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AHOTAILUS

Cemenrwe O. M. Metonu Ta MoOjeNl Ta TOKpAIEHHS €IEKTPOMArHiTHOI
CYMICHOCTI B KaO€NbHHX JIHISIX E€JIEKTPONPUBOMAIB 13 YaCTOTHUM YMPABIIHHAM. —
Kpamidikamiitna HaykoBa mparis Ha IIpaBax PyKOIHUCY.

Hucepraiiisi Ha 3100yTTS HAyKOBOTO CTYTEHs KaHAWAATa TEXHIYHUX HayK 3a
cnemianbHicTIO 05.09.03 , EnexTpoTrexHiuyHI KOMIUIEKCH Ta cUCTeMHU . — OJeChKHiA
HaIllOHAJIbHUIM  TMOJITeXHIYHUM yHiBepcuter, Opeca, 2019. — BiHHUIBKUN
HAI[IOHATFHUIN TeXHIYHUN yHIBepcuTeT, Binauis, 2019.

PoGoTa mpucsiueHa po3B’sS3aHHIO 3ajlayl 30UIBIICHHS JOBXWUHU KaOEIbHUX
JHIA MK MEPEeTBOPIOBAYEM YAaCTOTH 1 €JIEKTPOJABUTYHOM B YaCTOTHO-PETYJIbOBAHUX
CJICKTPONPUBOAAX IUISIXOM PO3POOKH METOJIIB 13 3a0€3MEUYCHHS IX €JIEKTPOMAarHiTHOI
cymicHocti (EMC).

VY BcTyIli 00IPYHTOBAHO aKTyalIbHICTh TEMHU JUcepTallii, chopMyIbOBaHO METY
Ta 3a7a4l AOCHI/DKEHHS. 3a3Hauy€HO HAyKOBY HOBU3HY Ta NpPaKTUYHY LIHHICTb
OTpUMaHUX pe3yibTaTiB. HaBeneHo BiAOMOCTI Ipo ampobaliito poOOTH, 0COOUCTUI
BHECOK 3700yBaya Ta nyOsikamii. 3a3HAa4eHO 3B 30K pOOOTH 3 HAyKOBUMU
nporpamMamu, TeMaMu.

VY mepmomy po3aiai BUKOHAHO aHaNM3 NPUYMH BUHUKHEHHS CIIOTBOPCHB
dbopmMu Hampyr Ta CTPyMIB B JIIHISX €JEKTpornepeaady Ta HacHiJIKIB iX BIUIMBIB Ha
poOOTYy YaCTOTHO-PETYIHLOBAHUX €JIEKTPONPHUBOIiB. Ha mijcTaBi BUKOHAHOTO aHAII3Y
BU3HAYEHO METY Ta 3ajaadi poOoTu. [lokazaHo, 1110 OCHOBHOIO BaJIOI0 JIiHIN mepeaayi
MK IIUPOTHO-IMITYyJIbCHUM TieperBoptoBadeM (LIIIT) Ta mBUTyHOM € CIIOTBOpPECHHS
dbopMH Hampyru Ha 3aTHCKavyax JBUTYHA TIO BIJHOIIECHHIO JIO HANpyrd Ha BUXOII
LOITI. Ilpm upbOMy BHUHMKAIOTh BHUIIl TAPMOHIKM, SIKI BBaXalOThCS NPUUYUHOIO
croTBopeHb Hampyru. st 60poThOM 13 BUIIMMH TapMOHIKAMH Ta 3a0€3TMCUCHHS
EMC BukopuctoByIOThCS pisHOMaHITHI (PunbTpu. OpHAaK, Ha CHOTOJHI BIICYTHS
oOrpyHTtoBaHa metojauka BubOopiB ¢uibTpiB EMC, sika BpaxoBye BeChb KOMIUIEKC
dakTopiB, BIUIMBAIOTh Ha BUHUKHEHHS CIOTBOPEHb, TAaKUX SIK: JOBXKHHA KaOEIro,
HOTo THUI 1 MapaMeTpH, a TaKOXk YacToTa KOMyTalli KIto4iB iHBepTopa. [IpakTudyno

€IUHUM TlapamMeTpoM, 3a sakuM BupoOHuku ¢GubTpiB EMC  pekoMeHayioTh
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31MCHIOBATH iX BUOIp, € HOMIHAJIBHUN CTpyM JABUTYHa. BomHouac, Teopis JiHIN 3
PO3MOAUICHUMH TIapaMeTpaMH TMOKa3ye, M0 CIOTBOPEHHS (OPMH CUTHAIIB B HUX
BUHUKA€ 32 PaxyHOK HAasBHOCTI PO3MOAUIEHUX MO JOBXKWHI I1HAYKTHBHOCTI Ta
emHuocTil. Lli mapameTpu € HeBiI’€MHUMU I Oyb K01 10Broi jiHii. ClIoOTBOpEHHs B
HIE OOyMOBJICHI camoro (I3MYHOIO MPUPOJOI0 JIiHII, B HACTIAOK 4Yoro ¢as3oBa
MIBUKICTh PO3MOBCIOPKCHHS XBHJILOBUX IPOIIECIB B 3BUYANHIN JiHIT 3aJICKUTH BiJl
yactotu. lle mpu3BOAUTH 1O TOro, IO MPU HAABHOCTI HA BXOMAl JIHIT JKeperna
Hanmpyru  HECHHYCOimajabHOi  (QopMu (IIIIr s YaCTOTHO-KEPOBAHOMY
SJICKTPOIIPUBO/I), (pa3oBa MIBUIKICTh XBHJIb HAMPYTH BUIIUX TAPMOHIK Oy/i€ BUIIIOIO,
HDK Taka K IIBUJKICTh HIKYMX TapMOHIK. lle mpu3BOIUTH /10 HEOJHOYACHOTO
JIOCSITHEHHSI XBWJISIMU PI3HUX TapMOHIK KIHIS JIiHII, JO SIKOTO MIiJIIMKHEHO JBUTYH.
Hacnigkom 1iporo € cnoTBopeHHs (OpMH HAllpyTy HAa BUXO/I1 JIiHIT Mepeaadl eHeprii,
110 ¥ BIIOMO SIK «I1po0JieMa TIOBroro kademtoy». Aje XBUIbOBI MPOLECH B TpU(DAZHUX
Ka0ensx € HeIOCTaTHhO MOCHDKeHHMH. J[msi po3B’si3aHHS MPOOJIIEMH JTOBIOTO
Ka0emo Ta MIJABUIICHHS EJIEKTPOMArHiTHOI CYMICHOCTI TakKi JOCIHIKEHHS €
HeoOXiTHUMU. Tomy po3poOka MaTeMaTHUYHUX MOJENEH Ta METOIB IMOKPAIICHHS
€JIEKTPOMArHiTHOT CYMICHOCTI YaCTOTHHUX TEpPETBOPIOBAYIB Ta EICKTPUYHHUX
JIBUTYHIB B YaCTOTHO-PETYJIHOBAHUX EIICKTPONPUBOAAX € aAKTyaJbHOI HAyKOBO-
MIPAKTUIHOIO 3371a4CO.

VY npyromy po3aiii moOyaoBaHO MaTeMaTHYHI MOJIET JUIsl PO3PaXyHKY Hampyr
Ta CTPYMIB B JIHISIX €JIEKTpOIEpeaad YaCTOTHO-PEryJIbOBAaHUX €JIEKTPONPUBO/IIB B
yCTaJeHOMY CHHYCOiTaabHOMY pexxumi poOoTu. IlokazaHo, mo s JiHii 13 TphoMma
npoBiHUKaMu (Tpuda3zHuil kabeb) XBUILOBUHN MPOIIEC € HAKIIAJAHHSIM TPbOX THUIIIB
KoJuBaHb. [lepuii TUN KONMMBaHB, 0 XapaKTEPU3YETHCS BIAMOBITHUM XBHJIBOBHM
OTOpPOM Ta KOE(IIIEHTOM PO3MOBCIOKEHHSI — II€ BJIACHI KOJMBAaHHS 3a PaxyHOK
HampyTH, M0 MIJBOAUTHCS JIO0 MPOBIAHUKY JiHII. J[Ba I1HIIMX THUNU KOJIWBaHb
BUHUKAIOTh 32 PaXyHOK Hamlpyr Ta CTPyMIB y 3B’si3aHMX NpoBigHukax. i qomaTkosi
TUMA KOJIMBaHb MAlOTh CBOi BJAcCHI BTOPWHHI MapaMmMeTpyu — XBUJIBLOBUU OMIp Ta

Koe(dilieHT po3noBcrokeHHs. Lli mapameTpu BIAMIHHI BiJ] MapaMeTpiB KOJIUBaHb
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NEPIIOro TUIY, IO TPU3BOAUTH JI0 MOSBU TPHOX CKJIAJOBUX MaJal0yuX Ta BIIOUTHX
XBUJIb, K1 PO3MOBCIOIKYIOTHCS 3 P13HOIO IMIBUIKICTIO.

Po3po6ieno MeTo 1 aHAMITUYHOTO PO3PAXyHKY KOe(IlieHTy KOPUCHOT Aii JiHii,
SKUW OIIHIOBABCS 3a BIJHOIICHHSM AaKTUBHOI MOTY>KHOCTI, IO BHAUIAETHCS Ha
HAaBaHTKECHHI KaOENI0 10 aKTUBHOI MOTYXKHOCTI JpKepesa KUBJICHHS Ha BXOJI, IS
BU3HAUEHHS  YMOB  TMepelnadyi  eJeKTPUYHOi  eHeprii MK  YaCTOTHUMHU
NEepeTBOPIOBAYaMU Ta IBUTYHAMU 3 MIHIMAJIBHUMU BTpPAaTaMH.

JlocTiIPKeHO BIUTMB B3a€MHHUX 3B SI3KIB MK NMPOBIAHMKAMHU KaOenmo Ha oro
koedimieHT kopucHoi mii. IlokazaHo, 110: HAsSBHICTP MArHITHHUX 1 TaJbBaHIYHHX
3B'SI3KIB MK MPOBIAHUKAMHU JIHIT 3TJIAPKY€ 3aJIeKHICTh KOE(DIIEHTY KOPUCHOI Jii
BIJl aKTUBHOI Ta PEAKTUBHOI CKJIAIOBUX ONOPY HABAHTAXKEHHS 1 3a0€3Ieuy€ BUCOKI
3HAUYEHHA KOE(IIIEHTY KOPUCHOI JAii B IIMPOKOMY Jiana3oHi aKTUBHUX Ta
PEaKTUBHUX HABAHTAKEHb, MAKCUMYM KOE(DILIEHTY KOPUCHOI i JOCATAETHCS MPH
Olopax HaBaHTAXKEHHsI, OUIBIIMX 3a 3HAUEHHSIM, HK aKTUBHA 1 PEaKTUBHA CKIIAJIOBI
XBWJIBOBOTO ONOPY; XBUJIBOBHUI OIip CYTTEBO HE BIUIMBAE Ha KOEQILIEHT KOPUCHOI
.

OOrpyHTOBaHO, 10 JUIsl MPAKTUYHOIO BUKOPUCTAHHS PO3POOJIEHUX MOAeei
HEOOX1ZTHO  pO3pOOJEHHS METOJy EKCIEePUMEHTAIbHOTO BU3HAYEHHS MEPBUHHUX
napameTpiB JIiHi1, OCKUIbKHU JIJIs1 BU3HAYEHHS IEPBUHHUX MMAPAMETPIB PO3PAXYHKOBUM
NUIIXOM TpeOa 3HATU TOYHI 3HAYCHHS JMICIEKTPUYHOI Ta MAarHiTHOT MPOHUKHOCTI
MaTepiaiiB, 3 SKMX BUTOTOBJIEHO Kabenb. SIK MpaBujio, Takl 3Ha4eHHs a00 B3araji He
BKa3yIOThCSI 3aBOJIOM BHPOOHHKOM, a00 BKa3yIOThCA B MEXKax MEBHOTO Jiana3oHy.
ToMmy aHamITUYHI METOAM PO3PAXyHKY TIEPBUHHUX TApaMeTpiB HE MOXKYThb
3a0€3Me4YUTH MPUHHATHOT TOYHOCTI.

Y TpeThoMy poO3Miil PO3POOJICHO METOJ EKCIEPUMEHTAIHLHOTO BU3HAYCHHS
NEPBUHHUX MapaMeTpiB JIHIN eleKTporepeaayd 3 ABOMa Ta TphoMa MPOBITHUKAMH.
[TokazaHo, MO AJis BHU3HAYEHHS MEPBUHHUX TMapameTpiB TpudazHoi JiHII He
00OB’SI3KOBO BUKOPHUCTOBYBATH BIANOBIJHY MaT€MaTU4YHY MOJEJb JJIs TaKol JIiHii.
Jlis 1bOTO JOCTaTHBO TMPOBECTH EKCIEPUMEHT TaKUM JK€ YMHOM, SK 1 JUIs

JBOIIPOBITHOI JIIHIT, BUKOPHUCTABIIM OyIb-iKi JBa mpoBoau TpudazHoi iHil.
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3anponoHOBaHUl B poOOTI METOJ EKCIEPUMEHTAIbHOTO BH3HAYEHHS MEPBUHHHX
rapaMeTpiB € MPOCTUM B OpraHizallii Ta MpoBeICeHHI E€KCIIEPUMEHTY Ta HE MOTpedye
CHCIIaIbHUX  EJEKTPUYHUX BHUMIPIOBAILHUX TMPHJIAIIB, OKpIM BOJIBTMETPA,
amrepmeTpa, hazomMerpa Ta BUMIpIOBavya YaCTOTH.

Jlis  mepeBipkd OTpUMaHMX B poOOTI pe3ynbTariB  Oylio MPOBEACHO
eKCIIEPUMEHT IO BHU3HAYCHHIO MEpBUHHUX mapameTpiB kabemo KBBOIIB 4x1,5
nosxkuHoo 3010 wmertpiB. Bepudikailis MeToay MNpOBOAWIIACH CITIBCTABJICHHSIM
eKCIIEPUMEHTAJIBHUX Ta PO3PaXyHKOBUX (13 3HalICHUMH MIEPBUHHUMU TTapaMeTpaMHu)
3HAUEHb PO3MOJLITY HANpPyT Ha BUXOJ1 KaOedto Pi3HOI JOBXHUHH. ExcriepuMeHTabHi
Ta PO3PaXyHKOBI JIaH1 PI3HATHCS HE OUTbIIE, HI)K Ha 5 B1JICOTKIB, 1110 CBIIYUTH PO TE,
3alPONOHOBAHUIM B PO3AUI METOJl €KCHEPHUMEHTAIIBHOIO BU3HAYEHHS IMEPBHUHHHX
napameTpiB JIiHIM eleKTpornepenayd 3 JBOMa Ta TpbOMa MPOBITHUKAMH MOXE OyTU
BUKOPHUCTAHUN B aCHHXPOHHOMY YaCTOTHO-KEPOBAaHOMY €JIEKTPOTIPUBO/II.

VY dgeTBepTOMY pO3MlJII HA MiJICTaBl aHAI3y TUITIB KOJWBaHb 3alpONOHOBAHO
METO/]I MOKpAIlIEHHsI €JEKTPOMAarHiTHOI CyMICHOCTI YaCTOTHHUX IEPETBOPIOBAYIB Ta
CJIEKTPUYHHUX JIBUTYHIB B YaCTOTHO-PETYJIbOBAHUX EIEKTPOIPHUBOJAX Ta 31HCHEHO
nepeBipky #oro poOotu. [loka3aHo, IO OCHOBHOI NPUYMHOIO BUHUKHEHHS
npoOJeMu €JIEKTPOMArHiTHOI CYMICHOCTI B JOBIUX JIHISX 3B’SI3Ky YaCTOTHHUX
€JICKTPOIIPUBOAIB € CIIOTBOPEHHS (POpMU Hampyru Ha BUXOJI JiHII. TakuM 4MHOM,
PO3B’sI3aHHS I11€1 TPOOJIEMU MOKIIMBE JIMIIIE 32 YMOBU POOOTH JIiHIT eleKTporiepeaadi
B PEXHMMi 0€3 CHOTBOPEHb.

MareMaTuyHO JTOBEAEHO, 10 B OaraTOXWJIBHUX KaOeIbHHX JiHISX poOoTa B
pexxuMi 0e3 CHOTBOPEHb HEMOXIIMBA, TOMY IIO HEMOKJIMBO OJHOYACHO JOCSITU
OTO PEXKUMY JJIS PI3HUX THIIB XBHJIBOBOTO Mpoliecy. [[puunHoro € pi3Hi 3HaUeHHS
¢$a30BUX MIBUAKOCTEH KOJMBaHb PI3HUX THUIMIB Tmpoiecy. Pobora B pexumi 06e3
CTIOTBOPEHb MO>KJTMBA JIMIIIE JJIs1 OJTHOKUIIBHOTO KaOeto, B SIKOMY iCHY€E TiJIbKW OJIHH
THUI KOJIMBAHbB 13 OJIHIEI0 (DA30BOIO MIBUIKICTIO.

Ha miacraBi 1bOro BHCHOBKY 3alpONOHOBAHO METOAMKY IOKpAIlEeHHs
€JIEKTPOMArHiTHOT CYMICHOCTI YaCTOTHHUX MEpEeTBOPIOBAYIB Ta EIEKTPUUYHHUX

JBUTYHIB, SIKa TOJSTA€ B BUKOPUCTAHHI CUCTEMHU OKPEMHX €KPAaHOBAaHMX OJIHA BiJ
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OJIHOI OJIHOKWJIBHUX KaOeJbHUX JIIHIM, KOXKHa 3 SKUX IIpaloe B pexumi 0e3
CIIOTBOPEHb.

Jlia mocsiTHeHHST yMOBU poOOTH KabenpHOI JiHII B pexumi 06e3 CIOTBOPEHb
PEKOMEHIOBAaHO BUKOPUCTOBYBATH IITYYHE IiJIBUILIEHHS MUTOMOI 1HIYKTUBHOCTI 3a
paxyHOK BKIJIIOUEHHS  B3JOBX JIOBKHHHM Ka0elo  JOJaTKOBHX  KOTYIIOK
IHAYKTUBHOCTI.  BpaxoByrounm  KOHCTPYKTHBHI  OCOOJMBOCTI  OJHOHJIBHHUX
OpOHBbOBaHUX KaOEIiB, Il KOTYIIKHU CJIiJl BKJIFOYATH B PO3PUB OpPOHI Kabesro 1o Horo
MTOBEPXHI.

JUis mepeBipKU 3alporOHOBAHOI METOJMKH TMOKPAIIEHHS EJIeKTPOMAarHiTHOI
CYMICHOCTI YaCTOTHUX MEPETBOPIOBAUIB Ta €JICKTPUUHUX JBUTYHIB OYJIO JOCITIIKEHO
CHOTBOpEeHHs opMu npsMokyTHoro curHany Bifg LI mpu #oro po3noBCrOIKEHHI
B3/I0BXK KaOento 3aJaHoi JOBXKUHU. JlOCHIIKEHHS BHMKOHAHO pO3PAaXyHKOBUM
INIJISXOM I JBOX KaOEIbHUX JIHIN: 3BUYalfHOTO OJHOKMIJIBHOTO Ka0eJro, Ta KadeIro
0e3 CIOTBOPEHb, MUTOMA 1HAYKTHUBHICTb SIKOTO IITYYHO 301IbIICHA.

3a pe3ysbTaTaMu IPOBEACHUX JOCIIIKEHb, (OPMY BUXIJHOI HANPYTd MOKHA
BBAKATH MPUUHATHOK MJi1 POOOTH JBHUIYHIB B €JIEKTPONPUBOJI 3 YaCTOTHHUM
YOpaBIIHHAM TpU  JOBXKHHI 3BHYaiiHOro kabemo 65 meTpiB, a miiga kabemo 0e3
CIIOTBOPEHB — B I’ SITEPO OUIbIIOT T0BXKUHU — 320 METpiB.

Takum uYMHOM, B JuUCEpTaliiiHIA poOOTI OTPUMAHO HOBE BUPIIICHHS
aKTyaJbHOI HAyKOBO-TIPUKJIAAHOI 3aJadi, fKa TMOJIArae B po3poOlIlll METOAy Ta
MoJieJiel TTOKpaIIeHHS €JIeKTPOMArHiTHOT CYyMICHOCTI YaCTOTHUX MEPETBOPIOBAYIB Ta
€JICKTPUYHUX JIBUTYHIB B YaCTOTHO-PETYJIbOBAHUX €JIEKTPONPUBOAAX.

Knrouosi cnoea: 4aCTOTHHMI €IEKTPONPUBOJI, €JIEKTPOMArHITHA CYMICHICTb,

KabeJibHa JIIHIs, JTiH1S 0€3 CIOTBOPEHB, TPoleMa IOBroro Kadero.
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7

[2] A. A. Maesckuii, A. H. Cementor, ta I'. H. Kyuepenko, «Bnusnue
B3aMMHBIX CBSA3€H MEX]y MPOBOAHUKAMU KaOels Ha peUM pabOThl ANEKTPUUECKUX
ceTel» dnekmpomexuuueckue u komnviomephuoie cucmemsl, Ne 19 (95), c. 142 — 145,
2015.

[3] D. Maevsky, E. Maevskaya, and A. Semenyg, «Influence of connections
between Three-Phase cable conductors on quality of electrical energy», Science.
Business. Society, Vol. 1, Ne. 4/2016, p. 7 — 10, 2016.

[4] D. Maevsky, A. Savieliev, E. Maevskaya, A. Semenyug, and S.
Horokholynskyi, «Coefficient of efficiency of coupled electric power transmission
lines», Proceedings of 14th International Conference on Advanced Trends in
Radioelecrtronics, Telecommunications and Computer Engineering, p. 340-345,
2018. (Buoanus inoexcyemwcsi y SCOPUS)

[5] . A. Maescekuii, O. M. becapa6, O. M. Cementor, Ta O. FO. MaeBcbka
«EkcneprMeHTallbHE BU3HAYEHHS MEPBUHHUX IMapaMETpIB JIHIA eJIeKTpornepenay»,
Inexmpomexniuni ma komn tomephi cucmemu, Ne 30 (106), c. 31 — 38, 20109.

[6] Cementor. O. M. «BukopuctanHsi JiHIA 0€3 CHOTBOPEHb SK CIOCIO
PO3B’sI3aHHS TIPoOJIeMH JOBroro kabemwo», Bichux Jlvsiecokoi [lonimexuixu, cepis
«Paoioenexmponixa ma menexomynixayii», Ne 909, c. 82 — 91, 20109.

Haykogi npaui, 6 AKux 000amKo080 6UCBIMIEHO Pe3yIbmamu Oucepmaii:

[7] A. H. Cementor, «Cxema 3amenieHust Tpex(a3zHoro 3eKTPUIECKOro Kadens
C Y4ETOM B3aUMHBIX BJIMSHUM MEXIY MPOBOAHUKAMU», DjeKmpomexHuuecKue u
komnwvromepHule cucmemst, Ne 21 (97), ¢. 43 — 48, 2016.

[8] . A. Maesckuii, E. FO. Maesckas, A. H. Cementor, u C. H. Orunckas,
«OCOOEHHOCTH HECUMMETPUYHBIX PEKUMOB padOoThl Tpex(azHoro kabemns ¢ y4yeToM
CBSI3€ MEXKIy €ro MPOBOJHUKAMU», IIeKMpOmMeXHU4ecKue u KOMNbIOmMepHble
cucmemwi, Ne 22 (98), ¢. 84 — 90, 2016.

[9] A. A. Maesckuii, E. FO. Maesckas, A. H. Cemenror, u A. A. CaBenbeB
«KoaduiimeHT mosie3HOro AEHCTBUS JBYXIPOBOJIHOTO AJICKTPUUECKOTO KaOens ¢
YYETOM B3aUMHBIX BJIMSHUM MEXIY €ro MpOBOJHUKAMU», DIeKmpomexHuieckue u

komnwviomeptule cucmemslt, Ne 24 (100), ¢. 91 — 96, 2017.



Haykoe6i npaui anpobauiiinozo xapaxmepy:

[10] H. A. Maesckuii, A. H. Cementor, E. FO. Maesckas, u I'. H. Kyudepenko,
«MaremaTudeckoe MOJIETUPOBAHUE AIEKTPOMArHUTHBIX IPOIIECCOB B
DKPAaHMPOBAHHBIX Kalemsax», Tesu oOonosioeil Jlecamoi MidicHAPOOHOI HAYKOBO-
npakmuunoi koughepenyii Mamemamuune ma imimayitine MOOENOBAHH CUCHIEM.
MOJIC 2015, c. 183 — 187.

[11] O. M. Cementor, «Croci0 MOKpaIeHHS €JICKTPOMArHiTHOI CyMICHOCTI
Ka0enbHOI JIHII 3 [IUPOTHO-IMITYJIbCHUM TIE€PETBOPIOBAYEM 1 ACHHXPOHHUM
CJIIEKTPOABUTYHOMY», [lamenm Ykpainu na xopucry mooenn, Ne u201907202; 3ass.

27.06.2019; omy6u1. 20.08.2019.

ABSTRACT

Semenyug O. M. Methods and models for improvement of electromagnetic
compatibility in cable lines of electric drives with frequency control. — Qualification
research paper printed as manuscripts.

Thesis is for obtainment of a candidate degree in technical sciences on the
specialty 05.09.03 ,.Electrical Engineering Complexes and Systems”. — Odessa
National Polytechnic University, Odessa, 2019. — Vinnitsa National Technical
University, Vinnitsa, 2019.

The paper deals with the problem of increasing the length of cable lines
between a frequency converter and an electric motor in frequency-controlled electric
drives by developing methods to ensure their electromagnetic compatibility.

The introduction substantiates the relevance of the dissertation topic,
formulates the purpose and objectives of the research. The scientific novelty and
practical value of the obtained results are outlined. Provides information on job
validation, personal contribution of the applicant and publications. The connection
with work with scientific programs, topics is indicated.

The first section analyzes the causes of distortions in the form of voltages and
currents in power lines and the consequences of their effects on the operation of

frequency-controlled electric drives. Purpose and tasks of the work are determined on
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the basis of the performed analysis. It is shown that the main disadvantage of the

transmission lines between the PWM and the motor is the distortion of the voltage on
the clamps of the motor relative to the PWM voltage. Higher harmonics occur, which
are considered to be the cause of voltage distortions. Various EMC filters are used to
combat higher harmonics. However, to date, there is no sound methodology for
selecting EMC filters, which takes into account the whole set of factors, affecting the
appearance of distortions, such as: cable length, its type and parameters, and
switching frequency of the inverter keys. Almost the only parameter by which EMC
filter manufacturers recommend their choice is the rated motor current. At the same
time, the theory of distributed parameter lines shows that the distortion of the signal
shape in them arises due to the presence of distributed inductance and capacitance.
These parameters are inalienable for any long line. The distortions in it are due to the
very physical nature of the line, resulting in the phase velocity of propagation of
wave processes in the ordinary line depending on frequency. This leads to the fact
that in the presence of a line input voltage source of non-sinusoidal form (PWM in
frequency-controlled electric drive), the phase velocity of the waves of higher
harmonics will be higher than the same velocity of the lower harmonics. This results
in different harmonics reaching the end of the line to which the motor is connected by
waves. The result is a distortion of the voltage output line, known as the "long cable
problem". But the wave processes in three-phase cables are not well understood. Such
studies are necessary to address the problem of long cable and electromagnetic
compatibility. Therefore, the development of mathematical models and methods for
improving the electromagnetic compatibility of frequency converters and electric
motors in frequency-controlled electric drives is an urgent scientific and practical
task.

In the second section mathematical models for calculation of voltages and
currents in power lines of frequency-regulated electric drives in steady sine-wave
mode of operation are constructed. It is shown that for a three-conductor line (three-
phase cable), the wave process is an overlay of three types of oscillations. The first

type of oscillation, characterized by the corresponding wave resistance and
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propagation coefficient, is its own oscillations due to the voltage supplied to the line

conductor. The other two types of oscillations are due to voltages and currents in the
coupled conductors. These additional types of oscillations have their own secondary
parameters - wave resistance and propagation coefficient. These parameters are
different from the oscillation parameters of the first type, which results in three
constituent incident and reflected waves propagating at different speeds.

The method of analytical calculation of the efficiency of the line, which was
estimated by the ratio of active power allocated on the load of the cable to the active
power of the power source at the input, was developed to determine the conditions for
the transmission of electricity between frequency converters and motors with
minimum losses.

The effect of the interconnections between the conductors of the cable on its
efficiency is investigated. It is shown that: the presence of magnetic and galvanic
bonds between the conductors of the line smoothest the dependence of the efficiency
coefficient on the active and reactive components of the load resistance and provides
high values of the efficiency in a wide range of active and reactive loads; the
maximum of the efficiency is reached at load resistances greater in value than the
active and reactive components of the wave resistance; the wave resistance does not
significantly affect the efficiency.

It is substantiated that for the practical use of the developed models it is
necessary to develop a method of experimental determination of the primary
parameters of the line, since in order to determine the primary parameters by
calculation it is necessary to know the exact values of the dielectric and magnetic
permeability of the materials from which the cable is made. As a rule, these values
are either not specified by the manufacturer at all or specified within a certain range.
Therefore, analytical methods for calculating the initial parameters cannot provide
acceptable accuracy.

In the third section the method of experimental determination of primary
parameters of two- and three-conductor power lines is developed. It is shown that it is

not necessary to use the appropriate mathematical model for such a line to determine
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the initial parameters of a three-phase line. It is sufficient to perform the experiment

in the same way as for a two-wire line using any two wires of a three-phase line. The
method of experimental determination of primary parameters proposed in the paper is
simple in organizing and conducting the experiment and does not require special
electrical measuring devices, except for the voltmeter, ammeter, phasemeter and
frequency meter.

To verify the results obtained in the experiment, an experiment was conducted
to determine the initial parameters of the cable KVBbShV 4x1.5 with a length of
3010 meters. The method verification was performed by comparing experimental and
calculated (with found initial parameters) values of voltage distribution at the output
of cable of different length. The experimental and calculated data differ by no more
than 5 percent, indicating that the method proposed in the section for the
experimental determination of the primary parameters of two- and three-wire
transmission lines can be used in an asynchronous frequency-controlled electric
drive.

In the fourth section, based on the analysis of the types of oscillations, a
method of improving the electromagnetic compatibility of frequency converters and
electric motors in frequency-controlled electric drives is proposed and its operation is
tested. It is shown that the main cause of the problem of electromagnetic
compatibility in long lines of frequency drives is the distortion of the voltage at the
output line. Therefore, this problem can only be solved if the transmission line is
operated without distortion.

It is mathematically proved that in multicore cable lines operation in the mode
without distortion is impossible, because it is impossible to simultaneously achieve
this mode for different types of wave process. The reason is different values of phase
velocities of oscillations of different types of process. Operation without distortion is
only possible for a single-core cable in which there is only one type of oscillation
with a single-phase speed.

Based on this conclusion, a technique for improving the electromagnetic

compatibility of frequency converters and electric motors is proposed, which consists
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in using a system of separate shielded cable lines, each of which operates in a

distortion-free mode.

It is recommended to use artificial increase of the specific inductance by
attaching additional inductors along the cable length to achieve the condition of
operation of the cable line without distortion. Considering the design features of
single-core armored cables, these coils should be included in the rupture of the cable
armor on its surface.

In order to test the proposed technique for improving the electromagnetic
compatibility of frequency converters and electric motors, the distortion of the
rectangular PWM signal during its propagation along a predetermined cable was
investigated. The study was performed by calculation for two cable lines: ordinary
single-core cable and cable without distortion, whose specific inductance is
artificially increased.

According to the research, the output voltage can be considered acceptable for
motors in frequency-controlled electric motors at the length of a normal cable of 65
meters, and for a cable without distortion at five longer lengths - 320 meters.

Thus, in the dissertation the new solution of the actual scientific and applied
problem, which consists in the development of a method and models for improving
the electromagnetic compatibility of frequency converters and electric motors in
frequency-controlled electric drives, is obtained.

Keywords: frequency-controlled electric drive, electromagnetic compatibility,

cable line, line without distortion, long cable problem.
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BCTYII

OOrpyHTyBaHHSI BHOOPY TeMM MOCJTiIKeHHsl. XapakTepHOI OCOOJIMBICTIO
CBITOBOT'O TE€XHIYHOTO MPOTPECY € BUMOTA JIO MOCTIMHOTO BJIOCKOHAJICHHS POOOTH 1
po3mrpeHHs: QyHKIIH MexaHi3MiB 1 MamuH. OcoOIUBO 1€ CTOCYETHCS BHMOT, IIO
HECYyTh 13 CO0OI0 TaK 3BaHl <«IHAYCTpilaJbHI pEBOJIOLI». 30KpemMa YeTBepTa
IHAyCTpiaJibHA PEBOMIOLIS Tependadyae pPO3BUTOK 1 3JIUTTA aBTOMATH30BaHOTO
BUPOOHUIITBA, OOMIHY JaHUX 1 BUPOOHUUUX TEXHOJOTIA B €JUHY CAMOPETYyJIbOBaHY
CUCTEMY, 3 HAaliMEHIIIMM a00 B3arajii BiJICyTHIM BTPpYYaHHSIM JIFOJUHU Y BUPOOHUUUI
nporiec. JJoCSTHEHHS IbOTO HEMOXKIIMBO 0€3 BUKOPUCTAHHS KEPOBAHUX EIEKTPUIHHIX
npuBoaiB. CbOroJiHI EJIEKTPONPUBOAU 13 ACHHXPOHHUMH JBUTYHAMH € CaMUMU
PO3IMOBCIOIPKEHUMHU B CBITI. B JlaHWii yac MIMPOKOTO MOIIMPEHHS B PI3HUX Taly3siX
IIPOMHUCIIOBOCTI HaOyB YaCTOTHO-PETYJIbOBAaHUN aCMHXPOHHUN mnpuBoA. HaiOimpim
ONTUMAJIbHE YIIPABIIHHSA IMIBUIKICTIO OOEPTaHHS ACHHXPOHHOTO JIBUTYHA MOXKE OyTU
JOCSITHYTO TUTBKH 32 PaXyHOK IJIABHOI 3MiHM YacCTOTH Hampyru >kuBieHHS. CydacHi
[IIIT OymyroThbcs 3 BUKOPUCTAHHSIM IMIUPOTHO-IMITYyIbCHOI MomyJtsiii (LIIM) Tta
JIO3BOJITIOTH TOPIBHSHO JIETKO JOCATTH IUIABHOCTI B 3MIHI YacTOTH, Ha BIIMIHY 13
BUKOPUCTAHHAM dYacToTHOI MoxyJaii (UM). Ane dopma Hampyru >KUBJICHHS, IO
MO/IAETHCS HA €IEKTPUYHUN aCHHXPOHHHUM JBUTYH TP LIbOMY 3HAYHO BIAPI3HAETHCS
Bl cuHycoinanbHOoi. Ll Hampyra sBisie co0OK BHCOKOYACTOTHY MOCIITOBHICTb
NPSIMOKYTHUX IMITYJILCIB PI13HOI MOJSPHOCTI W TPUBAIOCTI OJJHAKOBOK AMILTITYAOO.
Ha manux BijicTaHAX Tepenaya Takol HAMPYTH MPOXOAHUTH 0€3 yCKIagHEHb. Auie
XapaKTePHOIO OCOOJIMBICTIO CHUCTEM PO3MOJUTY €JEeKTPOCHEprii € 3HauHa JOBXHHA
KUBWJIBHUX 1 PO3MOAUIBHUX €JIICKTPUYHUX MEPEkK, OOyMOBIICHA THUM, 1110 BUPOOHUYE
oOnaHaHHS PO3MOIIIICHE TI0 BEIMKIN TIo1Il. B Takux yMoBax JOBXHHH KaOEiB, 10
3’eauyroTh LI i3 acHHXpOHHUMHU JBUTYHAMH JOCATAIOTh JICKiIbKOX COTEHb METPIB.
['0OBHUM HEJONMIKOM TaKUX CHCTEM, OCOOJIMBO TPH HASBHOCTI KabOemiB 3HAYHOI
TOBXHHH, € T€, III0 BOHU € JOCUTH MOTYKHUMH JDKEpeslaMy €JICKTPOMAarHiTHUX 3aBajl

Ta CIOTBOPEHb (DOPMU HATIPYTH, sIKA IPUKIIAJCHA 10 IBUTYHIB.
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KpiMm TOro, mpoxXomKeHHsI IMIIyJbCHOTO CUTHaIYy 3 KpPyTUM (GPOHTOM 3a
PaxyHOK NMPSMOKYTHOTO 3aKOHY 3MiHU enekTpopyiitHoi cunu (EPC) LI Buknukae
XBWJIbOBI MPOIECH B KaOeli, 10 MPHU3BOAATH 10 MOSIBM MEPEHANpPYT Ha 3aTHCKadax
NBUTYHa. BUHUKHEHHS NepeHanpyr CTBOPIOE HETATMBHHUM BIUIMB Ha 130JIALIIO SIK
0OMOTOK JIBUTYHA, TaK i caMoro Kademo, o MPU3BOIUTE J0 11 MepeaIacHOTrO 3HOCY.
A 11€, B CBOIO 4epry, MOXE MPHUBECTH JO MPOOOIO 130JAIlii 1 BUXOMY 3 Jamy yciel
cucteMu. HasiBHICTb BHCOKOYACTOTHMX CKJIQJOBUX B CIIEKTPl HANPYTH KUBJICHHS
IPU3BOJIUTH 10 BUHUKHEHHS JOJATKOBUX BTPAT B CTaJl MarHITONPOBiAY ABUTYHA, IO
B CBOIO 4epry, MPU3BOAUTH A0 HOro MiJBUILEHOTO HArpiBaHHS 1 3HMXKEHHS MOro
KOPUCHOI TOTYykHOCTI. lle miABUIIye BHUMOTHM 1O €JIEKTPOMArHiTHOI CYMICHOCTI
KaOeNbHUX JIIHIA eIEeKTPONPHUBO/IIB 13 YACTOTHUM YIPABIIHHSIM.

JIsist po3B’si3aHHS MPOOJIEMH €JIEKTPOMArHiTHOT CyMICHOCTI B TEMEPIIIHIN Yac
BUKOPUCTOBYIOTbCS pi3HOMaHITHI (inbTpu. Cepen Takux (UIBTPIB HaWOLIBIIOrO
NOIIMPEHHA HalyJiu Jpoceni Ta 1HAYKTUBHO-eMHICHI (uibTpu. OAHAaK, HAa JaHUM
MOMEHT BIJICYyTHS OOrpyHTOBaHa MeTojuka BuOOpiB (inbTpiB EMC, mo BpaxoBye
BEChb KOMIUIEKC (PaKTOpiB, 110 BIUIMBAIOTh HA BHHUKHEHHA 1 HapaMmeTpu
CJICKTPOMArHiTHUX TIOJIIB, TaKWUX SIK: JOBXHHA Kabemto, WOro THUII 1 TIapameTpH,
yacTOoTa KOMYTallll KJIIOYiB I1HBEpPTOpa Ta KPYTU3HU (PPOHTIB immyJibciB. Tomy
po3poOKa METOAIB Ta MoOJeNed  TMOKpAIleHHS eJIEKTPOMArHiTHOI CYMICHOCTI
YaCTOTHUX TEPETBOPIOBAYIB Ta €JIEKTPUYHUX JBUTYHIB B YACTOTHO-PETYIHOBAHUX
€JIEKTPOIPUBOAX € AKTYaJbHOI HAYKOBO-NIPAKTUYHOI0 331a4€I0.

3B'SI30K po0OTH 3 HAYKOBMMHU NpOrpamMamu, IJiaHamMu, TeMamu. PoGoty
BUKOHAHO Y BIAMOBIAHOCTI JI0 MPIOPUTETHUX HAMPSMIB HAYKOBO-IOCTIIHUX POOIT
Opecbkoro HailoHaJILHOTO MoJiTexHiuHoro YyHiBepcutery (OHILY), 3rigno 3
KOOpJIMHALIMHUMH TUIaHaMu  MiHICTepcTBa OCBITM 1 Hayku Ykpainu, HJIP
«IlinBUIIEHHST AKOCT1 €JEKTPONOCTAayaHHS 3 ypaxXyBaHHAM €JIEKTPOMAarHiTHO1
CYMICHOCTI ~ CWJIOBMX  €JEKTpUYHUX  KaOemiB»  (Onmecbkuil  HalllOHAJTbHUM
MOJIITEXHIYHUN YHIBEpCUTET, HOMEp jaepxaBHOi peectparii 0116U002957), ta B
pamkax wmikHapogHoro ERASMUS+ mnpoexty «Model-Oriented Approach and
Intelligent Knowledge-Based System for Evolvable Academia-Industry Cooperation
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in Electronic and Computer Engineering» (Ne 544497-TEMPUS-1-2013-1-UK-

TEMPUS-JPHES, 2014 — 2016 pokn).

Ponp aBTOpa y 3a3Hau€HUX HAYKOBO-AOCTIAHUX POOOTax 1 MPOEKTaX, Y SKUX
BiH OyB Oe3nocepeaHiM BUKOHABIIEM, IOJSITA€ y PO3poOIll Mojeeld, METOIIB Ta
QITOPUTMIB  CTBOPEHHS E€JIEKTPOMArHITHOI CyMICHOCTI KaOeldpbHHX JIHIA B
eJIEKTPOTPUBO/IAX 13 YACTOTHUM YIPABIIHHSIM.

Merta i 3aBIaHHA JOCTI’KEHHS.

06’exm 0ocniodcenusi — TMPOIEC MOKPAIICHHS €JIeKTPOMArHiTHOI CyMiCHOCTI
CJIEKTPOIIPUBO/IIB 13 YACTOTHUM YIIPABJIIHHSIM.

IIpeomem Oocnioxcenuss — METOM Ta MOJENII TOKPAIICHHS €JICKTPOMarHiTHO1
CYMICHOCTI.

Meroto poOOTH € TOKpalleHHS eJIEKTPOMArHiTHOI CYMICHOCTI JIiHIA
MaKCHUMAaJIbHOI JIOBKMHHA B YaCTOTHO-PETYJIbOBAHHUX EJIEKTPONPUBOJIAX 32 PaXyHOK
CTBOPEHHSI B KaOENbHIH JIIHIT pexXuMy poOOTH 0€3 CITIOTBOPEHb.

JIJist TOCSITHEHHSI TOCTaBJIGHOT METH B poOOTI Oynu pO3B’si3aHi HACTYHHI
3agaui:

— BUKOHAHO aHaJi3 TPUYMH BUHHUKHEHHS CIOTBOPEHL (OPMH HAmpyr Ta
CTPyMIB B JIHIAX €JEKTpoIepead Ta HACHiJIKIB iX BIUIMBIB Ha PoOOTY 4YacTOTHO-
PETYIHLOBAHUX €IIEKTPOIPHBO/IIB;

— moOy/I0BaHO MaTEMaTUYHY MOJENb Il pO3paxyHKy Hampyr Ta CTPYMiB B
JHIAX eJEKTpoIepeady 4acTOTHO-PEryJIbOBAHUX EJIEKTPOIPUBOAIB B YCTAICHOMY
CHUHYCOIJaJIbHOMY PEXHUMI poOOTH;

— pO3poOJIEHO  METOJ  CKCIIEPUMEHTAJIBbHOTO  BU3HAYEHHS  MEPBUHHUX
napameTpiB JIiHIN eeKTponepeiay pi3HUX THITIB;

— CTBOPEHO METOJUKY TMOKPAIIEHHS €JIeKTPOMArHiTHOI CYMICHOCTI YaCTOTHUX
MEPETBOPIOBAYIB  Ta  CICKTPUYHHUX  JIBUTYHIB B  YaCTOTHO-PETYJIhOBAaHUX
SJICKTPOIIPUBOIAX Ta 3M1MCHEHO 11 IEPEBIPKY.

Metoau nocaigxenns. [Ipy noOy10B1 Mojieet e1eKTpOMarHiTHOI CyMIiCHOCTI
BUKOPHCTAHO METOJIM CHCTEMHOT'O aHaJIi3y Ta TEOPETUYHOI CIICKTPOTEXHIKH, 30KpeMa

TEOPIIo JIIHIA 3 PO3NOAUICHUMHU TTapaMeTpaMH Ta TEOPito MepexXiIHuX mporieciB. Jlis
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aHaJi3y CIOTBOPEHB B JIHISIX 3B’ 513Ky BUKOPUCTAHO TEOPII0 JU(EPEHIIIHHUX PIBHSHD
Ta JUHAMIYHUX CHCTeM. [ po3paxyHKy MEpBUHHUX MapaMeTpiB KaOEIbHUX JIHIM
BUKOPHCTAHO METOJIM TEOpli eNEeKTPOMArHiTHOTO MOl Ta METOIU OOYMCITIOBAIBHOI
MaTeMaTuku. JIJis mepeBipKkU pe3ysIbTaTiB 3aCTOCOBAHO METOJU €KCIIEPUMEHTATBHUX
JOCT/PKEHb B peaJbHUX YMOBaX eKCIUTyaTallil eneKTponpuBoaiB. [[ns omiHku
MOXHUOOK €KCTIEPUMEHTY BUKOPHCTAHO METOAM MaTEMaTHYHOIT CTATUCTUKH.

HaykoBa HOBHM3HA OTPUMAHHUX Pe3yJIbTATiB:

— JicTajla MOJAJBIIOTO PO3BUTKY MaTeMaTUYHa MOJIENb PO3MOBCIOKEHHS
€JIEKTPUYHOI €Heprii B KaOEJIbHHUX JIHIAX EJEKTPONPHUBOMIB 13 YAaCTOTHUM
YOPaBIIHHAM, SKa BIJPI3HAETHCA BiJ ICHYIOUMX MOJIEJEH, sIKi BUKOPHUCTOBYIOTH
YHUCJIOBI METOJH, IMiJIBUIICHOIO TOYHICTIO 32 PAXyHOK BUKOPUCTaHHS AHATITUYHUX
BHpa3iB, 110 JO03BOJIUJIO PO3POOUTH METOJ AHAIITUYHOTO PO3PAaXyHKY XBHUIIBOBHX
MPOoILIECiB B KaOEIbHUX JIHISIX €JIEKTPOIPUBO/IIB 13 YACTOTHUM YIIPABIIIHHSAM;

— JIICTaB MOJAJBIIOrO PO3BUTKY METOJ EKCIEPUMEHTAJIbHOIO BHU3HAYEHHS
NEPBUHHUX MapaMeTpiB KaOeliB, SKUU BIAPI3HAETHCA Bl ICHYIOUHMX IIPOCTOTOIO
EKCIIEPUMEHTY, HE MOTpeOye creniaabHOro 00J1aJHaHHs, Ta 103BOJIMB BUKOPUCTAHHS
MaTEeMaTHYHOTO MOJEIIOBAHHS PO3TMOBCIOKEHHS €EKTPUYHOT eHepTii B KaOeIbHUX
JHIAX €JEKTPOIPUBO/IIB 13 YACTOTHUM YIIPABIIHHSIM;

— BIIEpIIe, Ha MiJCTaBl MAaTEMaTHYHOI MOJCII PO3MOBCIOKCHHS CICKTPUUHOT
eHeprii B kKaOeJIbHUX MEpekax, CTBOPEHO MaTEeMaTU4YHI MOJiesli PoOOTH KaOeIbHUX
JiHIA 0€3 CIOTBOPEHb, SK1 BIAPI3HAIOTHCS BIJl ICHYIOUMX THM, IIO TPEACTABJICHI B
aHAMITUYHIA (QopMi, IO JO3BOJMIIO 3pOOMTH BHUCHOBOK TMPO HEMOXKJIMBICTH
JOCSITHEHHSI  €JIEKTPOMArHiTHOI CYMICHOCTI MpPH BHUKOPUCTaHHI 0araToXuibHUX
Ka0eiB sIK JIiHIH 3B’sI3Ky MIXK YaCTOTHUMU TEPETBOPIOBAYaMHU Ta ABUTYHAMH,

— BIIEpINe, HA IMIICTaBl MATEMaTHYHUX MoJieiell poO0TH KabenpHUX JiHIN 6e3
CHIOTBOPEHb 3alPONOHOBAHO METOJI IMOKPAUIEHHS €JEKTPOMArHiTHOI CyMICHOCTI
YaCTOTHUX TIEPETBOPIOBAYIB Ta EJIEKTPUYHMX JIBUTYHIB, SIKHH TIOJSrae B
BUKOPUCTAHHI CUCTEMHU OKPEMHX E€KPAaHOBAaHUX OIHOKUJIBHUX KaOeJIbHMUX JIIHIM B
pexuMi 0e3 CIOTBOPEHb, IO J03BOJMIIO JOCATTH EJIEKTPOMAarHiTHOI CyMICHOCTI

YaCTOTHHUX TIEPETBOPIOBAYIB Ta ACHHXPOHHUX €JIEKTPUYHUX JIBUTYHIB.
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IlpakTuyHe 3HA4YeHHS1 OTPUMMAHUX Pe3yJbTATIB IMOJSIrae B PO3POOII
croco0y MOKpaIIeHHs eJIEKTPOMArHiTHOT CYMICHOCTI YaCTOTHUX TEPETBOPIOBAYIB Ta
CJICKTPUYHUX [JBUTYHIB 13 BpaxyBaHHSIM YCbOTO KOMIUIEKCY (DaKTOpiB, IO
BIUIMBAIOTh HAa BUHUKHEHHS 3aBajJ] B YaCTOTHO-PETrYJhOBAaHUX EIEKTPONPUBOJIAX,
TaKUX K JOBXXKMHA Kaleto, HOro THM 1 MapamMeTpu, a TaKOX YacToTa KOMYTallii
KITIIOYiB 1HBEpTOpa. 30KpeMa, 10 MPAaKTUYHUX Pe3yJIbTaTIB CIIiJl BITHECTH:

— po3poOKy  cmoco0y  €KCIePUMEHTAIbHOTO  BU3HAYEHHSA  MEPBUHHUX
napaMeTpiB JiHIH eJIeKTponepeay pi3HOTO THITY;

— po3poOKy crocoOy MOKpaIleHHs PEeKUMY poOOTH KaOenpbHUX JiHIA 0e3
CIIOTBOPEHB 3aBJ/ISIKM BCTAHOBJIEHHIO JTOJATKOBUX KOTYIIOK 1HAYKTHUBHOCTI B PO3PHUB
ekpany (OpoHi) kabelo;

— po3poOKy croco0y BU3HAYEHHS! KPUTUYHOT TOBXKUHU JIHII €JIeKTporepeaaui,
IpH sIK1i 3a0€31e4y€eThCs 3a1aHUi PIBEHb CIIOTBOPEHBb BUX1AHOI HANIPYTH.

— OCHOBHI TOJIO)KEHHS, BHUCHOBKM Ta pPEKOMEHJAIlll, II0 MICTIThCI B
JTUCEePTAIiiiHI pOOOT1, BAKOPUCTOBYIOTHCS MPU MPOEKTYBAHHI YACTOTHO-KEPOBAHUX
CJIEKTPONPUBO/IIB B IHXXUHIPUHTOBIM KommaHii «S-Engineering», B HaBYalbHOMY
nporiect kadeapu TEOPETUYHUX OCHOB 1 3arajibHOi €JIEKTPOTEXHIKU (IUCHUILIIHA
«Teopetnuni ocHoBu enektporexHikn»y OHIIY, a Takoxx B HaBUaIbHOMY MPOIEC]
Kaeapu eIeKTPOMEXaHIYHUX CHUCTEM 3 KOMIT IOTepHUM ynpasiaiHHaM OHITY
(mucumrmutian - «MoJeIoBaHHS  €IEKTPOMEXAHIYHUX CHUCTEM Ta  MPHUCTPOIBY,
«EnexTponpuBo/l THMOBUX NPOMHUCIOBUX YCTAaHOBOK»),B MIKHAPOJHOMY TPOEKTI
TEMPUS-CABRIOLET «Model-Oriented Approach and Intelligent Knowledge-
Based System for Evolvable Academia-Industry Cooperation in Electronic and
Computer Engineering» mpu po3poOii MeToau4YHOro 3adesneueHHs Kypcy MC2
«High availability systems and technologies», a Takox TpeHiHr-MoayaI0 TM2
«Safety-case-oriented system measurement and data analysis».

OcoOuctuii  BHecok 3m00yBaua. HaykoBl MOJOXEHHS, BHUCHOBKH 1
peKoMeHaIli, Mo BUKJIAJACHI B JUCEpPTallii Ta BHHOCITHCS HA 3aXUCT, OTPHUMAaHI
ocoOuCTO 3/100yBayeM 1 y3arajabHEHI IiJl 4ac poOOTH Haja aucepraiieto. Podotu [6],

[7] ta [11] HamucaHi Oe3MOCEpEeIHHO aBTOPOM. Y poOOTax, HAMHCAHUX Y
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CIIIBaBTOPCTBI aBTOPY HAJICXKHUTh: Yy poOOTI [1] — aHanmiTUUYHE PO3B’S3aHHS PIBHSHD
JUIS. IBOTIPOBOJIHOI JIiHII, B PoOOTI [2] — MOJENIOBaHHS B3a€EMHHMX BIUIMBIB MIiXK
MPOBIIHUKAaMHU Kabemo, B poOoTi [3] — MOCHIIKEHHs BIUIMBY B3a€EMHHX 3B S3KIB Ha
MOKA3HUKU SKOCTI €JEKTpUYHOi eHeprii, B pobori [4] — 3’acyBaHHA YyMOB
BUHUKHEHHS PEXUMY Yy3TO/DKEHOTO HABAHTAKCHHS B JIHIAX 13 B3a€EMHUMU
3B’A3KaMu, B po0OTI [5] — myaHyBaHHsI, IPOBEICHHS Ta IHTEPIIPETaLlisd €KCIIEPUMEHTY
JIUIs BU3HAYCHHSI TIEPBUHHMX IMapaMeTpiB JIiHIM, B poOOTi [8] — po3paxyHKH CTpyMiB
Ta HANpyr B PEeXHMI HECUMETPUYHOTO HaBaHTaKEHHS Kabemto, B poboTi [9] —
JOCIIIJIKEHHSI BIUIMBY B3a€MHHUX 3B’S3KIB Ha KOE(IIIEHT KOPUCHOI Jii KaOeabHUX
JHIA Tepeaadl eJIeKTPUYHOi eHeprii, B po6oti [10] — po3B’si3aHHA XBUILOBUX
PIBHSHB JIJIsl EKPAHOBAHOT'O Kabento.

Anpobania wmarepianiB agucepranii. HaykoBi pe3ynbratd Ta OCHOBHI
MOJIOKEHHST  AMCEPTaIliiHOi poOOTH JOMOBIJATUCA Ta OOroBOpIOBANMCA Ha
KOH(EepeHIIaX:  MDKHapogHoMmy  cummosiymi  «[Ipobnemu  yqoCKOHaJEHHS
SJICKTPUYHUX MalvH 1 anapatiB. Teopis ta mpaktuka» (SIEMA’2014, m. XapkiB);
MikHapogHoMy ceminapi «Summer Training School STraS-CABRIOLET 2014» (wm.
UepHiBIli), necATidi MDKHAPO/IHIM HAyKOBO-TIPAKTUYHIN KOH(pepeHiii «MareMaTnyHe
Ta imiTauiHe mozaemoBanHs cuctem MOJC 2015» (M. YUepHiri), MixKHapOJHHUX
KoH(pepeHUisX «EIeKTpOTEeXHIUHI Ta KOMIT IOTEpHI cUCTeMHU. Teopis Ta MpakTHUKa»
(ETKS 2015, ELTECS 2016, m. Oneca), V International Scientific and Technical
Conference “Engineering, Technologies, Education, Security (TTOC-2016, Veliko
Tarnovo, Bulgaria) ta 14th International Conference on Advanced Trends in
Radioelecrtronics, Telecommunications and Computer Engineering (TCSET-2018,
Lviv, Ukraine).

Iyo6aikanii. [To temi nucepramii omyOiikoBano 10 HaykoBux mparps Ta |
naTeHT YKpaiHu, 3 HUX 6 craredd B HAyKOBUX (PaxoBUX BHUJAHHAX YKpaiHU 3
[lepeniky, 3atBepmxenoro MOH Vkpainu, y Tomy uucii 1 crarta B KypHami, 110
iHaekcyetess B 0aszi manmx SCOPUS, a Takoxk 3 crarri B IHIIMX HAYKOBHUX
NEeploIMYHUX BHUAAHHAX YKpaiHM Ta 1 [0MOBIAb HAa MIKHAPOJHIA HAyKOBIN

KoH(pepeHiii.
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Ctpykrypa Ta o0csar aucepramii. Jluceprariis ckiamaeTbcsi 3 BCTYILY,
YOTUPHOX PO3ALTIB Ta BUCHOBKIB, CIIMCKY BUKOPHCTAHHUX JDKEPEN Ta JIBOX JTOJATKIB.
3aranpHuil o0csAr aucepramii — 146 cTOpiHOK, MICTUTH 127 CTOPIHOK OCHOBHOI
YaCTHHHU, CIIMCOK BHKOPHUCTAaHUX Jpkepen 3 113 HaitmMeHyBaHb Ha 13 cTopiHkax, 15

PHUCYHKIB Ta 7/ TaOIHIIb.
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