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C. B. bBonmpyweeuy — marucTpaHT Kadeapbl ynpaBneHnst U HGHOPMATUKN B TEXHUYECKUX CUCTEMAX
A. 10. KyumuH (KaHf. TexH. HayK, [OL.) — Hay4HbI PYKOBOAUTENb

MPOBMNEMbI CUHTE3A ONTUMANBHOW CUCTEMbI YNPABJIEHUA AHTEHHOM YCTAHOBKOVI
C NPUMEHEHMEM MHOIO®A3HbIX ACUHXPOHHbIX ABUTATENEN

CoBpeMeHHble aHTeHHble ycTaHoBKM (AY) MCMONb3YIOT cucTeMbl aBTOBbIGOPa NtodTa, B paboyem pe-
XMME JBWXYTCA Ha NOM3y4mx CKOPOCTAX, U TpebytoT 60nbLLoro nyckoBoro MomeHTa. OaHon 13 npobnem co-
30aHUS HaAEXHbIX aHTEHHbIX YCTAHOBOK, Hapsay ¢ npobnemamu ynpasfieHus NpuBOLOM TakoW CUCTEMbI U
KOMMEHCALMM BHELIHWX Harpy3okK, ABnsieTcs BbIOOp ABuratens ans npueoaa.

CerogHs SBNSETCA 0YEBUAHBIM TO, YTO ANEKTPONPUBOLLI MOCTOSHHOTO TOKA YXe He SBMSTCH eanHo-
NIMYHBIMU NPESCTaBUTENSMU perynimpyembix anektponpusogos (PIOMT). Passutie Hayku, TEXHUKM U TEXHOMO-
MW NOZOLLINO K TOMY pybexy, korga CTano BO3MOXHO co3faHne PII nepemeHHOro Toka BOOOLLE M B NEPBYIO
o4Yepeb Ha OCHOBE aCMHXPOHHBIX ABUraTenen.

Mpeumyuwiectea POl — no.blleHe KayecTBa 0BCNyXMBaeMOro TEXHOMOMYECKOro npolecca, peanu-
3aLMs BO3MOXHOCTYW 3HEProcOepexeHns 3a cHeT IKOHOMMM 3nekTpoaHeprin 4o 30% npw ontuMusaumm pabo-
Yero npoLecca MexaHu3Ma, CHIKEHWE M3HOCa MeXaHUYeckoro 0bopyaoBaHMs 3@ CHEeT «MSrKOM» OUHAMUKN 1
np. — 6bIK, pa3yMeeTCs, U3BECTHbI CNeLuanucTam paHee, OAHaKO ero WMPOKOE NPUMEHEHWE CAEPXMBANOCH
OTCYTCTBMEM Heobxoaumoi anemeHTHoM 6a3bl. Bece Bonbluee MecTo B NMPOAYKUMM 3MEKTPOMALLMHOCTPOU-
TerbHbIX 3aBOA0B 3aHUMAIOT MOAUMDUKALMN 1 CieLManu3MpoBaHHble UCMIONHEHNS dNeKTpoaBUraTenen.

MuoroasHbIn acuHXpoHHbIA Asuratens (MALl) MOXET SBNATLCS anbTepHATUBON TpexdasHbIM MaLlu-
HaM NPy NUTaHWK NocneaHnx ot npeobpasosateneit Yactotsl (M4). Mog MHOrodasHbIMY aCHXPOHHBIMU ABM-
raTensMvm NOHUMAKOT Takue ABUraTeny, y KOTopbIx YMcno gas obmoTku ctatopa 6onee Tpex t>3 — n obMoTKa
SIBNSETCA pacLyenneHHoi (cTaTopHas 06MOoTKa, 0CM OQHOMMEHHBIX (ha3 KOTOPOW CABWHYTHLI NO pacTouKe CTa-
Topa Ha 77/t psd), coeanHeHa Bt/ 3 CUMMETPUYHbIE FPYNMbl M MUTAETCH CUMMETPUYHON CUCTEMOI Hanpsixe-

HWS, UMEIOLLEN BPEMEHHOW CLBUT, PaBHbIN NPOCTPAHCTBEHHOMY CABUTY (bas.

[Mpobnema obecneyeHns HagEeXHOCTU OCTPO CTOUT Nepes Co3gaTensMmn SHepreTYecknx 0bbekToB, Cu-
CTEM YMpaBreHns, ANeKTPUYECKUX MaLUMH ANs pasnnyHbIX 0bnacten HapogHoro xossictea Poccun. IMeHHO
B 9TuX obrnactax MAL nposiBNsieT BCe NpucyLLne eMy JOCTOMHCTBA, KOTOpble ByAyT ONUCaHbl HUXE.

MHorogasHble aCUHXPOHHbIE MaLLWHBI MPUMEHSKOTCS B OCHOBHOM B YCTAHOBKaX C MOMynpoOBOAHWKOBbI-
MK npeobpasoBatensamu, T.e. ABNATCA cuctemorn «MHorodasHblin MY — aCMHXpOHHbIN ABuraTenby. B Takmx
cucteMax (hasHble HanpsKEHUst M TOKU CTAaTOPHBLIX OBMOTOK MaLUMH MOTYT UMETb 3HAYUTENBbHBIE UCKAXKEHUS.
[aHHas npobriema pellaeTtcs nyTeM BBEAEHUS MUKpPONpoLeccopHoro ynpasnenus MY ana obecneyenus no-
CTOSHCTBA YaCTOTbl MUTAIOLLErO HAMPSHKEHWS, @ 3HAYNT U YacToThbl BpaweHus Bana MAL. BaxHbiM npeumy-
LEeCTBOM WCMOMb30BAHNSI MHOTOMA3HbIX aCMHXPOHHBIX MALIMH B CUCTEMax YnpaBneHWs SBASETCS TO, YTO
yBenuyeHne yncna a3 crtatopHbIX 0OMOTOK MO3BOMSET CHU3UTL MyNbCaLMM MOMEHTA U CKOPOCTW Ha Bany
MAL. CnenyeT OTMETUTb, YTO ABUraTENM AAHHOTO TMNA OCTalOTCs paboTocnoCOBHLIMM NPU OTKIKYEHMM (06-
PbIBE) OHOW UMK Aaxe HECKOMbKMX a3 0OMOTKK cTaTopa, Tak Kak B 3TOM Cllyyae B HEM NMPOLOSIKaeT co3aa-
BaTbCS BpaLLALLEECs MarHUTHOE None, YTO ABNSETCS CyLLeCTBEHHbIM (hakTopoM BoobLe 1 B 0COBEHHOCTH
B OTBETCTBEHHbIX 3aJa4vax YNpaBeHns 1 TeXHomnornyeckux npoueccax. Mpn yBennyeHun yucna ¢as Takke
YMEHbLLAKTCA NOTEPU 3HEPTUM B POTOPE OT BbICLIMX MPOCTPAHCTBEHHBIX rAPMOHUYECKUX COCTaBISHOLLMX.
MHorodhasHast KOHCTPYKLMS 0COBEHHO 3hheKTUBHA B BbICOKOOBOPOTHBIX MaLLMHaX, B KOTOPbIX Macca u 06b-
€M aKTWBHbIX 3NIEMEHTOB CPaBHWUTESTbHO HEBENMWKMW, W CYLLECTBYET NpobriemMa CHWXEHUS MOBEPXHOCTHbIX Mo-
TEPb 3HEpruK B pOTOpE.

[Mpy MaTeMaTNyecKkoM OMMUCaHUM MHOrO(Ha3HOTO aCUHXPOHHOTO ABUraTesns NPUHATO, YTO OH UMeeT He-
CKOMbKO TpexasHbIX 0OMOTOK, B3aMMHO CABMHYTHLIX MO ha3e Ha Yron, paBHblil OTHOLLEHMIO 60 anekTpuye-
CKUX TpagycoB K konmyectBy 06MoTok [1]. Hynesble TOUkM 0BMOTOK BbiBEAEHBI. POTOP KOPOTKO3AaMKHYThIN.
OnucaHne acUHXPOHHOW MaLUWHbI BbIMOMHEHO MPW ee NoApa3aeneHni Ha NOACXEMbI, B3aUMOCBSA3aHHbIE Ye-
pe3 3aBUCUMbIE UCTOYHUKI HANPSHKEHNS U TOKA, KaK 30BpaXeHO Ha pUCYHKe.
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MoncxeMbl MHOTOa3HOM aCUHXPOHHON MaLLWHBI

CraTtopHble 06MOTKM OnmMcaHbl B (PasHbIX OCAX Npu cneaylowmx 0bo3HaveHusx: n — Homep asbl, m —
HoMep 0BMOTKM, M — Konn4ecTBO TpexdasHbix 0BMOTOK, Unm — HANPSHKEHUS as, inm — TOKM ha3. B nogcxe-
Max CTaTOpHbIX 0OMOTOK B KayeCTBe 3aBUCUMbIX WCTOYHWKOB y4TeHbl (hasHble OC enm (06ycnoBneHHble
MarHUTHbIM NOTOKOM B 3a30pe), a Takke O[JC B3aMMHOM WHAYKUMM (ha3 No MyTAM pacCesHUs €snm. YYTEHbI
WHAYKTMBHOCTW ha3 | n akTuBHble conpoTuBneHus ri. OAC esnm ¥ MHAYKTMBHOCTb | onpeaenstoTcs npu uc-
MoMb30BaHUM CreayoLWwmx napameTpoB: lsm — MHOYKTUBHOCTb paccesHns a3 B CUMMETPUYHOM pexuMe pa-
BoTbl BCeX 0BMOTOK, ls1 — MHAYKTUBHOCTL paccesHus a3 B CUMMETPUYHOM pexumMe paboTbl ogHOM Tpexdas-
HOW 0BMOTKM (OCTarbHble Pa3oMKHYTbI), lo — MHOYKTMBHOCTL HYNEBOW NOCNeaoBaTENbHOCTU. POTOPHbLIE KOH-
TYpbl ONMCaHbI BO B3aUMHO NEPMEHANKYNAPHBIX 0caX d W g, HENOABWMXKHBLIX OTHOCUTENBHO poTopa. B nogcxe-
Max POTOPHbIX KOHTYPOB MO OCAM d 1 ( YYTEHbI B KA4eCTBE 3aBMCUMbIX UCTOYHWUKOB TOKW peakuum SKopst id 1
g YUTeHbl MHAYKTUBHOCTb HAMArHU4MBaHUS |m, aKTUBHOE COMPOTUBMEHUE LieN HAMarHU4MBaHUS fm, UHOYK-
TUBHOCTb paccesiHns 06MOTKW poTopa lso 1 aKTUBHOE CONPOTUBREHWE 0BMOTKM poTopa r2.

B mMozenu MaLmnHbl UCNonb3yTCs CReayowmne HAYKTUBHOCTY:
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B Mozenu MalumHbl Takke UCnonb3yrTCs KOIMPULNEHTbI
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B3anmHoe BnvsiHe ha3 Mo NyTsM paccesiHis 1 TOKM peakummu Skopsi OnpeaensiioTcs Npu UCnonb3oBa-
HUM CRIEAYIOLLMX NEPEMEHHBIX
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OC B3anMHOM MHAYKLMW ha3 CTaTOPHbLIX 0BMOTOK MO NyTSM PaccesHMs
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ToKM peakumm siKopsi Mo ocsm o v B
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TOKW POTOPHBIX KOHTYPOB MO 0CAM d W q ONPeSensTCS U3 CNEAYIOLLMX YpaBHEHWIA
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Mpoekuun 3C Ha ocv d 1 q aCMHXPOHHON MaLLMHbI
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OneKTPOMarHUTHbIA BpaLLaloLLMA MOMEHT, YacToTa BpaLleHWst MHOrogasHOM aCUHXPOHHOM MallMHbI
ONpeaensIoTcs ¢ Y4eTOM Y1cna nap NontocoB W 30eCk HE NPUBOASATCS.



YCroBHO pasgenus 1ccnefoBaHus 3a pybexoM u B Haleln CTpaHe, MOXHO NepeyncnuTb cregytolee
NpUMeHeHne MHOroasHbIX acuHXpPOHHbIX asuratenen. B CLUA otmevaroT nepcnektneHocTe MALL ans anek-
TpOMOBUNen, MeaUUMHCKON TEXHUKK, B UCTIbITATENbHBIX NPUBOpax, a Takke CyLeCTBYeT NaTeHT Ha MHOro-
ha3HbIN aCMHXPOHHbINA 3NekTponpuBog Ans rnybokoBoaHoro annaparta [2]. B Mepmannn MAL npumeHsitoTcs
ANs NpuBOL4a KOMMPECCOPOB M MPOBOAWMNCL MCCNELOBaHMS, KOTOPbIE BbISIBUIM LienecoobpasHoCTb BbIMNOf-
HeHust Ol nepeMeHHOro Toka MOLLHOCTbLIO Bbiwe 7 MBT ¢ aByms TpexdasHbiMiu obmoTkamu [3]. B AnoHum
dupma «SANYO» ucnonbsyeT pasnuyHble TUMOUCMONHEHUS NATUdA3HbIX ABUratenen 4ng npUMeHeHus B
MeTannopexyLwux ctaHkax ans pabotbl B rnybokom Bakyyme. B [MopTyranum Ha Xumuyeckom kombuHate B
Porto Torres ycTaHOBMEH YaCTOTHO-PErYNIMPYEMbIN aCUHXPOHHBIA 3NeKTPONprUBOA Typbokomnpeccopa MOLL-
HOCTbt0 13 KBT.

B CCCP cepuitHo Bbinyckanucb LWECTU(asHble reHepaTopbl, KOTOpbIE MPUMEHSINCL HA aTOMHOM e-
pokone «JleHnHy». MHoroasHbIMM MalUMHaMW U U3YYEHUEM 3MEKTPOMArHUTHBLIX MPOLECCOB B HUX 3aHUMa-
nuck Coyctud B.11. n Bpaxuukos B.®. B HacToswee Bpems B Poccum MHOrogasHbIMi MallMHaMy 3aHUMatoT-
c B MBaHoBCcKOM [ocygapcTBeHHOM TexHudeckom YHuepcutete [onybes A.H., ero konnerv u gpyrve uc-
cneposatenu [4].

Mpeumywectsa MAJ u nx ceoncTea TpeOYOT AONONHATESNBHBLIX UCCNIEA0BaHUI B 06nacT Mogenmpo-
BaHUS UX MarHUTHbIX, TEMMOBbIX NOMEN U HAAEXHOCTU YKa3aHHbIX ABUraTenei.
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