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HIPEITUCIIOBHE

HacocHble yCTaHOBKH CTpaHbl eXeropHo pacxopnyior oxono 300 mnpn.
kBT -u axexTpo3Hepruu, T.e. npumepHo 20% Bceil MEKTPOIHEPrUN, Bripaba-
THIBAEMO# JHEPrOCHCTEMaMH CTpaHbl. Bbicokoe 3HepronorpeGleHHE 3THX
06beKTOB IPHOAET BaXKHOE HAPOJHOXO3ANHCTBEHHOE 3HAuCHWe MNpobiaeMe
JKOHOMMM IEKTPOSHEPTHH B HacOCHBIX ycTaHOBKaX. K coxaneHuio, 60nb-
{IMHCTBO HACOCHBIX YCTAHOBOK pabOTaeT He CaMbIM 3K OHOMHYHBIM 06Gpa3oM.
Tak, HaIpHMeEp, B pe3ynbraTe MpHMEHEHHA He3IKOHOMUYHBIX CHOCOGOB pe-
CyMPOBAaHUA PEKMMOB pabGoOThI HACOCOB B CHUCTeMAaX BOHNOCHAOXKEHMA W
BONOOTBeNeHUA TepaeTca 5—15% morpebnAeMol MeK TPOIHEPruH, 2 B HEKO-
TOPBIX U3 HUX NOTepH JocTHrawt 20 — 25 %.

Ilupokoe pacnpocrpaHeHHe B 3THX CHCTEMaX 3KOHOMHMUHBIX CIOCOGOB
peryIMpoBaHusA, OCHOBAaHHBIX HAa W3MEHEHMH YacTOThl BpallieHUs paBGoumx
KOJIeC HAcOCOB, NMO3BOJIUT YMEHBIMTh MOTpeOIeHHE 3TIEKTPOIHEPTHH HA
1415 mnpn. xBr-u, T.e. CO9KOHOMMTE HNpUMEPHO 1% INMEKTPOIHEPTHH, BEI-
paGaTbiBaeMO# 3HeprocucreMaMy CrpaHbl. [ cpaBHeHMA YyKaXeM, YTO
¢)KEroJHbIA MPUPOCT BBIPAGOTKH IMEKTPOIHEPIHH B CTPaHE HE IIPeBbHIIIAET
35-4%.

[IpumeHeHue COBpEeMEHHBIX CIIOCOGOB PEryJIMPOBaHHA HACOCOB NTO3BOJIACT
TaK)X€ YBeJHYMTh eIMHMUHYI0 MOLIHOCTL HACOCHBIX aIPeraToOB ¥ TeM CaMbiM
YMEHBIIMTh MX OOGILiee YHUCIIO HAa HACOCHBIX CTAHLMAX. braropgapsa 3toMy mpu
OMNpefieNeHHbIX YCIOBHAX MOFYT ObITh CYIIECTBEHHO CHMIXKEHBI CTPOMTEIIb-
Hble 0GBEMBI HAaCOCHBIX cTaHImi. KpoMme toro, mpumeHensue cnocoboB pery-
JMpPOBaHHUA 3a CYeT CTabWIN3aLUMM [aBJIeHHA YMEHBINAET YTEYKH H COOTBET-
CTBEHHO COKpalllaeT pacxop, BOJbl B CHCTeMax BOAOCHaGXeHHsA Ha 3—5%.

CytlecTBYIOT H JpyTHE CIOCODBI 9K OHOMHH EKTPOIHEPTHH B HACOCHBIX
ycraHoBkax. Hanpumep, npupanne kpomMke paGoumx KoJieC ONTHMAIBHOTO
npoduna 1 nwvmdonka nonacredl pabouero xKoneca Hacoca MO3BONAIT CHH-
3UTh 3HepronorpebneHue Ha 23 %.

B HacrosilueM U3JaHMM aHATM3HPYIOTCA IPUYMHBI HOTEPh TEKTPOIHEP-
THH B HACOCHBIX YCTaHOBKaX, OOGOGILIAETCA OMbIT PA3NUYHBIX MNpeRmpHsA-
THH M OPraHU3alMil MO 3KOHOMHUH 3JEKTPOIHEPIMM B HACOCHBIX YCTaHOB-
Kax, ONMCBIBAIOTCA CHOCOGBI CHHXKEHHS TOTEph 3JIEKTPOIHEPTHH B HAcoC-
HBIX YCTAHOBKAX, Jaetc UHGPOpPMAIMA O TEXHHUECKHX CpecTBax obecre-
YeHHA IKOHOMMYHBIX PEKHUMOB DPaGoThI HACOCHBIX YCTAHOBOK Pa3JIMHOrO
HasHaueHHA. OCHOBHOe BHHMAHHE Y[ENAETCA HACOCHBIM YCTAHOBKAM CH-
CTéM BOMOCHaOXKeHHA ¥ BONOOTBEEHMA M MpPHMEHEHWI0 B HHX peryJmpye-
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MOrO 3MeKTporpuBofa. PaccMaTpuBalTCA HACOCHBIC YCTaHOBKH € TOJaueH
po 15 m*/c B Hanopom 710 200 M, OCHAILEHHbIE arperaraMu MOLUHOCTbIO
go 5 MBr. OpHako MpHBOAMMBIE CBEEHMA MOTYT ObITh HMCMOJIb30BAHBI
# TIpH JKCITyaTaip Goree MOMIHbIX HACOCHBIX T peraros. )

B W3gaHMM MCHONB3OBaHBI Pe3yNBTIaThl COGCTBEHHBIX WCCIC[OBAHMA aB-
TOpa, a Talke MyGNMMKAIEU IPYTUX OTEHECTBEHHBIX Ba?yﬁe)KHbIX crenya-
mictoB. OcoBGeHHOCThI0 paboThl ABIAETCA KOMIUIEKCHBIH NOJXON K M3JIO-
XeHHMI0 MaTepuana, NpelycMaTpHBAIOLMi COBMECTHOE PacCMOTpEHHE B3au-
MOCBS3aHHbIX [IPOLECCOB B THIPABIMYECKHX, NIEKTPHIECKHX H [pyruX
YCTpOHCTBaX HACOCHBIX YCTAHOBOK, 4IO MO3BOJACT O3HAKOMHTD CTIeIHa-
JMCTOB, paGoTaoWMX B CMEXHBIX OGIacTAX (TeXHOJIOTHH, JIHEPIEeTHKH,
aBTOMATHKH) , ¢ po6IIeMOH IKOHOMHH NEKTPOIHEPTHH B ULTIOM. )

JUisn  MHKEHEPHO-TEXHUUYECKMX PaGOTHMKOB, 3aHATBIX IKCINIyaTalpcH
¥ NpOEKTHPOBaHHEM MPOMBILUICHHBIX, KOMMYHANBHBIX M CENbCKOXO035IH-
CTBEHHBIX HACOCHBIX YCTAHOBOK Pa3iHYHOrO Ha3HAuYeHU:A.

Tlpn pelieH3WpOBaHWH PyKOIMCH GOMbLIyI0 TOMOIp OKasall KaH[. TEXH.
nayk P.A. HoBofigpeXXKuH, KOTOPOrO aBTOp HCKpEHHE 6naromapur 3a LeH-
Hble 3aMeUYaHUs NTPH NOJIrOTOBKE PYKOIMCH K MeYaTH.

Bce 3aMeyaHusi M TIOXKeJIaHWA Mpocbba HAMpaBiATH
Mockna, M-114, lilnw3sosan Hab., 10. SHeproaroMM3aaT.

no ampecy: 113114,

Agrop

Tnaga 1

OBIME CBEJIEHHS O HACOCHBIX YCTAHOBKAX
U PEXUMAX HUX PABOTBI

1. HACOCbl 1 HACOCHBIE YCTAHOBKH

TunpaBmMyeckas MalMHa, CO3AILIAS HATIOPHOE MEPEMELLCHHE KHOKOCTH
nipd cooBlLeHHH eif 3HepruM, HasbiBaeTca Ha ¢ o ¢ 0 M. Hacoc B coBokyn-
HOCTH C 9IEKTPONPHBOJOM H NEpeJaTOYHbIM MexaHmamoMm (MydrToii, pe-

JIlyKTOPOM, LIKHBOM M T.) 06pasyer HacOCHB @ ar perat. Komn-
nexc obopynmoBanus, obecrneunBaronyil paboTy HacocoB B TpebyeMoM pe-
XHMEe H COCTOALMA U3 OFHOTO MM HECKOJIbKHX HACOCHBIX arperaTos, Tpy-
GOTPOBOJIOB, 3AMOPHOM M PETYIMPYIOLIEH apMaTypbl, KOHTPOJILHO-H3MEDH-
TeJIbHOM ANNapaTypbl, a TaK)Ke alMIapaTyphl YNpaBIIeHUA H 3auMThl, 06pasy-
€T HAaCOCHY 10 Y cTaHoBKY. CoopyxXeHue, B COCTaB KOTOPOTO BXO-
IAT OHA MM HECKONBKHX HACOCHBIX YCTAHOBOK, 4 TAKXe BCIOMOraTeiib-
Hble CHCTEMBbI H 0BOpYyOBaHHe, ObITOBbIE M MPOM3BOJICTBEHHDbIE TIOMELLEHHS,
obecneunBatonpe paborocnocobHoCcTs 0ObEKTa B LI€JIOM, Ha3bIBaeTcs H a-
COCHOH CTaHI[HEH. :

OCHOBHBIMH TNIapaMeTpaMH, XapaKTepH3YOIIMMY peXuM paboTel Ha-
COCHOM YCTaHOBKH, ABJIAITCH Hamop u nopaya. Hamo p — pasHocts ypens-
HbIX JHEPFHH XHIKOCTH B HANOPHOM M BCachiBaioueM MaTpy6Kax Hacoca,
HeoGxomuMasi I TIOHbEMA XUAKOCTH HAa 33a[aHHYI0 BBICOTY H Ipeopone-
HUA cun TpeHus B TpyGomnpoBonme. o g aua — obbem XHMAKOCTH, NEpeKa-
UMBaeMblil HACOCHOH YCTAaHOBKOM 33 eTUHUILY BPEMEHH.

Pesxxun M oM paBorsl HACOCHON YCTAHOBKH Ha3bIBAETC OMNMPEXEICHHBIN
nopAnok pabortsl ee 0GOpYJOBaHMA B COOTBETCTBHM C H3MEHAIIMMHCA
ycnoBusMH paGoThI CHCTEMBI B HETIOM.

B 3aBucuMocTH OT Ha3HaueHMs M pona IepeKauMBaeMOH XKUOKOCTH Ha-
iocnme YCTAHOBKH TMOAPA3fe/IAIOTCA Ha BONOMPOBOAHbIE, KaHAIH3aLMOH-

blg, MEJIHOPATUBHbIE, TEIIO(UKAIMOHHbIE, HedTenepekauMBaIOLME H IP.

Hacocunie BOOONPOBOIOHDBIC CTAHIHH B 3aBUCHMOCTH OT MEC-

I3, 3aHAMAaeMOTO B OOILIeH cxeMe BOHOOCHAOXGHMA, MOAPa3NAEHA0T Ha CTaH-

muu I u I1 mombeMa ¥ MOBBICHTEIBHEIE,

Hacocunasn cranuusa I nogbema (puc. 1) 3abupaer Bony u3
KcTounmka BomocHaGxenuss (pexa, 03epo, BONOXpPaHHIMILE, aPTE3UAHCKasn
CKBaXKMHa H T.11.) H HOJAET ee HA OUMCTHBIC COOPYKEHHA .
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Puc. 1. CxeMa coopyXeHu# HacocHo# craHuuu | monbema:

1 — Wcrounux BojocHaGxenust (pexa); 2 — somozabopHoe ycrpoficTBo; 3 — camo-
Teunsllt TpyGompoBon; 4 — Geperosodl Kosopmen; 5 — BcacsBaKIAs TpyGa Hacoca;
6 — 3paHpe HacOCHON cTamumM; 7 — HANOPHBIA TpyGomposon; & — npueMHas Kamepa
CMECUTENA HITH BOIOHANOpHAs GalHs

8 eqpodcryr
Om auucmroix cems Badonpoboia

coogpyxenud

DK
7

Puc. 2. Cxema HacocHo# cranuuu 11 mogbema:

I— ceKIWMOHHBIA pe3epByap uUMCTOH BO.pI; 2 ~ BCacHIBAIOILMH BOJOBON; 3 — BCa-
CHIBAIONIMA KOINEKTOp; 4 — BCACHIBAIOIIAS JIMHUS HACOcd; 5 — HAacoc; 6 — HalopHas
THHUS HACOCOB; 7 — HANOPHBIH KOJNEKTOP; 8 — HAMOPHBIE BOIXOBOIEI

Hac OCHAaA CTAHUHA II mopnsema nopmaer Bomy U3 pe3epBya-
POB YHCTOM BOfBI B pacIpe/ielMTeNbHYI0 ceTh (pHc. 2).

B rex cmywasx, Korma pasBHBaeMOe [aBjICHME HEOCTATOUHO IJIA MOMbe-
Ma BOAB! Ha TpeOyeMylo BBICOTY, COOPYXAlOTCH M OB BICH T EJI b H B €
HacocHbe cTaHNMUU (cradimmu monkauxu). HacocHbie ycTaHOBKH
3THX CTaHUMA YBEJIMYHMBAIOT HANOp B CeTH, 3a6upasi BOY M3 OMHOTO y4acT-
K2 BOJOBOa MJIM CCTH W IIOJaBafA ee¢ B APYroil BOHOBOM WIH YUaCTOK CETH.
lpu 310M 3260p BOmBI MOXET OCYINECTBIAThCA KAaK 4epe3 IPOMEXyTOu-
HBIC Pe3EPBYaphl, KOTOpBIC BBHINONHAIT QYHKIWMH PETyIUPYIOLHX eMKoC-
,T,eu, TaK U Ge3 HMX. B mocnemmem ciyuae ycTaHOBKM paGoOTaT IO cxeme

u3 TpyGei B TpyGy” (puc. 3).

B 3aBHCHMOCTH OT Ha3HaueHHs BOZIONPOBO/IHbIE HacOCHbIe cTaHmuu (BHC)
TIOTIpa3NeTIAIOTCA HA CTAHIMH T € X HHYECKOH M NUTHheBOH B O br
YCTpO#CTBO 3THX CTaHIMIt, KAK IPABHIIO, OJJHHAKOBO, HO PeXUMBI HX PaGoThI
OTJMYAKTCA APYT OT ApYTa.

KaHanusauwonun e nacocuse cranyuu (KHC) mpegnasHauerp:

/fo NIEPEKAUKH CTOUHBIX BOJ K MECTY OMHCTKH. B 3aBHCHMOCTM OT MecTa B

6%
7
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A —pit >
W3 egﬂﬁtxﬂd &
cemu fodanpoboda

B pauon
Godocnadxenus

Puc. 3. Cxema HacocHo# cTaHuuu nogkauky (6ycrepHo#H) :

] — BCACHIBAIOLIAS MATHCTpams; 2 — BCACHIBAIOIMHE KOMNEKTOp; 3 — BCACHIBAIO-
[As TUHUSA HacocoB; 4 — 06BoIHAA 3a[BWKKA; 5 — HACOC; 6 — HAMOPHAas JHHUA Haco-
coB; 7 — HATIOHBIH KOJUIEKTOP; 8 ~ HANMOPHEIE BOJOBOMIBI

H3 KGHANUIAYUOHHOL

Ha gyucmnore
cogpyxenus

Puc. 4. Kananu3audoHHast HACOCHAA CTaHIMA '

! — camoTeuHbI KOMWIeKTop; 2 — lyroBo# satsop; 3 — TpHeMHBIA pe3epByap;
4 — MexaHuuecKas pelerka c rpabnamu; 5 — BCACBIBAIOLUAS NUHHA HACOCA; 6 — Ha-
coc; 7 — HamopHas NuEuS Hacoca; 8 — HaNOPHBIA KOIUIEKTOD; 9 — HanopHHIe BOHO-

BORBI

ob6weit cxeme xkaHamm3auyuu KHC moppaspensaor HAa M € CTHBIE, pa i 0 H-
Hele u rnasHble (ueHTpanbusie). Kpome Toro, KHC noppaspensiorcs
Mo popy MepeKaduMBaeMbiX cTOKOB (6bToBbIE, NPOU3BOJ-
creennsle ¥ ap.). KHC oGopymytoTcs Kak HacOCAMH NIA CTOUHBIX HHIKOC:
Teif, TaK M JPYrMMH HacOCaMH, TIpeHA3HAYeHHBIMH [IIfi NEPEKAtuKH 3arpis-
HEHHbIX BOMI,

Ha puc. 4 mpuBeneHa cxeMa KaHAMM3aUMOHHOM HacocHoit ctaniym. Crou-
Hble BOJIBI M3 CETH NMOCTYMalT B NMpHemubii pesepsyap KHC, Hag xoTOpbiM
pa3MemiaeTcs copoyaepXuBaiolee U NpoGuwibHOe 0GopynoBaHue, NpejHas-
HaueHHOe [UIA 3alePXKH M HM3MeJNbUeHNA KPYNHBIX NpPEIMETOB, IONaflo-
UMX a KaHamm3amuo. Jlasiee CTOYHBIE BOMbI MOJIAIOTCA HACOCAMH B HANOP-
Hble BOIOBO/BI H IT0 HMM [IOCTYNAIOT HA OUMCTHBIE COOPYXKEHHA.
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MenuopaTuBHEB € HACOCHbIEC CTAHHUH [TONPA3NEIIAOTCH HA CTaH-
MM OPOINEHHS W OCYHMTENIbHbIX cucTeM. HacocHble cravmpd o p O 1 e-
HH A B CBOK OYEPENp OEIATCA HA TOJNOBHBIE, IIPOMEXYTOYHbIE [IepEKaUYH-
BaOIME U [OXKOEBaJbHEIE. YCTPOHCTBO T O JI O B H bl X CTAHUMI aHATIOTHY-
HO BOHOMPOBOAHBIM craHimAM I mogpema. IIpomMe Xy TouH Bl ¢ He-
PeKavYNBAIOIME HACOCHBIE CTAHUMM [0 YCTPOMCTBY aHAJOTHUYHBI BOOIpO-
BOIHBIM MOBBICHTEIIbHBIM CTaHIMAM.

H OJX T €BAanabHDBI€ HACOCHBIC CTaHIMH NpeaHa3HAYCHBI 1A MOJaYun
BOZIbI IOK/IEBAJIbHBIM MAIMHAM, KOTOpad MOXET OCYLIECTBIIATbCT WITH Ye-
pe3 OTKPBITHIE KaHaJIbl MM Yepe3 3aKPhITYI0 CeTh OpollieHHs. B nocnemiem
Clyuae HAacOCHAfl CTAaHUMA OCHALIAETCH KPOME OCHOBHBIX HACOCHBIX arpera-
TOB OYCTEPHBIMHM HacocaMu [jIs MOIACPXAHUA [ABJEHMA B 3aKPbITOH CETH
B Hepuop, KOrma He paboTaloT OCHOBHbIe Hacochl. Kpome Toro, Ha arux
CTaHIMAX OGbIYHO YCTAHABNMBAIOTCA BOJO-BO3AYLIHble GakH, 0becreunBar-
jHe aBTOMATH3alMI0 PaGoThI OCHOBHBIX H GYCTEpHBIX HACOCOB IpH BKIIIO-
YeHHUM ¥ OTKJTHYCHHH TOXKAEBaIbHbIX MALIHH.

HacocHble CTaHIIM O Cy WIMTENBHBI X CHCTEM MePeKaAYNBAIOT
MOBEPXHOCTHBIE BOJbl M/IM CHWXKAOT ypOBeHb IPyHTOBBIX BOH. Ilpu 3tmx
CTaHIMAX OGBIYHO COOpYXAIOT pe3epByap Iia IpueMa ctokos. Ilo ycrpoi-
CTBY M peXXuMy paGoTsl 5Td cTaHIpy Hanomuzator KHC. :

TennoduKanuoHHBI e HACOCHBIE CTAHUMH MpeHA3HAYEHBI TA
TIOJayy TOpAYEH BOAB! B CHCTEMBl OTOIUIEHMA M rOpAYEro BOIMOCHAGKeHMs
KWIBIX U OOWECTBEHHBIX 3[AHUH, a TAKXE TEXHONOTHYECKHM NOTpeGuTe-
M. FICTOYHHMKaMHU ropsdell BOHbI ABJIANTCA LEHTPATbHbIE KOTEJIbHBIE U Tell-
JI03JIEKTPOLEHTPAJIM, HA KOTOPbIX OOBIYHO YCTaHABJIMBAKTCA C € T € B Bl €
Hacocsl. C noMompbio ceTeBBIX HACOCOB BOJA NPOMYCKaeTcs yepe3 BOJIONO-
AOTpeBaTeNH, I7ie OHA HArpeBaeTCsA MApOM M3 TEIUIOPUKAIMOHHBIX OTGOPOB
TypGHH M’ fanee uepe3 TerTOGHKANMOHHYIO CEeTh MOCTYMAET K NMOTpeGHTeNIo.
K TennopuxaimonnbiM ceTAM IPHCOSTMHAIOTCA TEIUIOBBIE MYHKTHI, B KO-
TOPLIX YCTaHaBIMBAIOTCA HACOCHI, MONAOIIME TOPAYYI0 BOMY HEIOCpeNCTBEH-
HO IIOTPeGHTEITIO [JIA OTOIICHUS W IPYTUX Hy X,

Hacochble ycranoBkm TennoBeix 3neKkTpocTannui (TIC)
BBINOJHAIOT Pa3sHOO6pasHble QYHKIMM B TEXHOJIOIMYECKOM MpPONECCE BbI-
PpabOTKH 3MeKTPHUECKOH H TEIVIOBOM 3Heprud. Il M TaTe J1 b H Bl € HACO-
Chbl NOZAIOT BOJly B KOTeNbHbIH arperaT. Ko H me HcaTHB i Hacoc mepe-
KauuBaeT KOH/eHCaT (TpeBpaTHBIMHCA B BONY OTpaGOTaHHBIH B TypGHHe
map) B feaspatop. LM pK Yy T AN M O HHBI#t Hacoc oGeceunBaer mo-
CTOAHHYI0 UHPKYIAUMIO OXITaX[aloiiell BOAbI Yepe3 KOHICHCATOP M OXJIaX-
faiolme yCcTpoiicTsa (rpamupHu, Gpbisramshbie GacceiiHbl) .

Illnpokoe pacmpocTpanenue MONYuMIH HacOCHBIE YCTaHOBKH, HpeqHa3Ha-
UCHHBIE IUIA TPaHCHOPTHPOBKHM HedTempomykrtoB. Haxomar oHM mpumene-
HHE W B CTPOMTENbCTBE: [UIA BOAOIOHMXKEHHA, OTKAYKU 3ar PA3HEHHBIX BOJL
M3 KOT/IIOBAHOB, MOJAYM Pa3jIMYHOTO POJA XUMKHX M NONYXHIKHUX KOMIIO-
HEHTOB (pacTBOpOB, GeToHOB K T.1.). IIpHMeHsIOTCA HacoCHbIe YCTaHOBKH

#

8

4 B TOPHOPYIHO#H NpPOMDILUIEHHOCTH U TPAHCTIOPTHPOBKH Pa3IHIHOIO
poria TyJIkll (3eMI1eCcoCh!, 3¢ MCHAPAMBI | TIPOY.) .

HacoCHbIe CTAHIMH KOMIUIEKTYIOTCA O\HUM HJIH HECKOTbKHMH HaCOCHbI-
mu arperaramu (mo 12 arperatoB). Ecim B cOCTaB HAacOCHOH YCTaHOBKH
BXOIAT HECKONIBKO arperarto, HAallOpHbIE M BCACHIBAIOLME JIWHHHM HACOCOB
BA3bIBAIOTCA MEXY COGOM COOTBETCTBEHHO HAMOPHBIMH M BCACHIBAIOLMMH
wonekTopaMu. K HamoOpHBIM KON XEKTODaM IPUCOSHHAIOTCA
HariopHbie BOJOBOMBI, @ K B C2 CBI B 2 10 I ¥ M KOIUIEKTOpaM — BCACHI-
pajoripie BONOBOABI. ECIH TpH HacOCHOH CTAHIMM HMEIOTCA MpHEMHBIC pe-
3¢pBYpaphl, BCACHIBAWIME KOJJIEKTOPbI MOTyT He IpelycMaTpHBaTbCA,
a BCACHIBAIONME JIMHUM HACOCOB COCOUHSAIOTCS HENOCPENCTBEHHO C pesep-
BYapoM.

Ha puc. 1—4 pacCMOTPEHO HECKONbKO XapaKTEpHBIX CXeM HACOCHBIX

yCTa.HOBOK .

2. OBOPY/IOBAHHE HACOCHBIX YCTAHOBOK

K OCHOBHOMY OBGOpYHOBaHWIO HACOCHBIX YCTAHOBOK OTHOCAT H a C O-
c B, T PHBOJIDB HacocoB (3MEKTPOJBHTaTEIM, IBUTATENH BHYTPEHHETO
CrOpaHHus), aTaKke TPy GO M PO B O [ bl C PEryIMpyHLIeH U 3al0pHOU
apMaTypoH. .

Ha COBpEMEHHBIX HACOCHBIX YCTAHOBK2X HauGornblliee pacnipOCTpaHeHHe
NOJIyYWTH JIO @ CTHBIE HACOCHI: LEHTPOOEXKHBIE H OCEBDIE.

LlenTpobexainie Hacochl. BHyTpH HEMOABMXKHOIO KOpITyca 1 (puc.5),
MMEIOLIETO CITHpanbHylo (opMy, HaxofTcs pabouee KoOJECO 2, 3akpel-
nenHoe Ha Baty 3. Komeco 2 cOCTOMT M3 ABYX MHMCKOB, MEXAYy KOTO-
pIMH pacrionoxenbi somactu 4. Kopiyc Hacoca COE/IMHEH C BCachIBalOLIMM
# HanopHbM TpyGonposonamu natpy6Gxamu 5 u 6. Ecrm xopryc Hacoca M
ero BCACHIBAIOILMI TPyGONpPOBOJ, HAMOMHUTH JKUIKOCTBIO, & 3aTeM NPUBCCTH
BO BpalleHHe paGouee KOJIECO, TO XHUIKOCTb MOM, NEHCTBHEM JIOMACTEH pabo-
yero Komeca MNpUXOMMT BO BpameHue. HeHTpoGexHble CHIBI IepeMeIaroT
XHOKOCTh Ha mepudepuio, rae CO3/IaeTCA MOBBIICHHOE [ABIICHHE, 3 B LECHT-
pe Koneca — paspexenue. 3a
cueT 3TOM pasHOCTH HaBJICHUHA XUf-
KOCTp MOCTyHaeT B HaMOPHBIH
TpyGonposoja. Tak ocymecTBiiser-
¢i HenpepbhBHAA MNonga-
Ya XUAKOCTH HACOCOM.

Puc. 5. Cxema OmHOCTYNEHUATOrO LieH-
TpoGexxHoro Hacoca




TIOMIUIUITHUKY

; 3 — KOpIyC CATEHHKA;

4 — ra#ika; 5 — rpyHalykca; 6 — 3aimuTHO-

HKOBBIA ITOfI-
YIOpHBIe BTYNKd; 7 — TpyGKM Tumpasiu-

KaHan NoaBofg BoOmpl;
; I8 — kopnyc Ha-

; 8 — KphIlika Kopmy-
-YIUIOTHAIOIMEe Konbua; /] —

ca; 9 — cnupankHbIH#
10 — 3ammTHO

pabouee xone

12 — Brynka paboyero xone-
CTHE VIS TONKITIOUSHHS Ba-
14 — pam; 16 — ymiotHenue;

..E.__} -

2, 15 — papuansHsre
cO;

TPEHUA CKOJIBXEHUS

2

19 — xkpoumzeitn

16
1 — paguwansHo-OceBoO#t miap

>

Pyc. 6. Topu3oHTANBHBEIN HeHTPOGEKHDIN Ha-

COC IBYXCTOPOHHETO BXOJA:
17 - snacruumast mygra

MIMITHAK
YECKOI0 YINMOTHEHUA
ca; 13 — orsep
KYyM-Hacoca;

coca

15

14
18
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Puc. 7. Llentpobexnnit BepTukambubli sacoc 1000B4/63A (40B-16) :
1 — xopmuyc; 2 — Ban; 3 — KpbllIka Koplyca Bepxusisi; 4 — Gont GyHIaAMEHTHBIN;
5 ~ KpbIlIKa KOPIyca HWXHSANA; 6 — paGouee Koleco

HenTpo6exHbie HACOCHI MOTYT ObITh KAK O FHO CTyNeHUYaThie
(c onuum pa6ounm KoOJIECOM), TAK M MHOTOCTymeHYaThie (CHe-
cKonbkUMH KoslecaMy) . KoHCTpyKTHBHO B 33BHCHMOCTM OT DacIooe-
HYSL Basla OHM TIOZIPa3NeTSIOTCS HA HACOCHI TOpH3OHTanbHbie (puc.6)
uBeprukanbubie (puc.7). }

Oceprie nacocwt. PaBouce xoneco (puc. 8) Bpamaerca B chepuieckor
xamepe. [lpu BospeiicTBuM nomacTeir pabouero Komeca Ha >KMOXOCTh 32
CUeT U3MEHEHHA CKOPOCTH TeYeHHs [aBJeHWe HAJ JIOMACThI0 MOBBILIACTCSH,
a Mof, He#t moHMKaeTcs. BiarozapsA pasHOCTH AABIICHHMH XUIKOCTh llepemMe-
1aeTCA B0 OCH HACcOCa. v ,

OceBble HacOCH! M3rOTABIMBAIOTCA IBYX THIIOB: C K ECTK O 3aKpen-
TEeHHB MU JONacraAMu paGouero xorneca (tunaO) uc MOBO PO THBI
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Puc. 8. OceBoft Hacoc tuma OII:
% 1 — pabouee Kosreco ¢ MOBOPOTHBI-
MH JionacTaMH; 2 — cdepuyeckas
10 KaMmepa; 3 — CupAMISIOIME anma-
pat; 4 — HIOKH onopa Bana; 5 — nud-
dy3op ¢ nanamMm JYIA KpeIeHHA K
g (byHOAMEHTHBIM IIMTaM; 6 — Kopiyc
Hacoca; 7 — MonbIA Ban; 8 — IMITOK
NMpUBOAA MEXaHH3Ma Pa3BOpOTa Jonac-
Te#t; 9 — BepXHUH HANIPaBISIOLIMH NOI-
wumHuK; [0 — MexaHW3M NOBOpOTa
jonacTelt C pyuHsIM [IPUBOLIOM

MH nonactamu (tuna OIT).
Hacocbl o6oux THIOB MOTYT BHI-
NycKaTbci B OBYX HUCHOTHEHHAX:
I' — ¢ ropusoHTaJIBHBIM pacmono-
JKeHHeM Bajla, B — ¢ BepTHKaib-

;///// : HBIM,
: ///é/// > PaGouee xomeco oceBbIX Haco-

coB tina OIl cocrour M3 BTYNKH
obrexaemMoil popmsbl, Ha KOTOPOi
yKpeIUIeHsl HOBOPOTHBIE NONacTH
(puc. 8). Bo3MOXHOCTH U3MEHEHHs YITia yCTRHOBKHM JIOTIACTEH NO3BOJISET
peryMpoBaTh MOady Y Hallop HAacoca B IIHPOKHX HpeferiaX IPH COXPaHEHHH
BbICOKMX 3Hauennd KILII.

HNpuson HacocoB. [Ins npuBO#a HACOCOB MCIONB3YIOTCA MPEeHMYILECTBEH-
HO a CHHXPOHHBIe KOPOTKO3aMKHYThIE ¥ CHH X P O H H bl € [IBHIa-
TeJI TIEPEMEHHOrO Toka. B pekuMX ciyyasx HCIONb3YIOTCA aCHHXPOHHHBIE
MEKTPOABHTATEMH ¢ G a3 HBIM PO T O p OM. JJIeKTPOIBUraTEH MOLI-
Hocteio oo 350 kBt Brmonusiorcs Ha Hanpskenwe 380—660 B, a Boiue —
Ha 6—10 xB. B pane cnyuaes, 0coGeHHO B MepefBIDKHBIX HACOCHBIX YCTaHOB-
Kax, [yid IpUBOJA HACOCOB HCHONb3YIOTCA IBHIaTelld BHYTPEHHETO Cropa-
HMUA.

TpybonpoBompi. TpyGonposoaHas apMarypa. BHytpeHume TpyGompoBo-
Ibl HACOCHBIX CTaHUMi (HANMOpHBIE M BCACHIBAWILIME JIMHHM HACOCOB, BCa-
CHIBAIOIIME ¥ HANOPHBbIE KOJUIEKTOPH W [Ip.) BBIIONHMIOTCA M3 C T a NI b -
H bl X T1py6. CoemHeHue CTAaNBHBIX TPy OCYIIECTBISETCH CBa P K O H.
B xauecTBe TpYGONpPOBOMIHON apMaTypsl B HACOCHBIX YCTAHOBKAX HCIOMb-
3yIOTcA 3a0BHXKKH, 3aTBOpH, o6paTHb e 3aTBODPH (Kkna-
MaHyl) ,
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Puc. 9. 3a[BHXKY C pyYHBIM NIPUBOIOM:
@ — mapanensHas; 6 — KIMHOBas; [ — 3amOpHBIA JHCK; 2 — KOpHyc; 3 — Kpbll-
Ka; 4 — NMHTeNTs; 5 — CATIBHHK
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Puc. 10. 3aTBOp AUCKOBLIH ¢ MacTHUHON pyGalikolt B KopIyce

Puc. 11, OnropuckoBki# 06paTHLI! HOBOPOTHLIH (r1aHUEBbLIK 3aTBOD:
! — xopnyc; 2 — peyar; 3 — muck; 4 — yIoTHeHde OUCKAa; 5 — YIUIOTHEHHe Kop-
Myca; 6 — ock; 7 — KpbiniKa e



B 3aBHCHMOCTH OT KOHCTPYKIWH 3aJBHXKKH IOJpa3fenAloTcd Ha 1 a-
pannensHbie (puc.9,¢) ¥ K NUHOBB € (pHc. 9,6). 3aIBIKKH
foNbIIOro AMaMeTpa, a TaxXke paGoTatole ¢ AUCTAHUMOHHBIM ¥ aBTOMATU-
YeCKMM YiipaBJeHueM, o0OpyylTcs FTHM A paBN H Y e C KU MH HIH
M eKTpHUUE CKHUMHU npuBojamu, Jlna ypaBHOBEIMBAHHS TaBJIeHHS
no ofe CTOPOHBI [MCK2 Y KpYMHBIX 3aIBHXeT INpeflycMaTpHBaerca o O-
B O [1H a A 3amBmwxka (6aitnac) .

B xavecTBe 3amOpHO# M peryMpylolieil apMaTypbl HMCIONBL3YIOTCA 3a-
tBOpbl. lllHpokoe pacipocTpaHeHHe B MOCTeaHee BpeMA IONYYHIH [ H C-
K 0 B bI ¢ 3aTBopbl (puc. 10), KOTOpBIE OGOPYAYIOTCA INEKTPHISCKUMH
NPUBOIaMH.

OBpatHbie 3aTBOpbl (puc. 11) npegHasHayeHbl O TOrO, YTOGHI BoCIpe-
NATCTBOBaTh OMOPOXHEHHI0 HAMOPHBIX TpybompoBOmOB M oOparHOMy Bpa-
IICHHIO Hacoca moclie ero ocraHoBKM. KoHCTpykumu oGpaTHBIX 3aTBOPOB
pasMuHbl: ¢ 3aMe[UIEHHOM IOCafAKOH, OJHOIMCKOBBIE, MHOTOZHCKOBBIE,
C IIPOTUBOBECOM U [p.

Bo Bpems paGotsl Hacoca mop AeHCTBHEM NOTOKAa BOMBI JUCK NOBOpa-
YUBAETCH Ha OCM M BOOa IPOXOAMT depe3 3arBop. Ilocrie OCTaHOBKH HAco-
ca JUCK MOp, fAeHcTBHEM COGCTBEHHOTO Beca M [aBJieHWs BOJbI CO CTOPOHBI
HallOPHOTO BOJIOBOJA ONyCKAeTCs H 3aTBOP 3aKPHIBAaCTCA.

3. PEXXUMBI PABOTHl HACOCOB M HACOCHBIX YCTAHOBOK

Pexcumer paboTtbl HaCOCHOM YCTaHOBKHM CyINECTBEHHO 3aBHCAT OT H3Me-
HEHWA PEXUMOB BOJOIOTPEONEHNsT MM TPUTOKA CTOYHOH XXHEKOCTH. ITO
HATJIAOHO OPOABIIACTCA IpH paboTe CHCTEM BOHOMOJauws H BOHOOTBeEE-
Hus. Kak mpaBuiio, peXHMbl BOJOMOTPeONEHHMA M NPUTOKA CTOYHBIX BOJ,
ONPENesIIOTCA MHOTMMHU, HE 3aBHCAIUMH JPYT OT Jpyra NpPHYHHaMH: KIH-
MATHYECKMMH M TIOTOAHBIMHM VCIOBMSIMH, PEXMMOM paGoThi npennpus-
THi ¥ OpPraHW3alMil ropofia, UUCIOM KYJIbTYPHO-3PENHINHBIX MEPONPHs-
THH, COepPKaHUEM UX MPOrPaMM.

Pexxum Boagomnorpebne-
Hu 51 OOBIYHO XapaKTIepusyercs cy-

r
a,m * TOYHBIMH, HEJETbHBIMM M T.II. rpa-
8 1 H ¢uxkamu  Bojonorpebnenus. Ha
Ll puc. 12 npencraBieH IPUMEPHbIH
6 CYTOUHBI I pa ¢ MK BOAOmoTpes-
NeHWs HeGOMBUIOrO HaceleHHOTo

HYHKTA.
ot

“J \_L‘.
Puc. 12. Cﬁoqnmﬂ rpaduxk Boponorpebie-
g 4 é 2 15 20 ¢4 wHus P
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Puc. 13. Kpupasa pacnpeneneHds BOONOAUM 3a Tof KpYNHOH BOJONPOBOAHOM cTaH-
M

KpoMme TOro, pexxum BOHOMOTPEGICHHA XapaKTEpU3yeTci K P M B O it
pacOopegelledua Mojay, KOTOpas HACT IPEACTaBIIEHHE O QUANa30HE
y3MeHeHUs BOJIONOTPeOIeHA 32 TOT WM MHOH NMPOMEXYTOK BpeMeHM (Me-
csil, TOfL M T.I) ¥ [UTHTENHHOCTH PaGOTbI CMCTEMBL C TeM HIIM MHBIM BOJO-
norpeGnenneM (puc. 13). I'paduxu BomonorpeGnienust XapakTepu3yoTcs
k03bPHHEHEHTAaMHK HEPaBHOMEDHOCTH, MakcUMUTbHBIIH
xod(ppuuMenT HepaBHOMEPHOCTH: Kyaxe = Omaxc/ Ocps THe QOmaxc
MaKCHMaJIbHOe Bojonorpebnenne; Qcp ~— CpejiHee 3HaYeHHe BoAonoTpebiie-
Hitst. MuHMMaibHbI k03¢ duimenT HepaBHOMEPHOCTH Kyuy = Qyun/ Ocp.
¢ Omum — MHHHMaIIBHOE Boponorpebnenue. JlManason xoneGauus BOLO-
NOTPeONIeHHA XapaKTepusyeTcs OTHOWCHUEM A = Oyun/ Omaxe, KOTOpOE
MOKET BbITh TAKKe BBIPAKEHO uepe3 Ko3hhHUIMEHTH MaKCHMANbHOM H MUHH-
MaIbHOM HepaBHOMEPHOCTH A = Ky / Kypake. v

PesxuM NpUTOKA CTOUHBIX BOJ XapaKTepU3yercs rpaduKamMy MPUTOKa,
KOTOpPBIE HUMEIOT BHJI, aHAJIOTHYHBIHM rpa¢uKaM BomonoTpeGieHUsn, a Takke
k02 HHIHEHTAMI HEPaBHOMEPHOCTH.

PexatMpr  paboTbl HaCOCHBIX YCTAHOBOK HPOMbBIUUIEHHBIX MPEAIPUATHI
ONpeeNsATCA TIIaBHbIM 06Pa3soM TeXHOJIOTMYECKHM IPOLECCOM IIpEIpHs-
Tisi. CyliecTBYIOT pPejlaiMbl BOJONOTPeOseHMs M NEPEKauKH, aHaJIOTHYHbIE
pexuMaM paboThl TOPOJICKMX BOMONPOBOIHBIX M KaHAIM3aIMMOHHBIX HACOC-
HBIX CraHuMil. HacocHble yCTaHOBKM NPOMBILUIEHHBIX NPENNPUATHH MOTYyT
GbiTh M C ABHO BBIP2XKEHHBIM H O YH bBIM M I HEBHBI M PEXUMOM BOJO-
notpebnenus (puc. 14).

Pexumpl paGoTs! TeMIOGMKAIMOHHBIX HACOCHBIX YCTaHOBOK, CHCTEM 060-
POTHOTO BOAOCHAGKEHHMA CYILECTBEHHO 3aBHCAT OT TEMIEPATYphl HapyX-
HOTO BO3Myxa, a CIEOBATEJIbHO, H OT BPEMEHHM rofa, KJIMMATa M IOJauM.

[Topaua HacocHbix ycTanoBOK, paGoTalOIIMX HEMOCPEICTBEHHO B CETh
be3 mpomesxyTounsIX eMKOCTel B KaXIblii MOMEHT BpeMEHH, paBHa BOIO-
IoTpeGnenmio (IPH OTCYTCTBMM yTEUEK W HENPOM3BOMMTENLHBIX PACXOMIOB).

NIeACTBUTENBHOCTH B J0GOH CHCTEMe BOHONONAaWM MMEIOTCA YTEUKH H
HETIPOM3BOMTENbHBIE PACXOMbl, 3HAYEHHSI KOTOPHIX JOCTHTal0T BO MHOIMX
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Puc. 14. Cyrounsiit rpaduk BOMONOJAYM HACOCHON YCTAHOBKH CBMHOBOIYECKOTO MpO-
MBINDIEHHOTO KOMIUIEKCa i

ciyuanx 15-20% o6weit nopaw. CremoBareNbHO, HOJaua HACOCHOM yCTa:
HOBKH [oJbkHAa ObiTh Oonbiue BOAONOTPeOJieHMs MMEHHO Ha ITO 3Ha-
YeHHe.

Ilpn crabuspHOM BOJOMOTPEONCHUM YCTAHOBKHU paboTawT ¢ MOCTOAHHBI-
MM nOJaued M JaBJICHWEM MIIM HAIIOPOM, KOTOpBIE MEXOY coOo#t CBA3aHBI
cootnowennem H = p/pg, rae H — uanop, M; p — HaBJlicHHe Hacoca, Ila;.
p — IUIOTHOCTh XHAKOH Ccpempl, KI/M’; g — yckopeHuWe CBOGOMHOro
nagenun, m/c’. C pocToM BoponoTpebienys Momady NPMXOMATCH YBEIHUH-
BaTh. [Ipu 2TOM moTepu [aBlienMs B TpyOax yBenuuuBarorca. YtoOb! KOMIEH-
CHpOBAaTh 3TH MNOTEpH, CilefyeT YBEIMUMTh HaBIIEHUE, pa3BHBaeMOe HacoC-
HOH ycraHoBKo#. IIpH ymeHblieHMM BoHONOTpeOrneHMA NONaya U [aBIICHUE
DOTDKHBI ObiTh yMeHbIlieHbl. [IpHBeHeHHe B COOTBETCTBHE BojaomorpeOne-
HHA W NOJaY¥ OCYILECTBIIAETCA B "HACTOMIIEE BpeMs 4Yallie BCErO M3Me-
HEHMeM uuClla paboTaloluMX HACOCHBIX arperaroB MM CTENEHU OTKPHITHA
3alpmXeK (3aTBOPOB) Ha HANIOPHbIX JIMHUAX HACOCOB ¥ HACOCHBIX YCT2HO-
BOK.

Pexxum  paboThl HacOCHOH YCTaHOBKM, NOfdammiell BoZy ROTpebuTEso
Ywepes aKKYMYyJIHPYWIUYIW0 eMKOCTh (pesepByap, BOJOHANOPHYIO
0aluHIo M T.IL.), XapaKTePeH TeM, UTO B OT/ENbHbIC IEPHOIbl BPEMeEHHU IOLa-
Ya HACOCHOM YCTaHOBKM OT/IMYaercs OT BojonorpeGnenusa. Ecnu nopaua
Goibile  BomONOTpeONeHNsA, YpOBeHb BOIBl B pe3epByape IOOHUMAETCH,
eciti MeHbllie, ypOBEeHb MapaeT. B ciydae paBeHcTBa mojadd H BOAOMOTped-
JIEHHsA YPOBEHb B pe3epByape crabUiIn3upyeTcs Ha OTHOH OTMETKeE.

PerynupoBanne pexuMa pabOTbl HACOCHOH YCTaHOBKH, COCTOsiueH 3
OIHOTO arperara, OCYIECTBJIACTCS BKITIOYEHMEM arperata NpH CHWKEHWH
YPOBHA BOOBI [0 3aJaHHOTO HWXKHETO 3HAUEHHH M OTKIIIOYEHHEM IIPH JIOCTH-
KEHMHM 3aflaHHOrO BepXHEro 3HaueHus. 3areM DMKN moBTopserca. Ecnmy
HaCOCHasi YCTAHOBKA COCTOMT H3 HECKOJbKHX arperaroB, €€ pexum pabotsl
OTJIMYAeTCH TEM, YTO 3aJaeTCsA IO HECKOJNbKY BEPXHHX U HWXHHX yPOBHeN,
NPM JIOCTHXKEHWH KOTOPbIX H3MEHSETCS YMCIIO DPabOTaloMX arperatos.
C ymenwuenueM BofonoTpebieHNA YacTOTa BKIIIOYCHMid arperatoB yBEJIUYM-
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BacTCA, IMPOMOIIKUTEIIBHOCTD nays YMEHbLIACTCA, MOCKOJIbKY HPpH YyBeIu-
yeHMH BONONOTpeGyenus ObICTpeH cpaGaTbmaeTc;{ 0GbeM XHAKOCTH B pe-
3epByape, TMPH 3TOM ypOBEHB XHKOCTH ObiCTpeli NOCTHIaeT HMXHETo Mo-
LoKeHus W BCIIEZICTBHE JTOTO Haile NPOHCXONUT BIIIOUCHUE MOTONHMTEND-
HbIX HACOCOB.

Pesxatv PaBOTBI HaCOCHBIX YCTaHOBOK NP OTKAUKE XMAKOCTH M3 pesep-

pyapos (KaHAM3ALMOHHBIX, OCYWIHTENBHBIX, MeJIMOPAaTHBHbIX M T.I.) aHa-
JfOrMueH BBIUICOMMCAHHBIM C TeM OTIMUMEM, WTO arperarbl BKINOUAIOTCA B
paboTy NP HAMOJHEHWH DEEPBYapOB [0 BEPXHHX yPOBHEH, 2 OTKJII0YA-
joTCA TIPH OMOPOKHEHUHU [I0 HIKHHX. .
" g ygc 0 BKIOYCHUA-OTKIIOUCHUH HACOCHBIX arperaToB B HACOCHbBIX
cTaHIMAX € Pe3epByapaMi OOCTUraeT 40-50, a B page cnyuaes 100 Bxmo-
yennit B CyTKH. [TOCKONBKY TaKoe YMCIO BKITIOUEHHH 1A arperatoB Golib-
[110il MOIUHOCTH HEMONYCTHMO, B HACOCHBIX YCTAaHOBKAX C arperatamu mou-
pocToio cBbilie 150 kBT BMECTO MX BKIOYCHMH-OTKIIIOUEHHHA IPUMEHAETCA
AopOCCENHPOBAaHUE TOTOKa BO/BI 3aBUXKON (3aTBopoM) . [lpu
yBEJIHUCHHH PUTOKA YPOBEHb XHIKOCTH B pe3EPBYape, U3 KOTOPOTO JKuil-
KOCTh OTKAUMBAIOT, NMOJHHUMAaETcsA. B 3TOM ciyuyae 3aIBMXKA Ha HalopHOM
nuHMM Hacoca Tnpuorkpbmaerca. C yMEHbILEHHWEM TNPHTOKA YPOBEHb Ifa-
[aeT U 3aJIBHKKA MPHKPBIBAETCA.

B HacOCHBIX YyCTaHOBKaX, NMOJAIOIIMX BOJAy B pe3epByapbl, IIpH yBeHue-
wud BofonorpebiieHds ypoBeHb B pesepByape mapaer. B atom cnyuae 3a-
NBWOKKYM (3aTBOPBI) HA HAMNOPHBIX JIMHHAX NMPUOTKpbIBalOTCH. IIpM ymetb-
feHHA BOJOMOTPEONEHHs yPOBEHb NORHHMaeTCH, a 3aaBHxKa (3aTBop)
B 9TOM Clly4ae IPUKPHIBACTCH.

KonTponb 3a pexxuMoM paboThl HACOCHOM YyCTaHOBKH OCYIMECTBJIAACTCA C
MOMOWLIBI0 CAIEAYIOUIAX H3MEPHTENbHBIX YCTPOHCTB. MaHOMETPOB, YPOBHE-
MEPOB, PACXOMIOMEPOB, CUETYMKOB INEKTPOIHCPIHH, AMIEPMETPOB M T.J.
Vismenenue pexdima paGoTbl HACOCHOH YCTaHOBKH BIIMAET Ha pexum paGo-
ThI OT/IETBHBIX HACOCHBIX arperaToB, U3 KOTOPbIX COCTOMT yCTaHOBKaA.

AHanu3 pexuMa pabOTBI HACOCHBIX YCTAHOBOK BbIMOIIHAEGTCA € KCTONIB30-
BaHHEM XapaKTEPHCTHK HacocoB M TpyGonpoBopos. X apax TE€pPHU C T M-
KaM¥ HacoOCa Ha3bIBAIOTCA 3aBHCUMOCTH Hanopa H, Moumoctd N,
KoddduurenTa MoJe3HOro [CHCTBHA 7) W JONYyCTHMOH BaKyyMMeTpHuec-
KO BBICOTH BeachiBanua HJIOY Wi kaBuranMoHHOro 3amaca Ahpgy o1
nogays Hacoca ( IIpHM ONpPSHENEHHOH YacToTe BpalueHHs n pabouero kome-

ca nameTpom D.

Ha puc. 1S npeacTaBiieHs paGouMe XapaKTepPHCTHKH UEHTPOGEXHOro
Hacoca J11250-65 mma xonec Tpex muamerpos: 460, 430 u 400 MM mpu
yactore Bpamenus 1450 o6/MuH. XapaKTepHCTHKHM HAacoCOB APYTMX THIIOB
MOTYT OTJIMUATHCA OT NPEHCTABIEHHBIX Ha pHC.1.5. XapaKTepHCTHKH Q-H
MoryT GbiTh GoJieé MOMOrMMH MIIM KPYTBIMH, HENPEPHIBHO CHWKAIOUIMMHCH
WIH CHaYaJla BO3PACTAIOIMMH, a 333eM CHIDKAIOIMMHUCA. XapaKTEePHCTHKH
O—H 1ueHTpOGEXKHBIX HACOCOB B TPEMENAX PEKOMEHAYeMbIX [10fia4 ONMCBI-
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Puc. 15. PaGoune xapaKTepHCTHKH LEHTPOGEXKHOTO HACOCA:
D — nuamerp pabouero xoneca

BalOTCA YpPaBHEHMEM KBaJipaTHYHOH mapabosbl:
HH =Hd) - S(szy (1)

roe Hy — GUKTHBHBIA Harmop NPU HYJEBOH Mopaue, M; S¢ — THIPABIIHYEC
Koe (MKTHBHOe COmMpOTHBIeHHEe Hacoca, M(c/n)?. 3HaueHMA NapamMeTpoB
Hy u Sy mns oteuecTBeHHBIX HACOCOB npuBonATCA B [4].

IIpu Heo6XomMMOCTH G M K T H B H bl € MapaMeTpbl MOTYT GbITh Ompefie-
JIeHbl TIO KaTaJI0XKHBIM JaHHBIM HACOCA WM IO IKCIIE PHMEHTAJIBHBIM NaHHbIM,
Iia 3TOrO CleflyeT OMpeNeNMTh KOOPIMHATHI OBYX TOueK paboueil yacTH
HaNOPHOH XapaKTEPUCTHKH Hacoca, Hampumep ToukH I u 2 (puc. 1.5). Itum
IBYM TOUKAM COOTBETCTBYIOT 3HauenHsa HamopoB H, u H,, M, u mopmaus
Q1 ¥ @, n/c, ¢ yueTOM KOTOPbIX [1ajiee ONPENENA0TCA 3HAYeHHA (PUKTHB-
HBIX TapaMeTPOB Hacoca, M (c/1) %, npu nyneBoit monave:

H, -H,
Sp = —— )
2 2
02 - 0?
Hy =Hy +84 0] 3)
RIIK

Hy = H, + 54 Q3. (3a)

3HaveHns (GUKTHBHOTO HANMOpPa 3aBUCAT OT KOHCTPYKTHMBHBIX IlapaMer-
poB Hacoca. OrHouieH#e (QUKTHBHOFO Hamopa K HOMMHAJIBHOMY Hamopy
Hy/Hg ='Hq’,", TaK Xe KaK ¥ KO03(hHIHEHT GbICTPOXOTHOCTH, [aeT MpeN-

AQ s
&)

puc. 16. Tpadux napannensHo#t paGoThi LA

[BYX ONMHaKOBBIX HEHTpOGEXHBIX HACO-
coB COBMECTHO C Tpy GOIpoBOAOM af
q-+H
V4
q-~v|7
>
T
d-y
1
Yi Y
g 4, 0, q L L

cTaBiIeHHE O KPYTH3HE HANOPHON XapakTepucTukd Hacoca. Il Gombiumi-
crBa Hanbonee pPacTPOCTPAHEHHBIX OTEYECTBEHHDBIX ueﬂrpgﬁexcﬂbxx Haco-
OB [UIA YMCTOH BOJIbI OTHOCHTEIIbHbIH (buKmBanZ nanop Hg =~ 1,25, a st
H2COCOB IMHAMHYECKHX JUIA CTOYHOM XUIKOCTH ch = 145.

Hau6onblily10 KPYTH3HY HMEHT XapaKTEpPHUCTHKH Q-H oceBbIX HacOCOB,
Osi KOTOPbIX Hq’: = 2. Kpome TOro, OHM TaKXC¢ MMEKOT U TOUKH neperuda.

Iiisi aHa/M34 pexuma paGoThl HACOCHBIX YCTaZHOBOK C HECKOJNIBKMMM Ha-
cocamy, paboTalOUMMK MapaUIEIbHO WIM IOCIENOBATENLHO, HCTONb3YIOT
CyMMapHBbl € XapaKTePUCTHKH HECKOJIKHX HaCOCOB. l'Iupu nmapai-
nenbHOIH paboTe HacOCHI MOJAIOT BOAY B OJIMH HANOPHBIM BOMOBO/L WK
B ofHy cuctemy TpyGompoBomos. CymmapHas XapaKTePHCTHKA Q—H na-
pajnenbHO PabOTAIONIMX HACOCOB CTPOMTCA CIIOXKEHHEM abcuuce MX Xapakre-
PHCTHK TIPH OHOM M TOM XKe 3HaYeHHH OpPIMHATHI (Hanopa), TaK Kak HX
ofuas Toaaua paBHa CyMMe Tofia¥ Kaxgoro Hacoca. Hanpumep, s Haxox-
[leHMs TOYKM 8 CyMMapHO# xapakrtepuctuku Q—H [BYX HAaCOCOB OFHOrO
TMNa HeoBXOMMMO YIBOMTH OTPE3OK 40, T.6. a6 =2ab (puc. 16) . Touno TaK-
%e HAXOMAT OCTa/bHble TOUKH CyMMapHOH XapakTepucTMKH. Ecim mapan-
nenpio paboTaroT 3 Hacoca, AJIMHA OTpPe3Ka a0 yTPauBaeTcs, eCIH 4, 1O yBe-
JMYNBACTCA BUETBEPO, H T.JL.

llpy nmocnenpoBaTenbHoOI pabore ABYX LEeHTPOOEKHBIX Haco-
COB OfMH M3 HMX IOaeT >KUIKOCTb BO BcachiBaloumuii marpyGox mpyroro,
KOTOpBI TOJaeT XMIAKOCTh B cucteMy TpyGomposomos. CymmapHas Xa-
paktepuctuka Q—H TOCIHENOBaTeNbHO pPaboTalNMMX HACOCOB  CTPOMTCH
CIOXKeHWeM OPNMHATBI MX XapAKTEPHCTHK IpH OJHOM M TOH Xe mnofaue,
TaK KaK pa3BMBAa€Mblii MMM HAnmop PaBeH CyMME HallopoB, CO3/1aBacMBbIX
KaX[bIM HaCOCOM.

3aBHCHMOCTh MEXIy PacXofioM XXHAKOCTH uepe3 TPyGOMpOBOI K Hamo-
PoM, koTopbli TpeGyercs A obecrmeyeHMsA ITOrO pPacxofia, Ha3bIBAETCHA
XapakTepHUCTHUKOH TpyOOIpOBOA M ONMCHIBACTCA yPaBHEHHEM

He = Hyy + SQ?, @

Tne H, — manop B Hauane TpyGonposofa; S — TMAPAaBIHYECKOE CONMPOTHB-
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nenue TpyGompoBona; Hop — cratmueckuit Hamop, oGyCIIOBIIEHHBIH pa3
HOCTBIO F€0Je3MUECKHX OTMETOK 10U H IpHeMa XKUTKOCTH.

- I'paduuecku xapaktepuctuxa TpyGompoBona u3obpaxaercs mapabosnoi
(puc. 16). CymmapHas XapaKTepHUCTHKa HECKONBKMX TpyOBOIpPOBOMOB;
COC/HMHEHHBIX IIOCIIE[JOBATENBHO, CTPOMTCH CIIOXKEHHEM OPIMHAT XapaKTe-
PUCTHK 3TMX TpyGONpPOBOZOB TpH OFHOH M TOH Xe mopmaue (aGcumcce),
COE[IMHEHHbIX TapAJINIENBHO — CJIOXKEHMEM abCIMCC XapaKTepUCTHK TPyGo-
OPOBOJOB IIPH ONMHAKOBBIX OpOHHaTaX (Hamopax).

Iepeceuenne xapaktepuctuk Q—H wacoca u rtpyGomposoma (Touka 5

Ha puc. 16) maer pa 6o uy w0 TOUKy Hacoca. KoopiuHaThI 3T0il TOUKH B’
IWIOCKOCTH J—H COOTBETCTBYIOT MMOAAye M HANOPY NpPH HAHHOM PeXHMeE

paboTs! Hacoca H TpyGonpoBoda.

PexatM paboTel rpynmsl HACOCOB ONpENENAETCA MEPECEUCHMEM CyMMap-
HOH XapaxTepuctHku O—H]4 ] TPYNIBI HACOCOB C XapaKTEPUCTHKOH TpyGo-
npoBoxa (CHCTEeMBI TPYGONMPOBOROB). ITOMY pPEeXUMy COOTBETCTBYET TOU-
Ka 2 ¢ KOOpAMHATaMH: Mofia4a — Q1+ i1, Hatop — Ay, q1 (puc. 16).

PexaimM paGoThl KaXIOro M3 mapayuiefibHO paGOTaioIMX HacocoB ONpefe-
nAeTCA cedyiomM obpaszom (puc. 16): uepes Touxy 2 MpOBOMAT JHHHMIO,
napajuieNbHyto ock abeuuce. [lepeceueHueM 3T0M JIMHMM C XapaKTePUCTHKOM
Q—H opnoro Hacoca B Touke / ompenemuT pabouyio TOUKY OOHOrO M3 Iia-
paresnivHo paboralommx HacocoB. KoopnuHathi ToukuM I COOTBETCIBYIOT

pacxony Q) u Hanopy H, xaxmoro u3 wacocos. KIIJI Hacoca, cooTBeICIBY-
IOIHIE 3TOMY peXUMy, OTpe[eNsaeTcs OPAMHATOH TOUKY 4 Ha TIEpeCceueHHH

KpHBO# J—7 C MepNeHAUKYJIAPOM, OIYIIEHHbBIM M3 TOYKH I, 3 MOIIHOCTB,
norpebnsgeMas OJHMM HacOCOM, OpPAMHATOH TOYKH 6 Ha NMEpeceyeHUM Kpu-
BOit N—() ¢ TeM Xe nepneHauKyIIAPOM.

Pabora Hacoca HauGoee 2 K 0 HO M M U H 4, KOI/ia ero Iofaya M Halop

COOTBEICTBYIOT MakcHMansHoMy 3HaueHMio KIII. Bmecte ¢ Tem pmomycka-
€TCS HEKOTOpOe OTKJIOHEHHE PabouMX MapaMeTpOB 3THX HACOCOB OT 3Haue-

xmﬁ, YKa3aHHbIX B KaTaJlorax. Opnako oHu IIpH 3TOM HE II,OJI)KHbI BbIXOJJMTb‘

3a NpeAenbl PEKOMEHOYEMBIX MOJay Hacoca, KOTOpble OTMEYAIOTCA HM3BH-
JMCTBIMH BEPTHKaIbHBIMH UePTOUKAaMH Ha XapaxTepuctukax Q—H .3a atu-
MH mpefesiaMH Hacochl paboTaroT ¢ HU3KMMH 3HaueHHamu KIII, npu arom
BO3MOXHa Ieperpy3ska HAaCOCHOTO arperara, a TakXe CyIIECTBYeT OIac-
HOCTb BO3HUKHOBEHHA KaBUTAllUM U IIOMAaXa.

Hapymienve CIDIOIIHOCTM NOTOKa XUIKOCTH, CONPOBOXmaemoe o6pa3o-
BaHMEM [y3BIPbKOB, 3aOJIHEHHBIX MapaMH J>KMOKOCTH, Fa3aMH WM HX
CMECBHI0, Ha3blBaeTCA K a B M T a I U ¢ H. fIBeHHe kaBUTAlMM CONPOBOX-
JATCA MOMONHATENLHBIMU IOTEPAMH SHEPIUM M PaspylLIeHHEM IOBEPXHOC-
Teil paGouero koseca ¥ KOPIyca Hacoca.

B Hacocax, xapakrtepuctuka (—H KOTOpBIX COCTOMT M3 [IBYX BETBEil,
BO3pacTaouel ¥ napatomeit (puc. 17), BO3MOXHO BOZHHKHOBEHHE ABIICHHUA,
Ha3bIBaéMOIo 1 O M Il a X € M. B 3ToM cilyyae BO3MOXHO mepeceueHue
XapaKTEPHCTHKH TPyOONpoBOJa C XapaKTepHCTHKOH Hacoca B [BYX TOU-
kax A u b. Ilpu srom Hacoc paBoTaer nomepemenHo ¢ pabGoOUHMH TapaMer-

#
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Puc. 17 Ycro#unBoCTh paboThl Hacoca:
g — rpaduK coBMeCTHOH paGoTEI Hacoca ¥ HACOCHOM CTaHUMH; 6 — CXeMa HacoCHOM

yCTaHOBKH! 1 — npuemnnii pesepByap; 2 — Hacoc; 3 — HANOpHLIA pesepByap; /-V —.

XapaKTepHCTHKU TPYGONpoBosR2, cooTBeTCIBYolpe [~V ypoBHSIM B HanopHOM pe3ep-
Byape

pamu, COOTBETCTBYIOIMMH ToukaM A n b, a Bea cucrema paboTaer Heyc-
TOWMBO, MEHMETCA HAarpyska Ha arperare, BO3HHKAWOT THpaBIIHYeCKHE
yoaphl.

PaBoTa Hacoca B peXHMaX MOMNaXa ¥ KaBUTALMH HEOIyCTHMa.

[pefHaMepeHHOe M3MEHEHHE TOfjaud U HAllopa HacoCOB B COOTBETCTBUH
C HOBBIM PeXMMOM paBOThI CHCTEMbI Ha3biBAa€TCA PETryJIHPOBaHHEM.
HentpoBexHble HACOCH PEryTHPYIOTCA H3MEHEHHEM Y a CTOTH Bpamie-
H ¥ A pabOUMX KOIEC MW HIMEHEHMEM CTENMEHU OTK P B TH A 3a-
IBMXKHK (3aTBOpa) Ha HamopHO# JiHMM. [lpMxpbiBas WM OTKpbIBag 3a-
TBOp, M3MEHSIOT KPyTH3Hy Xapaktepuctnku Q—H tpyGomposona (puc. 18),
KOTOpas 3aBHCHT OT €ro FHMAPAaBIIMYECKOro COMpOTHBIIeHMs. IIpuKphbiBas
3aTBOp, YBENTMUMBAIOT KPYTH3HY XapaKTEpUCTHKH, IIpM 3TOM pabouas TOUKA
Hacoca A; mNepeMenyaetca B nonoxenue A,. Ilpu srom mopaua yMeHbiua-

Puc. 18. Perynupopanue pekuma paGoThi
LCHTpOGEeXXHOTO HAcOCa JpOCCeTUpPOBAHU-
eM:

I — xapakrepucruxka Q—H nHacoca
py HOMMHAIBHOH! 4YACTOTE BpALUCHHA;

~ TO e TIpH YMeHbIICHHOH YacTOTe Bpa-
WeHus; 3 ~ xapakTepuctuka Q—H TpyGo-
TipoBopa npu NONHOM OTKPHITHH 3aTBO-
Pad; 4 — 70 ke NMpPH YMEHBIICHHH CTENCHH
OTKpBITHA 3aTBOpA &;

|
|
|
~

HCT
Hy
H
Ha
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ercs 10 3HaueHus Q,, HANOp, Pa3BHBaEMbIil HACOCOM, BO3pacTaeT 10 3Haue
ausa H,, a Hanop Ha TpyGOmpoBoJe 3a 3aTBOPOM CHYDKAETCH [0 3HAYCHHUS
H, 3a cuer noteps Hanopa AH B 3aTBODE. '

VBenuuuBas CreneHb OTKPBHITHA 33aTBOPA, YMEHBIIAWT KPYyTH3HY XapaKTe
pucTHkH TpyBompoBofia. Benencreue 3TOro nopaua yBenMYMBAeTCA, HANOp
pa3BMBAaEMBIi HacCOCOM, YMEHBLIAETCH, a HANOp B TpyGOmpoBOne 3a 3aTBO
poM BO3pacraeT. JTOT CHOCOO PEeryIMpoBaHHA CUMTAETCS MAjIOIKOHOMHY
HBIM, TaK KaK Ha OpPeojIofieHHe [IOMOJHUTENLHOrO THApPaBIMYECKOro CONpa
TUBIIEHHA B 3aTBOpe TpebyI0TCA DOMONHUTENIbHBIC 3aTPAThl SHEPTHH.

TIpy M3MeHEHMHM HYaCTOTHI BpallleHUAs HacoCa M3MEHACTCA IOJIOKEHME Xa
pakrtepuctuky Q—H Hacoca. YMeHblIas 4YaCTOTy BpaUICHHA, NEPeMean’
XapaKTepUCTHKy BHM3 mapaJeNpHo camoill ceGe, Ilpu arom paGovas ToY
Ka, IEPEMElaAch O XapaKTePUCTHKE TpyOOmpoBOMa, 3aHMMaeT IIOJIOXKE
HHe A5, CleJOBaTEIbHO, IONAYA YMEHBIUAETCH TaK JKe, KaK M HAlop B CETI
U Hanop, pa3sBHBAEMbIi HaCOCOM.

VYBeNMUEHHE YACTOTH BPAIEHMs BbI3bIBAaeT OGpaTHble ABJICHMA. JTO
croco6 perynupoBaHHa Goree 3KOHOMUYEH, HO TpeByer IpUMeHeHHA crié
IMaJIbHOIO  PEryJIMpyeMOro 3NMEKTPOIPUBOA, YTO YCIOXKHAET U yHOPOXKae
HACOCHYI0 YCTaHOBKY. :

Kpome Toro, pexam paboTel LEHTPOOEXKHBIX HaCOCOB MOXKET PEryyup(
BAThCA C IOMOIBI0 HANMPaBN AWM Ero anmapaTa, yCTAHABII
BaeMOr0 Ha BXOJIe BO/IBI B HACOC, BMYCKOM BO3 Ay Xa B KOpIy
HAcOoCa ¥ IPYTHMH criocobaMu.

Ocepble HacoChl pPEryJIHpyIOTCA NOBOPOTOM JomnacTedl pabounx KoIe
Bonee mompo6uo mporecc perynHpoBaHMsA PEXHMOB paboOTBl HaCOCOB CM
B §12.

Tnasa 2
S3HEPI'OIOTPEBJIEHUE HACOCHBIX YCTAHOBOK

4. NIOTPEBIIEHUE 3JIEKTPOOHEPTUH
OCHOBHbLIMH HACOCHBIMH ATPEIATAMH

IporHo3HpoBaHne MOTPedNeHHs NMEKTPOIHEPrHH. DJEKTPOIHEPrHs, g
TpeGAeMas HACOCHBIMH arperaTaMi, PacCXOyeTcs Ha IOABEM KMAKOCK
¥ TNPEOJoJieHHe THUAPOIMHAMHUYECKOrO CONPOTHBIICHMA B TpyGompoBopal
Kpome Toro, 4acTh 3MeKTPOIHEPIHH DPacXOOyercd M B CaMHX Hacocmxé
arperatax Ha NPEOHONIeHMEe CHJ TPeHMA B CAJIbHHKAX M NOMIIMIHHKAX Hi
COCHBIX arperaTtoB, Ha HATPEB CTaJlM ¥ MeOM B 3IIEKTPOIBHrarelne, Ha €I
BeHTHNAIRRO Y npod. OTHOIEHHE MOJIC3HO HCMOJb30BAHHOH B HaCOCHO:
arperare 3JIeKTPOIHEPTMM K MONyueHHOW Xapakrtepusyerca KILJ arperar
IInsi COBpeMEHHBIX HACOCHBIX arperatoB B 3aBUCHMOCTH OT MX MOIUHOCE
Ha3HaYenus M Opyrux daxropos KIII n3mensercs or 0,3 no 0,9.

MomHOCTBb, KBT, norpebnseman nacocoM, onpegenaerca mo ¢o

-

T2

MyJie

pPgOH
T )

N= 1000,

rme. p— WIOTHOCTS XHMAKOCTH, Kr/M>; Q — mofiaua Hacoca, M>/c; g — ycKo-
penne cBoBosmoro magenus, g = 9,81 m/c*; H — wanmop Hacoca, M; Ny —

KI1[ nacoca.
MoumrocTs, KBT, morpebnsemast HICOCHBIM arperaTom,

N
p=— 6)
Mon Mup

rae N,y — KILL anexTponBurarens; Map — KIIl npeo6pasymowero ycrpoii-
crBa (4aCTOTHOTO NPe0Gpa3oBaTeNs, TPAHCMUCCHH ¥ T.11.) 7]

MOILHOCTh arperaToB Ha COBPEMEHHBIX HACOCHBIX CTaHIMAX HOOCTHIAET
3,5-5 MB1, 2 OTHeNbHBIX arperatoB B KPYIHBIX OPOCHTENBHBIX CHCTEMaX
12 MBr.

Konu4ecTBO 37eKTPOJHEPr HH, norpebnsaemoit arperarom
3a BpeMs !, npu paBoTe ¢ MOCTOAHHOM NMOaueil ¥ HEM3MEHHBIM NABIIEHHEM
onpenensaercsa no popmyne '

W = Pt, )]

roe ¢ — Bpems paborsl, U

B peanbHbIX yCTaHOBKaX HacoCHbie arperaTbl oOblYHO paGoTaloT ¢ mepe-
MeHHON mofadeit (cM. pHc. 12) H COOTBETCTBEHHO ¢ NEPEMEHHBIM [ABIe-
HMeM. BererictBHe 3TOTO MOLIHOCTB, MOTpebiisieMas arperatoM B TedeHMe
HEKOTOPOr0 BPeMEHM, NPHHMMAET pa3MuHble 3HaueHus. [loaTomy wWcmons-
30Banue ¢opmynbl (7) OrpaHHUMBaeTC TEMM CIIyuasiMH, KOT[a HacOCHas
YCTaHOBKA JJIMTENLHO paboTaeT B paBHOMEPHOM peXkuMme,

IIns ompenenenys KONMYECTBAa INEKTPO3IHEpryM, morpebnsemoii Hacoc-
HbIMY CTaHUMAMHA TpPH paboTe B HEPaBHOMEPHOM pexuMe, pa3paboTaHb! Me-
TOUBI, KOTOPBI¢ MO3BOJIAIT IPOTHO3UPOBATh MOTPeGII¢HHE 3EKTPOIHEPIHH
HaCOCHBIMH yCTaHOBKaMM CHCTEM BOMOMNOMaud M BopoorBemenus [12, 40].
Huxe wusnaraercs ympouwennas meromuxa IPOrHO3UPOBaHUA, pa3paboTaH-
Has so BHUMBONTEO [40].

Ha puc. 19 npencrarnen rpadux coBMecTHOI pabotst Hacoca U TpyBo-
MpOBona, a TAK)KE YyNOPANOUeHHasA mMarpaMma (K PUBasi pacIp e [ e-
T €Ny A) nogaw XUOKoCTH. [log YNOPAXOYEHHOM IHarpammoi (TIOHATHE
3aMMeTBOBaHO M3 [50]) nomauu KMAKOCTH MOHMMAeTCH KPHMBas, COSHHHIIO-
Was oppMHathl rpaMKOB MOJAYM KHAKOCTH B MOPAMIKE BO3PACTAHUS WIH
YObiRanus. Jluarpamma CTpOMTCA IS [IMTENLHOTO PacYeTHOrO IEpHOJa
BPEMeHy, HartpuMep rofa.

Xapamepncmxa TpyGompoBofa omuchiBaercs ypabHenuem (4), a xa-
PakTepncTuka Hacoca — ypasHemwem (1). YmOpAiloueHHas [uarpaMMa
(monkoctsio wm YaCTHYHO) MOXeET OBITH anMnpoKCHMUPOBaHA YpPAaBHEHHE

v
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N Puc. 19. T'padux coBmectno#t paGoter maco-
ca ¢ TpyGONpOBOJOM M YNODAMIOUEHHAS MHa-
TPaMMa NIOJAYH KHIKO CTH:

! — Hanopmas xapakTepucTHKa Hacoca;
2 -~ xapaxrepucruka TpyGomposome; 3 —
AHATPaMMa [IOfiay

He
N

APAMOMH JIMHUY

Hy

S 0 = 0 [(1_>\)~; + x} , (8

rne Qp — Haubonbuasi A NAHHOHM Ha:
COCHOM YCTaHOBKH TIOa¥a 3a pacuer
Hbl{ HEPHOM; A — OTHOCHTEIbHAA MHHH
MaJibHasg NOJauya JUIs NaHHON YCTaHOB:
kd, A = Qu/Qs; T ~ }I(JIﬂTeHbHOCTl%
pacueTHOro nepuoma; (Qy — HaHMEHBb!
afA MIA [JaHHO#M YCTAHOBKH MOJaya 33
pacuerHslii mepuopd. B KkauecTBe pacuerd
N HOT'O NEPHOJA NPHHKMAETCA npononxmij
¢ TeJIBHBIA OTPE30K BPEMEHH, HanpuMep
rof, T.e. T=8760u, o

C ucnons3omanuem ypasHerumit (5) u (8) TOJIy4eHa 3aBHCHMOCTDH IO
TpeGlsieMOil HaCOCaMH MOIIHOCTH OT BPEMEHM, KOTOpas CNpaBeIyIMBa MDY
YCIIOBHH, 4TO Hacoc paGoraeT 6e3 uamammero Hanopa. Iipu ee BriBOxE HpHHA,
Thl HEKOTOpBIE NOMYUICHWsA, B YaCTHOCTH, YTO Hacockl paGoraioT B mpepel
nax paGoveit 30HbI M, criegoBarensio, KIIJ B mpomecce paboThl H3MEHSIOT;
CA HE3HAUMTEIILHO. :
Hocne uuterpupoBanus 3T0M 3aBHCHMOCTH B npegenax or 0 go T u Hexo:
TOpBIX JpPYTMX Tpeobpa3oBaHuil NONMYYeHO BbIpaXKeHHe [UIA ONpeneieHus

i

KOIHYeCTBA 3HEPrUH.: ‘

DY

N7 (1+n

[(I+HD) + N (- HY], 9)
nan

roe Ng — MOWHOCTS, MOTPeGAeMas HACOCOM MPH MAKCHMAIBHOMR nopave,
KBr; H; = Hy/Hg — oTHOCHTeNbHBIA CTATHYECKHI Hanop. Moumocts Ng
BRIMMCIIAETCA 110 popMyrte (5) Npu MOLCTAHOBKE COOTBETCTBYIOLMX 3HAUe-
HUA MaKCHUMAIbHOR 1A NaHHOH ycraHOBKH nomaun Qg u Hanopa Hg, coor-
BETCTBYIOILEro 3T0# nogave (puc. 19).

YpapHenne (9) no3BoONAeT BHINMCIMTL MOTpeGieHHe SHEPrHM HAaCOCHOM
YCTaHOBKO#H 33 pacyeTHbii niepuon Bpemenu T npu yCIIOBHH, YTO ee arperarst
TOAJICPXKUBAKT MHHHMANILHO HEOGXOIMMBIH HAMOp B NONHOM COOTBETCT-
BHH C ypaBHeHHeM (4), T.. ycTaHOBKa paBoTaeT Ge3 mpeBbILICHUA Hamopa.
Horpewmocts Beraucrenuit cocrapnser * (10+15) %.
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E sapucumocts H = f(Q) BbIpasuTh ypaBHEHHEM XApPaKTEPHCTHKH
coca (1), a He TpyGONpOBOMA, aHAJIOTHIHBIM 06pa3oM MOXHO NONYYHTH

s
::Ipaxceﬂne oA onpejeNieHus NOTPeONEHHA 3JIEKTPOSHEPTHH HACOCHBIM

arperaTom Ipu paboTe C MPEBBIILICHHEM Halopa:

NoT (*N 114+ +2(1- HY], (10)
4

e

roe H&‘, = Hg, /Hg — OTHOCHTENbHBIA QUKTHBHBIH HAmOp Hacoca Mpu Hye-
BOH TIOZave.

YpapHeHue (10) nomyueHO misi YCTAHOBKH C OJHHUM PaGOTAIOIMMM HACOC-
HpIM arperatoM. EciM OTHOBpeMeHHO pabOoTaoT HeCKONbKO Hacocos, pas-
BUBaEMBIi MU HAIOp HECKONLKO HWXKE, YEM HANOP, Pa3BUBACMBIN TIDH TeX
e yCIOBHAX ofHuM HacocoM. Ilo s1oi npuuute B ypasuenue (10) cnemyer

¢

L
59
4,8
67}
a6t
a5

&
[
T

S
g 1 2 3 4 S5 & 7 & I m

Puc. 20. 3aBucumocrs nommKaomero koxbduumenta Y oT uMcaa paGoTAOMMX Ha-
COCHEIX arperaToB ¥ OTHOCHTETBHOTO CTATHUECKOTO Harmopa:

a- npu Hq*; =1,45; 6- npu rH&'; =1,25 '
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BBECTM NOHMKAINHA KO3GOUIMEHT Y/, 3HaueHHe KOTOPOTO 3aBHCUT OT UHC-
na paGOTAIIMX arperaToB M OTHOCHTENBHOTO CTATHYECKOTO Hamopa Hj,
(puc. 20, a, 6).

(Pakrieckoe sHepronoTpebieHuHe M yieNbHbIE PACXObI AMEKTPOIHEPTHH.
KommuecTBO 371eK TpOosHEpIriy, BhuKMCIieHHoe 10 (9), COOTBETCIBYET O I T U-
ManbHOMY pexumy paGoTbI HACOCHOH YCTaHOBKH, T.e. paboTe Ge3 mpe-
BBIIUEHHA HAMOPOB, NpH MaKcHMasbHBIX 3HaueHHAX KIII u 1.n. B peiictBu-
TEIBHOCTH P € aJl b H bl € PeXuMbl paGoThl OTIMYAIOTCH OT ONTHMAJIBHbIX.
OcHoBHOE OTIIHUME 3aKIIIOMACTCA B TOM, YTO HAIOp, pa3BUBAEMbIHl HACOCHBL-
MH YCTaHOBKaMH, NPEBBIUIACT 3HAYCHHs, ONpeNiesAeMsbie ypapHeHueM (4).
Iloatomy peanpHoe 3 He promnoTpe Gy e Hue B GONbUMHCIBE CTyYa-
€B NPEBBILIAET KOJIMYECTRO 3/1eKTPOIHEPIHH, BBIYHCIIEHHOE 10 (9).

O6b1yHO 3HEpPronoTpe6NeHHe HACOCHBIX YCTAHOBOK M AHHUPY € T C 5
Ha OCHOBE CPEIHMX CTATHCTHYECKMX HOPM, KOTOpble BBIIlie HIYYHO OBOCHO!
BaHHbIX. B HacTosilee Bpems y meTb HBI# PacX O JHEPIUM Ha NONIas
4y M oTBefiende | M’ BOEBI B CpelHEM MO CTpaHe cOcTaBiser 500—
550 kBr-u/teic.M> [49].

B 3aBHcMMOCTH OT MECTHBIX YCIIOBMH [Isi KaXIOH HACOCHOH YCTaHOB-
KH HOpMa 3HEpronoTpeGiieHMs CYIIECTBEHHO OTIIMYaeTCH OT CpefiHed ¥ B
Gonbintyio, H B MeHbUIylo CTOpoHY. OT/MuMe BBI3BAaHO IJIABHBIM OGDa3’oOM
TEM, YTO BBICOTAa MOObEMA XUIKOCTH Pa3HbIX HACOCHBIX YCTAHOBOK pa3fiMy-
Ha. B CBA3KM ¢ 3THM B HEKOTOPBIX XO3AHCTBAX Y/HENbHBIE H O P M Bl Pacxo-
HOBAHHSA INEKTPOSHEPIMH IUIAHMPYIOTCA HE HAa €IMHMIY O6beMa MOFAHHOR
KMIKOCTH, 4 Ha TIPOM3BE/ICHHE MACChl MOJAHHOH XXMJIKOCTH H pa3BHBAEMO-
ro Hacocamu Hamopa. Hampumep, B MOCKOBCKOM M JICHMHIPAfiCKOM BOMIO-
IpOBOaX HOpMa NOTPeONeHMA 3HEprMH Konebnercs B .mpegenax 3,3 —
4 xBr-u/(tpic.T-M). Takoe pacxoX/eHHe B 3HAYECHMAX JUIA Pa3HBIX HACOC-
HBIX YCTaHOBOK OOYCIIOBIEHO COCTOSIHMEM HACOCHBIX arperaToB, 4 TAKXKe
TH/IPABIIMYECKHM COIPOTHBIICHMEM BCACHIBAOIMX M HAMOPHBIX TpyGompo-
BOJIOB H 2pPMaTypsl HACOCHBIX YCTAHOBOK. C TOUKHM 3peHMs IHEpreTHYECKOM
OHEHKH CHCTEMBI BOFONOZaud (HACOCHOH YCTAHOBKH, BOJOBOIOB M CETH)
UCTIONb30BaHME  HOPM  JHEPrOMOTpEeOeHHA B  eIMHMIAX W3MEpEHHA
kBr-u/M® npemnourutensueit, vem B KBr-u/ (teIc.T-M). OBbsicHAETCA 3TO
TEM, YTO BO BTOPOM ClIyYae HOPMa 3HEpPromoTpeGIleHHs MO CYTH ABIAETCA
BenmmyuHOH, oGpatHoit KIIJl Hacoca, MO3TOMY OHa [OCTATOYHO OGBEKTHBHO
XapaKTepH3YeT JMIIb COCTOfIHME HAacoCHOro arperara. OHako 3Ta HOpMa
HE MOXET XapaKTepu30oBaTh 3KOHOMHYHOCTb PaGOTbl CHCTEMBI BOJIONIONA-
uw B menom. B, § 8 nokasaHo, yro paGoTa CHCTEMBI BOMOMOMAYH TEM 3KO-
HOMUYHee, YeM “HiKke Hamop B cucreMe. IlosToMy ypmensHas Hopma pacxod
AOBaHMA 3HEPIUM TOJDKHA CTHMYIMPOBATh NPUHATHE MEP IIO CHIKEHHIO HAIo-
pa B cucreMe Bofononaud. K umMciy Takux Mep OTHOCHTCS: pery/MpoBaHHe
YTJIOBOH CKOpDOCTH HACOCOB B COOTBETCTBHH C M3MEHEHHEM PEXHMMA BOIO-
NOTPEO/IeHHA WM NPHTOKZ CTOYHBIX BOJ M T.L, OUHCTKA BHYTPEHHHX IIO-
BepXHOCTeH TpyG, MOKpbITHE BHYTPEHHHX NOBepXHoCTeil Tpy6 Heobpacraio-
IHMMH cocTaBamu U [p. [IpunsTHe e B kavecTBe HopmaTuBa KBT -u/ThIC. T-M)

PAREEY
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c030326T WIUTIO3MI0 CHMXKEHHS PacXofia JHEPruM B TO Bpems, Kak ¢axrthyec-
K} OHa HCMOJIB3YETCA HEPAUMOHAIBHO.

TakuM oGpa3oM, U1K O Il € HK M COCTOSHUA C M C T € M bl BOIOIOMA-
qi B TEJIOM IEIecOO6pa3sHO HCMONB30BATh HOPMY 3HEPTONOTPEOIIEHHUS,
BLIPAKEHHYIO B kBT u/1hic.M>, 3 [IIA OUEHKH COCTOSHHMA HACOCHBIX a T p €-
raTO0B HOPMY, BBIDaXeHHYI0 B KBT -4/ (ThIC.T"M).

YueT pacxofia dMeKTpPOSHepruH. JJIEKTPOIHEPrusi, NOTpeGsiemMas Hacoc-
HBIMH arPEraTaMy, U3MepseTCA C MOMOLIBI0 C Y e T4 M K O B aKTHBHOH
J PeAKTUBHOM MEKTPUYECKOH SHEPrHM. JIIAt ITOro MM CUETYMKH Y CTaHABIH-
pal0TCA HAa KAKIOM HACOCHOM arperate, MM MOTpebIisieMas MMM 3JIeKTpO-
JHEPTHA OMNPEeNAeTCA KaK pPa3sHUlA NMOKAa3aHHi O6m€C'fa}iuHOHHbIX cuer-
yKOB, YCTAHOBNICHHBIX Ha MHMTAOUIMX JIMHMAX HACOCHOH CTAaHUMH M CYeT-
yKOB COBGCTBEHHBIX HYXXI CTaHLMi, YWMTHIBZIOIIMX PACXOJ 3JIEKTpPOIHEp-
ru¥ Ha OTOTUIEHHE, OCBEILEHNE, BEHTHIIALMIO M TIPOUHE HYK/IBI.

Ilpy 2TOM M3 OOIIEro pacxofa 3MEKTPOIHEPrHH BBIYMTAETCHA 3HAYCHHE
srepromnoTpebnenns cy6aGoHeHTaMH, ecli TAKOBbIC NMOJIYYAIOT 371eKTpPO3Hep-
Y0 HETIOCPENCTBEHHO Yepe3 HACOCHYI0 CTAHIMIO.

Vsmepenne mNOTPeGAAEMOM INEKTPOIHEPIHH C TIOMOIIBI0  CUCTYHKOB
nanbostee TouHO uHGOpMEpPYeT O GAKTHYECKOM TNOTPebNIeHMH 31EKTPO-
SHEPTHH Ha JeHcTByonmX 06beKTax.

Jins [pOTrHO3MPOBAHMA NOTPEGIEHHA 3IEKTPOIHEPTHH IPOCKTHPYeMbI-
MH ¥ BHOBb CTPOSIUIMMMCA HACOCHBIMH CTAaHUMAMH HCHONIB3YIOTCH pacyer-
Hple MeTompl. PacueTHble MeTONbI NMO3BOJIAIT TAKXKE CPaBHMBaTh (axTHYEC-
K¥e 3aTPaThl MEKTPOIHEPIHH C e HayyHO OBGOCHOBAaHHBIM MOTpebIeHHEM
¥ TEM CaMbIM BBHISIBHUTh BO3MOJXHBIC IIYTH €¢ 9K OHOMHH.

Ilnist onpemeneHust GaKTHUECKHX YMENBHBIX PacXONOB IJIeKTPOIHEPrUH
Ha IepeKauKy J>HAKOCTH Heo6xomumo 06opynoBaTh HAcOCHYIHO CTaHIMIO
PacxXogoMepaMHU. Dbe3 HCHPaBHOIO pacXOIOMEPHOIO XO3AHCTB2
HEBO3MOXHO . OGECIIEUHTh IKOHOMHUHYI0 paBoTy OCHOBHOIO HaCOCHOTO

obopynoBaHus.

B HacocHbIX YCTaHOBKaX HauGoNbllée pacHpOCTpaHEHHe MOJIYYMIA Me-
TOIBl M3MEPEHUA PACXOJIA XHIKOCTH ¢ MOMOIPBI0 C y X afo If U X YycI-
poiicTB: amadparM H coWwl B KoMiviekTe ¢ mudmanomerpamu. Cyxaiouiee
YCTpOHCTBO OOBIMHO YCTAHABJIMBaeTcs B HANOPHBIX, a2 HHOITIA M BO BCachl-
BanIMX TPy GONPOBOJAX.

OCHOBHBIM HEOCTATKOM HpH HCIOJNB30BAHHN CYXAOIMX YCTPOHCTB
SABJIAETCH HEOBGXOMMMOCTh MX YCTAaHOBKH HA NpPAMBIX y4acTkax TpyGompo-
BOOOB, YT0 MPaKTHYECKH HEBO3MOXXKHO BBINOJIHMTE BHYTPH HACOCHBIX CTaH-
Imit. Yame Bcero pacxOfOMEpHbIE YCTpPOHCTBA BBIHOCATCA Ha TpyOOMpOBO-
AbI BHE HACOCHON CTAHIMH. 5

Heo6xomumMo uMers B BHAY, YTO NpU IMPOKOM AHANIA30HE H3MEpEHUH
nopauy (1:3 u Bosbpiue) HA OHOM TPYOONMpPOBOIE YCTAHABIMBAIOTCH nBa
mbmaHOMeTpa, OMMH M3 KOTODBIX IpafyHpOBaH Ha Gonbume, a ApyroH
Ha Marble pacXomp! HACOCHON YCTAHOBKH.
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H3Mepenne pacxofoB 6e3 CyXaloUMX YCTpOHCTB OCYIUECTBIACTCH HH-
[YKIMOHHbIMHA H YIIbTPA3BYKOBBIMH PAaCcXOIOMEPaMH.

O6s3aTeNBHBIM  7IEMEHTOM PACXOIOMEPHBIX YCTPOHCTB HOJDKHBI GbITh
CueTHbie MHTETPUPYIOLIME I P H C T @ B K U, Hajuuue Takux MPHCTABOK
B COUETAHMM CO CUCTYHKAMH JNEKTPOIHEPrHH MO3BOMsAET JOCTATOYHO
TOUHO ONpeNeNATh (AKTHUECKUE Y/CIbHbIC pACXOMbl INEKTPOIHEPIUH,
kBt -u/Thic.M> Ha MOmAYy XumKOCTH:

74
Wyn = '—é‘ s (11)

roe W — pacxon snekTposueprud 3a Bpems I, kBr-u; ¢ — nojaya Bogpl
3a Bpems T, M3.

Hnsa Gonmbureit 06BEKTUBHOCTH pacueTHble Mepuompl 7p JOIDKHBI GbITh
AOCTaTOYHO mpencTapurenbubl. Tak, HanpuMep, IA CHCTEMbI BOHOMOMa-
UM M BOJOOTBEINEHHA TAKMM IEPHONIOM CTIeyeT CUMTaTh HEeMellio, MOCKOJIb-
Ky 3a 3TO BpeMs IIPOHCXONAT Haubonee XapaKTepHbIe H3IMEHEHHA B peXume
paboThI HaCOCHBIX YCTAHOBOK.

3Han ¢akTHYECKHl YIENbHBIA PacXofl JeKTPOIHEPIUH, MOXHO OOBEK-
THBHO OLEHMTH LEJIeCOOGPa3HOCTh TOTO MM HMHOrO MEpONpHATHA IO 3KO-,
HOMMM 37EKTPOIHEPIHH B HACOCHOH ycTaHOBKe. st 3TOro Hamo ompepe-
JIMTh YAEeNbHbIA PacXol 3MeKTPOIHEPIHH, BBIYMCHIEHHBIA MO pe3ynbTaTam
H3MEPEHHH [10 MPOBENEHHA MEPONPHATHA MO 3KOHOMHM 3NIEKTPOIHEPrHH
Wypy» @ 3aTeM mocie wy,,. Torma daxTHYeCKasn 3IKOHOMMA INECKTPOIHEP-
THH 32 rof] OylieT paBHa

Wax = (Wym - Wynz)Qron,

(12)

roe Qrog — 06beM MepeKauku 3a rof.

[lenecoobpa3Ho KOppeKTHpYIOLME H3MEpPeHMs M pacieTsl HOBTOPATH
34 pasa B rom, 4ToOBl yuecTh Ce3OHHBIE M3MEHEHHA B PEXHUMax paboThI
HaCOCHBIX YCTaHOBOK. BO3MOXXHbIE MyTH 3KOHOMMM 3NIeKTPOSHEPrHM MOf-
po6HO paccMOTpeHHI B I'1l. 4.

5. IOTPEBJIEHHE JJIEKTPOJHEPTHMM BCIIOMOI ATEIIHHbIMH
CHCTEMAMH

BcnomorarensHbIe CHCTEMBI B CBOEM COCTaBe CONEPXAar pasHooGpas-
Hble 31eKTPONPHEMHHKH, BTOMYHCNIE 3I€KTPONPHUB OB
HEHTPOGEXKHBIX, BONOKONBLEBHIX M INECTEPEHUYATHIX HACOCOB, KOMIIpeCCo-
POB, 3a[IBIKEK M 3aTBOPOB, TPAaHCHIOPTEPOB, IpOOWIOK, rpabliedl U CeToK,
tenbdepos W KpaHoB. OGBIMHO [axke Ha KPYNHBIX HAaCOCHBIX CTAHIMAX MOII-
HOCTb KOXMOOTO H3 3THX IIEKTPONPHEMHHKOB CpABHMTEBHO HEBEIMKA —

or 1 po 15 kBr. WckmoueHre COCTAaBIIAIOT 3IeKTPONPHBOILI [ApOOHIIOK,

.

MOMIHOCTb KOTOPbIX JOXOMHT N0 75 kBT, H amekTponmpuBOAB! OCYLIMTENh:
HBIX HACOCOB, MOIHOCTE KOTOPBIX B KPYIHBIX HACOCHBIX CTAHIMAX TOCTH-
raeT HeCKONbKHX COT KHJIOBATT.

A
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O6umM. VI BCTIOMOTaTeNbHbIX CHCIEM SABNACTCHA MEPHOIMYECKHIl, Kpat-
KOBpEMEHHBIA DPEXHM [yisi paGoThl. INEeKTPONIPHEMHHKH TaKHMX MEXaHH3-
MOB, KaK 33[IBHXKH, 3aTBOPbl, OCYILUMTEIIbHbIE HACOCH!, H HEKOTOpbIE APY-
rue paGOTAIT IMMIONMUECKH U TAKKE KPATKOBPEMEHHO.

[lo 3TAM IIpHYMHAM JONA NMOTPeGIeHUA ITHX 3IEKTPOIPUEMHHKOB B 06-
wem BanaHce 3SHEPronoTpeOneHHs CPaBHHTEILHO HEBEIMKA U COCTABIIAET
npumepHo  2—3 %. KoymMuecTBO 37EKTpOIHEPTHH, MOTPEOIAEMON ITHMH
CHCTEMAaMH, 3aBHCHT OT pa3Hoo6pasHpix mpwuvH. Tak, Hampumep, 3Hep-
ronoTpeGIeHHE HACOCOB [IPEHAXHBIX CHCIEM 3aBHCHT OT OOIUEro COCTOA-
Hisi OOOpDYMOBAaHHA H CTPOMTENbHbIX KOHCTPYKIMH HAaCOCHOH CTaHIWMH.
IIpy XOpOLIEM COCTOAHWH CAJBHHKOB HAacOCOB, 3a[BHXKEK, 3aTBOPOB, Mpu
OTCYTCTBHH TEUH HYepe3 CTEHbI M APYTHE 3/1eMEHTbl 3/1aHUi HACOCHBIX CTaH-
1Ml [IpeHaXHbIE HACOChl BKJINYANTCA peXe, MPOAOIDKHTENbHOCTh HX pabo-
ThI HE3HAUMTENIBHA H, CTIEIOBATENbHO, SHepronoTpebieHue HEBETHKO.

Hacocpl OCyIMTENbHBIX CHCTEM BKIOYaloTcA B paboTy B Cilydae aBa-
PUHHOTO 3aTOIUICHHS MOMEIEHHH HACOCHBIX CTAaHIMH, a TakXKe NMpPH IIaHO-
BBIX IPOBEPKAX COCTOSAHHA 0BOpyHOBaHuA. . ,

CrienoBaTeNbHO, O T CY TC T B U € aBapHAHBIX CHTYaIUH CHMIKAeT 3Hep-
ronorpe/IeHHe 3THMH HACOCHBIMH arperataMu IPaKTHYeCKH N0 HyJs, 4TO
TaKKe CIPaBeUTHBO H [JIA HACOCOB CHCTEM I10XKapOTYIUEHHHA.

Mepsi, obecrieudBaroLe CHIDKEHWE 3HepromnotpebieHus STHMH ¥ Apyru-
MH CHCTEMaMH M MEXaHH3MaMH, PACCMOTpPeHBI B I'TT. 4.

6. PACXO[1 3NEKTPO3HEPTHUH HA XO3SICTBEHHO-EBITOBBIE
HYKIbl

Oromnenne u BeHTWNAIHA. Jlist obecreveHus HOPMAIBHBIX YCNIOBHIA pa-
GoThl 0OCITYXHBAOIIErO IICPCOHANA B HACOCHON CTAaHIMH MOMME PKUBACTCH
Temriepatypa He Hwke +16 °C u BiaxuocTs 40—-60%, 2 B Tex MOMELICHHAX,
[I¢ MOCTOAHHOrO IPHCYTCTBHA INepcoHana He Tpebyerca (TOMeuieHMs pac-
TNpE/ieNUTETIbHBIX  YCTPOMCTB, BPAIAIOLMXCH CETOK H Np.), — He HHXKE
+5 °C. BepxHuit NpefeNl TeMNepaTypsl TOMJEPKMBACTCA B MANas’oHe
25-30°C. ‘

Heo6xomumeIil  TeMmepaTypHO-BITAXHOCTHBI PEXHM OGECHeUHBacTCs B
TIOMEIIEHHAX CHCTEMAMH OTOIUIEHHMS Y BEHTWISILIHH.

“CHCTeMbI OTOMII € HUSA HACOCHBIX CTAHIMI, PACIONIOXKEHHBIX B 30HE
ACHCTBUA TEIUIOBBIX CeTed, MPHCOSIUHAIT K ITHM CeTAM. B 1poTHBHOM
Ciydae coopyxkaioT coGCTBEHHbIE KOTeNbHbIE, KOTOpbIe 0GOPYAYIOT NEKTPO-
BOIOTpEeHHBIMM KOTIAMH WJIH KOTNAMM, paGOTAIOLMMHM HA OPraHMYecKOM
TOITHBe,

B Hacocubix ycramoskax TIOJIYYHTIM PacIpPOCTPAHEHHE 3 e K T p O B O-
AOrpeiHsie kotns BHUAITO tunma KIB3 (3013). B komax sroro
gma BO/Ia HCIIONBb3yeTCA KAaK IIPOBOMHUK, Yepe3 KOTOPBIH HPOIMYCKAKT TOK.

Ola Harpemaetcst B 3a30pax MeXMHy (a3OBBIMH IEKTPOTAMH H 3IEKTPO-
MY, CoenMHEHHBIMU C HyNleM MIEKTPHUECKOH CeTH H KOpILyCOM KOTJIa.
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KOTNTbI 3TOrO THIA M3TOTABJIMBAIOTCHA MowHocThio 25, 60, 100, 250, 400 u
1000 xBr. PerynupoBaHHe MOUIHOCTH KOTIa OCYIUECTBIIAETCA M3MeHeHHEM
IUIOANH WIEKTPONIOB, MOTpy’kaeMpix B Bomy. lnama3oH peryJIMpoBaHus
MOIHOCTH KOT/I0B 3Toro THma ot 10 go 100 %.

KpoMe 3/IeKTPOBONOrpeiiHbIX KOTIOB JUIA OTOIUICHHS HAaCOCHBIX CTaHIM
MCTIONIB3YIOTCA TAaK)Ke JEKTPHUeCKHe NMeYH COMPOTHBIECHHUA ¢
Tpy6UYaTBIMH ITIEKTPOHAr peBATENIAMU (T3H). Hcnonssyrorca TIH pasmry
Hoi moumoctu (ot 0,3 10 5 kBT1). i

Jlonst 3MeKTpOIHEprHH, MNOTpebAemMas CHCIEMOH 3JIEKTPOOTOIUICHHS
CPABHMTENIBHO C HPYTHMH XO3AHCTBEHHO-GHITOBBHIMH noTpeCUTENIAMH ¥
BCIIOMOTATe/IBHBIMM CHCTEMaMM JOCTHTaeT HauGONBIIETO 3HAYeHUA H 1O
XOMHT 10 6 % OBLLEr0 IHepronoTpeGIeHHA HACOCHBIX CTAHIMH. i

B HACOCHBIX YCTaHOBKaX C KOTIaMu, paboraloummu Ha OpraHUYeCcKOM
TOIUMBE ¥ TOMYYAIOUMMH TEIJIOBYI0 JHEPrHI0 M3 TEIUIOCeTH, norpe &g
HHe IEKTPOIHEPTHH He3HAUMTENBHO, TaK KK OHA PacXOMyercs npem\ai
MIECTBEHHO HONNMHTOYHBIMH, LMPKY/SILMOHHBIMH H JPYrHMH HacOCaMK
MOLIHOCTh KOTOPIX HeBemika. O[HAKO B 3TOM CJyuae HACOCHBIC CTAHIMY
notpeOnAoT GONblMe KOIHYECTBA TEIUIOBOM JHEPIUM WIIH OPraHU4ecKor(
torrmBa (rasa, yris). : 3

B 3aBHCHMOCTH OT TPOJO/KHTENIBHOCTH OTOIUTENILHOTO Ce30Ha, ra6apui
TOB HACOCHBIX CTAHIMIl M ApYTHX (aKTOpOB rofioBoe NOTpeGieHue Tem:
JIOBO} JHEPIHM HACOCHBIMH CTAHUMAMH nocTuraer (4.2 + 21) 10° M. LbKl

KomiuecTtBO TOTpeONAEMOil TEIUIOBOH 3HEPIHH B 3HAUUTENBHOR Mepd
3aBHCHT OT COCTOAHMA OTONHMTENBHOH CHCTEMBI, 3 TAKXKe HCHPABHOCTH mBep
HBIX, OKOHHBIX TIPOEMOB H JIDYTHX JJIEMEHTOB 3/IaHHA. j

CHCTEMBI B € H T U J1 A IL M ¥ HACOCHBIX CTAHIMI He OTHOCATCA K JHEPTO
eMKHM NOTpeOUTENAM, TEM He MeHee B KaHAIM3AIMOHHBIX HACOCHBIX CTaH
IMAX, OCOBEHHO TITyGOKOro 3aJI0XEHHs, PaCXOA, AMEKTPOIHEPIUH Ha BEHTH
namto pocruraet 1-2 %. ;

dnexTpoocsemenue. B kauecTBe HCTOUHUKOB CBETa HCIIOJIb3YIOTCA nammj
HAKQIMBAHUA, Tra3opaspsafHbic, B TOM UYHMCIIE JIOMMHECHEHTHbIE HH3KOT(
[ABJCHHA M PTYTHBIE BBICOKOTO NIABJIEHHs. 3JIEKTPOOCBEIICHHE HaCOCHbI),!
CTAaHIMil TOfpa3sfenserca Ha pabouee, peMOHTHOE, OXpaHHOE M aBapuitHOe|

Pa6ouee ocmeumeHde obecrieudBaeT OCBEIIEHHOCT B MallIMHHBIX 31
max 20-50 7K TpH MCHONb30BaHMM JaMn HakamuBanusi M 50—100 mx -~
AIOMHHECHEHTHBIX NaMil. B mOMeIeHHAX HIMTOB YIIPaBIICHHA H MECTHBI]
mcnetsepckux myHKToB (MIII) ocpewmeHHOCTh AOMKHA 6biTs 50100 ni
IpY HCTIONB30BaHUH JIaMIT HakaymBanus ¥ 100—150 me — JIIOMMHECIEHTHBI]
JIAMIIL. l

‘PeMoHTHOE® OCBEILEHHE OCYIIECTBIIAETCA NepEHOCHBIMU pYUHBIMI
CBeTH/IBHMKAMH, TPHCOEMUHAEMBIMH K 3NIEKTPOCETH HANpPAXCHHEM 12 B

OX p a2 HHOeE OCBeIlEHHE Pa3MeLlaioT B0/ Or PaXIeHUsA Teppuropu
CTAHIMH, B PAMe CNyYaeB ero COBMEIIAIOT C HAPYXXHBIM OCBEUIEHHEM TEPPH
TOpHH ¥ 0BeCIIeUMBAIOT OCBEILEHHOCTD A0 5 nk.
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ABapHUAHOE OCBELIEHHE BKITIOYAETCA B paboTy aBTOMATHYECKH TIpH
oTKTIOUEHHH pa6ouero ocsemieHHA. CBETWIPHUKHM 2BapPUAHOTO OCBEICHHS
MTAlTCH OT aKKYMYNATOpHbIX Gataped. IIpu ux orcyTcrBum nmepcoHan craH-
A 0BeCTeUHBAcTCA NMEPeHOCHBIMU (QOHAPAMM C aKKyMyJsaTopamu. Asa-
pHitHOE  OCBEILICHHE ofecrieuiBaeT Ha [MCHETYEPCKHX NYHKTAX M ILATAX
ynpaB/cHHA TIPHMEPHO 20—30% HOpManbHOH OCBEHIGHHOCTH, 2 B OCTAJIb-
HBIX TIOMEIEHHAX — 10 5 %.

Ha ocBeuwenne pacxopyerca 1-2 % obuwero norpe6neHus 3MeKTpo-
JHEPrHU.

7. BATIAHC OHEPTONIOTPEBJIEHHUA

[Ipy pacCMOTpeHMHM DEXMMA 3HEPronoTpebIeHHA HaCOCHBIX CTAHIMH yCTa-
HOBJIEHO, UTO Ha JIOMI0 OCHOBHBIX HACOCHBIX arperatos, oGecIeuMBaOLmX
nepexayKy >KHIKOCTH, pacxonyerca oT 75 fo 95% Bceit motpeGisiemMoit
anexTpo3HepruM. IlpuyeM a1a fons TeM Gosbiue, yeM Gonble HACOCHAA yc-
7aHOBKA. B HacocHBIX ycTaHOBKaX ¢ arperaramu MolHOCTbI0 800 — 1000 kBT
cepiie 90—95% norpebnseMoii 3K TPOIHEPrHH PACXOIYETCH OCHOBHBIMH
arperaTaM, a B HeGONbIIMX HACOCHBIX YCTAHOBKaX (OCOGEHHO TeX, B KOTO-
PhIX JIEKTPOIHEPTHA MCIONB3YETCH 1A OTOIUIEHHS IOMEILEHHH HAaCOCHOM
CTAaHIMH M [PYTHX HYXJI) C arperaramu Mommocreio Ao 160 kBt sta pmons
1n0TpeGIAEMOR IMEKTPOIHEPTUH CHIKAeTcs [0 75% obuwero notpeGieHus
CTaHIMHM, & B PAAC CITydaeB (Meflkue HACOCHbIE YCTaHOBKH) H o 50%.

Or 5 mo 10% oGuero moTpeGieHHA IEKTPOIHEPIHH DACXOMYETCA Ha
OTOIUIEHME 3[JaHMH HAcOCHBIX CTaHIMii. BcrioMorarespHbie CHCTEMBI U MeXa-
HU3MBI HACOCHBIX CTaHIMil IOTpe6nAnT 2-3% ob6Ilero pacxoma 3I€KTpo-
oHepruu. CHCTEMBI BEHTHJIAIMH M EKTPOOCBEILEHHA OGBIYHO IOTPEONIAIOT
no 1-2% o6mero pacxopa 3mexTposHeprun. KpoMe Toro, Hexortopas 4acts
noTpelinsaeMoii 3NEKTPOSHEPTHH DACXONYeTCA HAa NMTAHME NPHGOPOB CHIHa-
TM33UMH, KOHTPOJISA, ONEPATHBHBIX YCTPOHMCTB (BBIKIIIOUAaTeNeil, pene H
T.IL) M YCTPOHCTB aBTOMATHKH.

}3 pslle CIy4aeB uepe3s paclipelesMTeNIbHble YCTPOHCTBA HACOCHBIX CTaH-
MK OCYLIECTBIIACTCA NOTpeblieHHe MEKTPOIHepruH CyBGaGOHEHTaMH, KOTO-
Psle K HeNMOCpPENCTBEHHBIM MOTPEOHTENAM HACOCHBIX CTAHIMI He OTHOCAT-
ca. Criemyer MMeTb B BHIY, YTO IIPH COCTABIICHMH JHEpPreTHUECKOro Gamamca
CTAHIMH HX YYUTHIBATH Heobxoumo. JIia ydeTta alleK TpOIHEPrur, NOTped-
€MOH cyGaGOHEeHTaMH, HEOGXOMMMO YCTaHABJIMBATH OTMEHbHBIE CUETUHKHU.

W3 paccmorpenuss Gananca sHepromoTpeGneHHs BMAHO, YTO Hambomee
3HEProeMKUMH HOTPEOMTENAMH SBJIAKTCA OCHOBHBIE HACOCHBIE Arperarsl,
g;};gf:::\;l:mume TIEPEKaiKy JKHIKOCTH, Hotpebrenne 3MEKTPOIHEPriM
Rora ot arperaraMd B HauGOIblLeH CTeneHW 3aBUCHT OT TEXHOJIOTHYEC-
HOanHIc))ﬁu cc; TPaHCHOPTHPOBKH BOJBI (em. § 4). Ina oBecnieyeHus Ko-
nosenn opa OTBI HACOCHOH YCTaHOBKH JOMKHA ObITh Ipexne Bcero obec-
o KOHOMMYHasA paGOTa OCHOBHBIX HACOCHBIX arperatos. Pasymeercs,
PH 310M HeOGXOOMMO TAaK)Ke YIENHTh BHHMAHWE BCIOMOTATEIIbHBIM CHCTE-
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MaM ¥ MexXaHH3MaM, YCTpOHCTBAM BEHTWIALMH, OTOIUIEHHS M OCBEUICHWs
Opnako HauGosnpillee BHEMAHNE CIEAyeT YHENATh peXumaM paboThl OCHOH
HBIX arperaTos.

Taasa 3
TNIOTEPHA 3JIEKTPOOHEPTHH B HACOCHBIX YCTAHOBKAX

8. PACXOJ JNEKTPOJHEPIHM, CBA3AHHBIA C HEPALMOHAJIBHBIM
TIOBBILIEHUEM HATIOPA

HacocHble ycranoBkM paGoTaioT ¢ NMOBBILIEHHBIM HalOpOM M3-33 YBEJH
YEHHA THIPABIMUECKOrO COTPOTUBIIEHHS CHCTEMBI TPYyGOINpPOBOMIOB, KOJI¢
OaHuil YpOBHA JKWIKOCTH B IPMEMHBIX M HANOPHBIX pe3epByapax, a TAKXK
pe’kiMa IPHTOKA MM NOTpeOIIeHUsA XHUIKOCTH.

IloBbIilienne Hanopa B pe3y/bTaTe H3MEHEHHSA THIPARIHYECKOrO COMPOTHR
JIEHUsA He SIBIIACTCA IOCTOAHHBIM, a 3aBHCHT OT Dacxoja XKHAKOCTH, T.€
BIMseT HA 3HAUEHHE JMHAMHYECKOR COCTABNAILICH Hanopa ¥ 2[2g, pa3BHRA
€MOro HaCOCHOH YCTAaHOBKOMH, H3MEHACT KPYTH3HY XapaKTepUCTUKHU Tpy6a
nposopa (cM. puc. 18).

UameHenue Hamopa B pe3ynbIaTe KosieGaHHi ypORHSA HE 3aBUCHT OT pacxd
03 KMOKOCTH M BIMACT TOJAbKO Ha 3HAYEHHE CTATUYECKOH COCTaBIsoLIle]
Hanmopa H.,, pa3BuBaeMoro HacocHoil ycraHoskoi#l. IIpu atom K pyTH3H;
xapakTepuctku (—H He MeHsieTcH, a MeHACTCA ee NOJIOKEHHEe B KOOD
Hatax Q u H. Ilpu yBerMueHMH CTaTHYECKOH COCTABIISIONIEH XapaKTepHCTH
Ka TpyGonpoBONa NepeMelaeTc BBEPX, NPM YMEHbILIEHHH — BHU3 (CM
puc. 17).

YBennueHne THIPABIHYECKOTO COMPOTHBIEHHS cHcreMbl. OfHOH u3 pad
[POCTpaHeHHbIX IMpPHYHH YBEJMYEHHA THIPaBIHYECKOTO COIpPOTHBIICHH]
Tpy0 ABIAETCA UX BHYTpEHHAA K O P P O 3 M s, B pe3ynbrare Korogﬁ
CHIDK2eTCA MpONYCKHas CHOCOBHOCTh TPYGONPOBONOB M BO3HHKAET HEOE
XOAUMOCT, B MOBBIIUCHHH HANopa, CO3[IABAEMOTO HACOCHOM CTaHIMeH, 4rd
6b1 TpU NOBBILIEHHOM THIPAaBJIMYECKOM CONpPOTHBIICHMH OGeCreuMTh MOm3
4y TOrO JKe KOJIMYeCTBA KUK OCTH.

Hapamy c¢ xoppo3ueil MCTOUHHKOM OONOHHTENBHOIO THIIPaBIIHYECKOT
CONIPOTHBIIEHHA ABJIACTCA HU3KOE KauecTBO TpYD M III0XO0H MOHTaX Tpy6a
npoBofoB. TpyGbl, H3TOTOBNEHHbiE CO 3HAYMTEIBHBIMM OTKIJIOHEHUA
OT YCTAaHOBJIEHHBIX Pa3MEPOB M reOMeTpuueckoil Gopmbl, IpH coemmeﬂ‘:}
Opyr ¢ Zpyrom oOpasyloT YCTyNbl, KOTOpbIE YBEJIMUMBAIOT mnpaBnmec‘
KOE CONpPOTHBIIEHHE TPYGONPOBONOB. AHAJOTMUHBIA OTPUUATENBHBIA 3¢
¢eKT cO3Ma10T CBapOUHbIC UBHI, BRINONHEHHbIE C HH3KHM KaueCTBOM. !

McTouHMKOM BO3HMKHOBEHUs MIONONHUTENBHOTO THAPABIMYECKOTO C(
NPOTUBIICHUA ABIIAECTCA TAKXKE HU3KHA ypOBeHb SKCILTyaTaluy oﬁopyu,ond
HUA HACOCHBIX YCTAHOBOK M CHCTeMbI TpyGOTpoBOnoB. M3-32 HeBHMMaTEIH
HOCTH 3KCIN1yaTalHOHHOTO IlepCOHala BO3MOXKHO HENONIHOE OTKPbITHE 3a
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ropOB M 3a[BikeK. MMewoT MecTo ciyyad, KOrJ2 mocie 3aBepLICHUA pe-
onT‘“’IX paBoT OCTaoTCA 3aKPHITHIMH HEKOTOpPbIE 3afBHXKH H 3aTBOPHL

e3yTIbTaTe OTNENIBHBIE YYaCTKH TPYGOMPOBOIOB OCTAIOTCA BbIBENCHHBIMM
- paﬁorm, 4TO TaKXe ABNAETCA NMPUYMHOH NMOBBILUEHHUA Halopa B CHCTEMeE
paHCMOPTUPOBKH JKUIIKOCTH U Tpebyer HOMONHUTENBHBIX 3aTPAT 3MEKTPO-
3Heprﬂlfl

B pAme CllyyaeB YBeNTMYEHHE FHMIPABIMYECKOTO CONMPOTHBIIEHUA OOycnoB-
nero HEYIauHOM KOHCTpYKIMEH TpyGOmpoBOmHOH apmaTypbk Tak, Hampu-
Mep, 3AMOPHBIR OpraH OGpaTHbIX 3aTBOPOB CYLIECTBYIOLIEH KOHCTPYKLHM
yIepKMBAETCA B OTKPBITOM COCTOAHHM MOINbeMHOM CHUIIOH JBHXKYIIErocs
notoka xunkoctd. IIpu paGore Hacoca ¢ MOHWKEHHOH Norauel yMeEHbiua-
o7l CKOPOCTh TIOTOKA JKHOKOCTH, BCJIEACTBHE JITOTO YMEHBIAETCH €ro
nopbeMHas cina. B peaynbraTe NOBOPOTHBIN IMCK OBpaTHOrO 3aTBOpA NOBO-
payuBaETCA Ha HeGONBINOH YTOJ M YACTUMHO OCTaeTCH B IOTOKE, YTO BeMeT
K yBETHYEHHIO THPABJMYECKOrO CONPOTHBIIEHUS W [IONONHATENbHBIM NOTE-
psM 2JIEKTPOIHEPruy.

BoiABHTb TaK#e M UM HONOGHBIC HCTOYHHMKH IOBBILIEHHA THApaBIHYeC-
KOrO CONMPOTHBNEHHA MOXHO TPH IUIAHOBBIX M BBIGOPOUHBIX BHEIUTRHOBBIX
#CIIBITAHUAX BOMIOBONOB, MArucrpajied M OTHENbHBIX TPYGOIPOBOMNOB CETH.
B .xofle TaKUX HCIBITAaHHA OOJDKHBI ObITE IMMOCTPOEHB!I XaPAKTEPHCTHKH TpY-
HOIPOBOJOB M CHENMAHO UX CPABHEHUE C PE3YNbTATAMH PAaCueTOB H TIPebINY-
IMX UCTIBITAHWA. VYBeJMueHHE KPYTU3HBI (JaKTHYECKOH XapakTepUCTHKH
TpyGOMpOBOAa 1O CPABHEHMIO C PACUCTHOH MIM IIOCTPOEHHOH IO pe3yJibTa-
TaM TpPEJbIIYIIMX MCHbITAHHHA YKasbiBaeT HAa TO, YTO0 B TpyOONpoBOHE €cTh
[ONOIIHATENIBHBIE CONpPOTHBIIEHHA ¥ HEOGXOMUMO MpHHATh Mephl K KX 06-
HAPYXKEHUIO M YCTPAHEHHIO. ‘

Mepsl 1O CHIDKEHMI0 THMOPABIHYECCKUX COMPOTUBIICHMA M  BBI3BAHHBIX
UMK HU3MEeHEHHI HATOPOB PaccMOTpPEHBI B II1. 4.

OnHako ¥ Mpu HOeaNTbHOM COCTOAHHH Tpy6 # TpyGompoBOmHOH apmary-
pol MOsKeT HaGiniofaTbes TIPEBBIIEHHE HANopa, YTO oOYCNaBNUBACTCA DPeXH-
MOM MPUTOKA UITH HOTPeOIIeHUA XHIKOCTH.

PaboTa HacocHON yCTaHOBKH C NpeBbIlICHHEM NHHAMHYECKON COCTaBIISAIO-
el Hamopa. Kak w3BecTHO, IMHaMHYecKas COCTABJAIOMIAA HANOpa, Pa3BH-
BAEMOTO HACOCHOM YCTaHOBKO#, 3aBUCHUT OT PacXO/a SKHIKOCTH

hoiwg = SQP, (13)

e P — ko3 duMeHT, 3aBUCALINN 0T MaTepHana Tpy6 U HX CpoKa cnyxﬁm,
p=1 8 2.

Ilpn paboTte HAcOCHOH YCTAHOBKH C NOMAuell MEHbIE PacueTHOH BO3HH-
Ka¢T HecOOTBETCTBHE MEXIY HAIMOpOM, pa3BHBAaEMbIM HACOCOM, K HAIIOPOM,
TpebyempiM Oyisi TOHauKM TOTO MM MHOTO KONMMYECTBA KUAKOCTH (T.€. IpeBhl-
llIeH¥e Hanmopa Hacoca). CpaBHeHMe XapaKTepHUCTUKH HEHTPOOEXKHBIX HACO-
CUB H 1py6GOmpoBOAOB MOKAa3bIBAET, YTO NMPH YMEHBIUEHHH Mouadd Tpebye-

MBI Hamop Takke YMEHBIUAGTCS, 3 Pa3BUBAEMblil HACOCOM HANOp YBETHYH-
BaeTCs,
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PasHocte 3HaYeHH#t STMX HATIOPOB M eCTh NpPeBbIIIEHHE HATIOPA CBEPX TPE
Byemoro:

AH = H, - H,. ' (14)

W3 rpaduka coBmectHoit paGoTel Hacoca M TpyGompoBopma (cM. puc. 18)
BH[HO, 4TO 3HaueHHe AH rtem Gonbie, YeM KPyde XapaKTEPHCTHKH HACO:
ca ¥ TpyGonpoBona, H TeM OoJbllie, YeM MeHble (paKTHUECKAsA 1TOava Haco
ca T10 CPABHEHHIO C PACYETHOIH. ]

ToncranoBkoit B (14) 3Havenmit Hy u H, w3 (1) u (4) nocne HeKOTO:
PhIX NpeoGpa30BaHKil MTolydeHa 3aBHCHMOCTD TIPEBbILIEHUS HATOpa OT PacXo
na Q u napametpoB Hy, u Hip, XapaKTe pU3YIOIMX KPYTH3HY XapaKTePHCTUK
Hacoca ¥ Tpy6onpoBopa:

0 2
AH = AHg | 1 - (Q—) , 15)
6
rae AHg = Hyp — Hep; ocranbHble 0GO3HAYCHMA NPUHATHI TaKue e, KaK
B BBIPOKEHHAX ?1) H (4).

Hanop AH Tepsiercsi B 3aTBOpax M 3a[BIHXKKaX, [pOCCETUPYIOLMHX Harnopk
Hblé KOMMYHHMKAaUWH, B BOAOpPasGOpHBIX KpaHaX M Ipyroil apmarype, qepe‘é
KOTOpPYI0 NOTpe6uTeNs OTOUpAET KUK OCTh H3 CHCTEMBI. ‘

Ha npeBblleHHe Hanmopa HEpPaUMOHANBHO pPacXoQyeTcs [OIONHUTENE
Has MOUIHOCTH, KBT:

- PsQAH (16)
b
1000 :
rae oBo3HaueHHs TMPHUHATHL Te Xe, yToH B (5). :
Ecnu Hacoc paGoraer B TeueHHMe BpeMeHH ! C IpeBbliieHHEM Hanopa AH,
TO KOJTHYeCTBO GeCIoNe3Ho TepAeMOi 3IeK TPOIHEpruM, KBT -4, paBHO

AW = ANt (17)

B Teuenme pacueTHOro mepHona MOaYa M COOTBETCTBEHHO IpeBbIlLIEHHE
Haropa Bce Bpemst MeHsioTcsi. [lpu sTom nomyuaemsiit nepepacxos 3meKTpo-
3HepruM 3a PacuETHBIH NEepUOJ ONMpeHeNAeTcs KaK CyMMa 3JIeKTpO3HEPruH,
PacxozyeMoi B pasHble IEpHOIbI BpeMeHH paBoThl yCTAHOBKH :

g ~
AWs = 2 3 0. AH; ¢t;, 18
Z " To00n O Aty (18)

rae (;, AH; — mopava u NpeBHILIEHHe HANOPA 33 POMEXYTOK BPEMEHH 1.

Borpaxennem (18) ynoGHO mons30Bathes B TeX CyyasiX, KOTJa YCTaHOB-
Ka 3HAYMTENbHBIC TIPOMEXYTKH BPEMEHH paGoTaeT B paBHOMEPHOM DEXHMeE.
IIpu nepevenHoM pexuMe paGorhi GbIBAET 3aTPYIHMTENIBHO ONpENEIMTb,
CKONBKO BPEMEHHM YCTAHOBKA paboTaeT ¢ TOH My MHOil IOJA¥Yed M Kakoe
peBbllieHHe HAopa COOTBETCTBYET 3TOM MOMAYE.
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[TepeMEHHDIH PeXUM paboTBl XapakTepeH 1A MHOIMX HACOCHBIX YCTa-
LOBOK, B YAaCTHOCTM paGOTAlOUMX B CHCTeMaxX BOJIONOOAYH U BOAOOTBE/E-
s, VcTIOnb3y s B 3THX CIIYYasX TOT e IpHeM, 4T0 M B § 4, MOXHO Tpeft-
cTABUTH 3aBHCHMOCTD NOJIaYM OT BPEMEHW B BH/IC YNIODA/IOYEHHOR uarpam-
vl [cM. ypaBnerme (8)], a mocne HexOTOpBIX NMpPeoGpPa3OBaHMi IONYUHTD
spIpa)KEHHE, ONPEeNAMIICe PACXOJl IIEKTPOIHEPIHH HA HEPAITHOHAIIbHOE
ripeBbILICHHE Hanopa:

AWy =N5T§ _i_H; (% ~1) (1->\)(1+x)2§. (19)
: ,

>~ *
O603HauMM BBIpOKEHNE B QHUIypHOil ckoBKe uepes w, Beipaxenue (19)
npHBOTMTCA K BHIY

AWy = Ng Tw*, 20)

rie Ng — nanGonsiuas norpeGnsaeMas MOIIHOCTb YCTaHOBKH, KBT; w* — ma-
paMeTp, XapaKTepH3yloUmMil OTHOCHTENbHbIE NMOTEPH 3NIEKTPOIHEPIUM, BbI-
3paHHble TPEBbIlIeHHeM Hanopa AH.

3navene w* 3aBUCHT OT QUKTMBHOIO Hanopa H;,, KOTOpBIfl Xapakre-
pi3yeT KPYTH3HY XapaKTepUCTHK Hacoca, OT OTHOCHTENIbHOIO CTaTHYeCKOro
uanopa Hy, , KOTOPBIi ONperieNAeT K Py M3HY XapaK TepUCTHKH TpyGorpoBona,
% OT OTHOCHTEIbHON MHHMMAJILHOHA Booniogaud A.

[lockonbky (HKTHBHaf BBICOTA MObEMA BOMGI OHOTHIHBIX HACOCOB
TPHMEPHO OIMHAKOB2 (YISl YMCTOH BOJIBI Hq) = 1,25, mist CTOYHBIX BOJ
H;, = 1,45), moryr 6bITh MOCTPOCHB! PacYeTHbIC KPHUBBIE IS Pa3NMYHbIX
TPYII HAacOCOB, ¢ NMOMOILBI0 KOTOPhIX CYIIECTBEHHO OGIEIvalnTCs BhIMMCIHe-
uEs TIOTEPb SHEPIHH, BHI3BAHHBIX IPEBBINIEHHEM Hanopa Hacoca. Ha puc. 21
fpeficTaBNIeHBl pacueTHeie KpuBble w* = f(A, H}) /s BOJAHBIX HACOCOB
H HAaCOCOB, TIpHA3HAYEHHBIX AUIA CTOUHBIX XHMIKocTei. Mcnonbays 3aBucu-
Mocth (20), MOXKHO IIOCTPOMTb PAaCUETHBIC KPMBbIE [J1A OpPYTHX BHIOB Ha-
cocos. Hupke NpMBOOMTCA IIPUMEP pacyeTa C HCNONMb3OBAHHEM JAHHBIX
KPUBBIX.

Npumep 1. Ha BomonpoBomHo# HacocHOH craHmym Hacoc tHma I 3200-75
noaaeT BoAy Ha BRICOTY Hyy = 36 M, pa3BuBad NPy MaKCHMAJIBHOH mojaye
06 = 1 M [c nanop Hg = 60 m, MunnmaibHas omaua Qy = 0,5 m° /c. Pery-
THpOBaHME pexXuma paGOTbl HACOCA OCYMIECTBIAETCA APOCCENMPOBAHHEM
33ABWKKONR Ha HatmopHoi yuHWM. Bpems paGoThl ycTaHOBKH B pacueTHBIA
epuon spemenu (rop) 8760 u.

Pewenwue BruuciseM OTHOCHTETPHYI0O MEHHMATIBHYIO TOZAYY A =
= Qu/ 06 =0,5/1 = 0,5 1 oTHOCUTeNbHbI cTaTHYeCKHit Hanop Hy = Hr/Hg =
= 36/60 = 0,6.

OtHocuTensHBIE NOTEPH 3NIEKTPOIHEPTHH, COOTBETCTBYIOLIME 3THM 3Ha-

seHusM N\ M H, ompepensieM ¢ TNOMOIIBI0 PaCUeTHBIX KPHBBIX (pHC. 21):

wro = 0,182.
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Puc. 21. 3aBUCHMOCTb OTHOCHTENBHEIX [IOTEPh EKTPOIHEPIHH TIPH PO CCETTHPOBAHUA
HACOCOB:

a — pansg uMcTod Bompi; 6 — A CTOYHOM >KHOKOCTH

Beruwcniaem HauGonburyio notpeGrnAeMy0 MOLIHOCTh HACOCHOH YCTAHOB-
ku o popmyie (5):
1000-9,81-1-60

1000 - 0,85

Ng = >~ 692,5 xBr.

Pacxop 3/exTposHeprus Ha IpeBbILICHHE HAIopa B 3TOH YCTAHOBKE Olpe-
pensem o (20):

AWs =692,5-8760-0,182 = 1104067 xBr - u.

R

PaGoTa HACOCHOI YCTAHOBKH C MpeBBILICHHEM CTATHYECKOH COCTABJIAIO-
et Haropa. B psAme HacOCHBIX YCTAaHOBOK HaBIiofaeTcAd M3MEHEHHe He M-
HAMHYECKO, 3 CTATHUECKO# cocTaBsitowel Haropa. OHO BO3HUKAET Npenumy-
IIECTBEHHO 32 cueT KoNMeGaHHi yPOBHS B IIPUEMHOM pe3epByape YCTaHOBKH.
Takoit peXuM XapakTtepeH MJISI HACOCHBIX YCTaHOBOK CHCTEM BOJOOTBEJIC-
HUSI, B TOM YHMCIe CHCTEM OCYILEHHs, KAHAM3AIMK U T.I. ITH YCTaHOBKH
paGoraior OGBIYHO IWMKIMuecKH. IIpH HaNONHeHWH pe3epByapa HacOCHI
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Puc. 22. Cxema HacocHoM ycraHoBKY ¢ IepEeMEHHLIM CTaTHYECKUM HATIOPOM:

YB - yposens BKIoYeHus1; YO — ypoBeHDb OTKmioueHus; | — Hacoc; 2 — npuem-
HbI# pesepByap

Puc. 23. T'padux cosmectnoit
paBoTel Hacoca, Tpy6onpoBo- ; 2
0a ¥ pe3epByapoB C NepeMeH-

HBIM CTATHYECKMM Haropom: a

1 - XapakTepncmxa TPY-

GompoBofa  MpM  HIKHEM x 7 p
ypoBHe; 2 - To e Npu Bep- =
XHeM ypoBHe; 3 — xapakTe- 3
PHCTHKA Hacoca <| .
af
‘M a5 q

BKIIIOYAI0TCA B pabOTy, NPH OMOPOXHEHHH OTKJHouanTcs. Cxema TaKo# yc-
TAHOBKH NpercTaBieHa Ha puc. 22, a rpaduK COBMECTHOl paboTe! Hacoca,
TpyGonpoBona u pesepByapa — Ha puc. 23. B upkmiveckom pexame paboTst
(puc. 23) npu BxmoueHuu B paboTy Hacoca cTaTHYecKuil Halop paBeH H
4 TIpH OTKIIIYEHVH COOTBETCTBEHHO CTAHOBUTCSA PAaBHBIM Hy,. Usmenenne
CTATHYIECKOTO HANOpa OMNpEMIENACTCH PAa3HOCTBI0 OTMETOK BKITIOYECHHS (¥YB)
u otkymouenns (YO) Hacoca.

Ifo stoit npuumHe xapaxtepucruica TpyGOMnpoBOfa B HauasibHBIA MepHOL
OTKaYKH 3aHMMAeT MOJIOXKEHHe /, a B KOHIE — IOJIONKeHHe 2. Ilpu stom
pabovasi TouKka Hacoca, pabOTAIOLIEro ¢ MOCTOAHHON YaCTOTOH BpALLCHAA,
TCpEMENIAETCA M0 HaNOPHOM XapaKTEPHCTHKE HAcoca OT TOUKU & JI0 TOu-
KH 6, T.€. HacOC paBoTaeT ¢ MepeMeHHbIM Hanopom ot H, no Hg.

Ecmu 651 yranoce oGecneuuts Taxoit PeXum paboTbl yCTaHOBKH, IpH KO-
TOpPOM HAaCOC B KaXIbIH MOMEHT BPEMEHH OTKAaUMBAeT U3 pe3epByapa CTOIIb-
KO XHIKOCTH, CKOJIBKO €€ TyHa IOCTYNaeT, TO YPOBEHbh MOXHO 6bUTO 6bI
CTaGHIIM3HPOBaTH HA BepXHEH oTMeTke YB.

OueBuaHO, 4TO Mepekauxa XXMIKOCTH ¢ GOJee BBICOKOrO ypoBHA Tpeby-
€T MCHBUMX 3aTPaT JMEKTPOSHEPTHH, YeM C HHXKHETO, T.e. oBeCleuHBaeT
Bonee sxoHOMUWHBI pexum paGoTbl HACOCHOR ycraHOBKH. Taioi pexum
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Moxer ObiTh OBecredeH M3MeHeHMEM YacTOTHI BpallUeHUs Hacoca. [lpu stom
pabouas TOYKa Hacoca HepeMellaeTcs [0 XapaKTeprcruke TpyGorpoBofa
OT TOUKH g fio ToukH 6 (puc. 23), T.e. Hacoc paGoTaeT ¢ MepeMEeHHBIM HAMO-
poMm ot H, no Hy. HerpynHo BupeTs, UTO B TaKOM pexuMe paboThl pasBH-
BaeMblifl HACOCOM Hamop MeHblle, YeM B mnpedbiayiieM. CrefoBaTesIbHO,
H pacxop 3MEKTPOIHEPTMM Ha MepeKayky OJHOTO ¥ TOro Xe oObeMa Xu[-
KOCTH MeEHbIIe MpH CTaGuiN3aijiy ypoBHA B pe3epByape Ha BepXHeH OTMET-
Ke ¥YB, ueM nip# IMKITMYeCKOM peskume paboThl.

Kpome Ttoro, paBHomepHas paGoTa HACOCHBIX arperaroB MCKJIIOYAET HX
MHOTOKPATHble BKJIIOYEHUA H OTKJIIOYEHHsA, YTO ONaroTBOpHO BIHACT HA
MOBbIIIEHHE HANEXKHOCTH M [IONIFOBEYHOCTH paboOThl TEXHONIOTHUECKOIO
H INEKTPOTEXHHYECKOro OGOpPYIOBAaHMS HACOCHBIX YCTaHOBOK. B [22]
IpuBedeH BHIBOL YpaBHEHMs, HNO3BONAWILETO BBIYMCIMTL IEPEPACXOT,
MEK TPOIHEPriH, KOTOPBIA HMeeT MecTo NMpH paboTe B IMKIIMUECKOM peXiH-
Me paboThI YCTAHOBKH:

sz=N5Tl‘72‘— §H£—(H5—1)x

x 2 | %(1—1{;’)(1”2) , @)

- AHQ,

roe AHg = Hy - Hy; AHp = Hpy — Hyy; npoune 0603HAaUeHHs TIPHHATHI
T€ Xe, YTO M B INpefpIOylUMX ypaBHeHUsX. YpasHenwue (21) rpoMo3sgko u
HEeyHNOoGHO M1 MCTOJIB30BAHHUA TIPH BBHIMUCIEHHAX, TI0ITOMY OHO IIPUBOIUT-
CA K TOMY Xe BHAY, yto # (20):

AWy = NgTw* (22)

3asucnmocts w* = f(A, H;) IJIsL pacCMATPHBAEMOTO CIIyuasi NpescTaBile-
Ha Ha pHc. 24. JTH pacueTHbIe KPHBBIE HCIOIb3YIOTCA aHAJIOTUYHO PaccMOT-
PEHHBIM paHee Ha pHc. 21.

Anamms pexuMOB paGoThl [EHCTBYIOIMX HACOCHBIX YCTAHOBOK Dasimy-
HOTO Ha3HAUeHHMs NOKAa3bIBaeT, YTO Ha NOBBIECHNE MMHAMUYECKOH COCTaB-
NAWILIEH HANOpa B HAacOCHBIX YCTAHOBKAX B 3aBHCHMOCTH OT MECTHBIX YCIIO-
BHi pacxonyerca [0 15%, a B OTAENMbHBIX cyvasX 00 25 % 3NneKTpo3He prum,
PacxomyeMoil Ha TPaHCTIOPTUPOBKY uIKocTH. Ha roBblienye craTuieckon
COCTaBMIAIOIIEH Hamopa pacxomyerca no 5—10%, a B OTHeNbHBIX Clyyasx
no 20% osnexTPOIHEprHH, pAacXOdyeMON Ha TpaHCHOPTUPOBKY KHMIIKOCTH.

U3 mpuBeneHHbIX BBIIIE DPACCY)KAEHHA BHOHO, YTO [UIA YCTpaHEHMA IO-
Tephb JIEKTPO3HEPIUM B HACOCHBIX YCTAHOBKAX, BbI3BAHHBIX IPEBBILICHUSIMH
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Puc. 24. 3aBHCHMOCTH OTHOCHTENIBHBIX w* ey
n
MOTeph AMEKTPOSHEPrHd TMpU CTYHeHua-
TOM PETYNHPOBAHHM HaCOCOB [V CTOY- g gp \
b4

HBIX XHIOKOCTeR

0,24

/
/——
\
020 SN
Hanopa, HeoGXomuMo oBecreyuTh ]

T4KOH PEeXHUM, IIPH KOTOpPOoM pabo- 47 7 \

06
yast TOUKa Hacoca HepeMerianach bl / /‘&\
MO XapaKTepPUCTHKe TPYyGOMpoBO;a, .. / RN ‘\
g

AN

a ypoBeHb B IIPUEMHOM pe3epByape - 0?\?
crabunusupoBayicss Obl Ha BEPXHEM ,__-4\ \\
MaKCHMAJIbHO HOMycTHMOM ypoBHe.  4¢ T 79 N ]
B ciyuae MOfauM KUAKOCTH Ha- T
COCHOM YCTaHOBKOH B HallOPHBIH pe- 4% 4 N —
I

3epByap (Hampumep, B BOJOHAIOp-
Hyl O6aillHi0) HaCOCHBIH arperar
BKJIIOYaeTCsi B pafoTy NMpH ONOPOXK-
HEHHOM pe3epByape [0 3aaHHOTO
HHXKHETO YPOBHs, a OTKIIIOYAaeTCA IIpH HOCTHXEHHM 3a[JaHHOTO BepXHEro
YPOBHs1. 3aTeM LIMKJI IOBTOPACTCA.

Ilpn TakoM pexxume pabGOTHI MpPEBbIIEHHE HATIOPAa B HACOCHON YCTAHOBKE
BO3HMKAeT MpH pa3MElieHWM JAaTYMK3 BEPXHETO YPOBHA B pe3epByape Ha
CIMILIKOM BBICOKOH OTMETKE, a TaKKe NpH ero HeHasexHoii paGore. OcobeH-
HO YACTO TaKMe CIyuyau MMEIOT MECTO B CHCTEMaX CEIbCKOXO3AMCTBEHHOTO
BofocHaOxenus. IlpH HH3KNX TeMilepaTypax Hapy>XHOrO BO3HyXa HarTdHKH
YPOBHA B pe3epBYyape, YCTaHOBMEHHble Oe3 NOOTpeBa, BBIXOIAT U3 CTpOA.
Io aroii mpuuMHe ypoBeHb BOTBI B Dake pe3epByapa (BOMOHAmopHOM Garr-
HH) TMOJHMUMAeTCHA JI0 YPOBHA HEPENNBHOH TpyObi. B pesynprate pacxomy-
€TCsl 3IEKTPOIHEpPrHs He TONBKO Ha HOTbEM BOMbBI CBEpX HeoGXOomiMOro
YPOBH, HO TaK>Xe Ha MepeKauky Bojbi, Gecrione3Ho BhITeKamwiled U3 ba-
Ka OalHu.

PaGoTa HacoCHOIt YCTAHOBKH C NpEBbILICHAEM JMHAMHYECKOH H CTaTH-
yecKoil COCTaBnsIOmMX Hamopa. Bo mMHorux ciyyasx Bo3moxHa pabora Ha-
COCHOHM YCTaHOBKH C NpeBbILIICHHEM KaK CTaTHYECKOM, TAK ¥ IMHAMHYECKOH
COCTABNAIOIHX HANMOpPOB. B 3TOM cnyyae oHHOBpeMeHHO M3MEHAKTCS H
KPYTH3Ha XapaKTepUCTHMKH TpyGONpoBONa, U ee MOJIOXKEHHE HO BBICOTC B
xoopmHartax O u H (puc. 25).

Kpusbie /, —I; NOKa3bIBAlOT 3aBMCHMOCTb THHAMMUECKHX MOTEpPb HAIo-
pa v“[2g B TpyGONpOBOAE OT pacxofa NPy pPa3HYHBIX THOPABIMYECKHX
conpotusnenusax. Kpussie /I, —II, ABNANICA XapaKTEPHCTMKAMH Tpy06O-
NpOBOAa IPH  pa3sHbIX 3HAUYCHUAX CTATHYECKO#l BBICOTHI TIONAYH HUIKOCTH
U THOPABIHYECKOro CONMPOTHUBIICHHA. ITHM rpaduKaM COOTBEICTBYIOT pa-
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Puc. 25. T'padux coBMmectHOH paGoThl HACOCA IIpH NEPEMEHHEIX OHHAMHYECKOM M CTa-
THYECKOMH COCTABIAIOIIMX HAIOPA:

I — u3MeneHHe noTeph Hanopa B TpyGONpPOBOJE B 3aBUCHMOCTH OT Pa3’HbIX 3Have-
Hu# TUOPABIMYECKOTO COTMPOTHBICHUS; I — XapaKTepHCTHKa TpyGomnpoBona npu pas-
HBIX 3HAUCHHAX TUOPABAHYECKOrG COUPOTHBIEHHS H CTATMYECKOM cOCTaBisIoOLel Ha-
nopa; Il — HanopHast XapaKTEPUCTUKA HEPETYIHPYEMOTo Hacoca

Goune TOuKHM HacocHo# ycraHoBxH I —4. Touxam 2—4 COOTBETCTBYIOT CBOH
3HAUCHUA MpEBLILICHHs Hamopa, 0OYCIOBNEHHOTO KAK CTAaTMYeCKOH, TaK M
[EHAMMYECKOH COCTaBMIAOUMMY Hanmopami. Tak, Hanpumep, TIpeBblILIeHKE
Hamopa, COOTBETCTBYIOIIee paboyedt Touke 3, papHo AH3 = AH .5 +
+ AHpyy,-

Onpenenelue MoTeps 3MEKTPOIHEPTHH B Ciyuae OIJHOBPEMEHHOTO Mpe-
BBIIUEHHA CTATHYECKHX H OHHAMHMYECKHX COCTABIAIOUMX HANODPA OCYLIECT-
BIACTCA ¢ NOMOIIbI0 ypaBHeHus (20) M pacueTHBIX KPHBBIX, NpE/ICTaBIIeH-
HBIX Ha pHC. 21 WM 24, NOCKONBKY B IPOUECCe paGOThI MPEBbILLIEHHA HAMO-
Pa IOCNENOBATENbHO U PABHOBEPOATHO IPUHMMAIOT 3HaueHus ot 0 mo AH,.
B atom pexwume mus onpenenenus noreps 3JIEKTPO3HEPIUH [SOCTATOYHO OI-
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H A Puc. 26, IlpoccenupoBasue mnacoca
Ip¥ MAK CHMAJIBHOM nojave:

1 — xapaxTepucTuKa TpyGompo-
BOJA IIpY OTKPHITOH Hamopho# 3a-
IOBWKKE; 2 — XapaKTepUCTHKA Ipoc-
cenyposanHoro TpyGonposona; 3 —
XaPaKTePUCTHKA HEPETYIMPYeMOTO
Hacoca

!
[ |
| |
I |
| 1

0 ﬂn af ﬂ‘ a

penemuts X = 04/ Q1 v H} = H,|/H; n manee no pacueTHbIM KpPHBbIM (CM.
puc. 21 W 24) onpeenuTs 3HAUEHHE OTHOCHTESIBHBIX NIOTEph NIEKTPOIHEp-
run w*. JlanbHeAnmii MOpANOK pacyeTa aHaJIOTHYEH paHee TIPHBEICHHOMY
npuMepy 1. )

B HexoTOpHIX Clyuasx, HalpuMep NpPH HEMONHOM Da3BHTHM BOJIONpO-
BOJHOM CeTH, HACOChI JIPOCCEIIMPYIOT HaXe NpM MaKCUMAajbHOM Iiofgaue s
JAHHOMK HacOCHOH ycTaHOBKH (puc. 26). B Takux ycmoBuax HacocHas ycra-
HOBKa paGoraer npH HauGonsleil nopaue Qg c npeBbliieHkeM Hanopa AHg.
YroGbl onpenenuTh NOTEPH NEKTPOIHEPTHH B 3TOM CHyuae, MOXKHO TaKxKe
BOCIIONIb30BaThcA ypaBHeHHeM (20) M pacueTHBIMM KpHBBIMH (CM. puc. 21
u 24). Jlns 31010 CcHavana BeIMCTHKT Ny = Qn/QA u Hyy = Hy/Hp. Ja-
7ee ¢ y4eToM 3THX 3HAYCHHUH MO pacueTHBIM KpHBBIM (cM. puc. 21 wim 24)
OTIpeIeNAT OTHOCHTENIbHBIE NIOTEPH IMEKTPOIHEPTHH W, . 3aTeM BbIUMCIAIOT
A2 = Q6/QA ¥ H), = Hy/Ha, 10 KOTOPHIM ONpENeNsioT OTHOCKTENLHBIE
noTepH MeKTpodHepruM w,. [lociie yero ompenensiT pacueTHOe 3HaUYeHHe
Wacu = W, ~W, , ToficTaBiias Kotopoe B (20), BhumchAw0T notepu AWs.

WznoxenHble BhIIIE NMPHEMbI pacyeTa OTHOCATCS K HACOCHBIM YCTaHOB-
KaM, B KOTOphIX paGortaer omuH Hacoc. OpHako OHM MOryT HCIIOJIB30BATh-
cd M I pacyeTa HaCOCHBIX YCTaHOBOK, COCTOALMX K3 T'PYIHIbI HacOCOB.
B 3TOM Ciiyuae B pacuer NOTEPsh 3JEKTPOIHEPIHH BBOOUTCA C H M X a 10-
¥ i koydduument ¢ [40]

AWy = NgTw*p, (23)

roe Ng — MowHOCTh, KBT, OTpeGiseMans HacocamMu NpH uX HauGosbiuel
CYMMapHO/ mofaue; ¢ — CHIDKaloumi kod$pQulmeHT, 3HaYeHHe KOTOpOro
NIPeUMYLIECTBEHHO 33aBHCHT OT uHcna paboTanommX HacoCOB B peXHME HaH-
GOMbIIMX NOfIaY I JaHHOW yCTaHOBKM (poume (aKTOpbI, HAIPUMED H3Me-
Henne KT u fip., He yuuThIBaoTCA) @

Uncrio paGoTtalouux 1 2 3 4 )
HAacOCoB M

Crmxatonmit koad- 1 0,75 0,66 0,56 0,5
buument ¢
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Yucno paboTaroumx 6 7 8 9 10
HACOCOB M

Camxaroruit xo3g- 0,47 0,44 042 04 0,38
bHIUeHT ¢

[Ipu paboTe HECKONBKHX HAacOCOB GrIarofaps U3MeHeHuo uucia paboTaro-
KX HACOCOB IpeBBIIUEHHE HAamopa YMeHBINAETCH, a3 B OTHENIBHBIE MOMEHTHI
OTCYTCTBYET, UTO M YYHTBIBAETCHA BBEJCHHMEM CHIDKAIOLIEro xo3ddumienTa.

9. 3ATPATH JJIEKTPOIHEPTYH HA NEPEKAYKY YTEYEK
N HENMPOU3BOIHUTEJIBHBIX PACXOJAOB BObI

Yacts BoOppl, NomaBaemoil MOTpeOuTenio, Gecroye3HO BHITEKAET depes
HEeIUIOTHOCTH B TpyOONpOBOOHOH apMaTtype, B CaHHTapHO-TCXHHUECKHX
npubopax M gpyrux ycrpoicrBax. Kpome TOro,3a cuer noBbillteHsi Hamo-
pa B CeTH uYepe3 BOJOpa3bOpHYI0 apMaTypy NOTpebuteno mopaercs BOMEBI
6onbie, yem Tpebyerca.

VYreuku u HempousBommuTenbHble pacxonpl mocruraior 20—25% obmero

- pacxoma Bompl. Ha mx mepexauky pacxomyercs mononHutensHo 20-—-25%
MEKTPOIHEPIUH, 3aTpauMBaeMoOit Ha Topayy Bompi. Kpome TOro, yTeuku
H HEIpOM3BOIUWTENIbHbIC pPAcXO[bl BOIBl MONAJaldT B KaHATM3aUHIo, 4TO
TaKXe TpeOyeT MOMONHUTENBHBIX 3aTPaT 3JIEKTPOIHEPrHH Ha MX mepeKau-
KY 4 06paBoTKy B CHCTEME BOJOOTBEICHUA H OYHCTKH CTOUHBIX BOJ,

PesynbratamMu 3kcnepuMeHTansHbIX HUcclegoBaHmid [43] ycraHoBneHo,
YTO HaubONbIIAA AONA yTeueK BOMBI TPUXOMMTCH HA CMBIBHbIE GaukM M CO-
craprser 1o 40% Bcex BHAOB yTeYEK M HepalMOHAbHBIX pacxoioB. Ilossl-
HIEHWE HANOPA YBEINUMBACT YTEUKH uYepe3 HEeIUIOTHOCTH B IONJIaBKOBOM
KjlanaHe, OOHOBPEMEHHO CYHIECTBEHHO NOBBILIACTCA YPOBEHb BOMbI B CMBIB-
HOM 6auke BIUIOTh O MEPENMBHOTO OTBEpPCTHA, Yepe3 KOTOpOe BOMA MOCTY-
naeT B KaHaIM3alMIO, YTO [IONONHHMTENbHO YBEIMYMBAET PACXOX 3JEeKTpo-
SHEpruY Ha [epeKavYKy U 06paboTky CTOUHBIX BOp,

JKCIIepHMEHTAIbHbIE HMCCTICNOBAHUA TOKAa3aiM, YTO [UIA CTaBWIM3aImy
YPOBHA BOJbI B CMBIBHOM 0auke HMXe NEPENMBHOTO OTBEPCTHA HATOp B
Tpy6onposoge nepen 6aukoM 101mKeH 6biTh He Gosbire 40 M.

Cnepyromee MecTo MO yTeuKaM BOHBI NMOCJE CMBIBHBIX GaYKOB 3aHHMAIOT
HETIPOM3BO/IMTENBHBIE PACXO/bI, COCTaBNIALHe 10 23 % OGUMX NOTEPh BOILI.
JTH pacXOMBI TAKKE 3aBUCAT OT IIPEBBILIEHHS HATIOpPa B CETH, 2 KPOME TOrO,
H OT KONeOaHWHl TeMIepaTypsl ropsyeil BOABI B CHCTEME rOpPAYEro BOJO-
cHaBxeHu.

Tax, cmaikoM GONBILOA HANOp B CHCTeMe BOOOCHAGKEHHS yBeTHUMBAET
HENpOU3BOAMTENbHRIE pacxodpl. BriGopouHoe o6creoBaHHe psaya aBOHEHT-
CKHX BBOOOB B I. MockBe mokasajno, Yo Hamop Ha BBOMe NOTpeGuTeneit
npepbiiiaer rpebyembiit Ha 30-45%. Huskas Temmepatypa ropseit BOmpl
3aCTaBiisieT MOTPeOMTENsA CIHBAaTh GONBLIOE KONMUECTBO BOIbl B KaHaIM3a-
UHI0 IO T€X NOp, IOKA U3 CUCTEMbI He MOHIeT Boxa Gonee BbICOKOH TeMIlepa-

42

TYpbl. MUHHMAsIBHBIE pacXO[bl TOpAYEH BOMJBI UMET MECTO NIpH TeMIepary-
pe 55—-60°C.

Bonbiioe konMMuecTBO paccpedOTOYEHHBIX NOTpebuTesielt B cCTEME BOMO-
cHaOXeHUs 3aTpyHHAET YyCTpaHeHHe yTeueK IONHOCThI0. Bo BcskoM cryyae
yCTpaHeHHe YTeYeK y NOTpebHTeNiedl Majo 3aBHCHT OT 3KCIUIyaTalMOHHOTO
IIepCOHANMa HacOCHBIX CTaHUMA. OIOHAKO CYIIECTBYET BO3MOXHOCTb YMEHb-
IIATh UX 34 CYET ONMTHMHU 3 AU U peXuMa pabOTbl HACOCHBIX YCTAHOBOK.

OueHHTh MOTEPH IEKTPOIHEPTUH B HACOCHBIX YCTAHOBKAX, BbI3BaHHDbIE
YyTeUKAMHM W HENPOM3BOAMTENBHEIMH pacXOIAMH BOAbI, MOXHO CIIefyio-
umMM o6pasoM. M3BecTtHO, YTO KOMHUECTBO BOAIpI, BRITEKAWILEH U3 OTBEP-
CTHA, IPOROPUHOHAIBHO KOPHIO KBapaTHOMY H3 3HAaYCHHA HANOPOB:

A ﬁ‘_ (24)
Q2 Hy

roe Q) — pacxop pu HOpManbHOM Hamope Hy; (; — TO e Hpu HOBBILIEH-
HOM Hamnope H,. CrnenoBarenpHo, HaH4ke TOBBIIIEHHOTO Hallopa B ceTH yBe-
JIMYMBAET YTEUKH M HEIIPOU3BOIMTENBHBIE PACXOIBI HA 3HAUCHUE

AQ=0,-01=0(VH,/H - 1). (25)

PacueTsl, BbIMONHeHHBIE ¢ yueToM (25), a TakXke 3KCIepHMEHTAJIbHBIC
HCCNIeOBaHKHA TOKA3bIBAIOT, YTO IOBBIIICHHDBIC HANIOPbI YBETHUMBAWT yTeU-
KM U HENMpOM3BOMMTENbHbIE pacxompl Ha 13—20%, a ofumit pacxof BObI —
Ha 2-5% [17].

10. IOTEPH JJIEKTPOOHEPIUM MPH PABOTE HACOCOB B PEXHME,
HE COOTBETCTBYIONIEM UX HOMHMHAIJIBHbIM ITAPAMETPAM

OrpaHnueHHass HCMEHKJIATYpa HACOCOB, OTCYTCTBHE TOYHBIX HCXOMHBIX
HAHHBIX TIpH MPOEKTUPOBAHHM HACOCHBIX YCTAHOBOK H CETEH, MOCTOAHHOE
H3MEHEHHEe YCJTOBHMM OJKCIUTyaTalMy ¥ ApYyTHe TPUYIHBL IpUBOJAT K TOMY,
YTO peasibHbI PeXUM pabOTsl HACOCHBIX YCTAHOBOK MOXET CYLICCTBCHHO
OTIHYATBCA OT pacueTHoro. IIpu 3TOM BO3MOXKHBI CIICYIOLIME OCHOBHBIE
BapHaHTHI.

Pabota Hacoca c mopaueli MeHbiIe Pacu¥eTHOH, H HAIopoM BhIe pacietr-
Horo. JTOMY pE&KHMY COOTBETCTBYET rpadMK COBMeCTHO# pabOTBI HACOC-
HOM ycTaHOBKHM u TpyGompoBosma (puc. 27). CormacHo rpaguxy 6oib-
ILIy10 YaCTh BPEMEHH YCTAHOBKA PaGOTaeT ¢ HAMIOPOM, 3HAUMTENbHO GOIBLIMM,
yeM 3TO TpeGyeTcA i MOMAuM HYXHOTO KOJMYeCTBa XumKoctn (paboyas
Touka 6). Takoff pexkum BriedeT 3a coGOH MOBBILICHHE HANOpa, YBCIHUCHHE
yTeueK W HeMpOM3BOJMTENBHBIX PAcXOHOB BOOBI H KaK CIEACTBHE CYIIECT-
BEHHBII MEPepacxo/t AMeKTposHeprun {cM. § 9).

Kpome Toro, Gonmbmiyo uacTh BpeMeHn Hacoc paGoraer ¢ KIIIL Gonee
HM3KHM, YeM ero HOMHHAIbHbIE 3HaYeHHA Ng < N0 (PHC. 27).
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Puc. 27. PaGora mnacoca npu
KIIH, ornuvaomeMcss OoT HOMH-
HaJIBHOTO:

A — pacueTHas xapaKTepHc-
THKA Tpy6onposona; B — xapak-
TepUCTHKA TpyGonposoma ¢ Mo-
BBIIIECHHLIM FH/IPABAUYECKHM CO-
OpoTUBNeHHeM; B — TO XKe C
TOHIDKEHHBIM

Pabora Hacoca ¢ mopavei
Oonnitie pacueTHOM M Hano-
POM HMXKe pacueTrHoro. JTo-
My DEXHUMY COOTBETCTBYET
pabouas touka ¢ (puc. 27).
B atom cnydae macoc takxke
pabotaet ¢ KIIJI n1xe HOMH-
HAJIBHOTO N < Nhom:

0 et Pabora Hacoca CNIIG’I,H,, oT-

4 nuvaroumMes OT HOMWHATb-
HOrO, BjleueT 3a Co0ol yBeJMdYeHHe MOTPebiIAeMOit MOIIHOCTH M KaK CleCT-
BHC YBEJIMUCHHWE 3aTPAT SNIEKTPOIHEPTHMH HA TPaHCHOPTHPOBKY XKHEKOCTH.

Ilpu stOM crniegyer uMeTh B BH/Y, YTO NPUBOZHON INEKTPOMIBHIATENb
nonGupaeTcs K HacoCy TakUM o6pa3oM, 4roGbl HOMHHANBHBIM IlapaMeTpam
Hacoca COOTBETCTBOBAM HOMHHAJBHBIE MAPaMETPhI INEKTPOBHIATEINSA.
CnenoBatesibHO, npu paboTe HACOCAa B pEXHME, OTIHYAIOLIEMCA OT HOMH-
HAJIBHOr'O, IJNIEKTPOABHUIATENb TaKXe MCNONb3YeTcsl He B HOMMHHAJIBHOM
pexume. Kax u3BectHo, paGoTa anexTpomsuratens B pexuMe, OTIHYAIO-
IeMC OT HOMHHAJIBHOTO, CBA3aHa ¢ yxynuwennem ero KIII u xo3dpu-
IMECHTa MOIWHOCTH COSy, YTO BEAET K IOSABIICHHI0 NOMONHHTENbHBIX IIO-
TepPb YIEKTPOIHEPIMM B INIEKTPOABUraTeNie M INIEMEHTAX 3IIEKTPOCHAG-
KEHHUA.

OCHOBHBIMH TIPHUMHAMHU HEy[AUYHOTO MOMGOPa HACOCOB H HECOOTBETCTRHSA
€ro IapamMerpoB pexUMy paGOTBI CeTH ABJIACTCA OTCYTCTBHE HafeXKHbBIX MC-
XOMHBIX [AHHBIX IIPH NPOEKTHPOBAHMM CHCTEMBI TPAHCIOPTMPOBKH JKHJI-
KOCTH. OcoGeHHO 3TO XapaKTepHO JIA CUCTEM BOJOCHAGKEHHA H BONO-
orBeneHus (cM. § 11). KomiyectBo 3ueprum, TepAeMOH H3-3a paboTH Ha-
cocHbix arperaroB ¢ KIIIl 74, ;, OTMY2I0LMMCS OT HOMHHAJIBHOTO 3Have-
HHUA Ny, > OTIPENETAT N0 GopMyrte

aw =221 [ Twom 4} (26)
102700 Npaxt
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Thasa 4

CHUXEHHUE NOTEPH 3JIEKTPOSHEPTUU
B HACOCHBIX YCTAHOBKAX

11. IPABHJIbHBIA BBIBOP OBOPY/IOBAHHSA — OCHOBA
YCTPAHEHHA NOTEPHb JJIEKTPOHEPTUH

Pexcum paboTsl HacOCHOR YCTAHOBKH TECHO CBA3AH C PEXHMOM paGOThI
CHCTEMBI TPAHCIOPTHPOBKH XHUAKOCTH B LieloM, OHOH U3 OCHOBHBIX IpH-
UMH HEIKOHOMHYHOM pabOThl HACOCHOH YCTAHOBKHU ABJIAECTCA HECOOTBETCT-
BHe palOUMX IN1apaMeTpoB Hacoca (Hamop, nogaya) pexxumy paGOThI cHCTe-
MbI (cM. 1. 3). B HEKOTODBIX YCIIOBMAX MOTYT BOSHHKHYTh HE TOJIBKO
HESKOHOMMYHbIE, HO [aXe ONACHbIE [UIA HACOCOB M CUCTEMBI TpyGOIpOBO-
0B pexHMbI paGotsl. st obecnieueHuss SKOHOMHYHBIX M GE30NAaCHBIX PeXH-
MOB paGOTBl HACOCHBIX YCTaHOBOK IpexXJe BCEro HeOBXOOMMO NpaBHIBHO
BBIOpAaTh COCTAB HACOCHOTO OGOPYOBAHWMA, ONMpENEIHTh HamGonee 3KOHO-
MUYHbBIE COUETAHMA PA3HOTHIIHBIX HACOCOB, YCTPAaHUTb HECOOTBETCTBME Iapa-
METPOB HACOCHOH YCTAHOBKH M CETH 3a ceT mopfopa paGoumx xomec pas-
JIHYHOTO Pa3’Mepa HITH YaCTOTHE HX BpPalleHHs.

Ha B 51 6 0 p HacocoB BiusawoT pasHoo6pasHeie daxtops! [21]: Ha3Ha-
YEHHEe HACOCa, CXCMa HACOCHOH YCTAHOBKH, PEXHM IIPHTOKZ H MOTpe6ite-
HUA OKUIKOCTH, THMJPaBIIMYECKHe NapaMETPhl CHCTEMbl, CBOHCTBA nepe-
KauHBAaeMOH JKHIKOCTH, YCJIOBHA OGCHYXHMBaHHA HACOCHBIX arperaros
u ap.

Kax npaswio, Hacoc mOMKeH HCIIOMb30BaThes B TeX YCIOBHAX paboOTI,
Ha KOTOpBIE OH PaCCYMTAH, T.6. IOIDKEH IepeKauuBaTh Te >XMOKOCTH, WIA
KOTOpLIX OH IpefiHasHaueH. B mpoTuBHOM cnyuae Hacocwl pa6orarnT B He-
IKOHOMHUHOM DEXXHMe M MPEeXIEBPEMEHHO BHLIXOPAT U3 cTpos. Hampumep,
UCMOJIb30BAHNE BOAAHBIX HACOCOB, PaCCUMTAHHBIX Ha NONAYY YMCTOM BOMBI,
Wil MEePeKayKH CTOUHOH JKHIKOCTH BEET K MpeXIeBPEMEHHOMY H3HOCY
TPOTOYHOH YacTH Hacoca, yxymurenmio KIIII, yBemuuenmio pacxoma 3Hep-
THH, yCJIOXHEHHI0O M YOOPOXAHHI0 OOCITyXHBaHusA arperata. B cBsasu c Tem,
9T0 HOMEHKIJIATYpa HacOCOB, U3TOTABIMBAEMEIX NPOMBILICHHOCTBIO, Orpa-
HUYEHA, TPHUXOMHTCA TPHMEHATD HACOCHI He N0 IIPAMOMY HA3HAYCHHIO.

B Tex cmyuasx, Korga Hacochbl MEpEKAUMBAIOT HUIKOCTH, OTIMYAOLIHE-
CA N0 CBOUM (QM3MKO-XHMHUYECKHM CBOHCTBAM OT PACUETHBIX, ClIeTyeT NpH-
HUMAaTh CHeyuaabible Mepbl, 0becreYHBAIOIHMe NpPHEMIIEMble YCIOBHA HX
axkcmnyarauuy. Hanpumep, npu HCIONB30BAaHMH BOAHBIX HACOCOB yIA Tepe-
KauK¥ - 3arps3HEHHBIX XXHAKOCTEH HYXHO OrpaHMUMTh I[IONAfaHWe B HACOC
TIOCTOPOHHHUX BKIIIOUEHMH, YBENHMUYHTb 3a30pH! B HpPOTOYHOM YacCTH HACOCOB
myTeM oG6TOYKHM paGounx Kojnec. PexoMeH/yeTcs peKOHCTPYKIMS CalbHH-
KOBBIX YIUIOTHCHHH ¥ HOMUMIHUKOBBIX Y3JIOB, Ipe[yCcMaTpuBAOILAs IO-
Oauyy B 3TH Y3/Ibl YMCTOH BOBI M3 TEXHMUYECKOro BOMOIPOBOJA JUIA OXJIAXK-
ACHUA ¥ CMa3KH JTMTHOQONIEBBIX U Pe3MHOBBIX MONIMIHAKOR M JUIA CO3/a-
HIS THAPABIIMYECKHX 33TBOPOB B CA/TBHHKOBBIX YITIOTHEHHAX.
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HeoGx0MMMbl TAKXKe OpP2AHUIGYUOHHO-TEXHUYeCKUe Mepbl: YBEIMICHHE
qucna OCMOTPOB, NPOBEPOK, PEBH3HH M NpodIWIAKTHIECKHX PEMOHTOB.
IlenecooBpasHo COKPATHTh MPONOIDKUTENIBHOCTb PEMOHTHOIO LHKIA, yTO-
6b1 OOecrieuMTb CBOEBPEMEHHYH0 3aMEHY M BOCCTaHOBIICHHEC yianomeﬂﬂblx
metaneit ¥ y3moB. OIHAKO 3TH MEpbI HE BCETNA AT XeNaeMblM pe3yIbTar,
nosroMy Gonee uenecooGpasHO NMPUMEHATD, ECNli BOIMOXHO, Grm3kue no.
CBOeMy Ha3HaueHmio Hacochl. Hampumep, Ui nepeKauky CTOUHBIX BOA MOX
HO MCIIOJIb30BaTh IPYHTOBBIE HIIH HHbIE MTOTOGHBIC HACOCHI.

OmHuM M3 BaXHBIX TpeGOBaHMI SBIAETCA HCHONb30BAHHE HACOCOB B pe-
JHMaX, COOTBETCTBYIOLMX KX HOMHHAJIBHBLIM NapameTpam. QTKnonexme
paGouMX NapaMeTpoB Hacoca OT HOMHMHANBHBIX BIIEdeT 3a coBOo CHHKEHHE
KII ¥ xak cjleficTBHE NEPEpacXofl eKTPOIHEpruy [cMm. rn. 3, ypaBueHue

(26)]. CxasaHHOe He O3HAYACT, YTO HACOCHI MOTYT paGoTars TONBKO B Of-
HO# KecTKO (PMKCHpPOBaHHOH paGouer roqxe.vllonycxaerca HEKOTOpOE OT-
KJOHeHHe paGouMX IMApaMETPOB OT 3HAUCHHM, YKA3aHHBIX B KaTajiorax,
HO TIpM ITOM OHH He JIOJDKHBI BBIXOMMTD 32 NPEMCIIbI paGoueit 30HbI Hacg_-
ca (na xapaxrepuctukax (J—H HacOCOB OHA OTMEUEHA BEPTHKANILHIMH W3-
BHUMCThIMH  JMHMAMHM) . Mcnonbp3osaHue HAacocOB 32 Ipenenamu pabouei
30HBI B 3HauMTENbHOM Mepe yxynuaer ux KIIJL u B pape ciyvaeB CBA3AHO
C IEepexonoM HACOCOB B HEMIOMYCTHMbIH pEXHUM paGots!. Ilpn yMeHbIHeHUH
MOJAYM MOXET BO3SHHKHYTh IIOMIRX, 2 NpH YBEIWYCHMH — KABHTALUA
(CIY'I.;;I .;zléope Hacoca HeOoBGXOOMMO YUMTHIBATh BO3MOXHbBIC M3MEHCHHS B
THApPABITMUECKOH CXeMe HACOCHOH YCTAHOBKH, IMOCKOJbKY OT 3TOr0 MOTYT
MEHATbCA YCJIOBHA paBOTbi HACOCHBIX arperaros. Hanpumep, npy napan-
JeJBHOM COCJMHEHMM HACOCOB HM3MeHeHMe uMCjia paboOTalolmMX HacocoB
WM pexXuma paboThl OFHOFO M3 HHX (n3menf1me Y4CTOTH! BpPAIICHUA HIH
CTeNieHH MAPOCCETTMPOBAHNA) BIEueT 3a COOOH M3IMEHEHWe HArpy3Ku py-
rux. [Ipu ompepeneHHbIX YCIOBHAX 3TH H3MEHEHHA MOTYT NPHBECTH K HE-
JKOHOMMUHBIM WM HEIOMyCTHMBIM YCJIOBHMAM paGOTBI HACOCHBIX arpe-
raTﬁibanﬂenmaﬂ pa6oTa HECKONMbKHMX TpyGONmpoBO/IOB CHIDKET obmee
TMIpaBIIKYECKOe COTIPOTHBIICHHE CHCTEMbI M BIICUCT 32 coboit yBermiucHHe
IOJjaYd HACOCOB, a IIOCIE/IOBATeNbHasi NOBBIIIACT CONMPOTHBIICHHE, BIEUET
33 coOOM yBeMueHHe Hanopa M CHIDKaeT mojady. Bcnepcteue 3Toro BuiboOp
U2 © MapKH HacOCOB [IOJDKEH COOTBETCTBOBATh BO3MOXHBIM U3MCHCHUAM
B FMIPaBIIHYECKOli CXeME HACOCHOMH YCTAHOBKH U CHCTEMBI B LETIOM.

Ha BHIGOp HACOCOB BIMAKT Takke KONeGaHWA yPOBHA WM NaBICHUA
Ha BXOJie B Hacochl. OcoGEHHOe BHHMaHHE TOJDKHO GbITh oGpareHo Ha oGec-
NeueHHe GeCKABUTAIMOHHOrO peXuma paBoThi HacocoB. A 3Toro HeoO-
XOIMMO, 4TOObl [aBJIEHHE Ha BXOfe B Hacoc GbUIO GONbIE KPUTHIECKOrO,
B KauecTBe KOTOPOTO NPUHUMAETCA MIABIICHME HACBHIMIEHHBIX NMApOB I€pe-

H )KHIKOCTH.
Ka‘gm::r (::l:lyqafllx, KOTJja HACcOC MCIONb3YeTCH B KaueCTBE IOBBILIAIOLICTO
(6ycTepHOro), BO3MOXKHO CHIDKEHME [ABIICHMA Ha €ro BCAachIBANONIeH Jid-

46,

Puc. 28. llpuBeneHve B coor- HA
BETCIBHE DACYETHOTO U peatp-
HOTO peXHMOB paboTel Haco-
COB:

I — wmcxopHas xapakTepuc- Hpean
THK3 Hacoca; I - 1o xe ¢ 06-
TOUSHHBIM Konecom; | — He-
XOIHaA XapaKTepMCcTHKa Tpy6o-
npoBoma; 2 — TO XKe [poc-
CEITHPOBAHHOTO TpyOompoBOsa

Hpucu

]
|
]
|
]

0 4 pacy  Gpeas q

HHH H3-32 Ype3MepHOro 0T6opa >MIKOCTH U3 CETH HM3KOTO [ABJICHHA WM
H3-32 HEOCTATOYHOrO CeYeHWs BcachlBalowMx nuuuil. Heobxogumo koH-
TPOIHPOBATh [ABJICHHE Ha BCACHIBAIOLMX JIMHHUAX HACOCOB TaK e, KaK
U ypOBEHDb B IIPHEMHBIX pe3epBYyapax HaCOCHBIX CTAHIM.

Pewatoniee Brusnve Ha pexxuM paGOTHI Hacoca OKAa3bIBAIOT THIPABIIH-
YeCKHe MapaMerpbl cucreMel. CoBMecTHam paBOTa HACOCHOH YCTAHOBKH M
ceTH TpyGONPOBONOB BO3MOXHA B TOM Cllydae, eCi IIOfjaya HACOCA paBHA
pacxofly B CeTH, a pa3BHBAeMblii HACOCAMM HAIOp paBeH NOTEPSM HaNopa
B CHCTEMC H CTATHYECKOH BBICOTe NOIbeMa XHMIOKOCTH. Hecoormercraue
M2paMETPOB HACOCHOH YCTaHOBKH M CHCTEMBI TPYGONpOBO/IOB, BEIGOp Haco-
COB C “3alacoM” Mo HAanopy W pacXofy Ge3 NPUHATHA CUEIMATBHBIX Mep Be-
AOYT K IOABJICHHIO DEXMMOB MNEPerpy3KH, fABJICHWH KaBHTAlMH, TOMIIaXa
H Op.

B cnyuae HecOOTBETCTBHA pacueTHBIX M peaJbHbIX MAPAMETPOB CO3IAET-
CA TaKOH pexuM paGoThl, pH KOTOPOM HIH He obecreuMBaeTcA TpeGye-
Masg Hofavya XHOKOCTH HOTpeGHTEN0, WIH NOJjaya OCYILECTBIAETCA ¢ IO-
BHILICHHBIM 3HEepronoTpebnenueM. CyueCTBYOT pasiHuHble COCOOBI MpHBe-
AEHHUA B COOTBETCTBHE DEaIbHbIX H PACYETHBIX PEXUMOB pabOTHI HACOCHBIX
YCTaHOBOK.

Ha puc. 28 noxasana xapakrepuctuka tpyGonpoBona I, Ha KOTopoMm
PacIonoXKeHa TOUKA 2, OMpefeNIAONIaA pacueTHble 3HaveHus nmomaud Opacy
u Hanopa Hpacy. 30ech Xe NMOKA3aHa XapaKTEPHCTHKA HAcoca, KOTOPI
BbIGpaH ¢ 3anacom no Hanopy. Ero xapakrepucruxa (xpusas /) pacromnoxe-
Ha BBIHIE, YeM 3TO HeoOXxomgumo. B pesynerate peanmbHasa mopaua Opean ¥
PeabHbIH HAnop Hipeay, 3HAUEHMA KOTOPBIX OMpEAENANTCA KOOPHHHATAMU
TOYKH O, OKa3bIBATCA OOJIBIIE pAacueTHbIX 3HaueHMil. JIIA NpHBeIEHHS B
COOTBETCTBHE ITHX 3HAYCHHH HeoOXomuMo OoGTOuMTh paBouee KOJECO TaK,
uroGbl XapakTepUCTMKAa HAcoCa 3aHANA INONOXKeHHe KpuBoit II u mpouuta
Yepe3 pacyeTHYI0 TOYKY 2, WIH APOCCEIMpPOBAaTh TPyGOMPOBON, TaK, YTOGHI
ero XapakTepHCTHKa 3aHsjia Gonee BbIcokoe monoxenue (xpuBasg 2), a
peasmbHBIA pacxofl cpaBHsICA ¢ pacuyeTHbIM. Ho B 3ToM cryuae pa3BuBaemblit
UM Hamop MpeBBICHT pacueTHOe 3HaueHue Ha AH, tepseMoe B IpoCcenupylo-
uem opraHe 3atBopa. [loaTomy npenmourHTesbHeid NPUHATL BapHaHT ¢ 06-
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Toukoil xoneca. OOHAKO NPUHHMasA pelieHue 06 06TOUKE MM 3aMeHe Koie-
ca, cuenyer ObITh YBEPEHHBIM B TOM, 4TO pacueTHbIN pexxum OyaeT MpoaosI-
xaThCA THOCTATOYHO JONro M obparHas 3ameHa paGouero xoneca norpebyeT-
ca ue ciopo. Ilpu 3ameHe paGouMX Kolec uenecooGpasHo WCNONB30BATh
| CTaHpapTHble KOJIECAa MEHBLUICTO [HameTpa, M3TOTaBIMBacMbIe NpPOMBIIL-
neHHocTbio. OTeuecTBEeHHBIE HAcOChl ¢ KOJIECAMM YMEHbIIEHHOIO AaMmeT-
pa B CBOEil MapKHPOBKe COepXar B 3aBHCHMOCTH OT pasMepd [MaMeTpa
pabouero Kojeca JHTIEPY »3” wm “6”. Hampumep, meHTpOGEXHBIM HACOC
J11250-65 ¢ KONECOM HOPMANbHOTO [Mamerpa 460 MM B MapKHpOBKC no-
OJIHHTENBHON JIMTEPHl HE CONEPNMT, MOMMHKALW|A 3TOro e Hacoca C
paGouuM KOJIECOM [MaMETpOM 430 mm umeer MapkupoBky JI1250-65a,
a ¢ xonmecom 400 mm cootsetcrBenrHo J11250-656. Ecunn pabouee KOIeECO
IOJXOMALIEro AMAMETPa OTCYTCTBYET HIM CTAaHIAPTHBIM [1MAMETPp HeGCOOT-
BETCIBYET peXHMY paGOThI HACOCHOTO arperara, pabouee xoneco 0OTauH-

BaeTcA MO MecCTy.
Pasmep 06T0uKu pabouero Kojeca ONMPENENACTCH C MOMOILLbIO

H3BECTHBIX (GOPMYJ TIPHBENEHUA.

QI/QZ =D1/D2; H,/H, = (Dx/Dz)2 @7
npu ng < 200;
01/02 = / (D:/D2)?; Hy/H, = (D1/D2)? (28)
npu ng > 200;

rae ng — K03 duuMeHT GHICTPOXOTHOCTH; 0, u H, — noxaya u Hanop Ha.-
coca NpH HOPMAJIbHOM [HMaMeETpe pabouero Koneca D; COOTBETCTBEHHO;
Q, n H, — 10 %e mpH obrouennoM puamerpe D,. B 3aBHCHMOCTH OT 3Ha-
YeHHA Ng PEKOMEHMYETCs IPOH3BOMUTH OBTOUKH KOJieC B CIEHMYIOIMX IIpe-
fenax:

HT GBI XOn-
f{(:;?;p::fm. .. crpo . 60-120 120-200 200-300

Tpenen obrouk, % . . . » 20-15 15-10 10-5

KosdpdbunueHT GBICTPOXONHOCTH €CTb YaCTOTa BpalIeHUs
3TAJOHHOrO (TeOMeTpHYecKH NOJOGHOTO pas:cmarpm;aemomy) Hacoca,
co3patomero Ipu paboTe Ha BOJE HArop, paBHbIM 1 M (H = 1 M), xoTopbIit
maer momauy 0,75 m®/c mpu HanGonbieM 3HaUCHUH KI1JI nacoca. 10T KO-

s durment onpefensercs no gpopmyne

3,65 nv/ Qonr (29)
s
a4/ 3
Hogy
rOe 1 — YacTOTa BPAILEHHA PaccMaTpHBAEMOrO Hacoca, 06/muH; Qopr — NO-

3/a. _ .
[aua TOro ke Hacoca NMPH ONTHMATBHOM 3HAYCHWH KILI, m*/c; Hyyp — Ha
TIOp TOTO e HaCoCa, COOTBETCTBYIOUMH 3HAUCHHIO Qo M.
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Ecrm Her yBepeHHOCIM B TOM, 4TO paBOTa HACOCHBIX YCTaHOBOK ¢ NOHH-
KEHHOM Toflaueit ¥ HamopoM GymeT MpPOmOIKMIENbHOM, Npuberant K Hpoc-
CEIMPOBAHMI0 HAMOPHBIX KOMMYHMKAUMA. 3[eChb YMeCTHO OGpaTHTh BHH-
MaHHe Ha TO OOCTOATENBbCTBO, YTO BO MHOTMX CHCTEMAX PACYETHDBIH PEXHM
XapaKTepU3yeTCs He OfIHOH, a MHOXEeCTBOM pabouHX TOYeK B IIHMPOKOM
IMana3’oHe H3MEHEHUs HOIa¥ M HamopoB. B atx cnyyasax sapmaua BbIGOpa
HACOCa CYWIECTBEHHO YCIIOXHACTCA U NP OIpEeIENeHHbIX YCIIOBHAX HE MO-
XeT ObITh pelieHa NMOJGOpoM KaKoro-mmfo OJHOro Hacoca, paBoTaoUIeEro ¢
HOCTOSIHHOM YacTOTOH BpamteHua. [ 3THX YCIOBHi 3a/jaua pelIaeTcs ycTa-
HOBKO# HECKONBKHMX HAaCOCOB C Pa3sNMUHbIMU XapaKTePHCTHKAMM, IIPUMEHE-
HHEM B HACOCHOM arperare peryiaMpyeMoro MpHBOJA, ¢ HOMOLIBI0 KOTOPOro
H3MEHseTCA YacTOTa BpAaWEHHUsA OIHOIO HIIH HECKONbKHMX Hacoco. CoBo-
KYIMHOCTbIO OMMCAHHBIX MPHEMOB MOXHO IIPUBECTH B COOTBETCTBHE PEXHUM
pabGoThl HACOCHOH YCTAHOBKH M CETH IIPH HM3MEHSIOHUIUXCS BHEIIHMX BO3-
HOeHCTBHMAX.

Hpu BeIGOpe HACOCOB JIO/DKHBI YYMTBIBATHCA TAKXKE CBONCTBA NEpeKadu-
BaeMOH XHAKOCTH, H TIpeXde BCEro ee BA3KOCIh. Bs3KoCTh MOXET H3Me-
HATBCA KaK TpH M3MEHEHHM TeMIECpaTypbl OKPYXKAWOILEH Cpedpl, TaK M MO
BO3/ICHICTBHEM 3HEPrHH, COOBILAaeMOM XUAKOCTH HaCOCOM.

HenTpobexHbie HacOChl, OTHOCAUMECH K KIIACCY OMHAMHMYECKMX HACOCOB,
TpefHa3HAYeHb! JUIA MEPEKayK¥ MAJOBA3KHX >XHAKOCTeH. B HexoTopbix
CIIyYasiX OHY HCIHONb3YIOTCA Ui MepeKauKH >KHOKOCTel, BA3KHX IIpH HOp-
MaJIbHBIX TEMIIEPATYPAX ¥ MANIOBA3KHX [IPH NOBbIIIIEHHBIX.

B nponecce axcrtyaraiMy OIJHM U Te XK€ HAaCOChI MOTYT HCIOfIb30BAThCA
AN MepeKauxy XUOAKOCTEH pasNMuHOM BA3KOCTH, HapUMep HedTenpomyk-
10B. llpM W3MEHEHHH BA3KOCTH NepEeKaUMBAEMON MUIKOCTH BO3HHKAET
HEOOXOMMMOCTb B MU3MEHEHHH PeXXHMa paGoThl HACOCHOTO arperara.

[Ipu BBIGOpe Hacoca HEODXOMMMO YUHTHIBATH BO3IMOXHOCTh ITONAHAHMS
ra3006pa3HbIX BKILIOYEHHH B TiepeKauMBaeMyio >kuaKocts. Hanpumep, nona-
[aHHe BO3[yXa B BOIY H3MEHSET BH[ HANOPHBIX XapaKTEPUCTHK HACOCA, —
HX OYepTaHusl CTaHOBATCA Gonee KpyToiMU. [IpH 3TOM yMeHbmeTcs nopaya
1 pa3BHBAEMBIA HACOCOM HAMOP.

lpu cmmukom GoJplIOM COfepXKaHHH Bo3lyxa B Bosie (Bomee 5%)
MpUMeHeHHe OOBIMHBIX LEHTPOGEXKHBIX HacocoB Hemomyctumo. s mepe-
KauKH BOJO-BO3MYIUHBIX CMCCEl [OIDKHBI TPUMEHATHCA CHELMaNbHBIE TH-
IIbI HACOCOB (BOIOKOJNBLEBHIE H T.11.).

Mpu BeIGOpe THIA HACOCHOIO arperara HeOGXOIMMO TaK)Xe YUMTBIBATh
YCHOBHA  €r0 OOCIYXHMBaHWA, B TOM UMCIIE THIl IOMEHIEHUS (3aKphIThbie
WM OTKPBIThIC), IEpHOMUUYHOCT PaGOTBI Hacoca, BHJJ, NPHUBOMA, CHOCOD
peryiMpoBaHusi, KBUTH(HKAIMI0 HEpCOHalla, YMCIAO M THN HMEOIMXCA
Ha 0OGBbEKTE HACOCOB, TEXHUYECKHE XAaPAaKTCPUCTHKH TpPY30MOIBEMHBIX Me-
XaHH3MOB, HaIMyie PeMOHTHOH 6a3bl ¥ fIp.

B mo6om ciyuae BEIGOp HACOCHBIX arperaToB KPOME TEXHHUECKHX pacde-
TOB [IOJDKEH CONPOBOXOATbCA 3KOHOMHUYECKHUMH pacyeTaMM, 00eCHeYHBaio-
IIMMH MHHUMMW3ALMIO IIPUBEIeHHbIX 3aTpaT [39].
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Oco6oe BHHMaHMe CJiefIyeT YmensaTk OBGOCHOBAaHMHIO BO3MOXHOCTH CO-
BMECTHO#H paGOoThl Pa3HOTHIHBIX HACOCOB BO BCEM JMara3oHe M3IMEHEHMi
peXXuMOB paBoTbi HacOCHOH ycTaHOBKH. IIpu napammensHo# paGore Hacoc-
HBIX arperatoR TpebGyerca COXpaHEHHe NPUMEPHOTO DPABEHCTBA HOMHMHAIb-
HBIX HanmopoB B paGoueil 30He XapaKTEPUCTHKY, a MpH NOCIENOBATEbHOR —
paBeHcTBa mopauu. [Ipu 3TOM clellyeT MMeTs B BH/LY, YTO HE BCErJa HacocChl,
paboTaioume MapayuiesIbHO NP MakKCHMATbHBIX IIO/IaYax, cMOryT paGoTarh
BMECTE [IpH MHHEMAJIbHBIX ¥ Hao6opoT.

Tlo 3uM npuwumHaM npH BbIGOpEe HACOCOB HEOGXOIMMO aHaIM3UpOBaTh
COBMECTHBIH pexuM paboThl HACOCOB M TpyGOIPOBOLOB C OHpenenieHHeM
pabounx napaMeTpoB HACOCHOH YCTRHOBKH B HIENOM H KaXAOrO W3 arpera-
TOB TIO OTHEHBHOCTH. B Xope aHamM3a HeOOXOIUMO YUHUTHIBATH BO3MOXHbBIE
pexuMbl paboTH! YCTAHOBKHU BO BCEM /IMANa3oHe M3MEHEHUsA Nopay (OoT Mak-
CHMANBHOTO [0 MUHMMAJIBHOIO 3HAUYEHHA) C y4eTOM KONeOaHui YPOBHA K-
KOCTH B TIPHEMHBIX H HaNIOPHBIX pe3epByapax, a TAKXKe H3MEHEeHMs [aBie-
HMA Ha BXOJIE M BBIXOJIE U3 HACOCHBIX YCTAHOBOK.

12. JKOHOMHYHBIE CNIOCOBblI PETYJIHPOBAHUA
PE:KMMOB PABOThI HACOCHBIX YCTAHOBOK

Kak yxe 0TMeUanoch, HACOCHBIE YCTAHOBKH MOTYT COCTOATH M3 HECKOJIb-
KHX HACOCHBIX arperaToB, COCOHHEHHBIX MEXOY CO0OH HITH HapasuIe/TbHO,
WM MOCTIECMAOBATENIbHO, MM CMEIIaHHbIM obpasoM. KoM O u Hupy 4
pa3ymuHble CIIOCOOBI COGIUHEHMA HEeCKONbKMX HACOCOB M H3MEHMAA UMCIO
paGoTaoOlMX HACOCOB, MOXHO H3MEHATh CYyMMapHYI0 HaNOpHYW XapakTe-
PUMCTHKY HACOCHO# ycranoBkH. Ha puc. 29, ¢ mpeicraBieHa cxema Hacoc-
HOM YCTaHOBKH, COCTOAUIEN W3 ABYX rpymn HacocoB. Kaxpas rpymma co-
CTOMT W3 [ABYX NOMIOPHBIX M OOHOTO MarkcrpanbHOro Hacocom. Ilopmop-
Hble Hacochl 3 M 4, 5 ¥ 6 coemuHeHbI MeEXOY cOGOH MapariellbHO, 4 Mark-
cTpanbHble | ¥ 2 COeMHEHBI C MOANOPHBIMH NOCIEAOBATENBHO.

Ha puc. 29, 6 npencraBneHbr rpaUKH COBMeCTHOH paBGOThl HaCOCHOM
yCTaHOBKM U BOAOBOIOB. BxiIroueHne HacOCOB B pasiMUHMbIX KOMOHHAIMAX
MO3BOJIACT TOJIYMHTh HOBOJILHO Oonbloe 4HCIO paGouHX TouUeK, KaXHOH
¥3 KOTOPBIX COOTBETCTBYIOT CBOM 3HAYEHMA TIONAYM ¥ Harnopa.

Ipu B b1 60 pe Hacoca UIM IPYNTIBI HACOCOB, BKJIIOUAEMBIX B paboTy,
HeOOXOOMMO YYMTHIBAaTh 3HAYCHME H XapakTep M3MEHEHUs IOMad, NMpoaoi-
KMTENBHOCTh paboThl YCTAHOBKM C TOM WIM HHO# Toxaueii, oGecneyuBas
NP 9TOM MHHMMAIBHOE WCTIO BKITIOYCHHH WM OTKIIIOUEHHH HACOCHBIX arpe-

raroB. CriemyeT ¥MMeETh B BH/Y, UTO YHCIIO BKJIIOYCHMil KPYNHBIX HACOCHBIX.
arperatoB MotgHocTsi0 2500—-5000 xBr orpanuwmBaerca mo 50—120 sxmio-

vennit B rof. [lo3toMy, eCIH H3BECTHO IIO ONBITY IKCIUIYaTalMM, YTO PO~
HOJDKMTENBHOCTh paboThl OHOTO M3 HACOCHBIX arperaToB HeBeJMKa M 4To.
B CKOpPOM BpeMeHH MPEICTOHT €ro OTKIIOYeHHe ¥ BKJFOUeHMEe B paboTy.
IpYroro HacOCHOTO arperara, CHeLYeT BO3NEPXAThcAd OT BKIJIIOUSHHA THEp
BOTO arperata M cpasy BKIOUaTh B paGoTy BTOpOM, JaXe eCTA HEKOTOpPOE,
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Puc. 29. Commecrnas pabora nocnepopaTennito
¥ BONIOBOZOB (cM. cxemy puc. 28) :

a ~
nocnenosarenwo-napannenmoe COCOUHCHUE HaCOCOB; & — rpad)m( COBMeCT-

HOH

vapa }1():30:51 HacocoB u BomosomoB; I —xapaxTepwcruxa BOJIOBOJIOB; @ — HANOpHas

s PUCTHKA OJJHOYO MAFHCTPaIBHOTO Hacoca ] wiy 2; 6 ~ To xe ofEOTrO MOANOP-
Hacoca 3 win 4 (5 wn 6); ¢ -

MMapHast XapaKTe -
HBIX Haco . cy p PUCTHK2 JIBYX MATHCTDANTb
mcrpanmc:B 1+2; 2~ 10 xe ABYX NMOJIOPHEIX HACOCOR 3 + 4; O — TO %Ke OOHOTO Ma-
HoBkx 1+2£‘;+';+§BI6X TOMMOpHEIX HacocoB [ +3 +4; e — 1o xe Beel HacocHoH yera-
CrBeHHO > ¥ 3~ TO Xe TpeX M YeThIPeX MOMNOPHBIX HACOCOB COOTBET-

-TTAPANIIENIBHO  COeHMHEHHBIX HACOCOR



BpeMs peXuM pabOThl HACOCHOH yCTaHOBKM He Gymer ontuManbHeiM. Ta-
KHe pelleHUsl [OJUKHbI OBbITh 3apaHee BEIJaHbl OIEPATHBHOMY II€PCOHAITY
HAaCOCHOM YCTaHOBKH.

Joist obecrieueHrs IKOHOMMYHOIO MCIIONB30BAHMA HACOCHBIX ArperaToB
peKoMeHIyeTcs GONbUIYI0 YacTh BPEMEHM JiepXaTe B pabore Te M3 HHX,
yT0 uMerT Gonee Bricokmit KIIJ. 9ta pexoMeHpauus noaTBEpXKIAETCA NPH-
MepoM, NIpUBENeHHbIM B [52]. Ymenuuenue BpeMeHH HCIIONb3OBaHHA HACO-
ca ¢ BbicOKMM KIIJI ¥ HM3KMMM y[ienbHbBIMH pacxXoiaMu 3NEKTPO3IHEPTHHA
(28 — 43,5 kBr-u/1000 M) ¢ 4500 go 6240 u/rof u yMeHbIICHHE BpeMe-
HA MCIOJIb30BaHMA HacocHOro arperata ¢ Hu3kuMm KIIJI u Beicoxumu
YIeNbHBIME PacxoliaMH eKTposHeprun (35—52 kBr-u/1000 m3) ¢ 4500
o 2700 u/rom MO3BONMIIO COKPATHTh TOJIOBOE 3HepromnorpebiieHHe Hacoc-
HOH ycraHOBKU Ha 264 000 xBr-u Ge3 BcAKMX HONONHUTENBHBIX 3aTpart,
TOJIBKO 3a CUeT OpraHu3amyy Goliee 3KOHOMMYHOrO pexxuMa paboTbl Hacoc-
HOM yCTaHOBKH.

Ilpy opranu3zauuy pexXuMa paboThl pasHOTUIHBIX HACOC-
HBIX arperaroB HeOOXOAWMM KpHTEepuil BbIGOpa BpeMeHH mepexoma OT of-
HOTO HACOCHOrO arperara (MIM HMX rpymnei) K apyromy. s 3toro uerne-
C000pasHO MOCTPOMTh [A KAaXIOTO HACOCHOTO arperara (MMM WX CPYIIIbI)
KDHBbIE Y[IelbHBIX pacxofoB 3Hepruu I = f(Q). Touku nepeceyeHHs ITHUX
KPHMBBIX OIPENICTIAIT 3HAueHHA IOfiay, NP KOTOPHIX LEnecooGpa3Ho OmuH
U3 arperaroB BKNI0YATh B paboTy, a Apyroi orkwodars [9].

[IpasunbHeli mopbop cocraBa paboOTAWINMX HACOCHBIX arperaToB eiue
He ofeclieuuBaeT MHHHMAJIBHBIX PACXOZOB JJIEKTPOIHEPrHY HA MepeKauky
xugxoctd. Ilpn pasHOTHIHBIX HACOCHBIX arperarax ClemyeT, KpoMe TOro,

NpaBUIIBHO DACHpE/ICNIMTh HArpy3Ky MEXAY HMMH M BBIABHTH IPpaHHUIbI UX.

BRIFOJHOTO WMCMONB30BaHMA BO BCEM [MaNa3oHe HW3MEHEHMA IOJaY Hacoc-
HOM ycraHCBKkH. IIpn paGote HacOCHBIX arperaroB C IOCTOAHHOH 4aCTOTOH
BpaIleHHA I 3TOr0o HeoBXOOAMMO ApOCCENHpPOBATh B ONpeHelleHHONW Mepe
TOT WM MHOH u3 pabotamlnux HacocoB. Ecnu HacocHbli arperat o6opymo-
BaH peryJMpyeMbIM IpHBOIOM, YTOOBI OGecrmeunTh Haubolee BBITOJHOE
paclipefielIecHHe Harpy3ok MeXHy paboTamoIlMMK IapaiiiellbHO HaCOCHBIMU
arperataMid HEOOXOIMMO COOTBETCIBYIOLUM 0Gpa3oM H3MEHATb YaCTOTY
MX BpAleHHUA.

HpoccempoBaHde LeHTpOGEXKHOTO HACOCA BO3MOXHO TOJBKO B TOM
Clly4ae, €CTIM HacOC MMeEET HEKOTOpoe IIpeBblllieHMe Hamopa (cM. it 3).
B npepenax aT10ro mpeBBINICHMS HANOPAa JIOMYCKAETCS APOCCETHpOBATh Ha-
coc.

KpurepueMm npaBuilbHOTO pacHpefeIe HU A HAarpy 30K Mex-
Oy HAacOCaMH SBIACTCA MHHAMYM CYMMApHBIX 3HEpPro3arpaT OJHOBpEMEH-
HO paBGoTalolUX MApanyensbHO HACOCHBIX arperatoB. s GolbUMHCTBa OTe-
YeCTBEHHBIX HACOCOB, i KOTOpHIX rpaduxu xapaxktepuctuku N = f(Q)
HMEIT BMJI BOTHYTHIX BHM3 KPHBBIX MHHUMYM 3Heprosarpar obecrieymBa-
eTCA, eCd HPUPOCTHl MOIHOCTH KaXXHAOTO U3 paboTamiu¥X IapasuiesibHO
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HaCOCHBIX arperaToB paBHbI

anN, dN, dN, AN,

a0 a0 do do

. 30)

Bo BcAkOM cllyyae B NEpBYW ouepedb ciemyeT Gosiee IONHO 3arpyXath
HACOCHBIE arperatbl, Y KOTOPbIX MEHbIE OTHOCHUTENbHbBIE IIPHPOCTBI MOLI-
HOCTH.

WsnoxenHble NpUHIMNDBI paclpeesieHda Harpys3kH Mexay paboTaromm-
MH MapasuIeNIbHO HACOCHBIMH arperaramu obecrneuuBanT 10 5% 3KOHOMHUH
INeKTposHepruH. ONTHMAIbHOE paclpedelieHHe Harpy3oK MeXIY HaCOCHBI-
MH arperaramH, YaCcToTa BpPAIUEHHA KOTOPBIX MOXET pPeryjJMpoBaThCcd, M3
YCIIOBHA 3KOHOMMYHON paboThI HAaCOCHOH YCTaHOBKM fAaer paBeHcrso KIIJI
WITH YIIEeTIbHBIX 33TPAT PIEKTPOIHEPTUM 3THX aTperaTos.

B HacocHpIX ycTaHOBKax, 00OpYHOBaHHBIX OCEBBIMH HACOCaMH, peryiy-
pPOBaH¥E pexxuMa paGoThl YCTAHOBOK OCYIUIECTBIIACTCA H3MEHEHMEM YTna
noBopoTa jomacreil paBouero komeca. OreuecTBEHHas IPOMBILUIEHHOCTh
M3rOTABJIMBAET HACOCHI, OCHAlIEHHBIE MTOBOPOTHBIMH JIONACTAMH H PpacCuH-
TaHHble Ha mopmavy 1o 40 M /c u Hamop mo 27 m [20]. B GonbumHcTBe Cny-
YyaeB HACOCH! 3TOrO THUMA OrpaHKYeHb! MO Hamopam go 15 M, Ocesbie Haco-
cbl HCTIONB3YIOTCS B KPYIHBIX HU3KOHANOPHBIX HACOCHBIX YCTaHOBKaxX CH-
CTeM OpOILIEHHUA, IUTIO30B, BOMONPOBOOHLIX CTaHIMH HEpPBOro MHOIbEMA,
a TAK)Ke Ha TEeIIOBBIX ¥ aTOMHBIX 3NIeK TPOCTAHIMAX,

PaGoyee xomneco oceBOro Hacoca COCTOMT U3 BTYJIKH oGrexaemoit ¢op-
Mbl, Ha KOTOpOH yKpemieHs! MOBOpOTHbie JIomacTH. PacueTHOMy mnoroxe-
HMIO JIOMacTedl COOTBETCTBYET YIOM HX YCTAHOBKM ¢ = 0. Yrom ¢ Moxer
ObITh YMEHBILIEH WIH yBeMMyeH. MexaHW3M MOBOpPOTA JIONMACTell HMEET pyy-
HOMH, SMEKTPHYECKUH WM rugpaBimMueckuit npuson. Ilpu pywiom npusone
yrol MOBOpOTa M3MEHAETCA TONBKO Ha HepaGoraromem fBurarere, Hamiuue
IpUBOMA 3MEKTPHYECKOrO WM THAPaBIMYECKOIrO MO3BOJIAET peryjHpoBaTh
nogady Bo BpeMs paBorsl Hacoca. JlmanaszoH u3MeHeHHs yriia YCTaHOBKH
JIoNacTedl CPaBHUTENBHO HMpox oT —(4+10)° mo + (2+ 6)°. BosmoxHOCTS
H3MEHEHUs yina yCTAaHOBKH JIONACTEH MO3BOJIACT U3MEHATh KPYTHM3HY Ha-
MOPHON XapaKTEpUCTHKHM HAcoca M, CIEJOBATENBHO, PeryaMpoBaTh €ro Io-
gauy ¥ Hanmop. IIpy 3T0M COXpaHAIOTCA CPaBHUTENIBHO BBICOKHE 3HAYECHHUSA
KL nacoca.

s perynupoBanus pexuma paboTbl KPYIHBIX BEPTHKaJIbHBIX HAaCOCOB,
KpOME TOro, HCIONB3YHTCA HOBOPOTHO-IONACTHbIE BXOJHBIC HAIPaBJIsSAI0-
upe anmaparbi (BHA) [41], ycraHaBnuBaemble HENOCpEICTBEHHO Iepen,
BxofoM B Hacoc (puc. 30). Koncrpyxiuus BHA pocrarouHo mpocTa [yid Ha-
COCOB C OOHOCTOPOHHUM Bxopgom. BHA cocTouT M3 HWIHHOPHYECKOIO HIM
KOHMYECKOTO KOpIyca, B KOTOPOM pa3meniaercs obGrexarens ¥ 9—12 moso-
POTHBIX JIOMATOK, Pa3MEIIEHHBIX Ha PaBHOM PacCTOAHHM OpPyr OT Apyra
0 OKPYXHOCTH Kopiyca. Hampapisitoluit annapar cHabGXeH yCTpOHCTBOM,
obecmeurBaoIMM CUHXPOHHBIH MOBOPOT JIONATOK Ha OOHH H TOT XK€ yTroil.
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Puc. 30. Cxema BXomHOro Hanpasnsouero anmapara (BHA) :
1 - xopnyc; 2 — obrexaTens; 3 — MOBOPOTHBIE NONMAaTKH; 4 — paGouee Komeco
perynupyeMoro Hacoca

Puc. 31. Hanopubie xapakrepucruku Hacoca ¢ BHA:

o 0 c©

1, 2 — npu nosopote nonaroxk BHA na yron a=—10 u npu @=+5" cooTBeTCTBEH-
#0. JIns HpOMeXYTOUHBIX 3HaueHHH @ COOTBETCTBYIOIUME XapaKTEPUCTHKH pacHosioxe-
HBI MeXAy KpHBbiMH [ 1 2

JIis aBTOMAaTH3alMM NPOLECCa YIPaBIeHAA YCTPOHCTBO OCHAMIACTCA 3JIeK-
TPONPHMBOAOM. B HacTosiee BpeMsA OTEYECTBEHHAsA IPOMBILUIEHHOCTb BBI-
TMycKaeT CepHiHO Hacochl Tuma 2400BP-25/25, ocHalueHHbIC TaKHM YCTpO#-
crBoMm. M3rotosneso ABa ronoBHbix obpa3sua Hacocos THma 1200BP-6,2/100
H TOTOBATCA K NPOM3BOACTBY Hacocsl THna 20000BP-16/63A.

Iosopor nomatoxk BHA usmenseT KpyTH3Hy HaNOPHbIX XapaKTepHCTHK
Hacoca (puc. 31), Gnaropapst yeMy M3MEHEHHE ITO/IaYM HAcOCa IPOHCXOHMT
Ge3 mpeBbULEHNsE HAMOPOB. JTHM M 06YyCIOBJi€Ha 3Hepretnueckas dddek-
THBHOCTh 3TOTr0o cnoco6a peryiaMpoBaHus, KOTOpAas TE€M BBILIE, YeM HIKE
pacueTHbli Hanop. HauGosnee uenecoobpasHbiM CUMTAETCsA MPHMEHEHME 3TOIO
crocoba peryJIMpOBaHHA B HACOCHBIX YCTAHGBKAX BOJONPOBOMHBIX CTaH-
IMii NEPBOTO IOTHEMA, OCHAILEHHBIX BEPTHKAIBHBIMM HACOCAMH C O[IHO-
CTOPOHHHM BXOJOM, Hanpumep thna B [41].

B [34] omicbiBaerca Takke cmocob peryJMpOBaHMA LEHTPOGEXKHBIX
HACOCOB BIIyCKOM HEGONBIMX KOJNHYECTB BO3[yXa BO BCACHIBAIOUIYIO JIH-
HUI0 Hacoca, He npesbimmaroumx 10-14% mopaun Hacoca. Bryck Bo3myxa

H3MEHAET TONOXEHHE HATOPHON XapakTepMCTHKM Hacoca. Beonm 10% Bo3--

OyXa aHaJiorM¥eH Mo cBoeMy 3(¢dexTy CHIDKEHMIO YaCTOTbI BPAlIEHMA Ha-
coca mpumepHo Ha 12%. KIIJI nacoca npH 3ToM, no JaHHbIM [34], u3me-
HAETCA He3HauuTeNbHO. OIMHAKO 3TOT CIOCO0 perylMpoBaHMA He HONyYM
PacHpOCTpaHeHns B NPaKTHKE BOAOCHaOXEHMA, TaKk KaK OPH 3TOM BO3-
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MOXHO HapylLIeHHE HOPMalbHOTO BONOCHAGXEHMA W3-3a IONMAJlaHUA BO3-
Iyxa B ceTb TpyBOnpoBoOJIiOB.

YnomsiHy ThIe CIOCOGDI PerysIMPOBaHUs XOTA M CHIKAIT PaCXOX IEKTPO-
SHEPIMH, HO He OOECTICUMBANT MHHHMMAIBHO BO3MOXHOIO €€ NmorpebieHHs
U MMEIOT OrpaHuUueHHyto obnacTs npumenenns. bonee Bbicoxyw sddexTns-
HOCTb ODecreuMBaloT Cnoco0bl peryiMpoBaHMsA, OCHOBAHHbIE Ha H3MeHe-
HUY YaCTOTHI BPALICHUs PabOuMX KOJIeC EeHTPOGEKHBIX HACOCOB.

WameHeHHe 4acTOTBI BpalleHHs pabouero KoJieca Hacoca BeleT K M3Me-
HEHHI0 BCeX ero pabounx napamerpoB. IIpd 3TOM HM3MeHAETCHA NOJIOXKEHUE
XapakTepUCTHK Hacoca. IIpu um3meHeHMM 4acTOTHI BPAINEHHA Hacoca mepe-
CYET XaPaKTEPUCTHK OCYUIECTBJIAETCA C IIOMOIIBI0 TaK HasbIBaemsix ¢op-
Myl puBenenus [16, 55]:

01/ Q2 = ny/ny; (31)
H\/H, = (ny/m2)?; (32)
Ny/Ny = (ny/n,)?; (33)
My /M, = (ny/n,)>. (34)

B oTaenbHBIX UYaCTHBIX CIydasX, Hanpumep npd paborTe OOMHOYHOTO Ha-
coca 6e3 CTaTHUECKOro Hamopa, GOPMYINbI MPUBENEHUA MOXHO HCIIONB30-
BaThb [UiA oOmnpefeneHds pabounx mapaMeTpoB Hacoca, paBoraiwiiero ¢ us-
MeHeHHOH uacToToM BpameHHs. [Ipy paBore ¢ IPOTHBOHABJIEHHEM 3TOFO
JeNaTh HeNb3sA, TaKk Kak pabGoude MapaMeTphl HACOCAa 3aBHCHAT TaKXe U OT
XapaKTepUCTHKH CHCTeMbI TPy GONPOBOIOB, Ha KOTOPYIO OH paboraer.

Huxe paccMaTpuBalOTCs HM3MEHEHMs OCHOBHBIX paBOYMX MapaMeTpoB
Hacoca B 3aBMCHMOCTH OT €ro YacTOThl BpauieHMs Hpu pabote Ha cHCTeMy
€O CTaTM4eCKMM HanopoM. IIpHBOOATCA B aHANMTHUECKOH U rpaduueckoi
(hopMe 3aBUCHMOCTH AJIst UX ONPEJIEICHUA.

Hanopuas xapaxTepucTika uentpobGexHoro Hacoca, pabortaroiiero c
NIEPEMEHHON 4acTOTOH BpAleHUs, ONuChiBaeTcA cornacHo [4] ypaBHenuem

H=Hy (n/nyom)® — Sp 07, (35)

rae Hyp u S — bukTHBHBIE MapaMeTpbl Hacoca (CM. M. 1); 1 M Mgy —
NEPEMEHHOE M HOMMHAJIBHOE 3HaYeHHMst 4acTOTHl BpamIEHUA HAcOCa COOT-
BercTBenHo. M3 (5) Bummo, uro ruppasiuueckHe mOTEpH B Hacoce IPH OfI-
HOH M TOM Xe Ioflaye He 3aBMCAT OT YAacTOTHl BPAIIEHHs. DTO 3HAYMT, YTO
I €€ M3MEHEHNH HAaNOpHbIE XapaKTePUCTMKHM HACOCA OCTAIOTCA IOHOGHBI-
MH [IpYT [PYTy ¥ TOJIBKO M3MEHSIOT CBOE NONOXKEHHE MO BEPTHKAIIA B KOOP-
mmHatax Q u H Ha rpaduke coBMecTHolt paBoThl Hacoca ¥ TpyOoipoBofia
(puc. 32). Ha toM e rpaduxe mpencTaRneHa XapaKTepHCTHKa TpyBompo-
BOMa, Ha KOTOphI# paboTaer Hacoc. XapakTepUCTHKa TPyGONPOBOOa ONMCHI-
Baercs 3aBMcuMocTbio (4). Ilepecevenne xapaxtepuctuk I, 2, 3 macoca,
NOCIIENOBATENBHO M3MEHSIOLIEr0 CBOK YacTOTY BPAIUEHHA My, M, N3, C Xa-
paKkTepucTHKOHl 4 TpyGONpOBOAa ONpereNnseT MOJNOXKEHHe pabouwMx Touek
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Puc. 32. Tpadux coBmectHOM paGoTHI
HACOCA, paGoTAIOIETO C HepeMEHHOM Yac-
TOTOH Bpamenns, ¥ TpyGonpopona:

1-4 — mpanopHBIE XapaKTepHCTHKH
HACOCA NpU Ny, MNa, N3, M4 COOTBETCI-
BEHHO; 5 — XapakKTepHcruka TpyGorpo-
BOMIA

0 4y 02_47 q

ai,a;,a3. ITM TOUKAM COOTBETCTBYIOT 3HauUeHHs pabouMX mapaMeTpoB Ha-
coca: Hanopa H,, H,, H3 v nopaw Q;, (2, 03. Takum oGpasom, paboune
TOUKH XapAaKTEpPHCTHKH HAcOCa NpPH H3MEHEHHMH €ro YaCTOThI BPAIIeHHs
PacmoIaraloTcs Ha XapaKTePUCTHKe TpyBOIpoBoa.

COBMeCTHbIM pEIIEHHEM ypaBHEHM#i XapaKTepUCTHK TpyGomposona
(4) wu mHacoca (35) OTHOCHTenbHO mapameTpa () ITOJIyYeHa 3aBHCUMOCTD
U3MEHEHNA TIOJIauM Hacoca OT €ro YacTOTHI BPALLEHNsI |

(”/”Hom) = (H[[/H(p)
=0 = . (36)
2=0Ce 1— (Hy/Hgp)

Vs (36) BMpHO, YTO NOJA¥a HAcOCa 3aBHMCUT HE TOJIBKO OT YacCTOThI Bpauie-
HUs1, HO H OT oTHOuIenus Hy/ Hy,.

[punumas B KauecTBe GasucHbIX 3HaueHuit Qg, Hg U Myq )y, 3aBUCUMOCTD
(36) npuBOIAT K BUIY

(37

1— (Hy [Hg)

rae O* = 0/ Qg — otHOcuTeNnbHAsA mofava; n* = nfny,, — OTHOCHTENbHas
YACTOT2 BpAllEHMs Hacoca; Hy = Hy/Hg — OTHOCHTENBHBIN CTATHUECKHIl Ha-
nop; H(b =H / Hg — ornocutenbHaA (GUKTHBHAA BHICOTA IIOTbEMA XKUIOKOC-
. C ucnonbaoBa}meM (37) ua puc. 33 npuBeneHa rpaduuecky 3aBUCHMOCTD
H3MeHeHMs TIOJIayd Hacoca OT ero YacTOThI BPAllleHHs IUTSA PAa3HBIX 3HaYeHHH
otHouleHus H. /H(; [IpencraBrieHHble KpPHBBlE HATTIAANHO HOKA3bIBAKOT,
YTO KBAJpaTHyHas 3aBHCHMOCTh M3MEHEHUA MONAYM OT YAacCTOTHI BpanieHHs
Hacoca HaGniomaetcAd TONBKO npH H, /H* 0, T.c. Ipu pabore Ge3 craru-
YeCKOro Harnopa. AHAJIOTHUHBIM oﬁpasom TIOMTyueHa 3aBHCUMOCTh H3MEHEHUA
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Puc. 33. U3meHeHue NOJauyl HACOCA B 3aBHCUMOCTH OT YACTOTHI BP3ILeHHS IIpH pa3iuy-
HbIX 3Hauennax Hy/ H,

1-0;2-0,08; 3-0,16; 4~0,24; 5-0,32; 6 — 0,4; 7~ 0,48; 8 — 0,56;
9-0,64; 10 - 0,72

Hanopa, pa3BHBacMOro HaCOCOM, OT €I'0 4YaCTOThbI BPAIICHHA
* *
~ (Hy/H )

—_— (38)
L- (Hy/HY

H +(1+H*)[

C ucnonp3osanueM (38) mocTpoeHa 3aBHCHMOCTh HAamopa Hacoca OT €ro
YACTOTHI BPALICHUS NPH DasHbIX 3HaueHuax H/ H&; (puc. 34). Ilpu moct-
POEHMH 3TOH 3aBHCUMOCTH HPHUHATO Hfb = 1,25, xapakTepHoe 1A MHOTHX
HACOCOB, IpeOHa3HAYeHHBIX [UTA IOMJAYM YHCTOM BOMBI. AHajOrHYHbIE 3aBH-
CHMOCTH MOTYT OBbITh IOCTPOEHBI ¢ NoMolbio (38) H Wi Apyrux 3HaUYEHHR
Hd” T.e. UIA HACOCOB C [Ipyroil KPYTU3HOH HAalOpHON XapaKTIepHCTHKH
Q-H.

C nomousro rpaduxos (puc. 34) MOXHO ONpENe/HTL Te 3HAYEHH:A HAIO-
pa M YaCTOTHI BpalleHHs, IPH KOTOPBIX HACOC IPEK PAlliaeT OKAa3bIBATh BIIHA-
HHe Ha paboTy HACOCHOW YCTaHOBKH, T.€. €T0 II0fiaua CTAHOBMTCA PaBHOM HY-
MO, 3 Pa3sBUBAEMBbIil HANOP CPAaBHUBAETCA CO CTATHUECKUM HamopoM. B stor
MOMEHT BpeMeHH OGpAaTHBIA 3aTBOpP HACOCHON YCTAHOBKM 3aKphIBACTCA,
a €CIIH eTo HET, HAYMHAETCS TOK BOJIBI YepPe3 HACOC B NIPOTHBONONIOKHOM Ha-
TpaBIeHNM. JTH 3HAYEHHA HATlopa ¥ YaCTOThI BpalieHUs ONpPENeTAIICA Koop-
[MHAaTaMM TOuek nepeceuenus rpadukos H*=f(n*) ¢ xpusoit OA (puc. 34).
Kpusasi OA omaceiBaetcs ypaBHenuem H*=n*2H .

BaxkueliuM mapamerpoM Hacoca spjserca ero KILI, Msmenemme KILI
B 33BHCHMOCTH OT YaCTOTB! BPALUGHUA HACOCA ONpPeHeNAoT ¢ MoMobio Gop-
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Puc. 34. WameHenue mamopa Hacoca B 3am
=1,25 u pasnwabix sHavennsix Hy/ Hey:

1-0;2-0,16; 3-0,24; 4-03: 5— 04- 6 — . ]
0,72; 10- 0,8 355 = 04 6= 048; 7-0,56; 8- 0,64; 9~

HCHMOCTH OT YaCTOThI BpalIeHUs NpH H(; =

Myl Mynu, npeo6pa3oBaHHO# M1 HACOCOB

1-9% _ [Ding)?

-7, (Dgnz) , @
rge M2, N2, Dy — KIIH, yactota BpalleHHA ¥ JgaMerp paboyero xosneca Ha-

coca; ny, ny, D, — TO Xe€ reomMeTpuuecku mogo6Horo Hacoca. Ioce Heio-
TOPBIX NIpeoBpa3oBaHmil TOMyyaeM

1~ Maom

* ’ (40)

n

n=1-

e Myom — 3Hauenwe KIIJ npu HomMHambHOM wacToTe Bpamenms macoca.
Crenyer nosepkuyTs, uro KIII Hacoca TIpH HOMHHAJIBHOH 4YacTOTe Bpamie-
HHA He ABnAeTcA HOMMHAambHBIM KIIJ1. 32 HoM U HaabH B i KII1 [ Haco-
Ca NMPUHUMACTCA TONBKO MaKCHManbHOe 3HaueHue KIIJ mpu HOMMHambHOGM
YaCTOTe BpAWEHHA paGoyero koneca Hacoca. [Ipoume sHaueHus KIII nacoca
MIpH HOMHHAIHOH YacTOTe BPAINEHMA 3a7al0TCA OGBIHO B BHJIE OIBITHBIX
KPHMBBIX H IIPHBOIATCA B KaTanorax Hacocos [13, 45]. 3aBucHMOCTD u3me-
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HeHust KIIJI or 3HaueHMil mopmaud npy NOCTOAHHOM HOMMHAJIBHOH 4acTOTeE
BpauleHHA UIs HauGonee pacHpOCTpaHeHHBIX OTeYeCTBEHHBIX HACOCOB Cpefl-
Heit u Gonbioit MoutHOcTH ([l 1 B COOTBETCTBEHHO) OIMMCHIBAETCH IMIMPH-
YeCKH:

N = Moy = 1 - (1 - 0923, (41)

C wucnonssosanneM ypasHennit (35), (36), (39)—(41) nopcraHoBKO#H
snauenuit @, H u n B (5) nonmyueHb! 3aBHCHMOCTH IUIA OIpEAENIeHUs MOHI-
HOCTH, HOTPe6IIIEMOl HACOCOM, NIPH H3MEHEHHH YacTOThI BpallleHUs Ui pas3-
MHUHBIX 3HaveHmit Hy/Hg (puc. 35). Tpencranennble rpaduiu noxassl-
BAaKT, YTO PeanbHasi 3aBHCHMOCTh MOIIHOCTH OT YacTOTHI BpamieHuA TeM 60np-
Ifle OT/MYaeTcH OT KyOuueckoi mapabonel, ommMcbiBaeMoi Gpopmynoi rnpuse-
HeHmus, ueM Gonplue oTHouleHue Hy/ Hg, u romsko npu Hy = 0 moumocts,
notpeGiseMasn HACOCOM, TPONOPLUOHAIbHA YACTOTE BPAILCHUA B Ky6e.

CrneyoumM BaKHBIM MapaMeTpOM Hacoca fABAACTCA €f0 M e X a H u-
YecKasd XapaKTepUCTHKA, T.e. 3ABHCHMOCT MOMEHTA CONPOTHUBIICHUSA
Hacoca OT 4acTOTel BpaiieHHsa. OT BHIA MEXAHHYECKOH XapaK TepHCTHKH
3aBUCAT 3HEPreTHYecCKHe HOKAa3aTeM IpHBOJA — TOTEPH B IIPHBOIE H €r0
KIIJI.

Mowmenr conportuBnerus, H-m, moGoro MexaHu3mMa, B TOM UMCTie B Haco-
ca, oIpeNeIAeTCA BBIpaXKeHHEM

M. =9569N/n, (42)
roe N — momHOcTs, KBT; # — uactora Bpamenus, o6/mus. Ilopctasnas B

(42) 3navemMss MOLMHOCTH U3 (S5), IOJiyuaeM BbIpakeHue MOMEHTa COIpO-
THBITeHUs, H - M, Hacoca yepe3 ero paGouve mapaMeTpsl:

_ 95630801 _ g soc PEOH. (43)
10000, n T pn
B orHOcHMTenbHBIX emuHHnax (43) MMeeT BHL
* *
M= LQH (44)
* _k
n*n

C wucnonp3osanvem ypapHenuit (36), (38), (40) u (41) nyteMm mop-
CTAHOBKY 3HaueHWH paBouux mapaMeTpoB Hacoca B (44) ompereneHsl H NO-
CTpOeHbI rpadMuecKd MEXAaHWYeCKHe XAPaKTEePHCTHKM HACOCa AJIA pasjiny-
HBIX 3HaueHuit H/ H&; (puc. 36). IlpencraBieHHble 3aBUCHMOCTH HAIJIsif-
HO [JeMOHCTPHUPYIT OT/IMUME MEXAHMYeCKHX XapaKTEPHCTHK HAacOCOB OT
KBafpaTHUHON HapaloJibl, MOCTPOEHHOR B COOTBETCTBHH € (34), uro maer
OCHOBaHMe NpencTaButh Gopmyny npusenenus (34) B Gonee obmieM BHIE:

M [mf (45)
M, na ’

rae k = 2+5. Meubume 3HaYeHUs K OTHOCATCA K OMMHOYHBIM HAacOCaM, pa-
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Puc. 35. Hamenenue norpeGiigeMofl HACOCOM MOIUHOCTH B 33BHCHMOCTH OT YaCTOTHI
BpailleHUsl IPH pa3THUYHbIX 3HAYCHUAX Hn/ Hq,:

1-0;-2-032;3-048;4-064; 5-08

Puc. 36. U3meHenHe MOMEHTa CONPOTHBIIEHHA HACOCA B 3aBUCHMOCTH OT YACTOTHI Bpallie-
HUS IH PASTMYHBIX 3HaueHwsix H /H(i';;

1-0;2-032;3-048; 4-0,64;5-0,8

GoTaroumM Ge3 CTATHYECKOTO Hamopa, GOmbIme — K HacocaM, paGoTaroumM
¢ GOMBIIMM CTaTHYeCKHMM HamopoM. IIisi HacocOB cHCTEM BOJOIIOOauH H BO-
pmootsefieHua k = 3 +5.

Ypapuenuss (43) u (44) cupaBeyIMBBL IO TeX IOP, HOKA Pa3BMBaeMBbIil
HACOCOM HANop HE CPaBHAETCHA CO CTATHMYECKHM HamopoMm. C 3Toro BpeMeHH
nomaya Hacoca u ero KIIJI craHoBATCA paBHBIMU HYITI0 M ypaBHeHus oGpa-
WalTcA B HeonpemeneHHocTs Buga 0/0, 4r0 COOTBETICTBYET IpaHHYHOMN Yac-
TOTE BpalICHUs

H
Prp = Mrom L (46)
Ay
KOTOpasi ONpefeliAeT TPaHHLY MeX[y pabouuM M HEepaBouMM pesKUMaMHu
Hacoca.
Ilocrie yMeHBLIEHHA YacTOTH! BpallgHUA Hacoca HWXKe TPaHHUHON MO-
MEHT CONMPOTHBIIEHUA U3MEHSIETCH B COOTBETCTBHH C YPaBHEHUEM

M = (Mo — My) (Wnyom)?® + My, 47)

rame My — MOMEHT CONMPOTHUBJIEHHs HACOCOA IPH 3aKPbITON 3a[BYKKE M HO-
MUHATBHON YaCTOTE BpalieHus Hacoca; M; — MOMEHT CONPOTUBICHUA Haco-
ca, OGYC/IOBIICHHBIA TpeHHEM B ero CalbHUKaxX M NOAUMIHUKAX. MomeHT
M, onpenensiercs moaCTaHOBKOHM B (42) 3HaueHHWS MOIIHOCTH XOJOCTOTO
XOJa HAcOCa M €r0 HOMMHAJIBHON YacTOTH BpaitieHusa. MomeHT My corsacHo
ONBITHBIM [IAHHBIM coctaBmsier 5—10% HOMMHANBHOTO MOMEHTa Hacoca.

60 .

M M, 87
M,
oM Mo
7000

500 &

T

1 (Mugm a

Puc. 37. MexaHuueckas XapaKTepHCTHKA HACOCA:
1 — paGouas Be1Bb; 2 — BETBb XOJIOCTOTO X012

n, ef/mun s00 0

Puc. 38. IxcnepuMCeHTaNIEHA MEXaHUUSCKAsA XapaKTepHCTHKA HA00Ca:
1 — paGouast BeTBb; 2 — BETBb XOJIOCTOTO X0O/a

TakuM 06Gpa3oM, MeXaHHUYeCKas XapaKTePUCTHKA LEHTPOGEKHOro Haco-
Ca TIpH CTATHYECKOM HANOpe COCTOMT M3 JIByX BeTBeH, O[fHA M3 KOTOPBIX
crpoutcs B cootBetcTBud ¢ (43), (44), a fapyras cornacuo (47) (pwc. 3.
Jins cpaBHeHWst MEXAHMYECKad XapaKTEPUCTUKA, MOCTPOEHHAA 10 IKCMEPH-
MeHTaJIbHBIM JaHHBIM, IPUBEIIeHa Ha puc. 38.

W3 BbILIECKA3aHHOTO CIIEIyeT, YTO HEJONMyCTHMO OINpeNeNiaTh pabouue
TMapaMeTpbl HAacOca NMPOCTBIM NEPECYeTOM 3HAUEHHH HOMMHAJIbHBIX Mapamet-
poB 1o dopmynam mpusenenus (31) — (34). PaBouue mapaMeTphI HACOCOB
HOIKHBI OMpEeHeNIATbCA MO pe3ypTaTaM aHAM3a PeAbHOro pexuma pabo-
Tl HACOCHOH YCTaHOBKH M CeTH TPYyOOIpOBONIOB € YHETOM KPYTHU3HBI MX
XapaKTEPHUCTHK , ONpefieNsieMbix oTHomennem Hy/ Hy.

B xome pa3spaGoTKM M SKCIUTYyATalMM CHCTEMBI PEryIHpOBAHHA pEKMMA
paSoThl HACOCHOM YCTaHOBKH BO3HHKAeT 3ajaua, ofGpaTHas TOJIBKO 4TO pac-
CMOTpeHHOM, — TpebyeTcs ONpeNeIuTh, KaKas JOJDKHa ObITh YacToTa Bpa-
IUEHUsT HACOCHBIX ArperaTos, uro6bi O6ecreyuTh HYXHBIH DEXUM paboTbl
ycTaHoBKH. B § 8 IOKa3aHO, uro NpeBblillcHHE HANOpa ABIACTICA OJTHOM
M3 TpUUMH BO3HUKHOBEHMA TOTEph 37EKTPOIHEPTMH B HACOCHBIX yCTAHOB-
Kkax. CleqoBarensHO, LEeNlecoO0BGpa3HO NOAJICPKUBATh TAKYH YacToTy Bpa-
ILleHUA Hacoca, TpH KOTOpoil B xoopmuHarax (—H reoMeTpHueckoe MeCTo
ero pabounx ToYeK Jexasno Gbl Ha paloueir XapaKTEPHCTHKE Tpy GO poBOa.
CoBMeCTHBIM pellleHMeM YPABHEHHA HANOPHOH XapaKTePUCTHKH HAcoca
(35) u Tpy6GompoBona (4) OTHOCHTEIIBHO YACTOTBI BPALIEHHsA MOMYYeHO BbI-
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T L . Q_) , (48)
Heyp Hg Os
roe Hy — cratuueckas cocrapisiionas Hanopa; Hg — QUKTHBHAA BBICOTA
NOTbeMa KUIKOCTH IIpH HyjieBo# monaue; Qg — HaMGONbIIAA [UIA [AHHOM
CHCTEMBI 110/1aua HacoCa.

PaboTa Hacoca ¢ YaCTOTOW BpalLieHWs, ONpEAENIAeMOH ypaBHEHHEM (48),
obecreynBacT NOANEPKAHME MUHHMMAJIbHBIX 3HAUEHHH Haropa Ha BbIXONE
HACOCHOH YCTAHOBKH BO BCEM IMaNa3oHe M3MEHeHus ee mojaun. Brarona-
pA JMKBHIAUMH NpEBBIIEHUA Hamopa SHEPronoTpeGiieHHe HAcoca yMEHb-
HIaeTcA J0 HeoGXOIUMOro MHHHMYMA.

Mpx perynMpoOBaHHM YaCTOThI BPAWIEHUSA B COOTBETCTBMM C (48) cHmxe-
HMe 3HepronoTpeGlieHus Mo aGCONOTHOMY 3HAUEHWI0 PaBHO NOTEpAM, 0Gyc-
NOBIEHHBIM TPEBBILICHHEM HaIOPOB, KOTOpbIE MMEIOT MecTO NpH paGote
HACOCOB C IIOCTOSHHOM YaCTOTOH BpalleHu .

Orciopa CiiefyeT, YTO BBIUMCIICHHE CHWXKEHHS JHepronorpeGeHHs NpH
3aMeHe JIPOCCENIMPOBAHMS PETY/IMPOBAaHMEM UYaCTOTHI BpalIeHHs Hacoca
cornacko (48), MOXeT GbITh BHINOMHEHO ¢ Hcmons3oBaHuem (19), (20)
¥ pacueTHbIX KpUBbIX (cM. pHC. 21).

C uCIONB30BAHHEM TeX XK€ YpaBHEHHH M pacueTHbIX KPHBBIX BbIUMCIACT-
CA CHHXKEHME SHEpPromorpeGIeHHs MpH 3aMeHe [pOCCEIMPOBAHMA B TeX Ha-
COCHBIX YCTAHOBKa@X, Ije HapAfy ¢ M3MEHEHMAMH pacxola B CHCTeMe Mpo-
HCXOMAT KONeGAaHUsA HAalOpOB Ha BCachlBAWLMX JIMHMAX Hacoca. Takow pe-
UM XapaKTepeH ia mosbilanoumx (6yCTepHBIX) HACOCHBIX CTAHIMH CH-
cTeM roposickoro BopgocHaGxeHus. IIpy 3TOM ONHOBPEMEHHO CHHXKANTCH
[0 HYJIEBOrO 3HaYeHUs CTATHUECKHE M MHAMMUECKHC COCTABIIAIOLME  Tipe-
BbIIIEHUA Halopa.

Tlpu 3aMeHe IMKIIHYECKOTO PETyJIMpOBaHUA HACOCA H3MEHEHHEM YaCTOTRI
€ro BpAIUCHHsA CHIDKEHHE 3HepronorpeGieHus BHIYHCIAETCH C NOMOIBIO
ypasHenuit (21) M pacueTHbIX KPHBBIX (CM. pHC. 24).

IIpu BHINOSHEHHH pacyeTOB CllelyeT MMeTh B BHAY, YTO YpaBHEHHA 19)-
(21) u xpussie (cM. puc. 21, 24) OTHOCATCA K pexuMmy paGoTbl OMHOYHO-
ro Hacoca. Kak otMeuanocs B § 8, npu mapaynenbHoi paboTe HECKOIBKHX
HACOCOB TIpeBblllieHHE HANOPOB MeHbIIE, 4eM Mpu paboTe OgHOro GONBILOro
JKBHBAJIEHTHOTO Hacoca. Clle[[OBaTelIhHO, MOTEPH 3EKTPOIHEPIUM IIPH HC-
TIONb30BaHUM HECKOJIBKUX HACOCOB MEHbLIE, YeM Npu paGore ogHOro Goimb-
woro Hacoca. 1o 310l npruMHe CHIDKEHHE 3HepronorpebaeHus LI HECKOIb-
KMX Tapaie)ibHo PaGOTaI0MMX HACOCOB CIIE[yeT BHIUHCIIATH, KAK JUIA OJHOrO
IKBMBANIEHTHOTO HAcOCa C yYeTOM CHxamomero xoadduupenta ¢ [em.
(23) ] . PaccMoTpuM npuMep pacyeTa CHIKEHHsL 3HEPronoTpeOIeHH s,

Mpumep 2. Pexxum pa6orsl Hacoca 125065 peryympyercst H3MEHEHHEM
4acTOTh BpalIeHHs ero paGouero xojseca. TpeGyercs Ompe/eNMTb, Ha CKOIb-
KO CHM3WJIOCh €0 3HepronorpeGiieHHe N0 CPaBHEHHMIO C IPOCCENMpOBaHHEM
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HallOpHO# JIMHMM Hacoca (perynupoBaHue 3aTBopom). Ilpu stom: HamGoms-
mas 3a gacqemmﬁ NEpHOJ NOfja¥a HACOCa B JIaHHOH YycraHoBke (g =
= 1250 m>/u (0,348 m*/c) ; mamop, COOTBETCTBYIOHMHA HaUGOMbINEH TTOaye
Hy = 6§ M; HaWMCHbUIAS 33 pPAacYeTHbIA TIEpHOA mopmava Hacoca Q =
= 375 mM°/u (0,104 m3/c); cratuueckas cocTaBiAmman Hanopa (paaul:ma
TEONE3HUECKUX OTMETOK HACOCHOH YCTaHOBKH U NOTpeGHTENA moc cBoGoI-
HBIA Hanop y notpebutens) Hy = 35 m; KIJ Hacoca Ny = 0,85; mwinrens-
HOCTb pacueTHOro nepyona 7 = 1 rom (8760 4). 7

Pe w e nue Momuocrs, norpe6naemMas Hacocom, HpH HauGoIbILeil
nogave cormacHo (5)

_ PgleHsp 1000 - 9,81 - 0,348 - 65
Ng = = = 261 kBrT.
1000 7, 1000 - 0,85

OrtHocutenpHas MuHMMansHas nomaua N = QO /Q = 375/1250 = 0,3;
OTHOCHTENIbHBIH CTaTuuecKuit Hanop Hy = Hy /Hg = 35/65 = 0,54. Ilo pacuert-
HbIM KpHBBIM W* = f(X, Hy) (cMm. puc. 21,4) ma A= 0,3 4 H:=0,5 on-
pefienseM OTHOCHTENBHYI0 IKOHOMMIO MeK TposHepruu w* = 0,21.

Crowkaroumit K03GHIMEHT 11 OJHOro HacocHOro arperata ¢ = 1 [cM.

ypaBHenue (23)]. CumxeHHe SHepromorpeGreHus Hacoca cornacHo (23)
COCTaBIIAET

AW = NgTw*p = 261-8760-0,21-1 = 480 136 kBt - u.

Jlo HacTOAWEro BpeMeHH peub 1UIa O CHWXKEHHH IHEpronoTpeGieHHs Ha-
COCOB M HACOCHBIX YCTaHOBOK, IIPH 3TOM He YNOTpeGNsJICA TepMHH 3KOHO-
MHA JIEKTPOIHEPruH. Heno B TOM, UTO PeryNHpOBaHHMe YacTOTHI BpallieHHs
HACOCa OCYLIECTBIIACTCA ¢ NPUMEHEHHEM pAa3/MYHOTO pPOAA  YCTPOHCTB:
3neKTponBHUrareNnei, npeobpasopareneit M 1.1 [losromy pesymbTupylomas
KOHOMHsL MEKTPOIHEPIHU [IOSDKHA ONPENENATBCA C yUeTOM MOTeph B yCT-
POHCTBaX, PEryIMPYIOLIMX YACTOTY BPALCHHA HACOCA.

B coBpeMeHHbIX HACOCHBIX YCTAHOBKAX W3MEHEHHE YaCTOThI BPAILIEHAA Ha-
COCOB Yallle BCErO OCYLECTBIIACTCA C MPUMEHEHHEM PeryJIHpPYyeMOT O
3ME¢KTPONPHUBOAa OCHOBHbIE BUABI PETyIHPYEMOTO NIEK TPOTIPHBO-
[ld pacCMOTPEHbI B IJ1. 5. 3/1€Ch MbI OCTAHOBUMCH TOJIBKO Ha €T JHEpreTH-
YECKHMX XapaK TepUCTHKAX.

Ilo cBOMM 3HEpreTMYeCKHM XapaKTEePUCTHKAM pEryTHpyeMble 37IeKTpO-
TIPMBOZIbI MOIPA3/IENIAIOTCA HA TPH OCHOBHBIE [Py TIIIbI:

NPUBOABI C MOTEPAMH 3HEPTHM CKOJIBXKEHHA (3MEKTPOIBHMIATENH C Peo-
CTaTOM B UEMHM POTOPA, IPHBOMBI C IMAPABIMYECKHMH M 31EKTPOMATHHTHbI-
MH My TaMH CKOMBXEHHA M T.01.) ;

TIPUBOMBL C PeKyNepaldel JHEPruM CKONbXKEHUA (DIeKTPHUECKHE, IEKT-
POMeXaHMYeCKUe H ACHHXPOHHbIE BEHTHIIbHbIE KACKaIpl ¥ T.11.) ; ,

IPUBOJIBL, perynupyionie Ge3 NMOTepb SHEPrUM CKOMbXeHHA (YacTOTHbIE
TIPHBOMIBI, BEHTUIbHBIE BUTATETH, MHOTOCKOPOCTHbIE [IBUTATENH) .
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. ; Puc. 39. HM3MeHeHue TOTEPh CKOMBLKEHUA
Pexs % B 3aBUCMMOCTH OT YacTOTHI BpaLICHHS
npUBOAA

16 7 o —18. 2 _ =9. 3_

J( /(\ npnlk=;[?1jl’—c~npix’5k’=24 nonk =2 3
/1 A
/

\ .y
'’

0 az 04 46 0,8 14"

Ipu 3TOM NOTEPH B IEKTPONPHBOC B 3HAUMTEISILHON Mepe ONpenenT-
¢4 NOTepAMH He PIUM CKOJIBXKEHUA.

TIpn paccMOTpeHHH SHEepPreTHYECKHX IIPOLCCCOB B EKTPONPUBONE K-
TPHUECKAasA MOIIHOCTb, NOTpebNigeMast U3 CeTH, @ TAKXKe IOTEPH MOILHOCTH
B JleKTponpuBone oGo3Hayaem P, B OTIMYKE OT MeXaHWUYeCKOH MOUIHOCTU
Ha BaJly Hacoca, 0603Havaemoi V.

Iforepd MOLUHOCTH CKOJbXEHHSA B ACKTPOINPUBOAE [PYIINbI CYIIECTBEH-
HO 33BHCAT OT BHJa MEXaHHYECKOMH xapalcrepncmxu MEXaHH3Ma H YaCTOTBI
BpalleHuA Hacoca [9]:

= (1 - n*)n*¥, (49)

rie n* — yacToTa BPAIUEHHA HAcOCa B OTHOCHTENbHbIX eMUHHIAX; K — IoKa-
3aTelib CTENIEHH B Y PaBHEHMH MEXaHHYECKOH XapaKTepUCTHKH,
B [9] noxasano, 4T0 MaKcHMaNbHOE 3HAYEHHE NOTEPE MOITHOCTH CKOMIb-
JKEHUSA
k
k
*
P = — (50)

CK.MAaKC
(k+1) k+1
HMeeT MeCTO NpH 4acroTe BpalNCHHSA
% k

n* = — 63))
k+1

Ha puc. 39 nmpefcrasieHa 3aBUCMMOCT [IOTEPH MOMIIOCTH CKOMNBKEHMSA
OT YacTOTHI BpalleHus U 3HaueHus k. Ilpn k = 2+5 mMakcumanpHOe 3HAYCHUC

TOTepb CKOJIBXEHWUsI He MpeBbllllaeT 8 —15 % HOMMHANIBHOH MOIHOCTH Ha-

COCHOrO arperara. 3THM NOTEPSAM COOTBETCTBYIOT UaCTOThl BpPAaUIEHHS, paB-
Hpie 65 —80% HOMHMHANILHBIX 3HAYEHUI, YTO COBNANAET C [JMANa30HOM pery-
JIMPOBaHUA HACOCOB IO CKOpocTH. IIpu TaKMX YCIOBHAX MOTEPH CKOJBXKE-
HUA B cpelnHeM papHpl 4 —8% HOMMHaNBHONM MoMOCTH Hacoca. Huskue
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3HAYCHUsA NOTEPh B COYETAHWH C HEBBICOKOH CTOMMOCTHIO 3JIEKTPOIPUBOLIOB
HepBOil TPYMNNbI [eNal0T UeNieCOOGPa3HbIM HX HNPUMEHEHHE B HACOCHBIX YC-
TAaHOBKaX.

[puBeneHHbIA BBILIE AHAM3 NOKA3BIBAET, YTO NOTEPH SHEPIHH CKOJIbKE-
HUA CYIIECTBEHHO 3aBHCAT OT N2PAMETPOB M peXUMAa paGOTHI HACOCHBIX
ycraHoBoK. B [40] npuBOmMTCA ypaBHEHME, B KOTOPOM 3HEPrMsi CKONb-
aeHusm Wy, TepseMas B PEryIMpyeMOM IPHBOJE 3a pacyeTHeil nepuon 7T,
BBIP@XEHA Yepe3 TEXHONOTHICCKUE TapaMeTphl:

1- HY HY
Wek =N6T§ = (3———11-—* -
3(1—>\),/1—(H;‘;/Hfi,) 1 — Hy
H* H* ut H* 1
) .____P_/__ﬂ’___+1) 1+____I3_/__L -
1- (Hy/Hy) 1- (HylHg)

*
- (3 L P S ) L S
1

- H}, 1- (Hy/Hy) HYHY
1 (Hy Hg)
S |
H: H*
3o [ 2} Jro B g . (52)
4 1- H Hy,

KpoMe 10Tepb CKOMBbXKEHHA B IIPUBOJAX ITOH IPYNIIbI HMEIOT MECTO MOTe-
p¥ Ha BEHTWDAIMIO, TPeHWe B NOMIMIHMKAX, WIETOYHBIX KOHTAKTaX ¥ Mp.,
KoTOpbie COcTaBnAlT 1—3% cyMmaphbiX moTepb. C yueTom 3THX NOTEph
CYMMapHbI€ TIOTePH COCTABIISIOT

Wior ~ (1,01 +1,03) Wey. (53)

JInst ympomeHus pacueToB BbipaxeHHe B GUrypHOit ckobike B (52) oGosHa-
yaeM uepe3 W:w torpa (53) npuHUMaeT BAL

Waor = (1+§)Ng TWC*K’ (59

rae ¢ — Ko3bUIEEHT, YIMTHIBAIOUMI IOTEPH, He 3aBUCHIIAE OT CKOTIbXKe-
HH; W), — OTHOCHTeNbHble NOTCPH CKOIbXEHHS, ONpENEseMble C TO-
MOILBIO PaCueTHBIX KPUBBIX, IPEICTABIIEHHBIX Ha puc. 40 B BUjle 3aBUCHMOC-
™MW, = f (N, Hy) mns nyx suavenmit Hy, = 1,25; 1,45.

Pe3ynbTHpyIomas SKOHOMHS JJEKTPOSHEPruM B CIyuae IPHMEHEHHS pe-
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H&‘,: I’I:J;ﬂ HAacOCOB YHUCTOH BOIBI H&, 1.25; 6 — pyg HacocOB CTOMHOM KHAKOCTH

IyJIMpPYeMbIX IPHBOJIOB ¢ NOTEPAMHU CKOJIbXEHHS paBHa

- NegT
wpes.cx - (1 - f) e Wa*x ¥, (55)

i
roe W* — W* *
- ~ Wy — OTHOCHTENIbHAA IKOHOMHS 31IeKTPOIHEPIHH, ONperie-
JACMaA ¢ IOMOILUBI0 PACUETHBIX KPHMBBIX w:;"K = f(\, Hy); n.. — KIII
3
NPUBOJHOrO 3NEK TpO/IBHraTens. Pacuernble kpusbie w* (puc 41)JI o
HBbI ISt ABYX 3HaueHmit H Y= 1,25 : g
- yx 3 ; ,25; 1,45. IIna ppyrux 3uavesmit H; 3apu-
OCTH W, —“f (A, Hy) moryT GbiTe TOMyueHbI TpadHUeCKH ¢ HCIOMb30Ba-
HI/ICBM ypasuennit (19), (21) u (50).
e l~perym»1pye1\amx 3NMEKTPONPUBOJAX BTOPOW TPYNmNbl C peKymepaupeii
PTHH CKONBXEHHUS YacTb SHEPrMHM BO3BPAIIAETC OGPATHO B 3MEKTpHYEC-
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Puc. 41. V3MeHeHue OTHQCUTETBHOH SKOHOMHM EKTPOSHEPrUd B 3aBHCHMOCTH OT A
u Hy; npu 3aMeHe IPOCCENMpOBAHHA perynipoBaHHeM YaCTOThI BPAIUCHUS HACOCA:

a — 1yis HACOCOB YMCTOM BOIpl; 6 — IS HACOCOB CTOUHOM XHIKOCTH

KY10 CeTh, HO KaKas-TO 4acTh BCE-TaKH Tepsercs B 3HeKTp0[IpﬂBOIlCZ

Waor.ex = We(l —1,)» (56)

roe N, - KI[I xackanoit cxembl. COBpeMeHHbIE KaCKaIHble CXeMbl HMEIOT
nosonbHo Bbicokmit KILIL (09 +0,95). Braropapsi 3roMy 3N€KTpONpHBO-
[l BTOpOil TPYIIIbl XapaKTepU3yIOTCA BBICOKHMH JHEepreTHYeCKHMH NOKa3a-
TEeNAMH.

KpoMe TmoTepb, 3aBUCAIMX OT HOTEPh CKONBKCHHA, B KAaCKaJHbIX CXe-
MaX HMEIOT MECTO MOCTOAHHBIE NOTEPH, KOTOphIE COCTABJIAT NMPUMEPHO
3% moTpe6IsieMOH MOLIHOCTH. OpHEeHTHPOBOYHO CYMMapHbie TOTEPH B
MK TPONPHBOMEe IPH BBIMOJHEHHM 3KOHOMMUECKHX pacicToB MOXHO TIpH-
HATDH

WIIOT ~ i-u/aK’ (57)

e ¢ =0,02+0,05.
C yueToM H3IIOXKEHHOTO pe3y/bTHPYMIIad IKOHOMHUT 37IEKTPOIHEPIHH B
ClTyyae MNPHMEHEHHA INIEKTPONPHBOIOB C peKyIliepalueil HEePIruH CKOb-
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B NgTw*
Woe = (1-8) ———, (58)
na.n

roe w* — OTHOCHTeNbHAas SKOHOMHA 3IEKTPO3HEpIHH, onpepenAaeMas Io
rpabpukam (cm. puc. 21, @, 6; 24) B 3aBHCHMOCTH OT TOrO, KaKoil coco6
PEryTHPOBaHUA 33MEHACTCH M KAKHMH HaCOCAMHM OCHAILEHa YCTaHOBKA.

Hotepu B 3MeKTpONpPHBOJAX TPETbEH rpymnmbl, paBoTaoumx Ge3 noTepb
CKOJIbXEHHA, OOYyCNOB/IEHbI TNOTEPAMH B YaCTOTHBIX MPeOOpPa3OBATEINsAX,
a Taxxe cHwkenuem KIIJI snextpopsuratens wus-3a HECHHYCOUTAJIBHOCTH
npeo6pa3oBaHHOro Toka. [IoTepu B TaKUX MPUBONAX COrTACHO [40] pamunbt

Whor =NgT(1+§— ”Inp)s (59)

roe § — xoahdUIMEHT, YIHTHIBAIOIIMIA TIOTEepH 33 CYeT HEeCHHYCOM[IAJIbHOCTH
peobpa3oBaHHOrO TOKa, { = 0,03 +0,05; Map — KI1]l yacrotHOro mnpeo6-
pasoBatens, 0, = 0,9+095.

B cnyyae npumeHenus asnextponpuBonos, perynupyroumx 6e3 noreps
CKONbXEHUA, Pe3yNbTHPYIOIIAA 3KOHOMHA 3NEKTPOIHEPIHH C YUETOM MO-
Tepb B AEK TPOIIPHBOLE ONpENENsAetca o popMmyrie

Wpes = (Vg T/nan) W — (1 +¢— nnp)]- (60)

B HacocHbIX yCTaHOBKax NpPUMEHAIOTCA He TONBKO IUTABHO perynupye-
MbIC 37IEKTPOTIPHBO/EI, HO M IIPHBOMbI C ACHHXPOHHBIMM MHOTOCKOPOCTHbI-
MH 37IeKTPOOBHIATENISMH, YaCTOTA BPAILECHHSA KOTOPIX MEHACTCS NUCKPET-
HO (CTYNEHAMHU) B COOTBETCTBMHM C 3aBUCHMOCTBIO

n = (60f/p) (1 —s), (61)
rae f — vacrora Toxa murtaromeit cetw, f = 50 I'n (CCCP); P — 4uCno mnap
TIOTIIOCOB  NEKTPOMBHIaTeNd, p = 1, 2, 3 ...; § — CKONbXEHHE aCHHXPOH-

Horo jsurarens, s = 0,02 +0,04.

PerymipoBanne uacroTsl Bpamenus MHOTOCKOPOCTHBIX 3JIeKTPO/IBHIa-
TeNiedl OCYLIECTBIIAETCA M3MEHEHHEM Map INOJICOB. Hockomeky yucio map
HOTTIOCOB He MOXeT GbiTh ApoGHBIM, Npd f = 50 Iy Ge3 y4yera CKOJIbXXEHUSA
9aCTOTa BpalleHHsi MHOTOCKOPOCTHBIX AaCHHXPOHHBIX 3JIEKTpPOBHraTesei
umeeT crienyromme 3Havesusa: 3000, 1500, 1000, 750 o6/MuH U T.51.

W3MeHss cTymeHAMH 4acTOTY BpalueHus INEKTPOABUTATEIIA MOXKHO [H-
CKPETHO MCHATDH HOJIOXKEHHE HANlOPHON XapaKTePHCTHKH Hacoca (puc. 42).
Braromaps stoMy H3MeHenmio cymectBeHHO YMEHBIUAKTCA HpPeBbILICHHA
HATOpOB B peXHMe MUHHMaibHBIX mofay. Ilo cBoemy sddexty ocHauie-
HHME HAacoCa MHOTOCKOPOCTHBIM 3JIEKTPOJBUIraTeNIeM PaBHO3HAYHO YCTaHOB-
Ke Ha CTaHUMM MOMOJIHMTENBHO HeGOMBIIOro Hacoca (Tak Ha3bIBAEMOTO
pasuoBeca). XOTa 3TOT ¢ocob PeryJIMpOBaHUsA He JTUKBHUIUPYET HpeBbille-
HHUA HANOpOB MOJHOCTbIO, HO GNaromaps HX yMEHbIICHHIO OGeCIIedHMBaeT
Gostee K OHOMUUHDIIH PeXHUM paBOTH! HACOCHOH yCTAHOBKH.
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Puc. 42. Pexxum paGoThl ABYXCKOpOCT- 4 |
HOT'O -HACOCHOTO arperara; 5
I — HanmOpHAsA XapaKTEPUCTHKA Haco- 3 5
ca npu paGote Ha BHICIUEH CKOPOCTH: : ;
II — to %e¢ mpu paboTe Ha Hu3MIEH I
ckopoctd; III — XapakTepiCTHKA Tpy- < : p
GorpoBoga S !
|
4 ¥/ ) : ”’
o~ 1
= 'I y//8 I
T , I
R . }
! |
c { ! b
= |
: ' I
1 | [
0 a 4, G=45 4

J¢dex THBHOCTh NPAMEHEHHS MHOTOCKOPOCTHBIX ~/IEKTPOJIBUTATENCH,
MOXHO OUCHMTh clefyoumM oGpasom. IIpuMeHeHHe IBYXCKOPOCTHOTO
AMEKTPOMBUTATENS CHMMACT NpEBLILICHHsA HANOPOB, OFPaHMYEHHOE KPHUBO-
JMHEHHBIM YeThIpexyrobHukoM 2—4-5—6 (puc. 42). CnepoBatenbHO,
JKOHOMHSA 3TIEKTPOJHEPIUH 33 CUET CHATHA 3THX HAlNOPOB MOXET 6bITH ON-
pefieNieHa KaK pasHOCTb TMOTepb IMEKTPOIHEPIHH, 32TPAIMBAEMOH Ha NPEBbI-
ILICHHE HANOPOB, OTPAHMUCHHBIX OpIMHATAMH KPHBOJMHEHHOTO Tpeyronb6-
wika | —3—5 ¥ OpIMHATAMHM KPHBOIMHEHHBIX TpeyronbHukoB [ —2-—
n2—3—4 (puc. 42). Torna 3KOHOMHUA INEKTPOIHEPIUH paBHa

Wo = (1= 8) [N, Tw* = (V, Tywi+ NaTaw3) ], (62)

roe Ny u N, — 3HaueHUs MOIUHOCTH, n0Tpe6nﬂe3vnoﬁ npu Qy, Hy, 4 Qz., Ifgz
cootBercTBenno, kBr; T = Ty + T, — pacueTHslll TEpUOM BPEMCHH, 4; [y,
T, — Bpemsa paborTsl, 4, Hacoca C qac;mron BpalLieHHA 3ne1<rpo;15nrarenﬂ-
N, # Ny COOTBEICTBEHHO; W, W', W' — OTHOCHTEJIbHbIE norepn_snempo
3HeprHH, OTpefienseMbie N0 rpaguxam (cM. puc. 21, %‘?HM;IH A .—§Q=3(/) QOE '
Ay =02/ Qy mpu Hy =Hy/H, 1 Xy =03/, “Plen = I_rlx/ 25 ; Kso i
0,03 — cHwkaomui Ko3¢p UIHMEHT, YIMTHIBAIOIIMY, YTO KII murOTrOCKOpO
CTHBIX 3IeKTposiBUrateneil Ha 23 % HiXe, 4eM OHOCKOPOCTHBIX. -
Iast 3 —4-CKOPOCTHBIX 3NEKTPOJBHUraTesied IKOHOMUA 3INEKTPO3HED
BBIVMCIIAETCA AHANIOTHUHBIM O6pa3oM C yueTOM TOFO, UTO I 3TOM YBEIH-
WiBaeTCA WMCIIO HATIOPHBIX XapaKTePHCTHK M, CelOBATENIbHO, IIpeBblHIeHK?
HAlNOpOB yMeHbLMETCA ewle Gornmbiie. Ecrecme:ﬂo, Y10 HNpH 3TOM 3KOHO
Hepruy eine Gonpiie yBeMyuBaeTc.
MWI{S aajzlzlrxgczﬂng crielyer emie pa3 oGpaTHTh BHUMAHHE Ha TO, YTO paccMatr-
pUBacMas METOIMKA OMpeHe/IeHHs 3KOHOMUH IJIEKTPOIHEPIrHH, 3amwc'rnz:
Baunad u3 [40], sBjIAETCA YNPOIUCHHON, 3 NPHBCIACHHBIC dbopmynsl nzﬁ -
10TCs TIPUGIIKEHHBIMH, TAK KAK NPH HX BBIBOJIE CMENAaHBI HEKOTOPBIE /i zg



wenuA. B vactHoctH, He ywumrhiBaeTcsa usmeHeHnme KILJI Hacoca mpu u3me-
HEHMM YaCTOTBl €r0 BpalleHHs, MOCKOJIbKY IIPH 3TOM 3KOHOMHSA 3JIEKTPO-
3Heprum, o0yCNOBJIEHHAaA CHIDKEHHEM HanopoB, OObMNHO GOnbllle, ueM MOTe-
pu anekTposHeprmu 3a cuet cHwkeHus KIIJI Hacoca mpu M3MeHEHHH ero
Y4CTOTHl BpallleHHA. YUeT IOTeps IEKTPOIHEPTHH, OGYCIOBIICHHbI H3Me-
sHenuem KIII HacocHoro arperara, OCYILECTBIAETCA ¢ MOMOLIbI0 ypaBHe-
uus (26).

OrHako 3ta METOOMKA NO3BOJIAET JOCTATOYHO GBICTPO H MPOCTO OLEHUTH
SKOHOMHIO 3EKTPOSHEPTHH, KOTOpas MOXKeT ObITh NOJyueHa [IpH HCHOIb-
30BaHHU PEryJHMpYyeMOro 37JIeKTpPONpPUBOAA B HACOCHBIX ycTraHOBKax. Cpas-
HEHHE MPOTHO3MPYEMOil 3KOHOMUH 3IEKTPO3HEPrHu ¢ (aKTHUeCKOid, Hoy-
YeHHOH IIpM BHEIOpPEHHH pEryJIHpYeMOrO 3MEKTPONpPUBONA Ha [eHCTBYIO-
umx o6GbeKTax, MOKa3bIBaeT, UTO IOTPEHIHOCTh BBIYUCIIEHHA COCTaBIIAET
10 —15%. YuuTbIBasg OTCYTCTBME HOCTATOYHO HAMIEXKHBIX MCXOIHBIX MAaHHBIX
o GynmywemM pesxkxume paboThl HaCOCHBIX YCTAHOBOK, 3Ty HOTPELIHOCTb MOX-
HO CYMTaTh HNpHEMIIEMOl IIpH pa3paboTKe INPAKTHYECKUX MEpOIPUATHIA
IO 3KOHOMHH 3J1IEKTPOIHEPTHH B HACOCHBIX YCTaHOBKAX.

HeoGxomiMO TakXe OTMETHTb, YTO PETyNUPOBaHHE YACTOTHI BPAILEHHA
TpebyeT IpUMEHEHHA [OTOJIHMTENBHBIX YCTPOMCTB, YTO YBENMYMBAET Ka-
MM TaTbHBIE 3aTpaThl. B TO e Bpems perynupoBaHHe YacTOTHI BpalleHHA
NO3BOJISIET YBENUUYUTD €MHUYHYI0 MOLIHOCTb HACOCHBIX arperaToB U yMeHb-
HIHTh HX OOlllee YMCIIO HA CTAHIMM H, CIIEAOBATEIbHO, CHM3HMTH KallUTalb-
Hple 3aTpathl. [loaromy npuHATHE pellieHHS 06 HCIONB3OBAHWH peryjmpye-
MOr0 3IEKTPONPUBOIA B HACOCHON YCTAHOBKE AOIKHO OCHOBBIBATHCA HA
TEXHUKO-9KOHOMHYECKOM pacyeTe C y4eTOM HU3MEHEHMA BCeX BH/IOB 3a-
tpat (cM. § 20).

13. KOHTPOJ/Ib H YCTPAHEHHUE H3HOCA OBOPYOBAHMSA
KAK CPEJICTBO 3KOHOMMH IJIEKTPOIHEPI'UM

B npouecce 3kcmIyaTauMH HacoCOB H3-3a M3HOCA YBENWYMBAIOTCA 3a30-
pbl MeXQy YIUIOTHHTEJIHBIM KOIIBLOM M pPaGOuMM KOJIECOM Hacocd, B pe-
3yNbTaTe Yero YBEMMUMBACTCA NMEPETOK JKMOKOCTH U3 HANOPHOM YaCTH HACo-
ca BO BcachiBapouylo, cHmwkaerca KIIJ] Hacoca u xak cnencrsue yBemuuu-
BaeTcA MOTpeOlieHHE 3NMEKTPOIHEPIMM HA IEpeKauky XHUOKocTH. Iloatomy
CTaHOBHUTCA BaXKHOH 3a/laya CBOEBPEMEHHOTO OGHADYKEHHA YBeIMYEHHBIX
3a30p0OB MEXAY pabouuM KOJIeCOM M YIUTOTHUTEIIBHBIM KOTIbILOM.

IIpoBepka 3a30poB OCyIiecTBNACTCA OGBIMHO B XO[e TEKYIMX, Cpef-
HUX H KaNMTATIbHBIX PeMOHTOB. Pasmep 3a30pa 3aBHCHT OT OMamerpa paGo-
Yero Kojmeca Hacoca, €ro THNA M NMPHBOIMICA B CONMpPOBOIMTENIBHOH TEXHH-
YeCKOH JIOKYMEHTAaIMM HACOCHOTrO arperara. 3a30phbl U3MEPSIOT B TOUKAX,
PacTONIOKEHHBIX B [OUaMETPATbHO TNPOTHBONOIOXKHBIX HANpPaBIeHAAX, MpH
YeTbIpex MOJIOKEeHMAX pabouero Koseca, MOBOPaYMBAEMOTO B OJTHOM HallpaB-
neHuu Ha yron 90°. HecHMMeTpHuHOCTb M3MepeHHBIX 3a30pOB He HOJDKHA
nipesbiitath 20 % cpedHero 3HaYeHHs pa3Mepa 3a30pa.

s,

27000

JIna obecrieyeHuss HOPMANBHOH ¥ 3KOHOMMYHON paGoOThl HACOCOB BaXKHO
cobmofente ONTHMAJILHBIX Pa3MEpPOB 3a30POB B mopuwminuukax. Cnumxom

Majble 3230pbl BelyT K YBENMYECHHIO NMOTEPb HA TPEHHe M, CIIENOBATENBHO,

HepAIOHANIBHO YBEMUMBAIOT DPACXOM 3MEKTPOIHEPruH, a GOJIbIINE BHI3bI-
BaIOT GHEHHE ¥ MpeX/eBPeMeHHbIH W3HOC 060 Py NOBAHKS.

Jinsi KOHOMMUHOM pabOTbI HACOCHOTO arperara CiefyeT oGecrieunBaTh
NpeLyCMOTPEHHYI0 IS [aHHON KOHCTPYKIMH cMa3Ky. HlopumnHuke xade-
HHst M 6266GUTOBBIE MOMILUMITHAKY CMa3bIBAIOTCA MOTOPHBIMU MaciiaMu cOOoT-
BeTCTBYIOLIeH BA3KOCTH M MIPYTHX (U3UKO-XUMHUYECKAX CBUOHCTB. “PGBKHO-
Bble M JMrHodoseBble MNOMIMIHMKY CMa3bIBAIOTCA YMCTOM BONOH (myT-
Hocth He Gonee 50 wmr/m). Pacxom Bopp! HA CMA3Ky OJHOTO TIOAIIMITHHKA
33BMCAT OT IMaMeTpa pabouero Koneca Hacoca:

Tluamerp paGouero Koneca, MM [lo 1100 Io 1850 o 2600
Pacxopm BopbL H/C. - - -+ - - 0,5 1 2

Bo m36exanue GOBIIMX MOTEPs HA TpeHHE B CANBHMKAX HACOCOB 3aTAX-.
Ka HaXuMHO#i Oykcbl He [OJKHA GbiTh M3yMiuHe Gomnbiuoii.' Habuska camb-
HMK2 COGHpAeICA W3 OT/IENbHBIX KOJIEN C KOCBIM Cpe3OM H pa3sMepoM 3a30-
pa B c1bikax 3—5 MM. pu yCTaHOBKe KOJel CTHIKH CMEIUAI0T OTHOCHTENIb-
HO Jpyr [pyra Ha yron 100—120°. Konbla BOJAAHOTO 3aTBOpa YCTaHABIA-
BAIOT HANIPOTMB OTBEPCTHSA, Uepe3 KOTOPOE MOMAIT B CAILHHMK BOMY, T.€.
KONBIO [EIHT CaTbHUKOBYK HaGUBKY NOINOTAM. Haxumuaa Gykca BXO-
T B CATHHMKOBYI0 KOpOOKY NpUMEpPHO Ha 1/3 gyuHbl Tak, 4TO6GHI BOMA,
OXJIBKIAMIAA ¥ CMA3bIBAIOIAA CATHHUK, BHITEKANA OTAENPHBIMHI KaILIAMH.

Il yMeHblueHus TOTEph Ha TPEHME CIENyeT TAKKe obecrieyuBaTh MNpa-
BIJIbHYIO IIEHTPOBKY JIMHUM BAJIOB HACOCA ¥ [ABHUTATEIIA.

EcM KOHTpONb 3a30POB BO3MOXEH TOJIbKO B XOZJ¢ PEMOHTOB # npodH-
JAKTHYECKHX OCMOTDOB, O COCTOSHMM HaCOCHBIX arperaroB B NOBCE[HEB-
HONl 9KCIUIyaTaly Cy[AT N0 MOKa3aHHAM KOHTpPOJIbHO-H3MEPUTENBHBIX
npubopos (KHII): MaHOMETpOB, pacxofOMEpOB, aMIepMeTpoB, BaTTIMeT-
pOB, CYETUMKOB IICKTPOIHEPTHH. YBe:“mqe}me MOKa3aHuil aMIEPMETPOB,
BATTMETPOB, CUETUMKOB IIpH NMOCTOAHHOM MOMAYe CBUMCTEIbCTBYCT 06 yxyn-
[IEHUM COCTOSHMSA HACOCHOTO arperara, MOBBICHHOM H3HOCE paGouero Ko-
Jleca, Ype3MepHOll 3aTsKKe CalbHMKOB, HEYIOBIICTBOPHTENLHOM COCTOSTHUH
nomummHAKoB. CHIDKeHHe NOJaYM M HAalopa Hacoca B COUCTAHMM C yBemye-
HMEM TOKa HAarpy3KH M NOTpeGseMO MOUIHOCTA YKa3biBaeT Ha MOBBILIEH~
Hblil U3HOC paBouero xosueca.

HeoicOHOMHUHBIE PEXHMBI PabOTHI HACOCHBIX arperaroB MMeEIT MECTO
IpM HEMCIIPAaBHOCTH THM[POMEXAHHYECKOTO 060pyIOBaHUA HACOCHOH yCTa-
Hosky. Heucripapuble oGpaTHble KIIAlaHbI, 32IBIOKKH, 3aTBOPLI MOryT Haxo-
[MTHCA B IPOMEXYTOYHOM MOJIOXEHHH M CO3[aBaTh JOIOJIHUTENIBHOE TH:
PABJMYECKOE CONPOTHBIICHHE B KOMMYHMKALHMAX HACOCHBIX YCTAHOBOK.
B 510M Cilyuae HaGriiofiaeTcs yBeIMYeHHe Haropa, pa3BUBACMOIO HAacoCcoM
C OIHOBPEMEHHbIM CHIDKEHHEM Hanopa B CETH. Iopaua Hacoca IpH 3TOM

yMEHBIIAETCA TaK XKe, KaK TOK Harpysk# H HOTpeGﬂHeMaH MOIIHOCTb Haf
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Puc. 43. Mpodunuposanue nomacrei pa6o-
YHX KoJlec H UX NIMndOBKa:

1 — paGouee xomeco; 2 — mpoguiupo-

BaHHas jonacTe; 3 — HenpobwivpoBaHHas

nomacte; 4 — ypganseMbIf MaTepuan Ipo-

4 dwinposanHo#t nonactH; 5 — MHpyeMBIe
MIOBEPXHO CTH JIONACTH '

COCHOTO arperata. AHaJOTHuHble ABJeHUs HaGmiofgalTcs npu obpacraHUM
Tpy6, KOTOpOe BBI3BIBAECT [OMONIHHUTENBHOE NMOTpebleHHe 3MeKTPOIHEPTHH.

Uaparmuuel W Apyrde MeNKHe NOBpPeXOEHHA paGouMX Konec HacOCOB,
BbI3BAHHBIE MCTHPAHWEM KX NOBEPXHOCTH B3BELIEHHBIMH aGpa3uBHBIMH Be-
INECTBAMH, HAaNpHMep IIECKOM B BOHE, KaBHTALHOHHBIE CBHIUM H KaBepPHbI
npu HeGombiio#d ry6GuHe (DO 2 MM) 3auMINAIOT HAaXHAUHBIM Kamuem, Ilpu
Gomnpblueil riyOuHE MX 33aBapHBAlOT 3MEKTPOCBApKOH. CBHUM M TpewMHBI,
pacnosioxeHHble IO KpasM 3JIEMEHTOB pabouero Komeca, paccBepiIMBanT
WIIH pa3feIIbIBAIOT 3yGUITOM, a 3aTeM 3aBapHBaIOT 3IEKTPOCBAPKO.

B xpymipix HacocHbix arperarax (paGouee KOJecO IMAMETPOM OKOJIO
1 m ¥ Gonee) npuberaior X UDMOBKE MOBEPXHOCTEH JIOMATOK paboumMx
KOJlec M MpHIAIT KpOMKaM pabouux xonec Goree BBIFOOHBIN THPOJHA-
muveckuit mpoduws (puc. 43). Taxas Mepa mo3Bonser CHU3UTh MOTpeGne-
HME 3JIeKTPOIHEPTHMM HACOCHBIM arperaToM INpuMepHO Ha 1% (NOBBICHTH
KII1 nacoca na 1-2 %) [56].

3¢ dexTHBHBIM CpPEICTBOM 5KOHOMHH 37IEKTPOIHEPIMM B BOJOBOMAX
ABNAETCSH UOAMAepXKaHWEe B [OJDKHOM IOPSAAKE CUCTeMbl TpyGOIpPOBOAOB
U TpyGomposonHoi apmatypsl. Ilo manHeiM [48], 50% Bceit romoBoii mo-
TpeGHocTH Bompt B CCCP nomaercs mo TpyGaM ¢ KOPPO3MOHHBIMHM OTJIO-
xeunamu, CornacHo [19, 48] 31 OTIIOkKeHMS YMEHBIUAIOT >XUBOE CeEve-
me 1py6 mo 20% m yBenMuMBAT THAPABIMYECKOE CONPOTHBIIEHUE Tpy6
B 3 pasa Gomsme pacueroro. s tpy6 puamerpom 200 MM # BIILle OpHMe-
HAETCA TI'MOPOMEX4HHYECKHH CIOCO6 OUMCTKM C TIOMOILBI0 CHENMasbHOrO
ycrposicrsa. Onucanue yCTpOHCIBA A TMIPOMEXAHUUECKON OYHCTKH Tpy6
npusomutca B [19]. I10 ycTpoitcTBO OGecne nBaeT OUHCTKY BCeil BHYTpeH-
Heit moBepxHocTH Tpy6 gmamerpoM or 200 mo 1400 MM npm 3apacraHuu
XHMBOTO ceyeHHs TpyGomposonos no 20%. 3a oguH paGoumit LMKIT ycTpoii-
CTBO OYHILIACT YYaCTKH TpyOomnpoBona mmuHo#i 2—10 kM,

Hns npeporspaiieHus oGpacTaHua TpyG B MHPOBOH M OTEUECTBEHHOM

NPaKTHKE INPUMECHATCH LEMEHTHO-MECCYaHbIE, TOUITWICHOBBIC, 3MOKCHI-

Hble M Apyrue mokpeitus [48]. OGbIwHO 1py mpoxyajKe HOBBIX TpyGOMpO-
BOJIOB Ha BHYTPEHHIOK NOBEPXHOCTh TPYO 3aiMTHOE [OKPHITHE HAHOCHTCA B
3aBONICKUX YCJIOBHAX, & OHCIBYIOILMX TPyGONPOBOJOB — HOCTE UX OUYHCT-
KM B TOTIEBBIX ycioBusX. lleMeHTHBIE MOKPHITHA ¢ pasNUYHBIMM 106aBKa-
MH, B TOM YKCIIe MOMUMEPHBIMM, TONLMHOM 13 CM mpensTcrByIoT KOppo-
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auu Matepuana TpyG [48]. HecMOTpsa Ha HEKOTOpOe ymeHbIlIeHHe BHYTpEH-
Hero [mamerpa TpyO, MOKPHITHS INOBBILUIAIT NPONYCKHYI0 CHOCOGHOCTD
Tpy6, CHIDKAIOT HEPro3aTpathi Ha MOJAYY HKUIAKOCTH.

Tomywist TakXe paclpOCTpaHEHME METOJI NPOTDKKU BHYTph TpyGonpoBo-
2 TIOMMATWIEHOBBIX TPY6 TOMUMHOHA CTEHKH 1-2 MM [48] . MpocrpancrBo
MeXIy MONMUITHIEHOBRIMH TpyGaMu M BHYTpEHHEH IOBEpXHOCTBI0 TpyGo-
NpOBOAd TAMIOHHPYETC LUEMEHTHBIM PAacTBOPOM HH3KHX Mapok. Boccra-
HOBJICHHE TAKHMM CNOCOGOM IMpPOPXKABEBUIMX METAIUTMYECKUX W HOBPEXKICH-
HBIX acBeCTOUEMEHTHBIX M kene300eTOHHBIX Tpy6 ob6xomirca Ha 70-40%
[erieBie CTOMMOCTH UX MepeKIIafKy.

Pa3paGoTaHbl ¥ [pyrue METOMbl BOCCTAHOBJICHHS Tpy6 (MOKpbITHS HA
OCHOBE JNMOKCHOHBIX CMOII, MOMUMEPU3UPYIOUMXCA NOmu3abHpPHAIX CMOT
W Ip.), HO MOKAa OHHM elll¢ NMPAKTHYECKOrO MNpPHUMEHeHHs He Haunm [48].

Tnasa 5 ,
PEI'YJIUPYEMBIM 3JIEKTPONPUBOI HACOCHEBIX ATPETATOB

14. PETYJIUPYEMbBIA JJIEKTPONPHBOJ KAK OCHOBA CHCTEM
YIIPABJIEHUS PEXUMOM PABOTbI HACOCHBIX YCTAHOBOK

B § 12 nmoxasaHo, 4TO HeHTPOOEKHBIE HACOCHI 3HEPreTHYeCKH Hamboree
3bpeKTHBHO peryMpyoTca M3MEHEeHMEM MX YacTOThI Bpamenus, Yacrora
BpalieHHs. HaCOCOB MOXeET ObITh M3MEHEHA, eCNTM B KadeCTBE MPHBOJHOTO
[BUTATEN MCIONb3YIOTCA TEIJIOBbIE OBUIATENH: Ta30Bbie TYpOHHEI, [BHI2-
Tenu BHyTpenHero cropamna (JIBC) wmm perynmupyeMelit anexTpoinpuBOLL.

YCTpoHCTBO U XapaKTEPHCTHKH T a3 0BBIX TY p 6 n u JIBC takoBsl,
YTO OHE MOryT O0ecIeunTh U3MEeHEHHE YaCTOThl BPAILEHUs HACOCOB B HEeoO-
XOIMMOM mMana3oHe. OgHAKO WIA CH CTEM aBTOMATHYE CKOTO
ynpaBuneHnusn (CAY) pexumom paGoTbl HICOCHBIX YCTaHOBOK OGbIY-
HO KCHONb3YITCA pa3jMuHble BHUIBI PETYIMPYEMOTO 3NIEeKTponpusoia. P e-
ryaidpyeMBbl#t 3MeKTPONPHBOJ NOAPA3MENACTCA HA JBE OCHOB-
Hbl€ [PYINIbI: MOCTOSHHOTO M MEPEMEHHOTO TOKA. JNEKTPONPHUBOIOM Ha3bl-
BAaWT YCTPOHCTBO, MpeoBpa3syioiliee NEKTPHUECKYIO 3HEPrui0 B MeXaHHueC-
KYW ¥ COCTOfliee W3 O3NCKTPOABHrareNid, NEepPeNaTOYHOro MeXaHu3Ma
(TpaHcMuccHu, MYQTHI, pelyKTOpa) M CHCTeMBbl YIpaBlieHus. B perymmpye-
Mblil 3/IEKTpONpPHBOL BXOMAT TaKXe YCTPOHCTBA, OGecTieunBamlLpe H3Me-
HeHUe YaCTOThI BpAlieHHA HACOCHOTO arperara B LEIOM WM TOJIbKO OJHOIO
HAacoca. JTH yCTpOMCTBA BBINONHAKT OGBIVHO ABe GYHKIWMH: ABIAIOTCA CH-
TIOBBIMH TIpe0BPa30BATENIAMH MEKTPOIHEPIHH U B TO XKe BpeMA 3NIeMEHTa-
MH CHCTEMBI YIIPaBJIEHHA.

IIponecc perymMpOBaHMA YACTOTHI BpalIeHHA JIIOGOTO MexaHu3Ma, B TOM
ypcrie ¥ Hacoca, YJOBHO aHANM3HPOBATh C NOMOUIBIO MeXaHHYeCKHX Xa-
paKTepUCTHK HacocHoro arperata (cm. § 12). Hioke paccMarpuparoteh
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Puc. 44. MexaHuvdecKHe XapaKTepUCTHKY AeKTpojBurareneh

Puc. 45. MexaHuuecKye XapaKTepHCTUKH HACOCHOTO arperara

MEXaHHUECKHE XAPAKTEPUCTHKM 3JIEKTPOIBHIraTeliell, KOTOpbie COMOCTaB-
TAITCA C MEXaHUUECKUMH XapaKTepUCTHKAMH HaCOCOB.

MexaHHYeCcKON XapaKTEpUCTHUKOMN 3JeKTPOABHUT a-
T € JI I Ha3bIBaeTCs 3aBHCHMOCTb €r0 BPAILAIouIero MOMEHTA OT YacTOTHI
BpallleHHA 1 MONPa3fie/AETCA Ha TPH OCHOBHBIX BHIA:

abcomoTHO Xectkue (xpuBas | Ha puc. 44) — CBOMCTBEHHBI CHHXpPOH-
HBIM 3JIEKTPOABUFATENAM, YaCTOTA KOTOPhIX OCTaeTCH MOCTOAHHOH NpH W3-
MEHEHUH BPAILAIOIIero MOMEHTa;

xecTkHe (Kpusasa 2 Ha puc. 44) — CBONCTBEHHBI ACHHXPOHHBIM EKTPO-
nBuratensM (B pabouvell YacTH XapaKTepUCTHKH) M 3IeKTPOIOBHraTeNsiM
NOCTOAHHOrO TOKa ¢ NapajUlelibHbIM BO3GYXXAEHHEM, YacTOTA BpAUICHUA
KOTOPBIX HEe3HAUMTETIbHO MEHAETCA NPU W3MEHEHHH BPAlUaloNiero MOMEHTa;

msarkue (kpuBas 3 Ha puc. 44) — CBOMCTBEHHBI 1EKTPOABUraTeNIAM MO-
CTOSIHHOrO TOKa C TOCNEIOBATENIBHBIM BO30YXIEHHEM, YaCTOTA BpALICHUA
KOTOpBIX CYIIECTBEHHO M3MEHSIETCs NPH H3MEHEHHH BPALLIAIOLIETO MOMEHTA.

CymecTBy1oT # [pyrue PasHOBHIHOCTH MEXaHHWYECKHX XapaKTepUCTHK.
Hanpumep, MexaHuueckasd XapaKTEPHCTHKA €K TPOJBUTATENA MOCTOAHHO-
IO TOK2 CO CMEIIaHHBIM BO3GYXIIeHHEM 3aHUMAET MPOMEXKYTOYHOE MOJIOXe-
HHEe MEXY XapaKTepHCTHKAMM JIEKTPONBMTaTelieli C MapawielibHIM H
MOCTICAOBATENbHBIM  BO3OYX(eHHeM, MexaHuuyeckasn  XapaK TEpHCTHKA
ACHHXPOHHOTO 3NIEKTPOIBHIATE/A C CONPOTHBIICHHEM, BBEICHHBIM B POTOP-
HYI0 Ienb, Msrdeé aHaJiOrMYHOM XapaKTEPUCTHKH KOPOTKO3aMKHYTOroO
3TIEKTPOIOBUIATENIA U T.J1. MexaHnueckHe XapaKTEPHCTMKH DPETYNMHPYeMbIX
3MEKTPOUPHBOLOB TIPUHIMINANBHO OTIIHYAIOTCA OT XapaKTEPHCTHK Hepery-
JHPYEMBIX TEM, YTO B IpOIECCE PETYIUPOBAHHHA OHHM H3MEHSIOT CBOE I10-
TIO3KEHHe, UK CBO GOpPMY, HIIH TO M JPYTOe OIHOBPEMEHHO.

PaccMOTpM MeExXaHMuecKHe XapaKTePUCTHKH HAcOcHOro arperara. Ha
pHc. 45 mpecTaBNeHbl MEXaHHYECKHE XADAKTEPHUCTHKH LEHTPOGEKHOrO Ha-
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coca, 0GOPYIOBaHHOTO OGpaTHBIM 3aTBOPOM (KpHBaA 1) M 3neKTpopsura-
TeJI ¢ KOPOTKO3AMKHYTBIM poTopoM (KpHBad 2). PasHuna 3HaueHuii Bpa-
AIOIIEr0 MOMEHTA EKTpOABUrareNis ¥ MOMEHTA CONPOTHBIICHHA HA3bIBA-
eTcA IUHAMHUUIECKHM MOMeHTOM, Ecm spamaioumii Momenr
Gornbllie MOMEHTA CONPOTUBIICHUSA, THHAMMYECKHII MOMEHT CUMTAETCs IOJO-
MUTENbHBIM, €Cl MeHbllle — oTpuuatenbHbiM, Tlox Bo3neiicTBeM momoxu-
TENBHOTO [MHAMHYECKOrO MOMEHTa HACOCHBIH arperar HayuMHaeT paGoTaTh
C YCKOpeHMEM, T.6. PasroHAeTca. Ecim mMHAMHUCCKHI MOMEHT OTPUUATEND-
HBIl, HACOCHBIA arperar paGoTaer ¢ 3aMEICHUEM, T.6. TOPMO3uTcA. [lpu
paBeHCTBE ITMX MOMEHTOB MMEET MECTO YCTAaHOBUBUIMWCA DEXUM paGoTel,
T.e. HACOCHBIN arperar paboraer c NOCTOAHHON YacTOTOH BpaleHus. Jrta
YacTOTa BPAIUCHHA H COOTBETCTBYIOUMH €l MOMEHT ONpEAENIAITCA Nepece-
YeHHEM MEXaHWYECKUX XapaKTePHCTHK 3IEKTpOOBHrarens u Hacoca (Tou-
Ka a Ha puc. 45). Ecnu B npouecce perymmpoBanus TeM WM MHBIM CIOCOGOM
U3MEHUTh MEXaHHYECKYIO XapaKTepHCIMKY, Hanmpumep caenarb ee Gonee
MATKO# 32 CYeT BBENICHMA [IONMONHHMTENBHOTO CONPOTHUBIIEHHA B POTOPHYIO
uems j1eKTponsurarens (xpusas 3 Ha puc. 45), MOMEHT BpallieHHs 3JIeK-
TPOIBHTaTeNs CTaHeT MEHbIIE MOMeHTa comporuBieHus. llopn Bosmeiicrsu-
€M OTPHUIATEIBHOTO JMHAMMYECKOrO MOMEHTa HACOCHBIM arperar HadMHaeT
paboTare ¢ 3aMeIEHHEM, T.. TOPMO3MTCA OO TeX IOp, MOKa BpPallAIOIUi
MOMEHT M MOMEHT CONPOTHBJIEHHA ONATh He ypaBHOBecATCs (Touka 6 Ha
puc. 45). 310ii TOUKE COOTBETCTBYET CBOSA YaCcTOTa BpPAILlCHHWA M CBOE 3Have-
HMe MOMeHTa. TakuM 06Gpa3oM, mpouecc peryJMpOBaHHA YacCTOTHI Bpauie-
HUA HACOCHOTO arperaTta HEMpephIBHO CONMPOBOXIACTCA U3MEHCHHAMH Bpa-
IIAKOIEr0 MOMEHTA 3IeKTPOIBUraTelis ¥ MOMEHTa CONPOTHBIICHHsA HACOCA.

PaccMoTpuM OCHOBHBIE BHMBI PETYJMpPYeMOro 3MEKTPONPHUBOXA, IpH-
MEHAEeMOr0 B HAaCOCHBIX YCTaHOBKaX. PeryjJuMpoBaHue YacTOTBHI BpalllCHHs
Hacoca MOXeT OCYIIeCTBIATCH WIM M3MEHEHHEM YacTOThI BpaicHUS
9TIEK TPOIBUIATEN A, XKECTKO COEOMHEHHOTO ¢ HACOCOM, WIIM H3MEHEHHEM Iie-
PENATOUHOrO OTHOIHCHMA TPAHCMMCCUM, COCOMHAOMICH HACOC C 3IEKTPOABH-
rateneM, KOTOpbil paboTaeT ¢ MOCTOAHHOH CKOPOCThIO,

lS.PEFYﬂHPOBAHHE YACTOTHI BPAHMIEHHA IMEKTPOABUTATENE#R

9N eKTPOMBHUTATE M NOAPA3IENANTCA HA [BA OCHOBHbIX BUA:
MOCTOAHHOTO M TIEPEMEHHOTO TOKa. B HACOCHBIX YCTaHOBKAX HCIONIb3YIOTCA
MPEMMYIIECTBEHHO [BMTaTeNld NepeMeHHoro toka. OpmHako 3a pyGexom B
HACOCHBIX YCTAHOBKAX M3pelKa MCIONb3YITCA PperyjlHpyeMbie 3MeKTpo-
IPHBOBI H2 OCHOBE JIBHIaTeseil NOCTOAHHOTO TOKa. |
PerynaposaHue 4YacTOThl BPaleHM#A INEKTPOABHIaTelled NOCTOAHHOIO
ToKa. CyIIECTBYIOT /1K TPOJBUIaTeNH MOCTOAHHOIO TOKA Ma p a J1 J1 € JI b-
HOTO, NOCNENOBATENbHOTIO H CMEMIAHHOTO BO36YX-
Il e H ¥ A. | B HACOCHBIX YCTAHOBKAX NMPUMEHAIOTCA NEKTPOIBHTATENH Ia-
paJUIeNILHOTO BO36YKAEHHA, YaCTOT2 BpaUleHHs KOTOPbIX ONpeleAeTcs
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CormacHo (63) BO3MOXHBI TpH ClOCOGa peryy¥pOBaHUA qacron:)lr :pz:(
IeHMA JEKTPOJBMIaTeNs: W3MEHEHHEM HANPIKEHHUA, NONBOIAM ° X
3/IeKTPOJBUIaTeINi0; BBEJEHUEM [100aBOYHOTO CONPOTUBIECHHUA B ueffu, o
pA; U3MEHEHHEM MAarHMTHOrO MOTOKA (Toxa BO3GYXXEEHHsA) 3MEKTPO
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raTess.

PerynupoBaHue BBeJEHHEM [IONONHUTENIBHOIO conpomnne}mg Bo é:;c:)g:
HYI0 LIeNb TIPUMEHAETCA PeMIKo W3-32 CBOCH HEIKOHOMHUHOCTH. D I

HOM CONPOTHBIICHHH TEPACTCA MOITHOCTD!

64)
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MeXxaHHUECKHE XAPAKTEPHCTHKH IMICKTPONBUIaTENA nocm:;mgrﬁocmn-
npM pasHbIX cnocobax perynnpoBaHAs npeucraBngnbx Ha puc. 46. : :B crap
JIeHHE MEXAHMUECKMX XapaKTePUCTHK 3EKTPOMBMIaTeNA M Haco >
3BIBAET, YTO 3EKTPONPHUBOJ MOCTOAHHOTO TOKA BIOJIHE COOTBEICTBYET Y
JOBHAM pabOThl HACOCOB.

B COBPEMEHHOM INEKTPOINPUBOJEC TIOCTOSTHHOrO TOKa IIHTaHHZC 3HeK'I;pcz-
IBHraTesif NOCTOAHHOIO TOKA C NapajuIeIbHbIM Boaﬁyxnemlem ocyly

M M

n
0 2) 70 7) 70 %)

Ka:
Puc. 46. MexanmiecKast XapaKTepUCTUKA JIeKTpoiBUraTesiell 10CTOSIHHOTO TO

B LieNb sIKOpsA; O — NPH M3Me-
a — mpu BBE[EHUH JOTIOTTHATEBHOIO CONPOTHBIICHUA B I pA;

oro MOTOKA
HeHHH HANpSOKEHUA Ha 3aXHUMax SKopA; 6 — IpH 1«:?:‘;1:?:::' l\;ﬂl‘_ﬂﬂ:‘!; 01;; [lloroka
; - COMPOTHUBJIEHHA B UE ;
(roxa Bo30yxpmenus); 1 Ge3 AL epnnd
: 3 ~ Npu HOMMHAJIBHOM HANPSXNKEHHH; 4,
CONPOTHBIICHHEM B LIENH AKOPH; DKeHR
Hmlgﬂmom HATNpSOKeHHH; 6 — MpH HOPMAIBHOM BO36yXIeHuH; 7 — MpH YMEHbIUCHHH

MAarHUTHOT'O IIOTOKA
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Puc. 47. Cxema perymupyemoro AMEKTPONPUBOJA NOCTORH- ~ SOTy
HOTO TOKa

o L o
BIACTCA OT YIPABAAEMbIX MOJIYN POBOKHUKOBbIX Bbl- | vl
upsAmuTenen I (puc. 47). T4 BLINpaMutein Xapak- gl
Te pU3YIOTCA KK HajiexkHble U 9koHoMuuHble (KITIO = | N N
= 0,9+0,95). B KOHCTPYKUHUM 3JICKTPOABUIraTessi Ve var =1
IIOCTOAHHOIO TOKd MMEETCsl KOJJIEKTOP M ILEeTOY-
HBIH AMIAPAT, YTO YCIOXKHAET JKCIUYaTALMI0 JJIeK-
TPOMPHBOZIA, NO3ITOMY LUIMPOKOIO PACHPOCTPaHEHMs! *@]—‘

B HaCOCHBIX YCTAHOBKAX 3JIEKTPOUPUBOSBI TOCTOMN- —rn—

HOTO TOKa He monyunstd. Tem He MeHee 3a pyBexom

TAKKE JJIEKTPOABHUTENIM B OTIENBHBIX CI1yYasX HCHONIb3YIOTCA B HACOCHDBIX ar-
perarax MomHocrio 1o 600 — 800 xBr.

Bonee umpoxoe pacripoctpanenue B OTEUECCTBEHHOM U 3apy6exKHOR Npak-
THKE TOJIy'WJT PETyJHPYeMbli 3MEKTPONPUBOL, liepeMEHHOro Toka. Yacrota
BPALICHUA SJIEKTPOABHUIATENSA MIEPEMEHHOTO TOKA 3aBHCHUT OT YACTOTHI IIHTAIO-
WETO TOKa f, WHCNa NMap MOMIOCOB P U CKOJMBKEHUA § [cM. (61)]. Usmensn
OIMH HIIH HECKOJIbKO MapaMeTpoB, BXomAumx B (61), MOXHO W3MEHHTH
YacTOTy BPAILCHHA 3JIEK TPOOBUTATENSA U, CIIEHOBATENLHO, HACOCA.

YacrorHslit anexTponpuson. OCHOBHBIM 37IEMEHTOM YacTOTHOTO 3NEKTPO-
NpUBONA AB/IACTCA TUPHCTOPHbIA (YacTOTHBIA) npeoGpa3oBaTens. B 3tom
npeoGpasoBarene MOCTOAHHAA YacTOTA MHUTAIOWEH CeTH [, npeo6Gpasyercs
B NepeMeHHY10 ;. [Iponopuuonansho uyactore f, H3MEHAETCA Y4acToTa Bpa-
LCHUA  TIEKTPOBUTATENA, MONKIIOUEHHOTO K BBIXOLY NpeoGpasoBareis.

YactotHble MpeoGpasoBaTen MONPAa3OENANTCA HAa [BA OCHOBHBIX BMJA:
¢ TPOMEXYTOUHBIM 3BEHOM IOCTOSHHOIO TOKAa M C HENOCPEJCTBEHHOM
cBAA3pi0. Cxema 4acToTHOTO mpeoGpazoBarens HEepPBOrO BH/A IpelCTaBIIeHa
Ha pHc. 48 u 49. [IpeoGpasoBarenb COCTOMT U3 BbinpsAMuTens B, dunsrpa @
H UHBepTOpa M.

Iocpenctsom wacroTHOrO npeoGpasopatens TIPaAKTHYECKH HEH3MEHHbIe
CeTCBBIC MapaMeTpbi Hampskenus U; u uactota f; npeoGpa3yiorcs B u3Me-
Haembie napamerper Us 1 f3, TpeGyembie Iis cucteMB! ynpasnenus.

Hna obecnevenus ycToituuBoil paBoThl 3MEKTPOIBHIaTeNs O paHHYEHH
€rO0 NEperpysku Mo TOKY ¥ MArHUTHOMY IOTOKY, MOMMEPKAHHA BBICOKUX
SHEPreTMUCCKUX MOKa3aresiedl YacTOTHBIA MpeoGpa3oBaTellb NOMDKEH MOJ-
HEpXHUBAThb ONPE/ENICHHOE COOTHOMICHHE MEXIY BXOIHBIMU M BbIXOIHBIMH
llapaMeTpaMy, 3aBHCALICE OT BUNA MEXaHHYECKOil XapaKTepUCTMKH Hacoca.
ITH COOTHOLIEHHS TONYYaOTCH M3 YPaBHEHUA 3aKOHA YACTOTHOTO PETYIIH-
poBaumnsa Kocrenko [6]

Ui/, =M /M, fl/fz- (65)

Hnst nacocos, paGortaioumx Ge3 craTHuecKoro Hanopa, 1.€. TeX, YbA Mexa-
HUYeckas XapaKTePHCTMKA OMMCHIBAETCA ypaBHEHHEM KBaJIpATHYHOH TMa-
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Puc. 48. CxeMa YacTOTHOTO 3/IEKTPONPHBONA C MHBEPTOPOM HANPSIKEHUS

pa6omns! [cMm. (31) — (34)], momxHO COGMIOIATHCA COOTHOLUEHHE
Ul/ff = Uz/f22 = const. . (66)

Ina HacocoB, paboTalOLMX CO CTATHYECKHM HANOPOM, JOIDKHO cofumio-
naThes Golee CIOXXHOE COOTHOLLIEHHE

k 1+ k
14— -
, 2 67
U:/f1 2 =Uy/f2 ) ()]
rie k — mokasaTelib CTENEHH B ypABHEHHM MEXAHWYECKON XapaKTepHUCTHKH
Hacoca (45).

B GonmpumHCTBE CllyyaeB B HaCOCHBIX YCTaHOBKaX MPHUXOJUTCA HUCNONb30-

BaTh npeoﬁpaaoBaTeJm TMIPOMBILUICHHOI'O  MCIIOJTHEHHUA, OGCCIIC‘!PIBHIOUIHC‘

COOTHOLLIEHHE o
Ui/f1 = Uy/f, = const. (68)

Ha puc. 50 mpencraBiaeHBl MeXAHMYECKHE XAPAKTEPUCTHKU acnuxpor({)}:;-
rO MMEKTPOABHUraTesid MPH YaCTOTHOM PETYIHPOBaHHH H cononemng or-
HomeHus (68). Ilpu yMeHbIIeHUH YacTOTBI [, MEXaHMYECKass Xapakrep
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Puc. 50. Mexanmyeckue XapaKTePUCTHKH Yacror- M }‘

HOTO WICKTPONPHBOMA NIPH MAKCHMANBHLIX (/)
¥ HOHWKEHHEIX (2) yacroTtax

0 T
THKa HE TONbKO MEHSET CBOE NONIOXEHHE B KOOPIHHATAX n—M, Ho Heckonp-
KO H3MEHAET CBOW ¢opMy. B yactHOCTH, chmdkaeTcs MaKCUMAJTBHBIA Mo-
MEHT 3/ICKTPOJBHIaTeNA, YTO OBYCIIOBIEHO TeM, UTo TpH cobimioneHun coot-
HOIEHUA (68) NpH H3MEHEHHH ¥acTOTHI f1 He yuuthBaeTcH BimMsHMe Ha
BPAIAKLIMA MOMEHT HU3MEHEHHH aKTHBHOLO CONpOTHBIICHHA cTaTopa. Ipu

MEHT OCTaercs HEH3MEHHBIM, Q)OpMa MEXaAHHUECK
HACTCA, MEHAETCA TONBKO ee TIOJI0XKEeHH e,

YactoHble Mpeo6pasoBatemu BEIIOAHAIOTCS Ha0a3e aBTOHOMH bI X
HHBEpPTOPOB rtoxa (AUT) mim na 6ase aBTOHOMHBIX HHBEPTOPOB
HampaxeHusa (AUH). B wacrornsix npeobpa3zoparensx Ha 6aze AMH
(cM. puc. 48) B 3BeHe mocrosHHOro ToKa BBUIPAMIIAETCA HATIpSKEHue.
Crnaxupaloumit ¢wstp B 3THX npeo6pa3oBaTeniax coCTOMT u3 Ipoccers,
BIUIIOUCHHOTO NOCIIE/IOBATENBHO C MHBEPTOPOM, H KOHJIEHCaTOpa, NOIKIII0-
4aemoro mapamnensio AMH. Ha Beixope npeoGpasoBarens dopma KPHBO#
BBIXO[THOTO HaNmpsDKeHHs (0GBIYHO TpAMOYTONbHASA) ONpeNeNAeTca Nopsy-

KOM TEpEKIIIOYEHHA THPHCTOPOB, a (POpMa KPUBOI TOKa (cunyconpanshasn)
3aBHCHT OT XapaKTepa Harpy3KH.

B uacrotHpix npeo6pazoBatensix Ha Gaze AUT (cM. puc. 49) B 3Bene
TIOCTOAHHOIO TOKa BBINPAMIIAETCSH TOK. Craaxupatommit dunbtp cocrout u3
Apoccend, BKIIOYaEMOTO MOCHEOBATENBHO ¢ unBepropoMm. Ha Brixoge
lipeoGpasoBarens GbopMa KpPUBOH BBHIXOTHOTO TOKa onpenenAaeTcs nopap-

KOM HepeKIOUeHHst THPUCTOPOB, a (OpMa KpuBOii HanpsokeHust  (cuHy-
COHJTANIbHAs) — XaPaAKTEPOM HATPY3KH.

YacrotHbie npeoGpazoBares Ha Gaze AUH ¢ LW POTHO-MMINYJILCHONR MO-
Rynsumei (IIUM) wmmeror Gosee BbICOKHe JHEPreTHIECKHE XapaK TePUCTHKH
32 CYer TOro, 4T0 Ha BhHIXOMe npeobpa3zoBarens obecrnewnpaercs ¢dopma kpu-
BBIX TOKA M HAalpPAXEHHs, NPUOIIKAOIAACH K CHHYCOMIANmbHOM. B 3Tmx
lIpeobpazoBareNix B OTMMUME OT ONMMCAHHBIX Bhilie MOTYT HCHOMb30BaTbhCs
HEYNpaB/IsieMbIC BRIIPAMUTEITH.

OrevectBenHan amex TpoNpOMBILIIEHHOCTS HM3TrOTABJIMBACT YaCTOTHBIE IIpe-
OGpasosarenn cepun KT Ha Gase AHWH, cepun ITYT u ITYP-2 Ha Gaze AUT
¥ cepun ITYNI Ha Gaze AVH ¢ UM [3, 14]

ol XapaKTepUCTUKH CoXxpa-
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OTMeueHHass HECHHYCOMANbHOCTh KPHBBIX BBIXOAHOIO HAIDPAXECHHA H
TOKa YacCTOTHBIX MpeoBpa3oBaTeNieil [OJDKHA YUMTBIBATBCA NpH BbIGOpe
IEKTPOABHUIATENA IS YaCTOTHOTO HJIEKTPONPHBOLA.

O6bIYHO Ha BBIXOME YACTOTHOrO MpeoGpasoBatenia GOpMHUpPYETCs IpAMO-
YrOMbHAA MIM Tpanel{eBUAHAA KpHBas Hanpskenus (TOKa), cofepxialias
BBICIIINE TePMOHMUYECKHE cocTapnsmiume. Mx Hammuue Briever 3a coboit yBe-
JTHYeHHe NOTepb B anekTpomsuratene. [lo 310 npuumHe Npu paboOTE INEKTPO-
NpUBO/IA HA YAaCTOTaX BpALUEHHs, ONM3KMX K HOMMHAJILHOH, MPOMCXOIMT
neperpyska anektponsurarens. Kpome toro, npu pabore Ha IOHMXKEHHBIX
YacTOTaX BPAICHHA YXYHQUIAIOTCA YCIOBHA OXTAXKICHMA CAMOBEHTHIIHDYe-
MBIX 3MIEKTPOJBUraTesnelf, KOTOphIE Halle BCETO IPHUMEHSIOTCA B IPHBOML
HacocoB. OffHakO B OGBIMHOM [Mana3oOHe peryaMpOBaHHA HACOCHBIX arpe-
ratoB (1:2wm1:3) 370 yXynlueHHe YCJIOBMH BEHTWIALMHM KOMICHCUDY-
ercAd CYUECTBEHHBIM CHIDKEHMEM Harpy3Ky 32 CYeT YMEHbIUeHMf IOJauy
H Haropa Hacoca. Ilpu paGoTe e Ha 4acTOTaX, OMM3KMX K HOMHHAJIBHBIM,
yXy/IIEHHE YCIIOBMH OXJIaX(IeHWA B COUCTAHMM C IOABJIEHHEM TapMOHHMK
BBICUIMX MOPAIKOB TpeGyeT CHWKEHHA MNONYCTHMOM MEXaHWUYeCKOH MOLI-
Hoct! Ha 8—15%. llpu 3toMm Ha 1-2% CHHXAETCA MAKCHMAJIbHBIA MOMEHT
anextponpurarens, ero KIIJ — xa 1-4%, cos ¢ — Ha 57 %.

Mo [14] B cmyuae npuMeHeHWA ACHHXPOHHOTO C2MOBEHTHIHPYEMOro
3MIEKTPO/IBUTaTeNIA B [PHUBOJE MEXaHM3MAa, MOMEHT KOTOPOTO M3MEHACTCH
NPOIIOPIMOHANIBHO KBafpary uYacTOThl BPALIEHUsA, OOIMYCTHMAast MOIUHOCTb
HA Bajly 371K TPOJIBHTaTeNA JOTDKHA ObITh CHIKEHA 10 3HAYCHHA

Pron = Puom (72 +p)/ (8,64 + D), (69)

re P — UYHCIIO NAp IOJIOCOB 3JICKTPOIBHUIATENA.

Bo mu3bexaHue Neperpy3Ku eKTPOMABHTaTeNis HeOGXOMMMO WIH Orpa-
HHYHTh BepXHee 3HAueHHE ero YacTOThl BPAUICHHS, WM OCHACTHTb NPHBOL,
6oriee MomHbIM AeKTpomBurarenieM. locnemHas Mmepa obsA3arenbHa B TeX
cryyasix, KOTja IpenycMaTpuBaeTcA paboTa HACOCHOrO arperara ¢ 4acro-
10#1 f > 50 T'u. OrpaHnyeHVe BEpPXHETO 3HAYEHMsA YaCTOTHI BpallleHHA OBU-
FATEeNA OCYLIECTBISETCA OrpaHMuEHHEM YacToThl f, mo 47 —45 T'n. Ysemu-
YeHHEe HOMHHAJIBHOE MOIHOCTH INPUBOJHOrO 3JMIEKTPOABHIATENS OCYLIECT-
BisiercAd ¢ y4etoM (69) C OKpyTJIeHHEM [0 OEDKailiero CTaHJapTHOrO
3HAYEHHUA.

Tlpn 3TomM orpaHHueHHe 4acTOTHI f> BIIEYET 3a COGOH CHIDKEHHE IONOXe-
HMA HAIOPHOH XapaKTePUCTHKH Hacoca. JTO ClleflyeT YUMTHIBAaTh IIPH.CO-
BMeECTHOH paGoTe perymupyeMblX M HeperylndpyeMbIX HACOCHBIX arpera-
T0B (CcM. § 15,16).

OcoBeHHOCTbI0 IPHMEHEHHsT PETYJIUPYEeMOro YacTOTHOFO 3JIEKTPONPHBO-
Oa sBIACTCA BO3MOXHOCTb HCHONIb30BaHMA OJHOTO YaCTOTHOTO npeobpa3o-
BaTeNlA 1A NPUBOIA HECKONBKHUX HacOCHBIX arperatoB. OT OpHOTO IIpe-
oGpa3oBaTensa [OCTATOYHO OGOMBINOH MOIIHOCTM MOTYT MNONY44Th MMTAHHE
.OHOBPEMEHHO HECKONBKO OJJMHAKOBBIX HaCOCHBIX arperaTos.
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Bo3MOXHO TaxXke noouepesiHoe NOMKITIOYEHME K OQHOMY YacTOTHOMY
npeobpa30BaTesII0 HACOCHBIX arperaToB, COM3MEPUMBIX 110 MOIIHOCTH.

B HacTostiuee BpeMs OTeYeCTBeHHas ITPOMBIILIEHHOCTb BBINYcKaeT AL
YaCTOTHBIX NpeoGpasoBareneit momHocTsio A0 400 xBr u Hampskenwem
380 u 220 B. Pa3spaGoTaHbl ¥ H3rOTABIMBAITCA OTHETbHEIE 0oOpasusl YacToT-
HBIX npeobpaszosareneit mMomHocTeo A0 3500 xBr. Ceepenus 06 oreuect-
BEHHBIX Y4CTOTHBIX NpeoOpa3sOBaTeNfAX ¢ MPOMEXYTOUHBIM 3BEHOM MOCTOAH-
HOI'0O TOKa MPUBEJIEHBI B IPHIOXKEHHAX 1, 2 u 3.

Hapsany ¢ npeoGpasoBaTensiMH 4acrorsl ¢ IPOMEXYTOYHBIM 3BEHOM HO-
CTOAHHOTO TOKa B 37IEKTPONpPHBOAE HACOCOB HCIOMB3YIOTCA YACTOTHBIE Hpe-
06pa3oBaTeNH ¢ HEMOCPEICTBEHHOH CBA3BIO.

OryuuuTensHOi OCOGEHHOCTBI0 YACTOTHOTO MmpeoGpasoBatenst Ge3 Npo-
MEXYTOUHOTO 3BEHA IOCTOSAHHOrO TOKa ABJACTCH CUHYCOMAanmbHas GopMa
KDHBOH HANPAXXCHHsA HA Bbixope, OOpa3OBaHHAA M3 YYaCTKOB CHHYCOMI
npeoGpasyeMoro HanmpsmxeHus. Bropo#i ocoBeHHOCTbI0 3TOrO Ipeobpazosa-
TENA ABIACTCA HEBO3MOXHOCTh NOMYYHThP H2a BBIXOJiE YacTOTY, PaBHYW
yacTote, mpHrawiei cerd. Yactora Ha BbIxone IpeoGpa3oBaTeNs OGBIMHO
cocrasnseT 25—33 ',

B Hacrosuiee BpeMs OTeyecTBeHHAas NPOMBIIUIEHHOCTh OCBAaHBAaeT CEpHii-
HOE [IPOM3BONCTBO THPUCTOPHOrO ACHHXPOHHOIO 37EKTPOINPUBONA CEPHH
9TA1-01 Ha Gase npeoGpa3oBaTeNil ¢ HENOCPENCTBEHHON CBA3BI0 M [IBYX-
$asHPIX aCHHXPOHHBIX 3NEKTPONBHIATeNlel C KOPOTKO3aMKHYTHIM pOTO-
poM momHOcTRIO A0 265 XBr npum HomuHambHO# uyacrote Bpamenua 1000
1 2000 o6/mum [51]. CpaBHHTEIbHO HU3KAS CTOHMOCTb 3TOFO JIEKTPOIIPH-
BOAA [EJIAeT €ro MEPCIEKTHBHBIM [JIS MCIOJb30BAaHUA B HACOCHBIX arpera-
Tax HeOOJBILON MOIIHOCTH.

Bri6op ocHoOBHOro c60pyJO0BaHHKSA [OAA YACTOTHOTO
37IEK TPONIPHBOAA OCYLIECTBIIACTCA B CIICAYIOMIEM NOPSAIKE:

ompenie/IACTCA MOIIHOCT HA Bajly HAacoca Npu paGote ¢ HOMHHANBHOM
HOJaYei ¥ COOTBETCTBYOLIMM €if HamopoM 1o Gopmyre (5) ;

M3 KaTanora NoabupacTcst KOPOTKO3AMKHYTBINA 271eK TPOABUIATE b, HOMH-
HajbHasi MOIUHOCTh KOTOPOro noymkHa 6eite Ha 20-30 % Gomblue morpe6-
JsieMOi HacocoM MOMHOCTH. HoMuBambHas yacToTa PpamieHusi SJIeK TPOIBH-
rarenst AOMKHA COOTBETCTBOBATh HOMHHAIBHON 4acTOTe BpAlleHUA HACOCA;

B COOTBETCTBHHM C BBHIODaHHOH MOLIHOCTBIO IPUBOIHOrO 3IEK TPOJBMIA-
TeNs mofBupaerca cepuitHbIN IpeoGpa3oBaTesib YacTOThI, HOMHHANbHASL MOLI-
HOCTh KOTOPOTO paBHa WM GOJNbIIE HOMUHAJILHOM MOIUHOCTH JMIEKTPOIBH-
ratens HacocHoro arperata Pnp, > Py, a Hampsxenue npeoGpasoBatenst
COOTBETCTBYeT HOMMHAJIBHOMY HampskeHHio onexTpomurarens Upp =
= HB'

Perymuposanne 4acToTbl BpamieHHsl 5€KTPOOBHIATENCH M3MEHEHHEM MX
CKONBXKEHHA OCYLLECTB/IAETCA BBEIEHHEM B LeNb POTOpa 3NEKTPOJBUraTte-
751 [JOTIOJIHUTENIBHOIO CONPOTUBJIGHHA MJIM BCTPEUHOH 3eKTPOIBHXKYILEH
cinei (IIAC), a Takke HIMEHeHMEM HANMPSKEHHs Ha CTaTOpE K TPOIBH-
raTens.
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Puc. S1. Cxema perynupoBaHus wacrorsl BpAIUCHHUA 3MMEKTPOABUTATEINIS BBEOCHHEM
B0GaBOYHOIO CONPOTUBIIEHHS B UENb POTOpA:

1 — o6MoTKa craropa IEKTPOABHIATeNA; 2 — 06MOTKA poOTOp2 3NEKTPOIBUTATEINSA;
3 — peocrar; 4 — Hacoc

Puc. 52. MexaHuueckue XapaKTepUCTHKM 4CHHXPOHHOTO WIEKTPOJBUTATENA NIPU BBe-
IeHUHM 1006aBOYHOTO AKTHBHOI'O COIPOTHBIIEHUS

1 ~ ecTecTBeHHas MEXaHWYECKASA XAPAKTEPHCTHKA FIEKTPOLBUTATENS Rpog = 0;
2-4 — MeXaHWuECKHe XAPAKTEPHCTHKH SIeKTpOJBHraTeNs TpH pa3HbIX 3HAYCHHUAX
Rpo6; 5 — MexaHHueCcKas XapaKTepuUCTHKA HAcoca

Beenenne n0GaBOUHOrO CONMpPOTHBIIEHHS MOXET GbITh OCYUIECTBIIEHO MPH
UCTIONIb30BAHUK 3/IEKTPOMIBUTaTeNeH ¢ dasHbiM potopoM (puc. 51). [lpu yse-
TMYCHHH AKTMBHOTO CONMPOTHBJIEHHS DPOTOPHOH LEMM 3JIEKTPOJBHIaTess
H3MEHACTCA (POpPMa MEXaHWYECKOH XApAKTEPUCTHKM 3NIEKTPOIBHIaTeNs,
OHa CTaHOBHUTCHA Oomee maArkodl (puc. 52). W3meHeHHas MexaHHuecicas
XapaKTePHCTHKA INMEKTPONBHUIaTENlA NIEPECEKAETCA C 1.eXaHHUECKOH XapaKTe-
PHCTMKOR Hacoca B TOYKAaX @ —d4 U T.I. KOXKIOH M3 3THX TOUEK COOTBET-
CTBYIOT CBOH 3HaUCHUA MOMEHTa H 4acTOTbl BpaieHus. [InaBHOe u3MeHenue
IOGABOYHOrO CONPOTHBJICHHA B UMM POTOpA MBHFAaTeNs [O3BONAET IUTAB-
HO M3MEHATh (POPMY MEXAHHYECKOH XApAKTEPUCTHKH INEKTPOBHIATENs
H, CIIeIOBATEeNbHO, TIIABHO M3MEHATh YaCTOTY BpAllleHHs HaCOCHOTO arpera-
Ta. YBENMUEHHE CKOJBXKEHHs OJJIEKTPONBUIaTels 3a Cuer YBEIIMYECHHS CO-
MpOTHBJICHHS UEIM pPOTOpa CBA3ZHO C YyBeNMYCHHEM MOTEPh CKOJIBbXKEHHS.
MoumocTs ¥ 3Heprus moTeph CKONBKEHNA B PETYHPYEMOM 311€K TPONPUBO-
fIE B 3TOM CIly4ae BbIUMCIIACTCA C OMOWbI0 ypaBHeHuit (49) u (52) u pac-
YeTHBIX KPHBBIX (CM. puc. 40).

JMEKTPONPHBON NO CXeMe ACHHXPOHHO-BEHTWIBHOIO Kackaua (ABK).
B stom anextponpusone perymupoBaHue YacTOTbI BpAILEHUA EKTPOJIBU-
raTensa OCylecTBisieTcA u3MeHeHueM 3IJIC, BBoguMOIl B 0OMOTKY poTo-
b2 aCMHXPOHHOTO 3MIEKTPOIBUIATENs ¢ (a3HBIM POTOPOM. JHEPIHS CKOJIb-
KEHMA pOTOpa PeKyNepUpyeTcs B IMTAIOUIYI0 EKTPUYECKYI0 CETh uepe3
npeo6pasosarens ABK, xortopeii cocrour us IBYX OCHOBHBIX JJIEMEHTOB:
HEYTIpAaBIIAEMOTO BBIPAMMUTENIA U yNpaBiseMoro uHsepropa. Kpome toro,

2
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Puc. 53, Perynupyemslt 3eKTPONPHBOL HACOCE IO CXeMe ABK: .
1 — anexrtpomsuratensd ¢ Ga3HRIM POTOPOM; 2 — HeypaBnseMbri Bblanl\;HTe::é-

3 — ynpasnseMsift nuuBeprop; 4 — CTTIAXMBAIOLIMA OpOCCenb; 5 ~— Eopx{‘gz;;:)ymu}f;e TT;:) te

dopmatop; 6 — cHCTeMa uMnynscHo-pasoBoro ynpasnenus ( : " (pnanpm;-

7 _ TexHoNOrMuecKuM perynsrop; 8 — Hacoc; 9 — DATIHK TeXHONOTHYECKH

Hud) ; 10 — 3apaTIMK .

B COCTaB NPHBOMZ BXOJAT CITIAXHBAIOLMEA [POCCENb, COINACYIOUMH TpaHC-
dopMaTop H CcTaHIMA ynpasneHnsi. CxeMa 3jIeKTpONpHBOMA TpHBENeHA
Ha puc. 53. ) .

Mpu paGote B ABUraTENBHOM PEXMME HIXE CHHXPOHHOH cxo%ocm oK
POTOpa ACHHXPOHHOTO [IBHTaTeNlA BBIIPAMIAETCH, 4 3aTeM Ipeobpasyerc
B TNepEeMEHHBIA TOK YacTOThI CETH C NMOMOUBI0 YIIPABIIAEMBIX mp{&CT(B)pOB,
paGOTAlUMX B MHBEPTOPHOM pexuMe. [Ipu 3TOM TOK B NEpBHYHOH OGMOT-
Ke TpaEchopMaropa, NMPOTEKAWLMA MO [CHCTBHEM anpﬂmenaoroBﬂz:
NIPSDKEHHA POTOpA, HAXOFMTCA B MPOTHBO(A3e ¢ HANPHKEHHEM CETH. DI
rofaps 3TOMY HMeeT MECTO OTAAua AKTMBHOM 3/IEKTPOIHEPTHH B CETh. §

MexaHuyecKye XapaKTEPACTHKH IEKTPONPHBONR VI PA3HBIX 3HAYCHHUH
BBINPAMIICHHOTO HANPsDKEHMA MPEJICTABIIeHb! Ha PUC. 54.

V3MeHss 3HAUEHHS BBHINPAMIIEHHOTO HANPSKEHUA OT HY/A [0 HOMUHAIb-
HOT'O HaTIPFAKEHUS POTOPA, MOXHO PEryJIMpOBATh YaCTOTY BpaLleHHs 3nem;l>;)-
[BWraTeNs B TONHOM JHANa3soOHe OT HOMUHATIBHOTO 3HaueHuA 10 Hyjd. o
I 3TOTO HOMHHASIBHBIE 3HAUCHHMs HATPAKCHMI NpeobpasoBarend ¥ poTopa
TOTKHBI GbITh paBHbl. CPaBHUTENBHO BBICOKHME 3HAUCHHA POTOPHOTO Hanp;:
KeHHsL oeKTponBuratenedt (mo 1000-1300 B) TpeGywor B 3T0M“ciy;K
NpUMeHEeHUs [OBOJBHO CIIOXHBIX M TPOMO3JKHX IpeobpasoBateneH ABK.
B 1o %e Bpemsa TpeGyemblil [MAaNa3cH peryIApOBaHMsA YaCTOTHI Bpalll -



Puc. 54. Mexanuveckue XapaKTEePHCTHKH
3jIeKTponpHBONA O cxeme ABK:

1 - ecrecrBennan XapaKTepHCTHKA
ACHHXPOHHOTO [BHUTATeNs C (asHLIM poTo-
POM  (BLINPAMIIEHHOE HATIpSKeHHeE Ug =
= 0); 2, 3 ~ Mexanuueckue XapaKTepuc-
THKH CKTPONBHUIATENL NPH YBETMUCHHY
BRIIPAMIICHHOTO HATIPSKEHUS

LEHTPOGEXHBIX HACOCOB B DAMIE CHCTEM TpPaHCMOPTHPOBAHUA HUTKOCTH,
HaNpUMep BO/IOCHAGXKEHMA M BOIOOTBENEHMS, OTHOCHTENbHO Man (20—30%
HOMHHAJIBHOTO 3HaYeHus). B Takmx ycnoBHAX perymmpoBanue yacroTsl Bpa-
WEHAsT B TPeGyeMOM [ManasoHe LenecoobpasHO OCYIIECTBIATh MO CXeMe
ABK, a pasron potopa no pa6ouero guanazoua PeTyNHpOBAaHMA — Ha IyCKO-
BbIx pesucropax. Ilocne Toro xakx porop HaBeper TpeGyemyio 4acToTy Bpa-
IUCHAS M €rO HANP/DKEHME CTaHeT MEHbIUE, YeM HOMHHAIBHOE HalpsKeHHe
npeobpazoparensn ABK, kOHTaKTOpBI cTaHImH YIIpaBJeHHsA OTKIIOUAIOT ITyC-
KOBBIE DE3UCTOPBI M NOAKIIOYANT Y4aCTOTHBIA Npeo6pasoBartenb K poTop-
HOH Iemy oneKTpolBuratens. [Jlasiee pPeryTHpOBaHHE OCYLIECTBIISETCH M3-
MEHEHUEM BBINPAMIICHHOIO HallpsskeHus npeoGpazoparens ABK.

Tlopsanox BbIGOpa pesHCTOpPOB M pacuera MyCKOBOTO PEXHMa 3NMeKTpo-
npuBoya no cxeme ABK npusenen B [40]. :

dnexrponpuson no cxeme ABK mmeer HEKOTOp: ¢ 0COOECHHOCTH, Ompe-
He/AMIIME UenecO0GPasHOCTh HCnoNb3oBatus ero B CAY HacOCHbIX ycTa-
HOBOK:

B Kackaje nmpeo6pa3yeTcss He BCA MOIUHOCTD, TIOIBOHMAS K HacOCHOMY
arperatry, a TOJIbKO PpeKyNepHpyemas MOIIHOCTh CKOJIbKEeHHA, KOTOpas
B NPUBOZE HACOCHBIX arperatoB (cM. § 12) He mpembimaer 15% HOMHMHAIDL-
HOH MOILHOCTH 31K TPONPHBO/A;

MoOIHOCTh npeoGpazopareneit ABK cylecTBeHHO 3aBHCHT OT 11y OuHbI
PETyIIMpOBAHHA 3INEKTPONPUBONA MO CKOPOCTH. OrpaHMueHHBIH IMANA30H
PETYJIHPOBAHUA HACOCOB MO3BOJNIAET HCHONb30BATh MEHEe MOLIHBIE H, ClIe-
AOBaTeNIbHO, Gosiee MPOCThie MPeoBGpa3oBaTeM;

38BUCHMOCTb BpAILAIOIIET0 MOMEHTA OT YacTOTHI BpAlIEHHA BO BTOPOii
H Gonee BBICOKHX CICNEHAX MO3BONAET OCYIIECTBIATH Pa3sroH JMIeKTponpH-
BO[d B OfTHY-IIBE CTYIICHH.

CylLiecTBeHHBIM HENOCTATKOM IMEKTPONpHBOaa Mo cxeme ABK smys-
CTCHl HEKOMIUICKTHAA NOCTABKA €rO 3NIEMEHTOB (3MEeKTPONBHIaTessi, mpe-
obpa3oBateneii, CTAHIMH YIIPaBIEHHsA), NOCTABJIAEMBIX HA OBBEKT IO oT1-
TENIBHOCTH.
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BeiGop ocHOBHOro 0GOpYAOBaHMA O EKTPONpPHBOHA 1O cxeme ABK
OCYLIECTBIIAETCA B CIICIYOIIEM NOPATKe: )

ONpedeNnsAeTCA MOIIHOCTh Ha BaJly Hacoca npu paBoTe ¢ HOMMHAIBHOM
rofayeil H COOTBETCTBYIOLUMM eif HartopoM 1o dopmyite (5);

M3 KaTajiora NonbHpaeTcs NMEKTPOMBUIATENb ¢ (GasHBIM POTOPOM, HOMH-
HAJIbHAsE MOILUHOCT KOTOPOTO JIOJDKHA ObITh Ha 5—15% Gonbiue notpeGms-
eMoii HacocoM MowHOcTH. HoMuHansHas 4acToTa BpalleHHs INIEKTPOIOBH-
raTeNsi OOJDKHa COOTBETICTBOBAaTb HOMMHAJIBHOM YacTOTe BpAIleHHS HAcoca;

M3 KaTajora [yis 37CKTPOABHMIaTelis ONpeesIAITCA HOMHHANBHbIE Mapa-
MeTpbl POTOPHOH Lemy BhIGpPaHHOro JMeKTpoBHrares: Hanpskenue Uy p
U TOK Iy . 3amaBasach MHHMMAIBHBIM 3HAYECHHEM Tpe6yeM9ro CTATHYECKOTO
Hanopa M GUKTUBHOW BBICOTOH NOgbeMa BOJIBI Hq,, BBIMMCIIAETCA
MAaKCHMaJIbHO BO3MOXHOE CKOJIBXEHUE OJJICKTpOINBUraTelli B JaHHOH Ha-
COCHO#l YCTaHOBKE

=1- L (70)
He

Jns HalJIEHHOTO 3HAYCHHUA Syaxc ONPpENENIeTcd MaKCHMAaIbHO BO3MOX-

HOE€ HaNpsXEHHE HAa KOJIBLAX poropa 4CHHXPOHHOT'O AMEeKTPOABUraTEIISA

Up = Un.p Smaxc- (71)

[lo snavenmio HanpskeHust Up BBIOMp2eTCS HOMHHAJIBHOE JIHHEHHOE
HalpsOKeHHe IMTaHWA BBINpAMHTENA (HOMHHAJIBHOE HAIpsDKEHME Ipeol-
pasoBaresnsHOro arperata ABK) no ycnosuio

Uga > Up.

MAKC

Onpegensiercs HOMHHaNbHBIH TOK INpeoGpasopartensHoro arperata ABK
(rox muTatomedi Gasel BBIIPAMUTENA) ©

Iya Z Iyp.

Mo HaitmeHHbIM 3HaueHuAM Uy , u Iy , BhIGHpaerca tHD mpeoGpa3oBaTe-
na ABK, TexHuueckue XapaKTepHCIHKHM KOTOPOTO MpPHMBENEHHI B IIPUIOKE-
HHH 41 5.

Iocne BriGopa npeoGpasoBartens ABK BrIGHpaloTcsi cornacymolme TpaHc-
dopmartopsl. OHu HEOGXOAMMBI B TOM CIIyYae, eCi HOMHHAJIBHOE HanpsKe-
HHe TMTAoLedl CeTH OTIMYAeTCA OT HOMMHAJIBHOIO HanpspKeHus MpeoOpa-
soBatens ABK.

HomuHaneHoe HanpsbDkeHHe IIpeoGpa3oBaTelicii OTeYeCTBEHHBIX 3IEKTPO-
npusogoB ABK (THII-2 u 1.0.) paBro 0,4 kB, mostomy cornacywoupe TpaHc-
bopmaTops! IpefyCMATPUBAIOTCHA B NPUBOJIE BBICOKOBOIBTHBIX JIEKTPOJIBH-
rareneit. TpeGyemas mMouHocTs TpaHchopMmaropa, KB-A:

S'rp =1,1V73 UZTIH.p’ (72)
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rae U, — HOMUHANBHOE JIHHMEHHOEe HaNpsAXKEHHe BTOPHUHOM OOGMOTKH TpaHC-
dopmaropa, kB; Iy p — TOK portopa, A. Uncno TpaHchopMaTopoB BeIGHpA-
€Tci B COOTBETCTBMM ¢ THIOM mpeoGpazoparens. Ins OXHOMHBEPTOPHBIX
npeebpasopareneit — OMMH TPaHCHOPMATOp, MyIA [IBYXUHBEPTODPHBIX IIpe-
obpasosareneit — mBa TpaHcdopmaropa. Tun rpaHcdopmatopos BhIGHpa-
€ICA 1O MECTHBIM YCIOBHAM B 3aBHCHMOCTH OT CHOCO62 €ro pasMelleHHs:
B OTOEIBHOM IOMEINGHMH WM Ha OTKPBITOM BO3JyXe YCTaHaBIMBAIOTCA
MacnsHbie TpaHcOPMaTopbl, 2 B MOMEIUECHHM HACOCHOH CTaHIMH CyxXue
TpaHcdopmaroper. Beicuee Hanpsokenme TpaHcdoOpMmaTopa COOTBETCTBYET
HaNpsOKEHHIO MUTAOLIEH CETH.

[IpeoGpasoBatert ima ABK ¢ omHOMOCTOBBIMM MHBEPTOpaMH MOTYT
GbITh TpHCOSTMHEHB! K obmel craHmMoHHOH cetn 380/220 B mpu ycmosuu
JOCTATOYHOH MOIIHOCTH TpaHChHOPMATOpOB COOCTBEHHBIX HYXn. B stom
crmyyae, 4To0bl MCKIIIOWMTb HMCKaXKCHHS HANpsDKeHMs INHTAOWEH CeTH, BbI-
3BaHHOM KOMMYyTAllMeHi THPUCTOPOB WHBEPTOpPA H OTPaHUUNTh YOADHBIH TOK,

NPOXOOALMIA depe3 THPUCTOPBI HHBEPTOPA, IPe0Gpa30BaTENM JOIIKHBI GbITh |

NONKITIOMEHbI Yepe3 TOKOOrpaHHuuBawume peaxTopsl (Tima PTCT u 1.0.).
WHOyKTMBHOCT pEaKTOpOB JOKHA ObITh GONBINEG MHIYKTHBHOCTH pac-
cessHuA TpaHchopmatopoB B 45 pa3. CucreMa yIIpaBsieHHs 3aNMTbIBACTCA
B 3TOM CJIy4yae HemOCPEICTBEHHO OT CETH, T.€. BBILIE peaKTopa.

CraHmua ynpaByieHMs BbIGHpaeTCA MO HOMMHAIBHOMY TOKY POTOpa IBH-
rarefiAi B 3aBHCHMOCTH OT TpebGyeMOro [Mama3oHa peryTMpOBaHHA MO Yac-
TOTe BpameHus. JIama3oH perymmMpoBaHMA onpefiensercd TpebyeMoil MUHM-
MaJIbHOH YacTOTO! BPALIEHHMSA Hacoca:

Rmun

D= =1 — Spaxec- (73)

Nyom

OObruHO B cHCTéMaX BONOCHAGHEHHA H BOTOOTBEHCHHH pEryJIMpyeMble
Hacocsl paGoTaioT B [MamasoHe 1:2, T.e. cO CKONbkeHHWEM He Gonee 0,5.
UYamte BCero MakcCHMANBHOS cKOIbXKeHMe He mpepbimaer 0,25-0,3. Hosto-
My B GONBbIIMHCTBE CITy4YaeB MOTYT GbITb NPUMEHEHbI CTAHUMM YIpPaBIICHUA
¢ UYACTHYHBIM [IHalla30HOM peryiupoBaHusA. HOMHHAIBHBIE TOK CTaHIMM
ynpaBneHust momkeH ObiTe GONbINe MAM PaBeH TOKY portopa Iy op > Iy.p-

IyckoBbie pe3ucTopbl snexTponpuBoga mo cxeme ABK BriGuparorcs
B COOTBETCTBHH C METOMIMK O, H37I0KeHHOR B [40].

TexHuueckue XapakTepPUCTHKH COBPEMEHHBIX OTeUeCTBEHHbIX MpeoGpa-
sopatened tuna TIII u crammmit yopaenemus [V, waroraBnusaemmx 110
”InextpoBbiipamutent” 1 Y9A3 [1, 25}, npusenensr B npwroxesun 4, S.
Ipeo6pasopatenu THIl u crammm HUIY npepHasHaveHbl misi perymipye-
MBIX 3MIEKTPOIIPHBOJKOB MOIHOCTBI0 oT 250 mo 2000 kBr.

PerynupoBaHue YACTOTBI BpAIIEHUA FICKTPOABHTaTenell H3MeHeHHeM
HanpsDKCHHs Ha ero crarope. Bpamatoumiit MOMEHT aCHHXPOHHOTO 3MEKTpO-
[BUTATeNIf TPONODIMOHANICH KBAafpaTy  HANpAXEHHA, TNOHBOOUMOIO K
MeKTpoiBHrarenso [6]:

Myp = KU, (74)
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Puc. 55. MexaHuuccKue XapaKTepUCTHKH NIEKTpOOBHIaTeNs NpH U3MEHCHHM Hamps-
KeHUsA:

| — ecTecTBeHHasl XapakTepHCTHKa; 2, 3 — XAPAaKTepHCTHKH [pHd MNOHWKCHHOM
HAOpsDKeHHH; 4 — MEXaHHYECKasd XapaKTepuCcTUKa Hacoca

Puc. 56. DNeKTpoNpHBON ¢ THPUCTOPHBIM (aCTOTHBIM) pEryIATOPOM HANPSKECHUS

Mo sroif mMpuuMHe H3MEHEHMe HANPSDKEHMA Ha 3aKUMaX CTaTopa M3Me-
HAeT (OPMY MeXaHHYeCKOH XapaKTepHCTHKHM dJleKTponpurarens. Pac-
CMaTpHBasg COBMECTHO MEXAHMUECKHME XapaKTEPHCTMKHM HACOCa M 3JIeKTpO-
meurateis (puc. 55), Ha 3aKHMMAX KOTOPOTO HM3MEHsETCA HAIpsDKeHHe,
BUIUM, UTO KaXIOMY H3MEHEHHI0O HanmpsOKEHUS COOTBETCIBYET CBOs pao-
yas TOUKa d,, 43, 43, ..., Ay, KAXJIOA TOUKE COOTBETCTBYET CBOE CKOJIbXKE-
HHE §1, S2, §3, - - -, Sy . Ipy U3MEHEHNM HAIPSKEHUS 3HAYCHHME KPUTHUECKOTO
CKCOJTBKEHHA HE M3MEHAETCH, MOITOMY MAKCHMAIIbHBIH MOMEHT IIPH JII0ObIX
M3MCHEHMAX HAMpsiKeHHsA COOTBETCTBYET OJHOMY M TOMY JXe 3HAUeHHIO
CKOJIbXKEHHs, paBHOMYy npumepHo 0,1-02. Jtum onpepensercs CpaBHH-
TeNBHO Y3KWHl [MAana3oH peTyNMMpOBAHHMA [O YACTOTE BPALICHHsA, KOTODPBIH
MoeT ObecmeudTs 3TOT Crocob peryndposasus. PeryaupoBanue Hanpsike-
HUSA Ha CTaTOpe ABMraTels OCYIIeCTBIIAETCA OOBIYHO C MOMOLIBIO THPUC-
TOpHOTO (YACTOTHOrO) peryisTopa HanmpsokeHus (puc. 56).

PerymipoBanue 4YacroThl BpalieHHfl H3MEHEHMEM UHCIa Hap MNOJOCOB
IneKTponBurarens. 3T0T CHOCOG peryIMpOBaHMA MCHONb3yeTcs B Ciyvae
NpUMEHEHKS MHOTOCKOPOCTHBIX 3IEKTPOIBUTATENEH.

OGMOTKM CTaTOpa MHOTOCKOPOCTHBIX 3JIEKTPOJBMIaTesied pa3felieHbl
Ha YacTH, HAayajla M KOHIBI KOTOPBIX BBIBEEHBI HA KIIEMMBbI 3JIEKTPOIBH-
rarensi. OGMOTKHM POTOPOB MHOIOCKOPOCTHBIX 3MEKTPOJIBUTATENICH BBINOI-
HSIOTCA KOPOTKO03aMKHYThIMH. Ilepeximouan OOMOTKM M HX YacTH B OIIpe-
HeNIeHHOM COYETaHHH, M3MEHAIT YHCJIO Map IONICOB 3NEeKTPONBUraTeNA.
IIp; 370M B COOTBETCTBHH C ypaBHeHHeM (61) uacTOTa BpalIeHHA 3JIEKTPO-
NBUraTesIs U3MEHSETCS CTYTIEeHYATO.
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Puc. 57. IByxckopocTHOH meRTponBurarens:

4 — cxeMa coefuHeHHH OGMOTOK, COOTBETCIBYIOIIAN HU3MIEH ckopocTH 2p = 4;

6 — TO e NpH BRICIIEH CKOPOCTH 2p = 2; @ ~ MeXaHHYecKas X3PaKTCPHCTHKA NIBHIa-
TensA; [ — mpu 2p =2; 2 — npu 2p = 4; 3 — MexaHuuecKas xapaKTepHCTHKA HACOCa

Ha puc. 57 npencrapneHa MpUHIMIMANBHAS CXEMa COCIMHEHHS OGMOTOK
CTaTOpa, NO3BOIAIOINAA H3MEHHThL YHCIIO I1ap MOMIOCOB B OTHOLIeHHMH 1:2,
M COOTBETCTBYIOIUME ITUM COCIMHEHMAM MEXaHHYSCKHEe XapaKTepUCTHKH
MeKTponBHUrarens. 3pech ke NPHBENEHA MEXaHWueCKasd XapaKkTepHCTHKa
nacoca. Ilepecevenme 3TMX XapakTepHCTHK ONpefeNisfieT 3HAYCHMA YacTOT
BpalleHus H MOMEHTOB CONPOTHBIIEHMA, COOTBETCTBYIOLUMX paboTe IMeK-
TPOABHTaTeNs C Pa3HBIM YHCIIOM I1ap HOJIIOCOB.

Hepexmouenne 06MOTOK M HX YacTeil BHINOJNHAETCA MACITAHBIMH BBIKJIIO-
YaTeNnAMM M KOHTAKTODaMH ¢ GNOKHPOBKOH, HCKITIOUAIOIIEH BO3MOXHOCTD
BKITIOYEHHA HECKONBKUX YacTOT BpAIUCHHA opHOBpemenno. IIpu mepexiio-
YEHHH YHCNa [ap MOMOCOB YacTOTA BPALICHHMS 3TIEKTPOJIBHIATeNs BO3pPACTa-
€T BO CTOJBKO pa3, BO CKOIBKO YMEHBIUAETCA UMCIO BHTKOB B KaXIOH
dasze o6MotkH craropa. Braromaps sromy J]IC, HaBeneHHas B ¢ase, oc-
TAeTCA HEH3MEHHOMH, H II0O3TOMY MEHATh HalpsKeHMe, TIOOBOIMMOE K CTa-
TOpY, He Tpebyerca.

MHOrOCKOPOCTHBIE [JBHraTeNld M3rOTAB/MBAOTCA B BHE HH3KOBOJbLT-
HBIX JBYX- M UETBIPEXCKOPOCTHBIX ACHHXPOHHBIX KOPOTKO3aMKHYTBIX
MaumH (egMHAss cepuA INEKTPOABHrareneii mouwmoctsio mo 100 kBr) u
BBICOKOBOJIbTHBIX [IBYXCKOPOCTHBIX 3/IeKTPOIBHraresiell GONbIIOH Mo
HOCTH. [Insi 3/IeKTpONpHBONA BEPTHKATBHBIX HACOCOB MCHONB3YIOT MEKTPO-
meuraremd cepun BIIA HanpsxenueM 6 kB, mommoctso or 500 po
1400 xBr c cuHxpoHHO# vuacroroif Bpamwenus S00/300, 500/375,
375/300 o6/mun. Kparkue XapaKTepHCTHKM MHOTOCKOPOCTHBIX 3JIeKTpO-
OBUTATENeR IPUBENEHDI B IIPUIIOKEHHH 6. S

Cucrema anexTponpHBona Ha 0a3e BEHTHIIBHOTO  YIEKTPOIBHIaTENA
3aHHMAET 0coboe MECTO B pANy PerylMpyeMbIX JEKTPONPHBOLOB Iepe-
MeHHOro Toxa. o NpuHImMNY meHCTBHA Ta CHCTeMa aHATIOTHUHA JIIEKTpO-
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[BUTATENI0 IIOCTOMHHOTO TOKA, Y KOTOporo (QyHKIMM KOJUIeKTOpa H Ie-
TOYHOrO aNmapara BbHIONHAECT THPHCTOPHBIH MHBEPTOP M AaTUMK TIOTIOXKe-
HHf pOTOpa B IIPOCTpaHCTBE. BEHTHIBHBIA 3TEKTPOOBUTATENh NO3TOMY Ha-
3bIBAIOT TAKXe M OECKOIEKTOPHBIM 3JIEKTPOJBHUIATENEM TOCTOAHHOTO
TOKA.

B 1O e BpemsA HalHuMe B COCTaBE HICKTPOIPHUBOAA YaCTOTHOIO IIpe-
o6pa3oBaTensa [aeT OCHOBAaHHE OTHECTH €ro K Ipylme 4a c TO T H BI X
3NeKTPONPHBOOB.

BeHTUNMBHBIM  MIEKTPOBUTATENICM HA3BIBACTCA 3NEKTPOMEXaHWUeCcKas
CHCTEMA, COCTOAMIAsA M3 Npeobpa3oparens YaCTOThI, CHHXPOHHOIO 37IEKTpO-
OBMraTeNid U YCTPOWCTBA, YKA3bIBAaWIIETO ITIONIOXKEHWE €ro poropa B Ipo-
crpanctse. Ilpeo6pa3oBaresip BBHIIONHEH ¢ ABHO BbIPaKeHHBIM 3BEHOM ITO-
CTOAHHOTO TOK3a M COCTOMT M3 YNpaBIACMbIX BBIIPAMUTENA U HHBEPTOpA.
KomMMyTamus THpHCTOpHBIX BEHTIICH HHBEpPTOpa B 30HE MAIbIX 4acIOT
OCYIIESCTBIIACTCA C MOMOUIBIO ATUMKA IIONIOXKCHHA POTOpa, 2 B 30HE 3Have-
Huii wacror Gomee 3-S5 I'm ocymecTBisgercA HO KOMMYTHDYWOUICH CBepX-
nepexopnoit IJIC, nomywaemoit H3 HampsXXeHHS Ha 32)KUMaxX NEKTPOIBUIa-
TENA C MOMOINBK Y371a BhifeneHusa xommyrtupywowei IJIC. Jna crimaxu-
BaHMA WyJbCALMi BBIIPAMIEHHOIO HAIPAXEHHA B LEMb IOCTOAHHOIO TOKA
BKITIOYAIOTCA  CriaXupatoume apoccend  (peaxkTopsr). [IIpuHImMnmanbHas
CXeMa FIeKTPOINpUBONA HA 0a3e BEHTWIBHOTO 3JICKTPOBHIaTeNf MpECTaB-
JieHa Ha puc. 58.

OrmunTensHOR  OCOGEHHOCTBIO 3TOFO BHMA NIEKTPONPHBOMA ABJIACTCA
BO3MOXHOCTh HCIOJIb30BAHUA B KayecTBe IPUBOIHOTO 3JIEKTPONBHIraTesis
O6BLIYHOTO, CEPHIHO BBIIlyCKAEMOTO CHHXDOHHOTO 3EKTPONBHTaTeNd. 310
0COGEHHO UEHHO NpH BHEJPSHHWH NAHHOTO BMJA JNEKTPONpPHBOJA Ha [ied-
CTBYIOUMX OGBEKTaX, TAK KaK IPH 3TOM He Tpebyercs 3aMeHB! yCTaHOBIIEH-
HBIX Ha HACOCHBIX CTaHUMAX JneKTponpurarenedi. OmHako crmelyeT UMeTh
B BMAY, YO OTpaHHYCHUs B HATPY3Ke HACOCHOIO arperara, BbI3BaHHOTO
HaJTMYMeM BBICHIMX TapMOHMYECKHMX COCTABJIAIOMMX Ha BBIXOMNE IpeoGpa-
30BaTeNs, IS 3TOr0 BHUAA JNIEKTPONPUBONA TAKHE Xe, KaK M A 4acToT-
HOTO.

TIpeoGpa3oBareny BeHTHIIBHBIX IJIEKTPOOBHIaTeNlell H3rOTaBIUBAITCA B
mByx MomMdUKauMax: ¢ HU3KOBOJIbTHOH M BBICOKOBONBTHOH npeobpa3oBa-
TeJIbHOH YaCTbIo.

BoicoxoBonbTHble InexTponpusonsl (6—10 xB), comepxkaume mnpeoG-
Pa30BATENIM C HU3KOBOJBTHOM YacTbl0, KOMIUIEKTYIOTCA TOHHXKAIOMMMHE
TpaHcOpMATOpaMH, Yepe3 KOTOPHIE OHH TOOKIIIONAIOTCA K NHTAlOMEH CeTH
HanpspkeHueM 6—10 kB, u moBsimRIOIIMME TpaHC(HOPMATOpaMH, Yepe3 Ko-
TOpble OCYILECTRIIACTCA IMTaHWE BBICOKOBOJIBTHBIX 3JIEKTPOJIBHIaTENEH
(6 —10kB).

IIpuBonpl ¢ BBHICOKOBOJILTHOH IIpeoGpa3OBaTeNIbHOM YacTh0 He HMMEIT
B CBOEM COCTaBE NOBBIAILUMX H MOHIXAWUMX TpaHchopmatopos. Of-
HaKko MpeoGpa3oBaTeNbHAA BBICOKOBONBTHAA YacTh 3TOH MoOmMduKamy
BBHIMOJIHAETCH B BMOE HECKOJBKUX NOCTEOBATENbHO COCHMHEHHBIX THUpPHC-
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Puc. 58. Cxema BeHTHWIBHOTO 31€KTPOJBUIATENA:

1 — ympasnsieMplit BLINPAMUTeNS; 2 — yNpaBiaseMbI! HHBEpTOp; 3 — CTMIaXUBAKW-
it gpoccens; 4 — CHHXPOHHBIH 371eKTpPOMNBHIAaTeNb; 5 — HATYHK NOJIOKEHHA pOTOpa
AaBuTaTens; 6 — cucremMa MMIYNbCHO-D330BOTO yNpaBiieHUA MHTBepTIOpa; 7 — HACOC;
8 — cucTeMa yNpapJieHus. BRIIPSIMUTEIIEM

TOPHBIX BeHTMNed. V333 3T0ro yciaoxHAercs He TOJIBKO CHIOBash YacTb,
HO M CHCTeMa YNIpaBJIeHUA BHIPAMUTEIIEM H HHBEPTOPOM.

BenTunmHBIf 2NeXTponBUraTens ABIACTCS ONHUM M3 CAMbBIX CJIOXKHBIX,
OOPOTHX M TPOMO3[IKHX BHIIOB PeryiMpyeMoro anexrponpuBona. Texuu-
YeCKHe XapaKTepMCTHKH IIpeoGpa3oBareliell 3TOro BU/A IPUBENEHbI B HpH-
noxenuy 7. Tlopamok BriGopa 0GopymoBaHMA WA 3NMEKTPONpHBOMa Ha Ha-
3¢ BEHTWIBHOTO 3NIEeKTPOABUraTeNlA aHAJIOTHYEH BbIMIEM3IOKEHHOMY IS
YaCTOTHBIX NPHBOJOB MO HOMHUHAJIBHBIM IIapaMeTPaM IPUBOJHOTO 3/IEKTpo-
OBUraTeNs € Y4YeTOM [ONOIHMTENBHOH Harpy3KH 3JIeKTpOJIBHraTesiell 3a
cYeT HeCHHYCOMIAIBHOCTH Npeo6pa30oBaHHOro TOKa.,

16. PETYJIHPYEMBIE J3JIEKTPOYIPUBO/IbI
C BAPUATOPAMH YACTOTHI BPAIREHUA

CymectByloT perynupyeMble 371¢KTpONDPHBOIbI, BKO-
TOPbIX 3MEKTPOIBUTaTENNH paGoTAIOT MPAKTHYECKH C HEe U3 M e HH O #
YacTOTOH Bpamenua. TakHe 3NEKTPONPUBOMB! COCTOAT W3 HEpErymMpye-
MOTO CHHXPOHHOrO H/IM ACHHXPOHHOTO KOPOTKO3aMKHYTOTO 3JI€KTpPOJIBH-
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Puc. 59. IlpuBop ¢ BapHaTOpPOM YaCTO-
THI BPALICHUA:

1 — anexTpopBuraTens; 2 — Bapua-
Top; 3 — Hacoc

5

Puc. 60. Perynupyemslit 3MeKTPONPHBOLL HACOCA C HHAYKTOpHON MydTOoH CKOMBKEHUA
(UMC):

] — KOpOTKO3aMKHYTHIHi ACHHXPOHHBIH OJIIEKTpOjBUTaTENb; 2 — SKOPD WUMC;
3 — mapgyxtop UMC; 4 — o6morka UMC; 5 — Bo3Gymurens UMC (yrpaBnseMslif
BBIUIPAMMUTENE) ; 6 — GlIOK aBTOMATHKH; 7 — Hacoc; § — [ATUMK [IABIICHHUS

raTens M YCTpOWMCTBa, MpeoGpa3ylomero NOCTOAHHYIO YacTOTy BpalleHud
IMeKTPOMBUraTeNisi B MEPEMEHHYI0 YacTOTy BpAIICHMA Hacoca (puc. 59).
K TakuM yCTpOHCTBaM OTHOCATCA MEXQHMYeCKHe BapHaTOPBI, TAApPaB-
JMUECKMe M TeKTPOMATHUTHBIE My)Thl € K O JI b XK & H X A pas/MiHbIX
4o, OCHOBHBIM NPEMMYIIECTBOM TaKHX 3IEKTPONPHBONOB ABJIAETCH
MX HW3KAas CTOMMOCTb H BO3MOXXHOCTb MCIIOJIb30BaHMA HamBonee mpoCThIX
M HajieXKHbIX HEepeTYJIMpyeMbIX K TPOABHIaTelNeil 060ro THNA (CHHXPOH:
HpIX ¥ Ap.). K HenmocTaTkam 3TOH TpYIHIbI 3MEKTPONPHBOMIOB OTHOCHT
ci HAMMYME TNOTEPh CKOMBXKEHHA, a TAKXKe HeoOXomuMOCTh KOMIIOHOBKH
3TOr0 pETyNHMpYIOLIEro YCTPOHCTBAa B OJMH arperar BMECTe C IBHrareneMm
H HaCOCOM.

TMpuBon ¢ 3MEKTPOMATHHTHHIMH MY(TAMH CKOJIbKEHHS (3MC). B npu-
BOJIE HACOCOB Yalie Bcero Hcmombsyiorea IMC M HIYKTOpPHOT O TH
ma (MMC), xoropble SBISIIOTCA OCHOBHBIM 3JJIEMEHTOM IJIEKTPOIPHBOIA.
WnpyxTopHaa mydra cxomsxienus (puc. 60) COCTOHT M3 MHIyKTOpa C 06-
MOTKO# BO3GYxpeHHs M saxkopa. O6MoTka BO30OYXACHHS IMONy4YaeT IwTa-
HMe OT MCTOYHMKA MOCTOSHHOTO WM BHIMpsMIeHHOro Toka. fkops MMC
COSIMHEH C ACHHXPOHHBIM KOPOTKO3aMKHYTHIM (MM CHHXPOHHbIM)
3MEKTPONBUTATENIEM, 4 MHOYKTOp — € MEXaHW3MOM (nacocom). flxope
¥ MHIYKTOpP HM3rOTaBIMBAIOTCA H3 MACCHBHBIX OTIHBOX H HOKOBOK. Bpa-
HIoUMiE MOMEHT OT [ABHIaTeNld K HAacocy Nepeaercs Yepes 3JIeKTpoMarHuT-
HOE IOJIe B 3a30pe MEXYy AKOPEM W MHAYKTOpoM. YacTora BpauieHMs Ha-
coca perynupyercd M3MeHeHmeM Toka Bo3Gyxnenus MMC. Mexanuueckue
xapaktepuctukd MMC nna pasHeIX 3HaueHHd TOKa BO3DyXIeHud rnped-
craBieHsl Ha puc. 61. XapaxrepHoil ocobensoctsio UMC saBnserca Hamd-
YHe TIOTEPh CKOJIBXKEHWA, KOTOpbie BHIJENAITCS B BHOE Tellla B AKOPE
MMC. 310 Temmo B UMC ¢ mepeparoumm momentoM o 2 kH-m orsomt-
csi OBBIYHO BO3JMYUIHBIM OXJIaXJIeHHeM, 2 IIpH IllepefaBaeMBIX MOMEHTAX
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Puc. 61. Mexannyeckue xapaktepucruky UMC:

1 — npu HOMHHAIEHOM Toke BO3GyxIenus; 2 — 11 — npu ToKe BO30yxpueHusd,
passom 0,9; 0,8; 0,7; 0,6; 0,5; 04; 0,3; 0,2; 0,1; 0,05 HOMHHANEHOTO 3HMAUCHHS
COOTBETCTBEHHO

Puc. 62. I'uppomydra:
1 — Bemyuee xoneco; 2 — BEAOMOeE KOJIeco

Gonpumx 5 kH.m ycrpausaerca BomaHoe oxnaxpexue. Ilortepu ciombxe-
HHsA BBIYHCTIAIOTCA C IIOMOIIBI0 YpaBHeHuH, npuBeneHHsIXx B § 12. [Ipu stom
norepu cKombxenusa B MMC cyiiecTBeHHO 3aBHCAT OT BUOA2 MEXAHUYECKOH
XapaKTepUCTHKH MexaHu3Ma. Kak WM3BeCTHO, MEXaHHYECKasd XapaKTepHCTH-
Ka Hacoca 33BHCUT OT ero YacTOThi BPAILICHMS BO BTOPOH, a B pAfle CiiydyacB
B 3--54i crenenn. Braromaps 3ToMy OGCTOATENBCTBY MAKCHMAlbHOE 3Ha-
YeHHe MOILHOCTH TOTEPh CKOJMBXEHWUA He mpeBsimaer 10—15% HoMMHasb-
HOH MOIIHOCTH IEKTPONPUBONA M COOTBETCIBYIOT 3/4 — 2/3 HOMHHamb-
HOif 4acTOThl BpaiueHds. Cpefnue 3HAYEHHA MOLIHOCTH MOTEPb CKOIbXKE-
HMA OKAa3bIBAIOTCA €l MEHbIe. JTO U elle CPABHHTEIIBHO HU3KaA CTOH-
Mocte UMC penaior 3KOHOMHMYECKM BBITOHBIM MX NpHMEHEHHE B 3JI€KTpO-
npHBONE UEHTpOGexHbIX HacocoB. O6brHO UMC ucnons3ytorca B aneKTpO-
TIPUBOJIE HACOCHBIX aTPeraToB MOIHOCTHI0 10 250 kB [27].

BriGop oGopypoBanms mua cucreM ¢ UMC ocymecrsisoica B cnenywo-
IIeM nopsAjke.

Onpenensierca MOWHOCT Ha Baly Hacoca Ipu paBoTe ¢ HOMHMHAIbHOM
Tofaveii ¥ COOTBETCTBYIONUIMM eil Hanopom 1o opmyre (5).

OnpegensieTci MOMEHT COIPOTHBIIEHHA HAcoca MpH HOMHHAIBHOH 3a-
rpy3ske cornacHo (42).
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Tlo HalileHHOMY 3HaYeHHI0 MOMEHTa CONPOTHBIICHMA U3 Katajiora [54]
nopbupaerca UMC, Bpamamoumii MOMEHT KOTOpPOH paBeH WK 0oJble MO-

'MEHT4 CONpPOTUBIIEHUA Hacoca Myp > M.

B coorBercTBMH ¢ peKOMeHpamMAME KaTanora [54] mia BO36yx-
OeHHA HCIOIb3YITCA INpeo6pa3oBaTend THPUCTOpHbIe OfHOGA3HABe THIA
TITO-230-32I1. B nacroamee Bpems [ITO cuaTh ¢ NpOM3BOACTBA H 3aMeHe-
Hbl ycrpoiictBamu cepud BY-3509. Ina Bo3Gyxpenusa UMC mopxopsumm
SABNIAETCA ycTpoiictBo BY-3509-22B-2Y4. Homunaibhbiii TOXK yCTpoicTBa
IOKeH ObITh paBeH WM Gombuie ToKa BO3Oyxpmewmusa UMC, te. Iy 2 I

B KkayecTBe NPUBOAHOrO 3MEeKTpoOBHIaTeNns BbIGHpaeTcs M3 KaTajora
CepHilHbIl KOPOTKO3aMKHYTBIH ACHHXPOHHBIH 3JIeKTPO/BHIATENb IepeMeH-
HOTO TOKa COOTBETCTByIoUelH MmowHOocTH (Ha 5-10% Gomnblie HOMHHAMD-
HOH MOILHOCTH HAaCOCa) . .

Ipu ucnomesopaunu MMC B anmexTponpuBoiie HacocoB clieqyeT MMETh
B BUOY Hu3koe kadectBo MMC, uarorasrmumaemsbix B Hacrofimee BpeMs
[26]. B cBasu ¢ srum npu nogroroeke MMC k MoHTaxy HeOGXOMUMO BbI-
TIOJHUTh pAn Omepaiui, obecmeunBalOUMX HX HamexdHywo paGoty {[40].

TNpuson ¢ rupnpomydramu. I'uppaBnuueckaa mydpra (I'M) coctout u3
OBYX KoJec: TypOMHHOTO M HAacOCHOTO, IOMELUEHHbIX B OGIIYy0 MOIOCTS,
3aloNHeHHY0 ManmHHbIM MacinoM (puc. 62). TypGuunoe (Bemomoe) Ko-
JIeCO COeMHAETCH C HacOCOM, 2 HAacOCHOe (Bedyluee) KOJeco — ¢ EKTPO-
ABUraTereM, KOTOpBIH BpauaeTcA NPAKTHYECKH ¢ IMOCTOSHHOH YacTOTOH
BpauleHHa. YacroTa BpallieHHsA BeJOMOro KOJjleca HM3MEHSETCA B 3aBHCH-
MOCTY OT CTENEHM 3aNojHEHWs nonocTd My(Thl pabouell KHUIKOCTHIO
(Mmacrom) .

Ha puc. 63 noxasanbl mexanuueckue xapaxrepucTuku I'M. OGpauaer
Ha ce6sf BHMMAaHHe HaJMuME HEyCTOHYMBOHM 30HBI paGotel I'M (yuacrok,
OTpaHUMYeHHBIH JMHUAMHE a—b u d —c), OGYCI/IOB/ICHHON CKauK00Bpa3HbI-
MH TNeped)OpMHPOBAHUAMU NOTOKA XWUAKOCTH B I'M mop neificTBMeM meHT-

‘pOﬁe)KHbIX cunt. ITo sroit MpUYMHE MEXaHUYECKAA XapaKTePUCTUKA Hacoca

HO/DKHA pacnonaraTbcsd HUXKE 30HBI HeycToiumBo#il pabGorbl. 310 06CTOA-
TeJIbCTBO CJIEMYET YUMTBIBaTh IpH BbIOOpe I'M nnst Hacoca. B mpouecce pery-
nupoBanus yacTtotsl Bpamienus ['M, Tak ke Kak ¥ aneKTpoMarHuTHas Myd-
13, paboraer co ckonpxeHueM. Iloatomy anextponpusompt ¢ I'M mo cBoum

M 3
L
Puc. 63. Mexanmeckne XapaKTepUCTHKY a7 1
THIPOMYTHI: g5k
{ ~ npu HOMUHANEHOM pacxope >KHEKOC- g5}F
T, 2-7 — npu MOHIDKEHHOM pacXone.
KUAKocTy 45




JHEPreTMYeCKMM XapaKTepUCTMKaM AaHAIOTWMHBI MPUBOAY C IMC ym
MEKTPONPHBOAY C MOMOJHMTENBHBIMU CONPOTHBIICHUAMU B LCIH poTOpa
(asHOro ACHHXPOHHOTO 3MIeKTPOJBUrarens. Motepu cxombxerus B I'M
onpegenstorca 1o (52). Ilotepu CKONBXKCHHA HAlPEBAIOT pabouyw xup-
KocTh (Macro), MO3TOMY [UIA OTBOAZ Temwna B cocraB I'M Bxmiovanr xo-
NTOOUJIBHUKH .

K HemoctatkamM I'M OTHOCHTCA TaKdKe CIOXHOCTh KOHCTpPyKLMH, oByc-
JIOBJIeHHas HEOBXOOMMOCTBIO HOHaBaTh pabouylo XMAKOCTh (Macio) BO
BpalaoiuMecs: MOJIOCTH HACOCHOTO M TYpOGHHHOIO KONecC.

HauGonsiee pacnpocrpanenve nonyuwm I'M B anexrponpuBone mura-
TEJIBHBIX HACOCOB  TEIUIOBHIX 3MeKTpocTaHIMH. OTeuecTBEHHas NpOMBILH-
JIEHHOCTh BhIMyckaeT I'M, paccumTaHHble Ha 3IEKTPOINPUBOABI MOIIHOCIBIO
2000-8000 xBr ¢ uactortoil Bpamenus 3000 o6/mmu [44]. Hockonbky
raGaputel I'M. 1ak xe xax u IMC, 3aBucCAT OT mepeaBaeMOro MOMEHTa,
a MOMeHT OOGpaTHO MNPOMOPHHOHANEH HOMHKHANLHOH YACTOTE BpalleHHe
MEKTpONpuBONa, NpuMeneHne I'M 1enecoobpasHO NpeMMYILECTBEHHO B
HAaCOCHBIX arperarax ¢ BBICOKMMH 3HAaYeHMAMHM YacTOTHI BpalleHuA. B atom
cnyvae I'M nonyyaoTcA JOBOJIBHO KOMIAKTHBIMH.

InexTponpHBOa ¢ MeXaHHYeCKMMH BapHaropamu. CylECTBYOT B 2-
pHaTO pbl Pa3MYHBIX THNOB: JIOGOBBIE, HIAPOBbIE, TOPOBLIE H T.1.

B HacocHbIX arperarax HCIONb3YIOTCA KIHMHOPEMEHHBIE BapHATOPHI ¢
pazmBWXKHBIMH KOHycamu. OCHOBHBIMM 3JIEMEHTaMHM BapHATOpa ABIANICA
BEeOyUIMii ¥ BeJOMBIH UIKHBBI, a Takxe OeCKOHEUHbIH KIMHOBOH peMeHb.
Kaxpplit 43 IIKHBOB COCTOMT M3 Maphbl pas[BIDKHBIX KoHycoB. Korpa opny
Hapy pa3aBUramT, gpyrasa chosuraercsa. [Ipy 5TOM peMeHb Tak IiepeMemia-
eTCsl B KOHyCaX, YTo paGoumii pajuyc OIOHOM Napbl YMEHBIUACTCHA, a Ipy-
roil — yBeJMYMBAaeTCsA. 3a CYET 3TOr0 M3MEHAETCA NepefaTOYHOE OTHOILE-
HUE BapWaropa W OCYIIECTBIIACTCA PEryIMpOBaHMe YacTOThI BPAaLIEHUsA HACo-
€a IIpY HEM3MEHHOM YACTOTe BPALLEHUA CKTPOABUIATENA.

Yacrora BpallleHHs BeZOMOrO HIKHBA

n=ny¢R/r, (75)

THe Mo — NMOCTOSAHHAA YaCcTOTa BpAaleHus Bedyllero uikusa; R — paGoyuit
pamMyc BEAyLIero IKMBAa; 7 — TO K€ BEIOMOro mKuBa; { — xoddduim-
eHT, YUHTBIBAIOLIMI Mpockanb3biBarne (o 0,97).

Ha puc. 64 BapuaTop NMOKa3aH B [BYX HOJIOXeHHAX. B He#TpasbHOM
nojoxeHun I PaccTOAHHA MEXOy KOHyCaMM OIMHaKoBhbl, R; = ri, ciefio-
BATENbHO, N, = Ho. Korma KOHYChbl BeJOMOTO IUKHBA Pa3ABHIAlOTCA, KOHY-
Chl BEIYILEro CHBHIANTCA, IIpH 3TOM paBoude paguychl U3MEHSIOTCHA: Ry >
> ry, a crnefoBaTteNnbsHo, 1, > Ho. Korma KOHyCh! Beqyilero 1IKMBa pa3fBH-
ralTca M COMIKAOTCI KOHYChI BEIOMOrO HIKHBA, TO H; < Rg. [lepemarou-
HOe OTHOILEHHE TAKHUX BapuaTopoB ofeclieuMBaeT JUANAa30H M3MEHEHMs vac-
TOTBl BpauleH#s Mexanusma B npefenax fo 1:8 —1:12. llepenasaemas
MOUIHOCTh NPUBOJA C BapvaTopaMH He HpeBblliaer o6bryao 100—200 xBr.
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Puc. 64. KnuniopeMennbii Bapua- R, \ng
TOP C Pa3ABHXXHBIMU KOHYCAMM: ‘

A — Bepyum#t mxus; 5 —
BEOOMEIA mKuUB; B — peMeHb !

f

V4

Ha puc. 65 noka3sana cxema
BEPTHKAIBHOTO  HACOCHOTO
arperaTa OJHOH M3 JaTCKHX
¢$upM, OCHalEeHHOTrO KIMHO-

PeMeHHBIM BapHaTOpPOM. I
Mownocts npusopa 150 kBrt.
H3ameHeHNe paccTOsHMA Mex-
[y KOHyCaMH IIKHBOB OCY-
IIECTBAACTCA C IIOMOLUBIO 7

VICTIONIHUTENBHOTO  MeXaHM3-
Ma, 9TO JaeT BO3MOXHOCTb
aBTOMaTH3MpoBaTh  pabory
9JIEKTPONpPHMBOJA.  Arperar
OCHaileH TaKxe OJOKOM YNpaBIIeHHs, KyLa MOCTYNaeT CHFHAT OT TeXHOJIO-
ruyeckoro npeoGpasosarens (NaBJIEHUs, YPOBHS M T.IL) .

OGbIMHO 3/MeKTPONPHBOOM € MEX2HMUECKMM BAapHATOPOM KOMILIEK-
TYIOTCA HaCOCHBIE arperaTel MouHOCTblo 10 150 kBT ¢ mopaveii go 1500 m2 [y
1 HamopoMm no 70 M. HomuHanbHas 4acToTa BpAaleHHs 37IEKTPOIBHIATENIs
Hacoca 1500—1700 o6/mun. [ToTeps MOLIHOCTH B BapHaTOpaX TAKOTO THIIA
coctaBiAlwT 4-7 % B 33BHCMMOCTH OT MOLIIHOCTH M FJyGMHBI Derymmpo-
BaHUA.

Juepretrueckas 3GGEKTHBHOCTh CIOCOGOB PEryAHpOBAHMA HACOCHBIX
arperaToB, paGoTAONMX C HOCTOSHHOM M INEPEeMEHHON YacTOTOH BpaleHus,
XdpaAKTEpU3yeTCsA M3MeHEHHeM ToTpeGnsdemMOil HAacocOM MOIMHOCTH B
34BUCHMOCTH OT ero mnopaud (puc. 66). 3HAUEHHA MOIIHOCTH H IO-
Jaw A ynoGCTBAa CPaBHEHMA [AHBI B OTHOCHTENIBHBIX efMHHIAx. Kpu-
Bole ] M 2 OTHOCATCA K HACOCHBIM arperatam, paGoTaioiuM ¢ Mo-
CIOAHHOH WYACTOTOH BpAIUEHWs, DETYIHpOBAHHE OCYLIECTBIAETCA COpO-
COM XHMKOCTH B NPHEMHBIA pe3epByap uepe3 Gaiinac u HpOCCENUPOBAHHEM
HaNOPHBIX JIMHHA cOOTBeTCcTBeHHO. KpuBasa 3 otHocuTcs k Hacocam, yacro-
T2 BpalIeHUA KOTOPBIX MEHMETCHA CTymleHYato. KpuBbie 4—6 xapakrepusyor
noTpeGiieHre MOIUHOCTH HACOCAMH, YacTOTA BpAlICHMA KOTOPHIX IUIABHO
M3MEHACTCA C HCHOJIb30BAHHEM Das/IMUHBIX BMHOB DETYJIMPYeMOro MpH-
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Puc. 66. 3aBucumocts notpebngemoi
HACOCOM MOILUHOCTH OT NOJAuM IIpH
Pa3HRIX clI0c062ax perynupoBanus

Puc. 65. Hacocuplit arperat ¢ MCXaHU4ECKUM BapHATOPOM:

1~ . = i .
IUKHB; gr im:;’yuzmﬂ 3?:3:’ ; T JNeKTpoJBMTATENh; 4 - BAPHTOP; 5 — BEMOMLIH
i 3 — HpHBOI MEXAHH3Ma .
BOK yripaenus P YIPaBJICHUs BAPHATOpOM; 8§ —

BOJIa: C MOTePAMM CKOJIbXKEHHS, C PEKyIIepaliell NOTeph CKOMbXeHHA U Be
HOTEPb CKOMBbXXEHUS COOTBETCTBEHHO. e

Ilpencrasnennbie Ha puc. 66 3aBHCHMOCTH IOKa3bIBAIOT, YTO PeryJIHpOBa-
HHE MONavYH NpH NEepeMEHHOH YacTOTe BpalleHHs ocymec,TBnnercsI c 1521{5
IIHMH 3aTPaTaMH HEPTHH, YEM IPH OCTOAHHOM, -

Heobxomumo oGparurs BHAMaHHe, uTO JI0GOH BHI peryjaMpyemMoro
JIEKTPONPHBOZIA COTEPKHT B CBOEM COCTaBe€ TO HIIM HHOE ycrpg,ﬁcmo
npeoﬁpaaymmee“ sHepruto (mpeoGpazoBatesd, MydTl M 1p.). Bp mo601v;
M3 3THX YCTPOMCTB HMEIT MECTO Te WM HHBIE MOTepH IJIEKTPOIHEPIHH
Hoaromy KIIJI moGoro HacoOCHOro arperara, OCHAIEHHOTO perynupyelr)wmw;
J7IEKTPOTIPUBONOM, BCEra HMXE, YeM HEPeryJIHpyeMOro, pasyMeeTcs
IIPOYMX PABHBIX YCJIOBHAX. , P
Bae?g;p;‘ﬁ:g:ixagﬁ :;(btbelcmsnocrb peryndpyeMoro IpuBoga obecneyu-

I Pa3OM TeM, 4TO C ero MOMOIIBIO NOAlepKUBaETCA Gosee

BBITO/IHBIM € SHEPreTHYECKOH TOUYKH 3PeHMS TEeXHOJOrHYE CKHl
MEPEKAYKH KHAKOCTH HACOCHBIMHU ycTaHoBKamu. Heob i bonm
paboTBl HACOCHBIX YCTAHOBOK CO3[AETCH C nomc;mbm cx: TReTCIBy oI
cucreM ynpasiicHus. COBpeMeHHbIE CHCTEMBI ynpa ity pabo.
Thl HACOCHBIX YCTAZHOBOK pAa3JIMUHOTO Hasﬂati};:neczz’;pf:ﬁmﬁahgncgig?\;
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cOCTaBe ABTOMATH3HPOBAHHBIH peryupyeMbliil  JEKTPONPUBOL, PACCMOT-
peHbi B 1. 6. Pexomennamuy 1o BHIGOPY BHIA PETyIMpPyeMOro 3J1eKTpOIpH-
BOJA JUIA PasJMYHBIX YCIIOBHi MX NPUMEHCHHA B CAY HacOCHBIX YCTaHOBOK
naubi B § 21.

Tnasa 6

COBPEMEHHBIE CUCTEMbI PETYJIMPOBAHWA
PEXXMMOB PABOTbI HACOCHBIX YCTAHOBOK

17. CTABUJIU3ALIMA HATIOPA B CUCTEME MOJAYM KA JKOCTH

TIns 3HAUMTENBHOW TPYINIBI HACOCHBIX YCTaHOBOK JKOHOMMYHBIH PEXUM
ofectieuyBaeTCA CTaGUIM3alMed HAaNopa B CUCTEME IOJAUH XUIKOCTH. K T1a-
KHM YCTAHOBKAM OTHOCATCA H3COCHDIE craupu 11 u [1I mogpemMoB pOMBIII-
JICHHBIX M TOPOJICKMX BOJONPOBOJOB, HACOCHBIC CTAaHIMH MO/IKAYKH, CTaH-
¥ 3AKPLITBIX CHCTEM OpOLICHHA M MM nomo6rbie. HeobxogumocTs cTa-
GUIM3AUMAM HATIOPA B CETH ITHX CTAHUMH 06yc/OBIIeHa NMepeMEHHBIM XapaK-
TepoM pexumMa BOOOMOTPeOIeHHA. BepoATHOCTHBIA XapaKTep pojonoTpeode-
Hus Tpebyer HerpepbIBHBIX H3MeHeHHit B peXuMe paboTh HACOCHOH YCTa-
HOBKM. M3MeHeHusi JODKHBI BBITIOJIHATBCH TaK, yTOGBI MOMIE PKUBATTHCY
Tpebyembi¢ 3HAUEHUA TEXHOTIOTHUECKHX mapamerpoB  (roriad, HanopoB)
B CHCTeMe B IEJIOM H OJHOBPEMEHHO OfecreuMBaioCh MMHMMAIBHO BO3-
MOXHOE IHepronoTpeliIeHIe HacOCHOH yCTaHOBKH.

J1a 3aj1aua pelnaeTcs CUCTEeMO i ABTOMATHYECKOro ynpas-
neuusn (CAY) HacOCHOH YCTaHOBKH, cTaGWIN3HPYIOILEH HAalop B CETH NO
3amaHHoMy 3Hadermo. CTaOMITM3MPOBATh HANOp BO BCEX TOUKAX CITOXHOMH
Pa3BETBNICHHOH CETH NPAKTHYECKH HEBO3MOXKHO. [TostoMy pedb MOXeT
WITH O CTAGH/IM3AIMM HAIOPOB B HEKOTOPHIX OTHENBHBIX TOUKAX CETH, Ha3bl-
BaeMbpiX I M K TY 10 Il U M H. B xauecrse IMKTYIONHX BBIOHPAIOT TOUKH,
oGecrieyeHe HOPMAJIbHOrO HArmopa B KOTOPBIX TapaHTUpYyeT nojIeprkaHue
TAKKX JKe WM 6ojiee BHICOKHX HANOPOB B OCTAIbHBIX TOUKAX CETH. Kak npa-
BHJIO, B KauecTBe JMKTyMoulei BbiOMpacTcsl TOUKa, Hanbosiee yaajieHHas B
CU/IPAaBIMYECKOM OTHOLIEHHH, PACHONIONCHHAA Ha panbojiee BBICOKMX OT-
MeTKax.

MeCTONONOXKEHHe [UKTYIOIMX TOYEK ONpeNeaeTC TMAPaBIHYECKHM
paCcYETOM CETH WIM ONBITHBIM IyTeM IO pe3yJbTaTaM IUTHTETILHBIX 9K C-
IUTyaTALMOHHBIX HAGMIONEHUHA. Ipu  CymIeCTBEHHOM nepepacnpeeiieHuH
[IOTOKOB BOJbl B CETH, BHI3BAHHOE JIOKAJIbHHIMH H3MEHCHUAMH pononorpet-
TeHWst pa3JIMYHBIMM IPYNTaMH notpeGuTesnel, MUKTYHOLIAA TOYKA MOXET
MeHAT, cBOE MecTomosioxenue. [Ipu pabote CeTH COBMECTHO C HAaCOCHBIMH
CTAHIMAMHM, GITA3KO BBIIBMHYTHIMH K MOTPEOHTEIIAM, HANPUMED CTaHUMAMH
NOIKAYKY, JUKTYIOas TOUKAa MOXKET pacnonararhCst Ha HATIOPHOM KOJLIEK-
Tope craHmp. OCHOBHBIM NapaMeTpoM pery/MpoBaHusA B CHCTEMAX, crabu-
TM3UPYIOLIMX HATOp B CETH, ABJIAETCA Hanop B OUKTYIOLIEH TOUKe (Touxax).
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Puc. 67. Ipunnunuansias cxema crabwimsa
IpOBOgHOH ceTu:

1 — ueHTpoGexXHBIA Hacoc;
Hus; 4 — [MA-perynsrop;
pa3GopHsle ycrpofictsa; 8 — BomoBon,

UMY HAamopa B [HMKTYIOLUEH TOUKe BOj0-

2— perynupyemblit sMeKTPolpHBoL; 3 — TaTYUK [1aBJle-

Crabwm3amms Hanopa B 3T0M Touke obecrieunBaeT HeoBX0MUMBPIiL MHHUMYM
HANOpa B CETH M CHUXKAET 3aTPAThI AIeKTPOIHEPIHH Ha MOMayy BOMDL.

Paccmotpum nponecc crabummsaumu Hamopa B JMKTYOLUEH TOuUKe ceTi
HATIpUMEPe MPOCTONA HEPAa3BETBHEHHOMN ce Tu. I
UTO Ha CTAaHIMHK paBoTaeT omuu Hacoc (pHc. 67).

Ins HopMambHOTO BONOCHaOXeHus noTpebuTenei B IUKTYIOUIEH TOYKE A
AOIDKEH MOANEPXHBATHCA TAK HA3bIBAEMbIH CBOGOIHbIH Hanop H,p. Touka A4
PACTIONIOXEeHa Ha OTMeTKe Z, BBIllE YPOBHA BOJIbI B pe3sepsyape. IHorepy
HAllOpOB B BOJOBOIE 3aBHCAT OT 3HAYEHMH pacxoma BO BTOpPOH CTEeHEHH.
CreoBarenbHo, Hacoc, 4T06bI IONHSATH BONly C OTMETKH Z; Ha OTMETKY Z,,

TIPEONIONIETh IHAPABIMYECKOE COMPOTHBIIEHHE H OBGECIEYHTh 3aJAHHDLIA CBO.
GotHbIA HanOp, OMDKEH Pa3BHTH HAMOP

H=(Z,-2Z))+H+ 502.

PeOIOTIONUM

(76)
I'paduyecku 3asucumMocts TpeGyeMOro Hanopa Ha BBIXOJE W3 HACOCHOI
CTaHIMK OT pacxona u306paxkeHa KpUBOIi | Ha puc. 68. Eciu 31a 3aBUCcHMMOCTD
COOTIONaeTCs, B MUKTYOINEH  TOuKe TONICPXKUBAETCA  CTAGUIIBHBLA Tpe-
Byemsiit Haniop H,:
Hy = (Z,-2,)+H,. an
Onxaxco 3101 Hanop mpu paboTe Hacoca ¢ OCTOSHHOM YaCTOTO! BpAllieHUsA
. TIONNIEPKUBACTCA TONBKO B DEXHME MaKCHMAJIbHOI
BpeMA, KOTAa Hacoc paboTaeT ¢ IOHM)KeHHO nojavei, cucrema paboraer
C MOBBIIICHHBIM HamopoM. YtoBs! o6ecreunts paboTy HacocHO# ycTaHOBKH
6e3 npeBbIeHUs Hallopa NpH BCeX 3HAYEHHAX BOJONOTpeGreHus, paspabo-

1aHa CAY, ocnamenuas Perympyembim anekTporpusoom [10].
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nopaud. B ocrammHoe

5 — sapaouiee ycrpoictBo; 6 ~ Kaman CBA3M; 7 — BOMO-:

| an,
-

Puc. 68. Ipaduxu CyTOUHBIX ualmeneﬂuﬁ HanopoB,
pa3BUBaEMBbIX HACOCHOM yCTaHOBKOM: R
] — XapaxKTepHCTHKA prﬁonponona,m};morpeﬁne_
XapaKTepHCTHKA HACOC3; 3 - rpaduk lorpedne
. 4 — TpeGyeMbifi Hamop Ha BBIXOJE oonod
};:Zlﬂ’uuu' 5 — daxTuyecKudl Hamop Ha Bblxcﬁme acoc
HOM C'I"Al;llﬂﬂ; 6 — M3MEHEHMS BO BpEeMEHH U30bITO

Hamopa

eMBIM

CAY COCTOMT M3 HAaCcOCHOrO arperara, ocuamennc:’(;) uizx;g::;}){%.mw-

eKTPOTIPUBONIOM, TipeolpasoBaress [ABJIEHUA, n;;c()) I:;Tpoﬁcma e

JATOPA (TU-perynaTopa) , 3a[AMNILIEr0 ' oiteTsa - o

a3 pel“ym CyNUpYeMOTo MapamerTpa (namopa) ¥ K anop ey

- Bﬂ?gﬁaaoslfrenem u perynsitopoM (cM. pHc. 67)1%1 Tﬁ‘me Lot

Ze*%’ “g:areﬁa JABJICHWA, YCTAHOBJICHHOTO B JMKTYIOIIE O
T i\an?‘ammero ycTpoiicTea IOCTYNAnT B [IA-perynsaTop, I

u oT

arperata. Ecid
paBIieHUsi PpEryTMpYeMOro 3/IeKTPOTPUBOIA HACOCHOTO  arp

? TCsi BbILE 33a[4HHOTO, B TIpUBOJ IO
crymer n:g;ﬂy;m;: Ty?:::m?x::;];msaecrorbl BpallleHHA 3nexfr¥§;;::1;z:ne;}i
fx?égi:T “Kﬂaoﬁopo'r. IIpy COOTBETCTBUM HAIOpa B deTc);xgamerp:peramaeTcﬁ.
HOMY SHQUEHMI0 M3MEHEHHe UACTOTHI Bpamemg[ a::M D .

Tpomecc peryTHpOBaHHA WACT CIEMYIOIMM 00p em;;;nl KoTopUR Mo
MEHT BpeMeHH f Hacoc paboTaeT ¢ 4acTOTOM Bpa;xzmwm _;IOTep“ -
vanopom H, (puc. 69). 3romy pexuMy C(AOTB:BeH A ey
Bywn1. Torma Hamop B MMKTYMOIIEH TOUKE A P o e,
BI;I;IP;M CUMTaTh, UTO 3TOT HANOp B HAUAIe npouecca
MY 3HaueHWI0 HANOpa B JUKTYIOIIEN TOqge Hiap. )
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Pucl 69. [Ipouecc crabunuzaimy HAIopa B QUKTYIOIEH Touke A4 :
1) Iy, 1 (n3) — XapaKTEPHCTHKH pPeTyNupyeMOTO Hacoca np4 ny, ny, ns

COOTBE ;
oo :trcfnem{o, i, I, 1; - XapaKTePUCTHKH BOLOBOJA B PAa3HEIC MOMEHTHI Bpe-
1, [2, I3 cooTBeTcTBeHHO; [T — rpaduk BofonorpeSieHus

IIpe, i
. 11:: I;:ar;onomm, UTO B CIIEIOLMH MOMEHT BpeMeHH !; mnorpeburesns
cucfe ima ;I)m»m H3 BOIOpPa3bOpHBIX KpaHOB, YMEHbIII2eT O0T6Op BOHBI H3’
- YMEHbIIEHHO! mopaue Hacoca
2 COOTBETCTBYKWT BO3 i
o CILIMH
m:;pn 3H2 " TIOHIXKEHHbIe MOTEpH HAlopa hpun2- Benencraue npop:cmen-
paBHHMM;;IeHnE 1;1 pexuMe paboThI CHCTEMBI HAIIOp B TOUYKEe A CTAHOBHTCH
pask 3Haqef{:1 = Hy —hpuy,. Kak Bumo us puc. 69, H 4, Gonbiue 3aman-
YCTaHOBneHHO?OH::H;?:K Hiim = H4,. Curnan IpeoGpa3oBarena NapieHus
€ A, cpaBHHBaeTCA ¢ CHrHajo .
¢ M 33[J3aI0LIETO -
crea. llpeo6pazosaunsri e
CHUTHaJI paccOrfIacOBaHUS IIO
CTyNaeT B CHCTEM
YIIP2BIIEHUA PETYNUPYIOIIETO IT y
puBona. B pesymprare wacrora

BpalieHus
YMEHbIIAeTCA [0 Tex NOp, MoKa Hallop B MUKTYIOILEH TOouke Hepnppmer
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ONATh 3aJaHHOTO 3HaucHHsA Hy,p = Hy,. Ilpu M3MeHeHHH 4acTOTHI Bpalue-
HHA HAaOpHasd XapaKTepUCTHKa 3aiiMeT TONOXEHHE, COOTBETCIBYIOLLEE
yacTOTE BpaIEHHA My, 2 Ha KOJJIEKTOPE HACOCHOH CTAHIMH YCTAHOBHTCH
HOBOC 3HayeHHe Hamopa Hz" Takum obGpa3om, paGodas TOYKa Hacoca Ha
rpad¥Ke MOCIEIOBATENBHO 3aHMMAeT TOJOXeHHe I, 3aTeM 2 M, HaKOHem,
2’ (puc. 69).

Ecrm BcmepcTBME 3aKpBITHA OpYroro BOJOpa3GoOpHOro KpaHa IIPOM30i-
[eT manbHeiliee yMeHbIIEHHE BORONOTpeOlieHHA 0 3HaueHusA (3, paGovas
TOUKA Hacoca MOCTIE/[OBATENBHO MEPEMECTHTCS M3 TOUKH 2 B TOUKY 3, a 3a-
teM 3'. B atom criyuae B pesynbrate geictBHa CAY HalopHas XapaKTepHc-
THKa Hacoca MEpeMelaercsi B INOJOXKEHHE, COOTBETCTBYIOLIEE YacTOTe Bpa-
IIEHUA N3 .

CucreMa ynpaBlleHHsi OOBIYHO HACTPAaMBAETCA TaK, 4TOGBl M3MEHEHHA
YaCTOTHI BPALICHHs [POMCXOMMIHM TPH MAbIX OTKJIOHEHMAX 3HAYECHHH Hamo-
pa B MMKTYIOLIEH TOUKE OT 3a[aHHbIX 3HaueHUH. IIo 3TO# npHIMHE KPHBOIH-
HeitHbie Tpeyrombuukd I, 2, 2' u 2', 3, 3’ Ha rpaduke umeioT HeGONbIMe
pasMepsl. Benenmcrie sroro pa6ouyas TOYKa Hacoca NMPaKTHYECKH IIABHO
nepeMeliaeTcA 10 XapaKTepHUCTHKe TpyOONpOBOda M, CIiEIOBATENbHO, CH-
creMa paBoTaer Ge3 IPEBBIIIEHHA HATNOPOB, T.6. B 3KOHOMMYHOM DEXHME.

Iponecc cTabuNU3alpyM HAmopa B JMKTYIOLIEH TOuKe CETH Npu paGore
HECKOJIBKHX HACOCHBIX arperaTtoB MPOHCXOMMT croxHee. Eciu Bce paBortato-
e arperars! 0GOPYIOBAHBI PETYAMpPYEMBIM MPUBOAOM, NMpPOLECC peryiM-
POBAaHHMA MJIET AHATIOTHYHO ONMCAHHOMY C TEM OTIHYMEM, YTO KOMaHJa 06
M3MEHEHHM YaCTOTHI BpalleHHsl MOCTYIIAeT OJHOBPEMEHHO Ha Bce paGoTaro-
1Me HacocHbie arperarsl. Torma wacTora BpameHusi paGOTaILMX arperaros
M3MEHSeTCA CHHXPOHHO, M BCJIE[ICTBHE 3TOTO OJHOBPEMEHHO M €[MHOOG-
Pa3HO H3MEHSIOT CBOE IIONIOXKEHHE HAIOpHbIE XapaKTePUCTUKH BCEX HACO-
coB. Braronaps sToMy pa6oude mapamerpsl 9THX HAcocoB (Mmojaua, Hamop,
KM u np.) M3MEHAITCH ONMHAKOBO M, CENOBAareNbHO, paclpefescHue
HATPY30K MEXOY paGOTAIMMHA HACOCHBIMH arperaraMy IPOHCXOJHT pas-
HOMEPHO.

Bornee CMOXHO pewIaeTCs 3a[aya B TeX Cy4amX, Korja pabGoraior ofHo-
BPCMEHHO peryjMpyeMble W HeperymMpyeMble HacOCHbIC arperarst. B atom
clyuae INpONECC DEryJMpOBaHUA OCYIIECTBJIACTCA M3MEHEHHEM YacTOTHI
BPAILCHHUA DETyJIMpPYyeMBIX arperatoB ¥ NEpHOIMUYECKMM H3MEHEHHEM YHC-
na paboTaILMX HEPeTyIHPYeMBbIX HaCOCOB.

Ha puc. 70 npencrasnen rpaduk coBMecTHO#H paBOThI CETH U IBYX Haco-
COB: pery/MpyeMoro m Heperynupyemoro. Kak ¥ B npegbimymeM ciydae,
MPU M3MEHEHHM BOJONOTPeOIIEHHS M YBEJMUCHMH HANOpa B UKTYIOUIEH
TOYKE YaCTOTa BPALUEHMA pEryiaHpyeMOro Hacoca yMEHbIAeTcs, & NpH CHH-
KEHUM Hanopa Bo3pacraer. Ho Impu 3TOM XapakTepHCTHKa peryiMpyemoro
Hacoca HM3MeHseT CBOE IIOJNIOXKEHUE, a HeperyJiMpyeMOoro OcTaeTci HEH3MEH-
Hol. o 310t nMpHuMHe, XOTA HACOCHI paGOTAIOT C OJHMM M TEM KE HAllOPOM,
[0Taya y HUX pa3Has.
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Puc. 70. Fpadux commecrroit paGoThl ceTH u Hacocog (perynupyemoro u Heperyiu-
pyeMoro) :

I (n1) — HamOpHas XapaKTepHcTHKa
HUA ng; 1(n2) ~ TO Xe upu ny; IT —
Hacoca; I(nl) + 17, I(n2y +11 -
COB IPH 1y H N3 COOTBETCTBEHHO ;

DeTyTHpyeMOro Hacoca HpH uacrore Bpaie-
HallopHas xapaKTepuCTHKA HeperynupyeMoro
YMMApHEIE HANIOPHbIC XaPaKTEPHCTHKH 060X Haco-
I — xapaxTteprcruxa TpyGonpoBoa

Ilpn  ymenbmiennn wacrots:

PALUCHUA DPETyNHUpPYeMbIi Hacoc pa6oraer
¢ MeHbuIeH mopxageii, a nomaya

HEPETYIUPYEMOTO YBeIIMUMBaCT A, Hpyrue
paboure mapamerper PETYIMPYEMOro H HeperyimpyeMoro Hacocbrx arpe-

raroB (KIII, mowmoctu u T.I.) TOXe pasmuvatorca. B ciyyae CyLIeCTBEH-
HOTO H3MeHeHUs BOmONOTpe6neHus HAaCTyNaeT MOMEHT, KOrjja monaya pery-
JMpPYeMOTrO Hacoca CHHXKAeTCH 10 HyJlA, a Nojiava Heperymmpyemoro Haco-
Ca YBCIIMHMBACTCA [IO HEKOTOPOIo 3Hauenusa [IQ; (rouka 3, puc. 70). B 310

BpemMs Hamop Hepery;rmpyemoro Hacoca craHoBUTCH 6om>me, 4eM peryim-

pyemoro. OGparHblit knaman PeTyMpyeMoro Hacoca sakpbiBaetcs, a ecymy

OH OTCYTCTBYeT, BOma M7eT uepes Hacoc B 0BGpaTHOM HampaBeHyH. Beumy
OT MOMEHT BPEMEHH OTKITio-

H3€T HEperymMpyemslii Hacoc u dopeupyer wacrory BPALIeHHsT perynupye-

MOrO Hacoca N0 MaKCHMANTBHOTO 3HauYeHys. Ilpn mambHeitiiem ymensmenmy
Bononorpe6enus mpouecc PCTY/MPOBAHHA OCYWIECTBNACTCA TOMBKO w3~

MEHEHHEM YaCTOTHI B palleH s PETYIHMpPYeMOro Hacoca.
Ecim xe perymapyemsni

BPALUICHHA PEryImpyemMoro Hacoca 1o HY)XHOTO 3HaucHus. g

Cnenyer umers B BHIY, 4TO IIPOLECC M3MEHEHMs BOJONOTpe brieHMs He
BCerna upier MoHOTOHHO. Yacro TIpY TOCTIDKEHUM I'PAHUYHOTO 3HAYCHUA mopa-
W (3 mpouecc Moxer OCTaHOBHTBHCA U IIOHTH B 06patHyI0 cTOpoRy. B Taxcux
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HACOCHOM ycTa-
Puc. 71. O6pasoBanne MepTBHIX 30H (M3) B npouecce perynupoBaHus
e OI'0 HACOCA NPH YaCTOTe BPALICHHA
- asi XapaKTepUCTHKA PEryiIHpyeM Tipu i pauleit
I.Snl) ) H:g(;gg npu ns; II— T0 e Heperynupyemoro Hacoca; III — xapaxTep!
ny; f(n2) —

TpyGonposonia

i 1 Hacoc Oymer
7IVUasix BO3HMKAeT CHUTyalsi, B KOTOpOH Heperynupyenzm;: Jac xBng}mﬂ
N }glroxpamo BKJIIOUATHCA M OTKIJTHYAThCH. Bo“ w3 06exaHu .
?:y HOJDKHA COMepXKaTh GIIOKHPOBOUHOE YCTPOHCIBO, ﬂ03l:{ o Yoo
: b WM BKJIIOUATh HEPETYJHPYEMbIH HacoC TOJIbKO IpH e ton
;?(I)Tﬁ TEHJEHIMKH M3MeHeHus BopomnotpeGnerusa. B pame ?g:no ;pamqﬂoro
ecIM BOMOMOTPeOrIeHHe [UIMTENIBHOE BpeMs ggneﬁneTchB O
X HacoC
OpasHO OCHAIIEHHE O
3HayeHun (i, LENecoo eTYIMPY "
3r1e1<rponpnsé>namn ¢ TeM, 4TOGBI TPU 3ITOM peXHUME OHH p M
‘ % % HUA.

HHO 4aCTOTOM Bpalle ) eon B0 M-
HO}]{;ﬂc(;yuae YCTAHOBKH Ha HACOCHOH CTAHLMU Pa3sHOTHIHBIX H:: e i
BexxaHue OGpPA30BaHMA TaK Ha3bIBaEMbIX MEPTBBIX 30H p mzfme yemu
;Z(Kr OIIPUBOIOM 1IeJIECOODPa3HO OCHAILATH HanboJee ngﬂa e macoo
c‘ Han%onee HOJIOTO#  XapaKTEePHCTHKOH [42(]) . M;gg:ﬂ e, e

2
eKTPOTPUBOIOM 0BOPYLL o
eCIH TYITHPYEMBIM 3T < Hanops
xfa aKIiep:cmia KOTOPOTO JIXKHT HIXKE XapaKTepPHCTHKH H:ep:n ;}(, nopga v
Halc)oca B 3THX YCTOBHSAX IPH [OCTHKCHUH rpaﬂmﬂorc:)n:;{?’ e
: i HacoC HeNb3A, MOCK
JII0YaTh HEPETYJIUPYEMBbIH F I Y
haooe, aﬁoraﬂp faxke ¢ MaKCHMAJIbHOH YacTOTOM BpALLCHHUA, H;mm-me i
?{afii)}g ,15 momauy I(Qpn1) < IIQ;. B 10 Xe Bpems OKa3bIBaTh e 1
ngoue}::c pETYIIMPOBAHHA OH Y€ He MOXET, NOCKOJIBKY pa31;1«;1; i
Hanop Messie Hanopa [[H; HeperympyeMoro Hacog:: gn;. ymn.ﬂﬁ e
perynupyeMeiM  3MIEKTPOIIPHBOIOM 000pymyeTcs ;yeMo 1?0 Oy
1oYeHHEe HEperym
CAY Mmoxer gaTh UMIYJbC Ha OTKI pe -



IHC. 72. AB]OMaIHaﬂpOBaHHaﬂ CACTeMA TOJauu BOIbI B Oﬁmyfo CCTh YMA HACOCHBI-
Th AR

KOTOpBIM yNpex/IeHueM, N0Ka BONONOTPeGIIeHNE ellie HE CHH3HUIIOCh JIO Ipa-
HHYHOTrO 3HaueHMs Boniononawn (3. Mmmynbc Ha BKiIoueHHe Heperymmpye-
MOTO Hacoca MOXeT GbiTh aH TaKke 3a6IaroBpeMeHHO, NOKa BOJIONOTpEG-
JIEHME He YBE/TMYHTCS 10 IPAHHYHOTO 3HaueHus (3. Bnarogaps stomy orpa-
HHWMBAETCA paGoTa HACOCHOTO arperata B 30He Hu3kux KIIJI, wro ymyummer
IPOUECC PeTyIMPOBaHHAA.

3apaua CcTaGWIM3alMK Haopa ewle GONbBINE OCHOXHAETCH, €CIH BOIa B
CeTb NONACTCA HECKONBKMMM HACOCHBIMA YCTaHOBKAMM, HAPHMEp NBYMs
M1 obecrieeHHs ONTHMANBHOTO pacHIpefieNieHHs MOfau MEXTIY HaCOCHbI:
MH yCTaHOBKaMH ¥ MHMHHMAIBHOTO 3HEProNOTPeGIEeHAs B CHCTEME CIIELyeT
TIONIPXKUBATh  ONIPCHENICHHOE COOTHOIICHHE MEXIY TeXHOJIOIHIeCKMMH
napamMerpaMu 06eHX HACOCHBIX YCTaAHOBOK.

Kak noxasao B [9, 11], Munumym sHeprosatpar oGecneunBaercs Hpu
COOITIONIEHHY CIIE/IYIOMWETO COOTHOLIEHHU ;

(Hy = hy - 1/3) — (Hy —hs - 1/3) = 2/3(z, ~2,), (78)

rae Hy, H; — Hanop Ha BbIXone W3 NEpBOH H BTOPOH HAaCOCHBIX YCTAHOBOK
COOTBETCTBEHHO; /1, hy — HAOP Ha BXOME TeX Xe YCTAHOBOK; Z,Z4 — reo-
Ae3UYECKHE OTMETKH OCEH HACOCOB TEX XK€ YCTaHOBOK. b

I}pmaeneﬂﬂoe COOTHOILICHHE MOXeT ObITh IpeoGpa3’oBaHO UIA CHCIEM
¢ GONBIMM KOTHYECTBOM HACOCHBIX CTaHIMH, paGorarolwux B o0IiyIo ceTh
Ha puc. 72 npencrasnena CAY pexumamu paboTEI ABYX HACOCHBIX ycrano:
BOK, peam3yrowas cootHowenne (78) [11]. Ocobo cremyer momvepxHyTH
ur0 cobmonienue cootHomwrenns (78) obecieunBacT MHHHMU3ALHIO 9Hepre:
THYCCKHX 3aTpat B cHcreMe B nenoM. Ilpu strom KIII otmenbHbix 3memen-
TOB CHCTEMBI, HATIPHMEP HACOCHBIX ArPETaTOB, MOTYT GBITh MEHbIIE, YeM UX
MaKCHMAJIbHEIC 3HAYEHHSA. ,

CAUY cOCcTOUT (pHc. 72) M3 PETYNHPYEMBIX HACOCHBIX arperatoB I u 2,
obued BORONpPOBOMHOME ceTd 8, B MMKTyloWed Touke 4 KOTOpO yCTaHOB’-,
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neH npeobpa3oBaTenb [ABIEHHA 7. AHANOrMuYHble IpeoGpa3oBareNid ycTa-
HOBJIEHbI Ha BXOjie H BBIXONE OOOMX HAcOCOB. DJEKTPHUECKHH CUTHaN OT
npeoGpa3oparenst [IABJICHHA 7, NPONOPUMOHANBHBIA HAMOpY B TOUKe A,
nocrynaer Ha Bxox IIW-perynstopa 4 HacocHoro arperara I. B coorserct-
BHM ¢ M3MEHEHHAMH Hamopa B TOYKE A, BHI3BAHHBIMM KOJIeGaHUAMU BOMIO-
noTpeGiieHMs B CeTH, ¢ TMOMOIIbIO YaCTOTHOTO IpeoGpa3oBareis 5 u3MeHs-
eTcA YACTOTA BpALEHHS ACMHXPOHHOrO 3MIEKTPOJBHIaresii 6 HACOCHOTO
arperata . Ilpi 3T0M M3MeHSAETCH HAllOp Ha €ro BXofie u Bhixonie. CurHael,
NPOTIOPUHMOHATIBHbIE 3THM Hariopam, moctynator B IIA-perymsrop 4 nacoc-
Horo arperara 2. B 3TOT Xe peryjnATop HOCTYNAlOT CHTHAJIBI OT npeobpa-
30BaTesleil NABNEHWA, YCTAHOBIICHHBIX Ha BXOIE M BBIXOfe arperata 2, a
TaK)Ke CHIHAT, TPOIIOPUMOHANBHBIA PAa3sHOCTH TEONE3UYeCKHX OTMETOK Ha-
cocoB I ¥ 2 u ot 3amatumka 3. B IIW-perynarope 4 mOCTyIHBIIME CUTHAIIb]
06pabaThiBAIOTCA, H B Pe3yjibIaTe BBIAAETCA CHTHAN HA H3MEHEHME YacTOThHI
BPAILEHHs ACHHXPOHHOTO IEKTPOMBUTaTeNisl 6 HACOCHOTO arperara 2. Yac-
TOTa BpalleHHs arperara 2 TOJCTPAaMBAETCA C IIOMOIIBI HACTOTHOTO mpe-
oGpasopaTens 5 K 4acToTe BpamieHus arperata ! TakuM o6pa3om, 4TOGBI
YIOOBJIETBOPAIIOCh COOTHOUICHHME (78). Ilpu 3TOM OOCTHraeTCsi IKOHOMHUSA
EKTPOIHEPTHHM 3a CYCT TNPABMIBHOTO PACIpEENIeHHs HAarpy3K# Mexumy
HACOCHBIMH CTAHIMAMH M OfeclieveHHs MMUHMMYMAa 3aTpaT 3SHEepruM Ul
[IAHHOJ CHCTeMbI TTOJJauM XUIKOCTH B JAHHOM peXuMe paGoThl.

18. CTABMIIN3AIINA YPOBHA B PE3EPBYAPAX

Pa6oTa KaHAMM3AUMOHHBIX U WM MOHOOHBIX HACOCHBIX YCTaHOBOK C IHMK-
JIMYECKHM PEryiMpoBaHHeM pabOThl HacOCHBIX arperaroB M INEPEMEHHbIM
YPOBHEM KMIKOCTM B IPHEMHbIX pe3epByapax CBfi3aHa ¢ MOTEPAMH MCK-
tposmeprui (cM. § 8). Otrciofia BO3HHKAeT HEOOXOTUMOCTD CTaGHIH3aUMK
YPOBHS KHKOCTH Ha BBICOKHX OTMETKaX.

B CcOBpeMeHHbIX OTEUECTBEHHBIX M 3apyGexHbIX CHCTEMax peryimpoBa-
HHEe PeXMMOB PaGOTHI HACOCHBIX YCTAHOBOK OCYIECTBIIACICH NOCPEACTBOM
ABTOMATH3HPOBAHHOTO PeryJiupyeMOro 3MeKTpoO-
I pPHBOJMIA B Takux CHCIEMax perynMpyeMbIM MapaMeTpOM ABIACTCA
ypOBEHh XHIAKOCTH B pe3epByape, 3HaueHHWe KOTODOFO BBIGMPACTCH HCXO-
I W3 clefyloumx coobpaxennii. C HEPreTHUECKOl TOUKH 3pEHUsA YpPOBEHb
creqyeT MOMJIEpXXMBATh HA CAMOil BRICOKOH OTMETKE, TaK KaK 3TO yMeHbLIA-
eT CTATMYECKYIO BBICOTY MOIbeMa XHIKoCTH. OmHAKO [Jisi TOTO YTo6BI XMI-
KOCTh He BBUIMBAJIACh M3 pe3epByapa, YPOBEHb JOIDKEH ObiTh HHXKXe OTMET-
KH TIOfIa TIOMEIIEHMS PE3€PBYapoB WM OTMETKH HH3a IepeMBHOM TpYGhI
Ha 30—50 cMm. 3r0 paccTosHHe MO3BOJAECT CBOCBPEMEHHO BKIIIOUUTDH pe-
3epBHBIH HACOCHDIA arperart [pH BRIXOJE U3 CTPOS CHCTEMbI peryJIMpOBaHHA.
OnHOBpeMEHHO HOJDKHBI GBITh IIPMHATBHI MEpPBI, MCKIHOYAIOUHE ONOPOXKHE-
HUe pe3epByapa MO TAKOH CTENEHM, UTOObI He BO3HHK DEXMM KaBUTAIMH
Hacoca. OGbIYHO 3a[aHHBIH YPOBEHb [OJIEPKUBACTCA C TOUHOCTBIO * 50 mm.
CoBpeMennoe pa3BUTHE TEXHHKH TO3BOJIACT MO/l PXKHBATH 3afjaHHBIA ypO-
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Puc. 73. Cucrema TpaHCIOpTa XKHOKOCTH C PE3EPBYAPAMH:

1 — nacoc; 2 — nmpuemHEBIA pesepByap; 3 — HANOPHbLIA pe3epByap; 4 — caMOTeuHbIe
BOOOBOBI; 5 — HANOPHEIX BOLOBOA; 6— IIMTOBOM 3aTBOP; 7 — HAlopHAs 33[IBHKKA;
8 — paTuMk ypoBHA; 9 — npeo6pasoBaTenhb JATIHKA ypoBHs; 10 — perynsrop; 1] —
330ATYHK

BeHb U ¢ GOnbleil TOYHOCTBIO — mo £ 10 mM. OpgHaxo Takas BRICOKAaA TOY-
HOCTb BJIeYeT 33 COGOH HENpepbIBHOE M3MEHEHHE YaCTOThl BPAIUCHUA K-
TPOIIBUTATeNIA HACOCHOrO arperata ¥ BCIENCTBHE 3TOTrO CHOCOGCTBYET BO3-
HUKHOBEHHI0 3HAKONEPEMEHHBIX HArpy30K Ha OT/IENbHBIE 37I€MEHThl HACOC-
HOro arperata (3MacTuuHBle MYyQTBHI, COSHMHSAIOMHE HACOC ¢ HBHMTaTeNieM M
p-), BEMyUMX K Npex/eBPeMeHHOMY HX H3Hocy. [lo3tomy B pane ciy-
YaeB IPUXONMTCH YCTAHABJIMBATH IIOBBIIEHHYI0 30HY HEMYBCTBHTEJIBHOCTH
CHUCTEMbI pPETyJMPOBaHUsA, YTO IOHMXKAET TOYHOCTb CTAGHIM3AIMH YpPOBHSA
(mo * 100 mm).

ITpouecc crabunusaimy ypoBHs B IpPHEMHOM pe3epByape PaccMOTPHM
Ha TipuMepe cucTeMbl, H3o6paxenHol Ha puc. 73. Cormacio [47] Hacoc-
Had cTaHIWsA, paGoTaolas COBMECTHO C Pe3epBYapoOM, KaK oGBEKT aBTOMA-
THYECKOTO pETY/MPOBAHUA He O00agaeT CBONWCTBOM CAMOBHIPABHHBAHHS.

Cratmueckan oumGKka peryIMpoBaHMs ypOBHS MpPH HCHONb30BAHMU pery-
JIATOPA, peasM3yILIero NPONOPIMOHAIbHBIH 3aKOH DErylMpOBaHHs, MOCTH-
raer 1,5 M. Ilpu uconb30BaHMM HHTErPHPYIOLIETO PEryNATOpa BO3HAKAIOT
He3aTyXamoupe Kone6aHuA ypoBHS 10 1 M, YTO COM3MEPHMO C TeOMeTpH-
YeCKMMH pasMmepaMH pesepByapa. B [47] mokasano, uto xauectBo perymu-
POBaHMs MOXeET GbITb CYIIECTBEHHO YJTYUIIEHO 33 CUET IIPHMEHEHHSA peryJis-
TOpa, pEANM3YIOWIEro MpONOPLYOHANBHO-HHTETPAbHBI 3aKOH  peryJupo-
BaHus, 1.6. [IU-perynaropa. Paspaborannas Bo BHUMBOII'EO cxema cra-
Gwmsaumy yposHs [26, 47] comepkur: ypoBHEMep ¢ aHATOrOBHIM IeKTpH-
YECKMM  CHTHAJIOM, MpONOPIMOHANbHEIM YypoBHio, [IH-perynsitop, Hacoc-
HBIA arperar ¢ peryJMpyemsiM npusomoM (puc. 73). Cucrema peanuso-
BaHa Ha HECKOJIBKUX KaHAJM3aUMOHHBIX CTaHIMAX r. MockBel. B kavectre
YPOBHEMEpA HCIONb30BAHBI B O[HMX CIIYYasiX yJIbTPasByKOBBIE aKyCTH-
ueckue npuboper IX0-3, B APYrHX — CHCTEMa W3MepeHHs! YPOBHA B pe3ep-
Byape / C HCIONb30BaHMEM BO3MYLIHOrO KOJNOKOMA 2, Midde peHIpanbHoro
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Puc. 74. Cxema u3MepeHHd YpPOBHS
XHUIKOCTH B pe3epByape

matoMerpa 4 u xekTopa 3 (puc. 74). Bosayumbiil KOTOKON NpeCTaBIALT
coBoii OTpe30K TpyObI, 3aBapeHHBIA CBEPXY, ¢ NMpOpe3aMH [JiA HocTyIuIe-
HHS KUIKOCTH B €r0 MoJocTh. B Bepxuedl wacTH TpyGbl BBapeHb! [1Ba WITY-
1iepa, K KOTOPBIM MOMBENEHBI [IBE MMILYIIbCHbIC Tpy6ku. o opHo#t u3 an
NMOfIaeTcAd BOLO-BO3AYILIHAA CMeCh OT MkexTopa. Boma x axexTopy nogaerc

W3 CHCTEMBI BOHNOCHAOXeHMsi HACOCHOH CTaHIMHM IMOJ J[ABJIEHUCM 0,1 —
02 MIla. Bo3gyx, mOOJaBaeMblfi 3KEKTOPOM, oOecrieuuBacT KOMIICHCAUHMIO
pAaCTBOPAIOIIETOC B CTOHOH BOME KHCIOPOMA, NPeMATCIBYCT 3aco;3enm<i
MMITYJIbCHBIX TPYGOK M BHYTPEHHEH IONIOCTH KOJIOKOJIA. Ilo BTOpOH MM
nmynbCcHOM TpyOKe uepe3 BO3[YILUHYH MOAYLIKY MepefiaeTcs Jlalaneﬂm}a3 cToI-
6a XHIAKOCTH B OfHY U3 Kamep MM GepeHIMAIbHOr0 MaHOMETpa. urogaﬂ
kamepa maddepeHIManbHOT0 MaHOMETPa coobwaerca ¢ atmocdepoi. ITO
fABTIEHHE TIPOTIOPUHMOHANBHO YPOBHIO XUAKOCTH B pe3epByape.

B kauectBe mpeoGpa3zoBaTens [aBIIeHNA B JIEKTPHYCCKUN CUTHAI I/ICII(:;J;L-
3yercsi mMdpepeHIMaTbHbIA MaHOMETp JH0GOro THMA (nanpumep, IIMIY)
¢ BeixogoM 0—5 MA, NpAMO NPONOPUMOHATBHBIM Tepenany /aBIICHHSI.
OmbIT JKCIUTYaTallMM TOKA3ajl, 9T0 B YCNOBHAX KAHATM3AIMOHHBIX HACOC-
HbIX CTaHIM}, MepeKAUMBAIOIIMX 3ar PASHEHHbIE BOJIBI, 3T CUCTEMA u3mepe-
HUsL ypOBHA GOJIee HaeKHA, YeM aKyCTHIECKHH npubop IX0-3.

B kauectBe IIM-perynsitopoB MOTYT GbITb HCHOIb30OBaHBI 6n01<n5per13{-
JMpyIONIMe aHATOTOBble C HENMpPEPLIBHBIM BBIXOHBIM CHIHAIIOM 0-5 ™ e,
ocymecTBIIAOLMe anreGpaHyeckoe  CYMMMpOBaHue H MacmTa?lHPOBa]::; '
VHUUIMPOBAHHBIX CHTHAJIOB [OCTOAHHOTO TOK2, HANPUMED P-17 cucre
“Kackan 2> wm PBA-IT cucremst AKICP (cm. npusioxenue 9). an

B xauecTBE perymMpyeMoro SNeKTpPONPUBO/IA B CHCTeME MPEAyC
DUBaeTCs MCHONb30BaHHE OJHOTO M3 THIOB 3MEKTPONPHBOZA, OMHMCAHHBIX
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Puc. 75. Ilpouecc crabunusauuy ypoBHS XHIKOCTH B pe3epByape:

A — HamopHas XapaKTepHCTHKa Hacoca Npu ny; B — 10 xe mpu ng; B — To Xe nipu
n3; I — xapaxkTepucruxa TpyGoHpoBoIa NpH 3aJaHHOM YpOBHe B pesepByape; I —
TO e IIPH HOHWKEHHOM YpOBHe B pedepByape; I/l — rpadux u3aMeHeHHs NPUTOKA

B Il. 5, B TOM 4YHCIIe: HHOYKTOPHBIX MydT ckombxenuss (UMC) ¢ matanu-
eM B030yXneHna OT THUpHCTOpHBIX Groxos BY-3509 u um nopgoGueiX; wac-
TOTHBIX TpeoGpasoBareneil cepuu ITUT, ITUP-2, SAMI (pupma Str¢mberg)
U OPYrMX THIOB; 3eKTpolpusonoB mo cxeme ABK wa 6ase npeoGpasosa-
remedt THII-2 u cramiumii  ynpasnenusa IIIY; anexrponpuBomoB Ha Gase
BEHTWIbHBIX JJIeKTpofBUrarened ¢  mpeobpazosarenssmu ITYBH, ITUBC
4 mp.

[Iponecc perymMpoBaHUA B CHCTEME  BOJIOOTBEHNEHUA CIIE[YIOLMH
(puc. 75). B HexoTOpBIH MOMEHT BpeMeHH f; Hacoc paboTaeT ¢ YacToTOH
BpanieHusa n, U obeclieunBaeT mopauy (;, Hamop Hy. JTOMy pexuMy cooT-
BETCTBYET YpOBEHb XHIKOCTH B pe3epByape h; M HpHTOK ¢,. Ilpeanono-
UM, UTO 3TOT YPOBEHb COOTBETICTBYET 3aIaHHOMY, T.€. B 3TOT MOMEHT Bpe-
Medn @y = gy, a by = hy,ap. Tlpennonoxmm, 4T0 B cliepylonmii MOMEHT Bpe-
MEHHU £, TPHUTOK H3MEHUTCA B CTOPOHY YMEHBIUEHUS W CTaHeT PaBHBIM (.
BcrneerBie HECOOTBETCTBHA NPHTOKA M OTKAYKH g2 > (J; ypOBeHb BOMIbI B
pe3epByape CHH3MTICA Ha HeKOTOpoe 3HaueHHe Ah. Cnemosare)lsHO, BO3-
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pacTaeT CTaTHYECKAas COCTaBJIAWINAS HANOpa H XapakTepHCTHKa Tpybompo-
Boma 3aiimer momoxenue /. Tlpum 3TOoM mopaya Hacoca ToXe HECKONBKO
yMeHbIMTCS 10 ToukH /. OIHAKO 310 HE KOMIICHCHPYET YMEHbLIEHHE MpH-
toxa. [lomava Hacoca 3a cyeT KPUBONMHEHHOCTH XapaKTepHUCTHK Hacoca
TpyGOIPOBOIOB CHHXKAETCA B TOpas[io MEHbIIEH CTENEeHH, YeM YMEHbIUMT-
csi mputok. IIpd 3TOM MpOU3OMAET paccorsiacoBaHHe 3afalollero CHIHajIa
CHCTEMBI DETYJIMPOBAHHA M CHTHAla, NOCTYNAILIETO OT Npeobpa3oBatesid
ypoBHs. B pesynmprate 3TOrO perynsartop BbigaeT oGpaboramusii mo IIW-za-
KOHY MMIIYJIBC B CHCTEMY YIIDaBJIEHHA PeryiMpyeMoro 3MeKTpolpHBoaa,
CHIDKAWOILMA YacTOTY BpauleHus 3JIeKTPOOBHrarejia HacOCHOIO arperara.
B pesynprate XapakTepHCTHKAa HAacoca MEpeMECTHTICA B MonoxeHue b, co-
OTBETCTBYIOILiGE YaCcTOTe BPAlIEHMA N, HOBOMY 3HAUEHHI0 IIPUTOKA ¢, M
3alaHHOMY YPOBHIO CTOUHOM >XKMOKOCTH B pe3epByape (touka 2). B ciyuwae
OaTbHEHIIEro yMCEHBILICHHA IIPHTOKA HA TO JKe 3HAUeHHe XapaKTepUCTUKA
TpybonpoBona onaATe 3aitMeT nonoxenue I/, paGouas TOUKA Hacoca lepe-
mecturcs B TOuky 2. CucteMa perynupoBaHus cpaGoTaeT aHaIOrHy-
HBIM O0pasoM M XapaKTepUCTHKA Hacoca NEPeMeCTHTCH B MOJIOXKeHHe B, a
pabouas TOUKa — B NOJIOXeHHWe 3. BBHIY BBICOKOH 4yBCTBHTENBHOCTH CH-
CTEMBI PETYNMPOBAHHA €€ PearMpOBaHMe IPOMCXOLMT NpPH MaIbiX OTKJIOHE-
HHAX YPOBHS OT 3aJlAHHOrO 3HAYEHHH H BCIIEACTBHE I3TOrO KPHUBOMUHEi-
upte Tpeyromsuuku I, I, 2 u 2, 2', 3 umeror mambie pasmepel. Hosatomy
paGouasi TOWKa NPAKTHYECKM IUIABHO MNEpPEeMEINAeTCH MO XapAKTEPUCTHKE
BonoBona. Ilpy yBenMueHMM NpUTOKa CHCTeMa pery/MpOBaHHA NEHCTByeT
AHAJIOTMYHO, HO B IIPOTHBONOJIONKHOM HAIIpaBJICHHH.

B pesynbrate mpouecc perynHMpoOBaHHs IO[IEPXKUBAET 3afAHHBIA YpoO-
BeHb XHJKOCTH B INPHEMHOM pe3epByape, obeclieumBasi paBeHCTBO Ioxa-
M Hacoca M HpuToKa ¢ = ¢ M CTabuIbHOCTD 3aJaHHOro ypoBHA. Takmm
obpazom, obecreuuBacrcs paGoTa HACOCHOH YCTAaHOBKH B IKOHOMHYHOM
pexume, Oe3 MpPEBBIMICHHA CTATHUYECKMX HAMopoB. ONbIT NpHMEHEHHA CHi-
creM CTabWiM3aiMH B KaHWIM3aHHOHHBIX HACOCHBIX YCTAaHOBKaX MOKa3aJl
ux paBorocnocoGHocTs ¥ 3ddexTHBHOCTS [3, 26].

Crabwm3zanus YpOBHA SKMIKOCTH B HalOPHBIX pe3epByapax HECKONLKO
OTIMYaeTCA OT CTa0WIM3aIMH YpOBHA B IIPHEMHBIX pe3epByapax. Pasmima
3aKJI0YaeTCA B TOM, YTO IIpH YMEHbLICHMH BOJOpa3Gopa ypoBeHp B pesep-
Byapax He CHWDKaeTcs, a MOIHMMAeTcA, HO M B 3TOM CjIyyae CTaTHdecKas
COCTAaBMAUIASA HANOpa YBEJIMYHBAETCA, a YaCTOTA BPALICHHA 3JIEKTPONBH-
raresisi HaCOCa B pe3ynbrare NCHCTBUA CHCTEMBl PeryMpOBaHMA YMEHbIA-
erca. Ilpn yBenuyeHnu BoponoTpeGineHusi, HaoGOPOT, YPOBEHb >KMOKOCTH
B pe3epByape Najgaer, CTaTHuYeCKasd COCTABNAMIUAA HAlopa YMEHbILACICH,
4 YacToTa BpAUICHHA yBermuuuBaeTcA. OCHOBHAf Leib CHCTEMbI CTabuwmiza-
HMH YPOBHSM >KMOKOCTH B HAalIODHOM pe3epByape 3aKIIouaeTcs B MOMMEpKA-
HUY ypOBHA Ha 33[aHHOH MHUHMMAJIBHON OTMETKE.

B cucremax cTabwiM3almH ypOBHS, TaK XK€ KaK 4 B CHCTeMax cTaGwrm-
3a1MA HartopoB B cetH (cM. § 17), HeOBXOMMMO Ipe/lycMAaTpUBaTh BKIKYES-
HHe [OMOJTHUTENIHBIX HeperyJIMpyeMbIX HacOCOB IPH CYHIECTBEHHBIX YBE-
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MueHMAX TPATOKA WIIM BOZOMOTPEOIEHHA U OTKIIOUEHHE MX IIPH yMEHbLe-
HUHU.

PerympyeMbIM NPHBOJIOM JIOJDKHBI OCHALIATLCA Hambomee KpyNHbIE Ha-
COCHBbIE arperaTsl ¢ HauGolNee IOJIOTOH XapaKTepUCTHKOH. B cryvae ucnomns-
30BaHHA OHOTUIIHBIX HACOCOB BO M3Ge)XaHMM 0OOpa3oBaHMA MEPTBBIX 30H
paboune Kojieca HeperymMpyeMbIX HACOCOB [OJDKHBI HMETh OMaMETpBI,
MeHblMe pery/mpyemsix. IIpu paBeHcTBe muMamerpoB K paGoTe perynMpye-
MOTO HaCOCa B peXHMe MaKCHMAambHBIX MOJAY ¢ MOBBIILEHHON YaCTOTOM Bpa-
weHua (B Cjiydyae NPUMEHEHHA YaCTOTHOTO 3JIEeKTPOIPHBONA) OH IOJDKEH
ObiTh YKOMIUIEKTOBAH [IBHTaTelieM NOBBIICHHOK MOIHOCTH B COOTBEICT-
BHH ¢ peKoMeHmaisaMH (cM. § 15).

B CAY HacocHOH yCTaHOBKH, OTKauMBAIOLIEH XKHAKOCTh M3 pe3epByapa,
clemyeT MpefycMarpuBaTh OJIOKHPOBKY, HCKIIOYalomylo paBoTy Hacoca
IpY HEHOMyCTHMMO HM3KHX YPOBHAX >XUIKOCTH B pe3epByape, YTO MOXeT
HMETh MECTO ITIPH MHHUMAJIBHBIX IIPUTOKAX CTOYHBIX BOI,

19. ONBIT MPUMEHEHUS PETrYJIUPYEMOI'O J3JIEKTPOIIPHBOJA
B HACOCHBIX YCTAHOBKAX

HecmoTpss Ha siBHBIE IIpEMMYILECTB2, perylIHpYyeMblil 3JIeKTPOIpPHBON
el He MOIyYWI IUMPOKOrO PpaclpOCTPaHEHUs B HACOCHBIX YCTAHOBKaX.
B Hacrosuiee BpeMs CIIOXHIHCH YCTIOBHA, TpeGymoume ero Gojiee IMpOKO-
ro MCHONb30BaHHA. BypHoe pazBuTHE MOMYNPOBOAHMKOBOH TEXHUKH MO3BO-
JWIO cO37aTh Ha Oa3e CTaTHYecKHX IpeobpasoBaTenieil HafieXHbIE M CpaB-
HHTEIbHO HENOPOTHE peryiupyeMpie snexTpompuBonsl. Kpome toro, mm-
pOBOil JHEPTeTHHECKHH KPU3MC HAIVIAQHO HPONEMOHCTPHPOBAN IIOTHH-
HYI0 LEHHOCTh SHEPreTHYECKHX PpecypcoB M CTHUMYJIMpOBall MEphl IO HX
pAIMOHATBHOMY PACXOIOBaHHI0. B pesynmbpTare 3TOrO pacImpuiMch paGoTsl
[0 MCCIEOBaHMI0, pa3paloTKe M CO3[aHMI0 HACOCHBIX YCTAaHOBOK, OCHA-
IIEHHBIX aBTOMATH3HPOBAHHBIM peryIMpyeMbIM 3JEKTponpuBoaoM. Hinke
TMPUBOAMTCA OIMCaHME HEKOTOPbIX, HaUbOJice XApaKTEPHBIX YCTaHOBOK.

BomonpoBomHas HacocHas CTaHUHMS TONKAYKH C peryjHpyeMbIM MpUBO-
noM Ha ocroBe MMC. Jra ycraHOBKa npuMeuatesbHa TeM, YTO Ha Hell BIep-
Bble B INIPaKTHKE OTEUECTBEHHOTO BOMOCHabXeHUS ObUI NpPHMeHEH peryi-
pyeMbIil 3neKTponpuBon. HoMuHanbHBIE Mapamerpsl perynHpyeMoro Ha-
cocHoro arperara: mopaya 0,35 M3 /e, Hanop 30 M, mommHocTh 155 xBr,
yacrora BpameHus 980 o6/muH, Bpawarumii momenr MIMC — 1,6 xH-m.
Cranmusa paboraer ¢ 5—6 no 23—-24 vacos. B paGore Haxomrcs 1-2 Hacoc-
HBIX arperara. XapakTepHOH OCOGEHHOCTBIO CTAHIMM SBJACTCHA [JTMHHBINA
(okomo 1 xM) BcachiBaroumil BOJOBOJ AxamerpoM 600 MM M [Ba KOpOT-
kux (mo 100 M) HamopHbIX BoHoBofa muamerpom 600 u 700 mm. Baarona-
pA 31Ol OCOBGEHHOCTH pEXHUM paGoThl CTAHIMH XapaKTepH3yeTCHA CpaBHH-
TEJIbHO GONMBILMMHM NOTEPAMH BO BCaChIBAOLUMX JIMHMAX CTAHIMM M HE3Ha-
YUTENbHBIMHM TOTEPAMH B HANMOPHBIX KOMMYHUKAIWMAX. [lo 3TuM mpuun-
HaM [UId NOAJepkaHuA TpeGyeMoro Hamopa B pallOHe BOHNOCHaGXeHHA, H
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Puc. 76. PaGoune XapaKTepHCTH-
KH peryJiupyeMOro Hacoca:

1 — HamopHas xapaKTepucTH-
Ka Hacoca npu n = 980 o6/mun; /00|
2 —710 xe npH 916 o6/mun; 3 —
to e npu 875 o6/muu; 4 — ToO
xke 1npu 800 o6/mmu; 5 — 10 Xe g L
npu 750 o6/muH; A — xapak- Qg,"'
TEPUCTHKA MOTPeGNIdeMOH Mot
Hoctd nipy n = 980 o6/mun;
B — 10 %e npu 916 06/mun; B —
to xe npu 875 o6/mum; I' — 7
o xe mpu 800 o6/mmm; J — 070
To e Ipu 750 ob6/mum; I —
xapakTepuctika KU mpu n = 700+
= 980 o6/mun; II — 1O Xe npu 8
916 o6/mun; III — TO e TipH i

—
#,xBt

30

20

875 o6/mun; IV — To Xe Hpu - v /4 n I
800 o6 /M A
) e P i
7 41 02 43 0% 45
0,M3/c

B TOM uMcle B JUKTYIOIEH TOYKE CeTH, [IOCTATOYHO IOIePXKMBATh Ha Ha-
TNOPHOM KOJNEKTOpe ycraHoBKU crabwisubid Hanop 30 M. B meprompr ma-
JIOr0 BOAOPa3Bopa Hamop NopgHHMaercss [0 43 M, UTO BeJieT K Hepaiuo-
HajpHBIM TOTEpAM 3/MeKTpo3Heprud. YcraHosxka HMMC moaBomuna crabu-
JIM3KPOBaTh HANMOpP Ha KONJIEKTOpPE HACOCHOH CTAHUMH H CIKOHOMHTb
225 1eic.kBT-u B rof, T.e. 15% 06wero sHepromorpebienus. Hixe npuso-
IATCH HEKOTOpbie HauGoNee HHTEPECHDbIe Pe3yNIbTAaThl, HOJIyUeHHbIC NIPH KCIIbI-
TAHHAX ¥ B XOJ€ JKCIUTyaTal|u 3Toi ycraHosku. Ha puc. 76 npencraBneHb
XapaKTEPHCTHKH pPerysMpyeMoro Hacoca IIpM PasHbIX 3HAYEHHUAX YaCTOTBI
Bpawenus (ot 980 o 750 o6/mun) .

3aBucumocts KIIJI HacocHOro arperara B LEJIOM H OTAE/bHBIX €ro je-
MEHTOB OT IIO[auM IIpeJiCTaBjieHa Ha puc. 77, @ U O npHBefeHbl 3aBHCUMOCTH
noTpe6rsieMOl MOWHOCTA 0T nofau Hacoca. CoBMecTHOe paccMOTpeHHe
ITMX 3aBHCHMOCTell MOKa3biBaeT, YT, HecMoTpsa Ha yxynumienue KIII na-
COCHOTO arperara W3-3a Hamuuusa noteps cxonbxenda B UMC, nmotpe6ite-
HHEe 3JIEKTPOIHEPrHH IIpH PeryIHPOBaHMHM YaCTOTHI BPAILEHHA OKa3bIBaeT-
A HMXKe, 4eM NipH paBoTe Hacoca ¢ IOCTOAHHOM YacTOTOM B PAILEHHA.

3aBrcHMOCTh TOTEph cKombxeHusa B UMC oT wacTOTBI BpaulgHMsi Haco-
ca M MeXaHHYeCKHe XapaKTePHCTHKH HAcoCa Mpe/ICTaBNeHb! Ha puc. 38 u 78.

Ha puc. 79 nmoxa3saHa cyTOYHas [MarpamMma HarmopoB B JIUKTYIOIUEH TOY-
Ke CeTH, pacloJIOKEHHOH Ha PAacCTOAHMH 1-5—2 KM OT HACOCHOH CTaHIMH.
B 310T MEpMon BpeMeHd Ha HAMOPHOM KOJUTEKTOpE HACOCHOW CTAaHLMM MOf-
[epXUBANCH CTAOWILHBIA Hamop, paBHBIA 30 M, 33 HCKIOUYEHHEM IpOME-
KyTKa BpeMenn oT 21 go 24 M, KOTfia Hamop B OTHENbHbIE MOMEHTBI Bpe-
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Puc. 77. 3amucumocrs KIIJ1 (2) u norpebngemolt MommocTH Hacoca (6) ot mopaum:
1 — KIII snexTpopsuratens; 2 — KIIIO UMC; 3 — KNO MexTponpusoma; 4 ~

KIJ macoca; 5 — KIIJI arperata; 6 — noTpe6isieMas MOIHOCTE IpH JIpO cCeTUpoBa-

HHHM; 7 — TO e IIPH PeryiIupOBAHUM YACTOTH! BpALICHUA; & ~ IKOHOMHE MOUIHOCTH

Pex, BT
15

12t
-
4

— | L J
g 250 so0 750 7000
7,00 /Mun

Puc. 78. 3aBucHMOCTH NOTEPh CKOIL-
xeHust B UMC or wacrorsl Bpauesus

Puc. 79. Cyrounas guarpamMma HATIOPOB B IHKTYIOIIEH TOUKE CETH:
1 — perynupyemsif arperar me pabortaer; 2 — perynupyeMsifl arperaT paGotaer

Menn nopHumancs o 38 M. CoOTBETCTBEHHO B JUKTYIOLUeH TOUKe HAMOp
6b11 21-22 M (yyactox guarpammibi 2), a B nepuon ot 21 0o 24 nopHuMaI-
ca 1o 30 M (yuactok auarpaMmsl 1), T.e. KOIJa YCTaHOBKa paborana 6e3
PCryIMPOBAHKMA, TAK KaK B 3TO BPeMsA perylMpyeMbiil arperat GbUT OTKIIIO-
YeH K3-32 BOBHUKHOBEHUA MepTBOH 30Hb! (cM. § 18). *
Pesynbratel mcnbiTanuit u rox onsiTHOlM IKCIUTYATAUMH ONUCAHHOU yCTa-
HOBKHM IIOK33aJM, YTO 3/IeKTPOMATHUTHbIE MY(Tbl CKOJBKEHHA HHIYKTOpD-
HOro THMia IIpY yCIOBUM U3rOTOBIICHUA HX B COOTBETCTBHU C TEXHHYECKHUMHM
YCIIOBHAMH SBAAIOTCS UPOCTHIM H HAJEKHBIM CPENCTBOM pPEryHpOBaHHs
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HACOCHBIX arperaTtoB CHCTeM BOJoOcHaDxeHHs mowmocTeio A0 220 kBt m,
HECMOTpPA HAa TOTEPM CKOJBXKEHHS, MpPHM OIIpefieNIeHHbIX pPeXUMaX paGoThi
HACOCHBIX YCTAHOBOK OOECHEYHBAIOT 3HAUMTENBHYI) IKOHOMMIO 3JEKTpO-
sreprum (Mo 15-20% o6iuero sHepromoTpeGaeHus) .

Kasanu3anuoHHAas HAcCOCHaX CTaHIMA MNePeKaUKH C peryiMpyeMbiM
anekTponpuBosomM Ha ocHoBe UMC. lenecooGpasHocts mpumeHenus CAY
¢ peryJMpyeMbIM 3NIeKTPOINPHBOIOM B KaHAJM3aUHOHHBIX HACOCHBIX CTaH-
IHAX C YYETOM CYINECTBYIIUErO Y HAC B CTpaHe COOTHOIUCHHA UeH Ha 06o-
PYIOBaHHE M 3MEKTPOIHEPTUIO M ApYTHX hakTopoB 060CcHOBaHa B paBoTax
BHUMBOIT'EO [22, 40]. OxcnepuMeHTanbHasA [POBEPKA 3TUX IIpe/Iioo-
XeHWA OblTa OcyilecTBNieHa Ha MBaHOBCKOH KaHAaNMM3aMOHHOH HACOCHOM
cTaHmmK T. Mockser [26]. Ha 310l craHmmy oBa yCTaHOBIJIEHHBIX HACOCHBIX
arperata W3 mectd 6bum ocHamensl UMC, usrotaBmMBaeMbIMH Cepuiino
[54]. HomumansHele mapamerpsl arperatos: nomada 800 m> /4 (0,22 m*/c),
marop 33 M (0,33 MIla), mownocrs 160 kBr, uacrora BpaieHus
960 06/muH, Bpawarowmit Moment UMC 1,60 xH M (160 krc-m).

PerysmpoBanue pexuma paboThl YCTaHOBKH 0€3 perynupyeMoro 3jiek-
TPOTIPUBONA  OCYIIECTBJIANIOCH MEPUOIMUECKUM BKITIOUCHMEM-OTKITIOUEHHEM
HACOCHBIX arperatoB. Yucno BkmoueHuit cocrasnano 30—40 B cyTkH, a unc-
70 paboTaOWMX arperatoB B 3aBUCHMOCTH OT MpPHTOKA H3MEHAINOCh
or 1 mo 3.

[pusummaansuas cxema CAY peskyiMa paGoThl HACOCHOH YCTAHOBKH ITpH-
BemeHa Ha puc. 80. CucremMa aBTOMATHUECKOI'O PEryNMpPOBAaHHA HU3MEHsET
YacTOTY BpAIUEHHA ORHOTO HIIH [IBYX DEry/MpYEMbIX arperatoB H obuiee
uycrio paboTalOIMX arperaTtoB B COOTBETCIBMM C M3MEHEHHEM IIPUTOKA.
UacToTa BpallleHHs M3MEHAETCA IO CUTHaly OTKIIOHEHU#, GopMupyIolLeMy-
¢ TMpU BBIXOME YPOBHA M3 3amaHHBIX mpemesnoB. CUIHaN OTKJIOHeHus, oG-
pabortannsiii o IM-3akoHy, mocTymaeT Ha BXOZ CHCIEMBI HMIYJIbCHO-(has-
HOTO yTipaBjeHusA THpucTopHoro Bo3bymutenis UMC. Tem cambim perynu-
pyeTci ee TOK BO30YXXIEHHS M COOTBETCTBEHHO YacTOTa BPALICHHMSA 3MEK-
TPOIXBUIATENA HACOCA.

Ilpu cyuiecTBeHHBIX H3MEHEHMAX NPHIOKA, KOIAA HM3MEHEHHE 4HacTOThl
BpallleHUs perynMpyeMOTo Hacoca He obecreuuBaeT TpebyeMoOro H3MeHe-
HHfA TIONaYH HACOCHOH YCTaHOBKH, BO3HHKAET HEOOGXOIMMOCTE B HM3MEHe-
HuM obuiero yucia paboTalonmx Ha CTAHIMM arperatoB. s 3TOro Iy T
ONOK B3aUMOIEHCTBHS DPETyJHPYEMBIX H HEPErYIHPYEeMBIX arperaroB.
Briox OTKNOuYaeT ONUH U3 HEpery/IMpyembiX arperaroB u Qopcupyer BO3-
Oyxnerne UMC go makcumanshoro 3uauenust Toka (5 A) B TOT MOMEHT
BpeMeHH, KOIJa YacTOTa BpAaleHHA peryinMpyeMoro Hacoca CTaHOBHMTCA
HaCTONIBKO MaJIOH, YTO ero OGpaTHbIi 32aTBOpP 32K phIBaeTCA M HACOC MpeKpa-
maeT OTKAuYKy. ECiM ke 4acToTa BpallleHHs PeTyMpyeMOro Hacoca JOCTH-
raeT MAaKCHMAIBPHOTO 3HaueHWA, a NPUTOK IpPOMOIDKAET YBEJIMUMBATHCHA M
YCTAHOBKA He CIIPaBJIAETCH ¢ OTKAUKOM CTOYHBIX BOI M3 pe3epByapa, 6ok
BKJTIOUAET [IONOJHHUTENBHO OMMH W3 HeperyJHpyeMblX arperaroB U yMeHs-
uaer Bo36yxgenue UMC no musumyma.
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Puc. 80. Perynupyemast kananus3aumoHHAas HACOCHAS YCTaHOBKa:

1 — npueMHBIA pesepByap;
yap; 2 — npeoGpa3oBate: ;
4 b ypoBHA; 3 — U4 ;
- 31;012 B3aUMOJCHCTBHSA PETYIIMPY eMBIX ¥ HEPErYITHPY eMbIX ;rperamn' p; FXH;:T Orfc,-
b I\IZC A YACTOTHBIA) mnpeoGpasoBarent (BLINPAMUTENL); 6 — nepexmot’m'rem,' 17)
5 8 — snexrTpoaBurarens; 9 — Hacoc, 10 — y " e
MBIX arperatoB; /] — K Hepery’nupyeMLIM a’rperaral\}a3 oMY THpApTCHiA Heperypye:

CTaSILdui;eMa obecreunBaeT CTaGUIM3ALMI0O YpOBHA B pe3epByape HaCOCHOM
+
40 MM)c Lc;;ms;;g + 50 MM H KpPaTKOBPEMEHHBIMH OTKJIOHEHHSMH (mo
THOYEHUM HIIH OTKII
roro meoarany I0YCHHH HEPeryImpyeMoro Hacoc-

Cucrema mo3B :
ONAeT peryjiupoBarh YacTo
Ty BpallleHUA OHO
Hec}r{congxnx, B JITaHHOM CITy¥ae IBYX, arperaTos. FHOBPEMEHHO
e06x0,
HOM npemﬂtg;;b B TAKOM peXHMe paGOTbl BO3HMKAET MpPH HE3HAUHTEID
NpUTOKa Hap Mofavei oJHor i
0 Hacoca. B tak
NapannensHas pabota pery. X HX YCITOBHAX
1 THPYeMOTO U Heperyiu
YCTOMUMBa, TAK KAK Harp YIMpyeMOro arperatoB He-
y3Ka perynmpyeMoro
5-10% wuo ) arperaTa COCTaB/IsET BCErO
pUTOKa B;/I:m ana. BOBHHIfamHMG IpH 3TOM HE3HAUUTEIIbHBIE M3MEHEHHS
apurowa b KYyT 32 coOOH BKIIIOUEHHE M OTKITIOUEHHe HePEryIHpyeMOro
IICII;ICTBPU; CHEfICTBHE 3TOI0 CO3MANNTCA 3HAYMTENbHBIE BO3MYLAIONHE BO3
- CHH’X Kooropme He BCErna MOTyT GbITb CHATBI CHCTEMOR peryimpoBa
.14. POHHAsA paboTa HBYX pPerymMpyeMbIX arperatoB, JKBUBAJICHTHAS

Tabauya 1. Pacxop 3MeKTPOIHEPrul NpH Pa3HBIX cnocoGax perympoBaHus
pexuma paGoThI VBaHOBCKO#H KaHATHM3auHOHHOH HACOCHON CTAHLHK

Crioco6 Tpopon- O6wui Pacxop, ssexTpo- ~ OObeMm ne-  Y[enbHeIA
KWTENB PACXOJL oHepruu, KBT- 4  peKauuBae- pacxol
LoehAntad HOCTb  FIEKTPO- — MBIX CTO-  37€KTPO-
paGoTel, SHeprum, Ha coGCT- Haliepe- KOB, IHepruy,
cyT KBT- 4 BeHHBle Kauky  THIC.M KBT-4/ 3
. HYKIBE CTrOKOB 1000 m
IMnasHoe ¢ nepe- 7 41700 6294 35 405 227 156
MeHHOH yacToTOM
BpaIlCHUs
CryieH4aToe 7 42 000 4074 37926 218 173
C TIOCTOSIHHO K
YyaCcTOTON Bpa-
LIeHUS

Npumeuanue. IKOHOMHA WIECKTPOIHEPIHH, %:3 =100 (173-156) /173 =9,8.

paGote opHOro arperata GOMBIIOH MOMUIHOCTH, NpefOTBPaIaeT BOSHUKHO-
BeHNe HEYCTONUHBBIX POXUMOB PaBOTHI.

BHejipeHye CHCTEMBI DETyJIHpOBaHHA MO3BOIHIO COKPAaTHTL noTpedne-
HUe 92JIEKTPOIHEprUM [PUMEPHO Ha 10%, t.e. qa 170000 xBr B rox
(1abn. 1), a TaxOKe WACIIO BKJTIOYeHMHt HacOCHBIX arperaros ¢ 30 7o 3 B CYTKH.

TMosbimenue 3¢pdexmnHocTy CAY obecrieunBaeTC BBE/ICHAEM YCTpOH-
CTBA, W3MEHAIOIIETO UHCTIO paGOTaloUMX arperaTos jio TOFO, KaK peryiu-
pyeMBblIil HACOCHbBIA arperat poiiper B 30Hy Hemomyctumo Huskux KILIL
Takoe YCTpOHCTBO pa3pabOTaHO BO BHHMUBOITI'EC u mpouumo OpoBepKy
Ha OJHOM U3 JERCTBYIOLMX MOCKOBCKUX KaHATIH3aMOHHBIX CTaHLMH.

OpHOBPEMEHHO OMNBIT IKCIIyaTalyl BBIABHI Ype3BBIYAAHO HU3KYIO
HagexxHocTs MUMC, cepuilHO M3roTaBIIMBacMBIX Hameidl TMPOMBIIIIEHHOCTBIO,
4TO He MO3BOIAET PEKOMEHMIOBATh WX UL IWHPOKOTO BHEJIPEHUA 110 NPUBC-
leHMS HX B COOTBETCIBHE C Jyuimmu oGpasuamu HUMC, u3roTaBnMBaeMbixX
3apy6exHbIME GHpMAMK.

Ha o6beKTe MCHbITHIBATMMCH HECKONBKO CHCTEM perynupoBaHusA: ¢ IHC-
KPeTHBIMH H aHATOTOBHIMM IpPeOGPasoBATENAMH YpOBHS pa3sMUYHbIX TH-
noB. B yCIOBMAX KaHAIM3AIMOHHBIX HACOCHBIX cTaHImit HauGomnee Hamex-
HBIMM Oxa3aJMCh AHAJIOTOBbie NpeoBGpa3OBaTeNM C BO3MYLIHBIM KOJIOKO-
nom (cm. § 18).

KaHanu3amuoHHasi HACOCHAA CTAHUHMA C PeTyIHpPYeMBIM SMeKTPONpHBO-
mom mo cxeme ABK [25]. B r.MockBe [uMTENbHOS BpeMA paboraer CAY
KyHUEBCKOH KaHAIW3aIMOHHOM HACOCHOW CTaHIMH, Ha KOTOpOH YCT2HOB-
JEHO 1UecTh HACOCHBIX arperaros Moumocteio 800 kBr, B TOM WCe 3—4 pa-
Gounx. CHMCTEMa aBTOMATHYECKOFO pEryJIMpOBaHHsA COCTOHT U3 OJIHOTO
ACHHXDOHHOTO ~ 37IeKTpOpBurateid ¢  (asHbIM  pOTOPOM MOIHOCTBIO
800 xBr u uacroroii Bpamerus 740 06/mun, NpeoGpasoBarelii ABK,
(YHKIME KOTOPOTO BBIMOJIHACT arperat TII12-630-400-1T, cocTosumi 3
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BBIIIPAMHUTEN. U MHBEPTOpA, criaxuparomero apoccens O®POC-800, corma-
cyoutero TtpaHcpopmaropa TC-400, craHumm ynpapienus HIJTY-6902-48A
M IIyCKOBBIX DE3MCTOPOB, Ipeobpa3oBareNis YPOBHsA, COCTOSIIErO M3 BO3-
AyWHOro Komoxona u muddepenimansioro mavomerpa; IH-perymsro-
pa P-17.

Cucrema craGunM3upyerT ypOBeHb JXHAKOCTH B Pe3epBYape ¢ TOUHOCTHIO
+7-10 cm. Boree BbicOKas TOYHOCTb CTAaGHIM3AIMH YPOBH BieKJa 3a
cOBO/l MOBBIUIEHHBIH M3HOC TNANBlEB ITACTHYHOM MydThI, COemUHAIIEH
MEKTPOABMraTeib ¢ HacocoM. IloBblleHHBI M3HOC O06YCIIOBIIEH BOMHe-
HHEM XMIIKOCTH B pe3epByape (BbiCOTa BONHBI 0 20 cM), uro norpeboBa-
JIO YBEJMYUTb 30HY HeuyBCTBUTeNbHOCTH CAY M CHH3MTB TOUHOCTH CTaOu-
TH3aiMH  ypoBHA. IIpuHIMN HeACTBHA CHCTEMBI PeryNHpOBAaHMA YaCTOTHI
BpAILICHUA arperata aHaIOTHYeH BbIIUCOMMCaHHOH. Mamenenue wmcnma paGo-
TAIOUMIX HAa CTAaHIMM HACOCHBIX arperaToB OCYIIECTBIIACTCS ONEPATHBHBIM
€ PCOHAJIOM.

Hcnonb3opanue 3TOH CHCTEMBI B HACOCHOH YCTAHOBKE 3KOHOMHT exe-
ronso 600700 Tbic. kBT-4 aneKTpo3HEprUy, T.e. npuMepHO 4-—5% obuiero
HEPromnoTpeteHus.

JlononmHurenbHble  KalMTanbHbBIC 3aTpaThl, OGYCIOBNEHHBIE IIpHMeHe-
HHEM  CHCTEMbI pDEryNHpOBAHHS B HACOCHOHM YCTAHOBKE, COCTABMIIH
15 1bIc. py6. Perymupyemslit HacocHbIit arperar HCHONb3yeTca B TedeHHe
ropga o 5000 yac.

B Hacrosiliee BpeMs B UeNsAX MOBBILICHHS apdexTBHOCTH paBotel CAY
H CHIKEHMsl M3HOCA PEryNHpPYeMOTO HAaCOCHOTO arperata HamMedeHO OCHaIle-
HHE¢ €IIe OTHOrO HAcOCa PEryJIMpPYEeMBIM 3MIeKTPONPHBONOM TOrO K€ THIIA.

Boponposomisie HacocHble CraHmMM ¢ perynupyeMbiM EKTPONPHBOIOM
no cxeme ABK [25]. Ha opmoit u3 HacocHbix crammmii 11 nogpema YeGox-
CapCKOro rOpBOOKAaHaJIa YCTaHOBIIEH 3MIEKTPONPUBO,, N0 cxeMe ABK momi-
HocTelo 250 xBr. B npusope ucnomszoBan arperat TIII12-630-400-1T, pas-
paGotanueii BHUWP wu wusroroBmnennsii I[10 ? INeKTPOBBIIPAMHTENS "
[1, 25].

AHepreTuyeckas 3 EKTUBHOCTh IPHUMEHEHHS ITOTO IPHBONA TIO YacaM
CYTOK XapaKTepU3yeTcs JaHHbIMH, IPUBEICHHBLIMHE B Ta6/. 2.

CornacHo Tabnm. 2 cpemHeCyTOYHAsA 3IKOHOMIS MEKTPOIHEPIUM [OCTH-
raer 29%. Cronb Gosbluas 3KOHOMHA O6YCNOBIEHa crienupHIecCKHM Tex-
HOJIOTHYECKHM pEXHMOM paboThl ycTaHOBKH (Gonbluas HepaBHOMEPHOCTH
nofiat A = Qyun/ Omaxc = 0,354; 3HAUMTE/IbHAS TMHAMMYECKAS COCTABIIA-
llasi Hanmopa ¥ 1.1.). YIenbHble pacXopb IEKTPOIHEPTHH TIPH PEryIHpOBa-
HUM COCTAaBIAKT B cpenHeM 200-210 xBr-4/1000 m*, a mpu paGore 6e3
PETyTMpyeMoro Jnexrponpusopa aoxogar go 300—310 xBr-u/1000 m3.
AHATOTHUHBIMM CHCTEMAMH C HACOCHBIMHU arperaTaMM MOIHOCTBIO [0
800 kBt oGopymoBanbl eme 5 ycraHOBOK B . Yebokcapbl.

Kpome cepuiinbix 06menpompinmentpix npeobpasosareneil B 31eKTpo-
npuBoax 1o cxeme ABK ucnonpsyrorcs takxe npeo6pasoBatenu coGCTBEH-
HOH pa3paboTKH IKCINTYyaTUPYIOIMX Oprany3anmii [17, 18, 25]. :
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Tabauya 2. IddHeKTHBHOCTL IPAMEHEHHA INEKTPONPHBOA o cxeme ABK
B HACOCHO#H YCTAHOBKE

IMorpebnenune sneprum, KBT- u BKoHOI\;::cp
- a 1, JMEKTP -
E&?ﬁl & 237:3 o C pery/upyembiM Ge3 perynupye- T, KBT-u
3JIEKTPOINPH- MOTO SIEKTPO-
BOJIOM npuBoaa
- 205 28,5 83,5 55
(1) - 12 190 28 85,5 57,5
2-3 180 27 84,5 57,5
3-4 170 25 85,5 60,5
4-5 168 27,5 87 59,5
5-6 200 46 83 37
617 215 68,5 96,5 28
7-8 255 50,5 78 27,5
8-9 390 86 107 21
9-10 406 92,5 108 15,5
10 - 11 400 89,5 108 18,5
11-12 395 89,5 106,5 17
12-13 380 90,5 106,5 16
13- 14 366 87.5 103 15,5
14 - 15 360 88 104,5 16,5
15 - 16 355 88 106,5 18,5
16 — 17 358 89,5 107 17,5
17 - 18 374 97 107 10
18—-19 402 99,5 109 9,5
19 -20 430 100,5 108 7,5
20 - 21 440 82 108 26
21-22 456 111 110 -1
22-23 390 43,5 101 57
23 - 24 260 32 94 62
05 7745 1667,5 2377,5 710
lIpuMmeuanue. OIKOHOMHS SIEKTPOIHEPTHH, %: 3 = 100 (237715 —

— 1667,5)/2377,5 = 29,86.

B r. BunpHioce Ha BOJOIPOBOJHOM HacocHO# craHmmM Hopaa Bumms yc-
TAaHOBJIGH OIMH M3 TAKMX 3MEKTPONpPHBOHOB. Ero MomHocTtb COCTaBIIACT
150 xBr. B amexTponpuBoge IpUMeEHeH IPHHLMII IIMPOTHO-UMIIYJIbCHOH
mopymsin  (IIMM) . Briarogapst 3T0My NPMBOZL OTIWYaeTCA OT OGLIEnpo-
MBIIDIEHHOTO 60JIee BBHICOKUM KO3(hOUIMEHTOM MOLIHOCTH cos ¢. Ha 6a-
3¢ 3Toro anekTpornpuBona cosgaHa CAY pexaiMa paGoOThI HACOCHOH CTAHLMH.
XapakTepHoit ocoGennoctsio CAY ABNACTCA HCMONb30BaHUE pamd?KaHana
A nepefaun uHbOpMalmM 00 M3MEHEHHAX HAINOpa B [MKTYIOLIEH TOUKe
CeTH.

PaspaGotannas mwxeHepusiM ueHtpom IIO “Banpyo” CAY ¢ aBroMatu-
3UpPOBAHHBIM PETYJIMPYEMBIM JIEKTPOIPUBONIOM 110 CXEME ABK nossonu-
Na cTaGWIM3MpOBATh HAmop B JMKTYyloweil Touke (puc. 81) u Omaronaps
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Puc. 81. CyrouHas fuarpamMma HAnopoB B MUKTYIOINEH TOUKE CETH pakioHa BonOCHa0-
sxeHust Hosas Bunust po (@) unocne (6) renpenus CAY

3TOMY CHH3HTb JHEPIoNOTpebieHHe HACOCHOH yCTaHOBKM Ha 6%. CpaBuu-
TeJIbHO Mayias 3KOHOMMA IJNIEKTPOIHEPTHH OOBACHAETCA TEM, YTO pailoH
BOLIOCHaGXKEHUA PACTONIONEH HAa [IOBOTIBHO BBICOKHX OTMETKAX MO OTHO-
LIIEHAI0 K HACOCHOH CTAHIMM. AHATIOTHYHbIE aBTOMATH3HPOBAHHBIE 3/IEKTPO-
npuBoAsl MowHOCThI0 0T 150 mo 630 xBr pabortarr Gosee ueM B necstH
HACOCHBIX YCTaHOBKaX JIHTOBCKOTO pacmy6ruKaHCKOro 0GbeIyuHeHHsT BOJIO-

TIPOBOMIHO-KAHAIU3ALMOHHOTO X03sitcTBa [25], SKOHOMHA aMeKTpo3Heprum

B KOTOPBIX COCTaBiAeT 5 — 15 %, mocTuras B OTAeNbHbIX cnyvasx 20 — 30 %.

Kananusammonssie HACOCHBIE CTAHIMM C YACTOTHEIMH 3EKTPONPHBONA-
mu [3]. B HacocHOil craHmu MocBOKCTPOi (r.MockBa) o6bIuHbBIH KOPOT-
KO3aMKHYTHIA aCHHXPOHHBIH 3/IEKTPOJIBUIATENb HACOCA MOWHOCTBI0 110 kBT
BKIIOYeH uYepe3 mnpeobpasosarens ITUT, paspabotamnpiit B HAU XIM3.
Cucrema ynpaprieHHs 3NMEKTPONPHBOLOM IOCTPOEHA AHATOTHYHO paHee
ONMKCAHHBIM, 33 MCKIIOYEHHEM TOTO YTO B KaYeCTBE IpeobpasOBaTeNs ypoB-
Hf B CHCTEME HCIONb30BaH YNbTPasByKoBoji yposHemep IXO-3. Ipume-
HCHME YaCTOTHOTO MEKTPONPUBONA B 3T0H YCTAHOBKE YMEHbLIAeT OTpeGe-
HME MeK TPoIHepruy Ha 60 Toic. kBr-u B rop, r.e. npumepro Ha 5%.

B  KaHaIM3aUMOHHBIX HACOCHBIX CTAaHIMAX TI'. MOCKBBI HCIOMB3YIOTCA
TaKXe 4aCTOTHble NpeoGpasopartenu tuna ITYP-2 u mpoussomcTBa BUHCKOIM
¢upmb1 Strgmberg, Ha OcHOBe KOTOpPBIX cO3maHbI M paboTatoT cBbime 10 cH-

CTEM 3BTOMATHYECKOTO perynMpoOBaHUsA pexuma paGOTBI KaHaAIN3aIIHOHHBIX -

CT2HIMii C arperaTaMi MOIMHOCTBIO OT 75 Ko 160 xBr. Cucrema perymupoBa-
HAA ¢ TPUMCHEHHEM YacTOTHOrO mnpeoGpazopatens Tuna SAMI ¢upmst
Str¢mberg mmrenpHOe BpeMs sk crimyatupyetcst Ha Hopo-Haratumcioit cran-
MM, 0becreynBas 3KOHOMHIO INeKTpodHeprun 7 —8% obiero ee moTpe6-
TeHus.
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YacrotHble TipeoOpasoBatelld GupMel Strgmberg — BhICOKOHANEKHBIE H
JOCTATOYHO KOMIIAKTHbIE CpELCTBa pPeTyJIMpOBaHUsI HACOCHBIX arperatos.
Inst  ofecneyeHus pPaBHOMEPHOrO MCIONb3OBAHUA HACOCHBIX arperaroB
IpeyCMAaTPHBAETCS YCTPOUCTBO, ¢ MOMOLIBI0 KOTOPOTO OHH MOTYT MOOUe-
peHO MOIKITIYATECA K OTHOMY NpeoOpasoBaTeno.

BozoiipoBojHble CTAHUMH C YACTOTHBIM 3NeKTponpuBofoM. YacToTHEIE
SJIEK TPONIPHBONBI PUMEHAIOTCA HA DAfle BONONPOBOIHBIX HACOCHBIX CTaH-
it (TpeUMYILIECTBEHHO CTaHUMH NOMKAYKH), OCHALICHHBIX HACOCHBIMH
arperatamMi MomqHoctsio g0 200 xBt. Hanmpumep, mBe MOCKOBCKHE Hacoc-
Hble CTAaHIMH MONKAYKH, paGoTaroiiie B OOIIYI CETh, OCHAIIEHbI YACTOTHBI-
Mu npeofpasosatensaMu GUpMbE Str¢gmberg, BxmoueHHbiMu B CAY. [lo
IPeIBAPUTENBHBIM JJAaHHBIM, INIPUMEHEHHE PEryJIMpyeMOro 3MeKTPOIPUBO-
Ia Ha 3TOM 0OBbeKTe CHIKaeT NotpelsieHue dNeKTposHeprud Ha 10—12%
H TO3BONAET CTabMIM3MpOBAaTh HANOP B IUKTYIOWIEH TOUKE B 3aJ4HHOM
npemene (32+ 1) m [11].

WsBecTHbl Ccryuad NOpYMEHEHHs OTEUECTBEHHBIX YaCTOTHBIX Mpeobpaso-
pareyieit Tuna ITYT B r. Xappkose, Tura IKT — B r. Jlenunrpane u ap.

Kanamu3anMoHHasi HAaCOCHast CTAHIMA C NPHBOAOM Ha 0a3e BEHTHIHLHOTO
anekrponsuraress [10]. Ha Ounesckodl KaHaMM3alMOHHON HAaCOCHOM CTaH-
mHu T.MockBm BHempeHa CAY ¢ MCIONb30BaHUEM 3JIEKTPONpHUBOAA Ha Oa-
3¢ BEHTWIbHOTO JnexTpoapuratena. M3 imecru HacocoB mapxu 30-0B-17,
YCTAHOBJICHHBIX Hd CTAHIMH, OJMH W3 HMX OCHAmiEH TAKHM 3JIEKTPONpPHBO-
oM ¢ mpumeneHuem npeoGpasoartens ITUBH, paspaGorannoro HUM X3M3.
Mommnocts anextporpusoga 1600 kBr, Hampskenne ppuratend 10 kB.
[peo6pa3oBatens MOAKIIIOYEH K MHTAIOLIEH IEKTPOCETH YePe3 TOHMKAIOIMH
cyxoit TpaHchopmarop mowmoctbio 4000 xB-A, a gpuraten — K Ipeob-
pa3oBaTENI0 Yepe3 TAKO#M ke MOBbINIaoIMit TpaHchopmarop. B coctas mpe-
06pazoBaTeNii BXOOMT TaKXK€ THPUCTOPHBIA NpeoGpasoBaTenb A/ NMATAHASM
CHCTeMBI BO30YXJEHUs CHHXPOHHOTO 3JIeKTpOABHIaIesifi, KOTOpPBIH IPH
BHEJ[peHHH TEKTPOIPHBOAA HE 3amMeHAncA. CHCTeMa YNpaBlleHHs 3JIEKTpO-
IIPUBOJIOM Hacoca aHATIOTMYHA BhIIIEONMCAHHBIM. B KauecTBe maTumka ypos-
HA UCTIONIB30BaH BO3/IYUIHBIA KOMOKOIN U AudMaHoMerp ¢ BhixomoM 0—5 MA.
B cucreme ynpasnenus ucnonb3onad [IH-perynarop tuna P-17. HpumeHenue
CAY ¢ perynipyeMsIM IEKTPONIPMBOZIOM CHH3MJIO TOTpelblieHHe 3NIeKTpo-
sHeprud nipuMepHo Ha 1200 Teic. KBT-u B rop, ynmyunmio ycloOBHS 9KC-
ITyaTalldd  HACOCHOTO OGOpYHOBaHHMSA, OOGNErYwIo ycioBHA paboTel Omepa-
TUBHOI'O [IEPCOHANA.

Ananus pa6otel CAY ¥ BBINOMHEHHBIE pacueThl NOKa3bIBAalT, YTO 060-
PYHOBaHHE aHAJIOTHYHBIM 9JIEKTPOIPHBOIOM BTOPOFO HACOCHOIG arperara
NO3BOMWIO 6bl YBENMUHTh 3KOHOMHIO 3JIeKTpOdHeprud mourn Basoe. Ha
CTZaHIMM MPOLUIO POBEPKY YCTPOHCTBO, UCKIIIOUAKINee paboTy perynmupye-
MOro Hacoca B 30He Hu3kux KI1JI.

BogomnpoBontsle HAacOCHBIE CTAHIHH C JIEKTPONPHBOAOM Ha f0ase BeH-
THIIBHOrO aneKTpomBuraTens. B r.Mockse Ha CeBepHOll BOJIOTIPOBOJHOM
CTaHUMM OMH M3 BEPTUKAJIBHBIX HacocOB Mapkd 32B-19 ocHawleH IpHBO-
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IIOM TaKOro >Xe THIIA, KOTOPbIA IMpuMeHeH Ha OuneBckoll KaHAIH3aUHOH-
HOit HacocHoi craHumu. CucreMa ynpaBreHus HacocHbIM arperatom Cesep-
HOH BOMNONMpPOBOIHOH CTAaHUMH B OTJIHUME OT KaHAIM3aMOHHON obecreun-
BaeT CTabMWIM3aIlMI0 HAaopa Ha HANMOPHOM KOJJIEKTOpE CTaHUWM, a He ypo-
BEHb XHMIKOCTH B pe3epByape.

Beumy Toro 4ro B OHEBHOe BpeMs oOluee YMCIO HACOCHBIX arperatos,
paGoratomx Ha CeBepHOH BOHNONPOBOMHOH CTaHUMM, HocTuraer 12-—15,
OIMH pETYMHPYEMBIi HACOCHBIM arperar He MOXET OKa3aTh BIIMAHME Ha
OHEBHOH peXHM paborbl 0ObexTa. Ilo3TOMYy perymmpyemMeii HacOCHbIH
arperar. CeBepHO# BORONPOBOMHON CraHUMH paBoTaer TOMBKO B HOYHOE
BpeMs, Korga B paGoTe yuactBylT 4-5 arperatoB. Ha kommextope Ha-
COCHOH CTaHIMM B HOUHOE BpeMfA NONAepXHBaeTcs HANop, paBHBI 36 M,
a He 42 M, KaKk JHeM.

JxoHOMHA 3NMEKTPOsHepruM 3a cuer npumenenus CAY c¢ perynu-
pyeMbIM  3JIEKTPOTIPHBOMOM U 3TOr0 OGBeKTa COCTaBNIAET INPUMEPHO
2,2 mnu.KBT-u B rom. [his Toro uro6er CAY Morna MCosb30BaTbCs KPYT-
JIOCYTOUHO DETYIMPYEMBIM 37€KTPONPUBONOM, AOKHO - BHITh OCHALIEHO
5—7 arperatoB M3 Bcero Mx uucna Ha craHmuM. [Ipu stom Ha rpynny us
2-3 HEepEryJMPyeMbiX HAaCOCHbIX arperaToB B pabote OMKEH HAXOOUTBCH
OIOUH perymipyeMsiii. B 3THX ycC/TOBHAX 3KOHOMHSA IEKTPOIHEPTHH MOXET
661> yBesMYeHa 7o 15 muH. xBT-4 B rog. ;

MomHble aMeKTponpuBOAbl Ha 0a3e BeHTHIIBHOTO 3ne1<'rpommrarena
MOWHOCTEI0 5 MBT npuMeHeHs! B Kackaje HaCOCHBIX CTaHIMA XapbKOBCKO-
ro omgompoBoga. llpumeHeHue TakMX 3MeKTPONPHBOAOB IO3BONMIO CIKO-
Homuth 30 220 thIc. KBT -u/rop [36].

MHorockopocrHble IeKTPOHBHTATENIH B HA3COCHBIX ycranoBkax [9].
HupkynAupoHHbIE HaCOCHBIE CTAHLIMM HEKOTOPHIX MOCKOBcKHX-TIL] ykom-
IUIEKTOBAHbl BEPTHKAILHBIMH HAaCOCHBIMH arperataMu ¢ ABYXCKOPOCTHBIMHU
mBuratenamMu Mapku JIBIIA215/64-16-20K. Y3 cemu HacocoB KaXcIo# CTaH-
IMH [IBa NPUBOIATCA BO BpallieHHe 3TAMHU JNIeKTpoaBHrarensamu. HomuHans-
Haa MouiHocts naBurareneit 1400 kBT, yacrora Bpamenus 375 u 300 o06/MuH.
Hamqure TakmxX HAacOCHBIX arperaToB NO3BOJAET JIydllie NPUCNOCaGIMBATh
pexumM paboTel HACOCHOHM YCTaHOBKHM K pexXHMy paGotsl remnoceru. Ipume-
HAKTCA OBYXCKOPOCTHBIE 3MEKTPOOBUTATENM W B BOJONPOBOMHBIX HACOC-
HBIX yCTaHOBKaX.

20. TEXHUKO-DKOHOMHYECKAA 39PO®EKXKTHUBHOCTH NPUMEHEHUA
PET'YJIHPYEMOTI'O 3JIEKTPOIIPHBOZIA B CAY HACOCHBIX YCTAHOBOK

TlpumeHeHHe perymupyemoro snexrponpuBoga B CAY HACOCHBIX ycTa-
HOBOK, C OJHOM CTODOHBI, YMEHbIUAET NOTpeGlieHHe IHepru, ¢ APyrod —
TpebyeT ONONHMTENbHBIX KalMTANBHBIX 3arpar. Ilo3toMy uenecoo6pas-

HOCTb NPUMEHEHHA perympyeMoro ssiexTponpyBoga B CAY HacoCHBIX -

YCTaHOBOK OIpeNeNAeTCA CPaBHEHHWEM IIpMBEICHHBIX 3aTpaT [OBYX BapuaH-
TOB: 6330BOTrO0 M HOBOT O. 3a HOBbIH BapHaHT NpHHUMAeTCA Ha-
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COCHAasg YCTAHOBKZ, OCHALICHHAA DETyIMpyeMbIM O3IIEKTPOIPHBOMIOM, a 3a
6a30BbIil — yCTaHOBKaA, arperarthl KOTOpOH paboTalwT ¢ HOCTOSHHOM 4acTro-
TOM BpaItieHu.

B cooTBeTCTBMM C OOLICTIPHHATON MeTOmMKO# [29] mpuBenmeHHbIE 3aTpa-
Thl OTIPE/IENIAIOTCA BbIPAKEHHEM

3 =C + EK, 79

rae 3 — IpUBeNcHHbIC 3aTpaThl Ha eMHMIY Npoaykimu, py6.; C — ceGe-
CTOMMOCTb E[MHUIB! IpoayKuuu, py6.; K — yrenbHble KanMTajibHBIE BIIO-
XEHHAA B MPOM3BOMCTBEHHbIE GOHIBI, py6.; £ — HOpMaruBHBIH K03(pH-
MeHT 3¢ GeK THBHOCTH KAIUTAIIBHBIX BIIOKEHHHA.

B HacocHBIX YCTaHOBKAaX 32 eQUHHLIY IPONYKLUWH NMpUHAMAaeTca o0beM
YKHUIIKOCTH, lle peK aunBaeMbiii 3a rog [40].

PasHuua B OpHMBEJIEHHBIX 3aTpaTaX [0 BAapHAHTAM paBHA

A3 =Cg + EKg - Cy - EKy = AC+EAK, (80)
I7ie MHAEKCOM ’6” 0603HaueHbl 3arparsl 10 0a30BOMY BapHaHTy, a "H” —
[0 HOBOMY

Pasuuia B ce6ECTOMMOCTH NPOIYKIMH OIPEENIAeTCS BhIPAXKCHHEM

AC = AC,, + ACp + AC; — AA, (81)

roe ACy — CTOMMOCTh IEKTPOIHEPTHH, CIKOHOMIEHHOH B TeueHHe Iona
32 cueT MPHMEHEHHA PeryMpyeMoro snekTponpusoga; ACy — CTOHMOCTh
yTeueK ¥ HENMPOM3BOMMTENBHBIX PACXOHOB BOMBI, YMEHbINEHHRIX 33 CueT
NIPUMEHEHHUA pEerylMpyemMoro snexrponpusofma; AC; — CTOMMOCTh TpaHC-
nopra H 06paGOTKH yTedeK H HENPOH3BOIUTENBHBIX PACXONOB CTOUHOM BO-
Obl B CHCTeMe BOZOOTBefeHws; AA — u3MeHeHHe aMOPTH3alMOHHBIX
OTUMCTIEHHH, OBYCIIOBJICHHOE U3MEHEHHEM KAalMTANBHBIX BIIOXKEHWUHA B CBi-
3U ¢ IPHMEHEHNEM PEryIIMPYeMOro JEKTPOIPUBO/IA.
CTOMMOCTh CIKOHOMJICHHO#H 3IIEKTPO3HEPruy

AC, = AWIL,; (82

rae AW — skoHOMEA 3neKTpodHepruwm, kBr-u; I, — tapud Ha amexrpo-
suepruw, py6/kBr-u [38]. Ilpu meyxcraBounom Tapuge Gepercd craBka
TOJIBKO 33 U3PACXOJIOBAHHYIO 3JIEKTPOIHEPIUI0, TAK KaK OOBIYHO IIPHMEHE-
HUE peryJHMpyeMOro 5IeKTPONpPUBOMA He BJIMAET HA MAKCHMYM 3asBJIeH-
"oit momHoct4. Ilpu opHocraBouHom Ttapude I, = 0,04 py6/(xBr-4),
32 MCKIOYEHHEM  OTHENBHBIX  pailoHoB  crpamsi, rme If, = 0,06+
0,1 py6/(xBt-4). Ilpu psyxcrasouHom Ttapude I, = (0,015 =+
0,025) py6/(xBr.u) [38].
CTOMMOCTb CIKOHOMIIEHHON BOSIBI

ACo = AQIy, (83)

roe AQ — sxonomust Bompl (cM. §9), m*; Llp — cronmocTs BOJSI, py6/m>.
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Puc. 82. HononHUTENEHBIE KANUTAIBHBIE 33TPATHI, 06YCIIOBIICHHBIC IPHMEHEHUEM Pery-
JIMPYEMOTO NIEKTPONPUBOMA:

1 — HMC; 2 — no cxeme ABK; 3 — uacrotHoro; 4 — Ha OCHOBe BEHTHJIBHOIO
WIEKTPOABUTATeN S

I8 pasiMUHBIX CHCTEM BONOCHAGXEHMA CTOMMOCTb BOMBI KONEGIETCA:
IIp =0,015+0,1 py6/m>.

3atpaThi Ha TepeKauky M 06paGOTKY yTeueK M HelpOM3BOIMTENBHBIX
PacXON0B CTOUHOM BOTIB! B CHCTEME BOTIOOTBEEHUA

AC, = AQI,, (84)

rne LI, — cronMocTs mepexauxy M o6pabotky 1 M> CTOUHOH BOIEI, llq =

= 0,03+ 0,05 py6/m°.
AMOpTKSaIﬂ/IOHHbIe OTHHCJIEHHA 3aBHCAT OT 3HayeHuda AK:

AA = AAK, (85)

roe A — aMOpPTH3AIMOHHBIE OTYMCIICHMS OT KAalHMTAIbHBIX BIIOXKeHH#, %.
Cornacio [32] mns smextpuueckoro obopymoBamma A = 8,1%, mna Haco-
coB 19%, mns 1py6onpoBogHoii apMatypsl 21,3%, miust CIpouTeNnbHOM vac-
TH 30aHUH U coopyxeHuit 2,6 %.

JlonomnHuTeNbHblE KANHTANBHBIE BIOXEHHs, CBA3AHHBIE C NPUMCHEHHEM
perynHpyemMoro -anexrponpusoga B CAY HAaCOCHBIX YCTAHOBOK, 3aBHCAT
TIpEXJIe BCEro OT BHJIA 3IEKTPONPHBOJA U ero MoiiHoctd. Ha puc. 82 npen-
CTaBJIEHb! 3aBUCHMOCTH HOTOJHHMTENBHBIX KalMTAbHBIX BJIOXKEHUHA OT MOIII-
HOCTH pjif HauGoJlee DPACTPOCTPAHEHHBIX B Halllell CTpaHe perymupyeMbIX
3MeKTPONPHBOIOB. Pasymeercs, ITHMH 3aBHCHMOCTAMH CJIEYET HOJIB3O-
BaTbCA VI pacueToB OOLIEr0 XapakTepa. A KOHKpPETHBIX YCTaHOBOK
AK cnegyer onpepensth 1o HCACTBYIOUIMM INpeRCKYpaHTaM M lEHHUKAM.
OnHako NpUMEHEHHE PerylMpyeMOoro 3jeKTpONpMBONA YBETMUMBAET Ka-
IMTalbHBIE BIIOXKEHHUS TOJIbKO B TOM ClIydae, €C/IM OH HpHUMEHseTCA B Jei-
CTBYWLIEH HACOCHOH YycTaHOBKke. IIp¥ CTpOMTENbCTBE HOBOH MM PEKOH-
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CTPYKUMH CYLIECTBYIOIIEH YCTAHOBKH IPUMEHEHHE Pery/MpyeMOro 3iIeK-
TPOIIPMBOAA MOXET CHH3HTh CyMMAapHble KallMTajIbHbIe BIIOXEHHA Orlaroma-
pA YKPYNHEHHIO ENMHMYHOH MOLIHOCTM HACOCHBIX arperatoB M yMeHbllle-
Huio Hx uucna (24, 40]. Ilpy OTCYTCTBHH perynmupyeMoro 3neKTpOIpPHBOIA
Ha CTaHIMAX YCTaHaBIUBawT Gonploe uucso arperatoB (o 10—12) otHo-
CHTEIBHO HeGOMBILOH MOUIHOCTH. B pane cnyuaen GepyT pasHOTHIIHBIE HACO-
Cbl WJTH HACOCBHI OJIHOTO THIIA, HO C Pa3NMYHBIMU IHaMeTPaMu paBowx Kojec,
Taxoe perienue compskeHo ¢ GOMBUIMMM TabGapuUTaMH 3IAHMH HACOCHBIX
CTAHIMH.

IlpumeHeHHe B HACOCHBIX arperarax peryjMpyeMOro 3JeKTpOTpPHBOLA
HaeT BO3MOXHOCTH HCIONIB30BATh KPYIHBIC HACOCHBIE ArPerarhl B PeXUMe
Manbix nofad. bnaropapsi 3ToMy MOXHO, YBENIMUHMB €IMHHUHYI0 MOUIHOCTH
arperaToB, YMEHbLIMTh UX OBUICE UHCNIO H, CIeJIOBATENBHO, YMEHBIMTH [a-
GapuThl 3[aHUi, YIPOCTHTh THIPABIIMYECKYI0 CXEMY CTAHIMH, YMEHBLIMTb
WCTIO TPYGOMpPOBOIHOM apMaTyphbl H YHMCIO AYeeK B INMEKTPHYECKOM pac-
npepenuTensHom yerpoiictee (PY) u 1.1, B pesynsrate npumeHenue pery-
TUpYeMOTO JJIEKTPONMpPHBOJIA HE TONBKO HE YBENHUYMBACT KAIMTANBHBIE
BITOXKEHHUA, HO AK€ YMEHBIIAET UX [PH ONpPeAesIeHHbIX YCIOBHSX.

BbInosiHeHHble pacueThl MOKA3adM, YTO [PUMEHEHME pEryIIHpYeMOTo
IMEKTPONPHBONIA B COUETAHUM C YKDYIIHEHUEM €AWHUYHOM MOIIHOCTH NMO3BO-
JAeT YMEHbILMTH TIpUBeeHHbIe 3aTpathl 40 50% [24].

Ha puc. 83 moxa3aHbl rHIpaBIMuecKas CXeMa M CXeMa pasMelleHus 060-
PYZOBaHHA ABYX BAPHAHTOB BOAONIPOBOOHOM HACOCHOM craHimH. HomuHasns-
Has mofava craHimyu 260-270 Tthic.M® /cyT, HOMHHATIBHBIH Harop 70-75 m.
B nepBoM BapuaHTe NpemycMaTpMBaeTcs yCTaHOBKa 8 HacocoB J13200-75
mouHocTso 800 KBT ¢ 3MeKTPONPHBONOM OT CHHXPOHHBIX HEpETYIHpYe-
MBIX 3fleKTpojiBUraTesneii. Bo BTopom BapuaHTe NpenycmartpuBaeTcsi ycIa-
HoBKa 5 Hacocos 16300-80, B Trom wicne aBa M3 HMX OBOPYMYIOTCH pery-
JMPYEMBIM 37IEK TPONIPUBOLOM 110 cxeme ABK.

CpaBHeHueM [BYX KOMIIOHOBOK YCTAHOBJIEHO, UTO pasMepsl 3[aHUA
CTAHUMH 1O BTOPOMY BapHaHTy MeHbIIe Ha 15 %,uem no iepeomy. [lpu 3Tom
CYUIECTBEHHO YNPOCTANACh THApPABIMYECKas CXeMa, a 3NEKTPHYECKHE CXe-
MBI 0 OGOMM BapuHaHTaM HE3HAUMTENBHO OTIMYAIOTCA [pyr OT apyra. Pe-
3ynbTaThl pacuera [24] NMOKa3bIBAIOT, YTO KANMTANOBIIOXKEHUA MO IIEKTpPH-
YeCKOH YaCTH H3-33 HPUMEHEHHA DEryiHpyeMOro 3ieKTpONpHBOA BO3pOC-
mu ¢ 83 1hic.py6. no 140 ThIC.py6., NO THAPOMEXAHHIECKON YACTH OCTAIIHCH
Be3 W3MeHeHMit, mpUMepHO 54 ThIC.py6., IO CTPOMTENBHOR YacTH YMEHBIIH-
mmeb ¢ 387 toic.py6. g0 310 1hic.py6. [IpuBereHHble 3aTpaThl IO BTOPOMY
BAapHAHTY C YYETOM, JKOHOMHH 3NIEKTIPOIHEPTHH, BOMBI M KaNMTAIIOBIOXE-
HUH yMeHpUIMHCh Ha 42 %.

Taxum 06pa3om, NpuUMeHeHHe perylupyeMOro 3MeKTpONpHBOAA B Ha-
COCHBIX YCTAHOBKAX IO3BONIAET HApAAY C JKOHOMHEH 3JIEKTPOIHEPIHH M
BOIOBI YMEHBIUMTb UYHMCIIO HACOCHBIX arperaroB, YIPOCTHTh THIpaBiMyYec-
Kyl CxXeMy CTaHUMH, YMEHbUMTh CTPOMTENbHbIE OGbEeMBI 3[aHHA HACOC-
HOHA CTaHIMU. B CBA3M ¢ 3THM BO3HMKAIT BTOpHMYHBIE 3KOHOMHYeCKHE 3¢-
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Puc. 83. YkpynHeHue e AMHHUHOM MOIIHOCTH HACOCHEIX aTPeraToB: )
4 — THApPaBIMMECKas CXeMa BOJOIPOBOMHON HacoCHO# cTanuuH ¢ 8§ HACOCHBIMMH

arperatamu MolHocTsio 800 xB1; 6 — To ke ¢ 5 arperaramu MouHocrsio 1600 kBT, .
B TOM umcle OBa C MeKTponpuBomoM no cxeme ABK; & — pasmemeHue 8 arperaron

MomIHOCTHIO 110 800 KBT; ¢ — To ke § arperaros MouHOCTH0 o 1600 kBt
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(eKThI: yMEHBIIAOTCA pacxombl HAa OTOIUIEHHE, OCBEIICHHE M PEeMOHT 3[1a-
Hus. [IpuBeNieHHbIe 3aTpaThi B 3aBHCHMOCTH OT Ha3HAYeHMA CTAHIMA U nopy-
[HX KOHKPETHBIX YCNIOBHH MOTYT OBITh COKpamieHsl Ha 20—50%. OcoGoe
BHYMaHHEe CriefyeT o6paruth Ha nenecooBpasHocTs YKPYIIHEHHA €[UHUY-
HOW MOUIHOCTH HAaCOCHBIX arperaroB B PEKOHCTPYHPYEMBIX YCTaHOBIAX
TIPH YBETIMUCHHM HX IPOM3BOIUTENLHOCTH. PacueThl, BBINOIHEHHbIE IA pi-
ma 00BEKTOB, MOKA3aJIH, YTO TAKHM 06pa3oM MoxeT GbITh yBeluueHa Mpo-
M3BOJMTENIBHOCTD HACOCHBIX CTaHIMit Ge3 pacllMpeHNs WX IPOM3BONCTBEH-
HBIX TUIOIIA/IEH

Bmecre ¢ tem pacuersi u amamus 3 (PEeKTHBHOCTH perynupyeMoro smex-
TPONIPABOMI B JCHCTBYIOLMX HACOCHBIX YCTAHOBKAX MOKA3bIBAET, YTO B
Hebonbw MX HACOCHBIX YCTAHOBKAX C 4rPEraTaMH MOIHOCTHIO mo
75 xBrt, ocobenno B Tex CnyvYasx, Korga oHd paGoTaioT ¢ GonpmIOH CTaTH-
YeCKOH COCTABIAIOLICH HANopa, OKa3BIBAETCA Hellenecoo6pasHbIM npHUMe-
HEHHE pETYNHPYEMBIX NIEKTPONPHBONOB. B 3THX Ciyvasx uenecoobpasHo
TNIpUMEHATH Gollee NMPOCTBIE CHCTEMBI PETYTHPOBAHUA C IpEMEHEHHEM [pOC-
CENIPOBAHHSA, H3MEHEHHS YMCNAa paGOTAlOLMX HACOCHBIX arperaTos, Gaii-
nacupopanuA. llocnemuuit croco6 oco6enno HesiecooBGpaseH B Cyyae wuc-
TOJIB3OBAHUA HACOCOB C BO3PACTAIOLMM YYaCTKOM HANOPHOM XapaKTepHc-
THKM M GOMbLIOH TITyGHHON pEryNMpoBaHMA, TAK KaK OH MO3BONAET H36e-
KaTb mOMIaxa.

HopmpoGHoe u3noOXeHWe METOMMKH OMpeNeNieHHs  IIeNecooGpa3HOCTH
TIPUMEHEHUA  peryupyeMoro snexrponpusoga B CAY HacOcHBIX ycraHo-
BOK C YK23aHMEM 1IEH Ha OGOpYIOBaHME M [PYyrHX CHPaBOYHBIX NAHHBIX
copepxwurcia B [40]. .

21. PEKOMEHJIAIIEM 110 NIPUMEHEHMI0 CAY
C PETYJIMPYEMBIM JJIEKTPOIIPUBOJIOM B HACOCHBIX YCTAHOBKAX

B b1 6 0 p amexTponpuBOmA IA KOHKpETHO#M YCTaHOBKH OCYILECTBJIsA-
€TCA C YYCTOM pa3sjIMYHBIX (PAKTOPOB: COOTHOIUEHHS CTOMMOCTH obopy-
IOBaHH M INIEKTPOIHEPrMH, YCIOBHH IKCINyaTaluu, yno6eTBa pasMe-
IIeHHst OGOpy/IOBaHMA, THIA YCTAaHOBJIEHHBIX HACOCOB M 3NIEKTPOJBHraTe-
7ledl, YMCTa HACOCHBIX arperaTtoB H HX MOLIHOCTH, KBaUTHUKAIMKH 06CIy-
’KHBAIOWIEr0 MEepCOHAA, BO3MOXHOCTH YMEHBIICHMSA UMCIIA YCTAHOBIICH-
HbIX HACOCOB 33 CYET YKPYNHEHUs EQMHMYHON MOIUHOCTH arperatoB M
T.1. Pasmuuen mopxom k BeIGOpPY amexTpompuBoma mis CYIECTBYIOUMX
(meficTByrOUMX), BHOBB HPOCKTUPYEMBIX H DPEKOHCIPYUPYEMBIX 00beK-
ToB. Benencreue 3toro He cymectsyer kakoro-nmbo omgHOro B2 3MEK-
TPONPUBONA, KOTOPbIH MOIDKEH IPHMEHAThCA BO BCEX HACOCHBIX YCTAHOB-
Kax Apy 00X YCIIOBUAX MCIOAb30BaHHUA.

Hpumenerne CAY ¢ perynupyemsim INEKTPONPHBOZOM
lienecoo6pa3Ho 0GBIYHO B TEX CIIYYasIX, KOTHA:

HacocHasi BOJONPOBOJHAs YCTAHOBKA MOJA€T BOMY HENOCPENCTBEHHO
B ceth (HacocHsle crammau II, III mombemos, CTAHUMH TOIKAYKH M T.IL.);
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06beM TNPHEMHBIX DPe3¢PBYapoB KaHA/IM3AIMOHHBIX M HHBIX HACOCHBIX
CTaHIMii He TPEBHIIIAET OGBIMHBIX Pa3MEpOB, T.¢. eT0 eMKOCTE He NpeBbIllia-
er 5—10-MuHyTHO# TOfIauM HauGosee KPYNMHOTO HACOCA;

IMama3oH KoyeGaHus BOAOTOTPeG/ICHAS I NPUTOKA HOCTATOYHO BOJIb-
ot (He menee 15—-20% MAaK CHMATTBHOH ITOfIAYA) ;

[MHAMMYECKAA COCTABJAMOIIAA BOJIONOMAYM JIOCTATOUHO Gonbiast  (He
menee 20—30 % o6iielt BRICOTBI TOAbEMA HHUIKOCTH) .

B OTJeNbHBIX CNydYasX, Hampumep i OGecrieueHus paBHOMEPHOTO pe-
JMMa paGOTBL OUMCTHBIX COOPYKCHHH, enecoobpa3Ho NpUMEHEH#e pery-
JIMPYEMOrO 37eKTPOTIPUBOJA B HACOCHBIX yCTAHOBKaxX 1 mombema BOIO-
npoBOIHbIX craHImi. IIpuMeneHue CAY ¢ perynupyeMbIM 3J1eKTPOIPHBO-
[OM JKOHOMHMUECKH eyiecOO0pasHO MNpH MOLIHOCTH HACOCHBIX ar peraroB
75100 kBT 1 BbILIIE,

B HacoCHBIX arperarax MOIIHOCTBIO 75-220 kBt HauGonee uenecoob-
pasHO TpUMEHEHHME DeryIHpYeMOro 3MeKTpONpuBOfa C YacTOTHBIMMU . TIpE-
0Bpa3oBaTensiMu WIH WUMC, a [ns HacocOB MOUHOCTHIO 250—2000 xBr
HauGostee TOMXONAIMM SBIACTCA 3NEKTPONPHBOLL IO CXEME ABK. Ins
arperaTtos 6010 MOIIHOCTH, JO 1600—5000 kBT, 0cOGeHHO BepPTHKAIIb-
HBIX, LEIecOO6pasHO MPUMEHATh EKTPONPUBOM HA OCHOBE BEHTHJIBHOTO
mBUrarTensd. .

IlpuBesieHHbIE PEKOMEHNIALMM HOCAT obumil Xapakrep ¥ ClpaBelJHBbI
TIpH CyLIECTBYIOWIEM COOTHOLIEHHH IeH Ha IMEKTPOIHEPTHI0 U 0GOpyHoBa-
Hie, UCHONb3yeMOe B 3MEKTPONPHBONE, d TAKXC IpH OEHCTBYIOIMX HOP-
Max aMOpPTH3alLHK i CPOKaX OKYHaeMOCTH.

C yueToM KOHKPETHBIX yC/IOBHA /M TIPH M3MCHCHUH HCXOIHBIX DAHHBIX
rpaHMIpl  OGACTH eNeco0GpasHoro NPHMEHEHIA CAY ¢ peryampyeMbiM
TeKTPONPUBOAOM MOTYT M3MEHAThCA B Ty WIM MHYIO cropoy. Tak, Ha-
npuMep, iA arperaros 750—-2000 xBT, KaK OTMeEYaioch Bblllie, HanGo-
Nee 1enecooGpasHo TPUMEHEHHE PEryJIHPYeMbIX NEKTPONPUBOLIOB O cxe-
me ABK. Ommako 3TOT BMA, JJIEKTPONpPHBOMA MOXCT GbITh UCIOJIb30BAH
TOMbKO B FOPH3OHTATIbHBIX arperarax, TaK KaK JMEKTPOBUIATENH C tas-
HBIM DOTOpOM, HeoOXOMUMbie [If ITOTOo NPUBOMA, B HacTosfllee BpeMs B
BepTHKATBHOM HCIOJIHEHHH  ITPOMBILIICHHOCTbIO  HE H3TrOTaBIMBAIOTCH.
[losTOMy B BepTHKAJIbHBIX HACOCHBIX arperarax MOIIHOCTBIO 8002000 xBr
NPHMEHSAIOTCA 3NEKTPONIPHBO/IBI Ha OCHOBE BEHTHJILHBIX 371K TPOJIBHIA-
TeneH.

B HaCOCHBIX YCTAHOBKAaX MOLHOCTblo 75-220 xBr KOHKY peHToCnoco6-
HbI [[BA BHAA JJIEKTPOIPHBONA: YACTOTHBIA M C MMC. JIns HacoCHBIX arpe-
ratos, paboraroumx ¢ 4acTOTON BpalleHUs 600750 06/MuH U MeHee, Tiepe-
[aBaeMblii MOMEHT CYIIECTBEHHO BO3DAacTaeT, U3-3a ITOTO rabapurst UIMC
SHAYATENBHO YBENWUHBAIOTCS H, CIIE[OBATENBHO, BO3pACTaeT CTOMMOCTS.
B TaKMX YCTOBMAX TIpMMEHEHWE YaCTOTHOTO 3NEKTPONPHBOAA CTAHOBMTCA,
TIpeoYTHTENbHER IMEKTPOTIPUBOAA © UMC. Bonee NONHbIE DPEKOMEHIA~

M 1O BBIGOPY BHOA DEryJIHPYeMOro jIEKTpONpHBONA /A KOHKPETHBIX:
HACOCHBIX YCTaHOBOK, OCHOBAHHbIC HA CPABHEHUM COMOCTABMMBIX BapuaH-
T0B, mausl B [40].

Hpumensa CAY ¢ perynupyembim IEKTPONPUBONIOM, IieNecoobpa:
CBECTH WUHCIIO HACOCHBIX arperaroB [0 MHHHMYMa. MHl’{HMaHbeIMp ",
HAaCOCHBIX YCTAHOBOK 1-il KaTErOpMM YMCIIOM HACOCHBEIX arperaTos ciie Sor
cuntath 4 (mBa paboumx, nBa pesepsHbIX). Ecmu aBa paGouux ar erarﬂyeT
MOryT obecreunth TpeGyeMylo MaKCHMasbHYI0 NOJady, HX lmcnop cnea o
YBEIHWMTH 710 5..B 510M Ccriyuae o6luee YHCIIO HACOCHBIX arperaTos o
OBITb 6—7, U3 HUX 2 pe3epBHbBIX. oo

PeryipyembIM onekTponpuBoaIoM pekomenyercs o6opynoBath 2—3 Ha-
COCHBIX arperata, ¢CNM Ha CTaHUMM YCTaHOBJICHO 4—6 arperatoB u 3—4
€CJIM Ha CTAHIMM YCTaHOBJICHO 7—8 arperaros. ,

Bo usbexanue 06pa3oBaHMA TAK Ha3bIBaEMbIX MEPTBBIX 30H B npouec-
Ce PErylMpOBAHHA HANOPHAA XapaAKTEPHCTHKA PEryaHpyeMOro Hacoca HOJDK-
Ha DaclONaraThCA HECKOJIBKO BBILIE XapaKTePHCTHKH HEperyJMpyeMoro
H'acoca. IlosTomMy perynupyembiM 3NeKTPONPHBONOM  criefiyeT 06OpyJo-
BQd_T;I .Hanﬁonee KpynHble HacoChl ¢ Haubosee IOJNOIOH XapakTepUCTMKOM

Ecrm mpepnionaraetcss ycTaHOBKa OFHOTHIIHBIX HACOCOB, CIEIYyeT HMETh
B BHIY, UTO MaKCHMAJIbHasA YaCTOTa BPAILEHUA PEryIMpyeMoro Hacoca IpH-
MepHO Ha 5% Huxe Heperymupyemoro. Ilostomy Hamo npuHHMATH uongn-
HHTEIIbHBIE Mepsl, oBecneunBatouye paboTy YCTaHOBKM 6€3 MEPTBBIX 30H
Taxoii mepoit saBisercss 06ToUKa pabounx Kosec HEpErynMpyeMbIX Haco:
COB TaK, YTOObl MX HAMOPHBIE XapPAKTEPHCTHKH PACHONAraUCh HECKONBKO
HIDKC HATOPHBIX XADAKTEPUCTHK DETYNMPYyeMOro Hacoca, paGOTaoliero ¢
M2KCHMaJIbHOH 9aCTOTOH BPALLCHUS.

OnpenensAs 4MCIO perynMpyeMbiX HACOCOB, CIEAYeT MMETb B BHIY, 4TO
MIOHWXKEHHE YacTOThl BPAILEHUS OIHOIO M3 HACOCOB MOJKET BBHI3BATH r’le e-
FPY3Ky HEpEryJHMpyeMbIX HAaCOCOB, BBIBECTH paGouMe TOUKHM Heperyim pe-
MBIX HACOCOB 3a Iipefesibl paGoueit 30HbI, cHu3uTh MX KIIJ] 1 B oco6o He[g;a-
TOIPHUATHBIX YCIOBUAX BBI3BATh KaBUTamuio. ECM Takue yoIoBHA HMeKT

MeCTO, peryMpyeMslil 37eKTPONPUBOL, NOIDKEH ObITh YCTaHOBJIEH Ha BCeX
HAaCcOCHBIX arperarax, a H3MEHCHHEe YacTOThl BPALIEHHHA HACOCOB, paboTa-
WX NapaiienbHO, HOIDKHO OCYMIECTBIATBCA CHHXPOHHO, T.C. OZI,HOBpeMeH-
;{Zﬂuoréa O[HO ¥ TO e 3HaueHHe. CHHXpPOHHOE M3MEHEHHE YacTOTHI Bpalle-
Hn o€ lic/:lr.letmaaercsi YOpaBIeHUEM BCEX HACOCOB OT OOuIed CHCTeMbl aB-
raTlZBcny:ée YCTAHOBKH PETyNMpYeMbIX U HEPETYJIMPYeMbIX HACOCHBIX arpe-

» paboratonx mapamiensHo, CAY HomxHa IpefycMaTpuBaTth He TOIBKO
H3MEHEHHEe YaCTOThi BpallEHWA peryiupyeMbIX HACOCOB, HO H H3Me-
HeHHe 4HCNa paboTalolmX HeperyiMpyeMbIX arperaToB. 1'[;)14 3TOM BKIIIO-
YCHME WITM OTKITIOYECHHE HepETyIHPYeMBIX aTPeTaToB MOJDKHO OCYIIECTBIIATh-
f::n 3a0/1aroBpeMeHHO, JI0 TOTO KaK MOfaua PeryNMpyeMOro Hacoca YMeHsb-
HH:I:;X;IL(()H f[‘ynesoro 3HAYCHUsA, 4YTOOBI MUCKITIOWMTHh paBoTy Hacoca B 30HE

IIpumenenne B HacocHbIx ycraHoBkax CAY ¢ peryjiMpyeMbIM 31eKTPO-
NpUBOOM TNpPEBABIACT Crenupmuueckue TpeGOBaHHA K THAPABIHYECKOMH
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CcxeMe HacOCHOH YCTaHOBKH. O6s3aTe/IbHBIM 3JIEMEHTOM ruupanmmecxoﬁ
cXeMBl ABIAIOTCA OOparHble 3aTBOPbI Ha HAMOPHBIX JIMHUAX PETYMPYEMbIX
HACOCOB, TAK Kak IIpH -pabore Ha MajbIX yacTOTAaX BpAlEHHA BO3MOXHO
oGpaTHOE HBHKCHHE XUIKOCTH. OGpatHbIe 3aTBOPHI peKOMeH/lyeTcs yCTa-
HABJIMBATb HAa TOPU3OHTAJIBHBIX YHACTKaX TpyOONpOBOLOB BO u3bexaHue
BO3HMKHOBEHHA [ONOJHATENBHBIX NOTEPD 37EKTPOIHEPIHH W3-32 TpOME-
XYTOUHOTO TOJIONKEHHA TapeITH oBpaTHOrO 3aTBOpa B MOTOKE B pexume Ma-
JIBIX MOJau.

Bornee noyMbie peKOMEHIAIMU TI0 TIpMMEHEHHIO PeryIHpyemoro 3TEeKTPO-
npusoyia B CAY HacOCHBIX yCTaHOBOK npuseniens B [40].

ITpunowenue 1

TexuuuecKHe X3PAKTEPUCTHKH YACTOTHBIX npeobpa3osareneit
mna YT [3, 14]

Tun mpeo6-  HoMuuambibIe Mapa- Mommocts I'aGapuTHbIC pa3- Crou-
pasoBaTens  MeTph NpUBOHO- Mephl (BRICOT2 X Macca, MOCTB,
o 3eKTpo- X HIMpUHA X IIIy- KT py6.

Hanps- Tok, Moul-  pgBuratens, 6uHa) , MM

Kenue, A HOCTb, KBT

B kB-A
MuT-11 380 50 33 18,5—22 1800x1400x400 670 .3740
muT-12 380 100 66 30-55 ©  1800x1400x400 730 4240
m4uT-13 380 160 106 75-90 1800x1400x600 1000 5620
MuT-14 380 200 132 90—110 1800x1400x600 1100 5870
MYT-15 380 400 264 132-200 1800x1600x800 1200 9150
TuT-16 380 630 416 250315 1800x1600x800 1300 9815
nuT-17 380 800 528 400 1800x2400x800 1700 11865

Hpumeuanus L PaspaGorunk : HUH X3M3, r. Xapskos. 2. HaroToBHTeNs:
X9M3, 1. Xapekos. 3. IIpeoGpajosatenn H3 roxH 400 A ¥ Bbmie JONOJIHUTENEHO
KOMIDIEKTYIOTCA PeaKTOpamH THIA ®POC (cM. npunosxenue 2) .
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Hpunoxenue 2
TexunueckHe XapaKICPHCTHKH peakTopoB Tuna ®POC
Tun npeo6pa- H -
3oBaTens Tun peaxropa Tox, A T;Bxlli):)‘::'rb, TaGapurhi, MM Macca,
Ml Kr

4T-15 PPOC-500/0,5 500 3,25

. , 500x475x700 340
I4T-16 ®POC-1000/0,5 800 5 630x630x790 510
m4T-17 ®POC-1000/0,5 1000 1,6 580x585x740 470

_— Mpunoxenue 3
HYeCKHE XapaKTePHCTHKH $acTOTHBIX npeoGpasosareneit
TTE, TTN {37]
Tun npeoGpa- Homunansinie Mo
LHOCTh Cron-
30BaTess ~ NapaMeTpsI npuponHo- TFaGaputibie  Mac- Moc:;

TO 3MeKT- Pa3MephHl, M

Hamps- Tox, Mour pomsura- P! pEI, MM Ca, KI' DYOG.
Kenue, A HOCTB, TN,

B KB-A xBr

TTE-25-380-5-50 YXJ14 380 25 16,5 JTo10 1400x600x400 150 3300
TTII-63-380-50 YXJI4 380 63 41,5 30-55 1600x600x600 300 4250
TTII-160-380-50 YXJI4 380 160 105 75-90  1900x800x600 405 5450
TTII-400-380-50 YXJI4 380 400 2635 132-200 2150x1600x600 1050 10400

Npumeuanusn Ll Pazpaorunx: BHUU “II
: 1. : peoGpa3oparens”, . 3aH0pOXEE.
2. Usrorosurens: [0 “TIpec6pasoparens™, r. 3anopoxme. ' ) p0
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Hpunoxenue 8

TeXsuMueCKKEe XaPAKTEPUCTHIH INEKTPOMArHNTHLIX MydT ckonbxennn cepum HMC [27,40]

Moment cunel, H-m

Homunasnlible 1TapameTphl

Tun UMC

CTOHMOCTS,

py6.

Ta6apurueie pas-

MEpEI, MM

Macca,
KT

HUnpyk-
TOp

Axops

Tox BO3-
Gyxpenus,

CkonpxeHnne,
06/mun

MOMEHT,
H'm

Bpamaitouit

607
778

610 x 380 x 254
700 x 480 x 318

65 35 180

1,0
14

100
50
50
50
50

75,6

NUMCM-7,5

350
590

75

150
800

216
392
736
981

HUMCM-20
UMCM40

1274
1739
1926
2600

915 x 650 x 670

400

1035 x 725 x 700
1075 x 725 x 760
1225 x 860 x 650

1170
1170
1740

650

1950
1950
3300

HUMCM-75

650

UMCM-100
HUMCM-160

1400

1570

NMpumeuanusn: 1. Paspaboruuk: FITH Tsoknpomanexrponpoekr. 2. Usrorosurens: Kupruskabensmar.

Ipunoxenue 9
Texuudeckne XapaKTe puCTHKH NPHGOPOB H CPELICTBA ABTOMATHIALHH,
Henonb3yemsie g CAY HacOCHBIX yCTaHOBOK
Ilpeobpa3zosareau 0agaeHUs € 3AEKTPUYECKUM GbIXOOHbIM CUSHAAOM

MasnoraGapuribiec M3MEpHTETbHbIe MPeoOPA30BATENH ¢ KOMIICHCALMENR Mar-
HuTHBIX mMoToKOB MIT3-MU (MaHoMeTphI) NpenHa3HAaueHbl il U3MEPEHUA
W36BITOYHOTO NABJIEHMA HEArPEeCCUBHBIX XHUIKHX MIH ra3000pasHbIX cpeft
U 1peoGpa3’oBaHuA ero B YHUQUUMPOBAHHBIH MEK TPUUECKHIT BBIXOHOM CHT-
Hal nocrosHHoro Toka. 0—5, 0—20 mumu 4-20 MA. BepxHue npepens uame-
penus 0,1; 0,16; 0,25; 0.4; 0,6; 1.0; 1,6; 2,5; 4; 6; 10; 16; 25; 40;
60 MIla. Kiacc rounocru 0,6; 1 wm 1,5. Marepuan peraneil, KOHTaKTH-
pYIOUIHX ¢ KOHTponHpyemoii cpenoit, — ciiaB 36HXTH u crans 12X18H10T.

Murtanwe npubopa NepeMeHHBIM TOKOM Hampsmkehuem 220 B uactoroit
50, Fu; norpeGisieMas MOIIHOCTh KISl MPHGOPOB C BHIXOAHBIM CHIHAJIOM
HocrosiHHoro Toka 0—5 MA — 5 B-A, misn npHGOPOB ¢ BBHIXOJHBIM CUTHa-
mom nocrostHoro Toxka 0—20 u 4-20 mA — 12 B- A. ConporusneHuc Ha-
rpY3KH, NOAKIIOYAeMOH HA BXOE MAHOMETPOB C YYETOM JIMHHH CBSA3H,
He Gonee 2,5 KOM TipH BepxXHeM 3HAUYEHHH BBIXOAHOIO CHrHana 5 MA H He
Gonee 1 xOm npu BepxtieM 3HaueHHH BBIXOJHOTO CHrHANA 20 MA.

[IpuGoprr mpepgHasHaueHsi A paGOTHI 1IpH TEMIIEPAType OKPYKAIMEro
Bo3ayxa or 5 nmo 60 °C u oTHOCHTENbHOH BaaxcHocTH o 98 %. To Tpe6o-
BAHHIO 33Ka3YMKa MpUGOPHI MOTYT MOCTABNATHCA I paBoTbl HPH TeMrie-
paType OKpyxamwiiero Bo3fyxa ot —30 o +60 °C.

T'aGaputHsie pa3mepst 225 x 160x266 Mm; macca 4 kr.

Ucronnenne: s HOPMA@IBLHBIX YCIOBHMH. 3KCINOPTHOE, TPOMHYECKOE.

HarotoButens — Kaaalﬂcxoe 10 »TemmoxoxTpONb”.

Baoxk pezyaupytowuii ananozossii PEA-1T

Biox npenHasHaueH i GOpMHpOBaHMA. CHTHANA paccOTiIACOBAHAA H
ero IMHAMMYeCKOro Ipeobpaizopanus B cooteercrsuu ¢ [1-, [TH-, ITH]-3a-

KOHOM DEry/IHpOBaHHsA C OrpaHMUYCHHEM BBIXOJHOTO CHIHajIa MO BEpXHEMY

H HIDKHEMY Y POBHAM.
BxojHble CHUrHams! nocroAHHOro toka: 0—5, 0—20, 4--20 mA; 0-10 B.
BoixoHBIE CHTHANBI HOCTOAHHOrO Toka: (—10)—(+10) 0-10 B; 0--5,
0-20, 4-20 MA. ~
TlorpeGnsiemas MomHocTh 15 B-A.
TaGapurHbie pasmepsr 80x 160x 537 mMm; macca 6 kT.
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BIOK BXOOMT B COCTAB ATrpPeraTHOro KOMIUIEKCA dHATIOTOBLIX IJIEKTpH-
yeckux cpepicrs perymupoBarus (AKI3CP), nocTpoeH 1o MoaynsHOMY pHH-
MOy Ha Ga3e MHTErPaTbHBIX MUKpPOCXeM. BiloKH yCTaHaBiUBAIOTCA B 3aKpbI-
THIX NMOMEUIEHHAX TPH TEMIEPAType OKpPYXawliero Bo3myxa ot 5 go 50 °C
M OTHOCHTeNbHOH BrakHOCTH 10 80 %. Okpyxkarowas cpena He JOJDKHA CO-
IepIKaTh arpecCHBHBIX NAPOB M Fa30B.

HUsrotosutens — 10 *Teodusnpubop”, r. UBaHo-OpaHKOBCK.

Baox pecyaupowuil anano2o8blii ¢ HENPEPLIGHBIM 8XOOHbIM
cuznaaom P17

Brnok npenHasHaueH JpiA BBUIOJIHEHMA cnemyoummnx dyHkuuii: anrebpan-
YeCKOIr0 CYMMHpOBAHHA M MAcIUTaOMPOBaHMA [I0 YeThIpeX BXOJHBIX YHU-
¢GHUMPOBAHHBIX CHTHANIOB HOCTOAHHOTO TOoKa. bnok obecneunpaer ¢popmu-
posanue 1o suiGopy II-, I1JI-, IIU- wu [IN]Jl-3ax0oHa perynupoBaHus, [IBY-
CTOpOHHee DeryJMpyeMoe OrpaHHueHHe BBIXOOHOIG CHrHAma, meMngHpo-
BaHMe CHTHAIA OTKJIOHEHHA, Ge3yJapHOoe HepeKITIoueHHe PeiXHUMOB paboThi
M pyuHOe YIpaBjieHHE BBIXOIHBIM CHTHAIIOM, BBEJcHHE CUTHANA 3a/iAHUA,
GopMHpOBaHHEe CUTHANIA OTKIIOHEHMA. BbIXOfHBIE CHTHanB! TOCTOAHHOTO
toka 0-5, 0-20, 4—20 mMA u 0+10 B. KoadduuuesT nponopiHoHambHoC-
™ 0,3—-100.

[locrosiHHas BpeMeHHM MHTETPHPOBAHHA B 3aBUCHMOCTH OT HCIOJHEHHA
20--2000, 5-500, 0,5-50 c. Ilocrosxnas BpemeHu pHddepeHIHPOBAHUA
0—600; 0—100 uwau 0—10 c. [locroanuas BpeMenu nemnduposanus 0—10 c.
HoTpednsiemast momHocTh 15 B-A.

T'aGaputhbie pasmepst 60x160x550 mm; macca S kr.

bnox BXOHHT B KOMIUIEKC PeTYIHPYIOWHX H (PYHKUHOHANbHBIX GIIOKOB
Ha MHKpo3leKTpoHHO# 6a3ze “Kackap-2”. IlutaHue Gnoxa ocyuiecTBrseTcA
nepeMeHHbIM TOKOM 220 B wacroroit 50 wmu 60 I'u. Bnok BemyckaeTcs B
TMpUGOPHOM HCHOJHEHUM, MpefHa3HaueH Ijif YTOIUIEHHOTO LIMTOBOTO MOH-
Taxka HA BEPTHKAJIBHOM IJIOCKOCTH B 33K PBITBIX B3PHIBO3AUIMINEHHBIX [IOMe-
IIEHNUAX TPH OTCYTCTBHM arpecCHMBHBIX KoMnoHeHToB. Paccunran Ha paGoty
P TEMIlEpaType OKpysaiouero Bo3ayxa or 5 mo 50 °C u oTHOCHTENBHOIM
BriaxxHocry no 80%.

HsroroButens — MockoBckuii 3aBon TeintoBoit aBromatuxku (M3TA).

IIpubop pezyaupyrowuii npozpammupyemolii
Muxponpoyeccopuwiii [IPOTAP
HpuGop IMPOTAP npemHasHaueH misi NPUMEHEHWS B 3BTOMATH3MPOBAH-

HBIX CHCTEMAX YIIPaBIEHWA TeXHONOTMYecKHMH Ipoueccamu. [pubop uc-
HOMB3YeTCA B CXEMaX CTAGHIM3AIMH TEXHOIOTHYECKHX NapaMeTpoB, IMpo-

I'PAMMHOI0, KaCKa[JHOIr0, MHOTOCBA3HOIO pEeryNHpOBAHHA C peaJm:aaunei

CITOXKHBIX aJITOPHTMOB 06paboTKH HH(pOpMAIUH.
Npucop ITPOTAP paspaGoran c uemslo 3aMeHbl Komiuekca “Kackap-2”
¥ aHAJTOTHYHBIX KOMIUIEK COB.
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TIPOTAP sBnserca cBOBGONHO NpPOTPaMMHPYEMBIM MHOTO(YHKIHOHAIb-
HpIM npuGopoM. B wicio ¢yHKIpMH, BHINOMHAECMbIX TPUGOPOM, BXOAAT:
perynupoBanue no Il-, I, [IU- wuou MM O-3ax0oHy, MaciiTaGupoBaHKe M
peMIipupoBaHKe CHIHANIOB H T.1,

Bnaromaps cpoeit MHorodyHkimosansHoctH [IPOTAP 3ameHsieT Heckonb-
Ko (B cpemHeM uyeThipe—iecTh) mpubopos kommiexkca “Kackan-2”.

OcHOBOM 3/1eMeHTHOH 6a3nl Npubopa ABIAETCA OJHOKPHCTANbHAA MHK-
poIBM Tuna KP1816BE35 (KM1816BE48).

[puGop paccwiraH Ha 3KCIUTYATALHIO B 3AKPBITBIX B3PhIBO3ANUINCHHBIX
NOMeILEHHAX TIpH TeMmilepaType Boagyxa or 5 go 50 °C, snaxnocru 80%
nipu 35 °C, Ge3 npuMeceil arpecCUBHBIX APOB K ra30B.

Mpu6op usroraBnuBaerca B Tpex momupuxamuax: [IPOTAP-100 ¢ crpo-
eHHpiM nynbtroM omeparopa; I[IPOTAP-110 ¢ BBIHOCHBIM UYyJIbIOM H
[TPOTAP-110 Ge3 nynbTa yrnpaBaeHus.

AHaJIOTOBbIe BXOHHBIE CHrHannl npubopa (mo BeIGOpy): 0—5, 0(4)—
20 mA, 0-10, 0-2, 0-10, 0-1 B.

BxogHoe conmpoTuBieHde (COOTBETCTIBeHHO curHamam): 400, 100,
2-10* Om, 10°, 10°, 10°.

Brixomuoit aHanmoroseiit curtan 0+10 B, conpotusneHue Harpysxku 2 xOm.

T'aGapurHsle pasMepbi IpUGOPOB:

IPOTAP-100 370 x 120 x 60, IPOTAP-110 373 x 120 x 60 mm.

Macca npubopos:

IMPOTAP-100 2, 6, [TPOTAP-110 (¢ nynsrom onepatopa) 3,1 Kr.

Nsrotoeutens M3TA.
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