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1. BBEJAEHHUE

ABTOMAaTHYECKHE YCTPOMCTBA JIEKTPOIHEPTreTUYECKUX CHCTEM (YyCTpOMCTBa aB-
TOMATUYECKOTO YIPaBJICHUS, 3allIUThl U HHPOPMAIIMOHHOTO 00ECIIEYeHHs) COCTABIISIOT
B HACTOSIIEE BPEMs CYILIECTBYIOIIYIO YacTh 3JIEKTPOOOOPYAOBAaHUS SHEPTOCUCTEM U
UTparoT OOJBIIYI0 POJIb B 00ECTIEYEHUH HAIeKHOCTH U SKOHOMUYHOCTH UX (PYHKIIHO-
HUPOBaHMUS.

ABTOMAaTUYECKUE YCTPOMCTBA, PEAIIM30OBAHHBIE HA JIUCKPETHBIX TPaH3UCTOPAX
(Tpebyronx OOJBIIOT0 KOJUYECTBA COCAMHEHUH MalKoi, B KOTOPBIX MPOUCXOIUIIO
HapylIEHWE KOHTAKTa), UMEJIH HAJEKHOCTh IOpa3/l0 HUXKE, YEM aHaJOrOBBIE, BBIIOJI-
HEHHbIC Ha 3JIEKTPOMEXaHMYECKOH 31eMeHTHOH 6a3e. [loaTomy aBTOMaTuka (a ocoOeH-
HO, peJIeiiHasl 3allliTa) 3JEKTPOIHEPreTUUECKUX CUCTEM B TEUEHHE JIMTEIBHOIO Bpe-
MEHU CTPOUJIACH HA CTapOM AJIEKTPOMEXaHUYECKOM 3JIEMEHTHOM Oase.

Hay4yHo-TeXHHUECKHI MPOTpecc B MUKPOIJICKTPOHUKE W BBIYMCIUTEIBHOM TEX-
HUKE OOYCIIOBMJI MHTEHCHBHYIO pa3paOOTKy aHAJIOTOBBIX aKTHBHBIX (B OCHOBHOM, Ha
0a3e omepanMoHHbIX YCHIINTENEeH HHTETPATIbHOTO UCTIOIHEHHS) U TUPPOBBIX (DyHKINO-
HaJIbHBIX 3JIEMEHTOB aBTOMAaTUYECKHUX YCTPOUCTB. C MOSBIEHUEM U PACIPOCTPAHEHUEM
MUKPOAJIEKTPOHHBIX 3JIEMEHTOB — MHTErPAJIbHBIX MHUKPOCXEM, UCIIOJIb3YEMbIX ISl 00-
pabOTKM KaK JUCKPETHBIX, TaK U aHAJOTOBBIX CUTHAJIOB, - MPOU3OILLUIM PaJAUKaIbHbIE
M3MEPEHUS B AJIEMEHTHOU 0a3e, MPUMEHSIEMOM ISl TOCTPOCHUSI YCTPOMCTB yIIpaBICHUS
Y 3aIUUTHI 3JIEKTPOIHEPIrETUUECKUX CUCTEM.

ABTOMAaTHYECKHE YCTPOMCTBA YNPABICHHUS U 3ALUTHI 3JIEKTPOIHEPreTHUECKUX
cucteM (YP3uA) MOXXHO pa3/ieuTh Ha JBE€ HEPABHbBIE YACTH: BBIXOJHYIO MM UCIIOJIHU-
TEJIbHYI0, OCYIIECTBISIONIYIO SHEPTreTUYECKUE YIPABIISIIOIINE BO3IECUCTBUS HA YNpPaB-
JsieMble 00BEKTHI, U UH(POPMAILIMOHHYIO YacTh, BBHITOIHAIOIIYIO TPE0Opa3oBaHue U 00-
paboTKy mWHGOPMAIIMK O COCTOSHHH YTPAaBIIEMOro o0beKTa M (HOPMUPOBAHKME CUTHA-
JIOB YIIPABJICHUS.

[Togxon k YP3uA kak k ycrpoiicTBam 00pab0oTKH MH(MOpPMAIIMK XOPOIIO COrJia-
CyeTCsl C COBPEMEHHBIM MPUHILMIIOM MX CO3/IaHMS, OCHOBA KOTOPOI'O YHUBEPCAIbHBIC
WIH CHEIMATU3UPOBAHHBIE CPEICTBA BHIYUCIUTEIHHON TEXHUKHU U CIIOCOOBI 00pabOTKU
uHpopManmu. B HacTosmiee BpeMs MPUMEHSIOTCS 00a U3BECTHBIX BUAA BHIYUCIUTENb-
HBIX YCTPOMCTB — aHAJIOrOBbIE U HU(POBBIE, a TaKkKe UX coueTtanus. [lepBpiMu npunun

B TCXHUKY aBTOMATHYCCKOI'O YIIPABJICHHA aHAJIOT'OBLIC YCTpOﬁCTBa, OCHOBY KOTOPBIX



coctaBmm oneparmonnpie yeuwnurenu (OY) ¢ rimybokumu oOpaTHbiME CBsi3siMu. WH-
TEHCUBHO HJIET BHEJPEHHUE B aBTOMAaTUKY METOJIOB U CPEJCTB LU(POBON BHIYUCINTENb-
HOM TEXHUKH Ha OCHOBE MHTETPAJIbHBIX MUKpOCXeM. B HacTosiee BpeMst UMEIOTCS Kak
MHUKPOCXEMBI MaJIOTO YPOBHS MHTETPaLliH, MO3BOJISIONIUE TOJIBKO MUHHATIOPU3UPOBATh
AJIEMEHTHI [U(PPOBOM BBIYUCIUTEIBLHON TEXHUKH, TAK U MUKPOCXEMBI CBEPXOO0JIBIIOrO
ypoBHs unterpanuu (CBUC), cnocoOHble BBHIOJHUTE B OJHOM KpHUCTa/lIe BCe (PyHK-
muu uudposoit O9BM, Bxitouas BBOJ MH(OpPMALMU, NPOBEACHUE apUPMETHUECKUX U
JIOTUYECKUX OIlepaluil, 3allOMUHAaHUE UH(POPMALMH U €€ BBIBOI.

Kak u3BecTHO, MpU MOCTPOCHUU OMPECIICHHBIX pelie U KOMIUIEKCHBIX YCTPOWCTB
HIMPOKO MCIIONB3YETCsl AJIEKTpOMEXaHUYecKas: 3JieMeHTHas 0asza, KoTopasi, OYeBUIHO,
€Il JTOJITHE TOofbl OyneT MPUMEHSTHCS Ul OCYILIECTBIEHHUSI IMPOCThIX MHTErPajIbHbBIX
U POBBIX KoMILIeKcax P3A, mosiBisieTcss BO3MOXHOCTh II€PEX0/a K HOBBIM HETpau-
LIUOHHBIM U3MEPUTEIBHBIM NPe00pa30BaTENsAM TOKA U HANPSKEHUsI — HA OCHOBE OIITO-
AIIEKTPOHHBIX TATYUKOB, TpaHC(HOpMaTOpoB 6e3 (heppOMarHUTHBIX CEPACYHUKOB U T.JI.

B nannoii pabore B pa3zaenax 2-+4 u3iararoTcs BOIPOCHI PEICHHON 3alUThI re-
HEPaTOpPOB, TPaHC(HOPMATOPOB U OJIOKOB reHEPATOP-TPaHC(HOPMATOpP, BHIIIOJHEHHBIX Ha
AIIEKTPOMEXAHUYECKUX pEJIe WU pPeJie Ha OINEpalMOHHBIX ycuiauTensx. B pasgene 7
paccMOTpPEHbI NPUHIMIBI BBIIIOJIHEHUST PEJEHHON 3allMThl HA MHUKpoIpoleccopax. B
KOHIIE TOCOOUS MPUBOJATCS KOHTPOJIbHBIE BOIIPOCHI.

[Tocobue HamucaHo ISt CTyIEHTOB CHELMATBHOCTU « DNEKTPUUECKUE CTAHLIUN» U

MOJKET OBITH MOJIE3HO AJI1 OKCINTYaTallMOHHOI'O IIEPCOHAJIAa SQHEPICTHUICCKUX CUCTCM.

2. IPUHU MBI BBINOJHEHUA PEJEVMHOM 3AIUTHI

2.1. TunoBasi CTPYKTYpa YCTPOMCTB peJIeHHOW 3aMUTHI

B nactosmee Bpems npumensiercst B 39C 00bIIOE KOTUYECTBO Pa3HOOOPA3HBIX
YCTPOMCTB pEIEHHON 3alUThl, Pa3JINYAOLINXCS 110 Ha3HAYCHUIO U BUAY ITapaMeTpa, Ha
KOTOPBI OHHU Pearupyer, 110 KOHCTPYKLIHMU U JAPYTHM Xapakrepucrtukam. Haganu mm-
POKO HCIIOIB30BaThCA YCTPOMCTBA C IPUMEHEHUEM MUKPONPOLIECCOPHON TeXHUKH. [Ipn
THIATEIFHOM aHaIu3e OOHApY>KMUBAETCS, YTO BCE OHU C TOW WJIM MHOM CTENEHBIO YIpPO-
IIIEHNS UMEIOT OOLIYI0 CTPYKTYpYy U COAEpkKaT OJMHAKOBBIE (110 (PyHKIMAM WIN Ha3HA-
YEHMIO) FJIEMEHTHI U y3JIbl.

OO6oO01IeHHass CTPYKTypHasl cXeMa YCTPOMCTB pesieHoM 3ammuThl (puc. 3.1)
BKJIIOUYAET B ce0s CIIEIYIOIINE TUITUYHBIE JIEMEHTHI :

1) UCTOYHMKM ONEPATHMBHOIO TOKA (IIOCTOSIHHOTO WM NepeMeHHoro). K Hum



OTHOCSITCSI aKKyMyJISITOpHBIE OaTapeu 12-220 B, TpancopmaTopsl TOKa WK Hampsixke-
HUs1, OJIOKU NMUTAHUS, 3apsIHbIE YCTPOMCTBA.

2) JaTunku nHdopManum — TpaHCPOPMATOPHI TOKA U HAMPSHKEHUS, YCTPOUCT-
Ba €MKOCTHOTO OTOOpa HamNpsDKEHUs, KOHTAKThl CUTHAIM3AIMK TOJIOKEHUSI KOMMYTa-
LMOHHOM arnmapatypsl (BbIKIOYATENIEH, PA3bEAUHUTENIECH U T.1.).

3) bJuoku cpaBHeHHMs M JOTHKH. K HUM OTHOCATCS MakCMMalbHbIE WJIM MUHU-
MaJIbHbIE pEJIe TOKA WIM HAIPSDHKEHHUS, PEJie CONPOTUBIICHUS U T.11. OHU cOAEpKaT B ce-
0e pelie BpeMeHH, IPOMEXKYyToUHOe pelie, ycTpoiictBa AIIB, ABP.

4) bioku ynpasjeHMsl U MeCTHOH curHaiausauuu. OHU BKJIIOYAIOT KIIIOYU
YIPaBIICHUs], CUTHAJIBHBIC JIAMIIBI KOHTPOJIS MOJI0KEHUS BBIKIIFOYATENEH, CUTHAIIM3ATO-
PBI MOJIOKEHUS Pa3beIMHUTENEH, CUTHAJIbHBIE TA0JI0 U U3MEPUTETbHBIE PUOOPHI.

5) baoxk obmei curnanuzanuu. OH COAEPKUT YCTPOMCTBO MHUTAIOIIETO CBETA,
perie 3ByKOBOM CUTHANIM3AIMK, 3BOHOK, CUPEHY U CUTHAJIbHbIE TabJI1o.

HenocpencrBenHoe yrpaBieHME M KOHTPOJIb ITOJIOKEHHS KOMMYTHPYIOILIETO
YCTPOMCTBA OCYILECTBIISIETCA C MaHENIW yIpasiieHUs. [Ipy BO3HMKHOBEHHMHM K.3. HA 3a-
MIMIIAEMOM JJIEMEHTE CHUCTEMBbI YBEIMYMBAETCS TOK dYepe3 TpaHCHOpMaTOphbl TOKA,
CHIKAETCsSl HAIPSDKEHHE HA LIMHAX, YMEHBIIAETCS CONPOTHUBIIEHUE CETH, MOSIBISAETCS
HecuMMeTpus B TpexdaszHoit cucteme. [loaToMy pasaudHbie YCTpOHCTBa pesieHON 3a-

LIUTHI PEATHPYIOT Ha CIEIYIOLIUE TapaMETPBhI:

] I - TOK B II€NH,;

° U - HanpsKEeHUE B LICIHU,;

o Z - COIIPOTHUBJIECHHUE €U,

° I,- TOK 0OpaTHOW MOCJIENOBATEIBHOCTH;

o U, - Hanps>KeHUue oOpaTHOM MOCIEJ0BATECIBHOCTH;
o I, - TOK HYJIEBOM MMOCJIEA0BATEIBbHOCTH,;

o U, - HANPSAKEHUE HYJIEBOU NMOCIENOBATEIbHOCTH.

C nomotpto TpaHc(HOPMATOPOB TOKA U HAIPSHKEHUS 3Ta HHPOpMAIHs IepeaacT-
Csl HA MAHEeNb 3alUThl. B GJI0Ke cpaBHEHUS B 3aBUCMOCTH OT COOTHOUICHHUSI BXOJIHOTO
mapameTpa M 3a/laHHBIX YCTaBOK CpaOaThIBAIOT COOTBETCTBYIOIME ITYCKOBBIE pejie U
BKJIIOYAIOTCS peJie OJI0Ka JIOTUKH, KOTOPBIM ¢ HEOOXOAMMOM BbIIEPKKON BpEeMEHH I10-
CBIJIACT UMITYJIbC HA OTKJIFOUEHHUE 3AIIUIAEMOT0 3JIEMEHTA (Uepe3 MaHeNb YIPaBICHUS).
[Tocne koMMyTaluy Ha MAHENTW YIPABICHUS HAYMHACT MUTATh CUTHAJIbHAS jJamna (T.K.
HE COOTBETCTBYET IOJIOKEHUE KITI0YA YIPABICHUS M BBHIKIIOYATENS 3aIUIIaeMOro dJe-
MEHTa), a Ha MaHeNu o01Iel curHanu3anuy BeicBeunBaercs "binnkep He moaHAaT", 3Be-

HUT 3BOHOK U pa60TaeT CHUpCHa.
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Puc.2.1 O0Omas cTpykrypa yCTpOMCTB peeiHOM 3alUThI.

2.2. O0mas kaaccupukanus pejieiHbIX 3alIUT

YerpoiicTBa peneiHoON 3alIuThl OOBIYHO KIACCUDUITUPYIOT:

® 110 HAa3HAYEHHUIO B 3aBUCUMOCTH OT OTBETCTBEHHOCTH U MOPSIAKaA
NEWCTBUSA NPHU K.3.;

® [0 XapakTepy HU3MEHEHHs mnapamMeTpa, Ha KOTOPBIH pearupyert
3alINTA;

® 10 BUIY K.3.

1) Ilo Ha3HAYEHHUIO - B 3aBUCUMOCTU OT OTBETCTBEHHOCTH W TMOPSAKA ACHCTBUS

IIPU K.3. pEJICHHbIC 3aIlUThI PA3JIMYAIOT KAK: OCHOBHBIE, PE3EPBHBIEC U JIOITOJTHUTEIBHBIE.

OcHoOBHO#M Ha3bIBaeTCA 3aluTa, OOEcleurBaronas MepBoOOYEepPEeAHOE OTKIIOYE-
HUE NOBPEXKICHUH B JI000H TOUKE 3allHUIIAEMOT0 y4acTKa.

Pe3epBHO# Ha3bIBAIOT 3aIIUTY, OOECIIEUYMBAIOIIYIO OTKIOYEHUE ITOBPEKICHHOIO
ydacTKa MpU OTKa3e B pabOTe OCHOBHOM 3amuThl WU BbIKItouaTens. OHa ObIBaeT
OKHETro JelcTBUs (B JIFOOOM TOYKE 3alMIIAeMOro y4yacTKa) U JajdbHEro JeUCTBUS
(IpH K.3. HA CMEKHOM y4YacCTKe M OTKa3€ 3alllUThl HA HEM).

JlonoJIHUTEILHOM HA3bIBACTCS 3alUTa, 00ECTIeUnBArOIIas YaCTHIHOE AyOIHpO-
BaHME OCHOBHOM 3alMTHI U JIEUCTBYIOIIAsA B 3TOM CIIy4ae OJHOBPEMEHHO C HEM.

2) Ilo xapakTepy U3MEHEHHMs NapaMeTpa 3alIUThl PA3ACIISIOTCS HA MAaKCHUMallb-
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HBbIC U MUHHMAJIbHBIC.

3aluThl, pearupyromue Ha Beauuussl 7/, 1,, 1, U,, U,, BO3pacTalIIKe B yCJIO-

BUSX K.3., HA3bIBAIOTCSI MAKCUMAJIbHBIMH.

3amuThl, pearupyouye Ha BeIUYUHbl U, Z, KOTOpble YMEHBIIAIOTCS MpHU K.3.,
Ha3bIBAIOTCS MUHUMAJIbHBIMH.

3) o Buay K.3. KiIaccu(uKanys 3alUT 3aBUCUT OT PEXKHUMA 3a3€MIICHHs HEUTpa-
JIM CETH.

s cereid 110 kB u Bbie, paboTarmux ¢ rIyx03a3eMJICHHON HEUTPAJbIO, BbI-
JEJSAIOT 3alUThI:
e 0OT Mexay(a3HbIX OBPEKICHUN (MaKCHUMaJIbHbIE TOKOBBIE U IUCTAHIIMOHHBIE);
® OT 3aMbIKaHUN Ha 3eMJTI0 (MaKCHUMaJIbHbIE TOKOBBIE HYJIEBOM MOCIEI0BATEIbHOCTH);
® OT Bcex BUIOB MoBpexacHuil (nuddepenmansusie, AuddepeHnnaibHo-(a3Hbe U

HAIIPaBJICHHBIC BBICOKOYACTOTHBIC 3allIUTHI, d TAK JKC KOMHJICKTHBIC).

2.3. OcHOBHBIE TPeOOBaHMS, NpPeAbsBAsieMble K PeJIeHHOM

3alluUTC

[Ipn pOEKTUPOBAHUU PENEHHON 3aLIUThI JOJKHBI OBITH BBIIIOJHEHBI CIEAYIO-

1K€ OCHOBHBIE TPEOOBAHUS:

e OBICTPOJICICTBUE;

® U30UPATEIHHOCTD;

® YyBCTBUTEJIBHOCTB;

® HAJECKHOCTD;

® HAJINYKE YCTPOMCTB CUTHAIM3ALUU.

1) BbicTpoaeiicTBylomeil cuuTaeTcs 3aliuTa, obOecreuuBaronias Mnojgavyy Ko-
MaHJHOTO UMITyJIbCa Ha OTKJIIOUEHHE co BpemeHeM He Oonee 0.1 cek. ¢ MoOMeHTa BO3-
HUKHOBEHHMS HAPYILECHHUS.

[TpunsATO CUMTaTh, YTO MPUMEHEHHUE OBICTPOJCHCTBYIOIIETO OTKIIIOUEHUS SIBIIS-
eTcsl 00s13aTeNIbHBIM JJISl BEICOKOBOJILTHBIX JuHui (BJI), Hanpsokenuem 35 kB u BbIle,
Ha TEX YYacTKax, € IMOBPEXKICHUS BBI3bIBAIOT CHWKEHHUE HamnpspkeHus 10 60% u
MEHBIIE HA IIMHAX MOJCTAHIMUMN, YEPE3 KOTOPBIE OCYIIECTBIAETCS TPAH3UT MOIIHOCTH

napajyuiebHO paboTaAIOUINX CTAHINM cucTeMBI (puc.2.2).
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B paccmarpuBaemom

Tpan3ur
TC/T-1 K] ———» K2 TC/T-3 npumepe n/ct-1, 2, 3 cuu-
Bl B2 B3 B4 @ TAXOTCsl TPAH3UTHBIMU.
JItoboe k.3. HA TpaH-
K3 K4
3UTHBIX JUHUSIX 1-2, 2-3
B5 B6
\%:F- Uoet>60% JIOJDKHO  OTKJIFOUaThes  Oe3
Sammaemas Uocr<60% ~ amumacsas BBIJICP)KKH BpeMmeHH, T.e. P3
30Ha 30Ha
TIC/T-2 Ha BeIKTIOUareaax Bl-B4
Puc.2.2. UnmocTpanys K HOHATUIO ObIcTpoielicTere P3 JOJDKHA OBITH OBICTPOIEHCT-

BYIOLIECH.

Bpemsa neiicTBus 3amuThl Ha BbIKItouaresnsiM BS u B6 ompenensercs ypoBHeM
OCTATOYHOT'O HANPsHKEHMS Ha MIMHAX I/CT-2 U 3 MPH K.3. B KOHILIE 30HbI ACHCTBUS 3alllH-
Thl (oTceuku) B Toukax K3 u K4. B naHHOM npumepe ObICTPOJICUCTBYIOIIAS 3aIuTa
TpeOyeTcst TOJIbKO Ha BhIKIIouarese BS.

BBICTPOAEHCTBYIOIIMMY CYUTAKOTC:
® T[IEPBBIEC CTYIIEHU TOKOBBIX OTCEUEK;
® [IEPBBIEC CTYNEHU AUCTAHIIMOHHBIX 3aIlUT;
® TPOAOJIBbHBIC U MOMNepeuHblie TuddepeHIIaTbHbIEC 3aIUThL;

o nuddepeHnaIbHO-(Pa3HbIC 3AIUTHI,
® HaIpaBJICHHbIE BBICOKOYACTOTHBIE 3AIUTHI U T.1.

2) N30upaTtebHOM cuMTaeTCs 3aluTa, oOecreynBaronas OTKIIOUEHNUE TOJIBKO
MOBPEXKICHHOTO 3JIEMEHTA 3JIEKTpOoyCcTaHOBKU. Heobxoaumas n3bupareabHOCTh JOCTU-
raeTcs OTCTPOMKON OT BEJIMYKMH MOABOAUMBIX K 3amuTe napamerpos (1, 1,, 1,, U,, U,,
U, Z), IpH KOTOPBIX 3aIUTa JAHHOTO 3JIEMEHTA HE JI0JKHA JIEHCTBOBATb.

s obecniedeHus: OTCTPONKH MO0 BBOJAT KOI(PHUIIMEHT 3amaca K pacuyeTHON

BCJIMYMHC I1apa-

TC/T-1 k1 TCT2 K3  TIC/T-3
vP3 K2 6
f | MeTpa, 1o ¥c-

— | f
] ! | |
@—l—L ¥ —  [OJB3YIOT
BI I B2 B3 B4 BS

IMPUHLIUIT MHO-

|

|

k J I
Y | rOCTYIEHYATO-

CTVIIEHb

_ ) |
~ , CTH C COIJIaco-

_ II crynens /l
~ BaHUEM CTYIIe-

I1I crynens n/ct-1 HEH 110 BpPEMEHU.

Puc. 2.3. MnmrocTpanus onpeaenenus n30upareabHOCTH 3alAThI.
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Koaddumment 3anaca K, K pacuyeTHON BeIMYMHE MapaMmeTpa A,,., HUCIOIb3YeT-

Cd TAK:
Acai = K3 * APAC’{ s (2- 1)

rne A., — BEIMYUHA [1apaMeTpa, IIPU KOTOPOU CpadaThIBACT 3aIUTA;
K, >1.0 — 1t MaKCUMaJIbHBIX 3aIlUT;
K, <1.0 — m1st MUHMMAJIbHBIX 3aIIUT.

[TpuHLIMIT BEINOTHEHHS] MHOTOCTYTIEHYATON 3allIUThI TOKa3aH Ha puc.2.3.

Jlna oGecriedeHust M30MPATENbHOCTH M PE3EPBUPOBAHMUS BBOJAUTCSA COTIIACOBAHUE
CTYIIEHEH CMEKHBIX 3alUT 110 BPEMEHH (/11 BTOPBIX U MOCICIYIOIMX CTYIIEHEH), T.¢.

tes =les TAL, (2.2)

rne t., — BpeMs cpadaThIBaHUS 3allIUTHI;

At=0.5-0.6 C — CTyNI€Hb CEJIEKTUBHOCTU (M30UPATEIHHOCTH).

B sTom ciyuae:

o [lepBast cTyneHb 3aIIMIIAET OCHOBHOM OOBEKT M OTCTPAUBAETCS OT PAaCUETHBIX
napaMeTpoB IMpH K.3. 32 BBIKJIIOYATENIEM CMEKHOTO ydacTka (B Touke K3). B pacuerax
TOK K.3. oguHakoB B Toukax K1, K2 u K3, noatomy uHoraa roBopst, 4To 1-s1 CTyneHb
OTCTpauBaeTcs OT K.3. B KOHIle JinHuU (Touka K1), Xxota noapazymeBaercs Touka K3.

o Bropas crynens pe3epBupyer 1-10 CTyneHb U HOJHOCTHIO 3aIIUIIAET CBOU 00B-
€KT U YacCTh CMEXHOT0, OTCTPAMBAETCS OT MEPBBIX (MJIM BTOPHIX) CTYIEHEW 3allUThI
CMEKHBIX JINHUH.

o TpeTbst cTyneHb pe3epBUPYET 3AIMUTHI CBOEH U CMEXHOW JIMHUM (YaCTUYHO), OT-
CTpauBaeTcs OT 2-X(3-X) CTyNEeHEH 3aIUT CMEXHBIX JIUHUH, a TAKKE OT HOPMAJIBLHOTO U
NEPErPY304YHOrO PEKUMOB.

OOBIYHO (PYHKIMIO U30MPATETHHOCTH BBIMOJIHSIOT PEJI€ HAMPABIECHUS MOITHOCTH.

3) UyBcTBHUTEJNBHOM CUMTAETCA 3alIUTa, 00ECIIEUNBAIOIIAsl HaIE)KHOE OTKITI0Ye-
HUE 3alMIIAEMOro 3JEMEHTa IPHU €ro MOBpeXAeHUsIX. Haae:kHOCTh OTKIIOYEHHUS Xa-
pakTepusyercs: Ko3pPUIIUEHTOM YyBCTBUTEIBHOCTH ( K, ).

JI71st MakCUMaJbHBIX 3alUT KOA(P(GUIUEHT YyBCTBUTEIBHOCTH OMPEIEISIETCS KaK
OTHOLIEHUE HAWMEHBIIEH BETUYMHBI 3JIEKTPUYECKOIO MapaMmeTpa, MOABOJAMMOrO K 3a-
IIUTE MPH K.3. B KOHIIE 3aIIUIIAEMOT0 3JIEMEHTA, K YCTaBKe cpadaThIBaHUS, T.€.

Ky =Iisomn Mess Kg =Usisam /Uscs- (2.3)

I[J'I?I MHWHHMAJIBHBIX 3allluT KOB(l)(I)I/ILII/IeHT YYBCTBUTCIIbBHOCTH OIIPCACIIACTCS KaK
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OTHOIIICHHE YCTaBKH cpabaThIBaHUS K HAHOOJbILIEH BEIWYMHE AJIEKTPUUYECKOTO IMapa-
METpa, HOABOAUMOIO K 3aIlUTE IPHU K.3. B KOHIIE 3alIUIIaEMOI0 DJIEMEHTA, T.€.

Ky=Zcs5 ' Zysmure 5 Kqg=Ucs 1Ug s ke - (24)

JI1st GOJIBIIMHCTBA OCHOBHBIX 3aIUT OpUHUMAETCs K, =1.5+2.0, 1l pe3epBHBIX
— K, =12+1.5. UyBCTBUTENBHOCTh |-X CTYNEHEH 3aIUT MOXET XapaKTePU30BaTHCS
KOCBEHHO 3aIIHAIIAEMON 30HOM.

4) Hapme:xxHOM cuuTaeTcs 3aluTa, o0ecrneynBaroiias ee ycronunBoe (yHKIHO-
HUPOBAHUE B PA3JIMYHBIX PEIKUMAX.

JI1si TIOBBILLIEHUSI HAJIEKHOCTH MPUMEHSIOT IyOJMpOBaHUE M PE3ECPBUPOBAHME
OCHOBHBIX 3aIIHT.

5) Hayinume yCTpOWCTB CHTHAJIM3AIMM [103BOJISIET CYAUTh O MPAaBUIBHOCTH pa-
OOThI 3aIMUTHl U AHAIM3UPOBATh MOPSAOK MpoTekaHus mpoiecca. C ATOM LEIbI0 CHUT-
HaJbHBIE pEJI€ YCTAaHABIMBAIOTCS HE TOJIbBKO B OTK/IIOYAIOIIMX M BKIHOYAIOIIMX LIEIIAX

BBIKJIFOYATCIIAX, HO U B LICIIHU K&)I(I[Oﬁ CTYIICHH 3allIMTEI.

3. PEJIEMHAS 3AIIIUTA TEHEPATOPOB
OcHOBHas LIeJIb PEJIEHHOM 3allMThl T€HEpaTopa - 3TO MPEJOTBPALLEHUE Pa3BUTHUS
ITIOBPEKACHNN, 3HAYUTEIBHBIX PAa3pPYLICHUHN 3aIIMAIIAEMbIX MAIIWH, HAPYLIEHUNW YCTOM-

YUBOCTHU B CUCTEMC IIpH JTFOOBIX HCHOPMAJIbHBIX PCXKHUMAX W IOBPCKIACHUAX.

3.1. loBpekaAeHUSI 1 HEHOPMAaJIbHbIE PeKUMbI PadoThI

reHepaTopoB

Haubonee xapakTepHbIMH SIBISIOTCS CIEAYIOLIUE MOBPEXKICHUS T€HEPATOPOB:

1) Mexkayda3snble KOPOTKHEe 3aMBIKaAaHMA B O0OMOTKe cTaropa
HanOoJiee BEPOSITHBI IIPU Pa3BUTUU NOBPEXKACHUS, BBI3BAHHOIO OJHO(A3HBIM 3aMblKa-
HUEM Ha 3emto. MexaydasHble K.3. CONPOBOXKIAIOTCA IPOTEKAaHUEM OOJIBIINX TOKOB,
CHIDKEHHEM HaIPsDKEHUS, YTO MOXET NMPUBECTU K 3HAYUTENIbHBIM MOBPEXKACHUSIM 00-
MOTKH U K€JI€3a CTaTopa, pa3pyleHuto reaeparopa. [Ipu 3Tux noBpexaeHusX reuepa-
TOP JTOJDKEH OTKJIIOYAThCS KaK MOXHO ObICTpee ¢ 00s13aTENbHBIM TallleHUEM IOJISI U OC-
TaHOBOM TYpPOUHBI.

2) 3aMbIKaHUsl MeEXAY BUTKAMHU U MeKAy 00MOTKaAMM NapajuieJibHbIX BbI-
BOJOB 0HOW (a3bl cTaTopa (IpU HAJTUYMUK BBIBEJCHHBIX MapauIeIbHBIX BETBEU 00-
MOTKHU U MX COCIMHEHHH B 3BE3]ly) - 3TO HanboJiee BepOsTHbIC MOBpexaeHusl. OHU Xa-
pakTepu3yroTcs OOJBIIMMU TOKAMU B MECTE TIOBPEXKACHHUS MPU HE3HAYUTEIILHOM H3Me-

HCHHHN TOKa B HCHOBpC)KI[@HHOﬁ YacTH OOMOTKH. SHGKTPI/I‘{CCKa}I Ayra, BO3HHKaAromas
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Ha MECTE MOBPEXKJACHUS, BHI3BIBAET OIUIABICHUE aKTUBHOW CTAId cTaTopa. MEeXBUTKO-
BbI€ 3aMbIKaHUs1 0CO00 OMACHBI JJIsl TeHEPATOPOB OOJIBIION €IMHUYHON MOIIHOCTH, TaK
KaK MOTYT MPUBECTH K 3HAYUTEIBHBIM Pa3pyIICHUSIM, B pe3yJIbTaTe 4ero norpedyercs
MIPOBEJICHUE CJIOKHOIO PEMOHTA MallvHbL. [103TOMY 3alMTa OT TaKOro MOBPEKICHUS
JIEHUCTBYET 0€3 BBIJECPKKU BPEMEHHU Ha OTKIIIOUCHHE BBIKITIOYATEINS TeHepaTopa (01oka),
aBToMara ramenus nojisa (AI'Tl), octaHoB TypOUHBL.

3) Oanoda3znbie 3aMbIKAHUSI HA 3eMJII0 B 00MOTKE CTATOPA MPOUCXOIAT U3-3a
MOBPEXICHUS U30JISILIUK B Ma3y MEXy TOKOBEAYIEH YaCThi0 OOMOTKHU U CTallblo. B03-
pacTaeT BEpOSITHOCTh 3aMbIKAHHS Ha 3€MJII0 BOJIM3M HEUTpaM B BUTKAX CTaTOPHOM 00-
MOTKH C BOASTHBIM OXJIQXKJIEHUEM MPHU HETUIOTHOCTSIX B CUCTEME OXJIAXK]ICHHUSI.

Uepe3 MecTo 3aMbIKaHUs MPOTEKAET TOK, 3HAUEHHE M XapaKTep KOTOPOro orpe-
JEJSIFIOTCS MECTOM BO3HHUKHOBEHUS MOBPEXACHUS, 3HAUEHUEM €MKOCTH OTHOCHUTEIBHO
3eMJIM CUCTEMbI TEHEPATOPHOTO HANPSKEHMSI, CIOCOOOM 3a3eMIICHUSI HEUTpaliu reHepa-
Topa. YcToluMBas »JIEKTpUYECKash Ayra, BO3HHMKAWONIash NPU TOKAX IOBPEKICHUS

I.>54 (a nna renepatopoB MomHOCThI0O 200 MBT u BbIe maxke npu [, >1+1.54),

BbDKUI'ACT CTAJIb U U30JIALIMIO CTATOpa, CO34AaCT BO3MOXKXHOCTD II€PEXoaa O,Z[HO(i)a?)HOFO
3aMbIKaHHA Ha 3€MJIIO B MG)K,HY(I)EBHOG NI BUTKOBOC. HOBTOMy COIJIaCHO IIpaBUJIaM

ycTpoiicTBa 3ekTpoyctaHoBok (ITYJ) mipu 1. <54 1isi TeHEepaTopoB MOIIHOCTBIO /10

150 MBrT 3amuTa MOXET JeHCTBOBATh HA CUTHAJI, @ B OCTAJIbHBIX CIy4asiX - Ha OTKIIIO-
yeHue reHeparopa wiu 6yoka, AI'Tl u octaHOB TypOUHBIL.

4) 3ambIKkaHusI HA 3eMJII0 B OJJHOM MJIH JIBYX TOYKAX 00MOTKH BO30YKIACHHS.
s TypOoreHepaTopoB 3aMbIKaHHE B OJIHOM TOYKE caMmoO MO cebe He sIBIsieTcs orac-
HBIM, HO BBI3BIBAET OMACHOCTH MOBPEXKACHUS M30JIALUU LENU BO30YKJIEHHUS BO BTOPOU
touke. [llyHTHUpOBaHME MPU ATOM YAaCTU OOMOTKH MPUBOJIUT K PE3KOMY HapyUICHUIO
CUMMETPUU MarHUTHOTO MOTOKA B BO3AYIIHOM 3a30p€ M, KaK CIEACTBHE, HECUMMETPHUH
3.]1.C. ¥ TOKOB B (pazax. DTO MOXKET MPUBECTU K CUILHON BHOpAIuu, pa3pymeHuro Mo/I-
HIUITHUKOB.

B rugporeneparopax (MammHax sSIBHOTOJIOCHBIX) TaKOW pe3yibTaT MOXKET ObITh
IIpY 3aMbIKAaHUK Ha 3€MJIIO B OJTHOM TOuKe 1lenu Bo30yxaenus. [loatomy Ay Bcex ruj-
poreHepaTopoB U TypOorereparopoB MomHoOcThI0 300 MBT u Gonee ycraHaBiamBaeTcs
3alUTa OT ATOTO BUAA MOBPEXKACHUS C JCHCTBHEM Ha OTKIIOYEHHUE M CUTHAJ, COOTBET-
CTBEHHO. TOKH, IPOTEKAIOILIME B MECTaX 3aMbIKaHUs, MOTYT BbI3BaTh MOBPEXKACHUS 00-
MOTKH U KeJie3a poTopa.

Ha Bcex TypOoreneparopax momHocTh 10 160 MBT u Ha renepaTopax ¢ KOCBEH-
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HBIM OXJIAKICHHEM 003aTEIIbHO MTPEIyCMAaTPUBACTCS 3alUTa OT 3aMBIKAHHS HA 3EMITIO
0OMOTKH BO30YKICHHS B IBYX TOYKaX C JICHCTBHEM Ha OTKJItOUeHHEe MaruHbl U ATTI.
K HeHOpMANBHBIM pesKHMaM PaGoThl T€HEPATOPOB OTHOCST TAKUE PEIKUMBI,
IIPH KOTOPBIX TOKK OOMOTOK CTaTopa W POTOpPA BBINIC HOMHHAIBHBIX, T.€. BOSHHKAIOT
cuTyaruu neperpy3ku. OHu OBIBAIOT CJICTYFOIIUMU:
1) CuMMeTpHYHBIE MEPEerpPy3KN MOTYT BbI3bIBATH MOBBIIICHHBIM HArPeB OOMOTOK Kak
cTaropa, Tak u poropa. J[jisi MaliH ¢ KOCBEHHON CHCTEMOW OXJIaKICHHUS, 00JIaJar0IInX
JOCTAaTOYHO OOJBIIOW TEPErPY30YHON CIOCOOHOCTBIO OOMOTOK, MPEIyCMaTpUBACTCSI
3aIuTa TOJIBKO OT MEPETPy3Ku OOMOTKH CTaTopa, paboTaromias Ha CUTHAI.
JIJis TeHepaTOpPOB C HEIOCPEICTBEHHBIM OXJIKICHUEM IMPOBOIHHUKOB OOMOTOK,
KpOMe yKa3aHHOHM BBIIIE, UCIOJIB3YETCs 3alUTa OT MEePerpy3ku OOMOTKH POTOpPA, BbI-

MOJIHSIEMAsi C UHTETPAJIbHO - 3aBUCUMON XapaKTEPUCTUKON cpabaThIBaHUS ¢, = (1),
pearvpyloias Ha TOK poTopal,,, U JEHCTBYIOIAs Ha CUTHAJ WIH pa3BO30YyKJECHUE U

OTKJIFOUEHHUE MAIIUHBI.
2) HecuMMeTpu4yHbIe Meperpy3kM reHeparopa BO3HUKAIOT M3-32 HE OTKIIHOYAEMBbIX
OCHOBHBIMHU 3allTUTAMU MOBPEKICHUN TeHEepaTopa, 0J0Ka, OCHOBHBIMH M PE3EPBHBIMU
3alllUTaMU JIMHUN MOBPEXKIEHUN B CETH, OOPBIBOB MTPOBOJIOB (a3 JIMHUM, HEOTHO(A3-
HBIX OTKJIFOYEHHMM BBIKIIIOYATENIEH MPU BKIIOYEHUU WIM OTKIIOYEHUM HArpy30K WIIU
K.3., TIOSIBICHUS HECUMMETPUYHON Harpy3ku. B 3Tux ciydasx B (a3HbIX TOKax BO3HU-
KalOT COCTAaBJIAIONINE OOpaTHOW TociienoBaTebHOCTH. OHU CO37AIOT B MAIIMHE Mar-
HHUTHOE II0JIE, BPAILAOIIECECS OTHOCUTEIIBHO POTOpPA C JIBOMHOM YIJIOBOM CKOPOCTBIO.
OTa cocTaBIAOIIAs MOJIA HABOAUT B Oouke poTopa Toku yactotoit 100 ', mpuBoas-
IIMe K JOIMOJHUTENIbHBIM TEIJIOBBIM IMOTEPSIM M MEPErpeBy poTopa I'e€HEepaTopa, OCO-
OCHHO C HETOCPEICTBEHHBIM OXJIAKIECHUEM ITPOBOJHUKOB 00MOTOK. KpomMe Toro, BO3-
HUKAIOT 3HAKOMEPEMEHHBIC CHJIbI, BBI3BIBAIONIUE IOBBIIIICHHYIO BHOPAIMI0 MAITUHBI,
0COOEHHO SIBHOTIOJIIOCHOTO F€HEepaTopa.

Cornacuo ITYJ st reHEpaTopoB C HEMOCPEACTBEHHBIM OXJIAXKICHUEM MPOBOJ-
HUKOB OOMOTOK CUMTAeTCs] HEOOXOAMMOM ClielMalIbHAsl 3alUTa OT TOKOB OOpaTHOM Mo-
CJIEIOBATEIHLHOCTH. 3aluTa JA0KHA paboTaTh C BBIIEPKKOW BPEMEHH, OTIPEIeIsIeMOi
NEePErpy30YHON XapaKTePUCTUKON pOTOpa reHeparopa Mo TOKYy OOpaTHOM mocienoBa-
TEJIbHOCTH, ONTMCHIBAEMON YPABHEHUEM:

A=1.t. (3.1)

rae A — TEeIIoBOM mapaMeTp reHepaTopa;
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(3.2)

CpCAHCKBAAPATUYIHOC 3HAYCHHUC TOKa O6paTHOﬁ MoCjaca0BaTCIbHOCTH, OTHCCCHHOC K

L0 5 t — IOIIYCTUMOE BPEMsI IPOXOXKACHUS TOKA.

BenuunHa 4 3aBUCUT OT TUIAa F€HEpaTopa M ero MouHocTH. [Jns Typborenepa-
TOPOB C BO3JYIIHBIM U KOCBEHHBIM BOJIOPOJHBIM OXJIAXKIEHUEM A =30, Il TeHepaTo-
poB cepun TB®, cepun TBB u TI'B 1o 300 MBt BritountensHo 4 =8, g TBB-
300-2 4 =35, nns runporeHepaTopoB 4 <40.

B o6mem cinyyae BO3MOXKHBI APYTU€ TUIBI MOBPEXKIEHUN U HEHOPMAIbHBIX pe-
KUMOB F€HEPATOPOB, HO OHU MOTYT ObITh C HEKOTOPHIMH JOIMYIICHUSIMU CBEICHBI K TO-
MY WJIM UHOMY THUITY, IPUBEJACHHOMY BBIIIIE B pa3jelie.

3.2. 3amuTa reHepaTOPOB OT BHYTPEHHHUX NMOBPeEKACHUH

OOBIYHO OT TAKOTO THIIAa MOBPEXKIECHUN PACCMATPUBAIOTCS CIEAYIOIINE BUAbBI 3a-
IITUT:

e [mpojoibHas AuddepeHIanbHas 3aluTa;

® 3aIMUTa OT BUTKOBBIX KOPOTKUX 3aMbIKAHUHN B OOMOTKE CTaTOPA;

e 3ammTa OT OAHO(A3HBIX 3aMBIKAHUM HA 3eMJII0 B OOMOTKE CTaTOPa;

® 3aIMTa HYJEBOM MOCIEI0BATEILHOCTH OT ABOMHBIX 3aMbIKAHUI HA 3€MJII0 B OOMOT-
K€ CTaTopa;

® 3amUTa OT 3aMBIKaHHUI Ha KOPITYC B OOMOTKE BO30YKICHUSI.
3.2.1. llponoabHas nupdpepeHunasbHas 3alIUTA

3amuTa 0T MEXIy(Pa3HbIX K.3., MPEACTABISIONNX HAHMOOIBIIYIO OMACHOCTh IS
paboThl, MOMKHA MMETh BBICOKHE XapaKTEPUCTUKU MO OBICTPOACHCTBHIO M UYBCTBH-
TETLHOCTH. DTU TPpeOOBaHUS MO3BOJISIOT 00ECIIeYnTh MpUMEeHeHHe auddepeHInaisHo-
ro MPUHIIUITA, KOTOPBIM 0 CUX MOp sBsieTcsl Hanbosee () PEeKTUBHBIM CIIOCOOOM 3a-
IIUTHI OT MEXAy(ha3HbIX K.3. B 0OMOTKE cTaTopa, Ha ()a3HbIX U HYJIEBBIX BHIBOJAX U CO-
eIMHECHUU TeHepaTtopa co COOpHBIMU IIMHAMU WK TpaHchopmaropom cBsizu (1o TA
3aIlUTHI).

W3BecTHO, UTO B YCIOBUSIX PEXHMMA HArpy3KH W BHEIIHETO K.3. uepe3 nuddepen-
[IUATBHOE PeJie 3alUThl MPOTEKAIT Pa3HOCTH BTOPUYIHBIX TOKOB ILIEY 3aIIHTHI, T.€. TO-

KU HebanaHca /,, , KOTOpbIe HaJl0 OTPAHUYMBATD.

JIns mOBBIIEHUS YyBCTBUTENBHOCTH U YJIYYIIEHUS OTCTPOWKH 3aIUTHI OT [, B
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OTEYECTBEHHOM MPAKTHUKE MOJYUYUTIH IMIMPOKOE MPUMEHEHHE JIBE Pa3HOBUIHOCTU JUd-
(dbepeHIMaNBHBIX pesie ¢ Hachlmarmmmmucsa Tpanchopmatopamu Toka (HTT): pene ¢
YIYYIICHHOW OTCTPOMKOM OT amepuoanyeckou cocrasiswomen cepun PHT u perne ¢
MarHuTHBIM TopMoxkeHuem cepuu A3T.

C ucnons3oBanuem peine cepurt PHT Boinmonusitores cxeMsl AuddepeHnnaibHon
POJOJIBHOM 3alIMThl B TpeX(}azHOM TpexXperaerHOM HCIOJHEHUU NJisi TeHEepaTopoB
MomIHOCTRIO (60...100) MBT (puc.3.1). B pene A3T noamaruuuuanue HTT ocymect-
BJISIETCS HE TOJBKO alepUOJUYECKUMU COCTABIISIONUMU [,,, HO U TOJHBIMU TOKaMHU
BHEIIHUX K.3. (MarHUTHOE TOPMOKEHHUE). DTHU pejie JTy4lle OTCTPOEHbI OT YCTAHOBUB-
muxes /,,, TO3TOMY 3aIlUTa MOXKET ObITh BBIMOJIHEHA 00Jee YyBCTBUTEIbHOM. CXEeMbl
¢ pene A3T ucnonb3yroTcs AJis 3alUThl MOITHBIX T€HEPATOPOB, padOTAIONINX B OJIOKaxX
¢ TpancopmMaTopamu.

Tok cpabateiBaHusl MPOJAOJIbHON MU depeHIIMaTbHOM 3alUThl JTO0KEH OBITh

60.]1]3[1]6 MAaKCUMAJIBHOI'O TOKA He6aHcha B HCp@XOI[HOM pC)KI/IMC IIpu BHCIHIHCM K.3.:
Ie; = kOTC Iy wiax (33)
riae k,,. — Ko3(hOUIHEHT OTCTPONKHU, IPUHUMACMBINA PaBHBIM 1, 3.

MaxkcuManbHBIN TOK HeOataHca OIpCACIIACTCA 110 BBIPAKCHUTO

Tus s = ko Koou e Ihax (3.4)
rae k, — Kod(pdUIIMEHT, YUUTHIBAIOMUN niepexoaubiit pexuM, 1 peiae PHT k, =1, a
nns PT-40 k, =2, k,,, — xoopduument oqnotunnoctr tpanchopmaropos toka (TT);
komy =0,5 nna oppotunHbx TT ¢ ogunakoBeiMu K03 dunuenTamu Tpancopmanyuu u
MaJIo OTJIMYAOLIMMHUCS HArpy3KaMu BTOPUYHBIX Lenell; ko =0,5+1,0 B ocranbHbIX

ciydasx; e — norpemnocts TT, npuaumaemas papHor £ =1,0; /) — MaKCUMaJIbHBIH

k max
TOK, IPOXOJSAIINN YEpE3 TeHEPATOP MPU BHELIHEM K.3.

PacuerHas Touka Juisl onmpenereHusl TOro TOKa HaXOJUTCS Ha BBIBOJAX I'eHepa-
topa. Kpome Toro, npu BBIIOJIHEHUN CXEMBI CIIEAYET YUUTHIBATh, YTO OOPHIB COEANHHU-
TEJIBHOIO MPOBOJA IUIEYA 3aLUTHI HApYLIAeT OaJlaHC TOKOB B PEJIE U BBI3BIBAET JIOXKHOE
ee cpabaTbIBaHUE B HOPMAJIBHOM PEXUME U ITPU CKBO3HOM K.3.

[TpuHIMNIHATBFHO BO3MOXKHO BBIMOJHUTH MPOJIOJBbHYIO AU(epeHInaIbHyo 3a-
umty c¢ peiae PHT, ve paboraroiryto npu oOpbIBe TOKOBBIX IIETEH, HO UMEIOIIYIO0 TOK
cpabaTbIBaHUS IPU 3TOM MEHbIIE HOMUHAJIBHOIO. DTO JIOCTUIaeTCsl ClIEUalbHON CcXe-

Mo BkiroueHus peiae PHT: B nynesoit npoBon audepeHimanbpHon 1enu mociae0Ba-
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TEIHHO BKJIIOYAIOTCS ypaBHUTENIbHBIE 00MOTKH Beex Tpex pesne PHT. Ipuuem mudde-

pPEHIHMAIIBHBIC U YPABHUTCIIbHBIC OOMOTKH B Ka’XJ10M pCJIC BKIIKOYAIOTCA BCTPCUYHO.

A B C
TAl E
_| ] —
KATI
KAT2
G I||
KAT3_
1y
TA2 s s
KATI

— KH
KAT?
TA3€ + | ]
— | T(ATj |JHaomm.

Puc.3.1 Cxema nuddepeHnmanbHoM Mpo1oabHOM 3aIUTh B TpeX(hazHOM
TPEXPEICUHOM UCIIOJIHEHUH.

Yucio BUTKOB YPaBHUTCJIbHBIX 00OMOTOK BBI6I/IpaCTCH 10 yCJIOBHUIO OTCTPOﬁKH oT
HOMHUHAJIBHOT'O TOKa IrcHEpaTOpPa 110 BBIPAKCHUIO

<M (3.5)

@,, g

- L1-1 I'HOM
rue F,, — HaMarHn4yuBaouas cuia cpabarsiBanus pene, 1 PHT F, =100;
K, — ko3¢ punuent tpanchpopmanuu TT.

Yucno BuTKOB auddhepeHaibHOi 0OMOTKH MTOACYUTHIBAETCS IPU YCIOBUU

2F . K
O g = 11.;# (3 6)

I HOM

IIpu o6peiBe coenuHuTeNbHOTO NpoBoAa ogHoro u3 TT pacnpeneneHre TOKOB B
cxeMe OyZeT TakoBO, YTO B JIBYX pelieé HEMOBpexkIeHHbIX NuddepeHnnanbHbIX Henei
TOK OyIeT mpoTeKaTh TOJHKO IO YPaBHUTEIBHBIM OOMOTKaM (penie He cpaboTaeT), B
TpeTbeM Mo audpdepeHanbioil 1 ypaBHUTENbHOH. C y4eToOM MOJSPHOCTH OOMOTOK

pPE3YNbTUPYIOIIMA MArHUTHBIA TOTOK B MOCIHEAHEM pelie  MPONOPIUOHANICH
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1(® 4, — @) . TO PENE TAK K€ HE CPabOTAET, TAK KaK B cOOTBETCTBUU C (3.5) m (3.6)
20y, 2 @ 4, . TOK CpabaTHIBAHKS 3ALIUTHI B 3TOM CIIy4ae MOKET ObITh PaBHBIM
I, =(0,5....0,6)] ; 1100, (3.7)

Ecnu 3amutel ¢ PHT He cpabaThIBatOT MPU 0OpbIBE TOKOBOM 1I€TIH OJIHOM U3 (a3,
TO B CX€MaX MOXET NPEAyCMATPUBATHCS YCTPOMCTBO KOHTPOJIA, ACHCTBYIOIIEE HA CUT-
HaJI B Clly4a€ HEHCIPABHOCTH TOKOBBIX Lened. Bkitowaercs pene B HyJIE€BOW MPOBOJ
g depeHInaIbHON 3alUThl, TOK cpabaThIBaHUS €ro MPUHUMACTCS
(0.2..03)] 1 g

CPCHUTH ~—
KT

Omnpenenenue mapameTpa cpadatbiBaHus pese audQepeHiinaibHON 3aluThl CBO-
JTUTCS K pacueTy Toka cpabarbiBaHus pesie PHT u 4uciia BUTKOB auddepeHiinanbHOm
0OMOTKH PHT 1O BBIPa)KEHUSM

Iep =15/ Ky, (3.8)

O o pacy =Fep/Iep =FepKy /1y (39)

OKpYIIASA @ ;4 pscy A0 ONMIKAWIIETrO IIEJOTO YMCIA B MEHBIIYIO CTOPOHY, IPHU-

HUMAarOT OKOHYATCJIbHOC 3HAYCHUC @ ;,/,, (CCJII/I Y CJIO0 BUTKOB pa60qel71 OOMOTKH MEHBIIIE

pacyeTHOro, TO UCHOJIb3yeTCs MOCIEA0BaTENbHOE COSMHEHNE paboUueii U ypaBHUTEIb-
HOI 0OMOTOK).

YyBCTBUTEIHHOCTh MPOAOIBbHON AuddepeHnnanbHoil 3auMThl OLIEHUBACTCS KO-
3G UIMEHTOM YYBCTBUTENBHOCTUk,, 3HAUEHHE, KOTOPOIro, COrNacHO ITYD, IOJKHO
ObITh HE MEHEE 2:

kq:](Z) cov! s (310)
rae 1% kv — TOK METATMYECKOTO 3aMbIKaHUSI MEXy JByMsl (ha3aMH Ha BBIBOJIAX Te-
HEepaTopa g OAMHOYHO pabOoTaIOIIEro reHepaTopa.

3.2.2. 3amuTa OT BUTKOBBIX 3aMbIKAHUH B 00MOTKe cTaTopa

3amTa OT TaHHOTO BUJA MOBPEKACHUS JOKHA 001aJaTh BBICOKMM OBICTPOACH-
CTBHEM M UYYyBCTBUTEJIBHOCTHIO K 3aMBIKaHHSIM, HauWHas ¢ oJHOro BuTKa. Hambonee
MPOCTO BBIMOJIHACTCS 3allUTa Uil TeHEPaTOPOB C MapalieIbHBIMU BETBSIMH B OOMOTKE
craropa. B aTom cnyyae npumMensiercst monepeuHas AudQepeHnnanbHas 3amuTa. 3am-
Ta OCHOBaHAa Ha CPAaBHEHHM CYMMBbI TOKOB TpeX (a3 oJHON BeTBH (MHIEKC/ ) ¢ TOHl ke
CymMMoO# apyroit BeTBu (MHACKC /] ):

]AI +[BI +[c1 :3]01;[/111 +[BII +]c11 :3]011-
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CxeMa, oTpaxarouiasi 3TOT NPUHLINI, TpuBeAeHa Ha puc 3.2. B pacceuky coeau-
HEHUs JIBYX HeHTpasiel BKItoyaeTcs TpaHchopmaTtop Toka TA, Kk KOTOpoMy HOJIKIIIOYA-
etcs pene PT-40/® (KA), orctpoenHoe ¢ momotibio ¢puistpa (L, C) OT TOKOB TpeThHUX
M BbICIIMX TapMOHMK. Pearmpyrommii opran pene KA pearnpyer Ha pa3HOCTb TOKOB

HYJICBOM TOCJIEAOBATEILHOCTH 00eux BeTBeH, T.e.l, =31, —3[,,. [lpumeHenue pene

PT-40/® no3BoJisieT HAa OCHOBaHUU OMbITA IKCILTyaTAllMU HMPUHSITH TOK CpadaThIBaHUS

3alIUTBI [ ., =(0,2.....0,3)] ;100 -

TA KAZ

AN
N
@)
_-D_

S

Puc3.2. Ilonepeunas audpepeHimanpaas 3aura.

YuuThiBas OTCYTCTBHE TOKA B HEUTPAJIM U UCXOAS U3 BO3ZMOXHOCTH PETYJIUPOBA-
HUS YCTaBOK pene PT-40/® B npenenax (1,75....1,76) 4, koapdurment tpanchopmanyu TT
BbIOMpaETCs MO YCHOBHIOK, =0,25(1,,,,, /5). Hanpumep, mis reneparopa TB®-60-2
K, =0,25(4125/5)=1030/5. Ilpuaumaem K,=1500/5 ®W TOK cpaOaThIBaHUS peJe
Ip =0.25(1 oy / K7 ) = 0,25(4125/300) = 3,444 .

[Tonepeunas nuddepennuanpuas 3amura o0NagaeT ABYMsS OCHOBHBIMH HeEIOC-
Tatkamu. Bo-niepBbIX, OHa uMeeT "MepTBYIO" 30HY, T.€. HE JECUCTBYET MPU MAJIOM YHCIIE
3aMKHYBUIUXCSI BUTKOB, YTO JUIsl MalllMH OOJIBIION MOIIHOCTH HemomycTumo. Bo-

BTOPBIX, I pCAJIM3allU CAaMOI'0O IMPHUHIUIIA ITOIICPCUY3AIIUTI ABJIACTCS 00s13aTeNBLHBIM

HaJIMYMe BBIBEJICHHBIX M3 KOPIyCa CO CTOPOHBI HEUTPAIM CTATOPHBIX BETBEM KaXIAOU
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¢da3pl. ITO YCIOKHSIET KOHCTPYKIUIO, YBEIUYUBAET CTOUMOCTh M CHIKAET HAJCKHOCTD
reHeparopa.

M3BeCTHBI yCTPOMCTBA 3aIUThI OT JaHHOTO BHJA MOBPEKICHUS, UCIIOIb3YIOIINE
HEYETHbIE TAPMOHHMKH TOKAa POTOpA, YETHbIE TAPMOHMKHU B COUYETAHHUU C OJOKHPOBKOM
OT HamIpaBJIEHUSI MOIIHOCTH 0OpaTHOU mocnenosareabHocTd. Bo BHUHUD, nanpumep,
pa3paboTaHa 3alIUTa, OCHOBAaHHAs Ha BBISIBIICHUU IISITOM FapMOHUKU B TOKE BO30YXk/ie-
HUS [IpU BHYTPEHHEM K.3. JKenaTenbHO UMETh 3allUTY, UCIIOJIB3YIOLIYIO B KAYECTBE HC-
XOJHOW MH(OpMaLMK TOKH U HapPsKEHUS! TOJIBKO C JIMHEHHBIX BBIBOJIOB OOMOTKHU CTa-

TOpa reHepaTopa.

3.2.3. 3amuTa oT 0AHO(A3HBIX 3aMbIKAHUNA HA 3eMJII0 B 00MOTKe

craTtopa

Jlnst BKiTroueHus 3Toi 3auuThl (puc. 3.3) Ha Qa3HbIX BbIBOJAX reHepaTopa, pado-
TaloIIero Ha cOOpHbBIE IIMHBI, YCTAaHABIMBAIOTCS TpaHCHOPMATOphl TOKA HYJIEBOU MO-
CJIeIoBaTeIbHOCTH KabenpHoro (THIT) uiu muHHOTO (THIII) TUma. 3aIuTa BhITOTHS-
ercs ¢ pene PT3-50 (KA1).

TAC

KH2

F } KACHUM  KAHEC -
' —~ —~
|_| KHI
KA2 |—| KH? T_>
|_| |

Puc. 3.3. 3aH.II/ITa OT 3aMbBIKaHUS Ha 3€MJII0O B OOMOTKE c¢raropa.

Kpome 3ToH, Ha reHepaTopax npeayCMaTpUBaETCs TOKOBAs 3alIATA OT JIBOMHBIX
3aMbIKaHUH Ha 3eMJIto (peiie KA2), OHO U3 KOTOPBIX HAXOJIUTCS B 0OOMOTKE TeHepaTopa,
a Apyroe Bo BHemiHed nenu. [loakimroyaeTcst ATa 3ammTa K TeM e TpaHchopmaropam

TOKa W BBITIOJHSETCS ¢ pene PHT. B cxeme mpemycmarpuBaeTcsi OJOKHpOBKa (peie
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KAy » PENE€ KA, ), BBIBOAAIIAS €€ U3 JACUCTBUA NPU BHEUIHUX K.3., COIPOBOXKAA0-
muxcs O00JbIIMMU TOKaMH Hebananca (/,,) ¢unbTpa THII. [Tpu kaGeabHOM BBIBOJE
re’HepaTopa HeOOJIbIIOW MOIIHOCTH /,,, (uimbTpa THII Ma, OJIOKUPOBKa HEe TpeOyeTcs.
[TepBuuHbIil TOK cpaOaThIBaHMs 3aLUTHl [IPU HAIMYUU OJIOKUPYIOIUX DEJiE B
CXeMe€ BBIOMPAETCsI, UCXOS U3 CIEIYIOIINX YCIOBHIA:
® CEJIIEKTHUBHOCTH JICUCTBUSA MPHU BHEITHEM TpeX(Pa3HOM K.3.
Loy = (ke Tk s s i) (311)
® CEJIIEKTHUBHOCTU JCHCTBHS NpPU BHEIIHEM OAHO(MA3HOM K.3. HAa 3€MIIIO, COMPOBOXK-

JAar0OMUMCA 3aMBIKAHUCM MCIKIY ABYM:A (I)a?:aMI/I,

]C3z(l/kB)(k'OTCIC+k"0TCI"HEEJYH)’ (312)
rae /. — yCTaHOBUBIIMMCSA €MKOCTHOM TOK 3aMBIKAHHUS HA 3€MIIIO 3aIMIIAEMOTO

reHeparopa; I, .,y A 1, 5y - NICPBUYHBIN YCTAHOBUBIIMICS TOK HeOallaHCA, COOTBET-

CTBYIOIIHMI TIEPBUYHOMY TOKY CpadaThiBaHus OJOKUpYrOUMX pene (1., ); kyo— KO3d-

(ULHUEHT OTCTPOMKHU OT BHEIIHETO 3aMbIKaHUSI HA 3€MJII0, IPUHUMAETCS] PaBHBIM 2 MpHU
pabote 3amuthl ¢ t=1...2 ¢; k, — koadduiment Bo3Bpara, paBHbiid 0, 94 1715 UCIIONB-
3yeMOro Juamna3oHa yCTaBoOK peie PT3-50.

DTO pacyeTHOE yCIOBHE MPHUHSITO B MPEIIMOJIOKEHUU, YTO B PEKUME PabOTHI ¢
3aMbIKaHUEM Ha 3€MJII0 B KaKOW-TMOO TOYKE CETU T€HEPaTOPHOr0 HAIPSKEHUSI BO3HU-
KaeT 3aMbIKaHWE MEXIy ABYMs (ha3amH, HE OXBaThIBAIOIIUMHU a3y C 3aMbIKAaHHUEM Ha
3€MJTIO BOJIM3U IIIMH CTAHIIHH.

3Hauenust /. JUIsl HEKOTOPBIX TypOOreHepaTopoB NpuBeAeHbI B Tabmauue 3.1, ruj-

poreHepaTopoB B Tabmure 3.2.

Tabauma 3.1
Tun S row U ou EMkocTh a3el 060- | EMKOCTHBIN TOK mpH
TypOoTeHeparTopa MB- A <B MOTKHU CTAaTOpa OTHO- | 3aMbIKaHUU (Da3bl HA
CUTEJILHO 3eMJIU 3EMITIO
CF’ ICaA
MKD | paz
T2-12-2 15 6,3 0,10 0,34
TBC-30 37,5 6,3 0,18 0,615
TBC-30 37,5 10,5 0,18 1,025
TB®-60-2 75 6,3 0,204 0,7
TB®-60-2 75 10,5 0,174 0,99
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Tun S vom U ow Emkocth (a3er 06- | EMKOCTHBIN TOK mpu
TypOoreHeparopa MB- A <B MOTKH CTaTOpa OTHO- | 3aMbIKaHUM (ha3bl Ha
CUTEJIBHO 3eMJIU 3EMJTIO
CF’ [CaA
MrD [ a3
TB®-60-2T 68,75 10,5 0,204 1,16
TB®-100-2 117,5 10,5 0,24 1,37
TB®-120-2 125 10,5 0,243 1,385
Tabnuma 3.2
Tun S wom U om EMKkocTh (a3 EMKOCTHBIN TOK
TUJpOTeHEpaTopa MB- A 0OMOTKH cTaTtopa | IpH 3aMbIKaHUU
OTHOCHUTEJIbHO (da3sl Ha 3eMJTIO
3eMJIN I.,A
c,,
Mr®D/ a3
CB-546/90-60 15 6,8 0,26 0,89
CB-750/75-40 27 10,5 0,31 1,77
CB-655/110-32 44 10,5 0,35 2,0
CB-1050/120-68 50 10,5 0,64 3,66
CB-1250/170-36 68,75 13,8 0,97 7,3
CB-1160/170-72 90 13,8 0.83 6,25

Jlnst Apyrux reHepaTopoB MpU ONpPEAesIeHUH /. MOTYT OBbITh UCIOIb30BaHbI MPU-

OJKeHHBIE (POPMYJIBI:

ISl mypbozeHepamopos
kSFHOM

r

1,2JU 1 ous (14 0,08U 1 6,)

(mxD/hasz),

(3.13)

TA€ S, 0, — MOITHOCTh T€HepaTopa B MB- 4 ; k =0,0187 npu Temmeparype (15...20) °C;

IUISL 2UOPO2EHePAmopo8

4/3
kSFHOM

" 3(U, oy +3600)0"

r7Ie n — 4acToTa BpallleHus1, 00/MHH.

(3.14)

Cnenyer nmpuHMMaTh BO BHUMAaHME INpU pacuerax, uyro comportusieHue peine PT3-50

Ipn HU3MCHCHHUMN €TI0 YCTAaBKU Cpa6aTBIBaHI/I$I MCHJACTCA B MMHUPOKHUX IMpCAcaax —

(103...12) Om.
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[lepBuunble TOKM HeOanaHca [,,,.,,, BXojsdmue B BelpakeHus (3.11) u (3.12),
BBIYHCIISIFOTCSI YePE3 BTOPUYHBIC TOKH:

IHEB:IHEHECB—’_IHEHOHMB > (315)
T7€ 1,05 — COCTABIISIIONIAS, OOYCIOBIEHHAS HECUMMETPUIHBIM PACIIONIOKECHUEM TIep-
BuuHbIX 00MoTOK HTIIII OTHOCHMTENBHO BTOPUYHOH OOMOTKHM; [,4,0m; — COCTaB-

Jsromiasd, 06YCJ'IOBJ'I€HH3.}I HECUACHTUYHOCTBIO JIBYX CCPACUHHUKOB TT, HCIIOJIB3yCMbIX
JJIA BBITIOJTHCHU A 3alllUThI,
klkEHEHEC

2
ZS HAM + ZP

(3.16)

IHEHECB =

rae E,;uc — 93.4.C. HebajlaHca, HaBouMasi BO BTOpUYHONW 00MOTKe TT B HOMUHAJIBHOM
peXuMe U 00yCIOBIEHHAs HECUMMETPHUYHBIM PACcOJI0KEHHUEM TOKOMPOBOJIOB OTHOCH-
TEJIbHO BTOPUYHON OOMOTKU; Z.,,,,,,, — DKBUBAJIEHTHOE CONPOTHUBIICHNE HAMAarHU4MUBa-
HUS, IPUBEJIEHHOE KO BTOPHUYHON OOMOTKE; Z, - CONPOTUBIICHUE PETE; k, - Kodhduuu-
€HT, YUUTHIBAIOLINI YBETUYECHUE E, . 3@ CUET pa3MeuleHHs] TpaHCHOPMATOPOB TOKa
THITII B 3aKpBITHIX MIUHOOJOKAX (k, =2,5); k - KO3 PHUIMEHT, MPUHUMAEMbIH PaBHBIM
1, 4 npu onpenenenun /., 1o BbipaxkeHuto (3.11) u paBubM 1, 05 npu onpeneneHun

1., 1o BeIpaxkeHuto (3.12);

IHEHO[ZMB :EHEHOLZM /ZP7 (317)
ra€ E,spon — 9.1.C. HeOanaHca, HABOJAUMas BO BTOpHYHON 0OMoTKe TT, 00ycCIIOBIIEH-
Hasl HEUJIEHTUYHOCTBI0 MarHUTOIIPOBO/IOB.

Takum 00pa3oM, CyMMapHbI BTOPUYHBIM TOK HeOallaHCa PAaCCUUTHIBAETCS TIO

JBYM CIIEIYIOLIM BBIPAKCHUSAM:

k kE E
iy = 1 HBE HEC + HEB 11O/IM (318)
ZBHAM +ZP ZP

IIpu CHATOM IIoAMarHu4MBaHU N
Lyss :klkEHEHEC /ZP (319)

[Ipy cHATMM NOAMArHUYMBAHUS CONPOTUBIICHUE BETBU HAMArHUYUBAHUA Z ., 5

TT PE3KO CHMIKACTCA B CBA3HM C TCM, UYTO aMIICP-BUTKH IMOBPCKICHUA 3HAYHUTCIIBHO

MEHBIIEC aMIIEP-BUTKOB IOJMAarHM4uBaHus, Z,,,, , CTAHOBUTCS 3HAYUTEIBHO MEHBIIE
Z,, C 1OCTaTOYHON TOYHOCTBIO MOKHO NPUHATE Z 5 = 0.

OxoHYATEIBLHO 3a pvaeTHBIﬁ IMPUHUMACTCA OOJBIINHN U3 TOKOB, BBIYHMCJICHHBIX
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o BeipakeHusM (3.18) u (3.19). IIpu nepexojsie oT BTOpUYHBIX TOKOB Hebanaunca /,, ,,

paccmotpenHbix 110 (3.18) u (3.19), k nepBuuHbIM, BxoasuwmM B (3.11) u (3.12), cieny-
€T YYUTBHIBATh, YTO COOTHOIIICHUE MEXAY HUMU PAaBHO COOTHOIIEHUIO MEXIY TOKaMHU

Cpa6aTBIBaHI/I}I PpECiI€ U TOKOM Cpa6aTLIBaHI/IH 3alIUTBI 1 OIIPCACIISACTCA BEIPAKCHHUCM!

I 1 1
HEB _Zer o , (3.20)
IH 1914 103 Zp
@yl 1+
O HAM
I7I€ @, - YUCJIO0 BUTKOB BTOPUYHOM 0OMOTKHM THIIILLI.
Torna Tok cpabaTeiBaHUS pelie
I., (3.21)

Ie, =

V4
oyl 1+ L
Z3HAM

OcCHOBHbBIE TEXHUYECKUE JaHHbIE 3auThl ¢ THITII npuBeaeHb B Tabauie 3.3.

Coenunenne TypboreHepaTopoB MOITHOCTEIO (60...120) MBT co cOOpHBIMU 111U-
HaMU BBITIOJIHIETCS 3aKPBITBIMU 3KPAaHUPOBAHHBIMU MMO(a3HBIMU TOKOIPOBOJIAMHU, a
tpancdopmatopsl Toka THIIII pazmemarorcs B KoMIIeKTHOM muHOO0KE. [Ipu aTOM
3HAUUTEIHLHO BO3PACTAIOT TOKM HeOajaHCa OT HECUMMETPUYHOTO PACIIONIOKEHUS OIIU-
HOBKU. [loaTomy nmst obecriedeHust HEOOXOUMON YyBCTBUTEIIBHOCTH 3alUTa OT 3aMbl-
KaHWI Ha 3€MJIIO I T€HEPATOpPOB MOIIHOCTHI0 60 MBT BhImonHseTcss 6€3 KOMIIEHCa-
IIUU COOCTBEHHOTO €MKOCTHOI'O TOKa FeHeparopa B IenH TpaHchopMaropa Toka U 7, B
1enu pene, a 1y reaepatopos (100...120) MBT — ¢ koMmnieHcaleit cCOOCTBEHHOTO TOKa
reneparopa B nenu THIIII.
3awuma HY1€601 nOcCi1e006amenbHOCMU OmM O0BOUHBIX 3AMbIKAHUI HA
3eMJII0 JIOJDKHA OBITh OTCTPOEHA OT MAaKCMMalIbHO BO3MOXKHOTO TOKa, MPOTEKAIOUIErO
4yepes3 3alluTy MPU BHEIIHEM K. 3. B COOTBETCTBUM C 3TUM YCIOBHUEM, YUYHUTHIBAs, YTO

3alluMTa BBIIIOJTHCHA oe3 BBIJICPKKHM BPEMCHHU, HCpBPI‘IHBII‘/’I TOK Cpa6aTBIBaHI/I}I ¢ 00JIb-

1M 3aI1aCOM MOYKET OBITh IMPUHST Loy =100 o [Ipu 3TOM OOecreunBarOTCs HaJleKHas

OTCTpOﬁKa OT TOKOB IIPHM BHCIIHHUX K.3. U BBICOKAs YyBCTBUTCIBbHOCTL K I[BOﬁHBIM 3a-

MBIKaHUSM.
Tao6numa 3.3
Tun rpancdopmaropa Toka THIIII-3 THIIHI-3Y
HomunanpHO€ HanpsbKeHue U sou , KB 6,3 6,3
10,5 10,5
15,75
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HoMUHATBHBIH TOK . Hom , KA 4,5 7.2
Ilenr nmoamarsu- | HomunaneHOE Hanpsbkenue | 110 110
YHBAHMS Uwow B
[Torpebsiemast MoutHOCTE, B-A | 30 35

ConpoTuBiieHHEe HaMarHu4yuBaHus, npuBeneHHoe K | 0,0066 0,0066
NEPBUYHOMN LIETIH Zstavi , OM
ConpoTuBiieHME HaMarHW4YvMBaHUsl, puBeAeHHOE KO | 10 10
BTOPUYHOU LIEMH
Z s = L opanar w's , OM
3.a.c. Hebamanca Bo | Ot noamaranyuuBa- | 100 100
BTOPHUYHOM 1enu, MB p— E vsnoau

Ot HecummeTpuyHoro pac- | 100 150

MOJIOKEHHUSI  TOKOIPOBOJOB

(Ipy  HOMHMHAJIBHOM  TOKE)

EHEHEC, MB
Janubsie THITIIT Uuciao BUTKOB BTOPUYHOM | 39 39

o6motku s
Tun pene PT3-50 PT3-50
ConpoTuBIieHHE pelie Zr, Om 45 45
[Tapametpsl 3amuThl | [IpunsTeiidi auana3on ycra- | 0,015... 0,015...
OT 3aMbIKaHUW Ha 0,3 0,3

3CMIIIO

BOK cpaOaThIBaHUsI pejie Ler,
A

OO6byHO B cxemax ucnoib3ytorcs peie PT-40/2. Ilpu Gonplinx 3HaYEHUSX TOKa IO-

BPCKACHUA JIs1 IMMOBBIIICHUA HAAC)KHOCTHU ,Z[GI‘/’ICTBI/I}I CJIeayeT NpUMCHATL PECJIC C HACKHI-

HIAIOIIMMCS TPAHC(POPMATOPOM TOKA.

3.2.4. 3amuTa OT 3aMbIKAHHUN HA 3eMJII0 B 00MOTKE BO30YyKIACHUS

Ot 3aMBIKaHUS OOMOTKU B036y}KI[eHI/I}I Ha 3CMJIIO B O,HHOﬁ TOYKC HCIIOJIB3YCTCA
3amura tiuna K3P-3 ¢ HaJIO)KEHUEM Ha LENb B036y}K,IICHI/I}I NMCPECMCHHOI'O HAIIPAKCHUA

gacToTo 25 'l 1 U3MEpeHneM aKTUBHOTO TOKA, ONPEIEIseMOro BEIMYMHOUN COIpo-

THUBJICHHUA NU30JI10HUHN HCHGFI B036Y)KI[CHI/I$L
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Puc.3.4. 3ammra tuna K3P-3.

brnok-pene K3P-3 (puc. 3.4) COCTOMT U3 HECKOJBKHX OCHOBHBIX 3JIEMEHTOB.
M/IY - MarHuTHBIN JEIUTENh YaCTOTHI, TIOJyYaeT MUTAHUE OT CETH COOCTBEHHBIX HYXKT
(c.H.) mepeMeHHbIM TOKOM C f =507y . Ha BbIX0oJe ero nojiy4aercs ToK ¢ f =257y, Uc-

HOJIBBYCMBIfI JJIs1 HAJIOKCHHA Ha IICIIb B036y}K,IICHI/I$I 4qcpe3 BCIIOMOI'aTCIIbHOC YCTpOﬁ-
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ctBo (BY) u B cxeme 3amutel. BY conepxut yacToTHbIe (DUIBTPHI, 3AMUPAIOIINAEC IS
BBIXOJla B 3alUTYy CJlararoliue HampspkeHus f =50,150,300/y, KOHACHCATOPHI, OTAE-
JSIONIME 1eNU BO30OYXKACHUS OT 3alUThI, Pa3psAHUK, 3AIIUIIAIONIUNA U3MEPUTEIbHBIC
LIETIM 3aIlUTHl IIPU NOSIBJICHUM NEpeHanpshkeHns Ha Bbixone BY. BY npumensercs na
reHepaTropax, UMEIOIIUX BEICOKOYACTOTHOE UM TUPUCTOPHOE BO3OYKICHHE.

UTo0BI 3a1MTa pearupoBajia Ha U3BMEHEHHE COMPOTUBIICHUS U30JIALIMH, Ha €€ U3-
MEPUTENIBbHBIA OpraH JO0JKHA MOAABATHCA TOJIBKO aKTHMBHAs COCTABJISAIOLIAs HAJIOXKEH-
HOTO TOKa. JIJis ee BBIIETICHUSI UCIIONIB3yeTCs (ha30uyBCTBUTEIbHAS CXEMa, COCTOSIIAS
u3 nuonoB VD2...VDS5 u GamnactHeiX pe3uctopoB R6...R9, Ha koTOpyIO Moal0TCs Ha-

noxxeHHbI TOK TT TA u Hanpsokenue f =257y ot BropuuHoi oomotku MIAU. Cpen-
Hee HanpsbKeHUE Ha BbIxoJie (ha304yBCTBUTEINBHOU CXeMbl U,,, ~ [cosp (@ — yroa Me-

KAy HAJIOXXEHHBIM TOKOM M CO3JAIOIIMM €ro HampsbkeHueM). Pe3ynbrar cpaBHEHUs
ATOr0 HAMPSKEHUS C ATATOHHBIM, MMOJIYYa€MbIM OT ACJIUTENS HapsLKeHUs (PE3UCTOPhI
R12, R14, R16, R18, R22), nomaetcs Ha 4YyBCTBUTEJIBHOE MAarHUTORJICKTPUIECKOE pelie
KA. Yepes ero KOHTakT 3aMbIKaeTcs Lenb npomexyrounoro pene KL1, 3amyckaromiero
pene Bpemenu KT, neiicTByroliero Ha curai (MM OTKIIOUEHHE) Yepe3 BBIXOJIHOE pelle
KL2.

OCHOBHBIM HEIOCTATKOM 3aILUTHI SIBJISIETCS HEAOCTATOYHAS YyBCTBUTEIBHOCTb,
0OyCJIOBJIEHHAs €MKOCTbIO II€MU BO30YXKIEHUSI OTHOCUTEIBHO 3€MJIM, IIYHTUPYIOUIEH
NEPEXOTHOE CONTPOTUBJIEHNUE B MECTE MTOBPEKICHUS.

OnacHOCTh 3aMBIKaHHsI BO BTOPOW TOYKE OMpENEIsieT HEOOXOIUMOCTh OBICTPO-
JNEUCTBYIOIIEN 3aIIUTHI OT 3TOr0 BUJA NOBPEXKACHUS, ACHUCTBYIOIIEH HA OTKIIOYEHHE
reHepatopa. Ha puc. 4.5 nokazaHa cxema Tako# 3alUThl, IPUMEHIEMON B OT€UECTBEH-
HOM MPAKTUKE, — KOMIUIEKTHOE ycTpoiicTtBo K3P-2.

CxeMa 3alMThl MPEJCTaBISET COOON YEThIPEXIICYHbIA MOCT, B IMaroHaidb KOTO-
poro BKIIIOUeHbI pearupyroiue opranbl (pene KV1 u KV2). [lneuamu MocTa SIBASIOTCS
COTIPOTUBIICHUSI OOMOTKH BO30YKJIEHUS, Pa3JCJI€HHON MECTOM MEPBOr0 3aMbIKaHUS Ha
3€MJII0, U CONPOTUBIICHHS TOTEHIMOMETPOB YCTPOMCTBA 3aUThI. [lepen BBogoOM 3amu-
Thl B pabOTy MOCT ypaBHOBEIIMBAECTCS U3MEHEHHMEM IOJO0KEHUS JBUYKKA MOTEHIUO-

MeTpa (KOHTPOJIUPYETCsl HACTPOIKa MO BOJILTMETPY V).
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PHcyHoK 3.5.3amra tHma K3P-2

[Ipy mosiBIEHUM 3aMBIKaHUS HA 3€MJIK0O BO BTOPOM TOYKE PABHOBECHME MOCTA Ha-
pyuiaetcsi. Eciiv TOK, NOABISIONIUICS B JUATOHAIM, TPEBBIIIAET TOK CpadaThIBaHUS, TO
Oynet neiictBoBaTh noJisipuzoBanHoe pene KV1 m6o KV2 B 3aBucumMocT ot TOTO, K
KaKoMy M3 MOJIOCOB OKAKETCS BTOPOE 3aMblKaHue Onrbke nepsoro. i npenoTBpaiiie-
HUSL UBJIMIIHUX CcpadaTbhIBaHWM 3alIUThl MPHU MEPEXOIAIIMX 3aMbIKAaHHUAX BO BTOPOU
TOYKE U B YCIIOBUSX NEPEXOIHBIX MPOLIECCOB 3aIINUTA IEUCTBYET C BBIAEPKKON BPEMEHU
(0, 5...1) ¢, ycranaBnuaemoii Ha pene KT.

3.3. 3amuTa reHepaTOPOB OT BHEIIHUX KOPOTKHUX 3AaMBbIKAHUN U

neperpy3ox

OT Takoro BUJa MOBPEXKICHHM, KaK MPABUIIO, PACCMATPUBAKOTCA CIEAYIOIINE TH-
ITbI 3AILNT:

® 3aI[UTa OT BHEIIHUX CUMMETPUYHBIX KOPOTKHUX 3aMbIKaHUIA;

® TOKOBas 3allliTa 0OPaTHOM MOCIEA0BATEILHOCTH;

® 3aIllMTa OT MEeperpy3ku 0OMOTKH CTAaTOPa;

® 3alIUTa POTOPA OT MEPETPY3KU TOKOM BO3OYKICHHS.

3.3.1. 3amuTa OT BHEIIHUX CUMMETPHUYHBIX KOPOTKHX

3aMbIKAaHUM

OTtaenbHas 3amUTa OT 3TUX MOBPEXICHUN MPETyCMaTPUBAETCS HA FE€HEpaTopax

MoIHOCThI0 60s1ee 30 MBT. OHa npencTaBigeT co60it MakCUMaIbHYIO TOKOBYIO 3allli-
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Ty ¢ MUHMMAJIBHBIM ITYCKOM MO HamnpspkeHuro (puc. 3.6). 3ammra BBIIOJIHAETCS C IO-
MOILBIO OJHOrO0 TOKOBOro peie KA, BKIIOUEHHOro B OfHY U3 (a3 TpancpopmaTopoB
TOKa CO CTOPOHBI HYJIEBBIX BBIBOJOB I'€HEpATOpa, U OJAHOIO MHHHMMAJIBHOIO PEJie Ha-
npspkenns KV, noaximouenHoro Ha MexaydasHoe HampsbkeHue TpaHcdopmaTopa Ha-
NPSOKEHUS, YCTAHOBIIEHHOIO HA BBIBOJIAX I'E€HEpATOpa B LIEJSAX OTCTPOMKH OT BO3MOXK-

HBIX MIEPETPY30K.

+ KA KV KT |—
TV |
| T KTI ;
KT2
JL > 2

\I 3

]

v

v

J K opyeum
T4 g EJ 3auumam KV
Al | |
! —— > Oom1V

Puc.3.6. MakcumMaiibHasg TOKOBas 3allnTa.

Uepes pene Bpemenn (KT) 3ammra 1eiicTByeT Ha OTKIIIOUEHUE CEKIIMOHHOTO BbI-
kirovatens 1, Ha otkimouenue reueparopa u AI'TI2, a yepe3 konTakT KA.2 Gnokupyer
3aIIMTY OT 3aMbIKaHUS Ha 3eMJTIO 3.

J171s1 IOBBIIIIEHUSI YYBCTBUTEJIIBHOCTH M BO3MOXKHOCTU JAJIBHETO PE3EPBUPOBAHUS
Ha CTOPOHE BBICHIETO (CpE/IHEro) HampshKEeHUs TpaHchopmaTopa CXema 3allUThl MOIII-
HOTO OJIOKA JOTIONHSETCS €IIe OJHUM pelie HampshkeHus, noakiarouerHoro k TH cto-
POHBI BBICIIETO (CpemHero) HanpsbkeHus. KOHTakThl 000MX pesie HampsoKeHHs BKITF0Ya-
I0TCS MapajuIeNbHO.

[lepBryHBI TOK cpabaTbIBAHMS 3aLIUThI IPUHUMAETCSA
Ies =k oredrpou s
e k,, =1,3...1,4 — KO3PPUIIUESHT OTCTPONKH.
Toxk cpabateiBanus pene (PT-40)
Iep=1Icy/Kyp,
rae K, — ko3ddunuent tpancopmarmu TT.

HanmeeHHe Cpa6aTLIBaHI/I}I 3alIUTBI ONPCACIIACTCA, HCXOAd M3 YCIOBUA OT-
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CTPOWKM OT peXkuMma caMo3allycka ABMrareneil (A reHepaTropoB, pabOTaIOUIMX Ha
cOOpHBIEe HIMHBI), 00ecrieueHus] BO3BpaTa peje Mocje OTKIYECHUs BHEIIHEro K.3., OT-
CTPOMKH OT HampsHKEHUSI B aCHHXPOHHOM peXHME IpU MoTepe Bo30yKAeHUs TypOore-
HepaTopa.

CornacHo YD, MEepBUYHOE HAIpPsHKEHHUE CPaOaThIBAHUSA 3aIUTHI OOBIYHO IPH-

Humaercs [1] U, =(0,5...0,6) U,.,,,,, 175 TypoboreHepatopoB u U, =(0,5...0,7) U ., IS
TUAPOTEHEepaToOpoB, a ycraBka pene U.,=U.,/K,, tne K, koshduiueHTt tpancdop-

maruu TH. [l oOecriedeHns CeJIeKTUBHOCTH 3aluTa paboTaeT ¢ BBLACPKKOM BpeMEHH,

BbIOMpaeMoi 1o cryneHyaTomy npuHiuny. O6s4HoO 7., (3...5)c u 6oee.

UyBCTBUTEIIBHOCTH 3aIlIUTHI JOJKHA MIPOBEPATHCS MO Tpex(da3sHOMY K.3. B KOHIIE
30HBI PE3epPBUPOBAHUsS (HAMPUMEpP, 3a TMOBHIMIAOIIUM TpaHchopMmaTopoMm). UyBCTBH-
TEIBHOCTh 3aIIUTHI MO TOKY JOJDKHA €IIe MPOBEPATHCS U MPH Tpex(a3zHOM K.3. HA BbI-
BOJax reacparopa:

ky,=1%/1.,, (3.22)

rae k,,— Ko3QQPUIMEHT 4YyBCTBUTEILHOCTH IO TOKY (OJKEeH OBITh HE MeHee 1,5);

I[®x — TOK B MECTE YCTAaHOBKH 3alUTHI MPH TPeX(a3HOM K.3. B PACUETHOUN TOYKE IS
MOMEHTa BPEMEHHU, COOTBETCTBYIOIIETO BBIJICPIKKE BPEMEHH 3aIlIUTHI.

JI71st MUHUMAJIbHOTO Pelie HAPSHKEHUS

ky,=Ucq3 /Uy, (3.23)
rae k,,— K03(QOUIMEHT YyBCTBUTEIBHOCTH M0 HAMPSHKEHHUIO (JIOMKEH ObITh HE MEHEe
L,5);

U, — MexnyhazHoe HAPsHKEHHE B MECTE YCTAHOBKHU 3aIllUThI MpH Tpex(dazHoM meTall-
JIMYECKOM K.3. B KOHIIE 30HBI PE3ePBHUPOBAHHSI.

PaccMmoTpenHas 3amuTa B psijie Clly4acB UMEET HEBBICOKYIO YYBCTBHTEIBHOCTh K
MOBPEKICHUSIM Ha CTOPOHE BBICIIIETO HAMPSHKEHUs TpaHchopmaTopa Oiioka. Kpome To-
ro, BpeMsl ee JICHCTBUsI OKa3bIBACTCS HEAOMYCTUMO OOJBIIAM JIJIsi COBPEMEHHBIX MOIII-
HBIX TeHepaTopoB. Bo3HMKaeT MOTPEOHOCTh YCKOPCHHUS NSHCTBHS 3aIlUTHI MPU TPH-
OJIMKEHUH BHEIIHETO K.3. K TeHepaTopy.

YD peKOMEHIYIOT Ha OJIOKax C TeHepaTopamu MOITHOCThIO 60 MBT u BbIIIE
BMECTO yKAa3aHHOW TOKOBOH 3all[UThl MPUMEHSATh OJHOCTYIIECHUATYIO TUCTAHI[MOHHYFO
3aIlUTY, BBIMOJHIEMYIO C KCIOJIb30BAHHEM OJIHOTO M3 TPEX pejie CONPOTHBICHUS B

os1ok-penie KPC-2. 3anura BKJIFOYAeTCs Ha Pa3HOCTh TOKOB [, — I, TT, yCTaHOBJIEHHBIX
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CO CTOPOHBI HYJIEBBIX BBIBOJIOB I'€HEPATOpPA M HANpPsKEHUE [/ . BTOPUYHOM memnu TH,

YCTaHOBJIEHHOTO Ha (h)a3HBIX BBIBOJIAX T€HEPATOPA.

CxeMa BKJIIOYEHHUS JUCTAHUMOHHOW 3alUThl NpuBeneHa Ha puc.4.7. IloctosH-
HBIM TOK Ha Onoke-pene KPC-2 mogaeTcsl yepe3 KOHTAKT aBTOMaTHYECKOTO BBIKJIFOUATE-
75t SF BO BTOPUYHBIX IENsAX TpaHcPopMaropa HampsbkeHus TV. Uepe3 KOHTaKThl pelie
BpeMeHU KT u ykazareinbHoe pesie KH1, KH2 nogaroTcs Lenu Ha OTK/IKYCHUE I'eHepa-
TOpa OT ceTH 1, Ha rameHue noyus u ocraHoB Oioka 2. Kontakrom KL1 3amura BbIBO-
TUTCS U3 ACUCTBUS IIPU UCUE3HOBEHUS TOKA T'€HEPATOpa.

ConpoTtuBiieHHE cpabaThIBaHUS 3alUTHI C pejie, UMEIOLUM KPYrOBYIO XapakTe-

PUCTHUKY, OIIPCACITIACTCA 110 BBIPAKCHUIO

ZHAFP

o [kOTC kCos (@MIN ~ Pyarp )] ’

rae k. - kKoadduuuent orctpoiiku, paBHbl 1,2; k, - K03 PUIIEeHT BO3BpaTa,

(3.24)

paBHsIii 1,05;

@,y - YTOI MAKCUMAITBHOM TyBCTBHUTEIILHOCTH, PEKOMEHIyeTCs puHUMath 80° ;

@urp - YTOJI HATPY3KHU.

+ —
v SF SF . KT
T y i L
I o— b KL1
T c AK(KPC—Z) _[ KT
T C’\) AK(KPC-2 KHI
Sl To | T KTI ;
LJ | K opy- KH?2 D
TA —% eum LI KT2D »>2
3 S|
p MaMm Hi Ha cuenan

Puc. 3.7. Cxema BKJIIOUEHUS QUCTAHIIMOHHOMN 3AIUTHI.

VYros Harpy3kd MOKET OBITh ONpPENENIEH U3 YCIOBHS, YTO AKTUBHAs Harpys3ka

P, ,» OCTaeTCs PaBHOM HOMUHAJIbHOM.

B ornocurenbubix eauHuuax P, = Pryou /S rrom = CoS@pon -

[Ipn noHmwxkenHom HanpsokeHuu U,y =0,95u Cosg,,,, =085 TOK aKTHBHBIN
paBeHn [I,, =P, /U,y =0,85/0,95=0,896. Ilpu stom Cosg,,, =0,896/1,5=0,597 un

0
@p =353 . YCTaBKa Ha pelie pacCUuThIBaeTCs 1o popmylie
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K
Zcp :ZC3( %{Hja

rae K, - koapduuueHT tpanchopmaiu TpaHcpopmaTopa ToKa,
K, - k03(pduueHT TpaHcGopmaiui TpaHchopmMaTopa HampsKEHHsI.

3amuTa BBINOIHIETCS C ABYMS BbIJEPKKAMU BPEMEHU ISl OJIMKHETO U JIaJIbHErO
pEe3epBUPOBAHUSL.

st renepatopoB MOIIHOCTBHIO A0 30 MBT OT BHEIIHUX CUMMETPUYHBIX U He-
CUMMETPUYHBIX K.3. UCIIOJIB3YETCS MaKCHMallbHAs TOKOBAs 3alluTa ¢ KOMOWHHPOBAH-
HBIM ITyCKOM IO HANpPsI)KEHUIO, MPUHIMIIMAIIbHAS cXeMa KOTOPOM NpPUBEJIEHA Ha PUC.
4.8/a, 6/. Ona BeimosiHsieTcss Tpems peie Toka KA1, KA2, KA3, kaxnoe U3 KOTOPBIX
BKJIFOYEHO Ha TOK (ha3bl, OJHUM MHUHUMAJIbHBIM DeJie HaIpsKEHUs, BKIIOUEHHBIM Ha
nuHenHoe Hanpsbkenne KV2, u onHuM puinbTpom-pesie HanpsbkeHus oOpaTHOM mocie-
nosarenbHOCTH KV1, paspeiBaromyM 1ellb MUHUMAJIBHOTO PEJIe HANPSKEHUs IPU He-
CUMMETPUYHOM K.3. [locimenHee 3ampIkaeT CBOM KOHTAKT M Pa3pellaeT TOKOBBIM peiie
JeHCTBOBATh Ha OTKIt0YeHUE. OTHOBPEMEHHO OJIOKMPYETCS 3aluTa OT 3aMbIKaHUS Ha
3eMIIIO.

[lepBuuHBI TOK cpabaThiBaHUS M HaANpsDKEHUE cpadaThIBaHUS MUHHUMAJIbHOTO
pesie HaNpPSKEHUST PACCUUTHIBAIOTCS TaK ke, KaK B 3aIUTE OT BHEITHUX CUMMETPUYHBIX
K.3. TEHEpaTOpOB MOIIHOCTHIO Oosee 30 MBT.

Hanpsixkenue cpabaTbiBaHUs YCTpOWCTBA (PruibTpa-pelie HampsbKeHUs: oOpaTHOM
MOCJIEIOBATENBHOCTU /JI1 O00€CleueHus: OTCTPOMKM OT HAmpsyKeHUs HebanaHca Hop-
MaJbHOTO PeXHMa MPUHUMAETCS MO JAHHBIM JKCIIEPUMEHTOB M OIbITA SKCILTyaTalluu
cornacho 11YD U, =(0,1....O,12)U 1oy - JYBCTBUTEJIIBHOCTD 3aILIUThI IIPOBEPSIETCS T10 Ka-
KIOMY Oprany, AJjig pene Toka no (3.22), rue /, - NepBUYHbINA TOK B (Da3ax B MECTE yC-
TAHOBKHU 3al[UThI MPHU METAJUIMYECKOM K.3. B KOHIIE 30HbI PE3€PBUPOBAHUS B BUJE KO-
POTKOTO 3aMbIKaHUs1, 00YCIOBIMBAIOIIETO TPOTEKAHUE Yepe3 3aIUTy HAMMEHbBIIUX TO-
koB. [Ipn mpoTexkaHuu Mo OTAENBbHBIM (DazaM pPA3TUYHBIX TOKOB YUHUTHIBAECTCS HaM-
OOJBIINI U3 HUX.

JI1si MUHUMAJTBHOTO pefie HanpspKeHUs KO3G(UIIMEHT YyBCTBUTEIBHOCTH OIpe-
nemnsiercs o (3.23), a [y ycTpoicTBa (GuiIbTpa-peie HanpspDKeHHsT 00paTHON MOCTen0-

BaTENBbHOCTH kyy, =U,, /U, , TOE U,, - HaIpsDKEHUE OOpaTHOM MOCJIEN0BATENbHOCTH B

MCCTC YCTAaHOBKH 3alIUTEI IIPHU METAJNIMYCCKOM K.3. B KOHIIC 30HbBI pE3CPBUPOBAHUS AT

pacdCTHOro pCKruMa U BUaa K.3.
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Puc. 3.8. IlpuniunuanbHas cxemMma MaKCUMaJIbHOM TOKOBOM 3alIUThl C KOMOMHUPOBAH-

HBIM ITYCKOM I10 HAITPAKCHULO.

3.3.2. ToxkoBast 3amuTa 00pPATHOMH MOCAEAOBATEJBHOCTH

K 3amure npenpsaBistoTcs TpeOOBAaHUS MHTErPAIbHOCTH, T.€. OHA JOJKHA CyM-
MHpOBAaTh /,,At 3a BECh MEPHOJ CpabOTABIIETO COCTOSHUS €€ MyCKOBBIX OPraHOB U OT-
KIII0YaTh Te€HepaTop, ecnu X/ At nmocturaer 3HadeHuss A. Kpome Toro, B Xapakrepu-
CTHKE 3aIlIUThl HEOOXOIMMO YUUTHIBaTh IPEIBAPUTENIBHBIN HArpeB POTOpPa TOKOM /,.

DTO 3HAUUT, YTO TOCIE cpabaThiBaHUS M IMOCIEIYIOIIETr0 BO3BpaTa 3alldTa HE cpasy

cOpacbeiBana Obl TIpeIBapUTEILHO HAOpaHHOE BpeMmsi, a mocreneHHo "octhiBana'. Cko-

pocTh ee "ocThIBaHUs" JOJKHA MPUOIMKATHCA K CKOPOCTH "OCThIBaHUS" poTOpA.
JIUTenbHO JOMYyCTUMBIE TOKM OOpaTHOM MOCIENOBAaTENbHOCTA ISl TypOO- H

TUIPOT€HEPATOPOB COCTABIISIIOT COOTBETCTBEHHO (5...7) 1 10 10% OT HOMHHAJIBHOTO.

36



3ammra Opu 3TOM AEMCTBYET Ha CUTHAJ, U 3a BpEMs, TOIYCTUMOE IO TEIUIOBOM Xapak-
TEPUCTUKE TeHEepaTopa, MEPCOHAN JOJDKEH OOHApYX UTh U OTKIIOUUTH HUCTOYHUK He-
CUMMETPHUU WK pa3rpy3uTh renepartop. [lpu Gosplux neperpy3kax 3amura OTKII0Ya-
€T TCHEepaTOp OT CUCTEMBI.

B nacrosiiee Bpemsi Ha reHepaTopax ¢ HEMOCPEACTBEHHBIM OXJIaXKIEHUEM 0OMO-
TOK B 3aBUCUMOCTH OT MX MOIIHOCTH M THUIIA DKCIIYaTHUPYETCSI HECKOJIBKO BapUaHTOB
MCIIOJIHEHHUS 3alIUTHI MO0 TOKY OOpAaTHOM IMOCJEI0BATEILHOCTH C UCIIOJIb30BAHUEM B Ka-
YEeCTBE MTyCKOBBIX OPTaHOB pejie Toka o0paTHOM nocneaoBaTebHOCTH. OOIIMM 3JIEMEH-
TOM JJIS BCEX O3THUX pelie SBIACTCS (QWIBTP TOKa OOpaTHOM MOCIIECIOBATEIHHOCTH
(@TOID).

Ha reneparopax momtHocThio (60...200) MBT npuMensieTcs Tpex WU 4eThIpeX-
CTyINeHuYaTas TOKOBas 3auuTa oOpaTHOM MOCIEIOBATENbHOCTH C HE3aBUCHMBIMU BbI-
nepkkamu BpeMmeHu (pucyHok 4.9). B cxemax 3alUTbl UCHOJIB3YIOTCS (DUIBTPBI pelie
PT®-7/1 (AKJ1) 1 PT®-7/2 (AKJ2), BKIIFOUAOIINE B ceOs IPOMEKYTOUHBIE TpaHCHOpMa-
TOPBI TOKa, aKTUBHO-€MKOCTHBIN ®TOII, cXeMy M3MEpEHHUs: TOKOB 0OpaTHOM MOCIEn0-
BATEIIbHOCTH, CUTHAJIbHBIA Y OTKJIFOYAIOIIMKA OpPraH. Y CTaBKH peiie PTd-7/1 U3MEHAIOT-

csa B npegenax (0,04...0,08)1, ., a1 1K1 u (0,4...0,8)1, ,,,, Ans pene 1K2. Jlus pene
PT®-7/2 ycTaBKU cooTBeTcTBeHHO /1 2K1 (0,1...0,2)1,.,,,,, ¥ 2K2 (0,3...1,2)1,.,,,,,, - Pene

1K1 1 1K2 B PT®-7/1 UCIOJIB3YIOTCSI COOTBETCTBEHHO JjIsi CUTHaIBbHOTO opraHa (CO) u
tpetbe crynenu (III crym.), pene 2K2 u 2K1 B PT®-7/2 miig yerBepToi crynenu (IV
cTy1.) u BTopo# (Il cTym.) cTyneHei, COOTBETCTBEHHO.

Jlna mepBoit camoii rpy6oit ctynenu (I cTym.) ¢ Tokom cpabaTbiBaHUs MOpPsIAKa

21, 4o Ha BBIXOA ®TOII PT®-7/2 BKIIIOYAETCSA TOKOBOE pene PT-40/0,6(KA). [IpuHiumnu-

aJbHBIE CXEMBI U ONKcaHue padoThl pesne PTd-7 naHbl B [8].

Jns reneparopoB MOHOCTEIO (60...100) MBT 3ammura 0ObIYHO BBITOJHSIETCS C
TpeMsl OTKITIOYAIOIINMHU CTYTICHSIMHA U OJTHON CUTHAJIBHOM.
IlepBasi cTyneHb BBITIOTHSACT (QYHKIIMH PE3CPBHON 3alIUTHI MPU K.3. B T€HEpaTope, Ha

€TI0 BbIBOJAAX HWJIM HIMHAX I'CHCPATOPHOT'O HAIIPAKCHUA.
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Puc.3.9. YetbipexcryneH4arasi TOKOBasi 3aiuTa 0OpaTHON MOCIEeI0BATEILHOCTH C HE-

3aBMCUMBIMHU BBIACPKKAMUA BPCMCHU.

Bropasi cTyneHb 3amuThl peIHa3HAYaeTCsl ISl IEUCTBUS IPU HECUMMETPUYHBIX K.3.
3a TIOBBIIIAIOIIUM TPaHC(HOPMATOPOM U aBTOTpaHC(HOPMATOPOM, YAANEHHBIX K.3. U
OO0JIBIINX MEePETrpy3Kax.

TpeTbsi cTyneHb EHCTBYET NMPHU 3HAYUTENBHBIX Neperpy3kax. CHrHaJbLHAs CTYNEHb
pearupyer Ha MOSBJICHUE JIUTEIHHO AOMYCTUMON HecuMmMeTpuu. [Ipu stom nomycrtu-

MOC BpCMs U1 CHATUA TNICPCIPY3KHW I'CHCpATOpa IEPCOHAIOM IPUHHUMACTCA PaBHBIM
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(3...5) muH.
B tabmune 3.4. mpuBeaeHBl YCTaBKU CTYINCHEH 3allUTHI IS TYPOOreHEpaTOpOB,
paboTarmmx Ha COOPHBIE IITMHBI TEHEPATOPHOTO HANpsKEHUA. Tok cpabaThiBaHMS yKa-

3aH B OTHOCUTCJIbHBIX CAWHUIIAX, BPCMsL I[eﬁCTBHH - B CCKyHOax.

Tabnuma 3.4

Tun renepatopa  |CO I crynens |1l ctynens III cryniens

Lyyer Lyer Dyver | tver Lyyer Lycr Dyer | tver
TB®-60-2 0,05 |180...300 (1,8 2,3 0,6 8,5 10,25 [40(20)
U rhon =653 kB
TB®-60-2 0,05 |180...300 (2,5 1,7 0,6 8,5 10,25 [40(20)
U rnow =10.5 kB
TB®-100-2 0,05 [180...300 {2,0 (2,2 0,6 85 10,25 [40(20)
Uy o =105 .

Ha reneparopax momtnoctsio (160...200) MBT, paboratomux B G10Ke C TpaHc-
dbopMaTopamu WM aBTOTpaHCHOpMATOpaMH, MPUMEHSIETCS YEThIpeXCTyleH4yaTas 3a-
IIUTa C UCIIOJIB30BAHUEM TEX JKE€ CAMBIX pesie. PEKOMEHYIOTCA CIIEIYIOIINE HapaMeTPhl
cpalbaTbIBaHUS CTYNIEHEN ITON 3aILUTHI :

Ic3(1) = (1’2"'2)11“AH0M s Losany = 55¢;
teswy =1,2C5 L oyy) = 0,21 you 5
]CS(II) =121, you s tez =20C;

Lesan) = 2,2C5 T geo) =(0,05..0,06)1 110 5
1c3(1u) = 0761FAHOM > tCB(CO) =180c.

CxeMa ornepaTUBHBIX LENed YeThIPEeXCTYNEeHYAaTON 3alUThl OOpaTHOW MOCIIEN0-
BaTeJIbLHOCTH MpuBeaeHa Ha puc. 3.9.0. TokoBble pene, Bxoasmue B KoMiiekTol AKJ1
1 AKJ2, 3aMbIKalOT 1Ienb COOTBETCTBYIOIETrO peie Bpemenu. s 1...IV cryneneit npe-
nycmotpensl pene Bpemenn KT1...KT4. [{ns nosnydyenus: BbiaepKku BpemeHu [V cTy-
nenn Gonee 20 ¢ ucrone3yrorcs aBa pene Bpemenrn KT4 u KT4'. Curnanerslii opran
nencTByet uepes pene Bpemenu KTS.

Bce crynenu, kpoMme MepBoii, JEMCTBYIOT Ha OTKJIFOYEHUE C IBYMS BBLAEPKKAMHU
BpeMeHU. C MeHbIIEH MPOU3BOJUTCS OTKJIFOYEHHUE BBIKIIFOYATEIEH HA CTOPOHE BBICIIIE-
ro Hanpsbkenus (BH), a ¢ Oonbliei, yd4uTBIBAarOIIEH BpeMsI OTKJIFOUEHHS 3THX BBIKJIIO-
gatenen (At >0,3¢), - oTkimouenue 61oka 3. Ot opranos Il u IV cTyneneit npemxycmMoT-
peHo aerictBue Ha nenenue muH BH1. JlelicTBue kax 1ol cTyneHn GuKCUpyeTcs ykasa-
tenpHbIM pene KH1...KH6.

Ha reneparopax mouHocteio 160 MBT 1 6oliee ycTaHaBiIMBaeTcCs 3aliuTa ¢ UH-
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TerpajgbHO-3aBUCUMOM XapaKTEPUCTUKOW cpabaThIBaHUs, BBIIIOJIHAEMAs C UCIIOJIb30Ba-

HueMm Osok-pesie PT®-6M [9]. CtpykTypHas cxeMa ero npuBeseHa Ha puc.3.10.
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Puc.3.10. CtpykrypHas cxema 0siok-pesie PTdP-6M.

PT®-6M cocTtouT u3 curHaibHoro oprana CQ; myckoBoro oprana IO, gomyc-
KaoIIero K paboTe MHTErpaJibHbIN OpraH; MHTErPAIbHOTO OpraHa B ¢ XapaKTepuCTUKON
cpabaThIBaHUs, COOTBETCTBYIOLIEH TEIUIOBOM XapakTEPUCTUKE poTopat., = A/1% ; opra-
Ha, pabdoTaromero 0e3 BeIIEPKKH BpeMeHu (oTceuka I, orceuka II), BXogHoro mpeobpa-
30BaTEIBLHOTO yCTpoicTBa BIIY Ha Bbixojae ®TOIIL. IlapameTpsl cpabaThIBaHHS 3TOTO

pene NPUHUMAIOT OT [ 30y = 0,051, 4, , UCXOAS U3 JJIUTEIBHO JOIIyCTUMOM OTHOCH-

TEJIbHOM BEJIMYMHBI TOKA O6paTHOﬁ IIOCJIACAO0BATCIILHOCTH.

OTHOCHTENBHBIM TOK CpadaThIBaHMs IyCKOBOIO OpPraHa /., BBIOMPAETCS II0

YCJIIOBHUIO obecrnieueHus HAJACKHOTO ITYyCKa MHTCTPAJIBHOI'O OpraHa IIpu MaKCHUMaJIbHOU

BBIACPAKKE BPEMECHU MOCIEIHETO £ ;) 1 = 600 C:

]CS(HO) = 1/(kOTCkB)\/A/t,ZIOH,MAX > (325)
rae k., - KOOQPUIUEHT OTCTpONKH, paBHbIN 1,1; k, - KoapduureHT BO3Bpara,

paBHbIii 0, 85.

Pacuer ycTaBKM MHTErpaJIbBHOIO OpPraHa He MPOU3BOAUTCS, IPUHUMAETCS COTJIac-
HO OINKMCAaHUIO pene PT®-6M U B COOTBETCTBUM C BEJIMYMHOW A 3alIMIIAEMOr0 reHepa-
tTopa.OpraH oTceuku | npeaHazHayeH Ui pe3epBUPOBAHUS 3aLIUT CMEKHBIX JJIEMEHTOB

IPH HECUMMETPUYHBIX K.3. B cet BH: 1., = (0,4..1,2) 100 -

Bpewms geiictBust otceuku | mpu Toke ero cpabarbiBaHUs JOKHO ObITh MEHBIIE
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BpPEMEHH cpabaThIBaHUSI HHTETPAIILHOTO OpraHa Mpu TOM e TOKE.

Otceuka Il npegnazHauena st pe3epBUPOBAHUS 3aIIUT reHepaTopa Ha OJIOKax ¢
BBIKJIIOUATEIISIMU B LIENU reHepaTopa. Y craBka orceukd Il BeiOMpaeTcs Takum 00pas3om,
4YTOOBI ITPH ABYX(a3HOM K.3. Ha BBIBOJIaX T€HEpaTopa Mpu MUHUMAIBHOM 3HAYEHUH €T0

Toka 0OpaTHOI TocnenoBaTensHocTH (72 ) neiicTBHe oTceukH 06ecreunBagoch Obl ¢
K03 (PUIIMEHTOM YyBCTBUTEILHOCTH HE HIKE 2, T.€. k, >2:

]cs(u) = ]Sz)wzv Tky, (326)

Brinepkka BpeMeHU 3TOM 3alUTHI Il OTCTPOMKHU OT BPEMEHH JEHUCTBUS OCHOB-

HBIX OBICTPOJICUCTBYIOIIUX 3AIUT F'€HepaTopa MPUHUMACTCS Lesny = (0,4...0,5)0.

3.3.3. 3amuTa OT CHUMMETPHUYHON Meperpy3kn oOMOTKH cTaTopa

3ammuTa OT CUMMETPUYHON TEPETPY3KU MPEeIyCMaTPUBACTCS Ha BCEX T€HEPATO-
pax ¥ BBITIOJIHSIETCS C TIOMOIIBIO OJHOTO TOKOBOTO pesie KA, BKIIFOUEHHOTO Ha OJHMH U3
(da3HBIX TOKOB TPaHC(HOPMATOPOB TOKA CO CTOPOHBI HYJIEBBIX BHIBOJIOB, M ACHCTBYET Ha
CUTHAaJ C BbIACPKKOM BpeMenH (6...9) ¢ uepes pene KT (pucyHok 3.11).
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Puc.3.11. 3amura OT CHMMETPUYHOU MEPETPY3KH.

ke =1,05 K03 GHUIHEHT OTCTPOUKH; k, =0,8...0,85 K03 uIMeHT Bo3Bpara.

3amuTa reHepaTopoB C KOCBEHHBIM OXJIAX/ICHUEM BBINOJHAETCSA Ha pese PT-40, y

KOTOpOro k, =0,8. I[Ipu atom 7., =1,37,.,,,, , @ TOK cpaOaTeiBanus pene /., =1, /k, , TA€
k, - koapunmueHt tpanchopmamnmu Tpanchopmaropa Toka. Hanpumep, aist TypOore-
Hepatopa TB®-60-2 ¢ [,,,, =4125A TepBUUHBIA TOK cpabaThIBaHMUS 3aIUTHI
I, =(1,05/0,8)41125=5400A.  Tok  cpabareiBanust  peixe  mpu  k, =5000/5
I, =5400/1000=5,4 A.

Bri6upaem PT-40-10 ¢ Auana3oHoM ycTaBok ot 2, 5 o 10 .

Jl;1st reHepaTOpOB C HEMOCPEACTBEHHBIM OXJIKICHUEM, 00JIaJaroNTuX MOHUKEH-
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HOM TEperpy304HO CIIOCOOHOCTHIO, Takas 3amurta ManodddextuBHa. B HacTosmee

BpeMsl I TaKUX F€HEpaTOpOB NpumeHseTcs pene PTBK, umeromee k, =0,99. Curna-

JIM3auus O Neperpys3Ke NogaeTcs NepcoHally npu Toke, paBHOM 1,06/, ,,,,, -

3.3.4. 3amuTa poropa oT meperpy3kKm TOKOM BO30yXKJAeHHUSHA

JI1si TeHepaToOpoB C HEMOCPEACTBEHHBIM OXJIAXKICHUEM IPOBOJHUKOB OOMOTOK
YMEHBIIIAETCSI CIIOCOOHOCTh BBIJIEPKUBATH JUIUTEIbHBIC TIEpPErpy3ku poropa. Jlexyp-
HBI TEPCOHAN YK€ HE B COCTOSTHUN O00ECIICYUTh CBOCBPEMEHHYIO Pa3TPy3Ky MAIlIHHBbI.
Jliist aToro Ha TypOoreHeparopax MomHocTeio 160 MBT u Gonee npuMeHseTcs Clielu-
ajbHas 3amuTa TUna P3P-1M OT meperpy3kd OOMOTKH POTOpA, BBIMOJIHSIEMAs C UHTE-

IPaIbHO-3aBUCUMOM XapaKTEPUCTHKON ¢ = f(1,,, ), pearupyromias Ha U3MEHEHHeE [,,, U

JeMCTBYIOIAsl Ha CUTHAI U pa3Bo30ykaeHue renepatopa (I cTymens) nin oTkioueHue

ero ot cetu u ramenue nois (II crynens).

B i CcO >
Ha cuenan
Om JIT —|BITY » 110
o 5 Jcmynenn
g 7k cmynemb

Puc. 3.12. CtpykrypHas cxeMa ycTporcTBa P3P-M1 1 BBIXOJAHBIE LETH 3AIIUTHI

Tok poropa momaercs B yCTPOMCTBO 3aIUMTHI OT CIELMAIBHOIO JaTYMKa TOKa.
[Ipu THPHUCTOPHOM U BBICOKOYACTOTHOM BO30YXJACHUHU JIJISl TOTO MCIOJIB3YeTCs TPaHC-
¢dbopmaTop mocTosHHOTO ToKa (TIIT), mpu OECIIETOYHOM BO3OYKICHUH - WHAYKIIHOH-
HBII KOPOTKO3aAMKHYTBIA JaT4MK Toka (MKIT).

3amuTa P3P-1M COCTOUT U3 BXOJHOTO MpeoOpa3oBaTeIbHOTO yCcTpoicTBa BITY,
curHaiapHoro CO, myckoBoro IO, HHTErpaibHOTO B 0J10K0B 1 010Ka nuTanus BII.

[TpuHLIMIT BHITIOTHEHUS U TIOCTPOEHUE CXEM OCHOBHBIX OPTraHOB M OJIOKA MTUTAHUS
3amuThl P3P-1M aHaJOTWYHBI MPUMEHEHHBIM B TOKOBOM 3aliuTe 00paTHOW MOCEeI0Ba-
TEIbHOCTH THUIIA PT®-6M.

Jlnarma3oHel yCTaBOK CUTHAJIBHOTO OpraHa (1...1,2)I*P0T. Pexomennyercsa npuHu-
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Matb 1,.; ., =1,05. JlJIs IMyCKOBOIO OpraHa JAvara3oH yCTaBOK (1,05...1,25)1* ror oy - PEKO-
MeHayeTcs 1, ,, =1,1. 3aBUCMMasl OT TOKa pOTOpa XapaKTEPUCTUKA BBIAECPKKU BpeMe-

HHN Cpa6aTBIBaHI/I}I HHTCTPAJIBHOI'O OpraHa COOTBCTCTBYCT BhIPAKCHUTIO

B A

- 2
[K(]*POT)_ B]

rae A - NoCTosiHHAadA, YUYHUTBIBAIOIIAs HAKOIUICHUC TCILJIA B pOTOPC,

, (3.27)

Lep

K, B - K03 (pULIHEHTHI, 3aBUCSIINE OT BUJA XapAKTEPUCTUK U IMANa30HA YCTABOK.

Kaxxast CTyreHb MMEeT CBOIO 3aBUCHMYIO XapaKTEPUCTUKY BBIAEPKKU BPEMEHH.
IIprueM, pyu OOHUX M TEX K€ 3HAYCHMSIX TOKA BBIJEPKKH IEPBOU CTYIIEHH, JEUCT-
BYIOLIEH Ha pa3Bo30yxieHue reHeparopa, MeHbile Ha (20...25)% Bblaep:KeK BpeMeHU
BTOPOU CTYIIEHU, IPOU3BOIAIIECH OTKIIFOUEHUE TEHEPATOPA.

Ha reneparopax momruHocThio (60...100) MBT ¢ 31ekTpoMamHHBEIM BO30YXKIe-
HUEM, a Takke Ha TypOoreHepatopax 160 MBT u Oosee ¢ pe3epBHBIM 3JIEKTPOMAIIIH-
HBIM BO30YKJIE€HHEM OT MEPErpy3KH OOMOTKH POTOpA HCIOJB3YETCs 3allUTa CO CTY-
NIEHYaTOM XapaKTEpUCTUKOM BBIICPKKM BPEMEHM, pearupyronias Ha MOBBIIIEHUE Ha-
npspkeHust Ha  oOMOTKe  poTopa.  Hampsbkenue — cpabaThiBaHMsSI — 3alllUThI
Uepr =151 pr o Reor > TAE 1 ppr oy -~ HOMUHAIBHBIA TOK POTOpPA; R,,, - CONPOTHUBIICHUE
OOMOTKH pOTOpa B TOPSYEM COCTOSTHUU TPU JJIUTENIBHO JOMYCTUMON MaKCUMaJlbHON
TeMmneparype. Beinepkka BpeMEHH 3allUThl Ha TeHeEpaTope MOIHOCTh0 60 MBT nomxk-
Ha ObITh 40 c. D10 HocTUraercs nociuenoBareabHbiM cpadbarbiBanueM pene KT1 u KT2.
Ha renepatopax (100...160)MBT u Gosnee Bbliep)kka BpeMEHU cpabaThbIBaHUS 3aIUThHI
20 c, pene Bpemern KT2 ne ycranaBnuBaeTcsi. Beigepikka BpeMeHH Ha pa3Bo30yKIie-
Hue reHeparopa Ha (3...4) ¢ MeHbIlIEe BBIEPKKH BPEMEHHU 3alIUThl pOTOpa OT MEperpys-
KM, JICUCTBYIOIIEH Ha OTKJIIOUECHHUE.

3.4. lIlpakTHyecKHe NPUMepPbl BHINOJHEHHUS PAacYeTOB peJeHHBbIX

3allMT reHeparTopa

B kauecTBe mprMepoB MPOBEACHUS YHUCICHHBIX PACUYETOB PACCMOTPEHBI Clie-
IQYIOLIYE BUIBI 3AIIUT T€HEPATOPOB:

e npononbHasa quddepennuanbHas 3amura ¢ peiae PHT-565;
e mpogonbpHas auddepennmanbuas 3amura ¢ pene A3T-11;
® 3ammMTa OT 0JHO(A3HBIX 3aMbIKAHUI HA 36MJII0 B OOMOTKE CTaTopa;

® 3aniuTa reacparopa, pa60Ta}ou[er0 4Cpe3 OJAHH BBIKIIHOYATCIIb HA C60pHBIe MU HEBI.

3.4.1. Pacyer nponoabHOil nuPpPepeHUNAJTBHON 3aINUTHI C peJie
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PHT-565

Tpebyercs BpIOpaTh yCcTaBKM IpOAOIbHOU nuddepeHnanbHoi 3amuThl TypOo-

renepatopa TBM®-60-2, umeroiero cieyonne XapakTePUCTUKH
e [0JIHASI HOMHUHAIIbHAS MOLIHOCTH - Srmow = 15MB - A,
® HOMMHAJIBHOC HAMPSKCHUC - Uriow =10.5xkB ;

® HOMWHAJIBHBINA TOK - Irnon = 41254

e HOMHHaNbHOE 3HaueHne yria - CO5Pmon = 0.8,

/
x) =0.146 .
® CBCPXIICPEXOJHOC COIMPOTUBIICHHUC - )

e comporuBiIeHHe 0GpaTHOI mocnenosarensHocty - X2 = 0.178
e xo3hdunuent tpancdopmarun TT - Kr=5000/5
PacyeT COCTONT W3 CIIETyIOIINX JTATOB!
1) Tox npu Tpexda3HOM K.3. Ha BBIBOJAX F'€HEPATOPA ONPEJIEITHM IO H3BECTHOMY

BBIPAXKEHUIO (B OTHOCUTENBHBIX €IUHUIIAX ):

» El U, +1L, x)Singu. 1+1-0,146-0,6

THOM I'HOM

omax x!) 0,146
.13 _ 10 _ _
B uMeHOBaHHBIX €IMHHUIIAX: Lok = Laiiax L rgoy = 7,45-4125=307004.
2) OnpenensieM TOK cpabaThIBaHUS 3aIUTHI:
Icz = 0,6 * IFHOM = 2475A

1 =7,45.

e [lo BeipaxkeHuto (3.7) TOK paBeH
e Tak Kak TOK JOJUKEH OBITh OOJIbIIIE MAKCHMAJBHOI'O TOKAa HebajlaHca, TO MCIIOJIb-
3yeM BeIpaxkeHue (3.4); (3.3):
Lase = eaeoon & oy = 13%1%0,5%0,1%30700 =19954

e (OKOHYATEIHLHO NpMHUMAaEM HanOOJIbIICE 3HAYCHHUE, T.€. I = 2475A4.
3) PacyetHoe umcio BUTKOB auddepeHnnanibHo 0OMOTKH Haijaem 1o (3.9):
_ F,K, 100-1000
JIHD.PACY 1c3 2475

[IpuHnMmaem:

w — 40,4 BUTKA.

- YKCJIO BUTKOB B paboyeit 0OMOTKE - @, = 35;

- YKCIIO BUTKOB B YPaBHUTENILHON 0OMOTKE - “¥7 = 5 :

o @, =40.
- YUCJIO BUTKOB B AU PepeHunanbHon - =~ #1?

Torna 1, = Faks _ 100;}000 25004

a)ﬂH(D

4) KoapuimeHt uyBCTBUTENBHOCTH AUPPEpeHInanbHON 3aIIUThl ONPEACTUM
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npu AByX(}a3HOM K.3. Y BBIBOJOB B 30HE 3allIMTHI OJIMHOYHO pabOTaloIIero reHeparopa
Ha XOJIOCTOM XOAY IIPY CUHXPOHU3ALUH.

YyuteiBas, 4to E,,. =U,, =1, TOK JBYX(a3HOTO K.3. ONPEAEIUM MO U3BECTHOMY

BBIPAKECHHUIO!

1(2) _ \/gE*F I _ \/51

. =——.4215=222504.
K MIN (x:; N xz) I.HOM (0,146 4 0,178)

KoadgduimeHT 4yBCTBUTEIBHOCTH OTpeieisieM 1Mo BeipaxeHuto (3.10):

by =12, /15 =22250/2500=89.
B cootBercTBuu ¢ IIYD 3HaueHne k, MOJDKHO OBITH HE MEHee 2:

k, =8,9)2.

5) AHamu3 ¥ peKOMEHIAlMHU 110 WHTEPIPETAIlUU PE3YJIbTATOB pacdera COCTOST B
CJICTYFOIIIEM.

Henocratkom nuddepeHimanbHON 3alUThl ¢ KOHTPOJIEM TOKOBBIX IETCH SBIIS-
€TCsS OTHOCHUTEILHO 00Jbmioi TOK cpabareiBanus (/4 2(0.5...0.6)1 ruom) B CXeMe ¢

PHT. IToaTomy mJist reHepaTopoB MOITHOCTBIO 160 MBT u Gosiee ¢ 11e/1b0 OBBIIIICHUS
YYBCTBUTEJIILHOCTU U OBICTPOACHCTBUS MPUMEHSIOTCS CXEMbl MPOJ0JIbHON quddepeH-

AAIBHOM 3alIUTHI C ucnoJib3oBanuem pene JA3T-11/5.

3.4.2. Pacyer npoaoabHOM nupPepeHUNAJTBbHOMN 3aIUTHI C peJie
A3T-11

B pene A3T-11/5 pabGouas (muddepenimanpaas) oOMoTka umeer 144 BUTKa ¢
OJTHUM OTBETBJICHHEM IOCEpEANHE. IJTO COOTBETCTBYET TOKY cpabatwiBanus 0,7A.
Topmo3Hast 0OMOTKa BKITIOYAeTCsl BO BTOPHUHYIO IIeTb TpaHCc(hopMaTropa TOKa CO CTO-
POHBI JINHEHHBIX BHIBOJOB IeHEPATOpa U UMEET 00IIIee YMCIO BUTKOB paBHOE 36.

Ha puc. 3.13,a nana cxema BKJIIOUEHUS pelie IPU OAMHAKOBBIX KO3(duImenTax
tparcopmaru TT co cTopoHBI (a3HBIX U HYJIEBBIX BBIBOJIOB reHepaTopa. OTnaiika
OT TIOJIOBUHBI BUTKOB paboueil 0OMOTKM 00eCreYrBaeT BBITIOJHEHUE CXEMBI 3aIlUTHI
NpU HOMHHAJIBHOM BTOPHYHOM TOKE OJHOTO Iuieda auddepeHanibHoi 3aluThl,
BaBOE OonbiieM Toka Apyroro mieda (TT co ctopons! (a3HBIX U HYJIEBBIX BBIBOJOB I'e-
HeparTopa ¢ paBHbBIMU K, ) (puc. 3.13, 6).

YcTaBka Takoi 3alIUThl BRIOMPAETCS PACUETOM YUCIIa TOPMO3HBIX BUTKOB I10 BBI-

PaKCHUTIO:

_ L5 Lipvax 5 Pono
Oropy = ][,;(3) tect ’ (328)
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rae /,,,,. - MAaKCUMaJbHBIN TOK HebaaHca, onpeaesemslil o (3.4);
I, - TOK, IPOXOASININIA 10 ¢aze MpH K.3. Ha BBIBOJAX T€HEPATOPA;
@ gy - YACIIO BUTKOB PabOUY€eil OOMOTKH, IPUHUMAETCS paBHBIM 144 nin 72;
tga - TAHTEHC yTja HaKJIOHA KacaTelbHOM 3, MPOBEIEHHON U3 Havyajla KOOpAUHAT

K TopMmo3Hoit xapakrepuctuke 1 pene A3T-11/5 (pucynok 3.14); tga =0.75.

a) KAWI KAW?2 KAW3
A B W W
TAIY | | T I
-l 1 J

T42

Q
YY)
YY)
" ~ Y a'a A
L
[
@

Y
v

I

KAWI KAW?2 KAW3

0)
TAI ] q & T |

Y

TA2 E_ E

743 E_ .
_—

KH
+ | KAW?2
D—»Ha OMKIL.
| KAW3
_/—.

Puc. 3.13.Cxema Bxmtouenus pene JA3T-11/5
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Puc. 3.14. Topmo3Hsbie xapakrepuctuku pene A3T-11/5.

KpuBasi 1 cooTBeTCTBYeT CiTy4aro, KOrja yroj MEXaIy TOKaMu B pabodeit u Top-
MO3HOM 00MOTKaxX cocTaBisieT 90°, a KpuBasi 2 - COBIAJICHHUIO TOKOB 110 (hase.
[Ipu BBIOOpE dYHMCIIa BUTKOB TOPMO3HBIX OOMOTOK MpPHHHMAETCS Onuxaiiiee

Oonpiee yuciio. Tok Cpa6aTblBaHI/I}I Ppeic onpeaciIdaCTCsA 110 BhIPAKCHUIO!

I =" %ﬂm : (3.29)

rae F,, - M.JI.C. cpabaTeiBanus pene, paBHas 100.

CYHICCTBeHHBIM HCIOCTATKOM MAIHUTHOI'O TOPMOIKCHHA ABJIACTCA SaFPY6JICHI/I€
YCTaBKHU Cpa6aTBIBaHI/I§I 3alIUThBI, €CJIU IIPHU BHYTPECHHEM K.3. YT'OJI MCXKAY CTCKAIOIINUMHA

ToKamu ¢ = 0.
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B kaudectBe mpumepa paccMOTpUM BBIOOpP yCTaBOK nud@epeHnanbHON 3aUThl
rereparopa TI'B-300 MBT, KOTOpbI UMEET CIIEAYIOIINE XapAKTEPUCTUKH:

e HOMHHAaJIbHAS ITOJHASI MOIITHOCTD - Sr.ion =333MB- A;

e HoMUHATbHOE Hanpsukenue - U riou =208 .

® HOMHHAJIBLHBIN TOK - I oy =10,2x4

5

=0,85.

b

e HOMHHAIBHOE 3HAYECHHUE YIJIA - CosPr.1om

n _
® CBEPXIIEPEXOIHOE COMPOTHBIICHUE - ¢ — 0,195 :

e CONpOTHBICHHE 0OpaTHOIT MocenoBaTenbHocTH - *2 = :238

['eneparop pabortaer B O50ke ¢ TpanchopmaTtopom. PacyeTHas Touka K.3. Haxo-
JUTCS Ha BBIBOJIAX FeHEpaTopa NP HAIMIHMK BBIKIIFOUATENICH B IIETH TPaHC(HOPMATOPOB
C.H. WIM B Ienu reHepatopa. [Ipu oTCyTCTBUU BBIKIIOYATEICH OHA MPUHUMACTCS Ha

CTOPOHE BBICIIETO (CpEeIHET0) HaIpspKeHus TpanchopmaTtopa (K, ).

1) [IpuMeM pacdeTHyI0 TOYKY K.3. Ha BbIBOJAaX reHeparopa (X1). U3 pacuera Tokos
(“Bpyunyro” wiu Ha [I9BM) umeem:

n(3)
e TOK OT TeHepaTopa IpH Tpex(asHoM K.3. pasen 1k =81 gA;

e CocCTaBJIsAONIasl OOPATHOM MOCIIE0BATENIBHOCTH TOKA MPU ABYX(a3zHOM K.3. paBHA
1Y =262 KA:

e (a3HbIil TOK IPU ABYX(Pa3HOM K.3. paBEH
1P =431 =3.262=454 KA.
2)Koapdpunments! Tpanchopmaiuu TT co cTopoHs:

¢ (hazHbIxX BEIBOAOB — 12000/5;

e HyJeBBIX BbIBOJOB — 6000/5.

TokoBbIe 1IENMH CO CTOPOHBI HYJEBBIX BBIBOJIOB BKJIIOUEHBI HA MOJIOBUHY BUTKOB

muddepeHranbHO 00MOTKH, a CO CTOPOHBI (ha3HBIX BBIBOJIOB Ha BCE BUTKU ATOM 00-
MOTKH.
3)Toku cpabaThIBaHMsI PEJI€ PACCUUTHIBAIOTCS 0 BhIpakeHUo (3.29):

L I[J'I?I e CTOPOHBI HYJICBBIX BHIBOJOB

F,
I, =—<C_=1007_"—-1394;
cpP a)ﬂm)/Z AZ

Iy = Iep -(6000/)=139. (6000, ) 16704
e Jlyis LENU CTOPOHBI (Pa3HBIX BHIBOIOB

48



Iy =F% =100/ =0.74;
JIUD
I¢s =0.7-(120007 )= 16704

Ie3 = 0,163 11 poy -
3amyra He OTCTPOEHA OT OOPBIBA TOKOBBIX LIETIEH U B YKa3aHHOM BBIILIE PEXKUME
JEUCTBYET HA OTKIIOYEHHUE FEHEPATOPA.
4)MakcuMaibHbII TOK HebagaHca Ipy BHEIIHEM Tpex(a3HOM K.3. Ha BBIBOJIAX FeHepa-

TOpAa ONpEAEIIAETCs M0 BhipaxkeHHo(3.4):
Ty =1-1-01- 173 =581x4,

5)Yuciio BUTKOB TOPMO3HOM 0OMOTKH HaxoauTcs 1o popmye(3.28):

B 5,81 .[144 =
Dropy = (1’5 %8,1) ( AJSJ =288 BUTKA

[IpuauMaemM w,,,, =29 BUTKOB.

6)UyBCTBUTEIHLHOCTh 3aIUTHI TPU MEXKTy(ha3HBIX TOBPEKICHUAX Te€HEpaTopa BCeraa
BBIIIIE HOPMUPYEMOU U MOKET HE MPOBEPSITHCS.
7)AHanu3 NOJy4YEHHBIX PE3yJIbTAaTOB MOKA3bIBAET, UTO MPHU MOBBIIICHHBIX TPEOOBaHU-
AX K OBICTPOJIEUCTBUIO U UYBCTBUTEILHOCTU TU(DPepeHIInanbHON 3alUThl MOIIHBIX T'e-
HEPATOPOB 11eJIeCO00Pa3HO MCIOJIb30BaTh TOPMOKEHHE MHUHUMAJIbHOW CyMMOM IMOJI0-
UTEIbHBIX U OTPULIATEIIBHBIX MTOJTYBOJIH.
OCHOBHBIM TPEUMYIIIECTBOM ITOTO CIIOCO0a SIBISIETCS TO, YTO MIPH OJJHOCTOPOH-
HEM NMUTAaHUU MECTa MOBPEkKACHUS (K.3. B TEHEPATOPE BO BPEMsI CUHXPOHU3ALIMH) TOP-
MO3HOW CUTHAJI PaBEH HYJIIO.
[IpuBeneHHBIN MOAXO U3BECTEH JaBHO, HO peanu3anus AuddepeHnuaibHoN 3a-
IIUTHI, OCHOBAHHOW HAa HEM, CTaJla BO3MOXKHOW Ojlaroiaps MOSIBIEHUIO MHTETPaIbHBIX

MUKPOCXEM.

3.4.3. Pacyer 3amIMTHI OT 0AHO(Aa3HBIX 3aMbIKAHUN HA 3eMJII0 B

o0MoOTKe cTaTopa

DTOT pacueT pacCMOTPUM Ha mpumepe TypOoreHepatopa tuna TBd-60-20,

UMEIOIIETO CICAYIOIINE XapaKTePUCTHKH:
Ur HOM — 6,3 .
¢ HOMHHAJIbBHOC HAIIPAKCHUC - : KB,

e HOMUHATBHBIH TOK - 1 rHon = 6880 A;

e HOMMHAIbHOE 3HaueHue yria - COSPruow =08,

1) dna ueneit OJOKMPOBKUA paccMaTpUBAEMOW 3alIUThl MPU BHEIIHUX TpeX(a3HbIX U

49



ABYX(a3HbIX K.3. HCIIOJIB3YIOTCA pelie:

® TOKOBBIE peJie 3aLUThI OT BHEUTHUX CUMMETPUYHBIX K.3.;

e TpyOBIil 3IEMEHT 3alIUThHI, BKIIOYEHHBIA HA (QUIBTP TOKOB OOpaTHOM MOCIEA0BA-
TeIbHOCTH ycTpoicTBa PTd-7/1.

2) W3 Tabmumet 3.3. npuanmaem tpanchopmarop toka THITII-3V ¢ Lyon =72004.

3) OmpenensieM BTOPUYHBIE TOKU HebaaHca:

e [Ipu Hanmuuum nogMarauuuBanus 1mo Gopmyne (3.18):

1,05-2,5-0,15- (6880
( ﬁzoo) + 2 0.00006 A:
10+45 S

o [Ipu casiTtom mogmaranuanBaHuu 1o Gopmyne (3.16):
1,05-2,5-0,15-(6880
( % 200) =0,00836
45 A.
z Z,

1 HE.BJI.B —

1 HBE.BJI.B —

=45 Om;  Funon =100yp;

>

4) U3 tabauuel 3.3 HaXOIUM: sms =10 Oy

E . 1ipe =150 MB; Vs =39 BuTKOB.

[Ipu »>TOM E,, ;- TIEPECUUTHIBAECTCA C YUYETOM Pa3IMUUs HOMHUHAJIBHBIX TOKOB

renepatopa (6380 A) u THITII-3Y (7200 A).

5) Bropuunblii TOK HeOanaHca !

(3.20) u (3.21):

z
Lis s = JHE,MB@B@ + %3 . 3) = 0,0906 * 39(1 +4 0): 194 A.

6) EMKocTHOW TOK mpu 3aMblkaHUH (ha3bl TeHEpaTopa Ha 3eMITt0 paBeH (u3 Tabi. 3.3)

HE.BIL.E TIPUBOJUTCS K HCpBHqHOﬁ CTOpPOHEC C YYCTOM

I.=07 A
I[To BeIpaxkenuto (3.12) HaXoAMM TOK CpabaThIBAaHUS 3aIIUATHI:
I, :%94(2*0,7 +1,5%1,94)=4,59 A.

7) Onpenenum Tok cpabaThiBaHus pene 1o (3.21):

;o 459
¢ 39%(1+45/10)
8) B pesynbTaTe 3ammra BbIIONHIETCS ¢ ucnosibzoBanueM THIIII-3Y u pene PT3-

=0.021 A.

50 C IC3 :4,59 A, ICP =0.021 A'

ITpu sToM Ha pene PT3-50 ucnons3yercs TpeTuil [uamna3oH yCTaBOK C TOKOM cpadathl-
Banus (0,015...0,03)A.

3.4.4. Pacyer 10NYyCTUMOM BEeJUYNHBI HECKOMIIEHCUPOBAHHOTI O
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YCTAHOBHUBIIEr0OCsd eMKOCTHOIO TOka reieparopa TB®-120-2
B uenu THIIHI-3Y

1) IlycTh U3BECTHO: Urnow =105 yB. Lruou =6875 A
Homunanensiii ok THIIII-3VY pasen 7,,,, =7200 4.

2) I[OHYCTI/IMEUI BCIIMYMHAa HCCKOMIICHCHMPOBAHHOI'O YCTAHOBHUBIICTOCA CMKOCT-

HOro Toka reneparopa B uenu THIIII-3VY onpenensieTcs no BEIpaXeHUIO:
Al :%((')TC (]c3k3 _k(';TC[HEAEH.H)‘ (330)
3) B kayecTBe pac4eTHOro0 MPUHUMAETCS PEXKUM BHEUIHETO OJHO(PA3HOIO 3aMbl-

KaHus Ha 3EMIITO, COHpOBO)KI[&IOHIPIﬁCH BHCITHHUM 3aMbIKAHUCM MCKIAY ABYMS (ba3aMI/1,

— 4 _ " _
B YCJIOBHUSX, KOTJIa IEPBUYHBIN TOK CpabaThIBaHUSI ey =3 A; kore =2 " kore =15 _ KO-

3¢ ULMEHTHI OTCTPOUKH; k=094 _ koa¢unmeHT Bo3Bpara pene PT3-50.

4) IlocnenoBarenbHOCTh ONMPEACICHUS AMlc cocrourt u3 CJIEAYIOIIUX 3TAMOB:
a) MPOU3BOAMUTCS pacdeT /,, ., , 10 BbipakeHusM (3.18) u (3.19).
I or5 =0,00906 A;
115575 = 0,00836 A;
b) mpowusBoautcs pacyeT I,;,,, 1O BbipaxeHuto (3.20).
Ly np =1,94 Aj
C) ompeneliseM BEeJIMYHMHY HECKOMIEHCUpPOBaHHOTO Toka (3.30).
Al =1/2*%(5%0,94-1,5%1,94)=0,9 A;
d) ompenensieM OTHOCUTENbHYIO BeTUUUHY Al . %.
Al% = (AI. /1. )100% = (0,9/1,385)100% ~ 65%,
rae I, =1,38 A — emkocTHOM TOK reHeparopa TB®-120-2 npu 3aMbIKaHUK HA 3€MITIO
OJTHOM (ha3bl.
5) OxoHYaTeIbHO, MIPU BBIMOJHEHUH 3aIUTHI OT 3aMbIKAHUS HA 3€MJII0 HA T'€He-
patope TB®-120-2 ¢ TokoM cpabaTbiBaHUsI SA MpH BO3pacTaHuU 3.1.C. HeOajgaHca B
THIIHI-3Y nocTaTtoyHO CKOMMEHCHUPOBATH B YCTaHOBUBIIEMCS pexxkume 35% coOct-

BCHHOI'O EMKOCTHOTI'O TOKa reacparopa.

3.4.5. llpumep TUNOB 3alIUT TypOoreHeparopa, padéoTrapuero

gyepe3 OAMH BBIKJIKYAaTEJdb HA CﬁOprIe III'N HbI

B mpumepe B kpaTkom BHIE PACCMOTPEHBI BCE THIBI 3alIUT TypOOoreHeparopa
trma TB® 120-2.
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Pucynok 3.15. Oxonuanue

1) OcHOBHBIE THIIBI 3AIMUT:

e¢Ot1 MHOTO(DA3HBIX K.3. B OOMOTKE CTaTopa TeHepaTopa M Ha €ro BBIBOJAX — IPO-
nonbHas nuddepennmranbaas TokoBas 3ammura ¢ pene tumna PHT-565 (KAT1-KAT3).

oOT K.3. MEXIy BUTKAMHU OJHOU (ha3bl OOMOTKH CTAaTOpa — OJHOCHUCTEMHAs TIOTIe-

peunas nuddepeHnnanbHas TokoBas 3amuTa ¢ pesie tuna PT-40/0 (KAZ2).
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¢OT 3aMbIKaHUN Ha 3eMJII0 B OOMOTKE CTaTopa — TOKOBasl 3allluTa HyJEBOIl mocJe-
JIOBaTEJIbHOCTU C HE3aBUCHUMOM BBIZIEpP)KKON BpemeHu c¢ pene tuna PT3-50 (KAZ1) u
pene Bpemenu (KT1).

¢OT NBOMHBIX 3aMBIKAHUI HA 3€MJII0 B OOMOTKE CTaTOpa U B CETU T'€HEPATOPHOIO
HaInpsHKEHUST — TOKOBAsI 3alllTa HYJIEBOW MoOcieaoBarebHOCTU ¢ pene tuna PHT-565
(KAT4).

2) Pe3epBHbICe U ApYIr¥e THUIbI 3aLIUT:

e OT BHEUIHUX HECUMMETPUYHBIX K.3. U HECUMMETPUYHBIX MEPErpPy30K — YETHIPEX-
CTyI€HYaTas TOKOBas 3allMUTa HYJEBOM MOCIEAOBATENIbHOCTA C HE3aBUCUMOW BBIIAEPK-
KOM BpEMEHHU C IByMs pesie Tuna PT®-7/1 (KAZ3 u KAZ4) u pene BpeMeHu (KT2-KT5).

¢OT BHEIIHUX CUMMETPHUYHBIX K.3. — MAaKCUMaJbHasg TOKOBAs 3alllUTA C ITyCKOM Ha-
NpSOKEHUS! ¢ HE3aBUCHMOM BBIIEPKKOUM BpemeHu ¢ pene Toka tuna PT-40(KA2), pene
Harnpsokenus: tuna PH-54/160 (KV1) u pene Bpemenu (KT6).

¢OT CUMMETPUYHBIX MEPETPY30K — MAKCUMAaJIbHAsI TOKOBAs 3allUTa C HE3aBUCUMOU
BbIJIEpKKOM BpeMmeHu ¢ peie Toka Tuna PT-40 (KA1) u pene Bpemenu (KT9).

¢OT meperpy3oKk poTopa TOKOM BO30YKICHUSI — MaKCUMAJIbHAs 3allUTa HAMPSHKEHUS
C HE3aBUCHUMOM BBIJIEP)KKON BpeMeHH ¢ pese HanpspbkeHus turna PH-53/400 (KV2) u pe-
ne Bpemenu (KT7 u KTS).

¢OT 3aMBIKaHUs Ha 3eMJIIO B OJJHOM Touke 1enu poropa — pene tuna K3P-3 (AKEL).

3) Bo3aeiicTBUe 3aIIMUT.
Jus peanuszanuy JEUCTBUSA PACCMOTPEHHBIX YCTPOWMCTB PEJIECHHOM 3aIUTHI B
CXEME MPENYCMATPUBAIOTCA CIEAYIONINE POMEKYTOUHBIE PEJIE U UX TPYIIIBL:

e['pynna mpomexyrounbix pesne (KLS u KL6), dbukcupyomux aeiicTBie 0CHOBHBIX
3alUT U MPOU3BOIALINX OTKJIIOUYEHHE BBIKIIOUATENs] TypOOTreHepaTopa, raimeHue moss
U OCTAaHOBKY TYpOUHBI.

e[Ipomexxyrounoe pene (KL7), pukcupyroniee nelcTBUE PE3EPBHBIX 3aIUT C TEp-
BOH BBIIEPKKOW BPEMEHU U IPOU3BOJISIIEE OTKIIOUYEHUE CEKIIMOHHOTO BBIKITFOUATENS.

e['pynna npomexyrounbix peie (KL8 u KL9),pukcupyronmx nedcTBrue pe3epBHBIX
3aIUT CO BTOPOM BBIIEPKKOW BPEMEHM U MPOU3BOIALINX OTKIFOYEHUE BBIKIIFOYATEIIS
TypOoreHeparopa u raiieHue mos.

e['pynna npomexyrounsix pene (KL1-KL3), pukcupyromux otkmouenue AI'Tl u
NEPErpy3Ky poTOpa U MPOU3BOAAUINX Pa3rPy3Ky pOTOpa MpU AEHCTBUMU MEPBOM CTyIIE-

HU 3allMThl WK pa3rpy3Ky TypOoreHeparopa Mo akKTUBHON MOIIHOCTU MpPU JACUCTBUU
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BTOPOI CTYNEHU 3aIUTHI IPU BO3MOKHOCTH ACUHXPOHHOTO PEKUMA.
e[Ipomexyrounoe pene (KL4), pukcupyroniee nelicTBre TEXHOIOTHUECKUX 3aIIUT.

4. PEJIEMHAS 3AIIIUTA TPAHC®OPMATOPOB U
ABTOTPAHC®OPMATOPOB

VYBenuueHne eIUHUYHONW MOIIHOCTU TpaHC(OpPMATOpOB U aBTOTpaHCcPHOpMAaTo-
POB, BO3pacCTaHHUE JOJU YTSIKEICHHBIX PEKUMOB, B KOTOPBIX OHU pabOTaOT, U Apyrue
(dakTopbl NPEABABIIAIOT BBICOKHE TPeOOBaHUS K BBIOOpPY M paboTe UX peNeiHON 3alu-
Thl U QBTOMAaTHUKH.

OcHoBHbIE (DYHKLIMHU 3alIUThl TpaHC(HOPMATOPOB M aBTOTPaHCHOPMATOPOB CO-
CTOAT B CJEIYIOIIEM:

OTKJIIOUEHHUE TpaHcpopmaTopa (aBToTpaHcPopmaTopa) Mpy €ro MOBPEKACHUU OT
BCEX UCTOYHUKOB ITUTAHMSI;

OTKJIIOUEHUE TpaHchopmaropa (aBToTpaHchopMaTopa) OT MOBPEXKIECHHONW YaCTH
AJIEKTPOYCTAHOBKHU MPHU MPOXOKICHUU YEpe3 HETO CBEPXTOKA B CIydasX MOBPEKICHUS
IITUH WU IPYToro 000pYyI0BaHUS, CBA3aHHOTO ¢ TpaHchopmaTopom (aBTOTpaHchopMa-
TOPOM), @ TaKXKe MPH MOBPEXKICHUAX CMEKHBIX JTUHHUH 3JIEKTpoIiepeiaddl Wik 000pyI0-
BaHUS U OTKa3ax 3allUT WU BBIKJIIOYATENEH;

noJjlaya npeaynpeauTeIbHOr0 CUTHaNA IEKYPHOMY NIEPCOHANy MOACTAHLINU (WU
AJIEKTPOCTAHLIMK) TIPU Meperpys3ke TpaHchopmaropa (aBToTpanchopmaropa), Bblaese-
HUU U3 Maclia ra3a, IOHIKEHUN YPOBHS Maciia, MOBBIIIEHUN €r0 TEMIIEPaTyphl.

Jlnia 3amutel TpaHchopMaTopoB (aBTOTpaHCPOPMATOPOB) MPHU UX MOBPEXKICHUU
U CUTHAIM3AlMM O HApPYIIEHWH HOPMAJbHBIX PEXKHMMOB PAOOTHI IMPUMEHSIOTCS Cle-
AYIOLLME TUIIBI 3AUTHI:

auddepeHumanbHas - IS 3alIUTH PU MOBPEKICHUSIX OOMOTOK, BBOAOB U
OILIMHOBKH TpaHC(HOPMaTOpPOB (aBTOTpaHCHOPMATOPOB);

TOKOBasl 0TCeYKAa MIHOBEHHOIO IeHCTBHUSI - U 3alIUTHl TPaHCHOPMATOPOB
(aBTOTpaHCHOPMATOPOB) NPU MOBPEKIACHUSIX OIIMHOBKU, BBOJAOB U YaCTU OOMOTKHU CO
CTOPOHBI HICTOYHUKA NMUTAHUS;

ra3oBas - JUIs 3alIUTHI IPU MOBPEKIACHUIX BHYTpHU Oaka TpaHchopmaropa (aBTo-
TpaHcpopmaTopa), COMPOBOKAAIOIINXKCS BBIICIEHUEM ra3a, a TaKkKe MPH MOHMKEHUU
YPOBHS Macla;

OT CBEPXTOKOB, MPOXOALINX yepe3 TpaHchopmaTop (aBTOTpaHC(OpMATOp) MPU
HOBPEXICHNUN KaK caMoro TpaHcopmaTopa (aBToTpanchopmaropa), Tak U Apyrux CBs-

3aHHbIX C HHUM JJICMCHTOB—MAaKCHMAJbHadA TOKOBafd HWJIHN MaKCHUMaJIbHasA TOKOBasl
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HallpaBJIeHHas 3a1MTAa, pearupyromas Ha ¢a3Hble TOKH, a TAK)KEe HAa TOKU HYJIEBOU U
0oOpaTHOM MOCJEN0BATEIBHOCTEN, MAaKCHMAJIbHASI TOKOBasl 3allIUTAa C IIyCKOM MUHU-
MaJIbHOTO HaIPSKEHUS, IMCTAHIMOHHAS 3a1UTA;

OT 3aMbIKaHHs Ha KOPITYC;

OT TEPETPy3KH.

4.1.1. Bo3mMoXkHbBIe NOBPEKACHUS 1 HEHOPMAaJIbHbIE PeKUM bl

padoThl TpaHchopMaTopoB U aBTOTPaHCHOPMATOPOB

K pexxumam, nmpu KOTOPhIX HEOOXOAUMO MPETyCMOTPETh MEPONIPUATHS 110 3aIH-
T€, OTHOCSATCA TOBPEXKICHUS KOHCTPYKTHUBHBIX 3JIEMEHTOB TpaHcdopmarTopa (aBTo-
TpaHchopMaTopa) 1 HECHOPMAIbHBIC PEKUMBI, BKITIOYAIONTUE YBEITUICHUE TOKA OOJIBIIE
HOMHHAJILHOTO, MTOBBIIICHUE HAMPSKEHUS U CHUKEHUSI YPOBHS Maclia.
1) Haubonee onacHbIMM BUAAMH TOBPEXKACHUS SBISIOTCS KOPOTKHE 3aMbIKAHHUSA Me-
#ay (azamm Ha BbBIBOJAX M BHYTPHM 0aka ¢ OOJBIIMM YHUCJIOM 3aMKHYBIIUXCS
BUTKOB, KOTJla BO3HUKAIOT 3HAYUTEIBHBIE TOKH B TpaHCHOPMATOPE U B CMEKHOM C
HUM 00OpYIOBaHWU, W 3HAYUTEIHLHOE CHIDKCHHE HAIMPSDHKEHUS B MPHUIICTAIONICH CETH.
BmecTe ¢ TeM, KOHCTPYKTUBHOE BBINOJHEHUE TpaHCHOPMATOPOB oOecrieurBaeT 00Jib-
IIYI0 TPOYHOCTh MEXKIY(Pa3HON H3OJISLMH, YTO CYHIECTBEHHO YMEHBIIAET BEPOSATHOCTh
MHOTO(a3HBIX K.3., @ MPHU BBINOJHEHUU TpeMsi OJHO(A3HBIMU TpaHchopMaTopamMu
MPAKTUYECKHU UCKITIOYAET HX.

[TosToMy Hanbosiee 4aCThIMU MOBPEKICHUSIMU SIBISIFOTCS BUTKOBBIE 3aMbIKAHUS
U ogHOda3Hble K.3. HA 3eMit0. HeoOXoauMo OTMETUTh, YTO BUTKOBBIE 3aMbIKaHHUS, a
TaKkke Mexayda3Hble BHyTpH 0aka ¢ HEOOJIBIIMM YHUCIOM 3aMKHYBIIMXCS BUTKOB, CO-
POBOXKIAIOTCA MaJIbIMU TOKaMU B HAPY>KHBIX BBIBOJAX IMPH 3HAYUTEIBHBIX TOKax B
MecTe K.3. BO3MOXHBI peXUMBI, KOT/Ia MPU YKa3aHHBIX MOBPEKJICHUIX TOKHU B IIEMH,
IJI€ YCTaHABJIMBAIOTCS M3MEPUTEIbHBIE TPAHC(HOPMATOPHI, HE MPEBHIIIAIOT HOMHHAIb-
Heie. HeOonblme no BeMMYMHE TOKM BO3HHMKAIOT U MPU OAHO(PA3HBIX K.3. HA 3€MIIIO B
CETSX C M30JUPOBAHHBIMU M KOMIIEHCUPOBAHHBIMU HEUTpasiMu. J{Jis BBISIBJICHUS TaKO-
ro pojia MOBPEXKACHUIN TPEOYIOTCSl YCTPONUCTBA 3alMThI, 00J1aJat01Me BRICOKOW YyBCT-
BUTEJIBHOCTBIO.
2) XapakTepHbIM MOBPEKIACHHEM TpaHchopMaTopa SBISIETCS MOBPEKICHUE MarHUTO-
POBO/Ia, KOTJa BO3HUKAET MECTHBIM HarpeB W "moxap" cranu. [loBpexaeHue marHu-
TONPOBOJIA HE MPUBOAUT K HEMEIJIEHHOMY MOBPEKIECHUIO OOMOTOK M 3aMETHOMY H3Me-
HEHUIO JJIEKTPUUYECKUX MapaMeTpoB Ha BbIBOAAX TpaHCc(opmaTopa M MOITOMY HE MO-

JKET OBIThH CBOCBPCMCHHO BbLIAABJICHO YCTpOﬁCTBaMH 3alIUThI, pCArupyroumMHn Ha 3JICK-
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TPUYECKUE BEJIMYMHBI. B nocnenyromeM, ecnu He OyaeT NpeanpuHATH MEPHI IO Ipe-
NOTBPALEHUIO DPa3BUTUS MOBPEXKACHUSA, B PE3YIbTATE TEPMHUUYECKOrO BO3JIECUCTBUS
MIPOU3OUIET MTPOOOH U3OJISITUN OOMOTOK.

PaccMoTpenHbie MOBpexIeHUST 0OMOTOK, MX BBIBOJOB M MarHUTONPOBO1a TpeOy-

€T HEMEIJIEHHOTO0 OTKIIIOUEHHUs TpaHchopMaTopa, B NMPOTHBHOM CIlydyae BO3HHKAET
OMAaCHOCTb PACIIUPEHUS] Pa3MepOB pa3pyIICHUs, MOBPEKICHUSI CMEKHOTO 000pyI0Ba-
HUS, CYILIECTBEHHOIO YXYIIICHUS! YCIOBUN (DYHKIIMOHMPOBAHUS SHEPIOCUCTEMBI U T10-
TpeduTene.
3) Koporkue 3aMbIKaHUS B CMEKHOM 000PyI0BaHMHU, K KOTOPOMY IPUCOEAUHSIETCS
TpaHcPopMaTop, MPUBOAAT K YBEITUUYCHUIO TOKAa CBEPX HOMHUHAJIBHOTO 3HadyeHwus. [Ipu
OTKAa3€ 3alIUT WJIH BBIKJIKOYATEIEH CMEXKHBIX AJIEMEHTOB IPOTEKAHUE TOKOB K.3. MOYKET
OKa3aThbCsl 3HAUMTENbHBIM. HarpeB 0OMOTOK CBepxX JOIMYCTUMOMN TeMIlepaTyphbl B 3TOM
pEeXKUME MOXKET MPUBECTU K MPOOOI0 M30JSALMHU M HEONPABAAHHOMY BBIXOJY U3 CTPOS
TpaHcpopmaTopa Ha JuIuTenbHoe BpeMs. [loaromy B 3ammrax TpaHchopMaTopoB Ipe-
IyCMaTPUBAIOTCS YCTPOMCTBA, AEHCTBYIOUIME MPU BHEIIHHUX K.3., C MapaMETPaMH, CO-
IJIACOBAHHBIMU C BBIJICPKKAMHU BPEMEHH M YCTABKAMMU 3AIIUT CMEXHBIX YYaCTKOB.

B kayecTBe TakuMX YCTPOWCTB MCHOJIB3YIOT MAKCHMAJIbHbIE TOKOBBIC 3aIIHUTHI,
TOKOBbBIE 3AIIUTHI HYJIEBOW M 00PAaTHOM MOCJIeI0BATEIbHOCTEN, 3AIUTHI ¢ 0JIOKHU-
POBKOIi 10 HANPSIZKEHUIO, JUCTAHIIMOHHBbIE 3AIUTHI. B UX 30HY nelcTBUS OOBIYHO
BXOJISIT IITMHBI TIOJICTAHIINH, K KOTOPHIM MOJICOCIUHSIIOTCSI BBIBOJIBI TpaHChopMaTopa, 1
OPUCOEANHEHNUS, OTXOAAIIME OT 3TUX MKMH. OTHOBPEMEHHO yKa3aHHBIE YCTPOICTBA pe-
3epBHUPYIOT OCHOBHBIE 3alIUTHI TpaHchopmaTopa. Eciiiu cMexHble y4acTKu HE cHabOxe-
Hbl CBOMMH 3allMTaMH, TO 3alllUTa TpaHc(hopMaTopa OT BHEIIHUX K.3. SIBJSIETCS OCHOB-
HOM JJII CMEXXHOTO 000py0BaHus. MaioMoIHbIe TpaHCHOPMATOPBI CHAOKAIOTCSI HHO-
rja OAHUM TUIIOM YCTPOMCTB M OT BHEUIHUX U OT BHYTPEHHUX MOBPEXKICHUIN, KOTOPHIE
B ATOM ClTy4ae OKa3bIBalOTCS OCHOBHOM 3alIUTON TpaHchopmaropa.

4) Tok, nNpeBbIIAINIA HOMUHAJIBHBIN, MOSBISCTCA U IPU NEPETPY3Kax, CpeIu Ko-
TOPBIX HEOOXOIMMO pa3InyaTh KPATKOBPEeMEHHbIE U JAJUTeIbHbIE.

KpaTkoBpeMeHHbIe Neperpy3ku, BO3HUKAOIIME, HAPUMEP, B PEKUME Kada-
HUS, TIPU IYCKE U CaMO3aITyCKe 3JICKTPOJBUTATENeH, HE OMACHBI U HE TPEOYyIOT CIeLu-
aNBHBIX MEP M0 3alUTEe TpaHCPopMaTopa.

JanTenbHble meperpy3ku, 00yCIOBICHHbIE, HAIPUMED, MOAKIIOYEHUEM JTOTOJI-
HUTEJIbHOW HAarpy3Kd NHpU JEHWCTBUM aBTOMATUYECKOTO BKJIFOUEHHMS pe3epBa WA OT-

KIIIOUCHHEM TapalijIeNIbHO paboTaroimiero TpancopmaTopa, MOTYT MPUBECTH K HEIO-
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MyCTUMOMY HAarpeBy OOMOTOK Ja)K€ B YCJIOBHSIX MPUHYIUTEIBHON UPKYISAIIUN OXJTaXK-
naromen cpeasl. Ha moacraHmusax, rae OTCYTCTBYET BO3MOKHOCTb YCTPAHECHMS IJIN-
TENBbHON MEpPErpy3kKd aBTOMAaTUYECKH WM C MOMOULIbIO0 OOCIYKMBAIOIIETO IEPCOHANA,
penernHas 3ammTa OT MePEerpy30K AEMCTBYET Ha OTKIIOYEHHE. BO BCeX OCTANIBHBIX CIIy-
qasx 3allATa JEUCTBYET HAa CUTHAJIM3ALMIO U aBTOMATHUYECKYIO pasrpy3Ky. Peneinnas
3aIUTa OT MEePErpy30K peaanu3yercs 0ObIYHO Ha TOKOBOM IPUHIIUIIE.

5) K uuciy HEHOpMaJIbHBIX PEKMMOB OTHOCUTCS HEAOIYCTHMOE yBeJIHYeHHUe
HANIPSKEHUs. B CeTsX ¢ 4aCTUYHBIM 3a36MIICHHEM HEUTpaAJIe BO3MOXKHBI OIIACHBIE [T
M30JIALUHU IEPEHANIPSIKEHNS] IPU aBaPUMHOM OTKJIIOYEHHH YaCTH SHEPrOCUCTEMBI C 3a-
3emiieHHbIMU HeWTpanmsimu. B cersx (500...750)kB nepeHanpsikeHUs] BOZHHKAKOT MPU
OJTHOCTOPOHHEM OTKJIFOYEHMH JJIMHHBIX JIMHUN C OONBIION €MKOCTHOW IpPOBOIKMMO-
CTBIO, & TAK)KE M3-3a2 PE30HAHCA, BOZHUKAIOIIETO IPHU OIPENEICHHBIX COOTHOILIEHUSX
€MKOCTHU JIMHUA ¥ MHIYKTUBHOCTU IIYHTUPYIOIIHUX PEaKTOPOB. IS IpenoTBpalieHUs
ITIOBPEKIACHNS M30JLILUU IPU NEPEHANPSHKEHUN IIPENYyCMATPUBACTCS MAKCUMAaJbHas
3aIIMTa HAIPSIKEHNUS.

6) YMeHbIIeHHE KOJMYECTBA Macjia B TpaHc(opMaTope BO3MOKHO IPU CUJIb-
HOM ITOHW)KECHUM TEMIIEPATypbl U3-3a HEJLOCTATOYHOI'O €r0 KOJNYECTBA B PACLIMPUTEIIE
WIA yTeuKke Macia u3 6aka. B kauecTBe ycTpolcTBa, ONPEEISIIOIIET0 HENOIMYCTUMOE
CHIDKEHHME YPOBHs Macia, MCIOJB3YETCS pele YPOBHS Macia, KOTOPOE IEHCTBYET
OOBIYHO HAa CHUTHAN, TAaKXK€ M Tra3oBas 3alluTa, KOTOpas JEHUCTBYET Ha OTKIIOYCHHE
TpaHcpopmaTopa.

7) BONBIIMHCTBO YCTPONCTB peJICHHON 3allIUThl TpaHCcPopMaTopa BBIMOJHIETCS C
UCII0JIb30BAaHUEM HM3BECTHBIX pejie TOKA, HANPSKEeHHUA M CONPOTHBJICHUA. B TO xe
BpeMs TpaHc(hopMaTop UMeEET psifi KOHCTPYKTUBHBIX U PEKUMHBIX OCOOEHHOCTEH, KO-
TOpbIE€ JTOJDKHBI OBITH YYTEHBI MPU BHIOOpE U pacueTe peneiiHoN 3amuThl. Brirouenue
TpaHcpopmaTopa NOJ Harpy3Ky WM MOBTOPHOE BOCCTAaHOBJICHHE HANpSIKEHUS HA €ro
BBIBOJIAX IIOCJIE OTKJIIOUEHHUsS BHEIIHETO K.3. COIPOBOXKAAIOTCA OPOCKOM TOKAa Hamar-
HUYMBAaHUsA, KOTOPBIA B MEPBbII MOMEHT BPEMEHU I10CJIE KOMMYTAllUA JOCTUIaeT Be-
JIMYUHBI, 3HAYUTEIBHO MPEBOCXOMSAIIMX HOMUHAIBHBIA TOK. Bpems 3aryxaHus Hamar-
HUYMBAIOIIETO TOKa HAMHOTO OOJiblIe TPeOyeMOro BpeMeHU cpadaThIBaHHUsI OCHOBHBIX
3alUT, YTO CTABUT IPOOJIEMY IPEAOTBpAILEHUS HENPABUIbHBIX CpabaThIBAaHUI IpH
OJIHOBPEMEHHOM O0ECIIEUEHUHN YyBCTBUTEIBHOCTH.

8) B HekoTOpbIX THUIAX TpaHCPOPMATOPOB MpPeRyCMATPHUBAETCS PeryJnpoBa-

Hue noxa Harpyskoi (PIIH), nuanason koroporo pocturaet £16% oT HOMHHAIBHOTO
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HanpspkeHust. OpqnoBpeMmenHo ¢ PITH, unu 6e3 Hero, BO3MOXHO TPUMEHEHHUE YCTPONCTB
peryiaupoBanus 6e3 Harpy3ku. OObIYHO HAIa30H peryaupoBaHus coctaBisieT + 5% ot
HOMHHAJIBHOTO HANpPSKEHUsI C OJIHOM CTYNEHBIO B TpaHCPopMaTopax ¢ TOKamMHu Oojee
700 A u nByms ctyneHsMu ¢ Tokamu Menbine 700 A. Hamuuue peryimpoBaHusi npeao-
npenessieT U3MEHEHHE TOKOB Ha CTOPOHAax TpaHc(opmaTopa mpH BHEIIHUX U BHYTPEH-
HUX K.3. IO CPABHEHHIO CO CPEIHUM TOJIOKEHUEM yCTPOWCTBA PETYIUPOBAHUS U TpeOy-
€T ydeTa 3Toro (hakTopa npu BeIOOpE U pacueTe yCTPOMCTB 3aIUTHI.

[Ipu BHEMIHMX K.3. ¥ B HArPY30YHOM PEXKUME TOKH Ha CTOPOHAX TpaHcopMaro-
pa He paBHbI MEX]y cO00ii, a U3-3a pa3HbIX CXEM COEJIMHEHUS OOMOTOK CIABHUHYTHI OT-
HOCHUTEJIBHO JApYT npyra no ¢aze. [Ipu ctannaptHoit cxeme coenuHeHus: Y/A - TOKU €O
CTOPOHBI 3B€3/IbI U TPEYTOJIbHUKA CIBUHYTHI OTHOCUTENBHO ApYT Apyra Ha 30°.

9) K uucny ocoGeHHocTell TpaHC(HOPMATOPOB YNPOIIEHHBIX MOACTAHLIUNA HEOO-
XOJIMMO OTHECTH UX MPHCOECJUHEHHE K JJMHUAM JJIeKTponepeaayu 0e3 BhIKIYaTe-
Jeii. B aTom ciyyae npu noBpexaeHUsX TpaHchopmaTopa JOJIKHBI ObITh PEIyCMOT-
PEHBI MEPONPUSITHS MO OTKIIOYEHUIO BBIKIIIOUATEIEH, pACIION0KEHHBIX HA KOHIAX MH-
TAIOIIUX JIMHUM: YCTAaHOBKA KOPOTKO3aMbIKATENEH Ji1 MCKYCCTBEHHBIX 3aMbIKaHUN B
JUHUM U OTAEIHUTENs AJI1 OTKIIOUeHHus TpaHcdopmaropa B GectokoByio may3y AIIB
JMHHUM, TIepeadya OTKIIOYAIONIero CUTHaJa MO0 KOHTPOJIBHOMY Ka0elt0 WIN 1O BBICOKO-

YaCTOTHOMY KaHaJly Ha BBIKJIIOUATENIN JIUHUH.
4.2.0cHOBHBbIEC 3AIUTHI TPaHCPOPMATOPOB U AaBTOTPaHCHOPMATOPOB

OCHOBHBIE 3aIUTHI pEarupyroT Ha BCE BUJIbI OBPEKIECHUN TpaHchopMaTopa Win
aBTOTpancpopmaropa (B JabHEHUIIEM — 00BEKTA) M JEHCTBYIOT Ha OTKIIOYCHHUE BBI-
KIIFoYaTesiei co BceX CTOPOH 0e3 BhIIEPKKH BpeMeHH. K OCHOBHBIM 3a1iuTaM OTHOCST-
csl:

1) Ilpoponbuas nud¢epeHuMaIbHASE TOKOBAA 3alllMTa OT BCEX BUAOB 3aMblKa-
HUW Ha BBIBOJAX U B 0OOMOTKAaX CTOPOH C 3a3€MJICHHON HEWUTpasblo, a TAKXKE OT MHOTO-
(ba3HbIX 3aMBIKaHUN Ha BBIBOJAX U B OOMOTKaX CTOPOH C U30JIMPOBAHHON HEHTpabio;

2) T'a3oBasi 3amMTAa OT 3aMBIKAHWI BHYTPH KOXXyXa OOBEKTa, COMPOBOXKIIA0-
IIMXCS BBIJEIECHUEM ra3a, a TAKXKe IIPU PE3KOM NOHWKEHUN YPOBHS MACIIa;

3) AnddepennuaibHas TOKOBasi 3allIUTA JOMOJHUTEIBHBIX 3JIEMEHTOB (J100a-

BOYHBIN TpaHCHOPMATOP, CHHXPOHHBIA KOMIIEHCATOD).
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4.2.1.0cHOBHBIC YCJOBHSA BblOOpa NPOA0JbHONH N1UPepeHINAIBHOMT

3aIIUTbI

DT yCIOBHS OMPEEISIIOT PACUCTHBIC PEKUMBI M TPEOOBAHUS, IPEABIBISIEMBIC K
3alllMTe B 3aBUCMMOCTH OT MapaMeTpoB TpaHchopmaTopa WK aBToTpanchopmaTopa:

1) lIponoabHas nuddepeHnmaabHas 3alUTA IPUMEHsETCS A TpaHchopma-
TOpOB MoIHOCTHIO 6,3 MBA u BbIIe, a Takxke s BCeX aBTOTpaHC(HOPMATOPOB (TpU
MOIIHOCTU TpaHcopmaTopa meHee 6,3 MBA nmpuMeHsieTcsi TOKOBasi 0TCeYKa B COUe-
TaHuu ¢ MT3). 3ammuTa BBIMOTHSIETCS ¢ UCTIOIB30BaHUEeM TU(GEepEHITUATHHBIX PEJIC TH-
na PHT u JI3T ¢ HaChIAIOITUMUCS TpaHCHOpMaTOpaMH.

Pene Tuna PHT-565 — PHT-567 00eClieYynBarOT MOBBIIIEHHYIO OTCTPOMKY OT Mepe-
XOJTHBIX PEKHMMOB C aliepUOIUIECKON crararomiei, a pene tuma JA3T-11 — JI3T-14 obec-
MEYMBAIOT MOBHITIICHHYIO OTCTPOUKY OT MEPHOIUIECKUX TOKOB HeOamaHca.

Bri6op tuma pene onpeaensiercst pacueroM. st 1ByXoOMOTOUHBIX TpaHchopma-
TOPOB MCHOJB3YETCs BYXpeJieiiHasi cXxema 3alluThl, 1751 TPEXOOMOTOUYHBIX TpaHchop-
MaTOpPOB M aBTOTpaHC(HOPMATOPOB - TpexpelielHas cXxemMa Ha CTOPOHE HU3IIEro Harmpsi-

JKCHUS, JJIA TOBBIIICHUA 9YyYBCTBUTCIIbHOCTHU TT COCOAUHAIOTCA B IMOJIHYIO 3BE3 Y.

3 Cmopona BH

n=1
KAT
=
X6 L]
K1
K4 [
T =
K5 [
= CH, n=IT
K2

— HH, n=III
Puc. 4.1. TloscHstommas cxeMa K pacuery qudepeHInanbpHON 3alIUThl TPAHC-
dbopmaropa.
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2) Jlis BeIOOpa TOKa cpabaThIBaHUS 3aIUTHI TI0 YCIOBUAM OTCTPOWKH OT TOKa
HebaJlaHCca paccMaTpUBAIOTCA TaKWE PEKMMBI, MPU KOTOPHIX TOK HebajdaHca Oyaer
HauOo0abIMM. BbIOOp pacueTHBIX yCIOBUI OMpeeisieTcs napaMmeTpaMu CUcTeMsl. [is
TpaHCPOPMATOPOB U aBTOTPAHCPOPMATOPOB C OJJHOCTOPOHHUM MUTAHHEM PACUETHBIMU
ABIIAIOTCSA TpexdasHble K.3. Ha MKMHAX cpeaHero u Husmero Hampstkenuit (CH u HH
touku K1 u K2,puc.4.1.) [Ipu AByXCTOpOHHEM MUTAHUU PACUETHON MOXKET OBITh U TOY-
Ka K.3. Ha muHax Beiciiero Hanpsikenus (BH touka K3, puc.4.1).

3) Jlns npoBepKH 4yBCTBUTEIBHOCTH PACCMATPUBAIOTCS TaKUE PEKUMBI, IIPU KO-
TOPBIX YYBCTBUTEJIBHOCTH Oy/eT MUHMMAJIbHOM. [Ipy 0THOCTOPOHHEM MUTAHUU KO-
3¢ (ULMEHT YyBCTBUTEIBHOCTH MPOBEPSIETCA MPU BHYTPEHHEM JBYX(a3zHOM K.3. Ha
cropoHax CH nu HH B MunumansHOM pexkume padbotsl cuctembl (Touka K4 u K5, pu-
cyHOK 4.1.). Ilpu nBYXCTOPOHHEM MHUTAHUM PACYETHOWU MO UYBCTBUTEIBHOCTH MOXKET
okazaTbcs ojiHo(Da3zHoe uinu aByxdas3Hoe k.3. Ha ctopoHe BH (touka K6, pucyHok 4.1.).
3aMeTuM, 4TO MPHU HECKOJIBKUX TpaHC(hOpMaTopax Ha MOACTAHLIUU PACUETHBIM SBIISCT-
Csl PeKUM Pa3AENbHON pabOThl. DTO CHPABEIIMBO KaK Ui MPOBEPKH UyBCTBUTEIILHO-

CTH, TaK U JJis1 BbIOOpa TOKa cpadaThIBaHUsI.
4.2.2. llpenBapuTteibHbIii pacyeT 3allUTHI U BBIOOP THIA peJe

IlepBoHauanbHO onpenensercs Tok cpadaTeiBanus 3amuThl ¢ pesne PHT nmo Gonbiiemy,
HCXOMs U3 IBYX yCIIOBHUM:

a) Orcrpoiika oT 0pocKa TOKA HAMATHMYMBAHUS, BO3HUKAIOLIETO MPU BKIOYEHUU
TpaHcopmaTopa WM aBTOTpaHc(opMaTopa Ha XOJIOCTOW XOJ WM IIPU BOCCTAHOBIIE-
HUY HaIPSDKEHUS TI0CIIE OTKIFOYEHUS K.3.

Ies =Kolyoy > (41)
rae K, = 1,3 — koagdunuent orctporiku 11 pene PHT;

1,0, — HOMHHAJIBHBIA TOK TOHM CTOPOHBI TpaHC(hOpMAaTOpa, HAMPsKEHHUE KOTOPOMl MpH-
HSTO B KaueCTBE PAcueTHOM; A aBTOTpaHC(HOPMATOPOB IMPH ONpeAeNeHuu I, , 0e-

pETCsl TUIIOBAsI MOIITHOCTb.
6) OTcTpoiika 0T MaKCHUMaJbHOTO TOKa HeOajJaHca, BOZHUKAIOIIETO MPH BHEIIHUX K.3.

]C.3. 2 KEIHE.PAC‘I. ’(4'2)
rae K, = 1,3 — koadduimeHT 3anaca 1o u30UpaTebHOCTH;
15 pacy. — MAKCUMAJIBHBIN pacyeTHBIA TOK HeOallaHCa, ONMPENENSIEMbId KaKk CyMMa Tpex
COCTAaBJISIIOIIMX, TPONOPIIMOHAIIBHBIX MEPUOAUYECKON CIArarolle TOKa K.3.

7 " m
]HEAPAC’J. _]HEAPAC’J. +1HE.PAC’{A +1H5.PAC’{A (43)
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CocraBnsitowmias 1, ,,., — 00YyCIOBIIEHA MOTPEIIHOCTHIO TPAHCHOPMATOPOB TOKA:

Lg pacy. = KO[ZH €1y 3 pac. s (44)

rae Ko, = 1,0, 6= 0,157, 5, — MaKCUMaJIbHBIM TOK BHELIHETO K.3., IPUBEAECHHBIN K

pacyYeTHOU CTYyNEHU HANPSKEHMUS.

"

CocraBnsomas 1}, ,,.;, — OOyCIOBI€HAa PEeryaupoBKON ko3(dduimenta TpaHc-

dbopmariu cutoBoro Tpanchopmaropa (aBToTpanchopmaTopa) mocie Toro, KaKk 3ammura
OblTa cOaaHCUpPOBaHA HA CPETHUX OTMAalKax. JTa COCTaBISIONIAs OMpPEIEseTcsl Kak

CyMMa TOKOB HebOanaHca Ha CTOpOHax, rac UMECTCA pEryJIMpOBaAHUC!

IIIIIEAPAC‘J. = Z AUI y g 3 paxc > (45)

n=1

rae AU — OTHOCUTENBHAS MOIPELIHOCTD PETYJIUPOBKU, IPUHUMAETCS PAaBHOU IIOJIOBUHE
JMana3oHa PeryJIupoBaHMs CTOPOH n TpaHchopmaTopa (eciu peryaupoBaHue+10%, TO

4U =0,1). 1 MaKCUMAaJIbHBIA MEPUOIMYECKUIN TOK, MPOTEKAIOIUN IO CTOPOHE

N K.3.MAKC
n TpaHchopmaTopa.

m

CocraBnstomast 1}, ,,., — OOyCIOBIIEHA HETOYHOCTBHIO YCTAHOBKH Ha peJie pac-

YCTHBIX YHCCJI BUTKOB:

I5s pacy. = Z Awnl y o 5 ke s (46)

n=1

O pscy ~ Oy

rne Adow= — HNOTPCIIHOCTL BbBIPABHUBAHUWA [JII CTOPOHBI 7, U w,

o WOy pacy
N pacy

CTOPOHBI — pacyeTHbIE U (DAKTUUECKUE YMCIIA BUTKOB JJIsl CTOPOHBI 1 TpaHchopmaTopa.
[Ipu npeaBapUTENBLHOM PacU€Te 3Ta COCTABIISIIONIAS HE YUUTHIBACTCS.
B) Bri0op THma pene mpou3BOAUTCS HA OCHOBE OIIEHKH YyBCTBUTEIHLHOCTH 3aITUTHI, KO-
TOpasi ompeeNsieTcss MPUOINKEHHO, TMOoJIarasi, YTo0 BeCh TOK MOBPEXIACHUS (TIpUBEICH-
HBIM KO BTOPUYHOM CTOPOHE) MOMA/IaeT B peie.

K, =2ksmm 5 4.7)

C.3.

Ecan 4yBCTBUTENBHOCTh OKA3bIBAETCS JOCTATOYHOM, TO MPOJOJIKAIOT pacuer 3a-

muThl ¢ peiae PHT. B mporiecce pacuera ycTaBok pesie yTOYHEHHBIN TOK cpabaThIBaHUS

m

(c yuetom I}, .,y ) MOXKET OKa3zaThbcsi OOJBIIE MPEIBAPUTETHLHO HANWAEHHOTO, a YYBCT-

BUTCJIBbHOCTD 3allIMTHI He,Z[OCTaTO‘{HOfI. B stom CclIydac IpoBCPACTCA BO3MOKHOCTL CHHU-

14

3UTh TOK Cpa0aTBhIBAHUS 33 CUET COCTABISIOMUX 1) picy U L g pycy -

"

CocraBnstomyto 1}, ,,., - MOXKHO HE yUYUTHIBATh, €CIU pEryaupoBanue Kodddu-
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[UeHTa TpaHc(hOpMalliu CUJIOBOTO TpaHcpopmaTtopa Mpou3BOAUTCA peako. B stom
Clly4yae pacyeT YCTaBOK pejie MPOU3BOAUTCA ISl KaXAO0TO MOJIOKEHUS MepPeKIouaTess
HarpsKeHus: (0OBIYHO ISl BEPXHETO U HU3IIEro OTBETBJIEHUN). [Ipu n3mMeHeHuu mnosio-
XKEHUSI TIEpPEKIIIoYaTelIsl JOJKHA U3MEHSThCS M YCTaBKa, BbloJHsemas Ha peie. Co-

CTaBJISIOLLYIO [}, ,,-; MOYXHO YMEHBIIIUTH 32 CUET 00Jiee pallMOHAIBLHOTO BbIOOpa Yncia

BUTKOB peJjie myTeM u3MeHeHus: koddduiumento tpanchopmanuu TT oTaenbHBIX CTO-
POH CHJIOBOTO TpaHChopMaTopa.

Ecmn nmuddepennmansuas 3amura ¢ pene PHT ne obecneunBaer HeoOXxoaumoit
YyBCTBUTEIHHOCTH, @ PACUETHOI SIBIISETCS OTCTPOMKA OT TOKa HebasaHca, TO MPUHU-
matot pene tuna /3T, umeroniee MarHuTHOe TOPMOKEHHE OT CKBO3HOTO TOKA K.3.

r) [Ipu BeIOOpE TOKa cpabareiBanus 3ammura ¢ peie 3T B Beipaxkenuu (4.1) npunuma-

erca K,=1,5, aB (4.2) — K,=1,5. [Ipuyem, B KaueCTBE PacuETHOI'O paccMaTPUBACTCS
BHEIIIHEE K.3,. IPH KOTOPOM TOPMOKEHHE OTCYTCTBYET.
4.2.3. BoiOoop ycraBok peae PHT

OnpeneneHue 4nciaa BUTKOB, YCTAHABIMBAEMbIX Ha pejie, MPOU3BOAUTCS B Clle-
IYIOLIEM MTOPSIKE:
a) Omnpenensorcss BTOpUYHbIE HOMUHAJIbHBIE TOKH CTOPOH TpaHc(hopMaropa:
(4.8)

S .
e 1,0y =——L— - HOMUHAJIBHBIA TOK CTOpOHBI 71 Tpanchopmatopa; Kex - K03 hUImeHT cxe-

3UnHOM
MBI COEIMHEHMs] BTOPUYHBIX 00MOTOK TT (mpu coennHeHuun oOMOTOK B 3Be3ay Kcx =
1,0; npu coenuneHun B TpeyroyibHUK Kcx = \/3); nrr,- npuHATeid TT HA cTOopoHe n
Tpanchopmaropa (mpu Beibope koddduinmenta TT Hamo yduThIBaTh, YTO BTOPUYHBIC
HOMMHAJIbHBIE TOKU HE JTOJDKHBI CYIIECTBEHHO MpeBbIIaTh SA). Bee 3T nannbie yao0-
HO IIpeJCTaBUTh B BUE Tabauipl. CTOpoHa ¢ HAaMOOJIBIIMM TOKOM IPUHUMAETCS B Ka-
YeCTBE OCHOBHOM.
0) Onpenensercs TOK cpabaTbIBaHUs pejie JiE OCHOBHOM CTOPOHBI TpaHc(opma-
TOpa
(4.9)

U
leKex ( HOM%] NHOM j

nTTn

rae Uyoyp - HOMUHAIBHOE HAIPSKEHUE CTOPOHBI, COOTBETCTBYIOUIEH pPACUETHOM CTY-

I

cPn T

INCHU HAIIPSAKCHU.
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Ecnu pacuer 3ammThl BBITIOTHSIETCS TSl Pa3HBIX MOJO0KEHUN MEePEKITI0YaTess Ha-
NpspKEeHUsT TpaHc(hopmaTopa, TO STO YUUTHIBASTCS TMPU OMpEACIICHUN TOKa cpabaThiBa-
HUS 3anuThl BBeeHHeM kKodddunuenta Kp = (1+AU) B uncnutens BeipakeHus (4.9).

B) Haxoautcs pacueTHOE YHCIIO BUTKOB /ISl OCHOBHOM CTOPOHBI:

Fop (4.10)

OOCH .PACY :ICLP

Ecau pacyeTHOe YMCIO BUTKOB OKa3bIBACTCS JAPOOHBIM, TO NMPUHUMAETCS OJIH-
JKaiIee MEHbBIIIEE 11eJI0€ 3HAUCHHUE (DoCH.
r) PacyeTHbie unciia BUTKOB ISl IPYTUX CTOPOH 3aIlUThl BBIOUPAIOTCS IO YCJIO0-

BHMSM OajlaHca Ha peiac M. A.C. IICY 3alllMTEI IIPpKW BHCIIHEM K.3. MJIM HOPMAJIbHOM PECKHU-

Me (pUCYHOK 4.2):
Lyy@, =1y g0y =1y 4,0, (4.11)
OTKyJ1a
I
Wy pacy = Poch octt B'%B . (4.12)

v P HU [ &4
T L

Wprr @Drirr
Wy " Wi  ~
" —> <« | Wpr
Ira
Lirg
/'"\‘
T { -
Ay /
Pr— NI K4 K]
I

gl 2 6)
S — —

Pucynoxk 4.2 Ypouiernsie cxembl quddepennnanbpabix 3amut ¢ peae PHT u JI3T.

JIJ1s1 HEOCHOBHBIX CTOPOH K YCTAaHOBKE Ha pesie MPUHUMACTCS OJIMKanIIee 1menoe
3HAYECHHUE O,
n) Haxomutcs Tok cpabaTbiBaHMS 3alIUTBI ¢ Y4ETOM cocTaBsitomed ["ygpacy

IIpH K.3. HA TOH CTOpPOHEC, TAC TOK HebanaHca HaI/I60J'II>H_II/II71, N YTOUHACTCS II0 BbIpAXKE-
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HUIO (4.9) TOK cpabaThIBaHUS pee.

Ecnu nosy4eHHOE 3HaueHHE TOKa CpadaThIBAaHHUS OKAXKETCs OOJIBIIC paHee Haui-
JCHHOTO, TO YKCJIO BUTKOB HA OCHOBHOW CTOPOHE MPHUHUMAETCS Ha OJTMH MEHBIIIE, a JIIs
HEOCHOBHBIX CTOPOH IIPHUHUMAETCS OJIMIKAKIIIee 1[eJI0e YHUCII0 BUTKOB.

PacueT moBTOpsieTcs 0 TEX MOP, MOKA HE BHIMIOJIHUTCS YCIIOBUE:

Icpi < Icpig) » (4.13)
rJie | - HOMEp BapuaHTa pacuera Ipyu U3MEHEHUU MocH.

¢) UyBCTBUTEIHLHOCTD 3aIMTHI MIPOBEPSAETCS MPH BHYTPEHHHUX K.3. B PaCUCTHBIX
TOYKaX:

11
K, :Zlﬁﬂzz (4.14)
n=l1 C.P.

rae I, - BTOPUYHBIM TOK IJIe4a 3alllUThl CO CTOPOHBI 71 TpaHc(opmaropa mpH
pacueTHOM K.3. (Ompenensercss Mo cxemaM TokKopachpezdeneHus). [IpakTuuecku mpu
cOaJaHCUPOBAaHHBIX M.J.C. IJIeY 3alIUT KO3()(PUIIMEHT YyBCTBUTEILHOCTH MOXKET OBITH
OINpEJENIEH 0 NEPBUYHBIM TOKAM C MOrpelIHOCThI0 MeHee 10%:
1

K, =" > (4.15)
]C.3.

4.2.4. BoiOoop ycrtaBok peJde 3T

[Tpu ucnonp3oBanuu pene A3T-11 TopMo3Hyr0 OOMOTKY BKJIHOYAKOT OOBIYHO HA
TON CTOpOHE, K.3. Ha KOTOPOM JaeT HauOoJbIINil TOK Hebaanca (Hanpumep, Touka K1
pucyHok 5.2,0). IIpu 5ToM ykazaHHBIM TOK HeOanaHca Mpu BbIOOpE TOKa cpabaThIBaHUS
HE YYUTHIBAETCS.

Omnpenenenve 4uciaa BUTKOB w,, , KOTOPbIE YCTaHABIMBAIOTCS Ha pabouux 00-

MOTKAaX pa3HbIX CTOPOH JiJis oOecrieueHus 6ajianca M.J.C. Ha pelie, TPOU3BOIUTCS TaKKe
kak u 1y pene PHT.
Uucino BUTKOB TOPMO3HOW OOMOTKH, O0OECIIEUMBAIOIEE HANICKHYIO OTCTPOUKY

peJiC OT TOKA He6aﬂcha, IIpHU JaHHOM BHJC K.3. OIIPCACIIACTCA KaK:

K,I W,
wnT _ 3 HB.PACY P : (416)
Ing iga

rae K,= 1,5; In, — NepBUYHBIA TOPMO3HOM TOK CTOPOHBI n TpaHcopmaTopa; tga =
0,87 - TaHreHC yrjia HakKJIOHA KacaTeJbHOU, MPOBEICHHOW M3 Hayajga KOOpJIUHAT U

HIDKHEH pacuyeTHOM 1Mo U30MpaTeIbHOCTH TOPMO3HOM XapaKTepucTuky, (puc.4.3).

[TpoBepka 4yBCTBUTEIBHOCTH 3alIUTHI PU BHYTPEHHUX MOBPEXKIACHUIX 0€3 TOp-
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MOXXCHHUS NPOU3BOAUTCS TaK K€, KaKk U AJis1 peyie PHT:

1
Ky =| X Ingo, | /Fcpo, (4.17)

n=Il
rae F,.,, — m.ja.c. cpabateiBanus peie A3T npu oTCyTCTBUM TOPMOXKEHHUS. 3aMETUM,

4TO KOA(PPUIUEHT YyBCTBUTEILHOCTH MOXKET OBITH ONpezesieH MPUOIMKEHHO 0 mep-

BUYHBIM TOKaM.

A M
Obnacme
__ cpabamyl- | ,((ﬂ(
e 8aHUA )/ /fm’
I
400 el
A / il Obracme mop-
5 / MONCEHUA
Feprf—\ /|
Fepo
Fr
0 200 400 600 800 A

Puc. 4.3. Topmosusie xapaktepuctuku pene J3T-11
[IpoBepka 4yBCTBUTEIBLHOCTU 3alIUThl HNPH BHYTPEHHUX MOBPEKIAECHUSAX C TOP-
MOKEHHUEM MPOU3BOAUTCSA ClieAyromuM obpa3om. [lepBoHauanbHO onpexaensercs: padbo-

qas 1 TOpMO3HasA M.J.C., TIOABOJHUMBIC K PCJIC ITPHU PACHCTHOM K.3.

111 11
FP :z[ann FT :z]annT

n=I ; n=I
st pene JI3T-11, umeroriero oaHy TOPMO3HYI0 OOMOTKY Ha CTOPOHE 7 TpaHC-

dopmartopa F, =1, ,0,,. B naipHeilmeM, Ha yepTeke TOPMO3HON XapaKTEPUCTHKU OT-

KJaapIBatoT TOUKy A(F), COOTBETCTBYIOILYIO BHYTPEHHEMY K.3. C TOPMOKEHHEM. TOUKy
A COeMHSAIOT C HAYAJIOM KOOPAMHAT MPSMOU JIMHUEH.

IlepeceueHne 3TOM JIMHUKA C BEPXHEW PACUETHOM IO UYBCTBUTEIBHOCTH TOPMO3-
HOM XapaKTepuCTUKOU JaeT Touky b (puc. 4.2). [Ipoexuus To4ykd 5 Ha OCh OpJMHAT
JaeT M.J.C. cpadaThIBaHUS peJie MPHU HAIMYUH TOPMOXKEHUS ISl JAHHOTO PacdyeTHOTO
pexuma.

Kosdduiment 4yBCTBUTENIBHOCTH ONPEEISIETCS KaK
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K, =—2 >18. (4.18)

4.3. PesepBHbIE 3aIIMTHI TPAHCHOPMATOPOB U

aBTOTpaHcpoOpMaTOpPOB

Pe3epBHbIE 3alIUTHI PE3EPBUPYIOT OCHOBHBIE 3aIIUTHI U PEArupyrOT Ha BHEIIHUE
K.3., JIEHCTBYS Ha OTKJIIOYEHHE C JIByMs BBIJIEP)KKAMU BPEMEHU: C MEPBOM BBIIECPKKON
BPEMEHHU OTKJTFOUAETCS BHIKJIFOYATEIh OJTHOW U3 CTOPOH HU3IIETO HAMPsKEHUS (0OOBITHO
TOM, TJle YCTAHOBJICHA 3allluTa), CO BTOPOM - BCE BBIKJIIOYATEIN OOBbEKTa. Pe3epBHBIC
3aIIUTHI OT MEXTY(Pa3HBIX MOBPEKACHUI HUMEIOT HECKOJIBLKO BAPUAHTOB UCIIOJTHCHUS

1) MT3 6e3 mmycka 1o HanpsoKeHHIO,

2) MT3 ¢ KOMOMHUPOBaHHBIM ITYCKOM I10 HANPSIKEHUIO;

3) MT3 o06patHOil mOoCcae10BaTENIBHOCTH C MPUCTABKOM 711 AEUCTBUS MPU CHUM-
METPUYHBIX K.3.

Pe3epBHbIe 3alUThI OT 3aMbIKAHUS HA 3€MJI0 BhINOJHAIOTCA B Bujae MT3 nyne-

BOI MOCTIEIOBATEIHHOCTH.
4.3.1. BbiO0op cxeM pe3epBHBbIX 3aIIMUT

Br16op cxeM 3amuT Npou3BOAUTCS B 3aBUCMMOCTH OT THIIA 3alIUIIAeMOro 000-
pynoBanus (TpanchopmaTop WM aBTOTpaHCcHoOpMaTOp) U YUCIa OOMOTOK, a TaKKE OT
CXEMBbI MTUTaHus (0OTHOCTOPOHHEE, IBYXCTOPOHHEE).

1) B kadecTBe pe3epBHOI 3alUTHI OT MEXAY(})Aa3HBIX MOBPEXKACHUIN ISl TpaHC-
dbopmatopoB npumensiercss MT3 ¢ myckom win 6e3 Mmycka 1Mo HampsiKEHUIO B 3aBUCHU-
MOCTH OT YYBCTBUTEJIBHOCTHU 3amuUThI. [IyCk 1Mo HampsHKEHHUIO BBITIONHSACTCS KOMOWHU-
POBaHHBIM, AaHAJIOTUYHO COOTBETCTBYIOLIEH 3aIIUTE T€HEPATOPA.

Jns nByxoOMoTOuHBIX TpaHchopmaTopoB MT3 BBINOTHSAETCS B JBYXpEICHHOM
ucrnonHeHuu ¢ coeauHeHneMm TT B TpeyroiabHUK JUisl MOBBILIEHUSI YYBCTBUTEIBHOCTH.
[lepBonavasnibHo paccuuthiBaeTcsi MT3 6e3 mycka Mo HanpssKEHUIO, a €CIIM YyBCTBHU-
TEJIbHOCTbH 3AIIUTHI MaJla, TO IPUMEHSIETCS MyCK 10 HanpsikeHuto co croponsl HH. Ec-
nu Ha ctopoHe HH ycTaHaBiamBarOT CABOCHHBIN PEAKTOP, TO 32 PEAKTOPOM IperycMar-
puBaercs otaenbHas MT3.

Jl1st TpexoOMOTOYHBIX TpaHCHOPMATOPOB ¢ 0OAHOCTOpOoHHUM nuTanuemM MT3 yc-
TaHAaBIIUBAETCS HA CTOPOHE MUTAHUS U BBIMOJIHAETCA B TPEX(Pa3HOM TPEXJIMHEHMHOM HC-
nosHeHnu. [ oGecriedeHus YyBCTBUTEILHOCTH KOMOWHUPOBAHHBIA ITyCK 10 HATPS-

KEHUI0 MOKeT ocyuiecTBIAThCs co ctoponsl CH n HH. 3amura neiictByer Ha OTKIIIO-
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YeHHUE C ABYMS BBIJICP’)KKAMU BPEMEHU: C TMIEPBOM BBIJEPIKKOW BPEMEHU OOBITHO OTKITIO-
yaetcsi ctopoHa CH, co BTOpoii - Bce BBIKJIIOUATENN TpaHCHOopMaTopa.

Jns TpexoOMOTOUYHBIX TpaHC(POPMATOPOB € ABYXCTOPOHHUM nuTannemM MT3
(kaKk mpaBWIIO, C IYCKOM II0 HANPSIKEHUIO) YCTAHABJIMBAETCS HA KAXKIOM CTOPOHE
TpaHchopmaTopa U MpeTHA3HAYACTCS, B OCHOBHOM, JUIsI PE3EPBUPOBAHUS 3aAIUT TIPH-
COCIMHEHUN CBOEU CTOPOHBI.

2) Bbibop pe3epBHOM 3alIUTHI OT MEXAY(Pa3HbIX MOBPEKICHUMN ISl aBTOTPaHC-
(hopMaToOpOB 3aBUCHUT OT CXEMbI TUTAHUS.

Jlst aBTOoTpaHchOpMaToOpoB ¢ OAHOCTOPOHHUM MUTAaHWEM HA CTOPOHE MUTAHUS
ycranaBiauBaercs MT3 ¢ KoMOMHUPOBAHHBIM ITYyCKOM TI0 HANIPSDKCHUIO; JIJIs1 o0ecrede-
HUS YyBCTBUTEIBHOCTH ITyCK MO HANPSIKEHUIO MOXKET OCYLIECTBIATHCA cO cTopoHsl CH
u HH. DOta 3amura AeHCTBYET C IByMsl BBIAEPKKAMU BPEMEHM: C MEPBOM BBIICPKKOU
BpEMEHU OOBIUHO OTKJIIOYAETCs BBIKIHOYaTENb co cTopoHbl CH, co BTOpo# - Bce BbI-
KIroyaTenu aBTorpancopmatopa. Kpome Toro, Ha cropone HH mnpemycmarpuBaetcs
MT3 c nyckom unu 6€3 mycka 1o HarpsHKEHUIO.

Jlnst aBToTpancopmMaToOpoB € IBYXCTOPOHHMM nuTaHueM Ha ctopoHe BH ycra-
HaBnuBaeTcas MT3 o0paTHOI MOCIIEIOBATEIBHOCTH C MPUCTABKOW ISl ICUCTBUS MPU
CUMMETPUYHBIX K.3. C BKJIIOYeHUEM Onokupyromux pesne Ha ctopoHax BH u CH. 3a-
IIMATA IEUCTBYET HA OTKIIFOYEHUE C JABYMs BBIJAECPKKAMU BPEMEHH: C NIEPBOM OTKIIIOYA-
eTcs BeIkitouatenb ctoporsl CH, co BTopoi - Bce BBIKITIOUATENH aBToTpancdopmaropa.
J171s1 TOBBILLIEHHS] YyBCTBUTENBHOCTH K K.3. Ha ctopoHe CH u coxpaHeHus nuTaHus 1o-
Tpeduteneld cropousl HH 3Ta 3ammra MOXET BBINOIHATHCS HANpPaBICHHOW C MEPBO-
OUYEpEIHBIM OTKJIIOUEHHUEM BbIKiItO4YaTenss ctoponbl BH. Ha cTtopoHe Hu3uiero Hamps-
xeHus npeaycmarpuBaercas MT3 ¢ myckom mim 03 Imycka 1mo HanmpsHKeHHIO.

3) B kauecTBe pe3epBHOIl 3alIUTHI OT 3aMbIKaHUI Ha 3eMito npuHumaercs MT3
HYJIEBOM NOCJIEI0BATENBHOCTH.

s TpancopmaTopoB 3amuTa OT 3aMbIKAHUWA Ha 3€MIII0 YCTAHABIIMBAEeTCS Ha
CTOPOHE C IIyX03a3€MJICHHOW HENTPaJbIO TOJBKO MPU HAJIMYWU MMHUTAHUA. 3aliuTa Ka-
KJ0W CTOPOHBI BBIIIOIHAETCS IBYXCTYIIEHUATON U COAEPKUT TOKOBYIO oTceuky 1 MT3
HYJIEBOM TmocieaoBaTebHOCTH. OTceuka MpeaHa3HayeHa JUisl COTJIACOBAHMS TEPBBIX
CTYINEHEW 3alllUT CMEXHBIX JMHHUI pa3HbIX CTOPOH aBToTpancopmaropa, MT3 obec-
NEYMBAET PE3EPBUPOBAHME K.3. Ha BBIBOJAX aBTOTpaHC(hOpMaTopa, MIMHAX M OTXOJs-
X JuHuSX. Kaxkas cTyneHb 3aliuThl BBIOJIHSAETCS C ABYMS BBIAECPKKAMHU BPEMEHU:

C nepBoﬁ BBII[Gp)KKOfI BPCMCHH OTKJIIOYACTCA BBIKJIIOYATCIIb HA CTOPOHC 3allWMThI, CO
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BTOPOM - BCE BBIKJIIOUATENN aBTOTpaHCPOpMATOpa.

4) Ilpu BBIOOpE CXEM PE3EpPBHBIX 3AIUT OLIEHKY YyBCTBUTEIBHOCTU HMPOU3BOIAT
IPHU K.3. B KOHIIE 30HBI Pe3epBUPOBAHUS, I1€ KOA(P(UIIMEHT YyBCTBUTEILHOCTH JOJKEH
ObITh He MeHee 1,2. [Ipu BBIMONHEHUH 3aIUTON (PYHKIMH W 3alUTHI MHUH KOAPPUIu-
€HT YyBCTBUTEIBHOCTHU JOJDKEH ObITh HE MeHee 1,5 (Ipu K.3. Ha IIMHAX B MECTE ycCTa-

HOBKH 3aIIIUTHI).
4.3.2. MT3 0e3 nycka no Hanpsi>KeHM K0

Toxk Cpa6aTLIBaHI/I}I 3alIUTBI OTCTPAUBACTCA OT MAKCHUMAJIBHOT'O TOKA HAI'PY3KH.

I, = KKl yarp aarc : (4.19)
K
B

rae K,=1,2 - koadduuuenT 3anaca no nzduparenbHoctu; K,=0,8- korpuiueHT Bo3-
Bpata pene PT-40: K.=1,5 — 2,5 - xoadduimeHT camozamycka 3J€KTPOJIBUTaTEIICH
(MOXET OBITh OMpENIeNICH PacueToM); 1,,,p yuxe — MAKCUMAJIBHBIA TOK HAarpy3Ku, OOBIYHO

NPUHUMAETCSI paBHBIM HOMUHAJILHOMY TOKY TpaHchopMarTopa.
[Ipu BBINMOTHEHUH KYpCOBOTO MPOEKTA YYBCTBUTEIBHOCTD 3aIIUTHI MOXKHO OIpe-
JENHTH 10 ABYX(a3HOMY K.3. Ha IMHUHAX TpaHCchOopMaTopa.

4.3.3. MT3 ¢ KOMOMHHPOBAHHBIM MYCKOM IO HANPAKEHUIO

PacueT 3amuThl BBIMOJHIETCS aHAJIOTUYHO 3aluTe reHeparopa. OTianyue umeert-
Csl B BBIOOpE YCTaBKHU cpadaThiBaHUsSI OJOKHPYIOIIETO pelie, BKIIOYEHHOTO HAa MEXIy-

(azHoe HarpsKEHUE.

Ug = ?4_14; > (4.20)
Y3

rae U,,,, — pacyeTHOe HaNpsHDKEeHUE Ha IIMHAX MOCJe OTKIOYEHUS! BHEIIHETO K.3. B yC-
JOBUSX camo3sanycka; K, =1,2; K, =1,1 — koadduimeHtT Bo3BparTa s pejie MUHU-
MaJbHOTO HamnpsKeHus. YyBCTBUTEIBHOCTh 3aIUTHI MPOBEPSETCS MPU K.3. HA IIMHAX

CH u HH. Ilpu nByXCTOpOHHEM MUTAaHUU YYBCTBUTEIHHOCTDH II€JIECOO0pPA3HO MpOBE-

PUTH U Ha CTOPOHE BBICHIETO HAMPSHKEHUSI.
4.3.4. MT3 oO0paTHO# NOCJI€I0BATEJIbHOCTH

Toxk cpabaThIBaHUs 3alUTHI BHIOUPAETCS U3 YCIOBUN OTCTPOMKHU OT TOKa oOpart-
HOM MOCIeA0BaTEeIbHOCTH, IPOTEKAIOUIEr0 Yepe3 aBTOTpaHCHOpPMATOp MPU HECHUMMET-
PUYHBIX K.3. B KOHIIE 30HBI JICUCTBUS TOM 3alIUTHI, C KOTOPOU MPOU3BOJUTCS COTIIACO-

BaHHC.
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IZC3 > K3IZPAC'-1 > (421)
rae K, =1,2 - koadduimeHT 3amnaca 1o u30MpaTeIbHOCTH.

Kpome Toro, 3amura a01KHA OBITH OTCTPOEHA OT HEMOJHO(A3ZHOrO pexuMa pa-
6011 cetu. [IpubnmxeHHo, ¢ 3aacoM MOKHO MPUHSTH:
IZC3 2 0'751HAFP.MAKC > (422)

1€ 1,5 ucc — MAKCUMAJIbHBIA TOK HAarpy3KH 3JIEMEHTa, HA KOTOPOM paccMaTpUBaeTCs

pasphIB.
UyBCTBUTEIBHOCTH 3aIlIUThl OOBIYHO MPOBEPSETCS MPHU ABYX(a3HOM K.3. Ha IIHU-
Hax CH u HH.

4.3.5. MT3 HyneBo# mocaeI0BaATEJbHOCTH

Pacuer 3ammThl 3aKII0YaETCS B OMPEICICHUH TOKA CpabaThIBAHHUS OTCEUKH IS
aBTOTpaHcGopMaTopoB U Toka cpabateiBanus MT3 mis TpancdopmaropoB u aBTo-
TpaHCcPOpPMaTOPOB:

1) Tok cpabaTbIBaHUSI OTCEYKU OTCTPAUBACTCS OT MAKCUMAIBHOTO TOKA HYJIECBOU
MOCJIETIOBATEILHOCTH, MTPOTEKAIOIIEIO Yepe3 aBTOTpaHc(hopMaTop MpH 3aMbIKaHUSIX Ha
3€MJTIO B KOHIIE 30HBI ICUCTBHSI MIEPBBIX CTYIICHEH 36MIISTHBIX 3alTUT OTXOSIINUX JIMHAN

Leso 2 K330 picy s (4.23)
rae K, =1,1 — 1,2 - koadduimenT 3anaca 1mo u30UpaTeIbHOCTH.

2) Tok cpabarbiBanust MT3 BbIOMpaeTcss U3 YCIOBUN COTIIACOBAHUS C YyBCTBH-
TETBHBIMHU CTYTIEHSMHU 3eMJISTHBIX 3aIIUT OTXOAAmX JuHui. Kpome toro, MT3 momkHa

OBITH OTCTPOEHA OT TOKa HeballaHCa MPH BHENMIHMX Tpex(a3HbIX K.3. HA IIMHAX TOJ-

CTaHILIUH

ICJ‘O‘ 2 K3IHE‘PACLI 5 IHE,PACII = KAKOHH lc"II(B,MAKC > (4'24)

rie K,=1,25; K, =1,0 — 2,0 - ko3pPUMeHT, yUUTHIBAIOIIUNA HAIUYHUE anlepuo-
JAMYECKOM crararomei B Toke K.3. (K ,=1,0 npu ¢.,»> 0,1¢); K,,,=0,5 — 1,0 — koadpPury-
et ogHotunHoctu TT; ¢ = 0,1 - oTHOCHTEIBHAS MakcUMaIbHas morpemHocTs TT.

3) UyBCTBUTENBHOCTh OTCEUYKU MpPOBEpsSETCS NMpPH K.3. HA IIMHAX B MECTE ycTa-

HOBKH 3aI11UTHI

K, =>low (4.25)
]C3

4.4. 3amuThl, TeHCTBYKONIME HA CUTHAJ

K »Ttum 3ammraM OoTHOCSATCS:
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1) 3amura HanpsiKeHMs HYJIEBOW IOCJeJ0BATEJbHOCTH OT 3aMbIKAHMH Ha
3eMJIt0 Ha ctopoHe Husuero HanpsbkeHus (HH), pabGoraromieil B pexxume ¢ U30JaUpo-
BAaHHOW HEUTPaJIbIO; ATa 3alUTa NPUMEHSETCSA IIPU HAIMYUU CUHXPOHHOTO KOMIICHCA-
TOpa WM KOTJla BO3MOXHa padoTa C OTKIIOYEHHBIM BBIKIIIOUATEIEM HAa CTOPOHE HU3-
LIEro HANPSHKEHUS.

2) MT3 ot cuMMETpUUYHOTO Teperpy3a AJis TpaHCPOPMaTOPOB C OJHOCTOPOHHUM
NUTAaHUEM YCTaHABJIMBAETCS TOJIBKO CO CTOPOHBI IUTAHUS (€CIM OJHA U3 OOMOTOK MMe-
eT MoiHocTh 60%, Ta 3alIKTa OT Meperpy3a yCTaHaBIMBAETCS U HA ITOW CTOPOHE), IS
aBTOTPAHC(POPMATOPOB U TPEXOOMOTOUHBIX TPaHCHOPMATOPOB C ABYXCTOPOHHUM IIH-
TaHUEM 3allUTa OT Meperpys3a yCTaHaBJIMBAETCS Ha KaXJOW CTOpOHE OOBEeKTa, a AJs
TpaHCPOPMATOPOB €LIE U B HEUTPAIIH.

3) 'azoBas 3amuTAa, JICHCTBYIOIIAS HA CUTHAJ MPU MEIJICHHOM BBIJICJICHUH Ta3a.

4.5. Oco0eHHOCTH pacyeTa 3aIUT MNOBBIIIAKWIUX

TpaHchOpMATOPOB U aBTOTPaHCcPOPMATOPOB

OcHoBHas 3amuTa. B 1aHHOM ciydyae NpUMEHSIOTCS B MOJHOM OO0BEME Te Ke
3alIUTHI, YTO U JUI MOHMKAIOIIUX TPaHC(HOPMATOPOB U aBTOTPAHCPOPMATOPOB.

PacueTHpIMU yCIIOBHSIMH Il BBIOOpa TOKa cpabatbiBaHus AudQepeHraaIbrHOR
3alUTHI SABIISIOTCS BHEIIHUE K.3. HA IIMHAX BCeX HampspkeHWHA. UyBCTBUTENBHOCTD 3a-
IIMT TIPOBEPSICTCS MIPU BHYTPEHHMX K.3. HA BBIBOJAX BCEX CTOPOH TpaHchopmaropa u
NPU pa3IMYHBIX BUOaxX K.3. [Ipu HeckoibKkuX TpaHcdopmaTopax wiu aBToTpanchopma-
TOpax Ha MOJCTAaHIIMK PACYETHBIM BCET/Ia SIBIISIETCS PEXKUM pa3ieiIbHON paboThI.

Pe3epBHbIe 3amMThI. B KauecTBe pe3epBHBIX 3aIUT NIPUHUMAIOTCS TE XKe 3alllu-
TBI, YTO M Ui TMOHIDKAIOUINX TpaHc(hOpMaToOpoB WIIM aBTOTPAHCPOPMATOPOB C JIBYX-
CTOPOHHHM ITUTAHUEM.

B memom, pacder pe3epBHBIX 3aIIUT COOTBETCTBYET METOIMKE, U3JI0)KEHHOH pa-
Hee. [lockonbKy 3TH 3alMTHl YCTAaHABIMBAIOTCSA HAa KaKIOW CTOpOHE TpaHchopmaTopa
WM aBTOTpaHchopMaTopa M PEe3epBUPYIOT HIMHBI M OTXOISIINE MPHCOEANHEHHS, TO
qyBCTBUTEIHHOCTh 3aLIUT MOXKET OBITh MPOBEPEHA MPH K.3. Ha 3TUX IIUHaxX. s IByX-
oOMoTOYHBIX TpaHchopmaTopoB MT3 1enecoo6pa3HO yCTaHOBUTH Ha CTOpOHE Hanbo-
Jee BEPOSTHOTO MUTAHHS, a YyBCTBUTEIHHOCTh MPOBEPHUTH MPH K.3. Ha mmHax BH u
HH.

3ammThl, aelicTByomme Ha curiaji. K stum 3amwmram otHocstes: MT3 ot
CUMMETPHUYHOTO IMeperpys3a M ra3opas 3alluTa, pearupyromas Ha MeJIEHHOE Bbljiese-

HHC rasa.
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4.6. IllpakTHuyecKkue NPpUMePHI pacyeTa peleMHBIX 3aIUUT
TpancpopmaTopa u aBToTpaHcpopmarTopa
B kxauecTBe mpuMepoB NpPOBENCHUS PACUETOB PACCMOTPEHBI CICTYIOIINE BUIIBI
3aIIUT:
— muddepeniranbHas 3amuTa 1ByxoomMoTouHoro Tpancopmaropa ¢ peine PHT-565;
— muddepeninmanpHas 3amura aBroTpancgopmaropa ¢ pene A3T-11;
— pacdert 3amuT TpexoomorogHoro Tpanchopmartopa TALTH-63000/220;

- MPUMeEP 3aIMUTHI MOBHITIAIONIETO TpaHChOpMAaTOpa CBSI3H.
4.6.1. Pacuer nupdepeHnualIbHONl 3aUTHI ABYXO0OMOTOYHOTO
Tpancpopmartopa ¢ peae PHT-565
Hcxoanble nanuswlie: S, =16 MBA; U,, =115 kB; U,,=6,6 kB; tpancdopma-
top umeeT PITH (9x1.78)% co CTOpOHBI BBICILIETO HAMPSKEHUS; CXEMa COEIUHEHUS

00OMOTOK %—1 1; 1%, =870 A — MakcuMasbHBIA TOK Ha cTopoHe 115 kB mpu Tpex-

¢asHoM k.3. Ha cTopoHe 6,6 kB; 1) =524 A MuHMMAanbHBIA TOK Ha cTopoHe 115 kB

npu 1Byx(ha3HOM K.3. B 30HE JACHCTBUS 3alUTHI HA CTOpoHE 6,6 KB.
1) IlepBuyHble HOMHHAIBHBIE TOKHU MIPU cpeaHeM mnonoxennu PITH:

_ Syon 16000 —8034 :

I =
HOM 115 \/gUHOM \/5 . 1 15

16000
L yon 6,6 — m

HNunekenl 115 u 6,6 yka3pIBaloT CTOPOHY, K KOTOPOW OTHOCHUTCS pacCuMThIBaeMast

=1399,74 .

BEJIMYMHA.
2) C uenpro KoMreHcanuu ($a3oBOro CIBUTA MEPBUYHBIX TOKOB BBIOMpAEM cxXe-
MBI COCTMHEHUS U3MEPUTEIbHBIX TPaHC(POPMATOPOB - TPEYTOJBHUK CO CTOPOHBI BBIC-

IIEr0 HAMPSHKEHUS U 3BE3/y CO CTOPOHBI HU3IIEro HanpsbkeHud. [IpuHumaeM koaddu-

HUEHTHl  TpaHchopMmalMu  U3MEPUTEIBHBIX  TpaHC(HOPMATOPOB: Ky 1s=250/5;

Kr66=2000/5.

3) BTopuuHble TOKH B IJI€UaX 3aIUTHI:

L yomniskex ~80,3- \/g

= = =284 ;
S 250/5

13997
500 2000/5
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"
4) Tok HebanaHca IPU BHEIIIHEM K.3. 6€3 yuera L5 .

Lysprcy =k ko + AUNE), o= (10-1,0-0,14+0,16)-870=2262 4
5) IlepBuuHbIM TOK cpabaThIBaHUS 3aIIUTHI MO YCIOBHUIO OTCTPOMKHU OT TOKA He-

Gananca npH BHEIIHEM K.3.; L¢3~ Korcl s pacy =13-2262=29414

6) Ilo yciaoButo OTCTpOHKH OT OpOCKA TOKa HAMAarHUYMBAHUSA:
Loy =kkyd 0 =13-10-803=1044 4 .

7) 3a pacueTHbIl TOK cpabaTbIBaHHUS MPUHUMAEM OOJBIIWNA M3 TMOJTYYEHHBIX

Les =294,1 A. Oneanm K03 (PUIIHEHT UyBCTBUTEIHHOCTH

=1[(<23/11NkCX _ 524 -1 17815
TIkE) 20411 T

Ccx

8) Ilo mpenBaputenbHOU OlLleHKE KO3 UIKMEHTAa YyBCTBUTEIBHOCTH MPUMEHE-

Hue pene PHT-565 nomyctumo. 3a OCHOBHYIO TpUHUMAaeM CTOpPOHY 6,6 KB ¢ Gosibmm
HOMMHAJIbHBIM BTOPUYHBIM TOKOM:

Fop 100

ICP OCH 2941 S g

" 2000 6,6

Docn pacu = P epacy = =781, ws,=7 BUTKaM.

Haxoaum 4ucio BUTKOB HEOCHOBHOM CTOPOHHI 115 kB:
1 3,50

B
O procu pacy = Prispacy = Wee =7 =831
1, 2,78
;s =9 BUTKaM,

no KOTOpOMY OIIpEACIINM TPETHIO COCTABJIAIOITYIO HebOanaHca

. — @ _
" = 115 PACY 115 [1({3;4” _ 881-9 870 =188 .
Wy15pacy ,

9) PacueTHbIif TOK HEOaaHCa C yU€TOM TPEThEH COCTABIISIONICH
Liseaca =|Tns| +|11s| + |1 1s| =2262+188=2454 .
10) Tok cpabaThiBaHUs 3aIIUTHl HA OCHOBHOM CTOpOHE, MPUBEICHHBIN K CTOPOHE
115 kB,

_ FepKres  Uxxocn _100-2000, 6,6
C3 a)6,6k(c3)2 U xx pacy 7-1,5 115

11) [IpuemsieMoCcTh BBIOPAHHOT'O YHCJIA BUTKOB OMNpPEACTHM IO KOA(DPHUIIUEHTY

=3284 -

OTCTPOUKH
kore =1es [T s pacy =328/245=134)13.
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rﬂ."___"'-_'-_-_'—'_---—'— ____________ |

TAL| | ; Wi PHT-565 |4
: ‘.

| 5 2821 147 0 L

113 kB | 0123456 Yy 2 4 We :
: 0123456 Wf?{ﬂ_ I
- TN 812162024 28 32 6 |
U0 U |

A | 0 P | |
] KA |

) 1 |

|y K, !

TA2| || Wd R Ru {
6’5KB : Wjﬁﬂ H‘rj‘i‘ :

Pucynok 4.4. Cxema BinroueHus pese PHT-565

12) IlepByto ypaBHuTENbHYI0O 00MOTKY pene PHT-565 moacoeaunsiem k TpaHc-

dbopmaropy Toka TA1 croponsl 115 kB u Habupaem Ha Hell 9 BUTKOB, BTOPYIO YpaBHHU-

TeNbHYI0 00MOTKY “?7 mopacoemunsiem K tpancdopmaropy TA2 co croponsl 6,6 kB u
HaOupaeM Ha Hell ceMb BUTKOB (puUCyHOK 4.3). Pabodast 0OMOTKa HE UCTIOIB3YyETCSl.

O1eHMM YyBCTBUTEJIBHOCTD 3alUThI IPU ABYX(a3HOM K.3. HA CTOPOHE HM3IIETO
HanpsoKeHUs: &, = 524/328 =1,6)1,5.

13) YuuTsiBasi, 4T0 MOIIHOCTH TpaHchopmaropa menbie 80 MBA, nonydyennyo
4yBCTBUTEIBHOCTh AUPPEPEHLINATBHON 31Tl MOKHO CUUTATh JOCTATOYHOM.

14) B 3amute TpaHc(OpMaTOPOB C PEryIMPOBAHUEM HANPSKEHUS 110J] HArPY3KOM
WIM B 3alIUTaX MHOTOOOMOTOYHBIX TPaHC(POPMATOPOB TOKM HeOandaHca MOTYT UMETh
3HAYUTENIbHYI0 BeMYuHYy. OTCTpOiiKa OT HUX HEIOMYCTUMO 3arpyoiser auddepeniu-
anpHylo 3anuTy ¢ pene tuna PHT paxe B yClnoBHSAX yTOYHEHHOTO pacyera COCTaB-

JsomMX HebanaHnca. B 9ToM citydae MCIONIb3YIOTCSI TOKOBBIEC Pelie C TOPMOKEHUEM TH-
ma JI3T-11.

4.6.2. Pacuer nudpepeHuunalbHOM 3aIUTHI aBTOTpaHchopmaTopa
¢ peae I3T-11

Pene A3T-11 Hapsiny ¢ ypaBHUTEIbHBIMU U paboueii 0OMOTKaMH, pacueT 4ucia
BUTKOB KOTOPBIX aHanoruyeH pacuety peie PHT, uMeer Tak Ha3pIBaeMyr0 TOPMO3HYIO
o0MOTKy, KoTopasi HamaThiBaeTcsa Ha ToMm ke HTT. Tok cpabareiBanus pene /3T aB-

TOMAaTHUYECKH YBEIUYUBAETCS MIPONOPLUHUOHAIIBHO TOKY, MIPOTEKAIOIIEMY Ye€pe3 TOPMO3-
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Hy10 00MOTKy 3a cueT Hacbimenuss HTT. Topmo3nast 0OMOTKa BKITIOYaeTCst ¢ TOH CTO-
POHBI CUJIOBOTO TpaHCchOpMaTopa, MpU BHEIIHEM MOBPEXKICHUHU HA KOTOPOHl B pesie Mo-
IyT NpOTEKaTh HaumOoJblIME TOKM HebOanaHca. [loBpexaeHuss Ha APYrHX CTOPOHAX
TpaHchopMaTopa MOTYT HE COITPOBOKIATHCS TOPMOKEHHEM, HO TOKH Hebatanca OyayT
MEHBIIIE 110 CPABHEHHIO C EPBBIM cirydaeM. OTCTporKa OT BHEIIHHX K.3., IPH KOTOPBIX
OTCYTCTBYET TOPMOXEHHE, 00ECIeUnBAETCd TOKOM CpadaThiBaHUs, MPUYEM, k., U k
Oepytcst paBHbIMU 1,5. bonbiime 3HadeHUsT TUX KO3(PGUIIMEHTOB CBSI3aHBI C TEM, YTO
pene cepuu 3T He UMEIOT KOPOTKO3aMKHYTOM OOMOTKH, B CHJIIy Y€rO0 MMEIOT XOpO-
IIYI0O OTCTPOEHHOCTh OT MEPEXOJHBIX COCTABIAIOIIUX. BbIOOp M pacueT KoiuyecTBa
BUTKOB TOPMO3HOW OOMOTKH OCYILECTBIISIETCA MO XapaKTEPUCTUKE CpadaThIBAaHUS pelie

C TOPMOKEHHEM, KOTOpasi ONpPEAENSIeT 3aBUCUMOCTh M.J.C. cpabaTblBaHus pene F,., OT
BEJINYMHBI TOPMO3HOTO TOKa Fpp,, . XapakTepuctuka F, = f(F,,,, ) 3aBUCHT OT yria

MEX1y TOKaMu B paboyeil © TOPMO3HON OOMOTKax M MO3TOMY MMEET JBE€ BETBHU, COOT-
BETCTBYIOIINE MUHUMAIFHOMY U MaKCUMaJIbHOMY 3HAUEHUSM TOKa cpadaTbiBanus. He-

cpabaTpiBaHME 3alIMThl OyneT o00ecreyeHO TMpH  BBHIMOJIHEHWHM HEPaBEHCTBA

1 w
PAB P~Y PAF
koje =———=<tga ,

T ropv p@ropu

e I,,, U I, - TOKH, IUPKYJIUPYIONIME B pabodell 1 TOPMO3HONH 0OMOTKaX
pene; w,,, U w;,y,, - Y4CI0 BUTKOB TOPMO3HOH U pabodeit 0OMOTOK.

B NmpuBENEHHOM BBIPAKEHUU OTHOIICHHE BTOPHYHBIX TOKOB /., /110y, MOMKET
ObITh 3aMEHEHO Ha OTHOILEHHE MEPBUYHBIX TOKOB I, /l,op, » TPUUYEM TIPU BHELIHEM
K.3. [,,; COOTBETCTBYCT [, pscy -

Torz:a KOJIM4YECCTBO BHTKOB TOpMOSHOI\/’I 0OMOTKH OonpcAcCIsICTCA 3aBUCUMOCTBIO!

1 115 pacy @ pas

Oropn 2 Kore 7
rorm 184
Eciu MakcuManbHOE 3HadeHue F,,, <200A, KpuBas XapaKTePUCTUKH cPadaThIBa-

HUsI 3aMEHSIETCS IPSAMOM, KOTOPasi UCXOAs U3 Ha4aJla KOOPAUHAT IMPOXOAUT Yepe3 TOY-
Ky, OTPaHUYMBAIOLIYIO PACYETHBIM YYaCTOK XapaKTEPUCTUKU U COOTBETCTBYIOILIYIO

MaKCUMaJIbHO BO3MOXHON M.J.C. F,;,,,, IPU BHEIIHEM K.3. HA pacCMaTpUBAaEMOM CTO-

POHE!: Fpapmax=korclus pacusOpacy

A€ 1, iy 5 — MAKCUMAJIBHBIA BTOPUYHBIN TOK HeOajaHca Ha CTOPOHE, K KOTOPOH Mpu-

COeMHEHAa TOPMO3Hass 0OMOTKa. UMCIO BUTKOB TOPMO3HOW OOMOTKM B 3TOM CIIydae
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OnpecACIICTCA 110 U3BECCTHOMY BLIPAKCHUIO, TOJIBKO BMCCTO iga TOJACTABJISICTCS HOBOC

3HaueHue fga’. PacueTHpIM 3HaYeHHeM HeOamaHca I, ,,., SABISETCS TO, MPU KOTOPOM
OKa3bIBaeTCsl HAMOOJBIIUM COOTHOLIEHUE [,y /ITOPM , OIPEHCIIEMOC IpH K.3. Ha

CTOPOHAX, T/I€ MPEyCMAaTPUBAETCSA TOPMOKEHHE.

UyBCTBUTEIBHOCTh 3AILMTHI IPU BHYTPEHHUX MOBPEXKACHUSAX, KOrAa TOPMO3HOMN
TOK OTCYTCTBYET, OIleHUBaeTCS KO3 (PUIIMEHTOM YyBCTBUTEIBHOCTU TaK K€, KaK U JJis
pene tunia PHT. UyBCTBUTENBHOCTh NPU K.3. B 3aIMIIAEMON 30HE, KOTA 4epeE3 TOP-
MO3HYI0O OOMOTKY TPOTEKAEeT TOK, OMPEIEISETCS W3 MAaKCUMAJIbHOW XapaKTEePUCTHKU
cpabaTbIBaHUS pelie, COOTBETCTBYIONMIEH MAaKCHMAIBHOMY TOPMOXKEHHIO, PUYEM pado-
qasi M.JI.C. ONIPENENSAETCA MO BBIPAXKEHUIO F,,, =1,,,0,,;, TA€ I,,, — TOK B paboueil 00-
MOTKE IIPU pACCMATPUBAEMOM METALIMYECKOM K.3., C YYETOM TOTr'0, YTO OH IMOJHOCTHIO
MPOXOJUT HA CTOPOHE OCHOBHOTO MHUTAHWS; @,, - YHUCIO BUTKOB paboueld 0OMOTKH,
UCIIOJIb3YEMBIX Ha CTOPOHE OCHOBHOT'O ITUTAHHS.

PaGouast m.1.c. cpabatbiBaHusi pene F,., ONPEAeNseTcsl M0 XapaKTePUCTUKE, CO-
OTBETCTBYIOIIEH MaKCUMaIbHOMY TOPMOKEHUIO, UCXOIS U3 Fjpy, = 11y p@ropy, - 110 HaM-

JNEHHBIM F,,,, U F,, HaXOJAT TOYKY, COOTBETCTBYIOILIYI0 PacCCMaTPUBAEMOMY MeTall-

nuyeckoMmy K.3. [IpoBoauTes npsimasi, COEIUHSIONMAs 3Ty TOYKY C HA4aJOM KOOPAUHAT.
Tak xak ¢ U3MEHEHUEM TEPEXOAHOTO COMPOTUBIIECHUS B TOUKE K.3. COOTHOIIEHUE Pado-
YEero ¥ TOPMO3HOI'O TOKOB HE MEHSETCs, TO BCE TOYKHM HA 3TOU IPSMON COOTBETCTBYIOT
paccMaTpuBaEMOMY K.3. 4EpPE3 pas3IM4HbIC NEPEXOIHBIE CONPOTUBIICHMS. ToUka nepe-
CEUCHUS MOJIYYCHHOU NIPSAMOM C XapaKTEPUCTUKOU SABJISAETCA TOYKOM, [0 KOTOPOU OIIpe-
nensiercst paboyast M.JI.C. F,,, Ha rpaHune cpabarbiBaHus. YyBCTBUTEIBHOCTD OMpEie-
JSIeTCsl TIPU METANIMYECKOM K.3. Ha BBIBOAAX 3alIMINAEMOro TpaHcopmaropa, Kormaa
yepe3 pabouyio 0OMOTKY MPOTEKaeT MUHUMAIIbHBIN TOK, a 4Yepe3 TOPMO3HYIO - MaKCH-
ManbHBIA. KputepueM mpuemiaeMocTd pacCUMTAHHOW 3allUThI SBIsETCS KOIPPUIUEHT
YYBCTBUTEIBHOCTH, 3HAUEHHE KOTOPOTO JIOJKHO ObITh TAaKUM ke, Kak u s pesne PHT.

HUcxoansie nannsnie: S,,, =100 MBA; U,,=230 xB; U.,=121 kB; U,,=11 kB;
aroTpancpopmarop umeer PIIH (6x2)% Ha cTOpOHE CpellHEro HampsDKEHHs; cxema
coenuHeHus oOMoTok Y/Y/A; aBToTpaHchopmaTop 3aluTaH CO CTOPOHBI CPEAHETO U
BBICHIETO HANPSIKEHUM.

1) U3 pacuera TOKOB K.3., BBIIIOJIHEHHBIX ISl pa3HBIX PEKUMOB pabOThI 000py-

JIOBaHUsI, CIICIYET:
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e MakcumanbHBIC TOKH, MPOTEKAIOIIME 4Yepe3 aBTOTpaHcPopMaTop, MpHU TPeX-
(ha3HOM BHEIIIHEM K.3. UMEIOT 3HAUCHHUSI

()
— Ha cTtopone 230 kB — Lidhar =1600 A;

()
— Ha ctopoHne 121 kB — T =3220A;

(3)
— mHa cTopone 11 kB — L =1320A.

(3)
o [Kux—g80A - Tox co croponsl 121 kB;

()
o [Kux—440A - 1ox co croponsl 230 kB;
e MuHHUMaNbHBIE TOKH, MPOTEKAIOIUe Yepe3 aBToTpaHchopmaTop, MpU OJHO-

(a3HbIX K.3. paBHBL:

(1)
— Ha ctopoHe 230kB B pexume nmycka co CTopoHsl 121kB — Ty =T720A;

(1)
— Ha cropore 121kB B pexume mycka co ctoponsr 230kB — Lich =1120A.

e MuHuMalbHBIE TOKH, IPOTEKAIOIINE Yepe3 aBTOTpaHchopMmarop, Mpu JIBYX-
(ba3HbIX K.3. paBHbIL:
[(2)
— ma cropone 11 kB B pexwume mycka co ctoponsl 230 kB — "X MN=950A;

2
— ma cropore 11 kB — v =762,1A — Tok co cropons! 121 kB;

0
— wHa ctopone 11 kB — "£MN=970A — tok co ctopons 230 kB.

2) U3 mpenBapuTENBbHBIX PacdyeTOB BBISBICHO, yTO AU depeHIranbHas 3aiuTa
c pene PHT-565 He ynoBneTBopsieT TpeOOBaHUSIM 4yBCTBUTEILHOCTH.

3) IlepBuuHble HOMHHAIBHBIE TOKH aBTOTpaHC(HOpPMATOPA PABHBI:
Soon 100000

I = = = 2514
HOM 230 \/EUHOM \/E 230
P S 100000 _ ..,
J3U,,, ~3-121
Suou __ 100000 _ < 1e o 4

I - -
HOM 11 \/}UHOM \/} ]]
4) IlpuHuMaeMm cxeMy COEIMHEHUs BTOPUYHBIX OOMOTOK TpaHC(HOPMATOPOB TO-

k. =500/ j  _800/ .  —5000
ka A/A/Y u xodhduuueHTs TpanchopManuy A o A, rii A
5) BropuuHble TOKM B Ii€4ax 3alllUThl, COOTBETCTBYIOIINE HOMUHAILHON MOIII-

HOCTHU, PABHBI:
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kex Thomazo /3251

Iy = - —4354;
PO ko 500/5
J :kCX'[HOM121:\/5'477,2:51714.
B121 kT121 800/5 s s
/ :kCX‘IHOMn :1'5248’8:52514'
B [ 50005 77

6) Haxomum makcumanbHbIE TOKM HeOallaHca, MpuBeneHHbIE K cTopoHe 230kB

m

IIPY BHELIHEM K.3. 0€3 yuera Lo .
® [Ipu K.3. Ha cTopoHe 230 kB
L = kokomrél Sy + AU LT, = (1,0-1,0-0,14+0,12)-1600 = 352 4;
e 1pu K.3. Ha ctopoHe 121 kB
L = kokourél Sy + AU T, = (1,0-1,0-0,14+0,12)-3220 = 708,4 4 ;
® [Ipu K.3. Ha cTopoHe 11 kB
L = kgl Sy + AU IS, = (1,0-1,0-0,1)-1320 = 237,6 4
7) Haubonpmuii Tok HeOalaHCa BO3HUKAET TPH K.3. Ha cTopoHe 121kB. Mecto
YCTAaHOBKH TOPMO3HOM OOMOTKHM OMpEIENIM, MCXOs M3 BEIUYMHBI TOKa HeOanaHca,
HAWJICHHOTO B PEXHUME K.3. Ha CTOPOHE HU3LIETO HAMPSIKEHHS MPU OTKIIOYEHHON CTO-
pOHE, Ha KOTOPOW HAXOJUTCS TOPMO3HAsi OOMOTKA.

[Ipn ycTaHOBKE TOPMO3HONH OOMOTKM Ha CTOPOHE CPEIHEro HaIpsKEHUS
L = kkomrél Sy =1,0-1,0-0,1-440 = 44 4;

[Ipu ycTaHOBKe TOPMO3HONH OOMOTKM Ha CTOpPOHE BBICIIETO HAIPSHKEHUS
L = kol Sy + AU, = (L0-1,0-0,1+0,12)-720 = 193,6 4

TopMO3HYI0O 0OMOTKY I11€71€CO00pPa3HO YCTAaHOBUTH CO CTOPOHBI CPETHEr0 Harpsi-
JKCHUS, TdK KaK B 3TOM CJIy4dac oOecrieunBaeTCsl HAMMEHBIIINHA TOK HeOalaHca.

8) Haxomum Tok cpabaTbIBaHUS 3aIUTHI MO YCIOBUIO OTCTPOMKH OT MEHBIIETO

TOKa Hebaanca Les v = korcl s pacy =1,5-44=004

9) ot 6pocka HAMAarHHYMBAHHS Tesam = Korckppirl oy =1,5-0,47-251=177 4 .

[TapameTpsl oomMotok HTT omnpenensiem 1o 6oJibliieMy TOKY cpabaTbhiBaHUS Ten =177

A. B xauecTBe OCHOBHOM BBHIOMpPAEM CTOPOHY HU3IIETO HAIPSKEHUS
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F F, 100
@ocH pacy = Pr1pacy = I £ = CPI = 5 230 =27,02;
Ky 177-( j

T e 5000) 11
TT11

®,, =27 BUTKaM.
Hucio BUTKOB HEOCHOBHBIX CTOPOH

1 525
W1 pacy = (ﬂ}ou = (4 13j27 =343,

18121

®,,, = O,y +®, =34 BUTKAM,

1 525
W30 pacy = (IB#J@H = (4 35j27 =326,
B230 )

0,5 =@,y + 0, =33 BUTKaAM,;

10) Tok cpaOarbiBaHUs 3alllMThl, HMCXOAS M3 BBIOPAHHOIO 4YHCJIA BUTKOB

100 5000 11
IC3MIN =2—77E=]77,]A

11) Toxk Hebananca, 0OyCIOBICHHBIN OKPYIJICHUEM YKCJIa BUTKOB CTOPOHBI 230

kB npu K.3., Ha CTOPOHE HHU3LIETO HAPSLKEHHS U OTKIIFOUEHHOM cTopoHe 121kB.

(32,6—33)440

. }wZSOPACq — W3 [(3)

KMAX | —

=544;
32,6

12) PezynbTupytonuii TOk HebanaHca B pacCu€THOM PEKUME

Ligpacy =Loys + 15 =44+54=494 4;

13) OnpenenuM OTCTPOEHHOCTh 3alIUTHl OT IMOJYYEHHOTO TOKa HebajgaHca

koo 177%9,9 —35> 1,5

14) KoaddummenT orctpoiiku Ooibiiie TpedyemMoro, ciemnoBaTeabHO, HE0OXO0aH-

@130 pacy

MOCTH 3arpyOJiTh 3alIUTY HET.
15) KonudyecTBO BUTKOB TOPMO3HOM OOMOTKM ONpENENuM, MCXOJd U3 MaKCH-

MaJILHOTO TOKa HeOajlaHca ITPpHU K.3. HA CTOPOHE CPCAHCTO HAIIPSIKCHHA:

WOpipacy — G2 Dazopacy — Doz
Lys pacy = kakOﬂHgll(gg\/[AX +AU121]§<33\/[AX +} . T, }‘[1(3\4/1)( =
121 PACY 230 PACY
=708 4+|34’4_34 32633 .3220 = 785,4 4;
T 344 32,6 | T
o _ korc! ps pacu @21 pacy _15-785,4-344 _ _
TORHCE Liopylga 3220-0,75 Y
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@ropy =17 BUTKaAM.
16) Cxema BKIIIOYEHHS PeJie C YKa3aHHEM YHUCIIa UCIIOJIb30BAHHBIX BUTKOB OOMO-

tok HTT npusenena na puc.4.4.
17) OnipeneriieM 4yBCTBUTEIBHOCTD 3AILUTHI IIPU K.3. B 3ALIUIIAEMONA 30HE U OT-
CYTCTBUM TOPMOXEHMS: NMPHU JABYX(a3HOM K.3. HA CTOPOHE HMU3LIETO HANPSDKEHUS U

nmycke co croponsl 230 kB

kq :IK3MIN — 950 :5’4>2,
Iy 1771
pu oHOGA3HOM K.3. Ha 3eMJIi0 Ha cTopoHe 121 kB u mycke co croponst 230 kB:

k. = Tisvin _ 1120 _

=6,3)2,
T I, 1771 )
230 it
=l T S i s 1
I ¥r |
[ ?‘ I I
- i: :::rummw| |
| |
! I
e8| |ily, ¥ |
: FHIATD ) _ |
VI 7133750 ¥ |
ir e 11
NEFETEL: I
g [l I
| Wi I
l |
SR Bsewaamoeiom saescnes allesedilop s nsano e H

Puc. 4.5. Cxema Bxmouenus pene JI3T-11
YyBCTBUTENBHOCTH 3aIIUTHI B PEXKUMAaX, KOT/Ia €CTh TOPMOKEHUE, TP OJTHO(a3-

HOM K.3. Ha cTopoHe 230 kB B pexume mycka co cropons! 121 kB:

I3 Uy, 72043 230

= =5934;
Krp Ugy  800/5 121

]PAEIZIB =

Fog =lpipinig @ =593-34=201,62 4;
Fop=1054;

i~ Fpas _ 201,62
Y F, 105

=1,92)1,5;
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npu n1Byx(da3HoM K.3. Ha cTopone 11 kB

I3 Uy, 762133 230
Ky Uay  800/5 121

II(Y(I;MI/IH\/E B 9703

Ko 500/5
Fp,s =15,68-34+16,8-33=1088 4;
Fropy =15,68-17 =266,5 4;

IPAE]Z]B -

15,68 4

]PAE 2308

=16,8 4

Fop =150 4;
ky = Leas 1088 _ 500y
Fep 150

4.6.3. Pacyer 3allUT TPEeXOOMOTOYHOro TpancpopmarTopa
TAIITH-63000/220

1) UcxoaHble mpeanocblIKU U pacdeT T.K.3. TpeOyercsa paccuutarh 3alluTy
TPEXOOMOTOYHOTO MTOHMKAIOIIETO TpaHnchopmaropa TIIITH-63000/220
(230+£129%/38,5 £ 5%/ 11kB, A3/ A~ 11U,y = 12.5%,Uppyy s = 24% ) (U = 10,5 %)
MUATAIOMIET0Cs] OT PHEPTOCUCTEMBI ¢ mapamerpamu X ., =12 Om, X.,,, =18 Owm (co-
MPOTUBIICHUS IPOBEACHBI K U . ,,, =230 kB).

JIJIS  COCTaBJICHUST CXEMBl 3aMCIICHHS BBIYUCISIOTCS CONPOTHUBJICHHS CTOPOH
Tpanchopmaropa
_Ukon Ulpy _ 13 230°

= = :IOQOM,
100% S, 100 63

B

X, =0;

¥ :UKHH Ué.P.HA: 1 2302:9240/14 rae
" 100% S, 100 63 ) ,

Ui = 05U pr-cnr ¥ U srmr =Uccorn )= 0,5(12,5+24-10,5) = 13% ;
UK CH — 0’5(UKBH—CH + UK CH-HH _UKBH—HH): 0’5(12:5 +10,5- 24) ~ 0 5
Uit = 05U s + Usccrmn = U e ) = 0,5(10,5+ 24 —12,5) = 11%;

[Ipu pacuerax T.k.3. 11 3amuT TpancopmaropoB ¢ PITH crnenyer yuects uzme-
HEHUE COMPOTHUBIIEHUS 33 CUET PErylupoBaHus HampsikeHus. s TpanchopmaTopoB

220 kB mpuOamkeHHO MOXHO MPUHSITH:

Xrmiv = *r Hom (1 _AU)z;
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X = Xpou (1+ AU
OTCrOa
Xgauy =109(1-0,12)* =84,40m;
Xgayuxy =1370m;
Xy = 11,60m;

Cucmema
n=71
Xc
I
K3 Kl

ya 4 .

7 Kl
4 1380 4 11 1

XH

1791 A K2
K2

I g a) 0)

Puc. 4.6. HO}ICHSIIOH_Ia}I CXEMa U CXEMa 3aMCIICHHMS K ITPUMEPY pacucTa 3allluThl ITIOHN-

JKarolero Tpaicdopmaropa.

Tox k.3. Ha mmHax CH (touka K1 pucyHok 4.5, a)

](3) UC4P.H4 — 230 — ],38 KA :

I T3 (kg + Xpame) 32+ 844)

- Ucrn. B0 s,
sy + Xpuar)  2018+137)

2
] K3 MIN

Tox k.3. Ha mmHax HH (Touka K2 pucynok 4.5 a)

U 230
O crn. _ =0,791x4;
M By + Xpame ) V3(12+84,4+716)
U
]1(23)M1N = SR = 230 =0,424xA.

2w + Xpaax ) 2084137 +116)
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Tokwu K.3. IpuBeEHBI K CTyIeHH HanpsbkeHus 230 kB.

2) IpenBapurejbHblili pacuyer AuddepeHINATBHON 3alUTHl U BBIOOP THIIA
pene. Tok cpabateiBanus 3ammThl ¢ peiae PHT ompenenserca mo GoJblieMy U3 JIBYX
PACUYETHBIX YCIOBUU:

a) OtcTpoiika OT OpocKa TOKa HaMarHMYUBaHUS

I, =13-158=2054,

_S =63 -
rae I,,, =7 = =0,158«A.
8 o AgUC‘P‘H‘ (\/E ) 230)

0) Otcrpoiika oT ToKa HebanaHca
I, =13(1,0-0,1+0,12+0,05)- 1380 = 484 A.

[Ipuaumaercsa [, =484 4.

B) IlpenBaputenbHas mpoBepKa UyBCTBUTEIBHOCTH MPOU3BOIUTCS MO NEPBUY-

HBIM TOKaM npu AByX(a3zHoM k.3. Ha cropoHe HH (Touka K4 pucynoxk 4.5)

_424/  _
K, = 484—0,875@.

[Tockonbky 3ammra ¢ pene PHT He obecneunBaeT 4yBCTBUTEIBHOCTH, HEOOXO-
nuMo tipuMenuTs pene [3T.
r) Tok cpabarbiBanus 3auuThl ¢ pene 3T npu orcrpoiike oT Opocka HaMarHu-

YHBAIOIIETO TOKA le;=13-138=2374

n) Tok cpabateiBanus 3amuThl ¢ pene JI3T mpu oTcTpolike OoT Toka HeballaHca

npu k.3. Ha CH
I, =15-(1,0-0,1+0,12)-1380 = 560 A

e) Tok cpabateiBanus 3ammThl ¢ pene J3T mpu oTcTpoiike or Toka HebagaHca
pu K.3. Ha HH
I, =15-(10-0,1+0,12)-791=261 4

[Tpunumaem pene JI3T-11 ¢ ycraHoBkoW TOpMO3HOM 00MOTKH co ctopoHbl CH.

Torma orcrpoiika Mo MyHKTY A) OyJeT obecreueHa 3a C4eT TOPMOXKEHHUs, a TOK cpada-

THIBAHUSI 3AIIUTHI IPUMEM Ies =261 A.
%) UyBCTBUTEIBHOCTH 3aIIUTHI TP K.3. HA cTopoHe HH npu MuHMMansHOM pe-

TyJIMPOBaHUU
K, = 42%61 ~1,63

HECKOJIbKO MeHble HopmupyeMoii (Xv=2), omHako yxe IpH HOMHHAIBHOM KO-

s dunuente Tpanchopmaiuu
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230
1%, = =524 4
OMN 2(18+109 +92,4) :

_524/ _
K, =524 =201

[ToaTOMy AJi yOpOLIEHUS 3alUThl MOXKET ObITh puMeHeHo peie JI3T-11, a He
JN3T-13.

3) Bwibop ycraBok pene 3T
a) IlepBuuHble W BTOPUYHBIE TOKHM CTOPOH TpaHchopmaropa. /lanHbie pacuera
npuBeneHbl B Tabnuie 4.1.

Tabnuua 4.1.
O0o3HaueHue -BH-230 B I1-CH-38,5 kB [I-HH-11 xB
IapaMeTpoB
Y 63000 _ oo | 63000 _ o o | 63000 .. o

nHOM »

J3-230 J3-38,5 J3-11
0 40% 200% 400%

Coegunenune TT | TPEYI'OJIBHUK | TPEYT'OJIbBHUK 3BE3/JIA

3310
\/—158_342 V3oas o 340

o> 4 4007 ™ 2000, 400%: ’

N3 Tab. 4.1 cnenyer, 4To B KauecTBe OCHOBHOM cieayet B3aTh ctopony HH (11 kB).

0) Tok cpabatbiBaHUs pelie AJI1 OCHOBHOM CTOPOHBI ONpEEseTcs Tak:
261-(230/11)

Iepocy = 0, =6,824.

B) PacueTHoe uncio BUTKOB paboueit 0OMOTKY /Jis1 OCHOBHOM CTOPOHBI

Op oc pacy = 100 =14,65 BUTKOB.

6.82
IIprHUMAETCA @y pycy =14 BATKOB, YTO COOTBETCTBYET
Lepoey =100/14=7,14 4.
r) PacueTHble uncia BUTKOB JIJIsl APYTUX CTOPOH TpaHChopMaTopa:

e i ctoponsl 220 kB

4,13
e :14[ ’442)216,9.

[Ipunumaercs w,, .y =17 BUTKOB.
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e s cTopoHbl 35 kB

4,13
Dpirpacy = 14( ’ 4509) =141.
IIpuanmaercsa @, p ey =14 BUTKOB.

I[) Toxk Cpa6aTI>IBaHI/I}I 3alIUThI C YYCTOM IIOI'pCINHOCTH BbIPpAaBHWBAHWA HAXOAUT-
cs1 110 BeIpaxkeHusM (4.2), (4.2), (4.4), (4,5) u (4.6):

Iy =1,5(1,0-0,1+0,12 +0,006)-791 =268 4,
rIe

A, :‘16,9—17

=0,006 .
19,6

¢) YTOUHEHHBIN pacueTHBIA TOK CpadaThIBAHUS pelie

230/11
Iepoey = 268 4002 5 7A714A.

[TockonbKy pacueTHbId TOK cpabarbiBaHus pese (7A) MeHblle (PaKTHIECKOTO
(7,14A), To BEIOOp pabOYMX BUTKOB 3aKOHUEH.

) PacuerHbril TOk HebamaHca 3amuUTHI IPU K.3. HA cTopoHe 35 kB ¢ yyeTom mo-
IPEITHOCTH BBIPAaBHUBAHUS:

s pacy = (1L0-0,14 0,12+ 0,05+ 0,007)-1380 =382 4,

rac

=0,007 .

Oy =

_‘14,1—14‘

3) Unciio BUTKOB TOPMO3HOW OOMOTKH, HAXOAUTCS IO BhIpakeHHIo (4.16)
1,5-382-14

w,, =" "1 _-667.
" 1380-0,87

Taxnm 06p2130M, K YCTAaHOBKE Ha peJjIe NPUHUMAIOTCS CIEAYIONINE BUTKU:
@, =17,0,, =14,0,, =14uw, =7.

1) YUyBCTBUTEIBHOCTD 3AIIUTHI OMPEIETUM MPHUOIMKEHHO M0 MEPBUYHBIM TOKAM
IIPY PACUETHOM K.3. Ha cTopoHe 11 kB ju1s ciiyduaeB MUHUMAJIBHOTO ¥ HOPMAJIBHOTO pe-

IyJIMpoOBaHus TpaHchopmaropa
—424 = -524 —
K, =424 =156 u K, =524/, =192,
rae 1., =273 A — daktuueckuil TOK cpabaThIBaHUS 3aIIUTHI, ONPEICIIIEM U3 BbIpaXKe-

Hus (4.10) o 7,.,=7,14 A.

[TockonbKy KO3(PPUIUEHT YyBCTBUTEIBHOCTH 3aIUTHl PUMEPHO COOTBETCTBYET

86



2, TO 3amIUTa PEKOMEHAYETCSA K YCTAaHOBKE. 3aMETHUM, YTO TIPOBEPKA UyBCTBUTEIBHOCTH
pY HAJTMYUKM TOPMOXKEHUSI HE MTPOU3BOAUTCS, TaK KaK B JAHHOM MPUMEPE 3TOT PEKUM
OTCYTCTBYET.

4) MT3 (c KOMOMHHPOBAHHBIM ITYCKOM I10 HAMPSKEHUIO)

Jlist TpexoOMOTOYHBIX TpaHC(HOPMATOPOB C OJTHOCTOPOHHUM IMHTAHHEM B Kade-
CTBE PE3EPBHON 3alIUTHl PEKOMEHAYETCS YCTaHOBKA Ha cTtopoHe nutanus MT3 ¢ myc-
KOM WM 0€e3 IMycKa 10 HanpsiKEHUIO:

a) I[lepBoHavanpbHO ompezaenseTcs Tok cpadbareiBanus MT3 6e3 mycka mo Hamps-

EHUIO B COOTBETCTBUU C BbIpaxkeHueM (4.19)

I, :(1%9)2,5-158 =5274.

0) UyBCTBUTEIBHOCTH 3alUTHI poBepuM Ipu K.3. Ha mmHax CH n HH B MuHu-

MAaJIBHBIX PACUCTHBIX PCIKUMAX

K, =22 _137u K, =220,
527 527

B) Ilockonbky uyBcTBUTENbHOCTE MT3 6€3 mycka Mo HampsHKEHHIO OKa3aiach
HEJO0CTATOYHOU, MPUMEHUM OJIOKMPOBKY MO HAMPSHKEHUIO C MPUEMHBIX CTOPOH TPaHC-
¢dopmatopa. B aToM ciiydae Tok cpabaTbIBaHMs 3aILMUThI, ONIPEIEICHHBII 10 YPAaBHEHUIO

(4.6), paBen

I, :[1%9)1,0-158:211A,

4 YYBCTBHUTCJIbHOCTD 3alIUTHI B TCX JKC PACYCTHLIX TOYKAX COCTABHUT

K=" 350 m K, =501
211 211

r) Hanpshxenne cpabaTeiBaHus opraHa OJOKHMPOBKH MPU CUMMETPUYHBIX K.3. OTI-
penenuM 1o BeipakeHuto (4.20)

Uey =0,6-0,9-220 =119%B.

1) Hampspkenue cpabaTeiBaHus opraHa OJOKHPOBKU MTPH HECUMMETPUYHBIX K.3.

U, s =0,06U = 0,06-230 =138 xB .

¢) UyBCTBUTEIHHOCTh OJIOKUPYIOMINX OPTAHOB MPOBEPSETCS MPHU K.3. HA TIPUEM-
HBIX CTOpOHAaX TpaHcpopMmaTopa, KyJa W TOIKIIOYCHBI OJOKHpYIOIIHE pene, T.e.

U%) 3411 =0

U
Us ks sa = %:230(2\/§):66,5KB.
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U
Kyy=—5—= 2)1,5 ;
UI(? MAX 0

66,5
K., =—==482)15.
138 )

2

[TockonbKy TpH K.3. HA MPUEMHBIX CTOpOHax TpaHchopmaropa K, )15, To nud-

(depeHImaIbHbIC 3aIUTHI IIIMH HAa 3TUX CTOPOHAX MOXKHO HE yCTaHABINBATb.
4.6.4. Ilpumep 3aIUTHI NOBHIIIAKINEr0 TPaHchopMaTopa CBA3H

PaccmatpuBaroTcs 3amuThl MOBBIIAIONIETO TpaHcpopMaTopa CBsI3U, paboTaro-
IIET0 Yepe3 OJIMH BHIKJIIOYATEIh Ha JBOKHYIO cuctemy muH 110-220 kB ¢ 06xoaH0i# 1
Yyepe3 OJIMH BBIKJIIOYATENb Ha CEKIMIO IIUH TeHEPaTOPHOr0 HAMPSKEHUS, MOUTHOCTHIO
40-80 MBa (pucyHok 4.6).

1) OcHOBHBIE 3aAIIUTHI:

e Ot Bcex BunoB K3 B 00MOTKax TpancopmaTopa ¥ Ha BBIBOJIAX, BKJIFOYAs] BUTKO-
BbI€ 3aMbIKaHUs B 0OMOTKaX,— MpoaoibHas nuddepeHianbHas TOKOBas 3alluTa ¢ pe-
ne PHT-560 (KATI-KAT3).

Ot 3aMbIkaHmil BHYTpH 0aka TpaHchopmaTopa, COMPOBOXKIAIOIINXCS BBIICICHU-
eM rasa,— razoBag 3ammuTta ¢ KSG.

2) Pe3epBHbIe U Apyrue 3alUThHI:

OT BHEIIHMX HECUMMETPHUUYHBIX K.3. — OAHOCTyIIEHYaTasi TOKOBas 3alluTa oopat-
HOI mocneaoBaTenbHOCTH ¢ perie Tuna PTO-7/1 (KAZ1, K2)u pene Bpemenn (KT1).

Ot BHemHUX OMHO(DA3HBIX K.3. HA 36MJII0 B CETH C 3a3€MJICHHBIMU HEUTpaIsIMU
npu paboTe TpaHcpopmaTopa ¢ 3a3eMIIEHHON HEHTPaNblo — OJHOCTYIIEHYaTasi TOKOBast
3allliTa HYJIEBOM MOCIIEIOBATEIHLHOCTH C HE3aBHUCHUMOW BBIIEPKKONH BPEMEHU C pelie
tuna PT—40 u pene Bpemenn (K73).

Ot BHemHux oxHoda3zHbix K3 Ha 3eMIlt0 B CETH ¢ 3a3€MJICHHBIMU HEUTpaIsiMu
npu pabore TpaHchopmaropa ¢ U30JUPOBAHHOM HEUTPAIbIO — OAHOCTYIIEHYATas] MaK-
cUMajbHas 3alUTa HAMPsHKEHUS HYJIEBOW MOCIIETOBATEIHPHOCTH C HE3aBUCHMOU BBI-
nepxxkoi Bpemenu ¢ pene tuna PHH-57 (KVZ1) u pene Bpemenn (KT4) unu ToxoBast
3amuTa oOpaTHOM MOCIEI0BATEILHOCTH, Peaiu3yeMasi ¢ OMOIIbIO CUTHAJILHOTO Opra-
Ha peine PT®-7/1 (KAZ1,K1) u pene Bpemenu (KT4).

OT BHENMIHUX CHMMETPUYHBIX K.3.— MAKCHMaJIbHAS TOKOBAs 3aIlldTa C ITyCKOM Ha-
NPSDKEHUS ¢ HE3aBUCUMOM BBIIEPKKOM BpemeHHU ¢ pene Toka thuna PT—40 (KA3), nsyms

pene Hanpsbkenus Tuna PH-54/160 (KV1 u KV2) u pene Bpemenn (KT2).
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OT CUMMETPUYHBIX MEPETPY30K MaKCUMaJIbHAsh TOKOBAasl 3allUTa ¢ HE3aBUCUMOM
BBIZIEP)KKOM BpeMeHH ¢ peiie Toka tuna PT—40 (KA2) u pene Bpemenu (K735).

3) Yka3aHusi 110 BHINOJHEHHUIO 3a1IUT:
Cxema nuddepeHnmranpbHOM 3auThl TpaHchopMaTopa MpeanogaraeT yCTaHOBKY

Ha BH macnsiHbIX BBIKJIIOUATeiel U BhINoJHeHHe 3amuThl ¢ pesie PHT-560.

["a3oBas 3ammTa npeaycMaTpuBaETCs C IByMsI CTYNIEHSIMU JICUCTBUS — HA OTKJIIO-
YyeHue TpaHcpopMaTopa v Ha CUTHAIL.

JIns 3alyThl OT BHEIIHUX HECUMMETPUYHBIX K.3. MPEANOJIAracTcs MCIOJIb30Ba-
Hue ¢unabTp — pene toka tumna PT®-7/1, umeromero asa Beixoaubix pene K1 u K2, gto
MO3BOJISIET IPUMEHSTH CUTHaAIBHOE pene K1 ais 3ammuTel TpancdopMaropa OT BHEIITHUX
onHo(a3HbIX K.3. B ceTd BH npu ero pabote ¢ n301MpOBaHHON HEUTPAIIBIO.

BapuanTsl 3aumT TpancopmaTopa peann3yroTcsi yCTaHOBKOM MepeMbIYeK.

JIns myHTUpPOBaHUS KOHTAKTOB IYCKOBOTO OpraHa HalpsyKEHHUS B 3allUTE HC-
NOJIB3YIOTCSI KOHTAKTHI PEJIE IMOJOKEHUS ''BKIHOYEHO" COOTBETCTBYIOIIMX BBIKIIOUATE-
JIEW ¥ BCIIOMOTATEbHbIE KOHTAKThI Pa3beAUHUTEIICH.

4) Bo3aeiictBue 3ammr: Bee 3amuThl IEMCTBYIOT HA BBIXOAHBIE MPOMEKYTOUHBIE

pene (KLI u KL2), ocyleCTBISIONINE OTKIIOUEHHE COOTBETCTBYIOIIUX BBIKJIFOUATEIICH.
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! KA3 menbHoCmu
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Om TV na
5 ) wunax HH

Pucynok 4.7. Cxema peneifHoO# 3amuThl TpaHchopMaTopa CBs3u MOIIHOCTHIO 40-80

MB*A.

a — IoACHAomasa cxema, 60— LCIHU MEPEMCHHOTO TOKA U HAIIPSXKCHUA; 6 — LICIIN OIICPAaTUB-
HOT'O ITOCTOSAHHOI'O TOKA, 2 — BBIXOJHBIC LICIIN 3allIUTHhI, 0— OCIU CUTrHaJIU3alluu.

ITanens curHanu3anuu
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Pucynoxk 4.7. I[Ipogoikenue.
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5. IM®PEPEHIUAJIBHBIE 3AIIUTHEI TPAHC®OPMATOPOB 1
ABTOTPAHC®OPMATOPOB HA PEJIE TUIA A3T-21 (I3T-23)

5.1. BBenenune

CrpemiieHue yBeNIUYUTh YyBCTBUTEIBHOCTh, YMEHBIIUTh MOTPEOIIEMYIO peeii-
HOM 3aIIMTON MOIIHOCTH B IEMSAX MEPEMEHHOIO U MOCTOSSHHOTO TOKOB, & TaKXK€ MOBBI-
CUTbh OBICTpOJieHicTBUE U UyBCTBUTEIBLHOCTD pesie Tuma PHT-560 u JA3T-11 o6bexTuB-
HO OOYCIIOBUJIO TIEPEXO0J Ha MOJIyIPOBOJHUKOBYIO 3JIEMEHTApHYIO 0a3y, KOTopas pea-
JU30BaJIach, B KOHEYHOM cuete, B quddepennuansubix 3ammrax tuna JI3T-20 (21,23).

Oco0enHo 11€71€c000pa3HbIM U O0BEKTUBHBIM 0Ka3ajloCh MPUMEHEHHE peje HO-
BOTO TMOKOJIEHUS ISl 3allUThl MOIIHBIX, AOPOTOCTOSIIMX TpaHC(HOPMATOPOB U aABTO-
TpaHchopMaTopoB, XOTSI OHH MOTYT YCHEUIHO NMPUMEHSTHCS B KaueCTBE OCHOBHBIX 3a-
KT JUisi OJIOKOB TreHepaTop-TpaHcgopMaTop U reHepaTop-aBTOTpaHcdopMaTop
IIPH BCEX BUAAX K.3.

Hcnonnenue 3anmTsl — TpexdaszHoe, ¢ o0mmmM BeixonoMm tpex a3z y A3T-21 u
noga3HbM BeIxoa0M Yy JI3T-23, yTo MO3BOMISET UCIIOIB30BATh €€ B KAYECTBE OCHOBHOM
3aIUTHI TPYNIBI OAHO(A3ZHBIX CUIIOBBIX TPAHCPOPMATOPOB UITU aBTOTPAHCHOPMATOPOB.

5.1.1. O0mme NpUHUKUNBI U XapaKTePUCTUKHU peJie Tuna J[3T-20

OTcrpoiika oT Opocka TOKa HAMarHM4YMBaHMs B CiIydae BKIIOUEHUS TpaHchopma-
Topa (aBTOTpaHchOpMaTOpa) ¢ XOJIOCTOr0 X0Aa MO HAIPSYKEHUE U OT IEPEXOJHBIX TO-
KOB HeOanaHca MpH BHEIIHUX K.3. B 3ammrax tumna J[3T-20 ucnons3yercst BpeMs - uM-
MyJBCHBIM MPUHIMN OJOKUPOBAHUS 3aIUTHI, €CJIM B KpUBOH AU(PepeHInaibHOro ToKa
MOSIBJISIFOTCS TAY3bl, 110 JUIMTEIBHOCTH NPEBBIIAIOIINAE 33JaHHYI0, B COYETaHUU C TOP-
MO>KEHHEM OT BTOPOM I'ApMOHUKH.

JUis ynydiieHus: OTCTPOMKH OT «TpaHC(HOPMHPOBAHHBIX» OJHONOJISIPHBIX OpoO-
CKOB HAMarHMYMBAIOIIETO TOKA HCIOJB3YETCS MPHUHIMI KOPpPEeKUUU (OPMBbI KPUBOIA
BTOPUYHOTO TOKA. J[JIs1 OTCTPOMKH OT YCTAaHOBHUBIIUXCS ¥ MIEPEXOHBIX TOKOB HebaslaH-
Ca UCIIOJIB3YETCSI TOPMOKEHHE OT TOKOB IJIeY 3alHMThI.

Pene obGecrnieunBaeT TOpMOXKEHHE OT apupMeTHUYECKOH MOJyCyMMbI (pa3HBIX
TOKOB JIByX I'pyln TpaHc(popmaTtopoB Toka. B citydae Tpex uiau 4eTbIpex Ipynn TpaHc-
dbopMaTopoB TOKa aisi OOECrieueHUs] TOPMOKEHHS HCIONB3YIOTCA Tpex(asHble MpH-
CTaBKH JI0NOJHUTENBHOTO TopMOxkeHus ITT-1.

Jlnis obecriedeHust HaIe)KHOCTU C OJHOBPEMEHHBIM YMEHbBIIIEHUEM JACHCTBUS pelie
npu OONBIINX KPATHOCTSAX TOKOB K.3. B 3alllMIIAEMOM 30HE, IIPU KOTOPBIX MOXKET Ha-

CTYNUTh HACBIIIEHHE TpaHC(HOPMATOPOB TOKA (OCOOEHHO MPHU MOSIBICHUH arlepuoanye-
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CKOI1 clararoiieii), a BO BTOpHYHOM TOKE OOHAPY>KMUBAIOTCS UTUTEIbHBIC MaYy3bl, IPEAY-
cMoTpeHa JuddepeHIaibHas TOKOBasi OTCeUKa.

OnHOM U3 0COOEHHOCTEH perie HOBOrO TUIIA SBJSETCS criennduueckas TOpMO3Hast
XapakTepucThka (puc.6.1), KoTopasi COCTOUMT U3 TOPU30HTAIBHOTO UM HAKJIOHHOIO y4a-
CTKOB, HAJIMYHUE KOTOPBIX YIy4YIIAET YyBCTBUTEIBHOCTh 3aIUUTHI K K.3. B 3aILHUIIAEMON
30HE IPU MPOXOKJIECHUM CKBO3HOTO TOKa Harpy3ku. Ha puc. 6.1 3HaueHus mo ocsim

IMPUBECACHLI B OTHOCHUTCIIbHBIX CAMHUIAX:

_ I A .
I* - M
1
HOM .OTBTAV
_ Tropu.5
*TOPM I ’
HOM .OTBTA

MuHMMaIBbHBII TOK CpabaThIBaHUsA PeJie IPU OTCYTCTBUM TOPMOKEHUS [ p .y (B

30HE€ FOPU30HTAIBLHOIO ydacTka) perynaupyercs miaBHO oT 0,3 1o 0,7 HOMUHAIBHOTO

TOKa IMPUHATOrO OTBETBICHUSA 0, orprey TPAHCpeakTOpa TAV (puc 5.1.)

v

w

2

JlnuHa TOPU30HTAJIBHOIO YYacTKa XapaKTePUCTUKU [;opy pyy  PETYIUPYETCA
ctyneHyaTo Ha ABa nojoxenus (0,6 u 1,0) HOMMHAIBLHOTO TOKA MPUHSTOTO OTBETBIIE-
HUS IPOMEXKYTOUHOTO TpaHcpopmaTopa TA (puc. 5.1.) enu TOpMOKEHUS pelie U npu-

CTaBOK OOIIOJIHHUTCIIbHOI'O TOPMOKCHUS.
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Koadduiment topmokeHus pesne, KOTOPBI paBeH TaHTEHCY yria HaKJIOHA Xa-
PaKTEpUCTUKH, perynupyeTcs miaBHo B npeaenax 0,3+0,9, u onpenensiercss no BbIpa-
KEHUIO:

AL,

K = ’
TOPM AO,SZ[

*TOPM .B

rae Al, ;- IPUPAIICHAE OTHOCUTEIBHOTO AU dEPEHIHANTBHOIO TOKA,

AO0,5> 1, opys 5 - TPUpAIICHHE apUOMETHYECKON IMOTYyCyMMBI OTHOCHTEIIBHBIX

BTOPUYHBIX TOKOB.

Pene BbIOIHEHO HA BTOPUYHBIM HOMHWHAJIBHBIM TOK, PABHBIA SA, NOAKIIOYEHHE
Ke K TpaHcpopmaTopam TOKa C BTOPUYHBIM TOKOM |A IpPOM3BOIUTCS ye€pe3 aBToO-
TpaHcpopmaTopsl Toka Tuna AT-31. [lyig noaxkinroYeHus ey 3alliuThl C HOMUHAIbHBIM

BTOPUYHBIM TOKOM OOJIBIIUM 5 A HCIONB3yeTcst aBTOTpaHcPopmaTopsl Toka thuma AT-
32.

TabOnuma 5.1.
Homep oTBeTBIIEHMS TpaHCpEaKTOpa 1 2 3 4 5 6
TAV paboueii nenu.
1o orsrav - A 5,0 4,6 4,25 | 3,63 3,0 2,5
Tabnuua 5.2.
Howmep otBeTBneHus Tpancdopma- 1 P 3 4
topoB Toka TA1 u TA2 TopmMo3HOM 1ETH.
]HOM.OTBTA s A. 550 3975 390 255
Tabnuma 5.3.
Homusashpiit |H1OMEPa HCIIOMb- .
ToK paccMarp- | 3YEMPIX OTBETB- _ |Homepa menone-| (o - i
nenuit AT-31, k | MakcuMambHBlii | 3yeMbIX OTBETB-
BAEMOI'0 BKJIIHO- o TOK UCHOJIb3Yye-
KOTOPBIM TOJI- | TOK BKJItOUeHus, | jeHuid AT-31, k

yeHus, A

MOI'O OTBCTBIJIC-

BOJISITCSI BTO- A. KOTOPBIM IO~
Liton.orsarf PUYHBIE TOKU B KmoqfeTc;I pene. HuUs pene, A.
Iieyax 3aluT.

1 2 3 4 5

0,34 1-2 1,20 1-11 2,50
0,37 1-2 1,20 1-10 2,50
0,40 1-2 1,20 1-9 2,50
0,41 1-2 1,20 1-11 3,00
0,43 1-2 1,20 1-8 2,50
0,44 1-3 1,32 1-11 2,50
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HomubaisHbII
TOK paccMaTpu-
BaeMOT'0 BKJIIO-

Howmepa ncnons-
3yEMBIX OTBETB-
nenuit AT-31, x

MakcumanbHBIN

Howmepa ucnosisb-
3yE€MbIX OTBETB-

HomuHaipHbII
TOK UCIIOJIb3y€-

KOTOPBIM MOJI- | TOK BKJIIOUeHU4, | ieHud AT-31, k
yeHus, A MOT'0 OTBETBJIEC-
I BOJIATCS BTO- A. KOTOPHIM MOAL- | = o 4
HOM OTBAT] byqmble TOKH B KITIOYAETCs PElIe. PeJIe,
IJIeyax 3allurT.
0,48 1-2 1,20 1-9 3,00
0,49 1-2 1,20 I-11 3,63
0,52 1-2 1,20 1-8 3,00
0,53 1-3 1,32 1-11 3,63
0,54 1-2 1,20 1-10 3,00
0,56 1-3 1,32 1-8 3,00
0,58 1-3 1,32 1-10 2,50
0,58 1-2 1,20 1-9 3,00
0,60 1-4 1,80 I-11 3,63
0,63 1-2 1,20 1-8 2,50
0,63 1-3 1,32 1-9 3,00
0,64 1-3 1,32 I-11 3,63
0,65 1-4 1,80 1-101 2,50
0,68 1-2 1,20 I-11 5,00
0,70 1-2 1,20 1-7 3,00
0,71 1-4 1,80 1-9 2,50
0,72 1-4 1,80 1-11 3,00
0,74 1-2 1,20 1-8 4,25
0,74 1-2 1,20 1-10 5,00
0,74 1-2 1,20 1-9 4,60
0,75 1-3 1,32 I-11 4,25
0,76 1-4 1,80 1-8 2,50
0,76 1-2 1,20 1-6 2,50
0,78 1-4 1,80 1-10 3,00
0,80 1-2 1,20 1-9 5,00
0,81 1-5 2,43 I-11 2,50
0,82 1-3 1,32 1-10 4,25
0,82 1-3 1,32 I-11 4,60
0,85 1-4 1,80 1-9 3,00
0,87 1-4 1,80 1-11 3,63
0,88 1-5 2,43 1-10 2,50
0,89 1-3 1,32 1-10 5,00
0,89 1-3 1,32 I-11 4,60
0,92 1-3 1,32 1-7 3,00
0,95 1-4 1,80 1-10 3,63
0,97 1-3 1,32 1-10 5,00
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HomubaisHbII
TOK paccMaTpu-
BaeMOT'0 BKJIIO-

Howmepa ncnons-
3yEMBIX OTBETB-
nenuit AT-31, x

MakcumanbHBIN

Howmepa ucnosisb-
3yE€MbIX OTBETB-

HomuHaipHbII
TOK UCIIOJIb3y€-

KOTOPBIM MOJI- | TOK BKJIIOUeHU4, | ieHud AT-31, k
yeHus, A MOT'0 OTBETBJIEC-
I BOJIATCS BTO- A. KOTOPHIM MOAL- | = o 4
HOM OTBAT] byqmble TOKH B KITIOYAETCs PElIe. PeJIe,
IJIeyax 3allurT.
0,97 1-5 2,43 I-11 3,00
1,03 1-5 2,43 1- 2,50
1,06 1-5 2,43 1-10 3,00
1,10 1-6 3,30 1-11 2,50
1,11 1-4 1,80 1-8 3,63
1,12 1-6 3,30 I-11 2,50
1,20 1-6 3,30 1-10 2,50
1,22 1-4 1,80 I-11 5,00
1,23 1-5 2,43 1-8 3,00
1,24 1-4 1,80 1-7 3,00
1,26 1-2 1,20 1-5 2,50
1,28 1-5 2,43 1-10 3,63
1,29 1-4 1,80 -8 4,25
1,30 1-6 3,30 1-9 2,50
1,34 1-6 3,30 I-11 3,00
1,38 1-5 2,43 1-11 4,25
1,39 1-6 3,30 1-8 2,50
1,45 1-7 4,35 1-11 2,50
1,49 1-5 2,43 I-11 4,60
1,50 1-5 2,43 1-10 2,50
1,50 1-5 2,43 1-8 3,63
1,56 1-6 3,30 1-9 3,00
1,58 1-7 4,35 1-10 2,50
1,62 1-5 2,43 1-10 4,60
1,62 1-5 2,43 I-11 5,00
1,71 1-7 4,35 1-9 2,50
1,74 1-6 3,30 1-10 3,63
1,75 1-5 2,43 1-8 4,25
1,76 1-5 2,43 1-9 4,60
1,84 1-7 4,35 1-8 2,50
1,93 1-6 3,30 1-9 3,63
1,97 1-8 5,91 I-11 2,50
2,02 1-6 3,30 I-11 4,60
2,04 1-6 3,30 1-10 4,60
2,05 1-7 4,35 1-9 3,00
2,10 1-7 4,35 I-11 3,63
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HomubaisHbII
TOK paccMaTpu-
BaeMOT'0 BKJIIO-

Howmepa ncnons-
3yEMBIX OTBETB-
nenuit AT-31, x

MakcumanbHBIN

Howmepa ucnosisb-
3yE€MbIX OTBETB-

HomuHaipHbII
TOK UCIIOJIb3y€-

KOTOPBIM MOJI- | TOK BKJIIOUeHU4, | ieHud AT-31, k
yeHus, A MOT'0 OTBETBJIEC-
I BOJIATCS BTO- A. KOTOPHIM MOAL- | = o 4
HOM OTBAT] byqmble TOKH B KITIOYAETCs PElIe. PeJIe,
IJIeyax 3allurT.
2,14 1-8 5,91 1-10 2,50
2,21 1-6 3,30 1-9 4,25
2,21 1-6 3,30 1-10 4,60
2,21 1-7 4,35 1-8 3,00
2,21 1-6 3,30 1-11 5,00
2,28 1-6 3,30 1-7 3,00
2,31 1-9 7,50 1-10 2,50
2,32 1-8 5,91 1-9 2,50
2,36 1-8 5,91 I-11 3,00
2,39 1-6 3,30 1-9 4,60
2,49 1-7 4,35 1-9 3,63
2,57 1-8 5,91 1-10 3,00
2,66 1-7 4,35 I-11 4,60
2,68 1-7 4,35 1-10 425
2,75 1-10 7,50 I-11 4,25
2,77 1-7 4,35 1-8 3,63
2,77 1-9 7,50 1-10 3,00
2,78 1-8 5,91 1-9 3,00
2,80 1-6 3,30 1-8 5,00
2,84 1-8 5,91 I-11 3,63
2,90 1-7 4,35 1-10 4,60
2,90 1-7 435 1-11 5,00
3,07 1-9 7,50 1-11 3,63
3,12 1-8 5,91 1-11 3,63
3,14 1-7 435 1-8 4,25
3,15 1-7 4,35 1-9 4,60
3,16 1-7 4,35 1-10 5,00
3,33 1-10 7,50 I-11 3,63
3,35 1-9 7,50 1-10 3,63
3,38 1-8 5,91 1-9 3,63
3,60 1-9 7,50 I-11 4,25
3,64 1-8 5,91 1-10 4,25
3,89 1-10 7,50 I-11 4,25
3,92 1-9 7,50 1-10 4,25
3,94 1-8 5,91 1-10 4,60
3,94 1-8 5,91 I-11 5,00
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H . |Homepa ncnomns-
OMUHAJIbHBIN
TOK PACCMATDH- 3yE€MbIX OTBETB- Howmepa ncnons- HoMUHALE AL
nenunit AT-31, k | MakcuMaibHbIM | 3y€MbIX OTBETB-
BAa€MOI0 BKJIIO- . TOK MCTOJIb3ye-
KOTOPBIM MOJI- | TOK BKJIIOUeHU4, | ieHud AT-31, k
yeHus, A MOT'0 OTBETBJIEC-
7 BOJSATCS BTO- A. KOTOPBIM MOA- |~ o o
HOM OTBAT] byqmble TOKH B KITIOYAETCs PElIe. peste, A-
mievax 3anur.
3,95 1-8 5,91 1-9 4,25
4,25 1-9 7,50 1-10 4,60
4,27 1-8 5,91 1-9 4,60
4,29 1-8 5,91 1-10 5,00
Tabnumna 5.4.
HomuHanbHbI# Homepa ucnonssye- Howmepa ucnomns- HoMUHALLHBLH TOK
TOK pacCMaTpu- | MbIX OTBETBIICHUH AT- | 3yemMbIX OTBETBIIE- HCLOE3VEMOrO OT-
BACMOI'0 BKJIKOYE- | 32, K KOTOpPBHIM NOABO- | Huil AT-32, k Ko- Y
BETBJICHUSA pele, A.
Hus, A IATCS BTOPUYHBIE TO- | TOPBIM MOAKIIOYA- TAV
I yovr orsarr | KM B IUI€YAX 3aIINT. eTCs pede.
1 2 4 5
5,06 1-5 1-3 3,63
5,13 1-10 1-7 2,50
5,15 1-8 1-5 2,50
5,18 1-7 1-4 2,50
5,20 1-9 1-6 2,50
5,31 1-10 1-9 4,25
5,31 I-11 1-10 4,25
5,31 1-6 1-3 3,00
5,39 1-6 1-5 4,25
5,39 1-7 1-6 4,25
5,41 1-4 1-2 4,60
5,41 1-4 1-3 5,00
5,44 1-3 1-2 5,00
5,47 1-5 1-4 4,25
5,50 1-5 1-2 3,63
5,61 1-7 1-3 2,50
5,75 1-10 1-9 4,60
5,75 1-11 1-10 4,60
5,77 1-6 1-2 3,00
5,81 1-10 1-8 3,63
5,84 1-6 1-5 4,60
5,84 1-7 1-6 4,60
5,84 1-7 1-5 3,63
5,88 1-4 1-2 5,00
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HomuHanbHbIH Homepa ucnonssye- | Homepa ucnoins- 5

TOK paccMaTpu- | MbIX OTBETBIEHUN AT- | 3yeMbIX OTBETBIIE- HoMAHATBHELH TOK

BA€MOr0 BKJIOYE- | 32, K KOTOPHIM MOABO- | HuM AT-32, Kk KO- HCTIOJIL3yeMOro ot

BETBJICHUS pee, A.

HEA, A JATCS BTOPUYHBIC TO- | TOPBIM IMOJAKIHOYA- TAV
I HOM .OTBATT KH B IIJICYaAX 3aIlMT. €TCsl pelIe.

5,89 1-8 1-7 4,60
5,89 1-9 1-8 4,60
5,90 1-8 1-6 3,63
5,93 1-5 1-3 425
5,93 1-5 1-4 4,60
5,93 1-6 1-4 3.63
5,95 1-9 1-7 3,63
6,00 I-11 1-8 3,00
6,10 1-7 1-2 2,50
6,15 1-10 1-7 3,00
6,19 1-8 1-5 3,00
6,22 1-7 1-4 3,00
6,25 1-9 1-6 3,00
6,35 1-6 1-5 5,00
6,40 1-8 1-7 5,00
6,41 1-5 1-3 4,60
6,44 1-5 1-2 425
6,50 1-10 1-6 2,50
6,60 1-9 1-5 2.50
6,74 1-7 1-3 3,00
6,80 1-10 1-8 4,25
6,38 1-8 1-6 4,25
6,98 1-9 1-7 425
7,17 1-8 1-3 2.50
7,26 I-11 1-8 3,63
7,36 1-11 1-8 4,60
7,44 1-10 1-7 3,63
7,49 1-8 1-5 3,63
7,55 1-9 1-7 4,60
7,69 I-11 1-7 3,00
7,82 1-8 1-2 2.50
7,92 1-9 1-5 3,00
8,00 1-10 1-8 5,00
8,13 1-8 1-6 5,00
8,20 1-9 1-7 5.00
8,50 1-11 1-8 4,25
8,63 1-8 1-6 3,00
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HomuHansHbBII
TOK paccMmaTpu-
BAE€MOI'0 BKJIIOUE-

Howmepa ncnosnbsye-

MBbIX OoTBeTBIIeHMIT AT-
32, K KOTOPBIM IOJIBO-

Howmepa ucnosb-
3yE€MbIX OTBETBJIC-
Hut AT-32, K xo-

HomMuHaIbHBIN TOK
HCMOJIb3YEMOTO OT-
BETBJICHHUS pere, A.

HEA, A JATCS BTOPUYHBIC TO- | TOPBIM IMOJAKIHOYA- TAV
I yov orgarr | KM B TUIEYAX 3aIIHT. €TCs pelie.
8,71 1-10 1-7 4,25
8,81 1-7 1-4 4,25
9,20 1-9 1-3 2,50
9,30 1-11 1-7 3,63
9,38 1-8 1-2 3,00
9,44 1-10 1-7 4,60
9,53 1-7 1-3 4,25
9,57 1-7 1-6 4,60
9,64 1-8 1-4 3,63
9,75 1-11 1-6 3,00
9,90 1-10 15 3,00
10,00 1-9 1-2 2,50
10,20 1-9 1-4 3,00
10,25 1-10 1-7 5,00
10,30 1-11 1-5 2,50
10,32 1-7 1-3 4,60
10,38 1-8 1-4 5,00
10,40 1-9 1-6 5,00
10,62 1-10 1-4 2,50
10,92 1-11 1-7 4,25
11,05 1-10 1-6 4,25
11,20 1-7 1-3 5,00
11,30 1-8 1-4 4,25
11,40 1-8 1-2 3,63
11,50 1-10 1-3 2,50
11,80 1-11 1-7 4,60
11,85 1-11 1-6 3,63
11,95 1-10 1-6 4,60
12,05 1-10 1-5 3,63
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5.2. Boioop ycTaBoK fu(pPepeHNIUAJIbHON TOKOBOH 3AMUTHI C
peae A3T-20.

Huddepennnanbabie TOKOBbIE 3auThl, ¢ peie tuna A3T-20 (A3T-23, A3T-21),
UCIIOJIb3YIOTCSl B KAUECTBE OCHOBHBIX 3allUT TPaHC(HOPMATOPOB U aBTOTpaHC(HOpMATO-
POB, OJIOKOB «reHepaTop-TpaHchopmaTopy.

3amuTa BBIOIHAETCS B TpeX(ha3HOM TPEXJIMHEMHOM HCIIOJHEHUH, C OOIIUM BBI-
xomoMm Tpex ¢a3z y pene JI3T-21 u nodazueim Beixomom y pene JA3T-23 mns 3ammTsl
rpynnsl 0JHO(Aa3HBIX TPaHC(HOPMATOPOB U ABTOTPAHCHOPMATOPOB.

VY pene HA3T-20 nmpumeHeH BpeMSIMMMYJbCHBIM Croco0 pacro3HaBaHus (hopm
I depeHInaIbHOTO0 TOKa U TOPMOXKEHHUSI OT BTOPOM FapMOHUKH, YTO OOECIIEUMBAECT
MOBBIIICHHYIO OTCTPOIKY OT OpPOCKOB TOKa HaMarHMYMBaHUSA TPAHCHOPMATOPOB U Tie-
PEXOAHBIX TOKOB HeOallaHCa W TO3BOJIIET CHU3UTH TOK CpaOaThIBaHHs 3alUTHI 10
0,37,,,,- Kpome toro, B /I3T-20 nis noBelieHHs: OBICTPOAEHCTBUS MPEAYCMOTPEHA TO-
KOBasi OTCEYKa, a €ro 4yBCTBUTEJIbHBIM OpraH MMEeT TOPMOKEHHME OT TOKa ILIeY, 4YTO
o0ecnieunBaeT OTCTPOMKY OT TOKOB HebajlaHCa OT YCTaHOBMBILIETrOCs K.3. C OOJIBIIMM
ero 3HadeHueM. Pene obecnieunBaeT TopMokeHue, 601ee TOYHO, OT TOKOB JIBYyX Iied. B
o01IeM cityvae, 3alIUTy MOXHO BBIIIOJHUTH C JTFOOBIM KOJMYECTBOM TOPMO3HBIX 00OMO-

TO [IPUMEHSS BBIHOCHBIE Tpexda3Hbie IIPUCTABKU IIT-1.

2,

II TAT TLI __AT-31

2 34567891()1{1
e

In  on

7
@D;L_aar*_{j_{’a I
T A2 ==

TLII  AT-32 |y

waAs TAZ(TIT-1)
B 1114'3 IZIIIHI
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Imy{ ranr =— L
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Puc.5.2. TlosicHstomas cxeMa BKITFOUEHHS TOKOBBIX 1ened quddepeHiinaabHON 3aUThI

5.2.1. Aaroputm pacuera ycTaBok 3amuTt ¢ peJge JI3T-20.

B o6miem Buzie pacyeT yCcTaBOK MPEIO0JIaracT BhIMOJHEHUE 3-X 3TAIOB:
1-ii 3Tan — cOopKa TOKOBBIX LIETEH 3alUThI:
1. OmpeneneHne MEPBUYHBIX TOKOB CTOPOH TpaHchopMaTopa NpU HOMHHAIBHOU
MOII[HOCTH.
2. Bwibop xoaddunmentoB tpanchopmaimu TpaHCHOPMATOPOB TOKA W BTOPUYHBIX
TOKOB 1u1e4 JuddepeHInaTbHON 3aTUThI.
3. Bri6op perynupoBouHbix aBToTpanchopmaTopoB AT-31, AT-32 HEOCHOBHBIX CTO-
POH U paboyuX OTBETBJICHUN OT HUX.
4. Bribop pabGounx oTBeTBIEHHUI TpaHchopMaTopa Toka AudQepeHinanbHON HenH
TAV
5. BpiOop cxembl BKJIIOUEHHS MPOMEKYTOUHBIX TPaHC(HOPMATOPOB TOKA U UX PabOUUX
oTtBeTBJIeHUH 11enu TopmokeHus:t TA1, TA2, I1T-1 mo cxeme puc 5.2).
2-if 3Tan — BbIOOp yCTABOK 3AILIUTHI:
1. Boibop ycTtaBku TOKa cpabaTbiBaHUS U KOI(DPUIIMEHTAa TOPMOKEHHS YyBCTBUTEb-
HOTO 3JIEMEHTA 3aIlUTHI.
2. BpIOOp ycTaBKU OTCEUKH.
3-ii 3Tan — NpoBepKa YyBCTBUTEIBLHOCTH 3aIIUTHI:

5.2.2. CO0OpKa TOKOBBIX HeNeil 3alUTHI.

COopka TOKOBBIX IIETICH 3aIUThI BBIOIHSAETCS B CICAYIOIIEH MOCIeI0BaTEIbHO-
CTH:

1. OHpCI[CJ'IHI-OTCH IICPBUYHBIC TOKHU ]HOM.i 1 BCEX CTOPOH 3alIUIIACMOI'0

Tpanchopmatopa (aBTOTpaHcPopMaTropa), COOTBETCTBYIOUIUE €r0 HOMUHAJIBHON MOII-
HOCTH (ITPOXOJAHON MOIIIHOCTH ISl aBTOTpaHc(hopMaTopa).

2. OHpeI[eHHIOTCH BTOPHUYHBIC TOKH B IICHAX 3aIIUThI

Iml — ]ri.k (5.2)

o =K
rne  krr— koaddurment tpancopmaimm TpaHCHOPMATOPOB TOKA;

ker.- KOO(PGUIUEHT CXEMBI, BEJIMYMHA KOTOPOTO 3aBUCUT OT CXEMBI COCAMHCHUN
00MOTOK TpaHchopMaTopa TOKa; IMPH CXEME COCMHECHUN B «3Be31y» k.. =1, a mpu cxe-

M€ COEJIMHEHHU B «TPEYTOJIbHUK k..=\3.
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3. Pene JI3T-20 BBINOJHSAOTCA HA HOMUHAJIBHBIN TOK, PaBHbIN SA. 3alIUTy MOX-
HO HAaCTPOUTH TOJIBKO B TOM CIIy4ae, €CJIM BEJIMUYMHA TOKOB IJIeY TP HOMUHAJIBHON Ha-
rpy3ke TpaHchopmaropa HaxoauTcs B aumamazone (2,5-5,0)A. B Tex ciydasx, xorja
3HAYEHUE TOKA HAXOAMUTCS BHE JHMANa3OHa, HEOOXOJIUMO YCTaHABJIMBATH PEryJIUPOBOY-
HbIE aBTOTpaHC()OpPMATOPHI TOKA.

[Ipu 5TOM, B KauecTBe MOBBILIAIOIIETO ABTOTPAHCPOPMATOPA TOKA MCIOIB3YETCS
AT-31, xotopslii m03BOJISIET MUHUMAJIbHBIM TOK 0,34 A 1 MakcuMalibHbIN TOK 4,29 A
peoOpa3oBaTh 10 3HAUCHUH, HAXOAIUXCA B Auanasone (2,5-5,0)A.

B kauectBe monmxkaromiero aBroTpanchopmaropa ucnonb3yercs AT-32, korto-
PBI TTO3BOJISIET TOKH ¢ 3HaueHusMu oT 5,06A no 20,0A mpeoOpa3oBaTh B TOKH, HaXO-
nsmecs B auanasone (2,5-5,0)A.

CxeMa noJKJIIO4YeHHs aBTOTpaHC(OpMaTOPOB TOKA MpHUBEJIEHA Ha puc. 5.2, a Ba-
pHaHTHI ToAOOpa paboUrX OTBETBIICHHUI MPUBEEHBI B TabuIe 5.4.

[Tocne aToro cobuparotcest nuddepeHIanbHbie Hemu.

4. OnpenesnsieM OCHOBHYIO CTOPOHY 3allUThI, PyKOBOJCTBYSCH CIEIYIOIIUMH CO-
00OpaKEHUSIMU:

* B kayecTBEe OCHOBHOI CTOPOHBI 3aLIUThl HEOOXOIMMO IPUHUMATH OJHY U3 CTO-
POH, B KOTOpOH He TpedyeTcsi ycTaHOBKa aBToTpaHchopmaTtopa Toka AT, T.e. To mieyo,
B KOTOPOM HOMMHAJIBHBIN TOK HaxoAuTCs B auanaszone (2,5-5,0)A. Eciu Takux CcTOpoH
HECKOJIKO, TO 32 OCHOBHYIO PEKOMEHYETCS] IPUHATh CTOPOHY OCHOBHOT'O ITUTAHMUSI.

* Ecnu HM oAMH U3 TOKOB IUIeY HE HAaXOIUTCA B auanasoHe (2,5-5,0)A, To aBTo-
TpaHchopMaTophl TOKa YCTaHABIMBAIOTCS HAa BCEX CTOpOHAaX. B 3ToM cityyae 3a OCHOB-
HYI0 IPUHUMAIOT CTOPOHY OCHOBHOT'O TUTAHUSI.

5. Beibupaem otBeTBieHHE TpaHCcpeakTopa TAV 1misi OCHOBHOW CTOPOHBI C TO-
KOM 1, ,c,, IO JaHHBIM Ta01. 5.1. B pe3ynbTaTe onpeaenaum TOK Loy, , 3HAUEHHE KOTOPOTO
MUHUMAJIBHO OTIUYAETCS OT 1, oy

Kax npaBuio, TOk OCHOBHOW CTOPOHBI HE COBIAJAET C TOKOM HHU OJAHOTO U3 OT-
BeTBIeHUN TAV, X0Ts U1l yIIPOILEHUS PACYETOB JKEIATENbHO, YTOOBI OHU COBIAAIIH.

YTOoOBI 3TO yCIIOBHE BBHIMOIHSIOCH, MOKHO BBECTH TIOHSITHE «KOPPEKTHPYIOMIETO
kod(urmenTay, OCHOBAaHHOE HA TOM, YTO HACTPOMKY 3aITUThl MOXHO MPOU3BOIUTH

IIpu ((p&C‘IGTHOﬁ» MOIIIHOCTH, HE3HAYUTCJIIbHO OTHanIOHICﬁCH oT HOMHH&HBHOﬁ, T.C.
ITAV

— __O0m6.0CH. (53)

H.6M.OCH.

Kp
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Takum oOpazom, pacuet audhepeHITnaTbHON 3Tl OYJET BECTUCH IO pacuéT-
HOM MOILHOCTH, 3HAYEHUE KOTOPOU

Spacq. :ka 'SHOM. (5 4)
Toraa ckoppeKTUpPOBaHHBIN TOK 1-TO TIeYa (B T.4. U OCHOBHOTO)

]Kp.i. :ka 'IK.em (55)
Heobxoammo oTMETHTB, YTO B 3TOM ClIydae TOK OCHOBHOTO Iuieda OyIeT COBMAJATh C
TOKOM OJHOTO 13 oTBeTBJIeHuil TAV.

6. ITo 3HaYeHUSIM CKOPPEKTUPOBAHHBIX TOKOB TJIEY HEOCHOBHBIX CTOPOH U3 Ta0JI.
5.3 BbIOMpaeM cxembl BKIHOUeHHs! perynupoBouHbix AT-31 nan AT-32.

7. HaxoauMm pacdyeTHbIE TOKHM HEOCHOBHBIX ILIEY.

O (5.6)
pacu.i — kAT .

Heo6xoanMmMo OTMETUTh, YTO BKJIIOUEHHUE PETyIHpOoBOUYHBIX AT ocyliecTBisiercs
no tabnuue 5.3, JaHHbIE KOTOPOM COCTaBJIEHBI TaKUM O0pa3oM, UYTO AAlOT MUHHUMAJIb-

HYI0 IOTPEUTHOCTh

Inﬂ. . [TAV

pacy.i OM6.HeoCH.

—min (5.7)

8. BeaeMm monsTHe Kod(pduiimeHTa coBnaaeHus 1-ro Toka auddepeHmaaibHon

LEITN
]TA 14

— ome.i (5 . 8)

coy.i Inﬂ
pacu.i

3HaYeHHE KOTOPOTo OyAET UCIOJIb30BAHO B ATbHEHUIIINX pacueTax.
9. Koapdumuent tpanchopmanuu peryaupoBOYHOTO aBTOTpaHC(opmaropa or-

penensercs mo JaHHbIM Ta0auI] 5.3 u 5.4:
]TAV

ki = Ionm:l (5.9)

Kp.i

5.2.3. CO0opka TOPMO3HBIX Henme
Kax mpaBmiio, TopmMokeHre HEOOXOIUMO OCYIIECTBIISITH OT TOKOB BCEX CTOPOH
Tpancdopmartopa (aBroTpanchopmaropa). TopMokeHHE TOKAMU TIIeY OCYIIECTBIISCTCS
JIBYMs BCTpOeHHBIMH TpaHchopmaTopamu Toka (TAl, TA2) B peine u HEOOXOIUMBIM
KOJIMYECTBOM BBIHOCHBIX TPUCTABOK AONOJHUTENbHOr0 TopMmoxkeHus (IIT1). Jlanee

BBIIIOJIHACM ITOCJICA0BATCIILHO CIICAYIOIHC Iaru pacdcra.
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1) Tlo pacyeTHOMY 3HAYEHHMIO TOKOB II€Y /., ; BbIOMpaeM Takoe oTBeTBiIeHHE TA

(ITTT), xoTOopoe o CBOEMY 3HAUCHHIO HanboJjiee OJIM3KO K paCUeTHOMY, T.€.

—min (5.10)

ni. TAV
pacu.i OmMG.1M.HOM.

2) [ns xaxxaoi CTOpOHBI HAXOAUM KO3((ULIMEHT COBMAeHUS TOPMO3HOM IIETH
T4

1
— OMme.HOM. (5.1 1)

cmy.i Im
pacy.i

OTMeTUM, 4TO TOPMO3HBIC XapaKTEPUCTUKHU PEJIe MOCTPOCHBI MCXOJS U3 PaBCH-
CTBa kopy, = 1. B cimyyae ero otnuuus ot enxuHUNs! (k. # 1) U3MEHEHUE ero TOpMo-
KCEHUS KOMIICHCUPYETCS BHIOOPOM COOTBETCTBYIOIIETO 3HAUYCHHS Kod(hHIIMEHTa TOp-
MOKEHUS.

OTOT mIar 3aBepIIaeT mpouecc cOOPKU TOKOBBIX Lenei AuddepeHnnaibHon 3a-
IIATHI.

5.2.4. BbiOOp YyCTABOK 3aUUTHI

OHpCI[eJ'IeHI/Ie YCTABOK 3alIUThI IPCAITIOJIaracT BbIITOJHCHUC CIICAYIOIMNUX IaroB:

1) Onpenenenne Ha4YaIbHOTO TOKA TOPMOYKEHHUSI.

YcraBka «Havaja TOPMOXEHUS» .ropys pay = 1,0 BBIIOIHAETCS Ha peje, eciu

TOPMOXKEHHE OCYIIECTBIIAETCA OT TOKOB BCEX IUIEY 3alIUTHI TpaHchopmaropa (aBTO-
TpaHcpopmatopa). B ciaydae, koraa TOpMOKeHHE TPOU3BOIUTCS HE OT BCEX TOKOB ILIEY

3auMThl L, ropis ay = 0,0, TO Takoil BbIOOp yCTaBKM «Hadajaa TOPMOXKEHUs» obecrie-

YUBAET OTCYTCTBUE TOPMOKEHUSA IIPU MEPBUUYHBIX TOKAX, KOTOPBIE MO 3HAYEHUIO MEHb-
1€ BEJIUYHNHBI

n
[m.}taq.n‘S 035 [HOMZ kmOK i kcmu. i 095 [HOM (kmOK 1 kcmu.1i+ ot kﬂ’IOK n' kcmu.ni) (512)

i=1
€ kyox ;- KOIPOUIIMEHT TOKOpACHPEACNICHUs Il 1-T0 TUieda B Pacu€THOM PEKHUME
CKBO3HOTO K.3.

B Beipaskenuu (5.12) aiis mied, B KOTOPBIX OTCYTCTBYET TOPMOXKEHHE, T.€. B 3TOM
miede HeT TA, ko3ddUIMeHT CoBnaaeHuss TOPMO3HOHN IENU MPUHUMAETCS] PaBHBIM HY-
10, T.€. Koy, = 0.

JIns yctaBky «Havana TOPMOKEHUSD) PABHOU [, ,,,~ 1, IEPBUYHBIMN TOK Hayasa
TOPMO>K€HU 1pH k., = 1,0 B coorBeTcTBUM € (5.12)paBeH

Im.Haq.n.: 0,5 IHOMkaOK i’ kcmu. I (513)
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n
TaK Kak Z ko = 2,0, TO

i=1

Lnnaun™ Luon (5.14)
B ciyuae ycraBku, paBuoi 7, ., = 0,6, IepBUUHBIA TOK Ha4aJla TOPMOXKEHUS

Lynaun= 0,6 LyonZkmor i Kemy. 1 (5.15)
[Tpu aHAOTrMYHBIX IEPBOMY CIIy4Yar0 YCIOBUSIX MOJy4aeM

Lnnann= 1,2 Loy (5.16)

ITpu pacuere 3amMThl HEOOXOAUMO YUUTBIBATh, UTO B AEHCTBUTENBHOCTH Ky # 1, TIO-
ATOMY MEPBUYHBIA TOPMO3HOM TOK Havaa TOpMoxeHus kKak B (5.14), tak u B (5.16) Oy-
JIT HE PaBHATHCS MPABBIM YaCTsIM PaBEHCTBA.

2) OnpenelieHre TOKa HeOagaHca B peKUME «HAYalla TOPMOKCHHUSD)

N3BecTHO, 4TO TOK HeOaIaHca B HA4aJle TOPMOKEHUS OTPEIEISIETCS Kak

IHe6.m.Haq. = [’Heﬁ.m.ﬁaq. + ]”He6.m.naq. + I’”Heﬁ.m.ﬁaq. (5 1 7)
COCT&BJI?HOH_[I/IG TOKa He6aJ1cha OIIPCACIIAOTCS IO CIICAYIOIIUM BBIPpAKCHUAM:

' —
[He6.m.naq. = Knep.* Koon "€ Im.Haq.n.:

i —
I neb.m.nay. ~ Im.Haw.n : z:mmci'AUi; (5 1 8)
" _ ‘Ipacu.ome.ATl o IHOM.Om&ATl _ Ipacq.ome.ATZ - IHo.womeATZ ‘
neb.m.uay “Lmnaun
‘ pacy.omg.AT1 Ipacu.ome.ATZ ‘

3) OnpenelieHre MUHAIMAJIBHOTO TOKA Cpa0aThIBAHMS 3aIIUTHI.

MuHUMaNbHBI TOK CpaOaThbIBaHUS 3allUTHl (€€ YyBCTBUTEIHLHOTO OpraHa)

I 3 yv TIPM OTCYTCTBUU TOPMOXKEHUS BBIOMPACTCSI IO CIIEYIOIUM YCIOBUAM:

@) OTCTpOWKa OT PacyeTHOrO MEPBUYHOTO TOKa HeOajaHCa B PEKUME BHEITHETO K.3.,
COOTBCTCTBYIOH_IGM Haqany TOpMO)KeHI/IH:
[C.3.min 2 k me IH

o e6.Hay.m.

(5.19)

rne k,, - ko3ddunuent orcrpoiiky, k,  =1,5.
8) OTCTpOHKa OT OpOCKa HaMarHWYHMBAIOIIErO TOKA MPHU BKIIOYEHUU HEHArpyKEHHOTO
TpaHcpopmaTopa (aBToTpanchopMaTopa) Mo HanpsKEHHUe:

Iesmn 2k -kppr - Lyom (5.20)

rae k- xKo3DPUIMEHT OTCTPOMKU 3alUThl OT OpPOCKa HAaMarHWUYMBAIOIIETO TOKAa,
k=0,3;
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k gy - KO3Q(OULUEHT BBINOJHOCTH, NMPEACTABIAIOIUNA COOON OTHOILIEHUE DJIEK-
TPOMAarHUTHOM MOILHOCTH aBTOTpaHC(OpMATOpa K €ro MPOXOJHOW MOIIMHOCTH, IJIS
TpaHcpopmatopa kpy;- =1,0;

I yjopr - HOMMHAQIBHBIM TOK, COOTBETCTBYIOIIMH HOMUHAJIBHOMY HAIIPSOIKCHUIO

cpennero orserBieHus PITH 1 HoMuHanbHO#M MolLTHOCTH TpaHchopmarTopa.
¢) obecrieyeHMsl HeJEMCTBUS 3allUThl OT TOKa HeOajdaHca NEPEXOIHOr0 pekMMa BHEUI-

HEro K.3. Y CIIOBHE COBIIIOaeTCs IpH
Tesun 20,31 yom (5.21)

rae 1oy -T0 ke, uto B (5.20).

YKa3zaHHOE yCJIOBHE OIPENEIACTCS TEM, YTO HEAEHCTBUE pacCMaTpUBAEMOU 3a-
IIUTHl B MEPEXOJHOM DPEKMME BHEHIHETO K.3. 00€CIEeYMBACTCSI COBOKYIMHOCTBIO psija
(dakToB, NEHCTBYIOIUX HA TOpMOKEeHUE ((hopMa KpUBOU TOKa HeOagaHca, TOPMOKEHHUE
OT BTOPOM TapMOHMKH, HAJIMYME TOPMOXKEHHS OT (Da3HOrO TOKA B IJIEYaX 3alUThI),
JAIOMIMX TapaHTUPOBAHHBIA 3()PPEKT mpu MUHUMAIBLHOM TOKE cpabaThIBaHUS 3alUTHI,
ynosietBopsitoeM (5.21). PacueTHpiM npuHuMaeTcsi OoJpliee U3 3HAUCHUM, MOTyYeH-
HbIX 10 ycioBusaM (5.19), (5.20) u (5.21).

d) onpenensercs OTHOCUTENbHBI MUHUMAJIBHBIN TOK CpaOaThIBaHUS peie MpU OTCYT-
CTBUU TOPMOXKECHHUS:

] .= ]c.s.min
c.3.min i K [

li Hom.ome.TAVneocH.

) KCX.i . UHo.w.BH (522)
K

ATneocH. HOM.HEOCH.I

rne K;; u Kqy i - koappunuent tpancopmanuy Toka U KO3(PPUIUEHT CXeMBbl IS

pacyeTHOW CTOPOHHBI;

K 5 yrocy i - K03duuueHT aBToTpaHchopmaTropa TOKa, YCTAaHOBJIEHHOIO Ha

HEOCHOBHOU CTOPOHE.

Bce BenuuuHbl B (5.22) 10JKHBI IPUHUMATBCS 111 HEOCHOBHOW CTOPOHBI, 00Y-
CJIaBJIMBAIOLIEH HanOobliee 3arpyOaeHue 3auThl. Takol CTOPOHON CUMTAETCs Ta He-
OCHOBHAsl CTOPOHA, JUIsl KOTOPOH TOK NPUHATOTO OTBeTBIEHHS TAV Oonblie npyrux
OTJIMYAETCS OT PACUETHOTO.

Paccuntannblie 1o (5.22) 3HaY€HUs BBICTABIISIIOTCA HAa PEJE€ U JIOJKHBI YAOBIIE-
TBOPSATH YCIOBUIO

0,3<1;minx<0,7 (5.23)

4) OnpeneneHne pacueTHOr0 MaKCMMaJbHOI'O TOKA HebOanaHca IIpH BHCIITHEM K.3.
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PacueTHoe 3HaueHWE MAaKCUMAJIHLHOTO TOKa HeOajaHca MPHW BHEITHEM K.3. OTpe-
nensiercs aHanorudHo (5.17) npu 3ameHe B HeM 0003HAYCHUN 1,e6.1qu.m HA L 5 max OTIpE-
JeJIsieTcs 3HauYeHuEe MaKCUMAaJIbHOIO TOKa HebalaHca

[Heﬁ.pactt.max = [*HedZ' [K.3.max (5 24)
5) Onpenenenne K03 OHUIMEHTA TOPMOKCHUS 3AIMTHL.

Koadduiment TopMoxkeHHs: onpeensieTcs Mo BhIPaKeHUI0, COCTABICHHOMY HC-
X0/l U3 TOPMO3HOM XapaKTEPUCTUKH pene (CM. PUCYHOK 5.1.):
Al k-1 I

* ][ mc *1eb. pacy.e B *c.p.MIN (5 25)

RmopM. = AO,SZ I*mopM. - 0,52 I*m()pM.paC'i-g _I*m()pM.Ha‘l.

rac ]*HE.PAC'-I.B_ OTHOCHUTCIIbHBIM MAKCUMAJIbHBIM BTOPUYHBIN TOK He6ancha, IIOABO-

JTUMBIA K OTBETBIIEHUIO TpaHcpeakTopa TAV mnu aBroTpancopmaropa ToKa mpu pac-
YEeTHOM BHEIIHEM K.3., OT KOTOPOI0 3alluTa JOJKHA OBITh OTCTPOEHA COOTBETCTBYIO-

UM BBIOOpOM K03 duiimenta Topmoxxkenuss K

mopm

Lc p yyy - OTHOCHTENBHBIA TOK CPabaThIBAHMA PEJIE NMPU OTCYTCTBMU TOPMOYXKE-

HUA (yCTaBKa MUHMMAJIbLHOTO TOKa cpadaThIBaHU ), onpeeseMblii mo popmyne (5.14);

O,SZ L, iopss. pace. ~ TIOTlYCYMMa OTHOCHTEIIbHBIX BTOPUYHBIX TOKOB, OJBOAMMBIX K

OTBETBJICHUSIM MMPOMEXKYTOUHBIX TPAaHCHOPMATOPOB ToKa TA 11N TOPMOKEHHUS pefie U
PUCTABOK JOMOJIHUTEIBHOTO TOPMOXKEHUS, TPU PACYETHOM K.3.;

- OTHOCHTEJIbHBIM BTOPUYHBIN TOK Ha4aJla TOPMOKECHUS;

*MOPM.HAY.
korc - KOOGOUIHMEHT OTCTPOUKH, kyre =1,5.
IlepBu4HbBIl TOK cpadaTbIBAaHMA OTCEYKH ONPENEIAETCI B COOTBETCTBHUHU CO
CIEYIOIUMH yCIOBUAMH:

e OrcTpoiika OT OpOCKa HAMArHMYMBAOLIETO TOKA, KOTOpas JUId TpaHC(POpPMaTopa, a
Tem Oojee 1 aBTOTpaHc(opMaTopa, HaAEKHO 00ECIEUnBACTCS yXKe IPU MUHHMAIIb-
HOW YCTaBK€ Ha Pelle IO TOKY cpadaTbiBaHUsA OTCEYKH (6 -1 yors orpray )> €CTH OTBETB-
JeHus pabodell Henu pene BbIOpaHbl IPUMEPHO PABHBIMU BTOPUYHBIM TOKaM B COOT-
BETCTBYIOIIMX IIJI€4aX 3alUThl; IpU BEIOOpPE OTBETBIICHUN paboueil nenu ¢ HOMUHAIb-
HBIM TOKOM OTBETBJICHHS 3HAYUTEIBHO MEHBIIE BTOPUYHBIX TOKOB B ILIEYaX 3alUTHI, B

3aluTe TpaHcpopMaTopa JA0JKHA IPUHUMAThCS Oombiuas yetaBka (9 - 1 o orarar )-
e Ortcrpoiika OT MAKCUMaJIbHOIO NEPBUYHOIO TOKA HeOanaHnca [y pycy TPU MEpE-

XOJJHOM pEeXHME pPacyeTHOro BHemHero k.3. mo (5.19). 3nauenue Toka HebanaHca
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I yp pacy » BXOmAmEro B BblpaxkeHue (5.19), m ero cocraBIAOIUX Iys pacy,

14

"
ug.racy ¥ 1 g pscy MOTYT OBITH COOTBETCTBEHHO ompeneseHsl 1o (5.18), cocTaBnen-

HOMY JJISl PACUE€THOTO BHEITHETO METAJIMUECTOTO K.3.

[Ipu 3TOM, yUUTBIBasA, UYTO OTCEUKA pearupyeT Ha cpeHee 3HAaUeHUEe HaMPsKEHUs
Ha BTOPUYHON 0OMOTKe TpaHcpeakTopa TAV u He pearupyer Ha UMIyJbC TOKa HeOa-
JlaHCa B MEPBbIM MEPUOJ OT BOSHUKHOBEHHUS K.3. (MMIOCKOJBKY MOCTOSIHHAas BPEMEHU €€
nenu okosio 30 mc), 3HaueHue koddduiuerTa B (5.7), YUUTHIBAIOIIETO MEPEXOAHBIN
PEXUM, CIIeIyeT IPUHUMATD:

k,,=15+25 - npu WCIONb30BaHNH HAa pA3HBIX CTOPOHAX 3AIIMIIAEMOIO

TpaHcpopmaTopa (aBToTpanchopmaropa) OAHOTHUIHBIX TPAHC(HOPMATOPOB TOKA (TOJNb-
KO BCTPOEHHBIX WJIH TOJIBKO BBIHOCHBIX );

k,,=12,0+3,0 - npu WMCIOIB30BAHWM HA PAa3HBIX CTOPOHAX 3aLIMIIAEMOTrO

TpaHcpopmaTopa (aBToTpanchopMaTopa) pa3sHOTUIIHBIX TPaHC(HOPMATOPOB TOKA.

HpI/I O9TOM MCHBIICC 3HAYCHHUC knep IIPUHUMACTCS IIPpHU OJIMHAKOBOM CXEME COCIM-

HEHUs1 TpaHCHOPMATOPOB TOKA HA Pa3HBIX CTOPOHAX (HANPUMED, B «3BE3IY»), a 0O0JIb-
1Iee 3HaUY€HUE — MPU PA3HBIX CXEMAaX COEAUHEHUs TpaHC(HOPMATOPOB TOKA 3aIUTHI (Ha
OJIHOM U3 CTOPOH - B «3BE3/1y», HA JPYTHUX - B KTPEYTOIBHUK).

YcTaBka OTCEUKU:

I, =61 Koo Kot Uy (5.16)
c.ome nom.omeTAV .ocn K U .
CX.ocH HOM.OCH
rne I, . .. - HOMAH&JIbHBIA TOK OTBETBICHUS TAV OCHOBHOH CTOPOHBI;
K, .- xo3bdunueHt tpanchopMmanuu TpaHcopMaTopa TOKa OCHOBHOW CTOPO-
HbI;

K, .- Ko3ppuuueHt tpaHchopManuy aBTOTpaHchopMaTopa TpaHchopmaropa
TOKa OCHOBHOM CTOPOHBI;
K.y ., -KO3QUIMEHT cXeMbl COeAMHEHUS TPaHC(HOPMATOPOB TOKA OCHOBHOM

CTOPOHBI.

5.2.5. llpoBepKka YyBCTBUTEJbHOCTH 3aIIUTHI

YyBCTBUTEIBHOCTH 3aIUTHI (€€ YyBCTBUTEIHHOTO OpraHa )- MPU METAITUTIECKOM
K.3. Ha BBIBOJIaX 3alllMIllaeMoro TpaHcgopmaTtopa (aBToTpanchopmaropa) npu padore

€T0 Ha paCYCTHOM OTBCTBJICHUMU.
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KOB(I)(l)I/II_[I/ICHT JYBCTBUTCIIbHOCTU PACCUUTHIBACTCA, UCXOAS HU3 IICPBUYHBLIX TO-

KOB paccMaTpuBaeMoro Bujaa (m) K.3. I}"@HN U MUHUMAQJIBHOTO TOKa Cpa0aThIBaHUs

3amuThl 1 3 0y 10 (5.19):

I %%/HN K g;l()z
5 (5.27)

K9 =
I C3.MIN ° K CX.i

rae [ %341]\1 - MUHUMAaJIbHOE 3HAYEHHE MEPUOINIECKOM COCTABIISIONICH CyMMapHOTO TO-
Ka K.3. paccMaTpyuBaeMoro Bujaa (m) B 3al{UIIa€MON 30HE;

I 5 4n - TOK CpabaThIBaHUSA 3ALIMTHL, IPUBEACHHBIM K CTOPOHE OCHOBHOTIO IIH-
TaHUS,

K é”)?_l.— KOA(PUIIUEHT CXEMBbI; ONpPEeNsieTCs BUAOM MOBPEXIeHUS (m), cxemou

COeMHEHUs] TpaHC(hopMaTOpa TOKA 3alIUTHI HA paccMaTpuBaeMoi cTopoHe (i) u cxe-
MO COeMHEeHUSI 0OMOTOK 3aIuiaeMoro Tpanchopmaropa (aBTorpanchopmaropa).

B (5.27) MuHuManbHbIi TOK cpabaThbIBaHUS 3alIUTHI IPU OTCYTCTBUHM TOPMOKE-
HUSA [ 5, HUCIOIB3YETCS B CBA3M C TEM, YTO TOPMO3HAs XapaKTEPUCTHUKA 3aIUThI

UMEET TOPU3OHTAJIBHYIO0 YacTh, KOTOpas U OINpEAeNsieT TOK CpadaThbIBaHUs HA TpaHU
cpabaTbIBaHUA, HAIIPUMED, MPH K.3. Y€PE3 COOTBETCTRYIOIIEE NEPEXOTHOE COMPOTUBIIE-
Hue. GaKTUUECKH 3aluTa HECKOJIBKO 3arpyOssieTcs: h3-3a TOPMOKEHUS OT TOKA HArpy3-
KH.

Ecmn K, < 2, T.e. 4yBCTBUTEIBHOCTb HE 00ECIIEUUBAETCS, YBEIUUUBAEM YCTaBKY

OTHOCHUTCIBHOT'O MHUWHHMAJIBHOI'O TOKa Cpa6aTBIBaHI/I}I peic, nNCpeCUnuTbIBACM KOC—)(I)(bI/I-

ONUCHT TOPMOKCHHUSA K

mopy » OTIPEZIETSIEM KOIQGUIHEHT YyBCTBUTENBHOCTH K, .
UyBCTBUTENBHOCTD AU(DHepeHIInaTbHON TOKOBOM OTCEUKH HE ONpPEIEsieTCs], Tak
KAaK OHa SBJISIETCSI BCIIOMOTATENbHBIM 3J€MEHTOM. Ee HazHaueHue — MpegoTBpalleHue
HEJOIMyCTUMOTO 3aMeIJICHUs] WM OTKa3a cpabaThIBaHUS 3allUThI MPU OOJBIINX KpaT-
HOCTSX TOKa, KOT/Ia YyBCTBUTENIbHBINA OpraH MOXKET cpaboTaTh ¢ OOJIBIINM 3aMeJICHU-
€M, WIH He cpaboTaTh M3-3a UCKaXKE€HUs (HOPMbI KPUBOM BTOPUYHOTO TOKA B MEPEXO]I-
HOM pEeKUME K.3. (HampuMep, IpHU 3HAYUTEIbHOM HACHIIIEHUH TPaHCHOPMATOPOB TOKA).
W TopmorkeHue, BCIEACTBUE 3TOTO, UyBCTBUTEIBHOTO OpraHa TOKaMHU BTOPOM U Oojee

BBICOKHUX I'apMOHHUK.
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5.3.Ilpumep pacuera

Hwxe manpl OCHOBHBIE YKa3aHHUsI 10 pacyeTy YyBCTBUTEIHHOU mudQepeHimab-
HOM 3a1uThl, BbIOIHEHHOU ¢ pene tuna J3T-21 (JI3T-23), npuMeHHUTENbHO K TpaHC-
dbopmaTopam u aBTOTpaHcHopmMaTopam.

Pacuer y1oOHO OCyIIIECTBIISATH B JIBA dTara:

1 sranm. HeoOXxomuMo OCyIIECTBUTh ONITUMAIIBHBINA BBIOOP TpaHC(HOPMATOPOB TO-
Ka, aBTOTpaHCc(HOpPMATOPOB TOKA, TPaHCHOPMATOPOB IIEMU TOPMOXKEHHUS TaKUM 00pa-
30M, 4TOOBI 00ECTIEYNTh MUHUMAJIbHYIO MIOTPEITHOCTb.

2 stan. OCHOBBIBAsICh Ha BHIOPAHHBIX MTApAMETPax 3alllUThI, TPOU3BOAUM PaCUeT,
HEO0OXOIUMBIN JUIsl BRIOOPA YCTaBOK:

—HA4aJIbHOTO TOPMOKEHHSI;

—MUHUMAJIBHOTO TOKa cpabaThIBaHUS 3aIUTHI;
— k03¢ UITUEHTa TOPMOKECHUS;

—TOKOBOW OTCEYUKH.

Jlist omnpenenieHUss HEOOXOAUMO HAWTH TOKOpacHpenesieHue B peXUME, KOTla
NEPBUYHBIA TOK HE MPEBBIIIAET HOMUHAIBHOTO TOKA, COOTBETCTBYIOIIETO MaKCHUMAaJlb-
HOMY TOKY HebaJlaHca.

Jlyist onpenenenuss HEOOXOAMMO HANTH MaKCHUMAaJIbHBIA TOK HeOajlaHca B TPaHC-
dbopmaTope, KOTOPOMY COOTBETCTBYET MAaKCHUMAIBHBIA TOK, IPOXOISIINANA Yepe3 3alllu-
1aemMblid TpaHchOPMATOpP MPU BHEIIHEM K.3.

OcCHOBBIBasICh HA MAaKCUMaJILHOM TOKE K.3., HEOOXOJIUMO BBIOpaTh YCTaBKY TOKO-
BOU OTCEUKH.

3apanme: Paccunrars 3amuty ATAL[TH-63000-230/121+£10*1,21/10,5, BbITIOIN-
HEHHY10 Ha peie tuna J3T-21.

1. Onpenenum conporusiienne AT npu Bcex Tpex nonoxenusx PITH. Pesynbratel — B
tabnuue 5.5.

2. OnpenenyM HOMUHAJIBHBIM TOK 3amuinaeMoro AT, COOTBETCTBYIOIIMM €ro MPOXO-
HOM MOIIHOCTH. Pe3ynbTarel — B Tabmumile 5.6.

3. Bri6op TpanchopmaTopoB TOKa.

Toku BO BTOpUYHOM LIETIH HE JOJKHBI PEBBIIATH 5 A.

HomunanpeHbeli nepBu4HbIN TOK Tpancpopmatopos Toka (TT):

I, =1;5;10; 15; 20; 30; 40; 50; 75; 80; 100; 150; 200; 250; 300; 400; 500;
600; 750; 800; 1000; 1200; 1500; 2000; 3000; 4000; 5000; 6000; 8000; 10000 A.
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Homunaneuenii Bropuynslid TOK TT 757, =5 A.
Boibop TT pansa nuxoit croporst AT umeer cBoil ocoOenHocTu. B nmanHom mpumepe

SHOM
\/g ) UHOM.H

MOJKHO IIEpCaaTb MOIMHOCTDL, paBHYIO!:

Tyom o = =3464A4, a B IEHCTBUTENBHOCTH 4Y€PE3 HU3KYIO CTOPOHY AT

U
rie kgyr :1_M:1_E:0,474;

HOM .B

Sy 29856

/ _ — =16424.
HOM THIT.H 3. Uion i \/3-10,5

CnenoBarenbHo, BeiOupaem I, =2000 A.

TpanchopmaTopsl TOKa BRIOUPAIOTCS U3 YCIOBUSI, YTO BTOPUYHBIA TOK HE JOJKEH Mpe-
BBIIIIATH 5 A.
4. CxeMa NpUcoeIMHEeHUS TpaHC(HOPMATOPORB TOKA.

Jlsis BeIpaBHUBaHUS TOKOB IO (ha3e, HEOOXOAMMO Ha CTOPOHE CHUIIOBOTO TpaHC-
dbopmaTtopa C COeIMHEHHEM OOMOTOK B «3Be3ay» oOMOTKA TT COeNMHHTH MO CXeme
«TPEYTOJIHUK», & Ha CTOPOHE CHJIOBOTO TpaHchopMaTopa C COeAMHEHHEM OOMOTKHU B
«TpeyroJIbHUK» 00MOTKU TT COEUHUTD 1O CXEME «3BE3/1aN.

5. OmnpenenseM BTOPUYHBIM TOK B IUI€YaX 3aIIUThI, COOTBETCTBYIOIIMN MPOXOIHOM

MOIHOCTH AT 1 ) p;-Pe3ynbraTel n.1.5-19 pa3meniens! B Tadbimne 5.7.

Thovannnn Kexnm 16421 =4.1054

1 = B
HOM .THII.B.H Ky 2000/5

6. B1Oop OCHOBHOI CTOPOHBI U OTBETBJICHUS TpaHcpeakTopa TAV Ha OCHOBHOM CTO-
pOHE.

3a OCHOBHYIO CTOPOHY ClI€[yeT NPUHUMATh CTOPOHY, HA KOTOPOM OCYIIECTBIISA-
€TCsl pEeryJIMpoOBaHUE HANIPSKEHUs TpaHCPopMaTopa (aBToTpaHchopmaropa).

Ecny BTOpUYHBINA TOK OCHOBHOM CTOPOHBI [ 70, p ocy HE HAXOIMUTCS B IUAIa30-

He oT 2,5 10 5 A, TO BbIOMpaeTcsi HOMUHAJIbHBIA TOK OTBETBIIEHUS aBTOTpaHC(HOpMATO-

pa toka (ATT) Iyop orsar.ocn (ATT ycraHaBIMBarT ¢ LENIBI0O MAaKCHMAJIBHOTO COB-

NaIeHNs BTOPUYHOTO TOKA B IJIEYe€ ¢ HOMUHAJIBHBIM TOKOM OTBETBIICHHUSI TPAHCPEAKTO-
pa TAV).
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Ecny BTOpHYHBI TOK OCHOBHOW CTOPOHBI /oy pocy HAXOIHUTICH B JUalla30HE

ot 2,5 10 5 A, To yctanoBku ATT He TpeOyercs, U BbIOOP HOMUHAIBHOI'O TOKA OTBETB-
JIEHUSI OCYIIECTBIISIETCS] HEMTOCPEACTBEHHO 715l TpaHcpeakTopa TAV.

3a OCHOBHYIO IIPUHSATA CTOPOHA CPEHErO HAIIPSKEHUS.

Lijom socir = Lnow pc =4345€[2,5+5]A, cnenosaremsno, ATT ycramasmm-
BaTh HE HYKHO.

HpHHI/IMaeM IHOMOTBTAVOCH = 4,25 A.
7. OmnpeneneHue BTOPUYHBIX PAaCUETHBIX TOKOB B HEOCHOBHBIX IIJI€YAX 3allUThI
I pscy orBTAV HEOCH » COOTBETCTBYIOIIUX PACYCTHON MOILIHOCTH.

Eciim HOMHMHaJIBHBIA BTOPUYHBIM TOK OCHOBHOW CTOPOHBI HE PAaBEH TOKY
! youm orBTAV OCH » TO LIEIECO00pPa3HO U3MEHUTH IPOXOIALIYI0 MOUIHOCTh TaKUM 00pa-
30M, YTOOBI TOK B mieue Iy pocy ObUL PaBeH 1 yon oreray.ock - DTO MO3BOJSET
MAaKCHMAJIBHO CHU3UTH MOTPELIHOCTD, BBI3BAHHYIO HECOBIIAJICHUEM HOMHHAJIBHBIX TO-

KOB IJIeY 1 HOMHUHAJIbHBIX TOKOB OTIIAMKH.

IHOM.OTBTA V.OCH

]PAC’{.OTBTAV.HEOCH :]HOM.OTBTAV.HEOCH ) Ji
HOM .B.OCH

8. Beioop ATT, BKItOYaeMbIX B IJICYH 3AITUTHI.
JIJ1si MakCUMaIbHOTO COBITAJICHUS ¢ TOKOM oTmaiiku TAV HeoOxonuMa ycTaHOB-
ka ATT tuna AT-31 (ecnu Tok B tuiede ot 0,354 1o 4,29 A) unu tuna AT-32 (eciau TOK

B ryiede ot 5,06 1o 12,05 A) no ycioBwuto:

IHOM.OTBAT.HEOCH = ]PAC‘I.OTBTAV.HEOCH *
9. HomuHaneHbIi TOK oTBeTBIIeHHS ATT, K KOTOPOMY IOABOJUTCS BTOPUYHBIN TOK.
10. Homep ucnonszyemoro orBeTBiaeHUuss ATT, K KOTOpOMY MOJBOJUTCS BTOPHYHBII
TOK B IIJICYE 3aLUTHI.
11. Homep ncnonszyemoro orsetBiaeHuss ATT, K KOTOpoMy NOAKIIIOUAETCS pele.
12. HomuHanbeHbIl TOK HCHOJIb3yeMoro oTBeTBieHusI ATT, Kk KOTOpoMy HOAKITIOYAETCS
perne.
13. HomuHanbHbIA TOK TPUHATOrO OTBETBJICHHSI HA HEOCHOBHOM CTOpPOHE.

14. Koadppunuent tpanchopmanuu ATT:

K _ IHOM.OTBAT.HEOCH
AT —

b

IHOM.OTBTA V.HEOCH

2,21 8,25
arg = -=052; K rpy = =

——=33.
4,25 2,5
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15. OmpenenuM CTOPOHBI, HA KOTOPBIX HEOOXOIUMO HCTIOIB30BaTh TOPMOKEHHUE.
TopmoskeHue OCyIIeCTBISIETCSI BO BCEX IJIeYax 3alllUThI, €CJIM MUTAHUE MOXKET OBITh
nojiaHo 0oJiee, 9YeM ¢ OJTHOM CTOPOHBHI.

16. Bb106op ycTaBkM «Havyasia TOPMOXKEHUN Lxropys may -

IIpyHrMaeM yCTaBKy «Hadaja TOPMOXEHUA» L«ropys pag = 1,0

Tropm.au.r = Troy =158 A.
17. PacyeTHBI TOK OTBETBIEHUS IIPOMEKYTOUHBIX TA LENHU TOPMOXKEHUS Pelle, COOT-
BETCTBYIOIMA HOMUHAIBHON IIPOXOAHOU MOIIHOCTH.

1

I _ ~HOM .Bi
PACY .OTBTAi — K N
TAi

18. Boibop oTBeTBiIeHMI MPOMEKYTOUHBIX TA Iemu TOPMOXKEHUS pelie U MPUCTABKH
TOPMOKEHUS.

Br160p npou3BoaUTCS IO YCIOBUIO:

Ios.orsrai < Lpacy.orerai-

B ToM ciyuae, xorja pasHMIAa MEXIy Pacu4eTHBIM TOKOM I p,cy orpra; W ONH-
KalIIMM MEHBIIUM HOMHHAIBHBIM TOKOM [ ;0hs o7pr4; 3HAYUTENBHO OOJIBIIE, YEM MeE-

K1y pacueTHbIM TOKOM U OJIMKalIuM OOJIbIINM HOMUHAJIBHBIM TOKOM OTBETBIICHUS,
11€JIECO00pa3HO MPUHUMATh K MCIOJIb30BaHUIO Onnkaiiiiee Oosbluee 3HaueHue. Cs-
3aHHOE C 3TUM YMEHBIICHHE TOPMOKEHUSI KOMIIEHCUPYETCS B JAJIbHEHIIIEM C yBEIHYe-
HUEM 3Ha4Y€HUs KOA((PULIUEHTA TOPMOKEHHUSL.

19. Homep Hcnonb3yeMoro oTBeTBICHUS TpaHC(HOpMaTopoB Toka TA TOPMO3HOM LIETH.

20. OmpenenuM COCTaBISIIONIYIO TOKa HeOallaHca, OOYCIIOBJICHHYIO MOTPEIIHOCTHIO
TpaHcHOPMATOPOB TOKA - 1 15 r0pus HAY -

[ _ — —

Ui ropm vau=Kerkogrélrory vuaa m=1-1-0,05-158=79A.
21. OmpenenseM COCTaBISIOUIYI0 TOKa HeOanaHca, 00yCIOBICHHYIO peryJipOBaHUEM

HANPSDKEHUS 3alllUIIaeMoro Tpancopmaropa U COOTBETCTBYIOIIYIO Hayaly TOPMOXKe-

"

HUS - 1y ropy Ay

n
Iysropm.iaa = Lropsr naa.n - 2 Krogi - AU; =18,96 A.
i=1

22. Boibop TpaHchopMaTopoB TOKa, aBTOTpaHCHOPMATOPOB TOKa, TpaHC(HOPMATOPOB
I[N TOPMOKEHUS BBITIOJIHEH, HEOOXOIMMO OIIEHUThH ONITUMAIIBHOCTh BBIOOPA.

OnTUMansHOCTH BRIOOPA MOXKHO OIEHUTH O IBYM Kod(duiimeHTam:
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K o - kod(hurmenT copnanenus nuddepeHITnaTbHON 1ETH;

K cry - K03 pUIMEHT COBMaieHHsI TOPMO3HOM IIETIH;

K _ ]HOM.OTBTAVi .KATZ'
cani — b s
PACY .Bi

ri€ 1 yop orpr4y - HOMUHAIBHBIM TOK OTHANKHU TPaHCHOPMATOPA;
I pycy p - BTOPHYHBIN TOK (11.7);
K ;7 - koappunuent tpancpopmanuu ATT (1.14);
K ¢y - BEMMYMHA, XapaKTEPHU3YOLIasl COBIIAICHIE HOMHHAIBHOTO TOKA OTBETB-

nenust TAV (1 you orsray ) © TOABOIUMBIM K HEMY TOKOM (£ pycy 3/ K 47);

K _ T yom orsrai
crii = )
PACY .OTBTAi

r1€ I oy oreT4i - HOMUHAIIBHBINA TOK OTBETBICHHS MPOMEXyTouHOro TA menu Topmo-
KEHMs peie;
I pycy orT4; - PACUETHBIN TOK OTBETBIECHHS IMPOMEKYTOYHOTO TA memu TopMo-

JKEHHUsI pele.

K ¢y - BenMMYMHA, XapaKTepU3yOMas COBIAJACHNC HOMHHAIBHOTO TOKA OTBETB-
nenuss TA Topmosnoit uenu (1 you orpry) © NOABOOMMBIM K HEMY BTOPUYHBIM TOKOM

(L pacy.orBTa)-
4,25-0,52
2.231

4251
=20 _1.000;
CALC ™ 495

5

Kempu = 2{:47313 =0,974;

Kergp = 43,,37857 =0,855;
CTH.C = 43,;)7455 =0,863;

Kergm = 2o 0,953.

2,624
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23. OmpenensieM COCTaBISIONIYIO, 00YCIOBICHHYIO HECOBIIAJIEHUEM PACUETHBIX TOKOB

M HOMHUHAQJIBHBIX TOKOB HCIIOJIB3YEMBIX OTBGTBJ’I@HHﬁ, COOTBCTCTBYIOIIMX HAdally TOP-

m
MOKCHMU, ]HE.TOPM.HAq .

5. r0PM HAY = l_l{l Krogi = l_l{l Kroxi| " Lropm.tay o1
i cany
rae Koy 1 Koy -kooduimenTs: coBnagenus qudpepeHuuanbHoi ueny 1y i o
HEOCHOBHOM CTOPOHBI;
Ko M Krogj- K09(QUUMCHTEl TOKOPACIPEACICHHS B IUICYaX HCOCHOBHBIX

CTOPOH.

: 1- 1—; 1-158 =2,796 4.

[!!! — 1 I I
HE.TOPM .HAY 0’991 09974

24 Omnpenenenue Toka HeOagaHca, COOTBETCTBYIOIIETO «HAYaTy TOPMOKEHUS»:

14 m

—_— , —_—
IHE.TOPM.HA‘J _IHE.TOPM.HA‘J +IHE.TOPM.HA‘1 +IHE.TOPM.HA‘1 -

=7,9+1896+2,796 =26,864
25. Onpeaenum MepBUYHBIA MUHUMAJIBHBIA TOK CpabaThIBaHUSI 3aIIUTHI PU OTCTPOHKE
OT Pac4yeTHOr0 NEPBUYHOIO TOKA HeOanaHea - 3 v -
Ie s 2 kore L pp.ropu a5
rne  kope - K03Q(GUIUEHT OTCTPOMKH, kore =1,5.
Iesauy =1,5-26,86 =40,29 A.
26. OTcTpoiika OT TOKa HebaaHca MePEeXoTHOTO PEKUMa BHEITHETO K.3.

Lo sy 20,31 oy
Ipsamy =0,3-158 = 47,4 A,

27. 3a pacueTHOe 3HaueHUe [ 3,y NPUHHMAEM HAUOOJbIEE U3 MOJYYEHHBIX B ILII.
25 - 26:

Iesmy =474A.

Ecmu B 1. 25 [ 3,4y OKa3aloch Ooibllle, 4eM B I. 26, TO YyBCTBUTEIBHOCTb
MOxkHO obecrieunts npu 0,310, -

Jlst 5TOro HeoOXOAMMO MEPEeCUYUTaTh MYHKTHI 22-25, 3aMEHUB B HUX [, Ha

Lropy.tay i1+ Lropy Hay ;r OTPEACTIACTCS:

IUIA YCTAaBKU Larppys pay = 1,0
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Kroks | Krox.c | Krox.m |.
+ + ;

[TOPM.HALI.H =0,5 '[HOM )
CTI].B KCT[[.C KCT[[.H

U1 YCTAaBKU Lwropps pay = 0,60

KTOK.C + KTOK.H

[TOPM.HA gy = 1,2 [HOM )
K CTI.C K CTI.H

Ecmvt 17opy ray 1 <1 goy » TO TpeOyeTCs mepecuuTars MyHKTH 21-25 u onpene-

IuTh I 5,4y - 3HAUEHHE JOJDKHO OBITh MEHBILIE YeM B 11.26.

Ecnu sxe HepaBEHCTBO OIATH HE BBIMOIHAETCA, TO B 1M.22 HYXHO B3STh HAMMEHb-
wee 3Ha4YeHNe K o7y M MOCTABUTD B BHIPOKCHUE ISt ONPENeNeHus L ropys 4y 17 -
28. OnpenensieM OTHOCUTEIHHBI MUHUMAIBHBIN TOK CpabaThIBaHUs pelie TIPH OTCYTCT-
BUM TOpMOKeHus (6.14):

[C.S’.MIN ) KCX . UHOM.BH

]*C.P.MIN = K. .1 K U
I "1 HOM .OTBTAV .HEOCH "1\ AT HEOCH HOM .HEOCH

Bce BennuuHBI JODKHBI IPUHUMATHCS JUIsI CTOPOHBI, OOyCIaBiIMBAIOLIEH Hau-
Oonplniee 3arpyOseHue 3ammThl. TaKoW CTOPOHOW CUMTAETCS Ta HEOCHOBHAS CTOPOHA,
U1 KOTOPOH TOK MPUHATOr0 OoTBEeTBIeHUS TAV Oosbliie Ipyrux OTIMYAETCS OT pac-
YETHOTO. B TaHHOM cilyyae 3TO CTOpOHA HU3IIETO HAIIPSKEHHUS.

Iz aay Mo 27, Koy moné;
Ky mo n.4; K, mo 3;

I rom .orsrav HEOCH 1O 117,

K 4r.1E0CH TO 1. 14.

47.4-1 230
. _ 2 20317
CPMIN T (2000/5)-2,5-33 10,5

29. Onpenensercs NEPBUYHBIN MAKCUMAJIBHBIN TOK, IPOXOAAIINANA Yepe3 3alUIIaeMblid

TpaHcGopMaTOp MPHU BHEIIHEM K.3.

Heo0Oxoaumo onpeenuTh TOKM TPU BCEX BO3MOXKHBIX BapHAHTaX BHEIIIHETO K.3.,
UCXOJI W3 cpabaThIBaHUsI 3alUTHI TIPU MHUHUMAIHPHOM M MaKCHUMAJIBHOM ITOJOKEHHUSIX
PITH u BrIOpaTh MaKCUMaJIbHBIN TOK ( TIPU BHEITHEM Tpex(a3zHOM K.3.).

Ty vax =10304.
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30. OmpenenseM COCTaBISIONIYI0O TOKAa HebOamaHca, OOYCIOBIECHHYIO MOTPENTHOCTHIO
TpaHc(hOpMaTOpPOB TOKA, COOTBETCTBYIOIIYIO MAKCUMAJILHOMY TOKY, IPOXOASAIIEMY Ye-
pe3 3amminaeMsiii Tpancdopmarop (aBrorpancdopmarop)- g pacy

I,HE.PACLI: kHEPkO,ZZHg[ xmax =2-1-0,1-1030= 206A.
31. OnpenensieM COCTABISIOMYIO {715 pycy » COOTBETCTBYIOLIYIO 1 g pryy

n

32. Onpenenum cOCTaBIAOWYO [ p5 pycy » COOTBETCTBYIOMIYIO [ p/qy -

1- 1 d1-]1- 1 -11-1030=18,2254.
0,991 0,974

33. Onpenenum cOCTaBIAOWYO [ 15 pycy » COOTBETCTBYIOIIYIO [ j/qy -
Ingpacy =206+123,6+18,225 =347,8254

"

I HE.PACY —

34. OnpenenuMm K03PHUITMEHT TOPMOKECHHUS 3aIIUTHI

Koo Iyp.pacy ! yom .ocH Lcpyv
orc g I K I
K _ HOM HOM .OTBTAV .OCH AT.OCH HOM
TOPM = n ] Ko )
0.5- z KMAX “MOK.i _ [*TOPM.HAL[
i=1 L rom Kcm.z‘
5347825 4347 0319
X _ 158 4.25-1 —0.639
rorM 1030 (1 1 S
0.5- . + -1
158 10.991 0.974

35. OnpenensieM NMepBUYHBIA TOK CpabaThIBaHUSI OTCEUKH IO YCJIOBHIO OTCTPOMKH OT

MaKCHUMaJIbHOT'O IEPBUYHOI0 TOKa HebanaHca l 5 pycy , COOTBETCTBYIOMIETO [ g 4r4x -
U'yp pacu=Kerkonnd kax =3-1-0,1-1030=309A.
Iygpacy =309 +123,6 +18,225 =450,8254 .
Ic3.0rc.pacy =korc 1pp.pacy =1,5-450,825=676,238 A.

36. BeiOupaem ycTaBKy TOKOBOW OTCEUKH [ 3 orc:

=6-4,25-M=1767A.

1 C.3.0TC — 6-1 HOM .OTBTAV.B ",
Kexop ﬁ

Icsorc>1c30rcpacy
YcTaBka IpMHUMAETCSA PaBHOU [~ 3 orc = 1767 A.
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37. OnpenensieM KO3QPUIUEHT TyBCTBUTEIBHOCTH 3alIUTHI (€€ UyBCTBUTEIBHOTO Op-

rana) Ky .

N3 pacuera TokoB B nnporpamme TKZ u TONONMHUTENBHBIX PACYETOB CIEAYET, YTO 4yB-

CTBHUTCJIIBHOCTD 3alllThI oOecreynBaeTcss ¢ OOJIBIIIMM 3amacoM. YKa3aHHOE IMOATBECP-

KIACT TO 0OCTOATENLCTBO, YTO PACUYET UYBCTBUTEIBHOCTU TUDPEpEeHIIMATBHON 3alllu-

ThI, BBIMOJTHEHHBIN ¢ pene tumna J3T-21, kak npaBuio, Iporu3BOAUTH HE TPEOYETCH.

Tabnuma 5.5
DopmyJibl 3nauenus 111 AT npu Tpex nonoxenusx PITH
U,,% MUH. CpenH. MakKc.
Ukp=0,5-(UxgitUxse-Uscen) 0,5(35+7-25)=8,5 0,5(35+11-22)=12 0,5(35+21-24,5)=15,75
Ukc=0,5(Use T Usen-Usen) 0,5(25+7-35)=-1,5 0,5(11+22-35)=-1 0,5(24,5+21-35)=5,25
Ux=0,5-(Ugga-UgsetUxer) | 0,5(35-7425)=26,5 0,5(35+22-11)=23 0,5(35+24,5-21)=19,25
Xi, OmMm
2 2 2 2
X, = Do 50 20 9157 | 228 C100,76 | 22 2Y 4335
100 S, . 100 63 100 63 100 63
2 2 2 2
C:UKC_UWM_B L5 230 — 12,6 —1 230 _ 8.4 5,25 230 — 44,08
100 S, 100 63 100 63 100 63
2 2 2 2
g =i Yomes 205 BV _yp 5o | 2.8V g3y | 22 B0 6 4
100 S, 100 63 100 63 100 63
Tabnuma 5.6
HaumenoBanue Benu- | O003HaueHHE | YuciioBoe 3HaueHue JJIs1 CTOPOH
METOJl  Oompeje-
i o P 220 kB 110 kB 10 B
IlepBuuHBII TOK Ha
CTOpOHAX 3allIuIIae-
Moro aroTpancop- I S vornpox 63000 _ 158 63000 _ 301 63000 _ 3464
MaTopa,  COOTBETCT- x/gUWM V3230 V3121 V311
BYIOILLIUK €ro MpOXoJ-
HO# MONTHOCTH, A
Koadduuuent tpanc-
dopmarun TpaHc- K; 600/5 600/5 2000/5
(dhopMaToOpOB TOKA
CxemMa coeIMHEHUA
Tpanc(hopMaTopoB - A A Y
TOKa
Bropuunslii TOK B
mie4yax 3aluThl, CO- Ino,wk 158-+/3 301-/3 3463597 -1
OTBETCTBYIOLIMU IPO- Lo = K < 600;/5_ =2.281 600;/5— =4.345 T5000/5 =8.66
XOMHOW  MOIIHOCTH !
3allIMIIaEMOr0  aBTO-
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| Tpanchopmaropa, A |
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Tabnuma 5.7

HaunmenoBaHue BeJHYHHDI

O0o3HaueHue
U MeToJ ompe-
JeJICHUS

YuciaoBoe 3HaUeHHE 1JIs1 CTOPOH

220 xB

110 xB

10 kB

HomuHanpHBIHE TOK NOPUHATOrO OT-
BETBJICHHSI TpPAHCPEAKTOpa pejie Ha
OCHOBHOM CTOpPOHE, A

IHOM otB ATV ocﬂS IHOM BO

mo 5.1

4,25

PacdeTHbIii TOK OTBETBICHMSI TpaHC-
dbopMaTOpOB TOKa HA HEOCHOBHBIX
cTopoHax, A (110 6.2)

mo 5.2

2,231

8,741

Tun aBTOTpaHCHOPMATOPOB TOKA, KO-
TOpPBIE BKIIOYAIOTCS B TUICUH 3aIUTHI

HomuHanpHbIE TOK HMCIOIB3YyEMOrO
OTBETBJICHUSI aBTOTPaHC(HOPMATOPOB
TOKa, K KOTOPOMY IOJBOJATCS BTO-
pUYHBIE TOKH B IJIEYE 3alUTHI, A

Homep wucmonb3yeMoro OTBETBIICHUS
aBTOTpaHC(HOPMATOPOB TOKA, K KOTO-
pOMY TOJBOJATCS BTOPUYHBIC TOKH B
TIeye 3anuThl

Homep wncnosb3yeMoro OTBETBIICHUS
aBTOTpaHC(POPMATOPOB TOKa, K KOTO-
pPOMY MOJKIIIOYAETCs pelie

HoMmuHanpHBIE TOK HMCHOIB3YyEeMOTrO
OTBETBIICHUSI aBTOTPaHC(HOPMATOPOB
TOKa, K KOTOPOMY MOJKIIIOYAIOTCS pe-
e

HomuHanpHBIHE TOK NOPUHATOrO OT-
BETBJICHHUSI TpaHCpPEaKTopa peje Ha
HEOCHOBHBIX CTOPOHAX

Homep wucmoms3yeMoro OTBETBIICHUS
TpaHCpEaKTOpa pesie Ha HEOCHOBHBIX
CTOpOHaxX

ITo Ta6.5.3,5.4

AT-31

AT-32

2,21

8,25

1-6

1-10

4,25

4,25

4,25

4,25

10.

PacueTHpIil TOK OTBETBIIEHUS ITpOME-
KYTOUHBIX TpaHCPOPMATOPOB TOKa
LIENU TOPMOXKEHUS pene, A

Ipacq otB ATV TopM—
IHOM/ I<AT

2,281/0,52=
4,387

4,345

8,66/3,3=
2,624

11.

HoMmuHaneHBIH TOK NOPUHATOrO OT-
BETBJICHUA IIPUCTAaBKU U IIPOMEXKY-
TOYHBIX TpaHc(oOpMaTopoB pene, A

IHOM otB TA Topm

3,75

3,75

2,5

12.

Homep wucnons3yemMoro OTBETBIIECHHUS
NPUCTABKUA U TMPOMEKYTOUYHBIX TPAHC-
(dhopMaTopoB pene

ITo 1a6.5.2
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6. PEJIEVMHAS 3AIIIUTA BJIOKOB «'TEHEPATOP -
TPAHC®OPMATOP»

B cootBerctBum ¢ [1YD u apyrumu HOpMaTUBHO-IUPEKTUBHBIMU MaTepHaIaMU

Ha OJIoKax «reHepaTop — TpaHchopmaTop» MoirHocThio 160-300 MBT npexycmarpu-

BarOTCsA 3alllUThI OT HOBpe)I(I[eHI/II;'I N HCHOPMAJIbHBIX PCKNMOB pa60TBI, IMPHUBCIACHHLIC B

tabnurie 6.1

Ta0Onuma 6.1

Ne

Tunbl noBpexIeHUN U HEHOPMAJIb-
HBIX PeKMMOB PadoThlI.

Buja 3amurhl.

1 Ot mHorOda3Horo k.3. B oOMoTke cta- | [IpogonbHas quddepeHimanbaas 3a-
TOpa reHepaTopa 1 Ha €ro BhIBOJIAX. HIUTA.

2 Ot k.3. Mexay BUTKaMu oJHOU (a3bl B | OnHOocucTeMHas mnomnepevyHas audde-
00OMOTKE cTatopa reHepaTopa. peHIMaIbHask TOKOBAs 3allUTA.

3 OT 3aMbIKaHUIl Ha 3eMJII0 B OOMOTKE | 3alliuTa HAIpsOKEHUS ePBOM U TPETh-
cTaTtopa reHepartopa. eil TapMOHHK, HE UMEIOIas 30Hbl YyB-

CTBUTEJIBHOCTH.

4 OT acCMHXPOHHBIX PEKUMOB IIPU MOTE- | 3alMTA HA PEIE CONPOTUBJICHUS.
pe BO30YKEHUSI TeHepaTopa.

5 Or Bcex BUIOB K.3. B oOMoTKax | [uddepenumanbuas 3ammra TpaHc-
TpaHchopmaTopa U Ha OIIMHOBKE IpH | popMaropa.
BHemHeM HanpsbkeHuu 110 — 220 kB.

6 OT Bcex BHIIOB K.3. CO CTOPOHBI BBIBO- | Juddepennmanpras 3amumra OmMHOB-
nos OBH 330 — 500 kB Ttpanchopma- | ku.
TOpa U Ha omrHOBKe BH.

7 Ot 3amplkaHuil  BHYTpM  Koxyxa | ['a3oBas 3ammura.
TpaHcpopmaTopa, COMPOBONKAAIOIINX-
Csl BBIJICJICHUEM Ta3a, U OT MOHMKEHUS
YpOBHS Macia.

8 JIJisi KOHTpPOJIS COCTOSIHMSI M3OJISIUU | Y CTPONUCTBO KOHTPOJISL U30JIALUUA BBO-

BBICOKOBOJIbTHBIX BBOJIOB HANPS>KEHU-
eM 500 kB ¢ 6yMaxkHO-MacCJIsTHOM H30-
asuuet  TpancdopmaTopoB OJioka B
npolecce MX AKCIUTyaTaluu JJIsl OT-
KJIFOUEHHUS HMX Tepe]] MOJHbIM Mpo0o-
eM.

noB (KIB).
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9 Ot Bcex BuAOB K.3. Ha omuHOBKe BH | PesepBuas nuddepennuanpuas 3amm-
110 — 500 xB, B o6moTkax TpaHcdop- | Ta.
MaTOpa U Ha €ro BbIBOJAAX, a TAKXKe OT
MHOTO(a3HbIX K.3. B OOMOTKE cTaropa
reHepaTropa U Ha ero BBhIBOJAX ISl pe-
3epBUPOBAHUSI OCHOBHBIX 3aIUT 0J10-
Ka.
10 OT CUMMETPUYHBIX K.3. U Ieperpy3ok. | biok 3ammuter b3 1103
11 OT BHEUIHMX HECHUMMETPHYHBIX K.3. U | 3alIMTa OOpaTHOM MOCIeT0BATEIbHO-
Meperpy3ox. ctu Ha O61okax pesne b2 1101.
12 OT NOBBILICHHS HANPSHKEHHUST Ha Typ- | 3aliuTa OT MOBBILICHUS HANPSKEHUS.
0o-reHepatopax u TpaHchopMaTopax
pu paboTte 0JI0Ka Ha XOJIOCTOM XOJY.
13 OT BHENTHUX K.3. HA 3€MJTIO B CETH C OOJIBIITUM TOKOM 3aMBIKaHHSI Ha 3€MITIO:
13.1 | dns tpanchopmaTopoB, padboTtaromux | TokoBas cTyleHuYaras 3alidra HyJie-
C 3a3eMJICHHOW HEUTpaJbIo. BOU TOCIIEIOBATENBHOCTH.
13.2 | dns TpanchopMaTopoB, [ONycCKaro- | B Buae AByX 3aIiuT:

X paboTy C pa33eMICHHON HEHTpa-
JBIO.

TOKOBas 3alllUTa HYJEBOU IOCIEA0BA-
TEJIBHOCTH, IPEIHA3HAYCHHAS  JUIS
ciy4das paboTsl TpaHchopMaTopa ¢ 3a-
3€MJICHHOW HEUTPAJIBIO;

CIIELIMAIBHOW 3aIlMThI, JEUCTBYIOLIEU
npu paborte TpaHchopmaropa ¢ Hesa-
3EMJIEHHOU HEUTPAJIbIO.

6.1. Peneiinas 3auuma 010K08 «2eHePaAmop — mpanc@opmamop
mouwgnocmouio 160 -300 MBm na TC

B yHuduuupoBaHHBIX MPOEKTHBIX PEIICHUSX 3alIUT OJIOKOB «reHepaTop —

TpaHcQopMaTop» yuTeHbl TpeOOBaHUS, OOYCIOBIECHHBIE CHEIU(PUIECKUMH OCOOEHHO-

CTJAMH aTOMHBIX G)J'ICKTpOCTaHHI/Iﬁ H TCIIJIOBBIX G)J'ICKTpOCTaHHI/Iﬁ Ha OPraHU4CCKOM TOII-

JINBCE.

Ha Onokax TOC o0bIYHO ycTaHaBIMBAeTCs pe3epBHas auddepeHranbHas 3a-

HIUTa JJIs YIydlleHdus ONuKHEero pesepBupoBanus. Hammune ObICTpOAEHCTBYIOIIETO

OJIMIKHETO PE3CPBUPOBAHMSA TTO3BOJINIIO OTKA3ATHCA OT CTYIICHYATOI'O I[CI\/’ICTBI/IH APYIrux

PE3CPBHBIX 3alIUT 6J'IOKa, ,Z[CﬁCTBYIOH.II/IX IMPU BHCIIHUX CHMMCTPHUYHBIX U HCCHUMMCT-
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PUYHBIX K.3., @ TAK)K€ UCKIIFOUUThH ONEPATUBHOE YCKOPEHUE PE3EPBHBIX 3aILUT MPU BbI-
BOJI€ U3 JICUCTBUSI OCHOBHBIX 3aLIUT OJIOKA.

PesepBHas nuddepennmanpHas 3amura BoinojaHsercs Ha pene J3T-21 unu pene
PTH-565, PTH-566.

PesepBHBIE 3a1IUTHI OJIOKA OT BHEIIHUX CUMMETPUYHBIX 1 HECUMMETPUYHBIX K.3.
BKJIFOUEHBI Ha TpaHCHOPMATOPHI TOKA, BCTPOCHHBIE B JIMHEWHBIE BBOJIbI T€HEpATOpa, a
HE Ha TpaHc(hOpMaTOphl TOKA HYJIEBBIX BBIBOJIOB, KaK 3TO ObUIO paHee. DTO 11es1eco00-
Pa3HO B CBSI3U C HAIMYKEM OJMXKHETO pe3epBUPOBAHMUS.

3ammuTa poTopa reHepaTopa OT MEePerpy30K TOKOM BO30OYXKIACHUS ¢ MHTETPATILHO-
3aBHCHMOM BBIIEP)KKOM BPEMEHH MpelycCMaTpUBaeTCs Kak npu paboTe Ha paboyem, Tak
U Ha PE3epBHOM BO30YKJICHUU. 3allliTa BBIMOJIHIETCS Ha O0Kk-pesne bD-1102.

B cxemax 3ammrthl OJIOKOB IpeaycMaTpUBaeTCs MpUMEHeHue 0osiee COBEpIIeH-
HOU pesieHON anmnapaTyphbl, YeM JJIsi OTJEIbHBIX 3JIEMEHTOB, a JIJIsi MOIIHBIX OJIOKOB -
JaTYUKA JJI BbIJ@4M WMHGOpMaluuMu B HMH(DPOPMALIMOHHO-BHIYMCIUTEIBHYIO CHCTEMY
ACY nis peructpauuy aBapuiHbIX CUTyaluu.

Cucrtembl pesieiHOM 3alTUThl 0JI0KOB BBIMOIHSIOTCS MPU CIEAYIOIUX YCIOBUSX:

e orcyrctByeT PITH TpancdopmaropoB 0J10KOB;

e TpaHc(OpPMATOPHI HANPSHKEHUS] YCTAaHABIMBAIOTCS CO CTOPOHBI JTMHEHHBIX BBHIBOJOB
U B HEMTpaiu reHepaTopa, 1 CO CTOPOHBI HU3KOT'O HAIPsHKEHUS TpaHcPopMaTopa;

® LCIOJB3YETCs B KAU€CTBE OCHOBHOM TUPUCTOPHAS CHCTEMa HE3aBUCHUMOIO BO30YXK-
JICHMs, @ B KAYECTBE PE3EPBHOM — 3JIEKTPOMAIITMHHAS CCTEMa BO30YXKICHMUS,

® OT 3aMbIKaHU{ Ha 3eMJII0 HA CTOPOHE HM3IIETO HAMpsLKEeHUs TpaHchopmaropa 6110-
K4, UMEIOLLET0 BBIKJIIOYATENb B LIEMU T'€HEPATOPa, IPUMEHSAETCS KOHTPOJIb H30JIs-
LIUH;

® OT CHMMETPHUYHBIX MEPErpy30K I'E€HEpATOpa HCIOJIB3YETCS MaKCHMallbHAs TOKOBAs
3amurta (MT3) ¢ uHTErpasbHO-3aBUCUMON BBIAECPKKON BPEMEHHU;

® OT IEperpy3ku poTopa reHeparopa TOKOM BO30YKIECHHSI MPUMEHSIETCS TOKOBas 3a-
LIUTa C NHTETPAJIbHO-3aBUCUMOM BBIIEPKKON BPEMEHU;

® OT 3aMbIKaHWW Ha 3€MJII0O B OJHOW TOYKE IIEMU POTOpa T'€HEpaTopa HCIOIb3YETCS
3allliTa C HAJIOXKEHHWEM IMEePEMEHHOT0 HampsbkeHus dactotoil 25 I'm (65ok perne
b3 1104 u b3 1105).

CucTemoii 3a1uThl 0JI0Ka MPETyCMaTPUBACTCS TAKXKE:

a) yCKOpEHHas JUKBHUJAIUS HEMOJHO(GA3HOTO TMOAKIIOUEHUs OJoKa K pacrpeaenu-

TebHOMY YyCcTpoHcTBY (PY) BbICHIEro HampsKeHHUsl, KOTOPOE MOKET BO3HUKHYTh
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MIPU OTEPATUBHBIX TMEPEKITIOYCHUSX WIA MPU JEHCTBUM 3aIIUT, 00CCTICYMBAIONINX
JanbHee pe3epBUPOBAHNE;

b) nuKBUIALMA TOBPEXKICHUA B T€HEPATOPE MPU HEOTKIIOYEHUU T'€HEPATOPHOTO BbI-
KJIFOYaTeNs OT IEUCTBUSA 3alUT T€HEPATOpPa;

C) MyCK YCTPOWCTBA TraiieHus mokapa TpaHchopmaropa (HEOOXOIUMOCTh B KOTOPOU
OTIAaJIaeT C BHEJIPEHUEM B IKCILTyaTAIMIO CIIEHUATbHBIX TaTYMKOB MOXKAPOTYIIECHNUS,
yCTaHABJIMBAEMbIX Ha TpaHC(hopMaTopax).

6.2. leiicTBue 3alIUT
Ha Onokax «reneparop — TpaHchopMaTop» NpeaycCMaTpPUBAIOTCS CIEAYIOIINE

NEHCTBUSA 3aIlUT:

1. IIpomonbHas u momnepednas AudepeHnnanbHas 3aluTa reHepaTopa 1 3amuTa OT
3aMbIKaHUN Ha 3€MJIIO B OOMOTKE CTaTopa reHeparopa JeiCTBYIOT:

a) B 0OMOTKax 0e3 BRIKIIOYATEINS B IIETIH TeHepaTopa:

® Ha OTKJIIOYEHHE BBIKJIIOYaTeNel OJI0Ka, 00eCleUnBaIOIINX OTCOEAMHEHUE MOBPEXK-
JIEHHOTO TeHEepaTopa OT CUCTEMbI U OT COOCTBEHHBIX HYXI;

® Ha ralieHHe MOJs TeHepaTopa U BO30YIUTEIS;

® B CXEMY TEXHOJIOTMYECKHUX 3alIUT Ha OCTaHOB OJIOKA;

e B 0JIOK peneiHON (OPCUPOBKU PETYIUPOBAHUS;

e Bcxemy YPOB 110 —220 kB;

e Ha 3amnpeT AIIB Brixatouarens ¢ quaueit Ha 070k 330 — 500 kB, mOAKIIOUEHHBIX K
cucteme 1o cxeme 3/2, 4/3 uam MHOTOYTOJIbHUKA.

0) B 0OMOTKaX C BBIKJIFOYATEJIEM B IIETIH T€HEPATOPa:

® Ha OTKJIIOYEHHUE BBIKIIIOYATENS MOBPEKICHHOTO IT€HEPaTOPa;

e Ha nyck YPOB 3Toro BeikitoyaTesns;

® Ha TalleHHe MO TeHepaTopa U BO30YIUTEIIS;

® B CXEMY TEXHOJIOTMYECKUX 3alIUT Ha OCTAHOB 0JIOKA;

e B 0JIOK peneitHol (HOPCUPOBKHU TYPOUHBI.

2. 3amuTa OT aCHHXPOHHBIX PEXUMOB TPH MOTEpPE BO3OYXKIEHHUS Te€HEpaTtopa W Mpu
JIOITYCTUMOCTH aCUHXPOHHOTO peKuMa JEHCTBYET:

® Ha OTKJIIOYEHHE BBIKIIIOUaTeNeH, 00ECIeUnBaIOIUX OTCOEIMHEHUE COOCTBEHHBIX
HYK] OT OJIOKa;

® Ha ralleHHe MO TeHepaTopa U BO30YIUTEIS;

® Ha BKJIIOYEHHE IIYHTUPYIOIIETO KOHTYpa B CUCTEME BO30YKICHHUS;
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® B CHUCTEMY TEXHOJIOTMYECKHUX 3aIIUT Ha Pa3rpy3Ky OJIOKa M0 aKTUBHOM MOIIHOCTH;

e B 0JIOK peneiiHoil GOpCUPOBKU PETYITUPOBAHUS TYPOUHBI.

[Ipu HEemOMYCTUMOCTH ACHHXPOHHOTO PEKMMa 3allUuTa JIEUCTBYET B TEX )K€ Ha-
MpaBJICHUAX, YTO U AU epeHnanbHas 3alnTa TeHepaTopa 3a HCKIIIOUEHUEM OCTaHOBA
TYpOUHBI.

3. JIuddepennmanpHas 3anmra TpaHcpopmaropa, auddepeHinanbHas 3amTa Olllu-
HOBKHM BBICHIETO HANpsHKEHUS, Ta3oBas 3anuta, ycrporctso KB BBogoB 500 kB
TpaHcpopmaTopa IeHCTBYIOT:

e aHanmoruyHO JAuQdepeHInaTbLHBIM 3alUTaM TeHepaTopa B 010Kax 06€3 BBIKII0UaTeNs
B LI T€HEPATOPa;

® B CXeMy ITyCKa YCTPOWCTBA TYHIICHHS MoOXapa TpaHchopmaTopa 6s0ka u Tpancdop-
maropa cobctBeHHBIX HYXJ (TCH), ecnu mocnemnee mpemxycmorpero Ha TCH (3a
uckimoyeHueM KNB).

["a30Bas 3amuTa BHIIOJIHSIETCS C BO3MOKHOCTBIO IMEPEBO/IA €€ ICUCTBUS HA CUTHAIL.

4. Pesepsnas nuddepenimanbras 3amuTa 0J0Ka 1eHCTBYEeT Ha OTKJIIOYEHHUE U OCTaHOB
MOBPEXKICHHOTO OJI0OKA aHAJOTUYHO OCHOBHOHW muddepeHnnans-Hoi 3amuTe TpaHc-
dbopmartopa, KpoMe BO3ICHCTBHS HA ITyCK YCTPONUCTBA TYLICHUS MOXKapa.

5. 3ammMTa OT BHEUITHUX CUMMETPUYHBIX K.3. IEUCTBYET:

® CUTHAJbHBIA OpPraH — Ha CUTHAJ;

e C 1-0if BBIACPKKOI BpEMEHH Ha JIeJICHHUE IIMH BBICIIETO HAIPsHKEHUS OJI0Ka;

e ¢ 2-0ii BBIAEPKKON BpEeMEHU Ha OTKJIIOYEHHUE BBIKIIIOUATENS BBICIIETO HANPSKEHUS
6moka u B cxemy YPOB 110 — 500 kB;

e Ha 3anpet AIIB BeikmouaTens 330 — 500 kB ob6miero ¢ nuHuei;

® Ha BKJIIOYEHHUE KOpoTKo3aMbikatTena 110 — 220 kB;

e B 050K peneitHol (HOPCUPOBKHU TYPOUHBI.

6. 3ammTa OT BHEIIHUX HECUMMETPUYHBIX K.3. © HECHUMMETPHUYHBIX MEPErPy30K T'eHE-
paTopa ¢ UHTErpajJbHO-3aBUCUMOM BBIIEPKKOW BPEMEHU JCHCTBYET:

® CUTHAJbHBIA OpPraH — Ha CUTHAJ C HE3aBUCUMOM OT TOKA BBIJIEPIKKON BpEMEHH;

® UHTETpaJlbHbII OpraH — Ha OTKJIIOYEHHE OJIOKa OT CeTH, B KOTOPOI HAXOIUTCS MPH-
YHA HEJIOMYCTUMOM Meperpy3Ku reHepaTopa;

e Opral “orcedka’ — aHaJOTUYHO 3AIINUTE OT BHEITHUX CUMMETPUYHBIX K.3.

7. 3amuTa OT BHEIIHUX K.3. HA 3€MJII0 B CETU C OOJBIIMMH TOKaMHU 3aMBIKAHUS HA 3€M-

JIFO IEUCTBYET:
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e 1pu pabote rpyooro oprana T3HII Ha Tpanchopmaropax OJIOKOB ¢ 3a3eMICHHOU
HEUTPAJIBIO — AHAJIOTUYHO 2-OM CTYIIEHU 3alUThl OT BHEIIHUX CUMMETPHUYHBIX K.3.;

e 1pu paboTe YYBCTBUTEIHLHOTO OpPTaHa 3alllMThl HA TpaHCHOpMaATOpax C 3a3eMIICHHON
HEUTpanabpl0 OOECreunBaeTCsl EHCTBUEM Ha JI€JICHHE IIMH BBICIIETO HAIPSHKCHUS
0JI0Ka M YCKOPEHHUH 3aLUThI IIPU HEMOJIHO(PA3HOM OTKIIFOUEHHUH BbIKItouaTens 110 —
500 kB;

e 1pu paboTe CHEeHATIbHON 3aIUTHl HYJIEBOM MOCIEI0BAaTEIbHOCTH Ha TpaHcpopma-
Topax 6mokoB 110 — 220 kB ¢ He3a3eMIeHHON HEUTPAIBIO — AHAIIOTMYHO 2-H CTyTIe-
HU 3aIIUThl OT BHEIIHUX CUMMETPHUYHBIX K.3.

8. 3ammra OT CUMMETPUYHBIX IEPErpy30K I'€HEepaTropa ACUCTBYET Ha CHUTHAJ C BbI-
NEPKKOU BPEMEHH.

9. 3amuTa OT MOBBIIICHUS HANPSDKEHUSI HA TEHEpaToOpe U TpaHCchopMaTope IEHCTBYET
HAa TalIeHue MoJisi reHepaTopa U Bo30yAuTEs.

10.3ammTa poropa reHeparopa OT NEpPErpy3Ku C MHTETPAIbHO-3aBUCUMOM BBIICPKKON
BPEMEHMU JICUCTBYET:

® CHUTHAJIBbHBIM OPraH — Ha CUTHAJI C HE3aBUCUMOM BBIIEPKKON BPEMEHU;

® VHTETPAIBbHBIA OpPraH — JABYMs CTYNEHSMU U MHTErPajJbHO-3aBUCHUMON BBIIEPKKON
BpPEMEHH IIPHU padboTe OJ10Ka KaK C OCHOBHBIM, TaK U C pE3€pBHBIM BO30YKICHUEM:

— ¢ 1-ii BbIIEp kKO BpeMEeHHU — Ha pa3Bo30y:KJIeHUE TeHepaTopa;
— €O 2-ii BBIACPKKON BPEMEHHM — aHAJOTMYHO AuQepeHnaIbHON 3alluTe re-
HepaTopa 3a UCKIIOYEHHEM OCTaHOBA TYpOUHBI.

11.3ammTa OT 3aMbIKaHHUI HA 3€MJII0 B OJTHOM TOYKE LIEMU POTOpa FeHepaTopa AEUCTBY-
€T Ha CUTHAJI C BBIIEPKKON BPEMEHMU.

12.3amura oT 3aMBIKaHUI Ha 3€MJII0 Ha CTOPOHE HM3IIETO HAIpsHKeHHs TpaHchopMa-
Topa 0J0Ka, UMEIOIIET0 BBIKIKOYATENb B LENU I'€HEpaTOpa, U KOHTPOJb HU30JSALUU
JEHUCTBYET HA CUTHAJI C BBIIEPKKON BPEMEHHU.

[IpenycmarpuBaeTcsi BKIIOYEHHE KOPOTKO3aMbIKaTeN sl B HEUTpanu TpaHcopma-

Topa 0110Ka ¢ BeicuM HanpsibkeHueM 110 — 220 kB npu nelicTBuM Ha OTKIIFOUEHHE BbI-

KITF0YaTeNiel BBICIIETO HanpshKeHHs (111 o0ecredeHnsi TOTOBHOCTU OJI0Ka ¢ MOHMKEH-

HOW M30JIsILMeN HeHTpainu TpaHc(hopMaTopa K NOCIEAYIOEMY OTKIIOUYEHHUIO).

13.Ha snekTpocTaHIUsAX C MOJKIIOUYEHUEM 3JIEMEHTOB K ABOMHOM cucteme muH 110 —

220 kB YPOB BrikIIIOYaTENIEN TOKEH NEMCTBOBATh:
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® [Ipu K.3. B OJIOKE «T€HEepaTop — TpaHchopmMaTop» B 30HE ACHUCTBUS OCHOBHBIX 3aIUT
0JIoKa C 0TKa30M BBIKJIIIOUaTeneil 6soka Ha ctopoHe 110 — 220 kB — Ha BeIXOHBIE
peJie 3alluT IIUH,

® [pU K.3. HA IIMHAX C OTKA30M BBIKJIIOYATEINsI OJIOKAa — HA BBIXOJHBIE PEJI€ 3aIIUThHI
0JI0Ka, OCYIIECTBIISIOIINE MOJHBIA OCTaHOB OJIOKA IO MMM IJIEKTPUUECKUX U TeX-
HOJIOTHYECKHUX 3aIlHT.

14.Ha »51eKTpoCTaHIIUAX C MOAKIIOYEHHEM 3JIEMEHTOB Ha CTOPOHE BBICHIETO HAIpSKe-
Hus 330 — 500 kB o cxemam 3/2, 4/3 u MHOTOYrOJIbHUKA YCTaHABIMBAIOTCS WH/IU-
BuayanbHble YPOB Ha KaxJ10M JIMHUM U HAa KaXKJIOM BBIKJIIOUATEIIe, HE CBSI3AHHOM C
JIMHUCH.

Jlns OJIOKOB, HMMEIIIMX T'e€HEePATOPHBIM BBIKJIIOUYATENb, IPEAyCMaTPUBACTCS
YPOB, k0oTOpHIii IIpH K.3. B TEHEPATOPE U HA €r0 BHIBOJAX B 30HE JICUCTBUS OCHOBHBIX
3allUT FEHEePaTopa, a TAKKE MPU MEPErpy3Ke poTopa U NP MOBPEKICHUIX TEXHOJIOTHU-
YEeCKOM 4acTh OJIOKa M OTKa3e TeHEPATOPHOTO BBIKIIOYATENS, TEUCTBYET Ha OTKIIIOUC-
HUE OJI0Ka IO IEMSM SJIEKTPUUYECKUX 3alUT U B OJIOK peseHoN (HOPCUPOBKH PETyIIH-
pPOBaHUS TYPOUHBI.

6.3. Oco0eHHOCTH 3alIUT reHepPaTOpPOB OJ0Ka

OCHOBHBIC TIOJIOKEHHSI BBIOOPA M pacueTa 3alluT TeHEPaTOPOB MPUBEICHBI B pa3-
nene 4. 31ech ke OyIyT NMPUBEACHBI 0COOCHHOCTH BbIOOpA M pacueTa 3allluT reHepaTo-
POB, 00YCIIOBJICHHBIX UX pabOTOM B OJIOKE reHepaTop — TpanchopmaTop.

6.3.1. llpononbHass nupPpepeHUAJIbHASA 3ALMUTA FreHepaTopa

3amuTa OCylIecTBIsIeTcs B Tpex(a3sHOM, TpexpelaeiiHOM HCHOJHEHUH IS BO3-
MOKHOCTH OBICTPOTO OTKJIIOYEHUS JBOMHBIX 3aMBIKAHUI Ha 3€MJII0, OJTHO U3 KOTOPBIX
HAXOJIUTCSI B TEHEPATOPE.

B cootBerctBum ¢ I1YD nuddepenimanbaas 3amura BeIIOIHAETCS C TOKOM cpa-
OaTbIBaHMS MEHbIIIE HOMUHAJIBHOTO, TP ATOM KOHTPOJIb UCIIPABHOCTH BTOPUYHBIX 1I€-
neit TT ne mpemycmarpuBaercs. C 1enpi0 00€CTICUeHHs] BBICOKOW YYBCTBUTEIBHOCTH
3alIUTHl OHA OCYLIECTBIISIETCS C TOPMOKECHHUEM.

B cxemax ucnomedyercs pene [[3T-11/5, cmenmanbHO mnpeaHazHAYeHHOE IS
muddepeHnranbHON 3aUThl TeHepaTopa U IPUMEHUMOE Kak JIJIsi TeHEpaTOpOB C paB-
HBIMH TOKaMH B TUI€YaX 3alIUThI, TAK U Pa3IUYalOUIMMUCI MEXIy cOOOM B J1Ba pa3a.

Bxmouenne TopMo3HOI 0OMOTKH peJie CO CTOPOHBI JIMHEWHBIX BBIBOJIOB T€HEpa-

TOpa oOecrneuynBaeT OTCTPOMKY 3alIUTHl OT TOKOB HebalaHca MPHU NEPEXOTHOM PEKUME
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BHEIITHETO K.3. WJIW MIPU aCHHXPOHHOM XOJIe, Oarogaps 4eMy TOK cpabaThIBaHUS 3allly-
THI IPU OTCYTCTBHHM TOPMOYKEHUS yCTaHABIMBACTCS MUHUMAJILHO BO3MOXKHBIM Ha JIaH-
HoM pene (mopsaka 0,2 Loy ren )-

6.3.2. llonepeuynas nudppepeHunagdbHaAs 3alIUTA TeHepaTopa

3amura npegHazHaueHa IS JIMKBUJALUMU K.3. MEXKIY BUTKaMH OJHOM (a3bl B
00OMOTKE cTaTopa TeHepaTopa ¢ ABYMs MapaijIeIbHBIMA BETBSIMHU. 3aIUTa IPUCOCTUHS-
eTcsl K TpaHc(hopMaTopy TOKA, YCTAHOBIEHHOMY B TIEPEMBIUKE MEXKy HEHTPAISIMH T1a-
paJUIeTbHBIX BETBEH OOMOTKH CTaTOpa.

BrlmonHsieTcss B 0OTHOCUCTEMHOM HUCIIOJIHEHHH C MOoMoIIbio pene Toka PT-40/(,
KOTOpOE B ILIEJIAX MOBBIIICHUS HAACKHOCTU JEHCTBUSI, MPUCOEIUHEHO K TpaHC(hHOpMaTO-
py Toka 4depe3 (GUIbTp, HE MPOIMYCKAIOIINWNA B pejie TOKa BBICITUX rapMoHUK. MHOTHA
3amuTa MOXKET paboTaTh MPH 3aMBIKAHUSIX Ha 3€MJII0 B JIBYX TOYKAaxX IEMU BO30OYXKe-
HHUS U3-3a2 BOSBHUKHOBEHHUS MPU 3TOM HUCKAXKEHUS PE3YJIBTUPYIOIIETO0 MArHUTHOTO MOTO-
Ka, 00yCJIaBIMBAIOILIET0 HEPABEHCTBO TOKOB B MapalieIbHBIX BETBSIX OOMOTKHU CTaTOpa.

3amuTa BbIIOJHSIETCS 0€3 BbIIEPHKKHU BPEMEHHU.

6.3.3. 3amuTa 00MOTKHM CTATOpPAa reHepaTOpa OT 3aMbIKAHUI Ha
3emio BPJ 1301

BPD 1301 — aT0 610K 3alIUTHI, TpeAHA3SHAYCHHBIM JJIsI 3alUTHI OT 3aMbIKAaHWN HA
3eMJII0 TeHEpaTOPOB, paboTaONINX B OJIOKE C TPAaHCPOPMATOPOM.

3ammura SBISETCS CTOMPOIEHTHOM 3alUTOW OOMOTKH CTaTopa, T.€. He UMEET 30-
Hbl HEUYBCTBUTEJIBHOCTU M BBINIOJIHIETCS HA 0a3e MHTErpajbHbIX MUKpocxeM. CyiiecT-
BYET JIBa BAPUAHTA BBIMOJTHEHUS 3aI[UTHI:

1) BPD 1301.01 TpebyeT ycTaHOBKM B HEUTpasib reHeparopa oaHodazHoro Tpancdop-
MaTopa HaIpsKEHUs ¢ BTOPUYHBIM HanpsbkeHnem 100B.

2) BPD 1301.02 npumeHsieTcsi B cxemax 3alllUThl TEHEPATOPOB, Y KOTOPBIX HEUTpAJIb
OOMOTKH CTaTOpa U30JMPOBaHAa.

OTH BapuaHThl UCTIOJIHEHUS 010K0B 3anuThl BPD 1301 otnuuaroTcs Toiabko 0J10-
kamu TpeTher rapmMoHuku (BTT), mpuHIMIBI 1EHCTBUS KOTOPBIX Pa3IMYHBI.

Cxema nogxmouenusi bPO 1301.01 k uensiMm HanpspKeHUs: K 1ENsM TeHepaTopa
npuBeneHa Ha puc. 6.1, a BPD 1301.02 — na puc. 6.2. X CTpyKTypHBIE CXEMBI MPUBE-
JI€HbI COOTBETCTBEHHO Ha puc. 6.3 u puc. 6.4.

3amuty OoblIe YacCTH OOMOTKHM CTaTopa, Ha4YMHasi OT JIMHEHHBIX BBOJOB, IIPH-

mepHo 70 — 80 % oOecnieunBaet OJIOK, pearupyroluidi Ha HAMPsKEHUE HYJIEBOU mociie-
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nosarenbHOCTH YacToThl S0 ['11 (6:10k BOC), 3amuty HelTpamy U NpUMBIKAIOLIEH K HEl
yacTu 00MoTKHU cTaTopa (okoiio 30 — 40 %) obecnieunBaet 610Kk BTT'.
[Tpunuun pa6oter BTT 1301.01 ocHOBaH Ha HMCIHOJIB30BaHMM KOMOWHAIIMU Ha-

NPSDKEHUN TPETbUX FApMOHMK, U3MEPEHHBIX Ha JIMHEWHBIX BbIBOAAX U,, W HEUTpalu
. U
oOMOTKHU U,, . 3ammTa pearupyeT Ha COOTHOIIICHUE MOAYJIeh | 3N ||U U |, XapaKTe-
3N 3A

pU3yIollee NEPEXOAHOE COMPOTUBIECHUE B MECTE 3aMBbIKaHMS, YTO MO3BOJISET MOJy4YaTh

BBICOKYIO YYBCTBUTEJIBHOCTh U HAJEKHYIO OTCTPOUKY OT PEKUMOB HArpy3KHU.
[Tpunuun pa6oter BTT 1301.02 ocHOBaH Ha MCIOJB30BAHUU TMPOU3BOJHON IO

BPEMEHU aMIUIUTY/Ibl HANPSKEHUS 3-eii TapMOHUKH, U3MEPEHHOW Ha JTMHEWHBIX BBIBO-

Jax reHeparopa. 3alura pearupyeT Ha ObICTpoe yBeIndeHue HanpspkeHus U, (OCTo-

ssHHasi BpeMeHHu He 6osee 0,1 ¢), 4To MO3BOJIIET OCYIIECTBIATh Y(PGEKTUBHYIO 3alUTY
0OMOTKH cTaTopa 0e3 yCTaHOBKH TpaHCc(opmaTopa HAMpsHKEHUS B HEUTpaIu reHeparo-
pa.

B coOTBETCTBUUM CO CTPYKTYpPHOW CXEMOM 3alUTa COAEPKUT CIECTYIOUIUE OCHOB-
HbIe (YHKIIMOHATBHBIC OJIOKH:

1. Biok muTaHus — CIyXUT AJig NpeoOpa3oBaHUsi Tpex(azHOTO HAIPSIKEHUS
100 B B nocTostHHOE HamnpsikeHue * 15 B 11 nuTaHust MUKPOCXEM 3allMThI.

2. bnok ocuoBHoil coctaBisromieit (bBOC) — mpencraBnsier co0oit pene MakCH-
MaJIbHOTO HaIpsDKEHUs HylieBod mocienoBarenbHocTd S0 . D10 HampsbkeHue uepes
pa3lieIuTENbHBIA TpaHCPOPMATOP U PE3UCTOP, COOTBETCTBYIONINI yCTaBKe cpabaThiBa-
HUS IOJIAETCSI HA MOJ0COBOM (UIIBTP, MPOIYCKAIOUIUN TOJBKO OCHOBHYIO TapMOHUKY .

[Tocne BBIIPSAMIIEHHS HAIPSDKEHHUE MOJAETCs Ha peryiaupyronmi oprad. Knonka
«KoHTp» mo3Bosisier npou3BoauTh NpoBepkKy ucnpaBHoctd BOC 3a cuer mojgaun Ha
BXO/I HANPsKEHUS, 3aBE€0OMO MPEBBIIIAIONIEI0 MAaKCUMaIbHYIO YCTaBKY cpabaThIBaHUS

3. Opran OJIOKUPOBKM IO HAIPSKEHUIO OOpaTHOM mocCienoBaTeIbHOCTH U,

(OBH) — xonctpyktuBHo Bxoaut BOC u mpezacrasiser co0oil pene MakCUMaabHOTO
HanpspkeHus: oopatHoi mocnenoBatenbHocTH. [locne GHOII nanpsixenue oOpaTHOI
MOCJIE0BATEIBLHOCTH MOAAETCA Ha MOJIOCOBOM (pUiIbTp, mpomyckaromuid Toiasko 50 I,
Jlajiee BBIIPSMIICHHOE HAaNpsDKEHHME MOJASTCS Ha pearnpyrouui oprat. s npoBepku
UCIPAaBHOCTH OJOKMPOBKU HaxkaThueM KHONKU «KOHTp» mIyHTUpyeTCst OOpbIB (hasbl.

4. BTT" ana BPD 1301.01 — mpencrasisier co0oil pese CONPOTUBIEHUS, pearu-
pyIolIee IIPU 3aMbIKAHUN HA 3€MJIK0 HA OTHOCHUTEIBHOE PE3YNIbTUPYIOLIEE CONPOTUBIIE-

HHE OOMOTKH cTaTopa CO CTOPOHBLI HeﬁTpaHH 10 OTHOLICHHUIO K 3EMIJIC, U3MCPACMOC C
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EouTpoe MucHoRoA
cpram

] PuneTe T BrryarH- T ™
u L Craagu- flor4eCckag
158 Ty ek BaTEL CxEME =-Eittoa BT

— Mzmepu -

TERHEH
T ??tBuabpa'r

Puc. 6.4. CtpykrypHnas cxema BTI" 6moka 3amuter bPD 1301.02.

TpeTps u KpaTHbIE €M TAPMOHUKU CYIIECTBYIOT U B HOPMAJIBHOM PEXUME BO BCEX
Tpex (azax M MPEeACTaBIAIOT U3 ce0sl CUCTEMY HYJEBOW IociiefoBarenbHocTu. [Ipeod-
JAJAroEN U3 HUX SIBJISETCS TPEThsl TAPMOHUKA.

DOKBUBAJIEHTHAsl CXEMa 3aMELICHUs CETU T'€HEPATOPHOIO HampsKEeHUs OJoKa JUis
TPETbEeW rapMOHUKH IIPUBEICHA HA PUCYHKE 7.5, U1 HOPMAJIBHOTO PEXUMA U IS CIIy-
Yas METANINYECKOTO 3aMbIKaHUS HA 3€MJII0 HEUTPAJIM I'eHepaTopa.

E3.-2 E3-2

- (=)
N

U3n=E3.-2+U3c
113n=A

U3n=-E3-2+3c

U3n=-E3

a) 0)

Puc. 6.5. DxkBUBaJIEHTHAs CXEMa 3aMEILIEHNs CETH FEHEPATOPHOTO HANPSKEHUs OJI0Ka

«reHepaTop-TpanchopmMaTopy A COCTABISIONINX TPEThbe TApMOHHKHU:

a — pacnpesesieHue HaIpsHKEHUs! TPETbe rapMOHMKH BJIOJIb OOMOTKH CTaTopa
reHepaTopa B HOPMaJbHOM PEKUME;

0 — TO K€ IPH 3aMbIKaHWU Ha 3€MJIIO HEUTpaau OOMOTKH CTaTOpa FrEHEPATOpa;

R — nepexoaHoe COnpoTUBIEHNE B MECTE 3aMbIKAHMS;

E3- tpetbs rapmonuka DJIC da3wl reneparopa;
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Zc- cONpOTUBJICHHUE Ha 3eMJII0 Tpex (a3 0OOMOTKH cTaTopa reHepaTopa, onpese-
JsIEMO€ EMKOCTBIO TpeX a3 0OMOTKH M aKTUBHBIM CONPOTUBICHUEM U30JISIIINY;

Zn- CONpPOTUBIICHUE KOMIECHCUPYIOIIEH KATyIIKKA WK OAHO(]a3zHOTO TpaHchop-
MaTopa HaIpsHKEeHUS;

Z11- COMpOTUBIICHUE HA 3eMIII0 TpeX ¢a3 TpaHnchopMaropa IHEProdIIOKa, OIIH-
HOBKHM U TpaHcpopMaTtopa COOCTBEHHBIX HYXI, ONPENEIsieMOe UX CyMMapHOW €MKO-
CTBHIO Ha 3€MJIIO U aKTUBHBIM CONIPOTUBJIEHUEM U3O0JISILIUU;

U3n,U3n- HanpsikeHUe TPEeThel TapMOHMKU HA JIMHEHWHBIX BBIBOJIAX U B HEUTpa-
71 OOMOTKH CTaToOpa reHEPaTopa;

U3c- HanpsKeHUEe TPEThEN TapMOHUKH Ha CONIPOTUBIIEHUU ZC.

Pe3ynbTupyromiee COnpOTUBIEHUE HEUTPATIU ONPEAEIISIETCS KaK

7= (6.1)

I3y

Tak kak €eMKOCTh Ha 3€MJII0 OIIMHOBKHU TpaHchopmaropa Onoka u TpaHchop-

MaToOpa COOCTBEHHBIX HYXK]l CYHIECTBEHHO MEHbIIIE €MKOCTH OOMOTKH CTaTropa, TO

MOKHO CUHUTAThb

°
_Usc

~ (6.2)

I3y
Hanpsoxkenue cratopa Usc Ha CONPOTUBIEHUU Z,. ONPEAECHACTCS W3 CHCTEMBI

YPaBHEHHM

[ ] E [ ]
Usc =— +Usa;
2
[ ] E [ ]
Usc =——2>+Usn;
2
CYMMHUPYsI KOTOPBIE, ITOJTyYUM

Usc=0,5-(Usn+Usa).
C yueTom BeIpaxkeHuit (6.1) u (6.2) nonyyaem
2Z
72U 2ZcUsy (63)

Isn  (Usn+Usa)
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7. = Z N Uswn
27,

° ° :
(Usn+U3za)
I/I3B€CTHO, qToO COHpOTI/IBHeHI/Ie ZC IIpu 3aMBIKAHHUM Ha 3CEMJIIO OCTACTCIA HCU3-

MEHHBIM 110 BennuuHe. Takum odpazom, BTI" pearupyer Ha BenuuuHy Z, U cpabarbiBa-

CT IIPH BBIIIOJJHCHHUHN YCIIOBUA Usn+Usal > Usy|» O6J'Ia,Z[aSI IIpHU 5TOM HAIIPABJICHHOCTBIO.

Usn

B peie 3HaueHue SIBJISIETCSI TOPMO3HOM BEJIIMYMHOM, & 3HAYCHUE [Usy+Usa| -

paboueii. YcraBka BTI' BeiOupaercs u3 ycloBusi OTCTPOMKHU OT Z,, - CONPOTHUBICHUS
HelTpam 0OMOTKHM CTaTOpa B HOPMAJIBHOM peXUMe 0€3 3aMbIKaHUS Ha 3EMITIO C KO3(d-
(ULIMEHTOM OTCTPOUKH K, :

Zo,
K H

ZCP =

Bennuuna Z.c0o ompenensercs ONbITHBIM IIyTEM IIO pa3Mepy OTHOLIEHUWS Hamps-

’KEHHsI Ha BBIXOJE (DUIBTPOB 3-€il TapMOHHUKHU B HENTpal U Ha BhIBOJax (0e3 3aMbIKa-
HUS Ha 3eMJTIO0):
U!
Zyy, =N

o0 ro

Ua

I7ie 3HaK « ' » O3Ha4yaeT, 4TO U3MEPEHHs MPOU3BENEHBI Ha BHIBOAX (HUIBTPOB 3-
eil rapMOHUKH, a HE Ha TpaHc(hopMaTopax HampsKEHUSI.

3HadeHue K, BBIOMpAETCs, UCXOMAS U3 ABYX YCIOBHIA:

e oOecnedyeHust KodpduureHTa 4yBCTBUTENBHOCTH Ky=2 B TOUke, paBHOIl 4yBCTBH-
tenpHOCTH BOC u BTI npu 3aMblkaHMM Ha 3€MJTIO HA PACCTOSIHUU O, TJI€ O - OTHO-
CUTENIbHOE 3HaU€HNE OOMOTKH CTaTOpa OT HEUTPAJU 10 MECTA 3aMbIKAHUS;

® 3amUTa HE J0JDKHA cpadaThIBaTh MPH K.3. HA 3€MJII0 HA CTOPOHE BBICIIETO HAIpsIKe-
Hus OJI0Ka.

Ecnu BTOpOE yCOBHE HE BBINNOIHSETCS, TO BBOAUTCS OJOKMPOBKA, KOTOpas 3a-
npemaet padory BOC u BTT" Ha Bpems cyiiecTBOBaHUS K.3. Ha 3eMJIIO 3a TpaHChopMa-
TOpOM OJI0Ka.

Hanexxnas orcrpoiika BTI' B HopmaisHOM peskuMe paboThl reHepaTopa odecrie-

YHBACTCs MPU 3HAUYCHUSIX K, =3.
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6.3.4. MeTtoauka Bbi6opa ycraBok BOC
Bri6op ycraBok cpabatsiBanus BOC npounsBoautcs mocie BbIOOpa yCTaBOK:
® 0JI0Ka OCHOBHOM COCTaBJISAIOIIEH;
® OpraHa OJIOKUPOBKH IO HAMPSHKEHUIO 0OpAaTHON MOCIIEI0BATEIHHOCTH.
Pearupyromumii opran bBOC BBINOJIIHEH B BUJIE pelie MAKCUMAJIbLHOTO HAIPSAKEHUS

3U,. s BPO 1301.01 3nauenue 3U,u3MepsAeTCsa B HEUTpaIM reHeparopa, a 1jisi bPO

1301.02 — na BBIBOIAX reHEPATOPA.
Bri6op ycTaBku cpabarbiBaHMsI MPOUZBOAUTCS 1O YCIOBHIO OTCTPOWKH OT Ha-

IMPSKCHUA HYHCBOﬁ MMOCJICAOBATCIIBHOCTH Ha BBIBOJAX TI'CHCPATOpPA Uor IIpn K.3. Ha

3eMITIO 3a TpaHchopMaTopoM OJI0Ka.
PacueTHbIM SBISIETCS PEXHUM, TIPU KOTOPOM JIOCTUTACTCS MAKCHMAaJIbHOE Hampsi-

KEHUE HYJIEBOW IOCIENI0BATENbHOCTH U, Ha CTOPOHE BBICILIETO HAMNPSKEHUS] TPaHC-
¢dbopmatopa. [Ipu pacyeTHOM K.3. K CETH TE€HEPATOPHOIO HANPSHKEHUS MPUKIIABIBACTCS
noist Hanpsokenuss U™, KOTopast onpeseNnsaeTcs 3HadeHneM Kod(uimenTa neieHns

Kk, EMKOCTHOTO JIeTTUTENs OJI0Ka «TeHepaTop — TpaHnchopmMaTopy.

Cxema mis pacuera U, mpoBezieHa Ha pUCYHKE 6.6.

Tq TE D
—— CHo —— CHo —— CHo
Cro
—— L —— L —— L klia IET IEF

) ) )

Puc. 6.6. Cxema muist pacueta U, Ha BBIBOJIaX T'€HEPATOPA MPH K.3. HA CTOPOHE

BH tpancdopmaropa.

MakcumansHoe Hanpsokende Uy Ha BBIBOJIaX FeHepaTopa paBHo:
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max max max
rae x, - KOOQPUIMEHT OeIeHUS eMKOCTHOTO JISITUTENS OJIoKa «reHepaTop — TpaHchop-

MaTOpP» OIPEIEIISIETCS ONBITHBIM ITyTEM.

x - KO3((ULIMEHT, YIUTHIBAIOLIUI paclpeieieHle HaIpsHKeHUsS HYJIEBOM MOCIEA0Ba-
TenbHOCTH Ha oomoTke BH Tpancdopmatopa Ornoka. [Ipu usommpoBanHOM HeWTpaiu
TpaHcpopmaTopa 010Ka MpUHUMAeTCs « =1.0, IPH 3a3eMJICHHON - x=0.5.

C,,, - eMkocTh Mexxkay oomotrkamu BH u HH onnoit dassr Tpancdopmaropa 61oka.
C, - emxocth oOMoTku HH oxnoit a3er Tpanchopmaropa 610ka Ha 3emmro. Tak kak

C, <<C,;,, TO MOXHO IIpUHATH C, = 0.

C, - €MKOCTb OJHOH (ha3bl OOMOTKHU CTaTopa reHeparopa Ha 3eMIII0. 3Hau€HUe NPUHU-

MAacCTCs 110 MACIIOPTHBIM JaHHBIM I'CHEpATOPA.

C HekoTopbiM 3amacom Uy MOXHO MPUOIMKEHHO ONPEICITUTD U3 BHIPAXKCHHUS:

U
Umax ~ BH .HOM 6.6
’ 343 (©©)
Hanpspxenue cpabateiBanus bOC, onpenensercs: U3 BoIpaKeHUS:

max

U _ Ky 3Uor 6.7)
bOCcp > .
KrH
rae «, - KOOQQPUIMEHT HaJe)KHOCTH, TPUHUMAEMbII paBHbIM ~ x, =1.3-1.5.
K - KO3(ppuuumeHT Tpancpopmanuu Tpanchopmaropa HanpsKEHUS.

[Tpu manbIx ycTaBKax Ha pelie HampsbkeHus: 4yBcTBUTeIbHOCTh BOC, MoXxkeT oka-
3aThCS YPE3MEPHO BBICOKOM, YTO MOKET MPUBECTH K U3IHUIIHUM CPAaOATHIBAHUSIM 3all[H-
ThI (HampuMep, IpU YBIAKHEHUH U30JISITOPOB B TOKONPOBOAAX, HE MPEACTABISIOIIUMU
HEMOCPEJICTBEHHON OMACHOCTH il TeHepaTopa). [loaToMy ycTaHAaBIMBATH YCTaBKY Me-
Hee 10B He pekomeHyercs.

Ecmm ycraBka, paccuntannas no (6.7), npesbimaer 20B, To BBoguTcs B padoTy
omokupoBka (3anper) Ha cpabateiBanre bOC u ycraBka cpabatsiBanus bOC npunuma-
etcst paBHoit 10B. Ilpu 3Tom ycTtaBka cpaOaThiBaHMs pelie HANpPsHKEHUS OJOKUPOBKH
BBIOMpAETCs U3 YCI0BUs o0ecreueHuss KodhPuImeHTa 4yBCTBUTEILHOCTH OJIOKUPOBKH

He Huke 1,5 npu K.3. Ha 3eMITo 3a TpaHchopMaTopom OJIoKa:

Umin
Usep =21, (6.8)
Ky
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rae Uy} - MUHUMAJIBHOE HANpsHKEHUE OOpATHOM IOCIIE0BATEIbHOCTH Ha BBIBOJAX

reHeparopa npu onHoha3HOM WM IBYX(ha3HOM K.3. Ha 3eMIIIO 3a TpaHC(PopMaTopoM
ooxka.
6.3.5. YCTpPOoHCTBO 3aIIUTHI OT 3AaMBbIKAHUN HA 3¢MJII0 U KOHTPO-
Jsl CONPOTHUBJIEHNUS Nenel craTopa padoTawuero resepa-

TOPAa OTHOCHUTECJIBbHO 3€MJIH

1) Ha3nauyeHmue ycTpPOMCTBA.

VY CTpoiCcTBO NMpeAHa3HAuYeHO AJIsl TEHEpAaTOPOB JIFOO0H MOILIHOCTH, PabOTArOIIMNX
B Oyioke ¢ TpaHchOpMaTOpOM. Y CTPOWCTBO BhIpAOATHIBACT JOTHYECKHUE CUTHAIBI MPHU
CHIDKEHUH SKBHUBAJIEHTHOTO COMPOTHBIICHHUS IENEl cTaTopa OTHOCUTENBHO 3€MIJIH JI0
JH000r0 PEryIMpyeMOro ypoBHS (CTYIEHH) U HENPEPBIBHBINA CUTHAJ, MPOIOPLHOHAIIb-
HBIH A’TOMY COIIPOTUBIICHHUIO.

I'py0ast crynensb, cpabaTblBaHUE KOTOPOM MPOMCXOAUT MPU 3HAYUTEIBHOM CHU-
’KEHHH COMPOTUBIICHHSI, MOXKET HCIOIb30BaThCS KaK 3allllTa reHepaTopa mpHu ogHodas-
HOM 3aMBIKaHUH B JTI0O0N TOUKE, raJIbBAHUYECKU CBSI3aHHOW ¢ 0OMOTKOM cTaTopa rexe-
paTopa, BKJIFoUasi HEeUTpajab OOMOTKH cTaTopa (3amura 6€3 30Hbl HEUYBCTBUTEIBHOCTH).

UyBcTBUTENbHASL CTYNEHb (WM CTYNEHU) MCHOJIB3YIOTCSA IS MOJAayd CUTHAJIa
IIPU CHUYKEHUU COMPOTUBIICHUS HIDKE 3alaHHOTO YpoBHs. CUTHAJ, MPONOPLHOHATBHBIN
COTIPOTHUBIICHUIO IIETEe CTaTOpa OTHOCUTENBHO 3E€MIIHM, UCTOJIB3YETCs ISl HEMpephIB-
HOW MHAMKAIIMKM 3HAYEHHs] 3TOTO COMPOTUBJICHHS C MOMOIIBI0 KAaKOrO — JUO0 yKa3bl-
BAIOLLETO NMPUOOPA, YCTAaHABIMBAEMOIO B yIOOHOM JUIsl OOCITYXKMBAIOIIETO MEepCoHasa
mecTe. BO3MOXKHO Takke aBTOMaTHUECKOE BEJEHHUE MMPOTOKOJIA 110 ITOMY IapaMeTpy Ha
0a3ze craHgapTHHIX TexHu4Yeckux cpeacts ACY Gnoka.

2) Hoaxknawuenue ycrpoiictea P3I' — 100 M Kk umensim resHeparopa

NPUHLIMI ero JeficTBU.

JU1g OJKIIIOYEHHS] yCTPOMCTBA HEUTpaiIu BceX TPaHC(HOPMATOPOB HANPSKEHUS
OOBEIMHAIOTCS U 3a3€MIIIIOTCS Yepe3 pa3fesInTENbHbINA KOHIEHCATOP, BXOAAIIUN B CO-
cTaB yctpoicTtBa (pucyHok 6.7).Ilpu manuuuum TpanchopMaropa HampsOKEHUS B HEil-
TpaJii TeHEepaTopa OH TAKXKE 3a3eMIISIETCA Yepe3 pa3esIuTeIbHbINA KOHIEHCATOP.

Mexny s7eMeHTaMU, CB3aHHBIMH C IEPBUYHBIMU U BTOPUYHBIMH LIETISIMU, TIpe-
TYCMOTPEHA M30JSILUS C DJIEKTPUUYECKON IPOYHOCTHIO, COOTBETCTBYIOIIEH HOpMaM st

HOPMAJIBHOT'O HAIIPAKCHUA I'CHEPATOPA, U 9THU 3JICMCHTLI IIOMCIICHBI B 0a4oK ¢ MaclioM
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(pucynok 6.7). Iloaromy npaBuia MOHTaXKa M 3KCIUTyaTallUX pa3AesIUTEIbHbIX 3JIEMEH-

TOB AHAJIOTUYHBI 3TUM IIpaBUJIaM JIA TpaHC(bOpMaTOPOB HaITPps>KCHUA.
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Puc. 6.7. Cxema noaxioueHust ycrpoiictsa P3I'-100M k nensiM HanpsiKeHUsI.

[Tutanue yctporicts P3I" — 100 M ocyiiecTBisieTcst OT CeTH MEPEMEHHOIO TOKa
yactorou 50 I'n, Hanpsokenuem 220 B unu 100 B.

Ha BbIXoz€ 3aIMTHI UMEET MECTO CTAOMIIM3UPOBAHHOE BBIIPSIMIIEHHOE HarpsikKe-
HUE U ,, KOTOpOE yepe3 TpaHC(HOPMAaTOphl HAIIPSHKEHUS HAKJIAJbIBAE€TCSl HA CETh I'EHe-
paTopHoro Hamnpsbkenus. [log nericteuem U,, IPOTEKAET NOCTOSIHHBIN TOK [, , KOTOPBIA
yepe3 TpaHchopMaTopsl HaNpsKEHUs MOATEKAET K FeHEPAaTOPHBIM LIMHAM U Jajiee ye-
pe3 conpoTtusieHus 4, 5, 6 monagaeT B 3eMJII0, a 3aT€M B 3aluTy. BennuuHa 7,, 0qHO-
3HAYHO 3aBHCHUT OT COINPOTHBIIEHHS CETH I€HEPATOPHOIO HAMNPSKEHHUS OTHOCHUTEIIBHO
3€MJIH, YTO JISKUT B OCHOBE IPUHIIMIA ACUCTBUSA yCTporcTBa. [Ipn 3aMbIikaHnN HA 3eM-
710 [, yBEIMYUBAETCS U 00ycIaBIMBaeT cpabaThIBaHUE OTKIHOYAIOIIEH CTYIIEHU.

3) IlapameTpsl ycTpOMCTBA.

VYcraBka rpy0oi OTKIIFOYAIOIICH CTYIIEHU BBITIONHSACTCS PETYIHPYEMOM B mpee-
nax 2 + 10 kOm.

YcTaBka 4yBCTBUTEIBHON CTYNEHU BBIMIOJIHSAETCS TAK)XKE PETryIUPyeMOil U BbIOU-
paeTcs B 3aBUCHUMOCTH OT MUHUMAJIbHOIO 3HaYEHUSI CONTPOTUBIIEHUS, TOMYCTUMOIO IPU
JUIMTEJIBHOM DKCIUTyaTalluy TeHeparopa. /[nana3oH KOHTpOIMPYEMOTO CONPOTUBIICHUS

coctasigeT 10 +~ 3000 kOwm.
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4) KoHCTPpYKTHBHOE BBIIIOJIHEHHE YCTPOICTBA.

Y CTpoicTBO BBHITIONHAETCS B BHE OTAeiIbHOTO IKada (678x546x565), B KOTO-
POM IOMEIAIOTCS BCE AJIEMEHThI, HEOOXOIMMBIE ISl HAJIOKEHUSI HA IIEPBUYHBIE LIENU
IIOCTOSTHHOTO TOKa W DJIEKTPOHHBIN OJIOK. DJIEKTPOHHBIA OJIOK MOXET UMETh JIBAa HC-
ITOJTHEHUS:

1 BeIpabaThIBaET CUTHAT OTKJIIOUYEHUS M 2 CUTHAJa O CHIXKEHUU COMPOTHBIICHHUS,
OJIMH U3 KOTOPBIX JIOTUYECKUH, IPYTOd — HENPEPHIBHBIA. JIOrnueckuii Curuan ucnoiib-
3yeTcsl [UIsl ONOBEILEHHUs MEPCOHaNa O CHUKEHHH COIPOTHUBIICHUS M3OJISILUM, HETpe-
PBIBHBIN — JUIsl U3MEPUTENBHOIO MPUOOpa, KOTOPBIA pa3MeIaeTcss B MECTe, yI00HOM
JUISL HAOJTFOJICHHS

2. BpIpabaThIBaCT yHU(PHUIMPOBAHHBIA CHUTHAJI MOCTOSIHHOTO TOKA, MPOIOPIIHO-
HaJIbHBIM CONPOTHUBIICHUIO CETH I'€HEPATOPHOI0 HANPSKEHUS OTHOCUTENIBHO 3€MIIM, KO-
TOPBIM NEpeNaeTCcss K MECTY YCTAHOBKHM I'€HEPATOPHBIX 3alUT I peaau3auuu QyHK-
I pacCMaTpuBacMOI0 YCTPOMCTBA € MOMOULIBIO CHELNUAIU3UPOBAHHOM, B TOM YHCIIE
MHKPONPOLIECCOPHOM aIapaTypsl.

5) KoHTpoab HCTIPABHOCTH.

YcrpoiicTBO cHaOkaeTcsi BCTPOSHHBIMH DJIEMEHTaMH JJii TECTOBOM IPOBEPKHU.
MoskeT OBbITh TaKXe BBINOJIHEH aBTOMATUYECKUHN NMEPUOJNUYECKUIT KOHTPOJIb UCIIPABHO-
CTH.

6.3.6. 3amura Tuna B3 2106

3amura b9 2106 npenHa3zHadeHa 11l IPUMEHEHHSI B KAUECTBE CEJIEKTUBHOM 3a-
IIMTHI OT 3aMBIKAHUS Ha 3eMJII0 OOMOTKH CTaTOpa, BKJIIOYasi F€HEepaTophl, padoTarome
Ha COOpHBIC MWHBI TEHEPATOPHOTO HATIPSHKCHHUS.

3ammuTa BKIIOYAETCS Ha Pa3HOCTh TOKOB BBHIBOJOB (ha3HBIX OOMOTOK T€HEpaTopa
U pearupyeT Ha COOTHOIIEHHE YPOBHEW BBICIIMX FAPMOHHMK B TOKax reHepartopa. Mc-
CJIeIOBaHUS MTOKa3bIBAIOT, B 3aMKHYBIIEHCS Ha 3eMJIIO (pa3e BO3PACTAIOT TOKU BBICIIUX
rapMOHUK.

3amuTa cpabaThIBaeT MpU YCIOBHUH, YTO TOK rapMOHMK 4acToThl 150 ' u 6omee
B OJIHOHM U3 (a3 MPEBBINIACT TOKU ABYX Apyrux ¢a3 B 1.4 u Gonee pa3. 3ammra coaep-
KUT JBa JEHUCTBYIOLIUX IO CXeMe “‘UJIn” IMyCKOBBIX OpraHa, OJIMH U3 KOTOPBIX pearupy-

€T Ha OCHOBHYIO FapMOHHMYECKYIO COCTABIISIIOUIYIO B HampspkeHuu 3U,, a BTOPOM — Ha

TPCTbIO NIAPMOHHUYCCKYIO B 3TOM KC HAIIPSAKCHUU.
Cxema MNOAKJIIFOYCHU S TOKOBBIX ueneﬁ U LCIeH HAIpsAKCHUA 3al0UThI K TCHEPATO-

py npuBeaeHa Ha puc. 6.8.

141



[TyckoBo# OJOK TpeThEl TApMOHUKHU PEArupyeT Ha CKOPOCTh HApAaCTaHUs Hamps-
KEHMsI U cpabaThIBaeT NPU MOJOKUTEIBHON MPOM3BOJHONW Orudaromeil BX0IHOTO Ha-
NpsDKEHUS TpeTheil rapMOHMKH. IlocTosiHHAsS BpeMeHu orudaromiei 3KCIIOHEHTHI He 00-
nee 0,3 ¢ u kparHOCTH yBenmmuenus 1,25 + 0,125 u 6onee.

JlnanazoH ycTaBOK cpabaThIBaHHs ITyCKOBOTO opraHa mo 3U, HaXOAWTCS B Ipe-

nenax ot 5 10 20 B. Bpewms cpabateiBanus 3anmuThl < 0,15 c.
Tokosbie nienu b2 2106 BbIMONHAIOTCS 00MMMHU ¢ LenaMu auddepeHInanbHOM

3a1UThl reHeparopa. [lo uensM HanpspKeHUs K 3alIATe MOABOJAUTCS HAaNpsiKeHue 3U,

OT Pa30MKHYTOT'O TPEYTOJIbHHKA TpaHC(HOpMAaTOpa HAMPSKEHUS, BKIFOUEHHOTO Ha BbI-
BOJI€ T€HEPATOpa.

B HOopManpHOM peXMMe Ha TOKOBBIA OJIOK IOJAETCsl pPa3HOCTh TOKOB, COAEpKa-
IIIMX B CBOEM COCTAaBE OCHOBHYIO U BBICIIME TAPMOHMKH, HA KOTOPBIE pearupyeT 3alu-
ta. Kak Tonpko ypoBeHb FrapMOHUK B OAHOM M3 (pa3 1Mo BenuunHE NpeBbICUT B 1.4 pa3a
YpOBEHb TAPMOHHUK B Apyrux ¢azax, 3ammura cpadarsiBaeT. PaboTocrnocoOHOCTh 3aIiu-
ThI COXPAHSAETCS IPU U3MEHEHUH BETMYMHBI BBICIIMX TAPMOHUK B IIMPOKOM JHANa30He,
YTO JAeT BO3MOXKHOCTh MIPUMEHSTH ATY 3allUTy Ha F€HEpaToOpax pa3InyHOW MOLTHOCTH
U UMEIOIINX Pa3/InYHble YPOBHU TOKOB 3aMbIKaHUS Ha 3€MIIIO.

JIJis MCKITIOYEHHST M3IUIIHETO cpadaThIBaHMsI 3aIUTHI MIPH M0Ja4Ye HAMPSKCHHS
nuTaHus (“KI€BKOB”) B CXEME IPeLyCMaTPUBAETCS 3aJ€pKKa MMOAa4Yd HAPSHDKEHUS H-
TaHHs Ha BXOJHOE PelIe.

PaborocnocoOHOCTH 0JI0Ka 3alIUTHI IPOBEPSETCS IPU MOMOIIHU CUCTEMBI PYYHO-
ro TECTOBOTO KOHTpOJs. [ 3TOro TymMOsep Ha OHOM M3 MJIaT pesne HeoOXoauMo Iie-
peBectu B nojoxkenue “IIpoBepka” u noouepeaHsIM KpaTrkoBpeMeHHbIM (1 — 2 c.) Ha-
xatheM KHomok “A”, “B” u “C” yOenuThcsi, 4TO cpabaThIBAE€T YCTPOIMCTBO 1O COOTBET-
cTByroIMM KaHasaM. [Tociie aToro Haxxumaercst kHorka “Copoc’.

6.3.7. 3amuTa OT AaCUHXPOHHOIO peXKMMAa NPH NMoTepe BO30yxa€-

HHUA reHepaTopa

ACHHXPOHHBI PEXUM XapaKTepuszyeTcs NoTpeOseHreM OOJIbIION peaKTHUBHOM
MOIIIHOCTH M3 CETHU, HEOOXOIMMOM JIJIsi BO30YXKIEHUSI TeHepaTopa, a TakKe KoJieOaHus-
MU TOKa B ILIEMH CTATOpa C yJBOCHHOM YaCTOTOM CKOJIbKEHUS POTOpPa OTHOCHUTEIIBHO
cTatopa MpH YBEJIMUYEHUHU 4YKcCIa 00OPOTOB pOTOpa B yKazaHHOM pexume. [Ipu stom

BO3MOKXHO CHMKCHUC HAIIPSKCHUA HA COOCTBEHHBIX HYXIaX 9JICKTPOCTAHIIHNU.
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B ykazanHOM peXMMe 3HAYMTEIbHO HArpeBalOTCsl KpalHHE MAKEThl aKTHUBHOM
CTaJIM CTaTopa M3—3a PE3KOro YBEIWYEHUS UHIYKUIMU MArHUTHBIX TOJIEH paccesHus B
30H€ JIOOOBBIX YacTel oOMoTOK. TpeOyeTcsi, BO3MOXKHO, OBICTPOE CHUYKEHHE aKTHBHOM
Harpy3ku (10 40% HOMHHANBHOMN), YTO MOXKET OBITh 00OECTICUCHO aBTOMATHUKOW pa3-
IPY3KHU.

3amura OT aCHHXPOHHBIX PEXUMOB OCYILIECTBIIAETCS C TOMOIIBIO HAIIPABIEHHO-
ro pese CONPOTHUBIICHMS, U3MEHSIOIIET0 MOJHOE CONMPOTUBJICHUE B CTOPOHY I'€HEpaTo-
pa, 4YTO OCHOBAHO HAa W3MEHEHUU HAIpaBJICHUS BEKTOpA TOKA HArpy3KH MpPH MEPexojie
0JI0Ka 13 HOPMAJIBLHOTO B CHHXPOHHBIA PEKUM TPHU TOM K€ HAIPABJICHUH BEKTOpa Ha-
MPSKEHUST B 1IEMU TeHepaTtopa (CONMpPOTUBIICHHE, MOJABEICHHOE K PEJe B HOPMAJIBHOM
HArpy304HOM PEKUME, JIEKUT B 1KBagpaTe KOMILJIEKCHOM IJIOCKOCTH, a MPU aCUHXPOH-
HOM pexuMe — B 4 KBajpare).

Xapaktepuctuka cpabaTbIBaHUs peJie COMPOTUBIICHUS JOJIKHA MPEACTABISTH CO-
00l OKPYKHOCTb, PACIIONIOKEHHYIO B 3-4 KBaJpaTaX KOMIUIEKCHOM MIIOCKOCTU COMPO-
THUBJICHUM, HE OXBATHIBAIOLIYI0 HAYAJIO KOOPAMHAT. YTOJ MaKCUMaJIbHON YyBCTBUTEb-
HOCTH peJi€ PaBeH ¢,,,=260".

3amura q0JKHA OBITh OTCTPOEHA MO YCTAaBKE OT peXMMa HEJOBO30YXKICHUS Te-
HEpaTopa Npu U30BITKE PEaKTUBHONW MOILIHOCTH HA JAHHOM YYacTKe CETH, KOTJa MoJjo-
KEHUE BEKTOPOB TOKA W HAIPSKEHUS aHAIOTUYHO PEXUMY ToTepu Bo30Oyxaenus. Co-
IJIACHO pelleHHIo [ JTaBTexXynpaBlieHUus] B KAYECTBE 3allUThl OT aCHHXPOHHOIO peXuMa
UCIoab3yeTcs oHo pene conpotusieHus (2PC) 6nok-pene Tuna KPC-2 (eme ogHO pe-
ne conpotusyienus 1PC atoro ke 6mok-pene KPC—2 MoxeT ucnosib30BaThCsi B KA4ecT-
BE€ 3alIUTHI OT BHEITHUX CUMMETPUYHBIX K.3.).

KPC - 2 Briarwoyaercs:

® [10 LIETISIM MEPEMEHHOTO TOKa — Ha TpaHchopMaTopax TOKa, YCTAaHOBJICHHbBIE CO
CTOPOHBI JTMHEHUHBIX BHIBOJOB F'€HEPATOPA;

® [10 LIETISIM HAMPSDKEHUS — HA TpaHc(hopMaTop HANpsHKEHUsI, YCTAHOBIIEHHBIN CO
CTOpPOHBI TMHEHHBIX BHIBOJOB I'€HEpaTOpa.

3amuTa BBIMOJIHAETCS C BBIACPKKONW BPEMEHH, OTCTPOCHHOM OT KayaHUW U acHH-
XPOHHOTO X0/1a B cuctemMe. Bo u3bexxanue oTKIoueHus 0J10Ka B peKUME CAMOCHHXPO-
HU3alMU TeHEepaTopa 3alluTa OT NOTEPU BO30YkKAECHUS aBTOMAaTUUECKU BBOJIUTCS B JI€H-

CTBHUC ITIOCJIC ITOABJICHUSA TOKA B ICIIX CTATOPA I'CHCPATOPA C HEOOIBIITNM 3aMCAJICHHUCM.



JUtst mpeaoTBpalleHus JIOKHBIX ACHUCTBUI 3alIUThI OT MOTEPH BO3OYXKACHUS MpU
BHEIIHUX HECMMMETPUYHBIX K. 3. OHa OJIOKMpYETCsl MpHU cpabaTbIBAHUM YYBCTBHUTEIIb-
HOTO OpraHa TOKOBOM 3allluThl 0OpaTHOM MOCIEA0BaTENbHOCTH (IycKoBoro oprana b3
1101).
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® OTKJIFOYCHHE BBIKJIIOYATENICH, 00€CIIeUunBAONINX OTCOCINHEHNE COOCTBEHHBIX
HYKJ oT Osioka juis yckopenus ABP mo mepeBoy cOOCTBEHHBIX HYXI Ha PE3EpBHBIN
UCTOYHUK, T.K. Ha paboyem TpaHchopmaTope cobctBeHHBIX HYXKJ (TCH) Omoka BO3-
MOKHO CHIKeHue HanpspkeHus Hwxke 0.7U ;B pexxuMe NOTepU TeHEpaTopoM BO30YxkK-
JICHUS,

e oTxiroueHue AIl'Tl mnm MHBEPTUPOBaHUE MO3BOJSAIOT UCKIKOYUThH LIYHTHPOBA-
HUE pOTOpa BO3OYIUTENEM, T.€. IUKBUIUPOBATH PEKHUM C OOJIBITUMU KOJICOAHUSIMH TO-
Ka cTaTtopa.

Cxema 3anuThl IpUBEAEHA Ha pUC. 6.9:
AB - 010K — KOHTaKThI aBTOMAaTa TpaHCPopMaTOpa HaNpPSKEHUS,
[1O 610k KOHTAKTHI ITyCKOBOT'O OPraHa 3alyThl OT HECHMMETPUIHBIX TIEPETPY30K;
pene 4PIT, SPIT u 6PII — obecnieunBarOT UMIYJIbCHOE BO3/ICMCTBUE HA pa3rpy3Ke
0JI0Ka ¥ UHBEPTUPOBAHMUE

PV — ykazarenbHoe pere ;

pene 1PIT — obGecneunBaeT aBTOMAaTUYECKHUN BBOJ| 3allIUTHI B JIEHCTBHE TOJBHKO
MOCJIe TIOSIBJICHHS TOKa B Iienu reHeparopa (1 ¢) Bo m30exaHue OTKIIOUEHUS DHEPro-
0JI0Ka B peKUME CAMOCUHXPOHU3ALIUH.

Bxirouenne myHTHpyromiero kontakropa “K* k cucreme Bo30yKaeHUS YCKOPSIET
IPOLIECC IIYHTUPOBAHMS POTOPA TFACUTEIbHBIM CONPOTHUBJIEHUEM, NPEAOTBPAIIAOLIIEM
OMMacHOE TIOBBINICHUE HAMPSDKCHWST Ha OOMOTKE POTOpa TEHepaTopa MpH MOTepe UM
BO30YKICHHUS.

[IyaTHpOBaHKEe pOTOpPa KOHTAKTOPOM MPOUCXOIUT MPUOIUZUTENIHHO 3a 1 cek., a
¢ nomoibto AI'TI m uuBepTUpoBanusa — 3a 3 + 4 cek.

6.3.8. 3amuTa OT HECUMMETPUYHBIX NMEePEerpy30kK reseparopa ¢

HHTEIrpajbHO - 3ABUCUMON XAaPaKTEPUCTHKON BBIAEPKKHU

BpeMeHH

3amuTa mpenaHa3HavYeHA IS TPEIOTBPAIICHUS TTOBPEXKACHUS MOITHBIX CHHXPOH-
HBIX TEHEPATOPOB IMPH TMEperpy3kax TOKaMu OOpaTHOM IMOCIIEIOBATEILHOCTH, BhI3BAH-
HBIX HECUMMETPUYHON HArpy3KOoW B HOPMAJIHHOM PEKHMME WM HEHOPMAIBLHBIMHU pe-
KUMaMHu paboThl cucTeMbl (0OpBIB (a3bl, HEAOOTKIIOYEHNE OJTHONU — ABYX (pa3 BBHIKIIIO-
qyaTess U T.I1.), IMOO BHEIIHUM K.3.

OYHKITMOHAIBHO 3aIUTA BITIONHACTCSA KaK 3aliTa TeHepaTopa OT TEPMHUIECKO-

ro JIEHCTBUSL TOKOB JBOMHON 4YacTOTHI B poTope (3yOIax, METaUIMYECKUX KIUHBSIX, B
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YCIOKOUTEIHHONH OOMOTKE) MPH HECUMMETPHUH TOKOB (a3 cTtaTopa. DTy 3aIIUTy Ha3bl-
BAIOT 3alUTON OT NEPETpPy3KHM TOKOM OOpaTHOH MOCIIEeN0BATENbHOCTU. BhINomaHsAETCS
3aliTa C TOMOIIBI) HWHTETPAIbHOTO W CUTHAJIBHOTO opraHoB Oyiok—pene bD 1101,
CTPYKTYpHasi cXxemMa KOTOpPOro NpuBeieHa Ha pUcyHke 6.10

CrpykrypHas cxema 6moka B3 1101 Bkitouaer B cebsi:
BII — BxonHO# peoOpa3oBaTesb, BbIACISIOUINN U3 BXOAHOIO TOKA COCTaBIISAIOLINE 00-
paTHOM nocaenoBaTenbHOCTH /,. OCHOBHOM y3€1 BXOAHOIO IpeoOpa3oBatens — GUiIbTp
TOKOB 00paTHOM MOCIEA0BATEILHOCTH.
CO — curHanpHBIM Opras, cpadaTHIBAIOIMINUN C (PUKCUPOBAHHOM BBIIEP)KKOW BpPEMEHH
IpU YBEJIMYEHUU TOKA /,. BBIIIE BEJIUYMHBI, ONPEAEIAEMON YCTaBKOM, U cpabaThIBaeT
[IPYU YBEJIMYEHUU TOKA [,. CBEPX MJIATEIBHO JTOIyCTHUMOTO.
ITO — nmyckoBo# opraH, cpabaTbIBaroIuil 0€3 BbIIEP)KKU BPEMEHH MPU yBEIUYECHUH TO-
Ka [, BBIIIE JUINTEIBHO JOIYCTUMOW €ro BEJIMYUHBI, ONPEIEIAEMON YCTaBKOM, U OCY-
IIECTBIIIFOLIEN IIyCK MHTETPAJIbHOTO OpraHa

MO — unrterpanbHblil Oprat, cpadaTHIBAIOIIMIA C BBIIEPKKOW BPEMEHH, OMPEIEIIIeMOi

BBIPA)KCHHUEM:
A I,
cp :T; ]2* = (79)
I 2% HOM.2€H.

rae I, — TOK 0OpaTHOM NOCIEA0BATEILHOCTH B IEPBUYHOM LIENIN T€HEPATOPa;

A — IIOCTOsSIHHAsI T€HEpaTOpa, YUCICHHO paBHas JOIYCTUMOM JUIMTEJIBHOCTH He-
CUMMETPUYHOIO peXUMa JJI1 JAHHOTO TUIAa reHepaTopa npu /,.=1 B CEeKIUsX.

WHTerpanbHblil OpraH y4uTHIBa€T HAKOIUIEHHE TEIla B OOMOTKE poTOpa B Ipo-
[ecce MEPETpy3KU U OXJIAXKACHHS POTOpa IOCIE yCTpaHeHus neperpy3ku. Opran pea-
JU3yeT 3aBUCUMYIO BBIAEPKKY BPEMEHH Ha CpabaTbIBaHHE OT 3HAYEHUS TOKa 0OpaTHOM
MOCJICZ0OBATEILHOCTHU U BBIMIOJIHACT (YHKIIUU OJMKHETO U JAJIbHErO Pe3epBUPOBAHMUSL.

MHTerpanbHblil opraH BO3JEHCTBYET HA OTKJIIOYEHUE OJIOKA OT CETH, B KOTOPOM
HaXOAMUTCS NPUYMHA HEJOMyCTUMOMN Meperpy3ku reHepaTopa TokaMu oOpaTHOM mocie-
nosarenbHOCTU. [Ipu 3TOM, COOCTBEHHBIE HYX bl IPOIOJIKAIOT IUTATHCA OT T€HEpaTo-
pa.

OTO — opran TOKOBOW OTCEUKH, CpaOATHIBAIOIINN ¢ (PUKCUPOBAHHOMN BBIIEPIKKON

BPEMEHHU NpPU YBEJIMYEHUU TOKA /,. BBILIE BEJIMYUHBI, onpenensemoi ycrapkoil. OTO

OCYHICCTBIIACT (I)YHKHI/II/I PE3CPBUPOBAHUA 3aIUT, CMCIKHBIX C TCHCPATOPOM 3JICMCHTOB.
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BK — 610K KOHTpOJIsI, OCYIIECTBISIONIEH (YHKIIMOHATBHBIA M TECTOBBIM KOH-

TPOJIb Onoxa 3aIIUThI.

I_________| Ha curHan

0 neparp4yske

B3i181

Ha curHan
0 M4cke

Tm-—

| "
| |
I
| |
J | |D HHNHEHHE
| mE =

B31183
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Ha CHFHaﬂ

HEHDI'IPEIE-HDDTH

Puc. 6.10. CtpykrypHas cxema 6soka b2 1101.

bnok 3amutel BD 1101 Bkmtouaercs Bo Bropuunsblie nenu ¢a3z A, B u C tpanc-
(dhopMaTopoB TOKA, YCTAHOBJIEHHBIX CO CTOPOHBI HEUTpaAIN MM (Pa3HBIX BHIBOJIOB I'€HE-

paropa. BennuunHbl AOIYCTUMBIX TOKOB /,. JUISl Pa3HBIX T€HEPATOPOB MPUBOAITCS B 3a-

BOJICKOM JOKyMeHTaluu u B [1YD.

Opran 1,,, b21101 umeer ycraBky cpabaTblBaHUs IO TOKY I,., PETYIUPYEMYIO

2cuen
nuckpeTHo B auanaszone 0.05+0.35 ¢ MUHUMAaNbHOW CTYIIEHBIO PEryJIMPOBAHUS HE 00-
nee 0.025.

Opran [ b31101 mmeet ycTtaBKy cpabaThIBaHUS MO TOKY [,. PETYIUPYEMYIO

2nyck
muckpetHo B auanazoHe 0.08+0.53 ¢ MUHMMaIBHOM CTYNEHBIO PETyIUPOBAHUS HE 0O-
nee 0.035.

Opran 7,,,, b21101 umeer ycraBky cpabaThIBaHUS 1O TOKY [,. PETYIHPYEMYIO

2ome

IUCKPETHO C MUHUMAJIbHOU CTYIIEHBIO peryiupoBanus He 6osee 0.12:

- oT 0.4 10 1.6 — 1751 THNOUCTIONHEHUH OJIOKA 3aIUThI, UMEIOIIMX IUAMAa30H YCTABOK 110
noctositHHOM “A” — (5+10) ;

- oT 0.4 1o 1.9 — nng Tunoncnonnenuit 621101 .

He Huxke 0.95.

Koaddunment Bo3BpaTta opranos /7, 1 [

2cuen 2nyck
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VYcraBka BbIIEPKKHA BPEMEHU OpPraHoB /1, W [, PEryJlupyercs TUCKPETHO B JlMaria-

2cuen

30HE (0.4+12.8) cex. ¢ MUHUMAIBHOU CTYTEHBIO peryinupoBanus He oosee 0.25 cek.
Wnterpanbubiit opran 521101 umeer ycraBky mo nmocrossHHon “A‘ (Tabnmuna 6.2), pe-
TYJIUPYEMYIO JUCKPETHO C MUHUMAIBHON CTYNEHBIO peryiaupoBanusi He 6onee 12% ot

MaKCUMaJIbHOM YCTaBKHU.

Tabnuma 6.2
Jlnana3oH YCTaBKH IO TIOCTOSH-
. 5+10 10 +20 20 +40
HOI/I HA"
Jlnarna3oH u3MeHeHus ToKa /,, 0.091 +0.25 0.129 - 0.35 0.182+0.5

[Tpu mosiBNEeHNN HECUMMETPUU TOKOB CTaTOpa Ha BXoJe (pUIbTpa TOKOB 0OpaT-
Hoit mocienoBarenbHOCTH (DTOII) Ha BEIXOAE DUIBTPa BBIACIAECTCS HANIPSHKCHUE TIPO-
NOpUMOHANIbHOE TOKY I, , KOTOpoe mpoxoauT GuIbTp ¢ mojocoit npomyckanus S0l u
MOCTYIAeT Ha MOPOTOBBIE AJIEMEHTHl PEarupyrolux OpraHoB (MyCKOBOW OpraH, CHI-
HaJIbHBINA JIEMEHT, OTCEUKA).

[Ipu cpabaTbiBaHWM CUTHAJIBHOTO OpraHa M “‘OTCEYKH 3aMyCKAIOTCS KaHAaJbI
0JI0Ka HE3aBUCUMBIX BbIIEpKEK BpeMeHU. [Ipu gocTmkeHnn onpeneneHHON BBIAEPKKU
BPEMEHH MPOUCXOIUT CpadaThIBaHNE COOTBETCTBYIOIIEH CTYIICHHU.

6.3.9. 3amuTa poropa reHepaTopa OT nmeperpy3okKk TOKoM B030y-

JKIACHHUSA C MHTErPajJbHO—3aBUCUMON XapPaKTePUCTUKOM

BbIJIE€PKKU BPEeMeHH

3amura npeaHa3HadeHa Juis 1eWCTBUs (HA CUTHAJ, HA OTpaHUYEHUE TOKA BO30Y-
AKIACHUS TeHepaTopa U Ha OTKIIIOUEHHE TeHepaTopa) Npu HEAOMYCTUMOMN JITUTEIbHOCTH
neperpy3k OOMOTKH POTOpa TOKOM BO30OYXKICHHS. 3aluTa, paHee BBITIOTHIEMAs Ha
pene P3P —1M, B COBpeMEHHBIX cXeMax BBITIOJHAETCS Ha O10ke 3armuTel 531102

brok 3ammtel 521102 Ha MUKpPOAIEKTPOHHOUN 0asze mpeaHa3HavyeH IS 3aIUThI
reHeparopoB MoIHOCTEIO 63 — 1000 MBT ¢ HenmocpeACTBEHHBIM OXJaXIAECHUEM IIPO-
BOJAHUKOB OOMOTOK OT NEPErpy3kd OOMOTKH POTOpa MPHU JUIMTEIbHBIX (POPCHUPOBKAX
BO30OY)KJICHHSI B CITydasX aBapUMHOTO CHIDKCHHsSI HANPSDKCHHSI B DHEPTOCHUCTEME WA
MIPU HEUCTIPABHOCTSIX B CUCTEME BO30YKIACHUS.

biiok 3amuThel MOXKET BKJIIOYATHCS B OJIHY (pa3y BTOPUYHBIX Iienei TpaHchopma-
TOPOB TOKa, YCTAHOBJICHHBIX Ha BBIIPSMUTEILHOM TpaHChOpMATOpe WM BCIIOMOTra-
TEJILHOM T€HEepaTope CUCTEMbl BO30YXKIIEHHUS, a TaKKe K JaTYMKaM TOKa poTopa pas-

JIMYHOI'O TUIIA C BBIXOJHBIM IICPEMCHHBIM TOKOM 3HAYCHUCM 5MA .

149




XapakTepucTuKa MHTErPajJbHOTO OpraHa JIOJKHA COIJIacoBaThCsl C XapaKTepu-
CTUKOHM OJIOKa OrpaHWYEHUsI NEPErpy3Ku aBTOMATHUYECKOTO PEryJIupoBaHus BO30YxKie-

Hust. CTpykTypHas cxeMa 6;10ka 3ammTel bD 1102 npuBenens! Ha puc. 6.11.

110-2205
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Puc. 6.11. CtpykrypHas cxema 610ka 3amutsl 531102.

CrpykrypHas cxema 0ioka 3amutel 31102 BritouaeT B ceOsi:

BII — BxonHOI npeoOpa3oBaTespb TOKa.

CO — curHanbHBIA OpraH, cpadaTHIBAIOIINN C (PUKCUPOBAHHON BBIACPKKON BpPEMEHU
[IPU YBEIWYEHUU OTHOCUTEIBHOIO TOKA POTOPA BBIIIE 3HAYEHUS YCTABKH U OCYIIECTB-
JSFOIMNA ITyCK MHTErPAJIBHOIO OpraHa.

ITO — nyckoBo#t opraH, cpabaTbIBatoLuil 0€3 BbIIEP)KKU BPEMEHU MPU YBEJIIUYECHUH OT-
HOCHUTEJIBHOI'O TOKa POTOpPA BBILIE 3HAYEHUSI YCTAaBKH M OCYIIECTBIISIOIIMM ITyCK WHTE-
I'PAJILHOTO OpraHa.

MO — unHTerpanpHelil oprad, cpadaThIBalOLIMI C 3aBUCHMOI OT TOKa poTOpa BBIAEPK-

KOU BPEMEHHU, OIPEIEIIIEMON U3 BBIPAKECHUS
C

fqp ::‘(};;:i:‘igji’a

rae B u C — koadpunrenTsl, 3aBUcsIIne OT XapaKTEPUCTUKU CpabaThIBAaHUS;

(6.10)

I . — OTHOCHUTEJIbHBIA TOK POTOPA, KOTOPBIH PaBHACTCS

J, =—7

pom.Hom.

OpraH uMeeT JBe CTyNeHU cpadaThIBaHUS:

— ler — ¢ gelicTBUeM Ha pa3Bo30YXACHUE IreHEepaTopa;
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— 2¢T — ¢ JeHCTBHEM Ha OTKIIFOUEHHE FEHEPATOpa U ralleHUe MoJisi poTopa.
— BK — 610K KOHTPOJIS, OCYIIECTBISIOMMN (DYHKIIMOHATBHBIA U TETUIOBOM KOHTPOJIb
OJI0Ka 3aIIHTHI.
brok 3ammrtel B31102 moxeT moakmoyaTcss K JaT4YUKy TOKa poTopa C HOMH-
HaJIbHBIM 3HAYEHUEM BBIXOJHOTO MepeMeHHOro Toka yactotbl 50 ( 60 ) I'ty , paBHBIM
SMA umm 2.5A, cpelHE BBIIPSIMIIEHHOE 3HAYEHUE KOTOPOrO MPOMOPLHOHAIBHO TOKY

poropa. Opransl I, u I, BO1102 umeror ycraBku cpabarblBaHus 110 TOKY /., peTy-

nyex
JUpyeMoe TUCKPETHO B auana3zoHe 1.0+1.35, ¢ MUHMMAaNbHON CTYNEHBIO PEryInpOBa-
Hud He 6oiee 0.06. Koapdument Bo3spara opranoB Io,m U Iiye HE HIKe 0.98 .

VYcraBka BBIAEPKKU opraHa I, ¥ BTOPOH CTYNEHHM MHTErpajbHOro opraHa (c
JEHUCTBUEM Ha OTKIIIOUYEHHE) peryjmpyercs TuckpetHo B auamnaszone (0.4+12.8 )cek c
MUHUMAaJIbHOH CTYIEHbIO peryaupoBanus He Oonee 0.25¢cek.

Nuterpanpubiit opran b21102 umeeT maBHyro peryiaupoBky koddduiuenta “B
B auana3oHe 0.8+1.0 u 1mIaBHO CTyNEeHYaTYI0 PeryaupoBKy koddduimenta “C” B nua-
na3zoHe 3+40. B 3aBoackoii moctaBke b31102 HacTpanBaercs Ha 3Ha4eHHE KOAPPUIH-
entoB B=0.9, C=19.4, yTo COOTBETCTBYET ClIeyIOMIEeH XapaKTepUCTUKE CpadaThIBAaHUS
(Tabnuma 6.3).

Tabnuua 6.3
OTHOCHTENBHBIN TOK poTopa , I, 1.1 1.2 2.0
Bpems cpabGaThiBaHus Ha pa3BO30yXkKICHUE, CEK 455 215 16

WuTerpanbHbIii oOpraH UMUTHPYET MPOIIECC OXJIAKIEHUS TeHepaTopa Mocie yCT-
paHeHHsI TIEPETPY3KH M0 IKCIIOHEHIIMATILHOMY 3aKoHY. [Ipu 3TOM, MPOMEXYTOK BpeMe-
HU, 32 KOTOPBIA MEperpeB 0OMOTKH POTOpa T€HepaTopa CHUXKACTCS OT MaKCHMAalbHO
normyctuMoi BemmduHbI 10 0.135 OT 3TO# BeIMYHMHBI, YCIOBHO HA3BIBACTCS BPEMEHEM
«mosiHorO oxnaxaeHus» u paseH (600 + 90) cex mwmm (1200 £ 180) cek. B cocrosinun
MOCTaBKU € 3aBoja 3Ta BeanuuHa paBHa (600 + 90) cexk.

B 61oke 3ammThl MpeaycCMOTPEH OTACTbHBIM KOHTAKTHBIA BXOJ JUISI 3ampeTa Io-
BTOPHOU (OPCUPOBKH BO30YXKACHHS T€HEpaTopa IMocie NSHCTBHS 3allUThl Ha Pa3BO3-
OyXJeHUE Ha BPEMS IIOJTHOTO OXJIAKICHUS.

6.3.10. 3amuTa OT CUMMETPHYHBIX MePEerpy3oK reseparopa

B coBpeMmeHHBIX cxemax npumeHsiercst 00K 3amuThl 21103 a5 3amuThl rexHe-
paToOpoB OT CUMMETPUYHBIX Harpy3ok. biok 3amutel 531103 Bkitouaercs B OgHy U3

¢da3 BTOpHUHBIX Lieneill TpaHcHOpMATOPOB TOKA HYJEBBIX WM (ha3HBIX BBHIBOJOB I'E€HE-
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paTopa. XapakTtepucTuka uHTerpaibHoro oprasa b31103 cooTBercTBYyeT neperpy3ou-
HBIM XapaKTEpUCTUKaM OOMOTKM cTatopa reHeparopa. CTpyKTypHas cxema 0Jioka 3a-
nuThl 21103 npuBenena Ha puc. 6.12. CtpykrypHas cxema b21103 BkirogaeT B ce0s:
BII — BxonHO#1 npeoOpa3oBaTesb TOKA.

CO — curHanpHBIM OpraH, cpadaThIBAIOIIUNA C (PUKCHPOBAHHOW BBIIECPKKOW BPEMEHH
IpU YBEJIMYEHUU OTHOCUTEIBHOTO TOKA CTAaTOpa BBILIE 3HAYEHMs YCTaBKU cpabaTbiBa-
HUS OpraHa.

ITO — nyckoBoii opraH, cpadaTbIBatOLIUil O€3 BBIIEPKKU BPEMEHU NIPU YBEJINYEHUH OT-
HOCHUTEJILHOTO TOKa CTaTOpa BhIIIEC 3HAYEHHs YCTaBKU cpabaThIBaHUS OpraHa U OCyIle-
CTBJISIFOLLIETO ITYCK UHTETPAIIBHOIO OpraHa.

MO — unTerpanbHblil oprad, cpadaThIBalOIIMKA ¢ 3aBUCUMON OT TOKa CTaTOpa BBIAEPXK-

KOM BpEMEHHU, ONPEIEISIEMON U3 BhIPAXKEHUS

L, =(I_CB)2 (6.11)

rae B u C — koappuimenTsl, 3aBUCAIIME OT XapaKTEPUCTUKU CpabaThIBAaHUS ;

. - OTHOCUTENBHBIN TOK CTATOPA, ONPEACIIEMbINA KaK

jr* = “‘j{gzzg“‘*

1

CEH.HOM.
BK — 06110k KOHTpOJIS, OCYIIECTBISIOMUN (PYHKIMOHAIBHBIA U TECTOBBI KOHTPOJb

0JIOKA 3all[UTHI.

Ha curHan
0 [ePerpY3ke

3]
]

~ 1P

Ha curHan
0 M4cke

Biiiai

1 HO] Ha aTkamHeHHe
h— o Ha curuan
E) —|EH 0 HEWCPEBHOCTH

152



Puc. 6.12. CtpykrypHas cxema 6;10ka 3ammtsl b21103.

Opranst 7., ¥u I,, OJOKa 3aIIMTHl UMEIOT YCTaBKU CpadaThIBaHUS MO TOKY 1.,

CUcH nycKk
peryjaupyeMble AUCKPETHO B nuamna3one 1+1,35 ¢ MUHUManbHOM CTYNEHbIO PETyJIUpO-

Banus He Oonee 0,06. Koadduument Bo3Bpara opranos [, u I, He Huxe 0,98. Yc-

CUCH nycKk

TaBKa BBIICPKKH BPEMEHHU [, PETYIUpyeTcs JUcKpeTHO B auana3oHe (0,4+12,8) cek. ¢

cuen

MUHUMAaJIbHON CTYNEHBIO peryaupoBanus He 6onee 0,25 cek.

WuTerpanbHbiii oprad 0J0Ka 3alUThl UMEET TUIABHYIO PETyIUPOBKY KOd(hduim-
enta “B* B quamazone ot 0,8 10 1,0 u miaBHO CTyIEHUYATYIO PETYJIUPOBKY KO3 duim-
enta “C” B nuama3one ot 3 10 50. B cocTossHuM mocTaBKu OJIOK 3allIUTHl HACTPAUBACTCS
Ha 3HaueHus: koddunmenToB B=0,91 u C=19,2, 4T0 COOTBETCTBYET XapaKTEPHUCTHKE

cpabaTbIBaHUA, TPUBEIACHHON B TabmuIe 6.4

Tabnuma 6.4
OTHOCUTENBHBIN TOK cTaTopa [« 1.15 1.2. 1.3. 1.4 1.5
Bpewms cpabaTbiBanus, cex. 333 228 126 80 55

WuTerpanehbiii oprad b9 1103, uMuTupyromumii npouecc OXiIaxIeHus TeHepaTo-
pa 1ocie yCTpaHEeHHUs NEPErpy3KH M0 SKCIIOHEHIMAIbHOMY 3aKkoHy. [Ipu 3ToM, npome-
KYTOK BPEMEHM 3a KOTOpPBIN NeperpeB 0OMOTKU CTaTOpa CHUYKAETCS OT MAKCHUMAJIbHO
nonycTuMoi BeauuuHbl 10 0,135 oT 3T0il BeIMUYUHBI, YCIOBHO HA3bIBAETCS BPEMEHEM
«TOJIHOTO OXJXACHUS» to, U paBHsieTcs (600 £ 90)cexk.

Pacuet xoappunnenton «B» u «C» xapakrepuctuk 61okoB 3amut b3 1102 u B3
1103 1o 3agaHHOM 3aBOJIOM M3TrOTOBUTENIEM IEPETPY30YHON CIIOCOOHOCTH T'eHepaTopa
IPOU3BOAUTCS C MOMOLIBIO METOAA UTEPALIUU U NMPUBEIEH B « METOIUYECKUX YKa3aHU-
AX MO0 OOCIYKUBAHUIO 3alUT OT MEPErpy3kH TOKaMU MPSAMON M 0OpaTHOM IMOCIIEA0BaA-
tenpHOCTEH (B 1103, B31101), 3amuTel OT meperpy3ku 0OMOTKH poTopa TeHepaTopa
(b21102)». — M.: OPT'POC, 1993.

6.3.11. 3amuTa OT NOBBIMIEHUS HATIPAKEHHUS

3amura npenHa3HaueHa Uil MPEAOTBPALIEHUsT HEJAOIMYCTUMBIX MOBBIIIEHUN Ha-
NpsDKEHUS Ha TeHepaTope, a TakKe M Ha TpaHCPopMaTope B PEKUME XOJOCTOTO XOja
6soka. OHa JoJKHA IecTBOBaTh 0€3 BBIIEPKKA BPEMEHHU MPU HA4YaJIbHOM BO30YXKIie-
HUM (TIpU €ro BKIIFOUEHUH ) U BBOJUTCS B ICMCTBUE C BBIICPKKON BPEMEHU MPU OTKITIO-

YCHHUU I'CHCPpATOpa OT CCTH.
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@DyHKIMS TTOATOTOBKH 3aIUTHI K JICUCTBUIO B PEXKUME XOJIOCTOTO X0Ja OJIoKa 1
OJIOKMpPOBaHUs 3alUThI IpH paboTe OJ0Ka Ha CETh BO3JIAraeTcsi Ha TOKOBbIe pene PT —
40/P, BKJIFOYaEMBbIE CICAYIOITUM 00pa3oM:

e Ha Onokax Oe3 BBIKJIIOYATENs B LIETIH F'€HEPATOpa — OAMH TOKOBBIN KOHTPOJIb B
IIENM BBICIIIETO HAIpsKeHUs1 0J0ka. BrirtoueHne TOKOBOTO KOHTPOJIA B IIETh T€HEPaTo-
pa He JOMYCTUMO T. K. IPH 3TOM 3alllUTa MOXET OKa3aThCsl BHIBEACHHOW U3 JEHCTBUSA
U3-32 BO3PACTaHMs TOKAa HAMarHMYMBaHUs TpaHcpopmaTopa Oioka.

e Ha 0JIOKax C BBIKJIFOYATEJIEM B LIETIH T€HEPATOPA — JBA TOKOBBIX KOHTPOJIS: OJINH
— B IIEMU BBICIIETO HAMPSDKEHHsI, BTOPOU — B IIEMU T€HEpaTopa, T. K. HA TaKUX OJ0Kax
PEXKHUM XOJIOCTOTO X0Jla TeHEepaTOpa MOKET BO3HUKHYTh HE TOJIBKO MPHU OTKIIOUEHUU
0JIOKa OT CETH BBICHIEr0 HAMPSHKEHUsSI, HO U MPU OTKJIIOUEHHH BBIKIIIOYATENsl T€HepaTo-
pa, ¥ OIMH TOKOBBIII KOHTPOJIb CO CTOPOHBI JJI0O0T0 M3 HAIpsHKEHU 0J10Ka MOT ObI 3a-
OJIOKMPOBATH 3ALIUTY B PEKUME XOJIOCTOTO XO/Ia.

B pexume mogbema HampsoKeHHS ¢ HYJIS, MPU IMycKe OJI0Ka KOHTPOJIb TOKA CO
CTOpPOHBI TeHepaTopa HEOOXOAUM MPU MUTAHUM COOCTBEHHBIX HYXJ OT CETH BBICUIETO
HanpsHKeHUs yepe3 TpaHcdopmaTop OJ0Ka U BKIFOUEHUU T€HEpaTOpa CBOMM BBIKIIIOYA-
TeJleM, & KOHTPOJIb TOKa CO CTOPOHBI BBICHIETO HAMPSXKEHUS HYKEH MPU BKIIOUCHUU
0JIOKa BBIKJIFOUATEIIEM BBICIIETO HATPSIKCHMUS.

IIyckoBOM opraH, KOHTPOJMPYIOIIMHN HAIIPSIYKEHUE T'€HEepaTopa — pelie HampshKe-
aus PH-58/200 ¢ Beicokum K, — BkirogaeTcs Ha Mexayda3zHoe HanpsokeHUE TpaHC-
(dbopmaTopa HanpsHKEHMS], YCTAHOBJICHHOTO B IIEMU TeHepaTopa.

Cxema 3amuThl TpaHncpopMaTopa 0JI0Ka OT TOBBIMICHUS HANIPSHKCHUS MPUBEICHA

Ha puc. 6.13
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Puc. 6.13. Cxema 3amuThl TpanchopmaTopa 06J10Ka OT MOBBIIICHUS HATTPSHKCHUS

6.3.12. 3amuTa OT 3aMBIKAHHUSA HA 3eMJII0 B OJTHOW TOYKE

nHenu BO30yKIAEeHUSA

Brinonnsercs 3ammura ¢ nomoubio ycrporcts b91104, B21105 ycranaBnuBae-
MBIX Ha KaXXJI0M reHepaTtope craniuu. biok 3ammursl b31104 — 610k KOHTpOIIA COMpo-
TUBIICHUS M30JsIu. brok 3ammtel bB21105 — gacTotHbIi QrbTp. 3ammra npeaHa3Ha-
YyeHa JUIs IPUMEHEHUSI Ha CUHXPOHHBIX T€HEPATOPAX C JIF0O0N cUCTEMON BO30YKAEHUS,
UMEIOIEH KOHTAKTHBIE KOJbLA, W I03BOJISIET CBOEBPEMEHHO BBISBIISATH YMEHBLICHUE
COTIPOTHUBIICHUS U30JLIIUH 1eneil Bo30ykaeHus. bioku 3amuT npenHa3HauyeHsl s 3a-
MEHBI BBIITYCKA€MbIX B HACTOSIIIIEE BPEMSI YCTPOMCTB aHaJOrnyHoro HazHaueHus K3P-3
u BY-2, xoTtopblie yxke He yIOBIETBOPSIIOT COBPEMEHHBIM TpeOoBaHUAM. CTPYKTypHbIE
cxembl 3auT b21104 u B21105 npuBeaens! Ha puc. 6.14.

[TpyHIMN NEHCTBUA 3alIUThl OCHOBAH HA U3MEPEHUU CONPOTUBIICHUS W30JIALMU

I BO36Y)KI[CHI/I$I C IIOMOIOBKO HCTOYHHKA HaHpH)KeHI/IH HaHOH(CHHOﬁ HaCTOThbI
(25 T'm).
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biok b21105 conepxuT mocienoBaTeabHO COEAMHEHHBIE APOCCENb U KOHAECHCa-
TOp (UIIbTpa, HACTPOCHHBIE B PE30HAHC YAaCTOThl HAJIO)KEHHOT'O HANPSIKEHHUS, 8 TAKKe
YCTPOMCTBO OTpaHUYEHUsI HAIIPSIKEHHUS MOCTYIAIOIIETro U3 poropa B 6510k 21104,

3amuTa uMeeT IBE CTYNEHU cpadaThIBaHUs MO CHUXKEHUIO M30JISILIMU C AMAna3o-
HOM perynupoBanus ycTaBok (0,5 +15) kOm. B kaxx10il CTyneHu 3aiuThl MOTYT OBITh
BBICTABJICHbI HE3aBUCHUMBIE YCTaBKHM cpabaTbiBaHUs ISl paboueil U JIBYX pE3epBHBIX
CUCTEM BO30YKJICHUS.

JnanazoH peryiaupoBaHus BpeMeHu cpabarbiBanus paBeH (1 +10) cek. J{uamnazon
€MKOCTEH, MPU KOTOPHIX 00ECTIEUNBAIOTCS YCTABKH MO COMPOTUBJICHUIO CpadaThIBaHUS,
paBeH (0.2 +5) MxD.

HMeercs BO3MOKHOCTh PYYHOIO NEPHOAUYECKOTO U3MEPEHHUS CONPOTHUBIICHUS
U30JISIUU  1enu BO30Y)KJIEHHS C TIOMOUIBI0O BCTPOEHHOTO mpubopa B Auana3oHe
(0.5 = 80) kOwm.
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YeTpoiicTBO OJOKMPOBKM pearvupyeT Ha HapylIEHWE KOHTAKTAa IIETKa—Baj IpH
€MKOCTH BHEILIHEN CHUCTEMBI BO30YK/I€HUSI OTHOCUTENBHO 3eMiid He MeHee 0.2 MKD.

6.4. 3amura TpanchopmMaTopos

6.4.1. IludpPpepenunanabHas 3amura Tpanchopmaropa or BHYT-

PEHHUX NMOBPEKACHUN

Ha3nauenue 3Toil 3alIMTHl — MpeJoXpaHeHue OOMOTKU U BBIBOJIOB TpaHCchopma-
Topa OJ0Ka OT BCEX BUJOB K.3., BKJIIOUasi BUTKOBBIE 3aMbIKaHHUA B 0OMOTKax. Tak Kak
IPY BUTKOBBIX 3aMBIKaHUSIX TOKHM B IJI€YaX 3alIUTHhl Maj0 OTIUYAIOTCS OT TOKOB Ha-
rpy3KH, 1751 00ecreuyeHus] YyBCTBUTEILHOCTH 3AIUTHI IIPH BUTKOBBIX 3aMbIKAHUSIX TOK
cpabaThIBaHUA JOJIKEH OBITh MEHbIIIE HOMUHAJIBHOTO.

Brimonusercs 3ammura Ha pene J3T — 21, B koTopoM HeoOXoaumasi OTCTpOiKa
g depeHnranbHOM 3aUThl 0T OpOCKa TOKA HAMArHUYMBAHUS OCYIIECTBIISIETCS BpEMs
- UMIYJIbCHBIM MPUHIUIIOM paOOThl pejie, MPU KOTOPOM YUUTHIBAETCS TO OOCTOSITEINb-
CTBO, YTO XapakTep M3MEHEHHs] TOKOB MpU OpOCKEe HAMAarHMYMBAIOIIETO TOKa W Iepe-
XOJHBIX TOKax HeOallaHCa OTJIMYAETCs OT XapaKTepa U3MEHEHHs YCTaHOBUBILETOCs TO-
Ka K.3.

[Ipu »3TOM OTCTpOIiKa OT OPOCKOB HAMAarHMYMBAIOLIETO TOKA M MEPEXOAHBIX TO-
KOB HeOaJlaHca JOCTUTAeTCsl MyTEeM BBIJCICHMS May3 Toka B AuddepeHInanbHOl U
CpPaBHEHHUE UX JJIUTENBHOCTH € 3aJaHHbIM BpeMeHeM. B pene JI3T-21 wncnons3yercs
TOPMO>KEHHE OT TOKOB IUIEY 3alllUThI, OJarogaps KOTOpoMy, 00eCredrMBaeTCsl OTCTPOIA-
Ka 3alllUThl OT TOKOB HeOaaHca MNPy yCTAHOBUBIIMXCS TOKAX BHEUIHUX K.3.

Pene umeeT Takyr0 TOPMO3HYIO XapaKTEPUCTUKY, MPU KOTOPOW YYBCTBUTENb-
HOCTh OCTa€TCsl TaKO# ke, KaK MPU OTCYTCTBUU TOPMOKEHHUS, U OINPEIEISIeTCS] MUHU-

MaJIbHbIM TOKOM cpabateiBanus 0,37, TpaHchopmaTopa (IIpy TAKOM TOKE cpadaThl-

BaHUs 0OecrneunBaeTCsl HaJle)KHass OTCTPOMKa 3allUThl OT OpOcKa TOKa HaMarHW4YuBa-
Hud). [loaToMy 3amura 00gagaeT YyBCTBUTEIBHOCTHIO K MOBPEXKICHUAM MPU  K.3. Ue-
pe3 MEPEXOHOE COMPOTHBIICHUE W MPU BUTKOBBIX 3aMBIKAHUSIX, COMPOBOXKIAFOIINXCS
MPOTEKAaHUEM TOKOB HATPy3KH.

Yrobel He 3arpyOnATh o, samumy OTCTPOMKOHM OT TOKa K.3 32 TPaHC(HOPMATOPOM
cooctBennbix HYxJ1 (TCH), nutanue TCH mnoakimrodaeTcss kK pabodeil 1enu 3aIiuThl.
OTO NOJAKIIOYEHHE MPOU3BOJUTCSA Yepe3 MPOMEKyTOoUHbIe TpaHc@opmaTopsl Toka TK-
120 ¢ nenbto pazgeneHus 1enei AuddepeHnnanbHoN 3aMThl TpaHchopmaropa OJ0ka

U neneu MmakcuMmanbHoi 3ammtel TCH.
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Topmo3HbIE 1IN MPEyCMAaTPUBAIOTCS B 3allIUTE CO CTOPOHBI BBICIIETO U HU3-
ero HanpsbkeHun Tpancdopmaropa. Ha 61okax ¢ BeiciiuM Hanpsikenuem 110-220 kB
muddepenunanbHas 3anmTa TpaHchopmaropa, Ajig COXpaHeHUs ee B IEUCTBUM TIPH 3a-
MEHE BBIKJIIOUATEeNsl 0JIOKa 0OXOIHBIM, MEPEKII0UACTCS Ha TPaHC(HOPMATOPHI TOKA, YC-
TAHOBJICHHBIE B I[N 3aMEHSIEMOT0 BBIKJIFOYATES, COEIMHEHHBIE B TPEYTOJIbHUK.

6.4.2. I'azoBast 3amuTa Tpanchopmartopa

3amuTa mpegHa3HAuYCHA NI EUCTBHSI TIPH BHYTPEHHHX IOBPEXKIACHUSIX B 00-
MOTKaX TpaHc(hopMaTopa, COMPOBOXKIAIONINXCSA Ta3000pa30BaHUEM, U MTPU OHWKEHUU
ypOBHSI Macia. ['a3oBas 3ammTa OCYHIECTBISETCS C IMOMOIIBIO OJHOTO PEJE Ha TpeX-
¢dazHoMm TpaHchopmaTope, BCTPOCHHOTO B MAclIONpPOBO/J K pacmupurento. Pene umeer
CUTHAJIBHBIA M OTKIIOUYAIOIMNNA KOHTAKThl. CpabaThlBaHWE TOTO WJIM MHOTO KOHTAKTa
ONpENENSIETCSl CTENEHBI0 ra3000pa30BaHMs WIM MOHWKEHUEM ypoBHs Mmacia. [Ipeny-
CMAaTpUBAETCS BO3MOYKHOCTH II€PEBOJA OTKIKOYAIOIIETO KOHTAKTa 3alUThl HA CUTHAJI,
HO B ATOM CiIy4yae 00eCreurBaeTCs Mojjaya pa3HbIX CUTHAJIOB MPU CpadaThIBAHUU CHT-
HAJIbHOTO M OTKJIFOYAOUIEr0 KOHTAKTOB 3aIUThI. /{15 3aIIUTHl IPUMEHSIOTCS pese Ya-
meyHoro tumna PI'43-60 uiu nomiaBkoBbie pene byxromnbia.

6.4.3. YcTpoiicTBO KOHTPOJIA U30aaunu BBoAo0B 500 kB Tpanc-

¢popmaTopa

VYerpoiictBo tTuna KMB-500P npennazHaueHo 11t KOHTPOJIST U30JSALHUHN BBICOKO-
BOJIHTHBIX BBOJOB 500kB u BEINIe CHIOBBIX TpaHCHOPMATOPOB ¢ OyMa)KHO-MaCIISTHON
U30JISIMEN B TMPOIECCe MX 3KCIUTyaTallud W JUIsl OTKJIIOYEHHs OJIOKa mepe]] MOJIHBIM
npoboeM Wi MOBPEXIeHUEM TpaHchopmaTopa.

YeTpoiicTBO COCTOUT U3 OJI0OK—peie, CIIeUaIbHOTO COrIacyroero rpaichopma-
TOpa, Pa3psAIHUKOB U TOKOBOTO pejie OJMOKUpOBKHU. [IpuHIMN NEHCTBUS YCTpOHCTBa
KMB-500P ocHoBaH Ha M3MEPEHUU CYMMBI €MKOCTHBIX TOKOB TpeX(a3HON CHUCTEMBI,
NPOTEKAOUIUX MOJI BO3JCUCTBHEM pabOYero HaIpsKEHUs 4Yepe3 H30JSLUI0 BBOJOB
Tpex ¢as.

[Tpu mpoOoe yacTH M30JSALMK BBOAA WM IIPU aKTUBHBIX YTEUEK BO BPEMs pa3BU-
THs Ipo0OO0s BBOJIA B TIPEABAPUTEIILHO COAIAHCUPOBAHHON CyMME TOKOB TOSIBIISIETCS TOK
HebaaHca, Ha KOTOPBIN pearupyeT ycTpoictBo. U3 nByx anmemenToB ycTporictBa KB—
500P, curHanpHOrO U OTKJIFOYAIOILIETO, OCHOBHBIM SIBJISIETCS] CUTHAJIBHBIN 3JIEMEHT.

JleficTBHE OTKITIOYAIOIIErO 3JIEMEHTa pa3peliaeTcsl TOIbKO Mociie cpabaTbiBaHUs
CUTHAJIBHOTO 3JIEMEHTA, YKa3bIBAIOIIETO HA HAYaBIIEECs MPOTPECCHUPYIOLIEE MOBPEXK-

JACHHUEC BBICOKOBOJIbTHOT'O BBOAA.
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Puc. 6.15. Cxema ycrporictea KUB-500P.

Ha puc. 6.15 o603HaueHsI:
TAC — cornacyromuii TpanchopmMaTop ¢ oTnaiikamu sl TOJACTPOUKH U YMEHb-

mIeHus .

C1 — C4 — punbTp BHICIIUX TAPMOHUK.

TA2 — TpancopmaTop TOKa CHUTHAJIBHOTO 3JIEMEHTA.

KT 1 — pearupyromuii opran CUTHaJIbHOT'O DJIEMEHTA, [, CUTH. 311. ~(5—7 )% Ho-
MUHAJIBHOTO EMKOCTHOTO TOKa.

TA3 - TpancpopMaTop TOKa OTKIIOYAIOIIETO 3JIEMEHTA.

CS5, C6, R7 — ¢punbTp BRICIIMX TAPMOHUK OTKJIIOYAIOIIETO 371 — Ta.

KT 2 — pearupyromuii Oprai OTKIJIIOYAIOUIErO 3JIEMEHTa, Ieppo ~ (20-25)% HO-

MHHAJIBHOI'O EMKOCTHOTI'O TOKAa BBOJA.
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KT — BHemiHee TOKOBOE penie A OJOKUPOBKHU OTKIIOYAIOIIETO MIPU MOBPEXKIe-
Huax B coenuHeHusax TTC u BeiBomos IIMH, Ig,p= (60 —70)% HOMUHAIBHOTO €MKOCT-
HOT'O TOKa BBOJIA.

[TNH — oTO0p HanpsHKEHUsSI OT BBOJIOB.

6.4.4. KouTpoap n3onsauum TpaicpopmMaropa Ha CTOPOHE HHU3-

IEro HAMpANKECHU A

VYcranaBnuBaeTcst Ha OJI0OKax ¢ BBIKJIIOYATENIEM B I T€HEPATOPHOTO HAIPSIKe-
HUS ¥ TIPEIHA3HAYCH JJI CUTHAJIM3AINY 3aMbIKaHHUS HA 3€MJIIO0 B PEKUME PaOOThI C OT-
KJIFOUEHHBIM BBIKJIIOUATEJIEM B IIEMU TeHepaTopa.

YKa3zaHHBII KOHTPOJb U30JIALIMH BBITIOJHSIETCS B BUJIE 3allIUTHl HAPSHKEHUS HY-
JIEBOM IMOCJEA0BATEILHOCTH. 3alIUTa OCYIIECTBISETCA C UCIIOIb30BAaHUEM PEJIe HAIpsi-
xenus PH —53/60]1, moakimo4€HHOTO K Pa30MKHYTOMY TPEYTrOJHHUKY BTOPHUYHON 00-
MOTKU TpaHchopMaTopa HaNpsHKEHUS, YCTAHOBICHHOTO HAa CTOPOHE HU3IIIETO HAIps-
*eHusl TpanchopmaTopa OJI0Ka.

YCeTpoiicTBO KOHTPOJIS U30JIALMM ACHCTBYET HAa CUTHAJ C BBIIEPKKON BpPEMEHH
(puc. 6.13).

6.5. 3amuTa OIMHOBKM BbICIIEr0 HANPSAXKEeHUs 0J0Ka

Ha 6mokax ¢ BeiciiuM HanpspkeHueM 110 —220 kB ommHOBKa BBICIIETO HAmpsi-
KEeHHsI 0JI0Ka BXOJAUT B 30HY AUGdepeHInaIbHON 3auThl Tpanchopmaropa 010kKa.

Ha 6mnokax ¢ Beicmum HampsikeHuem 330-500 kB, T.e. B cxemax pacmpenemnu-
TEJILHOTO YCTPOMCTBA BBICIIETO HAIMPSKEHUS C YCTAHOBKOM 0o0Jiee OJTHOTO BBIKJIHOYATE-
7. Ha TPUCOETUHEHUE, MpeAyCMaTpuBaeTca OTHebHas IudQepeHiranibHas TOKOBas
3allliTa OIIMHOBKY, MPeIHA3HAUYECHHAS JIJIS 3alIUThI OT BCEX BUIOB K.3. HA OLLIMHOBKE.

Brimonnenune otaenpHOM nuddepeHmanibHON 3alUThl OMIUMHOBKH CO CBOUMH
BBIXOJIHBIMH pEJI€ W MUTAHUS LENel 3TOM 3allMUThl ONEPATUBHBIM TOKOM Yepe3 OTAEIIb-
HbI€ aBTOMAThI MO3BOJISIIOT COXPAHUTh B pab0OTE BHICOKOBOJIBTHBIE BBIKIIOUATENIH OJI0Ka
B PEXKUME BBIBEJICHUS U3 PA0O0THI OJIOKA M €ro CXEMBbI 3allUThI AJI1 BO3MOKHOCTHU €€ pe-
BU3HH.

JuddepennnanbHas 3alUTa OLIMHOBKU BBINONHIETCA ¢ MOMOIIbIO Tuddepen-
nuanbHoro pene PHT. Bemmonnenne nuddepeHmanbHoil 3alIUThl OIIMHOBKY Ha pelie
0e3 TopMOKeHHUS 0O0YCIIOBJICHO TeM, YTO o01ias pe3epBHas auddepeHimaipHas 3ammra
0JI0Ka, OXBATHIBAIOIIASI OIIMHOBKY, BBIITOJIHEHO Ha TU(PEpEeHIIMATIBHOM pelie C TOPMO-

*keHueMm (3amuta tuna J[3T-21).
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6.6. PesepBHast nudpdepeHuuaJbHasa 3aIUTa 0JI0KA

CxeMa 3amuThl O6J10Ka IpuBeeHa Ha puc. 6.17.

WeHe: 118-228 KB

oT TT ofx.BbHA.

Te ¥ .

P EAWHMTS
TRp-pa
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B oBx. cw E

{Eﬁ
[HdEau-Ta

TP-p reHepaTopa

[1]

PazopeHan
AHPSALT S
BA0Ka

Puc. 6.17. Cxema nonkirouenus nuddepeHInanbHON 3auThl 0JI0Ka

Ha3nauenue 3amuThl — OBICTPOACHCTBYIOIIEE PE3EPBUPOBAHNE OCHOBHBIX 3AIUT
65oka (reHeparopa, Tpaachopmaropa, OITMHOBKY BBICIIIETO HATIPSHKCHMS ).

B COOTBETCTBMM CO CBOMM Ha3HAYCHHEM 3allTa BBIMOIHIETCS C BBIICPIKKON
BpemeHn 0,5cex Ha OJIOKax ¢ BBIKIIOUATENSIMH B IIETH TeHepaTopa sl oOecredeHusI
CEJIGKTUBHOCTH PabOTHI ¢ MPOAOIBHO MU dHepeHIHATFHON 3alUTON reHepaTopa BO HU3-
OexaHue moraiieHus COOCTBEHHBIX HYX /1 OJIOKa MPH MOBPEXKIECHUN T'eHEPaTopa.

Ob6ecneuenne TpeOyeMOil YyBCTBUTEIBHOCTH 3aIIUTHI TIPU OTCTPOIKE €€ OT Mak-
CUMAaJIbHBIX TOKOB HeOallaHCca MpH BHEIIHWX K.3. JIOCTHTAeTCsl MCIIOJIb30BAaHUEM B 3a-
HIUTE:

o uddepeHnmanbHpIXx pese 6e3 Topmoxenus (tuna PHT) - nmpu noakitodeHuun 0J10-
Ka K pacrpeaenureasHomy ycrpoiictBy 110 - 220 kB, nmeromemy cxemy 1BOWHOM cHC-

TEMBI IIIUH ¢ 00XOHOM;
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o nuddepenmansuoe pene ¢ TopmoxkenueM ([3T-21) — npu noaxmoueHnn 610ka K
pactpenenutearHoMy ycTpoictBy 330 - 500 kB, umeromue cxemy 3/2, 4/3 niau MHOTO-
yrOJIbHUKA.

[Tockonpky K pe3epBHOI nuddepeHIHanbHON 3aluTe He TPeabsIBiseTcs TpeOo-
BaHWN YYBCTBUTEJIBHOCTH K BHUTKOBBIM 3aMBIKaHHUAM B TpaHc(opmarope, oTmaiika K
TpaHnchopmaTopy cOOCTBEHHBIX HYXkJ He mojkitouaercs Kk pene [3T-21 pesepBHoil 3a-
IIUTHI 0JI0Ka (B OTJIMYKE OT OCHOBHOM AuddepeHImaibpHoi 3anuThl TpaHchopMaropa).
Topmo3HbIe Lenu MpeaycMaTpUBaIOTCS B 3aIIUTE CO CTOPOHBI BBICHIETO U HUKHETO Ha-
npsbKEeHus OJIoKa.

Ha 6nokax ¢ Beicmiem HanpspkenueM 110-220 kB pesepBHas auddepennnansHas
3amura OJI0Ka JJig coXpaHeHUus €€ B JEHCTBUM IPHU 3aMEHE BBIKJIIOYATeNs 0Jioka 00-
XOJIHbIM, TepeKiovaeTcss Kak u AuddepeHuuanbHas 3amura TpaHchopmaTopa Ha
TpaHcPOpMATOPBl TOKA B LENU OOXOJHOTO BBIKJIIOYATENS, COCIUHEHHBIE B TPEYroOJib-
HUK.

Ha 6nokax reneparop—Tpancdopmarop ¢ BBIKIIOYATESIMA B LIEMUM TeHepaTopa
IpU OTCYTCTBUU pe3epBHON AuddepeHnaabHoi 3amuThl 0J0Ka JA0DKHA MpeaycMaT-
puBatbcst MT3 co CTOPOHBI BBICIIETO HANPSHKEHUs OJIOKA ISl pE3epBUPOBAHUS OCHOB-
HBIX 3alIUT TpaHcPopmaTopa OJ0Ka Mpu padoTe C OTKIIOYCHHBIMU T€HEPATOPaMH.

6.7. 3amuTehl, o0ecneynBawUIue JajJbHee pe3epBUPOBaHMe

OTH 3alIUTHI JOJHKHBI PE3€PBUPOBATH 3aLIUTHI JIMHUN, OTXOASIINX OT pacrlpese-
JUTENBHOTO YCTPOMCTBA BBICILIEIO HANpsDKEHUs OJIOKa, MpU BCEX BUAAX K.3. B ceTu. B
COOTBETCTBUH CO CBOMM Ha3HAYEHUEM 3aIIUTHI UMEIOT JIByXCTyI€HUAThIEC JCHCTBUS:

® C MEpBOil BBIAEPKKON BPEMEHH — Ha JEJICHHE IIMH BBICHIETO HANpsDKEHHs OJI0Ka.
Ota BBIIEPKKA BPEMEHU BBIOMpPAETCS M3 YCIOBUN COTJIaCOBaHUS ¢ HAMOOJBIIMM Bpe-
MEHEM JICUCTBUS PE3EPBHBIX 3AIINUT JUHUNA OT COOTBETCTBYIOIIHX K.3.;

® CO BTOpOIl BBIAEPKKON BPEMEHM — Ha OTKJIIOYEHHME BBIKIIOYATENsl BBICIIETO Ha-
npsiKeHust O6J10Ka.

Crnenyer OTMETUTH, UTO 3alUTa HA JIEJICHUE IIUH OCYIIECTBISECTCS MOMUMO BbI-
XOJHBIX MPOMEXYTOUHBIX PEJie 3aIUT, YCTAHOBJICHHBIX HAa ATHX BBIKJIIOUYATENAX. JTO
HE00X0AMMO, YTOOBI HCKIIOUUTH 3anyck Y POB npu neiicTBuM Ha ieJeHue.

Jlns obecrniedeHust JalbHEr0 pPe3epBUPOBAHUS TP CUMMETPUYHBIX K.3. B CETU Ha
0JI0Ke mpeaycMaTpuBaeTcs JIMOO AMCTAHIIMOHHAS 3alUTa, BHIMOIHSEMAas Ha OJHOM M3
pene conpotuBienuit 1 PC (6n1ox—pene KPC-2), nu6o Ha 61oxe 3anmutel b231101. B

CBSI3U C TE€M, UTO 9Ta 3alUTa UMEET OOJIBIIYIO BBIICPKKY BPEMEHH, B €€ 1IeTH HE Mpe-
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JycMaTpuBaeTcsl OJJOKHPOBKA MPU KadyaHUAX. B Lemsx ynydineHus NajabHEro pe3epBHU-
pPOBaHUs 1I€JIECOOOPA3HO BBINOIHEHUE XapaKTEPUCTHUKU PEJie CONPOTUBIICHUS B BUJE
AIIIUIICA.

Jliis oGecrieueHus JabHErO pe3epBUPOBAHMS MIPH HECUMMETPUYHBIX K.3. IIPEay-
CMaTPUBAETCS OPraH — OTCEYKA C BBIIEPKKON BPEMEHMU.

Jlia obecriedeHusl TanbHETO pe3epBUPOBAaHUS NPHU OAHO(A3HBIX K.3. B CETU Ha
0JI0OKE IpeyCMaTPUBAETCS 3alMTa OT BHEIIHUX OJHO(]A3HBIX K.3.. 3alUTa UMEET ABa
BapHaHTA UCIOJHEHUS:

e g 610K0B ¢ BbiciieM HampspkerneMm 330 — 500 kB, nMmeronux riyxoe 3azemiie-
HUE HeilTpanu TpaHchopMaTopa 3alUThl, BHIMOIHICTCS IBYMS TOKOBBIMU pElie C pas-
HBIMHM yCTaBKaMH, MOJAKIIOUYEHHBIMHM K TpaHc(opmaropaMm TOKa BCTPOCHHBIMHU B HEM-
Tpasib TpaHcopmaropa Onoka. JlanbHee pe3epBUPOBAHUE OCYILECTBISETCS pere ¢ 60-
Jee rpyOoii yCTaBKOM, a JIeJICHUE IIUH — pefie ¢ 00Jiee UyBCTBUTEIBHON YCTaBKOM.

e s 6510KOB ¢ BeIcIMM HampspkenueM 110 — 220 kB, Heittpanu tpanchopmaTopoB
KOTOPBIX MOTYT Pa33eMJIAThCS, 3alUTa BBIIIOJIHAETCS B BUJIE IBYX KOMIUIEKTOB 3aLUT:
TOKOBOW 3allIUThl HYJEBOW MOCIEAOBATEIbHOCTH, MPEAHA3HAUEHHOW U1 pabOThI MpU
3a3eMJIEHHOM HEWTpasly, W CHEIUAIbHON 3allUThl, IpeIHa3HAYCeHHON i1 pabOThl MpU
Pa33eMJICHHOW HEUTPAIIH.

CrienuanbHas 3allMTa JIOJDKHA JCMCTBOBAaTh Ha OTKJIIOYEHHE OJOKa OT CETH C
BPEMEHEM Ha CTYNEHb CEJIEKTUBHOCTH MEHBIIUM BPEMEHU AEUCTBHSI TOKOBBIX 3alLlUT
HYJIEBOM NOCIEA0BATENBHOCTU OJIOKOB C 3a3€MJIEHHBIMU HEUTpansiMu TpaHchopmaro-
pPOB. DTO HEOOXOIUMO AJISi UCKIIOYCHHSI BO3MOXKHOCTH peXuMa paboThl OJIOKOB, HEM-
Tpasii TpaHC(HOPMATOPOB KOTOPBIX Pa33eMIICHbI, Ha CETh C M30JUPOBAHHON HEHUTPAIIBIO
IpY HAJIMYUU B 3TOW CeTH 0AHOGA3HOTO 3aMbIKaHMs Ha 3emitto. CriennanbHas 3allluTa,
B CBOIO OUYEPE/Ib, BHIIIOJIIHAETCS B JBYX BapHaHTaX:

® B BUJC 3alUUTHl HANPSIKEHUM HYJIEBOW IOCIENOBATEIBLHOCTH C HCIOJb30BAaHUEM
pene PHH-57, noaxmioueHHo# kK 00MOTKe TpaHchopMaTopa HaNpsH>KEHUM IIUH, COSIH-
HEHHOU B Pa30MKHYTHIN TPEYTOJIbHUK;

® B BM/JIC TOKOBOH 3aIllUThl 0OpaTHOM MOCJEI0BATEIBHOCTH C MCIIOIb30BAaHUEM IIPO-
MEXYTOUHOTO pee—OBTOPHUTENSA, cpabdaTbIBaHUE CHUTHAIBHOTO OpraHa (uibTp-pese
TOKa 00paTHOM MOCIIEOBATEIIHHOCTH.

6.8. BzanmMoaeiicTBHE JEKTPUYECKUX U TEXHOJOTHYECKHUX 3AMUT

OcTaHoB 0JI0Ka TEXHOJOTUYECKUMH 3aIUTaMHU MpU paboTe IIEKTPUUECKUX 3a-

AT OCYIICCTBIIACTCA IMPH BO3HHUKHOBCHHH ITOBPCIKACHUA OCHOBHOI'O JJICKTPHUYCCKOI'O
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o0opynoBaHusi 0J10Ka, T.e. MIPU MOBPEXACHUU B TeHepaTope, TpaHchopmarope Onoka,
TCH u Ha OLUMHOBKM BBICLIETO HANpsDKEHUs. TakuM oOpa3oM, OCTaHOB OJI0Ka Oocylie-
CTBJISIETCA IIPU JECHCTBUU:

® OCHOBHBIX 3allIUT T'eHepaTopa, Tpanchopmaropa 61oka, TCH;

® pe3epBHBIX 3amuT — AuddepeHnnansHON 3anuThl 0JI0Ka, PE3SPBHOM 3aIUTHI
TCH, uenu yckopeHus 3amt oT BHeIIHUX K3 Ha 3eMito npu HENoJHO(Aa3HOM BKIIO-
YEHHUH BBIKIIOYATENSI BBICIIETO HAMPSXKEHUS;

o nuddepeHaNbHON 3aIUTHI OLIMHOBKHU — Ha OJIOKaX C IBYMS BBIKJIIOYATEISIMU Ha
CTOPOHE BBICILIETO HAIPSIKEHUSI.

ITepeBon On0ka Ha XOJOCTOM XOJ TEXHOJOTMYECKHMMH 3alllUTaMHu IpU padoTe

AIIEKTPUYECKUX 3AIIUT MPOU3BOAUTCA B CIEAYIONINX CIyqasiX:

® [IpU MOBPEXKICHUU B 30HE, ABIIAIOMICHCS BHEIIHEW MO OTHOLICHHIO K BBIKJIIOYATE-
JISIM BBICLLIETO HampsKeHUs 0J0Ka;

® [IpU HAapYUIECHUSX HOPMAJIBHOTO pexuMa OJoKa (TeHepaTtopa) U HEMCIPABHOCTSIX B
AJIEKTPUYECKOMN YaCTH;

® B CIIydasx ACMCTBHS 3aIIUTHI pOTOpA OT MEPETPY3KH U 3aLIUTHI OT MOTEPU BO3OYK-
J€HMsI, KOT/1a OJIOK HE MEPEBOANTCS B ACUHXPOHHBIN pexXUM;

® Mpu OMMOOYHBIX HJIM CAMOIPOM3BOJIBHBIX OTKIIOUEHHUAX BBIKIIOYATENEH, OT/ie-
JsommXx 070K (reHepaTop) OT CETH.

[TepeBon Os0Ka Ha XOJOCTOM XOJA OCYLIECTBIISAETCA OT OJOK—KOHTAaKTOB BBIKIIO-
yaTessl BBICHIET0 HApPsHKEHUs OJI0Ka MIIM TEHEPAaTOPHOIO BBIKIIIOYATENS, €CJIU OH €CTh.
B cxemax mipu nepeBojie 6J10Ka B aCHHXPOHHBIN PEXUM B CIIydasx ACUCTBUS 3alIUTHI OT
MOTEepU BO30YXKIEHUS OCYIIECTBISIETCS TaK)Ke BO3ACUCTBHUE B CXEMY TEXHOJIOTHMUECKUX
3alIUT Ha aBTOMATHUYECKYIO pa3rpy3Ky OJIOKa MO0 aKTUBHOW MOIIHOCTH B MPEINOJIONKE-
HUM, YTO aBTOMAaTHYECKas pa3rpy3ka Ha OJI0KE IPeyCMOTPEHA.

[Tpu noBpeXaeHUH B TEXHOJIOTMUYECKOM YacTH 0JI0Ka, CONIPOBOXKAAIOIIMXCS JEii-
CTBHEM TEXHOJIOTUYECKUX 3alIUT Ha €ro OCTAaHOB, OCYIIECTBIICTCS TaKXKe ACHCTBUS
TEXHOJOTMYECKHUX 3alUT B CXEMY 3aIllUThl 3JEKTPUUECKO cBsizu Ojoka. IIpu sToM,
BBIXOJIHOE pejie TeXHOJIOTHYECKHX 3aIIUT B CXEME 3alUThl SJIEKTPUUECKON YacTH Jei-
CTBYET Ha OTKJIFOYEHHE I'€HEPATOPHOTO BBIKJIIOUATEIS WM BBIKJIFOUATENs BBICIIETO Ha-
npsbkeHus 010ka. Ecian reHepaTOpHOro BBIKIIIOUATENS HET - HAa OTKJIFOUEHUE BBIKIIIOYA-
Tenei TpanchopMaTropa COOCTBEHHBIX HYX/I, Ha TallleHHE MOJIs TeHepaTopa U Bo30yau-

TCIIA.
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6.9. BoixoaHbIe HEeNU YCTPOHCTB 3aUT

OCHOBHbI€ U3 IPUHIIMIIOB MOCTPOEHHUS BBIXOJHBIX LIENEH CIeAYIONIUE:

1) Bce BhIXOAHBIE pee CXEeMbl pa3eieHbl Ha OT/ACJbHBIE TPYIIbI C YYETOM pac-
OpEAEIICHUS IO HUM JIEVCTBUS 3alUT, OCYLIECTBIIOIIMX 110 MPUHLHUILY CBOETO JIEUCT-
BUSI pE3EPBUPOBAHKE WIIM B3AUMHOE PE3EPBUPOBAHUE:

e Ha Ojokax 0e3 reHepaTOPHOTO BBIKJIIOYATENS — JBE TPYIIBI: OCHOBHBIX 3aIllUT
TpaHchopMaTopa 1 pe3epBHBIX 3alTUT OJIOKA;

e Ha OJIOKax C reHepaTOPHBIMU BBIKIIOYATENISIMU — TPHU TPYIIIbI: 3alUThI T'€HEpaTo-
pa, OCHOBHBIX 3alIUT TpaHC(hOpMaATOpa U PE3EPBHBIX 3aIIUT OJIOKA;

® Ha CHapEeHHBIX 0JIOKaX — YEThIPE IPYIIbL: MO OJHON HA KaXKIOM T'€HepaTope U JIBE
oOliue rpymnmbl, OJJHAa U3 KOTOPBIX I OCHOBHBIX, a JIpyrasi - JJis Pe3€pPBHBIX 3aIIUT
00oux OJIOKOB.

2) Jns ynydiieHus: OJMXKHETO pe3epBUPOBAHUS MPEAYCMOTPEHO OTIAEIBHOE MH-
TaHUE OIEPATHUBHBIM TOKOM 4Y€pe3 OTACIIbHBIC aBTOMAaTUUYECKUE BBIKIIOUATENN KAKIOU
W3 TPYNI BBIXOJHBIX PEJie 3alIUTHI.

3) Jjisi BO3MOXKHOCTH 3allIMThl OLIMHOBKH BBICIIETO HAIMPSKEHUSI B PEXKHUME, KO-
raa OJIOK ¢ €ro CXeMOM 3allluThl BhIBEJAECHBI U3 PabOThI, a BHIKJIIOYATENIM BBICIIETO Ha-
npsDKeHUsT 0JI0Ka BKIIIOUEHBI, IPEIyCMaTPUBAETCS OTAENbHAS TPyIIa BBIXOJHBIX pejie
muddepeHnnanbHON 3aUThl ONIMHOBKH, MUATAEMbBIX OIEPATUBHBIM TOKOM 4Yepe3 OT-
JETIbHBbIE aBTOMATHI.

4) dns popMupoBaHusi pa3HOro oobEéMa NeWCTBUN OT pa3HbIX 3alllUT reHepaTopa
U OT pa3HbIX PE3EpPBHBIX 3aIIUT OJIOKA NP MUHUMAJIBHOM KOJIMYECTBE MPOMEKYTOU-
HBIX peJie B 3THX rpynnax. BeIXOIHbIE pere pa3HbIX HAIIPABICHUN NEVCTBUS pa3ieiieHbI
JTAOJIAMH.

5) Ilpenycmotpeno ay0aupoBaHue ACHCTBUS BBIXOJHBIX PEJIe TPYIIThl OCHOBHBIX
3alUT TpaHcpopMaTopa Ha OTKIIIOUEHHE 0JIoKa OT cucteMsbl. [Ipu 3ToM nybnupoBaHue
nercTBUs Ha oTKIIoUeHue 0s10ka ot cucteMbl 330 — 500 kB ocymectBasercs ot YPOB
BBICHIETO HAIPSKEHUS 0 LN aBTOMAaTUYECKOW MCIPABHOCTH BBIKJIKOYATENS C y4dé-
TOM TOI'O, YTO OTKJIFOUEHHE BBIKJIIOUYATENEHN BBICHIETO HaNpskeHUs U myck YPOB Beic-
IEr0 HANPSKEHUS OCYIIECTBIAETCA OT PA3JIMYHBIX BBIXOJHBIX PEJI€ TPYIIIbl OCHOBHBIX
3alUT TpaHchopmaropa.

6) JleiicTBusl HA OTKJIIOUEHHE BBIKJIIOYATENIEH CBSA3M C CUCTEMOM Ha HaNpsKeHUE
330 xB u BbIlIE OCYIIECTBISAETCS OT OBICTPOACHCTBYIONIMX MPOMEXKYTOUHBIX pEJIE.

7) llpenycMoTpeHo nyoaupoBaHue ASMCTBUI BHIXOAHBIX PEJie 3alUT reHepaTopa
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Ha OTKJIFOUEHUE BBIKJIFOYATENS TeHEpaTopa,
JUTSI TIOBBIIEHUS! HAAEKHOCTU MUTaHUs TpaHchopMaTopa COOCTBEHHbBIX HY X/
Ha TallleHHe IOoJIsl reHepaTopa U padodero Bo30yauTess.

8) IIpenycMOTpEHO AECTBUE HAa rallEeHUE MOJIsI T€HEpaTopa aBepTUPOBAaHUEM (B
Cilydae OCHOBHOTO BO30ykaeHus) u Ha oTkimoueHne AITl (B cirydae pe3epBHOTO BO3-
OyXIeHUs) OT Pa3TUUYHBIX MPOMEXYTOUHBIX PeJie TPYIIbI BBIXOJAHBIX pejie.

9) Ilpu moBpeXIeHUH TEXHOJOTMYECKON YyacTu 0JI0Ka, COIIPOBOKIAIOIIECHCS -
CTBHEM TEXHOJOTHYECKHUX 3aIUT HA €r0 OCTAHOB, OCYIIECTBISIETCS JEUCTBUE TEXHOJIO-
TMYECKUX 3al[UT Ha DJIEKTPUUYECKHH OCTAaHOB OJI0Ka BO3JEHCTBHUEM UYepe3 OTACIIBHOE
MIPOMEKYTOUHOE PeJie B CXEMY 3allIUTHI MICKTPUIECKON JacTH OJI0Ka.

6.10. HexoTopbie 0COOEHHOCTH BBINOJHEHUS pPeJIeHHON 32 UTHI

0JIOKOB reHepatop — aBTorpancpopmarTop

OnpenensonmM MPU BHITIOJIHGHUH CXEM 3aIlllUThl OJIOKOB TEHEpPaTOp — aBTO-
TparchopmaTop sIBiIsIeTCs 00ecredeHne BCceX BO3MOKHBIX PEKUMOB OJI0Ka:
e  pexuM TpaHcopmaropa 0JI0Ka;
®  PEXUM aBTOTPAaHC(HOPMATOPHOU CBSI3U MEKIY PACTIPEICIUTEILHBIMUA YCTPOUCT-
BaMU BBICIIIETO U CPETHETO HAMPSHKEHHS C OTKIIOYCHHEM I'€HepaTOPHOTO BBIKIIIOUYATE-
Ts1;
e  pexuM TpaHchopmaropa O65I0Ka C OTKIFOYCHHUEM BBICIIETO WIJIA CPETHETO HAIpsi-
KEHUSI.
[ToMUMO yKa3aHHBIX 3alTUT AJIsI OJIOKOB ¢ OOBIYHBIMHU TpaHC(HOPMATOPOM B OJI0-
Kax ¢ aBTOTpaHC(HOpMAaTOpaMy yCTaHABIUBAIOTCS:
®  Ha CTOPOHaX BBICHIETO W CPEAHETO HANPSKEHUH OJIOKA TUCTAHIIMOHHAS 3auiuma
om MHO20()a3HBIX K.3.;
®  CO CTOPOHBI BEIBOJIOB OOMOTKH CPETHETO HAINPsHKCHUS M HA OIIMHOBKE CPETHETO
HaMpsDKEHUST B CX€Me C MOAKII0YCHUEM OJIOKa K JBOWHON CHCTEME IIMH CPEIHEero Ha-
MPSOKEHUST IBYMsI BRIKJTIOYATEIISIMU OT BCEX BUAOB K.3. — nuddepeHnnansuas zauuma
OUWIUHOBKU CPEOHE20 HANPANHCEHUA.
JlanbHee pe3epBHpPOBAHUE 3aAIUT JMHHHA, OTXOAAIIUX OT PacCHpeNeIUTeIbHBIX
YCTPOMCTB BBICIIETO U CPEIHEr0 HAINpPsHKEHWH Ha CTOPOHAX BBICIIETO M CPETHEro Ha-
NpsOKEHUH aBTOTpaHcpopMmaTopa MpeayCcCMaTpUBAECT HAIPABJICHHYIO B CTOPOHY CETH

JAUCTAHLMOHHYIO 3aIIUTy OT MHOTO(A3HBIX K.3. U TOKOBYIO 3aIIUTy HYJIEBOU MOCIEAO-
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BaTEIILHOCTU OT OJHO(A3HBIX K.3., & TAK)KE TUCTAHIIMOHHAS 3aIUTa, YCTAaHABIMBaEMasl
Ha TEHEPaTOpe ¥ OTCEYKA TOKOBOMW 3aIllUThl 0OPATHOM MOCIIEA0BATEILHOCTH.

o  3awuma om cummempuunbIX REPezPy30K aBTOTpaHCHOPMATOPA MPEIHA3HAYCHA
IUIsS. CUTHAJIM3AIMK TIOSBJICHUE TOKOB HEIOIMYCTUMOW IMEperpy3kd B OOMOTKax aBTO-
TpaHcpopmaTopa. Tak Kak Bce OOMOTKH aBTOTpaHcopmaTopa u3-3a Crenupuku ero
pabOTHI BHITONHSIOTCS HA HOMHHAJIBHBIE TOKH, TO 3aITa OT IMEePErpy3KH JAO0JDKHA Tpe-
AyCMAaTpUBAThCS ISl KAKAOH U3 ero 0OMOTOK B OTJEITBHOCTH.

Ha cropone Hu3IIEro HampspKeHUsT HE TpeOyeTCs yCTaHOBKA 3allUTHI OT Iepe-
Ipy3KH aBTOTpaHCPOpPMATOpA MPU HOMHHAIHHOM HAJTHYUH 3alIUTHl OT CUMMETPHUYHBIX

Heperpy30K reHeparopa.

7. OCHOBBI PEJIEMHOM 3AIIUTHI HA MUKPOIIPOLIECCOPAX
7.1. CTpyKTypHasi cxeMa YCTPOMCTBA 3aIlIUThI

[{udpoBbie ycTpoiicTBA 3aIMTHI PA3IMYHOTO HA3HAYEHHSI UMEIOT MHOTO OOIIEro,
a UX CTPYKTYpHBIE CXEMbl OYEHb MOXO0XH M NOJOOHBI MpeAcTaBIeHHOW Ha puc. 7.1.
[leHTpanpHbIM y37I0M LU(PPOBOro ycTpoiicTBa siBisieTcs: MUKpoOBM (DnexTpoHHas
Breruncnutensnas MainHa), KOTopasi 4epe3 CBOM yCTpPOICTBa BBOJa-BbIBOJIa OOMEHU-
BaeTcs nHpopmanuen ¢ nepudepuitHpIMU y3naMu. C TOMOIIBbIO ATUX JOTOTHUTEIbHBIX
Y3JI0B OCYILECTBIISIETCA COIpsKEHUE MUKPO-OBM (Mukponpoueccopa) ¢ BHEIIHEHR cpe-
JOW: JaTYMKaMU UCXOJIHOW MH(pOpMaluu, 0ObEKTOM YIPABIIECHUS, ONEPATOPOM U T.[.
CnenyeT OTMETUTh, UTO B PEAJIbHOM YCTPOWCTBE 3alUThl MOXKET MCIOJIb30BaThCS HE-
CKOJIBKO MHKPOIPOLIECCOPOB, KaXIbIii U3 KOTOPHIX 3aHAT pEIICHUEM OTAEIHHOTO
¢dbparmenTa o01eH 3a7aun ¢ 1eNbl0 00ecredeH s BICOKOro ObicTpoaeicTBus. Hampu-
Mep, B CJIOXHBIX 3aIIUTaX BBICOKOBOJBTHBIX JIMHUN HCHOJIB3yeTcs 10 7...10 mMuKpo-

POLIECCOPOB, PAOOTAIOIIUX NAPAILIEIBHO.
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Puc. 7.1. CtpykTypHas cxema uudpoBOro yCTpoicTBa 3alUThI.

HenpemeHHbIME y371aMu JTF000TO IIUPPOBOTO ycTporicTBa P3A sBisiroTCs: BXO-
ueie (Ul... U4) u Beixonnsie (KL1... KL2) npeoGpa3zoBatenu CUTHAIOB, TPaKT aHAJIO-
ro-idposoro npeodpaszosanus (U6, U7), KHONIKH yIpaBieHUs U BBoJA MHGOpMaIUu
ot oneparopa (SB1, SB2), nuctineit (H) nns orobpakenust nadopmaiuu u 010K MuTa-
Hust (US). CoBpemeHHBIC IU(PPOBBIC YCTPONCTBA, KaK MPABHUIIO, OCHAIIAIOTCS U KOMMY-
HUKAIMOHHBIM TIOPTOM (X1) a7ist CBSA3M ¢ APYrUMHU ITUGPOBBIMU YCTPOHCTBAMH.

7.2. BXxoaHble npeo0pa3oBaTesin JUCKPETHBIX CUTHAJIOB

[IpeoOpazoBarenu obecneunBarOT rajJbBaHUYECKYIO Pa3BA3KY BHEIIHUX LIETIEH OT
BHYTPEHHHX Ileneil ycTpoicTBa. OTHOBPEMEHHO, BXO/IHbIE MPE00pa30BaTENd OCYIIECT-
BJIIIOT MIPUBEICHUE KOHTPOJIUPYEMBIX CUTHAJIOB K €IMHOMY BUIY U HOPMHUPOBAHHOMY
YPOBHIO.

Nudopmanust o moBpexACHUH MOJAETCS OT TPAHCHOPMATOPOB TOKA U HAIpPsHKe-
HUS C TPAAUIIMOHHBIMU YpOBHSIMU 54, 14 n 100 B. Takue ypoBHU CUTHAJIOB 00€CTICUH-
BalOT HEOOXOIUMYIO TTOMEXO3AIUIIEHHOCTh, HO COBEPILIEHHO HEMPUEMIIEMBI JIJIsl 00pa-
OOTKH B JICKTPOHHBIX cxeMax. Vcmonb3oBaHuE K€ TaTYUKOB C BBHIXOJIHBIMU CHUTHAJIA-
MU, COTJIACOBAHHBIMH C TPEOOBAHUSMHU JJICKTPOHWKH, HATAJIKWBACTCS HAa HEO0OXO0IH-
MOCTb JIMOO PE3KO OrpaHMYMBATh JJIMHY JUHUN CBS3HM, pa3Melias yCTpouWcTBa BOJIU3U
JaTYUKOB MHGOpMAIK, JTUOO NMPUMEHSTH JOMOJHUTENbHBIE MEPHI M0 UX 3alIUTE OT

IMOMCX, TAKUX KdK, OKPAHHUPOBAHUC, XOTA 3TO BECbMaA JOPOTO.
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[Ipy MOAKITFOYEHUH MUKPOMIPOIIECCOPHBIX YCTPOUCTB K TPATUITMOHHBIM JTaTUH-
KaM TOKa W HampshKeHHs TpeOyeTcs MPUBEICHNE UX CHUTHAIOB K €IMHOMY BUIY W JHa-
Ma30HY U3MEHEHUS, IPUEMIIEMOMY JIJIs1 0OpaOOTKH SJIEKTPOHHBIMH Y3JIaMH.

HaubGonee uwacto BxOomHBIE corjacyoomue MpeodpasoBarenu HUGPOBBIX YCT-
POMCTB BBINIONHSIOT Ha 0a3e OOBIYHBIX IJIECKTPOMATHUTHBIX TpaHCHOpMATOpoB ¢ dep-

POMAarduTHBIM CEPACUYHUKOM.

ul ° ° o2 H] o °® o _ ) OH2

I, )

R2 R2 R2

U l
Lo, W, 2 w, W, U,
Kl ¢ ‘o) K Kl o e O K2
IITH IITT
W, w,
a) 0)

Puc.7.2. IlpyHuMnMaIbHbIE CXEMBI:

a) - mpeoOpa3oBartelis HaNpsHKEHUs;, 0) - mpeoOpa3oBaTes TOKa

Hzmepumenvrvie npeobpazosamenu nepemennozo Hanpsxcerus (UIITH) o6bru-
HO BBITIOJTHSIFOTCSI TACCUBHBIMU B BHJI€ OJTHO()Aa3HBIX JIEKTPOMATHUTHBIX MTPOMEXKYTOU-
HBIX TpaHchopmaropoB Hanpspkenus (IITH). [punnunuansHas cxema Takoro npeoopa-
30BaresIs [oKa3aHa Ha puc. 7.2,a.

ITTH umeeT nepBUYHYIO U BTOPUYHYIO 00OMOTKH W,, W,, a Takke dKpaHUpPOBaH-
Hy0 0OMOTKY W, pa3zMenieHHy0 Mexay HuMH. [lepsuunas oomotka W, IITH paccun-
TaHa Ha HEMOCPEACTBEHHOE MOJKIIOYEHHE KO BTOPUYHON OOMOTKe TpaHc(opmaTopa
Hanpsokenuss (TH), umeromero craHgapTHOE BBIXOJHOE HOMHHAIBHOE HANpPSKEHHUE,
paBHoe 100/ 3 B. HomunansHoe HanpsbkeHue BropuyHoi oomotku W, I1TH onpene-
JIAE€TCA BXOJHBIM HOMHMHAJIBHBIM HAIPSXKEHUEM HCIIOJIb3YEMBIX AHAJIOTOBBIX BXOJIOB

AIIIT 1 umeeT NOpSIAOK €NUHULL BOJBT. /I m1aBHOW MOACTPOMKHU M TOUHOW YCTAHOBKH

HOMUHAJIBHOTO 3HaueHusi BeIxogHoro HampsbkeHuss U~ UIIITH oOpdHO MCHIONB3YIOT

68blX

ACJINTCIIb HAIIPAKCHUA, BBLITTOJTHECHHBIN B BHUJAC IICPCMCHHOI'O pC3UCTOpPaA R2, IO AKJIXO-

169



YEeHHOro Ko BTopuuHOW obomotrke W, IITH. Dxpanupyemas oOMoTKa W, BBINOJIHSAET

GYHKIIUM 3JEKTPOCTATUYECKOTO SKpaHa, KOTOPBIM MO3BOJIET CYIIECTBEHHO CHU3UTH

Hapa3suTHYIO MPOXOAHYI0 €EMKOCTh MEXAY NnepBUYHONW W, u BTOpuuHON W, 0OMOTKamMu

IITH, uTo crocobcTBYyeT obOecredeHn0 HEOOXOAMMOMN AIEKTPOMAarHUTHOM COBMECTH-
MOCTH.

[Ipumenenue B kadyectBe marHutTonpoBoaa [ITH deppuroBoro cepaednuka 1o
CPaBHEHHUIO C MArHUTONPOBOJAOM H3 JJIEKTPOTEXHUYECKOW CTalW IMO3BOJIAET CYLIECT-
BEHHO pACUIUPUTh 4acTOTHBIM auarna3zoH WMIIIIH, ynydmuTe TUHEHHOCTh XapakTepu-

ctuku npeodpaszoBanust U, = f,(U, ) ¥ NOIXy4UTh HE TOIBKO JOCTATOYHO MAJIOE, HO U

CTaOWJILHOE B IIMPOKOM JHAa30HE W3MEHEHUS KOHTPOJUPYEMOTO HATNpPSKEHHs mepe-
MEHHOI'0 TOKa 3Ha4eHue yrioBou norpemnoctu y UIITH.
Ha puc. 7.3 a npuBenens! xapakrepuctuku U, = f, (U ) u y = f,(U_ ) WUIIIIH,

B8blX

B koTopoM B kadecTBe [ITH npumenen peppuToBbiii cepieuHuK.

Xapaxrepuctuka U, = f,(U_) coxpaHseT BBICOKYIO JIMHEHHOCTb BIUIOTH [0

BblX

3HAYEHUSI KPATHOCTU KOHTPOJIMPYEMOTO HAMPSKEHUS IEPEMEHHOTO TOKA, paBHOTO 1,5.
OTkJtoueHHe OT JIMHEWHOCTH OOBIYHO He npeBbimaeT 1,5%.

Kak BuznHO u3 puc. 7.3 a, yrnosas norpemHocts y = f, (U, )Ha Oomnbliel yactu

TOro K€ JuarasoHa M3MCHCHHA KOHTPOJUPYEMOI'O HAIPSAXKCHHA HC IMPCBBINIACT 1°u
IIOYTH ITOCTOSIHHA BO BCEM JHAIIa30HC. 910 AacT BO3MOKXHOCTDB ITIOBBICUTb TOYHOCTBH PC-

TUCTPAIMH TTyTEeM Y4eTa YKa3aHHOU YTJIOBOM MOTPEUTHOCTH ¥ (Win OOJBIIEH €€ 9acTh)

IIPOTPAMMHBIMU CPEACTBAMH.

},O anc H B '}’0
10 T 3,6 :
1 2436
q
> 11,8 5
) 5 r
RS / N I
0 .
| N J/ 5 10 15 20
N I, 41, =1 A, W1=5 eumxos)
0 25 50 75 100 12,5 25 3%,5 56
U . B I, A, =54 Wi=2 eumlca)

ax?

Puc.7.3. XapakTepuctuku:

a) - mpeoOpa3oBarelsa HanpsbKeHus; 0) - mpeodpa3oBaTess TOKa.
Hzmepumenvrvie npeobpazosamenu nepemernnozo moxa (UIIIIT) Takke 0ObIYHO

BeIMONTHSIOTCS TaccuBHBIMU. UTTIIT, mpuHIunuanpHas cxema KOTOpOro n300pakeHa Ha
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puc. 7.2 6, npeactaBnsger co0oil 0AHO(MA3HBIN 3JIEKTPOMArHUTHBIN MPOMEKYTOUHBIN

tpancpopmatop Ttoka (IITT), umeromuii, kak [ITH, nepsuunyto o6MoTKy W, , s3KpaHu-
pyto1yo oOMOTKY W, , BBINOJHSIOUIYIO aHAJIOTHYHbIE (PYHKIMU C 3KpaHUpYIoIIel 00-

motkoii [1TH, u BTOpHYHYI0O 0OMOTKY WW,, HarpyeHHy(o Ha pe3uctopsl R2 u R2',

29

peoOpasyrolue MpoTEKAUIMi Yepe3 HUX TOK BTOPUYHOW OOMOTKM W,B BBIXOJHOE

Hanpsokenue U UIIIIT.

68blX

ITepBuunas oomorka W, IITT paccuntaHa Ha HENOCPEACTBEHHOE BKIIIOUEHUE B

HCIIb BTOPUYIHOI'O TOKa TT, HMCHOIICTO CTAHAAPTHOC HOMHWHAJIBHOC 3HAYCHHC BbIXO/-

HOr'0 BTOPHUYHOro Toka 1 mim 5 A. TlepemeHHbIi pe3ucTop R 2', BKIIFOYECHHBIH Mmapail-

JENBbHO € pe3ucTopoM R2, mpeaHa3HaueH JUisl TUIABHOTO PEryJIMPOBAaHUS U TOUHOM ycC-

TaHOBKA HOMMHAJIBHOI'O 3HayeHus BbIxoaHoro Hampspkenus U, MIIIT, coorsercr-
BYIOLIET0 HOMUHAJILHOMY 3Ha4eHUIO Toka /, B nepBuuHoi obmotke W, IITT. Homu-

HaJIbHOE 3HaueHHue BbIXOAHOTO HampsbkeHus U~ UIIIT mmeer mopsamok IecAThIX N10-

B8blX

Jed BOJbTa, a HauOoJblllee 3HAYEHUE, COOTBETCTBYIOIIEE MAKCHUMAaJIbHOW KPaTHOCTU
KOHTPOJIMPYEMOTO TOKa, OTPAHUYMBAECTCA IHANA30HOM BXOJHBIX HAIPSKECHUWA aHAJO-
roBeix BxogoB ALIIL.

Ucnons3oBanue B IITT ¢deppuroBoro cepjeuynrka MO3BOJSET AHAIOTHYHO
UIIITH pacumputhk yactoTHbld auana3zoH MIIIT, yMeHbIINTE OTKIOHEHUE OT JIMHEHU-

HOCTHU €ro XapakTepUCTHKH mpeoOpaszoBanus U, = f,(/, ), a Takke NOJYyYUTb OTHO-

CUTEJILHO HEOOJIBIIOE U JOCTATOYHO CTAOMIILHOE B IIMPOKOM JIMalla30HE U3MEPEHUS
KOHTPOJIMPYEMOTO IIEPEMEHHOT0O TOKA - 3HaUeHue yrioBou norpemnoctu y WIIIIT.

Ha puc. 7.3 6 npuBenens! xapakrepuctuku U, = f, (I, ) u y = f,({, ) UIIIIT, B
koropoM B kauecTBe I[ITT npumenen QeppuToBblli cepaeyHUK. XapaKTepUCTHKA

U, =/f({,) uMeer J0CTaTOYHYIO JIMHEHHOCTb 10 3HaueHu [_=20 A4 (i

I, =1A)IITT, 4T0 COOTBETCTBYET KPATHOCTH KOHTPOJIUPYEMOIrO IEPBUYHOIO Iepe-
MEHHOro Toka, npesbimatomiet 20, u I, =50 A (mns I, =5 A), 4TO COOTBETCTBYET
KpaTHOCTH, npesbimatonei 10. OTkiioHeHue ot auHeHoctu xapakrepuctuku UIIIT
0ObIuHO He TpeBbImaeT 1,5%.

VYrinoBas norpemHocTts ¥ = f,(/, ) BO BCEM Iuana3oHE MU3MEHEHHUs KOHTPOJIU-

pyeMoro n€epeMEHHOro ToKa nMpakTH4CCKHU JIC)KUT HUKE 1°nu JOCTAaTOYHO MaJI0 U3MCHA-
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€TCs1, 9TO MO3BOJISICT OOJIBITYIO €€ YacTh, Kak U B UIIIIH, yuecTs mporpaMMHBIMU CpeI-
CTBAMHU U 32 CUET 3TOTO MOBBICUTh TOYHOCTh PETUCTPALUU.

7.3. ®uabTpanus BXOJAHBIX CUTHAJIOB
7.3.1. O0uiue cBeeHU

YcerpoiictBa penerinoit 3amuthl (P3) u m3aMepenuii mony4daroT WHGOPMAIHIO O
3alMIaeMoil (aHATM3UPYEMOi) CeTH B BUJIE TOKOB M HAIPSKEHUN. DTH TOKU U HAIps-
KEeHUs1 OOBIYHO OBIBAIOT MCKa)K€Hbl. BO3MOXXHO MOSIBJICHUE anepuoOAMYECKON COCTaB-
JSIOIIEH B MIEPEXOAHBIX PEKUMAX, MOSBICHUE TAPMOHUYECKUX COCTABJISIOIIUX B HOP-
MaJIbHBIX PEXXUMaxX U T. 1.

Jliis mpaBuIIbHOM paboThl OONBIIMHCTBA YCTPOUCTB P3 1 snexTponsmepenuii He-
00X0JIMMO, YTOOBI Ha HUX T0JIaBAJIUCHh CUHYCOUIAJIbHBIE TOKU U HANPSKEHUS] OCHOBHOM
(npombInieHHo#) yactothl 50 [y, 11b0, K mpuMepy, JUisl U3MEPEHUs] TOKOB TPEThEl
rapMOHUKH, HEOOXOAUMO, YTOOBI HA YCTPONUCTBO M3MEPEHHUS ObLIT MOJAH CUHYCOUAAIIb-
HBIM TOK 9acToThl 150 /'y. Ho B mo0om citydae, MbI HE MOXEM TO/IaBaTh HA yCTPOIMCTBA
P3 u snexTpousmMepeHuil TOKH U HANPSHKEHUS «KaK €CTh)», CHadajaa Mbl JI0JKHBI BbIJIE-
JUTH COCTABIISIONIYI0 HEOOXOJMMOM YacTOThI, a MPOYHE COCTABIISIIOUIUE YAAIUTh WU
0CJIa0UTh.

CocTaBasIOIIyI0 HEOOXOAMMOM YaCTOThl MOXHO HAa3BATh «IIOJIE3HBIM CUTHAIIOMY,
a BCE IPOYMUE COCTABIISIONINE — KIIOMEXAMU».

OWIBTPOM HA3BIBAIOT YCTPOMCTBO, BBIMOJHSIOINIEE 33/1a4y OTAEIEHUS MOJE3HOIO
CUTHAJIa OT MIOMEXH.

NneanbHbld QUIBTP - 3TO YCTPOMCTBO, MPOXO/s Ye€pe3 KOTOPOE IMOJIE3HBIN CHUT-
HaJl OCTAeTCs HEM3MEHHBIM, a IOMEXHU TMOJHOCTBIO JHMKBUIUPYIOTCS. MmeanbHbIi
bunbTp ABISETCS MaTeMaTudeckol abctpakuueid. Ha camom nesne B peanbHbIX (PUIBT-
pax MPOUCXONUT YBEIIMUEHHWE COOTHOIICHUS ‘TIOJIC3HBIA CUTHAN’/ ‘“moMexa”’, TO eCTb,
oclia0JIeHHe MOMEXH OTHOCHUTENIbHO MOJIE3HOIO0 CUTHaa, JIMOO YCUJIEHUE IOJIE3HOTO
CUTHAJIa OTHOCUTENIbHO MOMEXH, JIMOO U TO U APYroe BMECTE.

Knaccudukanus QuibTpoB MOXKET ObITh MPOBEACHA MO PA3IMYHBIM MPHU3HAKAM.
Mpg1 OynemM HCToNb30BaTh MPHU pa3feieHud (GUIBTPOB MO TPYIINAM YEThIPE Pa3IUYHBIX
MPU3HAKA, YKa3aHHBIX HUXKE.

IlepBbIii NpU3HAK — BUJ BXOJHOIO M BBIXOJHOrO curHana ¢uibTpa. Eciu atu
CUTHAJIbI aHAJIOTOBbIE, TO (UIBTP HA3BIBAECTCSI aHAJIOTOBBIM, €CIU K€ CHUTHAJbI Mpe/-
CTaBJIEHbI U(POBBIM KOJIOM, TO (QUIbTP Ha3biBaeTca IUGPOBHIM. BO3MOXHBI U TPO-

MCKYTOYHBIC BAPpUAHTHI:
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aHayoro-uu@poBoit GpuIbTp (BXOJ aHAJOTOBBIN, BHIXOJ LU(POBOI) U HU(ppoaHa-
JIOTOBBIN (BXOJ ITU(POBOM, BHIXOJT AHAJIOTOBBIH).

Bropoil mpu3HaK — BHUI YAaCTOTHOM XapakTepucTuku. [lo 3TOMy mnpu3HAKY
GuABTPHI IENATCS Ha Clieayomue rpynnbl: GuibTpsl HUKHUX yacToT (OHY) - npomyc-
KAlOT HU3KOYACTOTHBIE COCTABJISIIOIIME CIEKTpPa M 3aJEPKUBAIOT BBICOKOYACTOTHBIE;
¢bunpTpsl BepxHux yactor (OBY) - mpomyckaioT TOJBKO BBICOKOYACTOTHBIE COCTaB-
nsomue; GuibTpel nojocHo-npomnyckawmue (DI - npomyckaroT cocTaBistoliye
CUTHAJIa TOJIbKO B ONPENEJIECHHON IMO0J0ce 4acToT; (GUIBTPBI MOJOCHO-3arpaXKaatoninue
(PII3) - mpomycKaroT BCE COCTABISIOIINE CUTHANIA, 32 UCKIIFOUEHUEM TEX, YaCTOThI KO-
TOPBIX BXOST B OMPEICIICHHYIO MOoJIocy; GuibTpsl Becenponyckatomue (PBII) - mpo-
MyCKaIT Bce 0€3 MCKIIIOUEHUS COCTaBIISAIOIINE CUTHAla, HO U3MEHSIOT (ha30BbIE€ COOT-
HOLIECHUSI ME¥K1y HUMH.

['paduku yacToTHBIX XapakTepucTuk (UX) ynoMsHyThIX BUAOB (PUIBTPOB IOKA-
3aHbl Ha puc. 7.4. a, 0, B, I, 1. KpoMe nepeynciieHHbIX OCHOBHBIX MO 3TOMY MPHU3HAKY
rpyml, ecTh U Apyrue pazHoBuaHocTH. Hampumep, pe3oHaHCHBINA (UIBTp MpeACTaBIsSeT
co0O0l YacCTHBIN Clly4ail MOJIOCHO-MIPOMYCKAOUEro GuibTpa, HO C OYEHb Y3KOH MOJIO-
coit mponyckanus (mrpuxoBas AUX Ha puc. 7.4 B). ®unbTp-npoOKa Ha ONPeIEICHHYIO

gacToTy — 310 DII3 ¢ y3Ko0# nonocoii 3arpaxaenus (mrpuxoBas AUX Ha puc. 7.4.1).

a1 |6(r) 01 |6(r) 1 [6(r)
/
I\ \ omm
®HY B /7 r\\
f f // N o 7
r) G(f) )1 |G(r)

G(f) hy!
T\PI3
\\ / ®BII
\/ f f
f

Puc. 7.4. AMIUIUTYAHO-4aCTOTHBIE XapaKTEPUCTUKH PA3INYHbIX (PUIBTPOB

['pebenuatpiii GUIBTP — 3TO TaKOH (PUIBTP, KOTOPBIM UMEET HECKOJIBKO MOJIOC
nporyckanus (puc. 7.4, ). B HazBanue QuiabTpa BXOAUT OOBIYHO Ta YaCTOTHAA M0JIOCA,
KOTOpYI0 (unpTp npomyckaer. Tak, QUIbTp HUKHHUX YacTOT — 3TO (UIBTP, MPOILyC-

Ka}OH_II/Iﬁ HM)KHHUEC 4YaCTOThI CUTHAJIA. HOC—)TOMy HC COBCEM KOPPCKTHLI BCTPCUAIOIINECCA
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HHOoraa CJIOBOCOYCTaHMUA THIIA (((bI/IJ'IBTpaLII/IH ITOMEX». (DI/IJILpreTCH, T.C. IIPOXOOUT YC-

pe3 punbTp, MOJE3HBIN CUTHAIL, @ TOMEXa 3aJIEP>KUBAETCS, HE TPOITYyCKAETCS.

a) 0)
®HY ®HY
x — x - y
— s L — i
+ +
OBY

Puc. 7.5. Bo3amMoxxHbI€ CTPYKTYPBI (UIBTPA BEPXHUX YACTOT (a)

U TIOJIOCHO-3arpakaaromiero ¢puibtpa (0)

OTmeTuM, 4TO B KayecTBe 0a30BOI0 MpHU aHAIW3€ U CUHTE3€ (PUIBTPOB OOBIYHO
npuHUMaeTcss GuiIbTp HUKHUX YacToT. Mmenno ®HY, kak npaBuiio, paccMaTpuBaeTcst
B Pa3JIMYHBIX MyOJMKALUAX, IJIsI HErO pa3pabaThIBalOTCd METOIUMKH cuHTe3a. OcTalib-
HBIE K€ BUBI (PUIBTPOB MOTYT ObITh MOcTpoeHbl Ha ocHoBe MHY. Tak, ecnu U3 moiaHO-
ro CMrHazua BeiuecTh BbixoAgHoOU curHan ®HY, to B utore mul nonyuum ®BY (puc. 7.5.
a). ®II3 MOXHO TOCTPOUTH, €clii BKIOUNTh MapaiienbHo ®HY u ®BY ¢ pa3ubiMu
gacTtoTaMu cpesa (puc. 7.5. 6). Hns noctpoeruss OIIIT noctatouyHo coeMHUTH TOCTIe-
JI0BaTEJIbHO COOTBETCTBYIOIIMM 00pa3om paccuntanubie ®HY u ®BY.

Tpertuii npu3Hak, Mo KOTOPOMY pa3IHyYalOT pa3Hble THMBI GUIBTPOB, - 3TO BHUJ
uX UMIyJIbCHBIX Xapakrepuctuk (UX). HempepbiBHBINA GUIBTP — 3TO GUIBTP C HENpe-
peiBHOM UX, nuckpeTHbiit Gunbtp — 310 QuiabTp, MX koToporo nmpeacrapieHa Habopom
d-umynbcoB. Hakonen, umnynbcHbi puiibTp umeer UX, cocrosimiyto U3 mnociaeaoBa-
TEJILHOCTH OJMHAKOBBIX MO (POpME UMITYyJIbCOB KOHEUYHOM JIUTEIBbHOCTH Pa3HOU aMm-
IUTYI6I. BO3MOXHBI GUIBTPEI, IPU KIaCCU(PUKAIIMN KOTOPHIX 1O JAHHOMY MPU3HAKY
BO3HUKAIOT HEKOTOpbIE 3aTPYAHEHUS, HO TaKhe (PHIbTPbl HAa MPAKTHKE BCTPEUAIOTCS

penKo.

D1 gl) 9 1g()

r LT

Puc. 7.6. IIpumepsl UMITYJIBCHBIX XapaKTEPUCTUK UMITYJBCHOTO (@) U JuC-
KpeTHoro (0) GunbTpoB
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YeTBepThlii NPU3HAK, [0 KOTOPOMY MBI OyJeM KinaccuuuupoBath QUIBTPHI, -
ATO MPOTSKEHHOCTh UMIYJILCHOM xapakTepucTuku. Ecnmu UX ¢unutHa, T.€. orpanuye-
Ha BO BPEMEHM, TO Takue (UIbTPHl HA3bIBAIOT (PUIBTpPAMU C KOHEYHOW UMITYJIbCHOU
xapaktepuctukoil i kopotko KUX-¢punsrpamu. Ecnn X, xoTs u 3aTyxaer co Bpe-
MEHEM, HO UMEET TEOPETUYECKH HE OTPAHMYCHHYI0 BO BPEMEHHU MHPOTSKEHHOCTH, TO
COOTBETCTBYIOIIMH (GUIbTp Ha3bpiBatoT BUX-bunbrpoM, T.€. GuiabTpoM ¢ O€CKOHEYHOM

UMITYJIbCHOM XapaKTEPUCTUKOM.

Ha puc. 7.6. B xauecTtBe npumMepa mnokazanbl X nByX BUJOB (PUIBTPOB: UM-
nynbcHoro KUX-dpunprpa (puc. 7.6. a) u auckpetrHoro bUX-dbunstpa (puc. 7.6. 0).
OuIbTp MOXKET OBITh “TacCUBHBIM” KOO0 “akTuBHBIM . [laccHBHBI QUIBTP HE UMEET
BHEIIHUX MCTOYHUKOB PHEPTUHU, aKTUBHBINA - UMeeT. bllok-cxema MacCMBHOTO U aKTHB-

HOTO (UIBTPOB MPEACTABICHA HA pUC. 7.7.

BxonHoit curaan BrIixogHOiT curHamI
DunpTp
BxonHoit curaan BrixogHol curaain T
OmibTp OHeprus

N3 BHCIIHCTO UICTOYHHKA

Puc. 7.7. a) maccuBHbIN GUIBTP 0) aKTUBHBIN QUIBTP

B Teopun GuimbTpoB CyIIeCTBYET JIBE pa3IMIHBIX KJIACCUYECKHX 3aaadu. [lepas
3ajjada — 3a/1ava aHanu3a QuiabTpa, Koraa TpeOyeTcs pacCMOTPETh JCWCTBUE KaKOTO-
mu6o cymecTBytomero ¢puiabTpa. Bropas — 3amadya cuaTe3a GuimbTpa, Koraa mo tpedye-
MBIM XapaKTePUCTUKAM HEOOXOAUMO CO3/1aTh HOBBIM (PUILTP.

B naHHO# paboTe BBIMOJHACTCS TOJILKO aHAIN3 (PHIBTPOB.

7.3.2. AHasnoroBass puiabTpanus

[TaccuBHBIC aHanOrOBBIE (DMUIBTPHI B YCTPOMCTBAX HA MHUKPOCXEMaX HE HAXOISAT
NpUMEHEHHUsT H3-3a OOJbIIOro MmoTpedsenus. Kak mpaBuio, MPUMEHSIOTCS aKTHBHBIC
(GuIbTPHIL

Kak ye yka3pIBaJloCh, B KadecTBE 06a30BOT0 (uiIbTpa MpH aHAINW3E OOBIYHO HC-
MOJIB3YIOT (DUIIBTP HMKHUX 4YacTOT. MaeanbHbId (QUIBTP HIKHHUX YacTOT MMEET I10-
CTOSIHHBIM KOHEYHBIN KOA((UIIMEHT Mepeadr B MOJ0Ce YaCTOT OT HYJS JO YacCTOTHI

cpe3a f,. W paBHbII HYJIO0 KOAQGUIMEHT Iepeayn PH YacToTax, JIeXKAIUX BbIIIE Yac-

TOTHI cpe3a. O HAKO uAcaIbHbIA QUIBTP PU3HMUECKH HEpeaTu3yeM.
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[lepenaTounsie PyHKINM aKTUBHBIX (PUIBTPOB MPEACTaBISAIOT co00il B oOIIeM
Cllydae OTHOILEHUE JBYX OIEPATOPHBIX MOJUHOMOB. ANMPOKCUMALIMS XapaAKTEPUCTUK
AKTUBHBIX (DMJIBTPOB CBOJUTCS K BBIOOPY TaKUX KOA(DPHUIIMEHTOB ITUX MOJIMHOMOB, KO-
TOpbIe 00ECIIeYnBaIOT HAMIYYIlee B TOM MM MHOM CMBICJIE MPUOIMKEHHE K JKEITaeMbIM
aMIIuTyHO-4acToTHOM (AYX) wmm  (dazo-uacrotHoit (DPUX) xapakrepuctukam
dbunpTpa.

HauGosnee mmpoko NpUMEHSIOTCS CIEAYIONINE TUTIBI AKTUBHBIX (UIBTPOB, OTIH-
Yyre KOTOPBIX JIPYT OT JIpyra 0OyCIIOBIEHO Pa3IuYHbIM MOJXO0I0M K HaXOXKJICHHUIO Hau-
Jayyiien anmpokcumanuu: GunsTpel barTrepBopra, UebbimeBa, nHBepcHbI YeObIiena,
Kayspa (amnmuntudeckuii), beccensi.

®unetp barrepBopra nmeer AUX, KkBaapaT KOTOPOW ONPEAESAETCS MPOCThIM CO-

OTHOULICHHUCM
0 -
- I2n
AR NGAY
rac fZL OTHOCUTCJIbHAA I{a,CTOTa,;

c

fe - uacrora cpesa;
n - IOPSIIOK (prIIbTpa.

Bce npousBoubie GyHKImu (7.1) 1o yactore f oT mepBoii 10 (2n-1)-i BKIIOUH-

TenabHO B Touke f = 0 paBHbI Hym0. [loaTOMy QunbTp barrepBopTa Ha3bIBAIOT PUIIBT-

POM C MaKCUMAJIbHO TIJIOCKOM (MM MaKCUMaJIbHO Tiaakoi) AUX.

Owiptp YeOnimea nmeer AUX, KOTOpas B MOJI0CE MPOMYCKaHUS XapaKTepU3y-
€TCSl MyJIbCAIIUAMH OJIMHAKOBOW aMILTUTY b, TOATOMY €T0 YacTO Ha3bIBAIOT (DMIHTPOM
PaBHOBOJIHOBBIX MyJibcallvid. 3a mpenesaMu mosiockl nponyckanusd AUX storo ¢puiabTpa
MOHOTOHHO yMEHbIIIaeTcsl, MpuueM KpyTuszHa cnaga AUX B aroit obnactu y ¢uibrpa
YeoOnieBa 6oJbliie, 4eM y GpuiabTpa barrepBopra Takoro xe mopsijaka.

Ha puc.7.8. npuBenena cxema oJHOTO U3 MpocTednx akTuBHbIX RC-punbTpos
HU3KHX 4acToT mepBoro nopsaka. Cuurtas, uro y OY OGeckoHeuHO OOJIbIIOe BXOAHOE
COMNPOTHUBJICHUE U PAaBHOE HYJIIO BBIXOAHOE COMPOTUBIICHHE (PEKUM XOJOCTOrO XOAa),
COCTaBUM NEPENATOYHYIO PYHKIUIO 110 HANPSKEHUIO.

Hnsa OV no onpeneneHuto

U =k (p.—¢) (7.2)
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rae k, - BHyTpeHHUN KOA((OULUEHT YCUICHHUS OV (6e3 yuera

CBSI3U Y€pe3 CONMPOTUBIIEHUE Roc).

ROC

—

1 1 1

B8bIX

Puc. 7.8. ®unbTp HU3KUX YACTOT MNEPBOTO MOPSAIKA

obpartHoit

Tak kak BxoaHoi Tok OY paseH 0, TO TOK B CONIPOTUBJIEHUAX R U1 Roc OMHAKOB

M U3 YPAaBHCHUS 110 BHCIIHEMY KOHTYPY
R I+RI-U_ =0

c yuetoM ¢_ = R [ monysaem ¢_ = U, tae =R, /(R+Roc).

6bix ?

Jlns BxoaHOM (MHTETpUpytomei) RC-ienu

Ril+;jl—(']6x:0
joC
U C YYETOM PAaBCHCTBA () = 1 I, mony4yaem ¢ ——U‘”‘
T P e e T P T e R )

[Tocne noacranoBku ¢ 1 ¢_ B (7.2.) HAX0QUM, YTO

k . .
Usbzx =—— Usbzx_ﬂ ksUsbzx
I+ joRC
n
k /(1 k K
K(]a)) — _¢ ( +ﬂ e) — 0

rae 7= RC — noCTOSHHAsi BpEMEHU MHTETPUPYIONIEH 1IeTH.

AMILTUTYTHO-4aCTOTHAS XapaKTEPUCTUKA PaBHA MOIYJIIO IEPEIaTOYHON (PYHKIIUN

A(w) =|K(w).
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. . 1
Ecan cuurarth I'paHA49HON YaCTOTOH @, :R_C N HAXOIUTb aMIUIMTYAHO-

JaCTOTHYIO XapaKTCPUCTHUKY KaK 3aBUCHUMOCTDL OT OTHOCHUTEJIBHOM YaCTOThI W+ , IIOJIYy-

YUM, YTO

_ K

A(a») W : (7.4)

Taxoil punbTp Ha3biBaeTcs GuiIbTpoM barrepBopTa nepBoro Nopsaxa.

PaccmoTrpum 0€3 moAgpoOHOro BbIBOJIA HECKOJIBKO 0OJIE€ CIIOKHBIX AKTHBHBIX
buIbTPOB.

POuJIbTP HU3KHUX YACTOT.

Cunras p = ¢ +j o, npu ¢ = 0 noyuum
s+ R, 1+ R,(C,+C,)p
& 1+ R, (C, + Cz)p+R1C1p(1_RS;R4) + R R,C,C, p’

3

K(p)= 2 (7.5)

DUIbLTP BHICOKUX YACTOT
Bce cTpykTypbl QUIBTPOB BBICOKMX YaCTOT MOTYT OBITh MOJIYYEHBI U3 CTPYKTYD
(GUIBTPOB HU3KUX YACTOT MYTEM MPOCTOM MEPECTAHOBKU COMPOTHUBIIEHUN U €eMKOCTEH.
2
RR,C\C,p
vV 2"
1+ R (C, +C)p+ R, Cop(1- Ky ) + RR,C,C,p

K(p) = K

(7.6.)

Puc.7.9. ®unbTp HU3KHX YACTOT
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et 3 T st
o . - 0
Puc.7.10. ®uiIbTp BBICOKMX YaCTOT

IHonocosoii puabTp

Jlyig peanu3anuu moyiocoBOro (GUiabTpa, y KOTOPOrO OTHOLIEHUE IIUPUHBI TTOJIOCHI
IPONYCKaHMs K LIEHTPAJIBHOM 4acTOTE TOCTATOUYHO BEJIMKO, MOXHO MCHOJIb30BaTh Kac-
KaJJHO€ BKJIIOUYE€HHE (PUIBTpAa HUKHUX U QUiIbTpa BepXHUX yacToT. [Ipu 3Tom, eciu xe-
JaTebHO UMETh OANHAaKOBOE ociabneHue Ha 1 ['1] Ha HU3KUX W BBICOKHUX YacTOTaX, TO
nMopsiIoK (GUIbTpa BEPXHUX YACTOT JIOJDKEH OBITH 0oJiee BBICOKMM, Ye€M TIOPSIOK
¢bunbTpa HUKHUX 4YacTOT. B o0mieM ciydae Asisi MOJIOCOBBIX (UIBTPOB MPUMEHSIOTCS
CTPYKTYpBI BTOPOI'O OPS/IKA B KACKATHOM BKJIFOUEHHH.

T-06pa3ublit MocT (puc.7.11.) mO3BOISET NOJYUUTH B 3aBUCUMOCTH OT BEIUUYHHBI

Ky=(R;+ Ry / R; monocoBoii unu 3arpaxnatomuii GpunbTpsel. [lepenaTounas ¢hyHkims

1+2R,Cp + RR,C*p*

K(p)=K (7.7
®) "142R,Cp + R,Cp(1- K,) + R.R,C p* .7)
€2 S
RZ A : O
Q—o—| 'T v

et
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Puc. 7.11. TlonocoBoit GpuiabTp, UCroab3yromui T-o0pa3Hblii MOCT

7.3.3. HudppoBas puabrpanud

[Mudposbie GUABTPHI, KaK U aHAJTOTOBbIE, IPEIHA3HAYEHBI JIJIs1 TPeoOpa30BaHUs
CUTHAJIOB U3 OJHOU (hOpMBI B IpYryto, OoJjiee OIaronpusTHYIO C TOUKH 3pEHUS Tepea-
YU M0JIE3HOT'O CUTHAJIA.

[To TeXHHMYECKUM MPUYMHAM BMECTO CUTHaa U(?) OOBIYHO PETUCTPUPYIOTCS PaB-
HOMEPHO pachpenielieHHbIe OTCYETHl U, (GyHKIHH u(?). OTCUETH PETUCTPUPYIOTCS C
OECKOHEYHOW TOYHOCTBIO, & OKPYTJISIOTCS WM ype3aroTcs A0 CPaBHUTEIBHO HEOOJIb-
I0ro KojudecTBa uudp. Ita npoueaypa Ha3bIBACTCS K8AHMOBaHUeM OTCUETOB. VIMeH-
HO KBaHTOBaHHbIE OTCUETHI MOJBEPraloTcs NanbHemen oopadotke. Lleas oOpaboTku —
CBs3b (DYHKIIUU U, C HAOIIOJaeMbIMH OTCYETAMHM M MOHMMAaHHUE HU(PPOBBIX (QPHUIBTPOB
KaK TJIABHOT'O MHCTPyMEHTa 00paboTKu HHQPpOPMAIUH.

Heobxoaumo noayepKHyTh, YTO OTCUETHI MPEANOIAratoTCs paBHOMEPHO pacipe-
neneHHbIMU. B 3amepax u, comepkarcsa ommMOKy Uik nmoMexu. B OoNbIIMHCTBE CilyyaeB
3TO MPENOI0KEHNE TPUOTU3UTENIBHO BBITTOJIHACTCS.

[Ipenmonoxxum, 4To MOCIEIOBATEIBHOCTh YUCEN {u,} SBISETCS MUMEHHO TaKUM
MHOKECTBOM PaBHOMEPHO pACIPEACTICHHBIX H3MEPEHUNH HEKOTOPOW BETUYHMHBI u(f),
MIpUYEM 71 - LIEJI0e, a ¢ - HellpepbIBHAs iepeMeHHasi. Kak npasuiio, yepes ¢ 0003HavaeTcs
BpeMsi, HO 3TO He 00s13arenbHo. Mcnonb3yem 3anuck Buaa u,=u(n).

[TpakTHyeckre BO3MOKHOCTH HU(PPOBBIX (PUIBTPOB B HACTOALIEE BpeMs 3HAYU-
TEIbHO MPEBOCXOJAT KPYTr 3a/lad, KOTOPhIE BO3HUKAIOT B 3JIEKTpoTexHHKE. [loaTomy
HEO0OXOIUMO TIEPECMOTPETh U CHATH T€ U3 OIPAaHUYECHUN, KOTOpPbIE OBLIIN €CTECTBEHHBI-
MU B 3JIEKTPOTEXHUKE TOTO BPEMEHH, KOTJa Hu(poBbie GUIBTPbl BOZHUKAIN U3 KIac-
CUYECKHUX DJIEKTPUUYECKUX aHAIOrOBBIX GUIBTPOB. OOpaTM BHUMAaHUE Ha CIEIyIOLIEe
o0cToATensCTBO. MIHOTIa MBI 1aeM OIpeieeHHs], OTIIMYHbIE OT BCTPEUAIOLIUXCA B TPY-
Jax MO 3JEKTPOTEXHUKE. JTO HEeM30€KHO, TaK KaK MbI pacroiaraeM 0ojiee IIUPOKOMH
00J1acThI0 TIPUMEHEHUST U(PPOBHIX (DHIBTPOB, BKITIOYAIONIEH YUCICHHBIA aHAIN3, Ma-
TEMaTUYECKYIO0 CTATUCTUKY U JIP.

N3yuyenue QuibtpoB Oaszupyercst Ha: 1) psmax Dypbe, AUCKPETHBIX U HEMpe-

PBIBHBIX; 2) UCMOJB30BaHUU UHTETpana Oypebe.

JuckperHsblie npeodpa3oBanust Dypbe
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[Tycth x(nT)—nepuognyeckasi mociea0BaTeNbHOCTh ¢ iepuoaoM N7 (nepuon -N
otcueToB), T. €. x(nT)=x{nT+mNT), m - uenoe. JluckperuoiM npeodpazoBanueM dypne

(JIT1d) Ha3pIBatOT Mapy B3aMMHO-0IHO3HAYHBIX MPEOOpa3OBaHMI:

N-1
X(k)=X(kQ) =Y x(nT)-e ™ k=0,1..N—1
n=0

(7.8)
1 N-1 )
x(m)y=x(nT)=— Y X(kQ)-e ™ n=0,1..N~1,
N 220 (7.9)

rae Q=27 /(NT)—ocHOBHas yacToTa npeodpazoBaHusi, mpuieM (7.8) Ha3bIBAIOT npsi-

moim JIIID, a (7.9) — oopamuvim JI1D. Broast o003HaueHUE JIsl TaK HA3bIBAEMOTO 10-
80PAUUBATOUE20 MHONCUMNE]ISL

—-jQT _ _—j2xIN __
e’ =e =W,,

3anucekiBatoT 11D u OAIID B popme

N-1
X(k)=> x(n)-W" k=0,1..N—1;
n=0

N-1
x(n) _ L S X(k)- Wy, n=0,1..N~1
Nn—O

HuckpeTtHoe npeodOpazopanue Oypre X(k), kak U cama mocaea0BaTeIbHOCTD X(71),
ABIISIETCSL  nepuoouyeckou (QYHKUMEW IO apryMeHty k c mepuogoMm N, Tak Kak
Wy =w """ rne m - nenoe. Jluckpernoe npeodpasosanue Mypbe MOKET OBITH HC-
MOJIb30BAHO U JUISl IPEICTABICHUS TTOciIeIoBaTeNbHOCTH X(n 1) KoHeunou nivuHbl N, Or-
penenenHou npu n=0, 1, 2....N - I v paBHO# HYyJIt0 BHE UHTEpBaia [0, N- 1 ].

IIpsimoe Z-npeoOpa3zoBanue

B 3amauax ananw3a v CMHTE3a JIMHEWHBIX JAUCKPETHBIX CHCTEM IIMUPOKO MpUME-
HSIOTCS METONBI Z-mipeoOpazoBanusi. OqHOCTOpOHHEE Z-TIpeoOpa3oBaHue IMOCIIEI0Ba-

tenbHOCTU X(nT), n=0, 1, 2, ..., onipeAensieTcs psioM

X(2) = Z{x(nT)} = Y x(nT)z"
: (7.10)

rie z=r-e’? - xoMIIekcHas mepeMeHHas. MHOecTBO 3HaueHwmit z, rae paz (7.10)

CXOJIUTCSI, Ha3bIBAETCA OOJIACTHIO CXOAUMOCTH; JJISI PAaBHOMEPHOM CXOIUMOCTH psijia
JOCTaTOYHO, YTOOBI Z‘x(nT ) z’”‘ = Z‘x(nT )‘ -r™" <00, O0JIaCTh CXOUMOCTH OTIpEJie-
n=0 n=0

JsieTCs KpyroM paauyca R B Z-1iockocTu, BHE koToporo psaf (7.10) cxonures.
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CBoiicTBa Z-npeodpa3oBaHus

Hwke mpuBOIUTCS Psifl BAXKHBIX M IMIMPOKO MCIOIB3YEMBIX CBOWCTB M TEOpEM Z-
npeoOpa3oBaHus, HETIOCPEACTBEHHO BBITEKAOMUX u3 onpenenenus (7.10) wim jerko
JIOKa3bIBACMBIX.
Juneiinocms. Ecnu niocnenoBatenbHocTy X;(n7) U x,(nT) UMEIOT COOTBETCTBEHHO Z-
npeobpazoBanus X|(z) u X»(z), a;, a, - IOCTOSIHHBIE, HE 3aBUCAIINUE OT 7 KodpduineH-
Th1, TO y(nT)=a, x; (nT) + a, x, (nT) umeet uzobpaxenue (Z-npeodpazoBanue) Y(z)=a,
X (2)+taXs (2).
Coguz nocneoosamenvrnocmu. Ecmn Z{x (nT)} = X(z) u x(nT)=0 npu n<0, To y(nT) =
X (nT— mT) umeet Z-npeodpaszoBanue Y (z)=Z{x(nT-mT)}=z "X(z).
Ceepmka nocneoosamenvnocmeit. Ilycte X (2)=Z{x(nT)}, X2{z)=Z{x,(nT)}. CBepTKa
nocienoBatenbHocTel x(n1) u x,(nt)

y(nT) = ixl (mT)x,(nT —mT) = ixl (nT —mT)x,(mT)

m=0 m=0
uMeet Z-npeodbpazoBanue Y(z), paBHOe pou3BeAcHUIO X (z) u Xp(2):
Y(z) = X1(2)Xa(2).
Iepemnosncenue nocneoosamenvrnocmeii. Ecm X\(z2)=Z{x,(nT)} u Xo(z)=Z{x,(nT)},

t0 nocienoBaTeabHOCTh Y(nT)=x|(nT)x,(nT) umeet Z-ipeodOpazoBaHue

¥(2)=— [ X,00X,| 2| %

27 € v) v

b

7 KOHTYD ¢ JISKUT BHYTPH MepeceKarommxcs odnaacrei cxoqumocteit Xi(v) u Xp(z/v).
OOpaTtHoe Z-nipeoOpa3oBanue
OOpatHoe Z-mipeoOpa3oBaHWE CTABUT B COOTBETCTBHE (DYHKIIMH KOMILUIEKCHOW
nepeMeHHoi X(z) pereryaryio (GpyHKIHIO (ocaenoBaTeabnocts) x(nT)=2" {X(z)}, om-

pexnensiemyto no popmyie:

x(nT) = 1 [X(2)z"dz
27 ¢ ,
IJI€ ¢ - KOHTYP, PacloJI0KEHHBIA B 00JIACTH CXOIUMOCTH X(z)z”'] Y OXBaThIBAIOIINN Ha-
4ajo KOOPAUHAT B Z-TIOCKOCTH.
Cea3b Mexay Z-npeodpa3oBanuem U @ypbe-npeodpasoBaHueM JUCKPETHBIX
CUTHAJIOB
N3 cpaBaenus Z-npeobpaszoBanust u Dypbe-nmpeoOpa3oBaHusi AUCKPETHBIX CHUT-

HanoB x(nT), n=0, 1, 2, ..., BUOHO, YTO MPHU YCIOBUU CXOJUMOCTH COOTBETCTBYIOIINX
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PSAZIOB CHEKTP AMCKPETHOTO CHTHAJA MOXKET OBITh MOJY4YeH MyTEeM TOJICTAHOBKH Z = €
/*T' g Z-06pa3 TOro curHama. YpaBHeHHI0O z= e ’®’ COOTBETCTBYIOT TOUKH, PACIIOJNO-
’KEHHBIE HA OKPYKHOCTU pafnycoM r = 1 (eguHUYHAs OKPY>KHOCTh) B KOMILIEKCHOM Zz-
mwiockoctu (puc. 7.12). [ToaToMmy MOKHO CKa3aTh, 4TO CHEKTP CHUTHANA - 3TO Z-00pas3,

paccMarpuBaeMbli  HAa  €IMHUYHOM  OKPYXKHOCTH B Z-IUIOCKOCTH,  T.€.

X)) =X(2)

Z:eij

=

RZ

/ — IUIOCKOCTH

Puc.7.12. Z-m110CKOCTH

Ilepeoamounoii pyHxkyuer TUHEHHON NTUCKPETHOW cuUCTeMbl GuiabTpa H(z) HA3BIBAIOT
OTHOILIEHUE
H(2)=Y(z)/X(2),

rae X(z) — Z-u3zobpaxxeHre BXOHOM mocienoBarenbHoCcTH x(nT) cuctemsl, a Y(z)—Z-
M300paK€HHE BBIXOJAHOM MOCIEeN0BAaTENbHOCTH Y(n1) CHCTEMBI NMPHU HYJIEBBIX Hadallb-
HBIX YCJIOBUSX.

Hudposoit puiabTp

[HudpoBoit GuasTp mpeAcTaBiseT co00M TMHEHHYI0 KOMOWHAIIMIO BXOIHBIX X(1)
U BBIXOJHBIX V(f) curHasoB. JIMHEHHBIA AUCKPETHBIN (UIBTP OMUCHIBACTCS ypaBHEHU-
eM

M-l N-1

> a,y(nT —mT) =) bx(nT —kT)

m=0 k=0 , (7.11)
rae N, M — 1ocTOsIHHBIE BEIIICCTBEHHBIC UHCIIA;

n=0,1,2...a,
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by — BEIIECTBEHHBIE 1 KOMILJIEKCHBIE KOA()(PUIIMEHTHI, HE 3aBUCAIIUE OT BXOJHOTO
Y BBIXOJAHOTO CUTHAJIOB.
[Tonaras ap = 1, uz (7.11) nonyuaem
M- N-1
y(nT)==>a,y(nT —mT)+>_b,x(nT —kT)
m=1 k=0 : (7.12)
Ecnu xots Ob1 oiuH K03(UIIMEHT 3aBUCUT OT mepemMeHHou n, TO (7.12) omuchiBaeT
«MapaMeTpudecKuin» QUIbTp, T.€. GQUIBTP C MEPEMEHHBIMU NTapameTpaMu. B ycTpoiicT-
Bax P3A ucnonb3yror, Kak npaBuiio, GUIbTPbI ¢ TOCTOSIHHBIMU KO3 duientamu (a,,,
by He 3aBUCAT OT n). OUIALTPHI, onuckiBaeMble (7.12), HA3BIBAIOT PEKyPCUBHBIMH, T.€.
BBIXOJIHASl MTOCJIEIOBATEIBHOCTh 3aBUCUT OT BXOJHOW M BBIXOJHOM MOCIIEIOBATEIHHO-
credt. B vactHom ciywae a,, =0, m =1, 2 ... u3 (7.12) nonyyaem
N-1
y(nT)= Zbkx(nT —kT) (7.13)
k=0
T. €. 3HaY€HUE BBIXOJHOM MOCIEAOBATEIILHOCTU B JII0O00H MOMEHT BPEMEHH OIpEIEsi-
€TCsl JIUIIb 3HAYEHUSIMU BXOJIHOM mocieAoBaTelbHOCTU. DUbTphl, pacCUUTaHHBIE 110
(7.13.) Ha3BIBAKOTCS HEPEKYPCUBHBIMU.

PeanpabimM LD cBolicTBeHHBI HeNMUHENHHBIE 3G ()EKTHl KBAHTOBAHUSI IO YPOBHIO U
OKpyTJieHUs pe3yabTatoB. Ha stame ammpokcumanuu (UIBTPbI MPUHUMAIOTCSA JUC-
KPETHBIMU JINHEWHBIMU YCTPONUCTBAMHU U XapaKTEPU3YIOTCS IEPeIaTOYHON (PyHKIMEH
A+ Ae” + A, + A+ 4+ A, e

B,+Be’ +B,e”’”* +Be”’”" +..+ B e’ (7.14)

H(jo)=

BITTOJTHUB T Banne Z = e’ momyuum
Beimo eobpazosanne Z =e’*", momyu

A+ Az +Az7 + Az +..+4,z27"

H(z)= - - - -
B,+Bz +Byz +Bz +.+B;z" (7.15)

Hna 1® xosddunmeHT mnepenayd MOpeacTaBiIseT coOO0H OTHOIIEHUus Z-
npeoOpa3oBanus )(z) nuckpetnoro curHana y(k7) na Beixone LI® k Z-npeobpazoBanuio
x(z) muckpetHoro curHana x(k7) Ha BXoje, e kK — HoMmep BBIOOpKH, T — UHTEPBAJ JHUC-
KpETU3alMKi BXOJHOTO CUTHAJA.

Monynb Beipaxenus (7.14) seusercs AUX qis LD, ocHOBHas 0COOCHHOCTh KO-
TOPOM, 3aKTI0YAETCS B €€ MEPUOIUYHOCTH, 00YCIOBIECHHON NEPUOANYHOCTHIO QYHKIIUU
e’

[Ipocreiimmii BU1 GUIBTPOB - HEPEKYPCUBHBIE (UIBTPHI, orpeaensembie (op-

MYJIOU:
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Y, = ic u,
= (7.16)

rae Ck - mocTostHHBIC DUITBTPA;

U - BXOJHBIC JaHHBIEC;

n—k

Y, - BbIXOJHbIC CUTHAJIbI.

Ha puc. 7.13 noscusiercsi tex-

HUKA BBIUYMUCIECHUN HEPEKYPCUBHOTO

S

¢unsTpa mo Qopmyne (7.16). Ilpen-

S
.

CTaBbTe ceOe [BE€ MOJOCKH OyMaru.

d
)

Ha oxHoi mosiocke HaxoasTcsl 3Hade- -

-
.

HUA OAaHHBIX U, 3aIllMCaAHHBIC OJHO n2 N

<
a

nox apyrum. Ha BTOpOM 1oJIocKe Ha-

-
a

xoasaTcst kKoahduurentsl GuiIbTpa 4,

S
a
"

3aIIMCaHHbIC B 06p61mHOM I’lOp}Z()Ke, T.

€. CHU3Y BBEpX. 3HAUCHHE C HYJIEBbIM

3
+

MHACKCOM HAXOJHWUTCA HAIIPOTHB 3HA-

3
F
2
|
2

—

YCHHUA C MHIACKCOM nA. PCBYJ'IBTaT AB-

3
r
»

JA€TCsl CyMMOM NIPOM3BENCHUN BHJIA

3
+
[N

CiU,r. BprumcnuB omgHO 3HaAUYCHUE,

ClS|c |8 |
.

3
F
N

NepECaABMHEM OJHY M3 II0JIOCOK, Ha-

npuMep, MOJOCKy ¢ KoddduimeHTa-

MH, Ha KJIICTOYKY BHH3 W BBIYHUCIINM

HOBBI HabOp MpPOU3BENEHUH, CyMMa
Puc. 7.13.

Hepexypcusnslit iudpoBoii GpuibTp;
BbIXOJe (QuibTpa y,.;. Kaxmoe BbI- 1 - cymMMa npousBeIeHuit

XOOHOC 3HA4YCHHUC - OTO PpCE3ylibTar

KOTOpPBIX JaCT HOBOC 3HAYCHHUC Ha

CJIO’)KEHMSI BCEX MPOU3BEACHUMN, 00pa3yIOMMXCsl MOCIE HAJJICKAIIETO CMEIIEHUS ABYX
YJIEHOB C HyJEBbIMH HHJeKcamMu. B OBM uMEHHO NaHHbIE MEPEABUTAIOTCS OTHOCH-
TEJTHLHO COBOKYITHOCTH KOA((OUITMEHTOB {cy}.

OnucaHHBIN MPOIECC SABISETCS OCHOBHBIM M HA3BIBACTCS c8epmKoll HaOJIOICH-
HOM MocClieIoBaTeIbHOCTH ¢ Kod(pdunnenTamu. HeBaxkHO, Kakast U3 MOJIOCOK OyJeT 3a-
nMcaHa B OOpaTHOM MOPSJIKE, pPe3yJIbTaT OKaXeTcs TeM ke caMbiM. ClienoBaTellbHO,
CBEPTKA U, C KOOPDUIIMEHTAMH ¢; PaBHO3HAYHA CBEPTKE KOI(PPHUITUEHTOB ¢, C OCIIE0-

BaTCJIbHOCTBIO JaHHBIX.
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Ha mnpakTtuke uucino mnpousBeneHUil, ¢ KOTOPHIMH HPUXOIUTCS HMETh EIo,
JOJHKHO OBITh KOHEUHBIM. OOBIYHO TPEIOoIaraeTcs, YTo JJUHA Psiia HEHYJIEBBIX KO-
3 PUIUEHTOB ¢; KOpoYe JUIMHBI psifa JaHHBIX V,. MIHOTHa nosie3Ho cuuTtaTh ko3 duIm-
€HTBI C; YaCThI0 OECKOHEYHOTO Psijia, COAEPIKAIIET0 MHOXKECTBO HYJEBBIX KO3 UIu-
enToB. OOBIYHO ke 00siee MPEAMOYTUTEIHFHO CUUTATh MHOXKECTBO {C;} KOHCUHBIM U HE
NPUHUMATH B pacyeT HyJICBbIE WICHBI, HAXOMAIIUECS 3a €ro mpeenaMu. Toraa ypaBHe-

Hue (7.16) npumer BUJ
N
Yn = chun—k . (717)
k=—N

Wtak, BTOpast mosocka Ha puc. 1.2, cocrosimas u3 kodpdunuentoB Cj;, Kopoye
NepBOM, COCTOSIIIEH U3 IAaHHBIX HAOIIOICHUN U,

YacTo BCTpedaroTCsi pa3iMuHbIE BapUAHTHI 3TOM (OPMYIbI, KOTOPBIE TOJKHBI
OBITH 3HAKOMBI OOJBIMMHCTBY 4yuTaTesnei. [10moOHBIX (OpMyT HACTOBKO MHOTO, YTO
WX TIPOCTOM MIEPEUYECHb COCTABIII OBl TIENTYI0 KHUTY. B ciyuae nsatu HeHyneBbIX k03¢ du-

IMUCHTOB Ck C OAMHAKOBbIMHU 3HAYCHUAMH UMCCM 5-T0‘1€‘{Hy10 CTJIAKNBAIOITYIO q)OpMy-
1y

yn = g(un—Z + un—l + un + un+1 + un+2)

HepekypcuBHble (UiabTpsl BCTpEYaArOTCSl BO MHOTHX 0O0JAcTAX M B pe3ysbTaTe
HOJYYHIIU Pa3IM4HbIe Ha3BaHMs, HAIIpUMep, PUIBTP ¢ KOHEYHOW MUMITYJIbCHOW pEeaKIiy-
eil, monepeyHsld GuabTp, GUIBTP ¢ OTBETBICHHON JIMHUEH 33a€P>KKH, (PUIBTP CKOJIb-
3SIMIUX CPEAHUX.

Bynem mosip30BaThCsl HA3BaHUEM HEPEKYPCUBHBIE (PHIBTPHI, TAK KaK OHO CaMoe
HIpocToe JJIsi TIOHUMAaHHUA U MPOTUBOINOCTABISACTCS HA3BAHUIO PEKYPCUBHBIA (DUIBT,
KOTOPOE MbI BCKOPE BBEJIEM.

Ecnu 7151 BeIYMcneHus: BBIXOAHBIX 3HAYEHHH ), UCTIOJIB3YIOTCS HE TOJIBKO 3Haye-
HUS UICXO/HBIX JaHHBIX, HO U BBIXOHBIE 3HAUEHHUSI, TO MOIydaeM (Hopmyity Buia

Yo = zckun—k + deynfk

~ ~ , (7.18)

1€ Cx U dj - KOHCTAHTBI.

B sTOoM ciywyae mpHHSTO OrpaHUYMBAThH IUANa30H HEHYJIEBBIX KO3 UIHNEHTOB
TEKYIIMMH U MPOLUIBIMU 3HAYEHUSMU UCXOAHBIX JAHHBIX U, U TOJIHKO MPOLLIBIMU BbI-
XOAHBIMH 3HAUYEHUSIMH y,. KpoMe TOro, 4nciio mpakTUYecK! BBIYUCIAEMBIX KOdPHIIn-

€HTOB JIOJDKHO OBITh KOHEUHBIM. [loaToMy (popmyiia 0ObIYHO UMEET BHT
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N M
yn = chun—k + deyn—k . (719)
0 1

Hekotopsie 3 ko3 duirienToB B 3TON PopMysie MOTYT paBHAThHCS HyIt0. Takue
bunbTpel Ha3bIBalOTCS pexypcusnvimu (puc. 7.12). K aum otHOCSTCS: punbTp ¢ Gecko-
HEYHON MMMYJbCHOM peaKIMel; TEeCTHUYHBIN PUIbTp; pereTyaThii (GUIbTP; BOJHOBOM
G poBoil GUIBTP; aBTOPErPECCUBHBIA QUIBTP CKOIB3SIIUX CPEIHUX; aBTOPETPECCUB-
HBIM QUIIBTP UHTErpaja CKONb3AIIUX CPETHUX.

O4eBHIHO, YTO PEKYPCUBHBIN (PUIBTP MOXKET 3aIOMUHATH BCE MPOLLUIBIE TaHHBIE,
TaKk KaK 3Hau€HHUE ), ; B MPaBOM YacCTH ypaBHEHUS Y4YacTBYET B BBIYMCICHHU HOBOTO
3HAYEHUS ), U, CIEAOBATEIbHO, B BBIYUCICHUH 3HAYEHUH V4, Vy+2 U T. 1. Takum myTem
HaYaJIbHOE YCJIOBUE MHTETPUPOBAHMSI XPAHUTCS B TEUEHHE BCErO IMpoIlecca BbIYMCIIEC-
HUSI MHTETrpaa.

Hamu He paccMoTpeHbl pekypcuBHbIE (DUIBTPBI, UCHOIB3YIOMINE OyAyIIne 3Ha-
YEeHUsI, T. €. 3HAUCHMS, KOTOPbIE HACTYMAT MO3KE BBIYUCIIEMOro 3HaueHus. Eciau Obl
MBI 3aXO0TEJIM MCIOJIb30BaTh OyAylllMe 3HAUCHUS], CYIIECTBYIOIINE MO3KE TEKYILETO V,
NPUIIIIOCH OBl PEIIaTh CUCTEMY JTMHEHHBIX alre0pandyeckux ypaBHEHH, a 3TO CBSI3aHO
c O6onpmMM 00beMOM BbIYMCIEHHI. MHOrIa 3arpauniBaeMble yCUIUs OINpaBIaHbl, HO
Yaiie Mbl pacrojiaraéM TOJbKO BBIYHUCICHHBIMU B MPOLUIOM 3HAYEHUSMU U TEKYIUM
3HaYeHUEeM JaHHbIX. Takue QUIbTPb Ha3BIBAIOTCS NPUYUHHBIMUY, TAK KAK €CIIU BpeMs -
HE3aBUCUMas MepeMEHHas, TO OHM PEarupyroT TOJbKO Ha MPOILIbIEe COOBITHS (MpUYH-
HbI) U HE pearupyroT Ha OyayIiue.

OpHako ciemyeT 3aMeTHTh, YTO BCE Yallle CBEJICHHUS, Kacaloluecs Kakoro-amoo
HKCIIEPUMEHTA, 3alHMCHIBAIOTCS Ha MAarHUTHYIO JIEHTY WU JPYTro€ CPeICTBO XpaHEHUS
710 Havaja ux 00paboTKH.

B 1moago0HbIX cUTyalusiX OrpaHUYMBATHCS MPUYUHHBIMU (PUIBTPAMU HEPA3YMHO.
bynymue 3nadeHust Hanuio. KoHeyHOo, CyHIECTBYeT MHOIO CHUTyallMid, KOTJa IMOCTY-
Narollye JIaHHbIE JIOJDKHBI Cpasy ke MpeoO0pa3oBhIBATHCS U UCIIONIB30BATHCA, U B TAKUX
Cllydasix €CTECTBEHHO OIPaHUYMBATHCS IPUIMHHBIMU (PUIBTPAMHU.

Heobxoaumo eme pa3 cka3arb, 94To KO3(PPUIUEHTH GUIbTpPaA ¢, U d) IPEANoa-
raloTcs MOCTOSIHHBIMU B TE€UYEHHE OOJblIel yacTu BpeMeHU. Takue QuibTpbl Ha3bIBa-
10TCA punbmpamu, uHeapuanmuviMu 60 gpemenuy. OHU HaAUOOJEE MIUPOKO MPUMEHUMBI
Ha npakThke. MIHOrna oka3bpIBaloTCs MOJIE3HBIMU MEPEMEHHBIE BO BPEMEHU (DUIBTPHI,

AaJICC MBI KPATKO KOCHCMCA HX.

187



Hakoner, Hy>XHO SICHO IOHUMAaTh, YTO BCE BBHIYMCICHUS JTOJDKHBI IPOBOJUTHCS C
qrcliaMy KOHEYHOH AnuHBL. [Iporecc KBaHTOBaHMS BIMSET HE TOJHKO HA BXOJIHBIC YKC-
Jla, OH MOXKET TMOBJIMATh Ha BCE BHYTPEHHHUE (110 OTHOILIECHUIO K QWIBTPY) apudmeTnde-
ckue aeiictBus. CienoBaTeNbHO, B OKOHYATENBHBIX BBIXOAHBIX YUCIAX ), COAEpKATCS
omnOKu okpyrieHuss. OObIYHO yAOOHO CUMTaTh, YTO apU(PMETUUYECKUE OTNEepPaLlUU BbI-
TOJTHSIFOTCSL ¢ OECKOHEYHOM TOYHOCTHIO, M HAIIPABIIATh YCHIJIHSI HA COBEPIICHCTBOBAHHE
BXOJHBIX JTAHHBIX U,. boyiee TOro, TOHKOCTH OpraHU3aIuu apuPMETHICCKUX OIeparHii

MOTI'YT CHU3UTb TOYHOCTH BBIXOAHBIX YHUCCII.

® [ J
[ J [ J
[ J [ J
Un—S yn—S
U”“" e yn—4
N\
Un—3 C3 d3 yn—3
Un—2 Cz > < d2 Y-
Un—l Cl d1 Y
-
U”l CO yn
J ) 5
Un+1 [ J
Un+2 ®
P [ J
® [ J
3
1 Puc 7.14.

PexypcuBHbIi UppoBOit GUIBTP:
1 — BXoJ1; 2 — CyMMHPOBAHUE; 3 — BBIXOJ

[lepenaTounas XxapakTepUCTUKA PEKYPCUBHOTO (UIIbTpa paBHA
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H(Z)Z y(Z) _ k=0

- M-1
X(2) 1+ > a,z™"
m=0 . (7.20)

[lepenaTounas XxapakTepUCTUKA HEPEKYPCUBHOTO (GUIIBTPA UMEET BUJT

N-1
H(z)=)Y bz
k=0 (7.21)

B cootBercTBuM ¢ BoipaxeHnusamu (7.20) u (7.21) MokeT ObITh COCTaBJIEHA CTPYK-
TypHast cxemMa ¢uiabTpa. CTpyKTypHas cXemMa MOXET COJIEpP>KaTh JJIEMEHTHI JIOTHKU:

CJIOKCHHC CUTHAJIOB, YMHOKCHUC CUT'HAJIOB, 3a/ICPIKKA CUT'HAJIOB.

x,(7)
|\ D = 50D + D)

x,(n) \ !

—>

b
X(nD) Ny = bx(nT)
/

x(n1) o xe-DT]

—_—> =z

Puc.7.15. DnemeHTHI 10TUKH
B cTpykTypHOIl cxeme QpuiibTpa yKa3bIBalOT, B KAKOH MOCJIE0BATEILHOCTH U Ka-
KHUe omnepaiuu B HeM npou3Bojsatcs. Ha puc. 7.16 npuBeneHa cTpykTypHas cxema He-

PEKYPCUBHOTO (DUIIBTpA.
x(nT) 0

-1 -1 -1

MnT)
Puc. 7.16. CtpykTypHas cxema HEpEKypCUBHOTO (PrtbTpa
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Baxnenmen BpeMeHHON XapakTepucTukou LD sBiseTcs ero mmIyiabCHas xa-
PaKTEpUCTUKA, MOJ] KOTOPOM MOHUMAIOT peakiuto cuctemsbl A(nT) HA €AUHUYHBIA UM-
nyJibc O (nT) Mpu HYJIEBBIX HaYaJIbHBIX YCJIOBUAX. EAMHUYHBIN uMnyssc O (n1) SABIsSET-
Csl OJTHOM M3 MOCNEA0BATEIbHOCTEN, UTPAIOIIMX BAXKHYIO POJIb B T€OpUU IIUGPOBOIA 00-
paboTku curHanoB. OH onpeaesnseTcs Kak Mocle0BaTeIbHOCTh CO 3HAUEHUEM:

0, nT#0

o=\ r—o

EnvHUYHBIN UMITYJIBC, CABUHYTHIM BO BpeMeHU Ha m7, T. €. Ha m IUKJIOB ITUCKPETH3a-
IIUHM OMTUCHIBACTCS COOTHOIICHUSMHU
0, nT=#mT
o(nT —mT)= .
1, nT=mT
My ibCHOM XapaKTepUCTHKON 1uppoBoii cructeMbl /A(nT) sSBIsIETCS BBIXOAHAS MTOCIIe-
JOBaTeNbHOCTH )(n7), BOSHUKAOIIAS TIPY BXOJHOW MOCIEAOBATEIILHOCTH B BHJIC €/IU-
HuyHOTO nMItysbca XnT). Ludposeie GprbTpel mpuHAAIEKAT K KIACCY JIMHEHHBIX WH-
BApUAHTHBIX K CIBUTY IU(MPOBBIX CUCTEM, JJII KOTOPHIX CIPABEINB MPUHITUI CyTIEp-
no3uiiui. VIHBapMaHTHOCTh CHUCTEM K CABUTY XapaKTEPU3YETCS CIEHYIOIIAM CBOWMCT-
BoM: ecnu y(nT) — peakius Ha x(nT), To y(nT- mT) — peakuust Ha x(nT—mT). [{ns yka-
3aHHBIX CUCTEM CBSI3b MEKy BXOJHOUN M BBIXOIHOM MOCIEIOBATEILHOCTSIME OIIpeIes-
eTcst hopMyaMu CBEPTKU

y(nT) = ix(mT) -h(nT —mT)

m=—w

NN

y(nTy= S h(mT)- x(nT —mT).

m=-—

7.4. Ananoroso-undpoBbie npeodpa3oBaren

[IpakTHyeckn Bce pealibHO CYIIECTBYIOIIME (DU3HUECKHE SIBIICHUS U MPOIECCHI
ONMCBIBAIOTCSI AHAJIOTOBBIMU CUTHAJIAMHU, HENPEPHIBHO MU3MEHSIOIIUMUCS 10 BEJIMYMHE
BO BpeMeHu. /luckpetnslil (iupoBoii) CUTHAN, B OTJIMYKHE OT aHAJIOTOBOTO, UMEET I0-
CTOSTHHOE I10 BEJIMYMHE 3HAYEHUE JUISl ONPENEIICHHOTO IIPOMEKYTKA BPEMEHH.

Amnanoro-uiudposeie npeodpazoarenu (ALII) ocymecTBisoT npeodpazoBaHue
aHaJIOTOBOM BeJIWYWHBI B IMGpoBOil koa. B cBsi3u ¢ Tem, uto AIIIl umeror orpannyeH-
HBI JOMYyCTUMBIN JHANa3oH U3MEHEHHs HaIpsHKEHHs, HEOOXOIMMO JOIMOJHUTEIbHOE

Hp606p330BaHI/Ie N3MCPACMBIX AaHAJIOTOBBIX BCJIIMYHMH C IMOMOIIBIO ITPOMCIKYTOYHBIX
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npeoOpaszoareneit Toka (IIIIT) u mpomexyTouHbIX HpeoOpazoBaTeneil HANPSKEHUS
(TIIIH).

01020304

MB | €| C|CT IJ
g__‘.__llAH Uc
+ 4 K
Ugx
@
L1

Puc.7.17. CrpykrypHas cxema AL

AIII npeobpa3yeT aHaIOroByIO BEJIMUYNUHY, OOBIYHO HAIPSKEHUE U ,, , B LIUPPO-

BOM NBOMYHBINA KoJ. PaccMOTpuM B ympoIIeHHOM BUJE Hauboliee pacrnpoCTpaHEHHbIN
cnoco0 moctpoenus ALIIl. CtpykrypHas cxema mpesacrtasieHa Ha puc.7.17. AL co-
CTOUT U3 MyJbTUBHOpaTOpa (MB), TeHepUpyIOIIero TaKTOBbIE UMIYILCHI C, peBep-
CUBHOro cyeryuka ((,), MOJACUUTHIBAIOILEIO TAaKTOBBIE MMIIYJbChl, LU(PO—
ananoroBoro npeoodpazosatens (L{AIl) u kommapartopa K.

Ha mnepBein Bxox Kommaparopa IIOAAaH BXOJAHOW AaHAJIOTOBBIM CHTHAJ—

HanpsbkeHue u,, (cMm. puc.7.17). B MOMEHT ¢, cxema BKJIOYEHa B pabOTy, HUCXOAHOE
cocrosaue cuerynka Q, =0, =0, =0, =0. Ha Beixone HAIl u,. = 0— aHaJIOrOBBIH
DKBUBAJICHT KOJA, 3allACAHHOIO B CYECTYMKE, T.e. HyneBou curHai. Ilpm wu,, —u. >0

CUT'HAJI KOMIIapaTopa MOJIOKUTENbHBIM, T.€. PABHBIM JIOTUYECKON €IMHHUILIE, ITOT CUTHAII
IOJAETCsl Ha BXOJ «+» CUETYMKA, KOTOpbIM padoraeT Ha cioxkeHue. C KaXIbIM HM-
nysiscoM C IIPU HAIMYMU HA BXOJE «» JIOTMYECKOW €IMHMIIBI KOJI CYETYMKA HAYNHAET

yBeNMuuBaThes, noka curuan L{AIl u,. He nmpeBbICUT u,, , IOCIIE YEro KOMIIApaTop Ie-

PEKITIOUUTCS, Ha BXOJ «+» CUETUMKa OYJEeT MOAaBaThCS JIOTMUECKHU HOJIb, U CUCTYUK
nepeiner B pexxum padoThl Ha Bbhruutanue. OuepeaHoit umnynbe C NpU HATUYUM Ha
BXOJIE «T» JIOTHYECKOTO HOJII YMEHBIIAET KOJ CYETYMKA, YMEHBIIAETCS CUTHAN U,
KOMIIapaToOp CHOBA MEPEKIIOUUTCS U Tak jaanee. [Ipu 3TOM 3HaUeHHE HANPSKEHUS Ha

Beixozie LIAIT koneGnercs okono 3HaueHus u,, . Hanpspkenue u,. Ha Beixone LIAII on-
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HO3HAYHO CBSI3aHO C JBOMYHBIM KOJOM cyeTuuka ()., B UJ€aIbHOM Clly4ae COOTBETCT-
BYET u,, . BeixonHoi curnan ALl cHumaeTtcs ¢ pa3psiioB peBEpCUBHOTO CUETUHKA.

Kax b1l pa3psi IBOMYHOIO KOJIa UMEET OIPEICJICHHBIN “Bec”’; BEC I — 20 pa3ps-
Jla BIBOE OOJIbIIE, YEM BEC (z' — 1)— 2o. Pabory ILIAIl MoXHO omucaTh CIIEIYIOIICH
bopmyoii:

u.=el0,-2°+0,-2'+0,-2°+0, -2 +..4+0, - 2'),
I€ €— OMOPHOE HaIMpPSHKEHUE, COOTBETCTBYIOIIEE BECY MIIAIIETO pa3psia;
Q. —3HaueHue i—eco paspsaa aBonyHoro koaa (0 mmm 1). MakcumanbHOE 3HauYEHHE
i onpeneinsier pazpsaaHocts AL, B 1aHHOM cilydae IPUBEAEH IPUMEP YEThIPEXPaA3PsI-
Horo AIII. Hanpumep, unciny 1001 B ABOMYHON CHUCTEME CUMCIIEHUSI COOTBETCTBYET
BBIXO/IHOE HAMNPSIHKEHUE:

u. =€l 1+0-2+0-4+1-8)=9e.

OpuuMH M3 OCHOBHBIX mokazateneit ALl sBisroTCA mar quckpeTu3anuu (KBaH-

TOBaHUsA CUIHana) Ah, 10 YPOBHIO M MHTEPBaNl JUCKpeTH3auMu Af, 10 Bpemenu. Ilep-

BBII ONPENEISIET TOYHOCTh MPEACTABICHUS B IBOUYHOM KOJAEC MU3MEPSAEMOM BEINYMHBI,
BTOPOI XapakTepusyeT BpeMsi 00pabOTKH BXOJIHOTO CUTHAA.

[Ipouecc mepexona OT aHAJIONOBOIO CUTHAJIA K JUCKPETHOMY HAa3bIBACTCSA AUC-
KpeTH3alMen WIK KBAaHTOBaHUEM curHania. [lepexos oT HenpeppIBHOIO CHUTrHaja K JUC-
KPETHOMY BCErJa MPOUCXOAUT C MOTEPEN HEKOTOPOIro KojaudecTBa uHpopmaiuu. Pac-
CMOTPHUM BJIMSHUE 1ara JUCKPETU3allui U KBAHTOBAHUS HAa TOYHOCTh NPEOOpa30BaHMsI
aHAJIOrOBOM BEIWMYMHBI — HanpsbkeHus puc.7.15. [lar KBaHTOBaHUS B JAHHOM Ciy4yae

paBeH BEJIMYMHE ONIOPHOTO HANPSDKEHUs Al = e.

Ha puc. 7.18 nokasan npumep npeodpa3oBaHusl aHAJIOTOBOrO CUTHaNIa B LIUPPO-
Boi1 koa. Ha puc. 7.18 6 npeobpazoBanue nmpousBoauTcs detbipexpaspsaaubiv AL, Ha
puc. 7.18 B - nmartupaspsaaeiM AL, y koTOporo mar KBaHTOBaHUS YMEHBILIEH B JBa
pa3, a yacToTa BHIOOPOK yBEJIMYEHA B J[Ba pa3a MO CPABHEHUIO C YEThIpeXpa3psiaHbIM. B
pe3ynbTaTe YMEHBIICHHs B IBa pasa Ilara AMCKPETU3alluy U HHTEpBaja JUCKPETU3alun

npeoOpa3zoBaHKEe aHAJIOTOBOrO CUTHAJA Ha puc. 7.18 B yBennuuBaercs.
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Puc 7.18. Ilpumep mpeoOpa3oBaHUs aHAIOTOBOTO CUTHAJIA:
a) - aHAJIOTOBBIN CUTHA, 0) - MpeoOpa3oBaHue CUrHama yeTeipex paspsanbiM AL u

MHTEPBAJIOM JUCKPEeTH3auuu Af , B) - IpeoOpa3oBaHKE CUrHaNa naTupaspsaansivM AL

Y HHTEPBAJIOM JUCKpeTH3aluu Af / 2

ALII, npeobpa3yrorire aHaIoroBbIil cUrHal B IUGPOBOI MOCIeI0BATENbHO, Ha-
YyYHas C MJAJAUIEro 3Hayallero paspsjaa 10 LH(pPOBOro Koja Ha BBIXOJE, COOTBETCT-
BYIOILIETO YPOBHIO BXOJHOI'O aHAJIOroBOro curHana, otHocstcs k ALIl mocnenosaresns-
HOTO NpUONMKEHUs co cueTunkoM. Ha MHOropa3psiiHblil CHETUMK MOCTYNAET TaAKTOBas
4acToTa OT F'eHepaTopa, KOTOPBIM 3aIlyCKaeTCsl B MOMEHT BBIOOPKHM BXOJHOI'O aHAJIOIo-
BOro curHaina. Beixon cuerunka ynpasisier cxemoil L{AII, BbipabGaThiBaroel CTymeH-
4aTO HapacTarollee HamnpspkeHue. B MOMEHT, Koraa BBIXOJHOE HAIPSKEHHE CXEMBI
ITAII 6yneT paBHO BXOJAHOMY HAINpPSKEHHUIO, KOMIApaToOp OCTAHOBUT CUETUHUK, COAEP-
KUMOE KOTOPOro OyJeT COOTBETCTBOBATh BXOAHOMY aHajJorooMmy cursainy. Hanboms-

mee BpeMs npeobpazoBanus 3x1ech 1, =¢2", rie g—BpeMs dIEMEHTApHOM CTYNEHH

(MHTEpBaAN AUCKpETU3ALUK), N —4UCIIO pa3psiaoB.

OcCHOBHBIE XapaKTePUCTHKH

OcHoBHbIMH XapakTepuctukamu ALl sBnsroTCs: pazpemiaroniasi ciocoOHOCTb,
TOYHOCTb, ObIcTposielicTBHE. Pa3pemaroniasi cnocoOHOCTh e (I1ar KBaHTOBAHMS) OIpe-
JesieT TOYHOCTh MPEACTABICHUSI B JJBOUYHOM KOJIE€ BXOJIHOM aHAJIOTOBOW BEJIMYUHBI,
3anmaBas nnuHy paspsagHoit cetku AIIIl. ToyHoCTh — abCONMOTHAS MOTPENIHOCTh, HEJIU-

HEHHOCTh U nuddepeHIanbHas HeMTMHEHHOCTh BXOAHOTO HamnpsikeHus. beicTponeinct-
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BUE (IIAar AUCKpETH3aluM Af;) XapakTepusyeT TEMI NOCTYIUIEHHs HMH(OpManuu B

mukpormnporueccop (MII), T.e. Bpemst mpeodpazoBaHusi — BpeMmsl, MPOIIEAnIee OT MOMEHTa
MOSIBJIEHUS 33JJaHHOTO M3MEHEHUSI CUTHAJIa HA BXOJAE JO MOMEHTA MOSIBIEHUS YCTONYHN-
BOI'0 CUTHAJIA HA BBIXOJE.

[Ipu BbIOOpE 1Iara AMCKPETH3ALMU YYUTHIBAIOT YaCTOTHBIM CIIEKTP BXOAHOW Be-
nuuuHbl. [Ipu 3TOM ocHoOBomonararouiei spisiercsa teopeMa KortenbHukoBa (Teopema
BBIOOPKH), COTJIACHO KOTOpPOHM IIar AMCKPETHU3AalMU HE JOJDKEH MPEBBINIATh 3HAYCHUS

At, =1/(2f,..), tae f,. —3HaueHHE MAKCHMAIIbHOW 4aCTOThI rAPMOHMYECKOH COCTaB-
JISIFOLLEH, yUUTHIBAEMOM BO BXOAHOM BenuuuHe. COCTaBISIONMIAs C 4YaCTOTOH BhIIE f,
OyZeT BOCIpPHUHATA KaK FapMOHMYECKasi COCTABIIAIOLIAsl C YACTOTOW HIKE [ - UMEeT

MecTo 3(p(dEeKT “MacKHUpPOBKU™ BBICIIEH YAaCTOTHI MOJ HHU3IIYIO, T.€. COCTABISIONINE C

JacToton f,. +Af u c yactoronn f, . —Af MMET B MOMEHTHI kAf, paBHbIE 3HaYe-
Hus. [IoaTOMy BennuuHBI CHEKTpA € 4acTOTOH f = f,  3€pKaJbHO OTPa)KaroTCsl OTHO-
CUTEJIBHO TOYKH f, , HAJIAraloTCsl Ha UCTUHHBIM CHEKTp, UcKaxas ero. CienoBaTelb-

HO, TIPY aHAJOTO-IU(POBOM IPeoOpPa30BaHUU JOJIKHBI ObITH MCKIIOYEHBI BCE TapMo-
HUKU C YaCTOTOM, 00Jiee BBICOKOW, YEM 4acTOTa AUCKpeTu3aluuu. B npotuBHOM ciayyae,
[IPY BOCCTaHOBJICHUM CUTHAJIA IOSIBIIACTCS PAa3HOCTHAsI COCTABJIIONIAS HU3KOM 4acTo-
ThI, 103TOMY Ha Bxojae ALl Bcerna yctaHaBiIMBaIOT aHAIOTOBBIN (GMIBTP HIXKHUX Yac-
TOT.

Mexny marom KBaHTOBaHMS (Pa3psAHOCTBIO) U TOUHOCTHIO U3MEPEHUS AaHAJIOTO-
BOM BEJIMYMHBI (POPMUPYEMOTO ABOUYHOTO KOJa CYHIECTBYET OJIHO3Ha4Hasl cBs3b. Ha-
npumep, Ha puc. 7.18 6 - werbipexpazpsaHoe ALIIL, Ha puc. 7.15 B - nsaTupaspsiaHoe
ALII, xotopoe Oosiee TOUHO MOBTOPsET (POpMY BXOAHOTO CHrHaia. B sHepretuke u3
BCEX BEJIMUYMH B HauOoJyiee IUPOKOM Tuarna3zoHe U3MEHsSeTcs TOK. B HopMmanbHOM pe-

AKUMe pabOThl JIEKTPOYCTAHOBKU TOK HAaXOJUTCS B Mpejenax (0 + 1)[ a B aBapuii-

HOM >

HBIX JOCTHUTaeT (10+30)] B Tabnune 7.1 mpuBeneHa abCOJIOTHAs MOTPENTHOCTh

HOM *

U3MEPEHUS pa3HbIX 3HaueHui Toka &8, 10, 12—pa3psanasimu ALLL

Ta6numa 7.1
N3 [Torpemnocts AL
Mmepsie- 10—
. 8—pazpsgHoe 12—pa3psigHoe
MBIH TOK, paspsiHOe
(256) (4096)
A (1024)
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100—@22]256 100—[1100204}024 100—[1(;)906)4096
S L VAT BT AT B A VAR )Y
100 100 100 100
5—[100}2 5—[1100204)51 5—(;00906}04
5 _A236) 100% - A2 0094 = B 0094 =
T =) T
1 256)_100% = 100% =1 100% = 2
0,5—@052]1 o,s-(&}s 0,5—(‘;;)36}20
0% 00 N2 600 = 390 600y, -
0,5 0,5 ’ 0,5 ’ 0,5 ’

B ycrpoiictBax P3A npumensitor AL ¢ wacToToit BeIOOpok oT 600 1o 2000 'y,
it obecrieueHrss HEOOXOIUMOM MorpentHocTH (2...5%) 4acTtoTra BBIOOPKM OJDKHA
onITE 2000—4000 I'y.

MeToabl IpeoOpa3oBaHNs AHAJIOTOBBIX CUTHAJIOB

Cyl1iecTByeT HECKOJIBKO METOJIOB IPE0Opa30BaHUsl aHAJIOTOBbIX CUTHAJIOB: METO/T
MOCJIEIOBATEILHOTO NPHUOIMKEHUSI, METO/1 MapaJUIEIbHOTO MPeoOpa3oBaHUsI U METO]I
JBYKPAaTHOTO UHTETPUPOBAHUSI.

[lepBblii METOJT OOECIIEUMBAET YIOBIECTBOPUTEIBHOE COYETAHUE TOYHOCTU U OBbI-
CTPOJACUCTBHUSA, BTOPON - BOSMOXHOCTb TOCTHKEHUSI BBICOKOTO OBICTPOACHUCTBHUSI, Tpe-
TUN — TOYHOCTB.

Memoo nocnedosamenbHo20 NPUOIUNHCEHUS

VYupomennas ctpykrypa ALII nocinenoBaTenbHOro npuOIMKEHHS PEACTaBICHA
puc.7.19.

|-~*- Fanucane farxmes
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=~ Copocums
— 1-u p
b b P07
I
'. Sl
. o ® = E :
Ipy !“. L:t::." %
. . f{Aﬁ — N-i P

Puc. 7.19. Cxema AIIII mocnenoBaTensHO MPUOIUKEHUS
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[TomryunB KOMaHIy Ha BBINIOJHEHHE MpeoOpa3oBaHHs OT T'eHEepaTopa TaKTOBBIX
UMITYJIbCOB, PETUCTpATOp MociuenoBareiabHoro npuodimwkenus (PIIII) ycranaBiauBaer

HAIPsHKEHUE JIOTMYECKOM equnune B nepsom paspane LHAIL Ecou npu stom 7, > 1,

to komnaparop HanpstkeHus: (KH) Boigaet B PIII komMaHy ocTaBUTh HanpsiKEHHUE JI0-
rudeckoit eaunuile B nepsoM paspsae LIAIl u nonate nponopuuoHanbHOE HANPSKEHUE

Ha BTopou paspsa LIAIL Ecmu mociue storo /,, > 1, , to KH Beigaer B PIIII komanmy

OCTaBUTh HANPSHKEHHUE JIOTHYECKOU eauHuile Bo BTopoM paspsae LIAIl u nmomares Ha-

MPSDKEHUE JIOTHYCCKOW €IMHUIIEC Ha TpeThid paspsia. Ecnum ke okaszanoch [, <I,, TO

KH Beigaer B PIIIT komMaH1y yCTaHOBUTH BO BTOPOM pa3psi€ JOTMYECKOW HOJb, a Ha
TPETUN pa3psi[ NOAATh HAIPSIKEHHUE JIOTUYECKOW €AUHUIE. 3aT€M OINHMCAHHBIN BBIIIE
anroputM padoter 6;10K0B AIIIT moBTOpHTCS, M Tak manee no N —rto paspsana [IAIL Pa-
6ota ALII cunxponusupyercsi TakToBbIM renepatopom. Ilocie N TakToB cpaBHEHHS

I, ¢ I, naBxone LIAII moiyyaercss N —paspsqHbIi JBOMYHBIA KOJI, KOTOPBIH SIBJIACT-

cst IU(POBBIM SKBUBAJIEHTOM BXOJIHOTO aHAJIOTOBOTO CHTHAJIA.

Memoo napannenbnozo npeodpazoeanus

VYnpomennas crpykrypa ALl mapanienbHoro mpeoOpa3oBaHusl IpHUBEAeHA Ha
puc.7.20. OcuoBubiMu d5eMenTamMu N —paspsanoro AII sasusrores 2" —1 xoMmapa-
Topbl HanpspkeHus. Ha ogun u3 AByx AuddepeHuaibHbIX BX0I0B KaKI0TO KoMIapa-
TOpa MOJAeTCs] UHAUBUAYAIbHOE OMOPHOE HAIpsKeHHE. Takoe OMOPHOE HAINpSKEHUE
JUTSE KQKJIOTO KoMItapaTopa GOpMHUPYETCS BHYTPEHHUM PE3UCTOPHBIM JenuTenieM. Paz-

HOCTb MEXJly HanpsKEHHAMHU JBYX Onkailmx kommapatopos pasna U,, /2" . Ha

IpYyrue BXObl KOMIapaTopa Mojaercs BXOAHOM curHan. Ha BeIxomax xommapaTopoB
yCTaHaBIMBAIOTCS HarpskeHus Jior.0 u jor.l, COOTBETCTBYIOIIME CUTHAJIAM Ha BXOAaxX
B MOMEHT NpHXoJa (PpOHTA TAKTOBOTO UMIYJbca. JJINTEIBHOCTh MMITYJIbCA JIEKUT B
npenenax 0,1...1 He.

ITocie OKOHYaHMSA MMITYJIbCA ONPOCA C MOMOINBIO TPUITEPA—3AIUEIKH XPAHUTCS
MTHOBEHHOE€ 3HAYEHHME aHAJIOTNOBOI'O0 BXOJHOIO CUTHANA, MPEICTABICHUE HA BBIXOHAX
KOMIIapaTOpOB B BHUJE (2N —1)—pa3p;1;:[Horo nugpoBoro ciosa. Jemudparop mpen-
CTaBJISIET 3TO CJIOBO B BUJE JABOUYHOTO N —pa3psIHOIO KOJa, a 3aTeM 110 KOMaHJE Jie-
HU(PUPOBAHHOE CIIOBO 3AIUCBIBAETCSA B BBIXOJHOW peructp. Ilockonbky kaxnas u3
(ZN - 1) rpajauuii BXOJHOTO CUTHAJIA KOAMPYETCS OTAECIbHBIM KOMIIApaTOPOM, TO Bpe-
Ms1 ipeoOpazoBanus B TakoMm AL ompexnensieTcss BpeMeHeM NEpeKIIOUeHUsT KoMmapa-

TOpa U 3aJIepKKOH Jemudparopa U, cIeI0BaTeNIbHO, CPABHUTENBHO HEBENNKO. OIHAKO
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BBICOKOE OBICTPOACHCTBHE JOCTUTACTCSl LIEHOW 3HAUMUTENIbHBIX amlmapaTHBIX 3aTpaTr U
Oonp1I0i TOoTpebsieMoil MOIHOCTRIO. Hampumep, s 8—pa3psaHoro mnapamuieabHOTO
AIIIT tpeGyercs 255 KOMIapaTopos, a Beero okoyo 3-10* akruBHBIX d1emenToB. Ilo-
TpebiiiemMasi MOIIHOCTh OK0JIO 3BT.

B AIII nocnenoBaTeabHOro NPUOIMKEHHUS U aHAJIOTUYHBIX UM IO OBICTPOEH-
CTBHIO (CHEISIIUX WM UCTIOIB3YIOMINX CTYIIEHYaTOEe MPUPAIICHUE HAMIPSKEHUS) CYIlle-
CTBEHHOE BIIMSIHUE Ha TOYHOCTh pabOThl OKA3bIBAET MOCTOSIHCTBO BXOAHOTO aHAJIOTOBO-
ro CUTHaJla 3a BpeMs ero npeodpazoBaHusi B uu@poBoi koia. Uem niuTenbHee Bpems
npeoOpa3oBaHus, TeM OOJIblIEe BIMUSAHHE HA €r0 TOYHOCTh MOTYT OKa3aThb U3MEHEHUS
HANPSKECHUS NTATAaHUS, IOMEXHU U IIyMbL. ICTOUHUKOM UX SIBJISIETCS, B IEPBYIO OYEPE/Ib,
YCTPOWCTBO BBIOOpKH U XpaHenus uHbopmammu (YBX), npakTuuecku Bceraa MCIoib-
3yemoe Ha Bxoje AIIIl ykazanupix TumoB. B pexume BbiOOpku YBX BBITIOTHSIOT
¢bynkuuo OyhepHOro MOBTOPUTEINS], UCKIIIOYAIOIIETO BIMSIHUE BBIXOJHOTO COMPOTHUB-
JIEHUs1 UICTOYHUKA aHajoroBoro curxania. [lo komanne nugposoro curnana YBX nepe-
XOJUT B PEKUM XPAHECHUS, U HA BBIXOJE COXPAHSAETCS 3HAYCHHE BXOJHOIO HAIPSIKCHUS,
JOCTUTHYTO€ B MOMEHT MOJA4Y¥ KOMaH/Ibl. I3MEHEHHE 3TOro HaNpsHKEHUs U3—3a HECTa-
OWJIBHOCTU HanpsbkeHusl uTaHust YBX, momex, BbI3BaHHBIX MEPEKII0UEeHUEM HUGPO-
BbIX CXeM B mpulope, U rM3—3a mymMoB B YBX npuBoOAUT K TOMy, YTO peajibHasl TOY-
HOCTh MpeoOpazoBaHus BbllTyckaeMblx cepuitHo ALIIl ykazaHHBIX TUIIOB HE MPEBBIIAET

12 pa3psaos.
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Puc. 7.20. Cxema napamienbHoro AIII

Memoo 06ykpamnozo unmezpuposanus

CymiecTBeHHO OOJBIIIYI0O TOYHOCTH TIpeoOpa3zoBanus odecneunBatoT ALIIL, y ko-
TOPBIX BBIXOTHOU MUGPOBOM KO ONPEACIICTCS HHTETPATBHBIM WM CPETHUM 3HAYCHU-
€M aHaJIOrOBOI'0 CUTHAJIA B TEYEHHE HEKOTOPOTO MHTEepBana BpeMenu. Takue ALl co-
Jiep>Kallue Ha BXOJE€ UHTErpaTop, 00eCneynBalOT BHICOKYIO TOUHOCTh MPEe0O0pa3oBaHus

IIpu 06pa6OTKC AHAJIOI'OBLIX CMI'HAJIOB B IIPUCYTCTBHUH BbICOKOYACTOTHBIX ITIOMEX C HacC-

ToTON f, > % , tne T, —nepuon unrerpuposBanus. Ecau 3Hauenue 7', KpaTHO Ie-
u

pUOy MU3MEHECHHHN MEPEMEHHOM cocTaBiiaromer Hanpsbkenuss nutanus ALIL, Tto wuc-
KITFOYAeTCsl BIMSIHUE HECTAOWJIBHOCTH MHTAHHUS HA TOYHOCTh MpeoOpa3oBaHusA. ITO
OOBSACHSIETCS TEM, YTO 3HAUEHUE UHTErpajia OT CHHYCOUAAIBHOIO CUTHAJIA PABHO HYIIIO,
€CJIM MHTEIPUPOBAHUE OCYILECTBIIECTCS BO BPEMEHHOM HMHTEPBAJIE, KPATHOM IEPUOLY
U3MCEHEHMS CUHYCOU/IBI.

ObecnieunBasi 0osiee BBHICOKYIO TOYHOCTb, YeM paccMoTpeHHble Bbime AIIIL, a
TaKKe MUMEsl CPAaBHUTEIBHO IIPOCTYIO CTPYKTYypy, uHTerpupyromue ALl oxazammces
IIPUEMIIEMBIMHU I U3TOTOBIIEHUS B BUJIE NTOIYNpOBOAHUKOBBIX bHC. 1X rinaBHBIM He-
JOCTAaTKOM sIBJIsieTCsl Oosbiioe BpeMs npeoOpazoBanus (1...100 mc). B coBpeMeHHBIX
nosrynpoBoHUKOBBIX ALl sToro Tuma ucmnonb3yercs OOBIYHO METOJl JBYXTAaKTHOTO
MHTETPUPOBAHUS U €r0 MOAU(PUKAIUS C HETMHEHHOW 00paTHON CBA3BIO.

Ynpomennasa crpykrypa ALL ¢ AByXTakTHBIM MHTETPUPOBAHUEM IPEICTABICHA

Ha puc.7.18. [Ipeobpa3oBaHue ocyiiecTBisieTcs B JBa dTama. CHadala K BXOJy MHTe-
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rparopa Al moxkitodaeTcs npeodpasyemMoe BXOAHOE HampsokeHue. Ecian B Teuenune 3a-

JAHHOTO BPEMEHU UHTErpupoBanus 1, HampsbkeHus U,, €ro BEJIMYMHA OCTACTCS II0-
CTOSIHHOM, To HanpspkeHue U, nuHelHo ymeHnbuiaercs (npu U,, > 0) oT Hyns 10 He-

KOTOpOH BeaM4MHBL. J[Ji1 3TOro mepen MepBbIM 3TAoM MpeoOpa30BaHUsl UHTETPATOp

C6paCI)IBa}OT, T.C. YCTaHaBJIMBAIOT HA HOJIb €TO BXOJHOC HAIIPSKCHUC UH .

U, | Humeepu-\| Humezpupofia-
— e Tawmss " pofanue | wue JZID’:
i C 1 Use |
| -
Uon ! Il | £ e t
R | [
= v Nozuveckoe |
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I g |
7 = Cyemyun |
B 1 'I I . T pe s \I/ Vo
tdp 2-dp  WNip I

Puc. 7.21. Cxema ALII ¢ AByKpaTHBIM HUHTETPUPOBAHUEM
3aTeM BMECTO aHAJIOIOBOI'O CUTHAJIA K BXOJly MHTErpaTopa MOJKII0YAETCs OMop-
Hoe HamnpspkeHue U, . IloaspHOCTh ONOPHOI0 HANPSHKEHUS JOJKHA ObITh IPOTHUBOIO-

JIOKHOM TOJIAPHOCTH IPeoOpa3yeMoro aHajoroBoro curxaia. CocTOSHUEM MEpEeKIIIo-

yarensa S1 ynpasiisier norudeckoe ycrpouctso. 1locne noaxmouenus U, K BXOLy UH-
Terparopa Hanpsbkerue U, , U3MEHSSICh JIMHEWHO, cTpeMUTCs K Hyito. [lo ncreuenun
BpemeHnu 71, nocruraercs HampspkeHue U, =0, 4yro (ukcupyeTcsl NepeKiIroueHUueM

BBIXOJHOTO HAIpsKEHUs] KoMmaparopa A2, ynpaBIsiomero paboToi J0ruueckoro ycT-

poiictBa. Bpems T, mpsAMo NpONOPLUOHANBHO CPEIHEMY 3HAUEHHIO IIPEOOPasyeMoro
aHaJoroBoro curHana 3a mepuox 7', . JlmurenbHocts untepsana 7, = Nt onpeness-
€TCSl YMCJIOM TAaKTOBBIX HUMITYJILCOB N, C NEPHOAOM ¢,. AHAJIOTUYHO JUIUTEIBHOCTH
unrepsana 71, = N,/ ONPENENseTCs YUCIOM TaKTOBBIX MMITYJIbCOB N, . B obuiem

BUJI€ OIMCAHHOE U3MEHEHHUE BBIXOJAHOIO HANPSKEHUS MHTETPATOpa B TEUEHUE BPEMEHH
T, +T,, MOXKHO 3allCaTh CIEAYIOIIUM 00pa3oM:
T()I]

U, (t):R—IC fUBth _R_IC [U,,dt=0.
0 0

HOI[CTEIBI/IB B 3TO BBIPAKCHHUC YKA3aHHBIC BBIIIC BEJIMYNHDBI T un B T MMoJIy4Yum

oIl »
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IIpeoOpa3zoBaHue aHAJOrOBBIX BeJUYHUH € OOJBIIOW AMILUIMTYI0W H3MEHe-
Hus. CTpyKTypy, 0OecneurBarolly0 nmpeoOpa3oBaHue KOHTPOJIUPYEMBIX aHAJIOTOBBIX
BEJIMYUH B MIU(PPOBHIC ¥ BBOJ WX B BHIYUCIHUTEIIBHOE YCTPOMCTBO, OTIPECISIOT, B TIEP-
BYIO OYepe/lb, Takue (PaKTOpbl, KaK JAUAMAa30H U3MEPEHUSI MTHOBEHHBIX 3HAUYCHUN aHa-
JIOTOBBIX CHUTHAJIOB U Tpebyemoe Bpems Lu(ppoBoil o0padoTku. C yuyeToM OO0JBIIOro
auana3zoHa curianoB paspsaHocts AL yacto He oOecnieunBaeT TpeOyeMoil TOUYHOCTH
npeoOpa3oBaHrs MTHOBEHHBIX 3HaY€HUN CUTHAIOB. OJHUM M3 BO3MOXXHBIX pEIICHUMN
SABJISIETCA PacCUIMPEHUE HUana3oHa MU3MEPEHUN MyTeM HOpMau3alliud CUTHAIa Tepes
obOpabotkoii ero B AIIII.

Becp nuamna3oH BXOJHOIO CUTHAJIA e, ACIIUTCA U3MEpUTENneM ypoBHs MY Ha on-
peAeNIeHHOE YUCIIO YPOBHEH, HANIpUMeEp, GUKCUPYETCSl YBETUUEHUE MOTYJIS ‘eBX‘ oonee
yeM B 2, 4, 8, 16 pa3 OTHOCUTENBHO YCTAaHOBJICHHOTO 3HaueHus. s atoro AV conep-
KUT JBYXIOJSIPHBIE KOMITAPATOPhI MO0 YUCITY YPOBHEW, 0OECIeUMBAIONINE CpaBHEHUE
‘eBX‘ C YCTaHOBJICHHBIMH OIIOPHBIMU HANPSDKEHUSAMU. BBIXOJ KaX0ro U3 KOMIApaTo-
poB MY nopsomuTcs K OOHOMY W3 BXOnoB /[III, B pe3ynprare uero Ha Beixoxae LI
UMEETCS B JBOMYHOM KOJIE CHTHAJ, COOTBETCTBYIOLIMN OJHOMY W3 YPOBHEH e, Ui
JAHHOTO MOMEHTA BPEMEHU. DTOT CUTHAJ MOJABOJAUTCA K YIPABISAIOIIMM BXOJaM KOM-

myTtaTopa K, KOTOpbIH B 3aBUCUMOCTH OT YPOBHSI KOHTPOJIUPYEMOTO CUTHAIA U3MEHSET
ko3¢ uLMeHT nepenayn Macimrabnoro ycunurens MY. Hanpumep, eciiv cCUTHaiIOM Ha
BeIXOz€e Il pukcupyercs, 4To ‘eBX‘ BO3pOCi0o Oojee ueM B 4 pas3a MO OTHOLIEHHIO K
3aJJaHHOW BEJIMYMHE, TO 3aMBbIKAETCs K04 KOMMyTaropa K, obecrieunBaromuil yMeHb-
menne Kodpouiuenta ycunenuss MY B 4 paza, 1 OJHOBPEMEHHO B BBIYMCIUTEIBHOE
ycTpoiictBo BY moctynaet ¢ Boixona [/l kox, naromuidl “HGOpMAaIHo 0 He0OX0UMO-

CTH YMHOX€HUs BbIxoHOro unciaa ALl Ha 4.
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Puc.7.22. BapuaHnT paciupenus auana3zoHa nudpoBoro npeodpa3oBaHus

7.5. BbIXoaHbIE peJsieiiHbIe MpeoOpa3oBaTeJIu.

Bo3saeiictBue pene Ha OOBEKT 3alMTHl TPAJAULHMOHHO OCYIIECTBIISIIOTCA B BHUJE
JUCKPETHBIX CUTHAJOB yrnpaiieHud. [Ipy 3ToM BXO/IHbIE LMK YCTPOUCTBA 3alIUThI BbI-
MOJIHAIOT TaK, 4TOObl 0OECHEUYUTh TaJIbBAHUYECKYIO Pa3Bs3Ky KOMMYTHUPYEMBIX Ienei
KaKk MeXJIy coOOH, TaKk M OTHOCHUTEIIbHO BHYTPEHHHUX LIENEld YCTpPOMCTBA 3alllMTHI.
Bxonnbpie mpeobpazoBaTenu MOKHBI 001aJaTh COOTBETCTBYIOIIEH KOMMYTAIlMOHHOMN
CIOCOOHOCTBIO U, B 00IIEeM ciydae, o0ecredyrnBaTh BUAUMBIN pa3pblB KOMMYTHPYEMOI
(1178

bnox numanusa (bI1) obecnieunBaeT cTaOUIM3UPOBAHHBIM HAMPSHKEHUEM BCE y3-
JIbl paCCMaTPUBAEMOI'0 YCTPOMUCTBA, HE3aBUCUMOI'O OT BO3MOKHBIX M3MEHEHUI Hampsi-
eHUsl B nuTaromend cetu. bII MHOTUX COBpEMEHHBIX pejie MOTYT paboTaTh U C CEThIO
MEPEMEHHOTO U C CeThio MocTosiHHOrO ToKa. Kak mpaBuio, B BII ¢popmupyercs u psan
JOTIOJTHUTENBHBIX CUTHAJIOB, UCKIIOYAIOUIMX HENpaBUiibHYI0 padoty D9BM u HekoTo-
PBIX APYTHUX AJIEKTPOHHBIX Y3JI0B YCTPOMCTBA B MOMEHT MOSIBICHUS W MCUYE3HOBEHUS
HANPSHKEHUS TUTaHUS.

Jucnneii u knaguamypa. OHU ABISIIOTCS HENPEMEHHBIMUA aTpUOyTamMu J1H000T0
1u(pPOBOr0 YCTPOKCTBA, MO3BOJISS ONEPaToOpy MOdydaTh UH(POPMALIMIO OT YCTPOMCTBA,
U3MEHSTh PEXUM ero padoThl, BBOJUTh HOBYIO MH(popmanuio. Hago ormeruts, 4To
muctiedt (H) u knaBuatypa (SB1, SB2) B iudpoBbsIX perne, Kak MpaBuiio, peaiu3yroTcs

B MaKCHUMAJIbHO YIIPOIICHHOM BHU/JIC: I[I/ICHJICﬁ - HCCKOJIBKO KHOIIOK.
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Ilopm cea3zu c BHemHUMH U(GPOBBIMU yCTpoiicTBamu. JlocTonHCTBOM LU(pO-
BBIX YCTPOMCTB SIBJIIETCS BO3MOKHOCTh Mepeaayl uMeronieiicss nHhpopMaluu B Ipyrue
nudpossie cuctrembl: ACY TII, nepcoHaIbHBIM KOMIBIOTEP U T.J. , YTO MO3BOJISET UH-
TETPUPOBAThH PA3IMYHBIE CUCTEMBI, JKOHOMS Ha KaHajax CBsI3H, 3aTpaTax Ha IpeaBapu-
TEIbHYI0 00paboTKy cUTHAIOB U T.. KOMMYHUKAIIMOHHBINA TOPT — HEOOXOIUMBIH 3J1e-
MEHT AJI JUCTAaHIIMOHHOU pabOThI C JaHHBIM YCTPONUCTBOM.

Hapsigy ¢ BblenepeyucieHHbIMU B HU(PPOBBIX YCTPOMCTBaX, B 00IIEM ciydae,
MOTYT BCTPETUTHCA U Jpyrue y3ibl. Hampumep, uudpo-anaiorosie npeodpasoBareiu
pu (HOPMUPOBAHUH aHAJIOTOBBIX CHTHAJIOB YIPABJICHUS U peryaupoBaHus. [lockombky
HETNOCPEACTBEHHO B YCTPOWCTBAX PEJICMHOMN 3aIUTHI OHU HE MPUMEHSIOTCS, B HACTOS-
IIEM NTOCOOMHU HE pacCMaTPUBAIOTCS. XapaKTEPUCTUKU OJHOTUITHBIX Y3JIOB B YCTPOMCT-
Bax pa3JIMYHbIX M3TOTOBUTENECH OKa3bIBAIOTCS BecbMa OnMM3KUMU. [[pUuyunHO# 3TOTO 5B-
JsieTCs HEOOXOJUMOCTh PeaN3allii OJHUX U TEX K€ MCXOJIHbIX TpeOOBaHUMU, OpUEHTA-
[[MASI CXEMHBIX PEUICHUA Ha OJIHM M T€ K€ PeajbHbIE BXOJIHbIE CUTHAJIBI (I10JTy4YaeMble
OT CTaHAAPTHBIX TPaHC(HOPMATOPOB TOKA M HANPSHKEHUS) U OOBEKTUBHBIE 3aKOHBI, O
KOTOPBIM JIOJIDKHA BECTUCH 00paboTka nHpopmaii. PaccMOTpuM BO3MOKHbBIE BapUaH-
ThI UCTIOJIb30BAHUS Y3JIOB IU(PPOBOTO YCTPONCTBA 3AIIUTHI.

7.6. IPUHIUIIBI BBINOJIHEHUA UBMEPUTEJBbHBIX
YCTPOUCTB HA IU®POBLIX DJIEMEHTAX

7.6.1. U3mepeHHne TOKAa M HANIPSAKEHUSA

Pazjio:xenuem B psig @ypbe

Toku u HaImpsKCHUS IIPpU KOPOTKOM 3aMbIKaHHUH IIPEACTABIIAIOT coOoi nepuoau-

1
yeckue QpyHkuuu ¢ nepuogoM I’ = — = 20mc. Jlrobas neproguyeckas GyHKIUS MOKET

OBITH MpCacCTaBJICHA B BUC

LD=00
f(@&)=Ay+ Yla,cosvwt +bsinwt],(7.22)
v=4

1 T
rne A, =— j f(¢) dt - cpennee 3HaueHUE PYHKITNY;
T o

2

a, =— j f(t)cosvwt dw - aMIIUTY]a KOCUHYCHOM COCTAaBJISIFOILEH YJICHOB Psi-
T 0

Aa,
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2
b, =— J. f()sinvwt do - amIUTyAa CHHYCHOM COCTABJISIONICH YJIEHOB PsJIa;
T 0

1%

@, = arctg—= - HadajbHas (a3a L -0l rapMOHUKH;

a

1%

A ~=.a’+b’ -aMIDIATYAHOE 3HAYCHHE TAPMOHHKH U .

Ot dhopmynsl 0a3UpyIOTCS HA CBOWCTBE OPTOTOHAIBHOCTH CeMeHcTBa (PyHK-

muisinv wt; cosvwt. Takum o0pa3oM, MO BbIpaKeHUAM (7.22), Moy4aeM CHHYCHYIO
b,, KOCUHYCHYIO @, W aMIutuTyay A, =./a’+b’ KaXIOd rapMOHHKH, B TOM YUCIIE, H

ocHOBHOM. [locae 3Toro BemuuuHy A4, MOKHO CUMTaTh HNOJHOCTBIO MIEHTU(PHLIUPO-

BAHHOM.

Henocrarkom anroputma siBisieTcs MEUIEHHAsi padoTa, OrpaHUUYEHHOCTh Kilacca
GbyHKIMH, Toasexkamux o0paboTKe, a TakKe TO, YTO HENMEepUoANYecKue (PYHKIIUU HE
MOTYT OBITh pa3ioKeHbl B TUCKpEeTHBIN pan Dypwe. [ns ueneit P3A stot HegocTaTok
HE SIBJIIETCS CYIIECTBEHHBIM, Tak Kak npu K3 m3MmepsieMbie BeIMYUHBI HOCAT MEPUOIU-
YECKUU XapakTep.

ITo MrHOBEHHBIM 3HAYEHUSIM.

Tox u Hanpsbxkenue it OMII noctynatroT Ha HUGPOBBIE 3aMIOMUHAIOIIME YCT-
pOIiCTBA TMOCIE MPOXOXKJIEHUS (PUIBTPOB U MOTOMY MOXKHO CUMTATh MX CHUHYCOUJAIIb-
HBIMM  BeIWYMHAMH. MaeHTudukamuss CHHYCOMAAIbHOTO  BXOJHOTO  CHUTHaja

f(t) = Fmsin(wt) MoxeT ObITh IOYTH MIHOBEHHOU. [leificTBUTENbHO, U3MepHUB [ (¢,) U

ba3zy wt, = ¢, U1 MOMEHTa BPEMEHU f,, MOKEM CUMUTATh aMIUIUTYy UIAECHTUPHUIUPO-

S@)

BAHHOM, paBHON fm = ——.
sin o,

JlercTByromiee 3HaYEHNE BEJTUYHHBI
Fm
F=—— (7.23)

NG

CpenHee 3HaYCHUE BETNIMHBI
2
F,=—Fm=~0,637Fm (7.24)
V4
I1o uHTErpajJbHBIM 3HAYEHUSAM
3mech NEUCTBYIOIIEE W CpeHEee 3HAUEHUS IMOJIYJaroTCs He B pesyibTare oOpa-

OOTKM MTHOBEHHBIX 3HAUCHUM 3a Nnepuong T, a IIpu U3MCEPCHHUU CHHYCOUJbI B OI[HOﬁ
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TOYKe. B 3TOM CBSA3M, NAaHHBIE MOKAa3aHUs YMECTHO HAa3BAaThb IPOTHO3UPYEMBIMH 3HaYe-

HUSIMU BenuuuHbl f(¢). PacyeTr mporno3upyeMoro AeMCTBYIOLIETO 3HAYEHUS TPUBOIUT

K TOBBIIIEHHON NOTPEIIHOCTHU IPHU MOSABJICHUN CIy4aHOM NIOMEXU B MOMEHT HM3MeEpe-
Hus curHaia. [loaToMy B Tex cirydasix, KOrjaa OOJbIIoro OBICTPOACHCTBUS HE TpeOyeT-
Csl, IPEINOYTUTENIHBIM CUMTAETCS MHTErPajbHBI CIOCOO M3MEPEHMs] CUHYCOMajlb-
HBIX BEJIMYMH.

WHTerpanbHple AEMCTBYIONIEE U CPEIHEE 3HAYEHHUE BEJIMYMHBI ONPEAEISIETCS 10

HN3BCCTHBIM BBIPAKCHUAM:

JUTsl ACMCTBYIOIIETO 3HAUCHUsT F = ; (7.25)

r

2
JUTSL CPETHETO 3HAYCHUS F, = J- f(¢) de (7.26)

AMIUTUTYly CUHYCOUJAJIBHOTO CHTHaja MOXKHO MOJY4YUTh Yepe3 JACUCTBYIOIIEe
WJIM CpeJHEE 3HAUCHHE BEJIMYUH, OIPEICIICHHBIX 10 BhIpakeHUsM (7.23) u (7.24).
Ilo cpaBHeHMI0 20COTIOTHBIX 3HAYEHMI.

W3mepenne aMIuIUTyAbl IPU AUCKPETHOM 00pabOTKE CUTHANIA MOXKHO MTPOBOJUTD

. Kak

CpaBHEHHMEM a0COJIIOTHBIX 3HAYEHHUI CMEKHBIX BEIOOPOK curHana () ‘ f‘ u ‘ S

<‘fl.

ero crenayer 3anoMuuTh. Jlanee mo dhopmymnam (7.23), (7.24) onpenensieM TeHCTBUTEIb-

TOJIBKO ‘ Soa , 3HAUCHUE ‘ f‘ ~ Fm npencrasiser co00d MakCUMalbHOE 3HAUYEHHE,

HOE U CPEIHEE 3HAUCHHS BEJINYUH.
I1o MrHOBEHHOMY 3HAYEHUIO U TIPOU3BOJTHOM

[TycTh TOK IMEET CHHYCOUAATBHYIO (POPMY YaCTOTHI @

i = Imsin (a)t + (o) (7.27)
BbrancnuM npon3BoIHYIO OT TOKa
A/
ai_ —mcos(a)t +(p) (7.28)
dt o

Bossens (7.27) u (7.28) B kBagpaT U CIOKHUB, MOTyYUM
i =1Im’ sinz(a)t + go);

AN (7.29)
— | = cos (a)t+go),

dt W’
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2

di

orkyna Im®> =i’ +w*| — | . (7.30)
d¢
I[logemum  (7.27) wa  (7.28), momayuum ldﬂ =tg (a)t + (o) ,  OTKyJa
i
dt
(a)t+g0):arctg£ WiIn ¢:arctg£—wt. (7.31)
di di
dt dt

Takum 00pa3oM, UMest MEPBYIO MPOU3BOJAHYI0 U MTHOBEHHOE 3HAYEHHUE CUHYCOHU-
JATbHOW BEJIMYMHBI B MOMEHT BPEMEHH !, HAXOAUM aMIUIMTYIy W HadalbHYIO ¢azy
U3MEPSIEMON BEJIUYUHBL.

Ornpenenenue BEJIMYMHBI NIEPBOM MPOU3BOJAHON OCYIIECTBISAECTCS IO UHTEPHOJIS-
UOHHBIM (opmyram. Iyt aToro Oepercst 1Ba 3HaUYEHUS BEIUYHHBI B MOMEHT BPEMEHU
t u(t+At), Torna

di 1 :
41 ~ N (lt+At lt)'

I[Ipu At =0,5mc, f =507y n0OrpeIHOCTh BBIYUCICHUS NPOU3BOJHON HE Tpe-

Bbimaer 0,15%. Takoil mpUHUMIT MO3BOJSET OCYUIECTBIATH 3aMEP 3a BPEMS, PAaBHOE
IIPUMEPHO JBYM-TPEM MHTEPBAJIaM KBAHTOBAHMUS.

7.6.2. U3mepeHHne CONPOTUBJICHUSA

Ilo peiicTBYIOIIMM 3HAYEHUSAM TOKA U HaNPSKEHUS
Jlnst usmepenust conpotusieHus npu K3 MOKHO BOCHOJIB30BaThCSl TPaaULMOH-
HBIM CIIOCOOOM, KOTJa M3MEPSIOTCS JICHCTBYIONIME 3HAYEHUS COOTBETCTBYIOIIMX Ha-

npsokenusa U, uToka [, ,. Torna conpoTUBIEHUE 10 MECTA IIOBPEXKIECHUS

U
Z,=—=. (7.32)
IK3
Paccrosinue A0 MECTa IOBPCIKACHUA paBHO
Z
I = Z_1<3 (7.33)

ya

rac Zy}1 - YACIbHOC COIIPOTUBJIICHUC JIMHUU.

IIo MrHOBEHHBIM 3HAYEHUSIM TOKA U HaIPHAKCHUSA
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Kpome TpaguimionHoro crnocoba omnpeneneHus I, tudppoBas TEXHUKA MTO3BOJSET
HNPUMEHSTHh U JAPYrHe alropuTMbl. B ympoIeHHBIX cXeMax 3aMelleHUs JHMHUS Hpea-

CTaBJIAETCA NOCIIEA0BATENbHO BKIIIOUEHHBIMA R, U L, .

[Tpu K3 Ha Takoiil mHMK najgeHue HanpsbkeHus Ha netiie K3 onpenensercs kak
di

U=iRk+ Lk— (7.34)
dt
[Tepenumem ypaBHeHue (2.36):
U:iRK+LK£, (7.35)
At

rae At — uHTepBa IUCKpeTU3auu npu nudpoBoi 00paboTKe cUrHama.
B ypaBHenuu (7.35) nBe HeusBecTHble BennuuHbl - R, , L, . Benuuunsl U u Ai

BBIYUCJEAIOTCA Ha KAXKIOM IIAare IUCKpPCTU3alun.

Jlst MOMEHTa BpeMEeHH ¢, Koraa Tok =0, MOXHO 3amucaTh

U, =LK£ , (7.36)
At
OTKyJa
U
L, =—-. .
Yy (7.37)
At
Ai
AHaAJIOTUYHO JIsI MOMEHTA BPEMEHHU t,, KOT1a A—; =0, nmMmeem
U,=iR,
OTKyJa
R, = & (7.38)
iZ
Paccrosnue A0 MECTa IOBPCIKACHUA
L
[=—, (7.39)
L
ya
R
[=—F. (7.40)
R

ya

rue L, R, - yAelbHbIE apaMeTphbl JIMHUH.

ya?
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st P3A pgocrarouHo oaHoro BelpaxkeHusi. Kak mpaBuiio, UCIOIB3YETCS TOJIBKO

(7.39), T.X. R, CHWIBHO 3aBUCUT OT IIEPEXOJHOTO CONPOTUBIIEHUS B MecTe K3.
Hcnone3ys Belpaxenue (7.35), napamerpsl R, , L, , MOXKHO ONpPENENIUTh 3HAYU-

TCJIIbHO 6BICTpeC, BBIIIOJIHUB JIBA 3aMepa AJIA I, U ty:

A
U.=iR, +L, ~%
AA_f (7.41)
U =i R +1 —=
At
Pemenue cucremsr (7.41) maet
u -i.-U,-i
[ =_m K K_"m . 7.42
A N ( )
lm _ZK
At At
Ai A
Umﬁ_UK lm
At At
R, = . 7.43
K . Ai, AT ( )
i — =i,
At At

N3mepeHne paccTosIHUS 10 MECTa MOBPEKICHUS 110 MTHOBEHHBIM 3HAYEHUSIM TO-
Ka U HanpsbKeHUs 1o BbipakeHUsM (7.42), (7.43) ocymiecTBiseTcs IpaBUIbHO 0€3 Me-
TOIUYECKON MOTPEIIHOCTH IpH 000k (opme TOKOB M HampspkeHui. [loatomy anro-
PUTM MOHO HCIOJIb30BaTh MPU OTCYTCTBUU (PUIBTpAlMU BXOJHBIX CUTHajoB. M3me-
HEHUE YaCTOTHI B CETH B MOMEHT U3MEPEHHUS TaKKe HE BHOCHUT MOTPEIIHOCTH, YTO, O€3-
YCJIOBHO, SIBJISIETCS] IOCTOMHCTBOM QJITOPUTMA.

I1o OpTOroHAJBHBIM COCTABISIOLIUM

B npornecce mudpoBoro npeodpazoBaHusi TOKOB U HAMPSKEHUN U3MEPSIOTCS UX
OpPTOrOHAJIBHBIE COCTABISIOIINE — CUHycouaanbHas Fg n kocunycoupanbHas Fc. Ecin

CUHYCOHNAAJIbHYIO BCIIMUYMHY HAIIPpABUTH IO OCHU HCﬁCTBHTeHLHBIX BCJIMYMH, 4 KOCHUHY-

CONAAJIBHYIO - TI0 OC MHUMBIX BCJIIMYWH, TO F = FS + ] RERPILS

2z
Fg _ 1 If(t)-sinwt dw;
70

HpI/IMeHI/ITCHBHO JJI TOKOB U HaHpH}KCHI/Iﬁ
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Is =Re(l), Ug =Re(U),
Ic=Im(l), U =Im(U).
[Tpu K3 Ha nuann 11 netiin K3 MoxxHO 3anucars:
Ai

U=Ri+L,——. (7.44)
At

B (7.44) HanpsbKeHHE U TOK BBIPA3UM Yepe3 OPTOrOHAIBHBIC COCTABIISIOIINE

U=Ug+jU,

i=ig+ jip (7.45)

Ai = Aig + jAi,

Torna ypaBuenue (7.43) ¢ yuetom (7.44) pazbuBaercs Ha IBa ypaBHEHUS

Re(U)= R, -Re()+ 2= ARe()
At (7.46)

Im(U)=R, -Im(7)+ it Alm(/)

B cucreme (7.45) noMHOkKHUM nepBoe ypaBHEHHE Ha Alm(/), BTOpPOE - Ha ARe(] )

1 U3 BTOPOI'O BBIUYTEM IICPBOC, MMOJIYUYHUM:
Im(U)- ARe(7)-Re(U)- Alm(Z)=R, - (Im(/) - ARe(I) — Re(I) - Alm([)),
OTKyZa

R = Im(U)-ARe(l)—Re(U) - Alm(]) ‘

" Im(I)- ARe(I) - Re(I) - AIm(])

B cucrteme (7.45) 10OMHOXHUM IIEPBOE ypPaBHEHHUE HA Im([ ), BTOPOE — Ha Re(l ) u

(7.47)

M3 BTOPOT'O BEIYTEM IICPBOC, IIOJTYUHUM:

Im(U)- Re(7)—Re(U)- Im(1)= Lz -(Re()- AIm(I) — Im(I) - ARe([)),

OTKyJa
Im(U)-Re(1) —Re(U) - Im(1)
Re(7)- AIm(I) - Im(I)- AR e(I)

ITo puxkcauuu BpeMeHH 3aMepa TOKA U HATIPSIZKEHU S

(7.48)

X,=wL, =

K

HSMepI/ITGJIBHaSI CHUCTEMA 3alINTHI (1)I/IKCI/Ipy€T MI'HOBCHHOC 3HAUYCHHUC HAIIPSKC-

HUSA u, () B MOMEHT MPOXOXKIACHUS TOKA 1; Uepe3 Hylb. 3aT€M Yepe3 YeTpepTh Neproaa
T/4 BHOBb U3MEPAIOTCS MTHOBEHHBIC 3HAUEHUS HANPSKEHUS u,,(u),) U TOKA i,(i}). ITU

S3HAUYCHHUA MOTYT U3MCPATLHCA HCIIOCPECACTBCHHO HJIM KC OCYIICCTBIIACTCA HUX BI)I60pKa
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W3 CEpUH BCEX MIHOBEHHBIX 3HAYCHUM, U3MEPEHHBIX B TeueHue nepuona 1. [lomyuen-
HbI€ MTHOBCHHBIC 3HAUCHUS HANPSKECHUS u,,u;,,i,, WIA u),ul,,i/, TIOCIE BEIYUCIECHUM I10-
3BOJISIFOT MOJIYYWTh AKTHUBHYIO U PEAKTUBHYIO COCTABJISIOIIME CONMPOTUBIICHUA. Boipa-
3UM HANPSKEHUE U TOK B BUJE

u(t)=U,,;sinat. i(t)=1,, sin (ot — @) .

B MOMEHT poX0KIAEHUS TOKA Y€PE3 HYJIb UMEEM

i(t)=1_sin(ot —p)=0,

OTKYyJla CJIEyeT, YTO B MOMEHT BPEMEHHU wt=¢. ECIIM B 3TOT MOMEHT BpEMEHU
U3MEpUTh BEIIMYMHY HANPSHKEHUS u,, TO OYEBHIHO u, =U,, singp. Jlanee u3amepsarorcs
TOK i(t)=i, Y HaNPsDKEHUE u(t)=u,, POBHO Yepe3 4yeTBepTh nepuoaa (T/4) mocie nepBoro
MU3MEpEHUS.

[TockonbKy w=27, a T=1/f, TO 5TOMy MOMEHTY BPEMEHH COOTBETCTBYET YTOJI
ot =@+ /2. ClnenoBarensHo, JIJIsl ’TOT0O MOMEHTA BPEMEHU NMEEM:

it)y=i,=1,,sin(p+7/2-¢p)=1,,>

u(t)y=u;,, =u,,;sin(p+z/2)=U0,, cosp -

Uepes nosamnepuoia u3BMEpEeHUst OBTOPSIIOTCA.

Ha ocHOBaHMU MOJTYYEHHBIX 3HAYCHUH u,,u;,,i,, (WK Yepe3 MOJIMEePUOaA u),,ul,,i, )

BBIYUCJIAROT.
u; u, U .cos U, sin
.;2_’_ ~'_11: mi ¢)+J mi (ozr"'jX:Z)
) ) 1, 1,

rac R, X, 7 — AKTUBHOC, MHANBHUAYAJIBHOC U IIOJJHOC COIIPOTHUBJICHUC ILICIIN KO-
POTKOT'O 3aMbIKaHUA, PISMGPSICMOfI SaHIHTOﬁ.

7.7. lIporpaMmMHoOe o0ecnnedyeHNe MUKPONPOUECCOPHON 3aUTHI

Jns mukpormnponeccopHoit (mudpoBoit) P3 mepBocTeneHHOe 3HAYEHUE HMEET
nporpaMma ee GyHKIMOHHPOBaHUS. JTa mporpaMma pa3padaThIBa€TCsA Ha OCHOBE aJro-
PUTMOB JieiicTBUA JaHHOTO Buaa P3 u ee oTaenbHbix yactei. Anroputmsl MO mukpo-
MIPOIECCOPHBIX YCTPOUCTB P3 CyIIECTBEHHO OTJIMYAIOTCA OT AJITOPUTMOB AHAJIOTOBBIX
ycTpocTB P3 Ha aleKkTpoMexaHWYeCKOW M IMOJIYNPOBOJHUKOBON 3JEMEHTHOM Oa3zax.
Ecnu B ananoroBbix ycrpoiictBax anroputmbl 1O ocHOBaHBI HA TOM, UYTO (PUKCUPYETCS
(baKkT HaxXOXIEHUS M3MEpsSEeMON BEIMYMHBI B 30HE cpabareiBanus P3, He3aBucHMO OT
3HAYCHUS ITOW BEJIMYUHBI (HAIPUMEP, TOK OOJIbIE TOKAa CpadaThIBAHUs, HAMPSKEHUE
MEHBIIIE HAMPSDKEHUS CpaldaThIBaHUS U T.1I.), TO B MHKPOIIPOIIECCOPHOM YCTPOMCTBE

CHaydaJia BBIYHUCJISICTCA 3HAYCHUC HSMCpHCMOfI BCJIMYMHBI, @ 3aTCM YKC IIPOUCXOJHUT €Io
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CpPaBHEHHUE C YCTABKOM WJIM XapaKTEPUCTUKOW cpadaThIBaHUs yCTPOICTBA, HMEOLIEICS
B nnamsAtu MII-cucremsl.

[Tocne momaum nutanus Ha MII-cucremy B peructp agpec MII 3arpyxaercs mep-
Basi KOMaH/1a, [0 KOTOPOM YIIPaBJICHUE NepeaacTcs ynpasisaomen komanae. [locnen-
HiAs cHavana tectupyeT MII, mamsaTh, BHEIIHUE YCTPOMCTBA, 3aTEM IEPEIHUCHIBAET OC-
HOBHYI0 nporpammy B O3V u nepenaer el ynpasieHue. Ilociie aToro HaunHaercs He-
IpepbIBHOE BhINONHEHUE (yHKIUN P3 mian pabota OCHOBHOW IPOrpaMMbl B PEXHME
peanbHoro Bpemenu (PB).

OcHoBHas nporpamMma B pexxume PB nmpon3BoauT HENPEPHIBHO CIAEAYIOIINAE AC-
CTBUSL:

e  BBOJAMWT B ONEPATUBHYIO NamATh MII-CHUCTEMBI MTHOBEHHBIC 3HAYEHHSI  BXOJHBIX
TOKOB Y HaIlpsDKEHUH, IpeoOpazoBaHHbIe B U(poByro hopmy ¢ nomoibio AL,

®  MPOU3BOJIUT apuPMETHUECKHE U JOTHUYECKHE onepanuu Haj BBeleHHbIMH B O3Y
YUCJIAMH B COOTBETCTBHUH C NMPUHATHIMHU aJIrOpUTMaMu P3;

®  OCYUIECTBIJIIET CPAaBHEHUE NPEOOPA30BAHHBIX YHMCEIl C YCTaBKOM IIyCKOBOIO Opra-
Ha (I1O), ecnmu oH TpeMyCMOTpPEH; €clu CpaBHEHHUE TMOKa3biBaeT, uro [IO cpabota,
porpamma nepexoauT K BRIIOJHEHUIO alropuT™Ma n3mepuresbHoro oprana (MO), nna-
4ye roBOpsi, BCE JCUCTBHUS MPOrpaMMbl HAUMHAIOTCS CHAYaja, U OHA MPOU3BOAUT HEOO-
XOJUMbIE apU(PMETUUECKNE U JIOTUYECKUE OlIEpallM B COOTBETCTBUHU C AJITOPUTMOM;

e B nporpamme MO Takxke npousBoaaTcs HEOOXOAUMbIE apu(PMETUUECKUE U JIOTU-
YECKUE ONEPALMU B COOTBETCTBUU C €r0 AIITOPUTMOM;

®  OCYIHIECTBIISIETCS CpaBHEHHE MPEeOOpa30BaHHBIX YHcel ¢ ycraBkon NO;

e  ecaM cpaBHeHue mokaseiBaeT, 4yTo MO cpabortan, nmporpamma 3amyckaeT opraH
BbIIIEpKKM BpeMeHu (OBB), eciin oH penyCMOTpPEH, WM BBIIAET C MOMOIIBIO YCTPOM-
ctBa Y/IBB curnan cpabateiBanus P3; nnadye Bce aelicTBUSA MPOrpaMMbl HAUMHAIOTCS
CHa4aJIa;

e nociue 3anycka OBB npoepsiercst He BepnyJics i [10. Ecau [10 BepHyics, Ha-
KOIJIEHHAs BBIEPKKA BPEMEHHU cOpachIBaeTCsl, M BCE JEHCTBUS MPOrpPaMMbl HAUMHAOT-
Cs C HAayaJa;

®  OCYIIECTBIISIETCS CPABHEHME BBIIEPKKM BPEMEHU C YCTaBKOW, u, eciu 110 u 1O
HE BEPHYJIUCH, @ UCTEKIIIee BpeMsl IPEBBIIIAECT WU PaBHO YCTaBKe, nmporpamma GopMu-

pyeT curnan cpadarbiBanusi P3, kak yka3aHo BBIIIIE.
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[lepeuncneHHbIe AEMCTBHS BBINOJIHSIIOTCS IUKINYECKH HENPEPBIBHO 0 TEX IIOD,
[IOKa HE BO3HUKAET HEOOXOJIMMOCTh OTKIIOUUTh P3 (MM mepeBecTd HA CUTHAI) JUOO
M3MEHUTH €€ yCTaBKU. B 3TOM cilyyae Ha)kMMaeM KOMOMHAIIMU KIJIaBUIII HA KJIaBUATYype,
MII-cucrema nepeBOAUTCS B OAWH U3 3TUX PEeKUMOB. Ecim, Hampumep, TpeOyeTcs u3-
MEHEHHE YCTaBOK, TO Ha)kaTHE OIpPE/EICHHOM KOMOHMHAIMK KIABUII C TOMOIIBIO
YIPABJISIONIEH MPOrpaMMBbl BBI3BIBAET MPOTrpaMMy BBOAA (MOAM(PUKALINM) YCTABOK, KO-
TOpasi C MOMOIIBIO TUCILIES] KOHTPOJIUPYET MPABUIBHOCTh BBOJUMBIX YCTaBOK, a 3aTEM
Y MIPABUJIBHOCTh BBEICHHBIX JAHHBIX.

Ecmu mpoucxoaut c60i CUCTEMBI IO JTH000M MpuYrHE (KPAaTKOBPEMEHHOE MCUE3-
HOBEHUE HaIPSKEHUS MUTAHUS, «3aLUKIMBAHUE» IPOrPaMMBbl U T.J.), TO IPOU3BOJUTCS
pectapt (mepe3amyck) CUCTeMbl, T.€. aBToMaTudeckuil nepeBoa MII Ha BbImosiHEeHUE
IPOrpaMMbl C HYJIEBOT'O aJpeca, T.€. BHINIOIHEHNE BCEX HAYaJIbHBIX ONEPAIi, KOTOPBIE
ObLIM omMHCaHbl BbIIE (TECTUpOBaHUE BceX ycTpoicTB MII-cuctemsl, nepe3anuch oc-
HOBHOH nporpamMmsl B O3V u 1.1.).

B otnuune ot cxem P3 Ha anexkTpoMexaHMYECKOi MM MUKPOIJIEMEHTHOH 0a3e B
MII-cucremax uH(pOpMaLMs O TOKaX W HANPSDKEHMSIX 3alUAIIAEMOT0 MPHUCOCTUHEHUS
JI0JIKHA BBOAUTHCS B BUJE MOCIEAOBATEIILHOCTH YKCcell (BBIOOPOK), COOTBETCTBYIOIIMX

MI'HOBCHHBIM 3HAYCHHEM TOKOB U HaHpH)KCHI/Iﬁ B MOMCHTbBI BbI60pOK.
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