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AHOTALIS

llomaszan /].11. 1linBuiieHHs! €HEProe(PEeKTUBHOCTI CUCTEMU «TEIIOBUI JBUTYH —
TATOBUU EJEKTPONPUBOA» TeruioBo3a. — KpamidikamiifHa HaykoBa Mpallsi Ha IpaBax
PYKOIIHCY.

HNucepranis Ha 3700yTTS HAyKOBOTO CTyIleHs JokTopa ¢itocodii 3a
CHeianbHICTIO 273 — 3aNi3HUYHUHN TpaHCTIOPT — Y KPaiHChKUM Jep:KaBHUN YHIBEPCUTET
3ani3HuuHOro Tpancnopty, MOH VYkpainu, Xapkis, 2021.

JlucepTallito MPUCBSIYEHO MUTAHHIO PO3POOKH METOIB Ta 3aXO/(1B 3 MiJBUIICHHS
eHeproe(eKTUBHOCTI TETNIOBO3IB 3 TATOBOIO EIEKTPUIHOIO MEepeIaycio.

HaykoBa HOBM3Ha nuceprainiiHoi poOOTH TMOJSATae y BHPINIEHHI HAayKOBO-
NPUKIAIHOTO 3aBIaHHS IMiJBUIICHHS EHEProeEeKTUBHOCTI TEIUIOBO3IB 3 TATOBOKO
SJIEKTPUYHOIO Iepeiadueto, M0 3AIHCHIOETHCS IUITXOM BITPOBAHKCHHS TOPUIHOI TSITOBOT
€JIEKTPUYHOI 1epeiadi Ta BAKOPUCTAHHS €eHeProONTUMAIBHUX PEXKUMIB BEJICHHS MO13/1a.

Bnepwe niposeneHo:

— BHUOIp KOH(}Iryparlii CHCTEeMH «TETUIOBHH JIBUTYH — TATOBUU €JIEKTPOIPHUBOI»
TEIJIOBO3a 13 BUKOPUCTAaHHSA (YHKIIT OakaHOCTI XapiHITOHA, sSKa JO03BOJISE€ BUKOHATH
OIIHKY CKJIaJOBHUX CHUCTEMH 0a3yIOYHCh SIK Ha AKICHUX MOKa3HUKaX iX poOOTH, TaK 1 Ha
KIIBKICHHX;

— ONTUMIBAIlIMHUK TIOIIYK KPUBOI PyXy IOi37a 3 BUKOPUCTAHHSAM T10pHIHOTO
MaHEBPOBOI'0 TEIUIOBO3Y IUISHKOI MUIAXY 13 3aCTOCYBaHHSM METOJY JIMHAMIYHOTO
MporpaMyBaHHs Ha 0a3i MPUHIUITY ONMTHUMAaIbHOCTI benMana, 1mo gae 3Mory BUSHA4UTH
ESHEeProONTUMAJIBHI PEXUMHU BEJICHHS I0i3/1a 1 HAaJaTH PEKOMEHMAIlli 100 BUOOPY
CHIBBITHOIIICHH MK TIOTYKHOCTSIMA OCHOBHOTO Ta JIOaTKOBOTO JKEPET KUBIICHHS.

Yoockonaneno:

— MaTeMaTU4YHY MOJIeTb pPyXy TOoi3[a [IISHKOI 13 BpaxyBaHHSM BIUIMBY
BUHUKHEHHS HECTAI[IOHAPHUX PEXHMIB TaKUX, SK OOKCYBaHHS Ta 103, IO JO3BOJISE
JOCTIIUTH TIPOIIECH, SIK1 TPOTIKAIOTH MPH IbOMY B CUCTEMI1 «TETUIOBUN ABUTYH — TATOBHM

€JIEKTPONPUBO/ — HAKOTTMYYBay €HEPrii» TEIJI0BO3a.



Habynu nooanvuioco pozeumxy:

— IMiTaIliliHa MOJIeNb JAU3EJIbHOTO JBUTYHA, SIKa, HA BIAMIHY BiJl BIIOMHX, IIO
0a3yroThCS Ha IHAUKATOPHIN JlarpaMi oro poOOTH, BPaXOBY€E 3aJI€KHICTh MK CHJIOHO,
sIKa PO3BHBAETHCS JIU3CIIBHUM IBUTYHOM, Ta KOE(DIIIEHTOM 3aBaHTa)KEHHS JIBUTYHA,
JAal0Yd MpU LBbOMY 3MOTY MIABUIIUTH TOYHICTh PO3PAXYHKY KUIBKOCTI CHOKHUTOTO
MaJbHOTO TMPHU POOOTI AU3ETH-TEHEPATOPHOI YCTAHOBKM 0O€3 3HAYHOTO YCKJIATHCHHS
MOJIEI;

— IMiTaIliiHa MOJENb  JIHIKHOTO  EJNEeKTPOMEXAHIYHOr0  MEepeTBOpIOBaYa
CJICKTPOMArHiTHOTO THUITY, IIIO € CKJIaJIOBOI0 YACTHHOIO BUIHHOIIOPIIHEBOTO JBUTYHA
BHYTPIIIHBOTO 3rOpaHHS Ta JO03BOJIIE MPOBECTH JOCIHIKCHHS 1 BU3HAYUTH OCHOBHI
0COOJIMBOCTI POOOTH TaKOi JU3ENIb-TEHEPATOPHOI YCTAHOBKM B SKOCTI OOPTOBOTO
JoKepesia eHeprii Ha TeIrI0BO3i.

[IpakTuyHi pe3ynbTaTH OUCEpTaliiiHOT PoOOTH MOJATAIOTh y 1i NMPUKIAIHIN
CIIPSIMOBAHOCT1 Ha IIJIBUIICHHS TMOKa3HUKIB €HEeproeeKTUBHOCTI Ta EKOJOTTYHOCTI
TATOBOI'O PYXOMOTO CKJaAy 3aJIi3HUIb MPU BUKOHAHHI HUM MaHEBpPOBOi Ta BUBI3HOI
poboTH. Buxopucranus pe3yabTaTiB aUcepTanii  J03BOJISE MMIBUIINATH
eHeproepeKTUBHICTh Ta €KOJOTIUYHICTh CUCTEM TIOpHUIHOI TATH MPH BUKOHAHHI HUMH
poOOTH 13 TMepeMillleHHS BaHTAXIB, 3HU3WUTH KaliTaJlbHI BUTPATH TIPU TPOBEICHHI
MOJICpHi3allii iICHYI0YOro PyXOMOTrO CKJIaAy 3a PaxyHOK MOXJIMBOCTI ONTHMAJIbHOTO
BUOOPY CITIBBITHOIIEHHS MOTYXXHOCTEH OCHOBHOI'O Ta JOAATKOBOT'O OOPTOBUX JKEpel
€Heprii, 3HU3UTH BUTPATH MaJTUBHO-MACTHJIBHUX MaTepiajiB IUIIXOM 3aMpOBaPKCHHS
SHEProONTUMAIIBHUX PEXUMIB BEJCHHs TOi3[a IUISHKOI IO 3aJaHiid Taxorpami Ta
niaBunuTu KK/ cuctemu «TerioBuii IBUTYH — TATOBHA €JIEKTPONPUBOI TEIUIOBO3A 32
paxyHOK 3aCTOCYBaHHS HOBHX KOHCTPYKIIii OOpTOBUX JH3EJIb-TEHEPATOPHUX
YCTaHOBOK.

3a Temo10 nucepTaitii ormy0aikoBaHO 17 HayKOBHX Mpallb, y TOMY YUCI 4 HAYKOBUX
ctati y (axoBux BumaHHAX, 3arBep/ukeHUX MOH VYkpainu, 3 skux 1 BkITtoueHa [0
MDKHApOJHOT HAYyKOMETpUYHO1 0a3u, 1 HaykoBa CTaTTS B IHO3EMHOMY BUAAHHI KpaiHU —
yiena €C, 1 nogatkoBa npaug, 11 npaup anpobamifHoro xapakrepy.

VY BcTymi OOIPYHTOBAHO AaKTYyaJbHICTh TEMH JUCEPTAIIMHOTO JOCIIIKEHHS,



HaBEJCHO OTro METY, 3aBJaHHsI, 3B’ SI30K 13 HAYKOBUMH IpOTrpaMaMH, IJIaHaMH 1 TeMaMH
yHiBepcuteTy. [IpencraBneHo HayKOBY HOBU3HY, IPAKTUYHY 3HAYYIIICTh AUCEPTAIlii Ta
HABEJICHO 11 3arajibHy XapaKTEPUCTHUKY.

Y nepwiomy po30ini BUKOHAHO OTJIAJ MOXJIMBUX KOH(]irypamii cucremu
«TETUTOBUU JIBUTYH — HAKOMUYYyBaud €HEPrii — TATOBUI €NEKTPOIPUBOI» MaHEBPOBOTO
TETJIOBO3a, MPOBEACHO BUOIp ONTHUMAIBLHOTO CKJIaay TATOBOI €NEKTPUYHOI mepenadi 3
POTAIifHUM Ta BUTHHOTIOPIIHEBUM JBUTYHOM BHYTPIIIHBOTO 3rOPaHHS.

Ha nanuii yac A0cCBiI CBITOBOTO JIOKOMOTHMBOOYJYBaHHS MOKA3ye JOULIBHICTh
3aCTOCYBAaHHS TATOBOI €JIEKTPUYHOI Mepeiadi TEMI0BO31B 3MIHHOTO CTPYMY, MPOTE OUTBII
eHeproeeKTUBHUM € 3aCTOCYBAHHS TOPUIHOI CUCTEMH 13 HAKONMUYYBaueM €Heprii, 1110
CTae BCe OUTBII PO3ITOBCIOHKEHUM Cepe/l OCHOBHUX BUPOOHUKIB TATOBHUX OJIMHHUIIb.

OCHOBHI CKJIaJIOBI TATOBO1 €JEKTPUYHOI TMepejadyl MarwTh JOBOJII PIi3HI
XapaKTEePUCTUKH, & TOMY JOLUUIBHUM € TPOBEIACHHS BHOOPY ONTHUMAIBHOTO CKIIATy
CUCTEMHU «TEIJIOBUH JBUTYH — HAKOMMYYyBauy €HEPrii — TITOBHUM EJIEKTPOIPUBOJI»
TeruioBo3a. OIliHKa CKJIaJ0BUX CUCTEMH MPOBEEHA HA OCHOBI METOAY, 1110 0a3y€eThcs Ha
BUKOPUCTaHHI (QyHKIIT OakaHOCT1 XapiHrroHa. Takui MiAXiA Ja€ 3MOTy IPOBETU
KOMIUIEKCHY OIIHKY 0a3yI0UHCh SIK Ha SIKICHUX MMOKa3HUKaX pOOOTH €JIeMEHTIB CUCTEMH,
TaK 1 Ha KUTbKICHUX.

[IpoBenenuii y po3aiii aHami3 JaB 3MOTY OOMEXKHTH MHOXXHHY BapiaHTIB
Korirypailii CHCTEMH «TEIUIOBUI ABUTYH — TATOBHUM €JICKTPOIPHBOI» TEIIJIOBO3a 0 TBOX
HalOUTbIl OakaHnx KoHGirypamii. HalOinpmii mokazHUKHM y3araiabHEHOI (YHKITIT
O0axaHOCTI MarTh KOHIryparii TAroBoi TiOpumHOI mepenadi, mo BKIOYae B cebe
BUTLHOTIOPIITHEBUN JBUTYH BHYTPIIIHBROTO 3TOPAaHHA 13 JIHIMHUM TE€HEpaTOpOM
€JIEKTPOMArHiTHOTO THUIY, TATOBUN aCHHXPOHHUHN EJIEKTPONPHUBOJA Ta JITINA-3ali30-
dochaTHy akymynaTopHy OaTapero.

Boanowac 3 TuM, 3 oOriasay Ha BIACYTHICTh eKCIUTyaTal[iiHUX 3pa3KiB
BUILHOIIOPITHEBUX JBUTYHIB BHYTPIIIHBOTO 3rOpaHHS, a TaKoX uepe3 OJU3bKICTh
MOKA3HUKIB y3arajibHeHO1 PYHKIT 0a)KaHOCTI JJIs TBOX KpalllUX BapiaHTIB, HE MOXKE OyTH
BHUKOHAHO BU3HAHHS CUCTEMHU 13 POTAI[IMHUM JHU3EJIEM K HeOakaHOi, a TOMY HMPHUHHATO

JIpYTui BapiaHT CKJIAy TATOBOI €JIEKTPUYHOI Iepeadi, 0 BKIOYAE B ce0e poTaliiHui



JBUTYH BHYTPIIIHBOI'O 3rOPaHHS 13 CHHXPOHHUM I'€HEPATOPOM 3 OCTIMHUMU MarHiTamu,
TATOBUI AaCHMHXPOHHHUW €JEKTPONPHUBOA Ta JITiH-3a1130-(pochaTHy aKymMyJIsaTOpHY
OaTapero.

Jlpyeuii po30in TPUCBIYEHO MOJCIIOBAHHIO CKJIQJO0OBUX TITOBOI TiOpUIHOT
ENEKTPUYHOI ITepeadi MaHEBPOBOIO TETIIOBO3a, & CaMe TU3eNIb-TeHEPATOPHOI YCTAaHOBKH,
TATOBOI'O ACHHXPOHHOT'O €JEKTPOIPUBOAY 13 BEKTOPHOIO CUCTEMOIO KepyBaHHS, JITiil-
3amizo-gochaTHoi aKyMyJIsSTOpPHOI OaTapei Ta CHUCTEMU KOHTPOJIIO PIBHS 3apsay
HaKOMMMYyBaya.

B ocHoBy iMirtaiiiiHoi Mo/ieNll JU3EJIbHOTO JBUTYHA TMOKIIAJICHO Alarpamy HOro
poOOTH, IO TPENICTABISIE COOOI0 3aJIEKHICTh 3HAUCHHSI CUJIH, 1[0 PO3BUBAETHCS OJHUM
UTIHAPOM TPH poOOYOMY XOJ1 Ta JOMOMIKHUX ITUKIIAX BiJ MEPEMIIIEHHS TOPIIHS Y
ITiHApl. BpaxyBaHHA HENIHIAHOCTI 3MIHM CHJIM, IO PEaNi3yeTbCs, BiJl KOCQIIEHTY
3aBaHTaXCHHS MIEPETBOPIOE Tpadik CHIIN TU3EITHHOTO IBUTYHA Y TPUBUMIPHY MTOBEPXHIO,
3aCTOCYBaHHS SIKO1 Jla€ OUIBII TOYHI pe3yJbTaTH MPU OOUYMCIIEHH] BUTPAT MaJbHOTO Ha
poboTy TerioBo3a. Perynsatop KuThbKOCTI 0O€pTiB NpEACTaBise€ COO00I0 MEXaHIYHUN
PETYISATOP KUTBKOCTI NAIBHOTO, IO MOJAETHCS 10 UWIIHAPY, Ta IPU MOACIIIOBAaHHI MOXKe
OyTH TIpeJCTaBICHUN SK MPOIMOPIIOHATBHO-IHTErpaIbHUN perynsTop. MoaentoBaHHs
CUHXPOHHOTO TEHepaTopa, WI0 € CKIAJ0BOIO JAU3EIb-TeHEPATOPHOI YCTaHOBKH,
BUKOHAHO 3a JOITOMOTOK0 BUKOPUCTAHHS 0J10KY i3 0i6miotekn Simulink.

Mopenb TSIrOBOTO aCHHXPOHHOT'O MPHUBOJY 3 BEKTOPHOIO CHCTEMOIO KEepyBaHHS
BKJIIOYA€ B ceOe MOEIb TATOBOTO aCHHXPOHHOTO JABUTYHA Ta MEPETBOPIOBaYa 4YacTOTH,
0 peani3ye BEKTOPHHI 3aKOH KepyBaHHS. MoOJIETIOBaHHS aCHHXPOHHOTO JBUTYHA
BUKOHAHO 0a3yl04HCh Ha MapaMeTpax TATOBOTO €IEKTPUIHOTO ABUTYHA Mapku AJl-902.
Moneni BumpsmiIsua Ta iHBEpPTOpa € CTaHAApTHUMH OyiokamMu cepexoumia Matlab.
Kontypu perynsaTtopiB cTpyMy Ta IIBHIKOCTI BEKTOPHOI CHCTEMH KepyBaHHS
HAJIAIITOBAHO HA MOJYJIbHUNA Ta CHMETPUYHUI ONITUMYMHU.

Mopens  HakomuuyBada — e€Heprii  0a3yeTbCs  Ha  3apATHO-PO3PSTHUX
xapakrtepuctukax 6atapei LT-LYP 770, uio € ii macnopTHUMH AaHUMU MOXKYTh OyTH
onwucani piBHsiHHIM [lledepna. Cructema KOHTPOIIIO PIBHS 3apsily HaKOMUYyBaya eHeprii

npeacrasisie codoro aBokaouoBuii buck-boost DC/DC neperBoproBay, KIItOUi SKOTO



OTPUMYIOTh KEPYIOUl CHUTHAJIM BIJ CUCTEMH pEryjaloBaHHS piBHA 3apsay. s
BUKOPHCTAHHS HAa TATOBOMY PYXOMOMY CKJIaJi HaWOUIbII MPUHHATHUM € alrOpPUTM
3apsiy 3a CKJIAJICHOI0 XapaKTePUCTHKOIO MOCTIHHOTO CTPyMY, IO T03BOJIE€ OTPUMATH
HEOOX1HI 3HAYEHHS TajJbMIBHOIO MOMEHTY Ta MNPUNHATH EHEPril0 TaJbMYBAHHS
HAKOMYyBad.

JlocnimKkeHHsl, BAKOHAHI B mpemboMy po30iii, IPUCBSIYEH] po3po0Ll MOJEI PYyXy
noi3a AUISHKOK IIIAXY 13 pealbHHMH MapaMeTpamMu Ta MOJCIIOBAHHIO IPOIECY
BEJICHHSI T1013/]a TEIIJIOBO30M 13 T10pUIHOIO TIEPEIaueto TaKOK JUISTHKOIO.

VY mporeci pyxXy IUISHKOIO Ha MOi3J 3[1HCHIOIOTh BIUIMB 30BHIIIHI CUJIM (CHJIa
TSTH, CHJIa OTIOPY PYXY, TalbMiBHA CHWJIa), M0 € CKIATHUMH (QYHKIIISIMH JCKUTBKOX
3MiHHUX. BpaxyBaHHSI 0OCOOJIMBOCTEH MOBEIIHKM CHJ TATH Ta TaJbMyBaHHS IPH
po3po0I1i MaTeMaTHYHOI MOJIEN Jaj0 3MOTy HE TUIBKM TMPOBECTH JOCIIIKEHHS
IPOLIECIB, 1110 MPOTIKAIOTh Y CUCTEMI T1I0pUAHOI nepeadi mpy CTaI[lOHAPHUX PEKUMAX,
a W pO3TIsSIHYTH HECTAI[lOHApHI, a caMe€ BHMHHMKHEHHs OOKcyBaHHS abo 1o03y. [lpwu
noOy/10B1 MaTEMaTUYHOI MOJIENI MPUWHATA OJJHOMACOBA PO3PAXyHKOBA CXEMa TSITOBOTO
EJIEKTPONPUBOAY, WIO Jajd0 3MOTY YHHKHYTH 3HA4yHOTO YCKJIAQJHEHHS MOJeNi 31
30epeKEHHSIM TOYHOCTI pO3paxyHKIB Y MeXkKax, 110 3aJ0BOJBHSAIOTH TOTPEOU MOAAIBIINX
JIOCIIIIPKEHB.

[ToeqHaHHS po3p00IICHOT Y PO3/LII MaTEeMATHIHOT MOJICII PYyXY MOi3/a AUISHKOIO
nusixy XapkiB — Bopku 13 MOJEUII0 CKIAMOBUX TATOBOI EJIEKTPUYHOI Iepeaadi
TEIUIOBO3a JIaJI0 3MOT'y MIPOBECTH MOJICIIIOBAHHS MPOIIECiB, IO MPOTIKAIOTh Y OOPTOBUX
cucTeMax JIOKOMOTHBa Yy cepemosuini Matlab. Tlpu MopmemoBaHHI BUKOHAHO
TpamnenoigHe 3aBJaHHS MMBUAKOCTI 13 cepenHiM 3HaueHHIM 40 km/roa. PesynbraTn
MOJICITIOBaHHS MIATBEPAWIN HEOOXITHICTh MPOBEICHHS ONTUMI3AIlli PeKUMIB BEJCHHS
Moi3/1a 3 METOIO 3MEHIIICHHS BUTPAT €HEPTETUYHUX PECYPCIB.

Yemeepmutl po30in MPUCBIYEHO MPOBEJACHHIO ONTHUMI3AIIITHOTO OOYUCIICHHS 3
METOIO TIONIYKY ONTHMAJIPHOI TaXOrpaMu BEJCHHS IMOi3/la JUISHKOI Ta KOHQIryparii
OCHOBHOTO 1 JOJIATKOBOTO JI>KE€PEJI €HEPTil Ha TEIJIOBO3L.

JluckpeTHUil  XapakTep 3aBIaHHA BHXITHUX JaHUX JUJI1  TIPOBEICHHS

ONTUMI3AI[IAHOTO MOIIYKY BUMAara€ 3acTOCYBaHHS METOJIB JIMHAMIYHOTO



porpaMyBaHHs JJIsl BUPIIIICHHS] TPAHCTIOPTHOI 3a71a4i. BUKOpHCTaHHS METOy IPSIMOTO
NpOXOAy AUISHKH HUIAXY 13 BHCOKHM CTYNEHEM JHCKpeTH3allii BUMarae BEJTUKUX
OO0YHCITIOBaIbHUX TOTY)KHOCTEH Ta € JOCUTHh JOBIHM MPOLECOM. 3 OrNIsAay Ha Iie
MPOBEICHO ONTUMI3ALIIHUI MOIIYK 32 CIPOILEHUM METOJO0M IPSIMOTO IPOXO0.1y, TOOTO
3 PO3OUTTAM TaxorpamMu Ha TPHU XapaKTEpHI 30HM — PO3TiH, KBA3IMOCTIMHE 3HAYEHHS
HIBUAKOCTI, ranbMyBaHHA. L{1160BOI0 (pyHKIIIE€I0 OnTUMI3a1lli HPUHHITO BUTPATH €HEPTil
Ha TIpoIleC TEpEeMIlIeHHs MOoi3[a TUISHKOI0, IO CKJIAJa€ThCs 3 BHUTpAT C€HEprii Ha
CTBOPEHHSI IPUCKOPEHHSI, MOIOJIAHHS CHJI OMOPY PYXY Ta MOKPUTTS BTPAT Y OCHOBHHX
CKJIQZIOBHX CUCTEMHU T1OPUHOTO TETIOBO3A.

BukopucTaHHs CIPOIIEHOTO MPSMOTO MPOXOJY i3 TPhOMa TUISTHKAMH J1a€ TOCUTh
PO3MUTE MOHATTA MPO HEOOXITHUN XapaKTep 3MIHM MIBHUJKOCTI y cepeaHiil 3oHi. Lle
IPU3BEJIO 10 HEOOXITHOCTI MPOBEACHHS ONTHUMI3A[IMHOTO MOLIYKY 13 BUKOPUCTAHHSIM
NPUHITUIY ONTUMAIBHOCTI benMana. Y pe3ynbTaTi onTUMi3allii OTpIMaHO Taxorpamy
BEJICHHS 1013/1a 3 HAOLIBIII €HEPrOOIIAHUM PEKUMOM.

3MiHa XapakTepy ONTHUMaJIbHOI KPUBOI PyXy B 3aJ€KHOCTI BiJl CHIBBIIHOIICHHS
NOTY)KHOCTE OCHOBHOTO Ta [OJATKOBOI'O JDKEpeNl €HEeprii Ha TEeIUIOBO31 BUMArae
IIPOBECHHS Py OOYHMCIICHB JIJIs BCIX 3HAYEHBb TAKOTO CITIBBITHOIICHHS. Y Pe3yibTaTi
IIPOBEJACHUX PO3PaxXyHKIB OTPUMAHO TPUBHUMIPHY MOBEPXHIO, IO Ja€ 3MOTY 3pOOUTH
BUOIp KOH(DIryparrii ;pkepest eHeprii B 3aj1e’KHOCTI BiJl HEOOX1THOTO 3HaYEHHS CepeTHhOT
[IBUIKOCTI.

[3 BuUKOpHUCTaHHSM MOJENl pyXy Moi3da, 0 pPO3poOJIeHa paHille, MPOBEACHO
MOJIETIIOBaHHS POOOTH TEIUIOBO3a 3a ONTUMAJbHOIO TaXOrpamMol Ta BHUKOHAHO
MOPIBHSIHHS OTPUMAaHUX PE3yabTaTIB 13 TaHUMH, 110 OTPUMaHI MPU MOJIEITIOBAHHI PYXY
32 HEONTUMAJIBHOIO TaXOorpamMoro. JloMUIBHICTh MPOBEICHHS ONTUMI3AIl ITATBEpIKEHA
3HM>KEHHSIM BUTPAT NajJbHOIO Ha BUKOHAHHS MO13HOI pOOOTH.

Jocnimkenns, BUKOHAH] B 1 ’amoMm)y po30ini, TPUCBIYEHI po3po0Ili iMITalliiHOT
MO/IeJTi BUTBHOTIOPIITHEBOTO JIBUTYHA BHYTPIINTHBOTO 3TOPAHHS 3 JIHIHHUM T€HEPATOPOM
€JEKTPOMArHiTHOTO TUIY Ta JAOCIIIKEHHIO pOOOTH TaKOi CUCTEMH B SIKOCTI OOPTOBOTO
JUKEpeIia eHeprii riOpugHOro MaHEBPOBOT'O TEIIOBO3a.

VY po3aisi BUKOHaHO BUOIp KOHPIrypallii CHCTeMH BUIbHOTIOPUIHEBOTO JIBUTYHA Ta



HOro JIHIMHOrO reHepaTropa Ta po3po0JIEHO IMITALIMHY MoJenb ix podoTH. B ocHOBY
MOJIEJII TU3EJIbHOTO JIBUTYHA, SIK 1 y MONEPEeIHbOMY BHIIAJIKYy, MOKIAAEHO Jlarpamy
3MIHM CWJI  BIJ [EpEeMINIEHHS MOpIIHiA. MaTremaTuyHa MOJeidb JIHIHHOTO
€JIEKTPOMEXaHIYHOTO TEePETBOPIOBaYa BUKOHAHA HA OCHOBI MIAXO0Y, IO 0a3yeThCsl Ha
y3arajibHeHI MOJel €JeKTPOMEXaHIYHOTO MEepeTBOpIoBava. 3 METOK NEepeBIpKU
aJIeKBaTHOCTI MIAXOJYy JO CTBOPEHHS MoAenl po3pobseHo (i3uyHy MOJENb
€KBIBAJEHTHOI CHUCTEMH Ta BHKOHAHO EKCIEPUMEHT, SKMM MIATBEPAUB 30DLKHICTH
pe3ynbTaTiB (PI3MYHOro Ta IMITALIIMHOTO MOJIETIOBAHHS, IO J1aJl0 3MOT'Y CTBEPKYBaTH
PO aJIeKBATHICTh MOJICJICH.

BukopucrtaHHs HOBOi KOHCTPYKIIi OOpTOBOTrO JpKepela eHeprii BUMarae
MPOBEJICHHS HOBOT'O ONTHUMI3AIIfHOTO MOIITYKY €Heproe()eKTHBHOTO PEKUMY BEICHHS,
mo OyB MpOBEJEHUN 3a METOAOM, SKHUH 3aCTOCOBAHO B YETBEPTOMY PO3ILII.
MopemntoBaHHS pyXy 10i3/1a 3 TIOPUIHUM TEIUIOBO30M, 110 OCHAIIEHUH yIO0CKOHAJIEHOIO
CUCTEMOIO OOpTOBOI'O T€HEPYBAHHS €HEPrii, 32 ONTUMAIBHOIO TaxXOrPaMoI0 MOKa3aJIo
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ABSTRACT

Pomazan D.P. Improving the energy efficiency of the system "heat engine -
traction electric drive” of the diesel locomotive. — Qualification scientific work —
manuscript.

Thesis for a Ph.D. — Doctor of Philosophy in 273 — Railway Transport. — Ukrainian
State University of Railway Transport, Ministry of Education and Science of Ukraine,
Kharkiv, 2021.

The thesis is devoted to the question of the development of methods and measures
for the increase of energy efficiency of diesel locomotives with traction electric
transmission.

The scientific novelty of the thesis is to solve the scientific and applied problem of
improving the energy efficiency of diesel locomotives with traction electric transmission,
which is carried out both by changing the design of the traction unit, and through the use of
energy-optimal modes of the trains driving.

Conducted for the first time:

— the choice of the configuration of the system "heat engine - traction electric drive"
of the diesel locomotive using the Harrington desirability function, which allows evaluating
the components of the system based on both qualitative indicators of their work and
quantitative;

— optimization search of the train movement curve using a hybrid shunting
locomotive along the track using the method of dynamic programming based on the
principle of Bellman optimality, which allows to determine the energy-optimal modes of
train driving and provide recommendations for choosing the ratio between the main and
additional power sources.

The following have been improved:

— mathematical model of train movement on a section of the road taking into account
the influence of non-stationary modes such as boxing and sliding, which allows investigating
the processes that take place in the system "heat engine - traction drive - energy storage" of

the diesel locomotive.



Further development has been given to:

— simulation model of a diesel engine, which, in contrast to the known ones, based
on the indicator diagram of its operation, takes into account the relationship between the
force developed by the diesel engine and the engine load factor, allowing to increase the
accuracy of calculating the amount of fuel consumed installation without significant
complication of the model;

— simulation model of a linear electromechanical converter of electromagnetic
type, which is an integral part of a free-piston internal combustion engine and allows to
conduct research and determine the main features of such a diesel generator set as an
onboard energy source on a locomotive.

The practical results of the thesis are its applied focus on improving the energy
efficiency and environmental friendliness of traction rolling stock of railways when
performing shunting and export work. The use of the dissertation results allows to
increase energy efficiency and environmental friendliness of hybrid traction systems
when performing work on moving goods, reduce capital costs when upgrading existing
rolling stock due to the possibility of optimal choice of power ratio of main and additional
onboard energy sources, reduce fuel costs. of energy-optimal modes of train driving
along the section according to the set tachogram and to increase the efficiency of the
system "heat engine - traction electric drive™ of the locomotive due to the use of new
designs of onboard diesel generator sets.

17 scientific papers were published on the topic of the thesis, including 4 scientific
articles in professional journals approved by the Ministry of Education and Science of
Ukraine, of which 1 is included in the international scientometric database, 1 scientific
article in a foreign publication of an EU member state, 1 additional work, 11 approbation
papers.

The introduction substantiates the relevance of the topic of thesis research, its
purpose, objectives, connection with scientific programs, plans and topics of the
university. The scientific novelty, practical significance of the dissertation are presented
and its general characteristic is given.

The first section reviews the possible configurations of the system "heat engine -



energy storage - traction electric drive™ of a shunting locomotive, the selection of the
optimal composition of the traction electric transmission with rotary and free-piston
internal combustion engine.

Currently, the experience of the world locomotive industry shows the feasibility of
using atraction electric transmission of AC of diesel locomotives, but more energy efficient
Is the use of a hybrid system with energy storage, which is becoming more common among
major manufacturers of traction units.

The main components of the traction electric transmission have quite different
characteristics, and therefore it is advisable to select the optimal composition of the system
"heat engine - energy storage - traction electric drive™ of the diesel locomotive. The
evaluation of the components of the system is based on a method based on the use of the
Harrington desirability function. This approach allows for a comprehensive assessment
based on both qualitative performance of system elements and quantitative.

The analysis performed in the section showed that the greatest indicator of the
generalized desirability function is the configuration of the traction hybrid transmission,
which includes a free-piston internal combustion engine with a linear generator of
electromagnetic type, traction asynchronous electric drive and lithium-iron-phosphate
battery.

At the same time, due to the lack of operational samples of free-piston internal
combustion engines, the system with a rotary diesel can not be recognized as undesirable,
and therefore adopted the second version of the traction electric transmission, which
includes a rotary internal combustion engine with a synchronous generator with permanent
magnets, traction asynchronous electric drive and lithium-iron-phosphate battery.

The second section is devoted to modeling the components of traction hybrid electric
transmission of a shunting diesel locomotive, namely diesel generator set, traction
asynchronous electric drive with vector control system, lithium-iron-phosphate battery and
storage level control system.

The simulation model of a diesel engine is based on a diagram of its operation,
which is the dependence of the value of the force developed by one cylinder during

operation and auxiliary cycles on the movement of the piston in the cylinder. Taking into



account the nonlinearity of the realized force change from the load factor converts the
graph of the diesel engine power into a three-dimensional surface, the application of
which gives more accurate results when calculating fuel consumption for the operation
of the locomotive. The model of the speed controller is a Pl speed controller with a large
value of the time constant. The simulation of a synchronous generator, which is a
component of a diesel generator set, was performed using a block from the Simulink
library.

The model of a traction asynchronous drive with a vector control system includes
a model of a traction asynchronous motor and a frequency converter that implements the
vector control law. The simulation of the induction motor is performed based on the
parameters of the traction electric motor brand AD-902. Rectifier and inverter models
are standard units of the Matlab environment. The current and speed control circuits of
the vector control system are set to modular and symmetric optimums.

The energy storage model is based on the charge-discharge characteristics of the
LT-LYP 770 battery, which are its passport data can be described by the Shepherd
equation. The energy storage charge level control system is a two-key buck-boost DC /
DC converter, the keys of which receive control signals from the charge level control
system. For use on traction rolling stock, the most acceptable is the charge algorithm
according to the composite characteristic of direct current, which allows to obtain the
required values of braking torque and take the braking energy into the drive.

The research performed in the third section is devoted to the development of a
model of train movement on a section of track with real parameters and modeling of the
process of train driving by a locomotive with the hybrid transmission in such a section.

The process of movement of the section on the train is influenced by external
forces (traction force, force of resistance, braking force), which are complex functions of
several variables. Taking into account the peculiarities of the behavior of traction and
braking forces in the development of a mathematical model allowed not only to study the
processes occurring in the system of hybrid transmission in stationary modes but also to
consider non-stationary, namely the occurrence of boxing or yuzu. When building a

mathematical model, a single-mass calculation scheme of the traction electric drive was



adopted, which made it possible to avoid a significant complication of the model while
maintaining the accuracy of calculations within the limits that meet the needs of further
research.

The combination of the mathematical model of train movement along the
Kharkiv — Borky section developed in the section with the model of traction electric
transmission components of the locomotive made it possible to model the processes
occurring in the onboard locomotive systems in the Matlab environment. During the
simulation, a trapezoidal speed problem with an average value of 40 km/h was
performed. The simulation results confirmed the need to optimize train modes in order
to reduce energy costs.

The fourth section is devoted to the optimization calculation in order to find the
optimal tachogram of the train section and the configuration of the main and additional
energy sources on the locomotive.

The discrete nature of the source data task for the optimization search requires the
use of dynamic programming methods to solve the transport problem. The use of the
method of direct passage of a section of the road with a high degree of sampling requires
large computing power and is a rather long process. In view of this, an optimization
search was performed by the simplified method of direct passage, ie with the division of
the tachogram into three characteristic zones - acceleration, quasi-constant value of
speed, braking. The target optimization function is the energy consumption for the
process of moving the train section, which consists of energy costs to create acceleration,
overcoming the forces of resistance and covering losses in the main components of the
hybrid locomotive system.

The use of a simplified direct passage with three sections gives a rather vague
notion of the necessary nature of the change in speed in the middle zone. This led to the
need to conduct an optimization search using the principle of Bellman optimality. As a
result of optimization, the tachogram of driving of the train with the most energy-saving
mode is received.

Changing the nature of the optimal curve of motion depending on the ratio of the

main and additional energy sources on the locomotive requires a series of calculations



for all values of this ratio. As a result of the calculations, a three-dimensional surface is
obtained, which allows to make a choice of the configuration of energy sources
depending on the required value of the average speed.

Using the train motion model developed earlier, the locomotive was modeled
according to the optimal tachogram and the results obtained were compared with the data

obtained when modeling the motion according to the suboptimal tachogram. The
feasibility of optimization is confirmed by reducing fuel consumption for train operation.

The research performed in the fifth section is devoted to the development of a
simulation model of a free-piston internal combustion engine with a linear generator of
electromagnetic type and the study of the operation of such a system as an onboard
energy source of a hybrid shunting locomotive..

The section selects the configuration of the free-piston engine system and its linear
generator and develops a simulation model of their operation. The model of the diesel
engine, as in the previous case, is based on a diagram of the change in forces from the
movement of the piston. The mathematical model of the linear electromechanical
converter is made on the basis of the approach based on the generalized model of the
electromechanical converter. In order to verify the adequacy of the model approach, a
physical model of an equivalent system was developed and an experiment was
performed, which confirmed the convergence of the results of physical and simulation
modeling, which allowed to assert the adequacy of the models.

The use of a new design of the onboard energy source requires a new optimization
search for energy efficient driving mode, which was carried out according to the method
used in the fourth section. Simulation of the train with a hybrid locomotive, equipped
with an advanced on-board energy generation system, according to the optimal
tachogram showed the feasibility of using a new design due to the reduction of fuel
consumption compared to the traditional system.

Keywords: diesel generator set, traction asynchronous drive, energy storage,
single-mass calculation scheme, dynamic programming, Bellman optimality principle,

free-piston internal combustion engine, linear generator of electromagnetic type.
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BCTVII

OO0rpynTtyBaHHsi BUOOPY TeMH A0cCJ]il:KeHHs. B ymoBax mnoOCTIHHOIO
MOIOPOYKYAHHS TMAIMBO-MACTHIIBHUX MaTepialiB JTOCUTh BAKJIMBHM € ITHTAHHS
MIJBUILNCHHS €HEProe(EKTUBHOCTI 3aTI3HUYHUX KOMITaH1N 3a 1 30€peKeHHs iX
KOHKYPEHTHHUX II€peBar sik Ha BITYM3HAHOMY PUHKY, TaK 1 HA MIDKHAPOJIHINA apeHl.

HarmionanbHoi TpaHciopTHOI cTpaTerii Ykpainu Ha nepion 10 2030 poky, 1m0
3arBep/keHa nocrtaHoBoio Kabinery MinictpiB Ykpainu Ne321-p Bim 07 KBITHA
2021 poky, BUALISE €HEProehEKTUBHICTh TPAHCIIOPTY K OJWH 3 HAWBaXIIMBIIIMX
HanpsIMKIB PO3BUTKY 3ali3HMIL YKpainu. [ligBuiieHHs eHeproeexkTUBHOCTI
IUTAHYEThCSA JIOCATTH JIBOMa [UISXaMH: 3HIDKCHHSIM BUTpaT 3a paxyHOK
paIioHAJILHOTO BUKOPUCTAHHS PECYPCiB, a TAKOX 3aBISKH PO3BUTKY €JICKTPUIHOTO
TPaHCIIOPTY.

3 oAy Ha BiACYTHICTH enekTpudikaliii Ha 37% AUISTHOK 3aJ1i3HUII, a TAKOXK
yepe3 eKOHOMIYHY HEIONUIBHICTh BUKOPUCTaHHS TMOTYXHUX BAHTAKHHUX
JIOKOMOTHUBIB y BHBI3HINA POOOTI 3ampoBa>KeHHS T10pUIHOT TEIIJIOBO3HOI TATH J1a€
3MOTYy BHUPIIIUTA SIK TATAHHA EHEProeEeKTUBHOCTI JOCTaBKH BaHTAXIB
CIIO’KHBaYaM.

3actapinuii mapk MaHEBPOBUX TEIUIOBO3IB 13 Maibxke 98% wmopanbHO Ta
(G13MYHO 3HOMICHUMH TATOBUMHU OJMHUIIMH BUMAarae TOIIyKy PillleHb, sIKi Jaiau O
3MOTYy  MIABUIIWTA  €HEProeeKTUBHICTh JOKOMOTHUBIB 3  HAWMEHIIMMHU
KamiTaTbHUMH BKJIaJAeHHAMHA. OIHUM 13 NUISXIB BUPIMICHHS I[HOTO ITUTAHHS €
MOJICpHI3aIlisl ICHYIOUOTO MAapKy 3 BIPOBAHKCHHSIM HOBUX TMIAXOIIB CBITOBOTO
JIOKOMOTHUBOOYTyBaHHSI.

B mam wac mocuTh BenmWKa KUTBKICTH POOIT MPUCBSIYEHA TOMIYKY IUISXIB
MIIBHUINCHHS  C€HEProe()eKTUBHOCTI  TEIJIOBO3HOI  TATW. 30Kpema poOoTH
@danenanma A.I1. [43, 85], Bonogapus M.B. [43], Hdenica I.B. [42], Ceprieako M.1.
[114], Akli C.R. [47] nmpucBs4eHI BUPINICHHIO MPOOJIEMH EHEProeeKTUBHOCTI

MaHEBPOBOI TEMJIOBO3HOT TATH 32 PaXyHOK BIIPOBAIKEHHS TOPUAHUX JIOKOMOTHBIB.



OTxe, akTyaJlbHOIO € TeMa JucepTaliiiHoi poOOTH, B SIKIA BHUPIIIYETHCS
HAYKOBEe 3aBJaHHAl 3 PO3POOKM KOMIUIEKCY METOIB Ta 3aXOJIiB 13 MiJIBUIICHHS
e€HEProe)eKTUBHOCTI CUCTEMHU «TEIUJIOBUH JBUTYH — TSITOBHH EJICKTPOIPUBOI
TEIUI0BO3a /111 BUKOHAHHS MAaHEBPOBOi Ta BUBI3HOI pOOOTH Ha 3aTi3HULSAX HE TUIBKU
VYkpaliinu, a i cBITY.

3’5130k po00OTM 3 HAYKOBHMH IPOrpamMamMu, IUIAHAMH, TeMAaMHu,
rpantamMu. YacTWHU JOCHTI/DKEHb, PE3yJbTaTH SKUX BHUKJIAJACHO B JHCEpTaIlii,
BUKOHAHO B MeXaxX HayKOBO-JOCIITHOT poOOTH YKpaiHCBKOTO JCpP)KABHOTO
YHIBEPCUTETY 3allI3HUYHOTO TpaHCHIOPTY «JlocmimkeHHs poOOTH TiOpHUIHOTO
MaHEeBpOBOro TermtoBo3a», Ne JIP 0119U101900.

Mera i 3amaui JocaiIKeHHsl BIIMNOBIAHO J0 MpeaMera Ta 00’ €kTa
JIOCIIIPKEHHS.

06’exm Oocniddcenns: TPOILECH, 10 MPOTIKAIOTh B CHUCTEM1 «TEIJIOBUU
JBUTYH — TSITOBHUM €JIEKTPOIIPUBOJI — HAKOMIUYYBa4 €HEePrii».

Ilpeomem Oocniodicenns: TIOPUIHUNM MaHEBPOBUM TEIUIOBO3 3 PI3HUMU
KOHQIrypalisiMi CUCTEMHU «TEIJIOBHH JBUTYH — TSITOBUM €JIEKTPONPHUBOI —
HAKOMUYyBayd €HEPriin.

Memoro Ooucepmayiiinoco 0ocniodicenHs € po3poOKa METOJIB Ta 3aXOMdIB 3
MiABUIICHHS eHEeproe(eKTUBHOCTI  TEIJIOBO3IB 3  TATOBOIO  CICKTPUYHOIO
nepenayero.

st MOCSTHEHHSI TOCTaBJICHOI METH JucepTaiiiHoi poOOTH HEOOXiTHO
BUPIIIATH TaK1 3A60AHHS:

1) aHami3 iCHYIOYHMX THUIIIB TATOBUX CIIEKTPHUYHUX TEepenad Ta MUIAXIB
MIJBHUINCHHS 1X eHEproePeKTHBHOCTI;

2) po3poOKa iMiTaliiHUX MOAeNIeH POOOTH CKIIAQJIOBUX YACTHH TATOBOI
SJIEKTPUYHOT TIepeiadi TIOpUIHOT0 TeTIoBo3y modyaoBaHoro Ha 6a3i UME3;

3) po3poOka iMiTaIiifHOT MO pyXy TEIJIOBO3a 3 HABAHTAXCHHSM, IO
BpPaxoBy€ peanbHuM Npodulb JUISHKU HUISXY;

4) BuOip ONITUMAIBLHOTO PEKUMY BEJICHHS 11013712, BUOIP OCHOBHOTO JKepeIia

eHeprii Ha TEIJI0BO31, a TAKOXX MOTO CITIBBITHOIICHHS 3 JTOTIOMIXHUM;



5) po3poOka MaTeMaTHYHOI MOJENI BUIBHO-TIOPIIHEBOTO JIBHTYHA
BHYTPIIIHBOI'O 3rOPAaHHS 3 JIIHINHUM T€HEpaTOPOM SIK OOPTOBOrO JKepesa eHeprii
Ha TATOBOMY PYXOMOMY CKJIa/l.

Metonmn aocaimxennsi. [1iq yac BUKOHAaHHS 3aBAaHb JOCHIIKEHHS OyiIu
BUKOPHUCTaH1 METO/AM: METO/I MOPIBHSIBHOTO aHAJI3y TEXHIYHUX 3aC001B Ha OCHOBI
¢yHKI1T 0a’kaHOCTI XapiHITOHA JIJIsl BUBHAYEHHS KOH(Irypalli CHCTEMHU «TETUIOBUN
JIBUTYH — TSITOBHM €JIEKTPONPUBO» TEIUIOBO3a, METOJ Y3arajlbHEHO1 Teopii
eJIEKTPOMEXaHIYHUX MEePETBOPIOBAYIB €HEPTIi MPHU MOOYJ0BI IMITALIITHUX MoJienei
TSATOBUX ACHMHXPOHHUX JBUTYHIB, METOJM ampoKCHUMaIlii KyOiYHUMU CIUTaifHaMH
Py po3poOIIi IMITAIIHHUX MOJIEIIeH, 110 0a3yIOThCS Ha JiarpamMax poOOTH CUCTEMH,
METOJl KIHIIEBUX €JIEMEHTIB — MpH po3poOlll IMITaliiHOI MoAeni JIHIHHOTO
CJIEKTPOMEXaHIYHOrO0  TMEPETBOpPIOBaYa  €JIEKTPOMArHiTHOIO  TUMY, METOJHU
JUHAMIYHOTO MTPOrPaMyBaHHs, a caMe METO MPSAMOro MPOXOy Ta METOJT Ha OCHOBI
NPUHITMITY ONTUMaIbHOCTI benmana, mij 4ac BUPIIIEHHS ONTHUMI3alliitHOT 3a1a4i
HOLIYKY KpUBOi pyXy MOi3/1a, METOAU CUHTE3y PEryjsTOpiB IpHU HAJAIITyBaHHI
KOHTYPIB CTPYMY AJIs 3apsily Ta po3psAly HakonmuuyBauya €Heprii, KOHTYpY CTpyMy
Ta KOHTYpPY IIBUJKOCTI JJIsi BEKTOPHOI CHCTEMU KEpPYBAHHS AaCHHXPOHHHUM
JABUTYHOM, METOAM CIPOIICHHS CTPYKTYPHHX CX€M TIpd MaTeMaTUYHOMY
MOJICJTIOBaHH1 CKJIaJI0BUX €JIEMEHTIB CHCTEMM «TEIUIOBUM JBUTYH — TATOBUM
€JIEKTPOIIPUBO/T — HAKOIIMYYBa4 €HEPTii».

HaykoBa HOBH3HA OTPMMAHMX Pe3Y/bTATIB MOJISITa€ Y HACTYITHOMY:

Bnepwie ipoBenieHo:

— BUOIp KOH(Irypallii CHCTEMH «TETUIOBHMA JBUTYH — TATOBUH €IEKTPOIPHUBOJI»
TETI0BO3a 13 BUKOPUCTaHHA (DYHKIIIT 0akaHOCT1 XapiHI'TOHA, SIKa JO3BOJISIE BAKOHATH
OLIIHKY CKJIQJIOBUX CHCTEMH 0a3ylOUHUCh K Ha AKICHUX TIOKa3HUKAX iX poOOTH, TaK 1 Ha
KIJTBbKICHUX;

— ONTUMI3aLIAHUNI MONIYK KPUBOT pyXy M0i3/1a 3 BUKOPUCTAHHSIM T'OPUIHOTO
MaHEBPOBOTO TEIJIOBO3Y AUISHKOIO HIJISAXY 13 3aCTOCYBAHHSIM METOAY JTUHAMIYHOTO

IporpaMmyBaHHs Ha 0a31 NPUHIMITY ONTUMAaJIbHOCT1 berMaHa, 1110 1a€ 3MOory BU3HAYUTH



E€HEProONTUMAJIbHI PEKUMHU BEJICHHS MO13/1a 1 HAIATH PEKOMEH AT 100 BUOOPY
CHIBBIAHOIICHb MIXK MOTYKHOCTSIMU OCHOBHOTO Ta JIOATKOBOTO JXKEPEIT )KUBIICHHS.

Yoockonaneno:

— MaTeMaTU4YHy MOJIeNIb PYXy I0i3[a JUISHKOIO 13 BpaxyBaHHSM BIUIUBY
BUHUKHEHHS HECTALlIOHAPHUX PEXKUMIB TAKUX, IK OOKCYBAHHS Ta 103, 1110 J03BOJISE
JOCIIAUTH TPOLECH, K1 MPOTIKAIOTh MPU LIbOMY B CUCTEMI «TEIJIOBUI JABUTYH —
TSATOBHH €JICKTPONPUBOJ] — HAKOITMYYBa4 EHEPTii» TEIIOBO3A.

Habynu nooanvuozco pozeumxy:

— IMiTaIliiiHa MOJIeJIb TU3EJILHOTO JIBUTYHA, sIKa, Ha BIAMIHY Bij] BITOMUX, 110
0a3yloThCS HAa 1HIUKATOPHIN JiarpaMi Horo poOOTH, BpaxoBYE 3aJEXKHICTh MIX
CHUJIONO, SIKa PO3BUBAETHCS JTU3CIBHUM JIBUTYHOM, Ta KOS(DIIIEHTOM 3aBaHTaKCHHS
JBUTYHA, JAIOYU TPH IIbOMY 3MOTY ITJIBUIIMTH TOYHICTh PO3PAaXyHKY KUIBKOCTI
CIIO’)KHATOTO TMAaJBLHOTO MPH POOOTI JU3eNIb-TeHepaTOPHOI YCTAHOBKU 0€3 3HAYHOTO
YCKJIAIHEHHS MOJIETI;

— iMiTaIiiiHa MOJIeNb JIHIMHOTO €JIeKTPOMEXaHIYHOTO TEePEeTBOPIOBaya
€JIEKTPOMArHITHOTO THITY, 110 € CKJIaJI0BOI0 YACTUHOIO BUTBHOMOPITHEBOT'O IBUTYHA
BHYTPIIIHBOT'O 3TOPAHHS Ta JI03BOJIAE MTPOBECTH OCTIKEHHS 1 BU3SHAYUTH OCHOBHI
0COOJIMBOCTI pOOOTH TAKO1 JIU3EIb-TEHEPATOPHOI YCTAHOBKH B SKOCTI OOPTOBOTO
JOKEpeIia eHeprii Ha TeTIoBO31.

IIpakTuyHe  3HaYeHHs  OJep:KAHUX  pe3yabTaTiB.  Pesynbratu
JUCEPTAILIMHOTO TOCTIKEHHS MaloTh MPUKJIAJHUA XapakTep Ta CIPsSMOBaHI Ha
MIABUIIICHHS TTOKa3HUKIB €HEProe(PeKTUBHOCTI Ta €KOJIOTTYHOCTI TATOBOT'O PyXOMOT'O
CKJIaJy 3aJII3HUIb TPH BUKOHAHHI HUM MaHEBpPOBOI Ta BUBi3HOT poOboTu. DakTHuHe
3aCTOCYBaHHS PE3yJbTaTiB JUCEPTAIlil BiIOYBAETHCS M1 YaC BUKOHAHHS MPOSKTHUX
pobitT y IIpAT «EJIAKCy», maykoBo-mociigaux pooit y HJIIKI «Momwis» HTY
«XIIl» Ta B OCBITHROMY TIpoIeci YKpPaiHCBKOTO JIep)KaBHOTO YHIBEPCHUTETY
3aJII3HUYHOTO TPAHCTIOPTY.

[IpakTryHa HIHHICTH PE3YAbTATIB AUCEPTALIli OJISITAE B!

— MIJBUIICHHI €HEProe(PEeKTUBHOCTI CUCTEM TOPUIHOT TSATU MPU BUKOHAHHI

HUMH pOOOTH 13 MEPEMIIICHHSI BAHTAXKIB;



— 3HMJKEHHI KaliTaJIbHUX BUTPAT NP MPOBEJAEHHI MOJEpHI3allii ICHYI0UOro
PYXOMOTIO CKJIaJy 32 PAXyHOK MOKJIMBOCTI ONITUMAJIbHOTO BUOOPY CIIBBIAHOIIECHHS
MOTYXHOCTEH OCHOBHOTO Ta TOJATKOBOT'O OOPTOBUX JKEPEN EHEprii;

— 3HUKEHHI  BUTpPAT  NAJUBHO-MACTWIBHUX  MaTepialiB  MUIAXOM
3aMpOBaKEHHS CHEPrOONTUMAIIBHUX PEXKUMIB BEJACHHS IM0i3/1a NUISTHKOO 10 3a7aH1i
KpUBIiH MIBUAKOCTI;

— migsumieHHi KK]I cucteMu «TerioBUil IBUTYH — TATOBHH €JIEKTPOIIPUBOI»
TETJIOBO3a 32 paxyHOK 3acCTOCYBaHHS HOBHX KOHCTPYKII OOpPTOBUX IH3EIb-
reHEepaTOPHHUX YCTAaHOBOK.

Oco0ucTnii BHecOK 3100yBaya. Y Ci MOJIOKEHHS 1 Pe3yIbTaTH, K1 BAHOCSITHCS
Ha 3aXHUCT, OTPUMaH1 aBTOPOM 0COOUCTO. Y Mparlsix, onyOIiKOBaHUX y CIIBABTOPCTRI,
JTUCEPTAHTy HAJIeKaTh: PO3poOJeHa IMiTamiiiHa MOJAENbh POOOTH TIOPUIAHOTO
MaHeBpoBoro TterutoBo3a [1, 2, 6, 7]; 3ampomoHOBaHI METOIW IMiJBUIICHHS
eHeproeeKTUBHOCTI TATOBO1 €JEKTPUYHOI MEeperiadyl MaHEeBPOBOTO TEIUIOBO3a 3a
pPaxyHOK BUKOPUCTaHHS BUILHOIIOPIIHEBOTO ABUTYHA BHYTPIIIHLOTO 3ropaHHs [3];
CTPYKTYpHa CX€Ma TSITrOBOI €JEeKTPUYHOI Mepefadi TiOpUAHOTO MaHEBPOBOIO
TeroBo3a [4, 12]; imitamiitHa MOJIeIb BUIbHOTIOPIITHEBOTO ABUTYHA BHYTPIITHBOTO
3ropaHHs 3 JIHIMHUM T€HEPaTOPOM eJIeKTPOMarHiTHoro tumy [5]; gyHKIioHaasHa
cxema Mmozem poboru TemtoBoza UME3 [8]; imirtamiiina Momens JiHIHHOTO
€JICKTPOMEXAHIYHOTO TIEPETBOPIOBaYA €JIEKTPOMAarHiTHOro tumy [9]; mporpamHo
peamizoBaHui cmoci®0 aBTOMaTH3alii TPOIECYy TMPOBEACHHS PO3PAXyHKY 3
BUKOPHUCTaHHSM MOBH mporpamyBaHHsi Lua [10, 13]; Meton BUOOpY onTUMaIbHOT
KOoH(DIryparii TeXHIYHUX 3ac001B 13 BUKOPUCTAHHIM (YHKIIIT OakaHOCTI XapiHrToHa
[11, 14]; maTematnmuHa MOJENb MpPOIECY PyXy IMOi3Ja IUITHKOK MUIAXY i3
napaMeTpaMu peaabHoro npodimto [15]; imitariiHa MOJEIIb CUCTEMH PETYITFOBAaHHS
piBHA 3apsay HAKOMHMYyBada CHEprii i3 BUKOPUCTAHHSIM ABokiItodoBoro DC-DC
neperBoproBava [16]; KOHCTpyKIiiiHE BHUKOHAHHS BUTBHOIOPIIHEBUX MOJYJIb-
reHepaTopiB  Ha  0a3i  JIHIAHUX  €JIEKTPOMEXAHIYHUX  NEPETBOPIOBAYiB
eJIeKTpoMarHiTHoro Tuiry [17].

Anpobaniss marepiaiiB aucepramii. OCHOBHI pe3yibTaTH IUCEpPTaLITHOT



poOOTH TONOBIAAINCH 1 OOTOBOPIOBANINCH HA TaKUX HayKOBUX KOoHQepeHuisnx: 1V
MDKHApOJHa HAyKOBO-TEXHIYHA KOH(EPEHI[Isl CTYIEHTIB, MariCTpiB Ta aclipaHTIB
«IHpopmaTuKa, ynpaBiaiHHA Ta LITYYHUH 1HTENEKT» (M. XapkiB, Ykpaina, 2017 p.); 80-
Ta MDKHApPOJIHA HAYKOBO-TeXHI4HA KOH(epeHIIis «PO3BUTOK HAYKOBOI Ta IHHOBAILIIMHOT
JisIbHOCTI HAa TpaHcmopTi» (M. XapkiB, Ykpaina, 2018 p.); XXVI MikHapoaHa
HaykoBo-TipakTu4Ha KoHpepeniia «MicroCAD-2018» (m. Xapkis, Ykpaina, 2018 p.);

9th International Conference on Advanced Computer Information Technologies
(M. Yecwke byaeionine, Yexis, 2019 p.); XXVII mibxHapogHa HAayKOBO-TIpaKTHYHA
koHpepenmis «MicroCAD-2019» (m. Xapkis, Ykpaina, 2019 p.); International
Conference on Modern Electrical and Energy Systems (m. Kpemenuyk, Ykpaina, 2019
p.); V Bceykpaincbka HayKkoBO-TexH1uHa KoH(pepeHisa «[IACEB-2019» (m. Xapkis,
VYkpaina, 2019 p.); 7th International Conference on Energy Smart Systems (m. Kuis,
VYxpaina, 2020 p.); 10th International Conference on Advanced Computer Information
Technologies (M. Herrenmopd, Himeuumna, 2020 p.); Problems of Automated
Electrodrive. Theory and Practice (m. Kpemenuyk, Ykpaina, 2020 p.).

[ToBHiCcTIO mucepTallist JoMOBiAanacs, ooroBoproBaiacs 1 Oyia cxBajeHa Ha
3aciiaHHl Kadeapu eIeKTPOSHEePIeTUKH, CICKTPOTEXHIKA Ta €JIEKTPOMEXaHIKH, a
TaKOXXK Ha (axoBOMY ceMiHapi Kadeapu eJICKTPOCHEPTeTUKH, CICKTPOTEXHIKU Ta
eJICKTPOMEXaHIKM  YKpaiHCBKOTO JIEPXKABHOTO  YHIBEPCHUTETY  3alli3HUYHOTO
TPAHCTIOPTY 32 y4aCTIO PEIICH3EHTIB.

Iy6aikamii. 3a TeMoro gucepTartii onmy0aikoBaHO 17 HAyKOBUX Ipallb, Y TOMY
qrcii 4 HayKOBUX CTaTi y paxoBUX BUAAHHAX, 3aTBepkeHuX MOH Ykpainu, 3 sskux
2 BKITIOYEHO JI0 MDKHAPOIHUX HAYKOMETpHUYHOi 0a3; 1 HayKoBa CTaTTsS B iIHO3EMHOMY
BUJaHH1 Kpainn — wieHa €C; oHa A0aTKOBA Mparld (MaTeHT Ha KOpUCHY Mojenb); 11
mparp  anpobOariiiiHoro xapaktepy (Marepiaim JOTOBiIe Ha HAyKOBUX
KOH(DEPEHITisAX).

CTpykTypa Ta obcsr aucepramii. Jlucepraris CKiiagaeTbes i3 BCTYMY, T ATH
PO31IiB, BUCHOBKIB, CIMCKY BUKOPUCTaHUX JDKEpe Ta AoAaTkiB. PoboTa odopmieHa
Ha 210 cTopiHkax, 3 skux 158 cTOpiHOK OCHOBHOTO TeKCTy, 90 puUCYyHKIB, 12 TaOmuIp,

crimcoK pKepen 31 123 Ha3 Ha 13 cTopinkax 1 5 momaTkiB Ha 32 CTOpiHKAX.
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