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V. BimomocTi npo gucepraniio
Moga guceprariii:
Koy TeMaTHYHHX PYOPHK: 45.29

Tema guceprauii:
1. MogenoBaHHS TUHAMIYHUX PESKUMIB pOOOTH €JIeKTPOIPUBOAHUX BillIEHTPOBUX HACOCHUX arperarTinB

MmaricTpanbHUX HaQTONPOBOLB HA OCHOBI MeTonly Bond Graph.

2. Dynamic modes modeling of motor-driven centrifugal pump units in oil pipelines on the basis of Bond Graph
Method.

Pedepar:

1. O6'eKT BOCIIIPKEHHS ~ CYKYIIHICTh AUHAMIUYHUX [IPOLECIB, SIKi BUHUKAIOTh B €JIEKTPOIIPUBOIHUX BillleHTPOBUX
HACOCHUX arperarax HapTora3oBoi IPOMMCJIOBOCTI; METOI0 POOOTH € MifBUILEHHS PiBHS €(PEKTUBHOCTI
(pyHKIIiOHYBaHHS €JIeKTPONIPUBOJHUX BiILIEHTPOBUX HACOCHUX arperarTiB IJIIXOM JOCIiIKEHHS Ta peasnizaliii
€HEeProonTUMAaJIbHUX NTMHAMIYHUX PEXKUMIB iX po6OTH 32 IOTIOMOTOI0 PO3PO6IEHNX KOMII' IOTEPHO-OPiEHTOBAHUX
Bond Graph mopesneii; BUKOpUCTaHi METOAU CUCTEMHOTO MiIXOY, METO]], 06'€KTHO-OPi€HTOBAHOT'O MOJIEJIIOBAHHS
Bond Graph, MeTonu palioHaIbHOTO MJIAaHYBAHHS €KCIIEPUMEHTY Ta METOAU MaT€MATU4HOI CTAaTUCTUKUY;
TEOPETUYHI pe3yJIbTaTH - BIIEPILE CUHTE30BAHO KOMILJIEKCHY Tpad)O-€HEPreTUYHY MOZEJIb €JIEKTPOIIPUBOHOTO

BiZILIEHTPOBOI'O HACOCHOTO arperary, ska Ja€ MOXKJIMBICTb TPOBOAUTH AOCIIIPKEHHS NOr0 TUHAMIYHUX PEKUMIB



po60TH 3 BpaxyBaHHSM €(EKTiB HACUUEHHS MArHiTOIPOBOAY i BUTICHEHHS CTPYMY B POTOPi IBUTYHA, B'SI3KOCTi
PiAvHYU B HAcOCi Ta B3a€MOBILIMBY CKJIAIOBUX MificucTeM pi3HOI Gi3uyHOI IPUPOAHU, IO T03BOJISIE 3HAXOAUTU YMOBU
fioro epeKTUBHOrO QYHKIIOHYBaHHS B CTPYKTYPi €/1eKTPOTEXHIYHMX KOMILJIEKCiB Ha)TOra30B0i IPOMHUCIJIOBOCTI;
YAOCKOHAJIEHO 00'€KTHO-OPi€EHTOBaHUI METO, iMiTalliiiHOTO MozestoBaHHs Bond Graph misixom JOMOBHEHHS
6i6ioTeKM 10ro CTaHAAPTHUX €JIEMEHTIB ABOMOPTOBOIO iHIYKTUBHICTIO Ta HOBUM (YHKLIOHAJIbBHUM MOJIYyJIEM
3B'S13Ky MK 06€PTOBOIO Ta HEPYXOMOIO CUCTEMaMU KOOPAMHAT, 1110 BiJIIOBiAHO a0 3MOTY pelpe3eHTyBaTh
iHOYKTUBHMH 3B'S130K MK CTAaTOPOM i pOTOPOM aCMHXPOHHOTO [IBUT'YHA Ta [IPOBOJAUTU MOJIEJIIOBAaHHS 00€PTOBUX
€JIEMEHTIB €JIEKTPOIIPUBOIHUX HACOCHUX arperaris;. OTPMMAB IIOJAJIbIINNI PO3BUTOK METO]L €JIEKTPOTiPaBIIiYHO]
aHaJorii 1J11 MOJIeTIIOBaHHS IMHAMIYHUX PEXKUMIB POOOTH TiIPOMEXaHiYHUX MTePETBOPIOBAYIB €HePrii, 0 a0
3MOTY 3aCTOCYBaTU 3arajbHy KoHLenuio metony Bond Graph niis gociigykeHHs e1eKTpOIIpUBOIHUX TipOMAllNH;
[IPaKTUYHi pe3yabTaTy - pO3PO0JIEHO METOLMKY TPOTHO3YBaHHS PEXXUMHIX Ta €HEPreTUYHUX [TapaMeTpiB
€JIEKTPOIIPMBO/IHUX BiILIEHTPOBUX HACOCHUX arperaTiB MaricTpajbHUX HaTONPOBOiB 3a fJonomoroo Bond Graph
MogeJsiel, 10 IPUIIBULIIYE [TPOLeC AOCTiIpKeHHs JUHAMIYHUX PEXXUMIB pOOOTU BChOT'O 00'EKTY Ta A€ 3MOTY
3HaXOJUTHU YMOBU MAaKCHUMaJIbHOI €(PEKTUBHOCTI 110ro pyHKIioHyBaHHS. CTyIiHb BIIPOBA/I)KEHHSI - PE3yJbTaTU
po6oTH BIpOBaIKEHO y Pinii "MarictpasnbHi HagTonposonu "Ipyx6a" ITAT "YkpTpancHadTa", B HaBYJILHUN
npoiiec Ha kKadenpi "EsnekTponiocTadyaHHs Ta €JIeKTPOOOIaTHAHHS MPOMUCIIOBUX IMNPUEMCTB" [BaHO-
dpaHKiBCbKOTO HalliOHAJILHOT'O TEXHIYHOTO YHIBEpCUTETY HAPTH i ra3y, a TakoxX 0yJid BUKOPUCTaHi IIPU MiJroTOBI

HAyKOBUX 3BIiTiB 3 JepXX0I0IP)KETHUX HAYKOBO-IOCHiAHMX po6iT. Cpepa (ranysb) BUKOPUCTAHHS - HA(PTOra3osa.

2. The object of investigation - a set of dynamic processes that occur in motor-driven centrifugal pumping units in
the oil and gas industry; the goal of this research is an improving the operation efficiency of motor-driven
centrifugal pump units through analysis and implementation of energy optimal dynamic operation modes via the
developed computer-oriented Bond Graph models; a systematic approach method, an object-oriented simulation
in Bond Graph, a method of rational planning of the experiment and mathematical statistics were used; theoretical
results - for the first time a complex graph-energy model of the motor-driven centrifugal pump unit was
synthesized, which makes it possible to study pump unit's dynamic operation modes with taking into account the
effects of magnetic core saturation and current skin effect in the rotor engine, viscosity of the fluid in the pump
and subsystems elements' mutual influence of different physical nature, which allows to find the conditions for its
effective functioning in the structure of electrical systems of oil and gas industry; an object-oriented method of
Bond Graph simulation is improved by extending its library of standard elements with two-port inductance and
with new functional connection module between rotating and fixed coordinate systems, what respectively allowed
to represent inductive coupling between the stator and a rotor of the induction motor and to simulate of rotating
elements of motor-driven pumping units; the method of electro-hydraulic analogy for modeling dynamic
operation modes of hydro-mechanical power converters gained was developed, allowing us to apply the general
concept of the Bond Graph method for the study of motor-driven hydraulic machines; practical results - was
developed the technique of forecasting regime and energy parameters of pipelines' motor-driven centrifugal pump
units using Bond Graph models that accelerates the study process of dynamic operation modes of the whole object
and allows to find the conditions of its maximum efficiency functioning. Degree of implementation - the results
introduced in the branch "Main Oil Pipelines" Druzhba" PJSC "Ukrtransnafta", in the educational process at the
department " Electrical power supply and electrical equipment " of Ivano-Frankivsk National Technical University
of Oil and Gas, and were used for the preparation of scientific reports of the state budget research. Area (industry)
of use - oil and gas.
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