AHOTAIIA

3emchkuit 1. P. [ligBuineHHs eeKTUBHOCTI Tepeadi eIeKTPOSHEPTii JyIsl HETSro-
BUX CIOXHBAUIB €NEKTPU(DIKOBAHUX 3ATI3HUIIL 3MIHHOTO cTpyMy. — KBamidikaiiiina Hay-
KOBA Tparisl Ha paBax PyKOIHCY.

Jlucepraiiisi Ha 3700yTTS HAYKOBOTO CTyMeHs JokTopa (diocodii 3a CreiaibHICTIO
275 «TpancropTHi TexHoJor1i (3a Bugamu)» (27 — Tpancnopt). — JIHINPOBChKUIA HalllOHA-
JHHUIA YHIBEPCUTET 3ali3HUYHOTO TpaHCHOPTY iMeHi akanemika B. Jlazapsina, [aimpo,
2020.

AKTyalbHICTh 00paHoi TeMU 00yMOBJIEHA MpoOIeMaMu €EeKTUBHOIO BUKOPUCTAH-
HSl CHEPreTUYHUX PECYpCiB Ta 3a0e3MeueHHs HallHHOCTI poO0TH 00JaaHaHHs. B enekTpo-
CHEepPreTUlll OJHMM 13 CHOCOOIB BHUPIIMICHHS BKa3aHUX TMPOOJIEM € 3HIDKEHHS
TEXHOJIOTIYHUX BTpPAT EJEKTPOCHEPrii Ta 3a0e3MeueHHs] eJIEeKTPOMArHITHOI CYMICHOCTI
MPALIOIYMX TPUCTPOiB. EnekTpopyxomuii ckiaj 3ami3HUI 3MIHHOTO CTPYMY € TOTYX-
HUM HENHIAHUM CIIO)KMBAYeM, 10 YAHUTH ACUMETPYIOUYHA BIUTUB Ha Tpuda3Hi MEepexi Ta
TeHEepY€E BUIL TAPMOHIKH JI0 CUCTEM 30BHIITHLOTO Ta HETSTOBOT'O €JIEKTPOIIOCTauaHHSI.

VY Halripimmx eJeKTpoOMarHiTHUX yMOBax mnepeOyBae oOlaJHaHHS HETATOBUX CIO-
YKUBAYiB, 10 OTPUMYIOTh JKUBJICHHS BiJl €JICKTPUYHOI MEPEXK1, CKIIaJI0BOI0 YACTHHOIO SKOT
€ TAJTbBAHIYHO 3B’s13aHA 13 TATOBOIO MEPEXKEIO JIHIS, SKa BiJioMa IiJ] HA3BOIO «JIBa TIPOBO-
mu-perikay (T1P). ITpuuuHoro 11010 € XapakrepHe s JiHii J{I[TP nmoeaHaHHS KOHTYKTH-
BHOTO Ta MOJILOBOTO BIUTMBY TATOBOI MEPEIKi 3aTi3HUII 3MIHHOTO CTPYMY, 1110 TIPU3BOJANTH
JI0 3MEHIIIEHHS e()eKTUBHOCTI IMepeiavi eeKTPUYHOI €Heprii MPUETHAHUM CII0KHBAYaM.
Kpim Toro, uepe3 pi3Hi cnocoOu MmiIKIFOYSHHSI CYMDKHHAX MACTAHIN 710 JKUBJISYOT Mepe-
1, HEMOXJIMBO 3a0€3ME€YUTH IBOCTOPOHHE JKUBJIEHHS TpU(Aa3HOrO HAaBAaHTAKEHHS B[ Ji-
Hiit JITIP, 1110 10/1aTKOBO 30UIBIITY€ BTPATH €IEKTPOCHEPTil P Mepeadi.

3aranpHa noBxkuHa JiHid 1P B Vkpaini — 4 tuc. kM, mo cknanae 80 % Bix 10B-

KUHH eJIeKTPU(IKOBAHUX 3MIHHAM CTPyMOM 3aii3HuIb. [I{opiuanii obcar mepenanoi miHi-

smu 1P enextpoeneprii craHoBuTh Om3bko 250 miH. KBTTOM, 1m0 CKIamae OIM3BKO
30 % Bim 3aranbHOI €JIEKTPOCHEPTIi MepeIaHoi CroKUBavYaM, sIKi JKUBJISTHCS BiJ MEPEkK
3ai3HULI. P1yHI BTpaTu eneKTpoeHeprii 3HaxoAsATbes Ha piBHI 6 miiH. KBT-ron. Hecumer-
pis Hanmpyru B uiHisix [IIP npocsrae 3navens 7,5...10,6 %, a HeCHMHYCOigHICTH —
8,5...12,7 %, npotu 4 % Ta 8§ % BIANOBIMHO y IHIIMX JIHISX HETSITOBOTO €JIEKTPOIIOCTA-

YaHH.



BpaxoByroun po3noscropkeHicTs JiHiid JIIP Ha 3ami3HULAX 3MIHHOTO CTpyMy Ta
BU3HAYEHI BUIIE iX HEJOJIKH, 00’ €KTOM JOCIIKEHHsI 00paHo Mpoliec nepeaadi eaeKT-
pOEHeprii JIHIAMH, 110 TaJbBaHIYHO 3B’53aHI 13 TATOBOIO Mepexero. [Ipeamerom nocii-
JUKCHHS € BTPATH €JIEKTPOEHEPTii, MOKa3HUKN HECUMETPii Ta HECUHYCOITHOCT1 HAIIPYTH
y JIIHISIX HETATOBOT'O €JIEKTPOIOCTauaHHs Hanpyror 27,5 kB.

BignoBigHo Metoro po6oTu € MeToro IOCTiKEHHS € 3MEHILIEHHS] BTpaT Ta Mij-
BUILICHHS SIKOCTI €JICKTPUYHOT eHeprii mpH ii rmepeaadi JiHIIMHA HETATOBOTO €JIEKTPOIIO-
CTavyaHHs, SIK1 TAJIbBAaHIYHO 3B’ 513aH1 Yepe3 PeKOBY KOO 3 TATOBOIO MEPEKEIO.

AHani3 HayKoBUX MyOJiKaimiil Ta BIIOMUX TEXHIYHHMX PIIIECHb 3 MUATAHHS CJICKT-
pOToOCTayaHHsl HETATOBUX CIOKMBAiB, MPOBEACHUN Yy MEpUIOMY PO3IUIl AUCepTalii,
JI03BOJIMB 3pOOUTH BUCHOBOK IIPO T€, IO MpoOJeMy Mepeaadi eIeKTpUuYHOi eHeprii Ji-
HIEIO «J[Ba MMPOBOIU-PEIKa» PO3TISAIAIOTH JIUIIE 31 CTOPOHM 11 KOHCTPYKTUBHUX HEJO0JI-
KiB, SIKI MOJISTAIOTh y pO3TalllyBaHHI MPOBO/IIB JIIHII Ha OMOpaX KOHTAKTHOI MEpexi Ta
BUKOPHUCTaHHI PEHKH Yy SKOCTI TPEThOi (pa3u, 3amuiiatoyd HEAOCHIPKEHUM MUTaHHSA 13
JIBOCTOPOHHIM KMBJICHHSIM CIIOKMBAYiB.

JIisi BUBYEHHSI €HEPTETHUYHUX MPOIECIB Y CHUCTEMi HETSITOBOTO EJIEKTPOIOCTa-
YaHHS po3p0o0JIECHO MaTEMAaTHIHY MOJIeTh ¥ (pa3HUX KoopauHaTax Ha 0a3il qudepeHIiiii-
HUX PIBHSIHBb CTaHY €JICKTPUYHOT'O KOJIa, IO JO3BOJISIE PO3PaxXyBaTH MOKA3HUKHU SKOCTI
€JIEKTPOEHEPT1i 3 ypaxyBaHHSIM HENIHIMHUX MapaMeTpiB TATOBOro TpaHchopmaropa,
CJICKTPOPYXOMOTO CKJIaJTy Ta CXEM MIIKIFOUYSHHS MiICTAaHIIN 10 )KUBISTIOT MEPEXKI.

Teopis BUKOPUCTAHOTO MiAXOMY JUIS MOOYIOBH MAaTEeMaTHYHOI MOJEII Ta MPUH-
ITUT pOOOTH KOMIT IOTEPHOTO aJTOPUTMY, 3aCTOCOBAHOTO JJIA 11 peanizarlii, BUKJIaIeHl Y
JIPYTOMY PO3JLIL TUcepTarllii.

J1o TpEeThOTO PO3JILTY BKJIIOUEHI PE3YIbTAaTH JIBOX €KCIIEPUMEHTIB 3 TOCIIIKEHHS
CIIOTBOPEHB SIKOCTI €NEeKTPUYHOI eHeprii 3 Bukopuctanasam cuctemu JII1P. [lepmmii ex-
CIIEPUMEHT MaB IMTACHBHUHN XapaKTep — BUMIPIOBAIKMCH ITapaMeTPH PEKUMY HAINPyTH Ha
muHax 27,5 kB TaroBoi miacTaHIli Ta y KoJii BTOPUHHOI HANpyrd KOMILUIEKTHOI TpaHC-
dbopmaropnoi miacranmii (KTII) ATTP 6e3 3Minu HOpMaIbHOI CXeMH €IEeKTPOTIOCTayaH-
Hs. [lig yac Apyroro eKCrepuMeHTy peani3oBaHO TPU CXEMU KUBIICHHS CIIOKHMBAayda BiJT
ninii I1P: 1Bl KOHCONBHUX Ta JBOCTOPOHHIO BiJI CYMDKHUX MIJCTaHIIIN, 1110 € MOXKJIU-
BUM Ha JOCIIIHIN IUISHIIN. 3a pe3yJibTaTaMu JIPYyroro eKCIepuMeHTy BUKOHAHO TIepeBi-

PKY aJIeKBaTHOCTI MaTEMaTUYHOI MOJIENI.



VY yeTBepTOMY PO3/iTi BUPIIIYETHCA 3a7a4a MiABUIICHHS e(DEKTUBHOCTI Mepeaadi
CJICKTPUYHOI €HEPrii HETATOBUM CHOXKMBadaM. J{OCIIIKYETHCS TPU CIIOCOOU KUBJICHHS
HETATOBUX CIIOKMBAYIB: KOHCOJIbHE >kuBJIeHHS BiX JiHli JIIP npu 30epexeHHi uepry-
BaHHS NpHEIHAHHA (a3 TATOBOrO TpaHcPopMaTopa A0 CUCTEMHU 30BHINIHHOTO €IEKTPO-
NOCTaYaHHs, JTBOCTOPOHHE >kuBieHHS Bij JiHii JIIP 3a yMOBH BUKOpPUCTaHHS OJIHAKO-
BOI CXE€MU NpUETHAHHSA (a3 TpaHcPopMaTopa A0 KUBISIY0I MEPEKI HA CYMIKHUX TATO-
BUX IMIJICTAHIIIAX Ta 13 BUKOPUCTAHHIM (Da30moBOPOTHOrO MpUCTPOIo. [leTanbHo onuca-
HO METOJ 3a0e3MeUYeHHs] JBOCTOPOHHBOTO JKUBJICHHS 13 BUKOPUCTaHHAM (ha30M0OBOPOT-
HOT'O IPUCTPOIO.

[IpeacraBneni pe3ynbTaTd YUCETBHOTO PO3PAXyHKY CHUCTEMH EJIEKTPOIIOCTavyaH-
HSl JUISHKY 3aJ113HMIN 13 BUKOPUCTAHHSAM TPbOX CHOCOOIB KMBJIEHHS croxkuBaua. IIpo-
BEJICHO CITIBCTABIICHHS MOKA3HUKIB HECUMETPIi Ta HECUHYCOITHOCT1 HAIIPYTH KUBJICHHS
TATOBUX MIACTAHIIA Ta HETATOBUX CIOXKHMBadiB. BU3HaueH1 BTpaTu MOTY>KHOCTI MpU
PI3HHUX BapiaHTaX JKUBJICHHS HETATOBUX CIIOKHUBAYIB.

Y m’aroMy  po3aili NPUBEICHHM  TEXHIKO-CKOHOMIYHHH  PO3paxyHOK
BIIPOBA/XKEHHSI 3alPOIIOHOBAHOTO CIIOCO0Y, BUKOHAHUM 13 BU3HAYEHHSIM YUCTOI IMOTOY-
HOT BapTOCTI MPOEKTY Ta BpaxyBaHHSIM MPOTHO3Y 3pOCTaHHS Tapudy Ha PO3MOMALT Ta
MOCTaYaHHS €JEeKTPOCHEPrTIi.

OCHOBHI pe3yJbTaTH JOCHIKEHHS MOB’s13aH1 3 BUKOHAHHSIM HAyKOBO-JOCJI1THUX
poOit y JIHIMPOBCHKOMY HaIllOHATBHOMY YHIBEPCUTETI 3aJII3HUYHOTO TPAHCTIOPTY 1MEH1
akanemika B. JIazapsiHa 3a HACTYITHUMH TEMaMU:

— «Maremaruko-iHpopMaIliitHe 3a0e3MeueHHs MPOIECY MOJICITIOBAHHS PEKUMIB
pOOOTH CUCTEM EIIEKTPUUHOTO TPAHCTIOPTY», Ne nepxkpeectpartii 0119U103838;

— «3abe3neyeHHs napajieyibHOi poOOTH Ta MIABULIEHHS SAKOCTI €JIEKTPOEHEPrii y
JIHISIX eNIEKTPONOCTauYaHHsl HETATOBHX CIIOKHMBA4iB 3aJi3HUIb 3MIHHOTO CTPyMY»,
Ne nepxpeectparnii 0119U103771;

— «Po3po0Ka 1HTENEKTYalbHUX TEXHOJOT €(EeKTUBHOIO €Hepro3ade3nedyeHHs
TpaHcopTHUX cuctem», Ne nepxpeectparti 0116U006982.

HaykoBa HOBH3HA nucepTalii moysirae y HaCTyIHOMY:

1. Bnepie po3po0aeHO KOMIIEKCHY MaTeMaTHYHy MOJIETb B3a€EMO/Iii CHCTEM 30-
BHIIITHBOTO, TSATOBOT'O Ta HETATOBOTO E€JIEKTPOIOCTAYaHHS 3aTI3HUIN 3MIHHOTO CTPyMY,

sKa BIAPIZHATHCS BiJ] ICHYIOUHUX BPAaXyBaHHSAM PI3HUX CXEM MIAKIIOYEHHS TSATOBUX ITijI-



CTaHUIM J0 XKUBJAYOI MEPEXk1, HECUMETPIl Ta HECUHYCOIJHOCTI TATOBOI'O HABaHTAKEH-
Hs, TTapaMeTpIB MArHITHOTO Koja TpaHc(opMaTopiB Ta KOHCTPYKTUBHOT'O BHUKOHAHHS
JHIM HETSATrOBOrO €JIEKTPOIIOCTauYaHHS, 1110 JO3BOJISE JOCTOBIPHO BUBHAYUTH BTPATH Ta
NOKa3HUKHU SIKOCTI €JIEKTPOEHEPIii y CUCTEMI €JIEKTPONOCTaYaHHs ISl HECUMETPUYHUX
Ta HECUHYCOITHUX PEKUMIB pOOOTH.

2. Briepuie Ha OCHOBI JOCIIJIKEHHSI 3aKOHOMIPHOCTI 3MIHM CUCTEM BEKTOPIB BHU-
X1AHO1 HAaIPYTu TArOBUX TpaHC(HOPMATOPIB 13 BpaXyBaHHIM CXEMH iX MIAKIIOYEHHS 10
NEPBUHHOT MEPEX1 3alPONIOHOBAHO HAYKOBO OOTPYHTOBAaHUIN METOJ 3a0€3MEeUEHHS J1BO-
CTOPOHHBOTO JKUBJICHHS JIIHIHA HETSITOBOTO €JIEKTPOIOCTAYaHHS BiJ TATOBUX IIMH ITiJIC-
TaHIIA 3MIHHOTO CTPyMY 3 Pi3HUMHU KOH(DIryparmisiMd CHUCTEM BEKTOPIB HAIPYTH, IO
JI03BOJIs€ 3a0€e3neUnTr Oe3nepepBHY Nepeady eIeKTpOeHePrii 3 MEHIIIMMHU BTpaTaMH.

3. JlicTaB moJajibIIOr0 PO3BUTKY METOJl MOJEIIOBAHHS PEXHUMIB EIEKTPUUYHUX
Mepex Y (pazHUX KOOpAMHATAX, KU BIJIPI3HIETHCS MOEIHAHHAM MO(PA3HOTO MiAXOAY
JI0 CKJIQJJaHHSI CXEMH 3aMIIIEHHS Ta BUKOPUCTAHHSIM AKTUBHUX 1 OOMIHHUX XapaKTepH-
CTUK HEJIIHIMHOTO HaBAaHTAXXEHHS MPHU PO3B’sA3aHHI CUCTEMHU IU(EpEHUINHUX PIBHSHbD,
110 JJO3BOJISIE OJTHOYACHO OTPUMATH MOKA3HUKU HECUMETPii Ta HECUHYCOIIHOCTI Hampy-
TH B PO3MOIUIHYMX MEpekax eIeKTpU(IKOBAaHUX 3aTI3HUIIb 3MIHHOTO CTPyMY.

[IpakTiuHe 3HaYEHHS] OTPUMAHUX PE3YJIbTATIB!

1. BopoBamkeHHs: crioco0y MiABUIIEHHS €(pEeKTUBHOCTI Mepeaadl eleKTpUYHOT
eHeprii Ha KoxxH1 100 KM y Mepesxi HETSATOBOIO €JIEKTpOonocTayanusa Hanpyrotwo 27,5 kB
J03BOJISIE  3MEHIUMTH: BTpatu  enekrtpoeHeprii 3 270...350 MBt-ron/pik 10
160...210 MBtron/pik; koedimieHT HECUMETPii 3BOPOTHOI MOCTITOBHOCTI HAMPYTH 3
1,8...1,9% mo 1,3 %; xoedimienTr necunycoimnocti Hampyru 3 7,00...8,21 % mo
4,57...6,60 % BI1AIIOBIIHO.

2. OTpuMaH1 aHaMITUYHI BUPA3H MOKA3HHUKIB HECUMETPIi HAIIPYTHU JUISI CXEM O/I-
HOCTOPOHHBOTO Ta JBOCTOPOHHBOTO >KMBJICHHS JIIHIM «J[Ba MIPOBOJU-PEIKa» y BUTIISIL
CYKYIHOCTI CTATUCTUYHHUX 3aKOHIB PO3IMOJALLY Ta PIBHSAHb PErpecii 103BOJSAIOTh KUIbKI-
CHO OL[IHUTU HECUMETPII0 HAPYTH MPU peani3alii OKpeMOoi CXEMU >KUBJICHHS Ta MOKa-
3YIOTh 3HHKEHHS HECUMETPIl IPH peaizailii IBOCTOPOHHBOI CXEMH JKUBJICHHS.

KitrouoBi crioBa: JiiHIS «/IBa NPOBOJM-PENKay, aKTUBHA XApaKTEPUCTHKA, OOMIHHA
XapaKTePUCTHKA, BTPATHU €JIEKTPOCHEPT1i, €IEKTPOMAarHiTHa CyMICHICTh, MaTEMaTUYHE MO-
JIEJIIOBAHHS1, HETATOBE €JIEKTPOIIOCTAYaHHs, HETATOBUM CIIOKMBAy, CUCTEMA TATOBOTO €Jle-

KTporocTavyanHs, pa3Hi kKoopauHaTH, (Ha30mOBOPOTHUN MPUCTPIH, SAKICTh €IEKTPOSHEPTIi.



Criucok myOumikariiil B sIkux omyOIiKoBaHI OCHOBHI HAyKOBI pe3yJbTaTH JUCEepTallii, Je:

— cTaTTl y (haxOBUX BUJIAHHSX:

1. bocuit JI. O., 3emcokuii JI. P. IlinBuIieHHs SIKOCTI €JIEKTPOCHEPTii y JIHIAX
«J1Ba mpoBou-perikay. Erexmpugpikayis mpancnopmy. Ne 12. C. 76-81.

2. 3emcopkuit JI. P. ExcriepuMmeHTanbHe MOCHIIKEHHS SIKOCTI €JIEKTPOEHeprii y
CIIO’KMBAYIB, 110 XUBJIATHCA Big miHil AP 27,5 kB 3ami3Huie 3MmiHHOrO cTpymy. Bic-
HUK Binnuyvkoeo nonimexuiunoeo incmumymy. 2018. Ne 1 (136). C. 66—71.

3. bocwuii [I. O., 3emcokuii /1. P., Xomenko B. P. AnanmiTnaHe mOpiBHSIHHS ITOKa3-
HUKIB SIKOCT1 €JIEKTPOEHEPTii 3a JBOMA CTaHJApTaMHU Yy MEpEXi HETATOBOTO CIIOKMBaya
3aJ1I3HULI 3MIHHOTO CTpyMy. Bichux Hayionanvnoz2o mexuiunoeo ynieepcumemy « X111y,
cepis «Enepeemuka: naoitinicmo ma enepeoeghexmusnicmoy. 2019. Ne 29. C. 27-33.

— CTaTTA Yy 1HO36MHOMY BHJIaHH1, BKJIIOUEHOT'O JI0 HAYKOMETPUUYHOiI 6a3u «Scopu-
:

4. Zemskyi D. R., Bosyi D. O. Energy Efficient Modes of Distribution Power
Supply Systems with Different Vector Group of Transformer : 2019 IEEE 6th
International Conference on Energy Smart Systems. Conference proceedings. Institute
of Electrical and Electronics Engineers Inc, 2019. doi: 10.1109/ESS.2019.8764246.

— CTaTTs y BUJIaHHI, BIIHECEHOMY JIO TPETHOI'0 KBAPTUJIIO BIJMOBIIHO O KIJIACH-
dikarii SCImago Journal and Country Rank ta BKIFOYEHOTr0 0 HAYKOMETPUYHOI 0a3u
Scopus:

5. 3emcekmii JI.P., Cuuenko B.I'., bocmit JI.O. MonentoBaHHs CyMiCHOT poOOTH
CHCTEM 30BHINIHBOTO Ta TATOBOTO €JIEKTPOIIOCTAYaHHS 3aJ13HUIIb 3MIHHOTO CTPYMY JIJIs
OLIIHKU SIKOCTI €JIEKTPOCHEPTril Yy HECUMETPUUHUX peKUMaX. TexHiuna enrexmpoouHami-
ka. 2020. Ne 2. C. 74-85.

— CTaTTs B MEPIOUIHOMY HAYKOBOMY BHJIaHHI JIepkKaBH, KA BXOAATH 10 €Bpo-
nercbkoro Coro3sy:

6. Bosyi D., Zemskyi D. Increasing Power Supply Efficiency for “Two WireRail”
Line Consumers. Problemy Kolejnictwa. Issue 188. pp. 93-102. DOI: 10.36137/1881E.

Cnucok my0stikailii, siki 3aCBiA4yIOTh anpoOailito MaTepiaiiB AUCepTallii:

1. 3emcekuii [1. P. JlocmimkeHHs SKOCTI €IeKTPUYHOI eHeprii y JIiHISIX MO3I0BXK-

HBOTO €JIEKTPOINOCTAYaHHS 3aJI13HUIb 3MIHHOTO CTpyMy. [lepcnexmugu 83aemooii 3ani-



3HUYL ma npomucioeux nionpuemcme . Mmarepianu |l-i MiKHapOIHOT HayKOBO.-
npakTuaHoi KoHpepeHii, M. J{ninpo, 3-4 mucronana 2016 p. Jduinpo, JHY3T, 2016.
C.31-32.

2. 3emcobkuit JI. P. Tlomyk nuisixiB MojiepHi3allii Ta yJJOCKOHAJICHHS eeKTpoMar-
HITHO1 cyMicHOCTI JiHii TP enekTpudikoBanux 3ani3Hulb. besnexa i erexkmpomacHi-
MHA cymicHicmob Ha 3anisHuynomy mpancnopmi : mamepianu VIlI-i MixxnaponHoi Hay-
KOBO-TIpakTU4HO1 KoH(pepeHiii, M. Yepnisui, 1-3 motoro 2017 p. Yepnismi, 2017.
C. 34-35.

3. 3emcekuit . P. [Ipo6nemu edhekTHBHOT pOOOTH CHCTEMH MO3/I0BKHBOTO €JIEK-
TPOTOCTAYaHHS HETATOBUX CIOXKMBAYiB 3aJII3HUIb 3MIHHOTO CTpyMy. « Enepeoonmuma-
JIbHI  mexHo02ii nepesgiznoco npoyecyy: Marepianu II-i MixHapoaHOi HayKoOBO-
npakTudHOi KoH(pepeHiii, M. JIbBiB, 22-26 Tpasus 2017 p., JIssiB, 2017. C.36-37.

4. 3emckuii J[. P. DnexkrpomarautHas coemectumoctb auHuil JIIP ¢ morpedure-
JSIMU 3JIEKTPO’HEPIUU Ha JI0pOrax MEepeMEHHOro Toka. [Ipobnemwr bezonachocmu Ha
mpancnopme . Matepuaibl VIII MexayHapoaHoit HaydHO-TIPaKTHIECKONW KOH(BEPEHIINH
:B24. Y. 1, r. omens, 23-24 Hos16ps1, 2017 p., ['omens, 2017. C. 186-187.

5. 3emMcobkuii [. P. MoaentoBaHHs BILIMBY CUCTEMHU TATOBOTO €JIEKTPOIOCTAYaHHS
3MIHHOTO CTpPyMy Ha IJIHIIO JIBa NPOBOAU-pelika. Enexmpupixayis mpauncnopmy
«TPAHCEJIEKTPO-2017» : marepianu X MixHapoaHOI HAyKOBO-TIPAKTUYHOI KOH(De-
pentii, M. J{ainpo 20-21 rpyans 2017 p. Juinpo, 2017. C.19-20.

6. 3emcrkuii [l. P. MoaentoBaHHs npolecy nepeaadi eleKTpUYHO1 eHeprii JiHis-
MU «JIBa MPOBOAU—PEIKa». Enekmpomexaniuni ma enepeemuuni cucmemu. Memoou
Mooentosanus ma onmumizayii: 301pHUK HaykoBuX mpaibs XVI-i MixkHapoaHoi Hayko-
BO-TEXHIYHOT KOH(PEPEHIIT MOJOIUX YUYEHUX 1 crerianicTiB, M. Kpemenuyk, 12—13 kBi-
tHs 2018 p. Kpemenuyk, 2018. C. 142-143.

7. boceiii /1. A., 3emckuit JI. P. K Bonmpocy 0 COBMECTHOM MOJICIMPOBAHUU CH-
CTEM TATOBOTO M BHEIIHETO 3JIEKTPOCHAOKEHUSI HECUMMETPHUUYHBIX PEKUMOB PaOOTHI.
AxmyanvHble 80NPOCHI U NEPCNEKMUBLL PA3GUMUSL MPAHCHOPMHO20 U CIMPOUMENbHO2O
komnaexkcos . matepuansl [V MexnyHapoaHoW HaydYHO-TIPAKTHYECKONH KOH(PEPEHIIUHU :
B2 4. Y. 1,11-12 okrs6ps, 2018 p., 'omens, 2018. C. 11-12.

8. bocuii /1. O., 3emcokuii /. P. EHeproedekTuBHI pekKUMHU €JICKTPONIOCTAYaHHS

pO3rally’KEHUX CUCTEM 3 HENIHIHHUMU Ta HECUMETPUYHUMHU HaBaHTaXEHHSAMU. Enepzo-



epexmugnicms ma enepeemuuna Oesnexa enekmpoenepeemuunux cucmem (EEES-
2018): 30ipuuk HaykoBux mpaib II BceykpalHChbKol HayKOBO-TEXHIUHOT KOH(MEPEHIIIT,
M. XapkiB 3-6 rpyans 2018 p., Xapkis, 2018. C. 27-28.

9. bocmit [I. O., 3emchkuii [. P. MonemtoBaHHs €€KTPOMArHiTHUX IPOIIECIB B
CHUCTEeMaxX TITOBOIO €JEKTPOINOCTAayaHHsA Ta 30BHIIIHIA eHepretuui. Haykoso-
mexHiuHUull npoepec Ha mparncnopmi:. Matepianu 79 BeceykpaiHChKOi HayKOBO-TEXHIYHO1
KoH(pepeHIii MoiIoaux yueHux, M. Jlainpo, 28 6epesunst 2019 p. {ninpo, 2019. C. 10-11.

10. bocwiit 1. A., 3emckuii JI. P. Marematuko-undopmainiionHoe obecrieueHue
nporecca MOJCIUPOBAHUS PEKUMOB pabOThl CHUCTEM 3JIEKTPOCHAOKEHUS AJIEeKTpuye-
ckoro Tpancrnopta. Ilpobaemul 6e3onachocmu Ha mpancnopme: matepuansl [X Mex-
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ANNOTATION

Zemskiy D. R. Increasing electricity transmission efficiency for non-traction con-
sumers of alternating current railways. — Qualifying scientific work on the rights of the
manuscript/

Dissertation for the Doctor of Philosophy Degree in specialty 275 “Transport
Technologies (by Type)” (27 — Transport). — Dnipro National University of Railway
Transport named after academician V. Lazaryan, Dnipro, 2020.

The relevance of the topic is due to the problems of efficient use energy resources
and ensuring reliability of the equipment. In the power industry, one of the ways to
solve these problems are to losses of electricity and ensure electromagnetic compatibil-
ity of devices.

The electric rolling stock of AC railways are a powerful non-linear consumer,
which has an asymmetric effect on three-phase networks and generates higher harmon-
ics to external and non-traction power supply systems.

Equipment of non-traction consumers supplying from the line, which is galvani-
cally connected to the traction network, also known as, the “two wire-rail” line or TWR
line, are in the worst electromagnetic conditions. Reducing the efficiency of electric
power transmission to consumers in the concept of electromagnetic compatibility occurs
through a combination of conductive and field effects on the TWR line. Addition, in
most cases, it is not possible to provide bilateral power supply from the TWR lines that
increases the loss of electricity when it is transmitted by the line.

The values of the voltage unbalance indicator and total harmonic distortion in the
TWR lines are 7,5... 10,6 % and 8.5 ... 12,7 % but these rates are limited to 4 % (volt-
age unbalance) and 8 % (total harmonic distortion) in other non-traction power supply
lines. Annua losses are 6 million KWh in TWR lines of Uralian railways. The total
length of TWR lines in Ukraine is 4 thousand km, which is 80 % of the length of AC
Railways. The annual volume of transmitted TWR lines is about 250 million kW'h.

Due to the proliferation of DWP lines by AC railways and the disadvantages
identified above, object of study is the process of transmission of electricity by lines
galvanically connected to the traction network. The subject of the study is the efficiency

of electricity supply, which is meant the transmission of electricity with the lowest loss-



es and the deterioration of its quality.

Accordingly, the purpose is to increase the transmission electricity efficiency by
lines that are galvanically connected to the traction network.

Analysis of scientific publications and known technical decisions for the non-
traction power supply consumers has been conducted in the first section of the disserta-
tion. Only the design flaws of the line had been investigated by specialists, arrangement
of line wires on the catenary mast and using of the rail as the third phase are reason of
unbalance and harmonic distortion voltage. Therefore, the issue of bilateral electricity
supply remains unexplored.

The mathematical model has been developed in phase coordinates, which based
on Kirchhoff differential equations for electrical circus. Electricity quality indicators
with account nonlinear parameters of traction transformer, electric rolling stock and
schemes of connecting substations to the power grid can be calculated by the this mod-
el. The theory of the applied approach for the construction of the mathematical model
and the principle of operation of the computer algorithm applied for its implementation
has been outlined in the second section of the dissertation.

The results of two experimental studies of the quality of electricity transmitted by
the TWR line have been presented in third section. The first experiment was passive.
The voltage on the buses of the substations 27,5 kV and the power circuit of the non-
traction consumer was measured without changing the circuit. Two unilateral and one
bilateral schemes of power supply from the TWR line were implemented during the
second experiment. The mathematical model was verified according to the second ex-
periment.

The problem of bilateral power supply to consumers is addressed in the fourth
section. There are three ways to power supply of the non-traction consumers from the
27,5 kV network have been considered: unilateral power supply from the TWR line
with alternation of substation connection to the public network; bilateral power supply
from the TWR line without alternating substation connection to the public network; bi-
lateral power supply from bus substation through phasing device and three-wire line
was used instead of the TWR line. The method of providing bilateral power supply has
been described.

Numerical calculation results of the three methods power supply non-traction



loads are presented. The using and proposing methods of power supply have been col-
lated by quality and losses energy.

In the fifth section investment attractiveness of the decision was evaluated with
account the growth in the price of electric energy and using the net present value meth-
od.

The main results of the study are related to the implementation of researches at
Dnipro National University of Railway Transport named after Academician V. Laz-
aryan on the following topics:

— “Ensuring parallel operation and enhancing power quality in non-traction cus-
tomers power lines for AC railway application”, No. 0119U103771;

— “Mathematical and Information Basis of Traction Power Supply Systems
Modes Simulation”, No. 0119U103838;

— “The development of intelligent technologies for efficient energy transport sys-
tems”, No. 0116U006982.

Scientific novelty of the obtained results:

1. For the first time the complex mathematical model for simulation of external,
traction and non-traction AC power supply systems was developed, which differs from
the existing ones taking into account different schemes of traction substations connec-
tion to the mains, asymmetry and non-sinusoidal traction load, magnetic circuit parame-
ters. Mathematical model allows to reliably determine the losses and indicators of pow-
er quality in the power supply system for asymmetric and non-sinusoidal modes of op-
eration.

2. For the first time the scientifically proved method of providing two-way power
supply of non-traction power supply lines from buses of AC substations with different
systems of voltages vectors with lower losses, which based on research of change of
vectors systems output voltage transformer taking into of schemes of their connection
to the primary network.

3. The method of modeling electric network modes in phase coordinates was fur-
ther developed, which differs by a combination of a phase-by-phase approach to the
substitution scheme and the use of active and exchange characteristics of nonlinear
loading in solving a system of differential equations. The method allows to obtain indi-

cators of voltage asymmetry and nonsinusoidal networks of electrified alternating cur-



rent railways.

The practical significance of results:

1. The implementation of a proposed method increasing the efficiency of electric-
ity transmission of non-traction network power supply for every 100 km with a voltage
of 27,5kV allows to reduce electricity losses from 270...350 MWh / year to
160...210 MWh / year, the voltage unbalance from 1,8...1,9% to 1,3% and the total
harmonic distortion from 7,00...8,21% to 4,57...6,60%, respectively.

2. The dependence of voltage asymmetry indices for unilateral and bilateral pow-
er supply with “two wire-rail” line have been obtained in form of set statistical distribu-
tion laws and regression equations, which are allow quantifying the voltage unbalance
in the implementation of a separate power supply scheme.

Keywords: “two wires-rail” line, active characteristic, exchange characteristic,
power losses, electromagnetic compatibility, mathematical modeling, non-traction pow-
er supply, non-traction consumer, traction power supply system, phase coordinates,

phase-shifting device, power quality.



