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Tlobyoosa adexeamnoi mamemamuunoi modeni CLLIHY € ckiadnum 3a60anHsM OCKibKU Ha il pobomy
BNIUBAE BEUKA KLIbKICMb DISHOMAHIMHUX YUuHHUKIG. Icuytoui moldeni HemouHi abo CKIaoui 0ns
suxopucmants i moougirkayii. Memoro oanoi npayi € po3podxa npunyunie nobyoosu mooeneu CIIHY 3
BUCOKUM PIBHEM A0eK8AMHOCMI MaA MOJNCIUGICIO NPOCMOL ix moougikayii i yoockouanenus. Pozpobneno
mamemamuuny modenv CLIHY 6 cepedosuwyi KOMROHEHMHO-OPIEHMOBAHO20 MOOCMIOBANHS CKIAOHUX
ounamiunux cucmem Maplesoft MapleSim 7. Mooenv nobyoosana 3a donomoeoio makux KOMROHEHMIE
MapleSim sx kpyena mpyb6a, inepyis piounu, 360pOmMHULl KIANAH, 2iOPAGIIYHULL YULIHOP, NOCMYNAbHA
nocmiliHa cuna, maca, NOCMYNATbHA NPYICUHA 3 OeMAepoM, NOCYNAlbHe mepms. 3acmocy8aHHs.
KOMNOHEHMHO-0PIEHMO8AH020 Ni0X00y 0038015€ cnpocmumu mooughikayiro moodeni CIIHY nio uac
000aHHsA 8 MOOeNb HOBUX MONCIUBOCMeU YU 3miHu i wacmun. Lle cnpowye 3acmocysanHs i po36umox
MOOeNi WUPOKUM KOJIOM cneyiaiicmie. Buxonano oyinky adexsamuocmi mooenell WsiXOM HNOPIGHAHHS
MeopemuyHUx ma HNPaKmuyHux ounamozpam. Po3pobnena modenv mooice Oymu Guxopucmana Ois
Ppi3HOCmOpoHHbO2O ananizy i onmumizayii CLLIHY.

Knwuogi cnosa: ounamiuna mooensb, KOIOHA HACOCHUX WIMAHE, 6epCMAmM-2otU0dIKd, KOMNOHEHMHO-
OpPIEHMOBAHE MOOCNIOBARHS, QUHAMOSPAMA, ONMUMIZAYLs

Building of adequate mathematical model of the sucker rod pumping system is a difficult task because a
large number of different factors affect its operation. Existing models are inaccurate or difficult to use and
modify. The aim of this work is to develop the principles of building of sucker rod pumping system models
with a high level of adequacy and the possibility of easy modifications and improvements. The mathematical
model of the sucker rod pumping system has developed in the component-oriented modeling software for
complex dynamic systems Maplesoft MapleSim 7. Model is built using such MapleSim components as
Circular Pipe, Fluid Inertia, Check Valve, Hydraulic Cylinder, Translational Constant Force, Mass,
Translational Spring Damper, Translational Friction. Applications of the component-oriented approach
helps to simplify modification of the model if new features appear in the model or its parts are changed. This
simplifies application and development of the model for wide range of specialists. Also we have evaluated
the adequacy of the model by comparing the theoretical and practical dynamometer cards. The developed
model can be used for comprehensive analysis and optimization of sucker rod pumping system.

Keywords: dynamic model, sucker rod string, pumping unit, component-oriented modeling,
dynamometer card, optimization
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IMITALINHA MOZEJIb CBEPL/IOBUHHOI LUTAHIOBOI HACOCHOI
YCTAHOBKU HA OCHOBI ABCTPAKTHUX ABTOMATIB

B. b. Koneii
IOHTYHT, 76019, m.Isano-Dpankiscok, syn. Kapnamcevka, 15, men. (0342) 72-71-26, e-mail:
vkopey@gmail.com

Icnyroui imimayitini Ounamiuni mooeni C6epoONOSUHHUX WIMAHS08UX HACOCHUX YCMAHOBOK NOCMILIHO
PO36UBAIOMBCS WIAXOM O00AHHS 6 HUX HOBUX MOJICIUBOCHMEN. YOOCKOHANeHHsT maKux mooenel 0080
mpyoomicmke i 8UMAa2Aa€ 8i0NOBIOHUX MAMEMAMUYHUX 3HAHb ) 00CAiOHUKA. OOHUM 3 WASXI6 8UpTUeHHs Yiel
npobreMu € 3aCmoCcy8aHHs iMimayiunux mMooenell Ha OCHOGI AOCMPAKMHUX A8MOMAMIE Md ABMOMAMHOZ0
npocpamysanus 01s ix peanizayii. Onucano npunyunu nody0osu maxoi Mooeui, KOIoHa HACOCHUX WIMAH2
saKol mpedcmasiena y 6ueisaodi cucmemu asmomamie, sKi 3 €OHAHI NPYICHO-OeMADEPHUMU 36 SI3KAMU.
Oxpemuii asmomam A675€ cOO0H YAGHUU 8V30J1 KOJIOHU, ) AKOMY 30CEPeOAICeHd Maca ceKyii Koaonu, ii eaza
ma inwi cumu. DPyHKYis nepexody asmMoMama GUSHAYAE U020 NOBEJIHKY | HAMA2AEMbCS NOBEPHYMU
asmomam y Cmau 3 pigH08azoio cul Ha Hbomy. Moodensb 00380auUNa OMpUMamy OUHAMOSPAMU YCIMAHOBOK 3
cmanesuMu ma CKIONJIACMUKOBUMU KOJIOHAMU, hopma AKUX 6i0N08Ii0ac NPAKMUUHUM OUHAMOSPAMAM.
Pospobnena asmomamna modens € npocmoio 01 po3yMinHs i MOOUQiKayii, 0036015€ MOOeO8AMU ABUYA,
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AKi 8adicKo cpopmymosamu 6 mepminax oughepenyianvuux pisHanv. Moodens peanizo8ano npozpamoro, aKa
BUKOHAHA 8 CMULI ABMOMAMHO20 NPOSPAMYBAHHS NONYIAPHOWO Mool Python, He nompebye
cneyianizosanux 3acobié MoOea08aHHA YU CMOPOHHIX Oibniomex ma OONycKA€ NapaneivHi OOYUCTEHHS.
Mooenv mooice 6ymu euxopucmana Ol ONMUMI3ayii napamempis c6epOIOGUHHUX WIMAH208UX HACOCHUX
YCMAHOBOK [ SIK OCHO8A 01 N0OYO08U CKIAOHIWUX MOOeell.

Knwuosi cnosa: azenmue moO0eno8anHs, A6MOMAMHE NPOSPAMYSAHHS, KOAOHA HACOCHUX WIMAHZ,
ounamozpama, Python

Existing dynamical simulation models of sucker rod pumping system are continuously evolving by
adding new features. Improvement of such models is time-consuming and requires appropriate
mathematical knowledge among researchers. One solution to this problem is the use of simulation models
based on the abstract machines and automata-based programming for their implementation. The principles
of the building of model of rod string, which is represented as system of abstract machines connected by an
elasto-damper links, has proposed. One abstract machine is an imaginary rod node, in which is
concentrated the mass of the section, its weight and other forces. The transition function of automaton
defines its behavior and trying to return the automaton to a state of equilibrium of forces on it. The model
allowed to obtain the dynamometer cards for steel and fiberglass columns, the shape of which corresponds
to practical dynamometer cards. Designed automaton model easy to understand and modify, allows to
model phenomena that are difficult to formulate in terms of differential equations. The model is implemented
by the program, which is designed by the automata-based programming style in Python language and does
not require any special modeling tools or third-party libraries and allows parallel computing. The model
can be used to optimize parameters of sucker rod pumping systems and as a basis for building more
complex models.

Keywords: agent-based modelling, automata-based programming, sucker rod string, dynamometer
card, Python
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YJOCKOHAJIEHHS1 METOAUYHUX 3ACAL OLJIHIOBAHHA
IHBECTULINHOI TPUBABJINBOCTI HA®TOBUX POL4OBULY

V. A. Bumeuuywka, 1. B. Anopiiiuyk
leano-Dpankiscoruli HAYIOHATLHUL MEeXHIYHUL YHIgGepcumem Hapmu i 2azy

VY cy4acHUX NOJITUYHMX T4 €KOHOMIYHMX peaslisfiX OJHUM 13 HalBaXKJIUBIIIMX 3aBJaHb 3a0€3MECUCHHS
SHEepPreTUYHOI HE3aJIe)KHOCTI HAIoi JiepaBu € 301IbLICHHS CTYNEHS BHKOPHUCTAHHS HAsSBHHUX TaJHBHO-
E€HepreTHYHUX PECypCiB.

3HayHa KUIBKICTh HA(QTOBUX pPOAOBUIL B YKpaiHi, KOTpi BigpPi3HSAIOTHCS TiPHUYO-TEOJIOTTUHUMHU
yMOBaMH BHAOOYBaHHS Ta BIACTUBOCTSIMH BYIJIEBOJHIB, 3yMOBIIOIOTH MOTpeOy y BHOOpPI HaiOiibIx
npuBaOIUBUX 00’€KTIB, SKI MOXYTh 3a0€3MEYUTH HaWKpalli MepCHeKTUBH PO3POOKH Ta HAWBHILY
e()eKTUBHICTh 1HBECTHUIIIH. Y IbOMY KOHTEKCTI YJIOCKOHAJICHHS iICHYFOUMX METOIWYHHX 3aca]l OIlIHIOBaHHS
iHBeCTULIHOT NpHUBAaOIMBOCTI HAPTOBMX POJOBUII JACTh 3MOTY Ha(TOBHAOOYBHMM IIiJIPUEMCTBAM
dbopMyBaTH aJIeKBaTHY CTpATErif0 i TaKTHKY MOJAIBIIOT JisUTBHOCTI, PO3POOIJIATH Ta pealli3oByBaTH
e(eKTHBHI OpraHi3amiiHO-eKOHOMIYHI PILICHHS.

MeToro nmaHOTO JOCHIDKEHHS €  YAOCKOHAJEHHS METOJMYHUX 3acaj  OILIHIOBAHHS
IHBECTULIIHHOI NpPHUBAaOMMBOCTI HAPTOBUX pPOAOBUIN. BIiAMOBITHO /40 TOCTAaBIEHOI METH
3aMporOHOBAHO AITOPUTM, SIKUH nepeadadae BUKOHAHHS HACTYIHUX €TaliB!

1. BiOip KpHUTEPIiB OLIHKY;

2. IpOBECHHS KOPEIALiTHO-perpeciiiHoro aHaizy;

3. TpaHcdopmMarllis SKICHHX OLIIHOK IepeBard OJHOTO MOKa3HHKa IMepe] IHIINM y KUIbKICHI OLIHKH
METO/IOM TIOTIAPHOTO MTOPiBHAHHS;
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