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3AT'AJIBHA XAPAKTEPUCTHUKA POBOTH

AkTyajabHicTb TemMH. Cucremu enektponoctadyands (CE) 3ami3HUYHOTO 1
MICBKOT'O TPAHCHOPTY, SIKi MPOEKTYBATIHUCS 1 CTBOPIOBAIUCS KUIbKA JACCATHIITH TOMY,
MalTh  NOTPeOy  YJAOCKOHAJIECHHS  €JIeMEHTHOI  0a3u  Jjig  MOKpaIlEHHs
enexktpoMarHiTHoi cymicHocTi (EMC) 3 mpoMHCIIOBOIO MEpPEKEIO J>KUBJICHHS 1
3MEHILIEHHS BTpaT enekTpoeHeprii. YaockoHaneHHda CE moB’si3aHe 3 BUPILICHHAM
HACTYMHUX MUTaHb:

e HepiBHoMipHicTh HaBaHTaXXeHHsI (a3 Tpuda3zHOT Mepeki KUBJICHHA. YacTKOBe
BUPIBHIOBaHHS HaBaHTAKEHHS (pa3 3M1HCHIOETHCS MUIIXOM YepryBaHHs B KOHTAKTHIN
Mepexi JUISTHOK, MiAKIoYeHnXx 10 ¢ga3 4 Ta B, Ta mnoauly NOHUX JUISHOK
HEUTpaTbHUMH BCTaBKaAMHU.

e 3acTOCyBaHHs MEpPETBOPIOBAYIB HAa OJIHOOINEpALIHI THPUCTOPAX 1 J10JAX,
MEpEKEBl CTPYMH SKHUX MICTIATh UIMPOKUN CHEKTp TapMOHIK. Y cucTemax
€JICKTPOIIOCTAYaHHS 3aCTOCOBYIOTh PI3HI MACHBHI CHUCTEMH (QUIbTpallii BHUIIHUX
rapMOHIK 1 KOMIICHCAIlli PEaKTUBHOI IOTY)KHOCTI, aje Il 3aXO0Ad HEAOCTaTHBHO
e(eKTHBHI.

e BUKOpPHUCTaHHSA KOJEKTOPHUX JBUTYHIB MOCTIMHOTO CTPyMYy 3 PE3UCTUBHUM
raJIbMyBaHHSIM B PyXOMOMY CKJIaJ(1 3aJI13HMII Ta METPOIOJITEHY.

B ocraHHI necATUNITTS po3po0ieH] 1 OCBOEH] Yy BUPOOHUITBI €HEpro3oepiraroyi
HaIlIBIPOBITHUKOBI MEPETBOPIOBaYl — AaKTUBHI BUNpsAMIIAYl (AB), cHIOBI aKkTHBHI
¢ueTpu (CAD), GaraTtopiBHEBI1 1HBEPTOPH, a TAKOXK MOTYKHI HaKOMMYyBayl €HEprii
(HE), Buxonani Ha ©0a31 CydYacHHX CYNEpPKOHJIEHCATOPIB. 3aCTOCYBaHHS
eHepro30epiraroyrx HariBIPOBITHUKOBUX MEPETBOPIOBAYIB 1 HAKOIIMYYBAYiB €HEPTii
B CHUCTEMax eJIEKTPONOCTAaYaHHS TPAHCHOPTY JIO3BOJSE ICTOTHO MOJINIIMTH
€JICKTPOMAarHiTHy CYMICHICTh TaKHMX CHCTEM 3 MEPEKCI0 JKHUBJICHHS 1 3MCHIIUTH
BTpAaTH EHEPTii.

TakuMm YWHOM, aHaNi3 EJIEeKTPOMArHiTHUX TmpoiieciB, xapaktepuctuk Ta KKJI
eHepro30epiraroynx  HaMBIPOBIIHUKOBUX  MEPETBOPIOBAYIB 3  IMOTY>KHUMH
HaKoluyyBayamMu eHeprii g cucteM einekrtponocrayanHs (CE) 3amizHuyHOrO 1
MICBKOTO TpPaHCIOPTY € aKTyaJbHOIO 3a/adyelo, sKa BU3HAYWIA HAIPSIMOK
AUcepTaLiitHol poOoTH.

3B'130k podOTM 3 HAYKOBMMH MNpOrpamMamMi, IUIAaHAMH, TeMaMH
Hucepramiiina po0OoTa BUKOHAHA Ha Kadeapli MNPOMHUCIOBOI 1 OlOMEIUYHOI
enekTpoHiku HTY «XIII» Ta moB’si3aHa 3 nmpoTOKOJOM Ipo cmiBpoOITHUUTBO 3 KII
«XapkiBChKUH MeTporomiteH» (M. XapkiB). Pesynapratm mucepTamiiiHoi poOoTH
BUKOPHCTOBYBAJINCH IPU BUKOHaHHI Jep:xk0ropkeTHoi Temu MOHMonoascopty
VYkpaian «JlocmikeHHs HamiBIPOBIIHUKOBUX IIEPETBOPIOBAYIB JIJIs ITiIBUIIICHHS
€(EeKTUBHOCTI EHEPTrOCMOKMBAHHS Ta TIOJIMIICHHS SKOCTI EJIEKTPOEHEepTii B
PO3MOAUIAIOYNX Mepekax enekTpornoctadanas (AP Ne 0109U002423).

Mera i 3aBaaHHs aoc/igxeHHsA. MeToro aucepTaliiiHoi poOOTH € CTBOPEHHS
CIJIOBUX CXEM 1 CHCTeM KEpyBaHHsS €Hepro3oepiraloyux HamiBIPOBITHUKOBUX



NEPEeTBOPIOBAYIB 3 HAKONMUYyBadaMH €HEprii JUIsi CHUCTEM EJIEKTPOIOCTa4YaHHs
3aJi3HMII Ta  METPOMOJITEHY, BIOCKOHAJEHHS METOMAIB  PO3PaxyHKy Ta
XapaKTEePUCTHK IUX MePEeTBOPIOBAUIB.

Jlyis nocSATHEHHSI METH B JUCEpTallii MOCTaBICHH]1 HACTYITHI 3aBJaHHS:

— po3poOKa METOJIB BHU3HAUYCHHs KoeQillieHTa KOPUCHOI Mii JJIs I'SITH THIIIB
CUCTEM EJIEKTPOIIOCTAaYaHHS 3 MEepPeTBOpIOBAYaMHU 1 HAKONMUYyBauaMH EHEPrii JUis
nepexoy Bijg MOHATTA KoedimienTa notyxHocTi CE g0 OUIbII €MHOTO 1 TOYHOI'O
noka3Huka ii epexruBHOCTI — KK/I;

— aHaJI3 eJIEKTPOMArHITHUX MPOILIECIB B CXEM1 aKTUBHOT'O BUIIPSIMIITUA — JHKepena
Hanpyru (AB/IH), nmochimxenHs xapakrepucTuk AB B pexumax HIECTUITYJIBCHOTO
HekepoBaHoro Bumnpsmisiua (HB) 3 emuicHuM  dinbTpoM 1 B pexumi
MiBUIIYBaJIbHOTO IIHMPOTHO-IMITyJIbcHOTO mnepeTBopioBaua (LHIIT), ominka BIMBY
AB Ha Mepexy KUBJICHHS,

— a”ai3 pobotu AB 3 ricTepe3ucHoO, — Ipu 3MIHHIA YacTOTI MOAYJIALIL, — 1 3
BEKTOPHOIO, — TP MOCTIWHIN 4acTOT1 MOAYJISALII, — CHCTEMaMH KepyBaHHS, po3poOKa
METO/I1B pO3paxyHKY 1HIYKTUBHOCTI BXIJTHUX peakTopiB AB;

— po3poOka MeTony OOdIKy JWHAMIYHMX BTpaT TMpU  KOMIT'HOTEPHOMY
MOJICJIIOBAaHH1 TIEPETBOPIOBAYIB 13 HIMPOTHO-IMITYJIbCHOIO MopyJsitiero (LLIIM) 3 s
Bu3HaueHHs KKJI mnepeTBoproBallbHUX CHUCTEM 1 TeMmmepaTypu CTPYKTypu
TPAH3UCTOPHO-I0THUX MOJTYJIB;

— po3pobka marematuuHux Mozeneii CAD ta AB 31 cramioHapaum abo 3
OOpPTOBUM MOTY>KHUMH HAKOMHYyBayaMU €HEPrii JJII CUCTEM eJIEKTPOMOCTadYaHHS
3aJII3HUII Ta METPOIOJIITEHY.

O6'exmom OocnioxcenHsi € €NEKTPOMArHITHI MPOIECH Ta €HeproeeKTUBHICTH
eHepro30epiraroynx  HamiBIOPOBIIHMKOBUX  MEPETBOPIOBAYIB 3  MOTYKHUMH
HAKONMYyBayaMH CHEprii Juis CHCTeM eJEKTPOIOCTayaHHS 3alli3HMIl  Ta
METPOIIOIITEHY.

lIpeomemom Oocniodxcenuss € CXeMOTEXHIUHI PIIIEHHS, aITOPUTMH YIPaBIIHHS,
peXUMU POOOTH 1 XapaKTEPUCTUKH HAMIBIPOBIAHUKOBUX NEPETBOPIOBAYIB 3
HaKONMMYyBayaMu €HEeprii, Mo 3a0e3NeuyloTh HEOOXIJHY eJIEKTPOMAarHiTHy
CYMICHICTb 3 Mepexkelo KuBJIeHHs Ta eHepro3oepekenns B CE 3anmizaui 1 MI1.

Metoaun pgociaigxenHs. Bci oCHOBHI TeopeTWyHl poO3pOOKH aucepTartii
0a3yroThCsa Ha (PyHIAMEHTATBHUX TMOJIOKEHHSIX TEOpii €IESKTPUYHHUX KUI 1 Cy4acHOi
Teopii MUTTEBOI MOTYXHOCTI. [Ipm aHami3i eJIeKTPOMArHiTHUX TPOIECIB B
MEePETBOPIOBAYaX BUKOPUCTOBYBAIKCS YMCEIbHI METOIU pillleHHs AUdepeHITIaTbHuX
Ta alreOpaiuHux piBHSIHL. MaTpU4HI MEPETBOPEHHSI KOOPAUHAT BUKOPUCTOBYBAIUCS
py MOOYyIOBI CUCTEM YMPABIIHHS HaMIBIPOBIAHUKOBUMHU IepeTBOproBadyaMu. Jlis
MOJICJIFOBAHHS €JIEKTPOMArHiTHUX MPOLIECIB Y HAIIBIPOBITHUKOBUX MEPETBOPIOBAYAX
pO3po0JIeHI KOMITIOTEpHI MaTeMaTH4yHI MoOJelil B cepeaoBuIli mnakety MatlLab
R2008a.

HaykoBa HOBHM3HA O/lep:KaHUX Pe3yJIbTATIB:



— 3alpOIMOHOBAHO METOJ] PO3PaxXyHKy MAaKCHUMAaJbHO MOJKJIMBOTO 1 pPEaTbHOTO
KK/l n'sti cuctem enexTpornocTayaHHs 3 HAIMiBIPOBIIHUKOBUMH TEPETBOPIOBaAYaMU
1 HakomuuyBauamu eHeprii. OTpumaHi po3paxyHKOBI ¢GopMynd Ta TaOIUIl
JI03BOJISIIOTH 3 JIOCUTh BHCOKOIO TOYHICTIO OIIIHFOBATH MAaKCHMAaJbHO MOXJIMBHUH 1
peanbauii KK CE,;

— MpU JOCTIHKEHHI €JICKTPOMArHiTHUX IPOIECIiB B MOTY)XHOMY AB B pexumi
HEKEPOBAHOTO BUIPAMJISYA 3 EMHICHUM (PUIBTPOM OTpHMaH1 po3paxyHKOB1 (hOopMyIIH
Ta rpadiyHl 3aJ€KHOCTI JIJIi BU3HAYEHHSI MaKCUMyMYy TepepuBdactoro ctpymy HB
10 B1JIOMiM BIIHOCHIN BUIIPSAMIICHIM HaIpy3i, pIBHSIHHS 30BHIIMIHBOI XapaKTEPUCTHUKH
HB, 3 sxux BHIHO, IO NEepepUBYACTUM CTpyM ckianae 22-44% Bia cepeaHbOTO
HOMIHaNIbHOTO cTpymMy HB, kyT komyramii HB gocsrae 30 en.rpaa. nmpu BiIHOCHi#
BUTIpsIMITCHIH Harpy3i 0,89;

— BCTAQHOBJICHO, 1110 HAMPYTH 1 CTPYMH B CHJIOBUX KOJIaX aKTUBHUX BUIIPSIMIIAYIB-
JDKEepeN Hampyrd, IO MPaIioTh B PEXHUMI MiABUIIYIOYOTO IEpPEeTBOPIOBaYa,
HEOOX1THO PO3IIIAATH SIK CYMYy JBOX CKJIQJOBHX, 1[0 HAKIAAAIOTHCS OJHA HA OJIHY:
OJIHa — 3 YacCTOTOK HAaIpyTd MEpExi M Apyra — 3 4acTOTOK MOJIYJIALII Tak, OO0 B
IHTEepBaJIl MOIYJSLIT MUTTEBI 3HAYEHHS HAIPYTd, CTPYMY MeEpEeXl 1 Hampyru Ha
Buxoai AB 3anumaroThcsi He3MiHHUMHU. [Ipy 1IbOMYy B aKTMBHOMY BHIPSIMIISIUI
aMILTITyJla OCHOBHOI TapMOHIKU Ha BXOJ1 TPAH3UCTOPHOTO MOCTa TOTOXKHO JIOPIBHIOE
aMILTITY 1 (Da3HOT HATIPYTU MEPExi;

— BU3HAYEHO PO3PAXyHKOBE CITIBBITHOIICHHS JJIsl BU3HAYEHHS MOTOYHOT YaCTOTH
MoayJsli gazHoro crpymy AB 3 sikoro BUILIMBAE, 110 BiTHOIICHHS MaKCHUMAaJIbHOI
JaCTOTH MOAYJIALIT O MiHIMAQJIBHOI OJTHO3HAYHO 3aJICKUTh B1JI BiTHOIIIEHHS BUX1THOT
Hanipyrd AB 10 aMriiTyam JliHIHHOT Hampyrm Mepexi — KkoeodimieHta K.
BcranoBneHo, 1mo onTuManbHe 3HaueHHsS KoedimienTa K y AB nexwuth B niana3oHi
Bix 1,4 no 1,6;

— OTpUMaH1 CMiBBIIHOIIEHHS JUIsl PO3PAXYHKY 1HIYKTUBHOCTI BXIJHUX PEAKTOPIB
aKTUBHOTO BHUIIPSIMIIIYA 3 TICTEPE3UCHOIO 1 BEKTOPHOIO CHCTEMaMH KepyBaHHS,
HaOnmKeHa po3paxyHkoBa (opmyna s BuszHaueHHss THDy Mepexi B Toul
migkmroueHHs AB no THD, mepexi, cnoxkuBanoro AB 3 mepexi,

— PO3po0JIECHO MeToA OOJIKYy AMHAMIYHUX BTPAaT B TPaH3UCTOPHO-TIOHUX
MOAYJSIX TpPU  KOMITIOTEPHOMY  MOJENoBaHHI mepeTBoproBadia 3 M,
BUKOpPUCTaHHA sAKoro no3Bojsie BuzHauutu KKJ| meperBoproBaibHUX CHCTEM 1
KOHTPOJIIOBATH TEMIIEPATypy pn-Iepexoy TPaH3UCTOPHO-II0JHOTO MOAYJIS;

— po3pobsieHO ainropuTMu KepyBaHHi AB 3 OopToBMM 1 31 CTallOHAPHUM
HaKONMUYyBayaMHu €Heprii, skl 3a0e3neuyroTh BUKOHAHHS OCHOBHHMX (YHKIIN Ta
PEryJIIOBaHHS MOTOKY €HEPrii, HAKOMMMYEHOT PyXOMHUM I0i3/10M.

[IpakTuyHe 3HA4YeHHsI OJEP:KAHMX  Pe3yJbTATIiB  JOCHIIKCHHS IS
EJICKTPOTEXHIKHU TOJIATAE B HACTYITHOMY:

— 3actocyBanHs CA®, AB i cucrteMu akTUBHUWA BUIPSAMISY — ABTOHOMHUI
inBeprop Hanpyru (AB — AIH) B CE 3amizuumi 1 MII go3Bossie 3abe3nedunTu
HEOOXI1JTHE 3HAYEHHS KOe(II[I€HTIB HECUHYCOINANIbHOCTI HANPYTH 1 CTPyMYy MEpPEXi,



nigsumenas KK/ CE na 2-10%, a B pa3i 3acrocyBanHs AB 3 HakomuuyBadem
eHeprii — CKOPOYEeHHsI OLIBIII HIXK Y JBa pa3y CIIOKUBAHOI 3 MEPEXK1 EHEPrii;

— BCTaHOBJICHO, 110 Ha mpakTuii B ABIH Hemae HeoOXiTHOCTI BUKOPUCTOBYBATH
MOJYJI TPAaH3UCTOP-A10M, € OOuABa MPWJIATU PO3PAXOBaHI HAa OJHAKOBI MPsAMI
ctpymu. [Ipsamuii ctpym aiona B 4-8 pasiB OiIbIIe CTPYMY TPaH3UCTOPA;

— HaJlaHl PEKOMEH Al 100 3aCTOCYBAaHHS PI3HUX THUIIIB HaIliBIPOBIIHUKOBUX
nepeTBoproBadiB 1 HakonuuyBadiB eHeprii B CE 3amiznui 1 MII, ski 103BOISIOTH
MOJTIMIIMTH €JIEKTPOMArHiTHy CyMicHICTh 3 Mepexkero 1 miasumutu KKJI Bciei CE.

PesynpraTu aucepTamiiiHUX JOCITIKEHBb BIIPOBa/kKeHI Ha BUPOOHUNTBI B KII
«XapkiBchkuil MeTpornoiiTen» (M. XapkiB), HaykoBo-BUpOOHHMYOMY MiAIPHUEMCTBI
«EOC» (M. Xapkis), AIl «HIAI XEM3» (m. XapkiB), TOB naykoBo-BUpOOHUYE
o0’ennanHsl «Beptukanp» (M. XapkiB ) Ta B HaBYAJbHOMY mpoleci Ha Kadeapi
MpoOMHCIIOBOT Ta Olomenuunoi enektpoHiku HTY «XIIl» B gucrumiizax
«EHepreTnuHa enekTpoHika», «llepeTBoproBaui il enekTponpuBoaa», «Meroau
PO3pPaxyHKY 1 MOJICITIOBAHHS TIEPETBOPIOBAUIBY.

OcoOucTuii BHECOK 3100yBaya 1noJisirae B po3po01ii MarematuyHux moaeneit CE
3 HaMBIOPOBIIHMKOBUMHU NEPETBOPIOBAYaMHU 1 TMEpeBipll po3poO0JEHUX METO/IB
Bu3HaueHHs1 KKJI CE 3a gomomororo BIpTyalbHOI'O €KCHEPUMEHTY; MiATBEPKEHHI
TEOPETUYHO OTPMMAHMX CIIBBIJHOIICHb 1 XapaKTEPUCTUK Ui aKTUBHOIO
BUIIPSAMIISIYA 3 TMOCTIMHOIO 1 3MIHHOIO YacTOTOK MOIYJALIl, MOTYXHOTO
HEKEpOBAHOTO  BUIpSAMIISYAa 3  €MHICHUM  (UIBTpOM;  po3polil  Mojeni
MepeTBOpIOBaYa, B SIKIN BanOByIOTLc;I JMHAMIYHI BTpaTH TPAH3UCTOPHO-I10JHUX
MOAYJIB; aHami3l Ta kKoMi'torepHomy MmozemoBanHi CAD, AB, AB-AIH nns CE
3aN3HUII HA TMOCTIHHOMY 1 3MIHHOMY CTpyMi; aHajii3i Ta KOMII'IOTEPHOMY
mozenoBanHl CA®, AB 3i crariioHapHuM a00 3 OOpPTOBUM HAKOMHYYBaye€M €HEpTii
st CE metpornoniTeny; po3poOka ajaroputMy poOoTH cuUcTeMH KepyBaHHS AB 3
HakonuuyBayamu eHeprii 1yist CE MIL.

Amnpobauisa pe3yabTaTiB aucepramnii. Marepiaiin auceprailii IOMOBIAAINCS Ta
oOroBoproBaiucs Ha Mi>KHapOAHUX HAYKOBO-TE€XHIUHIN KoH(pepeHuisax: «lIpobnemu
cydyacHoi enektporexHikum» (M. KwuiB, 2010p.), «CumnoBa eJIeKTpoHIKa Ta
eHeproedekTuBHICTE» (M. Anymra, 2010 — 2012 pp.) Ta Ha HAyKOBUX CeMiHapax
HAH Vkpainu «Cunosa 1 6iomeandna enekrponika» (M. Xapkis, HTY «XIII», 2010,
2012 pp.).

IMyoaikanii. OcHoBHuiI 3MmicT aucepranii BimoOpaxkeno y 11 crarTsx,
OImyOJIIKOBAaHUX Y CIEIialli30BaHNX HAYKOBUX BUJAHHAX YKpaiHU.

CTpykTrypa Ta o0csar aucepramiiiHoi po6oru. Jlucepramis ckiIagaeTbes 31
BCTYNY, 4-X pO3/I1J1iB, BUCHOBKIB, CIIUCKY BUKOPUCTAHUX JIKEpeN 1 noAaTkiB. [loBHMI
oOcar aucepraiii cTaHOBUTh 234 CTOPIHOK, 3 HUX /8 PHUCYHKIB 3a TEKCTOM Ta 25
PUCYHKIB Ha 22 cTOpiHKax; 3 TabJuIll 32 TEKCTOM Ta 2 Tabiuill Ha 2 CTOpIHKaX; 3
nonatku Ha 34 cropiHkax 1 122 HailMeHyBaHHS BHUKOPUCTAaHUX JKepen Ha 12
CTOpPIHKAX.



OCHOBHUMH 3MICT POBOTH

Y Berymi OOTpYHTOBAaHO aKTYyaldbHICTH 1 JOIIIBHICTH BHUKOHAHOI POOOTH,
chopMyTHLOBAaHO METY Ta 3aBJAaHHS HAYKOBOTO JOCHIKCHHS, HaBEICHI JaHi Ipo
3B'SI30K pOOOTH 3 HAYKOBUMH MpOrpamMamMu, BUKIJIaJIeHa HAYKOBa HOBU3HA, MPAKTHYHE
3HAYECHHS 1 peasizallis pe3yJbTaTiB AUCEPTAIHHUX TOCTIIKEHb, HaBeJACH] JaHl Mpo
ix ampooartito, myOJIiKaIliio Ta BIPOBATKEHHS.

Y nepmoMy po3aijii MpoaHaNi30BaHO CHUJIOBI CXEMHU 1 CHUCTEMH YIPaBIIIHHS
eHepro30epirarouyux  HaIiBNPOBIAHUKOBUX  IEPETBOPIOBAYiB  —  AKTHMBHUX
BUINPSIMIISYIB, CHUJIOBHUX aKTUBHHUX (PUIBTPIB, OaraTropiBHEBUX 1HBEPTOPIB, a TaKOXK
ICHYIOYl THUIM TOTY>XHUX HAKONMHYyBayiB €HEPrii i BU3HAYEHHS iX OCHOBHHUX
nepeBar Ta HeJ[0JiKiB npu 3actocyBaHH1 B CE 3ami3HUYHOTO 1 MICBKOTO TPAHCIIOPTY.

Bimsnaueno, mo mns CE 3amizammi Tta MII mepcnekTHBHUM € 3acTOCYyBaHHS
ABJIH 3 peneitHoro abo BekTopHOI cucteMamu kepyBaHHsi (CK), mo 3abe3mneuye
JBOHANPABJIICHUI MOTIK €HEprii, Mai’ke CUHYCOINAJIbHUN MEPEKEBHU CTpyM, SIKH
cniBmajgae no (asi 3 HaIPYrow MEPEkKl, PEryJIOBaHHS 1 CTa0OLII3alIl0 HANPYTH Ha
Buxonl AB 1, sk Hacaigok, masumeHas KK CE.

[HmmM  edextuBHEM criocoboM MmoaepHizaiii CE 3ami3HMYHOTO 1 MICBKOTO
TPAHCIOPTY € 3aCTOCYBaHHS MapajieIbHOTO CHJIOBOTO AaKTUBHOTO (UIbTpa, SKUN
JI03BOJISIE KOMIICHCYBATH MUTTEBY PEAKTHUBHY IMOTYXKHICTh 1 MYJbCAIlll MHUTTEBOI
aKTHUBHOI TOTYXXHOCTI, 1m0 mnpu3Boauth ngo migumenHs KKJI CE 1 1
€JIEKTPOMATHITHOT CYMICHOCTI 3 Mepexkero kuBiieHHs. [[ns mapanenbHoro CA® Ha
6a31 AIH momineHo 3acTtocoByBat CK Ha 6a31 pgr teopii mOTY>KHOCTI, sIKa OIMepye
MUTTEBUMH 3HAYCHHSIMHU aKTUBHUX Ta PEAKTHUBHUX IMOTY>KHOCTEH 1 JI03BOJISIE BBECTU
TPU HE3AJCKHUX PETryIITOpa TPHhOX CKIAJOBUX TOTYXHOCTI MO TPHOX OCSX, IO
3a0€3MeUnTh BUCOKY IIBUJIKOJIIO 1 TOUHICTh CUCTEMH aBTOMATUYHOIO PEryJIFOBaHHS
CAD.

3acToCcyBaHHS HAKOMHWYYBa4iB EHEPTii MJIs TATOBOTO EJIEKTPOTIOCTAYaHHS
JI03BOJISIE 3MCHIIIUTH BCTAHOBJICHY MOTY)KHICTh 3HIDKYBAJIBHUX 1 IEPETBOPIOBAIELHUX
TpaHcpopMaTOpiB TATOBUX MiACTAHIIINA, 3MEHIIIMTH BUTPATU €HEPrii, 3HU3UTU BTPATH
CJIEKTPOCHEPTii B TATOBIM Mepexi. 3 ypaxyBaHHSM BEJIMYMHU HAKOTHUYYBaHOI
eHeprii, BeMMYuHu cTpymy 3apsaay-po3psay HE 1 intepBany yacy, 3a skuii mOBUHEH
B11I0yBATHUCS ITUKII 3apsy-po3psay, nepcrnekTuBHUM B poii HE nnst 3anizauii 1 MIT e
CYNEpPKOHJIEHCATOPH, HATIPUKJIIA, 10 BUIMycKatoThea pipmoro Maxwell abo dipmoro
Enton. CydacHi akymynsaTopHi Oarapei, 110 BUITYCKaIOThCS MPOBIIHUMH (PipMamu,
MOKA HEe MOXyTh Oyt Bukopuctadi B sikocti HE gns CE tpancnopty, Tomy 1o,
HEe3BaXkalouu Ha BUCOKI AocsrHeHHd B miasuieHH1 ix KK/, Bonu xapaktepu3yroThcs
MOPIBHSHO MaJIMM YUCJIOM JIOITYCTUMHUX ITUKITIB 3apsTy-PO3psIay.

YMOBOIO TpakTUYHOI peanizaiiii MmojaepHizoBaHux CE € ogHOYacHe mOKpaliaHHs
EMC CE 1 3meHnieHHsi cyMapHux BTpaT eHeprii. [{ns nporo morpioHa po3poOka
METOJ[IB PO3pPaXyHKy MaKCHUMajibHO MOXIMBHUX 1 peanbHux 3HaueHb KKJ[ CE 3
HaIIBIPOBITHUKOBUMH MEPETBOPIOBAYAMHU 1 HAKOMTMYYBayaMU €HEPrii.



Y apyromy po3aijai po3po6ieHO MEeTO A PO3pPaxyHKy MaKCUMAaIbHO MOMIJIHBOTO 1
peanibHoro KKJ[ m'stu cucreM eneKTpOMOCTauyaHHA: 3 TMOCTIMHOIO Hampyroro
pKepena; 13 Tpu(da3HOI CHUMETPUYHOI0 CHHYCOIJANIbHOIO HAMpYrow JDKepena; i3
TpU(a3HOI CUMETPUIHOIO CUHYCOiJaTbHOIO HAMIPYTOI0 JDKEpENa 1 3 HECUMETPUIHUM
HEJIIHIMHUM HaBaHTAXEHHSM; 3 OJHO(PA3HOI 3MIHHOIO NPSIMOKYTHOIO Halpyrolo
JpKepea Ta 0JHO(a3HOI 3MIHHOIO CUHYCO11aIbHOIO HAIIPYT OO JKepea.

Maxkcumansauiit KKJI CE nocsiraeTbcsi mpu BUKOHAHHI psly YMOB:

— €Hepris NepeaaeThes Bl JKepeia B HABAHTAKEHHS 3 OCTIMHOIO MIBUJIKICTIO;

— BIICYTHIN JBOHAIpaBJI€HUM OOMIH €HEPri€l0 MK PEaKTHBHUMH €JIEMEHTaMU
CE;

— ¢hopMa CTpyMy JKepeiia criBIajae 3 popMOIO HAIIPYTH JKEpea.

Peanpnuii KKJ[ CE 3aBxau MeHIIE po3paxyHKOBOTO MAKCUMAJIbHO MOKIJIMBOIO
3HAYeHHS BHACHIZOK BIOXWJIEHHS BiJ ONTUMalbHOI (QopMu rpadika aKTHBHOI
MOTY>KHOCTI 1 CTpyMy HaBaHTaKeHHs. BBenmeHno takox mapamerp «BTpata KKII»,
AKUM BU3HAYAETHCA AK PI3HULA MDK MaKCHUMalbHO MOXJIMBHM 1 peanbHuM KKJI
posrisHyToi CE.

Po3pobneno  MatLab-mMozmeni  cucTeM — €NEKTPONOCTAYaHHSA,  BIPTyallbHI
EKCIIEPUMEHTH Ha SIKUX HIATBEPIWIM OTPUMAaHI TE€OpeTU4Hi pe3ynbTaTH. [lokazaHo,
o cepeaHi 3a nepioa nosroproBaHocti KKJ| cucreM enekrponocrayaHHsl MOCTIHHOT
HaIpyru Jpkepena 1 Tpu@azHoi CHUMETPUYHOI CHUHYCOIJaJIbHOT HaIlpyru JpKepena
30IratoThCsl MPU OJHAKOBUX BIJHOLIEHHSIX MOTYKHOCTI PE3UCTUBHOIO KOPOTKOIO
3aMHUKaHHS 10 KOPUCHOI MOTY>KHOCTI a00 MpH OJHAKOBHUX BIAHOILIEHHS KOPUCHOTO
CTPyMY HaBaHTaXXEHHS 10 CTPYMY PE3UCTUBHOTO KOPOTKOTO 3aMUKAHHS

I P
K, = I“—Sf ~ P“—Sf. (1)
SC SC

KopucHa akTvBHa MOTYKHICTh JOPIBHIOE CEPEIHHLOMY 3a Mepioj] MOBTOPIOBAHOCTI
3HAYCHHIO aKTHUBHOI MOTYKHOCTI HAaBAaHTAXEHHS 1 BU3HAYAa€ BEIIMYMHY EHEPrii, fKa
MOCTyIIa€ B HABAaHTa)KEHHS 3a MeploJi MOBTOproBaHOCTI. KopucHuil ctpym — 11e cTpym
IpU SKOMY €HEprisi HaJXOJUTh B HABAHTAXEHHS 3 IMOCTIMHOIO CEpeaHbOIO
IIBUJIKICTIO, PIBHIN KOPUCHIN MOTY>KHOCTI.

OTtpumaHi po3paxyHKOBI GopMyJH Ta TabIUIl, 1O JO3BOJIAIOTH PO3PAXOBYBATH
MakcuManbHO MOxHBUM 1 peanbHuii KK cucrteM enexkrpomocrayaHHs MOCTIHHOT
HaIpyru Jxepena 1 Tpuda3Hoi CUMETPUYHOI CUHYCOIJaIbHOI HaNpyru pkepena (2),
(3), cucreM eneKTpONOCTavyaHHs 31 3MIHHOKO HAaNpyrow MpsIMOKYTHOI (OpMH MpU
CUHYCOIJJaJIbLHOMY CTPyM1 HaBaHTaKEHHSI, 1110 BiJcTae 1o (a3l BiJ HANpPYTH JKepena,
10 iX B1JIOMUM MapameTpam i rpadiky HaBaHTaKEHHS (4).

Makcumanbhe 3HaueHHs KK/ cucremu enexktpornocrayanHs MOCTIHHOT HANPYTH

1 1 1
n=nav =Nmax =1-Ky=-+ |-———. (2)
2 \4 Psc/Rust

Peanbvhe 3nauenna KK/[ cuctemu enekTpornoctayaHHs NOCTIMHOI HAIIPYTU




Y.
Navrea =1— K, _EKIA : 3
ne A, — BIIHOCHA aMILTITy/1a 3MIHHOT CKJIaJIOBOi CTPYMY HaBaHTa>KEHHSI.
Cepennii 3a mepion moBtoptoBaHocTi peanbHuii KK mns CE 3 mxepenom
HANPYTd MPSMOKYTHOI (OPMH TPH CHHYCOiJAIBHOMY CTPYMi HABaHTAXCHHS, IO
BizicTae 1o (pasi Bl HANIPYTH JHKepena

2
n°-K
nAVrea|=1——8 L =1-1,2337 — (4)

7€ ¢ - KyT 3CyBY 1O (a3l cTpyMy HaBaHTa)KEHHS BiJ] HAPYTH JHKEpena.

CmiBBiTHOMICHHS 1 TaOJWIN JJII CHCTEMH €JIEKTPONOCTadYaHHS 31 3MIHHOIO
HAIpyrolo JpKepena MOpsIMOKYTHOI  (opMH  TMpH  CHHYCOiJalbHOMY  CTpyMi
HAaBaHTAKCHHS, IO BiACTae mo (a3l Big HAIPYTH JDKEpena, CIpaBeIIuBI TaKOXK IS
CE 3MIHHOI CHHYCOiJaJIbHOI HANpyr JKepena Npu MNpsIMOKYTHIA (opMi cTpymy
JpKepena.

3icraBneHHs1 TeopeTuuHux 3HayeHb KK/ 1 3HaueHb, OTpUMAaHUX y BIPTyaJbHHUX
EKCIIEpUMEHTax, s TpU(a3zHOi CHUCTEMHU E€JIEKTPOINOCTaYaHHS 3 HECUMETPUYHUM
HEJTIHIMHUM HABAHTAKEHHSAM, I[IOKa3aJid XOpOIly 30DKHICTh PE3YJbTATIB MpU
3HaYEHHSX KyTa 3pyLICHHs CTPYMY I110/I0 HAlpyTH B Alana3oHi 0< ¢ < z/4.

Koedimient kopucnoi aii CE ogHodazHoi 3MIHHOT HAPYTH TPSIMOKYTHOL (hOpMH
3aNeKUTh Bi (POpPMH CTpyMy HAaBaHTA)XXCHHS. Y BUIAIKY SIKIIIO HABAHTAXCHHS YUCTO
PE3UCTUBHE 1 CTPYM HAaBaHTAXKEHHsS Mae NpsAMOKyTHY ¢opmy, To CE omnodasznoi
3MIHHOI Hampyru MpsIMOKYTHOI ()OpMH €KBIBaJE€HTHA CHUCTEMI €JIEKTPONOCTauYaHHS
MOCTIIHOT HAIIPYTH 1 AJIs1 HET CIpaBeJIMB1 CITIBBIJHOIIEHHS 1 Ta0IUIl, OTPUMAaHI1 JJIs
CE mnocTiitHO1 HanpyTH.

Y TperboMy po3iji mpoaHaizoBaHO eleKTpomarHiTHI mporecn B AB/IH B
JBOX  peXuMMax poOOTH: HEKEpPOBAHOTO  BHUMOpPSIMIISIYa 1  MIABUILYIOYOTO
nepeTBOproBaya.

BcranoBieHo, mo poGounuM peXUMOM MOTYKHOIO IIECTUIYJIBCHOTO MOCTOBOTO
HB 1mopsn 3  pexumom
,,,,,,,,,,,,,,,,,,,,,,,,, R S s s s st s s | -~ 0e3MepepBHOTO  CTPyMy €

0.02 N8 PEXKUM nepepruBYaACTOTO
NN CTpyMy, SIKUA BUHHUKAE, KOJIH
0,015+ ‘10 BEINYMHA HaIpyru Ha

e HaBaHTaxeHHl Ug=Uigaq cTa€
0,017 : ' MEHIIIE aMIUITyId JIHIHHOT

Harpyru Mepexi  Esmax, amne
OuTbIlle  JESKOTO  3HAYCHHS
R — | ‘ e 0 BUIIPAMIICHOT Harpyru
0,955 0.965 0,975 0,985 0.995 UdHaq,Henp. Ipu sKOMY BHHHUKAE
Puc. 1. Ammunityaa nepepuByactoro ctymy HB 3 MepepuBYACTHH  CTpyM  Ha
€MHICHUM HaBaHTAXCHHIM BI/IXOI[i HB, MAaKCHUMAJIbHE

0.005 +




3HaYeHHS SKOTO BIAMNOBiAae HauvaabHO-Oe3mepepBHOMY CTpyMy Ha Buxoai HB
IdHaq.Her.maX '

Otpumani pospaxyHkoBa (opmyrna (7) i1 rpadiuni 3anexHocti (puc. 1) mms
BU3HAUEHHS MaKCUMyMy TMepepuBuactoro ctpymy HB 1o Bimomiii BimHOCHIM
BUTIpsIMIICHINM Hampy3i npu pizHux 3HaueHHsx KKJ[ HB. I[lokaszano, mo BimHOCHE
3HaYEHHS MAaKCHUMyMy II€PEpUBUACTOTO CTPYMY 3MEHIIYETbCA 13 3OLIBIICHHAM
BIJHOCHOTO 3HAU€HHs BUIpsMiieHOI Hampyru 1 13 3meHmeHHsM KK/ HB, ta
CTaHOBUTH 22-44% BiJ HOMIHAJILHOTO cepeHboro crpymy HB

| drypep.max* = 6 (sin arccosU g« — U g« arccosU g« ), 7)

ESmax .
J6Xg ®)

ne 0a3uCHUM CTPyM lhase =

Xg — IHAYKTHUBHUHI OMIp MEPEXKI;
=——9d <1, 9
E ®

B pexumi Oe3nepepBHoro crtpymy HB oTpumani piBHSHHS 30BHIIIHBOI
XapaKTEPUCTHKU 1 3aJIeKHOCTI KyTa KOMyTalli y Bia mapamerpa g (puc. 2). [lokazaHo,
110 31 3MEHUIEHHSAM BIJIHOCHOTO 3HAYEHHS BUIIPSAMIIEHOI HANPYTH 30UIBIIYETHCS KYT
komyTauii HB nocsratoun 30 en.rpaa. npu BigHOCHIN BUnpssMieH1d Hanpy3i 0,89.

Ug+=ULoad*
096 1+ 1 1

094 4Nt SR -
092 | SRR T O A T

09 4+ L W TR

088 1

0!863:::iziz:i::i:i:i:ilgar —— — -
0 0,05 0,10 0.15 020 © 0,05 0,10 0,15 0,20

Puc. 2 3oBHimHs xapaktepuctuka HB 1 3anexHicTh KyTa KOMyTallii y BiJ napamerpa g

AHanmiTU4YH1 BUpa3ud JUIsl 30BHIIIHBOT XapaKTEPUCTUKH 1 3aJE€XKHOCTI KyTa
KOMYyTaIlii y BiJ| mapameTpa g:

Uge = Ys :§(1—0,5g), (10)
S max T
3
Yy =arccos (1—— gj, (11)
I
lg
g=exs ——, (12)
Idnom

ne |z, — MUTTEBE 3HaYEHHS BUIIPSIMIIEHOIO CTPYMY B MOMEHT 3aKIHUEHHS KOMYTallli;
ldnom — HOMIHAJIbHE 3HAYEHHS BUIIPSMIICHOTO CTPYMY.



OTpuMaHO TakKOX BHpa3 IJIA PO3pPaXyHKy 3MIHHOI CKJIaJ0BOI CTpyMy uepe3
KOHJIEHCATOp
3

E 1-—
S max 2

I =~ , 13
P max 247‘Efs LS ( )

ne fs — yacToTa Hampyru Mepexi sKUBIICHHS; Ls — IHAYKTHBHICTh MEPEK1 JKUBJICHHS.
Hampyru 1 ctpymm B cunoBux komax ABJIH, mnparmorodoro B pexumi
MiBUIIYIOYOTO TEPETBOPIOBAYa, MOKHA PO3MIIAATH K CyMYy JBOX CKIIQJOBHX, IO
HAKJIAJal0ThCsl OJTHA HA OJHY: OJHA — 3 YacTOTOIO HANpyrd Mepexi il apyra — 3
YaCTOTOIO MOZYJIAIIi Tak, II0 B IHTEpBaJl MOAYJSIII MHUTTEBI 3HAUEHHS HAIMpPYTH,
CTPyMy MeEpexXi 1 Hampyru Ha Buxoii AB 3ammmaroTscs HeaMiHHUMH. [Ipu 1ipomy
QHATITUYHO 1 y BIPTYyaJlbHOMY €KCIIEPUMEHTI I1I0Ka3aHO, M0 B AaKTUBHOMY
BUIIPSAMJISIYl aMIUTITy/Ia OCHOBHOI TapMOHIKM HAaNpyrd Ha BXOJl TPaH3UCTOPHOIO
MOCTa TOTOXHO JIOpiBHIOE aMILTITYAl (a3zHoi Harpyru Mepexki U1 max =Y s max -

OTpuMaHO pO3paxyHKOBE CHIBBIIHOLIEHHS JJII BU3HAYEHHS MOTOYHOI YacTOTH
MOAYJALIL (a3HOr0 CTPyMYy aKTUBHOI'O BHIPAMIIAYA MO MUTTEBIM (pazHiil Hampysi
Mepexi Us, IHIYKTUBHOCTI peakTopa Ly, BenuuuHi ricrepe3ucy Als 1 mo mapamerpy
BiJTHOIIICHHS HANPYTH Ha BUXoai AB 10 amrmniTyau niHiiHOT Hanpyru Mepexi K
—us + j k?U¢

S max

; 1
mod — = .

Tood  2v/3KLoAIUG,
BianoBigHO BiJHOIIEHHS MaKCHUMAaJbHOI YacTOTH MOMYJAIII A0 MIiHIMaJbHOI

OJIHO3HAYHO 3aJICKUTh B1JI BIJHOIICHHS BUXIAHOI Hampyru AB g0 ammoitynu
JHIHHOT HaNpyTru Mepexi — koedirienta K

(14)

fmod max_ _ 1 — 3k2 . (15)
fmod min Tmod 4(_1_,_ BKZ)
4
Sﬁmdmm/ﬁmdmm }:pump /P
6 AN 0.8 —
LN T
——— 0,4
2 0,2
0 k 0 k
1,2 1.3 1.4 1.5 1,6 1,7 1,2 1.3 1.4 1,5 1.6 1,7

Puc. 3. BigHolleHHs: MaKCUMaJIbHOT YaCTOTH MOYJIAILIT 1O MIHIMAJIBHOI 1 BITHOCHA
BEJIMYMHA TIOTY>KHOCTI «HAKaYyBaHHS» B 3aJIGKHOCTI BiI KoedirienTa K
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VY cramomy pexuMi €Hepris Mepei MepeqacThCs B HABAHTAKEHHS AKTUBHOTO
BUTIPSMJITYA JIBOMA TIOTOKAMH, OJIMH 3 SIKUX MHHA€ BXITHI PEaKTOpPH, a I1HIIHHA
MPOXOJWTh Yepe3 HUX. BITHOMIEHHS BEMWYWH IUX TOTOKIB OJIHO3HAYHO
BHU3HAUAETHCS MMapaMeTPOM BiJHOIICHHS BUXIJAHOT HANPYTH 10 aMIUNTYAW JiHIAHOT
HApyru Mepexki — koedimienrom K

P =222 = = %2, (16)
P 3J3% Kk

ne Ps — cepenns 3a nepioJl HOBTOPIOBAHOCTI MOTYKHICTb MEPEXK1; Ppymp — MOTYKHICTb
«HAKaYyBaHHS.

Ha puc. 3 nmpuBeneHa 3aineXHICTh BITHOIICHHS MAaKCUMAJIbHOT YaCTOTH MOIYJISIIIT
JI0 MIHIMAJIbHOI 1 BITHOCHOI BEJIMYMHU MOTY>KHOCT1 «HaKadyBaHHs» BiJ KoedillieHTa
K, 3 SKMX BCTaHOBJICHO, III0 ONTHMAajbHE 3HaUYeHHS KoedimieHta K y AB nexuts B
miana3oHi Big 1,4 mo 1,6.

Po3pobsieHo MeToa BHOOpPY IHIYKTUBHOCTI PEAaKTOPIB aKTMBHOIO BHUIIPSAMIISYA,
SKHAM TIOJISITA€ B HACTYITHOMY:

1. Tlo BimoMuM mapaMeTpaM CHJIOBOI CXEMHU 3HAXOJUThCS PO3PAXyHKOBE
3HAYEHHS CyMapHOi IHAYKTUBHOCTI L, 31 CIIIBBIAHOLICHHS

\/RE ) RLoad . RZZ

k2
Lle = (17)
Ws
ne Ry — cymapHuii akTuBHUI Omip Mepexki; R|oad — OTIp HABAHTAXEHHS;
Ws=27fs. (18)
2. BignoBigHO 10 BUpa3y
@ - Ly k?-RZ+w” - L2,
¢ =0 —a, =arctlg ———= _arccos \/ SR E— (19)
RZ RLoad
L
e Lzl* = _21’
Ls1p

Oyny€eTbCst 3aI€XKHICTh COS@ Bif Ly« (TuB. puc. 4).

3. I3 3anexxnocTi (19) BU3HAYa€eThCS MOXKIMBUN Jiara3oH 3MiHU 1HIYKTHBHOCTI
Ls/x, 3 ypaxyBaHHsIM pexumy poOoTu AB Ta 3MEHILIEHHS cos@ HE OUIbIlIe HIK Ha
0.5%.

4. BinnoBiAHO 10 BUpa3y
RLoad ) (3 k2 — 2)

Ly = , 20
1643 k3 Al £ (20)
nie Ly =i,
T1p

OynyeTbest 3aeXKHICTh Lyp+ Bim Als+ (1uB. puc. 5).
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1
0.995/°2°® / =

0.99

08s|| AN G
095, | k=15 \3\\&21*

I | cosg

EY74IRSSa. ]
0995 /77 N~ —_Ru=2
099 ]] RA=05 \_ N\_
0.985[] \R_L*:_31\ Ly

0.98¢ 1 2 4
6

Puc. 4. 3anexHicTh KoeQill€HTa 3CYBY Bl BIIHOCHOI CyMapHOi 1HIYKTUBHOCTI

5. I3 3anexHocti (20) 3 ypaxyBaHHAM OOpaHOro B MYHKTI 3 Jiarna3oHy 3MIHU
1HIYKTUBHOCTI Ta YMOBH, 1110 BesinunHa A/s« He TOBUHHA TiepeBuiyBat 5% Bif ls; —
aMILTITYId OCHOBHOI FTapMOHIKU (pa3HOTO CTPyMY MEPEX1, TPOBOJUTHCS OCTATOUHHIMA
BUOIp 1HAYKTUBHOCTI pEaKTOPIB.

L)+
5
4 \ \ fmoa =3 kHz
3 \ Nﬂd =5 }(HZ M
2 7\ \ r
| Lfoes = 10 kHz T
0 Als*
0.01 0.02 0.03 0.04 0.05 0.06

Puc. 5. 3anexHicTh BITHOCHOT'O 3HAYEHHSI CYMapHO1 iHAYKTHUBHOCTI BiJ] CEPEIHBOTO
3HAYEHHSA MAKCUMAJIbHOTO BIAXUJIEHHS CTPYMY

Otpumana HaOnmxkeHa po3paxyHkoBa Gopmyina ais BuzHadeHHs THDy Hanpyru
Mepexi B Touli nigkaoueHHss AB o THD, ctpymy, cnoxkuBanoro AB 3 Mepexi, sika
copaBe/yiuBa SIK i AB 3 BEKTOPHOIO CHUCTEMOIO KepyBaHHSA, Tak 1 i AB 3
pEJNEeHOI0 CUCTEMOIO KepyBaHHsS. B ocTaHHbOMY BUNAAKYy — IpPH €KBIBaJICHTHIM
cepeaHii 4acTOTI MOMYJISIIIT

THDy =THD; -ek fod _ Isimax (21)
fs Isimax.nom

ne lsimax — aMIIIITYa OCHOBHOI TapMOHIKH (a3HOTO CTPYyMY; lsimaxnom — amIuiTyna

OCHOBHOI TapMOHIKM (Pa3HOT HOMIHAJIBHOTO CTPYMYy MEpPEXi, OCHOBHAa TapMOHIKa

CTPYMY Mepeki 30iraeThes 1o (asi 3 pa3HO HANIPYTOK MEPExKi.

Y derBepTOMY PpoO3aiJii TpoaHaNi30BaHI 1 3ICTaBJ€HI XapaKTEPUCTUKU
tpaautiitnux CE 3amizuumi 1 MII, ski  ekcryaryloThess Ha JaHMi dvac, 1
nepcrektuBaux — CE, B SKMX  BHKOPHUCTOBYIOTBCS  €Hepro3oepirarodi
HaIiBIPOBITHUKOBI nepeTBopioBaul (AB 1 CA®) 3 mOTYKHUMH HAKOMUYyBadaMH
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eneprii. Xapakrepuctuku CE BH3HAYAIOTHCS NMIJITXOM 3aCTOCYBAaHHS MAaTEMaTHYHOTO
MOJICTTIOBaHHS 3 BUKOPUCTAHHSM IakeTiB MatLab.

Po3pobnennii MeTo BH3HAYEHHS CyMAapHOI MUTTEBOI MOTY)KHOCTI CTAaTUYHHX 1
AMHAMIYHUX BTPAT PN-MEPexo/iiB TPAH3UCTOPHO-TIOHUX MOJYJIIB MPU JUCKPETHOMY
MOJIEJIIOBaHH1 ~ HAIMIBIPOBIIHUKOBUX TIEPETBOPIOBAYIB 32 JOMOMOIOI0 TaKeTa
MatLab/Simulink B pesxrMax, KoJau iHTepBaj AUCKPETH3AIl B MOJEI OJU3bKHIA 10
4yaciB BKJIIOUYEHHS 1 BUKIIIOUEHHS TpaH3uctopa. Pesynbratu, onmepkani B MatLab-
MOJICNII B YCTAJICHOMY PEXKHMI, NMPAKTUYHO 301raloThCs 3 pe3yJibTaTaMu B Iporpami
Semisel. Ha Binminy Bim Semisel, B MatLab/Simulink moxiuBo mpomojientoBaTu
OyIp-sIKy CXeMy I[epeTBOpIOBaya B OYIb-KOMY pEXUMI pOOOTH 1 TPHU I[HOMY
KOHTPOJIIOBATH MUTTEBY TEMIIEPATypy CTPYKTYpPHU TPAH3UCTOPA.

[IpoanaimizoBaHi peXUMU POOOTH TPATUIIHHOI CHUCTEMHU EIEKTPOTIOCTAYaHHS
3aJi3HULI 3MIHHOTO cTpyMy 4actoToro 50 Hz 1 HominansHorO Hampyroro 25 kV. Ha
MatLab-mozxeni cucTeM €JIEKTPOIOCTaYaHHS 3ali3HUIIl Ha 3MIHHOMY CTpyMi
MIPOJIEMOHCTPOBAHA MOXJIMBICTH CUMETPYBaHHsS (a3zHux ctpymiB Mepexi 110 kV 1
MOBHOT KOMIIEHCAIlli pEaKTUBHOI MOTYHOCTI 3a JIONOMOTOK) CHUJIOBOTO aKTHBHOIO
(bbTpa, MIKIIOYEHOTO MapajjeabHO KIIeM MEPBUHHUX 0OMOTOK TpaHchopmaTopa.

3anponoHOBaHa MOJIEPHI30BaHA CHUCTEMa EJIEKTPOIOCTA4YaHHs 3ali3HUIll Ha
3MIHHOMY CTpyMi 13 3acTocyBaHHsIM cucteMu «AB-AIH», gxa 3a0e3neuye HeoOXiTHY
€JIEKTPOMATHITHY CYMICHICTh CHUCTEMH EJEKTPOIOCTAYaHHSI 3 MEPEXKEI0 >KUBIICHHS
110 kV 1, 3a npubausHoro ominkoro, miapuiieHHs KK/ na 2-10%, B 3ay1e:xHOCTI Bif
napameTpiB JiHii 1 xapaktepy HaBaHTaxeHHs. Ouinka KKJ]I BukoHyBanacs IUIIXOM
BUMIPIOBAaHHS MHTTEBUX AaKTUBHUX TMOTYXXHOCTEH MEpexi Ta HaBaHTaXCHHS B
YCTAJICHOMY PEXUMI POOOTH CXE€MH, BU3HAYCHHS MUTTEBUX 3HAYEHb MOTY>KHOCTI

MepeKi Ta HaBaHTKEHHS 1 X iHTerpyBaHHs Ha niepioAi moBToproBanocti 1=0,02 s:
T

1 i i .
P :?J.(USAISA +Ugglsg + Ugcise Mt (22)
0

1 T
Pload = T I(U LoadLoad A, (23)

0

I:)Load

= _ 24
=g (24)

[IpoanainizoBaHi peXuUMU POOOTH TPATUIINHOI CUCTEMHU EIEKTPONOCTAYaHHS
3aJII3HULI TOCTIMHOTO CTpyMy HOMiHaNbHOIWO Hampyrowo 3,3 kV. 3actocyBaHHA
aKTUBHUX (QUIBTPIB 1 aKTUBHUX BUMNpsAMIAYiB B CE 3ami3HuLl Ha MOCTIHHOMY CTpyMI
J03BOJISIE ICTOTHO MOJINIIUTH 1i €JIEKTPOMArHITHY CyMICHICTb 3 MEPEKEIO JKUBJICHHS
1 Ha 1-3% 3MEHIIMTH BTpaTH €NEKTPOEHeprii. A BUKOPUCTaHHS aKTHUBHHX
BUNPSAMJIAYIB BIAKPUBAE JOJATKOBY MOKIIMBICTh MEPEXO1y Bl PE3UCTUBHOIO
raJIbMyBaHHS JI0 PEKYNEpaTUBHOTO B TMOi31aX 3 TATOBUMH €JIEKTPONPUBOIAMHU
MOCTIHHOTO 1 3MIHHOIO CTPYMY 1 HaMIBOPOBIJIHUKOBUMHU TMEPETBOPIOBAYAMH.
JlonaTKkoBe 3HMKEHHS BTpAT €JIEKTPOCHEPTii Moxke OyTH JOCSITHYTO 3a PaxyHOK
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BUKOPHUCTAHHSA HAaKOMUYYyBayiB €HEprii, 110 BCTAHOBIIOIOTHCS HA MOI3/1 a00 TATOBIM
T ICTaHIIII.

[lepexin Big AUHAMIYHOTO (PE3UCTUBHOTO) TFaJIbMyBaHHS J0 PEKYIIEPaTUBHOTO B
nmoi3mi MII mo3Bossie 3MEHIUTH OiNbIIIe HDK B JIBa pasW €HEPTiI0, CIIOKHBaHY 3
MEpEexXi Ha TATY MO0i3/1a, 1 B YOTHUPHU pa3u CKOPOTUTHU BTpaTu eHeprii B enementax CE.
3actocyBaHHs craiioHapHoro abo 6oproBoro HE no3Bomsie 3a0e3meuntu CTamicTh
rpadika IOTYXHOCTI Mepexi 1 3MEHIIUTH BTpatu eHeprii B enemeHTax CE MII, npu
npomy CE MII 3 6oproBuM HE Mae icTOTHO MeHIil BTpaTu e€Heprii B KOHTAaKTHOMY
npoti, Hik CE 31 cramionapaum HE. [lpu BuU3HaueHHI BITHOCHUX BTpaT €HEPrii y
SKOCTI 0a3WCHOI BENWYMHMU Oyjla MpUHHATA KiHETHYHA eHepris moizga MII, mro
PYXa€EThCS 3 MAKCUMAIIBHO JIOITYCTUMOTO IIIBHIKICTIO.

BUCHOBKHA

B auceprauiiiHiii poOOTI BHpIlIEHA HAYKOBO-TIpAaKTUYHA 3a/Jada aHa3y
€JIEKTPOMArHITHUX TMPOLECIB, CTBOPEHHS METOAIB PO3PAXYHKY, XapaKTEPUCTHUK 1
QNrOpUTMH POOOTH CHUCTEM KEpyBaHHSA €HEpro30epiraroyux HaliBIPOBIIHUKOBUX
NEPETBOPIOBAYIB 3 MOTY)KHUMH HAaKONMYyBayaMH €HEprii Juid cucreMax
€JIEKTPONOCTAaYaHHS 3aJ1I3HUYHOTO TPAHCIIOPTY Ta METPOTIONITEHY.

1. Bukonanuii aHami3 CHJIOBUX CXE€M 1 CHUCTEM KEpPYBaHHA CY4aCHUX
HaIIBIIPOBIIHUKOBUX MEPETBOPIOBAUIB, a TAKOX JTOCSITHEHb B 00J1aCTI BUPOOHUIITBA
NOTY)KHUX HAKONM4YyBadiB €Heprii Mokas3aB, 110 HAWOUIbII NMEpCHEKTUBHUMU IS
CUCTEM €JIEKTPOIIOCTauYaHHs 3aJII3HUII Ta METPONOIiTeHy €: napanenbHuii CAD Ha
6a31 AIH 3 cuctemoro kepyBaHHs Ha OCHOB1 Pqr ado pq teopii notyxkuocti, ABJIH 3
peneitHoro abo BektopHoto CK 1 HakonmudyBaul e€Heprii Ha  OCHOBI
CYyHEPKOHIEHCATOPIB.

2. Po3po0aeHO METON po3paxyHKy MaKCHMalbHO MOKJIHMBOTO 1 peanbHOro KKJI
I'STU CUCTEM €JIEKTPONOCTAaYaHHs: 3 MOCTIHHOI HAMPYTrow JKepena; 13 TpudazHoIo
CUMETPUYHOI0 CHHYCOINAJIbHOIO HAIMPYIrol JKepena; 13 Tpu(]azHOWw CUMETPUYHOIO
CHHYCOIMaIbHOIO ~ HAmpyrow JpKepena 1 3  HECUMETPUYHUM  HENiHIMHUM
HAaBaHTa)XCHHAM, 3 OJHO(A3HOI 3MIHHOI MPSIMOKYTHOK HAaIpyrow Jkepeia Ta
onHO(Ma3HOI  3MIHHOIO  CHHYCOIMAJIbHOIO  Hampyroro jpkepena. Otpumani
pO3paxyHKOBi (opMynau Ta TaOIUIll, IO JO03BOJSIOTH 3 JIOCHTh BHCOKOI IS
MPaKTUYHUX PO3PAXYyHKIB TOYHICTIO, OLIHIOBATH MakcUManbHUU 1 peanbHuii KKJI
CUCTEM €JIEKTPONOCTaYaHHS. Po3pobieno MatLab-moneni CUCTEM
€JIEKTPONOCTAa4YaHHS, 1[0 €KCIIEPUMEHTAJIbHO MiITBEPAKYIOTh OTPUMaH1 TEOPETHUYHI
pe3ynbTaTH 1 JO3BOJISIIOTH BHKOHATH TOYHHMMA po3paxyHok KKJ[ mo Bimommm
BUXIIHUM JTaHUM.

3. HocnipkeHi eleKTpOMAarHiTHI MpoIecH B MoTy:kHOMYy AB npu iioro po6orti B
pekrUMax MEepPeprUBUYACTOTO 1 OE3MEepPepBHOTO CTPYMY HEKEPOBAHOTO BHUIIPAMIIAYA 3
€EMHICHUM (UIBTPOM 1 B OCHOBHOMY pEXHUMI pPOOOTH — MiABUILYIOYOIO
MEepeTBOpIOBaya 3 TMOCTIHHOI 1 3MIHHOK YacToTor Moayidamii. OTpuMmani
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po3paxyHKoBi1 (opmynu Ta TpadidHi 3aJEKHOCTI IJIs BU3HAYCHHS MAKCUMYyMY
nepepuByactoro crpymy HB mo Bimomiii BiTHOCHIN BUIPAMIIEHIN HANpy3i, piBHSIHHS
30BHIIIHBOI XapakTepuctuku HB B pexxumi Ge3nepepBHOrO CTpyMy, HaOIMKEHUI
BUpa3 JUId BHU3HAUYCHHS 3MIHHOI CKJIaJOBOi CTpyMy 4epe3 KOHIEHCaTop,
PO3paxyHKOB1 BIJTHOIICHHS JJIsl BU3HAYEHHS MOTOYHOI YaCTOTH MOMYJsLii (ha3HOTO
ctpymy AB, nHaGmmkeHa po3paxyHkoBa (opMmyna aia BuzHaueHHs [THDy Hanpyru
Mepexi B TOUIll MiAKII0YeHH AB.

4. Po3pobiieHO MeToJ BUOOPY 1HAYKTUBHOCTI PEAKTOPIB aKTUBHOT'O BHUIIPSMIISUYA
3 peneiiHO 1 BEKTOPHOIO CHUCTEMaMHU KepyBaHHS, IIO BpPaxOBYE OCOOIMBOCTI
€JIEKTPOMArHITHUX TipolieciB B AB: Hanpyru 1 ctpymu B cuiioBux kojax AB
PO3IIIAIAI0THCS SIK CyMa JIBOX CKJIQJOBHUX, 110 HAKIAJAI0ThCA OJJHA HA OJIHY: OJHA — 3
YacTOTOIO HAINPYTH Mepexi M Jpyra — 3 4acTOTO0 MoAysii . BeranoBneno, 1o
aMIUTITyla OCHOBHOI TapMOHIKM Halpyrd Ha BXOJl TpaH3UCTOpHOTO MocTta AB
TOTOXHO JIOPIBHIOE aMILTITY/1 (pa3Hoi Hanpyru Mepexi. [lokazaHo, 110 B yCTaJICHOMY
pexuMi poOOTH €HEprisi MEpeki NepeaacThCs B HaBaHTaxeHHss AB q1BoMa nmotokamu,
OJIMH 3 SIKUX MUHA€ BX1/IHI pEAKTOPH, a IHIIUK TPOXOJAUTH YEPE3 HUX.

5. IlpoaHanizoBaHO peXUMH POOOTHU TPAAMIIIHHUX CUCTEM EJIEKTPONOCTaYaHHS
3QII3HUII 3 KOHTAKTHOI MEPEKE 3MIHHOTO cTpymy dactororo 50 Hz 1
HOMIHAJIBHOIO Hampyrow 25 kV, 3ali3HUIl 3 KOHTAKTHOI MEPEXKEH MOCTIMHOIO
CTpyMy HOMIHaJIBbHOIO Hampyrorw 3,3 kV 1 MeTpornoiTeHy 3 KOHTAaKTHOIO MEPEKEr0
NOCTIHHOTO CTPYMy HOMiHaibHOI Hampyroro 825 V. Iloka3zaHo, 110 3acTOCYBaHHs
akTUBHUX PUILTPIB 1 akTUBHUX BUNpamiiadiB B CE 3anizuuiii 1 MI1 1o3BoJisie icTOTHO
MOJIMIIUATUA X EJIEKTPOMArHiTHY CYMICHICTh 3 MEPEXKEI0 KUBJIEHHS 1 3MEHIIUTU
BTpaTU e€JIEKTpoeHeprii. BuKoOpUCTaHHS AaKTUBHMX BHUIPSAMISYIB  BIAKPUBAE
JIOJATKOBY  MOJJIMBICTH  TEPEXOAY BiA  PE3UCTHUBHOTO  TalbMyBaHHS [0
PEKYINEepaTUBHUX B MOi37]aX 3 TATOBUMH €JIEKTPONPUBOJAMU MOCTIHHOTO 1 3MIHHOTO
CTpyMy.

6. Ilepexinm Big AMHAMIYHOTO (PE3UCTHBHOIO) FAIBMYBAHHS 10 PEKYIEPATUBHOTO
B noi3al MII no3Bosisie 3MEHIIUTUA OUIBII HIXK y JIBa pa3W €HEPrito, CIOXUBAHY 3
MepexXl Ha TATYy M0i3/1a, 1 TpUOJU3HO B YOTHUPHU pa3d CKOPOTUTH BTPATH €HEPTii B
enementax CE. 3acrocyBanHsi cramionapHoro ab6o ©OoproBoro HE mo3Bomnse
3a0€3MeUYnTH CTANICTh rpadika MOTYKHOCTI MEPEeXi Ta ICTOTHO 3MEHIIUTH BTPATH
eneprii B enemenrax CE MII.

7. PesynpTaTu pociipkeHb BIpoBapkeHl Ha BHpoOHUITBI B KII «XapkiBchkuit
MeTpornoiiten», HaykoBo-supoouudomy mianpuemctsi «EOCy, T «HII XEM3y,
TOB HnaykoBo-BupoOHUYEe 00’enHaHHS «BepTukanb» 1 B HaBUaJIbHOMY IPOIIECi HA
Kadeapi npoMucioBoi 1 6iomennunoi enekTpoHiku HTY «XTIIDy».

CHUCOK ONYBJIKOBAHUX IMPALb 3A TEMOIO JMCEPTALII

1. Kopampuyk O.M. (Xomoxg O.M.) CummerpuunHas  TtpexdaszHas
ANIEKTPOMArHUTHOCOBMECTUMAsI C MHUTAIONIEH CEThI0 CHCTEMa 3JIEKTPOCHAOKEHMS
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NEePEeMEHHOTO HampshkeHus ams xene3nbix gopor / I.I7. XKemepos, O.U. KoBanbuyk
(O.N. Xonon) // EnexrpoTexnika i enekrpomexanika. — Xapkis: HTY «XIII». — 2010.
—Ne2. — C. 57-62.

3000y6aukol0 8UKOHAHI PO3PAXYHOK [ Mamemamuine MOOeN08aHHs Oilouoi i
3aNPONOHOBAHOI CUMEMPUYHOT MPUDA3HOL INEKMPOMASHIMHOCYMICHOL 3 Mepedicero
JHCUBNIEHHSL  CUCMEMU  eNleKMPONOCMAYanHs 3MIHHOI Hanpyeu Oas  3ali3HUYb.
30iticneno oyinky cucmem erexkmponocmavanns 3aniznuyi no KKJ ma 3a
KoegiyicHmamu HeCuHycoioanbHOCMi CMpPYMY | HAnpyeu Mepedici.

2. Koanpuyk O.U. (Xomox O.M.) MoaepHuzaiusi CUCTEM 3IEKTPOCHAOKEHUS
nepeMeHHoro HampsbkeHus: skene3Hsix jpopor / I.I'. XKemepos, O.M. Kopaibuyk
(O.M. Xonon) // Texniuna enexktpogunamika. — Kuis: IEJl HAHY. — 2010. — Y. 1,
Tematnununii Bun. — C. 111-117.

3000y6auKoi0 BUKOHAHI PO3PAXYHOK I Mamemamuyne MOOen08anus O0iouol i
3anponoHO8aHoi MOOepHI308aHOI cucmemu eneKmponoCmadants 3MIHHO20 Hanpyau
0715 3aNI3HUYL. 30IUCHEHO 3ICMABIEHHS 080X CUCMeM eleKMPONOCMAaYaHHs 3aNi3HUYL
no KKJ/[ ma 3a xoeghiyienmamu HecunycoioaibHoCmi Cmpymy i Hanpyau Mepeici.

3. KITJI cucreMsl 31eKTpOCHA0XKEHNS TIOCTOSTHHOTO HANpsDKEHUs U TpexdasHoi
CUMMETPUYHOM CHUCTEMBbI CcHUHycoumanbHbiXx Hampsbkenuit / [.I.  JKemepos,
H.A. Unbuna, O.B. Unbuna, O.U. Koanbuyk (O.U. Xonox), E.W. Cokon // Texuiuna
enexkrpoauHamika. — Kuis: IEJI HAHY. — 2010. — Y. 2, Tematuunuii Bum. — C. 107—
115.

3006ysauxoro BUKOHAHE Komn 'tomephe MOOeN08aAHHS cucmem
e1eKMpPONnOCMAaAyuaHHA. Po3pobnenuii  nopsaoox  nposedenns  8ipmyanvbHux
eKCnepumMenmis.

4. KIIJ Ttpexda3HOoi 4YEThIPEXIPOBOJHOM  CHUCTEMBI AJIEKTPOCHAOKEHUS C
acumMmerpuuHor Harpyskod / I'.I'. KemepoB, H.A. Wnbuna, O.B. Wnbuna,
O.U. Kopanbuyk (O.1. Xonon), E.W. Cokon // Texniuna enexrpoauHamika. — Kuis:
IEJI HAHY. — 2010. — Y. 1, Tematnunuii Butm. — C. 22-31.

3006y6auKkor0 BUKOHAHI PO3PAXYHOK [ MamemamuyHe MOOeN08aHH CUCmeM
enekmponocmadants.  Ilposedeni i 00pobneHi  pesyremamu  ipMYANbHUX
eKCnepumMenmis.

5. KoBampuyk O.M. (Xomom O.M.) KIIJI cucrem 3JeKTpocHAOKECHUS
0IHO(A3HOTO TEPEMEHHOTO HANPsDKEHHUS] TPSMOYTOJbHOW U CHUHYCOUJAIBHOU
dopwmsl / I'.T". Kemepos, O.B. Unbuna, O.M. Koanpuyk (O.U. Xomnon) // TexHiuna
enexkrpoauHamika. — Kuis: IEJI HAHY. — 2010. — Y. 2, Temarnunwmii Bur. — C. 7-15.

3000y6aukol0 BUKOHAHA nepesipKa MeopemuyHo OMPUMAHUX De3)bmamis.
Pospobneni mamemamuuni mooeni cucmem enekmponocmauarts. IIposedeni i
00pobaeHi pe3yrbmamu 8ipMmyanbHUX eKCnepuMeHmis.

6. KoBanbuyk O.U. (Xonox O.M.) XapakTepUCTUKH MOIIHOTO IIECTUITYIHCHOTO
MOCTOBOT'O  HEYNPAaBISAEMOTO  BBIIPSIMHTEIS C E€MKOCTHBIM  (uiabTpom [/
I'T. XXemepoB, O.M. Koampuyk (O.M. Xomon) // EnekrporexHika i
enexkrpomexanika. — Xapki: HTY «XI1I». — 2011. — Nel. — C. 19-24.
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3000y6aukor0 8UKOHAHI PO3PAXYHOK | MameMamuyre MOOeNt08anHs NOMYHICHO2O0
WeCcmunyibCHO20 MOCMO0B020 Hekeposarnozo sunpamviada 3 C-ginempom. Ilposedeni
i 00pobaeHi pe3yibmamu 8ipmyaibHUX eKCnepUMeHmis.

7. KoBampuyk O.M. (Xomoxm O.M.) KoadpdummeHT HECHHYCOUTATBHOCTH
HaANpPsDKEHUS] CETU B TOYKE MOJAKIIOYeHHs] akTUBHOTO Bhinpsamurens / I'.I'. XKemepos,
O.U. KoBanbuyk (O.U. Xonon) // Texniuna enektpoaunamika. — Kuis: IEJ] HAHY.
—2011. — Y. 2, Tematuunwnii Bum. — C. 33—40.

3006y8aukor0 6UKOHAHI PO3PAXYHOK | MamemMamuyHe MOOeN08AHH CcXeMu
AKMUBHO20 BUNPAMAAYA — 0Jfcepesa Hanpyau 3 peleliHolo i 6eKIMOPHOI CUCMEMAMU
kepyeanHs. Ilposeoeni i 06pobIeHi pe3yibmamu eKcnepumenmia.

8. Kopampuyk O.M. (Xonoxg O.M.) ABTOHOMHBIA BBIIPSIMUTENb — HCTOYHUK
HalpsDKEHUsT ¢ THCTepe3ucHor cuctemoit ympasnenms / [.I.  JKemepos,
O.U. KoBasbuyk (O.U. Xonon) // Texniuna enektpoauHamika. — Kuis: IEJl HAHY.
—2011. - Y. 2, Tematnunwmii Bun. — C. 75-82.

3006y6aukor0 BUKOHAHI PO3PAXYHOK [ Mamemamuyne MOOeN08aAHHs CXemMu
AKMUBHO20 BUNPAMAAYA — OXdcepena HAanpyeu 3 peneuHol0 CUCMEMOI0 Kepy8aHHS.
lIposedeni i 06pobneHi pe3yromamu eKchepumermia.

9. KoBanpuyk O.U. (Xonoxg O.N.) Pacuer MouHOCTH NOTEPh U TEMIEPATYPHI
CTPYKTYpbl TPAH3UCTOPHO-IUOJHBIX MOAYJIEH MPU KOMIIBIOTEPHOM MOJIEITUPOBAHUH
npeoOpasosareneii / I'.I'. XKemepos, B.B. MBaxuo, O.1. Kopanpuyk (O.U. Xomnoxn) //
Enexrporexnika 1 enexrpomexanika. — XapkiB: HTY «XIIl». — 2011. — Ne4. — C. 21—
28.

3006y8aukor0 8UKOHAHI PO3PAXYHOK | MamemMamuuHe MOOeN068aAHHA CcXemMu
NOHUINCYI0U020 WUPOMHO-IMNYIbCHO20 NEPEemeoprosaia i amoHOMHO20 [HEepmopa
Hanpyeu 3 CUCmemoro 001Ky OUHAMIYHUX 6Mpam 68 MPAH3UCMOPL | KOHMPOJIO
memnepamypu  CMpPYKmypu  MpAaH3UCMOPHO-0I00H020 — MOOYI0.  3icmasneHi
pe3yibmamu  MOOENO8AHHA 3 pe3ylbmamamu, OMmpUMAHUMU 3a OONOMO20I0
cneyianizosanoi npoepamu Semisel.

10. Xonox O.W. BbiOop MHAYKTUBHOCTH PEAKTOPOB AKTUBHOIO BBINPSMUTENS —
MCTOYHMKA HampspkeHuss npu moctossiHHod wyactore MM / TI'.T. XXemepos,
J.B. Tyraii, O.1. Xonox // EnextporexHika 1 enekrpomexanika. — Xapkis: HTY
«XTII». — 2011. — Ne6. — C. 46-51.

3006ysauxoio 6y8 GUKOHAHUL AHALI3 OMPUMAHUX Pe3VIbMamie ma npoeeoeHull
BIPMYANbHUU eKcnepuMenm OJi NepesipKu Memoody pO3PAXYHKY IHOYKMUSHOCHI
BXIOHUX peaKmopie aKmueHO20 BUNPAMIIAYA.

11. Xomox O.M. Ilytm MoJepHU3aMM CHUCTEM  DJIEKTPOCHAOKEHUS
MetpononiuteHa / I'.I'. XKemepon, O.U. Xomnox // TexHiuHa enektpoauHamika. — KuiB:
IEJJ HAHY. - 2012. — Y. 1, Tematuununii Bumn. — C. 27-35.

3006ysauem BUKOHAHI pO3PAXYHOK [ MamemMamuiHve MOOen08aAHHS CXeMu
cucmemu eleKmponoOCmMayants Memponoaimeny. 30IUCHEHO 3iCMAGNeHHs CUcCmeMm
enekmponocmayanus no KKJ/[ ma 3a xoeghiyienmamu necunycoioanbHocmi cmpymy i
Hanpyeu mepedici. [Iposedeni i 06pobeni pe3yibmamu eKCnepumMeHmis.
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AHOTAIIIL

Xogox O.1I. Enepro3oepiraroui HamiBIpOBIIHUKOBI IepeTBOPIOBaYi 1JI
CHCTEM eJIeKTPONoCTaYaHHs TpaHcnopty. — Ha mpaBax pykomnucy.

Huceprariisi Ha 3700yTTS HAayKOBOTO CTYIEHS KaHIUAAaTa TEXHIYHUX HAyK 3a
cretiapHicTIO 05.09.12 — HamiBNPOBIIHUKOBI MEPETBOPIOBAUl CICKTPOCHEPTii. —
HamionanpHul TEXHIYHMM YHIBEPCUTET «XapKIBCHKUN MMOJITEXHIYHUM 1HCTUTYTY,
Xapkis, 2013.

Huceprariisi TnpucBsSYeHa pPo3poOIll CHIIOBUX CXEM 1 CHCTEM KepyBaHHS
eHepro30epiraltoyrMu HamiBIPOBIAHUKOBUMHU NIEPETBOPIOBAYaMH 3 HAKOTTMYYBayaMu
€Heprii JJis CHUCTEM  EJIEKTPOINOCTauYaHHs  3alli3HUIl Ta  METPOIOIITEHY,
BJIOCKOHAJICHHIO METO/I1B PO3PaXYHKY XapaKTEPUCTHUK IIUX IEPETBOPIOBAUIB.

BukoHano aHami3 CHJIOBHX CXE€M 1 CHCTEM VIPaBIiHHA Cy4YacHHX
HAIIBIIPOBIIHUKOBUX MEPETBOPIOBAUIB, a TAKOX JOCSITHEHb B 00JaCTi BUPOOHUIITBA
MOTYKHUX HAaKONWYyBadiB eHeprii. BusBieHo, 1m0 HalOIbII NEPCIEKTUBHUMHU IS
CUCTEM EJIEKTPONOCTaYaHHs 3aJI3HHULI Ta METPOMoaiTeHy €: napanenbHuid CAD Ha
6a31 AIH 3 cuctemMoro yrpaBiiiHHS Ha OCHOBI Pqr abo pg Teopii notyxkHocti, ABJIH 3
peneitHoro ab6o BektopHoro CY 1 HakomdyyBaueM €HEprii Ha OCHOBI
CYTIEpKOH]IEHCATOPIB.

Po3pobieno meton po3paxyHKy MaKCHUMajJbHO MOXJIUBOro 1 peanbHoro KKJ|
I'ATU CUCTEM €JIEKTPONOCTaYaHHs 3 HaMiBIPOBIIHUKOBUMHU IIEPETBOPIOBAUAMHU.

JlocniKeHO eNeKTPOMAarHiTHI Impoiecu B MoTykHOMY AB mpu #oro po0oTi B
pekrMMax HEKEPOBAHOIO BHUIPAMIIAYA 3 €MHICHUM (QUIBTpOM 1 B PEXUMI
NEepEeTBOpIOBaya 3 MOCTIMHOIO 1 3MIHHOIO 4acTOTO MoayJisuii. Po3pobieno Meron
BUOOPY 1HIYKTUBHOCTI pEaKTOPIB aKTUBHOTO BUIIPSMIISYA.

[TpoanamizoBaHO peXUMH POOOTH TPATUIIHHUX CHUCTEM EJICKTPOMOCTAYaHHS
3ami3HUIl 1 MeTpomoiiTeHy. [lokasaHo, MO 3acTOCYBaHHS aKTHBHHX (QiIbTPIB,
aKTUBHUX BUOPSMIISYIB 1 HakonuuyBauiB eHeprii B CE 3amizuumi 1 MII no3Bosnsie
ICTOTHO TOKpAIIUTH iX EJEKTPOMATHITHY CYMICHICTh 3 MEPEXKEI0 >KHUBJICHHS 1
3MEHIIUTH BTPATH €JIEKTPOCHEPTIi.

Kntouoei cnoea. wexepoBaHIM BHUNPSAMIISY, AKTUBHUN BUMNPAMIISY, CHUIIOBHA
aKTUBHUM  (UIBTP,  HAKOMWYyBa4  €Heprii, Koe(illieHT  KOpUCHOi i,
eHeproe()eKTUBHICTD, EJIEKTPOMArHITHA CyMICHICTb.

Xosoa O.H. JHeprocoeperapmme moJynpoBOJIHMKOBbIE NMPe0dpa3oBaTeu
JJISI CUCTEM JJIEKTPOCHAa0KeHusl TpaHcnopra. — Ha npaBax pykonucu.

Juccepranys Ha COMCKaHME Y4EHOM CTENEHM KaHAUAAaTa TEXHUYECKUX HAyK I10
cnenuainbHocTH 05.09.12 — nonynpoBOAHUKOBBIE MPEOOPA30BATENN FIEKTPOIHEPTHH.
— HanuoHanbHbIl TEXHUYECKUN YHUBEPCUTET «XAPbKOBCKUN MOJIUTEXHUYECKUN
MHCTUTYT», XapbkoB, 2013,

Huccepranus mocBsillieHa pa3pabdOTKe CUJIOBBIX CXEM M CUCTEM YIPaBIICHUS
HHEProcOeperaroMx MOIYIPOBOJIHUKOBBIX IpeoOpa3oBaresiel ¢ HAKOMMUTEIIMU
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SHEPTUM MJI CHUCTEM OJJIEKTPOCHAOXKEHUS KEJIEe3HOW IOpOTM U METPOIOJIMTEHA,
COBEPILIEHCTBOBAHHUIO METOJ/IOB PACUYETa XapaKTEPUCTUK ITUX MPpeoOpa3oBaTelieH.

BpIonHEeH aHamyM3 CWIOBBIX CXEM M CHUCTEM YHIPABJICHUS COBPEMEHHBIX
IIOJIyIIPOBOJHUKOBBIX ~Mpeo0Opa3oBaTeneil, a Takke JOCTWKEHUH B o0nacTtu
IPOU3BOJACTBA MOILIHBIX HAaKoONWUTelNeW »Hepruu. BeisiBIeHO, uTO Haumbosee
HNEPCIEKTUBHBIMU NIl  CHCTEM  DJIEKTPOCHAOKEHMSI  KEJIE3HOW JOpOrd U
METPOIOJIUTEHA SBIISIOTCA: NApaJUIeIbHBIA CUJIOBOM AaKTUBHBIM (GuiIbTp Ha Oaze
aBTOHOMHOI'O MHBEPTOPA HAIPSIKEHUs C CUCTEMOM YIIPABJICHHS HA OCHOBE P-0-I' WK
P-0 TEOpUM MOIIHOCTH, AaKTUBHBIM BBIIPAMUTEIb — HWCTOYHMK HANpPKEHUS C
pENEeHON WJIM BEKTOPHOM CHCTEMaMH YIPABJICHWS W HAKONMTEIM SHEPrMM Ha
OCHOBE CYIIEPKOHICHCATOPOB.

PazpaboTtan meTonm pacdyera MaKCHMMaabHO BO3MOXKHOTO M peanbHoro KIIJ[ msru
CUCTEM  DJIEKTPOCHAOXKEHMSI: C IOCTOSIHHBIM  HaIlpsSOKEHUEM HMCTOYHUKA; C
Tpex(a3HbIM CHMMETPUYHBIM CHHYCOMJAJbHBIM HAIPSIKEHUEM MCTOYHHUKA; C
Tpex(pa3HbIM CHUMMETPUYHBIM CHUHYCOUJAIbHBIM HANpPSHKEHHEM HWCTOYHUKA U C
HECUMMETPUYHOM  HENMHEMHOW  Harpy3kod, ¢ OJHO(A3ZHBIM  MEPEMEHHBIM
MNPSAMOYTOJIbHBIM ~ HAIpPSOKEHUEM HWCTOYHMKA M OJHO(pA3HBIM  IEPEMEHHBIM
CUHYCOMJIaJbHBIM HampshKeHUeM HucTouHuKa. [lomydeHsl pacuerHble (OpMyIbl U
TaOJIMLbI, TO3BOJIAIOIIME C JOCTAaTOYHO BBICOKOW JJIsi MPAKTUYECKUX PacueToB
TOYHOCTBIO,  OLIEHMBaTh  MakcUMalbHbli u  peanbHbli  KIIJ[  cuctem
anekTpocHaOxeHus. Paspaboransl MatlLab — monenu cuctem 3y1eKTpOoCHAOKEHMUS,
IIOATBEPKIAAIOIINE [T0JyYEHHBIE TEOPETUUECKUE PE3YIIbTATHI.

HccemenoBanbl  3JIEKTPOMArHUTHBIE  IIPOLIECCBI B MOIIHOM  aKTUBHOM
BBIIPAMUTEIE TpU €ro padboTe B peKUMaxX HEYNPaBISEMOrO BBIIPSIMUTENS C
€MKOCTHBIM (PHIIBTPOM U B PEKUME MOBBIIIAIOUIETO MPeoOpa3oBarTesis ¢ MOCTOSIHHON
U TepeMeHHOM wyacTtoTod Moayisuuu. llomydensl pacuerHble GOpMYIbl U
rpaguueckue 3aBUCUMOCTH [UJISl ONPENEICHUS] MaKCUMyMa MpPEpPbIBUCTOrO TOKa
HEYIIPABIIEMOr0 BBIIPSMHUTENSA MO W3BECTHOMY OTHOCUTEIBHOMY BBIIPSIMIICHHOMY
HaIIPSKEHUIO, YPABHEHHUE BHEIIHEN XapaKTEPUCTUKN HEYTIPABISIEMOTO BBIIPSIMUTENS
B PEXHUME HEMPEPHIBHOIO TOKA, MPHUOJIMKEHHOE BBIPAXKEHUE ISl OINpEACIICHUS
IIEPEMEHHON COCTABJIAIOIIEH TOKA Yepe3 KOHAEHCATOP, PACUETHBIE COOTHOILIEHUE IS
OnpesieNieHUs]  TEeKylled 4YacTOThl MOAyJsuuu  (a3HOrO0 TOKAa  aKTHMBHOIO
BBITIPSIMUTENS, TPUONMKEHHAss pacueTHas dopmyna s onpenenenuss [HDy
HaIPSOKEHUS CETU B TOUKE IMOJKIIFOUYEHUS AaKTUBHOTO BBIIPSIMUTEIIS,

Pa3zpaboran MeTon BbIOOpa MHAYKTUBHOCTH PEAKTOPOB aKTUBHOI'O BBIPSIMUTEIIS
C peJIeWHOM W BEKTOPHOW CHUCTEMaMH YIPABIEHHUS, YUYUTHIBAIOIIMK OCOOCHHOCTU
ANEKTPOMArHUTHBIX MPOLIECCOB B AKTHUBHOM BBINIPSMUTENE: HAINPSIKEHUS U TOKH B
cUJIOBBIX LEemIxX AB paccMaTpuBaroTCa Kak CyMMa JBYX HAKJIaJbIBAIOIIUXCA APYT Ha
Apyra COCTAaBJIIOIIMX: OJHOM — C YaCTOTOM HANPSHKEHUS CETH U JPYrou — C
4aCTOTOM MOAYJSALMHU. YCTAHOBJIEHO, 4YTO aMIUINTYJa OCHOBHOW TapMOHUKH
HaIlpsDKEHUST Ha BXOJAE TPAH3UCTOPHOIO MOCTa TOXKIECTBEHHO PaBHA aMILUIUTYAC
(ha3HOTO HAMPSIKEHUS CETHU.
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[poananusuposaist PR UMBI paborul TPYJIHLIHOHARIX CHCTEM
DAEKTPOCHAGKEHNS  KENE3IHOH  opory ¥ wmerpononmreHa [Moxazawo. wuro
TPUMCHEHHE AKTHBHBIX QWIBTPOR W AXTHBHLIX BBIUDSMMTCICH [ CHOTCMaX
MEKTPOCHAOKCHHMA HKETEIHOM DOPOTH H METPOUMIMTEHA NO3BONAET CYILECTBE1I0
FTYHIUHTE HX 3AEKTPOMATIHTIIVIO COBMECTHMOCTE C (IMTAIOIIEH CEThIO B YMCHLIIMTE
NIDTEPU. 3NEKTPOIHCPIUH. VICTIONL30BaHHE AKTHBHEIX BBIIPHMMIENEH OTKPH RAET
H()IIOJIHH'I'C.'IMI}'[O BO3MOMXHOCTE HEPEXoda OT PEe3sUCTUBHOIO TOPMOXKCHWH K
PCKYNICPATHBHOMY B TI0€34dX C TATOBHIMH WISKTPOTMPHBOIAMH NOCTOSHHOFG M
ACPEMEHHOIO TOKA.

Ipunenenne cTaunoRapHOTO uM GOProBON0 HAKONHTETH INEPIHH LIOINOMALET
00eCHEYHTh TOCTONHCTRO TPadiKa MOIHOCTH Cetq u CYIIECTBEHHO YMEHbIUHTE
ROTEPH MICPTHY B 3NCMEHTAX CHCTEMB! ANEKTPOCHABKEHMS.

Kyioxessle crosu: MeyTpapiAeMBili BRNDAMUTCIL, AKTHRHbIA RBUIPSIMHTE. 1h,
CHIOROH  aKTHBHAIE QUILTD, HAKOMHTEIL SHCPTHH, KO3QMUIMENT MONCIHONO
UCHCTEYSA, SHCPL OMDOHEKTABHOCTS, 3MEKTPOMATHHTHAS COBMECTHMOCTD,

Kholod O.I. Energysaving semiconductor converters for transport power
supply systems. — Manuscript.

Thesis for a candidate of technical sciences degree in the speciality 05.09.12 —
Semiconductor converters of electric energy — National Technical University
“Kharkiv Polvtechnic [nstitule”, Kharkiv, 2013.

Thesis is devoted lo the development of power circuits and control systems of
cnergysaving semiconductor converters with energy storages for railway and subway,
development of improve methods for calculating the characteristics of converters,

The analysis of power circuits and conrol systems of energysaving
semiconductor converters and advances in the production of kigh-power encray
storage are done, Found that the most promising systems for railway and subway are:
parallel active filter based on voltage source inverter with a control system based on
pgr or pg power theory, active rectifier with relay or vector control system and with
energy storage based on supercapacitor,

The method of calculating the maximum possible and rcal efficiency of five
POWEr SYStems.

Electromagnetic processes in powerful active rectifier for its work in the modes
of diode rectifier with capacitive filter and mode converter with constant and variahle
frequency modulation are studied. The method of choice induclance reuctors active
reclifier are developed.

Modes of wraditional railway and subway power supply system are considered. It
is shown that the use of active filters, active rectifier and energy storage in railway
and subway power supply svstem can significantly improve their electromagnetic
compatibility of the power supply and reduce eleciricity losses.

Keywords: diode rectifier, aclive rectifier, power active filter, energy storage,
efficiency, electromuagnetic compatibility, ;
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