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3AMCTBOBAHUA
47,57%

LATUPOBAHUA
0,56%

OPUTUHANBHOCTb
51,87%

3aVMCTBOBaHVISl — JJ0N1A1 BCeX HalijleHHbIX TeKCTOBbIX NepeceyeHuid, 3a CKKUeHNeM Tex, KOTopble cMcTeMa OTHeC1a K LIMTMPOBaHVISIM, MO OTHOLLEHWIO K 06LLeMy 061bemy JoKyMeHTa.
LInT1poBaHNs — 05t TEKCTOBbIX NepeceyeHwin, KoTopble He ABASITCA aBTOPCKMMM, HO C1CTeMa NocymTana Nx 1Cnosb3oBaHne KOPPEKTHLIM, MO OTHOLLIEHWIO K 06LLjeMy 06beMy AokyMeHTa. Cloga
oTHOCATCH opopmaeHHble no FOCTy uuTaThl; 06LLeynoTpebuTebHbIe BbIpaXeHUs; pparMeHThl TeKCTa, HalileHHbIE B UCTOYHMKAX U3 KONNeKLMUI A HOPMaTUBHO-NPaBOBOM JOKyMeHTaLUW.

TekcToBOE NepeceveHvie — ¢pal’MeHT TeKCcTa NpoBepAeMoro 4oKyMeHTa, COBMaAatoLLMi UM MOYTY COBMaAAtoLLMM C d)pal'MeHTOM TeKCTa NCTOYHMKa.

WICTOUHVK — JOKYMEHT, HpOMHAeKCMpOBaHHbIVI B cncreme u CO,D,EP)K&LLI,VIVI(H B MOZy/ie MoucKa, no KOTOpOMy NMPOBOAUTCA MpoBepKa.
OpUrMHanbHOCTb — ons q)paI'MEHTOB TeKkCTa NpoBepAeMoro JOKyMeHTa, He O6Hapy>KEHHbIX HU B O4HOM NCTOYHMKE, MO KOTOPbLIM LA NPOBEPKA, MO OTHOLIEHNKO K 06L|.|,emy 06'bEMy AOKyMeHTa.
3anMCTBOBaHMS, LUTUPOBAHWNSA 1 OPUTMHANBHOCTL ABAAKOTCA OTAE/IbHBIMK Nokasatenammn 1 B cymme gatoT 100%, 4To COOTBETCTBYET BCEMY TEKCTY MPOBEPAEMOro AOKyMeHTa.

O6paLL[aeM Baiue BHVMaHMe, YTO CMCTeMa HaXoAUT TEKCTOBbIE NepeceyeHysi NpoBepseMoro AoKymMmeHTa C NPONHAEKCMPOBAHHBLIMU B CUCTEME TeKCTOBbIMU UCTOYHUKaAMU. anI 3TOM CUCTEMa ABAeTCA

BCMOMOraTe/isHbIM NHCTPYMEHTOM, ornpejesieHie KOPPEKTHOCTU 1 MPaBOMEPHOCTH 3a1MCTBOBaHUIA N LJ,VITVIpOBaHVIVI, a TaKXke aBTopCTBa TEKCTOBbIX ¢pa|’MeHTOB npoBepsAemMoro AokymeHTa

OCTaeTcd B KOMMNEeTEHL MW MPOBepArOLLEero.

[Jons

Ne 5 oTueTe MNcTouHmk Ccbinka

[o1] 4,82% Pedepat BbinyckHas kBanndukaLmoHHas paboTa COAEPXUT 72 cTpaHULpl TekcTa, 32 pu...  http:/lib.knigi-x.ru

[02] 4,32% TPU_VKR_20072.pdf http://portal.tpu.ru

[03] 0,7% TPU_VKR_20116.pdf http://portal.tpu.ru

[04] 4,06% TPU_VKR_23622.pdf http://portal.tpu.ru

[05] 0,49% TPU_VKR_21088.pdf http://portal.tpu.ru

[06] 4,98% He yKa3aHo http://bib.convdocs.org
[07] 0,86% YuebHoe nocobue "InekTpuyecknin npmeog” http://portal.tpu.ru:7777
[08] 0% TPU_VKR_20096.pdf http://portal.tpu.ru

[09] 0,25% TPU_VKR_19800.pdf http://portal.tpu.ru

[10] 0,67% TPU_VKR_47249.pdf http://portal.tpu.ru

1] 1,62% SNeKTPonpVBO/ NPOMbILLIEHHbIX MeXaHN3MOB (MeTo.yka3aHns No BbINMONHEHWO Na6... He yka3aHo

[12] 0% SNeKTPonprBO/ NPOMbILLIEHHbIX MeXaH3MOB (MeTo.yka3aHWs No BbINMONHEHWO 1a6... He yka3aHo

[13] 2,86% 1.3HepeBepcrBHbIe TVPUCTOPHbIE NpeobpasoBaTeny - TepboxiH B.b. MogentoBaHHs cuc.. http://ukrdoc.com.ua
[14] 2% «IHeprocteperatoLLmii SN1eKTPONPUBOZ LIeHTPOBEXHbIX HACOCOB COBCTBEHHbIX HyX A4 T3. http://aues.kz

[15] 0,62% 950826351746-0 He ykasaHo

[16] 1,09% CkayaTtb http://worldreferat.ru
171 0,68% SneKTponpuBo HedpTenepekaumBatoLLMX U KOMMPECCOPHbIX CTaHLMI HepTerasonposo. He ykasaHo

[18] 2,39% https://esu.citis.ru/dissertation/VYJVKPZH3YDFPXMRI6Q64STE https://esu.citis.ru

[19] 0,14% He yKa3aHo http://bib.convdocs.org
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AHaNUTUYECKNE 1 SKCTIEPUMEHTANbHBIE UCCIEA0BAHUS PETYMPYEMOTO 1EKTPOMNPUBOZ.

SNeKTPonpuBoA Ha 6a3se cmcTemMbl npeoGpasoBaTenb 4acToThbl - aCVIHXpOHHbIVI Asurare...

SHEPTETUYECKUM UHCTUTYT MATEPUAJIbI IV MEXAYHAPOAHOMO MOJIOAEXHOTO.

TPU_VKR_17590.pdf

YMN_(M333CBCML)_31BWN3_Tepremec K.T_17012018

https://esu.citis.ru/dissertation/1tgm000KD8xB15)G6w2cLb00

KypcoBuK - Perynnpyemblii 31eKTponpuBog indTa no cucteme MY-AJ] ¢ KOPOTKO3aMKHY..

YuTaTb pparmeHT PDF

YN 3nAny Anmypartosa HK 31102016.txt

SHepreTnyeckrie COOTHOLLEHUS B CUI0BOM KaHasle 3/1eKTponpusoaa LleHTpOﬁe)KHbIX M...

YayT 1.C. ACHXPOHHbI 3/1EKTPOMPVBOA 5YPOBOW YCTAHOBKM

He yKaszaHo

[JlvHamunyeckoe TopMoxeHue

JlnHamunyeckoe TopMoxeHue
BHGPFOCGEPGFaIOLLLVIe CNCTEMbI 3/1IEKTPONPUBOAA LLEHTpOﬁE)KHbIX HaCOCHbIX arperatos

Tom 1

SHepreTnyeckrie COOTHOLLEHWS B CU1I0BOM KaHase 3/1eKTpornpusoja ueHTpOGe)KHbIX M...

Ka3KKA Xa6apLublcel Ne 4(103), 2017. ®aiingel *.pdf popmatbiHga kepy (3/3)

TyMOLKVH, BaguMm Bnagumuposuny PaspaboTka 1 nccnesoBaHvie HabntoaaTens yriosoi.

MZ SnAMY XyHuncban [IE 20012016.txt

[JvnccepTtaumsa

Doc2All.ru - Pa3paboTka 1 nccnegoBaHve HabatoAaTens yraoBoi CKOPOCTY A1t aCUHXPO..

MZA140613 33® TonwmeBHC ru.txt

https://esu.citis.ru/dissertation/YEUMMGEGULUDO719G2A0OPHD1

Pa3spaboTka 3neKTponpusoja BOAAHHOIO Hacoca no cucteme TPH-AZl ynpasneHus ckop..

HepeBepcnBHbI MOCTOBOM TPéxdasHbI TMPUCTOPHbIV NpeobpasosBaTenb 2 CTpaHMLA

MZ SrAMY Kabnawes KK 19012016.txt

AHaTonuiA 3aropckunii TUPUCTOPHbIe NYCKOBbIE YCTPOCTBa

CmupHoB, AnekcaHgp Onerosuy gnccepTtauus ... KaHAanaaTa TexHnyecknx Hayk : 05.09.03..

3Heproc6eperar0u.|,v1e CNCTEeMbI 3/1EKTPONPUBOAA Ll,eHTpOGe)KHbIX HaCOCHbIX arperatos

BonoswH, EBreHuii Bragumrposuy Paspa6oTka anre6panyeckux MeToAoB uieHTuuKa..

CTapoBoiiToB, HvKonai BnagnmMmpoBuy gnccepTauus ... KAHAUAATA TEXHNYECKNX HaYK ...

Bypkos, Anekceln ®ej0poBNY AnccepTaLys ... JOKTOpPa TexHM4Yeckmx Hayk : 05.09.03 CaH...

He yKaszaHo

45143

YepHsX0BCKM, POMaH JleoHVAOBUY AnccepTaums ... KAHANAATA TeXHNYeCKMX Hayk : 05....

HOwkos, Mropb Cepreesny Avcceptaums ... kKaHanAaTa TexHUYecknx Hayk : 05.09.01 Cam..

He yKasaHo
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[57]1 0% BabuHoswnY, [lapbst EBreHbeBHa ONTMMM3aLMs 31eKTponoTpebieHNs Ha 06 bekTax TexH.
[58] 0% BopuckuH, Masen ViBaHOBUY AnccepTauns ... KaHAMAATa TeXHnYeckmnx Hayk : 05.09.03 Mo.
591 0% 72258
[60] 0% 250390
[61] 0% ApynnuvH, PuHaT bapuesny Ha nprimMepe BU6P03epHOOUNCTUTENBHbIX MALLMH : ANCCEpT...
[62] 0% XykoB, Vinbsi bopuncoBmy gucceptauums ... KaHanaaTta TexHuyeckmnx Hayk : 05.09.03 CaHkT..
[63] 0% ABTOMaTV3MPOBaHHBIV SN1EKTPOMNPUBOZ KOHBeliepa
[64] 0,02% OgHokonblnos, leopruii iBaHOBMY MeTOoAbI 11 anropuUTMbl 0TKa30yCTONYMNBOrO ynpasi..
[65] 0,15% Monuyk, Bnagnmnp Mocndosuny PassrTrie TeOpUN MOCTPOEHMS CUCTEM AUArHOCTUKM ...
[66] 0% Mwuixenb, AnekcaHap AnbbepToBUY ArccepTaLms ... KaHAMAATa TeXHUYeckmx Hayk : 05.14..
[67] 0% Kpyxkos, Bagnm leHHagbeBnY grccepTaums ... KaHAnAata TexHu4ecknx Hayk : 05.09.03 ..
[68] 0,19% Teopwus anekTponpusoja: Metoanyeckme yKasaHna 1 KOHTPO/IbHbIE 3aJaHus, CTPaHNLA..
[69] 0% 62911
[70] 0% 44766
711 0% SNeKTpoTeXHMYecknii cnpaBoYHKK. T. 4. icnonb3oBaHMe 31eKTpUYeckoin sHeprm
[72] He yKazaHo

TekcT AOKYMEeHTa

AHHOTauus

B HacTosiLLee Bpems 3/1eKTPONpUBOAbLI MePEMEHHOMO TOKa HaLLAW CBOe

NpVYIMeHeH e B Pas/InYHbIX OTPACAAX NMPOMbILLIEHHOCTU. BO/ibLIOE KONYeCTBO

3NeKTPOoNpMBOAOB NOCTPOEHO HA OCHOBE aCMHXPOHHbIX MaLUVH, BCIEACTBUE UX

BbICOKMX MOKa3aTesiel C TOUKM 3peHus HaeXHOCTI 1 LieHbl. B kayecTBe npuBoja

MexaHn3MoB Ll,eHTpOGe)KHOFO AelcTBISA 06bIYHO NPUMEHAITCA aCMHXPOHHbIE

ABuratenn c KOpOTKO3aMKHyTOI7I 06MOTKOW, NX MOLLHOCTb MOXET Hax0oAUTbCs B

npejeniax ot HECKOIbKMX KN10BaTT A0 Mel’aBaTT{m B

CYCTeMbI PeryNpyemMoro Mo YacToTe BpaLLEeHUs 3N1eKTPONprBoOAa

Ll,eHTpOGe)KHbIX MeXaHN3MOB MO3BOJIAT 0CBO6OANTLCSA OT 3HeprosaTpaTHol

perynvipytoLLeit apMaTypbl, CHU3WTb AVHAMUYeCKVe Harpy3ki Ha MeXaHUYeckyto

CUCTEMY 3/IEKTPONPUBOAA U YMEHBLLUNTL BIMAHME MYCKOBbLIX TOKOB Ha APYrux

|'|0Tpe6v|Tene|7|, MoAKMHOYEHHbIX K{E cetn.

B faHHOI AnccepTaLoHHOM paboTe nccneayroTcs ABa cnocoba ynpasneHns

ACUHXPOHHbIM 3/1EKTPONPUBOAOM C LIEHTPOBEXHOI Harpy3Koii - S1eKTPONpuBOA Mo

CXeMe «MpeoBpazoBaTelb HaCToTbl - aCUHXPOHHBIN AsuraTens» (MY-AZ) n €2

3neKTponp|/|Eo,qm no cxeme «TUPVCTOPHbIV PErynaTop HanpsXeHUs - aCUHXPOHHbIN

asuratens» (TPH-AL). {m

MposegeH COMOCTaBUTE/bHbBIV aHaN3 3TUX BapnaHTOoB, rokasaBLuni

npenmyLlectsa cuctemsl MY - Afl, noTpebasitoLLeli MeHbLLe 31eKTPOo3Heprv Npu

perynnpoBaHnn B 3aJaHHOM AnanasoHe.

[Ans nccnefoBaHUiA CNONb30BANCS SKCNEPUMEHTANbHbIN CTEHZ, AN

KOTOPOro npose/eHbl:

a) pacyeT MOLLHOCTY U Bbl60p aneKkTpoABuraTens Ans npueoja

Ll,eHTp066>KHOI'O Hacoca CTeHAa,;

6) onpejeneHvie NapameTpoB CXeMbl BBMeLLleHI/Iﬂ ACUHXPOHHOTO  ABuUraTtess B

a6CONMIOTHBIX eANHULIAX I'IO CNPaBOYHbIM TEXHNYECKUM AaHHbIM;

B) paCLIéTa €CTeCTBEHHbIX N NCKYCCTBEHHbBIX MEXaHUYECKUX N

SNeKTPOMEXaHUNYECKUX XapaKTEPUCTUK aCMHXPOHHOIO ABUraTesis.

B xoae nccnegoBaHns 6binv pa3pa60TaHbl ABE VMUTaUVOHHbIe MoZenn B
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http://dlib.rsl.ru

http://e.lanbook.com

http://e.lanbook.com

http://dlib.rsl.ru

http://dlib.rsl.ru
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http://e.lanbook.com

http://studentlibrary.ru
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nporpamMmmMHom nakete Matlab/Simulink:

a) IMUTaALMOHHasA MOZe/b «3N1eKTPONpuBoZ no cxeme MY-All»;

6) UMUTaLMOHHAs MOAe/Nb «INeKTPonprBoA No cxeme TPH-A/l».
Mony4eHHble MUTALMOHHbIE MOAENV MOTYT 6bITh MCMOb30BaHbI A/151
KOMMBIOTEPHOrO MOAENINPOBAHWA PAa3NNYHBIX TEXHONOTMYECKMX PEXMMOB

MeXaHV3MOB LIeHTPObeXHOro AencTeus.

AHpatna

Kasipri yakbITTa aliHbIManbl TOK 31eKTp KeTeKTepi eHepKacinTiH Typi
cananapblHAa KeHiHeH 63 KO/IZaHblyblH TanTbl. KOoFapbl CeHIMAINIK XaHe
6aFacblHbIH TUiIMAiNIriHe 6alinaHbICTbl 371eKTP XeTeKTepiHiH YKeH caHbl
aCUHXPOHAbI MalLVHanap HerisiHje xacanbiHraH. OpTagaH Tenkiw acep ety
MeXaHV3MAepiHiH XeTeri peTiHze aAeTTe Kblcka TyibIKTanFaH opamansl
ACUMHXPOHAbI KO3FaNTKbILITAP KONAaHbINaAbl, ONnapAblH KyaTbl GipHelle KunoBaTTaH
MeraBaTTka AeitiH 60/1ybl MyMKiH.

OpTaaaH Ternkilw MexaHVU3MAEPAIH INeKTp XeTeriHiH aliHany Xuiniri

60MbIHLLA peTTeNeTiH Xynenepi SHeprus WhiFbIHbIH peTTeyLUi apMaTypajaH
60caTyFa, 3NeKTp XeTeriHiH MexaHuKanblk XylieciHe AVHaMyKanbik XyKTeMeHi
TOMEH/ETYyre XaHe icke KOCy TOKTapblHbIH, Xenire KocbliFaH 6acka
TYTbIHYLLbINIAPFa Kepi aCepiH asainTyra MyMKIHAIK 6epegi.

Ocbl gnccepTaumsanbik XyMbICTa OpTajaH Tenkill xykremeci 6ap

ACUHXPOHZAbBI 3N1EKTP XKeTeKTi 6ackapyAblH eki TaCiN, AFHW «KMiNik TypaeHaipriwi
— aCUHXPOHZABI KO3FanTKbILL» KT-AK) cxemachl 60libIHLIA 3N1eKTP XeTeri XaHe
«KepHeYZAiH TUPUCTOP/Ibl PeTTeyilli — aCUHXPOHABI KO3FanTKbIL» (KTP-AK)
cxemMacbl 60ibIHLLIA 31eKTp XeTeri 3epTTenesi.

3epTTeniHreH eki HyckanapFra canbiCTbipManbl Tangay Xyprisingi, 6epinreH
ANanasoHAa peTTey 6apbICbiCbIHAA INEKTP IHEPrUSACHIH a3 TyTbIHaTbIH, XT-AK
KYMeciHiH apTbIKLWbINbIKTapbIH KepceTinigi.

3epTTey YLiH 3KCNepUMEHTTIK CTeHZ, KONAaHbINABI, XaHe keneci 6enimaep
KapacTbIpbl/ibIM, HITUXeNnep anblHAbl:

a) KyaTTblH ecebi kaHe CTeHATIH OpTanblkTaH TeMKill COPFbIChIHbIH XeTeri

YLUIH 31eKTPKO3FaNTKbILUTLI TaHAQY;

6) aHbIKTaManblk TexHVKanblk AepekTtep 6olibiHLLA abCoNtOTTIK bipnikTepse
ACUHXPOHAbI KO3FaNTKbILLTLI aIMACTbIPY CXeMacblHbIH NapameTpaepiH aHblKTay;
B) aCVHXPOH/bI KO3FaNTKbILLTLIH, TABUFN XaHE XacaH/bl MexaHVKablk XaHe
3NeKTpOMexaH1Kanblk cMnaTramanapbiH ecentey.

3epTTey 6apbicbiHAa Matlab/Simulink 6araapnamansik nakeTiHae eki
UMUTaUUANBIK MOAEb Xacanaibl:

a) «KT-AK cynbacbl 60iiblHLLIa 31eKTp XeTeri» UMUTaLMANbIK MoAen;

6) «KTP-AK cynbackl 60iibIHLLIA 3N1EKTP XEeTeri» UMUTALNANLIK MOZAEN.

ANbIHFAH IMUTALWS/IBIK MOZE/bAEP OpTajaH Terkill acep eTeTiH
MexaHU3MAEPAIH TYPAi TEXHONOMMANbIK PeXVMAEPIH KOMNbIOTEPIK MoAeNbAey

YLWiH NaiiaanaHbinybl MyMKiH.

Annotation

Currently, AC drives have found their application in various industries. A

large number of electric drives are built on the basis of asynchronous machines, due
to their high values in terms of reliability and price. As the drive mechanisms of
centrifugal action are usually used asynchronous motors with squirrel-cage winding,
their power can be in the range of several kilowatts to megawatts.

The systems of the electric drive of centrifugal mechanisms regulated to the
speed make it possible to get rid of energy-consuming control valves, reduce
dynamic loads on the mechanical system of the electric drive and reduce the
influence of starting currents on other consumers connected to the network.

In this thesis work investigates two methods of control of asynchronous

electric drive with centrifugal load - electric drive to scheme «frequency converter -

asynchronous motor» (FC-AM) and electric drive for the scheme «thyristor voltage



controller - asynchronous motor» (TVC-AM).

Comparative analysis of these options, which showed the advantages of the
system FC- AM consuming less electricity in the regulation in the predetermined
range.

For research, an experimental stand was used, for which conducted:

a) calculation of power and the choice of the electric motor for the drive of
the centrifugal pump of the stand;

b) determination of parameters of the equivalent circuit of the asynchronous
engine in Sl units on handbook technical data;

¢) calculation of natural and artificial mechanical and electromechanical
characteristics of the asynchronous motor.

During the research, two simulation models were developed in the software
package Matlab/Simulink:

a) simulation model «Electric drive according to the scheme of FC-AM»;

b) simulation model «Electric drive according to the scheme of TVC-AM».

The obtained simulation models can be used for computer simulation of

various technological modes of centrifugal mechanisms.
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BeezeHve

AKTyaNnbHOCTb TeMbl . B ycnoBusx coBpeMeHHbIX 3KOHOMUYECKX

OTHOLLEHWI BO3HVKAaeT HE0BXOANMOCTb NOBbILLEeHUS 3$GeKTUBHOCTI
MCMONb30BaHUs, BCEX BUAOB SHEPropecypcoB C MPUMEHEHNEM B LUMPOKNX
MaciuTabax aHeprocbeperaroLLyix TeXHONOrniA. OAHMM 13 BaXKHbIX PeCypcoB B
peLLeHnM 3TOIN 3a4a4m ABNSETCA CHXKEHWE SHepronoTpebneHns Ha
NMPOMBILLNEHHbBIX 06bEKTaX CPeACTBaMY aBTOMATM3MPOBAHHOIO 31EKTPONPMBOAA. {m
CoBpeMeHHbI 3N1eKTPONPYBO/A NPeACTaBIseT cO60 KOHCTPYKTUBHOE

€AVIHCTBO 31eKTPUYECKOro, 31eKTPOMEXaHNYECKOro (31eKTPOABMraTeNs) 1
MexaHu4ecKkoro npeobpasoBaTesiell SHePrum 1 ycTpoiicTea ynpasneHus. OH
obecneynsaeT NpeobpasoBaHme 31eKTPUYECKON SHEPTUW B MEXaHVYECKYHD SHEPTU0
B COOTBETCTBUV C aNrOPUTMOM paboThbl TEXHONOTMYECKo ycTaHoBKU. Chepa
NPUMEHEHWS 3N1eKTPUYECKOro MPYBOAA B MPOMBILLNIEHHOCTU, Ha TPaHCMopTe 1 B
6bITy NOCTOSIHHO paclumnpseTcs. B HacTosLee Bpems 6onee 60% Bceit
BblpabaTbIBaeMO B MVpe 3/1eKTPUYECKO SHEPrUM NOTPEBASETCA SNEKTPUYECKUMN
Apuratensamu [1,3]. CoBpeMeHHbIl 3Tan pasBUTUSA 3N1eKTPOMNPUBOAA
XapaKTepusyeTcs MaccoBbIM NepexoAoM OT HePerynnpyeMoro Npusoja K
perynupyemMomy Ha OCHOBE JOCTVXKEHWIA B 061aCTV CUNOBOI 1 ynpaBAastoLLelt
snexrporukv (£ . €51

ACVHXPOHHbIE MaLLVHbl Havbonee PacnpoCTpaHeHbl B MPOMbILLIEHHOCTA 1

Ha TpaHcropTe BCIEACTBYE CBOEV NPOCTOThI N HAAEXHOCTN. Ho He mpocToi
3ajaueit aBnaeTcs 3gpPeKTMBHOE ynpasieHne MU 1 CO3AaHNne ANa HUX
creuvanbHbIX CUCTEM yrpaBneHusl. AHaNm3 Takmx CMCTeM MokasblBaeT, YTo
npenmMyLLecTBa acCHXPOHHOTO ABUraTens Havboee NMONHO peannsyTcs Npu
YacTOTHOM peryinmpoBaHuUK, KOTopoe obecrneynsaeTca NpeobpasosaTenaMm
4acToThbl.

[Insi OCHOBHOI rpynnbl 06LLENPOMbILLAEHHbBIX MEXaHV3MOB, TakmX, Kak
TypbomexaHn3Mbl (KOMMPECCOPbI, HACOChI, BEHTUASTOPLI), MEXaHWU3MbI
HernpepbIBHOrO TPaHCMopTa (TpaHCnopTepsl, KOHBelepsbl), MOPLUHEBbIE MaLLNHbI,
TpebyeTcs He6oNbLLOV AVana3oH PeryavpoBaHus CKOPOCTU U OTHOCUTENBHO
HU3KOe bbICTpoAelicTBYE. B JaHHOM C/lyyae LienecoobpasHo NpUMEHsTL NpocToe
CKansipHoe ynpaeieHne YacTOTHO-PEryanpyeMbIM aCYHXPOHHbLIM
3N1eKTPONpPVBOAOM. [N 6oNee CIOXKHbIX MPOV3BOACTBEHHBIX MEXaHV3MOB

TPebyloTCs C1UCTeMa BEKTOPHOIO ynpaBeHns {m , KOTOpas ABnseTcs



6bICTPOAECTBYIOLLEN 1 LUMPOKOAVANAa30HHO. Hanprimep, 3nekTponpueoAb!
po60TOB, MeTaNIoPeXyLLMX CTaHKOB 1 Ap.
AnbTepHaTVBHbLIM BapUaHTOM YaCTOTHO-PeryavipyeMomy 31eKTponpueoay

ABNSETCS aCVHXPOHHBIA 3N1€KTPOMNPUBOZA C TUPUCTOPHBIM PErysTOpoM
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HanpsKeHVs, C MOMOLLbH0 KOTOPOro MOXHO 06eCneynTb NnaBHbIA Myck
aCUHXPOHHOTO ABUraTens ¢ 3a4aHHbIMU NapamMeTpamu pasroHa 1 peryninposaHue
CKOPOCTW B OMNpe/enieHHbIX npegenax. Ans m noBbILLeHNA 3pHeKTUBHOCTA
yrnpaBsneHus, Kak B AVHaMUKe, Tak 1 B CTaTuke anekTponpusoga TPH-A/,
HeobxoAnMa obpaTHas CBA3b MO YrN0BOl CKOPOCTW. Hannyme o6paTHOM CBA3M NO
CKOpOCTU HOBBOnﬂeTm o6ecrneynTb XecTKOCTb PeryIMPOBOYHbIX XapakTepucTuk,
YBENNYNTh AnanasoH perympoBaHus 1 NMOBbICUTL YCTOMYMBOCTL 31eKTPONpUBoAa
npn pa60Te Ha CpeaHNX N HU3KNX CKOPOCTAX.

Pa6oTa nocesilLieHa akTyanbHOV TemMe - CPaBHUTENbHOMY aHann3y AByx
nepcrekTUBHbIX CUCTEM aCMHXPOHHOTO 31eKTPOMPUBO/AA C OLLEHKON X
3HepreTnYecko 3pdekTBHOCTY.

CornacHo rocyaapcTeeHHoi nporpamme «Lndposoii KasaxcraH»

YTBEPXAEHHOM NocTaHOBNeHWeM NpasuTenbcTBa PK No827 ot 12.12.2017r.,
rnaBHoM uenso Hallen CTPaHbl ABNAETCA YCKOpeHue TeMNOoB PasBUTUS 3KOHOMUKA
PK 11 ynyulleHvie kayecTBa XU3HW HaceNeHs 3a CHET UCMOb30BaHNS LMGPOBbIX

TEXHONOIA.

O6beKTOM MCCNeA0BaHNSA AaHHOM paboTbl ABNAETCSA perynvpyemsiii
ACUHXPOHHBbIV 3neKTp0|‘|pMEOAE LLeHTPO6EXHbIX MEXaHU3MOB MO CXeMaMm
«m npeo6pasoBaTe/ib YacTOTbl — aCUHXPOHHBIN ABuratenb» (MY-AZ) n
«TUPUCTOPHbIN PErysTOp HaMPSXXEHNS - aCUHXPOHHbIN ABUraTeNb» (TPH-AA).m
MpeAmeToM mccne,qosaHmm ABNSIOTCS INeKTPOMEXaHNYeckme v
3N1eKTPOMarHUTHbIe XapakTepucTUKL CUCTEM PeryanmpyemMoro 3N1ekTponprBoja Ha
6a3e A/] C KOPOTKO3aMKHYTbIM POTOPOM U VX 3HEepreTuyeckune nokasarenm.
Llenbto AnccepTaumm sBnsieTcs paspaboTka v uccnefoBaHne

3HeproadeKTVBHOro perynnpyemMoro acHXpPOHHOrO 31eKTPONPUBOAa ANS

MexaHn3MoB LJ,eHTpO6e>KHOI’O LencTBus.

NS JOCTVKEHWA NOCTaBNEHHOW Lie I HEO6XOAMMO peLLieHne CneytoLmx
3aja4 AMCccepTaLVoHHON paboTsl:

1) onpezeneHve NapameTpoB 3/1eMeHTOB 3KCNePUMeHTaNbHOro CTeH/a C
perynmpyembiM aBTOMaTU3VIPOBaHHBLIM 31eKTPOMPUBOAOM LIeHTPOBEXHOro Hacoca;
2) pacyeT 1 aHanu3 MexaHU4Yecknx 1 3N1eKTpoMexaHNYeckmx
XapaKTepucTuK anekTponpusoa no cxeme MY-A4 n TPH-A/L B pexxime
perynnpoBaHuns LIeHTPOBEXHO HarpysKku;

3) pa3paboTka UMUTaLIMOHHbIX MOZEeNei 3N1eKTPonpuBoAa MexaH3ma
LeHTpobexHoro gencteus no cxeme MY-AZ n TPH-AL;

4) NpoBeCcTV 3KCNepUMeHTabHble NCCNeJ0BaHVS SHEPreTUYeckuX,
3N1eKTPOMeXaHNYeCKMX XapakTepUCTVK 31eKTPoNpuBoAa Ha GpUanyeckow n

VNMUTaLMOHHON MOAENSAX.

MeTogbl UccnefloBaHVIsA. [1st peLLeHst MOCTaBNeHHbIX 33434

1CMONb30BaNVCh 3KCNepUMeHTabHbIe 1 TeopeTUYeckne MeToAbl UcCieloBaHwit. B
kauectse Teopetuieckoit (EFJ ocHosbl mpuMeHsiMcs: MaTematuueckas mogens €51
TPpex$asHOro AacMHXPOHHOIO ABMraTeNs C KOPOTKO3aMKHyToM o6moTkol & {EE

Heno/ABVXHOW c1cTeMe KOOPAMHAT, MeTOoAMKa PacyéTa napameTpoB CXeMbl
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3aMelLieHnst AZl, OCHOBbI TEOPYI ABTOMATNYECKOTO YrpaBaeHUs.
[l0CTOBEPHOCTL MOJTyUY€eHHbIX Pe3y/IbTaToB 1 BbIBOJOB ANCCEPTALIMOHHOIA
pa6oTel noateepxaaetcs (5 nyTem cpasHeHus pesynbTaToB MMUTALMOHHOMO

MOZennpoBaHus B nporpammHoii cpege Matlab/Simulink, 1 skcneprmeHTanbHbIX



nccnefoBaHNi Ha GU3NYecKoii Moaenw, KoTopble MOKasanu asekBaTHOCTbL Moaenel
B 06/1aCTV NPUHATLIX A0MNYLLEHWIA.

TeopeTryeckas LIeHHOCTb PaboTbl 3aK/1K0HAeTCs B MOyYeHMN NoAPO6HOIA

MeTOAMKM pacyeTa napaMeTpoB 06bEeKTOB GU3NYECKOrO U UMUTALIOHHOIO
MOZENNPOBAHUNA — CIOXHBIX COBPEMEHHbIX CUCTEM aBTOMAaTV3VPOBAHHOIO
3N1eKTPONPUBOAA.

MpakTyeckast 3Ha4YMMOCTb NPeACTaBNeHHON MarncTepckoi gucceptauum
obycnoBneHa TeM, YTo pa3paboTaHHble B MporpamMmHoM nakete Matlab/Simulink
MNMUTaLMOHHbIE MOAENN « DNeKTPOMNPUBOZ No cxeme{m MY-AL» 1 « DNeKTPonpuBos
o cxeme TPH-AA»{m MOTYT 6bIThb MCMOL30BaHbI A1 MOAENMPOBAHNSA Pa3INYHbIX
TEXHONOTNYECKUX PEXMMOB.

Mo pe3ynbTatam UcciefoBaHNs ony6IMKOBaHbI CTaTby:

1) Pa3paboTtka VMWTaLMOHHON MOoAenn aCMprOHHoro{n 3nekTponpreoAa Co
CKaNsApHbIM yrpaBieHueMm, «ﬂ BecTtHumK Ka3ATK», No2(109), 2019r.;

2) MaTemaTunyeckas MoAeNb aCHXPOHHOI MaLLUMHbI C YYETOM BbITECHEHUS

TOKa W HacbILWeHVst MarHUTHOW Lenu, «BecTHMK KasATK», No2(109), 2019r.;

3) Pac4éT BoNbT-4aCTOTHOM XapakTepUCTUKI cucTeMbl NpeobpasosaTtesb

YacToTbl - ACUHXPOHHbIV ABUraTenb, «<BecTHuK KasHUTY», No4, 2019r.;

4) Pacy€T MexaHV4ecKmx 1 371eKTpoMexaHNYecknx xapaktepuctvk A c IR-

KoMneHcaupen, «BectHuk KasHUTY», No4, 2019r.

"

1 CnoBOI KaHan perynvpyeMoro 31eKTponprBOja LIeHTPO6eXHOro

Hacoca

Ha pricyHke 1.1 npeactaBneHa GpyHKLMOHaNbHas cxeMa

aBTOMaTU31POBAaHHOIO 31EKTPOMNPUBOAA MexaHU3Ma LIeHTPo6eXHOro AeicTeus [7].
Cunosas cuctema ynpasneHus CCY NnpruBoAa, C MOMOLLbH0 MHGOPMALIMOHHO
(MCY), nonyyaet nuTaHve ot ceTu ¢ napameTtpamu Uc,Ic,fc n npeobpasyet nx ans
nuTaHus ABuratens 3/] B COOTBETCTBIN C PEXMMOM PaboTbl MOC/ieAHEro.
MexaHun4eckre napameTpbl Ha Bany 3/1 - MoMeHT MB 1 YacToTa BpalleHvis wB
nepe/aroTCcA NCMONHUTENbHOMY MexaHu3my MM (paboyee koneco Hacoca,
KpblibYaTka BEHTUAATOPA U T.4.). B 3aMKHyTbIX crctemax A3IM curHan ynpasieHus
dopmMuMpyeTca Npu CpaBHEHM CUrHAIO0B 3ajatoLLero YCTPOoicTBa (3Y) 1 4aTunkoBs
o6patHbIx cesizel (J0C). LleHTpo6exHbIi MexaH13M, Hanpyumep, Hacoc,
npeobpasyer MexaHU4eckyto MOLLIHOCTb, XapakTepu3yeMyro MOMeHTOM Ha Bany MB
1 4acToTOl BpaLLeHUs B, B rnapaBanyeckyto, KoTopas onpeensieTcs Hanopom
HUM v nogayein QLM {E m

ﬂ,ﬂﬂm V3MEHEHVA Hamnopa v NoAayy Ha BbiIxoAe arperata BMecTo
perynmpyemoro 31eKTponpuBoa (Unvi OAHOBPEMEHHO C HMM) YacTo UCMOob3yeTcs
pasHoro poja rrapasnunyeckas 1 NnHeBMaTyeckas 3anopHas annapawpam m 3P).
PricyHok 1.1 - O6Las pyHKLMOHaNbHasA CXxeMa aBTOMaTU3UPOBAHHOMO
3N1eKTPONPMBOAA LIEHTPOGEXHOro MexaHn3ma

ncy

y

u,Lf

MB,wB

Ot 3y

Or 10C

Uclcfc

HLM,

QHTP,QTP

ccysaumsp
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CVNoBOI KaHan 3N1eKTPONPUBOAA NPEACTaBASET OO psig
roc/efloBaTe/lbHbIX MPeobpasoBaHuil sHeprm: anekTpuyeckunx s CCY,

3/1eKTPOMEXaHNYeckX B 3/, ruapasanyeckux s LM v 3P.



1.1 OnuncaHne aKcnepriMeHTaNbHOM YCTaHOBKM

JNabopaTopHblii cTeHA «C1cTeMa aBTOMaTMYecKoro ynpas/ieHus

LIeHTPOB6EXHbBIM HaCOCOM» (PUCYHOK 1.2) COAEPXUT BCE SneKTpuyeckue,
TVAPaBNVYECKME 1 SNEKTPOHHbIE 3/1EMEHTbI, MO3BONIAOLLVE B NONHOV Mepe
nccnefoBaThb NPoLECcCh B aBTOMATU31MPOBaHHOM 31€KTPONPUBOZE LIEHTPOBEXHOro
Hacoca.

PricyHoK 1.2 - ®yHKLMOHabHas cxema CTeHAa

mapaennyeckas cncTema CoCcToUT U3 CIeAyHLLNX 3EMEHTOB (m pucyHok 1.2):

- [B: nuTaTenbHbI 6ak;

- MB: MepHBbIi 6ak;

- H: ueHTpobexHbI Hacoc Lowara, ynpaensemblii npeobpasosatenem

vacrotsl MY;

- P: patuvik gaBneHusi OseH MNA1 oo;m
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- F1: TaxoMeTp14eckoro pacxogomep-cHeTunk betap;

- F2: ynbTpasBykoBoii pacxogomep US-800;

- 3a/B.: 3a/iBMKa C 3nekTponpueoaom Danfoss;

- OK: 06paTHBbIVi Knanax;

- K1: lwyHTUpyoLLuii LapoBbIii KpaH;

- K2: WwapoBbIi KpaH ANS CviBa XNAKOCTU.

B nutatensHoMm 6ake b HaxoaWTcst paboyas XUAKOCTb, KOTOPOIA Takxe

3anosiHeH Tpy6onpoBog. MNepemelleHvie XMAKOCTY No Tpy6onposoay obecnevunsaet
LieHTPObeXHbIN Hacoc H, ynpaeasemblii npeobpasoBaTtenieM YacToTsl M4. B
Tpy6onpoBo/e NocaeAoBaTe/lbHO YCTaHOBAEHbI TPY AaTuuKa: aTUK AaBneHuvs P,
TaxomeTpuyeckuii cueTyrk F1 n ynbTpassykosoii pacxogomep F2. Ans
perynnpoBaHus pacxoaa/AaBieHuns 1 Co3A4aHVs BO3MYLLAIOLLEro BO3AelicTBIS B
cvcTeMy BBeZeHa 3a/Biikka 3a/B. C 371eKTPONpUBOAOM. N5 3aLuThl OT 06paTHOro
nocTynneHVst BOAbI B NUTaTeNbHbIV 6aK BBeEH 06paTHbIN knanaH OK. Paboyas
XXUAKOCTb MOC/Ie NMPOXOXAeHUs Tpy6onpoBo/a nonajgaeT B MepHsbIli 6ak Mb, a
3aTeM 06paTHO B MUTaTeNbHbINA 6aK. EC NPOBOAUTCS U3MepeHne pacxoaa
06BEMHBIM METOAOM, TO TPEBYETCA 3aKpbiTh LWYHTUPYOLWMIA KpaH K1, B ocTanbHoe
BpeMst KpaH A0/XeH 6biTb OTKPBIT. [py HEOBXOAVMOCTY CIMBA XWUAKOCTI NpU
BbIK/IFOYEHHOM 3/1eKTPOMUTaHNN CTeHa TPebyeTcs OTKPbITh LApoBbIv KpaH K2,
npeABapuTe/IbHO MNOACTaBUB N0/ HEro eMKOCTb A0CTaTOYHOro o6bema.{m
SnekTpryeckas m cucTema CoCTOUT 13 cnep.yrou.mx{m KOMMOHEHTOB (PVCYHOK
1.2):

- MJIK: nporpaMmmupyemblii Joruyeckuii KoHTponnep SiemensS7-1200;

- Modbus-USB: npeo6pasoBatens nHTepdeiicos Modbus-USB;

- MNY: npeobpasosatent Yactotel Unidrive M 701 ¢upmbl Control Techniques;

- MK: nepcoHaneHbIV KOMMLIOTEP € ycTaHOBAEHHOM Scada cncteMol.

MockonbKy M3ydYaemble 4aTUnKI OCHaLLeHbl 31eKTPUYECKM UHTepdeiicom,
CUTHanbI C HUX AOMXHBI 6bITh 3aBeAeHbI Ha YCTPOICTBa 06paboTKM 1 yrpaBieHus.

B LeNisix 03HaKOMNeHUs C COBPEMEHHbIMU MPOTOKOIaM1 06MeHa JaHHbIMY, a Takke
C pasnnyHbIMV MeToAamMu1 Npeobpa3oBaHyIs pacxoja v AaBNeHVIs AaTU/K/ UMetoT
cnesyroLLvie NPOTOKO/bI:

- AaTunK p,aBneHmm P1 OCHallieH YHMBepCa/bHbIM TOKOBbIM BbIXOAOM 4-20MA;
—mTaXOMeTpVIHeCKVIVI pacxofoMep-CcHeTUNK P2 MeeT repKoHOBBI AaTUKK.

- YNbTpa3BykoBOM pacxogomep P3 cHabxeH nHTepdeincom Modbus{ m
OCHOBHbIM YCTPOCTBOM yrpaB/ieHUs B CTeH/e ABSETCS MPorpaMmupyemblil
noruyeckmin koHTposanep M/IK S7-1200. OH ocyLecTBAseT yHKLMN c6opa

AaHHbIX, VX 06paboTKM 1 ynpaBneHys yCTponcTBamMm cTeHAa. Tak, K AUCKPeTHOMY
on,qy{m DI1.0 MJIK noakntoueH pacxogomep F1, ko onp,y{m A0  Moayns pacLuMpeHus
SM1234 noakntoyeH gatymk gaBneHuns Oser M/4100. C nOMOLLH0 aHaN0roBoro
BbIXOAa MOAY/A pacluMpeHns {m AQO T/IK ynpaBnsieT CKOPOCThHO LIeHTPOBEXHOro

Hacoca H, nojasas cMrHan ynpaBieHus Ha npeo6pa3OBaTenb yacroTbl MY.



YnpaeneHvie 3aBVKKO 3a4B Takxke OCyLLLeCTB/ISeTCA MPY NMOMOLLVI aHaoroBoro
BbIXOAa MOAY/A pacmmpeva{m AQ1 I'U'IK‘{m
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CurHan ¢ ynbTpasBykoBoOro pacxogomepa F2 noctynaet Ha npeobpasoBatenb
nHTepdeiicoB Modbus-USB v aanee nepeaaeTcs Ha nepcoHanbHbI KOMMbIOTEP,
KOTOPbI NPy MOMOLL Scada{m - cucTeMbl 06pabaTbiBaeT 3Ty UHGOpPMaLMIO U

nepeaaeT Ha I'l/'IK{.

MpejcTaBneHHas crcTeMa aBToMaTU3aLMm TEXHONIOrMYeCcKoro npoLiecca —
oTKpbITas. CUcTemMa aBToOMaTV3aLMy NOCTPOEHA Ha MPOMBbILLIEHHOM 060pyA0BaHNUM
durpm Siemens,mAC Electronix, Control Techniques. B kayecTBe nporpaMMHoOro
obecrneyeHyst CroNb3yeTcs Takxe I'IVILI,eH3VIOHHOe HOE dupmbl Siemens, AC
Electronix n Adastra Research, ¢ MOMOLLIbH0 KOTOPOrO MOXHO CO3/aBaTkb CBOV
anropuTMbl yripaBAeHWs AW peAakTpoBaTh 6a30Bble MPOrpamMbl, a Takke B
pexunmMe MOHUTOPUHTa NosyyaTb AaHHbIE C AATHUKOB PacxoAa U AaBleHUs { .
1.2 MapameTpbl 3/1eMEHTOB 3KCNEePUMEHTa/IbHOro CTeHAa

1.2.1 Harpyska Ha Bany NpuBoAHOro Asuratens

MakcmanbHas Tpebyemas ckopocTb BpaLLeHVst SN1eKTPOonpuBoAa:

waB.Makc = n-nmakc30, (1.1)

wAB.MaKc = 3.14-285030 =298.45 pajc .

MuHVManbHas Tpebyemasi CkopoCTb BPaLLEHUS 31eKTPonprBoAa:

WAB.MUH = waB.Makcaw, (1.2)

rae =10 3a4aHHbI AvanasoH perynnpoBanus.

wAB.MUH = 298.4510 =29.845 pajc .

CTaTUYeCcKUii MOMEHT Harpy3Ku, NpUBEAEHHbIN K Bany ABuratens:

Mc npus. =A Mc noct +(1+ bn )- Mnon - wwH3, (1.3)

rae A=-=0.021-1.962=0.041 H-M - MOMEHT MOCTOAHHbIX NOTEPb Ha

Bany;

====0.021 - K03pPULMEHTLI MOCTOSIHHBIX (3) ¥ NEePeMEHHbIX

(b) notepk mMexaHusma [11;

====1.962 H-M - nofie3Hast MOLLHOCTb Ha BaJly ABuraTens.

1.2.2 Bbl6Op 3neKTpozBUraTens Ans MexaH13MoB C BEHTUNSTOPHBIM

TUMOM Harpysku
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NS anekTpoABuraTenein ¢ BEHTUAATOPHbLIM TUMOM Harpysku BblbrpaeTcs
3NeKTpoABUraTe/lb C CaMOBEHTU/ISILIMEN . YCNOBUSA BbIGOPa 3N1eKTpoABUraTeNs npu
NPOAOMIKUTENBHON Harpy3ke BEHTUNATOPHOrO TUNa:

NAB.H = nan.makg, (1.4)

MaB.H = Mc makg, (1.5)

Pag.H = Mc makc - n30 + ngg.H*, (1.6)

Pag.H 22- 3.1430 -28502>596, BT.

3HaueHVe HOMVIHaNBbHOW CKOPOCTU ABUraTeNs MPUHUMaETCs
opueHTpoBoYHO =0.95- =0.95:3000=2850, rae - 6anxaiillee 3HayYeHVe
CYHXPOHHOW CKOPOCTY ABUraTens.

2 PacyeT v nccnefoBaHMe CTaTUYecKrX XapakTeprcTuK

3N1eKTPONpYBOAA LIEHTPOBEXHOrO Hacoca

2.1 CnpaBoYHble NapameTpbl 31eKTpoABUraTens

Tabnuua 2.1 - MacnopTHble AaHHble 3neKTpojBuraTens

Tuno

pasmep

Mpwn

HOMWHaNbLHOM

Harpysku



%

SM63

BG/304

3000380 0.61 5 0.66 96 0.0009

MpogonxeHne Tabanupsl 2.1

3.132.1094.32

2.2 Pacyet napame'rpoa{ CXeMbl 3aMeLLEeHNs N1eKTPoABUraTenst

CUHXPOHHas yrnoBas YacTtoTa BpalleHus ABuratens {m .
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w0 =n-n030, (2.1)

0 =3.14-300030 =314.159 paac .

HoMurHanbHasi ckopocTb BpalleHUs ABuraTens:

nAB.H = 1-sH - n0, (2.2)

nag.H = 1-0.05 :3000=2850 06MUH,

WAB.H = nAB.HI.55, (2.3)

wAB.H = 28509.55 =298.451 pajc .

HoMMWHanbHbIN MOMEHT ABUraTens:

Mgg.H = PaB.H-103wAB.H, (2.4)

Mgag.H=0.61-103298.451 =2.044 H-m .

[ins onpejeneHys HOMUHaNBHOTO $as3HOro HaNpPsXXeHWs 1 Toka gBuUraTens
HeobX0AVMO 3HaTb CXeMy CoeAMHEHMst 06MOTOK cTaTopa. O6MOTKM cTaTopa
coeanHeHbl No cxeme Y. Torja HoMVHaNbHoe GasHoe HanpsaxeHne Y HOMUHaNbHbIV
da3HbIli TOK 06MOTKM CTaTOpa ABUraTens:

UTdH =U1nH3, (2.5)

UT¢H =3803=220B,

11¢H = 111H = PaB.H3-U1dH-cos@-nH, (2.6)

1TpH =111H = 6103-220-0.66-0.96 =1.459 A.

MakcuManbHbIi MOTPe6AseMbIil TOK ABUraTens Npu NPsiMOM MycKe:
lmakc=11au{E-1i 28, (2.7)

1Tmakc =1.459-4.32=6.3 A.

KpVITVILIECKVIVI MOMEHT ABUraTend Ha ecTecTBeHHOM XapaKTEpVICTVIKeZ{

Mk = mk - Mag.H, (2.8)
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Mk =3.13:2.04=6.4 H-m.

[MyckoBOVi MOMEHT ABVraTens Npu NpsMoMm nycke:

Mgg.nyck = mn - MAB.H, (2.9)

MaB.nyck =2.1-2.04=4.3 H-m.

OnpegeneHue napameTpoB CxeMbl 3aMeLLeHs AsmraTenﬂ.{ﬂ

Hanbonee npocToii 1 yA06HO ANt HXEHEePHbIX PacyeToB aCHXPOHHOTO
ABuvratens sensetca T-o6pasHas cxema 3amelleHus], NpeAcTaBieHHas Ha pyYcyHke
21[2].

PI/ICyHOKe Als T»m obpasHas a CXeMa 3aMeLLieHNs aCUHXPOHHOrO ABUraTens
Tok a3kl cTaTOpa MpW YacTUYHON 3arpy3|<eﬂ:

11p* = p*- (I Pa.H3-UTdH-cospp*-np*, (2.10)

rae =0.572 - K03PULMEHT MOLLIHOCTM MPY YaCTUYHO 3arpyske [2];

=0.965 - KM/ npw yactnyHol 3arpyske [2];

=0.75 - k03pPULIMEHT 3arpy3Kkun ,qEI/II'aTeﬂﬂa [2].

11p* = 0.75-6103:220-0.615:0.965 =1.168 A.

TOK X0/10CTOrO X0/Aa aCMHXPOHHOIO ABUraTens m :

10=11H - 1Tp*IMTH2-p*-1-SH1-p*-SH21-p*-1-SH1-p*-sH2, (2.11)

10 =1.459- 1.1681.4592-0.75-1-0.051-0.75-0.0521-0.75-1-0.051-0.75-0.052

=0.662 A.

113 popmysnibl Knocca onpesenM COOTHOLLIEHNIE A8 pacyeTa KpUTUYECKoro



ckonexens: €E)

18¢=

sk = sH - mk+mk2-1-2-sH-B-mk-11-2:sH-B-mk-1, (2.12)

rae - Ko3dOULIMEHT, XapaKTepU3YHLLMIA COOTHOLLEHME aKTUBHbIX
COMPOTMBEHUIA CTaTopa U1 pOTOpae, NpUYHYMaem {E =1.

sk =0.05- 3.13+3.132-1-2:0.05-1-3.13-11-2-0.05-1-3.13-1 =0. 39.
AKTVIBHOE COMpPOTYVB/IEHNE POTOPA, NPUBEAEHHOE K 06MOTKe cTaTopa
ACMHXPOHHOTO ABUraTens:

R2'= 3-U1¢H2-(1-SH)2~mk-PAB{ﬂ H-C12:-B+1sk, (2.13)

rae =1+ =1+ =1.053 - K03pPULIMEHT, XapaKTepU3yoLLMIA COOTHOLLIEHNE

R2'=3-2202-(1-0.05)2-3.13-610-1.0532-1+10.39=9.141 Om.
AKTUBHOE conpoTtuBneHune 06MOTKM craTtopa:

R1=C1-R2' B, (2.14)

R1=1.053-9.141-1=9.622 OMm.

OnpegennM napameTp, KOTOpPbI MO3BOASIET HANTU NHAYKTUBHOE
COMpPOTUB/IEHNE KOPOTKOrO 3aMblKaHWA &

v=14 ska-2, (2.15)

y=10.392-12 =2.364,

TOoraa, {m NHAYKTUBHOE COMPOTVB/IEHVE KOPOTKOIro 3aMblKaHUA:

Xk =y- C1 - R2', (2.16)

Xk =2.364+1.053-9.141=22.747 Owm.

|/|HAyKTI/IBH08 conpoTtmBiieHNe 06MOTKM cratopa:

X18=0.42- XkH, (2.17)

X18=0.42:22.747=9.554 Owm. €2l

(EY 27 |

VHAYKTUBHOCTE 06MOTKM CTaTopa, 06YC/I0BNEHHAs NMOTOKOM PaccesHus, B
HOMWHAa/IbHOM pexunme:

L16 =X152:n-f1H, (2.18)

116 =9.55423.14-50 =0.03 [,

I'Iplee,quHoe K 06MOTKe cTaTopa NHAYKTBHOE CONpoTUBIeHNEe paccesHnsa
06MOTKI poTopa B HOMVHa/lbHOM pexmmee:

X25'=0.58- €A XKHC1, (2.19)

X28'=0.58- 22.7471.053=12.535 OM.

MpuBeaeHHas NHAYKTVBHOCTb 06MOTKIM POTOpPa, 06yCN0BNIEHHAs MOTOKOM
pacceqaHns, B HOMUHA/IbHOM pexmme{a:

L25' = X28'2-n-f1H,  2.20)

L25' = 12.5352:3.14-50 =0.04 TH.

3,CI,C BeTBM HaMarHm4ymBaHus E1, HaBeAéHHaﬂ MOTOKOM BO34YLLIHOIO 3a30pa B
obMoTKe cTaTopa B HOMUHabHOM pexmmem:

E1 = (UTh- (@ coso-R1-1TH)2+UTH-siIng-X18-11H2, (2.21)

E1=(220-0.66-9.622:1.459)2+(220-0.751-9.554-1.459)2 ==200.271 B,

TOrja NHAYKTBHOE ComnpoTmB/ieHne HaMaI’HI/IbII/IBaHMﬂ:m

Xp=E10, (2.22)

X =200.2710.662 =302.439 OM.

Pe3yan|/|py+ou.laﬂ WHAYKTUBHOCTb, OsyCI]OBI]EHHaﬂ MarHMUTHbIM NOTOKOM B
BO3/yLLIHOM 3a30pea:

Lp = Xp2:n-FH, (2.23)

Lp=302.4392:3.14:-50 =0.963 TH.

I'IpOBepKa aAeKBaTHOCTV pacyeTHbIX MapaMeTpoB ABuUratens

|-|pI/I HaI‘;IAeHHbIX napamerpax paccqm*rblsarorcn 3HaveHua HOMI/lHal'IbHOFO
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3/1eKTPOMarHMTHOro MoMeHTa Asuratend n :{

MBMG HSH=M3M.H =



3-U1$pH2:R2'w0:SHXKH2+R1+R2'SH2+R1-R2'SH-Xp2 .

(2.24)

M3M.H SH = MaMm.H ==
3-2202-9.141314.159-0.05:(22.747)2+9.622+9.1410.052+9.622-9.1410.05-302.439
2=2.248H M.

M3aM.H* =32 - zp - LULP+L208" - Y2H - 2 - 1TH2-102, (2.25)

rae = -+ =-0.662-0.963=0.902 B6.

Mam.H* =32 -1- 0.9630.963+0.04 -0 .902- 2 - 1.4592-0.6622 =2.387 H-Mm.
JOMKHBI BEINONHATLCSA YCNOBYIS:

MaB.H < Mam.H <1.1- MaB.H, (2.26)

2.044 H-M<2 .248 H-M<2.248 H-m.

Mam.H* & MaMm.H, (2.27)

2.387 H'm =2.248 H-Mm.

Mo pesy/nbTatam pacyeTa 3TV YC10BUS BbINOAHATCA [1].

MapaMeTpbl CxeMbl 3aMeLLeHVIS S1eKTPOABUraTeNs cBejeHbl B TabavLe 2.2.
Tabnuua 2.2 - MNapameTpbl CXeMbl 3aMeLLeHNSA 3NeKTpoABUraTens m
9.622 9.554 0.03 302.439 0.963 9.141 12.535 0.04 22.747

2.3 CnpaBo4Hble NapameTpbl NpeobpasoBaTens

Ycnosus Bblbopa npeobpasosaTens 4acToTbl:

1) 2,(2.28)

1100 BT>610 BT.

2) 2,(2.29)

480 B=3808B.
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3) 2,(2.30)

34A=1459A.

Tabnuua 2.3 - MNapameTpbl NpeobpasosBaTens 4acToThl
Tvn

MapameTpbl

nuTatoLLein cetn

Bb|xop,H0e{m

Hanpsxe

Huve, B

TsdKenbl pexmnm

paboTbl

HopManbHbIi pexium

pa6oTbl

U1in, Bfc,

ru

Makc.

ANNT.

TOK, A

MouwHoCTb,

KBT

Makc.

AT,

TOK, A

MowHocTb,

KBT

Unidrive

M 701 3%(380+480) 50-60 0+480 2.5 0.75 3.4 1.1
B 3TOM pyKoBOACTBE onucaHbl n3genns Unidrive M700 n Unidrive M701.
OcobeHHocT Unidrive M700 / Unidrive M701:

* aHanoroBble N LI,VIq)pOBbIe BXOAbI-BbIX0/bl C 0AHOKAHAa/IbHbIM BXOA0M



6e30MacHoe OTK/IYeHVIE MOMEHTa;

. 3Hep|’0He3aBVICVIMa9| KapTa namMaTn ana KOI'II/IpOBaHI/Iﬂ napameTpoa n
XpaHeHVst AaHHbIX;

* BbICOKOKA4eCTBEHHbIN YHUBEPCaNbHbIV SNEKTPONPUBOZ AN aCUHXPOHHbIX,
CepBo, IMHENHbIX ABUraTenen 1 ABurateneli C MoCTOSHHbIMY MarHuTaMu;

* MMBKMe N3MepeHKsi CKOPOCTU U MONOXEHWS C MOAAEPXKKON PasNNYHbIX
YCTPOICTB 1 BCEX PACMPOCTPAHEHHbIX MHTepdencos;

* cBA3b No nonesoli cetn Ethernet (Unidrive M700);

* nocnegoBatenbHbl nopT 485 (Unidrive M701).

BbI6Op HecyLLel 4acToTbl MHBEPTOPa OCYLLLECTBAETCS B

COOTBETCTBUW C peKoMeHAaLMAMY GUPMbI-NPOV3BOAUTENS AN BbIBPaHHOrO TuMa
npeobpasoBaTens C y4eToM GaKkT1UYecKoro Toka 3arpysku [2].

MpuHMMaeM HecylLLyto YacToTy uHBepTopa =10 K'Y, pakTnyeckoe

3HayeHVe ToKa 3arpysku CocTaBasAeT:

IpakT.H =0.8- IH, (2.31)

IpakT.H =0.8-3.4=2.72 A.
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PricyHOK 2.2 - MYHUManbHble NOAK/IYEHWs ANA 3anycka ABuratesa B

no6om paboyem pexmnme

2.4 MNapameTpbl MeXaHN4ecKol cucTemsl

B saHHOM NpoekTe paccMaTpyBaeTCs 0AHOMAacCoBas MexaHuyeckas cucrema

(a OMC). OgHomaccoBas MexaHuyeckas cucrema {n perynnpyemoro snekTponpusoaa

npuBeeHa Ha pucyHke 2.2 [1].
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PurcyHok 2.3 - CTpyKTypHas cxeMa O4HOMAaCCOBO MeXaH14ecKoi CMCTeMbl{ﬂ
MapameTpbl 0AHOMAacCcOBOI MeXaHN4YeCKon CUCTEMbI:

-a CYyMMapHbII 3KBUBaNEHTHbII MOMEHT UHEePLV, NPUBEAGHHBIN K Bany
ABuratens:

J3=1.1-JaB +JHac, (2.32)

J3=1.1-0.0009+0.0008=0.00179 kr- M2 .

- MOMEHT COMPOTUBAEHVS OT CUN TPEHUSA:

A Mc =AMc.gB + aH - Mc.Harp.mak, (2.33)

rae A =-=2.248-2.044=0.204 H-M - MOMEHT CU/1 TPEHWSI COBCTBEHHO
Apuratens.

A Mc =0.204+0.021-2=0.246 H-m.

2.5 PacyeT napameTpoB 1 XapakTepuCTUK 31eMEHTOB CVI0BOro KaHana
3neKkTponpuBoAa

2.5.1 PacueTt napameTpoB npeobpasosaTens

VHBepTop ¢ LLUVIM MoXeT 6bITb NpeACTaBNeH AMHENHbIM ycuanTenem c
Ko3hPULMEHTOM ycunenms [2]:

kv = 2-U1$HNyn.makc, (2.34)

rje - MakcMmanbHoe 3HaueHe yrpaBe/ieHns Ha BXoZe npeobpasosaTens,
npuHUMaeTcs =1 .

kv =2-2201=311.13.

24
VIHepLUMOHHOCTL MHBEPTOPa XapaKkTepusyeTcs YNCTbIM 3anasjblBaHnemM Ha
BeVYMHY nepmnoja LUMPOTHO-VIMHyﬂbCHOVI MOAYnALNn:

Twum = 1fwnm, (2.35)

rAe Hecyllas YactoTa uHeepTopa, M. {n
Twwm = 110000 =0.0001 c.

252 PacueT napameTpoB Agsuratens
DKBUBANEHTHAsA UHAYKTUBHOCTL 06MOTOK [2],
cratopa:

L1 =115 +4 Ly, 2.36)



L1=0.03+0.963=0.993 I'H,

poTopa:

L2 =128+ Ly, (2.37)

L2 =0.04+0.963=1.003 IH.

Kos¢ppurumeHT paccesHms:

0 =1-Lp2L1-L2, (2.38)

0 =1-0.96320.993-1.003 =0.069.
SKBMBaNeHTHoe conpoTtveiieHne:
R3=R1+R2'- Lu2L22, (2.39)
R3=9.622+9.141- 0.96321.0032 =18.05 Om.
3ﬂeKTpOMaI'HI/ITHbIE NOCTOAHHbIE BPEMeHW:
Ta=0-L1R3, (2.40)

T3 =0.069-0.99318.05 =0.0038 c.

T2 =12R2, (2.41)
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T2=1.0039.141=0.11 c.

2.6 Pacuer ecTeCTBEHHbIX XapaKTePUCTUK 31eKTPOABUraTens

Pacuet ecTecTBeHHbIX XapakTepUCTUK NPOBOANTCA C LieNbio OLIEHKM CTeneHn
CoBMajeH st NapamMeTPOB OCHOBHbIX XapakTepPHbIX TOUYEK PacYeTHbIX eCTeCTBEHHbIX
XapaKTepUCTUK 31eKTPOABMraTeNa C NapameTpamu ABuUratens onpejeneHHsIM1 no
CMNPaBOYHbIM TEXHUYECKUM AaHHbIM BbIGpaHHOro anekTpoasuratens [1].

2.6.1 PacueT ecTecTBeHHOI MexXaHN4eckoin XapakTepucTUKm

EcTecTBeHHas MexaHnyeckas xapakrepuctka M=f(s) acMHXpOHHoro
3NeKTPOABUraTeNs PacCUUTLIBAETCS ANS HaCTOTbl = =50 ru,ﬂ o BbIpaxeHuto
Ms=3-UTdH e 2-R2'w0-s+XKH2+R1+R2's2+R1-R2's-Xp2 . (2.42)

3agaemca ckonbxeHvieM B npegenax s=0.01,0.02...1 v paccuntbiBaem
xapakTtepuctuky M=f(s ) (pycyHok 2.4), rae w=-.

TaKxe paccunTbIBatOTCA 3HAUEHWA 31eKTPOMarHUTHOrO MOMEHTa !

M3M,H SH = MaM,H =

3-UTpH2-R2'w0-SH-XKH2+R1+R2'SH2+R1-R2'SH-X 2,

(2.43)

M3M,H SH = Mam,H ==
3-2202-9.141314.159-0.05+(22.747)2+9.622+9.1410.052+9.622-9.1410.05-302.439
2=2.248 H-™m.

KPUTNYECKOTO CKONIbXKEHUS:

skp = R2' - 1+R1XP2R12+XKH2, (2.44)

skp =8.128- 1+9.622302.4399.6222+22.7472 =0.37.

1 3N1€KTPOMAarHUTHOrO KPUTUYECKOro MOMeHTa:

M>Mm,Kp skp = Mam,kp =

3-U1$pH2-R2'w0-skp-XKH2+R1+R2'skp2+R1-R2'skp-Xp2,

(2.45)

M>aMm,Kp skp = Mam,kp ==
3-2202-9.141314.159-0.37-(22.747)2+9.622+9.1410.372+9.622-9.1410.37-302.439

2=6.731 H-m.
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PucyHok 2.4 - ECTeCI'BeHHaF!G MexaHnyeckas xapakTepucTyika aCHXPOHHOTO
3neKTpoABUraTens

2.6.2 PacyeT ecTeCcTBeHHOM 3N1eKTPOMEXaHNYECKON XapakTepUCTUK
EcTecTBeHHas 3n1eKTpOMEeXaH1YecKkas XxapakTepycTyika (s)

snekTpoasuratens paccuntbiaetcs 4Gl 478 3HaueHs yacToTsl = =50 ' o
Bblpa)KeHwom :

11 s =102+12'2+2:10-12'(s)-sin®2(s), (2.46)

rae

12's = UTpH+RT+R2's2+XKH2+R1-R2's-X 2, (2.47)



SiNP2s=XKHR1+R2's2+XKH2. (2.48)

M0 BbILLENPUBEAEHHbLIM BbIPAXKEHVSIM ANISt CKONBXEHWI 5= 1 S—0
paccUMTLIBAOTCS 3HaUYeHVs Toka cTaTopa () v :

10 = UT1pHR12+X1+Xp2, (2.49)

10 = 2209.6222+(9.554+302.439)2 =0.705 A.

11 sH =102+12'2sH+2:10-12'(sH)-sing2(sH), (2.50)

11 sH=0.7052+1.1352+2-:0.705-1.135-0.117 =1.404 A.

rae

12" sH = UTPHERT+R2'SH2+XKH2+R1-R2'SH-Xp2, (2.51)
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12' sH = 2209.622+9.1410.052+22.7472+9.622-9.1410.05-302.4392 =1.135 A.
SINP2SH=XKHR1+R2'SH2+XKkH2, (2.52)

sing2sH= 22.7479.622+9.1410.052+22.7472 =0.117.

Mo pe3synbTaTaM pacyeTa CTPOUTCA eCTeCTBeHHas 3/1eKTpoMexaHmnyeckas
xapakTtepucTuka =f(w) . InekTpomexaHnyeckas xapakTepucTika nprBejeHa Ha
pucyHke 2.5.

PucyHok 2.5 - EcTecTBeHHas 31eKTpoMexaHunyeckas xapakrepmcmxa{ﬂ
aCUHXPOHHOTO 3N1eKTPOABUraTens

2.6.3 MpoBepka obecneyeHns 3ajaHHON 06nacTy paboThl

3/1eKTponpunBoAa
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PucyHok 2.6 - EcTecTBeHHas MexaHU4yecKasi xapakTepucTuka gsuratens o(

M) Mﬂ XapakTepucTvka MOIHOrO MOMEHTa COMPOTUBAEHUS Ha Bay AeraTenﬂﬂ
(w):A=0.328 H:M; =2.173 H:M; =2.339 H-m .

PuricyHOK 2.7 - EcTecTBEHHbIE 31eKTPOMExXaHYeckme XapakTepucTukim

apuratens w () w():=1.2A; =1.041 A;=1.459 A

M3 aHanm3sa npueedeHHbIX Ha PUCYHKax 2.6 1 2.7 XxapaKTepuCTyiK cieayer,

uTO 3n1ekTpogBuratens SM63BG/304 obecneyrBaeT Tpebyemoe 3HaveHne
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MaKcUManbHoM ckopocTin Hacoca CEAM70/3/A =298.451 paa/c, AnNTeNbHyo
paboTy Npy MakCMManbHOM MOMEHTE Harpysku.

2. 6.4 MpoBepKa NpaBWIbHOCTY BbiGOpa ABUraTens 1 npeobpasosaTtens
Mo pesynbTaTam NOCTPOEHUS MeXaHNYECKX XapaKTepUCTUK
3/1EKTPOMPUBOAA Y HarpysKu (PUCyHOK 2.6) NpoBepseTcs

NpaBUILHOCTL BbiGopa ABUraTens no MomeHTy [1]. Bo Bcem AvanasoHe Ao/KHbI
BbIMONHATLCS YCN0BUA {m :m

Mag.amnt.zon w =A Mc, (2.53)

MgBg.makc = Man.makc . (2.54)

Ha MUHVManbHOI CKOPOCTU 3nekTponpueoa =29.845 pag/c  vmeem:
2.327 H:m>0.328 H-m,

6.88 H-mM>4.346 H-m.

CnepoBatenbHo, ABVraTe/lb Mo MOMEHTY BbI6paH NpaBu/bHO.

Mo pesynbTaTam NOCTPOEHWA 31EKTPOMEXAHNYECKMX XapaKTepuUCTnk
3nekTponpuBoAa (w) (PUCyHOK 2.7) NPoBepsieTC NPaBUAbHOCTL Bblibopa
ABvraTens no TOKyZm

laB.AnnT.foN W = |c Makce . (2.55)

Ha MaKcManbHO CKOPOCTY 3NekTponpusoaa =298.45 pag/c  Umeem:
1.459A>1.2A

CnepoBatenbHo, ABuraTesib Mo ToKy Bbl6paH {m npaBUILHO.

Mo pesynbTaTam NOCTPOEHUS SNEKTPOMEXaHNYECKX XapaKTePUCTUK
3eKTponpuBoa (w) (prcyHok 2.10) NpoBepaeTca NPaBu/IbHOCTL BblIGopa
npeo6pasoBatens {m no TOKym :

- ycnosue (w)<0.8-, umeem 1.459 A<2.7 A;

- ycnosre ()<, meeM 2.4 A <34 A ;



- ycnosue <, uveem 610 Br<1100 Bt;
- ycnosue <, meem 380 B<480B.
CnepoBatensHo, NpeobpasoBaTe/b BbI6paH NPaBUILHO.

2.7 PacuéT xapakTepucTuk cmcTeMbl npeobpasoBaTess - gBuratesb -
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Haiigem oTHoCMTeNbHbIe 3HaYeHNUsA YacToT NMUTAOLLLEro HanpsbkeHna:

npw f1=50 My == =1;m

npwv f2=40 'y = ==0.64;

npw f3=30 'y = = =0.36;

npw f4=20 'y ===0.16;

npu f5=15 ru €8 ===0.09;

npu f6=10 'y = = =0.04;

npu £7=5 ru €8 = ==0.01.

Haligem dpasHoe HanpskeHne 06MOTKI CTaTopa aCUHXPOHHOIO ABUraTens:
U1=U1H - f1*=220-1=220B,

U2=UTH - f2*=220-0 .64 =140.8 B,

U3 =U1TH - f3*=220:0.36=79.2 B,

U4 =UTH - f4* =220-0.16=35.2 B,

U5=UTH - f5* =220-0.09=19.8 B,

U6 = U1H - f6* =220-0.04=8.8 B,

U7 =UTH - f7*=220-0.01=2.2 B.

PricyHOK 2.8 - Bo/ibT-4acTOTHasA XxapakTepucTnka npu 3akoHe yrnpasieHuns
B COOTBETCTBUM C MPEeACTaBAEHHbIMMN HYacTOTaM MTALOLLLErO HAMPSKEHS
rpov3BejeM pacyeT 3HaUeHNIi CKOPOCTM VjeanbHOro XONI0CTOTO XOAa:
w01 =2-n-f1p =2:3.14-501 =314.159 paac;

w02 = 2-n-f2p = 2-3.14-401 =251.327 paac ;

w03 =2-n-f3p = 2-3.14-301 =188.496 paac ;
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004 = 2-n-f4p = 2:3.14-201 =125.664 paAc ;

05 = 2-n-f5p = 2-3.14-151 =94.248 paac ;

w06 = 2-n-fép = 2-3.14-101 =62.832 paac ;

w07 =2-n-f7p = 2:3.14-51 =31.416 pajc.

PaccunTbiBaeM MexaHuYeckre xapakTepuctvki M(w) Ans BblGpaHHbIX

yacToT:

M s, fi = 3-Ui2(fi)-R2'w0-fi*-s-XKH-fi*2-R1+R2's2+R1-R2's-Xu-fi*2, (2.56)

rae

Uifi=U1H - fiflH2, (2.57)

ws,f1=314.159- fi50 - 1-s . (2.58)

PricyHok 2.9 - MexaHnueckmne xapaktepuctnkm w( M ) cuctemsl
«npeobpasoBaTe/ib-ABUraTeNlb-MexaHu3m» Npu 3akoHe perynmpOBavaﬂ
AHanu3 npvBeJeHHbIX Ha pUCyHKe 2.9 MexaHNYecKnX XapakTepucTuk
31eKTPONPUBO/AA 1 Harpysku NoKasbiBaeT, YTO MPU 3aKOHe PerynypoBaHus = const
He yaaeTca obecneymnTb Myck 3NeKTPONpPUBOAa NPV BbIGOPE HauaibHOM YacToTbl
vHBepTopa =5y, .

Cm Lienbo o6ecnequMﬂq NyCcKOBOrO MOMEHTa 3KCNeprMeHTaNbHO BbIMONHEH
noAGOp NapaMeTpoB HaualbHOro yYacTka BO/IbT-H4acTOTHOWA xapak*repmc‘rmma
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npeobpa3sosatens. OkoHYaTebHO BblbpaHbl A1 Ha4YabHOro yyacTka
XapaKTepucTukn cnegyroLime napame'rpbl{a :=14B,=5Tu.

B pesynbTaTe BONbT-YaCTOTHas xapakTepucTvika npeactaBneHa

3aBVICMMOCTbIO:

U1 fi = UTHay + UTH-UTHau - fif1H2 . (2.59)

U1 =14+(220-14)-1 =220 B,



U2 =14+(220-14)-0.64 =145 .84 B,

U3 =14+(220-14)-0.36 =88.16 B,

U4 =14+(220-14)-0.16 =46.96 B,

U5 =14+(220-14)-0.09 =32.54 B,

U6 =14+ 220-14-0.04=22.24 B,

U7 =14+(220-14)-0.01 =16.06 B.

PricyHOK 2.10 - BonbT-4acTOTHbIE XapakTepucTUkK: 1 - no Gopmyne ; 2 - npu

BBeAeHN AOGaBKVI no Hanps>kXeHno
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PricyHok 2.11 - MexaHunyeckne xapaktepuctnkm w( M ) cucremsl
«npeobpasoBaTe/b-ABUraTeb-MexaH3M» NPy HacTPoIike BONLT-4aCcTOTHOW
XapaKTepucTukn

Ha npeacTaBneHHbIX MexaHUYecknx XapakTepucTkax BUAHO, kak

OTUETVBO MeHAeTCs pa3BMBaeMbli JBriraTeeM MOMEHT Npy KOPPEeKTMPOBKe BONbT-
YaCTOTHOM XapakTepucTuku. V13 pucyHka 2.11 BUAHO, YTO 3N1eKTPONPUBOA
3anyckaeTcs ¢ 4acToTbl 5T 1 obecreymBaeT neperpy3oUHyto CnocobHOCTbL BO BCEM

AVanasoHe perynpoBaHuns.

neKTpoMexaHUYecke xapakTepuCTVKL w( ) Pa3OMKHYTO CUCTeMbI
npeobpasoBaTe/ib YacTOThl - aCUHXPOHHbIV ABUraTeNb nocae Hacrpoﬁkmﬂ BO/NBT-
YaCTOTHOM XapaKTepUCTUKYM NPeobpasoBaTens PacCUNTLIBAOTCS ANs m paHee
BbIGPaHHbLIX 3Ha4YeHUI 4acToTbl MO Bblpa)KeHVIﬂMm:

11 s,fi = 102fi+12'2s,fi+2:10fi-12's fi-sins,fi, (2.60)

10 fi = Ui(fi)R12+X10+Xp2-fif 1H2, (2.61)

12" s fi = Ui(fi)tR1+R2's2+XkH-fif H2+R1-R2's-Xp-fif 1H2, (2.62)

sin@2s, fi=XkH-fif1HR1+R2's2+XkH-fif TH2. (2.63)
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PrcyHoK 2.12 - SnekTpomMexaHuyeckune XxapakTepucTtukm 31ekTponpusoaa o )

npvi CKanspHOM YrpaBaeHNM Noc/ie HaCTPOVIKV BONbT-HYaCTOTHOM XapakTepuUCTUK {E :
=34A =1459A

3 Pa3paboTka MIMUTALWIOHHOI MOAENN aCHXPOHHOrO 31eKTPonpuBoAa
LieHTpob6exHOoro Hacoca

3.1 ®PyHKUMOHaNbHasA CXema 371eKTponpusoia

0606LLeHHas yHKLMOHaNbHAA CXeMa YacTOTHO-PEerynnpyeMoro

aCHXPOHHOTO 3/1EKTPONPUBOAA CO CkansApHbIM ynpaeneHuem nprseseHa €L Ha
puvcyHke 3.1 a Ha cxeme cMBonOM * 0603HaueHb! CUrHabl 3a4aHNS 1 ynpaeaeHus
N MPUHATBI CiefytoLLve 0603HaueHNs:

A, A - KOMMEHCaLVIOHHbIe CUTHaNbl yNpaBieHUs COOTBETCTBEHHO B KaHane
Peryn1MpoBaHus YacToTbl U HaNpPSXXeHNs;

- paKTNYecKoe 3HaYeHve YrioBol CKOPOCTU BPaLLeHNs

3nekTpoAsuratens (potopa);

3WC - 334aTUVK UHTEHCUBHOCTM CKOPOCTU C IMHEHOM nnn S-o6pasHoii {m
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XapaKTepyCcTUKOM;

PC - perynatop ckopoctu;

®HY1 - popmmpoBaTenb HanpsixxeHUii ynpaBneHns AByxdasHbim

ACUHXPOHHbIM JBUraTeNem =« - «;

®HY2 - npeobpasosaTent HaNpsXXeHWi ynpaBneHuns AEyX¢a3HbIMm

JBUraTenemM B HanpsixeHUs ynpaBaeHys TpexdasHbIM ABuraTenem. a

PucyHok 3.1 - ®yHKLMOHaNbHasA CxeMa YacTOTHO-PEryIMPYeMOro aCHXPOHHOrO 31eKTPOMPUBOAA CO CKaNAPHBIM
ynpasneruem (£

e 21

EvZ 21 |

HacTpoeuHbIMU NapamMeTpamm 31eKTPONpUBOAA ABASKOTCS: TUM U NapameTpbl

3a/iaTyMKa UHTEHCUBHOCTY ckopocTy (3UC), 3HaUYeHNe MUHVIMabHOW YacToTbl



npeoGpaaoBaTenﬂ{m, 3aKOH perynmpoBaHus 1 KOppeKLI,VIHm BO/IbT-4aCTOTHOM
XapaKTepuCTUKK. BONbLUIVHCTBO 3 AaHHOTO NepeyHs yxe BbluncaeHo. Mprsesem
nx:

1) MMHVManbHas YactoTa npeobpasosatens =5 'y,

2) 3aKOH peryavMpoBaHus ;

3) KOppeKLYIst BONbT-HaCTOTHOM XapakTepyCTUKM BbINONHEeHa B pasjene

2.7;

4) NnpvHUMaeMm s-o6pasHbIli 3UC.
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3.2 IM1TauMOHHas MoZeNb 31eKTporpueoia

Cxema Habopa UMUTALMOHHOM MOAEIN aCUHXPOHHOIO YaCTOTHO-

perynnpyemoro 31eKkTpornpueoja {ﬂ LeHTpo6eXHOro Hacoca {n €O CKaNsipHbIM

yrpasneHvem npveeAeHa Ha pucyHke 3.2.

B coctas UMUTALMOHHON Mernm{n Ha pucyHke 3.2 onp,m{a cynep6aoku:

- ¢dopmupoBaTens $pasHbix HanpsxXeHWA (pucyHok 3.3);

a ABYX}a3HOro aCMHXPOHHOrO ABUraTens B HEMOABUXHON cucteme

KoopAuHarT a, B (pucyHok 3.4);

—ﬂ 0/JHOMACCOBOI MeXaHNYecKoin cuctemsbl (PUCYHOK 3.5);

- 6710k GOPMUPOBAHMNA Harpy3KN BEHTUNATOPHOIO XapakTepa,

peanv30BaHHsbIiA ¢ nomomb}o{ﬂ 6noka Fcn;

- 3ajaTymka UHTEHCUBHOCTY CKOPOCTY (PUCYHOK 3.6);

ﬂ npeobpasoBaHus TOKOB CTaTopa AByX$asHOro ABMratens B HernoABUHON

cucTeMe KOOPANHAT B pasHble TOKM 0BMOTKN  CTaTopa TpexpasHoro Asuratens

(pucyHok 3.7);

ﬂ BbIUMCANTENS AECTBYIOLLIEro 3HaYEHNA ToKa cTaTopa TpexpasHoro

ABuratens (pUcyHok 3.8). {n

0@

PuicyHok 3.2 —{n Cxema Habopa UMUTALMIOHHON Mo,qenmﬂ aCVHXPOHHOrO 3/1EKTPOMNPUBO/AA HAcoCa CO CKaNAPHbLIM
ynpasneHvem

VEY 1 |

PucyHok 3.3 - CxeMa Habopa MMUTaLMIOHHO MOAeI‘II/Ia dopmMupoBaTens GpasHbIX HAMPSKEHW CTaTOPHbIX
06MOTOK ABYX($a3HOro ABuratens B HEMoABVIXXHOW C1CTeMe KOOPAMHAT a, B

«@d

PuicyHoK 3.4 - IM1TaLmoHHas Mo,qenba ABYX$a3HOro aCMHXPOHHOrO 1eKTpoABUraTens BE HenoABWXHOW
cucTeMe KOOpANHAT

VY15 |

PuricyHok 3.5 - IMWTaLMOHHas MOAe/b OAHOMACCOBOM MeXaHN4YeCcKoi CUcTeMbI C MOMEHTOM Harpysku
peakTVBHOro xapakTepa

e 15 |

PucyHok 3.6 - IMuTaumoHHas MOAeﬂbm 3ajaTymka G CKOPOCTU C S-06pasHoll XapakTepuCTUKOiA
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3.2.1 ®opmupoBaTens  $asHbIx HanpsaxeHul

Cxema Ha60pa{ﬂ dopmupoBaTens GpasHbIx HaNpskeHW NprBejeHa Ha
pvicyHke 3.3. ®opmupoBaHue dasHbiX HaNpPsKEHNI CTaTOPHbIX 06MOTOK
AByxdasHOro AByraTens B HeMOABVKHO CricTeMe KoopAWHaT cTaTopa a, B
OCYLLIeCTBAAETCS MO BbIPaXEHUM:

ulat=2-U1 - sin (@l 2-n-f1-t, 3.1)

ulBt=2-U1- cos2:n-fl-t.(3.2)

rAe 3HaueHue HanpsxeHUsl onpejensieTcs B COOTBETCTBUM C BbIGpaHHOM
HaCTPOWKOI BONbT-HaCTOTHOWA xapamepmcmm.{ﬂ

BonbT-4actoTHas XapaKTepI/ICTI/IKaq bopMmurpyeTcs ¢ NOMOLLbIO CTaHAAPTHOrO
6noka Lookup Table nnun 610ka Fcn B cOOTBETCTBUY C BbIPaXKEHUAMN:

UTHau + UTpH-UTHau - f12f1H2 =14+ 220-14 - x2502, (3.3)



- PV 3aKOHe perynvMpoBaHusa / = const .

MapameTpbl 6710K0B GOPMUPOBAHUSA CUHYCOMAANBHON GYHKLN
MNMUTaLMOHHOW MOAENN pUcyHKe 3.3:

Sine Wave Sine Wave1

Amplitude 1 Amplitude 1

Frequency, rad/sec 1 Frequency, rad/sec 1

Phase, rad 0 Phase, rad n/ 2

MocTosiHHas BpeMeHW npeobpasoBaTens:

Tn=1fn, (3.4)

Tr=110000 =0.0001 c.

Ha Bxog 1 cxemun PVCYHOK 3.3 M0AAeTcs 3HaueHve HavanbHo uacmm,{n Ha
BXO/, 2 - CUIHa/ 3aaHNs CKOPOCTYU (4acToThl) .

Koa¢pduumeHT npeobpasoBaHns cUrHana 3a4aHuis B YacToTy BbIXOAHOMO
HanpsXeHVs HBEPTOPa = OrNpejenseTcs COOTHOLEHNeM:

kNf = fu.makc-fu.MmnHN3C.MaKc, (3.5)

rfe npuHaTo =1.
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kNf=50-51 =454,

3.2.2 /1ByxdasHblil aCMHXPOHHbIV ABUraTeNb B HEMOABUXKHO cucTeme
KoopAvHaT

NmuTaumoHHas MernbnABqu)asHoro{n ACVHXPOHHOrO ABUraTens B
Herno/BIKHOM crcTemMe KOOPAMHAT a, B cocTaBNeHa Ha OCHOBaHMM CTPYKTYPHOIA
CXeMbl PUCYHOK 3.7 1 MpuBeJeHa Ha pucyHke 3.4.

PuicyHok 3.7 - CTpyKTypHasi CXemMa aCMHXPOHHOIO 3/1eKTpoABUraTens B
Herno/BVKHO cricTeme KOOpAMHAT cTaTopa a, B

32.3“ OjAHomaccoBasi MexaHu4eckas cuctema cﬂ peakTVBHON Harpy3Kkoi
CxeMa Habopa UMUTALMOHHON MOAEN OAHOMACCOBOW MexaHuYecKol
CYCTeMbI PV MOMEHTE Harpy3ki peakTVBHOrO xapakTepa, MpuBeAeHa Ha pucyHke

Bi5

MapameTpbl HACTPOMKIA MOAGN MeXaHUUeckoii ccTeMbl §
-A=+A=0.204+0.041=0.245 H-M - MOMEHT CONPOTMBAEHWS OT CUN
TPeHUs, NpVBeAEHHbIV K Basy ABUraTens;

i :0.00179{n K" = 3KBVBA/IEHTHbIVI MOMEHT MHEepLUK.

OAHOMACCoBas MexaHYeckasi CUcTeMa C BEHTUISITOPHOIA HarpysKoii v
MomeHTOM{n TPeHVIst MOZennpyeTcs AByMs 6710Kamu: Cynep610KoM 04HOMACCOBOIA
MeXaHNYeCcKo CMCcTeMbl C MOMEHTOM Harpyski peakTUBHOrO xapakTepa (PUCYyHOK
3.5) 1 cTaHAapTHbIM 610KkoM Fen anst q)opMMpOBava{ﬂ BEHTVNSATOPHOW Harpysku.
MapameTpbl HacTpoliku 61oka Fen:

1+bH-Mnon.HwH3 - abs x - x2 =7.535- 10-8 -abs x - x2, (3.6)
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rae =0.021, =1.962 H-m, =298.45 paa/c, 4To cOOTBETCTBYET

CMMMETPUYHOV XapaKTepuCcTke (W) Hacoca Mpu CMeHe HampaBieHUs BpaLLeHVs.

3.24 3apaTuuK UHTEHCMBHOCTU C S-06pa3Holi xapaKTepmc*rMKoMm

CxeMa Habopa UMWTaLMOHHOI MOZeN 3aaTumKa MHTEHCUBHOCTA C S-

06pa3HoVi XapaKTepuCTMKoi {m {E npejcTaBneHa Ha pucyHke 3.6. MpuHsaTa S-obpasHas

XapakTepucTuka 3agatynka (t) ¢ napamerpamu: =0.5 ¢, =1 ¢, =2 +=2:0.5+1=2

MapameTpbl HAaCTPOVIKV UMUTALIMOHHOM MOV 3a4aTHmKa MHTEHCUBHOCTY C
S-06pa3HOii XapaKTepUCTUKON:

Tn1=t1=05¢ (3.7)

Tn2=t1+12,(3.8)

Tn2=0.5+1=1.5¢,

k=0.5- t1t1+t2, (3.9)

k=0.5- 0.50.5+1 =0.16667.



3.2.5 MNpeobpasoBaTenb TOKOB cTaTopa AByXpasHOro Asuratens B
Hemno/BIIKHOM ccTeme KOOpAMHAT B ¢pasHble TOKM 06MOTKM cTaTopa
TpexdasHoro gpuratens

Mpeo6pasoBaHue TOKOB CTaToOPa, ABYX($a3HOro ABUraTens B HEMOABMXHON
crcTeMe KOOPAMHAT B GpasHble TOKM 06MOTKY CTaTopa TpexpasHoro Asurartens,,
peanusyeTcsi B COOTBETCTBUM C pOpPMyaMu NpeobpasoBaHus =; =- - +-; =-

- -+, 0 CXeMe, Npe/ACTaBNeHHON Ha pucyHKe 3.8.

PucyHok 3.8 - IMnTaLMoHHas Mojenb npeobpasoBaTtess TOKOB cTaTopa
ABYyXpasHOro Apuratens B HeMoABUXKHOW cucTeMe KoopavHaT a, B B GpasHble Toku
06MOTKM CcTaTopa TpexdasHoro Asuratens,, {n
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3.2.6“ BbluncanTens AeNCTBYIOLLErO 3HaYeHUs ToKa cTaTopa

TpexdasHoro Aamra'renﬂn

JelicTBytoLlee 3HayeHVst GpasHbIX TOKOB TpexpasHOro 1 AByxpasHoro
ABUraTens paBHbl I ONPeAenstoTcs no Bblpa)KEHVII-O“Z

11 =12-i1a2+i1B2, (3.10)

B ycTaHOBUBLUMXCS peXrMax paboTbl 4eiCTBYIOLLVIE 3HAYEHWUS TOKOB
06MOTOK cTaTopa AByx$asHoro 1 TpexdasHoro Apuratenein paBHbl a :

ila=iB=ila=itb=i1c=1¢.(3.11)

Cxema Habopa MMUTALMOHHOM Moaenn ,qnﬂq BblqmcneHMMﬂ ZelicTBytoLLero
3HaYeHVsa Toka cTaTopa TpexpasHoro ApuraTens npuseAeHa Ha pucyHke 3.9.
PricyHoK 3.9 - IMUTaLMOHHas MOAENb BbIYUCAUTENS AeCTBYOLLIErO

3HaYeHs Toka cTaTopa TpexdasHoro Asuratens {E {n

MapameTpbl 6710K0B pOPMUPOBaHVIA 3aaHNS:

i Hay =5 Ty, step time=0;

N3aa1 = fp.MuH-fr HaukNf = 10-545 =0.11, step time=1¢;

N3aa2 = fp.makc-fp.MuHKNF = 50-1045 =0.89, step time=3 ¢;

N3aga3 = -fp.makc+fn HaukNf = -50+545 =-1, step time=5 c.

3.3 VMUTaLMOHHBbIE NCCeA0BaHUS YaCTOTHO-PeryavMpyeMoro

aCUHXPOHHOTO 3N1eKTPOMPYBOAA HAacoca Co CKalsiPHbIM yrpaBieHneM
MIMUTaLMOHHbIE UCCNeZ0BaHS 3N1eKTPOMNPUBOAA HACOCa NMPOBOAATCS C

Lielblo MpoBepKM ero paboTocnocobHOCTY B cne,qyrou.l,mxe TEXHONOrMYeCcKnx
pexumax: nyck Ha ntobyto pabouyto CKOpoCTb Hacoca; NMepexoy ¢ 0AHoM paboyeii
CKOPOCTY Hacoca Ha Apyryto 1 0CTaHOB Hacocaa .B npouecce MMUTALMOHHBIX
nccnefoBaHunii 40CTaToOuHO paCCMOTpETb{ﬂ cnegytoLLyvie pexviMbl paboTbl CUCTEMbI
«3NEeKTPOMNPYBO/-HACOC»:

- MyCK 31eKTPONPUBOAA Ha MVHVMabHYHO paboyyto CKOpOCTb;a
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- nycK SHEKTpOI'IpVIBOAae Ha MaKcumManbHyto pabouyto CKopOCTbm;

- TOPMOXEHWe 31eKTPONPUBOAA C MaKCMMasbHOM CKOPOCTH A0
MMHmmaanona .

K anekTponprBoay Hacoca He NpeAbABNAETCS XeCTKVX TpeboBaHUi K

AVHaMUYeckiM nokasaTensm. MosTomy npu Bei6ope napametpos Hactpoiiku € € 3vc,

npexJe Bcero, cneayeT NCXOAMUTb 13 YCIoBUS obecrneyeHns MArkoro nycka
3NeKTponpuBoa. B xose NMUTaLMOHHBIX 3KCMEPYIMEHTOB YCTaHOB/IEHO, YTO A5
obecrneyeHVs MArkoro nycka Hacoca A0CTaTo4HO NPVHATL MOCTOAHHYIO BPEMEHN
3ajaryvka {a =2c a

Ha pucyHkax 3.10 1 3.11 npriBeAeHbl BpEMeHHbIe U AnHaMnyeckmne
MexaHn4eckme xapakTepucTuk 0TpaboTKy 3N1eKTPONPUBOAOM Hacoca C 3aKOHOM
ynpasneHus / =const 1 HaCTPONKON BONbT-H4aCTOTHOW XapakTepucTUKo,
CneAytoLLero uukna paboTsi:

- MYCK Ha MUHVIMaZbHYO HaCTOTye =5 Tu;

—e rnepexoj Ha MVIHI/IMaJ'IbHyI-OG pa6ouyto ckopocTb Hacoca( =10{E ry);

- Mepexoy Ha MaKc1MasbHyt pabouyto ckopocTb Hacoca (=50 I'u.ﬂ );



-@ nepexop Ha MuHMMansHyto uactory €3 =5 .

PucyHok 3.10 - Fpaduki nepexodHbIX MPoLIeccoB 0TPaBoTKM 3N1eKTPONPUBOAOM HACOCa 3aaHHOrO Lvk/a
rpu 3aKOHe perympoBaHus / =const
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PuicyHok 3.11 - CTaTnyeckas 1 AuHammyeckas MexaHu4yeckre xapakTepuctuki

3N1eKTPONPUBOAA W HarpysKu

BbIBOABI: MONyYeHHbIe pe3ynbTaTbl UMUTALMOHHBIX nccnefoBaHui

J0Ka3blBakOT, YTO YACTOTHO-pPeryanpyemMblii aCUHXPOHHbIA SN1eKTPOMNPUBOZ Hacoca {a

npu CKansipHOM ynpasieHnM € 3aKOHOM yrpasfeHuns / =Const 1 KOPPEKTVPOBKOIA
BOJIbT-4aCTOTHOA {a XapaKTepucTUKoi obecneymBaeT Nyck 3N1eKTPoNpuBoAa C
HayanbHOW YacToTbl =5m 'y v TpebyembIVi AnanasoH perympoBaHusa CKOpoCTU
Hacoca. MepexoAHble NPOLIeCCh! B 3NeKTPONPYBOAE NPOTEKAIOT MIaBHO C
orpaHvMyeHvieM AMHaMN4eckoro MOMeHTa, TOKOB ABuraTesisi U npeobpasoBaTensi.
Bpems nycka e =0.5 c,ﬂ BpEeMsi MepexoAHOro npotecca a npwv nepexoge ¢
MUHVMaNbHO paboyeit ckopocTh Ha MakcMManbHyto #1.5 ¢, Bpemst
nepexoHOro npouecca nNpv nepexoje ¢ MakcMasnbHON CKopocTU Ha

MUHUMaNbHYIO (371eKTpUYecKoe TopMoxeHre) =1.5¢.
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4 VlccnepoBaHve CTaTUYeckx U AMHAMUYECKUX CBOCTB

3N1eKTPONpUBO/AA LIeHTPOBEXHOro Hacoca Mo cxeMe «TUPUCTOPHbIN perynsatop
HanpsXXeHUs - aCHXPOHHbIA ABUraTeNb»

4.1 {m YcTpolicTBa NNaBHOro nycka 1 Ux GyHKLUm

[MpV MCMONb30BaHU CUCTEMbI «@CUHXPOHHbI p,eraTenb-ﬂ MeXaHu13m
LIeHTPOBEXHOr0 AeCTBIS» PEKOMEH/AYETCA NMPUMEHSATL YCTPOVCTBA MAaBHOrO
nycka.

PricyHoOK 4.1 - YCTpOICTBO NAaBHOro nycka ¢prpmel «Danfoss»

Hanbonee NpocTbiM 1 YaCTO NCMONb3YeMbIM CNIOCO60M BK/KOUEHUS

aCUHXPOHHOTO ABUraTeNs ABIAETCA NPAMON MyCK HENOCPeACTBEHHbLIM ero
MOAKNYEHNEM K CETU. Takoe BKNOYEHMe CONPOBOXAAETCA 3HaUNTEIbHbIM
yBeNMYEHNEM MyCKOBOro TOKa, KOTOPbI/ MOXET NpeBbiLlaTh HOMUHANbHbIN B
HecKobKo pa3. Takxke HabnrAaroTCa KonebaHNa MOMEHTa, KOTOpbIe MO 3HaYeHUo
CyLLLeCTBEHHO MPEeBbILLAOT HOMMHaanblﬁE MOMEHT. Takue ckauku ToKa 1 MOMeHTa
NPVBOAAT K 60/1bLUNM Harpyskam, kak Ha CeTb, Tak 1 Ha MexaHmaM.{m

PricyHok 4.2 - Cxema CUOBbIX Lieneii HepeBepcuMBHOro  TUPUCTOPHOTO

perynaTopa Hanpsxerus (£
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Ans psija MexaHU3MOB PeKOMeH/yeTCst UCMOo/b30BaTh NAaBHOe yBennyeHme
MOMEHTa J|BUraTesis B MpoLiecce pasroHa WKW MiaBHOE yMeHbLLeHVie B npoLiecce
TOPMOXEHMS. YTO6bI peLLnTh 3Ty NPpo6ieMy pekoMeHAyeTcs MPUMEHSTL NYCcKoBble
YCTPOIACTBA, KOTOPbIe MO3BOASIOT U36eXaTb 6POCKOB TOKA 1 MOMEHTA 1 CHU3NTL
HarpysKku Ha ceTb 1 MeXaHV4ecKyto YacTb ABuraTensi. [[pUMeHeHVie yCTPOACTB
MAaBHOrO Nycka No3BOANT:

1) n36exaTb NVKOBbIX MEXaHNYECKUX HAarpy30K MexaH13ma;

2) n36exaTb 6POCKOB TOKa Npw MycKe;

3) peanv30BaTh NNABHLIV MycK, 6e3 TONYKOB B MeXaHW3Me;

4) yBenmunTb Ko3hGULMEHT MOLLHOCTY;

5) VICK/IIOUUTL MWKK TOKa NPV NepeKIoYeHnn;

6) OTKa3aTbCA OT KOHTaKTOPOB;

7) B HEKOTOPbIX C/TyYasix, UCKMIOUNTE NMPUMEHeHIeE TYAPOMYdT 1 MydT

CKONbXEeHUA.



Takwve ycTpoiicTBa MO3BOAST MCMO/b30BaTh MyCK C MOHVKEHHBIM MYCKOBbLIM
MOMEHTOM, ABASIOLMMCA Hanbonee 61aronpuUATHLIM ANS NPUBOAHOMO MeXaH3Ma
(MHBIMY CNOBaMU, OCYLLLECTBUTL 6e3yAapHbIii Nyck), a Takxke UCKIHYNTL
HebnaronpusTHbIE PeXVMbl Neperpysky Npu nycke. Takoi nyck obecneunsaeTcs
npu Nojave HanpsXXeHVs Ha ABuraTens, KOTOpoe byaeT yBeNMymMBaThbCs B npoLecce
mnycKa Mo 3KCMOHEeHLanbHOMY 3aKOHY.

B pesynbTaTe MCno/b30BaHs yCTPOCTBa NAaBHOrO Mycka byAeT nony4eHo
yBeMYeHve Cpoka 3KCnayaTaLym 31eKTPonpuBoOAa 1 YCTaHOBKM B LI@IOM, a Takxe
MOBbILLEHNEe HaeXHOCTV ero pa6oThl.

MnaBHOe HapacTaHyie CKOPOCTW, MOMEHTa 1 ToKa Mpu Mycke ABASeTca

OCHOBHOI 3aAayelt, peLuaeMoii Npu obecneyeHn NaaBHoro nycka. Mpu
1CMo/Ib30BaHNM TVPUCTOPHOTO PerynsTopa HamnpshkeHWs NaaBHoe HapactaHue
HanpsXxeHVs Ha ABuUratene obecneynBaeT BbINONHEHWE 3TOV 3a4a4u.

AHanu3 BbINONHSEMbIX GYHKLMIA YCTPOMCTB pasNYHbIX MpousBoaviTeneli
Mo3BO/IAET OTMETUTL, YTO NOAABAsIOLLIee 60/bLUVHCTBO YCTPOWCTB peannsyer
CneayroLLve OCHOBHbIE GYHKLN:

- ynpaBneHvie nyckoBbIM PeXMOM;

- yripaB/ieHve pex1uMom oCTaHoBa;

- ynpaeneHune paboyrm pexmnumMom;

- BComoraTenibHble GyHKLuY;

- 3aWUTHbIE GYHKLMV;

- NHTEpdenc Mexay yCTPOCTBOM W YNPaBASHOLLVIM 3/1EMEHTOM BEPXHEro
YPOBHS;

- NHTEpdenc Mexay yCTPOCTBOM 1 OMepaTopoM.

Kak npaBuno, TMpUCTOPHbIe PErynsaTopbl HarnpsiXeHUs CHabXaroTcs

byHKUMAMM 3amThI. K TakM GYHKLMSIM MOXHO omecm:d
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- 3aLUuMTa OT KOPOTKOrO 3aMblKaHWS;

- 3all1Ta Npu paboTe B yCI0BMAX MOHWXKEHHOrO HanpsixeHus Ha Bxoze TPH;

- 3aWmTa Npu paboTe B yCN0BMAX NOBbILLIEHHOrO HanpsXeHUs Ha Bxoae TPH;

- 3aLLu1Ta OT TOKOB Neperpysku;

- 3aLMTa oT 06pbiBa das;

- 3aL4MTa OT HEBKJTHOUEHWS LLYHTMPYHOLLLEro KOHTaKTopa (Mpy Hanuyuumy;

- 3aLu1Ta OT Npo60si CMNOBOro TUPKCTOPA;

- 3aLl1Ta OT TeM/I0BOV NeperpysKku;

- 3aL4MTa OT HECUMMETPUM BXOAHOTO HanpsaxXeHus;

- 3aLll1Ta Npu noTepe ynpaBasemMocTy Tpuctopa.

MPVIMEHAIOTCA OHW B AOCTATOYHO 60/1bLLIOM KONNYECTBE MeXaH3MOB, 04HakO
HanboNbLUWIA MHTEPeC NPeACTaBASIOT mmeHHoa ﬂ MexaHU3Mbl C BEHTUNSTOPHO
Harpyskoii. I3BecTHo, 4To Takvie MexaHU3Mbl 06/1asatoT 60/bLLION
VNHEPLIMOHHOCTbLIO 1 TPEBYIOT A0CTaTOYHO 60/1bLLIOr0 BPeMeHM pasroHa. Mpamoii
MycK Takoro MexaHun3ma AaéT cunbHoe yBenyeHre Harpyskm Ha ceTb U1, Kak
CNeACTBUE, yMeHbLUEHWE HaMPSKeHVS B MUTALOLLIER ceTu, MoABAAOTCA 6onbLuve
Harpysku B MOALUVMHUKAX U KUHEMaTUKe. Mpy MCNoNb30BaHNN PeMeHHbIX Nepejay
MOXeT Hab/IloAaThbCs X MPOCKanb3blBaHWe. MNaBHbIA Myck 3HAUNTENBHO CHUXaeT
BEPOSITHOCTb BO3HVKHOBEHMS MOA06HbIX cmyaumﬁ.{m

Mpwn nyCKe{n MexXaHW3MOB C BEHTUNATOPHOL Harpyskol Harpy3o4Hblii MOMEHT
HaxoAWTCS B KBaZPaTUYHON 3aBNCUMOCTI OT YaCcTOThbl BpaLLeHVs {n( M~).
Takoro poAa MexaHv3mbl B 60IbLUVHCTBE CyYaeB UMetoT 60/1bLLIO MOMEHT
vHepumn (ot 10 2o 200 - KpaTHOro 3HaYeHNs MOMEHTa NHepPLA ,qsmra'renﬂ{n ).
TakvmMun XapaKTepucTMkamm 061aatoT HacoChl, BEHTUNATOPbI, BO3AYXOAYyBKY,
MaLLUVHBI C LIEHTPOBEXHbBIM MPYHLMMNOM YNpaB/ieHus, kopabenbHble NpuBoZbI,
LeHTpudyrn a nT.A.

4.2 PacuéT xapakTepucTyK CcTeMbl TUPUCTOPHBI Npeo6pasoBaTesnb -

ABuratesib — Hacoc



N5 oLieHKM paboToCNOCOBHOCTY 3N1eKTponprBoAa Mo cucteme TPH - AJ,

Heob6X0ANMO NMPOBECTU CPABHUTEbHbIV aHaN3 CTAaTUYECKNX MEXaHNYEeCKMX
XapaKTepUCTUK AN5 3aMKHYTOrO 1 Pa30MKHYTOr0 aCUHXPOHHOIO anek'rponpmso,qa.{m
Haligem oTHOCUTE IbHbIE 3HAYEHNS MUTAROLLLErO HaNPSKEeHWs, MPU KOTOPbIX

6y/eT paboTaTk 31eKTPONPUBOZ;

npu=220B==1;

npn =176 B==0.8;

npn=132B==0.6;

npun =66 B ==0.3.
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PaccunTbiBaeM MexaHuYeckrie xapakTepuctviki M(w) A4ns Bbl6paHHbIX
HanpsixeHwi no popmyne:

M w = 3-Ui2-R2'(w0-w)-XKH2-RT+R2'w0-ww02+R1-R2'w0-ww0-Xp2, (4. 1)
PucyHok 4.3 - CTaTnueckre MexaHnyeckune xapakTepucT ki aCUHXPOHHOTO
Auratens SM63BG/304 ana pasnquuxm HanpsXeHnii 06MOTOK cTaTopa
Bo3HMKaeT BOMnpoc 06 YCTONUNBOCTM paboTa 31eKTporpriBoAa Hacoca npu
CKOMbXeHUV 60blle KPUTUHECKOrO.

KpuTepuem ycToinumnsocTy paboTbl 31eKTPONPUBOAA ABNAETCS BbINONHEHVE
HepaBeHCTBa:

kB - kBc <0, (4.2)

rAe = - XeCTKOCTb MexaHN4ecKol XapakTepUCTVKA ABUraTens B Touke
YCTaHOBVIBLLEroCs pexuma;

= - XKeCTKOCTb MexaHN4ecKol XxapakTepUCTUKM MexaHn3ma (Hacoca) B
TOYKe YCTaHOBMBLLErocs pexmma.

XKecTKocTb MexaH1Yeckoli XapakTepUCTVIKM Hacoca MOXHO OmnpeAennTb
aHanUTNYecKku:

kBc = dMcdw = d(Mc+a-w3)dw =3-a- w2 (4.3) &
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Kak cneayet 13 (5.3), XeCTKOCTb MexaHNYeCcKol XapakTepucTKM Hacoca
NpaKTUYeCcKy IMHERHO yBEINUYMBAETCA C POCTOM ero CKOPOCTY 1 BO BCEM
AVianasoHe perynnpoBaHus CKopocTy nonoxmeanaG ﬂ

PrcyHOK 4.4 - 3aBNCMMOCTI XECTKOCTU aCMHXPOHHOM MaLLUMHbI 1 Hacoca

OT CKOpOCTY

M3 aHanu3a nonyueHHbIX rpadpryeckx 3aBUCcMocTell Ha pucyHke 4.4,
CNeflyet uto  ycnosuie (4.2) BbIMOMHAETCA B OKPECTHOCTSAX CKOpoCcTy = (1-) .
Mo3ToMy BpalLlieHme Hacoca Npw CKOIbXEHMM (CKOPOCTH ) ByAeT YCTONYUMBBIM.
YcTolumnBoe BpallieHne MexaH3MOoB C BEeHTUSTOPHOM Harpy3Koi co
CKOMIbXEHUAMY, 6ONbLUMMMU, NPV PEryIMPOBaHNN 1X CKOPOCTU U3MEHEHVIEM
HanpskeHUs NOATBEPXAaeTCA NPakTUYecKUMm mccnersaHmMMG [3].{
SneKkTpoMexaHmnyeckas xapakTepycTuika (w) onpeaensercs 3aBycMMOCTbHO:
11 0 = 102(w)+122(w)+2-10:12:sin@2, (4.4)

12 @ = UTR1+R252+XKH2+R1-R25-X2, (4.5)

10 w = UTR12+X1+Xp2, (4.6)

sin@2 = XkHR1+R2s2+XKH2 . (4.7)
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PucyHok 4. 5 - CTaTyeckme 3/1eKTpoMexaHNyeckyie XapakTepucTviki

ACMHXPOHHOrO ABuraTens SM63BG/304 Ans pa3nvyHbIX HanNpskeHUii 06MOToK
cTaTopa

MpW Vi3MeHeHUN HaMPSXXEHVs CTaTopa KPUTUYECKUIA 11 MYCKOBOV MOMEHT
ACUHXPOHHOTO JBUraTeNst yMeHbLLATCH NPOMOPLMOHaNLHO KBaapaTy GasHoro
HanpsikeHUs. O4HOBPEMEHHO NPOMOPLIMOHANBLHO HAMPSKEHUIO YMEHbLLIAETCs TOK
kopoTkoro 3ambikaHus 4G . Perynuposame ckopocTy NpovcxoanT 3a CHET n3MeHeHs
XeCTKOCTW XapaKTepyCTVIK. [l HEKOTOPBIX HACOCOB W BEHTUIATOPOB yA3eTcs

[0CTUYb AnanasoHa perynnpoBaHys D=1:10 6narogaps pa6oTe gBuratens Ha



ydacTkax MexaHV4ecKoii XxapakTepucTVKM CO CKONMbXEHMAMM, Gonbu.mmmﬂ {.
CornacHo [6] ypaBHeHwWe, onvcbiBatoLLIee CTaTUuyeckmne mexaHuyeckmne
XapaKTepUCTUKM 3aMKHYTOro acMHXPOHHOro 3 no cxeme TPH-A/ ¢ gaTumKoM
CKOpOCTU {m nmeeT BUA;

oM =0 - MkB, (4.8)

rae - CKOpoCTb M/eanbHOro X0N0CTOro X0Aa;

~ MOZY/b XECTKOCTV MexaHNYeCKoW XxapakTepucTuKu;

M - 31eKTPOMarHTHbIA MOMEHT ,quraTenﬂ.{m

sol

PucyHok 4.6 - MexaHmueCKmem XapaKTepUCTVKM 3aMKHYTOrO aCVHXPOHHOTO
3/1eKTPONPUBOAA MO CXeme TPH-Aﬂ,m

HanpsikeHne cmelleHns npyumem =0.3+ AN NofyYeHNs MexaH4Yeckol
XapaKTepucTVkm, obecneynBatoLLeit MUHUMaNbHbI HEOBXOANMbIA MOMEHT
3nekTponpueoja. Ha pucyHke 4.6 (M) - ecTecTBeHHas MexaHuyeckas
XapakTepucTika npy HOMUHaIBHOM HaMpsXeHuu .

4.3 SHepreTuyeckasn 3GpPpeKTUBHOCTb aCUHXPOHHbIX 31EKTPOMNPUBOAOB
MoNHbIe 31eKTPOMarH1THbIE NOTepPU B aCMHXPOHHOM /JBUraTene 3aBUCAT OT
Tpex COCTaBNAOLLMNX:

A Pam =A Pm1 +A PM2 +A Pc1 (4.9)

rae A -4g8] notepu B mean cratopa, Br;
A - noTepu B 06MOTKe poTopa, BT;
A - noTepw B cTanu cTatopa, BT.

Mpu pa6oTe Ha ecTeCTBEHHOI XapaKTepUCTVKe 3TV MOTepY OMNpPeAensitoTcst

soipaxxeHmsvm 4 [51:
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Aa Pm1 =1011H+1-1011H-pC2 -A PMTH, (4.10)
A Pm2 =pC2 -A PM2H, (4.11)

APcl=B+1-B-uC2 -APclH, (4.12)

rae A=3: - - HoMUHa/bHbIe NOTepU B Meav CTaTopa, BT;

A=3-- —a HOMWHa/bHbIEe NoTepy B 06MOTKe poTopa, BT;

A=A - - HOMVIHa/IbHbIE NOTepY B CTanu potopa, BT;

A = - cymmapHble noTepu B guratesne, BT;

= - OTHOCUTE/IbHOE 3HaueHVe MOMEeHTa CTaTMYeCKO Harpysku, o.e.;

B - KOHCTPYKTUBHBbIV KO3GPULIMEHT, 3aBUCALLMIA OT Cepum

ACUHXPOHHOTO ABuraTesns, o.e. ( B=0.96+0.98 - ans cepuii aCUHXPOHHbIX
Apurateneii 4A-6A, B=0.96+0.98 - Anst KpaHOBO-MeTa/Ilypryeckom cepun).
Mpwv paboTe Ha pPeryIMpoBOYHO XapakTepUCTVIKe, peanvyemoii 3a CHET
CHWXeHUS HanpsikeHVst 06MOTKM CTaTopa, Mo/HbIe 31eKTPOMarH/THbIe NoTepy B
aCUHXPOHHOM /ABUraTe/ne OnpeAenstoTCs B COOTBETCTBUM C BbIpaXeHUAMM:
APmT=1.1 {ﬂ pc2 10-SHITH-s+1-1011H-SHS *A PM1H, (4.13)

APM2=1.1-uc2 ssH -A Pm1H, (4.14)

A Pcl =pc2 B-sHs+1-B-ssH A Pc1H .

(4.15)

AHanus BblpaxxeHuii (4.13), (4.14), ({ 4.15) nokasblBaeT, 4To Npuv paboTe Ha
XapaKTepyCcTUKe C MOHVKEHHbIM HanpsikeHreM yBeMU/BatoTCs MoTepy B 06MoTKe
poTopa A, HO yMeHbLLAKTCsA MoTepy B MeAun ctatopa A v B cTanv ctatopa A.
CoOTHOLLIEHWE NOTePb TakoBO, YTO 06LLME 3NeKTPOMarHUTHbIe noTepun A npu
paboTe Ha XapaKTepuCcTVKe C MOHVKEHHbIM HaMnpsKeHeM OKa3blBaloTCa MeHbLLE,
yeM npu paboTe Ha ecTecTBeHHO xapaKTepMCTMKe.{ﬂ
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PucyHok 4.7 - 3aBUCMMOCTV MOTEPb B MeAy cTatopa - A, B CTanv ctatopa -

A, B MeAV poTOpa - A OT CKONBXEHUSA S

CornacHo UCTOYHYIKY [5], Mpy peryinpoBaHum ckopocTy U3MeHeHneM

Hanps>xeHws Ans BeHTVIﬂHTOpHOVI Harpysku, yaaeTcsa CHU3NTb 3Hepron0Tpe6neHV|e



B 1.5-2 pa3a. DKOHOMVIS 371eKTPO3Hepruy byseT TeM 60/bLuUe, YeM MeHbLIE MOMEHT
ABWraTens, no CPaBHEHWIO C HOMUHaNbHBIM, 1 Yem 6o/blie paboTaeT AsuraTesnb ¢

He/0rpy3Kou.

4.4{5 { MMUTaLMIOHHaA Mo/eNb 3NeKTPOMNPYBOAA C peryMpoBaHem

CKOPOCTN U3MeHeHVeM Hanps>XeHnsa 06MOTOK cTaTopa

Cxema Habopa UMUTALMOHHOI MOZen 31eKTPOoNprBOAa LIeHTPOGEXHOro

Hacoca no cucteme TPH-A/l npvBeseHa Ha pucyHke 4.9

B cocTaB MMUTaLMOHHON MOAENW Ha pucyHKe 4.9 on,qﬂ'r{a cynep6aoku:

- UICTOYHMKa NUTaHWs (prucyHok 4.10);

- MO/I@PHV3VPOBaHHBbIN aCUHXPOHHBIN KOPOTKO3aMKHYTbI ABUraTeNb, Ha

BXO/ ABUraTe/id BO3MOXHO NMoAaBaTb 0TAe/IbHO aAKTUBHbIV 1 peaKTI/IBHbII?I MOMEeHT;
- 610K GOPMVPOBaHNIS Harpyskn BEHTUNATOPHOrO xapakTepa,

peann3oBaHHbI C NOMOLLbH0 610Ka Fen;

- S-06a3Hblii 3a4aTUNK UHTEHCUBHOCTY;

- CNDY (pucyHok 4.11);

- TPUCTOPHBIN MOCT C 06beAVIHEHHO LUVHOV yNpaBneHus (pucyHok 4.12);

- 610K AVHaMNYeCKoro TOpMoXeHUst (prcyHok 4.13);

- MNA perynstop 13 cTaHAapTHOro Habopa 6ubnuoTtekn Simulink.

MapameTpbl aCUHXPOHHOIO KOPOTKO3aMKHYTOrO ABUraTens B NporpamMmMHoii

cpegae Matlab:
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PucyHok 4.8 - MNapameTpbl acCHXpPOHHOro Asuratis SM63BG/304

Ha Bxog S-06pa3HOro 3azaTtyvka NHTEHCVBHOCTY NOAAROTCA CUrHaNbI
3aaHuis. MapameTpbl 6710K0B 3aJaHVS NpuUBejeHbI B TabnuLe 4.1.

Tabnuua 4.1 - NapameTpbl 610K0OB 3aAaHus Step
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Step Step time Initial value Final value Sample time
N3ag.1000.530

N3az.2300.230

N3aa.3500.240

PurcyHok 4.9 - Cxema Habopa UMWTALIMOHHOM MOAN 31eKTPONPYBOAA C PeryIMpoBaHneM CKopoCTu U3MeHeHVeM
HanpskeHns 06MOTOk cTaTopa
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4.4.1 IMUTaUMOHHasa Mozenb TpexpasHoro NCTOUHMKa NUTaHNUS
PucyHok 4.10 - CxeMa Habopa TpexpasHOoro UCTOYHMKa NUTaHKS
MapameTpbl 610k0B GOPMMPOBAHIIA CUHYCOVAANBHOTO HaMPSKEHVIS
npviBeAeHbl B Tabnuly 4.2.

Tabnuua 4.2 - NapameTpbl 6nokos AC Voltage Source

Name Peak amplitude (V) Phase (deg) Frequency (Hz)

AC Voltage Source 220*sqrt(2) 0 50

AC Voltage Source1 220*sqrt(2) -120 50

AC Voltage Source2 220*sqrt(2) 120 50

4.4.2 mutaumoHHas mogens CUPY

PucyHok 4.11 - Cxema Habopa CYHXPOHU3VPOBAHHOTO 6-MYyLCHOTO FreHepaTopa

Ha pucyrke 4.11 €EJ nprisegeHa cxema Mogeny UMNynbcHo ha3oBoro
yrnpaBneHUs TMPUCTOPHbIM NpeobpasoBaTeneM, pas3paboTtaHHas B Simulink.
JInHeliHo HapacTaroLe (M100bpasHbIe) HanpsKeHUs,

CUHXPOHM3VPOBaHHbIE MNTAKOLLE CeTbIo, BulpabaTbiBatoTcst nHTerpatopom 51
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Integrator1. 3T HanpsiXeHWs NocneAoBaTeNIbHO BO BPEMEHW CPaBHMBAOTCS C
HarpsbkeHneM, MPOMOPLMOHaNbHBIM 3aaHHOMY YTy yripasneHust. Kak Tonbko

HanpsiXeHWs CPaBHAIOTCA (415 KaXA0ro kaHana B CBOE Bpems), BolpabaTbiBaeTcs



norvveckas eavH1LA Ha BbIXoAe cxeMbl cpaBHeHUs Relational Operator1.
Jlornyeckas eavHviLA GOPMUPYETCS Ha BbIXOAE NOTNYECKOW CXeMbl {m AND
(Logical Operator2), koTopasi ycTaHaBA1BaeT HyNeBO ypOBeHb BbIXOAHOIO
HanpskeHVs COOTBETCTBYHOLLIEro MHTerpaTopa Integrator2. B 310 xe Bpemsi Ha
BbIxoge nornyeckoiri cxembl AND (Logical Operator) nossnsetcs curHan
€ANHNYHOrO YPOBHS, 1CMO/b3YeMbIii yXe ANst ynpaBAeHUs TUPUCTOPHbIM
npeobpasoBatenem. JNTeNbHOCTb 3TOrO CUrHaia ornpeAenseTcs BeNNUYMHON
HanpsxeHus, Nogasaemoro Ha BxoA Pwidth n cootsetcteytowero 10...15 ° . BG
JlaHHOI CXeMe peannsyeTcs BepTuKabHbIV MPUHLMN GOPMVPOBaHKA yria
ynpasneHus.

AnﬂmynpasneHmn TUPUCTOPHBLIM MOCTOM HEOHXOANMO OAHOBPEMEHHO
nojaBaTh CUrHasibl yripaBieHUs Ha 4Ba TUPUCTOpa: MepBbIli — Ha TYPUCTOP
KaTOZAHOW rpynnbl, BTOPOVi - Ha COOTBETCTBYHOLLVIA TUPUCTOP aHOAHOM rpymmbl.
ToNbKO NPV 3TOM YCN0BUK B Harpyske byAeT npoTekaTtk TOK. ITy 3aja4y
BbIMO/IHAET Nornyeckas cxema (pUcyHok 4.11), coctoALLas 13 10rm4eckoro
anemeHTa OR (Logical Operator1) n cenektopa (Selector). Ha pucyHke 4.12
roka3saHbl BpeMeHHbIe MONOXEHVS CUrHaIoB yrpaBAeHUs TUpUCTopamMu
TpéxdpasHoro Mocta nNpu yrae ynpasneHus a =120 ° {m Ha aToii gnarpamme
nokKasaHbl {m COOTBETCTBYIOLLVE CUrHaNbI yNIpaBneHVs Tupuctopamun.  Passogka
YNpaBAstoLLMX CUrHaoB g1...86 Ha pucyHKe 4.16 Mpon3BeAeHa B COOTBETCTBIN C
AMarpamMmon, NpUBeAEHHON Ha pUCyHKe 4.12.

PucyHok 4.12 -{m Ynpasnsatoume curHansl Ha CUPY
CyLlecTBeHHbIM HeZoCTaTKoM npeanaraemoli Simulink cxemum SIFU
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Synchronized 6-Pulse Generator ABnseTca 0f4HOBPEMEHHbI 3aMyCcK NHTErpaTopoB
Integrator1 1 Integrator2 B Ha4anbHbll/i MOMEHT BPeMeHU 11 0OHOBPEMEHHOe
OPMMPOBaHIie CurHana yrpaeneHns no Heckosbkum kaHanam. {EE

AHann3 NoKasbIBaeT, YTO B Ha4aNbHbIi MOMEHT BK/IOYEHWA CXeMbI {m SIFU

bopmMuMpytOTCA MNY/bChI yNpaBAeHNs NO BCEM KaHanaM 0AHOBPEMEHHO. 3TO
06CTOATENLCTBO NPUBOAUT K aBapUIAHOMY pexXumMy paboTbl npeoGpaaoBaTenﬂ.{m
TeopeTuyecky pexum ynopsizoumBaHns MOMEHTOB BK/IHOUYEHNS

VHTErpaTopoB (MPOoLecc CUHXPOHU3ALM) AUTCH OAVIH MEPUO/ MUTAKOLLIEro
HanpsixeHus 0,02 c. MpakTuyecku BBejeHNEe 610KNPOBKI GOPMUPOBaHUS
1MMNyNbCoB Mo Bxogy Block Ha Bpemsi 0,01 ¢ UcktOYaET aBapUinHbIN pexum [8].{@
PuicyHok 4.13 - Yron ynpasneHus Tvpuctopamu a

HauanbHoe 3Ha4eHWe yrna ynpaeneHus BblopaHo 180 °, UTo cooTBeTCTBYET

MONTHOCTBH 3aKPbITbIM TUPUCTOPAM.
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PurcyHOK 4.14 - OcumnnorpaMmbl CTaTOPHbIX HaNPsKeHWI

BbIXOAHbIE HaNPsXXeHWsA TVPUCTOPHOTO PeryisTopa HanpskeHVs He UMetoT

YNCTO CYHYCOUAANBbHBIN XapakTep Jaxe Npy MUHUMaNnbHOM yrie 3aAaHV|ﬂ.{E Yem
6obLUe Yyron 3aAaHuns B anekTponpueoge TPH-A/L, TeM Hanbonee SpKo BbipaxeHa
TOKOBas naysa [9].{@

PrcyHok 4.15 - OcumnnorpammMbl CTaTOPHbIX TOKOB

Mpwv paboTe TUPUCTOPHOrO peryisiTopa HanpsbkKeHUa Ha akTUBHO-
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VNHAYKTVBHYIO Harpysky, KakoBOW IBNSIETCA aCHXPOHHbIV ABUraTeb,

MUHVMaNbHBI yron ynpasneHys nNpu KOTOPOM NOABAAKTCA XapakTepHble yyYacTku
(TokoBas naysa) B{E ocuunnorpaMmmax TOKBE coctaenseT 65-70 ° .
MpeacTaBneHHbIe Ha pucyHkax 4.14, 4.15 BpemMeHHbIe XapakTepUCTUKN TOKOB

1 HamnpsbkeHWi, NoNyYeHHble Ha OCHOBE MMUTALMIOHHO MOAEI]I/I{m pucyHok 4.9,

MIMetoT XapaKTepHble 0CO6eHHOCTY, 06YCN0BAEHHbIE UMMYNbCHO-Ppa30BbIM



CNoco6oM peryMpoBaHUs MePeMeHHOro HanpsXXeHWs B LieNsxX ¢ akTUBHO-

VNHAYKTUBHO Harpy3Kow.

4.4.3m VIMuTauMoHHas Mojesb TMPUCTOPHOro MoCTa

PricyHok 4.16 - CxemMa Habopa TMPUCTOPHOTO MOCTa C  06bEeAVIHEHHOM LLUNHOW
ynpaBneHMﬂm

NS NCKNKOYEHNS MOMeX, BO3HUKAOLLWX B KaHane ynpaBaeHUs TUPUCTOPHBIM

MOCTOM NPV BK/IKOYEHUN B CETb,m SIFU  6nokupyetcs Ha Bpems 0,01¢ nyTém noAaqm{m
CUrHana eaVHNYHOro YpoBHSA Ha Bxoj Block. PaboTta {m SIFU  CMHXpOHM3MpOBaHa ¢
nuTaloLLei ceTbio Nojayeit NHeHbIX HanpsKeHWii, 0603HaYeHHbIX Ha on,qax{m

SIFU [8].

4.4.4 \M1TaLMoHHas Mogenb 610ka AMHAMUYeCKOro TOPMOXKEHS
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PricyHok 4.17 - Cxema Habopa 6710Ka ANHAMUYECKOro TOPMOXEHNS

[ns 0CTaHOBKM 3NeKTPONPYBOAA B JaHHOI MOAEN NPUMeHSeTCs
AMHAMNYecKoe TOPMOXeHVe. 3TO BU/ TOPMOXKEHUS aCUHXPOHHbIX
3NeKTpoABMraTenei, npy KOTopoM 06MOTKa CTaTopa OTK/IKUaeTCs OT ceTut
nepemMeHHOro ToKa 1 BK/II0YAETCA Ha MOCTOAHHOEe HanpsbkeHve. Bo Bpems
TOPMOXEHWS 06MOTKa CTaTopa CO3AaéT NOCTOAHHOE HeMOoABUXHOE MarHUTHoe
none. Mpw BpaLLeHn PoTopa OTHOCKTENbHO 3TOTO MarHUTHOrO MOJIS U3MeHsieTcs
HanpaeneHue 3/IC poTopa. [pu 3TOM TOK poTopa byAeT 3aB1CeTb OT
COMPOTUBEHVIA B LIeMNW poTopa (ecv TakoBoe MMeeTcs). T NpuBeaeT K
M3MeHEeHWI0 HanpaBNeHUs 31eKTPOMarHUTHOrO MOMEHTa, TO eCTb OH CTaHeT
TOPMO3HbIM V1 NMOA ACTBMEM 3TOFO MOMEHTA NMPOUCXOANT TOPMOXKEHVIE.
KnHeTunyeckas sHeprus BpaLLaoLLVIXCH YacTeil NepexoanT B TEM/IOTY,
BbI€/IAOLLYIOCS B LIENV POTOPa 3a CYET TOKOB, UHAYKTMPOBaHHbIX B Hel
Heno/ABVXHLIM MoNem cTatopa. VsmeHss BenYMHY NoABeAEHHOro K 06MOoTKe
cTaTopa HampsixeHus 1M60 CONPOTUBAEHNE B LieNi POTOPa, MOXHO peryanmpoBaTth
BE/INYVHY TOPMO3HOIO MOMEHTa.

Pacuér TopMoaHorom pesucropa.

PT.mMax = MT.Max:(n1-n2)9.55, (4.16)

rae =1.2- - 120% HOMWHaNbLHOIrO MOMEeHTa ABuUraTens;

- HayasbHas CKOpPOCTb 3amMe//IeHus, 06/MVH;

- KOHeYHas CKOpPOCTb 3aMeA/IeHNs, 06/MUH.

Pt.max = 1.2:2.04+(2850-0)9.55 =730.55 BT.

7

Pan.max = PT.max - k- PH, (4.17)

rae k =0.25 - ko3pPULIMEHT yMeHbLLEeHWS ANs ABuraTeneld 4o 1.5 kBT;
- HOMWHa/IbHaad MOLWHOCTb ABUTraTens.

Pan.max =730 .55-0.25-610 =578.05 Br.

Pan.T = Pan.max2, (4.18)

Pan.T=578.052 =289.03 BT.

RT < Unn2Pan.max, (4.19)

RT < 2202578.05 <83.73 Om.

IT=UwnnRr, (4.20)

IT=22070 =3.14 A.

MpuH1MMaem TopMo3Holi pesnctop BR300WO070 ¢ napametpamu 70 Owm, 300
Br.

4.5 VIMUTaUMOHHbIe NCCieA0BaHNA 31eKTponpusoaa no cxeme TPH-AZ

MpoBepka paboTocnoco6HOCTY 3neKTponpuBoAa no cxeme TPH-AZ
NMPOBOANNACH B TEXHONOTMYECKVX PeXMMaXx paboTb:

* MyCK 371eKTPONpVBOAA NPV Pa3HbIX 3aAaHNAX Ha CKOPOCTh;

. Ha6pocm Harpysku;

* OCTaHOBKa 3N1eKTponpmseoAa.

MoNHBIN LMK paboTbl INEKTPOMNPUBOAA NPeACTaBneH Ha{m pucyHke 4.18, B



KOTOpO 061acTu: A - Myck 31eKTPonpuBoAa Ha CKOpoCTb =1 60@ paa/c; B —m
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Ha6pocm Harpy3ku; C - myck 31eKTponNpuBoAa Ha MakCMManbHyo pabouyro
ckopocTb; D —{m OCTaHOBKa 3N1€KTPOrpMBOAA.

PrcyHok 4.18 - Tpaduki nepexoaHbIX NPoLeccoB 0TPaboTKM 3N1eKTPONPUBOAOM
Hacoca no cucteme TPH-A/Z 3agaHHOro LmKna

Kak B1AHO 13 pucyHKa 4.18 31eKTpornprBog oTpabaTbiBaeT 3a4aHHbIl LK,
Habntogaemble konebaHns MOMEeHTa SBAIAKOTCA CNeACTBMEM HECUHYCOMAANBHOCTY
HanpsiXeHWs NoABOANMOro K 06MOTkaM CTaTopa aCVHXPOHHOTO ABUraTens.
MNA-perynaTtop npejcTaBneHHbIV B UMUTALMOHHON MOAENM Ha pucyHKe 4.9,

6bI/1 HACTPOEH, CMONb3Ys UHXEHEPHbIV NOAXOA K cuHTesy M/l-perynatopos, no
mMeToamke 3urnepa-Hukonca. CornacHo gaHHol MeToAuMke BHayane HeobxoAnMo:
a) KO3QPULMEHTbI 1 YCTAaHOBUTL PaBHbLIMU HYJHO, @ KO3GPULIMEHT
YBENVYMBAETCS 0 TeX Mop, MoKa CUCTeMa He MoTepsieT yCTONYMBOCTb;

6) onpesenuTb NpeAenbHoe 3Ha4eHVe 1 0603HaYNTb ero Kak, a neprog,
aBTOKONe6aHMM Kak ;

B) onpeAenuTb napameTpsbl MA/-perynaropa no cneaytoLyim BblpaXeHUsam:

kp =0.6: ku, (4.21)

ki=1.2- kupu, (4.22)

kd = 3-ku-pu40. (4.23)

ABCD
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MapameTpbl MA-perynsatopa npuseseHbl B TabnviLe 4.3.

Tabnuua 4.3 - PID controller parameters

Source Proportional, Integral, Derivative,

internal 0.00335 0.02 5- 10-6

PricyHok 4.19 - Toku cTaTopa B npoLecce 0TpaboTky 3N1eKTPONpUBOAOM Hacoca
3a/laHHOrO Lykna

PricyHok 4.20 - HanpsikeHe Ha cTaTope B nMpoLecce 0TpaboTky 3N1eKTPONpUBOAOM
Hacoca 3alaHHoro uukna

4.6 AHann3 sHeproapdeKTUBHOCTU cncTem ynpasaeHus MY-A4 n
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TPH-AL

CpaBHUTeNbHbIN aHann3 3G PeKTUBHOCTM PACCMOTPEHHbIX CUCTEM
ynpaeneHs 3 MoXeT 6bITb BbIMNOMHEH MO KPUTEPUIO MUHKIMYMa NoTpebisieMoit
ABVIraTenem noiHov MOLLIHOCTM B yCTaHOBYMBLUVIXCA pexiumax. MoTpebnsemas
MOLLHOCTb PaCcCUMUTLIBAETCA MO BblPaXEeHWHO:

P=3-U1-11'n- cos®. (4.24)

Ha pucyHke 4.21 nocTpoeHbl 3aBUCKMOCTY, NOTPebnsieMoli ABUraTenem
nonesHoul MoLHocTY P(w) npuv ynpaeneHuy 311 no cucteme MY-AZ -
xapakTepuctuka 1, n TPH-A/l - xapakTepucTuika 2.

Tabnuua 4.4 - laHHble 0 NOTPebNseMoli MOLLIHOCTY

No skcnepumeHTa w, pag/c P, Bt (M4Y-AZ) P, BT (TPH-A/)

1160 130.8 286.7

2180182.6310.3

3200 238.4340.5

4250377.5443.2

5298 573.1582.1

PurcyHok 4.21 - 3aBUCMMOCTb NOTpebasemoli ABuraTeneM Hacoca MOLLHOCTH OT
CKOPOCTY B yCTaHOBMBLLEMCs pexxnme: T - cuctema MNY-AJ;

2 - cuctema TPH-AL

Kak BUAHO 13 NprBeAeHHbIX Ha pyc 4.21 3aBrcMOCTell NoTpebnsiemas
MOLLHOCTb MPY Pa3anyHbIX CUCTEMAX yNPaBeHVs MPaKTUYecky AeHTUYHa B

HOMWHaNBHOM pexume paboTbl. 3TO 06BACHAETCA TeM, UTo BeHTUAM TPH B Lienu



craTopa Al Npy 3TOM MOMHOCTbLIO OTKPbITHI, TO eCTb ABUraTens paboTtaeTt
NpaKTNYeckn B eCTeCTBEHHON Cxeme BKIKYeHUS.

PasHunUa nposenseTca Npy paboTe 371eKTPONpUBOAa C 4acToTO BpaLLeHus

HVXe HOMVHaNbHOW. Mpy CHUKEHUM CKOPOCTY BpaLleHns paboyero koneca Hacoca
(B AnanasoHe peryanposaHuv nogauu), notepu B npusoge TPH-A/ pe3ko
BO3paCTaloT. 3Ty 3aBUCKIMOCTb MOXHO OLLeHUTb, Kak MPOMOPLIMOHaNbHYO Fy6riHe
perynvpoBaHus ckopocTu. Mpuy CHUXXEHWW CKOPOCTY B 2 pa3a, MOLLHOCTb,
notpebnsiemas npusogom TPH-A/L, yBennumnsaeTcs no cpaBHeHWto ¢ MY-AJ Takke

B 2 pasa.
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3akntoyeHne

B aviccepTaLMoHHO paboTe NpoBeAeHO UCCef0BaHMe peryavipyeMoro
3/1eKTPONPUBOAA LIeHTPOBEXHOro Hacoca Mo cxemam «{m npeobpasoBaTenb YacToTbl -
ACVHXPOHHbIN gsuratens» (MY-AZ) 1 «TUPUCTOPHBIV PEryNsTOp HanpsXkeHWs -
ACVIHXPOHHbIN gBuratenb» (TPH-AL).

1. B{m npovecce NcceA0BaHNI NCNONb30BaNCSH SKCNePUMEHTANbHbIN CTeHA,

ANIS KOTOPOTO NPOBe/eHbI:

- onpezeneHue NapaMeTpoB 3/1eMEHTOB - LIeHTPO6eXHOro Hacoca,

ACVHXPOHHOTO ZBUraTens, npeobpasoBaTensi YaCToTbl, MEXaHNYECKOR YacTu;

- PacyUéT ecTecTBEeHHbIX 1 UCKYCCTBEHHbIX M@XaHUYeCKX U

31eKTPOMEXaHNYECKIMX XapaKTepPVCTUK aCMHXPOHHOTO ABUraTens;

- NOCTpoeHne CeMeNCTB MexaHN4Yecknx n 3/1eKTPOMEXaHN4YeCcKnx

XapaKTepucTuK.

2. B xoae nccneaoBaHvis 66111 paspaboTaHbl Be UMUTALIMOHHBIE MOAEN B
nporpammHom nakete Matlab/Simulink:

- IMUTaLMOHHAs MOZeNb «INeKTPOnpuBOZ Nno cxeme MY-Alx;

- UMUTaUVOHHAsA MO b «3N1eKTPONprBOZ Mo cxeme TPH-All».

AZeKBaTHOCTb MOZeneli MoATBEPX/AAeTCs CPaBHEHVIeM pe3ynbTaToB

MO/eMPOBaHUS C N3BECTHBIMU TEOPETUYECKUMM AaHHBIMU U1 AaHHbBIMU
¢I/I3I/IHeCKOI'O MoaenmpoBaHus. |_|03TOMy nony4vyeHHble UMUTaLIOHHbIE MOAeNN
MOTYT 6bITb UCMONL30BaHbI 4151 KOMMBIOTEPHOTO MOAENVIPOBAHWS Pa3INUHbIX
TEXHONOrMYECKMX PEeXMMOB MeXaHV3MOB LIeHTPOBEXHOro AeiicTBuA.

3. I'Ipoaep,eHbl 3KCNeprMeHTasibHble NCC/Ie40BAaHNSA SHEPreTUYeckunX,
3N1eKTPOMEXaHNYEeCKMX XapakTepUCTVK 31eKTPonNpuBoAa Ha GpU3nyeckow n
VMUTaLMOHHOM MOAeNAX.

4. MonyyeHo ceMeiicTBO MeXaHNYeckrX 1 31eKTPOMEXaHNYeCKNxX

XapaKTepyCTUK CUCTeMbl «npeobpasoBaTe/ib-ABUraTeb-LeHTPO6eXHbIV HacoC».
BbinonHeHa KOPpPeKT1POBKa BO/LT - YACTOTHOM XapakTepUCTUKA - AS MOBbILLEHS
MyCKOBOrO MOMEHTa Ha MasiblX CKOPOCTAX A0 TpebyeMbix 3HaquM|71.{n
MonyyeHHble pesynbTaTbl UMUTALIMOHHbIX mccneAOBaHmﬁﬂ cnctembl MY-AZ
nokasanu, YTO YaCTOTHO-PEeryvpyemblii aCHXPOHHbIN 3neKTpoanBoAﬂ Hacoca npwu
CKaNIPHOM ynpaB/ieHNM € 3aKOHOM yrnpaBneHus / =n CONstn KOPpPeKTUPOBKOWA H
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BO/IbT-HaCTOTHOW {E XapakTepucTuKoli obecneyviBaeT Myck SN1eKTPONPUBOAA C
HayanbHOW YacToTbl =Sm 'l 1 Tpebyemblii AnanasoH peryMpoBaHns CKOpoCTU
Hacoca. Mepexo/Hble MPOoLiecchl B 31eKTPOMNPYBOAE NPOTEKAtoT MIaBHO C
OrpaHnYeHViemM AMHaMNYeCcKoro MOMeHTa, TOKOB ABuraTens n npeoGpasoBaTenﬂe.

5.« Mo pesynbTatam MMUTALMOHHOIO MOAENNPOBaHNA cxeMbl TPH - Al

MOXHO CAeNaTb BbIBOA O TOM, UTO 3N1eKTPONPUBOA CrMocobeH oTpabaTbiBaTh
ynpaeisitoLLIee BO3/eCTBIE OT 3a4aTuMka MHTEHCUBHOCTY 1 BO3MYLLAtOLLiee
BO3/e/iCTB/E OT MOMEHTA COMPOTUBNEHUS HArpy3ku cm 3a/]aHHbBIMY TOYHOCTbLIO U
bbICTpOAeCTBMEM.

MpoBezeH conocTaBUTeNbHBIN aHaNN3 NCCeyeMblX BapyaHToB,

rnokasaBsLUWiA NpermyLecTBa cuctemsbl MY - AJl, noTpebasioLLeil MeHbLue

SNeKTPO3HEPrnn Npv peryimpoBaHnmn B 3aJaHHOM AnanasoHe.
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perynupyemblii SNeKTponpuBog / J'I.C.{m Yayt, O.N. Manbuesa, H.B. KosinH; Tomckuii
MOANTEXHNYECKNIA YHBEPCUTET. - 2-e 134, Nepepab. v gon. - Tomck: 134-80 {E
TOMCKOro NoanTexHn4eckoro yHmeepcuteta, 2014, - 648 c.

Zm YepHebiwes A.HO., KosinH H.B. MpoekTrpoBaHmne 31eKTpuyeckmx

npuUBoAOB: Y4ebHo-MeTogmnueckoe nocobue. - Tomck: U3a-8o Tr1Y, 2005. - 120 c.
3@ YepHbilles A.rO. DNeKTPONpuBO/ NepeMeHHOro Toka: y4ebHoe nocobue /
YepHbiwes A.HO., lemeHTbeB HO.H., YepHbies .A.; TOMCKUIA MOAUTEXHMUYECKUIA
yHuBepcuTeT. - ToMck: 134-B0 TOMCKOro NoMTeXHN4Yeckoro yHnsepcuteta, 2011.
=213c

4@ lepacumoB B.I.  3neKTpoTeXHUYECKUI CNpaBoYHUK: B 4T. T.4.
Mcnonb3oBaHue 3n1eKTpUYecKol SHeprm / nog obLueii pegakLmert npopeccopa
M3W l'epacumosa B.I'. 1 ap. (rn. pea. Monos A.W.). - 8-e n3a,, ucnp. n gon. - M.:
n3gatenscteo M3W, 2002. - 696 c.

Sa CbIpoMSATHUKOB W. A. PexMbl paboTbl aCUHXPOHHbIX 1 CUHXPOHHbIX
ABuratenei noa. pea. /1. I. MaMukosiHU@. - 4-e 134, nepepaboT. 1 gon. - M.:
SHeproaTtomusgar. 1984. - 240 c.

6a Kntoues B.W. Teopus anekTponpusoga. - 2-e n3A. nepepab. 1 gon. - M.:
SHeproatommsgar. - 1998. - 704 c.

7 MycradpuH M.A., MyctapuH E.M. SHeprocbeperatoLume cuctemsl

3N1eKTPONPUBOAA LIEHTPOBEXHBIX HACOCHbIX arperaTo.. — Aimarsl, 2009. - 248 c.
8 TepéxuH B.5. MogenvpoBaHue cuctem anekTponpusoga B Simulink

(Matlab 7.0.1): y4e6Hoe nocobue / B.b. TepéxuH; HaunoHanbHbIi
ncenefoBaTenbCknii TOMCKUA NOAUTEXHUYECKUI yHUBEpCUTeT . - Tomck: M34-80
ToMcKoro noanTexHnyeckoro yHmsepcuteta, 2010. - 292 c.

9@ TumoLukmH B.B. Pa3paboTka 1 nccnegosaHvie HabntoaaTens yrnosomn

CKOPOCTU ANS aCUHXPOHHbIX 3/1eKTPOMPUBOAOB MO CXeme TPH-A,CI,E {E ANC. ... KaHJ,.
TeXH. Hayk. - Tomck, 2014. - 153 c.

10 LLy6eHko B.A. TUPUCTOPHbIN aCUHXPOHHBIV 31eKTPOMPUBOJ C pa30BbIM
ynpasneHvem [Tekct] / B. A. LLly6eHko, U. 4. BpacnaBCKMME .- MockBsa: SHeprus,

1972.-200c.
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11 JNle3HoB b. C. YacTOTHO-peryavpyemblii 3SN1eKTPONpPUBO/A HAaCOCHbIX
yCTaHoOBOK. — M.: MalumHocTpoeHue, 2013. - 176 c.

12{m ®ponos .M., LLiensiknH B.M. Perynvpyembilii aCUHXPOHHbIA
31eKTPONpUBOA; y4ebHoe nocobue. - CaHkT-MeTepbypr: M3aaTenscTso flaHb,
2016. - 464c.

13 OHuLeHko .B. Teopusi anekTponprBoaa: y4ebHuK. - M: U3gaTenscTeo
WHdpa-M, 2015. - 294c.

14 Tepexos B.M. CucTeMbl ynpaBneHus 31eKTPONprBOAOB: Y4e6HMK Ans
CTY/. BbICLL. y4eb. 3aBeaeHuii / B.M. Tepexos, O.U. Ocunos; nog peg. B.M.
TepexoBa. - M.: V3gaTenbckuiin LeHTp «Akagemus {E »,2005. - 304 c.

15 MockaneHko B.B. CicTeMbl aBTOMaTU31MPOBAHHOIO yripaBneHust
3NeKTPONpUBOZAaA: yHebHHMK. - M: M3gatensctBo IHppa-M, 2014. - 208c.

16 faHnnos IN., bapbiwHMKoB B., Poxkos B. Teopus anekTponprsoja:
yyebHoe nocobue. - M: Msgatensctso AupekT-Meana, 2018. - 417c.

17 Anves U.MN. CNpaBoYHUK MO 3N1eKTPOTEXHVIKE U 3N1eKTPO06OPYA0BaHNIO:
y4ebHoe nocobue ansa Bysos / V. V. AaneB. — M.: BbicLuast mxonaa ,2000.-255¢c.
18 Bonbaek A.W. DnekTpuueckme MalnHel. J1.: SHeprus, 1974. - 840 c.

19 ABakymoB A.M. SnekTpuyecknii Npusog. Yactb 2. S1eKTponpuBoAbI

nepemMeHHoro Toka: y4e6. nocob. / A.M. Abakymos, I.B. Tynynos, FO.A. HYabaHoB.



- Camapa: Camap. roc. TexH. yH-T, 2014. - 130 c.

20 N1.C. YpyT, AKO. YepHebiwes, H.B. l'yces PaspaboTka 1 MoaenvposaHue

ACUHXPOHHbIX 31€KTPOMNPVBOAOB  CO CKaNSIPHBIM YrpaB/ieHneM //m HaumoHanbHbIi
nccnefoBaTenbCknii TOMCKUIA NOATEXHUYECKNIA yHUBEpCUTET {m M3BecTus By30B.
SnekTpomexaHuka. - 2015. - No3. - C. 43-49.

21 AHyunH A.C. CucTeMbl ynpaBneHrs 31eKTPONpUBOAOB: yHebHNK 415t

By30B. - M.: V3gatensckuii gom M3U, 2015. - 373 c.

22 KosuuH C.A., CabuHuH FO.A. Teopuisi 3/1eKTPONPUBOAA: YUebHUK Ans

By30B. — Cl16.: dHeproatoMm3gat. CaHKT-MNeTepbyprckoe om-Hme{m ,2000.-496c.

23 UnbuHckuii H.®., KosaveHko B.®. O6LLMiA Kypc 3n1eKTponpuBoja: Yueb.

A5 BY30B. - M.: 3Heproaromm3,qara ,1992.-544 c.

24 Konblnos W.M. dnekTpryeckme MalLNHbL: YYeBHUK Ans BY30B. — M.:
SHeproaTtommsaar, 1986. - 360 c.

25 Koznosa J1.E. PaspaboTka HelipoceTeBoro Habntoaatens yrnosom

CKOPOCTV poTOpa B 31eKTponpueoje no cxeme TPH-A/L: {m AVIC. ... KaHJ, TeXH. HayK. -

Tomck, 2015. - 144 c.



