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CXEMA YBEJHWUYEHHUS 3HEPTHU U CKOPOCTHU EE NEPEIJAYH
OT YIAPHOTO TEHEPATOPA B UHAYKTHBHYIO HATPY3KY

B. B. UBAIIIMTH, A. B. JIOOC, T. A. CUITAWJIOB, K. A. XOPbKOB
(TlpeacTaBjeHa HayyHBIM CEMHIADOM 3JIEKTPOMEXaHHYECKOTO (akyabTeTa)

Bo MHOrMx SKCHepMMEHTa/NbHBIX YCTAHOBKAX MJis MOJYYeHHsI MAarHuT-
HBIX IoJel ¢ 6GOJbILIOA Heprueii HCNO/Ib3yeTCss HMIYJ/AbCHOE IMTaHHe MHAYK-
TUBHOIi Harpy3Ku, INPH ITOM MoxeT mnorpeGosatbesi 2Heprud 1o 200 mMax
H CKOpOCTh ee nepenauu a0 106 mBa [1]. [aa mepexauu SHepPruu ¢ Takoi
CKODOCTBIO TIPUMEHSeTCs TpPeJBapUTeNbHOE HAKOIJIEHHe SHEPIHH B TeueHue
CpaBHUTENbHO GOJBIIOrO OTPE3Ka BPEMEHH, YTO YMEeHbINAeT MOIIHOCTS
3apaIHBIX YCTPOHCTB.

Hau6oaee 3KOHOMHYHBIM H 3((PEKTHBHBIM SIBJASIeTCS HAKOMJCHHE 3JHEep-
UM BO BPAUIAKMIMXCS MAaXOBBIX Maccax, HaNpHMep, B POTOPE CHHXPOHHOID
reHepaTopa, 4To NMO3BOJSAET Jerko npeo0pa3oBaTbh KHHETHYECKYIO 3SHEPrHIO
pGTOpa B 3JIeKTPOMArHHTHYIO, CHHMAaeMmylo ¢ oOMOTKH cTraTopa. Brepsnie
TaKoOH reHepaTop, MOJYUHBUINH Ha3BaHHe Y1apHOro, OBLI IOCTPOEH U TDU-
menen [1. JI. Kanuueit [2].

DHeprud 3anacaetcs B POTOpe YAApHOrO TreHepaTtopa B TedeHHe IIpo-
JOJIKHTEIbHOrO NPOMEKYTKA BPEMEHH OT JABHUrareJsi HeOOJbUIOH MOLIHOCTH.
Haxonnenune sneprun conpoBoxiaercsi HeGOABIIUMH NOTEPSAMH XOJOCTOTO
X0Ja reHepaTtopa, ¥ HaKOMJEHHAs 3HEPrHsl MOXKET COXPaHATbCA CpPaBHU-
TeJILHO JI0JITO.

IIpu 3aMBIKaHKK yIapHOTO IeHepaTOpa Ha Harpy3Kky Ha BpeMs OJIHOH
TIGJIOXKUTEJILHON MONYBOJMHDL 3. J. C. IIPOHCXOIUT NpeobpasoBaHue KHHeTHYe-

CKOH 3HEPryM POTOpa B 3JeKTpoMarauTHyio. {Eciu remeparop BK#OYaTh Ha:

Harpysky B TedeHHe HECKOJIBbKHX MOJOMKHTENbHbIX IIOJYBOJH 3. 1. C. C OT-
KJIIOYEHHEM Ha BPEMS OTPHLATE/bHBIX NMOJYBOJIH (OAHOMOJYIEPUOJHOE BhI-
OPSIMJIEHHE), TO BeJIHYMHY SHEPTHM, CHHMaeMylo ¢ reHepaTopa, MOXKHO Cy-
IieCTBEHHO YBEJUUHTD. o [lJIs1 COXpaHeHHsl 3HEPIHMH IPU OTKJIIOYEHHH reHepa-
TOpa Harpysky HeoOXOJHMMO 3aKOpPauHBaTh Ha BpeMs MJIH 4YacTh BpeMeHH
QTPHUATE/bHOH NOAYBOJIHLL 3. L. C.

OHepruo, NepenaBacMylo B Harpy3Ky, MOMKHO BHIPA3HTh Yepe3 CPeIHIOn
MOILLHOCTh MAWHMHBL Pep 1 BpeMsl nepejaun 3Heprau .

Q=Pcp'tn

B paGorte paccmaTpHBaercs cxeMma, HCHIO/b3YIOUIASE YBeJHUYEHHe INepe-
llaBaeMOi 5sHeprud - Kak 3a cuet P, , Tak u 3a cuer f, Ge3 ypeJHUEHUSA
raGapuTHOH MOUIHOCTH MAIIHHEL.
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Ypeauuenne g, AOCTHraeTcss ¢ IOMOILBIO MPHMEHEHHs BCIIOMOra-
Te/IbHOW €MKOCTH, BKJIOUEHHOH MapaJiieqbHo TeHepaTopy W Harpyske. Pac-
cMaTpuBaercss pabora cxeMbl 6e3 UpeiBapUTEIbHON 3apSKH €MKOCTH H pa-
foTa ¢ npeABapUTEJbHON 3apAIKOH €MKOCTH.

sLleecoo6pa3HocTh yBeIHYEHHSS CKOPOCTH TlepejJadyH 3HEPruH OT YAap-
HOrO reHepaTopa B Harpy3ky o6yc/oBJAeHa TeM, 4TO, BO-NEPBBIX, NPH 3a/IaH-
HOH BeJHUHHE MepenaBaeMoli SHEPrud YMEHbIIECHHE BPEMEHU [epejaud NpH-
BOJIUT K yMEHbIIEHWIO NOTepb 3HEPrHH B Ipolecce InepefadH, BCAeJCTBHE
yero yMeHblllaeTcst HarpeB OOMOTOK FeHepaTropa H YBeJHYMBAETCA €ro He-
M0JL30BAHUE; BO-BTOPHX, MPH 3a1aHHOM BPEMEHH Mepelaud MOXKHO CHHMATh
C reHeparopa H IepelaBaTb B HArpys3kKy OoJblle 3HEPLHH, 4YTO TaKXKe yBe-
JHYHBAET HCOOJAL30BAHHE redepartopa.

Ipuuuun padorsl

[MpunuunuaibHas cxema paboTsl yJapHOro reHepaTopa Ha HHIYKTHB-
HYI0 HATPY3Ky ¢ NMpHMEHeHHEM BCIOMOraTeJbHON KOHAeHcaTopHoil 6artapeH
npe/JcTaBJIeHa Ha pUC. 1, rie

L, .
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Puc. 1. Cxema yBeaHyeHUs] 3HEPrHH

H CKOPOCTH e mepeJauyH OT YAapHOro

refepaTopa B HHIOYKTHBHYIO HAErpyskKv

Ge3 IpeIBapHTEJbHON  NOA3APAAKH
6atapen.

YI'— oanodasuslil redHepaTop YAapHOH MOIIHOCTH,
rr, L — aKTHBHOE CONPOTUB/IEHHE H HHIYKTHBHOCTH OOMOTKH CTatopa C
VUETOM 3KPAHHPYILIEro BAHUAHAA OOMOTKH BO30YKAECHHA H JEMII-
depubix kouTypoB poropa [3]. Oaf KpymHBIX YJapHBIX TeHe-
patopoB L =~ 1,15L, (L, -— MHIYKTUBHOCTH paccesiHus OOMOTKHU
CTaTopa);
Ly, ¥y — HHLYKTHBHOCTE H aKTHBHOE CONPOTHBJIGHHE HATPY3KH;
I3 - AKTHBHOE COTPOTHBJEHHE 3aKOPOTKHU;
K-1,K-2, K-3 — 6e3ayroBble MOHHO-MEXaHHYECKHE KOMMYTHPYIOLIHE YCT-
poficta [4]; '
C — KoHleHcaTOpuas Oarapes.

MaBecTHo, uTO ¢ nOMOUIbI0O KOHAEHCATOpPHOH 6atapeu, HOAKIIOYaeMOM
napaJiiie/bHO Harpy3ke, MOXKHO 3HAYHTEJbHO YBEJHUYHTH SHEPTHIO, nepeiaa-
BAEMYIO I€HePaTopOM Harpy3ke 3a BpeMsi OJHOH INOJIOKHTEJbHOH MOJIYyBOJ-
HBl 3. 4. c. [0]..KonaeHcaropHasi 6atapes crnoco6cTByeT YBEJIHUYEHHIO JOJH
KHHETHUECKO 3HepruH, mpeobpasyeMOid B 3HEpPTHI0O MArHUTHOrO MOJS pac-

“ CeAHHA TeHepaTopa M B 3HEPTHK 3JEKTPHUYECKOIO N0JaA KOH}ICHC&TOPHOX:’I

GaTapeu, KOTOpbie 3aTeM NepefaloTcss B HarpysKy.

XapakTep uU3MeHEHHs TOKOB U HANpPsPKEHH B pa3/HYHBIX 3JeMeHTax
cxXeMbl IpeJcTaBJjeH Ha puc. 2. Jas JOMOJHUTEIBHOTO YBEJHUEHHs IHEPTHH,
nepeiaBaeMoil 3a BpeMs I€PBOH I0JOXKHTEIbHON MOJYBOJHBLI 3.[.C. IeHe-
paTopa KoHjJeHcaTopHas 6artapesi MOXKeT IPeABaPHTENbHO 3apsKaTbecs A0
HEKOTOPOIro HampsizKeHHUSi.

Paccmorpum BHauajde palbory cxeMmbl 6e3 NpeABapUTENbHON 3apsilKii
G6atapen (puc. 1). B ucxoaHom nosioxkenud anmapathl K-1 u K-2 pasomk-

HYThI, reHepaTop patoTaer Ha X0.10CTOM XOY. i
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B MomeHnT mepexonaa 3.1.C. reHeparopa uepes HyJeBOe 3HaueHHe IpPO-
ucxoaut sambikanue K-1. EMKocTh HauHHaeT 3apsxXaibes, T. €. OHa mOTped-
<151eT 3Hepruio redeparopa. [lpu mocTHKeHHH MaKCHMAaJbHOTO 3HAYEHHS Ha-
TIpAXKEHHsT eMKOCTH TOK B HeH MeHsieT HalpaBJeHHe, F€HepaTOp W eMKOCTh
y3Ke BMeCTe OT/JZal0T JHEPrHIO B
Harpysky. IIpw npoxoxjaenuu
. TOKa TIeHepaTopa depes HYyJdeBOe
b A 3HAUGHHE B MOMEHT f; NPOHUCXO-

' aut pasmeikanue K-1, ongnako

TOK B HArpy3kKe MpOJOJaXKaeT
VBEJIUUNBATLCH, TaK KaK €M-
KOCTb He ycnejaa pa3psAHThCA.
. B momenr ¢, kKorja HampsKe-
¢ HHEe Ha eMKOCTH IIPOXOJHT Yepes
HyAb, TPOUCXOAHT 3aMblKaHHE
\ K-2. Tox eMkocTH mnepexBaTH-

BaeTca 3akopoTkou. [lo koHTY-

Py Harpyska-zakopoTkKa IpoTe-
wt KaeT TOK, 3aTYXamolUHH 1o 3K-

CIIOHEHTE C IIOCTOSAHHOH BpeMe-

HH 3TOro KOHTypa. B Hauaje

CleAyIOLUel II0J0KHATEJIbHOH 10~

JYBOJHB 3. J. C. TeHepaTopa I3

npoucxoAuT 3aMmbikanue K-1. [e-

Wt

BHE3aIIHOTO KOPOTKOTO 3aMbiKa-
HHA, TOK TeHepatopa OBICTPO
BO3pacTaeT, a TOK B 3aKOPOTKe
yMenbwaercs. [Ipu noctuxkenuu
HYJeBOrO 3HAYEHHs ToKa 3aKo-
POTKH f, IPOUCXOLMT pa3MBIKa-
wt nue K-2. KonpeHcatopuass 6a-
Tapess obaeryaer pabory K-2;
TAK KAK B IIePBBIA MOMEHT {110~
cJe pasMmbikaHug K-2 ouna cno-
co0Ha INepexBaTHUTh JIOGOH TOK.
HavaapHeie ycioBus Ha eMKo-

wt

t3 ts

g J< VIO T 5T -3 S &

2. ®opMa KPHBBIX TOKOB H HANpAKEHHH B
‘PA3AHYHBIX JNEMEHTAX CXEMBI:

{y—TOK HATPY3KH, [,—TOK TeHepaTopa, i;—Toxk CTH TAKHE XKe, KAK U B MOMEHT
3aK0pOTKH, U/—HanpsxkeHnue Hatapen, t =0, T. e. eMKOCTb CHOBA CIIO-
£r—3. 1. c. renepatopa. COOCTBYET YBEJHUEHUIO SHEPTHH,

: CHHMAaeMoll ¢ TreHepaTopa 3a
BPEMs KAXKIOH MOJOKUTENbHON NOJNYBOJIHHL 3. 7. ¢. Jladee UKABI TIOBTO-
psiiorcss. TOK B Harpyske CTPEMHTCS [0 BeJMYHHE K TOKY BHE3aMHOro Ko-
POTKOro 3aMbIKaHHA YAapHOTO TeHepaTopa.

PaGota cxeMbl ¢ NpeBapHTENbHEM 3apAA0M €MKOCTH HECKOABKO OTJIH-
uaercs or paGoTel cxeMmbl Ge3 NMpeaBapHTENbHOTO 3apsja (puc. 3). B mc-
xonnom nonoxenun K-1, K-2, K-3 pasomkuyTsl, 6atapes KoHdeHcatopos C
3apsKeHa o HanpsxKenust U, . Ilonspuocts 3apana 6Garapen mnoxasana
Ha puc. 3. B MOMeHT mepexona 5.JI.C. reHePATOpPA Uepe3 HYJIeBOE 3HAUEHHC
IpOMCXOMUT 3ambikanue K-1. EMKocTb HauMHaer paspsxartbest u npu mepe-
XOJe HANDSIKEHHA Ha €MKOCTH Uepe3 Hy/eBOe 3HaYeHHE MPOHCXONHT 3aMbl-
Kaune K-3. Jlanee cxeMa pabGoraer Kak cxema 6e3 npeaBapuTeLHON 3a-
PAAKH KOHAEHCATOPHOH 6aTapeH.fJ§BeuququHe CKOPOCTH TIe€peJaud 3HEPTUH
TNPOHCXOZHNT 34 CYET YBEJIHYCHHS TOKA HA MepBOM IHK/Ie.,OIHAaKo 3T0 yBe-
JIHUEeHHE CYUIECTBEHHO U ONpEJe/IAeTCs He TOAbKO N00ABKOH 3HEPIHH Mpeji-
BapHTEIBHOTrO 3apsfa 6aTaped, HO M B 3HAUHTENILHON CTeNeHH BJIHSHUEM
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ipeiBapaTe bHOIO 3apsila KoHJeHCaTOpHoi 0aTaped Ha CKOpPOcThb Nepeaaul
SHEPTHH OT YJAapHOTO reHepatopa B HHAYKTHBHYIO HATPY3KY.
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Puc. 3. Cxema yBeJHueHHA 3HEPTHH H CKOpO-

CTH ee [epeflaud B Harpysky oOT yAapHOIv

reHepatopa ¢ IpeABapHTeNBbHON 3apAAKON
KoHAEHCATOPHOR OaTtapen.

TMepexoauble MPoLECCH OT MOMEHTa HadaJja paboTbl CXeMbl 10 f; OHH-
CBLIBAIOTCH B omepaTopHoil popme ypasHeHusaAMHU (1) H (2):

PL.i (0) -+ Ue (0) e (p) = i, (p)(er ot p—‘c) - (M

])LHiH (O) —%" UC (O) = iH (p) (an ”i" rﬂ) ":— iC (P)];lz ) (2)

[Mepexoubii HPOLECC B MNPOMEXKYTKEe BPEMEeHH OT Z; B0 ¥, OIUCH-
BaeTcs ypaBHenueM (2), rae HauajibHbBIE 3HAUeHHA TOKa Iy (0) u Hampske-
nua U:(0) onpepensiroTcd HU3  pe3y. abTaToB pelleHHsd Ha  [peabay-
nreM 3Tarmne.

Pabora cxeMel OT 1, 10 f, OnuCHIBAeTCs ypaBHeHuamu (2) u (3)

PLi(0) = L (p) (pLy + 1) + ia (P) T (3)

Paora cxeMbl 0T Hayaja CJICAYIOUledl IIOJOKHTENbHOH HOJYBOJHLI
5.1.c¢. {3 1o ¢, onucbiaercs cucreMoin ypaeHenuit (1), (2), (3). Ilocsae pas-
MbIKAHHS 3aKOPOTKH f4 3Tanbl paboTel cxeMbl TOBTOPSIOTCH.

CJI0HOCTb aHAJUTHYECKOTO HCCIE0BaHUs JaHHOH cXeMbl 00DbACHAETCA
He TOJIBKO CJIOXKHOCTBIO pPelleHUd NOJYYCHHLIX YPaBHEHUH, HO M TPYAHOCTHIO
onpene/eHUsT HAUaJbHBIX YCJIOBHH JJIs1 KaxKJ0ro U3 TamoB.

B pesyabrare pewmenus ypasuenu#t (1), (2), (3) mouayuyarorca rpoMosji-
KUe BLIPAKEHUS JJIST TOKOB M HAMpPSKEHHWH B OTLEJbHBIX 3JIEMEHTAaX CXEMbl.
[TosToMy B 11e/IsIX 3KOHOMHH MeCTd pas3y/bTaTbl PelleHHs] NPHBOAATCS B BH-
Je KpUBBIX (pHC. 2).

Tok marpyskd, KOTOPBIl B JaHHOM cJydde MPeACTaBJIsSeT HaHOOJbLIKI
HHTepec, B MePBOM NpUOIHKeHHH 6e3 yueTa aKTHBHBIX COIPOTHBJIECHHH MOXK-
HO onpeieaaTs no (4) '

o

By

1 2
by = =i, (0) = I, + —— I, sin of — [,, cos wf -
) vI_ 1 vi
2 U:(0) , 1 1,(0) :
= ==L ] sinvet-— = = 1, cosvot +- i, (0), 4
+ v Eﬂl 2 [m | ( ) ( )

rie
i.(0), Uc(0), i,(0) — HauaabHbLle 3HAYEHUS TOKOB H HANpPSKEHHS, OI-

pejiesieMble ¥3 Pe3y/AbTAaTOB pelleHHst YpaBHEHu{l HA NpejBAYIIeM 3Tamne;

L,+ L

Yo == l/ii—commem{aﬂ yactora Koebanuit kourypal, —C—L,.
L.L.C

Em

(L +L)

m
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PaccMoTpeHHasi cxeMa YCKOPEHHOH mnepeiayd SHEPrud 0T YAAPHOrO

TeHepatopa B HHAYKTHBHYIO HAarpy3Ky pacUIHpsieT BO3MOXKHOCTH YAapHOre
reHepaTopa KaK HAKOMMTEJs] U HCTOYHHKA 3HEepPTHH.
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