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SATAJIBHA XAPAKTEPHCTHKA POBOTH

AKTYQJILHICTE TeMH. ENeKTponpHBil BeTHKOI KITBKOCTI MEXaHI3MIB MOKE
OvTH BHKOHaHWH Ha OCHOBI mepeTBopioBanbHOro arperaty (ITA), mo mae y cBoemy
CKAa/ll  HAMIBNPOBIHMKOBUI nepertsopiosay  uacrotn (IT4), Ta acuuxponHoro
neuryHa (AJl) 3 kKopoTko3aMKHEHHM poTopoM. HYacToTHe KepyBaHHsA, MPHHIIHII SKOTO
MOJIArAE Y peryjoBanHi 3a gonomorow [TY yactoru ta aMiuniTy i BXIIHOTIO CUIHAITY
AJl y 3anmeHOCT] B mapaMeTpiB CHTHAAIB HaBaHTakeHHa AJl, mo3Bonse 30epiratu
EIIEKTPOCHEPIiD T EKOHOMHO BUKOPHCTOBYBATH MOTOpECypc 00J1aHAHHS.

B koMyHameHMX Mepekax Ta Ha  HaTONCpPEKAYyBAJBHMX  CTAHINAX
BHKOPUCTOBYETBCH EIIEKTPONPHBLL 3 Kulbkoma AJ] ojHakoBOl NOTYKHOCTI, IO
MPAoITE Ha CUILHE HABAHTAKCHHA, THIOBHM PIMICHHAM € ycTaHoBka oaHoro [TA
Ha koxHUH AJl. YeraneHuil pesxum poOOTH Takol CHCTEMM J0CTATHLO JOCIIKEHHI
y poborax Bigomux Buennx bnamxe ., Jlabyuuosa B. O., Enwrreiinal. 1.,
Bonakoga I. B., Huminno B. I1., Hemepopa I T, bapceroro B. O.,
[MTepensmyTtepa B. M., Cunuyka O, M. ta inmux. OaHak MOKIHBE 1 AMBTEPHATHUBHE
pilieHHA — yCTaHoBKa oaHoro ITA, moTyKHICTE AKOTO AOPIBHIOE NMOTYKHOCTI A/l Ta
A0JATKOBOT KOMYTALIHHOT anaparypM, fka nuyikiwdae ABurydd jgo ITA abdbo 1o
mepexkl. [lepeBaraMu Takol CTPYKTYPH € MCHINA I[IHA Ta OUIBII BHCOKHH KOC(IIEHT
KOpPUCHOT J1if.

[IpoBiani 3akopaonHi BupodHukn (Siemens, ABB, Allien Bradlye ta in.) B
CBOIX EIEKTPONPHBOAAX MalTh Taky o, sk "synchronous transfer" (juia sikoi B
aucepramiiiaiii poboTI BHKOPMCTOBYBABCSA TEPMIH “‘TICpEeMHKAHHSA™), ane aHasmi3
[IPOLECIB [IPH NEPEMHKAHHI T4 METOAMKU TAKOIO aHalli3y NOCHiKEeHI HeOCTaTHBO.
Y 3B'S3KY 3 MM aKTyIbHHUMH € po3poOKa Ta JOCHLKEHHS NMPHHIHUINB KePyBaHHA
ITY acMHXpOHHOrO enexkTponpHBoia NpH nepemukanHi AJ] Ha Mepey Ta HaBMNaKH,
1[0 BU3ZHAYKIIO HAMPAMOK JMCEPTALTIHHOrO J0CTLKEHHS,

3p'A30k  pobdoTH 3 HAYKOBHMH NporpamMamMi, IUIaHAMH, TeMaMH.
Huceprauiiina podora BukoHaHa Ha kadeapl npoMucioBoi 1 OloMeIHYHOT
enektporikn HTY “XIII” mianoeiaHo 10 TUiaHiB  JIepkOMIKETHHX HAYyKOBO-
aocmigaux podit MOH Vkpaiuu 3a Hanpsimkom «EHepreTtuka, eHeprosdepexeHH:s»
3a TemMol0 «JlochipKeHHAs Ta TCOPETHYHI OCHOBH CTBOPCHHA TCPETBOPIOBAYIB 3
CHHYCOIIAJILHOK BHXIJHOK HANpyrow, Mo MawTh eIeKTPOMArHITHY CYMICHICTH 3
mepeketo KuBaeHHA» (NoJIP 0108U001456), ne 3100yBay OyBE BHKOHABIICM OKPEMHX
PO3ILTIE.

Meta i 3aB1anus jJociaixenns. Merow auceprauiiinoi podboTH € BU3HAYCHHS
BIIACTHBOCTEH Ta  XapakTepPHCTHK  HAMIBIPOBIAHHKOBOIO [EpeTBOpHOBA4Ya 3
MePEMHKAHHAM ACHHXPOHHOTO JBHIYHA HA MEPEKY TA HABMAKH, po3poldka Ha wiil
OCHOBI CTPYKTYP Ta cnoco0IB KepyBaHHA CHCTEMOIO “TepeTBOPIOBAY — ABHTYH .

Js 1ocAarHeHHs NoCTap/l1eH0T METH BHPILLIEH] HACTYIIHI 3a/1a4l;

BH3HAYCHHSA HAOOpy mapamMeTpiB CHHXPOHI3auli Ta noTpiOHMX X 3HAYCHB HA
erarm nepemukadHa AJl 3 1A Ha mepexy Ta HaBNAKH MpPH MIHIMI3ALIT NepexiHHX
FHAYUCHE CTp}u"M}-’ C‘TEITDPH Ta CHEKTpOME.FHiTHOFD MDM{‘:HT}-’;
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— BU3HAYCHHA BHIIB NMEPEIIKO B cHeTeMl KepyBanns [1A ta pospodka 3acobir
VYCYHEHHA 1X BIUIMBY HA eJIEKTPOMArHITHI NpouecH npu nepeMukanHi AJl;

— po3po0dka MareMarHYHHX MOJIENEH EIeKTPOMEXAHIUYHHX MPOLECIB ¥ CHIIOBI
yacTHHI cucTemHu “[TH-AJl” 3 nepemMuKaHHAM Ha Mepexy;

— CHHTE3 CTPYKTYPH cHeTemHd Kepysanus [TH ta kontakropamu,

O6'exkmom docnioncennn € kepyBaHHA [TH acHHXPOHHOTO eNEeKTPONPHUBOLY 3
nepeMHKaHHaM Al Ha Mepexy Ta HABIIAKH.

[Ipedmemonm docnioncenna € cuctemu Kepysanusa [1Y npu nepemuxanni A/l na
MEpeIKy Ta HABITAKH,

Memoodu docrioxcenns. (OCHOBHI TECOPETHYH] acnekTH podOTH Da3syloThcsa Ha
NOJIOHEHHAX Teopil HANIBIPOBIAHUKOBHX MEPETBOPHBAYIB, TEOPil elNeKTPOIpPHUBOLY,
TEOpIi eNEeKTPHYHHMX JABHTYHIB. [lpomecH npum mnepeMHKAaHHI TPOaHATIZOBAHO 3a
AOMOMOIOK)  MEeTOIa Pe3yNbTYIOUHX BeKTOpPiE. AHAMITHYHMI aHali3 BIIHBY
nmapaMeTpiB CHHXPOHI3alll Ha AKICTE nepeMukanns AJl 3aliicHeHO 3a J10TOMOTOI
METOIIB JEKOMMO3HIIT Mo (a3l Ta 4acToTi Ta NPH BHKOPHCTAHHI OMNEPATOPHOTO
METO/1d PO3PAXYHKY nepexiaHux npoueciB. CHHTE3 PeryasaTopiB CHCTEMH KepyBaHHS
[TH BHKOHAHO 3a JOMOMOI0K METO/1a eKBIBAJICHTHUX OMOPIB.

HaykoBa HOBHM3HA OJep:KaHUX Pe3YJLTATIB NOJIATaE B TOMY, LIO BHEpIIE
BCTAHOBJICHO HACTYITHE:

— BU3HAueHo Hadip napamerpie cuHxpodizauil T4 3 AJl ta nouiibHuii
miana3’oH IXHIX 3HA4CHb, 10 J03BOMHIO 3MCHINHTH MNEpPeXiaHi 3HAYCHHA CTPYMY
cTaropa Ta eneKTpoMarHiTHoro MomeHTy AJl, a Takok CKOPOTHTH BIUIHB PO3KHIY
MOMEHTIB CIIPalLOBYBAHHS KOMYTAIIIHOT anaparypu;

— BU3HAYEHO BH/IM [IEPELIKO] B CHCTEMI KepyBaHHH, W0 JAaJI0 3MOrY
3ANPONOHYBATH NUIAXH I0A0 YCYHEHHSA 1X BIUTHBY;

— 3aMPONOHOBAHO BHKOPHCTAHHS MOTOKY Mepexi Yy SKOCTI OJHOrO 3 JBOX
OMOPHHUX CHTHAJNIB cuUcTeMH  KepyBanus [IY, w0 J03BOMWIO  MIABHIIMTH
3aBaJIOCTIHKICTh, HaAaTH cucTeMi kepyBanusa [TY nesHy cuMeTpilo i 3acTocyBaTH And
KAHAJIB KePyBaHHA BHIIPAMIAYEM T4 IHBEPTOPOM OQHOTHITHHI a1rOpHTM;

~ po3po0neHo YHCIOB] Ta aHamTHYH1 Mofen Al 1 cHIoBOT YaCcTHHH CHCTEMH
“ITY-A1" v koopavHaTHOMY 0Oazuci “CTPYyM-TOTIK”, IO J03BONIMIO CHPOCTHTH
CHHTE3 CHCTCMH TICPEMHMKaHHS, aHalli3 MEpexiIHMX 3HaveHb CTPyMY cTartopa Ta
EIeKTPOMATHITHOTO MOMEHTY NPH NepeMUKAHHI;

— 3AMPONOHOBAHO CTPYKTYPY CHCTCMH NMEPEMHKAHHS Ta METOJAHKY CHHTE3Y 11
BY3J11B, 1110 J03BOJIHJI0 BUKOHATH CHHTE3 PErYIATOPIB CHCTEMH KepyBaHH:A Ta 3100yTH
TOUINBHI 3HAUCHHA TAPAMETPIB CHHXPOHIZaNI,

[IpakTH4YHEe 3HAYEHHS OJEPKAHUX Pe3YJbTATIB /A  eNeKTPOTeXHi4HO]
rajTy3l noJiArae y BU3HAYEHH] BIACTHBOCTEH Ta XapaKTEPHCTHK HAIMIBIPOBLIHHKOBOIO
MepeTBOPHBaYa 3 NePEeMHUKAHHAM aCMHXPOHHOTO JBHIYHA HA MEpeKy Ta HaBMakH, a
TAKOK y po3po0Ul CTPYKTYP Ta crocoDIB KepyBaHHS CHCTEMOK “NEpeTBOprBaY —
neuryd”. PozpoOnena cTpykTypa CHCTEMH KepyBaHHA Mo#e OyTH peanizoBaHa 3a
JAOMOMOIOK)  THIOBHX — MIKPOKOHTPOJEPIB.  3anpornoHOBaHI — METOAMKH 3
BHKOPHCTAHHAM KOOPAMHATHOTO 0azMcy “CTpyM-TOTIK. MOKYTh OYTH EHKDpHCTaHi



MPH  BHPIMICHHI  AHAJTOMIYHMX  3a7ad  TPH  CHHTE31 CHCTEM  PEryIIOBAHHS
4aCTOTHOKEPOBaHHX eNleKTpornpuBolie. HaBegeHa MeTonHka CHHTE3Y pPeryasTopis
cucremu kepysanus ITH nossonsae cnpoctutu nanaaky M4,

PesynbTati poOOTH 3HAINIITH NpakTHYHE 3aCTOCYBAHHA NMpH npoexkTyeanHi [TY
s enexrponpusodis na JAIT “HAI “XEM3" (m. Xapkis). Teopernuni 1 npakriuni
pe3yieTaTi AucepTaiiiiHol podOTH BHKOPHCTAHO Y HaBYaILHOMY Ipolect Kadeapu
npoMHCI0B0T 1 Olomemnunol ejnexkrporiky HTY “XII™ npu BukiIajaHHl JHCHHIUITHN
“ABTOHOMHI MEpeTBOpPIOBaYi”.

OcoducTuii BHecor 3100yeaua. Haykogi nosioskenHs il pe3ylibrary, BUKIa1eH1
B auceprauiiiniii podori, orpumani 3molyeauem ocobucto. Cepen HHX: MOIETHb
CUCTEMH ““aBTOHOMHHI 1HBEPTOP CTPYMY — ACHHXPOHHHMI JABUIVH B KOOPAHHATHOMY
Dazucl “cTpyM — NoTiK” 3 NPHBEIACHHAM napaMmeTpis exkpiBaneHTHol cxemu AJl 1o
naHk noctiiiHoro crpymy MY, ananituuni moneni AJl npu sKuBleHH] Bij keperna
MOTOKY B KOOPAMHATHOMY 0azuci “cTpyM — moTiK” 3 NPHBEICHHAM MEXaHIYHHX
nmapaMeTpiB €KBiBaleHTHOI cxeMH AJ] 00 eNeKTpUYHHMX CXeM 3aMillleHHA, YHCI0BI
Mojemn AJl npH KHBIEHHI Bl [IKEpena NOTOKY B KOOPJAHHATHOMY 0a3uci “cTpyM —
MOTIK~, BU3HAYeHHA HaObopy mapameTpiB, HEOOXIIHHUX I8 CHHXPOHI3aLl, aHam3 ix
BIUIMBY Ha TNPOLECH MpH niaioueHHl AJ] Ha Mepewky, BHKOPHCTAHHS METOIyY
CTE/KCHHA 3a PE3VIBTYHUHM BCKTOPOM CTPYMY pOTOpa MpH MOCTIHHIA HacToTl
LIHPOTHO-IMITYIILCHOT Moayssuli (LIM) ans kepysanus 114 13 nankow noctiifHoro
cTpyMy Ha Oasi IHBepTOpa HanpyrH, anroputM nepeMukanns AJl 3 mepexi na [TA 3
ypaxyBaHHAM CHIIOBOT YacTHHHM, aHall3 MpoueciB npH cuuaxponizami y [I4,
cTpykTypa cHceremu nepemukanng AJ] 3 [TA ma mepexy, cHHTe3 i1 peryisTopis,
anroput™ nepemukannda Al 3 [1A Ha mepexy, MeToaMKa MiHIMI3yBaHHS HAC/IIKIB
PO3KH/IY Y4CIB CHPalbOBYBAHHA KOMYTAIIHHOT anaparypH, JaT4HK MOTOKY Ha OCHOBI
MOJIH(pIKOBAHOTO IHTErparopa 31 3BOPOTHUM 3B'S3KOM /U8 BHKOHAHHA onepauii
iHTerpyBaHHs enexrpopyuwiiinoi cunu (EPC), knacudikawis nepemkoa, mwo aoTs y
cucTeMl kepyBaHHs [TA, mImAXH 104 yCyHeHHA IX BIUTHBY.

Anpodauin pesyabrarie auceprauil., HaykoBi Ta npaktuuHi pe3yibTar,
OTpHMaHl B JHcepTallil, OOroBOPHOBAIHCA HA MIKHAPOIHHX HAYKOBO-TEXHIYHHX
koHpepeHiax: “Tlpodiemu apTOMaTH30BaHOTO eneKTponpuBoay. Teopis 1 npakrHka™
(M. Amymrra, 2005 p.), “CunoBa enekTpoHika Ta cHeproeeKTHBHICTE (M. AmymiTa,
2005, 2006, 2007, 2008, 2009 p.p.).

IMybdaikanii. Pesyasrarn aucepramii BHKagcHI B 8 HAayKOBHX Mpansgx, fki
omy0IikoBaHO B HayKoBHX (paxoBHX BHaaHHAX BAK Yikpaiuu.

Crpykrypa T1a obcur auceprauiiinoi podoru. /lucepramis ckiajaethes 13
BCTYILY, 4 pO31UIiB, BUCHOBKIB Ta CIHCKY BHKOpHcTaHuX xepen. Ilosuuii obcsAr
aucepramii craHoBuTh 194 cTopiHkH, 3 HUX 55 pucyHKa no Tekcry, 9 pUCYHKIB Ha
OKpeMHX CTOpIHKax; 2 gomatka Ha 4 cTopinkax; 119 HaliMmeHyBaHb BHMKOPHCTaHHX
niTeparypHHX Jukepel Ha 13 cropiHkax.
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OCHOBHHH 3MICT POBOTH

Y Beryni oOrpyHTOBaHI AKTYAIBHICTL 1 JOUUTBHICTE BHKOHAHOT podoTH,
cthopMyIBOBAHO METY 1 3a7a4l HAYKOBOTO JOCIHIIKEHHSA, HaBeIeHO JaHi Mpo 3B'A30K
podOTH 3 HAYKOBHMM [POrpaMaMi, BHKIQJACHO HAYKOBY HOBH3HY, NpPAKTHUHE
JHAYCHHS Ta peas3alin pesyibTariB  JHCepTaliiHHUX  JOCHKeHb, HaBeIeHO
BLOMOCTI 11PO X anpodauio, nyOiikauio 1a BIPOBAKCHHS.

Y nepmomy po3niai npoaHaaizoBaHo KepyBaHHA THIIOBHME [1TA acHHXpoHHHX
EIEKTPONPHBOIIB 3 MOMJIMBICTHO nepemuxaHHs AJ| Ha mepexy Ta HaBnaku. B
yerancHoMy peskumi AJl mepebyrae y pexkumi perymosanus Big ITA. Tlpu
[ePEeBHILEHH] HABAHTAMXKEHHAM PIBHA, 110 noTpedye NniakioueHHs qoaarkosoro AJl,
[TA mepexoanTk 10 PEKUMY NEPEMHKAHHSA, PO3raHac MIAKIoUeHHH 10 Heoro AJl no
4acTOTH, OJIM3LKOT 0 YacTOTH Mepexki, NepeMUKae Horo Ha Mepexy, MiAKIH4ae 10
CBOro Buxoay Hactynuui AJl Ta nepexomuThs n0 pexumy perymosanna. [lpu
3HMIKEHHI HAaBaHTAKEHHA 10 pIiBHA, w0 norpedye BiakmwodeHHs oaHoro 3 AJl
BHKOHYETLCSH 3BOPOTHA Npoueaypa. Y pesyiasTari anamizy BHIAUIEH] pPekUMH
MepeMHKaHHda (AKWI  po3JUIeHO HA eTand  CHHXPOHIZAWll Ta mNepeMHKaHHA
KOHTAKTOPIB) 1 peryioBaiud. 3podiieHo BHCHOBOK, WIO /I NPAMOIO NepeMHKaHHA
AJl nouuIbHO CIOYaTKY PO3MHKATH BHXIIHWH koHTaktop (BK), a motTiM 3amukartn
wyHTyBaibHUH koHTakrop (LK), a nns 3Bopornoro nepemukanss AJl — cniouarky
samukati BK, a motim poamukarn 1K,

[lokasano, Mo NpH BHKOPHCTAHHI CHIHAMIB HAMPYTH Y AKOCTI ONOPHHUX I
CHHXPOHI3AMT HeJAOMKaMH € HeoOXIIHICTE Y JIONATKORIH (iasTpauii Ta J1074aTKOBI
(pazoBi NOXHOKH.

Y pesyasTarti aHamsy CHIOBHX 4acTHH 1cHyounx [TA nmokasano, mo Haiduism
o0rpynToBaHuM € BUKOpHCTaHHA [TA Ha ocHogi [TH 3 naHkoro nocriiiHoro cTpymy Ha
Da3i aBTOHOMHOrO iHBepropa Hanpyru ado Ha 043l ARTOHOMHOIO IHBEPTOpA CTPYMY,
VI AKHX BUKOPHCTOBYIOTBCH BEKTOPHI 3AKOHH KepyBaHHA.

[Tokazano, wo s pozpodku kepysanus [1A enexrponpusony 3 kuibkoma AJl
JA0CTaTHBO PO3INAAY eNeKTPONPHBOAY oAHHOYHOTO AJL.

Y apyromy po3jaijii CHHTE30BaHO CTPYKTYPHY CXEMY CHCTEMH KepyBaHHs [1A 3
MOMKIHBICTIO mepeMuKanHa AJl Ha mepexy Ta Harmakd. ['070BHOI OCODIHBICTIO
CHHTE30BAHOT CTPYKTYPH (pHc. 1) € BUKOPHUCTAHHA CHIHAJIB IOTOKIB Mepexi Ta
pOTOPY Yy AKOCTI ONOPHHX. BHKOpHCTAHMIT MIAXIA J1aB MOKIHBICTE MUIBHIIHTH
3aBaJOCTIHKICTE CHCTEMH Ta YHHKHYTH J0JaTKOBOT (PUIBTPAL] ONOPHUX CHTHAIB.

Hns anamizy npougeciB y CHCTEMI BHKOPHCTAHO KOOPJHWHATHHIT Dasuc “cTpyM-
NOTIK , B sAKOMY Yy JudepeHLiaNibHHX PIBHAHHAX 3B'HM3KH MUK eleKTpHYHHMH
BEIMUHHAMH 3AMHCYIOTBCA HE K 3B'M3KH MK CTPYMOM T4 HANPYIOK, a K 3B'SA3KH
MIK CTPYMOM Ta IHTErpajoM BIJ HANpyTH

wlel= [ ultldr (1)
JUISL SKOTO BIKMBAETLCA TEPMIH “1oTOKO3ueruieHHs  (“norik’), xoua (pi3muHo
BIH HE 3aB/K/IH BUINOBIJIA€ PEallbHOMY MarHiTHOMY TIOTOKY.
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Puc. 1 CrpykrypHa cxema cucTeMd KepyBaHHa [IIA  acuHXpoHHOTrO
eNIeKTPONPHBOAY OJUHOUHOTO AJl 3 MONKIMBICTIO HOro NMepeMUKaHHA HAa Mepeky Ta
HABMAKH

Y cuHTE30BaHIi CTPYKTYP! KIacH(IKOBAHO MEpPEIIKOAH (MOXHOKH), 10 AKHX
HAJIEKATE!

AiHiiiHa Ta IHTErpajabHa MEPEIIKOAN Y JaT4HKax MOTOKY MEpEki Ta poTopy,
MOB'A3aHI 3 HEBH3HAYEHHMH MOYAaTKOBHMH YMOBaMH IHTErPYBaHHA Ta HAsABHICTIO ¥
BXIJIHOMY CHTHAJI MapasuTHOT NOCTIHHOT CKIa10BOT;

— Mepelikoid y AaTyHKaxX pisHHLI aMmiaiTyd, ¢ga3 Ta yacToT, 40 AKHX HalekKaThb
IHCTPYMEHTAIBHA TIEPEIIKOAA, 3B'M3aHa 3 JH(EPEHUIIOBAHHAM TPHIOHOMETPHUHHX
(pyHKIII 3 0OMEeKeHHM 1ana30HoM Po3paxyHKY, IHTerpaibHa Nepenikoaa, nos'a3aHa
3 BIMIHHICTIO CYMH CHrHanis TpudaizHol cucreMu BIJI HY/ILOBOI'O 3HAUEHHS T4
napaMeTpHYHa Mepelkoia, 3B'a3aHa 3 HETOUHICTIO HEMPAMOTO PO3paxyHKY MOTOKIB;

— nyibcailiiina nepelkojia, 3e's3aHa 3 BUIMIHHICTH) pealibHOT KOoMyTalifiHol



6

(yHKIIT, MO OMHCYe KOMyTaTop IHBepTOpa, Bif il HemepepuBHOI anpokcumariii Ta
Mepelikoaa, Mop's3aHa 3 MOKIMBICTH)O BHHHKHEHHA CYOrapMOHIYHHX KOJIHBAaHb
BHACIII0K IMCKPETHOTO TMPHPOCTY BUXIIHOT HAMTPYTH KEPOBAHOTO BHIIPAMIIAYA,

— Meperiko/a, 38'a3aHa 3 PO3KH/I0M YaciB ClpalbOBYBAHHA KOHTAKTOPIB.

3anponoHOBaHO JATUHK MOTOKY JUIS BH3HAYCHHS MOTOKIB POTOPA Ta MEPEKI,
3ajlada AKOTO monArana B iHTerpyBaHHi curnany EPC, mo nogaeaBcd Ha BXIIL
Jonyerumi  ¢azosl nmoxudKH JlaTuyka HE [NEPEeBHIIYIOTH YACTHH EIEKTPHUYHOIO
rpagyca, nepexii JardMka B CTaaHi pekuM poOOTH BHKOHYETBCA 3a [ICKUTBKA
nepiofis BXijgHoro curuany. Jdaruuk (puc. 2) BUKOHAHO HA OCHOBI MOJAH(IKOBAHOIO

u X 7
:
Q9w

Puc. 2 CtpykrypHa cXxema JaTdyHKa [oTOKY

3

dHY

' Y

kﬂ'_:_kil'fp *

IHTErpaTopa 31 3BOPOTHHM 3B'A3KOM, IIPH LBOMY YCYHYTO HACTYIIHI [EPELLKOIH:

— IHTErpanbHy MEPEIIKOLY Ha BHXOAI OCHOBHOTO IHTErparopa 1/ p y BHMIAMI
MOYATKOBOTO 3HAYEHHH MMOTOKY, BIAMIHHOTO BiJl YCTA/IEHOTO;

— NHIHHY Tepeikoay, 00yMOBISHOT IHTErPyBAHHAM MapasuTHOI MOCTIHHOT
CKJIaZI0BO1 BX1IHOTO CHTHAJTY.

VeyHeHHst JUT nepeuko/] BUKOHAHO 3a JIONOMOIOK JI0MOBHEHHS OCHOBHOIO
IHTErparopa ChHellalbHOK JIaHKOK 3BOPOTHOTO 3B'A3KY, fAKa BIUIMBAla TUIBKH Ha
HNEPCHIKOAH. [lo KOPHCHOMY CHI'HATY CHCTEMA 3alIMIIAIIACH ]'.I{}ZiiMHHﬁH{}HL, BHHGIIi,’J}UI{
YOro yCyBaJHuch (pa3oBa Ta aMIUNTYIAHA NOXHOKH TPaJMIlIiHOIO 1aTYHKa Ha OCHOBI
ipisTpy HU3LKUX yacTor (PHY), sxi Tum Oliblie, uMM Oi/ibll BHMOI'H BHCYBAKTHCH
10 mBHAKoAll matdunka. BubipkoBy Mo naHKM 3BOpOTHOTO 3B'A3KY 3abesnedcHo 3a
AONOMOIOK) BBEACHHA B 11 CKIAJ AUCKPeTHOro (ikcaropa, o AifB 3 4aCTOTOK
KOPHCHOTO CHTHAaJMY (HOro TakTyBaHHA BHKOHAHO 3a 10momMoroio takryiodoro @HY
Ta HylIb-iHAMKaTOpa). CMHTE3 NIaHKH BHKOHAHO 3 ypaxXyBaHHAM TOro, mo nepiog I
KOPHCHOTO  CHTHATY  MOXE  3MIHIOBATHCA,  3-33  4YOT0  BHKOHYBAIACh
ABTOMIACTpOOBaHHA KoediuieHTiB nigcunedHs [ll-xkopektopa kowHuil nepion
BX1THOTO CHTHAY 3T1/IHO 3 CMIBBLIHOLICHHAMM:

kﬁr=l’4fT 1 k:r=IKT2 . (2}

BuMIpHOBaHHS Neplo/ly BUKOHAHO 34 J0M0OMOI0K OKPeMoro TaiiMepy.

Jns oTpuMaHHA CcHrHamiB pizHocTi (pa3 Ta YacTOT BHKOPHUCTAHO METOI
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PE3YABTYIOMHX BEKTOPIB, TIPH LLOMY 3AIHCHIOBABCA MEPEXia y CHCTEMY KOOPAHHAT,
AKa 0DepTaeTLCA 3 4acTOTOK BEKTOpa MOTOKY Mepemi. Y Wil cucTeMi KOOpAHHAT
BEKTOP MOTOKY MEPEXk] CTABAB HEPYXOMHM, a4 BEKTOP IMOTOKY poTopa obeprascs 3
YacTOTOK), BH3HAYEHHK) AKOI 3aBa)kajia IHCTpPyMEeHTalbHa Mepeuikoia, Mos'a3aHa 3
AMPEPEHUTIOBAHHAM  TPHIOHOMETPHUHHX  (QYHKLIH 3 0OMEKEHHM J11anazoHoM
po3paxyHky. [lns ycyHeHHd 11 BIUIHBY JH(pEpPeHUIFOBAHHA PI3HULEBOrO (pa3HOIo KyTa
1 BEHKOHAHO HETIPAMHM UMHOM 33 J01IIOMOI0ORH ,'J.H'[Il't’,‘pEHLl,iH]BHHHH CEIIAJ0OBHX
OJMHHYHOTO BEKTOpPY MOTOKY poTopa i,ff;f|i,ffp|=£’-,+j€2 , 110 BUABHIIMCH OCHTE

rMajgkuMH QyHKLIAMH vacy
de /dit+ jde,/ dt de, de

1
El dt _EE df * (3)

m=—_=

e :
dt l j[ce]—i-e

2)

Mg yCcyHEHHA BIUIMBY IAPaAMETPHYHOL NEPELIKO/H, MOB'A3aH0I 3 HETOUYHHM
BH3HAYCHHAM MapaMeTpiB eKBiBaneHTHOI cxemH AJl, a TakoxK IMIIYJIBCHHX
ENEKTPOMArHITHUX HaBEJEHb, HA BXO/1 JATYHKIB PI3HHLEBO! 4acTOTH Ta PI3HHLIEBOT
AMIUTITYIH  BHKOPHCTAHO KEPYBANLHY CTPYKTYPY. 110 MoOke OyTH Ha3paHa
iHTErpaibHUM BXOAOM. Ii OpPHHLMI Jii MONArae B BHKOPHCTAHHI HE MOTOUHHX

3HaYeHb (Pa3HIX MOTOKIB, 8 YCepeIHeHHX 3HaYeHb Ha iHTepBa ycepennenus 1,
]
::J[.f]=l j wlelde (4)
Tﬁ’ -
’

CHrHain Ha BUXO/1 AaT4HKa PI3HHLI AMILTITY/ BH3HAYEHO K PISHHULIKD aMILTITY/l
MOTOKIB POTOPA | MEPEKI.

Y TpersoMy po3aiii 3anponoHOBaHO ajJroputMH  KepyBaHHs [1A  npm
MEPEeMHKaHHI 3 VpaxyBaHHAM CHIOBOI 9acTHHH, po3pobncHo mozeni AJl npw
MUBIEHHI Bl JKepena IMOTOKY, BH3HAYeHO Hadip nmapaMerpiB CHHXPOHI3allil Ta
AOUUTLHHH J11ana3oH iX 3HaUYeHb MPH TPAMOMY TIEPEMHKAHHI.

[Ipu po3pobui cucTeMH nepeMHKaHHA BpaxoBaHO, [0 Ha eTaml [pAMOro
MEPEMHKAHHA [PH  BHKOPHCTAHHI TMOTOKY POTOpPa 3aMICTh MArHITHOIO [MOTOKY
noxudka 4¢,, cranHoBHTH

i L.‘i}'
dqsujp:arctg—ﬂ ;' , (5)
P

YeTaHoBKY napamMeTpiB CHHXPOHIZAIll BHKOHAHO 3 YpaxyBaHHAM IHTEpBamy
uacy [, , nijg yac sxoro y suBnenHi AJ] vacrae naysa. Ha erani cuuxponizauii
CTBOPEHO ynepekeHHsa mo wactotri A® g, dasi Aﬁf,,, Ta aMIUHTYAlI [MOTOKY
poropa ﬂ|¥fﬁ| BIIHOCHO MOTOKY MEpEKI:

M M !
Aw_=——L1 A0 =——"¢2 | Ay |=— - 6
o= = vl I*"w';_" (6)

MpH ULOMY 3HAK Yy BHpazax 03Ha4ac, Hi0 pe3yabTYIOMHH BEKTOP MOTOKY
pOTOpa MOBHHEH BHIEPEKaTH pe3yibTYIOUH BeKTOp MOTOKY Mepexi Mo yeiM TpboM
napaMeTpaM CHHXPOHI3allii.

ko ¥Y
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Pospaxynok =acy maysu y skuBicHHI AJl Ta MOMEHTY movaTKy i€l maysu
BHKOHAHO 3 YpaxyBaHHAM AuckperHocTi ITY, iHTepBany raciHHa cTpyMy B IHBEPTOPI
Td PO3KHJIY YACIB CMPALbOBYBAHHA KOHTAKTOPIR,

[Tokazano, 1o 3 ypaxyBaHHAM BMIuBy AuckperHoctTi [TY momenT nmouarky
nay3u B auBAeHHT AJ] nicns nojadl KOMaHJAH Ha NPAME NEPEMHKAHHA BLACTOITE Bl
MOTOYHOTO MOMEHTY 4acy Ha

o - o
- [ mimm_] ] (T)
.

MIC/s KOO 1 MOYMHAETLCA 11ay3a B skusiieHHl Al

[MTokasano, 1m0 1HTEPBAT TACIHHSA CTPYMY B IHBEPTOPI 3 JOCTATHBOK TOYHICTIO
EKBIBAJIGHTHHH [01aTKOBOMY IHTepBany B skuBneHHi AJl, ane npu ubomy BiO 4acy
racinug cTpymy Tpeba BumHATH yac [, .

L1o0 yHukHYTH nipobiieMi, 1OB'A3aHOT 3 PO3KHI0M YaciB cripauboByBanHs BK,
BRBEJICHO TPOTPAMHY 3aTPHMKY BIJ MOMEHTY BHJa4l KOMaHIH Ha BUMKHeHHs BK 10
MOMEHTY Buaaul koManau Ha sMHkaHHsa LK, mo 3 neskum 3anacoM nepepuitysaia
BIACHMH yac crnpanbosyBannsa BK.

Jng yHukHeHHs npoO/ieMH, MOB'A3aHOT 3 PO3KWU/I0M HaciB CIpPALbOBYBAHHS
HIK 3 ypaxyBaHHAM PO3IISHYTHX ¥ PO31. 2 NEpexiIHUX MPOLECIB NMPH MAKITIOYEHH]
AJl Ha mepesKy Ha eTanl CHHXPOHI3alli BUCTABIEHO yHEePelKeHH: M0 4YacToTI TAKHM
UMHOM, OO B MOMeHT OesnocepegHboro nigknwuenus AJl 1o Mepemi udacrora
KOB3aHH# JOPIBHIOBANAa HE HOMIHATTLHOMY, a8 HYJIbOBOMY 3HAYEHHIO.

AHani3 BIUIMBY MapaMeTpiB CHHXPOHI3ALWIT MPH OPAMOMY TepeMHKAHHI
BHKOHAHO AHATITHYHHM Ta YHCIOBHM METOIAMH HA OCHOBI €KBIBAJICHTHOI cxemu A/l
y Oazuci “cTpyM-noTik” [P KUBIEHHI BijJ JKepela NOTOKY (puc. 3) (kKoiom

HOCm

Puc. 3 ExsiBasienTHa cxema Al nipu JKUBIIGHHI BIJ J[7Kepesia OTOKY

300pakeHa JaHKa TOBOPOTY, 110 3IIHCHIOE YacTOTHHMI TNepexiy BiI mnapaMeTpis
cTaropa 0 mapaMeTpiB poTopa).

[Tpy BUKOPUCTAHI B AHAMITHUHHX JIOCHJKEHHAX METOMIB JICKOMIIO3HLIT 110
4acToTl Ta (pasi eKBIBAJICGHTHY CXEMY CHCTEMH PO3AUIEHO Ha POTOPHY Ta CTATOPHY
(puc. 4), a pOTOPHY EKBIBAJICHTHY CXEMY POHIUIEHO HA MO3IOBHKHIO TA NONEPEUHY
(puc. 5). Mexaniusi napameTpu AJl npHBEIEHO 10 MONMEPEYHOT EKBIBATICHTHOI CXEMH
poropy (puc. 5,0) 3a 10NOMOroKwy BBedeHHsl B 11 CK/14] EKBIBAJIEHTHHUX €MHOCTI

2
C=2Jf(3 plw.l"| Ta mkepena notoky Y2, siKe BpPaxoBY€ MOMAaTKOBI 3HA4YeHHS
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Puc. 4 JlexomMnosuuisa no 4actoTl exkBiBaieHoi cxemu AJl npu KMBIeHHI
B/l JIZKEpE/a MOTOKY Ha pOTOPHY (a) Ta ctatopHy (0) eKBIBAIICHTHI CXEMH

L. L,
Ii] i sp

!
6 2 L L,
0) . ”Cp s¢ s
M Z R
i W _r
Wer™= ,?f"' 3”"‘ il L.u Fz‘f P
v p PP
o

Puc. 5 Jlekomno3uuis no (a3l poTopHOT eKBIBAJIEHTHOT CXEMH Ha IM0310BAKHY
(a) Ta nonepe4Hy (0) cxeMH 3aMilllEHHA

napam-:TpiB MEXAHIYHOI YaCTHHH MOMCHTY HAaBaAHTaKCHHA AM w » HACTOTH
KOB3aHHS pOTOpY -ffﬂ!{,. T4 KYyTa KOB3aHHA rﬁﬁ'ﬁ 3rIHO 3 BUpa3aMu:
W
- _— [ =
'MH_|*"|I;H| AJMHE'J k] Uu_iyjl‘fldfﬂ.\' * {! F _|i'y.4| d”\ N (8‘]

3riIHO 3 eKBIBANIEHTHHMH CXEMAMH BHSABIICHO CKIA0BI MEPEXiIHUX MPOLECIB
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Ta 3700yTI aHamMITHYHI 3a70eKHOCTI A8 BUIBHHX CKJIZOBHX CTPYMY cTaropa Ta
e/IeKTpoMarHiTHoro momeHty. Ilpu uboMy B BiIBHMX CKIIaZOBHX CTPYMY CTatopa Ta
EJIEKTPOMATHITHOTO MOMEHTY BHABICHO /IRl KOMIIOHEHTH.

[lepury 3amponoHOBaHO HA3WBATH CTATOPHOKO, BOHA 3aNleKHTh BiJl 3HAYEHHA
MOYATKOBOTO MOTOKY cTatopa ¥, (puc.4,6) Ta Mae BH 3aTyXaiodoi 3 NOCTIHHOIO
yacy craropy 7,=L . /R_ cunycoinu 3 uacrorow, npubausHo piBHOK uacToTi
Mmepeskl. Jpyry 3anponoHOBaHO Ha3WBATH POTOPHOK, BOHA MAc BH/ 3aTyXaw4yol 3
MOCTIHHOK  uacy T=2Lﬁf‘fﬁp CHHYCOIZIH 3  YACTOTOI, MNPHOIN3HO PIBHOD

o=\1/(L.C)-R>/(4L2).

BH3HaueHHA TOYHHMX 3Ha4YCHb HE]JEXiJIHHK BCITHYHH EﬂEKT]JGMﬂFHiTHGFD
MOMEHTY Ta CTPYMY CTATOPa BUKOHAHO 32 JIOMOMOI0I0 YHCIOBHX MOJIENEH:

jﬂﬂ?(‘f (wo—w, )tk v, ejﬂ”) C)

KoediuieHTn 004HCIIOBAIHCH 3T1IHO CIIBBIHOMIEHb!

k =ﬁ k:i k =ﬂ ﬂl‘=L_"Lﬁ.{,‘i‘L”Lﬁ.p'i‘L_\.{.Lm ; (lﬂ'}

E E E

“ m m P m

[TepeBaroio BHKOPHCTAHMX YHCAOBHX MOIEICH Y NOPIBHAHHI 3 MOICIAMH
Dioniorek Simulink nakery Matlab € momiauBICTE NpAMOro 3ajapaHHsA 3HAYEHD
MOYATKOBMX MOTOKIB. Pe3ynbTarn JOCTIIKEHb 3a JOMOMOTOK YHCEIbHOT MOAETl Ha
npuiiaaal AJl tuny SA3MB naeeneni Ha puc. 6. Haii®inbmmii BaMB Ha aMniTyau
MEPeXIAHHX 3HAYCHBL CTPYMY CTATOPA Ta SACKTPOMATHITHOIO MOMEHTY 3A1HCHIOBANA
po30LKHICTE MO (a3l (puc. 6, T), MpPH [LOMY OMYCTHME (3a YMOBH JONMYCTHMOCTI
JABOKPATHOT aMIUNTYAM [EpPexiIHHX CTPyMy CTaropa Ta eleKTPOMarHiTHOro
MOMCHTY) 3Ha4YCHHA PO30LKHOCTI MO (a3l JOPIBHIOBATIO OJMHHIIAM CICKTPHYHHX
rpajyciB, L0 BUCTABISE BHCOKI BUMOIMH [0 3aBAJ03aXHUICHOCTI CHCTEMH
nepeMuKanHas Ta (azoruMm noxubkam garuwkiB, Haibinemn cnpusTivel yMOBH
MPOTIKAHHA MEePexXiTHOTo mpoliecy 3ade3nedye MIKIHYMEHHA He 3 HOMIHAIBHOIO, a 3
HYJILOBOTO  KOB3aHH" (pHc. 6, B). Po30bkHICTE 1o aMmmuiTyal  3aiiicHIORana
HaiiMEHIIHI BIUIMB Ha aMIUNTYIH [epexiJlHHX 3HauyeHb CTPyMy cTaropa Ta
eNEeKTPOMATHITHOTO MOMEHTY (pHc. 6, 0).

Jlns 3BOpOTHOrO NepeMHKaHHA Yy 1HBEPTOPI 3 OJHONEPALHHHMH THPHCTOPAMH
PO3MIHYTO nUTaHHs cuHxpodizauil. Ilpw uboMy BCTAHOBIEHO, WO NEpexiiHMil
MpoLec NpH BMHKaHHI BTOPHHHOT OOMOTKH BHXIIHOTO TpaHC(OpMAaTOpa Ha MEpexy
[PH 3HATHX 3 IHBEPTOPA IMIY/ILCAX KEPYBAHHA HE CTaHOBHTL 3arpo3u aus [1Y. TTicns
3aKIHYCHHS 11LOTO TIPOIECY B IHBEPTOPl BBOAMIAch B podOTY onHa 13 CTIHOK, a
BHIIPSAMIISIY TIEPEeBOAMBCA Y BUIPAMHMIA pexum. [licns BeejeHHs B iHBepTOpi B
poboTy THpHCTOpa IHIIOI (GasH B MOMEHT Hacy, 1o 3abe3nedyBas CTIHKY KOMYTalliio,
CHHXPOHI3alliA 3aKiHYYBalack 1 341HCHIOBABCA MEpPexi] y PekHUM pery/IioBaHHA.

Y uerBepromMy po3aiii  CHHTE30BaHO (PYHKIIOHANBHY CXEMY CHCTEMH
kepyBanHa [IY (puc. 7), cuHTEe30BaHO T peryiaTopH, po3podlieHO MareMaTH4HI
MOJIET CHIIOBOT YacTHHH cueremu “TTY-AJT™.

AHaMTHYHY MoZelb cHI0BOI dacTHHH cHceremu “IIYH — AJI” pospobieHo 3

. 0
:'E_=—(k£__[_i,rff_—i,rfﬂ}+ki,rﬁpej ”), ie
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Puc. 6 MammHorpaMi BIUIHOCHHX 3Ha4eHb CTPyMYy cTatopa Ta
eNeKTPOMArHiTHOTO MOMEHTY NMpH niakmodeHHl AJl Ha Mepexy:

a — 0e3 po30pKHOCTEH 10 MapamMeTpaM CHHXPOHIBALI;

0 — npH HAABHOCTI PO30LKHOCTI 10 AMIUTITYAL

B — IPH aHABHOCTI pO30LKHOCTI [0 4acTOTI;

I — MNpH HAABHOCTI pO30DKHOCTI Mo (asi

METOK 3/100yTTS CIHIBBUIHOIICHL, KOPHCHHMX IPH CHHTE3l PErylaTopIB CHCTEMH
KepyBaHHA, 3a JONOMOIOK fAKMX BHKOHYBaldach CHHXpoOHI3alis. BukopHcTaHHs
METOILY OCHOBHOI I'dpMOHIKH JUIs OIHCY KOMYTATOPIB B MOE€JAHAHHI 3 MPHBEICHHAM
napameTpie AJl no nankm noctiiinoro ctpymy [IY  nozBoanno miaTteepanTH
HECTIHKICTE CHUCTEM 3 He3allemxHOl KOMyTauiiiHol (yHKUi€w, CTIHKICTL CHUCTEM 3
KOHTPOJILOBAHOW KOMYTAlllHHOW (DYHKIIEK Ta OTPHMATH CKBIBAICHTHY CXEMY
cuctemu “T1Y — AJ1” (puc. 8), napamerpH akoi 00UHCIHOTHCA 33 BUPa3aMH:

. , _ 2
L;,=Ld+kc-i‘s , R”-k:;lﬁc-_l_ﬁﬁl , C_k(_RPm#Sinzﬂ !

7% Lo sin20 - (D)
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Puc. 7 dyukuioHansHa cxema cucteMd KepyBaHHs [IA acuHXpoHHOTO
enexrponpusoay AJl 3 MOKIMBICTIO HOTO NepeMUKAHHA HA MEPERY Ta HABIIAKH

BHKOpHCTAHO IMOTOK MepeikKl y AKOCTI OJHOTO 3 JBOX OMNOPHHX CHIHAIIB
cucremu  kepysanus [1Y. 3anponoHoBanHo cHMeTpUUHHI npuHUMI  Oy1yBaHHS
cucTeMH (POpMYBAHHS IMITYIBCIB, MPH AKOMY KaHalH KEPYBaHHSA BHIPAMIAYCM Ta
IHBEPTOPOM BHKOHAHO CHUMETPHYHO: Y TOH 4ac, SK 1HBEPTOPHUI KaHall (Gopmysas
thaszy cTpymy cTaTopa 3a J0MOMOro BIUTHBRY Ha KYT 3CyBy (! MIK MOTOKOM poTopa i
CTPYMOM cTaropa, BUOPAMHHMH KaHan (oOpMyBaB aMmIUIITY1y CTpPyMy cTaropa 3a
JOMOMOTOK) BIUTHBY HA KYT 3CYBY 6 MIK TIOTOKOM 1 CTpyMOM mepexki. OnopHummu
CUrHAZaMH OyIH CHUTHAIK MOTOKIB poropa Ta Mmepexki. OO0uHcaoBaHHA (DA30BOIO
3CYBY BHKOHAHO 3 YPAXYBAHHAM KYTd KOMYTALIT,

Cuctema perymioBaHHA A peKHMY pPerylioBaHHA MUITPHMYBajia 3aKoH
KEPYBAHHA 3 MOCTIHHAM KYyTOM, JUIS PEKHMY [EPEMHKAHHA — 3aKOH KEPYBAHHSA 3
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Puc. 8 ExeipanentHa cxema cuctemu «IT4 — AJl» 3 npupeieHUMH 10 TaHKH
MOCTIHHOTO CTPYMY MapaMeTpaMi eKBIBaJeHTHOT cxemu Al

MOCTIHHOK aMIUITYA0K MOTOKY, /UIS AKMX BUKOPHCTOBYBAIIHCE THIIOBI CTPYKTYPH.
Hns  pexuMmy nepeMHKaHHs Oyno TPOBEACHO CHHTE3 PEryIsTOpiB  CHCTEMH
peryIoBaHHs 32 10M0OMOI00 METOLY €KBIBAJIEHTHUX OIIOPIB, CYTHICTh SKOIO [OJIATaE
B 3aMINICHH] MEpeaatodHoi (yHKIIT peryaaTopa CKBIBAICHTHOI CICKTPHYHOIO
CXEMOK 3 MOJANBIIMM MPHBEIEHHAM 10 JIAHKH [OCTIIHOIO CTPYMY eKBiBalleHTHO]
cxeMH puc. 8. 3acTOCYBAaHHSA LLOTO METOY JIO3BOJIMIO BUKOPHCTATH A00poTHICTE O
AK TOJNOBHY AHHAMIYHY XapakTePHCTHKY KOHTYPY PEryIrOBaHHA.

Perynstop crpymy nponopuiiino-inrerpaiasuoro (I11) tuny 3 koedinienramu
MACHIEHHA [ponopuiiiHol k, Ta IHTErpajibHOT k, 4acTMH CHMHTE30BaHO 7a
JOMOMOTOK) CIIBBIIHOIICHE:

k,=6L,/(T k|, k, =k Ok :

fu]z’f‘f"rj » kﬁ’:;{}r-fm . “2]
[Tpu npoMy oOMeKeHHA MO 3HAYeHHIO KoedilieHTy K, BHOCHIA Nepemikoa,
MOB'A3aHa 3 MOMKIHBICTIO BHHHKHEHHSA CyOrapMOHIYHMX KOJIHMBAHL BHACIIOK
AUCKPETHOrO MpHPOCTY BUXIAHOT Hanpyry [T4H.
Perynatop notoky Il-tumy 3 koediuientamu niacunenns nponopuiiinoi A wn
Ta iHTerpaibHoi K, YacTHH CHHTE30BaHO 3riHO 31 CHIBBIIHOLICHHAMK:
kl;rm=Q[[_l / L.1r+|'ge|k|;.ru”2 Rp”'gal ' JiIcl;.'.rui-"";3{":"&H_J'J . “3]

[Tpu uboMy 0OMEKEHHS MO 3HAYCHHIO KOCDIICHTY ffw BHOCHIIA MyJbcalliiina
MEPeliKo/ia, MoB'A3aHa 3 BUIMIHOK pealbHOl KoMmyTalliHol (qyHkii §, Byl 1l
HeTepepBHOI anpoOKCHMALLIT, 1110 MOTJIO MPHBECTH 10 3pHBY KOMYTallil B iIHBEpTOpI.

[TpakTHuH1 JIOCHIJIKEHHS TAKOXK NOKA3AIH, 1110 PEryJIsTOp HIBHIAKOCTI MOKHA
NPUIHATH YHCTO OPONOPUiliHUM, NpH LbOMY koediuienT migcunenns K,
00OMEKYETLCS 3HAYCHHAM JOTTYCTHMOT CTATHYHOT MOXHOKH.

MonentoBanus nepemukanHs AJl Ha Mepeky Ta HaBNAak¥ BHKOHAHO 3a
aonomoroo  O1bmiorekn Simulink nakery Matlab ans takux ganmx: nanpyra
aupnedns 10xB , AJl tuny SA3MB noryaxuictio 3150xBm . BeHTHIATOPHMUIA
MOMEHT HABAHTAKCHHA Ha Baly 3 HOMIHaIbHUM 3HadeHusm M =10000H - ,
cymapHuit MoMenT inepuii J=310kz-m" .
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Pesynerarn wapeneno wa puc. 9. [lepemukanns AJl 3a [IA na Mepexy

a) 30 o . J)320 : : : .

Puc. 9. MaummHorpamu npotecis npH nepemukadtl AJl Ha mepexy (a-r) ta
HaBlaKH (1-3):

4 - 4acTOTa POTOPY HPH HPAMOMY [EPEMUKAHHI;

0 - cTpyM ¥ nanui noctiiiHoro crpymy [T4 npu npamomy nepeMHKaHHI;

B - JIEKTPOMArHITHHIl MOMEHT [PH NPAMOMY NepeMHKaHHI;

I - [IOTOK POTOPY MPH NPAMOMY MepeMHKAHHI;

Jl - 4acToTa POTOPY HPH 3BOPOTHOMY IEPEMHKAHHI,

e - CTPYM v JiaHui noctifiHoro ctpymy [TY npu 3BopoTHOMY NepeMHKaHHI;

# - EJIEKTPOMArHITHHIH MOMEHT MPH 3BOPOTHOMY NEPEMHKAHHI,

3 - IOTOK POTOPY NPH 3BOPOTHOMY [EPEMHKAHHI

(puc. 9, a-r) BHKOHYBAJIOCH IIPH YCTAHOBIEHHI YyrepelkKeHb Mo ¢a3l, 4acToTl Ta
AMILITITY/1 3U1HO 3 CHIBBIIHOWEeHHIMU (6). KomaHia Ha nepeMHKaHHs BHJ1ABANACH B
MOMEHT MOYaTKy TaclHHS cTpyMy IHBepTopa (puc.9, 0). 3 ananizy puc. 9, B 3podiacHo
BHCHOBOK, IO IlﬂpﬂXi,'J.He FHAYCHHA E.‘lEI{'I'pDME'I.I'Hi'l'HUI.'G MUMEH'I'}" llpHﬁJlHﬁHi} HA
302 nmepeBHNIIYE HOTo HOMIHAJIBLHE 3HAYEHHS, [0 SABIACTHCH 3AJI0BUILHHM.
[Tepemuxanns AJl 3 mepexi va [1A (puc. 9, 1-3) noyanoce B MOYaTKOBHI MOMEHT
yacy MamuHOTrpaM 3 BHAa4l KomaHau Ha samukanna BK 3 noganesmor Bupadero
komaHau Ha po3mukanusa LK. ITpu upomy crpym inBepTopa, B ikomy Oyia 3aMKHeHa
O/1HA CTiiiKa, AOPIBHIOBAR MOJOBMHI Bl HOMiHaabHoro. ITicns nayzuw B 1.5cex
BHKOHYBanock mniaxorieHHa AJl. MogenioBaHHs nmiaTBepanno HaBeldeH! BHIIE
CIIBBIJIHOLUEHHA T PEKOMEH,1aLii.

OcHOBHI JOCHIAKEHHS BHKOHYBanuch Wi [IY 3 jaHkow nmocTiiHOTO CTpymy
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na Ga3l iHBepTOpa cTpymy. B Toif e wac 3100yTI CMIBBIIHOMICHHS MOKYTh OyTH
BHKOpHCTAaHI 1 s kepysanHa [1Y 3 1aHKOK NOCTIHHOrO CTPyMY Ha OCHOBI IHBEPTOpa
HAMpPYTrH.

OCHOBHI  CHIBBIAHOUIEHHA  TIATBepIKEHHI  Takok  Ha  (Di3HYHOMY
nabOPaTOPHOMY MAKET1 NOTYKHICTIO 7 kBm.

BHUCHOBKH

Huceprauiiina podora npuUCBsYeHA BHPILLIEHHK HAYKOBO-TEXHIUHOT 3ajaui
KepyBaHHA HanmiBnposigHukoBuM ITY npu nepemukanni AJl Ha Mepexy Ta HaBIAKH,
[Ipu usomy Oyiu 3100y TI HACTYIIHI PE3YIILTATH:

I. Pospobneni cTpyktypn cucteMu KepyBanus [1Y  no3ponmnm  BHKOHATH
kepyBaHHs [TY sk y pesxumi nepeMHKaHHA, TAK 1 ¥ PEKUMH PEryJItOBaHHS.

2. BUKopHCTaHHA MOTOKY MEPEkKl ¥ AKOCTI OHOTO 3 JABOX OMOPHHX CHIHAIIB
cucTeMH kepysaHHa [IH no3sonuno nmiaBHILKMTH 3aBadocTiMKICTb, HagaTH cxemi ITH
MEBHY CHUMETPIIO i 348CTOCYBATH 71 KAHANIB KEPYBAHHS BHIOPAMISYEM T4
IHBEPTOPOM OHOTHITHHH aITOPHTM.

3. Kimacudpikaiis nepeuikoj B CHCTEMI KEPyBaHHA Jajia 3MOry po3poduTH
3aco0M 14 YCYHCHHS 1X BIUIMBY ULUIAXOM BHKOPHCTAHHS KOOPAMHATHOTO Dasucy
“erpyM — HOTIK® 0pH po3podul CTPYKTYPH CHCTEMM KepyBaHHS, OOMEKeHHIM
KOC(IIIEHTIB MIJICHACHHA TPOTOPUIHHUX YacTHH PETyIATOPIB CTPYMY Ta MOTOKY,
pPO3pOOKOK JIaTYMKA MOTOKY 3 HIBHIKHM IEPEX0/J0M B YCTaJeHHH pemumM podoTu,
3ACTOCYBAHHAM IHTETPAILHOTO BXOIY Ta HENMPAMOro AH(EpPEHIIIOBAHHA B JATYHKAX
pizHHLeBHX (a3 Ta 4acTOT, BIPOBAIKEHHAM IIPOrPaMHOI 3aTPUMKH /IS YCYHEHHH
BIUTMBY PO3KHY 44ciB crpaipoByBanns BK, makmodeHnam 3 HyIbOBOIO KOB3aHHSA
118 YCYHEHHS BIUITMBY pO3KHY 4acie cnpauboByBaHHs [ITK.

4. Busznauenus HaOopy napaMeTpiB CHHXPOHIZALIT IPH MPAMOMY NMePEeMHKAHHI
A03BOJHIO BHAUIMTH MEPIIOYEProBrii BIJIME PO30KHOCTI Mo (asl, Ta ApyropsaaHHil
BIUIMB PO30LKHOCTEH 110 4acTOTl T4 aMILIITYAl MK BEKTOpAMH [OTOKIB pPOTOPY Ta
MEpesKi Ha MepexiJiHI 3HAYCHHS eNeKTPOMArHiTHOTO MOMEHTY Ta CTPYMY cTaTtopa.

5.AHam3 BILTMBY po30iKHOCTEH Mo (a3zi, 4acToTi Ta aMIUTITYIl MIJK BEKTOpaMH
MOTOKIB POTOPY Ta MEPEKI Ha MPOIECH MpH nepemukandi AJl Ha Mepexy nokasas,
[0 [IPH YMOBI 103BOJICHOCT1 JBOKPATHHUX 10O BiJJHOLLIEHHKO [I0 HOMIHAIIBHUX 3HAYEHB
MEPEXIAHMX CTPYMY CTATOPa Ta CICKTPOMATHITHOTO MOMCHTY JIOMYCTHMHIA Jiarma3oH
po30LKHOCTI Mo (a3l CKIaJae KilbKa eeKTPHYHUX IpaayciB, po30IKHOCTI [0 HacToTI
— YACTHHH TEplId, 110 aMIUTITY/Il — KUIBKa MTPOLICHTIR.

6. Po3pobuieni umcnoBl ta aHainiTHuHi Mogeni AJl B koopamHarHoMy Da3suci
“CTpyM-noTiK” I03BOIMIH [TPOBECTH AHAI3 BIUIMBY MApPaMeTPiB CHHXPOHI3aUil Ha
nepemukanHa AJl Ha Mepexy Ta BHIUIMTH B MEpeXiJHHX Mpolecax CTaTOpHY Ta
POTOPHY KOMIIOHEHTH.

7. Po3pobneni maTemMaTH4HI MOJENI €ACKTPOMEXaHIYHHX TMPOLECIB ¥ CHIOBIH
qacTHHl cuereMd “TTH-AJ]” 103BOMHIIM COPOCTHTH CHHTE3 PEryisaTopiB CHCTEMH
kepyeanHa [TA va eTani nepeMHUKaHHA,
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8. CunTesopana cTpykTypa cucTteMu kepysBanda [IY Tta wontakTopamu
703BOJIM/IA BUKOHATH MepeMUKaHHA A/l Ha Mepexky Ta HaBNakW i3 3HAYEHHAMH
MEepPexiIHUX BEIWYHH CTPYMY CTATOpA Td ENEKTPOMATHITHONO MOMEHTY, 0 He
MEePeBHILYIOTH HOMIHAIBHUX OlbIlIe, HIK YABIYL.

9. Pesynwratn  auceprauiitnol  podoTH  3HaHILIM  3aCTOCYBAHHA — 1IpH
npoektyBaHHl [IY g enexrponpusoais Ha JIT “HIAI “XEM3”, a Takox B
HABUAJILHOMY npouect kadeapu npomuciooi 1 OlomenuuHoi enexkrponiku HTY
XTI,

CIMUCOK ONMYBJIIKOBAHHUX MPAILb 3A TEMOIO JUCEPTAILIT

. Pomun H. 0. Moaens HHBEpTOpa B KOOPJHHATAX «TOK-TIOTOK» H €€
MPUMEHEHHE [PH aHajlu3e MepexoJHbIX MPOLECCOB B HaCTOTHOPEryJIHpPYeMbIX
npusogax [/ E. W, Coxon, . I1 l'onuyapos, B. B. 3amapyes, A. B. Epecsko,
A. 1O. bapy, 10. JI. llluuanec, H. KO. Ponun // Texniuna enexkrpoanHamika. — Kuis:
IEJI HAHY. — 2005, — Y., |, Temarvnunuii sun. — C. 93-98.

3n00yBaveM 3anponoHOBaHa MOJENb CHCTEMH “aBTOHOMHHH IHBEPTOP CTPYMY
— ACHHXPOHHHI JBUIYH” B KOOpJAMHATHOMY 0a3Hcl “CTpyM — NOTIK” 3 NOAaJIbIIHM
MPUBEICHHAM MApaMeTpIB JBHIYHA J10 JIAHKH MOCTIHHOTO CTPYMY IHBEpTOpa.

2. Ponun H. HO. Ilepexon k iy -koopauHaTHOMY Oa3Hcy NPH MOJAEIHPOBAHHUN
4acTOTHO-peryampyeMbix  anekrponpusonos /[ [O.IT. Towwapos, E. M. Cokon,
A. 1O. bapy, B. B. 3amapyes, C. lO. Kpupomees, H. B. Xsopoct, HO. JI. lllunaxec,
H. HO. Poaun // Bicauk HamloHanisHOro TeXHIYHOTO YHIBEpcHTeTY ““XapKiBChKHIH
nojitexHiyHui iHcTuTyT . — Xapkis: HTY “XIII”. — 2005. — Bun. 45. — C. 40-44.

3no0yBavyeM pospobneno anamiTryari moaem AJl npu suBIeHH] BII JuKepena
MOTOKY B Dazuci “cTpyM — MNOTIK Ta JEKOMIIO30BaHO eKBiBaleHTHY cxemy AJl no
4acToTI 1 (pasi, MEXAHIUHI MAPAMETPH MPHBEAEHO 10 EJIEKTPHUYHHUX CXEM 3aMIlIeHHS.

3. Pooun H. 1O. Tlepexoausbie MPOLECCHI B YaCTOTHOPETYIHPYEMOM
WICKTPOIPHBOAE 1PH HepekioueHnn  jgeurareins Ha cers [ HO. I1. I'oHuapos,
E. U. Coxkon, B. B. 3amapyes, A. 0. bapy, 0. JI. [lluuauec, H. FO. Poaun // BicHuk
HanioHansHOro TeXHIYHOIO VHIBEPCHTETY ““XapKIBChKHIl NOMTeXHIYHHI THCTHTYT .

Xapxkig: HTY “XIII". — 2005. — Bun. 45, - C. 168-172.

3n00yBauem pozpodieHo urcnoel Mogem AJl npu KHBIEHH] Bl Jkepena
MOTOKY B Daszucl “crpyM — noTik”, BH3HA4YeHHI HAOIp mapaMeTpiB CHHXPOHI3AIIT,
MpoaHaai30BaHO 1X BIUIMB Ha NepexiaHl mpouecH npu niakiarodeHHl Al Ha mepexy.

4, Ponun H. 1O, XapakTepMCcTHKH  CHCTEMBI  «MHBEPTOP  HamnpsKeHHd  —
ABUTATE/Ib» IPH MPOTHO3ZHOM YIPAaBJIEHHH [0 Pe3ylIbTHPYIOUIeMY BEKTOpy Toka /
0. I1. l'onuapos, H. B. Xsopoct, H. 0. Ponun // Texuiuna enekrpoamHamika. —
Knie: IEJ] HAHY. — 2006, — Y. 4, Tematn4nuii pumn. — C. 45-50.

3no0yBaueM  3anpONOHOBAHO  BHKOPHCTOBYBAHHS  METOAY CTEKEHHS 34
pe3YABTYIOHHM BEKTOPOM CTpyMy potopa npu noctiiHid wactoti HIIM  ana
kepysanHs [1Y 3 maHkow nocTiHHOro cTpyMy Ha a3l IHBEPTOpa HANIPYTH.

5. Pogun H. 0. Ocobennoctu padoTe! YACTOTHOPETYTHPYEMOTO
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AEKTPONPHBOAA HA Oa3ze MHBEPTOPA TOKA B PCAKHME TMEPEKIIOUCHHA JIBHTATENS C
cetH Ha npeodpazosarene [/ HO.IL I'onuapoe, A. B. Epecero, A. HO. bapy,
10. JI. Hlunanee, B. A, Tonoeckuii, H. KO. Poaun // TexHiuna enexTpojMHaMika, —
Kunie: [E]l HAHY. — 2007. — Y. 4, Temarn4yuuii sun. — C. 34-37.

3n00yBauem pospodiaeHo anropurM nepemukands AJl 3 mepemi na ITA 3
ypaxyBaHHAM CHIIOBOI YACTHHH Ta PO3MIAHYTO NPOLeCcH NpH cHHXpoHizamii y [1Y.

6. Poaun H. HO. YacrorHoperyiupyeMsiii JIeKTpolpuBojl Ha Oasze MHBeEpTopa
TOKa ¢ MepexavYeHneM [BHrarena ¢ npeoOpazopatena Ha cetk /[ E. M. Coxon,
HO. [1. l'oHuapos, A. }O0. bapy, K. JI. lunaunec, B. A. [Tonoscekuii, H. KO. Popun //
Texuiuna enexrpoannamika. — Kuis: IEJl HAHY. — 2007, — Y. 5, Temaruunuii Bumn. —
C. 3-8.

3n00yBayeM 3anponoHOBAHO CTPYKTYpY cucTemu nepemukanna AJl 3 ITA na
MEpeKy Ta CHHTE30BAaHO 11 peryiastopH; po3podieHo anroputM nepeMukanHs AJl 2
I[TA mna wMepexy Ta METOAMKY MIHIMI3YBAHHA HACHUIKIB  PO3KHIY  4aciB
CIpalbOBYBAHHA KOMYTaIIIiHOT anapaTypH.

7. Popun H. FO. Undposoit  jparuuk  notoka A0 VIEKTPONPHBOIOB ¢
npeobpazoeatensamMu  yactoTel / FO. IL Towuapor, A.IO. bapy, HO. JI. lllunanec,
B. A. llonosekuii, H. KO. Poqun // Texuiuna enexrpoauuamika. — Kuis: IEJ]] HAHY.
— 2008, - Y. 4, Temarwuunii sun. — C. 23-28.

3a00yBauem  po3poliieHO JATYMK  1IOTOKY HAa  OCHOBl  MOAH(IKOBAHOIO
IHTErpaTopa 31 3BOPOTHHM 3B'A3KOM JUIS BHKOHAHHA onepaiii interpysanusa EPC.

8. Pomun H. HO. [lomexu B cHcTeme ynpasineHHs npeodpa3zoBareieM 4YacToThl
ACHHXPOHHOI'O CKTPONPHBOJIA C TIEPCKIIOYCHHEM JBHIATENs HAa ceTh M obparHo /
FO. I1. Tonuapog, A. 1O. bapy, HO. JI. llluuauec, B. A. Ilonosckuii, H. KO. Ponun //
Texmiuna enexrpoaunamika. — Kuis: 1EJI HAHY. — 2009, Y. 4. — Temarnyuunii BHm. —
C. 57-62.

3n100yBaueM KIACH(IKOBAHO NEPEMIKOAN, IO IH0TE Y CHCTEMI KepyBaHHS
MepeTBOPHOBATBHHM arperaroM, Ta 3arpornoHOBaHO UUIAXH 1718 YCYHEHHA 1X BIUIHBY.

AHOTAILIT

Ponin M. 10. KepyBanns HamiBnpoBIHHKOBHM TICPCTBOPIOBAYCM  HacTOTH
ACHHXPOHHOI'O ENEKTPONPHBO/IA TIPH NIEPEMHKAHHI JIBUI'YHA HA MEPEeKY Ta HABIAKH.
— Pyxonuc.

Hucepramis  Ha 3000yTTA  CTYNEHA KaHOMJaTa TeXHIYMHHX HayK 3a
criemianeHicTid  05.09.12  —  HamBOpoOBIJHHKOBI  MEPETBOPIOBaYl  eHeprii, —
HanionaneHuil TexHiYHHH yHiBepcuTeT “XapKiBCbKUH NOMTEXHIYHUH IHCTHTYT —
Xapkis — 2010.

Hucepraiiia NpHCBAYEHA po3po0ui NPHHLIKIIB KepyBaHHA
HAMIBIPOBIHUKOBHMH [EPETBOPHBAYAMH YACTOTH ACHHXPOHHHX ENeKTPONPHBOILIEB
MpH MEpeMUKaHHI IBHTYHA HA MEpEKY Ta HaBnaku. Po3po0neHo CTPYKTYPH CHCTEMH
KepyBaHHA. 3aCTOCOBAHO CHIHAIIM [OTOKIB POTOPA Ta MEpPEeml Y SAKOCTI ONOPHHX.
Po3pobneno naTyMk MOTOKY Ta A4aTYWMKH PI3HHIECBHX (a3, uwacToT Ta aMrumTyi.
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KnacndikoBaHo nepemkoan B CHCTeM] KepyBanus. Busnaueno wabip mapameTpis
CHHXpOHIZaWii Ta iX IHAUBLAYAJIBHUH BIUIHE Ha NPOLECH NPH MIAKIKYEHH] IBHIYHA
Ha Mmepexy. Pospobneno yMCIoBl, aHamiTHYHI MOJEN JBHUIYHA B KOOPJAHHATHOMY
fa3zuci “cTpyM-moTIK® Ta aHaJdiTHYHI MOJAENi CHCTEeMH “‘MepeTBOPIOBAY-ABHTYH .
CHHTE30BAHO PErYIATOPH CHCTEMH KEPYBAHHA Y PEAHMI nepeMHKanHa. Pozpaxosano
yrepeaKeHHs 110 apaMeTpaM CHHXPOHI3ALIT TPH MepeMHKaHHI ABHI'YHA HA MEPEKY.

KarwuoBi  cjaoBa:  HAMBHPOBIAHUKOBHIL  NEPETBOPIOBAY,  KEPYBAHHS
MepeMHKaHHAM JBHIYHA, TaTYHKH, NEPEHIKOIN, TIEPeX1IHI TPOLIECH.

Rodin N. Y. The control of semiconductor frequency converter of
asynchronous electric drive while transfering to supply and back. — Manuscript.

Thesis for a candidate of science degree in the speciality 05.09.12 -
semiconductor converters of electric energy. — National technical university
“Kharkov polytechnic Institute” — Kharkiv — 2009.

Dissertation was devoted to the development of control principles of
semiconductor frequency converter for asynchronous drives when switching motor to
supply and back. Control system structures were developed. The signals of rotor flux
and supply flux were used as referenced ones. The flux sensor and the sensors of
phase, frequency and magnitude difterences were developed. The noises in control
system were classified. Synchronization parameter set and the individual influence of
this parameters on process while switching motor to supply were fulfilled. The
numerical, analytical models of motor in coordinate basis “current-flux™ and the
analytical models of “converter-motor” system were developed. Control system
regulators in switching mode were synthesized. Synchronization parameter
forestallings while switching motor to supply were calculated.

Key words: semiconductor converter, motor transfer control, sensors, noise,
transients.

Poaun H. HO. YipasieHue nonynpoBOAHHKOBLIM 1IPeo0pazoBare/ieM 4acToThl
ACHHXPOHHOTO IEKTPONPHBOA NIPH MEPEKIHOYEHHH JIBUTaTe/id Ha CeTh U 00paTHo. —
Pykonuce.

Huccepraima Ha COHCKaHHE YYCHOH CTENCHH KaHAW1aTa TEXHHYCCKHX HayK 110
crieynanbHocTH 05.09.12 — noaynpoBo/HHKOBEIE [PeodpazoBaTe/y MeKTPOIHEPIUH.
— HaumoHanbHbIH TEXHHYCCKHH YHHBCPCHTET «XapPbKOBCKHH MOJHTEXHHYCCKHI
HHCTHTYT» — Xapbskos — 2009,

HHCCGI}THIIHH IMOCBANIICHA pﬂ'jpﬂﬁ[}TI{C MPHUHIIHTTIOBR YIPABRJICHHA
[IOJIYIIPOBOAHMKOBBIMH [Ipe00pa3oBaTe/is YacTOThl ACHHXPOHHBIX 3/1EKTPONPHBOIOB
MPH NEPEKIFYEHHH JIBUTATENS HA CETh H 0DpaTHO.

Pazpabotanbl cTpyKTyphl cHCTeMbl YIpaB/IeHHA, OCOOCHHOCTBI) KOTOPBIX
SIB/ISIETCS HAIMUME CHCTEMbl neperiiioueHus ((popMupyloweil 3ajaHue uJactoTel M
AMIUTATYBI TIOTOKA POTOpPAa Ha JTane CHHXPOHH3AUHH, a TaKKe YNpapasiolie
KOHTAKTOPaMH) W HCIIO/Ib30BAHHE B KAYECTBE OIOPHBLIX CHIHAMNOB [OTOKOB pOTOpa M
CCTH (TIGI[ MOTOKOM CCTH MOHHMACTCA HHTCTPAT OT HATNIPAKCHHA CGTH},
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Paspaboran maTdMK mNOTOKAa JUI8  MHTCTPHPOBAHMA BXOAHOTO CHTHAIA,
OBICTPBII Mepexo] KOTOPOro B YCTAHOBHUBIUMICH peuM padoThl JOCTHIHYT 3a cyeT
MCTIONIB30BAHHS MOJHGHIIMPOBAHHOTO HHTErparopa ¢ 00paTHOH CBA3LI0, HMEIOIEH B
CBOEM COCTaBe AHCKpeTHBIH (ukcatop. Pazpaboransl natuMkH pasHOCTHBIX (ha3s,
HACTOT H AMILIHTY/L ¢ HCIOIB30BAHHEM METO/A BPALLAIIIMXCH BEKTOPOB.

KnaccupuuupoBanbl 1MoMeXH B CHCTEME  VYIPaBICHHA, [PEJI0KeHBI
MEXAHHU3Mbl YCTPAHEHHA MX BiuAHHA. [leHcTBHE JIMHEHHONH W MHTEIPAIBHOH IOMEX
(CBA3AHHBIX C HCH3BECTHBIMH HaYaIbHBIMH YCIIOBHAMH HHTCTPHPOBAHHA H HAITHYHEM
BO BXO/JHOM CHI'HAJIE [apasHTHOH IOCTOSHHOH COCTABIAIOLIEH) B JATYHKE IOTOKA
poTOpa YCTPaHCHO MYyTCM BBCICHHA CICLHANLHOH 00parHO#l CBA3H C IHCKPCTHBIM
xapakrepom padorel. JleficTtBMe MHCTPYMEHTAIIBHOH 1oMeXH (CBA3aHHOH C
auepeHITMPOBAHHEM  TPHTOHOMETPHHECKHX  (PYHKIMH ¢ OrpaHnH4ecHHBIM
AHara30HOM BBIMHCIAEHHI) B 1aTUHKAX Pa3HOCTHBIX CHIHAJIOB YCTPaHEHO Iepexo1oM
K KOCBeHHOMY AH(PEPEHITMPOBAHHIO COCTABIAIONIMX BEKTOpA MNOTOKA POTOpa
EAMHHYHOI aMIIHTYIbl. BiauAHHe nDapaMeTpH4YecKkoil noMexH (00yCIoBISHHOM
HETOUHOCTEN) KOCBCHHOID BBIUMCICHHH H{}T{}KH} }-’ET[}&II{?H(} HCTIONB30BAHHEM 1718
pPa3HOCTHBIX JIATYMKOB HE TEKYIero, a YCpeJHEHHOro He HEKOTOPOM HWHTepBaie
3HaueHHs (pazHoro curuana. Jlelcrsue nylnbcalHOHHOH noMexH (CBA3aHHON ¢
OTIHYMEM pPEAlbHOH KOMMYTALHOHHOH (YHKIHH KOMMYTAaTopa HHBEpPTOpa OT ¢¢
HENpPepLIBHONH ANNPOKCUMALIMH) YCTPAHEHO orpaHuueHHeM koddduunenra yeuienus
MPONOPIHOHAIBHOIO 3BEHA peryaaTopa notoka. Bawsuue cyOrapMoHHYeCKOH
noMexu (oOyCIOBIEHHOH JIMCKPETHOCTBID MPHPALIEHUS BbIXOAHOIO HANPIKEHHS
BLITTPAMUTENS ) YyCTPaHeHO OrpaHHYCHHEM KoappuIMenTa YCHIICHHSA
[POMNOPLUHOHAIIBHOIO 3BeHA peryiasropa Ttoka. JleiicTBue nomexu, cBA3aHHOI ¢
pasbpocomM BpemeH cpadbaThIBAHHA BBIXOJHOTO KOHTAKTOPA, YCTPAHCHO BBEICHHEM
MPOrpaMMHON 3aJepkKKH OT MOMEHTA BbIJa4Hd KOMAaH[bl HA Pa3MBIKAHHWE BBIXOJHOIO
KOHTAKTOpa /10 MOMEHTA BBLIAYH KOMAH/bl Ha 3aMBIKAHHE [IHYHTHPYIOLIErO
koHTakTopa. /leiicTeMe momexwH, cBA3aHHOH C pa3dpocom BpemeH cpadaThIBaHHA
IWYHTHPYIOLEN) KOHTAKTOpd, YCTPAHEHO VYCTAHOBKOH TakHX YIPEKISHUH 110
nmapaMeTpaM CHHXPOHH3AllHH, TPH KOTOPBIX TMOAKINYEHHE [BHrarens K CeTH
MPOHCXOHIO HE C HOMHHAIIBHOT'O, & C HYJIEBOI'O CKOJIbAKEHHS.

HeTann3zupoBaHbl anropHTMBI IPAMOTO W 00PATHOTO MEPEKIIONCHHH € YICTOM
ocoDeHHOCTEH THIIA CHIIOBOMH 4acTH.

PaccumTanel  yOpekKJACHWA 1O MapaMeTpaM  CHHXPOHM3AIWH  NPH
NEpPEeKIYeHHH  JBHTarens Ha ceTb. [lokazaHo, 4To BHavaze HeoOXOAHUMO
YCTAHABIHBATE YIIPEKIACHNE MO aMIUIHTY/E, 3aTEM — 10 9acTOTEe, 3aTeM — 1o Qase,
ITpu pacuere ynpesxjieHHil yuTeHbl QUCKPETHOCTH NpeoOpa3oBarelis, 3Tan ralieHHd
TOKA, TAll Nays3bl B MHTAHUK ABHraTess W (DasoBblil CABHT NIPH HUCIIOVIB30BAHHH 118
CHHXPOHH3ALHH MOTOKAa pOTOpa BMECTO OCHOBHOTO MarHHTHOTO MOTOKA JABHraTelNs.

Onpejenen Habop napamMeTpoB CHHXPOHH3ALMH, BIHAKLIMX HA NPOLECCHl IPH
MOAKIIOUEHHH BO30VKICHHOTO aAurarens K cerd. Ilokazano, yto B OOmnbiICi
CTENEHH BIMAHHE HA MEPEeXO/]HbIE 3HAYEHHHA OIJEKTPOMArHHTHOIO MOMEHTa M
AMITTUTY/TBI TOKA CTATOPA OKA3BIBACT PACCOTTACOBAHME MO (ase, B MEHBIICH CTEMEHH
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— PaccornacoBaHMs M0 HacTOTe W AMIUIUTYAE MEXKAY BEKTOpaMH [OTOKOB poTopa H
cetd. OnpezienieHO HHAMBHYAIBHOE BAMAHHE paccoryiacoBaHMii no gase, yacrore
aMIUTUTYZIe Ha MepexojHbie TNMpOoLecchl MpH MOAKIIOYeHHnH asurarens K cetu. C
MOMOIIBIO pa3paboTaHHBIX B KOOPAMHATHOM Oa3uce «TOK-MOTOK» Mojenei
ABMraTens HaiJeHo, 4YTO MpH JOMYCTHMOCTH JBYKPATHBIX MO OTHOILICHHIO K
HOMHHAJIBHBIM TMEPEXOAHBIX 3HAYCHHH AMIUTHTYb! MEKTPOMArHHTHOIO MOMEHTa M
TOKAa CTAaropa BeJIMYMHA paccornacoBaHus no ¢ase HMeeT TMOPANOK eIHHHIL
MMEKTPHYECKUX TPaycoB, M0 HacToTe — J0JeH repua, Mo amIuIMTyAe — eIAHHHIL
npoueHtoB. C nomoupio pa3paboTaHHBIX B KOOpAMHATHOM Oasuce «TOK-IOTOK»
AHAJIMTHYECKHX MOJIesiell B MEepexo[HOM Mpouecce NpH MOAKIIOYEHHH JABUrarens K
CETH BbIJEJIeHbl CTATOPHAA (3aBHCAIIAA OT HAYAJILHOIO 3HAYEHHA MOTOKa CTaTropa) U
poropHas (3aBHCHIIAA OT COYETAHHMA IJIEKTPUYECKHX [apaMeTpoB poropa H
MEXaHHYeCKHX NMapaMeTpoB) COCTABJISIONIHE.

Pazpaboranbl  aHANMTHYECKHE  MOJEIM  CHCTeMbl  «rnpeoOpasoBaTelib-
ABUratesqb».  BBINOIHEH  CHHTE3  peryjsTOpOB  CHCTeMbl  yNpaBleHHS
npeobpazoBaresieM B pexuMe NMepeKioYeHns NPy MoAIepKaHUH 3aKOHA YIpaBIeHHs
C MOCTOSTHHOM aMIUTMTY/0# MOTOKA.

KaloueBbie cjioBa: noaynpoBOAHHMKOBBIM npeoOpasoBarelb, yrpaslieHHEe
NepeKIIoYeHHeM JABUraTess, JarYuku, MOMeXH, NNepexoiHbie MPOLEeCcChl.
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