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Ha ocHoBi po3pobnenux kiaciB ctBopuMo 00’ektu: kpusomun (£r0), maryn (£rl), 3agHe ruiede
Oamancupa (£r2), mepemne miede Oamancupa (£r3), mapHip MK KpHBOIIMIOM i maryHoM (con0),
LIapHIp MK MATYHOM i OanmaHcupoMm (conl), Hepyxome 3'eIHaHHA IUieueli OandaHcupa (con2), MexaHi3M
BepcTaTa-TOMIANIKH (8).

frO0=Frame (x1=0.0,y1=0.0, x2=0.81371,y2=0, L=0.81371)
frl=Frame (x1=0.81371,y1=0, x2=0.65,y2=3, L=3.0)
fr2=Frame (x1=0.65,y1=3, x2=-1.345,y2=3.01195, L=2.0)
fr3=Frame (x1=-1.345,y1=3.01195, x2=-3.6,y2=3, L=2.29)
con0=Connector (fr0, frl)

conl=Connector (frl, £fr2)

con2=Connector2 (fr2,£fr3)

s=System([fr0, frl, fr2, fr3, con0O, conl, con2])

Jns cumynauii pyxy BepcTaTa-roiiajikd MOKHA TOCTYIOBO 3MIiHIOBATH KYT ITOBOPOTY KPUBOIIUIIA Bijl
MOYaTKOBOT'O 3HAYEHHSI IO KiHIIEBOTO 3 HEBEJIIMKAM KPOKOM, HaNpuKiIay y nukim while. Timo nporo nukmy
MOBUHHO MICTUTH KOMaHIM OOYHMCICHHS KOOPAWHAT TOYKH KPHBOILIUIA 32 KyTOM HOTO TOBOPOTY, BUKIIUK
(yHKIIT pO3B’sI3yBaHHS CUCTEMH PIBHIHBb 00’ €KTa s, 3ammcy a0o Bi3yamizallii pe3yibTartiB (s.plot()) Ta
30iNbIIeHHS KyTa Ha KpoK. s po3B’si3yBaHHS CHCTEMH PIBHSIHb MOXHA BUKOPUCTATH (DYHKIIIIO root () 3
nakety scipy.optimize [3], sika po3B’s3ye cHCTeMy 4YHCENbHUM MeTozioM JleBenOepra-MapkBapara.
Oyukiis root () moTpeOye HaOMMKEHUX 3HAYCHb KOPEHIB, sIKi MO)KHA B3ATH 3 TOMEpPEAHBOI iTeparii.
Pesynprarom cumyssimii OyayTs 3HaUYSHHS HEBIJOMUX KOOPAMHAT TOYOK MEXaHi3My B Pi3HI MOMEHTH 4acy.
[licns 1wporo MokHa pO3paxyBaTd IIBUAKOCTI 1 TMPHCKOPEHHS TOYOK IUISIXOM JIU(EpEHIIIOBaHHS
pesynbraTiB pynkuismu diff () abo gradient () 3 makery scipy [3].

3anmporoHoBaHi MPUHIUITY MOXXYTh OyTH PO3BHHEHI y TIOBHOIIHHY CHCTEMY MOJIETIOBAaHHS KIHEMaTHKA
1 JMHAMIKM CKIAIHHX MEXaHi3MiB OyJb-IKOr0 THUITy Oe3 HeOOXiJHOCTI 3aCTOCYBaHHS CIICIiali30BaHUX
3aco0iB MojemoBaHHs. s [bOro HEOOXiAHO PO3POOUTH KOMIIOHEHTH, SIKi OMUCYIOTh KiHEMaTH4HI Mapu
pizHOTO THMy. Po3pobneHa mporpama Moke OyTH BUKOpHCTaHa MJIsi EKCIIpec-aHali3y KiHeMaTHUKH
MeXaHi3MiB BepCTaTiB-TOWIaIOK HOBOTO THUITY.
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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
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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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