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BBEAEHUE

B HacTosILLMX YKa3aHMsIX pacCMaTpyBaloTCs MpUHUMMBLI paboTbl 0bLien NpoTMBOaBa-
PUMHON aBTOMATMKKM, YNPaBAsIIOLWEN MpoLEecCcaMn MpOM3BOACTBA, PacrnpeaeneHnus u no-
TPebNeHUs1 SNEKTPUYECKON SHEPTUM.

PaccmMaTpuBalOTCSt BOMPOChI CUHXPOHM3ALUMN FEHEPATOPOB NMPW BKJIKOYEHUM MX Ha Na-
pannenbHyto paboTy C 3HEProcMcTeMON. BaXkHbIMK SIBNAOTCS BOMPOCbI aBTOMATUYECKOro
Mycka U BKITFOYEHMS] CUHXPOHHBIX MALIWMH C NPUMEHEHUEM YCTPOUCTB CAMOCUMHXPOHM3aLMN U
TOYHOM CUHXPOHU3ALNMN.

YaeneHo BHUMaHWe BaXXHOMY PELLEHMIO BOMPOCa BOCCTAHOBIEHMSI 3/IEKTPOCHAGXEHMS
noTpebuTenein nyteM NPUMEHEHUS aBTOMATMUECKOrO MOBTOPHOIO BKJ/IOYEHWUS MOCNE OT-
K/IIOUEHNS1 peNenHoON 3alUTON NIMHUM OAHOCTOPOHHMM NUTaHMeM. PaccMmaTpuBaeTcs
YCMNELHOE BOCCTaHOB/IEHME 3NEKTPOCHAOXKEHUSI NP CaMOYCTPaAHEHMN KOPOTKOMO 3aMblKa-
HUSL.

ObpallaeTcss BHUMAHME Ha CNOXHOCTb MPUMEHEHMSI aBTOMATUYECKOrO BKIIOUEHUS Ha
NMHUSAX ABYCTOPOHHWUM MUTaHWeM. Moka3aHa HeobX0AMMOCTb KOHTPO/S CMHXPOHM3Ma Me-
TOAAMU YNaBIMBaHUS NN OXXUAAHUS CUHXPOHM3MA.

Moka3aHo ANsi MOHU3UTENbHbIX MNOACTaHUMI C OAHWUM TpaHCOPMaTOPOM NMPUMEHEHNE
aBTOMATMYECKOro MOBTOPHOrO BKJIHOYEHMSI CUNOBOro TpaHcgopmaTopa. ObpalleHo BHUMa-
HME Ha 3anpeT MNPUMEHEHWUS MOBTOPHOIO BKJIOYEHWS MPWU BHYTPEHHMX MOBPEXAEHMSAX
TpaHcdopmaTopa.

M3yyaloTca MeToabl aBTOMAaTUYECKOr0 BOCCTAHOB/IEHWS 31EKTPOCHabxeHns noTpebu-
Tenen nyTeM BKIHOYEHUSI PE3EPBHLIX UCTOYHMKOB MUTaHMsS. NS noaaepXxaHus Hemnpepbls-
HOCTM TEXHONOrMYeCcKMX MpPOLIeCCOB PacCMOTPEHO BKJIIOYEHWE pe3epBHOro 06opyaoBaHMs
(HanpuMep, BKJIOYEHWNE pe3epPBHbIX NUTATENbHbIX HACOCOB Ha 3NEKTPOCTAHLMK).

YcnewHoMy BbINOMHEHWIO 3aAaHWM MO MPAKTUYECKUM 3aHATUAM  CrMOCObCTBYET 3Ha-
HME OCHOB 3/TEKTPOTEXHUKMN N SNIEKTPOHMKM.

MpUMeHeHMe KOMMbIOTEPHBIX TEXHOMOMMI MO3BONSIET YCKOPUTL aHanu3, nccneaoBaHms
M pacyeTbl MO MPaKTUYECKMM 3aaaHusaM. PekOMeHAyeTCs MCMnonb30BaTb nporpammbl Mi-
crosoft Office, Multisim n MBTY.

TeMbl NpaKTUYECKUX 3aHATUA COOTBETCTBYIOT pabouyeit nporpaMMe M3y4yaeMon AnCLK-
M/INHbI.

MeToanka NpoBeAEHUsI NPAKTUYECKMX 3aHATUA COAEPXXUT 3NEMEHTbI Hay4HbIX uccne-
LOBaHWUN.

B MeToanueckmx ykasaHumsx 0603Ha4aeTcs Lenb BbIMOHSEMOM paboTbl, AatoTcs 06-
LMe CBeAEHUS MO TeMe NPAKTUYECKOro 3aHsATKS, NoAPOBHO M3N0XKEH NOPSAOK BbINOTHEHUS
paboTbl, yKa3aHbl TPe6OBaHMA K COAEpPXXaHWMIO OTYETA U NpMBEAEHbl KOHTPO/bHbIE BOMPO-
Cbl.
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OBLLUME TPEBOBAHUSA NO NMPAKTUYECKUM 3AHATUAM.

1.BbiNONHEHMIO 3aAaHM NpeawecTByeT M3yyeHMe TEOPETUYECKOM 4YacTu pasaena
«O6lwas NpoTMBOaBapuiHas aBTOMaTUKa» Mo AucUMnIMHe «[poTuBOaBapuiHasi aBToMa-
TMKa B SHEpProcucTeMax».
2.MpaKTN4Yeckme 3aHATUS cocToaT u3 5 yacren:
> ABTOMaTMYeCKME YCTPOMCTBA CaMOCMHXPOHM3ALUMU CUHXPOHHbIX FrEHEpaTopoB. ABTOMa-
TUYECKME YCTPOMCTBA TOYHOM CUHXPOHM3ALMM CUHXPOHHBIX FEHEPATOPOB.
» ABTOMaTMYEeCKoe MOBTOPHOE BKJOYEHWE NMHUM 3neKTporepeaaym € OAHOCTOPOHHUM
NMUTaHWEM.
» ABTOMaTMYeCcKoe NMOBTOPHOE BK/IKOYEHME NIMHUW 3f1eKTponepeaayn ¢ ABYCTOPOHHUM Mu-
TaHWEM.
» ABTOMaTMYEeCKoe MNOBTOPHOE BK/IOYEHME TpaHCcdopMaTopa Ha MOHWU3UTENbHbIX MOA-
CTaHUMSIX B pacnpeaenmTenbHON 3NeKTPUYECKON CETH.
» ABTOMaTMKa BK/IIOYEHUS pe3epBHOM0 NUTAHWUS A1 BOCCTAHOBEHUS 3NEKTPOCHabXeHns
n obopyanoBaHus Ans noaaep>xaHus HenpepbIBHOCTM TEXHONOMMYECKOro npouecca.
3.MHanBMAayanbHble 3a4aHusl MO NpPaKTUYECKMM 3aHATUAM BblAaloTCs npenojaBaTe-
nem.
4.PekoMeHayeTCsl BbINO/HEHHbIE 3a4aHns neyataTb (popmat A4). TekcT n popMynbl
HabupatoTcs B peaaktope Word. PUCyHKM 1 rpacdmkn BbINOAHAIOTCS B rpadMyeckoM peaak-
Tope.
5.HeobxoanMo MCnonb3oBaTb TUTY/IbHBIV JIMCT YCTAHOBIEHHOrO 06pasLa.
6.CTpaHuubl OT4YeTa NO BCEM YaCTAM M3y4aeMOM AMCUMMMHBI MOMELLAlTCa B OAMH
OE *.docx. HassaHue canny npuceanBaeTcs COrnacHo npumepy:
«2J142_MNeTtpoUNK_OT1ueTtl3_MAABIHC.docx. MNpu He cobnoaeHnn aToro TpeboBaHNs OTYET
nonagaeT B Cram.
7.Mpwn 3awmTe HeobXoAMMO NoKaszaTb 3HAHWE MaTepuana, U3NoXXEHHOro B OTYeTe.
be3 3alnLLeHHbIX BbINOHEHHbIX 3a4aHWUN CTYAEHT K 3K3aMeHy He A0MyCKaeTcs.
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MpakTnyeckoe 3aHsaTMe N 1

ABTOMATUYECKWUIA NYCK U BKJTKOYMEHUE CUHXPOHHbIX MALUUH

1.1{esib pabots!

B npouecce BbINOMHEHUSI paboTbl U3YUNTb METOAbI U CXEMbI TUMOBbLIX YCTPOMCTB CUH-
XPOHM3aLNM reHepaToOpPOB MpU BKJIIOYEHWUIN HA NapasieNibHylo paboTy C SHEProCMCTEMON.

2.061me ceBengeHms

ABTOMaTU4eckast cMHXpoHu3aums CIT BbINOSHAET (YHKLMM NPEBEHTUBHOIMO M BOCCTa-
HOBMTENIbHOIO NMPOTMBOABAPUIAHOIO YNpaBieHUsl ANs NMMKBMAALMM AeduunTa MOLWHOCTHM.

Onepauun npu cnHxpoHunsaumm Cr:

e perynmpoBaHue CKOPOCTK BpaLleHust — 06opoToB TypbuHbl ¢ CI' Ha ee Bany;

e perynupoBaHue Bo36yxaeHus — Toka potopa CrI;

eroaya KOMaHAbl Ha BK/IIOYEHWE reHeEpaTOPHOro BbIK/OUaTeNsl.

PasnnyaloT CMHXPOHU3ALMIO aBTOMAaTUYECKYHO, NPV KOTOPOW BCE onepaumu npousBo-
ASATCS crneuunanbHbIMKM aBTOMaATUYECKMMIN YCTPOMUCTBaMM 6e3 BMelLaTeNbCTBa NepcoHana, u
MoNyaBTOMATUYECKYO, MPU KOTOPON HEKOTOPbIE OMEpaUMU BbIMOSHSOTCA MNEPCOHaNIoM
(HanpuMep, perynMpoBaHMe CKOpPOCTM BpalLeHUs CUMHXPOHWU3MPYEMOro reHepatopa). B
HacTosLLee BpeMs MNpenMyLLEeCTBEHHO NPUMEHSAIOTCA: aBTOMaTU4eckass CMHXPOHU3aLumMsa — Ha
C, nonyasToMaTnyeckas — Ha ToC n ASC.

[na BKOYEHUS CUHXPOHHBLIX MEHEepaTOpOB Ha MapanfenbHyto paboTy MPUMEHSIIOTCS
[iBa cnocoba: CaMOCUHXPOHM3ALMS U TOYHAS CUHXPOHMU3aLMSI.

MocnenoBaTenbHOCTL onepauui (anroputM) MpuM CaMOCMHXPOHM3ALMKU: HEBO36YX-
[AEHHbIN reHepaTop pa3BopayMBaeTcs TypObuHOW A0 CKOPOCTM, 6M3KOM K CMHXPOHHOW, 3a-
TEM BKJIIOYAETCA B CETb BbIK/IKOYMATENIEM B LIENW CTaTopa, Mocse Yyero cpasy Xe nogaercs
BO36y)XXAeHNe M NpOUCXOAUT BTAMMBAHWE pOTOpa B CUMHXPOHM3M. BkntoveHne HeBO36YyXx-
[IeHHOro reHepartopa Bcerga CONpOBOXAAETCA TOJTYKOM TOKa, Ha3blBaeMOro ypaBHUTESb-
HbIM, KOTOPbIN COM3MEpPUM C TOKOM TpexdasHoro K3 Ha BbiBogax reHepartopa.

MocnenoBaTenbHOCTL onepaumi (anropuTM) NpyM TOYHOM CUMHXPOHM3ALUMK: reHepaTop
pa3BopayMBaeTcs A0 MOACUHXPOHHBLIX 060POTOB, 3aTeM BO3OYXXAAeTCs U NP BbIMNONHEHUU
onpeaeneHHbIX YCIOBMIM NOAAeTCs KOMaHA4a Ha BK/IIOYEHME BblIKoYaTens. 3TUMK YCIOBK-
AMU SBNAIOTCA:

1)MNpubnuaunTenbHoe paBeHCTBO YacTOT CMHXPOHMU3MPYEMOrO reHepaTopa U ceTu. Bbl-
NMoMHEeHNe 3TOro YyCnoBus obecrneymBaeTCs peryvpoBaHWEM BMyCKa SHEpProHocuTens B
TypbuHy (Boabl, Napa, rasa);

2)NpnbnmnantenbHoe paBEHCTBO HanpskeHun reHepaTtopa Ur u y3na cetn Uc, K KOTO-
poMmy CI nogkntodaeTcs. BbimonHeHue 3TOro ycnosus obecneymBaeTcsl perynmpoBaHUEM
B036y>xxaeHuns CrI;

3)MNogadya KOMaHAbl Ha BKIIOYEHWE BbIK/tOYaTENs C TaKUM OMnepeXXeHWeM MOMeHTa
coBnagenns Ur un Uc no ¢aze, 4yTobbl B MOMEHT 3aMblkaHUS KOHTAKTOB BblK/KOHMaATENS
casur a3 6bin 651M30K K HyIHO.

Mpn TOYHOM cOBMOAEHMM YCNOBMIM 2 1 3 TONTYOK YPABHUTENIbHOrO TOKa OTCYTCTBYET.

BO3MOXHOCTb ObICTPOro BK/IHOYEHMSI TeHepaTopa B aBapWHbLIX YC/IOBUSX SIBNSIETCA
rMaBHbLIM MPenMyLLECTBOM Crnocoba CaMOCMHXpOHM3aumMu. HenoctaTok e CaMOCMHXPOHM-
3aUMN COCTOUT B BO3HWKHOBEHMW 3HAYUTESNbHbIX TOMYKOB YPABHUTENLHOMO TOKA U MOLLHO-

CTun.
6
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3. U3ydeHue YCTDOUCTB CaMOCUHXDOHUIaLMM

Ha puc.1.1. npuBeaeHa cxeMa yCTPOMCTBa MOJTyaBTOMAaTUYECKOM CaMOCUHXPOHWU3a-
umn ans T2C.

20C SA
SA KT:2 SA
T »(:)]?3 1[0 KL1 o _
‘ KE& KTl i i
o 11
01 R [O B KL3:2 KF
Pt i
V1 - kv +| s4 Ki2:1
E i cl)lf_KL/lu Ha Bka. 01
: : : SO1 Ha Bxi. AI'TI
e
a) 0)

Puc. 1.1. CxeMa yCTpoiCTBa NonyaBTOMATUUYECKON CAMOCUHXPOHNU3ALINMN:
a) — Lenm nepeMeHHOro HanpsihxeHus; 6) — Lenu onepaTMBHOIo Toka

OCHOBHbIM 3/1EMEHTOM YCTPOWCTBA SIBMIIETCS pPesie PasHOCTM YacToT KF, noak/oyae-

Moe K 7V1 u TV2 n cpabaTbiBatollee npw \fs\s fscp. Ero ocobeHHocTn: 1) obMoTka I

BK/TIOYAETCS Ha HanpsbkeHne HeBO3b6y>KAeHHOro reHepatopa (OCTaTOYHOE) yepe3 peoctaT
R1, HacTpauBaeMbli npu Hanagke. MNpu BO3bY>XAeHUM reHepaTopa 06MOTKa TEPMUYECKM
HeyCTOMYMBA M AO/MKHA OTK/OYATLCS; 2) B MOMEHT MOAauM HanpshkeHust Ha obMoTku KF
OHO MOXET KPaTKOBPEMEHHO 3aMblkaTb CBOM KOHTaKT KF 1. B cBS3M € 3TMMKM 0cobeHHOCTS-
MU KF B cxeMy BBefeHbl: perne BpeMeHn K7, MakcMMarnbHoOe pene HanpskeHusa KV, npome-
XXYTOYHOe pene KL3.

Pabora cxembl

[lepBbivi MHTEPBA/:

» [locne pa3BopoTa reHepatopa G BKIKOYAKOT K104 CaMOCUHXPOHM3aumn SA, 3aMbl-
KaloTCA ero KOHTaKTbl B LensX NepeMeHHOro HanpshkKeHus u onepaTMBHOMO ToKa.

» B uenax nepemMeHHoOro HanpsbkeHus KV He cpabaTblBaeT OT OCTAaTOMHOrO Hanpsi-
XXEHWUs reHepaTopa, MO3TOMY Yepe3 ero 3aMKHyTbi KOHTakT KV:i1 npoucxoaut
nyck pene K7.

> HanpsbkeHue cetn vepe3 7V2 nopaetca Ha obmoTky II pene KF, KoTOpoe MOXeT
KPaTKOBPEMEHHO 3aMKHYTb KOHTaKT KF.1 B Uenu onepaTMBHOrO TOKa, Pa3OMKHY-
TOW Ha KOHTakTe KT:2.

> Yepe3s 3aMKHYTbI KOHTAKT KL1:2 cpabaTbiBaeT KL2, 3aMblKaeT KOHTaKT KL2:1 u
NnoAroTaB/IMBAET Lernb Ha BKIoYeHne Q1.

Bropovi uHTepBan.

> Pene K7 3aMbIKaeT NpOCKanb3blBalOWMA KOHTaKT KT:1.

> CpabaTtbiBaeT K13, “camonogxsaTbiBaeTcd” uyepe3 KOHTaKT KL3:1 M KOHTaKTOM
KL3:2 nogaeT OCTaTOYHOE HarnpshkeHue reHepaTtopa depe3 711 n R1 Ha obMoT-
Ky I pene KF.
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Pene KFycTtoiunBo cpaboTaeT, KOraa pa3HOCTb YacTOT HanpshKeHUst CETU U OCTa-
TOYHOrO HanpsXXeHNs reHepaTopa CTaHET MeHbLUE YCTaBKU.

Tbervi UHTEDBAIT.

>
>
>

>

>

>

Pene K7 3aMbIKaeT YMOpHbIN KOHTaKT K7:2 n pene KF 3aMblKaeT KOHTaKT KF:1.
CpabatbiBaeT pene KL1, “camonoaxsaTtbiBaeTcs” yepe3 KOHTaKT KL1:1.

KoHTakTOM KL1:2 pa3mblkaeT uenb 06MoToK pene KL2 n KL3, KoTopble BO3Bpalla-
t0TCH,

KoHTakTOM KL1:3 3aMblKaeT uenb BKIOYeHUs Bbikntoyatens Q1. Pene KL2 vmeeT
3aMe[J/1eHne npu Bo3BpaTe, AOCTAaTOYHOE A/19 BKIOYEHUS @1 1 4epe3 BCNoMora-
TeNbHbIA KOHTaKT SQ1 — aBTOMaTa raweHusa nons AlTl, noaatowero Bo3byxaeHne
Ha reHepaTtop.

KoHTakT K13:2 pa3mbikaeT uenb 0bMoTku I pene KF, 4eM npenoTBpallaeTcs ee
neperopaHue npu nogayve HanpskeHns CeTU Ha reHepaTop.

Bo36y><aeHHbI reHepaTop BTArMBaeTCs B CUHXPOHU3M. [lepcoHan oTkiovaeT SA.
CxeMa BO3BpaLLaeTCs B MCXOAHOE COCTOSIHME.

Ha rnapoanekTpocTaHumsix MpoLEecchl Mycka M OCTaHOBKM arperatoB MOSIHOCTbIO aB-
ToMaTu3npoBaHbl. CaMOCMXPOHU3aLMS NPU 3TOM BXOAMT B LMK MyCKa Kak 3aBepluaroLlas
onepauust U ocywectenseTcs 6e3 BMellaTeNnbCTBa nepcoHana. Jns KOHTPONS CKONbXEHNUS
reHepaTtopa OTHOCUTENIbHO CETU MPUMEHSIOTCS MHAYKUMOHHbIE, MOYyNpPOBOAHMKOBLIE WK
MMUKPOMpOLEeCCOpHbIe pene pa3HoCTK YacToT KF (PPY), nokasaHHble Ha puc. 1.2.

KL1
— [ ®
|| kL2
KI12:1 KT:1 ]
— s
SA2 KL3 (PTTU)L_
o B [
I: i i vy |_| KL4 (PYY)
R 4
KL31 K142+ 'puGamnms” Jeuratems;
o ' MHUB '
U KL]:3 , !
o /l KL4:1 KL3:2 ! f
K11:4 KL5:2 kFepay "~ Y ' KLS
AR I R AL
U o ~K< KL1:5 KF:1
r ®
° ] i
KL5:3

» Ha sxi. Q1 u AI'TI

a) ! 6)

Puc. 1.2. CxeMa yCTpoiCTBa aBTOMaTUUYECKON CAMOCUHXPOHMU3aLMK TMAporeHepaTopa:
a — uenu nepemMeHHOro HanpshkeHusl; 6 — uenu onepaTtMBHOroO Toka

[lenn mepeMEHHOr0 HaMpsIKEHUS BKIIOYEHBI Yepe3 TpaHcPopMaTophl HaIpsiKe-
HUA (Ha cXeMe He MOoKa3aHbl) Ha HampsibkeHue cetd U, U ocTaTouHOE HampsiKEHUe re-

Heparopa U;. Ilyck rumporeneparopa paspemniaercs, e€Ciu 3aMKHYTbl KOHTaKThI pPeie
octaHoBku PO, pene konTpossa nasinenus macia PK/I, aromara ramenus nosst AI'TI

8
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(AT'TI oTkntoyeH), OJOK-KOHTAKT TeHepaTopHOro Bbikitouarens SQ1 (BbIKItoYaTe b
OTKJIFOYCH ).

Pabora cxembl.

Llepeviti unmepean:

» Komanna nmojaeTcst KpaTKOBPEMEHHBIM BKIIOYCHHEM Kitoua yrpaBineHus SAL.

» CpabatsiBaeT KL1 — pene aBTOMaTHYECKOTrO MycKa, KOTOPOE 3aMBIKAeT CBOU
koHTakThl: KL1:1 — “camononxBatr” KL1; KL1:2 — BkitoueHue pene BpeMeHHU
KT u npomexytounoro pene KL2; KL1:3, KL1:4 — nonaya HanpsiKeHUH ceTH
u redeparopa Ha oOmoTku KF (PPY); KL1:5 — moAroTroBka 1enu BKJIIOYEHUS
BBIXOJHOTO MpOMexXyTouHOro pese KLS.

» Pene KL2 xontakrom KL2:1 Brmtouaer pene KL3 (PIIY) na Bpems cpabaThi-
BaHus pene KT (10 pa3mbikanusi koHtakra K7:1). B Tedenue sToro BpemMeHu
3aMKHyTa uenb “[lpubaBuTh” nBUraTeNs MeXaHM3Ma H3MEHEHUS YacTOThI
Bpaienus MIYB.

» YcraBka KT:1 nogbupaercs Takoii, 4to061 MIUB BEIIIIENT Ha YCTaBKY oy

Bmopou unmepsar:

» Tlon neiictemem MUYB perymsiTop 4acTOTHI BpallleHUs YBEIMYNUBAET OTKPHI-
THE HAIPABJISAIONIETO arnmapaTa U TypOMHa pa3rOHSETCs, MOBBIIIAETCS YacTOTa
U

Ipemuii unmepean:

» Ilpu 3aganHOM cKoybkeHHM cpabatbiBaeT peie KF (PPY) m 3amMbIkaer memnb
pene KL5,

» Kotopoe kontaktom KL5:1 myntupyer kontakt KF:1, xonTakrom KL5:2
pasmbikaer 1enb ooMoTku KF (PPY) Bo m30exkaHue ee MOBPEXICHUS, KOH-
taktoM KL5:3 mogaer komanny Ha BraroueHue Q1 u AI'TIL

» Tlocie X BKIFOYCHHS pa3MBIKACTCS IENb pelie aBToMaTH4Yeckoro mycka KL1
U CXeMa BO3BPAIIAETCSl B HICXOAHOE COCTOSIHUE.

B cxeme npenycmMoTpeHa BO3MOXKHOCTb PYYHOM MOATOHKHM YacTOThI C MIOMOUIbIO

kimroua SA2: ITY — «pubaBuTh yactoTy», YU — «yOaBUTH 4aCTOTYY.

Ha cxeme: PPY — pene paznoctu yactot; PO — pene ocranoBku; PK/I — pene
KoHTpouis AaBneHusa macia; AI'TI — aBromat ramenus nons; PITY, PYY — pene “npu-
0aBuTh”, “y0aBuTh” yactory Bpamenus; MUUUB — MexaHu3m n3MEeHEHHS 4aCTOTHI
BpalllCHMS.

4. Pacyer ycraBoK yCTpoOUCTBa TOYHOU CuHXDOHU3aLmu CA-1

YCTpoWCTBa TOYHOW CMHXPOHM3ALUMKM MOCTOSIHHO COBEPLUEHCTBOBaNMUCb. B camom
Hayane Takoe YCTPOWUCTBO Obi/10 BbIMNO/IHEHO Ha 3N1EKTPOMEXaHNYECKMX pene. Bnocneactemnm
ANS  MOAepHM3auMuM MPUMEHWNW TPaH3MCTOPbl, a 3aTeM MuKpocxeMbl. CoBpeMeHHble
YCTPOMCTBA TOYHON CMHXPOHM3ALMWN BbIMNOSHEHbI HA MUKPOKOHTponnepax. Mpu 3ToM anro-
pUTM paboTbl 3TUX YCTPOMCTB, NPAKTUYECKM He n3MeHsncsa. Ha puc. 1.3. nokasaHa yHKUK-
OHasIbHas cxeMa cuHxpoHusaTopa CA-1.

Ha puc. 1.3.:

Up - M3MepuTenbHbIn NpeobpasoBaTesnib — CTaTudeckmuin asomeTp;

AD1, AD2 — guddepeHumpyowme yeunutenu;

AW1, AW2 — cymMMmupyloLmne yecunutenu;
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EA1, EA2 — koMnapaTopbl (CXeMbl CpaBHEHUS C HY/b-MHANKATOPOM);

YO — ycTpoicTBo onepexxeHust; YKC — yCTpOMCTBO KOHTPO/S CKOMTbXXEHUS;

YKH — yCTPOMCTBO KOHTPONS HAaNPSPKEHUIN; N3 — 3NEMEHT 3anpeTa;

YY — ypaBHuTenb vactot; JI14 — norndeckas yactb;

9nC — 31EMEHT CUrHaNM3aLUMN 0 HEUCNPABHOCTU JIOrMYECKON YacTu.

YcTtpoiictBo onepexenust (AD1, AD2, AWA, EA1), NOAKIIOYEHHOE K U3MEPUTENTbHO-
My npeobpasoBatenio U ©, peanusyet ypasHeHne-anroput™ YO (1) M nogaer curHan Ha
BKJIIOYEHME BbiktovaTensa @1 yepes normyeckyro 4actb J14, ecnm HeT 3anpeTa.

YCTPOWCTBO KOHTPONs ckonbxeHust YKC 3anpellaeT BKIOYEHWE, eCiM He BbIMNos-
HseTcs ycnosue-anroput™ YKC (2). Kpome Toro, BBeAeHbl AOMOMHUTENbHbIE OrpaHNYeHus
Mo NpesenbHO BO3MOXHOMY Yrily onepexeHust Oy, < 27 /3 u yactote ckonbxenns fg <1

I'11, fonyckaeMbIM KOHCTPYKUMEN CUHXPOHM3aTopa.

f VO i
Al A2 AR EA1
U s i [ 0| > |Us— > Bl
TE ——a—> —— ——> - H
T, e » o—>
' Uin
i L '
: ’ :
: AW2 EAT :
5 > | B ; - —
: > : y JH ol
Ca— ) » e L
Ucﬁ'n‘ﬂ?,,tl; YEC: l
VEH Ha exn 21
o— —
AUnen > 213
” — > ("npubasuTn”
J r> ('mp )
N T < ("yBaeuTe")

Puc. 1.3. ®yHKUMOHaNbHas cxemMa CMHXpoHn3aTopa CA-1

VYerporictBo koHTponss HanpsbkeHud YKH 3anpemaer BriroueHuwe, eciu
‘UC_UF‘ZAUHOH (mo 0,15U0y ). YeraBka AU, BbIOHpaeTcs MmO KOHKPETHBIM

YCIOBHUSIM.

DneMeHT 3anpera On3 npeAoTBpallaeT HENMPaBUIbHbIE IEHUCTBUSI CHHXPOHU3a-
TOpa NpH MOJIaY€ WU CHATUU CUHXPOHU3UPYEMbIX HAMPSKEHUI.

VYpaBHutenb yactoT YUY NoAroHsE€T pa3HOCTh YaCcTOT HE K HYJIIO, a K 3aJaBae-
MOMY MUHUMAJIbHOMY 3HAYEHUIO (C 30HOM HEUYBCTBUTEILHOCTH).

Huke paccMOTpeH pacyeT yCTaBoK CMHXpoHM3aTopa CA-1.

10
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UcxogHeie gaHHbIe. KoHaeHcaunoHHas anekTpoctaHums (K3C) coctouT M3 65110KoB
C reHepatopamu TBB-320-2 M MMeeT CBSI3b C CUCTEMOW MO HECKONbKMM NNHUAM. Bpemsi
BK/IIOYEHMSI FeHepaTopHOro BbikIo4vaTens Tuna BBr-20-160/12500 coctasnsiet 0,14 c,
pa3bpoc no BpemMeHn BkntoyeHus 0,04 ¢, norpewHocTn cmHxpoHusatopa Af«= 0,02, Adc =
0,05 paa.

B npumepe paccMOTpuM BKAKOYEHME B npoLecce CMHXPOHM3aumMm noboro reHepa-
Topa, HanpuMmep, 5. Pacyét napamMeTpoB CMHXPOHM3ATOPA HaYyMHAEM C COCTaB/IEHUSA CXe-
Mbl 3aMelLLEeHNs U onpeaeneHns 3HadeHnin conpotueneHuin n 3C eé anemeHTOB. Bce re-
HepaTopbl AO/MKHbI ObITb NPEACTABNEHbI B CXEME 3aMeLLeHNs CBEpXNEpPEXOAHbIMU COMpo-
TUBNIEHUAMU, NMPUBEAEHHbIMU K OTHOCUTENbHBIM HOMUHASIbHBIM €AMHNLAM reHepaTopa.

CxeMa 3aMelleHunsi Npeobpa3oBbiBaETCs K BUAY, MOKA3aHHOMY Ha puc. 1.4.

"

EBKB x" x" EI:IS
1,052 3 IS 1,091

0,1531 0,173

Puc. 1.4. SxkBMBaneHTHasa cxeMa 3aMeLleHus

B kauecTBe KpuTepus AOMyCTUMOCTU BK/IKOUYEHUSI FeHepaTopa MCMONb3yeTcs Ko3g-
uUMeHT 3anaca MO MOMEHTY Ha Bany reHepatopa Av = 2. 3TOT KO3(DDULMEHT HOPMUPY-
€TCS M 03HAYaeT , YTO MpY BKJIIOYEHMM TeHepaTopa Ha MapannenbHyto paboTy BO3HMKalo-
LN SNEKTPOMArHUTHbIN MOMEHT AO/MKEH ObiTb KaK MUHUMYM B 2 pa3a MeHbLUe MOMEHTA
npu TpexdasHoMm K3.

JlonyCTUMbIN TOK BKJIIOYEHWUS reHepaTopa onpeaensieM no dopMyne:

1

1 < _
BKJI JION* — "
2K, * Xp

I = 1,445

BKJI 1011* S 2 * 2 * 0’173

MpyHUMaeM ¢ 3anacoM Iy, rons = 1.

MakcuManbHO [AONYCTUMbIN Yron BK/IOYEHUS (MaKCMManbHO AOMYCTUMBIN Yrof
owmnbkn) onpeaensiem rno dopmyne:

631()1 max jion IBKJ] Aon*(xlrl‘S + x;KB)
Spxnmaxson = 1% 0,173 +0,1531 = 0,3261 pap (18,68°)

MakcumanbHO AOonyCcTUMasl yrnoBas 4acToTa CKOJbXeHUs onpeaensietcs no ¢op-

Myne:
w — 6BKJI max jom A6c a /C
S max jion tBB(AtB* +Atc*) 4 paj
__03261-005 _
a)S max jon — 0’14(0’04+ 0’02) - y pa,ﬂ/C
nnu AonyCtnMaa 4aCctoTa CKOJIbXEHUA .
ws 32,87
meaX[LOH = nzlc;;cﬂon = o =523TIn

11
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PacyeTHOe 3Ha4yeHne MaKkcMMmasibHO ,D,OI'IYCTVIMOVI YaCTOTbl CKOJIbXXEHUA MNMPEBbILLAET
MaKCMMaJibHO BO3MOXXHOE AJ1d CUHXPOHU3aTOpa CA']., NO3TOMY B KayeCTBE€ YyCTaBKU MNpu-
HNUMaeM

fS max Jiol = 2:5 FL[; Ws max Jon = 215 * 21 = 15171 pa,a/c.

Torga MakCMManbHO AOMYCTUMbIN YrON ONEPEXEHNSI PABEH:

Sonmax gon = 180 * Ws gy non * tes T = 180 % 15,71 % 0,14/ = 126°.

B kayecTBe yCTaBKM NMPUHMMAEM MakCMMasibHO BO3MOXHOe A1 CMHXPOHM3aTopa
3HaueHve AonycTUMOro yrna onepexenus 120°.

[Ansi NpOBEPKN CMHXPOHHOMN YCTOMYMBOCTM HEOBXOAMMO BHECTU M3MEHEHMUSI B CXEMY
3aMeLLeHns, MOCKOSIbKY pPacCUMTBIBAKOTCA MPOLECCHl MOC/e BK/IIOYEHUS reHepaTtopa U K
3TOMY BPEMEHU CBEPXINEPEXOAHbIE COCTaBAOLWME YXKe 3aTyxaloT. Bce reHepaTopbl AOMKHbI
6blTb MpeAcCTaBieHbl B CXEME 3aMeLleHusl NnepexoaHbiMM CONpPOTMBIIEHUSIMK, @ CaMa CXeMa
3aMelLEeHNsI UMEET TOYHO TaKoM e BuA. B paMkax KOHTPONbHOM paboTbl AOMYyCKAeTCs npe-
Hebpeyb M3MEHEHNAMU B SKBMBASIEHTHOM 3HEProCUCTEME, Ha KOTOPYI0 paboTaeT aneKkTpo-
CTQHUMSI U CYMTaTb COMPOTUBNIEHWNE CUCTEMbIHEU3MEHHbIM. B AEACTBUMTENBHOCTM Takoe Ao-
nyLeHne onpaBAbIBAETCA, MOCKOSbKY AN KPYMHbIX SHEPrOCUCTEM 3TO U3MEHEHME MOXET
6bITb Ha YPOBHE HECKOJIbKMX MPOLIEHTOB. [ocne 3aMeHbl CBEPXMNEPEXOAHbIX CONPOTUBIEHNIA
reHepaTopoB Ha nepexoAHble U Npeobpa3oBaHMs CXeMbl 3aMeLleHus K BUuay, NoKa3aHHOMY
Ha puCyHKe 1, Nony4YyaeM HOBbIE 3HAUYEHMSI COMPOTUBIEHWIA:

xps = 0,26 wux), =0,16

OnipegensieM OTHOCUTESNIbHYIO MaKCUMManbHO AOMYCTUMYIO YINOBYK YacTOTy CKOJMb-
XeHuns:

Ws. = Wsmax gon/ (2T fyow) = 15,71/(2m = 50) = 0,05

[lanee paccuuTbiBaeM MakCMMasibHbI Yron BbiJIETa poTopa C yYeToM g+ U 7. Me-

XaHn4yeckas NoCTosHHAas UHepuuu arperata 7, 3TO BpeMs, B Te4eHne KOTOpOro poTop Ma-
LUMHBbI NOA AEMCTBMEM MOMEHTA, ONpeaenéHHOro no HOMWHaNIbHOW MOMHOM MOLIHOCTU Mpu
cos(p = 1, pa3roHsieTCs U3 HEMOABMXXHOIO COCTOSIHUS A0 HOMMHA/IbHOM YacTOTbl BPaLLEHUS.
OTO BpeMs CNneayeT onpeaensTb C YY4ETOM TypObuHbl. 3HadyeHns 7= 5,3 ¢ ans reHepaTopa
TBB-800-2.

MakcuMasbHbIA Yyron Bbl/ieTa poTopa:

6351)1 max — arCCOS[COS(SBKn max jjon 157 xI,‘5 + xalKB T]wg*]

S in max = arccos cos18,68° — 157 0,26 + 0,16 * 5,3 » 0,052 =85,5°

MonyYeHHbIN MaKCMMarbHbIA Yron BblIETa MEHbLUE NpeaenbHo gonyctumoro 180°,
crleqoBaTeNbHO, CUHXPOHHAs YCTOMUYMBOCTb reHepaTopa Mocsie BKoYeHust € yrnom 18,68°,
bynetr obecneveHa. Toraa OKOHYATESIbHO MPUHUMAEM YCTaBKM MO MAKCUMasibHOMY Yyriay
onepexeHns 120° n ckonbxenuto 2,5 INd.

Tabnuua 3- ncxoaHble AaHHbIe AN pacyeTa YCTaBoK cuHXpoHu3aTopa CA-1.
MpeanocnegHss 1 2 3 4 5 6 7 8 9 0
undpa Homepa 3a-
YETKU
MNepexogHoe conpo- | 0,3 | 031 |0,25 |0,27 | 0,273 | 0,304 | 0,314 | 0,263 | 0,203 | 0,217
TUBNeHne redepa-
TOpa, *H
CeepxnepexogHoe | 0,195 | 0,204 | 0,165 | 0,19 | 0,19 | 0,213 | 0,214 | 0,183 | 0,138 | 0,146
conpoTtuelieHne
reHepatopa, *H
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MexaHn4yeckas no- 6,5 6,8 7,5 7,1 7,4 8,0 7,6 7,85 8,25 8,1
CTOSIHHAs! Hepummn
TypboreHepaTopa, C

MocnepHss umdpa 1 2 3 4 5 6 7 8 9 0
HOMepa 3a4eTKM

MNepexogHoe skBu- | 0,165 | 0,17 | 0,175 0,18 | 0,185 | 0,190 | 0,195 | 0,2 | 0,205 | 0,21
Ba/ilEHTHOE COonpo-
TuBNneHue, *H

CeepxnepexogHoe | 0,145 | 0,15 | 0,155 0,16 | 0,165 | 0,170 | 0,175 | 0,18 | 0,185 | 0,19
3KBMBANEHTHOE CO-
npoTuBneHune, *H

5 Cogep)xanme orvera

5.1. HanmeHoBaHMe NPaKTUYECKOro 3aHATUS.

5.2. Llenib NpakTU4eckoro 3aHsATuS.

5.2. CxeMa yCcTpoucTBa NoslyaBTOMAaTUYECKON CAMOCUHXPOHM3aLMM.
5.4. CxeMa yCTpOMCTBa aBTOMaTUYECKOM CAMOCMHXPOHU3aLUN.

5.5. ®yHKUMOHanbHasA cxeMa cnHxpoHusaTop CA-1.

5.6. PaccunTaHHble ycTaBku cMHXpoHun3aTopa CA-1.

5.7. KpaTkne oTBEeTbl Ha KOHTPOJIbHbIE BOMPOCHI.

6. KOHTPO/IbHBIE BOIMPOCH!

6.1.MocnegoBaTenbHOCTL OnepaLmin NpyM CaMOCUHXPOHM3aLNN.
6.2.MocneaoBaTenbHOCTL ONepaUmMin Npy TOYHOM CUHXPOHM3aLNN.

6.3.MepeyeHb 3N1eMEHTOB YCTPOMCTBA NOSTyaBTOMAaTUUYECKOM CaAMOCUHXPOHM3aLNN.
6.4.MepeyeHb 3N1EMEHTOB YCTPOMCTBA aBTOMATUYECKON CaMOCUHXPOHM3aLNN.
6.5.[1n5 yero BbIUNCNAETCA TOK BKIIOUYEHUSI reHepaTopa?

6.6.4T10 Takoe yron onepexeHunsa?

6.7.Bawm npeanoXxxeHnst N0 COBEPLLUEHCTBOBAHMIO CUHXPOHM3ALMN.

/. MIcriosib3yemas iMteparypa U Apyrue uCTOYHUKU MH@OOPMaLInH.
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MpakTnyeckoe 3aHaTHe N2 2

ABTOMATUYECKOE NOBTOPHOE BKJIFOYEHUE 13N
Cc OAHOCTOPOHHUM NMUTAHUEM

1.  Leab paborel
B npouecce BbINOMHEHMS paboTbl M3yunTb TpeboBaHUs K ycTponcTBam AlB, cxeMmbl
nycka AlB, BpEMEHHYIO AMarpaMMy CObbITUI HeycnewHoro uukna AlMB n MeToamky pacye-
Ta NapaMeTpoB HacTpouku AMB.

2. Oblumne ceeneHns

MpU HEYCTOMUYMBLIX MOBPEXAEHUSX OTKIHOYEHME 3/IEKTPOYCTAHOBKU UM MOBTOPHOE
€e BK/IIoUYeHNe Yepe3 HeKOTOpoe BpeMsi, HeobxoanMoe Ans AenOoHM3aunn, BOCCTaHaBIMBa-
€T HOPMasbHbIN peXuM paboTbl. ABTOMAaTUYECKOE OTK/IHOYEHME BbIMOSHAETCA peNerHou
3allMTOMN, aBTOMAaTUUYECKOE NOBTOPHOE BKJIOUEHME — yCTporcTBamm AllB.

OnbIT 3KcnayaTaumMn yctporcTB AlMB nokasasn, YTo 3TOT BWJ BOCCTAaHOBUTENbHOM
ABTOMATUKKN ABNSETCS 3PPEKTUBHBIM CPEACTBOM MOBLILLEHNST HAAEXHOCTUN SHEPrOCUCTEMBI.

[onsa ycnewHsbix AlNB Ha BJ1 cocTtasnserT:

110-220kB - 75 — 80%;
330 kB - 65 — 70%;
500 - 750 kB - okono 50%.

Bpemsa peincteua AMNB (OT MOMEHTa OTK/IHOYEHWUS BbIKIOYATENS A0 NOAAUUN KOMaH-
Abl Ha BKOYeHne) 0bbluHO cocTaBnseT oT 0,5 ¢ 40 HECKONbKUX CEKYHA.

CornacHo MpaBunamM ycTporcTBa 3nekTpoycTaHoBok (MYJ) obsisaTenbHO npuUMeHe-
Hue AMNB Ha BCex BO3AYLUHbIX U CMelaHHbIX (KabenbHO-BO3AYLHbIX) JIMHUSIX HAMPSXKEHNEM
Bbilwe 1 kB.

TpeboBaHusa Kk ycTponcteam AlB:

1. YctponcTtBo AlNB AomkHO cpabaTbiBaTb BO BCEX C/Ty4asix aBTOMATUYECKOro, B
TOM 4YMCNEe M CaMOMPOU3BOSIbHOIO, OTK/IKOUYEHUS BbIKIOHMATENS U HE AO/MKHO cpabaTtbiBaTb
Npun onepaTUBHbIX OTKKOYEHUSIX BbIK/TKOYATENSt MePCOHAsoM.

[Ans BbINO/THEHMS 3TOr0 TpeboBaHMS OCYLLECTBASETCA NMyck ycTpoucTtBa AlB, kak
NnpaBuIoO, OT HECOOTBETCTBUSA MOMOXEHMSA BbikItoUyaTens (“OTKIOYEH”) npeawecTByOLLEN
onepaTtuBHoOM KoMaHae (“BKIOUNTL”).

CxeMbl NyckoBbIX Lenen AlNB, peanusylowmx ykasaHHbIA MPUHLMM, MOKa3aHbl Ha
puc. 2.1, rae SA — KIOY ynpaBneHMs BbIKOYaTENEM C pukcaumen nonoxeHnn “Brnioye-
HO”, “OTKtoYeHo” — Tuna KO (puc. 3.1,a) n 6e3 dukcaumm (c Bo3spaTtoM) — Tuna KB (puc.
3.1,6); KQT, KQC — pene nonoxenusa “OTkIo4eHO” 1 “BKNOYEHO” N3 CXeMbl ynpaBneHus
BoiktovaTenem; KQQ — asycrabunbHoe pene gukcaumm onepaTtmMBHbIX KOMaHA; TY — KOH-
TaKT YCTPONCTBA TeNeynpaBieHus.

2.  Ycrtponcteo AlNB He AomkHO cpabaTbiBaTb Npu aBTOMaTuyeckoM (oT P3) oT-
KJ/TIO4YEHMN BbIKIOYaTeNs, Koraa 3To OTK/II0YEeHWe nMpou30Lsio cpasy Xe rnocne ero onepa-
TMBHOIO BKJTIOYEHUS OT KJoYa ynpasneHus nnm ot TY.
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Puc. 2.1. CxeMbl nyckoBbIX Lienel AMNB

Ans BbINONHEHMS 3TOro TpeboBaHMS FOTOBHOCTb K AeNcTBMIO ycTponctea AlB
[O/DKHA HACTynaTb He cpasy, a CryCTs HEeCKONbKO cekyHA () nocne BKIIOYEHUS BbIKOYa-
Tens:.

tno;:[r > t(:.31 +tO.B + AJ[3an
rae t.s1. to.py Alyay - Bpema cpabatbiBanuns P3 (4o AlB), OTKIOYEHMA BbIKNOYA-

Tens v 3anaca.

3. CxeMbl AlB A0MKHbI AONYCKaTb BO3MOXHOCTb MX cpabaTtbiBaHus npu cobnioge-
HWW  JOMOSIHUTENbHBLIX YCMOBUI (OTCYTCTBME HaMpshKEHUSI Ha 3NEKTPOYCTAHOBKE WM
HAobopOT — HaIMUMe HaNPSHKEHNUS, HaNMUYME CUHXPOHM3MA HaNPSHKEHUM C ABYX CTOPOH Bbl-
KnoyaTens, AonycTMMoe [aB/ieHne Bo3ayxa B BO3AYLIHOM BbIKKOYaTesNe, BOCCTaHOBIEHNE
4acToTbl B CETU U T.4.).

Ob6ecneunBaetcs 310 TpeboBaHWe, B YACTHOCTM, BBEAEHMEM 3aMbIKAIOLEro KOH-
TaKTa COOTBETCTBYIOLLEro pene KOHTPoNs B uenb nycka AllB.

4. Yctponcteo AlNB pomkHO obecneunBaTb BblAEPXKY BpeMeHu (OT nycka Ao cpa-
6aTbiBaHMS) , KOTOpas HeobxoanMa Ans:

>  co3aaHus 6eCTOKOBOM May3bl , MPEBbILLAOLWEN BPEMS AENMOHU3aUMKN Cpeabl B
MecTe nospexaeHus ( );

»  BOCCTaHOBJ/IEHUS FOTOBHOCTW NMpuUBOAA BbiKNtOYaTens K pabote ( ) n BoccCTa-
HOBNEHWUS OTK/THOYatoLWen cnocobHOCTM BbikItoYaTens ().

PaboTy AlB B HeycnewHOM uuKIe WINICTPUPYET BpeMeHHas Auarpamma (pwc.
2.2), roe 1. 51, 30, to 5 (5.5~ BPEMA cpabaTbiBaHusa P3 go AlB, nocne AlB, oTknto4eHNs

(O) n BbikntoveHns (B) BbikntovaTens.
N3 gnarpammbl cneaytoT ycnosus Bblbopa

t6.n - tAHB + tB.B > tzt.c;
to.B + tAHB > tr.n;

tAHB + tB.B +tc.32 > tr.B-
C uenbto NOBbILWEHNS HAAEXHOCTM paboTbl SHEProCMCTEMbI U NOTpebuTenen xena-
TENbHO YMeHblaTb tAr, @ A9 NOBbIWEHUS BEPOATHOCTM ycnewHoro AMB — ysenuyu-

BaTb.
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K3 O B(K3) O

tes1 fop | tame | fee | fex2 | low t
I j :

1 1 Fal

Puc. 2.2. BpeMeHHas auarpamMmma cobbiTUin HeycrnelwHoro uukna AllB

5. Cxembl AMB [fO/MKHBI AOMNYCKaTb BO3MOXHOCTb 6n0kupoBku (“3anpeta”) ux
AENCTBUS MOCNE MNycka npu cpabaTbiBaHUM OTAENbHBIX 3allMT. HanpuMmep, He AonycKaeTcs,
Kak npaBwno, aencteue AMNB TpaHcdopMaTopa Npu BHYTPEHHEM MOBPEXAEHUW, KOrAa Cpa-
b6aTbiBaeT raszoBas wam amddepeHumanbHas 3awmuTa, Npu OTKIOYEHUW BbIKIOYATENS
yctporictBoM AYP 1 B Ap. cnydasix. Onepaums “3anpet” BbINOMHAETCA Kak “cbpoc namaTtn”
0 roToBHOCTM AlB K AencTsuio.

6. YcrporictBo AMNB pomkHO obecneumBaTb 3afaHHYKD KpPaTHOCTb AENCTBUSI.

Lnkn  opHokpaTHoro  AllB: O%B—)O; uMKn  aBykpatHoro  AllB:

O (tAHBI) ; B % O (tAl'lBZ) ) B 9 O .

BbinonHeHne aToro TpeboBaHMs 06bIYHO obecnednBaeTcs BbIGOpOM BpeMEHM MO
YCNOBUIO:

thonr(1,2) > te.32 +los HIATIB(1,2) + Absan-
7. [OAnutenbHOCTb curHana ot AlB Ha BKIOYEHME BbIKNHOYATENS AO/MKHA ObiTb
[OCTaTOYHOM ANt HAAEXHOro BKIOYEHUS BbIK/tOYaTENS.
8. Tpu nobblX HeMcrnpaBHOCTSAX B ycTpoucTBe AMNB cxema ynpaBieHusl BbIKO-
yaTeneM He AO/MKHa A0nyCckaTb MHOrOKpaTHbIe BKoYeHUst Ha K3 (“npbiraHuns”).

3 Pacyer rnapamerpoB HacTpoviku Al1B

PacuyeT cBOAMTCS K OMpeAENEHNIO CNeAYIOLMX BENTUUYNH:

1) s, T.€. BblAEPXXKM BPEMEHW 3aMblKaHWsI KOHTaKTa pefie BPEMeHU , onpeae-
NSIOLLEN MOMEHT 3aMblKaHUsl LENW Ha BK/IOUEHME BblktovaTens oT AllB;

2)  tesn, T. €. BPEMEHM 3apsiaa koHaeHcaTopa C A0 HanpshkeHusi cpabaTbiBaHUS
Ucp NPOMEXYTOYHOIO pene YCKOPEHNS 3alLuTbl;

3) 3apsiAHOro ConpoTUBNEHMS R.

Bblaepkka BPEMEHW fang AO/HKHA ONPEeaensTbCs C yY4ETOM TOr0, YTO B BblpaXKEHUE
ANS tang HE AOMKHO BXOAWUTL BPEMSI OTK/IOUEHMS BbIK/OUATENS L 5, TaK pene BpeMeHu PB,
cosaatollee BbIAEPXKKY fang, MOJSTYYAET MUTAHME NULIb MOC/E OTK/IOYEHUS BbIKIHOUATENS.
Mo3ToMy ANs fans MOXHO 3anucaTh TakK:

tAnB = Ir. n -+ lsan;

tAnB e & C+ l.un-

Bblaep)xka BPEMEHW s, ONPEAENSTLCA C YYETOM TOrO, YTO B BbipaXKeHUE ANS tie6n
He AO/MKHO BXOAUTb BPeMSl fang U fss, TaK KaK KOHAEHCATOP MOXET 3apsXaTbCs TONbKO
Npv BKIIOYEHHOM BbIkItouaTene. MNo3ToMy BblpaXXeHUe MpUHUMAET BUA,
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tm)’p.a*f"’o»u"l"lun-

HanpspkeHne 6atapen n3BectHo 1 06bI4HO paBHO Us=110 B, eMKOCTb KOHAEHCaTO-
pa C BblbMpaeTcs 3aBoAOM, NOCTaBNSOWMM ycTponcTBa AlNB. 3Has BpeMs 3apsiia KOHAEH-
catopa Lap = liesn, MOXKHO ONpeAennTb BENMNYUHY 3apagHOro ConpoTuBieHus R, ncxoas us
cneayowmx coobpaxxeHmin. Kak n3BeCTHO, Npu 3apsiaie KOHAeHcaTopa Ha ero obknaakax co
BPEMEHEM ¢ HanpshkKeHue HapacTaeT Nno 3aKOHY

‘
[0 3HayeHus cpabaTbiBaHNSI MNPOMEXYTOYHOrO pene HanpspkeHWe HapacTaeT 3a
BpeMma &ap . TOrAa

‘ < ‘anp
Mocne I'Ipe06pa3OBaHV|F| 3TOro BbIpa>XEHUA NOJTy4YnM

_2ap
Ucp—uo = —er RC

n
= f3a
=il M RIS S
¢ =
Nnn
fsap U
eRC =U'_67' Z
6= Yep
MponorapndMmMpoBas, NOTyYUM
RE = Ing =2
Ug~— - .

OTKyAda MCKOMOE 3apdaaHOoe conpoTuBieHUE, 0603HaueHHOoe B cxeme yepes R,

o faap
R u6 »

Can—-——
G_Uea
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4. [lpumep pacqera

Haro: 1. Ha pagvanbHou nnHMKM HanpsbkeHnem 110 kB ¢ 0AHOCTOPOHHUM NMUTAHW-
€M, 06opyaoBaHHOW ycTponcTBoM AlB , YCTaHOBMEH BbIKNOYATENb C NPUBOOM.

2. Emkoctb koHaeHcatopa C = 20 MK®, HanpshkeHue 6atapen (H=110 B,
HanpshkeHne cpabaTblBaHUS NPOMEXYTOYHOro pene U, = 65 B.

3. Haubonbluas BblaepXKa BPEMEHW PENenHON 3aluTbl, AENCTBYIOLWEN Ha OT-
KJIIOYEHME BLIKNHOYATENS MOC/E €ro BK/IKOUYEHUS HA KOPOTKOE 3aMblKaHME OT YCTpOWMCTBa
AMB, &s=5C.

Tpebyercs. 1. PaccumTaTtb BbIAEPXKKY BPEMEHW fynp ONpeaenstowyo MOMEHT 3aMbl-
KaHWS Lenu Ha BKJIKOYeHue BbiktoyaTtens ot AlB, T. e. BpeMs 3aMblKaHWS KOHTaKTa perne
BPEMEHMW.

2. Paccuutatb BpeMsi AebNOKUPOBKU Lesn, ONPeEAensiollee MOMEHT BO3BpaTa
yctponctea AlNB B MCXOAHOE MOMIOXEHME, T. €. MOMOXEHNE FOTOBHOCTU K MOCNeAyoLwemy
AENCTBUIO. DTO ByaeT Takxxe BpeMs Lap 3apsiaa KoHaeHcatopa C

3. Onpepenuntb 3apsiaHOe COMpPOTMB/IEHWE B CXeMe 3apsfa KOHAeHcaTopa W3
ycnosus obecneveHns Heob6xoaAMMOro BpeMeHu 3apsaa Lap.

Peryerme. 1o AaHHbIM BpeMS AenoHM3aunn cpeabl Ha NUHUM HanpskeHnem 110 kB
tc. = 0,15 c. MNpuHMMaeM, 4YTO BpeMS rOTOBHOCTM NpuUBOAA &, HE MpEBbLIWAET 3TOr0 3Ha-
yeHusa. Torga nonyymm.

fars=1n o+ loaq = 0154 0,15 = 0,3 c.

Bblaepkka BpeMeHu fesn MM HeobxoamMMoe BpeMsi  3apsiia  KoHAeHcaTopa
ap ONIpeaenuM no dopmyne:

et =tp. 3+ to. 3+ toan =50+035+10-=635¢,

N Tak Kak 6,35 <(8---10) ¢, To cornacHoO MHCTPYKUMN NPUHUMAEM fresn = 10 C.
3apsgHoe conpoTuBeHne onpeaenuM no dopmyne:

Roem 1880 _ 0 = 560 000 On.

Usg e 110
Clnuo_uw 20 - 10 'l"IIO—G.S

5 Cogep)xanme oryera

5.1. HauMeHoBaHWe NPaKTUYECKOro 3aHATUS.

5.2. Llenb npakTn4eckoro 3aHAaTus.

5.2. Cxema nyckoBou uenu AlNB npu OTCyTCTBUMU TeNIEMEXAHUKMN.
5.4. Cxema nyckoBou Lenu AlNB npu Hanuunm TeneMexaHuKku.
5.5. BpeMeHHasi gnarpamMmMa cobbITUin HeycnewHoro unkna AlB.
5.6. PaccuntaHHble napameTpbl HacTponku AllB.

5.7. KpaTkne 0TBETbI Ha KOHTPOJIbHbIE BOMPOCHI.
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6. KOHTDO/IbHbBIE BOMPOCHI

6.1.Ha3HauyeHue AlB.

6.2.Jonsa ycnewHbix AllB.

6.3.TpeboBaHus, npeabsiBnsemMole K AllB.

6.4.[1n51 Yero NPUMEHSIETCS YCKOPEHME PENENHOW 3aLUUTI.

6.5.C noMoLLbio Kakoro anemMeHTa B cxeme AlB obecneumBaeTcs ero oagHOKpaTHoe
AencCTBumE.

5.6.Ha uT0 BNnsieT BenMuymMHa 3apsAHOro ConpoTMBIIEHMS.

6.7.Bawwm npeanoXxeHuns no coseplueHcTsoBaHmo AllB.

7. WICr10/1b3yEemMas inteparypa U Apyrne UCTOYHUKU MHDOPpMaLIm.
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MpakTnyeckoe 3aHaTHe N 3

ABTOMATUYECKOE NMOBTOPHOE BKJ/TFOMEHUE
J3n c ABYCTOPOHHUM NMUTAHUEM

1. Lllesib paborsi

B npouecce BbINONHEHMS paboTbl M3yunTb ycnoBust paboTel AMB npu ABYCTOPOH-
HEM MUTAHUW NUHUW U NPUHUMNBI NOCTPOoeHua AllB, yuyuTbiBalOWMe BO3MOXXHOCTU HECUH-
XPOHHOM paboTbl reHepaTopoB. BbINOMHMTL pacyeTbl AN ONpeaAeneHus AOMyCTUMOCTM
NPUMEHEHNs HECMHXPOHHOIO AlB 6e3 yyeTa 1 C yY4ETOM Harpysku.

2. Oblune ceeneHmns

Ha puc.3.1 nokasaHa cxemMa C ABYCTOPOHHWM MUTAHWEM JIMHWMM. YCTpoWcTBa P3 1
AlNB pencTBytOT Ha BbiknoYaTenm Q1 1 Q2 No KOHUAM NMHUK.
OcobeHHocTn TpexdasHoro AlNB obycnosneHbl HANNMYMEM ABYX UCTOMHWKOB NUTa-
HMS MO KOHLIAM JIMHWMM U BO3MOXKHOCTbIO HAPYLLUEHMSI UX CUHXPOHHOW NapannenbHon pabo-
Tbl MOCNE OTKNHOYEHNS TNHUN,
(m)
P31 [ATB] K AIIB2| P32

29C1 01 4 02 l 20C2

S 7 ©

Puc. 3.1. Cxema BJI ¢ 1ByCTOpOHHUM MUTAHUEM

[lepBas 0cobeHHOCTL COCTOUT B TOM, YTO AEVMOHM3aums cpeabl (BO3AYLIHOro npo-
MeXyTKa) B MecCTe MOBpeXAeHUs HauyMHAeTCa nocie oTkoveHns BJ1 ¢ aByx CTOpoH. [Mpu
nycke AlB “oT HecooTBETCTBMA” 3TO YyCNOBWe onpeaenseT BblAepXKy Bpemenu AlNB1

tAnB1 B COOTBETCTBMM C BPEMEHHOW AMarpaMMon CobbITUM Anst ABYX KOHLUOB NNHUMM-1 1 2
(puc. 3.2).

YTto6bl BpeMsi 6€CTOKOBOW Nays3bl 6. NpEeBbILLIANIO t

et AL,

all - HeobxoAMMO Bbl-
6patb

tAl'[Bl 2 tc.32 +tO.B2 - (tc.31 +t0.B1)/ +tz[.c _tB.Bl + Atsanj
max min C OJJHOCTOPOHHUM MUTaHHEM
roe est Mles2 COOTBETCTBEHHO MUHMMANbHOE U MaKCMMalsibHOE BpeMeHa cpa-
6aTbiBaHMA 3aWKUT Ha paccMaTpmMBaeMoM 1 M NPOTMBOMOIOXKHOM 2 KOHLAX JINHWK; bop: lep
- BPEMEHA OTK/IOYEHNSA N BKIOYEHUSA BbIKIOYATENS; tﬂ-c - BpeMsA OenoHM3auun cpeabl;

Alyan =0,5-0,7¢c BpeMs 3anaca.
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K3 01 | ton2 tn.c + Alyap BI(K3) 01
| tAmB1(© KO
tesl]| to.pl ' { AlIBI > 5.5l Lol fo.p1 | E
2 te.32 | to.52 :tAHB2(C KHH;l Ry
02 B2 pp

Puc. 3.2. BpemeHHas avarpamma umkna AlB co CTopoHbl 1 1 2 nnHun

[nsi yMeHblUEHUS1 BbIAEPXKM BpeMeHu AlB1 co CTOpOHbI, BKIHOYAEMOW MEPBOW,
nyck ArB1 MOXHO OCYLLEeCTBNATb C AOMONIHUTENbHBIM KOHTPOMEM OTCYTCTBUS HamMps>XXeHus
Ha nuHuKM (KOH):

tAnB1I 2 tn.c _tB.Bl + A'[32111 J
(c KOH)

T.e. Kak ang BJ1 ¢ 0OAHOCTOPOHHUM MUTaAHUEM.

Bropas 0cobeHHOCTs COCTOUT B TOM, YTO MPU YCTONYMBOM K3 Ha IMHWUM BKJIHOUYEHME
Ha K3 oT AlB MoXeT Npou3BoAMTbLCS C ABYX CTOPOH. Bo usbexxaHwe 3Toro, T.e. U3NULLIHEro
M3HOCa BbIKOYATENEN, CNEAYET OCYLECTBAATb Nyck AlNB2 NMHWM CO BTOPOWN CTOPOHbI «C
LAOMNONHUTENBbHBIM KOHTPOIEM HanMuna HanpsbkeHus Ha nnHum» (KHH) n BbibupaTb

tamB2 2ts1+lopl + At3ar1'
(c KHH)

Mpy 3TOM BKJIKOYEHME BbIK/KOYATENS CO BTOPOro KOHUA byaeT npomMcxoavTb NULb B
TOM C/lydae, eciiv noBpexaeHue YCTPaHWIOoCh U NINHKUS, BK/IOYEHHas C 1-ro KoHua, ocTaeT-
CS NOA4 HaNPsHKEHNEM.

TpeTss 0C06eHHOCTL ONpPeaenseTcs TeM, YTO NP YCNEWHOM BKITIOYEHUN Nn-
HMKM (3aMblKaHUW TpaH3UTa) BO3MOXHbI 60MbLIME TONYKM YPABHUTENBHOIO TOKa M aKTUBHOM
MOLLHOCTM, OrnacHble Ans 371eKTpoobopyAoBaHMS, U BO3HUKHOBEHME aCMHXPOHHOMO pexu-
Ma. [103TOMY B 3aBMCMMOCTW OT KOHKPETHbIX CUCTEMHBIX YC/I0BUMA MPUMEHSIOTCS Ha JIMHUSX
C ABYCTOPOHHWM MUTaHUEM pa3finyHble TUMbl YCTPOMCTB AlB, pasnuuatowmecss cnocobom
KOHTPONSI CMHXPOHM3Ma. BO3MOXXHOCTb NpuMeHeHust ycTporcTea AlB Toro unm nHoro tvna
AO/DKHA MPOBEPATLCA MO CneunanbHbIM PacyeTHbIM KPUTEPUAM AOMYCTUMOCTU U TEXHUKO-
3KOHOMMYECKON LienecoobpasHoCTy.

3. OCHOBHbIE MPUHLIMIBLI TOCTPOEHMS yCcTpovcTB TAlIB
JIMHUU C ABYCTODOHHUM MTUTAHUEM PaboTb!

Ycrpovictea AlIB T1ex ke TwrioB, 4TO ANs NMHUA C OQHOCTOPOHHMM NuUTaHueM (npo-
ctoe TAIB — 6e3 KOHTPO/S CUHXPOHM3MA), NPUMEHSIKOTCS, CNTIU MeXAY pacCMaTpUBaeMbIMu
NCTOYHMKAMMN NUTAHWUS UMEKOTCS ABE U 6onee LWYHTUPYIOWNX CBSI3eN C AOCTAaTOYHOM Npo-
MYCKHOW CNOCOBHOCTLI0, OAHOBPEMEHHOE OTK/THOYEHME KOTOPbIX ManoBepPOSITHO.

HecurxporHoe Al1B (HAlITB) ocyecTBNsSeT NOBTOPHOE BK/IIOYEHWE NIMHUWN 3N1EKTPO-
nepegayn Co BTOPOWN CTOPOHbI 6€3 KOHTPOS CMHXPOHU3Ma MpU NPOU3BObHOM Yriie Mexay
20C pasgenuBIMXCA WUCTOYHWMKOB NuTaHusd. YcnewHoe HAIB conpoBoXaaeTcsa CpaBHM-
TeNbHO 60NbWMMKN TONYKaMM TOKa M aKTMBHOM MOLLHOCTM, @ Takxke bonee unm mMeHee anu-
TeNbHbIMU Ka4YaHUSIMK, HO OHW AOSMKHBI OBbITb AOMYCTUMBI 4118 3N1eKTPoobopyA0BaHMS.

bbictponevictayrouiee AllB (BAIIB) ocyllecTBNsSeT 6biCTpoe MOBTOPHOE BKJIHOYEHME
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6bICTPOAENCTBYIOWMMI BO3AYLUHbIMA WX 3MEra30BbiMM BbIK/TOYATENSAMU C ABYX CTOPOH
NIMHUW 3NEeKTpornepeaayn, OTKITIOYEHHOM BbICTPOAENCTBYIOLLEN 3aMTON C abCcontoTHON ce-
NEKTUBHOCTbIO. MMHMMarbHas Bblaep)kka BpeMeHn BAINB Heobxoamma ToNbKO ANs AENOHU-

3aUMn cpedbl B MEcTe MOBPEXAEHUS thANB =trc ~las, BbicTpoe oTknoueHne K3 u
BktodeHne ot BAMB npepoTBpallaeT pacxoxaeHue sekTopoB 3C rno KOHUaM SIMHUK Ha

yron o 6onbwmnii, yem 70-90°. BktOYEHME NNHMKM MPU 3TOM NpomcxoauT 6e3  6onblunx
TOJTYKOB TOKA W ANMUTENbHBIX Ka4yaHWM.

AllB ¢ oxuaarmem curHxpoxnsma (AMNBOC) ocywecTBnsieT NOBTOPHOE BKKOYEHME
JIMHAN C 2-O/ CTOPOHbI MPU CUHXPOHWU3ME HAMpPSHKEHWA U NMPU HapYLIEHUM CUHXPOHWU3MA,
€C/IN YacToTa CKOJMbXEHMS — Pa3HOCTb YaCTOT HECMHXPOHHbIX HanpshkeHu — mana (0bblu-

Onrerr < O, y
HO 0,1-0,2 My) ¢~ BIT = "MaX. 1 yeranasnusatoTes yeTpolictBa AMBOC Ha o6enx CTopoHax

NMHWK, UMEIOLLEN NapannefbHble CBA3M A0CTAaTOYHOW MPOMYCKHOM CnocobHOCTU. YCTpoMu-
cTBa o6ecneunBaloT NOBTOPHOE BKITHOYEHUE JIMHUM NULLb MPU BKIIIOYEHHbIX WYHTUPYIOLWNX
CBSA3AX, KOraa COXPaHSETCS CMHXPOHHAsi paboTa MCTOYHWKOB MUTAHUS WKW CKOMbXEHWNe
Mano, un 3anpewaet AMNB npu K3 B peMOHTHOM pexuMe (OTK/IKYEHbl NapannefbHble CBS-
31), Korga npoucxoamT HapyLueHne CUHXPOHU3Ma.

Al1B ¢ yrasimBaHmnem cuHxporuma (ANBYC) nogaeT KOMaHAy Ha NOBTOPHOE BKIIO-
yeHue BbIK/IoYaTeNs! IMHUN CO BTOPOM CTOPOHbI MPU HA/IMUMK CKOJSIbXKEHUSI C YaCTOTON A0
1-2 'y (Ha nopsagok 6onblie, yeM AMNBOC) C onepexeHMeM MOMeHTa COBMaAeHus Hanps-
XXEeHW no ase, T.e. TaK Xe, Kak B aBTOMATUYECKNX CMHXPOHMU3aTopax. bnarogapst atomy
AMBYC ocyuwiecTtBnseT Bbibop unu “ynaBnmaHune” 6naronpusTHOro MOMeHTa Ans BKKOYe-
HWUS BbIKIIOYATENS NPU HECUMHXPOHHBIX HAMPSKEHUSAX NIMHUM U WKH. TIpn CUHXPOHU3ME

HanpshKeHWIA U nU, CMHXPOHM3ATOP HE AENCTBYET.

YcrporictBa AMBYC Mcnonb3yoTcs Ha OAMHOYHbBIX M ABYXLEMHBIX JIMHUSX C ABYCTO-
POHHEM MUTAHWEM, HE UMEIOLNX LYHTUPYIOLLMX CBSI3EN, B C/lydae HEBO3MOXKHOCTM MO TEM
Unu apyrum npuvymHam npumeHeHnsa HAIMB wnu BATB.

Al1B ¢ camocurxporuzaumnes reHeparopos (ANBC) NpuMeHSIeETCA Ha OANHOYHbLIX N-
HUAX CBA3M C rMAPO3EKTPOCTAHUMSAMU, HE UMEIOLLMMY 3HAYUTENbHOW MECTHOWN Harpy3ku, a
TaKXke C NOACTaHUMSIMU, FAe YCTAHOB/EHbI MOLWHbIE CUHXPOHHbIE ABUraTenn, B Tex ciy4a-
AX, Korga He AOMnyCcKaeTcsl HeCMHXpoHHoe BkitodeHue (HAMB) nubo He obecneunBaeTcs
pecMHXpoHM3auus.

MocnepoBatenbHoCcTb AenctBua AlMBC. MNpy noBpeXaeHnn Ha NNHWK CBSI3U Aen-
CTBMEM pENENHOMN 3aLMTbl OTKIIOYAKOTCS: JIMHUS CO CTOPOHbI SHEPrOCUCTEMbI U FreHepaTo-
pbl Ha MC C OAHOBPEMEHHBLIM ralleHnemM ux nons. Mo ucTeyeHnn 3aAaHHOW BblAEPXKKM
BPEMEHM C KOHTPOJIEM OTCYTCTBUSA HAMNPSXKEHUS BbIMOJIHAETCA MOBTOPHOE BK/IKOYEHUE NU-
HWUM CO CTOPOHbI 3HeprocucTeMbl. Ecnu AlNB nnMHMKM ycnewHoe 1 Ha WKWHax CTaHLUMKM BOCCTa-
HaBNMBAETCA HaNpPsHKeHMe, NPON3BOAUTCA NooYvepeaHOoe NOBTOPHOE BK/IHOYEHUE reHepaTo-
poB MO CNocoby CaMOCMHXPOHM3auMK. C 3TON Lenblo BKIKOYAETCAS OYepeaHon reHepaTop-
HbI BbIK/IOYATESb, U NOCNE CHMKEHWUS YaCTOTbl BpaLlEHWUs reHepaTopa A0 3HaveHus, npu
KOTOPOM CKOJMbXeHune He npesbiwaeT 3-5%, Bkntoyaetca AlTI.

4. Pacyer gonycrumocty ripumerHeHns HAIIB

Onpepenutb AONyCcTUMOCTb nNpuMeHeHus HATB Ha nuHumn ceasmn mexay T2C n MC
HanpsbxkeHnem 110 kB, anvHon 40 kM (puc. 3.3).

TypboreHepaTop T2C nMMeeT KOCBEHHOE oxna)kaeHne 0bMOTOK cTaTopa, rmapore-
HepaTopbl [DC C YCNOKOUTENbHLIMU KOHTypaMu. HanpsbkeHne KOPOTKOro 3aMblkaHus
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TpaHcdopmaTopa cessn TC

U po=1T%, Ux sn=100%. Uy cn=06%.

oTkyaa ue =10,75%, tc =6,25%, tn =0. OcTanbHble NapaMeTpbl CETU YKa3aHbl Ha

puc. 3.3,a.

CocTaBnsieM cxeMy 3aMelleHus B cBepxnepexogHoM pexume (puc. 3.3,6). 3a 6asuc-
HYIO MOLLHOCTb MpuHsATa S6==100 MB-A, k03(ddUUMeHTbl TpaHCchOopMaunM yuTeHbl Npu-
6AMKEHHO.

T3t (A

I5n8 110x8 Xga=0% Om /KM

r T ¢

Iy r3
50MEm S0MBA EIMBA @ @
LOS Puam=0,8 uw=9% 6x8 | NADS 2X125MBA 2% 1GOMBA
X3=0,146 K r U=10.5% 25=0,11
it Sx=JIMBA X ¢ Ag”0e
X4=0,2 2) Er2

0.08% 02

»
re

0,85 on2 g1 om

021 s

0,08% &2 @

n 2)
103 1,06

£y x,=0,982 a2t [ apmomr D
@_W A\ <‘_)
i [,u En J) -.th.l .
N 0,31 0.171 0,121 147 [s2
@ " fr 0,747 e

) e

AT Yl Due.n

’: . wl

Puc. 3.3. K pacuety gonyctmmoctu npuMmeHeHns HAMB.
a—cxema CuUCTeMbl; 6, B, I —CXeMbl 3aMeLleHus.

DNEeKTPOABUXYLLNE CUSIbl BCEX FEHEPATOPOB U CUHXPOHHbLIX KOMMEHCATOPOB, pac-
NMOJSIOXKEHHbIX MO OA4HY CTOPOHY SIMHUKM, NPUHUMAIOTCS OAMHAKOBbLIMK, COBMAAAOLWLMMM MO
dasze n paBHbiMn 1,05, a 3. A. C. 3KBMBANEHTHbIX MCTOYHUKOB MO KOHLAM SIMHUU CABUHYTHI
ApYr OTHOCMTENBHO Apyra Ha yron 180°. nekTpoaBuXKyLLas cuiia 3KBMBaNIEHTHON Harpys-
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kn £",=0,9, a ee conpotusnenue x",=0,35.
Pacyer 6e3 y4era Harpy3ku (KOHTAKT K Ha puc. 3.3,6 pa3OMKHYT).
MprBOAUM CXeMy 3aMelleHns K Buay, NokasaHHOMY Ha pwuc. 3.3,B, rae

B yi=E"25=1,05: x9;=0482; xa5=0,147.

OnpegensieM nepMoanYecKyto CraratoLLyo MakCMManbHOro ToKa HECUMHXPOHHOIO
BKIOYeHMs (6e3 yyeTa Harpysku):

I E"3‘ + [3”5’ g
HE ™= %oy = Xy 4 Xny *
2,1 2,1

Im:.Jl = ;_"_=0.75=218‘

PacnpenensieM Toku no BETBAM, NPUBOASA K HOMUHANbHOW MOLLIHOCTU reHepaTopoB,
TpaHchOpMaToOpOB M CUHXPOHHOrO KOMMEHCcaTopa, W CpaBHMBAeM C AOMYCTUMbIMU 3Hauye-
HUAMN,

Tok reHepatopa /1

/

wrl XK _Sg

Liom HOA (Xpy A Xy - Xre ) F Xk Sary’

e 5 1,33 100-0,8 0,625 .
Toow 00,407 + 1,33 60  —27 <[, 145 =4 %

TOK CMHXPOHHOIrO KoMneHcaTopa CK

/ >
—— ) B e e d % ; = -
Tow 2O T33F0,407 15 — L3> o —=F7 =42

Tok rmagporeHepaTtopos /2u /3

.I! &) ! ey | ety 1= 1=

we 12 ae '3 0,625 0,625

— —_—— ) = - P—— — i
E =g 28= 1477 e 0,21 ==,

‘IH'JH "Hr.:'.!
Tok TpaHcgopmMaTopa cesizn 7C

"'u«-TC i HE“ 4
=2,8-53 =4 44.

Lyom

Ans TpaHcdopmaTopa CBa3K, Y KOTOporo tu=0, gonyctumbln Tok npu HAMMB orpa-
HMUYMBAETCA TO/IbKO COMPOTMB/IEHWEM OOMOTKM  BBICILUEr0  HaMpshKeHWsl,  MMetoLLEe
ue=10,75%. Npn k=1, Scs= 15000 MB-A, U,omors=Uion ONpeaensiem:

I'lru._ TC k |
-‘!H"P-! - -“llll* HH Ic - b
: i L 75 L = -
100 S, WIS 5

9> 4,44,
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PacyeTHy0 NpoBepKy TpaHcdopMaTopoBs, paboTatowwmx B 6510ke ¢ reHepaTopamm,
MOXHO He NPOU3BOAUTb, TakK Kak Mo HUM MPOXOAST Te Xe TOKW, YTO U B reHepaTopax.

Takmum 06pa3oMm, Npy HECUHXPOHHOM BKTKOYEHUW TOMBbKO TOK B CUHXPOHHOM KOMIMEH-
caTope NpEBLILIAET A0NYCTUMOE 3HayeHue. [poBeaeM AONONMHUTENbHBIN YTOUYHEHHBIV pacyeT
C YYETOM Harpy3ku Ha LWUMHAX HU3LWWero HanpshkeHus TpaHcdopmaTopa cessn 7C

Pacyer ¢ y4erom Harpy3ku (KOHTaKT K 3aMKHYT).

DKBMBANeHTHas 3. A. C. reHepaTopa /1, CUHXPOHHOro KoMneHcaTopa CK U Harpysku
(puc. 3.3,r)

l"’ [‘:”\l-\.',u'*‘/_:.”u (Xf,['_xTCB) B
= A= X"y+ X9y — XrcB n
1,05-1,06 +40,9.0,311
= - ; =1 .02.
1,06 40,311 '

COI'IpOTVI BIEHNE 3KBMBAJIEHTHOIO WUCTOYHUKA

.\.'”u'-"'n Xrcn) | 1,06.0,311
X9y = X+ (X3 — X1cp) | TCBT 1,064 0,311

+0,171 = 0,411

TOK HECMHXPOHHOMO BKJTHOYEHMSI C YYETOM HarpysKku

Etyy 4 £y - 1,024-1,05 =
Re ™= et Xa+ %52 0,411 40,121 4- 0,147

! 3,05,

CyMMapHbIM TOK B BETBU reHepaTopa /1 U CMHXPOHHOro  koMneHcaTopa CK

[..c14 1 o= - [ye.n%""u+ AE = 3'()ﬁ.l'0‘j +-()'l5 =9 46,
uc "1 1eCK X"+ (X5 — X1en) 1,0640,311 ’
e AE=E" ,, —E",=1,06—0,9=0,15.

TOK CMHXPOHHOIro KOMreHcaTopa

Tweck «__ 0,407 100
[ o075 1,33 15

=3 86 <4,2.

Tok B rugporeHepatopax ysennumtca ao 1,53 v, UTO MeHbLUe A0NYyCTUMOro. TOK
TypboreHepaTopa YMeHbLUNTCSA 3@ CYET Harpy3Ku.

Takum obpa3oMm, AonyCcTUMOCTb NpuMeHeHus HATB 6blna Aoka3aHa ToMbKO Npu yye-
Te Harpysku

5 Conepxanme oryera

5.1. HanMeHoBaHWe NPaKTUYECKOro 3aHATUS.

5.2. Llenb npakTuyecKkoro 3aHATHS.

5.2. Cxema BJ1 ¢ ABYCTOPOHHUM NUTAHMEM.

5.4. BpeMeHHas anarpamma umkna AlB co CTOpOHbl 1 1 2 NUHUN.
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5.5. OCHOBHbIE NPUHLMMbI NOCTPOEHNs ycTponcTB TAMNB NMHWUIA C ABYCTOPOHHWUM MK~
TaHueM paboThbl.

5.6. MNMopsigok onpeaeneHvs onycTuMocTy npuMmeHenns HATB.

5.7. KpaTkue oTBETbI Ha KOHTPO/IbHbIE BOMPOCHI.

6. KOHTPO/IbHBIE BOMPOCH/

6.1.0cobeHHOTN npuMeHeHus ATB Ha NNMHKSX C ABYCTOPOHHUM MUTAHMWEM.

6.2.KpaTkoe noHsiTue o bbicTpoaencTaytowem AlB .

6.3.KpaTkoe noHsaTne o AlB ¢ ynaBnvBaHWeEM CUHXPOHM3MA.

6.4.KpaTkoe noHaTne o AlB ¢ oXXnaaHMeM CUHXPOHMU3MA.

6.5.KpaTkoe noHsitTne o AlNB C CaMOCMHXPOHM3ALIMEN reHEPATOPOB.

6.6.Kakoe BO3MOXXHO B/IMSIHWE Harpy3kun Ha A0NYyCTUMOCTb npuMeHeHns HATB.

6.7.Bawwm npeanoxeHms no cosepLieHCcTBoBaHMIO AlNB Npu ABYCTOPOHHEM NMUTaHUK
NNHUMA.

7. VIcriosib3yemas JIMTEPATYPA U APYINE UCTOYHUKU MHDOPMALIMA.
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MpakTnyeckoe 3aHsaTHe N2 4

ABTOMATUYECKOE BKJIFOMEHUE PE3EPBA
NMATAKOLLEIo NPUCOEANHEHMUA

1. Lenb pabors/

B npouecce BbiNOMHEHUS paboTbl M3yunTb HA3HAYEHNE AaBTOMATUYECKOrO BKJIHOYe-
Husa pe3epBa (ABP), knaccudukaumto yctporcts ABP 1 TpeboBaHusi kK ycTponicTtBaMm ABP.
O3HaKOMUTBLCS C NMYCKOBLIMW OpraHaMm U CXEMaMU BKJTHOUYEHUS PE3EPBHOIO UCTOYHMKA. Bbl-
MOMHUTb pacyeT MnapaMeTpPoB HACTPOWKK pene ycTpoicTtBa ABP u peneiHoi 3awmTbl pe-
3epBHOro TpaHcgopMaTopa.

2. Obime ceegeHns

Ana obecneyeHns HaAEXHOCTU 3/1EKTPOCHAbXEHUS 31eKTponpueMHUKOB I KaTero-
pUn HeobXoAMMO Hannume HeCKONbKUX HE3ABUCUMbIX UCTOYHMKOB NUTaHUS. MOXeET npume-
HATbCA MHOMOCTOPOHHEE NMUTAHUE U O4HOCTOPoHHEE NuTaHue ¢ ABP. lpn MHOrOCTOpOHHEM
NMUTaHWN aBapuMHOE OTK/TIOYEHNE OAHOI0 M3 UCTOYHMKOB MUTAHWUS HE MPUBOAMT K Hapylle-
HUIO 3N1EKTPOCHabXeHUst noTpebuTenei, HO 3a4acTyto TpebyeTcs KonbleBaHue ceTu. Mpu
OOHOCTOPOHHEM MWUTAHUKU UCNOSL3YIOTCA paAnanbHO-CEKUMOHUPOBAHHBbIE CETH, T.€. 3/eK-
TPOCHabXeHne noTpebuTens ocyLwecTBasieTcs no paboden uenun (oT TpaHcdopMaTopa, Nu-
HUK, CEKLMW LIKH), @ MPU €e OTK/IIOYEHUN — MO PE3EPBHOM, BKIIIOYAEMON aBTOMATUYECKM.
llpeumyiyectea OAHOCTOPOHHEro nuTaHmst ¢ ABP: cHuxeHue TokoB K3 v yaelueBneHue
3N1eKTPoobopyaAOBaHMS, CHUXKEHWE NOTEPb 3/IEKTPOSHEPTUN B CETW, YNPOLLEHNE penerHOM
3aWnTI.

B 3aBMCMMOCTM OT KOHKPETHbIX YCNOBMIM paboTbl U CXEM MEPBMYHON KOMMyTauuu
ycTponctea ABP oTnnuatoTca gpyr ot gpyra. X MOXHO KnaccuduumpoBaTb No CleayowmMm
OCHOBHbIM MpPU3HaKaM.

[To _tuny pesepBHoro 0bopysoBaHMs, Ha KOTOpOoe AeNCTByeT aBTOMaTuka, - ABP
TpaHCcOpMaToOpOB, NMHUI 3eKTpornepeaayn, CEKUMIN LUNH, arperatoB COBCTBEHHbIX HyX[A
3M1EKTPOCTAHLMIA N NOACTaHLUNN.

[lo HarnpasnaeHHocTv gevicteus — ABP 0AHOCTOPOHHErO U ABYCTOPOHHErO AENCTBUS.
MNosicHAOWasa cxemMa nokasaHa Ha puc. 4.1.

Ecnn yctpoinctso ABP 04HOCTOpPOHHEro AencTeumsl, TO NepBbii UCTOYHMK DIC1 BCe-
roa paboumn un BbikAoyaTens @1 HOPManbHO BK/IKOYEH, @ BTOPOW MCTOYHMK DIC2 — pe-
3epBHbIN M BbIK/OYaTENb @2 HOPManbHO OTKAKOYeH. py noTepe NUTaHMA Harpysku
ycTpoincteo ABP oencTByeT Ha BK/IOUEHME BbikItodaTens Q2. Bo3spaT k HOpMasbHOM cxe-
Me OCYLLECTB/IAETCS BPYYHYIO ONepaTUBHbLIM MEPCOHANIOM UK NO KaHany TeneynpasieHus.

Ecnn yctpoictBo ABP ABYCTOpPOHHEro AencTBus, TO 060N M3 UCTOYHMKOB MOXET
6bITb Kak paboymM, Tak U pe3epBHbIM.

[lo BuAy pe3epBa, BK/IHYAEMOro ycTporcTBoM, - ABP npy HanMumm SBHOMO U HesiB-
HOro pesepsa.

SIBHbIN pe3epB HaxoAMTCS NoA HanpshXXeHneM, HO 6e3 Harpy3ku. B cnyyae HesiBHOro
pe3epBa Harpy3ka pacnpegeneHa Mexay BCEMU WUCTOYHMKAMM, KOTOPble OCYLLECTBASAOT
B3aWMHOE pe3epBupoBaHMe Mpu OTKIIOYEHUN OQHOMO U3 HUX. Mpy 3TOM MOLLHOCTb KaXXaoro
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N3 UCTOYHMKOB JO/HKHA OblTb AOCTATOYHOM AMs1 MOKPbLITUS COBCTBEHHOW HarpysKku, a TakXxe
BCEN WM YacTu Harpy3ku pes3epBupyeMoro McTouHuka. [denctesme ABP He AOMKHO NpuBO-
ANTb K Neperpy3ke pe3epBupyoLLEro UCTOYHMKA.

95Cl ~ | 9OC2
ABP
Ql | <-----....: : _________ —_— Q2
I *
Harpyska

Puc. 4.1. Cxema peiicteus ycTporictea ABP

[lo BuAY UCTOYHMKE IUTaHUS YCTPoUcTBa — ABP Ha NOCTOSIHHOM WM Ha NEpeMEH-
HOM OrnepaTUMBHOM TOKE.
BaxkHbIMK aBnsioTCa TpeboBaHns kK ABP:

1. JomkHbl NpUXoAUTb B AEWCTBME OT CMeuuanbHOro nyckoBOrO OpraHa npu noTepe
NMUTaHUs OT paboyero UCTOYHMKA Mo NBoN MpuUMHe, BKAtoYas K3 Ha LKMHAX no-
Tpebutens. VCKoUYeHne CoCTaBnsieT Cydai, KOorAa Harpyska OTK/IYaeTcs aen-
CTBMEM YCTPONCTB aBTOMATMYECKOW YacTOTHOM pa3rpy3ku — AYP 1 Heobxoaum 3a-
npert aencrens yctpoucTs ABP.

2. BknroyeHne pe3epBHOro UCTOYHMKA NUTAHUSA AO/MKHO OCYLLEeCTBASATLCA TObKO Nocie
OTK/IIOYEHNS BbIK/OYATENS Ha BBOAE OT paboyero UCTOYHWMKA NUTaHMs. ITO Heob-
XOOANMO A/15 NpeaoTBpaLleHuns:

> HeycnewHoro ABP paxke npu HeyctonumBoM K3 Ha iMHax notpebutens wiu B
HEOTK/IOYMBLLEMCS paboyeM UCTOYHMKE,
» BO3MOXHOI0 HECMHXPOHHOIO BK/IOYEHUS ABYX UCTOYHUKOB MUTaHWUS.
OTKJIlO4EHME BbIKOHaTeNst paboyero NCTOYHMKA BbIMOSHSIETCS pefieMHON 3almnTon
NN nNyckosbiM opraHoM ABP, BktouyeHue pe3epBHOro — oT pene KQT (pene NonoXeHus
OTK/IHOYEHO>») MM OT BCNOMOraTeNbHbIX KOHTAKTOB SQ BblkIouaTens paboyero CTouHu-
Ka.

3. Bo usbexaHne MHOrMOKPATHOrO BK/IOUYEHMS PE3EPBHOMO0 MCTOYHMKA Ha YCTOMYMBOE
K3 peiictBue yctponcta ABP gomkHO 6BbiTb OAHOKpPATHBLIM. 3TO AOCTUraeTcs orpa-
HUYEHNEM OSIUTENbHOCTU NoAayM KOMaHAbl Ha BKIKOYEHWE pe3epBHOro UCTOYHMKA.

4. HeobxoamMMo npefycMaTpuBaTb YCKOPEHWE AEUCTBUSI peNeMHON 3alnTbl pe3epBHOro
NCTOYHMKa nocne ABP, 4TO 0COBEHHO BaXKHO MpW BKIIOYEHUWN HESBHOIO pe3epBa Ha
ycTonumsoe K3.

5. JomkHbl 0becneumBaTbCs HOpPMasbHbIE YCNIOBMSI CaMO3anycka 3/1EeKTPOABUraTenem
nocne ABP. B npoTnBHOM cnyyae HeobxoanMo npeaycMaTpuBaTb aBTOMATUYECKYO
pasrpy3Ky 3a CYET OTK/IIOYEHUS HEOTBETCTBEHHLIX NOTpebuTeneln C nocneayrowmnm
nx AlB.
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3. OCHOBHbIE IPUHLMNIILI BbIO/IHEHNS VcTDOoMCTB ABP

[lyckoBele opraHbl ABP npegHa3HayeHbl Ans OTKIYeHUs BbiKoyaTens paboyero
MCTOYHMKA MpU NOTepe MWUTaHMs noTpebutenein no nbonm npuumHe. MNpuU3HakoM noTepu
MUTaHUS SIBNISIETCS UCYE3HOBEHUE UMM MOHMKEHME HANPSHKEHUS, @ NMPU HAMUMU CUHXPOH-
HbIX ABUraTenen, NoaaepXXUBAIOLMX HAMPSHDKEHUE, - MOHMXXEHME YacToTbl. [ns aencreus
MYyCKOBOIO OpraHa HeobxoAMM KOHTPOJIb HAaMpPSHKEHUSI HA PE3EPBHOM MCTOYHUKE, TakK Kak
Mpu ero oTCyTCTBMU WM HEAOMNYyCTUMO HWU3KOM 3HAuYe€HMM BOCCTAHOBJ/IEHME MUTAHWUSA MOCne
ABP He npousongeT. MyckoBoW opraH He AO/MKEH AENCTBOBATb NPY MNOBPEXAEHUSIX BO BTO-
PUYHBIX LENsiX TpaHchopMaTopa HanpsKeHUsl, T.e. Npu NoTepe BTOPUYHOIO HanpsHKeHUs U
HanmMuMM nepBMYHOro. MycKOBOM opraH A0MKEH OblTb OTCTPOEH MO BPEMEHW OT AENCTBUS
YCTPOWCTB penerHomn 3allimTbl B CETU paboyero UCTouHMKa 1 oT aencteust AMNB, cnocobHbIX
BOCCTaHOBWUTb NUTaHWE NOTpebuTens.

Ha puc. 4.2 nokasaHbl HEKOTOPbIE BapMaHTbl CXEM MYCKOBbIX OPraHOB HanpshKeHus
(MOH) ans yctpolictBa ABP 0IHOCTOPOHHEr0 AEUCTBUS.

O,
+ S N\
KVI K12 KV3 KT
L -l-._’C A»
? KV1
a —
6 L
C @ ._||
|
oI <> <>
FUI ]Fw YVARYVY
i a_l_[YY\_I_fYY\
V1 "2 c '
Upab Upes
a) 0)

Puc. 4.2. CxeMbl MycKoBbIX opraHoB ABP 0JHOCTOPOHHENO AENCTBUSA

KoMaHaa Ha OTKI4YeHue BblikovaTesns paboyero MCTOYHUKA Ol=1 bynet nogaHa
oT MNOH puc. 4.2,a npu 3aMblKaHUN KOHTaKTOB MUHUMAlbHbLIX pene HanpshkeHusa KV1 u

U
KV2, T.e. Npu UCYE3HOBEHUU (MM HEAOMYCTUMOM MOHVMKEHUWN) HAMPSHKEHUS pab npu

3aMbIKaHUW KOHTaKTa MakKCUMasibHOro pene HanpskeHus K173, T.e. Npu HaNM4YMK Hanpshxe-

)
s P93, nocne cpabaTbiBaHus pene BpeMeHn K7. Mpy noBpeXxaeHn BO BTOPUUHbIX Lie-
nax 7V1 u neperopaHMn OAHOrO M3 npeaoxpaHuTenen FUL wnn FU2 3aMKHETCS KOHTaKT

Tonbko ogHoro pene KV1 wnn K12, T.e. uenb (GOPMUPOBaHMA KOMaHAbl He 3aMKHETCS,

O1 =0. TakuM 06pa30M, OCYLLUECTBNSIETCA B 3TOM CXEME KOHTPO/b MCMPaBHOCTM BTOPWUY-
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HbIX Lenei 7H. Ha cxeme puc. 4.2,6 ans ¢ukcaumm Uy =1 N KOHTPONSA UCNPABHOCTU BTO-
PUYHBIX Lienei 7H ncnonb3yeTcs 04HO MUHMMarbHOe pene K11, BKIOYEHHOE Yepes MaKCu-

Uag 1 Uqc- Mpu neperopaHnM OAHOrO M3 Npeao-

cenekTop MexaydasHbIX HanpsHKeHWN
XpaHutenen (kak Ha puc. 4.2,a) KV1 He paboTaer.

Ha puc. 4.3 noka3aHa cxema MNMOH Ha norMyeckux anemMeHTax ans ycrponcrtesa ABP
[IBYCTOPOHHEro Aenctsus. [1ByCTOPOHHOCTb AeNcTBUS 03HadaeT, 4to MNMOH aencTeyeT Ha

OTK/HOYEHME paboyero UCToUHMKa 1 nnn 2, ecnn Apyron ABNSIETCS PE3EPBHbIM.

SF1
Pl 1 PO1
U, - I—) Ol
— - ¥ » I - HE—% _; I, —>
A
U. 1] Y HE1 .
o ILTIT - B &
P32 —> HE2 PO2
U = 02
—5{1{-- * * » II'1T - HE [—» o 12 [
gb¥l. u SF
o, 1 1

Puc. 4.3. Cxema nycKOBOro opraHa Hanps»KEHUS Ha JIOMMYECKMX 3/1EMEHTax
[BYCTOPOHHEr0 AeNCTBUS

B coctae cxeMbl BXOAOST:
> penenHble 3nemMeHTbl P31 n P32, cpabaTtbiBalolimMe B HOPMasibHOM pexume

(U - 1) M BO3BpaLLaoLLmMecs nNpu notepe nNUTaHus (UBBIX - 0);
» norndyeckue anemeHtol HE, UWJIN-HE, UJ1N-B (B — Bblaep>Xka BpeMeHun), U;
> BCMOMOraTesibHble KOHTakTbl SF1 n SF2 aBTOMaTUYeCcKMX BblKoYaTenen BO

BTOPUYHbIX Uuensax TH, rrogaroumx B CXeMy HarpsikeHus U n Uz COOTBeT-
CTBEHHO (N0 cxeMme puc. 4.2,6). MNpu BKAOYEHHbIX BbIKNHOYATENSAX KOHTAKTbI
SF1 n SF2 pa3oMKHYTbI, U CUrHanbl Mo nx uenam Ha exoge PO1 n PO2 paBHbI
HYJIO.

Pearupytowmn oprad PO1 unmn PO2 cpabaTtbiBaeT (Ha Bbixode nosBnsieTca 1), ecnm
BCE BXOAHbIE CWUrHasbl PaBHbl HYMO, T.e. CHU3WNOCL paboyee HanpskeHne (Ug.x=0),
eCTb pe3epBHOe HanpsbkeHue (Ha Bbixoae HE - Hynb) M He OTK/OUMUICS aBTOMATUYECKUN
BblK/tovaTesnb B Lenu TH paboyero ncroyHuka (SF pasoMkHyT). Mocne cpabatbiBaHus PO ¢
Bblaep>xkon Bpemenn UM — B cpabaTbiBaeT M, nogaBasi cMrHan Ha OTK/IIOYEHUE BbIK/IOYa-
Tens paboyero ncrtodHunka ( O; mnn O, pasHo 1).

Ecnn yctponctBa ABP uCnonb3yroTcs ANsi BKIKOYEHMS PE3EPBHbLIX arperaTos,
HanpuMep, aneKkTpoaBUraTenen OTBETCTBEHHbLIX MEXaHM3MOB COOCTBEHHbLIX HYXA, TO MycK
ABP pomkeH obecneumBaTbCsl NMpU HEAOMYCTMMOM YCTOMYMBOM MOHWMXKEHUWM KOHTPONMpYye-
MO0 TEXHOSIOMMYECKOro napamMeTpa: AaBfieHns, CKOPOCTU, pacxoda v T.4.

MNoaaya KOMaHAbl HA BKIKOYEHWE pe3epBHOro MCTOYHMKA MPOU3BOAUTCS OT BCMOMO-
raTenbHOro KOHTaKTa BbiK/touyaTens paboyent uenu SQ1 (puc. 4.4,a) nnmn ot KOHTaKTa pene
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nonoxexus otkntodeHo KQT 3Toro BbikatouvaTtens (puc. 4.4,6) npu ero OTKAKOYEHMM MO
nobon NpuuMHe, B TOM 4YKC/E M OT MYyCKOBOro opraHa. lNpu 3ToM obecneymBaeTcs OAHO-
KpaTHOCTb nodaun KkomaHabl 6narogaps pa3mblkaHuio Leny KoHTakTtoM pene KL (puc. 4.4,a)
nnn KQC (puc. 4.4,6), umerowmMun 3amMeanieHve npu Bo3spaTe. Bblaep)kka BpeMeHu npu
BO3BpaTE AO0/MKHA OblTb AOCTAaTOYHOM ANS HAAEXKHOro BKJIIOUEHWUS BbIKOYATENS pe3epB-
HOWM Lenun, HO AO/MKHA ObITb OrpaHMYeHa, YTobbl HE AONYCTUTL NOBTOPHOE BK/HOYEHME 3TO-
ro BbIK/OYATENS NPU YCTONUMBOM K3 Ha LUMHaX.

A A
T\ Ha srmoueHiie + o L\ Ha BRmoueHiIe
PesePEHOT O Pe3epBHOT 0
) KL i HICT OYHIIKA ) REQT K?C HCTOMHIIEA
Cf}paﬁ. - C-)Paﬁ-
hiell S02
\T -
+ .
- i
a) o)

Puc. 4.4. Cnocobbl BKOYEHUSI pe3€PBHOMO UCTOYHMKA C 0becneyeHneM 0aHOKPaTHOCTH

briokmpoBaHue ABP npy OTKIOYEHUN Harpy3ku oT AHP MOXET OCyLLEeCTBNATb-
CS C MOMOLLbD MUHUManbHOro pene 4actotbl KF. YcraBka pene KF aomkHa 6bITb Bbille
yCcTaBku aBToMaTukm AYP. [103TOMYy paHblie, yeM AYP oTknounT paboyee nutaHue u cpa-
6otaet MNOH (KV1, KV2, KV3, KT — cM. puc. 4.2,a), npoMexyTodHoe pene KL cBouM pa3mbl-
KatowmM KOHTakToM KL:1 BbIBOAUT ero u3 pabotbl. Mocne otkntodeHns ot AYP pabouero
NUTaHUS 3aMblkaloTcsl KOHTakTbl KV1 n KV2 (KV3 3aMKHyT), pa3MmblkaeTcsd KOHTakT KF, HO
pene KL camoyaepxuBaeTcs yepe3 KOHTaKT KL:2 4O BOCCTAHOB/EHWUS MUTAHUS Harpy3Ku.

KT
+ ¥l EV? EV3 KL —

e
e

1
ZF M KL
. ]

Puc. 4.5. brnoknpoBaHue ABP Npu CHMXEHWUM 4acTOThbl

Cxema yckoperus penenHon 3awmtbl AK pe3epBHOro MCTOYHMKA MUTaHWS nocne
ABP nokasaHa Ha puc. 4.6.
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+ AK1 KOT © 50 ar

Puc. 4.6. CxemMa yckopeHus P3.

lNocne BKNKOYEHUSA BbIKIKOYATENS PE3EepPBHOr0 UCTOYHMKA MUTAHUSA BCROMOraTesib-
HbIA KOHTaKT BbIKOYaTeNs! SQ 3aMbIKaeTCsl, @ KOHTaKT pesie NooXeHUs1 OTKoYeHo KQ7,
UMeloLLlero 3aMeasnieHne nNpu BO3BpaTe, OCTAETCA 3aMKHYTbIM B TeYEHMEe HEKOTOpOoro Bpe-
MeHu. Ecnn pesepBHbIA UCTOYHMK NUTAHMSI BKIIHOYAETCA Ha ycTtonumBoe K3, To ero Hece-
NEKTUBHas penenHas 3alluMTa KOHTAKTOM AK:1l OoTKIoYaeT BblktoyaTenb 6e3 BblAEP)KKM
BpeMeHu. Ecnn ABP ycrielwHoe, To yepe3 BblAepXXKY BpeMeHu pernie KQT7 ero KOHTaKT pas-
MbIKaeTCs, T.e. BBOAMTCA CeNekTUBHas 3alimTa AK:2 C BblAEPXXKON BPEMEHW.

3.Pacqer rnapameTpoB _HACTPOUKU PEE yCTpoucTBa ABP u peneviHou 3alymtsl pe-
3EDBHOM0 TPaHCHOPMATOopa.

Aaro: 1. Pabounii n pesepBHbI TpaHchopmaTopsl (puc. 4.7) NMTAOTCA OT CEKUMM
WMH A 1 B reHepaTtopHOro HanpshkeHust 6,3 KB. MoOLWHOCTb KaXkaoro M3 TpaHchopMaTopoB
St = 3200 kBA, peakTuBHOe conpoTusnenune xmp = 5%.
2. Ha TpaHcdhopmaTopax KpoMe TOKOBOM OTCEYKM C BpEMEHeM cpabaTbiBaHusl fyrp =
0,1 ¢ npeaycMOTpeHa MaKCMManbHas TOKOBas 3almuTta C BpeMeHeM cpabaTbiBaHus fLrp
3. Bpemsi oTknoueHuss Bbikntovatenen Lz = 0,15 ¢, BpemMsi BK/IOYEHMS BbIK/HOYa-
Tenen tz5 = 0,25 c.

6,3n8 63n8

vuaTp
Pesepbneid Tp

Puc. 4.7. PacyeTHass cxeMa QAns BbiGOpa NapaMeTpPoOB HACTPOWMKK pene ycTpoicTea ABP,
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4. HavMeHbllaa BesiMyMHa OCTATOYHOrO HarpsxXeHus Ha wWwuHax 6,3 kB, nony4ato-
LLAsCa NpU KOPOTKOM 3aMblkaHun B Touke K, (puc. 4.7), coctaBnsieT 65% ero Homu-
HaJIbHOrO 3Ha4eHus.

5.BpeMsi cpabaTbiBaHUsS NMHENHOM TOKOBOW OTCEYKW, AEWCTBYIOLLEN MPU KOPOTKOM
3aMblKaHUK B TOYKe Ki, NpuHaTb &5 = 0,15 .

6.K wnHam 3,15 KB noakitoueHo BoCceEMb ABUraTenen MoLHocTbio no P, = 200 kBT,
Uy = 3 KB, cose = 0,81. Kaxabln n3 apuraTtenen pabotaete Harpy3kon, paBHou 90% ero
HOMMHaNbHON MOLLHOCTM. MOMEHT CONPOTUBIEHMS NPUBOANMBIX ABUraTENSIMU MEXaHWU3MOB

MOCTOSIHHbIN.
7. dNEKTPOMEXaHNYECKNE XapaKTEPUCTUKN ABUraTeNen n Kpmeble Bblbera MexaHu3mMoB

npuBeaeHbl COOTBETCTBEHHO Ha puc. 4.8 1 4.9.

; ; / %) /Q

42

T A

44 z Y
S
w- SF3fSls
ast- S
N X
03 % | ais.
' g 04 08 12 16 28

= 7
0 08 16 24 32 40 =4
0 2 4 tox o=

Puc. 4.8. KpuBas s = = / (/) Bbibera npu- Puc. 4.9. KpuBble BpallaloWero MOMeHTa M MycKo-
BOAMMbIX ABUraTensiMm MexaHW3mOoB Mpu BOMO TOKa 3M1EKTpoABUraTens.
ncye3sHoBeHUK HanpshkeHus (npy U = 0).

8. iBuratenu 3awmileHbl OT KOPOTKOro 3aMblkaHMUA TOKOBbIMU OTCEYKaMU C BPEMEHEM
cpabatbiBanus &, =0,1 c.
Tpebyercg: 1. CocTaBUTb MPUHLMMMAIBHYIO CXEMY YCTPOMCTBA aBTOMAaTU4eCKOro
BBOJa pe3epBHOro TpaHchopMaTopa, NUTaloLWero Cekunio CO6CTBEHHOro pacxoia 3NeKTpu-
YECKOWN CTaHLMKN, NPUMEHUTENBHO K CXeMe NePBUYHbIX coeanHeHun (puc. 4.7).
2. PaccunTaTb yCTaBku ycTponctea ABP.
3. PaccunTaTb YCTaBKy TOKOBOWM 3alLMTbl pE3epBHOro TpaHchopMaTopa, UCXoAs U3 OT-
CTPOWKM OT NYCKOBOrO TOKa ABUraTenen.
4. MpoBepUTb BO3MOXHOCTb CaMO3arycKka ABUraTenien, nuTaowmxcs ot wuH 3,15 kB.
Pewerne. Cxema ABP MoxeT 6biTb npuHaTa (puc. 8-2) ¢ npuMeHeHneM pene o4HOo-
KpaTHOCTM BK/tOYeHUst Tuna PIB cepuiHoro vcnonHeHus. Tak Kak Mo yCnOBUIO BpeMs
BKJTIOYEHMS BbIKNOYaTeNs pe3epBHOro TpaHcdopMaTopa &s= 0,25 ¢, TO B KayecTse pene'
OLHOKpATHOCTU BK/TOYeHUs POB MOXHO npuHATL pene tuna P3B, no3sonsiouwee noayyunTb
3aMej/ieHne Ha oTrnajaHue [Kops Ao 2 €. Bpems 3ameaneHusa 3TOro pene onpeensieM,
NpUHUMas 3anac HagexHoctn At =0,25 c. pu 3ToOM nonyynm
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tpon =1ty »+ A0 =0254025=05c.
OnpepnensieM COOTBETCTBEHHO BbIAEPXKY BpemeHu pene PB

ln=l’.‘+M=0.|5+0.5=-0.ﬁ5c;
fpg =1y g+ 8 =01 + 0,5 =06 c.

MNpuHumMaem &g = 0,7 C.

Tak kaK &g > %41p, TO pacyeTHOe BpeMs moAaum noca Ha pene 1PN 6yaet & = 0,7
c. Torga, npuHUMast BpeMs cpabaTtbiBaHWs MPOMeXyTouHbIX pene 1P n 2Pl ogMHaKoBbIM
n paBHbIM fn = 0,05 ¢, BpeMs nepepbiBa B NUTAHUKU ABUraTenen onpeaensieM no dhopmyne

‘“'p""an""o. o+ tapn + 4y, g T A=
= 0,7 -+ 0,05 4 0,154 0,05 40,256 4 0,3 = 1,5 c.

Mo kpvBOW Bblbera MexaHn3moB (puc. 4.8) onpeaensieM CKONbXXEHME S, KOTOpoe
6yayT uMeTb ABuraTtenu npu nepepbiBe B NUTaHuK. Mpu 3ToM s = 0,3. 3Has CKONbXEHUe,
MO KPMBOM XapaKTepucCTuK (puc. 4.9) npu HanpsbkeHuu ABwuratene, paBHOM HOMMU-
HanbHOMY, onpeaensieM KpaTHOCTb MyCKOBOro ToKa

'_",zu= 2.9,
N R

B cooTBETCTBMM C 3aflaHHbIM YC/IOBMEM CyMMapHas MOLWHOCTb Harpysku asurate-

P“=0.9°P.~n=0.9-2m-8-l“0x31.

rae 1 —- YACNo ABuraTenen

Mpy 3TOM CyMMapHbI1 TOK Harpysku ABuraTenen

l' e Pz.ﬁ = l“O
* V3iU,cosp V3. 3-08
CyMMapHbIN NyCKOBOW TOK ABUraTenen

I = lnya, a
I nyex /]

342 A.

N.Aa

WIn, OTHOCA €ro K BbICLUEMY HaMps>XEHUIO TpchcbopMaTopa, rae yCcraHoB/1€Ha TO-
KOBasd 3allnTta, noJsiydaeM

Uy 3,15
Inym=ll nycx'DT= 1334 . '6—.5-36675.

Torga nepBuYHLIM TOK CcpabaTbiBaHMS 3aWMTbl TPaHChopMaTopa
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Ry 1,45
Ic, .=E'lnym=m‘m7z ll‘OA.

3Haa koadpdUUMEeHT TpaHchopMauun TpaHCPOpMaToOpoB ToKa /7 U KOI(DUUMEHT
CXEMbl Kcxr MOXHO Onpefenntb TOK cpabaTbiBaHWsi TOKOBOrO pesfie 3awuTbl U BblbpaTb
YCTaBKYy.

ConpoTtuBneHue asuraTtens onpeaenvM rno ypaBHEHWUIO

Xoq == lull U: % 590 3t

nyex. &
ey EA

rAe HOMWHANbHbIA TOK TpaHcdopMaTopa

Sy
by =2 = __3200  _ 509 A,
Viv, Vi as

d HOMMHaJ'IbeII)lI TOK ABUraTens

P
! - "R = 200 3
"X i;7§"u. cosy V3. 3. 081 475 A,

BoccTaHaBnvBaloweecs HanpshkeHne Ha ABuraTensax

U”X*ﬂ _3150*0,36
XagTXuTp 0,36+0,05
nnn B NpoueHTax HOMMHaNbHOIo HanpsXeHus ﬂBMFaTeﬂeVI
2760

U.% —a—x)-o - 100 =92%.

= 2760 B.

UB=

3Has BOCCTaHaB/MBawlleecs HanpshkeHue Us% W CKONbXEHME S, No  Kpu-
BbIM MOMeHTOB (puc. 4.9) npoBepsieM BO3MOXHOCTb Camo3arycka Asuratenei. Tak Kak
MpU 3TUX AaHHbIX OTHOCMTENbHBIV Bpallaowmi MOMeHT M/ M,=1,25, @ MOMEHT COnpoTMB-
JIEHUU MPUBOAMMbLIX ABUraTENSIMM MEXAHW3MOB paBeH eauHuue, TO NpeBbileHne Bpalla-
toLLlero MOMEHTa HaZ, MOMEHTOM CONPOTMBIEHUS, paBHoe 25%, AOMKHO obecneunTb pa3so-
POT BCEX BOCbMMW ABUraTeNnen cekumm cObCTBEHHOrO pacxoaa.

HanpspkeHne cpabaTbiBaHMs pene MWHMMANbHOrO HanpsbkeHus  onpeaensiem
Nno YpaBHEHUIO

Uy s Uy 065U; Uy - 0,650 1 065315 64 4B,

— 0 —

Upion =731 T E, 1,25

HanpsixkeHne cpabaTbiBaHUS 3TOrO Xe pene HaxoauMm no dopmyne

Uy, 276
UCP PH = ’(—' = -i-'2—5- =22 xB.
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Tak Kak MeHbllee M3 MOJTyYeHHbIX 3HayeHun, T. e. 1,64 kB, coctaBnseT 6onblue
25% U,y = 3,15 kB, TO B KauyecTBe pacyeTHOro 3HayeHust HanpshkeHns cpabaTbiBaHUs pe-
1é MMHUMASIbHOIrO Harps»XeHUs MPUHUMAEM OKOHYATEsIbHO BEIMYMHY

Ucp 1PH = 0.25(}“ " = 0.25 . 3.'5 = 0.79 KB‘

HanpsikeHne cpabaTbiBaHUS pene MaKCMManbHOrO HamnpshKeHUsl onpeaensiemM

k 0,85
» = __! L e— '9 6'3 = 3.% KB-
Ucp 2pn = '[. Upao. wun k, 09U, 1.25 0

HanpsbxeHne Upopy OTHECEHO K WMHAM 6,3 KB. Tak Kak 3TO HanpshKeHwue rno oT-
HOLUEHWUIO K HOMWHASIbHOMY Hanps»keHUI0 pe3epBHOr0 MCTOYHMKA MUTAHUSA COCTaBNsSeT

3,85 o107
. = 61%,
53 100 0

T. €. cBbllwe 60%, TO ero nNpMHMUMaeM OKOHYATENIbHO B KayecTBe PacyeTHOro
3HauyeHus.

5 Cogep)xanme orvera

5.1. HanmeHoBaHWe NpakTUYEeCKoro 3aHATUS.

5.2. Llenb npakTM4ecKkoro 3aHATus.

5.3. TpeboBaHus K ycTpoictBam ABP.

5.4. Cxembl nycka ABP

5.5. CxeMbl BKIIOYEHNSI pe3epBHOro UCTOYHMKA.

5.6. PacyeT napaMeTpoB HacTpoviku pene yctpoicTsa ABP.
5.7. KpaTkne oTBeTbl Ha KOHTPOJIbHbIE BOMPOCHI.

6. KOHTPO/IbHBIE BOMPOCH!

6.1.Kak ncnonb3oBanu Kpusyto Bblbera MexaHM3MoB.

6.2.Kak ncnonb3osanu KpuBble BpallatoLero MOMeHTa W MyCKOBOrO TOKAa 3/1EKTPO-
ABuraTens.

6.3.Kak paboTaeT cxeMa nycKOBOro opraHa HanpshKeHUsi ABYCTOPOHHErO AENCTBUS
Ha NIOrMYECKNX 3M1EMEHTaXx.

6.4.lloyeMy B cxeme nyckoBbIX opraHoB ABP ncnonb3yeTca ABa pene MUHUManbHO-
ro HanpsHKeHus.

6.5.[0n5 yero BbinonHseTcs 6noknposaHne ABP nNpu CHUXEHWUU 4acTOoTl.

6.6.[0151 Yero BbIMOJIHSAETCS YCKOPEHNE penernHon 3awmnTbl Npu aenctemm ABP.

6.7.Bawm npeanoxeHus N0 COBEPLUEHCTBOBAHMIO CNOCO60B 1 ycTponcTs ABP.

/. UICr10/1b3yEMas INTepaTypa U Apyrne UCTOYHUKU MH@DOPpMaLImH.
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MpakTnyeckoe 3aHsaTMe N25

LLEEHTPAJIN30BAHHOE YCTPOUCTBO ABP

1. Lenb paborsi

N3yunTb NpUYMHBI BO3HUKHOBEHMSI HEOOXOAMMOCTM pe3epBUPOBAHNS HA SNEKTPO-
CTaHUUK, CXEMbl U MPUHLMN AEACTBUS LIEHTPANIN30BaHHOIO YCTPOMCTBA aBTOMAaTUYECKOro
BKJIIOYEHMS MYCKOpEe3epBHOro TpaHcgopmartopa.

2 Oblymne ceegeHmns

LleHTpanu3oBaHHble ycTporcTBa ABP npeaHa3HaueHbl Ans co6CcTBEHHbIX Hyxa TIC,
y4yacCTBYIOLWNX B MPOTMBOABAPUMMHOM ynpaBneHun. o KoMaHae NpoTMBOaBapuMHOM aBTo-
mMaTtuku (MA), npu AENCTBMUM aBTOMATMKM NPedynpexaeHus HapyLlleHWst YCTOMYMBOCTY
(AMHY), OTKIOYAETCS HEKOTOPOE KOMMYECTBO CUHXPOHHbLIX reHepaTopoB. MX none BO3-
By>xaeHus racutcs aBToMaToM raweHuns nons(Armr) n cobcTBeHHble Hyxabl (C/H) 3Hepro-
6noka TepslT NUTaHMe OT OTnaeyHoro TpaHcdhopmaTopa cobCTBEHHbIX Hyxa (TCH).
YcTpoictBa ABP oTKNHOYEHHbBIX 6/10KOB 0/HKHBI NEPEBOANTL NUTAHUE C/H Ha MyCKOpEe3epB-
HbIi TpaHcdopmaTop (MPT). OTkAtoyaThes OT MA MOXET pasnNyYHOE KONMMYECTBO CUHXPOH-
HbIX reHepaTopoB (CI), 4To MOXeT npuBectn K neperpy3ke NPT, ero oTKAKYEHNO 1 noTe-
pe C/H. Ha 3NeKTpoCcTaHuMn. YTobbl 3TO NpeaoTBPaTUTb UCNOMb3YETCS LEHTPann30oBaHHOE
ycTpoicteo ABP.

LlY ABP npenotBpaluaeT neperpy3ky NPT — BbisBnseTr paboume cekumm, notepsiB-
lMe nuTaHue, OTKJIOYAeT BCE HEOTBETCTBEHHble ABWUraTeM 3TUX CEKUMM U OCTaBnsieT
BK/TIOYEHHBIMU TOJSIbKO OTBETCTBEHHbIE ABUraTenn, Kotopble obecrneunBaloT OCTAHOBKY
61oKa 1 BO3MOXHOCTb BbICTPOro BKIKOUEHNS €ro B paboTy.

3. LleHTpann3oBaHHoe ycrpovictso ABP.

Cxema c/H T2C ¢ yeTbipbMs pabounmu cekumsamn, YetolpbMst TCH n ogHum MPT no-
Ka3aHa Ha puc.5.1.

O6bluHas cxema ABP (MOH - oTknoyeHune BbikntovaTens Qpas = BKIOYEHNE Qpes )
AononHseTcs 6N10KOM NOrMKY, AAOWUM KOMaHAY Ha OTK/IOYEHUE HEeOTBETCTBEHHbIX ABUra-
Tenen cooTBeTcTByoWEeN paboyen cekumn ( O;....04). Ha puc. 5.1 Qpas: Q1....Q4; Qpes :
Q1C....Q4C.

Ecnu MPT ponyckaeT caMo3anyck [BUraTesnien ToNbKO OAHOW paboyei cekumu, To
paboTa 6/10Ka NIOrMKN ONMUChIBAETCS NTOrMYECKUMU (popMynamu:

O1=Y1AZ1A ZoVvZIgVviy ,
Oo=YoAZyA Z1VI3Vy ,
O3=Y3AZ3A Z1VZIpVviy ,
Og4=YaArZgN Z1VvZIpVvig, ()
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TexHoJioTMYeCKass U MPOTUBOABapyMMHas aBToOMaTUKa B 23C

01+O4

roe
1...4 cekumi;

- KOMaHAbl Ha OTK/1IO4YEHNE HEOTBETCTBEHHbIX p,BwraTeneﬁ

Y1+Y4 - cyrnans cpabatbiBaHusa NMOH1...NTOH4;
2124 _ cyrhanel ot KQC 0 BKHOYEHUM CEKLMOHHOrO BbIK/KO4aTe-
na QLC...eAC.
0 0, 0, O,

D £ 4t
Broxk
TTOTTIEIT

FIAT 191

1 Y orIOH|Z o1 KOC

pZ,
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2 CI3 CT4
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HeoTs. OTE.

IITpEr 2

Puc. 5.1. Cxema c¢/H T3C c ueHTpanbHbIM ycTpocTBoM ABP

Ecnn TPT pgonyckaeT camo3anyck ABuratenen ABYX pa6OLIVIX CGKLI,VIVI, TO pa60Ta
6110Ka TOrMKM ONUCbIBAETCS NIOrMYecKnMmn CbOpMYJ'IaMVI:

Olzy]_/\Zl/\ L) NIV IQ NIQANVIZANLL =YIN ZINLQ NLZIVILNLY) NZQANV LY NI NLY

02 SYONZION ZYUNIZNVIYINZIQVIZNANLZY =YIN ZUNLY) NIZNV Y NIYQ NIQANVII NIZ ALY

O3=Y3AZ3A ZIAZQVZIAZY4VIQ ALY =Y3A ZQNZQ NIV I ANIZAZLV I NI ALY

04:y4AZ4/\ Y NZY VII NL3 NV I9) NI] :y4/\€/\22/\24\/21/\23/\24\/22 /\23/\24:
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®opmynam (*) cooTBeTcTBYET Cxema bn1oka normku puc. 5.2, nocnegHuM chopmynam
- puc. 5.3.
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Puc. 5.2. Cxema 6n10ka normku npu 4onycTumMocTm
camo3anycka Harpysku ogHoro TCH
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Puc. 5.3. Cxema 6n0ka normku npm gonycTMMOCTU caMo3anycka Harpysku asyx TCH
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5.1.

5.2.
5.3.
5.4.
5.5.
5.6.
5.7.

6.1.

TexHoJioTMYeCKass U MPOTUBOABapyMMHas aBToOMaTUKa B 23C

5 Cogep)xanme orvera

HanMeHoBaHWe NpakTUYeCcKoro 3aHATHUS.

Llenb npakTMyeckoro 3aHsTuS.

Cxema c/H T2C c LY ABP.

CxeMbl 6n1oKa NOrMkun npu AonycTMMoOCTM Camo3arnycka Harpy3km ogHoro TCH.
CxeMbl 6n10Ka NOrMKn npu AonycTMMOCTM CaMmo3anycka Harpy3ku asyx TCH.
®opmynbl 6110KOB NOrUKK.

KpaTkue oTBETbl Ha KOHTPOJIbHbIE BOMPOCH!.

6. KOHTDO/IbHbBIE BOMPOCHI

HasoBuTe npeuMmyllectBa W HEAOCTATKN M3YYEHHOro LEHTPanM30BaHHOMO

ycTpounctea ABP.

6.2.
6.3.
6.4.
6.5.
6.6.
6.7.

B kakux cny4yasx HauMHaeT paboTaTb LEEHTPaIM30BaHHOE YCTPoUCTBO ABP?
Kakoe Ha3HaueHue 6/10ka NOrMkK B LIEHTPaIM30BaHHOM ycTponcTee ABP?
Ha uto pearnpyet NOH?

OTkyaa nonyyaeT nuTaHue TpaHcgopmaTop MPT?

Kakumn 6ykBamMm 0603HauYeHbl Ha cxeMe CeKLMOHHbIE BbIKYaTenm?
MoueMy MOXET OTKIYaTbCA pa3nnuyHoe konundectso CI?

MO COBEPLUEHCTBOBAHMIO CNOCO60B 1 ycTponcTs ABP.

7. UICrio/1b3yemas anreparypa U Apyrne UCTOYHUKU MHDOPMAaLIMA.
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