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YBa)kaeMbiii Nnosib3oBaTesib!

MosiBneHue 3T0ro coob6ueHnsi rOBOPUT O TOM, YTO HYXXHO BHMMAaTeJibHEE OTHECTUCH K OLeHKe AJaHHOro foKyMeHTa. [JoKyMeHT CoAepXKuT
NPpU3HaKKU, TUNUYHDbIE ANIA UCKYCCTBEHHOI0 3aBbIilUEHUA MPOLleHTa OPUIrMHaNIbHOCTU 3a cueT ocobeHHoOcTel (hopMaToOB AOKYMEHTOB. YTO
AenaTtb: B NepBYlO o4yepeab CPaBHUTb TEKCT, COAEPXXALLUNACA B OTUETE U B AOKYMEHTe, OTNpaBJ/ieHHOM Ha npoBepky. Ecnnm, HanpumMep, B otueTte
€CTb TEeKCT, He BVIAVIMbIﬁ B MCXOOAHOM AOKYMEHTEe, UM C/ioBa «CKJieeHbl>» U/ZIN B C/10Ba BCTaBJI€EHbl NOCTOPOHHMUE GYKBbI, 3TO O3Ha4YaeT, 4To
CUCTEMY M Bac nbitaJimcb 06MaHyTb. B TO ke BpeMsa, nosiBJieHue aaHHoro 3Haka HE OBA3ATEJIbHO cBuaeTenbCTBYeT OT TOM, YTO MNMOMbITKA
o6MaHa 6buia. BO3MOXXHO, TEKCT COAEPXKUT C/IMLUKOM MHOIO MHOCTPAHHbIX UJIM OYE€Hb AJIMHHbIX WM HEe HaWAEHHbIX B C/lIoBape c/ioB. 3TO 4acTo
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BBEOEHWE

AKTyanbHOCTb paboTbl. beclwoBHble Tpybbl (06caaHble, 6ypunbHble,
HaCOCHO-KOMMpPeCCopHble, KPEKMHIOBble, HEMPTENPOBOAHLIE U MP.) MPUMEHSIOTCA B
HedTenobbiue n HedpTenepepaboTke, TENTOIHEPrETUYHECKON U XMMUYECKON
NMPOMbILLIEHHOCTUN, @ TakXXe B MallMHOCTPOEHMN, aBna- N aBTOTPaKTOPOCTPOEHUM,
B rpa)xJaHCKOM 1 MPOMbILW/IEHHOM CTPOUTENLCTBE. B 3aBMCMMOCTM OT HasHayYeHus
Tpy6HOW npoayKunmn TpeboBaHMA K KavyecTBy MOryT BbITb pasfiMyHbIMU, MO3TOMY
npokaTka Tpyb xapakTepusyeTcs HECKOSIbKMMM Noc/1eA0BaTebHbIMU
TEXHOMOrMYECKUMN CTaANAaMM: NPOLLIMBKA 3aroTOBKM, packaTka 3aroToBKH,
npoLecc NpokaTkn BblCOKOKAYECTBEHHbIX TPY6.

Tpy6onpokaTHble arperatbl MUAUIPUMOBOW rpynnbl (MPOLIMBHbIE CTaHbI,
MUAbrepcTaHbl, CTaHbl XO/I04HOW MPOKATKN TPy6) MMEIOT BeCbMa CNOXHbINA U
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HecTaHAapPTHbIN XapaKTep ABUXEHUS UCMOMHUTENbHbIX OPraHoB 1 60MbLUYo
HepaBHOMEPHOCTb MOMEHTA Harpy3Ku Ha NMPOTSXXEHUM OAHOrO LMKNa NPOKaTKM.
CylwiecTBytolime cnocobbl NoBblWEHMS SHEPro3dPEKTUBHOCTHU
3/1eKTPONpPUBOAOB paccMaTpuBaloTcsa No 6onbLien YacTtu ¢ No3numi
061 enpoMbILLIEHHbIX MEXAHM3MOB A/11 HOMWHANbHOro pexuma paboTbl
3/1eKTpoMexaHunyeckoro npeobpasosartens. BHMMaTenoHoe nsyyeHume
ocobeHHoOCTel paboTbl M TEXHUYECKOWN peann3aunm 31eKTpornpruBoa0B
NMUIMIPUMOBBIX CTaHOB 3acTaBAsieT C NO3NLMKN dHeprocbepexeHns obpaTnTb
BHUMaHWeE Ha cneaytolee 06CToATeNbCTBO: 3TO — YHUKASIbHbIE YCTAHOBKMW 60s1bLLIOM
(Ha eanHWUbl MBT) MOWHOCTM ABUraTenei, KOTOpble XapaKTepu3yrTCcs KpanHe
HepaBHOMEPHbIM rpadrKoM Harpysku, rae 6onblive neperpysku No MOMeHTY
COYETAaKTCA C yYacTKaMu XOSI0CTOro X0Aa 3/1eKTponpuBeoaa.

B 3Tnx ycnoeusx 3agavya 3KOHOMUW 31EKTPOSHEPIrUM Ha CTaHe 3aTpyAHEeHa m
TpebyeT yrnybneHHOro npeasapuTenibHOroO aHanms3a, a Takxe KOMMJIEKCHOro
noaxoaa B ee peleHun.
YunTbiBas pocT cnpoca Ha 6ecloBHble Tpybbl (aToMHas,

5

ABWAMpOMbILWNIEHHOCTb M Mp.), 3HAYUTENbHYIO 00 NOTpebneHns 3neKTposHeprnm
MUINTPUMOBBIMU CTAHaMM, @ C MPaKTUYECKON TOYKM 3peHUs — GU3NYECKUIA U3HOC
3N1EeKTPOTEXHMYECKOro 060pyA0BaHMS, HAayYHO-TEXHMYECKAs 3a4a4a NOBbILEHNS
3HeproaddeKTUBHOCTM 3/1EKTPONPUBOAOB paccMaTprBaeMblX TpybonpokaTHbIX
CTaHOB SABNSETCS aKTyalbHON.

CreneHb Hay4yHOW pa3paboTtaHHOCTM npobnembl. Bonblon BKIaa B

peweHune 3aga4m sHeprocbepexeHus BHecim yveHble: U.WN. MNetpos, H.®.
UnbuHcknia, B.C. JlesHos, O.B. Kprokos, 10.C. YcbiHnH, U.4. BpacnaBckuii, 3.LL.
MwmaTos, B.H. Monakos n ap. 3agaya aHeprocbepexxeHns B 3/1IEKTPONpPUBOLAAX, Kak
3T0 cneayeT n3 063opa Hay4YHO-TEXHUYECKNX NCTOYHMKOB MHbOopMaLmnm,
OKa3blBaETCH AOCTATOYHO C/I0XKHOW U JaXXe HEOAHO3HAaYHOMN.

CywecTBytowume cnocobbl NOBbIWEHUS 3HEPro3ddEKTUBHOCTU: NPUMEHEHNE
3/1eKTpoABMraTenen C noBbllWeHHbIM HOMUHanbHbIM KM, nepexoa Ha
perynvMpyemblil 31eKTponpuBoA, paLlMoHanbHbl BbI6Op YCTAHOBNEHHOW MOLLHOCTU
3N1eKTpoMexaHun4yeckoro npeobpasoBatens, Bbibop cnocoba ynpasneHus
3/1EeKTPONPUBOAOM, — pacCMaTpMBatOTCA Mo 6onblUEer YacTu C NO3nLUIA
06LLenpoMbILLIEHHbIX MEXAHN3MOB.

Bce 6onbluee BHMMaHMe creunanmcros B 061acTv 31eKTponpuBoaa

npuBAeKalT pelweHns Ha 6a3e HOBbIX TUMOB 3/1eKTPUYECKNX MawwnH Lipo T.,
H.Weh, Ko3zaueHko B.®. n gp.

OpHako, HecMOTps Ha 6onblloe KONMYECTBO UccieaoBaHui B obnactm
3HeprocbepexeHuns, 3aaadya NoBblWEHNS 3Hepro3ddeKTUBHOCTM paccMaTpUBaeMblX
3N1eKTPONpuBOA0B 60/bLLON MOLLHOCTM C Pe3K0 NepeMeHHON Harpy3Kon Aaneka ot
peLueHuns.

O6beKkTbl nccneaoBaHUs — 3NeKTPoNpUBOAbI TPY6OMpoKaTHbIX CTaHOB
MUANTPUMOBOW Fpynnbl.

MpeameT nccneaoBaHna — B3aMMOCBA3N Mex Ay nokasatensaMmm
3HeproaddEKTUBHOCTM 31EKTPONPUBOAOB U MX NapaMeTpaMm, Harpy3o4Hom
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Avarpammoi, a Takxe rnpoueccamm B 351eKTPOMEXaHNYECKUX CucTemax.

6
Llenbto anccepTaunmoHHOM paboTbl ABASETCS NOBbILWEHNe
3HeproaddeKTUBHOCTM 3/1EKTPONPUBOA0B TPYHONpPOKaTHbIX CTaHOB
NMUANFPUMOBOW Fpynnbl.

Npes paboTbl — noBbiweHne 3HeproaddeKTMBHOCTN 3N1EKTPONpPUBOLAOB
TpybonpoKaTHbIX CTaHOB NMUMIPUMOBOW IPynmbl 3a CYET pauMoHanbHOro Bbibopa
CMTIOBOrO MeXaHo- U 311eKTpoobopyAoBaHNSA U BHeApeHUs HeprocbeperatoLmx
3aKOHOB YNpaBfieHUs 3/1eKTPOMEXaHNYECKMMU NpeobpasoBaTensamu.
3apayun uccnenoBaHms:

— YTOYHWUTb W NMPOBECTU aHanu3 TpeboBaHM TEXHONOrMYeCKoro npowecca K
3NeKTponpueoaaM TpybonpoKaTHbIX CTAaHOB MUNTPUMOBON FPyMMbl C NO3ULMIA
3HeprocbepexxeHuns;

- cpopMynMpoBaTb OCHOBHbIE CNOCOObI MOBbILLEHMS 2HEPro3h(EeKTUBHOCTH
B 3/1EKTPONpPMBOAAX PacCMaTpUBaEMbIX TEXHOMOMMYECKNX YCTaHOBOK;

- pa3paboTaTb U 060CHOBaTb METOAUKY MPOrHO3UPOBAHUS SNEKTPUYECKNX
noTepb B 3/1€KTPOABMIaTeNsAX MPOKaTHbIX CTaHOB;

- pa3paboTaTb MaTeMaTMyecKne MoAeNn OLEeHKW nokasaTtenen
3HeproaddEeKTUBHOCTU paccMaTpuUBaeMbiX B paboTe 3/1eKTponpruBOAOB;

— OLeHWUTb KOPPEKTHOCTb pa3paboTaHHbIX MaTeMaTUUYeCKux Moaenew;

— COMOCTaBUTb MO KPUTEPUIO IHEPreTnYeckorn apdeKTUBHOCTH
paccMaTpuBaeMble CTPYKTYpbl CUCTEMbI YNpaBieHWs 3/1eKTPONpUBOAaMU.

MeToabl nccnenosaHuii. B npouecce BbiNOAHEHUS paboTbl MCMNOMb30BaINCh
OCHOBHbIE MOJIOXKEHWUS TEOPUWN INEKTPUYECKMX MaLLUH, TEOPUU 31EKTPONPUBOAA,
TEopun MNOoynpoBOAHWMKOBOM Npeobpa3oBaTeIbHOM TEXHUKM, YAaCTOTHbIE METOAbI
TEOPUW aBTOMATMYECKOro yrnpaBfieHWsl, MeTOoAbl MaTEMaTUYECKOro MoAeNMpoBaHums
cucrem Ha OBM, MeToa KOHEYHbIX 3/1EMEHTOB.

[0oCTOBEPHOCTb NOMyYEHHbIX Pe3y/IbTaTOB MOATBEPXKAAETCA KOPPEKTHbIM
npuMeHeHneM MaTeMaTUyYecknx METoA0B, 060CHOBAHHOCTbIO MPUHSTBIX
OONYLLEHWUI, COrNacoBaHHOCTbIO IKCNEPUMEHTaIbHbIX AaHHbIX U pe3y/ibTaToB
MOZENMPOBaHMNSA UCCEAyEeMbIX MpOLLeCCOoB.

7
HayuyHble nonoXeHns, BBIHOCUMbIE Ha 3aluTy, UX HAay4YHas HOBU3HA
1. MNokasaHo, YTO B OCHOBY Bblbopa CTpaTernm sHeprocbepexeHus B
3NeKTponpuBodax TpybonpokaTHbIX CTaHOB MUANTPUMOBON rpynnbl cneayet
NMOMOXUTb BUA Harpy3o4yHOW AvarpamMmbl 3nekTponpueoaa. NpeanoxeHa
Knaccudukaums OCHOBHbIX MyTeN 3KOHOMUU 3/IEKTPOIHEPruM B 3N1eKTPOoNnpuBoaax
3TUX CTaHOB, YUMTbIBaKOLLass 0CO6EHHOCTM TEXHONOrMYECKOoro npowecca,
BO3MOXHOCTW CUIOBOIO MEXaHO- N 3N1eKTpoobopyaoBaHMs 1 cnocoboB ynpasneHus
W NpeacTaBneHHas B BUAE CTPYKTYPHOW CXeMbI.

2. MNpepnoxeH anropMTM NporHO3MpPoOBaHMS COCTaBASIOWMX NOTEPb B
3/1eKTPONpPUBOAAX NMPOKATHbIX CTAHOB C CUHXPOHHbBIM PeaKTUBHbLIM ABUraTeNnem
HesaBucmmoro BosbyxaeHus (CPAHB), oTnMyatowmniics Tem, YToO B €ro OCHOBY
NONOXeHbl 0COBEHHOCTU KOHCTPYKLUMUN N PYHKLMOHMPOBaHUA, 6ninskme nnm

http://susu.antiplagiat.ru/ReportPage.aspx?docld=427.34575487&repNumb=1&type=3&page=0

11/130



26.06.2017

AHTUNNarvar

coBnajarolmne C TakoBbIMU B CYLLECTBYIOLWNX 3N1EKTPONPUBOAAX MPOKATHbIX
CTaHOB C TUXOXOAHbIMU CUHXPOHHBLIMU U ABUTATENSIMU MOCTOSIHHOMO TOKa.

3. PaspaboTtaHa npeacraBneHHas B BUAe ypaBHEHUS perpeccum

MaTeMaTm4yeckas MoAesnb OnpeaesieHns CoOCTaBNALWNX NOTePb B 3/IeKTPONpuBoaax
npokaTHbIxX ctaHoB ¢ CPAHB, oTAnyalwoLwasncsa TeM, YTO OHa COAEPXKUT y3en
BblYMC/IEHUSA COCTaBMALWMX NOTEPb, KOTOPbIN MO3BONSET ONpeaensiTb UxX
BE/IMUYMHY KaK B CTaTUYECKMX, TaK U B ANHAMUYECKNX pexuMax paboThbl
3M1EeKTPONpUBOAA.

4. MNpeanoxeH n paspabotaH cnocob sHeprocbeperatowero ynpasneHmns
3/1eKTPONpPUBOAOM NpokaTHoro ctaHa ¢ CPAHB, otnmMuatowmiics napannenbHbiM

1N HEe3aBMCUMbIM BO3AENCTBUEM MO KaHanaMm Bo36yXAeHns n aKopsi C
OPUTMHaNbHbIM Y3/10M BblAEIEHNSA 3N1EKTPOMAarHMTHOrO MOMEHTa ABuraTens Ha
OCHOBaHMK MHdoOpMaLmmM o0 BenmunHe dasHbiX TOKOB CTaTopa.

MpakTnyeckoe 3HauYeHne paboTbl 3aK/OHAETCS B CieAytolem:

— NpeaioXeHHas MaTeMmaTnyeckas Mogesnb anekrtponpusogda ¢ CPAHB,
Nno3BONSIOLLAsS NPOBOANTL pacyeT nokasartener aHeproad@deKTUBHOCTUN, MOXET
6bITb NOIOXXEHA B OCHOBY MOCTPOEHUS paCYeTHOM METOANKN SNEKTPONpUBOAOB,
8

paboTaloLwmnx B yCNOBUAX CYLLLECTBEHHOW HEpaBHOMEPHOCTM MOMEHTa CTaTUyeCcKomn
Harpysku;

- MeToaMKa Bblbopa 3aKOHOB yrnpaBneHus anekTponpmeoda Ha 6ase CPAHB
ANl MEXaHW3MOB C CYLLLEeCTBEHHOW HepaBHOMEPHOCTbIO MOMEHTA CTaTU4eCKOM
Harpy3ku Mcrnonb3oBaHa Npu pa3paboTke 31eKTPonpUBOLOB MPOMbILLEHHbIX
MEeXaHW3MOB M YCMELHO NPUMEHAETCA Ha MPON3BOACTBEHHbIX NMPEANpPUSATUAX, UTO
NoATBEPXXAAETCS akTaMu O BHEAPEHUMN.

Pe3ynbTaThbl AgnccepTaunoHHON paboTbl HaLWAW MPUMEHEHWE:

— 1 6b1 NpUHATBI K BHeapeHuto: B MAO * YenabuHckuii TpybonpoKaTHbIn
3aBoa” (r. YenabuHck) npu MoAEpHU3aUMK SNeKTponpuBoaa TpybornpokaTHOro
ctaHa; B OO0 HTL “MpuBogHasa TexHuka” (r. YenssbuHck) npu paspabotke
3/1eKTPONpPUBOAOB C Pe3KO NEepPeMeHHOW Harpyskon;

- B y4yebHOM npouecce Ha kadeape “ABTOMaTU3NPOBaHHbI 3neKTponpueoa”
OrAQY BO ™ HOXHO-YpanbCKuin rocyAapCTBEHHbIN YHUBEPCUTET”.
Anpobaumns pabotbl. B nonHom o6beme paboTa goknagbiBanach u

obcyxxaanacb Ha paclUMpeHHbIX 3aceaaHnsax kadeap:

- " ABTOMaTu3MpoBaHHbIW 3nekTponpueoa” ®rAQY BO ™ HOxHO-Ypanbckuii
rocyAapCTBeHHbIN yHuBepcutet”, r. YensabuHcek;

— “DnekTponpuBoA M aBTOMaTM3aLMS NPOMbILLSIEHHbIX YCTaHOBOK” ®IFBOY

BO "HoBoCMBUpPCKUIA rocyAapCTBEHHbIN TEXHUYECKUA yHUBEpCUTeT",

r. Hosocnbupck.

OCHOBHbI€ MOJIOXXEHNSA U pe3y/bTaTbl ANCCEPTALMOHHON paboTbl
A0KNadblBanAMCh U NonyuYnnn oaobpeHune Ha crneaylowmnx KoHdepeHumnax: IX
MexayHapoaHow (XX Bcepoccniickon) KoHMepeHUMn no aBToMaTu3npoBaHHOMY
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anekTponpusogy A3MM-2016, Mepmb, 2016 r.; VIII MexayHapoaHon (XIX

Bcepoccuiickoii) KOH(EepeHL MM MO aBTOMaTU3MPOBaHHOMY 3nekTponpuBoay A3M2014, CapaHck, 2014 r.; XIII MexayHapoAHOW KOHepeHUnn nosib3oBaTenemn

CADFEM/ANSYS, MockBa, 2016 r.; XII MexayHapoaHol KoHdepeHunmn
nonb3oBatenenn CADFEM/ANSYS, MockBa, 2015 r.

9

My6nnkauun. Mo Teme anccepraummn onybaMkoBaHo 14 Hay4dHbIX cTaTen, n3

HUX — 8 B Nepnoanyecknx nsgaHusx, pekomeHagosaHHblx BAK PO, 4 — Bxogswme
B CUCTEMY LIMTMPOBaHMS Scopus, 4 AOKNaAa Ha KOH@epeHunsax, 1 nateHT PO Ha
nsobpeteHue, 4 cenpertenscrsa PO o peruncrpauum nporpamm ans OBM.
JINYHbIV BKMaZ aBTOpa COCTOMT B MOCTAHOBKE 334ay Hay4yHOro

nccneaoBaHns, paspaboTke METOAOB pelleHUs 3a4ay HayYyHoro nccneaoBaHus, B
hOopMyNMpoOBaHNN N AOKA3aTENbCTBE HAYYHbIX MonoxeHun. B pabotax [3, 7]
aBTOPY MpUHaanexar: paspaborka MeToAMKW NpoBeAeHUs PU3NYEeCcKoro
3KCrnepuMeHTa; B pabotax [15-19] pa3paboTka MaTeMaTUUYECKUX MOAENEN; B
nybnukaumsax [1, 2, 4-6, 8—14] - Beaywas posb B 060CHOBaHUM METOAOB
nccnenoBaHum.

CrpykTypa 1 06bEM paboTbl. [inccepraumsi COCTOMT U3 BBEAEHUS, YETbIpEX

rfaB U 3aKIK0YEHNS, 3N0XEHHbIX HA 160 CTpaHMUax MaWMHOMUCHOrO TEKCTa,
comepXuT 57 pucyHkoB, 21 Tabnuuy, CNMCOK MCNONb3yeMOn nmTepaTypbl 13 181
HanMeHOoBaHUS.

COOTBETCTBUE HAY4YHOM CrneumnanbHOCTU: nccreaoBaHne, NpoBOAMMOE B

paMKax AMCCEpPTaLMOHHOW paboTbl, MOIHOCTbIO COOTBETCTBYET chopMyse u nn. 1, 3
obnactu uccneaoBaHusl, NpuBeaéHHON B nacnopte cneunanbHoctn 05.09.03.

10

IJTABA 1. MOCTAHOBKA 3AOAYY SHEPIOCBEPEXEHUA

B D/IEKTPOMPUBOAAX CTAHOB MUUTPUMOBOW

FPYMNbl

B aTOM rnaBe obcyxaaeTcs nepeoe HayyHoe nosoxeHue. MNonHas

(dOopMyMpoBKa KaXaoro n3 Hay4YHbIX MOJIOXXEHUN KaK B MepBOW, Tak U B
nocneayLwmnx rnaeax npmeeaeHa B oblen xapakTepmucTmke AnccepTaumoHHon
paboTbl, N03TOMY NpKn 06CYXAEHUUN cylecTBa paboTbl AAETCA TONbKO CCbIsika Ha
ero Homep.

MN3yueHne ocobeHHOCTel TEXHOMOrMYeCcKoro npowlecca, MexaHo- un
3N1eKTPoobopyAOBaHNSA NMPOKATHbIX CTaHOB MUJIMFPUMOBOW TPynMbl MNoKasano, YTo
B OCHOBY Bbl6opa nyTern n cnocobos a3HeprocbepexeHns cnenyeT nonoXuTb BUA
Harpy3o4yHoln aAvarpammbl paboyero mexaHuama (0606 eHHbIN Fpadmk MOMEHTa
CTaTMYeCKON Harpysku oT BpemMeHu). lNokasaHo, YTO HeCMOTps Ha pa3Hoobpasue
MexaHM4Yeckoro obopynoBaHus, KNHEMATUKN N TPAeKTOpPUM ABUXEHUS paboumx
OpraHoB, 3/1EKTPONpPUBOAbI 3TUX CTAHOB C TOYKWN 3peHUs 3HeprocbepexeHuns
LenecoobpasHo 06beanHUTb B OAHY FPYMMy, MMEIOLLYIO CXOXME Harpy304Hbie
AvarpaMmmbl, KOTOpble U CneayeT NoMoXNTb B OCHOBY Kraccudukaumnm OCHOBHbIX
nyTen peanvsaummn aHeprocbeperaiowmx peLeHni.
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1.1. OnuncaHune paboTbl NPOKaTHbIX CTAHOB MUANTPUMOBOM FPyMnbl

BecwoBHble Tpybbl (0b6cagHble, 6ypubHblE, HACOCHO-KOMMPECCOPHbIE,
KPEKMHIoBble, He(TENPOBOAHbIE U MP.) MPUMEHSIOTCS B HedTeaobbiue u
HedTenepepaboTke, TENNO3HEPreTUYECKON N XMMNYECKOW MPOMbILLSIEHHOCTAX, a
TaKkXXe B MalWMHOCTPOEHMWN, aBuaLmn, aBTOTPaKTOPOCTPOEHUH, B FPaXAaHCKOM U
NMpoMbILLIEHHOM cTpouTenbcTBe [6, 33, 50, 57, 88, 123, 157]. B 3aBUCMMOCTH OT
HasHayeHunsa TpybHOM NpoayKuMKn TpeboBaHUA K Ka4yecTBy MOryT 6biTb
pa3fIMyYHbIMK, MO3TOMY MpokaTKa TPy6 XapakTepusyeTcs HeCKONbKMMU
nocneaoBaTeslbHbIMU TEXHONOMMYECKMMU CTaANSMU, BKKOYAOLWKUMU B cebs

11

NpPOLLMBKY 3aroToBKM (NpoLMBHbIE CTaHbl, cM. puc. 1.1 n 1.2), ee packaTky
(nunerepcraHsbl, cM. puc. 1.3 1 1.4), XxonoaHyo npokaTky Tpy6 Ha onpaske (CTaHbl
XMT, cM. puc. 1.5 n 1.6).

Mpouecc npokaTKyM HarpeTor 3aroTOBKM B MMJib3y Ha4YMHAETCA Ha

NPOLMBHbBIX CTAaHaX M OCYyLLEeCTBAsSeTCcs pabounMmn BaskaMmn, MMELWNMH

ABOWMHYIO KOHYCHOCTb W BpallalLwmMmca B ogHy CTopoHy [58, 157]. B BankoBbix
NPOLMBHbBIX CTaHaX FOPU30HTasIbHbIE OCX BaJIKOB PacrofioXXeHbl Mo YrioM K ocn
NPpOKaTKM C NEepeKoCcoM 3TUX OCei Apyr OTHOoCcUTeNbHO Apyra (cM. puc. 1.1). [1se
KOHMYeCcKne NOBEPXHOCTU KaXKAOro Basika COOTBETCTBYIOT ABYM OCHOBHbIM 30HaM
nedopmauunn.

BxoAHble KOHYCbl Ba/iKOB BbIMOMHAOTCA OAMHAKOBOW ASIMHbI NN HECKONbKO
KOpoYe BbIXOAHbIX. [€OMETPUYECKN NPaBUIbHYI0 MOBEPXHOCTL U HeobxoanMoe
paclwunpeHne obecneumsaeT 6onbLlLas A/IMHA BbIXOAHOrO0 KOHYCa. Yr/ibl HaK/IoOHa
06pasyoLmnx BXOAHOIO U BbIXOAHOIO0 KOHYCOB Npubnn3nTensHO oaMHakosble. Mpu
NpoKaTKe 3aroToBka COBEpLUAET He TONbKO BpallaTesibHOe ABMXKEHNE, HO U
nocrynaTesibHOe 3a CYET TOro, YTO OCK BaJIKOB PaCcrosioXeHbl MO HEKOTOPLIM
Yr/IOM K OCEBOWM IMHUM NPOKaTKW. Ha BXOAHOM KOHYCe BasIkoB MeTass
NOArOTaBAMBAETCA K NPOLIMBKE Ha OMNPaBKe, Ha BbIXOAHOM — BblpaBHUBAETCH
BHYTPEHHSASA NOBEPXHOCTb MMJIb3bl.

Puc. 1.1. NpokaTka Tpy6 Ha NPOLINBHOM CTaHe

Puc. 1.2. NpowmnBHOM cTaH: 1 — npokaTHas KNeTb; 2 — WNUHAeNN; 3 — aABuratens; 4 — TpybHas 3arotoBka; 5 - WecTepeHHas KneTb
12

13

Ha nunbrepcranax npon3BoaMTCS NpokaTka Tpy6 pasMuHbIX CeYEeHU n3
YrnepoancTbiX, HU3KO- U CpeAHenerMpoBaHHbIX CTafiell Hapy>XXHOro AvameTpa ot 48
no 650 Mm [157]. Ans amameTpa Tpyb 6onee 140 MM TONWMHA CTEHKN HE MOXET
6bITb BbINONHEHA MeHee 7-8 MM, [TnfibrepcraHbl UMEIOT B NONEPEYHOM CEYEHUN
BaJIKOB MEpeMEeHHbIN KaTarwmin paguyc. MNpokaTky BeayT Ha KOHWYECKOW ornpaBske,
npu 3TOM HanpasfeHWe BpalleHNs BankoB NPOTMBOMOSIOXKHO HanpasieHWo noaaym
3aroToBKM B KNeTb (CM. puc. 1.4). LlMkn ycnoBHO paszensioT Ha ABa nepuoaa:
pabounii xoa (cobCTBEHHO NMpoKaTKka MeTasfia) U XOI0CTON X04, KorAa NpoucxoamT
paboTa BCrioMoraTesibHbIX MEXaHW3MOB. 3aroToBKa C KaxablM 060pOTOM BasIkoB
noAsepraeTcs obxaTuio Mexay Kkanmbpamu 1 onpaBkoi.

B uexe N21 MAO «4YTMN3» npon3BoanTCA NpokaTka 6ecloBHbIX TPYH C

TONWMNHOM CTEHKMN OT 8 MM A0 45 MM 1 Hapy>XHbIM AnameTpom oT 219 mm o 530
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MM, A/IMHOM Ao 14-15 meTpoB. MicxoaHbIM MaTepuanom ans Tpy6 sensioTcs

KpYrible CIMTKM (3aroToBKM) Macco Ao 15 TOHH, KOTOpble BMOCNEACTBUU PEXYTCS

Ha 3-4 YacTu Ha ANCKOBbIX Nunax. MNpon3BOANTENBHOCTb ABYX NMUbrepcTaHax

pocturaet ao 30 Tpyb B yac, ecnv TOMWMHA CTEHKWN HE MpeBbiaeT 8 MM.

Puc. 1.3. NpokaTka Tpy6 Ha nunbrepcraHe

Puc. 1.4. NunbrepcraH: 1 - npokaTHas KneTb; 2 — WNMHAENW; 3 — WecTepeHHas KneTb; 4 — TpybHasa 3arotoBka; 5 — agsurarens;
6 - BCnomoraTesfibHbli MexaHn3M

14

15

XonogHow npokaTke noABepraT rnaBHbIM 06pa3om Tpybbl 13

Hep)KaBeLWwmMX U BblCOKONErMpoBaHHbIX CTasel, ManonaacTMYHbIX MeTanIoB m
CNnaBoB, a TakXe Tpybbl OTBETCTBEHHOro HazHayeHnsa [95]. lMpu aTOM nonyvatoT
TPyObl, TOYHBIE MO FrEOMETPUYECKUM pa3MepaM C BHYTPEHHEWN M HaPYXHOMN
MOBEPXHOCTbIO BbICOKOrO KayecTtBa. Hanpumep, Ha ctaHe XMT-450
OCyLLeCTBNSIeTCA NpokaTka 6ecloBHbIX TPy6 C HapyXHbIM agnameTpom oT 140 fo
450 MM C TONWMHOW CTeHkM oT 2,4 go 50 mm [1].

MpokaTka BbICOKOKAYECTBEHHbIX TPY6 OCyLLECTBNSIETCA Ha CTaHax
nepvoanyeckoro gencremsa (XMNT, cM. puc. 1.6) [49, 71, 108]. Mpouecc xonoaHom
MPOKaTKM aHaNoOrm4yeH npoueccy ropsyer NnManMrpumMoBon npokatkm [1571].

MpokaTky BeayT pabounMMun Baskamu, KOTOpble BMecTe C paboyelt KneTbio
COBEpLUAIOT BO3BPATHO-MOCTyNaTelbHOE ABMXEHWE, MPU 3TOM Basiku
OAHOBPEMEHHO COBEPLLAKT U BO3BPaTHO-KavaTenbHoe ABnxeHune [79]. B Bankax
3aKpeneHbl CMEHHble Kanmbpbl, MMetoLWwme pyyein NepeMeHHOoro ceyeHuns.
MpokaTky BeAyT Ha HEMOABMXXHON KOHMYECKOW omnpaBKe.

Korpa Bankum HaxogsaTcs B KpallHEM JIEBOM MOJIOXKEHUU (3a4Hee MoJSIoXKeHneE),
3aroToBKa NoAaeTcs B KJeTb Ha BEIMUMHY NoAayun, B KpalHeM NpaBoOM MOSIOXEHUN
BaNkoB (NepeaHee MosoXeHne) NpomMcxoamT MNoBOPOT TPy6bl.

Puc. 1.5. MNpokaTka Tpy6 Ha CTaHe XOJI0AHOW NMpoKaTKu Tpy6

Puc. 1.6. CraH xonogHoW npokaTku Tpy6: 1 — KPMBOLMMHO-LWATYHHbIN MEXaHU3M; 2 — ABUraTesnb; 3 — NpokaTHas KneTb; 4 — TpybHas 3arotoBka;
5 - BcnoMoraTtesibHbli MeEXaHWU3M
16
17
1.2. KpaTkune cBeAeHUs 0 CyLLeCTBYIOLWMX 3NEKTPONpUBoAaX N Harpy3o4HbixX
AnarpaMmmax rnpoKaTHbIX CTaHOB MUIMTPUMOBOWN Fpynmbl
Banku cyliecTByoWwmMX NPoKaTHbIX CTAHOB NMUANTPUMOBOIN FPynnbl
NpUBOAATCA B ABMXKEHWE 3/1EKTPONpMBOAaMM NOCTOSHHOrO Toka. MNacnopTHbie
AaHHble ABUraTenel rnaBHbliX 3/EKTPONPUBOAOB NPOLNBHOIO, NUbrepcraHa u
XMNT-450 npueeneHbl B Tabnmue 1.1. MprBoa BankoB OCyLLECTBNSETCS Yepe3
LEeCTepeHHYI0 KNneTb. AN yMeHbLIEHNS BINSHUS MMKOBbIX HAarpy3oK NMpuBOA
nuibrepcraHa oCHalleH MaxoBWMKOM. YNpaBfieHue 31eKTPonpuBoLOM KaXaoro 13
CTaHOB OCYLL,ECTB/ISIETCA KOMMJIEKTHbLIM TUPUCTOPHbLIM NpeobpasoBaTenem.

MHoOrune 3aBoAbl OCHalLEeHbl YCTapeBLMM 31eKkTpoobopyaoBaHmeM. Tak, Ha
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NAO «YensabuHcknin TpybonpoKaTHbI 3aBoA» ABUTraTENN MPOLINBHOIO U
nunbrepcraHa paboTatT C AOBOEHHbIX NEeT.

Tabnuua 1.1

MacnopTHblie AaHHbIe 3/1eKTpoABUTaTesNeN CTaHOB NUMTPUMOBON FPymnbl
MapameTp

Twun cTaHa

MpowwueHon Munbrepcran XMT-450

Tun asuratens GM 840/40 GM 900/100 NM21-125-9«

HoMmnHanbHas MowHocTb, PH 2570 kBT 2570 kBT 1300 kBT

HanpsixeHue akops, Us

700 B700B 620 B

HoMuHanbHbIN Tok, Is 3900 A 4000 A 2340 A

Hanps»keHue Bo36yxaeHus, Us

500 B 500 B 220 B

Tok B036yxaeHus, Is

30A90A143,5A

HommnHanbHas ckopoctb, nH 80 06/MWH 35 06/MMH 40 06/MUH

3a NCXOAHbIE XapaKTEPUCTUKN TEXHOMOMMYECKMX NPOLLECCOB MPOKATKMN Ha
3TUX CTaHax NPUHUMaNUCb OCLLUIOrPaMMbl NMPOKaTKK. B kauecTBe npumepa Huxe
npuBeaAeHbl pe3ynbTaTbl CTaTUCTUYECKO 06paboTkn ocumManorpamMm npolecca
NpoOKaTKM CMTKOB CTann Mapku 38XH3M®A Ha npowmnsBHOM cTaHe [82].
'ncrorpamma pacnpeneneHns TOKOB SIKOpS MPOKaTHOro ABUraTens, nonyyeHHas
18

06paboTKOl cepuun oCcUMANIOrpaMM, NpuBeaeHa Ha puc. 1.7.
CpeaHeapundmeTnyeckoe 3HayeHne HabnoaaeMbIX BEIMUYNH TOKA NPOKATKM
npuHumanock 3a 100 %. B 3Tom cnyyae MoAynb OTHOCUTENIbLHOMO 3HaYeHUs
OTK/IOHEHWNS TOKa SKOps OT CpeAHero CoCcTaBwuil:

A

Cp

=(l

CpP

[)/ = 0,058.

34ecb — YUMCII0 U3MEPEHNIE TOKa SIKOpS;

Ccp

'

— OTHOCUTESbHbIE 3HAYeHUS

CcpefgHero Toka M Toka Npu npokaTke KOHKPETHOro i-ro cnuvTka.
CraTucrnyeckas amcnepcms OTHOCUTENIbHOMO 3HaYeHUs OTK/IOHEHUS TOKa OT
cpenHero

Q

3(
cp
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)

<

= 0,0056,

a cpegHeKkBagpaTUYHOe OTK/IOHEHME

= 0,075.

Pasmax OTKNOHEeHWI (pasHuLa Mexay MakCMManbHbIM U MUHUMasbHbIM
HabnoaeHeM) Toka SIKopsl B XoAe NpokaTku coctaBun 32 % oT

Ccp

XoTsa uccnepgyemble NpokaTHble

CTaHbl NPUHUMNNANBHO OTINYAIOTCS

No HaszHaYeHWIo U KapTUHe

pacnpeaeneHnst ycunamn B 30He

npokaTtku (obxatus), TeM He MeHee

3TO — CTaHbl, MeoLNE PAf CXOXKNX

NpUHLUMNNanbHbIX 0COBEHHOCTEN

HenpepbIBHbIN HEPEBEPCUBHbIN

pexuM paboTbl C pe3KO BblpaXKeHHOM

HepaBHOMEPHOCTbIO MOMEHTa CTaTU4ecKon Harpysku (pexum S6), bnnskue
3HaUYeHMNs CKOPOCTU MPOKATKN U MOLLHOCTM NMPUBOAHBIX ABUraTenen, npokarTka
Tpyb ocyLiecTBnsieTCs Ha onpaskKe.

Puc. 1.7. F'ncrorpamma pacnpegeneHmns Toka

AKOPS MPOKATHOro ABUTaTenst NpoLNBHOIO

CcTaHa

19

[ns TpybonpokaTHbIX arperaTtos NUAMIPUMOBOWM MPynnbl XapakTepHa
CylLecTBeHHas HepaBHOMEPHOCTb MOMEHTa Harpysku, onpegensemas TexHonormemn
npowecca NpokaTku. Mpu 3TOM BeCb LMK NPOKATKM MOXHO pa3aennTb Ha ABa
yyacTka: paboumin xoa 1 XOnocTom

XO0A,. DHEpProcuoBble

XapaKTEPUCTUKN CTaHOB OYEHb

CXO0XW, YTO N03BOANIIO B paboTe

nonb3oBaTbCcs 0606w eHHON

Harpy3ouyHon avarpammon (cMm.

puc. 1.8). B tabn. 1.2 npuseaeHsbl

YMCNEHHble 3HAYeHMsI MapamMeTpoB

3TUX AMarpamMm Anst pasHbiX TUMOB

CTaHOB.

Tabnuua 1.2

MapaMeTpbl Harpy304HbIX AarpaMM NPOKaTHbIX CTAHOB

Twun craHa

MapaMeTp Harpy304HOW AnarpaMMbl U YNCIIEHHOE 3Ha4YeHne

Ty Trnp Txx MMakc

Mxx

MpowwueHon 300 60 240 1,8 0,11
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Munbrepcran 2,81,11,7 1,7 0,10
XnT-4503..1,509..0452,1..1,051,40,15

B Tabnuue ykasaHbi: TU — BpEMS OAHOr0 LMKNa npokaTku, c; Trnp — BpeMs NpokaTku, C;
TxX - BpeMsi X0/10CTOro xoaa, ¢; Mmakc

N MxXX — MakCMMasbHbI1 MOMEHT 3a LMK/ NMPOKaTKU

N MOMEHT XOJI0CTOr0 X04a B A0NSX OT HOMUHANbHOrO MOMEHTa NpoKaTHOro ABuraTens.
1.3. Mpobnembl aHeprocbepexeHns B peryampyeMblx MeTanlypruvyeckmx
3M1EeKTPONpUBoOAaX U 0COBEHHOCTU ee peLleHuns

MN3yyeHunto cnocoboB CHMKEHWNS 3NEKTPUYECKUX NOTEPb B 3/1EKTPONPUBOLAAX

C 3/1eKTpOABUTaTeNSIMA Pa3HOro TMNa MocBsLWEHO AOCTaTO4YHO MHOro paboT. 3aeck
MOXHO yKa3aTb Ha paboTbl U.W. MeTposa [104], H.®. NUnbnHckoro [25, 64, 65],
Puc. 1.8. ObobieHHas Harpyso4yHas avarpamMmMa

rNaBHbIX 3/1EKTPONpPMBOAOB CTaHOB

NUIMIPUMOBON Fpynnbl

20

B.C. le3HoBa [84-86], O.B. Kprokosa [80, 81, 107, 167-169], t0.C. YcbiHMHa [134,
137, 148, 166], N.4. bpacnasckoro [19-21], 3.lU. NwmaTosa [21, 66], B.H.
Monsikosa [36, 106, 161, 162].

Ocobo cneayet 06paTnuTb BHMMaHME Ha UMK paboT, MOCBALEHHbIX
3HeprocbepexxeHunto B 3/1IEKTPOYCTaHOBKAX MeTasnlyprmyeckon npoMblLLINIEHHOCTU:
npokaTtHbix ctaHoB (A.C. KapaHzaeB [38, 68, 115], B.®. bypbsiHos [23], B.P.
XpaMwuH [149-1541]), ayrosbix ctanennaBuabHbix neyven (.M. KopHunos [75-77,
92]), TaroayTbeBbiX MexaHn3moB (10.C. YcbiHuH [137, 148], O.B. Kptokos [107,
167]), obwmnx BONpocoB opraHm3aunm sHeprocbepexxeHns Ha MeTasulypruyecknx
npeanpusatuax (I.B. Hukndopos [72, 89-91], B.K. OneinHunkos [93]).

3apaya aHeprocbepexeHuns B 31eKTponpuBoOAax, Kak 3To cneayeT U3 ob3opa
HaY4YHO-TEXHNYECKNX NCTOYHMKOB MHMOPMaLMK, OKa3biBaeTCs AOCTAaTOUYHO
C/TOXXHOM M Aaxe HeOAHO3HAYHOM.

Tak, OAHUM U3 NyTe SKOHOMUW 31IEKTPOIHEPINN NPU3HAETCS NPUMEHEHME
3NeKTpoABuraTenen C NoBblWeHHbIM HOMUHanbHbIM KM/ fgaxe B MaccoBom
anekTponpueoge [9-12, 21, 64]. OgHaKo 3TO pelwleHne HeogHO3Ha4YHo, Tak Kak
BfleYeT 3a cobol nepepacxos aKTUBHbIX MaTepuasnos, B NEPBYIO ovepeab Meau,
3aBbllWEHNI0 rabapuToB 3/1EKTPOABUIaTeNs U, Kak CNeacTBue, UX ctommoctu [166].
B 6onbLlwom uncne nybnmkaumin 060CHOBbIBaAETCS LenecoobpasHoCcTb,

6onbluasn BbIroAa OT Nepexoaa Ha peryavpyemblin anektponpueog [21, 64, 86, 166].
3TO CBSI3aHO C TeM 06CTOATENbCTBOM, YTO B 60NbLUIMHCTBE C/lly4YaeB OCHOBHbIE
noTepu 31eKTPO3IHEPrUM COCPeNOTOUEHbI B TEXHOIOMMYECKOM npoLiecce n3-3a
HeCcoBepLUEHHOr0 BEAEHMS 3TOro npouecca paboymMm MexaHU3MoM,
HeperynmpyeMbiM MO CKOPOCTK (MK No MOMeHTY). Hanpumep, B [166] nokasaHo,
4YTO B 3/1EKTPONPUBOAAX HACOCOB U BEHTUATOPOB OTKA3 OT UCMO/Ib30BaHMS
33BMXKKM N Nepexos K peryimpoBaHuIo yriioBOM CKOPOCTW ABUraTens yBenmumsaeTt
KNA ycraHoBkn Ha 10...40 %.

Mpu KOMMNIEKCHOM MoAXoAe K NMPOeKTUPOBAHMIO aCUHXPOHHOIO YacTOTHOPEryIMPYEMOro 3/IEKTPONpPUBOAA TakMe MEPONPUSTUS, KaK UCTIONIHEHUE Na3oB

21
poTopa Herny60KMMK, 060CHOBaHHOE YMCIO Nap MOJKCOB, MPUMEHEHNE CXEM
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nuTaHnsa obMOTOK CTaTopa, MO3BOMAOWMX YNYULNTb FAPMOHUYECKUA COCTaB
MarHUTOABMIXYLLEN CUMbl U CHU3UTb AnddepeHunanbHoe paccesHne, a Apyrumm
CNoBaMW, KOHCTPYMpPOBaHMWeE 3N1eKTpoaBuraTensi, paccyMTaHHoro Ha paboTty He oT
NMpOMBbILLJIEHHONM CeTH, a OT npeobpasoBaTtens, obecneunBaeT NOBbILLIEHNE
3HEepreTuyeckux 1 ynyyleHne Macco-rabapuTHbIX nokasaTesnien 31eKTponpueoaa
[21, 64, 166].

B psiae paboT BbI6Op yCTaHOBNEHHOM MOLLHOCTU 3/1EKTPOMEXAaHNYECKOro
npeobpasoBaTens NPU3HAETCA Ba>XXHbIM OPraHM3aunOHHO-TEXHNYECKUM
MeponpusaTMeM aHeprocbepexeHums. ObpallaeTcs BHUMaHUE Ha KoapduuneHT
3arpysku AgpuraTensi, KOTOpbl/i Ha OCHOBAHWM AaHHbIX SHeproayavTa B
OTeyeCTBEHHOW NnpakTMKe Nopol okasbiBaeTcs paBHbiM 0,3...0,4. 310
06CTOSATENLCTBO FOBOPUT O TOM, YTO KanuTasbHble 3aTpaThl HA 31EKTPONPUBOLA,
Heob0CHOBaHHO 3aBbllUEHbl, @ aKTUBHbIE MaTepuasnbl, 3a7I0)KEHHbIE B ABUIaTeNb,
HeaoMCnonb3yTcs, Kak cneacreme, — cHuxatTea KM n koadhduuneHT
MoLWHOCTK [21, 64].

Bbi60p cnocoba ynpaBneHus 31eKTponpuBOAOM, peasim30BaHHbIM JaXe Ha

6a3e cepMMHOro 3N1eKTpPoTEXHMYECKOro 060py1oBaHMS, TakXKe No3BoNsSET A06UTbCS
3KOHOMWU 31eKTPO3HEpPrun. Hanpumep, Ans Heperyimpyemoro 31eKTponpueoaa
M3MEHSIOLWENCA Harpy3Kon B KayecTBe 04HOro U3 BO3MOXHbIX Criocobos
NoBbILEHNSA 3HeproadheKTUBHOCTN NpeanaraeTcs GopMMpoBaTh yrnpasrsioLlee
BO34ENCTBME Ha TUPUCTOPHbIW Npeobpa3oBaTesib HaNPsSXXeHUs B PyHKLMMK
CTaTU4YecKoro MoMeHTa. [1nsg perynnpyemoro 371eKTponpuBoha C LWMPOKUM
AManasoHOM MOMEHTa Harpyskm npneoamTcsa obocHoBaHMe cnocoba noaaep>xaHums
MOCTOSAHHOW BENMUYUHbBI CKOJIbXXEHWUS, YTO MO3BOMSET NOYYUTb MUHMMAlbHbIE
NnoTepU 3a CYET CHMXKEHNS TOKa HAMAarHWYMBAHUA U YMEHbLUEHUS NOTePb B CTanu
[22, 166].

22

1.4. OCHOBHblE NYTN 3KOHOMUU NIEKTPOIHEPT UK

TpybonpokaTHble arperatbl MMAMIPUMOBOM rpynnbl (MPOWMBHbIE CTaHbI,
NUAbrepcraHbl, CTaHbl XONOAHON MpokaTkn Tpy6) UMEIOT BECbMa CIOXHbIA 1
HecTaHAapTHbIN XapaKTep ABUXEHUS UCMOMHUTENbHbIX OpraHoB 1 60MbLUYyo
HepaBHOMEPHOCTb MOMEHTA Harpy3ku Ha NpOTSXXEHUN OAHOro LMKNa NpokaTku. B
3TUX YCJIOBUAX 334a4a SKOHOMUW 3NEKTPOIHEPrMUN Ha CTaHe 3aTpyAHeHa u TpebyeTt
yrny6neHHoro npeaBapuTenbHOro aHannsa, a Takke KOMMIEKCHOro noaxona B ee
peweHnn. OCHOBHbIMM cnocobammn aHeprocbepexeHms Ha CTaHax NUaMrpuMoOBOW
rpynnbl B HacTosiwen paboTe npeasioxeHbl: BbIGOp CMIOBOro MexXaHo- 1
31eKTpoobopyaoBaHus, BbI6Op n 060CHOBaHME TMMa 31eKTpPonpruBoAa U CUHTE3
3aKOHOB YMnpaBfeHus

3/1eKTPONpPUBOAOM C MO3MLIMKN

MMHMMaIbHOrO 3HepronoTpebneHns

(cM. puc. 1.9).

Cyuwecrsytowmne

NMUANTPUMOBbBIE CTaHbl UMEIOT

CNOXHble KMHEeMaTu4yeckme Lenu,

4YTO yBENMUYMBaET noTepun
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TONYKM TOKA B CMJIOBbIX LIENsiX

NMPOKaTHbIX ABUraTenen n ceTsx

3N1eKTPOCHabXeHNS, Ha HEKOTOPbIX

CTaHax MPUMEHSIOT Max0BUYHbIN

npusoa (HanpuMep, Ha

nuibrepcraHe ycraHOB/IEH Max0BUK

anameTtpom 9 meTpoB 1 Becom 120

TOHH), YUTO He TONbKO yTsXenseT

3/1eKTPONpPUBOA, HO N yBeNnuYnBaeT

Puc. 1.9. OcHoBHble cnocobbl 3KOHOMUMK

3N1EKTPO3HEPrumM B 3/1EKTPONpMBOAAX

NMUINTPUMOBbIX CTaHOB

23

noTepu XO0CTOro XoAa. Bo3MOXHOCTM COBpPEMEHHbIX CPeACTB ynpaBneHus
NO3BONSIOT peLleHne MHOMMX 3aAay B peanvsaumn 3aaHHblX 3aKOHOB ABMXKEHUS
WCMONHUTENbHbIX OPraHoB NMOPYYNUTb SNIEKTPONPUBOAY M TEM CaMbIM YNPOCTUTL
KMHeMaTuyeckune ceasn (Hanpumep, 0TkasaTbCsl OT LUECTEPEHHOW KeTu Ha
NMPOLWMBHbLIX W NMUAbrepcTaHax), NepenTn Ha NHAMBUAYaNbHbIN 3N1EKTPONpUBOL
Ba/IkOB, YTO paclMpsieT ANanas3oH BO3MOXHbIX 3aKOHOB YNpaBieHns ABUXKEHUEM,
Bbi60p TMNa anekTponprBoaa B paMKax pelleHnsl NoCTaBNeHHOM 3aaaum
3HeprocbepexeHnss HeobxoanMo paccMaTpyBaTb C MO3ULMW MUHUMYMa NOTepb B
3/1IEKTPOMEXaHNYECKOM U 31eKTPUYECcKoM npeobpasosaTensix. Hanbonee
NnpuemMneMbiM Ha 3Tane npeaBapuTeSibHON OLLEHKM, NO HalleMy MHEHUIO, CleayeT
NPU3HaTb OMbIT CyLLECTBYIOLMX pELlEeHNn: MPOBECTN CTaTUCTUYECKYI0 06paboTKy
AaHHbIX, BblAENUTb U AaTb KOJIMYECTBEHHbIE OLEHKM YAauyHblM 0CO6EHHOCTAM
KOHCTPYKLMW CYLLECTBYIOLWNX ABUraTenen, 06bsCHUTL BO3MOXHOCTb peanusaunmn
3TUX MPU3HAKOB B HETPAANLIMOHHBIX TUMax 3/71eKTPONpUBOAOB, HanpuMep, C
CMHXPOHHbIM peaKTMBHbIM ABUraTeneM HesaBmcnmoro Bo3byxaeHns (CPAHB).
CTpyKTYypbl cMCTeM ynpasneHus, obecneunsatolumne sHeprocbeperatowime
pexumbl paboTbl aNeKTponpuBoaa, NpeacrasneHbl Ha puc. 1.9. MNpwu BbiGope
3aKOHOB ynpaB/ieHs HeobX0ANMMO pacCMOTPETb Kak cnocobbl 3KOHOMUU
3/1EKTPO3HEPrUM B CYLLECTBYHOLLMX CUCTEMAX NOAYMHEHHOMO perynMpoBaHus, Tak
N NpoaHanM3npoBaTb BO3MOXHOCTU A1 MEXaHW3MOB C YAAPHbIM XapaKTepoMm
Harpy3ku HeTPaaMLMOHHbIX CXEM YMpaB/ieHNs MOTOKOM M TOKOM SIKOPS.

Bce BO3MOXHbIe CNocobbl 9KOHOMUW 3NEKTPO3IHEPTUM B 3/1EKTPONpPUBOAAX
MUANTPUMOBBIX CTAHOB NPEeACTaB/IEHbl B BUAE CTPYKTYPHOM cxeMbl (puc. 1.9).
3aecb OCHOBHbIMKU CrocobamMu BblAeNEHbI: COBEPLLEHCTBOBaHWE CUIOBOIFO MEXaHO-
N 3nekTpoobopyAoBaHNA, paunoHanbHbI BbIGOp TMNA 31eKTponpuBoAa U
peanu3aunsa aHeprocbeperarLLnx 3aKoOHOB ynpaBneHus.

24

IMABA 2. MATEMATUYECKOE OBOCHOBAHUE

MPUHSATON METOAMKN NMPOrHO3MPOBAHUS

SNEKTPUYECKUX MOTEPb B SNTEKTPOABUIATENAX

MPOKATHbIX CTAHOB

http://susu.antiplagiat.ru/ReportPage.aspx?docld=427.34575487&repNumb=1&type=3&page=0

20/130



26.06.2017 AHTUNNarvar

B 3TOW rnaee obcyxAaaeTcs BTOpoOe HayyYHOe MOJIoXeHMe.

[ns rnaBHbIX NPUBOAOB NPOKATHbIX CTAHOB B HACTOSILLEEe BPEMSI MPUMEHSIOT
3neKTpoaBuraTenn nocrosiHHoro Toka (AMT) n cnHxpoHHble (CA) [56]. XoTs nx
TEXHUYECKME XapaKTEPUCTUKM M3YyYeHbl JOCTaTOYHO ry6oKOo, HO C TOYKWN 3peHns
3HeprocbepexeHuns 34ecb, Ha Hall B3rnsj, UMEKTCS HENCNOob30BaHHbIe pe3epBbl.
NX MOXHO peanun3oBaTtb, aHaNM3Npys AeTallbHO NpeACTaBleHHbIE 3aBOAAMUN3IOTOBUTENSIMU COCTaBAsOWME NOTEPb B 3/1eKTPOABUTaTENSX, @ TakxKe
paccunTbiBas Ha BO3MOXHOCTU MHANBUAYANbHOMO U3rOTOBEHNS KPYMHbIX
npoKaTHbIX aBuratenen [3].

Kpome Toro, B nocnegHune rofbl NosiBUAUCb OYEHb 3aMaHunBble

npeasioXkeHns no ABuUraTesissM HOBOro Tuna, B YactHoctu, no CPAHB [41, 42, 4447, 54, 55, 124, 125,127,131, 132, 138, 139], koTopble 06nagaloT psiaoM
6eccnopHbIX NpenMyLLecTB: NPOCTOTa U TEXHOOMMYHOCTb U3rOTOBNEHUS,
6€CKOHTaKTHOCTb, MOBbILWEHHbIE Ye/lbHble MOMEHTbI U 3HauUTeNbHas
neperpyso4yHas cnocobHocTb, obneryatoLiee TENJOBOM peXnM paboTbl
noawunnHMKoB 6e306MOTOUHOE («X0I04HOE» ) MCNOSIHEHME pOoTOpa, NpocTas
0AHOCMOMHasa 06MOTKa cTaTopa C MOMHbIM LLaroM.

OpHako B nniaHe aHeprocbepexeHus cepbesHbix Nybnnkaumin, Kacalowmxcs
CPIHB B NpokaTHOM NMpPOU3BOACTBE, HE CoAePXUTCS. M03TOMy B HacTosiLL el rnase
nocrasfieHa 3ajada NporHo3npoBaHUS BENNMUYMHbBI pecypca sHeprocbepexeHuns B
CPAHB, nnaHupyeMbiX B Ka4eCTBe 371eKTPornpuBoA0B NUAUTPUMOBbIX CTAHOB.
BHuMaTenbHoe nlyyeHune ocobeHHocTen paboTbl N TEXHNUUYECKOW peanu3aunmn
3M1EeKTPONpUBOAOB NMUANTPUMOBBLIX CTaHOB 3acTaBnseT C No3nunmn
3HeprocbepexeHns 0bpaTUTb BHUMaHWe Ha cneaytowme obcrosTenscrea. Mpexae
25

BCero, 3TO — YHUKalbHble YCTaHOBKWN 6onblwiol (Ha eanHuubl MBT) MOWHOCTH
ABuUratenemn, KOTOpble XapaKTepu3yrTCs KpaliHe HepaBHOMEPHbIM rpadrkom
Harpy3sku, rae 6onbline neperpysky No MOMEHTY COYETAlOTCS C ydacTkaMmu
XOI0CTOro XoAa 31eKTponpusoaa. lNpUHATbIE B CBOE BpeEMS pelleHus no
3M1EeKTPONpPUBOAAM 3TUX arperaTtoB He NOTEPS/IM CBOEW NMPUBIEKATENbHOCTU U B
HacTosLLee BpeMs, HECMOTPS Ha TO, YTO CEeroaHs noTeHuuanbHble BO3MOXHOCTU
3N1EKTPOTEXHMYECKON MPOMbILWIEHHOCTU MOTYT NPEeASIOKUTb 3HAYUTENBHO
60nbWKI BbIGOP BO3MOXHbIX PELLEHUA.

PaccunTtbiBas Ha onpeaeneHHoe CXOACTBO B KOHCTPYKUWM U TEXHONOMMMN
M3rOTOB/IEHWNS MPOKATHBIX 3/1EKTPOABMIaTenien pa3sHoOro TMNa, MOXXHO HaAeAaTbCs Ha
nonyyeHne AOCTaTOYHO TOYHbIX MPOrHO30B BEMYMH 06 KX NOTEPb U X
cocrasnsaowmx B CPAHB, ncnonb3ys onbiT pa3paboTkn 1 akcnayataumm
CYLLLECTBYIOLWMX 31EKTPONPMBOAOB NpokaTHbIX ctaHos ¢ ANT v CA.

370 060CHOBbIBAET BO3MOXHOCTb U Lieniecoobpa3HOCTb CUHTE3a

MaTeMaTM4ecKon Modenu Ans onpeneneHns obwmx notepb U UX COCTaBSOWMNX B
CPAHB. Mpu 3TOM NoNe3HO BOCMO0/b30BaTbCsA 6oraTbiM ONbITOM pa3paboTkm
3/1eKTpoABuraTenen npokaTHbIX ctaHos [3].

Mpwn cMHTE3e NpeanoXeHHOW MOAeNN pellannce creayolme 3aaun:

— C YYETOM 0COBEHHOCTEN KOHCTPYKUMU U (DYHKLMOHMPOBAHUS pasHbIX
NpoKaTHbIX ABUraTenen npeanaranace n 060CHOBbIBanach CTPyKTypa Mogenu;

- C MCNOJIb30BaAHNEM CTaTUCTUYECKNX NOAXOA0B ONpeaensiMch n

YTOYHSNNCb NapaMeTpbl MoAenu;
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— Ha OCHOBaHWM OBLHOCTU (PU3NYECKMX, KOHCTPYKTUBHbIX U APYTUX
ocobeHHocTen, obbeamHstowmx ANT n C4 ¢ CPAHB, npegnaranace m
[0Ka3blBasiaCb BO3MOXHOCTb 3KCTpanonsiumm psaa npusHakos mogenen ANT n CO
Ha napameTpbl Mmogenvu CPAOHB;

- NpuHMManacb moaenb notepb CPAHB B cpaBHEHUU C aHaNnoOrnyHbIMU

mogensmn AMNT n CA n NpoM3BOAMIOCE COMOCTaBEHME CYMMapHbIX NoTepb N UX
COCTaB/IAOLWMNX.

26

2.1. TexHnyeckne ocobeHHOCTN NPOKaTHbIX ABUraTenen

C MO3MUUI OLLEHKM COCTaBSOWMX NOTEPb

Mpun paspaboTke MaTeMaTMyeckon Mmoaenu onpeaeneHunsa notepb 8 CPAHB

none3Ho y4yectb HapaboTaHHbIN B MPOMbILIIEHHOCTM ONbIT Npu co3gaHum AMNT n
CA, a Takxe 06paTuTb BHMMaHWE Ha CXOACTBA KOHCTPYKTUBHOIMO UCMOJSIHEHUS
OCHOBHbIX Y3/10B ABUraTesien pasHoro Tuna, TEXHOOrMM U3roTOBIEHUSA U
PYHKUMOHNPOBaHUA. TakoWn Noaxoa AaeT 060CHOBaHHYIO HaAeXAay Ha TO, YTO onbIT
W3roTOBIEHUS CYLLECTBYIOLNX ABUraTenen MoxXeT 6biTb MCMONb30BaH Hauy4yL M
ob6pa3oM. B faHHOM NyHKTe A5 pelleHnsi MOCTaBNeHHbIX paHee 3ajay BblNOSHEH
KpaTKnn 0630p OCHOBHbIX 0COBEHHOCTEN KOHCTPYKLMM U TEXHOOrNMU
M3rOTOB/IEHWNS CYLLECTBYIOLMX NMPOKaTHbIX ABUraTesiei, KOTopble, Mo HaweMy
MHEHWIO, BINSAIOT HA BEMUYNHbI COCTaBASIOLWMNX MOTEPb.

McToprueckn cnoXunnoch, YTO 31eKTPONpPUBOALI MOCTOSIHHOIO Toka Bblnn
€ANHCTBEHHO BO3MOXHbIM BapMaHTOM A5 MeXaHM3MOoB, rae Tpebosanoch
perynvupoBaHue CKopocTu BpaweHns. OgHaKo, U Ha CEerogHsLWHUN AeHb, HECMOTPS
Ha C/IOXHYI KOHCTPYKLMIO N HeyaobCcTBa, CBA3aHHbIe C 06Cy)XMBaHWEM LETOYHOKO/IIEKTOPHOrO annaparta, MHOrMe TeXHOMormyeckme o6beKkTbl MPOMbILLIEHHOCTH,
0cobeHHO 60nbLION MOLHOCTKU, Npoao/mKaT paboTaTb Ha 3TOM TUNe NpuMBOAA, Tak
Kkak cdunsmdeckunit pecypc ANT ewe He Bbipabotanu [5, 13].

Ha aTane nocraHOBKM 3aayn NOBbIWEHUNS 3HEPro3ddEKTUBHOCTU creayeT
06paTUTb BHUMAHME HA KOHCTPYKTUBHbIe ocobeHHocTu AMNT, KoTopbie MOryT
0OKas3aTbCs aKTyaslbHbIMW MPWU COMOCTABIEHUM COCTaBAsAOWMX notepb [31, 74, 119,
120]. CraumoHapHas 4acTb MalluHbl, KOTOpPas Ha3blBAETCS UHAYKTOPOM,
BbINMOSIHSAETCSA U3 CTaNlbHOro MarHMTONpoBoOAa C MOIIOCAaMU N yYacTBYET B CO3AaHUU
OCHOBHOIO MarHMTHOro NOTOKa. IKOPb M KONNEKTOpP, 3addNKCMpPOBaAHHbIE Ha Bany,
- BpalLalroLlascs 4acTb MallunHbl. AKopb NpeacTaBnsieT cobov cepaeyHUK, KOTOpbIN
HabupaeTcsa M3 NMCTOB 3NEKTPOTEXHMYECKON cTanu. B nasax skops yknaiblBaeTcs
06MOTKa, KOHLbl KOTOPOWM COEAMHSOTCA C NIacTUHaMKN KOINEKTOpa,

27

M30/IMpOBaHHbIMK OT Bana. SIkopHas obMOTKa ABUraTens NOCTOSAHHOro Toka nMeeTt
MHOrodasHoe ncrosiHeHue. B peanbHbIX MPOKATHbIX ABUraTeNsx — 3TO YUC/O
CeKLNI, KOTOpoe MOXHO NPUHATL 6eckoHeuHo 6onblwnM. ®opMy ToKa B CEKLMN B
naeanbHOM MallMHE MOXHO CYMTaTb MPAMOYrOfibHOM, a Tak Kak YPOBEHb
NynbCauni He3HaYMUTeNbHbIN, TO C NO3ULNIA OLEHKM NOoTepb UX AOMYCTUMO He
YUYUTbIBATb.

B ANT skopHas uenb npeacraBnseT cobor HECKONbKO NocsieaoBaTesibHO
CcoeanHeEHHbIX 06MOTOK. C TOYKM 3pEHMNS OLLEHKM COCTaBMsOWMX NOoTePb YAO6HO
BblAENNTb Cneaytowme: SKOPHYH, KOMNEHCALMOHHYI0 N 06MOTKY A06aBOYHbIX
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MOMCOoB.
O6MoTKka BO36YXAeHNS, NOAKIIOYEHHAs! K MCTOYHUKY NMOCTOSIHHOIO ToKa U
pacrnonoXeHHas Ha Nositcax MHAYKTOPa, CO34aeT OCHOBHON MarHUTHbIN MNOTOK B
MalwwunHe. MalwnHa NMeeT SBHOMOJIIOCHYIO CUCTEMY BO3OYXAEHMS, MEXMOMOCHbIE
NPOMEXYTKU B CyLLECTBYOWMX ABuratensx cocrasnsoTt 0,4-0,5 nonocHoro
aeneHus.

Ha ocHoBaHMKM npoBeAeHHOr0 0630pa KOHCTPYKTUBHbLIX ocobeHHocTen AMNT
CyMMapHble NoTepu KiaccuduumMpyoT Ha NOTepU B MarHuTonposoge A

mar

'

3M1eKTpUYeckme NoTepu B Lensx Bo3byxaeHns n akops A

3N

, Ha notepu B

MexaHu4yeckon 4yactu A

Mex

, @ Takxke gobasBoyHble notepu A

nob

[31, 74].

OCHOBHasi YaCTb MarHUTHbIX NOTePb B NIIO60M 311eKTpOMEXaHNYEeCKOM
npeobpasoBaTtene NpMxXoaAnTCS Ha NepemMarHMYMBaHNE 3N1eKTPOTEXHNUYECKOWN CTasnu.
3TW NoTepyn NponopLUNOHanbHbl YacToTe NepeMarHnyYMBaHnsa U MakCMMaibHOMY
3HAYEHUI0 MHAYKUMK B cTeneHn, 61M3KoM KO BTOpoi. BTopon coctasnstoLlen
noTepb B MarHMTOMPOBOAE SBASIOTCA NOTEPU Ha BMXPEBble TOKU. OHU Takxe
NpPOMOPLMOHaNbHbI YacTOTe NepeMarHNYNBaHNA U MaKCMMasbHOMY 3HAYEHMIO
WHAYKLUUM BO BTOpoW cTeneHn. B AMNT noTepy BO3HMKAIOT TONbKO B CEpAEYHUKE
AKOPSI, TaK Kak TONbKO 34eCb MarHUTHbI NOTOK M3MEHSIETCS BO BPEMEHW C YaCTOTOM
BpalleHns. MarHUTHbLIN NOTOK B CTAaTOpe MOCTOSHHbIN U MOTepU OTCYTCTBYIOT. B
COOTBETCTBMM C 3TUM, XapaKTep MarHWTHbIX NOTEPb Yy 3TUX MaLUWH onpeaenseTcs
28

pex1uMoMm nx paboTsbl.

CocrasnsiioLime 31eKTpUYeCcKnX NoTepb NOAPasAeNsatoTca Ha noTepu B

AKTUBHbIX COMPOTUBIIEHMAX Lienei Bo3by>xAeHNs 1 AKops. SIkopHas Lenb COCTOMT
13 06MOTKM COBCTBEHHO SKOPS U OBMOTOK AOMONHUTENBbHbIX MOMKOCOB U
KOMMEHCALUNOHHOM. 3TN COCTaBASOLWME NOTEPb OTHOCATCA K MEPEMEHHbBIM U
3aBUCAT OT Harpysku asuraTtens.

MexaHunyeckme noTepy B MallMHaX NOCTOSAHHOIO TOKa CK/1aAblBalOTCA U3

NnoTepb TPEHWUS LLETOK O KONEKTOP, B MNOAWMNMHNKAX AKOPS U BEHTUNSLMOHHbIX
notepb. MexaHn4eckne n MarHUTHbIE MOTEPU NMPU MOCTOSIHHOM CKOPOCTU
BpaLLleHNs MOXXHO CYUTaTb MOCTOAHHBIMMU.

Ewe oaHoli coctaensiowen notepb B ANT ABnsoTCA Ao6aBOYHbIE NOTepn

[31, 165]. CywecTByeT psif NPUYMH, KOTOPble Bbi3biBalOT A06aBOYHbIE MOTEPU B
3/1eKTpoMexaHnyeckom npeobpasoBaTene, HanpuMep, NCKaXKeHNe KpUBOW
MarHMTHOrO NONs B BO3AYLUHOM 3a30pe Npu Harpyske nog BANSHWEM nornepeyHomn
peakuunmn SIKopsi, M3MEHEeHWe BO BPEMEHW MOTOKOB pacCesiHUA KOMMYTUPYEMbIX
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CceKkuMin B NpoBOAHMKAxX 0B6MOTKM, BUXPEBbIE TOKU B KPEMeXHbIX geTansax. Takxe
yacTb A06aBOYHbIX NOTEPb CBSA3aHa C OCHOBHbIM 3HAYEHWUEM MarHMTHOMO MNOTOKa U
Bbl3BaHa 3y64aTblM CTPOEHMEM CEepAEUYHUKOB M 3aBUCUT OT BEIMUYNHbBI U YaCTOTbl
nynbcauum MHAYKLUU, TONWMHbI JIMCTOB CTanu MoJIkoCoB U CTENEHU UX
M30/IMPOBaHHOCTU. Takne noTepu Yalie OLeHUBaT Ha OCHOBaAHUM 3MMNUPUYECKUX
OAHHbIX U NpUHUMaloT 1% Ans HeKoMneHCUpoBaHHbIX U 0,5% ans
KOMMEHCUPOBAHHbIX MallWH OT NOABOAMMONM MOLLHOCTM Ans ABuratens [74].
O6nactb NpUMMEHEHNS CUHXPOHHOIO 3/1EKTPONPUBOAA A0 HEAABHEro
BPEMEHU OrpaHMuMBanacb MexaHn3mamm, KoTopble He TpeboBanu perynnpoBaHus
ckopoctu [28, 30]. Hanpumep, Cl 601bL0M MOLLHOCTM MPU HU3KUX CKOPOCTSIX
BpalleHNs NMPUMEHSIIUCb ANt HEPErYIMPYEMOro NpuBoAa YEPHOBbLIX KeTen
HernpepbIBHbIX MPOKaTHbIX CTAHOB, KOMMPECCOPOB, MOPLUHEBLIX HACOCHbIX
CTaHLMN, XONOANNbHbIX MalWWH, KaMHeapobunok. C NoSABAEHNEM 31EKTPUYECKNX
npeobpasoBaTtenen gaHHoe 06CTOATENbCTBO HEOH6X0ANMMO NepecMaTpmBaTh.
29
MpuHUMNKWanbHas 0coOBeHHOCTb 3TOro TMNa 3JIEKTPONpUBOAa 3aK/to4aeTcs B
BO3MOXHOCTM MOBbIWaTb KO3MIULMNEHT MOLHOCTM cucTembl [31].
HenoasuxHas YacTb MallMHbI MEPEMEHHOrO TOKa Ha3blBAETCA CTAaTOPOM, a
NoABUXHAsA 4YacTb — poTopoM. CepaeYyHMKN CTaTopa CUHXPOHHbLIX MallWH
cobnpalTCca U3 IMCTOB 3NEKTPOTEXHNYECKON cTanu. CepaeyHuK cTaTtopa
3aKpennsieTcs B KOpnyce, a cepaeYHnK poTopa — Ha Bajy Ha ob6oae C KpeCTOBMHOWM
W BTYJIKOW, HageTol Ha Ban (MawmHbl 60nbWoN MoWwHOCTK). Ban poTopa
BpallaeTcs B NOAWMNIMHMKAX, KOTOPble MOMELLalTCs B MOAWMMHUKOBbBIX WUTax.
Ha BHyTpeHHeWn uMAMHAPUYECKOM MOBEPXHOCTWU CTaTopa MMEKOTCSA nasbl, B
KOTOpbIX pa3MeLLalTcs NpoBoAHNKM 06MOTKM cTaTopa. O6MoTka craTtopa
BblINOHSAETCS 06bIYHO TpexdasHol N NpucoeamnHsaeTCs K ceTn TpexdasHoro Toka.
TpexdasHas 06MoTKa CcTaTopa CMHXPOHHOW MallWHbI BbIMOMHSAETCA C TakKUM Xe
UM CIOM MOJIOCOB, KaK M POTOP, U Ha3blBaeTCa Takxe 06MoTkon sikopsi. CepaeyHuK
cTaTopa BMecTe C 06MOTKOM Ha3blBaeTCs TaKXe SIKOpeM.
PoTOp CMHXPOHHOM MalMHbI MMeeT 06MOTKY BO36YXAEHUS, NUTaEMYIOo
yepes Ba KOHTAKTHbIX KOfbLa U WEeTKK NMOCTOSSHHbIM TOKOM OT MOCTOPOHHEr0
MCTOYHMKA. Ha3zHaueHne 06MOTKM BO36YXAEHMS — CO3AaHME B MallMHE NEPBUYHOIO
MarHuTHoro nons. Potop BMecTe co cBoelt 06MOTKOM BO36YXAEHUS Ha3blBaeTCs
WHAYKTOPOM. MNpun N3roToBAEHUN CUHXPOHHbBIX MaWMH NMPUHMUMAOTCS Mepbl K
TOMy, 4TObbI pacnpeneneHne NHAYKUMKU Nons BO36y>XAEHUS BAOSb OKPYXHOCTU
craTtopa 6b1s10 N0 BO3MOXHOCTU 6/IM3KO K CMHYCOMAAIbHOMY, TakK Kak B
TPaAMLMOHHbIX MallMHAX NepPEMEHHOr0 TOKa YMcno a3 craTtopa paBHO TPeM U
npsMoyronbHasi dopmMa Toka NpMBEAET K Pe3KOoMy yBeNn4yeHuto notepb [87].
Mepexon Ha MHOroga3HOCTb B TPAAMLIMOHHbBIX 31eKTPONpuBoAax
nepemMeHHOro Toka, Kak rnokasaHo B pabortax CoyctuHa B.IN. [17, 18], He yxyawaeT
Ka4yecTBO NepexoAHbIX MPOLLEeCCOB, HO CHUXAEeT NMMKNU MOMEHTOB N TOKOB,
BbI3BaHHblE€ HECUHYCOMAANTbHOCTLIO HaMPSXXEHUS U pacnpeaeneHns MHAYKUUN B
3a3ope. YBenuuyeHue uncna gas B 3/1eKTpornpuBoaax NepeMeHHOoro Toka pesko
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CHUMXXaeT TpeboBaHWNSA K CMHYCOUAaNbHOM hopMe TOKa, a TakKe NpuBOAUT K
30

YMEHbLUEHWIO MOTePb B MAaCCMBHOM POTOPE OT BbICLIMX FAPMOHUK.
MNpeo6pasoBaHne 3HEPrumn B CUHXPOHHOM MallMHe CBA3AHO C NoTepsaMn

3Hepruu. Bce Buapl notepb B C[l Tak xe, kak n B AMNT, pa3genstoTcs Ha OCHOBHble

1 gobasouHblie. [1oTepN B CMHXPOHHOW MAalUWHE CKIAAbIBAOTCA W3 3JIEKTPUYECKUX
notepb B 06MoTKe cTtaTopa A

cT

, noTepb Ha Bo3byxaeHue A

0B

, MarHUTHbLIX A

mar

'

MexaHuyecknx A

Mex

1 pobaBoYHbIX NoTepb A

no6

[31].

MarHUTHbIE NOTEPU CUHXPOHHOW MallWHbI MPONCXOAST B CEpAEUYHMKE

cTaTopa, KOTOpbI MOABEPXKEH NepeMarHMYMBaHMWIO BpaLlLaloLLMMCS MarHUTHbIM
nonem. 3T NOTEPU COCTOSAT U3 NOTEPb OT FMCTEPe3nca U NoTePb OT BUXPEBbIX
TOKOB. MexaHu4yeckne noTepu — 3TO CyMMa MoTepb Ha TPeHWe B NOALUMHMKAX U
noTepb Ha BEHTUAALMIO.

[ob6aBoyHble noTepu B C[1 pa3gensitoTcs Ha ABa BWMAA: NyNbCalMOHHbIE
noTepu B MNOJIIOCHbIX HAKOHEYHMKaX poTopa M noTepu nNpu Harpyske. lobaBouHble
NynbCaLMOHHbIE MOTEPU B MOJIIOCHBIX HAKOHEYHNKax poTopa 06yCcnoBieHbI
nynbcaunen MarHMTHON MHAYKLUWMKN B 3a30pe n3-3a 3ybyaTtocTn BHYTPEeHHeNn
noBepxHOCTK cTtaTtopa. [JobaBoyHble NoTepu Npu Harpyske B C[ onpeaensioT B
npoueHTax oT NoABOANMON MOLLHOCTM ABuraTtenen [165].

CUHXPOHHbBIW peakTUBHbIM ABUraTeNlb HE3aBMCMMOro Bo36yXaeHWS B

OCHOBE CBOEWN KOHCTPYKLUMN N PYHKLMOHNPOBAHNSA MMEET MHOro obLunx
0CObeHHOCTeN C MPOKaTHbIMW ABUTaTENsIMU NMepPeMeHHOro Toka (MarHMTHas
cMcTeMa M Kopryc cTatopa BbINMOMHSATCA N0 TEXHOMNOMMU U C MPUMEHEHUEM
0CHacCTKM, ucnonb3lyemoit B nponssoactee CA) n ANT (MHorodasHas o6MoTKa
AKOPSI C MOJIHbIM LWaroM, COOTHOLEHME pa3MepoB MEXMOIFOCHOIO MPOMEXYTKa U
nontoca). B otinumne ot TpaaAMLMOHHOW CMHXPOHHON MawunHbl CPAHB He nmeeT
cneumanbHon 06MOTKM BO36YXAeHMS. DTy pofib BbINOMHAET pacrnpeaeneHHas
06bMOTKa cTaTopa, BbIMOHEHHAsA C MNOJIHbIM Warom [96-99, 136].

CPHB nmeeT MHorocasHoe NUCrNosIHEHME, KOTOPOe 0COBEHHO YMECTHO Y
aBurartenen cpegHen n 60bLW oM MOLWHOCTM 0CO6EHHO TaM, rae NpuxoanTcs
ApobuTh TOK a3kl Ha oTAeNbHbIe BeTBK [27-30, 181].

31

Ecnn aHannanpoBaTb KOMYECTBO A0KIaA0B, Nybamkauui no
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3/1EKTPONPUBOAAM C CUHXPOHHbLIMU peakTUBHbIMU ABUTATENSAMU, TO KOHMbepeHLUMn
nocneaHnx neT AeMOHCTPUPYIOT HEYK/IOHHbIN POCT BHUMaHUS K 3TUM
anekTponpueodam [7, 46, 52, 55, 61-63, 132, 144]. 310 060CHOBbIBAET NOMbITKY
6onee rnybokoro n3yyeHns BO3MOXHOCTEN 3TUX 3/1€KTPONpPUBOLAOB C MO3ULIMN
3HeprocbepexeHuns Hapaay € obLwenpuHaTbIMU oueHkaMn (HaAeXHOoCTb,
CTOMMOCTb, TEXHOSIOMTMYHOCTb U3roTOB/IEHUS, MAaTEPNANOEMKOCTb, OTCYTCTBME
AedUNUNTHBIX BapMaHToB).

CUHXPOHHbIN peaKTUBHbIM 31eKTPOMNpPUBOA HE3aBUCMMOro BO36YXAEHUS

(Field Regulated Reluctance Machine) Bnepsble onucaH y H. Weh [180].
Oco6eHHOCTM NpoTeKaHMs 3N1eKTPOMarHMTHbIX MPOLLECCOB PaCCMOTPEHbI, B
yactHoctu, T. Lipo 1 ero wkonon [171-174, 175-179]. N3 oTeuecTBEHHbIX aBTOPOB
MOXHO OTMEeTUTb paboTbl Nnpodeccopa O.C. YcbiHMHa [96-102, 125-131],
npodeccopa M.A. 'puropbeBa [141-143, 145-147], a TakxKe KaHANZATCKUE U
[OKTOPCKME amcceptaumm nocnegHunx net [8, 24, 39, 43, 48].

B otnmnune ot CA4 n Tem 6onee ANT, raoe akTMBHO paboTaeT To/IbKO Ta YacTb
06MOTKW SIKOpSl, KOTOpasi B AaHHbI MOMEHT BPEMEHWN HAaXOAUTCSt HaNpoTUB
nontoca, a BUTKN 06MOTKM SIKOpsi, Nonaaatoline B MEXMOOCHbIA MPOMEXYTOK,
TOKOM 5IkOpsi 06TeKatoTCs, HO NosiesHon paboTbl He BbiNnonHAKT, B CPAHB

3¢ dekTMBHO paboTaeT BCcs 06MOTKa: BUTKWU CTaTopa, PacrnosioXXeHHbIe HanpoTuB
nontca, Co34aloT aKTUBHbI MOMEHT, @ PacnonoXeHHble HanPOTUB MEXMOMOCHOMO
NpoMeXyTKa — CO34aloT NOTOK BO3OYXXAeHUS, He Tpebysa Ana aTon uenu
cneunanbHon o6MOTKM BO36YxaeHUs, kak B C[1 nnn AMNT. C no3Mumnim 3KOHOMUU
3/1EKTPO3HEPrnm 310 060payunBaETCA NCYHE3HOBEHMEM OAHONM COCTaBAsOLWEN
noTepsb.

KayecTBeHHbIN CpaBHUTENbHbIN aHann3 paccMaTpuBaeMblX B pabote
3/1eKTpoOMexXaHn4yecknx npeobpasoBartenieil Mo3BOAN BbIAENTb KOHCTPYKTUBHbIE U
dYHKLMOHanbHble 0cobeHHOocTM CPAHB no cpaBHEHUIO C CyLeCTBYOLWMMM
MPoKaTHbIMK aABuratensamm (cMm. Tabn. 2.1).

32

Tabnuua 2.1

KOHCTpYyKTUBHbIE U DYHKLMOHaNbHble ocobeHHocTn CPAHB

B CPaBHEHMWW C APYrMMU TUMaMU NPOKATHbIX ABUraTenen

KOHCTpYKTUBHbIE U

PYHKUMOHanNbHbIE

npu3HaKkun

Tunbl 3NEKTPUYECKNX ABUTaTENEN

ANT ¢4 CPAOHB

O6moTka sikopsi

(cratopa)

PacnpepeneHHas,

MHOrocC/0liHas, C

MOJIHbIM LLIArom

PacnpeneneHHas,

MHOrOC/I0MHas,

YKOPOUYEHHbIN Wwar
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PacnpepeneHHas,
OAHOCNOWNHas, C
MOJIHbIM LLArom

®opma Toka dasbl MNMpsamoyronbHas CuHyconaanbHas MpamMoyronbHas

Mcnonb3oBaHne
06MOTKM

BuTkuM, Haxoaswmecs
HanpoTuBs
MEeXMOIIOCHOro
npoMexyTKa, He
ncnonb3yTcs

B ssBHONONOCHbIX
C[ BuTKM,
HaxoasLmecs
HanpoTmB
MEXMOIOCHOro
npomMexyTKa, He
ncnonb3yTcs
SddeKkTnBHO
paboTaeT BCA
obMoTKa: BUTKH,
HaxoasLmecs
HanpoTuB
MEXMOIOCHOro
NpoMexyTKa,
CO37atoT NOTOK
BO3byXxaeHus, a
Haxoasmecs
HanpoTMB Nonkca —
MOMEHT
KonnyectBo a3 bonbluoe ymcno
cekummn
(MHOrodasHoe
MCMOJIHEHME)
O6bIYHO TpexdasHoe
MCMOJIHEHME

Kak npaBuno, unmcno
¢a3 5-7

Hannune cucremsl
BO3OYyXAeHMs
O6mMoTKa
BO36YXXAEHMUS
pacrnosiokeHa Ha
HEenoABMXHOM
NHAYKTOpE
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O6bmoTka

BO30YyXAeHMUS

pacrnonoxeHa Ha

BpaLlatoLLeMcs

poTtope

CneunanbHas

obMoTKa

BO36YXAeHMUS

OTCYTCTBYET

McnonHeHune potopa HesBHonontocHoe

WCNONHEeHne;

NMeeTCs KONNeKTop

SiBHOMostocHoe

NCNOSTHEHWE;

nMmeroTCs

KOHTaKTHble KoMbLa

SIBHOMostocHoe

NCNOJSIHEHWE;

6e306MOTOYHbIN

pOTOp; BO3MOXEH

MacCUBHbIN poTop

MonyyeHHble KNaccMPuKaLMOHHbIE NPU3HAKKU AAIOT BO3MOXHOCTb
NCNoJsIb30BaHWUSA OMblTa MPOEKTUPOBAHMUA M 3KCMyaTaumm cywectsyowmnx CO u
AONT B ycnoBmsx NpokaTHOro Npon3BOACTBa Npu paspaboTke sHeproapdeKTUBHbIX
anexkTponpusogos ¢ CPAHB.

Ha ocHoBaHWMK aHann3a Gr3nyecKon Npupoabl MPONCXOXKAEHNS
PacCMOTPEHHbIX COCTaBAAOWMX NOTEPb B ABUIaTeNsAX MOCTOSHHOIO Toka NoTepu
33

MOXHO KflaccnduumnposaTtb cieayowmm obpasom:

Mar
+ A
Mex
+ A
nob
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7

— B CMHXPOHHbIX ABUTaTeNnAax

mar
+ A
Mex
+ A
no6

CnepyeTt 06paTuUTb BHUMaHWe, YTO peanbHasi COBOKYMNMHOCTb ABUraTenemn
WHANBMAYaNbHOIrO UCMOMIHEHWNS A0OMYyCKaeT CyLlecTBOBaHUe ocobeHHoCTeN
KOHCTPYKLMWU U TEXHOMOTUM UX U3rOTOBNEHMUS. B CBOKO oyepesb, 3TO NpMBOAUT K
pa3bpocy MX NapaMeTpoB U YCJIOXKHEHUIO peasibHOM KapTUHbI OTHOCUTENbHbIX
3HaYeHWU B BEIMUMHAX COCTaBASOWMNX NoTepb. C y4eTOM CKa3aHHOro nonbiTka
BblA€NEeHMS CTPOro OAHO3HAYHOW (PYHKLMOHANbHOW 3aBMCMMOCTM O6LLUNX NOTEPb U
WX COCTaB/SAOWMX OT HOMUHANbHbIX 3HAYeHUI MOLLHOCTM U MOMeHTa ABuUraTtenen
TpebyeT KOIMYECTBEHHOM OLLEHKN 1 6onee CTpororo MaTeMaTnm4eckoro
060CHOBaHMS C NpUB/ieYEHNEM annapaTta CTaTUCTUYECKOro aHamsa.

MTak, Ha 0OCHOBaHWM NpPoOBEAEHHOro Ka4eCTBEHHOro aHann3sa npeanoXxeHo
CTaTucTmnyeckyto mogenb notepb CPAHB npeacraBnTb B BUAE CyMMbI
COCTaB/AOLWMX NOTEPb, KOTOPblE COAEPXaTCs B MOAPOOHbIX TEXHUYECKUX AaHHbIX
Ha guratenu (KIMeHTCKnx bopmynsipax) 3aBOA0B-U3roTOBUTENEN. DTO NO3BONIIO
MaKCMMaslbHO Y4eCTb 0COB6EHHOCTU KOHCTPYMPOBAHWUSA, U3FrOTOBIEHUS U
3KCMyaTaummn CyLecTBYOLMNX MPOKaTHbIX ABUraTenen.

Tak)e MoKasaHo, YTO YMCNIEHHbIEe 3Ha4YeHWNsl COCTaBNSOLWMX NOTeEPb B

CPOHB uenecoobpa3Ho NporHo3MpoBaTh B ABa 3Tarna: CHayasia OpueHTUpoBaTbCs
Ha YNCNEHHbIE 3HAYEHMSI COCTaBNAIOLWMX NOTEPb CYLLECTBYOLMX ABUraTenen
(ANT, CA) ¢ y4eToM 6M30CTN KOHCTPYKLMN N TEXHOMNOMMWN U3rOTOBIEHUS NX
Yy3/10B, @ 3aTEeM YTOUYHATb, NCNOMb3Yys METOAbI MaTEMAaTUYECKOM CTaTUCTUKM.

2.2. CuHTe3 Mogener noTepb CyLLECTBYIOLMX MPOKaTHbIX ABUraTenen

B 3/1EKTPONpPMBOAAX NMPOKATHbIX CTAaHOB

MpuMeHeHMe annapaTa MaTeMaTUYecKo CTaTUCTUKKU MO3BOJIUIIO NpU
He3HauMTeNbHbIX BPEMEHHbIX 3aTpaTax C Heo6XxoANMON TOYHOCTbIO U

34

[OCTOBEPHOCTbIO 060CHOBaTb paLMoHarnbHbIi TUN 3N1EKTPonpuBo4a C No3NLMu
MWHUMaNbHOrO 3HepronoTpebneHmns. PelleHne NocTaBNeHHbIX 3a4a4
CTaTUCTUYECKUMU METOAAMM NMPON3BOAMIIOCH B [iBa dTarna: NnpoBeAeH KIacTepHbI
aHanu3 c uenblo pa3bueHns COBOKYMHOCTU AAHHbIX HA OAHOPOAHbIE rPpynmbl 1
3aTeM (PaKTOPHbIW aHanM3, YTO NO3BOMNIO ONpeaenUTb B3anMOCBA3N MeXAay
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WHTEpEeCYoWMMN BbIXOAHBIMU MEPEMEHHbIMU U paccMaTpuBaeMbiMU akTopamm
[82]. ®akTOpHbIV aHanu3 BkAoYan B cebsi perpecCMOHHbIN aHaNM3 U OLLEHKY
[OCTOBEPHOCTN Ha OCHOBaHUW kpuTepus CTblogeHTa.

Mpepnaraembli NoAxoA NO3BOAMA 06bACHUTL BIMSHME 0COBeHHOCTEN
KOHCTPYKTMBHOIO UCMOSIHEHUS 3IEKTPOMEXaHNYECKUX npeobpa3oBaTeneit Ha
BEIMYMHY NOTEPb U AaTb CPaBHUTENbHbIE KONIMYECTBEHHbIE OLLEHKN.

Bonblwas Bbibopka napaMeTpoB NpokaTHbIX ABUraTenen, 6amskmx no

MOLLHOCTM W yCNoBUAM paboTbl 3/1eKTpoaABUraTensM NUANTpuMoBbIX CTaHOB,
No3BO/INIA MaTeEMaTUYECKMN CTPOro onmcaTb 3aBUCMMOCTU 3TUX NapaMeTpoB OT
HOMWHasIbHbIX 3HAa4YEeHUI MOLLHOCTM U MOMEHTa ABUraTenei.

B kayecTBe reHepanbHON COBOKYMHOCTM paccMaTpuBancs 6onbLlion obbem
TEXHUYECKMX JaHHbIX ABUraTeneil MOCTOSIHHOMO U NepeMeHHOro ToKa NpoKaTHbIX
CTaHoB, paboTaloWwmnx Ha pasHbIX NpeanpuaTnax (Ha OCHOBaAHWM AaHHbIX 3aBogoBuarotosmTenen) [3]. B Tabnnuax 2.2 n 2.3 npmBeaeHbl pparMeHTbl MCXOAHbIX
AaHHbIX. Hanbonee LeHHbIMM AN18 pelleHuns nocTaBneHHbIX B paboTe 3aaau
ABNSNNCb AOCTAaTOYHO NOAPO6HbIE AaHHbIE MO COCTaBAAOWMM NOTEPD.

YT06bl YBENNUYNTL TOYHOCTb MaTeEMaTM4eCKONn 06paboTKM MCXOAHbIX

AaHHbIX, B paboTe 6bln BbINO/HEH KNACTEPHbIM aHanu3, KOTOpbI NpoBOAMIICS C
npuMeHeHneM anropmTMa BblAeNIEHNS CBA3HbIX KOMMOHEHT, OCHOBAHHOM Ha
onpenensrowmnx BXoOAHOM napaMeTp rmcrorpaMmmax pacnpeaeneHus
MEXKACTePHbIX paccTossHui [82]. COBOKYMHOCTb AAHHbIX CYMMapHbIX NOTepb B
NpoKaTHbIX ABUraTensix B pe3ysbTaTe NpoBeAeHHOro KJacTepHoro aHanmsa 6oina
npeacrasneHa B Buae AByX rpynn: asuratenu tuxoxoaHoro (I, III) n
6bicTtpoxoagHoro (II, IV) ucnonHenus (puc. 2.1).

35

Tabnuua 2.2

@parMeHT Tabnmubl NCXOAHbIX AAaHHbIX MPOKATHbIX ABUraTenelr NoCTossHHOro Toka (MHdopMaums 3anmcTeoBaHa 13 [3])
Ne

H

, KBT

H

, 06/MUH

2p
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, KBT

1912081 10009600 11001,40,134316327874,3607 13648 143,519,289 31,9467,695,159,7

2 9000 65 800 6000 677 4,50,16 427 1428 7,585 4,91 - 214 48 184 24 89,3 27,8 656,7 93,2 -

3 8840 65 900 10350 1325 2,2 0,39 38522449 112,55,83506 170 46,5 141 20,7 86 17,2 481,4 94,9 -
4 8600 70 850 5410 600 5,8 0,2 353 18 18 7 100 4,3 617 189 46 225 21,6 86,6 26,6 594,9 93,5 66,8

5 7400 60 860 9200 1200 3,1 0,22 477 20408 116,3 5,18 590 166 37 167,3 18,4 74,7 18 481,4 94 -
347 200 400 440 497 4,86 48,6 14,79,54450,035,54008,31,16411,60,819,291,22,1

Tabnuua 2.3

®parmeHT Tabnuubl UCXOAHbIX AAHHbIX MPOKATHbIX CUHXPOHHbIX ABUraTenen (MHdopMaunsa 3ammcrBoBaHa 13 [3])
Ne

H

, KBT

H

, 06/MUH

H
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, KrM2 *

A

M

, KBT

A

Mex

, KBT

A

, KBT

A

nob

, KBT

A

, KBT

A

nob

, KBT

A

2

, KBT

119500 375 6000 2150 508 0,9 4,4 0,27 480 16 8 1447,583,975,57561,7 80 - 440 98,2

2 18500 375 10500 1100 480 0,95 15,50,27 495 16 4 18 3587,2 76,5 69 50 81 - 420 98,2

3 10900 500 6000 1350 211 0,8 8,050,132 628 12 315 21,1 58,5 76,5 55,7 38,555 34,5 33097,7
4 10000 150 10000 682 650 0,9 41,8 0,248 564 40 4 12 165 64,6 52 71,2 33,2 96 - 360,6 96,6
59000 375 6300 1065 234 0,8 14,7 0,165 550 16 4 15 27,5 46,4 60 61 66,6 61 — 295 96,8

6 9000 500 10000678 1750,837,70,1325651231521,164,876,663,439,260,6 23,5328,396,5
212 1250 100 6000 146 122 0,9 328 0,384 27560152517,6 8,4 26 10,4 36,8 8,6 107,8 92
36

Mocnenyrowmin perpeccMoHHbI aHann3 NpoBoAnICS AN1s NapaMeTpoB
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3/1eKTpoMexaHn4yecknx npeobpasoBaTteneinl TUXOXOAHOrO UCMOSTHEHUS U ANs
KaX[oM M3 COCTaBASIOLWMX NOTEPb.

Ha puc. 2.2 (a, 6) npuBeaeHbl COBOKYMHOCTU AAHHbIX OTHOCUTE/IbHbIX NOTEPb

B obMoTKax skopsa AMNT u cratopa CA.

Ha puc. 2.3, 2.4 n 2.5 npuseaeHbl COBOKYNHOCTU AaHHbIX OTHOCUTENbHbIX

notepb B 06MOTKax BO36OYXAEHMS, @ TaKXKe MarHUTHbIX N MEXaHUYECKUX MOoTepb
AONT (a) v CA (6).

Puc. 2.1. CoBOKYNHOCTb TEXHUYECKMX JAHHbIX OTHOCUTENbHbIX CYMMapHbIX NoTepb
B npokatHbix ANT (a) n CA (6) B 3aBUCMMOCTH

OT HOMMHANBbHOIrO MOMEHTa

Puc. 2.2. CoBOKYNHOCTb TEXHUYECKMX AAHHbIX OTHOCUTENbHbIX MOTEPb

B 06MoTKe sikopHon uenu AMNT (a) n B o6MoTke ctaTopa C/ (6)

B 3@aBMCMMOCTM OT HOMWHANIbHOr0 MOMEHTA

37

Ha puc. 2.6 (a, 6) npuBeaeHbl COBOKYMHOCTU AaHHbIX OTHOCUTENbHbIX
n06aBOYHbIX MOTEPL B ABUIaTENsiX MOCTOSIHHOINO TOKa U CUHXPOHHbIX ABUraTensx.
Puc. 2.3. COBOKYMHOCTb TEXHNYECKUX AAHHbIX OTHOCUTENbHbIX NOTEPb

B 06MoTKe B036yxaeHma ANT (a) n C4 (6) B 3aBUCMMOCTU

OT HOMMHANIbHOrO MOMEHTa

Puc. 2.4. COBOKYMHOCTb TEXHNYECKUX AAHHbIX OTHOCUTENbHbIX MarHUTHbLIX NOTEPb
B AMNT (a) n CA (6) B 3aBUCMMOCTN OT HOMWHA/IbHOrO MOMEHTA

Puc. 2.5. COBOKYMHOCTb TEXHNYECKUX AaHHbIX MexaHu4veckmx notepb B AMNT (a) n C4 (6)
B 3@aBMCMMOCTM OT HOMWHANbHOr0 MOMEHTA

38

KoadpnuneHTbl ypaBHEHUNI perpeccum paccymTbiBarMCb METOAOM

HaMMeHblNX kBagpaTos [59, 60, 82]. O6wmnii BUA ypaBHEHUN, KOTOpbIE
OMMUCbIBAOT 3aBUCUMOCTU OTHOCUTENbHbBIX NOTEPb B 3/IEKTPOMEXAHUYECKMX
npeobpasoBaTensix OT HOMMHANIbHOr0 MOMEHTA, CleayoLWmnii:

A=

(@9)

+ et

roe

- KO3 PMUMEHTBI YpaBHEHUS perpeccuu.
KoaddunumeHTbl perpeccnmn = (

7

Q

~ ~
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OblIN HaNAEeHbI
cneaywowmm obpasom:
/\ .= B,

raoe AN = X
- X, =X

MaTpuua X NpUHUMaET cneayowWwmnii BUA:
X=o0
1

P>)

rae — 3Ha4yeHMe HOMUHaNbHOrFr0 MOMEHTA 3JIeKTPOMEeXaHMYeCcKoro
npeobpasoBarens;
— NOPSIAKOBbLIA HOMep Ko3dduLneHTa ypaBHEHUS perpeccuu;
— CTeneHb ypaBHEHMWS perpeccuu.
Kak noka3sblBaeT npuBeaeHHas Ha puc. 2.7 Kpusasi, CyMMapHble noTepu B
Puc. 2.6. COBOKYNHOCTb TEXHNUYECKMX AaHHbIX A06aBOYHbIX noTepb B AMNT (a) n C4 (6)
B 3@aBMCMMOCTM OT HOMWHANIbHOr0 MOMEHTa
39
ABUraTensix TUXOXOAHOrO NCMOSIHEHMSI OT HOMUHAJIbHOM CKOPOCTM MEHSAHTCS Maso
n ana CO nexat B npegenax ot 6 go 7,5 %.
PerpeccmoHHbIW KONMYeCTBEHHbI aHann3 6bia NpoBeaeH C yYeTOM NMPUHSATON
B n. 2.1 knaccudumkaummn cocrasnsaowmx norepe AMNT n CA.
Bbln10 ycTaHoBAEHO, YTO
nopsiAOK YpaBHEHUN HENMHENHOM
perpeccumn, Hanbonee npnemMnembii
C TOYKWN 3pEHUS MUHUMANIbHOI O
cpenHeKBaapaTUYHOro
OTK/IOHEHUSA, paBeH AByM. B

http://susu.antiplagiat.ru/ReportPage.aspx?docld=427.34575487&repNumb=1&type=3&page=0

34/130



26.06.2017

pesynbTaTe ypaBHeHMe NoTepb B
saKkopHon obmoTke AMT BbirnaanT
cneaywmm obpasom:

A

aK

- B 0bMoTKe cTaTopa C[]
A
cT

CTdl
*H
gl
+
cTe
*H
+
CcT

Ha ocHoBaHWM NoNyYeHHbIX YpaBHEHWUI Obl/I MOCTPOEHbI PerpeccoHHbIe
3aBMCUMOCTU B BUAE CTEMEHHOro NosIMHOMA, NpeacTaBleHHble KpUBbIMUY,
npoBeAeHHbIMU Yepes TOYKKU, MMEILLUNE HOPMaNbHO pacnpeaenieHHoe OTKIOHEHne
OT UCTUHHOIO 3Ha4veHunsa (puc. 2.8). Cneayet 06paTTb BHMMAHME Ha TO
obcrosTenbcTBO, UTO MacwTab ocmn opamHat puc. 2.8 (a, 6) otanueH ot puc. 2.8 (B,

r, ). 3TO BbI3BaHO 3HAUMTENIbHbIMK (MPAKTUUYECKU Ha MNOPSAOK) KOMMYECTBEHHbBIMU

pasnnunaMn B pacCMaTpMBaeMblX COCTaBNSAOLWMX NOTEPb.
Puc. 2.7. 3aBUCMMOCTb CyMMapHbIX NoTepb

CA TMXOXOAHOr0 NCNOSIHEHUS OT HOMUHAJIbHOW

CKOPOCTU

40

Ha ocHoBaHWM 3aBMCMMOCTEN Ha NpUMepe NoTepb COBCTBEHHO B AKOPHOW
obMOTKe ABUraTener NOCTOSHHOro Toka 1 06MOTKe CTaTopa CUHXPOHHbIX
ABUraTenen TUXOXOAHOrO NCMOSIHEHUS OT HOMWUHasIbHOrO MOMeHTa 6bina
npoBefeHa oOLueHKa AOCTOBEPHOCTM CTaTUCTMYeCKOoro aHanusa [82]. B tabn. 2.4 n
2.5 npeacraBneHbl pe3ynbTaTbl CTaTUCTUYECKON 06paboTkm perpeccMoHHOoM
mMozAenun notepb COBCTBEHHO B IKOPHOW 06MOTKe ABUraTenen NoCTOAHHOro Toka m
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B 06MOTKEe CTaTtopa CUHXPOHHOro ABUraTens.

Puc. 2.8. PerpeccnoHHble 3aBUCMMOCTM cocTasnstowmnx notepb AMNT u CO TMXOXOAHOrO
MCMONIHEHUS OT HOMUHAJIbHOFO MOMEHTa: NoTepu B sikopHow uenu AMNT n obMoTke craTtopa
CA (a); notepun B o6MoTKax Bo3byxaeHUs (6); MarHMTHbIe noTepu (B); MEXaHUYeckne
notepu (r); AobaBoyHbIe noTepu (4)

41

Tabnuua 2.4

Pe3ynbTaTbl cTaTUCTUYECKOM 06paboTKu perpecCMoOHHON MoAen NoTepb CO6CTBEHHO
B SIKOpHOM 06MOTKE TUXOXOAHbIX ABUraTenen NocToSHHOro Toka
MapameTp

MH, kHM A

nex

o © © @ © O ©

, % A

per

@ © © @ © O ©

, %

Homep asurartens

1507,377,97 -0,60 0,360

262,57,237,82-0,590,348

3757,106,930,17 0,029

155 1500 3,20 3,26 -0,06 0,004

0,78

1,38

1,66

Tabnuua 2.5

Pe3ynbTathbl cTaTMCTM4YeCcKon 06paboTkn perpecCMoHHOM MOAENN NMoTepb
B 06MOTKe cTaTopa TUXOXOAHbIX CUHXPOHHbIX ABUraTenen

MapameTp

MH, kHM A

nex

o © © © © © ©

, % A

per

@ © © @ © O ©

, %

Homep asuratens

1506,087,2-1,121,254

262,55,947,05-1,11 1,232

3755,815,16 0,650,422

126 1500 1,91 2,49 -0,58 0,336

1,01

0,5
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1,66

Ha ocHOBaHMM MOMyYeHHbIX pe3ynbTaToB MOXHO YTBEPXKAaTb, UTO C
BEPOSATHOCTbIO 0,95 perpeccus [OCTOBEPHO OMUCHIBAET 3aBMCMMOCTb
paccMaTpMBaEMOi COCTaB/ISAIOLLEA OT HOMMHA/IbHOrO MOMEHTA, TakK KakK pacyeTHoe

\/

KPUT

42

3Ha4yeHue kBaHTMNS CTblogeHTa He npeBblwaeT kputuyveckoro (1,66).
MpuBeaeHHbI CTaTUCTUYECKUIA NOAXOA NPUMEHEH ANS BCEX MOSTyYEeHHbIX
perpeccMoHHbIX 3aBUCUMOCTEN COCTaBASIOWNX NOTEpPb, CTaTUCTMYECKMEe
nokasaTtenu cseaeHbl B Tabn. 2.6.

Tabnuua 2.6

Pe3synbTaThl cTaTucTMyeckon o6paboTkM perpeccMoHHbIX Moaenen
COCTaB/AOLWMX NOTEPb TUXOXOAHbIX 3/1EKTPOMEXaHNYECKUX npeobpasosartenen
CraTucrnyeckui
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napameTp
[Burateny nNocTtossHHOro
ToKa

CMHXPOHHblE ABUraTenm
oB

Mar

Mex

nob

oB

Mar

Mex

nob

~6IT

S M &

($00)

)

-1

0,390610,120,170,520,280,12 0,06

0,340,191,001,640,070,381,12 1,46

1,66

PacueTHoe 3HauveHne kBaHTMNA CTbIOAEHTA HWM B OAHOM M3 paccMaTpyBaeMblX
Clly4aeB He NpeBbILWano KPUTUYECKOro, YTO FOBOPUT O IOCTAaTOYHO CTPOroMn,
MaTteMaTmyeckn ob6ocHoBaHHOM (C BepositTHOCTbio 0,95) 3aBucnmMmocTun
COCTaBMAOLWMX NOTEPb OT MPUHSTOro BXOoAHOro daktopa.

MonyyeHHbIe 3aBUCMMOCTM MO3BOJISIOT 3aK/IIOUNTb, YTO YCpPeaHEHHas
OTHOCUTENbHAas BEIMYMHA NOTEPb CO6CTBEHHO B siKOpe ABMraTens NoCTOSHHOro
TOoKa NexuT B npegenax ot 2,5 Ao 7 %, B ctatope CMHXPOHHOro Asuratens ot 2,2
00 5,9 %. To eCcTb paccMaTpuBaeMble COCTaBAOWME NOTEPb OKa3blBaKTCA
[OoCTaTovHO 61m3km (pyc. 2.8 a). ITo CBA3aHO Npexae BCero C KOHCTPYKTUBHbIM
ncnonHeHmnem obmotok sikopst AMNT n cratopa C[: 06MOTKM pacnpeneneHHoro
T1na, 3ybuoBble 30Hbl MAEHTUYHbI OCO6EHHO Ha 6oMbLLIME MOLHOCTM, NPU 3TOM
OTHOLUEHWS Na3oBOro wara u gnameTpa sakops nexaTt B npegenax ot 0,016 go 0,025

6T
0
\/
KPUT
43
n 6nmskmn B C v ANT. OgHako noTepu B 06MoTKe ctatopa C/l CyLlecTBEHHO HUXe,
yeM B sikopHoi uenwn ANT, 4To 06bACHSAETCS HEO6XOANMBIM C MO3ULMUNA
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PYHKLMOHNPOBAHUA YCITIOXKHEHMEM ee KOHCTPYKLMK, TO ecTb Hannumnem B ANT
06MOTOK AONOMHUTENBbHBIX MOMOCOB U KOMMEHCaLMOHHOWN.

KonunuyectBeHHble pa3nnums B 06MoTke skopHon uenu AMT n obMoTke

cratopa C[l cneayeT 06bACHUTL YCIOXXHEHHOM 06MOTKON sikopHon uenu AMNT, 1o
€CTb Hannynem o6MoTOK AONONHUTENbHbIX MOMOCOB U KOMMEHCaLMOHHOWN.

B ANT n CO o6MoTKa sSikopsl BbIMOMHAET MYHKLWIO CO34aHNS MOMEHTa,

Co3/aHMe OCHOBHOIro MarHWTHOro NOToka obecrneynBaeTcsi 06MOTKOM
BO36YyXAeHUs, 4To 0bopaumBaeTCs HaM4YMeM eLle OAHOM COCTaBAsitoLLen NoTepsb.
Motepun B 06MoTKe BO36YXAeHMsA C[ nexaT B npeadenax ot 1 ao 2,5 %, 8 AMNT - oT
0,7 0o 1,8 %. 310 06CTOATENBLCTBO 0OYCNIOBNEHO OTHOCUTENBbHO 6onbLlen
BEMYMHOM BO3AYyLIHOro 3a3opa B C[ no cpaBHeHuto ¢ AMNT. Takoe
KOHCTPYKTUBHOE pelleHne npu nsrotoneHnn C[ npMHUMaeTCs B kKayecTse
cnocoba noaaeneHns peakumn sikops [16]. OgHako HeKoTopble aBTopbl obpaliatoT
CBOE BHMMaHWe Ha TO, YTO Be/IMYMHa 3a30pa A0/PKHA ANKTOBaTbCA YC/IOBUSMU
MeXaHW4YecKol HaAeXHOCTU U HET HeO6XOANMOCTU B HeonpaBAaHHOM ero
3aBblweHnn [18].

MarHuTHble N MEXaHUYecKMne notepn B obonx Tunax agsurartenei 61amMsKn, 4to
06BbACHSAETCS TaK)Ke HEKOTOPbIMU KOHCTPYKTUBHbBIMU CXOACTBAMU TakKMMU Kak:
SABHOMOJKOCHAasA cncreMa Bo3byxaeHuns, 3ybuaToCcTb SKOpeln, TUXOXo4HOoe
ncnonHeHue (puc. 2.8 B, r). OTHOCUTENbHAs BEIMYMHA MAarHUTHbIX NoTepb B AMNT
nexuT B npegenax ot 0,9 1o 1,0 %, 8 C4 - ot 0,8 Ao 0,9 %. YcpeaHeHHble
MexaHun4yeckne noTepu BO BCEM AMana3oHe HOMUHaIbHbIX MOMEHTOB
3/1eKTpoMexaHnyecknx npeobpasoBartener nNpuHMMatoT 3HadyeHmsa: B C4 - 0,65 %,
B ANT - 0,4 %.

PerpeccnoHHble 3aBMCMMOCTM A4/19 3TUX COCTaBASIOLLNX BblPOXAAIOTCS B

NIMHENHble N KaK YacCTHbI clyyalt NpoBeAeHHOro aHann3a npeacTaBnsioTcs B BUAe:

44
= ansa ,ClBVII'aTeJ'IeVI MOCTOAHHOIO TOKa
A

MAT(AMNT)

MAM(ANT)e
*H

+
MAF(AMNT)
A
MEX(ANT)

MEX(AMNT)e
*H

+
MEX(AMNT)

7

= ANA CUHXPOHHbIX apurartenemn
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A
MAr(CL)

MAT(CH)e
*H

+
MAr(CL)

7

A
MEX(CO)

MEX(CA)®
“H

+
MEX(CA)

dursnyeckasn npuposa Aob6aBoYHbIX MOTEPb A/1s1 pacCMaTprBaeMblX

aBurartenen onucaHa B n. 2.1. MpubnuantenbHas BennMyMHa 3TON COCTaBASOLWEN
Npu NpoeKTUPOBaHMKN 3MeKTpoMeEXaHMYeCKMX NpeobpasoBaTenein oLeHMBaeTca Ha
OCHOBaHUW 3MMUPUYECKNX 3aBUCMMOCTEN, NPUBEAEHHbIX, Hanpumep, B [155].
[ocraTouHo noapobHble AaHHble 3aBOA0B-U3rOTOBUTENEN COCTaBASOWMX NOTEPb,
paccMaTpuBaeMble B paboTe B KayecTBe MCXOAHOr0 MaTepuana v npuBeieHHble B
[3], noka3biBaloT, YTO ycpeaHeHHble gobaBoyHble notepu B C[l nexaT B npeaenax
ot 0,6 po 0,65 %, B AMNT - ot 0,5 0o 0,55 %.

Takoe noapobHoe paccMOTpeHMe COCTaBASOLWNX NOTEPb NO3BONMIIO B
AanbHeliweM 060CHOBaHHO BblAENUTb JOMUHUPYIOLLME COCTaBMsoWMeE NoTepb U
yKasaTb Hanbonee adhdeKTMBHbIE NYTU CHUXEHUSA 0B MX NOTEPD.

B pabotax [21, 166] B kauecTBe 04HOr0 13 croco60B NOBbILLEHNS
3Heproad@eKTUBHOCTM PacCMOTPEHO NMPUMEHEHWE ABUTaTeNEN C MOBbIWEHHbIM
KMA, HO 3TO NpYBOANT K NOBbILLEHHOMY pacxoAy aKTUBHbIX MaTepuanos.

B maccoBom anekTponpusoae 60nblioe pa3Hoo6pasns TEXHONOrMYeCcKnX
06BHEKTOB M LWNPOKUIA AManasoH M3MEHEHUSI Harpy3oK NpUBOAST K CHUXKEHUIO
KO3 dununeHTa 3arpysku. Mo gaHHbIM [64] B 3apybexHbIX 31eKTPOyCTaHOBKaX OH
cHuxaetca ao 0,7, a B oTeuecTBeHHbIX — gaxe ao 0,3-0,4. B nHamBmnayanbHblX
45

cMcTeMax 3/1eKTPonpuBoAa NPOKaTHbIX CTaHOB 3TOT KO3ddUUMeEHT banxe K
eavHuUe, onpeaensieTcs AeTEPMUHUPOBAHHbBIM XapaKTepoM HarpysKku, 4To
BblTEKaeT U3 HeobXxoAMMOCTM CTPOrOro BbIMOMAHEHUS 33aHHON NpPOrpaMMmbl
NpoKaTKMu.

Ha ocHoBaHWM NpUHATOrO B M. 2.1 ypaBHEHWS CYMMapHbIX NOTepb U
npoBeAeHHOW KOMMYECTBEHHOW OLEHKN COCTaBMSOWMX MaTeMaTuyeckas mogesnb
onpeneneHns NoTepb B ABMraTesne NOCTOSHHOro Toka npeacTaBfieHa B Buae
YPaBHEHUIN HENMWHEWHOWN perpeccMmn BTOPOro nopsaKa:

A

>AnT)
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>@AnTs
“H

gl

+
>AnTe
“H

+
>(anT)
- B CUHXPOHHOM ABUraTene
A

2(Ch)

2 (Ch)s
“H

gl

+
2(CO)e
“H

+
2(Ch)

MonyyeHHble perpeccMoHHbIE 3aBUCMMOCTU CyMMapHbIX NOTepb OT

HOMUHANbHOINO MOMEHTa B ABUTIaATENAX MOCTOAHHOINO TOKA U CUHXPOHHbIX

ABUTraTendax no3Bonnan AaTtb yCpeaHEHHbIE KOJIMYECTBEHHbIE OLEHKN

COCTaB/IAIIOWMM NOTEPb, @ AeTa/lbHbI CPAaBHUTENbHbIN aHanM3 COCTaBASOWMNX
rnoTtepb B 3TUX ABUraTesnax — 06ocHOBaTb 0COBEHHOCTU MONYYEHHbIX 3aBUCMMOCTEN

(c™m. puc. 2.9).

CraTtncrnyeckas oleHka

[OCTOBEPHOCTN CYMMapHbIX

noTepb B paccMaTpvBaEMbIX
3/1eKTpOMEXaHNYeCKNX

npeobpasoBaTensx nposoanaach

Ha OCHOBAHMWW MPUHATBIX paHee

MeTOAMK C Y4eTOM A0MyCTUMOro
[OBEPUTENBHOrO MHTepBana (CM.

Tabn. 2.7 n 2.8).

Puc. 2.9. PerpeccmoHHas 3aBUCMMOCTb
CYMMapHbIX NOTepb OT HOMWUHANbHOr0 MOMEHTa
B ABUraTensix NOCTOSIHHOrO TOKa U CUHXPOHHbIX
ABUraTensix TMXOXOAHOr0 MCNOTHEHUSA

46

Tabnuua 2.7

CraTucrnyeckas oueHka AOCTOBEPHOCTM CyMMapHbIX NOTePb
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B TUXOXOAHbIX CUHXPOHHbIX ABUraTensx
MapameTp

A

nex

o © © © © O ©

, % A

per

© @ © © © © ©

, %

Homep asurartens

110,5010,48 0,02

-0,06 0,24

210,37 10,35 0,02

310,30 10,32 -0,02

126 4,79 4,75 0,04

0,02

1,54

1,66

Tabnuua 2.8

CraTucrnyeckas oLeHKa AOCTOBEPHOCTM CYMMapHbIX NoTepb
B TUXOXOAHbIX ABMIATENAX MOCTOSAHHOMO ToKa

MapameTp

A

nex

@ @ @ © © © ©

, % A

per

© © © © © © O

, %

Homep asuratens

118,89 18,91 -0,02

-0,06 0,23

2 18,50 18,43 0,07

318,21 18,18 0,03

155 7,31 7,28 0,03

0,05

1,60

1,66

Hanbonbluern n3 coctaBnsoWwmMx NoTePb B ABUraTensX sSiBASIOTCS NOTeEpU B
Luenu aKops ABUraTeneln NoCTOSAHHOro Toka. [Mpyn 3TOM CyMMapHble noTepu B
akopHon uenw AMNT 6onblwe, yem B 06MoTke ctatopa C/l B 2-3 pasa, a noTepu B
Q
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obmoTke cobcTBeHHO skops AMNT n obmoTke cratopa CA 6nm3km mexay coboi.
CymmapHble notepu B ANT npesbiwatoT notepu B CA B 1,5-2 pasa.

B kayecTBe KOHKPETHOro npuMepa Huxe npuBeaeHbl UCTUHHbIE BENIMYUHDI
OTHOCUTENbHBIX NOTEPb B ABUIaTesle MOCTOSIHHOIO TOKA U CUHXPOHHOM, 6/IM3KNM
TUXOXOAHbIM ABUraTensM paccMaTpvBaeMbiX B paboTe NUANrpuMOBbIX NPOKaTHbIX
craHoB. CocTaBnsitowmMe NoTepb U HEKOTOPble XapaKTepHble HOMUHAsbHbIE AaHHbIE
AaHbl B Tabn. 2.9.

Tabnuua 2.9

KOHKpPETHbI NpuMep NpUMEHeHUs pe3y/bTaToB

Tabnuua cpaBHeHWA NOTepb B ABUTraTeNsX MOCTOAHHOrO TOKA U CUHXPOHHbIX ABUraTensax
(TuxoxoaHoe ncnonHeHue) [3]

MapameTp ABuratesb MNOCTOSHHOrO

TOKa He3aBMCUMOro

B036YyxaeHus ( PH=2250

KBT, n = 75 06/MuH)

CUHXPOHHbI

auraTtenb

(PH=2500 kBT,

n = 100 06/MuH)

MoTepu B AkOpHOW Lenwu (cTatope),

APs

/PH, %

4,89 4,2

[ob6aBouHble notepn, APao6/PH, % 0,55 0,64

MoTtepn B KO n AN, APkoan/PH, % 4,34 -

MepexopHbie Ha konnektope, APkon/PH, % 0,25 -

MoTepu B ctann, APmar

/PH, % 1,13 1,02

MexaHun4yeckmne notepu, APmex/PH, % 0,36 0,42

MNotepn Ha BO36YyXxXAeHWe, APB

/PH, % 1,08 1,69

CymmapHble notepu, AP/PH, % 12,6 7,97

MpuBeaAeHHbIe AaHHbIE NOKa3blBAOT, YTO OTHOCUTENbHbIE 3HAYEHUS

CYMMapHbIX NOTEpPb U UX COCTaBNAIOLWMNX B ABUTATENSAX HAXOAATCA B NMOMYYEHHbIX
C NOMOLLbIO pa3paboTaHHbIX B XoAe paboTbl MaTeMaTU4ecKMx Moaenen
onpefeneHns NoTepb npeaenax c yHeToM AOBEPUTENbHOIO MHTepBana, YTo roBopuT
0 AOCTOBEPHOCTU pe3ynbTaToB.

48

NTak, B JAHHOM MYHKTE Ha OCHOBaHMW MPOBEAEHHOI0 KOIMYECTBEHHOIO

aHanu3a NpeasioXeHbl MaTeMaTMYeCcKe Moenv NoTepb B CYLLECTBYHOLUNX
NpoKaTHbIX ABUraTensix B BUAe ypaBHEHUW perpeccum BTOPOro nopsaka. lMpu atom
cpefHeKkBaapaTUYHble OTKIOHEHUSI UCTUHHBIX 3HAUYeHWU I OT perpecCMOHHbIX
3aBMUCMMOCTEN He MpeBblWann AoNyCTUMbIX (

6lTMaKc

= 1,01), pacyeTHble 3Ha4YeHUS
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KBaHTUA CTbloAeHTa He NpeBblwany KpuTu4eckoro (

KPUT

= 1,66) C BEpOSITHOCTbLIO

0,95.

C ncnonb3oBaHMeM METOAA HAaUMEHbLUNX KBAAPaTOB NoyyeHbl B YHKUNMN
BE/IMYNHbI HOMUHANLHOIrO MOMeHTa AsuraTtens obobLeHHble (ycpeaHeHHble)
3aBUCUMOCTU 06 e BENMYMHBI CYMMapHbIX NOTepb B 3/1EKTPOABUIATENSAX U UX
coctasnsowmx. OHM No3BoNMAN 060CHOBAHHO BbIAENUTL MaBHble COCTaBnsoLLne
noTepb U TEM CaMbIM yKa3aTb Hanbonee sdeKTUBHbIE NYTU CHUXKEHUSA 06X
noTepsb.

Hanbonblwmne notepu B agpmratensax HabnwoganMce B Lenu skops. MNpu aTom
CyMMapHble NoTepu B AIKOPHOW Lienun ABuUraTtens NoCTOSIHHOro Toka 6onblue, YeM B
obMmoTke ctaTtopa C/[ B 2-3 pas, a notepu B 0bMoTKe cobctBeHHO sikopst AMNT m
obMoTke ctaTtopa C[ 6nm3ku mexay coboii. Peskoe npeobnagaHue cyMMapHbIX
noTepb B sikopHon uenu AMNT cneayeT 06bACHUTbL HaNMUMEM KOMMEHCALMOHHOM
06MOTKM 1 06MOTKM A06aBOYHbBIX NOMOCOB, Yero HeT B C/.

2.3. CuHTE3 perpeccMoHHON MoAeNn onpeaeneHunst NoTepb CUHXPOHHOIO
peakTUBHOI0 ABUraTens He3aBMCMMOro Bo3byxaeHns

Mpsamble gaHHbIE No cocTaBnsAwmm noteps B CPAHB oTcyTCTBYIOT, OAHAKO

Ha OCHOBAHMW OMMCAHUS KOHCTPYKUUM U npuHumnna pabotel ANT n CA (n. 2.1)
MOXHO YTBEpXAaTb, YTO y pacCMaTpvBaeMbIX MalINMH MHOro obLiero B
KOHCTPYKTMBHOM MUCMOMHEHUW psa y3710B U DYHKLMOHMPOBAHUN. Hamn n
3anagHbIMK crneymanucramMm npusHaetcs, yto CPAHB MOXHO M3rotaBamBeaThb,
MCNonb3ys TEXHOIOMMM N OCHACTKYy CyllecTByowWmnx asuratenen [40, 48, 127, 171,
174, 180]. MarHnTHas cumcremMa 1 Koprnyc ctatopa KOHCTPYKTUBHO MOryT 6biTb

49

BbINOSIHEHbI, Kak B C[l. Pe3ynbTaTbl aHanM3a KOHCTPYKTUBHOIO U
(YHKLMOHANbHOIrO COOTBETCTBUS HEKOTOPbIX 0COBEHHOCTEN pacCMaTPUBAEMbIX B
paboTe 3neKkTpoMexaHnyeckux npeobpasosaTtenel npuseneHbl B Tabn. 2.1 (cm. n.
2.1).

CxoAcTBa KOHCTPYKTUBHOIO UCMOMHEHMS MarHUTHOW CUCTEMbI, @ Takxe

obmoTok cratopa CPAHB, akopsa AMNT n cratopa C4 (06MOTKKM pacnpeaeneHHoro
TUna, naeHTu4Hble 3ybLoBble 30Hbl, 0CO6EeHHO Ha 6obLUMe MOLWHOCTX) NMO3BONN
3aKJI04YNTb, YTO noTepun B ctatope CPAHB MOXHO NpUHATL 6IM3KNMMK NOTEpPAM B
obmoTke cratopa C1 u cobctBeHHO sikopst ANT. MNpun 3ToM 06MOTKa saKkops
(craTtopa) CPAHB nMeeT MHOrodasHoe UCMOJIHEHWE, YTO NMO3BOJISIET HE HaAEATbCS,
a yTBepXAaTb, YTO NOoTepn B Hen ByayT HECKONbKO MeHbLle, YeM B 06MOTKe cTaTtopa
ca[iz, 18].

B otnnune ot CA4 n Tem 6onee ANT, raoe akTmBHO paboTaeT To/bKO Ta YacTb
06MOTKW 5iIKOpsi, KOTOpasi B A@HHbIA MOMEHT BPEMEHU HaxXOAUTCSH HaNpoTUB
nontoca, a BUTKN 0BMOTKM sIKOpsi, NONajatoLine B MEXMOSOCHbIW MPOMEXYTOK,
TOKOM sikopsl 06TeKkatTcsi, HO nosie3Hon paboTbl He BbinonHsT, B CPAHB

3¢ dekTnBHO paboTaeT BCA 06MOTKa: BUTKMU CTaTopa, pacrnofioXeHHbIE HanpoTuB
nontca, co3aaloT aKTUBHbIM MOMEHT, @ pacnooXeHHble HaNPOTUB MEXMOMOCHOIO
NpoMeXxyTKa — CO3JaloT NOTOK BO36yXAeHUs, He Tpebys Ans aTon uenm
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crneuunanbHoM 06MoTKM Bo36yxaeHusl, kak B CO wnm AMNT. C no3Mumin 3KOHOMUK
3M1EeKTPO3HEeprum 3To obopayunBaeTcs MCHE3HOBEHMEM OHON COCTaBNsAoLLEN
noTepsb.

MarHuTtHasa cucrema u kopnyc cratopa CPAHB KOHCTPYKTUBHO MOryT 6bITb
BblIMNOSIHEHbI, kak B C]. PaccmaTpuBaeMble B paboTe 3neKTpoMexaHuyeckme
npeobpasoBaTenu CTaHOB MUANTPUMOBON FPyMMbl UMEKT TUXOXOAHOE
WCMnonHeHue, cnefoBaTelbHO, CKOPOCTb BpalleHWs poTopa U YacTtoTa
nepemMarHMuYnBaHus mariutonposoga B CPAHB 6yayT 6/IM3KMMM CyLLECTBYOLWNM
NpoKaTHbIM ABUratenaM. Mo3ToMy NocTosiHHbIE NOTEPU (MAarHUTHbIE K
MexaHu4yeckume) MoryT 6biTb MPUHATBI HA OCHOBAHUM KONIMYECTBEHHOW OLLEHKU 3TUX
50

cocTasnsowmx notepb B CA.

dunanyeckas npupoga A0b6aBOYHbIX MOTEpPb onNucaHa B n. 2.1. 31y
COCTaB/IAOLLYHO MPU NPOEKTUPOBAHUU TPAAULIMOHHbIX 3/IEKTPOMEXaHNYECKNX
npeobpasoBaTtener oLEeHNBAKOT MO MMEIOLLNMCA IMNUPUYECKUM JaHHbIM. Ha
OCHOBaHMW CPaBHUTENILHOIO aHanM3a KOHCTPYKUMI U DYHKLMOHMPOBaHMUS
paccMaTpyMBaEMbIX CyLLECTBYIOLWMX NPOKaTHbIX aABuratene u CPAHB MoXHO
3aKIUYNTb, YTO f06aBOYHbIE MOTepn Takxke byayT 6an3sku.

Ha ocHoBaHuu npoBegeHHoOro B n. 2.1 aHanu3sa dusmMyeckon npupoapl
NMPONCXOXAEHWNS COCTaBASAOLWMX NOTEPb B ABUrATENSAX MOCTOSAHHOIO TOKa U
CMHXPOHHbIX, @ TaKXe ornpeaeneHHbIX CXOACTB B KOHCTPYKTUBHOM UCMOSTHEHUU
psiaa y3nos U PyHKUMOHMPOBaHUK, obuiee ypaBHeHMe notepb B CPAHB MoXHO
npeacTtaBmTb B anrebpanyeckon dopme:

A

CPOHB

=A

cT

+A

mar

+ A

Mex

+ A

no6

B tabn. 2.10 npmBeaeHa knaccndurkauma CocTaBnsloWwmMx NoTepb B
3NEeKTPUYECKMX ABUTraTeNsix pasHoro Tmna.

Tabnuua 2.10

PasgeneHne no rpynnam cocTaBnsioWwmx NOTePb B NEKTPUYECKUX ABUTraTENSX
Twun anekTpnyeckoro

asuratens

Mpepnaraemble rpynnbl COCTaBAAOWMX NOTEPb

B 3/IEKTPUYECKUX ABUraTeNnsix

1234567

[Buratenb NOCTOSHHOrO

TOoKa
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A

AK

A

KO

A

an

A

0B

A

mar

A

Mex

A

nob

CMHXPOHHbIN aABuratens A
cT

--A

0B

A

mar

A

mex

A

nob

CMHXPOHHbIN peakTUBHbIN
ABuratesib He3aBMCcMMoro
BO36yXxaeHuns

A

cT

---A

mar

A

Mex

A

[06

A

AK

- NoTepu B IKOPHOWN 06MOTKe; A
KO

- NoTepun B KOMMEHCaUNOHHON 0BMOTKeE;
A

an

- notepu B 06MOTKE AOMOSIHUTENbHbBIX NOMCOB; A
0B

- notepu B 06MOTKe BO3OYXAEHUS;
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cT

- notepu B 0bMoTKe cTatopa; A
mar

- MarHuTHble notepu; A

Mex

- MexaHu4eckue notepu;

A

no6

- pob6aBoyHbIe noTepu.

51

Ha ocHOBaHUM NPUHATOrO YpaBHEHUS CyMMapHbIX noTepb B CPAHB,

npoBeAeHHOW Konm4yecTBeHHoM oueHkn gna ANT n CO, nonb3ysacbs OnnMcaHHoOM B M.

2.2 meToamnkon [82], MaTeMaTM4yeCcKyo MoAesb NPorHo3npoBaHUS NOTepb B
CMHXPOHHOM peaKTMBHOM ABUraTesie He3aBMCUMOro BO36YXXAEHUS MOXHO
npeacTaBuThb B BUAE YPaBHEHUS HEIMHENHOW perpeccmn BTOpPOro nopsiaka:
A

>(CPOHB)

5 (CPAHB)4
*H

Q

+

3 (CPAHB)e
“H

+
>(CPOHB)

Ha ocHoBaHuu 3TOroO

ypaBHEHMS MOCTPOeHa

perpeccmoHHas 3aBUCMMOCTb

NMPOrHO3MpPOBaHMSA CYMMapHbIX

NnoTepb B CUHXPOHHbIX PEaKTUBHbIX

ABUraTensx He3aBMCMMOro

B036yxaeHunsa (cM. puc. 2.10).

CraTucrnyeckas oueHka

[OCTOBEPHOCTU CYMMapHbIX

notepb B CPAHB npoBoaunace Ha

OCHOBAHMW MPUHATbIX paHee MeToAMK B M. 2.2 C y4eTOM AOMYyCTUMOro
[0BEpUTENbHOro MHTepBana. lNpu 3ToM cTaHAapTHOE OTK/IOHEHWEe
=0,02,a

AOBepUTeNbHbIM MHTEpBaN Haxoamsca B npegenax ot -0,1 go 0,08.
MonyyeHHas B xofe paboTbl MaTemMaTnyeckas MoAeb MPOrHO3MpoBaHUA
notepb B CPAHB, ocHoBaHHas Ha KayeCTBEHHOM CpPaBHUTENbLHOM aHanuse

http://susu.antiplagiat.ru/ReportPage.aspx?docld=427.34575487&repNumb=1&type=3&page=0

48/130



26.06.2017

AHTUNNarvar

KOHCTPYKLMWN 1 (PYHKLMOHMPOBAHNSA pacCMaTpUBAEMbIX 3/1eKTPOMEXaHNYECKNX
npeobpasoBaTener U KOIMYECTBEHHON OLlEHKE BEIMYNH COCTaBNSIOLLNX NOTEPD,
Mo3BO/MA 3aKNK4YMTb, YTO CyMMapHble noTepu B CPAHB npeanonaratotcs
HECKO/IbKO HUXE, YeM B CYLLECTBYIOWMX NPOKaTHbIX ABurartenax (cm. puc. 2.10).
CyMMapHble noTepu nexart B rnpeaenax oT 3 Ao 8 % Ana NpUHATOro AnanasoHa
HOMWHaNbHbIX MOMEHTOB.

Puc. 2.10. PerpeccnmoHHas 3aBMCMMOCTb

NPOrHO3MpPOBaHUSA CYMMapHbIX NOTepb OT

HOMMHaNbHOro MmomeHTa B CPJHB

52

B Teopuwn anektponpusoaa [69, 70] cyMMapHble noTepu B

3NeKTpoABUraTensax yawe npeacTaBnsioT B BUAE CYMMbl MOCTOAHHbLIX U
nepeMeHHbIX notepb [64]:

A=+

Mpn 3TOM K NOCTOAHHBIM NOTEPSAM OTHOCAT HE 3aBUCSALLUNE OT HArpy3KW:
MarHuUTHble, MexaHun4veckme n aobasBoyHble. NepeMeHHble NoTepU ONpeaensoTCs
Harpy3Kon: notepy B 06MOTKax ABuraTens npyv npoTekaHMmn no HMm Tokos. C
YYETOM CKasaHHoro, notepm B CPAHB 6yayT knaccmdmnumpoBaTbCa Cneayowmm
obpazom:

=A

mar

+ A

Mex

+ A

no6

ConocraBneHne obLWmnx NoTepb U NX COCTaBASIOLNX B 3/1EKTPONpuUBOAax
NMUINTPUMOBBIX CT@HOB, XapaKTepU3YIOLLUNXCS 0YEHb HEPABHOMEPHbIM rpacdunKom
Harpysku, nokasasno, YTO 3/IEKTPONpPUBOAbLI NepeMeHHoro Toka ¢ C1 umetor
CyLeCTBEHHO MeHbLINe NoTepun, YeM anekTponpusodbl ¢ AMNT. Bmecte c TeM €
TOUKM 3PEHUNSA SKOHOMUM 3MIEKTPOIHEPrMN U peanm3aumn 60bwnX neperpysok no
MOMEeHTY 3nekTponpusogbl ¢ CPAHB oka3bliBalOTCA CEpbe3HbIMN KOHKYpPEeHTaMu
anekTponpueogam ¢ C[1 B TSXXeNo Harpy>eHHbIX arperarax.

MpeanoxeH HOBbIM NOAXOA K aHanuM3y COCTaBSALWMX NOTEPb

CYLLECTBYOLWMX NPOKATHbIX ABUraTesnen, No3Bonstowmii 060CHOBaHHO
NpOrHo3MpoBaTb 0OCOBEHHOCTN SHEPreTUYECKNX XapakTepucTUK HOBOro Tuna
asuratens CPAHB.

MpeanoxeHa MaTemMaTnyeckas Moaenb NporHo3nMposaHus notepb B CPAHB

B BUAE ypaBHEHUS perpeccMn BTOpPoro nopsaka. lNpu 3Tom cpegHekBagpaTUyHoe
OTK/IOHEHWE NCTUHHbIX 3HAYEHWI OT perpecCMOHHbIX 3aBUCUMOCTEN HE NpeBbILano
53

0,02, pacueTHoe 3HadeHue kBaHTUAS CTbiogeHTa 1,58 He npeBblwano
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KpuTnyeckoro 1,66 c BeposiTHOCTblo 0,95, AOoBEpUTENbHbIN MHTEPBaN Nexan B
npegenax ot -0,1 v oo 0,08.

C ncnonb3oBaHMeM METOAA HAaUMEHbLUNX KBAAPaTOB NosyyeHbl B YHKUNMN
BE/IMUYNHbI HOMMHAJ/IbHOrO MOMeHTa Agurartens obobleHHble (ycpeaHEHHbIe)
3aBUCUMOCTU 06LLEeN BENMYMHBI CyMMapHbIxX notepb B CPAHB.

BbiBOAbI

C ncnonb3oBaHMeM METOAO0B MaTEMaTUYECKON CTAaTUCTUKN MPeasioXeH U
060CHOBaH anropuTM MPOrHO3MpoBaHMs cocTaBnsoWwmnx notepb B CPAHB. OH
BK/tOYaeT B cebsa cneaytowme stansl.

1. YT06bI pewnTb 3agadvy onpeaeneHns CyMMapHblX NoTepb U UX

COCTaB/IAOLWMX B N1EKTPONPUBOAAX MPOKATHbIX CTAHOB C CUHXPOHHbIM
peaKkTUBHbIM ABUraTeNeM He3aBUCMMOro BO3byxaeHMs, Oblna mnpeanoxeHa
MaTeMatmyeckas mogenb. [lokasaHo, 4To 3Ty MoAesb LenecoobpasHo MMeTb B BUAe
ypaBHEHMS MaTeMaTnuyeckon perpeccnmn. KoadbnumeHTbl perpeccnmn BblYNCASINCD
Ha OCHOBaHMUW COCTaB/SAOLWMX NOTEPb, KOTOPble COAEPXaTCsA B MOAPOGHbIX
TEXHUYECKNX AAHHbIX Ha ABUratenn (KIMeHTCKMX opMynspax) 3aBOA0BU3rOTOBUTENEN. DTO MO3BOMNIIO NPU CUHTE3E MOAEN MAKCMMAbHO YYeCTb
0CO6EHHOCTWN KOHCTPYMPOBaHWUSA, N3roTOBNEHUS U SKCNJyaTauumn CyLecTBYOLWmX
NpPpOKaTHbIX ABUraTenen.

2. C ncnonb3oBaHMeM MeToAa HauMeHbLIMX KBaApaToB MoslyYeHbl B

PYHKLUMN BEANYNHBI HOMUHANbHOro MOMeHTa ABuraTtens 0606l eHHbIe
3aBMCMMOCTU BEMUYMHBI CYMMAapHbIX MOTEPb U MX COCTaB/IAIOWNX B
3/1eKTpoABMIraTensx pasHoro TMna, 4To no3sosanao 060CHOBAHHO BbIAENNTL
rnaBHble COCTaBNSAOLWME NOTEPb U TEM CaMbIM YKa3aTb Hanbonee sdeKTUBHbIE
NyTN CHUXeHUsa obwmx notepb. Mpy 3TOM cpeaHeKBaApaTUYHbIE OTKIOHEHUS
WCTUHHbBIX 3HAYEHUIN OT perpeccMoHHbIX 3aBUCUMOCTEN HE NpeBblLann

o6lTMakc

= 1,01, pacyeTHoe 3HayeHne kBaHTUNA CTbloAeHTa He NpeBbILWano

54

KpUTUYECKOro

KPUT

= 1,66 c BeposiTHocTbto 0,95.

3. MNpepnoxeHHas METOANKA BbIAENEHNSA INAaBHbIX COCTABASAOLMX MOTEPb B

AONT n C[ no3BonsieT 060CHOBAHHO MPOrHO3MpoBaTb 0COBEHHOCTU
3HEepreTUYecKnx XxapakTepucTnk HoBoro Tuna asuratens — CPAHB. Mpu 3ToM
UYMCNEHHbIE 3HAYeHMNA cocTaBnsiiowmx notepb B CPAHB LenecoobpasHo
NporHo3MpoBaTh B ABa 3Tana: cHavana OpMEHTMPOBATLCA Ha COCTaBASOWME NOTEPb
cywecrsytowmx apuratenen (OAMNT, C4) c ydyeToM 61M30CTU KOHCTPYKLUU U
TEXHOMOrNM NU3roTOBMIEHUS UX Y3/I0B, @ 3aTEM YTOUYHATb pe3ynbTaTbl MPOrHo3a,
NCNnonb3ysi MeToAbl MaTEMaTUYECKON CTaTUCTUKM.

55

IMABA 3. CUHTE3 MATEMATUYECKOWM MOJE/N

3NEKTPOMPUBOAA MPOKATHOIO CTAHA c MO3ULUIA

OLIEHKW BE/TMYUNHbI NMOTEPb

B aTOM rnaBe obcyxaaeTcs TpeTbe HayyHOe MOSIOXKEHNE.,

MaTemMaTnueckoe onncaHue 37eKTPornpuBOA0B U OTHOCALLMXCH K HUM
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TEXHON0ornyecknx o6beKToB 06bIYHO NPOBOAMNTCS C YUYETOM MPUHSATbLIX AOMYLLEHWUH,
KOTOpble No3BONSAT 060CHOBaHO YNpPOCTUTbL MaTeMaTUYeCKMin annapar.
HanpumMep, anekTpuyeckuin AeuraTesib NpeacTaBisatoT CUCTEMON C
COCpefoTOYEHHbIMW NapameTpamun. Takon noaxos BnosiHe o6ocHOBaH, Koraa peyb
WaeT 0 MaTeMaTMyeckoM MOAENMPOBaHUN CUCTEM 3N1EKTpPOnpuBoaa C
TPaaANLUMOHHbBIMW 3/1eKTpOMExaHnyeckumMmmn npeobpasosatensmu. C no3mumnm
OUEeHKWN 3HeproaddeKTUBHOCTM 31EKTPONPUBOAOB NOCTOSHHOIO TOKa U
CUHXPOHHbIX, YYNTbIBas UMEIOLLYIOCS OCTAaTOYHO NOAPOOHYO aHannMTUYeCcKyto
6a3y, 370 JaeT BO3MOXHOCTb BOCMOJIb30BaTbLCA TUMOBLIMW MaTeMaTUYeCcKuMm
MOAENSIMN U C AOCTAaTOYHOW AOCTOBEPHOCTBIO ONMpeaenTb CyMMapHble NoTepu u
nx cocrasnstwouwme [35, 37,51, 73, 105, 121, 164].

OTcyTCTBUE peasibHbIX METOAMK MPOEKTUPOBAHUSA U NMPaKTUUYECKUX

pekoMeHAauunm npu pa3paboTke HOBbIX TUMOB 3/1IEKTPOMEXAHUYECKNX
npeobpasoBaTtenen obycnaBnMBaeT HEO6XOANMOCTb y4YeTa pacrnpeneneHHoro
XapakTtepa napameTpoB cuctembl [53, 109, 110]. Tak kak B cyLlecTBytoLen
TEXHUYECKON nuTepaType U Apyrux UCTOYHWKaxX MoAenen Ans onpeneneHus
COCTaB/IAIWMX NoTepb B 3nekTponpusoaax ¢ CPAHB He HanaeHo, HamMu
npeanaraeTcs MatemaTnyeckas MoAesb, KOTopas, Mo HalleMy MHEHWI0, 3Ty 3aaadvy
pewwaeT. OcobeHHOCTbIO 3TOM MOAENN ABASETCH TO, YTO OHa UCMONb3yeT
obLwenpuHATbIEe AN18 BCEX dNEKTPOABUIaTeNnen CoCTaBnsowme noTepb, HO
YTOUYHEHHbIE C YYETOM CreunduKn KOHCTPYKLMK U ocobeHHocTel paboTtbl CPAHB.
B HacTosweln rnase aHannM3npyeTca Mmatematmyeckas Moaenb

anekTponpueoga ¢ CPAHB c no3nuunin aHeprocbepexeHuns. lNepeyeHb OCHOBHbIX
56

KO3(DULNEHTOB M UX BEIMUYNH, NCMONb3YEMbIX AN OnpeaeneHns CoCTaBNSAoLWmnX
noTepb, YTOUYHSAINUCH C YYETOM pe3ysibTaToB, U3M0XEHHbIX B NpeablayLlen rnase.
MmMetowmecs matemaTmuyeckme mogenu anektponpueoga ¢ CPAHB

OMWCBIBAIOT U YTOYHSAIOT UM NMpUHUUN paboTbl ABUraTens c ydeToM ocobeHHocTeln
MarHWTHbIX MONEN B 3/1EKTPUYECKON MawunHe [171-174], nnn ocobeHHOoCTn
perynvpoBaHus nokasaTenen anektponpueoga ¢ CPAHB, B yacTHocTu, Koraa ot
Hero TpebyeTcsi noBblWeHHOe bbicTpoaencTeme [8, 43].

C y4yeToM CKasaHHOro B AaHHOW rnaee peLlarTcs cneayowme 3a4aun:

- onucaTb MaTeMaTuyeckme MOAENU CyLLECTBYIOLMX 3/IEKTPONpPUBOLAOB
MOCTOSAHHOIO TOK@ M CUHXPOHHbIX, KOTOPble ABAAIOTCA TUMOBbLIMW PeLleHnaMn ANns
CTaHOB paccMaTpMBaEMOW rpynmnbl, YTO6bl MX MOXHO 6bIN0 B3ATb 3@ 3TaNIOHHbIE NpU
nocneaytoLLen oLeHke 3KOHOMUYECKOoM 3 PEKTUBHOCTU;

- pa3paboTaTb MaTeMaTM4ecKyo Modesb OLEHKW nokasaTenen
3HeproaddekTnBHOCTU anekTpornpueoda ¢ CPAHB n obocHoBaTh ee
KOPPEKTHOCTb;

- pa3paboTaTb NporpamMMy pacyeTa CyMMapHbIX MOTEPb U UX COCTaBASAOLLMX

B CPAHB Ha ocHOBaHMW anropuTMa NPOrHO3MpPOBAHMSA NOTEPb B 3/IEKTPONpPUBOAE.
CraHbl NUAMIPUMOBOW TPYNMbl MPUHLMANANBHO OTIMYAKOTCS MeXAay coboi

MO Ha3HaYeHMIO U KapTUHE pacnpeaesnieHns ycunui B 30He npokaTtku (obxaTtusa),
TEM He MeHee 3TO — CTaHbl, UMEIOLLNE PSA CXOXUX MPUHLMNUANbHbBIX
0cobeHHOCTel: HernpepbiBHbIN HEPEBEPCUBHbLIN pexnm paboTbl C pe3ko
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Bblpa)eHHO HepaBHOMEPHOCTbIO MOMEHTa CTaTUYECKOM Harpy3ku (pexum S6),
61n3KMe 3HaUYEHUSI CKOPOCTU MPOKATKM U MOLLLHOCTM MPUBOAHbLIX ABUraTenen (cMm.
nn. 1.1 n 1.2). Mo3ToMy CMHTE3 MaTeMaTMyeckon Moaenu 6bin BbINOAHEH ANs
3/1EKTPONpPUBOAA TOIbKO OAHOIMO U3 CTaHOB MUIMIPUMOBON Fpynmnbl — CTaHa
xonoaHow npokatku Tpy6 XMT-450.

57

3.1. MaTemMaTnuyeckme MoAenn 371eKTponpuBOAOB

CTaHa xonoaHon npokaTtku Tpy6 XMT-450

Pa3spabaTbiBaeMble B paboTe MaTeMaTUyeCcKMe MoAeNn COAepXaT creayoLume

Y3/1bl: MEXA@HWYECKYH YacTb CUCTEMbI (KPUBOLLIMMHO-WATYHHbIA MEXaHW3M,
peayKTop, LWecTepeHHas KfeTb); 3/1ieKTpoMexaHnyeckne npeobpasosarenu
(aBuraTenb NOCTOSAHHOIO TOKAa, CUHXPOHHbIN ABuratens, CPOHB);
noslynpoBOAHMKOBbIE NpeobpazoBaTenu (TUPUCTOPHLIN Npeobpa3oBaTtesnb
MOCTOSAHHOr 0 TOKa, Npeobpa3oBaTesib YacTOTbl, MHOrodasHbI
nosynpoBOAHWKOBLIW Npeobpa3oBaTtesib), y3e/ BblUMCIIEHUSI COCTABIAOLMX
noTepsb.

MoapobHoe onucaHue NpMBeAEHO HUXe.

MaTeMaTnyeckas Moaenb MeXaHM4YeCcKoM 4acTu CTaHa XOsI04HOM NpoKaTKu Tpy6
XMT-450

MaTeMaTnueckoe onncaHme MeXaHM3MOB M TEXHONIOTUS MPOKATKM Ha CTaHax
NMUANFPUMOBOWM Fpynnbl 4OCTAaTOYHO ry6oko usnoxexsl B [1, 2, 14, 15,49, 78, 79,
158, 159]. Mo 3Tol NpMunHe B HacTosiwel paboTe NCNOJb3YHOTCS FOTOBbIE MOAENN
MeXaHM4YeCcKom 4acTu, onncaHHble B [158, 159]. B obwem Bnae (cM. puc. 3.1 a) oHu
COCTOSIT M3 ABYX OCHOBHbIX 6/T0KOB: MexaHM4YecKkoro npeobpasosaTersi
(KpMBOLIMMHO-WATYHHOr0 MeEXaHU3Ma, pelyKTopa, LWeCcTepeHHOon KneTu) 1 6noka
dopMmnpoBaHmnsa Harpyso4Hblix auarpamm (BOHA).

MOMEHT CTaTM4YeCKOW Harpy3ku onpeaensnca cneayowmm obpasom:

>np(o6)
P

L

N

KnAa
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1,4-A
cp
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=0,85

0,6-A
cp
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roe c

— MOMEHT CTaTM4eCcKOW Harpysku asuraTens; >np
— MOMEHT MpoKaTKn Npwm

npsiMOM xofe Knetu; >06

— MOMEHT MpoKaTKM Npu 06paTHOM xoae KneTu;

- KO3(PPULMEHT, YUMTbIBAOLWMNIA LOSKO MOMEHTA, PAaCX04yEeMOro Ha XOsI0CToM
Xxo4; p

W

- HayanbHbIV paanyc BeayLlen LWecTepHN; n

Kna

- KO3 pnuneHT

NMose3Horo AenCcTBns;

Kp

- paavyc KpuBowWMNa; y — Ko3dhdULMEHT, onpeaensembli
OVWHAMUKOM N KOHCTPYKLUMNEN CTaHa;

cp

- cpefHee NosHoe AaBfeHne Npu NpokKaTke;

p

B

- paauyc Banka; n

3

- KO3 pnumneHT dbopmbl oyara gedopmaunm; A
cp
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- cpefgHee

obxaTtune 3a umK.

MaTemaTnyeckas Moaeslb MEXaHNYECKOW YacTu CTaHa XOM0AHONM NMPoKaTKu
Tpy6 XMNT-450 nokasaHa Ha puc. 3.1. OHa npeacTasneHa B BUAE ABYX OCHOBHbIX
6710KOB: KPMBOLINMHO-WATYHHbI MexaHu3M (I) n 6nok dopMmpoBaHus
Harpy3ouHbix anarpamm (II). bnok I onuceiBaeT npoueccol B KLLUM, yunTbiBas
nepeMeHHoe rnepegaToyHoe yncnio. bnok II Ha oCHOBaHWM NCXOAHbBIX AaHHbIX
MapLupyTa npokaTku Tpy6bl hOpMMPYET Harpy3o4Hyto Avarpammy
3/1eKTPONpUBOAA, a Takxe obecrneunBaeT cornacoBaHme MOMEHTOB C Yr/iOM
NoBOpOTa NMPOKATHOrO MHCTPYMEHTA.

3pecb

Q

q

- KO3 pnuneHThI, 3aBucsLmne oT napameTpos KLLM;
a

M

, Aa

M

,a
obp

,Ap.X.

,06p.X.

- napaMeTpbl, KOTOpbIEe OMpeaensoT aMnauTyay u
YI/ibl MPUNTOXEHUS MOMEHTOB HarpysKkMu.

NcxopHble agaHHble (BENMUYMHBI MOMEHTOB NMPOKaTKM M XOI0CTOro XoAa,
ANMTenbHOCTb paboyero n XonocToro xoda, BpemMsa unkna) ans dopmmpoBaHus
Harpysou4HbIX AMarpaMmm CtaHa XosoAHoN npokaTku Tpy6 XMT-450 6binm
noslydeHbl OT NpeAcTaBUTENEN 3/1eKTPOTEXHMYECKUX cnyx6 MAO « YenabuHcknii
TpybonpokaTHbIl 3aBoa».

59

Puc. 3.1. Martematmyeckas MOAeNb MEXaHWYECKON 4YacTu CTaHa XONOAHOM npokaTku Tpy6 XMT-450
60

MaTemMaTnyeckas MoAesnb 3/1IEKTPONpMBOAaA MOCTOSHHOMO TOKa Ha NpuMepe CtaHa
X0NI0AHOM npokaTku Tpy6 XMT-450

Ha puc. 3.2 npuBegeHa ynpoueHHas MyHKUMOHanbHasi cxeMa nogYnMHEHHOoro
perynupoBaHus Ha 6a3e anekTpoaBuraTesns NOCTOSHHOro Toka. 3TOT BapuaHT
CUCTEMbI YNpaBNeHNsa NPUHAT B KadecTBe 6a3ncHoro (MCXoaHoro), Tak Kak
npeacrasnseT cobon TUNOBYIO CXEMY perysiMpyemMoro npmeoga NocToSsHHOro Toka,
KOTOpas LWMPOKO N3BECTHA U B AaHHbIW MOMEHT peann3oBaHa Ha CTaHax
paccMaTpuBaeMoi B paboTe rpynnbl. DNeKTPOnpuBOAbl MOCTOSHHOMO TOKa Ha
CEeroAHSAWHUI AeHb AOCTAaTOYHO XOPOLWO U3yYeHbl U NoAPOBHO onucaHbl B psiae
pa6ot [16, 94, 103, 121, 122, 140, 163].

CunoBble Lenn npeobpasoBaTtens, AN HarnNS4HOCTU, n3obpaxkaeTcs
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OAHONIMHEWHO. BeHTUbHbIE rpynnbl BbINOMHEHbI MO BCTPEYHO NapannenbHown
cxeMe nogknyeHus. LLinpokoe npyuMeHeHne B 371eKTponpuBoAaX MOCTOSSHHOMO
TOKa, B HacTosiLee BpeMSsi, HaLLIM PpeBepPCUBHbIE TUPUCTOPHbIE Npeobpa3oBaTenu C
pasfenbHbIM YNpaBieHWEM BbiNpAMUTENbHbIX Fpynn. B 3Tom cnyyae nMnynbcol,
oTnupatLme TUPUCTOPbI, MOAAITCA Ha YNpaBAsiowme BXoAbl TONbKO TON U3
rpynn, no KOTOPOK npoTeKkaeT ToK SKops. [lpyras BeHTU/IbHas rpynna npu 3Tom
NMOMHOCTbIO 3aKpblTa. [na npuMeHeHns pa3genbHoro ynpaeneHus Tpebyetcs
BblCOKOK@4YeCTBeHHas HacTporika paboTbl CMCTEMbl MMMY/bCHO-(a30BOro
ynpaBieHnsa Kaxaonh M3 rpynn, Tak Kak AOCTaTOYHO TPyAHO COrslacoBaTb UX
XapaKTeEpPUCTUKN BOIN3M 30HbI MEPEKIIIOYEHNS rPYNM U BbICOKOr0 6biCTpoaencTBms
[ATUMKOB TOKa BEHTU/IbHbIX Fpynm.

[ns cornacoBaHus HOMUHAMbHbIX 3HAYEHWIN HaMNPsSHXKeHWN aABuraTens n
npeobpaszoBatens HeobxoaMMO NCNONb30BaTh TPaHCHOPMaTOpP. DTO NO3BOMSET
MosTy4YnTb MPY MMHUMANIbHOM Yyre ynpaBfeHUs TUPUCTOPHbIMU FpyrnnaMm
npeobpasoBaTtens HaMbonbluee AKOPHOE HanpsXXeHne ABuraTens, nNpyu 3Tom
3/1EKTPONPUBOA MMEET MaKCUManbHbIN KO3I(P@PULNEHT MOLLHOCTH.

61

CKOpOCTb HapacTaHus Toka, NpoTeKaloLWero B BEHTUAAX, OrpaHUYMBaETCs
WHAYKTUBHOCTBIO paccesHus B pasHbIX Lensx TpaHcdopMaTopa, Tak Kak B
ABapUIHbIX PEXUMax 3Ha4YeHNe ToKa MOXET NPEBbICUTb AOMYCTUMYIO BEIMUMHY.
3HayeHne HanpshKeHUs KOPOTKOro 3aMblKaHWs TpaHcdhopMaTopa XxapakTepusyeT
BENMYNHY MHAYKTUBHOCTU paccesHus. Npeobpa3osatenn Ans 31eKTpornpusBoaoB
cpeaHuX 1 60blLNX MOLHOCTEN 3a4acTyo NOAKIIOYEHbI K CETU C Hanpsh)KeHneM 6
nnu 10 kB. TpaHcdopmaTop NO3BONASET MOTEHUMAIbHO pa3ae/uTb SSKOPHbIE Lienu
ABUraTens u BblCOKOBOJIbTHbIE Lenu NUTaHUS, a TakXKe CHU3UTb YPOBEHb NOMEX.
[ns ynydweHns ycnoBuii KOMMyTaLMn SSIKOPHOrO ToKa ABuraTens u

CrNaXnBaHWS NMynbCcaunMm NCNOMb3YIOT APOCCeNb. YMEHbLUEHME NynbCcaunii Toka
AKOpS CHUXaeT Bubpaumu n Wwym B MawmHe n 6naronpnusaTHO CKa3blBAETCA Ha
Harpese.

Cucrema ynpasneHus 31eKTpornprvBoAa BbiNOMHEHA NO NOAYMHEHHON

CTPYKTYpe N COCTOUT U3 ABYX KOHTYPOB pPeryMpoBaHus: BHELWHWIN KOHTYP
perynvnpoBaHus ckopoctu asuratens KPC n BHyTpeHHU KOHTYpP pery/sMpoBaHus
TOKa AKkopsa KPT.

CTpyKTypa cucTeMbl ynpaBfieHWs BbIMONHEHA C OTpULLAaTeNIbHON 06paTHON
CBSI3bl0 MO TOKY AKOps ABuratens. [atumk Toka AT 1 WyHT NO3BONSIOT NPOBOANTL
n3mepeHue Toka. C nomoLbto perynstopa Toka PT ocywecTenstoT

Puc. 3.2. ®yHKUMOHanNbHas cxeMa NOAYMHEHHOrO perynMpoBaHus Ha 6ase
3MeKTpoaBMraTens NoCTOSHHOro Toka

62

HaCTpOMKy KOHTYypa perynmpoBaHus Toka skopsi. Cxema HasBaHa O4HOKaHanbHOM,
TaK KaK Ha HanpsxeHune obenx rpynn TMpUCTOpHOro npeobpasosarens
BO3AENCTBYET OAMH perynaTtop. Perynstopbl Toka, NpyMeHseMble B 60/bLLINHCTBE
MPOMbILUSIEHHbBIX CXEM, MUMEIOT NPOMOPLMOHaNbHO-UHTErpasbHOE NCNOIHEHNE.,
BbicTpoaenicTBMe KOHTYpa perynpoBaHus ToKa BO3MOXHO YBENNUNTb
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6narofaps NpMMeHeHW0 NPONopLMOHaNbHOro KaHana, 4Yto ynpolwiaer
nocneayoLlmnii NpoLecc HacTPoMKM BHELWHEro KOHTYpa peryMpoBaHunst CKOpocTu
W orpaHMYMBaEeT B NepexoAHblX NMpoLeccax CKaykym Toka SKopsi, NpeBbillatolmne
AONYCTUMbIE 3HAUEeHWsl NPU Pe3KUX neperpyskax nprMeoaa.

PerynatopoM ckopoctu PC HacTpanBaeTcs BHEWHWUI KOHTYP peryinpoBaHus
cKopocTu. aTtumkoM ckopoctu [AC, NoAKOYEHHbBIM Yepes NOTEHLMOMETP K SIKOPHO
TaxoreHepaTopa, U3MepsieTCsl CKOPOCTb BpalleHWs ABuratens.

B uenun obpaTtHoi cBa3un perynstopa PC nmeetcs 6nok orpaHnyenms 60O,
NO3BONSOLWMNIA NOMYUYNTb 30HY HACILLEHNS CTAaTUYECKON XapaKTEpPUCTUKK
perynatopa CKopocTu, KOTopasi orpaHUUMBaET AOMYCTUMYLO BEMYMHY TOKa SIKOPSI.
Onsa yaoberea n 6€30MacHOCTM HaCTPOMKKN 3M1eKTponpuMBoaa ycTaBka bnoka
orpaHnyeHuns 6O BbINONHSAETCS peryanmpyemoi.

MaTtemMaTuyeckas Moaesnb CUCTEMbl «DNIEKTPONpPUBOA — NpoKaTHas KIeTb» Ha
6a3e aneKkTpoABUraTens NOCTOSSHHOMO TOKa, peasM3oBaHHasi B MPOrpaMMHOM NakeTe
Matlab Simulink, npeacrasnset coboii TMMOBYO CXeMY NOAYNHEHHOIO
perynnpoBaHuns 1 nokasaHa Ha puc. 3.3.

Mogzenb coaepXuT TpEXdasHblii NCTOYHMK NUTAHUS, ABUTaTeb MOCTOSSHHOMO
TOKa, PerynaTopbl CKOPOCTU U TOKa NpPOnopuMOHanbHO-UHTErpasbHOro Tuna,
AaTUYMKM CKOPOCTU U TOKA, Y3€e BblYMCIIEHUSA COCTaBASOWMX NOTEPb,
MeXaHMYeCKyto YacTb NPOKATHOMO CTaHa, BbIMPAMIEHUE U peryinpoBaHme
BbIXOAHOr0 HaMNpsHKeHWs OCyLLeCTBAsSeTC TPEXPas3HbIM TUPUCTOPHbBIM MOCTOM,
ynpasreHne TUPUCTOPHbIM Npeobpa3oBaTtenem ocyulectensercs 6nokom CNOY.

63

Puc. 3.3. MaTeMaTuyeckas Moaesb «3NeKTPornpuBoA — NPOKaTHas KeTb» Ha 6a3e 311eKTpoABuraTesnsi MoCTOSHHOMO TOKa B MPOrpaMMHOM MakeTe

Matlab Simulink

I

64

TWUPUCTOPHbIM MOCT NpeacTaBnseT TPEXdasHy MOCTOBYIO CXeMy
BKJ/IIOYEHM S TUPUCTOPOB. [JJaHHas cxeMma CTaHAapTHOro UCMONHEHUS 1 bbina
ncnonb3oBaHa Npu MogenvposaHum [121].

Bnok aHanuTMyeckoro pacyeta NoTepb peanM3oBaH Ha OCHOBaHUW
YPaBHEHWN, NpuBeAeHHbIX B [74, 155]:

KO
+ A
an
+A
oB
+ A
Mar
+ A

http://susu.antiplagiat.ru/ReportPage.aspx?docld=427.34575487&repNumb=1&type=3&page=0

56/130



26.06.2017 AHTUNNarvar

Mex
+ A
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Foe A

anTt

- CyMMapHble NoTepu ABUraTens NOCTOSIHHOIO TOKa;
A

au

— 3/IeKTpUYecKMe NoTepn B IKOPHOW Lenu; A
oB

- 3NIeKTpUYecKne noTepu B

o6bMoTKe BO36YXAeHUs; A

mar

— MarHuUTHblE noTepu; A

Mex

- CyMMapHble

MexaHun4yeckune notepu; A

no6

- pobaBoyHble notepu; A

T

- rnoTepu Ha TpeHue

LeToK O KonnekTop; A

BEHT

+ A

™

- MOTepy Ha BEHTUNAUMIO U TpeHWE B
noawmnnHUKax;

w

— CyMMapHasi njowaab KOHTaKTa BCex LLEeTOoK;
K

- oKpyxasi

CKOpOCTb KO/IEKTOpa;

nob

- KO3dPMUMeHT A06aBOYHbIX NOTEPb;
A

H
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- CyMMapHble NnoTepy B HOMUHaNbHOM pexume.
MaTtemMaTnyeckas Moaenb CUHXPOHHOMO 3/1eKTPONpMBOAA Ha NMpUMepe CTaHa

XonogHown npokatkun Tpy6 XMT-450

Ha puc. 3.4 npuBegeHa ynpolweHHas GyHKUMOHanbHas cxema nogYnMHeHHoro
perynmpoBaHus Ha 6a3e CMHXPOHHOIO 3/1eKTpoABUraTens.

65

BekTopHOe ynpaBneHue peannsyercss Ha OCHOBaHUWN MHdOpMaunm o

TeKyLeM nonoxeHun potopa. C 3TON Lenblo yCTaHaBIMBAKOT AaTUMNK MONOXEHUS

Ha Ban poTopa. MI3mepeHne TOKOB B KOOpAMHATax a u 3 oCcyLLecTBAseTcs C

MOMOLLbIO AaTYMKOB TOKOB (bas3. DneMeHTbl peryimpoBaHusi B CUCTEME BEKTOPHOMO

yNpaB/ieHNs Ha CeroaHsAWHUIA AeHb peann3yeTcs B BUAE NporpaMmbl Ha
MWKPOKOHTposepe. MoaaepxxaHue Toka obecneunBaeTcss MUKPOKOHTPOSIIEPOM,

AN151 3TOr0 UCMOsb3yeTCsl MPOrpaMMHbIA MPONOPLMOHANbHO-MHTErpanbHbIn
perynatop Toka u npeobpasosBaTesib Ha OCHOBE LUMPOTHO-UMMYIbCHON MOAYNALMN
(LWnM).

Takxxe Ha pyHKLUMOHANbHOM CXeMe NpUCYTCTBYIOT ewe aABa 6noka — BKIM1 n

BKM2: 6nokn KoopanHaTHbIX Npeobpa3oBaHunii. X npeaHasHayeHne 3akoyaeTcs

B MOBOPOTE BEKTOPa Ha BXoAe Ha 3afaHHbll yron: BKIM1 ocyuwecrensetr noBopoT Ha
+ 6, a BKM2 - Ha -O. B aHrnosasbl4yHoM nMtepaType Takme npeobpasoBaHus
Ha3blBalOTCs NpeobpasoBaHumsamMm MNapka [67]. BKIM2 ocywecrenser

npeobpazoBaHne KOOPAMHAT A1 TOKOB: OT HEMOABUIXKHbIX ocel a u B,
NpUBSI3aHHbIX K CTaToOpy ABUraTens, K Bpawlatowmmcsa ocsim d 1 q, NpuBsa3aHHbIM K
Puc. 3.4. DyHKUMOHaNbHAsA cxeMa NOAYNHEHHOrO perynnmpoBaHns Ha 6ase CMHXPOHHOro

3NeKTpoaBuraTens

66

poTopy Auratens (Mcnonb3ys Ans 3TOro yron nonoxeHus poropa 0); bKM1 -
obpaTHoe npeobpasoBaHue, OT 3aA4aHMS HaNpPsSXXeHWs no ocsMm d U q AenaeT nepexon
K OCAM @ 1 B. YpaBHeHMS, KOTOpble OnNuncbiBaoT NogobHblie npeobpa3oBaHmnsa
noapobHo onucaHbl B [34, 67, 160]. Peannsyemblii B CXxeMe BEKTOPHOr0 yrnpaBneHuns
noaxoa obecneunBaeTt paboTy perynstopoB B CTaTUYECKOM pexunme.

[na perynupoBaHusi CKOPOCTM 3/1EKTPONpUBoAa B CXEMe MPUCYTCTBYET elle

oauvH MN-perynsatop - perynsatop ckopoctu (PC). Ha Bxog noaaHo 3agaHue
CKOpOCTM, @ Ha BbIXOAE MOyyaeM 3agaHne Ha KOHTYp MOMeHTa. Tak Kak ToK

OCY g NPOMNOPLMOHANEH MOMEHTY, TO AJ1 YNPOLLEHUS BbIXOA4, PErynsaTopa CKOpocTu
noAaH cpasy Ha BXOA perynstopa Toka ocu d. 3afaTyMK MHTEHCUBHOCTM, MJIABHO
nsMmeHsieT UBX, u4TO6bl ABMraTesnb pa3rOHSICS C HYXHbIM TeMNOM. Tekyllas yacroTa
BpalleHns w B3ATa C AaTyMKa NOSIOXEHNs poTopa.

MaTtemMaTnyeckas Moaesnb CUCTEMbl «DNIeKTPONpUBOA — NpoKaTHas KNeTb» Ha

6a3e CMHXPOHHOrO ABWUraTens, peain3oBaHHas B NporpaMMHOM nakete Matlab
Simulink, npeacraensieT coboil TUNOBYIO CXEMY BEKTOPHOIO pPerysimpoBaHms m
noapobHo onucaHa, Hanpumep, B [26, 117,118, 121, 156]. laHHasa cxema
CTaHA@pTHOr0 UCMOMHEHUS U UCMONb30BaHa Npu MoAennpoBaHum. bnok
aHaNMTUYECKOro pacyeTa NoTepb peasn3oBaH Ha OCHOBaHWUW ypaBHEHUN,
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npueeadeHHbIX B [74, 155]:

~- ©

50
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67

Mex
=3,68--07

Foe A

ca

- CyMMapHble NoTepu CUHXPOHHOrO ABuraTens; A
cT

- 3NIeKTpuYecKkme

notepu B cratope; A

oB
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— 3NIEKTPUYECKMNE NOTEPU B obmoTke BO36y)KLI,eHI/Iﬂ;

A

mar

- MarHuTHble notepu; A
Mex

- CYMMapHble MexaHWn4yeckne notepu;
A

no6

- nob6aBoyHbIE NoTepK;

p

— OKpYXasi CKOpOCTb poTopa;
£06

- KO3(pdULUMEHT
nobaBoyHbIX NoTepb; A

H

— CyMMapHble NoTepU B HOMUHA/IbHOM peXxXunume.

MaTemMaTnyeckas MoAeNb CUMHXPOHHOMO PeakTUBHOMO 31EeKTPONpUBOAa HE3aBMCMMOro

BO3OYXAEHMS Ha MpUMepe CTaHa XonoAHOM npokaTkn Tpy6 XMT-450

Ha puc. 3.5 npuBegeHa ynpoweHHas pyHKUMOHanbHas cxema Ha b6ase
CMHXPOHHOr0 PeakTUBHOrO 3/1eKTPoABMIaTeNs He3aBMCMMOro Bo3byxaeHns ¢
NpONOpLMOHaNbHbIM YrpaBieHMeM NOTOKOM U TOKOM SIKOpS.

[Ons 6onee NosHOro onucaHus paboTbl NPUBEAEHHON CXEMbl YNpaBieHUs

nonesHo obpatuTb BHMMaHMe Ha npuHunn pabotel CPAHB. B paccmaTpnBaeMom
3/1eKTpoMexaHn4yeckoM npeobpasoBatesie posib 06MOTKN BO3OY)KAEHUS BbINOAHSAET
obmMoTKa, pa3MelleHHas B nasax crtatopa. Ecim no obmotkam 1 - 1 m 2 - 2 (puc.
3.6 (@)) nponycTuUTb TOK, TO OH CO34acCT MOTOK MO NMPOAO/IbHOM MarHUTHOM OCK
MalWHbl. Ecim Tenepb no o6bMoTkam 3 - 3,4 - 4,5 -5 1 6 - 6, pacnofioXeHHbIM
Haz noncamMm poTopa, NponyCcTUTb TOK, TO CO34AEeTCs 3/1eKTPOMarHUTHbIN
MOMEHT.

B onuncbiBaeMOM peakTUBHOM (C SBHO BblpaXX€HHbIMW MONOCAMN) ABUraTene

npw BpalleHMn poTopa kaxaasi obMoTka (napa AnaMeTpasibHO PacronoXeHHbIX
NpoBOAHWKOB) paboTaeT NonepeMeHHO UM Kak 06MOTKa BO36YXXAEHUS, NN KakK
obMoTKa AKops (CO3AaeT BpallaloWwMii MOMEHT).

68

Tokn B 06MOTKax BO36yXXAEHWUSA, PACrONOXEHHbIX HaZ MEXMOOCH bIMU
NMPOMEXYTKaMM poTopa, U TOKN B AKOPHbIX 06MOTKaXx, pacrnonoXeHHbIX Haz
nontcaMm poTopa, MOryT peryanpoBaTbCs HE3AaBMCUMO U NepeKkoyaTbCs B
dyHKLUMN NonoxXeHnsa potopa. 1o 3TMM 06MOTKaM HET Heo6X0AMMOCTM NponycKaTb
CMHYCcOMAanbHbI TOK. Bonee addekTBHON OKa3blBaeTCA NPSAMOYronbHas gpopma
TOKa, KaK B CEKLIMSIX 06MOTKWM ABUraTens NoCTossHHOro Toka. Ha puc. 3.6 (6)
n3obpaxkeHbl ynpoLieHHble gnarpammel Toka 1 SAC ogHoM dasbl Takoro
ABuratensi. NeKTpPonpuBoAbl C CUHXPOHHbIMU PeaKTUBHbLIMU ABUraTeNnsaMm
(FRRM) TpebytoT AaTUMKOB MOJIOXXEHMS pOTOpa, HO CXEMbI YrpaB/eHNs
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OT/INYAIOTCA KpanHeW NpoCTOTON peannsaumu.
Puc. 3.5. ®yHKUMOHaNbHas cXxeMa « NeKTponpuBOA — NpokaTHas KIeTb» Ha H6ase

CMHXPOHHOr0 PeakTUBHOrO 3/1eKTPOABMIraTeNss HE3aBMCUMOro BO36yxaeHUs
69

CraTopHble 06MOTKM NMUTAIOTCH OT LIECTU HEe3aBUCUMbIX NCTOYHUKOB TOKa,
KOTOpble MOryT 6bITb BbIMONHEHbI HA TPAH3UCTOPHbIX WU TUPUCTOPHbIX
npeobpasoBaTtensx. 3afaHne Ha TOK SKOPHbIX 06MOTOK (HanpsxxeHus +UPC

n -UPC

)

noAaeTcs ¢ BbIXoAoB perynsatopa ckopoctu PC n nHeeptopa N1 yepes yzen
dopMnpoBaHnsa dasHbix TokoB YOODT. XKenaemoe 3HayeHUe ckopoctu n3
BpalleHns 3N1eKTponpueoaa NOAAEPKMBAETCS C MOMOLLbIO KOHTYpa peryinpoBaHus
CKOPOCTMW, KOTOPbI HacTpanBaeTCs Ha 3afaHHble NoKas3aTenm Kayecrsa
perynatopom ckopoctu PC. [lonycTMMoe 3HayeHne Toka dasHblix 06MOTOK
auratenst (M 3N1eKTPOMarHUTHOroO MOMEHTa) OrpaHMYNBaAETCS MaKCUMMabHbIM
HanpsbkeHnem Ha Bbixoae PC, koTopoe ycTaHaBnmBaeTcs 610KoM orpaHnyeHns bO,
KakK B 0BbIYHOM CXeMe MOAYMHEHHOro peryanpoBaHus.
YOOT ynpaBisieT TOKaM1 UCTOYHWKOB TOKa B LiensiX dasHbiXx 06MOTOK B

@yHKUMN yrna noBopoTa Bana potopa P
TaK, 4Tobbl 6611V peann3oBaHbI
anarpammbl TokoB (puc. 3.6 (6)). [aTyMK NonoXeHus poTopa No3BONSET B hYHKLMM
NONOXEHUS MepeknoYaTh YeTblipe ynpasnsowmnx cnrHana (+UB

n-UB

, +UPC

7

-UPC

), NofjaBas X B 3a4aHHOW MOCNeAoBaTeNIbHOCTU Ha ynpaBsiowme BXoabl
WCTOYHMKOB TOKa B Liensax 06MoTok craTopa.

Puc. 3.6. CeueHne CPOHB (a) n naeanbHble anarpamMmel
Toka n DAC da3bl craTopa (6)

70

B anekTponpvBeoaax c yaapHbIM XapakTeEpOM MOMEHTa Harpy3ku BO3MOXHO
BK/IIOYEHME CUHXPOHHOIr0 PeakTMBHOIO ABUraTens no cxeme Asuratens C
nocnepoBatesibHbIM BO36yxaeHneM (puc. 3.5). B 3Tom cnyyae Tok Bo36yKAeHUS
N3MEHSEeTCS NponopLMOHanbHO abcontoTHOM BennunHe HanpsxeHna UPC

, Ans yero

npuMeHeH GyHKUMOHaNbHbIN NpeobpasoBaTtesib O, Hanps)eHne Ha BbIXOA4e KOTOPOro nponopunoHansHo moayno UPC
. Tem cambIlM gocTuraetcs Asa sddekrta. B
30H€e ManblX MOMEHTOB Harpy3ku AOCTUTraeTCs CHUXEHMe NoTepb B
3/1EKTPONPUBOAE 3a CUET CHUXXEHMUS TOKa BO3OyxaeHMs. B 30He e neperpysok
ocnabneHo pasmMarHmuymBatoLLee BAMSIHWE peakLumMn sKopsi, a ABUratenb crnocobeH
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BblAEPXMBaTb KPaTKOBPEMEHHbIE NEPErpy3Kn N0 MOMEHTY.

OTCyTCTBME peanbHbIX METOANK MPOEKTUPOBAHUSA U MPaKTUYECKNX
pekoMeHAaLmin npu pa3paboTke HOBbIX TUMOB 3/1€KTPOMEXAHNYECKNX
npeobpasoBaTteneli obycnaBnmBaeT He0b6X0AMMOCTb yyeTa pacrpeneneHHoro
XapakTtepa napameTpoB cuctembl [109]. CyllecTBylowme MmateMatM4eckme Moaenm
anekTponpusoga ¢ CPAHB He No3BONAIOT OLEHNUTb BO3MOXHOCTU
3/1EKTPOTEXHMYECKOr0 KOMMJIeKca C No3nLmMn sHeprocbepexeHuns. JaHHoe
06CTOSATENLCTBO NPUBOAUT K TOMY, YTO B paMkax paboTbl HE06X0AMMO CTaBUTb
3ajadvy CMHTe3a MaTteMaTu4deckon mMogenu anektpornipueoga ¢ CPAHB, koTopas
NO3BONNT NPON3BOANTL pacyeT NoTepb Kak B CTaTUYECKMX, TaK U B AMHAMUYECKNX
pexumax paboTbl anekTponpmsoga. MaTematmyeckas Moaesb 311eKTponpuBoaa C
CPOHB npuBeneHa Ha puc. 3.7.

PaboTas c anekTpoMexaHnyecknm npeobpasoBaTenieM HETUMOBOrO
MCMOMIHEHUS CTOUT YUNTbIBaTb XapakTep pacrnpeaeneHus MMHUIM MarHuTHoOM
MHAYKLUUN KaK B 30HE Meperpys3okK, Tak U Npu HOMUHAsbHbIX 3HAaYEeHUSAX Harpy3Ku.
YT106bl 3TO Y4ECTb MarHMTONpPOBOA 3/IEKTPUYECKOro ABuratenst pasbmsaeTcs Ha
3neMeHTbl. Kaxabl y4acToK paccMaTpuBaeTCs OTAENbHO U Af1S HEro 3anucblBaeTcs
cucreMa auddepeHumnanbHbIX YpaBHEHMI Ha OCHOBaHMKW ypaBHEHUN MakcBenna.

Ncnonb3ys MeToa KOHEYHbIX pa3HOCTEN U METOA KOHEeYHbIX 31eMeHToB (MKD)

MOXXHO BbIMOSIHUTb pacyeT cnuctembl anddepeHLumnanbHbIX YpaBHEHWUI C
71
pacnpegeneHHbiMM napametpamu [53, 83, 116].

B HacTosiLee BpeMsi, NPOM3BOAUTL pacyeTbl 3/1eKTPOMAarHUTHON CUCTEMBI
NCNonb3ys METOA KOHEYHbIX 3/IEMEHTOB MOI'YT MHOXECTBO MPOrpPaMMHbIX
npoayktoB (FEMLAB, ANSYS, ELCUT n gp.). PazpaboTunky matemMaTMyeckom
MOZENN HYXXHO NULLb 3a4aTb FEOMETPUIO 3NEKTPUYECKOro ABUraTens, BblbpaTb u
YCT@HOBUTb FPaHWYHbIE YCII0BUS, ONPEeaenTb BUA U KOTMYECTBO KOHEYHbIX
3/1IEMEHTOB, TaK KaK JaHHbIE€ MporpaMMHble NPOAYKTbl MMEKT FrOTOBble anropuTMbl
pacyeTa. Ecnn nonb3oBaTento Heo6xoAMMO paccumMTaTb NepeMeHHble 3HaYeHns
(TOKW, HaNpsHXXeHWs1, MOMEHT), KOTOPble 3aBUCSAT OT COBOKYMHOCTW YNpaBAsoLwmx
BO34ENCTBMIA M NapaMeTPOB 3/IEKTPOMEXaHN4Yeckoro npeobpasoBaTens, 3agada
ycnoxHseTcs. [pu Bbibope nporpaMMHOro npoaykrta Ans cuHTesa
MareMaTu4ecKon MoAenn yYMTbIBaJUCh: HannymMe MoAy s pacyeTa
3/1eKTPOMarHMTHOr0O MOMEHTa METOAOM TeH30pa HamnpshkeHun Makceenna,

BO3MOXHOCTb KOPPEKTHOWM OLLEHKU CYMMapHbIX MOTEpPb U UX COCTaBASIOLMNX KaK
CTaHAApPTHbIMW CPEACTBaMM CaMOW MpOrpamMMbl, Tak U Mo anroputMmam
nosb3oBaTens.

MaTtemMaTnyeckas Moaenb CUCTEMbl «DEKTPONpUBOA — NPoKaTHas KneTb» Ha
6ase CPQHB, peanuzoBaHHasi B nporpaMMHOM nakete Ansys Simplorer/Maxwell
npueeaeHa Ha puc. 3.7. MaTeMaTnueckas Mojesb «DNeKTponpuBo4 — NpokKaTHas
KneTb» Ha 6ase CPAHB cogepxuT cneaytowme 6noku: PC — perynstop ckopoctu;
[OC - patumk ckopoctu; XMNT-450 — Moaenb MeEXaHUYECKOM YacTu MpOKaTHOro
craHa XMT-450; BN - 6nok npeobpa3oBaHus yrna NnoBopoTa Bana ABurartens;

AN - patunk nonoxeHuns; YOOT — y3en popMmnpoBaHus dasHbiX TOKOB;
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PT1...PT6 — perynatopbl TOKOB ¢a3; a TakXxe MoAeSlb MarHUTHOW CUCTEMbI
3/1eKTpoMexaHnyeckoro npeobpasosaTens 1 y3en onpeaeneHns CoCTaBASoWw X
noTepb. Y3en onpeaeneHnsa coctaBnsfoWwmMx NoTepb peann3osaH B MOAENN B BUAE
NpOrpaMMHOro KOAa Ha fA3blke nporpaMmmmpoBaHus APDL, Ha KOTOpbI NOAyYeHbI
CBMAEeTeNbCTBa O roCyAapCTBEHHOW perncrpauumn nporpamm ans 3BM
N22017613431, N°2015662880, N22013619100.

72

Puc. 3.7. MaTeMaTnuyeckasa Moaesb «2NeKTPoONpuBoA — NPoKaTHas KIeTb» Ha 6aze CUHXPOHHOrO peakKTUBHOIO 3JIEKTpoABUTraTeNd HeE3aBUCMMOIro

BO36Yy>XaeHnsa B nporpaMMHOM nakeTe Ansys Simplorer/Maxwell

73

3.2. OueHka afeKkBaTHOCTM MaTeMaTMUYeCKON MoAenn 3neKTponprueBoda CraHa
X0n0AHOM npokaTtku Tpy6 XMT-450

OueHka aaeKkBaTHOCTM MaTeEMaTUUYECKOW MOAENWN BbIMOMHANACh
COMOCTaB/IEHMEM pPaCYETHbIX U IKCNEPUMEHTANIbHbIX AAaHHbIX CTaTUCTUYECKUMN
METOAAMU M MPOBOAMJIACL ANS YYacTKa MpoKaTKM FIaBHOMO 3/1eKTponpuBeoaa.
[OelicTBytow it anekTponpuog ctaHa XMT peanv3oBaH Ha 6a3e anekTpoasuraTens
nocrosiHHoro Toka. OueHKa mpoBoAuiack B ABa 3Tana. CHayana Ha OCHOBaHMUU
Bbl6OpKM 13 30 3KCNEPUMEHTANIbHbIX OCLM/IZIOrPaMM ToKa SIKOpPSi FNaBHOMo
3/1eKTPONpuBoAa, MONYYEHHbIX Ha AeACTBYOWEM 0bbekTe, bblala MOCTPOeHa
perpeccMoHHas 3aBMCMMOCTb, OMUCbIBaOLWAsa NePeEXOAHbI NPoLLeCcC ToKa Ha
yyacTke npokaTku. 3aTeM pe3ynbTaTbl MaTeEMaTUYECKOro MOAEINPOBAHMUS
COMNOCTaBNAANNCE C SKCNEPUMEHTaNIbHbIMU A@HHbIMU, NPeACTaBNEHHbIMU B BUAE
perpeccMoHHon moaenu. PesynbTaTbl NpuBeaeHbl B Tabn. 3.1.

Tabnuua 3.1

OLeHKa KOPPeKTHOCTU MaTeMaTUYeCcKOol MOAENN 3NIEKTPONpUBOAA

CTaHa xonoAHoM npokaTkn Tpy6 XMT-450

MapameTp

aKkcn

, 0.e.

pacy

, 0.e.

Homep

OCLMINOrpaMMmbl

10,100,09 0,01 0,0001

20,17 0,18 -0,01 0,0001

30,24 0,22 0,02 0,0004

30 1,00 1,00 0,00 0,00
0,03

1,5

2,04

o6IT
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v
KPUT
AA
4

74

roe
pacy
— pacyeTHOEe 3HaYeHue ToKa, NoSyYEHHOE B XOAE MOAENNPOBaHUS;
aKen
— DKCMEepuMeHTaNbHOE 3HayeHne Toka; A, A
<l
— COOTBETCTBEHHO PasHOCTb U
KBaApaT pa3HOCTU MeXAy 3KCNEePUMEHTANbHbIMU U PACYETHbIMU BEIMYNHAMU TOKa
3M1EKTPONpPUBOAA; — KBaHTU/b CTbloAeHTa;
Al
— CTaHdapTHOE OTKJIOHEHME
pacyeTHbIX 3HAYEHUN; U
Asl
— MaTeMaTMyecKoe OXMAaHMe 3HaYeHUN.
Mpu conocTaBneHUN pacyeTHbIX U 3KCNEPUMEHTANIbHbIX AAHHbIX
ko3 duumneHT CrbtogeHTa ( =1,5) He BbIXoAUT 3a npeaesnbl KpUTUYECKoro
3HayeHunsa (
KPUT
= 2,04), Ha OCHOBaHMK YEero MOXXHO caenaTb BbiBoA 06
a4eKBaTHOCTU NpeAoXXEeHHOM MaTeEMaTMYECKON MOAeNu.
BbiBoAb!
1. Ha ocHOBaHMW NpeasioXXeHHON aBTOPOM MaTeMaTU4YecKon Moaenv
pa3paboTaHa nporpamMMa pacyeTa CyMMapHbIX NOTEPb U UX COCTaBASOWMUX B
CPHB B KOHE4YHO-31eMeHTHOM NpoaykTe Ansys Maxwell. MonyyeHbl
CBMAeTeNbCTBa O roCyAapCTBEHHOW perncrpauun nporpamm ans 3BM
N22017613431, N°2015662880, N22013619100.
2. BnepBsble nocraBneHa 3agaya onpeaeneHus oTAeNbHbIX COCTaBASIOWMNX
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notepb B CPAHB, ans peweHns KOTopoW paspaboTaHa MaTeMaTMyeckast Moaesb
OLLeHKW NokasaTenel sHeproadhekTMBHOCTM 3nekTponpueoaa ¢ CPAHB,
OT/IMYAIOLLAACS TEM, YTO OHA COAEPXMUT y3en BblUMC/IEHNS COCTaBSAOWMX NOTEPb,
KOTOPbIV MO3BOMSIET ONpeAenisTb X BENIMUNHY KaK B CTaTUYECKUX, TaK U B
AVHaAMUYECKMX pexunmax paboTbl anektponpueoaa. MNpun aTom
cpeaHeKBaApaTUYHOE OTKIOHEHWE UCTUHHbBIX 3HAYEHUIN OT perpeccMoHHbIX
3aBUcuMocTer He npesbiwano 0,03, pacyeTHoe 3HaveHue kBaHTMNA CTblogeHTa
(=1,5) He NpeBbIWano KpUTMYecKoro (

KPUT

= 2,04) c BepositHocTblo 0,95.

75

IMABA 4. KOMMJEKCHOE PELLUEHUE 3A0AYU

SKOHOMWUW SNTEKTPOSHEPI W B SNTEKTPOMPUBOAAX

NMUNNTPUMOBbBIX CTAHOB C MCMNOJIb30BAHUNEM

COBPEMEHHbIX METOAOB MATEMATUYECKOIO

MOAENNPOBAHUA

B aTol rnaBe o6CyAaeTcs YETBEPTOE HayUYHOE MOJIOXKEHMUE.

B npeapiaywinx rnaeax 6bl1a paccMOTpeHa KMHeMaTuKka CTaHoB

NMUANTPUMOBOW Tpynnbl, NpeanoxeHa n obocHoBaHa obobleHHas Harpy3soydHas
Avarpamma, nposeaeH noapobHbin 0630p NMTEpaTypbl MO TEXHWYECKUM peLleHnaM
B 06n1acTn aHeprocbepexeHmns, Nosy4YeHbl KOMYECTBEHHbIE OLEHKN
COCTaBAOLWMX NOTEPb B MPOKaTHbIX ABUraTensx, NpeasioXXeHa u nposepeHa

MaTeMaTmyeckasi Mofeslb 3IEKTPONPUBOAA C CUHXPOHHbBIM peakTUBHbLIM
ABUraTeNeM HE3aBUCUMOr0 BO3OY>KAEHUSA KakK WHCTPYMEHT NSt KONMYECTBEHHbIX
pacyeToB dHEPreTUYECKNX XapakTepUCTUK 31eKTponpuBeoaa. STO No3BoNseT
nepenTy K rnaBHoOM 3agaye BCcel paboTbl — K BbISBIEHMIO HAUYYLLMX PELIEHNI MO
BblOOpY TMMa anekTponpueBoaa (371eKTPONpUBOA NOCTOAHHOIO TOKa, CUHXPOHHbIM
3N1EKTPONPUBOA, NEKTPONPUBOA C CUHXPOHHbBIM peakTUBHbIM ABUraTeNnem
He3aBMCMMOro Bo36yXXAEHUSA) U 3aKOHOB yMnpaBfieHWs, CNoCO6CTBYOWMX
HanbosnbLLelt SKOHOMUM I1EKTPOIHEPIUN.

Mpu pacuyeTe sHepreTMyeckon 3¢ hEKTUBHOCTU 3NEKTPONPUBOAOB

NMUIMIPUMOBBIX CTAHOB peLlanvch cneaytolme 3a4aun:

— OMpeaensnncb 3a Kaxablii umMkn Tu

CyMMapHble NOTEpPU 31eKTPOIHEPrm

AN pa3HOoro TMna 31eKTponpuMBoAoB (31eKTPonpuBOAbl MOCTOAHHOIO TOKa,
CUHXPOHHbIE 3M1EKTPONPUBOALI, 3NEKTPONPUBOAbLI C CUHXPOHHbBIMU PEaKTUBHbIMU
ABUraTenssMm He3aBMCUMOro Bo30yXAeHnS);

— COMOCTaBNSNCL MO KPUTEPUIO dHEepreTnyeckon adhekTnBHOCTU

BO3MOXHbI€ CTPYKTYPbl CUCTEMbI YNPaBieHUs: CXeMa NOAYNHEHHOMO
perynvpoBaHus, 3/1EKTPONPUBOS C ABYX30HHbIM peryimpoBaHMeM CKOPOCTU, CXxeMma
76

C NMpPOMOpUNOHANbHbIM yNpaBieHNeM NOTOKOM U TOKOM SIKOpSi;

- OLeHMBaNCs dKOHOMUYECKNI P @eKT peannsaumnm paccMaTpMBaeMblX
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peLleHuni.

B pnaHHOl rnaBe npuBeAeHbl pacyeTbl Ans CTaHa XONoAHOM NpoKaTku Tpy6
XMT-450. Ans Apyrvx CTaHOB NUAWTPUMOBONM FPynMbl NpUBEAEHbI TObKO
pe3yNbTaTbl OLEHKN 3KOHOMWUN 3/1EKTPOSHEPruM B 3/1EKTPONpPUBOAAX Pa3HOro Tuna
(3neKkTponprBoA NOCTOSAHHOIO TOKa, CUHXPOHHbIN 31EKTPONPUBOA, 3IEKTPONPUBOA,
C CUHXPOHHbIM peakTMBHbIM ABMUIaTEIEM HE3aBMCMMOro BO36yXAeHUS).

Ons TpybonpokaTHbIX arperatos NUANIPUMOBON MPyMMbl XapakTepHa
CyLLeCcTBEHHas HeEpaBHOMEPHOCTb MOMEHTA Harpysku, MOAeNMpoBaHme
NpoBOAMIIOCE HA OCHOBaHWU €AMHOW Harpy3o4yHon avarpammsl (cM. n. 1.2), yto
NO3BO/INII0 COMOCTaBUTb 3HEPro3ddeKTUBHOCTb 3/1EKTPONPUBOAOB Pa3HOro TMnNa
(3nekTponpuBoa NOCTOAHHOMO TOKAa, CUHXPOHHbIM 371EKTPONPUBOZA, 3/1EKTPONPUBOA
C CMHXPOHHbIM peakTUBHbIM ABUraTeneM He3aBnCMMoro Bo3byxaeHuns).

4.1. ToTepwn B 3N1eKTPONPUBOAE C MPOKaTHbIMKU ABUraTeNnsaMu

NOCTOSAHHOI O TOKa

ONeKTponpuBoAbl C MPOKaTHbIMW ABUraTensMm NocTOSHHOro Toka paboTtatoT
AaBHO M Nokasann cebsa ¢ xopollen CTOPoHbl. Ha cerogHAaWHMN AeHb dU3nyeckn He
ycTapenu n HesaBMCMMO OT TOro, Kakor TUM NpuBOAA Mbl CYMTAEM HaUNYULLNM,
peun 0 3amMeHe 3TUX NMPUBOAOB UATU HE MOXET B CUJTY SKOHOMUYECKOM
HeuenecoobpasHocTn. CBOero M3nMy4ecKkoro pecypca 3/1eKTponpuBoabl C
ABUraTenssMn NOCTOSSHHOr0 TOKa He oTpaboTann 1, XOTS MOpasibHO N 3KOHOMUYECKHN
cebsa oKynuau, cCpeacTB Ha KanuTanbHYIO MOAEPHU3ALMIO CEroaHS HeT.

Ha npumepe anekTponpreoaa NOCTOSAHHOrO TOKa Hanbonee Bblpa3nTenbHO

MOXHO MoKa3saTb LienecoobpasHoOCTb TeX MM MHbIX CNocoboB ynpasBneHus
31eKTPONpUBOAOM, YTOBbI MOTOM 3KCTPaNoOANMpPOBaTh 3TW PeLleHns Ha Apyrue
6onee cnoxHble, HO 3KOHOMMYecKM Honee LenecoobpasHbie 31eKTPonpuBOabI,
Hanpumep, NnepeMeHHOoro Toka. o 3To NpMYMHe 3N1eKTPONpUBOA MOCTOSSHHOMO

77
Toka B paboTe paccMaTpuBascs Kak 3TasloH, KOTOPbIA CEroAHs ycrnewHo
peann3oBaH, MHOMOKPaTHO NpoBEPEH N MOXET BblTb PEKOMeHA0BaH Kak 6a30Bbli
BapuaHT A1 CpaBHEHMs C Hambonee NporpecCMBHbIMN COBPEMEHH bIMU
peLleHnaMu.

C yyeToM CKasaHHOro aHanM3npoBannCb aHeprocbeperatrLne pexmmol B
3/1eKTPONpPmUBOAE NOCTOSIHHOIO TOKa Ha NpuMepe craHa XMT-450. OcHoBHbIE
napaMeTpbl CTaHa, NacnopTHble AaHHble 3NEKTPUYECKON MaLLUHbI MPUBEAEHBI B
rnase 1 (n. 1.2), dyHKUMOHaNbHas cxema snekTponpusoaa B rnase 3 (n. 3.1).
4.1.1. NoTepn 3neKTPO3IHEPrUM B TUMOBOM 31EKTPONpPUBOAE

C MNOAYMHEHHbIM perynmpoBaHnem

B aaHHoe BpeMsi ctaH XMT-450 paboTaeT Ha 31eKTPONpUBOAE NOCTOSHHOIO
TOKa, peasM30BaHHOM MO CXeMe NOAYMHEHHOrO perympoBaHns CKOPOCTU.
CyMMapHble NOTepW 31EKTPO3HEPIMN N MX COCTaBASAOLME ONPeaensncb C
ncnonb3oBaHMeM pa3paboTaHHONM B rnaBe 3 maTtemMaTuyeckon mogenu (cm. n. 3.1).
PacueT npoBoanaca ¢ NCNoNb30BaHWEM BECOBbIX KO3 MHOULMEHTOB COCTaBASIOLLMNX
noTepb, MNOSIyYEHHbIX NPU BbIMOJIHEHUW PErpecCMOHHOro aHanmsa (cM. n. 2.2 B
rnaee 2). B tabn. 4.1 npuBeaeHbl YMC/IEHHbIE 3HAYEHNS NapaMeTpoB Harpy304HbIX
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Anarpamm pasniIMyHbIX MapLupyToOB MPoKaTKu A1 paccMaTpuBaeMblX TUMOB CTaHOB,
nonyyeHHble OT NpeAcTaBuTenen anekTpotexHnyecknx cnyxo MAO «4TMN3» un
NCNoJib3yeMble HaMWU NPU KOIMYECTBEHHON OLleHKE SKOHOMUMW 3N1EKTPOIHEPT UM,
Tabnuua 4.1

MapaMeTpbl Harpy304HbIX AMarpamm CTaHOB MUANTPUMOBON FPynnbl

Twun cTaHa

MapamMeTp Harpyso4HON AnarpaMmmbl U YNCIIEHHOE 3HaYeHne

Tu Tnp Txx MMmakc

Mxx

MpowwueHon 300 60 240 530,7 32,4

Munbrepcran 2,8 1,1 1,7 1007,5 59

XMT-450 20,7 1,3 443 66,5

78

B Tabnuue ykasaHbl: TU — BpeMsi OAHOro LMKJ/a NpoKaTku, ¢; Tnp — BpeMsi MpoKaTKu, C;

TxX — BpeMsi X0/10CToro xoaa, ¢; Mmakc

N MxX — MakCMMasbHbI1 MOMEHT 3a LMK/ NPOKATKU U

MOMEHT XOJI0CTOro xona, KHm.

[Ona TpybonpokaTHbIX arperaTtoB NUANTPUMOBOM FPyNnbl XapakTepHa
CyLLeCTBEHHas HepaBHOMEPHOCTb MOMEHTa Harpy3ku (cm. n. 1.2). MNonesHo
06paTnTb BHMMAHME Ha YUCNIEHHbIE 3HaYeHNs NapaMeTpPOB Harpy304HbIX AnarpamMm
paccMaTpuBaeMbiX cTaHoB. Munrepctad n XMT-450 nMerOT 4OCTaTOYHO 6n3kue
3Ha4YeHns BpeMeHM pabounx LIMKIOB U BPEMEHM XOMI0CTOr0 Xo4a — B npeaenax, He
NpeBblLALWNX HECKOMbKO CeKyHA. BpeMeHa npokaTkun 1 naysbl Ha MNPOLMBHOM
CTaHe 3HaumMTenbHOo 6onblue — coTHM cekyHa (Tnp

= 60 ¢, Txx

= 240 c).

Ha ocHOBaHUW TEXHMYECKUX AaHHbIX ABuraTenen [3] n ¢ ncnosb3oBaHMEM
MEeTOANKU, N3noXxeHHon B [134], 6blna NocTpoeHa 3aBUCUMOCTb OTHOCUTESIbHbIX
CYMMapHbIX NOTEepb B 3JIEKTPONPUBOAAxX pa3HOro tuna (371eKTponpuneos
MOCTOSIHHOIO TOKa, CUHXPOHHbIN 3/IEKTPOMNPUBOA, 3JIEKTPONPUBOL C CUHXPOHHbBIM
peaKkTMBHbIM ABUraTeNeM HE3aBUCUMOro BO3OY>XAEHMS) MPU  MOCTOSIHHOM MOTOKe
B030OYyXXAEeHMS OT MOMEHTa CTaTM4eCcKon Harpysku (cMm. puc. 4.1).

[MonyyeHHble 3aBUCMMOCTH

MMEIOT KBaApaTUYHbIA XapakTep

M3MEHEHUS BENNUYUHBI

OTHOCUTENbHbIX NOTEPb OT

MOMEHTa. OT0 06yC/I0BNEHO TaKNM

e XapaKTepoM U3MeHeHUs

NMepeMeHHbIX 3/IEKTPUYECKUX

noTepb B 3/1eKTpoABMIraTensix

(noTepun B AKOpHOW Lenwn

ABUraTens nocTossHHOro Toka,

noTepu B Lenu cratopa

CMHXPOHHOIO U CUHXPOHHOrO

Puc. 4.1. OTHOCUTENbHasa BeNMUYMHA NOTEPL
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B 3@BMCMMOCTM OT MOMEHTa Harpysku rnpu
NMOCTOSIHHOM NOTOKe BO30Yy>XXAeHWS B ABUraTensx

NMOCTOSIHHOIO Toka (1), B CUHXPOHHbIX

asuratensx (2), 8 CPAHB (3)
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peakTMBHOro ABMratens HesaBMcMMoro Bo3byxaeHns). 3aBUCMMOCTU MOKa3blBaloT,
UYTO HaMMeHbLlas ycpefHeHHas OTHOCUTENbHasa BeAMYnHa noTepb B
paccMaTpMBaeMOM AMarnasoHe M3MeHeHMs MOMeHTa ctaTtmyeckon Harpysku (ot 0 oo
2MH

) nonyyeHa AN 31EKTPONpUBOAA C CUHXPOHHbBIM PEaKTUBHbIM ABUraTenemM
He3aBMCMMOro Bo3byxaeHus. [daHHoe 06CcTosTeNbCTBO 00YCIOBNEHO Npexae BCero
KOHCTPYKTUBHbIMW OCOBEHHOCTSIMM B pacCMaTpUBaeMbIX TUMaX 3/1eKTPOnpuBoAOB,
Hanpumep, OTCYyTCTBME B CUHXPOHHOM pEaKTMBHOM ABUraTesnie He3aBMCUMOro
B0O36YyxAeHMs 06MOTOK BO36YyXXAEHMSA, KOMMEHCALMOHHOW U AOMONHUTENbHbIX
MOMOCOB U, KaK CeAcTBMeE, COOTBETCTBYIOLMX COCTaBAAOWMX NoTepb (cM. n. 2.1).
Mo cpaBHEHWIO C CUHXPOHHbIM peaKTUBHbIM ABUTraTeNIeM He3aBMCUMOro
BO36YXXAEHUSA B CUHXPOHHOM ABUraTesie CyMMapHble NOTEepU 3a LMK NPOKaTKM
HeCKOJIbKO Bbllle, pa3HMUa noTepb 06bACHAETCH Hann4yMeM notepb B o6MoTKe
B0O36yXXaeHuns.

Ha nepBom 3Tane c ncnonb3oBaHneM 0606LWEHHON Harpy304HOW AvarpaMMmbl

craHa XMT-450 ¢ yyeToM nony4yeHHbIX 3aBMCUMOCTEN bblna onpeaeneHa BenMymnHa
CYMMapHbIX NOTEPb U UX COCTaBAAIOLWMX 3@ LMK NPOKaTKN B 3/1EKTPONpUBOAE
NOCTOSIHHOIO TOKa A1 UCXOAHOr0 Cily4as CTPYKTYpbl MOAYNHEHHOMO
perynnpoBaHus.

PacueT cymMMapHbIX MOTEpb U X COCTaBASIIOWMX 3@ LMK/ MPOKATKN B
3neKTponpueBoae Ha 6a3e ABuraTens NoCTOsIHHOrO Toka ans ctaHa XMT-450
(MapwpyT 406 - 351) Ha oCHOBaHMK 0606LLEHHbIX 3aBMCUMOCTEN NMO3BOMI
nonyunTb cnegyrowme pesynbTtaThl: APALL = 123,4 kBT; APOB

= 14,7 kBT;

APMAI

14,9 kBt; APMEX = 7,5 kB1; APAOB

7,3 kKBT; APY = 167,8 KBT.

Peann3oBaHHbIV NOAXOA OCHOBAH Ha CTAaTUCTMYECKUX 06061 EeHHbIX

3aBMCUMOCTAX OTHOCUTENIbHbIX MOTEPb OT MOMEHTA Harpy3sku U He y4uTbiBaeT
HacblWeHne MarHMTHOW CUCTEMbI ABUraTens, 3N1IEKTPOMarHUTHY U MeXaHWU4YecKyto
nHepumio anekTponpueoaa. laHHoe obcToATensCcTBo 06ycnasnMBaeT
Heo6X0AMMOCTb CKOPPEKTMPOBaTb MOJlyYeHHble pe3y/ibTaTbl C YYETOM KPUBOM
HaMarHM4YMBaHWUS, KOHKPETHbIX MepexoAHblX MPOLECCOB B 3/IEKTPONpPUBOAE,
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XapaKTepU3YHOLWMXCA ero TMMoM, 0CO6eHHOCTAMM CTPYKTYp 1 NapaMeTpoB CUCTEM
ynpasJ/ieHusl.

PacyeT c y4eToM NpuHATbLIX paHee AONYLLEHUI A NPOBOAMIICS Ha

MaTeMaTu4yeckon modenu anektTporipueoga craHa XMT-450 B cxemMe NOAYMHEHHOro
perynvpoBaHus ABUratenem noctosHHoro Toka (puc. 3.3 B rnase 3). Mogenb
Nno3BoJinia y4eCTb BMSIHME HaCbILWEeHNS MarHUTHOW CUCTEMbI ABUraTens,
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3N1EKTPOMAarHUTHYIO N MEXaHWYECKYI0 MHEPLUIO N1EKTPONPUBOAA Ha BETMUYNHY
notepb. TexHnuyeckmne aaHHble asuratens M-21-125-9K n kpuBas HamMmarHU4YnMBaHUSA
6b1/IM 3aMMCTBOBaHbI M3 anbboMa TEXHMYECKMX AaHHbIX [3]. NapamMeTpbl
obopyaoBaHns (AAaTYMKOB, PEryNSTOPOB U MEXaHNYECKOM YacTU TEXHOIOrMYEeCcKoro
obbekTa) 6blaM NonyyeHbl OT NpeacTaBUTENEeN SNEKTPOTEXHUYECKUX CIyX6
MAO «4TM3» u npuBeaeHbl B Tabn. 4.2.

Tabnuua 4.2

NcxoaHble gaHHbIE AN MaTeEMaTUYECKOro MOAENIMPOBaHNS 3N1EKTPONPUBOAA NOCTOSHHOIO ToKa
B CXeMe NOAYMHEHHOrO perynpoBaHuns

Twun MapameTtp O603HaueHMe,

en. n3Mm.

3HayeHune

Oeuratens M-21-125-9K

MowHocTb PH, kBT 1300

HanpsxeHune akops UH, B 620

Tok skops IH, A 2340

HoMuHanbHas

CKOPOCTb

WH, pagp/c 4,2

MakcnmanbHbIn Tok IMakc

, A 4680

MomMeHT nHepumu Ja, krm2 19875

ConpoTtueneHune

SIKOPHOW Lienu

Rsa

,OmM 0,018

MHAYKTUBHOCTb

SIKOPHOW OBMOTKM

La

, M1 0,006

MHAYKTUBHOCTb

KOCMeHCaLMOHHOW

06MOTKMN 1

A06aBOYHbIX MOMIOCOB

Lkoan, '4 0,004

Tok B036yxaeHus I

,A143,5

Adatunkum -

Koad. aatumka Toka Kar

, B/A 0,002

Koad. aatumnka

CKOpPOCTH

Kac

, Blic/pan 2,2
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MpoaomkeHne Tabnmubl 4.2
Perynsatopebl
MponopLMoHanbHOMHTEr pasbHbI
perynatop Toka

Koad.

NpONoOpLMOHANbHOrO

KaHana

KpT

0,2

MocTrosHHasa BpeMeHu
WHTerpanbHoOro kaHana

TpT

0,1
MponopunoHanbHONHTEr panbHbI
perynsatop ckopocTu

Koad.

NpONOpLMOHaATIbHOIO

KaHana

Kpc

10

MocTosiHHasa BpeMeHu
WHTerpanbHoOro KaHana

Tpc

0,07

KLIM -

Paanyc kpusowwuna Rkp, m 0,61
OnvHa watyHa Lw, m 4,61
[e3akcmnan e, m 0,06

BOHA -

Pagnyc npokaTHbIx

BasIKOB

Re

,mM0,67

MoMeHT npokaTku npu

NpsIMOM XoAe KieTu

Mnp, kHM 443

MOMEHT npoKaTKun npu

obpaTHOM xoAe KJeTu

Mob6bp, kHm 310

MOMEHT X0n0cToro

xoAaa

Mxx, kHm 66,5

KLUM - KpUBOLWMMHO-WATYHHbIA MEXaHWU3M;
BOHA - 6nok popMMpoBaHUSA HArpy3o4HONM Avarpammbl.
Ha pwuc. 4.2 npvBeaeHbl OCLMAIOrPaMMbl NEPEXOAHbIX NMPOLLEeCcCcoB B
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3/1EKTPONPUBOAE NOCTOSAHHOIO TOKa, NOSIyYeHHbIE C UCMONb30BaHMUEM
MaTeMaTM4eckon MoAenu, peanms3oBaHHOW B nporpamme MatLab Simulink (cm. n.
3.1). 3aecb NpeacTaBieHbl 3aBMCUMOCTM TOKOB SIKOPHOWM Lienu U Bo36yXAeHus,
MOMEHTOB CTaTUYECKO HarpysKu u ABuUratess, yriioBo CKOpPOCTU BpalleHus oT
BPEMEHMU.

PacueT npoBoanncs 6510KOM aHaIMTMYECKOro pacyeTa noTepb,

NO3BONSIOLLNM B COOTBETCTBUU C YpaBHEHUsIMU (CM. M. 3.1) Ha OCHOBaHMUMU
NONYYEHHbIX KPUBbIX MEPEXOAHbIX MPOLLECCOB BblAENUTL COCTABASIOWME NOTEPL B
3NEeKTPONpUBOAE NOCTOSIHHOrO ToKa. Takoi NoAxoz MO3BOMU NOBLICUTb
[OCTOBEPHOCTb pacyeToB B MpoLiecce MoAeMpoBaHus.

82

Puc. 4.2. NepexoaHble NpoLecchl B 3/1eKTPONPUBOAE NOAYMHEHHOrO perynnpoBaHus ctaHa XMT-450 Ha 6a3e gBuraTens NOCTOSIHHOrO ToKa

83

Ha npuBeaeHHbIX ocumnnorpaMMax npuUCyTCTBYET pa3fefieHne Ha y4acTKu:
nNpsMor 1 06paTHbIN X044 NMPOKaTHOW KIETU N BpeMsl, OTBEAEHHOe Ha
BCrioMoraTtenbHble onepaunmn (XonocTorn xoa). Mpu ABUXEHUN KNeTn Bnepes
MaKkCMMalbHbIA MOMEHT ABuraTtens coctaBun Mas.Makc = 532 kHM; MakcuManbHbIn
6pocok Toka - I

Makc

= 3,8 KA; AMHaMuyeckoe nageHmne CKopoctu — NauH

= 0,6 pag/c.

Mpn BO3BPaTHOM ABMXKEHMWN MPOKATHOM KNETU MakCMManbHbIA MOMEHT ABUraTens
coctaBmn MaB.mMakc = 325 kHM; MakcMManbHbI 6poCoK Toka — I

Makc

= 2,4 KA;

AMHaMM4Yeckoe nageHne CKopoctu — nNAavH

= 0,35 pag/c. MNpn 3TOM 3@ LUK/ NPOKATKK:

cpeAHeKBagpaTUYHbIA MOMEHT ABurartens — MaB.cpkB = 269 kHw;
cpeAHeKBaapaTMYHOe 3HauYeHne Toka sikops — 1

cpkB = 1,98 KA; cpegHee 3HaveHue

TOoKa AKkops — 1

cp = 1,6 KA; cpegHee 3Ha4YeHne CKOpoCTn — Ncp

= 4,4 pag/c.

ObpaLlaet Ha cebs BHMMaHMWe npesblweHne NpubamsmntensHo Ha 30%
CcpeaHeKBaApaTUYHOro ToKa Haj CpefHWM. DTO rOBOPUT O TOM, YTO eCTb
onpefeneHHble pe3epBbl CHUXEHUS 3arpy3Ku 3N1eKTponpuBeoaa.

PacueT cymMMapHbIX NOTEPb U X COCTaBASIOWMX 3@ LMK/ NPOKATKN B
3/1EKTPONpPUBOAE MOAYNHEHHOrO peryampoBaHmsa Ha 6ase agurartesns nocTossHHOro
Toka ans craHa XMNT-450 (mapwpyT 406 — 351) c ncnonb3oBaHnem
MaTeMaTM4ecKon MoAenn No3BoSn/ NOAyYUTb Cleaytowme pe3ynbTaThl:
APALl = 117,2 kBT; APOB

13,9 kBT; APMAI

14,2 kBT;

APMEX = 7,2 kBt; APAOB

= 6,9 kB1; AP> = 159,4 kBT.
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MonyyeHHble BENMUYMNHBI OTINYAIOTCSA OT 3HAYEHWUI NpeaBapuTebHOro
aHanu3a, OCHOBaHHOI0O Ha CpefHeKBaApPaTUYHbIX OLeHKaX NoTepb 3a LUK
npokaTku. PacxoxaeHnsa obycnoBneHbl y4eTOM Npu MaTeMaTnyeckom
MOAENNPOBAHNM KPUBOW HaMarHM4MBaHWsA, NHEPLMOHHOCTEN 06MOTOK M
MeXaHWM4YecKol YacTu anekTpornpueoaa. Ha puc. 4.3 npvBeaeHa COOTBETCTBYOLL AN
Avarpamma pacnpegeneHuns CoCTaBAsoLWnX OTHOCUTENbHbIX NOTEPb B
3/1EKTPONPUBOAE MOAYNHEHHOMO peryampoBaHms ctaHa XMNT-450 Ha 6asze
ABUratensi NoCTOSSHHOro Toka. B agaHHOM cnyyae cocTaBnsiowmMe NnpuBeaeHb! B
NnpoLeHTax OTHOCUTENbHO CYMMapHbIX MoTepb.
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CyLLecTBeHHYI0 4YacTb

CYMMapHbIX NoTepb

COCTaB/IAOT NOTEPU B SSKOPHOMN

uenu (71,3 %). B

OTeyeCcTBEHHOW nuTepaType

obpalyaeTcs BHUMaHMeE Ha

npubaM3anTenbHoe paBeHCTBO

MOCTOSIHHbLIX U NMEepPeMEHHbIX

noTepb B 06LLENPOMbILLISIEHHOM

anekTponpusoge [64]. Kak

nokasbIBaloT pe3y/bTaThbl

MaTeMaTM4eCcKoro MoAeMpoBaHus U cTaTucTuyeckas obpaboTka TeEXHUYECKNX
AaHHbIX NPOKaTHbIX ABUraTenen, pacnpeaeneHme notepb B MHANBUAYANbHbIX
3M1EKTPONpUBOAAX MeHSeTCs. [lons nepeMeHHbIX NOTepPb B 3TOM Criyyae
npeobnaaaet (cMm. puc. 4.3).

4.1.2. Cnocobbl CHMXEHNSA NOTEPb 3/IEKTPOIHEPrMN B MOAENNPYEMbIX
3/1eKTPONpPUBOAAX NMOCTOSSHHOIO TOKa

CHMXXeHMe NoTepb 3N1EKTPO3IHEPTUM 3@ CHET MaxoBMKa

YT106bl NONHEE NCN0J1b30BaTb KMHETUYECKYHO SHEPrUI0 BpaLlLalLWwmnxcs

YyacTen 3NeKTpornpuBOAA Ha CHUXXEHME INEKTPUYECKMX MOTEPb MOXHO MOUTH MO
NyTW, KOTOPbIN B TeYEeHMe AeCAaTUneTun abunpyeTcsa B iMTepaType U peannsyeTcs
Ha NpakTUKe — 3TO yCTaHOBKa MaxoBuKa. B paboTe npoBeaeHa oueHka
BO3MOXHOCTel B NjiaHe 9KOHOMUUN 3NIEKTPUYECKON SHEPrUIM pasIMYHbIX BapMaHTOB
MaxOBWYHOr0O 3/1eKTPONpUBoOAa, KOTOpble paccMaTpmMBanvce B Tpyaax H.H.
OpyxuHuHa [56], B.®. BypbsaHosa [23], B.A. IOgnHa [170].

OfHMM 13 CNOCO60B IKOHOMUW 3IEKTPOIHEPT NN B SN1IEKTPONPUBOLE U
CHUXXEHWNSA MUKOBbIX 3HAYEHUI I MOMEHTA SIBNSIETCS YCTaHOBKa MaxoBuka. Ha
yyacTKax UMKa, COOTBETCTBOBABLUMX BPEMEHU May3bl, MaX0OBbl€ MAacCChbl

Puc. 4.3. Anarpamma pacnpegeneHums coCcTasnsiowmx

OTHOCUTENbHbIX NMOTEPb B 3/IEKTPONpUBOAE

NoAYMHEHHOro perynmposaHus ctaHa XMNT-450

Ha 6a3e gBuraTens NOCTOSIHHOro Toka

71,3

15,7

7,2
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¢opmMnpoBanu 3anac KWNHETUYECKOW SHEPrun, KoTopas pacxoaoBasnack npu
npokaTtke. BbiIbop MOMeHTa MHEPLIMN MaxOBUKa U pacyeT MOLHOCTH
3M1EeKTpoABUTaTeNEN AN pa3HOro TMMa NpoKaTHbIX CTaHOB ocBeLlleH B [56].

Ha 3aBofax paHblue, Aa W ceiiyac CyLLeCcTBYyeT To4YKa 3peHUs, YTo B
3/1EKTPONPUBOAAX C SIBHO BblpaXeHHbIM HEPaBHOMEPHbIM MOMEHTOM CTaTUYECKOM
Harpy3kuM MaxoBWK Mosie3eH, Tak Kak Mo3BOJISET BblPOBHATbL FpadmMK KpUBOWM ToKa
AKOpS M NMpUbIN3NTL CpeaHEKBaapPaTUYHbI MOMEHT K cpeaHeMy. Hanpumep, Ha
nuibrepcraHe ycraHoB/IeH MaxoBmK BecoM 120 T, AMaMeTpoM 9 M, YTO He TOSIbKO
YTSKENsieT 31eKTPonpuBOoA, CHUXKAET HAAEXHOCTb, HO U YBENMYMBAET NoTepu
X0nocToro xoaa. OpMeHTUPOBOYHO NMpeaesbHble BO3MOXHOCTM MaXOBUYHOIO
3/1EeKTPONPUBOAA MOXHO OLEHUTb, MO/b3YSICb ClEAYOL MM MPeanonoXeHUeM.
[onycTuM, 4TO 3N1eKTPONpPUBOA UMEET CYMMapHbIi MOMEHT MHEPLUHN ,
HOMUHANbHbIA MOMEHT H

, HaYanbHYI CKOPOCTb

, COOTBETCTBYHOLLLYH CKOPOCTHU

nAaeanbHOro X0s0CTOro xoAa. Toraa 3anac KWHETUYECKOW SHEprum B
3MeKTponpueBoae

A

Mex

NS

N =

a
2
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H

3p8ecb

il

— MeXxaHu4yeckas NoCTosIHHasA BpeMeHu,

H

- HOMWHanbHas

MOLLHOCTb ABUraTens.

B TeueHne unkna paboTy, 3aTpaunBaeMylo Ha NpoKaTKy MeTasnna, MOXHO
3anucaTb B BUAE BblpaXKeHus

A

np

= |'|p

-a

np

’

rae np

- yCpeAHEeHHOe 3Ha4YeHVe MOMeHTa NMpoKaTKU NMpu NOBOPOTE BaJIKOB Ha
paboueM yyacTke Ha yron a

np

BbiicHMM, KaknM 6bin 6bl Nepenag CKOpPoCTU aneKkTponpueoda A, 4tobbl,
NCMonb3ys TONbKO 3HEPrni0 MaxoBuKa, obecneynTb NpokaTKy 3a UMk, Toraa 6e3
yyeTa A06aBOYHbIX NOTEPb B MEXAaHWU3Me 3/1eKTPonpuBoaa

nnn

OTKyAa npu np
=H
HeobxoAnMbIN nepenas CKOpoCTn
A =
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2a
np
il

B kauecTBe npuMepa paccMaTpuBascs 3M1eKTpornpuBog Knetu craHa XMT,
KOTOpbIV MMeET crieaytolme JaHHble: MOLWHOCTb ABUraTeNs MOCTOSIHHOrO ToKa
H

1300 kBT, HOMMHaNbHbIN TOK AKOPS

2340 A, cKOpOCTb naeanbHoOro
XO/0CTOro XoAa
4,5 pan/c, MexaHn4yeckas NOCTOSiHHas BPEMEHM

a

=0,3¢c

Yyron noBopoTa BasIkOB Mpuv 3anoSIHEHHbIX Kannbpax a

np

= 1 paa. Ecam npuHaTb

np

=H

, To A = 7 pag/c, nim

A

A)

= 1,6, 4TO 3HAUYNTENbHO MpPEBbILIAET BCE

pasyMHble npegenbl. 10 3TOM NpuynHe Ha A0 MaxoBMKa 06bIYHO B Pa30OMKHYTbIX
cMcTeMax 3/1eKTpornpueoga oTBoanam He 6onee 15-25 % aHeprumn, Heobxoanmom
AN1s1 NPOKaTKM, YTO CHUXasno MUK MOMeHTa asuratens Ha 10-15 % [170].
Ha puc. 4.4 nokasaHa

3aBMCMMOCTb CYMMapHbIX NOTepb

OT OTHOCUTEJIbHOIr0 3Ha4YeHuns

MOMEHTa MHEepLMKN MaxoBuKa Ans

3neKkTponpueoaa Ha 6ase

ABUraTens rnocCTossHHOro Toka Ha

npumepe craHa XMNT-450.

Pacuet cymMmmapHbIX noTepb u

MX COCTaBAAIOWMX 3@ UMK

NpoKaTKu B 311eKTponpueoae

NOAYMHEHHOrO perynmpoBaHuns Ha 6ase asurartens nocTosHHOro Toka Af1a CTaHa
XMNT-450 (mapwpyT 406 - 351) c npuMeHeHneM MaxoBuKa Aan cnegyowme
pe3synbTtathbl: APAL = 95,5 kBT; APOB

= 25 kBT1; APMAI

11,5 kBT;

APMEX = 6,3 kB1; APAOB

= 5,4 kBt; APY = 143,7 kBT.

Puc. 4.4. 3aBUCMMOCTb CyMMapHbIX NOTEPb

OT OTHOCUTEJIbHOIr0 3Ha4YeHM s MOMeHTa MHepLU MK
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MaxoBuKa
87

Ha puc. 4.5 npuBegeHa agnarpamMmma pacnpegeneHmns cocTaBnaoLWwmx
OTHOCUTENbHbIX NOTEPb B 3/IEKTPONPUBOAE NMOAYMHEHHOIO PEryIMpOBaHUS CTaHa
XMNT-450 Ha 6a3e asurartens NOCTOAHHOIO TOKa C MPUMEHEHMEM MaxoBUKa Mo
CPaBHEHMIO C CYLLECTBYOLMM Ha CEroAHSWHMI AeHb peLleHneM.

MokaszaHo, UTo Ang anekTponpueoda ctaHa XMT-450 npuMeHeHne MaxoBukKa
MO3BONSIET CHM3UTb CyMMapHble NoTepu B anekTponpueoae Ha 10 %. Cneayet
06paTUTb BHUMAHME, UTO CHUXEHNE CpeHEKBAAPAaTUYHOIO TOKa SKOps
OAHOMOMEHTHO MPUBOAUT K YBEIMYEHUIO MEXAHNYECKMX NOTEPb B
3/1EKTPONPUBOAE, B pe3ysibTaTe yMeHbLIaeTcs 06wWnii apdekT B naaHe 3KOHOMUMU
3N1EeKTPUYECKO aHepruun. Bmecre ¢ TeM nposBnsoTca HebnaronpusTHble NO60YHbIE
SABNEHNS JaHHOro cnocoba: pe3ko yBennynBaeTCs MaTepruanoeMKoCTb
3M1EeKTPONpUBOAA, PacTyT rabapuTbl, yBENMUYMBAIOTCA NOTEPU B NOAWMITHMKAX HA
TPEHWE N TPeHMe O BO3AYX, CHMXAETCS HaAeXHOCTb Npu aKChyaTaumm
NOALIMMHUKOBBIX Y3/10B.

Puc. 4.5. AnarpamMma COCTaB/ISOWMX OTHOCUTESbHbLIX NOTEPb B 3/1EKTPONpUBOAE
noaYMHEHHOro perynmpoBaHus ctaHa XMNT-450 Ha 6a3e gBurartens NOCTOAHHOroO Toka
C MPUMEHEHNEM MaxoBMKa

0

5

10

15

APsay APoB APmar APmex APo6 APcymm

AP/APH

CyuwiecTsyollee pelieHne

MaxoBu4HbIn npusog (AMNT)

88

CMsryeHne MexXaHU4YecKom XapakKTepUCTUKM 06paTHbIMU CBA3SIMU

B kauectBe BTOpOro cnocoba ncnosib30BaHUs 3HEPrMmn MaxoBbiX Macc Ans
npokaTku Tpybbl paccMaTpuBasnocb CMAryeHMe MexaHM4YeCcKon XapakTepuCcTuKm
3/1EKTPONpPUBOAA B CXEME NMOAYNHEHHOrO PEryMpoBaHNS C LieNbio YMEHbLUEHNS
6pockoB Toka sikopsi. [10 NOsABNEHUS 3aMKHYTbIX CUCTEM CMArYeHne AoCTUranocb
BBeAeHMeM 106aBOUHbIX PE3NCTOPOB B LieMNb AKOps ABUraTenst MOCTOSAHHOrO ToKa
WM B LieNb poTOpa aCMHXPOHHOrO ABUraTtens ¢ asHbiM pOTOPOM — arperathbl
Mnbruepa. 31oT cnocob nony4mn pacnpocTpaHeHue B 371eKTpornpuBoaax
pEBEPCUBHbIX CTaHOB ropsiyen npokaTtku (Hanpumep, 6noMnHrax, cnabuHrax). B
HacToslLLee BpeMs C NOSB/IEHMEM MOy NMPOBOAHMKOBbBIX YN pPaBAsSEMbIX
npeobpaszoBaTenel cMAryeHne XapakTepucTMkmM NpoLe n 3KOHOMUYHEE MOoy4YnTb
BBEAEHMEM U YCUNIEHWEM OTpULaTeNbHOM 06paTHOM CBSA3M MO TOKY sIKOpS.

Wpes paHHoro crnocoba 3ak/oyaeTcs B TOM, YTobbl obecneunTb

BO3MOXXHOCTb YaCTb SHEpPrum, 3atpadnmBaeMon Ha gedopmaLnio MeTanna, B3siTb OT
MaxoBbIX Macc NpMBOAA, TEM CaMbIM MOBbLICUTb PaBHOMEPHOCTb TOKa SKOPS B
TeYeHMe UnKIa NpokaTtku U CHU3NTb BEIMUYNHY MOTEPb.
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Ha puc. 4.6 npuBeaeHbl YNpoLEeHHbIE OCLIMJIIOrpaMMbl CKOPOCTU ABUraTesns
N TOKa SIKOPS. DHEPrMa MaxoBblX Macc NpMBOAA MOXET BbITb onpeaeneHa Kak
Max

8l

N & b

’

rae max
— dHeprusi MaxoBblX Macc;

— CKOPOCTb MAeasibHOr0 XO/I0CTOro XoAa

auratens;

il

- BEIMYMHA ANHaMUYECKOro NaeHmnsl CKOpoOCTU; — MOMEHT

WHepUMN NpUBOAA. DKOHOMUS SNIEKTPOSHEPrum BydeT TeM 3HaUNTENIbHEE, YEM
60/bLUYH0 YacCTb SHEPrumn np

, HeobxoaMMon Ansi NpoKaTKW, YAACTCS MOKPbITb 3a

CYET SHEepPrmmn MaxoBblX MAcC NpuBOAA. YNPOLLEHHbIE OCLUANOrpamMmel (puc. 4.6,
(1)) ToKka U CKOPOCTN COOTBETCTBYIOT MCXOAHOMY C/lyYal MEXaHWNYEeCKoMn
XapaKTEPUCTUKN 3aMKHYTOW CUCTEMbI dN1eKTponpueoga. CMsaryeHne sTon
XapaKTEPUCTUKN NO3BOJISET NPUOAN3UTL CPeAHEKBaAPaTUYHbI TOK KOPS K
cpegHeMy 3HaveHuto (puc. 4.6 (2)), TeM caMblM CHU3UTb BE/IMYUNHY I/IEKTPUYECKUX
89

noTepb B SIKOPHOM Lienu.

OueHka cHuxeHus

cpeaHeKBaApaTUYHOro Toka

npoBoAM/IaCb Ha MaTeMaTUyeCcKom

MoAenn «DNeKTPONnpuUBOA —

NpoKaTHas KNeTb» CTaHa XOJI0AHOW

npokaTku 6ecloBHbIX TpyH

XMT-450, koTopas BKkA4Yana B cebs:

rnaBHbI 31EKTPONpPUBOL NPOKaTHOM

KNE€TW, BbINOMHEHHbIM NO CXeMe

NOAYMHEHHOrO perynnpoBaHus;

MeXaHWYecKylto YacTb,

YUYNTbIBAIOLLYIO MEXaHUYECKME

nepepaun B cucreme; 610k hopMMpoBaHUS Harpy3o4HbIX Avarpamm; 610k

aHanUTUYeCcKoro pacyeTta notepb. MicxoaHble gaHHble ANs MaTeMaTUyeckoro
MoAeNMpoBaHua npueeaeHsl B n. 4.1.1 (tabn. 4.2).
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CMAryeHne MexaHM4yeCcKonW XapakTepUCTUKN NPOM3BOANIIOCE CHUXXEHNEM

Ko dULMEHTa yCuieHns nponopLmnoHanbHOro peryastopa CKopoctu

PC

. Ha puc.

4.7 npuBeAeHbl OCLMINIOrPaMMbl CKOPOCTU M TOKa SIKOPHOWM Lienu MNpoKaTHOro
ABUraTens MOCTOSAHHOMO TOKa NpU  pasfMyHbIX 3HavyeHnax KPC

Ons KPC

= 10 nNpwu ABMXXEHUWN KNETU BNepes MaKCMMabHbIA MOMEHT
aurarens cocraemn MaB.mMakc = 475 kHM; MakcMManbHbI 6pocok Toka —
I

Makc

= 3,3 KA; AMHaMnyeckoe najgeHme cKopoctn — NAnH

= 0,7 pag/c. MNpn

BO3BPATHOM ABMXXEHUWN MPOKATHOM KJIETU MaKCMMalbHbIA MOMEHT ABUraTens
coctasmn Mae.Makc = 330 kHM; MakcMManbHbIh 6pocok Toka — I
Makc

= 2,3 KA;

AMHaMM4YecKoe nageHne CKopocTu — NAavH

= 0,5 pag/c. MNpun 3TOM 3@ UMK NPOKaTKK:

cpeAHeKBaapaTU4HbIA MOMEHT ABuraTtens — MaB.cpkB = 267 kHw;
cpegHekBaapaTUYHOE 3HaveHme Toka sakops — I

cpkB = 1,84 KA; cpegHee 3HavyeHue

TOKa aKkops — I

cp = 1,59 kA; cpenHee 3Ha4YeHMe CKOpPOCTU — Mcp

= 4,2 pag/c.

Puc. 4.6. YnpolleHHble OCLUIIIOrpaMMbl

CKOPOCTM ABUraTens u Toka aKkops

90

Puc. 4.7. TNepexoaHble npoLecckl B 3nekTponpusoge craHa XMNT-450 Ha 6a3e asuraTtens noctossHHOro toka: a) npu KPC = 10; 6) npn KPC = 5

91

Ons KPC

= 5 npu gBm>xeHnn KnetTu Bnepes MakCMMasnbHbIi MOMEHT ABUraTens
coctaBmn MaB.mMakc = 440 kHM; MakcMManbHbI 6pOCOK Toka — I

Makc

= 3,02 KA;

AVHaMuyeckoe nageHue CKopocTu — NAWH

= 1,3 pag/c. MNpu BO3BpaTHOM ABUXKEHUMN

MPOKaTHOM KNeTUn MakCMMasibHbI MOMEHT ABurartens cocraBmn MaB.makc = 308 kHmM;
MakcuManbHbIi 6pocok Toka - I

Makc

= 2,1 KA; AMHaMnyeckoe nageHmne CKopoctu -

nAavMH

= 0,9 paa/c. Npun 3TOM 3a LMK NPOKATKN: CpeaHEeKBaAPaTUYHbIA MOMEHT
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aguratens — Mag.cpks = 259 kHM; cpegHekBaZpaTUYHOE 3HaUYeHMe ToKa sSKops —
I

cpkB = 1,76 KA; cpegHee 3HavyeHue Toka akops — 1

cp = 1,56 KA, cpeaHee 3HayeHue

CKOpOCTMK — ncp

= 3,9 pag/c.

Pacnonaras cepvueii

XapaKTepPUCTUK NpOLECCOB,

yZanocb nocrponTb

3aBWCUMOCTb, KOTOpas

OLleHUBAET BNSHME HaK/IOHa

MeXaHW4YeCcKol XapaKTepucTuku

Ha BENYUHY

cpeaHeKBagpaTMYHOro Toka

aKopsi. AHanM3 XxapakTepucTumk,

npuBeAeHHbIX Ha puc. 4.8,

MOKa3blBaET, YTO IKOHOMMYECKMI 3 deKT HabnogaeTcs BO BCEM pacCMOTPEHHOM
ananasoHe cHuxeHuns KPC

Ha puc. 4.8 npuseaeHa 3aBMCMMOCTb CpeAHEKBAAPATUYHOMO TOKa AKOPSA OT
YacToTbl Cpe3a KOHTYpa perysMpoBaHunsl CKOPOCTM. 3a 6a30Boe 3HaveHue NPUHSTO
cpefHeKBaapaTUYHOE 3HaYeHMe ToKa SKOpsA Npuy napaMmeTpax nocieaoBaTesbHbIX

KOPPEKTUPYHOLWMX YCTPOICTB, MPUHATbIX HAa CErOAHSILIHUI AeHb Kak OnTUMasbHbIe.

Ecnu BbI6bpaTh yacTtoTy cpesa 10 paa/c, To BENMUYMHA cpeaHEKBAAPaTUYHOMO TOKa
cHuxaetca Ha 9 %.

PacyeT cymMMapHbIX NOTEPb M UX COCTaBAIOWMX 3@ LUK NPOKaTKN B
3/1eKTPONpUBOAE NOAYMHEHHOrO perynnpoBaHuns Ha 6ase agsuraTens NoCTOAHHOro
Puc. 4.8. 3aBUCMMOCTb CpeaHeKBaApaTUYHOIro ToKa
AKOPS OT YaCTOThbl Cpe3a KOHTYpa peryampoBaHuns
CKOpOCTH
92
Toka ans ctaHa XMT-450 (MapwpyT 406 — 351) npn wKPC
= 10 pag/c pan
cnepytowme pesynbTathl: APSL, = 88,7 kBT; APOB
25 kBT1; APMAI
11,5 kBrT;

APMEX = 3,5 kB1; APOOB

= 4,5 kBt; APY = 133,2 kBrT.

Ha puc. 4.9 npuBeaeHa anarpamMma pacrnpeaeneHns CoCTaBsoWwmx
OTHOCUTENbHbIX NMOTEPb B 3/IEKTPONPUBOAE MOAYMHEHHOIO peryiMpoBaHns craHa
XMNT-450 Ha 6a3e gBuraTtens NoCTOSHHOrO Toka npu wKPC

= 10 paa/c no cpaBHEHUIO

C CYLLECTBYIOLLNM Ha CEroAHSWHWUN AeHb pelueHneM.
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MokaszaHo, 4UTo Ang anekTponpueoga ctaHa XIMT-450 cMAryeHne
MeXaHW4YeCKol XapaKTepuCcTUKN NO3BONSIET CHU3NTb CyMMapHble NoTepu B
anekTponpusoge Ha 16 %. 3aMeTHOe CHUXXEHMe CpeiHeKBaAPaTUYHOro TOKa
(mo 50 %) pocTuraeTtcs TONbKO NpW MasblX YacToTax cpe3a U 3HAYUTENbHbIX
npocagkax CKOPOCTW, KOTOPble B peasnibHbIX CUCTEMAX A0MYCKaTb HENb3S.

Puc. 4.9. Jnarpamma pacnpegenieHnst COCTaBNAOLWMX OTHOCUTENbHbIX NOTEPb
B 3JIEKTPONpUBOAE NOAYMHEHHOro perynnposaHus crtaHa XMT-450 Ha 6ase geuratens
nocrosiHHoro Toka npu wKPC = 10 paa/c
0
5
10
15
APsay APoB APmar APmex APno6 APcymm
AP/APH
CyuwiecTByloulee pelleHue
CMsiryeHMe MexaHM4yeckon xapaktepuctunkm (AMNT)

93

Kak noka3sbiBaeT puc. 4.8, Hanbosnblias 3KOHOMUS 3NEKTPUYECKMX NOTEPb
HabntoaaeTcs B 30HE HU3KUX 3HadeHu KPC

, OAHAKO Mpu 3TOM 3HAYMNTENbHO

YMEHbLLAETCA CpeAHSs CKOPOCTb MPOKAaTKM, YTO BlieYeT 3a cobor yBenmyeHne
BPEMEHU LUMKNA U, KaK CNeACTBUE, CHUXEHME NPOU3BOANTENBHOCTM CTaHa (puc.
4.10). Hanpumep, npn wKPC

= 1 paa/c HabnogaeTcs CHUXeHne
NpoV3BOANTENBHOCTU MPaKTUYECKU B ABa pasa, BPeEMS UMKIa yBenMunBaeTcs 40
3,6 c. B pe3ynbTarte Ha eavHuLy NpoayKLUN SKOHOMUS 3/1EKTPO3HEPr M
Nnony4yaeTcs He3HauYNTENbHOWN.

[aHHoe 06CToATENLCTBO

NnpUMeHnTeNbHO K cTaHy XIMT450 cBA3aHO C TEM, UYTO BpeMsi
npoKaTKu

np

OTHOCUTENbHO

6onbwoe, nopsaka 40 % ot

BCEro uuKmia

]

. MaxoBble
Maccel npueoga 6yayT pabotaTb
nyylle, ecnn BpeMS MPOKaTKn
6yneT 3HauMTeNbHO MeHblue
BPEMEHM BCEro unkna.

MpeaBaputensHoe ocnabneHne MarHMTHOro NOTOKa ABMraTens
nepes pabounm xo4om
YT106bl HE JONYCTUTbL CHUXEHUSA CpeAHEeN CKOPOCTU Ha HEMpepbIBHbIX CTaHax
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ropsiyen npokaTku NpUMeHseTCS NpeaHaMepeHHoe nepes MOMEHTOM BX0OAa
MeTasnna B Basikuv NpUHYyAMTENbHOE 3@ CYET NpeaBapuTenbHOro ocnabneHuns
MarHUTHOrO MOTOKa ABUraTens KpaTKOBPEMEHHOE yBeIMYeHMe CKOPOCTHU
naeanbHOro X0/0CTOr0 X0Aa C Leflbio CHMXXEHUS CyMMapHbIX NOTEPb B
anekTponpusoge [4, 38].

Npes paHHoro crnocoba 3KOHOMUW 3IEKTPO3HEPIMN 3aKJIIOHAETCS B TOM,
yTO6bI, MCNONb3YSA 60JbLION Nepenas CKOPOCTH
il
Ha 3Tane NpuIoXeHNs
Puc. 4.10. 3aBMCMMOCTb BpEMEHW LIMKJ/IA MPOKATKU
OT YacTOTbl Cpe3a KOHTYpa peryMpoBaHns CKOPOCTH
94
MOMEHTa Harpy3ku, He JONYCTUTb CYLLEeCTBEHHOro CHUXXEHUS CpeaHEN CKOpOCTH
npokatku ( puc. 4.11). 3T0 BO3MOXHO, €C/IM Ha y4yacTKe LMK/a, Koraa Metaaia B
BaJIkaX HET, MOAHATb CKOPOCTb 3/IEKTPONPUBOAA 3aMETHO BbILLE CKOPOCTU
naeanbHOro X0N0CTOr0 Xo4a ABMraTens npy HOMUHANbHOM 3HAYEHUW Hamnps>XeHns
Ha sIKope, T.e. LLleHOW npeaBapuTenbHOro ociabneHmns nons B Hayane paboyero xoaa.
Mepen KaXxabiM LLIMK/IOM
NMpOKaTKM CKOPOCTb MpuBOAa
WNCKYCCTBEHHO YBENNYMBAETCH A0
Q
ocnabneHnem nonsa Asuratens, Tem
CaMbIM AOCTUFaeTCs yBenYeHne
cpeAHero 3Ha4YeHWs CKOpOCTM 3a
umkn. B pabote Ha npumepe cTaHa
XIMT-450 paccMaTpuBanochb BANSHUE
creneHn ocnabneHmns notoka
asuratens ® (HavyanbHOro
NpeBbILEHNS CKOPOCTU
Q
) Ha
CpeAHeKBaApaTUYHbIA TOK SKOPS U
MPOU3BOANTENBHOCTbL CTaHa. lMNpu
3TOM NpeaesibHoe 3HayeHne
CKOPOCTM AO/MKHO YCTaHaBAMBAaTbCA MpoKaTyYMKaMu, MCXOAa U3 YCII0BUN
OrpaHM4YeHns yaapHbIX Harpy3ok B MexaHM4YeckoM o60opyaoBaHMM Npu 3axBaTte
mMeTanna. T.K. npouecc ocnabneHnsa nons NpoucxoauT B AMHAMUKE, TO BaXHO TakxXe
BblOpaTb MOMEHTbI MOAAYM U MPeKpaLLeHNs MMNYbCca Ha ocnabneHne nond. 3agava
pasBopauMBanacb B @yHKLMW yra NoBOpPOTa BaJKOB, T.K. BCE NEpPeMEHHbIe
COCTOSIHUA yaobHee U HarnsaHee NpyBA3biBaTb MMEHHO K 3TOMY MapaMeTpy.
MpeasapuTenbHbI aHann3, NpoBeAeHHbI 6e3 yueTa HacbILWeHNst MarHUTHOWM

http://susu.antiplagiat.ru/ReportPage.aspx?docld=427.34575487&repNumb=1&type=3&page=0

83/130



26.06.2017

AHTUNNarvar

CUCTeMbl ABUraTens, UHEPLUMOHHOCTE 0B6MOTOK M MeXaHMYeCKOon YacTu Aan
cnepytowe pesynbTathl. [onyyeHHas 3aBUCMMOCTb, KOTOPasl OLLeHUBAET BIMSIHUE
HayanbHOro yria nosopoTa Baskos a

Hau
, COOTBETCTBYIOLLLEr0 noaaye
Puc. 4.11. YnpoLlieHHble OCLMIoOrpaMMbl ToKa
SAKOPSl U MOMEHTA MPOKaTKn
95

ynpaBsnsilowero cMrHana Ha ocnabneHune Nonsi, Ha BENMUYNHY CpeHeKBaapaTUYHOro
TOKa SIKOPHOW Lienu rnpveeaeHa Ha puc. 4.12.

HaunbonbLlunii apdekT SKOHOMUN SNEKTPOSIHEPINM ANt CTaHa XO0AHOMN
npokatkm Tpy6 XMT-450 nonyyeH npu notoke asuratens ® = 78 % ot
HOMWHANbHOr0 3Ha4YeHns, a
Hay
= 0,75 paa n coctasun nopsigka 25 %.

YT106bl yYecTb NpUHSATbIE paHee AONYLULEHUS U OLLeHUTb UX BIMSHME Ha
BE/IMUYMHY CYMMapHbIX NOTepb, PAaCCMOTPEHHbIN cnocob ynpasneHuns
peanu3oBbIBaCS B CTPYKTYPE ABYX30HHOIO peryiMpoBaHus CKOpocTu (CM. puc.
4.13). MaTemaTmyeckas Mofeslb Y4YMUTbIBAET BANSIHUE KPUBON HaMarHM4YnBaHus
3/1eKTPOMeXaHn4yeckoro npeobpasosarens, MHEPLUNOHHOCTb O6MOTOK AKOPHOWM
uenu 1 Bo3byxaeHus,

WHEPLMOHHOCTb MexaHWn4yecKom

yactu anekTponpusoga. CymMmapHble

notepwn onpeaensnuce 610KkoM

aHaNMTUYeCKOoro pacyeTa noTtepb

(cM. rnaBy 3). Ocumnnorpammel

nepexoAHbIX MpoLeccoB yrna

NoBOpOTa MPOKATHOro0 UHCTPYMEHTA,

MOMEHTOB CTaTUYECKON Harpysku n

ABUratens, CKOpocTu, Toka SKOpPHOW

Lenu Ana NpsMoro xoAa KneTu B 3/1IeKTPONpUBOAE, peannsytowem oOnncaHHbli
Bblle Ccrnocob ynpaBneHus, NpuBeaeHbl Ha puc. 4.14.

PacueT cymMMapHbIX NOTEPb U X COCTaBASIOWMX 3@ LMK/ NPOKaTKN B
3M1EeKTPONpPUBOAE ABYX30HHOIO peryampoBaHms Ha 6ase agsurartens NoCToSsHHOro
TOoKa Ans ctaHa XMT-450 (MmapwpyT 406 — 351) npu creneHn ocnabneHus noTtoka
® = 78 % OT HOMWUHANbHOIO 3Ha4YeHuUs, a

Hau

= 0,75 paa pan cneayowune

pe3ynbTtathbl: APAL, = 109,1 kBT; APOB

= 24,5 kB1; APMAI

= 11,4 kBt; APMEX = 3,5

kBT; APOOB

= 5,5 kBT; APZ = 154 kBr.

Puc. 4.12. 3aBUCcMMOCTb cpeHEeKBaApPaTUYHOIrO
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TOKa SIKOps OT yrja NoBopoTa BaJikoB,
COOTBETCTBYIOLLErO Havyany nogauv umnynbca
Ha ocnabnenune nonsa ( 4o ® = 78 %)

96

Puc. 4.13. MaTemMaTnyeckasi Mogenb ABYX30HHOMO peryampoBaHmMs CKOPOCTU 3neKTponpusoaa ctaHa XMNT-450

Ha 6a3e ABurartesnia NOCTOAHHOro ToKa
97

Puc. 4.14. MNMepexoAHble NPOLLECChbl B 3/IEKTPONPUBOAE ABYX30HHOMO peryMmposaHus ckopoctn ctaHa XIMT-450

Ha 6ase auraTens NOCTOSAHHOro Toka

98

Ha puc. 4.15 npuBegeHa avarpamMmMa pacnpegeneHumns cocTaBnsowmx
OTHOCUTENbHbIX NOTEPb B 3/IEKTPONPUBOAE ABYX30HHOIO peryiMpoBaHus cTtaHa
XMT-450 Ha 6a3e agBurartens NOCTOSHHOrO ToKa NMpu CTeneHu oclabneHmnsa noToka
® = 78 % OT HOMWUHANbHOIO 3Ha4YeHUs, a

Hay

= 0,75 pag no cpaBHEHUIO C

CYLLECTBYIOLMM Ha CEroAHSAWHUN AeHb peLleHneM.

MokasaHo, 4To ANnga snekTponpueoaa ctaHa XMT-450 npeasapuTenbHoe
ocnabneHune nons nepes NpPOKaTKOW MO3BONSET CHU3UTb CYMMapHbie noTepu B
anekTponpusoae Ha 3 %. 3HaunTenbHoe CHUXeHne 3ddekTa IKOHOMUMU
3/1EKTPO3HEPrnm No CpaBHEHMUIO C NpeaBapuUTENbHOM OLEHKOM cneayeT 06bsACHUTb
CYLLECTBEHHOW BE/IMYMHONM MOCTOSAHHOW BpeMeHn 06MOTKKN BO36yxaeHms (ans
3anexkTponpusoga craHa XMNT-450 TOB

= 6 c). laHHOe 0bCTOSTENbCTBO HE NO3BONSET

Ha doHe OTHOCUTENbHO KopoTkoro umkna (TL = 2 c¢) obecneunTb ocnabneHune nons
[0 Heo6XxoANMOro 3HavYeHuns.

Puc. 4.15. QnarpamMmMa pacripefenieHuns CoCTaBAAOLWMUX OTHOCUTESNbHbIX NOTEPb

B 3JIEKTPONPUBOAE ABYX30HHOro perynnpoBaHus crtaHa XMT-450 Ha 6a3e agsuratens
NOCTOSAHHOrO TOKa Npu cTeneHn ocnabneHns notoka ® = 78 % OT HOMWHaNLHOrO
3Ha4yeHuns, a

Hay

= 0,75 paa

0

5

10

15

APsy, APoB APmar APmex APpo6 APcymm

AP/APH

CyuwiecTByoLiee pelleHue

MpeaBaputenbHoe ocnabnexHune nons (ANT)

99

MoTepn B aneKTponpuBoAE C NPONOPLNOHasbHbLIM yripaBleHnem

TOKaMu SIKOpsi M BO3byXAeHns asuratens
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B HacTosiwee Bpems ctaH XMT-450 paboTaeT Ha 3neKTponpueoae

NMOCTOSIHHOrO TOKa, PpeasM30BaHHOM MO CXeMe MNOAYNMHEHHOro peryampoBaHus
ckopocTu. B nybnukaumun [134] obpaltaetcs BHUMaHue Ha 3pdeKTUBHOCTb B NJaHe
3KOHOMWM 3/IEKTPO3IHEPrUM MPONOPLNOHASIBHOrO YNpaB/eHNsi MOTOKOM U TOKOM
AKOPS AN MEXAHM3MOB C YAapHbIM XapakTepoM MOMEHTa CTaTUYeCKOM Harpy3Kku.
B paboTe npoBeaeHa oLeHKa 3HeproadeKTUBHOCTU peanusauunm AgaHHoro cnocoba
yNpaBieHNs NMpUMMEHUTENbHO K
crtaHy XMT-450.

Ha pwuc. 4.16 npueeneHsl
3aBMCUMOCTN OTHOCUTENTbHOWM

BE/IMUYNHbI CyMMapHbIX NOTepPb B
ABUraTensix NoCTostHHOro ToKa npwu

pa3Hbix crnocobax ynpasneHus.
SddekT aHeprocbepexeHus B
cucTeMe NponopLMOHanbHOro
ynpaBieHUsi MOTOKOM M TOKOM
AKOPS NPOSIBNSIETCS B TOM, YTO6bI
3neKTponpueog paboTtan npu

Harpy3kax, COOTBETCTBYIOLLMX

KpanHuM yyactkaM rpacduka AP/PH

= f (M). Torga B pexunMe X0s10CTOro xoaa

nosiHee UCNosb3yeTcsl MUMHMMU3aLMs NOCTOSIHHbIX NOTEPb B 3/1EKTPONpPUBOAE, @ Npw
neperpyskax MeHbllUe CKasblBalOTCA cpeAHeKBaapaTUYHbIe NoTepu OT TOKa B
SIKOPHOW Lienwu.

Ha ocHOBaHWM TeXHMYECKMX AaHHbIX ABurartenei [3] u ¢ ncnonb3oBaHWeM
METOAMKWN, N3noxeHHon B [134], 6bi1a NoCTpoeHa 3aBUCUMOCTb OTHOCUTESbHbIX
CYMMapHbIX NOTepb B 3/1EKTPONPUBOAAX Pa3HOro Tuna (371eKTponpuBos
NMOCTOAHHOIO TOKa, CUHXPOHHbI 3N1EKTPONPUBOA, 3NEKTPONPUBOA C CUHXPOHHbIM
Puc. 4.16. OTHOCUTENbHAsA BENMYMHA NOTEpb

B 3@aBMCMMOCTM OT MOMEHTa Harpy3Kku B

ABUratensx MOCTOAHHOrO TOKa NMpU MOCTOSSHHOM

notoke (1), npy NponopunoOHasbHOM ynpaBaeHnmn

MOTOKOM M TOKOM sikopsi (2)

100

peaKkTMBHbIM ABMraTeneM He3aBMCMMOro Bo3by>xaeHMs) Npy NponopLnMoHanbHOM
yrnpaBfeHUN NOTOKOM U TOKOM SIKOPSl B DYHKLMM MOMEHTa CTaTUYECKON Harpysku
(cM. puc. 4.17).

MonyyeHHble 3aBUCMMOCTN MMEIOT NMPaKTUYECKN IMHENHbIA XapakTep

N3MEHEHWNS BENIMUNHBI OTHOCUTENbHbLIX MOTEPb OT MOMEHTA, YTO 0B6YC/IOBNAEHO
NpONOPLMNOHANBHOCTbIO U3MEHEHWUS NEPEMEHHbIX 3/IEKTPUYECKUX NoTepb B
3M1eKTpPoABUIraTensx U1 MOMEHTa Harpysku nNpu peaansoBaHHOM cnocobe
ynpasneHuns (NoTepu B SKOPHOWM Lenun ABUraTenst NOCTOSHHOMO ToKa, NoTepu B Lenun
cTaTopa CUHXPOHHOIO M CUHXPOHHOIO PeakTUBHOIO ABUraTessi He3aBMCMMOro
B0O36y>XAeHns). 3aBMCMMOCTM NOKa3blBaKOT, YTO HAMMEHbLLAsa yCpeaAHEeHHas
OTHOCUTENbHas BEIMYMHA NOTEPb B pacCMaTpvBaeMoM Anana3oHe N3MeHeHns
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MOMeHTa CcTaTnyeckor Harpyskm (ot 0 go 2MH
) nonyyeHa, Kak u B cnyyae

CTPYKTYpPbl NOAYNHEHHOIO perynnpoeaHna, ana 3AeKTponpuBoia C CUHXPOHHbIM
PE€aKTUBHbIM ABUTraTEIEM HE3AaBUCUMOIO B036y)K,D,EHVI$I. [OaHHoe 06CcTOATENBCTBO

06ycnoBneHo npexae BCcero KOHCTPYKTUBHbIMU pasnmumsamm (cm. n. 2.1).
Ha nepsom 3Tane ¢

ncnonb3oBaHmneM 0606LeHHOoM

Harpy3o4yHoI AMarpammbl cTaHa

XMT-450 ¢ yyeToM Nony4YeHHbIX

3aBucnMocTelt 6blna onpepeneHa

Be/IMYMHA CYMMapHbIX NOTepb U

NX COCTaBSAOWMX 3@ LMK

NpoKaTKM B 3N1eKTponpueoaax ¢

ABUraTensMm nocTossHHOro TOKa,

CUHXPOHHbIMW ABUTraTENaAMU 1

CUHXPOHHbIMW peaKTUBHbIMU

ABUraTensamMm Hes3aBucMMoro

BO36YyXAEHMS ANs CTPYKTYypbl

Puc. 4.17. OTHoCMTeNbHasa BEIMUMHA NOTEPDL

B 3@BMCMMOCTM OT MOMEHTa Harpysku npu

NpONopLMOHaNbHOM YyNpaBieHNn NOTOKOM U

TOKOM SIKOpSi B ABMraTensx NocTossHHOro Toka (1),

B CMHXPOHHbIX aBuratensx (2), 8 CPMHB (3)

101

NpONOpPLMOHANLHOrO yNpaBieHnsa NOTOKOM U TOKOM sikopsi. HO npu oueHke
BEe/IMYNHbI NOTEPb HA OCHOBaHWM NpeasaraeMoro noaxofa He y4uTblBanoCh
BO3MOXHOE BINSAHNE MHEPLMOHHOCTEN Lernen Bo3byXaeHuUS.

PacueT cymMMapHbIX NOTEPb U X COCTaBASIOWMX 3@ LMK/ NPOKaTKN B
3anekTponpueoae Ha 6a3se ABuraTens NoCTosHHOro Toka ans craHa XMT-450
(MapwpyT 406 - 351) npu NnponopuMoHanbHOM ynpaBiieHMN MOTOKOM Y TOKOM
siKops gan criepywowme pesynbTatel: APAL = 92,8 kBT; APOB

= 16,1 kBT;

APMAI

= 7,8 kBt; APMEX = 3,7 kBt; APAOB

= 4,7 kBT; AP> = 125,1 kBrT.

Peanun3oBaHHbI NOAXOA OCHOBaH Ha CTaTUCTUYECKUX 06061 eHHbIX
3aBMCUMOCTAX OTHOCUTENIbHbIX NOTEPb OT MOMEHTA Harpy3ku U He yunTbiBaeT

HacblWeHne MarHMTHON CUCTeMbI ABUraTens, S1IEKTPOMArHMTHYO U MeEXaHUYECKYo

WHepLUUIo aneKkTponpueoaa. [JaHHoe 06cTosTeNnbCTBO 06ycnaBnMBaeT
Heo6X0AMMOCTb CKOPPEKTMPOBATL MOyYeHHbIe pe3y/bTaTbl C YUETOM KpPUBOM
HaMarHM4YMBaHUS, KOHKPETHbIX NEPEXOAHbIX NMPOLECCOB B 3N1EKTPONpUBOAE,

XapaKTepu3yoLmnecs ero TMNoM, 0CO6eHHOCTAMU CTPYKTYp M NapaMeTpoB CUCTEM

ynpas/ieHus.
PacueTt c yueToM NpuHSATBLIX paHee AoNYLEeHW NPoOBOAMICA Ha
MaTemaTm4yeckon moaenu anekTponpumeoga ctaHa XMT-450 B cxeme
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NpOMNOpLMOHANBLHOr0 ynpaBieHns NOTOKOM M TOKOM SIKOps ABUraTenem
NMOCTOSIHHOrO Toka (puc. 4.18). Mogenb No03BoOMMAA YYECTb BAUSIHUE HACbILWEHUS
MarHUTHOWM CUCTEMbI ABUraTeNs, 3N1eKTPOMarHUTHYIO U MeXaHUYEeCKYI0 MHEPLINIO
3/1eKTPONpUBOAA Ha BEIMUYMHY MOTEPb B 3/1EKTPONpUBOAE. TEXHNYECKME AaHHbIE
asuratens M-21-125-9K n kpneas HaMarHM4MBaHus 6611 3aMMCTBOBaHbI U3

anbboma TexHMYecKmnx aaHHbIX [3].

MapameTpbl 060pynoBaHWS (AATUMKOB, PErynsTOPOB U MEXaHMYECKON YacTu
TexXHoNornyeckoro obbekTa) 661711 NoNy4YeHbl OT NpeacTaBuTenei
3neKTpoTexHunuveckmx cnyx6 MAO «4HTM3» n npuBeaeHsb! B Tabn. 4.3.

102

Puc. 4.18. MatemaTnyeckas MoAesnb MpornopLnOHanbHOro ynpasaeHns noTOKOM U TOKOM SKOps B anekTponpusoge ctaHa XMT-450

Ha 6a3e aBuraTtens NoCTOSIHHOro Toka
103
Tabnnua 4.3

McxoaHble AgaHHble ANS MaTeMaTU4ecKoro Moaenm poBaHUA 3NeEKTponpunBoaa NOCTOAHHOIO TOKa

B CXEeMe NMpornopLMOHaNbHOro ynpasneHus
Twun MapameTp O603HaueHMe,
en. n3Mm.

3HauveHune

Oeuratens M-21-125-9K
MowHocTb PH, kBT 1300
Hanps>xeHue akops UH, B 620
Tok sikops IH, A 2340
HoMuHanbHas

CKOpOCTb

WH, pag/c 4,2

MakcnmanbHbIn Tok IMakc

, A 4680

MomeHT nHepumn Ja, krm2 19875
ConpoTtusneHune

SAIKOPHOW Lienu

Ra

,O0mM 0,018

MNHAYKTUBHOCTb

AKOPHON 06MOTKM

Lsa

, M1 0,006

MHAYKTUBHOCTb
KOCMeHCcaLOHHOM

06MOTKU ©

[06aBOYHbIX MOMOCOB

Lkoan, 'u 0,004
MexaHunueckas

NOCTOSIHHas BPeMeHU

Ta, c0,29
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Tok B036yxaeHus I
,A143,5

AdaTunkum

Koad. aatumka Toka Kar
, B/A 0,002

Koad. aatumnka
CKOpPOCTH

Kac

, Blic/pan 2,2

Koad. aaTtumka Toka
BO36YXAeHMS

Kars

, B/A 0,04

Perynsatopesl
MponopunoHanbHOUHTErpanbHbI
perynsaTop Toka

Koad.
NMponopunoHanbHOro
KaHana

Kpt

0,2

[MocTosiHHas BpeMeHu
VMHTErpanbHOro KaHana
Tpt

0,1
MponopunoHanbHOUHTErpanbHbIN
perynsTop CKopocTu
Koad.
NpONOpLMOHANbLHOr0
KaHana

Kpc

10

MocTosiHHas BpeMeHu
WMHTEerpanbHOro KaHana
Tpc

0,5
MponopunoHanbHOUHTErpanbHbI
perynsTop Toka
BO36YyXaeHus

Koad.
NponopLnOHanbHOro
KaHana

KpTB

50

AHTUNNarvar
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MocTrosHHasa BpeMeHu

WHTerpanbHoOro KkaHana

TpTB

0,33

KLWM -

Paanyc kpusowwuna Rkp, m 0,61

OnvHa watyHa Lw, m 4,61

[e3akcmnan e, m 0,06

104

MpogomkeHne Tabnmubl 4.3

BOHA -

Paanyc npokaTHbIX

BasIKoB

Re

,M0,67

MoOMeHT npokaTku npu

NpsiMOM XoAe KNeTn

Mnp, kHM 443

MoMeHT npokaTtku npu

0bpaTHOM xoAe KeTu

Mo6p, kHM 310

MomMeHT xonocroro

Xxoaa

Mxx, kHm 66,5

KLUM — KpUBOLMMHO-LWATYHHbIA MEeXaHWU3M;

BOH/ - 6nok popMMpoBaHMS Harpy3o4HOM anarpaMMmsi.
Ha puc. 4.19 npuBeaeHbl 0CLMANOrPaMMbl NEpPEXOAHbIX MPOLECCoB B
371eKTPONpUBOAE MOCTOSAHHOIO TOKA, MOJTly4YeHHble C UCMO0J/Ib30BaHUEM

MaTeMaTM4ecKon Mohenun, peanvM3oBaHHON B nporpamMme MatLab Simulink (cm. puc.

4.18). 3necb NpeacTaBneHbl 3aBUCUMOCTM TOKOB SIKOPHOW Lienu U Bo36yXAeHus,
MOMEHTOB CTaTUYECKOW Harpy3ku 1 ABUraTens u yrnoBON CKOPOCTU BpalLleHUs oT
BpeMeHu. PacyeT nposoansca 6710KOM aHanMTMYECKOro pacyeTta nortepsb,
MO3BOMISOWMM B COOTBETCTBMU C YpaBHEHMAMM (cM. N. 3.1) Ha ocCHOBaHum
NOMyYEHHbIX KPMUBbIX NEPEXOAHbIX MPOLECCOB BbIAENTb COCTaBsAWME NOTEPL B
3N1eKTPONpUBOAE NOCTOSAHHOrO ToKa. Takon NoAxoz Mo3BOMAU NOBbICUTb
[OCTOBEPHOCTb pacyeToB B npoLecce MoaenvposaHus. MNpeasaputenbHblli pacyeT
npoBeAeH MeTOAOM cpefHeKBaApPaTUYHbIX OLeHOK. CpaBHEHME MOMEHTOB
CTaTUYECKOW Harpysku u ABuraTens NnokasblBaeT, YTO peasibHblli MepexoaHbli
npoLecc He NOBTOPSET MCXOAHbIN BUA Harpy3o4HoM auarpammbl (cM. puc. 4.19).
Paznnuna obycnaBnnealoTca y4eToM Npy MaTeMaTUHECKOM MOAEMPOBaHMN
MeXaHW4eCcKol N 3N1eKTpOMarHUTHOM nHepumun. MoaToMy TpebyeTcs yTouHeHme
BE/IMYMHbI NOTEPb C Yy4eTOM paboTbl CUCTEMBI yNpaBieHus.

PacyeT cymMMapHbIX NOTEPb M UX COCTaBAAIOWMX 3@ LMK NPOKaTKN B
3/1eKTPONpUBOAE NPOMOPLIMOHANBLHOIO YNpaBieHns NOTOKOM U TOKOM SKOpS Ha
6a3ze gBuraTens NOCTOSAHHOro Toka ans craHa XMT-450 (mapwpyT 406 — 351) nan
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cnepyrowme pesynbTaThl: APSL = 116 kBT; APOB

21,3 kBT; APMAI

9,8 kBT;

APMEX = 3,5 kBt; APAOB

= 5,9 kBT; AP> = 156,3 kBrT.

105

Puc. 4.19. MepexoaHble npoLecchl B anekTponpueoge ctaHa XMNT-450 Ha 6a3e gBuraTtens NoCTOSIHHOMO ToKa
npu NponopunoHanbHOM ynpaBAeHNM NOTOKOM U TOKOM SKOpS

106

Ha puc. 4.20 npuBeaeHa gnarpamma pacnpegeneHmns cocTabnstowmnx
OTHOCUTENbHbIX NOTEPb B 3/IEKTPONPUBOAE NPOMOPLMOHaNbHOr0 yrnpaBieHus
NOTOKOM M TOKOM sikopsi ctaHa XMT-450 Ha 6ase aBMraTens NOCTOSHHOro Toka Mo
CPaBHEHMIO C CYLLECTBYIOLMM Ha CEroAHSWHMNIN AEHb PeLleHneM.

[MokasaHo, 4YTo Ans anekTponpueoda craHa XIMT-450 nponopunoHanbHoe
ynpassieHne NOTOKOM M TOKOM SIKOPSi MO3BOJISIET CHU3UTb CyMMapHble NoTepu B
3neKkTponpusoae Ha 2 %. MNonyyeHHble B pe3ynbTaTe pacyeTa BeMUNHbI
OT/IMYAKOTCS OT 3HAYEHUW NpeaBapuUTeNbHOro aHann3a, OCHOBAHHOIO Ha
cpeAHeKBaApaTMUYHbIX OLeHKax NoTepb 3a LMK NpoKaTKku. PacxoxaeHus
0o6ycnoBneHbl, B NEPBYHO o4Yepeab, YYETOM BANAHUSA UHEPLMOHHOCTU LEenu
BO36Yy>XXAeHUS, KOTOpas 3acTaBnseT 3/1eKTPONpMBOA BCe BpeMs paboyero umkna
oCTaBaTbCsl B CPeAHEel YacTu ananasoHa KpuebiX AP/PH

= f (M), roe pasHble

crnocobbl yrnpaBneHns C TOYKU 3peEHNSA SHeprocbepexxeHns noyTn

Puc. 4.20. Anarpamma pacnpeneneHmns cocTaBnsowmnx OTHOCUTE bHbIX NOTEPb
B 3/1EKTPONpUBOAE NMPONOPLNOHANIbHOrO yrpasB/ieHNsi MOTOKOM M TOKOM SKOPSt
craHa XMT-450 Ha 6ase aBuraTens NOCTOSAHHOro Toka

0

5

10

15

APsy, APoB APmar APmex APno6 APcyMMm

AP/APH

CylwiecTByollee pelieHne

MponopunoHaneHoe ynpasneHune (AMNT)

107

paBHOUEeHHbl. Hanbonee BbipasnTenbHO AaHHOE 06CTOATENbCTBO MOXET
NpoSIBAATLCA B TEX C/ly4asX, Koraa NocTosiHHas BpeMeHn o6MoTKM BO36yXAeHMS
asurartens TOB

N NOCTOSAHHAasA BpeMeHn pabouero umkna npokatku TPLL mexay coboi

6n13kun. Ha puc. 4.21 npuseneHa 3aBUCMMOCTb BAnsAHMSA TOB Ha noTepu B 06MOTKe
BO3OYXXAEHNSA B 3/1EKTPONpUBOAE.

MakcrManbHO BO3MOXHas

3KOHOMUS 3IEKTPOIHEPrUN

AOCTUTraeTCs NPy NOCTOSAHHbIX

BPEMEHU 3HaYMTENbHO MeHblle
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BpeMeHu umkna npokatkm (TU = 2

c). Mpu Manbix NOCTOSIHHbIX

BPEMEHU B 3/1EKTPONpuUBoOAE,

paboTaroLiemM npu Harpyskax,

COOTBETCTBYHOLUNX KpanHUM

yyacTtkam rpacmka AP/PH

=f (M),

B peXu1Me X0SI0CTOro xoAa rnonHee

NCNonNb3yeTcs MUHUMU3ALUSA

NOCTOSAHHbIX MOTEPb, @ NPU Neperpy3kax MeHbLUe CKa3blBalTCs
cpeaHeKkBaapaTUYHble MOTEPU OT TOKa B AIKOPHOW Lienu.

4.2. MNoTepn B 301eKTPONpnBOAax C NMPoKaTHbIMU CUHXPOHHbIMK

Asuratensmm

4.2.1. NoTepn 3N1eKTPOIHEPrun B CUHXPOHHOM 3J1EKTPONpuUBOAE

C HeperynmpyembiM Bo36y>xaeHneM

OueHka 3HeproadheKTUBHOCTM CUHXPOHHOMO 31eKTPONpPUBOAA

npoBoAMIach B CTaHAAPTHOM CXeMe BEKTOPHOro ynpasneHuns. CyMMapHble notepu
3NEKTPO3HEPrUM N NX COCTaBASIOLLME ONpPeaensancb C UCNOIb30BaHNEM
paspaboTaHHOM B rnaee 3 MaTemMaTuyveckon mogenu (cM. n. 3.1). Pacuer
NpoBOAMIICA C UCMONb30BaHMEM BECOBbIX KO3 DULMEHTOB COCTaBAOLWMX NOTEPD,
Puc. 4.21. OTHocUTelbHas BENMYMHA CYMMapHbIX

noTepb B 3aBUCUMOCTN OT NOCTOSAHHON BPEMEHMU

uenu Bo3byXAeHUS Npu NpornopumMoHanbHOM

yrnpasfieHUM NOTOKOM U TOKOM SKOPS

B ABUraTtesne NOoCTOSHHOrO TOKa C OrpaHUYeHMEM

MUHMMasIbHOro rnotoka Ao 50 %

108

MoJTly4YeHHbIX NMpPU BbIMOJIHEHNW PErpecCMOHHOro aHanmsa (cMm. n. 2.2 B rnase 2). B
Tabn. 4.1 (n. 4.1.1) npuBeaeHbl YNCIEHHbIE 3HAYEHWSA MapaMeTpPoB Harpy3o4HbIX
AvarpaMmm pasfiMyHbIX MapLLpyTOB NPOKaTKX A58 pacCMaTpUBaeMbIX TUMOB CTAHOB,
noslydeHHble OT NpeacTaBUTENEN INEKTPOTEXHUYECKMX cyx6 MAO «YTI3» n
Ncnonb3yemMble HaMn NPU KOSIMYECTBEHHOWN OLLEHKE SKOHOMUU 3/1IEKTPO3HEPIUN.
C ncnonb3oBaHneM 0606 EeHHON Harpy3o4HoNM agnarpammbl ctaHa XMNT-450

C YYETOM NONyYeHHbIX 3aBMCMMOCTeN bbina onpeaeneHa BeIMYMHa CyMMapHbIX
noTepb N UX COCTaBAAIOLLMX 3@ LMK MPOKATKN B CUHXPOHHOM 371eKTpPOonpuBoAae AN
CTPYKTYpbl BEKTOPHOIO yrnpaB/eHus.

PacyeT cymMMapHbIX NOTEPb M UX COCTaBAAIOLWMNX 3@ LMK NPOKaTKN B
3N1eKTponpuBsoAe Ha 6ase CMHXPOHHOro Asurartens ana craHa XMNT-450 (MapwpyT
406 - 351) Ha ocHoBaHMM 0606LLEHHbIX 3aBUCMMOCTEN NO3BONAWA NOAYUNUTb
cnepyrowme pesynbTaThl: APSL = 36,4 kBT; APOB

= 29,6 KBT;

APMAT

= 13,2 kB1; APMEX = 6,6 kBT1; APJOB

= 6,4 kBT; APZ = 92,1 kBT.

Peanun3oBaHHbI NOAXOA OCHOBaH Ha CTaTUCTUYECKNX 06061 eHHbIX
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3aBUCUMOCTSX OTHOCUTE/IbHbIX MOTEPb OT MOMEHTA Harpy3ku U He y4nTbiBan
HacblleHne MarHUTHOM CUCTEMbl ABUraTeNs, 3/IEKTPOMArHUTHYI0 U MEXaHNYECKYHo
MHepumio anekTponpueoaa. No3ToMy nonyyeHHble pe3ynbTaTbl 6bin
CKOPPEKTUPOBaHbI C YYETOM KPUBOW HAaMAarHMUYMBAHUS, KOHKPETHbIX MepexoaHblX
NpoLLeccoB B 3/1EKTPOMNPUBOAE, XapaKTepU3yLWMXCS ero TMMNoM, 0CO6eHHOCTAMU
CTPYKTYpP W MapaMeTpoB CUCTEM yrnpaBneHus.

PacyeT c y4yeToM NpuHSATBLIX AONYLLEHWI A NPOBOAMIICA HA MaTeMaTUYECKOon

MoAenu anekTponpueoaa ctaHa XMNT-450 B cxeMe BEKTOPHOro perysiMpoBaHus
CMHXPOHHbIM ABuraTenem (puc. 3.4 B rnase 3). Moaenb N0O3BOMIIA YYECTb BANSHUE
HacblLWeHNa MarHUTHOW CUCTEMbI ABUraTeNs, 3/IeKTPOMarHUTHYIO U
MeXaHW4YecKylo MHEePLINIO 3NeKTPONpuUBoAa Ha BEIMYNHY NOTEPb.

McxoaHble aaHHble asuratens CAM 320-31-60 1 kpMBasi HaMarHM4YMBaHUSA

6b1In 3anMCTBOBaHbI M3 anbboMa TeXHMYeCcKknx aaHHbix [3]. MNapameTpbl
MexaHM4YeCKOoN 4acTn TeXHOI0rn4yeckoro obbekta 6bin NosyyYeHbl OT

109

npeacraBuTenen anekTporexHuyeckmnx cnyx6 MAO «YTr3» n npueeaeHsbl

B Tabn. 4.4.

Tabnuua 4.4

McxopHble JaHHbIE AN MaTeEMaTUYECKOro MOAEIMPOBAHUS CUHXPOHHOIO 3/1EKTPONpUBOAA
B CXEMe BEKTOPHOro ynpasneHuns

Tun MapameTtp O6o3HaueHMe,

en. n3Mm.

3HauveHune

Oeuratens CAM 320-31-60

MowHocTb PH, kBT 1250

HoMuHanbHoe

HanpshkeHune

UH, B 6000

HoMnHanbHbIN TOK

cratopa

IH, A 146

cos ¢ 0,9

MomeHT nHepuun Ja, krM2 25000

AKTUBHOE

conpoTusneHne dasbl

npu 15 °C

Rd, Om 0,328

NHAyKTMBHOE

COMpOTUBNEHNE

paccesHust 06MOTKM

cratopa

Lp, 0.e. 0,123

NHayKTMBHOE

COMpoTUBNEHNE

06MOTKM cTaTopa
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LB

,0.e.0,139

Tok BO36YyXaeHUs npu
HOMWHaNbHbIX
Harpyske 1 cos ¢

I

,A275

Adatunkum -

Koad. aatunka
CKOpOCTU

Kac

, BOc/pan 2,2
Perynartopel
MponopunoHanbHONHTEr pasbHbI
perynsatop ckopocTu
Koad.
NpoMnopLMOHaNbHOIO
KaHana

Kpc

5

MocTosiHHasa BpeMeHu
WHTerpanbHOro KaHana
Tpc

0,01

KM -

Paanyc kpusowwuna Rkp, m 0,61
OnvHa watyHa Lw, m 4,61
[e3akcmnan e, m 0,06
BOHO -

Papnyc npokaTHbIx
BaskoB

Re

,mM0,67

MoOMeHT npokaTku npu
NpsiMOM XoAe KneTn
Mnp, kHM 443
MOMEHT npoKaTKun npu
obpaTHOM xo4e KJeTu
Mob6bp, kHm 310
MOMeHT X0nocToro
xofa

Mxx, kHm 66,5

110

Ha puc. 4.22 npuseaeHbl ocLMnIorpaMmbl nepexoiHbliX NpoLeccos B
CMHXPOHHOM 3/1EKTPONPUBOAE, MNONyYEHHbIE C UCMO/Ib30BaHNEM MaTeMaTU4ecKomn

AHTUNNarvar

94/130



26.06.2017 AHTUNNarvar

MoAenun, peannsoBaHHoOM B nporpamMe MatLab Simulink (cm. n. 3.1). 3aecb
npeacTaBieHbl 3aBUCMMOCTU TOKOB CTaTopa, MOMEHTOB CTaTUYECKOM Harpysku u
ABUraTens, yrioBon CKOPOCTM BpalleHUs OT BPEMEHMU.

Pacuet npoBoanncs 6510KOM aHanUTUYECKOro pacyeTa noTepsb,

MO3BOJISIOWMM B COOTBETCTBUMU C YpaBHEeHMAMM (cM. N. 3.1) Ha ocHoBaHUM
MosTly4YeHHbIX KPMBbIX NepexoAHblX MPoLLEeCcCoB BblAENNTb COCTaBAsOWME NOTEPL B
CMHXPOHHOM 3/1eKTponpuBoae. Takon Noaxoa No3BoSMI NOBbICUTb AOCTOBEPHOCTb
pacyeToB B NMpoLecce MOAENMPOBaHMUS.

PacueT cyMMapHbIX NOTEPb U X COCTaBASIIOLMX 3@ LUK/ MPOKATKM B CXeMe
BEKTOPHOro ynpaBfieHns B 3/1IeKTPOnpuBoae Ha 6ase CMHXPOHHOro ABurartens Ans
craHa XMT-450 (mapwpyT 406 - 351) c MCNonb30oBaHMEM MaTeMaTU4eCKoOn Moaenm
MO3BOAW NONYUNTb Creaytowme pesynbTathl: APAL, = 34,9 kBT; APOB

= 28,4 kBT;

APMAI

12,6 kBT; APMEX = 6,3 kBT; APAOB

6,1 kBT; APZ = 88,4 kBT.

MonyyeHHble BEMYNHBI OTIMYAIOTCS OT 3HAUYeHWUIN NpeaBapuTesbHOro

aHanu3a, OCHOBAaHHOIo Ha CpeAHEKBAAPATUYHBIX OLEeHKaX NoTepb 3a UNKA
npokaTtku. PacxoxaeHns obycnoBneHbl Y4EeTOM Npu MaTeMaTU4eCKOM
MOLENNPOBaHNU KPUBOW HaMarHMUYMBaHWS, UHEPLMOHHOCTEN 06MOTOK U
MexaHWM4YecKol YacTu anekTpornpueoaa. Ha puc. 4.23 npuBeaeHa COOTBETCTBYOLLAS
Anarpamma pacnpeneneHmns CoCTaBnAoLWmnX OTHOCUTENbHbIX NOTEPb B CXeMe
BEKTOPHOro ynpaefiieHus B aniekTponpmeoae ctaHa XMNT-450 Ha 6a3e CMHXPOHHOIro
apurartens. B gaHHOM ciiyyae cocTaBnsiiolne NpuBeaeHbl B MpoLeHTax
OTHOCUTENbHO CYMMapHbIX MoTepb. [10 CpaBHEHUIO C 3/1eKTPONpUBOAOM
NOCTOSAHHOIO TOKa CYLEeCTBEHHYIO AO/0 COCTaBAAIOT OTHOCUTENbHbIE NOTEPU Ha
B036yxxaeHune (cM. puc. 4.23). DT0 CBA3aAHO Npexae BCEro Co 3Ha4YMTebHOM
BEMYMHOW BO3AyLWHOro 3a3opa [30]. Takoe pelweHne NpMHMMaNocb Npu
NMpOeKTUPOBAHNMN CUHXPOHHbIX ABUIaTeNel B Ka4ecTBe OCHOBHOMO A4S
KOMMeHcauun peakuum skops [29].

111

Puc. 4.22. NepexogHble NpoLeccbl B CXeMe BEKTOPHOro ynpasfieHus B aniekTponpueoge ctaHa XMNT-450 Ha 6a3e CMHXPOHHOro ABuraTens
112

Ha puc. 4.24 npuseaeHa

AvarpamMa pacnpegeneHus

COCTaB/AOWMX OTHOCUTENBbHbIX

NnoTepb B CXEME BEKTOPHOrO

yrpaBfeHus B 3/1eKTponpueoae

craHa XMNT-450 Ha 6ase

CMHXPOHHOrO ABUraTens no

CpaBHEHMIO C CyLLeCTBYIOLWUM

Ha CeroaHsAWHNN AeHb

peLeHnem.

Pe3ynbTaTbl pacyeTa nokasblBalOT, YTO CYMMapHbIe€ NOTEPU B CUHXPOHHOM
anekTponpueoae Ha 45 % HMXe Mo CpaBHEHUIO C CYLLECTBYIOLMM Ha CErOAHSILLUHUN
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Puc. 4.24. ﬂManaMMa pacnpeaeneHnsa coctaBnAarWMX OTHOCUTENIbHbIX MOTEPb B CXEME

BEKTOPHOro ynpasneHus B anekTponpusoge craHa XMNT-450 Ha 6a3e CMHXPOHHOrO
auratens

0

5

10

15

APsy, APoB APmar APmex APno6 APcymM

AP/APH

CyuwiecTByoLlee pelieHne

Heperynupyemoe Bo36yxaeHue (C)

Puc. 4.23. QnarpamMmma pacnpeaeneHus
COCTaB/AOWMX OTHOCUTENbHbIX NOTEPb B CXEME
BEKTOPHOrO yrnpaBfeHNs B 3/1IEKTPONpUBOAE CTaHa
XMNT-450 Ha 6a3e CMHXPOHHOro ABuraTens

39,5

32,2

14,3

7,1

6,9

p

CT

p

MEX

pife])

MAI

p

OB

113

AeHb pelleHneM (CcTaHfapTHasa cxemMa NoAYMHEHHOro peryanposaHus ¢
MOCTOSIHHBIM TOKOM BO36Yy>XAEHUS). DKOHOMUSA 06bACHSAETCA 3HAUYNTENBHO
MeHbLINMK noTepsMmn B akope (34,9 kBT 3a UMK NpokaTKu, No cpaBHeHuto ¢ 117,2
KBT B cXemMe NOAYMHEHHOrO perympoBaHnsa ABuraTens NOCTOSHHOro ToKa).

4.2.2. TloTepu 31eKTPO3HEPrUN B S1IEKTPONPUBOAE C MPONOpPLMOHaNbHbIM
yrnpasfeHneM ToKaMn SKops U BO3OYXAEHNA CUHXPOHHOMO ABUraTens

B HacToswee Bpems craH XMT-450 paboTtaeT Ha 3neKTponpusoae

NMOCTOSAHHOrO TOKa, PeasM30BaHHOM MO CXeMe MNOAYMHEHHOr0 peryampoBaHus
ckopocTtu. B nybnukaumu [134] obpawiaetcs BHUMaHue Ha 3DdeKTUBHOCTb B MJaHe
3KOHOMWUM 3/IEKTPOIHEPrUM MPONOPLNOHANIbHOrO YNpasBieHNsi MOTOKOM U TOKOM
AKOPS AN MEXAHM3MOB C YAAPHbIM XapaKTepoM MOMEHTa CTaTUYECKOW Harpysku.

B pabote npoBeaeHa oueHka aHeprosd@eKTUBHOCTU peannsaunm gaHHoro crocoba
yrnpasneHus npuMeHnTenbHo K ctady XMT-450.

Ha ocHOBaHWM TeXHMYECKMX AaHHbIX ABuraTtenei [3] u ¢ ncnonb3oBaHWeM
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METOAMKWN, N3noxeHHon B [134], 6bi1a NOCTpoeHa 3aBUCUMOCTb OTHOCUTENbHbIX
CYMMapHbIX NOTepb B 3/1EKTPONpPUBOAAX Pa3HOro Tuna (371eKTponpuBoL
MOCTOSIHHOIO TOKA, CUHXPOHHbIN 3/IEKTPOMNPUBOA, I/IEKTPONPUBOL C CUHXPOHHbBIM
peaKkTUBHbIM ABUraTesieM He3aBMCUMOro BO36yXXAeHNs) Npu  NpornopLMoHanbHOM
yrnpaBfeHUN NOTOKOM U TOKOM SIKOPS B DYHKLMM MOMEHTA CTaTUYECKON Harpysku
(cM. puc. 4.17, n. 4.1.2).

Ha nepBom 3Tane c ncnonb3oBaHneM 0606LWEHHON Harpy304HOW AnarpaMmbl
ctaHa XMT-450 ¢ yyeToM nony4yeHHbIX 3aBMCUMOCTEN Bblna onpeaeneHa BeMYmnHa
CYMMapHbIX NOTEPb U UX COCTaBNAKOLWMX 3@ LMK NPOKATKN B 3/IEKTPONpMBOAAX
CUHXPOHHbIMW ABUTraTENSaMU ANS CTPYKTYPbl MPONOPLMOHanbHOro ynpasieHuns
MOTOKOM M TOKOM sikopsi. HO npu oueHKe BeNMUYUHbI NOTePb Ha OCHOBaHUMU
npeanaraeMoro nNoaxoAa He yuYmTbiBasioCb BO3MOXHOE BMSIHWE MHEPLUNOHHOCTEN
Lenen Bo3byxaeHus.

PacueT cyMMapHbIX NOTEpb U X COCTaBASIOWMX 3a LMK/ NPOKaTKN B

114

3M1eKTponpuBoae Ha 6a3e CMHXPOHHOro aAsuratens ans craHa XMT-450 (MapwpyT
406 - 351) pan cnegyowme pesynbTathl: APAL = 36,4 kBT; APOB

= 10,6 kBT;

APMAI

= 8,1 kBt; APMEX = 6,6 kBT; APAOB

= 6,4 kBT; AP> = 68,1 kBT.

Peanu3oBaHHbI NOAXOA OCHOBaH Ha CTaTUCTUYECKUX 06061 eHHbIX
3aBMCUMOCTAX OTHOCUTENIbHbIX NOTEPb OT MOMEHTA Harpy3ku U He yunTbiBaeT
HacblWeHne MarHMTHON CUCTEMbI ABUraTens, 3N1IeKTPOMarHUTHY M MeXaHUYeCKyto
nHepumio anekTpornpueoaa. laHHoe obcroATenscTBo 0bycnasnmsaeT
HeobX0ANMOCTb CKOPPEKTUPOBATL MOJyYeHHble pe3y/ibTaTbl C yYEeTOM KpUBOM
HaMarHM4YMBaHWS, KOHKPETHbIX NEPEXOAHbIX MPOLECCOB B 3/1IEKTPONpPUBOAE,
XapaKTepusyroLimecs ero TMNoM, 0CO6EHHOCTSAMU CTPYKTYP M MapaMeTpoB CUCTEM
ynpasieHus.

PacueTt ¢ yueToM NpuHSATBLIX AONYLLEHWI NPOBOAMIICS HA MaTeMaTU4eCcKom

MoAenu anekTponpueoaa crtaHa XMNT-450 B cxeMe NponopumnoHanbHOro
ynpasneHs NOTOKOM U TOKOM SKOPS CUHXPOHHOro ABurartens. Moaenb nossonuna
YYeCTb B/IMSHUE HACbIWEHUS MarHUTHOW CUCTEMbl ABUTraTens, 31eKTPOMarHUTHY0
M MEeXaHMYeCKyl MHEPLUMIO 3NEKTPONpPUBOAA Ha BEIMUYMHY MOTEPD.

McxoaHble AgaHHble ABUraTens U kpyusasi HamarHnumsaHma CAM 320-31-60

6b15IM 3aMMCTBOBaHbI M3 anbboMa TeXHMYeCcKMX AaHHbIX [3]. NapameTpbl
MexXaHMYeCKOoN 4YacTn TEXHOOrM4eckoro obbekTa 6biaiv NoslyyYeHbl OT
npeacrasuTenen anekTporexHuvecknx cnyx6 MAO «4YTM3» 1 npuBeaeHbl

B Tabn. 4.4.

PacueT npoBoanncs 610KOM aHanMTMYECKOro pacyeTa noTepsb,

NO3BONSIOLWMNM B COOTBETCTBUM C YpaBHeHUAMM (CM. n. 3.1) Ha ocHoBaHWu
NOMyYeHHbIX KPUBbIX NepexoAHblX MPoLEeccoB BblAENUTb COCTaBASALWME NOTEPL B
3M1EKTPONpPUBOAE MOCTOSIHHOMO TOKa. Takoli Noaxo4 No3BOSN NOBbICUTb
[OCTOBEPHOCTb pacyeToB B MpoLecce MoAeNMpoBaHMS.

PacueT cyMMapHbIX MOTEpb U MX COCTaBASIIOWMX 3@ LMK/ MPOKaTKN B
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3/1eKTponpuBoae Ha 6a3e CMHXPOHHOro asuratens ansa craHa XMT-450 (MapwpyT
406 - 351) c ucnonb3oBaHMeEM MaTeEMaTMUYECKON MOAENMN NO3BOUA MNONYYUTb
115

cnepytowme pesynbtathl: APSL = 39,2 kBT; APOB

= 22,6 kBT; APMAI

= 9,5 kBT;

APMEX = 6,3 kBT; APAOB

= 6,6 kBT; APZ = 84,2 kBT.

SbdeKT aHeprocbepexxeHnsa B CUCTEME MPONOPLIMOHANbLHOrO yrnpasieHus
NMOTOKOM M TOKOM SIKOPS YNpaBiieHWs NposiBASETCA B TOM, YTOObl 31eKTponpuBoL
paboTan npu Harpyskax, COOTBETCTBYIOLMNX KpanHMM ydyacTkaM rpadmka

AP/PH

= f (M). Torpa B pexnMe X0/I0CTOro XxoAa NosIHEE UCMOJIb3YETCS

MWMHUMN3ALNS MOCTOSHHbIX MOTEPb B 3/IEKTPONPUBOAE, @ NMpU Neperpyskax MeHblue
CKa3blBaKOTCA CpeAHEeKBaApaTUYHbIe NOTEPU OT TOKA B SIKOPHOW Lienu.

Ha puc. 4.25 npuBeaeHa gnarpamma pacnpegeneHmns cocTabnstowmnx
OTHOCUTENbHbIX NOTEPb B 3/1EKTPONPMBOAE NPONOPLMOHANBHOIO YN paBieHus
MOTOKOM M TOKOM sikopsi ctaHa XMNT-450 Ha 6a3e CMHXPOHHOrO ABMUraTens no
CpPaBHEHMIO C CyLLEeCTBYOLWMM Ha CEroAHSAWHWNIN AeHb pPeLleHneM.

Puc. 4.25. QnarpamMmMa pacrnpeneneHuns CoCTaBAsoLWLMX OTHOCUTENbHbIX NOTEPb
B 3JIEKTPONPUBOAE NPOMNOPLIMOHASIbHOrO yrpaBieHns MOTOKOM U TOKOM SIKOpsi
ctaHa XMT-450 Ha 6a3e CMHXPOHHOIro ABUraTens
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APsau APos APmar APmex APpo6 APcymm

AP/APH

CyuwiecTsyollee pelieHne

MponopunoHansHoe ynpasneHune (CA)

116

[MokasaHo, 4YTo Ang anekTponpueoda ctaHa XIMT-450 nponopunoHanbHoe
yrpaBfieHVe NOTOKOM M TOKOM SKOPS OTHOCUTENIbHO CyLLeCTBYIOLEro Ha
CEeroAHSAWHNIM AEHb PELEeHNS B N1aHEe SKOHOMUW 3/1EKTPO3HEPINN HE NMeeT
npenMyLLLecTs nepes CTaHAAPTHON CXEMOW BEKTOPHOrO yrpaBieHus.
Mony4yeHHble B pe3ynbTaTe pacyeTa BeMUYNHbI OT/IMHAKOTCA OT 3HaYeHU
npeaBapuUTeNbHOro aHannsa, OCHOBAaHHOIO Ha cpeAHeKBaApaTUUYHbIX OLleHKax
noTepb 3a UMK NpokaTkn. PacxoxaeHus obycnoBneHbl, B NEPBYIO OYepeab, YYETOM
B/IMSSHNS NHEPLMOHHOCTM Lenu Bo3byxAeHWSs, KOTopas 3acTaBfiseT 3/1eKTPonpuBos
BCe BpeMs paboyero unkia octaBaTbCs B CpeAHeN YacTu AvanasoHa KpuBbIX
AP/PH

= f (M), roe pa3Hble cnocobbl ynpaBfeHMsl C TOYKM 3peHUs

3HeprocbepexeHuns NoYTu paBHOLEHHbI. Hanbonee BbipasnTenbHO AaHHOE
06CTOSATENBLCTBO MOXET MPOSABAATLCS B TEX CNyYasx, KOrAa NOCTOSSHHAs BpeMeHu
06MOTKKN BO36YXAeHUs auraTens TOB
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N NOCTOsSIHHAs BpeMeHW paboyero uukna

npokatku TLI mexay coboin 6nmn3ku.

4.3. MMoTepn B 31eKTPONPUBOAE C MPOKATHbIMN CUHXPOHHbBIMU pPeaKTUBHbIMU
ABUraTensMn Hes3aBMCMMOro Bo3byxxaeHuns

Ha ocHOBaHWM NONyYeHHbIX B rNaBe 2 perpeccMoHHbIX 3aBMCUMOCTEN, B

OCHOBY KOTOPbIX MOM0XEHblI 0COBEHHOCTU KOHCTPYKLUMU N PYHKLMOHNPOBaHUSA
CYLLLECTBYIOLLMX 3M1EKTPONPUBOAOB NMPOKaTHbIX CTAHOB C TUXOXOAHbIMU
CUHXPOHHBIMM N ABUTaTENSMN MNOCTOSSHHOIO TOKa, CUHXPOHHbIW PeaKTUBHbIN
ABUraTenb He3aBMCUMOro Bo36yXAEHNA UMEET HauMeHbLINe CyMMapHble NoTepu
N3 paccMaTpuBaeMbixX B paboTe TMNOB 3/1eKTpOMexaHnyecknx npeobpasosarenei
(cM. puc. 2.10). B agaHHOM NyHKTE ONpeaensnMcb 3a Kaxabl UMK npokaTku Ty,
CYMMapHble NOTepU 3/IEKTPO3HEPrUM N UX COCTaBASIOWME, N CONOCTaBASANCL NO
KPUTEPUIO 3HepreTnyeckon 3deKTUMBHOCTN BO3MOXHbIE CTPYKTYpPbl CUCTEMbI
ynpasneHus. OCHOBHblE NMapaMeTpbl CTaHa NpusedeHbl B rnase 1 (nn. 1.1 n 1.2),

PYHKUMOHaNbHas cxema 31eKTPonpuBoAa C CUHXPOHHOW peakTUBHOM MaluNHOMK
He3aBMCMMOro Bo3byxxaeHuna B rnaese 3 (n. 3.1).

117

4.3.1. NoTepn 31€KTPO3HEPrnmM B 3/1EKTPONPUBOAE C HEPErYINPYEMbIM
BO3OYyXaeHneM asurartens

Ha nepBoM 3Tane npoBoaunach oueHka aHepro3ddeKTUBHOCTU CUHXPOHHOIO
peaKkTMBHOI0 3/1IeKTPONpUBOAa HE3aBMCMMOro BO36YXXAEHWS ANst CTPYKTYpbl C
noaaepXaHneM NocTosHCTBa NoToka. CyMMapHble NOTepu 31EKTPOSHEPrUn U UX
COCTaB/IAoLWMeE ONnpeaensMcb C UCnosb3oBaHneM paspaboTtaHHoON B rnaee 3
MaTematmyeckon mogenm (cm. n. 3.1). PacueT NpoBOAM/ICA C MCNOSIb30BAHNEM
BECOBbIX KO3(DULNEHTOB COCTABNAOWMX NOTEPb, MOYHYEHHbIX MPWU BbINOSHEHUMU
perpeccMoHHOro aHanmsa (cm. n. 2.2 B rnaee 2). B tabn. 4.1 (n. 4.1.1) npuBeaeH-I
UMCNEHHbIE 3HAYEHWNS MapaMeTPOB Harpy304HbIX AMarpaMM pasvyHbIX
MapLUpyTOB MPOKaTKM AN pacCMaTpuBaeMbIX TUMOB CTAHOB, MOJly4YeHHbIe OT
npeacrasuTenen anekTporexHuyeckmnx ciyx6 MAO «4TT3» n ncnonb3lyemble
HaMM NpU KONMYECTBEHHOM OLLEHKE IKOHOMUWN 3N1EKTPO3HEPT UK.

C ncnonb3oBaHmem 0606LeHHON Harpy3o4Hon anarpammel ctaHa XMT-450

C y4YeTOM MOoJly4YeHHbIX 3aBMcuMocTel bbina onpegeneHa BenMynHa CyMMapHbIiX
noTepb N UX COCTaBAAIOLNX 3@ LUK NMPOKATKN B CUHXPOHHOM PeaKTUBHOM
3N1EeKTPONpUBOAE HE3aBUCMMOro Bo3byxaeHUs.

PacyeT cymMMapHbIX NOTEpPb M UX COCTaBAAIOWMX 3@ LMK NPOKaTKN B
3neKkTponpueoae Ha 6asze CUHXPOHHOrO PeakTUBHOMO ABUraTens He3aBMCMMOro
B0O36Yy>xxaeHna ana craHa XMT-450 npu noctostHHOM noTtoke (MapwpyT 406 — 351)
Ha OCHOBaHMM 0606 EHHbBIX 3aBUCUMOCTEN NO3BONMI NOYUNTb Criedyolme
pe3ynbTathl: APA

= 38,8 kBT; APOB

= 0 kBT; APMAI
= 13,9 kBT; APMEX = 6,5 KBT;
APOB

= 6,9 kBT; AP> = 66,1 KBT.
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Peann3oBaHHbI NOAXOA OCHOBaH Ha CTaTUCTUYECKNX 06061 eHHbIX

3aBUCUMOCTSIX OTHOCUTENIbHbIX MOTEPb OT MOMEHTA Harpy3ku U He yunTbiBaeT
HacblleHne MarHUTHOM CUCTEMbl ABUIraTeNs, 3/IEKTPOMArHUTHYI0 U MEXaHWYECKYHo
nHepumio anekTpornpueoaa. laHHoe obcToATensCcTBo 06ycnasnmBaeT
HeobX0ANMOCTb CKOPPEKTUPOBATL MOMyYeHHble pe3yfbTaTbl C yYEeTOM KpPUBOM
118

HaMarHM4MBaHUS, KOHKPETHbIX NEPEXOAHbIX MPOLECCOB B 3/1IEKTPONpPUBOAE,

XapaKTepU3YHOLLMXCS ero TUMoM, 0CO6EeHHOCTAMU CTPYKTYp U NMapaMeTpoB CUCTEM

ynpasneHuns.

PacyeT ¢ y4yeToM NpuHATBLIX AONYLLEHWI NPOBOAMIICA HA MaTeMaTUYECKOon
Mozenu snekTponpusoaa craHa XMNT-450 B cxeMe ¢ noaaepXaHWeM NOoCTOSAHCTBA
NMOTOKA C CMHXPOHHbIM PEaKTUBHbIM ABUTraTeNleM HE3aBUCMMOIro BO3byXAaeHNS.
Moaenb no3Bonua y4ecTb BAUSHUE HacblWEeHUs MarHUTHOW CUCTEMbI ABUraTens,

3M1EKTPOMArHUTHY U MEXaHMUYECKYI0 MHEPLMIO 3N1EKTPONPUBOAA HA BENNUNHY
notepb. CUHXPOHHbIN peakTUBHbIN ABUTraTelb He3aBMCUMOro Bo36yxxaeHus 6bin
BbIMNOMIHEH B CTAaTope CMHXPOHHOro asuratens CAMN 320-31-60, reomeTpuyeckme
pa3Mepbl, HeobxoanMble ANs pacyeTa TeXHUYeckne AaHHble, KpuBas
HaMarHMunBaHus 6b1sIM 3aMMCTBOBaHbI M3 anbboMa TeEXHUYECKMX AaHHbIX [3].
[MapaMeTpbl MEXaHWNYECKOM YacTu TEXHO0rM4yeckoro obbekTa 6bln NosyyYeHbl OT
npeacraBuTenein anekTporexHuyeckmnx ciyx6 MAO «4YTI3» n npueeaeHsbl

B Tabn. 4.5.

Tabnuua 4.5

NcxoaHble JaHHble AN MaTeMaTUYECKOro MOAEIMPOBAHNS CUHXPOHHOMO peakTUBHOIO

3M1EKTPONpUBOAA HE3aBUCMMOro Bo36byXaeHUS

Twun MapameTtp O603HaueHMe,

en. n3Mm.

3HauveHune

Oeuratens CAM 320-31-60

Yncno nasos cratopa Z1 324

AKTMBHOE COMpOTUBAEHNE

dasbl npu 15 °C

Rd, Om 0,328

Pa3mep npoBoaa

Inp x hnp, MM x

MM

1,68 x6,8

BHewHWIn gnameTp

craTtopa

DBHew, mm 5600

BHyTpeHHUI anameTp

craTtopa

DBHyTp, MM 3940

MonHas annHa aKkTUBHOIO

xenesa

I, mm 310
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Bo3aywwHbIli 3a30p 6, MM 5
OaTtunkun - Koad. gatumnka ckopoctn Kac
, BOc/pan 2,2

119

MpognomkeHue Tabnuubl 4.5
Perynsatopesl
MponopunoHanbHONHTEr panbHbI
perynstop

CKOpOCTU

Koad.

NpOnopLMOHaNbHOIO

KaHana

Kpc

2

MocTosHHasa BpeMeHu
WHTerpanbHoOro kaHana

Tpc

1
MponopunoHanbHOUHTErpanbHbI
perynatop Toka

dasbl

Koad.

NponopLunoHanbHOro

KaHana

Kpt

0,25

lMocTosiHHas BpeMeHun
VMHTEerpanbHOro KaHana

TpT

3

KLWM -

Paanyc kpusowwuna Rkp, m 0,61
OnvHa waTtyHa Lw, m 4,61
[e3akcmnan e, m 0,06

BOHAO -

Paanyc npokaTHbIX Bankos RB
,mM0,67

MoMeHT npokaTku npu

NpsIMOM XoAe KneTu

Mnp, kHM 443

MoOMeHT npokaTku npu

o6bpaTHOM xoAe KIeTH

Mo6bp, kHm 310

MoMeHT xonoctoro xoaa Mxx, kHM 66,5
Ha puc. 4.26 n 4.27 npuseaeHbl OCLMANOrpaMMbl NMePEXoAHbIX MPOLLECCOB B
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CUHXPOHHOM pPeaKTUBHOM 3/IEKTPONPUBOAE HE3ABMCMMOr0 BO36YXAEHUS,
NoJslyYeHHbIEe C MCMOSIb30BaHMEM MaTeMaTUYECKOW MOAENN, peanM30BaHHON B
nporpamme Ansys Simplorer/Maxwell (cM. 0. 3.1). 3gecb npeacTaBeHsbl
3aBMCMMOCTM ToKa asbl CTaTopa, MOMEHTOB CTaTUYECKOW Harpysku u ABurartens,
Yri0BOW CKOPOCTW BpalleHus oT BpeMeHu. PacueT nposoauics 610koM
aHaNMTUYECKOro pacyeTa NnoTepb, NO3BOSIOLMM B COOTBETCTBUW C YpaBHEHUSIMU
(cM. n. 3.1) Ha oCHOBaHWM NOMyYEHHbIX KPUBbIX MEePEXOAHbIX NMPOLLECCOB BblAENNTb
COCTaBnsaoLWMe NoTepb B CUHXPOHHOM peaKTUBHOM 371EKTPONpuUBoae
He3aBMCMMOro Bo36yxaeHUs. Takoi Noaxoa No3BOAWI MOBbICUTb JOCTOBEPHOCTb
pacuyeToB B npoLecce MoOAENMPOBaHMUS. PacyeT cyMMapHbIX NoTepb U UX
COCTaBASAOLWMX 3@ LMK NPOKaTKM B CXEME C NoAAep>XXaHMeM NOCTOsIHCTBa NoToka
B 3/1eKTponpuBoae Ha 6ase CMHXPOHHOrO peakTUBHOMO ABUraTens He3aBMCMMOro
BO36Y>XAeHMS ana ctaHa XMT-450 (MapwpyT 406 — 351) c ucnonb3oBaHnem
MaTeMaTM4eCcKon MoAenu No3Bosv NONYyYUTh Cleaytowme pesynbTaThl:

APAL = 38 kBT; APOB

= 0 kBT; APMAI

= 14,3 kBTt; APMEX = 6,3 kBT;
APOB

= 6,7 kBT; APZ = 65,3 kBT.
120

Puc. 4.26. NMepexoaHblie npouecchl B anekTponpusoae ctaHa XMNT-450 Ha 6a3e CMHXPOHHOro peakTUBHOFO ABUraTeNs HE3aBMCUMOro BO36yKaAeHNS

121

Puc. 4.27. NepexoaHble Npouecckl B 31eKTpornpusoae ctaHa XMT-450 Ha 6a3e CMHXPOHHOIO PEaKTUBHOrO ABUraTesisi HE3aBMCMMOr0 BO36Y>KAEHUS

122

Mony4yeHHbIe BENMUYNHbBI OT/IMYAKOTCS OT 3HAYEHUN NpeaBapuTENbHOro
aHanu3a, OCHOBaHHOr0 Ha CpefHeKBaApaTUYHbIX OLeHKaX NoTepb 3a LUK
npokaTku. PacxoxaeHns obycnoBneHbl Y4eTOM Npu MaTeMaTnyeckom
MOAENMPOBAHUM KPUBOW HaMarHMuYMBaHus, MHEPUMOHHOCTEN 06MOTOK U
MeXaHM4YeCcKoW 4acTu anekTponpueoaa. Ha puc. 4.28 npuBeaeHa COOTBETCTBYOLLANA
Anarpamma pacnpeneneHuns CoCTaBNsoWmnX OTHOCUTENbHbIX NOTEPb B CXEME C
noanepXXaHWeM NoCTOSIHCTBA NOTOKa B anekTponpusoae craHa XMT-450 Ha 6ase
CUHXPOHHOIO PeakTUBHOrO ABMraTenst HesaBMCMMOro Bo3byxaeHns. B naHHOM
C/y4ae CoCTaBnsoWmne NnpusBeaeHbl B

npoLeHTax OTHOCUTENbHO
CYMMapHbIX MOTEPb.
CnepnyeTt 06paTuUTb BHUMaHue

Ha OTCYTCTBME COCTaBAsOLLEN

notepb Ha BO3byxaeHune B
CMHXPOHHOM peaKTUBHOM ABurartene

He3aBMCcMMOro Bo3byxaeHns (puc.
4.28). Ha puc. 4.29 npuBeneHa
Anarpamma pacnpeneneHums
COCTaB/IAOWMNX OTHOCUTENBHbIX

noTepb B paccMaTtpuBaeMoM
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anekTponpusoae. PesynbTathl

pacyeTa NokasblBalOT, YTO CYMMapHbIe NoTepU B CUHXPOHHOM PeaKTUBHOM
3/1eKTPONpPUBOAE HE3aBMCMMOro Bo36yXAeHNA Ha 59 % Huxe No cpaBHEHUIO C
CYLLECTBYIOLNM Ha CErogHSAWHWNN AeHb pelleHneM (CTaHaapTHas cxema
NOAYMHEHHOro perynnpoBaHusa Ha 6ese aBuraTens NOCTOSAHHOro Toka C
NMOCTOSAHHbIM TOKOM BO36Y>XAEHMNS). DKOHOMUS 06bACHAETCA 3HAYUTENBHO
MEHbLUUMK 3NeKTpuYeckmmMn notepammn (38 KBT 3a LMKA MPOKATKK, NO CPaBHEHUIO
c117,2 kBT B cxeMe NOAYMHEHHOro peryimpoBaHuns ABUraTens NoCTOSAHHOro ToKa),
a Takxe NOoJSIHbIM OTCYTCTBMEM COCTaBAsOLLEN NOTEPb Ha BO36yxaeHue.

Puc. 4.28 Juarpamma pacnpegeneHums

COCTaB/IAOLWMX OTHOCUTESIbHBIX NOTEPb

B CXEMe C noaJepXxaHMeM NocTosaHCTBa NoToKa

B anekTponpusoge craHa XMNT-450 Ha 6ase
CUHXPOHHOIr0 PEAaKTUBHOrO ABUraTens

HEe3aBMCMMOro Bo3by>xaeHuns

58,16

0,00

21,92

9,65

10,26 P

MAI

p

OB

p

CT

p

MEX

p
0B

123

4.3.2. NoTepn 31eKTPO3HEPrMnN B 31eKTPONPUBOAE C MPOMOpLMOHanbHbIM
ynpasfieHneM TokaMm aKops 1 Bo3byxaeHns

B ny6nukaumn [134] obpaliaeTcs BHMMaHWe Ha 3hdHEKTUBHOCTb B NaHe
3KOHOMWUM 3NIEKTPO3IHEPrMN MPONOPLMOHANIbHOrO yrpasieHNs NOTOKOM U TOKOM
AKOPS AN MEXAHM3MOB C YAapHbIM XapakTepPOM MOMEHTa CTaTUYECKOW Harpy3Ku.
B paboTe npoBeaeHa oueHKa aHeproadeKkTUBHOCTU peannsauunm AgaHHoro cnocoba
yrnpasneHus npuMeHunTenbHo K ctady XMT-450.

Ha nepBoM aTane c ucnosib3oBaHMeM 0606LWEHHON Harpy304YHOW AnarpamMmbl
ctaHa XIMT-450 ¢ y4yeToM nony4deHHbIX 3aBUCMMOCTEN Bblna onpeaeneHa BenymHa
CYMMapHbIX NOTEPb U MX COCTaBNAIOLWMX 3@ LMK/ MPOKATKN B CUHXPOHHOM

Puc. 4.29. inarpamma pacnpenenieHnsa CocTaBnsioWmnx OTHOCUTENbHbIX NMOTEPb B CXEME
C noaAepXxaHueM NoCTOsIHCTBA MoToKa B afnekTponpuBoge ctaHa XMT-450 Ha 6ase
CMHXPOHHOrO peakTUBHOrO ABUraTeNsi HE3aBMCMMOro Bo3byxAeHUS

0
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peakTUBHOM 3/1EKTPOMNpPUBOAE HE3ABMCUMOro BO36y>XAeHUs nNpu
NpONOpPLMOHANBLHOM YNpaBaeHNn NOTOKOM U TOKOM sikopsi. Ho npu oueHke
BE/IMYMNHbI MOTEPb Ha OCHOBaHWK NpeAsiaraeMoro NoAxoAa He yYnTbliBanocb
BO3MOXHOE BIMSAHWE MHEPLUNOHHOCTEN Liener Bo3byxaeHuns.

PacueT cyMMapHbIX MNOTEPb U UX COCTaBASIOWMX 3a LMK NPOKaTKN B
3neKkTponpueoae Ha 6asze CMHXPOHHOrO PeakTMBHOMO ABUraTens He3aBMCMMOro
BO36Yy>xaeHnsa ana craHa XMNT-450 npu nponopunoHanbHOM ynpaBieHUN MOTOKOM
1 TOKOM sikopsl (MapwpyT 406 — 351) pan cneayoume pesynbTtaThl:

APALl = 17,9 kBT; APOB

= 0 kBT; APMAI
= 12,8 kBT; APMEX = 6,3 KkBT;
APOB

= 6,0 kBT; AP> = 43 kBrT.

Peann3oBaHHbIV NOAXOA OCHOBAH Ha CTaTUCTUYECKUX 06061 EHHbIX
3aBMCUMOCTAX OTHOCUTENIbHbIX MOTEPb OT MOMEHTA Harpys3ku U He yunTbiBaeT
HacblWEeHNne MarHMTHON CUCTEMbI ABUraTeNs, 3/1eKTPOMarHUTHYIO U MEXaHUYECKYHO
nHepumio anekTpornpueoaa. laHHoe obcroAaTensCcTBo 06ycnasnmsaeT
HeobX0AMMOCTb CKOPPEKTUPOBATL MOMyYEeHHble pe3y/ibTaTbl C yYETOM KPUBOM
HaMarHM4MBaHUS, KOHKPETHbIX NEPEXOAHbIX MPOLECCOB B 3/1IEKTPONpPUBOAE,
XapaKkTepu3sytoLmecst ero TMMoMm, 0CO6eHHOCTAMU CTPYKTYp U NMapaMeTpoB CUCTEM
ynpasiieHus.

Pacuet ¢ yueToM NpuMHSATBLIX AONYLEHWUI MPOBOAMIICS HA MaTeEMaTU4eCKon
Mofenu snekTponpusoaa craHa XMNT-450 B cxeme NponopLmMoHanbHoOro
yrnpaBneHnUs NOTOKOM U TOKOM SIKOPS CUHXPOHHOIO peakTUBHOro ABuratens
He3aBncmMoro Bo3byxaeHusa (puc. 3.7). Mogenb No3Bosmaa yy4ecTb BAUSIHUE
HacblLWEeHNs MarHUTHOW CUCTEMbl ABUraTess, 3/1IEKTPOMAarHUTHYO U
MeXaHMYeCKYI0 MHEPLMIO 3/IEKTPONpPUBOAA Ha BEIMUYMHY MOTEPb.

McxoaHble AgaHHble ABUraTenst u kpyusasi HamarHunumsanmsa CAM 320-31-60
6b1/IM 3aMMCTBOBaHbI M3 anbboMa TEXHMYECKMX AaHHbIX [3]. NapameTpbl
MexXaHMYeCKoN 4YacTn TeXHON0rn4yeckoro obbekta 6biaiv NoslyyYeHbl OT
npeacrasuTenen anekTporexHuvecknx cnyx6 MAO «YTM3» 1 npuBeaeHbl

B Tabn. 4.5.

125

PacueT npoBoamncsa ¢ NnoMoLWbIO y351a onpeaeneHns CoCTaBNaLWwmMX noTepb

B cpeae Ansys Maxwell, no3BonsitowMmM B COOTBETCTBUN C ypaBHEHUAMM (CM. . 3.1)
Ha OCHOBaHMU MOJTy4YEHHbIX KPUBbIX NEPexXoAHbIX MPOLLECCOB BblAENNTb
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cocTaBrisiloLWMe noTepb B anekTponpusoae ¢ CPAHB. Takol noaxoa no3sonun
NOBbICUTb JOCTOBEPHOCTb PacyeToB B NpoLecce MoAenMpoBaHus. Pacuet
CYMMapHbIX NOTepb M MX COCTaBNAIOWMX 3@ LUK NPOKATKN B 3NIeKTponpueoae Ha
6a3e CMHXPOHHOro peakTUBHOIO ABUraTeNns He3aBMCMMOro Bo36yXXAeHWa Ans cTaHa
XMNT-450 (MapwpyT 406 — 351) c ucnonb3oBaHMeM MaTeMaTM4ECKON Moaenn
No3BONA NONYYNTbL cneayolme pesynbTtaThl: APAL = 18,7 kBT; APOB

= 0 kBT;

APMAI

= 13,3 kBT; APMEX = 6,3 kBT; AP1OB

= 6,1 kBT; APZ = 44,4 «BT.

SdbdeKkT aHeprocbepexxeHnsa B CMCTEME NMPONOPLNOHANbHOr0 ynpasieHus

NMOTOKOM U TOKOM $IKOPS YNpaBiieHWs NposiBNISETCS B TOM, YTOObl 371€KTPONpuUBoL
paboTan npu Harpyskax, COOTBETCTBYIOLNX KPaMHMUM ydyacTkaM rpacdmka

AP/PH

= f (M). Torga B pexnMe X0M0CTOro xoAa NosiIHee NUCMosb3yeTcs

MMHMMKN3aLMS MOCTOSIHHbIX NOTEPb B 3/IEKTPONPUBOAE, @ NMPWU Neperpyskax MeHblle
CKa3blBalOTCsA CpeHEeKBaApaTUYHbIe NOTEPU OT TOKAa B SIKOPHOW Lienu.

Ha puc. 4.30 npuBeaeHa gnarpamma pacnpegeneHmns CocTaBnsowmnx
OTHOCUTENbHbIX NOTEPb B 3/IEKTPONPUBOAE NMPONOPLMOHANBHOIO YrNpaBieHus
MOTOKOM M TOKOM sikopsi cTaHa XMNT-450 Ha 6a3e CMHXPOHHOro peakTUBHOIO
ABuUratenst HesaBMCcMMoro Bo3OyXAeHNs NO CPAaBHEHUIO C CYLLECTBYIOLWMUM Ha
CEeroAHsLWHUI AeHb pelleHuneM. MokasaHo, YTo Ans anekTponpueoaa ctaHa XMT450 nponopumoHanbHoe ynpaBieHne NOTOKOM U TOKOM SIKOpSi OTHOCUTENIbHO
CYLLECTBYIOLEro Ha CEroAHsAWHNN AeHb PELlEHNS UMEET 3HaUNTENbHOE
NpenMyLLEeCTBO B MJiaHe 3KOHOMUW 3/1eKTPO3HEPrnm (CyMMapHble noTepu B
3N1EKTPONPUBOAE CHMXKAIOTCA Ha 72 %). JlononHMUTENbHas 3KOHOMWUS MO CPaBHEHUIO
CO CXeMOW ynpaBieHns Npu NocTossHHOM NOTOoKe 06bsACHSAETCS TeM
06CTOSATENLCTBOM, UTO B PEXMME XONIOCTOrO X0Aa NOJSIHEE UCMOSb3yeTCs
MWUHUMU3ALNSA MOCTOSHHbIX MOTEPb B 3/1EKTPONPUBOAE, @ NpU Neperpyskax MeHblue
CKa3blBAKOTCS CpeAHEeKBaApaTUYHbIE MOTEPU OT TOKA B SIKOpE.

126

MonyyeHHble B pe3ynbTaTe pacyeTa BeMUYMHbI OT/IMYAKOTCA OT 3HaYeHU
npeaBapuUTeNbHOro aHann3a, OCHOBAaHHOIO Ha CpeAHeKBaApPaTUYHbIX OLleHKax
noTepb 3a UMK NpokaTkn. PacxoxaeHns obycnoBneHbl HanM4YneM MHEPLUOHHOCTHU
uenun Bo3byxxaeHuns. Cnegyet o6paTUTb BHUMaHME, YTO B 3/1EKTPONpuBOAE C
CMHXPOHHbIM peakTUBHbIM ABUraTeNeM He3aBMCUMMOro Bo30yXaeHUs dYyHKLUUIO
CO3[aHM$ MOTOKa BbIMOMHSAET sKOpHas 0bMOTKa, KOTopasi UMeeT OTHOCUTENbHO
Masnoe 3HayeHune NOCTOSIHHOM BPEMEHM. 3a CYET 3TOro 3/IEKTPONPUBOA BCE BPEMS
paboyero uymkna pabortaet B Heob6xoaAMMOM AnanasoHe Kpueor AP/PH

=f (M),

No3B0NSS NPONOPLMOHANBHOMY YN paBeHMI0 MOTOKOM M TOKOM SIKOPSi PacKpbiTb
cebsa B NONHOW Mepe C TOYKUN 3peHuns aHeprocbepexeHuns.

Puc. 4.30. QnarpamMma pacnpeneneHums CoCTaBASAOWMX OTHOCUTENbHbIX NOTEPb

B 3JIEKTPONPUBOAE NPOMNOPLMOHANIbHOrO yrpaBieHUs MOTOKOM U TOKOM SIKOPS
craHa XMNT-450 Ha 6a3e CMHXPOHHOro peakTUBHOroO ABUraTens

He3aBMCMMOro Bo3byxaeHus
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4.3.3. CpaBHUTENbHbIA aHanM3 BENNUYNHBI NOTEPb B MOAENNPYEMbIX
3/1eKTPONpUBOAaX NUANTPUMOBbIX CTAHOB

[na TpybonpokaTHbIX arperaTos NUANIPUMOBOI FPynMnbl XapakTepHa
CyLLeCcTBEHHas HEPaBHOMEPHOCTb MOMEHTAa Harpysku, MOAenpoBaHme
NMpoBOAMJIOCL Ha OCHOBaHUM 0606LeHHON Harpy3o4Hor agnarpammel (puc. 1.8), uto
NO3BOMNIO CONOCTaBUTb 3HEProadEeKTUBHOCTb paccMaTpMBaEMbIX TUMOB
3/1EKTPONPUBOAOB U 3aKOHOB ynpasneHus (puc. 4.31). imarpaMmma nokasbiBaeT
pacnpegeneHme CyMMapHbIX MNoTepb U X COCTaBASIOWMNX B 3/1EKTPOMEXAHNYECKNX
npeobpasoBaTensx Npu 3aKoHax ynpasieHus, KOTOpble Peasn3yroTcs UM ckopee
BCero MoryT 6bITb peanrM3oBaHbl Ha NpakTUKe (MYHKTUPHbIE JIMHUN) K
npeanaraemblx B pabote (CNAOWHbIE MMHUN).

[ns anekTponpueoga NOCTOSAHHOIO TOKa paccMaTpvBannch creayolmne

Cnocobbl 3KOHOMUW 3/1IEKTPO3HEPrUn: NMPUMEHEHME MaXOBMYHOIO NPNBOAA,
CMAr4YeHne MexaHU4ecKon xapakTepUCTUKN, NpeaBapuTenbHoe ocnabneHne nons
nepea, NpoKaTKon, MPOnopLMOHanbHOEe ynpas/ieHne NOTOKOM U TOKOM SIKOpS1.
OTHOCMTENbHO CYLLECTBYIOLLEro peleHns NoapobHbI CpaBHUTENbHbBIN aHann3
COCTaB/IAIOLWMX NOTEPb NPOBOAMIICA B COOTBETCTBYIOLWNX NyHKTax 4.1.1-4.1.2.
MakcuManbHoro addexkTa 3KOHOMUM 3NIEKTPOSIHEPrUN B 3/1EKTPONPUBOAE
MOCTOSAHHOr0 Toka craHa XMNT-450 yaaeTcs AOCTUTHYTb CMArYeHneM
MeXaHW4YecKoln xapakTepnuctnkun. CyMmMapHble NOTEPU MPU 3TOM MO CPaBHEHWUIO C
CYLECTBYIOLWUM pelleHneM CHUXAKTCS Ha 16 % 3a cYeT yMeHbLUeHus
cpeAHeKBaapaTUYHOro ToKa B AKOpHOW Lenu. CnegyeT o6paTuTb BHUMaHWE, YTO
NpU 3TOM CHMXKAETCS CPeHASA CKOPOCTb MPOKaTKW, a cleaosaTtesibHo, U
NpOVN3BOANTENBHOCTL CTaHa.

[N CMHXPOHHOr 0 371eKTPONpMBOAa paccMaTpMBanNCh creayoLine crnocobbl
3KOHOMWUM 3MIEKTPOIHEPrMn: CTaHAAPTHAas CXeMa BEKTOPHOrO yrpaBieHus u
NponopLMOHanbHOe yrnpasBsieHne NOTOKOM U TOKOM AKkopsi. OTHOCUTENbHO
CYLLEeCTBYHOLLEro peweHns NoaApobHbIA CPaBHUTENbHbIA aHaNN3 COCTaBASAOLWMNX
128

noTepb NPOBOAUSICA B COOTBETCTBYIOLMX NyHKTax 4.2.1-4.2.2,

SdbdeKT IKOHOMUM 31EKTPOIHEPIMN B CUHXPOHHOM 3N1EKTPONpPUBOAE CTaHa
XMT-450 npu paccMOTpeHHbIX cnocobax ynpaBneHuns npakTUyYeckn oanHaKoB.
CyMMapHble NoTepu Npu 3TOM MO CPABHEHUIO C CYLLECTBYOWMM pelleHneM
cHuXatTca Ha 45-47 %. B AaHHOM crlyyae OTHOCUTENIbHAst SKOHOMUS
3NeKTpo3Heprum obbsicHaeTca 6onee BbicoknM KIM[ cMHXpPOHHOrO ABuraTens.

B cxeme c perynmpoBaHMeM No NOTOKY B CMHXPOHHOM 3/1€KTPONprBoAe
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3HAUYMTENbHOW 9KOHOMUM 3NEKTPO3IHEPrMn AobUTLCS He yaaeTcs. [laHHoe
06CTOSATENLCTBO 0OBbACHAETCA 3HAYMTENbHOW NOCTOSIHHOW BpeMeHU 06MOTKM
BO30OYXXAEHNA OTHOCMTENIbHO BPeMeHW paboyero unkna npokaTku, YTo He
No3BONSET C HEO6XOANMbIM 6bICTPOAENCTBMEM pPeryampoBaTb NOTOK. DKOHOMUS
3N1eKTPUYECKON 3HEepruun 3a cdeT Bbibopa oNTMManbHOro rpadrka n3MeHeHus

Puc. 4.31. QnarpamMmMa pacnpeneneHns cyMMapHbIX OTHOCUTENbHbIX NOTepb

B pacCMaTpUBaEMbIX 3/1IEKTPONPUBOLAX raBHOro npmeoaa craHa XMNT-450 npu pasHbiX
cnocobax 3KOHOMUU 3NIEKTPOSIHEPrUm

129

MarHMTHOIO NOTOKA OKa3blBAETCSH OYeHb HE3HAYUTENIbHON U, yUnTbiBas
HensbexHoe YCoXXHEeHMe CXeMbl, OT BO3AENCTBMUS MO NOTOKY B CUHXPOHHOM
ABurartene cnefyeTt oTKas3aTbCs.

[na CMHXPOHHOro peakTUBHOIO 3/1IEKTPONpPMBOAA HE3ABUCMMOro

BO36YyXAEHMS paccMaTpuBannch crneayrowme cnocobbl IKOHOMUN 3NIEKTPOIHEPT NN :
CXeMa C HeperynmpyembiM Bo36yXAeHWeM 1 NponopLMoHanbHoe ynpasneHne
NMOTOKOM U TOKOM IKopsi. OTHOCUTENBbHO CYLLECTBYIOLLErO peLleHns noapobHbI
CpaBHUTENbHbIN aHaNM3 COCTaBASOLWMNX MOTEPb NPOBOAMIICA B COOTBETCTBYHOLLMX
nyHkTax 4.3.1-4.3.2.

Haunbonbwero agpdekra 3KOHOMUN 3NEKTPOIHEPIUN B CUHXPOHHOM

peakTUBHOM 3/1EKTPONpPUBOAE HE3ABMCUMOro BO36yxxaeHus ctaHa XIMT-450 npwm
paccMOTPeHHbIX crnocobax ynpasneHns yaaeTcs AobUTbCs B cxeme
NpONopLMOHanbHOro ynpasieHUs NnoTOKOM 1 TOKOM sikops. CyMMapHble notepum
npv 3TOM NO CPAaBHEHWIO C CYLLECTBYHOLLMM pELUEHMNEM CHMXKAKTCA Ha 72 %.
Cnocob ynpaBneHusi, OCHOBaHHbI Ha BbIGOpe ONTUManbHOro rpadurka n3MeHeHums
MarHUTHOrO NMOTOKA B CUHXPOHHOM pPeaKTMBHOM 3/1EKTPONpPUBOAE HE3aBUCMMOro
BO36YyxaeHuns, obecneumBaeT Hany4dlme nokasaTenm c No3nLmm
3HeproaddeKTUBHOCTHU.

4.4. DXOHOMMYECKMEe nokasaTenun 3HeproaddeKTUBHOCTU AN CTAHOB
NUANTPMMOBON Fpynnbl

B Tabn. 4.6 npuBeneHbl pe3ynbTaTbl pacyeTa 3KOHOMUYECKMX NoKa3aTenemn

ans ctaHa XMNT-450 npu pasnnyHbIX TEXHUYECKMX peLleHnsaxX NoBblLLEeHns
3HeproaHeKTUBHOCTN. DKOHOMMUYECKNI 3D DEKT oLeHmnBanca B pyb. 3a rog
paboTbl cTaHa.

[Ona craHa XMNT-450 Hannyywmnx pe3ynbTaToB B NiaHe 3KOHOMUMK

3/1eKTPO3HEPrum yaaeTcsa Ao6nTbCa B cxemMe NponopLMOHanbHOro ynpasneHns
NMOTOKOM U TOKOM SIKOPSi CUHXPOHHbIM PeaKTMBHbIM ABUraTeneM He3aBMCMMOoro
B036yxaeHunsa (cM. Tabn. 4.6). NogoBass 9KOHOMUSA CoCTaBwuIa nopsaka 2,5 mnH pyb6.
130

Tabnuua 4.6

SKoHOMUYeckue nokasatenu ans crada XMT-450 npu pa3nnyHbiX TEXHUYECKNX pPeLLeHnsaX
noBblWeHNs aHeproaddeKTUBHOCTH

TexHonornyeckuni

obbekT

TexHunyeckoe pelieHune

A33
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, KBT

* y/rop

DKOHOMMYECKM

3¢ dekT, pyb./roa

CraH XINT-450

[Burartenb NOCTOSAHHOIO TOKa,
MaxOBWYHbI NpUBOA

78 563 329 964

[BuraTesib NOCTOAHHOrro ToKa,
CMsirYeHne MexaHMU4ecKomn
XapaKTepuCTUKM

131 105 550 640

[Buratenb NOCTOSHHOro ToKa,
npeasapuTenbHoe ocnabneHve nons
27 022 113 491

[Burartenb NOCTOSAHHOIO TOKaA,
NponopLnoHanbHoe ynpasnieHne
15512 65 152

CUHXPOHHbBIW ABUraTeNb, BEKTOPHOE
perynvpoBaHue

355284 1492 193
CUMHXPOHHbIV aBUrartens,
NponopLunoHanbHOe ynpasnieHne
376 301 1 580 463

CPOHB, cxeMa c noagepxaHuem
NOCTOSHCTBa NOTOKa

470 876 1 977 681

CPHB, nponopunoHanbHoe
yrnpasneHue

575460 2 416 932

[ns NpOLNBHOIro CTaHa HanyylnX pe3ysbTaToB B MJiaHe 3KOHOMUM
3N1EKTPO3HEPrumn yaaeTcsa AoOUTLCA Takxe B CXeMe NpornopLMOHasbHOro
ynpas/ieHNsa NOTOKOM U TOKOM SKOPSt CUHXPOHHbIX peakTUBHbIM ABUraTesniemM
He3aBMcMMoro Bo3byxaeHus (cm. Tabn. 4.7).

opoBasi akoHOMMSA cocTaBuna nopsaaka 4,8 mnH py6. OaHako,

NPUMEHUTENbHO K 3TOMY CTaHy cnefyeT 0bpaTuTb BHMMaHMe Ha creayloume
obcroaTenbcrea. Cnocobbl NoBblWeHUS 3HeproaddHeKTUBHOCTM, OCHOBAHHbIE Ha
NCMNoNb30BaHMN 3HEPrMN MaxoBbIX MAacC 3/1EKTPONpPUBOAA, MPaKTUYECKM He
pacKpbIBalOT CBOEro NoTeHumnana. 370 CBA3aHO CO 3HaYMTENIbHbIM BpeMeHeM
pabouero umkna NpowWmBHOro craHa (CoOTHU cekyHA). Ho B To e BpeMs AaHHoe
obcTosiTenbCcTBO 0becneunBaeT 6onee BbICOKME MOKasaTem 3KOHOMUM B CXeMax C
perynvpoBaHMeM NOTOKa, Tak Kak OTHOCUTENbHOE BPEMS MOCTOSAHHbIX BPEMEHMU
06MOTOK BO36YXXAEHMSA 3HAUMTENbHO MeHblUe BpeMeHn paboyero umkna.

131
Tabnuua 4.7
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DKOHOMMYEeCKne nokasaTenun ans MPOWMBHOIO CTaHa Npu pasIMyHblIX TEXHUYECKUX peLleHNnAax

noBblWeHns aHeproaddeKTUBHOCTH
TexHonornyeckunii

obbekT

TexHunyeckoe pelleHune

A33

, KBT

= y/rog

DKOHOMUYECKU

addekT, pyb./roa

MpowmnBHOM CcTaH

[Burartenb NOCTOSIHHOIO TOKa,
MaXOBMWYHbI MPUBOL

30 667 128 801

[Burartenb NOCTOSAHHOrO TOKa,
CcMsirYeHne MexaHuU4ecKomn
XapaKTepuCTUKM

65291 274 221

[Burartesnib NOCTOSAHHOIO TOKa,
npeasBapuTenbHoe ocnabneHve nons
32 645 137 110

[Burartenb NOCTOSAHHOIO TOKaQ,
NponopuUMOHanbHOe yrnpasnieHme
332176 1 395 140
CWHXPOHHbIN ABUraTenb, BEKTOPHOE
perynvposaHue

719 859 3 023 408
CUHXPOHHbBIW ABUraTenb,
NpoMnopLMOHaNbHOE yrpasieHne
918 837 3859 117

CPHB, cxema c noanepxaHuem
NMOCTOSIHCTBA MOTOKA

940 576 3 950 420

CPAHB, nponopumnoHanbHoe
ynpasneHue

1143 3504 802 071

Tabnuua 4.8

DKOHOMMUYecKMe nokasaTenu Ans nnnbrepcraHa Npu pas/iMyHblX TEXHUYECKNX peLleHNAX

NoBbILLIEHNS 3HepProaddeKTUBHOCTH
TexHonornyeckni

obbekT

TexHuyeckoe peweHune

A33

, KBT

* y/rop,
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DKOHOMMYECKU

addekT, pyb./roa
Munbrepcran

[BuraTesib NOCTOAHHOro ToKa,
MaxoBWYHbIA NPUBOA
155313 652 313

[Burartenb NOCTOSAHHOIO TOKaA,
CMSArYeHne MexaHu4ecKomn
XapaKTepUCTUKH

259 184 1 088 573
[Buratenb NOCTOSSHHOro ToKa,

npeaBapuTenbHoe ocnabneHve nons

53 420 224 362
[iBuraTesib MOCTOAHHOrO TOKa,

nponopunoHasbHOE ynpaBneHune

30 667 128 801

CWHXPOHHbIW ABUTaTeNb, BEKTOPHOE

perynupoBaHue
702 369 2 949 950
CVHXPOHHBbI ABUTaTenNb,

nponopunoHanbHOE ynpaBsieHne

743 918 3 124 455

CPHB, cxeMa c noanepxaHuem
MOCTOSIHCTBA NMOTOKa

930 886 3 909 723

CPHB, nponopumnoHanbHoe
ynpasneHue

1137 6404 778 089

132

[ns nunbrepcraHa HannyylWnx pesybTaToB B NJaHE SKOHOMUMN

3/1eKTPO3HEPr UM yaaeTcs A0BUTbCA B CXeMe NPONOpLMOHanbHOMO yrnpasieHns
NMOTOKOM M TOKOM SIKOPSI CUHXPOHHbIX PeaKTUBHbIM ABUraTesleM HE3aBUCUMOro
B036yxaeHunsa (cM. Tabn. 4.8). Fogosas 3KOHOMMSA cocTasuna nopsaka 4,8 mnH pyb.
Taknm 0bpa3oM, MPUMEHUTENBHO K CTaHaM NUAUIPUMOBOW rpynmbl

Hauy4ywunm sHeprocbeperatoLmM peleHnemM Npu3HaeTcsa cxema C
NpPOMNOPLMOHANbHbIM YrpaBieHMe MOTOKOM Y TOKOM SIKOPSt CUHXPOHHbIM
peaKkTUBHbIM ABUraTeneM He3aBUCMMOro BO3OYXAEHUS.

BbiBOAbI :

1. NokasaHo, 4yTo Anga anekTponpusoaa craHa XMT-450 npumeHeHne

MaxoBMKa MO3BOSSET CHU3UTb CyMMapHble NoTepu B anekTponpueoge Ha 10 %.
CnepyeTt 06paTUTb BHUMaHWE, YTO CHUXEHUE CpeAHEKBaAPaTUYHOro ToKa sikopst
OAHOMOMEHTHO NPUBOANT K YBEIMYEHWNIO MEXAHUYECKUX MOTEPb B
3/1eKTPONpPUBOAE, B pe3y/ibTaTe YMeHbLUAeTCa obwnii addeKT B NaaHe 3KOHOMUM
3NEeKTPUYECKON aHepruun. Bmecre ¢ TeM nposBnsoTca HebnaronpusaTHble NO6oYHbIE
ABNEHNS AJaHHOro cnocoba: pe3ko yBenmynBaeTCs MaTepuanoeMKoCTb
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3N1eKTPONpuBOAa, PacTyT rabapuTbl, yBENMUYNBAKOTCA NOTEPU B NOAWMMHUKAX Ha
TPeHue N TpeHne O BO3AyX, CHUXXAETCA HaAEXHOCTb NpW 3KCnayaTaumm
NOALIMMHNKOBBIX Y3/10B.

2. MNokasaHo, 4To Ans anekTponpusoaa ctaHa XMT-450 cMaryeHne

MeXaHWYeCKOol XapaKTepucTUKN ABUraTens noCTosHHOrO TOKa NO3BOMSET CHU3UTb
CyMMapHble noTepu B afekTpornpusoae Ha 16 %. 3aMeTHOEe CHUXEHune
cpepHekBazapaTMUYHOro Toka (4o 50 %) goctMraercs ToNbKO NPU MasbiX YacTtoTax
cpe3a W 3HaunTeNbHbIX NpocagKax CKOPOCTU, KOTOPble B peasibHblX CMCTEMax
AonyckaTb Henb3sl. Hanbonbluasi 3KOHOMMSA 3neKTpuyecknx notepb HabnogaeTcs B
30He HU3KNX 3HaveHuni KPC

, OAHAKO NpW 3TOM 3HAUYNTENBHO YMEHbLUAETCA CpeaHss

CKOPOCTb MPOKAaTKKM, YTO BNieYeT 3a cobol yBenmueHne BpeMeHn LUnKna u, Kak
CneacTBme, CHUXEHME NpoM3BOANTENBHOCTU CTaHa.

133

3. B cxemax ¢ perynmposaHvneM rno noToKy B 3/1€eKTPONpUBOAE MOCTOSSHHOMO

TOKa (ABYX30HHOE perynpoBaHue U NponopumoHanbHoe ynpasBieHne noTOKOM 1
TOKOM SIKOPS$1) 3HaUNTENbHOW SKOHOMUWN 3N1IEKTPO3HEPTUM A0BUTBLCA He yaaeTcs.
CyMMapHble NoTepMU MO CPaBHEHMIO C CYLLECTBYIOLLEM PELUEHNEM CHUKAIOTCA Ha
2-3 %. JaHHOe 06CToATEeNbCTBO 06bSACHAETCS 3HAYMTENbHOM MOCTOSSHHOM BpEMEHU
06MOTKMN BO36Y>XKAEHUNS OTHOCUTENBHO BpeMeHn paboyero uMKna NpoKaTkun, 4To He
No3BONSET C HEO6XOANMbIM 6bICTPOAENCTBMEM perynmposaTb NOTOK. DKOHOMUS
3/1eKTPUYECKO IHEepruun 3a cdeT Bbibopa ONTMManbHOro rpadrka M3MeHeHus
MarHUTHOrO MOTOKA OKa3blBAETCH OYEHb HE3HAYUTENbHOW U, yYnTbiBas
HeunsbexHoe yCnoXHeHne CXeMbl, OT BO3AENCTBMSA NO NOTOKY B ABUraTene
NMOCTOAHHOrO TOKa CrieflyeT 0TKa3aTbCs.

4. MMokasaHo, YTO CyMMapHble NoTepu B CUHXPOHHOM 371EKTPONpUBOAE

Ha 45 % HMXXe Mo CpaBHEHMUIO C CYLLECTBYIOWMM Ha CEroAHSALWHUN AeHb pelleHneM
(cTanpapTHas cxema NoAYMHEHHOr0 peryiMpoBaHus C NOCTOSHHbIM TOKOM
BO36YyXAEHMS). DKOHOMUS O6bSACHAETCA 3HAYMTENIbHO MEHBLUMMMK MOTEPSMU B
sikope (34,9 kBT 3a uMkn NpokKaTku, No cpaBHeHuto ¢ 117,2 KBT B cxeme
NOAYNHEHHOrO peryaMpoBaHuns ABUraTesns noCToAHHOrO ToKa).

5. 2ddeKkT 3KOHOMUKN INEKTPOIHEPTUM B CUHXPOHHOM 3/1EKTPONPUBOAE

craHa XIMT-450 B cxeMax BEKTOPHOro yrnpasfeHUs U NponopLmMoHanbHOro
yNpaB/ieHNs MOTOKOM M TOKOM SIKOPSi MpakTU4eckn oanHakos. CyMMapHbie noTepu
Mpuv 3TOM NO CPAaBHEHUIO C CYLLECTBYIOLLMM pelleHneM CHmxatotTcs Ha 45-47 % B
OCHOBHOM 3a CYeT SIKOpHOW cocTaBnsaowel. JaHHoe 06CToATeNbLCTBO 06bACHSAETCS
3HAYNTENBbHOW MOCTOSIHHON BpeMeHU 06MOTKM BO36YXAEHUNS OTHOCUTENBHO
BpeMeHu paboyero LMKna npokKaTku, YTO He NO3BONSIET C HEOOXOANMbIM
6bICTpOAENCTBMEM perynMpoBaTb NOTOK. DKOHOMUS 3N1EKTPUYECKON SHEprmn 3a
cyeT BblbOpa ONTMManbHOro rpacdmka U3MeHeHUs MarHMTHOMO NOTOKAa OKa3blBaeTCcs
OYeHb He3HAYMUTENbHOW U, YUNTbIiBas HensbexHoe yCIoXXHEeHUe CxeMmbl, OT
BO3AENCTBNSA NO MOTOKY B CUHXPOHHOM ABUraTene cneayeT OTKas3aTbCs.

134

6. NokasaHo, YTO CyMMapHble NOTEPU B CUHXPOHHOM peaKTUBHOM
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3/1eKTPONpPUBOAE HE3aBUCMMOro Bo3byxaeHns Ha 59 % HMXKe No CpaBHEHWUIO C
CYLLECTBYIOLLMM Ha CEroAHSLWHWUN AeHb pelleHneM (CTaHaapTHas cxema
NOAYMHEHHOrO perynmposaHns Ha 6ese ABuraTens NOCTOSHHOrO ToKa C
NMOCTOSAHHbIM TOKOM BO36Y>XAEHMWS). DKOHOMUSA 06bACHAETCA 3HAYNTENBHO
MeHbLINMK noTepsMmn B skope (38 KBT 3a unkn npokaTku, No cpaBHeHuto ¢ 117,2
KBT B cXemMe NoAYMHEHHOrO perynpoBaHnsa ABuraTens NOCTOSAHHOro Toka), a
TakXxe MoJIHbIM OTCYTCTBMEM COCTaBNAOLLEN NOTEPb Ha BO3OyxAeHue.

7. NokasaHo, 4To Ans anekTponpusoaa craHa XIMT-450 nponopunoHanbHoe
ynpasfieHne NoTOKOM U TOKOM SIKOPSi B CUHXPOHHOM peakTUBHOM ABurarene
He3aBMCMMOro BO36YXAEHNS OTHOCUTENbHO CYLLLECTBYIOLLEr0 Ha CeroaHSALWHNI
AEHb peleHns NMEET 3HaunTelbHOe NPENMYLLECTBO B MNjlaHe 3KOHOMUKN
3/1eKTPO3Heprum (CyMMapHble NOTEPU B 3/IEKTPONPUBOAE CHMXAIKOTCA Ha 72 %).
JononHnTenbHas 3KOHOMUS NO CPaBHEHUIO CO CXEMOM yNnpaBfieHUs nNpu
NMOCTOSAHHOM NOTOKe 06bACHSAETCH TEM 06CTOATENBCTBOM, YTO B PEXMME XOSI0CTOro
X0/Ja MosHee NCNoJsib3yeTcs MMHUMU3aLMSA NOCTOSAHHbIX NOTEPb B 3/1IEKTPONPUBOAE,
a Npu neperpyskKax MeHblUle CKa3blBalTCA CpedHeKBaApaTUYHbIE NOTEPU OT TOKa B
sakope. Cnocob ynpasneHuns, OCHOBaHHbI Ha Bbibope onTMManbHOro rpaduka
W3MEHEHWNS MarHMTHOro NOTOKa B CUHXPOHHOM PeaKTMBHOM 3N1EKTPONpUBOAE
He3aBMCcMMOro Bo3byxaeHus, obecneunBaeT Hannyylne nokasaTenu C no3nunm
3HeproaddeKTUBHOCTH.

DKOHOMUS 3NIEKTPUYHECKON SHEPIrUN B 3IEKTPONPUBOAE C CUHXPOHHbBIM
peaKkTMBHbIM ABUraTeNeM He3aBMCMMOro Bo3by>xaeHs AOCTUraeTcs, Bo-NepBblX, 3a
CYeT KOHCTPYKTMBHOIO OTCYTCTBMUSA 0B6MOTKM BO3OYXAEHUSA, U KaK CneacTeue,
COOTBETCTBYIOLLEN COCTaBAsitOWEen NoTepb. Bo-BTOPbIX, B 9N1€KTPONpUBOAE C
CPOHB, rae Bo3aeiicTBME Ha NOTOK BO36YXXAEHUS OCyLLECTBASIETCS 06MOTKOM
SIKOpsl, KOTOpasi NpakTu4yeckn 6e3blHepUNOHHA, BO3MOXHbI J1H0bble crnocobbl
ynpasfieHnsa noTokoM. Mpu 3TOM Hannydlwme pe3ynbTaTbl AAeT NponopumoHanbHoe
ynpasneHune Bo36yXAeHNEM N TOKOM SIKOPS.
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8. Cnocobbl NoBbILWEHNS 3HEProahEKTUBHOCTU NPUMEHUTENBHO K

NPOLMBHOMY CTaHY, OCHOBaHHbIE Ha NCMOIb30BaHUU SHEPrMM MaxoBblX Macc
3/1eKTPONpUBOAA, NPaKTUYECKM HE pacKpbiBalOT CBOEro NoTeHumnana. 310 CBA3aHO
CO 3HaYMTeNbHbIM BpeMeHeM paboyero LMKia npowmBHOro craHa (CoOTHU CeKyHA).
Ho B TO e BpeMs AaHHOe o6cToATeNbCTBO obecrneunBaeT 6onee BbiCcOKME
nokKasaTesm 3KOHOMUK B CXeMax C peryMpoBaHMeM MoToKa, Tak Kak
OTHOCUTENbHOE BPEMS MOCTOSHHbIX BpEMEHN 06MOTOK BO36YXAEHUSA 3HAYUTENBHO
MeHblle BpeMeHWn paboyero uukna.
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3aKoyeHne

B anccepraumoHHoOW paboTe pelleHa akTyanbHas Hay4YHO-TeXHuYyeckas

334aya — nosblleHNe 3HeproadMdeKTUBHOCTM 31eKTPONPNBOAOB TPYHONpoKaTHbIX
CTaHOB MWIMTPUMOBOW TPYMMbl, MPeASoXeHbl HOBbIE MPUHLMMbI U anropUTMbl
YyNpaBfeHNs 371eKTPOTEXHNYECKMMIN cucTeMaMm TpybonpoKaTHbIX CTaHOB,
pacKpbITbl BO3MOXHOCTU U pe3epBbl SHEPro- N pecypcocbepexeHuns cpeacrsamm
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ABTOMAaTU3NPOBAHHbIX 3N1EKTPONPUBOAOB U CUCTEM YNPaB/EHMNS.
BbinonHeHHbIe nccneaoBaHms No3soamam cchopMynmpoBaTh CreaytoLlmne

BblBOAbI .

MpoBefeH aHanu3 TpeboBaHMI TEXHOIOrMYECKOro npoLecca K
3NeKTponpuBoAaM TpybonpoKaTHbIX CTAHOB MUANTPUMOBON FPyMnbl C MO3ULMIA
3HeprocbepexeHuns. M3yuyeHme ocobeHHOCTEN TEXHONOrMM NMPOKaTKM, MEXaHO- U
371eKkTpoobopyAOBaHMSA CTaHOB NMUANTPUMOBON FPyNMbl MOKAa3asno, YTO B OCHOBY
BblbOpa nyTelr u cnocob60B 3KOHOMUWN 3NIEKTPOSHEPIrUM CrieayeT NMoNOXUTb BUA
Harpy3ouHoW aAvarpammbl paboyero mexaHusma. MpeanoxeHa knaccudukaums
OCHOBHbIX MyTeN 3KOHOMUWN 3NIEKTPOSHEPTUM B 3/1EKTPONPMBOAAX 3TUX CTAHOB.
MpeanoxeH anropuTM NporH03MpoBaHMS COCTaBASALWMNX MNOTEPL B
3M1EeKTPONpuBOAaX NpokaTHbIX cTaHoB ¢ CPAHB. OH yunTbiBaeT 0cobeHHOCTH
KOHCTPYKLMWN 1 PYHKLNOHMPOBaHWSA, 61M3KMe nam coBnagarolimne ¢ TakoBbiMU B
CYLLLECTBYIOLWMX 31EKTPONPUBOAAX MPOKATHbLIX CTAHOB C TUXOXOAH bIMK
CUHXPOHHbIMU U ABUTraTENSAMU MOCTOAHHOrO TOKa.

PaspaboTtaHa npeacraBneHHas B BUAE ypaBHEHUS perpeccmun

MaTeMaTmuyeckas Mogesnb OnpeaesieHnsa CoOCTaBNsALWNX NOTepPb B 3/IeKTPONpueoae
npokaTHow knetun crtaHa XMT-450, oTaMyatoLasncs TeM, YTO OHa COAEPXUT y3en
BblYMC/IEHUS COCTaBSALWMX NOTEPb, KOTOPbIN MO3BOMSET ONpeaensiTb Ux
BEIMUYMHY KaK B CTaTUYECKMX, TaK U B AMHAMUUYECKNX pexmnmax paboTbl
anekTponpueoga. ConocraBnieHne pacyeTHbIX U 3KCNepPUMEHTaNbHbIX AAHHbIX
NMoKa3ano KOPPEKTHOCTb MaTeMaTU4yeckon mogenu. MNpu asTom Koa(pdULNEHT
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CrbiogeHTta t = 1,5 1 He npeBbiwan t

KpUT

= 2,04.

MonyyeHHass matemMaTvyeckas MOAeNb MO3BOJSIMIIA NMPOBECTU OLLEHKY

BEJIMYNHbI CYMMapHbIX MOTEPb U X COCTaBSALWMNX B 3nekTponpusoae ¢ CPAOHB.
CyMMapHble NoTepy 31eKTPO3HEPIMN 3a LMK/ MPOKaTKW B 3/1EKTPONpUBOAE C
CPIHB u pekoMeHAOBaHHbIMW B AMCCEPTALMM 3aKOHaMKN ynpaBfieHns MOTryT 6blTb
CHUXEeHbl Ha 72 % no CpaBHEHUIO C NOTEPSIMU B CYLLECTBYIOLLLEM 3/1EKTPOMNPUBOAE
MOCTOSIHHOIrO TOKa, KOoTopbiM 06opyaoBaH crtaH XMT-450.

B anekTponpuBoaax CTaHOB MUIMIPUMOBOW FPynnbl, paboTarolmnx B pexmme
60nbLINX Neperpy3oKk N0 MOMEHTY M C KOPOTKUM BpeMeHeM paboyero umkna,
CON3MEPUMBIM C MOCTOSAHHbBIMW BPEMEHW CYLLECTBYIOLLNX CUHXPOHHbBIX U
NOCTOSIHHOIO TOKa ABUraTenen, Hauy4dlwune pesybTaThl B MNjaHe 3KOHOMUMU
3M1eKTpo3Heprum obecrneumsaloT anekTponpueoabl ¢ CPAHB, 6naroanaps 6onee
BblCOKOMY Ka4yeCcTBY NMepexOoAHbIX NMpoLecCcoB peryampoBaHnsa TOKOB SIKOPS U
BO36OYyXAaeHums.

MogaepHu3auuns 3n1eKTponpuBoAa NPOKATHOM KIETU NO3BONAUT YyYlUTb
rnokasaTtenun sHeproaddekTuBHoCTU. Mpn 3TOM 3KOHOMUYECKM I 3 deKT (Ha
OCHOBAHMW pacyeToB, BbIMOJIHEHHbIX B AUCCEPTALMM) AOCTUTAETCs 3a cYeT
BHeApeHNs 3Heproa@@eKTMBHOro TMna 37eKTpoMexaH4eckoro npeobpasosaTens,
peanu3aunm aHeprocbeperatoLmMx 3aKOHOB yrnpaBneHus n ans craHa XMNT-450
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oueHuBaeTcs cymmon 2,5 mnH. py6. B roa. NpvMeHUTENbHO K BCel rpynne
nUAMrpmmMoBbix ctaHoB MAO «YTIM3» akoHOMUYecknii 3heKT MOXKET COCTaBUTb
12 MAH. py6. B roa.
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