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AHHOTAIUA

B nmuccepranmoHHOi paboTe HAa OpPUMEPE MIAXTHOW MOABEMHOM MAaIIMHBI
tunna HKM3 2I1-5*2,3 wuccnenoBaHa cucremMa »>JIEKTPONPUBOJA, PACCMOTpPEHA
npoOsiemMa >HeprocOepeKeHus:: MPOBEJEH pacueT IKOHOMHUH SJEKTPOIHEPTUU U
YMEHBIICHUSI TOTEPh B JJIEKTPONPUBOAE NIPU 3aMEHE POTOPHOM CTaHUUU
ANEKTpoaBUTATENST C (ha3HBIM POTOPOM Ha PETYIMPYEMBIN 3JIEKTPONPHUBOJ, YTO
aBisgercss 1enblo padotel.  [lokazan  skoHOMUYeckuil >PGEKT TpUMEHEHUS
YaCTOTHBIX MpeoOpa3oBaTesieli: COKpallleHue MOJIOMOK M aBapuili 000py0BaHUA,
Oojee TOYHOE pEryjJupoBaHHE pPa3rOHa M TOPMOXKEHHUS CKHUIA; SKOHOMHS
AIEKTPOIHEPTUU COCTABIAECT 9,8%; a TakKe BCS MOIIHOCTH CKOJIBKEHHUS POTOpA
AIIEKTPOJBUTATENEH yepe3 mpeoOpa3zoBaTeNb YaCTOThl BO3BPAILAETCS B MUTAOIILYIO
cetb 6 kB 50 I'm, a He 3aTpaymBaeTCs Ha HArpeB POTOPHBIX CONPOTHUBICHUU M
HarpeB 3JIEKTPOABUTATEIIS.

[Ipensoxensl BapuaHThI MPUMEHEHUS YIEKTPOIIPUBOIOB:

a) ¢ A/l ®P u TpaH3UCTOPHBIMU UHBEPTOPAMHU HAIIPSKEHUS;

0) c moakmoueHuem crtaropa AJl @P k ceru 6kB 50 I'11 yepe3 KOHTaKTOPHBIM
pEBEPCOP U PEKyNIEPATUBHBIM UHBEPTOPOM B POTOPE;

B) C KOpOTKO3aMKHYThIM ctatopoM Al ®P u pekynepaTuBHbIM UHBEPTOPOM
B POTODE;

I) C peKylepaTUBHBIM HU3KOBOJBTHBIM HMHBEpTOpOM B crarope AJl ®P u
PEKYIEpaTUBHBIM HU3KOBOJIBTHBIM HHBEPTOPOM B POTOPE;

n) wmamuHbl ABodHoro mwutanHus (MJIII) B snekTponpuBoje MIaXTHOMU
MOJbEMHON MAIIIMHBI.



Annotations

On the dissertation work of a mine hoist machine type NKMZ 2C-5 * 2.3
investigated motor drive system and considered the problem of energy saving:
calculated energy savings when replacing the rotor with slip-ring station for
regulated electric drive. Shows the economic impact of application of frequency
converters: reducing breakdowns and accidents to the equipment , more accurate
control of acceleration and deceleration to the skip , energy savings of 4%, as well
as all the power slip of rotors to the motors returns in the supply network 6kV
50Hz and not spent to rotary resistance heating and motor heating .

Proposed applications of actuators:

a) with induction motor with phase rotor and transistor voltage inverter;

b) connecting the stator IM PR network 6kW 50 Hz via contactor reverser
and regenerative inverter in the rotor;

c) squirrel stator IM PR and regenerative inverter in the rotor;

d) low-voltage inverter with regenerative IM PR in the stator and regenerative
low-voltage inverter in the rotor;

d) dual power supply machine (MDP) in the drive shaft hoisting machine.

AHaaTna

Hucceprammsuibik sxkympicta HKM3 211-5%2,3 TunTi maxTaiblK KeTeprill
MAaIIMHACBIHBIH 3JIEKTPIKETEr1 JKylecl 3epTTeNreH KoHE SHEproyHemey Maceseci
KapacThIpbUIFaH:  (a3aliblK  pPOTOPJBI  BJEKTP  KO3FAJITKBIUIBIH  PETTENETIH
KO3FaJITKBIIIKA aybICTBIPbUTY OAaKpPBICBIHIA 3JIEKTP SHEPIHUCHIHBIH YHEMIEIY1 ece0l
kepceTuired. JKuiIiK TYpAEHAIPrilliHiH KOJAaHYyIbIH SKOHOMUKAJIBIK HOTHKECI:
OV3BUTYIBIH JKOHE KaOABIK amnaThIHBIH KBICKAPTBUIYBI, CKHUIITIH OacTamKsbl
KBUITAMBIK Ay )KOHE TEKENyIHIH PEeTTeNyl ; JIEKTP SHEPTUsIChIHbIH YHeMi 4%-Fa
TOMEHCHI1 )KOHE JEKTPKO3FAINTKBIII POTOPHI CHIPFYBIHBIH OapibIK KyaThl pOTOP
KeJIeprici MEH KO3FaITKBIIITHI KbUIBITYFa KETIEH, KUK TYPJICHIIPTilIl apKbLUIbI
6B 50 I'ty kKopekTeHaipy KenniciHe KauTabl.

DJEeKTP)KETEKTIH KOJIIaHBICHIHBIH KeJleCl HYCKaJlapbl YChIHBIIFaH:

a) ®P AK >xoHE KepHEeyl TPaH3UCTOP TEPICTEYIIllL;

0) cratopabiH KocybiMeH To3aK OP 6B aybira 50 111 apKbUIbl KOHTAKTOPHBIH
pEBEPCOP KOHE KUHAFBIII TEPICTEYIMIIIEH POTOPIA;

B) KbICKa TyibIKTanraH ctatopiisl ®P AK xoHe poTOpbhIHIA >KWMHAFBIII
TepiCTEYIIlIEeH;

r) ®P AK cratopHblfa >KMHAFBIII TOMEHI1 BOJBTTHI TEPICTEYIIINEH >KOHE
POTOPBIH/IA dKUHAFBIII TOMEHT1 BOJIBTTHI TEPICTEYIIIIIEH ;

1) KOC  KOPEKTEHYIl  MAalllMHAJapblHbIH  IIAXTaJblK  MAallMHAHBIH
AIEKTPIKETETIHAE KOJITAHBLTYBI.
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BBenenue

[MaxTHass nombemHas ycranoBka (IIITY) —  crioxkHas MexaHuYeckas
CUCTEMA, KOTOpas COCTOMT U3 psAlla COCPEAOTOYEHHBIX Macc: COCYJOB, OPraHOB
HAaBUBKHM, 3yO4YaThIX Tepenad, IBUTATEICH, IKWBOB, COCAMHCHHBIX YNPYTUMH
AJIEMEHTaMHU : KaHaTaMH, BaJOMpPOBOAAMH, MPYKUHHBIMU My(]Tamu.

Onu obecrneunBalOT BbIAYy MOJIE3HOTO  HCKOMAEMOro, a  TaKxke
nepeMenieHne JToaen u rpy3oB. OT HaIe)KHOCTH paObOThI 3TOTO BaKHEHIIIETO 3BEHA
TEXHOJOTHUECKON 1NN 3aBUCUT OecrepeOOWHOCTh paboOThl BCETO MPEANPHUSATHS.
Jrobass aBapuiiHas cUTyalMsT Ha NOABEME BEIET K OCTAHOBKE MPEAIPHUITHS.
[Toaromly Bompocam obecrieyeHUs] HAJEKHOCTH U OE30MaCHOCTH JKCIUTyaTalllH
MIaXTHBIX MOABEMHBIX YCTAHOBOK BCET/a YIEISIM 0CO00€ BHUMAHHE.

W3BecTHbl 1maxTHeie mnoabeMHble ycrtaHoBku (IIITY), Bbicora moabema
KOTOpbIX nocturaer 1o 2000 M, rpy30m0AbEMHOCTh COCYAOB AOCTHUTAaeT A0 75
TOHH, @ MaKCUMaJIbHasi CKOPOCTh ABMKEHHS - 16 m/c. Taxxke uMeroTCst Mo IbeMHBIE
YCTaHOBKH, KOTOPBIE OJTHOBPEMEHHO NepeBo3AT 10 150 yenoBek. MOIHOCTH TaKUX
ANEKTPONPUBOAOB cocTaBisieT A0 5-10 Teicsiu kBT. Macca mogbEMHBIX KaHaTOB
MOeT focturath 30 ToHH. [Ipy 3TOM 3HaYUTENBHO YBETUUUBAIOTCS TUHAMUYECKUE
Harpy3Ku MpU pa3roHe U TOPMOKEHUU, OCOOCHHO B PEXKHUME MPEAOXPAHUTEIBHOIO
TOPMOXKEHUS.

Pa3zBuTHe COBpEeMEHHOW MATEMATHUYECKOW TEOPUM MAIIMH TEPEMEHHOTO
TOKa U CO3[JaHUE YCOBEPILIEHCTBOBAHHBIX CHJIOBBIX MOJIYIPOBOJIHUKOBBIX TPUOOPOB
U npeoOpa3oBaTesiel Ha MX OCHOBE, HCIIOJB30BAHUE COBPEMEHHBIX  CPEJICTB
yIpaBJ€HUs, BKJIFOYAsl ~ MHUKPONPOLECCOPHBIE,  NO3BOJIMJIA  CO31aTh
BBICOKOKAQUECTBEHHBIE W HAJEKHBIE CHCTEMBI PEryJIHPYEMBIX ACUHXPOHHBIX
JIEKTPOIIPUBOAOB, KOTOPBIE CTAHOBATCS OCHOBHBIM BHJOM PETrYJIUPYEMOIO
AIIEKTPOIIPUBOAA.

Ha  MupoBoM pbiHKE W3 OOIIEr0 YHCIa PETYyJIUPYEeMBIX  TPHBOJIOB
AJEKTPONPUBOJBI TMEPEMEHHOTO TOKa COCTaBIISIOT 68 %, a 2JIEKTPONPUBOIBI
MOCTOSTHHOTO ToKa - 15 %, MexaHuueckue W rujipaBidyeckue npuBoasl - 17%.
TenaeHMs BO3pacTaHUsd JOJIM BHEIPSEMBIX PEryJUPYEMbIX ACHHXPOHHBIX
AIIEKTPOINPUBOZOB OOBEKTUBHO COXPAHMUTCS U B JalbHEHIEM, TaK KaK MacCOBBIN
peryaupyeMbli 3JEKTPONPUBOJ, MOXKET OBITh peaju30BaH TOJILKO Ha 0aze
ACUHXPOHHBIX JBUTATENel. DTO OOBICHSAETCS TEM, YTO B JAMANA30HE MOIIHOCTEU
10 100 kBt ux npouzBogutcs B 40 pa3 GoJibliie, 4eM JABUTATENN MOCTOSSHHOTO TOKA.
[[Iupokoe UCHOJIb30BAaHUE PETYIUPYEMBIX SJIEKTPONPUBOJOB MPHUBEIO K TOMY,
YTO COBPEMEHHBIM  JJIEKTPOIPUBOJ  SIBISETCS HE TOJBKO  3HEPrOCHIIOBOM
OCHOBOW, MO3BOJISIONIEH  00ECIeYnTh ITPOU3BOJCTBEHHBI I MEXAaHU3M
HEOOXOMMMOW  MEXaHWYECKOM OSHEpPrue, HO U CPEJICTBOM  YINpaBIICHUSA
TEXHOJIOTMYECKUMHU TIpolleccaMy, TaK Kak 3aJadyd [0 peaau3aliy KadecTBa
IPOM3BOJCTBEHHBIX IPOIECCOB celyac B OOJBIIMHCTBE CIy4yaeB BO3JIAraroTCs
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Ha CHUCTEMBbl YIPaBJICHUS PEryJUPYEMbIMH 3JEKTPONPUBOJAMU B COUYETAHHH C
CUCTEMAMU TEXHOJIOTMYECKOW aBTOMATUKH. A TakKe B CBA3U C BO3PACTAHUEM ILICH
Ha JHEPrOHOCHUTENIM, B YaCTHOCTH HA DJJIEKTPOSHEPrHUI0, W OrPAaHUYCHHBIMU
BO3MOKHOCTSIMU YBEJIMYEHUSI MOIIHOCTH T€HEPUPYIOIIHUX YCTAaHOBOK TMpobiema
PHEProcOepekeHus, B TOM YHCII€ CHIKEHHUS JJIEKTPONOTpeOIeHUs, OYEHb
aKTyaJbHBI.

Tenaenus pa3BuTHsi OOIETIPOMBIIIICHHBIX 3JEKTPOINPUBOJOB OCHOBaHa Ha
COBPEMEHHBIX  YCTPOMCTBAX CUJIOBOM  DJIIEKTPOHUKH. Perynupyewmsie,
NO3ULMOHHBIE U ciaeasiue 3ekTpornpuBoasl (OI1), BeIMOIHAOMIKE yNPaBIIEMOE
npeoOpa3oBaHue ICKTPUUECKON SHEPTUU B SHEPTUI0 MEXAHHUYECKOTO JBUKCHHUS
paboyux OpraHoOB, SBJISIIOTCS OCHOBHBIM HCIOJHUTEIBHBIM 3BEHOM  CHUCTEM
aBTOMATU3allUd  TNPOMBIIUIEHHBIX MEXaHU3MOB, MallMH M TEXHOJIOIMYECKUX
yCTaHOBOK. Takoe COBMELIEHHWE B OJIHOM TEXHUYECKOM YCTPONCTBE (PYHKIIUU
aBTOMATUYECKOTO0 YIPABJIEHUSI TEXHOJIOTMYECKUM MPOLECCOM U MpeoOpa3oBaHus
BHJIOB HEPTUU MO3BOJISIET ¢ TOW WM MHOW CTENEHBIO YCIOBHOCTH Pa3/IEiIUTh BCE
CUCTEMBI  JJIEKTPOIIPMBOAA II0 NPUHLMIIAM IOCTPOEHUS W  BHYTPEHHEU
ONTHMM3ALIMU Ha JBa OCHOBHBIX KJjlacca.

a) CwioBOM 3JEKTPONPHUBOJ, OCHOBHAs MX (YHKUUSA: YHOpPaBIseMOe
npeoOpa3oBaHuE 3JEKTPUUECKON SHEPruu B MOJIE3HYIO MEXaHMYECKYH padoTy.
Takue cucTeMbl MPOEKTUPYIOTCS U3 COOOPAKEHUH HAMITYUIIEr0 MCIIOJIb30BaHMS
YCTAaHOBJICHHOM MOIIHOCTH CHJIOBOrO oOopyaoBaHusi DIl - momynpoBOIHUKOBBIX
npeoOpa3oBaTeneil AJIEKTPUUECKONM HHEPTHMM M JJIEKTPUUYECKOW MAaIlMHBI B
YCTAaHOBUBLIUXCS ~ PEXHUMaxX IMpPU YAOBIETBOPEHUHM, KaK IPABWIO, HE OYEHb
XKECTKUX TpeOOBaHMM K TMOKa3aTeasiM KayecTBa MEPEXOJHbIX IMPOLECCOB U
TOYHOCTU  perynupoBaHus. Cpeau CHUJIOBBIX CHCTEM MOXKHO  BBIIEIUTH
oO11IepOMBITIUICHHBIE U 3HEeprocoeperatomue D1, paboTaroiiye B CTAaTUCTUYECKUX
peXuMax ¢ MEIJIEHHO HM3MEHSIOLIEHCS Harpy3Koil. 3aKOHBI YNPaBIEHUS TaKHUMHU
OIl onTUMHU3UPYIOTCST TO OJHOMY W3 PACIPOCTPAHEHHBIX TEXHUYECKHX U
HHEPreTUUECKUX KPUTEPHUEB: KPUTEPUI0 MUHUMYyMa TOKa MOTpeOIeHHs,, MUHUMYyMa
MOIIIHOCTH MOTEPb.

0) MnabopMalMOHHBIN 3IEKTPONPUBO, TJIABHOW (PYHKIMEH KOTOPHIX -
OpeleabHO TOYHOE U CIIEA0BATENbHO, OBICTPOJCHCTBYIOLIEE BOCIPOU3BEICHHUE
KOOpAMHATAMU  MEXaHMYECKOrO  JBWKEHHMsS padOyuX OpraHoB  3aJaHHBIX
IPOCTPAHCTBEHHBIX Tpaekropuil. OHu paboTaroT MPEUMYILIECTBEHHO B
NEepPeXOAHbIX MPOLECcCax, U PHEPrusi B HUX LUPKYIUPYET (32 BBIYETOM MOTEPH)
MEXIY AMEKTPUUYECKUMU (hOpMaMU M KHHETUYECKON PHEprueil NBUKYIIMUXCS MacC.
OTcrofa 0YeBUIHBI U KPUTEPUHU ONTUMU3AIMKU HHpopManmoHHbIX JII: npenensHOE
OBICTPOJIEHCTBHE, CTATUCTUYECKAA U JUHAMUYECKA TOYHOCTb.

He3aBucuMo OT Ha3HayeHUs SJEKTPONPHUBOJIOB B HACTOAILIEE BPEMS BO
MHOTHX OTpacisiX MPOMBINUICHHOCTH JIMJUPYIOIIHE IMO3WLIHUHA MPOYHO 3aHUMAKOT
CUCTEMbl TEPEMEHHOro TOKa Ha 0a3e aCHHXPOHHBIX JBUTaTeleil C
KOpPOTKO3aMKHYTbIM ~ poTopoM  (AJIKP) M CHUHXPOHHBIX JIBUTATElIEn C
MarHUTORJIEKTPUYECKUM (MH(POPMALMOHHBIE) WM 3JIEKTPOMArHUTHBIM (CUJIOBBIE
CUCTEMBI) BO30YXXJIE€HHWEM. ITO CTaj0 BO3MOXKHBIM Oylaromaps JAOCTHKEHUIM
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NOCNEAHUX JACCIATUICTHH B O0JacTH TEOPUH DIEKTPUUECKHX MAIIMH U
AJIEKTPOIIPUBOJOB TEPEMEHHOIO TOKa, TEOPHUH AaBTOMATUYECKOIO YIPaBIICHUS
MHOTOCBSI3HBIMU ~ HEJIMHEWHBIMU  JTMHAMHUYECKUMU  OOBEKTaMH,  CO3JaHUIO
COBPEMEHHBIX, TMOJHOCTBIO  YIIPABISEMbIX CWJIOBBIX  TOJYMPOBOJIHUKOBBIX
npuOOPOB, Pa3BUTHUI0O MHUKPOAIEKTPOHHBIX UM MHKPOIPOLIECCOPHBIX CPENCTB
yIpaBieHust 1 00paboTKH HHPOpMAITIH.

B psne pa3BuThiXx cTpaH pa3pabaThIBalOTCS HOBEHIINE TEXHOJOTUHU
IpPUMEHSEMBIE ISl YIy4YlIEHUsI KadecTBa pabOThl BCEW CUCTEMBI 3JIEKTPONPUBOIA
u ee 9 PEeKTUBHOCTH, UTO SIBISIETCSA aKTyaJIbHOM 3a7auei.

DOHeprocOepexeHne - OJHO W3 MPHUOPUTETHBIX HAMPABICHUNA TEXHUYECKOU
NOJINTUKK BO BCEX PAa3BUTBIX CTpaHaX MHUpa. OTO CBS3aHO, BO-NEPBBIX, C
OTPaHUYECHHOCTBIO M HE BO300HOBIISIEMOCTBIO OCHOBHBIX 3HEpPropecypcoB, BO-
BTOPBIX, C HEMPEPHIBHO BO3PACTAIOIIMMHU  CIOKHOCTSIMH HMX  JOOBIYM |
CTOUMOCTbBIO, B-TPETbUX, C TJI00AJbHBIMU 3KOJOTMUYECKHUMHU MPOOIEMAMHU.

DHeprocOepexeHue SBISIETCS HauboJjiee JIemeBbIM U 0€30MacHbIM CIIOCOO0M
YBEIMYCHHSI TEHEPUPYIOIIMX MOIIHOCTEH, TaK KakK 3aTpaThl Ha SKOHOMHUIO 1 KBT
MOIIHOCTH 00X0AsTCs B 4-5 pa3 JelieBiie, 4eM CTOUMOCTh BHOBb BBOAUMOTO 1 kBT
MOIIHOCTH.

OcuoBubie notepu (10 90 %) mpuxoasTcs Ha cdepy SHEpPronoTpedIeHus,
B KOTOPOM JIOJKHBI  OBITh CKOHLIGHTPUPOBAHbl OCHOBHBIE YCWJIMS IIO
HPHEProcOEPEKEHUIO IIEKTPOIHEPTUU. Tak Kak 3JEKTPONPHUBOABI MOTPEOISAIOT 10
70 % BbIpabaThIBAEMOM 3JIEKTPOIHEPIUU, HAMOOJIEe CYIIECTBEHHAs HIKOHOMUS
AIIEKTPOIHEPTUNA MOXKET OBITh JOCTUTHYTAa MpPH HCIOIB30BAHUH PETYIUPYEMBIX
ANEKTPONPUBOAOB JJI YINPABICHUS TEXHOJIOTMYECKMMH TMPOLECCaAMH, YTO B
COUETAaHUU C BO3MOXHOCTSIMHM aBTOMATH3alMM MOXET OOECHeYUTh ONTHMAJIbHOE
MCITIOJIb30BAHUE AIIEKTPOIHEPTUU U APYTHX PECYPCOB.

B cBsi3u ¢ TeM 4TO cpenu peryiarpyeMbIX 3JIEKTPONPUBOIOB TIOMUHHUPYIOIIEE
MOJIO’)KEHUE 3aHUMAIOT YaCTOTHO-PErYJIHPYEMble ACUHXPOHHBIE 3JIEKTPOIPUBO/IBI,
UX MaccoBO€ MIPUMEHEHHUE MO3BOJISIET pelliaTh HE TOJIbKO TEXHOJIOTMUYECKUE 3a/1a4H,
HO U MPpoOJIeMy dHEprocOepeKeHUS.

[ToaToMy HccienoBaHUE CHCTEMBI BJIEKTPOINPHUBOJA IIAXTHBIX MOJBEMHBIX
YCTaHOBOK: BBISICHEHHE HEIOCTaTKOB U 3(PPEKTUBHOCTH MOCIE MOIEPHU3ALUU C
IpUMEHEHHEM IpeoOpa3oBaTesiell YaCTOThl SIBJISETCS 1I€JIbI0 HAcTOsUIeH padoThI.
[Ipu 3TOM cTaBATCS CleAyIOIIMe 3a0auu:

1) Paccmotpets ycrpoiicTBo U nipuHIun padots! LITIM;

2) IlonkiroueHne K CHCTEME M MOJEPHHU3ALUS CXEMbI 3JIEKTPONPUBOJIA

ITIM ¢ mpuMeHeHneM pOTOPHBIX MpeoOpa3oBaTesieil YaCTOThI;
3) Paccuurath sHeprodpdexkruBHOoCcTH NpuMeHeHus YlI;
4) Cpenatb peKOMEHJAIMU 110 TTPUMEHEHHIO YaCTOTHBIX MPeoOpa3zoBaTeieH.
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1 OcHOoBHBIE 3JIEMEHTBI IIAXTHBIX MOABEMHBIX YCTAHOBOK

1.1 YcrpoiictTBo, nmpUHIUN JeiicTBUA M KJIACCHPUKANUS IMAXTHBIX
NOAbEMHBIX YCTAHOBOK

B npaktuke pa3pabOTKM  MECTOPOXKACHUN  MOJIE3HBIX  HMCKOIAEMbIX
MOJ3EMHBIM CITOCOOOM HaWOOJIbIIIEe PACIPOCTPAHECHHWE HAILIM OJHOKAaHATHBIC
IIaXTHbIE TOABbEMHBIE yCTaHOBKU. OnHOKaHaTHAas BepTukanbHas [IITY (pucyHok
1.1) coctouT W3 MIAXTHOM NOABEMHOM MAaIIMHBI S5, MOABEMHBIX KaHATOB 2,
oru0armnMx Hampapisiomux MKUBOB 4. K moabEéMHBIM KaHaTaM TOABEIICHBI
noAbEMHBIE coCcyAbl |, B KOTOPBIX OCYIIECTBISETCS MOABEM MOJIE3HOTO
MCKOIAeMOro, CITyCK WM TOABEM JIIOACH, MaTepuasioB W obopynoBanusa. Ha
rIIyOOKMX IAXTHBIX MOJBEMHBIX YCTAaHOBKAX K COCyJaM MOJKET OBITh IMOJBEIICH
XBOCTOBOM (ypaBHOBEIIUBAIOIIHNIT) KaHAT 3[4].

Pucynok 1.1 - Cxema BepTUKaIbHON OJHOKAHATHOW IIAXTHOM MOABEMHOMN
YCTaHOBKH

K maxTtHOW nDOABEMHONW MaIlIMHE 4Yepe3 PEAYKTOp WM HAnpsMYHO
nepenaéTcss KpPyTALIMM MOMEHT OT Bana noabémHoro asurarens. [lombEmHbie
KaHaThbl 3alacoOBAaHbl K OpraHy HAaBUBKM IIAXTHOW MOJBbEMHOM MAIIWHBI TaKUM
o0pa3oM, 4TO MPU MX BPAIEHWW OJWH KaHAT HABUBAETCS, a JAPYrOd CBUBAETCS, U
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npu NoIbEME OJHOTO COCyJla BTOPOU omyckaercsi. B pe3ynbraTe cOOCTBEHHBII Bec
NOABEMHBIX COCY/IOB ypaBHOBEIIMBaeTca. Ha maxTHbIX MOABEMHBIX YCTAHOBKAX C
MPOTUBOBECOM OAMH MOIBEMHBIN COCYJ 3aMEHEH MPOTHUBOBECOM, BEC KOTOPOTO
PaBEH Becy cocy/ia IUTIOC TTOJIOBMHA Beca MOJHUMAEMOI0 B HEM PacuyeTHOIo rpy3a.

[IlaxTHBIE MOIBEMHBIE YCTAHOBKH T10 TUITY MPUBOJAA KIacCU(UUIUPYIOTCS (C
PEIYKTOPOM WM 0€3 penyKTopa):

a) MEPEeMEHHOI0 TOKa:

— ACHHXPOHHBIA JBHUTATENb C (Pa3HBIM POTOPOM (C METAUIMYECKUM WIIH
YKUJKOCTHBIM PEOCTAaTOM B IIETIH POTOPA);

—  aCHHXPOHHBIH  JBHUTATeIh C KOPOTKO3AMKHYTBIM  pPOTOPOM H
npeo0pa3oBaTeIeM YaCTOTHI:

— CHHXPOHHBINA JBUTATENH C MPe0Opa3oBaTesieM 4YacTOTHI;

0) MOCTOSIHHOTO TOKa!

— C IIPUBOJIOM TI0 CUCTEME Te€HEePaTOP-/IBUTATEIb;

— C IPUBOJIOM 10 CUCTEME TUPUCTOPHBIN Mpeodpa3oBaTellb JBUTaTENb.

st obecriedeHUs] HAMpPaBICHHOTO  JIBIJKEHMSI MOIBEMHBIX  COCYJZIOB
[IaXTHBIE  CTBOJIBI  OCHAIEHBl ~ ApMUPOBKOWM.  ApMHpOBKA -  JKeCTKas
MPOCTPAHCTBEHHAs] KOHCTPYKIIMs, pa3MelleHHas 10 BCeH JJIMHE CTBOJA.
HampaBnenHoe IBH)KEHHE COCYJIOB OOecreunBaeTCsi MPOBOJHUKAMH. Pazinndarort
KECTKHE M TUOKWEe NpOoBOAHMKHU. [IpoBoaHMKaMU THOKOW apMHPOBKH CIYyXKaT
HATSHYTHIC B CTBOJIC KAHATHI.

B kauecTBe JKECTKMX TMPOBOJHHUKOB TIPUMEHSIOT PEIbCOBBIM IpOKarT,
pa3iuyuHbIe MeTauIMYecKkue Mmpodunu (Yame BCero CBapHBbIE M3 JIBYX YTOJKOB —
MPOBOJAHUKHA KOPOOYATOTO CEUEHUS) U JIEPEBSIHHBIE OPYChSI.

[IlaxTHBIE MOABEMHBIC MAIWHBI YCTAHABJIMBAIOTCS Ha IKEIe300€TOHHOM
byHIaMEHTE W KPEmATCS aHKEPHBIMH OoyiTamMu. MaIuHbBl BBITIOJIHEHBI B BHUJC
CBApHOM KOHCTPYKIIMM C BHHTOBOM Hape3koW oOewaiiku mona kaHar. KpymHbie
NnoAbEMHBIE MAIlIMHBI C JuameTpoM Oapabana 4 M u OoJjiee CHAOXKAKOTCS OJTHUM
pa3pe3HbIM, IBYMS IIWJIMHAPUUECKUMU WU Pa3pe3HbIM OUIIUIUHAPO - KOHHYECKUM
opraHoM HaBuBKH. OpuH OapabaH JByX Oapa0aHHBIX MaIlllMH WU OCHOBHAs
(OompIIast) yacTh pa3pe3HbIX OPraHOB HABUBKU YKECTKO COCJAMHEHBI C BaJIOM. JTOT
OapabaH (4acTh OpraHOB HABUBKH) HOCHUT Ha3BaHUE 3aKJIMHEHHOTO. BTtopoii
(mepecraBHOM) OapaGaH WM TepecTaBHAas 4YacThb pa3pe3Horo Oapabana
yCTaHABJIMBACTCA HA BaJly Ha TOIINIMIHUKAX W HMMEET BO3MOXKHOCTH
npoBopaunBaThcs. bapabaHpl CBsI3aHBI C BaJlOM TOCPEACTBOM  CIIEIUATIBLHOTO
MEXaHHU3Ma MEePECTAHOBKH.

MexaHu3M TIepeCTaHOBKU IIO3BOJISIET OTCOCIUHSATH TMEpecTaBHOWM OapabaH
WM TIEPECTaBHYIO 4acTh OapabaHa OT Baja MIAXTHOW MOABEMHON MAaIUHBI U
BEITIOJIHATH OIEpAlMK 0 3aMEHE KaHaTa, PETYJIMpPOBKE JIMHBI KaHaTa, Bparias
oJuH OapaOaH WM 3aKJIMHEHHYIO YacTh OapabaHa.

[IlaxTHBIE TOABEMHBIC MAIIMHBI CHAOXKEHBI TOPMO3HBIMHU YCTPOUCTBAMU
KOJI0JI09HOTO THMa. [IpUBOJ TOPMO3HBIX YCTPONCTB MAJIBIX MIAXTHBIX MOIbEMHBIX
MaruH (nquamerp 6apadanoB 1,2 m, 1,6 M u 2,0 M) — IPYKUHHO-TUIPABIHUECKHUH.
OpHo u nAByx OapabaHHBIC MIAXTHHIE TOIBEMHBIE MAIIIMHEI C JUaMETpoM OapabaHa

15



2,5 M, 3,0Mu 3,5 M, a TaK’)K€ MHOTOKaHAaTHbIE MAIIMHBI OCHAIIEHBI MPY>KUHHO-
[THEBMaTU4YECKUMU TOPMO3AMHU.

Topmo3Has cucteMa KpynHbIX MIaxXTHBIX NOAbEMHBIX MaminH HKM3 cocrout
U3 THEBMOTPY30BOTO IPHUBOJA TOPMO3a, HCIOJIHUTEIBLHOTO OpraHa M MaHEIH
yHOpaBiaeHUs: TOpMO30M. [l TOBBILIEHUS HAASKHOCTH Ha KaXJ0H MalluHe
YCTAHOBJIEHO JBa MUCIIOJIHUTEIBHBIX OPraHa, KaXk/1blil CO CBOUM IIPUBOJIOM.

Topmo3a paboTaroT HE3aBUCHMO JIPYT OT ApYTa.

HcrionHUTENbHBIA OpraH MHEBMOIPY30BOI0 TOpMO3a (pUCYHOK 1.2) cocTouT
U3 JBYX TOPMO3HBIX Oamok 1 ¢ Tmpecc-MaccOBBIMH KOJOJIKAMH 2, JBYX
BEPTHUKAIBHBIX CTOEK 3, YCTAHOBJICHHBIX Ha Omopax 4, TpeX TPEYroJbHBIX PhIYaroB
5, ar 6 u 7. Tsra 6 cOCTOUT U3 IBYX YacTeld, COEIMHEHHBIX PETYJIUPYIOIIEH raikoi
8. Topmo03 uMeeT peryIupyromlyro cToiky 9 u ynopst 10 u 11.

B

Pucynok 1.2 - VcrionHUTENBHBIN OpraH TOPMO3a MMAXTHBIX MOJIBEMHBIX
MaIlliH

Yceunme TOPMO3HOTO NPUBOAA NEPEAACTCA YEPE3 BEPTUKAIBHYIO TATY 12,
CUCTEMY pblU4aroB 5 U TAr 6 U 7 Ha TOPMO3HbIE OaNKHU 1, KOTOpbIE MPUKUMAIOT
TOPMO3HBIE KOJOJAKA K 000Ay, MPOU3BOAS TOPMOKEHHE MOJBEMHOM MAalIUHBI.
PacropMakuBaHre MalMHBI IMPOUCXOJMT 32 CYET HEYPABHOBELIEHHOCTH Beca
DJIEMEHTOB DPBIYAKHOW CHUCTEMBI M BECa DJIEMEHTOB NPUBOAA TOPMO3a: IOPIIHS,
mTadry, AuddepeHImaILHOTo phlyara.

[IpuBox TOpMO3a COACPKUT LMWIMHIAP pPAOOUYEro TOPMOXKEHUS, LHUIHMHIP
IIPEJOXPAHUTEIIBHOTO TOPMOKEHMS, MOPLIEHb KOTOPOTO COEAMHEH CO IUTOKOM C
TOPMO3HBIM TPYy30M. YCuiauMe OT TNOPIIHEW ULHWIMHIAPOB IEPENAcTCs Ha
BEPTUKAJIbHYIO TATY UCIIOJHUTEILHOTO OpraHa TopMo3a uepe3 audpepeHnnaibHbIi
ppryar.
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1.2 IlpuBoa MAXTHBIX MOAbEMHBIX YCTAHOBOK

OJIEKTPONPUBOJI  MIAXTHBIX MOJABEMHBIX  YCTAHOBOK  OCYIECTBISETCS
ANEKTPOABUTATENSIMA TIOCTOSIHHOTO WJIM TMEPEMEHHOTO TOKa. bBOJBIIMHCTBO
IIAXTHBIX TOJBEMHBIX YCTAHOBOK OCHAIIEHO ACHUHXPOHHBIMU JBUTATEISIMH C
da3HBIM pPOTOPOM C METAUIMYECKUM WM KUAKOCTHBIM PEOCTaTOM, YTO
OOBSICHSIETCSI UX HEOOJBIION CTOMMOCTBIO, MPOCTOTONW OOCITY>)KMBAHHSI U BBICOKOM
IKCIUTyaTaIllMOHHON HaaexkHOcThio AJl. B cBs3u ¢ OOMBIION 4acTOTOW BpalCHHS
ACMHXPOHHBIX JBUTATEIEHd HMX IOIKIIOYEHUE OCYILIECTBIIETCS 4YEpe3 PEIyKTOp.
CxeMa acCHMHXPOHHOTO TpuBOAa C (a3HBIM POTOPOM TIPUBEJCHA HA puUCyHKe 1.3.
KonTakTopsl peBepcopoB B m H ocymecTBiasiloT M3MEHEHUE HAaNpaBICHUS
BpaieHus apurarens M [6].

Pucynok 1.3 - CxemMa aCHHXpOHHOT'O MPUBOA

JInsgs  peryJupoBaHHs 4YAaCTOThl  BpAIICHUS  JIBUTATEN  HUCHOJIB3YETCS
perynupyemoe conpotusienue CP, BkilrouaeMoe B LieNb pOTOpa U U3MEHSAEMOE ITPU
BKJIIOYEHHUH POTOPHBIX KOHTAKTOB ¥Y 1-Y8.

ACHHXPOHHBIE TIPHBOJBI IMIAXTHBIX TMOABEMHBIX MAIIUH O0OPYAYIOTCS
JTAHAMHAYECKUM TOPMOXKEHHUEM, PETYIUPYEMbIA UCTOUHUK MOCTOSHHOTO TokKa Y /(T
KOTOPOr0 MOJKIIOYAETCS K CTATOPY ABHUraTelisl 4epe3 KOHTAKTOP AMHAMUYECKOTO
topMoxxeHus [T npu oTkaroueHHbIX KOHTaKkTopax B u H.

3aBUCHUMOCTh YacCTOThI BPAlIEHUs JBUTATENS OT Pa3BUBAEMOIO UM MOMEHTA
HOCUT Ha3BaHHE MEXAHUYECKON XapaKTEPUCTUKU. MeXxaHNYeCcKue XapaKTEPUCTUKU
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ACMHXPOHHOTI'0 MPUBOJA IPUBEAECHBI HA PUCYHKE 1.4.
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PI/ICYHOK 1.4 - Mexanuueckue XAPAKTCPUCTHUKHU aCHMHXPOHHOI'O ABUI'aTCIIA

[Ipu BpameHun opraHa HaBMBKHA B HANPAaBICHUU «BIIEPEI» ACUHXPOHHBIN
JIBUTATEJ]Ib MOKET pab0TaTh B CIAEAYIONIUX PEKUMAX:

— JIBUTATeNbHBIM pexkuMm (oOmnacte [JIB, pucynoxk 1.4) — HampaBieHue
JIBW)KEHUSI COCYJIOB COBIIAJAacT C HANpaBJICHUEM pa3BUBAEMOIO JBUTATEIIEM
MOMEHTA. Bpamaronmii MOMEHT CO30aeTcsl B3aMMOJECUCTBHEM TOKa pOTOpa C
BPAILLIAIOLINMCS MArHUTHBIM IIOJIEM;

— PEeXHM TE€HEepaToOpHOro TOopMoxeHuss ['B — pgBurarens Bpamaercs
MOMEHTOM, CO3JaBAEMbIM PAa3HOCTHIO HATS)KEHUS MOABEMHBIX KaHATOB. TOPMO3HOM
MOMEHT, IPEIMSITCTBYIOLINN PAa3rOHy CUCTEMBI, CO3/1a€TCs B3aUMOICHUCTBUEM TOKA
pOTOpa ¢ BpALAFOIIMMCSI MAarHUTHBIM TI0JIEM. B 3TOM pexxuMe akTUBHAsE MOITHOCTD
IIEpEIAcTCS B CETh;

— TOPMOXKEHHUE MPOTUBO BKItOUeHUEM [IB — kpaitHe penko BCTpedaromuiics
PEXKUM, KOTJa TOPMOKEHHE OCYIIECTBIISIIOT BKJIIOUEHHEM JBUTATENs B 0OpaTHOM
HaMpaBJICHUH, TO €CTh MAarHUTHOE TOJIE€ CTaTOpa JABUTATENISI U POTOP BpAIIAlOTCS
BCTPEYHO;

— peXHuM JUHAMHUYECKOro topmoxenus [TB — co3pmaercs moakimroYeHueM
OOMOTOK CTaTopa K MCTOYHUKY MOCTOSHHOTO TOKAa. TOPMO3HOM MOMEHT CO3/1aeTCs
B3aUMOJICHCTBUEM TOKA POTOPA C HETOIBUKHBIM MAarHUTHBIM TIOJIEM.

ACHHXpPOHHBIE JIBUTATE€IM HMEIOT OTHOCUTENIBHO >KECTKHE E€CTECTBEHHBIE

MEXAHUYECKHE XapaKTePUCTUKH C HOMHHAJIBHBIM CKOJbKECHUEM SHOM =
0,02...0,03.

JIsg  BBIMOJIHEHUWST OWArpaMM JIBMKEHUS IIAXTHOM MNOABEMHOW MAaIlIMHBI
JIBUTaTeJIb PAa3rOHSIETCS € Ny = (0 10 HOMUHAIBHON CKOPOCTU CPEIHUM MYCKOBBIM
MOMEHTOM M, ., (pucynok 1.4). Ha 5Toii CKOpPOCTHM IHpU TIOJOKHUTEIBHOM
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CTaTUYECKOM MOMEHTE M., pPaBHOM HOMHUHAIBHOMY M,,,, OCYIIECTBISAETCS
JNBH)KEHUE [0 TOYKM + MHOM. ['€HepaTOpHOE TOPMOXKEHUE NPUMEHSAETCS IMpHU
cnycke rpysa. IIpy HOMHMHAIBHOM CTaTHYECKOM MOMEHT€ MHOM JABUraTellb
paboTaeT Ha ECTECTBEHHON XapaKTEPUCTUKE B TOUKE - THOM. 3aMeJICHUE MaIINHbI
OT MaKCHUMAaJIbHOM CKOpPOCTH /10 Majod CKOPOCTH MOKET OBITh OCYIIECTBIEHO B
peXuME JUHAMHYECKOIO TOPMOXKEHHS C HCIHOJB30BAaHUEM MEXAHHUYECKOU
XapaKTEPUCTUKU CO CPEJHUM TOPMO3HBIM MOMeHTOM M/IT cp OT TOYkH - THOM 110
TOYKH NJOT.

Topmoxkenne npoTtuBoBkiItoueHueM (IIB) mnpumensiercs B aBapUUHBIX
CUTyalUsIX.

MexaHnueckue  XapaKTEpUCTUKM  ACUHXPOHHOIO  JBUTATENsA  IIpHU
ITOAKIIFOUEHUN POTOPHBIX COITPOTUBIIEHUN ITPUBEACHBI HA pUCYHKE 1.5.
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Pucynok 1.5 - Mexannueckue XapakTepUCTUKU aCHHXPOHHOTO JABUTATENS C
¢ba3HBIM POTOPOM

IIpy MakCMMaJIbHOM 3HAYE€HUHM POTOPHBIX CONPOTUBICHUM MOMEHT
JBUTATENsl ompeaensercs xapakrepuctukod Y1. OH obecrieuynBaeT IJIaBHOE
MPUJIOKECHUE HArpy3Kh K Bajly NOABEMHOM MamuHbl. Ha BTOpOM cTyneHu
(xapakTepuctuka Y?2) NPOUCXOJIUT TPOTAaHWE MAIIWHBI U PA3roH Mo JuHuu 1 — 2.
[Ipy BKIIFOYEHUHN TPETHEN CTYNEHU MOMEHT JBUTATENS CKAYKOM YBEIMUYMBAETCS IO
JIMHUHU 2 — 3 ¥ IPOUCXOJIUT PA3TOH NMOABEMHON YCTAaHOBKH 1O JINHKUU 3 — 4.

JlanbHeilliee  BBIBEJEHUE  POTOPHBIX  CONPOTUBIECHUNA  0OeCreynuBaeT
CTYIIEHYATOE YBEJIWYECHHE CKOPOCTH MO JIOMaHou nuuuu 4, 5, 6, 7, ...,14, 15 no
HOMHWHAJIBHOU CKOPOCTH N HOM.

B nmpakTuke 3KCrutyaranuy maxTHBIX NOABEMHBIX YCTAHOBOK MAKCHMallbHas
CKOPOCTb JIBWXKEHHUSI COCyIOB ObIBaeTi orpanuueHa. B s3tom cimyuae He Bce
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KOHTAKTOPbl CTAaHIMW YIPABJICHUS BKJIIOYAIOTCS, W MOJBEMHBIA JIBUTATENb
paboTaeT Ha OJHOM M3 MCKYCCTBEHHBIX XxapakTepucTuk. Hampumep, mpu pabdote
JIBUTATEJIs] HA XapaKTepUCTUKe Y4 JBUTATENh MPU HOMUHAIIBHOM MOMEHTE Ha Bally
Oyznet Bpamathes ¢ yactoTor n Y4. COOTBETCTBEHHO C MEHbIIIEH CKOPOCTHIO OyIeT
MPOUCXOIUTh JBUXKEHUE TOJIBEMHBIX COCYIOB. B 3TOoM ciydae mnoabEMHBIN
JIBUTATEIb HMEET «MSTKYIO» XapaKTEPUCTHUKY W CKOPOCTb JABUXKEHUS OyAeT
U3MEHAThCA MpPU M3MEHEHHMM MOMEHTa CONPOTUBIICHHUS HA Bally MOABEMHOM
MaIlUHBI.

Momisble  MIaXTHBIE TOABEMHBIE  YCTAHOBKM  OCHAIEHBI  MPUBOJOM
MOCTOSIHHOTO TOKa. B Hacrosiee BpeMs B AKCIUTyaTallul HAaXOASTCA YCTAaHOBKHU C
MPUBOJIOM IO CHCTEME TeHepaTop—IBUTraTellb (CUJOBas cxeMa IMpHUBEACHA Ha
pucynke 1.6) W C NPHUBOJOM IO CHUCTEME THUPHUCTOPHBIA MpPeoOpa3zoBaTEIb—

JIBUTATEb.
K6
T8C
OBCA —"5"'"
é é Ez :

Pucynok 1.6 - CunoBas cxema npusoaa no cucreme I'—/|

Mexannueckue XapaKTCPUCTUKH JIBUTATEIIs MOCTOSIHHOTO TOKa
ONpEAC/IAIOTCS 3aBUCUMOCThBIO
L MR,

“® a0’ (1.1)

'”'III =

rae U — HanpspkeHHWE Ha sIKope ABurarels; R; — compoTuBiieHHE SKOpHOU
uenu jasurarens; M — MomeHT Ha Bany Asurarens; @ — MarHUTHBIA TOTOK
JIBUTATENS; Ce, Cyy — KOHCTPYKTUBHBIE OCTOSTHHBIC JIBUTATEIIA.

I'padmku 3aBUCMMOCTU YaCTOTHI BpallleHUs JIBUTATENIsl OT MOMEHTa Ha €ro
BaJIy NOKa3aHbl Ha pucyHke 1.9. HakiioH xapaKTepuCTUK ONpEnensaeTcs MaJleHueEM
HaNpsHKEHUS B IKOPHOM LIENU JBUTATEIS.

B npuBoae maxTHbIX MOABEMHBIX MAIIWMH 10 cucreme ['—/[ ympaBieHue
4aCcTOTOW BpallleHus aBUraresisa [ ocylmecTBisieTcs Mpy MOCTOSSHHOM MarHUTHOM
notoke apurarens @ = const USMEHEHUEM MTOJIBOIUMOTIO K €ro SIKOPIO HAINPKEHUS
redeparopa [ myTem peryampoBaHus €ro TOKa BO30YKICHUS.

[lutanue O0OMOTKM BO30YXKIEHHUS TeHepaTopa OCYIIECTBISIETCS  OT
PEBEPCUBHOTO THUPHUCTOPHOTO TmpeoOpaszoBarens. PeepcuBHbi mpuBon ['—/]
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IIAXTHBIX MOABEMHBIX MAIIIMH YIPABIAETCS B YETHIPEX KBAJAPAHTAX MEXAHUUECKUX
XapaKkTepUCTUK. VI3MEHEHNIO JTMHEMHOW CKOPOCTH MOABEMA W ABHXKYIIUX YCUIIAN
Ha OpraHe HAaBUBKM IIAXTHOM MNOJABEMHOM MAIIMHBI COOTBETCTBYET W3MEHEHHE
YacTOThl Bpall€HWs W MOMEHTAa Ha Baly JBUraTels HAa MEXaHMYECKHUX
XapaKTepUcTUKax npusoza (pucyHok 1.7).

Pazron cucrembl npu mnoabéME Trpy3a 10 HOMHHAJIBHOM CKOPOCTH
ocymectBisiercs 1o JuHusM 0-1-2-3. Touka 1 onpenpensier mMomeHT Mp,
CO3/1aBacMbIil MOABEMHBIM JABurareneM. [lox nelcTBuEM pasHOCTH MOMEHTOB
JIBUTATeNIs U MOMEHTa CONPOTHUBJICHUS M. MPOUCXOAUT U Pa3rOH CUCTEMBI IO
auHuu 1-2.

B Touke 3 Mn = Mc u nanbHeilee IBHKEHUE NMPOUCXOAUT C TMOCTOSIHHOM
CKOPOCTBIO. 3aMEIJICHHE CUCTEMbl B KOHIIE MOJbEMA MOXKET MPOUCXOAUTH MPHU
nBurareibHoM (uHUU 3—4-7-8) win reHepaTopHoM (JiuHuM 3—4-5-6-7-8)
pexume paboThl aBuratens. B Touke 8 ocymiecTBiseTcs AOTSKKA COCYAOB C
IIOCTOSIHHOM CKOpOCThIO. [Ipu aToM Ma = Mc.

[Ipu cniycke rpy3a noaAbEMHBIN ABUTATENb pAa0OTAET B TEHEPATOPHOM PEKUME
(BTOpOI1 KBaJpaHT MEXaHUUECKON XapakTepucTuku). 3meHenue MmoMenta M npu
BBITIOJTHEHNH 33JJaHHOTO 3aKOHA JBH>KEHUS ITPOUCXOIUT AaHAJIIOTUYHO.

l-mgg

Pucynok 1.7 - MexaHn4yeckne XapaKTEPUCTUKH IBUTATENS

[Ipu aBuXKEHUM COCYZOB B OOpaTHOM HAIpaBJICHUM («HA3aa») JBUTATEIb
paboraer B TpeTheM (mBuraTenbHbd pekum J[H) u uerBepTOoM (TeHEpaTOPHBIM
pexum ['H) kBampantax. IlpuBoxg mno cucreme TII-J B HacTosimiee Bpems
peanusyercs Mo JIByM NPUHIIUITHAIBHO OTJIMYAIOIIUMCS CXeMaM:

a) C peBEpPCOM MO SIKOPHOM Ilenu JBUTaTelNs (CHIIOBas cXxeMma MpHUBEACHa Ha
pucyHok 1.8, a);
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0) ¢ peBepcoM 10 1ienu BO30YyKaeHus apurates ( pucyHok 1.8, 0).

Cucrema TII-/I ¢ peBepcoM Mo AKOPHOHM 1€MW ABUTraTelisl, TaK K€, Kak U
npuBoa no cucreme ['—J], obecneunBaeT ympaBieHUE JBHXKEHHEM MMOAbEMHBIX
COCYJIOB ITyTEM HM3MEHEHHS BEIIMYMHBI U TMOJISIPHOCTH MOJABOJAMMOrO HAIPSKECHUS
npeoOpazoBaTens.

[Ipu peBepcupoBaHUM TOKa BO30YXKIEHUS TOABEMHOIO JIBUTATENs
HaIlpaBJICHUE TOKA SIKOPSA OCTAETCSI HEU3MEHHBIM.

Mexannueckue xapakTepucTuku npuBoja no cucrteme TII-/I (pucynok 1.11)
aHaJOTM4YHBl 3aBUcUMOCTAM B mpuBojge [—/I. Mckmodyenue cocraBiser 30HA
IIPEPBIBUCTBIX ~ TOKOB, OIPAaHWYCHHAs IITPUXOBOM JIMHUEH, B  KOTOPOH
XapaKTEPUCTUKN NCKAXKEHBI.
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Pucynok 1.8 - CunoBsie cxeMbl puBofa o cucreme TIT-/]

[Ipu pabote MOABEMHOTO IBUTATENSI B TEHEPATOPHOM PEKUME THPUCTOPHBIN
npeoOpa3oBarTesb SIKOPHOU IEMU TEPEXOAUT B MHBEPTOPHBIN PEKUM, oOecrieunBast
npeoOpa3oBaHue MOCTOSHHOTO TOKA B MEPEMEHHBIN U TMepefady SHEPTUH U3 Lenu
JIBUTATENSl B TUTAIOLLYIO CETb.

Pucynok 1.9 - Mexanudeckasi XxapakTepucTuka npusoja mno cucreme TII-]]
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2 Daexktponpusoa HITIM tina HKM3 211-5%2,3 u ee mogepHuU3anus ¢
NpPUMEHEHNEeM POTOPHBIX Mpeodpa3oBaTesieil YaCTOThI

Pucynoxk 2.1 - DneKTponpuBo MIAaXTHOW MOIbEMHOM MaIIHBI

TpaauIMOHHBIN 3IEKTPONPUBOJ MEPEMEHHOIO TOKA IIAXTHOW MOJIBEMHOM
maruabl (ILTIM) conep:kut BHICOKOBOJIBTHBIE ACUHXPOHHBIE AJIEKTPOJBUTATENN C
¢da3HbBIM POTOPOM, BHICOKOBOJIbTHBIE CTATOPHBIE PEBEPCOPHI, POTOPHBIEC MYCKOBBIC
pe3ucTopHo - KoHTakTopHbie cTaHiuu ynopasienus ([IPKC) wu cranuuum

nuHamudeckoro TopmoskeHus (CUT

) [14].

PaccMoTpyM OJHONMHENHHYIO CTPYKTYPHYIO CXEMY TPAAMIMOHHOTO JBYX
JIBUTATEJIBHOTO DJICKTPONPUBOJIA TMEPEMEHHOTO TOKa
MAIlIMHBI, KOTOpas MOKa3aHa Ha PUCYHKE 2.2.
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Pucynok 2.2 - OgHonuHeiHas cxema sniektpornpuboaa [ITIM
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DTOT MPUBOJ, UMEET CYIIECTBEHHBIE HEIOCTATKU, KOTOPHIC 3aKIIOUAIOTCSA B
cnenytomem [14]:

a) HCHOJb30BaHME KOMMYTAI[MOHHOW  ammaparypbl g Iycka H
pPEryJIMpOBAaHUSI  CKOPOCTHM  OTPAaHWYMBAET MO  MOIIHOCTA  INPUMEHEHUE
ACMHXPOHHOTI'0O IPUBOAA;

0) acunxpoHHbIi Ol ¢ pOTOPHON PE3UCTOPHO-KOHTAKTOPHOM CTaHIUEn
VOpABJICHUS W JAUHAMUYECKUM TOPMOXKEHHEM HE 0011a/laeT peryIupoBOYHBIMU
kauecTBamu, HeoOxoaumbiMu s IIIIIM, He obecnedmBaeT BBICOKYIO TOYHOCTH
YIPaBJIEHUs U HE MO3BOJISAET aBTOMATU3upoBaTh ynpasienue LIIM, uTo npusoaut
C CHIDKCHHIO TTPOU3BOUTEIILHOCTHI;

B) Ipu pasrone, TopmoxkeHun u pabore IIIIM Ha moHMXEHHOI CKOpOCTH
pacxXoayeTcs 3HA4YWTENIbHAs JJICKTPOIHEPTHs, HAYyIIas Ha HarpeB pPOTOPHBIX
conpotuBiicHuid [IPKC, HarpeB »snexkTpoaBuratenss M H3HOC MEXAHUYECKUX
TOpMO30B. HempouszBoauTenbHO pacxoayemasi 3JIEKTPOIHEPrysl  IMOBBIIIAET
ce0eCTOMMOCTh IPOYKIIMU U CHUKACT MPUOBLIB;

B) ACHMHXPOHHBIA 3JIEKTPOINPHUBOJ C IMYCKOBOH PE3UCTOPHO-KOHTAKTOPHOU
CTaHI[MEH TOTPEOIISIeT U3 CETH 3HAYMTENIbHYI0 PEAKTHUBHYI) MOIIHOCTH, KOTOPYIO
HEOOXOJMMO OIUIaYMBaTh, JHUOO KOMIIEHCHPOBATh JOCTaTOYHO JIOPOTUMU
KOMIICHCATOPaMHU PEAKTUBHOW MOILHOCTH.

3aMeHa TMYCKOBOM POTOPHOM PE3UCTOPHO - KOHTAKTOPHOM CTaHIMU
VIOPaBJICHUS M CTaHIMKW JAHAMHAYECKOTO TOPMOXKEHHUSI Ha PEKylepaTUBHBIN
YaCTOTHO-PETYIUPYEMBIN 3JIEKTPOIPUBO/T MTO3BOJISIET YCTPaHUTh BCE
MIEPEUNCIICHHBIE BBIIIE HEAOCTATKU JJIEKTPONPHUBOAA IEPEMEHHOIO TOKa C
ACUHXPOHHBIMH  DJIGKTpPOJABUTATENSIMU € (Qa3HbIM  potopom.  YPOII
YCTAHABIIUBACTCS MEXIY PpPOTOPOM DJIEKTPOJBHUTATENss W  BBICOKOBOJIBTHOMU
MMUTAIOIIEN CETHIO U 00ECIIEUNBACT:

a) BBIOOp 3a30pOB B MEXaHWYECKHMX TMepefadax W IUIaBHOE HaTSKEHUE
KaHAaTOB B I1ay3aX MEX/y IyCKaMH IIaXTHOM MMOIbEMHON MAILVHBI;

0) dopMupoBaHHE C BBICOKOH TOYHOCTHIO TpeOyeMOl MHOTOIEPHOIHOM
JAarpaMMbl CKOPOCTH OABEMHOW MAIIMHBI HE3aBUCUMO OT U3MEHEHUS HATPY3KH;

B) mmiuaBHbIM pasroH cocynoB IIIIM 3a 3amanHoe Bpemsi 0e3 mMOTEph
MOIIHOCTH B LIENHU POTOPA IIEKTPOABUTATEIIS;

r) crabunmzanuio ckopoctu cocynoB ILIIIM B mepuoasl paBHOMEpPHOTO
JIBH>KEHHUSI C TOYHOCTBIO HE XyXe 1% HE3aBUCMMO OT CTENEHU YPaBHOBEIIEHHOCTH
Y XapakTepa U3MEHEHHUS KOHIIEBBIX YCUJIU;

1) BbIpAaBHUBAHHME HArpy3KH OJJICKTpOABUTaTENed Ha BCEX HWHTEpBaIax
IBYKEeHUs cocynoB ITIM;

) peKyIepaTUBHOE TOPMOXKEHHE C BO3BPATOM SHEPIUU JIBIXKYILIUXCS Mace B
MUTAIOIIYIO CETh;

3) 3amemieHue cocynoB IIIIIM 3a 3amanHoe Bpems ¢ ¢GopMHUpOBAHHUEM
TpeOyeMOTo yCHIIUS TI000TO 3HAKA;

K) PEKylnepaTUBHOE TOPMOKEHHE AJIEKTPOABUTATENIEH C BO3BPATOM SHEPIUU
JBUKYIIUXCS MacC B MUTAIOLIYIO CETh B IIEpUOIbI 3aMemieHus cocyaos LIIIM npu
bopMHUPOBAHUN OTPUIIATEIILHBIX TOPMO3HBIX YCHIINA;
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J) Majoe BpeMs 3aMelIJIeHHs M BBICOKYI0 TOYHOCTh ocTaHoBkH IIIIIM 0Oe3
MIPUMEHEHUSI MEXAHUYECKOIO0 TOPMO3a, KOTOPBIA BKJIOYAETCS TOJIBKO IOCHE
nojHou octanoBku ITIM;

M) paboty HIIIM Ha NOHMKEHHBIX CKOPOCTSIX B PEKMMaX MaHEBPUPOBAHUS,
JNOTSATUBAHMS, TMOCTAHOBKM Ha KYyJaKW, JBM)KCHUS B pPa3rpy30YHBIX KPHUBBIX,
OCMOTpa CTBOJIa IIAXThl 0€3 HEMPOU3BOJUTEIBHBIX MOTEPb 3JIEKTPOIHEPTUU B
POTOPHOM yIIPABJISIOIIECH CTAHIINM;

H) KOMIICHCALIMI0 PEAKTUBHOW MOLIHOCTH, MOTPEOIEMON aCHMHXPOHHBIMU
anekTpoasuratensimu LIIIM, 6e3 npuMeHeHus JOMOJHUTENBHBIX KOMIIEHCATOPOB
PEaKTUBHOM MOIIHOCTH.

3a cueT mepeuyuciIeHHBIX BhIme JocToMHCTB UPOII obecrieunBaeT cCHMKEHUE
notpedsienust anektpodHeprun M OGonee yem Ha 30% MO CpaBHEHUIO C
TPaJMLIMOHHBIM 3JEKTPONPUBOJOM Ha 0a3e MyCKOBOM PE3UCTOPHO- KOHTAKTOPHOMN
CTaHLIHH.

KpomMe »KOHOMHM 3JIEKTPOIHEPTUU 3JIEKTPOINPUBOJ IO3BOJISIET IOBBICUTH
npousBoauTesbHOCTE IIIIM 3a cueT COKpallleHHs] HHTEPBAJIOB JIBH)KEHUS COCYOB
[ITIM ¢ manoi ckopocThio U GpopMUpOBaHUS TPeOyeMOil AuarpaMMbl CKOPOCTHU C
BBICOKOW TOYHOCTBIO.

3a cuer oOecrneyeHHs] BBICOKOM TOYHOCTH YIPAaBICHUS C IUIABHBIM
3aMEIJICHUEM M TOYHOW ocTaHOBKOM cocynoB IIIIM wyacTOoTHO-peryaupyeMsli
ANEKTPONPUBOJ ~MCKIIOYAET MPOCKAKUBAHMS M YJIapbl KJIETH, yAAapbl CKUNA IIO
pa3rpy30YHbIM KPHUBBIM, YTO IMPOJJIEBAET CPOK CIIY>KOBI MEXaHU3MOB M CHUXKAET
DKCIUTYaTallMOHHBIE 3aTPATHI.

Ha pucynke 2.3 n1nokazaHa OJHOJMHEWHAs CTPYKTypHas  cXxema
JIBYXABUTATENbHOrO dnekTponpusoaa LIIIM nocne MogepHu3anum ¢ NpuMEHEHUEM
POTOPHBIX PeoOpa3zoBaTENE YaCTOTHI.

B cunoBoii cxeme snekTporpuBoja (pUCYHOK 2.3) mocie MOJEpHU3ALUU
COXpPaHEHO B KauyecTBE pEe3epBHOrO Bce OOOpyAOBaHUE TPAAUIIMOHHOTO
anektporpuBoaa ¢ [IPKC u CAT (pucynok 2.2). ObopynoBanue, padoTaromiee B
COCTaBE YaCTOTHO-PETYJIMPYEMOIO 3JIEKTPOIPUBOIA, BBIAEICHO 3€JIECHBIM LIBETOM.
Jns 4acTOTHOrO YNPAaBJIEHUS KaXIbIM 3JIEKTPOJABUTATENIEM JOMOJIHUTEIBHO
BBEJICHbl POTOPHBIE MPEOOpPa30BaATENN YACTOTHI, KOTOpPbIE MOJKIIOYAIOTCS K
nuTatomei cetn 6 kB 50 ' uepe3 cornacyromue tpancopmaropst (Tpl, Tp2) u
BBICOKOBOJIBTHBIE  PA3bEAUHUTEIIN (BP2, BP3). Cunosblie BBIXO/JIbI
npeoOpazoBareseil MoJIKII0YaTcs K 00MOTKaM poTtopa anekrpoasurateneit (11,
J12) uepe3 poropHble HU3KOBONBbTHBIE mnepekitouarenu (HITI, HII2), xkoropsie
o0ecreynBaloT ObICTPBIN IEPEXO OT TPAAULUOHHOTO 3IEKTPONPUBOA K YACTOTHO-
peryimpyeMoMy u 0OpaTHo.
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Pucynok 2.3 — Ognonuneitnas cxema JI1 IITIM nocne Mmoaepan3anuu

[IpeoOpazoBarenu  4acTOThl  NpPEAHA3HAUEHBl IS MPeoOpa3oBaHUS
HaMpsDKeHUST MUTAIoIEd ceTH ¢ mocTosHHoM dyactoto 50 I'm B TpexdaszHoe
HaIpsSHKEHUE POTOpa C PETYIUPYEMON aMIUIUTYJO0M U YaCTOTOM M PETYJIUPOBAHUS
BEJIMYMHBl W HAIpPaBJICHHs MOTOKAa AaKTHUBHOM MOIIHOCTH B IENU POTOPA,
ompeestoneii MOMEHT sJekTpoaBurarens. [IpeoOpa3zoBarens  oOecriedyuBaeT
nepeaayy akTUBHOM MOIIIHOCTH CKOJBKEHHUS U3 POTOPA B MUTAIOIIYIO CETh, @ TAKKE
U3 CETHU B LIENb pOTOpA ANEKTpoABUraTens. Pexynepanus sHeprumn ckoyibkeHus: A/l
®P B cerh oOecrnieunBaeT IJIABHBIN MyCK U pabOTy B JBUTATEIILHOM PEXUME 0e3
IIOTE€Pb MOITHOCTH B PE3UCTOPAX IIYCKOBOW cTaHIMU. [Ipu 3TOM M3 nuTarouien cetu
NOTPEOISIETCS TOJIBKO MOILIHOCTh, IepelaBaeéMasi Ha BaJl 3JIEKTPOJBHUIaTels.
N3meHeHne HampaBjieHUs TIOTOKa aKTUBHOW MOIIHOCTH B IIENU poTOpa
AJIEKTPOABUTATENSI Ha MPOTHUBOIOJOXKHBIM (M3 CETH B IIEMb POTOpa) MEPEBOAUT
AIIEKTPOABUTATEh B PEKUM PEKYIIEPATUBHOTO TOPMOXKEHUSI C BO3BPATOM IHEPTUU
BaJIa 4Yepe3 DJEKTPOABUraTellb B MUTAIOLIYI0 ceTh. [Ipu sTOoM ocymecTBisercs
PEKyNepaTUBHOE TOPMOKEHHE DJIEKTPOJBUTATENSI ¢ MUHUMAIBHBIMH TOTEPSIMU
MOIITHOCTH B AJICKTPOJIBUTATENE U MPeoOpa3oBaTesie YacTOTHI.

N3menenne wHanpasnenus: AsvxkeHus cocynos ILIIIIM B paccmarpuBaemoit
CXEME YaCTOTHO-PETYJIUPYEMOTO DJIEKTPONPHUBOAA BBIMOJHAECTCS aHAJIOTUYHO
TPaJMIIMOHHON CXeMe 3a CYeT W3MCHEHHS TMOopsAKa udeperoBaHus (a3 cratopa
AIEKTPOABUTATENEH C TOMOIIBI0O KOHTAKTOPHBIX PEBEPCOPOB MPHU 3aTOPMOKEHHBIX
cocynax LIITM.

CymiecTByeT  BO3MOXXHOCTH ~ OECKOHTAaKTHOTO  peBepca  HampaBJICHUS
nBrkeHust cocynoB IIIIIM 3a cyeT OTKIIIOUEHUs cTaTopa JIEKTPOABUTATEIIEU OT

26



cetu 6 kB 50 I'm u 3aMeHbl KOHTaKTOPHBIX PEBEPCOPOB HA HU3KOBOJIBTHHIE
pEKyINepaTUBHbIE TPAaH3UCTOPHbIE NPEOOpPA30BAaTENM YACTOTHI, KAK IOKA3aHO Ha
pUCyHKe 2.4, WM Ha TUPUCTOPHBIN HEMOCPEIACTBEHHBIN MPeoOpa3oBaTEslb 4YaCTOTHI

(HITY).
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Pucynok 2.4 - Onnonuneiinas cxema J1I1 IIITIM nocne MoiepHU3aIuu ¢
JIOTIOTHUTEJIbHBIMU BBICOKOBOJIbTHBIMU MEPEKIIFOYATEIIMHU

Jlns mepexo/ia OT CXeMBI JICKTPOIIPUBOA C POTOPHBIMHU MPEe0OPa30BaATEIIIMHU
Y KOHTAaKTOPHBIMH PEBEPCOPAMU K YACTOTHO-PETYIUPYEMOMY SJIEKTPONPHUBOAY C
OTKJIFOUEHHEM CTATOPOB 3JIeKTpoaBurareneit ot cetu 6 kB 50 'l u BkiroueHueM
AJIEKTPOHHBIX PEBEPCOPOB B CTATOP JJICKTPOJABUTATEIICH CXEMY AJICKTPONPHUBOAA
JIOTIOJTHUTEJILHO BBENICHBI JIBa BBICOKOBOJIBTHBIX nepekirovarens BII1, BII2. [Ipu
BKJIIOUEHUM MPeoOpa30oBaTesie 4acTOThl B CTATOP U POTOP AJICKTPOJABUTATENEH C
(ha3HBIM POTOPOM CO3/1AE€TCS DJIEKTPOIPHUBOJI MO CXEME IMOJHOCTBHIO YIPaBIIseMOM
MaIllUHbl IBOMHOTO MUTaHMS, KOTOPBIM oOecrneurBaeT peryJupoBaHUe CKOPOCTH B
JIBUTATEJIBHBIX M T€HEPATOPHBIX (TOPMO3HBIX) PEXKUMAX, a TakKe OCCKOHTAKTHBIN
peBepc HampaBiieHUd JBHKEHUs. [Ipy 3TOM BBICOKOBOJBTHBIE KOHTAKTOPHBIC
PEBEPCOPBI COXPAHSIOTCS B CXEME JJIEKTPOIPUBOAA TOJBKO IS MCIOJb30BAHUS
pe3epBHOM TpaauimoHHOM cxembl anekTporpuBoga ¢ IIPKC u CHAT npu
OTKJIFOYEHHOM YaCTOTHO-PETYJIMPYEMOM BJIEKTPOIPUBOLE.

IIpu BBIOOpE T1I€IECOOOPA3HOrO TOCTPOCHHS ACHHXPOHHOTO YacTOTHO-
PETYIUPYEMOTO  DJIEKTPOINPUBO/AA, OMNpeneneHuss oOJacTell  parroHaIbHOTO
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npumenenuss YPOII  wu  paccMOTpeHHsT  KOHKYPEHTOCHOCOOHOCTH  OBLI
COMOCTaBJIEH BECh KOMIUIEKC  TOKa3zaTeled ¢  KodpuuueHtamMmu  UX
OTHOCHUTEJIIBHOM BECOMOTH, a HWMEHHO TEXHHUKO-3KOHOMUYECKHE IOKA3aTEINH;
DHEPreTUYECKUE; TMHAMUYECKHUE; SKCIUTYaTallMOHHbBIE; HAIE)KHOCTh U IPYTHE.

OnextponpuBoibl 10 30kBT oOecneunBaroT MOJOCY MPOIMYCKAHUS YaCTOT
IpU OTCYTCTBUU JONOJIHHUTENBHBIX MOMEHTOB WHEpPUMH U TMpU 3aJarolleM
HaIpsHKEHUH , COOTBETCTBYIOLIUM JIMHEHHOM oOnactu, He meHee 20Twic. ', s
AIIEKTPOINPUBOAOB MOIIHOCTBIO Oosee 30kBT [IoJI0Ca  MPONYCKAHUS HE
JUMHATHPYETCA.

CunmoBass cxema IIY cocTouT M3 JBYX pEBEPCHUBHBIX THUPHUCTOPHBIX
npeoOpazoBareneii mocrosHHOro Toka tuma TII1 w TII2 ¢ pa3menbHBIM
VIPABJICHUEM KOMIUIEKTaMU BeHTued. (CraTopHble OOMOTKH aCHHXPOHHOIO
nsuratenss M TOuUTalOTCd OT aBTOHOMHBIX ITpeoOpa3oBaresieil, TralbBAHUYECKU
pa3BA3aHHBIX APYT OT Apyra.

B cucremy ynpaBieHus 3JIEKTPOIPUBOJAA BXOIAT: JATYUK MHTEHCUBHOCTH,
npeaHa3HaYeHHbIN A1 (POPMHUPOBAHUS TEMIa pa3rOHA U TOPMOXKEHUS JIBUTATElIs;
[N perynstopa ckopoctu PC; xkoopauHaTHbli mnpeoOpazoBarens  KII,
npeJHa3HaYeHHbINH A7 3aJjaHusl CUHYCOUJAIBbHBIX TOKOB B OOMOTKAax JIBUTaTelIs;
y3€l  «HalpsHKeHHe-4acToTay,  NpEeAHAa3HAuYeHHBIM A mpeoOpa3oBaHMs
aHaJIOrOBOI'0 PEBEPCUBHOIO BBIXOJHOIO CUTHAJIA PETYIIATOPA CKOPOCTH (.

Bo MHOrux o0nacTsiX NPUMEHEHUs HE PEeryjJupyeMblid NPHUBOJ YCTYIMAET
MECTO, Kak 0oJee NEepCHeKTUBHOMY, YaCTOTHO-PETYJIUPYEMOMY ACHHXPOHHOMY
npuBoay [l]. B KadecTBe 4YACTOTHO- PETyIHPYEMBIX ACHHXPOHHBIX JBUTrATEIEH
(UPA Q) uconp3yroT CAeAyOINe aCHHXPOHHbIE ABUTATEIN:

1. CepuiiHple HE peryivpyeMble AaCHHXPOHHBIE ABUTATENM OOLIEro WIIU
CIEHHUAIBHOTO HA3HAYECHUS, PACCUNTAHHBIE HA IMHUTAHUE OT CETU C MOCTOSHHOU
4aCTOTOM M HamlpsbkeHWeM. Takue JBUrarenM He BCerga YIAOBIETBOPSIOT
TpeOOBaHUSIM TEXHOJIOTUYECKOTO MPOIIECca U MOTYT UMETh HU3KHE SHEPTeTUYECKUE
IIOKA3aTeJIN.

2. MonepHU3UpOBaHHbIE ACMHXPOHHBIE JIBUTaTENM, CO3/laHHbIE Ha 0ase
CEpUMHBIX, HO C Y4Ye€TOM CHeIU(UKH HX PabOThl OT MpeoOpa3oBaTessl YaCTOTHI
(IT9). Ilpm TPOEKTUPOBAHWHM TAKUX JIBUTaTeJEH CHUMAIOTCS OTPaHUYEHUS TIO0
KPaTHOCTSIM ITyCKOBOI'O TOKA, UMEETC BO3MOYKHOCTD MCII0JIb30BAaTh HECTAHIAPTHOE
HOMUHAJIBHOE HarpspkeHue. 110 BO3MOXKHOCTH, B MOJEPHU3UPOBAHHBIX ABUTATEISAX
Uit OOMOTKHM pOTOpa HCIOJB3YIOT Marepuan C 0oJjiee BBICOKOH yIelbHON
AIEKTPUUECKOW TMPOBOJAUMOCTBIO, HM3MEHAIOT OOMOTOYHBIE JaHHbIE OOMOTKH
cTaTopa H T.JI.

3.¥Y3Kocnenuanu3upoBaHHbIE ACUHXPOHHBIE JBUTATENH, CIPOEKTHPOBAHHBIC
C YYETOM 3aKOHOB YIIPABICHUA YAaCTOTOW W HampspkeHuem [IY, nuanazoHom
peryJupoBaHMsl  4YacTOThl, XapakTepoM Harpy3ku ©  JIpyrux (akTopos,
CHeM(PUUHBIX IJI1 KOHKPETHOM 00JacTH NMPUMEHEHHUS YaCTOTHO-PEryJIHPYyeMOro
ACUHXPOHHOTr0 MpuBoAa. CTOMMOCTh TaKUX JIBUTaTENIEd CYIIECTBEHHO BBIIIE, YEM
CEPUIHBIX U MOJIEPHU3UPOBAHHBIX.
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[Tpu BEIOOpE CYILIECTBYIOLIUX WIn npu MPOEKTUPOBAHUU
MoaepHu3upoBaHHbIX YPAJ[ BO3HHMKaeT HEOOXOJUMOCTb B KOJHUYECTBEHHOM
OIICHKE HX XapakTepucTuk npu pabore ot IIY. [lns pemieHus Takoil 3amgayw,
0COOCHHO Ha cTaauu mpoektupoBanust UPAJI, 1menecooOpa3HO BOCIOJIB30BATHCS
MAaTEMATUYECKUM  MOJCIMPOBAHUEM YACTOTHO-PETYJIUPYEMOTO ACUHXPOHHOTO
npuBoja. Paccmorpum monens st npuBoga HKM3 211-5%2,3.

MaremMaTtudeckass MOJI€NIb YaCTOTHO-PETYJIUPYEMOI0 ACUHXPOHHOIO MPUBOAA
JIOJKHA YJIOBJIETBOPSATH CIETYIONUM TPEOOBAHUSIM:

1. IIpocroTa B peanuzanumu.

2. Yder BIUAHMS HACBIIICHUS >KeJie3a MarHUTONPOBOJIAa HA MapaMETpPhI
ACUHXPOHHOTO JBUTATEJIS.

3. Y4eT 3aKOHOB pEryJIMpOBaHUs 4acTOThI U HanpskeHus [14.

4. VYdyer MEXaHMYECKUX XapaKTEPUCTUK HArpy304HOro MOMEHTa |
TOPMO3HOT'O YCTPOMCTBA.

Hns  marematuueckod wmoaenu YPAJl wucnonbs3oBaHa MaremMaThdeckKas
MO/ieNiIb OOOOIIIEHHON MAIlIMHBI B CHHXPOHHOM cucTteMe KoopauHat u,v [2, 3].
CuctemMa KoOpAMHAT u,V TO3BOJsIeT Haubojee MPOCTO M3MEHATh BO BPEMEHH, HE
3aBUCHMO JIpyT OT Jpyra, aMIuiMTyay (a3Horo HampspkeHus u dactoty I1Y 1o
T1000MYy 3aITaHHOMY 3aKOHY:

IISN = ?.Sbl' II + ]jf ﬁ% +l;f5‘l.':
u_, =1 +— v, +o Yy

5V Is d’ “x ]';su 3
0=i -r+Wn —(o, - )y ¢

moor d
O=i_-r + dz’; (o -0 )y,
M_ =M1 + J; do, !
| p dr

J 2.1)

TIE: Uy, Uy, — HATIPSDKECHUS; Ly, Ly Ly, 1y — TOKH, Py, ¥, —CONIPOTUBIICHUS; YSU,
VSV, ., W, — TOTOKOCHEIUICHHS OOMOTOK cTaTopa M poTopa 000O0IICHHOMN
MaIlINHEI,

Mom wm Mc(t) — SIEKTPOMArHUTHBIM M HArpy304HbIA MOMEHTHI; JX —
CYMMApHBbII MOMEHT HWHEPUMH, p — YHUCIO Tap MOJIOCOB JBUTATEINA; O, U O, —
YIJIOBas 4acTOTa BPAILIEHUSI CUCTEMbI KOOPAWHAT U,V U POTOpA.

Cucrema KOOpAMHAT U,V Bpalla€TCs CUHXPOHHO C MAarHUTHBIM MOJIEM
0OMOTKH cTaTopa C YrioBOW 4acTOTOM

o, =21 f, 2.2)
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rae fx — yactora Ha Beixoze [14.
Cuctemy nuddepeHimanbHbIX ypaBHeHu (1) 1onomHuM B MaTpudHOil hopme
ypaBHEHUSMH MTOTOKOCIETUICHUsI 0OMOTOK CTaTopa M poTopa:

wsu _ Ls ‘E'm I

Xsu_

t’l'lff'h' LFH' I‘l' Ii‘!! (2 . 3)

W:vﬁ I‘s I‘m ‘fsv
= - .
W:'v "Em [‘i 'I;'l»'

(2.4)

[TonHbIE MHAYKTUBHBIE CONPOTHUBIICHHS (a3 0OMOTOK cTtatopa L u potopa L,:

L=L,,+L,. |
J:f' :I‘crln +Lm e f (2.5)

rae Loln m Lo2n — MHAYKTUBHOCTH paccesHus a3 oOMOTOK cTaTtopa U
poTopa ¢ y4eTOM HACHIIIEHUs, Lm — B3aWMHAas MHIYKTUBHOCTb. Jljisg pemieHus
nuddepeHanbHbIX YpaBHEHUI (1) BOCIHOJIb3YEMCS YHCIICHHBIM
uHTerpupoBanueM. C TOYKH 3pEHHUS YCTOMYMBOCTH YUCICHHOTO MHTETPUPOBAHUS
nenecoodpasHo pemieHue Aud@epeHuanbHbiX  ypaBHeHu (1) OTHOCHUTENTBHO
MOTOKOCIICTNIEHU# 0OMOTOK cTaTopa u potopa. BBenem o6o3HaueHus:

k.=L /L ; k,=L/L_ ; k, =L /L .
(2.6)

ms*

rae Lm:LS-Lr—Lm2 — OmpeAeNuTeNb MaTpull KO3 UIIMEHTOB YpaBHEHUS
(2.3,2.4).

[Ipu npunATHIX 0003HaueHusAX (2.6) u3 ypaBHeHus (2.3, 2.4) BbIpa3uM TOKHU
0OMOTOK CTaTopa u poTopa:

Ty = lfl"rsz: ' kr_: - lfl"r?w ' ‘E‘Fm:
Ty =y v "]::r_: _lfl"r;-w-' ' "]::m:

L =y " "']::s;-' —y su "E‘_m:

by =W "]:“Fsr Vo "E‘_m' - (2.7)

[Toacrasum (2.7) B (2.1) u mpuBeaemM MaTeMaTU4YeCKyIo Mozensb (2.1) k Bumy,
yIOOHOMY JUIsl YUCIIEHHOTO UHTETPUPOBAHUS:
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i, +o, v, —1r -y, -k -y -k )] dt
[u, —o, v, —1 Gy, -k —y, -k )]-dt
(o, —0) v, -1 -, -k -, k)] d
(o, -o) v, -1 -, &k -y, -k )] d.

J'Jl' (28)

Hampsoxenus uy, ¥ u, OOMOTOK CTaTopa BBIpA3WM Yepe3 HAIpsDKCHHE Ha
Berxoje [1Y:

(., =U_-cos(@ —@ ),

u, = [;Tx . Sill{(pu — @, } (2.9)

AMrutyna ¢aszHoro HamnpsbkeHus Ux sBIsIeTCS MOAYJIEM H300pakarolliero
BEKTOpa HaIpsDKEHUH OOMOTKM craropa. Ammumryna (asHoro HampspkeHus 14,
($a3oBbIil Yroyl M300paKaIOIIETO BEKTOpa HAMpsDKEHUM ¢, U yroj moBopoTa ¢y
CUCTEMbl KOOPJIMHATHBIX OCEH U,V OTHOCHUTEIBHO OCU a Tpex(da3zHOW OOMOTKH
CTaTopa 3aJarTCs HAYaJIbHBIMH YCIOBUSIMHU.

[Ipu ckansapHom ynpasieHuH [IY HayanbHBIMU YCIOBHUSIMH LIE€JI€CO0Opa3HO
3anath Gpu=0 u Gpk=0. B 3TOM ciiydyae B MOMEHT BpeMeHH =0 OCbh 4 CHUCTEMBbI
KOOpPJIMHAT U,V U W300pa)KalolInii BEKTOp HampsbkeHus Ux HampaBlIEHbI MO OCH
dba3el a TpexdazHoit oOMOTKM cTaTopa, B ypaBHenuu (2.9): u,=U,, u,=0.
HavanpHbIMH yCIOBUSIMM B MOMEHT BpemMeHU /=0 3a1at0TCsA MOTOKOCUEIUICHHUS gy,
W Vs W, OOMOTOK, HACTOTA M, BpaIlleHUsI poTOpa, yactoTa fx ITY.

IIpn 3amaHHBIX HaYyaJbHBIX YCIOBHMSIX Ha KaXJIOM IIare YUCJIEHHOIO
UHTETPUPOBAHUSl PACCUMTHIBAIOTCS: YacTOTa BpalleHus o , (2.2); mpupaiieHus
noTokocuerieHn# (2.8); moTokocenaeHus 00OMOTOK

W.EH = ;y'm + dw.m ? W.‘ﬂ‘ — W.‘ﬂ' + {'fl}y'ﬂ *
Wﬂ!i’ = wﬁ'h’ + ("‘rwﬂ!l’ » wﬂ‘ - w + ffwﬂ ?

TOKH B 0OMOTKax ctaropa u potopa (2.7); 3IeKTpOMarHuTHbIA MOMEHT

-ﬂffaﬁ i.;j p U]{‘f_gu sV ufsv ' f‘iu J"

rae m=3 — yucio pa3z 0OMOTKH CTAaTOpa, p — YUCIO Map MOJIOCOB JIBUTATEIS;
NpUpaILEHUE YTIOBOM YaCTOTHI BPALLIEHUS! pOTOpa
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M, —M_ (1))

dt:
JE.

do, :p'[

JaCcTOTa BpallICHUA pOTOpPAa U TCKYIICC BPCMA

o =0 +do,, t=t+dr
I[To Tokam yp. (7) Ha KaXJOM IIIare 4YUCIACHHOTO WHTETPUPOBAHUS

PaCCYUTBIBAOTCA: MOAYJIb Is1 H306pa>i<a}0mer0 BCKTOpPAa TOKOB OOMOTKH cTaTopa

I, =i +i:

S

(bazoBbIil yroy ¢; n300pakaroero BEKTopa TOKOB 0OMOTKH cTaTopa

¢, =@, —argtg(i, /i,):
KO3(PUIIMEHT MOIIHOCTH

cos@, =cos(@,);

dAKTHBHAas MOIIHOCTB ABHUTaTCJIA
_Mrr :
F,=ZU.,cosg,.

IIpn myckax YPA/I ¢ npenenbHbIM HArpy304HBIM MOMEHTOM C YMEHBIIEHUEM
BPEMEHU PETYJIUPOBAaHUS freg U, OCOOEHHO, C YBEIMYECHHEM HaNpsHKEHUS
koMmrieHcaimu  Uxom (pucyHok 2.5) TOKM B OOMOTKax MOTYT TIPEBBICHTH
HOMHUHaJIbHBIE B JBa U Ooisee pasa. UPAJ[ MOXET BBIMOTHATHCA C 3aKPBITHIMHU
nazamMu potopa. s Takux ABUraresed npu TOKAaX, HAYMHAs ¢ HOMHUHAJIBHOTIO U
BBIIIIE, U3 _3a HACBIIIEHUS ITOTOKAMHU PACCESIHUS MOCTHKA 3aKpPBITHIX IIa30B POTOpA,
a30BOE paccesiHue OOMOTKU poTopa yMeHblnaerca. KopoTkozaMkHyTass oOMOTKa
UPAJl moxeT BbIMONHATHCS u3 meau [4]. [lpenenpHas BepxHsAS 4acTOTa MOXKET
coctaBysaTh 100 I'y 1 Beile mpu HoMuHaANIBHOM yacTtote f1=50 I'u. B cBs3u ¢ 3THM, B
MaTEMaTUYECKOM MOJEIN LEeIeco00pa3HO MPEeAyCMOTPETh BIUSHUE HACBIILECHUS
JKeJe3a MArHUTONpPOBOAA IOTOKAMHU pacCesiHus Ha HWHAYKTUBHOCTH DPAaCCESHHS
00OMOTOK cTaTopa Ly ¥ poTopa Ly, a TAKXKE BIUSIHUE BHITECHEHHS TOKA B CTEPHKHAX
poTOpa Ha AaKTHUBHOE COIPOTHUBIECHHE 7, OOMOTKM pOTOpa. ITO TMO3BOJUT
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MOJICIIMPOBATh <« KECTKHE» IIYyCKH, MPU KOTOPBIX YYET BIIMSHUS HACHIILICHUS U
BBITECHEHMS TOKa HanboJjiee akTyalieH.

NHAYKTUBHOCTH  paccestHus C  Y4YE€TOM  HACBhIIIEHUS  MpeaiaraeTcs
paccuuThiBaTh B (DYHKIIMM TOKa OOMOTKH CTaTropa, a aKTUBHOE COIPOTHBJICHHUE
pOTOpa C Y4ETOM BBITECHEHHUS TOKa — B (DYHKIIMH YACTOThI TOKA OOMOTKH pOTOpaA.
Ha ocHOBaHMM JaHHBIX MPOCKTUPOBAHMS JBUTATES CUUTAIOTCS U3BECTHBIMU: HE
HachblllleHHble Lg, Ly, W HacellleHHBlEe Lj,, L, TpU CKOJBXKEHHH 5=
MHIYKTHBHOCTH paccesiHusi 0OMOTOK CTaTopa U pOTOpa; IyCKOBOH TOK /,; 0OMOTKH
CTaTopa U aKTUBHOE CONPOTHUBIICHHE 7, OOMOTKH POTOpa IPH CKOJBKEHUH s=1.
JIns yuera BIUsAHUA HACBIIICHHS OMPEIECISETCS Pa3HOCTh MEXKIY HE HACBIIIEHHBIMU
Y HACBIIIEHHBIMH 3HAYCHUSAMU UHIYKTUBHOCTEW pacCestHUs

AL =L

1

o1 _Llp' AL, =L_, _I'Ip

B ¢ynkuum Toxka [  paccUMTHIBAIOTCS ~— HACBHIINICHHbIE  3HAYEHUS
WHIYKTUBHOCTEHN paccestHusl 0OOMOTOK CTaTopa U poTopa

AL -3/ 31411,

J:f'a:fln :‘[61_ I'_l Y fi‘ 1_% 3"—@
VI = 1p | Vg

PR T B S PO i3
] A e | Vg

rae Iy, — KpUTUYECKUH TOK OOMOTKHM CTaTropa, HHKE KOTOPOIO HACBILIEHHE
MarHUTHOM LENU HE OKAa3bIBAET 3AMETHOIO BIMUSHUSA HA WHIYKTUBHOCTH PaCCESIHUS
oOMOTOK. BennumHa 3TOro TOKa OMpeAenseTcs U3 MNpPeIBAPUTENbHBIX PACUyeTOB
MEXaHUYECKON XapaKTepUCTUKH JBUTaTens. B ciydae 3aKphIThIX MMa30B Ha POTOPE
1IEJIECO00PA3HO NPUHATH TOK [;, PaBHBIM HOMHHAJIBHOMY TOKY OOMOTKH CTaTOpa.
JInst ydera HachILEHUs JOCTaTOYHO HA KAXKJOM LIare MHTErPUPOBAHUS BBINOJHUTH
3—4 nocneaoBaTeNbHbIX MPUOIHKEHUN.

Jlist ydera BIMSIHUSI BBITECHEHHS TOKa B CTEP)KHAX OOMOTKM pOTOpa Ha
KQ)KJIOM Il1are UHTErPUPOBAHUS PACCUUTHIBAIOTCS CKOJIbKEHUE

1 KOd((PHUIMEHT U3MEHEHUS aKTUBHOTO COMPOTUBIICHUSI POTOPA
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-Jabs(s, ),

rae fi — 0a3oBasg 4acToTa, HA KOTOPYI PAaCCUUTAH IBUTATENb, O=2Tf; —
yIJ0Basl 4acToTa, , — COIPOTHUBIIEHUE OOMOTKH pOTOpa O€3 yueTa BBITCCHEHMS
TOKA.

Ecmu k,.>1, TO akTUBHOE CONPOTHBIEHHE OOMOTKH pOTOpa C Y4YETOM
BBITECHEHHUS TOKA PACCUUTHIBACTCS MO hopMmyIe »,=k,,.r2, HHaue r,=7,.

W cXoIHBIMU JAHHBIMH K MOJEJIHMPOBAHUIO SIBJISIIOTCS HOMHHAJIBHBIE JaHHBIC
Y TIapaMeTPbl ABUTATEIIS.

HomuHanbHbple  NaHHbIE: HOMHUHAJIbHAs  MOIIHOCTb  JaBUrarens P,
HOMHUHAJIBHOE (pasHOe HampsukeHue Uy, 9acTOTa CETH fi, YMCIO Iap IOIIOCOB p,
KO3(phUIIMEHT T0JE3HOro JSHCTBHSA 1),, KOI(POHUIIMEHT MOIIMHOCTH COS(,
HOMUHAJIBHOE CKOJIBKCHHE S,, KPaTHOCTb IIyCKOBOIO TOKa [,;, KPaTHOCTH
IIyCKOBOIO M KPUTHYECKOIO MOMEHTOB M,|, M}, CyMMapHBIi MOMEHT HMHEPLUU
poTOpa U MPUBEIEHHOTO K BaJly ABUTaTel MEXaHu3Ma J2.

[lapameTpsl ~ ABUTATeNss  YYUTHIBAIOT  WHAYKTUBHBIE U AKTUBHbBIC
CONPOTHUBJIEHUS, COOTBETCTBYIOIIME HOMUHAIBLHOMY (0€3 yueTa HaChIIICHUS JKelle3a
U BBITECHEHHMS TOKAa) M IIyCKOBOMY pexuMaM palOoThl ABUTaTens (C y4yeTom
HACBIILICHUS JKelie3a W BBITECHEHHS TOKa MpHU cKoyibkeHuu s=1). IlapameTpbl
HOMHUHAJIBHOTO pEXHUMa pPabOThl: HWHAYKTUBHOE COIPOTHUBIICHHE PACCESIHUS
0OMOTOK CTaTOpa X4 U POTOPA X452, AKTUBHOE COMPOTHUBIIEHNE OOMOTKH CTATOPA 7S U
poropa 7,, ”HIYKTUBHOE CONPOTUBJICHHE B3aUMHOW WMHAYKIHMU X,,, KOIP(PULIUEHT
HACBIUICHUS] MAarHUTHOM 1M B PEXUME XO0JIOCTOro xoaa knas. Ilapametpsl
IIyCKOBOTO PpEXMMa: WHIAYKTUBHBIE COIPOTHUBIICHMS paccesHus xGlp u xo2p —
OOMOTKH CTaTopa U poTopa, aKTUBHBIE COIIPOTUBIECHUE OOMOTKH POTOPA 77,

B mnporpaMMe MareMaTH4eCcKOro MOJEIMPOBAHUS HArpy304YHbIi MOMEHT
Mc(t) cunuTaercsi MOCTOSTHHBIM, HO MOXKET OBITh 3aJaH B 3aBUCMMOCTH OT YaCTOTHI
BpaIIeHUs] pOTOpPaA (O, AKTUBHBIM, PUCYHOK 2.5, a, WM peaKTUBHBIM, puC. 1, 6.

M (t) M (1)

a 7]

Pucynok 2.5 - Mexannyeckas XapakTepUCTUKa Harpy304HOrO MOMEHTA
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BennunHa Harpy304HOr0 MOMEHTA 33JA€TCA B OTHOCUTENBHBIX €IMHULIAX
kodpdunuentom k,, =M. (t)/M,, tne M, — HOMUHAIBbHBIA MOMEHT jABUratels. B
cllydae PeakTHBHOIO MOMEHTa KOA(DUIMEHT k,,, MPUHUMAET 3HAK HAMpaBJICHUS
4aCTOThI BpAIICHUS POTOpa, T.€. k,, =k, csign(wr).

B nporpamMe MaremMaTH4YECKOrO MOJEIHMPOBAHMUS  IPELYyCMATPUBAETCS
BO3MOXKHOCTh PEryJMpOBaHUsl 4acTOThl fx U HampstkeHuss Ux T4 no nuHerHOMY
3aKOHY, PUCYHOK 2.6, C KOMIICHCAIIUEN HAIIPSKECHHUS.

Hanpsoxenue u yacrora IT4 npeacraBieHsl Ha pUCYHKE 2.6 B OTHOCUTEIbHBIX
enuHunax (o.e). 3a 0a30Bble 3HAYCHUSA HANPSHKEHUS W YaCTOThl TPUHSTHI
YCTAaHOBUBLIMECS 3HAYEHHUS HANPSKEHUS U YaCTOTBHI.

B WCXOOHBIX MaHHBIX 3aJalOTCA BpPEMEHA: freg — PETYIUPOBaHUSA 10
JMHEWHOMY 3aKOHY 4acToTel M HanpsbkeHus 114 mpwm pasrone nBurarens; frav —
paboThl ABUTATENSI IPU YCTAHOBHUBIIMXCA 3HAYEHUSAX YACTOTHI f)Sf U HAIPSHKCHUS
Uy 1I4; t,; — ocraHoBa aBurareis, 3a KOTOpoe 4Yacrora M Hanpsbkenue I[T4
U3MEHSIOTCS 10 JIMHETHOMY 3aKOHY /10 CBOMX KpUTHYECKUX 3HaueHui fkr u Ukr.

" U...f..
0.2, br.r*fl: vl f}.t.
A
1
7 Uy 1,

r 'r.t.r i
Um.\.u -+ . *e,

T 0 'rrr_u rJ'.-u r.}_\.‘j I, c

% L) - L

Pucynok 2.6 - /Inarpammsl HanpsokeHust 1 yactoTel [T4: 1) nanpsokenune Ux,
2) yacrtoTa fx

[Ipn akTUBHOM XapakTepe HArpy304YHOTO MOMEHTA 3aJaeTci f;, — BpPEMs, B
TEUEHUE KOTOPOrO IBUTATEIb HAXOAMUTCSA B 3aTOPMOKEHHOM COCTOSIHUM U TOCIIE
KOTOPOTO MPOUCXOAUT CpabdaThbIBAaHUE TOPMO3HOIO YCTPONCTBA € TOCIEAYIOIINM
pacTopMakuBaHueM JBHTrarens. [Ipu KpUTHYECKUX 3HAYEHUSX 4YacTOTHI f;, W
HanpspkeHust  Uj, TPOUCXOAUT cpabaThlBaHWE TOPMO3HOTO YCTPOMCTBA C
MOCJICIYIOIIUM TOPMOKEHUEM JIBUTATEI U OTKIIF0YeHrueM ero ot [1Y4.

[Iporpamma MaTEeMaTHYECKOTO MOJICJTUPOBAHUS MpelyCMaTPUBAET
BO3MOKHOCTb 3a/laHusl HadanbHBIX U, fo (nmpu =0) m ycranoBusBmmxca Uy, fiq
3HAQYEHWH HanpsukeHus u dacTtoTel ITY. 3a Bpems perynupoBaHus f,.., 9acTOTa M
HanpsbkeHue [TY uM3MeHATCS OT HayallbHbIX 10 YCTAHOBUBIIMXCS 3HAYCHUU IO
JIMHEUHOMY 3aKOHY.

HNmeeTcs BO3MOXHOCTh 3aJaHUs TOJIBKO HAYaJlbHOM W YCTAaHOBUBIIEHCS
gactoTel IIY. B sTOM ciydae 3a Bpems f,., 4aCTOTa M3MEHSAETCS 10 JIMHEUHOMY
3aKOHY
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ITpn BEIMONHEHUU YCHOBUS (fyegTt1gy)>1>t e TIPUHUMAETCA fi=f5. 3a BpeMs
£>(treqt1qy) YACTOTA U3MEHSETCS TAKXKE T10 JTMHEHHOMY 3aKOHY

, oy
vfx = tf;':r o rt ) (f o 'ri'eg - 'i;'av )

ost

Hanpsoxkenne [MY  sBnsercs ¢yskmnueir uvactotel Ux=f(fx) u ¢ yuerom
HanpspkeHus: Ukom KOMITIEHCAIIMU BBIYUCIISIETCS 110 opMyTie

/ [;T _ [,-'r ,
l[):," — \/E . l[):,"xo“ + H"i-r"' KoM . tf: )
| A Y,

rne U,y ¥ fi — HOMUHAIBHBIC 3HAYCHUSA (HA3HOTO HANPSKEHHA W 9aCTOTHI
HaIps)KCHUS JBATATEIIS.

Topmo3HOe ycTpoiicTBO BKIItOUAEeTCs (PUCYHOK 2.6) MpU pa3roHe IBUraTelis B
MOMEHT BPEMEHU [y, IPU TOPMOKEHUU — B MOMEHT BPEMEHU [>f,. B MCXOMHBIX
JNAHHBIX JUI1 MAaTE€MaTU4YeCKOW MOJEIM TOPMO3HOIO YCTPOWCTBA 3a4aroTCs: fy —
BpeMsi pactopmaxuBaHuss u M,,, — MaKCUMaJbHbIi TOPMO3HOM MOMEHT.
TopMo3HOI MOMEHT sIBiIsieTCsl (DYHKIIMEH BpEMEHHU U YaCcTOTHI BpallleHus potopa. B
(GYHKIIMM BpEMEHHM TOPMO3HOM MoMeHT u3 lkr Ul MeHsercs 3a BpeMms Isr IO
JUHEWHOMY 3aKOHY — OT MAaKCUMAJIIBHOTO 3HA4Y€HHs [0 HyJIsd B PEXUME
pacCTOPMaXMBaHUSI W OT HyJs JO0 MAaKCHUMaJIbHOTO 3HA4Y€HUS B PEKUME
TOpMOXeHUsA. B (yHKUIMM 4acTOThI BpaIllEHUsT POTOpA TOPMO3HOW MOMEHT HOCHUT
PEaKTUBHBIN XapaKTep, IPUHUMAsI 3HAK HAIIPABIICHHS BPALEHUS POTOPA.

N3noxenHas BbIlIE MOJENb NMPUMEHEHA Ml uccaeayemoro Huxke UPAJL ¢
KOPOTKO3aMKHYTBIM poTOpoM MoImHOCThI0 800xkBT. B kauectBe mnpumepa Ha
pucyHke 2.7 TIpeACTaBIIEHbl pe3yJbTaThl MoaenupoBaHus. llombem rpysa
OCYILECTBIISIETCS B IBUTATEIBHOM PEKHUME, CIIyCK I'Py3a — B TEHEPATOPHOM.

3a 6a3ucHble MOMEHT M TOK NPUHATHI HOMHHAJIbHbIE 3HAYEHUS MOMEHTa U
TOKa JBUTaTeNs. 3a 0a3uCHBIC HANPSHKEHHE W YaCTOTY MPUHATHI YCTAaHOBUBIIHECS
3Ha4YeHHs 4acToThl U HanpspkeHus [1Y. 3a 6a3ucHyI0 4acTOTy BpallleHUs MPUHSTA
CUHXPOHHAs 4YacTOTa BpAILIEHUSA pPOTOPA, COOTBETCTBYIOIIAS YCTAHOBUBIIEWUCS
yacrore [T4.

CornacHO TEXHHMYECKOMY 3aJaHUIO0 JBUTATeNb JOJDKEH OOecreunBaTh
IMOCTOSSTHCTBO MOMEHTA B JAMamna3oHe 4YacTtoT OT 5 1o 50 I'm M IOCTOSHCTBO
MOIIHOCTH Ha Baiy aBuraresns npu yactorax oT 50 mo 100 I'u. [To T3 npenenbHblii
MOMEHT Harpy3ku M =1,2M,. Pe3ynbTaThl MOAECIMPOBAHUSA COOTBETCTBYIOT
NpefeabHOMY MOMEHTY HArpyskd, YCTaHOBHBINEHcA dacrtore f,,=5 I,
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HanpspKeHuto komneHcauuu U,,,=10 B, BpeMeHu peryinpoBaHusl HANpPSHKEHUS U
4acTOThl TP IIyCKE JBHTATENA l..,~ 4 C, MEXaHMYECKOH XapaKTEpUCTUKE
TOpPMO3HOTO ycTporcrBa — M,,,=1,7MH, t,,=0,4 c.

0.¢€.
21 .

-

b e e ccccccc e e d
tdd e deceecccec e e

1 2 3 4 5 6
0) moabeM rpysa

B e e =

0) cryck rpy3a

Pucynox 2.7 - Bpemenusie 3aBucuMocTH (B 0.€.): 1) dha3Hbiii TOK cTaTopa, 2)
AJIEKTPOMATHUTHBIN MOMEHT, 3) KOd(DPHUITMEHT MOIIIHOCTH, 4) yacToTa u 5) dhazHoe
HanpsbkeHue Ha BbixoJie [T4, 6) yactoTa BpanieHus potopa

Ha ocHoBaHMM MareMaTu4eckoro MOJAEIUPOBaHUs YCTAHOBIICHO CIIEAYIOLIEE:

a) IlpuHATBHIA 3aKOH pEryiIvpoBaHUs 4YacTOThl M Hamnpsokenus [1Y (mpu
HanpspbkeHun komneHcanuu U,,,=10 B) oGecnieunBaroT HaACKHBIM OABEM U CITYCK
rpy3a IBUTraTeIeM B COOTBETCTBHM T3.

0) MexaHuueckas XapakTEpUCTHKAa TOPMO3HOTO YCTPOMCTBA CIIOCOOCTBYET
PaBHOMEPHOMY Pa3rOHY ABUTATEIISI O YCTAHOBUBILEUCA YaCTOTHI BPAILLICHUSA.
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2.1 Pacuer 3KOHOMHM JJIEKTPOIHEPrUM NMPHU NMPUMEHEHUH YACTOTHBIX
npeodpaszoBareJiei

Onucanue maxTHON MOIbEMHON MaIIHbI

1. Tun LITIM - HKM3 2[1-5*2,3 (onHOKaHaTHAs);
2. Haznauenwue IIIIIM — rpy3oBas;

3. Tun mogbseMHOTO cocysa — HeonpokuabiBaromuiics ckun 2120 r/m 11000
KT;

4. BricoTa nogbeMa ropu3onta — 534 Mm;

5. Ilombem rpysa

a) CKOpOCTh TIoJTheMa — 7 M/CeK;

0) KOJTMYECTBO MOHEMOB B 4ac — 25;

B) BpeMs nukia — 144 cek;

') BpeMsi paboThl I0/IbeMa B CYTKU — 18 4acos;
1) yncio pabouux aHen B romy — 350.

6. KonuecTBo - 1Ba 31E€KTPOJBUTaTENS;

7. HoMHUHanbHbIE JaHHBIE JJIEKTPOABUTaATEIICH
a) Momnocts P, = 800 kBrT;

6) O60poTHI Ny, = 293 06/MuUH;

B) Hanpsokenue craropa U, = 6000 B;

r) Hanmpsixenne poropa U, = 665 B;

n) Tox poropa I, = 755 A;

x) Koappuuuent momuoctu cosg = 0,8;

e) KIT/1 = 92%.

OnekrponpuBon Aeucteyromei IIIIM coaepXUT MyCKOBYH pPE3UCTOPHO-
koHTakTOpHyto craHuuto (I[IPKC) B poTope u CTaHIMIO JIUHAMUYECKOTO
topmoxenus (CHT) B craTtope kaxmoro anekTpoasuratens. CTpyKTypHas cxema
NeKTponpuBoAa IMokazaHa Ha pucyHke 2.8. IIPKC B potope kaxaoro
AIIEKTPOJBUTATENSI COJIEPKUT HAOOP PE3UCTOPOB (OMUUYECKHUX COMPOTUBIICHUIN) U
koHTaktopoB. CIT mpencrasiser cobol peryaupyeMblii UCTOUHUK TOCTOSIHHOTO
TOKa, KOTOPBIM MOAKIIOYAETCS K JIBYM ¢ha3aM CTaTropa HJIEKTPOIBUTATENS TPHU
otkirodeHHou cetu 6 kB 50 ['m m obGecneynBaeT co3anre TOPMO3HOTO MOMEHTa
anekTpoaBurarend [14].
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Cets 6 1B 50Ty [l Pc=2{P/KNOo+Pp)

F1= Po/MN0o+Pp Jl ﬂ Pi1= Po/kNOn+Pp
Pa
= caT
/a Pn Ban Pg
= =
1w *( 1
NPKC NPKC

Pucynok 2.8 - Crpyxrypnas cxema anekrpornpusoga [IIIM ¢ [IPKC u CAT

OIII/IH UK IIOOAbCMA TIPYKCHOI'O CKHIIA C HHKXKHCIO TOPH30HTA IMAXThI
BKIIIO49ACT CJICAYIOIIHUC PCKHUMBI pa6OTI)I [IIIM: pas3roH CKuIla, IAIBHKCHHC C
MMOHMKEHHOU CKOpPOCTBIO;, pPa3roH no MaKCHUMaJIbHOU CKOpPOCTH; OBHIXCHHUC C
MaKCHUMaJIbHOU CKOPOCTBIO; 3aMCAJICHUC, OOTAXKKA U X0 B PA3IrPY30YHBIX KPHUBBIX,
CTOIIOPCHHC.

Taonwuua 2l - YcepenHeHHbIE 3HAUEHUS] TEXHUYECKUX MapaMeTpoB,
XapaKTEPU3YIOIINX MepeunciaeHHbie pexxuMbl padotel LITIM 3a mukn noabsema
CKHIIA.

CKopocTh Yeunue noasemMa CKHIa | Orgocut
Bpewms | I1yte '
[MoabeM ckumna (cpennss) | yagano | komen cpennee | YOWIHC
CEK M M/CeK kH xkH xkH 0.€.
1. Tporanue 1,60 0,35 0,22 230,59 1230,58 1230,59 |1,01
2. lwkenue ¢ 8,00 (3,60 |0,40 178,74 | 178,61 | 178,68 |0,78
TIOHIKEHHON CKOPOCTBIO
3. Pazron 8,45 28,50 (3,37 334,14 | 333,08 1333,61 |[1,46
4. Apwierne ¢ 65,95 |461,65|7,00 177,55 | 154,05 | 165,80 | 0,73
MaKCHMaIbHOMH CKOPOCTEIO
5. 3ameniienne 8,45 33,50 13,97 -1,48 -2,54 1-2,01 -0,01
6. Mlotsbicka u xon B 15,00 [6,00 [0,40 152,99 152,83 152,91 |0,67
PasTPY304HBIX KPUBEIX
7. Ctonopenue 0,08 0,40 5,00 -54,54 |-54,55 |-54,54 |-0,24
8. Bcero 108,42 | 534,00
9. Bpems nukna 25 144,00
IOXBEMOB B 4aC
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[lepeuncnennble BBIIE PEKUMBI PaOOTHI 0OECIIEUUBAIOTCS CIEAYIOIIUMHU
pexxumamu padboTsl nekTponpuBoAa ITIM:

Jnsa co3maHua 1 pexuma Ha CTaTOp JJIEKTPOABUTATENEH IMOAAETCS
Hanpsbkeane 6 kB 50 ['m, a k wmemsiM poTopa MOAKIIOYAIOTCA OMHUYECKHE
conpotuBieHus: nepoii crynenu [IPKC, oOecnieunBaromme mpoTrekaHue B LEMU
poTOpa IYCKOBOTO TOK4, JOCTaTOYHOTO JUIsl CO3JaHUSl ITyCKOBOTO MOMEHTA
aNeKTpoABUTaATENs. J{BUTaTen pasroHstoTcs 10 ckopoctu 0,22 m/cek 3a Bpems 1,6
CEK.

B 2 pexume Bxmouensl conpotuBienus nepsoii crynenu [IPKCI B poropax
AIEKTPOIBUTATEIICH.

B 3 pexxume mis pasroHa 3JIEKTPOJABHUIATENIEN 1O MAKCHUMAJIbHOM CKOPOCTH
MOOYEPETHO 3aKOPAYMBAIOT CTYINEHU compoTuBieHUui koHTakTopamu [IPKC, uto
oOecrieuynBaeT MNOJJEpKaHWE IYCKOBOTO MOMEHTa 3JEKTpPOJABHUraresed Ooublie
MOMEHTA COIIPOTUBIIEHMS B TEUYEHHME BCEro pasroHa DJJeKTpoisurarend. B
paccmarpuaemoit HITIM Takux cryreHen mecTs.

B 4 pexume mocie pasroHa 3J€KTpPOABUTATENEH 10 CKOPOCTH, OJM3KOM K
HOMMHAJIBHOW, B ILE€NUM pOTOpa OCTaBISIOT OTHOCUTEIBHO  HEOOJbIINE

COIPOTHUBIICHUS, obecrieunBaroIme BbIpAaBHUBAHUE Harpy30K JIBYX
anektpoasurarenen LITIM.
Jnga  3amenneHus ckama B S pEXKUME OTKJIFOYAIOT  CTaTOPbI

anekTpoaBurarenen or cetu 6 kB 50 ['m m moakimo4aroT WX K CTaHIUU
muHamuyeckoro topMmoxenuss (CAT). Perynupys BelnyuHy MOCTOSIHHOTO TOKa
CTaToOpa CO3MAI0T HYKHBI TOPMO3HOW MOMEHT Ui 3aMEUIEHUs CKUIAa Tepen
BXOJIOM B pa3rpy304YHbIC KPUBBIE.

JIoTsKKa M X0/ CKUIAa B Pa3rPy30UHBIX KPUBBIX B PEKUME 6 BBITIOJHSIOTCS
IIpU TMOJKIIOYEHHBIX CTaropax anekrpoasurarened Kk cetu 6 kB 50 I'm wu
MOAKIIFOUEHHBIX POTOpaxX K COMpOTUBJIEHUAM nepBoil ctynenu [IPKC.

7 pexXHM - CTOIOpEHUE OOeCleYMBAaeTCs HAJIOXKEHHEM MEXaHMYeCKOIo
topmo3sa LITIM.

B pexumax paboThl 2JIEKTPONPHUBOAA B IIEMH POTOpa DIIEKTPOABUTATENCH
BKtoueHbl conpotusiienss [IPKC, mo koTopsiM MNpoOTEKaeT TOK poTOpa, UTO
MPUBOJUT K MOTEPE MOIIHOCTH, KOTOPasi TPATUTCSI HA HArPEB CONMPOTUBIICHUIN. DTH
MOTEPU MOIIIHOCTH HE CO3Al0T IMOJIE3HOM PabOThI MO MOABEMY CKHIIA U SBIISIFOTCS
HEMPOU3BOIUTEIBHBIMU MTOTEPSIMU JICKTPOIHEPrun. B 5 pexxume mpu 3ameieHun
ckuna ¢ noMouipto CJIT mponcxoauT NOMOJHUTENBHAS MOTEPS AJIEKTPOIHEPIHH,
KOTOpasi HEMPOU3BOJAUTEIBHO TPATUTCS HA HATPEB AJIEKTPOABUTATENEH.

C nomompto [IIIM npou3BOAUTCS €KEAHEBHBIM OCMOTP CTBOJA IIAXTHI U
ocMoTp KaHatoB LITIM.

ITpu ocmoTpe cTBoa 1 kanatoB [IIIIM paGoTaeT B CleayrONUX peKUMaXx:

1) Tporanue;

2) ABWXKEHUE C MIOHMKEHHOW CKOPOCTHIO;

3) cTonopeHwue.

IIpy ocmoTpe cTBOJIA IIaXThl W OCMOTPE KAaHATOB JACHUCTBYIOLIUU
anektporipuBon  IIIIM  pabGotaeT ¢ TNOHWKEHHBIMH  o0OOpoTaMu  Bajia
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ANEKTPOABUTATENEH 3a CYET NOAKIIOUEHHS K IENsiM pOTOpa COMPOTUBIICHUI
nepBoit ctynenu IIPKC. Ilpu stom B comnporunenusix [IPKC Boeigensercs
3HAUUTEIbHAS MOIIHOCTh, KOTOpas HEMpPOU3BOJUTEIHLHO PacXOIyeTcs Ha Harpes
POTOPHBIX COMPOTUBIICHUH.

Taonuua?22 - VYcpenHeHHbIC 3HAUCHHUS TEXHUYECKUX MapaMeTpoB,
XapaKTepU3yIIIMX NepeunciieHHble pexxuMbl padotsl IHTIM 3a ki ocMoTpa

Cpenuss Yeumie noabeMa CKHIA | Orpocut
Bpems |Ilyts ’
OCMOTp CTBOJIA MIAXTHI CKOPOCTD | yayajno | konen | cpenuee | YCHIHC
CEeK M M/CeK xkH kH kH 0.e.
1. Tporanue 1,60 0,32 0,20 230,59 230,58 1230,59 |1,01
2. Jlwxenue ¢ MOMIKEHHOH | 157 6 | 533 78| 0,30 177,55 | 154,05 165,80 |0,73
CKOPOCTBIO
3. CronopeHue 0,08 0,40 5,00 -54,54 1-54,55 [-54,54 1-0,24
4. Bcero 1779,28 |1 534,00
2.2 Pacqu HerﬂH:;BDI[HTeJILHLIX HOTepb 3ﬂeKTp03HeerI/I

neicreyromei HITIM

Pacuet noteph 35I€KTpOIHEPrUU MpHU NOAbEME TPy3a:

Jlns pacdera HENPOU3BOAMUTEIBHBIX 3aTPAT JJIEKTPOIHEPIMU JIEHCTBYIOLIEH
IIITIM omnpeneneHsl TOKA W HANPSDKEHUS B LENH POTOpA DJIEKTPOABUIATENIEH B
pexuMax 1 — 7 3IeKTpOINpHBOJA, MO 3HAYECHHSIM KOTOPBIX BBIYUCIIEHBI MOTEPHU
AIEKTPOIHEPTHUH, 3aTpauMBaE€Mble Ha HarpeB poTOpHBIX compotusieHui [IPKC
(Tabmunia 3). PacyeTsl BBIMOMHEHBI MPHU JOMYIICHUH O HEMPEPHIBHOM M3MEHEHUU
conportusieHuii [IPKC B pexume pazrona ckuma 3.

Tabmuma 3 mnoka3pIBaeT, 4YTO 3a OJWMH IMKJI IHOJbeMa CKHIIA Ha
HEMPOU3BOJMUTENBHBIN HarpeB poTopHbIX conpotusieHusx [IPKC 3arpaumBaercs
anekTposHeprus 12,9 kBr-uac. Kpome 3TOro Ha HarpeB 3JIEKTpOABUrATENICH B
pexuMe 3amenneHns ckumna ¢ nomompto CJT momonmHuTENnsHO 3aTpadnBacTCs
AIEKTPOIHEPTHS, KOTOPYIO MOXKHO OPUEHTHUPOBOYHO OMPEACIUTH MO CICAYIOUIEMY
COOTHOIIEHUIO

I195,=0,05-2-P,-t,:3600=0,05-2-800 - 8,45 :3600=0,19 xBr-uac.
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Tab6numna?2. 3 —Pe3ynbrarsl pacueToB

Cxopocth | OtHOC. | CkoJibxk | MOIHOCTE | DHEprust
Bpewms | Ilyts

(cpennsist) | ycunue | eHue poropax2 | poropax2

IMonneMm ckuma
CeK M M/CeK o0.c. o0.c. kBT kBTxuac

1. Tporanue 1,60 0,35 0,22 | 1,01 0,97 1649 0,7
2. JIlpwxkeHue c
TTOHMKEHHOM 8,90 3,60 0,40 0,78 0,95 1245 3,1
CKOPOCTBIO
3. Pasron 8,45 28,50 3,37 11,46 0,55 1349 3,2
4. JIBuxeHue C
MakcuMajJibHOM | 65,95 461,65 7,00 10,73 0,06 78 1,4
CKOPOCTBIO
5. 3amenieHue 8,45 33,50 3,97 1-0,01 0,47 7 0,0
6. JloTskka wu
oA ®l15,00 |6,00 0,40 |0,67 [095  |1066 4.4
pa3rpy304HbBIX
KPUBBIX
7. Cronopenue | 0,08 0,40 5,00 1-0,24 0,33 133 0,0
8. Bcero 108,42 | 534,00 12,9

Takum 00pa3zoM, CyMMapHbI€ HEMTPOU3BOIUTEIbHBIC TTOTEPU AIICKTPOIHEPTUU
3a OJIMH IHKJ MOIbEMA CKUIA COCTABJISIOT:

I19,=12,9+ 0,19 = 13,1 xBt'uac
[ToTepu snexTposnepruu 3a oauH yac padotsl LIITIM cocTaBmisitoT BETMUKHY:
19y, = 13,1 * 25 =327,5 kBt-uac
[ToTepu snexTposnepruu 3a aeHb padotsl [HIIIM (18 gacos):
19 0., = 327,5 * 18 = 5895 kBt-uac
[ToTepu anexrposaneprun Ha ogHoi IITIM 3a roa (350 pabouux nHei):

[19;; = 5895 * 350 =2063250 kBT uac
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CorsacHo

[Torepu snexTpol’Hepruu 3a AeHb padotsl LLITIM (4 mporona cocyna)

[Totepu snextposnepruu Ha oguoi LIITIM 3a roxg (350 paGouux nHEi)

JTAHHBIX

Ta0muimst

4  Henpou3BOJIUTEIbHBIC
AJIEKTPO3HEPTUU Ha HarpeB poTopHbIx comnportusiaeHuil [IPKC 3a oaun nporon
cocy/ia IpU OCMOTPE CTBOJIA IAXThl U OCMOTpe KaHaToB cocTasisieT 580 kBT uac.

I19 e, = 580 * 4 = 2320 kBt 4ac.

19,0, = 2320 * 350 = 812000 kBt-u4ac.

noTepu

Ta0nwuuma?2.4 - Pe3ynbTarsl pacuera NOoTEpb AEKTPOIHEPTUH 32 OJIUH LUK

O0CMOTpa
OHepru
Bpews vrs Cpennsis | OtHOocut. | CKOJIbKE IT\ﬁomHoc s
Ocmortp p yr CKOpPOCTb | yCHIIHE HUE «7 | POTOpa
CTBOJIA MIAXTHI poTopazs | 5
CeK M M/CeK o.c. o.e kBT kBTXxu
1. Tporanue 1,60 0,32 0,20 1,01 0,97 1654 1
2. JIBmxeHHe
MOHMKEHHON 1777,60 |533,28 |0,30 0,73 0,96 1173 579
CKOPOCTBIO
3. Cronopenue 0,08 0,40 5,00 -0,24 0,33 133 0
4. Bcero 1779,28 |534,00 580

CyMMapHbi€ TOJOBbIE HEMPOU3BOAUTEIBbHBIE MOTEPH DJICKTPOIHEPTHUU B
neuctpytomieM ssiektponpuBoae LITIM coctaBistoT Benmuuuny

193¢y, = 2063250 + 812000 = 2875250 kBt 4ac

2.3 CHuxeHue noTepb 3IJIEKTPOIHEPrUHU
3JIEKTPONIPUBO/A € YACTOTHBIM Npeodpa3oBaTtesieM

nmpu HCIIOJBb30BaHUU

DJIEKTPONPUBOJT IIAXTHOM TOABEMHON MAaIIUHBI MPEJCTABISIET COOOM
YaCTOTHO-PETYJIUPYEMBIA DJICKTPONPUBO O3 JaTUMKa TIOJIOKEHUS poTopa C
TpPaH3UCTOPHBIM TpeoOpazoBatesieM 4dactoThl (ITY), KOTOpBIA ycTaHaBIUBaEeTCS
MEXKJIy POTOPOM KaXJOTO AJIEKTpoABUTraTeNsl U nutaromieil ceteio 6 kB 50 I'u B
nonosnenue k IIPKC u CHT. CrpykrypHas cxema snektponpuBoaa IIIIM c
nmpeo0pa3oBaTeIs MU YaCTOTHl B POTOPE AJEKTPOJIBUTATENICH MOKa3aHa Ha PUCYHKE
2.9.
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Cete 6B 50Ny [l | Pe=2{Po/kNOo+Pp(1-KMOnw))

Pi=eaknaaep| || 1
PRIy ]]‘ ]]‘ PpKMany

T

= =
Pp Fp

P1= PaKMia+Fp

Pucynok 2.9 - CrpykrypHas cxema anekrpornpusoaa LIITIM c
npeodpazoBaTeIMu

[Ipu pabGoTe mIAXTHOW NOABEMHONW MAIIMHBI C 3JIEKTPOIIPUBOJIOM BCs
MOIIHOCTh CKOJIBKEHHUSI POTOpa 3JEKTPOABUTaTeNeil dvepe3 mnpeoOpazoBaTelib
4acTOThl BO3Bpamiaercss B nuraromyto cetb 6 kB 50 ', a He 3arpauuBaercd Ha
HarpeB poTopHbix conpotuBieHuil [IPKC u HarpeB snexTpoasuraress mnpu padote
CAT .

Bennunny skoHomum snektposHepruu mnpu 3amene [IPKC u CUT nHa
DNEKTPONPUBOA ~ MOXHO  ONPENEIUTHh BBIUTA M3 CYMMAapHBIX  T'OJIOBBIX
HEMPOU3BOJUTENBHBIX MOTEPH JIEKTPOIHEPTUU B JAECHUCTBYIOIIEM JJIEKTPONPHUBOJC
[TIM notepu JIEKTPOIHEPTUU B CAMOM MpeoOpa3oBaTesie YaCTOThI MPU Nepeaade
MOIIIHOCTU  CKOJIbKeHus1 poTopal osnexkrponsurareneii B cerb. llpu  KIIJ]
npeoOpazoBareis 4acTOThl 97% SKOHOMMUS 3JIEKTPOIHEPTUN COCTABUT BETUUYHUHY

Opq = D¢y * 0,97 = 2875250 * 0,97 = 2788990 xBt-uac

Kpome Toro, monosHuTeIbHbIN IKOHOMHYECKUH 3D PEeKT OyaeT JOCTUTHYT 3a
CUET COKpaIlleHUs1 aBapuii 1 mosioMok obopynoBanus [IITY 3a cuer ucnonbp3zoBaHus
BBICOKOTOYHOTO 3JIEKTPONPHUBO/IA, KOTOPBIM MO3BOJIUT MPOU3BOJANTH ILUIABHBIM
pa3rOH U TOPMOXEHHWE C TOYHBIM MO3WLIHMOHUPOBAHUEM CKHUIMA, YTO HCKIFOUUT
yIaphl CKUIIa TIPH OLTHOKAX orepaTopa.

PammonansHoe AEKTPOIOTpeOIeHuE, a CJIEA0BATENBHO U
sHEprocoepexkeHne, 00ecrnevynBaeTcss He TOIbKO IKOHOMHUYHOCTBIO UCTIOIb30BAHUS
AIIEKTPOIHEPTUM TOTPEOUTENIMU (B YaCTHOCTH, OJJICKTPONPHUBOAAMHU), HO H
3aBUCUT OT KayecTBa JJIEKTPOIHEPTMU MUTAIOLIEH CETH.

JUist  TpexmpoBOAHBIX  ceTed  Tpex¢da3HOro  TOKa  HOPMHUPYIOTCS
JONMYCTUMBIE  3HA4YCHUS OTKJIOHEHUW HANpsDKEHUS M YacTOThl, a TaKxke
XapakTepUCTUKA  HECUMMETPUHM  HANpPSOKEHHM MPOMBIIUIEHHOM 4YacTOThl U
HECHHYCOUIATLHOCTH (POPMBI KPUBOU HAPSIKCHHUS.
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JlommycTuMO€e OTKJIOHEHHE YacTOThl, T.€. PA3HOCTh MEXIY €€ TEKYIUUM U
HOMMHAJIbHBIM 3HAQUEHUSMU TIIPU MEMJEHHOM M3MEHEHUM, OIpaHU4YMBacTCA
sHaueHusiMu £0,1 I'11.

Honyctumoe 3HaueHue Kod(p(UIMEHTa HECUHYCOUJAIBHOCTU COCTaBIISIET
5 % Ha BbIBOJAX JO00ro nayieKTponpueMHuKa. Ha BbIBogax acHMHXPOHHBIX
JBUTaTENeH JOIycKaeTcs:  OoJbliiee 3HaYCHUE KO3 pumeHTa
HECUHYCOMJIaJIbHOCTH, €CJIM  HarpeB  AJIEKTPOJBHUraTeNel, OMNPEIEIICHHBIN C
Y4E€TOM OTKJIOHEHUS HalpsDKEHUs MPsSMOM IMOCJIEeI0BATEIbHOCTH M HAJIUYHS
HaIpsDKEHUsT OOpaTHOW IMOCIEN0BATENbHOCTH, OYyAET HaxXOAWUThCS B MpEAENax,
YCTaHOBJICHHBIX  JJIA JAaHHOTO KO3(PUIMEHTa HArpy3ku. BkiroueHue Mexmy
NUTAIOMIEH CEThbI0 M JBUTATENIEM MOJYNPOBOAHUKOBBIX (TUPUCTOPHBIX  HIIA
TPaH3UCTOPHBIX ) npeobpasoBareneil, 00ecrneunBarOIINX VIOpPABJICHUE U
pPEryJIMPOBAHUE ACHUHXPOHHBIX  JBUTATeNIeld, MOXET OKa3aTh CYIIECTBEHHOE
BJIMSIHUE HA NTOKA3aTeNIM Ka4eCTBA 3JIEKTPOIHEPI UM MUTAKOLIEN CETH.

[TpeoOpa3zoBaren ABIAIOTCS IO CYIIECTBY CHCTEMaMU JMCKPETHOTO
VIOPABJIICHHUS NAapaMEeTpPaMH JJIEKTPOIHEPTUHU, IOABOAUMONM K ACHHXPOHHOMY
JIEKTPOJBUTATENIO, T.€. IBUIATEIb NUTAETCS HECUHYCOUJAIBHBIM MIEPUOINYECKUM
HaIIPSDKEHUEM, B COCTaBE KOTOPOI0 KPOME OCHOBHOM NPHUCYTCTBYIOT U BBICIIHE
TFAPMOHMKH, YTO MOXKET IMPUBECTH K YPE3MEPHOMY YBEIMUYECHHUIO KOIPPHUIMEHTA
HECUHYCOMJIaJIbHOCTH, BO3PACTAHHUIO PEAKTHBHON MOIIHOCTH U HEOOXOJUMOCTH
pelIeHus 3a/1auun AIEKTPOMArHUTHOM COBMECTUMOCTH  BEHTHJIbHBIX
AIIEKTPOIPUBOOB C MUTAIOIIEH CETHIO.

CreneHb BIUSHUSA BEHTWIBHBIX 3JEKTPONPUBOAOB HA MHUTAIOIIYIO CETh
3aBUCUT  OT MOUIHOCTM  MCTOYHMKA  MNHUTAaHHS, THUMA  PETYJIUPYyEMOro
ANEKTPONPUBOZA M BEHTWIBHOTO MpeoOpa3zoBarens, cnocoba ynpaBieHUs
npeoOpa3oBareieM U JAPYrMMH. BiusHuE pa3iauyHbIX THUIIOB ACHHXPOHHBIX
PErYIMPYEMBIX BEHTWIBHBIX JJIEKTPOIIPUBOJAOB HAa MHUTAIOMIYIO CETh U UX
HHEpreTUYECcKre MoKa3aTenu Oy IyT pacCMOTPEHBI Jajiee.

[IpuBeneHHOE BBIIIE CONOCTABICHHE Pa3HBIX CHOCOOOB M  CHCTEM
YIPABJICHHUS] ACHHXPOHHBIMU 3JIEKTPONPHUBOJAMH MMO3BOJIIET HAMETUTD CIIECAYIOIINE
HaIpaBJICHUS! CHIDKEHUS oTpedsieHus sueprun AJl.

IlepBoe HampaBlIEHHE CBS3aHO CO CHM)KEHHEM NOTEPh B 3JIEKTPONPUBOJIE
IIPY BBIIIOJIHEHMM MM 33JIaHHBIX TEXHOJOTMYECKUX ONepauuid MO 3aJaHHBIM
TaxorpamMmmam U C ONpPENENIEHHbIM  PEXUMOM NOTPYKEHHUS. 310
AIIEKTPOIPUBO/BI, paboTaroOUIUe 'B MyCKO-TOPMO3HBIX pexXHMax (KpaHbl, JTUQTHI,
IJIaBHbIE TPUBOABI CISIOMHIOB M OJIIOMUHIOB, BCTIOMOTATENIbHbIE TMO3UIIMOHHBIE
MEXaHU3Mbl MPOKATHBIX CTAHOB W T.A.) WIH JUIMTEIbHBIX PEKUMAX C MEJIEHHO
U3MEHSIoLIEeNCs Harpy3koi  (Hacochl, BEHTUJISITOPHI, KOMIIPECCOPBHI,
TpaHCHOpTEphl U T.1.). B TakuX 5JIEKTPONPHUBOJAX 32 CUET CHIKEHHS MOTEPD
JIEKTPOIIPUBOAA B YCTAHOBUBIIMXCS W MEPEXOJHBIX PEKHMAaX BO3MOXKHA
3HAUWTEIbHAS JKOHOMMS JJIEKTPOSHEPIHMH. B  KHMHEMaTHYeCKHMH  CBS3aHHBIX
IIEKTPOINPUBOAAX (POJIBraHIM, MHOTOJIBUTATEIbHBIE MPUBOABI TEJIEKEK U T.1.)
PaBHOMEPHOE  JCJIICHHE  HAarpy30K MEXJy JBHUraTeIsIMU IO3BOJISIET TAKXKE
MUHHAMH3UPOBATh IOTEPU B HUX.
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Bropoe HampaBieHHe CBS3aHO C  HM3MEHEHUEM  TEXHOJIOTMYECKOTO
mpoliecca Ha OCHOBE Iepexojia K 00Jiee COBEpPIIEHHBIM CIIOCO0aM PeryJInpOBaHUs
AIEKTPONPUBOAA M MApaMETPOB ATOTO TEXHOJOTMYECKOro mnpouecca. [Ipu stom
MPOUCXOJUT CHIDKEHHE TOTPEOJICHHs] DHEPTrUuu AJIEKTpoIrpuBoAoM. B kaudectBe
npuMepa MOXKHO TMPUBECTU DBIEKTPONPUBOJILI  TypOOMEXaHU3MOB (HACOCOB,
BEHTUJIITOPOB, TYPOOKOMIIPECCOPOB), MOPIIHEBBIX HACOCOB M KOMIIPECCOPOB,
TPAHCIIOPTEPOB, CUCTEM PETYJIUPOBAHUS COOTHOILICHHS TOILUIMBO — BO3AYyX U Jp.
[Ipu »TOM, Kak mpaBuio, dSPPEeKT HE  OrpaHUUYMBACTCS  SKOHOMHEH
AIIEKTPOSHEPTUH B BJEKTPONPUBOJAE, BO MHOTHX CIIy4asX BO3MOXXHA 3KOHOMUS
pecypcoB (BOAbI, TBEPAOTO W KUIKOIO TOIUIMBA U T.1.). i 00OMX Ha3BaHHBIX
HaIpaBJICHUN XapakTEPHBIM SIBISETCS TO, YTO B HUX CHIDKAETCS MOTpeOIcHUE
HHEPIrUy UMEHHO B 3JIEKTPONPHUBOJIE: B IIEPBOM CIIy4ae 3a CUET CHUIKEHUS MOTEPD
DHEPruM, BO BTOPOM 3a CYET UCIOJIb30BAaHUS MEHEE SHEPro3arpaTHOro Cco
CTOPOHBI AJIEKTPOIPHUBOIA YIIPABICHUS TEXHOJIOTUUECKUM IIPOLIECCOM.

MoXHO Ha3BaTh U TPEThE HAINpaBiieHHWE, O0ECIEeUMBAIOIIEEe pPeATU3AUIO
AHEProcOeperaroux TeXHOJOTUl. M3BeCTHO, YTO UMEETCS PAJl TEXHOJIOTHYECKUX
MPOLIECCOB, TJE€  AJICKTPONPHUBOJ  CPABHUTEIHLHO  HEOOJBIION  MOIIHOCTU
yOpaBisieT IMOTOKOM JHEPIHH, MOUIHOCTH KOTOPOTO B JIECSATKH M COTHU pa3
MPEBBINIAET MOUTHOCTh JJIeKTpornpuBoaa. K TakuMm oOBbEKTaM MOKHO OTHECTH
JyTOBBIE€ CTaJICIJIABWIBHBIE NI€YU MOCTOSSHHOTO M MEPEMEHHOr0 TOKA, BAaKyyMHBIE
JyTOBBIE TI€UH, PYJA0-BOCCTAHOBUTEIIbHBIC TI€UH, YCTAHOBKH WHIYKIIMOHHOTO
HarpeBa u T.11. Ha HuX 3J1eKTponpHUBO/Ibl MOIITHOCTHIO B HECKOJIBKO KMJIOBATT MOTYT
YIOPABIATH MPOLECCOM, NOTPEONSIONIMM JECSITKA U JIaXXe COTHH MEraBaTT.
O4eBUIHO, YTO OT COBEPIIECHCTBA DJEKTPONPHUBOJA, €ro OBICTPOACHCTBUS U
TOYHOCTH, CTENEHW ABTOMATH3allMHU MPOLIECCa BO MHOTOM 3aBUCUT 3(P(HEKTHUBHOE
WCIIOJIb30BAHUE TAKUX 3HAYUTEIBHBIX OOBEMOB HEPrUU. OJTO HANpPaBICHHUE HE
CBSI3aHO C YMEHBIIEHMEM TMOTOKAa JHEPTHUM 4Yepe3 DIIEKTPONPUBOJ, Yallle
noTpeOIeHNE YPHEPTUH DIIEKTPOIIPUBOJIOM JaKe YBEIUUUBAETCSA. TemM He MeHee, Tak
KaK 3TO HAMNpPAaBJIEHUE CBSI3aHO CO 3HAYUTEIBHOW SKOHOMHEHN 3JIEKTPOIHEPIuH,
PacCMOTPUM €ro Ha pUMEPE AyTOBOM CTAJICIUIABUIIBHOU MEYH.

Cdopmynupyem myTu SHEPTOCOSPEKEHUS B ACHHXPOHHOM 3JIEKTPOIIPUBO/IE.

B pamMkax mnepBoro HampaBJ€HUsS JISI CHUXKEHHUS TOTEPh HSHEPrUU B
ACMHXPOHHOM 3JIEKTPONPHUBOJIE MOKHO HCIIOJIb30BaTh CIEAYIOLINE MMy TH.

1. OOocHOBaHHBIA BBIOOP YCTAHOBJIICHHOM  MOIIHOCTH  JIBUTaTels,
COOTBETCTBYIOILIEH pEalbHbIM MOTPEOHOCTSIM YIPABISEMOro MeXaHu3ma. ITa
3ajlaya CBsi3aHa C TeM, 4YTO  KOA(DPUIMEHT 3arpy3Kd MHOTUX JBUTaTEeH
cocraBisier 50% u MeHee, YTO TOBOPUT JIMOO O HUBKOW KBaU(pUKAIUU
pa3paboTuuKoOB, JHOO O HECOBEPUICHCTBE HUCIOIb30BAHHON METOAMKU pacyeTa
MOIIIHOCTH 3JeKTpornpuBoga. O4eBUIHO, YTO JABUTATENlb 3aHM>KEHHOW MOIIHOCTH
OBICTPO BBIXOJUT U3 CTPOSI M3-3a TEPErpeBa, a JABUTATENb C OOJBIIMM 3amacoM
MOIIIHOCTH  mpeobpasyer dHepruto  HedPHEKTHBHO, T.6. C  BBICOKUMH
YAEIbHBIMU TOTEPSIMA B caMOM jBurarene u3-3a Huzkoro KIIJI wu B
MUTAIOMIEH CETH H3-3a HU3KOro Kod(duimeHta MomHocTH. [loaToMy mepBbiii
OyTh 3aKIIOYAeTCs B  COBEPIIEHCTBOBAHMHM METOJWK BBIOOpAa  MOIIHOCTH
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JIBUraTeils M NPOBEPKH €ro 10 HAarpeBaHUIO, a TAaKXe B IOBBILICHUU
KBAIM(PUKALIUU  Pa3pabOTYMKOB, MPOEKTUPOBIIMKOB U  OOCIY>KHBAIOILETO
nepcoHana. Ha mpakTuke BCTpeHarOTCs CIydaw, KOrJa BBIIEAIINNA W3 CTPOS
JIBUTaTeJIb 3aMEHSIETCA MOIXOMSIIMM II0 BBICOTE Bajla WM €ro AUaMETpy, a He
[0 MOIIHOCTH.

CymiecTByronie METOAMKH BbIOOpAa MOIIHOCTH JBUTATENSl U IPOBEPKU
€ro IO HarpeBaHUIO MOTYT paccMaTpHUBAThCS JIMIIL Kak MepBOE MNPUOIIKEHHE.
Heobxonmma pa3paboTka ©Oojiee COBEPIICHHBIX METOAWK, OCHOBAHHBIX Ha
TOYHOM  Y4YE€T€  PEXKUMOB  pabOThl  BJIEKTPONPHUBOAA, H3MEHEHHH €ro
DHEPreTUYECKUX IT0KA3aTENICHd, TEIUIOBBIX IIPOLECCOB B JIBUTaTEle, COCTOSHMS
W30/ M T.4. Pasymeercs, 3TO HOpenanojaraeT IMHUPOKOE HCIOJb30BAHUE
BBIUHCIUTENFHON TEXHUKHU U CIIEIUATBHOTO TPOrPaMMHOTO O0ECTIeUeHUsI.

2. llepexox Ha Oo0Jee HKOHOMHUYHBIE JBHUraTeIH, B KOTOPBIX 3a CYET
YBEJIMYEHHSI MacChl aKTHBHBIX MaTepuajioB (kele3a W MeAH), NPUMEHECHHUS
Oojsee COBEPILIEHHBIX MAaTEpUaJIOB M TEXHOJOTUHN IOBBIIIEHBl HOMHHAJIbHBIC
3HayeHust KIIJ{ u koad¢unmenta MOIHOCTH. DTOT MyTh, HECMOTPSL Ha BBICOKYIO
CTOMMOCTb TaKMX JBUTATEJIEH, CTaHOBUTCS OYEBUAHBIM, €CIM YYECTb, YTO IIO
JAHHBIM  3aIIaJJHOEBPOIICMCKUX  JKCIIEPTOB, CTOMMOCTb  DJIEKTPOIHEPIUH,
noTpeOIeMO €KEroJHO CpEeJHUM JBUTaTelIeM, B 5 pa3 MPEBOCXOJIUT €ro
CTOUMOCTb. 3a BpeMsl CIyKObl ABUTATENs, a 3TO JECATKUA JIET, HKOHOMHUS
DHEPIUU 3HAYUTEIIBHO IIPEBBICUT KalUTaJIbHBIE 3aTpaTbl Ha TAaKYyIO
MoaepHu3zanuio. Kak yxke oOTMedalmoch paHee, 3TOT IIyTh IIOKA HE IOJY4Yus
JOJKHOTO IIPU3HAHKS B OTEYECTBEHHOU MPAKTHUKE.

3. Ilepexom k Oosee COBEPIICHHOW C DHEPreTUYECKONM TOUKU 3pEHHS
cucremMe anekrponpuBoaa. [lotepu SHepruM B MEPEXOAHBIX PEKUMAX 3aMETHO
MU3MEHSAIOTCA IPU HCMOJB30BAHUHM PEOCTATHOrO peryiupoBanus, cucrem TIIH—
Al u TIITY—A/] ¢ MUHUMAIbHBIMA MOTEPSIMH MPH MNPUMEHEHUH YaCTOTHO-
pPEryIupyemMbIX AIEKTPOIIPUBOIOB. [Toatomy B paMKax KaxKJIOW Wu3
NEPEYUCIICHHBIX CUCTEM MMEIOTCS 00Jiee WM MEHEE yAayHble B SHEPreTUYECKOM U
TEXHOJIOTHYECKOM IUIAHE BapUaHThL. 3aJadyeil IPOEKTUPOBILMKA  SIBIIAETCS
IPaMOTHBII ¥ BCECTOPOHHE OOOCHOBAHHBIM BHIOOP KOHKPETHOTO TEXHUYECKOTO
peLeHus.

4. Vcnonb30BaHKE CIEUUANBHBIX TEXHHUUYECKHUX CPEICTB, 00ECIEUMBAIOIINX
MHUHUMU3ALUIO NIOTEPh DJHEPIUHM B DJIIEKTpPONpHUBOAE. Tak Kak 3HAYMTEIbHAS
4acTh ACUHXPOHHBIX 3JIEKTPONPUBOJOB pabOTAaET B YCIOBUAX MEIJIEHHO
U3MEHSIOLENCs Harpy3Kku (3JIEKTPONPHUBOABI TYpOOMEXaHU3MOB, KOHBEHEPOB H
T.A.), OTKIOHEHUE HArpy3Kd OJJIEKTPONPUBOAA OT HOMHUHAJIBHOW YXYIIIAET
DHEPreTUYECKHUE MOKA3aTeNM >JIEKTPONpUBOaa. B HacTosmiee BpeMs K TakuM
CPEACTBAM MO>KHO OTHECTH YCTPOWCTBA PETYJIMPOBAHUS HANIPSIKECHUS HA JBUTATEIIE
B COOTBETCTBMM C YypOBHeM ero Harpy3ku. Kak mpaBuio, 310 1160
CIICLIMAJIbHBIE PETyIATOPhI HanpsDKkeHUus: Ha ocHoBe TIIH, Brirowaembie Mexay
CeThbI0O M CTaTOpPOM JBHUTarTens, JHUOO mpeoOpa3oBaTed 4YacTOThl, B KOTOPBIX
OpeIyCMOTPEH TaK Ha3bIBa€Mblil pexuM sHeprocOepexenus. B mepBom ciyuae
TITH BeimonHsAET KpoMe (QYHKIIMH YHEProcOepeKeHUSI HE MEHEEe Ba)KHbIC (QYHKIIUU
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VIOPABJICHHUS PEXHUMAaMHU IyCKa M TOPMOXEHHUS HHOTAA PETYJIHPYET CKOPOCTb
WIM MOMEHT, OCYWIECTBJISIET 3allUTy, JHArHOCTHKY, T. €. TIOBBIIIAET
TEXHUYECKUH ypOBEHb IMPUBOJA B MeJOM. Bo BTOpOM cllydae pPeEXUM
DPHEProcOepeKeHusT  paccMaTpuBaeTcs  Kak JOTIOJIHUTENbHAS OmIus
npeoOpa3oBatTeisi 4acTOThl U UMEETCS JIMIIb B HEKOTOPHIX BBHIMTYCKAEMBIX THIAX
npeoOpaszoBareneil. C y4eToOM MHOTOQYHKIIMOHAJIbHOCTH HNPUMEHEHMS TAKHE
YCTPOMCTBA OKAa3bIBAIOTCS HKOHOMMYECKH I11€71eCO00pa3HbIMU JJIsl MPUBOAOB C
M3MEHSAIONIENCS HArPY3KOU TaKe MPU UX OTHOCUTEIBHO BBICOKOM CTOMMOCTH.

5. CoBepIICHCTBOBAaHUE AJITOPUTMOB YIPABIECHUSA 3JIEKTPOIPHUBOIOM B
cuctemax TITH—A/[ u ITITY—A/I Ha OCHOBE PHEPreTUYECKUX KPUTEPUEB OLEHKH
ero KadyecTBa, T.€. COBEPIICHCTBOBAHME M3BECTHBIX pEIICHUH, pa3paboTKa
3p(GEKTUBHBIX TEXHUYECKUX CPEICTB UIA MX OCYIIECTBICHHUS M TOUCK HOBBIX
pELICHH, ONTUMAJIBHBIX B SHEPT€TUYECKOM CMBICIIE.

B pamkax BTOpOro HampaBi€HHMs CHIKEHHUS TOTPEOJICHUS HHEPrUU
pemaroniee 3Ha4€HHE MMEET IEpPEX0] OT HEPETryIMPYEMOTO 3JIEKTPOIPUBOJA K
peryaupyeMoMy U MOBBIIIEHUE YPOBHS aBTOMAaTH3alMd 32 CYET BKIKOYEHUS B
KOHTYp PEryJIMpPOBAaHMS psAJla TEXHOJOTWYECKHX ITapaMeTpoB (IaBIEHUS, pacxoaa,
TeMIIepaTypbl M T.[.). Tak Kak 3TO HalpaBJIEHUE CBA3AHO CO CHUXCHUEM
noTpedIeHus DHEPIUn AJIEKTPOIIPUBOIOM 3a CYET W3MEHEHHUS
TEXHOJIOTHYECKOI0 MPOIiecca, MOSABIAETCS BO3MOXKHOCTH PEryJUMpOBaTh paHEe HE
pPEryJIMPOBABIIHMECS  TEXHOJOTMYECKHME MApaMeTpPbl WM H3MEHSATh CIOCO0 HUX
pPEryIpOBaHHUS.

JUiss  TpeTbero  HalpaBl€HUS  CHIKEHUS  NOTPEOJICHHS  DHEPruu
XapaKTEPHbl COBEPIICHCTBOBAHUE CHCTEMBI JJIEKTPONPUBOAA B COYETAHUU C
aBTOMATH3allMe TEXHOJIOTHYECKOro  Tpolecca U MNPaBUJIBHBIA  BBIOOD
COOTBETCTBYIOILIETO MO KAadyeCTBY PEryJHMpPOBaHUSA DSJIEKTPONPHUBOAA M3 YiKe
UMEIOLINXCA WIH pa3padoTKa HOBBIX, 00Jiee KAUECTBEHHBIX CUCTEM.

3aMeTuM, YTO IIPU peaIu3aluyd KOHKPETHBIX IPOEKTOB BBIABISETCA, Kak
OpaBWJIO, HE OJHWH, a HECKOJbKO BO3MOXHBIX IyTeH 3HeprocOepexeHus,
MO3TOMY JIJIi  TIOJIYYeHHS] MAaKCUMaJbHOTO 3(PdekTa HEoOXOIUM KOMIUIECKCHBIN
HOJIXOJ] K PELICHUIO 3a7jaul SHEProcOepe:KeHUs B JIEKTPOIIPUBO/IE.

BeiBoa: MogaepHusanus — aeucTByromero  anekrponpusoga Y ¢
WCIIOJIb30BAaHUEM POTOPHOIO YACTOTHOI'O DJIEKTPOIPHUBONA B PACCMATPUBAEMOM
npumepe Y Mo3BOMUT CHU3UTH MNOTPEOJIECHUE AIEKTPOIHEPIHMH MOIBEMHOMN
yctaHoBko 110 30% wu moBbicuTh mpousBoauTenbHOCTh HIITY Ha 10-12%. s
YaCTOTHOT'O YMPABJICHUSI KaXKIbIM AJIEKTPOJBUTATENIEM JIONOJHUTEIBLHO BBEICHBI
pPOTOpHBIE MTpeoOpa30BaTEIN YaCTOThI, KOTOPbIE MOAKIIOYAIOTCS K MUTAIOIIECH CETH
6 kB 50 I'ry yepe3 cornacyromue tTpancopmartopsl (Tpl, Tp2) u BBICOKOBOIBTHBIE
pazbenunuTenu (BP2, BP3). Cnenanbl pacueTbl 5KOHOMHH 3JIEKTPOIHEPTUU MOCTE
MOJEpHU3AIMM  CXEMbI, B  PE3yJbTaTe MOKa3aHbl CHWKEHUS IOTEPD
AIEKTpOo3HEpTHU Ha 9,8%.
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3 DJIeKTpOoNpHBOJ € BHICOKOBOJBTHBIM A/l ¢ ¢a3HBIM poTOpoM

BricokoBonbTHBIE 3ekTpoaBurarenu ¢ (azueiM  poropom (Al DP)
00Ja1at0T PSAJIOM MPEBOCXOJHBIX KAYEeCTB Il MPUMEHEHHUSI B TOPHO-100BIBAIOIICH
OTpaciid, B YAaCTHOCTH, JJISl YINPABICHUS WIAXTHBIMA MOJABEMHBIMU MalIMHAMH.
Oco0oe 3HaueHHWE HMEET BBICOKUW IMyCKOBOM MOMEHT, MOYTH JOCTHUTaIOIIUNA
ONPOKUIBIBAIOIIETO MOMEHTA, a TaKXE€ BO3MOXKHOCTb YIIPABICHUS MOMEHTOM
AIIEKTPOJIBUTATEINS MIPH HETIOABM)KHOM Bajie U MPH MaJIbIX CKOPOCTSIX BpalieHus 0e3
JaT4YrMKa CKOPOCTH (PHKO/Epa). DTO CBOMCTBO HanboJiee BaXXHO MPU MOJICPHHU3AIIH
JJIEKTPOTIPUBOIOB ~ TOJBEMHBIX ~ MamuH  0e3  3aMeHbl  paboTarolux
aNIeKTpoJBUTaTENIed C (a3HBIM POTOPOM, KOTOpPbIE HE HUMEIOT BCTPOEHHOTO
sHKojepa [14] .

JUist  yCcHemHOM  KOHKYPEHLIMM  CPEId  AJEKTPONPUBOAOB  IIAXTHBIX
MOABEMHBIX MaIlIUH YaCTOTHO-PETYJIUPYEMBIT AJIEKTPOIIPUBOJ C
BBICOKOBOJIbTHBIMU AJl ®P nomken o6nagaTe psioM TaKTUKO-TEXHUYECKUX
MoKasaTesel, OCHOBHBIMHU U3 KOTOPBIX SIBJISItOTCS [ 14]:

a) BbIcokas ynpaBiasieMOCTb MOMEHTOM JJIEKTPOJABUTATENS TPU HYJIEBOM
CKOPOCTH BaJIa;

0) Breicokas ympaBiIsIeMOCTh MOMEHTOM DJJIEKTPOJIBUTATENS Ha MaJbIX
CKOPOCTSIX BpalleHUs BaJIa;

B) BBICOKMII MyCKOBOM MOMEHT 3JIEKTPOABUTATENs JJIg OBICTPOrO pa3roHa
cocyaa IIIIM;

r) Crabunu3zanus CKOPOCTH AJIEKTPOJABUTATENS OJIM3KOM ¢ CUHHXPOHHOW MpuU
MEHSIFOIIEHCS HArPY3KeE;

1) 3aMeIJIeHUEe CKOPOCTHU AJIEKTPOJBUTATEINSI C pEeKyIepaluell SJHEPTruu ¢ Bajia
B MTUTAIOIIYIO CETh;

*) PeBepc HampaBieHusT BpallleHHSI Bajla  DJCKTPOJBHUTATENs  C
MUHHUMAaJIbHBIMU 3a1€PKKAMU;

3) MUHHMAaJIBHBIE TIOTEPU DIJIEKTPOIHEPTUU B BJIEMEHTAX 3JIEKTPONPHUBOJA
npu pabote 1LITM;

K) MuHumanbHoe MOTpedsieHne PEakTUBHOM MOIIHOCTU 3JEKTPOIPHUBOJIOM
WIM €€ T€HEPUPOBAHME;

1) Yuacthe B mpegoxpaHutenbHoM TopmoxkeHuu IIIIM coBmecTHO
MEXaHUYECKUM TOPMO30M;

M) MuHuManbHas CTOMMOCTH U OBbICTpasi OKYyMaeMOCTh 3aTpaT Ha
AIEKTPOIPUBO/.

CoBpeMEHHbIE TEXHOJOTMYECKUE YCTAHOBKM U MAIIMHBI MPEAbIBISIOT
camble pa3zHOOOpa3Hble TpeOOBaHUS K KA4YECTBY NEPEXOAHBIX IMPOLIECCOB B
anexkTponpuBojae. Kak mpaBuiio, 3170 TpeOoBaHUSI K TOYHOCTH U OBICTPOICHCTBUIO B
MO3UIIMOHHBIX 3JEKTPONPUBOIaX, POPMUPOBAHHUE KETAEMOU THarpaMMbl CKOPOCTH
B CHCTEMax pETyJIHUpPOBaHMsI CKOPOCTH, (popmupoBaHHEe TpeOyemMol IuarpaMMsl
KPYTAIIEr0 MOMEHTAa JBUTATENsl B TATOBBIX CUJIOBBIX yYCTaHOBKax U T.J. Kpome
TOTO, JIJII BCEX ATUX YCTPOWCTB XapaKTEPHBIM SBJISCTCS TPEOOBAaHUE OTPAHUUYCHUS
CKOPOCTH W €€ IPOU3BOJHBIX, MOMEHTAa [JBHTaTelIsl M €ro NpPOU3BOJHBIX,
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MaKCUMaJIbHOW MoImmHOCTU U T.1. ClieoBaTenbHO, U3 MHOXECTBAa BO3MOKHBIX
TPACKTOPHUM JBMXKEHHS JIEKTPOINPUBOAA HEOOXOJMMO BBIOMpATh TaKUE, KOTOpHIE
00eCIeynBalOT MaKCUMaJIbHOE OBICTPOACHCTBHE, MUHHUMYM IOTEPh JHEPTUU U
JTUHAMUYECKUX HArpy30K, MAaKCUMYM IOJE3HON pabOThl C yUETOM CYIIECTBYIOIIUX
OTpaHUYCHUM.

OuyeBHIHO, YTO HCIOJB30BAaHUE HEYNPABISEMbBIX MEPEXOIHBIX IMPOLECCOB
MyCKa TOPMOXKEHHS DJIEKTPONPUBOJA JIaeT OrPaHUYECHHBbIA HAOOpP BO3MOKHBIX
TPACKTOpUM JBUKEHHUS, 4Yallle BCEr0 HE YAOBJIETBOPSIOMINX TpPpeOOBAHUSIM
TEXHOJIOTMYECKOro  mpomecca. Iloatomy  mepexomy K = peryimpyeMoMy
AJIEKTPOIIPUBOAY C BO3MOXKHOCTHIO (DOPMHPOBAHUS YIIPABISEMBIX TEPEXOTHBIX
IPOLIECCOB SIBISIETCA OOBEKTHMBHOW HEOOXOTUMOCTBIO. DTOT MPOIECC Mepexoia,
OOyCJIOBJICHHBIN HEMPEPHIBHBIM TIOBBIIIICHUEM TEXHUYECKOTO YPOBHS CPEICTB
VIIPABJICHUS DJJIEKTPOIPHUBOAOM, IIO3BOJIIET HE TOJBKO YAOBIETBOPUTH BCE
TpeOOBaHMS COBPEMEHHBIX TEXHOJOTUYECKUX YCTAHOBOK, HO U JITA€T BO3MOXKHOCTh
ONTUMH3UPOBATH MOTPEOJICHUE SHEPTUU DIIEKTPOTIPUBOJIOM.

Camas  oOmjas  mMocTaHOBKA  337aud  ONTHUMAJIBHOTO  YIPAaBJICHUS
AJIEKTPOIIPUBOJOM C YUYETOM TEXHOJOTHYECKUX TPEOOBAHMI XOPOIIO M3BECTHA U
3aKJII0YAETCsl B MOUCKE AKCTPEMyMa HEKOTOpPOro oO0OOIIEHHOTro (yHKIIMOHANa, B
KOTOPbIH MOXKET BXOJUTh OOJBIIOE YHUCIO 3a4acTyl0 MPOTHUBOPEUMBBIX
IoKasareserd, B TOM YHUCIIe DHEpreThueckux. PemieHune 3ToW 3agayu CBSI3aHO CO
3HAYUTEIbHBIMUA TPYAHOCTAMH, IIPEKAE BCETO H3-3a TOrO, YTO amnpuopu
HEU3BECTHHI BECOBBIE KOI(P(UIIMEHTH IOKa3aTelie, BXOASANIUX B  3TOT
¢dbynkuunoHan. Kpome Toro, caMo peuieHue 3Toi 3aa4u Ype3BbIYaiiHO TPOMO3KO U
HEOJHO3HAYHO, TaK KaK CBA3aHO C HCIOJIb30BAaHUEM METOAOB KJIACCUYECKOIO
BAPUALMOHHOTO MCYMCIICHUs, IPUHLUNA MAaKCUMyMa, METOJa JIMHAMUYECKOTO
MPOrPaMMUPOBAHUA U JPYTHUX METOJOB ONTUMAJIBHOTO VYIIPABICHUSA, MOITOMY
OoJiee M3BECTHHI YAaCTHBIE PEIICHUS 3a/l1auu, HAPUMEp 3ajladya MO3UIIMOHUPOBAHUS
C MUHMMYMOM TOTepb B ABurarese. (OueHb Ba)XKHO YUYWUTHIBATH IPHU MEPEXOJE K
PETYIUPYEMOMY SJIEKTPOIPUBOTY CIICTYIONINE O0CTOSTEIHCTRA.

Bo-niepBbIX, Ipu mepexoAe K peryaupyeMoMy JJIEKTPONPUBOLAY SKOHOMHS
DJIEKTPOIHEPTUM YACTO JOCTUTAETCS HE TOJIBKO U HE CTOJIBKO 3a CYET CHWIKEHUS
IIOTEPH B CAMOM JJIEKTPOIIPUBOAE, HO U 3a CYET TOI'0 TEXHOJIOTMYECKOIO Iporecca,
B KOTOPOM Yy4YaCTBYET JTOT NpuBOA. lIpm 3TOM 3KOHOMHS HHEPIUU MOXKET
MHOTOKPAaTHO  TMPEBOCXOAUTh  MOTPEOJICHHE  AJIEKTPOIHEPTHH  COOCTBEHHO
AJIEKTPONPUBOJOM. Tak, MOBBICUB KAYECTBO PETYJIMPOBAHUS B JJIEKTPOIPUBOLAX
MEPEMEIIEHNUST  DJIEKTPOJIOB JAYyrOBOM CTaJICIUIAaBUJIBHOM II€YM MOIIHOCTBIO B
HECKOJIbKO KHJIOBATT, MOKHO MOBBICUTH d(PHEKTUBHOCTH HCIIOIB30BAHUS SHEPTUHU
JIyTM MOIIIHOCTBIO B HECKOJIbKO MEraBarT. [pyrou mpumep OnNTUMHU3ALMS HarpeBa
3arOTOBOK B TEPMHYECKHMX YCTAHOBKAaX 3a CYET PEryJIUPOBAHUS CKOPOCTHU
TPAaHCIIOPTEPA, MOJAOLIETO 3T 3arOTOBKH.

Bo-BTOpBIX, M TOJNy4YeHUs DHEPreTUYECKOT0 W TEXHOJIOTHYECKOIO
3h(}EeKTOB YacTO HYKHBI HM3MEHEHHS KOOPJWHAT »JJEKTPONPUBOJA B OYCHD
HEOOJBIITUX TIPEAeNiax MPU HEBBICOKUX TPEOOBAHUSAX K KAYECTBY PETYIHPOBAHMS,
YTO MOXHO OCYILIECTBUTH C IIOMOIIBIO OTHOCHUTENIBHO IPOCTBIX TEXHUYECKUX
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cpencts. Hampumep, paxe HeOOJbIIOE HW3MEHEHHME CKOPOCTM  Hacoca
BO/IOCHA0KEHUS 1AET OLLyTUMYIO SKOHOMHUIO JIEKTPOIHEPTHUU U BOABI.

B-TpeTbux, 0COOEHHOCTBIO TAaKHUX 3aJa4 SIBJISIETCSI OTCYTCTBHE KaKHUX-IHOO
YHUBEPCAIbHBIX pEUICHUH, NPUMEHUMBIX U1 BCEX DJIEKTPOIPUBOAOB U
TEXHOJOTMUECKUX IPOLECCOB, MOITOMY ISl KaXJAOr0 KOHKPETHOrO OOBEKTa U3
MHO’KECTBAa BO3MOXHBIX BapHaHTOB HEOOXOJUMO BBIOpaThb OJUH — JYYIIUWA B
OIIPEJENICHHOM CMbICie. MHOroe B NPUHATHH NPABUIIBHOTO PEIICHUS 3aBUCUT Kak
OT KBaTM(HUKAIIMU U OMbITA WHKEHEPA, TaK U OT YMEHUS KOMIUIEKCHO MOJOWTH K
PELICHUIO 3TOU 3a/1a4H.

Paccmorpum BapuanTel anexktponpuBomga ¢ AJl ®P wm TpaH3ucTopHBIMU
WHBEPTOpPaMHU HanpsbkeHust Ui yrpasieHus LIIIM, a Takke npoBeaeM OLEHKY UX
COOTBETCTBHSI IEPEUMCIEHHBIM BbILLIE TPEOOBAHUSAM.

3.1 Duektponpusoa ¢ nmoak/jaw4eHnem craropa A/l @®P k ceru 6 kB 50
I'nl 4epe3 KOHTAKTOPHBI peBepcOp M pPeKyNepaTHBHbIM HHBEPTOPOM B
porope

Ha nepsom ostame co3gmanus  anekrponpusBopa i LIIIM ¢
BBICOKOBOJIbTHBIMU AJ[ ®P Obutn pa3paboTaHbl 3JEKTPONPHUBOI C POTOPHBIM
peKynepaTUBHBIM MPeoOpa30BaTEIEM YaCTOThI , KOTOPBIM YCTAHABIMBAETCS MEXIY
OOMOTKOI pOTOpa AJIEKTPOABUTATENSI U BBICOKOBOJIBTHOM MUTaroel cetbio 6 kB
50 T'u, a crarop anexTpoaBurarens moakiarodaercs K cetu 6 kB 50 I'm uepes
KOHTaKTOPHBI peBEpCOp, M3MEHSIOMN NOPSIOK YepenoBanus (a3 sl peBepca
HanpaBieHus BpauieHus Bana AJ[ @P. YopouieHHas oJHOIWHENHAs CTPYKTypHas
CXeMa CUJIOBBIX IIeTel TaKOro 3JIEKTPONPUBO/IA MOKa3aHa Ha pUCYyHKe 3. 1.

PoTtopHbiii mpeoOpa3oBaTellb 4YacTOTHl  COJIEPXKUT JiBa TPAH3UCTOPHBIX
WHBEPTOpA HANpPsDKEHUS - CETEBOM U POTOPHBIM, KOTOPBIE COECIUHEHBI
nocnenoBareiabHO. TpexdasHblii BBOJ CETEBOIO HWHBEPTOpA MOAKIIOUEH K
HU3KOBOJIbTHBIM OOMOTKaM COTJIACYIOIIEro TpaHchopmaropa, a TpexdasHblii BBOJ
POTOPHOI'O MHBEPTOpa - Yepe3 KOHTAKTHBIC KOJblla K 00MOTKaM potopa AJ[ OP.
BBOapl TOCTOSIHHOIO TOKa HWHBEPTOPOB OOBEIMHEHBI U  MOAKIIOUEHBI K
HakonuTenpHOMY KoHAeHcatopy C. B pe3ynbTare Takoro coelvHeHus ooOpasyercs
pEKyNEepaTUBHBIM TPaH3UCTOPHBIM HWHBEPTOpP HAMpsDKEHUs, 00eCIeYnBAIOIIMMA
JIBYXCTOPHHUN OOMEH aKTHBHOM MOIIHOCTHIO Mexay poTopoM AJl ®P u ceThio C
MHUHUMAJbHBIMU TOTEPSAMH IEPENABAEMOM MOIIHOCTH CKOJBXEHHS. 3a CYET
PEryJIMPOBAHUS aMIUIMTYAbl M YacTOTHl AKTHUBHOTO TOKa POTOpa PETYIHPYETCA
MOMEHT U ckopocTh Bana AJ[ ®P. M3MeHeHue HampaBiieHHs NOTOKa aKTHUBHOMN
MomHoctid poropa AJ[ ®DP obecneunBaeTr uU3MEHEHHWE 3HAaKa MOMEHTA,
Pa3BUBAEMOTO 3JIEKTPOJBUTATENIEM, U TIEPEBOJI JBUTATENSl B TEHEPATOPHBIN PEXKUM
1 00paTHO B IBUTATEILHBIN PEIKUM.
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Pucynok 3.1 - Cxema anektpornpuBojia ¢ nogkitouenueM craropa Al ®P k cetu 6
KB ¥ HU3KOBOJIBTHBIM PEKYIIEPATUBHBIM MHBEPTOPOM HAIPSIKEHUS B POTOPE

PaccmarpuBaemasi cTpykTypa ayekTponpuBoga (pucyHok 3.1) mo3Bossier
MOJIHOCTBIO O00ECIEUYUTh TAaKTUKO-TEXHUUYECKUE TOKa3aTeNu, MEPEUYUCICHHBIE B
nyHkrax 1, 2, 3, 5, 7, 8, 9 u o0ecneuyuth JOCTATOYHO BBICOKHE IOKa3aTENH,
nepeunciennple B ma. 4, 6 m 10. Ilpuyem BBICOKME TaKTHKO-TEXHUYECKHE
MoKa3aTeld »JJEKTPONpHUBOJ obOecrieynBaeT 0Oe€3 JaTyvMKa IOJIOKEHHUs Baja
ANIEKTPOABUTATENS,  YTO  BAXHO  NOpU  MOACPHU3AIUU  JICUCTBYIOUIUX
anekTporpuBoaos IIITIM 6e3 3amensl paboTatomux snekrpoasurarencii Al OP, ne
MMEIOIINX BCTPOEHHBIX 3HKOJEPOB.

DNEKTPONpPUBOJT C TpeoOpa3oBaTeeM HMMEET HECOMHEHHBIE JTOCTOMHCTBA
nepen  TpaguUMOHHBIM 3iiekTporpuBoaoMm IIIIM ¢ nyckoBoM pe3ncTOpHO-
KOHTaKTOPHOM CTaHIIMEH, HO eMy MPUCYIIU U ONpeiesieHHbIe HeaocTaTku. Tlak mms
BBITIOJIHEHUS TPEOOBaHUS TI.II. 4 O JOCTHUKEHUU OJIM3KON K CHHXPOHHOM CKOPOCTHU
Bajia HE0OXO0/JMMa YCTAHOBKA JaTYMKA TOJIOKEHUsS Bajia (HKOJEpa), 4TO TPYAHO
pean3yeMo MpU MOJCPHU3AIMN JCUCTBYIOIIUX MPUBOJIOB C JIEKTPOBUTATEISIMH,
HE HWMEIOIIMMU BCTPOEHHBIX 5JHKOJIEpOB. be3 »HKoAepa paccMaTpuBaeMBbId
AIIEKTPONPUBO C MpeoOpa3zoBaTesieM YacTOThI MO3BOJISET TUIABHO PETyJIMPOBATh
CKOPOCTh Bajia OT HYJA 10 96% CHUHXPOHHOM CKOPOCTH W, NMPU HEOOXOIUMOCTH,
«TEPECKaKMBaTh» 3a CHUHXPOHHYIO CKopocTh 10 104% ¢ BO3MOXHOCTHIO
MOCJICIYIONIETO TJIABHOTO TMOBBINIEHUsI CKopocTh. B nuanazone ot 96% no 104%
CUHXPOHHOM CKOPOCTHU PEryJIMPOBAHUE CKOPOCTH O€3 SHKOJEepa HEBO3MOXKHO. JlJis
BBICOKOBOJIBTHBIX ~ 3yiekTpoaBurateneit AJ[ ®P ¢ TUHOBBIM  3HaYE€HHEM
HOMHUHAJIBHOTO CKOJIbXEHUSI | - 2% HEBO3MOXKHOCTh PETYJIUPOBATH CKOPOCTH BHIIIE
96% NpUBOIUT K CHM>KECHUIO HOMUHAJIBHOM CKOPOCTH MOJBEMHOTO cocyja Ha 2 -
3%, YTO SIBJISIETCS ONpeIeICHHbIM HEJIOCTAaTKOM, CHUKAIOIINM
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npousBoautenbHOCcTh  [IIIIM. YacTMdHO 3TOT HEOOCTATOK YCTPAHSETCA IIPHU
UCIIOJIb30BAHUU 3aMbIKaHUsl pOTOpHOM 0OMOTKH AJl ®P HaKOPOTKO KOHTAKTOPOM
K mnocne goctmkeHusi cKopocty Basia 96% CHHXPOHHOW CKOPOCTH. DTOT MPUEM
MO3BOJIAET YBEJIMYHUTh MAKCUMAJIBHYIO CKOPOCTh Bajla 3JIEKTPOABUTATENS [0
3HAaYEHU, OJIM3KOr0 K HOMMHAJIBHOM CKOPOCTH. J1JIsl TJIABHOT'O CHUYKEHHUS CKOPOCTHU
CHUMAETCSl 3aKOpPOTKa pOTOpa M NPOU3BOAUTCA «IIOAXBAT» DSIECKTPOJBHUIATEIIS
npeoOpazoBareseM 6e3 KoseOaHuil CKOPOCTH U MOTEPH YIPABISIEMOCTH.

Broimonnenue TtpeboBaHus myHKTa 6 O peBepce MOKET OBITh BBITTOJHEHO
poTopHBIM MpeobpazoBalrenem 0Oe3 U3MEHEHHs NOpsAKa YepeaoBanus a3 craTopa
TOJIBKO B OTPAaHWYCHHOM JAHMAna30HE CKOPOCTEH Baja BOJM3M HYJIEBOW CKOPOCTH
AJl ®P, nanpumep, a1 Mocagku KieTd Ha Kynaku. [logHOCTBIO TpeOoBaHHE K
peBepcy HampaBiieHHus BpaiueHust Bana AJl @P c¢ peryaupoBaHHEM CKOPOCTH 10
HOMHUHAJIBbHOU (M.11. 6 TpeOOBaHUIi) B JAHHOM BapUaHTE BBIMOJIHAETCAS U3BMEHEHHEM
nopsiika 4epenoBaHusi (a3 BBICOKOBOJIBTHBIM KOHTAKTOPHBIM pPEBEPCOPOM B
cTaTope ¢ OTKJIrYeHueM aurareiisi oT cetd 6 kB 50 I'. OTo npuBoIuT K 3aepxKe
HayaJla peBepca IOCie MOCTYIUIEHWs] KOMaHAbl MUHUMYM Ha 2 -3 CEKYyH[bI, YTO
yBenuunBaeT BpeMmsa mukia IIIIM u sBiasercsa ONpEenesIeHHBIM HEIOCTaTKOM
AJIEKTPOIIPUBOAA.

Boinonnenne TpeOoBaHMs NyHKTa 9 O yyacTMM O3JIEKTPOIIPUBOJA B
IIPENOXPAHUTEIBHOM TOPMOKEHUM BO3MOXKHO IIPH HCIIOJIB30BAHUU CIIEHHAJIBHBIX
QITOPUTMOB  YIPABJICHUS, OOECHeYMBAIOIIMX pabdoTy mpeoOpa3oBarens MpH
oTKIr0ueHHOU cetn 6 kB 50 I'x 3a cuer sHeprum, Bo3Bpamaemon ¢ Bana A/l ®P, u
NUTAHUU CHUCTEMBbI YINPABICHUS POTOPHBIM MpeoOpa3zoBaTENEM YacTOThl OT
«OecrepeOOMHNKAY.

TpeboBanus mnyHkta 10 O MUHUM@JIBHOM CTOMMOCTH U  OBICTpOM
OKYMAaeMOCTH 3aTpaT Ha 3JIEKTPONPHUBOJ JOCTATOYHO XOPOIIO BBIMOJHSAIOTCS MPH
npUMeHeHun npeooOpaszoBarens. CTOMMOCTb OTHOCHUTEIBHO HU3KOBOJBTHBIX
(tpagurmorHo a0 1000 - 1200 B) poTtopHbix nmpeoOpazoBaTeseil HUKE CTOUMOCTH
BBICOKOBOJIBTHBIX (6 KkB) mnpeoOpa3zoBaTeneld 4acTOThl JJsl PETyJIUPOBAHUS
CKOPOCTH BBICOKOBOJIBTHBIX 3JIEKTPOABUIATENIEH IO LENU CTaTOpa ¢ peKylepauuen
HEpruu B ceTb. OTHOCHUTEIBHO BBICOKAs CTOMMOCTb MpeoOpa3oBaTeisi YacTOTHI
TUNIA  TI0 CPAaBHEHUIO C OOBIYHBIMU HEPEKYNEpPaTUBHBIMU HHU3KOBOJbTHBIMU
npeoOpazoBaTeIsIMU YaCTOThl ONPEEISIeTC HAIMYUEM JABYX HHBEPTOPOB B POTOpE
AJl ®P (cereBoro © PpOTOPHOr0) Ha TOJHYH TYCKOBYH) MOIIHOCTh
anexktpoasuratenss AJ[ ®P, dYro mnpakTUYECKH ~ yIBaumBAET  CTOMMOCTh
HEPEKYNEPAaTUBHOTO HHU3KOBOJBTHOTO MpPeoOpa3oBaTessi YacTOTbl TaKOW ke
MoImHocTH. HecMoTps Ha 3T0 oOecrieynBaeTcs 1OCTAaTOYHO OBICTpasi OKYNMaeMoCThb
YaCTOTHO-PETYJIMPYEMOTO 3JIEKTPONPUBOJA 32 CUET CHWXKEHHUS MOTpeOJIeHUs
DJIEKTPOSHEPTUM U MOBbIIEHUS IpousBoautenbHocTy IIIIM B cpaBHeHun c
TPAUULMOHHBIM 3yieKTponpuBogoM AJ[ OP ¢ myckoBol pe3nucTOPHO-KOHTAKTOPHOM
cranuuet yrnpasienus (IIPKC) u crannueit nunamudeckoro topmoxkenust (CIT).
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3.2 DJeKTPONpHBOA € KOPOTKO3AMKHYTbIM crTatopoMm AJl ®P nun
peKynepaTHBHbBIM HHBEPTOPOM B pOTOpe

Pazpabotan BTOpO# BapuaHT 3JIEKTPOIPHBOJIa C BBICOKOBOJBTHBIM AJ] P,
KOTOPbI OCHOBAH Ha MCIOJIb30BAHUU OOPAIIEHHOTO PEKMMa KOPOTKO3aMKHYTOIO
ACMHXPOHHOI'O  D3JIEKTPOABUTATENSA, MOJYYalOlIEro IMUTAHHE CO  CTOPOHBI
OTHOCUTEIBHO  HHU3KOBOJBTHOrO  ()a3HOro  poTopa MpU  3aKOPOUYEHHOM
BBICOKOBOJIFTHOM CTaTOpE. YMPOIIEHHAs OJHOJMHEWHAs CTPYKTYpHas CcXeMma
CUJIOBBIX Lener siekTponpuBona mist A/l OP ¢ KOPOTKO3aMKHYTBIM CTaTOPOM
IOKa3aHa Ha pUCYHKeE 3. 2.

B paccmarpuBaeMOM BapHaHTE 3JIEKTPOIIPUBOAA CTATOP SJICKTPOABUTATEIS
OTKJIFOYAETCSI OT BRICOKOBOJIBTHOM CETH M 3aKOPAYMBAECTCS, & MEXKIY OTHOCHTEIBHO
HU3KOBOJIbTHOM 0OMOTKOM potopa A/l ®P U HHU3KOBOJIBTHOM OOMOTKOM
corjiacyromero Tpanchopmaropa, MOAKIIOYCHHOTO K nuTaromieid cetn 6 kB 50 I,
yCTaHaBJIMBAETCA HU3KOBOJBTHBIN IIpeoOpa3zoBaTeb YaCTOThI, YCIIOBHO Ha3BaHHBIN
(BTopas Moaudukanus). I[IpeoOpazoBarenn COJIEPKUT  BoIIpsMUTENL (B),
POTOPHBIM TPAH3UCTOPHBIA HHBEPTOP M CETEBOM TPAH3UCTOPHBIA HWHBEPTOP
HaIpspKeHUs (peKyreparop). BeImpsMuTens U pOTOPHBIA MHBEPTOP HAIPSIKEHUS
BBIOMPAIOTCS HA TIOJIHYIO MOITHOCTH 3JIEKTPOJIBUTATENS (C YUYETOM NEPETPpy3KU TPH
pasroHe), a CETEBOM MHBEPTOP PACCUMTHIBAETCS HA PEKYIEpAIUIO B CETh aKTUBHOU
MOIIHOCTH C BaJIa 3JICKTPOJABUTATEIISI B PEKUME PEKYTIEPATUBHOTO TOPMOKECHUS.
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PucyHok 3.2 - CxeMa peBepCUBHOI0 3JIEKTPOIPUBO/Ia C KOPOTKO3aMKHYTHIM
crtatopoM AJ[ P u pexynepaTuBHbIM HU3KOBOJIETHBIM HHBEPTOPOM B POTOPE

DONEeKTpONpHUBOJl €  KOPOTKO3aMKHYTBIM  CTaTOpoM  paboTaer  Kak
KJIACCUYECKUM  YaCTOTHO-PETYJIUPYEMBIM  DJIEKTPOIIPUBOL €  BEKTOPHBIM
YIPABJICHHUEM MOMEHTOM KOPOTKO3aMKHYTOIO AaCHMHXPOHHOIO 3JIeKTpolaBurarens
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CO BCEMH €ro JIOCTOMHCTBaMHU M HejocTaTkamu. OnpeneneHHbIM OTPaHUYEHUEM B
UCIIOJIb30BAaHUU Takoro pexknuma nutanus AJ[ @P MoxeT sBUTbCS HEOOXOAUMOCTD
OTHOCUTEIBHO HEOOJBIIOr0 CHMXKEHHS HOMUHAJIBHOTO MOMEHTa M HOMHUHAJIbHOU
MOIIHOCTH JJIEKTPOABUTATENSl H3-3a 3arpy3KH pOTOpa PEAaKTHUBHBIM TOKOM, Ha
KOTOpBbI 0OMOTKa pOTOpa HE paccuMTaHa npu nuranuu cratopa AJl ®P ot cetu 6
kB 50 I'm. OnHako 3TO OrpaHMYEHUE HE CYHIECTBEHHO M MOXET BOOOIE HE
MPOSIBIISITHCS, MMOCKOIBKY MOITHOCTD AJIEKTPOJBUTATENSI BHIOUPAETCS, KaK MPaBUIIO,
C 3amacoM M B OOpAIlEHHOM pEXHUME TOK CTAaTOPHON OOMOTKHM CHUXKAETCS Ha
BEJIMUYMHY PEAKTUBHOTO TOKa, YTO B IIEJIOM COXpaHsAET OOUIMI TETUIOBOM peXHUM
AIIEKTPOJBUTATENS.

Paccmorpum COOTBETCTBHE TaKTHUKO-TEXHUYECKUX nokKasarelen
ANEKTPONPUBOAA C KOPOTKO3aMKHYThIM cTatopoM AJl ®P (pucynok 3.2)
TpeOOBAHMAM K TaKTHKO-TEXHUYEKUM TOoKazaressiM asiekTponpuBoaa IHIIM u
COIOCTAaBUM II0KA3aTEJIM JAHHOTO BapHaHTAa C IOKA3aTeJIMH IIEPBOTO BapHaHTa
IIEKTPOIIPUBOJA:

1) TtpeboBanusa n.ai. 1 u 2 k osaekrponpuBony IIIIM o Bbicoko#
YIPABJISIEMOCTH MOMEHTOM 3JIEKTPOJIBUIaTeIsl HAa HYJIEBOW M HU3KOW CKOPOCTH
Bajla BO BTOPOM BAapHAaHTE 3JJIEKTPOIPUBOAA MOXKHO BBIIOJHUATH TOJIBKO IIPH
HAJIMYUHU BBICOKOTOYHOTO JITaTYMKA MOJOXKEHUS Baja JIEKTpOABUIaTes (SHKOAEpa),
4TO TPYAHO pPEAIN3yeMO NPHU MOJEPHHU3ALMHU DBJIEKTPOIPHUBOJA C COXPAHEHUEM
paboTaromux ekTpoasurarencii Al OP;

2) tpeboBaHus I.I. 3 U 4 O BBICOKOM IIYCKOBOM MOMEHTE M JOCTUKEHUU
CUHXpOHHOU ckopocTu AJl @P BBINOJHAIOTCA COOTBETCTBYIOIIMM BBIOOPOM
napamMeTpoOB CHJIOBBIX LIETEN M CUCTEMBI YNpaBIECHUS MpPeoOpa3oBaTelis 4acTOThI
0€3 OrpaHUYCHMUII;

3) TpeboBaHus n.. 5 o pekynepauun MourHoctu ¢ Banal AJl ®P B ceth B
pEeXHUMax TOPMOXKEHHUS! BBIMOJIHIIOTCS COOTBETCTBYIOIIMM BBHIOOPOM MOIIHOCTH
CETEeBOr0 MHBEPTOpA B npeolOpazoBaree 2;

4) peBepc HampaBJIICHUS BpalieHWs Baja (M. 6) BBINOJHICTCS
npeobpazoBaresneM 2 0e3 KOHTaKTOPHOTO peBepcopa U 0e3 3a/Iep’KKH BpEMEHU;

5) TpeboBaHus M.1. 7, 8§ 0 MUHUMAJILHOM NOTPEOJIEHUH U MOTEPSX aKTUBHOMN
U PEaKTUBHOM MOIIHOCTU BBINOJHAIOTCS MpeoOpa3oBareieM 4YacToTel 2 0e3
OrpaHUYEHHM, TOCKOJIBKY Yepe3 MpeoOpa3oBaTeib MEPEaeTCs C MAJIbIMU NMOTEPSIMU
TOJBKO MOIIHOCTh, mocTymaromas Ha Banl AJl ®@P, a peakTuBHas MOIIHOCTH
reHepUpyeTcsi HHBEPTOPaMU;

6) ydacTue SJEKTPONPHUBOJA B MPEIOXPAHUTEIHLHOM TOPMOKEHUU (T.1. 9)
BO3MOXKHO TpU HCIHOJIb30BAHUU COOTBETCTBYIOIIMX aJITOPUTMOB YIIPABJICHMUS,
oOecreynBamMX paboTy IEKTPONPUBO/IA 32 CUET IHEPTUH, BO3BpAIAEMOi ¢ BaJia
Al ®P npu TOPMOKEHWH, W THATAHUM CUCTEMBl  yIOPABIEHUA  OT
«becriepeOOMHNKAY;

7) cTOMMOCThH IpeoOpazoBaTesl 4YacTOTHI 2, KaK MPaBUiIO, HUXKE CTOMMOCTHU
npeoOpaszoBatest 4acTOThl 1 3a c4eT BO3MOXHOCTH MCHOJIb30BaHUS peKyIeparopa
MEHBIIEH MOIIHOCTH. MEHbIlIE M CPOK OKYNAEMOCTH 3aTpaT Ha 3JIEKTPONPHUBOL,
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MOCKOJIBKY 3(EKT OT MCIOIB30BAHUS YACTOTHO-PETYIUPYEMOTO AJIEKTPOIIPUBOAA
COBIAJAET C MepBbIM BapuaHTOM. OCTaHOBUMCS Ha 3TOM Bompoce OoJiee o IpoOHO.

Ha ckumnoBbIX MOJBEMHBIX YCTaHOBKax pekynepupyemas ¢ Baina AJl ®P B
CETh MOIIHOCTh B PEKHUME TOPMOKEHUS IPU CHUKEHUU CKOPOCTH MPAKTUYECKHU BO
BCEX pEKMMax MOIbEMA CYIIECTBEHHO MEHBIIE MOLIHOCTH, ITEPENABAEMON HaA Ball B
peXrMax TOBBIIIEHUS CKOPOCTH 3JeKTpojaBurarens. I[losTtomy MOIIHOCTE U
CTOMMOCTb CETEBOTO MHBEpPTOpa (peKyrepaTopa) BO BTOPOM BapuaHTe (pUCYHOK 3.
2) 3HAYUTEIIBHO MEHBIIE CTOUMOCTH POTOPHOTO MHBEPTOPA U MEHBIIE CTOMMOCTH
pekyneparopa B IIEpBOM BapuaHTe 3JeKTponpuBoja (pucyHok 3.1). 3a cuer 3Toro
o0miasi CTOMMOCTh TpeoOpaszoBareist 2 Ui CKHIIOBOTO TOJbEMa TOIy4aeTcs
MEHbIIIE CTOMMOCTH npeoOpa3zoBaTess 1.

JUtst KiIeTeBoro mnoAbeMa pa3HHIAa B MOIIHOCTH CETEBBIX HWHBEPTOPOB
(pexymnepaTopoB) B IMEPBOM M BTOPOM BapuaHTe djekTporipuBoja (puc. 3.1 u
puc.3.2) MUHUMHU3HPYETCS U3-3a PEeKyIepauu 00IbIION MOITHOCTH ¢ Bajga AJ] ®P
B CETh B PEKMMax CITyCKa I'Py30B OOJIBIION Macchl HA MaKCUMaJIbHOW CKOPOCTH.
[Ipu Takux ycnoBusix pabOThI KJIETEBOrO MOJbEMa CTOUMOCTh MpeoOpazoBaTeneii 1
U 2 mnpakTudyecku coBmnanaer. OJHAKO aHajdu3 pPeabHbIX PEKUMOB PaOOTHI
KJIETEBOT'O MO/beMa MHOTUX IIaXT MOKAa3bIBAET, YTO CIIYCK IPY30B OOJBIION MaCCHI
MIPOU3BOJIUTCS HA MaJlbIX CKOPOCTSIX, CYHIECTBEHHO MEHBIINX MaKCHUMalbHOMN
CKOPOCTH NOJBEMA. JTO IO3BOJIAET CYIIECTBEHHO CHU3MTh MOLIHOCTH CETEBOIO
MHBEpTOpa (peKyrepaTopa) BO BTOPOM BapUaHTE 3JEKTponpuBoja (puc. 2) 1o
CPABHEHUIO C MEPBBIM BapHAHTOM, YTO CHM)KA€T CTOMMOCTbH IpeoOpa3zoBareind 1 B
CpPaBHEHUU C MpeoOpa3oBaTesem 2.

3.3 DJIeKTPONPHUBOA € PEeKYNEPATHBHBIM HHU3KOBOJIbTHBIM HHBEPTOPOM
B ctaTtope A/l @P u pekyneparTuBHbIM HU3KOBOJIbLTHBIM HHBEPTOPOM B POTOpE

B sToM BapuaHTe mpemiokeHa K MCIOJIb30BAHUIO HA MIAXTHBIX MOJIBEMHBIX
MalllMHaX TPETUM BapUAHT JJIEKTPONPHBOAA C BBICOKOBOJIBTHBIMU AJl P,
OCHOBAHHBI HA YCTAaHOBKE HHM3KOBOJIbTHBIX PEKYNEPATUBHBIX TPAH3UCTOPHBIX
WHBEPTOPOB HAMPSIKEHUS B CTATOP U POTOp, KOoTOopbie nepeBoasT Al OP B pexum
MOJIHOCTBIO yIpaBisieMoi MamuHbl aBoviHoro nutanus (MJII). Tperuit Bapuant
anektporpuBoga ¢ AJl ®P coBmemaer B cebe MOCTOMHCTBA M YCTPAHSET
HEJIOCTAaTKH MEPBOTO M BTOPOI'O BAPUAHTOB U IMO3BOJISIET 00ECIEUUTh MPAKTUYECKU
BCE TpeOOBaHUS K TAKTUKO-TEXHUUYECKUM IMoKazaTessiM dekTporpuBoja LITTM 6e3
JATYUKOB TIOJIOKEHUSI Bajla »dJeKTpoABUraTened u 0e3 BBICOKOBOJBTHBIX
KOHTaKTOPHBIX peBepcopoB B cratope AJl ®P mnpu MUHHUMaIBLHOW CTOMMOCTHU
npeoOpa3oBareisi 4YacTOThl. YTMPOIIEHHas CTPYKTYpHas CXeMa CHUJIOBBIX Leren
TPETHErO BAPUAHTA JICKTPONPUBOJIA C HU3KOBOJIBTHBIMU MHBEPTOPAMHU B CTATOPE U
potope A/l ®P nokazana Ha pucynke 3.3.

[Ipenyiaraemplil 3EKTPONPUBOJL COJAECPIKUT HU3KOBOJIbTHBINM PEKYTIEPATUBHBIN
POTOPHBI MHBEPTOP HANPSHKEHUS, YCJIOBHO HA3BaHHbIM (TpETUN BapUaHT), U
HU3KOBOJIbTHBIN PEKYIIEpaTUBHBIN CTaTOPHBIA MHBEPTOp HampspkeHus tumna . Oba
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npeoOpa3oBaressi  MOAKIIOYAIOTCS K oOmed  HU3KOBOJIBTHOM  OOMOTKE
COTJIaCYIOIETr0 TpaHchopMaTopa WM K Pa3IUYHBIM HHU3KOBOJBTHBIM OOMOTKAM.
Takoit BapuanT mnoakiaoueHuss AJ[ @P obecrneunBaeT JBOMHOE TUTAaHHE
AJIEKTPOJABUTATENISI OT JBYX OTHOCHUTEIBHO HHU3KOBOJBTHBIX HMCTOYHHUKOB
AJIEKTPOIHEPTUH, PETYJIUPYIOIINX aMIUIMTYAy W YacTOTy HANpPsKEHUST M TOKa
cTatopa u poTopa.

Camne 6 kB 50Ny
Tp
1 2
Museprop WieepTop
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HMueepTop HnBepTop
pOTOPHLIA CTaTOpHLIA

a
L A1
Purup@ Cratop

Pucynok 3.3 - Cxema peBepCUBHOIO JIEKTPOIIPUBOJIA C PEKYIIEPATUBHBIM
HHA3KOBOJIbTHBIM HHBEPTOPOM B ctatope A/l ®P u pexynepaTuBHbIM
HU3KOBOJIbTHBIM HHBEPTOPOM B POTOPE

Insa ynpasnenuss Al ®P B pexxuMe JBOMHOIO MUTAHUS OT PETYJIUPYEMBIX
HU3KOBOJIbTHBIX HICTOYHUKOB (PUCYHOK 3.3) MOKET OBITh HCIOJIb30BaH CIEAYIOIIHIMA
croco0 (paccMaTpuBaeTcs OAUH U3 BO3MOKHBIX BAPUAHTOB):

1. [Tpu nenonsmxuoM Basie AJl ®P Ha 0OMOTKY cTaTopa ot npeoOpaszoBares
Mo/IaeTCsl HU3KOBOJIBTHOE TpexdaszHoe Hampsbkenue, Harpumep, 600 B ¢ gacroToii
5 T'm (10% nomuHansHOTO Hampspkenus craropa 6000 B 50 T'm). Ha obmotky
poropa oT mpeoOpazoBarenss | mogaercs Takke Tpex(da3HOe HU3KOBOJIBTHOE
HalpspKeHWE ¢ JAedcTByromuM 3HadeHueM 10% HanpspkeHust XOJO0CTOro Xojaa
potopa Ttakxke c¢ uacroto 5 I'm (10% wHampsixenuss XX potopa). BekTopbl
HaIpsHKEeHUH cTaTopa U poTopa BpallatoTCsl B OJJHOM HallpaBJICHUU.

2. Ina nayana Bpamenus Bana AJl ®P cucrema perynmpoBaHHs HAUMHAET
CHW)KaTh HANpSOKEHWE W YacTOTy CTaTOPHOTO MpeoOpa3oBaTesiss W MOBBIIATH
HaIpsHKEHUE M 4YacTOTy POTOPHOrO MpeoOpa3oBaTessi B PEKHUME BEKTOPHOIO
yrnpaBieHus. MOMEHT JABUTaresiss U CKOPOCTh Bajla 3a CYET 3TOr0 HAYUHAIOT
YBEIUYHUBATHCA.
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3. Ilpu mepexoje CTATOPHOTO HAIPSIKEHHUS YEpe3 HYJIEBOE 3HAUYCHHE B
OTIpeJIETICHHbIE MOMEHT BPEMEHH CTaTOPHBIN MpeoOpa3oBaTesib U3MEHSIET NOPSI0K
yepenoBaHus (a3 M HAYMHAET TMOBBIIATH AMIUIMTYLY M YacTOTY HaIpsLKEHUS
crtatopa AJl ®P. PotopHsiii mpeoOpazoBaTeb MPOA0KACT MOBBIIIATE AMILTATYAY
Y YacTOTYy HAaIpsDKEHHS poTOopa. BEKTOphI MOTOKOCLEIUIEHH pOTOpa M CTaTopa
nocie pesepca a3 craTopa HAUYMHAIOT BpallaThCsi B MPOTHUBOIMOJIOKHBIX
HaIlpaBJICHUSX, IPU 3TOM CKOPOCTh BpAICHUS Bajla paBHA CYMME CKOPOCTEHN
BpAILICHUS BEKTOPOB MOTOKOCIEIJICHUI CTaTOpa U pOTOpA.

4. Ilpu noBsilieHNH HanpsbkeHus craropa a0 600 B u ero wactorsl g0 5 '
npeoOpa3oBaTeihb 2 MPEeKpaIaeT MOBBIIICHUE aMIUTUTYABI M YaCTOTHI HANPSKCHMUSI,
noJaBaeMoro Ha oOMOTKY ctartopa. PoTopHsiii mpeoOpa3oBarenb 1 mpomoixaer
MOBBIIATh AMIUIUTYJTY U YaCTOTY HANPsKEHUS, 10JJaBa€MOro Ha OOMOTKY poTopa 1
JIOBOJUT UX 3HAYCHHUSI 10 BEJIIMUMH, 00ECIIEUMBAIOIIUX TPeOYyEeMyI0 CKOpPOCTh Balia.
Hanpumep, npu uacrore monst poropa 45 I'm m wacrore mong craropa 5 I'n
CKOPOCTb Basia Oy/IeT COOTBETCTBOBATh CUHXPOHHOM CKOPOCTH 3JIEKTPOJBUTATEIS,
kak rpu 50 I'a. IIpu ckopoctu monst poropa 50 I' u ctatopa 5 I'i ckopocTh Bana
OyJeT BBIIIE CHHXPOHHOM (COOTBETCTBYET 55 I'1).

5. Jlnsd CHWXKEHUS CKOPOCTH JO HyJs HPOLECCHl PETyIUpPOBAHUSA
MIPOU3BOISTCS B 0OPATHOM MOPSIIKE.

6. Jlna peepca HarpaBiieHHs BpaileHus Basia AJl @P Hy»XHO Npu HyJIeBOU
CKOPOCTHU Bajla OJJHOBPEMEHHO PEBEPCUPOBATH MOPSAOK uepeAoBaHUs (a3 craTopa
U poTopa npeodpaszoBaressiMi 1 U 2 ¥ OBTOPUTH ONEPALMM YIIpaBIEHUs ¢ ILI. 1
no mn.m. 4. Ilpu sTomM Ban snexkTpoABUraTenss OyJeT BpaliatbCsi B 0OpaTHOM
HaNpaBJICHNUM.

PaccMoTtpum Bompochl mepenaud akKTUBHOW MOIIHOCTA B CHUJIOBBIX LIETISIX
anexkTponpuBoAa (pucyHok 3.3) mpu peryiaupoBaHuu ckopoctu Bana AJl ®P mo
aJITOPUTMY, OITMCAHHOMY BBILIE:

I. Tlpu HyneBOW CKOpPOCTHM M HYJIEBOM MOMEHTE ABUTATENsl (HAJ0XKEH
MexaHu4eckuid Topmo3 Ha Oapaban IIIIM) mpeoGpazoBaTenn 4acTOTHI CO3/1AIOT
TOJIbKO pEaKTUBHBIA TOK BO30yxkaeHuss AJl @DP, KoTOpwiii MOXKET OBITH
pacnpeneneH Mexay oOMOTKON pOTOpa U cTaTopa.

IIpu otnyckanun topmo3a k Baiy AJl OP npuinoxkuTcs MOMEHT Harpys3Kw,
KOTOPBIM MOXET MMETh KaK TOJIOKUTEIbHBINH 3HAK, CIIOCOOCTBYIOIIMI JIBHYKECHHUIO
BAJIa B HAIPABJICHWM BpAILICHUS TMOJISI JBUTaTENs, TaK M OTPULATEIbHBIA 3HAK,
MPEMATCTBYIOIIMN JABMXKEHUIO Baja B HalpaBiICHUM BpamieHus nons. s
COXpAaHEHHSI HYJIEBOW CKOPOCTH CHUCTEMa PETYJHMPOBaHUSA JOJDKHA OOECTeUHUTh
dbopmupoBanue wmomeHta AJ[ ®P, coBnagaromero 1Mo  BEIWYMHE WU
MIPOTUBOIIOJIOKHOIO 3HAKA C MOMEHTOM Harpy3ku. [{ns co3nanus momenta AJl OP
ONpEJEICHHOr0 3HaKa HeoOXOoJMMa Tiepeladya AaKTUBHOW MOIIHOCTH —4epes
BO3AYIIHBIN 3a30p B ONPEICIICHHOM HAIIPaBJICHUMU.

[Ipu oTpuLaTENPHOM MOMEHTE HArpy3KH aKTUBHAS MOLIHOCTbH JUIS CO3JAHUS
noyioxkuTebHOr0 MoMeHTa AJl @P Oyner mepenaBarhbes 0 KOHTYPY OT POTOPHOTO
npeoOpa3oBaressi , 4epe3 poTop, 3a30p, CTATOP M PEKYNEpPaTUBHBIA CTATOPHBIN
npeoOpa3oBareiab K poTopHOoMy. M3 cetm mpu 3TOM MOTPeOISETCS TOJIHKO
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MOIIHOCTh MOTEeph B MpeoOpa3oBareisx W aABurarene. B obOmoTkax poTtopa u
CcTaTopa IpPOTEKAIOT TOKH, OTJIMYAIOIMECS [0 BEJIMYMHE IPONOPLUOHAIBHO
kodpuuuenty tpaHchopmauuu AJ[ PP, T.e. TOK Harpy3Ku CTaTOPHOIO
npeoOpa3oBareisi B HECKOJIBKO pa3 MEHbIIE TOKa Harpy3kd pPOTOPHOTrO
npeodpazoBaTes.

IIpy DOJIO)KUTEIBHOM MOMEHTE Harpy3ku Uil NOAJIEpKaHWS HYJIEBOU
CKOPOCTH BaJla CUCTEMA PETYIMPOBAHMS U3MEHUT HAIPABJICHHE NOTOKA aKTHUBHOU
MOIIHOCTH B KOHTYpeE MpeoOpa3oBaTeN - IBUTaTENb Ha MPOTHBOMOIOKHBIH.

2. Ina nosblmieHus ckopoctu Bana AJ[ ®P cucrema peryanpoBaHus
YBEIIMYMBAECT AKTHUBHBIM TOK POTOpPA M CTATOpA 3a CUET YBEIMYECHUS HAIPSHKCHUS
POTOpa ¥ CHMYKEHHMSI HAIIPSKEHUS CTATOPA, YTO MPUBOJAUT K BO3PACTAHUIO MOMEHTA
A/l ®P, u nponopLHOHAIBEHO MOBBIIAET YACTOTY HANPSKEHHS OOMOTKH POTOpa
npeoOpa3oBaTeieM M CHI)KAET YacTOTy HalpshKeHUuss OOMOTKM —cTaropa
npeoOpaszoBareneM. Ilocie Bo3pacTaHus MOMEHTAa [JBUTATENsl BbIIIE MOMEHTA
Harpy3ku Ban AJl ®P nmaunHaer Bpamarecs. [Ipu 3TOM akTHBHAs MOIIHOCTH POTOPA
BO3pAacTacT, a Ccraropa yMeHblIaeTcsa. Ha Bam anexTpoaBurareis IOCTYIAET
Pa3HOCTh MOIITHOCTEN POTOpa U CTATOPA.

3. OIHOBPEMEHHO C MEPEXOJOM YacTOThl CTATOPHOrO mpeoOpa3zoBaTelis
yepe3 HyJIeBOE 3HAUEHHME U pEBEpcoM (a3 cTaTopa HM3MEHSETCS HalpaBiIeHHE
IOTOKa MOIIHOCTU 4epe3 mnpeoOpa3zoBaTelib Ha MPOTHBOIIOJIOXKHOE, MOCIE YEro
aKTUBHAasi MOITHOCTh Ha Baj AJ] ®P HaunHaeT mocTynaTh uepe3 0OMOTKY poTopa U
OOMOTKY CTaTopa, T.€. aKTHBHbIE MOUIHOCTH CTAaTOpa M pPOTOpa CYMMHUPYIOTCS U
nepenarorcss Ha Bal. [IOCKOJIBKY aMIIMTy[a M 4acTOTa HANPSDKEHWW pOTOpA H
CTaTOpa YBEJIMYMUBAIOTCS CUCTEMOW pPEryJIMPOBAaHMS, AKTHBHAs MOIIHOCTH Baja
BO3pACTAET.

4. Ilpy IOCTMKEHMM YacTOTHl HAIPSHKEHUs cTaTopa S5 1’1l MOTOK aKkTUBHOM
MOIIHOCTH 4Yepe3 CTaTOpHBbIA MpeoOpazoBaTeib 2 MpEeKpallaeT yBEIUYUBATHCS.
CKopoCTh Bajia MpOJOJIKAET YBEIMYUBATHCS 332 CYET POCTA YACTOTHI U AMIUIUTYABI
HanpsbKeHus poropa. [Ipu 3Tom pacTer akTUBHAs MOIIHOCTD, IIEpeaaBaeMasi Ha Bajl
yepe3 pOTOPHBIN MpeoOpa3oBaTesb.

5. Tlpu nocTwkeHun dYacToThl mpeoOpazoBatenss 45 I'm Ban AJl OP
BpAIlA€TCd C CHUHXPOHHON CKOpPOCTBIO, cOoOTBeTCTByoIIe S50 I'1, MOCKOJIBbKY
4acCTOTBI IOJIA POTOpa U CTAaTOpa CKIAAbIBarOTCA. [Ipn 3TOM akTMBHAsE MOLIHOCTS,
nepenaBaemas Ha Ban A/l OP, neautcs mexny AByMs IpeoOpa3zoBaTEIsIMU YaCTOTHI
- poTOpHBIM U cTaTopHBIM. Uepe3 potopHbii [TH npoxoaut 90% mourHocTH, yepes
cratopHblii - 10% (mpu BbIOpaHHBIX mapamerpax craropHoro I[1Y). Cymmaphas
MOIIHOCTB, IpoxoAsuias yepe3 Asa [[Y He mpeBbIaeT MOINTHOCTD, MEPEAABAEMYIO
Ha Bai AJl ©P.

6. [Tocne nocTMKEHUsT CHHXPOHHOM MM HOMUHAJIBbHOM CKOPOCTH JBUTATEIsS
HAYMHAETCS OIBEM I'Py3a B PEKUME CTaOMIU3aluu CKOpOoCcTH. [Ipr 3TOM MOMEHT U
MomHOocTh Ha Baimy AJl ®P yMmeHbmaoTCs 10 BEIWYUH, COOTBETCTBYIOLIUX
Harpyske ABuraress. Eciii MOMEHT Harpy3Ky B TEUEHHE BCErO MOAbEMA HE MEHSET
3HAK W IMpPEIATCTBYET NOABEMY, TO HAIPaBICHUs IIOTOKOB MOIIHOCTH 4Yepes
npeoOpazoBaTe HE MEHsSETCS - MOIIHOCTh mepenaeTcss Ha Bajd. Eciu MomeHT
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Harpy3ku IpU NOABEME HA CUHXPOHHON CKOPOCTH M3MEHHUT 3HAaK (HAalpuMep, B
pexUMe MeperoHa MyCcThIX CKUIOB), TO U3MEHUTCS HApaBJIEHUE MOTOPA AKTUBHOMN
MOIIIHOCTU 4Yepe3 JABUrarelib U mnpeodOpazoBarenu | u 2 OyayT nepeaaBaTh
aKTUBHYIO MOIIHOCTbH € Baia B ceTb. CymMapHas MOIIHOCTh ABYX PEKYNEpaTOpOB B
TpeTheM BapuaHTe NpuBojaa (pucyHok 3.3) paBHa peKylepupyeMou cC Baja
AKTUBHON MOIITHOCTH.

7. llpm moaxoae MNOJHUMAEMOIO COCylda K IOBEPXHOCTU IPOU3BOAUTCS
3aMeJIeHue. 3aMeUICHHE MOXKET MPOU3BOAMUTCS 0€3 M3MEHEHHsI 3HaKa MOMEHTA
AIIEKTPOJBUTATENS] M C HW3MEHEHHWEM 3Haka MoOMeHTa. Eciu 3Hak MoMmeHTa
JIBUTATENS MIPU 3aMEJICHUH TOJIOKHUTENIEH, OTOK MOIIHOCTH HAINpPAaBIEH U3 CETH
Ha Ban AJl OP. Ilpu orpumaresbHoM 3amemistomuM MomeHte AJl P
HanpaBJIeHUS TOTOKOB MOIIHOCTH uepe3 ImpeoOpa3oBaTelid MEHSETCS Ha
MPOTUBOMOJIOKHBIA M PabOTaIOT peKynepaTopbl 000UX mpeodpazoBaTeiet -
poTOpHOro M craropHoro. Hampumep, mpu neperoHe IBYX IIyCThIX CKHUIIOB B
pexXUME 3aMEUICHHsI 4epe3 PEeKyIlepaTopbl BO3BPALIAETCS B CETh MaKCUMallbHas
MOIIHOCTb. HO 3Ta MOIIHOCTH B HECKOJIBKO pa3 MEHBUIE ITYCKOBOW MOIIHOCTH
pekymepaTopa B II€pBOM BapUAHTE AJIEKTPOIPUBOAA. 3HAYUT CTOUMOCTH
pEKyIIepaTOpOB TPETHETO BapHaHTa (pUC. 3.3) B HECKOJIBKO pa3 MEHbIIE CTOUMOCTH
pekynepaTropa B IepBoM BapuaHTe npuBoja (puc. 3.1) u He OOJbIIe CTOMMOCTH
pekynepaTopa BO BTOPOM BapHaHTE AJIEKTPONpuBojaa (I.1. 2, puc. 2).

8. Ilocne 3amennenusi ckopocth Baia AJ[ ®P oTHocuUTEIbHO HEOOMBIIAS,
MOIIIHOCTh Bajia Take HeOoJbllas, MO3TOMY Yepe3 Ipeodpa3zoBaTeNd NMepeaaeTcs
OTHOCUTEIBHO  HEOOJbIIAs  MOIIHOCTh, KOTOpas  CYIIECTBEHHO  MEHBbIIE
YCTaHOBJICHHOM MOUIHOCTH MpeoOpas3oBatesield B poTope U crarope. HampaBneHue
nepeayr akTUBHOW MOIIHOCTH B CTATOPE M POTOPE 3aBUCUT OT 3HAKa MOMEHTA Ha
Bairy A/l ©P.

9. Ilocne 3amennenus ckopoctu Bajna AJl ®P 1o Hyls OJIHOBPEMEHHO
IPOU3BOAUTCS peBepc (a3 HanpsHKEHUH poTopa U cTtaTopa mpeodpaszoBareisimu 1 u
2 C Iepexo/0M YacTOThl YEPE3 HYJIEBOE 3HAUEHHE C OJMHAKOBBIM TemrioM. [locne
peBepca (a3 B pOTOpE U CTATOPE MOXKHO BBIMIOJIHATH IYCK JBUTATENS C BpallCHUEM
Bajia B 0OpaTHOM HaIlpaBJICHUU.

3.4 MammuHa JABOWHOr0 MNHUTAHUS B 4YaCTOTHO — peryJHpyeMoM
3JIEKTPONPHUBO/IE MIAXTHBHIX MObEeMHBIX YCTAHOBOK

[IpennoxkeHa TakkKe K HCIOJb30BAHUIO B IIAXTHBIX MOABEMHBIX MAIMHAX
DIEKTPONPUBOL C  HU3KOBOJBTHBIMU  PEKYNEPATUBHBIMH  TPAH3UCTOPHBIMU
WHBEPTOPAMH HANPSDKEHUS B CTATOPE M POTOPE DIIEKTPOJBUTATENS, KOTOPBIE
nepeBogAT AJIPP pexuM MOJHOCTBIO YIPABIISIEMON MAIIMHBI JBOMHOTO NMUTAaHUS
(MJIT). Takoi snexrponpuBos obecnieunBaeT ynpapienue IIIIIM 6e3 matumkos
MOJIOKEHUST Bajia AJICKTPOJBUTATENCH, YTO BaxkHO npu mojepHuzanuu LITIM 6e3
3aMEHbl JJIeKTpoABHUrarene ¢ Qa3HpIM pPOTOPOM, U 0€3 BBICOKOBOJIBTHBIX
KOHTAKTOPHBIX peBepcopoB B ctatope AJ[DP.
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Ha pucynke 3.4 mokasaHa ynpolLIEHHasi CTPYKTYpHAasl CX€Ma CHUJIOBBIX LIENeu
anexktponpuBoga M/III ¢ TpaH3UCTOPHBIMM HU3KOBOJBTHBIMU PEKYNEPATUBHBIMU
uaBepropamu Hanpspbkenus (PMUH) B crarope u potope AJIDP. TpansucropHsbie
npeoOpa3oBaTeiay MOJKIIOYAIOTCS K PAa3JIMYHBIM HU3KOBOJBTHBIM OOMOTKaM
corjacymoliiero TpaHcdopmaropa, WM K oOOmed HHU3KOBOJIBTHOM OOMOTKeE.
VYcTaHoBKa peKynepaTUBHBIX MHBEPTOPOB HampsikeHus B cratop u porop A/l OP
o0OecrieynBaeT JIBOWHOE TMUTAaHUE OJIEKTPOJABUTaTeNsi OT JBYX OTHOCUTEIBHO
HU3KOBOJIBTHBIX ~ MCTOYHMKOB  JJIEKTPOIHEPIHMH, PETYIUPYIOIIMX  CKOPOCTh
AIEKTPOABUTATENS ITyTEM M3MEHEHHUsI aMIUIATYAbl U YAaCTOTBHI HAIIPSDKEHUSI U TOKA
CTaTopa U poTopa.

Cete 6 xB 50 My
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-
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HMuBapTop MupapTop
CETEEDH CETeBoA
HH | | HA
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? r/'\\
Potop @ Cratop
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Pucynok 3.4 - Cxema peBepCUBHOTO dJICKTPONPHUBO/Ia C HU3KOBOJbTHBIMU
Tpan3uctopusiMu PUUH B cratope u potope AP

Hnsa ynpasnenunss AJ{PP B pexxume ITBOWHOTO MUTAHUS OT PETYIUPYEMBIX
HU3KOBOJBTHBIX TPAH3UCTOPHBIX HMHBEPTOPOB HAMPSKEHUSI OBLIO MPEISIONKEHO
WCIIOJIb30BaTh CIAEAYIOUIUN aJTOPUTM :

1. ITpu nenonBmwxHoMm Bane AJ[DOP Ha OoOMOTKY cTaTtopa OT CTaTOPHOIO
npeoOpa3oBatTeis MOJAETCS HU3KOBOJBTHOE Tpex(azHOe HaNpsLKEHHE, HalpuMep,
600 B ¢ gactotoii 5 I'rt (10% HOMHMHaANBHOTO HanpsbkeHus ctatopa 6000 B 50 I').
Ha oOMOTKy poTopa OT pOTOpHOTO MpeoOpa3oBaTels MoAacTCs TakxKe TpexdasHoe
HU3KOBOJBTHOE HAMpsDKEHUE C JAeicTByromMM 3HaueHuem 10% HampsbkeHus
XO0JIOCTOTO X0Jia poTtopa Takxke ¢ yactotod 5 I'm (10% nHampsixkenus XX portopa).
BekTopsl HampsbkeHUM cTaTopa W poTopa BpaljaloTCsl B OJIHOM HAIMpPAaBJICHUU C
OJUHAKOBOW CKOPOCTBIO.

2. Jlns navana Bpamenus Baia AJIOP cuctema peryinpoBaHUsi HAUUHAET
CHI)KATh HANPSDKEHUE M YacTOTy CTAaTOPHOrO mMpeoOpas3oBaTesisi W IOBBIIIATH
HalpspKeHUE W 49acTOTy POTOPHOro IpeoOpaszoBaTesisi B PEKUME BEKTOPHOTO
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yrpaBieHuss. MOMEHT JBUTaTelis M CKOPOCTh Bajla 3a CYET 3TOTO HAYMHAKOT
YBEIIMYUBATHCSL.

3. Ilpu mnepexolie CTAaTOPHOTO HANPSHDKEHUS 4YEpe3 HYJIEBOE 3HAUYCHHE
CTaTOPHBIM MpeoOpa3oBaTesib W3MEHSET MOPAIOK YepenoBaHus (a3 M HayMHAET
MOBBIIIATh AMIUIUTYAY W YacTOTy HampspkeHust cratopa AJIOP. Porophbii
npeoOpa3oBareib MPOJOJDKAET IMOBBIIIATh AMIUIUTYy U YacTOTY HaNpsKEHUS
poTopa. BekTopbl MOTOKOCLEIIEHUI pOTOpa U CTaTopa mocjie perepca a3 cratopa
HAYMHAIOT BPAallaThCsl B MPOTHBOIIOJOXKHBIX HAMPABJICHUAX, IIPU ITOM CKOPOCTH
BpAIlICHUS Bajla paBHA CyMME CKOPOCTEH BpAIIEHUs BEKTOPOB MOTOKOCUECIUICHUN
CTaTopa U poTopa.

4. Ilpu noBsilieHUH HanpsbkeHus craropa a0 600 B u ero wactotsl g0 5 '
CTATOPHBI MpeoOpa3oBaTesib MPEKPAIIACT MOBHIIATh AMIUIUTYAY U YacTOTy
HanpspbkeHusi. POTopHBINM npeoOpa3zoBaTellb MPOJ0JKACT MOBBIMIATh aMIUTUTYAY U
YacTOTY HANpPsDKEHHS M JIOBOJMUT MX JI0 BEJIMYMH, 00ECIICUMBAIONINX TPEOYEeMYIO
cKopocTh Basa. Hampumep, mpu yactote mosst poropa 45 I'n u yactore mouis
cratopa 5 [’ Ban aniekTpoaBuraTesis OyIeT BpalaThCsa ¢ HOMUHAIBHON CKOPOCTHIO.
[Tpu cxopoctu mnosns poropa 50 I'm u craropa 5 'l ckopocTh Basia OyJeT BBIIIE
CUHXPOHHOM (cooTBeTCTBYET 55 ['1).

5. Jlng CHWXKEHUS CKOPOCTH JO HyJs HPOLECCHl PETyIUpPOBAHUSA
MPOU3BOSTCS B OOpaTHOM TMOPSIIKE.

6. Jlns peepca HampasiieHus1 BpamieHus Bana AJl OP HyxHO npu HyneBou
CKOPOCTH Bajia OJIHOBPEMEHHO PEBEPCUPOBATH MOPSAIOK depenoBaHus (a3 ctatopa
U poTOpa ABYMs IIpeoOpa3oBaTeIsiMUA U TTOBTOPUTH ONEPAIMM YIPABICHUS C ILII. |
no mn.m. 4. Ilpu sTomM Ban snekTpoaBUraTessi OyJeT Bpamiatbcsi B 0OpaTHOM
HaMpaBJICHNUM.

PaccmoTpennsie anekTponpuBo (puc. 3.4) U aaropuTM Mo3BOJISIFOT:

- YOpaBJISATH MOMEHTOM DJJIEKTPOJBHUTATeNsi 0€3 JaTyhka TMOJIOKCHHUS BaJia
AJI®P kak npu HyJIEBOM CKOPOCTH, TAK U IIPU PETYIUPOBAHUN CKOPOCTH;

- YBEJIMYMBATh CKOPOCTh Bajia KaK 1O HOMUHaJIbHOU ckopoctH AJ[®P, Tak u
JI0 CUHXPOHHOM CKOpPOCTH, KOTOpas COOTBETCBYeT 4actore cetu S50 I'm, a Takxke
BBIIIIE CUHXPOHHOM CKOPOCTH;

- BBINOJIHATH TOPMOXKEHHUE DIJIEKTPOABUIATENS C PEKyIEpaLMEed HDHEPrUuu
JBUKEHHUS B IUTAOIIYIO CETh;

- U3MEHAThH HampabiieHue BpaiieHusi Bana AJIOP (mampapiieHue NBUXKEHUS
cocyna IIIIIM) 6e3 KOHTaKTOPHOT'O peBepcopa B CTaTOpe AJIEKTpOABUTATENS U 0e3
3aJIEP>KKHU Ha €ro NEPEKIIOYCHHUE.

Bce nepeunciieHHOe BbIIE JIOCTUTAETCA 3@ CUET HCHOJIb30BaHUS
HU3KOBOJBTHBIX MpeoOpaszoBaTesieil 4acToThl B ctaTope u potope AJ[DP, kotopsie
MMEIOT MEHBIIYKD CTOMMOCTh [0 CPaBHEHHIO C BBICOKOBOJLTHBIMU (6 KB)
CTaTOPHBIMH TIpeoOpa3oBaTeIsiMU 4acTOThl. [Ipu 3TOM cymMmapHas MOIIHOCTH (U
CTOMMOCTB) JIBYX MpeoOpa3oBaTesiell 0cTaeTcs MOCTOSIHHOW U TepepacipeesieTcs
MEXy CTATOPHBIM U POTOPHBIM TIPEOOPa30BATEISIMHU.

K nemocratkam 06e3gaT4uKOBOTO AyekTporpuBoga 1o cxeme MJIIT ¢
HU3KOBOJILTHBIMU PMIH MOXHO OTHECTH CI0KHOCTH MOBBILIECHHUS MaKCUMAaJIbHOTO
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HanpspkeHust cratopHoro PMH Bemme 600B u  cooTBeTcTBYIOLIEH 3TOMY
HaIpPsHKCHUI0 MaKCUMaJIbHOM 4acTOThI Beilie 5 ', B mpeapiaymieit myOaukanuu o
anexktponpuBoae IIIIM ¢ npuBogasiMu AJI®P oTtmeuanoch, 4uto mudpoBoi
0e31aTuukoBhIid  dnekTponpuBol ¢ AJIOP He obecneynBaeT peryiaMpoBaHUE
CKOpPOCTH B JMana3zoHe 4acToT +2['1 BOJM3M CUHXPOHHOM CKOPOCTH, YTO HE
MO3BOJISIET  JIOCTUTHYTh ~HOMHMHaiIbHOW  ckopocth AJIDP. Ilockonbky B
anexktponpuBoae MJII ¢ tpansucropusimu PUH (puc. 3.4) cuHxpoHHas yactoTa
HanpspkeHust craropa usmensercs ¢ S0I'm mo SI'm, TO 30Ha HABO3MOYKHOIO
perynupoBanus ckopoctu AJIOP B nuanazone £21'1; Takke nepeHOCUTCS B 007aCTh
HU3KHUX YaCTOT OTHOCUTENBHO SI'1. DTO MPUBOAUT K TPYAHOCTAM PETYIUPOBAHUS
Majoil ckopocTH aBrkeHus cocyaos LIIM npu maneix odoporax Bana AJIDP Ha
BTOPOM M IIECTOM YYaCTKax TaxOrpaMMbl IBHXKEHHUs, a TaKXKe IPU OCMOTpax
CTBOJA MIaxThl. s ycTpaHEHMs] 3TOr0 HEJOCTaTKa HEOOXOJUMO MNPUMEHSTH
AJIEKTPONPUBOJ C JAaTYMKOM TIIOJIOKEHUS Baja JJICKTPOABUTATEIS, YTO TPYIHO
BBINIOJIHUTG IIpU MoAepHU3auuu siekrponpusoga IIIM ¢ coxpaneHuem crapbix
ANIEKTPOJBUTATENCH, JMOO HEOOXOJUMO TMOBBICUTh MAKCUMAJIbHYIO YacTOTY
cratopsoro PUH no ypoBus 8 - 10I'm, a ero makcumanbHOE HaIpPSIKEHHE
yBeIMUUTh 710 ypoBHS 960 — 1200B. IloBeimenue yactoThl cratopHoro PUH
MO3BOJIUT PAa3HECTH CHUHXPOHHYIO YacTOTy (cTaropa) M 4YacToOTy poTopa,
COOTBETCTBYIOIIYIO MaJiOl CKOpPOCTH ABWXEHUA cocynoB [IIIM, Ha Benuuuny,
npeBblamiyo 2 ', 4To MO3BOJUT YHpaBisATh Manod ckopoctbio AJIDP 6e3
JlaT4YUKa MOJ0XKeHus Bana. OgHaKo, MOBBIICHUE HanpsikeHus ctaropHoro PUH no
1200B npuBeAeT K yCIOKHEHUIO €T0 CTPYKTYPBI M CYIIECTBEHHOMY yIOPOKAHUIO.

N306exaTh MepeyrcIeHHBIX BBIIIE HEIOCTATKOB AJIEKTPOIMPHUBOJA IO CXEME
MJIIT ¢ HU3KOBOJIBTHBIMU TPEOOPa30BaTENSIMU YaCTOTHI B cTaTope U potope AJ[DP
0e3 yXyHIIeHUs] KAaYeCTBEHHBIX M CTOMMOCTHBIX IIOKa3aTejed MOXKHO MyTeM
3aMEHbl CTaTOPHOTO TPAH3UCTOPHOTO WHBEPTOPA HANPSIKEHUS HA HE3aCIyKEHHO
3a0BbITHIA B TIOCIICTHUE TOJABl TUPUCTOPHBIA HEMOCPECTBEHHBIN MpeoOpa3oBaTelib
yacToThl (C coxpaHeHnem B porope AJIDP TpaH3UCTOPHOrO peKynepaTUBHOIO
WHBEpTOpa HanpspkeHus). CTpyKTypHasi cxema CUJIOBBIX IeNel TaKoro THOPUIHOTO
ANEKTPONPUBOA NTOKa3aHa HAa PUCYHKeE 3.5.
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Pucynok 3.5 - Cxema peBepCUBHOIO 3JEKTPONPUBOJA C HU3KOBOJIBTHBIM

tupuctopHbiM HITY B cTatope n HU3K0BONBTHEIM TpaH3ucTopHbIM PMH B poTope
Al ©P

B snexrponpuBone no cxeme MJIIIT (puc. 3.5) ¢ HU3KOBOJIBTHBIM POTOPHBIM
TpaH3ucTopabiM PWH W HU3KOBOJNBTHBIM CTAaTOpHBIM THpUCTOpHBIM HITY
COXpPaHAITCA  BCE  I[EPEUMCIICHHBIE  BBIIIE  JOCTOMHCTBA  PEBEPCUBHOIO
AJIEKTPONPUBO/A, KOTOpbIe  OOECIEUMBAIOT  BBICOKME DHEPreTUYECKUE U
JIMHAMUYECKHE TTOKa3aTesu sekTpornpuoaa [ITIM.

Tupucropusiii HITY B ctatope AIDP mo cxeme MJII (puc. 3.5) momxeH
peryJivpoBaTh 4acTOTYy HamNpsDKeHHsl cTaTopa B aAuana3oHe He Oonee +£10['m c
peBepcoM TopsiaKa yepeaoBaHus (a3 mpu nepexojie 4epes HyJIEeBYIO YacTOTY, YTO
oOecrieynBaeT Jaxe MaJOBEHTWJIbHAs 18-TM THpUCTOpHas cxema Tpex(azHOro
HITY.

Tupucropusnii HIIY aBTOMarMdeckn W3MEHSET HANPABICHUS IOTOKA
aKTUBHOW MOIIHOCTHU B 1ienu ctaropa AJIPP, yto obecnieunBaeT TOPMO3HOM peKUM
ANEKTPONPUBOA C PEKyIEPALIMEN SJHEPTUN JBUKECHUS B CETh.

Tupucropusiii HITY nmeer MeHbpIIyt0 CTOMMOCTB, 4eM TpaH3ucTopHbii PUH
TaKOU K€ MOIIIHOCTH.

Jaxxe wManoBeHTwiIbHas 18-t tupucropnas cxema HITU moxer ObITH
BBITIOJTHEHA HA BBIXOJHOE JMHEWHOE HanpspkeHue 10 1200B v BBIXOJHYIO 4acTOTy
no 10I'm. B snextponpuBoge MJII ¢ Takum crtatopueiM HITY MomHOCTE M
MaKCUMaJIbHOE HaMpsHKEHUE pOTOpHOTO TpaHzuctopHoro PUH OyayT cHukeHbI Ha
20% (mo cpaBHeHuto ¢ noakiaoueHueM craropa AJIIPP k cetn 6 KB), uto moxer
MPUBECTH K YIPOLICHUIO CUJIOBOM cxembl poropHoro PUH wu cHusur ero
CTOMMOCTb.

Ha pucynke 3.6 nzo0paxkeHa ynpolileHHasi IPUHITMITHAIbHAsT CXeMa CUJIOBBIX
neneit M/III ¢ 18-tu tupucropueim HIIY B cratope u tpansucropusim PUH B
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porope AJI®P. IlpuBenennas Ha puc. 3 cxema IMO3BOJISIET YIPABIATH CKOPOCTHIO
AJI®P c nanpspbkenueM poropa 1o 820B. [na ynpasnenus AJIDP ¢ HanpskeHueM
potopa 6onee 820B HeoOXOAMMO MNPUMEHSTH OOJE€Ee CIIOXKHBIE CHUIIOBBIE CXEMBbI
poropHoro PUH.

PaccmoTpum BOmpochkl mepeaayr akKTHBHOM MOIIHOCTHM B CHJIOBBIX LIEMSX
anextponpuBoaa LIIIM mo cxeme MJIII (puc. 3.5, puc. 3.6) npu peryimpoBaHUN
ckopoctu Bajia AJ[ OP:

l. Ilpu HyneBOW CKOPOCTM M HYJEBOM MOMEHTE JBUTarelsi (HaJOKEH
MeXaHW4ecKuid Topmo3 Ha Oapaban LIIIM) mpeoGpas3oBarenu 4acTOTBHI CO3/AIOT
TOJILKO pEaKkTUBHbIM TOK BO30OyxaeHuss AJ] @P, xkoropbiii MoxeT OBITH
pacnpeiesieH Mexay 0OMOTKOM pOTOpa U CTaTopa.

[Ipn ormyckanum topmo3a k Bany AJl ®P npunoxurcss MOMEHT HarpyskH,
KOTOPBI MOXET UMETh KaK MOJIOKUTEIbHBINA 3HAK, CIIOCOOCTBYIOIINI JIBUKEHUIO
BaJla B HAIIPABJICHUM BpAILECHMs IIOJIS JBUrareilsd, TAK U OTPULIATENIbHBIA 3HAK,
NPEIATCTBYIOIMN JBW)KCHUIO Bajla B HANpaBICHUM BpalleHus mnond. s
COXPAaHEHHUSl HYJIEBOM CKOPOCTHM CHUCTEMa PETYJIUPOBAHUS JOJDKHA OOECIEeYUTh
¢opmupoBanue MomeHta AJ[ @®P, coBmajaroomero mno  BeIMYUMHE U
IIPOTHUBOIIOJIOKHOTO 3HaKa C MOMEHTOM Harpy3ku./[ns cozganus momenrta AJl OP
ONpPE/ENICHHOrO0 3HaKa HeoO0XoAuMma IepeJaya aKTUBHOM MOIIHOCTH 4Yepes
BO3JYILIHBIN 3230 B ONPEIEICHHOM HAIPABJICHUU.

[Ipy oTprIaTeIbHOM MOMEHTE HATPY3KM AKTHBHAS MOIIHOCTH IS CO3JAHUSA
noJyiokuTenbHOro MmomeHTa AJl ®P Oyner nepenaBarbesi O KOHTYPY OT POTOPHOIO
PUH, uepe3 potop, 3a3op, crarop, cratopubii HIIY u Tpancopmarop k
potopuomy PUH. M3 cetu npu 5ToM MOTPEOJISIETCS TOJBKO MOIIHOCTH MOTEPh B
npeoOpa3oBareisx U aABurarene. B oOMoTkax poTopa U cratopa NpOTEKAIOT TOKH,
OTJIMYAIOUIUECS 10 BEJIMYMHE MPONMOPLHOHATIBHO KO3 duIMeHTy Tpanchopmanuu
AJl ®P, T.e. TOK Harpy3Ku CTaTOPHOTO TIPeOOpa3z0oBaTEs B HECKOIBKO pa3 MEHBIIIE
TOKa Harpy3Ku pOTOPHOTO Mpeodpa3oBaTers.

IIpy MONOXHUTENBHOM MOMEHTE HArpy3Ku Uil TOAJNEP)KAHUS HYJIECBOU
CKOpPOCTH BaJla CUCTEMa PEryJMpOBaHUsS U3MEHUT HAIPABICHUE NOTOKA aKTUBHOU
MOIIHOCTH B KOHTYpe npeoOpa3zoBaTen - IBUraTeNlb Ha IPOTUBOIOIOKHBIH.

2. Jlns nosblieHuss ckopoctu Bana AJ[ ®P cucrema peryaupoBaHus
YBEIIMYMBACT AKTUBHBIM TOK POTOpA M CTATOpA 3a CUET YBEIMYECHUS HAIPSIKCHUS
POTOpa U CHUKEHUS HANIPSKEHUS CTATOPA M MTPONOPLUHUOHAIBHO MOBBIIIAET YaCTOTY
HarpspkeHUs: OOMOTKUA potopa poTopHbiM PUH u cHukaeT 4acTtoTy HanpsiKeHus
oOMoTkM cTatopa ¢ nomouipio HITY, 4TO mpuUBOAMT K BO3pacTaHUIO MOMEHTa
AJI®P. Tlocme BO3pacTaHuss MOMEHTA JIBUTATEJNsl BBIIIE MOMEHTA HArpy3Kd Ball
AJI®P naunnaet Bpamatbes. [Ipu 3TOM akTHBHAs MOIIIHOCTh POTOpa BO3pPACTAET, a
craTopa yMeHblaerca. Ha Bas anekTpoaBUraresist ocTymnaeT pa3HOCTh MOIIHOCTEN
pOTOpa U cTaropa.

3. OIHOBpPEMEHHO ¢ mepexoaoM 4yacTtoTel cratopHoro HITYH uyepe3 nyneBoe
3HaYeHHe U peBepcoM (a3 craTopa M3MEHSETCS HANpaBICHHE MOTOKAa MOIIHOCTU
yepe3 HITY Ha npoTUBOMONIOKHOE, TTOCTIE Yero aKTHBHAs MOIITHOCTh Ha Baja AJ[ ©P
HAa4YMHAeT MOCTyNaTh yepe3 OOMOTKY poTopa U OOMOTKY CTaTopa, T.e. aKTUBHBIE
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MOIIHOCTH CTaTOpa U POTOPA CYMMHUPYIOTCS M NEPEAarOTCs Ha Ball. llockoybky
aMIUTMTYyZa W 4acTOTa HANPSHKEHUW POTOpa M CTATOpA YBEIMYMBAKOTCA CHUCTEMOMU
pEeryJIMpOBaHUS, CKOPOCTh BaJla U aKTUBHASI MOIIIHOCTH Bajia BO3PACTaET.

4. IIpy HOCTHKEHUM YaCTOTHI HANPSKEHUsS cTaTopa, Harpumep, 10 ', a ero
nerictByroniero 3HaueHuss 1200B, manpHeilnee UX yBEIMYEHUE MNPEKpalIacTcs U
MOTOK aKTMBHOW MOIIHOCTH 4yepe3 cratopHbid HITY mpekpamaer yBenuduBaThes.
CkopocTh Bajia NpOJOJIKAET YBEJIWYMUBATHCA 3@ CUET POCTA YaCTOThI U AMILTHUTY/IbI
HanpspKEeHHUs poropa ¢ nomotiso poropHoro PMH. Ilpu stom pacrer akTuBHas
MOIITHOCTh, TIEpeIaBacMasi Ha Bajl Yepe3 POTOPHBIN MpeoOpa3oBaTelb.

5. Ilpu nocTukeHUM 4acToThl poTopHOTro Ipeodpazonatens 40 I'u Ban AJJOP
BpAILla€TCsl ¢ HOMUHAJIBHONW CKOPOCTBIO 3JIEKTPOJABUrATENsA, COOTBETCTBYIOMEN 50
['u, mockonbky yactoTsl nojis poropa (40 I'm) u cratopa (10 I'n) ckimagpiBaroTcs.
[Ipn 3>TOM akTHBHAs MOIIHOCTb, nepenaBaemas Ha Ban AJIOP, nemutcs mexmy
JBYMSI IpeoOpa3oBaTesIIMU 4acTOThI - POTOPHBIM U CTaTOPHBIM. Yepe3 poTOpHbIN
[MY mpoxomut 80% mMomHOCTH, Yepe3 crtaTopHbli - 20% (mpu BBIOPAHHBIX
napametpax cratopHoro I14). CymmapHas MOIIHOCTB, Mpoxojsiias yepe3 asa [T4
HE TIPEBBIIIAET MOIIHOCTH, NepeiaBaemyto Ha Bast AJ{DP (6e3 yuera nmoreps).

6. Ilocie nmocTWKEHHST HOMUHAIBHOW CKOPOCTH JBUTATENsl HAYMHACTCS
noabeM rpy3a IIIIM B pexume cTabunusai CKOpPOCTU (YETBEPTHIA y4aCTOK
TaxorpaMmbl mnoabema). Ilpu 3ToM MOMEHT M MomHOCT, Ha Bany AJIDP
YMEHBIIAOTCA A0 BEJIUYHMH, COOTBETCTBYIOIIUX CTATUYECKON HATrPy3KE BUTATEIIA.
Ecni MOMEHT Harpy3ku B TEUEHHE BCETO MOJAbEMA HE MEHSET 3HAK U MPEHSATCTBYET
NoAbEMY, TO HaIpaBJICHUS TMOTOKOB MOIIHOCTH uepe3 MpeoOdpa3oBaTesid HE
MEHSIETCSl - MOIIHOCTh TE€PENACTCA Ha BaJl. ECIM MOMEHT Harpy3ku MpHu MOJbEME
W3MEHUT 3HaK (Hampumep, B PEKUME MEpPEeroHa MyCThIX CKHUIIOB), TO W3MEHUTCS
HaIpaBJICHUE MOTOpa aKTUBHOW MOIIHOCTH Ye€pe3 JBUTaTelib U IpeoOpa3oBaTeiln
OyaIyT mepeaaBaTh akTUBHYIO MOIITHOCTH ¢ Basia AJ[DP B ceTs.

7. llpu mogxoae MOJHUMAEMOTO COCyAa K ITOBEPXHOCTH INPOU3BOJMUTCS
3aMenieHre. 3aMeJICHHEe MOXKET MPOU3BOJAMUTCS 0€3 M3MEHEHMsI 3HaKa MOMEHTA
DJEKTPOJABUTATENII W C HW3MEHEHHEM 3Haka MOMEHTa. EciM 3HaKk MOMEHTa
JIBUTATelIs MPU 3aMEIJICHUH TOJIOKHUTENEH, MTOTOK MOIIHOCTH HAMPABJIEH U3 CETH
Ha Bas1 AJIDP. ITpu orpuniatenbHoM 3ameistonieM MoMeHTe AJI®OP nanpaBieHus
MOTOKOB MOIITHOCTH Yepe3 MpeoOpa3oBaTeIu MEHSIETCS Ha MTPOTUBOIIOIOKHBIH.

8. Ilocnme 3amemienusi ckopocth Baita AJ[IOP Ha mectoM ydacTke
TaxorpaMMbl TOJb€Ma OTHOCUTEJIBHO HEOOJbINas, MOIIHOCTh Bajla TaKXKe
HeOoJbIIasi, TMOJTOMY uepe3 MpeoOpa3oBaTelid TMepeaaeTcs OTHOCUTEIBHO
HeOOoJIbIIIasi MOIIHOCTh, KOTOPasi CYIIECTBEHHO MEHbBIIE YCTAHOBJICHHOW MOIITHOCTH
npeobpazoBareneidi B poTope U cratope. Hampapnenue mnepegaym akKTUBHOMN
MOIIHOCTH B CTAaTOPE U POTOPE 3aBUCUT OT 3HaKa MOMeHTa Ha Bairy AJ[DP.

9. Ilocne cuuxenust ckopoctu Baa AJIOP 1m0 Hyns MpOM3BOAUTCS PEBEPC
¢da3 HampsHKEHW poTopa W cTaropa Mpeodpa3oBaTeIsIMU C TMEPEXOJ0OM YaCTOTHI
yepe3 HyJeBoe 3HadeHue. l[locnme peBepca ¢da3 B poTope U CTATOpE MOMKHO
BBHITIOJIHATh IYyCK JBUTATENS C BpAaIllEHWEM Bajla B OOpaTHOM HampaBlieHUU Oe3
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KOHTAKTOpPHOro peBepcopa B cratope AJ[DP. PeBepc HampaBiieHUS ABUKEHHS
ILITIM 6e3 KOHTAaKTOPHOTO peBepcopa B CcTaTope yMeHbIaeT Bpems 1ukiia [HTTM.

Takum oOpa3oM, MPUMEHEHUE MAIIWHBI JABOMHOTO TMUTaHUS C MPUBOIHBIM
AJI®P v HM3KOBOJBTHBIMU TUpUCTOpHBIM HIIY B craTtope W TpaH3UCTOPHBIM
PEKYNEPATUBHBIM HHBEPTOPOM HAIPSKEHUST B POTOPE IO3BOJIAET CO34aTh
ANEKTPONPUBO IIAXTHOM MOJABEMHON MAIIMHBI C BBICOKUMHU DHEPIETUUECKUMU U
JVHAMUYECKUMH TOKA3aTeJSIMU TIPU MUHUMAIBHBIX CTOMMOCTHBIX MOKAa3aTeNsx
o0opyaOBaHUS.

BeiBoa: Ilpennoxxkensl BapuanTel dyekTponpuBona ¢ AJl ®OP wu
TPaH3UCTOPHBIMU MHBEPTOPaMU HanpspkeHus 11 ynpasienus [HIIM u nposenena
OLIEHKA COOTBETCTBUS C HEOOXOAMMBIMU TPEOOBAHHSIM.

PaccmarpuBaemplii B 3TOM BapHaHTE 3JIEKTPONPHUBOAA C IMOAKIIOUYECHUEM
cratopa AJl PP kx cetm 6kB 50 I’y 4epe3 KOHTAaKTOPHBIM peEBEpCOp U
PEKYIEPATUBHBIM UHBEPTOPOM B POTOPE SABJIIETCA HECOMHEHHO IIPOTPECCUBHBIM
IaroM B Pa3pabOTKE YaCTOTHO-PErYJIHUPYEMBIX AJIEKTPONPUBOAOB AJIsI IIAXTHBIX
IIOABEMHBIX MAIlIVH.

EQMHCTBEHHBIM CYIIECTBEHHBIM OIPAHUYEHUEM JUI IPUMEHEHMs
3TOr0 BapUaHTa »3JEKTPONPUBOJA C KOPOTKO3aMKHYTBIM cratopoM AJl ®P wu
PEKyIEepaTUBHBIM HMHBEPTOPOM B POTOPE SIBISIETCS HEOOXOIMMOCTb YCTaHOBKHU
BBICOKOTOYHOTO JaTYMKa IIOJIOKEHHs Bajla JJIEKTPOJBHUIATEINA, YTO BBI3BIBACT
HauMOoJbIIME TPYAHOCTH MNpPU MoOJAEpHU3almu 3nekTpornpuBogos IIIIM ¢
COXpaHEHHEM PadOTaIOUIUX BHICOKOBOJBTHBIX AJ[ ®P, HEe MMEIOMMX BCTPOCHHBIX
DHKOJIEPOB.

Onncanue  TpPEThErO BapUaHTA - DJIIEKTPONPHUBOAA C PEKYIIEPATUBHBIM
HU3KOBOJBTHBIM HMHBepTOpoM B crarope AJ[ ®PP wu pekyneparuBHbIM
HU3KOBOJIBTHBIM HHBEPTOPOM B POTOPE IO3BOJSAET CHAENaTh BBIBOJL O €r0
COOTBETCTBUM BCEM TaKTHKO-TEXHMUYECKUM TpEOOBAaHHUSA, TPEAbABISAEMbIM K
AJIEKTPONPUBOAY IIAXTHBIX MOJBEMHBIX MalllMH, 0€3 JaTyuKa IOJIOKEHUs Baa
(oHKOZEpa) M 0e3 BBICOKOBOJBTHBIX KOHTAKTOPHBIX PEBEPCOPOB B CTATOpE MpH
MUHUMaJIbHONH CTOMMOCTH IpeoOpa3oBareisi 4YacTOThl, KOTOpas OIperessieTcs
TOJIbKO aKTMBHOM MOILHOCTBIO, IIEPEAABAEMON HA BAJl U C BaJIa HJIEKTPOABUTATEN,
T.€. MCIOJb3YeTCS TOJBKO Ha BBINOJHEHUE MMOJIE3HOM PadOTHl MO MEePEMELICHUIO
I'PY30B.

B nmnocinenHemM paccMOTpeH BapHaHT NPUMEHEHHsS MaIlUuHbBl JIBOWHOTO
nutanuss (M) B snexrponpuBoae maxTtHoM noabemHod mammubl (IOIIM) ¢
HU3KOBOJIbTHBIM THPUCTOPHBIM IPEoOpa3zoBaTEIeM YaCTOThl C HEMOCPEACTBEHHOM
ces3pio (HIIY) B crarope W TpaH3UCTOPHBIM PEKYIEPATUBHBIM HHBEPTOPOM
Hanpsokenust (PUH) B poTope acMHXpOHHOrO 3JeKTpoABUTarens ¢ (ha3HbIM
POTOPOM.
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3akiIo4eHue

Nrak, B X04€ UCCIENOBAHUS CUCTEMBI AJIEKTPONPUBOA IAXTHON MOIBEMHOM
YCTaHOBKH OBLJIO PAacCCMOTPEHO PpEIICHHE MPOOJIEMbl HHEProcOepeKeHus,
OOyCJIOBJIEHHAs POCTOM MOTPEOJICHHS JIEKTPOIHEPTUU B MPOMBIILICHHOCTH U B
ObITYy W CBS3aHHOM C HHUM HEOOXOJIUMOCTBIO  CTPOUTEIBCTBA W BBOJA B
HKCILTyaTaIMIo OOJIbIIEH MOIIIHOCTH.

Cpenu noTpeduTeneil 3JIeKTPOIHEPTUU MTPE0OIIaIat0T ANEKTPOMEXaHUYECKUE
npeobpazoBarend, TO  €CThb  IJIABHBIM  IyTeM  PEIICHUS  IPOOJIEMBI
IHEprocOepeKeHUsT SIBISIETCS BHEAPEHHE BO BCE OTPACId MPOMBIIIICHHOCTH
CHCTEM PETYJIUPYEMOTr0 3JIEKTPONPUBOJAA, TaK Kak OHM Hauboiee 3(pQexTUBHBIC
texHosorud. [lo cratuctuke BHenpeHnue perynupyemoro 11 B NpOMBIILIIEHHOCTD,
HHEPreTUKY, B OBITOBYIO M JPYTHM€ OTPACIM MOXKET 00eCneunTh 3KOHOMHIO 10 40
MIpA. KBTuac snekTposHeprum Kaxkabli rof [8].

B nannoii auccepranmoHHoM paboTe Ha mpumepe siekTponpusonaa IITM
tunnia HKM3 2I[-5%2,3 paccmoTpeHa MojepHHU3AIMS CXEMbl C MNPUMEHEHHEM
POTOPHBIX ITpeoOpa3zoBaTesIeii YaCTOThI, YTO MPUBEIIO K CHUKEHUIO MOTEPh Ha 9,8%
Y TIOBBIIICHUIO YHEPTodPHeKTUBHOCTH. TaKke mocTpoeHa MaTeMaTU4YeCKast MOJIEITh
YPAJI, rne ucmoib30BaHa MojIeNIb 0000IIEHHONW MaIllMHBl B CHHXPOHHOM CHCTEME
KoopauHat u,v. [lo cuctemMe KOOpAMHAT #,y MOKHO M3MEHSTh BO BPEMEHH, HE
3aBUCUMO Jpyr OT Jpyra, aMIbmIuTyay (a3HOro HanpsDKEHHsT MU 4acTOTy
npeoOpazoBaTensl.

B 3akimouuTensHOM  raBe  NMPEUIOKEHBI  BAPUAHTBl  NPUMEHEHHUS
AIEKTPOIPUBOJIOB:

a) ¢ A/l ®P u TpaH3UCTOPHBIMU UHBEPTOPAMU HAIIPSKEHUS;

0) ¢ nogkimouenueM craropa AJl OP k ceru 6kB 50 I'y yuepe3 KOHTaKTOPHBIN
pEBEPCOP U pEKyNEPATUBHBIM HHBEPTOPOM B POTOPE;

B) C KOpOTKO3aMKHYThIM ctatopoM Al ®P u pexkynepatruBHbIM HHBEPTOPOM
B POTODE;

I) C peKylepaTUBHBIM HU3KOBOJBTHBIM HHBEpTOpoM B crtaTtope A/l ®P u
PEKYIEepaTUBHBIM HU3KOBOJBTHBIM HHBEPTOPOM B POTOPE;

n) MamuHbl aABoiiHoro mnwutanus (MJII) B sneKTponpuBOlE IMIAXTHOMN
MMObEMHON MAILIVHBI.
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