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JepxaBHuili BUIIUI HABYAJIBHUN 3aKJIa]
«JloHenbKUi1 HAIIOHAJbHUH TEXHIYHUI YHIBEpCUTET)

AEAKI ACMEKTU NIABUWLEHHA EHEPTOE®EKTUBHOCTI POBOTU
LWWAXTHUX BIAUEHTPOBUX HACOCIB

Hocesio excnayamayii waxmuux HAcocié ci0YUmMs npo HU3LKY HAOIUHICMb ma He008208iUHICb MAKO20
8I0N0GIOANLHO2O  8Y31A  AK  PO3BAHMAJCYBANbHULU — NPUCMPIN, WO  3a2al0M  3MeHUlye  Haoilimicms  ma
eHepzoegekmusHicms pobomu HACOCHOI YCMAHOBKU. A GUpilieHHA WIAXI8 YOOCKOHANEHHS PO3BAHMAICYEANbHO20
NpUCMpoI0 HEOOXIOHO GU3HAUUMb GNJIUE PECUMIE POOOMU WAXMHO20 HACOCA HA 3HOULYSAHHS PO36AHMAICYBATILHOO
npucmpor. Y cmammi QUKIAOeHi Memoou i 3acoOU  KOHMPONIO  3HOUWLYBAHHA  CKAAOOBUX  OUCKOBO20
DPO36AHMANCYBATLHO20 NPUCPOIO  HACOCHO20 acpezamy. OKpemo npugooumvcs mMemoo KOHMPOI 3HOULYBAHHS Ni0
uac pobomu HACOCY 8 YCMANEHOMY PEXCUMI, A MAKOHC Ni0 4ac NYCKY i 3YNUHKU HACOCY.

Kniouoei cnoea: enepzoegpekmuenicms, waxmna 60006i01U6HA YCHMAHO6KA, HACOC, PO3BAHMANCYEATbHUIL
npucmpiil, pexcumu po6omu HACOCHUX azpezamie

IMocTranoBka npo6Jsemu. [laxTHi BOJOBIIUIMBHI YCTaHOBKH, SIKIi BUKOPHCTOBYIOTh Ha T'OJIOBHOMY BOJIOBIJUIMBI
TIPHUYMX MiAIPUEMCTB, MAIOTh MOTYXHICTH npuBoay A0 1600kBT. [{is 3MeHIIeHHs HEBUPOOHHYMX BTpaT €HEprii, a
TakoX s Oe3rnepepBHOI poOOTH TIPHUYOro MiANPHEMCTBA IIAXTHI HACOCH NMOBHHHI OyTH eHeproeeKTHBHUMH Ta
HaJIiiHAMH. AHaNI3 MPOCTOIB BOJOBIIJIMBHUX YCTAHOBOK CBITYUTH MPO TE, IO CIA0KHM BY3JIOM € PO3BaHTAXKyBaJbHUH
npuctpiit. Le#t hakt Moxe mpuBeCTH HE TITBKU IO BUXOMAY 3 JaIy HACOCHOI YCTaHOBKH, aj€ 1 JO MOXIIMBUAX TPHUBAIUX
NIPOCTOIB IIAXTH.

Jns BpiBHOBaXXEGHHS OCBHOBOi CHIIM, siKa Ji€ Ha POTOp Hacoca B YMOBaX IMIaxXxTH B OLIBLIOCTI BHIAIKax
BHKOPHCTOBYIOTBCS IUCKOBI PO3BaHTaKyBajbHI OpuCTpoi (puc. 1). OCHOBHHMH €IEMEHTaMH PO3BaHTAXKyBaJIbHOTO
By3Jla € PO3BAHTAXYBAJIBHHUH JHCK 3 3aKpIiIUIEHMM HAa HBOMY PYXOMHM KiJIbLIEM PO3BaHTAXKECHHS, HEPYXOME KiJbLe
PO3BaHTaXKEHHSI, BTYJIKA PO3BAaHTaXEHHsI 1 JqucTaHIliiHA BTynka. [llaxTHa BoJa Mil TUCKOM OCTaHHBOTO POOOYOTO
KoJieca Hacoca Pi1 dyepe3 KinbleBy WIIMHY MDK BTyiakamu 4 1 5 momajgae B po3BaHTaxyBalbHy Kamepy. B
pO3BaHTaXyBaJIbHIII KaMepl TUCK BOJM 3MEHIIYETHCS HA BEIMYHMHY BTPAT THCKY B KUIbLIEBIN HIUIMHI O BETHMYUHH
piBHiit P2. 3 Tuckom P, Boxa jie Ha po3BaHTaXKyBaJbHHH JIUCK, IO BUKIUKAE BPIBHOBAXKEHY CHIIYy MPOTHIICKHY IO
HaIpsAMKY OChOBIH CHJi. 3 KaMepbl pO3BaHTAXEHHs BOJa, Yepe3 TOPLEBY INUIMHY, MiX Kinbuamu 11 2, noTpamise B
KaMepy 3a PO3BaHTaXyBaIbHUI AWCK ( J€ TUCK BOJYW 3HWKYETHCS /IO 3HaueHHs P3) i B mojgambpiiomy 3a JOIMOMOTOIO
PO3BAaHTAXYBAJIBHOTO [IUIAHTY BHJIMBAETHCS B NPUIMAIbHUN KOJOJSM3b BOA030ipHUKA. 3MiHA 3HAUYEHHSI OCHOBOI CHIIN
i1 9ac poOOTH Hacoca BUKIIMKAE 3MIHY BEJIMYMHU TOPLEBOTO 3a30py MK PO3BAHTaXKYBAILHUMH KUIBISIMH, 1110 B CBOIO
Yyepry npuBoJie 10 3MiHM THCKY P2 1 BpiBHOBaxkeHi#l cuim. Ile o3Hauae, nio BpiBHOBa)keHa cuiia OyJie 3aBXKIM PiBHOIO
OCBHOBIH cuili, ajie MPOTHIIEKHO HAIPaBIICHOIO.

Sk Oymo Bke CKa3aHO, TOJIOBHUM HEJONIKOM ICHYIOUHX PO3BaHTA)XyBaJFHHX MPUCTPOIB HIAXTHUX HACOCIB € iX
HU3bKAa HAJIMHICTP 1 HEBENUKUH pecypc poOOTH, 110 OOYMOBICHO IIBHJIKAM 3HOINYBAHHSM CKJIaOBHX
PO3BAaHTa)XyBaJbHOrO  By3Ja. HaWOinbml  Bpa3MMBHMH  €IE€MEHTaMH  PO3BAaHTAXyBaJbHOTO  MPUCTPOIO €
po3BaHTaXyBaJbHI Kinblsd. HeoOXiAHICTH YacTHX 3aMiH 1 PEryJIOBaHHA EJIEMEHTIB pPO3BAaHTAXYBAJIBHOTO BY3/Ia
MOB’s13aHi 3 pO30MpaHHsM 1 30MpaHHAM Hacocy Oe3nocepe/HbO B HacocHIM kamepi. Taki aii mOTpeOyOTh 3HAYHHX
BUTPAT HENPOAYKTHBHOI py4HO! Tpami o0OCIyroByroUOro IIepCcOHaly, a UIBWAKE 3HOIIYBAaHHA JeTanei
PO3BaHTAXKYBAJIBLHOTO TPUCTPOI0 BUKJIMKAE HEOOXIJHICTh IX TMOCTIHOTO MOMOBHeHHsA.  Hemonaaku B poOOTi
PO3BaHTAXKYBAIBLHOTO MPUCTPOIO MOXYTh OYTH NPUUMHOIO 3HAYHHMX IMOJIOMOK Hacoca (pyHHyBaHHsS poOoumx KoJic i
HaIPaBIITIOYNX araparis ).

AHani3 nonepeanix gocaigxkenb. CratucTuyHa o0poOKa aHUX, OTPUMAHKUX HA PI3HUX [IAXTaX CBiJUMIIA, IO Yac
pobOTH HACcOCIB MiXk IBOMA 3aMiHaMK ab0 PETyIOBaHHAMH PO3BaHTAXKYBAIbHUX Kinellb cknagae 50 - 75 romun [1-5].
Jisi IpoBeNIeHHSI CTAaTHCTHUKM MDKPEMOHTHHX TEPMIHIB PO3BaHTa)XyBAJBHHX BY3JiB BHKOPHUCTOBYBAJNCH JaHHI
BUITMCOK 3 IIAXTHUX JKypHAJiB PEMOHTY HACOCIB BOJOBIIUIMBIB, a TaKOX Oe3mocepenHiit Harisn. BxazaHuit HemoOmik
PO3BaHTAXXyBAJILHOTO MPUCTPOIO MIPUBOJIE 0 3HIKCHHIO HAJIWHOCTI 1 IOBrOBIYHOCTI B IIJIOMY HACOCHHMX arperaris i
JI0 301IIBIIEHHS eKCIUTyaTaliifHUX BTPaT Ha BOAOBIAIMBAX BYTUIBHUX IIAXT.

Merta crarti. MeTo10 miei poOOTH € BH3HAYEHHS BIUIMBY PI3HHX PEXHUMIB pOOOTH HACOCHHX arperariB (ITycKy,
3YIHMHKH, pOOOTH B YCTaJCHOMY PEXHMi) Ha 3HOIIYBaHHS JAUCKOBOTO PO3BAaHTAXXyBaJIbHOTO MPUCTPOIO. Lle mo3Bomuth
MJIBUIIIMTH HAJIAHICTh Ta e€Heproe(eKTUBHICTh POOOTH MIAXTHUX BOJOBIAIMBHHX YCTAHOBOK, BM3HAYMBIIH IILISIXU
BIOCKOHAJIEHHS PO3BaHTa)KyBalbHHUX BY3IiB.

OcHoBHHUIT MaTepiag mocaimkeHHsi. [y BupileHHs BKa3aHoi MeTH Oylla BUKOPUCTaHA METOIHMKAa KOHTPOJIIO
PO3BaHTaXXyBaJILHOTO MPHUCTPOIO, sSIKa BKa3zaHa B Jokepelni [6] 1 mpoBeneH! eKCIepHUMEHTANbHI JOCHTIPKEHHsST poOoTH
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[7]. Tlpu npoBeneHi eKCIIEPUMEHTAILHUX JOCIIKSHD TONEPEAHbO, Ha MIJICTaBl OTPUMAHUX HAMIPHUX XapaKTEPUCTHUK
HacociB, OyJI0 BCTaHOBJICHO, IO KaBITAIliifHI SBUIIA TiJ 9ac pPOOOTH HACOCHUX arperariB BiACYTHI 1 BIATOBITHO HE
MOXYTbh OYTH MPUYHUHOIO 3HOIIYBAHHS SJIEMEHTIB PO3BAHTAXKYBAJILHOTO By3JIa.

N Km_“ﬁmp'p/
e |
— " ¥

Pucynok 1 — JluckoBuii po3BaHTaXyBaJbHUI MPUCTPIN IMAXTHOTO HACOCY:
1 — po3BaHTaXXyBaJIbHUI IHCK; 2 — HEPYXOME KiJIbLle PO3BAHTAXKEHHS; 3 — PyXOMe KiIbIe PO3BAaHTaXXEHHS; 4 — BTYyJIKa
PO3BaHTaXEHHS, S5 — IUCTaHLIHA BTYJIKA.

[Ipu mpoBeneHHI EKCIEPUMEHTAJIBHUX JOCTIKEHb 3IIHCHIOBABCS KOHTPOJH 3a IOJIOKEHHSM Bally HACOCHOTO
arperary 3a JOIOMOTOI0 CIeLiaJbHO MiATOTOBJIEHOTO 1HAMKATOpa 4acoBOro Tily. OIHOYaCHO BH3HAYAIMCh BUTpPATH
BOJIM Yepe3 PO3BAHTAKYBAJIbHUHN MPHUCTPii 00’€MHUM CHOCOOOM i TUCK Ha BUXOJIi Hacoca — 3pa3KOBUM MaHOMETPOM.
[Toka3aHHs MaHOMETpa 1 JjaHi BUTpAT BOAM OYJM HEOOXiJHI /Ui KOHTPOJIO PEXUMY POOOTH PO3BAHTAKYBAIHLHOTO
OPUCTPORO. SIKIO MiJl Yac eKCIEPUMEHTY Ili BUMIPIOBANIbHI IPUCTPOT HE 3MIHIOBATIM CBOT MOKA3HUKH, TO 1€ CBiIYMIIO
PO CTaJicTh POOOYOro PEXKUMY PO3BAHTAKYBAIHHOIO MPHCTPOIO 1 K HACIHIJIOK CTANICTh IUPUHU TOPIEBOTO 3a30pY
MDK pO3BaHTAXYBaJIbHUMM KUTBIIMH. TOJi MOXIIMBI 3MIILIEHHS POTOpa Hacocy B Oik BCMOKTYBaHHS, AKi (ikcyBaB
IHIUKATOpP YaCOBOTO THUITY, MOXXKHA OYyJIO MOSCHHUTH 3HOCOM MOBEPXHI Kijellb PO3BAHTAKCHHS. 3TiJHO I[LOTO METOIY
OyJia OCITiKeHA CTYIIHb 3HOCY PO3BaHTAXYBAJIbHUX KITEh HA YOTHPHOX HACOCAX BOJIOBIUIUBHOT yCTAHOBKH.

IIpu poboTi HACOCIB B YCTAJICHOMY PEXHMi, CIIOCTEPEKEHHS 32 3MIIEHHAM pOTOpiB Oyio 3pobieHe npotsirom 3-4
TOJIMH Ha KOXXHOMY HacocHoMmy arperaTi. [licimst oOpoOku gaHux OyJi0 OTPUMAHO, IO 3HOIIEHHS MOBEPXHI 3MIHHHX
KiJIellb PO3BaHTa)XeHHs BigOyBaerhes 31 mBuakictio 0,05 — 0,15 MM 3a oany roxuny. J[ns BU3HAYeHHsS 3HOIICHHS
KUJIeTlb PO3BAaHTAKEHHS I 4Yac IyCKy — 3yNHWHKM HAcoca, CIoYaTKy (iKCyBajWCs MOKA3HUKH BHMIipPIOBAIBHUX
MPUJIAJIB TIPU YCTAJICHOMY PEXHUMI poOOTH HACOCHOTO arperaty. [10TiM HACOC BHKIJIIOYANH 1 3HOBY BKJItodanu. [licis
3aIllyCKy HAaCOCHOTO arperary IepeKOHYBaJHCs B TOMY, LI0 poOOYMil PeXMM PO3BaHTAXXyBaJbHOTO NPHCTPOIO HE
3MIHUBCSl 1 POOWMJIM TMOPIBHSHHS II0Ka3aHb IHAMKATOpa IOJIOKEHHS Bally JO 3YNMUHKH 1 Ticis MycKy Hacoca. I3
3po0JIcHUX 3aMipiB CIigyBajo, IO 3yNHWHKA 1 3aIyCK HACOCY JI0 IMOMITHOTO 3HOIIYBAaHHS pPO3BaHTaXyBaJbLHOTO
npucTporo He npuBoze. Ilim wac mycky Hacocy Bajd 3MillyBaBcsi B OiK BCMOKTYBaHHS, L0 MOTJIO BUKJIMKAaTH
NPUCKOPEHE 3HOLITYBAHHS KiJllellb PO3BaHTAXEHHA. AJle Taki IIPOLIECH MIPOJIOBKYIOThCS HE JOBrO, BChOI0O 2-3 CEeKyHAH 1
JI0 3HAYHOTO 3HOIYBAaHHS PO3BAHTAKYBAIBHHX KiJIellb PUBECTH HE MOXKYTh.

BucHoBok. TakuM YMHOM, BPaXOBYIOUH, IO Ha BOJOBIIJIMBHUX YCTAHOBKAX MyCKH 1 3YMHWHKH HACOCIB HE YacCTi,
MOKHa BBa)KaTH, MO TIEPEBAKHO 3HOIIYBAHHS PO3BAHTAKYBAJIHHHMX KiJelb BiIOYBa€TbCs IpH yCTajeHId poOOTi
HacocHOro arperary. OTpuMaHHIA pe3yibTaT J03BOJISIE YTOYHUTH HANPSIMOK MOAANBUIMX JOCII/DKESHb HANPABJICHUX Ha
YIOCKOHAJICHHS TUCKOBUX PO3BaHTaXKyBaJbHUX MPHCTPOIB MIAXTHUX HACOCIB.
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B.I'. KOHJIPATEHKO, B.B. KAJIMHUYEHKO

['ocynapcTBeHHOE BhIcIIee yueOHOe 3aBefieHne «JloHelKui HAllMOHAIBHBIN TEXHUYECKHI YHUBEPCUTET

HekoTropbie acnmekTbl NOBbIIIEHUS 3HepPro3g@eKTuBHOCTH MIAXTHBIX IEHTPOOEKHBIX HacocoB. OnbIT
SKCIITyaTalliy MAXTHBIX HACOCOB CBUAETEILCTBYET O HU3KOH HaIE)KHOCTH U HEJIOJITOBEYHOCTh TAKOTO OTBETCTBEHHOIO
y3J1a KaK pasrpy304HOE yCTPOHCTBO, YTO B CBOIO OUYEPEIb CHIDKACT HAAEKHOCTh M dHEpProdddekTuBHOCTH paboThHI
HACOCHOH ycTaHOBKHU. J1Jisi onpeiesIeHus! Iy Ty MOBBIIIEHUS YHEPTro3PpPEeKTUBHOCTH HEOOXOMMO ONPEAEIUTh BIIHSHUE
PEXKUMOB PabOTHI IAXTHOTO HACOCA HAa M3HOC Pas3rpy304HOr0 yCTPOMCTBA. B cTaTbe M3/10JKEHBI METOABI U CPEACTBA
KOHTPOJISI N3HOCA COCTABJIIIOIINX JMCKOBOTO Pasrpy309HOrO YCTPOWMCTBA HACOCHOTO arperata. OTAeTbHO MPUBOAMUTCS
METOJ] KOHTPOJISI U3HOCA MPU paboTe Hacoca B yCTAHOBUBIIIEMCS PEXXHME, a TAKXKE IPH ITyCKE U OCTAHOBKE HAacoca.
Kniwoueewvie cnosa: 3nepzoippekmuenocms, wWAXMHAA 60000MAUGHAA YCMAHO6KA, HACOC, pPA3ZPY30UHOE
ycmpoiicmeo, pedcumsvl padbonvl HACOCHBIX Azpe2amos
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Some aspects of improving the energy efficiency of a mine centrifugal pumps. Mine drainage systems, which are
used at the main drainage of mining enterprises, have a drive capacity of up to 1600kW. To reduce non-productive
energy losses, as well as for the continuous operation of the mining company, mine pumps must be energy efficient and
reliable. Analysis of downtime of drainage systems shows that the weak point is the unloading device. This fact can
lead not only to the failure of the pumping unit, but also to possible prolonged downtime of the mine. The main
disadvantage of the existing disk unloading devices of mine pumps is their low reliability and low service life, due to
the rapid wear of the components of the unloading unit. The most vulnerable elements of the unloading device are the
unloading rings. The need for frequent replacement and adjustment of the elements of the discharge unit is associated
with disassembly and assembly of the pump directly in the pump chamber. Such actions require significant costs of
unproductive manual labor of service personnel, and rapid wear of parts of the unloading device necessitates their
constant replenishment. Malfunctions in the unloading device can cause significant pump failures. To increase the
reliability and energy efficiency of mine drainage systems, the method of control of the unloading device was used.
During the experimental studies it was found that cavitation phenomena during the operation of pumping units are
absent and, accordingly, can not be the cause of wear of the elements of the unloading unit. When the pumps are
operating in steady state, the displacement of the rotors was monitored for 3-4 hours on each pump unit. After data
processing, it was obtained that the wear of the surface of the unloading rings occurs at a rate of 0.05-0.15mm in one
hour. To determine the wear of the rings of unloading during start-up - stop of the pump, at first the indicators of
measuring devices at the established mode of operation of the pump unit were fixed. Then the pump was turned off and
on again. After starting the pump unit, we made sure that the operating mode of the unloading device did not change
and compared the readings of the shaft position indicator before stopping and after starting the pump. From the
measurements made it followed that stopping and starting the pump does not lead to noticeable wear of the unloading
device. Therefore, it can be assumed that mainly the wear of the discharge rings occurs during the steady operation of
the pump unit.

Keywords. energy efficiency, mine drainage system, pump, unloading device, operating modes of pumping units.
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