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MPOUECCHI 3JIEKTPOMEXAHUYECKOIO NPEOBPA30OBAHUA
U NEPEJAYY 3HEPIUU OT YAAPHOIO TrEHEPATOPA

I A. CHIIAWUJIOB, A. B. JIOOC, B. @. KYVJ/IAKOB

(IlpencTaBiieHa CeMHHAPOM KageApbl JJICKTPUYECKHX MallluH})

Has psina Gu3MuecKHX HCCAeT0BaHUR TpebyeTcs UMOYABCHMIH BBOI
3MEKTPHYCCKOH 3HEPTHU ¢ MNOMOLIBK) 3HAUHUTENBHO 00./1plIell, YeM BO3MOKHO
B3ATb M3 ceTd He3 HapYLIeHUs1 ee YCTOHUMUBOM paboTE. B 3Tux cayuasx uc-
{IOJIb3VIOT MTDOMEXYTOYHBIH HAKONUTE/ L JHEPruH, 3apsAXKaeMbli CpPaBHIITETNH-
HO MEAJICHHC U CHOCOOHSIH 3aTeM B KOPOTKMU IPOMEKYTOK BDeMeHn flepe-
AaBaTb 3alaCeHHYI0 3Hepruio B Harpysky. llpu BpeMeru nepepaun sHeprir
B HECKOJbKO MUJJIHCEKYHI U OoJiee NepCIHeKTHBHO HCIOJb30BaHHE 3JEKTPO-
MAUIMHHBIX HMIOVJbCHBIX T€HePaTOpOB, MNPEACTaBAAIINNX COOOH coueTaHiec
MeXaHHUYeCKOro HaKOMHUTeNas] JHEPTHH H 3JeKTPUUECKOTo Ipeobpas3oBarels.

M3 npeo6pasoBartesell 3HePTHH YHHIOASPHOIO U OMIIOJASIPHOTO THIIA PRI
HPEUMVUIECTB IO V/eJbHOH MOLIHOCTH U YCJIOBHAM KOMMYTAIMH YZADHOTO
TOKAa BEIACISAIOT 6HHOHHPHH6 MaloHHBI, H3 KOTOPHIX HaHGOﬂee BRITOOHA
CHHXPOHHAaA MallliHa. I3HCOKO€ yCUJIeHHe MOUIHOCTH NPH pa60Te B CBepXx-
€PeXONHOM peXkHMe, OTCYTCTBHE CKOJIb3fllero KOHTAKTa, nepefgaua sHeprii
ApH BLICOKOM HAIDAXKEIMHU U Jpyrue nperMyliecTBa CO3Aal0T NPEAITOCHITKE
3(h(HeKTHBHOrO UCIOJb30OBAHHS YIAPHOTO FeHepaTopa CHHXPOHHOTO THIIA.

B nauno#t paGoTe aHANU3UPYIOTCS NPOLECCH NPeoOpa3oBaHUA KHHETH-
yecko¥ 3HepPruy, 3allaceHHOH B POTCOpe YAapHOIo reHepaTopa, B 3JeKTpoMar-
HHATHVIO 3HEPTHI0 UMIIYJECA TOKA. Kax 3/JeKTPOMEeXaHHYeCKUH mpeoGpasoBa-
Teslb 01HO(asHbIH y/A2pHb FeHepaTOp CHHXPOHHOTO THHA MOMKET GbIThL OMH-
cail H3BeCTHEIMH YPABHEHMSIMH [Jis1 371€KTPHUUECKHX KOHTYPOB OJHO(A3HCH
CHHXPOUHOW MAHNIHHEL!

. d ¥
0 = (rc + ry)ic ‘l’”‘——(ﬂc— ’
. d IF?\
up = rpi _—
b = Iplp + "
d ¥-
OzdeiDd+—'—E‘d—, {1
d¥p
0 = rpging + — -9
Dq Dq at
¥ YPaBHEHHEM JABMKEHHS POTOpa
d2
H; dl;‘ + My -+ M, = 0. (2)
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B 3THX ypaBHeHHSX
W, =i (Le 4+ Ly) 4 ipMcosy - ipg Mcos | + ipgMsin 7,
¥y = icMcosy + gLy -+ ipg M, (3)
Ypg = I¢Mcost + ip M 4+ ipgLpg
Wpq = ic Msiny + ipq Log —
IOTOKOCIEIJICHUST KOHTYPOB FeHepaTopa,
- My = i:M[ipqcos 7 — (ip + ipg) siny} — 5AeKTPOMArHUTHEIT MOMEHT,

i
1= {wdt — yrosxnosopora poropa,
0

M, — MOMEHT IOTepb XOJOCTOr'O XOHa,
Ly, Ry — UHIVKTHBHOCTD W aKTHBHOE CONPOTHBJEHHE HAIPY3KHU.

CucreMa ypasHenuii (1, 2) ne uMeer 06uero pelleH#usi B 06/1aCTH OObIY-
HbIX ajre6panyecKuX M TPAHCUEHIEHTHBIX (YHKIMH H ee pellleHHe OCYIe-
crBasiioch Ha ABM [1].

OCHOBHBIM KpHTepHeM XapaxTepa NepexOHbIX IPOIEeCCOB, ONHCHIBAEMbIX
cHCTeMO# ypaBHeHU# (1, 2), MOXKeT CAYKUTb BeJHUYHHA KPUTHUECKOH HHIYK-
THBHOCTH, OHpeJAesieMasi W3 YCJIOBUsI NOJHOTO npeobpasoBaHHs KHHETHYE-
CKOH 3HEPTHH MAaXOBLIX MAacC POTOpa B 3JEKTPOMATHHTHYIO SHEPTHIO MOJeii
paccessHUs FeHepaTtopa U HATPY3KU:

LKp = _ﬂ_ , (4)
[o?
rie
I — MoMeHT uHEpUMH pOTOpA,

o — HaYaJbHAsi CKODOCTb BPALIeHHUsT POTOPA,

Weo — HavaJbHOE MOTOKOCIenJeHue OOMOTKH CTaTopa.

Bripaxenue (4) n0oay4YeHO IPH YCJIOBHU BeCbMa MOLIHON CUMMETPHUHOH
JemigepHoi cucTeMbl Ha porope, koraa W'y, Wpd, ¥pg 0CTa10TCH NOCTOSIHHB!-
MH B TeueHHe MepexoJHOro npouecca.

Ecau

1
L=Ly+ Lg" = Ly + (Le — M) + — i ] > Ly

7\4—+ LDd*‘M +Lb-1\/\

TO IIpH BHE34llHOM BKJ/JWYCHHN B HYJAbL 3.4.C. HMEEM anepnonmecmﬁ baspal
reneparTopa, 11pH KOTOPOM CKOPOCTb POTOpa B IIpoiecce pa60Tu yMeHbUIIaeT-
Cs, JOCTHT'ad MHHUMVYMA, HE PABHOTO HYJ/IIO B MOMEHT HaHuO60JIbIHEro BCIJIECKa
TOKa, U 3aTeM IO Mepe YMEeHblIIeHHdA TOKa BHOBD BO3pacraert. OCU.HJ’UIOX‘[)EIB.’L

(v /5 w [c

l

Puc. 1. OcyuirorpaMmbl TOKOB K CKOPOCTH Bpa-
LIeHHA PpOTOpa IPH ‘PasiguyYHbIX -XaparTepax
paspaja ‘Ha HaArPy3Ry

44



Ma TaxKoro paspsja mpeicTaBjeHa Ha puc. 1 a. 3xecs U Aajee Ha OCUUJIO-
l‘paMMaX y,IIaprIl';I TOK JaeTcs B A0JAX OT MakCHuMaJbHO BO3MOXKHOI'O
I 20z,
m = 5 7
L4

C ¢usnueckoit CTOpPOHB paBoTy reHepaTopa MOXKHO NpPeJCTaBHTh KaK
polecc YOPyroro caTusi MarHHTHOTO MOTOKA, 3aXBayeHHOro OOMOTKOH
AKOPsl, B Y3KOM IIPOCTPAHCTBE MeXAy OMeIHEHHO# IIOBEPXHOCTBIO pOTOpa H
sikopeM. MarHuTHasl SHeprusi NOJIsl KOHTypa SIKOpS YBeJHYUBaeTCs, H TOK
Bo3pacraeT. PoTop, Tepsisi KHHETHUECKYIO HEPTdI0 Ha paboTy IPOTHB IOII-
JCPOMOTOPHBIX CHJI, TOPMO3HTCSl. 3a MOCJACAYIONHi TOJIYyO00POT 3SHEPTHS
MATHUTHOTO IOJisl 3a BBIUETOM TIOTEPb, paCCEHBAaeMbIX B aKTHBHBIX CONPOTHB-
JCHHSX, NpeoGpasyroTcsi B MeXaHHYEeCKYIO SHEPTHIO, YCKOPSs BpallieHHe po-
Topa.

Ecau cBepxmnepexonHasi HHAYKTHBHOCTh reHepaTopa B CyMMe ¢ HHIAYK-
TMBHOCTbIO HAIDY3KH paBHA KpuTHuecKoil L==Lyxp, HMeeM BecbMa HEYCTOH-
YUBHIE KPUTHUECKUH peKUM, KOrja BCSl IePBOHAYANbHO 3alaceHHasy KHHEeTH-
uecKas SHEprus poTopa pPACXOAyeTCd Ha CO3AAHHE 3JICKTDOMArHHTHBIX MO-
Aeft. POTOp ABYXIOJIIOCHOH MAIIHHBI yepe3 M01000pOTa OCTaHAaBJIHBACTCS.
YnoapHBIH TOK, MOCTHTast K 3TOMYy MOMEHTY MakCUMyMa, B jAaJjbHeilien oc-
TAeTCs MOCTOSIHHBEIM Heompejenendo jauTelbHOe BpeMms (puc. 1,06). B pe-
aapHOH cucremMe R=£0, npouecc saryxaer.

[pu cymMMapHOH HHAYKTHBHOCTH FeHEPATOPa W HATPY3KH, MEeHbIIeHd Kpi-
trgeckoit L<Lgp, TOK JOCTHraeT MakCHMyMa He yepes 1m0J10060poTa, a pailb-
wre. PoTop yMeHbIlaeT CBOIO CKOPOCTb JO HYJsl ¥ 3aT€M peBepCUpyeTcs
(puc. 1,B). Hcxons u3 ¢dusuvyeckoil KapTUHE padoThl, 3TO SIBIAEHHE MOXHO
TPAKTOBATDH CJIEAYIOUIHM 006pa3oM. 31ech HAYaibHOH KMHETHYECKO IHEPrHh
pOTOpa HeZOCTATOYHO, YTOOBI 10 KOHLA (10 yrjia y=1) CXKaTb MarHUTHBIH
HOTOK, H IIO3TOMY POTOP, Tepsisi CKOPOCTb IO Mepe nepeXojia ero KuHeTHye-
CKUH 3HEePruMH B 3JEKTPOMATHUTHVIO, OCTAHABJIMBAETCSl HpH yraax y<lgm H
HAYMHAeT BpanlaTbhCsi B 00paTHYIO CTOPOHY H 3aTeM CHOBA B NPSAMYIO U T. JI.,
NOM00HO MasTHHKY.

AKTHBHEE CONPOTHBJACHUA CTAOHAU3UPYIOT HEYCTOHUUBOCTH KPUTHYE-
CKOrO peknMa H IPH A0CTATOYHO OOJBIIOH HX BeJdHy¥ie MPOHCXOJUT YCTOH-
YUBHII anepHOANYECKHi pa3psin 0es peBepca CKOPOCTH. B 3ToM cayyae Bes
KHHeTHUYeCKas 9HepTusi poTopa OyAeT NepelaHa B aKTHBHEIE CONPOTHB/ICHHS.

Pa6ora reseparopa ¢ HHAYKTHBHOCTBHIO, OJU3KOH K KPHTHUYECKOH, C OJ-
HOM CTODOHBI, MHTEPECHA B OTHOIUEHUH BO3MOMKHOCTEH HOJYUEHHS JJIHTENb-
HBIX UMIY.JIBCOB TOKAa M IJIOCKOH BEPIIHHOH, OJHAKO, C APYrOH CTOPOHEI, He-
3KOHOMHYIIA, TAK KaK BCJE/ICTBUE PACTSIKKU HMIYJIbCa BO3DACTAIOT MOTEPH,
4 aMILJIHTYIa TOKAa M COOTBETCTBEHHO MepejiaBaeMas 3HEePrusy yMEHbLIAKTCA.
OcumizorpaMme: peiieHusi (puc. 2), nodydeHHble IPH HOCTOSTHHOH 100p0T-

R
HOCTH LIellH paspsaia (T:const), HATJSIHO 3TO JLOKAa3LIBAIOT. Pasymeercs,

B pexiMe, 61M3KOM K KPHTHUECKOMY, HCIMOIL30BANNe KUIeTHUECKOI SHEePr Uit
Goaee nosino. OAHAKO MOBBIIIEHHE CTENEHH HCIOAbL30BAHHUS 3HEPIHU POTOPA
CBSI34HO C TPYAHOCTSIMH JOCTHXKEHHs! MaJoll HHAYKTHBIOCTH H YBeJHUEHUeM
YpOBHSI HOTEPb SHEPrHM B TeHeparope HJIH HarpPy3Ke 3a MMHYJAbC TOKA.
ViMenno a1 orpauuveiins OYAYT pellaloOMIMMH INpH BHOOpe Iay6unLr pas-
psina.

Ha puc. 3 nzo6paxkeno usMeHeHHe IJIHTENbHOCTH HMIVJABCA YAADHOTO
TOKa 1, B 3aBHCHMOCTH OT BeJHUHHEI L, BEIPAXKEHHOH B JOJSIX KPHTHUCCKOH
HHAYKTHBRHOCTH Lyp (nmpu R=0). C yMenblieHHeM TIOCTOSHHON Bpemenn T,

. 2 .
324 4HHOU B epuompax TO = T Ha4gaJbHOW 4aCTOTLHI, KPUBLIE DE3OHAHCHOTO
0

THIIA, XapaxkTepusyloure LJIUTeJIbHOCTD UMIYJbCa, CMEHIAIOTCA BJICBO. Hpax-
TUYECKH MAakCHMaJbHAad IJAUTENbHOCTL HMOYJAbCA VYAapHOrLo TOKa TMDH
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Puc. 2. HameHeHne Tora TPH PasaHYHbIX
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HarpysKu

L=Lyn OyaeT KOHeUHOI BENHUMHOH, ONpele/feMOR BpeMeHeM paccesHud
1
SHEPTHE =5 J@e? B aKTHBHBIX CONPOTURJIEHUAX TeHEPATOpa M HarpysKi.

B sxcnepumentax #a MoJessx YAapHBIX TeHEPATOPOB C HMIVJ/IbCHOM
momgocteio 0,5 MBa u 7,5 MBa pexuM paspsana, COOTBETCTBVICIUIHA KPUTH-
UeCKOMY HJIH OObLIYHOMY BHIIEKPUTHUECKOMY, MOLOUPAICS TYTEM COOTBETCT-
BYIOUIEr0 H3MEHEHHUsI CKODOCTH BpalleHns W QOPCHPOBKY IOTOKAa BO3OYK-
aenust. OCOUMIOrpaMMbl TOKOB M CKOPOCTEH B NEPEeXOMHLIX NpOIeccax, Ho-
TVYEeHHBIE 3KCIepHMenTanbiHo 1 ra ABM (puc. 4), yAOBJIETBOPHTEABHO COB-
nagar. IforpemocTy BLI3BAHLEI B OCHOBHOM  HETOUHEIM MOJEAHPOBaHHEM
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Puc. 4. CpaBHHUTeIbHBIE CCHHJIJIOTPAMMEI, CHA-
ThIE Ha MOJeqaH VIZapHOro reHeparopa u Ha ABM

ToTePb W HECHHVCOUIAIBHOCTEIO MOJS M TOKa BCICACTBYME 3HAYHTEILHOTO
HACBIIEHUsT MAaTHUTHON CHCTeMbl MOJEJH.

Taxum o0pas3oM, noKa3aHa NPHHUUNAAADHAA BO3MOXKHOCTb OCYHIecTBIe-
U peXXKUMOB paspsja VIApHOrO resHeparopa Ha Harpvsky C BLICOKUM KO-
3¢ ¢dunueHToM npeobpazoBanus 3anaceHHOR 3HEPrHH B 3HEPIHIO TOoJdel pac-
CesTHHSI M HATrPY3KH, 4TO NMOKa3biBaeT OOJMbIIHE BO3MOKHOCTH MHEPUIIONHbLIX

EaKOTIHTeJeH.
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