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CKJIaJl KOMIUIEKCY
BucHoBxku
Jlana cuctema J03BOJISIE TIPH BITHOCHO HEBEIMKHUX BUTPATAX OJ[EPHKATH SKICHUN
HpI/ICTpH/I Moro HamiliHiCTh BU3HAYAETHCS HASBHICTIO MAJOrO KiIbKiCTh €JIeKTPOHHNX
enemenTiB. Ilpm wHeoOximuocti mo BIINIC wMoxmWMBO MiAKIIOYEHHS 1 1HIIUX
BUMIPIOBAJIBHUX TPUCTPOIB, TaKUX SK. JaTYAKH THUCKY TIOBITPS B CHCTEMI
MOBITPOIIOCTAYaHHS, JTaTYUKa TaXOMeTpa  poTopa Typ60K0anec0pa Ta 1HII.
3acTocyBaHHS KOMILIEKCY J1a€ MOKJIMBICTh MMIJIBUIATH SKICTh SK MPU BUIIPOOYBAHHSIX
TEIJIOBO31B TaK 1 MPH 11arHOCTYBAaHH]1 HAa TEXHIYHOMY OOCIIyTOBYBaHHI Ta PEMOHTI.

Cnucok aiteparypu: 1. Janunoe A.M. llpucanku k TorumsaM. Pa3pabotka u npumenenue B 1996-
2000r.r. // XviMust ¥ TEXHOJIOTHS TOTUTUB U Macell. 2. Mumycosa T.H., [lonuna E.B., Kanununa M.B.
CoBpeMeHHbIE AU3eNbHBIE TOIIUBA U Tipucanku Kk HUM. M.: Texaunka, — 2002. 64C. 3. Kymosoii, B.
A. Brpeick TorunBa B auseisix / B. A. Kyropoii. - M.: Mamunoctpoenue, 1981. - 11%.149
Ilocmynuna 6 peoxonnecuro 30.08.2011

YJIK 621
0.€.CKBOPYEBCHKHH, xaun. TexH. Hayk, gouent HTY “XIII”, Xapkis

AHAJITUYHUM OIJIAJ CYYACHUX METO/IIB
MATEMATHUYHOI'O KOMIT'IOTEPHOI'O MOJAEJTFOBAHHSA
POBOYHUX ITPOIECIB EJIEKTPOT'TAPAB/IIYHUX CUCTEM
TA ATPEI'ATIB

B po6ori 3pobiieHa cipoba aHaTITUYHOTO OISy Cy4YaCHUX METO/IiB MaTEMATUYHOTO KOMIT'FOTEPHOTO
MOJICITIOBAHHS POOOYMX IMPOIIECIB EIEKTPOTIAPABIIYHIX CUCTEM. B pe3ynbTaTi Oy BUIBJICHO, IO
HaOLIBII PO3MOBCIOHKEHUMH 3ac00aMU MaTeMaTHMYHOI'O MOJICNIOBaHHS pPOOOYMX MPOIECIB TYT
3aIMMIAIOTBCS  MPOTPaMH, IO JO3BOJISIIOTH CHHTE3YBaTH MOJETb 13 CTaHAApPTU30BAHUX Ta
OpUTIHAIBHUX PO3PAXYHKOBUX OJIOKIB.

B pabote cpenaHa mMOmMBITKA aHAIUTHYECKOTO 0030pa COBPEMEHHBIX METOIOB MAaTeMATHYECKOTO
KOMIBIOTEPHOTO MOJCIUPOBAHUS Pa0OYMX MPOIECCOB AIEKTPOTHIPABIUYECKUX CHUCTeM. B
pe3ynbrare 0030pa BBISBICHO, YTO HamOoJee paclpOCTPAaHEHHBIMHU CPEJCTBAMU MaTEeMaTHUYECKOIO
MOJICTTUPOBAHUS PA0OUUX MPOIIECCOB TYT OCTAIOTCS MPOTPAMMBI, KOTOPBIE MTO3BOJITIOT CHHTE3UPOBATh
MoOJieIb U3 CTaHIaPTU30BAHHBIX U OPUTHHAJIBHBIX PACYETHBIX OJIOKOB.
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The attempt of state-of-the-art review of modernthods of mathematical computer design of
workings processes of the electro-hydraulic systeria-process done. It is exposed as a result of
review, that the most widespread facilities of neatlatical design of workings processes here are the
programs which allow to synthesize a model fromstamdartized and original calculation blocks.

IlocranoBka npodJieMHu B 3araJibHOMY BUIJISTI

Komn'torepue  maTemaTnuHe  MOJENIOBAHHS  TPAgUIIAHO € OJHUM 13
HAaBaXJIMBIIIKX €TaliB MapaMETPUUYHOTO CHHTE3y Ta aHali3y TEXHIYHUX CHUCTEM,
30KpeMa eNeKTPOTiIpaBiiuyHuX. SKicHEe Ta KBami(ikoBaHE BUKOHAHHS ITLOTO €TaIy
JI03BOJIIE 3MEHIIMTH Yac Ta BUTPAaTH Ha CTBOPEHHS HOBHUX EJIEKTPOTiIPaBIIuHUX
cucteM Ta arperariB. Came TOMy BUSIBICHHS Ta MOAANBIIMA PO3BUTOK HAMOLIBII
NEPCIEKTUBHUX Ta e()EeKTHUBHUX HANpAMKIB MaTeMaTUYHOTO  KOMII'FOTEPHOTO
MOJICTIOBaHHSI POOOYMX TMPOIECIB EIEKTPOTIAPABIIYHMX CHUCTEM Ta arperariB €
aKTyaJbHOIO HAYKOBOIO 33/1a4€IO.

OcTtaHHIM 4acoM 3'SBIISIETHCSI 3HAYHA KiJIBKICTh MyOJTIKAIlii B IKMX MPOIMOHYIOTHCS
MaTeMaTU4yH1 MOJIEJl Ta MPEACTABISAIOTHCS PE3YJIBTATH KOMI FOTEPHOTO MOJICTIOBAHHS
poOOUMX TIPOILIECIB  E€IEKTPOTIAPABIIYHUX CHCTEM Ta 1iX eJeMEHTHoi 0asw.
MatemaTtuyHuil anapar, 10 BUKOPUCTOBYETHCS aBTOPAMHU € JOCTAaTHHO PI3HOMAHITHUM
— BiJl KJIJACHYHUX JIIHIMHUX MoOJIeJe Teopii aBTOMAaTUYHOTO YIPABIIHHA O CY4aCHUX
HANpsSIMKIiB TPHUKIAAHOT MareMaTWku (IITYy4HI HEHPOHHI MEpexki, Teopis HEUYITKUX
MHOKMH ® T.10.). OmHak B CHWIy OO'€KTHBHHX OOCTaBHH, a came. 3aHenauy
IPOMUCIIOBOCTI, CTapiHHS JsabopaTopHOi 0Oa3u BIIIMX HaBYAJBHUX 3aKJIaiB Ta
HAYKOBO-JOCTIIHUX 1HCTUTYTIB YKpaiHM, HaLIJICHICTh KOMEPLIHHUX CTPYKTYyp Ha
PEMOHT Ta KOTIIOBAaHHS CTApUX TIAPOCUTEM TOIO, aJEKBATHICTh 3HAYHOI KIJTBKOCTI
MaTeMaTUYHUX MOJENeH 3anuiaeTbcsi He TnepeBipeHoro. CHiBCTaBICHHA PI3HUX
CydJacHUX MIJAXOAIB 1 MPHUHIMIIB MaTEeMAaTHYHOTO KOMIIFOTEPHOTO MOJIEIIOBaHHS
pOOOUUX MPOIECIB EICKTPOTIAPABIIYHIUX CUCTEM Ta arperatiB J03BOJUIIO O BIAMOBICTH
Ha MUTaHHS NIepeBard BUKOPUCTAHHS TOTO YW 1HIIOTO METOY .

AHaJIi3 OCTaHHIX MyOJiKaNii

Anami3 3Ha4YHOI KiAbKOCTI myOmikamii [1-34 Ta 1iH.] mOB'A3aHHMX i3
MaIIMHOOYAIBHOIO TIAPABIIKOI Ta MEXaTPOHIKOK HE BHUSBHUB CITIBCTABJICHHS Ta
NOPIBHSJIBHOTO ~ aHaNi3y  pI3HUX  MIAXOAIB 1  NPUHLMUIIB  MOJCIIOBAHHS
CJICKTPOTIIPABIIIYHIX CHCTEM Ta iX €JIeMEHTHOI 6a3u okpim poliT [1, 2]. Pobortu [1, 2]
HOCSATh (yHIaMEHTAIIbHUN XapaKTep Ta CUCTEMATU3yIOTh 3HaYHY KUIbKICTh METO/IIB Ta
MoJieJiell aBTOMaTH30BaHOTO aHali3y Ta CHHTE3Y €JIEMEHTIB riaponpuBoay. OnHak B
HUX HE BPaxOBaHI OcaHHI myOumikamii BIiTYM3HSHUX aBTOpiB. Po3polnenuii B [1, 2]
aBTOMATHU30BAHUN KOMILJIEKC MPOEKTYBAHHS €JIEMEHTIB TiIPONPUBOY BIPOBAIKEHUN
B CrerniaibHy KOHCTPYKTOpchbkoMy Oropo “IlpunamoOynyBaHHS Ta aBTOMAaTUKU M.
KipoB, 1o BupoOsie TrigpoaBTOMaTUKy i crenblabHux MamuH BIIK Pociiickkoi
deneparrii 1 HaBPSA JOCTYITHUM MIUPOKOMY 3arairy, TUM OLIbIIe 3a 11 KOPJAOHOM.

ITocTranoBka 3axa4i podoTH

3agadero JaHoi pPoOOTHM € TIOPIBHSUIBHUN aHam3 MIAXOMIB 1 IPUHIUIIB
MaTEMaTUYHOTO KOMIT' FOTEpPHOTO MO/ICJIIOBAaHHS pobounx IPOLIECIB
CJIEKTPOTIAPABIIYHAX CUCTEM Ta arperariB, $Ki BHKOPUCTOBYIOTHCS aBTOPAMHU
nyOiKalii 3a OcTaHH1 ACK1IbKa POKiB. BusiBieHHS HalO1IbII MEPCIIEKTUBHUX METO/IIB
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JUISL  TIOAAJBLIOTO iX 3aCTOCYBaHHA JJii  pPO3pOOKM HOBOI €JIeMEHTHOi 0a3u
eJIEKTPOT1IPABIIYHIX TPUBO/IIB.

IopiBHsAAIbHMI aHAJI3 CyYaCHHUX METOAIB MAaTeMATHYHOI0 KOMII IOTEPHOIO
MO/ EeJTI0BAHHA PO0O0YHX MPOLECIB JEKTPOriIpaBJIiYHUX CHCTEM Ta arperartiB

[MppaBmiuHi TPOLECH ONMUCYIOTHCS HEMIHIMHUMU 3aJIEKHOCTSAMH, 110 MOB'A3aHO 13
HENIHIMHICTIO BUTPATHO-TIEPENAIHUX XapaKTEPUCTUK, HASBHICTIO 3MIIIAHOTO TEPTS B
IUTYH)KEpHUX Ta 30JIOTHUKOBHMX Mapax TOILIO, TOMYy anreOpaiuni Ta audepeHiiini
PIBHSIHHSI TYT HOCSTh BHUPAXXEHO HEMHIMHMM xapakTtep. MaTeMaTH4HH amapat
aHATITUYHOIO PIIIEHHS TaKUX PIBHSIHb PO3POOJICHUIN HEAOCTATHHO, 10 TPU3BOIUTH 110
HEO0OX1THOCTI BUKOPUCTAHHS YUCIEHHUX METOIB. TPyAOMICTKICTh YUCIICHHUX METO/IIB
pIILICHHS HEMHIMHKUX anreOpaiuHuX Ta IudepeHIIHHNX PIBHSAHB MPUBEIA JI0 TOTO, 10 B
kinacuuHux podorax T.M. bamtu, B.H. [Ipokodrea, H.C. I'amunina, B.A. Jlemenko,
E.M. XaiimoBuua, JI.®. IlomoBa, b.®. ['mukmana Ta 1H. JJIs ONHUCY €JIEMEHTIB Ta
CUCTEM TIAPONPUBOJY Ta TIAPOABTOMATUKU, SK MPABUIO, BHUKOPUCTOBYIOTHCS
JiHeapu30BaHI MareMaTu4Hi mojem. Ha cydacHomy ertami pO3BUTKY MPHKIATIHOL
MaTeMaTUKH Ta OOYHMCIIOBATBHOT TEXHIKM OUIBII JOIUIBHO BUKOPHUCTOBYBATH
HENIHIMHI MaTeMaTH4HI MOJENl JUIsi MOAAJbIIOr0 IX BHUPIMICHHS YHCICHHUMHU
METOJaMU 13 3aCTOCYBaHHSM MAaKeTIB MNpUKIaAHUX mporpaMm. CydacHi CHCTEMH
CJICKTPOTIAPABIIYHAX ~ TPUBOMIB  SBISAIOTH  COOOK  IHTErpalif0  TIAPaBIIKH,
eJIEKTPOMEXAHIYHUX IEPETBOPIOBAUIB Ta KEPYIOUOi ENEKTPOHIKM TOOTO € 00'ekTamMu
MexaTpoHiku. CKJIaJHICTh MaTeMaTUYHUX MOJieiell 00'€KTIB MEXaTPOHIKHU IOB's3aHa 13
B3a€EMHHM BILJITUBOM MPOTIKAIOUUX B HUX MPOIECIB Pi13HO1 (HI3UYHOT IPUPOJIU.

AHanTHYHun orJIsijg _ _

. HampsiMku ananizy cydyacHUX METOZIB MaTEMaTHYHOT'O KOMII FOTEPHOTO

METOA1B MaTEMaTU1HOIO MOJIETIIOBaHHS POOOUYHX MPOLECIB EIEKTPOTiIPABIIYHIX CUCTEM Ta
1

KOMII FOTCPHOT'O arperaris
MOJICIFOBAHHS, 10 l l l
3aCTOCOBYIOTBCA igpydHuKy Ta Haykosi craTti T2
JIOCTIAHUKAMU B OCTaHHI Moworpadii Hluceprani Tesu fonoineii
POKH PO3AUIMMO Ha JEKUIbKA
HanpsaMKiB (puc. 1). Puc.1l —Hanpsmku npoBeieHOro aHami3y

[Migpyunuku [3-5] sBasirorh coOor0  (yHIameHTanbHI pobOTH B Tamysi
T1ApONPUBOAY Ta T1IPOMHEBMOABTOMATHKU. B HUX BHCBITJIEHI yCi Cy4acHI HANpsSMKH
ix po3Butky. OnHak, Ha JKajgb, HE TMPUAUICHO [TOCTAaTHHOI yBarWw JHHAMIII
T1APONPHUBO/IIB Ta X €IEMEHTHOT Oa3u.

PoGota [6] IpyHTyeTbCsS Ha JIHEAPU30BAHUX MOJICIAX KJIACHYHOI Teopii
aBTOMATUYHOTO yIPaBIIiHHS.

B pobGoti [7] Takox HaBeaeHI NPHUHIHKIIK PO3PaXyHKY JUHAMIKH TiIpOIPHUBOIY,
SsKi B OCHOBHOMY TIPYHTYIOThCS Ha JIIHEAPU30BAHUX MOJEISAX KIACHYHOI Teopii
ABTOMATUYHOTO YMpaBIiHHA. TakoXk 3a3HAYAETHCA, MO SKIIO TOYHICTH PO3PAXYHKY
HEpeai3yeThes, TO JiiHeapu3allisi HeAomycTuMa. J{Js WX BHIAIKIB MPEICTaBICHHMA
METOJl OTpUMaHHs TrpadikiB MEPeXiAHUX MPOLECIB MIIAXOM PIIICHHS HETIHIHHUX
mudepenuiinux piBHsiHb Ha EOM wmeromom Pynre-Kyrra. Omgnak Take pilneHHS
TexHiuHO peanizoBane HAa EOM “Mincpk-32" 3a gqonomororo MoBu “@optpan”. Takwuii
M1IX11 BKpail 3acTapiB Ta HE BIAMOBIAE CYJaCHUM BUMOTaM.
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HaBuanbuuii mociOHMK [8] KOpPOTKO BHCBITIIIOE OCHOBH TiIPONPHUBOLY 1
TiApoaBTOMATUKH. MICTUTh IIKaBl  PO3IUIM, HANPHWKIAA TPO  CIAAKYBaIbHI
riiponpuBoaAn TUCKpeTHOI aii. OmHak B poOOTI HE NPUIUIEHO AOCTaTHHO YBaru
JUHAMII T1AponpuBoay. JuHaMIYHUI pO3paxyHOK T1IPONPUBOAY HaBEACHHUM Y poOOTI
[9] 3Benenuii umie 10 pO3paxyHKy HOro KiHEMaTHKH.

Poboty [10] MoxHA BBa)KaTW OJHI€IO i3 MEPIIMX CHPOO PO3MIIIHYTH aHaTi3 Ta
NPOEKTYBaHHS EJIEKTPOTIAPABIIYHUX CUCTEM, SIK 00'€KTIB MexaTpoHiku. OJIHaK METOAH
BukiazeHi B [10] He MOo)kHA BBa)kaTh 3aBeplICHUMH. BOoHM MOTpeOYIOTh MOAIBIIOTO
PO3BUTKY.

[IpoananizyBaBiid JOCTYIIHI IIMPOKOMY 3arajly MiAPYYHUKH, 110 OyIu
onyOJIIKOBaH1 3a OCTaHHI POKH MOKHAa 3pOOMTH BHUCHOBOK IPO T€, IO PO3PAXYHKY
JWHAMIKA T1APONMPHUBOJIB Ta iX €JIEMEHTIB Ha OCHOBI HEIIHIMHMX MaTEeMaTHYHHX
MoJieJIell B HUX He MPHUAUIEHO TOCTaTHBOI yBaru. Takok po3risiHyTi BUIe MOHOTpadii,
HiAPYYHUKH Ta HaBYalIbHI MOCiOHMKH, oKpiM [10], He po3risinaoTh B3a€EMHOTO BILIUBY
MEXaHIYHUX, TIAPaBIIYHUX Ta EJICKTPUYHUX CKJIQJOBUX EJIEKTPOT1IPaBIIuHUX
TIPUBOIIB.

B mucepranii [11] BukopucTaHi JiHeapr30BaHI MATEMAaTHIHI MOJIEII TiPaBIiIHIX
amapartiB 13 OCHWJIALIE0. XapaKkTep MepexiJHUX MPOLECiB y TIAPONPUBOAL Ta KJalaHi,
pO3paxoBaHUX 3a JIHEAPU30BAHOKO Ta HEIIHIHHOIO MaTEMaTUYHUMH MOJEISIMU
nokaszaiu 1o0pHii 30ir.

OnHak BUHHUKAIOTh CYMHIBH IIOJI0 TPABOMIPHOCTI MPHUIYIIEHHS, 110 100puil 301ir
MDK JIIHEapHU30BAaHOIO Ta HEJIIHIMHOW MOJEUII0 TIAPONPUBOAY Ta KjalaHa
posrisnyToro B [11] miarBepmkye qo0Opuit 30ir MiXk JTIHEAPU30BAaHUMHU Ta HEJIIHIHHUMU
MaTEeMaTUYHUMHU MOJIEISIMU 1HILIKX T1IpOanaparis.

B mucepramii [12] moOpe po3poOsieHi Mojenai TiZpONPHBOIIB Oy/iBEIbHO-
JIOPOKHIX MAIllMH 3 TOYKH 30py IX EHEePreTUYHHX XapaKTepucTHuk, 30kpema KKII.
OpmHak 1i MoOAeNi HaBps[ NUpHUIATHI UIi OTPUMAHHS CTAaTUYHUX Ta JIWHAMIYHHX
XapaKTepUCTHUK MPUBOAIB, TUM OUIbIIE X €JIeMEHTHOI 0a3H.

B [13] posrmsgaerscsi CHHTE3 €HEpPro3oepiraroumx IMHEBMOArperariB, OJHAK
MaTeMaTUYHUX MOJIENeH Ta IHIIMX BIIOMOCTEH M0N0 TIAPABIIYHUX arperariB B
aBTopedepari [13] e 3HalIEHO.

B nmpyriit rnaBi po6oru [14] mpencraBieHi 00'€KTHO-OpI€HTOBAaHI MaTeMaTHYHI
MOJieJl aBTOHOMHHUX EJIEKTPOTIIpaBliyHUX NPUBOAIB. MaTeMaTHuHi MOJENl MICTAThb
anreOpaiuHi  Ta audepeHIliiHi pIBHSHHS, IMOYaTKOBI yMOBH. BuOpanuii Ta
OOTpYHTOBaHHMI METO/ YUCICHHOTO PIlICHHS] OTPUMAHO1 CUCTEMH PiBHSHB, pO3pO0ICHA
nporpaMa po3paxyHKy Ha anroputmiuniii moi Ilackams (Delphi). B ochoBy
MaTEeMaTHYHOTO OMHUCY aBTOHOMHHUX EJIEKTPOTiAPaBIiYHUX TPHUBOMAIB IOKJIAICHI
JIHIMHT MOAENi, KOTpl J03BOJSIOTH BIJIOMUMH METOJAaMU 3HAXOJUTH CTPYKTYpHU Ta
napaMmeTpH, 1o 3a0e3NneuyroTh ONTUMalbHE KepyBaHHs. Bka3yeThcs, 1m0 po3polieHa
METOJIMKa MOKe OyTH BUKOPUCTaHA B BUTIAJKY OLIBII CKJIAJIHUX HEJIIHIMHUX MOJICIICH.

[Mpuntunu ta migxoau po3podieHi B [14] He MmoxHa Ha3BaTH Halkpamumu. [lo-
nepme Meroauka [14] mepenbavac BUKOPUCTAHHS JIIHIHHUX MOJENCH, TOMY
MOXJIMBICTh 11 Yy3arajJbHEHHS Ha BWIAJOK MOJCIIOBAHHS HEJIHIMHUX TPOIECIB
BUKJIMKa€e cyMHiBH. [lo-apyre po3poOka nmporpamMu po3paxyHKy Ha alrOpUTMIYHIN MOBI
[Mackame (Delphi) nHe momineHa, OCKUTBKM Ha CydaCHOMY €Talli  PO3BHUTKY
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MaTeMaTUYHOTO KOMITFOTEPHOTO MOJIEIIOBAHHS PIIICHHS JIHIMHUX Ta HETHIHHUX
anreOpaiyHUX pIBHAHb MOKHA 3AIMCHUTH TPOCTIIIE HANPUKIAA 32 JIOINOMOIOIO
nporpamu MathCAD.

Hucepranii [15-17] Ha 3100yTTsI HAYKOBOTO CTYNEHS KaHAHWIATa TEXHIYHUX HAYK
BUKOHaH1 Y BIHHUIIbKOMY HalllOHAJIbHOMY TE€XHIYHOMY YHIBEPCUTETI MOKHA BITHECTH
10 oxHiel HaykoBoi mkonu. Lli aucepTaiii MaroTh CXiAHI HAmpPSAMKH, CTPYKTYpy Ta
METOAM  JOCHIIXKeHb. JIJigs  TEOpeTHYHHUX  JIOCHIPKEHb pOOOYMX  MPOLECIB
TAPOPO3NOAIILHUKIB 13 TPOMOPIIMHUM KEPYBaHHSIM Ta pEryjsTopa MOTYXKHOCTI
Hacoca B HUX MOOYAOBaH1 HEMHIWHI MaTeMaTHYH1 MOJIEJ1 IUX arnapariB 13 MOJadbIIuM
MOJICIOBaHHAM 3a Joromoror moayist Simulink mporpamu MATLAB.

MopnenoBaHHsT ~ €HEPreTUYHHUX, CTaTUYHUX Ta  JUHAMIYHHAX  TIPOIIECIB
IiIPONPHUBO/IIB Ta iX eJeMEeHTIB 3a Jonomororo moayis Simulink mporpamu MATLAB
BUKOPHCTOBYETHCS B JIOCIIKEHHIX 0araThoX pociichkux aBTOpiB. Tak B poOoTi [18]
3aIpoIIOHOBaHAa JIIHIHHA MOJEIbh JAPOCEIBLHOIO TiAPONpHUBOaa OyAiBEILHOIO KpaHa Ta
MOJIeNIb HarpiBaHHS PoOOUOi piAWHM B Iiil cuctemi HabpaHa B cepenosuini MATLAB
Simulink.

[Tpu mpoBeneHHI TEOPETUYHUX NOCIiIKEeHb B poboTi [19] BuKkopucToBYBaBCS 5K
monyns Simulink mporpamu MATLAB, Tak i mpsiMe pilieHHS HETIHIHHUX CUCTEM
nuepeHLIHHUX PIBHSAHB 3@ JOTIOMOTOI0 MPOTrPaMU HAMMMCAHOT aJrOPUTMIYHOIO MOBOIO
[Tackans. [TopiBHATH J1Ba PO3MIAHYTI MigXOoAW Ha OCHOBI [19] HE MOMJIHMBO OCKUIBKH
BOHH BUKOPHCTOBYBAJUCH JIJISl MOJICTFOBAHHS Pi3HUX T1IPOMEXaHIYHUX CHCTEM.

YerBepra riaaBa pobOotu [20] mpucBsueHa MOJCIIOBAHHIO CIIEKTPOTiApaBIidHOI
rajJbMiBHOI cucTeMH, mo camo30ymkyerbesi (SEHB) B cuctemi MATLAB Simulink.
OCHOBHUMM €JIEMEHTAMU Simulinkwmonaen € 30JOTHUKOBHH — PO3MOAUIBHUK,
TIAPOJBUTYH Ta OMOPHUM TIAPOMMIIHAP, KOTPI MOJETIOITHCS Y BIAMOBIAHOCTI 13
BUXIJHOI0O MaTeMaTHYHOIO MOJCIUII0 TajbMiBHOI cucTeMu. Takox B poOoti [20]
3a3HAYAETHCS, MO PSAA 3pOOJICHUX TpH TMOOYIOBI MOJEN MPUITYIICHbh BIUIMBAE HA
pe3yNbTaTH MOJEIOBaHHS. JIJIsi MiIBUINEHHS TOYHOCTI PE3YJBTATIB MOJICTIOBAHHS
OyJu mpoBeeHi T0aTKOBI nociimkeHHs B mporpami DSHplus —inctpymenransHOMYy
nporpaMHOMy 3aco0i, 610J10TeKH KOTPOTO MICTATH OJIOKH, IO IMITYIOTh TiApaBIivHi,
MHEBMATUYHI, MEXaHIYH1 Ta eNEKTPUYHI KOMITOHEHTH.

B mucepraniiiniii pobdoti [21] B cepemoBumi MATLAB Simulink Bukonano
MOJICTIIOBAHHS MOBEAIHKY JUHAMIYHUX CHCTEM IMPHU MIAHATTI BAHTAXY T1IpodiKOBaHUM
KpPaHOM.

AHai3 aMcepTaiiHuX poOIT YKpaiHChKUX 3100yBayiB Ta JOCTYIIHHX POOIT
POCIICBKMX aBTOpIB TOKa3aB, IO MaTeMaTHYHE MOJICTIOBAHHS pPOOOYHMX TPOIIECiB
CJIEKTPOTIAPABIIYHUX TMPHUBOJIB Ta iX EJIIEMEHTIB BHUKOHYEThCS BOCHOBHOMY 32
nornomororo kommiekca Simulink/MATLAB. Sk nmpaBuio mpolec MOCITIOBAHHS
MICTHTh B 001 CKJIaJJaHHsI MaTEeMAaTHUYHOI MOJIeJ1 Ju(EepeHIIHHNUX PIBHIHB, IKMM MOTIM
y BIANOBIIHICTh CTaBIATHCS JiHIMHI Ta HemiHikdHI O1oku Simulink MATLAB. Takox
3yCTpIYAIOTHCA POOOTH B SAKMX JAMHAMIKA TIAPABIIYHUX Ta EJIEKTPOTiIpaBIIuHUX
CHCTEM MOJIETIIOETHCS Oe3MocepeHIM pillIeHHIM IU(EepEHIINHIX PIBHSIHb YHUCICHHUM
METOJIaMH, ISl YOTO CTBOPIOIOTHCS OPUTIHANBHI MPOTpamMH, SK MPaBUIIO, HaMHMCaHI
anroputMivHEMEA MoBamu [lackans abo Delphi.
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Jlnst OUTBII TOBHOTO OIVISITy CYYaCHMX METOMIB MaTeMaTHYHOTO KOMIIFOTEPHOTO
MOJIETIFOBAHHSI POOOYMX MPOLIECIB €JIEKTPOriAPaBIiKi MPOAHAIIZyeEMO OCTaHHI CTaTTi Ta
TE3H JIOTIOB1/IEH B IKUX PO3IIISIHYTI 111 TUTAHHS.

B poGoti [22] HaBemeHi muIIe HAWOUTBII 3arajbHi MPUHIUIN MOOYI0BU
MaTeMaTHYHUX MOJeJNel 00'€KTIB MEXaTPOHIKH.

B pobGorax [23-26] o0OIpyHTOBYETbCS MOJCIIOBAHHS POOOYMX TIPOIECIB
TiIpaBIIYHUX Ta eJeKTporiapaBiiuaux cucteM B cepemoBuini MATLAB Simulink, a
Takok makeTy (isuudoro wmozemoanas SIM HYDRAULICS [25]. B [26]
3alpOMOHOBAHO PO3PAXyHKOBY CXEMy Ta CHCTEMYy HENiHIMHUX AuQepeHIiiHuX
PIBHSIHBb, 10 OMNHUCYE pPoOOYl TMPOLECH CUCTEMHU KEpPyBaHHS MPOIOPIIAHUM
pPO3MOIILHUKOM. BuH3HaueHI IMOYaTKOBI YMOBHU IHTETPYBAaHHS CHCTEMHU PIBHSHb.
OOpoOky MaTemMaTHyHOi MOJENi BUKOHAHO 3a JOMOMOIOI MPOTPAMHOTO TAKETY
MATLAB Simulink. Opnak BimoOpakeHHS CHCTEMH HETIHIHHMX JUdEpEeHIIHHIX
PIBHSIHb y BUIJISIII OJIOK-CXEMH € TPYJAOMICTKHM, JIOIMYCKAa€E JTOJATKOBI MOKJIHMBOCTI
3poOuTH MOMUIKY. Takok OJIOK-CXeMa pPO3B'SI3aHHSI CHUCTEMU DIBHSHB € JOCTAaTHBO
TPOMI3IKOIO.

B poGorax [27-29 Ta iH.] y sKkocTi 3aco0y MOJEIIOBaHHS JUHAMIKA
eNIEKTPOT1IPABIIIYHUX CHCTEM BHUKOPUCTOBYEThCS makeT VISSIM, mo TakoX BHMarae
HAOOpy Mofelni 13 CTaHAAPTHU30BAaHUX PO3PaXyHKOBUX OJOKIB. [HOAI Takuil minxina
BUMAara€ CTBOPEHHS OpHTIHAIBHUX OJOKIB, Tak Hampukiax B [29] po3pobneHwmii
pO3paxyHKOBHI OJIOK JyIi MOJICJIIOBaHHS XBWJIBOBHUX TPOIIECIB B  00'€MHUX
T1IPONIPUBOIAX 3 TOBIUMH TPYOOTIPOBOIAMH.

B crarti [30] nporpama peanizarii iMiTamifHUX MoIeeii BUKOHaHA B rpadiuHOMY
cepenouini LabView nns WindowsXP (National Instrument€§II1A). He3paxaroun
Ha Te, [0 BIIJIOMY BKa3aHa IporpamMa J03BOJIMIa BUKOHATH MTOCTABIICH] 3a/1a4i, aBTOPH
BKa3yIOTh Ha eBHi ii Hepoiku [30].

B [31] orpumani pe3ynbTaTé pO3paxyHKY Tedil PIAUHH B MPOTOYHINH dYacTHHI
BIIIEHTPOBOTO HAcoCy 3 OJHO- Ta JBOJIONATEBUMH POOOYMMH KoJiecaMHu 13
BUKOPUCTaHHA mporpamHoro mnpoxaykra FlowVision. IloOynoBani mopiBHSUIBHI
XapaKTepUCTUKH, OTPHUMaHI B XOJA1 PO3PAXyHKOBOTO Ta (PI3UYHOTO EKCIIEPUMEHTIB.
Bkazanuii mporpamMHMii TPOAYKT 03BOJSIE 3 33J0BUIBHOI0 TOYHICTIO MOJENIIOBATH
TEUil0 PIAMHU B MPOTOYHIM YACTHHI BIALIEHTPOBUX HacociB. OAHAK PpO3IIISHYTHIMA
NpOrpaMHUNl TPOAYKT € OOCTaTHbO AOPOrHM. Takox B JiTepaTypi HE 3HAWIEHO
0OTPYHTYBaHHS JOIUIBHOCTI HOTO BUKOPUCTAHHS JIJI1 00 €MHUX €JIEKTPOT1APABIIYHUX.

HesBaxkaroun Ha myOumikaiii B SKUX 3po0jieHa crpoOa BUKOPUCTATH OPHUTIHAIbHI
MaKeTH IMITAIIHHOTO MOJCIIOBaHHS, NMEBHUM ‘CTaHAApTOM’, Ha CHOTOJHIIIHIN Yac,
MOJICTIOBaHHSI POOOYMX TPOIIECIB TIAPABIIYHUX Ta EJEKTPOTIAPABIIYHUX CHUCTEM
3anuiiaerbess Moayiab Simulink mporpamu MATLAB. Take po3moOBCIOKEHHS M€l
IporpaMyd MOKHA MOSICHUTH ii BIJHOCHOIO TPOCTICTIO, CXOXKICTIO CBO€I OJOYHOIO
CTPYKTYpOIO Ha TIOTEpPEAHI MpOTpamMH Jisi MOJEITIOBAHHS TipaBIiYHUX IPOIIECIB
(SIAM, VisSim, Tta iH.). MoguemoBands B MATLAB/Simulink, VisSim, SIAM
HENHIMHUX TPOIECIB JEUI0 YCKJIAJHEHO 4Yepe3 BIACYTHICTh NESKUX HEOOXITHUX
OJIOKIB.

BizncyTHiCTh MEBHUX HEOOXITHUX PO3PAaXyHKOBUX OJOKIB 3MYIIy€ IOCIIAHHKIB
[29, 32, 33]po3pobisiTu cBoi opuriHanbHi 010kH. Tak B podortax [32, 33]mocmikeHHs
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npoBoasaTbcss B MATLAB/Simulink, ame ocHOBHUI akileHT poOUTHCS Ha PO3POOJICHIM
aBTOPOM OpHWTIHANBHIA Oi0TIOTEIll THUMOBUX MOJENEH TIAPaBIIYHUX MAIIMH Ta
amaparis.

B nesxkux crarTax, sk Hanpukian [34] ans pimeHHs cucteMu audepeHIiiHIX
piBHSIHB po3poOieHa opuriHaibHa nporpama it [IEOM. OnHak Takuif migxia Takox
HE MOXHA Ha3BaTU TNEPCHEKTUBHUM, OCKUIBKM Ha CYyYaCHOMY €Tami pPO3BUTKY
KOMIT'IOTEPHOTO  MOJICIIOBAHHS  YHUCJACHHE  PIIMIEHHA  CUCTEM  HENIHIHHUX
nudepeHiiiaux abo anreOpaiuHuX pIBHSAHH MOXKHA peaizyBaTH 3a JOIMOMOTOIO
MaTeMaTHYHUX IakeTiB, Hanmpukiag MathCAD.

Ha »xanp, mpu anamizi jiTepaTypu 3a OOpaHOIO TEMAaTHUKOIO, HE 3HAMICHO
iHbopMmariii  momo 3actocyBanHs nporpamu  MathCAD anms  mocmimkeHHs
CHEpreTUYHUX, CTATUYHUX Ta AWHAMIYHUX TMPOIECIB EIEKTPOTiAPaBIIYHIX CHCTEM
MPUBO/IIB Ta iX €IeMEHTHOT 6a3Hu.

IIpoBeneHuii aHAJTITUYHMHA OTJISAA T03BOJIMB 3POOMTH HACTYIHI BUCHOBKH TAa
BU/JLIUTH NEPCIEKTUBH J0CTIIKEHb!

1. IleBHuM cTaHgapTOM B MOJEIIOBAaHHI CHEPreTHYHHMX, CTATUYHUX Ta
JTUHAMIYHUX TIPOIECIB B EJIEKTPOTIAPABIIYHAX CHUCTEM Ta iX €JIIEMEHTaX € MOIYJb
Simulink nporpamn MATLAB. Horo mmpoke poO3HOBCIOMKEHHS MOXHA HOSICHUTH
BIJTHOCHOIO TIPOCTICTIO Ta CXOXICTIO CBO€IO OJOYHOIO CTPYKTYPOIO Ha TMOMEpEaHi
nporpamu i po3paxyHKy rigponpusoaiB (SIAM, VisSim, Ta in.).

2. Bukopucranus matematnunux nakeriB (Simulink/MATLAB, SIAM, VisSim,
Ta 1H.), IO JO03BOJISIIOTH BBOJWUTH MOJEIb y KOMITIOTEp, LLIAXOM ii Habopy i3
CTaHJIapTHU30BaHUX OJIOKIB, Ma€ JCKUIbKAa MPUHIMIIOBUX HEeA0iKIB. CTaHAapTHICTH
OJIOKIB BUMAara€ CTBOPIOBATH OpPUTIHAIBHI aBTOPCHKI OJOKW IS MOJEIIOBAHHS
ckmagHux poboumx mpoueciB. llepeBeneHHs Moxened i3 mepBicHOI  (opmu
nudepeHIiiHuX Ta anreOpaiuHuX piBHAHD B OJIOYHY CTPYKTYpY BUMAarae 3Ha4HoOi mparii
Ta Yacy, a TaKOXX CTBOPIOE TMEPEAYMOBH Il BUHHUKHEHHS MOMHJIOK. Takok 9acrto
BIJIMTOBITHICTh HAOpaHUX OJOK-CXEM BUXIJIHUM PIBHSHHSM BUKJIMKA€E CyMHIBU. biiodHo-
MOJYJIBbHUNA MIAX1J MOXE CTPUMYBAaTH BUHUKHEHHS Ta PO3BUTOK OPHUIIHAJIBHOI
BITYM3HSHOI €IEMEHTHOI 0a3u eJIEKTPOT1paBIIYHIX TPUBOIIB 1 CUCTEM.

3. 3 orisay Ha BUIIEBUKIIAICHE NMEPCIEKTUBHUM BOAYA€THCS CTBOPEHHS 00'€KTHO-
OpIEHTOBAHMUX MOJIEJIEH B OCHOBI SKUX OyAyTh AU(EPEHLINHI Ta anreOpaidHi piBHIHHS,
13 moaanpIIMM Oe3rocepeHIM po3B'a3aHHAM HuX Mojneieil. Cepea MmepcreKTUBHUX
KOMITIOTEPHUX 3ac00iB I OE3MOCEPETHTOr0 YKMCICHHOTO PpO3B'SI3aHHS CHCTEM
HeNMHIMHUX  gudepeHIiiHux uyM  anreOpaiyHMX  pIBHAHHL  MOXKHA  Ha3BaTu
obumncmoBaibhy cucremy MathCAD.

Takoxx MoTpiOHO BIA3HAYMTH HEOOX1IHICTh MIAPYUYHHUKIB, METOJUYHUX PO3POOOK,
MoOHOTpadiil TOIIO B AKUX OU PO3pOOJISIIUCS TPOTPECUBHI METO0JIOTT MATEMAaTUYHOTO
MOJICTIOBaHHSI €JIEKTPOTipaBIIYHUX CHUCTEM IMPHUBOJIB Ta IX €JIeMEeHTHOI 0a3u,
3okpema B MathCAD.
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