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2. Efficient electromechanical systems of electrohydraulic complexes with monitoring of energy processes in
dynamic modes

Pedepar:

1. EnekTpoMexaHiyHi cucTeMu eyIeKTPOrifpaBiiyHUX KOMILJIEKCIB BiTHOCATHCS 10 CKIAAHUX €HEPrOEMHUX 00 €KTIB,
Il eJIeKTPOIIPUBO/, HACOCH, 3aIlipHy apMaTypy, TPyOOIIPOBITHY MepeXy HeOOXiIHO pO3IIsgaTH SIK B3a€EMO3B's13aHi
CHUCTEMHU, PESKUM POOOTU SIKUX 3aJIEKUTh BiJl 3BMiHHOTO B yaci rpadika BoIOCIOKUBaHHS. EjlekTpomMexaHivHi
CHACTEMHU €JIEKTPOTiAPaBIiYHIX KOMIIJIEKCIB YTBOPIOIOTb CKJIAIHUI CUJIOBUI KaHaJl Ilepeayi, IepeTBOPEHHS 1
CIIO’KMBAHHSI €HEPTii, e eHepreTUyHi 3MiHHi (€JIeKTpUYHA MOTYXXHICTh, MEXaHI4HA, ripaBJliyHa) Jal0Th PAKTUYHY

XapaKTEePUCTHUKY MPOLECY NIEPETBOPEHHS €HEPTii, 0 MPOTiKae, i JO3BOJSIIOTh BUKOHATU OLIiHKY



eHeproeeKTUBHOCTI CUJIOBOTO KaHaJy SK y CTallioOHapHUX, TaK i B HECTAallilOHaPHUX peXUMaxX POOOTHU.
JuceprauiiiHa poboTa IIPUCBsIY€Ha PO3B'SI3aHHIO aKTyasIbHOI HAYKOBO-TIPAKTUYHOI Tpo6IeMUu po3podKU
e(eKTUBHUX €JIEKTPOMEXaHIYHMX CUCTEM €JIEKTPOTiApaBliYHUX KOMILJIEKCIB HA OCHOBI MOHITOPUHTY
€HEeProINpoLEeCiB y BCiX €JIeMEHTaX CUJI0OBOTO KaHaly, siKi I03BOJISIIOTh 3a0€3M1€YUTH CBOE€YaCHE JiarHOCTYBAHHS
NO3aIUTATHUAX CUTYyaLiil i MiABUILIEHHS KEPOBAHOCTI B TEXHOJIOTIYHUX 11 aBapiiHUX pexXumax poboTu. Y puceprariii
OoTpUMaJa IoJablInii PO3BUTOK TEOPisl aHaJIi3y peXUMIB pOOOTH eJIeKTPOMEXaHIUHUX CUCTEM
€JIEKTPOTiJpaBiyHMX KOMIIJIEKCIB i3 pi3HUMM CX€MaMU BKJIIOUEHHS HACOCIB Ha TPyOOIIPOBIIHY MEPEXKY, sIKa
BiIPi3HSETHCS 3aCTOCYBAHHSM €KBiBAaJICHTHUX €JIEKTPUYHMX CXEM 3aMillleHHSI Ta MAaTEMAaTUYHOTO OIUCY
YOTHPUKBAAPAHTHUX XapaKTEePUCTUK PEryIbOBAHOTO 32 YACTOTOI OOEpPTaHHS HACOCHOTro arperary. Lle Hazano
MOXJIMBICTb BU3HAUUTU XaPaKTE€PUCTUKY HACOCHUX arperaris, JOIYCTUMI [1ialla30HU 3MiHM YaCTOTH OOEPTaHHS
Hacoca I OGrpyHTyBaTU BUOip CUCTEMU PEryJIbOBAaHOTO €JIEKTPOIIPUBOLY. Briepiie 3aripolIOHOBAaHO METOZ,
MigBUIIEHHS KEPOBAHOCTI €JIEKTPOMEXAHIYHUX CHUCTEM €JIEKTPOTIiPaBIiYHMX KOMIUIEKCIB, 1110 XapaKTEPU3Y€EThCA
BUKOPUCTAHHSIM O00OPOTHUX PEXUMIB POOOTH TifIpaBIidYHUX 1 €JIeKTPUYHUX MAIINH HACOCHUX arperaTiB IpU 3MiHi
HaIpsIMKY YaCTOTU OOEPTaHHS Ta PeBEPCi piiuHY B pasi aBapililHOro BUMKHEHHS €JIeKTpoeHeprii. OTpuMaHi
aHaJITUYHI BUpa3y 17151 BU3HAYEHHS HUKHbOI MeXi 3MiHM YaCTOTU OOEPTAaHHS HACcOCa, TP AOCSATHEHH] SKOi €
MOXKJIMBICTb [lepeBeJieHHs IiIpOMAIINHY B TYpOiHHUI pexkuM po6oTu. [TokazaHo, 110 aabTepHATUBHUM BapiaHTOM
MiBUILIEHHS KEPOBAHOCTI € BUKOPUCTaHHS CUCTEM aKTUBHOTI'O PETYJIIOBAHHS I1apaMETPiB HACOCHUX YCTAaHOBOK Ha
6asi rigpoTyp6iHHMX 260 000OPOTHUX riipoMamyH. Y qucepTalii oTprMasa NoAalIbINi PO3BUTOK TEOPis aHali3y
€HEProIpOLECIB B €JIEKTPOMEXAHIYHMX KOMILIEKCAX, SIKA BIIPI3HIETHCS CUCTEMATU3ALIEIO0 MITXONIB OL0
IeKoMII03uLii yacoBoi QyHKIIil MUTTEBOI MOTYKHOCTI HECUHYCOia/IbHUX CUTHAJIIB B PI3HOMaHITHUX CXEMHHUX
pileHHsX i pexkumax. lle 103B0INIO OTPUMATH [TOKA3HUKY IIPOLIECIB €HEPronepeTBOPEHHs Ha 6asi
CepeIHbOKBAIPATUYHUX OLIIHOK CKJIaJIOBUX MUTTEBOI NOTYXHOCTI, SIK 6i/IbLI MOBHUX 1 iH(OPMATHBHYX IIOPiBHSIHO 3
iCHylI0YMMH iHTErpaJbHUMU OL[iHKaMU €HepronpolLecis. Briepiie TeopeTHYHO OOIrPYHTOBAaHO BUKOPUCTAHHS
KoediljieHTa NponycKHOi 3aTHOCTi €HEPreTUYHOr0 KaHaJy IIiJi YaC MOHITOPUHTY €HeproIpoLeciB B
€JIEKTPOMEXaHIYHOMY KOMILJIEKCI, SIKUH 6a3yeThbCsl Ha CEPENHbOKBAAPATUYHNX 3HAUEHHSIX MUTTEBOI IOTYKHOCTI
MIX IPKEPEJIOM i CIIOKUBAYEM, 110 JO3BOJIMIIO BPaXyBaTU Pi3HOMAHITHICTL CTPYKTYPHU i IIPOLLECIB
€HeprorepeTBOPEHH, sIKi IPOTIKaIOTh B KaHaJli lepejadi IOTY>KHOCTI CIIoKKBaveBi. Briepiie po3po6ieHuil MeTo[,
OLIiHKM €HEepPreTUYHOI KEPOBAHOCTI €JIEKTPOMEXaHIUHMUX CUCTEM €JIEKTPOTiAPaBliYHOIO KOMILJIEKCY, SKUI 6a3yeThCs
Ha TapMOHIYHOMY aHaJli3i IPOLECiB eHEProNePeTBOPEHHS Y BCiX JIAHKAX CUJIOBOTO KaHaily. [y MOPiBHAIBHOTO
OI[iHIOBaHHS MTPOIIECiB €HePronepeTBOPEHHS B Pi3HUX MUHAMIYHUX PEKMMaX 3alIPOTIOHOBAHUM KoeilieHT
€HeprokepoBaHOCTi Ha 6a3i cepeHbOKBAAPATUYHUX 3HaU€Hb MTOTY>KHOCTI, 1110 JO3BOJIUJIO HA OCHOBI MOHITOPUHTY
€HEeProIpoLEeCiB BifICIiIKOBYBATH N0SIBY 3MiHHMX CKJIA[IOBUX IIOTY>KHOCTI, SIKi IPU3BOISATH O HEOE3NEYHUX 32
IVHAMIYHMMU HaBaHTOKEHHSIMU HECTallilOHapHUX peXUMIB. Y aucepTallii po3po6JeHO €eHepPreTuiHi Mogeri
€JIEKTPOMEXaHIUHMX CUCTEM €JIeKTPOTipaByliyHUX KOMILJIEKCIB Ha 6a3i piBHSIHb eHeprobajaHcy 4acoBoi QPyHKIIii
MUTTEBOI IIOTY>KHOCTI 117151 BCiX €JIEMEHTIB CUJIOBOTO KaHaiy. Lle 103B0JIMI0 BUKOHATH OLiHKY €HEPrOKEPOBAHOCTI B
aBapifHUX PeXMMax poOOTH 11 OOIPYHTYBATH BUOIP CIIOCOOY MifBUIIEHHS €(PEKTUBHOCTI i 3HDKEHHS aBapiliHOCTI B
riIpOTPaHCIIOPTHUX cUCTeMaX. Briepiie po3po6yieHo MeTo, 1iarHOCTyBaHHS aBapiliHUX PEXXUMIB
€JIEKTPOMEXaHIYHMX CUCTEM €JIEKTPOTiIPABIIIYHAX KOMIIJIEKCIB HA OCHOBI MOHITOPUHI'Y €HEPreTUYHUX IIPOLIECIB B
CKJIaJli YaCTOTHO-PEryJIbOBAHOTO €JIEKTPOIIPMBOAY HACOCA, IO 6a3yeThCs Ha aHAai3]i MOXiAHUX MUTTEBO]
MOTYXXHOCTI Ta {i aMIIITYyAHO-4aCTOTHUX XapaKTEPUCTHUK, 10 HAAI0 MOXJIMBICTb ifeHTU(IKyBaTH
HeCTallioHapHUi pexXuM Ta cpOpPMYBaTH KOMILJIEKC OpraHi3aliiiHuX i TEXHIYHUX 3aX0iB 11010 3aM00iraHHs
PO3BUTKY aBapifiHOro pexkumy. OCHOBHI TEOpETUYHI pe3yJIbTaTH, OTPUMaHi B ucepTalliliHiil po6oTi, epeBipeHi Ha
CTBOPEHUX MAaTeMAaTUYHUX MOJIEJISIX Ta €KCIIEPUMEHTANIBHO.

2. Electromechanical systems of electrohydraulic complexes belong to complicated energy-intensive objects,
where the electric drive, pumps, shut-off valves, pipeline network must be considered as interconnected systems.
Dissertation is devoted to solving the current scientific and practical problem of developing efficient
electromechanical systems of electrohydraulic complexes based on monitoring of energy processes in all elements
of the power channel. It allow timely emergency situations diagnosis and increase controllability in technological



and emergency modes. In the dissertation the analysis theory of electromechanical systems of electrohydraulic
complexes operating modes with application of equivalent electric circuits and the mathematical description of
four-quadrant characteristics of the pump unit regulated on rotation frequency has received the further
development. A method of increasing the electromechanical systems of electrohydraulic complexes controllability
with using of reversible operation modes of hydraulic and electric machines of pump units when changing the
speed direction and reverse fluid in case of emergency power outage is proposed. In the dissertation the analysis
theory of power processes in electromechanical complexes has received the further development. It is different in
systematization of approaches concerning decomposition of instantaneous power time function of nonsinusoidal
signals in various circuit decisions and modes. The using of power channel capacity and power controllability
coefficients during the energy processes monitoring in the electromechanical complex is substantiated. They are
based on the determination of instantaneous power RMS values in all parts of the power channel. Energy models of
electromechanical systems of electrohydraulic complexes based on energy balance equations of instantaneous
power time function are developed and the estimation of power controllability in nonstationary operating modes
was performed. The method of diagnosing emergency modes of electromechanical systems of electrohydraulic
complexes was proposed. It is based on the analysis of instantaneous power derivatives and its amplitude-
frequency characteristics and it is provided an opportunity to identify the nonstationary mode and to form a set of
organizational and technical measures to prevent the development of the emergency regime. The main theoretical
results obtained in the dissertation are tested on the created mathematical models and experimentally.
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