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PE®EPAT
Ksanidikariitnoi po6otu 6akanaspa, Eneproomannuit

aBTOMATU30BaHU €JIEKTPOIPUBO/T BOJOHACOCHOT CTAHIIIT”

Pob6orta mictuth 65 cTOpiHOK, 7 TIUTakaTiB, Ta CHHCOK Jiteparypu 3 18
BUKOPHUCTAHUX JIXKEPEIL.

KitouoBi cioBa: HacocHa yCTaHOBKA, BOJOTIHHA MeEpexa, aCHUHXPOHHHIA
€JIEKTPOIBUTYH, TPAH3UCTOPHUM ITepeTBoproBay yactotu, [1IJ] — perymarop tucky,
JaT4YUK THUCKY, aBTOMAaTHYHA CUCTEMa KepyBaHHS.

VY naniit po6OTI po3poOIISIETHCS aBTOMAaTUYHA CUCTEMAa KEPYBaHHS HACOCHO1
YCTAaHOBKM I MocTayaHHs XxonojHoi Bonau. IIpu mpoextyBanni CAK i BuOopi
€JIEeMEHTHOI 0a3u OCHOBHUM KpUTEpieM BiI0Opy Oyia JOCTYNHICTh CKJIaJAO0BHX
YaCTHH eJIEKTPONPHUBOJA, MOXKIUBICTH BUIBHOTO TpPHAOAHHSA IX HA TEpPUTOPIi
VYkpainu, ojep:kaHHs TEXHIYHOI JOKYMEHTallli ¥ rapaHTifHOro oOCIIyrOBYBaHHS.
BianoBigHo 10 oOpaHUX €JIEMEHTIB PO3pOOJIIEThCS CTPYKTypHA CXeMa CHUCTEMU
ABTOMAaTUYHOTO KEPYBaHHS, BH3HAYAIOTHCA TMapaMeTpPH IWHAMIYHUX JIAHOK,
BUPOOJISIETBCSL MOJIeNtoBaHHs AuHaMiuHuX pexumiB CAK 3a momomororo EOM,
ONMKCYETHCA CXEMa KEpyBaHHS E€JIEKTPONPUBOJOM 1 pO3pOOIAETBCA HOTO
NpUHIMIIOBA cXema. bararo yBarm mOpuiiieHo mpodiieMaM:  E€KOHOMIi
€JIEKTPOEHEPTrii, 3MEHUIEHHIO BHUTpPAT Ha 3apoO0iTHY IUIATy pOOITHUKIB, SIKI
0OCITyrOBYyIOTh HACOCHY YCTaHOBKY, 3MEHIICHHIO BapTOCTI MAIIMHO — TOIUH
pobotu. Po3pobmstorbess Mipu aiisg 3abe3neueHHs Oe3neyHoi W HEelIKiIUBOi

poOOTH 0OCITYTOBYIOUOTO MEPCOHATY.



ABSTRACT
To the qualification work of the bachelor "Energy saving

automated electric drive of water pumping station”

The work contains 65 pages, 7 posters , and a list of references from 18
used sources.

Key words: pump installation, water supply network, asynchronous
electric motor, transistor frequency converter, PID - pressure regulator, pressure
sensor, automatic control system.

In the given first work developed automatic control system of the pumping
unit to supply cold water. When designing the SAC and choosing the element
base, the main selection criterion was the availability of components of the
electric drive, the possibility of free purchase on the territory of Ukraine,
obtaining technical documentation and warranty service. According to the
selected elements the structural scheme of system of automatic control is
developed, parameters of dynamic links are defined, modeling of dynamic modes
of SAK by means of the computer is made, the control scheme of the electric
drive is described and its schematic scheme is developed. Many attention is paid
to the following problems: saving electricity, reducing the cost of wages of
workers who service the pumping station, reducing the cost of machine - hours of
work. Measures are being developed to ensure the safe and safe operation of

service personnel.
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BCTYII

[Ipotssirom ©6araTh0X JECATWIITH BIAIEHTPOBI HAacocH 3a0€3MedyIOTh
KOM(OPTHI YMOBU JKHUTTS JIOJWHU, OEpPyTh y4acTh y OIIBIIOCTI BUPOOHUYMX
nporieciB. JIoCHiPKeHHST MoKa3ad, 10 OIu3bKo 25% BCi€T eleKTpOoeHepTii 110
BUPOOJISETHCA HA 3€MHIM KyJl BUTPAYa€TbCs Ha E€IEKTPONPHUBOJ BIALEHTPOBHUX
MEXaHI3MIB, JICBOBY YacCTKY III€1 €Heprii CIIOKUBAIOTh, caMe BIIIIEHTPOBI HACOCH.
binbia yacTrHa eNeKTPONPHUBO/IIB 3a3HAUCHUX MEXaHI3MIB € HEPEryJIbOBaHUMHU.

Tpanumiitai  crmocoOu  peryioBaHHS — MMOAAadi  HACOCHUX  yCTaHOBOK
CKJIQJIal0ThCSA B JIPOCETIOBAaHHI HAMIpHUX JIHIA 1 3MIHI 3arajJpbHOTO 4YHCIa
npaitorounx arperatiB. Lli cmocoOu peryiroBaHHS CHPSIMOBaHI Ha pILICHHS
TEXHOJIOTIYHUX 3aBJaHb 1 MPAKTHYHO HE BPAXOBYIOTh E€HEPreTUUYHHUX AaCIEKTIB
TPAHCIIOPTY BOJIH.

[NppaBniyHe i €JIEKTPOTEXHIYHE YCTaTKYBaHHS HACOCHUX CTAHIIN 3BUYANHO
BUOMPAEThCS TI0 MAaKCMMAaJbHUX TEXHIYHUX Tapamerpax (mojayi, Hamopy i
1H.)CUCTEMH BOJIONIOCTa4yaHHs ¥ BOAOBIABeNeHHS. OAHAK y peaJbHOMY KUTTI
BUSIBIISIETHCS, IO HACOCHI YCTAHOBKHM, IO BBOJSATH 3HOBY B EKCIUTyaTallilo,
BUXOJISITh HAa TMPOCKTHI PEKUMHU TPOTATOM JACKUIBKOX pokiB. Kpim TOro, mMaroTh
Micle 1000Bl1, THKHEBI ¥ CE30HHI KOJMBAHHS BUTPAT 1 HaAmopiB, 0OyMOBJIEHI
3MIHHUM BOJIOCTIOKMBAHHSIM, Yy pE3yJbTaTi LbOr0 pPo0O0dYl PEKUMH HACOCIB
BUSIBJISIFOTHCS 11032 pOOOYUMH 30HAMH iXHIX XapakTepucTuk [1].

ToMy 3 MOsBOIO HAIIHHOTO PETyJIbOBAHOTO EJIEKTPONPUBOAA CTBOPHIIUCA
NepeyMOBU NIl PO3POOKH MPHUHIIMIIOBO HOBOI TEXHOJIOTIi TPAHCHOPTY BOJHU 3
IUIABHUM  PEryJIOBaHHSAM poOOYMX MapaMeTpiB HACOCHOI YCTaHOBKH 0e3
HEMPOAYKTUBHUX BHUTPAT €JIEKTPOCHEPTii Ta 3 IIUPOKUMH MOXKIHUBOCTSIMHU
M1JBUILIEHHS TOYHOCTI i €()eKTUBHOCTI TEXHOJIOTTYHUX KPUTEPIiB POOOTH CUCTEMU
noayi.

EnextponpuBoag MicTUTh y COOl EJNEKTPUYHUN JBUTYH, TEPETBOPIOBAY
€JIEKTPUYHOI €HePrii (HalpuKJial, MepeTBOPIOBAY YaCTOTH) 1 CUCTEMY KEPYBAHHSL.

VY npMHCIOBOCTI i OOYTI 3aCTOCOBYIOTHCS ABUT'YHU 3MIHHOTO 1 ITOCTIHHOIO

cTpyMy. IcTopuuyHO cKilanmocsi, 1O ISl PEryJiloBaHHS IIBUAKOCTI OOEpTaHHS
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YacTillle BUKOPUCTOBYBAJIU JIBUTYHU MOCTIHHOTO cTpyMmy. [lepeTBopioBay y nboMy
BUIIAJIKY PETYJIIOBAB TiJIbKH HAIpyry, OyB mpocTuil i nemeBuil. OMHAK JBUTYHU
MOCTITHOTO CTPYMY MAalOTh CKJIQJHY KOHCTPYKIIIO Ta OyJU MOPIBHSHO JOPOTI.
ACHHXPOHHI JBUTYHHM HIMPOKO MOILIMPEH1, HaJliHI, MalOTh BIJHOCHO HEBHUCOKY
BapTICTh, TapHI EKCIUTyaTalliiiHl SKOCTi, aje PpEeryJaTopu IIBUAKOCTI iXHBOTO
oOepTaHHsI 4Yepe3 CKIAIHICTb CHUCTEM EJEKTPOHHOIO PEryIIOBaHHS YacTOTH
YKUBJITYO1 HAINPYTH KOIITYBAJIW J0 TodaTky 80-X POKiB AOPOT0 i HE MaJk SKOCTI,
HEOOXITHUMU JIJIsl ITUPOKOTO BIIPOBAKEHHS B 1HAYCTPit0. 3aBISKH OYpXJIUBOMY
PO3BUTKY E€NEKTPOHIKM U TMOSIBI HEIOPOTHX IEPETBOPIOBAYIB YacCTOTH CTajo
MOXKJIMBAM PETYJIIOBAaHHS IMBHUJIKOCTI OOCpTaHHS AaCHHXPOHHUX JIBUTYHIB ¥
mupokux Macmrabax. [IBuakuii piCT PUHKY MEPETBOPIOBAYIB YACTOTH IS
ACMHXPOHHUX JBUTYHIB HEC B OCTAHHIO YepPry CTaB MOXKJIMBUHU Y 3B 3Ky 3 MOSBOIO
HOBOI eJeMEeHTHOi 0a3u — CHJIOBHX MOJYJIB, PO3PAaxOBaHUX HA CTPYM JI0
JEKUTBKOX KiJoamIep, Hampyra A0 ACKUIBKOX KUJIOBOJBT 1 KOMYyTaIlii, 110 MarOTh
gactoty, 30 x['11 i Bume [1, 2].

Metoro poboTr € po3poOKa eIeKTPONPHUBOJIA BINIEHTPOBOTO Hacoca 3
BUKOPHCTAHHSAM Cy4YacHOI elleMeHTHoi ©0a3m, 1o 3abecredye BUKOHAHHS
HACTYMHUX  BUMOI:  €KOHOMIK  €JEKTPOEHEPrii;  MOMJIMUBICTb  T'HYYKOTO
HACTPOIOBAHHS MPHUBOJA NPHU MIHJIMBUX PEKUMax poOOTH; BUPOOHWUUY Oe€3MeKy;
€KOJIOTTYHICTh; MIHIMI3allisl BUTPAT HA OOCITYTrOBYBaHHS.

Jlns pimieHHS IIHOTO 3aBAaHHS MOTPIOHO: O3HAMOMHTHCS 3 IPOIECOM 1
TEXHOJIOTI€I0 MOJja4l BOJIU; MPOBECTH AHAIITUYHUN OTJIS] TEXHIYHOI JIiTepaTypu
no JaHid mnpoOiemMaTulll; 3MIMCHUTH BHOIp €JIIEMEHTIB €JIEKTPONPUBOA, IO
3a0e3MeuyoTh TMpare3laTHICTh CUCTEMHU; PO3pOOUTH (DYHKITIOHABHI CXEMU
CHCTEMH aBTOMAaTHUYHOTO KEpPyBaHHs; NMPOBECTH MaTEMaTHYHUN OMHC 00’€KTa i
CUCTEMHU KEpyBaHHS; 3MIMCHUTH MOJICTIOBAHHS ¥ JOCTI/DKEHHS CTAaTUKU ¢

muaaMmikn CAK ma EOM.



1 TEXHOJIOI'TYHA YACTHUHA
1.1 3arauabHi BiTOMOCTi PO HACOCHI YCTAHOBKH
B nepmy gepry HeoOXiTHO SKOMOTa OJIM)KYe O3HAHOMUTHCS 3 TUMU BUAAMU
HACOCHUX YCTAHOBOK, SIKI IIMPOKO BUKOPUCTOBYIOTHCA HAa CHOTOIHIIIHIN JEHb, a
TaKOX JaTH Pl BUSHAUCHb.

[NapapniyHa MammHa, M0 CTBOPIOE HAIIPHE MEPEMIIICHHS PIAWHA TIPU
nepenayl ik eHeprii, Ha3UBAETHCS HACOCOM.

Hacoc y cykymHOCTI 3 €JIeKTPOINPHUBOJIOM 1 IepelaBalbHUM MEXaHi3MOM
(MydTOr0, peAyKTOPOM, IIKIBOM 1 T.JI.) YTBOPIOE HACOCHHUH arperar.

Kommnieke ycrarkyBaHHs, 110 3abe3neuye poOOTy HACOCIB Yy HEOOXITHOMY
pexuMi 1 CKIAQJa€Tbcsl 3 OJIHOTO 4YHM JIEKUIBKOX HACOCHUX arperaris,
TpyOONPOBOIB, 3alipHOi 1 PEryJIOIY0i apMaTypu KOHTPOJbHO-BUMIPIOBAIBHOI
amapatypd, a TaKOX amapaTypd KepyBaHHS 1 3aXHCTy, CTBOPIOE HACOCHY
yCTaHOBKY [1].

Cnopyna, 10 cKiIaay sIKkol BXOASTh OJIHA UM JIEK1IbKa HACOCHUX YCTaHOBOK, a
TaKOX JTOMOMIKHI CHCTeMH W yCTaTKyBaHHS, MOOYTOBI 1 BUPOOHWY1 TIPUMIIICHHSI,
o 3a0e3MeuyroTh Mpale3laTHICTh 00’€KTa B IIJIOMY, Ha3WBA€ETHCS HACOCHOIO
CTaHIIIELO.

OCHOBHUMHU TIapaMeTpaMH, IO XapaAKTEPHU3YIOTh PEXUM POOOTH HACOCHOI
YCTaHOBKH, € HaIIp 1 mojava.

Hamip — 1e pi3HWNS TUTOMUX C€HEpPrid piguHA B HAMipHOMY W
BCMOKTYBaJIbHUX TaTpyOKax Hacoca, HeoOXiJlHa Uil MAMOMY PiIMHU Ha 3a/IaHy
BHUCOTY 1 MTOJOJIAHHS CUJI TEPTS B TPYOOIIPOBO/II.

[Tomaua — oOcsT pigWHU, IO TEPEKAYYETHCS HACOCHOK YCTAHOBKOIO 32
OJIMHUIIIO Yacy.

PexxumMom poOOTH HACOCHOT YCTAaHOBKM HA3WBAETHCS BU3HAYCHHU TMOPSIOK
po0oTH 11 ycTaTKyBaHHS BIJIOBIIHO 10 YMOB pOOOTH, IIIO 3MIHIOIOTHCS.

HacocHi cTaHIii KOMIUIEKTYIOThCSI OJHHUM UM JCKUIBKOMa HACOCHUMU
arperatamu (10 12 arperatiB). SIKmo A0 CKiaay HacOCHOI YCTAHOBKU BXOISTh

KUIbKa arperarTiB, HamipHi i BCMOKTYBaJIbHI JIiHIT HACOCIB 3B’ SI3YIOTHCS MIXK CO00I0
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BIIMOBIAHO HAIIPHUMH W BCMOKTYBAJIBHUMH KoOJIEKTOpamMu. Jlo HamipHHX
KOJIEKTOPIB ~ MPUEAHYIOTHCS  HaIipHI  BOJOBOAM, a JO BCMOKTYBaJbHHUX
KOJICKTOPIB — BCMOKTYBaJIbHI BOJIOBOJIM. SIKIIO TpHU HACOCHIN CTaHIll ICHYIOTh
MPUHOMHI BCMOKTYBaJIbHI pe3epByapH, TO KOJICKTOPHU MOXKYTh HE IepeadadaTucs,
a BCMOKTYBaJIbHI JIiHIT HACOCIB 3’ €IHYIOThCS O€3M0CepeIHBO 3 pe3epByapoM [2].

B 3amexxHOCTI BiJ NMpU3HAYECHHI 1 POy PIAWHU, IO MEepPEKady€eThCs, HACOCHI
YCTAHOBKH TMOJUISIOTBCA HA: BOJOMPOBIAHI, KaHami3alliiiHi, MeJIl0opaTUBHI,
teriodikaiiifai, HaQTOeperoHHi i 1HIIII.

HacocHi BojomnpoBiiHiI CTaHIli B 3ajieKHOCTI BiA MiCIg, 3aliMaHOro B
3arajibHiil CcXeMl BOJOINOCTayaHHs, NoAuItoTbess Ha [ Ta Il migilomy 1
nigBuinyBaibHi. Hacocha cranmis [ migifomy 3abupae Boay 3 JpKepela
BOJIONIOCTa4aHHs (pivka, 03epo, BOJAOUMHUIIIE 1 T.J1.) Ta MOJA€E 1i Ha OYUCHI CIIOPY/IH.
Hacocna cranmis Il mimiioMmy momae Boay 3 pe3epByapiB 4YMCTOI BOIU B
pO3MOAUIBYY MEpexKy. Y THX BHUMNAJKaX, KOJIH THCK, IO PO3BUBAETHCH,
HEJOCTaTHIM JJi1 MiAMOMY BOJM Ha HEOOXIIHY BHCOTY, CHOPYIXKYIOThCS
T IBUTITYBaJIbHI HACOCHI CTaHINii (CTaHIli makadyBanHs). HacoCHI yCTaHOBKHU IHX
CTaHIIM 30UIBIIYIOTH HAMIp Yy MEpexXi, 3a0uparoyud BOJAY 3 OMAHIET TIISHKHU
BOJOBOJy UM MepexXl 1 MOJalTh il B 1HIIMH BOAOBIA YW AUISHKY Mepexi. [lpu
bOMY 3a0ip BOJIM MOKE 3MIMCHIOBATHCA AK 4Yepe3 MPOMIKHI pe3epByapH, IO
BUKOHYIOTh (DYHKIIIi pPEryirolouux €MHOCTeH, Tak 1 0e3 HuX. B ocTranHbOMy
BUMAJKY YCTAaHOBKU IPALIOIOTh 3a CXEMOIO ,,3 Tpyou B TpyOy”. B 3amexxHoCT! Bix
npu3Ha4YeHHs1 BojomnpoBigHi HacocHi craHmii (BHC) mominstoTees Ha cranIii
TEXHIYHOI 1 MUTHOI BoAu. [loOymoBa muX CTaHIlN, K MPaBWIO, OJHAKOBA, iXHI
PEKHUMHU POOOTH BiPI3HAIOTHCS OJIMH Bij 0HOTO [2].

Kanamizamiiini HacocHi cranuii (KHC) npusHaueHi ans mnepexkayyBaHHS
CTIYHMX BOJI IO MICIlI OYHMIICHHS. B 3aleXHOCTI BiJ MICI B 3araibHii cxemi
kanamizarnii KHC noninstorbest Ha MiciieBl, pailoHHI 1 TOJIOBHI (IeHTpaibHi). Kpim
toro, KHC mnoaindioTecss MO POy CTOKIB, IO MepeKadyroTbes, (MoOyTOBI,
BUpoOHHUYl Ta iH.). KHC 00maaHyroThes K HacocaMu JUisl CTIYHMX PIJUH, Tak 1

IHIIUMH HacOCaMu, MPU3HAUYCHUMH JJTs TIepeKadyBaHHs 3a0pyHeHux BoJ [3].
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MeniopaTuBHI HACOCHI CTaHIIi TOAUISIOTBCS HAa CTaHIIl 3pOIIEHHS 1
OoCylIyBaJIbHMX cuUcTeM. HacocH1 cTaHIli 3pOLIEHHsI B CBOI YEpry HOAUISIOTHCS
Ha TOJIOBHI, MPOMDKHI MepeKavyBaibHi 1 AOITyBalbHI. by0Ba rOJIOBHUX CTaHIIN
aHaJioriyHa BojaonpoBiAHMM cTaHmisM [ migiiomy. IlpomixkHI nepexkadyBaibHI
HAcOCH1 cTaHLIi 3a OyJOBOI aHAJOrIYHI BOJONPOBIAHUM I1JIBUILYBaJIbHUM
cranmism [2-3].

JlolyBanbHl HACOCHI CTaHIIl NpHU3HAYeH1 I [oAadl JOIIYyBaJbHUM
MaIlliHaM dYepe3 BIJKPHUTI KaHaiau, abo uepe3 3aKpUTy MEpexKy 3poIlcHHSI. B
OCTaHHbOMY BHIIAJIKy HACOCHA CTaHLISI OCHAIIYETHCS KPIM OCHOBHMX HACOCHHUX
arperariB OyCTEpHUMH HacocamH Uil MIATPUMKM THCKY B 3aKpUTIH Mepexl B

nepioj, KOJU HE MpaIoloTh OCHOBHI Hacocu. KpiM TOro, Ha 1ux  CTaHIISIX

3BUYAalHO  YCTAHOBJIIOIOTBHCS  BOJOTMOBITPsAHI ~ 0Oaku, 110  3a0e3MeYyroTh
aBTOMaTH3alil0 POOOTH OCHOBHUX 1 OYCTEpHHX HAcOCIB NpH BKJIIOYEHHI 1
BIIKTIOYEHHI JOIIyBaJlbHUX MamuH. HacocHi cTaHIii OCYyIIyBaJIbHMX CHCTEM
NepeKayyroTh MOBEPXHEBI BOAU a00 3HMKYIOTh PIBEHb I'PYHTOBUX BoA. Ilpu mmx
CTaJisIX 3BUYAHHO CHOPYIKYIOTh pe3epByap Uisl IpUiloMy CTOKIB. 32 OyJOBOIO 1
pexxuMoM poboTH i cTanmii Haragytots KHC [3].

Tennodikariiini HaCOCHI CTaHIi MpU3HAYEHI JUIS TOJadl rapsdoi BOAM B
CUCTEMH OMAaJCHHS 1 Taps4oro BOJOTNOCTAYaHHS >KUTIOBUX OYyIHMHKIB, a TaKOX
TEXHOJIOTIYHUM CcrokuBadaMm. Jlkepenamu rapsidoi BOJU € IEHTPaIbHI KOTEIbHI 1
TEIJIOENEKTPOLIEHTPAJIl, HAa IKMX 3BUYAllHO BCTAHOBIIOIOTHCS MEPEKHI HACOCH. 3a
JIOTIOMOT'OI0 MEPEKHUX HACOCIB BOJA MPOIMYCKAETHCS Yepe3 BOAOIMIIIrpiBayvi, e
BOHA HArpiBa€ThCsl Maporo 3 TerwlodikaiiHux a000piB TypOiH 1 Jaimi depes
TeroQiKaliiftHy MEpexy HaJIXOAUTh IO CIIOKUBAYa.

Hacocni ycranoBku TteroBux enekrpoctaniii (TEC) BukoHyroTh
pPI3HOMaHITHI (PYHKIIi B TEXHOJOTIYHOMY MPOLECI BUPOOJICHHS EJIEKTPUYHOI 1
TerioBoi eHeprii. JKMBWIbHI HAcOoCH MOAAIOTh BOJY B Ka3aHOBWM arperart.
KonneHncaTHi — nepekadyroTh BIANpallbOBaHUN y TypOiHI map, 10 MepeTBOPUBCS
Ha Boay, y Jeaepatop. llupkynsumiiiHi Hacocu 3a0e3MeuyroTh MOCTIMHY

APKYJISAIII0 0XO0J0KEHOT BOJIM Yepe3 KOHASHCATOP 1 0XO0JIOKYBaJIbHI IPUCTPO.
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[[Iupoko  pO3MOBCIOJKEHI  HACOCHI  YCTAaHOBKHM, IMpU3HA4YeHl A
TPAHCIIOPTYBaHHS HAQTOMPOAYKTIB. 3HAXOASATh BOHM 3aCTOCYBaHHSI ¥ Yy
OyIIBHMUIITBI: JJIS BOJIO3HIDKEHHS, BIIKA4YKK 3a0pyIHEHHUX BOJA 3 KOTJIOBAHIB,
nojavl pi3HOrO POy PIAKUX 1 HAMIBPIJIKUX KOMIIOHEHTIB (pO34MHIB, OCTOHIB 1
T.JA.). 3aCTOCOBYIOTbCS HACOCHI YCTAHOBKH M y TIPHUUOPYIHINA TPOMHCIOBOCTI IS

TPAHCIIOPTYBAHHS Pi3HOIO POy IMYJIBII (3€MJICCOCH, 3eMCHapsIu Ta iH.) [4-5].

1.2 O61aHAHHS HACOCHUX YCTAHOBOK

JI0o OCHOBHOTO YCTaTKyBaHHS HACOCHUX YCTAaHOBOK BIJTHOCSITHCS: HACOCH,
IPUBOJM HACOCIB (€JIEKTPOJBUIYHH, IBUTYH BHYTPIIIHBOI'O 3TOPSIHHS), a TAKOXK
TpyOOIIPOBOIH 3 PETYIIOIOUOIO 1 3aMPHOI0 apMaTYPOIO.

Ha cy4acHMX HAacOCHMX YyCTaHOBKax HaWOiIbIIe TMOIIMPEHHS OJepKaIH
BIJIIIEHTPOBI i OCbOB1 HACOCH.

Bigentposi Hacocu. Y cepenuHi Hepyxomoro kopryca 1 (puc.1.1), mo mae
cripaibHy (GopMy, 3HAXOAUTHCS podoue Kojeco 2, 3akpimieHe Ha Bairy 3. Koxeco
2 CKJIaJa€ThCs 3 IBOX JIUCKIB, MK SIKMMH po3TarioBadi jionatu 4. Kopryc Hacoca

3’€IHAHUI 3 BCMOKTYBaJIbHHUM 1 HaMlipHUM TPyOOIpoBoIaMK natpyokamu 5,6. [4].
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Pucynok 1.1 Cxema BiILIEHTPOBAaHOI'O Hacoca
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SIkuo Kopmyc Hacoca 1 HMOro BCMOKTYBaJIbHUM TpyOOINpOBIJ HAMOBHUTH
pPIAMHOIO, a MOTIM HpPUBECTU B 00epTaHHS pobOode Kojeco, TO piAMHA Mif Mi€l0
jgomar poboYoro Koiieca MPUXOAUTH B o0epTaHHs. BigneHTpoBi cuin
NepeMilialoTh PiIMHY Ta nepudepito, e CTBOPIOEThC IMIJBHUILEHUNA TUCK, a B
LEHTP1 KoJieca — PO3PIIHKEHHS. 3a paXyHOK I[I€1 PI3HUII TUCKIB PIIMHA HAAXOIUTh
y HanipHu# TpyOornpoBia. Tak 3a1HCHIOEThCS Oe3yMHHA IToja4ya piIMHA HACOCOM.

BinueHTpoBl Hacocu MOXYTb OyTH SIK OAHOCTYHIHYATI (3 OJAHUM POOOYUM
KOJIECOM), TaK 1 OararocTymiHYacTi (3 JekiibKkoMma Kojecamu). KOHCTpyKTHBHO B
3aJIEKHOCTI BiJl pO3TalllyBaHHS BaJla BOHM MOJIUISIOTHCS HA HACOCH FOPU30HTAIBHI
1 BEpTUKAJIBHI.

OcpoBi Hacocu. OCbOBI HACOCH BUTOTOBJISIIOTHCS JBOX THIIIB: 3 KOPCTKO
3aKpIMNIEHUMHU JlonataMu poboyoro koseca (tumy O) 1 3 HOBOPOTHUMHU JIoIaTaMU

(turry OIT). Ha puc. 1.2 300paxkeHo ockoBwmii Hacoc tuiry OIT [4].

\"r MO A L

Pucynok 1.2 — OcwroBuii Hacoc tumy OI1
1 — po6oue koJieco 3 MOBOPOTHUMH JionaTamu; 2 — cpepuuna kamepa; 3 —
BUIIPSIMIIIIOUMI anapat; 4 — HIDKHA oropa Baiia; 5 — nudy3op 3 Janamu s
KpIIJIEHHS A0 QyHIAMEHTY IUTUT; 6 — KOPIyC Hacoca; 7 — MOpOXkHiN Baj; 8 — IITOK
IPUBOY MEXAHI3MY PO3BOPOTY JIONAT; 9 — BEpXHIW HANIPABJISIOUNN M1IIUITHUK;

10 — MexaHi3M MOBOPOTY JIONAT 3 PYYHUM MTPUBOJIOM
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Hacocu 000X THUIIB MOXYTh BHUIIYCKAaTUCA B JBOX BHUKOHAHHIX: 3
TOPU30HTAIBFHUM Ta 3 BEPTUKAJIHLHUM PO3TAIIyBaHHSIM Bay.

PoGoue xomeco oOepraetbcsi B cdepuuniii kamepi. [lpum BrmBi somar
pobouoro kojeca Ha piIUHY, 3a PaXyHOK 3MIHM TedYii, THUCK HaJ JIONATOI0
MIJBUIIYETHCS, a M1J HEH 3HIKYEThCS. 3aBISKU PI3HUIN TUCKIB piiuHA OyJe
nepeMilIyBaTHCs B3/IOBXK OC1 Hacoca.

Po6oue koneco ocrkoBux HacociB Tumy OII ckinamaerbest 3 BTYJIKH OOTIYHOI
dbopmu, Ha SIKil 3aKPITJICH] TOBOPOTHI Jonatu (quB. puc. 1.2). MoxIHUBICTh 3MIHU
KyTa YCTaHOBKH JIOIAT, JI03BOJISIE€ PETYJIIOBATH MOauy 1 Halip Hacoca B MIMPOKUX
Mexax npu 30epexeHH1 Bucokux 3HaueHb KK/I.

[TpuBoa HacociB (OLTBII JETaNbHO HAMH OyAe PO3ISHYTHH HIbKYe). s
IIPUBOJIA HACOCIB BUKOPUCTOBYIOTHCS MEPEBAKHO ACHHXPOHHI KOPOTKO3aMKHEHI1
Ta CUHXPOHHI JIBUTYHU 3MIHHOTO CTpyMY. Y PIIKUX BUIAJKaX BUKOPUCTOBYIOTHCS
ACMHXPOHHI ABUTYHH 3 (ha3HUM POTOpOM. ENeKTpoaBuUryHH MOTYXHICTIO 10 50
kBT BukonyioTbcs Ha Hampyry 380 — 660 B, a Bume — va 6 — 10 xB. ¥V psni
BUMAJKIB, OCOOJHMBO B MEPECyBHUX HACOCHUX YCTaHOBKaX, /I MPUBOJA HACOCIB
BUKOPHUCTOBYIOTh IBUTYHH BHYTPIIIHHOTO 3TOPSIHHSL.

TpybonpoBoau. TpyOomnposinHa apmaTtypa. BHyTpimHi TpyOOnpoBoau
HACOCHMX CTaHIM (HamipHi Ta BCMOKTYBaJbHI JIiHII HacociB, HamipHi Ta
BCMOKTYBaJIbHI KOJIEKTOPH Ta 1H.) BUKOHYIOThCS 31 cTaieBuX TpyO. 3’e€qHaHHSA
CTaJICBUX TPYO 3I1HCHIOETHCS 3BapOBaHHIM. B sKoCTi TpyOONpOBIAHOI apMaTypu
B HACOCHUX YCTaHOBKaX 3aCyBKH, 3aTBOPU, 3BOPOTHI 3aTBOPH.

3acyBKM BEJIMKOrO JiaMeTpa, a TaKoX Mpaloowyl 3 JIUCTaHIIHHUM 1
ABTOMATUYHUM KEpPYyBaHHSM, OOJIQTHYIOTHCS TiAPABIIYHUMH YU EIEKTPUIYHUMU
npuBogamu. [[si BpiBHOBaXEHHS THCKY IO O0OX CTOpPOHAX JMCKa y BEIIMKHX
3aCyBOK IepedadaeThess 00BigHA 3acyBKa (Oaitnac).

VY sKOCTI 3amipHOi 1 PEryJrouYoi apMaTypud BUKOPUCTOBYIOTHCS 3aTBOPHU.
[Iupoke TOMUPEHHS OCTAaHHIM YacoM OJIep)Kaldl JUCKOBI 3aTBOPH, IO

00JaJIHYIOThCSl €JIEKTPUYHUMH IPUBOJAMHU. 3BOPOTHI 3aTBOPH MPU3HAYEHI IS



15

TOro, 100 TEPEmKOJAUTH CIHOPOXHIOBAHHIO HAIPHUX TPyOONPOBOJIIB 1
3BOPOTHOMY OOEpTaHHIO HAcOCa MiCJs HOTO 3YITHHKH.

ITix yac poboTH Hacoca I JII€F0 TOTOKY BOAM JHCK MOBEPTAETHCS Ha OCi, 1
BOJa MPOXOJUTH 4epe3 3arBop. Ilicias 3ymMHKW Hacoca JHMCK i Ji€r0 BIACHOT
Bark 1 TUCKY BOAM 3 OOKYy HaIIpHOTO BOJOBOJy OIIYCKA€TbCA 1 3aTBOP

3aKpuBaeThes [4-5].

1.3 Peskxumu poOOTH HACOCHUX YCTAHOBOK

Pexxumu poGOTH HACOCHUX YCTAHOBOK ICTOTHO 3aJIeKaTh Bij 3MIHHM PEKHUMIB
BOJOCIIOKUBAaHHIO 200 TPUIUIMBY CTidHOT BoaW. lle HAOYHO BUSBISETHCA TPHU
po0OTI cUCTEM BOJOTIOCTaYaHH1 1 BOJIOBIIBEACHHI.

Sx mpaBWiio, PEKUMH BOJOCTOKHMBAHHS 1 TPHUIUIMBY CTIYHHUX BOJ
BU3HAYAIOThCSA OaraTbMa TPUYMHAMH, SKI HE 3alieKaTh OJHA BIJ OJHOI:
KJIIMAaTUYHUMUA 1 TIOTOJHUMHM yMOBaMH, PEXKHUMOM POOOTH MIAIPHUEMCTB 1
oprasizauiii mMicra Ta 1H. PeXuM BOAOCIOXUBAaHHA 3BUYAITHO XapaKTEPHU3YETHCS
n000BUMH, THXHEBUMH 1 T.JO. Tpadikamu BogocmoxkuBanHs. Ha pwmc. 1.3.
NPEACTABIICHUA NPUOIM3HUN JT0OOBHH Tpadik BOJOCIIOKUBAHHS HEBEIHMKOTO

HACEJICHOTO MyHKTY [4-5].

Q, m¥200

2 1
t, co0

0 4 8 12 16 20 24

Pucynok 1.3 — JIo6oBuii rpadik BOJOCIIOKMBAHHS HACEJIECHOTO MTYHKTY
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Taki rTpadiku BOHOCIMOXKHBAHHA  XapaKTEPU3YIOThCS, SIK  TPaBHIIO
KoedilieHTaMu HepiBHOMIPHOCTI [5].
Makcumanba#i KOe(iIi€eHT HEPIBHOCTI:

Kaxe = QMaKc/ Qcp (11)
ne Quaxe — MaKCUMaIbHE BOJIOCTIOKUBAHHS,

Qcp — cepennHe 3HAUYCHHS BOJIOCTIOKUBAHHS.

MinimMaabHUN KOedIEHT HEPIBHOMIPHOCTI:

Kin = QMiH/Qcp (12)
ne Quin — MIHIMAJILHE BOJIOCIIOKWBAHHS.

Jliarma3oH KOJIMBaHHS BOJOCIIOKUBAHHS XapaKTePU3YETHCS BIAHOIICHHSIM:

A= QMiH/QMaKc (1.3)

AK€ MOXe OyTH TaKOXX BHUPaXEHE dYepe3 KOePIIEHT MaKCUMaJbHOI 1
MIHIMAQJIBHOI HEPIBHOMIPHOCTI:

A= KMiH/KMaKC (14)

Pexxum  poOOTM HACOCHUX  YCTAaHOBOK TMPOMHUCIOBUX  MiANPUEMCTB
BH3HAYAIOTh TOJIOBHIUM YMHOM TEXHOJIOTTYHUM IPOIIECOM MiAMPUEMCTBA. ICHYIOTh
PSKMMH  BOJIOCIIOKMBAHHS 1 TEpeKadyyBaHHS, aHAJOTIYHI pPEeXUMaM poOOTH
MICBKHX BOJIOIIPOBITHUX 1 KaHATI3AIIMHUX HACOCHUX CTaHINi. HacocH1 ycTaHOBKH
IMPOMHUCIIOBUX MIANPUEMCTB MOXKYTh OYTH 1 3 IBHO BUPAKEHUM HIYHHUM 1 JEHHUM
pexxuMoOM BojtoctioxuBaHHs (puc. 1.4.) [5].

Pexxum poboTH TermnodikaitHuX HACOCHUX YCTaHOBOK, CHCTEM OOOPOTHOIO
BOJOTIOCTAYaHHS ICTOTHO 3aJieXKaTh BIJl TEMIIEpaTypy 30BHIIIHBOIO IMOBITPA, a
OTXe, 1 Bl MOpPH POKY, KiIiMary 1 mogadi. PoGoTa HacOCHHMX yCTaHOBOK, IO
noAaTh OE3MOCEPEIHBO B MEPEXKY 0€3 MPOMIKHUX €MHOCTEH y KOKEH MOMEHT
4acy, JOPIBHIOE BOJOCIIOKHUBAHHIO (TIPU BIJICYTHOCTI BUTOKIB 1 HEMPOAYKTHBHUX
BUTpaT). Y [HIACHOCTI B OyAb-sKId CHCTEMI BOJAONOJAuYl ICHYIOTb BHUTOKU 1
HEMNPOIYKTUBHI BUTPATH, 3HAUYEHHS SIKUX JOCATalOTh B Oararbox Bumajakax 15-20%
3arajnbHOI mojaui. OTXe, Mmojada HACOCHOI YCTaHOBKHM IIOBHHHA OYyTH OibIe

BOJOCIIOKHMBaHHA CaMC Ha IIC 3HAYCHHAI.
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Pucynoxk 1.4 JloGoBuii rpadik Bogomnogaui HACOCHOT yCTaHOBKH

IMPOMHUCIIOBOI'O KOMILJICKCY

[Ipy cTabinbHOMY BOJOCIOXHBAaHHI YCTAaHOBKHM MpPALOIOTh 3 MOCTIMHUMHU

IIO1AYCI0 1 TACKOM a00 HAlopoM, III0 MI>K COOOF0 3B'SI3aHi CIIBBITHOIICHHSIM:

H = p/pg (1.5)

ne H- nanip, m;

p - TUCK Hacoca, [1a;

p - MUIBHICT PIIKOTO CEPEIOBUINA, KT/M ;

g - IPUCKOPEHHSI BUTHHOTO A IIHHS, M/C .

3 poCcTOM BOJOCTIOKMBAHHS, TIO/1ady JOBOIUTHCS 301abmryBath. [lpu mipomy
BTpAaTU THCKY B TpyOax 30uiblIyroThes. 1100 xommeHcyBaTH Il BTpaTH, BapTo
301TBIIUTH THUCK, IO PO3BUBAETHCS HACOCHOK YCTaHOBKOKO. [Ipm 3MmeHIneHH1
BOJIOCTIOKUBAHHS, 1T0/1a4a 1 TUCK MMOBUHHI OyTH 3MEHIIICHI.

[IpuBeneHHST y BIIIMOBIAHICT, BOJIOCIIOKHBAHHS 1 IMOAaYi 3IHCHIOETHCS B
JAHWUW Yac HaWJacTile 3MIHOI0 YHCJIa MpaIlOI0unX HACOCHHMX arperariB ado
CTYTICHSI BIJKPUTTS 3aCyBOK (3aTBOpPIB) HA HAIMIPHUX JIIHISX HACOCIB 1 HACOCHHX
YCTaHOBOK.

PexxuMm poOGOTH HAcOCHOT YCTAaHOBKH, IO TMOJA€ BOAY CIIOKMBadaM depes

KyMYJIIOI0UY €MHICTh (pe3epByap, BOJOHAIIPHY OaIlTy 1 T.1.), XapaKTEPHUU TUM,
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0 B OKpeMi Iepioay dYacy Iiojada HACOCHOI YCTAaHOBKH BIJPI3HSAETHCS BiJ
BOJIOCIIOKMBAHHS.

Sxmo mnomada Oingblie BOJOCHOXKHMBAaHHS, pIBEHb BOJIUW B pe3epByapi
MIHIMAEThCSA, SAKIIO MEHIEe, piBeHb IMajae. Y BHUMAJIKY PIBHOCTI Mojadl 1
BOJIOCTIOKMBAHHSI PIBEHb Y Pe3epBYyapi CTal1II3yeThCS HA OJTHIN MTO3HAYII].

PerymioBanHs pexxuMmy poOOTH HACOCHOT YCTaHOBKH, IO CKJIAJA€THCA 3
OJTHOTO arperary, 3J1MCHIOETHCS BKIIOUEHHSIM arperary Mpu 3HIKEHHI piBHS BOJIU
JI0 3aJaHOTO HIKHBOTO 3HAYEHHS 1 BIAKIIOYEHHSM MPU JOCATHEHH1 3aJaHOTO
BEPXHBOTO 3HaUCHHSA. [I0TIM IUKII TOBTOPIOETHCH.

SIki10 HAacoCHAa YCTaHOBKA CKJIAJAEThCA 3 JIEKUIBKOX arperariB, ii peXuM
poOOTH BIIPI3HAETHCS TUM, IO 33JJA€THCS MO KUTbKA BEPXHIX 1 HIKHIX PIBHIB, MPU
JOCSITHEHHI SIKMX 3MIHIOETHCS YMCIIO TMPAIlO0UMX arperariB. 31 30UIbLIEHHSIM
BOJIOCTIOKUBAHHSI 4YacTOTa BKJIIOYEHb arperariB 30UIbIIYEThCS TPUBAIICTH MAy3
3MeHIy€eThCsA. OCKUIBKA TIpU 301IBIIEHHI BOJOCTOKHMBAHHS OOCST PIIUHU B
pe3epByapi MBULIE CIPALbOBYETHCS MPU LILOMY PIBEHb PIIMHU MIBUALIE T0CATAE
HUKHBOTO TIOJIOKEHHSI 1 BHACHIJIOK IBOTO YacTilie BiOyBa€ThCA BKIIOYCHHS
JTOJaTKOBUX HACOCIB.

PexxuM poOOTH HACOCHMX YCTaHOBOK MPH BIAKAYIll PITUHU 3 pe3epByapiB
KaHaN3aI[liHUX, OCYIIyBaJbHUX, MEIIOpaTUBHUX 1 T.M.) aHAJOTIYHUUN
BUILEOMUCAHUM 3 TI€I0 BIAMIHHICTIO, L0 arperaTtd BKIIOYAIOThCS B pOOOTY mpu
HAMOBHEHHI pe3epByapiB 70 BEpPXHIX PIBHIB, a BIAKIIOYAIOTECA MPHU
CIIOPOKHIOBAHHI J10 HUYKHIX.

Ywuco BKITIOYCHB-BIIKITIOYCHh HACOCHHMX arperaTiB y HAaCOCHHMX CTaHIIISAX 3
pesepByapamu nocsirae 40-50, a B psaai BumankiB 100 BkitoueHb 3a 100y .

OCKUTBKM Take 4YHWCIO BKIIOYEHb [UJISI arperaTiB  BEJIMKOI TOTYXHOCTI
HENPUITYCTUMO, B HACOCHMX YCTAHOBKAX 3 arperaram MOTYXHICTI0O moHan 150
KBT 3aMiCTh iXHIX BKJIFOUEHB - BIIKIIOYEHb 3aCTOCOBYETHCS JIPOCETIOBAHHS MTOTOKY

BOJIM 3aCYBKOIO (3aTBOPOM).
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[Ipu 30inmblIEHH] HAmopy, piBE€Hb PIAMHU B pe3epByapi, 3 SKOTO piauHA
N1JKaYy€eThCsl, MIAHIMAEThCA. Y IIbOMY BUIIAJKY 3aCyBKa Ha HaMIpHiil JiHIT Hacoca
BIJIKPUBAETHCA. 31 3MEHIIICHHSIM HAMOPY PiBEHb MAJa€ 1 3aCyBKa MPUKPUBAETHCA.

VY HacoCHHMX yCTaHOBKax, IO MOJAI0Th BOJY B pe3epByapH, Npu 301IbIICHHI
BOJIOCIIOKMBAHHSI PIiBEHb y pe3epByapi mamae. Y I[bOMY BHUMAAKY 3aCyBKH
(3aTBOpM) HA HAIIPHUX JIHIAX BIAKPUBAOTHCS. [Ipy 3MEHIIIEHHI BOIOCIIOKHUBAHHS
PIBEHb MIJHIMAETHCS, a 3aCyBKa (3aTBOP) Y IbOMY BHUMAJIKy TPUKPUBAETHCS.

KonTpons 3a pexxumMoM poOOTH HACOCHOI YCTAHOBKHM 3IIHCHIOETHCS 3a
JIOTIOMOTOI0 HACTYITHUX BHUMIPIOBAJBHUX MPUCTPOIB: MAHOMETPIB, PIBHEMIpIB,
JIYWJIBHUKIB €JIEKTPOEHEPTi, aMIIepMETPIB 1 T.J1. 3MiIHA PEKUMY pOOOTH HACOCHOI
YCTAaHOBKM BIUIMBA€E HA PEXHUM POOOTH OKPEMHX HACOCHUX arperariB, 3 SIKUX
CKJIaJIa€ThCs YCTaHOBKa [6].

AHamiz  pexuMmy poOOTH  HACOCHUX  yCTAaHOBOK  BHUKOHYETHCA 3
BUKOPHUCTAHHSAM XapaKTEPUCTUK HACOCIB 1 TPyOONpPOBOIB, sKi OUIBII JACTAIBHO
OylyTh pO3TASAATUCS JaTi.

XapakTepucTUKaMl  HACOCIB  HA3WBAIOTHCA  3AJICKHOCTI  Hamopy H,
MOTYKHOCT1 P, koedirieHTa KOpUcHOi il # Bij moaadi Hacoca Q mpu BU3HAYECHIN
4acToTi 00epTaHHs 7 poOOUOro Kojeca 3 aiameTpom D.

PoGora nHacoca HaWOLIBII EKOHOMIYHA, KOJIM HOTO TMojadya 1 Harip
BiZINOBi1at0Th MakcuMaiibHOMY 3HaueHHI0 KK/I. Pazom 3 TiM momyckaeThes aeske
BIIXWJIECHHS pOOOYMX TMapaMeTpiB IUX HACOCIB BiJ 3HAYCHb, 3a3HAYCHHUX Y
karajorax. OJHaK BOHM MPH 1IbOMY HE MOBHHHI BUXOJMTH 32 MEXI1 M0/1a4 HAacoca,
M0 PEKOMEHAYIOTHCA. 3a LUMH MEXaMH HAacOCH TMPAIlOI0Th 3 HU3BKUMHU
3HaueHHsMu KK/, nmpu npoMy MOXIMBE NMEPEBAHTAXKEHHS HACOCHOTO arperary, a
TaKOX ICHY€ HeOe3MmeKa BUHMKHEHHS KaBiTailii 1 noMnaxy. [lopyiieHHs cyiibHOCTI
MOTOKY PIAWHH, CYMPOBOKYBaHE YTBOPEHHSM ITyXHPIIIB, 3allOBHECHUX MapaMu
pianHuU, ra3aMu a0 iX CyMIIIIII0, HA3UBAEThCS KaBiTalliero [4-5].

SBumie KaiTalii CyOpOBOXKYETHCS JOJATKOBUMM BTpaTamMH €HEprii 1
pyHHYBaHHSIM TOBEPXOHb po0OOYOro Kojeca 1 Kopmyca Hacocy. Y Hacocax,

xapaktepuctuka Q — H sIKUX CKIAJa€eThCs 3 JBOX TIJIOK, 3pOCTAr0YO1 1 CIaarouoi,
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MO>KJIMBE BUHUKHEHHS SIBUIIA, HIO0 HA3MBAETHCS TMOMMAXKEM. Y IIbOMY BHUIIAIKY
MOJKJIMBE TEPETUHAHHS XapaKTEPUCTUKU TPYOOMpPOBOIY 3 XapaKTEPUCTHUKOIO
Hacoca B JIBOX Toukax. [Ipy mpomy Hacoc mpaiioe MonepeMiHHO 3 poOodYMMHU
napamMeTpaMM, IO BIJNOBIZAIOTH IIMM JIBOM TOYKaMm, a BCS CHCTEMa IMpalioe
XUTJIUBO, MIHSETbCS HaBAaHTAXKECHHS HA arperari, BUHUKAIOTh TiIpaBiIiyHl yJIapHu.

Po6oTa Hacoca B pexkruMax moMIaxy 1 KaBiTallli HempuIycTUMa.

1.4 HacocHa ycTaHOBKA MiABUIYBAHHS THCKY
EdexTuBHEe BOmomocTrauaHHs - K4 A0 mporpecy Tta komdopty. HacocHa
yCTaHOBKa IMIJBUIIECHHSA THUCKY CKiIamaeThes 13 Tpbox HacociB NBE32-160.163

3’€JHAHUX TapajesibHO, OCHAILIEHUH HEOOX1THOIO apMaTypoIO 1 IIUTOM KEPYBaHHS

BuKopuCTOBYETBCS ISl CHUCTEM 13 3HAYHUMHU 3MIiHAMU PIiBHS JT00OBOTO
BOJIONIOCTaYaHHS, a cCaMe:
- HECHoJiBaHE KOJMBAHHS B Jl1alla30H1 MIXXK MIHIMAJIbHUM Ta MaKCUMaJTbHUMHU
PIBHSAMM CIIOKUBaHHS,
- JIOBIOCTPOKOBI Ta HEMEPEPBHI 3MIHU PIBHS CIOKUBAHHS;
- TOCTIAHUMN THUCK.
Mo>xIMBe TaKoK BUKOPUCTAaHHSA JIJIsl HOTPEO MPOMUCIOBOCTI, 3pOIIEHHS 1 T.JI.
TaK sIK Jliana3oH (QyHKI[IH, 1110 BUKOHYE MPUB1J IIUPOKUIA:
- peryIioBaHHS POOOYUX XapaKTEPHUCTHUK;
- aBTOMAaTHWYHE KacKaJlHE PEryJIOBaHHS HACOCIB;
- aBTOMATHYHE TICPEMHKAHHS MIX poOOYMMHU HacocaMu (NI 3a0e3TeUCHHS
PIBHOI KUIBKOCT1 TOJAMH POOOTH KOXKHOTO 13 HACOCIB);
- pyuHe KepyBaHH! (3a0e3meuye TeCTYBaHHS OKPEMHUX HACOCIB);
- Ppi3HOMaHITHA Ji1 HAa POOOUY TOUKY;
- ¢yHKIig 1UGPOBOro IUCTAHIIMHOTO KepyBaHHS (3a0e3reuye MycK Ta
3YMUHKY, CUCTEMH, €KOHOMHHH DPEXHUM POOOTH, KOHTPOJIOE KUIBKICTH POOOYMX

HACOCIB, po00Ta B PEKMUMI TIOKEKOTACIHHS;
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- GyHKIS KOHTPOJIO HAcOoCy Ta TPHUCTporo (3abe3reuye 3aBAaHHS
MIHIMAJIbHOTO T4 MAKCUMaJbHOI'O 3HAYEHHS BHUMIPIOBAJIBHOI BEIWMYUHU, 3aXUCT
BUT'YHA);

- B1100OpayKe€HHs pEKHUMIB pOOOTH Ta aBapiu.

Ha puc.1.5. 300pakeH0 (yHKIIIOHATBHY CXeMY HACOCHOI yCTaHOBKH: [5].

1 - mut kepyBanHs Hacocamu LIIKH-3;

2 - HaIlpHUHA TPyOONPOBIT;

3 - BCMOKTYIOYHM TPyOOIPOBITI;

4 - nacoc NBE32-160.163;

S - JaTYUK THUCKY;

6 - 3amipHUI KJamaH;

7 - 3BOPOTHIN KJIamaH:

8 - rHyYKa BCTaBKa;

9 - peine TUCKY;

10 - marOMeTD.



Pucynox 1.6 HococHa ycTaHOBKA ITiIBUILICHHS TUCKY
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1.5 TexniuHi BUMOTIH /10 €JIeKTPONPHUBOAA
1.5.1 Bumoeu 0o komniekcy po3s’a3y8anux 3a60aHb

Jlns peaniszaliii 3aBiaHHsI KepyBaHHS HACOCHOI YCTaHOBKH, €JIEKTPOIPHUBOI

NOBUHEH 3a0€e31euyBaTH:

®I1yCK 1 3yIIMHKY HacocCa;

®aBTOMATUYHY 3MIHY YacTOTH OOEpTaHHS Bajla JBHUIyHA IJIs HIATPUMKHU
MOCTIMHOTO THCKY B CITOXKHBYIN MEPExKi;

®CKCTEpHY 3YIIMHKY Hacoca y BMIAJKy HaJXOJKEHHsS aBapiiHOTO CUTHAIY
BIJI JaT4MKa (MPU BIIXWICHHI MapaMeTpPiB BiJl MPUITYCTUMHUX TEXHOJIOTTYHUX MEX);

©3aXHCT BiJl aBapIMHUX PEKUMIB POOOTH €IEKTPOIBUTYHA

1.5.2 Bumoeu 0o nepexionux npoyecis

XapaKTEePUCTUKH MEPEXITHUX MPOIECIB MOBUHHI 3a/I0BOJILHITH HACTYITHUM
BHUMOTaM:
® CTaTUYHA MTOMUJIKA B CTAIUX peKkUMax podbotu nopisHioe 0;
e [IepeperyJIoBaHHs IpU MycKy He Oubie 20%;
eIICpPEPETYIIOBAaHHS MPH IMABUINCHHI a00 CKHJIaHHI HaBaHTAXXCHHS HE
oubire 20%.

1.5.3 Bumocu 0o 6esnexu

IIpu npoektyBanHi ACK mnoBuHHI OyTH mnepeadaveHl 3axoau ULIOJO0
3a0e3mnedeHHs 0e3MeKr PU MOHTAaXI1, eKCIuTyaTallii, 00CIyroByBaHHIO i PEMOHTY
TEXHIYHUX 3acO0IB BIAMOBIJHO 0 JIIOYMX HA TEpUTOpPii YKpaiHi HOPMATUBHUX
JIOKYMEHTaX.

,,CaHITapHI HOPMH MPOEKTYBAHHS MPOMHUCIOBUX T1ITPHUEMCTB”,

»lIpaBuiia yJIamTyBaHHA €JIEKTPOYCTAaHOBOK

I [0)Ke’)KHa aBTOMAaTHKa OyAMHKIB 1 CIIOPY/IKEHB

,Cuctema crangaptiB O6e3nexu mpaiil (CCBII). YcrarkyBanHs BUpoOHUYE.
3arajabHl BUMOTH O€3MEKH”;

,,CCBII. Konsopu curHanpHi i 3HaKHA Oe31eKu”;
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Bci 30BHImHI eneMeHTH TexHIYHUX 3aco0iB ACY, mo nepeOyBarOTh I
HAIPYTO¥0, TOBUHHI MaTH 3aXKCT BiJ] BUTIAJKOBOTO JOTHKY:

- TIOBMHEH OyTH OOMEXKEHHU HIOCTyn 10 OOepTOBHX YaCTUH HACOCHOI
YCTaHOBKH.

- eTIEKTPUYHI CJICMEHTH IIOBUHHI MAaTH 3aXHCHE 3aHYJICHHS.

- TOBMHHI OyTH BXXHTI1 3aX0J{ 10 OOMEKEHHIO PiBHS BUPOOHUYOTO IIyMy, a

TaKO IepeadaveHi 3aco0u mokexxeracinas [6-7].

1.5.4 Bumoeu 00 epeoHoMiKU Ui MexXHIYHOI eCmemuKuy

HacocHa ycraHOBKa NOBMHHA pPO3TAllOBYBAaTHUCA B J0OpE OCBITIEHOMY,
OMATIOBAJILHOMY TPHUMIMIEHH], y MICIl 3py4yHOMY I i1 0OCIyroByBaHHS
TEXHIYHUM TEPCOHAJIOM, IO JO3BOJIUTh 3a0€3MEYUTH IIBUJKICTh, MPOCTOTY,
EKOHOMIYHICTh TEXHIYHOTO OOCIyrOBYBaHHS W pPEMOHTY B HOPMaJIbHHX 1
aBapiiHUX YMOBax.

KoncTpykiiiss ¥ posramiyBaHHS LIWTIB, MYJbTIB, MOBUHHI 3a0€3MEUUTH
BUJIUMICTD 1 POCTOTY OOCITYyTrOBYBaHHSI.

Ha ycrarkyBaHHi TOBMHHI OYyTH BCTAHOBJICHI TaOJMYKH W HaHECEHI
MO3HAYCHHS 11 32a0€3MeYeHHS MBUAKOCTI MOHTAXY ¥ PEMOHTY.

1.5.5 Bumoeu 0o excniyamayii, mexHiuHOMY 0OCIY208Y8AHHI U DEMOHMY
KOMNOHEHmMI8 cucmemu

HacocHa ycTaHOBKa TOBHHHA PO3MIIILyBATUCS B 3aKPUTOMY IPHUMIIICHHI, 110
BHUKJIIOUAE 110 aTMOC(HEpPHHUX OINaJiB 1 BCTAHOBIIOBATHCS Ha CIEMiaIbHUN
byHIaMEHT.

[lmomia mpuMIIMICHHS IIOBHHHA BIiATIOBIIATA BUMOTaM  ITANPHEMCTB-
BUTOTOBJIIOBAYiB IO PO3MINIEHHIO W OOCIYroBYBaHHIO TEXHIYHUX 3aco0iB 1
CaHITapHUX HOPM.

[Ipn mpoexTyBaHHI EJIEKTPOINOCTAYaHHS W CHUCTEM IITYYHOTO OCBITIICHHS
MPUMIILEHb JJISI PO3MIIIEHHS] TEXHIYHUX 3aC001B HEOOX1THO BUKOHYBATH BUMOTH

»1]paBWJI yJamTyBaHHs €JIEKTPOYCTaHOBOK .
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[lepepaxoBaHi BHIllE BUMOTH PO3POOJIAIOTHCS HA CTa/il TEXHIYHOTO MPOEKTY
1 0/1a10ThCSl B 3aBJaHHI1 HA MPOEKTYBAHHS MPUMIIIICHb.

[ToBuHHa OyTH po3poOiaeHa IHCTPYKIIIS 3 TEXHIKKA O€3MEKH PH eKCIuTyaTalii
Hacoca, J¢ JaHl YITK1 BKa31BKH I10:

- MOHTaXYy;

- MIKJIIOYEHHIO €JIEKTPOYCTAaTKyBaHHS,

- BBEJICHHS B €KCIUTyaTaIlio;

- 00CIIyrOBYBaHHIO.

1.5.6 Bumozu 0o ekonomiunoi doyintbHocmi
3acTocyBaHHs pO3pO0JIEHOI HACOCHOI YCTAaHOBKM IOBHHHE 3a0€3MeunuTH

3HAYHUI €KOHOMIYHUM €(eKT, a came:

- eKOHOMIIO €JIEKTPOEHEPTii,;

- EKOHOMIIO P1JIMHHU, 110 [IepeKadye HAcOC;

- 3MEHILIEHHS KUIbKOCTI YCTaTKyBaHHs, IO MPUHAMAKOTh y4acTh y MpOIEeC]
poOOTH YCTaHOBKH;

- M1IBUILIEHHS TEPMIHY CIIY»OM €KCIUTyaTOBaHOI TPyOOMPOBIIHOT MEPEKI;

- ICUIEBU3HY BUKOPHUCTOBYBAHOI'O YCTATKYBaHHS;

- KOPOTKUN CTPOK OKYITHOCTI.
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2 Po3paxyHKOBO-KOHCTPYKTOPCHbKA YaCTHHA
2.1 Texniko — exoOHOMiYHe OOIPYHTYBaHHSI BHOOpPY CHCTeMH
€JIeKTPONPHUBOAY

PosrasineMo nurtanHg BUOOpY crnocoOy KepyBaHHS HACOCHOK YCTaHOBKOIO
BpPaxOBYIOUH €KOHOMIYHICTh PI3HUX CIOCOOIB KEPYBaHHS HACOCAMHU.

PerymtoBanHs poGOTH HACOCHOI YCTAaHOBKH Ma€ 3a METY 3MiHY ii OCHOBHHUX
napamMeTpiB: nojaadi Q ta Hamopy H. PerymioBaHHS MOKHa 3/1MCHIOBATH JBOMa
METOJIaMH: 3MIHOIO XapaKTepUCTUK Mepexi (apocemtoBaHHs) abo0 3MIHOIO
Oe3nmocepelHbO  XapaKTepUCTUK  Hacocy (3MiHa  IMIBUAKOCTI  OOepTaHHS
€JIEKTPOJBUTYHA). Po3riisHEMO [11Ba HaAWOUIbII BUKOPUCTOBYBAaHUX CHOCOOM
pEryIioBaHHS: JAPOCENIOBAHHSA Ta 3MiHA MIBUIKOCTI 00E€pTaHHS E€JIEKTPOJBUTYHA.
Hexail B po3po0itoBaHiil cucTeMi, sika Mpaitoe 3 HOMIHAJIBHUM ISl 0OpaHOro
Ty Hacocy mapamerpamu Quom = 27,7 m*200, Huom = 29 m, BinOyBaeThCs
smina mogagi QR = 20 wm3/200. PosrmsHemo sxkuM umHOM Oyne BinOyBaTHCH
perymoBaHHs B cuctemi. [loOyayeMo XapakTepUCTHKM HAacocy 1 Mepexi
pPO3paxXyHKOBUM IIUISIXOM, 3HAMIEMO CHOXHBAaHY TOTYXHICTb Ta €KOHOMIIO

MOTY>KHOCTI 3a JAHUX YMOB MpU OOPAHUX JIBOX CIIOCOOAX PEryIrOBaHHS.

2.1.1 Cnocib pezyniosarnts 3acy8Koi0 (0poceno8anHsIM)
3acHOBaHMI Ha 30UIBIIEHHI OMOPY HAMIPHOI JIiHII — BBEIEHHSA 3aCYyBOK
MPU3BOIUTEL 0 30UIBIICHHS TiAPOJWHAMIYHOTO omopy Marictpaii. [Tobymayemo

XapaKTEPUCTUKHU PETYITIOBAHHS.

Tabmuns 2.1 — Xapakrepuctuka Hacocy 1 KK/I.

Qm/ron 0 5 10 15 20 25 | 27,7 | 30 | 35

H, m 36,2 | 36 | 355|343 | 327 |32 ]| 29 | 27 | 23

n,% 0 194 | 38,4 | 55,7 | 704 | 843 | 87 |861| 856
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Tabaums 2.2 — XapakrepucTuka Mepexi

Qm*ron | O 3) 10 15 20 25 21,7
H, M 0 2 52 | 96 16 24,5 29

PobGouiii Tourli 4 Ha mMepeTHHI XapaKTePUCTUK HACOCY 1 MaricTpani
Bimnosimac momaua Q4 = 29 wmPl200. 3a ymoBamm poOOTH 0 CHCTEMH Oyge
nofasatucs piguna 3 purparamu QR = 20 1%/200, o menmie Hixk BuTpaTu Q4.

Jlns 3MEHIIIeHHS 110/1a4l Hacoca MPUKPUBAIOTh 3aCyBKY Ha HOT0 HaIlipHOMY
natpyOky. II[o60 HaoYHO MpPEACTaBUTH PEKHM POOOTH Hacoca 3 MPUKPUTOIO
3aCyBKOIO, MOOYIyeEMO TaK 3BaHy JpocelbHYy KpuBy ab0 K JpPOCEIbHY
XapaKTEPUCTUKY MEPEKI.

Pisuuns opawnar touok R-R1 = hg = 16,3u € 3aiiBumii Hamip, sSKuil
HEOOXIHO ,,JIOracUTH”’ OMOpOM 3acyBkH. OOUYMCIMMO HAIIMIIKOBI Hamopu hii,
hz2, ... ha, mo BignoBigaroTs ButpaTam Q1, Q2, ..., QN, 0 BiIOMHX BHpa3ax:

hz = hg(Q1/ Qr)? = 9,1m, haz = ha(Q2/ Qr)? = 4,075m hmz = hz(Q3/ Qr)? =
1,018m.

Bemuumnna hgi, hiz, ... han Bimkmagaemo Bropy Bif BIAMOBIZHHUX TOYOK
xapaktepuctuk Q — H Mepexi W oTpuMaHI TOYKH 3’€IHAEMO KPUBOKO, TOOTO
OJICPKMMO TaK 3BaHy JIPOCEIbHY XapaKTEPUCTHUKY Hacoca.

Po3paxoBaHi TakuM YMHOM 3HAYEHHS XapaKTEPUCTUKUA MEPEKI NPUBEACHI B
TaOJIMIII.

Tabnuusg 2.3 — J[pocesibHa XapakTepUCTHKA MEPEXi

Q,m%/rox 0 5 10 15 20
H, m 0 6,577 | 22,987 43,3 77
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2.1.2 Cnocib6 pecyniosants smMiHOI0 WEUOKOCMI 00epMaHHts eleKmpoo08u2yHa

XapakTEepUCTUKU HACOCY 1 MaricTpaji J0 MOoYaTKy peryjaroBaHHS Taki X fK 1

IPU IPOCEIIOBAHHI.
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Pucynox 2.1 XapakTrepucTika HacoCy i Mepexi Py IPOCEITIOBaHHI.

Xapaktepuctuka Hacocy 1 KKJI

Tabnuusa 2.4
Q,M%/rox 0 5 10 15 20 25 27,7 30 35
H, m 36,2 36 35,5 34,3 32,7 30,2 29 27 23
n,% 0 19,4 38,4 55,7 70,4 84,3 87 86,1 85,6

Tabnums 2.5 XapakTeprucTuka Mepexi
Q,m*/roxt 0 5 10 15 20 25 21,7

H, M 0 2 5,2 9,6 16 24,5 29
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YacToTy oOepraHHs nl BUOMpPAIOTh Takoro, 100 xapakrtepuctuka Q — Hni1
Hacoca ImpoinuIa 4epe3 pobody Touxy R1 mpum 3amaniii momaui QR = 20 #%/200, a
HE yepe3 TOUKy Xapakrepuctuku Q — Hn.

Po3paxyHok HEOOXIJHOI YacTOTH PpETyJIOBaHHA 3JIMCHIOETHCS  3a
dbopmyioro:

n1 = Qr/ Q4 = 20/27,7= 0,72 (2.1)

Touku xapakrepuctukn Q — Hnl Hacoca 3HAXOIATh MUISXOM

nepepaxyBaHHs y 3aJJaHOMY CITiBBiTHOIIICHHI:
Q =Q o H1:H|(&J (22)
o,

Po3paxoBaHi TakM YHHOM 3HAYCHHS XapaKTEPUCTUKU HACOCY MPHUBEACHI B
TaOJIHIII.

Tabmums 2.6 XapakTepucTruka HacOCy MPHU 3MiHI MIBUAKOCTI 0OEpTaHHS

o= 0,72(DHOM

Q.m%/rox 0 3,6 7,2 10,8 14,4 18 199 | 216 25,2

H, m 215 |21,4 21,1 20,4 194 | 1797 | 17,2 16 13,6

H(m)

36 —_—

0 5 10 15 20 25 30 35 Q(m*/rom)

Pucynok 2.2 XapakTepucTuka Hacocy 1 Mepexi Mpu 3MiHI YaCTOTH



30

3’scyeMo  SIKMM 3 PO3IJITHYTHUX JBOX CIHOCOOIB pEryJItOBaHHS OUIbII
€KOHOMIYHMM. /{151 IbOr0 BUKOHAEMO PSAJT PO3PAXYHKIB.
3Hali1IeMO CIIO’KUBAHY MOTY>KHICTh IIPHU JPOCEIBHOMY PETyJIIOBaHHI:

gQH,p 981.20-328-1

= 2358 Bm (2.3)
m 3600 -0.76

Prp=

3HaiiIeMO CIOXUBaHY TMOTYXKHICTh MPU PETryJIOBaHHI 3MIHOIO IBUIKOCTI

oOepTaHHS €JEKTPOJBUTYHA:

_ gQH,p 981.20.16-1
n, 3600 -0.76

=1147 Bm (2.4)

P

g — IPUCKOPEHHS BUILHOTO A IIHHS;

Q — mojava mpu peryiaroBaHHi;

p — T'yCTHHA PiJIUHUY;

H1 — Hamip nipu apocentoBaHHI;

H2 — namip mpu 3MiHI MBUKOCTI 00€pTaHHS;

N1 — KK/I nmpu npocentoBaHHi;

N2 — KK/ npu 3MeHIIeHH1 BUAKOCTI o0epTaHHs (pO3paxyHOK 31HCHIOEThCS
10 PO3PaxXyHKOBUM KPUBUM.

3Hal1IeMO €KOHOMIIO TTOTY>KHOCTI:

_P—P, 2358-1147

P
EK - 09

=1,33kBm (2,5)

N — npubnu3nuit KK/ enekrpoasuryHa.

Mo>kHa 3poOUTH BHCHOBOK, IIIO CHOXKHMBAHHS €JIEKTPOEHEPrii 3a paxyHOK
3MIHU HIBUJKOCTI OOEpTaHHS EJEKTPOJBUTYHA B TMOPIBHAHHI 3 JIPOCEIOBAHHSIM
3HM3WIOCS. 3MEHIIEHHS CIIOKMBAHOI TOTYXKHOCTI BigOyslocs 3a paxyHOK
3MEHIIICHHS Harmopy Ta 30imbrmeHHs KK/I.

OT1xe, BUOMPAEMO B SKOCTI CIIOCOOY KepyBaHHS PO3pPOOIIOBAHOIO HACOCHOIO
YCTAHOBKOIO — CIMOCI0 peryiroBaHHS MUISXOM 3MIHM MIBUAKOCTI OOEpTaHHS
eJIEKTPOJIBUTYHA 3a JOMOMOIOI0 MepeTBoproBaya yactoTu. Llei cnociO, Buxoasuu

3 MMPOBEJICHUX PO3PAXyHKIB € TEXHIYHO W €KOHOMIYHO OUIBII JOIIJILHUM.



2.2 Po3paxyHOK NOTY:KHOCTi i BUOip ABUI'yHa
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Ha ocHOBI mpoBeAeHOro paHilie aHajli3y Ta MOJAaHUX BHUIIE PO3PAXYHKIB

JUIsL pO3pOOJIIOBAHOI CUCTEMU BUOMPAEMO ACUHXPOHHUH eneKTpoABUryH 3 K3

poTopoM. 3poOHUMO PO3paxyHOK HEOOX1THOI IMMOTYKHOCTI €IEKTPOBUTYHA.

s e

g — IPUCKOPEHHS BUIHBHOTO Ta IIHHS;

Q — HOMiHaJBHA TTO]a4a HACOCY;

p — TyCTHHA PIIUHU;

H — HomiHaneHUIA Hamip HacoCy;

N« — KKJI Hacocy;

N — KK]I nepenaui;

Kk, — koedimieHT 3amacy.

Bubupaemo HaNHOIKYUI 3a HNOTYXHICTIO ACUHXPOHHUI
KopoTko3amkHenuit nBuryH tuny AUP100S2 notyxHicTio 4 kBT.
ITapamerpu eJIeKTPOABUIYHA

HominanbHa NOTYXHICTh Prow, KBT 4
da3nHa Hanpyra Uy, B 380-415
HowminansHa yactoTa 00epTaHHs Nu, 00/XB 2850
Kog3anus Su, %0 5
KK Nu, %0 87
Cos( 0,88
Mr=Mun/Mx 2
My=Mmin/Mg 1,6
M=Mmax/Mu 2,2
1n=In/Ix 7,5
MomeHT iHepuii 1BUryHa Jp, KI*M? 0,0059
Yacrora fl'u 50
Kis1bKiCTh 1OJIIOCIB p 2
HominansHuii ctpym L, A 79
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0 5 10 5 20 25 30 35 Q(mroxn)

10 15 20 25 30 35 Q(v/ron)

Pucynok 2.3. Xapakrepuctuka Hacocy 1 KKJI
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Hacoc NBE-32-163 3 mit

Temneparypa piauau -25...4+90
Hominanesha noaua 27,4 m/ron
HiameTp pobodoro koneca 163 mm
Tun ymineHenns Bany GQQE
Martepian Kopiycy 4yryH
Martepian pobodoro kojeca OpoH3a
Maxkcumanbauii pobounii Trck 16 6ap
3’enHanHs TpyO CTaHIapTHE
Po3mip BxigHoro narpyoka DN 50
Po3mip BxigHoro nmarpyoka DN 35
Maca 54 xr

2.3 Bu0ip cmi10BUX eJ1eMEHTIB
IleperBoproBau yactoru AMD-F-0013

MakcumanibHa MOTYXKHICTh IBUTYHA 5,5 KBT

MakcuManbHa BuxigHa noTyxHicts IT4 9,5kBA

Maxkcumanbauii Buxignuii crpym T4 13A

Bxinna manpyra 3 ¢asu (342...582B)

Bxinna yacrora Hanpyru (47...631'm)

Buxinna Hanpyra piBHa BX1AHIN

Yacrora Hecyuoi BUXigHOI HanpyTu perymtoerbes Bia 11 mo 15Ty

Cuctema Moayssiii IIMPOTHO IMITyJIbCHA, BHUXIJHA HANpyra MO CHHYCY
JTUCKpeTHICTh BuX1aHOI yactoTh 0,011y

[lepeBanTaxyBanbHa 31aTHICTh 150% HOMIHambHOTO cTpyMy [1TY Ha mpoTs3i
1xB.

Yac posrony / ynoBinbHeHHs perymoerbes Bin 0,1 1o 3600 cexk.
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3axucHi (yHKIIT — caMO TeCT, IEpeHalpyra, IepeBaHTaXeHHs, HEJJOHAIIpyTa,
neperpis IIY, 30BHIMIHSA NOMMIIKA, EJIEKTPO3aXHCT JABUTYHa BIJ IEpErpiBy,

KOPOTKC 3aMUKAaHHS Ha 3€MIJIIO, 3BCPXCTPYM.

Bxignuii ¢pisisTp Commander SE.
KonTposaep PFU-1000 (24V) 3 nporpamamMu KepyBaHHs
Bumukau aBromatuunnii BA47-100

TpbOX MONMKOCHUM
Hominanpauit ctpym 40A

XapaKTepUCTHUKA CITpaltoBaHHA D.
Marniro Tepmiuynnii BumMmuka4 GV2-M16

Termioe pee
HominansHuii ctpym 9...16A

JlogatkoBi kontaktu 2HO, 1H3.
Bumukau asromarnunuii BA47-100

TpbOX MONMKOCHUM
Hominanpauii ctpym 16A

XapaKTepHUCTHUKA CITpaltoBaHH D.
KonTakTop KMU 11210(BS)

Hamnpyra cnpaitoBanss kotyuku 24B
Ctpym pozuernieHsst 12A

Mexani3m OnokyBanns 1 KM MbB40-95

JaTyuk THcKY MeMOpanuuiit SEN-32
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3 Po3po0ka cucteMn aBTOMATHYHOI0 KEPYBAHHA i PO3PaXyHOK eJIeMEHTiB

3.1 Po3po0Oka cucTreMu aBTOMATHYHOT0 KEPYBaAHHS

Ilepen TUM $K mNepelTH A0 MaTeMaTUYHOTO OMNHUCY OO0’€KTa, BapToO
PO3IIISHYTH OCHOBHI TPUHIIMITK YacTOTHOTO KepyBaHHs. [lpw 3MiHI bacToTu

cTpymy f1 mpomopiiitHo Oyie 3MiHIOBaTHCS IBUAKICTH X0J0CTOI'O X011y (Mo:

o, = 22 (3.1)
p
JIe p — YUCJIO Tap IMOII0CIB 0OMOTOK CTaTopa.
MarniTHui oTiK @ 3MIHIOETHCS 0OCPHEHO MPOIOPIIIHHO YaCTOTi:
U, ~ E,, = 4,47 f,wa, (3.2)

ne E1y — enextpopymriitna cuna (EPC) cratopa;

W1 — YHCIIO BUTKIB OOMOTKH (ha3u cTaropa.

Tomy, 1110 B HOMIHAJILHOMY PEKHMMI MarHiTHa CUCTeMa JIBUTYHA HacU4YeHa, TO
npyu HoMiHaIbHIM Hanpy3i Upow OPUINYCTHME TUIBKM 30UIBIIEHHS YacTOTH
XUBJsSi90o1  Hanpyru. Toxmi mnpu  3HadeHHi fi Oimbmomy  fuow, BIAMOBITHO
30UTBIIYEThCS (00 M 1HIYKTUBHHUI OIIp KOPOTKOTO 3aMHKaHHS Xx 1 3MEHIIUTHCA
MardiTHHM TOTIK @, 30UIBIICHHS o 1 X« BHKIUKAE 3MCHIICHHS KPUTHYHOTO

MOMEHTY Myp:

. 3U;, .
M = 2y|R, £ /R? +R? | (3:3)

ne R1 — akTuBHUI omip 0OMOTKH cTaTopa.

Kputnune xoB3aHHs Skp 31 301UTIICHASIM Xy 3MEHIITATHCS:

5, =t

ne R'2 — akTuBHMIA omip 0OMOTKH poTOpa.

(3.4)

ITpu 3menmeHHi yactotu f1< fiuom 3HIKYETBCS KyTOBa INBHIKICTH (Mo, a
MarHiTHUM TOTiK @ 30umbmyeThes. lle mpu3BoauTh A0 TIIMOOKOTO HACHYCHHS
Mar”iTHOTO JIAHLIOTa i 30UIbIIEHHS CTPyMY, 110 HaMarHiuye, (1o y CBOIO Yepry

BUKJIMKA€E 3HIKCHHS eHepreTudyHux nokasHukiB nsuryHa (KK/I, cos). [dus toro,
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11106 motik @ mpu 30ibHICHH] a00 3MEHIIICHH] YacToTH 1 3amuImaBcst moCTIHHUM,
HEOOX1IHO MPHU 3MIHI YACTOTH B Iiil K€ KpaTHOCTIi, 3MiHUTU Harnpyry Ui, ToOTO

3MIHIOBATH Il BEJIUYUHH TaK, I100:

Yi - const (3.5)
fy

IIpu poTpumaHHiI Il€1 YMOBHM, KPUTHYHUH MOMEHT 3MIHIOETBCS —
30LIBIIY€ThCA 3pOCTAHHSAM YaCTOTH U 3MEHIIYETHCS 3 i1 3HUKEHHSM.

PerymoBanus npu Ui/fi= const, momisbHO A €neKTponpuBoaiB 3 Mc =
const, ToOTO 3 MOCTIMHUM CTaTUYHUM MOMEHTOM. ko M. BUPOOHHUOTO
MEXaHI3My 3MIHIOETbCS TIPHU PETYJIIOBAaHHI MIBHJKOCTI TaK, IO MOTYXHICTh Pc=
Mc®, TO perynpoBaHe JHKEPENIO 3MIHHOTO CTPyMy MOBHHHE 3a0€3MeuyBaTH 3MiHY
Ui i fi, y Takux mexax, mo6 Ui/ fi= const. [ims BeHTHIATOPHOI (HACOCHOT)

YCTaHOBKM HaBaHTaxeHHS (Mc=var) mnpu peryitoBaHHI KyTOBOI IIBHJIKOCTI

3pauenHs Ui i f1 moBuHHI mominaTucs tak, mo6 Ui/fi? = const.

u
Ao l Ao w(Me) = = const
—= = Const wo3| \ v 1,
wo3 b
\ \
\
\ /
wo A\ ;
wo2 P—
\ ‘\\
N/ ]
\/ /
= [GTV) ) S— _/:\\ /
wol / 7 RC =
N— / / \ /
p [/ /
/ = 0 : / /
o - N R
Mcs Mc2 Me3 M
a) 0)
Ao w(Me) " U
wo3 . 53 £ . const
MLV _— - '
wo2 v
T e ;
// ) /
’ /
ol /
W “}‘/\\ / /
| ) ' /
Y // // // ;/
S R
Mc1  Mc2 Mc3 M B)

Pucynox 3.1 MexaniuHi XxapakTepUCTHUKNA aCHHXPOHHOTO JBUTYHA MPU

peryJitoBaHHI 3MIHOKO YaCTOTH >KMBUJIILHOI MEPEXKI
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TakuM yMHOM, 3aKOH 3MIHM HAIPYT'W BU3HAYAETHCS HE TUIbKHM 4YacToTOMO f1,
are W XapakTepoM 3MIHM MOMEHTY CTaTUYHOTO HaBaHTaXEeHHS M. Ha Baiy
JIBUTYHA.

Ha puc. 3.1, a HaBeneHi xapakTepucTuku npu M. = const, a puc. 3.1, 6 —
npu P.= const, na puc. 3.1, ¢ — npu Mc=var [15].

Crioci06 peryJtoBaHHsS KyTOBOI HIBHAKOCTI 3MiHOIO fi j03BoJisse ojepixarn
TBEpAl MEXaHIYHI XapakTepUCTHUKU. BTpatu mnoryxHOCTI mnpu poOOTI Ha
pPEryIbp0BaHUX XapaKTEPUCTUKAX HE BEJUKi, TOMY IO IBUTYH MPAITIO€ HA JIHIHHUX
JUISTHKaX MEXaHIYHMX XapaKTePUCTUK MPU HEBETUKHUX 3HAYEHHAX KOB3aHHS. [lpu
HasIBHOCTI BIJNOBIJHOTO MEPETBOPIOBaYa YacCTOTU MOKHA OJEPKATH OyIb-sKY

IJIABHICTH PETYJIOBAHHA.

3.1.1 AcunxpoHnnuii KOpoOmMKO3AMKHEHUL eNeKmMpPOOBULYH

Ha ocHoBi T-no/110HO1 cXeMHU 3aMIllIEHHs ¥ CXEMHU AMHAMIYHOI y3araJlbHEeHOi
€JIEKTPUYHOI MAIIMHUA BUPOOISEThCS MaTEMAaTUYHUN OMIC aCHHXPOHHOIO JIBUTYHA

3 KOPOTKO3aMKHEHHM POTOPOM 1 po3po0OKa ioro quHamivanoi moaemi [15].

Rs Xs Xr

o VNV SN
e -

Is Ir
Us 10 | Jxm RI/S

Pucynox 3.2 Cxema 3amimenss A/l

[TapameTpu cxemu 3aMillICHHS:




X2 — X2 1pn
I 1pn
Rl — R]I_ 1pn
1pn
' " Ul([m
R, =R, 7

Xy - TOJIOBHUH 1HAYKTUBHUH OIip;

R’1, X’1 — akTUBHUH Ta IHIYKTUBHUM OMOPHU CTATOPA;

R’2, X’2 — akTUBHMII Ta IHIYKTUBHUI ONIOPH OOMOTKHU POTOPA;
X1, X’’2, Ry, R*’2 — omip cratopa # potopa, Owm;

U1¢u, l1gpn — HOMiIHAJIbHI 3HAYeHHS (pa3HOI HAMIPYTH 1 CTPYMY.
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(3.6)

M MaTeMaTHUYHOMY OIIHCI i T BaHHS, NPUMMAIOThCS
IT areMa 0 omuci AJl, ax o0’ekTa KepyBaHHA, al0ThC

HACTYITHI JIOMYIIICHHS:

® CWIM, II0 HAaMarHi4yyrTh, OOMOTKH JBUTYHa PO3MOAUIAIOTHCS CTPOrO

CHUHYCOiJaJTbHO B3JI0BX OKPY>KHOCTI MOBITPSTHOTO 3a30DY;

e BTpaTH B “cTanii’ craropa i poTopa BiJCYyTHI,;

e OOMOTKHM cTaropa W poOTOpa CTPOrO CUMETPUYHI 31 3pPYIICHHSIM OCl Ha

120°;

® HACHYCHHS MarHiTHOTO JIAHITFOTA BiJICYTHIM.

IIpy MareMaTHyHOMY OMNHCI ACUHXPOHHOIO JBUTYHA € CHCTEMa, OMHCaHa

PIBHSIHHSIMHU:

Usx = LsxRs+ absx _ wl'¥Ysy

sy — wl'Wsx

Usy = LsyRs+ d

d¥rx
—(

Urx = LrxRr + wl—o)¥Pry

Ury =LryRr +

d\gtry —(wl-o)¥rx

a TAKOK BUPAKCHHA IJIS IIOTOKO3YCIIJICHHA CTaTOpa " poTopa:

(3.7)
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Wsx = LsxLs+ LrxLm

Wsy =LsyLs+ LryLm
(3.8)
Wrx = LrxLr+ LsxLm

Wry = LryLr+LsyLm
ne Ls, Ly, Lm — exBiBaJeHTHI 1HAYKTUBHOCTI OOMOTKH CTaTOpa, HaBEACHOI
poTOopa # JaHIora HaMarHiayBaHHS BiJIITOBI1IHO.

VY sIKOCTI OCHOBHOT MaTeMaTHIHOT MOJIE1 JJIsl TOCTIKEHHS PUIMAETHCS B
JIaHii poOOTI MOJEenb, ONMUWCaHa B CHUCTEMI KOOpPJMUHAT, IO OOEpTa€EThCA 3
4acTOTOIO 017151 cTaTopa i Opi€eHTOBAHOI MO HAIpYy3i cTaTopa.

Jl1s Takoi MOJIeNl CripaBeIJIMBl HACTYITHI CITIBB1IHOIIICHHS:

Ws = Wsx + sy

Wr =Wrx+Pry
(3.9)
Us =Usx

Ur=0
Jist  HacTpOIOBaHHS  PEryjsiTOpIB  CHCTEMH  KepyBaHHS  Oyze
BUKOPHUCTOBYBATHUCS, TaK 3BaHa, JiHeapw3oBaHa Mozenb AJl. Bona Oymyerncs
BUXONSIYM 3 TOrO, IO HENiHIMHA MeXaHIdYHa XapakTEePUCTHKA JIBUTYHA

MPEACTABISETHCS JIIHIHHO Ha pOOOYIi TUISHITI.

Mc

(OF @
A R
Lp+tl | m Jp

£

Pucynox 3.3 JlineapuzoBana monensb A/l
ne Te — enexTpoMexaHiyHa MOCTIHA Yacy;

B - koedilieHT, 1110 BU3HAYA€ TBEP/ICTh XapaKTECPUCTUKH.
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3.1.2 Ilepemsoprosau uacmomu 3 1aHKOK NOCMIUHO20 CIPYMY

Jlo ckiamy mepeTBoproBava YacTOTH 3 JAHKOIO MOCTIHHOTO CTPYMY BXOJHUTH
BUTIPSAMJISY, PUIBTP i aBTOHOMHUI 1HBEPTOP HAIPYTH.

Tpansuctopuuii mepeTBopioBad SBisiE COOOK0 HENHIMHUN TUCKPETHUN
TUHAMIYHUN O00’€KT 3 OOMEXEHOI KEpPOBAHICTIO, OJIHAK MOXXHA TOBOPHUTH, IO
cnerudika Tpll, sk HealHIHHOTO 00’€KTa Majo MO3HAYAETHCS HA pOOOTI CUCTEMH.
YacTora 3pi3y KOHTYpY B SKOMY BiH mepeOyBa€ 3HAYHO HHKYE YACTOT, ICTOTHHX
JUIS AWHAMIKKA TPAH3UCTOPHOTO TMEpPEeTBOPIOBaYa, MPH LBOMY dYac MEpexiTHuX
IOpOLECIB Yy CHUCTEMI IOMITHO MEPEBULIY€E TMEpIOA IUCKPETHU3alli CHCTEMHU.
Haityacrime, BUNIpsAMIISY TIpU PO3poOOIll CHUCTEM KEpyBaHHS E€JIEKTPONPUBOIAMU
MPEACTaBISAIOTh Y BUIJISAI anepioJuyHol JJaHKu 3 koedimieHToM mepenadi K 1
nocTiitHoi uacy Tk, a iHBepTOp 1 30BCIM 5K Oe3iHepiriitHa anka K.

MaremaTU4HUN OMUC JAWHAMIYHMX TMPOIECIB Yy JIaHIl IOCTIMHOTO
BUIIPSIMIIEHOTO CTPYyMY 3 (DUIBTPOM ONUCYETHCSI HACTYNHOK CUCTEMOIO PIBHSHB!
[13].

Ic':CoM
dt
Ie=I-+I; (3.10)
Ud=|6ch)+I@dL—(D+Uu
dt
TakuM dYHMHOM, ONMUCAHWIA BWINE EJIEMEHT CUCTEMH Ma€ CTPYKTypy, SK

MIOKa3aHO HA PUCYHKY.

Ue

ka Us 1R Us

ku

Te"p+1 Tep"p+1 Co™p

BanpamMurens Wuseprop

} A

Pucynox 3.4 Monens nepeTBoproBava 4aCTOTH 3 JIAHKOIO TTOCTIHOTO CTPyMYy
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JUisi  HacTpOIOBaHHS  PEryjsiTOpIB  CHCTEMH  KepyBaHHS  Oyje

BUKOPHUCTOBYBATHUCS JIIHEAPU30BaHA MOJIEIb IEpeTBOproBaya (puc. 3.5):

Ky
Us s 1 S S
P
T,p+1

Pucynox 3.5 Jlineapu3oBaHa MoieTb IEPETBOPIOBAYA YACTOTH
ne Ky — koeiieHT miACUIeHHs IepeTBOPIOBaYa YacTOTH;
Ty - mocriiina yacy IT4.
Hacoc

OcHOBHUMU TTapaMeTpaMH HAacoca € Harmip 1 mojava.

[Tomauero Q HA3UBAETHCS OOCAT PIIUHU, IO MOJAAETHCS HACOCOM B OJMHUIIIO
qacy.

Hamip H Bu3HauaeTbcst K pi3HUI 3MICTY €Heprii B 1kr piguHi (TUTOMOT
eHeprii) Ha AUISTHII BiJl BXOJy B HACOC JI0 BUXOJY 3 HHOTO.

[Ipu mepepaxyBaHHI HAacOCIB Ha HOBI YacTOTH OOEpTAaHHS Bala, IIUPOKO

BUKOPUCTOBYIOTHCA (HOPMYIH TOM00M, SIKI TO3BOJSIOTH OJEPXKATH MapaMeTpu

Hacoca Mpy HOBUX PeXUMax poOOTH, 1 MAIOTh BUIJIS!

Q_a
Q, o
(3.11)
H, _ a’lz
H, o

Hexait Q2=Qn, H>=Hnu, w2=0u; Q1=0Q+, H1=Hx*, ®1=w+;
ne Qu, Hu, ®on — HOMiHAJIBHI 3HAYCHHS TTapaMeTPiB HACOCHOI YCTaHOBKH,
Q+, H*, @+ — moTouH1 3Ha4eHHs MapaMeTpiB HACOCHOT YCTaHOBKH.

Toni piBHSHHS pHUtME BUTJIS;

Q. o
Q o,

(3.12)
H., f




43

(VWOZ-H)IDV

oge (g0T-0)IAV Atoxa €
AXeBEE 0J09HLOJOEE UeHIND

'€'€'D BLOLORh

00-01

edorsrAad — J711] BWOXD oI 9°¢ MOHAIU]

eLoLoeh
eHYIXug

90-01 datauid ¢——

uuaodaun

T0-0T

P ‘€'€'D UL0OLOBh
BHHRLMOYIL |

£0-0T WLiOLOBh —
IORTIXUE BXOW

+0-0T losovewnd
1oHauenHadagpuy
']

S0'0T losoveintd

IOHqved aLH)
BHHX@WQO

£0-0T losorend

JoHawedJaLHI Iy

20-0T losorewnd
1oHaueHondouodu
UM

Or

el1oLoeh
eHelfeg




44

Bupasumo noToyH1 3Ha4eHHs HAINOpPy ¥ Mojayl Hacoca yepes3 MBUAKICTh Ha

BaJly IBUT'yHA:

Q.= Q—Ha)* =k, .
Wy
(3.13)
H. = H—?a)f =k, !
T

ne Ki, ko — mocTiitHi BeTnuuHw.
VY CAK 3 HaCOCHUMH yCTAHOBKaMU PETYJIIOBAHHS 3A1MCHIOETHCA MO HATIOPY.

BizbMeMo KOpiHb 13 pIBHSIHHS:

\/F* = knacocaa)* (6 14)

— HH b [V P
1€ K,couw = | —2 — HOCTIHHUN KOEQILIEHT.

WOy

Mopens Hacoca Oy/ie MaTH BUTJISIA, IOKa3aHUi Ha puc. 3.7

o 112 H
R KHacoca —

Pucynok 3.7 Monens Hacoca
Toni crpykrypHa cxema CAK HacocHOi ycTaHoBkM Oyne MaTu BUIIAL,

MOKa3aHui Ha puc. 3.8

‘ s | He

|

, K P ¥ B b ol '
[ /"'[ [ I . ! ! }\ 1 ll—,i”:",\"'_‘"'[ . - —» = S ! K»m:.'oco H"*’T\}_N‘(¥l}—"’1
%’] Pt | ' I - ;Il" 11 | | o ‘ %N | " !

I rom i

oo
Pucynok 3.8 ctpykrypna cxema CAK Hacoca

ne PJ1 — peryasarop TUCKY;

Kn — xoedimieHT nepeaadi 1BUryHa.
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k,=2 (3.15)
p

K1 — koedilieHT 3BOPOTHOTO 3B’SI3KY 1O TUCKY.

U
K, =— 3.16
=y (3.16)
3.2 P03paxyHOK CUCTEMHU AaBTOMATHYHOI'0O KEPYBAHHA
Po3paxyemo mapameTpu cXxemMu 3aMillieHHs eJIeKTPOJIBUTYHA:
U
X, =X, ~0,04822 _12 Owm
” 88
U
X, =X, 2 ~0,082%2 _2 ou
L, 88
U
R =R —2 = 008422 _ 21 Om
1pn 8’8
U
R, =R, ~0,0522% _1.25 Owm
L, 8,
U
Xo=X,— = 2522 _625 O
L, 838
ae 2, = 5 = 4000 =79A — HOMIHAIBHUN CTPyM
3Uy, COspn, 3-220-0.88-0,87
cTaTopa.

BuzHauumo 1HIyKTUBHOCTI MOJIIB po3citoBaHHS Lis 1 Los cTatopa il potopa

BIJIMOBIJTHO, @ TAKOXK 1HAYKTUBHICTh KOHTYPY HaMarHiuyyBaHHs L

L =% 22 0038
a)O.aﬂ.H 4
L, =22 -2 _00063 Tn
a)O.aq H 14
X
L, ="t =525 0199 Tn
Wy 314

1€ W0snn=27f,,, =314 pad/c — HOMIHAJIbHA KPyTOBa 4aCTOTa MEPEXKI.

Po3paxyemo mapameTpu nepeTBoproBada 4aCTOTH.
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K,y 5
T,p+1 001p+1

Wiy (p )

ne K,,=f,/U,=50/10=5, koedillieHT TIJCUJIEHHS I[epeTBOpIOBaya
YacTOTH,
f,;, =50 ['ll — HOMIHaJIbHA YAaCTOTa HAMPYTH MEPEXI,
U, =10 B — Hanpyra 3aBaaHHs, IpUIMAEThCs CTAaHAAPTHUM, piBHUM 10B,
T,=0,01 3, ms peanbHux cucteM 7, =0,008+-0,01 3, nocriiina yacy I14.
Po3paxyemo napameTpu CTpYKTYpHOI CXEMH HACOCHOI YCTAHOBKH.

p =1 —4HuCI0 map MojrciB 0OMOTOK CTaTOPA;

27f,, 2-3.14-50

Opy = . = 1 =314 — HOMIHaJIbHA MIBUKICTh XOJIOCTOTO XOMY;
K,= 2z % = 6,28 — Koe(iIieHT TIepeaayl IBUTYHA,
p
1 1 . oy
T, = = =0.0091 — exeKTpOMarHiTHa IIOCTIMHA Yacy ABUT'YHA,
@, s 314-0.35

w,, = @y, (1—5,, )=314(1-0.05)= 297.5 pad/ c— HOMiHaJIbHA MIBUIKICTh ABUTYHA;

M, = Py _ 8000 _ 13,3H - m» — HOMIHAJIbHUI MOMEHT JIBUTYHA;
®, 297,5
B= M, __ 183 =0,82 — MOJIyJIb CTATUYHOI TBEPAOCTI;
Wy — @y 314-297,5
J : .
T, = ?Z = % =0.0101— ejrekTpoMeXaHIYHA CTajla 4yacy JIBUTYHA,
H 29 . .
k = 7= =0,032 — KOEMIIIEHT IEpeaaUl HAcOCa,
Hacoca \/a)i[ \/297’52 cb H p I[
U, 10 . ,
Koe =Ky = T "29° 0,34 — K0edILIEHT 3BOPOTHOTO 3B SI3KY.
H
X,
W, (p)= Jop(T,p+1) _ k, _ K, _ 6,28
o N B 3, T,p*+3sp+p T,T,p*+T,p+1 0,0083p*+0,0101p+1
Jy p(Tap +1)

[lepenarouna ¢pyHKIis 00’ €KTa PETyIIOBaHHS TUCKY JOPIBHIOE:

ELE .o 6,280,032 0,02

WOP(P) = (

O, Typ?+T, p+1) (0,000095+0,032p+1) (0,00009 82 +0,032p+1)
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Hactpoimo koHTYyp THCKY Ha MOAyJbHUKA ontumym. [lpuBenemo
nepenaToyHy (GyHKIiro 00’ €kTa 10 BUAY:

K
W.. = op 3.17
=Tt WTp 1) (3.17)

ne Tor=To2=1/04=0,0182;

~Ty 2Ty 4T, Ty —0,032 £4/0,0322 — 4-0,032 - 0,0091 _-0082+j00177 _ o, 687t i
2T, Ty 2-0,032-0,0091 0,00058 s B

=0,0936.

P, =
Ko = KK

fafiia

Tonai nepenarouna gpyHkuis 06’ekta Oyae MaTH BUTIIAL:

W - 0,0936
" (0,0182p +1)0,0182p +1)
JUia  pgaHoro o00’€KTa 3aCTOCOBYEMO MPONOPUINHO — IHTErpajibHO —

mudepenmiansauii (IT1111) perynsarop 3 nepeaaTouyHo0 GyHKIIEO:

W, =2, (TouP +1)(Te, P +1) (3.18)
To, P
ne B, =Tyl 2KocE . KyKimmaT, =0,0182/0,0047 =387 (3.19)

ITizcraBumo (3.18) B (3.19) 1 ogepxumo:

= (ToP +2)To, P +1) (3.20)
2K e Kix K Kiatina T, P

Wo— (0,0182 p +1)(0,0182 p +1)
P 0,0047

[lepeTBOpUMO TIepenaTOYHY (PYHKIIIIO PETYISATOPA A0 3pYYHOTO BUY:

W,.(p)=0,007p+7,7+212/ p
dopmynu 3B’SI3Ky TTapaMeTpiB mepeaaTouHoi GyHKIi 31 3HAUEHHSIMU OIMOPiB
Ta EMHOCTEN:
Bpq=Roc /(Rclq + Rq)
To:=CocRoc
T, =C,R!

Tomy mo, Tor=To2, TOMI:
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C4Ry =CocRoc
3a1aeMOCs 3HAUEHHSIMU €EMHOCTEN
Cq =5 Mxd
Coc =1 Mkd
TOJII:
R, =0,0182/10° =18200 Om
R =0,0182/(5-10°)=3640 Om

3uaiinemo Ry

Ry = Roc / By, — R, =18200 /387 —3640 = 1063 Om

Bci mapameTpu cucTeMu KepyBaHHS BU3HAYCHI, IIO JIO3BOJISIE TMEPEUTH [0
MaTEMaTHYHOTO MOJICTIOBaHHS.

3.3 Onuc podoTH cxeMHu KepyBaHHS

[TocTifiHMiA HaITip MATPUMYETHCS NUITXOM IMOCTIHHOTO PEryIFOBaHHS
IIBUIKOCTI 000OPOTIB OJTHOTO 3 HACOCIB. [HII HACOCH BMUKAIOTHCS/BUMUKAIOTHCS
BiJl MEpEXi Mo Mipi HeOOXiTHOCTI. B mepiry uepry 3aBxau BMUKAEThCS HACOC,
KEPOBAHMI YaCTOTHUM MEPETBOPIOBAYECM.

IlepemukanHss poOOYMX HAcOCIB BHUKOHYeTbCS  KoHTposepom KL1
aBTOMATHYHO 1 3aJICKUTh BiJI HABaHTA)KCHHS 1 Yacy HaIlpallfoBaHHs. ¥YCl HacOCH B
eKkcrutyaranii kepyroTtbes [TH nonepeMiHHoO.

Bumukau aBromatnunuii QF momae KUBJICHHS HAa €IEMEHTH CXEMH, MPHU
bOMY 3aropsieTbcsi curuaigbHa jamna HLS "mepexa".

Marnitorepmiuni Bumukadi QF1, QF2, QF3 monaroTh KUBJICHHS Ha HACOCH,
MalTh BCTPOEHI TepMopese, 10 CIYKUTh JJis 3aXacTy JBUTYHIB. JlogaTkoBi
HOPMaJIbHOPO3IMKHEHI KOHTAKTH MArHITOTEPMIYHUX BUMHKAYIB TiAKITIOYAIOTHCS
MOCJIIJIOBHO B TUIKY 10 KOTYHIKiB KoHTakTOopiB KM2, KM4, KM6 BianoBigHO.
Kontaktopy KMI1-KM2, KM3-KM4, KMS5-KM6 MOHTYIOTbCS 3 MEXaHIYHUM
OJIOKyBaHHSIM KOHTaKTOPIiB @ TaKOX ITOCIIAOBHO B T'JIKM JIO KOTYIIKIB BIIITOBITHUX
KOHTaKTOPIB MIJKIIOYAIOTHCS HOPMAJIbLHO 3aMKHEH1 KOHTAKTH, 110 YHEMOKIIUBIIIOE

1X BMUKAHHS OJHOYACHO.
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[TeperBOoproBay 4acTOTH 3axXHICHUN BUMUKadeM aBToMaTuaHuM QF4 (16A)
Ta Ma€ ¢punbTp L1 myisa 3HiMaHHS rapMOHIK, 110 nepefaroTbes Bifg [T B Mepexy.

3a pomomoroto nepemukauiB SAl, SA2, SA3, SA4 BMUKAIOTBCS PYuUHI,
HEUTpaabHI Ta aBTOMATUYHI PEKUMHU PoOOTH mpuBoAa. [[Jsl )KUBIIEHHS MIPUCTPOIB
cxeMu KepyBaHHs (24B) BukopucCTOBYeThCS NOHMKawouuid panchopmarop T1, a
JUTSL 3aXUCTy BUMHKa4 aBTomMaTrananii QFS.

Jlyis perysroBaHHS HAalopy B aBTOMAaTHYHOMY PEXKHUMI BHKOPHUCTOBYETHCS
natyuk Pa, a B pydHoMy pexxumi poootu pesne tucky P.S.1 ta P.S.2.

[Tpomixkne pene KA3 nocnigoBHo yBiMkHeHEe 3 P.MIN (pene cyxoro xomy)
JUTS 3XMCTY poOOoTH HacociB 0e3 Boau. Bing neperpiBanHs 0OMOTKIB €J1€TPOIBUTYHIB
y HUX BMOHTOBaHI T€pMOpee IO MIAKIOYEHI MOCIIJOBHO B CXEMY KepyBaHHS
BIAMOBIAHO 10 cBoro Hacocy. Pene KA4 Bmukae mammouxky HL4 (poGora ITY).
Pene KA1 3 nomarkoBUMH KOHTaKTaMH KOHTaKTOpiB BMuUKae jammnoukyd HL2, HL3
(poboTa BI/IMIOBITHUX HAacoCiB). Hopmanbsho 3aMKHEHI KOHTaKTH
MarHiTorepmiuanx BuMukadiB QF1, QF2, QF3 Bmukarors mammouxku HL6, HL7,
HLS (aBapis BiANOBIIHUX HACOCIB).

3apaanasa napamerpis ITY

1-01 | HominanbeHa yactota (I'1r) 50
1-02 | Hominanbna Hampyra (B) 380
Benyda yacroTa 3a1a€eThcs BiJ 30BHIIHBOTO TepMiHaTy AY 1
2-00 D1
Harpyrow 0-10B
KepyBanHs Biji 30BHIIIHIX TepMiHATIB 3 OJOKYBAHHSIM KHOTIKU
2-01 D2
«Stop»
2-02 | 3ynuHKa ABUTYHA 3 MUTTEBUM 00€3CTPYMIICHHSIM D1
2-04 | bnokyBaHHS peBEpCy D1
6-07 | EnextporemnioBuii 3axucT (A) 8,8
7-00 | Ctpym (A) 8,8
7-01 | IToryxHicth (BT) 4000
7-04 | Yucno momirociB 2
7-06 | Yacrota (I'r) 50
7-07 | Hanpyra (B) 380
7-08 | IlIBuakicTh (00/XB.) 2850
8-04 H.iCJ'BI [0SIBH HANPyTH po0OTa MPUBO,TY IOHOBIIIOETHCS 3 D2
MiHIMaJIbHOI YaCTOTH
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4  JlocaimKeHHs] CTATMYHUX | JAMHAMIYHHX pexuMiB  podoTH
eJIEKTPOMEXAHIYHOI CCTeMH

JIJ1st MOJIETIOBaHHS CUCTEMH KEPYBaHHSI HACOCHO! YCTAHOBKU CKOPUCTAEMOCS
nonatkoM SIMULINK nmakera mpuxnagHoro mnporpamuoro 3abesneueHdass MATLAB
3,6 [13].

AHaJi3 TMHAMIKH ¥ CTaTHKU Oy/ie pOOUTH B peKUMaX:

- IIYCK Ha XOJIOCTOMY XOoay OO0 HOMIHAJIBHOT IHBI/II[KOCTi;

po0oTa Mpu HOMIHAJIBHUX MapaMeTpax CUCTEMU;

pi3Ke 3MEHINIEHHS CIIOKUBAHHS BOJM (CTPUOOK THCKY), H=2M.;

pi3Ke 3MEHBIICHHSI CIIOKUBaHHS BoaU, H=2M.

Cnipg 3a3HauuTU TOM (PaKT, N0 NPU peaTbHUX YMOBaxX poOOTH, IIyCK HACOCHOI
YCTaHOBKH, 3MiHA THCKY B CIIOKHMBUINA Mepexki, HE BIIOYBAETHCS CTPUOKOIOMIOHO, a
JIOCUTDH TUIABHO U JIOBIOCTPOKOBO. METOI0 JaHOTO PO3JUTY € JOCHIKEHHS POOOTH
YCTAaHOBKM B KPUTUYHUX pEeXUMax poOOTH, NEpEeBIpKa NPABUIBHOCTI BHOODPY
KOMITOHEHTIB CHUCTEMHU

MopnentoBaHHs CHCTEMHM KEpyBaHHS IMPOBOAWIOCA Ha  HACTyIMHOMY
TUMYaCOBOMY 1HTEpBaJIi:

ripu t = 0 ¢, 6yB 3po0JIeHHI MyCK ABUTYHA HA XOJIOCTOMY XOJY;

npu t = 0,6 c, 3po06IieHi iMiTaIlisl PI3KOro 3MEHIIICHHS CIIOKUBAHHS BOIH
(T IBUILIEHHS TUCKY);

npu t= 1,2 ¢, MOBTOpHE MiABUILIEHHS THCKY,

npu t =2 ¢, KiHeIb TOCIIIIKEHb.

VY pe3ynbpTaTi mpOBEACHOTO MOJICIIOBAHHS OTPUMaH1 KPUBI 3MIHU IIBUAKOCTI
ACMHXPOHHOTI'O IBUTYHA 1 TUCKY (Harmopy) BOAM B CIOXKHUBUINA MEPEXI.

BuznaunmMo fesiki HOKa3HUKU SKOCT1 MEPEXiTHUX MPOIIECIB:
- 4ac MepexiTHOTO MPOLECY MPH MyCKY
tin. myck — 0,25 C..

- Yac NepexiJHOro NpPOLECY MPH MiABUILEHHI TUCKY

tnn. mycK — 0,2 C.,

- Yac MepexXiIHOTo MPOIECYy MPU CKUAaHHI HABAHTAXKCHHS
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tin. c6p. Oyn. — 0,2 C.

[TepeperymoBaHHs B KOHTYP1 TUCKY:
H,. —H,
o=—" 1 .100% (4.1)
H i
ne Hmax = 35 M. — MakcUMaJlbHE 3HaYCHHS HAIIOPY IPH ITyCKY JBHUTYHA.
Toni

- 35-29

o -100% = 20%

CratvyHa NOMHIIKA B KOHTYP1 TUCKY:

AH =H, —H,, (4.2)

o
ne Hyer =29 M. — cTajne 3HaYeHHs HANoOpy MICIsA CKUJAHHS a0o0 IiIBHIICHHI
HAaBAaHTAKCHHS.
Toni
AH =29-29=0
[lepeperynroBaHHS MPU MiABUIIEHHI a00 CKUIaHHI THCKY:

Lt 30006 = 8 10006 = 2096 (4.3)
H. 20

O i

Bci orpumani mapameTpu MepexiJHUX MPOIECiB 3aJ0BOJIBHSAIOTh TEXHIYHI

BuMmoru go EII.

4.1 Cuctema cradinizanii HAmOpPy Npu 3MiHI MIBUIKOCTI

3MIHIOBATH 10 3aIaHOMY 3aKOHY BEJTUYHHY HANOpy BOJY MOXXHA HA BUXOJI
M1IBUIIYBAJIbHOT HACOCHOI CTaHINi, UM Yy BiAJalieHI TOYIll BOAOTIHHOI Mepexi. Y
NepIIoMy BUNAAKY Oe3lepepBHA 3aMKHYTa CHCTEMa PETYJIIOBaHHS HAMOPY BOIU
Oyne 3aI0BOJIBHATH BUMOTAaM 3aJIaHOTO 3aKOHY 3MIHHM HAmopy, TOJI SIK JPYTUN
BUITQ/IOK Ma€ CBOI BIJIMIHHI PUCH.

CralunizyBaTu Hamip y BCIX TOYKaxX CKJIAJHOI PO3Tally’)KEHOI Mepexi
MPAKTUYHO HEMOXXJIMBO. TOMy MOBa MOXK€ HTH MpOo CTaOLTI3aIlii0 HaIMopiB y

ACAKUX OKPECMHUX TOYKAX Mepemi, Ha3BAHUX NUKTYIOUYUMH.
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VY sKOCTI JUKTYIOUMX BHOUPAIOTh TOYKHM, 3a0€3MEUYEHHS HOPMaJIbHOTrO
HAaImopy B SIKMX rapaHTy€ HIATPUMKY TaKMX K€ 4Yd OUIbII BUCOKMX HAIOpIB B
IHITUX TOYKax Mepexi. SIK mpaBmiio, y SIKOCTI AUKTYIOUUX BUOMPAETHCS TOYKA,
HaWOLIBII BiJJaJieHa B TiApaBIIYHOMY BITHOIIEHHI, PO3TalllOBaHa Ha HaWOLIbII
BHCOKHX Io3Haykax [9].

Micue po3TallyBaHHS JUKTYIOUMX TOYOK BHU3HAYAETHCS T1IPaBIIYHUM
pO3paxyHKOM Mepexki a0o JOCHIAHUM IUIAXOM 3a pe3yJibTaTaMu TPUBAIHUX
EKCIUTyaTaliifHUX CIIOCTEPEeKeHb. [Ipy i1CTOTHOMY Mepepo3MnoIijii MOTOKIB BOJAU B
Mepexi, BUKIIMKAaHOMY JIOKAJIbHUMH 3MiHAMHU BOJIOCTIOKMBAHHS PI3HUMH IpyIaMu
CIIOKMBAayiB, IUKTYIOUa TOYKAa MOXKE 3MIHIOBAaTH CBOE Micle po3TamyBaHHA. [Ipu
poOoOTI Mepexi pa3oM 3 HACOCHUMHU CTaHISAMH, OJIM3bKO BHUCYHYTHMHU O
CTIOXXMBAYiB, HAMPHUKIA] CTAHIISIMA MiJKa4YyBaHHsS, IUKTyHO4a TOYKa MOXKE
pO3TaIIOBYBATHCS Ha HAMIPHOMY KOJICKTOP1 CTaHIII].

OCKIUJIbKM 3aKOH CIIOKMBAaHHS BOJM HOCUTH BHITQJIKOBHH Xapaktep, TO 1
MOMEHT BCTAaHOBJICHHS PIBHS HANopy B AUKTYIOYiHd TOYLI BOJOMPOBOAY MICIS
BIUIMBY B1Jl BOJOHACOCHOI CTaHIIIl HE € MOCTIHHOIO BEIMUNHOI0. ToMy, BUXOIA4H 3
BUIIICBUKJIAICHOTO, JOIUIFHO BHKOPHUCTOBYBAaTH KBa30-O€3MEepepBHY CHUCTEMY
pPEryJIIOBaHHS HaNopy BOJAM, NpPHU SKI Yepe3 BU3HAYEHI IHTEpBAIM Yacy
BUMIPIOETHCS BEJIMUMHA HATIOPY B AUKTYIOUIN TOYIll 1 TPOBOJUTHCS PETYIIOI0UNN
BumB [9].

OCHOBHUM MMapaMeTPOM PETYJIIOBAHHS B CUCTEMAX, 110 CTA0TI3yIOTh HAMIP Y
MEpexi, € Hamip y AUKTyrouiid Tourl (Toukax). Crabimizaiis Hamopy B Iiil ToYIll
3a0e3nedye HEOOXIJHUM MIHIMYM Hamopy B MeEpexXl 1 3HHXKYE BHUTpaTH

CJICKTPOCHEPTIi Ha oAy BOIH.
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Pucynok 4.1 [Ipuanunosa cxema cra0uiizaiii Hafnopy y AUKTY04ii Touni 4
BOJIOTIHHOT MEpPEexKi
CAK cknagaeTbcs 3 HACOCHOTO arperary — l, OCHAIIEHOTO PEryJbOBAHUM
€JIEKTPOIIPUBOAOM — 2, TIEPETBOPIOBAYA TUCKY — 3, MPONOPLIHHO-IHTErpaJIbHOTO
perynsitopa (I1I[I-perynsaropa)—4, 3agaTurka 3Ha4Y€HHS PEryJILOBAHOTO MTapamMeTpa

(Hamopy) — 5 1 KaHaJB 3B’S3KY MK IIEPETBOPIOBAYEM 1 PETYISATOPOM — 6.

Curnan BiJl mMepeTBOpIOBaYa THCKY, BCTAHOBJICHOTO B JUKTYIOYiM TOUII
Mepexl, 1 BiJI 3aJal040ro MpUcTporo Haaxonatrh no [IJ-perynsitopa, ne BOHU
MOPIBHIOIOTHCS 1 MICIIA BIMOBIIHOT OOPOOKH MepeaaroThCsa B CUCTEMY KepyBaHHS
PEryJIbp0BaHOTO €JIEKTPOIPUBOA HACOCHOTO arperary.

SIK1o Hamip y AMKTYIOUINd TOYI BHUSBIISIETHCSA BUIIE 33JIaHOTO, IO MPUBOIY
Ha/IXOJIUTh KOMAHJ1a Ha 3MEHIIEHHS YaCTOTH 0OEpTaHHs €JIEKTPOABUIYHA HAcoCa,
1 HaBnaku. [Ipy BIANOBIAHOCTI HAMoOpy B AMKTYIOYIN TOYII 33/laHOMY 3HAYEHHIO
3MiHa YaCTOTH 0O0epTaHHS HacOCa MPUITUHAETHCS.

[Iporec perynroBanHs Hae B Takuil crioci0. Y nesikuii MOMeHT yacy t1 Hacoc

IPAILIIOE 3 YaCTOTOK 0O0epTaHHs N1, mogaueto Q1, i Hamopom Hi (puc. 4.2) [9].
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Puc 4.2 Tlporec crabimizamii Harmopy B AUKTYOTii TOUIl A
I(n1), I(n2), I((n3) - XapaKTEpPUCTUKH PETyJILOBAHOTO Hacoca MpH Ny, N2, N3;
111, II>, I3 — XxapakTepuCTUKa BOJOBOJIY B Pi3HI MOMEHTH 4acy 11, b, 13;
11 — rpadixk BOIOCTIOKUBAHHSL.
L{poMy pexxuMy BiAIOBIIAIOTH BTpATH HAMOPY Nowz. TOMI y AUKTYIOUIM TOUII A
JIOpIBHIOE [5]:
H, =H, —-h_, (4.1)
[TpumycTiMoO, 110 B HACTYITHUN MOMEHT 4Yacy 12 criojkuBad, 3aKpUBAIOYU OJTUH
3 BOJI03a0IpHUX KpaHiB, 3MEHIIy€ J00Ip BOAM 13 CUCTEMH. 3MEHILEHIN mojavi
Hacoca Q2 BimoBigae 3pociuii Hamip H> 1 3HWKEHI BTpaT HAmopy Nou.o.
Braciiok 3MiH, 0 CTajucs, Y pekuMi poOOTH CUCTEMU HAMIp Yy JUKTYHOU1N
TOUIll A CTa€ PIBHUM:
H,=H,-h_, (4.2)

Sx BuaHO 3 puc. 4.2, H4> Giiblle 3aJaHOTO 3HAUCHHS Hanopy H,,=H ,,.
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Curnan nepeTrBoproBaya TUCKY, BCTAHOBJIEHOTO B TOYIll 4, MOPIBHIOETHCS 3
CUTHAJIOM 3ajai4oro mnpuctporo. IlepeTBopeHuil cuUrHam HEY3rOHKEHOCTI
HAJXOIUTh

y CHUCTEMYy KEpyBaHHSA pETyJIIOIYOro MNpUBOAY. Y pe3yibTaTli dYacToTa
oOepTaHHs 3MEHUIY€ThCS JOTH, MOKH HAIlp Y AUKTYIOYiil TOYLll HE NpUiIME 3HOBY

3aJaHOr0 3HAaUYCHHA: H ,=H ,.

[Ipu 3miH1 yacTOoTH OOEpTaHHS HaIipHA XapaKTepUCTHUKA 3aiiMe TOJI0KEHHS,
0 BIJMOBIJAa€ YacTOTI oOepTaHHS N2, a Ha KOJEKTOpI HACOCHOI CTaHIli
YCTaHOBUTHCS HOBE 3HAaUeHHA Hanopy /1. Takum unHOM, pobova TOUKa HAacoca Ha
rpadiky mOCIi0BHO 3aiiMae mooxeHHs 1, motim 2 1 2’ (puc. 4.2).

Ko BHACIIIOK 3aKpUTTA IHIIOTO BOJOPO30IpHOTO KpaHa BiAOyAeThbCs
MOJIaJbIIE 3MEHIIEHHSI BOAOCIOKUBAHHA 10 3HaueHHs Q3, poboua Toyka Hacoca
MOCJIIJTOBHO MEPEMICTUTHCS 3 TOUKHM 2y TOUKY 3, a ToTiM 3. Y 1lbOMY BUNAJKY B
pesynpTati mii CAK HamipHa XapakTepucThka Hacoca TMEPEeMIIaeThCcsl B
MTOJIOXKEHHSI, 1110 BIIMOBIAA€ YacTOTI 0OepTaHHS N3.

Cucrema kepyBaHHS 3BMYAMHO OynyeTbcs Tak, L00 3MIHM YacTOTH
oOepTaHHs BiOyBaauCs MPU MAJIUX BIAXWUJICHHSX 3HAYCHb HANOPY B JAMKTYIOUiN
TOYIIl BiJ 33JaHUX 3HAYEHb. 3 11€i MPUUUHU KPUBOMIHINHI TpUKyTHUKHU 1, 2, 27 1
2°, 3, 3’ (na puc. 4.2) MaroTh HEeBeIWKi po3Mipu. BHacigok 11p0oro podoya ToUuka
Hacoca MPaKTUYHO TIJIABHO MEPEMIMIAETHCS M0 XapaKTEPUCTHUIll TPyOOIPoOBOIY 1,
OTXKE€, CUCTeMa Ipalioe 0e3 MEepPEeBUILECHHS HamopiB, TOOTO B E€KOHOMIYHOMY
pEXHMI.

Ha puc. 4.3 300paxkennii nepexiHuii mporiec 3Minu Hamnopy. Ilicns mycky,
XapakTepUCTHKa MNpUTeprae mepexigHuil mpouec goBxuHo0 0,25c, ammiityna
35Mm, mepeperymoBanHs 20% 1 BUXOAWTH Ha TOCTIMHY BenuuuHy 29m. J[lami
CUCTEMa TIJJAEThCS  PI3KOMY  3MEHIIECHHIO  crokuBanHsa  Boau  (0,6¢)
nepeperymtoBanns 10,3%, yac nepexigHoro npouecy 0,2c, micias SIKOrO Harip
crabimizyerbess Ha 29M. [loBTOpHE 3MEHIIEHHS CHOXUBaHHA Boau 91,2¢)
MOPOJIKYE aHAJIOTTYHUHN MEepeXiTHUM nporec AoBxuHOK (0,2¢ micis sIKOro Harip

BUXOJINTh 3HOBY Ha 29M.
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Ha puc. 4.4 300paxeHo rpadik MepexiJHUX MPOIECIB 3MIHM IMIBUIKOCTI
nBUTYHa Hacocy. Ilicimsa mycky, XapakTepuUCTHKa MPUTEpIIae MEPEeXiTHuNA TPoIec
noBxuHOI 0,25¢ 1 BUXOAUTH HA TOCTIMHY BenuuuHy 295pan/c. Jlam cucrema
MIJAETECS  PI3KOMY  3MEHIIEHHI0 crouBaHHi Boau (0,6¢), mpu 1bpomy
BIIOYBaeThCcsl mnepexiiHuid nporec 0,2¢,micist SIKOro IBHJKICTh 3MEHIIYETHCS
npuomm3Ho Ha 30pan/c. ITloBropHe 3meHmieHHs crioxuBaHHsA Boau (1,2¢),
MPU3BOANTH JI0 3MEHIIIEHHS MBUAKOCTI MpruOian3Ho Ha 30paj/c.

3MmiHIOIOUM 3aBAaHHS (IPH HE3MIHHHMX MapamMeTpax CHUCTEMH KEPyBaHHS)
3MeHIyemMo mBuAKicTs A0 270, 230, 170, 130pan/c (puc. 4.5 — 4.8). IIpu upomy
Hamip 3MeHmUThes 10 23, 18, 12, 6 metpiB BiamosigHo (puc. 4.9 — 4.12).
cTabimizarlis Haropy, Yac MepexiJHUX MPOIeCiB HE 3MIHUThCS.

Ha puc. 4.13 nokazano rpadik mepexiJHOro Mpolecy Hamopy HpH 3MiHi
mBUAKOCTI. Ha mepexigHoMy mporieci 3MiHM Hamopy puc. 4.14 mpu 301IbIIeHH]
HAaBaHTAXEHHS, CIOCTEPIraEMO TUIBKM 3O0LIBIICHHS aMIUIITYId IEePeX1THOTO
POIIECy.

Ha puc. 4.15 nokazano rpadik mepexigHoro mporecy mpu 3MiHi BUTpaAT (B
4,5 pasu 6ubmi). Ha Biapisky (0,6 — 0,8c)mBUAKICTE 3HIKY€EThes 10 220pan/c. Ha
nepexiHoOMy Mpoleci 3MIHM Hamopy puc. 5.16 npu 30UIbIIEHH] HAaBaHTAXKEHHS,
CHIOCTEPITaEMO 30UTBIICHHS aMILTITYIM TIEPEXITHOTO MPoIiecy 10 38M, TPUBAIICTh
MIEPEXiTHOTO MPOIIeCy HE 3MIHIOETHCS.

Ha puc. 4.17 mokazano rpadik mepexigHoTo MpOoIecy MpH 3MiHI BUTpaT
(Butpatu Outbim B 6 pa3). Ha Bigpizky (0,6 — 0,8c) mBUAKICTH 3HUKYETHCS 110
185pan/c.

Ha mnepexigHomy mporeci 3minu Hamopy puc. 4.18 mpum 301IbIICHH]
HABaHTAXEHHS, CIOCTEPIraEMO TUIBKU 3O0LIBIIEHHS aMIUTITYId TEePeX1THOIO

nporecy a0 42M, TPUBATICTh MEPEX1THOTO MPOIECY HE 3MIHIOETHCS.
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BUCHOBKU
VY naniit po6oTi OyB CIPOEKTOBAaHUI E€IEKTPONPUBOA HACOCHOI YCTAaHOBKH,
IO CIYXHUTh JUIsSl MiJBUIIEHHS THCKY B MEPEX1 XOJIOJHOTO BOJOMOCTAa4aHHS. Y
X011 poO0TH Oy OTpUMaH1 HACTYTIHI pe3yJIbTaTH:

1. TIpoBeneHO aHANITUYHUI OIJISIL ICHYIOUUX Y CBITOBIM IPaKTULI PIlIEHb 110
JaH1i nmpoOieMaTuIll, Ha OCHOBI sIKOTO Oyia oOpana Haitouibm epextuBHa CAK, a
caMme, cucTeMa KepyBaHHS Ha 0a3l TPaH3UCTOPHOTO MEpPETBOpIOBaYa YaCTOTH 3i
ckamsipHoro [1IIM — mogymsti€to.

2. 3niiicueno Bubip enemenTtiB CAK:

e BianenTpoBuid Hacoc NBE 32-163 (Huon = 29M.);

e acuHxpoHHui enexkrpoaBurydn AP 100S2 (Puow = 4xBT);

e TpaH3UCTOPHUI nepeTBoproBad yactotu AMD —F;

e naryuk THCKY GV2 — M16.

CxJ1aJ10B1 YaCTHHHM CUCTEMH 3aJI0BOJILHAIOTH BUMOT'OM JCIIEBU3HH, HAAIMHOCTI,
MajIorabapuTHOCTI, TOCTYITHOCTI €JIEMEHTIB Ha PUHKY Y KpaiHH.

3. IIpoBeneHo MaTemMaTHYHE MOJICIIIOBAHHS 1 aHaJII3 JUHAMIYHUX 1 CTATHYHHUX

xapaktepuctuk CAK, y X0/l IKOro OTpuMaHi1 HaCTYIHI pe3yJbTaTH:
® [IEepeperyJIIoBaHHs B KOHTYpP1 TUCKY npu mycKy (=20%);
® CTaTWYHa MOMMJIKA B KOHTYp1 THcKy H=0;
® TIepeperyroBaHHA MpU HAOpoci a00 CKuIaHHI TUCKY Oxun=20%.
{1 mapameTpu 3a10BOJIBHAIOTH TEXHIYHI BUMOTH 110 EIl.

4.Po3rnsHyTO TIpoliec cTabumizarlii Hamopy MpW 3MiHI MIBUAKOCTI, Ta 3MiHi
30BHINTHHOT'O HABAHTA)KCHHHL.

Mo>kHa 3poOUTH BUCHOBOK, III0 CITPOEKTOBAaHA HACOCHA YCTAaHOBKA BiMOBiIa€
BCIM BUMOTaM TEXHIYHOTO 3aBAAaHHS; MOXE 3aCTOCOBYBATUCSA Ul BOAOIIOCTaYaHHS
OPUMICBKUX OYIUHKIB W 1HIIMX OO €KTIB, Ji€ MOTPIOHE MIABUILIEHHS THUCKY Y
BOJOTIHHIA MEpEeXl; Ma€ rapHl TEXHIKO — €KOHOMIYHI IOKAa3HUKH; IO CKJIaay
CUCTEMHU BXOJATh pEajJbHO ICHYIOYI ¥ JOCTYyHHI €JIeMEHTH, IO J03BOJISIE Tif

CepiiiHO poOUTH Ha TepUTOPil YKpaiHu
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1 TECHNOLOGICAL PART
1.1 General information about pumping units
First of all, it is necessary to get acquainted as closely as possible
with the types of pumping units that are widely used today, as well as to give a
number of definitions.

A hydraulic machine that creates a pressure movement of fluid during the
transfer of energy to it is called a pump.

The pump in combination with the electric drive and the transfer mechanism
(the coupling, a reducer, a pulley, etc.) forms the pump unit.

The complex of equipment that ensures the operation of pumps in the
required mode and consists of one or more pumping units, pipelines, shut-off and
control valves of control and measuring equipment, as well as control and
protection equipment, creates a pumping unit [1].

A structure that includes one or more pumping units, as well as ancillary
systems and equipment, domestic and industrial premises that ensure the efficiency
of the facility as a whole, is called a pumping station.

The main parameters that characterize the mode of operation of the pumping
unit are the pressure and flow.

Pressure is a difference of specific energies of liquid in a pressure head and
suction branch pipes of the pump, necessary for raising of liquid on the set height
and overcoming of friction forces in the pipeline.

Supply - the amount of liquid pumped by the pump unit per unit time.

The mode of operation of the pumping unit is a certain order of operation of
its equipment in accordance with changing operating conditions.

Pumping stations are equipped with one or more pumping units (up to 12
units). If several units are a part of the pump installation, pressure and suction lines
of pumps are connected among themselves by pressure and suction collectors
accordingly. To pressure reservoirs joining pressure conduits, and the suction

collector - suction conduits. If there are receiving suction tanks at the pumping
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station, the collectors may not be provided, and the suction lines of the pumps are
connected directly to the tank [2 ].

Depending on the purpose and type of liquid pumped, pumping units are
divided into: water, sewage, reclamation, district heating, oil refining and others.

Pumping water stations, depending on the place occupied in the general
scheme of water supply, are divided into | and Il lifting and raising. Pumping
station | lifting takes water from the water supply source (river, lake, reservoir,
etc.) and supplies it to treatment plants. Pumping station Il lifting supplies water
from clean water tanks to the distribution network. In cases where the developing
pressure is insufficient to raise the water to the required height, booster pumping
stations (pumping stations) are built . The pumping units of these stations increase
the pressure in the network by taking water from one section of the water supply or
network and supplying it to another water supply or section of the network. At the
same time water intake can be carried out both through the intermediate tanks
performing functions of regulating capacities, and without them. In the latter case,
the installations operate on a pipe-to-pipe basis. Depending on the purpose, water
pumping stations (VNS) are divided into technical and drinking water stations. The
construction of these stations is usually the same, their modes of operation differ
from each other [2 ].

Sewage pumping stations (KNS) are designed to pump wastewater to the
treatment site. Depending on the place in the general scheme of the sewerage KNS
are divided into local, regional and main (central). In addition, KNS are divided by
the type of pumped effluent (domestic, industrial, etc.). KNS are equipped with
both pumps for wastewater and other pumps designed for pumping contaminated
water [3 ].

Reclamation pumping stations are divided into irrigation stations and
drainage systems. Irrigation pumping stations, in turn, are divided into main,
intermediate pumping and sprinkler. The structure of the main stations is similar to
the water stations and the rise. Intermediate pumping stations are similar in

structure to water booster stations [2-3].
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Sprinkler pumping stations are designed to be fed to sprinklers through open
channels or through a closed irrigation network. In the latter case, the pumping
station is equipped with booster pumps in addition to the main pumping units to
maintain the pressure in the closed network during the period when the main
pumps are not working. In addition, these stations are usually installed water tanks,
which automate the operation of the main and booster pumps when turning on and
off sprinklers. Drainage pumping stations pump surface water or reduce

groundwater levels. At these stages, usually build a tank to receive sewage. In

structure and mode of operation, these stations resemble KNS [3].

District heating pumping stations are designed to supply hot water to heating
systems and hot water supply of residential buildings, as well as technological
consumers. Sources of hot water are central boilers and thermal power plants,
which are usually installed mains pumps. By means of network pumps water is
passed through water heaters where it is heated by steam from district heating
selections of turbines and further through a district heating network arrives to the
consumer.

Pumping installations of thermal power plants (TPPs) perform various
functions in the technological process of generating electric and thermal energy.
Feed pumps supply water to the boiler unit. Condensate - pump the steam spent in
the turbine, which turned into water, in the deaerator. Circulation pumps provide
constant circulation of cooled water through the condenser and cooling devices.

Widespread pumping units designed to transport petroleum products. They
are also used in construction: for water reduction, pumping of contaminated water
from ditches, supply of various liquid and semi-liquid components (solutions,
concrete, etc.). Pumping installations are also used in the mining industry for

transportation of various kinds of pulps (dredgers, dredgers, etc.) [4-5].
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1.2 Equipment of pumping units
The main equipment of pumping units includes: pumps, pump drives (electric
motors, internal combustion engine), as well as pipelines with control and shut-off

valves.
Centrifugal and axial pumps are the most widespread on modern pumping

units.
Centrifugal pumps. In the middle of the fixed housing 1 (Fig. 1.1), having a
spiral shape, there is an impeller 2 mounted on the shaft 3. The wheel 2 consists of

two disks, between which are the blades 4. The pump housing is connected to the

suction and discharge pipes 5.6. [4 ].
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Figure 1.1 Scheme of a centrifugal pump
If the pump housing and its suction line are filled with liquid and then the
impeller is rotated, the fluid rotates under the action of the impeller blades.
Centrifugal forces move the fluid and the periphery, where increased pressure is
created, and in the center of the wheel - vacuum. Due to this pressure difference,

the liquid enters the pressure pipe. This is a continuous supply of liquid by the

pump.
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Centrifugal pumps can be both single-stage (with one impeller) and
multistage (with several wheels). Structurally, depending on the location of the
shaft, they are divided into horizontal and vertical pumps.

Axial pumps. Axial pumps are made of two types: with rigidly fixed impeller
blades (type O) and with rotary blades (type OP). In fig. 1.2 shows an axial pump
type OP [4].

Figure 1.2 - Axial pump type OP

1 - impeller with rotating blades; 2 - spherical chamber; 3 - rectifier; 4 - the

lower support of the shaft; 5 - the diffuser with paws for fastening to the base of

plates; 6 - pump housing; 7 - empty shaft; 8 - a rod of the drive of the mechanism

of turn of shovels; 9 - upper guide bearing; 10 - the mechanism of turn of shovels

with the manual drive
Pumps of both types can be issued in two executions: with horizontal and
with vertical arrangement of a shatft.

The impeller rotates in a spherical chamber. When the impeller blades are
exposed to the liquid, due to the change in flow, the pressure above the blade
increases and decreases below it. Due to the pressure difference, the liquid will

move along the axis of the pump.
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The impeller of axial pumps of the OP type consists of a sleeve of a
streamlined form on which rotary shovels are fixed (fig. 1.2 see). Possibility of
change of an angle of installation of shovels, allows to regulate giving and a
pressure of the pump in wide limits at preservation of high values of efficiency.

Pump drive (we will discuss in more detail below). Asynchronous short-
circuited and synchronous AC motors are mainly used to drive the pumps. In rare
cases, induction motors with a phase rotor are used. Electric motors up to 50 kW
are made at a voltage of 380 - 660 V, and above - at 6 - 10 kKV. In some cases,
especially in mobile pumping units, internal combustion engines are used to drive
the pumps.

Pipelines. Pipe fittings. Internal pipelines of pumping stations (pressure and
suction lines of pumps, pressure and suction manifolds, etc.) are made of steel
pipes. Connection of steel pipes is carried out by welding. As pipeline fittings in
pump installations latches, gates, return gates.

Large diameter valves, as well as those with remote and automatic control,
are equipped with hydraulic or electric drives. To balance the pressure on both
sides of the disk in large valves provides a bypass valve (bypass).

Shutters are used as shut-off and control valves. Disc valves equipped with
electric drives have recently become widespread. Return valves are designed to
prevent the discharge of pressure pipes and the reverse rotation of the pump after it
IS stopped.

During the operation of the pump under the action of water flow, the disk
rotates on the axis, and water passes through the valve. After stopping the pump,
the disk under the action of its own weight and water pressure from the pressure

water supply is lowered and the valve closes [4-5].

1.3 Operating modes of pumping units
The modes of operation of pumping units significantly depend on the change
of modes of water consumption or inflow of wastewater. This is evident in the

operation of water supply and drainage systems.
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As a rule, the regimes of water consumption and inflow of sewage are
determined by many reasons that do not depend on each other: climatic and
weather conditions, the mode of operation of enterprises and organizations of the
city, and others. The mode of water consumption is usually characterized by daily,
weekly, etc. water consumption schedules. In fig. 1.3. the approximate daily

schedule of water consumption of a small settlement is presented [4-5 ].
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Figure 1.3 - Daily schedule of water consumption of the settlement
Such graphs of water consumption are characterized, as a rule, by coefficients
of non-uniformity [5].
Maximum inequality coefficient:
K max=Q max/ Q cf (1.1)

where Q max - maximum water consumption;
Q wed - the average value of water consumption.
Minimum coefficient of non-uniformity:

K min=Q min/ Q wed (1.2)
where Q min - minimum water consumption.
The range of fluctuations in water consumption is characterized by the ratio:

A= Q min/ Q max (1.3
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which can also be expressed by the coefficient of maximum and minimum
non-uniformity:

A = K min/ K max (1.4)

The mode of operation of pumping units of industrial enterprises is
determined mainly by the technological process of the enterprise. There are modes
of water consumption and pumping, similar to the modes of operation of municipal
water and sewage pumping stations. Pumping units of industrial enterprises can be
with a pronounced night and day mode of water consumption (Fig. 1.4.) [5].

The mode of operation of district heating pumping systems, circulating water
supply systems significantly depends on the outside air temperature, and hence on
the season, climate and supply. The operation of pumping units that feed directly
into the network without intermediate tanks at any time is equal to water
consumption (in the absence of leaks and unproductive costs). In fact, in any
system in addition there are leaks and unproductive costs, the value of which reaches
in many cases 15-20% of the total supply. Therefore, the supply of the pumping unit
must be greater than the water consumption at this value.
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Figure 1.4 Daily schedule of water supply of the pumping unit of the

industrial complex
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At stable water consumption installations work with constant giving and

pressure or a pressure which are connected among themselves by a parity:

H=p/pg(1.5)

where H is the pressure, m;

p - pump pressure, Pa;

p is the density of the liquid medium, kg / m;

g is the acceleration of free fall, m/s.

With increasing water consumption, the supply has to increase. At the same
time pressure losses in pipes increase. To compensate for these losses, it is
necessary to increase the pressure developed by the pump set. As water
consumption decreases, supply and pressure must be reduced.

The adjustment of water consumption and supply is currently carried out most
often by changing the number of operating pump units or the degree of opening of
valves (gates) on the pressure lines of pumps and pumping units.

The mode of operation of the pumping unit, which supplies water to
consumers through the accumulating tank (tank, water tower, etc.), is characterized
by the fact that in certain periods of time the supply of the pumping unit differs
from water consumption.

If the supply is more water consumption, the water level in the tank rises, if
less, the level falls. In case of equality of supply and water consumption the level in
the tank is stabilized at one mark.

Adjustment of the operating mode of the pump installation consisting of one
unit is carried out by inclusion of the unit at decrease in water level to the set lower
value and shutdown at achievement of the set top value. Then the cycle repeats.

If the pump set consists of several units, its mode of operation differs in that it
is set by several upper and lower levels, when reaching which the number of
operating units changes. With increasing water consumption, the frequency of
inclusions of the units increases, the duration of pauses decreases. Because when

the water consumption increases, the volume of liquid in the tank is triggered
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faster, while the liquid level reaches the lower position faster and, as a result,
additional pumps are switched on more often.

The mode of operation of pumping units when pumping liquid from sewage
tanks , drainage, reclamation, etc.) is similar to the above, with the difference that
the units are included in the filling of tanks to the upper levels, and turned off
when emptying to the lower.

The number of on-off pump units in pumping stations with tanks reaches 40-
50, and in some cases 100 inclusions per day.

As such number of inclusions for units of big power is inadmissible, in pump
installations with units with a power more than 150 kW instead of their inclusions -

shutdowns throttling of a stream of water by a latch is used.
As the pressure increases, the liquid level in the tank from which the liquid is

pumped rises. In this case, the valve on the pressure line of the pump opens. As the
pressure decreases, the level drops and the latch closes.

In pumping units that supply water to tanks, the level in the tank decreases
with increasing water consumption. In this case, the valves on the pressure lines
open. When water consumption decreases, the level rises, and the latch (shutter) in
this case is covered.

The control over the mode of operation of the pump installation is carried out
by means of the following measuring devices: manometers, level gages, counters
of the electric power, ammeters, etc. Changing the mode of operation of the
pumping unit affects the mode of operation of individual pumping units , which
make up the installation [6 ].

The analysis of the mode of operation of pumping units is performed using
the characteristics of pumps and pipelines, which will be discussed in more detail
below .

The characteristics of pumps are called dependent pressure H in pow ers P,
efficiency » of the pump Q at a certain speed of rotation n impeller diameter D .

The operation of the pump is most economical when its supply and pressure

correspond to the maximum value of efficiency. However, some deviation of the
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operating parameters of these pumps from the values specified in the catalogs.
However, they must not exceed the recommended pump feed . Beyond these
limits, the pumps operate with low efficiency values, with possible overload of the
pump unit, and there is a risk of cavitation and surge. Discontinuity of fluid flow,
accompanied by the formation of blisters filled with fluid vapors, gases or their
mixture, called ka vitatsiyeyu [4-5].

The phenomenon of cavitation is accompanied by additional energy losses and
destruction of the surfaces of the impeller and pump housing. In pumps, the
characteristic Q - H of which consists of two branches, increasing and decreasing,
there may be a phenomenon called surge . In this case, it is possible to intersect the
characteristics of the pipeline with the characteristics of the pump at two points. At
the same time the pump works alternately with the operating parameters
corresponding to these two points, and all system works shakily, loading on the
unit changes, there are hydraulic shocks. Operation of the pump in the modes of a

surge and cavitation is inadmissible.

1.4 Pump installation of pressure increase
Efficient water supply is the key to progress and comfort. The pump
installation of increase of pressure consists of three pumps N BE32-160.163

connected in parallel, equipped with necessary fittings and a control board

It is used for systems with significant changes in the level of daily supply,
namely:

- unexpected fluctuations in the range between minimum and maximum
consumption levels;

- long-term and continuous changes in the level of consumption;

- constant pressure.

It can also be used for industrial purposes, irrigation, etc. since the range of

functions performed by the drive is wide:

- regulation of working characteristics;

- automatic cascade control of pumps;
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- automatic switching between working pumps (to ensure an equal number of
operating hours of each of the pumps);

- manual control (provides testing of individual pumps);

- various action on the working point;

- digital remote control function (provides start and stop, systems, economy
mode, controls the number of working pumps, operation in fire extinguishing mode;

- control function of the pump and the device (provides the task of the
minimum and maximum value of the measured value, protection of the bend);

- display of operating modes and accidents.

In Fig.1. 5. shows the functional diagram of the pump installation: [5 ].

1 - control panel of pumps ShchKN-3;

2 - pressure pipeling;

3 - suction pipe;

4 - pump N BE32-160.163;

S - pressure sensor;

6 - shut-off valve;

7 - check valve:

8 - flexible insert;

9 - pressure switch;

10- manometer.
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Figure 1.6 Pump set n and pressure movement
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1.5 Technical requirements for the electric drive
1.5.1 Requirements to the set of tasks to be solved

To implement the task of controlling the pumping unit, the electric

drive must provide:

« start and stop of the pump;

- automatic change of engine shaft speed to maintain a constant pressure in
the consumer network;

« external stop of the pump in case of receipt of an alarm signal from the
sensor (at deviation of parameters from admissible technological limits);

« protection against emergency modes of operation of the electric motor

1.5.2 Requirements for transients

The characteristics of transients must meet the following
requirements:
« static error in steady-state operation is 0;
« readjustment at start-up no more than 20%;
« overregulation at increase or reset of loading no more than 20%.

1.5.3 Safety requirements

When designing ASC, measures must be taken to ensure safety
during installation, operation, maintenance and repair of technical means in
accordance with the regulations in force in Ukraine.

"Sanitary standards for the design of industrial enterprises " ;

"Rules of arrangement of electrical installations " ;

"Fire automation of buildings and structures " ;

»System of labor safety standards (SSBP). Production equipment.
General safety requirements ” ;

"SSBP. Signal colors and safety signs ™ ;
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All external elements of the technical means of ACS, which are
under voltage, must be protected against accidental contact:

- access to the rotating parts of the pump set must be restricted.

- electrical elements must have a protective zero.

- measures should be taken to limit the level of industrial noise, as
well as fire extinguishers [6-7 ].

1.5.4 Requirements for ergonomics and technical aesthetics

The pump installation should be located in a well-lit, heated room, in
a place convenient for its maintenance by technical personnel that will allow to
provide speed, simplicity, economy of maintenance and repair in normal and
emergency conditions.

The design and arrangement of boards, panels, should provide
visibility and simplicity of service.

Signs and markings must be installed on the equipment to ensure
speed of installation and repair.

1.5.5 Requirements for operation, maintenance and repair of system
components

The pump installation must be located indoors, which eliminates the effects
of precipitation and installed on a special foundation.

The area of the premises must meet the requirements of manufacturers for
placement and maintenance of technical means and sanitary norms.

When designing power supply and artificial lighting systems for the
placement of technical means, it is necessary to comply with the requirements of
the "Rules for the arrangement of electrical installations . "

The above requirements are developed at the stage of technical design and are
added to the task for the design of premises.

Safety instructions for pump operation must be developed, giving clear
instructions on:

- installation;

- connection of electrical equipment;
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- commissioning;

- service.

1.5.6 In terms of economic feasibility

The application of the developed pumping unit should provide a

significant economic effect, namely:

- saving electricity;

- saving of the liquid pumping the pump;

- reducing the number of equipment involved in the operation of the
installation;

- increasing the service life of the operated pipeline network;

- cheapness of the used equipment;

- short payback period.
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