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BBEJIEHUE

ABTOp KOHCTIEKTA JICKIIMI Ha MPOTSHKEHUU Psijia JIeT YuTal Kypc «Pexxumbr paboThl
IIEKTPOOOOPYIOBAHUS DIIEKTPUUECKUX CTAHIIUN U MOACTAHIINI JIJISl CTYIEHTOB CIICIIN-
QTBHOCTU «DJIEKTPUYECKUE CTAHIMK». [IpU MOArOTOBKE K JIEKIUSM HCIIOIH30BajIach
U3BECTHAs U JOCTymHas jnuteparypa. [Ipu sTom ocoboe BHUMaHUE YIEISUIOCH TUPEK-
TUBHBIM U HOPMATUBHBIM MaTepuaiaM. Vcnoap30Baluch TakkKe HHCTPYKTUBHBIC JTOKY-
MEHTHI 10 IKCIUTyaTaluu 000pyI0BaHUS AJIEKTPOIHEPTETUUECKUX TpennpusitTuii. B pe-
3yabpTaTe cHOpMHUpPOBATIACH OMpEAeNieHHAs CTPYKTypa U MOCIEI0BATEILHOCTh U3JI0XKE-
HUS MaTepuaia.

B mnocnegnue rompl 1m0 OOBEKTHBHBIM M CYOBEKTHBHBIM MPHYMHAM Y4eOHO-
TEXHUYECKasi JUTEparypa B 00JACTU DIEKTPOIHEPTETUKU M DIIEKTPOIHEPTETUUECKOTO
000opyI0BaHUs MPAKTHUYECKN HE M3AaBaiach. M3manHas B mpoluibie TOABI TUTEpaTypa
ycTapesna Kak MOpaJibHO, TaK U (PU3UIECKHU.

MopanbHbIil U3HOC 3aKITI0YAETCS B TOM, YTO B MOCJICIHEE NECATUIICTUE MOSBUIIACH
JIOCTaTOYHO IHUPOKAs HOMEHKIJIATYypa JIEKTPOTEXHUUECKUX H3JCIIHA: MAIINH, anmnapa-
TOB, IPUOOPOB. DTU MU3AENUS 00aIal0T HOBBIMH CBOMCTBAMHU M KadecTBamu, obecrie-
YUBAIOT HOBBIE PEKUMBI padoThl. COOTBETCTBEHHO MOSBWJINCH HOBBIE HOPMATHUBHBIC
JIOKYMEHTBI, PETIaMEHTUPYIONINE PEKUMBI pabOThl 000PYIOBAaHUS C YYETOM HOBBIX
CBONCTB.

Bce nepeunciiennoe onpeneniio Heo0X0IUMOCTh U3/IaHUS KOHCTIEKTA JICKITUH.

[Inanupyercs BHITYCTUTH KOHCTIEKT JICKIIUN B TPEX YACTSIX:

1 yacTh. Pexxumbl pabOThI CHHXPOHHBIX T€HEPATOPOB U KOMIIEHCATOPOB;
2 yacTh. Pexumbl paboThl TpaHCcHOpPMATOPOB;
3 yacTh. PexxumMbl paboOThI 2JIEKTPOABUTATETIEH.



PEXXKNUMbI PABOTblI CUHXPOHHbBIX I'EHEPATOPOB
N KOMIIEHCATOPOB

1. IlyckoBbIe pesKMMBbI

OCOOEHHOCTBIO CHHXPOHHBIX MAllMH B HOPMAaJbHOM pEXKHUME palbOThl SBISETCS
CUHXPOHHOE BpallleHHE POTOpa C MATHUTHBIM IOJIEM CTAaTOpPA, >KECTKO CBSI3aHHBIM C
MarHUTHBIM TOJIEM POTOpa. ITa OCOOEHHOCTh ONpPEEINsieT TpeOoBaHUs, HEOOXOIUMbIE
JUTsL COOJTIOACHUS TIPU BKIIFOYEHUU CUHXPOHHBIX MAIIMH B CETb.

N3 Teopun 37€KTpUYECKUX MAIIMH M3BECTHO, YTO MPU MYCKE M3 COCTOSIHUS MOKOS
NyTEM HENOCPEICTBEHHOrO0 BKJIIOYEHHUS! BO30YKIEHHOW MAaIllMHBI B CETh €€ MyCKOBOMN
MOMEHT (€CJIi HE MPUHSTH JOMOJHUTEIBHBIX MEP) paBeH HYIO (IpaBUiibHee OyIeT cKa-
3aTh: MMyCKOBOM MOMEHT UMEET 3HAKONEPEMEHHOE 3HAUCHUE, MPUYEM HalpPaBICHUE €ro
JIercTBUST MeHsieTcss ¢ yactoTod 50 ['m m mo3ToMy poTOp HE yCHEBaeT CIEAOBaTh 3a
BpallaommMcs noyuem craropa). CieaoBaresbHO, pOTOP MAIIMHBI PU TAKUX YCIOBUAX
HayaTh BPalllaThCsl CaMOCTOSATEIbHO HE MOeT. Ero Heo0xoaumMo, Kakum 100 Croco-
O0M, pa3BepHYTh (PACKPYTHUTh) U JIOBECTH 10 MOJACUHXPOHHOU (OJM3KOM K CHHXPOH-
HOM) WJIM JIydllle A0 CUHXPOHHON CKOPOCTH M IOCJE 3TOT0 BKIIOUWUTH B C€Th. Takas
npoueaypa 6e3aBapuiiHOrO BKIIFOUEHHSI CHHXPOHHOM MalllMHbI B CETh HAa3bIBAETCSI CUH-
XpoHu3alueil. B 3aBUCUMOCTH OT MOCHEI0BATENLHOCTH JEHCTBUN PAa3IMYalOT CIOCO0
TOYHON CHHXPOHU3ALMH U cTIOCO0 rpy00il MM CAMOCUHXPOHUBALIMH.

[Ipu BKIIFOUEHUH BJEKTPUUYECKUX MAILKH B CETh BO3ZHUKAIOT IyCKOBBIE TOKH, KOTO-
pbi€ IIPU ONPEIETECHHBIX YCIOBUSAX COU3MEPUMBI C TOKAaMHU KOPOTKOTO 3aMbikaHus (K3)
Y MOTYT IPUBECTU K CHH)KEHUIO HANPSKEHUSI CETH, a €CIIM IIPOLECC MyCKa 3aTsHETCS —K
HEJOIMyCTUMOMY TeperpeBy mamusbl. [losTomMy mpu BbIOOpe crnocoba mycka HeoO0Xo-
JUMO YYMTBIBATh U 3Ty CTOPOHY MpOLEcca, T.€. MOCJe MyCKa MallMHbl €€ TeMIiepaTypa
HE JI0JDKHA MPEBbIIATh T0MYyCTUMYIO.

Eciu myck MalmHbl OCYLIECTBISETCS U3 XOJOAHOIO COCTOSIHUS, TO MpU HAabope Ha-
IPY3KH CIUIIKOM BBICOKas CKOPOCTb MOBBILIEHUSI TEMIIEPATYPbl MOXKET MPUBECTU K HE-
JOIYCTUMBIM TEIUIOBBIM U MEXAaHWYECKUM HANpsKEHUAM, JeopmanusiM, MOBPEXKIIE-
HUSIM U OTKa3aM MalllUHBI.

Takum o0pa3zoM, B yCKOBOM pexuMe padoThl CHHXPOHHOW MaIIMHbI MOKHO BbIJIe-
JUTH TPU dTana:

— HaYaJbHBIM Pa3BOPOT POTOPA,

— CUHXpOHH3aLUs,

— Habop HArpy3KH.

1.1. Hauanvnwtit pazeopom

Kak ormedasioch BEIIIE, SIS MyCKa CMHXPOHHOW MAaIIWHBI HEOOXOJMM HadaJlbHBIN
pa3BOPOT POTOPA O MOJACUHXPOHHOW WA CHHXPOHHOW CKOPOCTH. [[J14 3THX 11€yIer Mo-
J)KeT OBITh MCIOJIB30BaH JIFOOOH CIOC00, MO3BOJISIONIMN HAadaTh BpalieHue poropa. M3
BCEro CIMCKa CIIOCOOOB BBIJICTMM HamOoJIee MpHeMIIeMbIe JJIsI HAa4albHOTO Pa3BOPOTa
CHHXPOHHBIX MAIIIVH:



— Ha4aJIbHBII Pa3BOPOT PA3TOHHBIM JBUTATEIEM;

— ACHHXPOHHBIN CIIOCOO HaYaJIbHOTO Pa3BOpOTa;

— YaCTOTHBIN CIIOCOO HAYAIBHOIO PA3BOPOTA;

— KOMOWHHUPOBAHHBIH Cc11OCO0.

Ha snextpuyeckux cTaHUMAX JUIS BpAalEHUsl FTE€HEPATOPOB HCIOJIb3YIOTCS B 3aBUCH-
MOCTHU OT THUIIA 3JIEKTPOCTAHIIMH MAapOBbIe U Ta30BbIe TYPOHUHBI (B 3TOM Ciy4ae TeHepa-
TOPBI HAa3bIBAIOTCS TypOOreHEepaTopamu), TUAPABINYECKHE TypOUHBI (THIpOreHepaTo-
pbI), ABUTATENId BHYTPEHHETO CTOPaHHUs (IM3€Ib-T€HEPATOPHI), BETPSHBIE KOJIECA U JIPY-
rU€ NPUBOJIHBIE IBUTATEIIN.

B cBs3u ¢ HanMuMeM NMPUBOJHOIO JBUTATENd Y T€HEPATOPOB AIEKTPOCTAHUUN MPHU
MyCKe 3TUX MAIIMH HE BO3HUKAET OOIBIINX MPOOIIEM C MOIyYeHHEM HAa4allbHOM CKOPO-
CTH BpalIEHUs: 31E€Ch B KayeCTBE PA3rOHHOIO JBUTATENsl UCHOJIb3YETCS NPHUBOJIHOM.
CoBceM apyroe Mnpu MycKe CUHXPOHHBIX KOMIIEHCATOPOB, Y KOTOPBIX HET MPUBOJHOIO
JBUTATEIIS, U IIPU MMyCKE CUHXPOHHBIX MamuH Ha 'ADC, ecnu uX HEOOXOUMO UCIIOJIb-
30BaTh B JBUIATEJIbHO-HACOCHOM PEKUME, KOTJ1a THAPOTYPOUHBI HEBO3MOKHO MCIOJIb-
30BaTh B KAUECTBE Pa3rOHHBIX JBUTATENeH. B 3TUX ciaydasx, Korjga CUHXpOHHAs Malllu-
Ha HE UMEET MPUBOIHOIO JBUTATEINS, JAJI1 €€ Pa3roHa MOKET MCIOJIb30BaThCs CIIELHU-
aJIbHBIM Pa3rOHHBIN ABUTATeNb (METO PA3rOHHOTO JIBUTaTENs).

B Mmerone pazeonnoeo 0eueamens 111 HA4aJIbHOTO Pa3BOPOTAa CUHXPOHHON MaIIVHbI
UCIIOJIb3YETCSl BCTIOMOTaTeNIbHbI ACUHXPOHHBII JIBUraTeib ¢ pa3HbIM pOTOPOM, CMOH-
TUPOBAHHBIM Ha Bajly IVIABHOM MalMHBI (pUC. 1) U MycKaemblid OT CETU C MCIOJIb30Ba-
HHUEM peocTara, IPUCOEIUHEHHOTO K 0OMOTKE POTOpa Pa3srOHHOIO JBUTATEIS.

160MB-A

Puc. 1. Cxema 'ADC ¢ oOpatumbiMu
ruapoarperatamu (I'ADC «Koo-Tpya-
JCH ITou», Benbrus, 1970): P, — ocHOBHOI
.9,5 MB'A  (remepatopmbiit) passenuuuTeNs, P, —
peBEPCUPY IO (mBUTATENHHBIN)
pasbenuHutens; MG — oOpaTUMBINA ar-
perat; BPJ/[ — BcnioMorareibHbli pas-
6 kB BOPOTHBIN AJIEKTPOJBUraTEIb

Mo1HOCTh pa3rOHHOTO JABUTATENS BRIOMpPAETCA U3 COOOpaKEHUI CTOMMOCTH U TIPH-
eMJIEMOM JJTUTENIBHOCTH IycKa U 00BIYHO HaxoAuTcs B npexaenax ot 1 go 10% momHo-
CTH TJIaBHOTO arperara. OTOT METOJ SBIJIAETCS TEXHUYECKH MPOCTHIM U 3P(HEKTUBHBIM.



OH moTy4ns JOCTaTOYHO HIMPOKOE PACIIPOCTPAHEHHE NS MyCKa 00paTHMOTo arperara
Ha ['ADC [1]. OgHako uUCHOJIB30BaHUE WHAMBUAYAJIBHON BpAllAIOIICHCS MAalllWHbI
TOJIBKO JIJIs1 ITyCKAa OCHOBHOI'O arperara B JIBUTATEIbHOM PEXHUME (BCE OCTAIbHOE BpeEMs
pa3roHHBIN JBUraTeab HE pabOTaeT, HO BPAIlA€TCd BMECTE C OCHOBHBIM arperarom) or-
PaHUYMBAET UCIIOJIb30BAHUE 3TOIO METO/A.

CuHXpOHHBIE MalIMHBI, KaKk ObLIO CKAa3aHO BHINIE, HE UMEIOT CHHXPOHHOTO ITYCKO-
BOro MomMeHTa. OHaKO POTOPHI COBPEMEHHBIX MAIIUH BBIOIHSIOTCS C AeMI(EPHBIMH
00MOTKaM#, HEOOXOAMMBIMU JJIs TIOBBIIICHUS TUHAMHUYECKON yCTONYUBOCTH B aBapHii-
HBIX peXHMax. DTH OOMOTKHM U3rOTABJIMBAIOTCA B BUJAE «Oenuubeld KieTku». [loaTomy
IpU BKIIFOUEHHH TaKWX MAallMH B CEThb B HMX BO3HUKAET ACMHXPOHHBIA IyCKOBOW MO-
MEHT, KOTOPBIA MOKET 00€CTIeUnTh WX HAYaIbHBIA Pa3BOPOT. ITO OOCTOATEIHCTBO TIO-
3BOJISIET MCIOJIB30BaTh aCHHXPOHHBIN CIOCOO HAYaJIbHOIO pa3BOpOTa CUHXPOHHBIX Ma-
IIVH.

[TocnenoBarenbHOCTb acunxponnozo cnocooa [1):

— CHHXPOHHYIO MalInHy 0e3 BO30Yy>KJIeHHUS BKIIOYAIOT B CETh Ha MOJHOE HJIU Yac-
TUYHO NMOHMKEHHOE HANPSKEHUE TP HOPMAJIbHOM 4acToTe;

— Pa3rOHSIOT €€ 10 MOJCUHXPOHHON CKOPOCTH;

— BKJIFOYAIOT BO30YKJICHUE.

Ilocne 3TOro CMHXpOHHAsl MalllMHa BTSATHBACTCS B CHHXPOHU3M.

ACHHXPOHHBIN €IIOCO0 — MPOCTOM, JIemEBbIi, ObICTPbIA. OIHAKO, MPU BKIOYEHUU
Ha MOJIHOE HAIpsKEHUe, XO0TA Myck ocyuiectBisiercs Obictpo (0,5...1,5 MuH), Bo3HUKA-
10T OOJIbIIINE MyCKOBBIE TOKH. JIJI1 CHIKEHUS MYyCKOBBIX TOKOB MOTYT OBITH MCIOJIB30-
BaHbl PEAKTOPBI WM aBTOTpaHcpopMaropsl (puc. 2, 3). OnHaKo mpolecc MycKa Mpu

"

9TOM 3aTATruBacTCA M3-3da MAJIbIX ITYCKOBBIX MOMCHTOB M ,» KOTOPBIC IMPOIIOPLHHUOHAIb-

*

HBI KBaJIpaTy npuioxkenHoro Hanpsokenus U [2]:
* * *
2
M=M_U?

*
rne M — acHHXpOHHBIN MOMEHT CHHXPOHHOI MallMHBI IPH HOMUHAIBHOM HarpsbKe-

HUU.

Kpome Toro, nmpu acuHXpoHHOM crioco0e HabItoaaeTcs neperpes aemMidepHbix 00-
MoTOK. [ToaTOMy Takoil cmoco® mpumeHsieTcs AJis HeOOJbUIUX MAIUH U pexXe — IS
Oonpmux (st MamuH MOIIHOCTHIO Bbimie 100 MB-A TpeOyercs HemocpeacTBEHHOE
OXJIXKJIEHUE CTePKHEN ITUX OOMOTOK).

ACHHXPOHHBIN crtoco0 Hauboisiee mpuemMsieM JUisl IyCKa CUHXPOHHBIX KOMIIEHCATO-
poOB [2], T.K. Y HUX OOBIYHO HE MPELyCMaTPUBAIOT PA3TOHHOIO JBUIATENs, & B OTCYTCT-
BHE€ MEXaHMYECKOI Harpy3Ku Ha Baly CHHXPOHHBIX KOMIIEHCATOPOB O0JeryaeT npouecc
nycKa. ACHHXPOHHBIM CHOCOO MPUMEHSIIOT, KOTJla HAaIpsHKEHUE Ha KOMIIEHCATOpe He
npesbimaeT 0,6 HOMUHAJIBHOTO. B MPOTUBHOM Cilydae MyCKOBBIE TOKH MPEBBIIAIOT J0-
yCTUMBIE 10 YCIIOBUIO Harpesa. IIpu 3ToM CONpOTUBIEHUE PEAKTOPOB BHIOMPAIOT Ta-
KHUM, 4TOOBI TyCKOBOM TOK HE MpeBbIIa 2,5-KpaTHOrO 3HAY€HHs] HOMUHAIBHOTO TOKA,



a HampsKEHUE Ha IIMHAX MOJCTaHIMU ObLI0 He Huke 0,85 HOMUHANBHOrO, YTOOBI Ha-
NpsDKEHUE Ha KOMIIEHCATOpe 00ECIeUnBali0O AaCUHXPOHHBI MOMEHT He Huxke 1,4...1,8
MOMEHTA COIIPOTHBJICHHSI, 00YCIIOBICHHOTO TPEHNUEM B MOANIUITHUKAX.

Puc. 2. Cxema 'ADC c peakrop- Puc. 3. Cxema I'ADC c aBroTpaHc-
HBIM ITyCKOM arperaToB (OpMaTOPHBIM ITyCKOM arperaTon

Berimie Obu1o CKa3aHo, YTO MPHU HEMOCPEACTBEHHOM BKJIIOYEHUH BO30YXKIECHHOW Ma-
IIMHBI B CETh €€ IMyCKOBOW MOMEHT, €CJIM HE YUUTHIBATH JeMI(EPHYI0 OOMOTKY, paBeH
Hy0. OHAKO eciy €€ MOAKIIOYUTh K HCTOYHUKY C YaCTOTOW HANPSKEHUS, COU3MEPHU-
MO C MEXaHMYECKOW MOCTOSTHHON BpeMEHU POTOpa IMMyCKaeMOW MAaIlIMHbI, TO BO3HUKAET
CUHXPOHU3HUPYIOUUH MOMEHT

2
Mczﬂ'cos5+U—- L +C0820, (*)
W Xy (OR Xq X4
rIe @, — YIJIOBas 4acTOTa HAINPSDKEHUS MCTOYHMKA; Xg M Xq — COOTBETCTBEHHO IIPO-
JI0JIHOE U MOIMEPEYHOE CUHXPOHHOE PEAKTUBHOE COMPOTHUBJICHUE ITyCKAEMOW MalllUHbI,
O — yroJ MeXIy BEKTOpaMH MarHUTHBIX TMOJIEH CTaTopa U poTopa MyCKaeMOW MaIlluHBI.
Takoit cnoco6 Ha4aIbHOTO Pa3BOPOTA POTOPA HABIBAETCS YACTOTHBIM.

[Ipu uacmomnom cnocobe [2] 0OMOTKY cTaTOopa MyCKaeMOil CHHXPOHHOW MAalllUHbI
COCAUHSIOT JIEKTPUUECKU CO CTATOPOM JIPYTOi CHHXPOHHOM MalluHbl (puc. 4), 4actora
BpAILICHUSI KOTOPON MOKET IIJIJABHO U3MEHSTHCSA OT HYJS 10 CHHXpPOHHOM. Ee MomHoCTh
JOJKHA cocTaBisITh HE MeHee 30...50% MOUHOCTH TyCKaeMOM MalluHBI.

[TocnenoBarenbHOCTH crioco0a:

1) 0b6e MamMHBI MOJAKIIOYAIOT K OTIACIBHOW CHUCTEME IIMH HETOCPEJACTBEHHO WITU
yepe3 Tpanchopmarop;

2) IpU HENOJBMKHOM COCTOSIHUM WJIM OYEHb MaJjoil 4acTOTe BpalIECHUs BEIYIIETO
reHepaTropa MalluHbl BO30YKIAI0T OT MOCTOPOHHUX MCTOYHHUKOB. [Ipu 3TOM y Benymien



MAIlIWHbI YCTaHABIMBAIOT HOMHUHAJIBHBIA TOK BO30YKIEHHUS, a Y BEAOMOI TaKou, 4TOOBI
S/1C xonocToro xojia Npyu CUHXPOHHOW YacTOTE BpalleHHs OblIa MPUMEPHO B 2 pasa
MEHbIIIE HOMUHAIBHOTO HAMpsDKEHHs. JTO 00ecreynBaeT B MyCKaeMON MallnHe Hau-
OOJIBIIMI 3JIEKTPOMArHUTHBI MOMEHT;

3) MOCTENEeHHO YBEIWYHMBAIOT YACTOTy BpAIICHHS BEAyIIEH MAamlMHBI — BeIOMas
MalluHa TaK)Ke HauMHaeT HabupaTh 000poThl. CHHXPOHU3UPYIOIIUA MOMEHT M., yBIle-
KAIOIIMIA TPU 3TOM BEIOMYIO MAIlIMHY, OyJET TeM OOJIbIIE, YeM MEHBIIIE YTOJl O MEXKIY
poTopamu BeIyllel U BeJOMOW MallluH (*);

4) npu JOCTHXKEHUU O00EMMHU MallMHAMU HOMHHAJIBHOM 4acTOThI BpallleHUs UX 00-
MOTKH BO30YXKICHHUS MEPEKIOUYalOT Ha COOCTBEHHOE (pabouee) BO30YyKJACHHUE, MOCIE
4yero o0e MalIMHbl MOTYT OBITh BKJIFOYEHBI B CETh METOJI0M TOYHON CUHXPOHU3ALINH.

Jlnst mpenoTBpallleHus TeperpeBa 00-

MOTKHM BO30YKJIE€HHS BpalllEHUE POTO-

2208 pPOB 00€eHX MalllMH JIOJKHO OBITh Hava-

TO cpasy ke Mocje Mojayu Bo30yx/e-
HUS (TaKk Kak MpU HEMOJBUKHOM CO-

250 MB-A CTOSIHUU OTCYTCTBYET BEHTHUJISILIMS ).
P Pr
225M8T,
18 kB

Puc. 4. Cxema I'ADC c CHUHXPOHHBIM YaCTOTHBIM
nyckoMm (TADC «Cenekay, CIIA, 1969). MG — 006-
paTUMBIN arperaT

JIOCTOMHCTBAa YaCTOTHOTO CIOCO0A: OTCYTCTBHE UPE3MEPHBIX IMYCKOBBIX TOKOB U
J0CTaTOYHO OOJBIINE MYyCKOBBIE MOMEHTHI. HemocTaTku: OTHOCUTENBHO OOJbIIast AJTU-
TEIBHOCTH PAa3roHa POTOpa O CHHXPOHHOM YaCTOThI, HEOOXOAMMOCTh JOMOJIHUTEIHHO-
r'0 HE3aBHCUMOT'O BO30YIUTENA, TaK KaK 00€ MaluHbl BO30YKJAIOTCSI B OCTAHOBICHHOM
COCTOSIHHH.

YacToTHBIN cI0COO HAYAIBHOTO Pa3BOPOTAa MOXKHO TaKKE OCYIIECTBUTH C IOMOIIBIO
TUPHUCTOPHOTO MpeoOpa3oBaTeis YaCTOTHI.

YacToTHBIN crIoco0 HaIIEN MPUMEHEHHE 711 BKIFOUEHUS] CHHXPOHHBIX KOMIIEHCATO-
poB 1 oOpatumbIx arperatoB Ha ['ADC.

[Ipu kombuHuposannom memooe HEBO30YKIECHHYIO BEJOMYIO MAIUHY MOIKIIOYA-
I0T K HEBO30YXXIEHHOMY BEAyIIEeMYy T€HEpaTopy, BpallalomeMycss C YacTOTOH
f=1(0,15...0,8)-f; pu (PUKCUPOBAHHOM OTKPBITUU HAIMPABISAIONIECTO amnmapara TUIPO-



TypOUHBL. 3aTeM BeIylIUi reHepaTop BO30YKAACTCS U MOSIBISIOIIMIICS MPU 3TOM aCUH-
XPOHHBII JIBUTaTEIbHbIII MOMEHT YCKOPSET BEIOMYI0 MAIIMHY M TOPMO3UT BEAYyILUA
rerepatop. [locie nqocTrxeHus: OJMHAKOBOW CKOPOCTH BelOMasi MallnHa BO30yXkKaaeT-
csl, a Janplie 00e MallWHBI YCKOPSIOTCS TypOMHOW 10 HOMHHAIBHOW (CHHXPOHHOIN)
9acTOThl BpamieHus. [IpenmyiecTBa Mo CpaBHEHHIO C YaCTOTHBIM CIOCOOOM: HCIOJIb-
30BaHUE ISl BO3OY)KIEHHUSI MAIllMH TOJBKO CBOMX BO30YyAWTENEH; MEHbIIAs JIUTEIb-
HOCTb ITyCKa BCEH CTaHIIMM B HACOCHOM PEXHMME, TaK KaK HE TpeOyeTcs OCTaHABIMBAThH
BEyLIUN I'€HEpPATOp MEXKAY IyCKaMU OTAENBbHBIX arperatoB. HenocTaTkn: HEKOTOPBIN
neperpeB AeMin@epHbIx 0OMOTOK; HEBO3MOKHOCTH ITyCKa T€HEPaTOPOM MEHBIIIEH MOII-
HOCTH; TPYJHOCTb COIJIACOBAaHUS I0JIaBAEMOI0 Ha BEAYLIUI reHepaTop BO30YKIECHHUS C
MOMEHTOM, Pa3BHUBAEMbIM TYPOHHOM.

1.2. Cunxponuzayusa cunxpounvix mawiun [1]

ITocne pasrona poropa CHHXPOHHOM MaIllMHBI JO MOJACUHXPOHHON CKOPOCTH €€ He-
00X0MMO BKIIFOYUTh B ceTh. OaHAKO Mg Oe3aBapUHHOIO BKJIIOYEHUS HEOOXOIUMO
BBITIOJIHUTG psiji yCI0BUM. [Iponienypa BBIOTHEHHS TUX YCIOBUNA HA3BIBAETCS CUHXPO-
HU3alMEH.

[TepBBIM OCHOBHBIM U 00S3aTEIBLHBIM YCIIOBHEM JIJIs JIFOOOTO CIIocob6a CUHXPOHU3A-
MU SIBJIAETCS MPOBEpPKa MPABWIBHOCTH 4YepenoBaHus (a3 CeTH U IMOJKII0YaeMOl Ma-
mUHBI. BKiIIOueHne B ceTh MalllMHBI, UMEIOIEe oOpaTHOE yepenaoBaHue (a3, BhI30OBET
NocyeACTBUs Oojiee TshKeIble, Y4eM HeCMHXPOHHOE BKJIIOUeHHE. Takoe BKIIFOYEHUE Ma-
IIMHBI CONPOBOKIACTCS BO3HMKHOBEHUEM 3JIEKTPOMArHUTHOTO MOMEHTA, MPOTUBOIO-
JIOKHOTO MOMEHTY, Pa3BMBAEMOMY pPa3rOHHBIM JIBUTATEIEM, a TaKKe MOSBICHUEM
Ype3MEpPHBIX TOKOB B CTaTOPE MAIIMHBI. Pe3yJbTaToOM MOXKET ObITh HE TOJBKO MOBPEXK-
JICHUE CUHXPOHU3UPYEMOM MAIlIMHBI, HO U MOJIOMKA Bajia pa3roHHoro asuraresns. [Ipo-
BEPKY MPaBWIBHOCTH UepeoBaHus (a3 HEOOXOAUMO MPOU3BOAUTH MPH IIEPBOM BKIIIO-
YEHUW MAIIMHBI, a TAKXKE MOCIe PEMOHTHBIX PadOT B €€ MEPBUYHBIX IEMAX. DTa IMpo-
BepKa JIOJDKHA MPOU3BOJUTHCS MPHU MOMOIIM OJHOTO M TOTO ke TpaHcopmaropa Ha-
MPSDKEHUS, MOJKIIOUYEHHOTO K CUCTEME IIMH, Ha KOTOPYIO MOOYEpPEJAHO MOJAETCA Ha-
NPSDKEHUE OT MOJKII0YAaeMOM MaIlIMHBI U OT CETH.

Beimonnenne Apyrux ycioBHUM 3aBHCUT OT HMCIOJIB3YEMOI'O Croco0a CHUHXPOHHU3A-
1y, Pa3nudaroT cnoco® TOYHOM CUHXPOHU3AIMU M CIOCO0 camMmocuHXpoHm3anuu. Pac-
CMOTpHUM HX.

Cnocob mouHoU CUHXPOHU3AYUU

OTOT crnoco0d MCHONB3YeTCs MPH BKIIOYEHUH B CETh CMHXPOHHBIX MamuH. OH co-
CTOMT B TOM, YTO CHHXPOHHU3UPYEMYIO MAIlMHY CHayaja pa3BOpPauvBalOT Pa3rOHHBIM
nBurateneM (KpomMe acMHXPOHHOTO AJIEKTPOJBUTATENS) O YacTOThI BpalleHus, OIu3-
KOW K CHHXPOHHOM, a 3aTeM BO30Yy>K/Ial0T U MPU OMPEICICHHBIX YCIOBHIX BKIIOUYAIOT B
CeTh. YCIOBUSAMH, HEOOXOJAMMBIMU JIsl BKIIOUEHHUS CHHXPOHU3HPYEMOM MAIUHBI B
ceTh (B JaHHOM CJIy4ae €€ He0OX0IMMO paccMaTpUBaTh KaK T€HEPATOP), SABISIOTCS:

1) paBeHCTBO HANPSHKEHUN BKIIOYAEMOTO T'eHepaTtopa U paboTaroiero reeparopa
Wik ceTd (IPU BKJIIOYEHUH B CETh CMOCOOOM TOYHOW CHHXPOHHW3ALMHU C BKIIOUEHHBIM
APB, cHaOXXeHHBIM YCTPOMCTBOM aBTOMATHYECKOW TOJTOHKH HANPSDKEHUS, Pa3iIndue
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HANPsDKEHUW CETH W FeHepaTtopa He JIOJDKHO MpeBbIath 1 %, Npu OTCYTCTBUU YCTPOM-
CTBAa aBTOMAaTUMYECKOW MOJArOHKH HANpsHKEHHs, a TAKKE MPU PYYHOM PETyJIUPOBAHUU
BO30YKIACHHS pa3JInuMe HANpPsLDKEHWH T'eHepaTopa U CETH HE JOJDKHO MpEBbIIATh S %
[10]);

2) coBnazeHue a3 3TUX HaAMPsHKEHUM (BO BCEX CIIydasiX BKIIFOUEHUSI CIIOCOOOM TOY-
HOW CMHXPOHHU3ALMU CIEAYET CTPEMUTHCS K TOMY, YTOOBI YTOJI MEXKIY HANpPsHKEHUEM Ie-
HEpaTopa 1 CETU B MOMEHT BKIItOueHus1 He ripesbiman 10° [10]);

3) paBEHCTBO 4YaCTOT BKIIIOUAEMOT0 T€HEpaTopa M padOTaloLIero TeHepaTopa WM
cetu (oTkinoHeHue He Oosee 0,1%, mpuueM NpearnovYTUTENbHO, YTOOBI YacTOTa MOIKIIIO-
4aeMOM MallnHbI IpeBbimaia yactory cetd Ha 0,05...0,1 ', 4To COOTBETCTBYET ABMXKE-
HUIO CTPEJIKU CHUHXPOHOCKOMA MO 4acoBOM cTpenke ¢ mepuoaoM 1 obopot 3a 20...10 c
[10]).

[lepBoe ycnoBue obecreunBaeTcs MyTEM PETyINpPOBaHUS TOKA BO30YKICHUS MaIlIH-
HbI, a JJIs1 BBIIIOJIHEHHUS] BTOPOIO M TPETHETO YCIOBUH HEOOXOAMMO H3MEHEHHE Bpa-
IIAIOIIEr0 MOMEHTAa Ha €€ Bally, YTO JOCTUraeTCsl U3MEHEHHUEM, HallpUMep, KOJINYECTBA
napa Wiv BOJbl, IPOIyCKaeMbIX Yepe3 TypOuHy.

BelnonHeHre ycnoBUi TOYHOW CHHXPOHHM3ALUU MOXET OBITh OCYILIECTBIIEHO BpPYyY-
HYIO WJIM aBTOMaTh4yeckd. [Ipu pydHOil CHHXpOHU3ALMK BCE ONEpaliu 110 PEryIUpOBa-
HUIO BO30YKJIEHUS U MOATOHKE YaCTOThI BBIMOJIHAET JIE€XKYPHBIN MIEPCOHAN, a PU ABTO-
MAaTHYECKOM CHHXPOHM3AIMM — aBTOMAaTHYECKuEe yCTpoucTBa. lIpm ToyHOM pydHOU
CUHXPOHU3ALMK HAIPSKEHUS U YaCTOThl KOHTPOJIUPYIOTCS MO YCTAHOBJIEHHBIM Ha ILIH-
T€ YNpaBJEHUS ABYM BOJBTMETpPAM M JBYM YacCTOTOMEpPAM, a CIBHI IO (a3e Hampsike-
HUW — N0 CUHXpOHOCKoMy. llocnenHuii mo3BosIET HE TOJBKO YJIOBUTH MOMEHT COBIIA-
neHust ¢pa3 HaMpsHDKEHUH, HO TaKKe OMPEENIUTh, BPAIlaeTCs JIM TeHepaTop ObICTpee Wiu
MeJIJIEHHEee, YeM paloTaroiiue. YKa3zaHHble TPUOOPHl 0ObEAUHSIOT B TaK HA3bIBAEMYIO
«KOJIOHKY CHHXpOHHU3alN». BOoIbTMETp U 4acTOTOMEDP, OTHOCSIIMICS K CHHXPOHHU3U-
pPYEMOMY I€HEPATOPY, NOJAKIIOUYAIOT K €ro TpaHC(POPMATOPY HANPSIKEHUS, 4 BOJIBTMETP
¥ 4aCTOTOMEp, OTHOCSIIMECS K paboTaloluM reHeparopam (WM CETH), OOBIYHO MOJ-
KJIIOYAIOT K TpaHC(POpMAaTOpy HaNpsDKEHUS COOpPHBIX IIHMH CTaHUUMU. CHHXPOHOCKOI
NOJKJIFOYAIOT OJJHOBPEMEHHO K 000MM TpaHcpopMaTopaM HampsikeHus [2].

[Tpu coOnrogeHnn BceX BBINMICYKA3aHHBIX YCIOBHH Pa3HOCTh HAIPSDKEHUN TeHepa-
TOpa U CETH paBHA HYJIIO, [I03TOMY YPaBHUTEJIBHOI'O TOKA MEXJ1Y HUMHU HE BO3HUKAET.
Bxitouenue reneparopa B C€Th PU 3HAYUTEIHOM HEPABEHCTBE HANPSYKEHUN MO BEJIU-
YUHE W MPU OOJBIIOM YTIIE€ Oy PACXOXKIEHUS MO (hpa3e BHI3OBET MOSBICHUE YPAaBHU-
TEIIbHOTO TOKa [, U CBSA3AaHHBIX ¢ HUM mocieAcTBHil [3]. OcoOeHHO OomacHO BKJIIOYE-
HHUE TeHepaTopa NpU HECOBMNAJCHUU HaIpsDKEHUU 1o (asze, Tak Kak UMEHHO (ha30BbIii
CABUI BBI3BIBAET TOJYKU TOKA CTATOPa M 3JEKTPOMATHUTHOIO MOMEHTA Ha Baily. Bins-
HUe (a30BOro CABUIa Ha BEJIMUYMHY TOKA BKIIOUEHHS MOXKET ObITh MPOMIUTIOCTPUPOBAHO
BEKTOPHOMU MarpamMmoi (puc. 5).
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Puc. 5. K onpeznenenuto 10mycTUMON yIIOBOH OMIMOKH MTPU CUHXPOHHU3AIUN

N3 BeKTOpHOM AuarpaMmsel BUIAHO, YTO NP PAaBEHCTBE HANPSKEHUW CUCTEMBI U Te-
Heparopa U, = E. =U

AU:2-U-sin%;

" AU
X, + X,

"

34€Ch xd — CBCPXIICPEXOAHOC MHAYKTHBHOC COIIPOTHBJIICHUC I'¢HCPATOpa 10 IPOHdO0JIb-

HOW OCH; X, — CONPOTUBJIEHUE CUCTEMBI.

[Tpu casure 180° (BitoueHune B mpoTuBO(Da3y) TOK [",; 3HAUUTEIHHO MPEBBIIACT
TOK KOPOTKOT'0 3aMbIKaHus /; Ha BBIBOAAX I'€HEpaTopa:
J = M>> ]
BKJI " K3°
Xy T X,

BosHukaromuii 1pu 3T0M MOMEHT BPAILLIEHUS MOXKET B HECKOJIBKO pa3 IPEBbIIATH
MOMEHT Ha BaJly F€HepaTopa Ipu KOPOTKOM 3aMbIKaHUU Ha €ro BbIBoAax. OT 3Toro mo-
TYT pa3pylIUTbCA JOOOBBIE YAaCTU OOMOTKHU CTaTopa WM OJHA U3 0OMOTOK TpaHcdop-
Matopa [3], uepe3 KOTOpbIi reHepaTop MOJAKII0YAETCA K CeTU. BKiltoueHne B MpOTHUBO-
(azy MOXKET CIIyYUThCS MPU HEUCIPABHOCTH BO BTOPHYHBIX LEMSAX WJIM MPU HEIpa-
BWJIBHOM BKJIFOUEHUHM CUHXPOHM3UPYIOLIEr0 YCTPOMCTBA.

[Ipu 3HAYUTENHHON PA3HOCTH YACTOT TPYAHO 0€30MHMO0YHO BHIOpATh MOMEHT MJIs
BKJIIOUEHHsI reHeparopa. Kpome Toro, ecinu gake MOMEHT BKJIFOUEHHUs OyJeT BbIOpaH
yIa4yHO, TO W3-3a OOJIBIION HAYalIbHOW Pa3HOCTU MEXKIY CHUHXPOHHOM CKOPOCTBIO U
CKOpPOCTBIO BpalleHUsT pOTOpa POTOp IeHepaTopa HE yCIEeeT 3aTOPMO3UTHCS U YAEP-
KaTbCS B CHHXPOHHM3ME, UYTO BBI30BET INOSIBJICHUE HEIOMYCTUMO OONBIIMX KOJIEOaHU
TOKa CTaTopa M BPaIAOLIEro MOMeHTa potopa. [loaromy npu 00ap1I0M CKOPOCTH Bpa-
LICHUSA, a TAKXKE IIPU PE3KUX KAYAHMUSIX CTPEJIKM CHMHXPOHOCKONA BKJIKOYATh FE€HEPATOP
HE JOMyCTUMO. [3]

To4yHO# py4YHOU CHHXPOHU3ALMU CBOMCTBEHHBI CIEAYIOIINE HETOCTAaTKH [2]:
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1) cI0KHOCTB TpoIecca BKIIFOUCHHS W3-32 HEOOXOIUMOCTH TIOATOHKU HAIPSHKCHUS
o0 MOJYJTIO | (pasze, a TaKKe 4aCTOTHI TEHEPATOPA;

2) GospIast JIMTEIHLHOCTh BKIIOYCHUS — OT HECKOJBKMX MUHYT B HOPMAJIBHOM pe-
KUME JI0 HECKOJIBKUX JECATKOB MUHYT MPU aBapUSIX B CUCTEME, COMPOBOXKIAFOIIUXCS
W3MECHCHHEM YacTOThl M HAIpPSOHKEHUS, KOTJa OCOOEHHO BaXKHO 00ECIEeUUTh OBICTPOE
BKJIFOUCHHE T€HEPATOPa B CETh;

3) BO3MOXHOCTh MEXaHUYECKUX MOBPEKICHUN TeHEpaTopa U MEPBUIHOTO JIBUTATE-
JIsl IPY BKJTIOYEHUU arperara ¢ OOJIbIIUM yTIIOM OOTIIL.

Bo u3bexxanne MexaHUYEeCKUX MOBPEXKICHUN pydHasi CHHXPOHU3AIUS BBITTOTHIETCS
C aBTOMATHYECKUM KOHTPOJEM CHHXPOHHM3MA, KOTOPBIN 3allpeliaeT BKIIOYCHHE BbI-
KITFOYaTENsl CUHXPOHU3UPYEMOW MAaIIMHBI MPU HECOOIOICHUN YCIOBHH CHHXpPOHHU3A-
nuu. PydyHas cHHXpOHM3aIusi NMPU OTKIIOUYEHHON OJOKUPOBKE OT HECHHXPOHHOTO
BKJIIOUEHUS 3arpeiaercs [3].

Cnocob camocunxponuzayuu

IIpu cnocobe caMOCMHXpOHU3aLUUU (3TOT CIIOCOO MCMOIb3YETCS KAK JOMOJIHUTEIb-
HBI K OCHOBHOMY) CUHXPOHHU3HpYyEMasi MalluHa ¢ 0OMOTKON BO30YXAECHMS, 3aMKHYTON
Ha TaCUTEJIBbHOE CONPOTHBIIEHHE NpU oTKIr0YeHHOM AI'TI BKitouaercs B ceTb 0€3 BO3-
Oyxnenus. YacToTa MaIlIMHbBI M YaCTOTa CETH JOJDKHBI PU 3TOM PACXOIUTHCS HE Oonee
yeMm Ha 2% [10]. HayanbHblil TOK BKJIFOYEHHS (TOK CAaMOCHHXPOHU3ALMH [) ONpeaess-
eTcst o Ghopmylie:

U

_ c
Icc o
X, + X,

", CJICA0BATCIbHO, OH MCHBIIC, YCM IIPU KOPOTKOM 3aMbIKAaHWKW Ha BBIBOJAaX MAlIWHBI,
TaK KaK TOK KOPOTKOI'O 3aMbIKaHHA B 9TOM CJIydac OIIPCACIUTCA KaK

CunxpoHuzupyemasi MalliiHa BO30YKJ1aeTcsl cpasy Ke MOCye BKJIKOYEHUS B CETh U
m1aBHO (B TeueHue 1...2 ¢. [3]) BXOAUT B CHHXPOHU3M.

Kak BHIHO, BKIIFOUEHHE MAIIMHBI MO CMOCO0Y CaMOCHMHXPOHHU3AIUU B TIEPBBIA MO-
MEHT IKBUBAJEHTHO KOPOTKOMY 3aMBIKAHHUIO 32 CBEPXMEPEXOJHBIM PEAKTUBHBIM CO-
MPOTUBJIEHUEM reHepaTopa. OcTaTOuHOE HANPSKEHUE HA IIMHAX, K KOTOPBIM MOIKIIIO-
YaeTcs MalllhHa,

X4 + XHOH

U,.=U. — ,
Xyt X0, X,

TJI€ Xyon — COMPOTHUBIIEHHUE OJI0YHOTO TpaHchopmaTopa (B OJIOYHOM CXEME) WIIH PEeaKTO-
pa (pu peakTopoM IyCKe), MPUBEICHHOE K MOIITHOCTU T€HEPATOpAa.

HMeHHO BClieICTBUE MOHMKEHUS HAMPSDHKEHUS HA MIMHAX TIPU CAMOCUHXPOHHU3AIINH,
ITOT crmoco0 HEXeJaTelieH Il CHHXPOHU3AIMKM T€HEePaTOPOB Ha AJIEKTPOCTAHIIUAX C
00IMMHU COOPHBIMH IIIMHAMH T€HEPATOPHOTO HATIPSIKCHHMS.
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JI7is MOILTHBIX OJOYHBIX CTaHIMM CIOCOO CaMOCHHXPOHHU3AIUMHU JOMYCTUM, OJHAKO
BBIMTPHIII BO BPEMEHH 10 CPABHEHUIO C ITyCKOM TEIJIOBOTO OsioKa ucuesaroie Mai. [o-
TOMY B HACTOSILEE BpEMs B HOPMAJIbHBIX YCJIOBHSIX Ha BCEX JJIEKTPOCTAHIMUAX, KaK
MPaBUJIO, TPUMEHSETCS CIOCO0 TOYHON CHHXPOHM3AINH, & CAMOCHHXPOHU3AIHS MOXKET
OPUMEHSETCS JUIIb B aBapUUHBIX YCIOBUAX, HAIPUMEpP IOCIE MOTEPH F'€HEPATOPOM
BO30YXKICHMSI, IPU BKIIIOUEHUH PE3EPBHBIX THAPOTEHEPATOPOB, Npu Tpexdaznom AIIB
C CAaMOCHMHXPOHM3aLMEN TEHEPATOPOB U T.II.

PaccmoTpennslii MmaTepuan CKOHLIEHTPUPOBAHO M30XKeH B «[IpaBuimax ycrpoucrTsa
IIEKTPOYCTaHOBOK» [4], n B «IIpaBuiax TEXHMYECKON SKCILIyaTalUu 3JIEKTPUUYECKUX
crtaHuuit u ceteit Poccutickoit @eaepanum [5]

Taxk, Hanpumep, «IIpaBuiia ycTpoicTBa 31€KTPOYCTaHOBOK» [4] TpeOyIOT:

3.3.43. BkiloueHue reHepaTopoB Ha NMapauieIbHYI0 padoTy JA0JIKHO NPOU3BO-
AUTHCSH OAHUM U3 CJICAYIOIIUX CIIOCO00B: TOYHOM CHHXPOHU3aNUel (PYUYHOM, MOJTy-
ABTOMATHYECKOM M aBTOMATHYECKOH) M CAMOCHMHXPOHU3auueil (Py4HOH, MOJIyaB-
TOMATHYECKOH U ABTOMATHYECKOI1).

3.3.44. Crioco0 TOYHOM aBTOMATHYECKOM MJIM I0JyaBTOMATHYECKON CMHXPOHU-
3allMd KAaK OCHOBHOH CHOCO0 BKJIKYEHHMS HA NMAapa/uieJibHYI0 PpadoTy NMpH HOP-
MAJIbHBIX PEKUMAX 0JI2KEH NPeyCMAaTPUBATHCS JJIS:

TYpOOreHepaTopoB ¢ KOCBEHHBIM OXJIA’KICHHEM OOMOTOK MOIIHOCTBIO 0oJee
3 MBT1, padoraomux HemocpeJICTBEHHO Ha COOpPHbIC IIUHbI T'€HEPATOPHOI0 HAa-
NPSAKEHUS], 1 NIPH 3HAYCHUM NEPHOIMYECKON COCTABJISIONICH IMEPEeXOAHOr0 TOKAa
0oJiee 3,5-1,0m3

TypOOreHepaTopoB ¢ HENMOCPeIACTBEHHbIM OXJaxaeHneM o0MoTok Tunos TBB,
TB®, TT'B u TBM;

ruaporeHepaTopoB MomHOCTHIO SO MBT u 0oJ1€e.

IIpu aBapuMiHBIX pe:KHUMAaX B JICKTPHYECKON CHCTeMe BKJIIOYEHHE HA mapaJi-
JIeJIbHYI0 pa0doTy BceX reHepaTopoB BHE 3aBHCHMOCTH OT CHCTEMbI OXJIAKACHUSA U
MOIIHOCTH MOKeT MPOU3BOJAUTHCS CIIOCO00M CAMOCHHXPOHHM3AIUH.

3.3.45. Cnnocod caMOCMHXPOHHU3AUMHM KAK OCHOBHOM CIOCO0 BKJIIOYEHHS] HA Ma-
pPa/LIeJIbHYI0 pa0oTy MOXKeT NMpeayCMATPUBATHLCS IJIA:

TypOoreseparopoB MOIHOCTHIO 10 3 MBT;

TypOOreHepaTopoB ¢ KOCBEHHBIM OXJIA:KIE€HHMEM MOIIHOCTHIO OoJiee 3 MBT, pa-
00TAalIIUX HENMOCPEACTBEHHO Ha COOPHbIC IIMHBI, €CJIH NMEPHOAUYECKAN COCTAB-
JSAOIasl MePexXoJHOro TOKA NMPHU BKJIKNYEHHH B CETh CIOCOO0OM CaMOCHHXPOHHU3a-
MU HE MPeBOCXOTUT 3,5:1,,\;

TypOOreHepaTopoB ¢ KOCBEHHBIM OXJIAKJAEHHEM, pPadoTalmuUx B 0JI0Ke ¢
TpaHcopmaTopaMu;

rUIPOreHepaTopoB MOIIHOCTHIO 10 S0 MBT;

THAPOreHePaTOPOB, YIEKTPHUUYECKH KECTKO CBA3AHHBIX MEXKAYy c000i u pado-
TAIOIIMX Yepe3 o0IMid BHIKJIIYATEb PH KX CyMMapHOi mouHocT 10 SO MBT.

B yka3aHHBIX cJiy4asix MOTryT He NMPeAyCMATPHUBATBLCH YCTPOHCTBA MOJIyaBTO-
MAaTHYeCKOil U ABTOMATUY€CKOH TOYHOW CMHXPOHU3ALMH.
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3.3.46. IIpu UCHO0JIb30BAHUHU CIIOCO0A CAMOCHHXPOHU3ALUH KAK OCHOBHOI'O CIIO-
c00a BK/IIOYECHHMS I'€HEPATOPOB Ha MAPA/LIEJbHYI0 padoTy cieayeT NmperycMaTpu-
BAaTh YCTAHOBKY HA IHJAPOreHEepPaTopax yCTPOMCTB AaBTOMATHYECKON CaAMOCHHXPO-
HHM3allUM, HA TypOOreHepaTopax — yCTPOMCTB PYYHOH MJIM MOJYaBTOMATHYECKOM
CaAMOCHHXPOHHU3ALMH.

3.3.47. Ilpn ucnoIb30BAHUM CIOC00A TOYHOW CHHXPOHHM3AaLMU B KavyecTBe OC-
HOBHOTI'0 €Ioco0a BKJIIYEHUS TeHEPATOPOB HA NMapajuleibHYI0 padory, Kak mpa-
BIJIO, CJIeyeT NMPeAyCMAaTPUBATh YCTAHOBKY YCTPOHCTB ABTOMATHYECKOH M IOJIY-
aBTOMATHYECKOH TOYHOM CHHXpOHM3amuM. [l reHepaTropoB MOIIHOCTBIO 10
15 MBT ponyckaercsi IpuMeHeHHe PYYHOH TOYHON CHHXPOHM3ALUM C¢ OJJOKMPOB-
KOM OT HECHHXPOHHOTI'0 BKJIIOYECHHUS.

3.3.48. B COOTBETCTBMHU C YKA3aHHBIMH IOJIOKEHHUSIMH BCe Te€HEPaTopbl J0JIK-
Hbl OBLITH 000PYI0BAaHBI COOTBETCTBYKOIIUMH YCTPONCTBAMH CHHXPOHU3ALMH,
PACIOJIOKEHHBIMH HA LEHTPAJbHOM IYHKTE YIIPABJICHUS WM HA MECTHOM IIYHKTE
YIPaBJICHUSA /51 THAPOIJIEKTPOCTAHINMA, HA TJIABHOM IIMTE YNPABJEHUS WM HA
0JIOYHBIX HIUTAX YNPABJIECHHUS IS TEILUI03JEeKTPOCTAHIIHI.

BHe 3aBMCHMOCTH OT IPUMEHSIEMOTI0 CIIOCO0a CHHXPOHU3AIUM BCe TeHEePATOPbI
JAO0JIKHBI OBbITH 000pPYI0BaHbI YCTPOWCTBAMH, NMO3BOJSIIOIIMMHA B HE00XOAUMBIX
cJay4YasixX MPOU3BOAUTH PYYHYI0 TOYHYI0 CHHXPOHHU3ALIMI0 C OJIOKHPOBKOH OT He-
CHHXPOHHOI'0 BKJIIOYCHHUS.

3.3.49. IIpu BK/IIOYEHHH B CETh CIOCOOOM TOYHOM CHHXPOHU3ALMH ABYX WJIH
0oJiee rHAPOreHepaToOpoOB, padoOTAIIMX Yepe3 OAUH BBIKJIKYATE/Nb, T€HEPATOPbI
NPeABAPUTEIbHO CHHXPOHM3HPYIOTCH MeEKAY CO00H Crmoco0oM CaMOCHHXPOHHU3A-
MU U C CETHI0 — CIIOCO00OM TOYHOM CHHXPOHU3ALMH.

3.3.50. Ha TpaH3UTHBIX MOACTAHLUAX OCHOBHOM CETH M 3JIEKTPOCTAHIUAX, I1e
Tpedyercsi CHHXPOHHM3ALMUA OTAEJAbHBIX YACTel 3JIeKTPUYECKOM CHCTEeMBbI, J0JIKHbI
npeaycMaTPUMBATbLCA YCTPOMCTBA VIS MOJYaBTOMATHYECKOM WJIM PYYHOH TOYHOM
CHHXPOHHU3ALUH.

B «IIpaBmiax TEXHMYECKOW DKCIUIyaTallMM JJIEKTPUYECKUX CTAaHIMM M ceter Poc-
cuiickoilt ®exnepanumn» [5] ckazaHo:

5.1.19 I'enepaTopsbl, KaKk MPABUJIO0, JOJKHBI BKJIKYATHCH B CETh CIIOCO0OM TOY-
HOM CHHXPOHM3ALUH.

IIpy ucnonb30BaHUM TOYHOM CHHXPOHHM3ALMM 0/LKHA ObITh BBeAeHA OJIOKH-
POBKA OT HECHHXPOHHOI'0 BKJIIOYEHHUH.

JlonmyckaeTrcsi HCIOJIb30BaHHE NMPH BKJIYEHUH B CeTh CIIOCO0a CAMOCHHXPOHU-
3allUM, €CJIM ITO NMPEAYCMOTPEHO TEXHUYECKUMH YCJIOBUSIMHM HA MOCTABKY WJIM CIIe-
HHAJTBHO COIIACOBAHO C 3aBOIOM-M3IO0TOBUTEJIEM.

IIpu MUKBMIANMH aBapHH B JHEProcucreMe TypOOreHepaTopbl MOIIHOCTBIO 10
220 MBT BK/IIOYHMTEJIbHO U BCe TMAPOreHepaTOphl pa3peniaercs BKIKYATh HA Na-
pa/LUIeIbHYI0 padoTy cnmocodoM camocuHxpoHusanuun. TypOoreneparopsl 00JibIei
MOIIHOCTH pa3pemaeTcsi BKJAKNYATh 3THM CIOCO00M NPH YCJIOBHHU, YTO KPATHOCTh
CBEPXIIEPEX0JHOr0 TOKA K HOMHHAJIBLHOMY, OIIpeleIeHHAs ¢ y4eTOM HHAYKTHB-
HBIX CONPOTHBJICHUH 0JIOYHBIX TPaHCGOPMATOPOB M CeTH, He npeBbimaet 3,0.
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1.3. Haoop nazpy3ku npu nycke [1]

[Tocne BkIIOYEHUs reHepaTopa B CEThb €ro HeoOXoAuMO 3arpy3uTb. OHAKO CKO-
POCTh yBEJIMUYEHHUS Harpy3ku TypOorenepaTopa orpannueHa. OHa ornpejaesnsercs BpemMe-
HEM, HEOOXOJIUMBIM JIJisi TIOCTETIEHHOTO0 HarpeBa TypOuHbI. B HOpMajbHBIX YCIOBHUSAX
CKOpPOCTh M3MEHEHHSI HArpy3Ku TypOoarperata jexuT B npeaenax 250...300 kBt/mMun
npu nepBoM HarpykeHuu u 1 MBT1/mMuH nipu nporperoit Typoune, a Bpemsi Habopa Ha-
IPy3KH COCTaBIISIET HECKOJIbKO yacoB. Hapyienue tpeboBaHMs MOCTENEHHOr0 Habopa
Harpy3ku HefomycTuMo. OHO MOKET MPUBECTU K CEPbE3HBIM MEXAHHUUYECKUM OBPEK-
JEHUSIM TEIUIOCWIIOBOrO oOopynoBaHusi. Harmpumep, upesmepHo ObICTphIii HAOOp Ha-
IPy3KH MOXKET MPUBECTH K OOJIbIIEMY YAJIMHEHUIO POTOpa TYpOMHBI MO CPABHEHUIO C
KOPIyCOM TYpOUHBI U OTKJIIOYEHHUIO €€ 3alIUTON OT OCEBOI0 CABUTA, & B XYAIIEM CIy-
yae M K 3aJ€BaHUIO JIONATOK poTopa 3a auadparmbl. [loaToMy ckopocTh moabeMa Ha-
IPy3KH JOJKHA OBITh yKa3aHa B MECTHBIX MHCTPYKLHUSX JJIsl KQXKI0r0 TUMa TypOoreHe-
paropa.

Peskue n3MeHeHnus Harpy3ku TypOoarperata MOTYT MPUBOJUTH TAK)KE K 3HAUUTEIb-
HBIM TEIJIOBBIM M MEXAHMUYECKUM HAINpPSDKEHUSM B y3/1aX U JIETalsX T'eHepaTropa, 4To
HEraTHUBHO CKa3bIBaeTCs Ha ero pabdote. BenenctBue paznnuus B TEIUIOBBIX MOCTOSH-
HBIX BPEMEHHU CTAJIM U MEJIM Pe3KHUE U3MEHEHUSI Harpy3KU MAaIllUuHbI OYIyT TPUBOJUTDH K
OTHOCUTEJILHOMY MEPEMEIECHUI0 CTep>KHEH OOMOTKM B Ma3axX U MOTYT BbI3BaTh MeXa-
HUYECKHE MOBPEXKICHUS U30JISALIUU, €€ CMsATUE WK pa3pbiBbl. Hanbonee BeposiTHBI Ta-
KHE€ TIOBPEKICHUS H30JIALHMU y OOMOTOK PEryJupyIOIIMX MAIIWH, YaCTO MEHSIOIIUX
CBOIO Harpy3Ky.

BBugy Toro, 4To yciioBHs TEIUIOBOT'O PACIIMPEHUSI CTEpKHEH OOMOTOK CTaropa u
pOTOpa CyIIECTBEHHO pa3inuyaroTcst (0OMOTKa cTaTopa HEMmoABMXKHA, a 0OMOTKa pOTOpa
BpalllaeTcs), X MOBEJICHUE B YCIOBUSIX OBICTPOTO HArpeBaHUsI U OXJIAXKACHUS JTOIKHO
OBITH PACCMOTPEHO Pa3JIEIBHO.

[Ipu yBenuyeHUM HArpy3Kd CTaTopa U TEIUIOBOM YJUTMHEHUU CTEPKHEH ero oOMoT-
KU MPOUCXOAUT AedopMaivs H30JALUOHHON O00O0JIOUKH, TOJBEprarouieicss pacTsru-
BAIOIIUM YCUJIMSAM. MeXaHW4YecKue HamnpspKeHHUs B MaTepuasie M30JSIUU 3aBUCAT OT
ckopoctu nedopmanuu. M3-3a 3HaUUTETHHOMN CUIIBI CLICTUICHUS MEIb U U30JSIUS YIJIN-
HSIOTCSI OJIMHAKOBO. ClieI0BaTENbHO, MOBEJACHUE U3OJSIUU B YCIOBHIX MEPEMEHHON
HArpy3Ku OMpeeNsieTCs] CKOPOCThIO AeOpMallui CTEPKHS OOMOTKHM NPHU YBEJIUYECHUU
TOKa (a 3HAYUT U TEMIIEPATypPbl) B HEM.

CKOpOCTh OTHOCUTEIBHOIO YJUIMHEHUS Vy,; CTEPKHEH OOMOTOK CTaTopa IpHU BHE-
3aMHOM MPUIIOKEHUH K HEMY MOJHOW TOKOBOM HArpy3kH ¢ OOBIYHOM /Il COBPEMEHHBIX
MOIIHBIX MAIIMH HOMHHATBHOM [UTOTHOCTBIO TOKA, PABHOM 5...7 A/MM”, COCTABIISIET
v, = dr =(0,125...0,250)-10 *mun"',

dr
rnae dl — n3MeHeHune JUIMHBI CTePKHEH 0OMOTOK CTaTopa 3a MPOMEKYTOK BPEMEHH dT.

Bo3Hukaronge npu 3TUX CKOPOCTSIX HANPSIKEHUS PACTSKEHUSI HE MPEBOCXOJSAT
9...10 MIla, a pazpymatontue HanpspkeHus — Oonbine 22 MIla. CnegoBatenbHo, pac-
CMaTpUBAEMbI PEXKUM BHE3AITHOTO M3MEHEHUSI HArpy3Kd CTaTopa OT HyJIA J0 MaKCH-
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MaJbHOIO 3HAYEHHsI HE ONACEH C TOYKH 3PEHUS MEXAHUYECKOW MPOYHOCTH U3OJSLUU
ero OOMOTKH.

Tak kak MexaHMYecKasi MPOYHOCTh U3OJISIUM HAa TEPMOPEAKTUBHOW OCHOBE HE HU-
&Ke, 4eM Y MHUKAJICHTHOW KOMMAyHIMPOBAHHON M30JSIUHI, TO 3TH BBIBOABI MOTYT OBITh
pacnpocTpaHeHbl Ha BCE COBPEMEHHBIE MOLIHBIE MAIIMHBI C TEPMOPEAKTUBHOW HM30JIs-
Ued U CKOPOCTh U3MEHEHHsI TOKOBOM HAarpy3KH CTaTOPOB TaKMX MAallWH MPAKTHYECKU
MO>KET HE OTPaHUYUBATHCA.

CrepXKHM OOMOTKM BpAILLIAOLIErOCs POTOpa MPU BHE3AITHOM HArPY>KEHHUH IOJIHBIM
TOKOM M IMOBBIIIEHUH UX TEMIIEPATypbl HE MOTYT CBOOOAHO YJIJIMHATHCA B Ma3ax pOTO-
pa, Tak KaKk 3TOMY NPEMATCTBYIOT CUJIbl TPEHUSI, BOSHUKAOIIKE IPU BpalIEHUU pOTOpa
U3-3a UEHTPOOEXKHBIX ycuinil. [loaromy nepemeniennss 0OMOTKH pOTOpa OTHOCUTEIBHO
O0YKH POTOpa, BBHI3BIBAEMOTO PA3HOCTHIO MX TEMIIEpaTyp M TEMIEPATypHBIX KO3PPu-
IIMEHTOB, BO BPAIIAIOIIEMCsl POTOpE HE HAOIIOAETCs, a TETIIOBOE yATUHEHHE METHBIX
CTEp)KHEW MepexoauT B aedopmaruio cxxatus. Eciau mpu 3ToM npenen TeKy4ecTH Meau
OyZzeT npeB30iaeH, To Aedopmalys okaxercss HeoOpaTumoil. B pesynbrare nocne oc-
TAHOBKHM M OCTBIBAHUSI MAIIMHBI CTEP)KHU YKOPOTSATCS 0 CPABHEHUIO C UCXOJHBIM CO-
CTOSIHHEM.

HecMoTpst Ha ocTaTOuHBIE TEMIIEPATYPHBIE 1e(POpPMaALlMU MEIHBIX CTEPKHEH 0OMOT-
KH pOTOpa, Cilydyad aBapUUHOIO OTPaHUYEHHUS] HArpy3KH pOTOpa IPU KOCBEHHOM OXJIa-
XKJICHUHU BECbMA PEJIKH. 3HAYUTENBHO ONacHee Takue Aedopmany OOMOTKH B TypOore-
HEpaTopax C HENOCPEACTBEHHBIM OXJaXJIeHHEeM poTopa. IIpu ykopoyeHMM BUTKOB B
BEHTWISILMOHHBIX KaHAJIaX CTEP>KHEW BO3ZHUKAET CYKEHUE MPOXOIAHOTO CEUYEHHS U yC-
JIOBUS OXJIQXKICHHS PE3KO YXYAIIAKOTCS, IPUBO/IS K MECTHBIM IIEpErpeBaM 0OMOTKH PO-
Topa. IToaToMy y TypOOreHepaTopoB ¢ HENOCPEICTBEHHBIM OXJIAXKIECHUEM POTOpa HE
JIOITYCKAIOTCSl OCTaTOYHBIE TEMIIEPATypHBIE ehOpMaliy MEIH.

C 3T0ii TOUKH 3peHHsI 0COOEHHO OMACHBIM SBIISETCS BHE3AIMHOE MOBHIIICHUE HATPY3-
KH pOTOpa IMOCJIE JTOCTHXKEHHUS] MAIIMHOW MOJHOM CKOPOCTH IPH €€ Mycke (Hampumep,
IpU CaMOCHUHXPOHM3alun). B 3ToM ciyyae m3-3a pe3koro pasjivyusi TEIJIOBBIX MOCTO-
SHHBIX MEJIM M CTaJH, Pa3HOCTh UX TEMIIEPATyp MOXKET AOCTUraTh OOJIBIINX 3HAUCHMI,
IpU KOTOPBIX TEMIEPATypHbIE HAMPSHKEHUS B MEIW 3HAYUTEIBHO BBIIIE Mpeaesa mpo-
HNOPIMOHATILHOCTH, YTO HEN30€KHO MPHUBEAET K OCTATOUYHBIM J1e(hOpMaLIHsIM.

Otum oOBsicHsIeTCs TpeboBanue [1TD o mocTteneHHOM HAaOOpe HArpy3KH TE€HEPATO-
POM B COOTBETCTBHH C TOBBIIICHUEM HArpPy3KH TypOMHBI IpH ee mnporpese. OaHaKko Ha
aBapHilHble CUTyalluu, KOrja Tpedyercsl ObICTPOE YBEIUUYEHUE PEAKTUBHON MOIIHOCTH
IIPU aBapUIHBIX MOHWKEHUAX HANPSDKEHHS B CETH, 3TO YCJIOBHE HE PacHpOCTPaHSIETCS
BBUJIy UX KPAaTKOBPEMEHHOCTH.

Pe3kue n3MeHeHrs Harpy3ku MOTyT IPOMCXOAUTh HE TOJIBKO NP MyCKaxX U OCTaHO-
Bax TypOoarperaToB, HO U IIPU PETryJIMPOBAHUN aKTUBHOW HArpy3KH, HallpuMep, B 1HaA-
na3oHe 70...100% momrHoCTH arperaTa, KOrja reHepaTop paboTaeT B TUKOBOM PEXHME
WIHM PETYIMPYET YacTOTy, a Takke npu AeiictBun APB unu popcupoBke Bo30yx ACHUS
(CKOpOCTh M3MEHEHUS PEAKTUBHOW HArpy3KH, HE CBsI3aHHAsA, BOOOILE rOBOPs, C U3MEHE-
HUEM aKTUBHOW Harpy3Ku, MOKET OKa3aThCsl BECbMa BBICOKOM).
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Crnenyer OTMETUTB, YTO B PEXKMMAaX YacCThIX IIYCKOB M OCTAHOBOK, a TAK)K€ IPH pa-
00Te B mepeMeHHON yacTH Tpaduka Harpy3Kd U B peXUMax ¢ HEJOBO30YKIEHUEM KpO-
M€ HarpeBa OOMOTOK MPOUCXOIAT M3MEHEHHs TEIUIOBOTO COCTOSIHUS M KOHCTPYKTHB-
HBIX Y3JIOB cTaropa TypOorenepartopa. Tak, Hampumep dYacTble MyCKH M OCTAHOBKH
(30...40 pa3 B rox) NnpuBOJAT K U3BMEHEHHUIO TEMIIEPATypPbl aKTUBHBIX YaCTEH FeHEPATO-
pa Ha 50...70°C B 3aBUCHMOCTH OT [UTUTEIBHOCTH TIPOCTOs. HepaBHOMEPHBIH CYyTOYHBIIH
rpaduk reaepatopa (100...65% mo aktuBHO# 1 100...20% 10 peaKTUBHON MOITHOCTH)
MPUBOAUT K M3MEHCHHIO TEMIIEpaTypbl aKTHBHBIX YacTeil reHeparopa Ha 25...35°C.
Cucremarnyeckas paboTa TeHepaTopoB ¢ KOADPHUITMEHTOM MOIIHOCTH, OJIM3KUM K €U~
HULIE, B EMKOCTHOM WJIM MHIYKTUBHOM KBAJPAHTE SIBISIETCS NPUYUHON YBEIUYECHHUS T10-
TOKOB pacCesHHsl B JIOOOBBIX YaCTAX U MOBBILIEHHOI'O HarpeBa KpailHUX NAKEeTOB CTAJIN
CepJICYHUKA.

OTu U3MEHEHHsI TEMIIEPATYPbl MPUBOAAT K TMOBPEKACHUSIM aKTUBHOM cTanu TypoOo-
reHeparopa: OcCIa0JIEHUIO ONPECCOBKU 3yOLIOB KpaWHUX IAKETOB, OTJIAMBIBAHUIO OT-
JIENIbHBIX JINCTOB 3yOIIOB M3-3a TEMIIEPaTyPHBIX AedopMaiiiil cepedHnKa, K BUOpanuu
0CJIa0JIEHHBIX JINCTOB OJT BO3JIEHCTBUEM 3JIEKTPOMATHUTHBIX CUJI U T.I. B pe3ynbpraTe
HA/IeKHOCTh U JIOJITOBEYHOCTh TYpOOreHepaToOpoB, B OCOOCHHOCTH OJIOUHBIX, MPOCKTH-
poBaBIIMXCS 11 0a30BOM Harpy3Ku, MOHMYKAETCA U 4acTO NPHUBOJIUT K CEPHE3HBIM pe-
MOHTHBIM paboTam.

[Ipyn Ha3HaYeHUM NEPEMEHHBIX PEKHUMOB ISl TYpOOTrE€HEPATOPOB CIIEIYET YUUThI-
BaTh 3TU OCOOEHHOCTH UX NIEPEMEHHON HAarpy3KH.

['uapoTypOMHBI — TUXOXOHBIE MAILIMHBI, padoyas TeMIiepaTypa KOTOPbIX HE OTJIH-
YaeTcsl OT TEMIIepaTypbl OKpYKaroUlel Cpelibl, U MMOATOMY C TOYKH 3PEHUS IKCILTyaTa-
LMY OHU 3HAYUTEIBHO MPOILLIE NapoOBbIX TypOuH. ['uapasinyeckas TypOvHa HE OrpaHHU-
YUBAET CKOPOCTh MOAbEMA HArPy3KH, IOATOMY HAOOp Harpy3Ku rUAporeHeparopa mpo-
U3BOJIUTCS B TEUEHUE HECKOJIBKUX MUHYT.

«IIpaBnna TEXHMYECKOM HKCILUTyaTallMM JJEKTPUUECKUX CTAaHUMU U ceTer Poccuii-
ckoii Denepanum» [5] onpenenstor CKOpOCTh U3BMEHEHHUS MTapaMeTPOB T'eHepaTopa ciie-
IYIOIUM 00pa3oM:

5.1.21. CkopocTh NMOBbILICHUS HANPSKEHUS HA TeHepaTopax M CHHXPOHHBIX
KOMIIEHCATOPaxX He OrPAHUYHUBAETCH.

CxopocTs Ha00pa U M3MEHEHHMs AKTHBHOH HArpy3KH /Ui BCEeX IeHepaTopoB
onpeaesieTcs yCJIOBUAMHU Pa0d0ThI TYPOMHBI MM KOTJIA.

CkopocTh M3MEHEHHMSI PEAKTHBHON HArpy3KM TeHepaToOpoB M CHHXPOHHBIX
KOMIICHCATOPOB € KOCBEHHBIM OXJIa:KIeHHEeM O00MOTOK, TYpOOreHepaTopoB ra3o-
TYPOMHHBIX YCTAHOBOK, a4 TAKKe IHAPOreHEPATOPOB € HENOCPEACTBEHHBIM OXJIAMK-
JAeHHMeM OOMOTOK He OrpaHMYMBAETCH; Ha TypOoreHepaTropax ¢ HeloCpeICTBEH-
HBIM OXJI22K/IeHHeM 00MOTOK 3Ta CKOPOCTh B HOPMAJIbHBIX Pe:KUMAX J0JIKHA OBITH
He BbIIIe CKOPOCTH HA00pa aKTHMBHOM HATPY3KH, 4 B aBAPMHHBIX YCJOBHAX — He
OrPaHUYHBACTCH.
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2. Pabouue peskuMbl padoThI

[Ton pabounmu pexxuMaMu pabOTHI TeHEpaTOpa MOAPa3yMEBAIOT TaKUE PEKUMBI, B
KOTOPBIX OH MOXET paboTarh JIUTeNIbHOE BpeMs. K HUM OTHOCSTCS peXHUMbl pabOThI
MAIlIMH C PAa3JIUYHBIMU HArpy3KamMu OT MUHMMAJIbHO BO3MOYKHOW MO T€XHOJOTUYECKUM
YCJIOBUSIM JI0 JOITYCTUMOM IO YCJIOBHUIO HArpeBa, a TAKKE PEKHUMBI C IEPEMEHHON pe-
TyJIMPYEMOM HArpy3Kou Mpu yCIOBUH, YTO B MPOLECCE U3MEHEHUS HArPy3KW OCHOBHBIE
MapaMeTpbl FeHEPATOpa HE OTKIIOHSIIOTCS 3a JIOMYCTUMBbIE MPEIEIIbI.

OCHOBHBIMM MapaMETPAMHU T'€HEPATOPA SBISIOTCS MOJIHAS MOIIHOCTH S, HaIpsKe-
nue U, u Ttok I, cratopa, Tok potopa I, KoO3)PUIHEHT MOITHOCTH COS(, 4acToTa f,
TEMIIEPATYPA Lox; U JABICHUE Poy,; OXIIAKIAIOLIECH CPEJIbI.

JlommycTuMble TpaHUIbl OTKJIOHEHHS MMapaMeTpoB MPU pabOouMX peKUMax JIMMUTHU-
PYIOTCSL HArPEBOM Pa3IMYHbIX YaCTEeHd CHHXPOHHBIX MalIMH (0OOMOTOK CTaToOpa U pOTO-
pa, KOHCTPYKTUBHBIX 3JIEMEHTOB U T.1.) U yKka3biBatoTcs B ['OCT, IIT3 u B uHCTpYKIIH-
X 3aBOJIOB U3rOTOBUTENEM.

JIns onpeneneHus 1Uana3oHa U3MEHEHHUs] Harpy30K I'€HEpAaTOpPOB UCIOIb3YIOT JHa-
rpaMMbl MOIIHOCTEH (puc. 6), KOTOpPbIE MOTYYalOT U3 BEKTOPHBIX JAUATrpaMM HampsiKe-
HUM (puc. 7a) myTeM YMHOXKEHUsI BEKTOPOB HaNpspkeHU Ha Benuuuny U/xg.

Bektop OA Ha amarpamMmmMe MONIIHOCTEH MPEACTABISIET COOOM MOJHYH0 MOIIHOCTh
MAaIIUHbI, €r0 MPOEKIUS Ha OCh OPJAMHAT — aKTUBHYIO, a MPOEKIHS HAa OCh adcIucc —
PEaKTUBHYIO COCTABJISIOLIYIO MOJHON MOITHOCTH.

i

I A

Pmypd. maxe

cos 99

%

=061

i cosp=0 7 q
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-

Puc. 6. /lnarpamMmma mMoIHocTH TypOoreHepaTopa
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Puc. 7. K moctpoenuto nuarpammbl MOIIHOCTH TypOoreHeparopa: U — HanpsiKeHUE Ha 3aKHUMaX reHe-
patopa; I — TOK Harpy3Ku renepatopa; £ — 3.1.c. reHeparopa; /x4 — najeHue HanpsHKEHUS] B CHHXPOH-
HOM PEAKTHBHOM COINPOTUBJICHHH; [;; — HOMHUHAIBHBIA TOK BO30YXKACHHUS; [ — TOK BO3OYKICHHS,
KOMITEHCUPYIOIIUNA PEaKIUIO CTaTopa; [ 9 — TOK BO3OYKIEHUS, COOTBETCTBYIOIIHI MTOTOKY B 3a30p€

2.1. Homunanwvnwtii pexcum [1]

HomuHanbHblll pexuM reHepaTopa 3TO TAKOW PEXUM, IPU KOTOPOM OH Pa3BUBAET
HOMHWHAJIBHYIO MOIITHOCTh U B HOPMAJIBHBIX YCIOBHIX JOJKEH padoTaTh B TEUCHUE YC-
TaHOBJICHHOTO 3aBOJIOM M3TOTOBUTEJEM CpOKa cTyKObI. [10/1 HOpMaIbHBIMH YCIOBUSIMU
3/1eCh MMOHUMAETCS, TIPEXKIE BCET0, COOIIOICHUE PACUCTHBIX YCIOBUN OXJIaXKIICHUS Ma-
IIMHBI, TOCKOJBKY JTUTEIIBHOCTh YCTAHOBUBILIETOCS PEKUMa pabOThI TeHEepaTopa orpa-
HUYMBAETCS TJIABHBIM 00pa30oM ero HarpeBoM. HOMHMHANBHBIN peXUM XapaKTepU3yeTCs
HOMHWHQIBHBIMU MapaMeTpaMu: aKTUBHOW MOIIHOCTBIO P, HampsokeHuem Uy, KO-
3G OUIMEHTOM MOUTHOCTH COS (o, YACTOTOM fryoy M TEMIIEPATYPOH OXJIAXKIAIOIIECTO Ta3a
Ha BbIXoze Y, (Ha puc. 6 U 7 3TOMY PEKUMY COOTBETCTBYET TOUKA A).

[Ipu AuTENHPHOM YCTAaHOBMBIIEMCS HOMHHAJIBHOM pEXHUME BCE OCHOBHBIE Mapa-
METpPHBI JOJDKHBI MOJIEPKUBATHCS MPAKTUYECKU HEM3MEHHbIMU. [lapameTpsl cuntatorcs
MPaKTUYECKH HEM3MEHHBIMU B TOM CJIy4ae, €CJIM UX MU3MEHEHHs, HEU30EeKHbIE B IKC-
ITyaTaluy, HaXOASITCs B 3aJaHHBIX Mpejesiax OTKIOHEHUM, MPAaKTUYECKU HE BIIUSIO-
IIMX Ha pexuM reHepatopa. Hampumep, Harpy3ka reHepaTopa CUMTaeTCs HEM3MEHHOM,
€CJIM OTKJIOHEHHS] TOKOB M HANPSDKEHUN cTaTopa OT YCTAaHOBUBIIETOCSI 3HAYEHUST HAXO-
natcst B mipeaenax +3%, a OTKIOHEHHS TOKa BO30YXKICHHUS M YacTOTHI — B Tpeenax
+1%. TemnepaTypy M€ U CTaIM T€HEPATOPA CUUTAIOT HEU3MEHHOMU, €CIIU €€ OTKJIOHE-
HUSA OT YCTAaHOBUBIIErocsi 3HaueHus He mpespimatro 1°C B teuenune lu. Temmepatypa
OXJIQXK/IAIOIIEH Cpe/ibl TaKKe, YTOObl CUMTAThCS HEU3MEHHOM, HE JIOKHA OTKIIOHITHCS
oonee uem Ha 1°C 3a 14 mms raza u Ha 0,5°C 3a 19 aus sxuakocta (I'OCT 533-2000).

B xagectBe mpumMepa B Taba. 1. mpuBeneHb OCHOBHBIC HOMUHAIBHBIEC TTapaMeTpsl reHeparopa TI'B-200-2
M VY3 neficTBUTEIBHBIC TP HOMHUHATHFHOM JIABJICHUH M YUCTOTE BOJOPOJA B KOPIYCE U TEMIEPAType OXJIaxK-
naroreit cpest He Boitre +40°C. JlaHHBIC OXJIAXIAIOIINX CPEJl IPUBEICHBI B Ta0I. 2.

Taobmma 1

20



HaumenoBanue mapamerpoB | Exununa usmepenus Benuunna
MOoOIHOCTE kBA/kBt 258800/220000
Koaddunment mourHocTH (cos @) 0,85
YacToTa BpaIreHus 00/MHIH 3000
YacrtoTa I'q 50
Coenunenne ¢as —
Yucno da3z — 3
KIIJ % 98,6
Hanpspkenue cratopa B 15750
Toxk craropa A 9490
Tox poTopa pacueTHBIH A 2015
Hanpsoxenne Bo30y)aeHMs B 450

Tabnuma 2

HaumeHnoBaHue apaMcTpoOB. E,I[I/IHI/ILIa N3MEPCHHS. Beanuuna.
HomunanbHoe M30bITOYHOE JaBI€HHE BOJAOPOJA B KOPIyce Mia (k[c/em?)  [0,2...0,3(2...3)
YucToTra Boopoaa no oobemy % 98
TemmepaTypa Boopoja Ha BBIXOJIE U3 Ta300XJIaIuTeNeH °C 40
Pacxoz BoJbI Uepes3 ra3o0xJ1aiuTean T/9 250
Temneparypa Boab! Ha Bxoze B 'O °C >15; <33
Ilepenas naByieHus «BOJA-BOJAOPOI» HA BXOJIE Mrma (KFC/CMZ) 0,05(0,5)
[Tanenue naBnenus Boasl B 'O Mia (k['c/cm?) 0,065(0,65)
Pacxon BOJpI BO BHEIIHEM KOHTYPE TEIUIOOOMEHHHKA CHCTEMBI T/4 200
BOJISTHOTO OXJIQKJCHHS OOMOTKH CTaTopa
Temmneparypa BoJbl Ha BXOJIE B KOHTYP TEIUIOOOMEHHHUKA °C 33
Pacxon auctuiiaTa, HOCTynarIero B 0OMOTKY CTaTopa T/4 43,2
TemnepaTtypa IUCTHILIATA HA BXOAE °C 40 £5
V36bITOYHOE JaBICHHE AMCTIILIATA HA BXOJe B oOMOTKy mpm| Mua (k[c/cm?) 0,25(2,5)
pabore PKHB
[lepenay naByieHust TUCTUIUISITA HA OOMOTKE x[c/em’ 1,5
OTtHocuTeNnbHAST BIAXKHOCTh BOJOPOJA NMPU HOMHUHAJIBHOW TEM- % 30
nepaType X0J0IHOTO rasa
N30bITOYHOE NaBieHUE OUCTHIUIITA Ha BBIXOJAE U3 00OMOTKH cTa-| MIla (KFC/CMZ) 0,1 (1,0)
TOpa
VY ienpHOE ANEKTPUUECKOE COMPOTUBIICHUE TUCTHILIATA IIPU TEM- kOM-cMm 200
neparype 40°C
[lepenan naBneHus «mMacio-BOJOPOI» Mlla 0,07 ... 0,09

K[ /em’ 0,7...0,9
Pacxon macna uepe3| AIuTEIBHO Mg 11,9
2 yIIOTHEHUS: KpaTKOBpPEMEHHO, HO He Oosiee 30 MUH M /4 18,0
Pacxon maciia yepes 2 NOAIIMITHUKA M/ 36
M30BITOUHOE maBiIeHHE Macia Ha I04adue B IMOMIIUITHUKN MlIIa 0,07...0,09
klc/om® 0,7...0,9

JHannsle no renepatopy B3saThl U3 « M HC T PV K Il U U no skciutyatauuu typdoreneparopa TI'B-

200-2 M V3» YTOII-3.

21




2.2. Hopmanvnuie pescumot [1]

B anekTpuueckoit cucteMe MOoCTOSIHHO MPOUCXOAST Pa3IMuHbIe U3MEHEHUS — B TIep-
BYIO OY€pe/ib 3TO U3MEHEHHUS Harpy3KH U Kak CIICJCTBUE U3MEHEHHUS HANpPSHKEHUs, Yac-
TOTBI, KOA(pPuImenTa MoHOCTU U T.11. KpoMe Toro, nocTostHHO M3MEHSIOTCSI BHEILIHUE
YCJIOBHUSI, OT KOTOPBIX 3aBUCUT PEKUM pabOThl reHepaTopoB. K HUM OTHOCSITCS, TIPExXIe
BCEro, YCJIOBUSl OXJIAXKJEHUS (B YaCTHOCTH, TEMIIepaTypa OXJIaXKIAloUIeld BOJbI, KOTO-
past mojlaeTcsi B TEIUIOOOMEHHUKH IS OTBOJA Teria, 00YyCIOBICHHOTO MOTEPSMHU B Te-
Heparope). [loaromy oObIYHO reHepatop paboTaeT B pexUMax, OTIMYHBIX OT HOMH-
HAJIBHOTO, HO B PaMKax HOPMaJIbHOTO peKUMa.

[Tox HOpMaNBEHBIM PEXXUMOM IreHepaTopa MoAPa3yMeBaIOT TAKOM PEKUM, B KOTOPOM
OH MOXeT paboTaTh 0€3 orpaHudeHus 1Mo BpeMeHu. K HopMallbHOMY Clie[lyeT OTHECTH
peXKUMBI paOOThl MAIIMH C Pa3IMYHBIMU HArpy3KamMu OT MUHUMAJIbHO BO3MOXHOM IO
TEXHOJIOTUYECKUM YCJIOBHUSIM JI0 HOMUHAJIBHOM (yKa3aHHOW Ha IIMTKE reHeparopa), a
TaK)Xe PEKHUMBI C IEPEMEHHOM PEeryIHpyeMOil Harpy3Koi Mpu YCIOBUHU, YTO OCHOBHbBIE
napaMmeTpbl reHepaTopa He IPEBBICIT HOMUHAJIBHBIX 3HAUYCHUH.

PaccmoTpum 001acTH 3HaYEHUN OCHOBHBIX MMapaMETPOB HOPMAJIBLHOTO PEXHMa pa-
OOTBI FreHEepaTOPOB.

Temneparypa Bxoadiiel B ra300XJ1aUTeIb BOJbI U BBIXOJISIIETO U3 HEro rasa (Bo3-
JyXa WM BOAOPO/Ia), a TAKXKE — B CIIy4yae HEMOCPECTBEHHOIO OXJIAXKICHUS — TeMIIepa-
Typa OXJIXIAOMIEH XUIAKOCTU (IUCTWIIATA WIM Macja) JOJDKHA COOTBETCTBOBATH
HopMaMm (y nuctuwiuiata 33, y macna 40°C). Takke TOJKHBI COOTBETCTBOBATh 3aBO-
JICKUM TpeOOBaHUAM U30BITOYHOE JaBJICHUE BOJIOpojaa U ero uucrora (98%). [lpu ot-
KJIOHEHUH TEMIIEPATYPhl U JABJICHUS OXJIAXKJAIOIICH Cpe/ibl B CTOPOHY YXYIIECHUS OX-
JaXACHUS JJIUTEIbHO JOMYCTUMbIE TOKH CTATOPa U POTOPA AOJKHBI ObITh YMEHBIICHBI
HACTOJIbKO, YTOOBI TEIJIOBOM PEXKUM I'e€HepaTopa OCTaJCsi HEM3MEHHBIM, a TeMIepaTypa
€ro OTACJIbHBIX AJIEMEHTOB MPAKTUYECKH COXPAHUIIA CBOE YCTAHOBUBIIIEECS 3HAUCHUE.

Hanpsbxenue renepaTopa AOMKHO OBITh MPAKTUUYECKH CUMMETPUYHBIM U CUHYCOHU-
JadbHBIM. DTO 3HAYMUT, YTO HAMpPSKEHHUE OOpaTHOM MOCIENOBATEIIBHOCTH HE JOJAKHO
npeBbimath 1%, a koaddunmeHnT cuHycouanbHOCTH — 5%. OTKIIOHSHHS HAIPSKEHUS
craTopa Jomyckaercs B npezenax +5%. [Ipu 3Tom renepatop I0JKEH ITUTENBHO pado-
TaTh C MOJHON HOMUHAJIBHOW MOIIHOCTBIO, XOTS JJIsi TOCTUXKEHUS STON MOIIHOCTU MPH
95% HanpsbkeHHs OBBIIIAETCSA TOK cTaTopa, a npu 105% — cOOTBETCTBEHHO TOK POTO-
pa.

JIoTyCTUMOCTh MOHUKEHUSI HaNpsKeHUs: Oosbile yeM Ha 5% 00s3aTenbHO MpOBe-
psieTCs ¢ TOYKHM 3pEHUS] YCTOMYMBOCTH (BOMPOCHI YCTOMUMBOCTU PAcCMaTPUBAIOTCS B
Kkypce «IlepexoHbie MPoIecChl B AJIEKTPOIHEPTrETUHUECKUX cucTtemMax»). Eciu npu stom
reHepaTop OyaeT objiagaTh JOCTATOYHBIM 3amacoM ycroiuuBocTu (He Menee 10%), To
BCE PABHO MOIIHOCTb €T0 J0JIKHA ObITh CHUYKEHA, MOCKOJIbKY TOK CTAaTOpa MO YCIOBUSAM
HarpeBa 0OMOTKHU CcTaTopa He cieayeT nopbimath ceepx 105% HOMUHAIBHOTO.

[ToBwimienne Hampskenusi ceepx 105% omacHo. MHaue, BCiieACTBHE HACBHIIEHUS
CTaJli, B COBPEMEHHBIX I'€HEPATOPAX JaXEe HE3HAUUTEIbHBIN MOAbEM HANPSKEHUS BbI-
e JOMYyCTUMOIO NPUBOAUT K BO3PACTAHWUIO MAarHUTHOW WHIYKLHH, PE3KoMy (B He-
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CKOJIPKO pa3) YBETUYCHHUIO TTIOTOKOB PACCESHUS W TOSBICHUIO B pedpax KopIiryca TeHe-
paTopa U B IPYTUX KOHCTPYKTHUBHBIX JIEMEHTaX OYCHb OOJBIINX Mapa3sUTHBIX TOKOB,
BBI3BIBAIOIIMX JOTIOJIHUTEIIbHBIM HArpeB W Jaxe OIUIaBJIEHUE 3TUX 3JIEeMEHTOB. Benen-
CTBHE 3TOr0 Harpy3ka reHeparopa npH MoBbIIIEHUH HanpsbkeHus: cBepx 105% moirkHa
TTOHMKATHCS.

HexkoTtopeie TUIbI TeHEpaTOPOB AOMYCKAIOT COXPAHEHUE MOJHOW HArpy3KH IpHU U3-
MeHeHuH Harpspbkenust 10 110%. OaHako, 3Ta BO3MOXKHOCTh JOJKHA OBITh 0053aTeJIbHO
MIPOBEPEHA CIEIMATBHBIMU UCTIHITAHUSMU Ha JOMOJHUTEIbHBIC IOTEPU B POTOPE U CTa-
TOpPE W Ha HArpeB akTUBHOW CcTanu. JI0 TaKMX HUCMIBITAHHN PEKOMEHIYETCS W3MEHATH
Harpy3Ky reHeparopa Impu OTKJIOHEHHUSAX HAMPSHKEHHUS B COOTBETCTBUM C MHCTPYKIIUCH

3aBOJa-U3Ir0OTOBUTCIIA.

B kxauectBe npumepa Huke npenacrasieHa Beinucka n3 «MHC T P Y K I U U no skcrumyaranun
typboreneparopa TI'B-200-2 M V3» UTOLI-3.

I'eneparop obecnieunBaeT JUINTENBHO JOMYCTUMYIO MOIIHOCTh IIPU HOMHHAIBHOM COS(® U HOMH-
HaJIbHOM 4acTOTe IIPU U3MEHEHUH HAIPsDKEHUs cTatopa B npeaenax 5% ot Usoy.

MotHoCTh reHepaTopa Mpy OTKJIOHEHUH HANpsDKEHUs OT HOMHUHAJIbHOTO Oojee yeM Ha 5%, HO
He Oonee +10% ycraHaBiIuMBaeTCs B COOTBETCTBUU € TabI. 3.

Tabnuma 3

Hanpsokenue cratopa reneparopa
kB 17,3 17,2 17,0 | 16,85 | 16,7 | 16,54 | 15,75 | 1496 | 14,2
% OT Uom 110 109 108 107 106 105 100 95 90
[TonHast MOITHOCTB
MBA 249,7 | 258,8 | 265,2 | 274,3 | 279,5 | 284,6 | 284,6 | 2704 | 2554
% OT Suom- 96,5 100 | 102,5 106 108 110 110 | 104,5 99
Toxk craropa
KA 8,55 8,68 9,02 9,39 9,63 9,96 | 10,44 | 10,44 | 10,44
% OT Lyoum 88 91,5 95 99 102 105 110 110 110
SAITPEHIAETCS noBbllieHre HapsiKEHUE cTaTopa reneparopa Boie 17,3kB.

BnusiHue n3MeHeHni 4acToThl Ha MOTEPU U HarpeB reHepaTopa CKa3bIBAIOTCS JIMILIb
IPU 3HAYUTENbHBIX OTKJIOHEHMSIX YacTOThl OT HOpMBI (0osbiie +2,5%). [Ipu nonmxe-
HUM YaCTOTHI MOTEPU B CTAIHM yMEHbIIAIOTCA. HO OHOBPEMEHHO C 9TUM CHIDKAETCS H
94acToTa BpallleHUsl pOTopa, CHIKaeTcs 3 ()EeKTHBHOCTh BEHTUIISIIIUM U, KaK CJIE/ICTBUE,
YXYAIIAETCS OXJIAXKACHUE BOJOPOJIOM, YTO MOXET MPUBECTH K HEOOXOAUMOCTH TOHU-
KEHHsI MOIIIHOCTH T€HEpaTopa M3-3a MOBBIIICHUS HarpeBa. [Ipy MOBBIIEHUH YaCTOTHI
pacTyT NOTEepU B CTaJU, HO OAHOBPEMEHHO YJIYUYIIAIOTCS YCIOBUS OXJIAXKIEHUS, MO3TO-
MY TOJIBKO NP 3HAYUTEIBHBIX MOBBIMICHUAX 4acTOTHI (2...3%) Bo3HUKIA ObI HEOOXO-
JUMOCTh YMEHBIICHHUS MOIITHOCTH MAILIUHBI.

Tax Kak U3MEHEHHUs YaCTOThI, HOPMAJIBHO JOIMyCKAaeMbIe B IKCIUTyaTalllH, HE JTOJIK-
HbI npeBocxoauTh 2% mno «lIpaBunam Texnuyeckon skcruryarauun» (I1T3D), yMeHb-
IICHUS HAarpy3KU F€HepaTOPOB MPHU ITUX OTKIOHEHUAX HE TpedyeTcs.

3HauuTeNpHO OoJblllee BIMSHUE HA MOJHYIO U aKTHMBHYIO MOULIHOCTh I'€HepaTopa
OKa3bIBalOT U3MEHEHUS KO3 PUIIMEHTa MOLTHOCTH — 3TO MOKHO BUJETh Ha JUarpamme
MOIIIHOCTEN TypOoreHnepaTtopa (cm. puc. 6). Ha yuactke AD nipu nmonmxenun xodddu-
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LMEHTa MOIIHOCTH OT HOMHHAJIBHOI'O 1O HYJIS MOJHAs MOIIHOCTh YMEHBILIAETCS, TaK
KaK JUIsl yAepXKaHHUs peXuMa B paMKax HOMHHAIBHBIX MapaMeTpoB HEOOXOAMMO TOK
B030yxzeHus, a 3HauuT u JJAC E moanepxuBaTh HOMUHANIBbHBIMU. [lo3TOMY KOHEI
BEKTOPA MOJHON MOIIHOCTH MEPEMEMIAETCA MO0 OKPYKHOCTH C LEHTpOM B Touke H. Ta-
KUM 00pa3oM, B UHUCTO KOMIIEHCATOPHOM PEKHUME F€HEepaTop COCOOEH pa3BUBATh JINIIb
0K0J10 70% IOTHOM MOLTHOCTH.

[Ipu pabGoTe ¢ MOBBIMIEHHBIMU KOA(h(DHUIIMEHTAMH MOITHOCTH (OT HOMHUHAIBHOTO JI0
€IMHUIIBI) TTOJIHAs MOIIIHOCTh T€HepaTopa OrpaHnYeHa MOIIHOCThIO TypOuHbL. [loaTomy
KoHel BekTopa OA nepemeraercsi Ipu U3MEHEHUU cos @ 1o npsimoit AB. Ecnu typ6una
CIOCOOHA MOBBIIIATH CBOK MOIIHOCTh CBEPX HOMMHAJIBHOW (KakK 3TO UMEET MECTO, Ha-
npumep, s TerodukaruonHbix MamuH tuna KO u KOO), 1o B 0o06jacTu pexuMoB
IPU TOBBIIIEHHBIX KO3(PPUIMEHTaX MOIIHOCTH I'€HEpaToOp CMOXKET padoTaTh MpHU HO-
MUHAJIbHOM MOJTHOM MOITHOCTHU (Yy4acToK AuarpaMmMbl AA).

[Ipu paboTe B eMKOCTHOM KBaJIpaHTE B pekKUMax C HeJI0BO30YXKIEHHEM (BJIEBO OT
npsimoil OB) akTuBHasi MOIIHOCTh T'€HEpPaTOpa OrPAHMYMBAETCS YCTOWYMBOCTBIO €0
paboThI.

Pabota B pexxume He10BO30YK/I€HUS MPAKTUKYETCS B Yachl MPOBajia HArpy3Ku U3-3a
M30BITKOB PEAKTUBHBIX MOIIHOCTEN M HEBO3MO>KHOCTHM KPAaTKOBPEMEHHBIX OCTAaHOBOK
KPYITHBIX T€HEPATOPOB. Takoi PEXUM OCYIIECTBUM TOJIBKO TP aBTOMATHYECKOM pEry-
JUPOBAHUM BO30YKJIeHUA, d(PPEKTUBHOM NpU paboTe C ONEpexaroUUM TOKOM CTaTopa.
Ho npu sTtom ycnoBumu TpeOyeTcsi yMEHbIIEHHE aKTUBHOW Harpy3Kd reHeparopa JUuis
oOecrieyeHus: yCTOMYMBOCTH B 00JIACTU HU3KHUX COS@ (Y4aCTOK JUArpaMMbl MOIIHOCTH
GF).

B kpynHbIX TypOOoreHepatopax pexuMbl ¢ HEAOBO30YXKICHHUEM OIPaHUYUBAIOTCS
elle, JOMOJHUTENbHO, HArPEBOM KpPallHUX MaKEeTOB aKTUBHOM CTAJI U KOHCTPYKTUBHBIX
AJIIEMEHTOB TOPLIEBBIX 30H CTAaTOpa. JTOT JOMOJHUTEIbHBIM HarpeB 00yCIIOBJIEH MOBBI-
HICHHOHN Pe3ylbTHPYIOIIEeH WHIAYKIMEH B TOPLEBBIX 30HAX, YTO OOBICHAETCA Ci1aloif
MarHUTHOM CBS3bI0 OOMOTOK CTaTOpa M POTOPA B 3TUX 30HAX U HEIOCTATOYHON KOM-
NEHCAlMEeN MMOTOKA PACCEsIHUS CTaTopa MOTOKOM poTopa. MarnuTHasi cBs3b 00enux 00-
MOTOK ciabee 37ech TOTOMY, YTO MOJsi, 00pasyeMble JT00OOBBIMHU YacTsIMH OOMOTOK CTa-
TOpPa U POTOPA, BBIHYKJIEHBI 3aMbIKaThCs OOJIBILIEN YaCThIO IO BO3AYXY.

[IpaBuna TEXHUYECKOW 3KCIUTyaTalMy 3JEKTPUUYECKUX CTAaHUUU U cerei [S] perua-
MEHTHPYIOT CIEAYIOIUE JOIMYCTUMBIE THUANAa30Hbl U3MEHEHUSI OCHOBHBIX ITAPAaMETPOB
CHHXPOHHBIX F'€HEPATOPOB U KOMIIEHCATOPOB:

5.1.22. HoMmuHa/1bHasi MOIUHOCTH I'€HEPATOPOB IPH HOMHMHAJIBHOM KO3(Ppuuu-
eHTe MOIIHOCTH (ISl BceX TypOoreHeparoposB MomHocTh0 30 MBT M 00s1ee U Bcex
TypOOreHepaTopoB ra3oTypOMHHBIX M NapOra3oBbIX YCTAHOBOK TaK:Ke VINTE/Ib-
Has MaKCHMAJIbHAsl MOIIHOCTH NPH YCTAHOBJICHHBIX 3HAYeHUAX Ko duuuenra
MOIIHOCTH M NAPAMETPOB OXJIAKACHHS) 1 HOMUHAJIbHAS MOIIHOCTH CHHXPOHHBIX
KOMIICHCATOPOB JO0JIKHbI COXPAHATHCS NPH OJHOBPEMEHHBIX OTKJIOHEHUSIX HAa-
npsizkeHus: 10 £5% u 9acTtorsl 10 12,5% HOMHHAJIBLHBIX 3HAYEHUN NPH YCJIOBUH,
YTO NpH padoTe ¢ MOBBIIICHHBIM HANPSKEHHEM M NMOHUKEHHOH 4acTOTON cymMma
a0COJIIOTHBIX 3HAYECHUH OTKJIOHCHUH HANPS/KEHUS] U YACTOThl He nmpesBbiaer 6%,
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ecJiM B CTAHJAAPTaxX HA OT/AeJIbHbIe THUILI MAIIIUH HEe OTrOBOPEHbI HHbIE YCJIOBHUSA IO
OTKJIOHEHUI0 HATIPSAKEHUS U YACTOTHI.

Hauboabmuii TOK poTopa, MoJy4YeHHbIH Mpu padoTre ¢ HOMUHAJIBLHOM MOIIHO-
CTHI0 U NPH OTKJOHEHHMSX HANPSKeHHUs B mpenegax 5%, IIUTEJbHO J0IYyCTHM
npu padore ¢ HOMMHAJbHBIMY ApAMeTPaMU OXJIAK/AAI01IeH cpeabl.

B caydae pa6oTbl ¢ JJIUTEJbHON MAKCHMAJbHON MOIIHOCTHI0 HAMOOJIbLIIMH
TOK POTOpPa NPH OTKJIOHEHHH HANPSKEHUs 10 5% MIUTEJHbHO J0MYCTHM TOJIbKO
MPHU COOTBETCTBYIOIIMX MapaMeTPax OXJIaK/IeHusl.

JlJIf BCeX reHepaTopoB M CMHXPOHHBIX KOMIIEHCATOPOB HanOoJblIee padouee
HANpsizKeHue N0/KHO ObIThb He Bbimie 110% nHommuuaabHoro. Ilpm HanpsikeHuu
Bbile 105% nomycTuMasi moJiHasi MOIHOCTh F€HEPATOPA U CHHXPOHHOI0 KOMIIEH-
caropa J0JI:kHa ObITh YCTAHOBJIEHA B COOTBETCTBMHU C YKA3aHUSMHU HMHCTPYKUMIA
3aBOJAA-U3rOTOBHUTEISI MJIM MO Pe3yabTaTaM UCHbITAHUI.

IIpy HanpsizKeHUMH HA TeHepaTope WM CHHXPOHHOM KOMIIeHcaTope HUKe 95%
HOMHUHAJBHOI0 TOK CTATOPA J0JKeH ObITh He Bbilie 105% aiuTe bHO 10MyCTH-
MOro.

2.3. /lonycmumowte nepezpysxu [1]

KpaTtkoBpeMeHHbIE IEPETPY3KHU CTATOPA U POTOPA MO OTHOLICHUIO K JJIMTEIBHO J0-
MyCTUMOMY TOKY cTaropa I, U potopa I, ;,, HEOOXOJUMOCTh B KOTOPHIX BO3HHKAET
JIOBOJILHO YacTo MpHu paboTe aBTOMATHKH, (POPCUPOBKE BO30OYKICHUS, PA3TUIHBIX BU-
nax AIIB, B aCHHXpOHHBIX PEXUMax U T.II., JOIMYCKAIOTCS B JIOBOJBHO IMPOKUX Tpee-
Jax.

[Ipu omnpeneneHun OOMYCTHUMBIX MNEPETPY30K YUUTHIBAIOT CUCTEMY OXJIAXKIACHHUS
MAaIHBI, €€ KOHCTPYKTUBHBIE OCOOCHHOCTH M HEOOXOAMMOCTHh COXPAHEHUS JJICKTPHU-
YECKUX M MEXAHWYECKHUX CBOWCTB M30JSIUMHU. [ T€HEPATOPOB C HEMOCPEACTBEHHBIM
OXJIQXKJICHHEeM OOMOTOK CTaTopa W pOTOpPa YUUTHIBACTCS €IIe HEOMYCTUMOCTh BCKUIIA-
HUSI OXJIQXKJAIOLIEN BOJBI WJIM TEIUIOBOTO PA3JI0KEHUSI MACIIA TIPU MOBBIIIEHHBIX HArpe-
Bax, COMPOBOXKIAIINX MEeperpy3ku. JIJiss poTopHOH OOMOTKM OYEHb BAKHO TAKXKE HE
MPEBBICUTh HAMOOJIBIIYI0O PAa3HOCTh TEMIIEPATYP MEXKIY MEIAbI0 OOMOTKH M CTajblO
00YKH pOTOpA, MPU KOTOPOH MOTYT BOSHUKHYTH OCTATOYHBIE MehOpMaIlii CTEP)KHEH U
MOBPEXKCHUE U30JISIIIUU OOMOTKH POTOpA.

Ecnu 3apatbest ycinoBUEM COXpPAHEHHWSI PABEHCTBA JIOMOJIHUTEIBHOTO MPEBBIICHUS
TeMIIepaTypbl OOMOTKH TPH Pa3HBIX MEPErpy3Kax W MPHUHSITH, YTO BBIICIECHHOE B 00-
MOTKE TEIJIO MOJHOCTHIO MOMJET TOJbKO Ha €€ HarpeB [3], TO JomycTUMas JIUTEINb-
HOCTb IIEPETPY3KH I'€HEPATOPOB U KOMIIEHCATOPOB Tjoy n IPU U3BECTHOW JUIUTEIIBHOCTHU
Tron 1 38JIAHHOM TIeperpy3Kku (0OBIYHO JBOMHOMN WJIU TIOJYTOPHO#) OyaeT
k1

— L
Tnon.n - TZ[OH.I kz 1
in
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KpaTtHocTe meperpys3ku kj ONpEAENsAeTCS] KaK OTHOIIEHHWE TOKA NEPErpy3Ku K TOKY,

JUIMTEJIBHO JTIOyCTUMOMY IpH (PAKTUUECKH UMEIOLIUXCS TEMIIEPAType U JABICHUH OX-
JAXKJAOIIEN CPEIBL.

Tak Kak mONyCcTHMasl JUIMTEIBHOCTh NOJYTOPHOM MEPETPY3KH UIsl TEHEPATOPOB C
KOCBEHHBIM OXJIaXKJI€HHEM 00MOTKM cTaTopa u potopa o 'OCT cocraBnser 2 MUH., TO

2
g L1150

-1 k-1

J J

JIns reHepaTopOB ¢ MOBEPXHOCTHBIM OXJIAKJICHUEM OJHOBPEMEHHO C NEPErpy3KOi
0 TOKY CTaTopa JOMYyCTUMa M HE0oOXoauMas MPHU STOM Ieperpyska mo TOKy poTopa.
[Tpu dbopcupoBke Bo30YKIAEHUS IByKpaTHAsI K HOMUHAJILHOMY TOKY POTOpa MeperpysKa
paspemaercs B Teuenue S50 ¢ [3].

VY reHepaTopoB C HEMOCPEACTBEHHBIM OXJIAXKJICHHEM IMOTEPH B OOMOTKAaxX OT TOKa
3HAYUTEJIBHO BBILIE, YEM y MAIIMH C MOBEPXHOCTHBIM oxjaxiaeHuem. [Ipu onpenene-
HUM JOMYCTUMBIX NEPErpy30K ISl STUX MAIIMH YYUTHIBAIOT HEPAaBHOMEPHBIH MMOJIOTPEB
OXJIAXKIAIOIIECH Cpelibl B KaHAIaX CTEP>KHEH, a TAK)KE YBEJIIMYEHHUE ITOCTOSTHHOM BPEMEHU
HarpeBa. Kpome TOro, oOMOTKM C HEMOCPEICTBEHHBIM OXJIaXKJICHHUEM 0OJiee UyBCTBHU-
TEJIbHBI K CMELICHUSIM NPHU UX Harpese. [loaToMy nomycTtumasi JJIMTENBHOCTh UX IEpe-
rpy3ku TokoMm 1,5 HommHanpHOTO cHIbkeHa a0 30 c [3]. Husa typboreneparopos TI'B,
TBB u TBM T'OCT ycranaBnuBaeT JJIMTEIbHOCTh MOJIYTOPHOM MEPErpPy3KU OJIHY MH-
HyTy. CriefjoBaTenbHo, i CTATOPOB TypOOTEHEPATOPOB ITUX THUIIOB

2
TIIOHII:60.1’52 1: ;75 :
’ ki—-1 k-1

J J

JIJist pOTOPOB C HEMOCPEJACTBEHHBIM OXJIAXJICHUEM yCTAHOBJIEHA JIOMyCTUMAs JIU-
TEIBHOCTb JIBYKpaTHOM neperpy3ku 20 ¢, orcroga

2_
r,.=20.2 12 90
~ k-1 k-1

Jlns poropa TypOoreneparopa 800 MBT ycTaHoBieHa JUIMTENBHOCTh ABYKPATHOM
neperpysku 15 c, T.e.

2_
ﬂonn_ls'zz 1: fs .
| k-1 k-1

Menblias neperpy3o4yHasi CioCOOHOCTh T€HEPATOPOB C HEMOCPECTBEHHBIM OXJIaX-
JICHUEM TI0 CPAaBHEHHUIO C TEHEPATOPaMH C KOCBEHHBIM OXJIAXICHHUEM OOBSICHSIETCS 00-
Jiee BBICOKUMH HOMHHAJIBHBIMHU TUIOTHOCTSMHM TOKa B X OOMOTKaxX M HEPaBHOMEPHO-
CTBIO HarpeBa OOMOTKH IPU Meperpy3kax Mu3-3a MoJ0rpeBa OXJIaKIAIoLIE cpelbl B Ka-
Hajax.
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Ileperpy3ka 0OOMOTOK TOKOM Ja)e MPU pa3pelieHHOW MPOJOJKUTEIbHOCTH HMPUBO-
JUT K BO3PACTAHUIO MX TEMIEPATypbl CBEPX IOIYCTUMOM, YTO BBI30OBET YCKOPEHHOE
crtapeHue u3oasannuu. [103ToMy KpaTKOBpEMEHHBIE NEPETPY3KU TEHEPATOPOB U KOMIICH-
CaTOPOB JOIYCKAIOTCS TOJIBKO IPH aBapUsAX B dHeprocucreme. CHATHE MEPErpys3Ku po-
TOPOB C HEMOCPEICTBEHHBIM OXJIAXKAECHUEM JTOJKHO, KaK MPAaBWIIO, IPOU3BOAUTHCS aAB-
TOMaTu4eckH [3].

[IpaBuna TEXHUYECKOW 3KCIUTyaTallly 3JEKTPUUYECKUX CTAaHUUU U cere [S] perua-
MEHTHPYIOT CIJIEIYIOIINE NOIMYCTUMBIE NEPETPY3KH CUHXPOHHBIX I'€HEPATOPOB U KOM-
IIEHCATOPOB:

5.1.23. JlnurebHas nmeperpy3ka reHepaTopoB M CHHXPOHHBIX KOMIIEHCATOPOB
[0 TOKY CBepX 3HAYEHHs, AONMYCTHUMOIO NPH JAAHHBIX TeMIepaTrype U AaBJICHUHU
OXJIAXKAAIOLIEH cpeabl, He J0IyCKaeTCs.

B aBapuilHBIX YCJIOBUAIX IeHEPATOPbl H CHHXPOHHbIE KOMIIEHCATOPHI pa3pelia-
€TCsl KPATKOBPEMEHHO Neperpykarhb 1o TOKaM CTaTopa U poTopa COrJIaCHO MHCT-
PYKUMSAM 3aBOAA-U3TOTOBHUTE/Sl, TEXHHYECKUM YCJIOBHUIM M TOCYJIAPCTBEHHBIM
crangapraM. Ecjim B HUX COOTBETCTBYIOIIHE YKAa3aHUS OTCYTCTBYIOT, IIPH aBapUsX
B JHEProcUCTeMax IO0MYCKAKTCH KPAaTKOBPEMEHHbIE NepPerpy3ku reHepaTtopoB u
CHHXPOHHBIX KOMIICHCATOPOB 110 TOKY CTATOpPa NPHU YKa3aHHOM B Ta0J1. 4 KpaTHO-
CTH TOKA, OTHECEHHOM K HOMMHAJIbHOMY 3HA4YCHHIO.

Taoauna 4
JlonycTMasi KpaTHOCTh NePerpy3Ku reHepaTopoB U CHHXPOHHBIX KOMIIEHCATOPOB
10 TOKY CTaTopa

IMpoxokuTensHocTs nepe- [KocBennoe oxiaxaenue HemocpeacTBeHHoe oxJiazkaeHue 00MOTKH CTaTOpPa
TPy3KH, MUH, He 0oJiee 00MOTKH cTaTopa BOJIOH BOJ0OPOAOM

60 1,1 1,1 —

15 1,15 1,15 -

10 - - 1,1

6 1,2 1,2 1,15

5 1,25 1,25 -

4 1,3 1,3 1,2

3 1,4 1,35 1,25

2 1,5 1,4 1,3

1 2,0 1,5 1,5

JonmycTtumasi meperpy3ka mo TOKy BO30Yy:KIeHHSI T€HEPATOPOB M CHHXPOHHBIX
KOMIIEHCATOPOB ¢ KOCBEHHBIM OXJIAXK/JAeHHEeM 00MOTOK OMNpeaesisieTcs: JOMyCTUMOM
neperpy3koii craropa. Jljisi Typ0oreHepaTopoB ¢ HemoCPeACTBEHHBIM BOIOPOAHBIM
WIH BOASIHBIM OXJIAKIeHHMeM OOMOTKH POTOpa JAOMYCTHMAs Meperpy3Ka mo ToKy
BO30Yy:K/JAeHHsI TOJKHA OBITH ONpeAe/ieHa KPATHOCThI0 TOKA, OTHECEHHON K HOMU-
HAJILHOMY 3HAYEHHMIO TOKa poTtopa (Tad.a. 5).
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Taoauua 5

Jlonycmumas kpamuocms nepecpysxu mypbo2eHepamopos no moxy pomopa

Typo6oreneparopnl
IIponoakuTeIbHOCTD NEPerpys- TI'B, TBB (10 500 MBT BK.TI0-
KM, MHH, He (oJiee TB®, xpome TB®-120-2 ‘{’HTeJ'lLHO) TB®-120-2
, -120-

4 1,2 1,2

1 1,7 1,5
0,5 2,0 -
0,33 - 2,0

B kauectBe mpumepa Huxke npeacrasiaeHa Boinucka u3 «M HC T P Y K I M U no skcrutyararuu
typ6oreneparopa TI'B-200-2 M V3» UTOLI-3.

B HOpManbHBIX YCIOBHSIX KCIUTyaTalluy T€HEPATOPA HUKAKUX NIEPETPY30K HE JAOITYCKAETCs.

B aBapuiiHbix ycinoBusIX (OTKIIOUEHHE T€HEpaTopa, JIMHUM 3JIeKTporepeaay U T.I1.) B LENsIX Ipe-
JOTBPAILLICHHUS] HApYILIEHUs CTATHYECKOW YCTOMYMBOCTH CHUCTEMBI, KaK HMCKJIIOYEHHUE, JOIMYCKAKTCS
KpaTKOBPEMEHHBIE MTEPErpy3KU TeHepaTopa Mo TOKY CTaTopa U potopa. JlomycTumble neperpy3ku U ux
JUTUTETHHOCTH IPUBEICHBI B Ta0I. 6 U 7.

Tabnuua 6
ITeperpyska 1o ToKy craropa
[Tpo10KUTENTEHOCTE IEPETPY3KH HE O0JIee, MUH. 1 4 5 6 15 60
KpaTHOCTh TOKAa 1O OTHOMIEHWIO K HOMUHAJILHOMY 1,5 1,3 1,25 1,2 1,15 1,1
Jlonyctumslii TOK, A 14235 12337 | 11862 | 11388 | 10913 | 10439
Tabmuma 7
[Ieperpyska mo ToKy poropa.
[TpogoImKUTETHLHOCTH JOITyCTUMOM Nieperpy3ku e 6omnee, muH. |0,33(20c)| 1,0 4,0 60
Kparnoctb neperpysku, I/Iy 2 1,5 1,2 | 1,06
Jlonmyctumsblii TOK, A 4030 3022 | 2418 | 2136

[leperpy3ku, cBepX ykazaHHBIX B TaOiuiax, He nomyckaroTcs. CpabaTeiBaHue (OpPCHPOBKH Ha
MIOJTHBIN LUKJI I0ITyCKAeTCsl HE paHee, YeM yepe3 7 MUH. MOCIIe MPeIbIAyIero HHUKIia (JOpCUpPOBKH.

[Ipu yBennueHUU TOKa CTaToOpa CBEPX MOMYCTUMBIX 3HAUCHUU JIEKYPHBIM NEpPCOHA TODKEH pas-
Ipy3UTh T€HEPaTOp IMyTEM YMEHBIICHUs BO30yxaeHus. [Ipu 3ToM HE0OX0IMMO CleInTh, YTOOBI TeHe-
paTop He mepemies B pexkuM padoThl ¢ HEOBO30YK/IeHHEM (€MKOCTHOM KBaJIpaHT) U HaNpPsDKCHHE Ha
mMHAX reHepaTopa owu10 He Hiwke 15,0 kB.

2.4. Acunxponnbstii pexcum pavomut [6]

ACHHXPOHHBIN PEKUM BO3HHUKAET BCIEIACTBHUE MOJTHOM WJIA YaCTUYHOM IOTEPU BO3-
OyxzaeHus rereparopa. [lonaHas nmoreps BO30YXIAEHUS MPOUCXOAMT B CilydasiX: OLIH-
oounoro otkimoueHusi AI'TI, oOppiBa win K.3. B CUJIOBOH 1€ 0OMOTKH BO30YXKICHUS
reHepaTopa, NOBPEXKIEHN BO30YAUTENSI WIIK JIEMEHTOB CXEMBbI LeNeil BO30OYXACHUS U
T.1. B 3aBUCHMOCTH OT XapakTepa HEUCIPAaBHOCTH OOMOTKa BO30YXKJI€HHUs I'eHeparopa,
IEepEUIEANIET0 B aCHHXPOHHBIM PEKHUM, MOXET OKa3aTbCi PA30MKHYTOM, 3aMKHYTOU
HAaKOPOTKO WJIM Ha PE3UCTOp (TaCUTEIbHBIM, I CAMOCUHXPOHU3ALMH WA OOMOTKHU
BO30YIUTEIA).
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Yactuynaast morepsi BO30YKACHUS MOXKET MPOU30NTH B ciaydae paboThl TypOOreHe-
patopa 0e3 aBTOMAaTHYECKOr0 PEryisiTopa BO30YKIEHUS U HENPABWIbHBIX JEHCTBUN
IIepCOHaa MPHU IEpEPaCIPENCICHUN aKTUBHBIX U PEAKTUBHBIX HArpy30K MEXIy HUM H
ApyrUMH paboTaIOIMIMMK T€HEPaTOpaMH, MPU HEKOTOPHIX MOBPEXKICHUSX B IETISIX BO3-
Oy>KJIEHUS U T.]I.

Pu3NYECKUN NPOLECC NEPEX0Ia B ACHHXPOHHBIM PEXXUM IIPOUCXOINT B CIEAYIOLIEN
NIOCJIEOBATENBHOCTH: MTPU MCUE3HOBEHUH WJIM 3HAYUTEIHHOM YMEHBIIEHUH TOKA B 00-
MOTKE BO30YIEHUSI T€HEepaTopa YMEHbIIAIOTCS MAarHUTHBIN IIOTOK BO30YKIEHUS U CO-
OTBETCTBYIOIINI €My CHHXPOHHBIN 3JEKTPOMarHUTHBIM MOMEHT Ha Bajly TypOoreHnepa-
Topa. [Ipn HEKOTOPOM 3HAYEHUU TOKA BO30YKJEHUS 3HAYEHHE CUHXPOHHOI'O 3JIEKTPO-
MarHUTHOTO MOMEHTA CTAHOBUTCSI MEHBIIIE BPAIIAIOIIEr0 MOMEHTa TypOUHBI U TeHepa-
TOpP, MPOJOJIKASL OCTAaBaThCS B CETH, BBINAJNACT W3 CHHXpOHU3MaA. g moanepaHus
MarHUTHOTO TOJIA T€HEpaTOp — HAYMHAET MOTPEOIATh HAMAarHUYMBAKOIINI TOK U3 CETH.
BenenctBrue HapylieHusi paBHOBECHST MEXAY BpallarOlIMM MOMEHTOM TYpOWHBI, U
IIEKTPOMAarHUTHBIM (TOPMO3HBIM) MOMEHTOM TI€HEpaTopa HAYMHAET YBEIUYHUBATHCS
JacToTa BpalleHus TypOoarperara Bblllle CHHXPOHHOW. Perynsatop TypOuHBI pU 3TOM
YMEHBIIAET BITyCK Mapa B TypOMHY U CTPEMHUTCSI COXPAHUTh HOPMAaJbHYIO YacTOTY Bpa-
IIIEHMS, BCJIEJICTBUE YEro aKTUBHAs Harpy3ka Typboarperata HECKOJIbKO CHHXKAETCS.

VYBenuueHue 4acToThl BpallleHHus TypOoarperara npuBOAUT K TOMY, YTO POTOP T'€He-
paTopa Bpamaercss ObICTpee, YeM MarHUTHOE II0JIE CTAaTOpa, U B POTOPHBIX KOHTYpax
BO3HMKAIOT IEPEMEHHBIE TOKM, MMEIOIIHME YacTOTy CKOJIbKeHUs Sf. B3zaumopeiictBue
HABEJICHHBIX B KOHTYpPax pOTOpPa TOKOB C OCHOBHBIM IIOTOKOM CTaTOpPa CO3JAET aCHH-
XPOHHBIM AJIEKTPOMArHUTHBI MOMEHT Ha Bajly T€HEPATOpPa, TOPMO3SILIUN pOTOp. Y CTa-
HOBHUBIIIMICS aCUHXPOHHBIM PEKUM HACTYNAET IPA PABEHCTBE ACHHXPOHHOI'O AJIEKTPO-
MarHMTHOTO MOMEHTa U MOMEHTA BpalI€HUsI TYpOUHBI, TEHEPATOP B ITOM PEXKHUME BbI-
JIaeT B CE€Th aKTUBHYIO U MOTPEOIIIET U3 CETH PEAKTUBHYIO MOIIIHOCTb.

AKTHBHAs Harpyska, pyu KOTOPON HACTyNaeT yCTAHOBUBIIMMICS PEXUM, ONPEAEIIs-
€TCsl XapaKTEPUCTUKON PEryJIUpPOBAHUS TYpPOUHBI M 3HAYEHUEM aCUHXPOHHOTO MOMEHTA
reHepaTropa, KOTOpbId B OOLIEM Clly4ae ONpeNesieTcss MHAYKTUBHBIMH COIPOTHBIIC-
HUSMM T€HEPATOPA B YCTAHOBUBIIMXCS U IEPEXOAHBIX PEKUMAX U IOCTOSHHBIMH BpeE-
MEHH €r0 KOHTYPOB. ACHHXPOHHBI MOMEHT TypOOTr€HEepaTOpOB PE3KO BO3PACTACT C
YBEIMYEHUEM CKOJIbXEHUS (pUc. 8), IO3TOMY PAaBHOBECHE MEXIY ACMHXPOHHBIM MO-
MEHTOM T€HepaTopa ¥ MOMEHTOM TYpOHMHBI HACTYHAaeT MPU OTHOCUTEIHHO HEOOIBIINX
CKOJIB)KECHHUSIX.

ACHHXPOHHBIN PEeXHUM pabOThl F€HEpaTopa COMPOBOXKAAETCA CIEAYIOIMIMMH H3Me-
HEHHUSIMH MTOKa3aHUW MPUOOPOB: TOK CTATOpa YBEIUYUBACTCS U KOJIEOIETCS ¢ YaCTOTOM
CKOJIBYKEHHSI BO3JIE HEKOTOPOTO CPEIHETO 3HAYCHUS; HAIIPSHKEHHE CTATOPA CHUKACTCA
TeM OoJibllle, YeM OOJIbIIE HArpy3Ka MallMHbI (Ha BEJIMYMHY NajeHus HanpsokeHus U, B
OmouyHOM TpaHCchopMaTOpe); B OOMOTKE pOTOpa MPOTEKAET MEPEMEHHBIN TOK, CTPEIKU
nIpyuOOPOB TOKA M HAIIPSKEHHSI pOTOPA KOJIEOIIOTCS C ABOMHON YaCTOTOM CKOJIBXEHUS B
00€ CTOpPOHBI OT HYJS; BaTTMETP PEAKTUBHON MOIIHOCTH YKa3bIBAa€T HaIIPaBJICHUE
MOIIHOCTH U3 CETH K T€HEPATOPY.
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Puc. 8. PacuerHble XapaKTepUCTUKH ACMHXPOHHBIX MOMEHTOB TypOOT€HEpaTOpPOB MPHU PA3THUHOM
COCTOSTHM OOMOTKH BO30YXICHHUS M CXeM MOAKIIOYeHUs K cet: a — TB-2-150-2, 1,2, 3 —xgy = 0;
Uc=1,0; 4,5,6—-xgu=0,13; Uc=0,94; 1wu4—npu OBI', 3aMKHyTOI HAa UCTOYHHUK BO30OY>KICHHUSI,
2 u 5 — npu OBI', 3aMKHYTOM Ha pPe3UCTOpP (FaCUTEIbHBIM WM CAaMOCUHXpPOHM3alMK); 3 1 6 — npu
pasomkuyTOoil OBI'; 6 — TypOoreHepaTopsl ¢ HEMOCPEACTBEHHBIM oxJyaxaeHueM, OBI' 3amMkHyTa Ha
HUCTOYHMK BO30Oyxaenus; 1 — TBD-100-2; 2 —TI'B-200; 3 —TBB-500

B acunxpoHHOM pexxuMe 3HAUUTEIHbHO MOHMXKAETCS HANPSHKEHHE Ha BBHIBOJAX CTa-
TOpa TeHepaTopa U B MEHbIIIEH Mepe — Ha IIMHAX BBICOKOT'O HAIPSKEHUS, HA KOTOPbIE
paboTtaer naHHbIN OJIOK reHepaTop-Tpancpopmarop. [IpoxoxaeHrne HaBeAEHHBIX TOKOB
no Oouke, 3yOIlaM U KIMHBSIM POTOpPA BBI3BIBAET MOTEPH, MPOMOPIUOHAIBHBIE CKOJIb-
KEHUIO U DJIEKTPOMAarHUTHOMY aCUHXPOHHOMY MOMeHTY. C Ipyroil CTOpOHBI, yBeIHYe-
HUE PE3yJIbTUPYIOIICH M.JI.C. TOTOKA PAacCesHUs B 30HE TOOOBBIX YaCTEH BBI3BIBAET POCT
HarpeBa KpalHUX MaKeTOB U HE 3alIUIIEHHON HaKMMHBIM (DJIaHIIEM YacTU CIUHKHU CTa-
TOpa, XapaKTepHbIN AJIA pekruMa riy0oKoro HeJOBO30Y KICHUS.

Coxpanenue B pabore TypOoreHeparopa, MOTEpSBIIETO BO30YXKIECHUE, BO3MOXKHO
TOJIBKO B T€X CiIy4asiX, KOrJa B 9HEProCUCTEME CYyIIECTBYET HEOOXOAUMBINA pe3epB pe-
aKTUBHOW MOIIIHOCTH, OOECMEUYMBAIOIINN MOAJIEp)KaHUE HANPSIKEHUS B Y3JOBBIX TOY-
Kax, JHEProCUCTEMBI.

JlomycTuMasi JNIMTEIbHOCTh ACHHXPOHHBIX PEKUMOB paboThl TypOOreHepaTopoB 3a-
BUCHUT OT UX KOHCTPYKTUBHBIX 0COOCHHOCTEH. ['eHepaTopbl ¢ KOCBEHHBIM OXJIAXKICHUEM
BHE 3aBUCUMOCTH OT OXJIXJIAI0IIEel cpeibl MOTYT paboTaTh B aCHHXPOHHOM PEXUME HE
6oxee yem 30 MuH ¢ Harpy3koil 70 0,6 HoMUHANBHOU. [[7151 TeHepaTOpOB C HEMOCPECT-
BEHHBIM OXJIQXKICHUEM JOMYCTUMAas JJIUTEIbHOCTh PabOThl B ACHHXPOHHOM PEXKUME
0e3 BO30Y’KIEHHUSI yCTAHABIMBACTCS HA OCHOBE CIECIMAJIbHBIX HCIBITAHUN WM KOH-

30



KPETHBIX yKa3aHWil B IUPEKTHUBHBIX MaTEpHaIaX, PU 3TOM JOJIKHA ObITh TaKKE yCTa-
HOBJIEHA JIOIYCTUMOCTD BIIMSIHUSI 3TOTO PEKHUMA HA CETh.

B cnyuasx, nosBieHHs NPU3HAKOB MOBPEXKICHNUS MAIUIMHbBI WA €CJIM T€HepaTop 10
noTepu BO30YKICHHUS paboTall ¢ 3aMbIKAHUEM Ha 3€MIII0 B LIETAX BO30YXKIEHUS, MPH
NEePEX0/E€ B ACHHXPOHHBINA PEXHUM €ro ClIeyeT HEMEIJIEHHO OTKIIF0YaTh OT CETH.

Konebanus TokoB, HAMPSsHKEHWA W MOIITHOCTH Ha TypOoreHepaTtope, padboTaromeM B
ACUHXPOHHOM PEXHME, BO3HUKAIOT U3-3a IPOBOPOTOB POTOPA OTHOCHUTENIBHO IO CTa-
TOopa. AMIUIUTYIbI KOJIEOAHHUS BCEX BEIMYUH MPOMOPIMOHAIBHBI aKTHBHON Harpyske
reHepaTropa U 00paTHO IPOMOPLMOHAIBHBI COTPOTUBIICHHUIO B MU POTOPA.

[Ipy acMHXPOHHOM pEKHUME TypOOreHepaTopa €ro poTop JABHXKETCS HEPABHOMEPHO,
9TO 00YCIIOBJICHO, MyJIbCAlMENl AaCHHXPOHHOTO MOMEHTA, BBI3bIBAIOIICH KOJIeOaHuUs aK-
TUBHOW MOILIHOCTH. MEHBIIYI0 HEPABHOMEPHOCTh YaCTOThI BPAIICHUS UMEIOT TypOore-
HEpaTopbl NP ACHHXPOHHOM PEKMME C PAa30MKHYTOH OOMOTKOH poTOpa, Korjga OH
MPaKTUUYECKU CUMMETPUUECH, OOJIBIIIYIO — C OOMOTKOM POTOpa, 3aMKHYTOI Ha PEe3UCTOP
(caMOCHHXpOHHM3ALMU U JIp.). B mocienneM cirydae B MOMEHT MPOXOKICHHS TOKa B 00-
MOTKE BO30YXICHHUS 4epe3 HyJb POTOP MOJIY4YaeT Pe3KOe YCKOPEHHE, MOCKOJIbKY TOp-
MO3SIIMNA ACHHXPOHHBIH MOMEHT, CO3/JaBa€Mblii TOKaMH, HAaBEICHHBIMU B POTOPHBIX
KOHTYpax, B 3TOT MOMEHT MMEET MUHUMAaJIbHOE 3HayeHue. C NosBJIEHUEM TOKa B 00-
MOTKE BO30Y)KIIEHHUSI U YBEIUUYCHUEM OT/IaBa€MOU aKTHBHOW MOIIHOCTH POTOP TOPMO-
3UTCS, IPU YMEHBIIEHUH aKTUBHON MOILIHOCTH BHOBB IIOJy4a€eT YCKOPEHHUE.

VY MOHIHBIX TypOOT€HEpaTOpPOB C HEMOCPEACTBEHHBIM OXJIAXKJACHHUEM HECUMMETPHS
potopa Oonbliie, 0COOEHHO TP 3aMKHYTOH OOMOTKE BO3OYXKICHHS, 3a CUET CPABHHU-
TEJIbHO MEHBUIEr0 YMCJa Ma30B M 3HAYMTEIbHOI'O YBEJIWYEHUS JIMHEWHBIX Harpy3oK B
00MOTaHHO YacTh poTopa.

B cBs3u ¢ 3THM, a Takke MEHbIIEH OTHOCUTEIBHOW Maccoi 3THX TypOoarperaton
CTENEHb YCKOPEHHUS U MOCIEIYIOUIEro 3aMeIEHUS] UX POTOPOB B ACHHXPOHHOM DPEKHU-
ME C 3aMKHYTON OOMOTKO# BO30YKJIEHHS OOJbIIIE, YeM Y MAIIMH C KOCBEHHBIM OXJIAXK-
nenrieM. Hanbounpieit HepaBHOMEPHOCTHIO ABMKEHUS POTOpPA OTIIMYAIOTCS TypOoreHe-
paTopsl ¢ BBICOKOYACTOTHBIMU BO30YIUTENSIMH TPU 3aMbIKAHUU OOMOTKH POTOpa Ha
BBIIPSIMUTENIN BO30OYIUTEIS.

Koraa noiasipHOCTh HaBEIEHHOI'O B POTOPE TOKAa COBMAJAET C MOJSAPHOCTHIO BEHTHU-
JIeii, O MOCIeI0BaTebHOM 00MOTKE BO30YKI€HUS BO30OYAUTENsS MPOTEKAET TOK, MOSB-
JSI€TCS BBIHYXJCHHBIA MOTOK BO30YXAECHHS TI€HEpaTopa, CO3JAIOIIUNA CUHXPOHU3HU-
pYIOIIMI MOMEHT M YMEHBIIAIOUINI CKOJIbXKEHHE arperata. B oOpaTHbIil omynepuo,
KOI'/Ia BEHTWIN 3allUPAIOTCs, 0OMOTKa POTOPa OKA3BIBAETCS PA3OMKHYTOM U POTOP MO-
Jy4aeT pe3Koe YCKOPEHHUE.

Jlist Bcex TypOOreHepaTopoB JONMYCTHMasl aKTUBHAs Harpy3ka B aCUHXPOHHOM pe-
KUME OrPaHUYMBAETCS CIETYIOUUMU OJIOKEHUSIMU:

CPEIHUI TOK CTaTOpa HE JOJKHBI ITPEBBIIIATH

— IMI/IH + IMaKC S 1’1 . I

HOM.CT ?

I

ac.gom
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TIE Lac nons Dyns Iyaxe — COOTBETCTBEHHO CPEAHUN JOMYCTUMbBIN, MUHUMAJIbHBIA U MAKCH-
MAJIBHBIN TOKH CTaTOPa B ACUHXPOHHOM PEXKUME; [0y cr — HOMUHAIBHBINA TOK CTAaTOPA;

TeMIeparypa KpaHUX MAaKETOB CTAJIM CTATOPA U KOHCTPYKTUBHBIX JIEMEHTOB TOP-
LIEBOM 30HBI HE JIOJKHA MPEBBIIATH OITYCTUMBIX 3HAYEHU;

NOTEpU B POTOPE HE JOHKHBI OBITH BEHINIE TIOTEPh HA BO30YXKIACHUE MPH HOPMAJIh-
HOM pexume. [lorepu B poTtope, 00yCIOBICHHBIC CKOJIBKCHUEM, 3aBUCAT OT aKTUBHOMN
Harpy3ku reseparopa Ap, = P;.

Ha puc. 9 npuBeieHa 3aBUCUMOCTh CpeJIHEW aKTUBHOM MOIIHOCTH OT CKOJIbKEHMS
st typboreneparopos TBB-320-2 u TB-2-150-2.
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Puc. 9. 3aBucuMocTb cpenHeil akTHUB- Puc. 10. HarpeB nakeToB cTanu ceplie4yHUKa
HOM MOIIHOCTH U IIOTEPh B POTOPE OT typboreneparopa TI'B-200 B acMHXpOHHOM
CKOJIBKCHHUS TIPU ACHHXPOHHOM PEXKH- pexume:
Me TypOOTreHepaTopoB: 1 — Harpy3ka 8,1 MBT;
1 — Pacep =f(s) (TBB-320-2); 2 —-52,8 MBT;
2 - AP =f{s) (TBB-320-2); 3 — 83,2 MBrT;
3 — Pacep =f(s) (TB-2-150-2) 4—-111,5 MBrT;

5-81,8-121,5 MBr

JlommycTuMasi MOIITHOCTh B aCHHXPOHHOM pEXUME TypOOreHepaTopoB ¢ KOCBEHHBIM
OXJIQXK/ICHHEM OTPAaHUYMUBACTCS MOTEPSIMH B POTOPE, JOCTUTAIONIMMHU HaWOOJIBIINX 3HA-
YeHUI B KJIIMHbSIX MA30B, 3y0llaX U B KOHTYpax Mo ToplaM OOYKH pOTOpa B Clydyae pa-
30MKHYTOH OOMOTKH BO30Y»kJeHus. JlomycTrmasi MOIIHOCTh B ACHHXPOHHOM PEKHUME
TypOOT€HEpAaTOPOB C HEMOCPEACTBEHHBIM OXJIAXKJICHHEM OIPaHUYMBAETCA 3HAYECHUEM
JOITYCTUMOTI'O TOKa CTaTOpa M HAarpeBOM KpailHUX MaKeTOB M KOHCTPYKTHUBHBIX 3JIEMEH-
TOB TOPIIEBOI 30HBI. 30HAMH HAaKWOOJIBIIIETO HArpeBa SIBISIOTCS 00JACTH JTHA MAa30B, KO-
POHKH, OCHOBaHHUS 3yOIIOB CepJICYHNKA, YaCTH HAXKUMHBIX (IaHIIEB, HETIOCPEACTBEHHO
npuiieraronme K oOMOTKE CTaTopa, U Y4aCTOK HKMMHBIX MaJIbLIEB, MPUJICTAIOIMIUX K
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dbrnanaM B 3TOM 30HE, MECTa COUIECHEHUs OaHJIaXKHbIX KoJiell U Oouku poropa. Harpes
3aBHCUT OT aKTHUBHOW HArpy3KH TypOOreHepaTtopa B aCHHXpOHHOM pexume (puc. 10) u
HapacTtaeT B TeueHue §...10 MuH.

Ha XapakTepucTUKH aCMHXPOHHOTO MOMEHTa TypOOre€HepaTOpOB OKA3bIBAECT BIIWS-
HUE BHEILIHEE PEAKTHUBHOE CONPOTUBJIEHUE IO TOYKU CETH, [JI€ HAIPSKEHUE HE 3aBUCUT
OT peXrMa paboThl TAHHOTO TEHEPATOPa U COCTOSHUS LEMU €ro 0OMOTKHU BO30YKICHHS
(pa3oMKHYTa, 3aMKHYTa Ha PE3UCTOP).

[Tpu Gombmux ckoMbXEHUAX (10 5%) HANpsHKCHUE, WHAYKTUPOBAHHOE B OOMOTKE
BO30YXKICHHSI MPU ACHHXPOHHOM DPEKUME C Pa3OMKHYTOM OOMOTKOW POTOpa, MOXKET
JIOCTUYb OIMACHBIX YISl U30JISIUMU 3HaYeHU. [1o3ToMy 1Jisi YMEHbBIIIEHUS! CKOJIbXKEHUS
ATTI nomxHO OBITH OTKIIFOUEHO U POTOP 3aMKHYT Ha PE3UCTOP CAMOCHHXPOHHU3AIIH.

VY TypOoreHepatopoB C HEMOCPEICTBEHHBIM OXJIAKICHUEM OOMOTOK 3HAYEHUS X4
npumepHo B 1,5...2,0 paza Bblle, 4eM y TypOOTreHepaTOpOB C KOCBEHHBIM OXJIaXK/I€HU-
€M 00OMOTOK, TIO9TOMY 3HAYCHHS WX ACHHXPOHHBIX MOMEHTOB COOTBETCTBEHHO MEHBIIIE
(cM. puc. 80), a 3HaYCHHSI CKOJBXEHUI MTPH pabOTE B ACHHXPOHHOM PEXXHUME OOJIbIIIE.

YcnemHas pecHHXpOHU3aIusl TypOOreHepaTopoB Mociie moiayu BO30yKIEeHUS, KaK
paBUJIO, BO3MOXKHA B Cy4dae, €Cli akThBHasg Harpy3ka menblue 0,6-Py,. [Ipu 3TOM
BXOJXKJIEHWE B CHHXPOHU3M reHepartopa mocie Bkiouenus AITI mpoucxomut 6e3 m0-
MOJIHUTETBHBIX IUKJIOB KOJIEOAHW aCHHXPOHHOTO pekrma. HaKomiIeHHBINH OIMBIT JKC-
IUTyaTalud TypOOT€HEpaTOPOB C HEMOCPEICTBEHHBIM OXJIAXKICHUEM MOITHOCTHIO 10
200 MBT B aCHHXpOHHOM pEXUME MO3BOJIMII PEKOMEHAOBATh pa3rpykaTb TaKHe I'eHe-
paropsl 10 60% HOMHHAJIBHOW HAarpy3ku 3a Bpems 1,5 c, a 3atem B TeueHue 1,5 MuH —
JI0 YKa3aHHBIX B MHCTPYKIMIX 3HaYeHUU. [MUTenbHOCTh paboThl B ACHHXPOHHOM pe-
KUME PEKOMEHIYETCsl HE IPEeBbIIATh 15 MUH.

Coxpanutsb B paboTe 3Heprod10ku MomHocTsi0 300 MBT npu motepe Bo30yx)aeHMs
MOHO MPAKTUYECKU JUIIb MPU YCIOBUU aBTOMATHU3AIMU BBIABICHUS ACHHXPOHHOIO
pexuMa re’eparopa, pasrpy3ku arperara A0 40% HOMUHAIBHOW HArpy3Ku U yJepxka-
HUs OJIOKa TIPU CHIDKEHHOM Harpys3ke. ABTOMaTHYecKas pa3rpyska renepatopa TBB-
320 ¢ Bo3zAeiicTBMEM Ha HArpy3Ky OJIOKa 4Yepe3 JBUTaTeNlb CHHXPOHHU3ATOpa TypOWUHBI
MPOU3BOJIUTCS OT HOMUHAJIBHOTO 3HAYEHUS Harpy3ku 110 3HadeHus: 60% HOMUHAIBHOM
B Teuenue 11 c, a 1o 40% HomuHampHOM B TeueHUE 17 C.

Ha xaxmoif 37eKTpOCTaHIIMKM WCTIBITAHUSIMU JOJDKHA OBITh YCTAHOBJICHA JOMYCTHU-
MOCTh MHUTAHUS JBUTATENEH C.H. OT pabOTaIOIIEr0 B aCHHXPOHHOM, PEXXHME reHepaTo-
pa. IIpu nepexone remeparopa B aCHHXPOHHBIN PEXUM C MOJAKIOUYEHHOM CEKIHUEU C.H.
13-3a MMOHWKEHUS HANPSHKEHUS (B OTAENbHBIX ciydasx A0 0,7 HOMHUHAJIBHOTO) 3HAYH-
TEJIbHO CHUKAETCS MPOU3BOJIUTEIIBHOCTh MEXAHU3MOB C.H., UYTO MOXET MPUBECTU K Ha-
PYIICHUIO TEXHOJOTUYECKOTO peXuMa paboThl 0JI0Ka, TTOITOMY CEKIIUU C.H. MPHU JJIH-
TE€JIbHOM ACUHXPOHHOM PEKHME U CHIXKEHUU HANPsDKEHUsl Ha MUHaxX ¢.H. Huxke 0,8 Ho-
MUHAJIBHOTO PEKOMEHIYETCSI aBTOMATUYECKHA NEPEBECTH HA PE3EPBHBIA MCTOUYHUK IH-
TaHUsS C BbLIEP)KKOW BpeMeHH He MeHee 1 c. Eciu 370 HEBO3MOXKHO, HEOOXOIMMO OT-
KJIFOUHUTh BCE JBUTAaTEIM HEOTBETCTBEHHBIX MEXaHU3MOB.

Peneiinas 3ammura reHepaTopoB M OJIOYHBIX TpaHC(HOPMATOPOB MEPECTPAUBATHCS
npu pabore TypOOreHEepaTOPOB B ACHHXPOHHOM peXUMeE He JoJikHa. YcrpoiictBa APB
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U (hOpCUPOBKHU BO30OYKIECHHS BBIBOASTCS U3 IEUCTBHS, MIOCIIE YEr0 NPUHUMAIOTCS CPOY-
HbIE MEPBI 10 OTHICKAHUIO U YCTPAHEHUIO TPUYMH MOJHON WM YACTUYHOMU IMOTEPH BO3-
OyxzaeHus. B ciiyyae mosHON moTepu BO30YKIEHUS MOJady BO30YKIEHHUS OT pe3epB-
HOT'0 BO30YyIUTENS ClIe1yeT NPOU3BOINUTh C BKIIFOUEHHBIM Ha HeM APB.

Jlns typOorenepatopoB mMoiHocThio 150...300 MBT BoccTaHOBIEHHE CUHXPOHHOTO
pekrMa, Mocie MoJauu Bo30yXAeHUS 00eCeunBaeTCs, €CIU BHEITHEE COMPOTHUBIICHUE

CBA3M C DHEPrOCUCTEMOM X, < X, , M HalpsDKEHHE Ha BBIBOJAX I'€HEpPATOpa IIPH €ro

aCUHXPOHHOM pexkume He HUXKE 0,7 Uy

HcnpiTanus TypOOreHepaTopoB pa3HbIX KOHCTPYKIUN B aCHHXPOHHOM DPEXUME U
OTIBIT KCIUTyaTalluy MOATBEPKIAI0T, YTO Haubosee yCTOWYMBO reHeparop paboTaeTr B
cilydae, Korja ero oOMoTka BO30Y’KIEHHsI OKa3bIBAE€TCS 3aMKHYTON Ha TacUTENIbHBIM
PE3UCTOP WM PE3UCTOP CAMOCHHXPOHHM3ALMHU. AMIUIMTYAA KOJeOaHUI TOKOB U Hamlps-
KEHUH CTaTopa, a TAKXKE CKOJBXKEHUE POTOpa, IPH 3TOM MEHBIIIE, Jy4Ylle YCIOBHUS pa-
00ThI MOTpeOUTENEH U IHEPTOCUCTEMBI.

[TpaBuiia TEXHMUECKOM IKCILTyaTallUH JIEKTPUUYECKUX CTAHLMKM U cetelt [S] momyc-
KaeT paboTy reHepaTopoB B ACHHXPOHHOM PEXUME MPH CIEAYIOIUX YCIOBUAX:

5.1.27. lonmyckaeTrcsi KpaTKOBpeMeHHass padoTra TypOoreHeparopoB B aCHH-
XPOHHOM pe:kuMe 0e3 BO30y:KIAeHHs NPU CHHKEHHOM Harpys3ke. [lus TypOorenepa-
TOPOB ¢ KOCBEHHBIM OXJIA:KIeHHEeM O00OMOTOK JOIMyCTHMA HArpy3Ka B YKa3aHHOM
pe:xkume 10 60% HOMHMHAJBLHOH, a MPOAOKUTEIbHOCTH Pad0OTHI IPU 3TOM He 00-
Jgee 30 MuH.

JonmycTumasi Harpy3Ka u NpoA0JIKMTEJbHOCTh PA0OTHI B ACHHXPOHHOM PeKHU-
Me 0e3 BO30yx/JAeHHS] ACHHXPOHU3ZUPOBAHHBIX TYpOOreHepaTopoB U TypOoreHepa-
TOPOB C HEMOCPEACTBEHHBbIM OXJIAKIEHHMEM 00MOTOK HOJIKHbI ObITh YCTAHOBJICHBI
HA OCHOBAHUM YKA3aHWH 3aBOJCKHUX MHCTPYKLMi, a NPH MX OTCYTCTBHH — HA OC-
HOBAHWM Pe3yJIbTATOB CHENUAIbHBIX UCIBITAHUN WIN MOJIOKEHUH HOPMATHBHBIX
JTOKYMEHTOB.

JlonmycTHMOCTh ACHHXPOHHBIX PEKHMOB TypOOreHepaTopoB IO HX BO3JEHCT-
BHIO HA CETh JI0JI’KHA ObITH YCTAHOBJIEHA PacYeTaMU WM UCIILITAHUAMMU.

Pa0oTa rugporeHepaTtopoB u TypOOreHepaTopoB ¢ HA0OPHBIMH 3y0OLaMHU POTO-
Pa B ACHHXPOHHOM pexkuMe 0e3 BO30YKACHUS He T0IyCKaeTCs.

Hecunxponnasi padora oTaeJIbHOr0 BO30Y:KIE€HHOT0 reHepaTopa J00ro Tuma
OTHOCHUTEJILHO APYTUX FEHEPATOPOB 3JIEKTPOCTAHIIUM He I0IyCKAeTCS.

2.5. leuzamenwnuiii pescum [6]

JIBUTaTeNpbHBIA pexXUM paboThl TypOoarperara BO3HUKAET B Clydyae MPEKpamleHUs
1oJla4yM mapa B TypOMHY, KOTJ]a TeHepaTop cOpachIiBacT akKTUBHYIO HArpy3Ky. Eciu mpu
3TOM HE MEHSATH peXHMa BO30YKICHHS, TE€HEPATOP MOXKET MPOAOIKAaTh paboTy B pe-
KUME CHHXPOHHOTO KOMIICHCATOpa, MOTPEOJIsisi U3 CETH HE3HAYUTEIHHYI0 aKTHBHYIO
MOIITHOCTh U OT/aBasi PEaKTUBHYIO MOIIHOCTh. [[MUTeIhHOCTh paboThl TypOOTeHepaTo-
pa B peXUMe CHHXPOHHOTO KOMIIEHCATOpPA B 3TOM CIIydae OMPEICIIIeTCS TOIMyCTUMO-
CThIO O€eCcTIapoBOro pekruma paboThl TypOUHBI.
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[Ipn HEepaBHOMEPHOM CYTOYHOM Trpa(uke Harpy3oK BCTAaeT BOMNPOC O MOBBILIEHUU
MaHEBPEHHOCTH 3HEProOOKoB. [103TOMy B HEKOTOPBIX CIIy4asX MOJIYYHJI paclpoOCTpa-
HEHHE MEPEeBOJ] YaCTH arperatoB HOYbIO, a TaKKe B CyOOOTHHE M BOCKPECHBIC THHU B
JNBUraTeNbHbIA pexnuM. [IokazaHo, 4TO I psfa arperaToB 3TO BBITOJHEE, YEM HX OC-
TAHOB U IOCJEAYIOIHUNA pa3BopoT. VcnblTaHUsS HEKOTOPBIX MOUIHBIX MAapOBBIX TypOWH
(K-100, ITT-60 u np.) nokazanu BO3MOKHOCTb UX pabOThI B ’TOM pexXUMe 0e3 CyIIecT-
BEHHOI'0 U3MEHEHUS TEMIIEPATYPhl METaIa TYpPOUHBI.

JIns mepeBona reHepaTopa B JABUIATEIbHBIN PEKUM CIEAYET NPEABAPUTEIBLHO BBI-
BECTU M3 JICUCTBHS 3aIUTY OOpAaTHON MOITHOCTU M OJIOKMPOBKY, OTKIIFOYAIOIIYIO T€HE-
paTop OT CETH MPH MOCAJIKE CTONOPHOTO KianaHa TypOuHbl. BaTTMeTp akTUBHOM MOIII-
HOCTH T€Heparopa AOHKEH OBbIThb MPHUCIOCOOJIEH JIsi KOHTPOJISI €ro 3JEKTPUYECKOTO
pexxuma npu padboTe ABUTATENEM, T. €. UMETh JBYCTOPOHHIOO LIKAITY.

Ecnu nmocne mpekpanieHust mojayu napa Ha TypOMHY € T'€HEepaTropa, OCTABIIETrOCs
BKJIFOUEHHBIM B CE€Th, CHATh BO30YKJIECHHE, OH MEPEUIET B PEKUM AaCHHXPOHHOIO JIBU-
rarens ¥ OyJIeT MpOAOJDKATh BpallaThCsi, 3a0upast U3 CETH aKTUBHYIO M PEAKTHUBHYIO
MOITHOCTb.

Pabota renepaTopa B peXxMMe aCUHXPOHHOI'O JIBUTATENSl HE PEKOMEHYETCs, TaK KaK
OH IIPEACTABISACT IONOJHUTENBHYIO HATPY3KY I CETH, HAIIPSHKEHHE HAa €ro BBIBOAAX
YMEHBIIAETCS 3a CYET MOTPEOJEHUS UM M3 CETU PEAKTUBHOI'O TOKA, BCJIEACTBHE YErO
MOKET MPOU30MTH HAPYIIEHHE HOPMAJIbHOU paOOThI IBUraTesIeil C.H., MUTAOLIUXCS OT-
MaiKOW OT BBIBOJOB reHeparopa. Kpome Toro, B pexumMe aCHHXPOHHOTO JIBUTATEN B
00YKe poTOpa TeHepaTopa BBIACISIIOTCS TOMOIHUTEIbHBIE TOTEPH, 00YCIOBICHHBIE Ha-
anareM ckoiibkeHus. [loaTomy nake ecnu TypOWHaA paspemniaer padoTy B OecrapoBOM
peXHMe B TEYEHHE HEKOTOPOTO BPEMEHH, ITPU NOTEPE BO30YkKACHUS T€HEPATOP JTOJKEH
OBITh HEMEJUIEHHO OTKJIKOYEH OT CETH.

B Tex cnmyuasix, korja uz-3a aedunnra peakTHBHOM MOIIHOCTHA HE0OXoauMa padora
reHepaTopa B peKMME CUHXPOHHOTO KOMIICHCATOpa, a TypOuHa, CBS3aHHAs C HUM, HE
pa3pelaer AIMTeNbHON paboThl B OECIapOBOM pEXUME, CIEAYET OCTAHOBUThH I'€HEpa-
TOp, OTAEIUTH OT TYPOMHBI U BBIMOJIHUTH MEPONPHUATHUS MO OOECIEUEHUIO CMa3KH €ro
NOJIIMITHAKOB M YIUIOTHEHHH, a TakXe [0 OCEBOMY YpPaBHOBEIIMBAHMIO (yCTaHOBKA
CHELHMATbHOIO YIIOPHOI'O KOJIbLIa HA Bally pOTOpA).

[Tyck oTAeneHHOro OT TypOMHBI T€HEpaTOpa MOKET MPOU3BOJUTHCS OAHUM U3 pac-
cMOTpeHHBIX B § 1.1 cnocobom, HanpuMep, 4aCTOTHBIM.

YacTOoTHBINM IyCK IeHepaTropa MPOU3BOAUTCA MOABEMOM €r0 YaCTOThI BPAILECHHMS C
HYJIsI OT OHOBPEMEHHO Pa3BOPAYMBAEMOI0 BBIJICIEHHOIO HA OTAEJIBHYIO C HUM CHCTE-
My LIMH Apyroro typOoreneparopa. IIpensapurenbHoe BO30y:KI€HHE BEAOMOIO M Be-
IOYLIETO TEHEPATOPOB OCYIIECTBISIETCS OT pe3epBHBIX Bo3Oyauteneil. Pa3zBopor Bemy-
1IEr0, a C HUM U BEJOMOI0 I€HepaTopa HAYMHAETCA OT BAJIOIIOBOPOTHOTO YCTPOMCTBA
BEIyIIETO0 TeHepaTopa C MOCIEAYyIoMe momadell mapa B TypOuHy. OJXHOBpEMEHHBIN
Pa3BOPOT ABYX T€HEPATOPOB AOJDKEH ITPOU3BOIUTHCS IUIABHO, T€HEPATOPBI TOJKHBI
BpaIlaTbCs CUHXPOHHO, ACUHXPOHHBIA PEKUM B JAHHOM CIIy4ae ONAceH W IIPU €ro BO3-
HUKHOBEHHH ITYCK CJIEAYET NPEKPATUTD.
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OnucaHHbIA BBIIIE CIIOCOO IEPEBOAA IEHEPATOPA B PEXKUM KOMIIEHCATOpa C pacLel-
JeHHeM TYpOWHBI TPHUMEHSETCS TONBKO s TypOOTreHEepaTopoB MOIIHOCTHIO [0
30 MBT.

B nmpaBuiax TeXHUYECKON 3KCIUTyaTallMu 3JEKTPUUYECKUX CTAHLMM U ceTeil [S] cka-
3aHO:

5.1.28. JlomycTHMOCTh ¥ NPOAOJKMTEJIBHOCTH Pad0THI TeHepaTopa B peKuMe
3JIeKTPOABUTIaTE/ISl OIPAHUYMBAKOTCH YCJAOBUAMHU PadoThl TYPOMHBI M ompeaessi-
I0TCH 32BOJIOM-M3IO0TOBHTEeM TYPOMHBI HJIIH HOPMATHBHBIMU JOKYMEHTAMHU.

2.6. Hecummempuunasn nazpysxa [6]

CunxpoHHbIE TypOOreHepaTopbl MpeJHa3HaYeHbl AJig pabOThl ¢ CUMMETPUYHBIMU
Harpy3Kamu, KOrjia TOKM BO BCEX TpeX (azax MpakTUYECKU paBHBI MEXIY co00il. Mex-
Iy TEM B DKCIUTyaTallMM HEW30€XHbl KPaTKOBPEMEHHbIE, & UHOT/AA U JIUTENIbHbIEC He-
CUMMETPHUYHbIE PEXUMBbI. K KpaTKOBpEMEHHBIM HECUMMETPUYHBIM PEXUMAM OTHOCAT-
Csl BCE BHJIbI HECUMMETPUYHBIX K.3. B 3HeprocucreMe. /IMTenbHO HECUMMETPUYHbIE
pPEXUMBI MOTYT CYIIECTBOBATH MPU aBapUHBIX OOpbHIBAX MPOBOJOB OIIMHOBKHU IMOJ-
CTAaHUUU WIM JIMHUN AJIEKTPOIEpeaaun, IPU OTKAa3aX BO BKIIOYEHUH WA OTKIOUYEHUU
OJIHOM (pa3bl BBIKIIOYATENEH, Mpu 0OpbIBaX (a3bl BHYTPU TpPaHCPOPMATOPOB, NMPU HE-
paBHOMEpHOM 3arpy3ke (a3 oqHO(pa3HBIMU N€YaMH, HATUYHUU AJIEKTPOTATOBOM Harpys-
KU U TIp.

[Ipyn BOBHMKHOBEHHH HECUMMETPHUUYHBIX PEKHUMOB MO OOMOTKaM cTaropa TypOore-
HepaTopa HAaYMHAIOT MPOTEKaTh TOKM OOpaTHOM mnocienoBaTenbHOCTH. CyMMapHbIN
MarHUTHBIA MOTOK CTaTopa MpU HECUMMETPUYHOW HAarpy3Ke COCTOMT Kak Obl U3 JBYX
MOTOKOB: MOTOKA MPSAMOM MOCJIEI0OBATEIbHOCTH, BPALIAIOUIErOCs CUHXPOHHO C Bpallle-
HUEM POTOpa reHepaTopa, M MOoToKa oOpaTHOM MOCIEAOBATEIbHOCTH, OOPa30BaHHOIO
TOKaMU OOpPAaTHOM IMOCJENI0BAaTEILHOCTH M BPAILAIOIIETOCsl OTHOCUTEIBHO POTOpa C
JIBOMHOM YTJIOBOM CKOPOCTBIO.

MarHuTHbli TTIOTOK OOpaTHOM MOCIE0BATEILHOCTH MepeceKkaeT 0OMOTKY, OOUKY,
KJIMHBA, OaHAaKHbIE KOJIbLA POTOPA U MHAYKTUPYET B HUX TOKH JABOWHON 4acTOThI. [1o-
CKOJIbKY MHIYKTUPOBAHHBIE TOKM UMEIOT 4acTtoTy 100 ', OHM IpOTEeKaroT 1Mo JOBOJIb-
HO TOHKOMY IOBEPXHOCTHOMY CJIOI0 MeTailia (4eM OoJibllle 4acToTa, TEM MEHbIIE ITy-
OMHA MPOHUKHOBEHHUS TOKOB). BbI3BaHHBIE UMU JOMOIHUTENIbHBIE TIOTEPU B POTOPHBIX
KOHTYpax CO3Jal0T MOBBIIICHHbIE HATPEBBI MOBEPXHOCTHOTO €0l OOUYKH POTOpPA, KOH-
LEBbIX KJIMHBEB OOMOTKU POTOpA, MOCAAOYHBIX MOBEPXHOCTEH M TOPLIOB HOCUKOB PO-
TOPHBIX OaHJAXKEW HEKOTOPhIX KOHCTPYKIHMH TypOOreHepaTopoB (HampuMep, Cepuu
TI'B). 'nyOuHa NpOHUKHOBEHUS! TOKOB B OOUKY POTOpPA COCTABIISAET HECKOJIBKO MUJLIN-
METPOB, B KIUHBSAX — 0K0JIO 1...1,7 cM. Hanbomnbiire HarpeBsl 3yOLI0B U KIIMHBEB HME-
0T MeCTO B TopueBoi 30He. Ha paccrosauu 150...250 MM OT TOPIIOB OHM CHHMKAKOTCS
10 HeOobIIKMX 3HaYeHUH. OCOOEHHO ONMAaCHbI NEePEerpeBhl JIOPATIOMUHUEBBIX KIMHBEB,
TaK KaKk OHHM COINPOBOXKJIAIOTCS pa3MArdyeHUeM U orulaBieHueM Meramia. Hemocpenct-
BEHHBIM KOHTAKT MeXIy OOukoi poTopa u Oanmaxamu (TypOoreHepatopsl tuna TT'B)
CHW)KAET HarpeB TOPLEBOM 30HBI OOYKM POTOpa B HECUMMETPUUHOM PEXUME 32 CUET
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OTBETBJICHUS YACTH TOKOB B OaHa*U, HO MOSBJISIETCS. OMACHOCTh MOATapa MOCaA0YHbIX
MecT OaHJaxa Ha 3yOlbl U KIIMHbS POTOpA.

Hanmare obpaTHOTO MO CO3/MaeT, KPOME TOTO, MyJIBCHPYIONTUN B MPOCTPAHCTBE C
JIBOMHOM YaCTOTOM CETH 3JIEKTPOMATHUTHBIA MOMEHT, BBI3BIBAOIINI HEKOTOPOE MO-
BBIIIICHNE BUOPAIIMU YaCTEH MAIIMHbI, MOSBJICHUE BHICIIMX TAPMOHUK B HAMIPSKEHUSIX U
TOKax cTaTopa W poTopa (B 0OMOTKax cTaTopa MpH HECUMMETPUYHOW HArpy3Ke HaBO-
JISITCSL HEYCTHBIC BBICIINE TAPMOHHKH, @ B 0OMOTKE BO30YKICHHS — YCTHBIC).

B pa3nuyHbIX HECUMMETPUYHBIX PEKUMaX COOTHOIIEHHE TOKOB 00paTHOM [, U mps-
MO# /| TIOCTIEIOBATEIILHOCTH OTPELISICTCS CICTYIOTUMHI (hOpMyIamMHu:

IpY OTKIIOUYCHUU OJHOU (Da3bl 4 WM B PEXUME YCTAHOBHBIIETOCS NBYX(a3HOTO
K.3. BC

L=1=1,/\3=1./3;

TOKH TreHeparopa npu oopbiBe (asbl 4 3a TpaHchopmaTopoM OJI0Ka ¢ TPyHIoil co-
enuaeHus Y o/A—11 unu ycranoBusmemcs 1Byxda3zHom K.3. BC Ha CTOPOHE 3BE3/1bl

IL,=1=1=1.=05-1I;

TOKH T€Heparopa IpH OTKa3e B OTKIIOYEHUHU 0AHOH (ha3zpl C BeIKIIOYATENs OJI0Ka C
TpaHcHOPMATOPOM, UMEIOIIUM coeruHeHus Y o/A—11

1,=0, L,=I=1I,/3=1./3,

rae I, Ig, Ic — Toxu ¢a3 coorBercTBeHHO A, B 11 C.

Pacnonaraemass MOLIHOCTh TypOOTreHEepaTOpOB IMPU HECUMMETPUYHBIX HArpy3Kax
onpeaensieTcss AOMYCTUMOM JJil JaHHOTO KJlacca M30JSLUU TeMIepaTypou, JOMyCTH-
MBIM 3HaY€HHEM BUOpallUM U TOKOM CTaTopa B HanboJiee 3arpyxeHHou ¢asze.

Jl1st Bcex TypOoreHepaTopoB HEPABEHCTBO TOKOB B (hazax gomyckaercs 10 10%, uto
COOTBETCTBYET 3HAUYECHUIO TOKA OOPATHON MOCIIEIOBATENBHOCTH, paBHOMY S...7% ToKa
npsSIMOM TOCJIEIOBATENILHOCTH (IIPU TOKE HauOosiee HarpyXKeHHO# (a3bl He OoJiee HO-
MUHaJIbHOrO). [IpakTHUecKku 3TO OrpaHUYEHHE PACIPOCTPAHSAETCS Ha JII0ObIe HArPY3KU
MaIH.

JlonmycTuMoe 3HauY€HHE M JUIMTEIbHOCTh TOKAa OOpPAaTHOW MOCIEAOBATEILHOCTH MPHU
HECUMMETPUYHBIX K.3. JIJI1 MAallMH C KOCBEHHBIM BOJOPOIHBIM OXJIAKJIECHUEM OIpeJie-
JSIeTCS YCIIOBUEM

I -t <30,

rae /, — OTHOCUTENbHOE 3HAUCHUE TOKA OOpaTHOW MOCIIE0BATEIbHOCTH; ¢ — IOMYCTH-
MO€ BpeMs POTEKaHUs TOKA.

VY MalvH ¢ HEMOCPEACTBEHHBIM OXJIaXXACHUEM 110 CPABHEHMIO C MAIIMHAMH C KOC-
BEHHBIM OXJIQXK/ICHUEM yBEIIMYCHBI JIMHEWHbIE TOKOBBIE HAarpy3KkH (y TypOOTreHepaTopoB
tuna TB® — B 1,4 paza; TBB u TI'B — B 1,7 pa3a), noaTomy qomycrumas JJIMTEIbHOCTD
HECUMMETPUYHBIX K.3. Ooyiee oOrpaHudeHHa: y TypoOoreHeparopoB tumna TB®

I; -t <15; y typ6oreneparopos TBB, TTB u TBM [ -t < 8.
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Beiiie oTMeuanoch, 4To HauOOJIbIIME HATPEBBI MPU MPOTEKAHUH TOKOB OOpaTHOM
MOCJIEIOBATENBHOCTA BOZHUKAIOT B OTHOCUTEIIBHO Y3KOM MOJI0CE TOPILIEBBIX 30H POTOPA.
Temmneparypa Ha TOBEPXHOCTH OOYKH POTOpA C AIOPAICBHIMU KIMHBSIMH MPU 3TOM JIO-
nyckaetcst He 6osee 200°C.

Hcnbtanust MHOTHX TypOOT€HEpAaTOPOB C HETOCPEACTBEHHBIM OXJIAKICHUEM B HE-
CHUMMETPUYHBIX PEXKMMaxX BBISIBUIIM HAJIMYKWE HEKOTOPBIX 3alacOB 10 HATPEBY POTOPOB
IpU JJIUTEIIBHO JONMYyCTUMON HecuMMmeTpuu. OJHAKO, KPAaTKOBPEMEHHBIE HECUMMET-
PHUYHBIE PEKUMBI IPU K.3. NPEACTABISIOT ONACHOCTH JJIsl reHepaTopoB. 1loaToMy 3aBo-
JIbl UCTIOJIB3YIOT PSAJI TEXHUUYECKUX JIONOJHEHUM B KOHCTPYKIMU T€HEPATOPOB JJIS MO-
BBILLICHUS TEIUIOCTOMKOCTH pOTOpa. K HUM OTHOCATCS TaKue, KaKk BBIITOJIHEHUE KPAMHUX
MA30BbIX KIIMHBEB POTOPA M3 JIESTUPOBAHHOW MEIH, YCTPOHUCTBO JEMII(PEPHBIX CUCTEM B
KOHIIEBBIX YaCTsIX POTOpa, Mocajgka OaHmaxed Ha OOYKy poTtopa 0e3 M30IHMpyroIei
IIPOKJIAJIKM, YCTAHOBKAa KOPOTKO3aMKHYTBHIX KOJIEL B BUJE JIBYXCIIOWHBIX MEJIHBIX CET-
MEHTOB, YJIOKEHHBIX BHAXJIECT HA U3OJISIUIO, 3aKPHIBAIOIIYIO JIOOOBBIE YACTH OOMOTKHU
poTOpa CHApyXu, U T. II.

Bo3HuKHOBEHE HECUMMETPHUH B SHEPTOCUCTEME OTpakaeTcsl Ha paboTe BCEX T'eHe-
paTopoB, paboTaromux Ha oOIIMe IIMHBI, HArPy3Ka BCEX T€HEPATOPOB CTAHOBHUTCS He-
cumMeTpuuHOr. Hambomnee TsDKeNmbIM SIBISIETCSl ClTydaid, KOT/ia TP HOMHUHAJIBHOM Ha-
Tpy3Ke paboTalIMUX T€HEPATOPOB HECHMMETPHS MPEBBIIIACT JOMYCTUMBIC TPEIEIbI.
EnMHCTBEHHBIM CPEICTBOM BOCCTAHOBJICHHUS! HOPMAJIBHOIO PEXKMA IPU STOM SIBIIIETCS
HEMEJUICHHAsl aBapuilHasl pasrpy3ka reHepaTopoB, ¢ OJHOBPEMEHHBIM BBIABICHHUEM U
YCTpaHEHHEM HECUMMETPHUH TIepPEPaACTIPEICIICHUEM Harpy30K MOTPEOUTEICH.

JIns mpenoTBpalleHuss NOBPEKICHUNM T€HEPATOPOB IIPU HEAONYCTUMOW HECUMMET-
pUU TOKOB YCTAHABJIMBAIOTCS 3AIUTHI IO TOKY OOpaTHOM MOCIEA0BATEIbHOCTH. BbI-

2
JepKKa BpEMEHH 3allWThI 3aBUCUT OT 3HadeHus [ 5 L.

Ecnu npu BO3HUKHOBEHMH HECUMMETPUU TE€HEPATOPbI 3arpy>KEHbl HE MOJTHOCTBIO U
HECUMMETpPHSI HE BBIXOJUT 3a JOMYCTUMBbIE MIPENEIbl, 32 TEIIOBBIM COCTOSIHUEM pabo-
TAlIINX TEHEPATOPOB CIEAYET YCTAHOBUTh YCUJICHHBIA HAA30p U B CIy4ae HEJOMYCTH-
MOTO IOBBIIIEHUS TEMIIEPATYp aKTUBHBIX YaCTEH HEMEIJIEHHO Pa3rpy3UTh JAaHHBIN Te-
HEepaTop.

HecummMeTpuuHbiii pexkuM pabOThl MOXKET BO3HUKHYTh TaKXe B CIIy4ae HEMOIHO-
(ha3HOro OTKIIIOUEHHUS BO3AYIIHBIX BBIKIIIOUATENIEH, IIUPOKO MPUMEHSIEMBIX Ha MOITHBIX
0JI0Kax reHeparop-TpancopmMaTop TEIJIOBBIX AJeKTpocTaHuuid. [Ipyu oTKIIOUeHUH BO3-
JYIIHOTO BBIKJIIOYATENs OJHOM wiu AByMs (pazamu Ha ctopone BH tpanchopmaropa
0JI0Ka TypOOreHepaTop MOXKET MepelTH B HenmoJHO(MA3HBIA CUHXPOHHBIM WM aCHH-
XPOHHBIN pexxuM paboThl. Eciiv 0TKa3 B OTKIIFOUEHHH BBIKIIOUATENs 010Ka MPOU30ILET
IpU IJIAHOBOM OIEPaTUBHOM OTKIIIOUEHHH TypOoTreHeparopa, paboTaromiero B 6JI0ke ¢
MOBBIIIAIOIIUM TPAHCPOPMATOPOM, UMEIOIIUM 3a3€MJICHHYIO HEUTpasb, OCIIE €ro pas-
IPYy3KH 1O aKTUBHOW M PEAKTHUBHON MOIIHOCTH TI'€HEPATOp OCTaeTcsi padoTaTh CHUH-
XpOHHO ¢ ceTbio. TOKM B (pazax reHeparopa MOTryT ObITh MOYTH PAaBHBI HYJIO, U B 3TOM
Clly4yae MepcoHally TPYAHO OOHAPY>KUTh HECUMMETPUYHBIA peKuUM ero pabotsl. Ecimu
npu 3ToM oTkItounTh AI'TI, reHeparop neperiaer B HemoJHO(a3HBIA aCHHXPOHHBIN pe-
UM, a TIOCJI€ 3aKPBITUSI CTOIOPHBIX KJIAMAHOB — B HEMOJIHO(DA3HBIN PEXXUM aCUHXPOH-
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HOTro JBHUratens. B ocTaBmIMXCs NOJKIIOUEHHBIMU K CETU (pa3ax BOSHUKHYT PE3KUE KO-
ne0aHusl TOKOB, MOXKET CpadOTaTh YCTPOICTBO pe3epBUPOBAHMS OTKAa3a BBIKIIOUYATENCH
(YPOB) u OTKIIIOUHUTH, BCE MPUCOCTUHEHUSI CUCTEMBI ILIMH, HA KOTOPYIO padoTasl OT-
KJItoyaeMblil 0s10k. Bo n30exxaHue 3Toro nmpeaycMaTpuBaeTCsi CUTHAIN3aLUsl HETIOIHO-
(ha3HOro OTKIIFOUEHHS BO3AYIUHBIX BBIKJIOYATEIEH MOIIHBIX OJ0KOB. Toraa, eciu npu
IUTAHOBOM OCTaHOBE OJIOKa OOHApyXeH OTKa3 B OTKIIIOUEHUHU KaKOH-mnO0 (as3bl BO3-
JOYIIHOTO BBIKJIIOYATENsA, HE0OXoaumo, He oTkiatovyass AI'TI, octaBuTe reneparop B pe-
XKUME padOThl, OJIM3KOM K X.X., U B TeueHue 15...20 MUH nepeBecTH BCe MPUCOEANHE-
HUS, KpPOME HEHCIIPaBHOTO OJI0Ka, Ha APYTYIO cuctemy muH. [locne sToro mmHocoenu-
HUTEIBHBIM BBIKIIOYATENIEM HEOOXOAMMO OTKIIIOUUTH OJIOK C HEUCIPABHBIM BO3IYII-
HBIM BBIKIIFOUATEIIEM.

Ecnu HenosiHO(a3HbINA peKUM BO3HUK IIPU BKJIFOYEHUH T'€HEPATOpa B CETh, HEOOXO-
JMMO HEMEUIEHHO OTKJIFOUYMTH BO3AYIIHBIA BBIKJIIOYATENb U IPUHATH MEPHI K yCTpaHe-
HUIO HEHOPMAJIbHOCTEM.

Jpyrue ciydan HemoJHO(pa3HOTO pexuMa, Kak MPaBUIIO, TUKBUIUPYIOTCS 3allUTa-
MU U MOTYT IPUBECTH K OTKJIFOUEHHIO JAPYTHX OJIOKOB. /[eficTBHs mepcoHana J1OJKHbI
OBITh HANpPaBJICHBI HA 00ECTICEYCHHE MUTAHUS C.H. ¥ PEAYPEKICHIE PA3BUTHS aBAPHH.

B nmpaBunax TeXHUYECKON 3KCIUTyaTallMu 3JEKTPUUYECKUX CTAHLMM U ceTeil [S] cka-
3aHO:

5.1.26. Jonyckaercst AJMTeabHasA padoTa ¢ pa3sHOCTBIO TOKOB B (pasax, He mpe-
Bbimawinei 12% HOMUHAJIBLHOIO 11 TypOoreHepaTopoB u 20% 11 CHHXPOHHBIX
KOMIICHCATOPOB M IHM3eJIb-TeHePATOPOB.

JUJ1s1 TMAPOTreHepaTOPOB € CHCTEMOH KOCBEHHOI0 BO3AYLIHOIO OXJIAKICHUsS 00-
MOTKH CTAaTOpa [OMYCKaeTcs Pa3HOCTbL TOKOB B (azax 20% mnpu MOIHOCTH
125 MB-A u Huke, 15% — npu momnocTu cbime 125 MB-A.

JUJIs1 TMAPOTreHepaTOPOB € HENMOCPEACTBEHHBIM BOASIHBIM OXJIAKAECHHEM 00MOT-
KM CTAaTOPA JI0MYyCKaeTcsl pa3HOCTh TOKOB B (pazax 10%.

Bo Bcex cuaydasix HM B 0JHOM U3 a3 TOK He J0JIKeH ObITh 00JIbllle HOMUHAJIb-
HOTO.

2.7. Hecunycouoanvnasa nazpyska [1]

Bo MHOruX city4asix K 3HEPrOCUCTEME MOAKIIOUEHBI MOILIHBIE BBIIPSIMUTEIBHBIE yC-
TAHOBKM (3JIEKTpPUYECKas TsAra, 3JEKTPOINepeayd MOCTOSHHOTO TOKa, 3JEKTPOJIU3HbIC
YCTaHOBKH), T€HEPUPYIOIIUE BBICIIME TAPMOHUKHU, KOTOPbIE MPUBOAAT K HCKAKEHHUIO
KpPUBOM TOKa CTAaTOpa U BBI3bIBAIOT JJOOABOYHBIE IOTEPU B CTATOPE U POTOPE.

Jlo0aBoYHBIE MOTEPHU OT BBICIIMX T'APMOHUK TOKA B OOMOTKE CTaTopa 3aBHUCST OT
BBICOTHI POBOJIHUKA U TTTyOUHBI MPOHUKHOBEHHUS TOKA B TOJIILY MPOBOJAHUKA /1, 00pat-
HO IPOINOPLUMOHAIBHON KOPHIO KBaAPATHOMY W3 YaCTOTHI TADMOHUKH @), :

2
b= _'0,
,- 1

rac p— yacjlabHOC COIIPOTHUBIICHUC MATCpUAJIAd, ( — MAaTrHUTHAA IIPOHUIACMOCTbD.
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JloGaBoUHBIE MOTEPU BO3HUKAIOT TAK)KE B 3y0I[ax CTaTOpa; HETIOCPEICTBEHHBIN yUeT
UX 3aTPyJHEH, OHU YYHUTHIBAIOTCS KOCBEHHO, C MOMOIIbIO KOI(PPHUIIMEHTa CHUKCHHUS
MOIIIHOCTH TE€HEpaTopa IMpPU HECUHYCOUJAIbHOM HArpy3ke. YMEHbLIEHUE MOIIHOCTH
reHeparopa u3-3a J00aBOYHOI0 HarpeBa OOMOTKH CTaTOpa BBICIIMMHM TAPMOHUKAMH TO-
Ka OIpesieNsieTcs o 100aBOYHBIM IOTEPSAM B MEIM OOMOTKH CTaTopa:

AP, =P, [213 —(k, —1)-2(7, -V)ZJ»

rae P,,— moTepu B OOMOTKE CTaTopa, ONMPECIICHHBIC 0 COMPOTHBICHUIO OOMOTKHU MPH

MOCTOSTHHOM TOKe; AP, — m00aBOYHBIC MOTEPH OT BBICIIUX TaPMOHHK TOKa; [, — TOK

TAPMOHUKH V-T0 MOPSAAKA; kf — KOG (UIIMEHT BHITECHEHUS TOKa OCHOBHOW TaPMOHHKH.
KoaddurmenT cHmkeHns: MOITHOCTH U3-3a J00ABOYHOTO HarpeBa 0OMOTKH cTatopa

_ kf'PM
k.-P +AP,

MarauTHbIM TOTOK, CBSI3AHHBIA C TADMOHUKAMU TOKA CTATOPa, UMEIOIIUMH YaCTOTY
fu=6n—1 (m=1,2,...), Bpamaercs HaBCTpeUy POTOPY, a MOTOK, COJEPKAIIUNA Tap-
MOHHUKH C 4aCTOTOH f,, = 6-n + 1, BpalmaeTcs corjaacHo ¢ pOTOpPOM; U TOT U JPYrou mo-
TOKH HABOJIAT B POTOPE TOKU MOBBIIMICHHOW YaCTOThI, KOTOPHIE BBI3BIBAIOT JOOABOYHBIM
HarpeB 2JEMEHTOB poTopa. Jlo6aBoOYHBIC OTEPH MPH ITOM BBIICISIOTCS B OYCHb TOH-
KOM TOBEPXHOCTHOM CJIO€ OOYKH POTOpa BBUY CHJIIBHOTO BBHITECHEHHS TOKOB BBICIIHX
TrapMOHMK W TIOYTH HE BO3HUKAIOT B OOMOTKE BO30YKJACHUS, XOPOIIIO YKPAHUPOBAHHOM
OT BBICHIMX TAPMOHMYECKHUX IOJIed MacCUBOM poTopa. OJHAKO IMOBBIIICHUE TEMIIEpa-
Typbl 0OMOTKH BO30YKIACHUS MOKET OBITh JIOBOJILHO 3HAUYUTEIbHBIM M3-32 KOCBEHHOTO
HarpeBaHusi Meu OOMOTKHU BO30YKJEHHUS MOTEPSIMH B MaCCUBE POTOpA.

Tak kak TOYHOE OmpeAeICHUE N00aBOYHBIX MOTEPh B POTOPE MPAKTHUUECKH HEBO3-
MOHO, a (PU3UYECKH SIBJICHHE JTOOABOYHOT'O HArpeBa 3JIEMEHTOB POTOpa MPU HECHHY-
COMJAIBHON HAarpy3Ke aHaJOTH4YHO J1I00aBOYHOMY HArpeBy NP HECUMMETPUUYHOM pe-
JKUME, TIPUHATO SKBUBAJIECHTUPOBATH 3TU PEKUMbBI C TOUKU 3PEHUS TEIUIOBOTO BO3/CH-
CTBUSI U CUMTATh JOMYCTUMOM TaKyl0 HECHHYCOUJAIbHYIO Harpy3Ky, Mpu KOTOPOM H0-
0aBOYHBIC TIOTEPU B POTOPE OT TOKOB BBICHIUX TapMOHHUK OyIyT HE BBIIIE IMOTEPh HE-
CHUMMETPUYHOI0 pekuMa, onyckaemoro [IpaBunaMu TeXHUUECKON SKCILTyaTalluu:

2 2
X[ -r,<I5-r,.

Ecnau npuHATH, YTO NPUBEIECHHOE AKTUBHOE COIPOTUBIIEHUE POTOpA BBICIIMM rap-
MOHHMKaM TOKa 7, MNPUOIU3UTEIBHO PAaBHO SKBUBAJECHTHOMY aKTUBHOMY COIPOTHBIIC-
HUIO 00paTHO MOCIEeN0BATEIbHOCTH 75, TO KPUTEPHUM JOIMMYCTUMOCTH HECHUHYCOUAAIIb-
HOTO PEXUMA 10 POTOPY IPUMET BUI:

TIPS

v 2om*

[Ipu onpeneneHun JOMYCTUMON HECUHYCOUIAIbHOM HArpy3Ku TypOoreHeparopa mo
CTaTOPY HEOOXOJMMO YYUTHIBATH J100ABOYHBIC MOTEPU TJIABHBIM O00pPa3oM B BEPXHHX
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CTCPIKHAX O6MOTKI/I, B KOTOPBIX 9THU IOTCPHU BO MHOTO pa3 BbIIIC IIOTCPb B HUIKHHUX
CTCPIKHAX HN3-3a CHJIBHOI'O BLITCCHCHHUA TOKA BBICHINX I'APMOHHUK.
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