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PE®EPAT

bakanaBpchbka poOOTa CKIIQJAa€ThCsl 31 BCTYITY, JIBOX PO3JI1IIB, BUCHOBKIB,
CIIUCKY BUKOPHCTaHUX Jkepen. PoboTa BukitageHa Ha 69 ctopinkax Ta MiCTUTh 39
PHUCYHKIB, CIIUCOK BUKOPUCTAHUX JpKepen Hanmuye 20 HallMeHyBaHb.

Tema: Po3pobnenns CUCTEMU KOHTPOJIIO Ta yIPaBIIIHHS
eJIEKTPOBIALICHTPOBUMH HaCOCAMH Ha OCHOBI MOHITOPHHTY 1X TEXHIYHOTO CTaHy.

O0'exT nociaimkeHHsi — mpolec (DYHKIIIOHYBaHHS €JIEKTPOBIALICHTPOBUX
HACOCIB Y CHCTEMax MEXaH130BaHOTO BHUIOOYTKY Ha(pTH.

IIpenmer fgocCHiIzKeHHS — CHCTEMH KOHTPOJIO Ta  YIPaBIiHHSI
€JICKTPOBIALIEHTPOBUMHM HACOCAMHU 3 BHUKOPUCTaHHSIM 3acO0IB MOHITOPHMHIY iX
TEXHIYHOT'O CTaHY.

Meta poboTH — migBUIEHHS €(PEKTUBHOCTI Ta HAJIAHOCTI eKCIUTyaTarli
€JIEKTPOBIALIEHTPOBUX HACOCIB LUISIXOM PO3POOJICHHS CUCTEMH KOHTPOJIIO Ta
VIOPABIIHHS, SIKa& BHUKOPUCTOBYE pE3YyJIbTaTH MOHITOPUHTY TEXHIYHOIO CTaHy
o0yalHaHHS Ta 3aCO0M YaCTOTHOTO PEryJIIOBAaHHS €IEKTPONPUBOAY.

Pe3yabTaTn 0akasaBpcbKoi podoOTH:

VY nporieci BUKOHaHHS OakajlaBPChKOi poOOTH MPOBEJAEHO aHali3 KOHCTPYKITIT
Ta 0COOJMBOCTEH eKCILTyaTallii eJIeKTPOBIIIIEHTPOBUX HACOCIB, TOCHIIKEHO BILJIMB
OCHOBHHX YCKJIQJHIOIOUHUX (DAKTOPIB HA iX poOOTY, PO3IIIIHYTO Cy4acHI METOIH Ta
3aCO0M MOHITOPUHTY TEXHIYHOTO CTaHy 1 aBTOMAaTH30BAaHOTO YIIPaBIIHHS
npoiiecoM BUI00yTKy HadTh. 3a pe3yiabTaTaMM JTOCIIKEHHS:

- pO3pOOJIEHO CTPYKTYpPHY CXE€My CHCTEeMH KOHTPOJIO Ta YIPaBIiHHS
CJICKTPOBIAIICHTPOBUMH  HacocaMu Ha 0a3l  IPOrpaMOBAaHOTO  JIOTIYHOTO
koHTpoJepa SIMATIC S7-300 i3 BUkoprcTaHHSIM MporpamMHoro komiiekcy STEP
7 ta SCADA-cuctemu WinCC;

- pO3pOOJIEHO MIJACUCTEMY MOHITOPUHTY TEXHIYHOTO CTaHy Ta YacCTOTHO-
peryJIbOBaHOTO €JICKTPONPHUBOAY Ha 0a3l mepeTBoproBava yactoTu Sinamics G120

13 6smokoM kepyBaHHs Control Unit CU240S DP ta BukOHaHO 1oro KoHGIrypario



13 3aCTOCYBaHHSIM CIICIaIi30BAaHOTO TporpamHoro 3abesmedenHss Drive ES 5.4,
STEP 7 ta SIZER;

- po3po0JIeHO IMITAIMHY MOJIeNIb €JIEKTPOINPUBOIY €IEKTPOBIALICHTPOBOTO
HAcoca Ta OCHOBHHUX €JIEMEHTIB CUCTEMH yMPAaBIiHHS B IPOTPAMHOMY CEPEIOBHUIII
Matlab Simulink, npoBeneHo MopenmtoBaHHS ii peXUMIB poOOTHM Ta aHaI3
OTPUMAaHMX XapaKTEPUCTHUK.

KmouoBi caosa: EJIEKTPOBIJUUIEHTPOBUIMI HACOC, CHCTEMA
KOHTPOJIFO TA VIIPABJIIHHA, MOHITOPUHI" TEXHIYHOI'O CTAHY,
TEXHIYHE JNIATHOCTYBAHHA, YACTOTHO-PET'YJILOBAHUN
EJIEKTPOITPUBIJI, TIPOTPAMOBAHMI JIOI' TYHUIT KOHTPOJIEP, SCADA-
CUCTEMA, IMITAIIIIMHE MOJIEJTIOBAHHSI, MATLAB SIMULINK.



ABSTRACT

The bachelor's thesis consists of an introduction, two chapters, conclusions,
and a list of references. The thesis is presented on 69 pages and contains 39 figures
and 20 references.

Topic: Development of a Monitoring-Based Control System for Electric
Submersible Centrifugal Pumps.

Object of research — the operation process of electric submersible centrifugal
pumps used in mechanized oil production systems.

Subject of research — control and monitoring systems for electric
submersible centrifugal pumps based on the assessment of their technical
condition.

Purpose of the thesis — to improve the efficiency and reliability of electric
submersible centrifugal pump operation by developing a control system that uses
technical condition monitoring data and variable-frequency drive technology.

Results of the bachelor's thesis:

During the preparation of the bachelor's thesis, the design features and
operating conditions of electric submersible centrifugal pumps were analyzed, the
influence of the main complicating factors on their operation was investigated, and
modern methods and tools for technical condition monitoring and automated
control of the oil production process were considered. As a result of the study:

- a structural diagram of the monitoring and control system for electric
submersible centrifugal pumps based on the SIMATIC S7-300 programmable
logic controller, STEP 7 software package and WinCC SCADA system was
developed;

- a subsystem for technical condition monitoring and variable-frequency
electric drive control based on the Sinamics G120 frequency converter with the
Control Unit CU240S DP was developed and configured using Drive ES 5.4,
STEP 7 and SIZER software tools;



- a simulation model of the electric drive and the main components of the
monitoring and control system was developed in the Matlab Simulink
environment, and simulation of its operating modes and analysis of the obtained
characteristics were performed.

Keywords: ELECTRIC SUBMERSIBLE CENTRIFUGAL PUMP,
MONITORING AND CONTROL SYSTEM, TECHNICAL CONDITION
MONITORING, TECHNICAL DIAGNOSTICS, VARIABLE-FREQUENCY
ELECTRIC DRIVE, PROGRAMMABLE LOGIC CONTROLLER, SCADA
SYSTEM, SIMULATION MODE L, MATLAB SIMULINK.
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MEPEJIK OCHOBHMX MO3HAYEHB I CKOPOUEHB, CHMBOJIIB
TA OJJMHULD

YEBH — ycTaHoBKa €J1eKTpOBIAIEHTPOBUX HACOCIB
3BH — 3armmOHuii BiIEHTPOBUI HACOC

3E]J] — 3armOHuil e1eKTPOIBUTYH

HKT — nacocHO-KOMITpecOpHi TpyOun

['PII — rizpopo3puB 1acra

IHM — mTy4Hi HEHpOHHI Mepexi

C3T — cucrema 3arnuOHOI TeneMeTpil

[ITK — nporpaMHO-TEXHIYHUI KOMILIEKC

HK — HazemMHUI KOMILIEKC

CMP — cucrema MOHITOPUHTY Ta peryiIrOBaHHs
ACY TII — aBromaTH30BaHa CUCTEMA YIIPABIIHHS TEXHOJIOTTYHUM MIPOLIECOM
CY — cucrema yrnpaBiiHHA

ITY — nepeTBOproBa4 4aCTOTH

[JIK — nporpaMoBaHuii JOTTYHUN KOHTPOJIEP

[TY-A/l — cucrtema «mepeTBOprOBaY YaCTOTH — ACUHXPOHHUM JIBUTYH)
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BCTVYII

Excrmyarartis Ha(TOBUX CBEPJIOBUH 13 BUKOPUCTAHHSIM
CJIICKTPOBIAIICHTPOBUX HACOCIB HAJIECKUTH 10 CKIAAHUX TEXHOJOTIYHHUX IPOIIECIB,
e(EKTUBHICTh SKUX 3HAYHOIO MIPOIO 3aJIC)KHUTh BiJ TEXHIYHOTO CTaHy HACOCHOTO
o0JiaTHaHHS, PeKUMIB HOT0 poOOTH Ta YMOB €KCILTyaTallii CBEpJIOBUHH.

ENexTpoBiAIIEHTPOBI HACOCH MPALIOIOTh y CKJIAJHOMY CEPEIOBHII, IO
XapaKTepU3y€eThCA JII€I0 3HAYHOI KIJTBKOCTI B3a€MOIOB’SI3aHUX MapaMeTpiB, cepes
KX OCOOJIMBE 3HAUEHHS MAalOTh TUCK, TEMIEparypa, CTPyM €JIEeKTPOJBUTYHA,
piBeHb BiOpailii, TPOJYKTUBHICTh HACOCA, BMICT MEXaHIYHUX JIOMIIIOK, Ta30BUMI
dbakTop Ta OOBOJHEHICTH MNPOAYKIi. 3MiHAa KX MapaMeTpiB Oe3mocepeHBO
BIJIMBA€ HA HAJIAHICTb POOOTH YCTAaHOBKH, iI €HEProe(EeKTUBHICTh 1 TPUBAIICTb
MDKPEMOHTHOT'O TEPioTy.

[Tpouec BuaoOyTKy HaTH 3 BUKOPUCTAHHIM EJIEKTPOBIALIEHTPOBUX HACOCIB
CYNPOBOJKYEThCSA JI€I0 HU3KU YCKIaaHIOIOUUX (QaktopiB. Jlo HHX HanexaTh
TEXHIYHI, TEXHOJIOTIYHI Ta TIe0JIOTO-TEXHIYHI YWHHUKH, 30KpeMa ITiABUIIECHUN
piBeHb BiOpallii, 3HOIIYBaHHA pOOOYMX OPraHiB HAcoca, 3MiHA TNIMOWHU CIIYCKY
oOnajHaHHS, KpPUBHM3HA CBEPJJIOBMHHU, HASBHICTh MEXAHIYHUX JIOMILIOK Yy
MJIACTOBIM PiJIMHI, BIAKJIANEHHA cojedl 1 mapadiHy, MiABUINEHA TeMIlepaTypa,
BHUCOKA B’SI3KICTh PIJIMHU, 3HAYHUN Tra30BUN (DAKTOp Ta HU3bK1 BUOIMHI TUCKH.

CykynHa mig mux (akTopiB MOK€ TPHU3BOAUTH JO TOTIPIICHHS PEKUMIB
poOOTH  €JEKTPOBIJLIEHTPOBOIO HACOCA, 3HWKEHHS WOro MPOAYKTHUBHOCTI,
30UTBIIEHHS  €HEProCHOKUBAaHHS, BUHUKHEHHS  aBapiiHUX  CcUTyamid 1
nepeIyacHoro BUXoay oOJaHaHHSA 3 Jany.

Opniero 3 HaWOLIBII 1HGOPMATUBHUX O3HAK MOTIPIIEHHS TEXHIYHOTO CTaHy
CJIEKTPOBIIIIEHTPOBOTO HAcOca € MIiABUINEHHS piBHS BiOpariii. Bono moxe Oytu
3yMOBJIGHE  3HOIIYBaHHSM  MIJIIMIIHAKOBUX  BY3JiB, poOOYMX  KOIJIC,
HANpaBISIOUMX ~ amapariB, TMOPYUICHHSIM [EHTPYBaHHS Bally, 3aCMiu€HHSIM

MPOTOYHMX KaHAIIIB a00 €0 MEXaHIYHUX JOMIMIOK Y BUAOOYBHIN PiAMHI.
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[linBumiena BiOpallisi He JuIe TMOTripirye poOdOTy HACOCHOIO arperary, a u
MOJK€ CIPUYMHUTH TOIIKO/KEHHS (rmaHIeBuX 3’€IHaHb, OOPHB OKPEMHUX
CJICMEHTIB YCTAaHOBKM Ta ii aBapiiiHe MaJiHHA Ha BHUOIM CBEPAJIOBUHH. TOoMy
CBO€YACHE BUSBIICHHS O3HAK MOTIPIICHHS TEXHIYHOTO CTaHy € BaXJIMBOIO YMOBOIO
3a0e3neyeHHs] HaJiiiHOI Ta Oe3MeyHoi eKCIUTyaTallli eJeKTPOBIALIEHTPOBUX
HACOCIB.

Y cyyacHHX ymMoOBax e()eKTHBHA €KCIUTyaTallisl eJIEKTPOBIALIEHTPOBUX HACOCIB
HEMOXXJIUBa 0€3 3aCTOCyBaHHS CHUCTEM KOHTpOJIIO, JIIarHOCTYBaHHS Ta
aBTOMATHU30BAaHOTO  YIPaBIiHHA, SKi  3a0e3medyioTh  Oe3mepepBHUN  abo
NeploIMYHUN MOHITOPUHT OCHOBHHUX MapaMeTpiB poOOTH o0Ia HAHHS.

BukopucTanHs JaHUX MOHITOPUHTY J1a€ 3MOTY HE JuIe (PIKCyBaTh MOTOYHUN
CTaH YCTAHOBKH, & i CBOEYACHO BUSIBIIATH BIIXHJIECHHS Bil HOPMAJIBHOTO PEXKUMY,
IPOrHO3YBaTU PO3BUTOK Je(deKTiB, (popMyBaTH NONEPEIKyBaJbHI CUTHAIM Ta
npuiiMaTi OOIPYHTOBAHI KEPyIOUl PIIICHHS.

Takuiéi miaXig cHOpuse MIIABUIICHHIO HAIIMHOCTI pPOOOTH HACOCHOTO
oOnajiHaHHS, 3MEHIICHHIO KUIBKOCTI aBapiiHUX 3yMUHOK 1 IiJIBUILIEHHIO
€()EKTUBHOCTI MPOLECY BUIOOYTKY HapTH.

OcoOnuBe  3HAa4YeHHS B  CHUCTEMax  KOHTPOJIO Ta  YIPABIIHHS
CICKTPOBIIIICHTPOBUMH ~ HAacOCaMM Ma€ IIO€JHAHHS 3acO0IB  TEXHIYHOTO
MOHITOPUHTY 3  YaCTOTHO-PEryJbOBaHUM  €JEKTPONpPUBOAOM.  YacToTHe
pPETyJIOBaHHS Ja€ MOXJIMBICTH 3MIHIOBAaTH PEXHUM PpOOOTH  3arIMOHOTO
€JIEKTPOJBUTYHA BIAMOBIAHO A0 ()aKTUYHOI'O CTAHy HAacoca Ta yMOB €KCIUTyaTallii
CBEP/IJIOBUHH.

Y pa3i BusiBiIeHHS HeOakaHUX 3MIH Yy poOOTI OOJaJHAHHS CHUCTEMa
VOPABIIHHSA MOXE KOPUTYBATH YacTOTy oOOepTaHHs, OOMEXyBaTH CTpPyM
eJIEKTPOJIBUTYHA, 3MEHIIYBAaTH HaBaHTaXKEHHS Ha Hacoc abo (opMmyBaTH CHUTHaI
PO HEOOX1IHICTh TEXHIYHOTO 00CTYyrOBYBaHHS.

TakuM 4YWMHOM, aKTyalbHUM € pPO3POOJICHHS CHUCTEMH KOHTPOIIIO Ta

YIOPABIIHHS €IEKTPOBIAIEHTPOBUMH HAacOCaMU, sika 0a3yeThbCs Ha MOHITOPUHTY X
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TEXHIYHOTO CTaHy Ta 3a0e3rnedye MPUUHATTS KepyHUHX pillleHb 3 ypaxyBaHHSIM
J1arHOCTUYHUX TIApaMETPiB.

Taka cucreMa 03BOJIAE MiABHIIUTH €(DEKTHBHICTH EKCILTyaTallii HaCOCHOTO
oOnamHaHHS,  3MCHIIUTH  PU3MK  aBapiiHUX  BIJIMOB,  ONTHMI3yBaTH
CHEPrOCIOKUBAHHS Ta 3a0€3MEeUUTH CTAOLIBHICTh TEXHOJIOTIYHOTO TIPOIECy
BUJI00YTKY HATH.

bakanaBpchka pobOoTa TPHCBSYEHA PO3POOJICHHIO CHUCTEMH KOHTPOIIO Ta
YIpaBIiHHSA €JIEKTPOBIAIIEHTPOBUMHA HAcOCaMHU Ha OCHOBI MOHITOPUHTY iX
TEXHIYHOTO CTaHy.

Y pobGoti mnepenbavaeTbcs TMpoaHaTI3yBaTH OCOOJMBOCTI E€KCIUTyaTarlii
CJIEKTPOBIILIEHTPOBUX HACOCIB, BUBHAUYUTH OCHOBHI JIarHOCTUYHI MapaMeTpH iX
TEXHIYHOTO CTaHy, OOTPYHTYBATH CTPYKTYpPY CUCTEMHU KOHTPOJIIO Ta YIIPaBJIiHHA, a
TaKOXX  PO3TJIIHYTH  MOMJIMBICTH ~ BHUKOPUCTaHHS  YaCTOTHO-PETYJIbOBAHOTO

CICKTPOIIPpUBOAY HJIA Hi,ZIBI/IHleHHH G(i)eKTI/IBHOCTi pO6OTI/I HACOCHO1 YCTAaHOBKH.
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1 CYYACHUI CTAH CUCTEM KOHTPOJIIO TA YIIPABJIIHHS
EJEKTPOBIZHEHTPOBUMU HACOCAMMU B TIPOLHECI BUJOBYTKY
HA®PTHU

1.1 Oco0,IMBOCTI TEXHOJIOTIYHOrO mpouecy BUA0OYTKY HadTH 3

BUKOPHUCTAHHSM €JIEKTPOBILIEHTPOBUX HACOCIB

HeBin'eMHOIO CKJIaZI0BOIO KOMIUIEKCY OOJIafHAHHS, 1[0 BUKOPUCTOBYETHCS B
HapTOBUIOOYBHIN Taly3l, € HAcocu Ta HacocHe oOiagHaHHSA. 3a oOcsramu
BUIOOYTKY  HadTH  HAWOLIBIIOrO  MOIIMPEHHA  HAO0ydu  yCTaHOBKH
enekTpoBianenTpoBux HacociB (YEBH). EnextpoMexaHiyHUM TepeTBOprOBavYeM
€Heprii B TaKUX YCTAHOBKAX € 3arjJuOHUI aCHHXPOHHHUU €JIeKTpOJBHUryH. OHaK
edeKTUBHA EKCIUTyaTallisi boro OOJaJHaHHS MOTpPeOy€e 3aCTOCYBAaHHS CYyYaCHUX
CUCTEM KOHTPOJIIO Ta YIPaBIiHHA, 3JaTHUX 3a0e3MeuuTH CTaOUIbHICTD
TEXHOJIOTIYHOTO TMPOLIECY 1 CBOE€YACHE BUSIBJICHHS BIJIXUJIEHb BiJ] HOPMaJbHUX
pexumiB pobotu [1]. HallGiapimoro mommupeHHs cepej] JOoMaTeBUuX JAMHAMIYHHUX
HacociB y HadTOBUAOOYBHIM MPOMUCIOBOCTI HAaOyJIM BIJILIEHTPOBI HACOCH, SIKI
3a0€3Meuyl0Th CTBOPEHHS 3HAUHOT'O HAopy 3a HEOOX1AHOI mo/1ayl piIuHU, MAIOTh
JIOCTaTHHO BUCOKUU KOEQIIIEHT KOPUCHOI i Ta XapaKTEPHU3YIOTHCS BUCOKOIO
HajiHICTIO [2, 3].

3arnuOHuil enexktpoiaeHTpoBuii Hacoc (3EBH) (puc. 1.1) nmpuBoguthcs B

IO

Pucynok 1.1 — 3aranpHuii BUTJISLI 3aTJIMOHOTO €JIEKTPOBIAIIEHTPOBOTO Hacoca.

3arnnoauM enektpoasurynom (3E/]) (puc. 1.2).

3m.
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Pucynox 1.2 — 3aranpauii BUTIs 3armubnoro enekrpoapuryHa EJJCT220-117M.

Enektpoeneprisi 10 €NEKTPOJBUTYHA TIOJAETHCS CIICHIaJTbHUM CHIJIOBUM
kabenem (puc. 1.3), skuii MPOKIAAAETHCS B3I0BXK HACOCHO-KOMIIPECOPHUX TPYO Y

CBEPJJIOBHHI.

Pucynox 1.3 — Cunouit ka6ens mapku KITBIT-90.

PozranryBaHHs enekTpoABUIyHa Oe3nocepeHbo Ol Hacoca J103BOJIHIIO
CYTTEBO CHPOCTUTH Tepeady MEXaHIYHOI eHeprii Ta BHKOPHUCTOBYBATH HACOCH
BENUKOI MOTYXHOCTI. Came I1i KOHCTPYKTUBHI OCOOJIMBOCTI 3YMOBHJIM IIUPOKE
3actocyBanHs Y EBH y cydacHomy mexaH130BaHOMY BUAO0YTKY Ha(TH.

YceranoBku EBH € exkoHOMIYHO e(EeKTMBHMMHM IIiJI 4Yac MepeKayyBaHHS
3HaYHUX O0'€MIB PIJIMHU TOPIBHSHO 3 1HIIMMHU THUIAaMH HACOCHOTO 00JIaTHAHHS.
BoHu xapakTepu3yloThCs BiTHOCHO HEBEIIMKUM E€HEPTOCIIOKHBAHHIM Ta BUCOKUM
Koe(diieHToM KOpUCcHOI Aii. OCKIIBKY B CBEPJIOBHHI PO3TAIIOBAHI JIMIIE HACOC 1
CJICKTPOJIBUTYH, a CTaHI[S YMOPABIIHHSA Ta TpaHCPOPMATOP 3HAXOMITHCS Ha
MOBEPXHI 1 HE MOTPEOYIOTh CKJIAJHOIO TEXHIYHOTO OOCITYTOBYBaHHS, €KCILTyaTallis
€JIEKTPOTIPUBO/IY € JOCTATHHO MPOCTOIO.

3actocyBanHs yctaHoBok EBH Takox mae 3Mory edextuBHO OOopoThCs 3
BIIKJIAJACHHSAMH TapadiHy B KOJIOHI HACOCHO-KOMIIpecOpHUX TpyO. s 1poro
BUKOPUCTOBYIOTHCS TPYOH 31 CIIEIiaIbHUM 3aXUCHUM MOKPUTTSIM, aBTOMATH30BaHI
IPUCTPOI TOJIayl peareHTIB y CBEpPJUIOBHUHY Ta MeXaHiuHiI ckpeOku. Hazemne

oOnajHaHHS Ma€ TIOPIBHSIHO HEBEJNHKI rabapuTu 1 HE MOTpeOye BCTAHOBJICHHS
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crietiayibHUX  (yHIaMEHTIB,

TOMY MOXC pOSMiHIYBaTI/IC}I Ha KOMIIAKTHHX

MalgaHIrKax ab0 B KOHTEHHEPHOMY BUKOHAHHI.

L~

T~

Cxema ycranoBku EBH HaBenena Ha puc. 1.4.

Pucynok 1.4 — YcranoBka 3ariamOHOTO €J1EKTPOBIIIIEHTPOBOTO Hacoca:

1 — enexTpoABUTYH; 2 — TAPO3aXuCT; 3 — razocenaparop; 4 — Hacoc; 5 — o0caaHa

TpyOa cBepJIOBUHU; 6 — BUCOKOBOJIbTHA KabebHA JIiHis; 7 — HACOCHO-

KOMITpecopHa Tpy0a; 8 — TpanchopMarTop, 110 MiABHUIIYE HAMPYTY; 9 — cTaHIis

YIPABIIHHS;

10 — cunosa xa6enpHa miHig (0,4 kB); 11 — komruiekTHa TpanchopmaTopHa

M1CTaHIS.
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VY 3arnmuOHui BIAIIGHTPOBUN HACOC IJIACTOBA (CBEPJJIOBMHHA) piAuHA, IO
ABIIsiE CO00I0 cyMmiml HaTH, BOIU, PO3UMHEHOTO ra3y Ta MEXaHIYHUX JOMIIIOK,
HAJXOJUTh Yepe3 3aXUCHY CITKY y HIKHIN 4acThHi ycTaHOBKH. CiTka BHUKOHYE
¢byHKIII0O TEepBUHHOI  (imbTpallii, 3amodiraloydm  MOTPAIUITHHIO — BEJIHKUX
MEXaHIYHUX YaCTHHOK JI0 POOOYHX OpraHiB Hacoca.

Jlani piiiHa MOAA€ThCsl B HACOCHO-KOMMPECOPHI TpyOu. OCKUIBKY 3arTuOHUNA
ACUHXPOHHUHN EJIEKTPOJBUTYH € TEPMETH30BAaHUM 1 MAacJIO03allOBHEHUM, HOTO
HEOOX1JTHO 3aXHWCTUTH BiJI TPOHMKHEHHS IIJIACTOBOI piauHHU. JIJISI IIbOTO MIXK
HACOCOM 1 JBWUTYHOM BCTaHOBJIOETHCS BY30J TiApo3axucty. Jms oTpumaHHS
HEOOXITHOTO HAmopy mpu OOMEKEHHWX TrabapuTax YCTAaHOBKH EJICKTPOJBUTYHH
3a0€e311euyIoTh 4acToTy o0epTaHHs Hacoca 0ym3bko 2800-2950 06/xB [2].

VY pa3i migBUIIEHOr0 BMICTY BUIBHOIO rasy B IUIACTOBIM PIJIMHI O CKIamy
YCTAaHOBKM BKJIIOYAIOTh Ta3ocenaparop abo aucnepratop. EnexktpoaBuryHu
YKUBIISATHCS BUCOKOIO HAPYTOI0 Yepe3 CIeliabHUNA KaOesb BiJl MMiABUIIYBaJIbHOTO
TparcopmaTopa, po3TalIoBaHOTO Ha TTOBEPXHI.

Kabenp mpokianaeTses B3JOBX HACOCHO-KOMIIpecopHUX TpyO. Ha Oumbmriit
YaCTHUHI JOBXUHU 3aCTOCOBYEThCA Kpyriuid abo TUIOCKMNA  Kabenb, a
0e3mocepelHb0 OUIsI HACOCHOTO arperaty BUKOPUCTOBYETHCA TUIBKU IIIOCKHI
kabenp, 10 3a0e3medye ONTHUMAIBHHM 3a30p MiX KOPIYCOM YCTaHOBKH Ta
CTiHkamMu cBepayioBuHUA. CamMe BeIMYMHA IIHOTO 3a30py BHU3HAYAE OMYCTHUMI
rabaputu YEBH [4]. 3acTocyBaHHS MiJBUIIYBaIbLHOTO TpaHChOpMATOpa TaKOMK
Jla€ 3MOT'y KOMIIEHCYBAaTH BTPATH HANIPYTy B KaOeIbHIM JMiHi1.

Jlmst  mycKy, B3YNUHKH Ta KEpyBaHHS pEKAMaMH pPOOOTH YCTaHOBKH
BUKOPHCTOBYETHCS CTaHIIIS YIPABIIHHSA, sIKa 3a0€31euye aBTOMAaTUYHUN KOHTPOJIb
1 peryiaoBaHHs pPoOOTH enekTponpuBoay. KpiMm Toro, craHIiis yhnpaBiiHHS
3MIICHIOE BIOOpaXEHHSI OCHOBHUX TAapaMETPIB EJIEKTPOJBUTYHA Ta KOHTPOIIOE
JIOJIATKOB1 TIapaMeTpH, 30KpeMa cTaH 13071l kabenbHoi diHil. CydacHi cTaHIil

yIOpaBIiHHA 3a0€3Meuyl0Th MIATPUMAHHS HEOOXIAHMX PEXKUMIB (YHKIIOHYBAaHHS
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CUCTEMHU «IUIaCT — CBEpJJIOBUHa — HACOCHA YCTAaHOBKa» Ta BHUKOHYIOTh
JIarHOCTYBaHHS T€XHIYHOTO cTaHy By3niB Y EBH.

Kosnona HacocHO-KOMIIpecOpHUX TPyO 0O0JaAHYETHCS 3BOPOTHUM 1 CITyCKHUM
KJIanaHam#. 3BOPOTHHM KiamaH 3abe3neuye yTpUMaHHS PiIMHU B KOJIOHI TPYyO i
yac 3yIMHKHM HAcoca, 0 3HAYHO MOJIETIIye HOoro moBTOpHUN 3amycK. CIycKHUN
KJIalaH TpU3HAYEHUW IS 3JMBY PIIMHM 3 KOJIOHM TpyO MiJ 4ac MiaioMy
YCTaHOBKH 31 CBEp/IOBUHHU.

OOcasHi KOJIOHM CBEPAJIOBUH MAlOTh PI3HI BHYTPIIIHI JiaMETPH, TOMY
yctanoBkH EBH BUTOTOBISIIOTECS y KIIBKOX TUIIOPO3MipaxX. 3MEHILIEHHS JiaMeTpa
YCTAHOBKM TMPHU3BOAUTH JO TIEBHOTO 3HWKEHHA 11 OCHOBHUX TEXHIUYHHUX
XapaKTEepUCTUK — Tofadi, Hamopy Ta Koedimienta kopucHoi mii. Koxxna
YCTAaHOBKAa Ma€ BJAaCHE YMOBHE ITO3HAUEHHS, SIKE€ MICTUTh 1H(OpMAILI0 PO
JOMYCTUMUM  AiamMeTp 00caaHol KOJIOHH, HOMIHAJIbHY MPOJYKTUBHICTH Ta
OpIEHTOBHUU HaIIp Hacoca.

Hns  Bcix ocHoBHuUX By3niB  YEBH  (HacociB, €JlEKTpPOJBUTYHIB,
ra3ocenaparopiB TOIIO) BCTAHOBJICHI BIJMOBIIHI TEXHIYHI BUMOTH Ta CTaHAApTH,
SKi PErJIaMEHTYIOTbCSI HOPMATHBHUMH JTOKYMEHTAMH Ta TEXHIYHUMH YMOBaMHU
H1ITPUEMCTB-BUPOOHUKIB.

YMoBU  poOOTHM  €IEKTPOBIAIICHTPOBUX  HACOCIB  XapaKTEPHU3YHOThHCS
arpeCMBHUM CEpPEJOBHINEM, MiABUIICHUMH TEMIEpaTypaMd Ta CKIAIHICTIO
BUKOHAHHS PEMOHTHUX po0iT. ToMy cy4acHI KOHCTPYKIIii HACOCIB mependavaroTh
BUKOPUCTAaHHS HOBHX MaTepiajiB, CleHIaIbHUX CILJIaBIB JJI1 BUTOTOBJIEHHS BaJIB 1
poOOUMX KOJIC, a TAKOK 3aCTOCYBaHHS YaCTOTHO-PETYIHOBAHUX €JIEKTPOTIPUBO/IIB,
10 JTO3BOJISIIOTH ONTHUMI3YBAaTH PEXKUMHU pOOOTH 00JIaJHAHHS Ta MIJBUIIUTH HOTO
HaI1HHICTD.

Amnamni3 KOHCTPYKIIIT Ta 0co0JIMBOCTEH (yHKI[IOHYBaHHS
CJICKTPOBIIIICHTPOBUX HACOCIB CBIIUMTH, IO iX poOOTa 3ajekKUTh BiJ 3HAYHOI
KUTBKOCTI B3a€MOTOB'SI3aHUX TEXHOJIOTIYHUX 1 TEXHIYHMX mapameTpiB. Jlis

3a0e3MeUeHHs] HAJIWHOT Ta EHeproeEeKTUBHOI eKCIuTyaTallli HEOOXITHUM €
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Oe3nepepBHUI KOHTPOJIb IIMX MapaMeTpiB 1 CBOEUACHE BUSIBJICHHS BIJIXUJICHBb BIJ
MITAaTHUX peXUMIB poboTu. Came TOMy CydacHi cCUCTeMHU BUOOYTKY HadTH Aenai
YacTillle  OCHAIIYIOThCS 3aco0aMyd  MOHITOPHMHTY TEXHIYHOTO CTaHy Ta
aBTOMAaTH30BAaHUMHU CHCTEMaMH KepyBaHHs, fAKI 3a0e3MeuyloTh OlepaTHUBHE

NPUMHATTS PillIEHb MO0 3MIHU PEKUMIB pOOOTH HACOCHOI YCTaHOBKHU.

1.2 BnuuB yckiaagHIOW4YUX (aKTOpiB Ha TexXHIYHMI CTaH Ta

epeKTUBHICTh PYHKIIOHYBAHHS €JIEKTPOBIAIEHTPOBUX HACOCIB

[Ipomiec BUAOOYTKY HapTH CYNPOBOIKYETHCS JI€I0 3HAYHOI KIJIBKOCTI
YCKJIAJAHIOIUUX (PaKTOPiB, TOMY OJHHM 13 TOJIOBHUX 3aBAaHb € MIHIMI3aIlis iX
HEraTUBHOTO BIUIMBY, IO Ja€ 3MOrYy HIABUIIUTH €QEKTHBHICTh EKCIUTyaTaril
oOnajHaHHs, 3HU3UTU EKCIUTyaTalliiHl BUTpATH Ta 30UIBIIMTH MIKPEMOHTHHIM
pecypc HACOCHUX YCTaHOBOK. JlOCHDKEHHS IIOKa3yloTh, IO (HAKTOpH, SIKi
BIUIMBAIOTh Ha HaaliHicTh poOotn YEBH, MoXHa moauiuth Ha TpU OCHOBHI
rpynu: TexHIuH1 (BiOpallis Ta 3HOILIYBaHHSA BY3JIB), TEXHOJOTiuHI (TJIMOWHA
CITyCKY, KpUBHM3HA CBEPIJIOBUHHU, TEeMI HA0OpYy KPHUBHU3HHM) Ta Te€0JOT0-TEXHIYHI
(MABUIIEHUI BMICT MEXaHIYHMX JOMIIIOK, BIJKJIAAEHHS coiedl 1 mnapadiny,
TeMrepaTypa poOodoro cepeoBuila, 00BOIHEHICTh MPOAYKIIii, BUCOKA B'S3KICTh 1
ra3oBuil (hakTop, HU3bK1 BUOIMHI TUCKH).

OcHOBHUMHK mMpoOJieMaMH, SIKI YCKJIQJHIOIOTh MEXaHI30BaHUW BUAO0YTOK
HaTH, € MIABUIIEHUM BMICT MEXAHIYHUX JOMIIIOK, HAsBHICTh BIJBLHOIO rasy,
BHCOKa TeMIIepaTypa IJIaCTOBOI PIIMHM Ta HEAOCTATHE OXOJOKEHHS HACOCHOT
ycraHoBkud. CykynmHa [ig 1ux (akTOpiB MPU3BOAUTH [0 MPUCKOPEHOTO
3HOIIYBaHHS OOJIaJIHAHHS Ta MepeayacHOro BHUXOAy Horo 3 yamy. OmgHuMm 13
NepIUX TPOSBIB PO3BUTKY ne(eKTiB € 30UIbIICHHS piBHSA BIOpamii, sKa
CYNPOBOIKYE POOOTY €IEKTPOBIAIEHTPOBOIO HACOCAa 1 PI3KO 3pPOCTAaE BHACIIIOK

3HOIIIYBaHHS HOTO €JIEMEHTIB.
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Hacammnepesn 3HOLIYIOTBCS 3aXMCHI BTYJKM Bajly Ta MAaTOYMHHU HaINPSMHHUX
anapartiB. L{s mapa TepTs mpalioe K pagialbHUNA MiJIIUITHUK KOB3aHHA. Y 3a30p
MDK BTYJIKOIO 1 MATOUMHOIO HEMHHYYE MOTpAIUIsI€ MJIACTOBA PIIMHA, sIKa BUKOHYE
POJIb MaCTUIILHOTO CEPEIOBHUIIIA.

3a HOpMAaJLHUX YMOB eKCIUTyaTallii Ta BiAMNOBIAHOTO CKJAAy TIUIACTOBOI
plIuHU 1Ied BY30J1 MOKE MpaloBatv TpuBaiui yac. [IpoTe HasBHICTH MICKYy Ta
IHIIMX MEXaHIYHUX JOMIIIOK 3HAYHO MPUCKOPIOE TMpoliec 3HolTyBaHHA. Oco0InBY
HeOe3NeKy CTaHOBJIATh APiOHI aOpa3uBHI YACTUHKH, SIK1 MPOHUKAIOTh Y 3a30p MIXK
BTYJIKOIO Ta MATOYMHOI HampsMHOTO amaparta. lle mpu3BoguTh [0
EKCIICHTPUYHOTO OOepTaHHs Bajy, 30UIbIICHHS HABAaHTAXXCHHS Ha MiJIIUITHUKOBI
BY3JIU Ta MOJIAJIBIIOr0 MPOTPECYI0YOro pyiHHyBaHHS JeTaliei Hacoca.

[Ipu 3MilieHH]1 Bajly BIJTHOCHO OCl OO€pTaHHS BUHUKAIOTH JOJATKOBI OChOBI1
Ta pajiabHI HABAaHTAKCHHS, 1110 MPU3BOIUTH J0 Horo aedopmarrii Ta 301IbIICHHS
HABAHTA)KEHHA Ha OMNOPHI €JEeMEHTH KOHCTPYKIii. Y pe3ynbTari mpolec
3HOITYBaHHS TIPHCKOPIOETHCS 1 3 YacoOM JIOCATAE KPUTHYHHUX 3HAYCHb.
AHaNOT1YHUN MEXaH13M XapaKTepHUM 1 JIJIsl Tapu TEPTS «3aXHUCHA BTYJIKA — BTYJIKA
MIITAITHUKAY) .

PanianbHe abOpa3uBHE 3HOIIYBAaHHS B Hacocax 13 IJIABAIOYUMU POOOUYUMHU
opraHamMu CYNpPOBOJ/KYETHCS TAKOX OCbOBUM 3HOIIIYBaHHSIM. BOHO TpoOsBIIsIETHCS
y CTUpPaHHI YIIOPHUX KJEIb Ta KOHTAKTHUX MOBEPXOHb HACOCHOI cTyneHi. OChOBI
3yCUJUIA, $IKI CTBOPIOIOTHCS POOOYMMH KOJECaMH, CIPUUMAIOTHCS YIOPHUMHU
KUTBIIMH, TIOBEPXH1 SKUX, MOAIOHO A0 MIAIIMIHUKIB KOB3aHHS, OXOJOKYIOThCS
Ta 3MAIYIOTHCS IIACTOBOIO PIAMHOIO.

binbiiict HAcOCIB CKOHCTPYHOBaHI TaKMM YHHOM, IO 32 HOMIHAJIBHUX
peXKUMIB POOOTH OCHOBE 3yCWIUIA CHpsSMOBaHE BHHM3. AOpa3suBHI YaCTHUHKH,
MOTPAIISIOUN B 30HY KOHTAKTy IIaiiOu poOoUYoro koJsieca Ta OypTa HampsIMHOTO
amapara, MPU3BOJAATH JIO CTUPaHHS Marepialy YHNOPHHMX KUICIb 1 METaJeBUX

MOBEPXOHb HACOCHOI CTYyTEHI.
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AHaNOr1YHO OChOBE HABAHTAXEHHS, SIKE Jl€ HA BaJl, CIPUNMAETHCI BY3JIOM
m'STH HAcoca, M0 BHUKIWKAE 3HOIIYBAHHA MIAMSTHUKIB 1 MIaiiow m'saTu.
3HOIIIyBaHHS Bally HaW4acTillle MPOSBISETHCS YTBOPEHHSM TNIMOOKUX KIJTBIEBHX
KaHaBOK. [[prunHOIO IIbOTO € eNEeKTPOXiMiuyHA KOPO3id, a IPUCYTHICTh MEXaHIYHUX
JIOMIIIOK JOAATKOBO MiJCHIIIOE€ 1HTEHCUBHICTh PYHHYBaHHS, OPYIIYIOUYH 3aXUCHI
OKCHJIHI TUNIBKM Ha TOBEpXHI MeTaimy. ToMmy MmijJ 4yac KOHCTPYIOBAHHS HAacOCIB
HEOOX1/THO YHUKATH BUKOPUCTAHHS MaTepiaiiB, 10 YTBOPIOIOTh TajJbBaHIYHI MapH,
a TakoX 3acTOCOBYBaTH MaTepiaii 3  ONU3BKUMU  €JIEKTPOXIMIYHUMH
MOTCHITIaTAMH.

Ho yckinanHioounx (akTopiB HaJIEKaTh TAKOX 3aCMIUYCHHSI Ta 3HOIIYBaHHS
CJIEMEHTIB 3arjuOHHUX EJIEKTPOBIAIICHTPOBUX HACOCIB aOpa3sMBHUMM YaCTUHKAMU
MiCJs TPOBEAEHHSA TIApPOpPO3pUBY IutacTa ab0 YACTMHKAMHU TIPCHKUX TMOPI,
BIJIKJIAJICHHS CoOJied Ha poOOYMX opraHax Hacoca, MEperpiB Ta BIAMOBHU BY3IIB
yepe3 MiABUIICHY TeMIEpaTypy, a TaKOoX BIUIMB BUIBHOTO Tra3zy y IIJIaCTOBIN
piaMHi, 10 BigkadyeThes [D].

YacTka cBepiUIOBHH, po0OTa SIKUX YCKJIQJHIOETHCS YTBOPEHHSAM COJHOBUX
BIIKJIaJI€Hb, CTaHOBUTH Onu3bko 8—10 % BIig 3araabHOrO EKCIUTyaTalliiHOTro
dboHIYy 1 Ma€e TEHICHIIIIO A0 3POCTAHHS 31 301UIBIIIEHHSAM O0BOIHEHOCTI MPOAYKIIII.

[TigBuIeHU BMICT MEXaHIYHHUX JOMIIIOK Y TJIACTOBIM PIIMHI IPU3BOIUTH JI0
NEPEKPUTTS MPOXITHUX KaHAJIB HAMPSIMHHX arapaTiB 1 poOOUYMX KOJIC Hacoca, 110
BUKJIMKA€E 3HWKEHHS MTPOYKTUBHOCTI YCTAHOBKH, MPUCKOPEHUN 3HOC 1i BY3JiB Ta
30UTbIIEHHST amIunTyau BiOpawmii. [linBuineHuii piBeHb BiOpamii MOXE CTaTH
NPUYMHOI Tocia0ieHHss abo pyWHyBaHHS (IAaHUEBUX 3'€HaHb, a TaKOXK
aBapiiHOTO BHXOAY OOJaJHAHHS 3 Jaay. AHami3 3anexHocTi aBapiiinocTi YEBH
B1JI KOHIIEHTpaIlli MEXaHIYHUX JOMIIIOK MOKa3ye, 1110 HalOUIbIla KIJTbKICTh BIIMOB
crocTepiraeTbess mpu iXx BMicti Ha piBHI 200-500 wMr/m. 3a momaigbIIoro
30UIBIICHHS. KOHIICHTpAIlll MEXaHIYHUX JIOMIIIOK KIJIbKICTh aBapiMHUX BiAMOB

3MEHIIYEThCS, OJHAK TMPU LBbOMY ICTOTHO 3pOCTA€ CIOXUBAHUW CTPYM
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€JIEKTPOJIBUTYHA, 110 MOXKE MPU3BECTH JI0 MEPETPIBY Ta MOIIKOKEHHS KaOeIbHO1
JIHI.

KinpkicTh aBapiil TaKoX 3aJI€KHUTh Bl BMICTY BOJY Y BUIOOYBHIM MIPOTYKIITIi.
Kopo3siiine pyiiHyBaHHS  CBEPAJOBHHHOTO OOJIAMHAHHSA, Yy TOMY YHCHI
CJICKTPOBIAIIEHTPOBUX HACOCIB, OOYMOBJICHE arpeCHUBHICTIO TUIACTOBUX BOJI.
Oco0nuBO rocTpo 15 nMpodiieMa MPOSBIAETHCS HA POJIOBUIIAX, SIKI TEpeOyBalOTh
Ha Mi3HIA cTajil po3po0KK Ta BUKOPUCTOBYIOTH Pi3HI THIH BOA JUIS MiATPUMAHHS
IJJACTOBOTO THUCKY. Taki BOJAM 4YacTO MICTATH IIJIBUIICHY KIJIbKICTh Cynb(aTiB 1
MIKpOOPTaHi3MiB, SIKi CTBOPIOIOTH CHPHUATINBI YMOBHU JAJISi PO3BUTKY KOPO31MHUX
IPOLIECIB.

3anizobakTepii Oe3nocepeIHL0 HE PYWHYIOTh METall, OJHAK 1] YTBOPEHUMU
HUMHM BIJIKJIQJICHHSIMA BUHUKAIOTh JIOKAJIbHI €JIEKTPOXIMIYHI HEOJHOPITHOCTI, 1110
CIIPUSIIOTh PO3BUTKY KOpo3ii Ta aKTHUBI3aIl] ISUTBHOCTI
Cynb(aTOBIIHOBIIOBAIBHUX ~OakTepid. Jlims 3axucty Bl KOpO3ii IMIUPOKO
3aCTOCOBYETHCSI MarHi€BO-IIMHKOBUN MPOTEKTOPHHUM 3aXHUCT, MPH SKOMY KOPITYC
Hacoca BUKOHYE POJIb KaToJa, a MPOTEKTOp — aHOJa, IO J03BOJISAE JIOKAIi3yBaTu
KOPO31iH1 IPOIIECH Ha 3aXHUCHOMY €JIEMEHTI.

3HayHa KUIBKICTh BIJIMOB €JIEKTPOBIJILIEHTPOBUX HACOCIB TAaKOX IMOB's3aHa 3
BIIKJIAJCHHSAM COJIeH Ha iX poOoumx opraHax. HesBaxkaroun Ha TOPIBHSIHO
HEBEJIMKHUI BMICT cojiel y miacToBUX (uiroigax, BOHM MPUCYTHI SIK y TJIACTOBIM
BO/I, Tak 1 B HadTi. [1ix yac poboTu Hacoca oro pododi Koyieca HarpiBatOTHCs, 10
CIpusie YTBOPEHHIO COJISHUX BIJKIQJCHh Ha iX TMOBEPXHSIX. 3 YacoM Taki
BIJIKJIAJICHHS 3MEHIIYIOTh MNPOXIAHI Mepepi3u MPOTOYHOI YACTMHU HAcoca, MO0
MPU3BOJUTH JI0 TOTIPIICHHS WOTO TiPaBIIYHUX XapaKTEPUCTUK, 3HIDKCHHS
POYKTUBHOCTI Ta HAopy.

JlocnikeHHS TTIOKa3yI0Th, 110 OJIHIEI0 3 OCHOBHUX NMPUYNH aBapiiHUX BIIMOB
CJICKTPOBIIIIEHTPOBUX HACOCIB, MOB'SA3aHUX 3 OOPUBOM YCTAHOBKH Ta 11 MaJIHHIM
Ha BUOIM CBEpUIOBUHHU, € MIABUIICHUI piBeHb BiOparlii. CaMe ToMy napamMeTpu

BiOpamii HaJlie)xarh 10 HaWOLIBII 1H(GOPMATUBHHUX JIarHOCTHYHHX O3HAK
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TEXHIYHOT'O CTaHy HAcOCHOro oOJlafHaHHSA 1 TOBUHHI  O€3MepepBHO
KOHTPOJIIOBATHUCS 3aCO0aMU CHCTEMU MOHITOPHUHTY.

TakuMm guHOM, OUIBIIICTH (DAKTOPIB, 1O HEraTUBHO BILUIMBAIOTH Ha POOOTY
CJIEKTPOBIALICHTPOBUX HACOCIB, CYIPOBOJDKYIOTHCS 3MIHOIO KOHTPOJIBbOBAHUX
nmapaMeTpiB, TakUX SK BIOpallisi, TemrmepaTypa, CIOXHBAaHMHA CTPyM, THCK 1
MPOTYKTUBHICTh YCTAHOBKH.

be3nepepBHUil MOHITOPUHT LIUX MapaMETPIB J1a€ 3MOTY CBOE€YACHO BUSIBISTH
PO3BUTOK J1e(DEKTIB, MPOTrHO3YBaTH MOKJIMBI BIJIMOBH Ta BHKOPHUCTOBYBATHU
OTpUMaHy iH(OpMAIlI0 [JIsI aBTOMATUYHOTO KOPUTYBAHHS PEXUMIB poOOTH
HACOCHOI YyCTaHOBKU. lle mATBEepaKy€e MOUUIBHICTE PO3POOJICHHS CHUCTEMU
KOHTPOJIIO Ta YIOPaBIIHHSA €JEKTPOBIALIEHTPOBUMU HAcOoCaMHM Ha OCHOBI

MOHITOPUHTIY iX TEXHIYHOTO CTaHy.

1.3 MOHITOPHHI TEXHIYHOr0 CTaHY eJeKTPOBIALEHTPOBHX HACOCIB fIK

OCHOBAa CHCTEMH KOHTPOJIIO Ta YIIPaBJIiHHS

DyHKIIIOHYBaHHS €JIEKTPOBIALICHTPOBUX HACOCIB XapaKTEPU3Y€ETHCA 3HAYHOIO
KUTBKICTIO B3a€MOIIOB'SI3aHUX TTapaMeTpiB, sIKi BU3HAYAIOTh €(DEKTUBHICTH MPOLIECY
BUI00YTKY HAaTU Ta HAAINHICT POOOTH 00JIaTHAHHS.

Jlo Takux TapaMmeTpiB HaJEXKaTh EIEKTPOTEXHIYHI XapaKTePUCTUKH,
TEXHOJIOTIYHI ~TapaMeTpd HACOCHOI YCTAHOBKM, TapaMeTpu IulacTa Ta
CBEP/IJIOBMHU, a TAKOXK MOKA3HUKH TEXHIYHOTO CTaHy okpemux By3niB Y EBH.

3a 1aHUMH PI3HUX JOCIHIJIKEHb, KUIBKICTh MOXIMUBUX J€(EKTIB, Kl MOXKYTh
BUHUKATH 1]l Yac EKCIUTyaTalli eJIEKTPOBIILEHTPOBUX HACOCIB 1 MPU3BOJIUTHU 10
aBapIMHUX BIAMOB 00JIaIHaHHS, CTAaHOBUTH Bi7 30 10 50 HaliMEHYBaHb.

Ha puc. 1.5 HaBeneHO y3arajibHeHY CTPYKTYpy (pyHkiionyBanHs Y EBH.
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Oneparop
(texnosor HI'BY, imxenep
HITC, 4epropwuii [IBHI)

1

Inrepdeiic
JIO/IMHA-MAIIHHA

1

CrpHitHATTA OBDoKa i

JUArHOCTHYHOT Aipobia irpopMani, VYipasmuusg 00’ eKToM
: oGumcIeH s

1H(opMallii

YEBH

Pucynok 1.5 — Y3aranbaena crpykrypa ¢yakiionyBanus Y EBH

EdexkTuBHE ynpaBimiHHSA mpouecoM BUAOOYTKY Ha(TH HEMOXIHBE O€3
CBOEYACHOI'O OTPUMAaHHS JIOCTOBIPHOI 1H(OpMALIil TPO TEXHIYHUI CTaH HACOCHOTO
obnanHaHHsA. CaMe TOMYy B Cy4aCHHUX aBTOMAaTH30BAHMUX CHUCTEMax yce OUIbILIOro
NOIIUPEHHS HA0YBaIOTh MiJICKCTEMH MOHITOPUHTY Ta TEXHIYHOTO J1arHOCTYBaHHS,
K1 3a0€3MeuyroTh 301p, 0OpOOICHHS Ta aHalli3 BEJIMKOTo 00CATYy eKCIuTyaTaliiHol
1H(popMaIlii B peKUM1 peaIbHOTO Yacy.

CyuacHi MeTtoau oOpoOJieHHs 1HdopMallli, 0 3aCTOCOBYIOThCA B CHUCTEMax
MIATPUMKA TPUHAHATTSA PillleHb, JT03BOJISIOTh BUKOPHUCTOBYBATH IHTENEKTYalbHI
ANTOPUTMM aHAJl3y JAHMX, 30KpeMa TeXHOJIOTl MITy4HHX HeHpPOHHHX Mepexk. IX
3aCTOCYBaHHS € JOLUUIBHUM ISl pO3B'A3aHH 3aja4 ONEePaTUBHOIO A1arHOCTYBaHHS
TexHiyHoro ctany YEBH B yMmoBax 3Ha4HOi KiJBKOCTI B3a€MOTIOB'SI3aHUX
napameTpiB Ta CKJIaJHOCTI (opmamizanli MpoleciB, 10 BIAOYBAIOThCA IMiJI Yac
eKcIuTyarallii HahToBUX cBepIOBUH [6].

TpaaumiiiHo mij yac oliHIOBaHHs TexHIYHOro ctany Y EBH xoHTposoroThes
Takl MapaMeTpu, SK BUTpaTa Ta THUCK PIAMHM, YacTOTa OOEpTaHHsS Baiy,
NOTY)KHICTb ~Hacoca, TemIeparypa, TyCTHHa Ta B'S3KICTb pIOUHH, IO
NepeKayyeThes, a TaKOXK TeMIlepaTypa KOpHycy ycTaHoBKU. Jljig 3arimOGHOro
€JICKTPOJIBUTYHa OCHOBHHUMH KOHTPOJBOBAaHHUMH IapaMeTpaMyd € HOMiHaJbHA

MOTY>KHICTb, HANIPyTa UBJIECHHS, CIOKUBAHUN CTPYyM, KPYTHUI MOMEHT Ha Baliy,
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omip 130JA1ii OOMOTOK Ta CTpyM XoOjocToro xoay. Pazom 3 Tum 3a3HaueHi
napaMeTpy XapaKTepU3yIOTh TEPEBAKHO pEXUM pOOOTH YCTAHOBKH 1 HeE
3a0€311euyIoTh MOBHOT iH(OpMaIIii 010 PO3BUTKY J1ePEKTIB ii OKpEeMHX BY3IiB.

VY 3B'S3Ky 3 IIUM Cy4YacHI CUCTEeMH MOHITOPUHTY TexHiuyHoro crany YEBH
BUKOPHUCTOBYIOTh 3HAUHO LIUPIIUI MEpeik AIarHOCTUYHUX O3HAaK, IO J03BOJISE
CBOEYACHO BUSIBIISITM MOYATKOBI CTafil Jerpajanii oOJagHaHHS Ta MPOTHO3yBaTH
MOKJIMBICTh ~ BHHUKHEHHS  aBapiiiHux cutyamiid. [lpm mpomy 3amaua
JI1arHOCTYBaHHS TEXHIYHOT'O CTaHy PO3TJISIAEThCS K 3a7a4a Kiacudikalii, y saKii
Ha OCHOBI aHaii3y CYKYMHOCTI BUMIpPSHHUX MapaMeTpiB BU3HAYAETHCA MOTOYHHI
CTaH HACOCHOI YCTaHOBKU.

OnHMM 13 NEPCHNEKTUBHUX MIAXOMAIB € BUKOPUCTAHHS KOMIUIEKCY IITYYHHX
HEUPOHHUX MEPEXkK, KUIBKICTh SKUX BIJAMOBIIA€ YUCIY MOXIMBUX KIIACIB
texHiyHoro ctany YEBH. V¥ Takiii cucreMi kokHa HaBYeHa HEHPOHHAa Mepexka
aHai3ye BXIJHI €KCIUTyaTaiiiiHi mapameTpu Ta (GopMye OIIHKY HMOBIPHOCTI
BUHUKHEHHS KOHKpeTHOTO nedekTy. BukopucranHs okpemoro kiacudikatopa ams
KOXXHOTO THITYy HECIIPABHOCTI JO3BOJISIE IM1IBUIIIUTU JJOCTOBIPHICTD JI1arHOCTYBAHHSI
Ta 3MEHIIUTH 00CIT HEOOX1THOT HAaBYAIbHOI BUOIPKH.

VY cydacHUX cucTeMaxX MOHITOPUHIY TEXHIYHOTO CTaHy KOHTPOJIb HapaMeTpiB
3MIMCHIOETHCS SIK MIJ Yac 3alyCcKy YCTaHOBKM, Tak 1 B Tporeci ii poboTu Ha
CTal[lOHAPHOMY PEXHMMI Ta MiJ Yac 3ynuHKU. [Ipy bOMy BUKOHY€EThCS OJTHOYAcCHA
peecTpallii  MUTTEBUX  3HA4Y€Hb  CIOXKHUBAHOIO  CTPyMy  3arjMOHOrO
CJIEKTPOJBUTYHA, HANpPYrd OKUBJICHHS, MapaMmeTpiB BiOpamlii Ta  THUCKY
BOJOHA(TOBOI CyMilIl HA TPl CBEpAJIOBUHU. OTprMaH1 3HaY€HHS MOPIBHIOIOTHCS
3 €TaJJOHHUMHU a00 TPaHUYHO JONMYCTHUMUMHU BEIMYMHAMM, BU3HAUEHHUMH 1] 4Yac
BBEJICHHS 00JIaTHAHHS B €KCIUTyaTaIlifo.

Ax iHpopMaTUBHI TIapaMeTpu IS OIIHIOBaHHS TexHiuHOTO cTany YEBH
BUKOPHCTOBYIOTb:

- aMIUTITYAy Ta CTIIEKTPaIbHUI CKIIa]] CIIOKHUBAHOTO CTPYMY €IEKTPOIBUTYHA;

- BCJIMYMHY KOB3aHHS POTOPA Td HABAHTAKCHHS Ha BaJly,
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- piBeHb BiOpallii Ta i CeKTpaJibH1 XapaKTEPUCTUKH;

- TEMIIEPATypy OOMOTOK €JIEKTPOJIBUTYHA;

- TUCK Ha IpUHOMI Hacoca Ta Oy(hepHUI THCK;

- (h13UKO-XIMIYHI BIIACTUBOCTI IJIACTOBOI PiIUHHU.

OcobnuBe Miciie cepell AIarHOCTUYHUX TMapaMeTpiB 3aiiMae KOHTPOJIb
BiOpallii, OCKITbKM caMe 3MiIHa ii pIBHSA Ta CIEKTPaJIbHOTO CKJIaay Jd03BOJIsE
CBOE€YACHO BHSBJISTH PO3BUTOK OLIBIIOCTI ACPEKTIB HACOCHOTO OOJaaHaHHSA. Y
mporieci jaerpafaiiii TEXHIYHOTO CTaHy €JIEKTPOABUTYHa, Hacoca, (aHIEeBUX 1
pi3b0OBHX 3'€lHAaHb aMIUIiTyJa BiOpalii B OKpEeMHUX YaCTOTHHMX Jlama3oHax
MOCTYIIOBO 3POCTAE, IO MOKE OyTH BUKOPUCTAHO K KPUTEPIH OLIHIOBAHHS CTaHY
oOnaHaHHS.

JInst  AlarHOCTYBaHHS TEXHIYHOTO CTaHy €JEeKTPOBIALEHTPOBUX HACOCIB
BUKOPUCTOBYIOTHCS ~ CIEIIali30BaHl 3acO0M KOHTPOJIO, sIKi 3a0e3MeuyroTh
BUMIPIOBAHHSA CTPyMy €JEKTpPOJBUIYHA, BIOpalii Ta THUCKY 3a JOIOMOTIOKO
BIJINOBIJTHUX JaT4YMKIB. BuMiproBaibHa 1HQOpMALls HAIXOIUTh 10 LHU(PPOBOI
CUCTEMHU 300py JAaHMX, 1€ BUKOHYEThCS ii 0OpOOJIeHHS Ta (POPMYIOTHCS BUCHOBKH
IIOJI0 TEXHIYHOTO CTaHy oOdaaHaHHsA. J[0laTKOBO MiJ Yac aHalli3y BPaXOBYIOThCS
nmapaMeTpy INTaTHOI CHUCTEMH KOHTPOJIO TEXHOJIOTIYHOTO TMPOIeCy, 30KpeMa
JUHAMIYHUN PIBEHb IJIACTOBOI PIAMHH, MPOIYKTUBHICTH YCTAHOBKH Ta (hi3HKO-
XIMIYHI XapaKTepUCTUKU BUAOOYBAHOT CyMIllli.

OpHouacHU aHali3 MapaMeTpiB CTpyMmy, BIOpailii, TUCKY Ta TeMmIepaTypu
3a0e3reuye MOKIIUBICTh KOMIUIEKCHOI O1iHKK ctany YEBH 1 no3Bossie BUsIBISATH
ne(eKTH Ha paHHIX CTafisfX iX PO3BUTKY. Takuil MiaXiJ CTBOPIOE MEPEAYMOBH AJIs
nepexoy Bij MIaHOBO-TIONEPEKYBAIIBHOTO OOCITYTOBYBaHHS 1O OOCITyTrOBYBaHHS
3a aKTUYHUM TEXHIYHUM CTaHOM OO0JIaHaHHSI.

TakuM 4YMHOM, 3acCTOCyBaHHS Cy4YacHMX 3aco0iB MOHITOPUHTY Ta
IHTETIEKTyaIbHUX METOMIB 00poOieHHs iH(opMalii 3abe3nedye MiABUIIICHHS
JIOCTOBIPHOCTI ~ JIIarHOCTYBaHHSl ~ €JIEKTPOBIJILIEHTPOBUX HACOCIB 1 CTBOPIOE

iH(popMaLliiHy OCHOBY [Uisi MOOYAOBU €(QEKTUBHUX CHUCTEM KOHTPOJIIO Ta
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yOpaBJiHHS TpoliecoM BUA0OYTKY Ha(TH. Pe3ynbTat MOHITOPUHTY TEXHIYHOIO
CTaHy MOXYTb OyTH BHKOpPHUCTaHI1 Jii aBTOMAaTUYHOTO KOPUTYBAHHS PEXKUMIB
poOOTH HACOCHOT YCTAaHOBKH, CBOEYACHOTO BUSBIICHHS HEOE3MEYHNX BiIXUICHD Ta

MIBUIIEHHS HAIHHOCTI excrutyaranii Y EBH.

1.3.1 Bibpaiis sk giarHOCTHYHA O3HAKa TEXHIYHOI'O CTaHy Ta IapamMeTp

CUCTEMH KOHTPOJIIO ¥ YIpaBIIiHHS €IEKTPOBIAIICHTPOBUMH HACOCAMHU

OanuMm 13 HallOUIbl 1H(QOPMATUBHUX JIAarHOCTUYHUX MapaMeTpiB, IO
XapaKTepU3ylOTh TEXHIYHUN CTaH eJIeKTPOBIALIGHTPOBUX HACOCIB, € pIBEHb
BiOpanii. AHai3 BiOpaUIiHUX MPOILECIB JT03BOJIIE CBOEYACHO BHSBIATH JIe()EKTH
HITUITHIKOBUX BY3JIIB, POOOUYHX KOJIIC, BasliB, My(TOBUX Ta Pi3bOOBHUX 3'€IHAHB,
a TaKOoX OIIHIOBATH 3arajlbHUil TEXHIYHUM CTaH HACOCHOI YCTaHOBKH. Tomy
KOHTPOJIb TapaMeTpiB BiOpallii € He JHIIE BaKJIWBOIO CKJIAJ0BOI0 TEXHIYHOTO
JIIaTHOCTYBaHHS, @ W OJHUM 13 KJIIOYOBUX 3acO0IB MiJABUIICHHSA €(EKTUBHOCTI
CUCTEMU KOHTPOJIIO Ta ynpasiiHHsg Y EBH.

JlJis. KOHTPOJIIO TEXHIYHOTO CTaHy €JIEKTPOBLALEHTPOBUX HACOCIB Mij yac iX
eKCIUTyaTallli MIUPOKO BUKOPUCTOBYIOTHCS CHUCTEMHU 3aHYPIOBAJIBLHOI TejleMeTpii
(C3T). TumoBa cuctemMa CKJIaNa€TbCA 13 3aHYPIOBAIBLHOTO OJIOKY Ta HA3eMHOTO
O5moky 300py ¥ 00poOsieHHst iH(opmailii. 3aHyproBadbHUN OJOK 3a0e3mneuye
BUMIPIOBAaHHS Ta NIE€peiayy OCHOBHUX MapaMeTpiB pOOOTH YCTAHOBKH, CEpell IKHX:

- TUCK Ha MPUIOMI Hacoca;

- TeMIiepaTypa oOMOTOK 3arIMOHOTO €JEeKTPOIBUTYHA,;

- TeMIIepaTypa HaBKOJIUIIHBOTO CEPEeI0BUIIIA;

- piBeHb BiOpallli 3a TpbOMa KOOPJAMHATHUMHU OCSIMU;

- OTIip 130JIA1111 CHITOBOTO Kabero.

[lepenaua indopmallii BiJl 3aHYPIOBAIBHOTO OJIOKY 10 Ha3eMHOI YaCTHHHU
CUCTEMU 3JIIMCHIOETHCS MO CHUJIIOBOMY Kalento. Y Ha3zeMHOMY 001l BUKOHYETHCS

oOpoOJieHHs, apXiByBaHHS Ta Bi3yami3allii OTPUMAHHUX JaHUX [JIs OlepaTopa.
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Anaumi3 1i€i 1HpopMmariii 103Bose oiiHoBaTH TexHIYHUM ctaH YEBH y pexumi
peasIbHOTO Yacy Ta CBOEYACHO MOTepPEPKaTi BUHUKHEHHS aBapiiHUX CUTYyaIlil.

Cmin  3a3HayuTd, 10 IHTerpajbHa  OIliHKa piBHA  BiOpamii 3a
CepeIHbOKBAAPATUIHUMHU 3HAYCHHSIMH BIOPONPUCKOPEHHS YU BiIOPOIIBUAKOCTI HE
3aBXIU 3abe3rnedye HEOOXIAHY JOCTOBIPHICTH OIIHIOBAHHS TEXHIYHOTO CTaHy
oOnagHaHHsA. 3HAYHO OUIBII 1H(POPMATUBHUM € aHaII3 YacCOBUX peajizaiiil Ta
CIEKTPAIBHOTO CKJIaay BIOpaIliiHUX CHTHATIB, SKHH JIO3BOJIIE BHU3HAYATH
XapaKTepHI YacTOTH BUHUKHEHHS JedEeKTIB Ta MPOTHO3YBATU MOAANbIINAN
PO3BUTOK HECIIPABHOCTEM.

HaiiGinpiry  iHQoOpMaTUBHICTH — 3a0e3neuye  BUMIpDIOBaHHS  BiOpauii
0e3Mocepe/IHbO y CBEP/ITIOBUHI 32 IOMIOMOT0I0 3aC001B 3aHYPIOBAJIBHOI TeJIEMETii.
Pa3oMm 13 TUM mnepemayda BEMKOro 0OCATY MEPBUHHOI 1H(OpMalLii Ha MOBEPXHIO €
CKJIQJHUM TEXHIYHMM 3aBJIaHHSIM 4epe3 0OOMEKEHY MPOIYCKHY 3/aTHICTh KaHAIy
3B'SI3KY Ta BIUIUB €JIEKTPOMArHITHUX MEpemKo. ToMy NepCrleKTUBHUM HaIMPSIMOM
€ nmomepeaHe oOpoOJieHHs — BIOpaliiHUX  CUTHAMIB  O€3MOCEepeaHbO Y
3aHYPIOBAJILHOMY OJIOI[I CUCTEMHU.

OpHuM 13 HAHOUIBII MOMIMPEHUX METOJIIB aHaI3y BIOpaUIiHUX CHUTHAJIB €
CHEKTpaIbHUI aHaNi3 13 BUKOPUCTAHHSM IIBUAKOTO nepeTBopeHHs Pyp'e (LII1D).
Moro 3actocyBaHHs J03BOJs€ BHAIUINTH HAHOLIBII iH(GOPMATHUBHI rapMOHiiHi
CKJIaJIOBI CHUTHAJly Ta TNepeAaBaTh [0 HA3EMHOI CHUCTEMM JIMIEe HeOoOXiaH1
JIarHOCTUYHI TapaMeTpH, M0 3HAYHO 3MEHIIye 0oO0csr mepenaBaHoi iHbopwmarrii
0€e3 1ICTOTHOI BTpaTH ii 1HHOPMATUBHOCTI.

ExcniepuMeHTalIbHI TOCTIKEHHS MOKa3yloTh, 110 OCHOBHA YacTHHA €HEeprii
BIOpaIliiHUX KOJMBaHb, IOB'SI3aHUX 13 MEXaHIYHUMH JedeKTaMu HaCOCHOTO
00J1aTHaHHS, 30cepe/KeHa B HM3bKOYACTOTHIM  0O0JacTI. Haii0O11p1
1H()OpMATUBHUMH € CKJIQJOBi, IO BIJMOBIJAIOTh YAaCTOTI OOEpTaHHS poOTOpa, a
TaKOXX 1l TapMOHIKM Ta CyOrapMOHIKH, $KI BHUHUKAIOTh MpU AucOaaHci,

3HOLIYBaHHI MIJIIMITHUKIB, MOCIA0JEHH1 KPIIJIEHb Ta 1HIINX HECIIPABHOCTSIX.
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TakuM yMHOM, KOHTPOJIb TapaMeTpiB BiOpallii Ta 3acTOCyBaHHS CydacHHUX
METOJIB iX IU(PPOBOrO OOpOOIEHHS € OAHUM 13 Hale(EeKTUBHIIIUX CHOCOOIB
MOHITOPHHTY TEXHIYHOTO CTaHy EJCKTPOBIIIEHTPOBUX HAcocCiB. BukopucTaHHS
pe3yNbTaTiB  BIOpAIIHHOTO KOHTPOIIO Yy CKIaal aBTOMATH30BAaHOI CHUCTEMHU
KOHTPOJIIO Ta YIMPaBIIHHS JO3BOJIIE CBOEYACHO BHUSBIISITH PO3BUTOK JE(EKTIB,
ONTUMI3yBaTH PEKUMHU POOOTH HACOCHOTO OOJIaJIHAHHS Ta IMABUIIUTH HAAIHHICTh

1 epEeKTUBHICTh MPOIeCY BUAOOYTKY HAPTH.

1.4 CucreMn KOHTPOJI Ta yHOPaBJIiHHA Ha@TOBHAOOYBHUMHU

CBEPAJOBHHAMHU MEXAHI30BAHUM CIIOCOOOM

Ha cyuacHomy erami po3BUTKY HapTOBUAOOYBHOI raiy3i 3HayHa yBara
OPUIISETbCS HE JIMIIE PO3POOJIEHHIO CHCTEM AaBTOMAaTHYHOIO YIPaBIIHHS
MEXaHI30BaHMM  BHUJOOYTKOM  HapTM 3  BHKOPHUCTAHHSIM  YCTaHOBOK
CJIEKTPOBIILIEHTPOBUX HACOCIB 1 MITAHTOBUX MNIMOMHHOHACOCHUX YCTAHOBOK, ajie i
CTBOPEHHIO  IHTENEKTyaJlbHUX CHCTEM KOMIUIEKCHOTO  MOHITOPUHTY  Ta
aJanTUBHOTO YIIPABIIIHHS TEXHOJOTTYHUMU TpoiiecamMu. OCHOBHOIO TEHJICHIIIEIO €
1HTerpailisi 3aco0iB KOHTPOJIIO, TEXHIYHOTO JIarHOCTYBaHHS Ta aBTOMAaTUYHOTO
pETyIIIOBaHHS B €UHUI MPOTPaMHO-TEXHIYHUI KOMILIEKC.

Ak mpukiang Ccy4acHOI CHUCTEMH KOHTPOJIO Ta YMPaBIiHHS PO3TIISTHEMO
nporpamHo-TexHiuHuil koMmiuieke (IITK) ArtLiftControl [14], npusHaueHuit nms
3a0e3ne4YeHHs e(EeKTUBHOTO pecypco30epirarouoro yIPaBIIIHHS
HaQTOBUOOYBHUMH  CBEpPJJIOBUHAMH  MEXaHI30BaHOTO  (OHIY  HUIIXOM
0e3MepepBHOr0 MOHITOPUHTY MIJ3€MHUX 1 HA3€MHUX MapaMeTpiB iX poOOTH, 300py
Ta 00pOOJICHHS TeleMeTpuyHOi 1H(OpMaIlii, a TaKOXK aJallTUBHOTO PETYJIOBaHHS
MPOYKTUBHOCTI HACOCHOTO O0JIaIHAHHSI.

[ndopmartiitHo-opranizaniiina crpykrypa IITK ArtLiftControl po3pobiena 3

ypaxyBaHHSM CBITOBOTO JIOCBiy TOOYJOBH CHCTEM AHMCTAHIIITHOTO MOHITOPHHTY
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Ta IHTEIPYEThCS Yy M'ITUPIBHEBY MOJIEIb OpraHizaiii 1H(popMaIliiHO-KEePYHOUINX
cucteM. Y KOMIUIEKCI 13 CYMDKHUMHU 1HQOpMAIIfHUMH CHUCTEMaMH, IO
BUKOPHUCTOBYIOTHCS Ha 00'ekTax HaTOra3oBMA00yTKY, BOHA BiANOBIIa€ KOHIICTIT

IHTEJIEKTYaIbHOTO pojoBHIIa (puc. 1.6).

33 YHACTIO A4 HHA

MpuiitaTra
piLue HHA

Development

Optimisation

Npgimy: cn
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Production Optimisation

,‘ p}«

ion
@ Brno, A

g
con

ArtLiftControl

Control & Diagnostics

[
:%2 Preparation of Data
pi

Collection & Transfer of Data

OTpMMAHHA BuHoHa HHA
DAHWE

Pucynox 1.6 — I1'sTupiBHEBa MOJIENIb OpTaHi3allli CUCTEM BiJIJJaJICHOTO

moHiTopuHry Ha 6a3i [ITK ArtLiftControl

ArtLiftControl € cnermianizoBaHuM TpOrpaMHO-ariapaTHUM KOMILIEKCOM,
noOyJIOBaHUM 3a 1€papXiuHUM NOpUHIUIOM. Jlo cKiaay KOMIUIEKCY BXOSTh
3aco0M CBEPAJIOBUHHOT OOB'A3KM, 3arjMOHI Ta Ha3eMHI JAaT4YUKHU, KaOenbHI M
MOJIEMHI1 JIiHIi 3B'SI3Ky, KOHTPOJIEPH, CEpBEpHE OOJaJHAHHSI Ta ABTOMATHU30BaHI
poboui Micisl omnepaTopiB. Yce oOnagHaHHS cepTUdikoBaHE Ta BiAMOBIIAE
BUMOTaM €KCILTyaTailii B CKJIQJHUX KIIMaTHYHUX YMOBaX.

Ha nmwxnabomy piBHi a0 [ITK miakmtouaroThes craniii ynpasiinas YEBH,
CUCTEMU 3arjiMOHOI TeJaeMeTpii, TUPJOBl JAaTYUKHU Ta 1HIII HPHUCTPOi KOHTPOIIO
TEXHOJIOTIYHUX TapamMeTpiB cBeputoBuHU. OTpuMaHa iHpoOpMaIlis IepeaacTbes 10
KYIIOBUX KOHTPOJIEPIB, A€ BUKOHYETHCS ii MEPBUHHE OOPOOJIEHHS Ta MiATOTOBKA
JI0 Tiepeiavl Ha BEpXHI PiBHI CHCTEMHU.

[Tporpamue 3a0e3mneueHHs KOMIUIEKCY BKJIIOYAE MporpamMHe 3a0e3reyeHHs
HUKHBOTO PiBHS (KYILIOBHX KOHTPOJIEPIB), CEpBEPHE MPOrpaMHe 3a0e3MeyueHHs Ta
mporpamMHe 3a0e3MeyYeHHsST aBTOMATHU30BAHMX POOOYMX MICIb OMEpPaTOPiB.
CepBepHa uacTHHa 3a0e3nedyye HAKOMWYEHHS, apXiByBaHHS Ta OOpOOJICHHS

iH(dopMarllli, a TakoX OOMIH JaHMMHM 13 CYMDKHMMH CHCTEMaMH, 30KpeMa
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CUCTeMaMH  TeJleMeXaHIKh Ta  1HGOpMaIlIMHO-aHAIITUYHUMH  CHCTeMaMu
yIPaBIiHHS BUPOOHHUIITBOM.

Jns mepemadi AaHMX MK LEHTPAIbHUM CEPBEPOM 1 KOHTPOJIHOBAaHUMU
00'ekTaMi BUKOPUCTOBYIOTBCS Pi3HI THIM KaHATIB 3B'A3KYy: aHAJIOTOBI Ta HU(POBI
FM-kananu, RadioEthernet, GPRS Tta iHmi cywacHi TeleKkoMyHiKaliiHi
TexHoJsorii.  KIilleHTChKi ~ aBTOMaTu30BaHi  poOodl  Miclsd, SK  IPaBUIIO,
BCTAHOBITIOIOTHCS Y TEXHOJIOTTYHUX CIY»)0ax HapTOra30BUA00YBHHUX YIIPaBIiHb.

TuUnoBy CTPYKTYpy KOMIUIEKCY TEXHIYHUX 3aCO0IB CUCTEMH MOHITOPUHTY 1
perymoBanHs piBHs ACYTIl/Tenemexaniku HaBeieHO HA puc. 1.7,

3anmexHO BiJ OCOONMBOCTEH poO3TallyBaHHS CBEP/UIOBUH Ta yMOB
eKCIUTyaTallli MOXXYyThb 3aCTOCOBYBATHCSl PI3HI BapiaHTU MNMOOYIOBU CTPYKTYpH

ACYTII/tenemexauniku Ha 0a3i [ITK ArtLiftControl.

TunoBa CTpyKTypa KOMMeKcy TexHiYHux 3acobis CMP
piBHa ACYTI1/ TenemexaHikn, sika iCHye B KOMMaHisiX Ha HUHILLHIN AeHb

Liex supobysaHHa

Poposuue

&pﬂopamsna mepexa

Binnanenuit odic (Ynpaenivua BuaobysaHHn)

e

Pucynok 1.7 — TunoBa cTpykTypa KOMIUIEKCY TEXHIYHHUX 3aCO0IB CHCTEMU

MOHITOPHUHTY 1 peryntoBadHs piBHs ACYTII/Tenemexaniku

st poJIOBHIN 13 BEJIMKOK KIJIBKICTIO OKPEMO PO3TalllOBAaHUX CBEPJIOBUH

JOLIILHUM € BUKOPUCTAHHS KaHaltiB 3B's13Ky ctanaapty GPRS (puc. 1.8),
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Cxema 3 BukopuctaHHsim GPRS 3B’s3Ky, Ans 06’eKTiB 3 BENIMKOIO KiNbKICTIO OAUHUYHUX

Pucynox 1.8 — Cxema opranizaiiii CHCTEMH MOHITOPUHTY 3 BUKOPHUCTAHHSAM
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GPRS-3B's13ky

a Ui KyIIOBUX MaWJIaHYMKIB — 3aCTOCYBaHHS 0€3IPOTOBUX MEPEX Ha OCHOBI

texnosorii Wi-Fi (puc. 1.9).
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Sk 6a3oBe anapatHe 3a0e3nedeHHs [ITK ArtLiftControl BukopucToByrOThHCS
IHTEJEeKTyalbHI Kyl[oBi koHTpoJepu cepii Crossmaster 1.0 Ta Crossmaster 2.0.

KonTponepu npusHadeHi juist noOynoBU OaraTOpiBHEBUX aBTOMATU30BAHUX
CHCTEM KepyBaHHS TEXHOJOTIYHHUMH IpoliecaMu, 300py iHopmarlii Ta peamsarii
AJITOPUTMIB JIOKAJILHOTO YIPaBIiHHSA HA)TOBUIOOYBHUMHU CBEPAJIOBHHAMH.

Kontponepu 3abesnedyroTh 30ip Ta NEepBUHHE 00poOieHHS i1H(opMaIii,
peastizalliio alrOpUTMIB JIOKaJbHOTO YMPaBIiHHS, (PYHKIII 3aXHUCTy, OJIOKYyBaHHS
Ta 0OMIH JJAaHUMH 13 BEPXHIM PIBHEM CUCTEMHU.

[Tporpamue 3abe3nevyeHHs KOHTPOJEPIB MpaIloe aBTOHOMHO Ta HE 3aJIC)KHUTh
B1Jl (DYHKIIIOHYBaHHSI IPOIPaMHOI0 3a0€3Me€YeHHs] BEPXHBOTO PIBHS. Y pasl BTpaTH
3B'SI3KY 3 JUCHETYEPCHKUM IIYHKTOM KOHTpPOJIEpH 3a0e3MeuyroTh MIATPUMAaHHS
Oe3MeYHUX PEXUMIB pOOOTH OO0JIAHAHHA Ta BUKOHAHHA HEOOXITHMX (DYHKIIII
aBTOMATUYHOT'O KEpyBaHHS.

ArmapatHa KOH(}Irypaiiss KOHTpPOJEpPIB TMOBHICTIO 3aJI0BOJIbHIE TOTOYHI
noTpedu Ta 3a0e31euye MOKIMBICTh OJATBIIOTO PO3IIMPEHHS CUCTEMHU.

3aranpHU BUTIIA KOMIUIEKCY TenemexaHiku cepii Crossmaster HaBeJeHO Ha

puc. 1.10.

e W
rannearal a0 o

Pucynoxk 1.10 — 3aranpHuii BUTJISLT KOMIUIEKCY TereMexaHiku cepii Crossmaster
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Bukopucranus POrpaMHO-TEXHIYHOTO komruiekcy  ArtLiftControl
3a0e3neyye peanizalilo CydacHUX (YHKIIM MOHITOPHUHTY Ta yHOpaBIiHHS
YCTaHOBKAaMHM €JIEKTPOBIAIEHTPOBUX HACOCIB, CEPEIT AKUX:

- INCTaHIIIiHEe BCTAHOBJIEHHS Ta KOPUTYBaHHs napameTpiB pobotu YEBH;

- KEpyBaHHs YaCTOTOI0 OOEpTaHHs 3arTMOHOTO €NEKTPOIBUTYHA,;

- aBTOMaTUYHE KOPUTYBAHHS PEXUMIB pPOOOTH 3ajJekKHO B 3MIHH
TEXHOJIOTTYHUX MTapaMeTpiB;

- aBTOMAaTHU30BaHUI BUBI1Jl CBEPUIOBUHH HA TEXHOJIOTTUHUN PEXKUM;

- MATPUMAaHHS 33JIaHOTO BUOIMHOTO THUCKY;

- MIATPUMAHHS 33J1aHO1 IPOYKTUBHOCTI CBEPAJIOBUHU;

- KOHTPOJIb MapaMeTpiB IUKIIYHOI poOOTH 00JIa HAHHS;

- (hopMyBaHHSI  TOMEPEIKYBATbHUX  TOBIIOMJIEHb TIPO  BHHHUKHECHHS
nepeaaBapiiHuX CUTyaIlii;

- HaKOMMYEeHHsA, 30epiraHHs Ta aHaii3 1H(opMmalli Mmpo TEXHIYHWA CTaH
HACOCHOT0 OOJIaJHAHHS.

Komnniekc 3a0e3neuye ympaBiiHHS pPEKUMOM pPOOOTH KOKHOI OKpPEMOi
CBEpJJIOBUHU B peallbHOMY Mmacmtaldi yacy. llepenbaueHo sk MpoOCTI peKUMH
KepyBaHHs (TIyCK, 3yNHHKA, BCTAHOBJICHHS YacTOTH OOEpTaHHsS 3arirnOHOTO
CJIEKTPOJBUTYHA), TaK 1 aBTOMATUYHI PEXKUMH MIATPUMAHHS  3aJaHUX
TEXHOJIOTIYHUX TapaMeTpiB, 30KpeMa TUCKY Ha MpUiioMi Hacoca abo BUOIMHOTO
TUCKy. OpHi€I0 3 BaXJIMBUX (PYHKIIA KOMIUIEKCY € aBTOMAaTHM30BaHHI BUBIJ
CBEp/JJIOBUHM Ha pOOOYUH pPEKUM 13 BUKOPUCTAHHSAM CIHEUIAIbHUX aJTOPUTMIB
aIaTITUBHOTO KePYBaHHHI.

TakuM 4YWMHOM, CydYacHI MPOTPaAaMHO-TEXHIYHI KOMIUIEKCH 3a0€3MeuyroTh
1HTerpanio GyHKUIH MOHITOPUHTY TEXHIYHOTO CTaHy, aBTOMAaTHYHOT'O KOHTPOJIIO
Ta aJanTUBHOTO  YINPaBIIHHA POOOTOI0  EJIEKTPOBIAIICHTPOBUX  HACOCIB.
BukopucTaHHS TakuX CHCTEM JI03BOJISIE CBOEYACHO BUSBISTH BIIXWICHHS BIJ

HOPMAaJILHUX PEXKHUMIB €KCIUTyaTallii, onepaTUBHO KOPUTYBATH MapaMeTpu poOOTH
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HACOCHOI YCTAaHOBKM Ta TIJBUINYBAaTH €(PEKTUBHICTh 1 HAIIAHICTh MPOIECY

BUJ00YTKY HaTH.

1.5 BucHOBKH Ta MOCTAHOBKA 3a4a4i JOCJIIIKEHD

VY po3aini po3riasHyTO OCOOJHUBOCTI TEXHOJOTIYHOIO IPOIECY BHAOOYTKY
HaQTH 3 BUKOPUCTAHHAM EJEKTPOBIAIEHTPOBUX HACOCIB, MPOAHAI30BaHO
KOHCTpyKIito yctaHoBkM EBH Ta ii OCHOBHHUX CKJIagoBUX — 3arjiiOHOTO
BIJIIICHTPOBOTO HACOCA, 3arIMOHOTO EJICKTPOJBUTYHA, CHUCTEMHU J>KHMBJICHHS Ta
JOMOMIXXKHOTO o0nagHaHHA. BcraHoBieno, 1o edexTuBHa Ta Oe3aBapiiiHa
eKCIUTyaTallisi eNeKTPOBIIEHTPOBUX HACOCIB MOTpeOye 3aCTOCYBaHHS Cy4YacCHUX
CHUCTEM KOHTPOJIIO Ta YMPaBIIHHS, 3aTHUX OINEPAaTHBHO pearyBaTh Ha 3MIHY
peXHUMiB poOOTH Ta TEXHIYHOTO CTaHY O0JIaITHAHHS.

[IpoBeneHO aHaMi3 OCHOBHUX YCKIIQTHIOOYHMX (DaKTOPIB, 110 BIUIMBAIOTH Ha
poOOTY €JIEKTPOBIAIEHTPOBUX HAcoCiB. BcTaHoBIeHO, 1m0 TexHIYH1 (BiOparris,
3HOUITYBaHHSI BY3JiB), TEXHOJOTIYHI (TJIMOMHA CITyCKY, KPWUBH3HA CBEPJIOBHHH,
peXUM poOOTH) Ta Te0JIOTO-TEXHIYHI YNHHUKU (MEXaHIYH1 JIOMIIIKH, BIAKIAECHHS
cojieil 1 mapadiHy, TemrepaTypa, OOBOJAHEHICTh MPOJYKLIi, Ta30BUi (akTop Ta
HU3bKI BHUOIMHI THCKHM) CYTTEBO BIUIMBAIOTh Ha HAIMHICTH 1 JOBTOBIYHICTH
HacocHoro oOnanHaHHs. [lokazaHo, MmO OAHMM 13 HaMOUTII 1H()OPMATUBHUX
napameTpiB, sIKUW BiloOpakae 3MiHy TexHIuHOTO cTany Y EBH, € piBensn BiOpartii.

Po3rnsHyTo CcydacHi WAXOAU O MOHITOPUHTY TEXHIYHOTO CTaHy
€JICKTPOBIJILIEHTPOBUX HACOCIB Ta BU3HAUYEHO OCHOBHI JIarHOCTHYHI MapameTpH,
K1 MOXKYTh OyTH BUKOPUCTaHI JJIS OI[IHIOBAHHS IMpale3/1aTHOCTI oOnannanus. J{o
TaKuX TapamMeTpiB HalleKaTh BIOpallis, CIOXWBaHUW CTPyM 1 Hampyra
CJICKTPOJBUTYHA, TUCK 1 BUTpaTa PIIUHU, TEMIIEpaTypa, a TaKoX (Hi3UKO-XIMIYH1
XapaKTEPUCTUKHU TIacCTOBOI pimuHu. [IpoananizoBaHO MOMKIMBOCTI BUKOPUCTAHHS
CUCTEM 3arfMOHOi TeleMeTpii Ta CydacHHMX MeTOolIB IudpoBoi 00pOoOKH

1Hdopmartii 1yt To0y10BU CUCTEM MOHITOPUHTY TexHIYHOTO cTany Y EBH.
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BcranoBieHo, 1110 3aCTOCYBAaHHS BIOPALITHOTO KOHTPOJIIO Ta CHEKTPAIbHOTO
aHamizy BIOpallIMHUX CHUTHANIB 3a0e3leduye CBO€YACHE BUSBICHHS e(EeKTiB
HAaCOCHOT'0 00JaJHaHHA 1 MOKe OyTH BHUKOpPHCTaHE sIK 1H(popmaIlliiiHa OCHOBa JIJIs
OPUMHATTSA PIlIEHb y CUCTEMaX aBTOMAaTHYHOTO KOHTPOJIIO Ta YIPABIIIHHS.

[TpoananizoBaHO CydacHI MPOrPaMHO-TEXHIYHI KOMILUIEKCH MOHITOPHHTY Ta
yopaBiiHHS HapTOBHJOOYBHUMH CBEpIJIOBUHAMU MeXaHI30BaHOTO  (OHY.
Po3rnsHnyTo CTpyKTypy Ta (YHKI[IOHATBHI MOJIMBOCTI MPOrPAMHO-TEXHIYHOTO
koMmiuiekcy ArtLiftControl, sikuit 3a6e3neuye iHTerpaiito GyHKIIH AUCTAHIIITHOTO
MOHITOPHHTY, 300py i 0OpOOJEHHS TeJIeMEeTPUUHOI 1HpOopMaIlil Ta aJalTUBHOTO
YIPABIIHHS PeKUMaMH pOOOTH €IEKTPOBIILIEHTPOBUX HACOCIB.

Ha ocHOBI npoBeAeHOro0 aHaii3y MOKHaA 3pOOUTH BUCHOBOK, IO IiBUIICHHS
e(EeKTUBHOCTI Ta HAAIMHOCTI eKCIUTyaTalli eJIEKTPOBIILEHTPOBUX HACOCIB
JOIUTBHO 3a0e3MevyBaTH MUISXOM IMO€THAHHS 3aC001B MOHITOPUHTY TEXHIYHOTO
CTaHy 3 Cy4YaCHMMM CHUCTEMaM{ aBTOMATHYHOIO KOHTPOJIO Ta YMIPABIIHHS, SK1
BUKOPHUCTOBYIOTh pE3yJlbTaTH JIarHOCTYBaHHS s (GOpPMYyBaHHS KEPYIOUHX
BILJIUBIB.

3 ypaxyBaHHSIM BHKOHAHOI'O aHajizy B OakalaBpChKii poOOTI MOCTaBIEHO
TaKl 3a7a4i:

- PO3pOOUTH CTPYKTYpHY CXE€MY CHUCTEMH KOHTPOJIIO Ta YIpPaBJIiHHS
€JICKTPOBIILIEHTPOBUMHU HACOCAMH Ha OCHOB1 MOHITOPHUHTY iX TEXHIYHOTO CTaHY;

- OOTpyHTYBaTH BHOIp TEXHIYHMX 3aCO0IB MOHITOPHUHTY Ta YacTOTHO-
PETyJIbOBAHOTO €NEKTPOIIPUBOLY;

- PO3pOOUTH CTPYKTYpHY CXEMYy CHCTEMH KOHTPOJIO Ta YIpPaBIiHHS W
IPUHLIUIIOBY CXEMY €JIEKTPOIPUBOAY YCTaHOBKH;

- pO3pOOUTH IMITAlIiHY MOJENb E€JIEKTPONPUBOIY €IEKTPOBIALIECHTPOBOIO
Hacoca B mporpamMHomMy cepenoBuiili Matlab Simulink ta nmpoBecTu gociimkenss i

OCHOBHHX PEXHUMIB POOOTH;
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- OIIHUTH  €(PEKTUBHICTh  BUKOPUCTAHHS  PE3YyJbTaTiB  MOHITOPUHTY
TEXHIYHOTO CTaHy JJIA MiJIBUIICHHS HAIIWHOCTI Ta €HEepProe(eKTUBHOCTI poOOTH

CJICKTPOBIIIIEHTPOBHUX HACOCIB.
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2 PO3POBJIEHHSA CHUCTEMHM KOHTPOJIIO TA YIIPABJIIHHSA
EJEKTPOBIJHEHTPOBUMUA HACOCAMMH HA OCHOBI
MOHITOPHHI'Y IX TEXHIYHOT'O CTAHY

2.1 CrpykrypHa cxeMa CHCTEeMH KOHTPOJII0 Ta  yHPABJIIHHSA

€JIEKTPOBiALIEHTPOBUMH HACOCAMH

VY poszaini 1 Oyno BCTaHOBIIEHO, IO €(EKTHBHA EKCIUTyaTallisl YCTaHOBOK
eJIEKTPOBIALICHTPOBUX HACOCIB HEMOXJIMBAa 0€3 BHUKOPUCTAHHS Cy4YaCHUX CUCTEM
aBTOMATUYHOIO KOHTPOJIIO Ta YIPAaBIIHHA, SKI 3a0€3Me4yl0Th HE JIMILIE MYCK 1
3YNUHKY OOJaJHaHHS, ajie i Oe3nepepBHUN MOHITOPUHI HOTO TEXHIYHOIO CTaHY.
OpHUM 13 TOJIOBHUX €JIEMEHTIB TAKOi CUCTEMH € CTaHLIS YIPaBIIHHS, IKa BUKOHYE
byHKIii 300py, 00poOJieHHS Ta BiTOOpaKeHHS TEXHOJOTriuHOI i1HdopMmarlii, a
TaK0X (POPMYBaHHS KEPYIOUMX BIUIMBIB Ha €JIEKTPOIIPHUBIJ YCTAHOBKHU.

Ha puc. 2.1 HaBeieHO CTPYKTYpPHY CXEMY CUCTEMHU KOHTPOJIIO Ta YIPaBIIHHS
€JIEKTPOBIALIEHTPOBUM HacocoM. [[o 11 Ckany BXOJATh OCHOBHI BY3JIM YCTAHOBKH:
IPUCTPIA BBEACHHS CHJIOBOTO KaOemto, 3ariMOHUN €lIeKTPOJBUTYH, MPOTEKTOP,
razocenaparop, BiALICHTPOBUN HACOC, CUCTEMa 3arjuOHO1 TeJleMeTpli Ta Ha3eMHa
CTaHIIisl yIPaBIIIHHS.

a7 )

Tlpucrpuit

KabeJst

A * [epeasa
eNeKTpoeHeprii 1

' y
KOHTPOJIBHOTO CHIHATY
Y v F )

+*Cenapartis rasy i KaGens

pUTIHIL *Isonsnis

T2

T

-Ih.mu_-nn.num *Ilepenaua mcpru‘(} Tlepeata eneprii “(‘:"‘ «epeTBopent creprHol

(Tuek i nojava) BaIy TI0pa OCHBOID HABAHTAXEHHA tibify + CHIHANI MAHITOPHHTY
Y A

oy

Heprii yi‘(xm
3X11. MOJTYIIB/ L] CBepUIoBHIHI
Hacoc o Cerapatop Ipotextop JlBurys oA

I

I

Meska cHeTeMn I \/
Oxo/10/KeHHS

Pucynox 2.1 — CTpykTypHa cxema CHCTEMH KOHTPOJIIO Ta YIIPaBIiHHS

€JICKTPOBIILIEHTPOBUM HACOCOM
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OCHOBY CHCTEMH CTaHOBIISITh MPOrPAMOBAHUN JIOTIYHUM KOHTpPOJEp Ta
YaCTOTHO-PETyJIbOBAaHUIN  €NIEKTPONPHUBIA, sIKI 3a0€3MeuyloTh aBTOMAaTHUYHE
KepyBaHHA pexuMaMud poOOTH HACOCHOI ycTaHOBKHM. [Hdopmarmis mpo
TEXHOJIOTIYHI TmapaMeTpu Ta TexHiuyHuM crtaH YEBH HagxomuTs Bix maTdukiB
CUCTeMH 3ariuOHOI TeleMmeTpii Ta IHIIMX NEPBHHHHUX IEPETBOPIOBAYIB JI0
KOHTpOJIEpa, JIe 3M1MCHIOEThCS i1 00OpPOOJICHHS Ta aHaTI3.

JIo OCHOBHUX KOHTPOJBOBAHUX TIapaMETPIB HaJeKaTh pIBEHb BiOparii
HACOCHOI YCTaHOBKM, TEMIlepaTypa 3ariuOHOr0 €JIEKTPOJBUTYHA, THCK Ha
npuiioMi Hacoca, CIOKMBaHUM CTPyM 1 Hampyra >KMBJICHHS, 4acTOTa OOepTaHHS
€JIEKTPOJBUTYHA, IPOTYKTUBHICTh YCTAHOBKY Ta 1HII TEXHOJIOTTYHI TapaMeTpH.

Ha ocHOB1 pe3ynbTaTiB MOHITOPUHTY KOHTpoOJep (popMye Kepyrodi CUTHAIH,
K1 4epe3 YaCTOTHUH MEepeTBOPIOBaY 3a0e3MedyloTh aBTOMATHYHE PETryIIOBaHHS
pobotu ycraHoBku. [Ipu npomMy peanizyroThcsi Taki GyHKII{, SK JIUCTaHINIHE
BCTAHOBJICHHSI Ta 3MiHA YCTaBOK, PEryJIOBaHHS YacTOTH OOEpTaHHS 3arjuOHOrO
€JIEKTPOJBUTYHA, ABTOMATHYHA KOPEKLIS PEXKUMIB POOOTH 3aJ€XKHO Bl 3MIHU
TEXHOJIOTIYHUX TapaMmeTpiB,  MIATPUMAHHS 3aJaHOTO BHOIMHOTO THUCKY Ta
IPOJYKTUBHOCTI, aBTOMATH30BAaHUM BHBIJ CBEPIJIOBUHM Ha POOOUMI pPEXUM,
NOMEepe/KEHHsT Ta JOKadi3alis MepeAaBapiiiHUX CHUTyalllil, HAKOMUYEHHS Ta
apxiByBaHHS 1HGOpMAIIIT PO TEXHIYHUN CTaH 00JaTHAHHS.

TakuM 4YMHOM, 3alPONOHOBAaHA CTPYKTypHA cXema 3a0e3nedye 1HTerpariro
MIJICUCTEM MOHITOPUHTY TEXHIYHOTO CTaHy, AaBTOMAaTHYHOTO KOHTPOJIIO Ta
KEpyBaHHS €JIEKTPOBIALICHTPOBUM HACOCOM, 110 JTO3BOJISE MiABUIIUTH HAIIAHICTh

poOoTH 00aHAHHS Ta €PEKTUBHICTh NPOLECY BUAOOYTKY HaAPTH.

2.2 Po3po0sieHHsT BYy3Jla YaCTOTHO-PEryJbOBAHOIO €JEKTPOINPUBOLY

3arJIM0HOro CJICKTPOABUI'YHA

Jns  peamzamii  QyHKIIH aBTOMAaTUYHOTO KOHTPOJIO Ta  YHPaBIIHHA

eJ'IeI(TPOBiI[I_ICHTpOBI/IM HaCoCoOM I[OI_[iJ'IBHI/IM € 3aCTOCYBAHHA CYHYAaCHOI'0O 4aCTOTHO-
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PETYJIBOBAHOTO EJEKTPONPUBOAY, SKHH 3a0e3nedye TUIaBHE PEryJIIOBaHHS
MIBUAKOCTI ~ OOepTaHHS  3ariauOHOTO  €JeKTPOABUTYHAa Ta  HIATPUMAHHS
ONTUMAIBHHUX PEKUMIB POOOTH HACOCHOT YCTAaHOBKH.

BukopucTaHHS 9aCTOTHOTO pETYJIOBaHHS JO3BOJISIE HE JIMIIE ITiIBUIUTH
eHeproeeKTUBHICTh CHCTEMH, ajlc W 3MEHIIUTH JIUHAMIYHI HABaHTAKCHHS Ha
MEXaHI4YH1 BY3JIM, 0 MO3UTUBHO BIUIMBAE HA 1X JOBTOBIYHICTb.

Jlnst moOymoBM CHUCTEMHU YMPaBIiHHS OyJi0 BHUKOPUCTAHO YaCTOTHHM
neperBoproBad  Sinamics G120, BuOip sKOro 3aiCHEHO 3 YypaxXyBaHHSIM
MOTYXXKHOCTI 3arjJuOHOTO EJIEKTPOABUTYHA Ta BUMOT JIO peami3allii aJropuTMiB
aBTOMATUYHOTO KEPYBaHHSI.

ACHHXPOHHHIA €JIEKTPOIPHBII KepyeThes OnokoM yrpasiiaas Control Unit
CU240S DP, saxuit B3aemojie i3 cmioBuM Moxayiem Sinamics G120 Power
Module. JKupneHHs1 CHIIOBOr0 MOAYJIS 3MIHCHIOETHCS Bif TpUGazHOT MEpexi uepes
MEPEKEBUMN APOCEID.

@DyHKITIOHAIPHA CXE€Ma YaCTOTHO-PETYJIHOBAHOTO EJIEKTPONPHBOIY HaBeICHA

Ha PUCYHKY 2.2.

~3B0V
3

3AXMCT

SIMATIC
$7.300

Profibus

Mepenesmin
apocens B
a

Bnok
ynpaBRitna
CU 2405 DP

CHROBHII MOAY b
SIHAMICS G 120
PM 240

TopuosHmi

pemctop

ACHHXPOHHMI
ABuryn

Pucynok 2.2 — @yHKIIOHaJIbHA CXE€Ma YaCTOTHO-PETYJIbOBAHOTO EIEKTPONPUBOILY
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brnok  ynpapmiuaus CU240S DP  oOwmiHtoerbcss  iHpopmarliewo 3
nporpamoBaHuM JioriyHUM KoHTposiepoM SIMATIC S7-300 yepes mpomucioBy
mepexy Profibus DP.

Taka apxiTekTypa 3a0e3medye IHTETpaIlilo EJICKTPOIPUBOAY MO 3arajbHOI
CUCTEMH KOHTPOJIO Ta  YOPABIIHHA  E€JIEKTPOBIAUEHTPOBOIO  HACOCHOIO
YCTaHOBKOIO.

KongirypyBaHHs 4acTOTHOTO TMEPETBOPIOBaYa BUKOHYETHCS 3a JOMOMOTOIO
MEPCOHANILHOTO KOMIT'IOTEpa 13 3aCTOCYBAHHSM CIEI1ai30BAHOTO MPOTrPaMHOTrO
3abe3neuenns Drive ES 5.4, STEP 7, SIZER ta STARTER.

VY mnponeci KoHDIrypyBaHHSI 3/IMCHIOETHCS HAJIAIITYBAaHHS TapaMeTpiB poOOTH
€JIEKTPONPUBOAY, OOMIH JaHUMH MIX KOHTPOJIEPOM 1 MOJYyJEM KepyBaHHs, a
TaKk0X (OPMYBaHHS aJIrOPUTMIB aBTOMATHYHOTO PETyIIOBaHHS.

bnok kepyBaHHs 3a0e3mneuye KOHTPOJIb 1 YNPABIIHHSA CHUJIOBUM MOAYJIEM Ta
3arIMOHUM €JIEKTPOJBUTYHOM Yy PI3HUX peXHMMax ekciuryaranii. KpiMm ocHOBHHX
(GyHKLIA KepyBaHHS YaCTOTOK OOEPTAaHHS €JIEKTPOJIBUTYHA, BIH peani3dye (QyHKIi
aBTOMATUYHOI'O PEryJIIOBaHHS, 3aXUCTy OOJIaJHaHHS Ta MIATPUMAHHS 3a/JaHuX
TEXHOJIOTIYHUX TMapameTpiB. 3aBISKH MapaMeTpu3alii cucTteMa Moxe OyTu
a/lariToBaHa /10 KOHKPETHUX YMOB eKCIuTyaTaii HaToBO1 CBEp/IIOBUHHU.

MoynbHa CTPYKTypa 4aCTOTHO-PETYJIbOBAHOTO €JIEKTPOIIPUBOLY 3a0e3meuye
MOXJIMBICTh MOr0 TMOJAJBIIOTO PO3MIMPEHHs Ta MojepHizamii. I[Iporpamue
cepenoBuiiie STARTER  no3Bonsie  BukoHyBatm  KOH(DIrypyBaHHS — Ta
JIarHOCTYBaHHsSI OOJIaJIHAHHS, a TaKOXX HAaJalITOBYBAaTU IMapaMeTpu poOOTH

MIPUBOJTY BIJMOBIIHO JO BUMOT TEXHOJOTIYHOTO mporiecy (puc. 2.3).
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Pucynok 2.3 — BikHo kKoH(Dirypaiiii 4acTOTHOTO €JIEKTPOIPUBOIY B IPOrPAMHOMY

cepenoBuiti STARTER

I[JI?I 3a0e3IeYCHHS IIJIABHOT'O IIYCKY Ta 3YIIMHKH YCTAHOBKH, 3MCHIICHHA

MEXaHIYHUX HABAHTAXKEHb 1 MIABULIEHHS pecypcy pPOOOTH OCHOBHUX BY3JIIB

CICKTPOIIPpUBOOAY 6y.]'II/I HaJIaIITOBaH1 I[MapaMCTpu pO3roHy Ta CIIOBUJIbHECHHS.

Yac po3rony Ta 4ac rajibMyBaHHS BCTAHOBJIEHO PIBHUMH 2 C, 110 BIANOBIAA€E

BUMOTaM TEXHOJIOTTYHOTO TMPOIECY 3alyCKy eJIeKTPOBIAIEHTPOBOI HACOCHOT

yCTaHOBKHU (puc. 2.4).

Ramp-function gen;rator

Initial rounding 1

Ramp-up time Ramp-down time
i 2“00‘ s 7 2 s
| |
Final rounding 1 Initial rounding 2
f max T 000 s 000 s Rounding type
50.00 Hz ! | | Continuous smaothing (0) ~|
|

Final rounding 2
[ooo s

Effective ramp-up tim
Effective ramp-down tims

Ramp-dwn time w. OF]

Currently effective times for the set frequency = 4.00 Hz
e = 200 s
e= 10,00 5

F3 5.00 s

No roundings are effective with OFF 3

Help ‘

Pucynok 2.4 — HanamtyBaHHsl napamMeTpiB pO3rOHY Ta CHIOBIIbHEHHS

€JIEKTPOIIPUBOY
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€JIEKTPOBIALIEHTPOBUM

HacoCoM

pO3po0IeHO CTPYKTYPY

Jns peamizaifii aaropuTMiB aBTOMATUYHOTO KOHTPOJIIO Ta YNPaBIIHHS

B3aeEMO/Ii1

IIpOorpaMoOBaHOI 0 JIOTIYHOTO KOHTPOJICpA Ta 4aCTOTHOTI'O CIICKTPOIIPHUBOLAY.

OOMmiH iH(oOpMaIli€el0 MK MPUCTPOSIMH 3IIMCHIOETHCS YEPE3 MEPEexKy

Profibus DP, mo 3abe3nedye omepaTuBHY Iiepenady JaHAX IMPO CTaH

CJIEKTPONPUBO/IY Ta TEXHOJIOTIUHI MapaMeTpu yCTaHOBKH (puc. 2.5-2.6).

PS 307 104

CPU 314C-2 DP
M2 oa
PROFIBUS(1): DP mash tem [1
22 DIZ4/D078 S e
23 AtA02
24 Cound
28 Fosition
11 SINARIE
3 It 360 E[ ) o
4
: &\l
3
7
8
8 v
v
£ b
s 0 v
Module Order number Firrnware MPI address | address 0 address Commert
PS 307 104 BESY 307-1KAN0-0440 S

CPU 314C-2 DP

BES7 314-6CFO0-0ABD

¥i.0 2

£HF

JE

LHADGTE IR | AL
A SRR TR TR
Loax SEELTER | A i
Flrdie SRR | TR

I 360

EES7 360-34A00-0440

2000

MPI(1)
MPI

PROFIBUS(1)

FROFIBLUS

[SIMATIC 300(1)

CPU
342,
DR '

oP

2

2

Pucynok 2.6 — BinoOpaxeHHs: koMyHikaliiHo1 Mepexi y mianporpami NetPro
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Ha puc. 2.7 HaBeIeHO MNPUHLHUIIOBY €IEKTPUYHY CXEMY MiAKIIOYEHHS

3ariIuOHOr0

€JIEKTPOABUTYHA

CJIEKTPOIIPUBO/LY.

Pucynok 2.7 — IIpuHUMIIOBA €JEKTPUYHA CXEMa MIJKIIOUEHHS 3arJuOHOro

a0 CHUCTCMH JaCTOTHO-PCTYJIBbOBAHOT O

~380B,50T'n

€JIEKTPOJIBUTYHA
3anponoHOBaHWIl  BY30J1  YaCTOTHO-PETYJIbOBAHOTO  EJIEKTPOIPHUBOIY
3a0e3neuye peaizailiro byHKIIIH aBTOMAaTHUYHOTO

KEPYBaHHS

CJIEKTPOBIILICHTPOBUM HACOCOM, a TAaKOX CTBOPIOE TEXHIYHY OCHOBY IS

BUKOPUCTAHHS PE3YJIbTATIiB MOHITOPUHTY TEXHIYHOTO CTaHy Mia 4ac (opMyBaHHS

KEepYIOUYUX BIUIMBIB.
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Lle no3BoIA€ aHanTyBaT PEKUMHU POOOTH HACOCHOT YCTAHOBKH 10 TOTOYHUX
YMOB €KCIUTyaTalii Ta MiJBULIIUTH 1 HaidHICTh, €HEProe(eKTUBHICTh 1

JIOBI'OBIYHICTb.

23 MogaearoBaHHs CUCTeMH KOHTPOJII0 Ta yHpaBJIiHHA
€JIEKTPOBIANIEHTPOBHM HACOCOM Yy TIporpamMHoMy cepenoBumi Matlab

Simulink

Jnis  pocmipkeHHS TpoueciB  (YHKIIOHYBaHHS CHCTEMH KOHTPOJIIO Ta
YOpaBJIiHHS €JEKTPOBIAIIEHTPOBUM HACOCOM, a TaKOX aHalli3y BIUIMBY 3MIHU
peXUMIB poOOTH Ha MapaMEeTpH EJIEKTPOIPUBOAY OyJIO BUKOPUCTAHO MPOTPaMHE
cepenosuie Matlab Simulink.

Ile rpadiuyne cepemoBHINE IMITAllIMHOTO MOJICIIOBAHHS, SKE JO3BOJISE 3a
JIOTIOMOT'010 OJIOK-/iarpam OyAyBaTH MaTeMaTH4HI MOJEII JUHAMIYHUX CUCTEM, Y
TOMY YHCJI1 AUCKPETHUX, OC3MEPEPBHUX Ta TOPUIHUX, a TAKOXK JOCIIKYBATH iX

MOBEIHKY B PI3HUX PEKUMAX EKCIUTyaTarlii.

2.3.1 Imiramifina MoJenb CHJIIOBOTO KaHAJy CHUCTEMH KOHTPOJIIO Ta

YIPABIIHHS €JIEKTPOBIIIIEHTPOBUM HACOCOM

CunoBuil KaHaJl CHUCTEMH KOHTPOJIIO Ta YIPABIiHHS €JIEKTPOBIILUEHTPOBUM
HACOCOM BKJIIOYA€E TaKl OCHOBHI ()yHKIIIOHATBHI CKIIAJ0BI:

- YaCTOTHUH MEPETBOPIOBAY;

- TpuGa3HUil 3arTMOHUN ACHHXPOHHUHN €JEKTPOJBUIYH 13 KOPOTKO3aMKHEHUM
poTOpOM;

- MEXaHIYHY CUCTEMY, SIKa MOJIEJIIO€ HAaBAHTAXXEHHS Ha BaJl €JIEKTPOJABUTYHA.

Ha puc. 2.8 HaBeIeHO CTPYKTYpHY CXE€MYy CHJIOBOIO KaHaly CHCTEMH

KOHTPOJTIO Ta YIPaBIIHHS.
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Pucynok 2.8 — CTpyKkTypHa cxeMa CHIIOBOTO KaHaJy CUCTEMHU KOHTPOJIIO Ta

YIPABIIHHS B HEPYXOMiil CHCTEM1 KOOpJIUHAT d, [3

Mopnenb 3ariuOHOTO €IEeKTPOABUTYHA peajli30BaHa Ha OCHOBI CTPYKTYPHOI

CXEMH JIBO()a3HOTr0 aCUHXPOHHOIO IBUTYHA B HEPYXOMIi CUCTEM1 KOOpJUHAT ., 3.

CxeMa MICTUTB Taki PYHKI[IOHAIbHI OJIOKH:

1 — dopmyBau ¢a3zHoi HANpyru, SKAA BHUKOHYE (YHKLII YacTOTHOTO

nepeTBOproBaya Ta 3abe3rnevye KepyBaHHS €JIEKTPOIBUTYHOM;

2 — Mojenb NBO(A3ZHOTO ACHHXPOHHOTO JBUTYHA B HEPYXOMIiM CHCTEMI

KOOpAMHAT «, B, AKa iMITy€e poOOTY 3arjIMOHOTO aCUHXPOHHOTO €JIEKTPOJIBUTYHA 3

KOPOTKO3aMKHCHUM POTOPOM;

3 — 0JIHOMAacoBa MEXaHIYHA CHUCTEMa, IO MOJCIIOE HABAHTAKCHHS Ha Bay

JBUT'YHA.

BxigHuMy BenMuMHAMU CTPYKTYPHOI CXeMU € (a3HI HAmpyrd CTaTOPHUX

O0OMOTOK 3ariIMOHOr0 €J1eKTPOIBUTYHA, SIKI OITUCYIOTHCSI TAKUMH BUPA3aMU:

Uy o(t) = Uy -cos(2-7; 1)

U p(t) = Uypy-cos(2-7f; )

(2.1)
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Ha puc. 2.9 HaBeneHo iMiTalliifHy MOJeNb CHUJIOBOTO KaHaly €JIEKTPONPUBOIY 3
HEJTIHINHO 3pOCTal0UUM HABaHTAXKEHHSIM.

-

HampRwese
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Pucynok 2.9 — ImiTaliiiHa MOJI€JIb CUJIOBOTO KaHaJy €JIEKTPOIPUBOIY 3

HEJIHIMHO 3POCTal0YUM HaBAaHTAKCHHSIM

Y mnporpamaoMy cepenoumii Matlab Simulink moOymoBano imitamiiny
MOJIeJIb CHJIOBOTO KaHAIly eJIEKTPONpuBOMYy. J[IsS mHOro CTBOPEHO MOJEIb
ACHHXPOHHOTO eJeKTpoaBuryHa (puc. 2.10), mapameTpu SKOi BH3HAYAIOTHCS Ha

OCHOBI €KBIBAJIEHTHUX CXEM 3aMIIIECHHS.

ME. 5

TEnskrFond

Produca
W

-

pa

Pucynox 2.10 — ImiTariiina Moaeb 3arTMOHOTO €JIEKTPOABUTYHA B HEPYXOMIH

CUCTEMI KOOPJIUHAT
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no3HaueH1 K Uiq Ta Uqp.

ExBiBasIeHTH1 1HAYKTUBHOCTI OOMOTOK:

- craropa Liy=L+L,

(2.2)
L, =0.038 +1.029 = 1.067 I'n

- poTopa Ly=L,;+L,

(2.3)
L, =0.052 +1.029 =1.0817/»

KoedirieHT po3citoBaHHS BU3HAYAETHCS 32 BUPa3oM (2.4):

L2
oc=1-—=~

L1'|-2

(2.4)
1.0292

oc=1-———=0.082
1.067 -1.081

€KBIBaJICHTHUH o11ip - 3a hopmyIoro (2.5):
LZ
R =R +R} —%
1 2 Li

(2.5)
2
1'0222 —7.5890m

R, =4.011+3.949 -

a eJICKTPOMArHITHI MOCTIMHI Yyacy — 3a CiBBigHOIICHHAMU (2.6) Ta (2.7):

r -2k
R

2

(2.6)
;- _ 0082-1,067

i =0,012¢
7,589
ok
RZ

(2.7)
7, =29 0247,
3,949

Ha Bxing mojeni ABUTYHa TOAAOThCS (Pa3HI HAMpPyr CTaTOPHUX OOMOTOK,

ApPK.

3m.

Apk.

KPb. ICT - 09.00.00.000 I13 48
Ne dokym. Mion. | dam




BignoBigHi curHamu ¢dopmyroTbest OokoM (opMyBaHHS (a3sHUX HAIpPYT,

MO/IEJIb IKOr0 HaBeAeHa Ha puc. 2.11.

| Wref \— [lamp p—
[H—|
Constant Constant2
-
L x
C ‘J ) * p| =in *
Product
Clock Product1 Trigenometric !
Pt (D
| 1
> X Out1
sin L
) Produc2
Trigonometric
e Q-+ D)
2°pif3 I Bt OCut2
Comstanti

Gain

Pucynox 2.11 — Imitaniitna Mmojens popmyBaya ¢ha3HOi HAIIPYTH MIPU

HOMIHAJIBHUX MMapaMeTpax MEepexi KUBICHHS

3a pornomMororw M-(haiiry 3a7at0ThCsl OCHOBHI MapamMeTpu MoJiesi, HeoOX1TH1

JUJIsl TPOBEJICHHS MOJIeNtoBaHHs (puc. 2.12).

W o W N
I

N RN RN NN R R R P PR
N W NP O Wm0 s Wwh P o
e R | R SN ] [ |

b
y

Kr=Lm/Lr;
Re=Rs+Rr*Kr"2;
Le=Ls-Lm~2/Lr;
Uamp=3807;
Ar=Rr/Lr;
Wref=2*pi*f;
knf=50;
T=0.000125;
Til=0.5;
Ti2=1.5;
k=0.0167;

Pucynox 2.12 — [Napamerpu m-daiiny iMiTariitnoi moemi

3m.
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Jlns mepeBipku Mpare3faaTHOCTI MOJEIl BUKOHAHO MOJIEIIOBaHHS MPSMOTO
MyCKYy 3arjJMOHOr0 €JNEeKTPOJABUTYHA NpPHU HOMIHAJBHUX MapaMeTpax Mepexi
KUBJICHHS Ta 33JJaHOMY HaBaHTaXCHHI.

Pesynbratu MonenoBaHHs HaBeAeHI Ha puc. 2.13.

HM| M
padic| @
All

1

M=741Hu

o~
aolll M = f(t) 1
i e
wll | 0 = f(t) e 1
f g ¥ , el
“’h / ’/ 1= fit) dm36a 1
,JSK f AN i ‘H\H AN A M |
a-d |[J’\j(li{4L_"\f\.n'vv~'~»wv»~JVW*‘N""- "--’“"’W""“W"w""w""w‘” \',LH MW ifm\ Ju\‘\{u ‘MU ‘\m\\‘ \l Uw”\l)”}\ ‘ld“’ {JN U\H [} Uﬂ,‘JJ %‘

20— e

| ! | | | | | | | <
(] 02 [ (3 08 1 12 14 3 18 t

Pucynok 2.13 — Pe3ynbpTaTu MOJETIOBaHHS MEPEXITHUX XapaKTepUcTuK o = f(t),

M = f(t), [ = f(t) mpu npsiMmoMy TTyCKYy 111 HABaHTAXKEHHIM

AHani3 OTPUMAaHMUX MEPEeXITHUX XapaKTEPUCTUK CBIIUUTH MPO aJIEKBATHICTh
noOyaoBaHoi iMiTaiiitHOi Mozeni. Po3paxyHkoBi mapameTpu poOOTH 3ariMOHOTO
CJIIEKTPOJIBUTYHA Y3TOJKYIOTBCS 3 PE3yJIbTaTaMH MAaTEMATHYHOTO MOJIEIIOBAHHS,
0 IIJATBEP/PKYE MOXKIMBICTh BHUKOPHUCTAaHHS MOJEN JUIS  IOJAJIBIIOTO
JOCITIJIKEHHST CHCTEMH KOHTPOJIIO Ta YIPABIIIHHS.

Jlnst imiTarii poOOTH 4aCTOTHO-PETYIHOBAHOTO EJIEKTPOMPHUBOAY J0 MOJAEII
BBEJICHO MOJKJIMBICTh 3MIHHM TMapaMeTpiB BOJbT-YACTOTHOI XapaKTEPUCTHKH.

[Tincucrema 610ky popmyBaHHS (ha3HOI HANIPYTy HaBeJIeHa Ha puc. 2.14.
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Ula

: 1
2'pi - pit » 1
s X S )
L Sine Wave i T'pt1 Outt
Function1 Product3 Transfer Fenb
/ 2>
U1(f1) Gain11 ol Utb
' X — D)
i! i i 0wz
Sine Wave Proditd  Trancfer Fonb
Function

Pucynok 2.14 — Imitariitina moaens opMmyBaua (pazHoi HanpyTru

Ha Bxig ¢dopmyBaua ¢a3Hoi Hampyrd MHOMAEThCS CHUTHAN BiJ 3aJaTdyHKa
iHTeHCHBHOCTI, SIKMii peanmi3oBaHO 3a momomoroio 6ioky Lookup Table. Moro
HaJallITyBaHHs 3A1MCHIOETHCA BIAMOBIIHO A0 MapaMeTpiB pO3paxOBaHOI BOJIBT-
YaCTOTHOT XapaKTEPUCTUKH.

D LiaeToTa

— Table and Breakpoints ~ Algorithm  Data Types
10 Tju

@—r V - Number of table dimensions: | 1 v|

Clock Outl p=

— Table data:  [[00'5525 25 50 50]

Breakpoints 1: |[00.51.53 710 12 15]
ozl '
Edit table and breakpoints...

Sepwpchimm®H  Sample time (-1 for inherited): 1

Pucynox 2.15 — 3agaTuuk i1HTEHCUBHOCTI 3 TapaMeTpaMH HaJlallITyBaHHS

3a aHaJOTIYHMM MNPUHIMIOM 3a Jjgonomoror Ojoky Lookup Table
peaizoBaHO MO/IEIh HAaBAHTAXEHHS eJIeKTponpuBoay (puc. 2.16).
[TapameTpr HaBaHTaXXCHHS  BH3HAYAIOTBCSA HA OCHOBI  MEXaHIYHHUX

XapaKTEPHUCTHK 3arTMOHOTO €JIEKTPOIBUTYHA TIPU HOMIHAJTLHOMY HaBaHTAKEHHI.

ApPK.
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1D T(u)
M

Table and Breakpoints  Algorithm

Number of table dimensions: |1

Me

Table data:  |[010.5 215.4 741)

Harpyska

Pucynok 2.16 — biiok HaBaHTa)keHHs 3 TapaMeTpaMy HaJalITyBaHHS

Breakpoints 1: | [0 30.6 155.34 297]

Edit table and breakpoints,..

Sample time (-1 for inherited): | -1

Data Types

Ha puc. 2.17 HaBeieHO pe3yJabTaTH MOJECIIOBAHHS MEPEXiIHUX IMPOIECIB

CJIEKTPOIIPUBOAY MPHU 3MiIHI PEKUMIB POOOTH CUCTEMHU KOHTPOJIIO Ta YMPABIIIHHS

€JIEKTPOBIILIEHTPOBUM HACOCOM.

PosrnsnyTuil ukin poOOTH BKIIIOYA€E MYyCK JBUTyHA IpH 4acTtoTi 5 'l (30Ha

), po3rin no yactotu 25 I'u (30Ha Il), Buxig Ha HOMiHaNBHY "acToTy 50 I’ (30HA

I11), mepexin Ha MiHIMaJIbHY YacTOTy (30Ha 1V) Ta moBHY 3ynuHKY arperary (30Ha

V).

Hm |M
poic| o
I

800

II

200 -

M =f(t)
]
|
I
|

|
® = f(t)

0 L

10 12 14

Pucynok 2.17 — Ilepexiani nporecu o = f(t), M = f(t), | = f(t) npu 3ananomy

LUKJII pOOOTH €JIEKTPOBIILIEHTPOBOTO Hacoca

3wm.
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OTpuMaHi  pe3yabTaTH MOJCIIOBAaHHS  MiATBEPKYIOTh  aJleKBaTHICTh
noOynoBaHoi iMITaliifHOT Mojemni. 3HayeHHS NapaMeTpiB EJIEeKTPONPUBOAY,
OTpUMaHl B TIPOIECI MOJCIIOBAHHS, BIJATMOBIIAIOTH PO3PaAXYHKOBHUM JIaHUM 1
MOXYTh OYTH BUKOPHUCTaHI I JOCTIHPKCHHS aJTOPUTMIB aBTOMAaTHYHOTO

KOHTPOJTIO Ta yIPABIIHHS €IEKTPOBIALIEHTPOBUM HACOCOM.

2.4 Peajizaniss aJaropurMy KOMIIEHCallii KOB3aHHSA 3arJMOHOro

€JIeKTPOJABUIYHA

Jiia 3a0e3neueHHst He0OX1IHOT TOYHOCTI PeryJIrOBaHHS MIBUAKOCTI 00EpTaHHS
3arJMOHOr0 EJIEKTPOJABUIYHA B CHUCTEMI KEpyBaHHS peali30BaHO aJTrOpUTM
KOMITEHCallii KOB3aHHA. MOro 3acTOCYBaHHS JO3BOJSE 3MEHIINTH IIOXHOKY
pEeryJIlOBaHHS IIBUJAKOCTI MPU 3MiHI HABAaHTAKECHHS Ta MIJIBUIIUTH SKICTh
(YHKI[IOHYBaHHS CHUCTEMHM KOHTPOJIO Ta YIPABIIHHSA EJIEKTPOBIALEHTPOBUM
HACOCOM.

KomMrieHcalist KoB3aHHS 31HCHIOETHCS IIUIIXOM aBTOMAaTHYHOI'O KOPUTYBaHHS
4acTOTH y KaHam ¢opMmyBaHHs (a3Hoi Hampyru. s HajmamTyBaHHS MOIYJIS

KOMIIEHCallli KOB3aHHS BU3HAYAETHCS NIepeiaBalibHA (PYHKI[ISI CUCTEMU:

Af ki
W ( p)is = : = 1 (28)
A(l,=1,) T -p+1
ne Tjs - mocTiifHa Yacy JIaHIFora 3BOPOTHOTO 3B'A3KY, 10 3HAXOAUTHCS 3:
le ) SH 2 kiS S le 'SH
I n 1 0 I 1n
(2.9)
0.319 > k., <0.239
ne Tis — MmocTiiiHa Yacy JaHKU 3BOPOTHOTO 3BSA3KY, sIKa 3HAXOIUTHCS 3
T.>4-T, (2.10)
ne T, - eKBIBAJICHTHA €JICKTPOMArHiTHa MOCTIfHA 4Yacy JIAHIIIOTIB cTaTopa Ta
poropa 3E]]
T, = L = L =0,023¢ (2.11)
2.7 f, s, 2-7-50-0138
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Ki _ 0.074 (2.12)
T,-p+1 0.092-p+1

W(p)is =

Ha Bxix 6moky 3 mepenaBaibHOI0 (hyHKIiEO (puc. 2.18) momaeTses cUrHAT

JI0Y0r0 3HaUCHHS cTpyMy cTtaropa Id.

GO

Transfer Fcn

f kop

0.074
0.092s+1

Pucynok 2.18 — Peani3arisi KOHTYpy KOMIIEHCAIIIl KOB3aHHS

BuxigHuii curHan HagxoauTh A0 OJIOKy (OpMyBaHHS (pa3HUX HaIpyr, 1€
MIJICYMOBYETbCS 13 CUTHAJIOM 3aJaTYMKa 1HTEHCUBHOCTI. Y pe3yJbTaTi I[bOTO
BIIOYBAa€ThCS ABTOMATUYHA KOPEKIIsl YacTOTHU JKUBJICHHSA, W10 3a0e3nedye
NIATPUMAaHHS IBUAKOCTI OOEpPTaHHS Baly ABUTYHA HA 3aIaHOMY PIBHI.

Ha puc. 2.19 noka3aHo 3MiHy YacTOTHU JKUBIJIEHHS MICIS 3aCTOCYBAHHS

aAIropuTMy KOMHGHC&Hﬁ KOB3aHH:I.

Iu| f

Pucynok 2.19 — I'padik 3MiHN 4aCTOTH MIC/IS 3aCTOCYBaHHS KOMIIEHCAIi1

KOB3aHH

Ha puc. 2.20 naBeaeHo nepexigaHi xapakrepuctuku o = f(t), M = (1), | = f(t),

OTpHUMaHIi 13 3aCTOCYBaHHSIM KOHTYpPY KOMIIEHCAIIll KOB3aHHSI.
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Pucynok 2.20 — IMepexiani npouecu o = f(t), M = f(t), | = f(t) i3 3acrocyBanHsIM

KOHTYpPY KOMIIEHCAIIli KOB3aHHS

Pesynbrati MOAEMIOBaHHS TOKa3ylOTh, IO BUKOPHUCTAHHS aJITOPUTMY
KOMIIEHCAllli KOB3aHHS JI03BOJIMJIO YCYHYTH MOXMOKY PEryJIOBaHHS IIBHIKOCTI
o0epTaHHs Bajly 3arIMOHOTO €EKTPOABUTYHA IPU HOMIHAILHOMY HaBaHTa)KCHHI.

[Tyck nBUryHa 341MCHIOETBCS PU CKOPUTOBaHIi yactoTi 5,3 ', po3rid — npu
gacToTi 26,4 I'11, a BUXi/1 HA HOMIHAJIBHUN PEXKUM BiAmoBigae gactori 52,8 I'1.

KpiM miJBHIIEHHS TOYHOCTI PETyJIOBaHHA IIBUJKOCTI, 3aCTOCYBaHHS
KOMITCHCaIlli KOB3aHHsS 3a0e3neuye 301IbIICHHS MEePEBaHTAXYBAIbHOI 3/IaTHOCTI
enekTporpuBoay. [lpu 3miHI HaBaHTa)XEHHS BIJICYTHI 3HAYHI KUJKU CTPyMy, a
HOro MakCHMallbHE 3HAUYEHHS HE mnepeBuulye 38 A, M0 NO3WTHBHO BIUIMBAE Ha

HAJIHHICT POOOTH €JIEKTPOBIIIIEHTPOBOTO HACOCA.

2.4.1 Peamizanis anroputmy IR-kommencarrii

[Ipu poGoOTI 3armTMOHOTO ENEeKTPOJBUTYHA Ha YacTOTax, HUXKYHX 3a
HOMIHAJIBHY,  BEJIWYMHA  CTBOPIOBAHOTO  €JIGKTPOMArHiTHOTO  MOMEHTY

SMCHIITYETBCA. I[J'Iﬂ HiI[BI/IH_ICHHﬂ KPpAUTUIHOI'O MOMCHTY Ta 3a0e3IeYeHHs

ApPK.
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CTablIbHOT  POOOTH  EJICKTPONPUBOAY  BHUKOPUCTOBYEThCs — ainroput™m  IR-
KOMIIEHCAIIIl.

Joro npHHIMI MOJNSATae y KOMIIGHCAI[i BTPaT HANPYTH, SKi BUHHKAIOTH
BHACIIJIOK TAJiHHS HANpPyrd Ha aKTUBHOMY Ta PEAKTHBHOMY OIOPax CTAaTOPHOI
OOMOTKH 1 0COOJIMBO MPOSABIISIOTHCS MIPH POOOTI HA MaJIMX YacTOTaX KUBJICHHI.

Jns  nHamamtyBaHHs Moayis  |R-komrmieHcarii BH3HAYa€ThCS  BIANOBIIHA

nepenaBagbHa QyHKIIIS:

AU ;
W(p), =—==—0R :
(P: Al T.-p+1 (2.13)

Jie 3HaYeHHs Koe(ilieHTa nepeaayi JIaHLIora 3B0pOTHOrO 3B'sI3KY

k, <(0.75+0.85) R,
(2.14)
k. =3.41

ne Tir - mocTiiiHA Yacy JIaHIFOTa 3BOPOTHOTO 3B'S3KY, 110 3HAXOUTHCS 3:

Tr24-T, (2.15)
ne T, — eKBIBaJICHTHA €JIEKTPOMArHiTHA MOCTIiHA Yacy JIAHIIOTIB cTatopa Ta
potopa 3E/I.
1 1
T = = =0,023
*" 2.7 f s, 2-7.50-0138 ¢ (2.16)
k. 3.41
W(p)ig === (2.17)

T.-p+1 0092 p+1

Ha puc. 2.21 naBeneno peamizaiito KoHTypy |R-kommneHcarii.

CO— = F

" 0.092s+1 ' o
Transfer Fen Saturation

Pucynox 2.21 — Peanizaris moayns IR-kommencaiii

Ha Bxixg Onoky 3 mepenaBalbHOIO (DYHKIIEIO TMOAAETHCS CHUTHAI JIIH0YOTO

3HAYeHHs CTpyMy crtatopa |d, a BHXiZHUH CHTHAT HAAXOAUTH 10 OJIOKY
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dbopmyBaHHs da3zHUX HaAOpyr, A€ MiACYMOBYEThCS 13 CHUTHAJIOM HamNpyrH,
c(OpMOBaHMM YACTOTHUM NEPETBOPIOBAYEM.

Y pesynbTaTi BiAOYBa€ThCSI aBTOMATHYHA KOPEKIliS BEIUYMHHA HAMPYTH
XKUBJCHHS. J{7s 3amo0iranHs mepeHacHueHHI0 MAarHiTHOI CUCTEMH JBUTYHA OJIOK
Saturation obmexye 30UTbIIEHHST HANIpyTH Ha piBHI 15 % Bing 1l HOMiIHATBHOTO
3HAYCHHSI.

Ha puc. 2.22 naBeaeHno nepexigaai xapakrepuctuku o = f(t), M = f(t), | = f(t),

oTpuUMaHi 13 3actocyBaHHsIM |R-koMIIeHcartii.

Hum| M
padic| @

Pucynok 2.22 — Ilepexiani xapaktepuctuku o = f(t), M = f(t), | = f(t) i3

3acTocyBaHHsM |R-komnencariii

Bukopucrannss  anroputMmy  |R-kommeHcanii  103BOJIMNIO  MiJABUIIUTH
HAJINHICTh POOOTH ENEeKTPONPUBOY, OCOOIMBO TpH POOOTI HA MiHIMAIbHIN
yacToTi >kuBieHHsS S5 ['1. Y pesynapTaTi MOJEnMOBaHHS BCTAHOBJICHO, IO
3aCTOCYBaHHs KOMIIEHcallli 3a0e3neuye 30UIbIIEHHS €JIEeKTPOMAarHiTHOTO MOMEHTY
npubau3HO Ha 10 % MOPIBHAHO 3 peKUMOM 0€3 KOMIEeHcaIlil.

[Tpu uboMy aBTOMaTHUYHE OOMEKEHHS BEIMYMHU HANpyru Ha piBHI 15 % Bifg
HOMIHAJIBHOTO 3HAYECHHS 3amobirae TMEpPeHACHMYEHHIO MAarHITHOI CHCTEMH
eJIEKTPOJIBUTYHAa Ta 3a0e3nedyye CTaOUIbHY poOOOTY CHCTEMH KOHTPOJIO Ta

YIPABIIHHS €JIEKTPOBIILEHTPOBUM HACOCOM.
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2.5 MogeawBaHHsA CHCTEMH OOMEKEHHSI CTPyMy 3arJiuOHOrO

eJIeKTPOABUIYHA

Jiis 3a6e3neueHHs HaAiitHOT poOOTH 3arTMOHOTO EIEKTPOABUTYHA Ta 3aXUCTY
HOTO Bij TMEpPEeBaHTAKEHb y CHUCTEMI YaCTOTHO-PETYJIbOBAHOTO EJIEKTPOIPUBOIY
nepea0adueHo 3aCTOCYBaHHS KOHTYPY OOMEKEHHS CTPyMY.

Peamizariis Takoro KOHTYpPY /JO3BOJISIE aBTOMATHYHO MiATPUMYBATH
JOMYCTUMHUIA PIBEHb CTPyMy CcTaTopa IpH BHUHUKHEHHI TIEPEBaHTaXXEHb Ta
3anmo0iraTv aBapiiHUM pekuMaM poOOTH HACOCHOI YCTaHOBKH.

CTpyKTypHY CXeMy KOHTYpY OOMEXEHHsI CTPyMYy HaBeJI€HO Ha puc. 2.23.

T — Nyvage
11wk l /;'.. ]1

—) ’E‘-I'

I p+l

i

Ip+]

k.
[P+

Pucynok 2.23 — CTpyKkTypHa cxeMa KOHTYpPY OOMEKEHHS CTPyMY

[lepenaBanbHa ¢yskiis [Il-perynstopa oOMEXEHHS CTpyMy BU3HAYA€THCS

BUpas3om [7]:
W(p) =k, - er P (2.18)
[TocTiitHa "yacy peryisitopa CTpyMy BU3HAYA€ThHCS 32 CIIBBITHOIICHHSIM:

To, =T,e =0.0221c (2.19)

KoeditieHT miaCUICHHS pEryasaTopa CTpyMy OOYUCITIOEThCS 3a BiJIMIOBIIHUMHU

BUpa3aMHu.
kPT _ Te R
kl kT “ar .T,uTE
(2.20)
0.023-7.58
kPT = 3
7.124.0.7071-2-0.3-10
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ne k; - koediieHT nepeaadi o KaHajay 4acTOTH

U, 2700

k, = =
' f,-R. 50-7.58

=7.124A/ Ty (2.21)

K7 - KoediIlieHT 3BOPOTHOTO 3BS3KY 10 CTPYMY:

1
k,=—=0.7071 1/A 2.22
- (222)
ar = 2 - Koe(ili€eHT THUMOBOTO HAJATOKEHHS KOHTYpPY CTpPyMy Ha

MoayiabHui ontumyM (MO);
T,7. - €KBIBAJICHTHA IIOCTII{HA Yacy ONITUMI30BaHOTO KOHTYPY CTPyMYy:

_ T?]C,T T, = % 40,0002 = 0,0003c¢ , (2.23)
T

T/JT E

ne Toem = Tuww = 0,0002¢ — 1HTEpBaJI KBAaHTYBaHHS CHUTHAIIB Yy JIAHITIO31
3BOPOTHOTO 3B'SI3KY KOHTYPY CTPyMY;

N, — Koe(DIiIieHT anmpoKCUMAIIil JIJAHKH YHCTOrO 3aIi3HEHHS arnepioguyHO0
JIaHKOIO (TIpY HAJAIITYBaHHI KOHTYPY cTpyMy Ha MO);

Ty = Tuw = 0,0002 ¢ — iHTepBan 4acy 3aTPUMKHU II0Jadl yIPaBIiHHA
peryasiTopa CTpyMmy A0 KIIIO4iB IHBEPTOpA.

Ha puc. 2.24 naBeneHo imMiTaiiiHy MOJIeb PETyIATOpa OOMEXEHHS CTPYMY.

,-;ax T2 -;li —»@ -;@

Sauatin Saustbnt

Piportional kerm

i
0.0zs

Products

niege Item

Propartionaltemt

B

siqn

1

\\\\J

kol

Pucynox 2.24 — ImiTartiina MOieNib PEryJsTopa 0OMEKEHHS CTPYMY

Ha puc. 2.25 npeacrasineni rpadiku nmepexiaaux mporeci o = f(t), M = f(t), |

= f(t), orpumaHi i3 3aCTOCYBaHHIM KOHTYPY OOMEXKEHHS CTPYMY Ta MOMEHTY.

KP5. ICT - 09.00.00.000 IT3
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Pucynok 2.25 — INepexiani xapakrepuctuku o = f(t), M = f(t), | = f(t) i3

3aCTOCYBaHHSAM KOHTYPY OOMEXEHHS CTPyMy

IloBHa

iMiTaHiﬁHa MOACIIb YaCTOTHO-PCTYIIbLOBAHOI'O  CICKTPOIIPUBOAY,

peamizoBana y mnporpamHomy cepenosuimi Matlab Simulink, maBenena Ha pwuc.

2.26.

1
TsyEem Mo " _
B =
o— "7 )
|0l I B =N —y ]
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T Rl ol
sl sl
—
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¥ ¥
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— e
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Pucynok 2.26 — IMirtaiiifina MoJiejib 4aCTOTHO-PETYJIbOBAHOTO EJIEKTPOIIPUBOTY

CJIEKTPOBIAIICHTPOBOTO HACOCHOTO arperary B cepenonui Matlab Simulink

3m.
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Pe3ynpTaT MOJENIOBaHHS MIATBEP/KYIOTh KOPEKTHICTH POOOTH CHUCTEMHU
OOMeKEeHHsI CTpyMy. Y MOMEHT BUHUKHEHHS NepeBaHTaxeHHs (6im3bko 11,5 ¢)
CUCTEMa aBTOMAaTUYHO BIUIMBA€ Ha KaHajd (opMyBaHHsS (a3zHOl HANpyrH, IO
IPUBOJUTH /10 3MEHIICHHS €JIEKTPOMArHiTHOrO MOMEHTY Ta IIBUIKOCTI 0OepTaHHS
3arIMOHOTO €NEKTPOABUTYHA.

[Toganema po0OoTa EIEKTPONPHUBOAY 3IIMCHIOETHCS 13 MIATPUMAaHHIM
JOMYCTUMOTO 3HAYEHHS CTpPyMy, IO 3abe3redye 3aXWcT JBUTYHA BiJ

NepeBaHTaXEHb 1 MMIJIBUIIYE HAIMHICT POOOTH €JIEKTPOBIALICHTPOBOTO Hacoca.

2.6 IlopiBHSIHHS €HEPreTHYHUX NOKA3ZHUKIB YaCTOTHO-PEryjbOBaHOIO

eJIEKTPONPHUBOAY €JIEKTPOBIIIIEHTPOBOr0 HAcoca

Opniero 3 BaXJIMBUX I€peBar 3acTOCYBAaHHA YaCTOTHO-PEryJIhOBAHOTO
CJIEKTPOIIPUBOAY € MOXKIIMBICTh IIJBUILIEHHS €HEProeeKTUBHOCTI POOOTH
HACOCHOI YCTaHOBKH.

st omiHOBaHHS €(QEKTUBHOCTI 3allpPOIIOHOBAHOI CHUCTEMHU IPOBEICHO
MOPIBHSIHHSL EHEPreTUYHUX TOKA3HUKIB EJIEKTPONPUBOAY, pPEaTi30BaHOTO 3a
CUCTEMOIO «IIEPETBOPIOBAY YaCTOTH — acUHXpoHHWH aBuryn» (ITY-AJ), i3
TPAJAMIIIITHOIO CXEMOK TMPSMOTr0 IMYCKy 3ariMOHOTO EeJEKTPOJBUTYHa O3
PETYIIOBaHHS IIIBUIKOCTI.

VY Tpagumiinux cucteMax BHJIOOYTKY HA(TH pEryirOBaHHS IOAadi Hacoca
4acTO 3JIIMCHIOETHCS METOJOM JIPOCETIOBaHHS, TOOTO 3MIHOKO T1JIPaBIIIYHOIO
OTIOpYy 3a JIOMOMOTOI0 PEryJIIOBaJIbHOI 3aCYBKU 0€3 3MIHU MIBUIAKOCTI 00€pTaHHS

€JIEKTPOIBUTYHA.

Ha puc. 2.27 HaBemeHO 3aJIeKHOCTI TOJa4yl Hacoca NpPHU peEryaroBaHHI

MCTOAOM APOCCIIIOBAHHA Ta HIJIAXOM 3MIHH YaCTOTHU 06epTaHH$I CJICKTPOABUI'YHA.
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) Q Q

Pucynox 2.27 — 3anexHOCTI o/1a4yi Hacoca MpHU PETYIIOBaHHI:
a — METOJIOM JIPOCEITIOBAaHHS; O — IUIIXOM 3MIHU YaCTOTH 00CpPTaHHS

€JEKTPOJABUTYHA

Meton npocentoBaHHS € MPOCTUM Yy peajisallii, mpoTe XapaKTepU3YEThCs
HU3BKOI) EHEPreTUYHOI0 €(QEKTUBHICTIO, OCKUIBKH €JIEKTPOJABUTYH IIPAIlIO€
MPAKTUYHO Y HOMIHAJILHOMY PEXUMI HE3aJIeKHO B1Jl HEOOX1THOT MPOAYKTHUBHOCTI
Hacoca.

HaTtomicTh  BHKOPHUCTAHHS  YaCTOTHO-PETYIHLOBAHOTO  E€JICKTPOIPUBOIY
JIO3BOJIIE 3MIHIOBAaTH IIBHAKICTH OOEpPTaHHS EJICKTPOJBHUIYHA BIAMOBIIHO 0
HEOOX1HOI Tojaaui, M0 3abe3neuye CyTTEBE 3MEHIICHHS  CIOXKHWBaHHS
€JIEKTPOEHEPT1I.

[TpurycTMo, 1mo HeoOXiJHO 3MEHITUTH nojavy Hacoca Ha 20 %. Y Bunaaxy
BUKOPUCTAHHS JIPOCEITIOBAHHS CJICKTPOABUTYH TMPAIIOE TPH HOMIHAJIBHUX
napameTpax Mepeski >KUBJICHHS.

[ToBHA TIOTYXHICTh, IO CTOKWBAETHCS EIECKTPOJABUTYHOM, BH3HAYAETHCS 3a
Bupasom [14]:

S=3-Ul (2.15)
ne (U) — dasna nanpyra; (1) — cmoxkuBanuii cTpym.

[Tpu perymoBaHHI METOIOM JAPOCETIOBAHHS TIOBHA TIOTY)KHICTh CTAHOBHUTH:

S, =32178-33=235kBA (2.16)

s 3a6esmeueHds 80 % Bix HOMIHAIBHOI IMOJa4yi MPU BUKOPHUCTAHHI

YaCTOTHO-PETYJIbOBAHOTO  €JIEKTPONPUBOY JOCTATHHO 3HUBUTH  IIBUJIKICTh
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obepraHHs ABUryHa 10 ® = 249 pan/c, mro Biamosigae yacToTi skuBienHs f = 40
I'n.
VY 1poMy BUIIAJKY CIIOKMBAHA MMOBHA MOTY>KHICTh CTAHOBUTb:
Sny = 3-1450-30,65 =133kBA (2.17)
Ha puc. 2.28 1 2.29 HaBeneHO pe3yJbTaTH MOJCIIOBAHHS IEepPeXiTHUX
MIPOIIECIB TIPU PETYIIOBAHHI MPOTYKTUBHOCTI HACOCA METOJOM APOCETIOBAHHS Ta

3a JOIIOMOI'0I0 YaCTOTHO-PCI'YJIbOBAHOI'O CIICKTPOIIPUBOAY BiI[HOBiI[HO.

Hua | M
p@ic| @
All

1200

1000}~ |4 =

“
a0t : : [‘ ; ; ; |

o = (1) a
o =280 pax/c
: 1,. ; ~ ,

I=66A

HloH AT

| I I I I | i i L l c
0 02 04 06 08 1 12 14 16 18 AR

Pucynok 2.28 — Ilepexinni nporecu o = f(t), M = f(t), | = f(t) npu perymoBanHi

no;:[aqi MCTOJA0OM APOCCIIIOBAHHA

Ha puc. 2.29 HaBefeHO nepexiHi XapaKTepUCTUKH YaCTOTHO-PETYJIbOBAHOTO
CICKTPONPUBOAY  CICKTPOBIALICHTPOBOr0 Hacoca. Po0OOTI yCTaHOBKH TIpH

oomesxeHHl1 mogaul 10 80 % B1x HOMIHAJILHOIO 3HAYEHHS BiAIIoBigac 30Ha V.
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Hua (M
padic|a

I

M=563 Hwm

=249 pan/c

Pucynok 2.29 — Ilepexinni npouecu o = f(t), M = f(t), | = f(t) npu perymoBanni

HOI[a‘-Ii 3d JOIIOMOI'OI0 IICPCTBOPIOBAdYa 4aCTOTHU

Pesynbrati  MojemioBaHHS ~ CBiAYaTh, IO 3aCTOCYBaHHS  YaCTOTHO-
pPEryJlbOBaHOTO  EJIEKTPONPHUBOLY 3a0e3ledye HEOOXIJHY MPOAYKTHUBHICTb
€JIEKTPOBIILIEHTPOBOr0 Hacoca Mpu 4acToTl xkuBJIeHHS 40 ['11 Ta xapakTepu3yeTbes
3HAQYHO BHIIOI0 EHEPreTUYHOI0 €(PEKTUBHICTIO TMOPIBHAHO 3 TPATUIIAHUM
CHI0COOOM PEryJIrOBaHHS METOJIOM JIPOCETIOBAaHHS.

[Ipyn poMy cCrOXUBaHA MOTYKHICTh 3MEHIIYEThcsl puOau3Ho Ha 40 %, a
TaKOX 3HIDKYIOTHCS JMHAMIYHI HABAaHTAXXEHHS HA EJIEKTPOABUTYH 1 MEXaHIuHI
BY3JIM HACOCHOI YCTAHOBKH.

TakuM 4MHOM, BUKOPUCTAaHHS YaCTOTHO-PETYJIHOBAHOTO €JIEKTPONPUBOAY Yy
CKJIaJl CHCTEMHU KOHTPOJIO Ta YIOPABIIHHS EJIEKTPOBIALIEHTPOBUM HACOCOM
J03BOJISIE HE JIMILE 3a0€e3MeYUTH HEOOX1AH1 TEXHOJOTIYHI PEXXUMHU poOOTH, ane |
ICTOTHO MIABUIIMTH €HEproedeKTHBHICTh, HAIIWHICT Ta JIOBTOBIYHICTH

oOJ1aTHAHHS.
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BUCHOBKH

Y mpoueci BHKOHaHHS OaKallaBpChbKOi pOOOTHM  IPOBEIEHO  aHaJi3
0COOJIMBOCTEH TEXHOJIOTTYHOTO TMPOILECYy BUAOOYTKY HAQTH 3 BHUKOPUCTAHHSIM
YCTAaHOBOK €JICKTPOBIIIIEHTPOBUX HACOCIB Ta CY4YaCHUX IMMIXOMIB 10 MOOYI0BU
CHUCTEM X KOHTPOJIIO i yIIpaBJIiHHS.

3a pe3ynpTaTaMi BUKOHAHOTO JOCTIIKEHHS! OTPUMAHO Takl pe3yIbTaTH:

- PO3MNISIHYTO  KOHCTPYKLIIO  Ta  HPUHIUI  poOOTH  YCTaHOBKHU
eJIEKTPOBIALIEHTPOBOIO HAcOCa, MPOaHaIi30BaHO OCOOIUBOCTI i (PyHKIIIOHYBaHHS
Ta BU3HAYEHO OCHOBHI TEXHOJIOTIYHI MMapaMeTpPH, 110 BIUIUBAIOTh Ha €()EKTUBHICTD
npoiiecy BUmoOyTKy HadTH;

- JIOCIIIJKEHO BIUIMB YCKJIAAHIOOUMX (AKTOpPIiB Ha TEXHIYHUU CTaH 1
HajiiHicTh poOoT YEBH. BetanoBineno, 110 oJlHUM 13 HaiO11b1 1HYOPMATUBHUX
napameTpiB JJiS OIIHIOBAHHS TEXHIYHOTO CTaHy HACOCHOTO OOJIaJIHAHHS € PIBEHb
BiOpanmii, sKuii Moxe OyTHM BHUKOPUCTAHUW SIK J1arHOCTUYHA O3HAKa PO3BUTKY
nedekTiB Ta AK 1HGOpMAaIIHHUN MTapaMeTp CUCTEMH aBTOMAaTHYHOT'O KOHTPOJIO
YIPABIIHHS;

- MPOAHAII30BaHO CY4YacHI METOIM Ta 3acO0M MOHITOPUHTY TEXHIYHOIO
CTaHy eJIEKTPOBIAIICHTPOBUX HACOCIB, a TaKOX CY4YacHI MPOTrpaMHO-TEXHIYHI
KOMILJIEKCH YMPaBIIHHS Ha()TOBHIOOYBHUMH CBEPJJIOBUHAMHU MEXaHI30BaHOTO
donny. IlokazaHo HOUUIBHICTH IHTErpaIii MiJCUCTEM MOHITOPUHTY TEXHIYHOTO
CTaHy 13 CUCTEMaMH aBTOMAaTHYHOTO KePYBaHHS;

- pO3pOOJEHO CTPYKTYpPHY CXEMy CHCTEMH KOHTPOJIO Ta YIpPaBIIiHHSI
CJICKTPOBIIIIEHTPOBUMHU HACOCAMHU Ha OCHOBI MOHITOPMHTY iX TEXHIYHOTO CTaHY.
3anpornoHoBaHa cHUCTeMa Mependadyae BUKOPUCTAHHS JIAHMX CUCTEMH 3ariiiOHOT
TeraeMeTpii 11 GOopMyBaHHS KEPYIOUMX BIUIMBIB Ta aBTOMATHUYHOTO KOPHUTYBaHHS
pEXUMIB POOOTH HACOCHO1 YCTAaHOBKH;

- po3poOJIEHO BY30J YACTOTHO-PETYIHOBAHOTO EIEKTPONPUBOLY Ha 0asi

nepeTBoproBada yactoru Sinamics G120, sikuii kepyerbest moaysiem Control Unit
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CU240S DP ta B3aeMomie i3 cuinoBuM mMoayiem Sinamics G120 Power Module.
Cuctema ympaBiiHHS ~ €JIEKTPOIPUBOAOM  peaii3oBaHa 13 3aCTOCYBaHHSIM
nporpamoBaHoro Jjoriunoro koutposiepa SIMATIC S7-300 ta crnerniaiizoBaHOro
nporpamuoro 3abe3neueHHs Drive ES 5.4, STEP 7 i SIZER;

- po3po0ieHO IMITaIliiHY MOJICITb YaCTOTHO-PETYJIHOBAHOTO
CJIEKTPOIIPUBOAY €JIEKTPOBIJILIEHTPOBOTO HAcoca B MPOrPAMHOMY CEpPEIOBUIII
Matlab Simulink ta mpoBeneno nociimkeHHs i OCHOBHUX PEKHUMIB pOOOTH.

Pe3ynpTaT MOJIETIOBAHHS MIIATBEPIMIM MpalE3JaTHICTh 3allpONIOHOBAHUX
TEXHIYHUX PIMICHh 1 TMOKa3aJiM, IO 3aCTOCYBaHHS YaCTOTHO-PETYJIHOBAHOTO
€JIEKTPOTIPUBOY J103BOJISIE 3HU3UTH CIIOKUBAHHS €JIEKTPOEHEeprii mpuOIN3HO Ha
40 % MOpiBHSHO 3 TPAAUIIIITHOIO CXEMOIO MPSIMOT0 MYyCKY €JIEKTPOBUTYHA.

OTtpumaHi pe3ynbTaTH MIATBEPIKYIOTh JOLUIBHICTH BUKOPHUCTAHHSA CHUCTEM
MOHITOPUHTY TEXHIYHOTO CTaHy Yy TIO€HAHHI 13 Cy4YaCHHUMH 3acobamu
aBTOMAaTUYHOTO KOHTPOJIO Ta YaCTOTHO-PETyJIbOBAHOTO YIPAaBIIHHSA U
NIJBUILIEHHST HAIIMHOCTI, €Heproe(eKTUBHOCTI Ta Oe3aBapiiHOCTI eKCIuTyaTarlil

CJICKTPOBIILIEHTPOBUX HACOCIB Y TIPOLIECi BUIOOYTKY HapTH.
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