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Anomauia—Yy craTTi HaBeleHi pe3yJbTaTH JOCJIIIKEHHS] MOXKJIMBOCTI NMPAKTU4YHOI peaJjizanii eHeproedexTuBHOrO
YNPAaBJIiHHA IAXTHOI0 BOJAOBIIIMBHOIO yCTaHOBKOW. Bin3zHadeHo, o oJHHUM 3 HAHOLIbII eHEPrOEMHUX TeXHOJOTiYHMX
npoueciB Npy miA3eMHOMY cnoco0i BHI00OYTKY KOPHCHHX KONAJIMH € BilKayyBaHHs BOJAM HA NMOBEePXHIO. Bukopucranus
cxeMH 0araTopiBHeBOI0 BiAKauyBaHHsl BOJM BH3HA4a€ HEOOXIIHICTh 3aCTOCYBaHHA eHepProe()eKTHBHOIO cnocody ynpas-
JIiHHA yCTAHOBKAMH LIAXTHOI'0 BOJOBIAINBY, IKHii 0¥ BpaxoByBaB AudepeHuianio Tapudis BapTOCTi eJIeKTPHYHOI eHep-
rii, ki icHyI0Tb. Pery/iloBaHHs NPOJYKTUBHOCTI HA KOKHOMY PiBHi BOIOBiI/IUBY 3/1iliCHIOEThCH LIJIAXOM BBiMKHEHHS Ta
BHMKHEHHSl HACOCHHUX arperariB, 10 30inblIy€ 4HCJI0 NUKJIIB BMHUKAHHS TA4 BHMMKAHHS iX NPHUBOJAHHX ABHMIYHIB Ta
crpusi€ 3MeHIIeHHI0 TepMiHy Oe3aBapiliHoi podoTH o0.1agHaHHs. ToMy po3rVIsIHYTa MOXKJIMBICTH MUIABHOI'O MYCKY €JIeKT-
PMYHMX ABHIYHIB, L0 J0CAraeTbecsl BiAnoBiiHMM BHOOpoM napametrpiB Lqr-PeryasTopa 3a mpuHuMnamu JiniliHoro ta
KOMIIpoMicHOro onTumymy. Bupimenns 3agaui Lqr-Ontumizauii 3a0e3neuye MoKJIMBiCTh NPSAMOro 3alycKy eJIeKTpHY-
HHUX JBHMIYHiB, 110 y MepPCHEeKTHBI 103BOJIMTH NepPeiiTH 10 NPAKTHYHOI peanisauii eHeproe)eKTUBHOIO yNpaBIiHHSA IIAXT-
HOIO BOJOBiIJIMBHOIO YCTAHOBKOIO.

Knrwuoei cnosa — wiaxma; 60008i0n1uena ycmanogKa; eNeKMpPUYHA eHepezia; Hacoc; enekmpuunuii oeuzyn; Lqr-
pezynamop.

YHY CHEPIil0 3a MaKCHMaJbHUM Tapu(oM, a y Mepioau
«MDKIIKOBHX TIay3» — 32 MiHIMAITBHIM.

Memoio pobomu € NOCTIHKEHHS MOXIIMBOCTI TpaK-
THYHOI pearnizamii eHeproe(eKTHBHOTO YIIPaBIiHHI
[IaXTHOIO BOJIOBI/UIMBHOIO YCTAHOBKOIO.

1. BcTvyn

OpHuM 3 HaOUIBII E€HEeProeMHHMX TEXHOJIOTIYHUX
MIPOIIECIB TPH MiJ3eMHOMY CITOCO0i BHUAOOYTKY KOpHC-
HUX KOTIAJIMH € BiIKa4yBaHHS BOJM HA IOBEPXHIO, TOMY
3aCTOCYBaHHS €HEProe(eKTUBHOTO YTPaBIiHHSA IIaXT-
HUMHU BOJIOBIJJIMBHUMH YCTaHOBKAMH JIa€ MOXIHBICTh
ckoportuty 10 30% BuTpar y cobiBapTOCTi IpH nepepa-
XYHKy Ha ToHYy rotoBoi mpoxaykuii [1], [2]. IIpu mpomy
00’€M TPHUTOKY BOAM A0 LIAXTH CKJIQJAE HE MEHII 5K
8000 M* 3a n06y. I'MMOMHM MIAXT, MO JOCATHYTI Ha
CBOTO/IHI TIpHHMYMMH poOOTaMH, HAJIEXKaTh 10 30H Jie
MIPaKTUYHO BiJCYTHIN NMPUPOTHUI BOJOOOMIH, a BOIU
KIacuQikyloThes AK 3acTiiiHi. ToMy pyx Ta mepeMileH-
Hs MiA3€eMHUX BOJ MOJIMBI TUIBKM IIIIXOM il IIaxT-
HOTO BOAOBiUMBY[3].

Ha cyuyacHnx maxtax 3acTOCOBYETBHCSI CX€Ma CTYTIi-
HYacTOTO IepeKadyyBaHHS BOAM Ha ITOBEPXHIO. 3aulsi
JOCSITHEHHSI 11i€] METH Ha IIaxTaX BHKOPUCTOBYIOTHCS
TOJOBHI ¥ JONMOMDKHI BOJOBIUIMBHI yCTAHOBKH,
a TaKOXX HACOCHI YCTaHOBKH, IO BiAKadylOTh BOIU HA
OKpeMuX BUpoOiTKax[2].

BukopucranHsi cxeMH 0araTopiBHEBOTO BigKauy-
BaHHS BOJM BH3HAua€ HEOOXiIHICTh 3aCTOCYBaHHS €He-
proedexTUBHOIO CHoco0y YIpaBIiHHS YCTaHOBKaMH
[IaXTHOTO BOJIOBIJJINBY, SKAH OM BpaxoByBaB Oudepe-

II. MATEPIAJI TA PE3YJIbTATU JOCJIJI)KEHD

CxeMa BOAOBIUIMBHOI YCTaHOBKH IIaXTH ITOKa3aHa
Ha puc. 1. BoHa cknamaeThcsi 3 BOMOBIIJIMBHUX YCTaHO-
BOK, SIKI BIIKAQ4yIOTb BOJU 3 II'SITH BOJIOHOCHHX T'OPU30-
HTiB IIaXTH Ha TOBEPXHIO. BOJOBIAIMBHI YCTaHOBKH
OCHalleHi BiaueHTpoBuMH Hacocamu Ttuiy LIHC-300
3 MPUBOJJHMUMHU BHCOKOBOJBTHUMH aCHHXPOHHUMH €JIeK-
TPUYHUMH JIBUTYHAMH 3 KOPOTKO3aMKHEHHM POTOPOM
cepii A4. 3am1a 3MEHIIEHHS] HABAaHTAKEHHS HA SHEPro-
cUCTeMy, 3 IPUYMHHU BEJIUKOI CYKYHHOI MOTYXHOCTI
BCTaHOBJICHOT'O 00JIaTHAaHHSA YCTaHOBOK BOJOBIIJIHBY, iX
poboTa MOXITHBA JIUIIE B TEPIOTH «MIKITIKOBHX May3y,
TOOTO y MOMEHTH MK INPOMIKKaMH 4acy KOJHM €HEepro-
crcTeMa MaKCUMaJIbHO 3aBaHTaKeHa. | '0JIOBHUM KpuTe-
pieM peryioBaHHS BOJOBIUIMBY B 4acH «MIDKIIKOBHX
nay3» € MakCHMalbHO MOXJIMBHI 00’€M BOJM, IO Bif-
Ka4y€eThCs 3 BOMO3a0IPHUKIB JI0 MOYATKY MEPIOay MaK-
CHUMaJIbHOI 3aBaHTa>KEHOCTI CHEPTOCHCTEMH.

CydacHi crocoOu ynpaBiiHHS [IAXTHUMH BOJOBIJ-

HIlanifo TapudiB BapTOCTi €NEKTPUYHOI eHeprii, ska
iCHYI0€, KOJIH y Tepiof MaKCHMAaJbHOI 3aBaHTAXXEHOCTI
SHEPrOCUCTEMH BJIACHHK CIUIAUY€ 3a CIIOKHUTY EJICKTPHU-

JMBHUMH YCTaHOBKAaMU CIHMPAIOTHCS HA TPOTHO3YBaHHS
MPUTOKY BOJM Y BOJI03a0IpHUKH Ta PO3PaxyHOK OUiKy-
BaHUX 00CATIB BOJH, IO HAAXOIATH 3 yCiX PiBHIB BOJIO-
BiuiuBY[4].
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= LlaxTa LllaxTa
fr— e —
370 M¥/romuny
FopuzoHT
500m =
Hacocu:
. LIHC 300x600
o
3 LBUMYHU:
BoposabipHnka 3000 m 800 KBT
n=987 06/x8
Fopu3soHT
940m I B P =
2 Bopo3abipHuKa . Hacocu:
LIHC 300x600
LIHC 300x540
3aranbHuit 06’em ENEKTPUYHI ABUTYHM:
TOpH3oHT EDAEBEGIEHMKB 2400 m* 800 KBT, n=987 06/xB
1240m
2 Bopo3abipHuka acocu:
3aranbHuWit 06'em LIHC 300x360
B0p03a6ipHmKka 2400 W’ ENeKTPHYHI ABHIYHN Hacocu: LIHC 60x198
800 kBt Ta 630 KBT EnexTpryHi ABHryHN:
n=987 06/x8 55 kBT, N=3000 06/x8
FopuaoHT -
1315m e
2 Bog03abipHUKa I Hacocu:
3aranbHuii 06'em LIHC 300x190
80403a6ipHUKa 400 m* EnexTpryHi ABUrYHM:
1 2 3 250 kBT
TOpu30HT n=1480 06/x8
1465m
Hacocu: LUHC 60x198
EnexTpuyHi aBUryHu:
55 kBt, n=3000 06/x8
Hacocm: UHC 60x330
ENeKTPUUHI ABUTYHU:
90 kBT, n=3000 06/x8
Hacoc: 3K6K 45-551
EnexTpuyHMil aarryH:
15 KBT, n=3000 06/x8

Puc. 1Cxema BOJOBIIJIMBHOT YCTAHOBKH IIAXTH

CxeMa 0araTopiBHEBOTO BOJOBIJIMBY IIaXTH TOKa-
3aHa Ha puc. 2. Jlo Hei BXOAATh PiBHI BOJOBIIJIUBY Ta
OJIOKM yNpaBIiHHA HHUMH, SKI YTBOPIOIOTH CHCTEMY
YIIPaBJIiHHA BOJOBIJIMBOM IIaxTH. BIIOKW ympaBIiHHS
MAaloTh MO JBa iHPOPMALIHHI BXOIM Ha AKi HAIXOAAThH
CHTHAII TIPO MPOTHO30BaHUi 00’eM Boau 3 (i-1) piBHIO
BOJIOBLINBY (BXix 1) Ta (hakTHuHUIT 00°€M BOIH Y i-My
B0/03a0ipHUKY (BXix 2). 3 — i iHpOpManmifHIA BHXix
OJIOKY YIIPaBIiHHSA BHKOPHUCTOBYETHCS ISl KEpPYBaHHS
HAaCOCHHMH arperatamy, a 4 — i iHpopMauiftHui BHUXix
€ CHT'HAJIOM 3aBIaHHs 17 (i+1) OIIOKy yrpaBIiiHHS.

PerymroBaHHS NMPOIYKTUBHOCTI Ha i-My DiBHI BOJO-
BiJUIMBY 3MIMCHIOETHCS MUITXOM BBIMKHCHHS Ta BHMK-
HEeHHSI HACOCHUX arperariB. HeoOXiJHICTh TOTpUMAaHHS
YMOBH 3a0€3MeUeHHs] CepeIHbOI MPOLYKTUBHOCTI YIIpO-
JIOBX TIepiojly BiJKauyBaHHsS BOJAUM Ha (DIKCOBaHOMY
PiBHI MOXeE TPHU3BECTH IO TUMYACOBOI 3MIHH PEKHMY
poOOTH HACOCHMX arperarTiB, IO Yy CBOIO 4Yepry IIiJBU-
IIATHh YaCTOTYy BMUKAHHSA Ta BUMUKAHHS iX MPHBOIHHUX
JIBUTYHIB, a BIATaK CIPHATHME 3MEHIICHHIO TEPMiHY
6e3aBapiitHoi pobotn obmagHaHHA[S].

MOJIMBICTh IUIABHOTO ITYCKY €JEKTPUYHHUX JIBUTY-
HiB, IO JOCATAETHCS BiNOBITHIM BHOOPOM IapaMeTpiB
Lgr-perynsitopa, Oyna po3risinyta y po6oTi[6]. [Tpote-
Jypa BUOOpPY peryisitopa 3a MPHHIUIAMHE JTiHIHHOTO Ta
KOMIIPOMICHOTO ~ ONTHMYMY J€TajlbHO  BHKJIaJeHa
y pobotax[7]-[10]. [ns BUpimIeHHS TaKWX 3amad, KOJH
y TPOCTOpI CTaHy HEMEpPEepBHA CHCTEMa OMUCYETHCS
piBasHEsIME (1), v mporpami MATLAB® Bukopucro-

BYIOTh [K,S,E]=Ilqr(4,B,0,R,N) Ta

orepaTopu
[K.S,E]=lqr(Ps,Q,R,N), sixi MiHIMI3yl0Tb (yHKIIOHAN
(2), mo € Mipo0 KOJHBAIBFHOCTI BEKTOPY CTaHy
X y TpOIIeCi peryIOBaHHs Ta MipOK KUTBKOCTI €HEpTii,

0  BUKOPHCTOBYETbCA Ha  ympaBmiaHi  u[l1],
[12].Ps=(4,B,C,D) — wmopmenb O00’€KTy YHpaBIiHHI
JIHIHHOIO CTaIliOHapHOI0 CHCTEMOIO, IO 3aJa€ThCs
BEKTOPHO-MAaTPUYHUMH  DPIBHSHHAMHU.  PesymbraTtom
po3paxyHKy Oyne marpunsd K po3Mipy (m*n) onThMa-
JIHUX 3BOPOTHIX 3B’SI3KIB 110 3MIHHUX CTAHY CHCTEMH X,
pimenHs piBHSHHA Pikkati S Ta BiacHi 3HaYCHHS
3aMKHEHOi cucTeMu ynpasiinasa E=eig(A-BK).

I i
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Puc. 2 Cxema GaraTopiBHEBOI'O BOJIOBIUIUBY LIaXTH
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dx

— = Ax + Bx;y = Cx+ Du;u = —Kx,

dt (1)
ne Matpumi:A — crany; B — Bxomy; C — BuUXOZXy;
D — npuiimMaeTscst piBHOIO Hymo; K — KoeQillieHTiB
3BOPOTHHUX 3B’SI3KiB 32 3MiHHHMH CTaHy.

_ ® T T T .
J, —JO (x" Ox+u" Ru+2x" Nu)dt — min, @

ne QO Ta R — CUMETpUYHI TTO3UTHBHO BU3HAYCHI MaTPHITI
po3Mipy (nxm) Ta (m>m) BIINOBIAHO;N — BXimHHUH
napameTp, SKUi 3BOJUTHCS 10 MiHIMyMY, @ TOMY TpHH-
Ma€ThCsI HYJIbOBHM.

Bubip 3nauenp Matpunb O, R, N, Ha MpaKTHUIl, Bija-
OyBa€TbCS METOJOM CKCIICPTHUX OIIHOK. YTIPaBIiHHS
y upoMmy Bunaaky u=Kx=—(R-'BTSx).

PosrnsiHemo cuHTE3 Lgr-peryistopa B MPOCTOPi
crany [9], [10].

OO0’ekT KepyBaHHS, ACHHXPOHHHMH ENEKTPHUYHHMN
nBuryn  A4-450Y6MY3  (HOMiHATBHI  TIOTY)KHICTb,
JiHIiHa Hampyra, DIBUAKICTH OOEpTaHHS Bally, aKTHB-
HUW Ta 1HIYKTUBHUN OMOPU POTOPA,MOMEHT iHepIii Ta
KpyTHHIT MoMeHTBiAmoBinHO: Pr=800 xBt, Uz=6 KB,
ny=987 06/x8, r:=1,495 Om, L,=0,0456 T'H, J=54 kr M2,
Mp=7846 H-m).IIpencraBumo HOro y BUIIISAI MaTpHULb:

—38.3432 0.711 0
A= 0 —251.8892 379.068 |;
0 0 100
3)
0 1
B=| 0 [;C"=|0|;D=0
50000 0
“

3a 3MiHHI CTaHy HpUHAMaeMo: X; — KyTOBa IIBHJ-
KicTb, ¢’'; X~ CTpyM OBUryHa, A; X3 —HAIIpyra IIepeTBO-
proBaua, B. EnemenTu matpuiis:

U w, -J
a, == = 50, = = 50y SR
@, -1 -J M, L, )
w, U w,, - 1 K
ay = T = rz;a33:_;b31=_17
MH‘Lz Lz Tn Tn (6)

JIe w9 — CUHXPOHHA MIBHUJKICTh aBUryHa; Ky, T — Bin-
MOBiHO KOe(illieHT mepenadi Ta crajla 4acy HepeTBO-
proBaua.

[Mpun BupinreHHi 3axayi npuitMaemMo Matpuiio Q mia-
roHanpHOMW0. [lig 9ac MomentoBaHHs OyJI0 BUSIBJIICHO IO
MiHIMalbHE 3HAYCHHsS CICMCHTIB MaTpulp R=14,
a O=diag[0.001 0.001 0.001].

PesynbraTi po3paxyHKiB:

K=[0 0.0205 0.0201];

(7
0.0001 0 0
S= 0 0.001 0.0003 |;
0 0.0003 0.0003
®)

Step Response

Amplitude
>
w
=g
@
=

3 4 5 6 7 8

Time {seconds)

Puc. 3 Ilepexinui npouecu 3 ontuManbHuM Lqr-Perymnstopom

-38.34
E=|-577.55+530.99i

—577.55+530.99i
(€))
Ha puc. 3 npencrapieHi nepexiHi mpomecu 3MiHHAX
crany. 3 rTpadikiB BHIHO, L0 3aMYCK EJIEKTPUYHOTIO
IBHTYHA BiOyBaeThCs IUIABHO, CTPYM IIPH IIyCKy He
MepEeBHIILYE HOMIHAJIBHOTO 3HAYEHHS, IO CBIIYHUTH NP0
CTIWKICTb CHCTEMH 3a 3aBIAHHSIM.

BUCHOBKH

1) HeoOximHicTh MiATpUMYBaTH NPOAYKTHBHICTH Ha
i-My piBHI BOJOBiAIMBY Ha (ikcoBaHOMY piBHI
MIPU3BOJUTE A0 HEOOXIAHOCTI IMiJBHIIEHHS Hac-
TOTH BMHMKaHHS — BUMUKaHHS HACOCHUX arpera-
TiB, 10 y CBOIO YEPry CTaBHUTh il CYMHIB MOX-
JUBICTh TPAKTHUYHOI peai3amii po3rIIHYTOrOo
CrocoOy yNpaBiIiHHS BOIOBIUINBOM ILIaXTH.

2) BupimenHs 3amadi Lgr-onTumizaiii T03BOJISIE
pO3paxyBaTH KOEPIIiEHTH >KOPCTKUX 3BOPOTHHX
3B’S3KiB, 0 3a0€3MEUYIOTh MPSMUIA 3aIyCK elre-
KTPUYHUX JBUTYHIB 0€3 NPUCTPOiB IUIaBHOTO
MyCcKy, MO0 y MEPCHCKTHBI HAIae€ MOXKIHUBICTH
nepeiTi 10 MPakTHYHOI pearizallii eHeproedek-
TUBHOTO YIIPABIIHHS IIAXTHOK BOJIOBIUIMBHOO
YCTaHOBKOIO.
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Abstract—In the article the results of research of possibility of practical realization power of the effective adjusting of
pumping out of water are presented from a mine. It is marked that one of the most power-hungry technological processes
at the underground method of mining is pumping out of water on a surface, on the depth of mine the natural exchange of
water is practically absent, therefore moving of underwaters is possible only through the special equipment that is intend-
ed for the pumping-over of mine waters. Effective management of equipment that moves groundwater to the surface will
reduce the cost of finished products.

The use of chart of the incremental pumping out of water determines the necessity of application power of effective
method of control an equipment that is intended for the pumping-over of mine waters. Such method must take into ac-
count differentiation of tariffs of cost of electric energy. The system of pumping out of water from a mine consists of
equipment that pumps out water from five levels of mine on a surface. A basic equipment that is intended for the pump-
ing-over of mine waters are chempumps with high-voltage asynchronous electric motors with a short-circuited rotor.

Adjusting of the productivity at every level of pumping out is executed by an on-off pumps, it promotes frequency of
including and disconnecting of electric motors that with them is connected, that assists reduction of term of work of
equipment without breakages. Possibility of smooth start of electric motors is therefore considered, that is arrived at by
the choice of parameters of Lqr- regulator on principles of linear and compromise optimum. For the decision of this prob-
lem corresponding operators in the program MATLAB®, by means of that a functional that was offered is minimized, are
used, on the vector of the state of the system. The result of calculations is a matrix of optimal feed-backs on state of the
system variables. On charts transitional the processes of state of the system variables can be seen, that the start of electric
motor takes place fluently, a current at starting does not exceed a basic value, it testifies to stability of the system on a task.
The decision of problem of Lqr- Optimization provides possibility of direct start of electric motors, that in a prospect will
allow to pass to practical realization power of the effective adjusting pumping out of water from a mine.

Keywords — mine; equipment for pumping out; electrical energy; pump; electric motor; Lqr- regulator.

()
L% Copyright (¢) 2020 Kaxemyc /1. O., Ocamguyk 1O. T


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.20535/2523-4455.mea.208273
https://orcid.org/0000-0001-7604-8631
https://orcid.org/0000-0002-3592-7899
https://ror.org/02md2kv66

	Енергоефективне управління шахтною  водовідливною установкою
	I. Вступ
	II. Матеріал та результати досліджень
	Висновки
	Перелік посилань


	Power Effective Control of Pumping Out Water from the Mine

