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I'/TABA 8

ABTOMAaTHKA NpEeKpameHuss aCHHXPOHHOT0 X04a

8.1. ACUHXPOHHBIH peKUM

ITox acMHXPOHHBIM PEXMMOM HMOHHMAIOT KPaTKOBPEMEHHYIO paboTy 3HEp-
TOCHCTEMBI NPU HECHHXPOHHOH paboTe OJHOrO MM HECKOJIBKUX T'€HepaTopoB
(aHEprocucTeM), 9To 00yCIOBICHO JTHOO HAPYIIIEHHEM yCTOMYMBOCTH, JINOO MOTE-
peit Bo30yxIeHus.

BbrickaxeM HEKOTOPBIE COOOPAXKEHUSI, KACAIOIINECS TEPMUHOIOTHH.

[To HarmeMy MHEHHIO, TEPMUH «aCHHXPOHHBIH PEXUM» LENecoo0pa3Ho uc-
MOJIb30BaTh Ul PEKHMOB, CONPOBOXKIAIOLINXCS COBMECTHOW paboTON BO30YX-
JICHHBIX U HEBO30Y>K/IEHHBIX (IIOTEPSABIINX BO30YXK/ICHNE) CHHXPOHHBIX MAllIMH MO
aHAJIOTUH C PEXMMaMU pabOThl ACHHXPOHHBIX 3JIEKTPUUIECKUX MalnH. Begomyro
POJIb B 3TOM MIPAIOT CHHXPOHHBIE 3JIEKTPHYECKUE MAIIUHEL

TepMHUH «aCHMHXPOHHBIH XOA» II€JIECO00Pa3HO MCIONB30BATh AJSI HECHH-
XPOHHOHM paboThl BO30YKIEHHBIX CHHXPOHHBIX MAIlNH.

Bo Bpemst acHHXPOHHOTO X0/1a BO30Y KIEHHOTO TeHepaTopa (a30BbIi CIBUT
MEXIYy BEKTOPOM 3.J.C. TeHEpaTopa M BEKTOPOM HAaNpsDKEHHs IPHUEMHOH ceTH
MHOTOKpaTHO IpoxoauT 3HadeHus ot 0° mo 360°. IIpu sToM MammHa paboTaer To
B T€HEPATOPHOM, TO B JABUTATEILHOM PEXHME, YTO CONPOBOXIAECTCSI OUYCHb OO0JIb-
LIMMU YPaBHUTEIBHBIMU TOKAMH, 3HAYUTEIbHBIMU OTKIOHEHUSIMH HaNpsDKEHUS, a
TaKke OONBIIMMHA MOMEHTaMH, NEHCTBYIOIMMHA Ha T€HEepaTop W TypOuHY. AchH-
XPOHHBIH X0/1 B 9HEPrOCUCTEME HE JOIYCTUM.

[Ipu moTtepe Bo30Yy>KIEeHHS TEHEPATOP MOXKET MEPEHTH B YCTOWYHUBBIA acHH-
XPOHHBIN pexuM. [Ipu 3TOM ero Bo30y»IIEHHE OCYILECTBISIETCS 3a CUeT rnorpedie-
HHS PEaKTHBHOIN MOIITHOCTH M3 3HEPTrOCHCTEMBI. B pe3yibTaTe CKOJIBKEHUS POTOpa
reHepaTopa BO3HUKAET aCHHXPOHHBIH MOMEHT, IIPU 3TOM I'€HEepaTop BbIIAaeT B dHEP-
TOCHCTEMY OIIPE/ICNCHHYIO AKTHBHYIO MOIIHOCTh. Takod peXnM KpaTKOBPEMEHHO
JIOIYCTUM H JIIA TeHepaTopa M JJIs SHeprocucTeMsl, nostomy «lIpaBumaMu TexHU-
YECKON SKCIUTyaTallik» paspelaeTcs padoTa TypOOTreHepaTopoB B ACHHXPOHHOM
pexume 6e3 Bo30yK/ICHHUs B TEUSHHUE ONPeeIeHHOro BpeMenH [ 1, 2].

PexoMenanmy 1o JIMKBHUAAIMHA aCHHXPOHHOTO PEXXHUMa TeHepaTopa B pe-
3yJIbTaTe MOTEPU BO30YKICHUsI 3aBUCST OT TUIIA reHeparopa (Typ0o-, THAPO) U €ro
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CUCTEMBI OXJIaxIeHus. [ TypOOreHepaTOpoB ¢ KOCBCHHBIM OXJIAXICHUCM JI0-
myckaercsi paboTa B aCHHXpPOHHOM pexkume B Tederne 30 muuyT. IIpm sToM ero
aKTUBHAsE MOITHOCTH JOJDKHA ObITh cHMkeHa 1o (0,5 — 0,7) P,,,, a TOK B cTatope
HE JIOJDKEH MPeBOCXOIUTh 1,17,

Tak kak TypOOTeHEPaTOPHI C HETIOCPEACTBCHHBIM OXJIAXKICHHEM UMCIOT 00-
Jiee BRICOKHE HOMHUHAJIBHBIE ITIOTHOCTH TOKa B 0OMOTKE CTaTopa, TO [UTHTEIEHOCTh
ACHHXPOHHOTO PEXHMMa JJIs HUX HE JIOJDKHA NpeBhImath 15 mMuHyT. Jomyctumas
ACHHXPOHHAsl Harpys3ka orpannumBaercs B mpexpenax (0,55 — 0,4)P,,,. Homyctu-
MOCTh aCHHXPOHHOTO PEKHMa IeHepaTopa ONpeAessieTCs U TPeOOBaHUSIME 3HEP-
rocucteMsl. Tak Kak Ipu moTepe Bo30Yy>KACHUS TeHepaTop MOTPeOisieT peaKkTHB-
HYHO MOIIHOCTh M3 CETH, MOUTHOCTh YHEPTOCHCTEMBI JIOJKHA OBITh JIOCTATOYHON
JUISL TIOAIePKaHWsl HaMpsDKEHUS Ha COOPHBIX IIMHAX MPUJIETAIONICH CETH HE HIDKE
0,7U,0,, 9TOOBI IPEIOTBPATUTH HAPYIIICHHE YCTONYMBOCTHU MAPAIIICIEHON paOOTHI
TeHEePaTOpOB.

XapaKTepuCTUKN ~aCHHXPOHHOTO MOMCHTA THAPO- U TypOOTrCHEpaTOpoOB
OTIMYAIOTCS APYT OT Apyra. [IpuyeM MakcHMaIbHBI ACHHXPOHHBI MOMEHT T'H/I-
poreHepaTropa HWXE, YeM Yy TypOOreHepaTopa, MPEXIe BCEr0 3TO OTHOCUTCS K
THIpOreHeparopaM 0e3 yCTIOKOUTENBHBIX 00MOTOK. [lo3ToMy 1pm moTepe Bo30yX-
JICHUS TH TeHEPaTOPhl 3HAYUTEIHHO YBEIUYMBAIOT YaCTOTY BPAINCHUSI H YMCHB-
[Ial0T aKTUBHYIO Harpy3Ky MOYTH 10 HyJs. BciencTBue 3Toro ruaporeHepaTopsl
pu TIoTepe Bo30YKICHUS JOJDKHB HEMEIJICHHO OTKIFOUAThCS OT CCTH.

T'uaporenepaTopsl ¢ AemndepHbIME 0OMOTKaMH HMEIOT OOJIBIINI achH-
XPOHHBI MOMEHT, B PE3YJIbTATe YEr0 MOXKET HACTYIHThH yCTAHOBUBIIHMUACS ACHH-
XpOHHBIA pexuM. Ho 3T0 paBHOBecHe MPOUCXOAWUT MPU 3HAUYUTEIFHOM CKOJIBKE-
HuH (3 — 5 %), 4TO0 MO YCIIOBHSIM Harpesa JAeMI(epHbIX 0OMOTOK HEAOIYCTUMO.

HckmroueHne COCTaBIAIOT CBEPXMOIIHBIE THAPOTCHEPATOPHI, HMMEIOIINE
nemrdepHyo cucteMy. MOMEHTHas XapaKTepPHCTHUKA MMOJOOHBIX TEHEPAaTOPOB
MPHUONKAETCS K XapaKTEPUCTHUKE TYPOOTEHEPATOPOB C BEICOKUM HCIIOJIb30BAaHHEM
AKTUBHBIX MatepuaioB. s 3TUX TeHepaTOpPOB paccMaTPUBAETCS BOMPOC O BO3-
MOKHOCTH aCHHXPOHHOTO PEXHUMa MPH IOTEPe BO30YKACHHUS C aKTUBHON HArpys3-
koM B npenenax 10 30 % OT HOMHHAJIBHOM.

Peneiinas 3ammra 1OMKHA BBIABIATE BO3HUKHOBEHHE ACHHXPOHHOTO pe-
’)KMMa HE3aBUCHMO OT MPUYMHBI, BbI3BaBIICH 3TOT pexkuM. Ho aeiicTBue peneitHoi
3aIIUTHl TOJDKHO OBITH CEJIEKTUBHBIM. IIpM acHHXPOHHOM XOA€ BO30YXIEHHOTO
reHepaTopa HECYIIETO IOJHYK HAarpy3Ky, HMOCICTHHA HEOOXOIMMO KaK MOXHO
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CKOpee OTKJIIOUUTH OT ceTH. IloTepsiBuinii Bo30ykieHHe TypOOreHepaTop MOXET
CPaBHHUTEIBHO JONT0 paboTaTh, €CIM CHU3UTH €r0 HArpy3Ky A0 YPOBHS JIOITyCTH-
MOH. 3a 3TO BpeMsi IPUUMHA HOTEPH BO30YKAECHHUS MOXKET OBITH JMKBHAMPOBAaHA
WA TEHEepaTop MOXeT OBITh MEepeBeeH Ha pe3epBHOE Bo30OyxkaeHneTakum obOpa-
30M, pelneiiHasl 3aIuTa JODKHA (PUKCHPOBATh HE TOJIBKO caM (haKT aCHHXPOHHOTO
peKHMa, HO U yCTaHABIMBATh NIPUYUHY HapyLICHUS pexXUMa.

U3 Toro ¢akTa, 4TO aCHHXPOHHBIN PEKUM IPH MOTEpe BO3OYKACHUS IJIH-
TEJIHO JIOMYCTHM, HE CIEQyeT BBIBOJ, YTO pelieiHasl 3alliTa MOXET OBbITh MeE[-
JIeHHOJeHUCTBYIOIEH. 1 B 3TOM cirydae, Tak ke Kak ¥ P aCHHXPOHHOM XO/I€ BO3-
Oy>XKZIEHHOI MallWHBI, BBISIBICHHE PEKUMa JOIDKHO OCYLIECTBIATHCS KAaK MOKHO
ObICTpEe.

[Toscaum 310 monoxenue. Ha puc. 8.1 moka3aHel XapaKTepUCTHKH acHH-
XpOHHOTO MOMEHTa reHeparopa (kpuBble 1, 3) ¥ MOMEHTHBIE XapaKTEPHUCTHKU
Typ6uns! (ipsmeie 2, 4). Touka nepecedeHrss MOMEHTHOW XapaKTepUCTHKH TypOu-
HBI C OCBIO Op/MHAT COOTBETCTBYET NpeAaBapUiHOMY pexuMy. B sTom cimydae
CKOJIbKEHUE PAaBHO HYJIIO U ACHHXPOHHBIM PEXHUM OTCYTCTBYeT. MOMEHT TypOUHBI
M,, ypaBHOBEUIMBAECTCS CHHXPOHHBIM MOMEHTOM reneparopa M.,. Ilpu morepe
BO30YXIIEHHUSI CHHXPOHHBIM MOMEHT wHcYe3aeT. Torma H30BITOYHBIE MOMEHT
M, = M,, — M, noiiier Ha yCKOpeHHEe poTopa, KOTOPBIi OyaeT BpamaThkcs ¢ He-
KOTOPBIM CKOJIB)KEHHEM OTHOCHTEIBHO MOJS CTaTopa. BO3HMKaeT acMHXPOHHBIN
MOMEHT, MaKCHUMAaJIbHbIi NPH KPUTHYECKOM CKOJBKEHHHU S, [l reHepaTopa,
HMEIOILIET0 MOMEHTHYIO XapaKTepPUCTHKY |, yCTaHOBHBILIHMICS aCHHXPOHHBIH pe-
KMM HacTyNUT B TOUKE «a». [1o MHEPUMHU CKOJBKEHHUE POTOPA MOXKET MPEB30HTH
S4, HO TIDH 3TOM MOMEHT M, ;s M»3MEHUT 3HaK U OyaeT TOpMO3uTh potop. Ecnu Tou-
Ka «a» HaXOOUTCS Ha JJOCTATOYHOM PAcCTOSHHUM OT MaKCMMyMa KpUBOH 1, TO pe-
KHUM CO CKOJIBXCHHUEM s, OyJIeT yCTONUUBBIM.

Kak Bugno 13 puc. 8.1, 11 NOJIy4eHUs! yCTOIMUMBOTIO aCHHXPOHHOTO PEXKUMaA
0e3 Kakux-IuOO OTOTHUTEIHHBIX MEPONPHATHH HEOOXOAMMO MEepecedeHre MO-
MEHTHOW XapaKTEPUCTUKH TYPOMHBI C XapaKTEPHUCTUKOH AaCHHXPOHHOT'O MOMEHTa
TeHepaTopa. JTO BO3MOXKHO JIHOO mpu O0JbIIOM MOMEHTE M (Maucmax > M),
MO0 TIpU YCJIOBHMH, YTO B IpEIaBapuUilHOM pexxuMme arperar paboTaj ¢ HE3HA4u-
TEJNBbHON Harpy3KOoM (Touka «b» Ha IepecedeHUr XapaKTepUCTHK 3, 4).
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Puc.8.1. XapakTepiCTHKH aCHHXPOHHOT'O MOMEHTa

WHas xapTHHA TMoJydyaeTcs y reHeparopa, MMEIOIEro HeOOJIbIIOH MOMEHT
M e o ¥ paOOTAIOIIETO B MCXOJHOM PEKHME C HOMHHAIHHOW MOIIHOCTHIO. Brima-
JICHHE TeHepaTopa M3 CHHXPOHHOTO PeXHMa MOSICHUM, OPUEHTHPYSCh Ha XapakTe-
PHUCTHKY aCHHXPOHHOT'O MOMEHTa 3 ¥ MOMEHTHYIO XapaKTepHCTHKY TypouHsl 2. [Ipu
TaKOM PacIOJIOKEHUH XapaKTePUCTUK MOMEHT M. MeHbIlle MOMeHTa M, TIpH Bcex
3HAUCHUSIX CKOJBKCHHS M YCTAHOBHBILIMWCS aCHHXPOHHBIM PEXUM 0€3 JOMOIHU-
TEJIBHBIX MEPONPHUATHI HeBO3MOXeH. V3-3a M30BITOYHOrO MOMEHTa YacTOTa Bpallie-
HHS poTopa OyAeT HempephIBHO MOBBIIIATECS 10 TEX MOp, HOKa He cpaboTaeT aBTo-
Mar 6e30macHOCTH TypOHHBI B TypOOreHepaTop He OyAeT OTKIIIOYEH OT CETH.

YCTOWYHBEIM aCHHXPOHHBIA PEKIM BO3MOXKHO IMOJYYHUTH B pe3yibTare Obl-
CTPOTO CHW)KEHMSI MOMEHTa TypOUHBI. Pasii yrnpomeHus qanbHeHIINX paccy kK IeHHH
czenaeM MPEroNoKeHNE, YTO TaKO€ CHIDKEHHE OCYILECTBISIETCS O€3 3alepiKKH.
Eme pa3 oOpatumes k xapakTepucTukam 2, 3 u 4. DKCTPESHHOE CHIDKCHAE MOMEHTA
TypOHMHBI OCYILIECTBISIETCS 3/IECh U3 TOUKH «C» B TOUKY «d». Jlo TOUKU «C» poTOp
reHepaTtopa yckopsuics. [Ipu rnepexose B TOUKY «d» W30BITOYHBI MOMEHT N3MEHHT
3HaK, ¥ POTOp TeHepaTopa MOXKET HadaTh TOPMO3HUTHCS, IPH ITOM NPUHLUNUATIBHO
BO3MOXEH IIEPeX0]] B yCTOWUMBBII aCHHXPOHHBIN PEKHM B TOUKE «b». MoxeT oka-
3aThCs, YTO CHIDKEHHE MOMEHTa HEJOCTaTOYHO M CKOJIbKEHHE OyIeT HapacTaTb
nanpire. OYeBHIHO, YTO YEM paHbIe OyAeT COBEpIICH ITOJOOHBIN Iepexoi, TeM
00JTbIIIE BEPOSITHOCTH MOTYYCHUS YCTOWYNBOTO ACHHXPOHHOTO PEXHUMA.

HeobxoauMo cTpeMHUTbCs K TOMY, YTOOBI IEpeXOj Ha CHIKEHHYIO MO-
MEHTHYIO XapaKTEpHCTHKY MPOM3BOJIWICS paHbIIE, Ye€M CKOJBKEHHE JOCTUTHET
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3HAYEHUS S,y C yUETOM 3TOTO MEPEXOJ] C XAPAKTEPUCTHKHU 2 HA XapaKTEPUCTHKY 4
B TOYKAaX M, N MPEIIOYTHTENICH B CPABHEHHH C PACCMOTPEHHBIM PAHEE CIIy4acM.

OpueHTHPYSCh Ha XapaKTEPUCTUKH arperata 1 u 2, oeHuM Bpems, B Tee-
HHE KOTOPOT'O JAOCTUTacTCsl 3HAaUEHHE CKOJIBKEHHUS §,. bylnem cunrats, 4TO BO30Yy-
JKJIEHUE TeHepaTopa MCYe3aeT MOJHOCTBIO M C 3TOr0 BPEMEHM CHHXPOHHBIM MO-
MEHT TeHeparopa paBeH Hymo. Torna u30bITOUHBINH MOMEHT npH ¢ = 0 paBeH Mo-
MeHTy TypOuHbL. C TedeHHeM BpeMEHHM aCHHXPOHHBIH MOMEHT HapacTaeT, BCIe.-
CTBHE 4ero M30BITOYHBIH MOMEHT yMmeHblIaercs. IIpu ckompxeHun s = s, U30bI-
TOYHBIH MOMEHT CTAHOBHUTCS PaBHBIM HYJIIO.

do
VYpaBHenue arperara umeer Bun 7, — =AM , rne T; — TOCTOsSHHAas Bpe-
dt

MEHH arperara; (» - 4acToTa BpauieHus; AM - MOMEHT B OTHOCHTEIJILHBIX CINHHIIAX.
ITockonmbKy aCHHXPOHHBIM MOMEHT B IMana3oHe CKONbxkeHust oT s = 0 10 s = s, yBe-
JIMYMBACTCS TOYTH IO JIMHEHHOMY 3aKOHY, TO B YIPOILIEHHOM pacdeTe MOXKHO IpU-

HATb AM = const = 0,5M,, 1 BpeMsl JOCTHKEHUSI 3aJaHHOTO CKOJIbXEHUSI MOYKHO pac-

cuuTarth 1o gopmyne ¢ = ﬂ IloncraBmsas M, =1, T;= 10 ¢, ® = s = 0,005,
) m

nmeem ¢t = 0,1 c. O6pr4HO 5, < 0,005, MO3TOMY BO3/IEHCTBHE HA TypOMHY C IEIBIO

MOJTYyYeHHUs] YCTOMYMBOIO ACHHXPOHHOTO PEXHMMa JOJDKHO HAaUMHAThCSA HE TO3KE,

yem uepes 0,1 c. Bor mouemy Bpems BBISIBICHHS Hayajla aCHHXPOHHOTO XOJ1a JIOJDK-

HO OBITH KaK MOYKHO MEHBIIIE,

8.2. AcuHXpOHHBII X0/ BO30Y:KI€HHOI0 reHepaTopa

B noasapuiiHOM pexxume reHepaTop paboTaeT CHHXPOHHO Ha SHEPrOCHCTe-

My (puc.8.2).
E, E. E., E.
| | 5
Puc.8.2. Cxema paboThl reHepaTopa Ha JHEPTOCUCTEMY
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HpI/I CHUHYCOUJAJIbHBIX 3./1.C. TCHEPATOPa

e.(t)=E,, sin(ot+3) 8.1
U SHEPrOCUCTEMbI
e.(t)=E,, sinot (8.2)
¥ OJIMHAKOBOI1 4aCTOTe BPALIEHUs ® 3.11.C. M300paKAKOTCS BeKTopamu £, u E,,

C/IIBUHYTBIMH MEXAy co00if Ha yrou §. PacueT TOKOB M HaIpsHKEHUH B 3TOH cxeme
BBINOJIHAETCS C HCIIOJIb30BaHUEM KOMITJIEKCHBIX BEJIMYMH.

ITpu acuHXpOHHOM XoOz€ 3.1.C. TeHeparopa paBHa e,(t)=FE,, sinw,t u
3.1.C. BHEProcucremsl e, (t)=E, . sin®_ t, T.e. 3.1.C. 3TUX UCTOYHUKOB UMEIOT pa3-
HBIE 9acTOTH O, U O, . [lonoxum ®, > o, . B Takom cmyugae yrom Oymer pactn
Ad=(mw, —®,)t=w,t. 31eCh BpeMsl OTCUMTHIBAETCS C MOMECHTa BO3HUKHOBEHHMS
ACHHXPOHHOTO X0J1a; ™, =dd/ dt - ckonbxeHHe. CKOJIbKEHUE BBIPAXKAIOT TAKXKE B

W, — W0,
OTHOCHUTCJIBHBIX CIMHULAX —— = Sy .

2%

[Ipy BO3HUKHOBEHMH CKOJBKEHHUS CO3/1a€TCSI ACHHXPOHHBIM MOMEHT M, 1
TeHEepaToOp I'eHEPUPYET aCHHXPOHHYI0 MOIIHOCTh. C HEKOTOPHIMHU YIPOLICHUSIMU
MOYKHO TIPEJCTaBUTh IOJHBIN 3IEKTPOMArHUTHBIA MOMEHT CHHXPOHHON MAIMHBI
JIBYMs COCTaBJIIOLIMMHU: CHHXPOHHOM M., W acHHXpPOHHOH M, mpudeM
M=M, +M, . CoorBerctBeHHO MomHOCTb P =P, +P,.. IIpu s3ToM npu-
ONMIKEHHO MOYKHO CUUTATh, YTO HAJTWUHE BO30YXKIICHNS HE OKA3bIBACT BIHMSIHUE HA
ACHHXPOHHYIO COCTaBIISIIONIYIO P,., T.. IPH pacueTax MOXKHO HCIOJIb30BaTh Ha-
JI0’)KEHUE CHHXPOHHBIX ¥ ACHHXPOHHBIX MOMEHTOB M MOIIHOCTEH [7].

CuHXpOHHAs COCTABJISIIOLIAas MOMEHTa M., 3aBUCUT OT NapaMeTpoB Malllu-
HBI, TOKa BO30YXIEHHMs, NPHIOKEHHOTO HANPSDKCHUSI W yria O, a acCHHXpPOHHAs
COCTaBJISIONIasi MOMEHTa M, — OT mapaMeTpoB MAIWHBI, MPUIOKESHHOTO Harpsi-
JKEHUsI, yria O W CKOPOCTH €ro U3MEHEHHs, T.€. CKOIbXeHus s = do / dt. B ympo-
HIEHHBIX pacyeTax OIEPUPYIOT YCPEJIHEHHBIM ACHHXPOHHBIM MOMEHTOM Moy,
KOTOPBIM HE 3aBHCHT OT yIJa d.

PaccmoTprM peskuM ¢ GECKOHEYHO MajlbiM CKOJBKEHHEM S = z—? ~0. B ra-
KOM Cllyuae aCHHXPOHHBIH MOMEHT Majl, U €r0 MOXXHO HE YYMThIBaTh. BblnaBaeMmast
MOIITHOCTb TeHEepaTopa OyIET OMPEACIATECS TOIBKO €10 CHHXPOHHOHW MOIIIHOCTBIO.
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C ydeToM CKa3aHHOIO, MOXXHO IIOCTPOUTh BEKTOPHYIO JHarpammy IO
puc. 8.2 g moObIX 3HaueHul o, E,, E. u HAlTU AE , TOK U HallpsHKEHHE B JIO-

0011 TOUKE CXEMBI.

BeckoneyHo Manoe CKOMBKEHHE MpEeronaraeT ONMU30CTh 9acTOT M, H ©,,
T.c. HAJIMYMAE B CXeMe Kak OBl OJHOYACTOTHOH 3.J1.C. DTO YIPOIICHHWE ITOMOTaeT
PACKPBITh KAPpTUHY aCUHXPOHHOT'O PEKUMA, BBIICHUTH OCHOBHBIC 3aKOHOMEPHOCTU
U TIONYYUTh MPUOIIKECHHYIO KOJIMYECTBEHHYIO OIICHKY MapaMeTpoB. Takoi moj-
X0/ OyZIeT MCIOJIb30BaH HAMH B Hayalle pacCMOTpeHHs NpodiieMbl. B panpHeiinem
U3JI0KEHUH TIPU TIOCTPOEHMH BEKTOPHBIX JAMArpaMM CONPOTHUBIEHHE Z, B KOM-
TUIEKCHOM IJIOCKOCTH OYJIET YYTEHO JIeHCTBHE aCMHXPOHHOI'O MOMEHTa (MOIIHO-
CTH), UCIIONIB3YS TIPH STOM IPUHIIAT CYHEPIIO3HUIINH, O YeM CKa3aHO BBIIIIE.

JonmycTUMOCTh CIelNaHHBIX YIPOIIEHUI MOSICHUM €lle pa3 CleIyIOLUMU
coobpaxenusamu. Ilyctee,(t)=FE, sinw,t u e.(t)=E,, sin® t. YpaBHUTEIb-

HBII TOK B JMHUM ONPEAEIUTCS Pa3HOCTHIO 3.1.C. UCTOUYHUKOB
Ae(t)=e,(t)—e.(t)=E,, sino,t—E, . sino.t. (8.3)
Panu ynpoienus, paccMoTpuM cinydai, korna E,,, = E,,.= E,,. IIpu atom

- +
Ae(t)=2E,, sin 0. 20)6 t Bos 28 2(0

<y (8.4)

W
Ae(t)=2E, (t)cos ®,t . (8.5)

U3 stux ¢dopmyn cienyer, uto Ae('t ) mpencraBisier co0oil rapMoHHUYe-

CcKoe KonebaHue co cpelHeil yacTotolt o, =0,5(®, + ®,. ), aMILIUTya KOTOPOro

. gl e
M3MEHSIETCA BO BPEMEHM IO 3aKoHy 2F,, Sln75=2Em san. Crporo rosops,

STOT CHTHAJ HE SIBISETCS YUCTO FApMOHHMYECKHMM, YTO 3aTPyAHSET MaTeMaTude-
CKHE OTIEPAINN C HUM.

B umxeHepHBIX 33adax MAYT Ha HEKOTOPBIE YHPOLICHMS, JOIyCTUMBIE C
TOYKHM 3pPEHUSI TOYHOCTU pacyeToB. Tak, IPU UCCIENOBAaHUM MTOBEACHUS PEJICHHON
3alIUTHl B ACHHXPOHHOM PEXHME, ClelyeT IOMHHTb, YTO IIOJABIISIONIEe OO0JIb-
LIMHCTBO pEJie pearupyer Ha AEHCTBYIOLIEE 3HAUCHUE TOKA (HANPSDKEHMS), MPU
5TOM BpeMsI HaOJIIOICHHSI 38 CUTHAJIOM COCTABIISIET OJUH WJIM ITOYTH OJWH IIEPHOJ

MPOMBIIIEHHON YacToThl [17]. B TakoM city4yae npu gactoTe ckonbxenus f;< 1 I'n
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Ha oTpe3ke BpemeHH A ¢ = 20 Mc MOXXHO cuutarhb E, (1) = const n paccMaTpuBarh
Ae(t) Kak rapMOHMYECKUI CUTHAN CO CPEJAHEH YaCTOTOW M., ¥ IOCTOSHHOM aM-
IJIUTYJOH.

Jis 0HOYACTOTHOrO CHUrHajla MOYKHO ONEPHUPOBaTh KOMIUIEKCHBIMU CO-

NPOTUBJICHUSAMU Z = F + jx, rac x = COL, a TaKK€ KOMIUJICKCHBIMH TOKaMu [ u

HanpspkeHusamu U .
C yueToM CKa3aHHOTO, Ui JEUCTBYIOLIETO 3HAUCHHS YPAaBHUTEIBHOTO TOKa
B JINHHY 3aMUILIEM

w =y sin 7 (8.6)

I'paduk m3menenus Toka B GpyHKIHMH yria O mokasaH Ha puc.8.3. Ha stom
e PUCYHKE MOKa3aHO W3MEHEHHE aKTMBHOW MOIIHOCTH I€HEpaTopa, PacCUMTaH-
HOU 10 hopmyIe:

E,-FE
P, =——“5ind. (8.7)
: Xy
P 1
P
1
)
0
180° 360 7209

Puc.8.3. I'paduk u3meHeHus Toka /(5) U aKTUBHOM MOIIHOCTH
P(3) reneparopa

W3 rpaduka crnexyer, 9TO aCHHXPOHHBIM pPEXHM TeHepaTropa SBISETCS
OYEHB TSDKEJIBIM PEKMMOM — Yepe3 TeHepaTop IpoTeKaeT O4eHb OOJIbIION ypaBHH-
TEeJIbHBIN TOK, a aKTHBHAsI MOIIIHOCTh MPUHUMAET BeCbMa OOJIBIINE 3HAUCHHUS NPH

yorax 6=90° +7n-180°,rme n=0, 1,2 ... ¥ MEHSET CBOW 3HaK B TEUCHHE OJJHOTO
MPOBOPOTa POTOPA.
[IpuHNMas BO BHUMaHHE BBICKA3aHHYIO BBIIIE OTOBOPKY 00 OJXHOYACTOTHO-

CTH CHTHaJIa, MOYKHO PacCUUTHIBATh HAPSIKEHUE B 71-0i TOUKE CETH IO (hopMyJie:
U,=E,-z,1

- (8.8)
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XapakTepHbIM pPEXHMOM sBisieTcst ciaydail & =180°, st KoToporo mo-
CTpOEHA BEKTOpHas auarpaMMa Ha puc. 8.4. 31ech cxeMma INpeJCcTaBieHa COIpO-
THUBJICHUSIMU TeHepaTopa Z,, TNHUN Z, U SHEPTOCUCTEMHI Z,.. D.1.c. TeHepaTopa E,
U CUCTEeMBbI E, MPUJIOKEHBI [0 KOHIIAM CXeMbI U cIBUHYTH Ha 180°, uTo cooTBeT-

CTBYET paccMaTpUBaEMOMY CIIyJalo.

Puc. 8.4. BekropHas muarpamma 3.1.c. Juis yria o = 180°

Ilomaras z = X, HOJIy4YUM ypaBHI/ITeHLHLIfI TOK YUCTO PCAaKTUBHLIM, CABUHY-

ThIM OTHOCHUTCJIBHO 3.1.C. HA YTOJ 900, TOoraa nNagcHue HaNpsKCHU xlyp 6yz(eT

coBmajath Mo (ase ¢ HampaBJIeHUEM 3.]1.C. B Takom ciyyae BenMumHA Hampsixke-
HUsL B TOUKe «n» Oyaer papHa U, = E, — x,,/,, ¥ 9[I0pa HANPSDKCHUH BOJIb JIH-
HHMHU 3JIeKTporiepesad  M300pasuTcs NMpsAMON, COEAMHAIOLIEH KOHIBI BEKTOPOB
E.nE,.

B nekoropoii Touke L], Ha3bIBAEMOM IIEKTPUUECKMM LIEHTPOM, HANPSIKEHUE
paBHO HyJ10. Bo Bcex Toukax CeTH OT 3.4.C. £, 10 2IEeKTPUYECKOro LEHTpa Hampsi-
XKEHHME COBIAJACT IO HAMPABJICHHUIO C BEKTOPOM E , . Ilocne Touku [ HanpspkeHne
(B TOUKE «m») OyNET OPUEHTUPOBAHO COITIACHO C BEKTOPOM E . .

Jist sHeprocucTeMbl GOJBLION MOIIHOCTH MOXHO IIOJIOXKUTH COIPOTHBIIE-

uue sueprocucremsl Z. = 0. Torna BekTop E . TEPEMECTUTCS B TOUKY «m» U OyIeT
* v
n300paxaThes BEKTOPOM F . , a SII0pa HaIpsDKEHUH BJIOJIb cXeMbl OyAeT omnpene-

. . . .
IAThCA JIMHUEH, coeUHsIOMmEl KOHIbI BEKTOpoB E, u E, . OTcrona ciemyer, 4ro

JIEKTPUYUCCKUM IIEHTP TAKKe CMECTUTCS W 3aiiMer mosiokeHue [[*. Tlpu pabote
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O110Ka reHepaTop—Tpchq)opMaTop Ha IIMHBI OECKOHEYHOM MONIIHOCTH JJICKTPH-

YeCKUM IICHTpP OYJEeT pacmojaraTbCs «BHYTPH» 0JI0Ka reHepaTop—TpaHchopmarop.
*
Ecnu 3.1.c. reHepaTopa yMEHBIIUTD 10 3Ha4eHUs E, , TO 3MI0pa Hampsike-

HUH Takxke u3MeHurcs. Eciau reHeparop HeBo30ykzaeH, T.e. £, = 0, To LEeHTp 1po-
BOpOTa MIEPEMECTHUTCSI B HEUTpallb TeHEpaTopa.

Peneiinas 3amuTa, pearnpytomas Ha HanpspkeHHe (pelie HarpsDKeHUS, JTIC-
TAQHIMOHHOE PeJie) W PAcIOI0KEHHAs! BOJIHM3HM OT 3JIEKTPUYECKOro LEHTpa OTpea-
rUpyeT Ha (aKT CHW)KEHHS HaIlpsHKEHUs! Kak Ha KOPOTKOE 3aMbIKaHHE B TOUKE [].
3T0 06CTOATENBCTBO AOJHKHO YIUTBHIBATHCS NIPH BBIOOPE YCTABOK TAKHX 3AIIUT.

Ha puc. 8.5 nokaszaHa cxema ceTH U BEKTOpHAs iMarpaMmma HarpsokKeHUs B

MECTEe YCTaHOBKH peJjie IPU aCUHXPOHHOM Xoze. Ilycts E, = Ezejé(') , Z,=X,,

z,=x,, aTakke E.= E,. C u3MeHeHHeM yria 0 B cxeme JEHCTBYeT 3.1.C.

c

AE=E, -E,=E, —E,e’",

E. 2

0)
Puc. 8.5. Cxema cetr (a) 1 BeKTOpHas nuarpamma (0).

Hanpspkenne U, onpenensiercs Tak

. E(1-¢77)
Up :Ec —Txc . (89)
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X
O0o3HauMM ——— =X, «, TOTJa

xe +xc
U, =B, —x B (- e?). (8.10)

3710 ypaBHEeHHE onpenemseT co00i OKPyKHOCTh, KOTOpask IPOXOAUT Yepe3 TOUKH:
mpud =0, U, =E,,ecmu§=180°%10 U, = E (1-2x, ).

Honst cyqast x, « = 0,5 okpyxHocTh U, (8) ormMeuena mudpoi 1. Ilpu stom
KOHell BekTopa U p CKOJIB3UT 10 OKPYXKHOCTH 1.

Ecmm x, . > 0,5, To okpyxHOCTE U,(3) OXBaTBIBAE€T Ha4YauoO KOOPIHWHAT

(ormedeHo wudpoii 2). Teneps Bekrop U, Bpalaercs ¢ 4aCTOTOH @, i JOMOIHH-

TEJIBHO KOJEOJIeTCsl OTHOCUTENBHO BEKTOpa K.
Eme pa3 oOpaTuMCst K BEIPaKEHUIO

Ae(t)=2E, singcos Ot - (8.11)

Takas 3anuch (opMyIBl clipaBeUIMBa B Ipenenax u3MeHeHus yria & = 0 — 360°.
NpU JaJbHEWIIeM yBelWYeHHH yria (QyHKoust sind/2 MeHseT 3HaK, BCIIEICTBHE
Yero MOXET CO3aBaThCs HEMPaBUIIEHOE MPENICTaBICHHE, YTo mocie o = 360° cur-
HaJl cOSW.,t CleNyeT U300pakaTh B BUJE MyHKTUPHOM JMHUU 2 (puc. 8.6), mpo-
MOJIyJIMPOBaHHBIH 110 3aKOHY $ind/2.

st curnana Ae(t) koppekTHee oniepupoBath yriom O (puc.8.6, 0). I'paduk
W3MeHeHus yrioB O u ® mokaszaHsl Ha puc.8.6, B. B mpexemax yrmos 0 — 360°
dbopmyna ® = §/2 cnpaBeinBa, HO TPU JATBHEHIIEM CKOJIBKEHHH BeKTOopa E;
OTHOCUTEIIBHO BEKTOpa F, BekTop AE" yMeHbIIaeTcs 10 Hyld U mocie yriaa 360°
BO3pokmaercs B Bune AE’ T.e. kak Obl moBopaumBaercs Ha 180°. Ha puc. 8.6, B
3TO OTMEYEHO CKaYKo00pa3HbIM m3MeHeHHeM yriia ® ot 180° mo 360°. TTocne yria

360° dyHKIWMS $in® MOIOKHUTEITHHA.
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S
360° bocmmmm e
S
|
[}
0O
| ¢
!
0
B)

Puc.8.6. I3MeHeHne Toka (a) ¥ quarpaMMbl HalpsKeHWH | 3.1.¢. (0, B) ipu
ACHHXPOHHOM XO0JIe

8.3. ACHHXpPOHHBIH pesKHM HeB030Y:KIEHHOI0 reHepaTopa

[TpranHON aCHHXPOHHOTO PEKMMa SBISIETCS TTOTEPS BO30YKICHUS TeHepa-
Topa. ManoBeposTHa OXHOBpEMEHHas IOTepsi BO3OYKIEHHs cpasy Ha IBYX HIH
HECKOJIbKUX TeHeparopax. [lo3ToMy B JaHHOM cCilydae paccCMaTpUBAeTCA acHH-
XPOHHBIN PEKUM OIHOTO FeHepaTopa CTaHLUH, B CUCTEME BO30YKACHUS KOTOPOTO
MIPOM30IILIA aBaPHsl, U OH MOTEPsUT BO30YKICHHUE.
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HamomHHM KpaTKo CyIIHOCTBH Iepexoja TeHepaTropa B acHHXPOHHBIH pe-
xuM. Ecimu BO30yXkJeHHE TeHepaTopa IMOTEpsSHO, TO €0 CHHXPOHHBIH MOMEHT
TaKke ucuesaeT. bynem monarate, 9To B TaKOi CHTyallid MOMEHT TypOWHBI OCTa-
eTcsi Hem3MeHHbIM. Toraa mon AefcTBUEM MOMEHTa TypOMHBI, HEYPaBHOBEILICHHO-
'O Telepb CHHXPOHHBIM MOMEHTOM T'€HEepaTopa, arperat Ha4HeT ycKopsAThbes. [1os-
BUTCS CKOJIBKCHHE POTOpPA OTHOCHUTEIBHO MarHUTHOTO MOJIA cTartopa. B 3amkHY-
TBIX KOHTypax poTopa OyJeT HaBOAMTHCS 3.11.C. U TOKH, B3aUMOZEHCTBUE KOTOPBIX
C MarHUTHBIM TI0JIEM CTATOPa CO3/a€T ACHHXPOHHBII MOMEHT TeHEpaTopa.

Ecnm npu HEKOTOPOM CKOJBKEHHH S aCHHXPOHHBIH MOMEHT CpaBHSETCS C
MOMEHTOM TYypOWHBI, TO MOXET BO3HHKHYTh HOBBIM CTallMOHApHBIN pexxum. Ecim
Takoro OajlaHca HET, TO CKOJbXKEHHe OyJeT HapacTaTb W IpU  CKOJBKCHHN
s =7 — 10% TypOuna OyaeT ocTaHOBJICHa AEHCTBHEM aBTOMAaTa 0e30IIaCHOCTH.

Jlns1 BEISIBICHUST aCHHXPOHHOTO PEXHMMa, 00YyCIIOBJICHHOTO IOTEpEi BO30y-
JKJIEHHsI, Ka3aJloCh ObI, OCHOBHBIM MapaMeTPOM JIOJDKEH OBITh TOK BO30YXKICHUS.
OpnHako Mo pAoy NMPHYHMH MMOJ00HAs 3amuTa pabdoTaeT HEeyAOBICTBOPUTENBHO H,
Kak MpaBmiIo, He ucnonibdyercs. [loTepst BO30yKIEHNSI MOXKET MPOU3OUTH 110 pa3-
HeIM nprurHaM. Ha puc. 8.7 moka3aHsl cucTeMbl BO30y>kaeHHs reHeparopoB. Ha
STHX CHUCTeMaxX KOHTakTamH 1, 2, 3 OTMedeHBI MecTa BO3MOXHBIX Pa3phIBOB IIETIH
B cucreMe Bo30OyxaeHus. [Ipu Bcex OTMEUEHHBIX pa3pbhIBax BO30YXICHNE TeHepa-
TOpa TEePsIeTCsA, HO COCTOSHHUE LI OOMOTKHM BO30YXKICHHUS MOXKET OBITh pa3iind-
HbeIM. Tak, mpu paspeie e 1 oOMoTKa poTopa (puc. 8.7, a) ocTaeTcsi 3aMKHYTOH
Ha Bo30ynutens. lIIpeHeOperas CONMPOTHUBICHUEM BO30yIHUTENs, MOXKHO CUHUTATh,
4T0 00MOTKa BO30YXIEHUS 3aMKHYTa HAaKOPOTKO. B 3TOM KOHType OyaeT nupKy-

JIUPOBATh TOK MO ACHCTBUEM 3.11.C., HABEJICHHOH CO CTOPOHBI CTATOPA.
ATTI

AITI
QI ||
N N
1 2 3

Bo36.

1
|

a)

Puc.8.7. Cxema Bo30YXIeHHsSI CHHXPOHHOTO TeHepaTopa
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Ecnu oTkimounTess KOHTakT 3, TO 0OMOTKa BO30y»/IeHHsI Oy/leT BKIIOUCHA
Ha JOMOJTHUTEIbHOE COMPOTHBIEHHE aBToMaTa ramenus nons (AITI). Ilpu ort-
KITIOUEHHH B TOYKE 2 [eTb 0OMOTKY BO30Y)KJCHUS ITOJTHOCTHIO Oy/IeT pa3opBaHa.

Eme crmoxsee curyanms a8 THUPHCTOPHOM CHUCTEMBI BO30OY)KIECHHS
(puc. 8.7, 6). Ilpu BBIXOZEC W3 CTPOS HEKOTOPBIX THPHCTOPOB 3/I€Ch BO3MOXKHA
yacTU4Has motepst Bo3OyxaeHus. [Ipu paspeiBe menu 1 oOMoTKa BO30OYKICHUS
ocTaeTcsl 3aMKHYTOH Ha BO30YIMTENb, HO B 3TOM LENH CTOMT THPHUCTOp. B acuu-
XPOHHOM peXHMe B OOMOTKE BO30YXICHHA OylIeT HaBOAMUTCA 3.1.C. M3-32 CKOJIb-
JKEHHUSI pOTOpa OTHOCHTENBFHO MOt crtaropa. Ho mpu Hannunu THpHCTOpa TOK MO-
JKET TIPOTEKATh TOJIBKO B OHOM HAIPABJICHHU.

W3 ckazaHHOTO CiemyeT, YTo MpocToTa (pUKCAIMK MOTEpH BO30OYXKICHHS IO
TOKy poTopa — Kaxymiasica. [1o yka3aHHBIM NpHYMHAM 3alllUTa OT ACHHXPOHHOTO
X0J1a U3-3a IOTEPH BO30Y>KICHHUS 110 pACCMOTPEHHOMY NPHUHIMUITY HE BBITTOIHSCTCSL.

3aBHCUMOCTh ACHHXPOHHOTO MOMEHTA OT YIia O MPUBOAUT K €ro MepHoIu-
YECKOMY HM3MEHEHHUIO M,.(s) m K KojeGaHusIM MOIIHOCTH B 5 — 7 %, mostomy
ACHHXPOHHBIN peXKUM 03 BO30Y>KIEHHsI, CTPOTO TOBOPSI, HE SBIISICTCS] YCTAHOBHB-
mmMcest. OOBIYHO XapaKTePUCTHKY M,.(S) TPUBOJAT JUIS YCPEAHEHHOTO achH-
XpoHHOTO MoMeHTa. Ha puc. 8.8 mpuBeneHa Takast XapakTepuCTHKa ISl TypoOore-
Heparopa TT'B momuoctsio 300 MBT. KpuBasi 1 cooTBeTCTBYET 3aMKHYTOM HaKo-
poTko obMoTke. B ciryuae 2 0OMOTKa poTOpa 3aMKHyTa Ha racMTEIbHOE COIpO-
THBJICHUE, PAaBHOE ISITUKPATHOMY 3HAUYEHHIO CONPOTHBIICHUS OOMOTKH BO30YXKIe-
Husl. TpeTbs XapakTepUCTHKA COOTBETCTBYET PA30MKHYTOMY COCTOSTHHIO OOMOTKH.
Bce xapakTepuCTHKN ONpesiesieHbl TPH HOPMaJIbHOM HANPSDKEHUH CETH.

Ha puc. 8.9 moka3aHpl XapaKTepUCTUKH aCHHXPOHHOTO MOMEHTA Ul pa3-
HBIX THUIIOB T'€HEPAaTOpOB. XapaKTepHCTHKAa | COOTBETCTBYET TypOOreHepatropy
CPaBHHUTEJIFHO HEOOJIBIION MOIIHOCTH C KOCBEHHOW cucTeMol oxmaxnaenus. C
TOYKH 3PEHHs ACHHXPOHHOTO PEXMMa IIPH IOTepe BO30OYXKIEHMS 3Ta XapaKTCpH-
CTHKa SIBJIIETCSl HamTyyInei. Tak, eciy B JoaBapriHOM pEKUMeE arperat padoTai ¢
HOMHHAIIBHOW MOITHOCTBIO TypOWHBI (XapakTrepucTuka 4), TO aCHHXPOHHBIA pe-
JKMM aBTOMAaTHYECKH YCTAHOBHUTCSI B TOUKE «a» 0O€3 JIOMOJIHUTEIBHOI'O BO3JEHCT-
BUSI CO CTOPOHBI IIEPCOHAA MITH CHIENNATbHON aBTOMATHKH.

Bropast xapakTepucTuKa COOTBETCTBYET TypOOTreHepaTopy OOJNBIION MoII-
HOCTH C (pOpCHPOBaHHOW HEMOCPEICTBEHHOW CUCTEMOM OXJIKICHHS W BHICOKHM
K03()(hUIMEHTOM HCTIONIB30BaHMS KOHCTPYKIMOHHBIX MaTrepuaioB. MakcUMainbHOE
3HAaUYEHHE ACHHXPOHHOIO MOMEHTa 3[IeCh COOTBETCTBYyeT Okono 60 % oT HoMu-

HOY “I]enmp noozomoexu kadpos snepeemuxu” www.cpk-energo.ru
Canxm-Ilemepbype (812) 556-91-85



Ilasnos I'M., Mepxypves I'.B. Asmomamuka suepeocucmen. 359
I'nasa 8. Aemomamuxa npexpawjenus acunxpoOHHO20 X00d

HaJILHOTO MOMEHTa TypOuHBL IloaToMy, eciu B JoaBapHiHOM pEXHME arperar
paboTasl ¢ HOMHHAJIBHON HAarpy3Kod, TO IPH IOTepe BO3OYKACHUS HEOOXOAUMO
OBICTPO MEPEeHTH C XapaKTEPUCTUKHU 4 Ha XapaKTEPHCTHKY 5, 9TOOBI MOXHO OBLIO

c03/1aTh OaJaHC MOMEHTOB B TOUKE «a'».

M, %
60 71 2
3
30
2,0 5 %
O 1,0 Bl

Puc. 8.8. YcpenHeHHas XapaKTepUCTHKa aCHHXPOHHOTO MOMEHTa reHepaTropa
B 3aBUCHMOCTH OT COCTOSTHHSI OOMOTKH BO30YKICHHS

M*
1,0 —~J
a |

: 4
L2

0,54 : 5
i3
i s, %

0

Puc.8.9. XapakTepucTUKH aCHHXPOHHOI'O MOMEHTA OT
COCTOSTHHSI OOMOTKH BO30YKICHHS

I'mapoarperatsr 6e3 neMrgepHbIX 0OMOTOK HE MOTYT Pa3BUBaTh OOJIBIION
ACHHXPOHHBI MOMEHT (XapakTepHCTHKa 3), TI03TOMY MpH MOTepe BO30YKIEHHUS
9TH T'€HEpaTOphl 3HAYHUTEIHHO YBEJIMYMBAIOT YaCTOTY BPALIEHHS W YMEHBIIAIOT
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Harpy3Ky HOYTH JI0 Hyqs. Takue reHepaTopsl NP NoTepe BO30YKAEHHS J0JDKHBI
HEMEJIEHHO OTKIIIOYaThCsl OT CETH.

HckmodeHne COCTaBIISIIOT CBEPXMOIIHBIE T'HIPOTEHEPATOPhl, HWMEIOIIHE
CHIbHYIO IemiepHyro cucreMy. Hampumep, runporeHepatopsl KpacHosipckoit
I'SC umMeroT BO3MOXHOCTh paboTaTh B acCHHXPOHHOM pexume ¢ 30% Harpy3kon
IIPU YMEPEHHBIX CKONBXCHUSIX M TPH BIOIHE JOMYCTHMOM TEMIIEPAaTYPHOM pe-
XKHME poTOopa.

Ha ocHOBe 3KCIEpUMEHTAJbHBIX HCCIEAOBAHUI ACHHXPOHHOTO pEXHUMa
TypOOTeHEpaTOPOB ¢ KOCBEHHBIM OXJIQXKJCHHUEM, YCTAaHOBIJICHBI CIIEAYIOIINE PEKO-
MEHJIallMH 110 AOIyCTUMOCTH TaKOI0 PexXnuma:

1. Tlorepu B poTope B aCHHXPOHHOM pEKHME JIOJDKHEI OBITH HE 0oJiee moTeph
IIPU CHHXPOHHOM PEXHME.

2. Toxk B 0OMOTKe cTaTopa He BbIie 1,117,

3. JInuTeNbHOCTh ACHHXPOHHOTO PeXHMMa He JOJDKHA MpeBbImaTs 30 MUHYT.

4. JlomycTrMasi akTHBHAash MOIIHOCTh TypOOTEHEpaTopa IMpH 3THUX YCIOBHUIX
OorpaHHYEHa TOKOM cTaTopa u coctasiseT oT 0,5 1o 0,7 HOMHHANBHOM.

5. TloTpebnenne peakTHMBHOW MOIIHOCTH M3 CETH JOJDKHO OBITH He Oosee
50 — 70 % oT HOMHHAIBHOMN aKTUBHOI MOIIHOCTH, B TAaKOM ciydae cos¢ = 0,7.

IIpaBunamMu TEXHUYECKON HKCIUTyaTallMH 3JEKTPUUECKUX CTAHLMUA U ceTeil
paspelaercsi yCTaHOBHBIIMNCS ACHHXPOHHBIM peXuUM 0€3 BO3OYXKICHHS W IS
TEHEPaTOPOB C HETOCPEICTBEHHBIM OXJIAKACHUEM, OJTHAKO, BO3HUKAIOT JAOTIOJIHH-
TEJIbHBIC YCIIOBHS, KOTOPBIE JOJKHBI COOIFOIATHCS ITPHA 3TOM:

1. T'eHeparopsl UMEIOT MOBBIIICHHBIE 3HAYEHUS X'y U X";, YTO NMPHBOIUT K
MEHbIIEH BEeJIWYNHE aCHHXPOHHOTO MOMEHTa. B TakoMm citydae Juist co3iaHus cra-
LIMOHAPHOTO aCHHXPOHHOTO peXrMa B TOUKe «a'» (cM.puc. 8.9) HeoO6xoaumo ObI-
CTpOE CHIDKEHNE aKTUBHOM MOIIIHOCTH.

2. JnuTenbHOCTh aCHHXPOHHOTO peXXUMa He JI0JDKHA MPEBbIaTh 15 MUHYT.

3. TlpenensHO momycTHMas aCHHXPOHHAS HAarpy3Ka OrpaHUINBACTCS TOKOM CTa-
TOpa U cocrarsieT He 6onee 0,55P,,, misg MamuH Trna TB® momrHocThio 60 MBT 1
100 MBTt 1 0,4P,,,, mns reaeparopoB TBD, TBB u TI'B momaocTsI0 60 — 300 MBT.
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8.4. CniocoObI BbIABIEHUS] ACHHXPOHHOI'O Pe:KUMa

CyIIecTBYIOT pa3fiMuHble CHOCOOBI BBISBICHHS ACHHXPOHHOTO PEXUMA.
Paznnune mx ompenensercss TeM, Ha OCHOBE KaKOTO IapaMeTpa OCYMIECTBIISETCS
9TO BBISBIICHHE.

Haubonee napOpMATHBHBIM SIBIISIETCS YTON O MEXKIY BEKTOPaMH 3.1.C. Te-
HepaTtopa W cet. OHAKO MO YTy HENb3S YCTaHOBUTH NPHUYMHY aCHHXPOHHOTO
pEKMMa — BBI3BAHO JIM HapyIIEHUE PEXHUMa BHEIIHUM BO3MYILECHUEM WM OTEper
B030Yy>kaeHus. [103TOMy HMKE paccMaTpUBAIOTCSI CIIOCOOBI BBISIBIICHUS! aCHHXPOH-
HOTO PEXUMa OTAENBHO A7l BO30YK/IEHHOTO U HEBO30YKIEHHOT'O T€HEPATOpA.

ACHHXPOHHBIH X071 BO30Y:KICHHOr0 reHeparopa. [IpuunHoil HapynieHus
YCTOWYHMBOCTH U NEPEX0/ia B aCHHXPOHHBIM PEXUM SIBIISIOTCS BO3MYIIEHHS — KO-
POTKHE 3aMBbIKaHHSI, HEIIPAaBUIIbHAS CHHXPOHHM3ALMS W PECHHXPOHHU3ANNS, OTKIIIO-
YEHHUE JIMHUH TEPEaadn ¢ MOCIEAYIONMM HapyIIEHHEM yCTOHYMBOCTH IO OCTaB-
IMMCSI CBSI3SIM U T.I. B TakoMm cilydyae B aCHHXPOHHBIH PEXHUM MEPEXOIHT, Kak
MIPaBUJIO, HE OJIMH T'€HEPATop, a IeNast CTAHIMS WIN YaCTh CHCTEMbI OTHOCHUTEIBEHO
JIPYTOii e 4acTu.

Jlnist BBIABJICHUSI aCHHXPOHHOTO XO7a B MIEPBYIO OYEPElb CIEAYET PacCMOT-
PeTb yroy & MeXIy BEeKTOpaMH 3.1.C., IMEHHO yBEJIMUYEHHUE yIJIa U IPOXOKICHUE
3HayeHuit 90°, 180° u T.11. CBUIETENBCTBYET O BOSHUKHOBEHUH ACHHXPOHHOTO XO-
Ja. DTO HArJBIIHO BHIHO M3 puc. 8.3. B To jxe BpeMs UMEIOTCs OIlpeesieHHbIe He-
JIOCTaTKH M TPYJHOCTH HWCIIOJIB30BAHKS 3TOTO MapameTrpa JUisl Hejiel BBIIBICHHS
ACHHXPOHHOTO peXuMma. Bo-mepBbIX, 11 M3MEpeHHs yriaa HEoOXOAMMO HMETh

KaHaJl CBSI3M 11 iepeaayun nHdopmanuu (BekTopa U ) ¢ MPOTHBOMOIOKHOTO KOH-

1a JUHUU TIepeaavu. B HOPOCTHIX ClIyHadX 3Ty 3aJady pelIaroT 3a CHET MOACINPO-

BaHHUsA HaNpPsKEHUsS MPOTHBOIONOXKHOTO KOHIA mo Qopmyne U, =U, -1z, H,

clle1oBaTeNbHo, U, M3MEPSIOT HOCPEACTBOM IIAPAMETPOB CBOET0 KOHIA JIMHUY.

3aTpyqHEHUS BO3HHKAIOT B OoJiee CIOXKHBIX cxemax ceTw. Ha puc. 8.10
MIPEACTaBIeHA Takas cxeMa. B o0mieM ciydae B KaXJ0H TOUKE CETH MOXKET OBITh
Kak TeHepamus, Tak u Harpy3ka. [[Jis1 HeKOTOPBIX TOYEK 3TO OTMEYECHO Ha PUCYHKE.

Paznenenue Takoil cucTeMbl Ha HECHHXPOHHO PabOTalOIIHEe YaCTH MOYKET TIpo-
W30MTH 10 HECKOJIBKUM CEYEHHSIM, KOTOpbIE YKa3aHbl yHKTUPHBIMU JUHUSAMU 1 1 2.
B TakoM cirydae BO3HHKaeT HEONPEIEICHHOCTh B I3MEPEHHH yIila & OT CTaHIMH N JI0
To4KH M (TIpy IEPBOM CEUEHNH) WJIH JI0 TOUKH () (IIPH BTOPOM CEUCHHUH).
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Puc. 8.10. Cxema cII0)XKHON 3HEPTOCHCTEMBI

B peanbHBIX cxeMax M3BECTHBI HanOoJiee BEPOSTHBIE CIa0ble CEYEeHUs, KO-
TOpBIE MOTYT CIYXXHTh TPaHHIEH pa3jiena MeXTy HECHHXPOHHO paboTaromuMu
YyacTsiMH 00beJMHEHHOW SHeprocucteMbl. C y4eTOM 3THUX CEUeHHH U OCYLIECTBIIS-
eTcsl I3MEpEHHeE yria.

Crenyer UMeTh B BUIY «M3MEHYHBOCTEY MOJIOKEHHSI SJIEKTPUIECKOTO 1eH-
Tpa IpY aCHHXPOHHOM PEXHME B 3HeprocucreMe. Ecim JBe TOUKH HA CXEME CeTH
BBIOPAHBI 110 OJTHY CTOPOHY OTHOCHTEIBHO DIICKTPUYCCKOTO IIeHTpa (cM. puc. 8.5),
TO IIOJTHOTO IPOBOPOTA HANPSDKEHUI 9TUX TOYEK He OyzeT.

Jnist Hae)KHOTO BBISIBIICHNS! BOSHUKHOBEHUSI aCHHXPOHHOTO XO0/1a MCIIONb-
3yercsi paKT yBEIWUIEHHUSI TOKA B ACHHXPOHHOM PEXHME M MEPHUOINIECKOE N3Me-
HEeHUe NEHCTBYIOIIETO 3HAUEHNsI TOKa B (QyHKIMH yria. [Ipum KOpOTKOM 3aMbIKa-
HUM TOK TaKXX€ BO3PACTacT, HO 3aKOH M3MEHEHHsS TOKa K.3. B ()YHKIMH BPEMEHHU
coBepIIeHHO MHOM. [{yist Goiiee 4eTKOro cpabaThlBaHMS 3alMTHI IIPU CTPOTO OIpe-
JISTICHHOM 3HA4YECHUH YTJIa, YCTPOWCTBO 3alIMUTHI JOTIOJIHSAIOT 3JIEMEHTOM HAIpaB-
JIEHUS] MOUIHOCTH, CpabaThIBAIOIINM, HarpuMep, npu yriie 180°. Coueranue 3Tux
IBYX (DakTOpPOB OOECIeUMBACT CEIEKTHBHOE BBIABJICHHE AaCHHXPOHHOIO XOAa U
cpabaThIBaHKE TIPH TIEPBOM K€ IPOBOPOTE BEKTOPOB 3.J1.C.

ACHHXPOHHBII peskUM HeBO30YkIeHHOro reseparopa. IlpuumHoil me-
pexofia TeHepaTopa B aCHHXPOHHBIN PEXUM SIBISETCSA TOTEPs BO30YKICHHS.

PaccmoTpeHHbIe paHee BO3MOXKHBIE aBapUH B CHCTEME BO30Y KICHHS IOKa-
3BIBAOT, YTO MCTOYHHK BO30YKIECHHUS MOXKET OBITh OTKIIOYEH, a OOMOTKA pOTOpa
3aMKHYTa HaKOPOTKO WM Ha TracUTEJbHOE CONPOTHBJICHHUE, NPH 3TOM TOK B 00-
MOTKE poTopa OyAeT HaBOIOWTCS CO CTOPOHBI CTaTropa. DTOT CiIydail TOBOPHUT O
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TOM, YTO BEJIMYMHA M XapaKTep TOKAa B POTOPE HE SBISIIOTCS HAMIYYIIMMH U JIOC-
TOBEPHBIMH MPH3HAKAMH MOTEPU BO30YKICHUS.

[Tpn noTepe Bo30y>K1eHHS TeHepaTop HaYMHAET MOTPeOIATh OOJBIION pe-
aKTHBHBIA TOK M3 ceTH. Tak, Typoorenepatop TI'B-300 B HOpManbHOM pexHMe
reaepupyeT 300 MBT akTuBHO# 1 ipubmu3uTensHo 200 MBap peakTuBHOM MOTI-
HocTH. [Ipm mepexoje B aCHHXPOHHBIH PEXHMM I'e€HEpaTOp HauWHAeT MOTPeOsITh
okorno 200 MBap. Ha daxrte m3MeHeHUsT HampaBICHUS PEaKTUBHOIO TOKa (peakx-
TUBHOW MOIITHOCTH) MHOT/A BBIMOJIHAIOT 3alIUTy OT MOTepH BO30yxacHus. OmHa-
KO ClIeIyeT UMETh B BUIY, YTO B ONPEICICHHBIX HOPMAJBHBIX PEXKHMaX, KOraa B
crcTeMe M30BITOK PEaKTUBHOW MOIIHOCTH, TE€HEPATOp MOXKET OBbITh MepeBe/ieH Ha
PESXUM TTOTPEOJICHNST PEaKTHBHOW MOITHOCTH. [103TOMY 3TOT criocoO BBISBIECHUS
MoTepu BO36y)KlIeHI/I$[ MNPUMEHAIOT OUCHb PEAKO.

Yronm & TakxKe MOYTH HE HCTONB3YIOT JUIS CO3IAHUS 3alIUTHI OT TOTEPH
BO30Yy>KeHHs. Bo-TlepBhIX, €710 B TOM, YTO TIPH MOJHOW MOTEpe BO30OYXKIEHHS

9.7.C. TeHEepaTopa paBHa HYIIO, T.c. BEKTOp £, BBIPOXKIACTCS B TOYKY U HU3Mepe-

HHUE yIJla HEBO3MOXHO. B ciydae yacTHUHON MOTEpH BO30YKAECHHS YToJl MOXKHO
HU3MEPUTh, OIHAKO (UKcalMsl (aKkTa ACHHXPOHHOT'O PEeXHMMa IO Yy He YCTaHaB-
JIMBAaeT NPUYUHBI BO3HHUKHOBEHHUS 3TOro pexuma. llocnemyromue aedcTBUs pe-
JIEHHOM 3aIUTHI 3aBUCST OT TOTO, SIBIISIETCS JIN ACHHXPOHHBIHA PEXUM CIIEICTBHEM
BHEITHUX BO3MYIIEHUH WIIM €CTh PE3yJIbTaT MOTepH BO30yKaeHus. B mepBom ciry-
yae JTOJDKHA CpaboTaTh JeNUTeNbHas aBTOMATHKAa M Pa3feiuTh JBE HECHHXPOHHO
paboTaromiye 4acT YHEProchucTeMbl. Bo BTOpoM citydae JenuTebHas aBTOMaTHKA
0e3/eiCTBYeT, a perneiiHas 3amuTa MePEeBOIUT arperat B CTAIIMOHAPHBIN peXXUM Ha
15 (30) muHyT. 32 3TO BpeMs HEIOJAJKA B CHCTEME BO30YKICHUS MOXET OBITh
yCTpaHEHa, H TypOOreHepaTop MPOJOIDKHUT CBOIO PadOTy B SHEPTOCHCTEME.

Jnst BBIABIICHUSI NOTEpH BO30YXKICHHUS Hallle MCIOJIB3YIOT TIOJIHOE COMpO-

U,
TUBJICHUC, U3MEPICMOC Ha BbBIBOJAX I'CHEpATOpa z = ].‘ . 3Ty (l)OpMyJ'Iy MOXHO

2l

Jé
Uze 1 =U_ J(8y=8;)

3ammMcarh TaK z = . <
1 /% I

e , OTKyJla BUJIHO, YTO CONPOTHUBJICHUEC

2l

SIBIISIETCS] BECbMa MH(OPMATUBHBIM MapaMeTPOM, TIOCKOJIBKY YUUTHIBAET BETHUHHY
HaNpsDKeHNS U TOKa, a Taroke a3y MEKAYy HUMHU. YUHUTHIBAS 3TO 0OCTOATENLCTBO,
HOAaBJIAIONIEee OOJIBIIMHCTBO 3aIIUT OT MOTEPH BO30YXKICHHSA BBINOJHAECTCS HA
OCHOBE 3TOT0 MapameTpa.
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8.5. ABTOMaTHKa NpeKpalleHusi ACHHXPOHHOT0 X012
B JHeprocucremMe

PaccmoTpuM sHeprocucreMy, B KOTOPOM BO3HUK ACHHXPOHHBIA XOI, T.C.
OJTHA YacTh SHEPrOCHUCTEMBI BpaliaeTcs HECHHXPOHHO OTHOCUTEIBHO JAPYToi dac-
TH. DKBUBAJICHTUPYS KXyl 4acTh SHEPIrOCHCTEMbI B BUJE OJHOTO T'eHeparopa,
MBI IOJIYYUM CXeMy, 0100Hy10 puc. 8.2. Takoil pexuM SBIISETCS NCKIFOUUTEIBHO
TSDKEJIBIM — TI0 CXeMe MpOTeKaeT OOJBIION ypaBHUTEIBHBIN TOK M B TEYCHHE KaX-
JOro MPOBOPOTa BEKTOPOB 3.1.C. TCHEPATOP MEPEXOJUT U3 PEKHMa T€HEpPaLUuH B
pexxuMm notpebnenns. Takue KoneOaHUs aKTHBHON MOIIHOCTH CO3IAIOT OoIbIme
MOMEHTBI, KOTOpBIE IIepeatoTcs Ha Bajl arperata. Beuay oco6oii onacHOCTH Tako-
TO peXNMa HEOOXOIUMO NPUMEHSTh MEpHI K ero OpicTpoMy npekpamieruto. Cum-
TaeTcsi BOBMOXHBIM JOIMYCTUTHh He Oojiee TpexX M Jlake OJHOr0 IPOBOPOTA IPH
ACHHXPOHHOM XO/JIE.

[epBas 3agaya — BHIIBUTH (PaKT BO3HUKHOBEHUSI aCHHXPOHHOTO Xona. s
MPOCTOM CXEMBI CHENATh 3TO CPaBHUTENIBHO MPOCTO. B clio)kHO# sHEprocucreme
MIPEABAPUTENILHO HAMEUaloTCsl HanOosiee BEPOATHOE CEYEHHE, KOTOPOE YCIOBHO
JEIUT 3HEPrOCUCTEMY Ha JBe paboTaromye JacTu. [10SCHIM 3TO Ha KOHKPETHOM
npumepe. Ha puc. 8.11 mpexncraBneHa cxeMma HEProcCHCTEMBI. 3AECh ABE YaCTU
SHEPrOCHUCTEMBI COEAMHEHBI MEXAy coboil aymsa muHusME JI-1 u JI-2. Jluaus
JI-1 Gonee BBICOKOTO KiIacca HANpsDKEHUS M 110 HEeH HepenacTcsi OCHOBHAS I0JIs
MOII{HOCTH U3 MEPBOI YaCcTH SHEPrOCUCTEMBI BO BTOPYIO.

IIpu aBapuiiHOM OTKJIIOYEHHUH JMHUHU JI-1 TONHAs MOLTHOCTH HE MOXKET
ObITh TIepenana mo muHuK JI-2. B TakoMm ciydae mpom3oiieT HapyIIeHHe yCTON-
YMBOCTH U BO3HMKHET aCHHXPOHHBIA XOJ] — IIepBast 4acTh SHEPTOCUCTEMBI HAuHET
YCKOPSITbCSL OTHOCUTENIBHO BTOPOW 4acTu. IIpekpaTuTh aCHHXpOHHBIN X0 MOXHO
TOJIBKO 3a CYUET PasJIeJICHUs] SYHEPrOCHUCTEMbI Ha JBE HECHHXPOHHO paboTaromiye
YacTH IMOCPEACTBOM OTKIMIOUeHHs BBIKIouaTeneit Bl mnmm B2. IlemecooOpasnee
OTKJIFOUUTH BBIKIIIOYATEh B2, Tak KaK B 3TOM ciydae BCE MOTPEOUTEINH 110 JIMHUA
JI-2 OynyT nuTathCs OT JIeBOM, N30BITOUHOM YacTu 3HeprocucteMsl. [Ipu pasne-
JICHUH SHEPTOCHUCTEMBI BBIKIIOUareneM Bl Harpyska 3Tux motpeduTenei mpuaeT-
Csl Ha MIPaBYIO YaCTh SHEPrOCUCTEMBI, KOTOpas U 0e3 TOoro umeer AeuLuT reHepa-
mn. Takum 00pa3zoM, ceyeHne paszesa SHEPrOCUCTEMBI Ha YacTH JOJDKHO MPOXO-
IuTh yepe3 B2.
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Puc. 8.11. Cxema SHEproCUCTEMBI

B nenom aBTOMaTHKa JOJKHA BBISABIATH ()aKT BO3ZHHUKHOBEHUSI aCHHXPOH-
HOTO XO/1a MEXAY YacTSIMH SHEProCHCTEMBI M TTOJaBaTh CUTHAJ Ha OTKIIFOYCHHE
BhIKITIouaTenss B2. Takyio aBTOMAaTHKy Ha3bIBAIOT «JeiUTeNbHOW». Mcmomb3ys
TEPMHUHOJIOTHIO «aCHHXPOHHBIH XO/», aBTOMAaTHKY HA3bIBAlOT aBTOMATHKOI Ipe-
KpaleHust acuHXpoHHoro xona (AITAX).

Paccmotpum cxemy AITAX, BBITOTHEHHYIO Ha OCHOBE pejie TOKa M ABYX
pene momrHocTH. Perne Toka ukcupyeT QakT yBenndeHHs ToKa Mph aCHHXPOHHOM
xoze u 3amyckaeT cxemy (puc. 8.12). Ha puc. 8.13 nmpuBenena nuarpamma, mosic-
HSOIIAs B3aMMOJEHCTBUE pelie TOKA M HAMPaBJICHUS MOIMHOCTH. [Ipenmnonoxum,

YTO BEKTOP £ HIET CO CKOJBbKEHHEM OTHOCHTENLHO BekTopa E, . Ilpm HEekoro-

POM 3HauEHHH yIiia O TOK IPEBBICUT YCTABKY peJie U OHO CpaboTaeT (TouKa «a»).
KonrakTsl pese OyAayT 3aMKHYTHI 10 3HAYCHUS yria & = Op, MPUOIIKAIOMIETOCS K
3HaveHnto 360°. Ha nuarpamme 30Ha cpabaTeiBaHHs peiie TOKa B QYHKIMH yriia O
OTMEYeHa )KUPHOU TNHUEH.

Pene HampaBieHHsI MOLTHOCTH JIEJIUT INIOCKOCTD Ha JIBE 30HBI — CpabaThIBa-
HUs 1 HecpabaTeiBaHus. [IpakTryeckn 30Ha cpabaThIBAaHMS 3aHUMAET YyTh MEHb-
mie 180°. BeibepeM 30HY cpabaThiBaHHs TIEPBOTO pelie HAPABICHUS! MOIIHOCTH B
COOTBETCTBHH C AuarpamMMHON (puc. 8.13). DTa 30Ha 3aIITPUXOBAaHA U PACIIONIOKE-
Ha OT MaJIbIX 3HaUCHHH yria & mpubim3utensHo 10 180°. Bropoe pene Hamparie-
HUSI MOITHOCTH MMEET 30Hy cpabaThIBaHMA B Mpenenax yrioB uyTh 6oxibmie 180° u

moutH 110 360°. DTa 30Ha TaKKe 3aITPUXOBAHA.
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Puc. 8.13. [luarpamma K nosicHeHuto Aenictus cxembl AITAX

ITyck cxemsl ocymectBisier pene Toka KA. K atomy BpemeHu pese Ha-
npasieHnst MoutHOCTH KW 1 nep)knT cBOM KOHTaKTHl 3aMKHYTHIMH. Yepe3 KOHTaK-
o1 KI1.2.3 3amyckaetcs mpomexxytounoe peie KL1 u obecneunBaer cebe camo-
nmoamutKy depe3 KL1.1. B 3one 180° penre KW1 pa3mblkaeT cBOM KOHTAaKThI, HO
pene KL1 monmyyaer nutanue yepe3 koHTakTel KL1.1. IIpu naneneimem yBenuye-
HuM yria O cpabarbiBaeT pene Harpasiienus: MouiHoctd KW2. Uepe3d KOHTaKThI
KW?2 u KL1.2 3amyckaercs BerxogHoe pene KL3, koTopoe momaer curaan Ha pas-
JICJICHUE CUCTEMbI HA HECHHXPOHHO Pa0OTAIOINE YacTH.
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OO0paTiM BHAMaHHE, YTO 3TOT CUTHAI ITOJIaH B 30HE yriaoB 180°, T.e. meme-
HHE HEPrOCHCTEMBI IIPOUCXOIUT Ha TIEPBOIi MOJOBHHE IIEPBOTO MPOBOPOTA.

Ecmu BekTop E | OTCTaeT oT E 5, TO TIOCIe cpabdaThIBaHUS TOKOBOTO pee
KA mnepBbIM cpabotaer pese HarpasieHus MouHoctd KW2 u nopact curHai Ha
peme KL2. IMuranme Ha pene KL3 Ttemepp OymeT momaHO dYepe3 IICTIOUKY
KW1-KL2.2, xoropas Oyzer 3aMkHyTa 1pu cpadatsiBannu penie KW 1. biaronaps

TaKOMy IOCTPOEHHIO CXEMBbI, aBTOMAaTHKa (PUKCUPYET HE TOJBKO (PaKT aCHHXPOH-

HOTO PEXUMa, HO M YKa3bIBaeT OllEPEKECHHE WM OTCTaBaHUe BekTopa Ej .

8.6. U3MeHeHUe cONPOTHBJIEHUS HA BHIBOAAX IreHepaTopa
NPH ACHHXPOHHOM Xo0jie

Paccmorpum cxemy Ha puc. 8.14. I'eneparop I' paGoraer Ha 3Heprocucre-
My C. Ha BbIBO#ax reHepaTopa yCTaHOBJICHO peJie CONPOTHBIEHUS, BKIFOUCHHOE
Ha (ha3HbII TOK U HaNpsDKEHHUE.

[IpumMeM Taroke, YTO CKOIBXKEHHE dO/df =s~0, T.e U3MEHEHHe yriaa o
MIPOMCXOIUT OYEHb MEIJICHHO. B TakoM ciydae acHHXPOHHBIH MOMEHT Maj, MM
MOYKHO TIpeHeOpeYb M YUUTHIBATh TOJIHKO CHHXPOHHBIH MOMEHT (MOITHOCTS). [1pn
s ~ 0 rereparop ciexyeT NpeACTaBIATh CHHXPOHHBIM CONPOTHUBJIECHUEM X, B aHa-
JUTUYECKUX BBIKJIAIKaX NMPHMEM ITI0Ka CONPOTHBICHHE T'€HepaTropa Z, M 3HEepro-
CHUCTEMBI Z,.

[Ipn acHHXPOHHOM XO/i€ YaCTOTHI ®, U ®, HEOJMHAKOBHI. OHAKO C yYETOM
s ~ 0, MOKHO CUMTATh M, = ®. U ONEPHPOBATH C OJHOYACTOTHBIM CUTHAJIOM CO

O, +®

CPCIHEB3BEIICHHON YaCTOTOH ®,, = <. Taxoe ynpouieHue BIOJHE JOITyC-

THMO H OyZIET UCTIOIB30BaHO ISl IOTy4YeHus 3aBUCUMOCTH Z, (E,, E,, ).

HOY “I]enmp noozomoexu kadpos snepeemuxu” www.cpk-energo.ru
Canxm-Ilemepbype (812) 556-91-85



Iasnoe I'M., Mepkypoes I'.B. Aemomamuxa snepzocucmen. 368
Tnasa 8. Asmomamuka npexpawenus ACUHXPOHHO20 X00d

==
E E.
|

o0
Z(“

Ze

a)

Puc. 8.14. Cxema sHEprocucTeMsl (a) U auarpamma (0) 171s onpeeIeHuUs z,,.

Korma cxomexenue s # 0, TO OSABUTCS 3HAYUTEIBHBIN aCHHXPOHHBIA MO-
MEHT reHeparopa. B Takom cirydae reHepaTop JOJDKEH OBITH IpeJICTaBIIeH COMpO-
THUBIICHAEM, 3aBUCSIIIM OT CKOJIBKEHUS Z,($). DTO 00CTOATENHCTBO OYJET yUTEHO
B JJbHEHIIEM TP aHAJINM3€ 3TOTO CIIyyasi.
Jl1s1 0IHOYAaCTOTHOIO CUTHAJIA TOK B JIMHUU
[': Ee_Ec — Ez(l_qe_js) ] (812)

ZZ+ZC z

tneZ=7,+7Z nqg=E.//E..
Hanpspxkenne B Mecte ycranosku pene U = E, —z,I . I[lonHoe conpoTusie-

HUE, U3MEpsSeMOoe pelie, COCTABISIET
U_(E =z1)
z, =—=——2Z 8.13
»=7 7 (8.13)
YuureBas popmyiy st Toka (8.12), BEIpakeHHE I U3MEPSIEMOTO COTIPO-

THUBJICHUA MPUBCIEM K BUY

(8.14)

Lz
Z,=—z,+————.
P 2 —j
1-ge

Ecmu renepatop He BO30YXXIeH, TO, Kak cieayeT u3 ¢opmyinsl (8.14), pere
CONPOTHBIIEHUs U3MepHT Z, = - Z,. Ilpu E.= 0 umeem Z, = Z,. Takum obpasom, B
JAHHBIX PEeXHMMax peie M3MEPHT MO0 CONPOTHBIIEHHE T'eHEpaTopa, OO0 COIpo-
TUBJICHHE CHUCTeMBl. B Ipyrux pexumax 3To OyAeT (UKTHBHOE CONPOTUBIICHUE,
Up

00yCIOBIIEHHOE 3HAYEHUSIMH TOKOB M HANPSDKEHUH Z ), =

P
B cootBerctBum ¢ hopmyiioii (8.14) MOKHO OCTPOUTH UArpaMMy, Ha KO-
TOpOi OyJIET OTMEUEHO FEOMETPUYECKOE MECTO KOHIIOB BEKTOpa Z, B 3aBHCHMO-
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cTH oT yrna d u ot otHoweHus ¢ = E./ E, (puc. 8.15). Ilpu mocrpoenun mua-
rpaMmbl ipuMeM Z, = X, u Z. = X..

jx

96 qs
qa

q3

q1

Puc. 8.15. [luarpamma z,(q, 9)

e /3

IIpu m3menennn yria d ot 0° go 360° BEpaxkeHHE g COOTBETCTBYET

BpalaromemMycs BEKTOPY, KOHCI KOTOPOI'0 BbIYCPUYMBACT OKPYKHOCTH C ICHTPOM

B Havase KOopauHaT. Bempaxenne 1 — ge”/° ("

COOTBETCTBYET OKPY>KHOCTH, LICHTP
Kotopoii cmemen Ha 1,0. B pesymerate oOpamieHHii 93TOW  OKpPYKHOCTH
1/(1 = ge’®") xomnen Bextopa Z, Takke OyIeT mepeMenaThesl o OKPYKHOCTH
[18]. He paccmatpuBas 31eCh METOA OMpEICTCHUS MECTOIMOJIOKEHHUS LEHTpa U
panuyca oOparieHus OKPYXHOCTH, YKa)KeM JIMIIb Ha MOPSIOK MOCTPOSHHST MHTE-
pecyrolel Hac InarpaMMbl.

Ha xoMImIeKcHO# TITOCKOCTH COTPOTUBIICHUH KOHITBI BEKTOPOB Z, U Z. 000-

3Ha4YMM cooTBeTCTBeHHO A u B. O1pe3ok AB nzobpaxaer BekTop Z. LleHTpbI OK-
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PY’KHOCTEH{, 0 KOTOPHIM CKOJIb3UT KOHEIL| BEKTOpA Z, IPU U3MEHEHHH yIia §, Ha-
XOJSITCA Ha NMPOJOKEHUH OTpe3ka AB BHU3 OT TOYKU A mpu g > 1 1 BBepXx OT
touku B mipu ¢ < 1. [lomokeHne meHTpa W paanyc OKPYKHOCTEH OmpeaesseTcs
BenuuuHOM ¢g. Ha puc. 8.15 moka3aHO HECKONBKO TaKMX OKPYXXHOCTEH, MpuueM
q1> q>>...> qe llpu g = | paguyc OKpyKHOCTH paBeH OECKOHEYHOCTH U OK-
PYXHOCTBH BBIpOXKIaeTcs B npsimyto CD. Drta mpsiMas MPOXOIUT Yepe3 CeperHy
orpe3ka AB (Touka M) u neprieHIUKYISIpHA EMY.

[Ipy MOCTOSIHHOM 3HAu€HHHU Yria O, HO TMEPEMEHHOM ¢ KOHeIl BeKTopa Z,
TaKKe pacroiaraeTcs Ha JyraXx OKpPY>KHOCTEH, KOTOpBIE CTPOSITCS CIIEAYIOLIUM
o0pazoM. LleHTpHI 3THX OKpPYXHOCTEH pacrosaratoTcss Ha npsmoit CD. JlonosHu-
TENBHBIM YCIOBHEM TSI IOCTPOEHHS OKPYXHOCTECH SIBIIAETCS YCIOBHE HX IPOXO-
s)kaeHus yepes Touku 4 u B. OTpe3ok AB MOXET paccMaTpUBaThCs KaK Ayra OK-
PYXHOCTH OecKOHEeYHO Oonbloro paaumyca. Konen Bekropa Z, pacmnojaraercs Ha
3ToM oTpe3ke npu yriae § = 180°.I'eoMeTpHYecKMM MECTOM KOHIIOB BEKTOpa Z,
npu & < 180° sBISIOTCS AyTH OKPYXKHOCTEH cripaBa oT oTpe3koB AB. [lpu yrie
& > 180° KoHerl BeKTOpa Z, pacrojaraercs Ha Ayrax OKpy»KHOCTeH ciieBa OT OT-
peska AB. Tlonp3ysach AuarpaMMo#, MOXKHO ONPENEIUTL CONPOTUBICHUE Z, TIPH
JIIOOBIX 3HAYEHHSX yIiia O U KO PHULIUCHTA ¢.

B mpeaplnymux paccykISHHUSAX MPUHSITO, YTO CONPOTHUBIEHHE I'eHepaTopa
HEM3MEHHO. B aCHHXpOHHOM peKMME 3TO CONPOTHBIICHHE MEHSETCS U 3aBUCHT OT
CKOJIB)KEHUS S. DTO OOCTOSATENIHCTBO HEOOXOAMMO YHUMTBHIBATH IPH IOCTPOSHUH
auarpammel Z, (E,, E., 8, s). Ha puc. 8.16 nmoka3aHa 3aBUCHMOCTb CONPOTUBIICHUS
HEBO30YKIEHHOTO I'eHepaTopa OT CKOJBXeHUs potopa s [14]. B cuny Hecummer-
PHH POTOPa CONPOTHUBIIEHHE PA3IUYHO 1O IPOJOJIBHOM Zy4s U MONEPEUHOMN Z45 OCAM.
Paccmotpum compoTuBieHHE z;. [Ipy OTCYTCTBUUM CKOJBKEHUS! TypOOTeHEepaTop
3aMEIAETCs] CHHXPOHHBIM CONPOTHUBIICHHE X, [IpH CKONBXEHUHM § = o0 MalllMHA
MIPECTABISIETCS] €€ CBEPXIEPEXOAHBIM conpoTuBienHue x”,. B obmactn 0 < s < o0
TEOMETPUYECKHM MECTOM KOHIIOB BEKTOpa CONPOTHUBIEHHUSI TypOOoreHeparopa sB-
JeTCS XapaKTepUCTHKA, TToKa3aHHas Ha puc. 8.15. B mepBoM mpubmmkeHnn oHa
OJIM3Ka K MTOJTyOKPYKHOCTH, TIOCTPOCHHOM Ha OTpe3ke x; — X", Kak Ha JuaMeTpe.
B HeKOTOpBIX TOUKaX 3TON XapaKTEPUCTUKHU yKa3aHbl 3HAUEHUS CKOJIBKEHHS, MIPU
KOTOPOM OIpEJeNIeHbl COIPOTUBIEHHS. XapaKTepHCTHKa IOCTpOeHa B o0macTu
OTPULIATENIBHBIX 3HAUCHUH X. DTO 00YCIOBIEHO TE€M, UTO B JJAHHOM CIIy4ae H3Me-
peHNe OCYIIECTBIISIETCS] ¢ IOMOIIBIO PEJie COPOTUBIIEHHUS, U1 KOTOPOTO 3a MOJIOo-
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JKUTCIIBHOC HAIMPABJICHUC COIPOTUBJICHHUS MPUHATO HAIIpABJICHUEC OT MECTa yCTa-
HOBKH PEJIC K CETHU.

jx
R
S = 00
x"d
s=0.005
X
q !
qu Zds
Xd
s=0

Puc. 8.16. YrpoieHHbIe YaCTOTHBIE XapaKTEPUCTUKH CHHXPOHHOTO TeHepaTopa

AHasornuHble MOSICHEHUS MOXKHO NPHBECTH OTHOCHTENBHO XapaKTEPUCTHKU
Z,s. IpM HEW3MEHHOM 3HAYEHNH Z, = X4 UMEEM OJIHO MOJIOKEHHE TOUKH A, n300pa-
JKeHHOe Ha nuarpamme puc. 8.15. dakTuieckd B 3aBUCUMOCTH OT CKOJBXKEHHS U
TIOJIO’KEHHUSI POTOpa IO YTy MBICIMMO MHOXECTBO NMOJOOHBIX AWAarpaMM C pacrio-
JIO)KEHHEM TOUYKH A KaK Ha XapaKTEePUCTUKAX Zjs U Zys, TAK U B 30HE MEXKLy HUMM.

OT0 00CTOSTENBECTBO HE JOIDKHO 3aTCHATH TIIABHYIO HJCI0 JHWArpaMMbl
puc. 8.15, koTopas 3aK/II0YaeTCs B CAEAYIOIIEM:

TP MOJHOM IoTepe Bo30YKIEHUs KOHEL BEKTOpa Z, TIOMafaeT B TOUKy A;

B aCHHXPOHHOM PEXHUME YaCTHIHO BO30YKIEHHOTO IeHepaTopa KOHEI] BeK-
TOpa Z, NEPEMEIIAETCA TaKkKe MO OKPY)KHOCTH BOKPYT TOYKH A, HO 3Ta OKPYkK-
HOCTb UMEET OOJBIINI panyc, HalpuUMep OKPY>KHOCTD ¢

[NosicHuM mporiecc motepu BO3OY)KAEHHS M CBS3aHHBIM C HUM (haKT U3Me-
HEHMs CONPOTUBIIEHHs Z, C TIOMOIIBIO PACCMOTPEHHOH auarpammMsl. B HopManb-
HOM PEXMME IPU TEHEPALMU AKTUBHON M PEAKTHMBHOM MOLIHOCTER BEKTOD Z, H30-
OpaxxaeTcsi Toukoi N. B acCHHXPOHHOM pEXHMME CONPOTUBIEHHE Z, OyleT Me-
HATBHCS 10 BenmmuuHe U ¢asze. Kpupas, Mo KoTopoi nmepemeniaeTcsi KOHEIl BEeKTopa
Z,, HasbIBaeTcs rogorpadom. Ecin u3aMeHseTcs TONBKO OJMH MapaMeTp, HalpuMep

yroi 8, a Bo30yKI€HHE OCTAaeTCs MOCTOSHHBIM, TO HaYMHas ¢ Touku N rogorpad
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Z, NOUJET MO OKPYXKHOCTH g4, YTO COOTBETCTBYET ACUHXPOHHOMY XOJy BO30YXk-
JeHHOro reneparopa. [Ipu usMeHeHHH TONBKO BEKTOpPA £, KOHEL BEKTOpa Z, Oyaer
CKOJTB3UTH IO OKPY)KHOCTH, OTMEUECHHOU yriioM & < 90°. B KOHEYHOM UTOTE, TIPU
TIOJTHOM ToTepe BO30YKIEHHs KOHeIl BeKTopa Z, monajeT B Touky 4. Eciu Tepser-
st BO3OY>KAEHHE U yTOJ pacTeT, TO roforpad u300pakaeTcs yHKTUPHON KPUBOM.

OTcrofa cienyer, 4yTo MO BHAY rojorpada MOXKHO CYIUTh O XapakTepe
ACHHXPOHHOTO PEXKMUMa — BO30YXK/ICH T€HEepaTop MM HET. DTO MOATBEPKIAET BbI-
CKa3aHHYIO paHee MBICIb O TOM, YTO COINPOTHBIICHHE, U3MEPSieMOE Ha BBIBOJIAX
TeHepaTopa, SBIIETCS BeCbMa HH(POPMATHBHBIM ITapaMETPOM.

Eme pa3 HanmoMHHUM, YTO NPH TTOJIHOM TIOTEpe BO30Y K/IEHHS KOHEI[ BEKTOpa
Z, Haxoautcs B Touke A. OKpY’KHOCTb ¢; MBI MOKEM PaccMaTpuBaTh Kak 30HY
Hes10B030y K 1eHus. OnpenenuM TuaMeTp OKPYKHOCTH.

IIpu 6 = 180° Touka mepecedeHus: OKPYKHOCTH C JIMHUEH AB NeXAT Ha
oTpeske AB Ha paccTOSHMY OT TOYKU A paBHOM f' = é . B ciygae yrmna 6 =360°
q

OKPY>KHOCTB TIEPECEKACTCS C MPOIODKEHIEM TMHAN AB 3a TOUKOi A W HaXOAUTCS

V4
OT HEE Ha paccTosHuu " = ——— | [I03TOMY JAMaMETP OKPYIKHOCTH PABEH

W=l == _ 2 (8.15)
l+qg 1-g¢g
Bremonass mpeoOpa3oBaHus MOTyIUM
2R = —i‘]z . (8.16)
l-¢g

27
Ecmni g > 1, To 2R = —— . Eciu npussth E. = 1,0 1 BbIpa3uTh HeOBO30YKICHHE

E 1
B OTHOCHUTENBHBIX €JUHUIAX E_e =E.= ; , To (hopmymy (8.16) MoxkHO TIpencTa-

c

BUTH B BUJE R =ZE ...

PaccmoTpuMm BiHsIHHE aCHHXPOHHOTO X0J1a BO30Y»X/IEHHOTO TeHepaTopa Ha
PeXuM BCEM SHEPTOCUCTEMBI.

[Tpn n3menennn yria § B npenenax ot 0 — 360° acHHXpoHHO paboTaronyi
reHepaTop OyneT BhIJIaBaTh MM NOTPEOIATh aKTUBHYIO MOIITHOCTh. DTa MOIITHOCTh
SIBIISIETCS] BO3MYIIAIOIINM BO3AECHCTBUEM JUISl SHEPTOCHCTEMBI M BOCTIPHHUMACTCS
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BCEMH ee reHepaTropamu. B Takom ciydyae Bo3MylieHHE OyAeT OTHOCHTENHHO He-
OoNBIIMM 71 KaXKIOTO TeHepaTopa dHeprocucreMsl. I'eHepaTopsl OyayT mpoao-
XKaTh paboTaTh C JOABapHHHON HAarpy3KOH IUIIOC HEKOTOPHIE KOJIEOaHHsS MOIHO-
CTU OTHOCHUTEJIBHO 3TOT0 3HAYCHHSI.

[Tpy ManeIX IO BeJIMUMHE KOJIEOAHMSIX MOIIHOCTH T€HEpPaTOpHI OyIyT pa-
00TaTh ¢ HEOOJNBIINMHU CKOJNBKEHUSIMH, IIPHYEM BCE TEHEpaTOphl M CUCTEMa B Iie-
JIOM MOXKET OBITh MPEACTaBJIeHA CHHXPOHHBIM CONPOTHBIICHNEM X, [l03TOMY TOY-
Ka B Ha quarpamMe (puc. 8.15) ocTaercs B TOM ke MOJIOKEHUH, KaK U B T0aBapHii-
HOM pEXUME.

OueHnM BENMYMHY CKOJNBKEHHS YHEPrOCHCTEMBI NPH aCHHXPOHHOM XOIe
OJTHOTO BO30YXXJICHHOTO TeHepaTopa. Y paBHEHHE SHEPTOCUCTEMBI (arperara) nme-
eT BUJ

T,p*8+Dpd=P,-P,, (8.17)

rae P, P, — MOITHOCTb TypOUHBI U HATPY3KH;
T, — mocTosiHHAs! BpEMEHH YHEPIOCHCTEMEI (arperaTa);
& — yrom;
pd —dacToTa;
D — koo punment nemndurposanus;

d
= i onepaTop AuddepeHIHpOBaHHs.
t

Koappuuunent nemnduposanus

_ b 9 (8.18)
o o

P
ITockonbky ai’f’< 6Pf‘ , T0 D= oF, =K, , rae K, — peryaupyromuii 3¢-
o of of

(exT Harpysku.
C ydeToMm HpUHSATHIX 0003HaueHWI ypaBHEHHME dHeprocuctemsl (8.17) 3a-
MTUIIEM B BHJIE

TpAf + K, Af = AP .. (8.19)

[epenaTounast GyHKIUS CHCTEMBbI
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1
LU :ﬁg (8.20)

W(p)=——= ,
(p) AP Tp+K, Tp+1

rone T' = %{ , AP — BO311elicTBHEe Ha BXOJe, Af — OTKIOHEHHE BBIXOTHOW BEJIHYIH-
H

HBI. AMHJ’II/ITyZ[HaSI YaCTOTHAsA XapakKTCpHUCTUKA

/

K

Alw)=—L=1— (8.21)
I+ (Tw)?

e ® = 27f, U cIe0BaTeNbHO,
Af = A(®)AP. (8.22)

[pearnonoxum, 4TO OAWH TeHepaTrop padOTaeT aCMHXPOHHO C YacTOTOM
cxonmpkerns Af,= 1 T, T.e. o, = 6,28 ¢”'. [IpuMeM HOMHHAIBHYIO MOIIHOCTH Te-
HepaTopa B 5 % OT MOIIHOCTH CHCTEMBI. B aCHHXpPOHHOM peXHMe 3Ta MOITHOCTh
Oyzer u3MeHAThcA BO BpeMeHU P = P, sin og. Ilyctb P4 = 2 Py, B Takom
cllyyae BO3JICHCTBHE TeHepaTopa Ha HEPrOCHCTEMY B OTHOCHTENBHBIX €AMHMIIAX
Oynet paBHO AP. = 0,1sin o ¢ . llpumem T=10cu K, = 2,0 , rorna 4 (o) = 0,015

, cienoBareibHo, Af; = 0,015 P.. MakcuMaabHOE 3HAUCHHE OTKIOHCHHS YacTOThI
Afpax OyZIET TP MaKCUMaLHOM BO3JEHCTBHHM U COCTaBHUT Afy,. = 0,0015. Ilpu
TAKOM MaJiOM CKOJIRKEHHH JHEPrOCHCTEMAa MOXET OBbITh MPEACTaBICHA CHHXPOH-
HBIM COIPOTHBJICHHUEM X,

8.7. XapakTepucTHKHM 3a1IMTHI OT NOTEPH BO30YKACHUS

PaccmoTpuM 3amuTy, BBIIOJIHEHHYIO Ha OCHOBE M3MEpPEHMsI COMPOTHBIIE-
HUsI Ha BBIBOJIaX reHepaTtopa. Takas 3ammra (GUKCHpYeT He TOJIIBKO caM (aKT BbI-
SIBJICHUS] aCHHXPOHHOTO PEXKMMa, HO M YCTaHABJIMBACT €T0 IIPHUYHHY.

Ha ocHoBe ayeKTpoMexaHWYeCKHX peje CONMPOTHBIICHHS XapaKTepUCTHKY
3aIIUTHI BEIOUPAIOT B BHIE OKPY)KHOCTH, CMEIICHHOH B 00JAaCTh OTPHULATENBHBIX
3HaveHn# x. Ha puc. 8.17 mokaszan oanH U3 HanOoJee pacrpoCTpaHeHHBIX BapHuaH-
TOB XapaKTEPUCTHKU C OKPYKHOCTBIO, mpoxopsuien depe3 touku 0,5x,” u kx,
(k> 1,0). JleficTBuTENBHO, IPU NOTEPE BO30YKIEHHSA rof0rpad CONPOTUBICHHUS Z,
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(kpuBas 1) momamaeT BHYTPh 3TOH OKPYKHOCTH, YTO HMPUBOJTUT K cpabaTHIBAHHIO
peine.
jx

.
N*

a 0.5x",
b
1
2
3

2% kxy

Puc.8.17. XapakTeprcTHKHU 3alIUThI OT TOTEPH BO3OYKACHUS

HekoTopbiMu aBTOpamMH PEKOMEHAYIOTCSI pa3JIM4HbIE PaAnyChl JUIS Xapak-
TEPUCTUKH PEJIE U CMEIIEHNE eTOo IEHTpa II0 OCH Xx. 37IeCh MBI HE OyzaeM paccMar-
pUBaTh 3T AETald, a OTMETHUM OCHOBHOI HeHOCTAaTOK 3amuThl. [Ipu Takoi Ha-
CTPOMKE BO3MOXKHBI HEBEPHBIEC NEHCTBHS 3aILUUTHL. Tak, B Cllydyac aCHHXPOHHOIO
X0/1a BO30YKIEHHOT0 TeHeparopa rojgorpag 2 Takke MOXKET MONacTh B 30HY cpa-
OaTeIBaHMS pejie, YTO HanboJiee BEPOSTHO IpH paboTe reHeparopa ¢ HEIOBO30YXK-
JICHUEM B JI0aBAPUIHOM pEXHME U TMOTPEOJCHUH UM PEAKTHBHOW MOIIHOCTH
(Touka N*, romorpad 2*). TeopeTnueckne M 3KCIICPUMEHTAIBHBIE UCCIECIOBAHNS
MOJITBEPIKIAIOT BO3MOXKHOCTh HETIPABUIILHBIX CpabaThIBAHUH 3aIUTHI.

HImMeHHO 3THM 00CTOSITEIECTBOM M OOBSICHSETCS] CTPEMIICHHE MHOTHX aBTO-
POB OTCTPOMTHCSI OT JIOKHOTO AEWHCTBHUS 3alIUTHI IIyTEM Pa3HbIX PEKOMEHIAIMHA
OTHOCHTEJIFHO pajinyca OKPYXHOCTH U €€ CMEIIEHHS TI0 OCH X.

PagukanbHOl Mepol OTCTpONKH 3aIlIUTHl OT HEMPABUIBHOTO JEUCTBUS SBIIS-
€TCsI BBIZIEPKKa BPEMEHH TIOPSIIKa OT OJHOM 110 ABYX ceKyHA. I omorpad 2 mpoxomur
30HYy cpabaTbIBaHUsl pejie OT TOYKH «@» 10 TOYKH «b» ObICTpee 3TOW BBIIEPIKKU U
3amuTa He ycneBaeT cpadarsiBath. [Ipu morepe Bo30yxaenus rogorpad | umrens-
HO HaxOAUTCs B 00acTu cpabaThiBaHKs 3allUTHl U OHA PadOTAET MPABUIIBHO.
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BBenenue BBIACPKKH BPEMEHH MPUBOJUT K 3aMEUICHUIO BBISIBIICHUS TOTe-
pH BO30YXKICHHS M, CIIEJOBATENbHO, K 3a[JEpP)KKE CUTHAJIa Ha CHIDKEHHE aKTHBHON
MOIITHOCTH TypOOreHepaTopa B aBapuiHbIX ycinoBusxX. Kak OblI0 oka3aHo B mapa-
rpade 8.1, 3T0 MOXXET MPUBECTH K MOTEPEe CTALMOHAPHOTO ACHHXPOHHOTO PEXUMA
C IOKPUTHUYECKUM CKOJIBXKEHHEM.

Xapakrepuctuka 3amuThl ¢ nuamerpoMm 0,5x,” — kx; oXBaThIBaeT OYeHBb
OOJIBIITYI0 30Hy Ha KOMIUIEKCHOHM IUIOCKOCTH, YTO YXYAILIaeT H30HMpaTeIbHOCTh
3alUTHL. DTy 30HY HEOOXOIUMO COKPATHUTh.

Ha xadenpe «3Onexrpuueckue cranmmum» CIIOI'TY pa3paboran BapuaHT
3alIMTHl CPABHUTENIHLHO MTPOCTON MO peasiu3anny U 00J1aIaromieii BBICOKUMH TTOKa-
3aTeNsIMM 10 CENIEKTUBHOCTH M OBICTPOJEWCTBHIO. B OCHOBY 3TOro BapmaHTa II0-
JIOXKEHBI CIIEAYIONIEe cOOOpakeHus. 30HOH Majoro BO30YKICHUS TIPH 3aJlaHHOM
CKOJIBXXCHUU §; SIBIACTCS OKPYXKHOCTH ¢; (cM.puc. 8.18). lns ckompxenuns ot 0 no
00 HEOOXOANUMO TIOCTPOUTH MHOYKECTBO TAKUX OKPY)KHOCTEH C PACIIOIOKEHUEM MX
LEHTPOB HA XAPAKTEPUCTUKAX Zys U Zy. [loHMMAas CIOXKHOCTE CO3JAHUS PENE CO-
MIPOTHBJIEHHS, Y KOTOPOTO XapaKTepHCTHKA SBISUIACH OBl (PyHKIMEH CKONBXEHUs,
MOXHO TIOMTH Ha ympolleHHe. ACUHXPOHHBIH PEKUM C MaJIBIMH CKOJbXECHUSIMU
MIPOJIOJDKAETCST KOPOTKOe BpeMs. Hambonee WHTEpeCHBIMU 3HAUCHUSIMH CKOJIbXKe-
Hult sBisoTcs BenmauHbl oT 0,2 1o 0,5 %, T.e. HaUMHAS C CEPEIUHBI U 10 MaKCH-
MyMa BOCXOJISIIIIEN 9acTH XapaKTepPUCTHKHA aCHHXPOHHOTO MOMEHTA.

Ha puc. 8.19 mpencraBieHo ceMeiCTBO XapaKTEpUCTHK B BHIE OKPYKHO-
cTeit g; Juisi GUKCHPOBAHHOTO 3HAYEHUS CKOJIBKEHUs S=S,, U PA3HON CTENeHu He-
J0BO30YyXk/IeHHusT TeHeparopa. [locTpoeHne NpoBeneHO Al TypOoreHeparopa c
napamerpamu x;= 2.0, x;" = 0.2, Z;3 = Z,,. Jina cucremsl npunsro Z,= X, = 0.15.
Panuyc oxpyxHoctu ompezeneH no gopmyne R =ZFE .., rie Z — cOIpOTUBICHHUE

Ha KOMIUIEKCHOM MIOCKOCTH MEXIy ToukaMu 4 u B. D.1.C. TeHepaTopa BbIpakeHa
B OTHOCHUTEJBHBIX €MHUIAX U €€ 3HAUEHHE YKa3aHO y Kaxa0i okpyxHocTu. Llen-
TPBI OKPYKHOCTEH PacHOI0KEHBI Ha MPOJIODKEHUH IPSAMON A B HIKE TOUKH A.

IIpencraBneHHble XapaKTEPUCTUKU MO3BOJISIOT JIydlle IMOHATH XapakTep
mpolecca Mpy HoTepe BO3OYKACHUS M YCTAaHOBUTH I'PaHHUIy MEXTY BO30YKICH-
HBIM 1 HEBO30Y>K/ICHHBIM COCTOSIHUEM T'eHeparopa.

T'eneparop MOXET HaAXOIUTHCS B COCTOSHUM IIOJHOM M YaCTUYHOM MOTEPU
B030YkzIeHus1. J{axke rmostHast oTepst He SIBJISIETCS] TAKOBOW B TIEPEXOJHOM PEXXUME —

HOY “I]enmp noozomoexu kadpos snepeemuxu” www.cpk-energo.ru
Canxm-Ilemepbype (812) 556-91-85



Ilasnos I'M., Mepxypves I'.B. Asmomamuka suepeocucmen. 377
I'nasa 8. Aemomamuxa npexpawjenus acunxpoOHHO20 X00d

Opyu OTKIIOYCHUU UCTOYHUKA IMUTAHUSA TOK B 00MOTKE BO36y)K,H€HI/I$I 3aTyXxacT mo-
CTCIICHHO.

jx

s =0.005

Puc. 8.18. 3aBUCUMOCTD 30HBI HEJTOBO30YKIICHUS OT CKOJIBKEHHS

Xd

Puc.8.19. XapaxkTrepucTHKH HeTOBO30YKIEHHOTO TeHepaTopa
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Jlnst TIOBBIIIEHNST BEPOSITHOCTH BBISIBJICHUS JICHCTBUTEIFHON IOTEPH BO3-
Oy>KIeHUsI HEOOXOIMMO PEKOMEHIOBATh 30HY CpadaThIBaHMA 3AIUTHI C MaJIbIM
panuycoM OKpYXHOCTH, T.€. C MaJbIM 3HadeHHeM E,» Hampumep E.» = 0,2. Ora
OKPY)KHOCTh BBIIIEJICHa Ha PUCYHKe IITPUXOBKOH. I'omorpad Bo3OyxIaeHHOro re-
HepaTopa M JaXke TeHeparopa, uMeromero £« > 0,2, He MOXET II0TIacTh B 3Ty 30HY.
Ho 310 cipaBeyinBO TOJIBKO MU 3aJaHHOM CKOJIbXeHHH s = 0,5 %.

Ecnu moctponTh mogo0Hyro auarpamMmy sl cKonmxeHus s > 0,5 %, To
rogorpad maxe BOo30YXKIESHHOTO IeHepaTopa MOXKET MPOXOMUTH Yepe3 «3ampeT-
HYIO» 3aIITPUXOBAHHYIO 00JIaCTh HA JAHHOM PUCYHKE.

Takum 00pa3zoM, gake 3HAYUTEIHHOE COKpPAILEHHUE 30HBI CpabaThIBaHUS HE
JIaeT TOJHOW YBEPEHHOCTH B CEJIEKTMBHOCTH 3allUTHI, PEarnpyrolle TOJIBKO Ha
conpoTHBIeHHE Z,. HeoOXoMMMbl JOMOIHUTENIBHBIE IPU3HAKH, YTOUHSIomue (GakT
TIOTEPH BO30Y K/ICHHUS.

[IpennoxeHo obyacTh cpabaThIBaHUS 3aIUTHI COKPATHTh U NIPEICTABUTH B
Bujie smmmnca 2 (puc. 8.20), 0XBaTHIBAIOIIETO XAPAKTEPUCTUKY Zg U Zys B 30HE
YKa3aHHBIX CKOJIbXeHHHA. Kpome 3Toro Ha pucyHKe IoKa3aHa XapakTepucTHka 1 ¢
nuametpoM kxy —0,5x,”, a Taxxke rogorpad Z, Bo30ykIeHHOTO (KpuBas 3) U Te-
psitoiiero Bo3OykaeHue (kpuBas 4) reHepatopa B aCHHXPOHHOM pexume. [Ipu
rorepe Bo30yXIeHHs roforpad MoIHOCTHIO MTONAAaeT B 30HY 3iuturica. I'ogorpad
BO30YK/IEHHOTO T€HepaTopa MPOXOAUT Yepe3 IUTUIIC B TOUKAX «b» U «c». Takum
00pa3oM, 1aKe COKPAIIEHHE 30HbI CPA0ATHIBAHMS PEJIE CONMPOTUBICHHUS HE HCKIIO-
YaeT BO3MOYKHOCTh CpadaThIBaHMs 3aLIMTHI IIPU aCMHXPOHHOM XOJie BO30YXKIIEH-
Horo rerepaTtopa. OnHaxko, BUiHA NPUHIUIAAIGHAS PAa3HAULA B ICHCTBUH 3alUTHI
¢ xapakrepuctikamu 1 u 2. [To nepBoii xapakrepuctuke rogorpad HaxomuTcs B
30HE cpabaThIBaHUS OT TOUKH «a» IO TOUKU «d». [To BpeMeHH 3TO COOTBETCTBYET
MOYTH IOJIOBUHE MPOBOPOTA POTOPA M COCTABISIET HECKOJBKO MECSTHIX CEKYHIBI.
HMmMeHHO no 3TOM MpUYMHE B 3TOM 3alUTE co3naBanach 3anepxkka mo 1,0 — 1,5 ¢,
YTOOBI HE OBLIO cpabaThIBAHKS TP BO30YKIICHHOM IreHepaTope.

OJMNTHYECKYIO XapaKTepUCTUKY rojgorpad npoxoaut B 8 — 10 pa3 ObIcT-
pee. Beinepikka Bpemenn He Oonee 0,1 ¢ BrosHE MOCTaTOYHA ISl OTCTPOMKH OT
3TOr0 pexHuMa.

[Ipeanoxen BapuaHT 3alIUTHI TEHEPATOpa OT TOTEPH BO3OYKIEHUS C HC-
MOJIb30BAaHHUEM JIBYX peJie CONMPOTUBIICHHS, UMEIOIINX XapaKTEPUCTUKU CpadaThl-
Banusa 1 u 2. CpaOarpiBanue pene 1 QuUKCHpyeT BO3HHMKHOBEHHE aCHHXPOHHOTO
pexxuma. Crienyromee cpabaTsiBanue peie 2 Ha Bpems Oounbinee, dyem 0,1 ¢ cBupe-
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TCIBCTBYCT O MOTEPEC BO36y>KI[€HI/I$I. HepBoe peie Cpa6aTI)IBaeT Ipu yrjiax OKOJIO

180°. OxonuaTenpHO 3amuTa cpaboTtaeT B paiiore 360°.

Jx

Puc. 8.20. OnmunTrdeckas XapakKTepPUCTHKA OT MOTEPH BO30YKICHUS

3amura UMeeT Pa3BUTYIO JIOTHYECKYIO 4acTb, KOTOpas oOecreunuBaeT Ipa-
BIJIbHOE JAEHCTBHE B 00J€e CIIOKHBIX CHTyalusx. Tak, HampuMep, IpH IOoTepe
BO30Y K/IEHHSI C MEJJICHHBIM CIIaJIoM TOKa poTopa rojgorpad 4 (ITpuxoBast JHHUS)
MOJKET BBIMTH M3 00JAaCTH BTOPOW XapaKTEPHCTHKH B Touke k. B Takom cmydae
BpeMsi peObIBaHus roforpada B 30HE cpabaThIBAaHMs MOXKET OBITH MEHBILE Bpe-
menu 0,1 ¢ n 3amuTra He cpaboTtaer. OgHAKO, MOCKOJIBKY rojorpad 3aKpy4nBacTcs
U HE NepeceKacT XapaKTepUCTHKY 1, TO JIOrHKa He cOpachlBaeT CueT BPEMEHH, a
3aroMuHaeT ero. [Ipu mMoBTOpHOM BXOX/ICHUH B 30HY 2 B TOUKE / CHET BPEMEHH HE
HauyMHAeTCs 3aHOBO, a IIPOJOJKACTCS, YTO O0ECTIeUNBaeT YCKOPEHHOE cpadaThIBa-
HUE 3aUTEL. BO3MOXHEI U IpyTHe COYETaHus, 3aJI0KEHHBIE B JIOTHYECKYIO YacTh
3amuThl. bonee moapoGHO 3TOT BoIpoc paccMaTpuBaeTcs B naparpade 8.8.
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8.8. Bri0op ycraBok

PaccMoTrpuM 3amuTy OT MOTepH BO30YXKIEHUS C DJUTUIITHYECKON XapakTe-
puctukoi. HacTpoeuHbIMH TapaMeTpaMy TAKOW 3aIUTHI SBJISIOTCS MECTOMONOXKE-
HHE U pa3Mephl 3JUTUIICA B KOMITIEKCHON TUIOCKOCTH CONPOTHUBIICHUH U BBIZEPIKKA
BpPEMEHH.

[Mpexxae veM naBaTh PEKOMEHAAIMHM 10 3THM BOIpocaM, HE00X0IUMO
YTOYHHUTH CMBICI TEPMHHA «IOTepsl BO30ykaeHus». TouHee roBopsi, HEOOXOANMO
YCTAHOBHUTH I'PAHUIYy MEXIY COCTOSHHSAMH BO30YXIEHHOTO M HEBO30YXKIEHHOTO
resepaTopa. B HOpMaibHOM peXnMe reHepaTop MOXET paboTaTh ¢ HEJOBO30YX-
JICHUEM M MOTPEOJISITh PEAKTUBHYIO MOIIHOCTh M3 CHCTEMBI. 3allluTa HE JOJDKHA
(hUKCHPOBATH ATOT PEXKUM, Kak (pakT moTepr BO3OYKICHUS.

Bo3MoXxHBI TOJTHAasE ¥ 4YacTH4YHAash MOTepsl Bo30ykaeHus. [lepBblid TepMuUH
OoJiee 4ETKO XapaKTEpPHU3yeT PEXHM TeHeparopa. M, TeM He MeHee, Jake MOHas
noTepst BO30YXKIICHUST HE SIBISIETCS TAKOBOH B TIEPEXOAHOM PEKUME — MPU OTKIIIO-
YEHHUHM WCTOYHWKA MHUTAHMA, HO 3aMKHYTOH OOMOTKE pOTOpa, TOK BO30YKICHHS
3aTyXaeT [OCTEIICHHO.

s permenus Bompoca oOpaTtmMcs €mie pa3 K XapaKTepHUCTHKaM 3alllHThI,
npeJICTaBICHHBIM Ha puc. 8.19. 3nech BhIeICHA (3allITpUXOBaHa) 00JacTh HEO-
BO30yxkaeHus ¢ E.« = 0,2. Pene ¢ Takoi XapaKTepHUCTUKON CPaBHHUTEIBHO JETKO
BBITIOJIHUTh Ha 3JIEMEHTaX BBIYMCIUTENbHOM TeXHUKH. Ho naxke Takoe riybokoe
CHIDKEHHE BO30Y)KICHHE HE SBISACTCS IOJTHOM rapaHTHEH IUIs CENeKTUBHOTO AeH-
CTBHSI 3aIUTHI. JIeHCTBUTEIBLHO, TIPH OOJIBIIIEM CKOJILKCHUH, YeM B TOUKe A, Ha-
MEYeHHas 30Ha cpabareiBaHus ¢ E,« = 0,2, TakKe CMECTUTCS B 3TY CTOPOHY, a Io-
norpad Bo30y»xJIEHHOTO TeHepaTopa MOXKET ITPOXOIUTh Yepe3 «3aPETHYIO 30HY».

OTcrona cnegyeT, 4To Ui MOJTHOW CEIEKTUBHOCTH 3aIlUTHl HEOOXOANMO,
KpoMe TlapameTpa Z, HMEET elle OAMH JOIOJIHUTENbHbIA MPU3HAK, yCTAaHABIH-
BAIOIINI pa3Nnuune MEXIy BO30YKACHHBIM W HEBO30Y)KICHHBIM TE€HEPATOPOM.
D¢ GeKTUBHBIM MapaMeTpOM SBIISIETCS HeOOJIbINAs BBIIEPIKKa BPEMEHH, II03BO-
JISIOIIAs CIIEUTh 33 BPEMEHEM HaXOKJIeHHs roforpada Z, B 30He cpabaTbIBaHus.

Teopernueckue M 3KCIEPHUMEHTAIBHBIE WCCIEIOBAHUS IO3BOJISIIOT Cop-
MYJIMPOBATh CIEAYIONINE MOJIOKEHHS IS BBIOOpA XapaKTEPHUCTHK CpadaTHIBAHUS
Y TIOCTPOEHUSI allTOpUTMa paboThI 3alIUTHI OT TOTEpH BO30Yy KaeHus. C TOUKH 3pe-
HUSL OBICTPOICHCTBUS IIETIECOO0Pa3HO BBIACTHUTH 007acTh CpabaThIBaHUS B BHUJC
3JUTUIICA ¢ MUHUMAaJIbHON BBIAEP)KKOI BpeMeHH. OXBaT 3TOIl COBOKYITHOCTH TOUYEK
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MO3BOJIUT PE3KO CHHM3ATh 00NACTh HECEJEKTHBHOM PalOTHI M IMOBBICUTH OBICTPO-
nevicteue. Jlnsi MpemoTBpalleHUs] OTKa3a WM 3aTSATUBAHUS BBUIBICHUS IIOTEPU
BO30Y’KAEHHS B PSKUMaX C OOJIBIIMMH KOJIEOaHUSIMH ITapaMeTpOoB 11e1ecoo0pazHo
BBIIEIUTH 00JacTh (PUKCALMK, KOTOpas C 3aIlacoM OXBATHIBACT NEPBYIO, a TAKKE
obecrieunBaeT CBOCBPEMEHHBIH MYCK M OJIOKMPOBKY 3allUTHL. Takue o0yacTH 1o-
Ka3aHel Ha pHuc. 8.21 COBMECTHO C TPaaWIIMOHHON KpyroBoil (kpmBas 1) B BHIe
XapakTepucTuk 2 u 3. XapaKTepuCTHKa 2 TIOJHOCTHIO OXBATHIBAET PEASIbHYIO 30HY
TTOTEPH BO30YXIEHHS H UMEET AIUIUNTHIESCKYIO (OPMY C COOTHOIIEHHEM oceif 2:1.
Juamerp Oonbiioit ocu paBeH 1,1 OTH.ea., a CMEIIEHNE eT0 OTHOCUTEIBHO Havaia
KoopauHAT 10 yriry (60 — 70°) mOMKHO OBITH OCYIIECTBICHO Ha BEUYHHY X 7, UTO
JUT MOIHBIX TeHepatopoB cocTtasmsieT 0,3 — 0,4 otH.en. LleHTp XapakTepucTHKA
cpabaTbIBaHuS 3, UMeEOLIE KpyroByro (GopMy, COBIasaeT ¢ IEHTPOM 3JUIHIICA, a
quametp cocrasisieT 1,2 — 1,3 otH.ex.

Taxoil BIOOp MapaMeTpoB XapaKTEPUCTUK CpadaThIBAHHUS OCYIIECTBICH HA
OCHOBE MaTeMaTHYECKOTO U JJIEKTPOJMHAMHYECKOTO MOJICITMPOBAHUS aBaPHHHBIX
PESXMMOB MOIIHBIX T€HEPATOPOB, PE3YIbTATOB HATYPHBIX HCIBITAHWN M aHAIH3a
OKCIICPUMECHTAJIbHBIX YaCTOTHBIX XaPaKTCPUCTUK MAIllHH.

[Ipeamnonaraemsrii anropuT™ pabOTHI JIOTMYECKOW YaCTH 3aIIUTHl OCHOBAaH
Ha OIIEHKE BpeMEHH HaxO)KACHHs KOHIa BEKTOpa CONPOTHUBIIEHUS B 00NacTsIX 2, 3
Y CPAaBHEHHMH 3TOTO BPEMEHH CO BPEMEHEM CPa0ATHIBAHHUS 7.

MonenupoBaHue Mokaszayno, 4To y MamuH momHocteio 500 — 1000 MBt
MIepHOJl ACHHXPOHHOTO IPOBOPOTa C BO3OY)KAECHHEM MOXET IJIHThcs He Ooiee
0,5 c. [Ipu 3TOM KOHEI BEKTOpa CONPOTUBIICHHUSI HAXOAUTCS B 00JIacTH cpadaThl-
Banus 2 He menee 0,05 — 0,1 c. IloaToMy HIKHIOIO TPaHHILy BpeMEHHU cpabaThiBa-
HHSA 1, LIEeCO00Pa3HO OrpaHNYuTh BendnHOU 0,1 c. Y MeHee MOIIHBIX MalllMH
AHAJIOTHUYHBIN MPOLIECC MPOXOAUT MEUIEHHEE, U KOHEI[ BEKTOpa CONPOTHUBICHUS
MOXeT HaxonuTcsl B obmactu cpabareiBanms 1o 0,5 c. Takum oOpazom, coxparie-
HHe 00JIaCTH BPEMEHH CpadaTBhIBAHUS 10 JIUIMITHYECKON MO3BOJISET C YYETOM
MOIITHOCTH TEHEpaTopa YCTAaHOBHUTH AWAIa3oH Bbiepxkek Bpemenu 0,1 — 0,5 c.
KonkpeTHoe 3HaueHHe BBIJEPIKKU OINPEICISIETCs] peallbHBIMU PEeXUMaMU reHepa-
TOpa 1 SHEPTOCUCTEMBI.
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Puc.8.21. 'ogorpad z,(g, ) ¥ XapaKTEpUCTUKM 3aALIUTHI

BrickaxkeM HEKOTOpBIE COOOpa’keHUsI HacUeT OBICTPOAENHCTBHUS 3aIIUTHL. B
nmpeAplIynMx mnaparpadax Bcerga IMoJuepKuBaliach HEOOXOAUMOCTBH ObICTPOro
BBISIBJICHUS] TIOTEpH BO30YXJeHUs. Ho ¢ Kakoro MOMEHTa CiIeAyeT BECTH OTCYET
BpeMeHH? MOKHO OTCUHMTBHIBATh BPEMS C MOMEHTa BO3HHKHOBEHHs aBapuu. Ho
MOXET MOJYYUThCS TaK, YTO aBapHs MPOU30LLIA, a BO30OYXICHHE COXpaHseTCs
elle Ha JOCTaTOYHOM YPOBHE U 3aIMTa HE BOCIPHMHUMAET 3TO Kak (DaKT IMOTepH
B030y>KeHHsI. MOKHO CKa3aTh, YTO 3aIlUTa KJET, II0Ka 3.]1.C. FTeHepaTopa He CHH-
3uTcs A0 BenmuuuHbl E,« = 0,2. A Ha 3T0 yXoauT BpeMs. MOXHO JH yTBEpP)KIaTh,
YTO B TaKOM CIIy4ae 3alliTa HeObICTPOAEHCTBYIOIAs?

Ha xapakrepuctukax puc.8.22 yka3aHbl BpeMeHa, Korja rojgorpad J0cTuraer
TOrO WM MHOTO 3HadeHwus. J{eiicTBUTENbHO, B 001acTh cpabarbiBanus (puc. 8.22)
rozorpad momagaeT yepe3 HECKOJBKO JECATHIX JOJIEH CeKyHIbl M JlaKe depes He-
CKOJIbKO ceKyHA. Ho Ha 3TOM e pucyHKe BHIHO, YTO rojorpad momangaer B 00-
JIacTh HIUTHICA B 30HE yriioB 180°, a cpabaThiBaHKe 3aIUTHI TPOUCXOANT TIPH YTiIax
360°. C 3THX MO3MIIMIA MOXHO yTBEpXKIAaTh, YTO 3alWTa SBISIETCS OBICTPOMACHCT-
BYIOIIEH — OHa cpabaThIBaeT IPH IIEPBOM IIPOBOPOTE POTOPA FEHEPATOPA.
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Puc. 8.22. T'onorpadsl z,(p, 8) UL pa3IUUHBIX PEKUMOB PaOOTHI

8.9. UccienoBanue aCHHXPOHHOIO pPe:KUMa Ha
MaTeMaTH4eCKOi MoaesIn

st mpoBepKU AEHWCTBUSA 3alUUTHl U JAIbHEUIINX UCCIEAOBAHUN PEKUMOB
paboThl TeHepaTopa MpH MOTepe BO30YXKAEHHS Oblia CO3JaHa MaTreMaTHuecKas
MOJIeNb TeHepaTopa Ha oCHOBe ypaBHeHUi Ilapka-I'opeBa ¢ mpencraBieHueM po-
TOpa TPEXKOHTYPHOU cXeMoH 3amellieHus. PacueTHast cxema COIEp UT JIBa MOIII-
HBIX TypOoreHepaTopa, paboTaronux yepe3 O1ouHble TpaHc(hOpMaToOpsl U COIPO-
THUBJICHHE CBSI3M Ha CE€Th OECKOHEYHOM MouIHOCTH. Ha oiHOM reHeparope Moienu-
POBAINCH PEXUMBI TIOTEPH BO30OYKAEHMS, APYTOM — 3aMerai OCTajbHbIEC Mapa-
JIETbHO paboTarole TeHepaTopsl CTaHINH.

Marematuueckass MOJENb BKJIIOYAET yPaBHEHUS aBTOMATUYECKUX PETYJIs-
TOPOB BO30Y’KIECHHUSI TEHEPATOPOB U CUCTEMY PETYJIMPOBAHUS YAaCTOTHI BPAILICHHUSI.
YucneHHOe MHTETPUPOBAaHNE CUCTEMBI AU(depeHIaNnbHbIX YpaBHEHUH, OIUCHI-
BaIOMINX MEPEXOJHBIE MPOIECCHI, OCYIIECTBISUIOCH B CIEAYIOIIUX CIIydasX IIOTepr
BOo30yxaeHus: orkimoueHue Al'TI, 3ampikaHre OOMOTKH BO30Y)KICHHS HA COIPO-
THBJICHHUE, HA BEHTWIN ¥ HAKOPOTKO, YaCTHYHAsS TIOTEPST BO30YKIICHHUSI.
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Ha puc. 8.22, a, 6, B npencTaBieHsl Hanboiee XapakTepHbIe rogorpadsl
COINPOTHUBJICHUSI HAa BBIBOJIAX I'EHEpaTOpa IMpPU PA3IHUYHBIX UCXOJHBIX PEXHUMax U
aBapuiHBIX cutyanusx. Lludppamu 1 n 2 oTMedeHB! KpyroBas W SJUIMNTHYECKas
XapaKTepUCTUKH cpabaTeiBaHus 3amuThl. KpuBble 3 — 7 oTpaxkaroT M3MEHEHHE
CONPOTHUBJICHHS B ITOCIICaBApUHHBIX peknuMax. Ha romorpadax mocrasneHs! mud-
Pbl, OTMCHAIOIUEC BPpEMA NOCTHKCHUA JAHHOI'O0 3HAYCHUSA CONPOTHUBJIICHUA OT Ha-
Yaja aBapHH.

Jloxnoe orkmouenue AI'TI reHepaTtopa, paboTaromiero ¢ OOJBIION JT0oaBa-
pUMHON Harpy3koi, CONpPOBOXKIAETCA ACHHXPOHHBIM XOJOM U YXKE depes
0,4 — 0,45 ¢ (romorpad 4) mocturaer obyacted cpadarbiBanus 1 u 2. Pexum xa-
paKTepu3yeTcs OBICTPBIM POCTOM CKOJIBKEHHSA, KOTOpOe K KOHILy MPOBOPOTa MO-
xket mocturath 4 — 5 %. [Ipu HemoBO30YKICHUU B UCXOTHOM pekume romorpad 3
erre ObICcTpee AocTrraeT obmactu cpabateiBanus 3anmThl (0,3 — 0,4 ¢).

IIpornecc BbImaneHns U3 CHHXPOHU3MA TP HEOOIIBIION HCXOIHOM HAarpy3Ke
1 3aMbIKaHUM OOMOTKH BO30Y>KIAEHHS HAKOPOTKO IPOUCXOINT 3HAYUTEIHLHO ME-
nenHee (roxorpad 5), 4To 0OBICHIETCS OCTENEHHBIM 3aTyXaHHEM TOKa B 0OMOT-
Ke poTopa.

O6paTuM BHUMaHME Ha XapaKTep M3MEHEHHs CONpPOTUBIEHHUA Z, B Nepe-
XOIHOM pexuMe. B HauambHBIH MOMEHT BPEMEHHM I10CJe BO3MYIIEHHS rogorpad
HIET IO OKPYKHOCTH M3 TOUKU N B TOUKy A (cM. puc. 8.15). 310 cOOTBETCTBYET
YMEHBIIECHUIO 3.]1.C. TeHepaTopa MPH OYEHb MaJOM CKOJIbKEHHU pOTOpa. 3aTeM
HayMHaeT HapacTaTh CKOJBKEHHE M COOTBETCTBEHHO YBEIMYMBAETCS Yroil O, 4To
NPUBOJMT K IIEPEMEIIEHUI0 KOHIA BEKTOpa Z, CIpaBa HAJIEBO 10 PHUCYHKY. B
JaTbHEHIIEM MPOIOJDKAETCSl CHIKEHHE BO30YKACHHS M yBEJIMYECHUE yria O, Tak
4T0 roforpad 3aKpy4nBaeTcs NPOTHB YaCOBOH CTPENUKH, MPHOIMKASACH K TOUKe 4
Ha XapaKTEePUCTUKE Z ;.

Tomorpad 6 (puc. 8.22, 0) npu KadaHUSIX TeHEPATOPa PACIIOIOKEH B HHXK-
HEH 4acTH IOJIyTUIOCKOCTH. XapaKTepHO HadaJbHOE 3aKpydhBaHHUE rojporpada mno
YacoBOHM CTpeJiKe, YTO CBHIETEIBCTBYET 00 YMEHBLIEHHH yIJla O B CPAaBHEHHH CO
3HA4YEHHEM B J0aBapHitHOM pexxume. B Touke M romorpad mocturaer cBoero mpe-
JETTLHOTO 3HAUYEHHMS 110 YIITy O, IMOCje Yero Ha4YMHAEeTCsl 00paTHOE JABMIKEHHE MPO-
THUB 4acoBOM cTpenku. ['omorpad 3axoauT B 00NacTh cpabaThIBaHUA XapaKTEpH-
CTHKH | W 3aIuTa, BBIIOJIHEHHAs TOJILKO Ha OJTHOM TaKOM peJjie, MOXKEeT cpadoTaTh
HEBEPHO.
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Hanmuaue BBIAEGPKKH BpEeMEHH Y MOJOOHOW 3aIlIMTHI NPEIOTBPAIIACT JIOXK-
HOe JeicTBHe. 3amuTa ¢ UIMIITHYECKON XapaKTepUCTUKON HE MOJIBEpKEeHa Iei-
CTBHIO KauaHWA, 1 HUKAKOH JTOMOJHUTEIBHON OTCTPOHKH 3/1eCh HE TpeOyeTcs.

ACHHXPOHHBII PeXKKMM BO30YKIIEHHOTO reHepaTopa 1okasaH Ha puc. 8.22, B. B
JI0aBapHHHOM peXHMe TeHepaTop paboTan ¢ MaJlod aKTHBHOW Harpy3koW W ObUI
HeJoBO30YXeH. B OTHOIICHNM BBISABIEHHS IMOTEPH BO3OYKIECHHS ITOT PEKHUM
Haubosee cIoXKHbIA. Y TeM He MeHee, pa3BHUTas JIOTHKA 3aIUTHI II03BOJISIET YETKO
(MKCUPOBATh 3TH PEKUMBIL.

8.10. IToBenenne TUCTAHIMOHHONM 3AIMTHI IPH ACHHXPOHHOM X0/¢

PaccMmoTpum moBeseHue TUCTAHIIMOHHOM 3aIUTH IIPH ACHHXPOHHOM XO7Ie
B sHeprocucteMe. Ha puc. 8.23 sHeprocucrembl A u B npencraBieHbl 3KBUBA-
JeHTHBIMU TeHepaTopamMu £y u Ep. Ha mexcucremuoit JIOII pacnosnoxena moa-
cranius M. Ha xaxnom yuactke JuHuu MA u MB ycraHOBII€Ha JUCTaHLIMOHHAS
3ammra K7, u KZ);z ¢ HanpaBieHHOW KPYrOoBOM XapaKTEPUCTUKOW IUIsl IEPBOM
30HBI 3aIIUTHI.

E, KZy14 KZyp Ep
| —|}|-I} |

@ "z 'z ! @
A 4 M 5 B

Puc.8.23. CxemMa sHEproCcHCTEMBI

O6patumMcs k nuarpamme puc. 8.24. OHa aHaOrn4YHa quarpamme puc. 8.15
¢ coOmrosieHneM ycioBus Z, = Zp . B TakoM cirydae Touka M cOBMeIIAeTcs ¢ TOU-
koit 0 (mawano xoopmunat). Kpyroele xapaxrepuctuku 3amutbl K7, u KZy;
MOKa3aHbl HA PUCYHKE B BHUJIE OKpYXHOCTeH | u 2. J[7sl HArJIIAHOCTH 3TH OKPYXkK-
HOCTH 3alTPUXOBAHEI.

[omamanme romorpada Z(5, g) B 00NACTh 3TUX OKPYKHOCTEH O3HA4YaeT
cpabaTbIBaHMe 3amUThL. Tak, €CIM MCXOAHBIH CHHXPOHHBIA PEXUM XapaKTepr3o-
BaJICsl TOUKOHM /N, TO NMpH BO3HMKHOBEHHU aCHHXPOHHOTO Xona rojorpad Z(d, q)
MOKAET MO0 KPUBOU ¢4 M MONAAET B 30HY NEPBOM OKPYKHOCTH. [Ipon3oHaeT n10x-
HOE CpabaThIBAHUE 3AIUTHI.
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Jnst ycrpaHeHus cpaOaThIBaHMsS 3alllUThl HEOOA3aTENbHO MMETh IMOJHBIH
MPoOBOpPOT Z(J, ¢) MO Xapaktepuctuke ¢4. Jlocratouno romorpady 3aiiTu B 00-
JIaCTh OKPY>KHOCTH 1, a 3aTeM BEpHYThCS B TOUKY N. TaKOe JIBIKCHUE POUCKXOIUT
NpU KadaHHAX POTOPOB TreHepaTopoB. [103TOMY OIOKHPOBKY YacTO HA3BIBAIOT
OJIOKMPOBKOM 3aIMUTHI OT KAYaHHUI.

jx

q6 qs
qa

6>270° 5=270° 1/8,0"“\\ 56 =90° & <90°
]

q3

qi q2

Puc. 8.24. lnarpamMma, OSICHSTIOIIAast BO3MOXXHOCTH CpadaThIBaHUS
JVCTaHIIMOHHON 3aIIUTHI IPH aCHHXPOHHOM X0J1€
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