HamansBaHeTo
Ha pasxoga Ha enekTpoeHeprus 3a BOAOOTNMB  UMMa npOBeﬂeHOTO npeaBapuTenHo npoy4saHe 3a CbCTOAHNETO U
3HauUTENEeH UKOHOMMUECKN ed)eKT_ pexuma Ha pa6OTa Ha [NaBHM BOJOOTINBHU ypeﬂ6l’| Ha
NOA3EMHM PYAHULM B eKcririoaTaums nokasea, ye Te paboTsT B
CratucTikata nokassa [6], ue enekTpoeHepruiHaTa cuctema pexuM ‘[0 0Tkas" C TEXHUYECKU rMokasaTemn, CpaBHUTENHO
Ha CTpaHaTa ‘TpaauuMOHHO’ MOAbPXa ABE SBHO M3pa3eHi MHOTO MO-HUCKI OT NAcnOPTHI 1 MPOEKTHM [2].
30HW 33 BbPXOBO HaToBapBaHe. [lokpuBaHETO  Ha
eneKTpUYeckUTe  TOBapW Mpe3  BbpXOBWUTE  30HM  Ha CﬂeﬂBa Ja ce oTt4yeTe U OGCTOQTGHCTBOTO, Ye LeHaTa Ha
enekTpoeHepruitiata cuctema (EEC) umat u3kntoumTenHo €NTEKTPOEHEpruATa B CTpaHata U Ha MeXOyHapoAHWs nasap
BMCOKA CTOMHOCT, KOSTO CbLLUECTBEHO BRMSIE U  BbPXY HenpeKkbLCHATO HapacTga.
OKOHYaTeNHaTa CTOMHOCT Ha erieKkTpuyeckaTa eHeprusi, KosTo
ce npepanara oT NPOU3BOAMTENNTE. Pa3paboTBaHeTo Ha MeToaMka 3a M3creABaHe Ha [MaBHM
BOAOOTNMBHM  YPeAOM NpW  eKCrroaTauMoHHU  YCroBuS,
EQHO OT pelueHnsiTa 3a WU3paBHsIBaHE Ha ENEKTPUYECKUTE OnpefensHe Ha TeXHU4eckoTo UM CbCTOSHWE U pexnma Ha
TOBapu Ha EEC e CTUMyNMpaHe uYpe3 LieHaTa Ha pa6OTa Bb30CHOBA Ha nonyvyeHuTe pesyntaTu, onpegendde Ha
ENEeKTPOEHepPrUsiTa Ha enektponotpebutenure 3a pabota ycrosusTa, paspaboTBaHe U BHeApsiBaHe Ha anapatypa 3a
U3BBH 30HUTE Ha BbPXOBO HAaTOBapBaHe. ynpaBneHue Ha rnasHW BOAOOTNIMBHW ypeabu B pexum Ha
pabota‘noTpebuten-perynatop Ha MOWHOCT”  Onpeaenst
[naBHWTe BOAOOTNMBHW ypeabu Ha MOA3EMHU PYAHMLMK, akTyarHocta  Ha  3aja4ata 3@ fposexnaHe  Ha
paﬁoTeu_M B cBOOOAEH, UMKNWYEH pexuM ce siBsBar eKcnepuMeHTanHo nscneaBsaHe Ha FBYBekcnnoaTauMﬂ.

enekTponoTpeGMTENM, KOUTO € Bb3MOXHO fa Ce MpuBedaT B
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B goknaga e obocHoBaHa MeTodMKa 3a EKCMEpPUMEHTaITHO
n3cnegBaHe W oueHka 3a €dEKTMBHOTO U3MOM3BaHe Ha
€NeKTPOeHeprvsiTa 3a BOAOOTNMB HA MOL3EMHU PYOHULM.
MpuBegeHn  ca  TEXHMYECKUTE  XapaKTEPUCTUKW  Ha
npeactrasutentn  BY, «kouto we 6bgat obekt Ha
eKCnepuMEHTanHN U3cneaBaHus.

OCHOBHM XapaKTepUCTMKN Ha IMaBHM
BOAOOT/IMBHYU ypeaou

KaTo oCHOBHM CpeacTBa 3a rMaBeH pyLHWYEH BOJOOTIMB Ha
MOA3EMHM  pYOHMUM  Ce  W3non3BaT  LEHTPODEXHM
MHOTOCTEMEHHN CEKLMOHHM NOMNKM. Ha npakTuka ca Hamepumy
NPUNOXEHNE HUCKOOBOPOTHM NOMMM C YeCTOTa Ha BbpTEHE 25
¢! (1500 o6/MuH) 1 BUCOKOOGOPOTHWM MOMMK C 4YecToTa Ha
BbpTeHe 50 ¢! (3000 06/MuH).

OCHOBHM eKcrnoaTauMoHHW napaMeTpu Ha PyOHUYHWUTE
LeHTPObEXHN nomnK ca:

H - Hanop, (m)

Q - nponssoauTenHoct, (m3h, m3/s)

1 - KOeULMEHT Ha NONE3HO AeNCTBMe,

N - koHcymmpaHa mowHocT, (kW)

Heew - BAKYMMETPUYHA BUCOUMHA HA BCMYKBaHe, (M)

OyHKUMOHaNHUTE 3aBIMCUMOCTH, nonyyeHn no
eKCriepuMeHTaneH MbT W3passBaliM 3aBacuMOCTTa Mexay
Hanopa, K.N.4., MOWHOCTTa Ha Bana, Agonyctumara
BakyMMETpUYHA BMCOMMHA Ha  BCMyKBaHe  (BOMYCTUM
KaBWUTaLMOHEH 3anac) oT npoussogutentoctta H=f(Q), n=f(Q),
N=f(Q), Hew=f(Q), Knon=f(Q) ce ce npepcTaBsaT rpaduuecku
WNK aHanUTUYHO M e NMpUeTO Aa Ce HapuyaT XxapakTepUCTUKM
Ha nomnute. CbllecTByBaT  TUMOBM  (NacmopTHu) U
AENCTBUTENHM XapaKTepucTuku. TunoBaTa XapakTepuctuka -
TOBa € YCPeAHeHa XxapakTepucTuka MofyyeHa B pesynTar Ha
CTEHAOBM  33BOACKA  W3NUTAHWS HAa  HSAKOMKO  MOMMM.
[encTBUTENHA XapakTepucTUKa Ha [afjeHa nomna — ToBa e
WHOMBMAYanHa XapaKkTepucTuka Ha JafeHa nomna, nonyyeHa
B Pe3ynTaT Ha U3NUTBAHETO Ha KOHKPeTHa nommeHa ypeaba.

PaboTeH pexum Ha nomnata — ToBa ca eKcnoaTaLMoHH1Te
napametpu Ha nomnara (Q, H, Hee, N, mu) B MOMeHTa Ha
eKcrepuMeHTanHata npoBepka Ha MoMnata, BKMKOYEH 3a
paboTa B HanopeH TpbOONPOBOA.

OntumaneH pexum Ha pa60Ta Ha nomnaTta - ToBa € pexuma
Ha pa60Ta C MakcumaneH K.n.n.

CreumnduyHu enekTpuyecku 3arybu Ha nommarta — ToBa €
pa3xofa Ha enekTpoeHepris 3a npenomneaHe Ha 1 m3 BoAa,
3aBycelLLy 0T paboTHUS PexuM M K.N.A. Ha noMnata.

CneumduyeH pasxof, Ha eHepriist Ha BOROOTNMBHA ypeaba —
TOBA € Pa3xofa Ha eNeKkTPOeHeprus, 3pasxoaBaHa 3a nogem
Ha 1 m3 Boga Ha Buco4mMHa 1 m.

CneumdnyHm 3arybu Ha enekTpoeHeprist B nomnata:
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3 H
€y = 217233.107°.—— (kWh/m?) (1)
T]n()}lfl
CneuncuyeH pasxof Ha eneKkTpOeHeprUst Ha BOAOOTNMBHATA
ypenba:

_27233.10°H

cney
77}’17

, (kWh/m3)

MeToauka Ha uscneaBaHe

EAnH oT MeToauTe 3a OLEeHKa eqpeKTUBHOTO W3MOM3BaHe Ha
ENEKTPOEHEPrsTa B [NaBHUTE BOJOOTNMBHM ypeabu e
CBbP3aH C ONPefensHETO Ha CpefHaTa CTOMHOCT Ha K.N.4. Ha
ypenbara 3a eqHo aeHoHowme. To3u K.N.4. ce onpeaens kato
OTHOLUEHWEe Ha nonesHaTa eHeprusi, Heobxoguma 3a
W3NOMMBaHE Ha AEHOHOLLHMS BOAOMPUTOK KbM (haKTU4eCcKM
n3pasxoBaHaTa eNeKTPOEHEPrust 3a efHO [JEHOHOWME U ce
onpeaens ot upasa:

77 — p() H ZQ()eu
“ "~ 1000.3600.E,,

KbaeTo:

0 — NITbTHOCT Ha pyAHUYHaTa Bofa, kg/ me;

H: - reomeTpuyHa BMCOYMHA HA M3NOMMBaHe Ha
Bojata, m

Qoen - AEHOHOLLIEH NPUTOK Ha PyAHWYHA BoAa, M3,

Eoen - haKTMYeCKM pa3xof Ha EnekTpoeHeprus 3a
AeHoHolwye, kWh.

KoetuupeHT Ha nonesHo AeicTeue Ha nomna npu paboTeH
PeXM ce Onpeaens no cregHusT u3pas:

QH

n, =2725107
77()6’ N

(4)

KbOETo:
TNae - K.N.4. HA ENEKTPOABUraTENS 3aBWXKBALY NOMNATA;

Q - npou3BoaMTENHOCT Ha NoMnaTa B paboteH pexum, (m3/h);
H - Hanop Ha nomnaTta B paboTeH pexum, (m);

N - MowHocT Ha enekTpogsuratens, (kW);

2,727.10° - koepvuMeHT 3aBMCEL, OT pa3MepHOCTTa Ha
BMM3aLLuTe B M3non3eaHaTa (popmyna BenmumHy, ().

3a onpegensiHe CTOMHOCTUTE HA Qaen M Eoen € HEODXOAMMO
[a Ce W3MbMHAT crneuuanHn uamepsaHus. OT U3BECTHUTE
MeToaM 3a W3MepBaHe Ha [EHOHOLUHWS BOAOMPUTOK Hai-
HafeXoeH ce sBsBa MeToga OCHOBAH Ha M3MepBaHe Ha
KONMYeCTBOTO BOAA, KOETO Ce MU3nomnea ¢ nomnute. Mpu ToBa
e HeobXxoanMo crea U3nomnBaHe Ha BoaaTa OT BOAOCOOpHUKa
[0 onpeaeneHo HUBO [1a Ce chpaT NoMnuTe W [a ce 3acede
BPEMETO 3a 3ambfBaHe f; Ha BOAoCOOpHMKA C Boga Ao
3ajameHo HuBo. Cned ToBa Ce BKIKOYBAT MOMMNUTE, KOUTO
paboTAT 4O TO3WN MOMEHT, 4OKATO BOfaTa BbB BOAOCOOPHMKA
He crnagHe [0 MbpBOHAYaNHO 3afafeHOTO HUBO. TakuBa
3amMepu Ce W3MbHABAT Hail-Manko oT 3 A0 5 MbTu M
nonyyeHute peayntati 3a Qoen U Eden CE YCpeaHABaT. 3Haenku



MPOM3BOANTENHOCTTA Ha NoMnuTe Qnow M BPEMETO 3a TsAXHATa
pabota fow Ce OMpedens KONMMYeCTBOTO Ha M3nomMnaHaTa
Boda. [lpoM3BOAMTENHOCTTa Ha MOMMWTE MPU Te3n OnUTU
TpsiGBa Aa ce NpoBepsiBa N0 e4MH OT Bb3MOXHUTE METOAM,
npeactasexn B [jumos [1., 84-85.

ﬂ,eHOHOU.lHVIFIT BOJONPUTOK Ce onpenensa ¢ n3pasa:

24tn0MQn om
tno/w + t3

Qt)eH = 24Qvac = (5)

dakTuyeckaTa KOHCYyMaLMsl Ha ENEKTPOEHepPrus ce onpeaens
Mo nokasaHWsTa Ha enekTPOMEPUTE, WNK Ype3 M3YMCTIsiBaHe
no cpopmynara

_ N()eiti

oen

E (6)

Mpeoic.

Mo W3YMCIUTENHUAT MeTOL [EHOHOWHWS pasxofn Ha
eNeKTpOeHeprus ce onpeaens no opmynara

i Nogiti
i=1

77 Mp

oden

KbaeTo:

n - Opon Ha nOMNeHWTE arperati, KOUTO ca
y4acTsanu B U3MOMNBAHETO HA AEHOHOLLHNS BOGONPUTOK;

Nagi. — MOLHOCT, KOATO € NojaBaHa KbM OTAemnHUTe
enekTpogsuratenu (M3vepeaHa ¢ BaTMETPW UMK U34MCrieHa no
nokasaHusTa Ha amnepmMeTbp W BOMTMETBP C OTYMTaHE Ha
(haKkTopa Ha MOLLHOCT Ha eneKkTpo3afBuxBaHeTo), kK\W.

MowwHocTTa Nee.i. Ce Onpeaens no uapasa:

173U, 1, cos ¢;
gal 1000

KbaeTo:
Ui — nnHeHo HanpexeHe Ha 3axpaHBallara Mpexa, V;

li— TOK Ha 3axpaHBaLLaTa Mpexa, A,

€OS®; — (PaKTOp Ha MOLLHOCTTa Ha i-TUS eNeKTPOABUraTen;
ti— Bpeme 3a paboTa Ha i-T1s eneKkTpoABMraTer, Yac;

Noew — CPEAHOOEHOHOLLIEH K.M.4. HA eNeKTpuYeckaTa Mpexa;

K.n.g - N wp. CE ONpeaena no cnegHna n3pas

Zn:N()eiti
77061-!: n =

Z NOeiti + AEn

i=1

KbOeTo:
AEyp. — 3aryba Ha enekTpoeHeprvis B 3axpaHBaliarta
enektpompexa , kWh.
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Cnep 3amecTBaHe Ha MOJyYeHUTE AaHHM B paBeHCTBO (1)
npy HeobXOAMMOCT Ce aHammaupa YucneHata CTOWHOCT Ha
CPeaHOAEHOHOWHMS K.M.A4. Ha BOJOOTNMBHATA ypeaba, KoeTo
€ Bb3MOXHO [a Ce MpeAcTaBW Kato MPOM3BELeHUe Ha
CPEHOAEHOHOWHNS  K.N.4. HAa  Mpexata  Mup., Ha
3aABuXBalnuTe enektpodBuratenn nNge, Ha MNOMMNEHUTE
arperatu fNnown. M Ha TpbOONPOBOAA Nmp. 3@ BOAOOTNMBHATA
ypenba, T.€.

776)/ = 77Mp ndsnno,lrinmp (10)

33 AdCUHXPOHHUTE  eneKkTpoaBuraTenu, W3non3eBaHn 3a
3a[BWKBaHe Ha MOMNM BbB BOOOOT/MBHM Yypeabu npu
NpaBUTHOTO MM M30MpaHe, NO TOBAp CPEAHOAEHOHOLLHMS
K.N.0. Ha enekTpo3adBWMXBaHETO C OOCTAaTbYyHA TOYHOCT €
Bb3MOXHO fAa Ce MpueMe paBeH Ha HOMMHanmHata My
CTOMHOCT.

OtumTalikn, Ye K.n.0. Ha TpbbonpoBoaa npu paboTa Ha i- Ta
nomna ¢ Hanop H; ce onpeaens no 3aBUCUMOCTTa Nmp.i. = He/Hi,
CpeHOAEHOHOLHNS K.N.4. LWe Ce onpeaens no (opmynata:

H, 5t
M :Zn:t_ :|Z_1:H_. (11)

i=1

Wsnonsgankn  k.n.g., nonyyeH no copmyna  (7),
CpeaHOOEHOHOWHMS K.N.A. Ha arperata e ce onpegens no
cnefHus uspas:

My

nno,u =
77,Mp '77()6' 'nmp

(12)

Ha ocHoBaTa Ha Nony4eHUTe CTOMHOCTY 3a K.N.A. Ha BCUYKM
MOMNEHM arperaTv u enemMeHTU Ha BOLOOTNMBHATa ypenba e
Bb3MOXHO fa ce pa3paboTu KOHKpETHa mporpama ¢
TEXHWYECKM pELLEHWS 3@ TMOBULIABAHE Ha e(heKTUBHOTO
W3MON3BAaHE HA  KOHCyMMpaHaTa  eneKTpoeHeprus  OT
BOAOOTNMBHATA ypenba NoCpPeACcTBOM PEMOHT UMK 3amsiHa Ha
arperaTi 1 enemeHTH, UMaLLy Hai-HUCHK K.N.4.

TeXHNYeCKU XapaKTEPUCTUKM Ha
npeAcTaBUTENHM raBHU BOAOOTIMBHU ypeaou
Ha NoA3eMHU PyAHULM 33 U3CneaBaHe

B Tabnmua 1 ca [JageHu  OCHOBHUTE  TEXHUYECKM
XapaKTEPUCTUKN Ha NPEACTABUTENHU TNaBHW BOROOTIIMBHM
ypeabn Ha  MOA3EMHM  pygHMUM 3@ M3cnefBaHe.

TexHOMNorMyHUTe  CXeMM
WctanusHos P. v ap., 2003.

Ha ypembute ca [adeHu B



Tabnmua 1
Ng obext
5 ‘© -
= =% o
Obex, © g 2 =
TEXHUYECKM e |89 =
= o [}
napameTpu ';% ;.} =
= = x
a | g a
1. | Hanop m | 400 | 320/250 | 600
2. | MpousogutenHocT | méh 490
Ha ejHa nomMna
3. | Mowpoct Ha | kW | 315 | 630/315 | 800
enekTpoasuratensa
3aaBnxealy
nomnarta
3ab.: 3a pygHuUK “YepHo Mope” B UMCTUTENs Ca NoKasaHU AaHHUTE 3a
BTOPOTO CTbMano, a B 3HaMeHaTens JaHHUTE Ha MbPBOTO CTbano.

MMpn W3MbHEHME Ha EKCMEPUMEHTANHOTO W3CcreaBaHeHa
nocoyeHute B Tabrmua 1 BOZOOTNMBHM ypeobu we ce
13non3BaT M METOAMYECKUTE yKasaHus, Aageru B (Qumos [.,
84-85; Monos, 1972; PykosoacTso no... 1988).

M3Boam

B NpakTMKata ce € Hanoxwna TpaguuuaTta, npu KOATo
BOLOOT/IMBHUTE KOMMNEKCU Ha MOA3EMHUTE PYOHULM Ce
ekcnnoatupar 6e3 KOHTPONMPALYY W AuUarHocTupalLy npubopwm,
B pesynTaT, Ha KOeTO HacTbMBa HeJonyCcTUMO W3HOCBaHE Ha
CKBMOCTPYBALLO 063aBexgaHe.

I'Ipe,qnomeHaTa METOANKa 3a eCKnepuMeHTanHo n3cnegpaHe
M OLEeHKa Ha e(beKTVIBHOTO M3MOJ3BaHe Ha eNieKTpoeHepruaTa
3a BOAOOTNMB Ha nNOA3EMHW PpyAHMUM B eKcnioatauua e

lMpenopbyaHa 3a nybnukysaHe OT
Kateppa “EnektpudhmkaLus Ha MMHHOTO npou3soacTeo”, MEM®
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Bb3MOXHO [fa Obae MW3nonsBaHa 3a MpoBeXdaHe Ha
TEXHUYECKA AMAarHocTMKa W paupMoHarHa oOpraHusauus 3a
paboTa Ha [MaBHWTE BOLOOTNMBHM ypenbu. Tosa we
rno3sonABa f[a Ce KOHTPOnMpa M CBOEBPEMEHHO fa ce
OTCTpaHABAT ~ HEM3NPaBHOCTUTE,  Bb3HUKBAWM My
eKcnnoaTtaumaTa Ha BOAOOTNMBHUTE Ypeady, ChbXpaHsBaiku
CKbMO CTPYBALLO 063aBeXaaHe 1 U3KITIOYBaHE HA HEAOMYCTUM
Mpepasxof Ha eNeKTPOeHeprus.
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