O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0411U003447
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 19-05-2011

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. IIponenko JImutpo IleTpoBuy

2. Protsenko Dmytro Petrovych

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs

Bup, pucepranii: kanguzaar Hayk

AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoBOi cneniaabHOCTI: 05.09.03

Ha3Ba HayKOBOIi CIIeIiaIbHOCTI: EJeKTPOTEXHIYHI KOMIITIEKCH Ta CUCTEMU
T'asy3p / rasysi 3HaHB. He 3aCTOCOBy€THCS

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs
JlaTa 3axHCTy: 22-04-2011

CreniaJbHICTh 32 OCBiTOIO: 8.092203

Micue pOﬁOTPl 3,qo6yBaqa: BiHHMIIbKMY HAL[iOHAJIBHUY TEXHIYHUN YHIBEPCUTET
Kopg 3a €IPIIOY: 02070693

Micue3Haxoa>KeHHS: 21021 m. Binaums, ByJI. XMeJIbHUIIbKE moce, 95
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs




I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHOoi BYEHOI pagH (pa30Boi CleNiaai3oBaHOi BY€HOI pagH): K 05.052.05
IToBHe HafIMeHyBaHHH Iopn,zmqﬂoi 0COOM: BiHHUIbKUIT HAI[IOHAJIBHUI TeXHIYHUIL yHiBEpCUTET
Kopg 3a €IPIIOY: 02070693

Micue3HaxoaKeHHS: ByJ1. XMeJIbHUIIbKE 1moce, 95, M. BinHuIs, BiHHULbKYIA p-H., BiHHuLbKa 061, 21021,
Ykpaina

dopma BaacHOCTI:

Cdepa ynpaBitiHHS: MinictepcTBo oCBiTH i HayKu YKpainu

InenTugikarop ROR: He zacrocosyerscs

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10

BUKOHaHO JHUCEPTALil0

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL OCOOM: BiHHUIILKMII HAIIOHA/ILHUI TEXHIYHUI YHIBEPCUTET
Kopg 3a €IIPIIOY: 02070693

MicuesnaxomerHﬂ: 21021 m. Binaun, ByJs. XMeJbHULbKE 1I0Ce, 95

dopma By1acHoCTI:

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

V. BimomocTi npo guceprauiio
Mosga guceprarii:
Koau TemaTHYHHUX PYOPHK: 55.41.03.03

Tema gucepranii:
1. CucreMa KepyBaHHS TATOBUM €JIEKTPOIIPUBOLOM TpamBas IIPY 3MiHi YMOB 3YETIJIEHHS

2. System of control of tram traction electric drive when change of conditions of coupling

Pedepar:

1. O6'ekTOM [OCHIIKEHHS B AUCEPTAaLiliHill pobOTi € mpoliec KepyBaHHs TSITOBUMU €JIEKTPOJBUTYHAMU TpamBasi Ipu
HasIBHOCTi OOMEXXEHHSI 110 3UENJIeHHIO, 8 TAKOX MPOLIECH B3a€MOIii e1eMeHTIB MEXaHIYHOI YaCTUHU
€JIEKTPOIIPMBOZA TpaMBasl. MeTa IOCiIpKeHHS TI0JISITae B MifiBUIIEHH] HaliiHOCTi pOOGOTH TITOBOTO
€JIEKTPOIIPMBOJA TPaMBasl 32 PaXyHOK BJIOCKOHAJIEHHSI CUCTEMU BUSIBJIEHHS i IPUNIMHEHHS OYKCYBaHHS Ta
KOHTPOJIIO TEXHIYHOT'O CTaHy MEXaHI{YHOro TPaKTy TpaMBasl. [lJ1s1 TOCATHEHHS [1OCTaBJI€HOI METH BUKOPUCTaHI Taki
METOAM [OCHIIKeHHS: METOIY TeOopii aBTOMAaTUYHOTO KePyBaHHS [1J1s1 aHAJIi3y Ta BILOCKOHAJIEHHSI MaTEMaTUYHOI
MogeJi 1715 BUSBJIEHHS OYKCYBaHHS KOJIICHUX Map, Teopii KiHIeBUX aBTOMATIB /IJ1SI CUHTE3Y [IPHUCTPOIO KEPYBaHHS
TSATOBUM €JIEKTPOJIBUTYHOM IIPU OOMEXXEHOMY 34ellIeHHI, aqrebpu JIOriky 1151 MiHiMi3alii ceKBeHLiHUX BUPa3iB;
Teopii IMOBIpHOCTEN, YMCeJIbHI METOAM PO3B'sI3aHHS 33724, HEUITKAX MHOXKUH - IJIs1 IOOYAOBU MaTeMaTU4HOI
Moger, sika 3a6e3nedye BUBHAYEHHS OIIOPY PYyXYy PYXOMOTO CKJIally B PEXKUMi TATH; TeHETUYHUX aJITOPUTMIB ~ IJ1s1

HaJIaro/I>KEHHsI pOOOTU HEWiTKOi MOJIeJli; aHAJIITUYHI MOSKJIMBOCTI KOMIT'IOTEPHOI anrebpu - /1J1s1 MOZeJIIOBaHHS



IVHAaMiYHUX IpoleciB. HaykoBa HOBU3HA MOJIATa€e y TOMY IIO: BIIepLIE PO3PO0JIEHO MaTEMAaTUUYHY MOZEJIb PYXY
TPaMBaMHOrO BaroHa, sIKa Ha BiMiHY BiJl BilOMUX, BPaXOBY€ 3MiHy XapaKTepy KPUBOi 3U€IJIEHHS, IO JO3BOJISIE
aJIeKBaTHO BiZITBOPIOBATU IIPOLIEC KEPYBAHHS €JIEKTPOIIPUBOIOM TPaMBasl IIPY 3MiHi YMOB 34€IJIEHHS 3 METOI0
NoNepeyKEHHS BUHUKHEHHS OYKCyBaHHSI Ha II0YATKOBIM CTaflii HOro PO3BUTKY; YAOCKOHATIEHO MAaTEMATU4HY
MOJI€JIb KOHTPOJIIO OCHOBHOTO OIIOPY PYXY MiCbKMX TPaMBaiB, fIKa Ha BiIMIiHY Bif, BilOMUX, BDaXOBYE OIIip PyXy B
PEXKMMI TSITY Ta 3MiHY HOPMOBAHOTO 3HAY€HHS OIOPY BiJl TEMIIEPATYPH, 3aCTOCYBAHHS SIKOi JO3BOJISIE MMiIBUIATH
IOCTOBIpHICTb KOHTPOJIIO; YIOCKOHAJIIEHO METOJ, [10NIepeI)KeHHs] BUHMKHEHHS 6YKCYBaHHS 3a MIBUIKICTIO KOB3aHHS
KOJIICHUX IIap TpaMmBasl, IKMI Ha BiMiHYy Bifl iHIINX, 103BOJIsI€ BUSIBUTU OYKCYBaHHS Ha IIOYATKOBIl CTaAii 10ro
PO3BUTKY IIpY POOOTI TATOBOT0 €JeKTPOIPUBOA Ha CTIMKIl HinsHLI KpUBOi 3ueryieHHsl. [[pakTuyHa LiHHICTb
II0JISITa€ B PO3POOILLi CTPYKTYPHOI CXEMU Ta aJITOPUTMY POOOTH MiKPOIIPOLECOPHOT0O IPUCTPOIO BUSIBJIEHHS |
IIPUIIMHEHHS OYKCYBaHHS Ta KOHTPOJIIO OCHOBHOIO OIOPY PYXY, 110 4O3BOJIsIE MiABUIMTY (PYHKIIOHAIBHICTD Ta
CIIDOCTUTH HaJIarOJKEHHS 3alIPOIIOHOBAHOI CUCTEMU Ta CTBOPEHHI KOMIT'IOTEPHOI MOJEI L€l cucTemMu y
cepenosuiii Matlab Simulink, sika 703BoJisIe MBUIKO MPOBECTH HayaroaKeHHs KoedillieHTiB nepenayi cucreMu Ta
IOCHIAATA POOOTY CUCTEMU B Pi3HUX peskumax. CTyIiHb BIPOBAI)KEHHS - Pe3yJIbTaTU AUCEPTALiliHOI poboTU
BIIPOBA’)KEHO Ha KoMyHanbHOMY MignpueMcTBi "BiHHMLIBKE TpaMBaliHO-TPOJIEMOYCHE YIIPABJIiHHSA" Ta B
HaBYaJILHUH Tpo1iec Kadbeapu eeKTPOMEXaHiYHUX CUCTEeM aBTOMATHU3allil B MPOMUCIIOBOCTI i HA TPAHCIIOPTi
Binnunpkoro HaujoHanbHOro TexXHiYHOro yHiBepcurety. Cdepa (0671aCThb) 3aCTOCYBaHHSI — Ha MiJIIPUEMCTBAX

YKpaiHy, SKi eKCIIIyaTyI0Th PEMKOBUN €JIEKTPOPYXOMUM CKJIAL.

2. The object of study in the thesis is to manage traction electric motors of tram in the presence of restrictions on
the coupling and the processes of interaction between mechanical elements of tram electrical drive. Aim of
research is to improve the reliability of tram traction electric drive by improving the system of detection and
suppression of slipping and conditional monitoring of mechanical tram route. To achieve this goal the following
methods of research are used: methods of automatic control theory to analyze and improve the mathematical
model to detect a slipping wheel sets, the theory of finite automata for synthesis of control unit of traction electric
motor in the presence of restrictions on the coupling, algebra of logic to minimize the sequential theory,
probability theory and numerical methods for solving problems, fuzzy sets - for developing a mathematical model
that provides a definition of the tractive resistance of rolling stock using traction; genetic algorithms - for
adjustment of operation of fuzzy model, the analytic capabilities of computer algebra - for modeling dynamic
processes. Scientific novelty lies in that: the first mathematical model of traffic tram cars, which unlike the known,
also alter variation of character of coupling curve that allows to reproduce adequately control flow of tram electric
drive when changing coupling conditions to prevent slipping in the early stages of its development; improved
mathematical model of control of main tractive resistance of city tram, which unlike the known, also discounts the
tractive resistance in draft mode and change the value of the normalized resistance with temperature changes, the
use of which increases the reliability of control, improved method for the prevention of slipping and according to
sliding speed of tram wheelsets that, unlike the others,allows to detect slipping in the early stages of its
development while traction electric drive works on a stable segment of the coupling curve. The practical value lies
in the development of the structural scheme and algorithm of detection of microprocessor device of detection and
suppression of slipping and control of the main tractive resistance ., that allows to increase functionality and
simplify the establishment of the proposed system and creating a computer model of this system in Matlab
Simulink environment, which allows to establish quickly a system of transfer factors and examine the system
operation in different modes. The degree of application of the dissertation are introduced at Utility enterprise
"Vinnytsia Tram-trolleybus management" and the educational process of Department of electromechanical
automation systems in industry and transportation of Vinnytsia National Technical University. Area (region) of use
- at the enterprises of Ukraine, which operate rail electric rolling stock.
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