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YK 621.671:004.4
OIITUMAJIBHOE PEI'YJIMPOBAHUE TMAPABJIMYECKHUX CUCTEM

Kano. mexH. Hayk, ooy. B.E. IIHTOJIHH
(Ilonoukuit zocyoapcmeeHHbLiL YHUGEPCUMEN)

H3znooicenvl pezynbmanmol mMeopemuieckux UcCie008anuil ONMUMAIbHO20 PeNCUMA pabomvl YeHmpo-
bedicHo2o Hacoca, a maxoice npeocmasiieHvl OaHHble CPAGHUMENbHBIX CIMEHO0BbIX UCHLIMAHUL MPAOUYUOHHO20
Memooa pecyiuposanus SUOPAGIUYECKUX CUCIMEM C UCNONb308AHUEM OpPOCCENbHO20 KAAnand u Memood ua-
cmommuoz20 pezynuposarus. Ilokazano, 4mo 4acmomuslil Memoo pe2yiupoanus ¢ MOYKU 3peHUs 3ampam Hep-
2UU Ha NEePeKauKy HCUOKOCMU npu 00uUHaKosou cmoumocmu pearusayuu Ha 30-70% sxonomuunee mpaouyuon-
HO20 U CYUWeCMBEHHO HAOENHCHEe 8 DKCIIYAMAyUll, m.K. He umeem nooGUICHbIX yacmell u yniomuenui. Paspa-
boman aneopumm Ynpasienus YeHmpoOexdCHbIM HACOCOM C UCHONb308AHUCM HACTNOMHO20 MEemoOd pe2yiuposa-
HUsL 34 cuem noo0epiICcanus Hauboiee ONMUMANTLHO20 PedrcUMa e2o pabomul Ha 1100bIX NOOAUAX.

Knroueevie cnosa: cudpasiuieckas cucmema, YyeHmMpoOelCHvlll HACOC, ONMUMATbHBIL PeXCUM, YACTOm-
HOe pe2yiuposaHue, OpoCcceiuposaHue.

Hentpobexxusre Hacock (L[H) sBisitorcss Hambomiee pacipocTpaHEHHBIME arperataMi, HCIIOIb3yEeMbIMH
KaK B IMTPOMBINUICHHOCTH, TaK U B XUJIBIX 3MaHUAX U COOPYKCHUAX NI NEPECKAYKU pa3JIMUHbIX )KHHKOCTeﬁ. ITo-
9TOMY IOBBIILIEHHE SHEPTro3(PPEKTUBHOCTH UX MCIOIB30BAHUS MOXKET J1aTh CYIIECTBEHHBIH AP dEKT.

OObryHO 1EeHTPOOEXKHBIN Hacoc umeeT MakcuMyM KIIJl Ha pexume, O61M3KOM K pacueTHOMY. A Ha pac-
YETHOM peXuMe (pekHMe OCECUMMETPHYHOTO MCTEYEHHUS MOTOKa 10 NEepUMETPY pabodero Kojeca) OH UMEET
1 XOPOIIO BHIPaKEHHBII MUHUMYM BHOpanuu u myma [1-3].

st cHYbKeHus IyMa ¥ BUOpaIiy EeHTPOOEIKHBIX HACOCOB Ha PEXHUMax, OTIMYAIONIUXCS OT PacueTHOTrO,
pa3paboTYNKKA HACOCOB OOBIYHO YBEIMIHBAIOT KOJBIEBOH 3a30p & 10 15-30%:

Ry -R
5=—""2100%, (1)
R,

rae R, — HapyXHBIH pagnyc pabodero Kojeca IEHTPOOEKHOTO HAcOCa;

R3 — panuyc KoibleBOro 3a30pa (pacCTOsIHUE OT OCH BPALEHHS 10 SI3bIKa CIIUPAIBHOTO OTBOJA).

Orto naet ompenencHHbIH 3 (eKT, HO MPUBOAMT K CyIIeCTBCHHOMY cHInKeHHI0 ero KIIJI, Tak kak mpu
9TOM BO3PACTAIOT MOTEPH SHEPTUU HA PEUUPKYIISALUIO KUIKOCTH B KOJILLIEBOM 3a30pe€.

ITo stoit mpuuune KIIJ] coBpeMEHHBIX IIEHTPOOCIKHBIX HACOCOB C ACHHXPOHHBIMH AJICKTPOIBUTATCIISIMH
00bryHO He mpeBbimaroT 40-50% [3, 4].

OCHOBHBIM TEXHHKO-IKOHOMHYECKUM IIapaMEeTPOM JUIS OIICHKH peXKuMa pabOTHI EHTPOOESKHOTO Hacoca
B 0001 ITUPKYISIUOHHON CHCTEME SIBIISICTCS YASIBHBIA PACXO] IMEKTPHUECKON IHEPTUHN Ha MepeKayKy o0beMa
JKUJIKOCTH B 33JaHHOE BPEMSI.

Ecnu nopava Hacoca Haxoautcs B pailone makcumyma KIIJI, ynenbpHbIi pacxon 3J€KTPUUECKON SHEPTUU
CyIIECTBEHHO HE M3MEHSETCS, YMEHBIIA’ACh NPU YBEIWYCHUH Mojadd. Ho mpm 3TOM yCTaHOBIIEHO, YTO, €CIIH
SKCIUTyaTalysl Hacoca B CHCTEME BBITIONHACTCS Ha MOJadax HIDKE HEKOTOPOW KPUTUYECKOH BEITMUWHBI, YHCIh-
HBIM pacxo 3MeKTPUYECKON SHEPTUU PE3KO BO3PACTAET.

[IpuMeHsieMbIe B MPOMBIIUICHHOCTH PETYJISATOPHI YaCTOTHI BPAIICHUS IEHTPOOCKHBIX HACOCOB, HCIIOJb-
3yeMbIe BMECTO JAPOCCENBHBIX KIIAMAHOB, HE MMCIOT anroputma oOecrmedyenus MakcumyM KIIJI Ha wacrorax
MEHbIIIe HOMUHAJIBHOM, a TakKe HEe MOIIEPKUBAIOT PEKUM OIPaHUYCHUS Pacxolia Ha Mojadax MEHbILIE KPUTH-
YeCKOM BeJIMYMHBI. TaKke He ONpe/esieH U ajJrOpUTM YIIPaBJICHUs YaCTOTOM BpalleHHs Hacoca NMpU U3MEHEHUHU
THIIPABIUYCCKOTO COMPOTUBIICHUS CUCTEMEI, B KOTOPOil paboTaeT Hacoc.

Jlis mydimero NOHUMaHHS CYIIHOCTH MPoOIeMbl HEOOXOIUMO TIIATEIEHO PACCMOTPETh CTPYKTYpY Tede-
HUHM B CIIMPaAIFHOM OTBOJC IEHTPOOEKHOTO HACOCAa HA €ro YHEPreTHUSCKUE XapaKTEPUCTUKU NPU Pa3ITNIHBIX
mojadgax.

CrinpaibHBIA OTBOJ SABISIETCS BaKHEHITNM KOHCTPYKTHBHBIM 3nemMenToM L[H. Ero reomerprueckue ma-
paMeTpsl CYIECTBEHHO BIHSIOT Ha PEKAM pabOTHI Hacoca.

B nactosimee Bpems IIH 0OGBIYHO MPOEKTHPYIOTCSA CO CIHUPAIBHBIMH OTBOAAMH, ITOCTPOSHHBIMH C CO-
OJTI0ICHUEM 3aKOHA TIOCTOSIHCTBA MOMEHTA CKOpocTH [4]:

V, i =const, 2)

rac Viu— OKpY’KHasd COCTaBJIAIOIasA CKOPOCTH MMOTOKAa B OTBOJAC ]_[H Ha MpOU3BOJILHOM pajguyce r.
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[TosTOMy miomaay NONEpeYHbIX CEYEHUH CIHMPAJIbHOTO OTBOJA BHIOMPAIOTCS TAaKUM 00pa3oM, 4TOOBI
00ecIeynTh OCeBYI0 CHMMETPHIO ITOTOKA 32 pab0YMM KOJIECOM Ha pacueTHOM pexxume padotsl LIH:

P
Vlf (o= Q— =const, 3)
2 ZDTDQé" D:f

IIe  HWHAEKC «p» 0003HAYaeT pacueTHHIN PeXUM WM PACUCTHBIA T€OMETPUUECKHUil mapaMeTp, Hanpumep, OF —
pacdeTHBIN pacxo (rmoxada) pabodeid cpenbl uepe3 Hacoc,

b> — 1IMpHHA MEXKJIONACTHBIX KaHAJIOB B paiioHe BBIX0/1a U3 pabovero Koseca.

Ha nepacueTHBIX pexuMax CTaTUYECKOE AABJIEHHE HA BBIXOJE U3 OTJECJIBHOTO BpAIIAIOIIErocs KaHaia
HNEePUOAUYECKH H3MEHSETCS B 3aBUCUMOCTH OT YIJIOBOI'O PACIONOXKEHUs KaHalda OTHOCUTEIBHO CIHPAIbHOIO
otBoja. Takoe M3MEHEHNE JaBJICHUS, HAJIOXKEHHOE CIIMPAJIBbHBIM OTBOJIOM, PA0OTAIOLINM B PEXUME KOH]Yy30pa
(Q > OP) mmm nuddysopa (Q < QP), a Takke TMAPOJUHAMHYCCKUM CIICIOM OOTEKaHUs s3bIKa CIUPAIBLHOTO OT-
Boma (Q =~ (OP) mpUBOIUT K TMEPHOAMYECKOMY M3MEHEHHIO OTHOCHTEIBHOM CKOPOCTH SApa MOTOKA B KaHajax
pabodero koJieca. DTO M SABISCTCS MPUINHON TIEPUOTMUIECKOTO (HA JIOMACTHON YacTOTe) U3MCHEHUS BEITMUUHBI
1 HampaBJIeHUS CYMMapHOH paJualbHON CHIIBI, IEHCTBYIONIEH Ha pabodee KOJeCO CO CTOPOHBI OTOKA MepeKa-
YUBAEMOM CpeJibl, a €€ peaklUy — Ha CTEHKY Hacoca.

B pabotax [1, 2, 5] 6o1ee moapoOHO pencTaBieHa KHHEMaTHUECKasi cXxeMa pacueTa aMIUUTYL 1 (a3 BHO-
pauuu kopnyca LIH nopn nefictBueM nHHaMHUYECKUX COCTABIISIOLIUX MONEPEUHbIX CUJ Fr, MPUIIOKEHHBIX K pa-
00oYeMy KOJIECY, Ha Pa3IMYHBIX PEKUMAX €ro IKCIUTyaTallld, a TAKXKE U3JI0KEH MOPSIO0K pacyera 3Tux cwi. Ha
OCHOBAaHUM STHX PabOT MOYKHO BBIBECTH PacyeTHYI0 (OopMy/Iy Ul OLEHKM BeIMYHMHEI OAadM Hacoca (B M3/c),
00ecIeynBaONIYI0 HAMITYYIIYI0 OCEBYI0 CHMMETPHUIO MIOTOKA Ha BBIXOJIE M3 pabouero Koseca 10 ero reoMeTpu-
YECKHM XapaKTepUCTUKAM:

2
Ry [
P — 2 4
0 — @
by o R0 21 Cig,
R3 + 27;[3

TA€ Iy — Pamuyc CKPYTIICHUS BXOJHOM KPOMKH SI3bIKa CITUPATBHOTO OTBOJA;

b — mupuHA MEKIIOTIACTHBIX KaHAJIOB B pailoHe BBIX0a M3 pabodero Kojeca;

b3 — cpenHss mupwuHA (MM SYKBUBAJICHTHAS [IMPUHA) CIIHPAIHFHOTO OTBOJA;

B2x — yrous ycTaHOBKH JionacTeil pabodero Koseca Ha BBIXOJE;

® — YacToTa BpaleHus pabodero xoieca (pau/c);

| — OTHOILIEHHE PEarbHOr0 HAopa Hacoca K TEOPETUIECKOMY;

R.(2m) — paccTOsiHHE OT LIEHTPa BPALEHUs JJO CTEHKH CIIUPATIBHOIO OTBOJA IEpea sI3bIKOM OTBOJIA B paii-
OHe BXoja B Au(dy30p (A1 CIHUPaIbHBIX OTBOAOB C IONEPEYHBIM CEYEHHMEM, OJM3KHUM K HPSIMOYTOJILHOMY,
BennurHa R (27) npuHUMAaeTCs: paBHOM SKBHBAJICHTHOMY 3HAYCHUIO JJISl CIIMPALHOTO OTBOJA MPSMOYTOJIHHOTO
CeUeHMsI IHUPHUHON b3, a I CeUeHHH, OMM3KHUX K KPYIJIOMY — SKBHBAJICHTHOMY 3HAYCHHIO IS CIIMPATBHOTO
OTBO/Ia KBAJPATHOTO CEYCHU).

IIpuBenennass gopmyna crpaBemInBa Ui OONBIIMHCTBA OJHOCTYNEHYATHIX IEHTPOOEKHBIX HACOCOB.
[Momaua IIH, paccuntannas mo 3Toi Gopmyre, He sBIsieTcs mogadei ¢ MakcumManbHbIM KI1/] (kxpome ruapasmu-
geckux notepb 1 [[H xapaktepHsl U Apyrue motepu sHepruw [3, 4]), HO HAXOAUTCS JOCTATOYHO OJIU3KO K HEH
Y XapaKTepHU3yeTcsi MUHUMYMOM BHOparuu u myma [1].

W3 BBINIOJIHEHHOI'O aHAJM3a CTPYKTYPhl TCUYCHUH MOXHO CHENATh CICAYIOUINIA BBIBOJ: PEIKUMY PaOOTHI
CIMPAIBHOTO OTBOJIA LICHTPOOESKHOTO HAcOCa, XapaKTEPU3YIOLIEMYCsl HaWIydllel OCbl0 CHMMETPUH TIOTOKa Ha
BBIXO/Ie M3 pabouero kojeca, OyJeT COOTBETCTBOBATh PEKMM PABEHCTBA CTATHMYECKUX JABJICHHWH 10 W IOCIE
SI3bIKa CIUPANTBHOTO 0TBOJA [3]. 3HAK M BeNMYMHA PA3HOCTH CTATUYECKHX MABICHHN B 3THX CCUCHUIX OyneT
XapaKTepU30BaTh BEIIMYMHY U HANPaBICHUE OTKIOHCHHS PEKUMa PabOThI HACOCA OT ONTUMAIBLHOTO Ha JIF000M
yacroTe Bpamienus. HazoBem 3toT napametp APc;.

Pacnipenenenne ctaTHIecKuX OaBICHUA B CIIHPAJFHOM OTBOJAE HA PA3IMYHBIX PEKUMAX HKCIUTYaTaI[HH
IEHTPOOEIKHBIX HACOCOB MOKHO BHJIETh, HATIPUMED, B paboTax [3, 6]

Kak mokaspiBaeT mpakTHKa HCIOIB30BAHUSA TAHHOTO IapaMeTpa, IS OLEHKH PeXuMa paboTHI IEHTPO-
OC)KHBIX HACOCOB ONTHMAIBHBIMHA TOYKAMH CHATHS CTATHYECKHUX JABICHHUN B OTBOJE SIBISIOTCS TOYKH, PAcIIo-
JIOKEHHbIE Ha paaunyce R, n 30° 10 u nociie ceueHus CMpaibHOro OTBO/IA.

Hccrnenyem momrydeHHbIe pe3yIbTaThl Ha TIPAKTHKE.
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B kadecTBe 00beKTa UCCIieOBaHMS BRIOpaH 1IeHTpoOexkHbIi Hacoc HIT 6,3/7,1. Pabouee kxoneco neHTpo-
0eXHOro Hacoca TOTO THIIA UMEET YMEHBLICHHBIH AuaMeTp U oceBoi 3a30p & = 27%. OcTajbHbIe MapaMeTphl
MIPOTOYHOM YaCTH Hacoca CIelyomIne:

R>=0,079 m;

R3 = O,lM;

s = 0,001 m;

b, = 0,008 Mm;

b3 =0,02 m;

B2n = 200;

n = 1380 06/MuH — ® = 27n/60 = 144,5 pan/c;
n=07;

R.(2m) = 0,125 m.

B pesynbrate pacuera nmo gopmyne (4) momyduM 3HAYEHUE PAcXOfa, XapaKTEPU3YIOIIEroCs MaKCUMAllb-
HOli oceBoli cumMmeTpueii — O = 7,68 M3/, 4TO HECKOIbKO GOIBINE BEJIMYMHBI, YKA3aHHOM B Mapke Hacoca. JTo
TOBOPHUT O TOM, 4TO (popmyia (4) JaeT JOCTATOYHO TOYHYIO OL[CHKY ONTUMAIbHOTO pexkumMa padotsl [1H.

CxeMa M BHEIITHHH BUJI CTCHJA MTPEIICTABIICHBI Ha PUCYHKE 1.

Pucynok 1. — Cxema ¥ BHeIIHHI BU HUPKYJISIHOHHOIO CTEH/AA

PesynbraThl MCIIBITAHWH IEHTPOOEKHOTO HAacoca Ha HOMHHAJIBHOHN YacTOTEe BPAIICHUS MPH M3MEHEHHH
pacxoja B CHCTEME TPaIUIIHOHHBIM METOIOM APOCCEINPOBAHMS HAa HATIOPHOW JIMHUH MTPEICTABIICHBI B TAOIHIIE.

Tabnnna. — PesynpraTs! ucnbitTanuii [{H npu paznmgHeIx MeTogax M3MEHEHUS pacxo/a

PeryanOBaHHe pacxona PerJIPIpOBaHI/Ie pacxona
Honaqa METOOOM HpOCCCJ’IPIpOBaHI/Iﬂ IIOTOKA XUIAKOCTHU METOAOM U3MEHCHHUS 4aCTOThI BpaH.[eHI/IH
H?\?;za, Hanop ToTpebisiemast KIIL, Tapametp Hanop ToTpebisiemast Tapametp

Hacoca, MOIIHOCTb, o APcr, Hacoca, MOIIHOCTb, APcr,

klla Bt klla klla Bt klla

1 83 245 9 4,1 4 62 -0.3

2 80 268 17 3,45 5 79 0,3

3 78 280 23 2,85 6 93 -0.3

4 76 290 29 2,15 8 111 0.3

5 74 310 33 1,6 12 127 -0.3

6 69 325 35 0,9 18 157 0,3

7 65 345 37 0,45 22 193 0.3

8 61 358 38 -0,01 30 248 -0.3

9 55 370 37 0,2 36 301 0.3

10 50 395 35 0,28 44 372 -0.3

10,5 46 400 34 0,3 46 400 0,3

137



2018 BECTHUK TIOJIOLKOI'O I'OCYJAPCTBEHHOI'O YHUBEPCUTETA. Cepus C

MOXHO BHJIETb, YTO BBIYHMCICHHBIH 110 opmyrie (4) onTUMabHBIA PacXo]l COOTBETCTBYET JICHCTBUTEIb-
HOMY, HaOII0Z]aeMOMY IIPH UCTIBITAaHUAX. DTOMY PacXoay OTBEYaeT 3HAUCHUE MEpenasia CTATHIECKUX JaBICHUN
B crupansHOM 0TBOJE AP = 0. YMEHbIICHHE pacxola BbI3BIBACT YBEIHMUCHHE ITOTO mapamerpa 1o 4 klla,
a yBelIM4YeHUEe — yMeHblIeHue nepenana AP.;. OnTumMaabHOMY C TOYKU 3p€HHs] CUMMETPHUU MOTOKA B OTBOJE
NIPUMEPHO COOTBETCTBYET U 3HauUeHue Makcumyma KITJI.

Ha pucynke 2 nmpencTaBieHsl pacxoJHO-HAIOPHBIE XapaKTEPHCTHKH PeKHMa pabOThI Hacoca IpH TPaau-
LIMOHHOM CIIOCO0€ peryIMpOBaHHUsI.

90 8
80 7
70 6
60 \ 5
50 L\‘ 4
40 ~. 3
30 2
20 \‘\ 1
10 / — 0

0 1

0 2 4 6 8 10 12

——HanopKMa ——m=KM0% —a&— APcTKMa

Pucynok 2. — I'padpuku xapakrepuctuk H = f(Q), n = f(Q) n AP = Q) HH npu apocceaupoBaHuu

PerynupoBanue pacxona *HIKOCTH B CUCTEME NMPOU3BOAMIOCH YACTOTHBIM METOJOM IpPU THIpaBIHYE-
CKOM COTIPOTHUBJIEHUM CUCTEMBI C MOJIHBIM OTKPBITHEM APOCCENbHOro KiamaHa. Ilo 3Toil mpuunHe mapameTpsl
Pa3IUYIHBIX CIIOCO00B PETYIMPOBAHNS HA MAKCHMAaJIFHOM PacxoJie COBIAIAIOT.

JanpHeliniee yMEeHBIIEHHE PacXoa B CHCTEME YaCTOTHBIM METOJOM IPH ITOCTOSHHOM THAPABINIECKOM
COIPOTUBJICHUN TOKa3bIBAET CYIIECTBEHHOE CHM)KEHHE 3JIEKTPUYECKOW MOIIHOCTH, MOTPeOIsieMOil IPUBOAOM
IIH s mepexavku sKUIKOCTH.

3mech ciexyeT OTMETHUTD, YTO MOTpedisieMas 3IEKTPHUUEcKass MOITHOCTD U3MEpPSIIach 10 YaCTOTHOTO TIpe-
oOpazoBaresnsi M, CJICJOBATENILHO, YUYUTHIBAET HE TOJBKO MOIIHOCTH NMPHUBOJHOTO 3iekrpoxasuratens L[H, o
1 MOILHOCTB, MOTPEOIISIEMYI0 CaMHUM YacTOTHBIM peoOpa3oBaTeseM.

MoxHo BuAeTh (cM. TaOnHWIly), 94TO MOTPEOICHHE SJEKTPOIHEPTHH HACOCOM MPH APOCCETHPOBAHUH
MIPAKTHYIECKH HE 3aBHCUT OT ITOJIa4H, B TO BpeMs KakK IIPH PEryJIMpOBaHIH YaCTOTHBIM IIpeoOpazoBaTeieM dJIeK-
TPONOTPeOIICHNE CHIDKACTCS MTPOIIOPLMOHATIEHO YMEHBIIEHHIO PacXo/ia epeKauuBaeMoi >KHIKOCTH.

Ha pucynke 3 mpencraBieHbI CpaBHHUTEIBHBIE PE3YyIbTATHl PacXo/a 3JIEKTPHUUECKONW SHEPTruH Ha mepe-
KayKy JKHAKOCTH NP PETYTUPOBAHWU PACXOJa PA3INYHBIMH METOIAMH: TPAIWIMOHHBIM C HCIIOIBb30BaHUEM
JPOCCENBHOTO KJIallaHa U PeryIUpOBaHUEM 4acTOThl BpameHus npusosa I[H. Ha ocHoBanuu npenctaBieHHBIX
rpaMKOB MOKHO CJieNlaTh 3aKJIIOYEHHE, YTO IPH HCIOJIb30BAHUHM YaCTOTHOTO METOJa PETYJINPOBAHUS MOJauu
IIH MO0HO MOTy4IUTh SKOHOMHIO 3JeKTpodHeprun Ha 40—70% 10 CpaBHEHHIO C TPATUIIOHHBIM METOIOM PEry-
JIMPOBAHUS JIPOCCEIBLHBIM KIIallaHOM.

Kpome aToro moxHo Buzners, uto nogaua I{H, xapakrepusyromascs napamerpom AP, = 2 klla, co-
OTBETCTBYET HEKOTOPOMY TPaHHYHOMY 3HA4eHHIO pacxoma Q = 4 M>/4, HHXKE KOTOPOTO PAcXOJ DIEKTPO-
SHEpPruM Ha MEepeKayKy KUAKOCTH HAUMHACT PE3KO BO3PacTaTh, Yero He HAOII0JaeTCs IMPH PEeTYIHPOBAHUA
YaCTOTHBIM METOJOM.

[TapameTp AP MOXHO HCIIOJIB30BaTh Il OLIEHKU M OTpaHUYEHNUs IOJaud Yepe3 HacoC IPU COBMEIIEHHOM
METOJIe PEeryINpOBaHUs (Koraa TpeOyeTcss M3MEHATh PAcX0J Ha OTAENBHBIX yJacTKaX IUPKYIAIHOHHON CHCTe-
MBI 33 CYET U3MEHEHUS THAPABINYECKOTO COMPOTUBIEHUS), HE JOMTyCKasl IEpPepacxoa MEKTPOIHEPTUU.
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Pucynok 3. — I'padpukn xapakrepuctux IIH Wup/Q = f(Q) u Wip/Q = f(Q)

Cxema anropuT™a Takoro peryJimpoBanus pexuma pabdors! I{H npusenena na pucynke 4.

ITyck
v
[ToabeM 000POTOB IBUTATENS O Fmax
Her Ha
AP <0
A. Pexum makcumanbpHOTO KIT/] b. Pexum 3amannoro pacxona
Ha AP.. > 0 Her ITa FoF. Her
Her — Her _
o]l * APCT =0 Jla o]l * = F3a Jla
ot o7
Cron

PucyHok 4. — AIropuT™M 4acTOTHOro peryaupoBanus pe:xkuma padorst IHH no napamerpy APer

Perymsarop paboraer ciemyrommmM o0pa3om.

Cpa3y mocie BKIIOUEHHS HacoC HaOHMpaeT MaKCHMaJbHBIE OOOPOTHI C LENBI0 OIEHKH THAPABINIECKOTO
COTIPOTHBIICHHS CUCTEMEI 110 mapaMeTpy AP = 0.

Ecmm ruapaBiamdeckoe CONMPOTHBIEHHE CHCTEMBI Malo, ciefoBaTensHO, AP <0 W Hacoc HaxXOIHUTCS
B 30HE MaJIBIX yIIENBHBIX PAcX0J0B YHEPTUH Ha MEpeKayKy KUAKOCTH (CM. pUCYHOK 2), To I[H mepexmrouaercs
B PEXUM pabOTHI OT 3aaTINKa pacxoaa U OYIeT MOCTOSHHO paboTaTh ¢ mapameTpoM AP < 0 (cM. Tabuuiry).

B npoTuBHOM ciy4ae ocTacTcs B peXHME 00CCIICYCHHUS MPEACIBHOTO PacXo/ia Mo 3JICKTPONOTPEOICHUIO.

B pexxume 3amarurka (mpaBasi 4acTh ajlrOPUTMa) 4acTOTa BpAICHHS Hacoca OyAeT onpeaessiThes Tpedye-
MBIM PacXoJlOM B CUCTEME (T.€. BMECTO IPOCCEIBHOrO KJIanaHa, U3MCHSONICTO XapaKTCPUCTHKH CUCTEMBI, Oy-
JICT UCIIOJIb30BaThCS WU3MCHCHUE XapPaKTEPUCTHKH CAMOTO HACOCA, YTO OOCCICYMBACT MAKCHMYM SKOHOMHH
9HEPropecypcoB).

B pexumMe orpaHnveHus: MOTPEOICHUS DJICKTPOIHEPTUH (JIeBask 4acTh AJITOPUTMA) PETYIIATOP HE JIOIMY-
CTHT 3KCIDTyaTalliy Hacoca ¢ OOJBIIMMHE yASNFHBIMH PACXOJaMH Ha IOAavdy W OyIeT CHIDKATh 9acTOTY Bpalle-
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HUSl HACOCA BIUIOTh JIO MOJIHOM OCTAaHOBKU C TOCJCAYIONIMM COOOIICHUEM OIEPaTopy O HAPYIICHUH PEKUMa
JKCIUTyaTaIuHm.

[IpenenpHoe 3HaYeHNE MapameTpa APe; MOXKHO 33JaBaTh U3 OIBITA HKCIUTyaTaI[MH TOTO MM MHOTO Haco-
ca. B mpuBeneHHOM Ha pHCYHKE 4 anropuTMe YIpaBICHUS MPEIeNbHBIM 3HadeHHeM sBisieTcst APe = 0, 9Tto
COOTBETCTBYET PEKUMY MAaKCHUMAaJIbHOM OCEBOM CHMMETPHUU MCTEUSHHS KHUIKOCTH M3 pabodero komeca. Pexnm
rmoaun Hacoca AP, = 0 COOTBETCTBYeT MHHHMYMY BHOpAIli Hacoca Ha JIOIMACTHOW YacTOTe M MaKCUMyMy
runpasnugeckoro KITJ[ Hacoca BHE 3aBHCHMOCTH OT YaCTOTHI BPALICHUS Bajla, YTO MOATBEPKIACTCS Pe3ysbTa-
TaMH CTEHIOBBIX UCTIBITAHUH.

Pa3paboTka 1 IpUMEHEHUE COBPEMEHHBIX CHCTEM PErYJIMPOBaHUs PeXrMa pabOThl HACOCOB C UCIIOJIB30-
BaHUEM IPHUBOJA C U3MEHSIFOIICHCS YaCTOTOH BpPAIICHHUS TTO3BOJIUT HE TOJIBKO 00CCICUUTh PEATBHYI0 SKOHOMUIO
JJIEKTPOIHEPTUU HA JCHCTBYIONIMX HACOCAX, HO M CTHMYIHUPYET MPOCKTHPOBIIMKOB OTKA3aThCS OT 3aBEIOMO
Hed((PEKTHBHBIX PEIICHHUN (3aBBINICHHOTO PAJHalbHOTO 3a30pa, YCTPAHCHUS S3bIKA PaJHajIbHOTO OTBOJA, 00-
pe3Ku pabovero Koyeca u T.11.).

3akiarodyenue. Pa3paboran aHamuTHUecKuid MeTOJ pacdera nogaun [[H, cooTBeTCTBYIONMI MaKCHMaITh-
HOW 0CEBOW CHMMETPHH MOTOKA YKUIKOCTH Ha BBIXOJE M3 pabodero koseca. BRITOIHEHO CpaBHEHUE MOIYUCH-
HBIX PE3YyJIBTATOB C ONBITHBIMHU JTAHHBIMH, IOJTBEPIKIAIOIINMHI PE3yIBTATHl PACUCTOB.

OmnpeneneH OCHOBHON TEXHOJOTHIECKUH mapamMeTp oOecredeHnss ONTUMAIBLHOTO pexkuma padotser [TH —
Tepernaj CTaTHIeCKUX JaBICHUH IO U IMOCIIe SI3bIKa CIHPAIBHOTO OTBOJIA.

Pazpabotan anroput™ 3Gp(HEKTHBHOTO PEryIUPOBaHUS PEXKUMA paOOTHI THAPOCHCTEMBI C UCIIOJIb30BAHU-
eM JacToTHOro npusoja [IH, nmo3sosstomuii 00eceynBaTh MaKCUMAIIbHYI0 SKOHOMUIO 3JICKTPOIHEPTHH, 3aTPa-
YHBAECMOW Ha MEPEKAYKY KHUIKOCTH.

BhINOIHEHHBIC CTCHIOBBIC UCIIBITAHUS aTOPUTMA MOATBEP AN ero 3G ()EeKTUBHOCTS.
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OPTIMAL REGULATION OF HYDRAULIC SYSTEMS
V. PITOLIN

The results of theoretical studies of the a centrifugal pump optimal operating mode are presented, as well
as data of comparative bench tests of the traditional method for regulating hydraulic systems using a throttle
valve and the frequency control method.

It is shown that the frequency method of regulation from the point of view of energy consumption for
pumping liquid at the same cost of realization is 30-70% more economical than the traditional one and signifi-
cantly more reliable in operation, has no moving parts and seals.

An algorithm for controlling a centrifugal pump is developed using the frequency control method by
maintaining the most optimal operating mode for any feed.

Keywords: hydraulic systems, centrifugal pump, optimal operating, frequency control method, throttling.
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