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IToBbimieHne 3HEProdaGEeKTHBHOCTH PabOThl KUIMIHO-KOMMYHAJIBHOTO XO3SHCTBA M CH-
CTeM BOJOCHAOXKECHUS ¥ BOJOOTBEICHNUS TOPOIOB SIBISIETCS aKTyalbHOHU 3a/aueil. 3HAUNTelb-
Has 9acTh SHEPronoTPEeOJICHUS] CHCTEM BOJOCHAOKEHUSI IPUXOANTCS HAa HACOCHBIC CTAHIIUML.
B craTtbe paccMaTpuBarOTCS BOIPOCH! YIPABICHHUS PEKMMAaMH PadOThl CyLIECTBYIOLIMX IO-
BBICUTEIIBHBIX HACOCHBIX CTaHNU, 000pyJOBaHHBIX TPYNIION HACOCHBIX arperaToB, Peryiu-
PYEMBIX ¢ HOMOIIBIO NpeoOpa3oBareneid acToTel. OJHO W3 HANpPABICHUI ONTHUMHU3AIUH UX
SHEPrONOTPEONCHNUS — CHIKEHHE M30bITOYHOTO JABICHHS B BOJOIPOBOJHON CETH U HOJIEP-
XaHUe ero B IpeJenax HOPMATHBHBIX 3HaueHHH. [IpemnoxeHbl CTPYKTypa M METOHOJIOTHS
HCIOJIb30BAaHNSI aBTOMAaTH3MPOBAHHOW CHUCTEMbI cOOpa M aHajin3a JaHHBIX JUIS BBISBICHHS
W YCTPaHEHHMS M3JHUIHETO JaBJICHMs B BOJONPOBOAHOM ceTh. JlaHHAs cHCcTeMa paccyuTaHa Ha
IPYIIIOBOE YNpPAaBICHHE PEKUMAMH PaOOThI MOBBICUTENIBHBIX HACOCHBIX CTAaHLMH HA OCHOBA-
HUM MHOOPMALMH, MONYYEHHOI C YCTPONCTB KOHTPOJS JaBieHHs y motpebutencid. OOMeH
nHpOpMaImel B cucreMe ocymectsisercs mo cetu GSM.

[IpuBeieHbl JaHHbBIE MO Pe3yJIbTaTaM HUCIIBITAHUN Ha MOBBICHTEIIBHBIX HACOCHBIX CTAHIIU-
X B pAAe KPYNHbIX ToposoB benapycu. [Ipoananu3npoBaHa 3aBHCUMOCTb BETUYHHBI H3JHIL-
HETO JIaBJICHUS. B CETH OT cHoco0a MOJUICp)KaHHs NaBJICHHS Ha BBIXOJE HACOCHOI CTaHIIUK
(cyTouHBIil TpadMK WK IIOCTOSHHOE AaBiicHHE). VI3ydeHO BIMSHHE UCKITIOUCHHUS M3JIUIIHETO
JIABJICHUS B BOJIONPOBOJIHOM CETH Ha U3MEHEHHE PabO4YMX PEXKUMOB HACOCHBIX arperaroB Ha
HOBBICUTENBHON cTaHuuK. McciieqoBaHue MOKa3allo, YTO MCKIIOYEHHE M3JIMIIHEro JaBJICHUS
B BOJIONIPOBOJIHOM CETH NPHBOIMT K YMCHBIICHUIO ABJICHUS Ha MOBBICUTEILHON HACOCHOW
CTaHIH. JTO, B CBOIO ouepens, Ha 15-20 % cHmxkaeT ee sHEepromnorpedieHne B 3aBUCHMOCTH
OT BEJIMYMHBI 3a(UKCHPOBAHHOTO U3JIUIIIHETO AaBJICHHUS.

KiiroueBbie €J10Ba: MOBBICUTEIbHBIE HACOCHBIE CTAHIIMH, BOAONPOBOAHAS CETh, U3JIHUII-
Hee JaBlieHHe, IUKTYIOIAs» TOYKa, SHEProdpPEeKTUBHOCTh, ABTOMATHYECKOE YIPABIEHHE,
Scada-cucrema.
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REDUCING THE BOOSTER STATIONS ENERGY CONSUMPTION
BY WAY OF ELIMINATING OVERPRESSURE
IN THE WATER SUPPLY NETWORK

ZDOR G. N., SINITSYN A. V.

Belarusian National Technical University

The energy efficiency improvement of the city housing-and-utilities infrastructure and water-
supply and water-disposal systems poses an occurrent problem. The water-supply systems ener-
gy consumption sizable share falls on the pump plants. The article deals with the issues of the
operating regime management of the existing booster stations equipped with a group of pum-
ping units regulated with frequency converters. One of the optimization directions of their
energy consumption is the reduction of over-pressure in the water-distribution network and its
sustentation within the regulatory values. The authors offer the structure and methodology of
the data collection-and-analysis automated system utilization for revealing and eliminating the
overpressure in the water-supply network. This system is designed for the group management
of booster-stations operating regimes on the ground of data obtained from the pressure con-
trolling devices at the consumers. The data exchange in the system is realized via GSM.



The paper presents results of the tests carried out at the booster stations in some major
cities of the Republic of Belarus. The authors analyze dependence of overpressure in the net-
work on the methods of the plant output pressure sustentation (daily graph or constant pres-
sure). The authors study the elimination effect of over-pressure in the water distribution
network on changing the booster station pumping units operation regimes. The study shows
that eliminating over pressure in the water distributing network leads to lowering the booster
station pressure. This in its turn decreases its energy consumption by 15-20 % depending on
the over pressure fixed level.

Keywords: booster station, water distributive network, over pressure, pressure control
point, energy efficiency, automatic control, the Scada system.
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Beenenne. OObEKTOM HCCIIEOBAaHUS SIBISIINCH MOBBICUTEIbHBIE HACOCHBIE
craumuu (ITHC), koTopble npeaHazHaYueHBI AT TT01a9M YUCTOW BOIBI TOTPEOH-
tensMm 1oz HeobxomumbiM masienuneMm. CHB 4.01.01-03 [1] ompenensier Tpe-
OyemMoe MUHUMaJIbHOE M30BITOYHOE JaBJICHHE B BOJOIPOBOJHON CETH Ha BBOZC
B 3/IaHWE TPU MaKCHMAaIbHBIX 1 MUHUMAIBHBIX 9aCOBBIX pacxomax. O01acTero
rccienoBanns OpUTH peskumbl padotsr [THC.

Hasnenne Ha Bbixoge ITHC paccumThiBaIM UCXOAS W3 HEOOXOIUMOCTH
obecrieunTh HOPMAaTHBHOE JaBlieHHME B HamOojee yJalleHHOW MO0 HamOojee
BBICOKOW TOYKE BOJOTPOBOIHON ceTH (B «IMKTYyIOMIIEH» Touke). [Ipu sToM Ha
HEKOTOPBIX y4YacTKax B CETH HaONIOAaIy TpEBBIIICHUE JaBJICHUS Hal TpeOye-
MBIM 3HAYCHHEM — HM3IIUIIHEE NaBleHHe. B HEKOTOPHIX Cilydasx W3JHIIHEE JaB-
JieHNe Hem30€XHO, YTO BHI3BAHO KOHCTPYKTUBHBIMH OCOOEHHOCTSIMH CETH HITH
pexuMaMu pabOThl CaMOi HaCOCHOM cTaniuu [2].

Wznuminee naBieHne B BOAOIMPOBOJHON CETH NPUBOAUT K IEPEepacxomy
AJNIEKTPOIHEPTUU HA €T0 TOIEPIKaHue, a TAK)KE K MOBBIIIICHUIO 00heMa yTeUeK.
UccnenoBanmst [3, 4] moka3pIBaIOT, YTO HATWYHME H3JIMIIHETO JABJICHUS YBEIH-
YMBAET YTEUYKHU U HENPOU3BOACTBEHHBIE pacxonsl Ha 13—-20 %, a oOmuii pacxox
Bozbl — Ha 2-5 %. Tak, noBeienne gasnenus Ha 0,1 MIla npuBoauT x yBenu-
YCHMIO pacxoj1a BOJIbl y moTpedureneii Ha 5—8 %.

[lomaya Bogsl — SHEProeMKH MpoOLECC, TOITOMY ISl CHUKEHHS dHEPromo-
Tpebnennst cymectBytomux [THC MOXHO BBIIEIUTH CIEAYIOIIHNE OCHOBHBIC
Harmpasienus [5, 6]:

e OIlpeneJIeHne BeIMYMHBI naBieHust Boabl Ha Bbixone ITHC, koropas obec-
MEYNT HAUMEHbIIIee H3JIMIIHEE JaBlieHHE B BOAONPOBOAHOM CETH,

e pa3paboTKa aJTOPUTMOB YIPABJICHUS peKUMaMH PadOTHl HACOCHBIX arpe-
ratoB Ha [IHC, xoTopsie obecriedaT MUHUMANbHbBIE U3IEPKKN Ha MOAJIEpKaHNE
ONTUMAJIBHBIX PEKUMOB JaBJICHHUS U PacxXoja.

Lens HacTosmel cTaThi — HCCIIEIOBaHUE BO3MOKHOCTEH MOBBIILIEHHUS YHEp-
rosddexruBHOCTH padoTh cymecTBytonmx [ITHC myTem CHWKEHHS H3NMHUITHETO
JIaBJICHUS B BOJOIPOBOAHOM CETH C HCIOJIB30BaHHMEM AaBTOMAaTH3MPOBAHHBIX
cucteM ynpasieHus (ACY), a Taxke U3ydeHUE BIUSHHUS BETHYUHBI CHIDKEHUS
V3IUIITHETO JaBIEHUS Ha PEXHUMBI pabOTHl HACOCHBIX arperaTtoB, yCTaHOBIICH-
HBIX Ha MIOBBICUTEIBHON CTaHIIUH.

B cocraB cuctembl BoJIocHA0XEHUSI TOPOJIOB BXOJUT OOJIBIIOE KOJTUYECTBO
onnotunHeix [THC, pacnionoxeHHBIX Ha OOUITUPHONW TEPPUTOPHH U PAOOTAIOIINX
B aBTOMAaTHUYECKOM pexuMe 6e3 IprCyTCTBUS NepcoHana. B 30He BIUAHUS Kax-
noii [THC moxet ObITh 0/iHA MO0 HECKOJIBKO «IMKTYIONIUX» TOYeK. [loaToMy
JUTS TIOJIepXKaHus TPeOyeMoro NaBleHHs y IMoTpeduTenel u 3PQPEeKTUBHOTO
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ynpasneHust pexxumamu pabotel [THC mpesyraraercs MConb30BaTh pacrpenie-
nennbie ACY, cocrosiye u3 HEHTPATIbHON AUCIETUYEPCKON CUCTEMBI yIpaBiie-
HUA, JOKANBHBIX cucTeM yrpasieHus [IHC n yCTpoHCTB KOHTPOJS AaBICHUS
y notpeburenei. Opranuzanus mogaooHoH ACY u crocoObl HH(OPMAITUOHHOTO
B3aMMOJICHCTBUS MEKIY €€ JICMEHTaMU TaKXKe SBIISUIUCH BaKHEHIICH 4acThO
MTPOBOIMMBIX HUCCIIEIOBAHUI.

Metomosorusi 1 MeTOAbI HccaeaoBaHus. /|1 TOCTOBEPHOTO pacuera Be-
JUYHAHBI U3ITUIITHETO AaBIIEHHS B CETH HEOOXOIUMO:

e OTIPEJIENIUTH MECTa YCTAHOBKH KOHTPOJBHBIX JAaTYNKOB JABICHHUS Yy TIOTpe-
OuTens, HAXOAAMIETOCH B HAMXY/IIUX YCIOBHSIX IO OOECIECYCHUIO BOJOM.
Br16op MecTa ycTaHOBKH BBHITIONHSIETCS HA OCHOBAaHHH PAacYeTOB M MOIEITHPO-
BaHUS TUAPABIMYECKON CETH KOHKPETHOW CTAaHIMK B TEOMH()OPMAIMOHHBIX
cucremax (I'MC);

e 00CCIICUNTD HANICKHBIM M HETPEPHIBHBIA COOp MAHHBIX 00 YPOBHE JaBIe-
HUS y TIOTpeOuTeNs (B «IUKTYIOIICH» TOUYKE) 3a MEPHUOJ BPEMEHH, MO3BOJISIO-
U OI[CHUTh BEJIMYWHY W3JIHUIIHETO JABJICHUS B PA3IMYHBIX PEKUMAX PaOOThI
CTaHIINH,

e BBIYUCIHUTH (PAKTHICCKHUI PEKUM BOAOMOTPEOJICHNS B CETH TTYTEM YCTAHOBKU
pacxoIoMepoB Ha HACOCHOM CTaHIMH JIM00 METOZIOM pacyeTra pacxojia ¢ IOMOIIBIO
MaTeMaTHYeCKO MO HalIOPHOW XapaKTePUCTUKH HACOCHOTO arperara.

[Ipu mpoBeneHNM MCCIEOBaHUS HCIONB30BANH IIEHTPATU30BAHHYIO CHCTE-
My cbopa u 00paboTKH AaHHBIX Ha O0aze Scada-cuctembl. CxemMa OpraHU3aIluK
cbopa manHBIX mpexacrasiena Ha puc. 1. [lockompky [THC sBasitoTcss ogqHOTHTI-
HBIMH OOBEKTaMH YTPABJICHUS, B MPUBEICHHOM Jallee B CTaThe MPHUMEpE IS
ynpotueHus paccMatpusany juib oguy [THC. Onnako npennaraemple TpUHLHU-
Bl MOTYT OBITH TIPUMEHEHBI /IS yITpaBiieHus OonpmiiM koirmaectsoM [THC.

Cepsep cO0opa JaHHBIX

_,—‘? §\
-

Hacocnas crannus e Sl [Motpeburens
< GSM-cBsi3p <

Puc. 1. Cxema oprauuzanuu c6opa JaHHBIX

UccnenoBarms npooawmu Ha [THC ¢ ogHMM MiIM HECKOIBKUMH HACOCHBIMH
arperaTamu, pabOTaOIIMMHA Ha W30JUPOBAHHYIO ceTh. CTaHIMK OCHAIEHBI CO-
BPEMCHHBIMU CHCTEMaMU YIpaBiieHus | Ha 0a3e MporpaMMHPYEeMBIX JOTHYe-
CKHX KOHTPOJUIEPOB, a TakXke MpeoOpa3oBaTes MU YaCTOTHI ISl PEryTHPOBAHUS
MIPOU3BOAUTEILHOCTH HACOCHBIX arperaToB 2. CucreMa yrpaBieHHUs Ha OCHOBa-
HHUHU TIOKa3aHWHM MaTYMKOB BXOMJHOTO 3, BRIXOAHOIO 4 M 3aJaHHOTO BBEIXOJIHOTO
JABJICHUS PErylHpyeT IMPOWU3BOAUTEIHLHOCTh HACOCHBIX arperaTroB. 3aaHHOE
JaBJICHUE Ha BbLIXOJAC CTAHIIUU O6I)I‘1HO paCC‘II/ITI)IBaCTCﬂ TEXHOJIOTOM C y‘IeTOM

46



cleaylomux napamerpoB: AH,,, — IOTepH AaBieHUs B TPYyOONpoBoae 5; Hieon —
pa3HHLIA Te0AE3MYECKHX OTMETOK BBIXOJHOTO TPYOOIPOBOAA CTAHIIMU U OTMET-
KM TpyOONpOBOAa Ha BXOJAE B 3l1aHUE; oy, — CTATHUECKUM Harop, HeoOXxonu-
MBI{ /1715 TOIbEMa BOJIbI Ha BEPXHUHM 3TaX 37aHuUsl.

g n3Mepenust U30bITOUHOTO JaBlieHHUS B BOAOIPOBOAHON CETH Y MOTPeOH-
TeNs Ha TpyOOIpPOBOAE HA BBOAE B 34aHUE Pa3MEIIaIN YCTPOHCTBO cOoOpa U me-
penaund JaHHBIX 6 ¢ gaTuukoM aaBieHus. MuHdopmanus o pexumax paboThI
HACOCHOH CTaHIMM U JaBJICHUH y IOTpeOuTens nepexaBanack o GSM-cBs3u Ha
cepBep cbopa mannbix (Scada-cucremy). B mocnemyroreM mpoBOIMIN CpaBHE-
HUE JaBJICHUs y MOTPEOUTENs] C HOPMATUBHBIMU 3HAYCHHUSMHU M PACCUUTHIBAIIH
MOTEpU JAaBJICHHUS B CeTU. Takke yCTaHABIMBAJIM B3aUMOCBS3b MEXIY BBIXOI-
HeiM naBneHneM Ha [IHC u naBnenmem y motpeOutens. [IpousBoammu pacuet
HEOOXOIMMOro M3MeHeHus AapneHus: Ha Beixoge [THC mnst obecnieueHus HOp-
MaTHBHOTO JABJICHUS Y IOTpeduTeneil.

TpaguuuOHHBIA METOA TpenrojaraeT HCHOJIb30BAHHE aBTOHOMHBIX CaMoO-
MUCIIEB, KOTOPBIE OCYIICCTBISIOT M3MEPEHUS JABJIICHUS W COXpaHEHHE UX pe-
3yJITATOB HA HOCHUTENb 0€3 HENPEphIBHOM Nepeaadn AaHHBIX. AHAIU3UPYS CO-
XpaHECHHBIE JaHHbBIE, TEXHOJOI MOXET ONPEACIHUTh BEIMYMHY H30BITOYHOTO
JIaBIICHUS U CKOPPEKTUPOBATh PEXKUM paboThl HACOCHOW cTaHimu. OpHAKO Ta-
KO METOJ] UMeeT PsJ HEAOCTATKOB!

e JaHHbIC AHAIM3UPYIOTCS HE B PEXKHUME PEaIbHOI'O BPEMEHH,

e aHAJIM3 U PACUeThl, KaK MPaBUIIO, TPOU3BOIATCSA TEXHOIOTOM BPYUHYIO.

CyliecTByIOT CHUCTEMBI COOpa JAHHBIX C «AHUKTYIOLIUX» TOYEK, KOTOpbIE
00ecreyrBa0T MOHUTOPUHI JABJIEHUS B CETH, OAHAKO HANPSAMYIO JaHHBIC W3
HUX HE UCITOJIB3YIOTCA B ympasieHuu. [Ipeanaraerca npumensats ACY Ha Oase
Scada-cucTembl, KOTOpasi OCYIIECTBISIET cOOp JaHHBIX C «IUKTYIOIIUX» TOYEK,
onpenenseT (HPaKTUUECKHUE PEXHUMbl BOJONOTPEOJICHHS M Ha OCHOBAaHUM 3THUX
JAHHBIX YIPaBJISIeT MPOLECCOM MOAACPKaHUs AABJICHUS Y IIOTpEOUTENSI.

BaxXHbIM acIeKTOM yCTaHOBJIEHUSI HEOOXOAMMBIX PEXHMMOB pabOThI HAacoc-
HBIX CTAHLMHU SIBJISIETCS] CHHXPOHU3ALMS JaHHBIX: AAaBJICHUE Ha BBIXOJE CTAHLUU
W JaBlieHHE Y OTPeOHUTENs TOJHKHBI H3MEPAThCsl 0OHOBpeMeHHo. bes atoro co-
CTaBUTh MaTEMaTHYECKOE OIMCAHUE 3aBUCHMOCTH MEXKAY HUMHU CJIIOKHO M JO-
CTOBEPHOCTh PAaCU€TOB CYIIECTBEHHO CHIKAETCS.

B xope nccrnenoBanus Bce IaHHBIE 0 pabOTe CTAHIMIA U JAaBJICHUHU y TIOTpe-
Outenss MOCTyNajiu B LEHTpaibHyI0 0a3y maHHbIX. llockonmbky He Bce ITHC
OCHAIIIEHBI TPOBOHBIMH JIMHUSMH CBSI3H, & B MECTAaX YCTAHOBKH «IUKTYFOIUX»
TOUYEK MPOBOJHYIO CBSI3b TaK)KE OPraHU30BaTh HEBO3MOXKHO, TO B CHCTeMe 00-
MEH JaHHBIMH OCYLIECTBISIICS TOJNBKO yepe3 GSM-cBs3b. OHa o0nangaer psgom
MPEUMYIIECTB, TAKUX KaK NIMPOKasi 30Ha MOKPBITHS, HU3Kasi CTOMMOCTh Tiepe/ia-
YM JTAaHHBIX, HeOobImue 3aTpaThl Ha oOopynoBaHue. CyIIeCTBEHHBIMU HENO-
CTaTKaMu B ee padoTe SIBJISIOTCS BOBMOXKHOCTh OOpPBIBOB CBSA3M U IOTEPH JaH-
HBIX. UTOOBI CHU3UTH BIMSHHUE 3TUX (PAKTOPOB, B CHCTEME cOOpa MCIOIh30BaJH
CIENMANTN3UPOBAHHBIN TIPOTOKOJ Tepeau JaHHBIX CO ITaMIIOM BpeMeHH [7].
Takast CTpyKTypa CHCTEMBI MO3BOJIMIIA CYLIECTBEHHO MOBBICHTH JOCTOBEPHOCTD
IIPOBEIEHHs] UCCIICAOBaHMs, a TAKKe OPraHU30BaTh HAJEKHOE YIIPaBJIEHUE pe-
KMMOM PabOThl HACOCHBIX CTaHLIUH.

Opranu3auus uccjaenopanusi. [lo nmpeanoXeHHOW CTPYKType MOCTpOeHa
cucrema coopa JaHHBIX U IIPOBEAEHBI 3aMEphI JAaBJICHUS BOABI B TPYOOIIPOBOE
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Ha BXoJze B 3aaHue. MccrnenoBanus MpoOBOAMIM B psiie KPYHHBIX Toponos Pec-
ny6smku benapyce.

bamanc mexnmy suepromorpednenremM [THC m kadecTBOM BOIOCHAOKECHHS
JOCTUTACTCS, €CITU JaBJICHUE y MOTPEOUTENsl HaXOUTCs B Tpenenax HopM [1].
J5isi MHOTOSTa)KHON 3acTpOiKH Tpedyemoe MUHMMANbHOE M30BITOUHOE NaBIie-
HUE CIEYET ONPEIeNATh:

e IPH MAKCUMAaJILHOM YacOBOM Pacxojie

Pmax =0,1+(n—-1)-0,04; (1)
e [Ip¥1 MUHUMAJIbBHOM YaCOBOM PACXOAC

Pmin =0,1+(n—1)-0,03, 2)

rIe N — 9uCiIo dTaXKeH B 3/TaHNM.

[lo pe3ynbTaraM uCCleIOBAaHUS MOXKHO BBIICIUTH JBa BUA IpadUKOB H3-
MEHCHUS JaBJICHUS y MOTPEOUTENCH: IPpU MOCTOSHHOM U MEPEMEHHOM BBIXOJI-
HOM JIaBJIEHUH Ha CTAaHIIMH (B COOTBETCTBHH C CYTOYHBIM I'pa)MKOM JABIICHUS).
[Tpumeps! rpadhMKoB peACTaBICHBI Ha PUC. 2.

a 0
b, M‘Ha p, Mlla
07 0,7 5
0,6 1 0,6 s —
05 /. 05 6
0,4 = ———h 2 0'4 - ————————— _c
] e N 7
0,2 3 0,2
0,1 0,1
0 0
17:00 23:00 05:00 12:00 18:00 00:00 06:00
] Bpewms cytok ) Bpewms cytok
Qa MJ 4 Q’ Mf 4
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1001 100
801 "'“ 80 ‘ E
60 W"Mﬂ\4 60 .{ 'ﬁ‘ 8
40 40
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0 > 0
17:00 23:00 05:00 12:00 18:00 00:00 06:00
Bpewms cyrox Bpewmst cyTox

Puc. 2. VI3MeHeHue NaBlIeHUs BOJBL B «IUKTYIOLIECH» TOUKE U PACX0Ja BOJbI Ha CTAHIIUU:
a — IIPU MTOCTOSIHHOM JIaBJICHUH Ha BBIXOJIE CTAaHIUH; O — IIPH IIepEMEHHOM BBIXOJHOM JIaBJICHUH
B COOTBETCTBHHU C CYTOUHBIM IpaKOM

Ha puc. 2a mokazano u3MeHeHHe AaBICHUS BOABI B TpyOoIpoBose 1 Ha BXO-
Jie B IEBATHITAXXKHOE 3/laHKe («AMKTYyMOMas» Touka). FizMepeHHoe gaBieHue mo-
CTOSIHHO TPEBBINIACT MUHUMAJIbHOE U MaKCUMAJIbHOC HOPMATHBHBIC 3HAYCHUSI
nmasienust (muuun 3 u 2). JlaBieHue Ha BBIXOZAE CTAHIIUM ITOIIEPKABAETCS TIO-
CTOSIHHBIM B HE3aBUCHMOCTH OT M3MeHeHHs pacxoja (kpusas 4).

Ha puc. 26 nokazaHo u3MeHeHHE JaBlieHUS BOABI B TPYOONpPOBOE 5 Ha BXO-
JIe B TPUHAALUATHATAKHOE 3[aHKe (IUKTYIOIAs» Touka). M3amepeHHOe naBie-
HUE MEPUOTNYECKH TPEBBIIAET MaKCUMabHOE HOPMAaTHBHOE 3HAYEHUE JlaBlie-
s (nuHus 6). [lpy 3TOM B HOYHOI MEpuoJ] M3MEPEHHOE IaBJICHHUE OJIM3KO
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K MHUHAMaJIbHOMY HOpPMAaTHBHOMY JaBiieHHIO 7. HopmaTHBHBIC 3HaueHHS JaB-
JICHUS A7 3aJJaHHOM 3Ta)KHOCTH paccuuTaHsl 1o ¢popmynam (1) u (2).

s omenku cHmxkeHus: sHepronorpednenns [THC wncronp3oBanm OTHOCH-
TENbHYI0O BEIMYHMHY MPEBBIIICHUS AaBJICHUS HajJ HOPMATUBHBIM 3HAYCHHEM
W JJUTEIHHOCTh HAOJIOAaBIIErocsl NMpeBbIlIeHUs. [Ipy TakoM moaxoie 3Tax-
HOCTh 37JaHUS HE BIUSET Ha pe3ynbTar. lloanepxaHue MOCTOSHHOTO NaBJICHUS
Ha Beixoge [IHC HepanumoHanpHO 11 MCKIIIOYEHHUS M3JIMIIHErO AABJICHHMS, HO-
CKOJIBKY JIaXKe B CIy4asx MHHUMAaJIbHOTO BOAOpa30opa B JHEBHBIC MM HOYHEIC
Yachl y MOTPeOUTENsl JaBlieHHE PEBBIIIAeT HOPMAaTUBHOE 3HAUCHHE.

[MonnepkaHre BBIXOAHOTO JaBiICHHA MO PacueTHOMY CYTOYHOMY Tpaduky
MO3BOJISIET JOOHUTHCS CYLIECTBEHHOTO CHIXEHHS M3IMIIHEro namieHus. Ho Ha
JUHAMHUKY BOAONOTPEOJICHNSI OKA3bIBAET BIMSHUE MHOXKECTBO BHEIIHHUX (haKToO-
POB: NOTOJHBIE, BPEMEHHBIE, COLMANIbHBIE U T. 1. KpoMe 3TOoro, Ha BETUYHUHY
JaBICHUA Y TOTPEOUTENS MOXKET BIMATH U U3MEHEHUE COCTOSHHA (M3HOC WM
3apactanue) TpyOonpoBonoB. IIpu TeopeTnyeckux pacderax 3TO YUUTHIBAETCS
IyTEM HCIIOJIb30BaHUS Pa3IMYHBIX CYTOUHBIX M YaCOBBIX KO3((UIMEHTOB He-
paBHOMepHOCTH [1].

[IpoBeneHHble MCCIENOBaHUS TaKXKe IMOATBEPKIAIOT HAJIWYME CYIIECTBEH-
HBIX Pa3IMYUil MEXAY PacueTHBHIM CYyTOYHBIM I'Pa(uKOM AaBIEHUS U PeabHBIM
pexxuMomM BogonoTpedenus. Kak Buano u3 puc. 26, popma cyrodnoro rpaduka
JIABJICHUS 5 HE COBIAAeT ¢ PopMOi (haKTUUIECKOTO pacxoja BOJIHI 8.

Paccmotpum, xak m3mensiercs pexxuMm pabotsl [THC mpu uckimodeHuu u3-
JIUIIHETO JAaBIIEHUS Ha cienyromeM npumepe. Mcexomnas nadopmanus o [THC:

e BEICOTA KUJIOW 3aCTPOUKH — 9 dTaXKeH;

e THIT HacocHOTO arperata KM100-80-160, momrHoCcTh 15 KBT;

o pexxuM padoTtel [THC — nocTosiHHOE aBieHNE Ha BBIXOJIE CTAHIINY;

e PEryjJaMpoBaHUE IPOU3BOAUTENLHOCTH HACOCHOIO arperara ocylecTBIseT-
Cs1 C IOMOILBIO TPeoOpa3oBaTelis YaCTOTHI;

e rpad MK JaBICHUS B «IUKTYIOIIEI» TOUKe IPUBEICH Ha puUC. 2a.

B xoze uccnenoBanus Ha JaHHOM CTaHLMH BBIXOJHOE JaBJIEHHE OBUIO CHH-
XKeHo. B aTom ciydae nobuBanucey TOro, 4ToOb! AABIEHUE B «IUKTYIOIIEH» TOY-
K€ YAEP)KUBAJIOCH B IIPeAEIax 30Hbl HOPMATUBHOI'O JABJICHUS B JHEBHOE BPEMs
W PaBHAIOCH MHUHUMAalbHOMY HOPMAaTHBHOMY 3HAUYE€HHIO B HOYHOE BpeMs.
VYnpasieHne JaBI€HUEM Ha BBIXOJIE HACOCHOM CTaHIIMU pEeaJIn30BBIBANIN CIIEAY-
fo1M obpasom. Scada-cucrema mnosydana HHGOPMALIMIO O TEKYIIEM JaBICHUH
Ha BBIXOJIE CTAHLUMM M (DaKTUUECKOM JAaBjieHuH y norpedurend. Ilo momyden-
HBIM JIaHHBIM OHAa IPOW3BOJWJIA PacyueT 3aJaHHOTO BBIXOAHOT'O AABJICHUS VIS
HACOCHOM CTaHIMU, YTOOBI y moTpeOuTeNs ObUIO HeoOXOoAMMOe NaBieHue. Pe-
3yNbTaThl pacyera MOCTYNadd B MPOrpaMMHUPYEMBIN JIOTHYECKHI KOHTPOIIIEP
JIOKAJbHOM CHCTEMBl YIPABIECHUS, KOTOPBIH, B CBOI OuY€pedb, OCYLIECTBIISLI
HOJAEP)KaHUE 3TOTO 3aTaHUSL.

3aBUCUMOCTH M3MEHEHHUS JaBJICHUS BOJBI B «IUKTYIOIIEH» TOUKE U pacxo-
Jla BOJABI HA HACOCHOW CTaHIIMK B OOOMX peXHMax NpeAcTaBlIeHbl Ha pUC. 3.
Kak BuznHO U3 rpadukoB, HCKIIIOYEHUE U3IUIIHETO AABICHUS B BOJOIPOBOIHOM
CeTH HE3HAYUTEIBbHO IOBJIMSUIO HA PACXOd BOABI B MEPUOIBI MaKCUMaJIbHOT'O
paszbopa. [Ipu 3ToM yMeHbIIEHHE NaBIEHHUsI B HOYHOE BpeMsl MIPUBENO K CyIIle-
CTBEHHOMY CHIDKEHHIO PacXxoJ0B Boabl. HouHbIe pacXoabl BoAbl OOBIYHO SIBIIS-
IOTCS MHAMKATOPOM HalIW4Ms yTeueK. Takum o0pa3oM, CHIKEHHE pacxoja
B HOYHOE BPEMsI CBUETENLCTBYET U 00 yMEHBILICHUH yTEUEK.
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Puc. 3. 1, 2 — naBrieHne BOABI B «TUKTYIOIICI» TOUKe; 3, 4 — pacXoi BOJBI
Ha HACOCHOM CTaHIIM IPH MOCTOSTHHOM JIaBIEHUH Ha BBIXOAE CTaHIUU
Y IIPU UCKJIFOYEHUH U3JIUIIHETO JaBJICHUS COOTBETCTBEHHO

CBoziHBIE TApaMETPhl PEXUMOB pabOThI CTAHLIMI MTPHUBEACHHI B Ta0I. 1.

IHapameTpsl paGoThl HACOCHOI CTAHIMH

Tabauya 1

CpenHee naBieHne .
N Cpennnii pacxon | CyrouHoe norpedneHne
HanMeHoBaHHe pexxuMa | B «IUKTYIOIIEH» TOUKe, 3
BOJBI, M°/4 3NEKTPO3HEPrun, KBT-u
MlIla
C VMBIMIIHUM JIaBJICHHEM
B CETH 0,451 62,0 108,4
Be3 m3nmumaero naBineHus
B CETH 0,381 56,1 85,6

Ilo pesynbraTtam 3KCIEpUMEHTa CpeJHEE NaBJICHUE B «IUKTYIOILEH» TOUKe
cHU3MIoCh Ha 15,5 %, 3aTpaTsl 2nekTposHepruu — Ha 21,0 %.

Pe3yabTaThl HceneqoBaHUusA M MX 00cy:kaeHune. IIpoBeneHHble nccuenosa-
HUSl TIOKa3agd. B OOJBIIMHCTBE CIY4aeB PEXKHUMBI PabOTHI IOBBICHTEIIBHBIX
HACOCHBIX CTaHIUH TAKOBBI, YTO B THIPABIMYECKON CETH MPUCYTCTBYET U3JIHIL-
Hee JaBieHue. BeanunHa 3TOro M3MIUIIHETO NaBJIEHHs 3aBHCUT OT CIIocoba mof-
Jep)KaHHsl BBIXOMHOTO JABJICHHS HA CTaHIUH (TIOCTOSHHOE MaBJCHHE WU CY-
TOYHBIN rpaduK), a TaKKe OT PaKTUUECKOTro pekumMa BojgonoTpednenus. Kpome
TOr0, OYEHb Ba)KHYIO POJIb UI'PAET TOYHOCTh PACUeTOB, IIPOU3BEACHHBIX TEXHO-
JIOTOM TP ONpeNesIeHuH TpeOyeMoro JaBJIeHHs Ha BbIXOJI€ HACOCHOM CTaHIIMU.
B nmaHHBIX pacdeTax OCHOBHBIMH MapaMeTpaMH SBISIOTCS MAaKCUMAalbHBIE i MU-
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HUMaJIbHBIE YaCOBBIX PacXo/bl BOJBI, a TAKXKE IIOTEPU Ha TPEHUE B TPYOOIPOBO-
ne. Takue mapaMeTpsl pacCUNTHIBAIOTCS ¢ TOMOLIBIO Pa3IMYHBIX IMIIUPUIECKUX
ko3 urmenTos [1]. Ha 3T XapakTepHCTUKN OKa3bIBACT BIWSHUC MHOMXECTBO
BHEIIHUX ()aKTOPOB, KOTOPBIE BECbMa CIOXHO yuecTb. [loaTOMy mpeanaraercs
ucnonb3oBaTh pachpenenennsie ACY ¢ KOHTpoJieM JaBlieHHsS y MOTpeOHTeNns
U y4eToM (PaKTHYECKHUX PacxXxoJOB BOABI JUIS ONpeAeieHus TpedyeMoro nasiie-
HUS Ha HacocHOH craHumu. [loj pacmpeneleHHBIMH CHCTEMaMM YIPaBIICHHS
B JIaHHOM CJy4ae IOHMMAETCsl COYETAaHHE JIOKAIbHBIX CHCTEM YIPaBIICHUS
HACOCHBIMH CTAHIUAMHU (OTBEUAIONINX 32 0a30BOE YIIpaBIIEHHE ee paboToii) H
LHEHTPaTbHON JMCIETYEPCKONW CHUCTEMBI YIpaBieHUs (OCYIIECTBISIONIEH cOOp
JAHHBIX O peaJbHOM JaBJICHHM y HOTpeOHTENel U PacCUNTHIBAIOIIECH 3aJaHHOE
JaBJICHHUE 7151 HACOCHBIX CTAHLUM).

BrInonHeHHbIE KCIIEPUMEHTHI TIOKA3aJIM, YTO UCKIIOUEHUE M3JIUIIHETO AaB-
JICHUS NPHUBOAUT K CHIDKCHUIO HHEPromnoTpeOJICHHs] HACOCHBIX arperarTos.
B paccmaTtpuBaeMoM mpuMepe CHIKEHHE HHEPronoTpeOsIeHus] HACOCHOW CTaH-
nuu coctaBmwio 21 %. B cpemHeM, UCXOs M3 aHANM3a JAHHBIX, MMOJIYYCHHBIX
npu ucneitanusx Ha ITHC, ux snepronorpediieHne cHu3nioch Ha 18 %.

OnHako BaKHBIM (PaKTOPOM, KOTOPBIH HEOOXOJMMO YUUTHIBATE IJIsl pacdyera
SKOHOMHH AJIEKTPOIHEPTHH TPH HCKIIOYCHUH HM3IUIIHETO JaBJICHUS, SBISCTCS
cMeleHre pabouynx pEeKMMOB CYIIECTBYIOIIMX HACOCHBIX arperaros. lIpu uc-
KIIIOYEHUH M3JIUIIHETO JaBJICHUS B CETH, KaK MPaBUIIO, IPOUCXOAUT 3HAYUTEIb-
HOE yMEHbIIIEHHE BBIXOJHOTO JABIICHHS CTAHIUH. B 3TOM ciydae CHmKaercs
JaBlicHHE, Pa3BUBAEMOE HACOCHBIM arperaToM, a MpH 4acTOTHOM PEryJIHpoBa-
HUM TPOU3BOJUTEIBHOCTH HACOCHOTO arperara — M 4acToTa ero BpalleHUsl.
ITosToMy peXuMHBIE TOUKHM CTaHLIMM MOI'YT II€PEMEIIAThCsl B 30Hy MEHbIIEH 3¢-
(eKTUBHOCTH HAacOCHOTO arperara. [log pexkMMHBIMU TOUKaM{ CTAHLIUH B JAHHOM
cllydae TOHUMAIOTCS pacxol M AaBlICHHE, Pa3BUBAEMbIE HACOCHBIM arperaTrom
B K&Kl MOMEHT BpEMEHH. MacCUBBI PEXUMHBIX TOUYEK J0 U IOCIIE UCKITIOUEHUS
W3NUIIHETo qaBienus as uccnenyemoii [THC mokasaHs! Ha puc. 4.

p, MIla 4
0.4 3000 06/MunH

2700 06/Mun 1

0,3

2400 06/MunH

0,2

0,1

20 40 60 80 100 120 Q, m*/u

Puc. 4. Pexxumuble Touku paboThI Hacoca:
X — JI0 UCKJTFOUEHUS] U3JUIITHETO AaBIEHUS; O — TO XKe Tocie

Taxke Ha puc. 4 TMOKa3aHbI: MACMOPTHAs HAMOpPHAs XapakTepUCTHKa |
HacocHoro arperata KM-100-80-160, paGoraroiero Ha CTaHIUH, TOHKAMU JIK-
HUSIMH — HAIlOpHBIE XapaKTEPHCTHKU HACOCHOTO arperatra mpH ero padore
¢ paznuuHbIiME ckopocTsamu BpaieHus (1800-3000 o6/mun). Dmmuncel 2 u 3 —
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3TO TPaHUIBI HAXOXKICHUS PSKUMHBIX TOUEK pa0OTHI CTAHIIMH JI0 U IIOCIIE UC-
KITFOUCHUSI JIABJICHUSL.

CormnacHo [8] mpu peryaupoBaHHM CKOPOCTH BpAIleHHS HACOCHOTO arperaTra
€ro HaIlopHas XapakTepHCTHKa CTaHET CMeIaThesl MapauiensHo BHU3. [Ipu aToM
Hacoc He Oyzaet coxpansth nmoctosiHHbIN K[ [8—10]. MakcuManbHOW BEJTHYHHEI
KIIJ] mocturaeT mpu pacueTHOM 3HAYCHHH CKOPOCTH BpAICHHS B pabodei TOd-
ke (PT). [Ipu apyrux ckOpoOCTSX, MEHBIIMX WM OONbIIUX HOMHuHANBEHOU, KITJ]
OyseT yMEHBIIAThCS 10 MEPE YBEIMYEHHUS OTKJIOHEHUS] CKOPOCTH OT HOMHHAIIb-
HOW. IlpyM MaibIX CKOpOCTAX BpaIleHHUs 3aMETHEE CKa3bIBAlOTCS MEXaHWYECKHUE
MoTEpH.

3oHa 2 pacmipeneneHnss peKUMHBIX TOYEK HACOCA JIO ONTHMU3AINH JaBICHUS
Yy HOTpeOUTENS HAXOAUTCA B 30HE OTHOCHUTEIHHO BRICOKHMX CKOPOCTEW BpaICHUS —
2100-2700 06/MuH, a COOTBETCTBEHHO U OTHOCUTEIbHO BEICOKKX KIIJ] — okoito
50-70 % (momunanpublii KIT/T Hacoca 76 %). Ilociie mpoBeeH s ONTHMHU3AINH
NaBJIeHUs (paKTUYECKHE PEXMMHBIE TOUYKH Hacoca MepexosT B 30Hy 3, cMela-
sIChb BHU3 W BJIEBO. BennuuHa cMmelieHus pakTUYeCKUX PEKMMHBIX TOYCK 3aBH-
CUT OT 3HAUCHUS BBISBICHHOTO HM3IIMIIHETO JAABIICHUS W XapaKTEPUCTUKUA BOJIO-
npoBogHo# cetu. Hacoc pabortan Ha ckopocTsix 16202400 06/MuH, B 3TOMH 30HE
KII/I Hacoca menee 50 %. DTo MPUBOIUT K CHIKESHHUIO OOIIETro 3Heprocoepera-
fouiero 3¢ ¢eKTa, MOIy4YeHHOTO OT UCKIIIOYECHHUS M3JMIIHErO AAaBJICHHS B CETH.
Takum 00pa3oM, UCKITIOYCHUE W3IUIIHETO JABJICHUS U3MEHSET PEeKUM PaOOThI
HAaCOCHBIX arperatoB, ycraHoBieHHBIX Ha [IHC. IlosToMy AOMIONHHUTENHHEII
sHeprocOeperatomnii 3pdexktT MokeT ObITh MONTyUeH 3a CYET YCTAHOBKM HACOC-
HOTO arperara, COOTBETCTBYOIIIETO HOBBIM pexXUMaM PabOoTEHI.

OcHoBHas (hyHKIHS CHCTEMBI BoJIOCHAOKeHU — OecriepeboiiHoe obecrede-
HHUE MoTpeOuTeIeld MUTEEBONH BOAON BBHICOKOro kKadecTBa. [loaTomy mpu mpose-
JCHUH ONTHMH3AIMKA PSKUMOB Pa0OThI HACOCHBIX CTAHIUN W UCKIFOYCHUU W3-
JIUIITHETO JABJICHUS B CETH HE JIOJDKHO MPOUCXOAHNTH COOEB B BOJIOCHAOKEHHU.
JaBneHue B ceTH cieqyeT CHUKaTh HE TOJILKO C yYETOM HOPMAaTHUBHBIX TpeOo-
Banuii CHB, Ho u xano6 notpedureneii. [Toatomy ACY BomocHaOKeHHS JOK-
Ha OCYIIECTBIIATH MOAEPKaHIE AaBIEHUS y TOTpeduTenel ¢ yuetoM (axTide-
CKOW MH(pOpPMAIUK O PeKUMax BOJOMOTPEONICHUs], YTOOBI BO BpeMsl MOBBIIICH-
HOTO BOJIOTIOTPEOJICHHSI B CETH OBLIO OCTaTOYHO BBICOKOE JaBliCHHE.

BBIBOJ

CornacHo NMPOBEJICHHOMY aHANU3y JAaHHBIX O PEKUMaX pabOThI CYIIECTBY-
FOIIUX TTOBBICUTENBHBIX HACOCHBIX CTaHIi, Oonee 80 % W3 HUX MOJAEePKUBAIOT
M3IIMIIHEE AABJICHUE B CETU. B cpegHeM BeIMYMHA W3IUIIHETO JAaBICHUS CO-
craBiser 8,6 %. Ilpyn MCKITIOYCHUH W3JIUITHETO JABJICHUS YHEPrONOTPeOIcHHE
HACOCHBIX CTaHIWN MoxeT cHukathest Ha 15-20 %. Eciau nmpon3BoauTenbHOCTD
Hacoca, YCTaHOBJICHHOTO Ha CTaHIIWH, TPEBBIIIAET TpeOyeMble 3HaueHus (pac-
X0Jla ¥ JABJICHUS ), CHKCHUE BBIXOJHOTO JABJICHUS MPUBOIUT K YMEHBIICHHUIO
ero KIIJ] m KIII MOBBICUTEIBHBIX HACOCHBIX CTAHIMI B Iea0M. [[JI1 mOBEIIIE-
Hus KIIJl moBBICUTENBHBIX HACOCHBIX CTAHIUI NMPU COXpaHEHHUH HOBBIX PEKH-
MOB pa0OThl CTaHIMHU LIENeCOOOPa3HO 3aMEHUTHh HACOC HAa MEHee NPOU3BOU-
TEJIHHBIN, YTO MTO3BOJIUT JOMOIHUTENFHO CHU3UTH DHEPTONOTPeOICHHE CTaHITUN
Ha 5-10 %.
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