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1. ITACITOPT KOMIUIEKTA KOHTPOJIBHO - OHEHOYHBIX
CPEJCTB
1.1 O6sacTh NpUMeHeHHsA KOHTPO/IbHO-0LIeHOUHBIX CPe/ICTB

MeXAUCLUTUIMHAPHBIA ~ KypC  «OJieKTpocHabKeHre —3/1IeKTPOTEXHUUECKOTO
obopyJoBaHusi» BXOAWT B COCTaB TpodeccroHanbHoro wmoayns IIM 01
«Opraau3aiys 371eKTpocHabkKeHUst 31eKTPo0O0pYI0BaHMUS TI0 OTPAC/ISIM».
MeXXauCLUIIMHAPHBIN KypC «DJIeKTpoCcHabkeHre 3/IeKTPOTEXHUYECKOI0
o0opy/ioBaHus1»  TpeAyCMaTpUBaeT M3yueHWe MalllMH TIOCTOSTHHOTO  TOKa,
TPaHC()OPMATOPOB, ACUHXPOHHBIX [IBUraTejel, CUHXPOHHBIX MalluH, CUJIOBbIX
TPaHC(OPMATOPOB, MPaBU/I YCTPOUCTBA 3/IeKTPOYCTAaHOBOK, CXEM 3JIEKTPUUECKUX
coelMHeHUH TIO/ICTAaHI[MW Y pacripeyCTPOMCTB, MPOBOJAHUKOB, pacipeaeanuTeTbHbIX
YCTPOMCTB, WU30/5ITOPOB, 3/€KTPUYECKUX arrapaTtoB HarpsbkeHuem g0 1000 B,
OCBeLeHHs  TPOU3BOJCTBEHHBIX  TMOMELIEeHUM,  3JeKTPUUEeCKHMX  anrnaparoB
HarnpsbkeHreMm Bbiie 1000 B., KOHCTpPyKUMM  pacrnipefe/uTe/bHbIX YCTPOWCTB,
WCTOUHMKOB  OTepaTUBHOTO TOKA, 3a3eM/ieHWs], BHEIHEero 3/IeKTPOCHabXeHust
KeJIe3HBIX [OPOT, TATOBOTO 3/IeKTPOCHAOKeHUS »KeJle3HbIX J0POT.

Pesyneratom OCBOEHUA MK 01.01. «DJIeKTpoCcHabXXeHre
3/IEKTPOTEXHUUECKOT0 000pyZioBaHUs» siB/sieTcs1 (OpMUpOBaHWe 3HaHWM, YMeHUN U
HaBBIKOB, OOILIEKY/IbTYPHBIX U MPOQeCcCUOHaIbHbIX KOMITeTeHL[Mi U (opMUpOBaHKe
1ipoheCCUOHA/IbHBIX TPY/IOBbIX (DYHKIIUM.

1.2 TpeboBaHMs K pe3y/ibTaTaM 0CBOEHHUsI y4eOHOU JUCIIUIUINHBI.

B pe3sysibTaTe OCBOEHHS MEXAUCIMAIIIMHAPDHOTO KypcCa AWIIOMHPOBAHHBIN
TeXHUK JIOJDKEeH
yMeThb:

Y1 - pa3pabaThiBaTh 3/1€KTPUUECKHE CXeMbI 3/IeKTPOCHa0KeHHs
3JIEKTPOTEXHUUECKOTO U 3JIEKTPOTEXHOJIOTMUECKOro 000py/10BaHUs TI0 OTPAC/IsiM;

Y2 - 3anonHATE AeeKTHbIE BeJOMOCTH, BeIOMOCTH 00beMa paboT C TiepeuHeM
HEOOXOJMMBIX 3allaCHbIX YacTed W MaTepuasoB, MapIUIPYTHYI KapTy, [IPYTYIO
TEXHUUECKYIO0 JIOKYMEHTAal[{l0; CXeMa paclpejenuTenbHbIx ceTed 35 KB,
HaXOZAIIMXCS B 30HE 3KCITyaTalJMOHHON OTBETCTBEHHOCTH;

Y3 - ynTaTh MPOCTHIE ICKU3bI U CXeMbl Ha HECJIOJKHBIE JIeTa/T U Y3JIbI;

Y4 - nonb30BaThCd HaBBIKAMM UTEHMSI CXeM T[EePBUYHBIX COeJVUHEeHUU
3JIEKTPOOOOPY/J0BaHUS 3/IEKTPUUECKUX CTAHL[UM U TIO/CTAHL[MM;
Y5 - uutath CXeMbl TIEPBUYHBIX COeAVHEHUM 37eKTPo0ob0pyA0BaHUS

3JIEKTPUYECKUX CTaHLMK Y TIO/ICTaHLIUW;

Y6 - ocBavBaTh HOBbIE YCTPOMCTBA (TI0 Mepe UX BHEPeHHs);

Y7 - opraHusauys pa3paboTKM M TepecMoTpa [JO/DKHOCTHBIX WHCTPYKLIMM
MOJUMHEHHbIX PA0OTHUKOB 00Jlee BbICOKOHN KBanudrKaLuy;

Y8 - uurath CXeMbl MWUTaHUSI U CEKLMOHWPOBAHUS KOHTAKTHOW CEeTU U
BO3/YIIHBIX JIMHUWA 3JleKTporiepefiaul B oObeMe, HeOOXOAWMOM JJisi BBITIOJHEHHSsI
MPOCTbIX paboOT 10 TeXHUUYEeCKOMY OOC/Iy)KMBAaHUIO W TeKYIleMy pPeMOHTY
KOHTaKTHOW CEeTH, BO3[YLUHBIX JIMHWN 3J/IeKTpoIepe/iaud MO0, HarpsbkeHHeM |
BOJIM3M YacTel, HaXOAAIIUXCS M0, HalpshKeHUeM;



Y9 - uuTaTh CXeMbI TIMTAHUS U CEKI[MOHUPOBAHUS KOHTAaKTHOM CeTH B 0O6beme,
HeoOXOAUMOM [I/I1  BBITIOJIHEHWST PabOThl B OMACHBIX MeCTax Ha ydacTKax C
BBICOKOCKOPOCTHBIM JIBU)KEHUEM;

Y10 - uuTaTh TPUHIUITHATbHbIE CXE€Mbl YCTPOMCTB W 000pyJ0BaHUS
3/IEKTPOCHa0KeHUs B 00BbemMe, HeOOXOAMMOM [ijisi KOHTPOJISI BHITIOJTHEHHUS paboT 1Mo
TEXHAYECKOMY  OOCITy)KHBaHHUIO W  PEMOHTY 00OpyZoBaHHS  TSATOBBIX U
TPaHC(OPMATOPHBIX TOZCTAaHLUM, JIMHEWHbIX YCTPOMCTB CUCTEMBI TSTOBOIO

3/IeKTPOCHa0XKeHHS;
Y11 — BeINMChIBaTh HApsA/IbI HA JIOTTYCK K BBITIO/IHsIEMOM paboTe.
3HATh:
31 - yCTPOMCTBO 31€KTPOTEXHUYECKOTO W  3JeKTPOTEXHOJIOTMYEeCKOro

000py0BaHUS TI0 OTPAC/ISIM;

32 - yCTpOICTBO ¥ TIPUHLUM AelcTBUsl TpaHChopmMartopa. [IpaBuia ycTpoiicTBa
3JIEKTPOYCTaHOBOK;

33 -yCTpOWCTBO M Ha3HaueHWe HEeaKTUBHBIX (BCIIOMOraTe/bHbIX) 4YacTeu
TpaHc(opMaTopa;

34 - npuHLMI paboTbl OCHOBHOTO W BCIIOMOTaTeIbHOTO 000pY/[0BaHMs
pacrpe/ieTMTe/bHbIX YCTPOWCTB CpeJHeN CJI0XKHOCTU HarpsbkeHueM 0 35 KB;

35 - KOHCTPYKTUBHOE BBITTO/THEHUE pacIipe/le/IUTe/bHbIX YCTPOUCTB;

36 - KOHCTPYKLMS Y MPUHLUI paboThl CyXHX, MacC/sHbIX, ABYXOOMOTOUHBIX
CUNOBBIX TpaHC(HopMaTopoB MoITHOCTEIO 10 10 000 KBA HanipsbkeHuem fo 35 KB;

37 - yCTpOMCTBO, Ha3HaUeHHWEe Pa3/IMUHBIX TUITIOB 000pyZoBaHUs (TI0IBECHOM,
HaTSDKHOW U30JIALIUM, IIMHOMNPOBOZOB, MOJHHE3all[UThl, KOHTYPOB 3a3eMJISIOLIUX
YCTPOMCTB), 00/1aCTH UX TIPUMEHEHHS;

38 - s1eMeHTbl KOHCTPYKI[MW 3aKPBITBIX U OTKPBITHIX pacIipeie/IUTe/bHbIX
YCTPOUCTB HaripsbkeHreMm g0 110 kB, MWHUMabHbIE AOMyCKaeMble PaCCTOSTHUS
MeXy 000py/10BaHUEM;

39 - yCTpoICTBO MPOBOAOK A/isi IPOrpeBa KabeJis;

310 - ycTpoiicTBO OCBellleHus: pabouero MecTa;

311 - Ha3HaueHVe W YCTPOMCTBO OTJebHBIX 3/IEMEHTOB KOHTAaKTHOM CETU U
TPaHC(OPMAaTOPHBIX MOJCTaHLWK;

312 - Ha3HaueHHWe YCTPOWMCTB KOHTAaKTHOW CeTH, BO3JAYIIHBbIX JIMHUU
3/IeKTporepeiauy;

313 - Ha3HaueHWe U PpaCIIOJIOKeHHWe OCHOBHOTO M BCIIOMOTaTe/IbHOI'O
0o0Opy/IoBaHUSI Ha TATOBBIX TMOACTAHLMAX W JUHEMHBIX YCTPOMCTBAX TITOBOTO
3JIeKTPOCHA0KeHHS;

314 - KOHTpPOIb COOTBETCTBUSI TPOBEPSIEMOr0 YCTPOWMCTBA IPOEKTHOU

JOKYMEHTAllul M B3aUMOJEWCTBUS 3JIEMEHTOB IPOBEPSIEMOr0 yCTPOMCTBA MEXKIY
co0oii ¥ C APYTUMH yCTPOMCTBAMHU 3alL[UT;

315 - yCTpOMCTBO W CIOCOOBI pPeryMpoBKM BaKYyMHBIX BBIK/IIOUaTesel u
5/1era3oBoro obopy/joBaHus;

316 — criocoObI opraHu3aiuy OpuragHoli  paboTbl  TpU  0OC/TY>KUBaHUM
3/IeMEHTOB KOHTaKTHOW CeTH Y TPaHC(POPMaTOPHBIX MOACTaHLUK

UMeTh IPAKTUYeCKUH OMbIT:

- COCTaBJ/IeHUS 3/IEKTPUUECKUX CXEeM 371eKTPOCHA0KeHUsI 37IeKTPOTeXHUYEeCKOT0 U



3/IEKTPOTEeXHO/IOTUUeCKOro 060pyAoBaHus TI0 OTPaCIsSM;

- 3ario/iHeHUsT HeoOX0JUMON TeXHUUECKOM JOKyMeHTall1u;

- BBITIOJTHEHUSI paboT 10 YepTeXkaM, ICKH3aM C TIPUMeHEeHHEM COOTBETCTBYIOIIETO
TaKesla)ka, He0OXOANMBIX TTPUCTIOCOB/IeHHUH, CTIel[ia/bHbIX HHCTPYMEHTOB U
arraparyphbl;

- BHECEHUs Ha JIeMCTBYHOIIUe MJIaHbl U3MEeHEeHUM U [OT0THeHUM, POX301LIe/IINX B
3/IeKTPUUYECKUX CeTSIX;

- pa3paboTKe IO/DKHOCTHBIX U TTPOU3BOCTBEHHBIX HHCTPYKIIUM, TEXHOIOTMUECKUX
KapT, TI0JIO)KeHUH U peryiaMeHTOB JiesiTe/TbHOCTU B 00/1aCTU 3KCTUTyaTal[MOHHO-
TeXHUUECKOT0 00CTyKUBAHUS U peMOHTA KaOe/TbHBIX JIMHUN 37IeKTPoIiepe/iauw;

- pa3paboTke TeXHUUECKHUX yCIOBUM ITPOEKTHPOBAHUS CTPOMTEIBLCTRA,
PEKOHCTPYKIIMM ¥ MOJePHHU3aI[MH KabeTbHbIX TMHUM 3/IeKTpOoTiepeaun;

- opraHu3aluu pa3paboTKH U COTJIaCOBaHWe TeXHUUECKUX YCIOBUM, TEXHUUECKUX
3a/laHUM B YaCTH 00ecrieueHNs] TeXHUUEeCKOTo 00CTy)KUBaHUsI ¥ PEMOHTa
KabebHbIX TUHUM 37IeKTpoTiepejaum;

- U3y4YeHUU CXeM TUTaHUS U CeKIIMOHUPOBAHUSI KOHTAKTHOW CEeTU U JIMHUU
HanpsokeHueM Boile 1000 B;

- U3y4YeHMsl CXeM MMUTAHUS U CeKIJMOHMPOBaHUsI KOHTaKTHOW CEeTU U BO3YIIHBIX
JIMHUM 3/1eKTpoTiepelauk B TIpe/iesiaX JUCTaHIUN 371eKTPOCHA0KeHUS;

- W3yueHUs TPUHIUITHAIBHBIX CXeM 3allUT 3/1IeKTPO000pYyA0BaHUS, 3/IEKTPOHHBIX
YCTPOMCTB, aBTOMAaTHKH U TeJIeMeXaHUKU;

V3y4YeHUUn

yCTPOMCTBA U  XapaKTepUCTHK, OTJIMUMTENbHBIX  OCOOeHHOCTel

o0opy/I0BaHUSI HOBOTO THIIA, MPHUHIUIA PabOThl COKHBIX YCTPOWMCTB aBTOMAaTUKH
00opy/1I0BaHMsI HOBOTO THTIA.
1.3 KomniereHjuun:

BeiOupats crmocoObl  pemieHusi 3afady  MPo(eCCHOHANBLHON  /1esiTe/TbHOCTH

OK 01 TIPUMEHHUTE/IbHO K Pa3/IMUHbIM KOHTEKCTaM.
Wcnosb30BaTh COBpEMeHHblE CpefCTBa  IIOMCKa, aHaJu3a M UHTeprpeTalyu

OK 02 vHpopMalid ¥ WH(POpPMAlLMOHHbIE TEXHOJOTHWU [Jisi BBIMIOJIHEHUs 3afiau
nipodecCOHAIbHOM /1esITe/IbHOCTH.

OK 04 AddeKTHBHO B3aMMO/IEMCTBOBATh U pab0TaTh B KOJIJIEKTHBE U KOMAH/[e

OK 09 [Tonb3oBaTbCs MpodeccroHabHOW [OKyMeHTallield Ha TroCy/lapCTBEHHOM U
WHOCTPaHHOM $13bIKaX.

K 1.1 BBINOMHATE OCHOBHBIE BUABI PabOT TI0 TMPOEKTUPOBAHUIO 3JIEKTPOCHAOKeHUst

) 3/IEKTPOTEXHUUECKOTO U 3JIEKTPOTEXHOIOTMYECKOT0 000PYI0BaHUSI.
MK.1.2 YutaTb U COCTaB/SATH  JJeKTPUYECKWe  CXeMbl  3JIeKTPOCHAaOXKeHUs

3JIEKTPOTEXHHUUYECKOI'0 M 3JIGKTPOTEXHOJ/IOTMYeCKOro O60py,£[OBaHI/IH




2.Mope/i1 KOHTPO/IUPYeMbIX KOMNeTeHLUuN
Tab6smna 1. Moae i KOHTPO/ITUPYEMbIX KOMITeTeHIIHI

Komnerenuun, gopMupyemsbie B
MpoLecce H3y4YeHHs Y CIHUILIHHBI

TpedoBanus s
OCBOEHHA JUCHUILTMHBI

OK 01 Be6upars criocoGet
peleHus 3aad mpodecCHoHaTbHOU
JeATe/IbHOCTH  TIPUMEHUTENBHO K
Pa3IMUYHBIM KOHTEKCTaM

3HATh:

31 - yCTPOMCTBO 3JIEKTPOTEXHUYECKOTO U 3IeKTPOTEXHOJIOTUUECKOTO
060py/10BaHuUsI TI0 OTPAC/ISIM;

32 - yCTpOWCTBO W TIPUHIMN JAeWCTBUS TpaHchopmaropa. IIpaBuia
YCTPOMCTBA 3/1eKTPOYCTaHOBOK;

33 -yCTpOHCTBO M Ha3HaueHWe HeaKTUBHBIX (BCIIOMOraTesbHbIX) YacTel
TpaHcdopmaropa;

34 - npunHiMn paboThl OCHOBHOTO W BCIIOMOTATeIbHOTO 000DPYIOBaHUS
pacripe/ie/IiTe/IbHBIX YCTPOUCTB CpeiHeM CII0KHOCTH HampspKeHHeM 10 35
KB;

35 - KOHCTPYKTHBHOE BBINOJIHEHHE pacrpe/ie/IMTeIbHbIX YCTPOUCTB;

36 - KOHCTPYKLSI ¥ TTPUHIMIT pab0ThI CyXMX, Mac/SIHBIX, ABYX0OMOTOUHBIX
CWJIOBBIX TpaHC(opMaTopoB MoIHOCTEIO 710 10 000 KBA HamnpspKkeHHeM /10
35 kB;

37 - yCTpPOWCTBO, Ha3HAaueHWe pa3/IUUHBIX THUIOB 000pY/0BaHUS
(mofBecHOM, HATSDKHOW M30JSILUM, IIMHONPOBOJOB, MOJIHHE3aIlUThI,
KOHTYPOB 3a3eMJISIFOIINX YCTPOMCTRB), 00/1aCTH UX TIPUMEHEHHUS;

38 - y1eMeHThI KOHCTPYKLIMHU 3aKPBITBIX W OTKPBITHIX paclpe/leUTeTbHBIX
YCTpOUMCTB HampsbkeHueM Jo 110 kB, MuHMManbHBIE [AOMyCKaembie
PACCTOSIHUSI MKy 000pyJ0BaHNEM;

39 - ycTpoiicTBO MPOBO/IOK AJIs1 TIpOrpeBa Kaberis;

310 - ycTpo¥CTBO OCBelleHHst pabouero MecrTa;

311 - Ha3HaueHUe U YCTPOUCTBO OT/e/IbHBIX 3IEMEHTOB KOHTaKTHOM CeTH U
TpaHC(hOPMATOPHBIX MMO/ICTaHLINH;

312 - nHa3HaueHWe YCTPONCTB KOHTAKTHOM CEeTH, BO3AYIIHBIX JIMHHUM
3/IeKTporepeauy;

313 - Ha3HaueHWe M pacIO/JOXXKeHWe OCHOBHOI'O M BCIIOMOraTe/IbHOTO
000pyZOBaHKsl Ha TATOBBIX MOJCTAHIMSAX W JIMHEHHBIX YCTPOHCTBAX
TSITOBOTO 3JIEKTPOCHA0KEeHNSI;

315 - yCTpOMCTBO U CrIocOOBI PETyIMPOBKY BaKYYMHBIX BBIK/TFOUAaTened U
3/1era30Boro 000py/[0BaHMUs;

yMeTb:
¥1 - pas3pabaTbiBaTh 37EKTPUUECKHE CXEMBI  3JIEKTPOCHAOKEHUS
3/IeKTPOTEXHUUECKOTO ¥ 3JIeKTPOTEXHOJIOTMYECKOr0 00OpYZOBaHMs TI0
OTpacyIsiv;

Y2 - 3zanonHATE [edeKTHbIE BeJOMOCTH, BefloMOCTH obGbeMa paboT c
repeuHeM He0oOXO[MMBIX 3aracHbBIX YacTeld M MaTepuasoB, MapIIPYTHYO
KapTy, APYryl0 TeXHUYeCKyl0 JAOKYMEHTAlMI0; CXeMa pacrpe/ienuTebHbIX
ceTell 35 KB, HaXOAAIIMXCS B 30He KCIITyaTaljJMOHHON OTBETCTBEHHOCTH;
¥3 - ynTaTh NPOCTbIE 3CKU3bI U CXeMbl Ha HeC/I0KHbIe ZleTali U Y37Ibl;

Y4 - monb30BaThCs HaBbIKAMHU UTEHMs CXeM IepBUYHBIX COeJMHEeHUH
371eKTp006OPYJOBAHUS 3/IEKTPUUECKUX CTAHLUH 1 MO/CTaHLINH;

Y5 - uuTaTh CXeMbl TIEPBUUHBIX COEJIUHEHUIN 3/1eKTPOOOOPYAOBaHHUS
3/IeKTPUUECKUX CTaHIUH U TIOZCTaHLH;

Y6 - ocBauBaTh HOBBIE YCTPOMCTBA (TI0 Mepe UX BHeJpeHUs);

Y7 - opraHusaius pa3paboTKy U IlepecMOTpa JO/DKHOCTHBIX MHCTPYKLMIH
MOAUYMHEHHbIX PaOOTHUKOB 60Jlee BHICOKOM KBa/TM(HKALIL;

Y8 - uuTaTh CxeMbl NMUTAHUS M CEKIMOHUPOBAaHUS KOHTAKTHOW CeTH U
BO3JYIUHBIX JIMHAN O3jeKTporiepefjadd B 00beMe, HeoOXOAUMOM [ijist
BBITIOTHEHHUST TPOCTBIX PabOT M0 TeXHUYECKOMY OOCTy)XKMBaHUIO U

TeKylleMy  peMOHTy  KOHTaKTHOM  CeTH,  BO3AYLUHbIX  JIMHUW
3/IeKTpOIIepejauM T0/, HarpshKeHHeM W BOJIU3M yacTel, HaXOSIUXCS TI0f
HarpspKeHUeM;

Y9 - yuTaTh CxeMbl NMUTAHUSI U CEKI[MOHMPOBAHUSI KOHTAaKTHOM CeTH B
obveMe, He0OXOAUMOM [JIsi BBIMIOTHEHHUsT pabOThl B ONACHBIX MecTax Ha
yuyacTKaX C BBICOKOCKOPOCTHBIM JJBHKEHHEM;

Y10 - ydTaTh NPHUHIWNMAIBHBIE CXeMbl YCTPOHCTB U 00OpYZOBaHHs




3/1eKTpocHabkeHns1 B 00beMe, HeOOXOAMMOM ZJisi KOHTPOJISI BBITIOJTHEHUS
paboT MO TexHUUeCKOMY OOCIYy)KMBaHUI0O U PEMOHTY 000pyZAoBaHUs
TATOBBIX U TpaHCHOPMATOPHBIX TMOJACTAHLMM, JUHEHHBIX YCTPONCTB
CHUCTEMBI TSATOBOTO 3JIEKTPOCHA0KeHHsl.

OK 02 Vcnonbs3o0BaTb COBpeMEHHbIe
cpefcTBa MOWCKA, aHaau3a |
VHTepripeTallil  WHGOpPMald |
WH(OpPMAaLMOHHBIE TEXHOJIOTHU IS
BBITIO/THEHUSI 3ajaq
npodecCUOHANBHON [ieaTe/IbHOCTH.

3HaTh:

35 - KOHCTPYKTHBHOE BBITIONIHEHKE paCIpe/ieMTe/TbHbIX YCTPOUCTB;

36 - KOHCTPYKIMS Y MPUHLUI paboThI CyXHX, MaC/sSHBIX, AByX0OMOTOUHBIX
CUJIOBBIX TpaHC(opMaTopoB MomIHOCTEIO 710 10 000 KBA HamnpspKkeHHeM 10
35 kB;

37 - yCTpoOicTBO, Ha3HaueHWe pa3/UUHBIX TUMIOB 00OOpY/OBaHHUS
(mofBecHOW, HATSHKHOW HW30JISILIMYM, LIMHOMPOBOJOB, MOJIHHE3alUTh,
KOHTYPOB 3a3eMJISIFOLLIUX YCTPOMCTB), 06/1aCTH X IPUMEHEHMS];

38 - sneMeHTb! KOHCTPYKIMM 3aKPBITHIX M OTKPBITBIX pacrpe/euTenbHbIX
ycTpoiicTB HampsbkeHneM fo 110 kB, MMHUMasbHbBIE [OITyCKaemble
pacCTosTHUS MeXXy 000pyAOBaHUEM;

39 - yCTpOICTBO MPOBO/IOK 1151 TPOTrpeBa Kabess;

310 - ycTpo¥icTBO OCBellleHHst pabouero MecTa;

311 - Ha3Ha4YeHe U YCTPOMCTBO OT/e/bHBIX 3/IEMEHTOB KOHTaKTHOM CeTH U
TpaHc(OpMaTOPHBIX MO/CTAHLINH;

312 - Ha3HaueHWe YCTPONCTB KOHTAKTHOM CEeTH, BO3ZAYIIHBIX JIMHUM
3J/IeKTponepesau;

313 - Ha3HaueHUe M paCMOJIOXKEeHUWe OCHOBHOTO M BCIIOMOraTebHOro
00OpyZoBaHMsI Ha TATOBBIX MOJCTAHIMSAX W JIMHEHHBIX YyCTPOHCTBAX
TSITOBOTO 3JIEKTPOCHA0KEeHNS;

314 - KOHTpPOIb COOTBETCTBUSI TIPOBEPSIEMOIO YCTPOMCTBA MPOEKTHOU
JOKYMeHTal[ul U B3alMO/IelCTBUsI 3/1eMeHTOB TPOBEepPsieMOro yCTpOMCTBa
Me7y coboii ¥ ¢ [pyrMMH YCTPOMCTBaMHU 3alljUT;

315 - yCTpOMCTBO U CrIOCOOBI PEryIMPOBKY BaKYYMHBIX BBIK/JTFOUAaTeed U
3J1era30Boro 0060pyAoBaHus;

yMeThb:

Y1 - pa3pabaTbIBaTh 3/1€KTPHUECKHE CXEMBI 3/IEKTPOCHA0KEeHNsT
3JIEKTPOTEXHUUECKOTO U 3JIEKTPOTEXHOIOTHUECKOT0 060pyJOBaHUSI TIO
0TpacysMm;

Y2 - 3anonHATh JedeKTHble BeJOMOCTH, BeAoMocTH obbema paboT ¢
nepeyHeM HeOOXOZAMMBIX 3arlacHBIX dacTeld M MaTepHasoB, MapLIPyTHYIO
KapTy, APYryl0 TeXHUYeCKyo JAOKYMEHTAll[I0; CXeMa pacrpe/iennTebHbIX
cetell 35 KB, HaXOAAIIMXCS B 30He KCIITyaTaljMOHHON OTBETCTBEHHOCTH;
Y3 - unTaTh NPOCTHIE 3CKU3BI U CXeMbI Ha HeC/I0KHbIe leTaau U Y3JIbl;

Y4 - monb30BaThCsl HaBblKAMM UYTEHMS CXeM IEepBUYHBIX COeJUHEeHUM
371eKTPO06OPYJOBAHUS 3JIEKTPUUECKUX CTAHIUH 1 MO/CTaHIINH;

Y5 - uuTath CXeMbl TIEPBUYHBLIX COEJUHEHH 3JIeKTPOOOODPY/I0BaHUS
5/IeKTPUUECKUX CTaHLUIM U NOACTaHLUM;

Y6 - ocBanBaTh HOBbIe yCTPOWCTBA (110 Mepe UX BHeJpeHuUs);

Y8 - uuTaTh CxeMbl NMUTAHUS M CEKIMOHUPOBAaHUS KOHTAKTHOW CeTH U
BO3JYIUHBIX JIMHUM 3jeKTporiepefjadd B 00beMe, HeoOXOAUMOM [ijisi
BBITIOIHEHHUST TPOCTBIX PabOT M0 TeXHUYECKOMY OOCTyXMBaHUIO U

TeKylleMy  peMOHTy  KOHTaKTHOM  CeTH,  BO3AYLIHbIX  JIMHUW
3/IeKTpOIIepejauM T0/, HarpshKeHHeM U BOJIU3M yacTel, HaXOSIUXCS TI0f
HarpspKeHUeM;

Y9 - uumTaTh CXeMbl IUTAHUSI U CeKLIMOHMPOBaHUA KOHTAKTHOM CeTH B
O6'LEME, HEOGXO,ELI/IMOM A1 BBITIO/THEHUA paGOTbI B OIlIAaCHBIX MeCTaX Ha
y4dacTKaX C BLICOKOCKOPOCTHBIM [JBW>XE€HHEM;

Y10 - vuyuTaTh TNPUHLMNHMATBHBIE CXEeMbl YCTPOHCTB U
000opyj0BaHUsST 371eKTPOCHAOKeHUsT B 00beMe, HeoOXOJUMOM
JUI  KOHTPOJISI  BBLIMOJIHEHHS paboT TI0 TEXHUYEeCKOMY
00C/y)KMBaHUIO U PEMOHTYy O00OpY/ZOBaHMsI TSIOBBIX U
TpaHC(OPMATOPHBIX  TOACTAHIMM, JIMHEWHBIX YCTPOMCTB
CHCTEMbI TATOBOT'O 37IeKTPOCHAOKEeHHsI.

OK 04 SdbdekTrBHO
B3aUMOJIeiCTBOBaTh M paboTaTh B
KOJIIEKTHBE ¥ KOMaH/ie

3HaTh:

316 - criocobel opraHuM3anvk OpuragHOHpPabOTEl TIPH  OOCTY>KMBaHUU
3JIEMEHTOB KOHTAaKTHOM CeTH ¥ TPaHC(HOPMAaTOPHBIX MOACTAHLIUH

YMeth:




Y7 - opraHu3saiusi pa3paboTKU U MepecMoTpa AO/DKHOCTHBIX UHCTPYKILUMA
MOJUMHEHHBIX pabOTHUKOB O0Jiee BBICOKOW KBaTU(PUKALIIN;

Y11 — BbIMMCBbIBaTHL Hapsiibl Ha JIOMYCK K BBIMO/HSAEMOM
paboTe

OK 09 ITonb3oBaTbCs
npodeccHoHanbHOM  JOKyMeHTaluei
Ha rocy/jJapCTBeHHOM M MHOCTPaHHOM
S3bIKaXx.

MeThb:

¥ 3 - unTaTh MPOCTHIE 3CKU3BI K CXeMbI Ha HeCJIOXKHBIE JeTajld U Y37Ibl;

Y4 - 10/b30BaThCs HaBBIKAMH UTEHHS] CXeM TepPBUUYHBIX COeAWHEHUH
371eKTPo06OPYJOBAHUS 3/IEKTPUUECKUX CTAHLUH 1 MO/ CTaHLIN;

Y5 - uuTaTh CXeMbl TIEPBUUHBIX COEJIUHEHUIN 3/1eKTPOOOOPYAOBaHHUS
3/IeKTPUUECKUX CTaHIUH U TIOZCTaHLH;

Y8 - uuTaTh CXeMbl MUTAHUS M CEKIIMOHUPOBAHUS KOHTAKTHOW CeTU M
BO3JYIUHBIX JIMHWM SjeKTporiepefiadyd B o0beMe, HeoOXOAUMOM [isl
BBIMIOJIHEHHUSI TIPOCTBIX PaboT 10 TeXHUYeCKOMY OOCTyKMBaHUI U
TeKyLleMy  pPEeMOHTy  KOHTaKTHOM  CeTH,  BO3AYLIHBIX  JIMHHH
3/IeKTpoIiepeJiauy Mof, HanpspkeHHeM U BOJIM3M YacTeld, HaXOASAIMUXCS M0
HarpsDKeHHEM;

Y9 - ydTaTh CXeMbl MUTAHUS W CEKI[MOHUPOBAHHSl KOHTAKTHOM CeTH B
obbeMe, He0OXOZMMOM [IJisi BBITIOTHEHHUsI paboThl B OTACHBIX MeCTax Ha
yuacTKaX C BBICOKOCKOPOCTHBIM JIBVKEHHEM;

Y10 - uuTaTh NPUHLMNMANBHBIE CXeMbl YCTPOHCTB U 000pyZAOBaHUS
3/1eKTpOoCcHabkeHNs1 B 06beMe, He0OXOAUMOM [ijisi KOHTPOJIsI BBIIIOTHEHUS]
paboT TO TEeXHUYECKOMY OOCIY)KMBAaHHUIO W PEMOHTY 000pyAoBaHUsS
TATOBBIX U TPaHC(HOPMATOPHBIX TIO/CTAHLIUM, JMHEHHBIX YCTPOWCTB
CHUCTEMBI TSTOBOTO 3/IEKTPOCHA0KeHMsI.

IIK 1.1 BeINOMHATE OCHOBHBIE BU/IBI

pabot o TIPOEKTUPOBAHUIO
3/IeKTPOCHA6KeHHsI
3/IEKTPOTEXHUUECKOTO U
3/IEKTPOTEXHOJIOTYECKOr0
000py/I0BaHMsI.

3HaTh:

314 - KOHTPOJIb COOTBETCTBHSI TPOBEPSIEMOr0 YCTPOMCTBA TPOEKTHOM
JOKYMEHTal[il ¥ B3aUMOJEHCTBUS 3/1eMEHTOB IIPOBEPSEMOr0 YCTPOMCTBa
MeXXay cobol U C APYTMMU YCTPOMCTBAMU 3alLIUT;

Ymertn:

¥1 - pa3pabaTbiBaTh 37EKTPUUECKHE CXEMBbI  3JIEKTPOCHAOKEHUS
3/IEKTPOTEXHUUECKOTO U 3/IeKTPOTEXHOJOTMUECKOr0 000py/I0BaHUsI 10
0Tpac/saMm;

uMeTb HpElKTI/I‘-IECKI/lﬁ OIIBIT:

- COCTaBJIeHUS 3/1IeKTPUYECKUX cxeM 3/IeKTPOCHAOKEeHUs
3/IEKTPOTEXHUUECKOTO U 3JIEKTPOTEXHOJIOTMUYECKOT0 000py/I0BaHUS 10
0TpacysM;

- 3aMo/IHeHUst He0OXOIUMOM TeXHUUECKOW JOKYMEHTALIUK;

BBINOJIHEHWST paboT TI0  dYepTekam, 3CKH3aM C  TpPHUMeHeHueM
COOTBETCTBYIOLLIETO  TaKelaka,  HEOOXOMUMBIX  MPUCTIOCOOJIEHUH,
crelManbHbIX MHCTPYMEHTOB U anmnaparyphl;
IIK 1.2 YurtaTb U4 COCTaB/IATH | 3HATH:

3/1IeKTpUYeCcKue cxeMbl | 31 - yCTPOWMCTBO 3JIEKTPOTEXHUYECKOTO U 3/IeKTPOTEXHOJIOTHUeCKOro

3/IeKTPOCHAOKEHUs 060py/10BaHUsI TI0 OTPAC/ISIM;

3/IeKTPOTeXHUYECKOIro u | 32 - ycTpoiicTBO W mNpuHOMI JAedcTBusi TpaHcdopmaropa. IIpaBuia

3/1eKTPOTEXHO/I0TMUECKOT O YCTPOMCTBA 3/1€KTPOYCTaHOBOK;

obopyqoBaHus 33 -ycTpolCTBO M Ha3HaueHHWe HEaKTHMBHBIX (BCIIOMOTaTe/bHbIX) uacTeit

TpaHcdopmaropa;

34 - mnpuHUMIO paboThl OCHOBHOTO UM BCIIOMOTaTe/bHOrO 000py[0BaHUS
pacnpe/ieuTebHbIX yCTPOWCTB CpeZiHel C/I0’KHOCTH HampsbKeHHeM o 35
KB;

35 - KOHCTPYKTHBHOE BBITIOIHEHKE paCIpe/ieNiTe/TbHbIX YCTPOUCTB;

36 - KOHCTPYKIUS Y MPUHLIUIT pabOTBI CyXHX, Mac/sSHBIX, ABYXOOMOTOUHBIX
CWJIOBBIX TpaHc(opMaTopoB MomHOCTEIO 10 10 000 KBA HamnpspKkeHHeM 710
35 kB;

37 - yCTpoOicTBO, Ha3HaueHWe pas/MUHBIX TUMIOB 00OOpYy/OBaHUS
(mojBeCHOW, HATSDKHOW HW30JSILIMYM, LIMHOMPOBOJOB, MOJIHHE3alUTh,
KOHTYPOB 3a3eMJISIFOLLIUX YCTPOMCTB), 06/1aCTH X NIPUMEHEHNUS];

38 - sneMeHTb! KOHCTPYKLIUM 3aKPBITIX M OTKPBITHIX pacrpe/euTenbHbIX
ycTpoiicTBe HampspkeHneM [fo 110 kB, MMHUMasbHbBIE [OITyCKaemble
paccTosHUS MeXXay 000py/J0BaHEM;

39 - yCTpOICTBO MPOBOZOK Ai1s1 ITpOrpeBa Kabers;

310 - ycTpOWCTBO OCBellleHHs pabouero MecTa;




311 - Ha3HaYeHWe U YCTPOMCTBO OT/eNbHBIX 3/IEMEHTOB KOHTAKTHOM CeTH U
TpaHCOPMaTOPHbIX NO/CTaHLUH;

312 - Ha3HayeHWe YCTPOWCTB KOHTaKTHOM CeTH, BO3JYILIHBIX JIMHUM
3/IeKTporepesjau;

313 - Ha3HaueHWe M pacloJ0XKeHHWe OCHOBHOIO M BCIIOMOraTe/IbHOTO
00OpyZoBaHMsI Ha TATOBBIX MOJCTAHOUSAX W JIMHEMHBIX YyCTPOMCTBAX
TSTOBOTO 3JIEKTPOCHAOKEHUST;

315 - yCTPOMCTBO M CIOCOOBI PETYIMPOBKY BAKYYMHBIX BBIK/TIOUATENeH U
5/1era30BoOro 060pyA0BaHuUs;

yMeTb:

¥1 - paspabarbiBaThb 3/eKTPUUECKHE CXeMbl 371eKTpoCHabKeHHs
3/IEKTPOTEXHUUECKOTO M 3JIEKTPOTEXHOJIOTHUECKOro 00OpyZOBaHUs TI0
OTpac/siv;

¥3 - ynTaTh IPOCTHIE SCKM3bI ¥ CXeMbl Ha HEC/IOKHbIE ZIeTalk U Y371bl;

¥4 - mosp30BaThCS HAaBBIKAMHU UTEHHS CXeM I1epPBUYHBIX COeJMHEeHUH
3/1eKTPO06OPYJOBAHUS 3JIEKTPUUECKUX CTAHLUH 1 MO/CTaHLIN;

Y5 - uuTath CXeMbl TEPBUYHBLIX COEJUHEHH 3JIeKTPOOOODY/10BaHUS
3/IeKTPUUECKUX CTaHLUM U NOACTaHLUMH;

Y8 - uuTaTh CxeMbl NUTAHUS M CEKIMOHUPOBAHUs KOHTAKTHOW CeTU U
BO3JYIUHBIX JIMHUM 3jeKTporiepefiadd B oObeMe, HeoOXOAUMOM sl
BBINIOJIHEHHUSI TPOCTBIX PaboOT 10 TeXHUYeCKOMY OOCTy)XMBaHUI U
TeKylleMy  PEeMOHTy  KOHTaKTHOW  CeTH,  BO3AYIUHBIX  JIMHUH
3/IeKTporiepeJiaur MoJ, HanpsKeHHeM U BOJIM3U YacTeld, HaXOASAIMUXCS MO
HarpspkeHHeM;

Y9 - yuTaTh CXeMbl MUTAHUSI W CEKL[MOHUPOBAHWSl KOHTAKTHOM CEeTH B
obbveme, He0OXOAUMOM [JIs1 BBIMOTHEHUs] PabOThl B ONACHBIX MecTax Ha
yuyacTKaxX C BBICOKOCKOPOCTHBIM JJBWKEHUEM;

Y10 - uyuTaTh TIPUHIMIMUAIBHBIE CXEMbl YCTPOMCTB U 000pYZAOBaHUS
3/1eKTpOCHabKeHHs1 B 06beMe, He0OXOAUMOM Jijisi KOHTPOJISI BHIITOJIHEHHUS
paboT TO TEXHUYECKOMY OOCIY)XKMBAaHHUIO W PEMOHTY 000pyAOBaHUS
TSTOBBIX Y TPAHC(HOPMATOPHBIX TIOACTAHLMN, JIMHEHHBIX YCTPOMCTB
CHUCTEMBI TSITOBOT'O 3JIEKTPOCHAOKEHWSI.

HMeThb NPaKTHYeCKHH ONbIT:

- BHeCeHMss Ha [elCTBylollde II7laHbl H3MeHeHWH U [OMOJIHeHUH,
TIPOM30ILEAIINX B 5/IeKTPUYECKUX CeTSIX;

- pa3paboTKe JO/DKHOCTHBIX UM TIPOM3BOJCTBEHHBIX  WMHCTPYKLIUH,
-TeXHOJIOTUYeCKUX KapT, TOJI0KEHWH U perjaMeHTOB [esTe/JbHOCTH B
00/1acTi  3KCIUTyaTallMOHHO-TEXHUUECKOTO OOC/IY)KMBAHUSIT W pEMOHTa
Kabe/TbHBbIX JITMHUH 3/IeKTpOoTepejaum;

pa3paboTKe TEeXHHUUYECKUX YCJIOBMHA TPOEKTUPOBAHMS CTPOUTENIBCTBA,
PEKOHCTPYKLIMU U MOJIePHU3aLMH KaOebHBIX JIMHUM 3/1eKTpoTiepejaun




1.1 KoHTpPOJIb ¥ OLIeHKA 0CBOEHHUS YUe0HOM JUCIUIUTHHBI/ MEeXAUCIMIUTMHAPHOT0 Kypca 10 pa3je/iaM (TeMam)

JJieMeHT yue0HO! JUCIHUILTMHBI/Me)XXAUCHUIUTMHHAPHOT0 Kypca HavmeHoBaHue Pe3yn1bTaThl 0CBOCHUSA
OLIeHOYHOI'0 (3HaHus1, ymeHus,
CpeACTBa KOMIIeTeHL{1H)

Tekymias arrecranus
(TeKyIIMid KOHTPOJIb YCIIeBAeMOCTH)

Pa3pen 1. YcTpoiCcTBO 3/1eKTPOTEXHHUECKOT0 000PYAOBAaHHUS 10 0TPAC/IAM

Tema 1.1 | MaumiMHbI NOCTOAHHOI0 TOKA HC; I13; JI3 31;¥Y1;¥Y3;0K 02

Tema 1.2 | TpanchopmaTopsbi HC; I13; JI3 32;33;36;¥1;Y2;¥4;Y5; OK 02;

Tema 1.3 | ACHHXpPOHHBIE JBUTraTe/Iv HC; I13; JI3 31; ¥1,¥3; OK 02

Tema 1.4 | CHUHXpPOHHBIE MaIIUHbI HC; I13; JI3 31; ¥1,¥3; OK 02

Tema 1.5 | CunoBbie TpaHcoOpMaTOPhI HC; 113; 31;32;33;36; Y1;¥2;¥4;Y5; OK

02

Tema 1.6 | IlpaBuia ycTpoicTBa HC; 31;¥Y7;0K 01;0K 04;
3/IEKTPOYCTAaHOBOK

Tema 1.7 | CxeMbl 3/IeKTPUYECKUX COE€JUHEHUM MOACTAHIUNA H HC; I13 38;35; ¥4;¥Y5;0K 01; OK 02; OK
pacrpeayCcTPOMCTB 09;B 1;ITIK 1.1; TIK 1.2

Pa3pesn 2.3/1eKTpryecKue IPpOBOAHMKH M aniaparhbl

Tema 2.1 | IIpoBoAHMKM pacnpe/je/uTe/IbHbIX YCTPOUCTB. HC; I13 34;37;
MN30/19TOPHI

Tema 2.2 | JjeKTpuuecKue anmnaparsl Hanpspkenvem g0 1000 B HC; JI3 31;35;34;36; Y1;¥Y2;Y3; OK 02;

B/[1

Tema 2.3 | OcBeljeHHe NPOU3BO/ICTBEHHbIX MOMeEIeHUH HC; 113 310;¥8;¥1;Y7;

Tema 2.4 | JeKTpHuecKue annaparsbl HanpspkeHueM Bbinle 1000 HC; I13; JI3; BCP 31;313;315; Y1;¥2; OK 02;
B.

Paspen 3. KoHcTpyKIiun pacnpe/ie/inTe/IbHbIX YCTPOWCTB
Tema 3.1 | KoHCTpyKIjMiH pacripejie/iuTe/IbHbIX YCTPOICTB HC; I13 35;¥2;¥Y6;0K 01;;BJ1;I1IK

1.1;ITK 1.2

Pa3pen 4. ICTOUHUKM OIIePpaTUBHOIO TOKA. 3a3eM/ieHue




Tekyniasa arrecranus
(TeKyIIMi KOHTPOJIb YCIIeBAeMOCTH)

O/1eMeHT yue0HO# AUCIUITHHBI/ M)XK JUCIUIIMHAPHOTO Kypca HaumMmenoBaHue Pe3ybTaThl 0CBOGHUSA
OL|€HOUYHOI'0 (3HaHU#A, yMeHuUs,
CpeACTBa KOMIeTeHILUN)

Tema 4.1 | ICTOUHMKH OMepaTHBHOrO0 TOKa. 3a3emM/ieHHUe HC; I13 37;Y6;

Pa3pen V | Cucrema 3/1eKTPOCHa0KeHHUs JKe/Ie3HbIX A0POr

Tema 5.1 | BHelllHee 3/1eKTPOCHa0)KeHHe )KeJIe3HbIX J0por HC 313;311;313;¥Y2;¥1;
Y4;¥Y5;¥Y8;0K 01; OK 02;0K
04;0K 09;B/[1; IIK1.1;1IK 1.2

Tema 5.2 | Taropoe 3/1eKTPOCHAGKEHHE )KeI€3HBIX JOPOT HC; I13;BCP 313;¥2;¥1; ¥4,¥5,;¥Y9;0K 01;

OK 02;0K 04;0K 09;B/I1;I1IK
1.1;]IK 1.2

IIpomMe)XyTouHas aTTecTanus:

9

[TpuHsATHIe cOKpallleHus, 3 — 3aueT, [13 — auddepeHipoBaHHbiii 3aueT, HC — HakonuTebHasi CCTeMa OLleHUBaHUs, O —
9K3aMeH, P3 — perieHue 3a/jau, TP — HamycaHue U 3all[iTa TBOPUECKUX paboT(yCTHO WK C MpUMeHeHreM UH(OPMAaIIMOHHBIX
TeXHOJIOTUM) JI3 — UTOTH BBITIO/IHEHHS U 3alliUTa 1abopaTopHbIX paboT, I13 — UTOTU BHITIOJTHEHUS U 3all[dTa MPAKTUYeCKUX
pabor, [1P — npoBepouHas pabota, BCP — BbIno/iHeHe BHeayIUTOPHO CAMOCTOSATeTbHOM PaboThI (JoMalliHre paboThl U JpyTHe
BU/BI pabOT wu 3afianuii), P3 — pemenue 3agau, 3AY — ycTHbIe WM MUCbMeHHBIH 3aueT, KITP — BbITIo/THEHHE U 3all[iTa
KypPCOBOTO MpoeKTa. [/s1 pe3y/ibTaTOB OCBOEHUS YKa3bIBalOT TOIBKO KO/Ibl 3HAHUM, YMEHUN U KOMIETeHLUN




3. Tekyinas arrecraiusi CTyA€HTOB.

Tekyiasg aTTecTalds 10 MEXIUCHUIUIMHADHOMY KYpCYy «3JeKTpocHabkeHue
3/IEKTPOTeXHUUECKOTO 000pyZ0BaHsI» TIPOBOAUTCS B (hopMe KOHTPOJIbHBIX MEPOTIPUSITHH
(YCTHBIM OTpOC, OlleHKa TBOpUYeCKUX paboT B BHJe JOK/Ia/[0B, pedepaToB U ITpe3eHTalui
Ha CEeMMHApCKUX 3aHATHSX, 3allldTa TPaKTUUeCKUX paboT U TIp.), OlleHHUBaHHe
(haKTHUeCKUX pe3y/IbTaTOB 00yUeHUsI CTY/IeHTOB, OCYII[eCTBIISIETCS TIPerofiaBaTesieM.

OObekTaMU OlleHUBaHUS BLICTYIIAIOT:

- yueOHass  JUCIUTIIMHA (aKTUBHOCTH ~ Ha  3aHATUSIX,
CBOEBPEMEHHOCTh BBITIOJIHEHUSI PA3/IMYHBbIX BUJOB 3aZlaHUM, TOCEIaeMOCTb BCeX BUJIOB
3aHSITUM 110 aTTECTYeMOM JUCLIUTIIUHE);

- CTereHb YCBOEHUSI TeOPeTUYEeCKUX 3HAHWUM;

- YPOBEHb OBJIa/IeHUs] TIPAaKTUUECKHUMU YMEHUSMU YW HaBbIKaMU
0 BCeM BUJjaM yueOHOI paboThI;

- pe3y/bTaTbl CaMOCTOSATE/TLHOM pabOoTHhI.

AKTUBHOCTBH CTyJleHTa Ha 3aHATHUAX OLEHWBAETCS HAa OCHOBE BbITOJHEHHBIX
CTyJleHTOM paboT U 3a/laHuii, ITIPeAyCMOTPEHHBIX [JaHHOW paboueil IpPOrpaMMoit
MeKMCLUTVIMHAPHOTO Kypca.

3ajjaHu /1A TeKyler aTTecTalum.
Pa3pen I YcTpoicTBO 3/1eKTPOTEXHUUECKOT0 000PYAOBAaHUA 10 OTPAC/ISAM:
Tema 1.1 MamvHbI NIOCTOAHHOI'0 TOKA:
Bomnpoch! /11 yCTHBIX ONPOCOB :
[TpyHLMN 1eUCTBUS U KOHCTPYKLMS MAIlIMH MOCTOSTHHOTO TOKa.
Y CTpOMCTBO SIKOPHBIX 0OMOTOK.
MaruuTHas cucrema.
KommyTanus B MallimHax NoCTOSHHOT'O TOKa.
['eHepaTOpBI MOCTOSTHHOTO TOKA.

SR ol e

Tema 1.2 Tpancdopmaropsbi:
Bonpocsl /151 yCTHBIX ONPOCOB:

1. Y CTpOMCTBO Y TIPUHLIUIT JIeCTBUSA ofjHOba3HOro TpaHcdopMaropa.

2. Kos¢pdurmenT Tpanchopmary HanpspkeHUH

3. PaboTa osHOda3HOr0 TpaHChopMaTopa Mo, Harpy3KOou.

4. TpancdopMarusi TOKOB.

5. OnbITBI  XOJIOCTOTO  XO/[a U KOPOTKOTO  3aMbIKaHUsi  OAHO(Aa3HOro
TpaHc(opMmaropa.

6. YpaBHeHuUs oiHO(a3HOTrO TpaHCHopmMaTopa.

7. BekTopHasi JjuarpaMMa Harpy>keHHOTo TpaHcdopMaropa.

8. BHe1Hsis xapakTepucThKa ofjHOha3HOoro TpaHcdopmaropa.

9. Pacuet noTeps HarpsKeHUsI.

10. ABroTpaHcopMaTOp, YCTPOMCTBO, TIPUHLUIT  [JE€WCTBUS, OCHOBHbBIE
XapakTepUCTUKU

11. Caapounbie TpaHC(hOPMAaTOpPBI, YCTPOUCTBO, MPUHLIUII /1eliCTBUS,, OCHOBHbIE
XapaKTepUCTUKU

12. N3mepuTenbHbIe TpaHC(OPMATOPhI HAMPSKEHUST U TOKA

13.

Tema 1.3 ACHHXpOHHBIe ABUTraTe/IN:
Bomnpocskl A/11 yCTHBIX ONPOCOB:



[TpUHLIUTIBI IeHCTBHUS MallliH TIepPeMeHHOT0 TOKa.

CraTopHbie 0OMOTKH.

3/1C u MJIC 06MOTOK cTaTopa

KOHCTpYKIIYSI aCHHXPOHHBIX JIBUTATe/IeH.

Pe>xuiMbl pabOTHI M1 OCHOBHBIE XapaKTEePUCTHUKU aCHHXPOHHBIX JBUTATEIeH.
OpHodasHbie aACUHXPOHHbBIE JIBUTATETH.

ACHHXpPOHHBIE MaIlIMHBI CTeI[HaTbHOTO Ha3HAUeHHsl.

PN AW =

Tema 1.4 CUHXpOHHBIE MaIIUHBbI:
Bomnpoce! A/11 YCTHBIX OIPOCOB :
KoHCTpyKLMsl CHHXPOHHBIX FeHepaTopoB.
PaboTa CHHXPOHHOI'O TeHepaTopa B pe)XrMe Harpy3KHu.
[MapannenbHasi paboTa CHHXPOHHBIX TeHepaTOPOB.
CHUHXpOHHBIe BUraTe/Iu U KOMITeHCAaTOPhI
CrierjuanbHble CUHXPOHHbIEe MalllUHbI.

AR

Tema 1.5 CunoBblie TpancopMaTopsbi:
Bomnpocsl A/11 yCTHBIX OMPOCOB :

1.  TexHuueckue XapaKTepHCTHKM TpaHC(HOpPMaTOPOB U aBTOTpaHC(HOPMATOPOB
Pa3/IMYHbIX TUITOB, 0COOEHHOCTH UX KOHCTPYKI[UH.

2. Cuctemsbl oxnaXkeHus1 TpaHC(OPMaTOPOB 1 aBTOTPaHC(POPMAaTOPOB.

3. PexuMbl paboThl aBTOTpaHC(HOPMATOPOB, 0OCTy>KUBaHHE.

4.  Twumbl, TIPUHLIUI J€NUCTBUS U KOHCTPYKLIMM YCTPOMCTB AJii Pery/MpOoBaHUs
HarpspKeHUs1 TpPaHC(POPMaTOPOB U aBTOTPAHC(OPMATOPOB.

5.

Tema 1.6 IIpaBuia ycTponcTBa 3/1eEKTPOYCTAHOBOK:
Bormipocs! /1 yCTHBIX OIPOCOB :

1.  Obnactb npumeHeHus [1Y 3
2. Kateropuu  3/IeKTPOTNIPUEMHUKOB U obecrieueHHe  Ha/|@XKHOCTH
3/IEKTPOCHA0KEeHUS

Tema 1.7 Cxembl 3/IeKTPHUECKHUX COeJUHEeHUIN MO/ JCTaHLUM U
pacnpeyCTPONCTB:
Bonpocsl /151 yCTHBIX ONPOCOB :
1. Ha3HaueHue 1 cxeMbl 37IEKTPUUECKUX COeMHEHUM MO/ICTaHLIUM
2. KOHCTpPYKTMBHOE BBITIOJIHEHHE PacIpelyCTPOMCTB 3aBOZACKHUX M 1[€XOBBIX
T0/ICTaHLIUH
3. Bb160p umc/ia ¥ MOI[HOCTH TPaHC(HOPMAaTOPOB U TUTIA TIO/ICTaHI[UH
Pazpgen II OsiekTprueckyre MPOBOJAHUKU U aririaparThl:

Tema 2.1 IIpoBogHMKH pacnpe/e/IuTe/lbHbIX YCTPONCTB. 30/1ATOPHI:
Bornipocs! A/1 yCTHBIX OIPOCOB :

1.  Twurbl TPOBOJHUKOB, PUMEHSEMBIX Ha MTOACTAHI[USX.
2. Bb16op ceueHMst MIPOBOHUKOB
3.  Ha3HaueHue U THITbI TTPOXO/HBIX W OTOPHBIX U30/ISITOPOB [Ijisi BHYTPEHHEH U

Hapy’>KHOW YCTaHOBKH.



Bri60p 13015TOPOB.

[TpoBepKa IMPOBOJHUKOB TI0 YCJIOBUSIM KOPOHBI.
BbI00OD KeCTKUX IIWH U U30JISITOPOB.

BbI60p MPOBO/IOB BO3YIIHBIX 3JIEKTPUUECKUX JIUHUM.
Bribop cuioBbIx Kabesielt.

Nk

Tema 2.2 JieKTpHueckHe anmnaparbl Hanpspkenuem A0 1000 B:
Bomnpoce! A/11 YCTHBIX OIPOCOB :

1. Turbl, KOHCTPYKTUBHBIE 0COOEHHOCTH, TeXHUUeCKHe JlaHHble PyOUTEHUKOB

2. Turbl, KOHCTPYKTUBHBIE 0COOEeHHOCTH, TeXHUYeCcKue JlAaHHbIe
[TepekmtouaTenen

3. Turbl, KOHCTPYKTUBHBIE 0COOeHHOCTH, TeXHUYeCcKue JaHHbIe
[Ipenoxpanurenei

4. Turbl, KOHCTPYKTUBHBIE 0COOEHHOCTH, TeXHUUeCKHe AaHHble KOHTaKTOpOB

5. Turbl, KOHCTPYKTUBHbIE 0COOEeHHOCTH, TeXHUYecKue JaHHbIe
aBTOMAaTHUYeCKUX BBIK/IHOUYaTe/1en

6. Turbl, KOHCTPYKTHBHbIE OCOOEHHOCTH, TeXHUUeCKHe [aHHble MarHUTHBIX
yCKaTesneu

7. Turibl, KOHCTPYKTHUBHBIE 0COOEHHOCTH, TeXHUUYEeCKUe JaHHbIe peJie

8. Turbl, KOHCTPYKTUBHBIE ocobeHHOCTH, TeXHUYeCcKue JlAaHHbIE

MPOrpaMMUDPYEMBIX perie.

Tema 2.3 OcBelljeHUe MIPOU3BO/ICTBEHHbIX MOMeIIeHNH:
Bonipocski A/11 yCTHBIX ONMPOCOB :

1. Hopwmel ocBeitrienust pabodero mecra

2. Pabouee ocBelrieHue.

3. ABapuiiHOe OCBell[eHHe.

4, OBaKyallOHHOEe OCBellleHre

5. Opranusaiusi pabouero Mecrta i CO37aHUST KOM(OPTHBIX 3PUTE/bHBIX
yCJIOBUM

Tema 2.4 JnekTprueckue annaparbl HanpspkenueMm Bbime 1000 B. :
Bomnpoce! A/11 YCTHBIX OIPOCOB :

1. Ha3HaueHuve, TUIbI W KOHCTPYKI[MH pa3beJUHUTENeN [ Hapy>XKHOU U
BHYTpPEHHEel yCTaHOBKHU.

2. HasHaueHue, TUIIBI M1 KOHCTPYKLIUM OTJe/IMTe/Ied U KOPOTKO3aMbIKaTe len.

3. Brik/rouaTenu Harpy3Ku, UX Ha3HaueHue, TUITbl U KOHCTPYKLIUM.

4. Turnbl, KOHCTPYKTHBHbIE OCOOEHHOCTH, TIPUHLIUI [eWCTBUS W TIPUMeHeHHe
rpefioxpaHuTesierd HanpsbkeHreM Boite 1000 B.

5. Bri6op pas3beIJUHUTEJIEN, OTJe/IUTeeun, KOPOTKO3aMbIKaTesleH,

BBIKJ/IFOUATe/Iel Harpy3KHu.
Paspen I1I KoncTpyknuu pacnpejenuTe/IbHbIX YCTPOUCTB:
Tema 3.1 KoHcTpykmu pacnpepie/iutre/IbHbIX YCTPOUCTB:

Bornipocs! A/1 yCTHBIX OIPOCOB :

1. KOHCTpYKIMM 3aKpBITBIX pacrpefenuTe/bHbIX YCTPOUCTB (3PY).

2. KOHCTPYKI[MM KOMIIJIEKTHBIX pacrpe/ie/IMTe/bHbIX YCTPOWCTB Hapy>XKHOW M
BHyTpeHHel yctaHoBKU (KPY, KPYH).

3. KOHCTpYyKIMK OTKPBITBIX pacripefieIuTe/bHbIX ycTpoucTB (OPY).



Pa3pen IV cTouHMKHN onepaTUBHOr0 TOKa. 3a3eM/ieHUe:
Tema 4.1 ICTOUHMKH ONEepaTUBHOI0 TOKA. 3a3eM/IeHUe:
Bormipocs! /11 yCTHBIX OIPOCOB :
VICTOYHUKU TOCTOSIHHOT'O Y ITIepeMEeHHOr0 OIlepaTUBHOIO TOKA.
YcrpoiictBo AKB.
Pe>xumbl pabotel AKB.
TpeboBanue K BeiOOpY AKDB Ha rozicTaHI[UsIX.
Ha3HaueHre ¥ KOHCTPYKLMU 3a3eMJISIFOLLIMX YCTPOMCTB.

kW=

Pa3pgen V CucreMa 3/1eKTPOCHA0KeHHUsI JKe/Ie3HBIX JI0por:
Tema 5.1 BHenrHee 3/1eKTPOCHAa0)KeHHE >Ke/Ie3HbIX JJOPOr:
Bornpocs! A/11 yCTHBIX OIPOCOB :
1. CucTema 3/1eKTPOCHa0KeHUs >KeJle3HbIX T0poTr
2. [TpuHLMITHATBHAsS CXeMa 3/1IeKTPOCHA0KeHHSI.

Tema 5.2 TsaroBoe 3/1eKTPOCHAOKeHHE JKe/TIe3HBIX JOPOr:
Bomnpocsl A/11 yCTHBIX OMPOCOB :
OO0111e CBe/IeHHs O TATOBOM 3JIEKTPOCHAOKEHHH.
CxeMbl TATOBOTO 3/IEKTPOCHA0KEeHHSI.
CucremMa noCTOAHHOIO TOKa.
CucremMa nepeMeHHOIr 0 TOKa.
OOb1ue cBefieHHsI 0 KOHCTPYKLIMA KOHTaKTHOM CeTH.
Buibl KOHTaKTHBIX MOBECOK.
CeKLMOHMPOBaHWe KOHTAaKTHOU CEeTH.
Ornopel KOHTAaKTHOW CETH.
[IpoBOZ@ KOHTAKTHOU CETH.
0. W3onsitopsl. PenbcoBas 1jeMb.

HLOPeNoUk LN

KpuTepun onjeHKH

«OTJIMYHO» - CTABUTCS 3a TaKWe 3HaHWs, KOr/a:

- CTyJIeHT 0OHapy K1BaeT YCBOeHUe Bcero 00beMa MporpaMMHOI0 MaTepHara;

- BBIJEJISIET TJIaBHBIE TTOJIOKEHUsI B M3YUeHHOM Marepuajie M He 3aTPYAHSeTCS IIpy
OTBeTaX Ha BUJJOM3MeHEeHHbIe BOTIPOCH;

- He /IOy CKaeT OIIMOOK B BOCITPOU3BEZEHUM U3YUeHHOT0 MaTepHaria.

«XOPOILIO» - CTABUTCSI, KOT/Ia:

- CTY/IEHT 3HaeT BeCh M3yUYeHHbIM MaTepuaJ;

- oTBeyaeT 0e3 0COOBIX 3aTPYHEHUI Ha BOIPOCHI IPETIo/jaBaTe/Is;

- B YCTHBIX OTBETax He JIOIYCKAaeT CePbe3HbIX OIIMOOK, JIEFKO YCTPAHSET OT/e/bHbIe
HETOUHOCTH C TTOMOIIIBIO ZIOTIO/THATE/TEHBIX BOITPOCOB TIPETIoZiaBaTe/Isl.

«y/J0B/IETBOPUTE/IBLHO» - CTAaBUTCS 3a 3HAHUS, KOT/Ia:

- CTyfieHT OOHapy’)KMBaeT YCBOEHMe OCHOBHOIO MaTepuasa, HO HCIILITHIBAET
3aTpy/JHEHHE TIPH €r0 CAMOCTOSITe/TbHOM BOCIIPOM3BEJIEHHH M TpebyeT JOTOTHUTE/TEHBIX U
YTOUHSTFOIIIX BOTIPOCOB TIPeToZiaBaTersl,

- MPe/IIIOYNTAeT OTBeUaTh Ha BOTPOCHI, BOCIIPOM3BO/SIIErO XapaKTepa W UCTILITHIBAET
3aTpyZHEHUe MPU OTBeTaX Ha BU/J0M3MeHEHHbIe BOTIPOCH,



«Hey/IOB/IeTBOPUTE/JbHO» - CTaBUTCSl, KOTZlA y CTy/leHTa HUMeEIOTCSl OTZesbHbIe
npeficTaB/ieHusi 00 W3yyeHHOM Marepuasie, HO Bce >ke Oosiblllasi yacTb MarTepuasa He
yCBO€Ha.

4. CamocTosATe/IbHasA padoTa CTYyAeHTOB.
Pa3zgen 1. YcTpoMCTBO 3/1eKTPHUECKHX MOACTAHIMA M COCTaB/IeHHEe UX CXeM.
Tema 1.1. O01He cBefieHUs 00 3/IEKTPOIHEPreTHUeCKHX CUCTeMaXx,
J/IEKTPUUYECKUX CTAaHL[UAX U MOACTAHLUAX.
TeMbl AOK/Ia/I0B U Mpe3eHTaIui:
Buspl 3neKTpruecKux CTaHLUK.
TpaHchopmaTopHbie MOACTAHLIUM.

Pa3pen I YcTpoicTBO 3/1eKTPOTEXHUUECKOT0 000PYAOBAaHHA 10 OTPAC/ISAM:

Tema 1.1 MamiuHbI NOCTOSTHHOI'0 TOKaA:

TeMBbl J0K/1a/I0B U NPe3eHTalui:

[IpyHUMN 1eUCTBUS U KOHCTPYKL[YSI MAILlIMH MOCTOSSHHOTO TOKa.

Y CTpOUCTBO SIKOPHBIX 0OMOTOK.

MarnuTtHas cucrtema.

KomMmyTauus B MalliiHax OCTOSHHOI'O TOKa.

['eHepaTOph! TOCTOSIHHOT'O TOKA.

Tema 1.2 Tpancdopmaropsbi:
TeMbl JOK/Ia/I0B Y Mpe3eHTaLi:
YcTpolicTBO ¥ MPUHLIUM [IeHCTBUS OgHO(a3HOro TpaHchopMaropa.
KoadduieHT TpaHchopmaliyiy HarpspKeHU
Pab6ora offHOda3Horo TpaHchopmMaTopa Mo, Harpy3Kow.
TpaHcdhopmaliiusi TOKOB.
OMBITHI XO/IOCTOTO X0/]a ¥ KOPOTKOT'0 3aMbIKaHUs1 0/IHO(a3HOro TpaHCc(opmaTopa.
YpaBHeHus1 oiHO(a3HOro TpaHChopmaTopa.
BekTopHasi JuarpaMMa Harpy>KeHHOTo TpaHcdopMaropa.
BHelHss1 xapakTepyCcTUKa ofiHO(a3HOro TpaHchopmaTopa.
Pacuet noTteps HarpsikeHUs.
ABToTpaHchopMaTop, YCTPONCTBO, TIPUHLIUI JeMCTBUSI, OCHOBHbIE XapaKTepUCTHUKU
CBapouHble TpaHC(OPMAaTOpbl, YCTPOMCTBO, TPHUHLUI [JeHCTBUS, OCHOBHbIE
XapaKTePUCTUKU
M3mepuTeibHbIe TPAaHCPOPMATOPHI HATIPSDKEHUS U TOKA

Tema 1.3 ACHHXpPOHHBIe ABUTraTe/IN:
TeMBbl J0K/1a/I0B M Npe3eHTalui:
[IpyHLMIBI JeHCTBUSI MALLIMH TePeEMEeHHOT0 TOKa.
CraTopHble 0OMOTKH.
3/1C u MJIC 06MOTOK cTaTopa
KOHCTpyKIUsi aCHHXPOHHBIX JBUraTe/Ieu.
Pe>xriMbl pabOTHI U OCHOBHbIE XapaKTePUCTUKA aCUHXPOHHBIX JBUTATeIel.
OpHo(da3zHble aCHHXPOHHbIE [ABUTATeIH.



ACI/IHXPOHHbIe MaIlIKMHEBI CI1elra/JIbHOI'O Ha3HdUeHM .

Tema 1.4 CUHXpPOHHBIE MaIUHBbI:
TeMbl JOK/IaA0B U Mpe3eHTaLuM:
KOHCTpyKIMSi CHHXPOHHBIX F€HEepPaTOPOB.
PaboTa CHHXPOHHOTO reHepaTopa B PeXKUMe Harpy3KHU.
[TapannenbHasi paboTa CUHXPOHHBIX T€HepaTOPOB.
CHUHXpOHHBIE ABUTraTeIM U KOMITEHCAaTOPhI
CrierjuanbHble CHHXPOHHbIE MAIlIUHbI.

Tema 1.5 CunoBbie TpaHcopMaTopsbi:

Tembl A0K/Ia/I0B U Mpe3eHTaIui:

TexHuueckue XapakTePUCTUKW TpaHC(GOPMATOPOB UM  aBTOTpPaHC(HOPMAaTOpOB
Pa3/IMYHBIX TUTIOB, 0COOEHHOCTU WX KOHCTPYKLIWM.

CucTreMbl OXJ1aXK/leHHst TpaHC(OPMaTOPOB U aBTOTpaHC(OPMaTOPOB.

Pe>xriMbl paboThl aBTOTpaHC(HOPMATOPOB, OOCTYKUBaHHE.

Tunbl, OpUHLUN [JeWCTBUST M KOHCTPYKI[MU YCTPOWCTB [/l peryavupOBaHUs
HaTpsbKeHUs1 TpaHCPOPMaTOpPOB U aBTOTPAHC(HOPMAaTOPOB.

Tema 1.6 IIpaBu/ia ycTpoHCTBA 3/1eKTPOYCTaHOBOK:
TeMbl J0K/Ia/I0B M NPe3eHTal[ui:
O6sacTb ripumeHenus [TY 3D
KaTeropuu 371eKTpONpUEMHHKOB U 0becrieueHre HaJle)KHOCTH 3/1eKTPOCHa0KeHust

Tema 1.7 CxeMbl 3/IeKTPHUECKHX COeJUHEeHUIN TO/CTaHLUM U
pacnpeyCTpPONCTB:
TeMblI JOK/Ia/I0B M TIPe3eHTaI[Hii:
Ha3HaueHue 1 cxeMbl 3/7IeKTPUUECKUX COeMHEeHUM Mo/ICTaHIi
KOHCTPYKTMBHOE  BBITIOJTHEHUE  PaclpeflyCTPOMCTB  3aBOACKUX UM LI€XOBBIX
MO/ CTAaHLMH
Bb160op unc/ia ¥ MOIIIHOCTH TPaHC(GOPMATOPOB U THUIIA MO/ICTaHLIAN

Pa3pesn 11 DniekTpuyeckue NPpOBOAHUKY U anmnaparbl:
Tema 2.1 IIpoBoHUKH pacnipeie/IUTe/TbHBIX YCTPOUCTB. V30/1ATOPKI:
Bomnpocs! /151 yCTHBIX ONPOCOB :
Tembl A0K/Ia/I0B U Mpe3eHTaIui:
Bri60p ceueHMs MPOBOJHUKOB
Ha3HaueHve ¥ THWIBI TPOXOJHBIX U OIMOPHBIX W30JSTOPOB [/ BHYTPEHHEU W
Hapy>XHOU YCTaHOBKHU.
Bb160p 13015 TOPOB.
ITpoBepka NpOBOJHUKOB IO YCIOBUSIM KOPOHBI.
BbI00p >KeCTKUX IIIWH U U30/ISITOPOB.
Bb160p MpOBO/IOB BO3/YIIHBIX 3/IEKTPUUYECKUX JTUHUM.
Br160p cusioBbIX Kabesei.

Tema 2.2 JieKTpHuecKue anmnaparbl Hanpsukenuem ao 1000 B:
TeMbl A0K/Ia/I0B U Mpe3eHTaI[ui:



Turbl, KOHCTPYKTHUBHBIE 0COOEHHOCTH, TEXHUUECKHe JaHHbIe pyOUTbHUKOB

Turbl, KOHCTPYKTHBHBIE 0COOEHHOCTH, TEXHHUECKHe faHHbIe [Tepekimouaresiei

Turnbl, KOHCTPYKTUBHBIE 0COOEHHOCTH, TEXHUUeCKUe JaHHbIe [IpejoxpaHuTenei

Turnbl, KOHCTPYKTUBHBIE 0COOEHHOCTH, TeXHUUECKHe AaHHble KOHTaKTOpoB

Tunbl, KOHCTPYKTHBHBIE OCOOEHHOCTH, TeXHWUEeCKHe [JaHHble aBTOMAaTHUYECKHX
BBIK/TFOUaTe/1ei

Tunbl, KOHCTPYKTHBHbIE OCOOEHHOCTH, TeXHWUYECKHe [JaHHble MarHUTHBIX
My CKaTesneu

TuIbI, KOHCTPYKTHBHBIE 0COOEHHOCTH, TeXHUUECKHe JJaHHbIe peJie

Tumbl, KOHCTPYKTUBHBIE 0COOEHHOCTH, TeXHWUECKHe JJaHHbIe TPOrpPaMMHPYeMbIX
peJe.

Tema 2.3 OcBelljeHUe IPOU3BO/ICTBEHHBIX MOMeIeHNH:
TeMbl JOK/IaA0B U Mpe3eHTaLuM:
HopwMmel ocBertieHust pabouero Mecrta
Pabouee ocBelrieHue.
ABapuiiHOe OCBellleHHe.
OBaKyalMOHHOe OCBelleHUe
Opranu3aiiusi pabouero mecta /i/isi Co37jlaHUsI KOM(MOPTHBIX 3pUTE/NbHBIX YCI0BUH

Tema 2.4 DneKTpuueckHe anmnaparbl HanpspkenueM Boiie 1000 B. :

TeMbl JOK/1a/{0B U Npe3eHTalHu:

Ha3naueHue, TUIIBI U KOHCTPYKLMY pa3beJiMHUTe/Ie!N [/l HapY>KHOU U BHYTPeHHe!
YCTaHOBKHU.

Ha3HnaueHve, TUIIbI U KOHCTPYKLMY OTZe/IUTesIeld U KOpOTKO3aMbIKaTesIel.

Beik/rouaTeni HarpysKy, UX HasHaueHue, TUIbI U KOHCTPYKLIUU.

Turnbl, KOHCTPYKTUBHble OCOOEHHOCTH, TIDUHLUMN [eNCTBUS U TpUMeHeHUe
ripefijoxpaHuTesierd HanpsbkeHueM Boite 1000 B.

Beibop pa3venuHuTeNel, OTAenuTesnell, KOPOTKO3aMbIKaTesiel, BBIK/IIOUaTesiei
HarpysKu.

Paspen I1I KoncTpyknuu pacnpejeuTe/IbHbIX YCTPOUCTB:
Tema 3.1 KoHcTpykiu pacnpepieiuTe/IbHbIX YCTPOUCTB:
Tembl A0K/Ia/I0B U Mpe3eHTaLuM:
KOHCTpyKIMM 3aKPBITHIX pacipe/ie/IuTe/IbHbIX YCTPOUCTB (3PY).
KOHCTpyKIIMM  KOMIUIEKTHBIX —pPacrpefe/UTe/bHbIX YCTPOMCTB HAapYy>KHOM W
BHyTpeHHel yctaHoBKU (KPY, KPYH).
KOHCTpyKIMM OTKPBITBIX pacripefenTeNbHbIX yCTpoUucTB (OPY).

Paszpen IV AcTOYHNKH OnepaTMBHOrO TOKAa. 3a3eM/IeHHe:
Tema 4.1 VicTouHUKH ONepaTUBHOIO TOKA. 3a3eM/IeHHe:
Tembl AOK/Ia/I0B U Mpe3eHTaIuM:
VICTOYHUKU IOCTOSTHHOT'O Y IIepeMeHHOr0 OepaTUBHOI'O TOKaA.
Ycrpoiicteo AKB.
Pesxumbl pabotsl AKB.
TpeboBanue K BbiOOpy AKDB Ha mo/icTaHI[UsX.



Ha3HaueHre ¥ KOHCTPYKLMM 3a3eMJISIIOIINX YCTPOMCTB.

Pa3pen V Cucrema 3/1eKTPOCHA0KeHH JKeJIe3HbIX JOPOr:
Tema 5.1 BHenrHee 3/1eKTPOCHa0KeHHe JKe/Ie3HBIX /OPOr:
TeMBbl JOK/Ia/I0B M NPe3eHTalui:
CucteMa 3/1eKTPOCHA0XKeHUS >Kesle3HbIX 0pOT
[TpuHIUTIHABHAS CXeMa 3/IeKTPOCHA0KeHHSI.

Tema 5.2 TsiroBoe 3/1eKTPoCHa0KeHHe )KeIe3HBIX /J0POr:
Tembl A0K/Ia/I0B U Mpe3eHTaLuM:
OO111e cBefleHUsI O TATOBOM 371eKTPOCHA0KeHHH.
CxeMbl TSTOBOTO 3/1IeKTPOCHA0KeHUSI.
Cucrema NoCTOSIHHOTO TOKaA.
Cucrema nepeMeHHOTO TOKa.
OOb11re cBefieHHsI 0 KOHCTPYKLIMA KOHTAaKTHOM CeTH.
Bu/ibl KOHTaKTHBIX MMOJBECOK.
CeKLMOHMPOBaHWe KOHTaKTHOU CEeTH.
Ornopbl KOHTAaKTHOW CETH.
[TpoBO@ KOHTAKTHOU CETH.
N3onsaTopel. PenibcoBas Liersb.

Kpurtepumu orjeHKHu

«OTJIMYHO»- 3aJlaHHe BBITIOJIHEHO B TIOMHOM 00bémMe Ha 100%, wMaTepuan
MOJIHOCTBED ~ COOTBETCTBYeT TeMe, W3/0KeHWe UfTKOe, OTBeTbl Ha  BOIPOCHI
VCUepIIbIBaroIIIHe.

«X0poIoO»- 3a7aHue BbIOMHEHO Ha 70%, W3/I0KeHWe HeTOYHOoe, CTYJeHT
3aTPyAHSETCS NPU OTBETax Ha BOMPOCHI.

«Yy/JIOBJIETBOPUTE/ILHO»- 3a/laHue BbIN0/JHeHO Ha 40-50%, v3noxeHue Marepuasna
BbI3bIBaeT 3aTPy/JHeHUe, OTBeThbl Ha BOIIPOCHI 3aTPYAHEHHBIE WA OTCYTCTBYIOT.

«HeY/OBJIETBOPHUTE/IBLHO»- 3a/IaH1e He BBIITOJIHEHO B ITOJTHOM 00BEMe.

5.3ajlaHuA Ha NPpAaKTUUeCKUe 3aHATUA
Tema 1.1. MalmmMHbI MOCTOAHHOI'0 TOKA

IIpakTnueckoe 3aHsiTue Nel:

Tema 3auaTunA: Pacuer u cocTaB/ieHHe CXeMbl 00MOTKH AKOPA

Ienb 3aaAaTHA: HayuyuThCA pacCUMTHIBATh M COCTABJISITH CXeMbI 00MOTKH SIKOPS
O6MOTKa SIKOPS MallTMHBI TIOCTOSTHHOTO TOKA TIPeCTaB/isieT COO0M 3aMKHYTYIO CUCTEMY
TIPOBO/IHUKOB, OTIpeZie/ieHHbIM 00pa30M y/I0)KeHHBIX Ha Cep/IeUHUKe STKOPSI U
TIPUCOEIMHEHHBIX K KOJIJIEKTOPY.

DneMeHTOM 0OMOTKHU SIKOPSI SIBISIeTCST CeKIUsI(KaTyIIKa), TPUcoeJuHeHHast K [BYM
KOJIJIEKTOPHBIM TJTaCTUHaM. PacCTosiHue MeXXy Ma30BbIMU YaCTSIMU CEKLIUU [JO/DKHO

ObITh PAaBHO W/ MaJjIo OT/IMYAThCSl OT MOIFOCHOTO Jie/ieHUsl T (PUCYHOK 1):
t=nD,/(2p)



PucyHok 1 — Pacnionio)xeHue 1a30BbIX CTOPOH CEKLIMU Ha CepleUHUKe SIKOPS

OOMOTKH STKOPSI 0OBIYHO BBITIOTHSIOT ABYXC/IOMHBIMUA. OHHM XapaKTepH3yIOTCs
CeIyIOIIUMY TTapaMeTpaMU: YUC/IOM CEeKLIUU S; YMC/IOM Ta30B (peasbHbIX) Z; UhC/IOM
CeKLMM, NPUXOJSAIIMXCS Ha OAUWH Ta3, S,=S/Z; ynuciom BUTKOB ceKiiuu W, ; unuciom

n =N £ =1wa

IMa30BbIX CTOPOH B 00MOTKe N; UMCJ/IOM I1a30BbIX CTOPOH B OAHOM I1d3y " "#
. BerHHH IMa30BdsA CTOPOHaA O,E[HOI‘/JI CEKLIMW U HWXKHSASA T1a30Bdst CTOPOHA ;[pyroﬁ CeKIuu,
Jiexxalie B OJHOM I1a3y, 06p83y}OT BHEMEHTaprIﬁ ra3. Yucio J3JIEMEHTAPHLIX T1d30B B

PeasIbHOM I1a3€ — = OIIpeaedeTcsa YnCiioM CEKHHﬁ, MpUuXoAAIInXcs Ha OAVH

a9 =92 (PUCYHOK 2).

5,2 5,03

X/
N N
77)'%,, 77
227, 231,

PricyHOK 2 — DyieMeHTapHble I1a3bl

CxeMbl 0OMOTOK $IKOpSI [leflal0T pa3BepHYThIMM, MPU 3TOM BCe CEKI[MH TI0Ka3bIBalOT
O/IHOBUTKOBBIMU. B 3TOM c/lyyae KaXk/10M CEeKLIUU, Cojiep>Kalliel /iBe ra30Bble CTOPOHBI,
COOTBETCTBYeT OJIUH 37eMeHTapHbld ma3. KOHIbI CeKLMM TMpPUCOeJUHSIOT K
KOJIIEKTOPHBIM TIJIaCTHHAM, TPU 3TOM K KaXAOW IUIaCTUHEe TIPUCOeAWHSIOT Hauasio
O/IHOM CeKLIMM M KOHell [pPyrod, T. e. Ha KaXAYyH CeKI[MI0 MPUXOAUTCS OJHa
KOJUTEKTOpHas TijlacThHA. Takum o6pa3oM, /171t 0OMOTKH SIKOPsI CITpaBe/JIiBO

§=Z,=K
z

rage =¥ — 4uc/o 3/IeMeHTapHbIX [1a30B;
K —umcno KOJIJIEKTOPHBIX IJIACTUH B KOJIJIEKTODE.

Yucno CEKHHﬁ, MpUXOoAAIINXCS Had O4VH peaﬂbeIﬁ I1as, onpeaensaeTcs

OTHOILLIEHHeM <3 ' & |

IIpocras ner/ieBass 00MOTKa AKOPS.
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B mpocToii 1meTnieBor 0OMOTKe SIKOps KaXkzasl CEeKI[Hs TPHCOeJWHeHa K ABYM PsJIOM
JIe)KalllUM KOJIJIEKTOPHBIM TI/IacTUHaM. [Ipu yk/jajke CeKLMM Ha CepJleuHuKe SIKOPS
Hayaa0 KaXAOW TOCTeAyrIlerd CeKLUU COeJUHSeTCS C KOHLOM NpeAblaylien,
TOCTEeNeHHO TepeMelasiCh MPU 3TOM 10 TTIOBEPXHOCTH SIKOPS (M KOJIJIEKTOpa) Tak, UTO
3a OfiH 00XO0/ SIKOps YK/IaJbIBAalOT BCe CeKIMU OOMOTKU. B pe3ynbTare KOHeIl]
Noc/eIHEN CEeKLIMM OKa3bIBaeTCsl MPUCOEJIVHEHHbIM K Hadally MepBOM CEeKLUU, T. e.
00MOTKa SIKOpST 3aMbIKAeTCSl.

Ha pucysnke 3, a, 6 n3obpakeHbl 4YacTU pa3BePHYTON CXeMbl IIPOCTOH TIeT/IeBOM

00OMOTKHM, Ha KOTODBIX TOKa3aHbl IIard OOMOTKM — pAacCCTOSIHUSI MeXAY Ta30BbIMU
!
CTOPOHAMM CEKL[MH MO SIKOPIO: MePBbId YaCTUUHBIM LIAr M0 SKOPHO # i ,BTOPOM YaCTHU-
,

4

HBIU I11aT TI0 SKOPIO + 2 ¥ pe3yJIbTUPYIOIIMH AT 0 AKOPIO ..

Ecmu yknazka cekijuii OOMOTKM BeJeTCsl CjeBa HarpaBO T0 sSKOpI, TO 0OMOTKa
Ha3bIBaeTCs TPaBOXOJ0BOUM(PHUCYHOK 3, d), a eC/M YK/ajKa CeKLMM BeJieTCsl CIipaBa
HajeBo, TO OOMOTKa Ha3bIBaeTCs JieBOX0/j0BoM(pucyHoK 3, 6).[lyi1 TpaBOXOA0BOM
0OMOTKM pe3y/bTUPYIOIIWI II1ar

aj

Pucynok 3 — IIpocras rieTnieBasi 0OMOTKa:
a — TIpaBoxo/ioBasi; 6 — 1IeBOX0/I0Bast; B — pa3BepHyTast CXxema

PaccTtosiHue Mexay ABYMSI KOJIJIEKTOPHBIMHM MJIACTUHAMH, K KOTOPbIM MPHUCOeJVUHEHbI
Hayuaso ¥ KOHeI] OJHOM CeKLIMH, Ha3bIBalOT 11arOM OOMOTKH I10 KOJUIEKTOpY Yy . Lllaru
0OMOTKH TIO SIKOPIO BBIP@)KAlOT B 3JIEMEHTApHBIX Ia3aX, a Iar Mo KOJUIEKTOpYy — B
KOJIJIEKTOPHBIX Jle/ieHUsIX (Ti/laCTUHAX).

Hauasio ¥ KOHeI| KaK/I0l CEeKIIMM B TIPOCTOM TIeTIeBOM OOMOTKe MPUCOeAUHEHBI K

=1 ==
PSIZIOM JIEXXAILMM KOJIJIEKTOPHBIM TUIaCTUHAM, CJiefoBaTelbHO, L re 3HaK
TIJTFOC COOTBETCTBYET MPaBOXOA0BOM 0OMOTKe, a 3HaK MHUHYC — JIeBOXOZIOBOM.

Ilnst oripezieieHyst BCeX IIaroB MPOCTOM IeT/IeBOM OOMOTKM [OCTAaTOUHO PaCcCUHTATh
TMepBbIM YaCTUYHBIM IIar IO SKOPHO:

=1z, piTe

y.=1Z.2p)%e

rae & — HeKoTopasi BeJIMUMHa, MEHbINas eJUHMIIbI, BEIUMTAss UIH CYMMHUPYs KOTOPYIO
A

IMOJ/Iy4arOT 3Ha4Ye€HHe Iidra j i , PABHOE€ LIeJIOMY UHCiy.

BTopoii yacTHUHBIH I1ar 0OMOTKH T10 SIKOPIO
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IIpumep 1. PaccuuTarh LIarM U BBINOIHUTHE Pa3BePHYTYIO CXeMy MPOCTOW MeT/IeBOU

OOMOTKU SIKOpSI /i1 UeThIPEeXTIO/IFOCHOW MalluHbl (2 £ = 4) TIOCTOSITHHOTO TOKa.
OO6MOTKa paBoX0/10Bas, COAEPKUT 12 CeKIH.

Pewenue. I1epBbIii YaCTUUHBIN LI1Ar O SKOPO
7 =1Z, 02T e=(12/43F0=5 paan
BTopol yaCTUUHBIM 1Iar 1Mo SIKOPHO

L Tl )

[Tpexkze yeM MPHUCTYIUTH K BBHITIOJHEHUIO CXeMbl OOMOTKU, HEOOXOAUMO OTMETHUTh U
IIPOHYMepoBaTh BCe Ia3bl U CeKLMM, HaHeCTU Ha IpejIriojaraeMyr0 CXemy KOHTYPbI
MarHMTHBIX TOJIFOCOB M YKasaTb UX MOMSPHOCTb (PUCYHOK 3, 8). Ilpn 3TOM Hy»XHO
VMeTb B BHJY, UTO OTMEUYEHHBbIM Ha CXeMe KOHTYp S$BJISIeTCd He TMOJIF0COM, a
3epKa/ibHbIM 0TOOpakeHHeM TI0JTF0Ca, HaXO/SIIerocs Hajl IKopeM. 3aTeM U300paXkaroT
KOJIJIEKTOPHbIE TUIACTUHBI U HAHOCAT Ha CXeMy [epBYI0 CeKLMI0, Ma30Bble 4YacTh
KOTOpOM pacronaraloT B Tasax I u 4. KoniekTopHble TMJ1aCTUHBI, K KOTOPbIM
TIpUCOeIMHeHbI Haua/io ¥ KOHeL] 3TOM ceKluu, 0003HavaroT 1 u 2. 3aTeM HyMepyloT Bce
OCTa/lbHble TIIACTHHBI W HAHOCSAT Ha CXeMy OcCTajbHble cekuyu (2,3,4u T. 1.).
[Mocnennsst cekiusi 12 A0/KHA 3aMKHYTb OOMOTKY, UTO Oy/ieT CBHETe/lbCTBOBaTh O
IPaBU/ILHOM BBITIO/THEHUU CXEeMBI.

Hanee Ha cxeme u300paXkalOT IIeTKU. PaccTosiHue Mexay IneTkamMu A U B [I0/DKHO

ObITh paBHO K/(2 £ ) =12/4 =3, T. e. JOJDKHO COOTBETCTBOBAThH MOJIOCHOMY J€JIeHUIO.
YTo ’Xe KacaeTcsl pacriojIOKeHHs WeTOK Ha KOJUIEKTOpe, TO TIPU 3TOM CJieflyeT
PYKOBO/ICTBOBaTbCS  CAeAyHOIIUM. [IpeArnonoKvM, YTO 3/eKTPUYECKUA KOHTaKT
0OMOTKM SIKOpSI C BHeILIIHEel LIeMbl0 OCYIeCTBJISIeTCsS He uepe3 KOJUIEKTOP, a Hero-
CpeJCTBEHHO Yepe3 Ia30Bble UaCTH OOMOTKHM, Ha KOTOpbIe Has0KeHbl «YCIOBHBIE»
meTku (pUcyHoK 62, a). B 3Tom ciiyuae Haubosibiiass 3C MallliHbl COOTBETCTBYET
TIOJIO’KEHUIO  «YCJIOBHBIX» IIIeTOK Ha TreoOMeTpUuYecKkou HeuTtpaimd. Ho Tak Kak
KOJIJIEKTOPHBIE TUIACTUHBI CMeEIeHbl OTHOCUTE/IbHO TMa30BbIX CTOPOH COEJIUHEHHBIX C
HumH cekimii Ha 0,5 I (pucyHok 4, 6),T0, repexofisi K peajibHbIM IT[eTKaM, UX C/ieJyeT
PacCIIO/IOKUTL Ha KOJIJIEKTOPe I10 OCH IVIaBHBIX I0JIFOCOB, KaK 3TO [1I0Ka3aHO Ha PUCYHKe
3, 8.



PricyHOK 4 — PacrosioxkeHue 111eTOK: a) YC/IOBHBIX; 0) peasibHbIX

[Tpy ompeneneHWH TOMSPHOCTH IIIeTOK TIPeATOaralT, UTO MallliHa paboTaeT B
reHepaTOPHOM pPEeKHMMe M ee SIKOPb BpallaeTCsl B HallpaB/IeHUM CTPeJIKU (CM. PUCYHOK
61, 8). Bocno/sib30BaBIINCh MPAaBUJIOM «IIPABOM PYKW», HaxoAdaT HampapjeHue J/C

(Toka), HaBeZleHHOM B ceKlusix. B uTore mosyuyaem, 4TO I[ETKM “*I U **Z ,0T KOTOPBIX

TOK OTBOJUTCSA BO BHEIIHIOIO 1ellb, ABJIAIOTCA IIOJOXXKUTE/NbHbIMU, a ILIeTKU ~i U B, —
OTpULaTe/IbHBIMU. H_IETKI/I O,HHHaKOBOﬁ INOJIAPHOCTH TIpUCOE€AUWHAIOT IIdpd/VIeJIbHO K
BbBIBO/JldM COOTBETCTBy}OLHEﬁ IMOJIAPHOCTH.

Tema 1.1 ManmiuHbI NOCTOAHHOI'0 TOKA

ITIpakTueckoe 3aHsiTue Ne2

Tema pabotsel: OrpeziesieHre TapaMeTPOB MaIlIMHbI TTOCTOSTHHOTO TOKa.
Ienb padoTei: Ornpese/MTh apaMeTphl MaITUHBI IIOCTOSTHHOTO TOKA.

OneKTpuyeckasi MallliHa MOCTOSIHHOTO TOKa COCTOUT U3 IBYX OCHOBHBIX
yacTeii: HenodBUXCHOU YacTy ( UHAyKmopa) u epawjaroujetics yactu ( AKops C
6apabaHHOM 0OMOTKO}A).

Ha pruc. 1 n3obpakeHa KOHCTPYKTHBHAsI CXeMa MalllMHbI TIOCTOSTHHOT'O TOKa

WHAYKTOP COCTOUT M3 CTAaHUHBI 1 LIWIMHAPUYECKOH ()OPMBI, U3TOTOBIEHHOU U3
(heppoOMarHMTHOrO MaTepHrasa, v IMOF0COB ¢ 0OMOTKOM BO30Y»KIeHHS 2,
3aKperieHHbIX Ha cTaHnHe. OOMOTKa BO30Y KeHHs CO3/laeT OCHOBHOM MarHUTHBIM
TIOTOK.

MarHuTHBINA TTOTOK MOXKET CO3/IaBaThCsl IOCTOSIHHBIMA MarHUTaMH, YKPeryIeHHbIMU
Ha CTaHWHe.

SIKOpb COCTOUT U3 C/IeAYIOIIUX 3/IEMEHTOB: Cep/leuyHHKa 3, 0OMOTKU 4, yI0>KeHHO! B
a3kl CepieuHuKa, KosieKTopa 5.



Puc. 1
CepAeuHyK STKOPS [/ yMEHbBIIIEHHS TIOTeph Ha BUXPEBbIe TOUKH HaOMpaeTcs U3
M30JIMPOBaHHBIX APYT OT Jpyra JMCTOB 3/1eEKTPOTeXHUYECKOW CTaJIu.

le/lH].II/Il'I ﬂEﬁCTBHﬂ MdIIIUHBI IMTOCTOAHHOI'0 TOKAd.

PaccmoTpum paboTy MalliiHbI TIOCTOSIHHOTO TOKA B Pe)KMMe TeHepaTopa Ha Mo/ie/u
puc.2,

rae 1 - nmosirocs! MHAYKTOPA, 2 - AKOPb, 3 -
[IPOBO/HUKY, 4 - KOHTAKTHBIE LLIeTKU.
[TpoBogHUKM SIKOPHOI OOMOTKH pacro/ioxKeHbl Ha TTIOBEPXHOCTH sIKopsi. BHelHMe
[IOBEPXHOCTH MIPOBOJAHUKOB OUMILIEHBI OT U30JIALUH, @ HA 3TU [TOBEPXHOCTU
[IPOBO/IHUKOB HaJ/IOKeHbI HelO/IBUKHbIe KOHTaKTHbIE II|eTKU.
KoHTakTHBIe 111eTKU pa3MellieHbl Ha IMHUM TeOMeTPUUeCKOW HeUTpasy,
NIPOBe/IeHHOM TOCpeJyHe MeXXAy IT0/IF0CaMHU.
[TpuBesieM SIKOpb MalllMHBI BO BpallleHWe B HarpaB/IeHWH, YKa3aHHOM CTPEJIKOU.
Puc. 2
Omnpezenum HarnpaBiaenve J/1C, MHAYKTUPOBAaHHBIX B MPOBOJHUKAX IKOPHOU
0OMOTKH TI0 TIPaBU/Ty TIPaBOU PYKHU.

Ha pwuc.2 kpectukoM o603Hauenb! 3/1C, HaripaBieHHBIE OT HAC, Toukamu - 3/1C,
Harpab/ieHHbIe K HaM. CoeJUHUM TIPOBOIHUKU MeXXAy co00i Tak, utobbl /IC B HUX
CKJIa[JbIBA/IUCh. [I/151 5TOT0 COeAUHSIOT MOC/IeJOBATeIbHO KOHEL] TIPOBOJHUKA,
PacIioI0’KeHHOT0 B 30He OJHOTO TO/F0Ca C KOHL[OM MPOBOJHUKA, PACTIONIOKEHHOTO B
30He MOJIF0Ca MPOTUBOIIO/I0XKHOM TMOJIIPHOCTH (pUc. 3)

.-/
/ f ) \
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el [1Ba MpOBOJHUKA, COeJUHEHHbIe MOC/ie0BaTe/IbHO,

00pa3yloT OIH BUTOK WX OZIHY KaTyIKy. D/]C MpOBOJHUKOB, PaCTIO/I0’KeHHBIX B
30He O/IHOTO TI0JIFOCA, pa3uyHbI 10 BesinurHe. Hanbonbias 3/1C UHAYKTUPYETCS B
MPOBOHUKE, PaCIiOI0’KeHHOM Mo/l cpeAuHOoM nontoca, /1C, paBHas HYJtO, - B
MPOBO/IHUKE, PaCIiO/I0’KEeHHOM Ha JIMHUU TeOMeTPUUeCKON HeUTpau.
Puc. 3
Ec/ii coefJUHUTH BCe TTPOBOJHUKY 0OMOTKH I10 OTIpe/ie/IeHHOMY MPaBUTY



T0C/IeJOBaTeTbHO, TO pe3yabTupyomas J/1C SKopHOoi 00MOTKM paBHA HYJIIO, TOK B
00MOTKe OTCyTCTBYeT. KOHTaKTHBIe IeTKH [Ie/sIT SKOPHYI0 0OMOTKY Ha /iBe
napasuie/ibHble BeTBU. B BepxHel napasienbHOM BeTBU MHAYKTUpPYeTcsa D1C ogHOro
HarpaBJIeHUs], B HY)KHEW Mapasiie/lbHOM BeTBU - MPOTHUBOIIO/I0KHOTO HATlpaB/IeHHS].
3/C, cHuMaeMasi KOHTaKTHBIMH LLIeTKaMH, PaBHa CyMMe 3JIeKTPOJBIKYLLIUX CUJT
TIPOBOJHUKOB, PaCIO/IO’KeHHbIX MeXK/Y LeTKaMH.

Ha puic. 4 mipe/icTaBiieHa cxeMa 3aMelleHusT TKOPHOH 0OMOTKH.

E

Iz
2 _E / TIH
| I |
B B napanienbHbIX BeTBSIX JeUCTBYIOT oAMHaKoBble DIC,
HarpaB/ieHHbIe BCTPEUHO APYT ApyTY. [Ipu MogK/IoueHNH K SKOPHOM 00MOTKe

f_ﬁ',

COTIPOTUBJIEHUS B Mapasiyle/IbHbIX BeTBSX BO3HUKAIOT OZJMHAKOBbIe TOKU 2 yepes
COIpoTUBJIeHMe Ry rpotekaeT ToOK Ij.

Puc. 4

O/1C ssKOpHOM 0OMOTKM TTPOIOPIIMOHA/IbHA YaCTOTe BpallleHUs SIKOPS Ny U
MarHUTHOMY TIOTOKY UHAyKTOpa P

E=C,onp @

rge Ce - KOHCTaHTa.

B peanbHbIX 3/71eKTPUUECKUX MalllMHAX MOCTOSTHHOI'O TOKA UCTIO/Ib3YeTCs
CrieLiiabHOe KOHTAKTHOEe YCTPOMCTBO - KOJIeKTOp. Ko//ieKTop ycTaHaB/IMBaeTCs Ha
OJIHOM BaJly C Cep/IeUHUKOM SIKOPSI U COCTOMT W3 OTAEIbHbIX U30/IMPOBAaHHBIX APYT
OT Jipyra Y OT BaJia SIKOpsi MeJJHbIX TJIaCTUH. KaXkzasi U3 T1aCTUH coeZijuHeHa C
OJTHUM WJIM HECKOJIbKUMU TTPOBOJHUKAaMH TIKOPHOM 00MOoTKM. Ha KosiiekTop
HaKJ1a/IbIBAKOTCS HEMOIBMXKHbIE KOHTAaKTHbIE 11eTKH. C MOMOILLbI0 KOHTAKTHBIX
IIIeTOK BpaIlaroiasicsi SKOpHast 0OMOTKA COeIUHSIETCS C CeThIO MTOCTOSIHHOTO TOKa
WU C Harpy3KOoM.

Tema 1.2 TpancdopmaTopbl

IIpakTnueckoe 3aHsitTue Ne3

Tema pabdoTsi: OnpeziesieHre TapaMeTpoB TpaHC(hopMaTopa.

Ilean padorei: OnipeeUTh TTapaMeTphl TpaHC(hopMaTopa.

TpaHcopmamopom Ha3bIBaIOT CTaTUUECKOe 37IeKTPOMarHuTHOe YCTPOMCTBO, MMetolllee
nBe (uu 6osiee) MHAYKTUBHO CBsI3aHHBIe 0OMOTKY U MpeZiHa3HAUeHHOe [I7IsT
nipeoOpa30oBaHust TIOCPEICTBOM SIBJIEHHS 3/IEKTPOMarHUTHOM UHIYKI[UH OJHOU
(mepBUYHOM) CUCTEMBI TEPEMEHHOI0 TOKa B PYTyt0 (BTOPUUYHYIO) CUCTEMY IepeMEeHHOT 0
TOKa.

MoujHoCTh



OCHOBHBIM MTapaMeTpoM TpaHC(hOPMaTOPOB SIB/ISIETCSI MOIITHOCTh, 0603Hauaemasi OyKBoi
S. OHa orpefie/sisieT MaccorabapUTHBIe ITOKa3aTe M 3/IeKTPOMarHUTHOTO arrapaTa. OT
3HaueHMs1 MOLJHOCTH 3aBUCHUT THIT UCIIO/Ib3yeMOr0 MarHUTOIIPOBO/IA,
KO/TMUeCTBO/IaMeTp BUTKOB B 0OMOTKax. V3mMepsieTcsi MOLI[HOCTDb B eAMHUIIAX B-A
(BonbT-amriep). Ha mpakTuke [/1s1 yZo0CTBa UCIIOMB3YIOTCS KPaTHBIE BOJIbT-aMITepam
BesMunHbl KBA (10° B-A) 1 MBA (10% B-A).

1.

D/1eKmpoMazHUMHas - mpejcTaB/sieT coO00M MOII[HOCTh B BBIXO/IHOM KaTylIlKe,
repeJjlaBaeMoOM C BUTKOB BXO/JTHOU 3/IeKTPOMarHATHLIM criocobom. OHa
orpeJiesisieTcsi YMHOXKeHHeM ZielcTBytolero 3HaueHus: 3 C Ha BeJIMUMHY TOKa,
MPOTEKaI0I1[ero B Harpy3Ke 3/IeKTPOMarHUTHOTO rpeoOpasoBaTesisi: S,y = Eor I,

2. Ilone3Has - 3TO NpoOM3Be/ieHre [AelCTBYIOIero HarpskKeHUsi BO BTOPUYHONM 0OMOTKe

Ha 3HaueHue Harpy304Horo Toka. PaccuuteiBaeTcst mo gopmyie: S, - U, L.

3. PacuemHas - pacuéTHasi MOII[HOCTb — MMpou3BeZieHre BeuurH [; 1 U; BXoaHOU

obMoTkHM armrapata S; = U; I;. 3ToT mapametp oripezie/nisieT rabapyThl U3/[eHS:
YMCJI0 BUTKOB U CeueHHUe MPOBO/OB.

4. I'abapumHas (munogas) - mapameTp S r.s OTIpe/iesisieT peaJbHOe ceueHue

cepAeuHrKa. Tak Ha3bIBAIOT MIOJTyCYMMY MOIIIHOCTEM BCeX 0OMOTOK
3/1IeKTPOMarHUTHOTO YCTPOUCTBA: S a6 = 0,5:(S1+S2+S3+ ...).

OcHOBHBIE TeXHHUECKHE XdPdKTEPUCTHKH A CIocoo0bI ornpeje/1eHus 1napaMeTposB:

1.

IlepsuuHoe HanpsidceHue HOMUHA/ILHO20 3HaUeHUs — Tak Ha3biBatoT U1H, KOTOpOe
TpeOyeTcs 1o/iaTh Ha BXOAHYIO KaTyIIKY arrapara, YTobbl B peykume X0JI0CTOro
X0/ia I0JIyYUTh HOMHUHA/ILHOE BTOPUYHOe HarpsbkeHre. [TapameTp

U1H yka3bIBaeTCsl B TeXNacropTe U3zenus.

. BmopuuHoe HOMUHA/IbHOE HANpsdiceHue - 3To 3Ha4eHue U2H, KOTOpoe

yCTaHaB/IMBAeTCs Ha BbIBOZAX BBIXO/IHOM 0OMOTKU MPU HEHarpy>KeHHOM
TpaHcdopmarope. Ha BXof, NpuK/a/ibiBaeTCsi HOMUHaIbHAsI BeJIMUMHA TTapaMeTpa.
3HaueHHe TlapameTpa 3aBUCUT OT BesinurHbl U1H 1 Ko3dduimeHTa TpaHchopmaliyu
Krt. I[Ipu akTHBHO-eMKOCTHOM Harpy3ke (¢2< 0) U2H MOXeT oKa3aThCsl 00JIbIie
Uls.

HomuHanbHblll nep8u4HbIll MOK - 3TO TOK I1H, TMpoTeKaroiyii BO BXOJHON 00MOTKe,
TIpY KOTOPOM BO3MOKHA MPO/I0JDKUTe/IbHas paboTa arrapara. 3HaueHue

[1H yka3bIBaeTcs B TeXmacriopTe Ha TpaHChOpMaTop.

. HomMuHanbHbIll 8MOpUYHbILl MOK - TITapaMeTp TaK)Ke MO>KHO BCTPETHTh B Tabmiie

MacCMOPTHBIX JJaHHBIX TpaHChOpMaTopa, OH ITPOTeKaeT M0 BbIXOJHOM KaTyIlIKe Mpy
TIPO/I0/DKUTETbHOM paborTe arimapaTta. O6o3Hauaetcs 12H.

Kosppuyuenm mpancgpopmayuu - COOTHOLLIEHHEM HOMUHALHOTO BXOJHOTO U
BBIXO/JJHOTO HaMpsbKeHU oripeiesnisieTcst Ko3dduieHT TpaHcopmaruu: K =
U1/Uzy

HomuHanbHblll Ko3gguyueHm mowHocmu (cos @) - cos @ OrpeensieTcst
OTHOIIIEHWeM aKTUBHOM MOIITHOCTH TpaHchopmaTopa P K ronHoi S: cos ¢ =

P/S. D10 BemmunHa, mokassiBarolijas paljioHaJIbHOCTb PacX0[0BaHUsA
3/IEKTPO3HEPrUH C yUeTOM PeaKTUBHBIX MOTepb TIpeobpa3oBaress.

Koagpuyuenm nonesHozo oeticmgus - KI1[1 3/1eKTPOMarHUTHOTO YCTPOMCTBa
Tpe/ICTaB/IsieT OTHOILIEHWe aKTUBHOU MolfHOCTH P2, oTbrpaeMoii oT amnmapata, K



nogBoaumMoii P1: n = P2/P1. Benuuuna KII/ Tem 6oJibliie, uem Bbiliie COSQ2 U
K03 duimenT 3arpy3ku = 12/12H.

a) J '
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XapakKkTepuCTUKH, OMNpe/e/sAIoliye NoBe/jeHie 3/ IeKTPUYeCcKoi MalluHbI:

1. HanpssceHue npu KOpOmMKOM 3aMbIKAHUU - TIPU U3MEPEHUSIX 3HaUeHUs

3aKOpauyMBaroT BLIBO/IbL, & Ha IIEPBUUHYIO KaTYIIKy IoZiaeTcs HarpspkeHue UK.
Cusa ToKa Ha Held He ripeBbIaeT HomyHaza (Ik < I1Hom), a Uk cocraBnsier 5-12%
OT HOMUWHA/IbHOU BeJINUMHBI.

2. HanpsiceHue npu x0/10Cmom xo0e - 3TO 3HaueHre HeHarpykeHHoro (12=0)
TpaHc(opmaropa Npu NoJaHHON HOMUHaNbHOM BennurHe Ul Ha BXo/ annapara.
[Tpy pa30MKHYTOM Harpy3ke BTOpPHWYHasl KaTyIlIKa OKa3bIBaeTCst 0OMOTKOM
Boiclero (BH) HanpsbkeHNst OT B3aUMOWH/YKLMMH, a TIepBUYHAsl CTAHOBUTCS
obmoTkoi Husiero (HH) 3nauenus. [Togo6HOe TIPOMCXOAUT TI0 PUUUHE
CaMOUWH/YKLIMU Ha Hel, HarlpaB/IeHHOW MMPOTUB MPUIOKEHHOI'0 HallpsDKeHUSI.

3. Tok xon10cmoeo xo0a - OH OTHOCUTCS K TlapaMeTpaM MepBUYHOM 0OMOTKU U
y3MepsieTCs [IPY HOMUHA/ILHOM 3HaueHWH [1H ¢ HeHarpy>kKeHHOM BTOPUYHOU
KaTyLIKOM.

Tema 1.3 ACHHXpOHHBIE JBUraTe/ N

ITpakTHueckoe 3ausaTve Ned.

Tema pa6oTsi: OnpeiesieHre TapaMeTPOB aCHHXPOHHOTO JIBUTATeJIsl.

Iean padorei: OnpeeMTh TTapaMeTPbl aCUHXPOHHOTO IBUTATeJIs.

ACUHXDOHHBIV ABUTATe/Ib - 3TO ACUHXPOHHAs MallluHa, NpeJiHa3HaueHHast JJ1si
npeoOpa3oBaHusl 3/IEKTPUUECKOM YHEPrUH ITePpeMeHHOT0 TOKa B MeXaHUUeCKYI0

SHEPrur0. "ACUHXPOHHBIM O3HayaeT He OJHOBPeMeHHbIM. [1pu 3TOM umeeTcs BBU/Y, UTO
y aCMHXPOHHBIX JIBUTraTe/iel 4yacToTa BpallleH!sI MarHUTHOTO MOJIst CTaTopa Bcerja
60/1bIIIe UaCTOTHI BpallieHus1 poTopa. PaboTatoT acMHXpOHHbBIE JBUTaTe/U, KaK TTIOHSITHO U3
orpe/ie/ieHus], OT CeTU IepeMeHHOro TOKa.



Ha pucyske: 1 - Ban, 2,6 - oAgMIHUKY, 3,8 - TTOAIIUITHUKOBBIE LIUTHI, 4 - j1arsbl, 5 -
KOKYyX BEHTWJISITOPA, 7 - KpbUIbYaTKa BEHTU/ISITOPA, 9 - KOPOTKO3aMKHYThIM poTop, 10 -
ctaTtop, 11 - Kopobka BLIBO/IOB.

OCHOBHBIMU YaCTSIMM aCUHXPOHHOTO0 ABUraTess siBasitoTcst cratop (10) u potop (9).

[TpuHIMIT paboTHI

[Tpu nojjaue K 0OMOTKe CTaTOpa HarpsDKeHUs1, B KaXKJ0M (aze CO3/aéTCsi MarHUTHBIN
TOTOK, KOTOPbIA U3MEHSIeTCSI C YaCTOTOM M0/laBaeMOro HarpsbKeHUsl. DTU MalrHUTHBIE
TIOTOKK CABUHYTHI OTHOCUTEJIBHO APYT Apyra Ha 120°, Kak BO BpeMeHU, TaK U B
NPOCTPaHCTBe. Pe3ybTUPYIOIMM MarHUTHBIM TIOTOK OKa3bIBAaeTCs MPU 3TOM
BpalLlarOLLIUMCS.

Pe3ybTUPYIOINMI MarHUTHBIM TTIOTOK CTaTOPa BpalllaeTCsl U TeM CaMbIM CO3/aéT B

npoBogHUKax poTopa D/IC. Tak Kak 0OMOTKa poTopa, UMeeT 3aMKHYTYIO 37IeKTPHUeCKYHO

Lerib, B Hell BO3HUKaeT TOK, KOTOPLIﬁ B CBOIO ouepeb BBaHMOAEﬁCTBYH C MAI'HUTHBIM

MOTOKOM CTaTopa, CO3JaéT MyCKOBOW MOMEHT JBUraTesIsl, CTPEMSILLUICS TIOBEPHYTb POTOP

B HAITPpaBJ/IEHWHX BpallleHWA MAHUTHOI'O I10JId CTATOPaA. KOF,Z[B. OH AOCTHUI'deT 3HaUeHMU s,

TOPMO3HOTO MOMEHTa pOTOPa, a 3aTeM TMpeBhIlIaeT ero, pOTOp HaUMHAeT Bpaliathcs. [1pu

5TOM BO3HHKAET TdK HA3bIBdeéMOe CKOJIb>KEHHE.

HomuHasibHBIE MapaMeTPbI ABUTr'dTeJId 3TO ITapaMeTPhbI, KOTOPbI€ ABUT'dTE€/Ib CMOXXET
BBIIEPKHWBATH B TEUEHKWH BCEI'0 CPOKA 3KCITIyaTallhH. K HOMMHa/IBHBIM (HaCHOpTHbIM)
AaHHBIM [IBHUI'aTe/II OTHOCATCSA:

« MolHOCTh Ha BaJly Wi MexaHuueckasi PH;
« Hampsbkenne o6moTku cratopa UH;
o Toxk craTopa In;



« Yacrora HanpsbkeHus ceTH fH;

« UYacroTa WM CKOpOCTb BpallleHHs poTopa NH, 06/MuH;
« Howmwunanbnbii KIT nH;

« KoadduipeHT MOIHOCTU COS (H;

B nacrnopte A/l 00bIUHO MPUBOAAT ZiBa 3HaUeHHWsl HaTIpskeHus1, Haripumep 380/220 B.
MeHbiiiee 3HaueHHe HaripsbkeHust (220 B) 3To da3Hoe HanpsbkeHHe 0OMOTKU cTaTopa.
Bosnblilee 3HaueHHe HaTIPsPKeHUSI OTHOCUTCS K COeIMHEeHHI0 0OMOTKHY CTaTopa B 3Be31y,
MeHblllee B TpeyrosibHUK. COOTBeTCTBEHHO YKa3bIBAKOT [Ba 3HaUeHUs TOKa craTopa. B
KaTasiorax [puBOJAT TaKKe:

« KpaTtHoCTh yckoBoro toka Im/Ix;
e KpaTtHOCTb ycKOBOro MomeHTa prn= Mm/MH;
« KpaTHOCTb MakCcUMasIbHOIO MOMeHTa UM = MM/MH;

Tema 1.4 CuHXpOHHBIE MallIUHbI

ITpakTHueckoe 3ausaTHe Neb

Tema paborbi: Ornpe/iesieHre TapaMeTpOB CUHXPOHHOT'O TeHepaTopa.

Ilenn paborer: OnipeJie/iuTh MapaMeTpbl CHHXPOHHOTO reHepaTopa.

CUHXPOHHBIHM reHepaTop — 3TO CUHXPOHHAs MalllHa, paboTaroias B

pe>xuMe reHepaTopa B KOTOPOW YaCTOTa Bpall[eHWsl MarHUTHOTO TI0JIs1 CTaTOpa paBHa
4yacToTe BpalljeHus1 poTopa.

B KOHCTpPYKIIMY CHHXPOHHBIX TeHepaTOPOB UCITO/Ib3YIOTCS /IBé OCHOBHBIE pabouwe JieTamu
— BpaLLIAIOIIUICS POTOP Y HEMOJABWXHBIM cTaTop. Ha Bany poTopa pacriosararorcs
TOCTOSTHHbIE MarHUTHI MO0 0OMOTKM BO30YyKAeHusl. MarHuThl UMeroT 3ybuaTyto Gopmy,
C IPOTHUBOMOJIOXKHO HAIpPaB/IeHHBIMH TOTFOCAMMU.

CHHXPOHHEIA
reHspaTop:

1l - KOHTaKTHRIE
KonbLa

2 - WeTojepxaTeanm

3 - NnonwcHas
KaTylWwkKa

4 - NonKCcHEIN
HaKOHEYHHE

5 - cepLeyHuK
cTaTopa

6 - BEHTWNATOPR

7 -Ban

B MOIIIHBIX 3JIGKTPUYECKHX MdIIMHAX BCErd MPpUMEHAI0TCA 00OMOTKH HMHAYKTOpa C
He3aBHCHMbIM B036Y)K,E[6HI/IEM. He3aBMCHMMBIM HCTOUHHUKOM MUTAHUS SIB/ISETCS



Ma/IOMOIIHBIA FeHepaTop MOCTOSIHHOTO TOKa, CMOHTUPOBAHHBIN Ha Bally CUHXPOHHOTO
JBUATaTeJIs.

Cyl111eCTBYHOT KOHCTPYKLIMM CUHXPOHHBIX T€HepaTOPOB MaJiol U CpeiHel MOIIJHOCTH, C
camMoBO30y>KJaroIMMUCS 0OMoTKaMu. [1jisi BO30Y KAeHUst MHAYKTOPA BbITIPSIM/IEHHBIN TOK
¢a3HbIX 0OMOTOK T0AAETCs Yepe3 IIETKU Ha KOJiblia, PacriosioykKeHHbIe Ha Ba/ly cTaTopa.

ITo KO/IN4€eCTBY (1)&3 CUHXPOHHbBbIE I'€EHEPATOPLI J€/IATCA Ha:

o/iHO(a3HbIe;
nByxha3Hble;

TpéxdasHble.

[To KOHCTPYKLIMK pOTOPa MOKHO BbIZIE/IUTh T€HEPATOPbI C IBHOBBIPA’)KEHHBIMH TTOJIFOCaMU
Y C HEeSIBHOBBIP&)KEHHBIMU. B HeSIBHOIIO/IFOCHOM POTOpPEe OTCYTCTBYIOT BBICTYIIBL, a
KaTYLLKM TIPOBO/IA AKOPS CIIPSATaHbI B 1a3bl CTaTOPA.

ITo crioco0y coeanHeHus1 (ha3HBIX 00MOTOK Pa3/IMYalT TPéx¢a3Hble reHepaTopbI:

COeJMHEHHBIE M0 LeCTUIIPOBOJHOM cucTeme Tecsia (He HallTM MPAaKTUYeCKOro
TIpUMeHeHUs]);
«3Be3a»,

«TPEYT'OJIbHHUK» ;

coueTaHue I1eCTU 0OMOTOK, COeZIMHEHHBIX B BU/Ie OJIHOMN «3Be3/Ibl» U «TPEYTro/IbHUKa».

PEl"yJ'[PIpOBaHI/IE YdCTOThI

,[[OCTI/IFHYTB TPEGYEMI)IX IMapaMeTpPOB YdCTOTBI MOKHO 2 My TAMU:

CKOHCTpYyHMpOBaTh reHEPATOP C OINpe/ie/IEHHBIM KOJIMUeCTBOM TTOJIFOCOB
3JIEKTPOMarHUTOB.
ObecrieunTbh COOTBETCTBYIOIIYIO PACUETHYIO UaCTOTY BpalljeHUs Basia.

Hampumep, B TUXOXO/JHBIX TUPOTYpOMHAX, BPAII[AFOIIMXCS CO CKOPOCTHIO0 150 06./MUH.
J/1S1 PEry/IMPOBaHKUs YaCTOThI YMCJIO TIOTFOCOB CUHXPOHHBIX T€HepaTOPOB YBETMUMBAKOT
70 40. Ha u3e/ibHBIX 3/1IEKTPOCTAHIUSX, TIPU CKOPOCTSIX BpaitieHus 750 00./MuH.,
ONTUMaJ/IbHOe YMUCJIO IT0/IF0COB — 8.

PeryupoBanue J/1C

B cBsA3u C M3MeHeHHsIMU TlTapaMeTPOB aKTUBHBIX Harpy30K BO3HHWKaeT He00XOAUMOCTh B
BbIDAaBHUBAaHWH HOMUHA/IBHBIX HanpsbkeHUM. HecMoTpst Ha To, uto 3/1C MHAYKUIUH
CMHXPOHHOI0 reHepaTopa CBsi3aHa CO CKOPOCTBIO BpallleHHs pOTopa, OAHAKO, M3-3a
TpebOoBaHMI 110 COOJTIOIeHNI0 CTa0NUIBHOM YaCTOThI, STUM CIIOCOOOM HeJTb3sl U3MEHSTh
yKa3aHHbIY rapaMmeTp. Ho mapaMeTpbl MarHUTHOM MHAYKLMA MOYKHO U3MEHUTh MYTEM
CHVDKEHUS WIX YBEJIMUEHUS] MAarHUTHOTO MOTOKA, KOTOPBIM 3aBUCUT OT KOJIMYECTBa
BUTKOB 0OMOTKH MH/IYKTOpA ¥ BeJIMUYMHBI TOKA BO30Y>K[€HUSI.



PerynupoBaHue OCyI1[eCTB/SeTCS IMyTéM BK/IFOUeHHs B 1eTTh KaTyllleK BO30y>KeHus
JOTIOJTHUTE/TbHBIX PEOCTaTOB, 3/IEKTPOHHBIX CXeM WJIM Pery/JMpOBKOM TOKa reHepaTopa-
B030yquTesisA. B ciyyae MCIio/ib30BaHUS albTePHATOPOB C TTOCTOSIHHBIMU MarHUTaMU, B
TaKUX YCTPONCTBAX HarpsbKeHHe Pery/MpyeTcsl BHEITHUMU CTabUM3aTopaMHu.

[IpuMeHsII0TCSI CUHXPOHHbIE TeHepaTophbl B MPOMBILLJIEHHOW SHEPTreTUKU U NPy
MOBBILLIEHWA HOMUHAIBHBIX MOLIIHOCTE! B YaChl IMMKOBBIX Harpy3okK.

Tema 1.5 CusioBbie TpaHcopmaTopbl

IIpakTnueckoe 3aHsiTre Neb

Tema pa6oTsi: OrleHKa Harpy304Ho# criocO6HOCTH TpaHCPOPMaTOPOB

Ilesan paborei: OlleHUTh Harpy30UYHYIO ClTOCOOHOCTH TPaHC(POPMATOPOB

Harpy3ouHoii crioco6HOCTBIO TpaHC(HOPMATOPOB Ha3bIBAeTCSI COBOKYITHOCTh /IOMYCTUMBIX
Harpy3oK U reperpy3ok TpaHcgopmaTopa. VICX0JHBIM peXXUMOM /1JIs1 OTIpefie/ieHust
Harpy304HOM CrIoCOOHOCTH SIB/ISIETCS HOMUHAIBHBIN peXXrM paboThl TpaHCc(hopMaTopa Ha
OCHOBHOM OTBETB/IEHWH TIPU HOMHUHAIBHBIX YC/IOBUSX MeCTa YCTAHOBKHU M OXJIaK/jarolileit
Cpe[ibl, OTipe/ie/isieMbIX COOTBETCTBYIOIMM CTaHZAPTOM WM TeXHUUYECKUMU YCIOBUSIMHU.
JlomyCTUMBIM pe>KMMOM Harpy3Ku Ha3bIBaeTCsl PEXXUM MPOAO/DKUTEBHOM Harpy3Ku
TpaHc(opmaTopa, TPy KOTOPOM pacyeTHBIN U3HOC M30JIsLMd 0OMOTOK OT HarpeBa He
TIpeBbIIIaeT W3HOCA, COOTBETCTBYIOIIIEr0 HOMHUHA/ILHOMY PEKUMY PabOTHI.
[Teperpy304HbIM CUMTAETCSI TAKOUM PE)KUM, TIPU KOTOPOM pacyeTHbIA W3HOC HU30JISILUA
TIPEBOCXOJUT U3HOC, COOTBETCTBYIOL[HH HOMHUHATBHOMY PEXUMY PaOOTHI.

CraHJapTamMu yCTaHOBJ/IEHbI Mpe/iesIbHO [0y CTUMbIe TeMrepaTypbl TPaHC(OPMAaTOPOB.
OHM 0CHOBaHBI Ha [JI/IUTETbHOM OMbITe SKCIUTyaTaliui TPaHC(HOPMATOPOB U
npeZlyCMaTpPUBAIOT HeTlpepbIBHYIO paboTy TpaHchopMaTopa Npy ero HOMUHAIBHOM
MOIIIHOCTH Y TIPe/INMMCAHHbIX OKPY>KAIOIIUX YCIOBUSIX B TeUeHHe YCTaHOBJIEHHOTO CPOKa
cty>K0b1 (20-25 71eT).

OcHoBaHMEM /11 OTPAaHUUEHHBIX BO BpeMeHH Harpy30K paboThl TpaHCc(opmaropa, B TOM
YuCJie U Bblllle HOMUHAJ/IbHOM, sIBJISIeTCSI HETo/IHasi Harpy3ka TpaHcopMaTopa B Mepuo/,
Tpe/illeCTBYIOLINN 1ONyCTUMOM Harpy3kKe, U MOHWKeHHasi TeMIiepaTypa oXJiaXK/arolen
cpefibl (BO3AyXa WA BOJBI).

I'OCT 14209—97 (M3K 354—91) «Harpy3ouHasi cClocOOHOCTb TpaHC(hOPMaTOPOB (U
aBTOTpaHC(OpPMaToOpoB)» (Janee — CTaHAAPT) U TexHHUUYecKue ycioBus (TY) Ha
tpaHchopmartopsl U AT cofiep>kaT peKOMeH/jalliy O MpeJebHbIX AOMYCTUMBIX
Harpy3kax.

Tak, B yka3aHHOM CTaH/lapTe MpHBe/ieHbl A0y CTUMbIe aBapUiiHble TIeperpy3Ku [iist
TpaHC(OpPMaTOPOB K1accoB HarnpsbkeHus 40 110 kB BKIounTeNbHO B 3aBUCUMOCTH OT
Npe/IIeCcTBYIOLe Harpy3Ku U TeMIlepaTypbl OXJ/IaXKAaro1lero Bo3jyxa Bo BpeMsi
nieperpy3ku. [1is nipe/iiecTByolel Harpy3ku He 6osiee 0,8 HOMUHABHOTO 3HAUEHMUS
MOLL[HOCTH TpaHC(opmMaTopa 1 TemrepaTypbl OXJIaXK/1arol[ero Bo3Zyxa BO Bpemsi
neperpy3ku t = 0 u 20 °C a1 TpaHChOPMAaTOPOB KaccoB HanpsbkeHus 4o 110 kB
BKJ/IFOUUTEJILHO /IONyCTUMbIe aBapyUlHbIe Neperpy3Kyd TpaHC(HOPMaTOpOB
XapaKTepPU3yHTCS JaHHBIMU TaOJIULIbI

Tabauya



onycTuMble aBapHiinbie neperpy3kn TpancdopMaTopor
MpH BeIDOPE HX HOMHHAALHON| MOWHOCTH NPH NpeAulecTRYWILeil HATPY3Ke,
He npessimawmei 0,8 HoMEHATBHO¥

[Meperpy3kn B Dongx HOMHHATEHOIO TOKA B 3aBHCHMOCTH
[pomomknTemh- OT TEMIEpaTYPE 0XIAXIAKNIIEND BOIIYXa BO BpeM: NIEpETPY3IKH
HOCTE MepPerpy3Kn 0°C 20°C
B TEUSHHE CYTOK, Y - -
M. 1 i M., A JL
1,0 2 1.7 2.0 1.5
2,0 1,9 1,6 1,7 1.4
4,0 1,7 1,5 1,4 1.4

B cootBetrctBUM ¢ TY Ne 3411-001-498-90-270-2005, cornacoBaHHbiMU ¢ PCK EDC
Poccuu, AT B 3aBUCUMOCTH OT Tpe/ileCTBYIOMeH Harpy3ku 0,7 HOMUHAIbHOTO 3HAUYeHUSsI
MOILLHOCTU U TeMIlepaTypbl OXJ1aXKJarol|ero Bo3Ayxa Bo BpeMs neperpysku t = 25 °C

JOMYCKAaKT CAeAYII1e KPaTHOCTH U JJIUTeTbHOCTH aBapUMHBIX TTeperpy3oK:
1.0u—1,4;

20u—1,3;
4.0y —1,2.
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KoadduimeHT HauaibHOM Harpy3Ky 5KBHBa/IeHTHOTO rpaduKa orpeziensieTcs o
BbIDA)KEHUIO:

1 s12-A11+s%-Atz+...+s2-At

kl — . m m

Siom A+ Ay +....+ AL,

SI’SZ’___’Sm AII:'AIZ’-"’Atm
rae — 3HAueHHe Harpy3Ku B UHTepBalax

Kos¢ppurmeHT MakcMMabHOM Harpy3ku B UHTepBasie

B \/(si)z Al +(59)% - Ay +....+ (5,) - A,

L Al + Al + ...+ Ahy,
k5 >0,9-k kh =k K, <0,9-k
Ecou 277 "max  pq TIPUHUMAIOT 27" , eciu 2 <57 Hmax , TO TIpU-
ky =0,9-k .«
HHUMaloT

Tema 1.7 CxeMbl 3/IEKTPUUECKHUX COeJUHEHHUM MOCTAHIIUM U PacIpeyCTPOHUCTB
IIpakTnueckoe 3aHsiTue Ne7

Tema padoTbi: BoiO0p MOIIIHOCTH 3aBO/ICKO¥M MOZCTAHILIAN

Iless padoThi: BoibpaTh MOIITHOCTE 3aBOAICKOM TTO/ICTaHIUH



Buab1 TIIT
M3BeCcTHO MHO>KeCTBO Pa3HOBUAHOCTEN pacrpe/ie/TMTeIbHbIX TPaHC(HOPMaTOPHBIX
TMO/ICTAHLIUM, Pa3/TMYalOIUXCS 110 MOILIIHOCTH, MECTY PacIiojIoKeHUs1 U CBOEMY
ycTporcTBy. Cpesit HUX MOXKHO BBIZIEJIUTh C/IeAYIOLIie OCHOBHbIE THIIbI:
e TII mowHocTeIO 0 40 KBT, Hcrionb3yemele [j1s OJa4uM 3/IEKTPOSHEPrUU Ha
HebosbllIe 00BHEeKTHI.
¢ MoiiHble pacripe/ie/TUTe/TbHbIe KOMITJIEKChI, IPUMeHsIeMble [I7Isi SHeprocHabKeHust
rOpPOJICKMX MUKPOParOHOB U KPYITHBIX MPeANPUSITUN.
¢ KowmmekTHble TpaHCcopMaTopHble nojacTtaHiiuu unu KTTI, moctpoeHHbIe 110
MOy/IbHOMY (6/I0UHOMY) TIPHUHITHUITY.

MorrHocTh TpaHchopmaTtopoB I'TIIT u 1iexoBeix TII (3a ucK/IOUeHHEM CydaeB Pe3KO
TepeMeHHOT0 rpadyiKa Harpy3Ky) peKOMeH/AyeTCsl BRIOMpAaTh TI0 Cpe/iHeld Harpy3Ke 3a
HauboJiee 3arpy>keHHYH0 CMeHY C T0C/IeyIolel MpoBepKoi 1 KOPPeKTUPOBKOI ee 110
yZeJIbHbIM pacxofiaM 371eKTPO3HEPTrUU Ha eIUHULY POYKLIUU, O0JTyYeHHBIM B
pe3yJibTaTe 00C/IeZloBaHM /IEKTPHUECKUX HaTrPy30K MpeArnpUsTHH.

Ha T'TITT ipoMbIiIIeHHbIX TIPeATIPUATHN J71s1 Oecriepe00MHOT0 MUTaHUs Harpy30K TMepBOi
Y BTOPOM KaTeropuii peKOMeH/1yeTCsl yCTaHaB/IUBATh /[Ba TpaHC(opmaTopa C
K03(hQULIMEeHTOM 3arpy3ku B HopMaabHOM pexkume 0,6 - 0,7.

KosddurmenTs! 3arpy3ku TpaHchOpMaTOPOB 11€X0BbIX MTOZCTaHIHM 1ieiecoobpa3Ho
MIPUHUMATh C/IeIyIoIHe: AByXrpaHChOpMaTOPHBIX C rpeob/iafarolieii Harpy3Kou 1epBoi
Kareropuu - 0,65 - 0,7, ogHOTpaHCHOPMaTOPHLIX C MpeobJiaziarolieii Harpy3Koi BTOPOU
KaTeropuu y pe3epBUpOBaHKEM I10 MlepeMbluKaM Ha BTOPUYHOM HaripsbkeHuu - 0,7 - 0,8.
Yo ¥ MOIIHOCTD 1[eX0BbIX TPaHC(OPMATOPOB C/ielyeT BLIOMpaTh HA OCHOBAHUN
TeXHUKO-IKOHOMHWYECKHX pacueToB. [Ipy 3TOM B TiepBOM NpUOIMKEHUH MOIITHOCTH
TpaHC(opMaTopoB B ceTsx HanpsbkeHHeM 380 B M0OXXKHO MpUHUMATh UCXO/S 13
CIeIyIOLUX YZeNbHbIX IIOTHOCTeW Harpy3ku: 70 1000 kBA npu mtotHocTsx mo 0,2 kB-
A/m?, 1600 kBA nipu rotHocTsx 0,2 - 0,3 KBA/M?, 1600 - 2500 KBA nipu rtotHocTsx 0,3
KBA/M” u Goree.

BbI00p yHC/Ia ¥ MOLIIHOCTH TPaHC()OPMATOPOB /I MUTAHMUSA 3aBOJCKHUX MOACTAHI[UAMN
MPOU3BO/JUTCSA C/IeAYIOLIUM 00pa3om:

1) omnipenensiercs urcno TpaHchopmaropos Ha TTI, ucxos U3 obecrieueHust HaIEKHOCTH
39/IEKTPOCHA0XKEeHHSI C YUETOM KaTeropuu MprUéMHUKOB;

2) BbIOMparOTCs Hanbosee 6/1M3KHe BapUaHThI MOIITHOCTH BHIOMpPaeMbIX TpaHC(OpPMaTOpOB
(He 6ostee TPEX) C yUETOM IOMTyCTUMOM HArpy3KU X B HOPMaJIbHOM PeKHUMe U
JIOTTyCTUMOM Tleperpy3ke Ireperpy3kyd B aBapUMHOM pPeKUME;

3) ompefiesisieTcsi 5KOHOMUUECKH 1iesiecoobpa3Hoe pellleHre U3 HaMeUeHHBIX BapUaHTOB,
ripuemsieMoe Jijisi KOHKPEeTHBIX yCI0BUM;

4) yuuTBhIBaeTCS BO3MOKHOCTb pacilivpeHus win pa3sutus 111 u peliaeTcst BOrpoc o
BO3MO>KHOM yCTaHOBKe 60Jiee MOIIIHBIX TpaHC(HOPMAaTOPOB Ha TeX )Ke (hyHJaMeHTax, M1Mbo
rpeJlyCMaTpPUBaeTCsl BO3MOKHOCTb PacCIlIMpeHHs MO/[CTAHLIUM 3a CUET yBe/TMUeHHUs Urc/ia
TpaHC(OPMAaTOpPOB.

Tema 2.1 [TpoBogHHKHU pacripee/TUTe/NbHbIX YCTPONCTB. VI30/19TOPBI.
IIpakTHueckoe 3aHsTue Ne8.
Tema 3aHaTus: BriOop 1IMH ¥ OIIMHOBKY Ha MO/ICTAHI[USX.



Ilesb padoThl: BoiOpaTh MIMHBI U OIIMHOBKY Ha MOJCTAHLIUSX.

COopHBIe UHBI SBSIOTCS Y3/I0BBIM ITYHKTOM CXeMbl COeZJUHEeHUs], Yepe3 KOTOPBIM
MpoTeKaeT BCSl MOLLHOCTh CTaHI[UMK, MOJCTaHI[UX WU pacripefie/iuTeTlbHOro myHkTa. K
COOpPHBIM IIIMHAM TIPUCOeIUHSIOT BCe TeHepaTOPhl UM TPaHCPOPMaTOPbl, BBOAbI U
OTXOJAIIINe TUHUU. DJIeKTPUUecKast SHeprusl TIOCTyraeT Ha COOpHbIe TUHBI U TI0 HUM
pacripefiesisieTcsl K OT/Ie/IbHbIM OTXO/ISILUM JIMHUSIM.

OurHOBKOM TpaHC(hOPMaTOPHOM MO/CTAaHLIMM WK pacIipe/le/TMTe/TbHOr0 YCTPOMCTBA
(PY) Ha3biBaeTCsl KOHCTPYKLUS, Cy>Kalllasi [1J1s Tepe/jau 37eKTPO3HEPTrUU B TPaHULIAX
CBO€H 3/1eKTpUUeCKON YCTaHOBKU. B ee cocTaB BXOZST NMPOBOAHUKU, U30JISITOPHI,
Pa3BeTBUTE/IU U y/lep>KUBAIOLLEe UX 3/IEMEHThI, @ UHOT/Ia U 3alUTHbIE KOXKYXHU.

[ITyHBI MOTYT OBITH KaK >KECTKHUMH, TaK U THOKMMH. JTO 3aBHUCHUT OT ITapaMeTPOB U BHU/Ia
yCTpoKcTBa. B jkeCcTKOM MMHHOKW KOHCTPYKLIMW IIIMHAMU CJTY>KaT OTPE3KU MeTa//TUYeCKUX
nosioc Wau Tpy6. OHM 3aKPervIstoTCS Ha OMOPHBIX U30J/IITOPax MO0 B IIIMHO/eprKaTesisX.
['nbkas o1MHOBKa 06pa3yeTcst IPU UCTI0/Ib30BaHUA MHOTOXKUTbHBIX TIPOBO/ITHUKOB Oe3
000/10UKH, TI0/IBEllIeHHBIX Ha TMHEMHbIX U30/IITOpax. PaciliMHOBKOM TpaHcdopMaTopa
Ha3bIBAIOT MOJTHBIM WM YaCTUUHBIN IeMOHTaX ero IWHHOW KOHCTPYKLuU. Yallle Bcero
OHAa BBITIOTHSETCS /1S 3aMeHbl WM PeMOHTa 000py/[0BaHMS.

Bb100op mMH 1 OIIHHOBOK Ha PY 110 kB

B PY 110 kB mnpumeHsitoTcsi TMOKHe IIWHBI, BBIMOJHEeHHbIe TpoBogamu AC, umm
JKECTKas OLIMHOBKA, BBLIMIOJIHEHHAsA a/IFOMUHUEBbIMU [IPOBOaMU.

Bb160p MpoU3BOIUTCS TI0 HarpeBy (JOMyCTUMOMY TOKY):
- MaKCUMaJTbHBIA pabouuii TOK, MPOTEKAIOIIUM T10 IITUHAM;

- AOHYCTHMLIﬁ TOK IIHWHEI.

i _ Suar.max _ Pyasryax/cose _ 117,7/0,85
FAB A ‘J@ Unom ‘v@' Unom 1-@' 110

=726,7 A

Bri6upaem ripoBosg AC-400/22 (paccTostHue Mexxay (asamu 4 M, dasbl pacroararoTcs
TOPU30HTANIBHO). [J0MyCTUMBIN AJIUTENbHBIU TOK:

Hapysxubii1 fuametp nipusoza d=26,6 mm

BribpaHHbIe IIUHbI TIPOBEPSIIOT 10 YCIOBUSIM:

1. Ilo gonycTUMOMY TOKY:

2. [IpoBepKa IIMH Ha CXJIeCTbIBAHHE He TIPOBOJUTCS, T.K:

3. TlpoBepka Ha TepMuueckoe JelcTBue TOKOB K3 He mNpoOBOAWTCA, T.K LIWHBI
BBITIO/THEHBI TOJTBIMU MIPOBO/IAMU Ha OTKPBITOM BO3/yX€;

4. ITpoBepka Mo yc/JI0BHUSIM KOPOHHMPOBAHUS MOXKeT He MPOBOAUTCH, T.K corsacHo 1Y 3,
A5t Bo3ayirHow mmHuKM 110 kB MUHUManbHOe ceueHre cocTaBisieT 70 MM2.



TokoBefylljie YaCTU OT BLIBO/IOB TpaHC(opmaTopa A0 COOPHBIX IIIMH BBITOIHSIOTCS
TeMH >Ke TIPOBOJIaMH, UTO U LLIMHBI.

Bbi10op mH 1 omMHOBOK Ha PY 35 kB

B PY 35 kB npuMeHsIFOTCSI THOKHe IITHUHBI, BBIMOTHEHHBIe poBoAamMu AC, WIH »KECTKast
OLLIMHOBKA, BbITOJ/IHEHHas a/IFOMUHHEBBIMU [IPOBOAMHU.

Bb160p MPOU3BOIUTCS TI0 HAarpeBy (JOIMyCTUMOMY TOKY):
- MaKCHUMa/bHBIM pabounii TOK, IPOTEKAOIIHUH 10 IITMHAM;

- AOHYCTHMLIﬁ TOK IIHMHEI.

Suar.max _ Pyar max fcOSQ _ 40,5/0,85

= = =7859A
‘”3-UHD:‘-! “3‘UHD.‘-! V3-35

Iosg pax =

Bri6upaem rpoBog AC-400/22 (paccTostHre Mexxay (asamu 4 M, dasbl pacrioararoTcs
TOPU30HTANIBHO). [J0MyCTUMBIN AJIUTENbHBIU TOK:

Hapysxubii1 fuametp nipusoza d=26,6 mm

BrIOpaHHBbIe IMHBI TPOBEPSIIOT 0 YC/IOBUSIM:

1. Ilo gonycTUMOMY TOKY:

2. [IpoBepKa LIMH Ha CXJIeCTbIBAHKE He TIPOBOJUTCS, T.K:

3. TlpoBepka Ha TepMuueckoe JelcTBue TOKOB K3 He mNpoOBOAWTCA, T.K LIWHBI
BBITIO/THEHBI TOJTBIMU MIPOBO/IAMU Ha OTKPBITOM BO3/yX€;

4. TIpoBepka M0 yC10BUSIM KOPOHUPOBAaHUS MOXKeT He IPOBOAUTCA, T.K coriacHo I1Y 3,
A BO3AylIHOW jmHUM 35 KB ceueHue kKabenss mapku AC TmpeBbllllaeT MUHUMAIbHO
[0Iy CTUMOe.

TokoBefylijie YacTU OT BBIBO/IOB TpaHC(opmaTopa /[0 COOPHBIX IIMH BBITOIHSIOTCS
TEeMH >Ke MPOBOJaMH, UTO U IIUHBI.

Bbi0op muH 4 oIUHOBOK Ha PY 10 kB
Haubonbiiiii TOK B 1iery COOPHBIX LITHH:

T.x. mepen PY 10 kB ycraHOBieHa «pa3Bu/Ka», TO Ha KaXAoW cekuuu Oymer ,
CJIel0BaTe/IbHO:

I — = = —
AB.MAX ‘\'1{.§ . UHDT'-’I "\-'IIS ’ UHD}-’I 3-10

Iossaax)/ 41093, N

PAE FMXXg _ {’2 = 2054,65 ~ 2000 A

Ipialﬁlmﬂxxz Suar.max Pyar max/cose _ 60,5/0,85 — 41093 A



[IprHHMMaeM ABYXMOJIOCHBIe MIMHBI 2X(60x10) MM2,
(cm. Tabsuryy 3.4 [2]).
1. IIpoBepka 10 yC/JI0BHIO HarpeBa B MPOJO/DKUTE/IbBHOM peXrUMe:

2. ITIpoBepKa Ha TEPMHUECKYIO CTOUKOCTb:

s —VBk._g1a '’/
MIN — r- - MME

— AJ1d aMTHMHHHEBBIX IITHH

TOF,Z[EI MHWHHUMAJ/IBHOE CeueHume:

o JBx _ V237,16
MIN C 91

= 16,92 mm?

Ceuenue BbIOpaHHOM mMHBIL: 2X(60x10)=1200 mm2

3. IIpoBepka Ha MeXaHUUECKYIO TTPOYHOCTb:

IE

_ 1732 |]
fo q

OmnpefenyM MPOJET MeXKAy IIMHAMH, TPH YCJAOBUM, UTO YacToTa COOCTBEHHBIX
Konebanwuii Oyzaer 6omee 200 I'1y.

CI—II/ITaEM, UTO IIHWHBI PACIIO/I0XKEHLI I/IallIMs, TOrAad 1o Ta6n1/1ue

1732 |36
’!_b-hg_l-ﬁg_% J2 < : = 1,49 m?
———=—¢ —36am 200 [6-2 <. /1,49 = 1,22 M?

[TpyHUMaeM pacro/io)KeHue TlakeTa IIWH TUlalliMsl, TIPOJIET 1,5 M, pacCTOsiHUE MeXXIy
¢dazamu 0,8 m.

OmnpeziesTuM pacCTOSIHUE MeXXJy MPOK/IaZKaMu:

|

—— I !
<0216 | tEdn_gge. |2 4710705
n =% iji‘.'u’ﬂ \‘| Hd? - \[ISEIEI-ZB ,"‘,Jl D-35

*
=0,89m; 089-2=1,78m

s[7-1012-0,5
1072 =0,133 - 102 =0,44 M

]

n

2,7

['me - paccrosinve MeXXay OCSIMHU TTOJIOC

- MOMEHT MHepLHWH I10JI0ChIL:






Bbi60p wiuH u owiuHoeok Ha PY 110 kB

B PY 110 kB npumeHsitoTcst TMOKUe IIWHBI, BLITIOJTHEHHBIE TIPOBO/[aMU
AC, nnu XEcTKas OIIMHOBKA, BBINO/IHEHHAs aTFOMUHUEBLIMU [IPOBOJAMU.

Br160p 1poM3BOJUTCS 110 HAarpeBy (AOMyCTUMOMY TOKY):
- MaKCUMaJTbHBIM pabounii TOK, MPOTEKAOIIUI 110 IITHHaM;

- AOHYCTHMbIﬁ TOK IIINHBI.

i _ SHAT.Max _ Pyar.aax /€0S@ _ 117,7/0,85
A ‘V{E'UHDM V3- Unom V3-110

=726,7 A
Bri6upaem npoBoz, AC-400/22 (paccrosinve Mexay daszamu 4 M, da3sbl
pacIio/iararoTCs rOpU30HTAIBHO). [JOMyCTUMBIN AIMTETbHBIA TOK:
Hapy>kHbiii iruameTtp nipuBoja d=26,6 mm
BbiOpaHHbIe IIMHbBI TIPOBEPSIIOT 110 YCIOBUSIM:
1. ITo gomycTMOMy TOKY:
2. I[TpoBepka IIMH Ha CXJieCThIBaHUE He TIPOBOAUTCH, T.K:

3. IIpoBepka Ha TepMUUeCKOe AelCTBHe TOKOB K3 He mpoBOAMTCSA, T.K
LIMHBI BBITIOJIHEHBI F'OJIBIMU MIPOBO/JIJaMU Ha OTKPBITOM BO3/yX€;

4. TIpoBepka 10 yC/I0BUSIM KOPOHMPOBAaHUSI MOXKET He TPOBOJUTCS, T.K
corjacHo I1YD, pnig Bo3gymHou vHUM 110 kB MUHMManbHOe ceuyeHHe
cocraJisgeT 70 Mm2.

TokoBeylllie 4aCTU OT BBIBOJIOB TpaHC(opmaropa [0 COOPHBIX ILIWH
BBITIOJIHSIFOTCSI TEMU >Ke MPOBO/AMMU, UTO U LIWHBI.

Bbi60p wiuH u owuHo80K Ha PY 35 kB

B PY 35 kB mpuMeHSItOTCS THOKHe IWHBI, BBIMIOJHEHHbBIE MPOBOJAMH
AC, 1 XEcTKas OILIMHOBKA, BbINIOJIHEHHAS a/lFOMUHUEBBIMU [IPOBOJAMU.

Bb160p MPOU3BOUTCS 110 HAarpeBy (ZOMyCTUMOMY TOKY):
- MaKCHMaJTbHBIM pabounii TOK, TTPOTEKAFOIIHI 110 IITHHAM;

- ,[LOHYCTHMBIP’I TOK IIINHBI.

Suar.max _ Pyar max fcOSQ _ 40,5/0,85

= = =7859A
"E-UHD:\] “3‘UHD.‘-! V3-35

Iosg pax =

Bri6upaem npoBog, AC-400/22 (paccrosinve Mexay daszamu 4 M, da3sbl



pacriosiaratoTCs FTOPU30HTAILHO). JOMyCTUMBIN JTUTeTbHBIN TOK:
Hapy>xHbIii iuameTp npuBoza d=26,6 mm
BribpaHHbBIe IIIMHBI IIPOBEPSTIOT 110 YC/IOBUSIM:
1. Ilo momycTUMOMY TOKY:
2. [IpoBepka IIWH Ha CXJIeCThIBAHME He TTPOBOAUTCH, T.K:

3. IlpoBepka Ha TepMHUYecKoe [elCcTBHe TOKOB K3 He MpoBOAUTCS, T.K
IIMHBI BBITIO/THEHBI TOJIBIMU MIPOBO/IaMU Ha OTKPBITOM BO3/yX€;

4. [IpoBepka 10 yC/I0BUSIM KOPOHUPOBaHUSL MOXKET He TNPOBOJUTCH, T.K
cornacHo ITY3, ans Bo3aymHoi muHun 35 KB ceuenne kabesnst Mmapku AC
TpeBbIlIaeT MUHUMAJIBHO [0y CTUMOe.

TokoBeyllle 4aCTU OT BBbIBOJIOB TpaHC(opmaropa [0 COOPHBIX LIWH
BBITIOJIHAIOTCSI TEMU K€ MPOBO/AMM, UTO U LLIWHBI.

Bbi60p wiuH u owuHo80K Ha PY 10 kB
Haubonbiiii TOK B 11 COOPHBIX IITHH:

T.x. mepen PY 10 kB ycTaHOB/IeHa «pa3BWJIKa», TO Ha KaXKI0W CEKLMU
OyzaeT , cefoBaTe/bHO:

I PAE.MAX XZ

I _ Suar.max _ Pyar max /cos@ _ 60,5/0,85
PN V3 Unow V3 Unom V3-10

oy . 4109,3; o
PAB 'H’AXXZ — XZ = 2054,65 ~ 2000 A

=41093 A

[IpyHMMaeM ABYXMOJIOCHBIE MIMHBI 2x(60x10) MM2,
(cMm. Tabauiyy 3.4 [2]).
1. IIpoBepka 110 yCJIOBUIO HarpeBa B IPOJIO/DKUTE/IBHOM peKUMe:

2. TIpoBepka Ha TEpPMUYECKYH) CTOUKOCTb:

JBx

Sarry =
MIN C

1/
c/2

C=91A-

— — 1151 ATIOMHHHEBRIX IHH (Tabauna 3.14[2])
MM?2



Torga MUHUMaIbHOE CeueHue:

~ JBx 23716

Ay = 16,92 2
MIN C 91 , 74 MM

Ceuenuie BbiOpaHHOM mMHBL: 2x(60x10)=1200 Mm2

3. IIpoBepka Ha MexaHNYeCKYO I[IPOYHOCTh:

_1732 )

fo q

IE

OmnpenenmvM TPOJET MeXAy IIWHAMW, IIPH YCJIOBHM, UTO YacCTOTa
coOCTBeHHBIX KosiebaHuii 0yeT 6osee 200 I'1.

C‘—II/ITaEM, UTO IIWHBI PACIIOJIOXKEeHbI IVIdllMs, Toraa 1o Ta6J'[I/IL[e

. hg 1_ 63 1?3_,2. 36

b 12 <
] = e =6 =36cM* T 200 _|6-2

l=./1,49 =1,22 m?

[IpyHriMaem pacriojio)keHue TlaKeTa IOWMH IUIAlIMSA, TIpOéT 1,5 M,
paccTosiHue Mexay (aszamu 0,8 M.

= 1,49 m?

Ormnpeie/IM PacCTOSIHHE MeXKAY TPOKJ/IaZIKaMHU:

— [ ,- |
L <0216 |22t B dn _ggp. |2 ¢[7 10705
no= " : J_, | T1r = W o i !

Jin | J36620 | 0,35

=089M:089-2=178m

«{7-101°-0,5
—0,133- 1072 =044 M

2,7

F,qe - pPaCCTOAHNE MEXY OCAMHU I10J10C

- MOMEHT MHEPLIXU I10JIOCHI:

b-h® 6-1°
12 12

=0,5 cm*

Jn =

- K03 duiyeHT hopmbl

- Macca mosiocel Ha 1 M, ompejesnsercsi MO CeYeHUI0 (, TUIOTHOCTHU
Marepuasa muH (a5 anomunus 2,7x10-3 kr/cm3) u ayvsbl 100 cM.



- MOAYy/J/ib YIIDYI'OCTHU MadTe€pHaJ/ld IINH.

[IpyHrMaeM MeHblllee 3HaueHue In=0,44 M, Torjja UMc/IO TMPOK/IA/IOK B
rpoJiére:

L, 15
LT T 0,44

—1=24~3

IIpu Tpéx npoksaaKax B IpoJieTe:

L I 15
"Tn+1 3+1

=0,375m

OHPEAEHHEM cuiny B381/IMO,Z[EI>‘ICTBI/IH MeXAy 1ojIoCaMHu:

Ky - iyg” 0,55- 366207 H
=— 8 407 = -1077 = 1844 —
n="4"% 4-0,01 M
HaHpH)KEHI/Ie B MaTepudJie 1oJI0ChI:
12 1844-0,5
7, foln _ = 38,41 MIla

12- Wy 12-1
I'e - MOMEHT COTNPOTHBJIEHUSI OHOU TOJIOCH];

b*-h  1%-6
6 6

3

Wq = =1cm

HarnpspkeHue B MaTepuarie IIMH OT B3aUMO/IeCTBUS (a3:

12 - iyn? 1,52 - 3662072
— A _J3-10°® = 4,44 Mlla

—V3-10°®
Tp =3 a-Wy 0,812

Fge - MOMEHT COITIPpOTHUBJ/IEHH: IMaKeTd IIWH;

b-h* 1-6°
Wy = T =3 =12 cm?

YTO MeHbIlle [AOMyCTUMOro. TakuMm o06pa3om, MIMHBI MeXaHH4YecKd
TIPOYHBI.

OmMHOBKY B 1eld TpaHchopmaTopa BbIOMpaeM Tak ke U3
a/TFOMUHUEBBIX ABYXIOJIOCHBIX IIHMH 2x(60x10) MM2.

BreiBozipl: B maHHOM ri1aBe ObIM BBHIOpAHBI IIMHBI U OIIMHOBKM Ha PY
110, 35 kB, a Tak e B kKamepax KPY 10 kB.



Tema 2.1 IIpoBoaHUKHM pacnipeje/MTeNbHbIX YCTPONCTB. M30/1ATOPBI.
IIpakTnueckoe 3aHsiTHe Ne9

Xoj 3anaTusi: Beibop u mpoBepka r’MOKUX IIWH, KOMIUIEKTHBIX TOKOTTIPOBO/IOB, CU/IOBBIX
Kabeieit.

Iless paboThl: BeiOpaTh ¥ MpoBepUTh TMOKHE IITHHBI, KOMIUIEKTHbBIE TOKOTIPOBO/IbI U
CUIOBBIE KabesH.

B snekTpoycTaHOBKax (3/1eKTPOCTaHLUSAX U MOACTaHLUSAX ) PUMEHSIFOTCS
Hen30J/IMPOBaHHbIE KeCTKHe TIPOBOJHUKH; HeU30/IMpOBaHHbIe TMOKMe MHOTOTIPOBOJIOUHBIE
MPOBO/Ia; Kaben v KOMIIJIEKTHbIe TOKOTTPOBO/BbI.

B HacCTosd1ee BpeMsda INMPUMEHAOTCA B OCHOBHOM d/TIOMUHHEBbLIE€ TOKOBEAYIIIME UdCTHU U
IMNHBI, HO, B CBA3W C YMEHbIII€EHUEM DA3HUIIbI IIEH d/IIOMUHWUEBBIX 1 MeHbIX
IMPpOBOJHUKOB, B ITO0C/IeAHEE BpEeMs, PaCIINPHU/IACb BO3MOXXHad 00/1aCThb IMpUMEHEHNA
MeJHBIX TIPOBOAHHKOB.

Bb160p KOHKPeTHBIX TUIOB TTPOBOAHUKOB 3aBUCUT OT HOMUHAILHOTO HaMPsUKeHUSs, TOKa,
POZia YCTaHOBKY U 0COOEHHOCTEH MPOEKTUPYEMOU 37IeKTPOYCTaHOBKH.

KommniekTHbIe TOKOITIPOBO/bI ¥ MIMHHBIE MOCTHI

[[InHHBIE MOCTBI MTOCTABJISIFOTCS KOMITIEKTHO C IiKadhamu KPY u npenHa3zHaueHbI fis
COeIMHEHWSI CeKLIMH LLIWH MPU JBYXPSIAHOU KOMITIOHOBKe. KOHCTPYKLIMM IIIMHHBIX MOCTOB
00BIYHO TIPe/lyCMaTPHBAlOT BO3MOXXHOCTh TPAHCIIO3UIUH (a3.

[ITuHHBIE MOCTHI UMEIOT TIPSIMOYTO/TbHOE CeueHre, B 000/I0UKe KOTOPBIX B OTHOU
IJIOCKOCTH PacIio/ioyKeHbl ToKoBeAy1ue 1MHbl. [ITvHHbIe MocTh! sueek KCO umerot
OTKPBITOE UCIIO/IHeHHUE.

ToKOIIPOBOABI PA3/TMUAIOTCS TI0 KOHCTPYKIMH, pa3MepaM U Crioco0y KpeTlieHusl.

Pa3MyaroT TOKOMPOBO/IBI B CTa/bHOM 000/I0UKe U amfoMUHHEBOU. KOHCTPYKI[UH
TOKOITPOBO/IOB MPeAyCMaTPUBAIOT MPUMEHEeHHe KOMITEHCATOPOB IITHH, KOTOPhIE
o0ecreurBalOT BO3MO)KHBIE U3MEHEHHS IJTHHBI IITHH TTPU U3MEHEeHHSIX TeMIIepaTyphl B
nvariazoHe - 40 -, +100° €

B PY 35 kB u BblIlle NpUMeHsIFOTCSI THOKHE IIIWHBI, BBINOTHeHHBIe mpoBogamMu AC.
I'nbKue TOKOIIPOBO/BI /1T COeAMHEHHS TeHepaTOpOB 1 TpaHcopMaTopos ¢ PY 6-10
KB BBITIOHAIOTCS ITyYKOM TIPOBO/ZIOB, 3aKPEMVIEHHBIX 110 OKPY>KHOCTH B KOJIbL[aX-
oboiimax. [IBa TpoBOia 13 IMyyYKa — CTa/iealFlOMUHUEBbIe — HECYT B OCHOBHOM
MeXaHUUeCKyr0 Harpy3Ky OT cOOCTBeHHOr0 Beca, rososefa u Betpa. OcranbHble
TIPOBO/a — a/TFOMUHUEBBIE — SIBJISIFOTCS TOJILKO TOKOBeAYyIUMU. CeueHUus: OTJe/TbHbIX
TIPOBO/IOB B ITyUKe PEKOMEH/IyeTCst BLIOMPaTh BO3MOXKHO Oosbimvmu (500, 600 mm?),
TaK KakK 3TO YMeHbLlaeT YUC/I0 MPOBOJOB ¥ CTOMMOCTb TOKOIIPOBO/A.

['nbKue TIPOBO/IA TIPUMEHSIFOTCS /1S COeZIMHeHUst 6I0YHBIX TPAaHC(HOPMATOPOB C
OPY.



[TpoBo/ia MMHMM 3/1€KTpOoTiepejayu HanpsbkeHreM 6ostee 35 KB, TTpoBo/ja AJTMHHBIX
cBsizeid 6yi0uHbIX TpaHC(hopmaTopoB ¢ OPY, rubKue TOKOTIPOBO/bI TeHEPATOPHOTO
HarpsUKeHUs TPOBEPSIFOTCS MO0 SKOHOMUYECKOUW TJIOTHOCTH TOKa

I

HODM

I. (.14

3

e liopw — TOK HOpManbHOTO peskuMa (6e3 reperpysok);

J, — HOpMUpOBaHHast IJIOTHOCThL TOKA, A/MM”.
Ceuenue, HaiiieHHOe 110 (3.14), OKpyTJ/IsSieTCs A0 O/MKaMIero CTaHjapTHOTO.
[TpoBepke MO 3KOHOMUUECKOM TIJIOTHOCTU TOKA He TI0/IJIe)Kar:

- CETH MPOMBIILJIEHHBIX MPeANPUSITAN U COOPYKeHuH HanpsbkeHueM 70 1 KB nipu
Tmaxf10 5000 u;

- OTBE€TBJ/IEHHUA K OTAE€/IbHBIM 3JIEKTPOIIPUEMHHUKaM U<l KB, d TdK)Ke
OCBeTUuTeJ/IbHbIE CeTH;

- cOOpHBIe IMHBI 3/IEKTPOYCTAHOBOK M OIIIMHOBKA B MpeiesiaX OTKPBITBIX U
3aKpbIThIX PY Bcex HanpsoKeHWw;

- CeTH BPeMEHHBIX COOPY’>KeHUH, a TaK’Ke YCTPONCTBA CO CPOKOM Cy»KObI 3-5 s1eT.

[IpoBepka ceueHus1 Ha HarpeB (TI0 AOMYCTUMOMY TOKY) TipousBoauTcs no (3.10)

I =

max — —§on

BribpaHHOe cedueHue TIPOBepsieTCs Ha TepMuueckoe ferictere Toka K3 1o (3.13)

BK .
S0 <5 - qmﬁzgiq

[pu mpoBepKe Ha TEPMUUYECKYIO CTOMKOCTh ITPOBOIHUKOB JIMHUM, 000PY/J0BaHHBIX
yctpotictBamu ObicTpoelicTBytoiiero AIIB, 10/KHO YUMTHIBAaThCS TIOBBIIIEHHE
HarpeBa U3-3a yBeJIMYeHUs [IPO0/DKUTE/IbHOCTH IPOX0XKAeHus Toka K3.
Pacmerniienssie nposoza BJI npu npoBepke Ha HarpeB B yCa0BUsX K3
paccMaTpyBarOTCA KakK OUH MIPOBOJ, CyMMapHOTO CeueHusl.

Ha snekTpoguHaMuueckoe AelcTBHe ToKa K3 mpoBepsitoTcs rubKue MuHbI PY

3) . i >30k
L7 220 posoga BT nipu '+ =30 xa

npu
CunoBble Kabesy BEIOMPAOT 110 paCyeTHOMY TOKY, HOMHUHA/IbHOMY HaTlpsKeHHUIO,
criocoby MPOK/IaIKH, YCJIOBUSIM OKPY>KaroIIleid Cpe/ibl ¥ TIPOBEPSIFOT Ha TEPMUUECKYIO
YCTOUUYUBOCTH TP KOPOTKOM 3aMbIKaHUU MyTEM pacueTa MUHUMAJIbHOU TIOIIaU
ceuyeHusl TOKOBeAYyILer KUJIbI o popmy.ie:



rae — Fry — MUHHUMaJbHas TI/I0Ia/Ib CeUeHUs TOKOBeAYITeH KUIbI Kabesist; [.—
YCTaHOBUBIIIEHCSI TOK KOPOTKOT'O 3aMbIKaHUS; tn, — MPHUBeeHHOEe BpeMsi KOPOTKOTO
3aMbIKaHUs, CeK, B TeueHWe KOTOPOI'0 YCTaHOBUBLLEHNCS TOK . BbIJe/IsieT TaKOe Ke
KOJIMYECTBO TEeIJIOThI, UTO U U3MEHSIOLLIUUCSA TOK KOPOTKOTO 3aMbIKaHUS 3a
JelictBuTenbHOe BpeMst; C — TepMuuecKuii Ko3h@UIMeHT, COOTBeTCTBYIOIUI Pa3HOCTH
3HaUYeHWM TeIIOThl, BbIJJeJIEHHOM B TMPOBOAHUKE MOC/IE U 0 KOPOTKOTO 3aMbIKaHUS,
3HaueHWs] KOTOPOTO IPUHKUMAIOTCS fjis Kabeneit ¢ MmeaHbIME >kumamu C = 141, ¢
amomuHueBbiMU C = 85.

[Tocne pacueTa MUHMMAJILHOM TJIOIIAN C€UEHUST TOKOBEAYILeH KU/l [0 TePMUUECKOU
YCTOWUMBOCTH YTOUHSIOT CeUeHHe TOKOBEeAYIINX >KU/TbI CUIOBBIX Kabesiel C yueTom
YCTaHOBJIEHHOW MOII[HOCTH 3/IeKTPOMTPUEMHUKOB Y TIPOBEPSIIOT €ro 10 0y CTUMbIM
TIOTEePSIM HarpsyKeHUs, TEPMUYEeCKOM CTOMKOCTU K BO3/IeMCTBUIO TOKOB K3 1

Ha Heeo320paHue TIpU NPoTeKaHUH TOKOB K3.

[TpoBepka cu/IOBLIX Kabesieil Ha HeBO3ropaHue Tpu NMpoTeKaHnu Toka K3 ocyiecTBisercs
13 TIPe/ITI0J/I0’KeHHs1, UTO MaKCHUMaJIbHbIM TOK, IPOTeKaroluii B Kabesie, paBeH
JIeMCTBYHIOLeMY 3HAaUeHHUIO TOKA KOPOTKOTO 3aMbIKaHHs B Havasle JIMHUM.

[TpoBepka cu/IOBbIX Kabesieli Ha HarpeB MpH MTPOTeKaHUM ToKa K3 mpou3BouTCs B
cooTBeTCcTBUM C LUpKyasipoM 1102-98 (3) «O nposepke kabeneli Ha He8o320paHue npu
NpomeKaHuu mokd KOpOmKO20 3aMbIKaHUs». ITpoBepKa Mpou3BOAUTCS AJ1s1 KaXKA0r0
BLIOpAHHOTO ceueHUs Kabese, Ipy 3TOM /[I7Isl IPOBEPKU BbIOMpaeTcst KabebHasi JIMHUS C
Haubosiee «TsKeIbIMUA» YCIOBUSMU, T.e. C MaKCUMaJIbHBIM 3HaueHreM Toka K3 B Hauasie
JIMHUU.

TemmepaTypa >KiIbl CHJIIOBOTO KabeJist TIpH MpoTeKaHny Toka K3 omnpegensTcs 1o

dbopmye:

rae UH — MakcuMasibHasi TemriepaTypa »uiibl o K3; a = 228 °C — BesinuniHa, obpaTHast
TeMIiepaTypHOMY KO3(PdUI[MeHTY 3/ieKTpruueckoro conpoTtusaenusi ipu 0 °C;

rae UH— (pakTrueckasi TeMriepaTypa OKpy»karoieid cpefibl, °C ; 9ai— AIUTeTbHO
JOTTyCTUMasi TeMIlepaTypa TOKOPOBOAIIMX Xu Kabess, °C ; Jokp — TeMrieparypa
OKpY>Karolllel cpeJibl:

« 1 Kabeseii B 3emste 15 °C ;
1751 Kabeseit Ha Bo3ayxe 25 °C ;
Ipab — pabouwutii ToK, A; Ian — qaUTeNBHO AOMYCTUMBIN TOK Harpy3ku Kabers, A;

rae b — nmocTosiHHasi, XapakTepu3ytolijasi Terao(urnueckrie xapakTepUCTUKU MaTepuasa
TOKOTIPOBOZSIIEHN YKUJIbI:

(1) - t — cyMMapHbIM TeTJIOBOW UMITYJIbC;

I —pericTBytolee 3HaUeHue Toka K3, KA;



t — AMUTEIbHOCTL TOKa K3 (Bpemsi cpabaThIBaHHST Pe3€PBHOM 3alII[UThI BBIIIIECTOSIIIETO
AB), ¢
S — cedeHHe TOKOBE/AYILIeH XKUMbI Kabesss, MM?.

Tema 2.3 OcBeljeHue MPOU3BO/ICTBEHHBIX MOMELIeHUH.

IIpakTnueckoe 3anaThe Nel0.

Xoj paboThl: PacueT ocBelljleHHOCTH pabouero mMecra

Iless padoThl: Paccuntarh OCBeIIeHHOCTh paboyero mMecra.

MeTo/rKa pacueTa OCBeTUTE/IbHOM YCTAaHOBKU 3aBUCHUT, TIPeK/ie BCEro, 0T Ha3HauUeHUst
ToMelL[eHUs], [I7Is1 KOTOPOTo TIPOeKTUPYyeTcs ocBeltieHue. [1is obecrieueHNss HOpMaTbHBIX
yCJIOBUM TPY/la B TIOMeIT|eHUsIX 00111asi 0CBeIl[eHHOCTh A0/DKHA ObITh He MeHee 250 JIK.

PacueT ocBellleHHOCTH MOMellleHusI TpoBe/ieH MeToioM [15] koadduiirenTa
WCTI0/Tb30BaHUs CBETOBOI'O TIOTOKA , TaK KaK OCBellleHre paboueii TOBepXHOCTH He
TOJILKO 3a CYeT CBeTOBOI'O MOTOKA, T1a/lalolllero HeroCpeICTBEHHO OT CBeTU/IbHUKA, HO
M 3a CUeT CBETOBOT'O TIOTOKA, OTPa’KEHHOTO OT TI0TOJIKA, CTEH U 37IeMEHTOB
00opy/I0BaHUs:

_N-Fn2
kK-S

E

rje E - dakTrueckasi 0CBel|eHHOCTb;

F - cBeTOBOM MOTOK /1aMIIbl, yCTaHOB/IEHHOM B CBETUJIbHUK;
N - yMC/I0 CBEeTUTBHUKOB B TIOMeELeHUH;

S - Ioiaab oMelleHus;

k- K03 duiMeHT 3araca 0CBeTUTE/IbHOM yCTaHOBKHY;

Z- KO3 QULIMEeHT, YUNTHIBAOLMKA HEPABHOMEPHOCTh pacrpe/ie/ieH!s1 OCBEIeHHOCTH
I10 NTOMeLL|eHUIO.

B KaX/1oM CBeTU/IbHUKE YCTAaHOBJ/IEHO 110 2 jamiibl. Ko/mmyecTBo CBeTU/ILHUKOB PaBHO
10.

CBeToBOM MOTOK Kaxk0u namribl F'=3800 M.
OTcrofja HaX0AUM CBETOBOM MOTOK CBETU/IbHUKA
F=2F'=76001Mm

[Tnorazik moMellleHUst HAXOAUM T10 hopMy.ie:

S=a-b,



r7e a - JyIHa romellenus, pasHa 10,5 m;
b - mMprHa nomelieHusi, paBHa 6 m.
Orcroza MIoLagb MOMeIeHNs COCTaB/IsgeT 63 M°,

KoadduimenT 3anaca k ycranaBnuBaetcs Ha ocHoBanuu CH u IT 11-12-77 v paBeH
1,5.

KosdduimeHT ncnombp30BaHUsS CBETOBOTO MOTOKA 1) OMpeJessieTcsl B 3aBUCUMOCTU OT
VH/IeKCa romelleHus i

a b
hla+h)

B T

i
,

rae h, — BbICOTa 1MofiBeca CBeTU/IbHUKA Ha/l paboueili TTIOBEPXHOCTHIO;
h;- BeIcOoTa paboueii MOBepXHOCTH OT T0J1a;

h - BbICOTa MoMelljeHus1, paBHa 3,5 M.

h, =h- hy

n=0,43

3HaueHre KO3((QULMeHTa Z 3aBUCUT OT XapakTepa KPUBOU CBETOpacIpe/ie/ieHs
CBETU/IbHUKOB Y OTHOLLEHUSI PACCTOSTHUSI MEX/y CBETU/IbHUKAMHU K BBICOTE UX
nozBeca. [Ipy pacnosio)keHnH JTIFOMUHUCLIEHTHBIX CBETU/IBHUKOB psiiamu z=1,1.

Vcrionb3ysi moJTydyeHHble JaHHbIe Hali/jleM BeJTMUUMHY OCBEIeHHOCTHU:

e 10- 76000 4311
B 13.83

=371 ax

Taxkum 06pa3oM, NPy UCKYCCTBEHHOM OCBeIlleHUH TTOMelleHuUs TUIoazibio 63
M>cBeTH/IbHUKaMu Turna JITIO B konmuecte 10 MITYK akTiHyecKast OCBEIlieHHOCTh
IoMelLleHus cocTassisgeT 371,56 JIK, UTO MTOTHOCTBI0 COOTBETCTBYeT HOPMa/IbHbIM
yCJIOBUSIM paboThI.

Tema 2.4 JjieKTpuyecKue anmnaparbl HanpsbkenveMm Boiie 1000 B

IIpakTnueckoe 3aHsitue Nell

Xo/1 3aHATHSA: BLIOOD BBIK/TIOUaTe/eH, pa3beMHUTE IeH

Iles1b paboThI: BEIOPATh BLIK/TIOUATETN U Pa3beIUHUTETN

BbIK/II04aTe/ b — 3TO YCTPOMCTBO, MpejHa3HaueHHOoe JJ1s1 pa3MbIKaHUS 371eKTPUYeCKOU
1[eTT yepe3 KOTOPOe OCYIIeCTB/ISIeTCs repe/iauya HarpspKeHWsl Ha pa3/iMuHble TTIOTpeOuTenu



Pa3beMHUTE/Ib — KOHTAKTHBIM KOMMYTALIMOHHBIM arrapar, pefHa3HauyeHHbI 715

KOMMYTallM{ 3JIeKTPUUeCKoi 1jeTi 6e3 TOKa Wiv ¢ He3HAUUTeTbHbIM TOKOM.
Bri00p BhIK/TIOUaTesieid B PY BH 220 kB

B nipesieniax PY BbIK/TtOUaTeM BbIOMPAIOTCS T10 eI CaMOTr'0 MOII[HOTO TIPUCOeJUHEeHUS,
B HaitieM ciydau 6710k reHepatop T3B-160-2, Tpancdopmarop TL[-200000/220.

BbIkrouaTe s BBIOMPAIOTCS T10 C/IeAYIOLHUM YCIOBUSIM:

UH AShikn E Fem.®

I =
H.ShiKn. Heru?

IH.ISEINC.'!. E A Lyt

(9.1)

HomuHanbHbBINM 1 MaKCHMa/IbHBIM TOK nerm

5 188,2
A T Ly | W T-Y P
e Bu, 3220

= 0,4943%A.

Imax yevu In.z;enu

(9.2)
[To mosryueHHBIM JJaHHBIM BbiOMpaeM BbiKmouaTesis BI'T-22011-40/2500Y 1

Upssan = 22088 2 U 4, = 2203,
I =23004 2 I, pepy = 494 4,

{n sm = dy yeru

I = 250042 Joay yene = 494 4.

{n sm

[TpoBepka BbIOpAHHOTO BBIK/TFOUATE ST HA OTK/TFOYAIOIIYH0 CTIOCOOHOCTD

I =
H.OomKxn nt®

= 40xA =T, =9,9xA.

IH JOMKER

(9.3)

[TpoBepka BbIK/IIOUATeNsI HA  BO3MOXKHOCTh  OTK/IFOUEHUS  allepUoU4YecKom

COCTaBJISIIOLLIEN

Lamom. E‘i:.::.-r,

I..:z HoM. ﬂ— ﬁn%' I
B 100%

H.Oomyn»

(9.4)



rze - JOMyCTUMOe OTHOCHUTEeIbHOe COJep>KaHue arlepuoAnuuecKor COCTaBJIsIoLIel TOKA B
TOKEe OTK/THOUEeHUSI.

. 0.5 '
\E ﬁh”u.j" _M.4m=22,63u~1.

aHOM. H.OomrT 10

100%

OrnipefienieHe MOMEHTA PacXOXKAEeHUsI KOHTAaKTOB
rje - MUHAMasbHOe BpeMsi cpabaTbiBaHUs 3allUThI, C;
- TI0/THOEe BpeMsl OTKJ/TFOUeHUs BbIK/IFoUaTesis, C.

HpOBepKa BBIK/IIOUATEJIA Hd TEDMHUYECKYHO YCTOﬁqHBOCTB

B x.don E

K. pocy

(9.5)

rze - JOMyCTUMBIA TEIJIOBOU UMIYJIbC, A2:C

B

wdon I'_?E" "It
9.6)

rZie - TOK TEpMHUYECKOU CTOMKOCTH, KA;

- BpeMmsi IPOTeKaHUsI TOKa, C.

B =X ot + T,

K. pocy amxn a

(9.7)

e - Bpemsi OTK/IFOUeHUsI BBIK/TFoUYaTes, C,
(9.8)

e - BpeMsi cpabaThiBaHUs 3all[UTHI, C;

- [TI0JIHOEe BpeMs OTKJ/IKOUEHHS BbIK/IKHOUaTe 4, C.

B.. =I%t,=40"-3=48004" -c.
B::.ps':e = jr:_:'::l ' (I::Im.l:r N Ta) = ]'D:TE_. ' (D‘l 5+ D‘Eﬁj = 47:12*‘1; C.
B, ., =48004" -c2 B, =47.124" -c.

[TpoBepKa BBIK/IIOUaTe ISl Ha 3/I€KTPOAMHAMUYECKYIO YCTOMUMBOCTE
Boui0op pazbegunuTesieii B PY BH 220 kB



Pa3beuHUTE TN BBIOUPAIOTCS T10 C/IeAYIOIUM YCIOBUSIM:

Un.p = Uycm.?

In.p = IH.E,EMu’
L,z

hax v

(9.10)

Bribupaem pazbeguauTesns Tirna P13-220/1000H/Y XJT1.
U,p,=220B2U,, =220xB,
I, ,=1000421, ., =4944,
I, ,=10004 21, o = 4944,

[TpoBepka pa3belHUTE/ISI HA TEPMUUECKYH0 YCTOMYUBOCTh

[TpoBepka pa3belUHUTEISI Ha 3JIEKTPOAUHAMUYECKYHO YCTOMUYMBOCTh
B, s, =121, =257 .3=18754" ¢, B.5,=18754" ¢2B, . =47.124" c.
Ly =038A 210, =27.79x4.

BbIOpaHHbI pa3beUHUTEb Y/IOB/IETBOPSIET BCEM YCIOBHSIM.

Bri0op Beik/IOUaTesneid I'PY 6 kB

PY HH 6 kB BbITOJIHSI€TCS 3aKPBITOTO THIIA.

[Tepen, BHIOOpOM BBIK/IIOUATe/Isl OfpefesisieM Kakaid TOK K.3 Oyzaer Oosbiie , OT
reHepaTropa WM CyMMapHbIM TOK K.3. 3@ BbIUETOM TOKa OT reHepaTopa, M0 3TOMY TOKY

OyJeM TTpOM3BOAUTL BEIOOP BHIK/TFOUATE]IS.

ToK K.3. OT reHepaTopa
CyMMapHbIi TOK K.3. 32 BBIUETOM TOKa OT reHepaTtopa

T.K. CyMMapHBIi TOK K.3. 32 BBIUETOM TOKa K.3. OT reHepaTopa 0oJibIlle, cjie[joBaTe/bHO
BbIOOD Oy/1€M IPOM3BOAUTD TI0 3TOMY TOKY.

MakcumaabHbIM TOK 1[eM1

; 2, 63

_ _ =4,5581A4,
tha yemu \/5 U7, -0,95- cosp \E -10,5-0,95-0,8

[To mosyueHHBIM JJaHHBIM BbiOMpaeM BoIkmtouaTesb MI'T-10-5000-63Y3



U =10xB=U_ . =10xE,

H.SBIET yem.
Ly goin = 40004 21, ., =43304,
Ty soira, = 50004 2 1oy ey, = 45584,

[TpoBepka BbIOpaHHOTO BIK/TFOUATE/IsT HA OTK/TFOUAIOIY 0 CTIOCOOHOCTh

[IpoBepka  BBIK/HOUATe/NsI HAa  BO3MOXHOCTh  OTK/JKOUEHHS  arlepuoJAvecKou
COCTaBJISIFOLLIEN

rje - JOMyCTUMOE OTHOCHUTETbHOE COJep>KaHUe arlepuoAuueCcKor COCTaBJIsoLIel TOKA B
TOKEe OTK/TFOUEHUSI.

[TpoBepka BBIK/IFOUATE/II HA TEPMUYECKYH yCTOMYMBOCTh
ITpoBepka BBIK/IFOUATE/IS Ha 371eKTPOJMHAMAYECKYH0 YCTOMUUBOCTD

i

=1
axom. = ‘ar,

Ih'.ﬂ}?i‘}.'.!' 2 Ih".‘-.'f I _ V’E . J‘HH q/ﬂ -

Ih'.ﬂ}i'i‘}.'.'! = 63&"-‘1 E IH‘.".' = 43‘95;&:“1 R 1DDG;/!'] e
_ﬁ-ﬁﬁf}ﬁ _\/E'ED 1= .

SR 100% o = 100 63 =17.82%4. B, son 2 By pace

B.. =I21t=64"-4=163844" ¢,

B, oee =15, (e + T) = 43,98 (0,25 + 0,06) = 696,33.4° -,

B...=163844>-¢c> B, =696,33.4% ¢

.
Lt et b e o T

i, =170xd =i, =119,29x4.

BrIOpaHHBIi BBIK/IIOUaTe b YAOBAETBOPSIET BCEM YC/IOBUSIM.
Bbi10op pa3sesunuresnei B 'PY 6 kB
PasbeiHUTe M BHIOUPAIOTCS T10 C/Ie[yIOLUM YCIOBUSIM:

LH._‘D 2 L yem.®

>

H.p T THueRut

I,zI

Max . yemu "
Bribupaem pa3beguauTe s Tira PBP3-2-20/6300.
U, ,=20B2U,,, =6.3xB,

Ve,

I,,=6300421,,,, =43304,

H . lerl

I,,=6300421 = 45584,

mnax el



[TpoBepka pa3beIMHUTEJISI HA TEPMUUECKYH0 YCTOMUMBOCTh

HpOBepKa Pa3beqUHUTEIIA HA 3JIEKTPOAMHAMUYECKYHO YCTOI‘;I‘-II/IBOCTI:

B.. =1Iz1t,=80"-4=256004" ¢, B. L. =256004"-¢c=B. . =696.334"-c.

i, =220rd =i =119,29%4.

BuibpaHHBIN pa3beJUHUTEb yI0BIETBOPSIET BCEM YCIOBHSIM.

Tema 2.4 DneKTpuyeckue anmnaparbl HanpspkeHueMm Boiie 1000 B
IIpakTnueckoe 3aHsiTie Nel2

Xo/ 3aHATHSA: BLIOOD TpaHCPOPMATOP TOKA U HaMPsHKEHUST

Ilesb padoThl: BEIOpATh TpaHChOPMATOP TOKA U HATIPSDKEHUS

Bb100p HOMUHA/TLHBIX TTAPAMETPOB TPaHCPOPMATOPOB TOKa

o ompezeneHrss HOMUHA/IBHBIX TTApaMEeTPOB W WX TIPOBEPKU HA pa3/iMuHble YC/IOBHS,
HeoOxoaumo BbiOpaTh Tun TT, ero cxemy M BapuaHT ucrosiHeHus. O6muMU, B r060M
cydae, OyAyT HOMHWHa/IbHbIe MapameTpbl. Pa3sHUTBCS OyAyT HEKOTOpbie KpUTEpUn
BbIOOPA, 0 KOTOPBIX HIDKE.

1. HomunanbHoe pabouee Hanpspkenue TT. [laHHas BeMuMHA [JO/DKHA OBITH OOJbliIe
WIM PaBHa HOMUHATLHOMY HarpsDKeHUIO 37IeKTPOYCTaHOBKH, rZie TpeOyeTcsi yCTaHOBUTh
TpaHcdhopMaTop Toka. BeiOrpaeTcst u3 craHfgapTHoro psiza, KB: 0,66, 3, 6, 10, 15, 20, 24,
27, 35, 110, 150, 220, 330, 750.

2. lanee, mepej HaMH BCTaeT BOMPOC BbiOopa mepBuuHOro toka TT. Bemuuna
JAaHHOTO  TOKAa  [JO/DKHA  ObITh  Oosibllle  3HaueHWss  HOMMHAJBHOTO  TOKA
3/IeKTPo0O0opy/oBaHus, rae MoHTupyetcs TT, HO ¢ yueTOM Teperpy30uHoi ClIoCOOHOCTH.

[TpuBesem nipumep 13 KHuru. Homnyctum y cratopa TT Tok pabouuii 5600A. Ho mMbl He
moskeM B3sTh TT Ha 6000A, Tak Kak TypboreHepatop MoxkeT paboTaTh C Tieperpy3koii B
10%. 3HauuT TOK Ha reHepatope O0ygeT 5600+560=6160. A 3To 3HaueHHe MbI He 3aMepUM
yepe3 T'T Ha 6000A.

Boeixoautr HeobxoAuMO OyJeT B3ATb Cjefylolljee 3HaueHWe u3 psiga TokoB 1o I'OCTy.
[Ipuseny 1ot paz: 1, 5, 10, 15, 20, 30, 40, 50, 75, 80, 100, 150, 200, 300, 400, 500, 600,
750, 800, 1000, 1200, 1500, 1600, 2000, 3000, 4000, 5000, 6000, 8000, 10000, 12000,
14000, 16000, 18000, 20000, 25000, 28000, 30000, 32000, 35000, 40000. ITocie 6000
uger 8000. OpHako, HEKOTOpoe 3/eKTPOOOOPy/Zi0OBaHWE He [OMyCKaeT paboTy C
neperpy3koii. U /i Hero BeJinurHa Toka Oy/jeT paBHa HOMUHA/ILHOMY TOKY.

Ho Ha 3TOM BbIOOD MEpPBUYHOTO TOKA He 3aKaHUMBAeTCsl, TaK Kak Jasbliie UeT MpoBepKa
Ha TEPMUUECKYIO U 3/IeKTPOIMHAMUUECKYH0 CTOMKOCTb MPY KOPOTKUX 3aMbIKaHUSIX.

2.1 TIpoBepKa MePBHYHOI0 TOKA Ha TePMHUYECKYH) CTOMKOCTh NMPOU3BOJUTCH IO
dopmyne:



B, 2l T ) 4t Sk
B, =0 (tym + T =12k

[aHHas npoBepKa rokasbiBaeT, uTo TT BbiZep>KUT ornpeeneHHy0 BennunHy Toka K3 (IT)
Ha MPOTSDKeHUM OTpe/ie/IeHHOT0 TTPOMeXXYTKa BpeMeHH (tt), v ripu 3ToM Temrieparypa 1T
He TMPEBBICUT [OMyCTUMbIX HOpPM. VMM TOBOpsS KOpOude, TeI/iOBOe BO3ZEeHCTBUE TOKa
KOPOTKOT'O 3aMbIKaHWs.

iyl - yIapHbIi TOK KOPOTKOTO 3aMbIKaHUS

ky - ynapHbIii K03 UiiMeHT, paBHbIM OTHOILLIEHUIO yaapHoro Toka K3 iyg K ammuuryze
nepuoAndeckor coctasitomien. Ilpy k.3. B ycraHOBKax Bbille 1kB  yaapHbIU
Ko3(ureHT paseH 1,8; npu K.3. B 3Y 10 1kB 1 HeKOTOpBIX Apyrux ciyyvasx - 1,3.

2.2 TIpoBepka nepBUUYHOI0 TOKA Ha 3JIEKTPO/JUHAMHUYECKYI CTOUKOCTh:
IFH = ‘\/E I&HHH IIH

B faHHOI TipoBepKe Mbl MCCeflyeM TMpoliecC, Korfa OT OO/bIIOro TOKa KOPOTKOTO
3aMbIKaHUSI IPOMCXOJUT AMHAMUYECKHH y/iap, KOTOPBIM MOKeT BbiBeCTH U3 cTpos TT.

st Gosiblliell HArJSAHOCTA CBeJeM JaHHble 11 MPOBEPKU TepBHYHOro Toka 1T B
HeboJIbIIY 0 TabUUKY .

v

Pacuer | Karamor Vemorna eribopa
13?,1[ 1(:,D;HH":[II1,D;HH 15;;[ - Im,uHH
1, < V2 3
s 2
B, 1 B, &It
].( I < . 2 .
T»4n B (k.1 1.

3. TpeTbUM MYHKTOM Yy Hac Oy/eT mpoBepKa TpaHcdopMaTropa TOKa MO MOIHOCTH
BTOPUYHON HArpy3Ku. 37eCh Ba)KHO, UTOOBI BBLITIOJHANIOCH yCioBHe SHOM>=SHarp. To
eCTb HOMHHa/lIbHasg BTOpUYHasi MolfHocTb TT mo/mkHa ObITH OO/bIlle pacueTHOU
BTOPUYHOM Harpy3KHu.

BropuuHasi Harpy3ka Tipe/icTaB/sieT €000 CyMMy COTPOTHBAEHUM BK/IFOUEHHBIX
rocsiefioBaTe/lbHO TpUOOPOB, pesie, MPOBOJOB U KOHTAaKTOB YMHOKEHHYIO Ha KBajpaT
Toka BTopuuHo¥ oomoTku TT (5, 2 wiu 1A, B 3aBUCUMOCTH OT TUIIA).

BEJ'[I/I‘—II/IHy AdHHOI'O COIIPpOTHBJ/IEHMA MOXXKHO OIIpede/IMTb TeOpeTH4YeCKu, W/IK XKe, eC/In
YCTaHOBKaA I,Z[EIt/'ICTByI-OI_L[ElF[, 3dMEPUTL COIIPOTHUBJ/I€EHHWE METOA0M BOJ/IbTMETPA-dMIIEDMETPA,
NI UMERIIUMCA OMMETDOM.

CompoTtuB/ieHde  MpUOOpPOB  (aMIiepMeTpoB,  BOMBTMETpPOB), pene  (PT-40 wm
COBpeMeHHBIX), CUYETUMKOB MO’KHO BBIL|ETIUTh U3 TACIIOPTOB, KOTOPbIe TIOCTABJISIOTCS C
HOBBIM 000DPYyZIOBaHNEM, WJ/IU ’Ke B UHTepHeTe Ha caiiTe 3aBofia. Ec/ii B macropTte yka3aHO


https://pomegerim.ru/rza/rele-rt-40.php

He COMpOTUB/IEHWE, a MOIIHOCTb, TO Ha TOMOILb TPUAET WU3BECTHBbIM (haKT - TOJIHOe
COTIPOTHB/IEHWE pejie PaBHO TMOTpeOsisieMOii MOII[HOCTU [leJIeHHOW Ha KBafipaT TOKa, MpHU
KOTOPOM 3a/laHa MOIIIHOCTb.

Bbi10op TpancdopMaTopoB TOKa AJIA Henei yuera

K mensMm yuera mojkitouaroTcs TpaHCchOpMaTopbl TokKa Kiacca He Bbiie 0,5(S). 91o
obecrieuriBaeT OOMBIIYI0 TOYHOCTb W3MepeHUM. OJHAKO, MPU BO3MYILEHUSIX W aBapUsX
OCLIWIJIOTPaMMBI C Lierlell CYeTUMKOB MOTYT MOKa3biBaTb HEKOPPEKTHBIe rpayKu TOKOB,
HarpspKeHUM (yecTHoe ¢s10BO). Ho 3TO He CTpaliHo, Tak Kak 3TU aBapyuu AJISTCS HeJOJIro.
OmnacHee, eci He COBFOCTH K/IaCC TOUHOCTH B I[eTISIX KOMMEpPUYECKOro yueTa, TOT/a 3a
rofi HabeXXUT Takast (PrHAaHCOBAsI MIOTPEIITHOCTh, UTO “MaMa He TOproit”.

TT pgnst yueta MOTYT MMeTb 3aBblllieHHble KO3((UIMeHTbl TpaHC(OpMaluu, HO eCTb
yTOUHEHWe: TMpU MaKCHMa/JlbHOW  3arpy3ke TMpUCOeJWHEeHUs, BTOPUUHBIA  TOK
TpaHcdhopMaTopa TOKa /10/bKeH ObITh He 6osiee 40% OT MaKCHMMa/IbHOTO TOKa CUETUMKa, a
1P MUHMMaJ/IbHOW - He MeHee 5%. OTo TpeboBanue 1.1.5.17 [1YD7 pomyckaeTcs nmpu
3aBbIllieHHOM Ko03¢duiuente tpanchopmanuu. M yxe Ha 3TOM 3Tarle MOKHO
3aIyTaThCsl, TIOCUMTAB 3TO TpeboBaHUe Kak 00si3aTeslbHOE TIpY TIPOBEpKe.

[To TpeboBanusiM >ke 'OCT 3HaueHWe BTOPUUHOW HArpy3KU i KJIaCCOB TOUHOCTU 0
e/IJMHULIbI BK/IFOUMTETbHO I0/DKHO HaXxOAUThCS B Auana3oHe 25-100% OT HOMHHA/IBHOTO
3HaueHUsl.

[uamna3oHbl MO MEepBUUYHOMY M BTOPUUYHOMY TOKaMm [Jisg pa3HbIX KJIaCCOB TOUHOCTH
JIO/DKHBI COOTBETCTBOBATDH JAHHBIM TabJTULIbI HIDKE:


https://pomegerim.ru/electricheskie-apparaty/klassy-tochnosti-tt.php

Mpepnen ponyckaenon
. NorpemHocTH Mpenen
i Mepeud Hb1il BTOPHYHOI
e ToK, % (NnpepenLHaA NOrpewHo cTb) Harpyzim, %
HOMHHANBHOTO [ op YIMoEoH HOMHHANBHOTO
o e T FHAYEHHA
5 +0.4 +15 +0.,45
0,1 20 +0,2 +8 +0,24
100-120 +0,1 +5 +0,15
5 0,75 +30 +0,9
02 20 +0,35 +15 0,45
100-120 +0,2 +10 +0,3
1 0,75 +30 +0,9
5 +0,35 +15 +0 45
0,25 20 +0,2 +10 +0,3
100 +0,2 +10 +0,3
120 +0,2 +10 +0,3 25100
5 +1.h =90 2.7
0.5 20 0,75 +45 +1,35
100-120 0.5 +30 +0,9
1 +1,5 =90 2.7
5 +0,75 +45 +1,35
0,58 20 0.5 +30 +0,9
100 +0.5 +30) +0,9
120 +0.5 +30 +0,9
5 +3,0 +180 +h 4
1 20 +1.,5 +90 2.7
100-120 +1,0 +60) +1,8
+3,0
50120 5.0 He HopumpyeTca 50-100
10 =10

Wcxos U3 BBIIIEONTMCAHHOTO MOXKHO COCTaBUThL Tabmuily Asisi Beibopa Koadduirenta TT
o MormHocTH. OJ[HAaKO, eC/i C BTOPWUKOW TpeboBaHWs mouTh Be3ze 25-100, To 10
NepBUUKe TIpOBepKa MOKeT ObITh OT 1% TMepBUUHOrO TOKa [I0 TSITH, TUIFOC TMPOBepKa
norpettHocTel. [ToaToMy TyT ofjHOU Tab/uLel ChIT He Oy/iellb.

TpaHcdopMaTopbI HaNIPsHKEHUsI BHIOUPAIOTCA:

110 HanpsbKeHUI0 YCTAaHOBKU Uyon = Ucer. now;

« KOHCTPYKLWU U CXeMe CoeluHeHUst 0OMOTOK;

« KJ1acCy TOYHOCTH;

e BTOPUYHOM Harpyske S,ou > Soy,
rfie Suon — HOMUHa/IbHAasi MOIIIHOCTh B BbIOPAaHHOM KjlacCe TOUHOCTH, TIPY 3TOM
c/ieyeT UMeThb B BBUY, UTO /151 oAHO(a3HbIX TpaHC(HOPMaTOPOB, COeIMHEHHBIX B
3Be3/ly, C/elyeT B3siTh CyMMapHYI0 MOIIHOCTb BCeX TpeX (pa3, a [i/1sl COeJMHEHHBIX 10
CXeMe OTKPBITOr0 TPeYroJbHUKa — yABOEHHYIO MOL[HOCTh OJJHOTO TPaHC(POPMaTopa;
Soy — Harpy3Ka BCex u3MepuTebHbIX TIPUO0POB U peJie, IPUCoeJUHEHHbIX K
TpaHchOpMaTopy HarpsbkeHusi, B-A.

[71 yTipoI1ieHrsl pacueToB Harpy3Ky IpruOOpPOB MOKHO He pa3fesisiTh 1o da3am, Torzia
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Ecmmu BTOPHWYHAA HAr'PY3Ka IIPEBLIIIAET HOMKWHA/IBHYIO MOIITHOCTE B Bbl6paHHOM Kjacce
TOUYHOCTH, TO YCTAdHABJ/IMBAIOT BTOpOf/‘I TpchqupMaTop HalpsPKeHHd U 4dCTb HpI/I60p0B
IMPpUCOEAVHAT K HEMY.

CeueHue IPOBOJOB B LIeMsAX TPaHC(OPMATOPOB HaTPSKEHUsI OTpe/iesisieTcs Mo
JIOTTyCTUMOM TIoTepe HanpsbkeHusi. CorsiacHo 1Y D noTepsi HaNpsKeHUst OT
TpaHC(OPMaTOPOB HaMpsKeHUs 10 paCUeTHbIX CUETUHKOB Z0/DKHA ObITh He Oostee 0,5%, a
710 IITUTOBBIX N3MepPUTEe/IbHBIX TIPUO0POB — He 6omee 1,5% mpu HOpMa/IbHOM Harpy3ke.

[171s1 yTIpOlijeHrsT pacyeToB MPH yueOHOM MPOeKTUPOBAHWN MOXKHO TTIPUHUMATh CeUeHHe
TIPOBO/IOB M0 YCJIOBUIO MeXaHWUUeCKOW MPOYHOCTU 1,5 MM? [1/11 MeHBIX U 2,5 MM? [171s1
a/TFOMUHUEBBIX KA.

Tema 3.1 KoHcTpyKIjuu pacnpe/ie/iuTe/IbHbIX YCTPOMCTB.

ITpakTHuyeckoe 3ausaTve Nel3.

Xop pabotsi: CocTaByieHue cxeMbl 3aroHeHust 3PY.

Ilesns padoThi: COCTaBUTH CXeMbI 3artoiHeHust 3PY.

Cxembl 3PY-3aKkphbIThie pacripefieiuTe/lbHble YCTPOMCTBA Ipe/Ha3HAuYeHbl [Jis TpreMa,
npeobpa3oBaHusl U pacripefesieHus1 37IeKTPUUeCKOi SHepruu Tpex(das3Horo rnepeMeHHOro
ToKa yactotor 50 I'[ B ceTsX C M30/MPOBAHHOM, WM 3a3eMJIEHHOW uepe3 Ayrorocsiui
pPeakTop W/ Pe3rUCTOP HEMTPA/IbHO.

3PY  mpeaHasHaueHbl AT 3/eKTPOCHAO)KeHWsS  TIPOMBIIIUIEHHBIX,  JKUJMIIHO-
KOMMYHAaJIbHBIX U 00I11[eCTBeHHbIX 00BeKTOB, MpeANpHUsATHI HeTera3oBOro KOMILIeKCa, a
TakXe 30H HWHIWBUAYAJIbHOU 3aCTPOMKU W KOTTe)KHBIX TOCEJKOB. XapaKTepHbIMU
ocobeHHOCTSIMU 3PY SIBASIOTCS:

* BO3MOYKHOCTb Pa3pabOTKH WHAWBUIYa/JLHOTO pellieHus (KOMITIEKTAI[MH) /s KaXKA0To
oObeKTa.

* T[pUMeHeHHWe COBPEMEHHOr0 HaJe)KHOr0o U 0e30macHOrO0 B IKCIUTyaTaldu
3/IEKTPO0O0PY/J0BAHYS;

* TIpeIMOHTa)KHAas1 TIPOBEepPKa M Hajla/ika 3/1eKTpoo00py/10BaHMs B 3aBO/ICKUX YC/IOBUSIX;

* OTHOCUTE/IbHO MaJjible rabapuTHbIe pa3Mephl 0 CPaBHEHHIO C JPYTUMU TMOCTaHIUSIMU
TaKoro ke HOMHHasIa;

* IO0CTaTOYHasl NMPOYHOCTh KOHCTPYKLIMM B COYETAHUU C BBICOKOW W30JIMPOBAHHOCTBIO OT
BO3/IeHiCTBUM OKPY>KaroIlie cpefibl (X010, kapa) TPy HebobIIoi Macce;

* IPOCTOTA KOHCTPYKLIMK M YA0OCTBO MOHTa)ka Ha 00beKTe.

Eciu Bce wiu ocHOBHOe obopyzoBaHue PY pacronokeHO Ha OTKPBITOM BO3JyXe., OHO
Ha3biBaeTCsA OTKPBITEIM (OPY): mpu ero pacrionokeHuu B 3[j@aHUM — 3aKpbIThIM (3PY).
PacripesieniresnibHOe yCTPOWCTBO, COCTOsIIL[ee M3 TTOJTHOCTBIO W/IM YaCTUUHO 3aKPBITBIX
mkaboB u OJIOKOB CO BCTPOEHHBIMA B HHUX alllapaTaMH, YCTPONCTBAMM 3alllUThl U
aBTOMaTUKH, TIOCTaB/isieMOe B COOPaHHOM WJIM TIOJTHOCTBIO TOATOTOB/IEHHOM Ji/isi COOPKHU



BH/le Ha3bIBAlOT KOMIUIEKTHBIM U 0003HayaloT [ BHyTpeHHel yctaHoBku KPY, ans
Hapy>xHOoU — KPYH.

[ToMrMMO CWUIOBBIX Iiereli B HU3KOBOJBTHBIX IIUTaX MOXET ObITb YCTaHOBJIEH PSif
JIOTIOJIHUTEJIbHBIX YCTPOUCTB Y BCIIOMOTaTe/IbHbIX LieTel, a UMEHHO:

npuOOpHEI yUeTa 3/1IeKTPO3HEPTHUN U TpaHC(hOPMaTOPhI TOKa;

L[eMY WHAWKALU U CUTHA/IU3aliU M0JI0>KeHUsI KOMMYTAl[MOHHBIX arrnaparos;
HM3MepUTe/IbHbIe TIPUOOPBI yiT KOHTPOJISI HaNpPsDKeHHST M TOKa B PA3/IMUHBIX TOYKaX
pacrpe/ieTMTeIbHOr0 YCTPOKCTBA;

YCTPOMCTBA CUTHA/TM3Al[MK Y 3allUThl OT 3aMbIKaHWM Ha 3eMJIt0 (J/151 ceTeld KOH(PUTypaluu
IT);

YCTPOMCTBa aBTOMaTH4YeCKOT0 BBO/Ia Pe3€epBa;

L[eNy AUCTAHLIMOHHOTO YIpaB/jieHHsT KOMMYTal[MOHHBIMU arirapaTaMd C MOTOPHBIMHU
TIPUBOJaMU.

K HH3KOBOJIbTHBIM pacrpefeUTe/IbHbIM YCTPOMCTBAM MOKHO TaKXXe OTHEeCTH IIUTHI
MOCTOSSHHOTO ~ TOKa, OCYLIeCTB/SIIOLMEe  pacripefie/ieHde TOCTOSTHHOTO TOKa  OT
npeoOpa3oBaresieif, aKKyMYJISITODHBIX OaTapedd [/l TWTaHUS OMEPATUBHBIX IjeTiel
3/IEKTPUUeCKOro 060pyZoBaHus U YCTPOMCTB peJieiHOM 3all[UThl U aBTOMATHKHU.

[Tpu BbIOOpE CXxeM pacrpesieTUTebHbIX YCTPOUCTB MO/CTAHLIMU Ce[yeT YUUThIBATh
YUCI0 TpUCOeAVHeHuM (IMHUM U TpaHChOpMaTOpOB), TpeOOBaHUSI HaJeKHOCTU
3/IEKTPOCHaO)KeHUs1 TIoTpeOuTeneii 1 obecrieueHWss TpaH3WTAa MOIIHOCTH uepe3
MO/ICTAHLIUI0 B HOPMAa/bHOM, PEMOHTHBIX W T0C/IeaBapUMHbBIX pexkumax. CxeMbl
MO/ICTAaHLIUM J0/DKHBI (DOPMUPOBATHCS TaKUM 06pa3oM, uToObI Oblsla BO3MO>KHOCTB
WX MO3TanHoro pa3Butus. [Ipy BOSHUKHOBEHWY aBapUMHbBIX CUTYaL[Ui JO/DKHA ObITh
BO3MO)XHOCTb BOCCTaHOBJIEHUSI 3/1IeKTPOCHaOXKeHHs1 MoTpebuTenell CpejCcTBaMU
aBTOMaTUKU. YWC/I0 W BUJ KOMMYTALMOHHBIX anmapaToB BbIOMPaKOTCS TaKUM
obpa3oMm, uTOoOBI ObOecrmeurBasach BO3MOXXHOCTb IIPOBEAEHHUSI IT100UePeIHOr0
peMOHTa OTZAe/NbHBIX 3/IEeMEHTOB TMIOACTaHLMA 0e3  OTK/IIOYeHHs  JIPYTUX
MIPUCOEeJUHEHUN.

K cxemMaM MOACTaHLMNA TIPeAbSBASIOTCS TpPeOOBaHUS IPOCTOTHI, HATJIAJHOCTA H
5KOHOMMYHOCTH. OTHU TpebOBaHUS MOTYT ObITh JOCTUTHYTHI 3a CueT yHUGbHUKAIUU
KOHCTPYKTUBHBIX  DeIlleHUd  TIOACTAHLIMM, KOTOpas HaWaydlmmMm  oOpa3om
peanu3yeTcs B C/ydyae TIPUMEHeHMUsl TUIIOBBbIX CXeM 3JIEKTPUUYECKUX COeJWHEeHUH
pacripe/ie/IMTeIbHbIX YCTPOUCTB.

Tema 4.1 IcTOUHMKM ONIepaTUBHOI0 TOKa. 3a3eM/IeHue.
IIpakTHyeckoe 3ausaTue Nel4.
Xop padotsi: Pacuer 3a3eM/ieHust pacIipe/ie/IiTe/IbHOTO YCTPOMCTRBA.
Iless paboThi: Paccuntarh 3a3eM/ieHus pacTipe/ie/TMTe/IbHOTO YCTPOMCTBA.
PacripepenvrensHbM  ycTporcTBOM (PY) HasbIBarOT 5/1eKTPOYCTAHOBKY, CIy’Kall[ylo
/11 TIpyeMa U paclipefiejieHUs1 3JIKTPOSHepPrud U Cojepikallyl0 KOMMYTallMOHHbIe
anrapaTbl, COOpHble U COeJUWHUTe/bHble IIIMHbI, BCIIOMOraTe/ibHble YCTPOWCTBa
(KOoMIpeccopHble, aKKyMYJIITOPHbIE U [Ip.), @ TaKXXe YCTPOMCTBA 3alllMThbl, aBBTOMaTHUKU U
M3MepuTe/bHbIe TIPUOOPHI.
PacnpeseniresibHble yCTPOUCTBA 3/71€KTPOYCTAHOBOK MpeJHA3HAuYeHbl [Jis MpUuemMa u
pacripefie/ieHus1 3JIeKTpUUeCTBAa OJHOTO HANpsDKeHWs [Jig  JajbHeulled mnepesadu
noTpeOuTesIsiM, a TaKXKe JJIsi TUTaHUsi 000pyA0BaHUs B Tpe/ie/iax 371eKTPOYCTaHOBKH.



Ecmm Bce mm ocHOBHOe 00opyoBaHue PY pacrionokeHo Ha OTKPBITOM BO3[yXe, OHO
Ha3biBaeTcss OTKPBITBIM (OPY). Ilpu ero pacrnosiokeHnu B 3jaHAU — 3aKpbITEIM (3PY).
PacnpenenvresibHOe yCTPOWCTBO, COCTOsILEEe W3 TIOJHOCTBEO WM YaCTUYHO 3aKPbITHIX
mkahoB U OJIOKOB CO BCTPOEHHBIMA B HHUX alllapaTaMH, YCTPONCTBAMH 3alllUThl U
aBTOMaTUKH, TIOCTaB/sieMOe B COOPaHHOM WM TIOJTHOCTBIO TOATOTOB/IEHHOM Ji/isi COOPKU
BH/Ie Ha3bIBAalOT KOMIUIEKTHBIM U 0003HAYaloT sl BHyTpeHHed yctaHoBku KPY, ans
HapyxHOu — KPYH.

7151 ipeiOTBpALLieHUsT TIOPayKeHKs1 TiepCoHasa, 00C/Ty>KUBAtOILero 371eKTPOyCTaHOBKH,
3/IeKTPUUECKUM TOKOM, MeTasl/IndecKre yacTu KOpPIycoB 000pyZ0BaHus, a TakxKe
MeTaJl/TMuecKue 371eMeHThI, HaXO/SIIUXCS B HeIoCpeJCTBeHHOU 6/1M30CTH K
000py/I0BaHUI0, TIO/jjie)KaT 3a3eM/IeHHIO.

3asemM/ieHre MoJpa3yMeBaeT COeJUHEeHNE MeTa/JIMYeCKUX 3JIeMeHTOB, KOPITYCOB
000py/I0BaHUs C 3a3eM/ISTFOIIIMM KOHTYPOM 3JIeKTPOYCTaHOBKH.

3azemyMTe/lb —  3TO  MeTa/UIM4eCKhe  3JIeMeHTbl,  KOTOpble  TIPUKACarTCs
HEeTI0CPe/ICTBEHHO C 3eMJieidl. 3a3eM/IUTe/T, B CBOIO ouepe/ib, ObIBAIOT JBYX THUIIOB —
€CTeCTBEHHbIMU M UCKYCCTBEHHBbIMU. K eCTeCTBeHHBIM 3a3eM/IMTe/sIM MOXXHO OTHECTU
pa3/MuHble MeTa/UIOKOHCTPYKIMM, YacTb KOTOPBIX 3aXOAWUT B 3eMJIFO, TPYOOIPOBO/IbI
Pa3MYHOr0 Ha3HaueHHs1 (3a MCK/IIOUEeHHeM Ta30BbIX W JPYTMX TPYyOOIPOBOJOB, TIO
KOTODbIM TIPOTEKAlOT TOpHUHe JKUAKOCTH), MeTayinueckue 000/0ukyd (OpoHs)
Kabe/lbHbIX JIMHUH, TIPOJIOKEHHBIX B 3eMsie. MICKyCCTBEHHbIE 3a3eMJIUTENU BBITTO/IHSIOT
MOCpe/ICTBOM 3aKarbIBaHUs B 3eMJ/IH0 CTa/IbHBIX TPYD, CTepyKHeM, 1oJioc, yIJI0BOW CTallu.

1. YcranaBnuBaeTcsi Heobxoaumoe 110 I1Y 3 fomycTiMoe COTpOTUBIEHHE

3a3eMJISIFOIIET0 YCTPOUCTBA Rei Ecm 3a3eMJIsIIOIIee YCTPONCTBO SIB/ISIETCST OOIIUM

JJ1s1 HECKOJIBKUX 3/IEKTPOYCTaHOBOK, TO paCYeTHbIM COMPOTHBJIEHEM
3a3eMJISIFOILIer0 YCTPOWCTBA SIB/SIeTCSl HAaUMeHblllee U3 TpeOyeMbIX.

2. OnpesiensieTcs HEOOXOJMMOE COTIPOTUBIIEHNE UCKYCCTBEHHOTO 3a3eMJTUTeJIs C
Yy4eTOM HCII0/Ib30BaHUsl eCTeCTBEHHOIO 3a3eMJIUTe/Is], BK/IIFOUEHHOT0 MapasllesbHo,
13 BbIpa)KEeHUU

Ru R_.u Re
nin
RL‘ — ReRz.u
Re - Rz.u

rae R pacueTHOe COMPOTUBJIeHHE 3a3eMJISIFOIIero YCTPOMCTBA 10 T1. 1; R,

COTIPOTUBJIEHME UCKYCCTBEHHOTI'O 3d3€MJIUTEJISA; R, — COIIPpOTHUBJIEHHE

eCTeCTBEHHOT'0 3a3eMJIUTeJIsl.
3. OnpepiensieTcsi pacyeTHOe y/iellbHOe COTPOTHB/IEHHEe TPYHTA C yUeTOM
MOBBIIAIOIIUX KO3(PPULIMEHTOB, YUMTHIBAIOLMX BbIChIXaHUE TPYHTA JIETOM U
MIpOMep3aHue ero 3uMOM.

4. OnpepiensieTcst COTIPOTUB/IEHNE PAaCTeKaHUIO OJHOTO BePTUKAIbHOTO

R, ..
3/IEKTPO/ia ~ >=* 10 hopMyJiaM U3 TabUIbL. TH (OPMYJIbI JaHbI AJIsI CTEP)KHEBBIX
3JIEKTPO/IOB U3 KPYTJIOHN cTamy wid Tpy0. I1pu mpuMeHeHU! yT/I0B JJIsI



BepPTUKAJIbHBIX 3/IeKTPO/IOB B KaueCTBe /haMeTpa MO/[CTaB/IsSIeTCsl SKBUBAT€HTHBIN
AuaMeTp yroJika

d,, =095, (12-10)

rae b — mMprHA CTOPOH YroJiKa.
5. OnipepiesnisieTcst IPUMEPHOEe UMC/I0 BePTUKA/IbHBIX 3a3eMJIUTesIel N Mpu

K,
TNpe/IBapUTe/IbHO MPUHATOM KO3((QULIMEHTe UCTIOIb30BAHUS = “<:

raoe R“ — HEO6XO,E[I/IMOE COIIPOTHUBJ/IEHME NCKYCCTBEHHOI'O 3d3€eMJ/IMTeJIA.

KoadduimeHTs! UCTIOIB30BaHUS BEPTUKATBLHBIX 3a3eM/TUTe el AaHbl B TabO/Hile B
CJlydae pPacIioioXkKeHWsI UX B PsAJ] ¥ B TaO/uile B CTydae pa3MelrieHHs UX 110 KOHTYPY
6e3 yuera BJUSTHUS TOPU30HTATBbHBIX 37IEKTPO/IOB CBSI3M.

R,
6. OnpeziesisieTCs CONPOTHBIIEHHE PAaCTEKAHWUIO TOPU30HTA/IbHBIX 3/IEKTPOJIOB ~ =+ .

KoadduimeHTsI KCM0/Ib30BaHUS TOPU30HTA/IbHBIX 3JIEKTPO/IOB Kies JJ1S
rpe/iBapyUTe/IbHO TIPUHSATOIO UKC/Ia BePTUKATbHBIX 3/IeKTPO/I0OB MIPUHUMAKOTCS 110
Tabsuiie, TIPU PacIioNoyKeHUH X B Psi/l U TI0 Tabuile, MPY PACIo/I0KeHUU UX T10
KOHTYPY.

7. YTouHsieTCst He0OX0/JUMOe COTIPOTUBJIEHH e BePTUKAJ/IbHBIX JIEKTPO/IOB C YUETOM
TIPOBOJVMMOCTH TOPU30HTA/IbHBIX COeMHUTENBHBIX 3/IEKTPOZOB U3 BbIpa)KeHUH

1 1 1
Rss - RL‘ R.:' El
nin
R _ RE :—RL' (lj 1'})
= R; 5 Ru -
raoe R‘_ # — COIIpOTHUBJ/IEHHE PACTEKAHWIO TOPHU30HTA/IbHBIX 3/IEKTPO/ 0B,

ornpeziesieHHoe B I1. 6.
8. YTOouHsIeTCs UMC/I0 BepTHUKaIbHBIX 3/IEKTPO/JOB C yueToM K03(h(PUIMeHTOB
WCI10J/1b30BaHus 110 Tab/1. 12-4 vnu 12-5:

OKoHuYaTe/IbHO MPUHMMAETCSI UWC/IO0 BEPTHUKAIbHBIX 37I€EKTPO/IOB U3 YCIOBUM
pa3MelLeHusl.

9. 1ns yctanoBoK Bbimie 1000 B ¢ 60/bIIIMMEH TOKaMH 3aMbIKaHHS Ha 3€MJTFO
TIpOBepsieTCs TepMUYecKasi CTOMKOCTb COe/IMHUTE/TbHBIX TPOBOIHUKOB M0 (hopmyJie



Tema 5.2 TsroBoe 371eKTPOCHa0KeHHe >Ke/Te3HBIX JOPOr
ITpakTHueckoe 3ausaTve Nel5.

Xop paboTbi: CxeMbl 3/1eKTPOCHAOXKEHHS >Kele3HbIX JOPOT.

Ilesnb padoThi: VI3yunTh CXeMbl 3/1EKTPOCHA0XKEeHHS yKeJle3HbIX JIOpOT.

Cuctema 3/1eKTPOCHAOXKeHHsT 3/1eKTPUDULIMPOBAHHOMN >Kee3HOAOPOXKHOM [JOpOTH
COCTOUT W3 BHEIIHeHd YaCTU CHUCTeMbI 3/IeKTPOCHAOKeHUs, BK/IIOUAroliel B cebs
yCTPOMCTBA BLIPAOOTKH, pacrpeziesieHUs W Tepeflaud 37eKTPUUECKOM SHEpryuu [0
TATOBBIX MO/ICTAHLIUM (MCK/TFOUUTENTBHO);

- TATOBOM YaCTH CUCTEMBI 3JIEKTPOCHAOXKEHHSI, COCTOSIIEN 13 TATOBBIX TO/CTAHI[AN
JIMHEWHBIX YCTPOWCTB W TATOBOM CeTU. TSAroBasi ceTb, B CBOK Ouepe]b, COCTOUT U3
KOHTaKTHOH CeTH, pe/ibCOBOI0 IMyTH, MUTAIOIINX W OTCAChIBaIOLIUX JIMHUM ((puaepos),
a TakKKe [DYIMX MNPOBOJOB U YCTPOMCTB, MNPUCOENUWHSIEMBIX MO [JIMHE JIMHUU U
KOHTaKTHOM TO/IBECKU HeIoCpe/ICTBEHHO 15017 yepes crieLjuaabHble
aBTOTPaHC(OPMaTOPHI.

OCHOBHBIM TOTpeOuTesieM 3/1eKTPUUYECKOW SHEpPruu B TITOBOW CeTH SIBJISIETCS
JIOKOMOTHUB. BcreficTBHe CyuaitHOTO pacIio/ioyKeHHsl 1oe3/j0B Hen30eXKHbI CTydaiiHble
CcoueTaHusl Harpy3oK (Harpumep, TIPOIYCK I0e3/J0B C MUHUMAa/bHbIM MeXXIT0e3JHbIM
WHTEpPBAaJIOM), KOTOpPbIe MOTYT CyIlleCTBeHHBIM 00pa30M MMOBIUSITH Ha PEKUMBI pabOTHI
CUCTEMbI TSATOBOTO 3/IeKTPOCHAOKeHUSI.

Hapsimy ¢ >TuM moe3za, yJansitolipecs: OT TITOBOM MOJCTAHIUM, TTUTAIOTCS
3/IeKTpUUECKOM 3Heprueut rpu 0ojiee HU3KOM HaMpsDKEHUM, UTO BJIMsieT Ha CKOPOCTh
JBWDKEeHUsI 1oe3/ia U, Kak CJiefICTBUe, Ha MPOMYCKHYI0 ClTIOCOOHOCTh yuyacTKa.

OnekTpocHabyKeHue yKee3HbIX JOPOr OCYIeCTBseTcs o auHausM 35, 110, 220 kB, 50
I'u. Cucrema TATOBOTO 3/IEKTPOCHAOXKEHUsST MOXKET ObITh KaK TIOCTOSIHHOTO, TakK U
TIepeMeHHOr0 TOKa.

Ha  keme3Hbix  fgoporax Poccum — pacmipocTpaHeHWe — TOJIYYWIM — CUCTeMa
3/IEKTPOCHA0>KEeHUsI TIOCTOSITHHOTO TOKa C HampsykeHHWeM B KOHTAaKTHOW ceTd 3 KB u
CHCTeMa 3/IeKTPOCHAOKeHHsT TTIePEMEHHOT0 TOKa C HaIpsbKeHHeM B KOHTAKTHOW ceTH 25
KB u 2 x 25 kB, uactotoii 50 I'1.
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Cxema 2/1eKTPOCHa0KeHUs 3/1eKTPUGUIIMPOBAaHHOM >Kejle3HOW goporu: 1 — paiioHHas
5/IeKTpUUecKasl CTaHLusl; 2 — TOBbIIIaloIlasg TpaHCpopMaTOpHas MNOACTaHLMUS; 3 —
Tpexcdas3Hasg JUHUS 3/eKTpornepefaun; 4 — TAroBasi MOACTAHLMSA; 5 — MUTAKOLIAsl JTUHUS
(¢pumep); 6 — orcaceiBarowas vHUA (puzep); 7 — KOHTaKTHas! CeThb; 8 — 3/IeKTPUYECKUN
JIOKOMOTUB; 9 — pesibChl.

CucTema TArOBOTr0 371eKTPOCHabKeHHs TTOCTOSTHHOTO TOKa HarpsbkeHreM 3 KB.

[MuTaHue TAroBol ceTy B OOMBIIMHCTBE C/lydaeB ocyiecTBisieTcs oT wuH 110 (220) kB
yepe3 MOHU3UTE/bHBINA TpaHCPOPMATOp, KOTOPLIM 0becrieurBaeT CHUKeHUe HarpshKeHust
no 10 kB. K mmuam 10 kB nogk/roueH npeoOpa3oBaTesib, KOTOPbIM COCTOUT W3 TSITOBOTO
TpaHcopmatopa U  BbinpsmuTesns. [lociegHuid  obecrieunBaeT mpeobpa3oBaHue
repeMeHHOr0 TOKa B TOCTOSIHHBIM HampsbkeHHeM Ha IMHax 3,3 KB. KoHTakTHasi ceTb
TOTK/TIOUAETCS K «IITFOC IIHUHE», a PeTbChl — K «MUHYC IITUHEY.

N3yuenue
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HepocTaTKy CHUCTEMBI TATOBOTO 3/IEKTPOCHAOKEHUSI TTOCTOSIHHOTO TOKA MOJKHO
Ha3BaTh C/Ie/yOIIIe:

- BCJIe[ICTBME HM3KOTO HArpsbDKeHUsi B TATOBOM CeTW TOKOBBIMM Harpy3kaMud |
OOMBIIMMU TTOTEPSMU JIEKTPOIHEPTHH (TTO/THBIM KO3(h(dUIMEHT T0/Ie3HOTO /IeHCTBUS
(KTIO) cucTeMbl 3/1eKTPUUECKOM TSITH MOCTOSTHHOTO TOKA OLIEHUBAeTCs paBHBIM 22 %);

- Tpy OOJBIIIMX TOKOBBIX Harpy3Kax pacCTOsSIHAE MeXKJYy TSATOBLIMU TOZCTAHIUSMHU
paBHO 20 KM W MeHee, UTO OMpejesieT BBICOKYH) CTOMMOCTb CHUCTEMbI
3/IeKTPOCHa0XKeHusl 1 60/IbllIve SKCTUTyTaljMOHHbIe PaCXO/ibl;

- OOJIbIIIE TOKOBBIE HArpy3Ku OIIpeesoT HEO6XO,[[I/IMOCTI: HMeTb KOHTAKTHYIO
moaBeCKY O0JIbIIIeTO ceyeHysd, UTO BbI3bIBdeT 3HAUUTEIbHBIN rnepepacxon ,Z[E(lJI/IL[I/ITHbIX
BETHBIX META/VIOB, d TdKXKE€ BO3PACTdHHE MEXdHHUYECKHX HAI'PY30K Ha OIIOPbI
KOHTaKTHOM ceTu,;

- cuCTeMa 3JIeKTPUUeCKOW TATK TIOCTOSTHHOTO TOKa XapaKTepu3yeTcsi O0/bIINMU
MOTEPSIMU 3JIEKTPUYECKOM SHEePryu B MyCKOBBIX PeoCTaTax 3/1eKTPOBO30B IPU pa3roHe
(Z71s1 TIPUTOPOZIHOTO ABVKEHUSI OHU COCTaBJISIOT TipuMepHo 12 % oT obmiero pacxoza
3JIEKTPUYECKOW SHEPIUM Ha TATY MO0e3/0B);

- I[1pH BHEKTPHHECKOﬁ TdAre NMOoCTOAHHOI'O TOKd MMeeT MeCTO MHTEHCHUBHAA KODPO3UA
IMMoJI3eéMHBIX MeTa/VIMYeCKHUX COOPY)KEHI/Ii/JI, B TOM 4HMCJIie OITOPD KOHTdKT- HOM ceTu;

- TIpUMeHsBILIMeCS [0 TIOC/IelHETO BpeMeHM Ha TATOBBIX IO/ CTaHLIUSIX
IIeCTUMY/IbCOBbIE BBINPSIMUTENM UMeNd HU3KUM Ko3dduiimeHT moiqHoctu (0,88 =+



0,92) u BCleACTBHE HECHHYCOWJATBbHOCTH KPHUBOH ITOTPe0/IsieMOro TOKa SIBISUTUCH
TIPUYMHOMN YXYAIIeHUs TOKa3aTeel KauecTBa 3JIeKTpUUecKou sHeprun (0cobeHHO Ha
mmHax 10 kB).

Ha poporax moCcTOssHHOrO TOKa pa3/ivyaroT LieHTPaIM30BaHHYIO M pacripe/ie/IeHHYH0
cxembl TiMTaHus. (OCHOBHOe pa3nuuue 3TUX CXeM 3aK/JKyaeTcsd B UHUC/e
BBITIPSIMUTE/IbHBIX arperaToB Ha MOJACTaHLUAX U METOJax pe3epBUPOBAaHUS MOLLHOCTH.
[Tpu cxeme 11eHTpPa/IM30BAHHOTO MUTAHKUS arperaToB Ha MOZCTAHLIUM I0/KHO OBITH He
MeHee AByX. B ciiyuae pacrnipesie/ieHHOr0 MUTaHUs BCe TIOACTAHLIMU OJJHOArperaTHeble, a
PacCTOsIHYE MeXXJy TATOBBIMU MO/[CTaHL[MSIMU COKpAIlaeTCsl.

CymiectByeT TpeboBaHue, uTOObI B Cayuasix BbIXOZla U3 pabOThI OAHOTO arperara
obecrieurBaMCh HOpPMa/lbHble pa3Mephbl [BIDKeHWs. B mepBoii cxeme Jjis
pe3epBHUPOBaHUS UCIO/Ib3YIOTCS JOTIOTHUTEIbHbBIE (pe3epBHBIE) arperarthl, a BO BTOPOi
— CO3HaTe/lbHbI OTKa3 OT pe3epBUpPOBaHHs 000PY/I0BaHUs TIOACTAHIIUM T10 y3/1aM U
repexo/] K pe3epBUPOBAHUIO TIOJCTAHLIUMN 1[e/TUKOM.

6. 3ajaHusa Ha J1a0opaTopHbIe 3aHATHSA
Pa3pesn I YcTpoicTBO 3/1eKTPOTEXHHUECKOT0 000py/A0BaHMS 10 0TPAC/ISIM
Tema 1.1 MamiyHbI NIOCTOAHHOI0 TOKA
JIaGopaTopHoe 3aHsiTHE Nel:
Tema paborbl: lcrmbiTaHWe [ABUTATeNss TOCTOSSHHOTO TOKa Tapasijie/lbHOTO
BO30YKIeHUsI
Ilens paborbl: UcnbiTaTh JABUTATeNb TIOCTOSTHHOTO TOKAa Tapasiie/lbHOTrO
BO30Y>K/IeHUSI

[Tyck JIIT mortiHOCTEIO Gostee 0,5 KBT HermocpeiCTBEHHO OT CeTH He MOJKET ObITh
OCYILL[eCTBJIEH U3-3a OO/BILIOr0 MyCKOBOTO TOKA. [111 yMeHbIIIeH!s] BeJIMUUHBI [Ty CKOBOTO
TOKa B LIelb SIKOPSI Ha NTepro/, IyCKa BBOJAT IyCKOBOU peocTaT. B nporjecce pasrona [AI1T
COMNPOTHBIIEHHUE IIyCKOBOI'0 peocTara I0CTeleHHO YMeHbIIAoT U K KOHLY JOBOJAT 10
HYJIeBOTO 3HaUeHUSI.

PeBepcrpoBaHue (M3MeHeHre HarpaBieHus BpaieHus) JI1T MoxxeT oCy1eCTBAATbCA
ABYMs crioco0amMu: U3MeHeHHeM MOISIPHOCTU Ha 3a)KUMax SIKOpSi Ui 0OMOTKU

BO30Y>K/IeHUSs.
Yacrora Bpamjenus n JIIT orpepensieTcs Mo BbIpaKeHUIO:
i AR R o ep
Kc 2 (:I)

rae U - HarnipsikeHue CeTH;

R4 - conpoTuB/ieHue 1jenu sKops;

R - conpoTuBieHre 06aBOUHOTO peocTara, BKIFOUeHHOTO TI0C/IeIoBaTeIbHO B 1ieMhb
o6MoTKM sikopst; Ke - mocTosiHHasI, 3aBUCSIIasi OT KOHCTPYKTUBHBIX AaHHbIX [T1T.

V3 BbIpaykeHUs BBITEKAET, UYTO BO3MOKHBI TPU Pa3/IMUHBIX CTIOCO0A peryirpoBaHUs
yacToThl Bpaijenus JAI1T: BkioueHrem 106aBoyHOr0 peoctaTa Ry B 11erib 00MOTKH



SKOpsi; U3MeHeHHeM MarHUTHOTo TToToka @ (Toka Bo30y»aeHus IB ) JBuraresis;
Vi3MeHeHVeM MOABOAMMOro HarnpskeHus U.

CgroiictBa [JIIT xapakTepu3ytoTcs ero pabourMu xapaktepuctrukamu. K HUM OTHOCSITCS
3aBUCHMOCTH YaCTOTHI BpallleHust N, MOMeHTa Ha Bajy ABurarens M, 4 rnoTpe6siseMoro u3
cetu Toka [ u KII/I nBuratessi n OT 1osie3HOM MOI[HOCTHY Ha Basy Auratessi P2 ipu U =
UH = const u IB = IBH = const.

DneKkTpoMexaHrueckou xapaktepuctukou JITTT Ha3biBaeTCst 3aBUCMMOCTb UYacTOTa
Bpall[eH!s N OT TOKa sIKOps s, a MexaHMueCKOM — 3aBUCUMOCTb N OT MOMEHTa Ha Bajly
aBuratesnss M COOTBETCTBEHHO IMPU MOCTOSTHHBIX BeJIMUMHAX TUTAroLero Hanpsbkenust U u
MarHuTHOIo NMotoka ®d.

ITpouieHTHOE M3MeHeHre YyacToThl Bpaujenus AITT nmpy HOMUHA/IbHOM Harpyske
ornpezenseTcs 1o BbIpaKeHUIO:

An%=22"" 100,

i

raen, = U/ Ke-® — yacToTa BpalljeHus naeaabHOro xosjaocroro xoga JITT;

n, — vactota Bpaujenus [AI1T npy HOMUHAIBEHOU HarpysKe.

Hns AT c mapanienbHbIM Bo30yxaeHueM An % 0ObIYHO paBHO 5-15.

MotiHocTh, moTpebsiemast AI1T oT nmuTarolieil ceTH, ornpe/iesieTCs 10 BbIPayKEHHIO:

P1=U (I, + L).

[Tpu pabote JIIT nMerOT MeCTO 3/eKTpUUeCKre, MarHUTHbIE Y MeXaHWUeCcKue MOTepH.
KosddurmeHT rnone3Horo AeicTBUs HAXOUTCS M0 BbIPaXKeHUIO:

n-= Pz / P1 s

rae P, , P — moTpebsisieMast U3 CeTH U OT/laBaeMast Ha Baiy MotfHocty AT1T
COOTBETCTBEHHO.

MowmeHT Ha 3any JIIT onpezesnseTcs 110 BbIpayKeHUHO:

M =9,55-P,/n,

rae P, — nosiesHas moujHocTs Ha Bany 11T, Br;

n — yacrora Bpatrienus 1T, 06/MuH

#
)
S

Puc.5.1. Cxema sxkcniepiMeHTanbHOI yeranoskn 1is ucenegosanus 1T ¢
napaienbHbIM BO30YKIEHHEM

Cxema 3KCreprMeHTa/IbHOM YCTaHOBKU /1 UctibiTanus AI1T ¢ mapaniesibHbIM
B030y KZieHreM TpuBeZieHa Ha pyc.5.1. OHa COCTOUT U3 IBYX MAIIIMH ITOCTOSTHHOTO TOKa
tuna [TH-45, cijeryieHHbIX MeXXTy coboii MmydToii. MuitinHa [J ucronb3yeTcs B KauecTBe
ucneiTyeMmoro JI1T. B ee nensix npegycMaTprBarOTCs: IyCKOBOM peocTaT tTuna P3I1-2



3aBojia "'OneKTpocusia”, peryJMpoBOUYHbBIA peocTtaT PB 1 He0OX0gUMbIe N3MepPUTe/TbHbIe
TIpUOOPHI.

[TyckoBou peoctart P3I1-2 npumMeHsieTcs /151 OTpaHAYeHUs MyCKOBOI'O TOKA JBUTaTes,
a peryJIMpoBOYHbIN peocTaT PB /1 i3MeHeHUs TOKa Bo30y kaeHus1. [1yckoBoii peoctaT
V“MeeT MaKCUMaJlbHOe peJie, 3alll1illatolljee ABUraTe/b OT [leperpy3ky, U KOHTaKTop,
aBTOMAaTUYeCKU OTK/IHOYAKOLMM IBUraTe/Ib NIPU NaJleHny HarnpsbkeHus B cety Ha 30-40 %
Y py cpabaTbiBaHWY MaKCHMasbHOTO peJie.

3axxumbl 06MoTOK [ITT Ha cxeme 0603HaueHbI caeyrOIUMU OykBamu: sikopst - 11, A2;
napasisieflbHo 00MOTKHM BO30ykqeHus — 1111, 1112.

MammHa I' cnyKuT B KaueCcTBe Harpy304HOro reHepaTopa, CO3/arolero TOpMO3HOU
MOMeHT Ha Bajy ucneityemoro AITT. Harpyska reHepatopa oCy1ijeCcTB/sieTCs
II0Cpe/CTBOM BKJ/IFOUEHHOI'0 B 1iernb ero sikops *KUAKOCTHOIO peocrtarta. V3meHss
COTIPOTHBJIEHNE KUJKOCTHOIO peocTaTa, MOKHO U3MEHSATh TOK B LIeIH SKOps
Harpy304YHOro reHepaTopa ¥ MoMeHT Ha Baiy [IIT.

OtpaBaemasi Harpy304HbIM reHepaToOpPOM MOLLHOCTh ONpezesieTCs 10 BbIpayKeHUIO:

P.=Url;,

rae U —r, Ir HanpskeHWe U TOK Harpy304YHOI'O reHepaTopa COOTBETCTBEHHO.

KoadduimeHT nosie3HOro elCcTBUs arperara JIBUrate/ib — reHepaTop OrpezensieTcs 1o
BbIPAXKEHUIO: Tyr= Ny Tr= Pr/ P .

Tak Kak JjBUrartesib ¥ reHepaTop OJHOTUITHBI, TO MPUOJIMKEHHO MOYKHO CUHTaTh, UTO
nar=ng . Torga

0= |o
P

[To KII neuratens n u moiwHocty P1, noasoaumoin K Hemy, oripefie/nsieTcst ojie3Hast
MOLLIHOCTb Ha Bajly JABUraTe/is:
P, = P;- n

JIaGopaTopHoe 3aHsTHE No 2:

Tema pa0GotTwl: VcmbiTaHue [ABUTraTeNss TOCTOSIHHOTO TOKAa TIOC/eI0BaTebHOTO
BO30Y>K/IeHUs.

Ilens paboTHI: HCIBITaThL [BUATATE/Nb TIOCTOSIHHOTO TOKa TI0C/Ie0BaTeTbHOTO
BO30YKIeHMs.

MainHa TIOCTOSIHHOTO TOKa MOyKeT paboTaTh B JIBUTaTe/bHOM DeXUMe, TpU
KOTOPOM $IKOPh MalllMHbI HaUMHAeT TOTPeb/siTh U3 CeTH TOK, CO37laBaeMblii Pa3HOCTHIO
HarnpsokeHus cetd U 3/ C akops:

[.=(U-E)/r, (1)

rae U- HanipsbkeHue cety, E- 3/1C akops.

B gBuUratensHOM pexkuMe UHAyLMpyeMasi B 00MoTke sskopst 3/1C HaripaB/ieHa TIPOTHB

MPOTEKAIOLero  MOHEeN TOKQ, IO3TOMYy e MPHUHATO Ha3bIBaTbIpOTHBO-D/1C.



HanpsbkeHue, NPUI0OKEHHOE K 3a)KUMaM SIKOPS IBUTaTesis JOJDKHO YPaBHOBEIIIMBATh
npotrBo-J/JC ¥ KOMIeHCMpOBaTh MajieHre HarpsbKeHUs Ha BHyTPeHHEM CONPOTUB/IEHUHN
1[enuy Kops (Ta):

U=E+I,1, (2)

YMHOXUB JIeBYI0 U MpaByI 4yacTU ypaBHeHWs: (1) Ha TOK, MOIYyUYMM ypaBHEHHE
OanaHca MOIIHOCTe! 1ery SKOps ABUraTeJIs:

Ula=Ela+la*- T'a, (3)

rae Ul,-MoIIHOCTb, TioTpebrsieMasi sIKOpeM JBUTaTeNs] W3 CeTH, I.r.- MOII[HOCTD
norepb B 00MOTKe siKops, El.- 2/1eKTpoMarHWTHas MOIIJHOCTb, mpeobpasyemasi B
MeXaHMYeCKYyH MOIIHOCTb BpallleHusl Bajia IBUraTe/is.

Bpaiijaroruiicss MOMEHT JBUTaTesisl Orpe/iessieTcs o hopmy/ie:

M=Cwm-®-!a (4)
YacroTa BpallleHus BUTaTe/Isl paBHa:

n --(Uzir), (5)
CpCo'

rje Ce- KOHCTPYKTUBHBIN KO3((ULIMEHT.

PET'YJINPOBAHUE YACTOTBI BPAIIEHUSA. IlonydyeHHoe BbIpakeHue (5)
MOKa3bIBaeT, UTO YaCTOTY BpALLleHUs ABUTaTesisl IOCTOSTHHOTO TOKa MOXXHO PeryJ/iipoBaTh:
M3MeHeHreM MarHUTHOTO TioToka @, u3MeHsisi COOTBETCTBEHHO TOK BO30Y KIeHUs;
M3MeHeHHeM IUTaloIero HarpsbkeHuss U; BKIIOUeHWEM A00aBOYHOTO COMPOTUBJIEHUS B
1[eTTb 0OMOTKH SIKODSI.

Ecnu noTpebyeTcst ©3MeHUTh HarlpaB/ieHWe BpallleHWsl [[BUTaTesss, TO  [iJIs
3TOT0  HeobX0JWMO W3MEHWTh HarlpaB/ieHHe 3/IeKTPOMarHUTHOTO MOMeHTa M,
JIEMCTBYIOLEr0 Ha SIKOPb. JTO MOXKHO OCYILECTBUTh U3MEHEHHWEeM HaripaB/eHUsl TOKa B
oOMOTKe sKopsi I, wiM TiyTeM W3MeHeHHsl HarpaBjeHWss MarHUTHOTO ToToKa @ (Toka
B030yXZeHUs)). Ha TmpakThKe 3TO TIDOM3BOJAAT IyTeM I[epeKIroueHusi TIPOBO/IOB,
TIOJBO/ISAIIUX TOK K 0OMOTKe SIKOpsI Wi K 00MOTKe BO30YK/IeHUS.

CBOVICTBO CAMOPETI'Y/IMPOBAHHMS. [lnga Toro, urobbl JBHUrarteb
Bpallja/csl C TTOCTOSTHHOM 4aCTOTOW N, pa3BUBaeMbli UM Bpalllatoli[iii MOMeHT M [o/KeH

OBITh PdBHBIM CO34dBd€MOMY Hany3KOI>’I TOPMO3HOMY MOMEHTY M.:



M=MT1=Cm®-!,, (6)

rae Cy - KOHCTPYKTHMBHBIN KO3((QULIUEHT.

Ecmm paBeHcTBO (6) HapyllaeTcsi, TO 4aCTOTa BpAlLleHWs JIBUrarTe/isl yBeJIUYUBaeTCs
WIA yMeHbIIIaeTCsl 10 TeX TIop, MOKa CHOBa BpAlalOIUii MOMEHT [BuUraTesis He Oyzer
ypaBHOBeIlleH TOPMO3HBIM MOMeHTOM. TakuM o06pa3oM, [JBUTATeM TIOCTOSHHOTO TOKa
00/1a/jatoT CBOWCTBOM CaMOperyJ/IMpOBaHus, CIIOCOOHOCTHIO MPH W3MEHEeHHWU Harpy3Kd
aBTOMAaTMYeCKM YCTaHAB/IWBaThb HOBOE 3HAUeHWE YacCTOThbl BpallleHUs, MpPU KOTOPOH
aBuratesib pabotaer ycroiunBo. Posb perynsitopa urpaet ripotuBo-3[IC, HaBoguMasi B
00MOTKe SIKOpSI.

PaccMOTpHM CyILIHOCTB TpoLiecca caMoperyidpoBaHusi. [JonycTuM, 4TO TOPMO3HOM
MOMEHT, CO3/iaBaeMbIi Harpy3KOW, YMEeHBIIU/ICS M CTal MeHbIlle Bpallarllero MoMeHTa
[iBUraTess, BC/Je[CTBUE Yero YaCTOTa BpalljeHUs I[10C/eJHero Hayasa Bo3pacrartb. C
yBe/IM4YeHreM N, corjacHo (2), Bo3pacraet npotuBo-3/1C 1, ymeHbIIaeTcs TOK SKops 1, u
Bpalaroiuii MoMeHT M. 3ToT Tipoijecc OyzeT TIPOAO/DKATBCA A0 TeX TIop, TIOKa
Bpalllaloll[iii MOMEHT JBuraressi He OyJeT paBHbIM TOPMO3HOMY. Tora pocT 4acTOThbI
Bpall[eHHs [IPeKpaTUTCs. AHAJIOTMYHO [IPOTEKAeTIIPOLeCcC TPy YBeJIu4YeHUH
TOPMO3HOI'0 MOMEHTA,KOr/lda Bpaljatolliii MOMEHT
JiBUraTtesisi CTAHOBUTCS MEeHbIIETOPMO3HOTO.

B sTOoM csiyyae vacToTa BpallleHUsl [ABUraTessi HauuHaeT Ia/laTb, BCJ/IeCTBUE Yero
yMeHblIaeTcsi poTtuBo-3JC ¥ BO3pacTarOT TOK SKOPS W BpaljalOlIMd MOMEHT. JTOT
TIPOLIeCC, TaKKe Kak [Py YMeHblIIeHUH Harpys3Ku, IpekpaTuTcs, Korga M=M; u n=const.

B ycraHoBuBIIeMcs pexxume, Korga M= M,, motpebJisieMblii IKOpeM ABUTaTesIsT TOK
ornpezenseTcss MOMEHTOM Ha Baiy:

IL- ™ (7)

a CM . q_r)W

W3 sTOrO BBIpa)KeHUs ciefyeT, uTo Npu @ = const TOK, NOTpeb/isieMblid ABUTaTe1eM
BCer/a IponopLiroHaseH MOMeHTY Ha Basly.

IIYCK JABUI'ATEJ/ISI. B MOMeHT BK/IHOUEHUS] [BUraressi B CeTb €ro 4acroTa
BpalljeHus paBHa Hy/to, NpoTuBo-J/IC E = C. n® Take paBHa HYJIIO, a MyCKOBOU TOK
I[,=U/r, orpaHAuYMBaeTCs TOJILKO COTIPOTUBJ/IEHHEM OOMOTKH SIKOpSI, KOTOPOe y ABUTATeIst
cpefHell ¥ OOMBILION MOIIHOCTH COCTaBJsieT AecsTbie-coThie Ao Om. [losTomy mpu

MMpAMOM I1yCKe ITIyTeéM HEIOoCPEeACTBEHHOI'O BK/IFOUEHUA ABUIATE/Id B CETb HYCKOBOﬁ TOK



6ol O6b1 HegorycTUMo OonbiiiM- B 10-20 pa3 Gosibllle HOMHUHA/JBHOTO. JTO MOXKET
BbI3BaTh IMOJIOMKY BaJia, a TakKXKe CUIbHOe WCKpeHHue Mo/, ieTkaMu. [1loaToMy 1ipu mycke
JBUTATe/Ied TOCTOSIHHOTO TOKa B Iielb SKOPS YaCTO BK/IIOUAIOT A00ABOUHBIA peocTaT
(MyckoBOM) C TakvM COMPOTHBJEHWEM r1n, uTOObI ITyCKOBOM TOK He IIPeBbIIIasI
JOMyCTUMOr0 3HaueHUsi. [IpssMoM TyCK TIPUMEHSIIOT B OCHOBHOM [iJI1 JBUTaTeseun
MOIIIHOCTBIO 10 HECKOJIbKMX COTEH BaTT, a MHOT/Ia MOI[HOCTbIO B HECKOJIbKO KW/IOBaTT. B
MalimHaxX OoJbIlIol M cpefHel MOIITHOCTeN JJOMYyCTUMBbIN MycKoBo# Tok EIA-IN)-IA)a B
MalllMHax MaJjiol MOIIHOCTH I, =(2-2,5) IHoy.

[To mMepe yBe/nnMueHHs YaCTOTHI BpallleHUsl ABUraTesis B OOMOTKe SIKOpsi BO3pacTaeT
npotuBo-3/]C, TOK yMeHbIaeTCs, BC/IeCTBHMe Uero COrpOTUB/IEHHWe MyCKOBOr'0 peocTara
HeoOXOMMO TIOCTeTNIeHHO YMeHbIaTh. [Ipy [JOCTWKEeHWH [BUTATe/leM HOMHHAILHOU
YacTOThl BpalleHusi MYCKOBOW peocTaT IMOJHOCTbIO BbIBOAUTCS. Uem Kopoue Tepuo[,
MyCKa, TeM MeHbllle TIOTePU SHEPTUU B 1[eTH SKOPSI.

CnenyeT uMeTb B BUJly, UTO Upe3MepHOEe yMeHbllleHHWe ITyCKOBOI'O TOKa MOXKET
NpUBECTH K TOMY, UTO ABUTaTelb BOOOIle HE CMOXKXeT CTPOHYTbCS C MeCTa, TakK Kak
nyckoBo MoMeHT M = C ;@ FE He CMOXXeT Mpeo/j0/ieTh MOMEHTa COMPOTUB/IEHUSI Ha Baly
asurarens. [lnsg obecrieueHusi OoJbIllero IyCKOBOTO MOMEHTA IIPU OTPaHUUeHHOM
ITyCKOBOM TOKe HeoOXOAMMO cO3/laBaTh BO3MOXXHO OO/BIIINMM MarHUTHBINA TIOTOK, UTO
[OCTUTaeTCs 3a CUeT YBeJUUeHUsi TOKa BO30Y)KAeHHsi C TIOMOILBIO CIelUaJbHOro
peocTaTa, BK/IF0UaeMoro B Lieflb BO30Y KeHUs [BUTaTeJIsl.

OrpaHuyeHre TyCKOBOTO TOKAa TIPM PEOCTaTHOM TyCKe OOBIYHO COTPOBOKAAETCS
3HAUWTeTbHLIMU TOTEPSIMU SHEPTUM B TyCKOBOM peocTaTe. [1/1s1 NCK/IFOUeHUs 3TOTO MyCK
JIBATaTe/Is] MOYKHO OCYLECTBUTH TPU TOHWKEHHOM HamrpsyKeHWH, TMOABOJWMOM K €ro
00MOTKe STIKOpSI OT UCTOUHHKA C Pery/IMpyeMbIM HampspkeHHeM. B mpoijecce mmycka B 3TOM
C/lyyae HafpsbKeHue, TI0BOIMMOe K SIKOPIO JIBUTaTe s, M/IaBHO TOBBILLIAOT.

KIIACCUOUKAIIMS JABUTATEJIEN. [Iguratens NOCTOSHHOIO TOKa, KaK U
reHepaTtopbl, MOTyT KMeTb He3aBHUCHMOe, Ilapajyle/lbHOe, I10C/e/loBaTe/IbHOe U
CMeIllaHHOe BO30y)KIeHue.

[lBurateny ¢ He3aBUCUMBIM BO30Y»)KIeHHEM TPUMEHSIOT TOTZa, KOTJa HalpsDKeHHe
Ha 3aKUMaxX SIKOpsi W3MeHsieTCsl B Tipoljecce pabOThl WM, KOT/ia HarpsbkeHUe SIKOps

OT/IMYAETCA 110 3HAYEHWIO OT HaIlIPpsS»>KeHUA B036Y)K,£[6HI/IH.



[IBuraTeny C roc/efioBaTe/IbHbIM BO30Y>K[€HHEM TIOJTyUW/IN IIMPOKOe IMPUMeHEeHHe,
TaK KakK 00J/1aJjaloT psiZIoM IIeHHbIX CBOWMCTB. [[BUTaTe/Nd CO CMeIIaHHBIM BO30Y’KIeHHEM
10 CBOMM  CBOWCTBAM  SIBJISIIOTCS ~ TIPOMEKYTOUHBIMH ~ MEXAy  ABUraTeIsIMU
TI0C/Ie/JOBATeIbHOTO U TlapaslIe/IbHOTO BO30YK/I€HUS.

ABUT'ATE/IN C IIAPAJUIE/J/IBHBIM BO3BY)XJIEHUWEM, monyuuBiiie
HanOoJIbIlIee PACIIPOCTPaHeHUe,- 3TO, MO CYIECTBY, Te K€ ABHraTe/ld C He3aBUCHMbBIM
BO30Y>K/[eHHEeM, HO TOJIKO TTUTaHHe 0OMOTKU BO30Y KAE€HHUSI Y HUX TIPOU3BOIUTCS OT TOTO
)K€ UCTOYHMKA SHEPruM, UTO W MuTaHue skopsi. Ha puc. 1 mpuBe/ieHa cxema JIBUTATeIs C
napajuiesibHbIM ~ BO30yKZeHreM. B Hem o00MoTKa BO30yXKAeHHs TIOJK/TFOUeHa
HETIOCPe/ICTBEHHO K CeTH Tapasijie/lbHO ¢ 0OMOTKOM siKops. B 1ienb SIKOpst BK/IFOUEH
IyCKOBOW peocTaT C COMNpPOTHB/IEHWEM T,, a B 1iellb OOMOTKH BO30YyKIeHUs-
PEry/IMpOBOYHBIM peoCcTaT Ip,. Tak Kak 00MOTKa BO30Y’KAEHHUSI TTUTAeTCS HE3aBUCHMO OT
OOMOTKH SIKOpSI HENOCPe/[CTBEHHO OT CeTH, TO TOK BO30YKIEHHUS JBHUraTess

Trapasuie/IbHOr0 BO30Y>KJeHUs He 3aBUCUT OT TOKa SKOPS.

12

BC-24 Ui

Puc. 1. Cxema gBurareJisi C rapaie/ibHbIM BO30yXIeHreM.

Ecm  compoTuB/ieHWe  PeryJjiMpoBOYHOTO peocTaTa He MeHseTCs, TO TOK
BO30y)K/IeHUs] TIpH HamnpsbkeHMM cetd U=const OCTaeTcsi MOCTOSIHHBIM. [lo3Tomy
MarHUTHBIM ITOTOK JIBUTATeJIs TIPY U3MEHEeHUH Harpy3KH Tak>Ke NMPaKTHUeCKH He MEeHSIeTCs
(HEMHOTO yMeHBIIIaeTCs TPH yBeJMUeHWH Harpy3K{ 3a CUeT YCHU/IeHWS PeakiuH SKOps).
Tok I, moTpebsieMblii ABUraTe/ieM U3 CeTH HaXOUTCS:

1=1, +IB (8)

OOmMoOTKa BO30Y>K/IeHHUsI COCTOUT M3 OOJIBIIIOrO YKC/Ia BUTKOB OTHOCHTE/IEHO TOHKOTO
NpoBozia ¥ 00/1ajlaeT 3HAUMUTETBHBIM COINPOTHBJIEHUEM T, TI03TOMY TOK BO30YKaeHHS Iy,

MaJl 110 CpaBHEHHIO C TOKOM SIKOPsI, COCTaBJIsisi OT Hero He 6osee 3-4%.



Tok Bo30y>x/IeHHUsI HaXOAUTCS 10 popmy.ie:
IB =‘b+%b’ ®

XapakTepHbIM CBOWMCTBOM JBHUTaTesiel MapasieflbHOro BO30Y>KIeHUs SIBSETCS To,
YTO TpU HarpsbkeHUW cetT U = const U COMPOTHUB/IEHUU 11eNU BO30YKAEeHUS I, +Ipp,=Cconst
TOK BO30y)K/leHus !g = const ¥ He 3aBUCUT OT TOKa Harpy3k# I.

st OLleHKM CBOMCTB 3JIEKTPUUECKUX [BUraTesield IIUPOKO UCIIO/Ib3YIOT Pa3/MyHbIe
XapakTepucTUKu. Haubomee pacrpocTpaHeHHBIM PEXUMOM  paboThl  ABUTATeseH
TrapasuiesIbHOr0 BO30Y>KeHUs SIB/IsieTCS pexkum, npu KotopoMm U = const u I, = const. B
3TOM CJlyyae CBOWCTBA [BUTrarefss [OCTaTOYHO TIOJHO OMUCHIBAIOTCSI  TpeMsi
XapaKTepUCTUKAMU: MOMEHTHOMU,

CKOPOCTHOM M MexaHuueckou. CorsacHo (6), MOMeHTHasi Xxapaktepuctuka M=fl,)
Oyger nuHekHoW (puc. 2), Tak KaKk MarHUTHBIA TIOTOK JIBUTaTesisl TlapajieflbHOro
BO30Y)KZIeHUsI OCTaeTCs TIOCTOSTHHBIM TIPU M3MEHEHWM TOKa sSIKOpsl U, CJie[JoBaTe/bHO,
MOMEHT JBUTaTe/Isl IPSIMO TMPOIOPLIMOHANIEH TOKY SIKOps. [lelCTBUTeNBbHO, pu @ = const
MOMEHT paBeH:

M=C.®1,=bl, (10)

rae k= C,D.

n.M
A

o | Tph= 0
No

Noom
Nuom
n \
rphz0

T~

B

- 6) M [nom
Puc.2.

a) |

CKOPOCTHOﬁ XapaKTepHCTHKOﬁ ABUT'aTe I ITOCTOAHHOTI'O TOKd Ha3bIBAIOT

3aBHMCHMOCTb YaCTOThbI BpallleHUsl JBUrartesiss OT ToKa skopsi n=f(l,), B MeXaHW4eCKOM-

3aBHCHMOCTh YaCTOThI BpallleHusi JABWraTesis or mMomeHta n = f(M) mpu U=const u
I,=const. CorsiacHo (5), CKOpPOCTHasi xXapaKTepUCTHKa [ijis ABUraTesieil IapasiebHOro
BO30yKaeHuss Oyaer suHewHOW (puc. 2a). CrenoBaTe/bHO, JHMHEWMHOW OyaeT

MeXaHWYeCKasl XapaKTepPUCTHKA JBUrarteisi (puc. 20).



Korma B 1jemu sKOps OTCYTCTByeT [A00aBOuHbIN peoctar (1,=0), MexaHWUecKas
XapaKTepUCTUKA JBUTATE/Is, Y KOTOPOTO B 1]eMb SKOPSI BBeZIeH PeryIMpOBOUHbINA PeOoCTaT C
COTIDOTHBJIEHWEM Iy,  Ha3biBaeTCsl  MCKyccTBeHHOW  (puc. 26).  EcrtectBeHHas
XapakTepucThkKa OOBIUHO JMHelWHa W WMeeT C/erka TmMajarolfuii xapaktep. Kak u
MeXaHUUeCKyr, TaK W CKOPOCTHYI XapaKTepUCTUKU Yy J[BUraTesied MapaiebHOro
BO30Y)KZIeHUsI MOJKHO CUWTaTh J>KECTKUMM, TaK KaK TIpU W3MeHeHWM Harpy3Kud OT
X0JIOCTOTO XOJla /0 HOMHHA/JbHOM YacTOThbl BpallleHUsI yMeHbIIalTcsi Ha 3-7%.
CriocoOHOCTb ITUX JBUTaTe/iell COXPaHATb YACTOTY BpallleHHs TIOUTH HEeHW3MEHHOU MpH
VM3MEHeHWU Harpy3Ku IIMPOKO UCTI0J/Ib3YeTCS Ha MPaKTHKe.

C papyroii CTOpOHBI, YaCTOTYy BpalljeHUsl ABUTaTesis Tapa/jie/lbHOr0 BO30YXaeHUs
MOJKHO U3MEHATb B ILIMPOKKX IMpejesax C IOMOLLIBI PperyJMpoBOYHOI0 peocTara C
COTIPOTHBJIEHUEM Iy, TIO3BOJISIIOIIEr0 U3MEHUTh TOK BO30yAeHus gBuratessi Ib u ero
MarHUTHBIN MOTOK @ U, Kak ciiefyeT u3 (5), UaCTOTy BpalljeHHs n.

Cneznyer 0cob0 OTMETHTh, UTO TPH XOJIOCTOM XOjle U HeOO/bIIoW Harpys3ke /s
JBUTaTesell TapasielbHOrO BO30y)KAeHUs OO/bllyl0  OMAacHOCTb  Tpe/CTaB/sieT
3HAUMTe/IbHOe YMeHbIIIeHHe TOKa BO30YK/eHUsI U TeM Oojiee 0OpBIB Liery BO30OYKIeHMs,
korga I, =0, (®=0). B sToM ciyuae uyacToTa BpallleHHWs] MOKeT BO3PacTU 10 OMAaCHBIX
rpefie/ioB- JBUTATe/b «HUAEeT B pa3HoC». Kpome TOro, mpu 3TOM TOK SIKOPSI CUJIBHO
BO3pacTeT, BC/Ie[CTBUU Yero yCU/IMBAEeTCsl UCKPEeHUe T10/, II|eTKaMU.

71 OLIeHKM 3KCIUTyTallMOHHBIX CBOMCTB JBUraTesiel IIMPOKO MCI0Jb3YIOT pabourie
XapaKTePUCTHUKH, TIpe/ICTaB/sroNe cob0i 3aBHCMMOCTb TOTpebssieMoi MolfHocTH Pi,
TOKa sikopd I, yactotel BpaijeHust n, MomeHTa M, KIIJ r ot MolHocTH Ha Bany P, ripu
U=const u Iy=const (puc. 3). I3 pucyHKa BH/JIHO, UTO C yBeJM4eHHMeM Harpy3Ku 4acToTa
BpallleHUs1 HeCKOJIbKO YMeHbIIIaeTCsl U XapakTepucTuka n=f(P,) nuHeiiHa, a Tak)Ke TO, UTO
MOMEHT SIKOpSI pacTeT MPsSMO TPOIOPLIMOHAILHO Harpyske, T.e. xapaktepuctuka M=f(P,)
TOXKe JIMHeHHa.

Xapaktepuctuku P;=f(P.), 1.=f(P,) u r=f(P,) uMmeloT BUJ, XapaKTepHbI! /s THOOBIX
3JIEKTPUYECKUX MALLIVH.

JBUT'ATEJIb C IMOCJ/IEJOBATEJ/IbBHBIM BO3BY)XJEHUWEM. Ha puc. 4

TIpUBeZIeHa CXeMa JIBUraTe/Isl [0C/IeJ0BaTe/IbHOTO BO30Y KIeHMs.



Puc. 6. CxeMa gBuraTesis C IoCae/I0BaTe/TIbHbIM BO30YKeHHEM.

Ob6moTKa BO30YXKAeHHsI SIKOpS W ITyCKOBOM peocTaT I, B 3TOM JIBUTaTejie
COeJIVHAIOTCS T0C/Ie[j0BaTe/IbHO, [I03TOMY TOK SIKOPS SBJISIeTCS OJHOBPEMEHHO UM TOKOM
B030y>xieHusl. [ToaToMy 0OMOTKY BO30YKZeHUs ABUTaTe/Isl BBITIOIHSAIOT C MajIbiM YMC/IOM
BUTKOB U3 TPOBO/Ia OOJbIIIEr0 CeueHus, UeM B [IBUTATesIe Tapasie/lbHOTO0 BO30Y KAeHusl.
[Ipy xonoCTOM XO/le M MasbiX Harpyskax, Korfia TOTpe0OsisieMblii [BUTaTe/ieM TOK
Hebonbmon, 3/1C 06OMOTKY ¥ MarHUTHBIN TTOTOK @ ABUraTess Tak ke HeBeMWKH. Tak Kak
YyacToTa BpallleHWs [BuraTesis 0OpaTHO TIPOTOPI[MOHA/bHA 3HAUEHUIO MAarHUTHOTO
II0TOKA, TO IPU XOJIOCTOM XOJe U MajbIX Harpy3kKax OHa B HECKOJIbKO pa3 MpeBblllaeT
HOMMWHAJ/IbHYIO, TMpPeJCTaB/isgsd OMAacHOCTb [Jig LeJIOCTHOCTH ABuraresnd. [lostomy 3Tu
JIBUTATe/TN Hesb3s 3ayCKaTh B XOJIOCTYIO WU MPU HeOo/bIIoi Harpy3ke (MeHee 20-25%
OT HOMUHAJ/ILHOW), T.e. HeJ/ib3sl TIPUMEHSITh [/Is1 TIPUBOZIA MeXaHW3Mbl paboTaroiijie B
XOJIOCTYIO0 WU TIpU Hebosbliol Harpy3ke. VICK/FOUeHHe COCTaBJISIFOT JBUTATeNMd Masion
MOII[HOCTA (IeCATKM BaTT), KOTOpble MOTYT OBbITh WCIIO/Mb30BaHbl [JIsi TIPUBOJA
MeXaHW3MOB, Y KOTOPbIX BO3MOXXEH X0JIOCTOM XO/]. Tak Kak yacToTa BpallleHUs [BUTaTe/is
paBHa:

"=[U-lgmla +n)] " Ce ® (11

TO ee MOXXHO Pery/iMpoBaTh Kak MocpeicTBOMU3MeHeHuss P, Tak U MyTeM U3MeHeHUsI
U.B
MepBOM (CJly4yae [l peryJupoBaHUs W3MEHSIOT MarHWTHbIM TIOTOK MyTeM
IIIYHTUPOBaHUSI 0OMOTKH BO30Y>K[eHHsI Pery/JMpOBOYHBIM peocTaToM. [Ipw 3TOM dYacThb
TOKa OTBETBJISIETCSl Uepe3 peocTaT, BK/IOUEHHbBIN MapaiesibHO 00MOTKe BO30YKIeHus,
3TO TI03BOJISIET WM3MEHSITh TOK B OOMOTKe BO30Y)K/eHHUSI U yCTaHaB/IMBaTb TpeOyemyro
YacTOTy BpalLleHUs.

qaCTOTy Bpalli€eHUdA 3aCUeT U3MEHEHWA HAlIPpAKEeHHA Hd 3aKUMdAX AKOPA PeryjmpyrorT,



BKJIFOYasi MMOC/IeJ0BaTe/IbHO CSIKOPEM PeocCTar, Ha KOTODOM TiaZilaeT 4acTh
HarpsUKeHUsICeTH, BC/Ie/ICTBHME Uero 4acToTa BpallleHWs ABWraTessi YMeHbIaeTcsl. DTOT
Crioco6 peryyiMpoBaHusi He9KOHOMHUUEH U3-3a 00JIbIIKX [T0TePh SHEPTUU B PeocTare.

XapakTepHOW 0COOEHHOCTBbIO —[JBUTaTesiell  TocC/iefioBaTelbHOTO  BO30Y»KAeHus
SIB/ISIETCSI Pe3K0e YMeHbIlleHWe 4YaCTOThl BpallleHWs MpPU yBeJWUeHWU Harpysku. [Ipu
HEHACBIII|eHHOW MarHWTHOM cucTeMe MaivHbl, kKoraa [1<(0,8-0,9)1, ckopocTHas
xapakTepuctuka asuratens n=f(I,) umeer Buj rumnepbonbl (puc. 5). Ilpu 6GonbIIMX
Harpy3kax, Korja HaOJ/iioJjaeTcss HachlllleHWe MarHUTHOW CHUCTeMbI MamiuHbI (1.>1,),
CKOPOCTHasl XapaKTepUCTUKA CTAHOBUTCS JIMHEHWHOMU.

MowmeHTHasi XapakTepucTuka gapurarensi M=f(I,) npy HeHacCbIIIeHHOW MarHUTHOU
CHCTeMe MallliHbI UMeeT BU/ mapabosbl (puc. 5), Tak Kak ®=CdJI u 3/1eKTpOMarHUTHBIN
MOMEHT UMeeT BU/;:

M=Cm+* @ la Cm * Chp- 1laK 14, (12)

rae K- mocrosiHHas.

TakumM  o6pa3oM, Tpd  HEHACHIIIEeHHONW  MarHUTHOW  CUCTeMe  MalllWHbI
3JIeKTPOMarHUTHBIM MOMEHT W3MepsieTCs MPOIOPLMOHAIBbHO KBaIpaTy TOKA SKOPSI.

B TO e BpeMs 3HauWTe/lbHOE YyBe/lWYeHWE HArpy3Kd Ha Bajly [JBUraress
COTIPOBOXK/IA€TCSl CpPaBHUTENBbHO HeOOJBIIMM DPOCTOM TOKa $KOpsi. JTO CBOMCTBO
[BUTaTesisl TI0C/Ie[j0BaTeIbHOTO BO30Y»K/AeHUs1 0COOEHHO LIeHHO TOr/a, Korja TpedyeTcs
OO0/BITION BpAIAIOIIMK MOMEHT, 3HAUNTE/TLHO TTPEBBIIIAIOIINN HOMHUHA/IbHBIN, HallpUMep,
TIpU IMyCKe JIBUraTe/isi B TpamMBasiX, 37IeKTPOBO3ax U T.[.

Ha puc. 7 mpuBesieHbl pabourie XapaKTePUCTUKH ABUTaTess T0C/e[0BaTeTbHOTO
B030y>xaeHus. Xapaktepuctuku M=f(P,) u n=f(P,) HenuHeiiHble, a XapaKTePUCTUKU
I.=f(P,), P;= f(P,) u n=f(P,) wuMelOT BUJ, aHA/JOTUYHbLIM TOJOOHLIM 3aBHCHUMOCTSIM
QIS IBUTaTeJis TapajielbHOTO = Bo30y»keHusi. Ha puc. 7 Haua/ibHbIe yUaCTKH pabounx
XapaKTepPUCTUK, u300pakeHHble IIITPUXOBLIMM JIMHHSMM, COOTBETCTBYHOT pabore
JIBUTaTe/isi MNPU MajoM Harpy3ke, KOIJla 4YacTOTa BpaljeHWs TIpU MaJioM Harpyske
CTAaHOBUTCSI HEIOMYCTUMO OOJIBIIIO

1. Cobpatb cxeMy c ToC/Ie/JOBaTebHBIM BO30Y KeHeM, BK/IFOUWB TI0C/Ie[J0BaTeTbHO
KieMMaM 2 W 3 OOMOTKY sKOps W OOMOTKY BO30Y)KIeHMs, K 3JIeKTPOABHUTATEIO
NMOAK/IOUNTh (K KnemMMaM 1 U 4) UCTOYHUK NMUTaHusi B-24 (ammepmMeTp W BOJIbTMETP

BXOJAT B COCTdB MCTOYHHMKA l'II/ITaHI/IH), IapajyieJ;IbHO 0OMOTKe B036y}K,£[8HI/IH BKJ/IFOUUTDH



peoctar 10 Om. K BBIXOAHBIM KjeMMaM reHepaTopa 5 M 6 IOAK/IHOUYaeTCsl Harpyska

(peoctrart 10 KOM c ammepMeTpoOM U BOJTbTMETPOM).

Tema 1.2 TpancdopmaTopsbi

JIaGopaTopHoe 3aHsATHE N3

Tema paboTsi: OnpeiesieHre TPYIILI COeAMHeHUs Tpéxha3Horo TpaHchopMaropa

Lenb paboTel: HayuuTbcs omnpefensTb TPYIIbl COoeJWHEHUN TpexdasHbIX
TpaHC(OpPMAaTopOB

1. OO1uue TeopeTHUECKHE MOJI0KEHHUS

Kak nepBuUHble, TaK U BTOPUUHbIe TpeX(da3Hble 0OMOTKH MOTYT COeIMHITHCS MEXIY
coboif mo omHoW u3 cieayrouux cxeM (puc. 1): «3Be3ga» (Y), «TpeyroabHUK» (A),
«3ur3ar» (Z). CxeMbl COeJUHEHUs «3Be3Zja» U «3UI3ar» MOTYT WMETh BbIBE/IEHHYIO
Helitpanb (Yo, Zo). IlepBHuHBIE U BTOpPUUHBIE 0OMOTKM MOTYT MMeTb KakK O/[MHAKOBBIE,
TaK W pa3/inuHble CXeMbl COeIMHEHHsI, HO BO BCeX 0e3 UCK/TIOUeHHs CTydassXx HeobXoaumMo
cTporo co0/roaTh MapKMpPOBKY MX BbIBOZIOB. Ha puc.2 mokKa3aHbl CxeMbl COeUHEHUs

BTOPUUHBLIX 00MOTOK Y 1 A.

alblcl alblzl a'\b_;\c_l a'\b_l'\:
Xy z ay c X\ yl|z x|yl c
I I . |

> !

b b b,z
Z X b, C
X’y’z ’
a X,Y,C X
a C a,y
a.y
a) 6) B) r)

Puc. 1. CxeMsbl coeiuHeHHs U BeKTOpHbIe fuarpamMmbel 3/[C:
a, 6 — Y ¢ npaBu/IbHOM 1 HETIPaBU/JIbHOM MapKHUPOBKOM
BBIBOJIOB; B, T — TO K€, HO A

[Ipy mpaBU/ILHOM MapKUpPOBKe BceX BbIBOZIOB DJIC 00pa3ylOT CHUMMETPUUHYIO
Tpex(asHyl0 CHUCTeMy BEKTOPOB (3Be3/ly W/IM DPAaBHOCTOPOHHUM TpPeyroJibHUK). Ecmu
HarpaB/ieHHe HaMOTKUA Kakou-mbo obmoTku (Hampumep, B ¢ase «C») U3MEHUTb Ha
TPOTUBOIIOJIOKHOE, COOTBETCTBYHOL[Me BekTOopa JIC TakKe M3MeHST HarpasijeHue. B
pe3yJsibTaTe MPOMCXOAUT MCKaKeHWe CHMMETPUYHOU Tpex(a3HOW CHUCTeMbl. 3aMbIKaTh
coeguHeHWe 0OMOTOK B A B 3TOM C/iyuae Hesb3sl JjaXke MPH XOJIOCTOM XO7ie, TTOCKO/IbKY

MeXKJy BbIBOJIaMH «Z» U «X» gAeuicTByeT pa3HOCTb J/JC AE,, 10 BelWuvHe paBHas



y/IBOEHHOMY MexXayda3sHoMmy HarpsbkeHuto. CoeauHeHWe «Z» obpa3syeTcsi myTem
Moc/ieloBaTelbHO-BCTPEUHOTO  BK/IKOUEHUs] JIBYX TIpynn  OOMOTOK 1O  CXeMe,
rpe/icTaB/ieHHOU Ha puc. 3. CoeiMHeHUe B «3Ur3ar» 3HAUMTE/IbHO C/I0XKHEee «3Be3/lbl» U
«TpeyrofibHUKa» ¥ TpeOyeT TMOBBLIINIEHHOTO pacxoja MarepuasoB. CusoBbie
TpaHchOpMaTophl C COeJMHEHUEM BTOPUYHBIX 0OMOTOK «Zg» TPUMEHSIOTCSI B CUCTeMax
3/IeKTPOCHA0XKeHs C OOJIBIION HeCMMMeTpHel Harpy3Ku. 3TO coeiIMHeHre UCTIOb3YIOT B
npeobpa3oBaTe/ibHON TexHUKe [J/s1 yBeluueHusi uucia ¢as, TOoayueHUs] pas3TMuHbIX
(a30BbIX CABWIOB BTOPUUYHBIX HANpPSDKEHWM, MCK/IOUEHUS] MOTOKOB BbIHYKJEHHOIO
HaMarHU4YMBaHUS B BBITIPSIMUTE/IBHBIX TPAHCPOPMATOpax, U B IPYTUX CAyYasix.

Cxembl coeuHeHUss OOMOTOK He OrMpefiensitoT (a30BOro CMeIeHUsT MeXIy
BekTopamMu J/IC TepBHUYHBIX U BTOPUUYHBIX 0OMOTOK, UTO MOJKET TIPUBECTU K OIIMOKaM
NpU BK/IFOYeHWH TpaHC(POPMATOPOB Ha MapasuiefibHyt0 paboTy U B HEKOTODPBIX JAPYTHX
Clayvasix, MO3TOMYy [/ Tpex(asHbIX TpPaHCPOPMATOPOB BBOJUTCS JOMOJHUTEBHO
TIOHATHE TPYIIl COeJVHEeHUS.

I'pynnoli coeduHeHuss 06MomoK TpaHc(opmaTopa HasbIBaeTCsl yII0BOe CMelleHHe
BeKTOPOB JiHeHHBIX D/JC BTOPUYHBIX OOMOTOK TIO OTHOIIEHHIO K COOTBETCTBYIOIINM
BekTOpaM JiMHeHWHbIX OJIC TepBHYHBIX OOMOTOK, KOTOpPO€ OTCUHTBLIBAETCS TPOTHUB
YyacoBoil cTpenku. ['pymma coefuHeHWM o0003HauaeTcsi 4YMC/IOM, KOTOpoe, Oyayuu
yMHOKeHO Ha 30° faeT No/HbIM yron Mexxay BektopaMu JuHenHbix 31C. B ogHodasHbIx
TpaHchopMaTopax BO3MOXKHBI TOJIBKO [iBe TPYMIbl: MOCKOJIbKY BeKTOpa MepBUUHBIX U
BTopuuHbIX 3/IC MoryT b0 coBmagath 1o ¢ase, MO0 HAXOJUTHCS B MPOTHBO(a3e (puc.
1). [1epBbIi Cyuali COOTBETCTBYET HYJIEBOU TpyIirie, a BTOpou — mectou (6X30° = 180°).
3a peAKMMU WCK/IIOYEHUsIMU 3TO He MMeeT TPAKTUYeCKOro 3HaueHus /s 0JHO(a3HbIX
3JIEKTPOTIPHEMHUKOB. ['0pa3zio crioxkHee 00CTOUT fieio B Tpex(da3HbIX TpaHCPopMaTopax,
JJIsI KOTOPBIX TIPUHATO BBIJENATH ABE€HAALIATh TPYTIN COeMHEHHsI, KOTOPble 0003HAYal0TCS
yucaamu 0, 1, 2 ...11. I'pynmst 0, 2, 4 ...10 Ha3bIBatOTCA YeTHBIMU U TI0IyYarOTCHd B TOM
cjlydae, ec/id TIepBUUHbIE Y BTOPUYHBbIE 0OMOTKH COeMHSIFOTCS TI0 OJMHAKOBBIM CXeMaM
(Y/Y wiu A/A). Tpynnbt 1, 3, 5 ...11 Ha3bIBalOTCSI HEUETHBIMM W TIOJIyYarOTCs, eC/in
CXeMbl COeJWHEeHUs] TIePBUUHBIX W BTOpPUYHBIX 00MOTOK pasnuunbl (Y/A, A/Y, Y/Z).
PaccMoTpuM 00pa3oBaHMe UeTHBIX TPYMI Ha KOHKPeTHOM mpumepe (puc. 2). [ns
Har/IiJHOCTU Ha BEKTOPHBIX AuarpamMmax 3/IC  BeplUWHbI TPEYTOJBbHUKOB «A» U «a»

COBMEIAOTCH. Ecnu rneppyuyHble WM BTOPHUYHbIE OOMOTKH HMEIOT OJHHAKOBOE



HarpaBJ/ieHUe HaMOTKH, COeJUHEHBI 110 OJMHAKOBBIM CcxeMaM (B ZaHHOM ciiydae — Y/Y), u
MMEROT [JIs1 KaKIOrO CTep)KHS OJIMHAKOBYI0 MapKHWPOBKY, BCe BEKTOpa MEPBUYHBLIX U
BTOpMYHBIX 3/]C € 0JMHAKOBOM MH/EKCal[eld UMeT OHO Hampas/eHre. Pa30BbId CABUT
MeXXIy HUMM DaBeH HYJIIO, UYTO COOTBETCTBYeT HyJIeBOM rpyrre (puc. 2 — a). Ecim Tenepb
OCYIIIeCTBUTH KPYTOBYIO TIepeMapKHUPOBKY BbIBO/[OB BTOPHUHBIX 0OMOTOK COTJIaCHO pHC. 4
— 6, "HanpaBneHus BTopuuHbIx J/1C n3mensTcs. CoryacHo ¢ niepeuuHoit DC Eag Oyzer
HaripaB/ieHa BTopu4Hasi O/IC Ee, a BekTop O/IC E., pa3BepHeTCs Ha YroJ, paBHbBIM:
4% 30°=120°. Ha 3TOT e yroJ pasBepHyTcsi BeKTopa Ey. — 110 oTHOmeHNI0 K Egc U Eca —
no oTHotieHnto K Eca. Takum 06pa3om, rosydaercss yetBeprasi Tpynmna. Eciui eie oauH
pa3 BBINOJIHUThL TepeMapKUPOBKY COrJIaCHO pUC. 4 — B, TIOJIyYUM CJIeJyHOLIUe TIaphbl
corsiacHO HampasjeHHbIX J/[C: Eag= Ey; Epc= Ea; Eca= Ea. Bropuunsie 3/1C,
MMeERIIMe Ty K€ WHAEKCAL[U0, YTO U TepBUUHbIe, IPU 3TOM ITOBOPAYMBAIOTCS Ha YO/
8X30°=240°. B pe3ysbTaTe nosiyyaeM BOCbMYIO rpyriny. Illecras rpyrira roJjiyyaeTcs u3
HYJIeBOM TMyTeM W3MeHeHUWs HarpaB/ieHUss HaMOTKM BCeX BTOPUUHBIX 0OMOTOK
(MpaKTUUYeCKu 3TO OCYIEeCTB/SIeTCS B3aUMHOM MepeMapKUPOBKOM Hayal WU OKOHUAaHUU
Kakaol u3 obmoTok: a=Xx; b=>y; c=z). M3 puc. 2 — r cieayer, uTO BCe BeKTOpa
BTOpMYHBbIX J/[C mpU 3TOM U3MEHST CBOM HarpaB/eHUs] Ha TPOTUBOIIOJIOXKHbBIE, U
(a30BbIM CABUT MEXAY COOTBETCTBYIOL[MMU BeKTOpaMu cOcCTaBUT: 6X30°=180°. Ilytem
KPYTOBOM TepeMapKUPOBKU BLIBOJJOB aHAJIOTUYHO TOMY, KaK 3TO ITOKa3aHO Ha puc. 2 — 0,

B, LLIECTYIO IPYIITy MOXXHO TIpeobpa3oBaTh B I€CATYIO U BTOPYIO.
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Puc. 2. MapkupoBKa BbIBOZOB U Auarpammsbl J/1C
YeTHBIX TPy coefuHeHust oOMoTok: a — 0; 6 —4; B — 8;
r-6



AHanoruuHele pe3yibTaThl TIOMy4YalOTCS W B TOM C/ydae, Korja oOOMOTKHU
TpaHc(opMartopa coenuHstoTca 10 cxeme A/A. HyneBasi u 1iectast TPyIbl Ha3bIBAatOTCS
OCHOBHbIMH, a rpymnrsl 2; 4; 8; 10 — npor3BOgHBIMU.

[Tpu mepeMapKUpOBKe BBIBOZIOB CjiefiyeT obpaiatb ocoboe BHMMaHHe Ha TO, UTO
MOpSAIOK YepejoBaHus (pa3 JO/DKEH 0CTaBaThCsl HeM3MeHHbIM: a=>b=c; b=>c=a; c=a=b.

B Tabmuie 1 mpuBeJeHbl OCHOBHBIE BapWaHThI CXeM COeAWHEHUs] 0OMOTOK, Tpu
KOTOPBIX MOJIy4YarOTCS YEeTHbIE TPYIIbl U COOTBETCTBYHOIME UM BEKTODHbIE AUArpaMMbI
I/IC.

Tab/mma 1. Cxembl coefuHeHHsT OOMOTOK UM BeKTOpHble Auarpammbl 3/JC njis

YeTHBIX TPy
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Tema pa6otbl: VcmeITaHue TpéxdasHOro TpaHcpopMaropa METOAOM XOJIOCTOIO
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X0Jja U KOPOTKOI'O 3aMbIKaHUsI.
Ilens padorebl: HayuuThcsi UCMBITBIBATH Tpex(as3Hbiii TpaHC(hOpPMATOp METOAOM

X0JIOCTOI'O X044 U KOPOTKOI'O 3dMBIKdHHA.

[Tyctb nepBuuHas 06MoTKa 1 TpaHcopmaTopa comepxut W1
BUTKOB U TIOJK/IF0UeHA K UICTOUHUKY [IepeMeHHOr0 TOKa Npu pasoMKHYTOM Kiitoue K. Tloz
JeMCTBUEM HarpsbKeHUsI HCTOUHHKA TOKa B 0OMOTKe 1 MOSIB/ISIETCS TOK X0JI0CTOTO XO/1a.
AMMnep-BUTKM CO3/,at0T OCHOBHOM MepeMeHHbINM MarHUTHBIM MOTOK @, KOTOPbIU
3aMbIKaeTCs 0 MarHUTOMPOBOAY TpaHC(hopmaTopa.
MarHuTHbBIN TTOTOK D, mepecekast BUTKM 00MOTOK 1 ¥ 2, HABOJUT B 00erx 0OMOTKax



repemMeHHbIe 3. . C.
[ecTBytolirie 3HaUeHUs 3. [l C. MOTYT ObITh oripeziesieHbl TI0 (hopmyiam, B:

=444 JWV, O
E, =444 fW, D,

rae E1 u E2—cooTBeTCTBEHHO [IeMCTBYIOIIME 3HaUeHus 3. /. C. 06MoToK 1 1 2, B.
1—uyacToTa UCTOYHUKA IepeMeHHOro ToKa, ['w;

\1 1 W2— COOTBeTCTBEeHHO UHCJila BUTKOB 0OMOTOK 1 1 2;

@® — OCHOBHOM MarHUTHbIM MOTOK, 3-C.

Ecmi 3aMkHyTh Kmtou K, oz, getictBuem 3. A. ¢. E2 mo 06MoTKe 2 mioTeueT TOK h,
HarpaB/IeHHBINA TTPOTHUBOTIOI0KHO TOKY 0OMOTKU 1. AMITepP-BUTKH [IeHiCTBYIOT BCTPEUHO
amrep-BuTKaM 0O6MOTKH 1. ITpu HOpManbHBIX peXXMMax paboThl TpaHChOpMaTopa MOTOK
@ rpaKTHUYeCKH OCTAeTCs 10 CTOSTHHBIM, 3TO 00eCreunBaeTcs 3a CUeT TOTO, UTO C
yBenuueHreM ToKa h yBennurBaetcsi TOK 00MOTKH. C 0CTaTOUHOM Zjisl PaKTUKH
TOYHOCTBIO MOYKHO CUMTaTh CIIPaBeJIMBLIM CJIeIyIOIlee PaBeHCTBO:

hWx =

hw2.

[Tpu pazomkHyTOM Ktode K HarpsbkeHre Ha 0OMOTKe 2 PaBHO 3. [. C. 9TOM 00MOTKWU; 110
Mepe Harpy3ku TpaHcdopmatopa HarpsbkeHre 00MOTKH U2 HeCKOIbKO yMeHbIIIaeTCsl.

XosocTol X0/ ¥ KOPOTKOe 3aMblKaHue TpaHC(hopMaTopa

X0/10CTOM X0, U KOPOTKOEe 3aMbIKaHHe TpaHC(opMaTopa SIB/SIFOTCS BeCbMa BaXKHBIMU
pe’KuMaMu ero paboThbl, OTpeiesisIoIMHU KCTUTyaTal[MOHHbIe KauecTBa
TpaHcdopmaropa. |
X0JI0CTOM X0/ — 3TO TaKOM pexkuM paboThl TpaHchopMaTopa, KOr/ja K OJHOM 13 00MOTOK
TOJBO/IUTCSI HOMUHA/IbHOE HaTpsKeHUe, a BTopasi 00MOTKa pa3oMKHyTa. PaccMoTpum
X0JI0CTOM X0/, TpexdasHoro TpaHchopMaTopa C MarHUTOIIPOBOJOM CTEP)KHEBOTO THUIIA,
0OMOTKHM KOTOPOTO coefiliHeHbI 110 cxeme (puc. 1). OTBIT MPOBOAUTCS B TaKOH
ToC/Ie/[oBaTeIbHOCTU. BKIrouMM pyOouIbHUK P 1 Tipy oMOIIu MHAYKLIMOHHOTO
perynsTopa 1 ycTaHOBMM HOMHHAJ/IbHOE JIMHeHOe HarpsbkeHue Ul Ha mepBUYHOU
oOMoTKe TpaHcdopMaTopa, HabtoAast 3a MoKa3aHUsIMU BosibTMeTpa V1. YciioBumcs
CUMTaTh MIepBUYHON Ty 0OMOTKY TpaHchopMaTopa, K KOTOPOM TIO/IBOAUTCS HaTpsKeHKe.
Y CcTaHOBMB HOMUHAJIbHOE HaTIpsKeHre Ha MepBUYHON 00MOTKe, 3auKCHpyeM TMoKa3aHus
nipubopoB: amnepmeTpoB— A1, A2, A3; BattMeTpoB W1 u W2, BosibTMeTpa— V2.



Puc. 1. Cxema ombITa X0I0CTOr0 X0/ja TpaHC(hopMaropa:

AwmnepMmetpsl A 1, A2, A3 NOKaXyT HaM JIMHENHbIE TOKH X0JIOCTOr0 X0/a
COOTBETCTBYIOLLIUX (pa3 —

1—HWHAYKIMOHHBIA PerysTop; 2 — Tpex(a3Hblid TpaHCc(hopMaTop.

Toku paBHBI. JTO siBlieHHe 00BSICHSIeTCS TeM, UTO /IJTMHA CpefiHe MarHUTHOM CU/TOBOM
nvuHUM ¢dasbl B MeHbllie, YeM IJTMHBI CpeJHUX MarHATHBIX CUJIOBBIX TUHUM (a3 A u C
(puc. 2), a oTOMy NPOBeCTA MarHUTHBIN MOTOK MO A/uHel jierue, yem no AavHam 1A,
1C. 3a Tok xos0cToro xozia TpexdasHoro TpaHchopmaTopa IMPUHUMAIOT Cpe/iHee
apudMeTUUeCKOe TpexX TOKOB OTJe/bHbIX (a3 A; B\ C:

IonatToag+Ton e

3
OK X0JIOCTOTO X0Zla TpaHC(OpMaTOPOB 0OBIYHO He MpeBbIiiaeT 4-12% 0T HOMHUHA/IBHOTO
TOKa, pudeM MeHbIMe [{udpsl oTHOCATCS K TpaHChopmaTopaM 00/IbITe MOIITHOCTH.
Mariast BeTMUMHA TOKa X0JIOCTOTO XOZia TPAaHCGOPMATOPOB 00BACHSETCS OTCYTCTBHUEM
BO3[YILIHBIX 3a30POB B MarHUTONPOBO/Ie (B aCUHXPOHHBIX [IBUTATe/ISIX TOK XOJI0CTOr0
xo/a paBeH 20-f-60% oT HoMUHaMbHOTO). VIHOT]a He0OXO0AMMO 3HaTh (hha3HOe 3HaueHHe
TOKa X0/10CTOr0 X0Z,a @a3HbIi TOK XOJI0CTOr0 X0/a ONpe/ie/isieTcs 1o C/ie1yIIUM
dbopmynam:
NpU Coe/IMHeHNU 0OMOTOK 3Be3/I0M U 3Ur3arom

I(m =

!O(I’ — IOJTv

rze /o¢ u /01—co0TBeTCTBEHHO (ha3HbIN U JTMHEMHBI TOKU XOJ0CTOr0 X0/a, A; TIpH
coeJUHEeHUU 0OMOTOK TPEYToJIbHUKOM

s
I[Tpu xosocToM X0/ie TpaHC(OPMAaTOp He COBepIIlaeT 10Jie3 HOM paboThl, €ro K. 1. /. paBeH
HYJI0. AKTUBHAsA MOILIJHOCTb KOTOPYIO MPU 3TOM IMOKa3bIBatOT BaTTMeTpbl W1 u W2 11ein
KOM pacCeuBaeTCs B BH/le Tellla, UAYIlero Ha HarpeB MarHUTONPOBOZA U IEPBUYHOM
obMoTKu TpaHcdhopmartopa. Crie yeT OTMeTUTD, UTO JiJisl OTipe/ie/ieHrs aKTUBHOM
MOIITHOCTH TIPU XOJIOCTOM X0o7ie TpaHchopmaTopa Heob6X0IUMO OJIUH U BaTTMETPOB
TEePEK/TIOUNTD Y B34Th Pa3HULY TTOKa3aHWM BYX BaTTMeTPOB. Kak yKa3bIBa/soCh paHee,
TOK X0JIOCTO T'O X0/la TpaHchopMaTopa MaJl, a MoTepy B 0OMOTKe 3a BUCSIT OT KBajpara
TOKA M COCTaBJISAIIOT MeHee 2% OT roTepu XojocToro xoga. [Ipu xomocrom xoze

!UJ1
logg—=——



TpaHc(opmaTopa roTepsiMy B TIepPBUUHOM 0OMOTKe TIpeHeOperatoT U CUUTAIOT UTO
TIOTEPSIMHU XOJIOCTOTO XO7ia SIB/ISTFOTCS TIOTepH B CTaJIH.
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Puc. 2. [InHbI CpeIHUX MarHUTHBIX CHUIOBBIX JIMHUN TPEXCTEP>KHEBOTO Tpex(da3HOoro
TpaHc(opMmaropa.

[Tpu xosm0cTOM X0/ie ¢ 6OMBILION CTeTeHbI0 TOUHOCTHA MOYKHO CUMTaTh, uTo U= E.
OTHollIeHue 3. 1. C. IePBUYHOM 0OMOTKH K 3. /. C. BTOPUYHOM 00 MOTKM Ha3bIBAIOT
Ko3(ppureHTOM TpaHchopmarmu. B Tpex ¢a3HbIX TpaHCpOpMaTOpax pasanuaroT JBa
KO3(PULMeHT TpaHchopmanuu: Ko3(h@ULMeHT TpaHC(hOpMaLMy JIMHEUHSI 3. [I. C. U
K03(@ULMeHT TpaHc popMaruu QasHbIX 3. 1. C.

N3 omnbiTa xooctoro xoza (puc. 1) MOXKHO ornpezieuTh Ko3dduijreHTa
TpaHchOpMaLUK 10 TTI0Ka3aHUsIM BOJIbTMETPOB.
KoadduimenT Tpanchopmaliyuy TMHEUHbIX 3.1, C.

E U
K otw . s
T Een  Usa

rae E1n u E21 — cOOTBeTCTBEHHO MepBUYHAasi U BTOPUYHAs JIMHEWHBbIE 3. 1. C., B.

~ Kosddupent tpancdopmanyu (asHeIx 3. 4. C.
E; U
K = _Ld) - —.-.F_d' :
L E2¢, Um_,

rae E1d, Ep2 — cooTBeTcTBeHHO (pa3Hbie 3. /. C. U HAMpsDKeHUs TIepBUUHOMN U
BTOPUUHOI 00MOTOK, B.
Ecm 06e 06MOTKY TpaHchopMaTopa CoeiMHEHbI OMHAKOBO, TO KO3 (MUITMEeHThI
TpaHchopMaLuM (pa3HbIX U TUHEHHBIX 3.7.C. PABHBI.
[Tpu xonoctom xoze TpaHchopmaTopa Ko3dduiireHT MotHOCTU coS (0 MeHblie 0,2.
KoadduimeHT MOIHOCTH MPU X0JI0CTOM X0/le MOXXKHO OTpe/le/TUTh M0 OMBbITHBIM JaHHBIM
C TIOMOIIbIO (DOPMYJIBI:

cos @y = ——2—,

V38U lon

rie PO—MOIITHOCTb X0J/IOCTOTO XO/a, OTpe/iesieHHasi C TIOMOII[bI0 BAaTTMETPOB.
OpHoda3HbIl TpaHchopMaTop paboTaeT MpH XOJI0CTOM X0/le, KakK ofiHa da3a
Tpex(asHoro.
KopoTkoe 3amMbIKaHHe — 3TO TaKOW pe>kKuM paboThl TpaHChopMaTopa, Korjia BTOpUUYHast
oOMOTKa 3aMKHYTa, a K IepBUYHON 00MOTKe T0/iBe/IeHO HarlpsbkeHue, obecrieunBaroliiee
NpoTeKaHHe HOMUHABHBIX TOKOB 110 00erM 00MOTKaM (HCIbITaTelbHOe KOPOTKOe
3aMbiKaHue). [Ipu ucrbITaTeTbHOM KOPOTKOM 3aMbIKaHUM K TIepBUYHON 0OMOTKe
IO BOJIUTCS HampskeHue, paBHoe 3,5-17% HoMuHabHOro. B nporjecce 3kcruiyaranuu
TpaHc(opmaTopa BO3MOXXHO KOPOTKOe 3aMbIKaHWe BTOPUYHOW 0OMOTKY TIpU
HOMWHA/TbHOM HaTpsDKeHHH Ha epBUYHOM. Takol pe>kuM pabOoThI SIBISIETCS] aBapUHBIM,
a KOpPOTKOe 3aMblKaHWe Ha3bIBaeTCsl BHe3anHbIM. [Ipy BHe3armHOM KOPOTKOM 3aMbIKaHUU
TOKU B 00MOTKax TpaHchopmaTopa B 10 u 6oJsiee pa3 60/bIe HOMUHAIBHBIN. Ecin
TpaHcdopMaTop MpHU Takoe KOPOTKOM 3aMbIKaHUM He OyZIeT CBOeBPeMeHHO OTK/TIOUeH OT



CEeTH, TO OH BbIWJIET U3 CTPOS.

Puc. 3. Cxema orbITa KOPOTKOTO 3aMblKaHUs TpaHCpopMaTopa: 1 — MHAYKIMOHHbIN
perynsTop; 2 — Tpexda3sHbiii TpaHChOpMaTop.
B panbHetiieM Mbl OyieM paccMaTpUBaTh TOBKO UCITBITaTe/TbHOE KOPOTKOE 3aMbIKaHHe.

PaccMoTpyM KOPOTKOe 3aMbiKaHue TpaHC(hopMaTopa, 00MOTKM KOTOPOT'O COeZMHEHbI TI0
cxeMe (puc. 3). OnbIT HY>KHO TIPOBOJUT B TaKOM MOC/Ie0BAaTENbHOCTH. VIHAYKIIMOHHBIN
perysisiTop 1 rocTa BUTh B TM0J/I0)KeHHe MUHUMAaJIbHOM HarpsikKeHUsl, BK/IIOUNUTh PyOUIbHUK
P v mpu noMo1m MHAYKLMOHHOM peryJsTopa rno rnoka3aHuro amrepmerpa Al umm A2
YCTaHOBUTh HOMUHAJIbHBIN TOK TpaHC(opMaTopa. [Ipy cuMMeTpUUHOM HampsKeHUH CeTU
Y UCTpaBHOM TpaHCchopMaTope MoKa3aHUsi aMIiepMeTPOB J0/DKHBI ObITh OZIMHAKOBBIMHU.
[Tpu orbITe KOPOTKOTO 3aMbIKaHHS TTPUOOPEI TTOKa3bIBatOT: TiepMeTphbl Al, A2, A3—
JIMHENHBI TOKU (Pa3 ¢ mepBUYHOM CTOPOHE TPaHC(POpPMaTopa; amIiepMeTp

ALl — TMHEVHBIM TOK BTOPUYHOU CTOPOHBI; BOIBTMETP V — HanpskeHrue KOPOTKOTo
3aMbIKaHWsl; BATTMETPbl U W2 — aKTUBHYIO MOLLIHOCTb KOPOTKO I'0 3aMbIKaHus1. [1pu
KOPOTKOM 3aMbIKaHUM TPaHCOpMaTOp He COBepIIaeT 1ojie3HoM paboThl, ero K. II. [I.
paBeH HyJ/It0. AKTHMBHAas MOLJHOCTb KOPOTKOI'O 3aMbIKaHUs paccerBaeTcsl B BUJie Telula,
KOTOpOe HarpeBaeT 0OMOTKM TpaHchopMaTopa. [ToTepu B CTa MO>KHO CUMTATh
TIPOIOPLIMOHA/ILHBIMY KBa/IpaTy HanpspKeHWs. Tak Kak HarpsbkeHue maiso, To,
CJ/lefloBaTe/IbHO, U TTIOTEPU B CTa/Id OYeHb MaJibl, U UMU MOKHO TIpeHeOpeyb.

[Ipy KOPOTKOM 3aMBbIKAHWM CUUATAOT, UTO aKTUBHAsI MOLJHOCTb KOPOTKOT'O 3aMbIKaHUSI
SIBJISIETCS TIOTePSIMU B 0OMOTKax TpaHcdopMaTopa.

[Tpu coeiHeHNM 0OMOTKH B TPEYTOJIbHUK (Da3Hble U JIMHEeHbIe HalpsyKeHUsT OJUHAKOBHI.
OObIYHO HampsKeHre KOPOTKOT0 3aMbIKaHHs BLIP@KatOT B TIPOL[eHTaX OT HOMUHAIBHOTO:

= —— 100,

U, =-—
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Ul u— HoMUHHa/bHOe JIMHelHOoe HarpsbkeHre TiepBUUHOM 00MOTKY, B.
V — noka3saHue BOJIbTMeTpa, B.



JIaboparopHoe 3aHsaTHE N5

Tema pabdotsl: VcciefoBaHye napasieibHOM paboThl TpaHCHOPMAaTOPOB.

Ilesnn paborel: ViccienoBath napasienibHy0 paboTy TpaHCHOpMaTOpOB

YacTo mpu 3IKCIUTyaTallud TpPaHCPOPMATOPOB BO3HUKAeT HeOoOXOAMMOCTb B
Trapasuie/lbHOM BK/IFOUEHUU JIBYX WK HECKOJIbKMX M3 HUX. IIpu 3TOM Kak repBHUYHbBIE, TaK
W BTOPUYHBIE OOMOTKH TpaHC(OPMATOPOB COOTBETCTBEHHO MPHUCOEAMHSIOTCS K OOIIMM
COOPHBIM IITHHAM.

Ha3sHaueHrieM paboThbl SIBJSIETCS OINBITHOE M3yueHHE YCIOBUM  BK/IIOUEHUS
TpaHC(hOpPMaTOPOB Ha Mapasiie/bHy0 paboTy M TIPOBEpKa BIUSHUS OT/ebHBIX (JaKTOPOB
Ha PeXKHUM TIapasijie/IbHONM PaboThI.

Ins Toro uTtoObl y TmMapasuieflbHO BK/IIOUEHHBIX TpaHC(HOPMaATOPOB Harpyska
pacripefiesisiiacb MPOTOPLIMOHATBHO WX HOMHHA/IBHBIM  MOIIHOCTSM, Heo0X0[uMo
cobsroieHre CIeAYIOIMX TPeX yC/IOBUM:

1) MepBUYHbIE Y BTOPHYHbIE HOMMUHA/IbHBIE HaMpsDKeHUs TpaHC(hOpPMaTOPOB
NO/DKHBI  OBITb COOTBETCTBEHHO PaBHBI, UTO TPAKTHUECKHW CBOAUTCS K TpeOOBaHUIO

paBeHCTBa KO3()(PULIMEHTOB TpaHC(OpMaLy;

2) TpaHC(hOPMAaTOPbI JO/DKHBI UMeTh OJHY U Ty >Ke IPYIIY COe/JMHeHNSs;
3) HarpspKeHUs KOPOTKOTO 3aMblKaHUSI TpaHC(hOPMAaTOPOB JO/DKHBI ObITh
OJIMHAKOBHI.

Ec/mu Tipy BK/IIOUEHWM Ha Mapasijie/ibHy0 paboTy He CcOO/I0/IeHbI TIEPBOE U BTOPOE
yCJIOBHSI, TO B 0OMOTKAax TpaHC(HOPMaTOPOB BO3HUKAIOT ypaBHUTEIbHBIE TOKH, KOTOPBIE B
OTZEbHBIX CydYasiX OCOOEHHO TPYU HECOBMAZeHUH TPYIIT MOTYT JOCTHUTaTh BeTMUWHBI
TOKa KOPOTKOT'O 3aMbIKaHMSI.

HecobmozieHrie TpeThETO YCIOBUS TIPUBOAMT K TOMY, UTO Harpy3ka pacrpezie/isieTcs
MeXy TpaHchopMaTopaMH He TIPOMOPLIMOHA/ILHO WX HOMMWHAIBHBIM MOIIHOCTSIM.
[TocKOMbKY Harpy3ka Ka)k[JOro W3 TMapasule/lbHO paboTaromuyx TpaHC(hopMaTopoB He
JIOJDKHA TIPEBBIIIAaTh €r0 HOMUHAIBHYI0 MOIIHOCTh, HeCOO/IofieHre TPeThero YC/IOBUS
TIPUBO/IUT K CHYPKEHWIO CYMMapHOM [JIOTTyCTHMOM MOIIHOCTH Tapajjie/ibHO paboTaroiux
TpaHC(OPMaTOPOB MTPOTHUB CYMMbI UX HOMHUHA/IbHBIX MOII[HOCTEH.

[Tporpamma paboThI

1. CobpaTk U TIPOBEPUTHLOIBITHBIM IyTeM C/IAYIOlL[He TPYNMbl COeAMHEHUH

o6MoTOK Tpexda3Horo TpaHchopmaropa: Y/Y-0; Y/Y-6; A/Y-11.



2. Cobpatb cxeMmy Al mapasvienbHOM  paboThl  ABYX — TpaHC(OPMAaToOpOB,
IIPOBEpUTh TIPABU/IBHOCTb WX COEJWMHEHUsS W BKJIIOUWThL Ha TapajiefbHYyH0 paboTy B
pe’xuMe X0JIOCTOrO Xoza.

[MTosicHeHus ¥ yKa3aHusi K paboTe

CoeHeHHe 0OMOTOK T10 33/IaHHBIM CXeMaM U TpyTram

['pyma coepurHeHrss 0OMOTOK TpaHC(opMaTopa XapakTepr3yeT YII0BOe CMellleHre
BeKTOpOB nuHeHbIX D/IC obmoTrku HH 1o oTHollleHHI0 K BeKTOpaMm JuHeWHbIX J/]C
obmoTtku BH. I'pymnria o6o3HauaeTcsi uncioMm, KOTopoe rocsie YyMHoKeHUst Ha 30° fgaet
yrojq cMelleHWss B rpagycax. [Ipy sTOM yros cmereHus BcerZia OTCUMTHIBAETCS OT
BekTOpa yinHeriHOM J3/]C BH mo uacoBol ctpesnike 10 ogHouMeHHOro Bektopa J/C HH.
Ha mpaktuke pA1s y#oO6cTBa 0603HaueHWs] TPYMN HCTOJMB3YIOT LudepOsaT yacos,
n3o6pakast muHeHy0 D/1C o6moTku BH B BU/le MUHYTHOH CTpe/KH, YCTaHOBJIEHHOM Ha
12 yvacoB, a suHeiiHyio 3IC obmotrku HH B BuJe uacoBoil CTpesiku, KOTopas U
TOKAa3bIBaeT PYIIY COeJUHEHUS.

[nis monyueHUs: 3aJJaHHOM CXeMbl W TPYIIbI CcOoeuHEHUs 0OMOTOK HeoO6XOoAMMO
TIpe/IBapUTE/IbHO TIOCTPOUTH BEKTOPHBIE AWAarpaMmbl jinHelHbIX DC ais oomotok BH u
HH u 3aTeM BBITIOJIHUTE COeZIMHeHUsI 0OMOTOK B COOTBETCTBUU C ITUMU JUarpaMMaMH.

[TpoBepka TIPaBUIBHOCTU COeAWMHEHHUSI MOXKET ObIThb TPOU3BejleHa, HarpuMmep, I0
cxeme , UCXO/Isl U3 CJIeIyIOIIUX COOOpayKeHUU: eC/ii COeIMHUTD /iIBa OAHOMMEHHBIX BBOZA
oobMoTok BH 1 HH wu BK/IOUMTH OfIHY M3 OOMOTOK Ha HarpsbkeHue, To obe 0OMOTKH
OKa)KyTCsl B 00Imel cucteme HanpspkeHui. CoegudHeHHe ABYX OJHOMMEHHBIX BBOJZIOB
00MOTOK TpaHchopMaTopa COOTBETCTBYeT COBMEILEHHWI0O OJHOMMEHHBIX TOueK
JvarpaMMbl JIMHeHHbIX Hanpsbkenuid BH v HH.

[To Takoii COBMeII|eHHOUW AuarpaMMe, eCii ee MOCTPOUThH B MaciTabe, HampshkeHUe
MeXay AByMsi moObiMU Toukamu (Harpumep, b u B, b u C, ¢ u B, ¢ u C) MOXHO
orpe/ie/IUTh rparuecKy UIu aHaTUTUUYEeCKH.

B mocsiegHeM ciiyuae TIpY W3BECTHBIX TUHEMHOM HampspkeHuu oomMoTku HH - v, u
JIMHENHOM Ko3(duieHTe TpaHchopMaluu K /s COOTBETCTBYIOLEN CXeMbl COeUHEeHUs
00MOTOK BemuuuHbl HanpsokeHUWd Upg, Up, Uz 1 U.c MOXKHO OTIPeIeNIUTh CrieIyIOIM

obpa3zom:



Hanpsokenusi Upg, Up,, Uss u U, onpefiesieHHble TrpadUuecKUM WU aHaTUTHYECKUM
nyTeM, 3aTeM U3MepsIOTCs BOJbTMeTpoM. CoBMNaZieHHWe pacyeTHbIX M M3MepPEeHHBIX 3HaueHWM
CBU/IETEJICTBYET O MPaBU/IbHOCTH COeANHeHUs 00MOTOK TpaHcdopmaropa o 3a/laHHON cxeMe
Vi TPYIIIIe.

[Tutanue TpaHcopMaTopa PeKOMEHAYeTCsl TIPOM3BOJUTE CO CTOPOHBI 00MOTKM BH BO
n30e>xaHue OOJBIINX BTOPUUHBIX HATIPSPKEHHH, MOTYII[UX BbI3BATh MTOpakeHHe TOKOM.

1. Bkstouenue TpaHchOpMaToOpoB Ha MapasiiefibHyt0 paboTy B peXXrMe XO0JI0CTOTO
xoza

[7is ocylijeCcTBIeHUs MapajsieNlbHON paboThl ABYX TPaHC()OPMATOPOB TIPH bl =blxi U
ki=ky cnemyeT cobpath CxeMy, IpUBeIeHHYIO Ha PUCYHOK 1, ¥ BK/TIOUMTD TTycKaTenb P;. [arnee,
TIpeJk7ie UeM BK/TFOUMTH TpaHChOpPMaTOphI Ha MapasuiefibHy0 paboTy (3aMKHYTh Tyckartesib P»),
HeoOXOUMO TIPOBEPUTh TMPaBUIBHOCTh WX COeJUWHEeHUusi, T. e. yOeAuTbcs B TOM, UTO
BK/IFOUaeMble TpaHC(OPMaToOpbl MMEHT OJMHAKOBbLIE HATPSDKEHHWs, TPYIIbl COeAUHEHUs U

O/IMHAKOBbI/ MOPSIIOK UuepeoBaHUs (as.
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PucyHok 1. CxeMa BK/TIOUeHHUs TpaHC(OPMaTOPOB Ha Tapasiie/ibHyi0 paboTy



st aTOro Tpebyercs:

3MepuTh BTOPDUUHBIE JIMHENHbIE HANpsDKEHWs y MepBOro M BTOPOro TpaHC(opmaTopa.
OTU HarpsbKeHUs [JOJDKHbI ObITh PaBHBI.

V3mepuTh HamnpspkeHuss MeXXJy OJHOWMEHHBIMU 3aKMMaMHu I[1epBoro W BTOPOIO
TpaHcopMaTtopoB (Ha mnyckaTese P,). Eciu rpynmbl coefuHeHWsi WM 4epejioBaHue (a3
BK/IFOUaeMbIX TPAHC(OPMATOPOB OAMHAKOBBI, TMOKa3aHWs BOJbTMeTpa OyJyT paBHbI HYJIIO.
Ecmu nokasaHus BOJIbTMETpa He paBHbI HYJIIO, TO ITycKare/ib P, BK/IKOUaTh Hesb3d. B 3TOM
cjlydae HeobX0JWMO TIPOBEPUTb WJIEHTUUHOCTh TPYIN COeAWHEHWN U TIPaBWIbHOCTh
MIpUCOeIHEHHsI TIePBUYHBIX M BTOPUYHBIX 0OMOTOK TpaHC(hOpMaTopoB K MyckartensiMm Pl u
pP-2.

[Tocne BkIOUeHUs TyckaTesis P, TpaHchopMaTopbl OKa3bIBalOTCS paboTaroiumu
TrapasiiejibHO B pe)XKuMe X0JI0CTOTO XO0/a.

[ BBIAICHEHWS pacrpefie/ieHHs Harpy3Kd MeKAy Tlapa/ijie/ibHO paboTaroiuMu
TpaHC()OpMaTOpamMM MNpPU pa3HbIX HAMNPSPKEHUSIX KOPOTKOro 3ambikaHus Uk ¢u. cienyet
OTKJTFOUUTH TycKaTesib Pi u'y TpaHcdopmatopa Il BMecTo o6motku HH BrmounTs 06MoTKy CH
(cMm. cxemy puc. 2). Wcnonb3oBanue oomMoTtku CH ¢ Tem ke YMC/IOM BUTKOB, HO MEHBIIIEr0
IVaMeTpa, YMeHbIIaeT WHIYKTUBHOCTb OOMOTKH W COTIPOTHBJIEHWE KOPOTKOTO 3aMbIKaHMUSI
TpaHcdopmaropa Il Z,;, yTO NMpUBOAUT K MPOMOPLMOHATBHOMY YMEHBIIEHUIO HarpspKeHHst
KODOTKOTO 3aMblKaHUSI Uqi. BcojiecTBUe 3TOro TIpU TapasiiesibHOM paboTe Harpyska
TpaHcdopmaropa I 6yzet Gosbiie, yeM Harpy3ka TpaHchopmaTtopa 1.

[Tocste repek/rOUeHUsT MPOBOZIOB, MOAXOAUBIINX K 00MoTKe HH, Ha 06moTky CH cnenyer
BK/IFOUUTh TycKaTtejgb Pi W, NpOBepuMB TPaBUIBHOCTh COEAWUHEHMS] TPaHC(OPMaTOPOB,
BKJIFOUUTE I10C/Ie/loBaTe/IbHO ImyckaTeas P, u P,. I1pyu 3TOM Harpysky yBeIuuuBaTh 10 TeX 110D,

roka TpaHcgopmatop Il He 3arpy3uTCs J10 /uom-
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PucyHoK 2.. CxemMa BK/IFOUeHUs TIEPBUYHBIX 0OMOTOK TpaHC(hOpMaTOpOB

Ilns  BbISICHEeHUWsI paclipefie/ieHdsi Harpy3ku MeXAy TIapasuiejibHO — paboTaroiyuMu
TpaHcopMaTopaMu TIpM  HepaBHbIX Ko3(duijueHTax TpaHchOpMallUu CelyeT BHOBb
BK/ItOUnTh 00MoTKY HH BMecTo o6moTku CH (cM. cxemy puc. 1), a KoHijpl 06MoTok BH X, Y, Z

TpaHcdopMmaropa I nepekmtounts HaX, Y, Z', cornacHo puc. 3. B 3ToM c/lydae unc/io BUTKOB

obmotku BH Tpanchopmaropa II 6yget
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PucyHok 3. CxeMa BK/TFOUEHHSI BTOPUYHBIX 0OMOTOK TpaHC(hOpMaTOpOB

Tema 1.3 ACHHXpOHHBIE ABUIraTe/Iu

JIabopaTtopHoe 3aHATHE Nob

Tema pabotbl: VcrnbiTaHUsI aCHHXPOHHOTO [BUTaTesiss C ¢a3HbIM POTOPOM MeETO/[OM

XO0JIOCTOT'O X044 U KOPOTKOTI'O 3dMbIKaHHA.



Ilens pabGorThi: VchbITaTh aCMHXPOHHBIM JABUTaTeNb C (a3HbBIM POTOPOM METO/OM
X0JIOCTOTO X0/la U KOPOTKOTO 3aMbIKaHUSI.

OO01rue cBeieHHs

Psin pabourix MeXaHW3MOB 3aIlyCKarOTCsl TIPU 3HAUMTe/bHbIX MOMEHTaX COTPOTHUBJIEHUSI.
Il71s1 MprBOZa TaKUX MEXaHW3MOB JIO/DKHBI OBITh MCITO/Ib30BaHbI 3/IEKTPO/IBUTATEA, UMEIOIIe
MOBBILIEHHbIE MYCKOBble MOMEHThl. B KayecTBe TakuxX 3/IeKTPOJABUraTesier 4acTo
WCTIOMb3YIOTCSI aCMHXPOHHbIE JBUrate/sid C (a3HbIMM POTOpaMM, Y KOTOPBLIX YyBeIudeHue
ITyCKOBOTO MOMEHTA ZIOCTHUTAeTCs 3a CUeT BBeZIeHUs B 1IeTlb pOTOpa A00aBOYHOIO0 aKTHBHOTO
CONPOTHBIIEHUS B BUZIe TYCKOBOI'O peocTaTa.

Ha pucyHke 1 moka3zaHbl MeXaHWYeCKHe XapaKTePUCTHUKU aCMHXPOHHOIO [BUTaTess C
¢da3HbBIM POTOPOM TIPH TIOJIHOCTBIO BbIBE/IEHHOM peocTaTe, T.e. Korza Rn=0 (kpuBas 1) u nipu
BBEeJIEHHOM B Iiellb poTopa peocTare, T.e. Korga RnAQ (kpuBasi 2). M3 3TUX XapaKTepUCTUK
BU/IHO, UTO MPHU BBeJEHUU peocTaTa IMyCKOBOU MOMeHT (npu n=0) ABUTaTe/sl yBeJIMUUBAETCS OT
3”Hauenusi M, (mpu Rn=0) po 3Hauenuss M, (ripu Rn/O). IIpy 3TOM MakCUManbHbIM MOMEHT
OCTaeTCs Hen3MeHHbIM.

Kpome Toro, B gBUraresisix ¢ (pasHbIM POTOPOM TOSIBJISIETCSI BO3MOXXHOCTh PEry/IMPOBaHUs
YaCTOThI BpAILeHUsI MyTeM M3MEeHEHWs aKTMBHOI'O COMNPOTHBIIEHWS POTOPHOM Lienu. B sTom
MO>KHO ybeauThbcst U3 pucyHka 1. IIpy mocTossHHOM MoMeHTe comnpoTuBieHust (Mc=coiil;) c
BBeJleHWeM B Liellb POTOpa MyCKOBOI'O peocTaTa 4acToTa BpalleHus poropa Crefyer Takxke

OTMETHUTB, UTO IPpUMeEHEHHE ITyCKOBOI'O PpeoCTaTa IMM03BOJ/IAET O'PAHUYNTDL BE/IMUMHY ITYCKOBOI'O

TOKa.
M
2 1
Monf- —
' Me
Ma
Ma}.
o nll n|
Puc.1.MexaHnueckue XapaKTepUCTUKU

ACUHXPOHHOI'O JBUraTe/Is:
1 - ecrecTBeHHas xapakTepucTtuka npu Rn=0;

2- VCKYCCTBeHHasi XxapakTepucTuka rpu Rnd0



[ns1 BeITOTHEHUST paboThI coOMpaeTcst cxeMa (PUCYHOK 2)
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Puc. 2. CxeMa UCTIbITaHUS IBUTATE/IS

JIabopaTropHoe 3aHATHE No7

Tema pabGoTbl: VcrbITaHUS aCHHXPOHHOTO JIBUTATeNsI C KOPOTKO3aMKHYTBHIM POTOPOM
METO/IOM HeIloCpe/ICTBeHHOMN Harpy3KHu.

Iens paborei: McnbiTaTh aCUHXPOHHBIA JABUraTelb C KOPOTKO3aMKHYTBIM DPOTOPOM

MeTO/|0M HerocpeJiCTBeHHOW Harpy3KH.

B cooTBeTCTBHY C MPUHIMIIOM 06PAaTUMOCTH aCUHXPOHHbIE MAaIlIMHbI MOT'YT pPaboTaTh B
pe>XXrMe reHepaTopa, ABUraresisi U TOpMO3HOM. HO OCHOBHBIM SIB/ISIETCS IBUTATe/IbHBIN PEXKUM,
TI03TOMY M3ydeHre aCHHXPOHHBIX MaIllVH JaeTcsl Ha TIpuMepe ABuraTesis. OOpaTuTe BHUMaHMe
Ha CXOZICTBO U pa3/nyue B yCTPOMCTBE aCUHXPOHHBIX ABuraresen (Al) ¢ KOPOTKO3aMKHYThIM
1 (ha3HBIM POTOPOM.
Pabouuii potiecc A/l oueHb CX0X C pabounm ripoijeccom TpaHcdopmaropa. [Topsizok
MOCTPOEHUSI BEKTOPHOU Ararpammbl A/l Takou ke, Kak ¥ TpaHcgopmaropa. O rotepsx B A/]
JlaeT Mpe/iCTaB/IeHre SHepreTuyeckas JuarpaMmma.

Ocoboe BHUMaHUE CJieflyeT y/1e/UTh BPAIlalIeMy MOMEHTY, KOTOPBIU SIBJISIeTCS
Ba)KHeH1Ier xapakrepucTukor AJl. BennurHa Bpaljarolero MOMeHTa 3HauuTeIbHO



V3MEeHSIeTCSl B 3aBUCMMOCTU OT CKOJIb>KeHUsl. JTa 3aBUCUMOCTD BbIPa)KaeTCsl MeXaHUYeCKON
XapaKTepUCTUKOU Buraresi. [Ipy u3yueHnr MexaHU4YeCKOW XapaKTepUCTHUKU HY>KHO
BBI/IE/TUTh YYaCTKU YCTOMUYMBOU PaboThl M YCBOMThH MaTeMaTHUyecKre 3aBUCUMOCTH ISl pacueTa
MexXaHUYeCKOUW XapaKTepUCTUKU. 3HAUUTe/TbHbIN UHTepeC TIpe/iCTaB/isieT 3aBUCUMOCTh
napameTpoB (4actoTa BpaitieHusi, K11, mone3Hbiii MOMeHT, KO3(DPUI[MeHT MOII[HOCTH, TOK,
1oTpeb/IieMbIi U3 CeTH) OT T0JIe3HOM MOIITHOCTH Ha Bajly ABUTaTesss. OTU 3aBUCUMOCTH
Ha3bIBAFOTCSI paOOUMMH XapaKTePUCTHUKAMHU.

ACHHXpPOHHBIE MaIlIMHBI IPUMEHSIFOTCS Ha MPaKTHKe TJIaBHBIM 00pa3oM Kak J[BUTaTe TH.
Haubosibliiee pacpocTpaHeHre UMerOT Tpexda3Hble aCHHXPOHHBIe fBurared. OHU HaXOZSAT
cebe camoe IIMPOKOe TIpUMeHeHHe Ha 3aBo/iaX, (habpukax, B CeIbCKOM XO03sIMCTBe, Ha
CTPOUTEJIbHBIX paboTax, Jjisi BCIIOMOTraTe/IbHbIX MeXaHU3MOB 3/IEKTPUUeCKUX CTaHLIUH.
OcobenHo MHoro TpebyeTcs Tpexda3HbIX ABUrareseii MomHocTeio oT 0,4 1o 100 kBT. Takue
JIBUTaTeIM MacCOBOT'O NMPUMEHEeHHsI 3/IeKTPOMAaILMHOCTPOUTETbHBIMU 3aBOAMU BBIITYCKAKOTCS
e>XXeroZiHo Ha MU/UTMOHBI KUI0BATT. BoJibIlloe KOJMYeCTBO JIBUTaTe/Iel BbITyCKaeTCs TakKxKe Ha
MOLHOCTH cBbile 100 KBT.

OpHoda3zHble aCUHXPOHHbIE BUTaTe/d B HACTOsIIee BPeMsi BBITIOJTHSIFOTCS, KaK MpaBUJIo,
B BH/Ie MaJIbIX MallliH 0OBIYHO Ha MOIIIHOCTH He cBbIie 0,5 KBT.

OOMOTKM CTaTOpa ¥ POTOpa aCHHXPOHHBIX MAIlIMH MeXAy COO0M 3/IeKTPUUEeCKH He
CBsI3aHbI; MeXX/Jy HUMM CYII[eCTBYeT TO/bKO MarHUTHas (TpaHchopMaTopHasi) CBsi3b,
Ha3bIiBaeMasi TakXke UHYKTUBHOM, UTO Jjaji0 TIOBO/ Ha3BaTh aCUHXPOHHbIE MalllHbI
WHAYKIMOHHBIMUA. OfHaKO 3To Ha3BaHue B CoBeTckoMm Coro3e MOUTH He MPUMEeHSIeTCS.

O6moTKa cTaTopa OOBIUHO SIBJISIETCS TIEPBUYHOM 0OMOTKOM Mpy paboTe MalllHbI
JBUTATesieM, TaK Kak K Heil B 3TOM cJTyuae ToJBOAUTCS d/IeKTpruueckasi SHeprus. Toku 06MOTKU
cTaTopa COBMECTHO C TOKaMu 0OMOTKHM pOTOpa CO3/lal0T B ZIBUTaTesie Bpalljaroiieecs
MarHuTHOe 1osie. O6GMOTKa poTopa Ipy 3TOM C/TY>KUT B KaueCTBe BTOPUUHOM. TOKH,
HaBe/leHHbIE B Hell BPAILIAIOIIUMCS T10J1eM, B3aUMO/IeHCTBYSI C HUM, CO3Zat0T
3/IeKTPOMarHuTHbIE CHJ/IbI, 3aCTABJISIOIME POTOP BpalllaThCsl.

ACHHXPOHHbBIE IBUTaTe/N BBIMOTHSIIOTCS UK C KOPOTKO3aMKHYTOM 0OMOTKOM Ha poTope,
WM ¢ 0OMOTKOM Ha potope (00bIUHO Tpexda3Hoii), COeJUHeHHOM C KOHTAKTHLIMH KOJ/bllaMu. B
COOTBETCTBUM C 3TUM Pa3IM4alOT KOPOTKO3aMKHYThIe IBUraTeIM U JIBUraTeIM C KOHTAaKTHBIMU
KonbljaMu. [Toc/iefHUe yC/TOBYe Ha3bIBAlOTCS TaKXKe JBUraTesisiMU C (ha3HbIM POTOPOM.

Ha 1muTKe acCMHXpOHHOTO /IBUTaTe/isl YKa3bIBatOTCS C/le/lyIol[ie HOMUHA/IbHbIe BeJTMUMHbI
ero:

1) mowgHOCTh (Ha Basny), KBT win BT;

2) nuHeMHoe HarpsbkeHrue 0OMOTKM cTaTopa, B;

3) NUHeNHbIN TOK, A;

4) yactora Toka, ['1j;

5) yacToTa BpaireHus: poTopa (41cjio 000pOTOB B MUHYTY);

6) K03 dULIMEHT 10J/Ie3HOTO JeliCTBUS;

7) K03 duULIMeHT MOIITHOCTH (KOCHMHYC yriia caBura a3 Mexxy HarnpskeHHeM U TOKOM
¢a3el 0OMOTKH CTaTopa);

8) HanpspKeHHe Ha KOHTAaKTHBIX KOJIblax (TTPY HETIOABYPKHOM POTOPE) U TOK 0OMOTKHU
poTtopa (Tpy¥ HOMUHA/ILHOM PeXKUMe) /IS IBUraTesisi C KOHTaKTHBIMU KOJTbI[aMHU.

Kpome Toro, Ha IUTKe YKa3bIBAIOTCS CXeMa COeITMHEeHHI 0OMOTKH CTaTopa, PeXXUM pabOThI
(MpoAo/mKUTE/bHBIN, KpaTKOBPEMEHHBIN WK TTOBTOPHO-KPaTKOBPEMEeHHBIN), J71s1 KOTOPOTO
Tipe/iHa3HaueH /IBUraTe/ib, U MOHBINA BeC ero B KUorpaMmmax.



O1eKTpOMarHuTHbI MOMEHT aCUHXPOHHOTI'O JIBUTaTe/Isl CO3/jaeTCsl B3aUMO/IeliCTBHeM TOKa B
0OMOTKe poTopa C BpalaolMCs MarHUTHBIM T10/1eM. DJIeKTPOMarHUTHBI MOMEHT M
TIPONOPLIKOHAJIEH 3/IeKTPOMarHUTHOM MOII[HOCTH:

M = P,,/w; ,

rae w; = 2 mn;/60 = 27 f; — yrinoBasi CHHXpOHHAasi CKOPOCTh BpallieHusl.

[TopcTaBYB B BbIpaXkeHHEe 3HaUeHWe 3/IeKTPOMarHuTHOM MOIHOCTH, MOJTyYUM

M = sz/ (0)1 S) = m; I ’22 TVQ /(@1 S),

T. €. 2JIEKTPOMarHUTHbIM MOMEHT aCUHXPOHHOTO JIBUTATe/IsI MPOMOPILIMOHAaIeH MOIIIHOCTH
3/IeKTPUUECKUX TI0Tepb B 0OMOTKe poTopa.

[TopcTaBUB 3HaUeHUe TOKa POTOPA, MO/yYuM (DOPMYTy 3/1€eKTPOMarHUTHOIO MOMEHTa aCHH-
XpOHHOU MatuHbI (H -1M):

ml P

M =285 (a1

[TapaMeTphbl cXeMbl 3aMellleHUs] aCHHXPOHHOW MalllUHbI I'1, T2 , X1 ¥ X'2 , BXOSIINE B
BbIpa)keHue, SIBJISFOTCS MOCTOSAHHBIMM, TaK KaK X 3HaUeHUs TIPU U3MEHEHHX Harpy3Ku
MalLKHbI OCTAeTCS MPaKTUYeCKU HeM3MeHHbIMU. TakKe MOCTOSSHHBIMUA MOYKHO CUYMTAaTh
HampsbkeHHe Ha 06MoTKe (a3bl ctatopa U, 1 4acToTy f;. B BbipakeHUM MoMeHTa M
eIJMHCTBEeHHas IlepeMeHHas BeJIMUMHA — CKOJIb)KeHUe S, KOTOpOe 1Sl Pa3/TMYHbIX PeXKUMOB

pa60TbI aCI/IHXPOHHOI‘/JI MalllMHbI MO>KeT IIPUHHUMATh pa3Hble 3HAUEHUS B AUAIIA30HE OT + 00 [10 —
00,

PaccmMoTpuM 3aBUCMMOCTb MOMeHTa OT cKoJibxeHust M = f (s) nmpu U; = const, fi; = const u
MOCTOSTHHBIX MapaMeTpax CXeMbl 3aMelleHHs. DTy 3aBUCUMOCTb TIPUHSATO Ha3bIBaTh
MeXaHWUeCKOM XapaKTePUCTUKOU aCUHXPOHHOW MallliHbl. AHA/IW3 BbIpa)KeHUs, TIpe/iCTaB-
JISTFOITIEro coOol aHA/IMTHUEeCKOe BhIpakeHHe MeXaHNUeCKOH XapakTepUCTUKA M = f (s),
TOKa3bIBaeT, YTO MPU 3HAUEHUSAX CKOJIb)KeHUs S = 0 U S = 00 371eKTPOMarHUTHBIM MOMeHT M =
0. U3 aToro cneayeT, UTo MeXaHUUecKasi XapakTeprucTika M = f (s) UMeeT MaKCUMYM.

[nst onpenesieHUs: BeJIMUYMHBI KDUTAUECKOTO CKOJIbXKEHHUS Syp, COOTBETCTBYIOLLIETO
MaKCHMaTbHOMY MOMEHTY, He00X0JUMO B3SITh TIePBYIO ITPOM3BOJHYIO OT BhIpaXKeHUs U
ripupaBHATh ee Hy/t0: dM /ds = 0. B pe3ysibTare

S;(p = i r/2 /\Ir: I {1= I :x'ij
HO,Z[CTaBI/IB 3HAUYE€HHWE KDUTHUUYECKOT'O CKOJIb)KEHUA B BhIpDA’KEHHNE 3JIEKTPOMAI'HUTHOT'O
MOMEHTa, TI0C/ie psiZia MpeoOpa30BaHMWM ITOTYYMM BbIpaykeHHe MaKCHMaibHOro MmoMmeHTa (H-m):

Minax = £ LIy ‘JF ERAS Tk U .3HaK IUUTIOC COOTBETCTBYeT JABUTaTe/IbHOMY, a 3HaK
MHHYC — TeHepaTOPHOMY PeKUMY pab0Thl aCHHXPOHHOMN MalllUHBI.

1151 acMHXPOHHBIX MaIlIMH 00111ero Ha3HaueHUs1 akTUBHOe COTIPOTHBI/IEHWe 0OMOTKM CTaTopa
1 HAMHOT'O MeHbllle CYMMbI UH/IYKTUBHBIX COMPOTHB/IEHUM: 11 << (X; +X2). [loaToMy,
nipeHeOperasi Be/IMUMHOM T'1, TIOJTYYMM YIIPOIleHHbIe BbIpaXKeHUsI KPUTUUEeCKOT'0 CKOJTbKeHHsI

SKp ~+ T/2/(X1 +X/2)

Y MakCcMMaJibHOro momeHTa (H-m)
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Tema 1.4 CUHXpPOHHBIe MaIINHbI
JIaboparopHoe 3aHsaTHE N8
Tema pabdoTsl: VcribiTanue Tpéxda3zHOro CHHXPOHHOTO TeHepaTopa.
Iennb pabdorhbi: HayunThCst UCTIBITHIBATL TPeX(ha3HbI CUHXPOHHBIN reHepaTop.

CUHXPOHHBIU reHepaTop — MalllHa (MeXaHH3M) [TepeMeHHOr0 TOKa, KOTopast
nipeoOpa3oBbIBaeT OIpe/ie/leHHbIN TUTT SHEPTUU B 3/IeKTPO3Hepruto. K Takum
YCTPOMCTBaM OTHOCAT 3/1€EKTPOCTaTUUECKUE MALLWHBI, FralbBaHUUECKUEe 3/IEMEHTHI,
cojiHeuHble OaTapeu, TepMmobartapeu U T. 1. Mcrnonb30BaHUe KaXX/10TO BUA U3
Tiepeurc/IeHHbIX TIPUOOPOB OTpeie/isieTCsl UX TeXHUUeCKUMM XapaKTepUCTUKaMHU.

[TpUMeHSIIOT CHHXPOHHBIE arperatbl Kak ICTOUHUKU 3/IEKTPOSHEPIUU MlepeMeHHOr0
TOKa: MCIOJIb3YIOT Ha MOL[HBIX TeI/I0-, TU/IPO- ¥ aTOMHBIX CTaHLUSIX, Ha TlepeABMKHBIX
3JIeKTPUUECKUX CTaHLUSIX, TPAHCIIOPTHBIX CUCTeMax (MalllMHaX, caMoJieTax,
TerioBo3ax). CHHXPOHHBIN arperat criocobeH paboTaTb aBBTOHOMHO — TeHepaTOPOM,
KOTODBIH MMKTaeT MoJK/II0UaeMyH0 K Hell KaKyro-ubo Harpy3Ky, 0o rapasuiesbHo C
CETBIO - B Hee MOJK/IF0UeHbl MHbIe TeHepaTophl.

CHHXPOHHBIY arperaT MOKeT BKJ/IFOUaTb YCTPOMCTBA B TeX MeCTax, IZie HeT
L[eHTPa/IbHOT'0 TIUTaHUS 3JIEKTPUUeCKUX ceTel. [laHHbIe TPUOOPBI MOYKHO TIPUMEHSITH B
(hepmMepCKUX X034KiCTBaX, KOTOPbIE PACIIO/I0KEHbI 1a/IeKO OT HaCe/IeHHbIX TyHKTOB.

Y CTpoMCTBO CUHXPOHHOTO reHepaTopa 00yC/I0B/IeHO Ha/IMuMeM TaKUX 3/1eMeHTOB,
KaK:

e Porop, w1 uHAYKTOp (TTOABMKHBIM, BpaIl[atOIIUICS), B KOTOPbIA BXOJUT
0OMOTKa BO30Yy>KeHUsl.

e SIKopb, UK cTaTop (HeJBWKUMBbIM), B KOTOPBIM BKIHOYaeTCss 0OMOTKa.

e (OO6MoOTKa arperara.

® [lepeknroyaTesib KaTYLIKHU CTaTOPA.

¢ Brinpsamureib.

* HeckosbKo Kabesnei.

e (CTpyKTypa 3/71eKTPUUeCcKoro KoMrnayH/IupOBaHusl.

¢ (CapouHbly anmapar.

e KaryI1ka poropa.

® PerynupyeMblli OCTABIIUK MOCTOSIHHOTO 3/71EKTPOTOKA.

CUHXPOHHBIN TeHepaTop paboTaeT B KaueCcTBe TeHepaTOPOB U MOTOPOB. OH MOKET
TepexoIuTh OT Tpacdrika paboTel TeHepaTopa K rpadHKy JABUraTesIs — 3TO 3aBUCUT OT
JeficTBUS Bpalljatolieil mmbo Topmo3siiiieli cubl pubopa. B rpaduke reneparopa B
Hero BXO/IUT MeXaHuJecKasl, a UCXOJUT 371eKTpo3Heprus. B rpaduke aBuraTessi B Hero
BXO/TUT 3J/IeKTpUUeCKas, a UCXOAUT MexaHuueckasi s3Heprus. [Ipubop BK/touaeTcs B
L[eTb TIePEMEHHOr0 TOKa pa3HOro TUIA HeJIMHEHWHBIX CONMPOTHB/IeHHA. CUHXPOHHbIe
arperarhl SIBJISFOTCS] TeHepaTOpaMU IepeMeHHOI0 TOKa Ha 3JIeKTPOCTaHLUsX, a
CUHXPOHHBIE MOTOPBI UCTIO/IL3YIOTCS TOT/A, KOT/Ia He0OXOUM [IBUTaTe/lb, UTO
paboTaeT ¢ MOCTOSTHHOMN KPYTSAIIeCsS 4aCTOTOM.
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PaboTa CHHXPOHHOT'O reHepaTopa OCYIIeCTB/ISIeTCS TI0 TIPUHLIUAITY
3/IeKTPOMarHuTHOM UHIyKIIMW. Bo BpeMsi X0/10CTOro [IBU)KeHHsI sKOpHasi (CTaTopHasi)
KaTyIllka pa30MKHYTa, T03TOMY MarHATHOe T10Jie arperaTta (pOpMUPYeTCsi OJJHOU
ob6moTKoM poropa. Korjja poTop KpyTHUTCSI OT TIPOBOIHOTO MOTOPA, Y HEro
MIPUCYTCTBYET MOCTOsTHHAs UaCTOTa, POTOPHOE MarHUTHOE T10JIe TepeMeljaeTcs uepe3
TIPOBO/THUKHU 0OMOTOK (ha3 cTaToOpa 1 OCYII[eCTB/sIeT HaBOJKY ITOBTOPSIFOIIUXCS
riepeMeHHbIX TOKOB — 371eKTpoABMXKYIy0 cuny (3/1C). 3JC HOCUT cCuHyCOUAA/IbHBIN,
HeCHUHYCOU/IaTbHBIM JTUOO MyIbCUPYIOIIANA XapaKTep.

O6MoTKa BO30Y»K/IeHus1 MpeiHa3HAvYaeTCs /1Sl CO3/IlaHKs B TeHepaTope
TepBOHAUaJIbHOTO MarHUTHOT'O TI0JIsT, YTOOBI HABECTH B KATYIIKY SIKOPS 3/IEKTPUUYECKYIO
JBWDKYILIYIO cCUTy. B ciyyae ecm sKOpb CUHXPOHHOTO reHepaTopa MpUBOJST B
JBIKeHUe IyTeM BpallleHUs C orpe/ie/IeHHON CKOPOCTBIO, 3aTeM BO30Y»K/aroT
HCTOYHHUKOM TTOCTOSTHHBIX TOKOB, TO TIOTOK BO30Y K/IeHHs TIepeXO/IUT uepe3
TIPOBO/HUKHM KaTyIlIeK CTaTopa, U B ¢a3ax KaTyLIKWA MHAYLUPYOTCS TlepeMeHHble D/1C.

Tpexa3zHblii CHHXPOHHBIV TeHepaTop — YCTPOMCTBO, UMetoIIiee Tpex(asHyro
CTPYKTYpY IepeMeHHOr0 TOKa, KOTOpasi UMeeT OTPOMHOe MPaKTHYecKoe



pacripocTpaHeHue. KpyTsiiuiics 371leKTpOMarHuT criocobeH 06pa3oBbIBaTh MarHUTHBIM
TIOTOK (TIepeMeHHbI), KOTOPbIH MepeMelriaeTcst yepe3 Tpu (a3bl 00MOTKH UMEOIIerocst
cratopa. Y pe3yibTaToOM 3TOrO SIB/IIETCA TO, UTO B (pa3ax MPOUCXOJUT NepeMeHHast
O/1C OIHOTHUITHOM YaCTOThI, CABUT (pa3 OCYILEeCTB/ISETCS MOJ, YIJIOM, PABHBIM OZJHOU
TpeThel Mepruoia BpallleHHWsi MAarHUTHBIX TOJIeN.
Tpexda3sHbIii CHHXPOHHbIV TeHepaTop 000pY/J0BaH Tak, YTO Ha ero Baly siKOpb
SIBJISIETCS 3/IEKTPOMAarHUTOM UM TIUTaeTCsl OT reHepaTtopa. Korjja Baa BpailiaeTcs, K
TIpUMepy, OT TypOUHBI, TeHepaTop MOCTaB/IseT IeKTPOTOK, B TO BpeMsi Kak 0OMOTKa
pOTOpa MUTAaeTCs MOCTaB/sIeMbIM TOKOM. OT 3TOr0 SIKOPb CTAHOBUTCS 3JIEKTPUYECKUM
MarHUTOM M, OCYIIeCTBJIsisi 0O0POTHI C TEM ke BajioM, IOCTABJIsSIeT Bpalllaroiieecst
3JIEKTPOMarH1THOe I10J1e.
Bnarojapst CHHXpOHHBIM TpeX(]a3HbIM rHUIPO- U TypOoreHepaTopam MpOU3BOAUTCS
Gosibliiast yacThb 3/1eKTpO3Heprur. CUHXPOHHBIE arperaThbl IPUMEHSIIOTCS U B KauecTBe
3JIEKTPOMOTOPOB B TaKUX YCTPOUCTBAX, Y KOTOPBIX MOIIHOCTH MpeBbimaer 50 kBT. Bo
BpeMsi pabOTbI CHHXPOHHOTO arperara B rpadvke ABUraTesisi CaM POTOP COeIUHSIOT C
VMCTOYHUKOM TOCTOSIHHBIX TOKOB, CTAaTOP ’Ke TOJK/IFoUatoT K TpexdasHomy Kabero.
KoHcTrpykuus reHeparopa Ha jJaHHbIM MOMEHT MPOU3BOAUTCS MHOTO BU/IOB
WHAYKLMOHHBIX MPHUOOPOB, HO YCTPOMCTBO TeHepaTopa CO3/jaHO Tak, YTO B HUX
MIPUCYTCTBYIOT OJJMHAKOBbIE YaCTHU:

® DJIeKTPOMAarHuT /MO0 TTOCTOSTHHBIA MarHUT, UTO MPOU3BOUT MarHUTHOeE TI0JIe.

e OO6MoTKa ¢ uHAyLHpYyoietics mepemenHo J/IC.

Yro6bI MOMYYUTh HAUOOJIBIIINI MarHUTHBIN ITOTOK, BO BCEX reHepaTopax UCIO/Ib3YIOT
CreLUa/IbHYH0 MarHUTHYIO CTPYKTYPY, KOTOpasi COCTOUT U3 ABYX CTa/IbHBIX
CepZleYHUKOB.

NaBHble XapaKTepUCTUKM CUHXPOHHOTO reHepartopa Takume:

e X0/10CTOI X04 — 370 3aBncUMOCTb S4C npnbopa OT TOKOB BO30YXAEHWS,
O0[HOBPEMEHHO SIBNAETCA nokasaTenieM HamarHM4nMBaHUSA MarHUTHbIX Lienei
MaLLVHbI.

e BHelHAA XapakTepuCTnKa — 3TO 3aBMCMMOCTb HarnpsXeHns yCTPonCTBa OT
TOKOB Harpysku. HanpsbkeHme arperata MeHsieTcs no-pasHomy B



3aBMCUMOCTU OT YBENMYEHUSA HArpPy3ky Npun pasnnyHbix ee sugax. MNpuymHebl,
4TO BbI3bIBAIOT TakMe N3MEHeHUs, creaytoLne:

1. MNMageHne 3Ha4YeHnsa HanpsXeHus Ha UHAYKTUBHOM N aKTUBHOM
COMPOTMB/IEHNN OBGMOTOK YCTPOMCTBA. YBENNUNBAETCSA NO MEPEe TOro, Kak
yBeNnunBaeTCcsa Harpyska npmbopa, To ecTb ero Tok.

2. WN3meHeHune 34C arperata. [MponcxogmTt B 3aBUCMMOCTM OT peakumn
craropa. Mpy akTUBHbIX Harpy3kax yMeHbLlUeHWe HanpsXxeHusa oyaet
BbI3BAHO NaZleHMeM HanpsxeHusi BO BCeX 0OMOTKax, NOTOMY 4YTO peakuus
cTaTtopa Bfe4ert 3a cobor yeennveHne 3[C reHepatopa. Npu akTMBHO-
€MKOCTHbIX BUAax Harpy3ku adppekt HamarHmumBaHns Bbl3biBaeT
yBesinyeHune TekyLLero 3Ha4yeHNs HanpsxXeHns no cpaBHEHUIO C
HOMUHaJ/IbHbLIM MoKa3aTesieMm.

PerynupoBoYHbie XxapakTepuUcTUKN CUHXPOHHOIO reHeparopa — 3To
3aBMICMMOCTb TOKOB BO36YXAeHMA OT TOKOB Harpy3ku. B npouecce paboTbl
CUHXPOHHbIX arperaTtoB HYXXHO NogAepXmnsaTb NMOCTOAHHOE HaNpsXXeHne Ha
NX 3aKMMax He3aBUCUMO OT XapakTepa v BeNIMYNHbI Harpy3oK. 3Toro
HEC/TI0XXHO OOCTUTHYTb, ecnu perynvposatb 3C reHepaTtopa. 3TO MOXHO
caenatb NyTeM U3MeHeHUs TOKOB BO30Y)KAEHNA aBTOMAaTUYECKN B
3aBUCMMOCTN OT N3MEHEHUI Harpy3okK, TO eCTb NPX akTUBHO-EMKOCTHOM
Harpyske Hy)>XHO yMeHbLUaTb TOK BO30YXAeHUA A1 noanepxaHns
MOCTOSIHHOIO HaNpPsHXeHWsi, a NPN akTUBHO-UHAYKTUBHON U aKTUBHON —
yBe/iMumBaTthb.

@

Y

[TacniopTHBIe JaHHbBIE
HomuHasbHbIe TMHeHbIe HalpsDKeHUs 1 TOKM 0OMOTKM CTaTopa Mpy coeguHeHUH (a3
B 3Be3/y:

Il)‘[ :115 A

HomuHasbHast yacToTa BpateHusi n,=1500 06/MuH.



Koadduument mommoctn 08 ©9=0.8 .

KosdduimeHT nonesHoro aencTeus 0=742.

HomuHasibHBIE Haripsi>kKeHrne 1 TOK 00MOTKH B036Y)K,£[6HI/IH

Usu=230 B, Ign =11.3 A.
XapakrepucTuka xosioctoro xoza (XXX) U,;=f(Ig) npu I,=0 u n=const cHUMaeTcs 110

RVE VN I
©»  ® @
ATl {L
(A

cxeMe puc.1 Mpu pa30MKHYTBIX pyOuIbHUKAX P31 Py,
XapakTepuCTHKA X0JIOCTOr0 X0a

Uin=f(Is), mpu I,=0, n=const

U, B 230 220 180 140 100 60 0

Is A 6.5 6 5) 3 2 1 0

BHemHue xapakTepyuCTUKM CHUMAKOTCA 10 cxeMe puc. 1. [lepBasi Touka BHeIlIHeN
XapaKTepUCTUKHY Ha MOHW)KEHUE HaTPSDKeHHs COOTBETCTBYET PEXXUMY XOJI0CTOr0 X0/a
reHepaTopa Mpyu HOMHUHA/IbHOM HarpsbkeHUU Ha ero 3akumax (U= Uim).
[Tocnepyroniye TOUKYM CHUMAKOTCS MyTeM peryJupoBaHusi CAMMETPUYHOU Harpy3KH,
TIOJK/TIOUeHHOM K ¢a3am reHepaTopa. Tok Bo30y»KaeHusi I He U3MeHsIeTCsl.



TIpu ©°S O=1 noakrouaercs Tonbko akTHBHas HarpysKa 3aMbIKaHHeM pyGHIbHAKA Ps.
TIpy CHATUM BHEIIHe XapaKTePUCTHKM /I CMeLIaHHOM aKTMBHO-MH/YKTUBHOM
Harpy3Ku TOJK/II0YAOTCs 06e Harpy3Ky C TIOMOILbIO PyOUILHUKOB Ps 1 Py,

3nauenne ©°S ©=0.8=const ycranasmBaeTcs nyTeM perynMpoBaHist MHAYKTUBHOMN
Harpys3KH /1 BLIOPaHHOTO 3HAYEHUS aKTUBHOM Harpysku. Pe3yIbTUpYIOLmii TOK
AKOPS, U3MepsAeMbIii aMIIepMeTPOM A He [0/DKeH TpeBbIlaTh 3HaueHus 1.1 .

C pocTOoM aKTUBHOM Harpy3Ky reHepaTropa 4acToTa BpallleHUs aCHHXPOHHOT O
JIBUTaTeJIsI IOCTeTIeHHO YMeHbIllaeTcs, HO He 6osiee ueM Ha 10%. [To3TOMYy MO>KHO
TIPUHATH, UTO YaCTOTAa BPALLleHUsI POTOpa Y HallpsUKeHUs CHHXPOHHOIO reHepaTopa

OCTar0TCAd HEM3MEHHBIMH.

B Tabm. 2 3armiceIBar0TCs 3HaUeHUS JIMHEMHOT0 HaIIpsDKeHHUs ¥ TOKa TeHepaTopa.
Tabmuia 2

BHemniHss XdPdKTEPUCTHUKA Hd ITOHM)KEHUE HATIPSDKEHUS

U,=f(1y), npu f=const , Is= const, °°8 O= const

UlJI

230

220

215

210

200

153

I

A

17.5

24

29

34

54

PeryinpoBouHasi xapakTepuCTUKa CHUMaeTCs 1o cxeMme puc.l. PerynvpoBouHas
XapakTepyuCTUKa CHUMAaeTCs TaK JKe, Kak U BHeIIHAS XapaKTepUCTHKa Ha MOHWKeHue
HanpsbkeHusi. C poCcTOM TOKa Harpy3ku BeJIMUMHA TOKa B 00MOTKe BO30y»K1eHusI
peryJyiMpyeTcsi TakuM 00pa3oM, 4ToObI HarpshKeHHe reHepaTopa He U3MeHsIIOCh.
PerynupoBouHasi XapaKTepUCTHKa IMOKa3biBaeT KaK HY>KHO U3MEHSITh TOK BO30Y>K/[eHUs
TIpU M3MeHeHNH Be/TMUMHBI Harpy3KW, YToObl HamlpsbKeHHe Ha 3a)KhMax reHeparopa
0CTaBajI0Ch TTOCTOSTHHBIM. Pe3ybTaThl U3MepeHHii 3ariChbIBalOTCs B Tab. 3.

Tabnuia 3
Pery1MpoBouHasi XapaKTepPUCTHKA

Is= £(1,), npu f=const , U;= U=const, ©°S O=1=const

I A 19 25 33 39 46 52

Iy A 7 7.5 8 8.1 8.9 9.2




JIaGopaTopHoe 3aHsATHE N9

Tema padoTsl: VcrbiTaHue Tpéx(ha3HOr0 CHHXPOHHOTO JABUraTe/Isl.

Iless padoThi: HayunThCst UCIIBITHIBATh TPeX(a3Hblii CHHXPOHHBIN BUTATe/b.

cronb3ysi peKOMEeH/I0BaHHYIO JIMTEPATyPy, 03HAKOMUTBLCS C IIPUHLIUIIOM paboThI,
KOHCTPYKIIMeli W Ha3HAUEHWeM OCHOBHBIX YacTeld Tpexda3sHOro CHHXPOHHOIO
JIBUTATeIs.

CHHXPOHHBIM JJBUTATe/IEM Ha3bIBAETCSs JBUTATE/b IEPEMEHHOI0 TOKa, Y KOTOPOTo
YyacToTa Bpall[eHus T.e. CKOPOCTh POTOpA, PaBHA YacTOTe BPAIlleHUs] MarHUTHOTO TIOJISI 1

He 3aBHUCUT OT Harpy3KH Ha Bay.

Crarop CHMHXPOHHOI'O JBMWrarTessi He OT/IMYaeTCsd MO0 KOHCTPYKLMU OT CTaropa
ACMHXPOHHOr0 JBWraressi. B ma3bl cepieuHMKa CTaTopa YK/aJblBaeTcsl Tpex(aszHast
obmotka. Kaxkgas dasza 3anumaer 1/3 ma3oB. Takum obpasom, Bce Tpu ¢a3el A,B u C
0OMOTKM CTaTopa CMeILeHbl B MPOCTpaHCTBe oz yriaom 120° apyr kK apyry. O6MoTKa
COeIUHSIeTCA TII0 CxeMe ”3Be3fa” WIA ~TPeyrojbHUK” M BK/IKOYAETCA B CeTb
TpexdasHoro Toka. [Ipy 3TOM co37aeTcd Bpaljarolleecss MarHUTHOe mosie. Yactorta
BpallleHUs1 MarHUTHOI'O TI0JI1 N, Ha3bIBaeTCsl CHUHXPOHHOM. CHHXPOHHas YacToTa
Bpall[eHUsI OTIpejie/IsieTCsl YMC/IOM Tiap TOJIFOCOB CTAaTOPHOM OOMOTKM P U 4acTOTOMN

M3MeHeHUs TOKa B ceTH f:
0 =80L (1)
p

Porop CMHXpPOHHOrO JBWraTensi TpeAcTaBiseT Co0OW  3/IeKTPOMarHUT
MOCTOSSHHOTO TOKa. OH MOKeT HMeThb $IPKO BbIpa)KeHHble W HesSBHOBbIDa)KEHHbIE
no/tochkl. [TocTosIHHBINA TOK B 0OMOTKY pOTOpa T0JaeTcs OT TTOCTOPOHHET0 UCTOUHUKA
(Bo30yuTes) uepes I1eTKY U [iBa KOHTAKTHBIX KOJIbLIA.

Cnenyer obpatuTh BHMMaHMe Ha 0COOEHHOCTU MycKa ABuratesisi. Kak u3BecTHO,
CUHXDOHHBIN JBUraTe/ib He MMeeT COOCTBEHHOTrO MyCKOBOI'O MOMEHTa M He MOJXKeT
pa3orHaThbcsi 6e3 MOCTOPOHHEeN MOMOoIIM. B CBsi3u € 3TUM Ha pOTOpe yCTaHaB/IMBAeTCs
JOTIOJTHUTe/TbHAsE TTyCKOBasi OOMOTKA, BBITIOJIHEHHasi M0 TUIy ~Oesnubero koseca”
AaCUHXPOHHOro fpuratens. Ilyck [Buratenss mpousBoAuTCA B fABa Stana. CHayvana

OCYyIIECTBJ/IAETCA aCI/IHXpOHHHﬁ 3dIlyCK, IIpHU KOTOPOM POTOP pA3roHAeTCA 40 CKOPOCTHU



6mi3koii Kk cuHxpoHHOW (0,95n,), Graromapsi myckoBoW 0OMOTKe. 3aTeM TIO/[aeTCs
TIOCTOSIHHBIE TOK B OOMOTKY BO30Y)KAeHHSI pOTOpa M JBUTaTeb aBTOMAaTHUYECKU
BTATHMBAETCS B CUHXPOHU3M.

JI0CTOMHCTBA CHHXPOHHOTO IBUTaTe/IA:

- BLICOKHE TeXHHUKO-3KOHOMHYecKue rnokasatenu (KII n);

- abCOMIOTHO »KeCTKasi MeXaHUuuecKasi XapaKTepHUCTHKa;

- BO3MO>XHOCTb T'eHepUpOBaHUsl peaKTHBHOW SHePryu;

- BO3MOXXHOCTb ~ KOHCTPYMDOBAHMSI THUXOXOJHBIX JiBUTaTesied (C  4acTOTOM
BpamieHust 94 - 100 00/MHH) TIPM COXPaHEHMM BBICOKHMX TEeXHHUKO-9KOHOMHYECKHX
T10Ka3aTeJiel;

- CDaBHUTE/IbHO BBICOKAasi TIieperpy3ouHas CIIOCOOHOCTb (T.e.  OTHOIIEHHE
MaKCUMa/bHOT'O Bpalljatoiijero MOMeHTa K HOMHUHA/TbHOMY).

HepgocraTku:

*CJI0)KHOCTb KOHCTPYKI[MH U IOPOTOBU3HA;

*CJI0)KHOCTh PeryIMpoBaHuUs CKOPOCTH;

*HeoOXO0MMOCTh B UICTOUYHHKAX TTEPEMEHHOr0 Y MIOCTOSTHHOTO TOKa;

*CJI0)KHOCTb TTyCKa ¥ peBepCUpPOBaHMUSI.

ITpumeHneHue. CUHXPOHHbIE JIBUraTe/id MPUMEHSIOT B YCTaHOBKAaX CpeJHed U
Oonbiiot  mougHocTH  (6onee 100 kBT), He TpeOyrIMX 4YacTbIX IYCKOB,
peBepCUpPOBaHUs U PeryjvpoBaHUsl CKOPOCTH. K HUM OTHOCSITCSI TIPUBO/IA MOIL[HBIX
HACOCOB, KOMITPECCOPOB, BO3yXOAYBOK, BEHTH/ISTOPOB, a3pOJAWHAMHUECKUX TPyO u
T.J.

Pa0Oouee 3aanue

(O3HaKOMMTBCSI CO CXeMOoM /1TabopaTOpHOM YCTaHOBKH, TIPUBEZIEHHOW Ha pHCyHKe 1.

1. Ha cxeme NIpUHSTHI Cleytolye 0003HaUYeHHSI:

C/Jl — CUHXDOHHBIU ABUTATE/Ib;
OB/l — BBIBOJbI 0OMOTKH BO30Y>K/IeHHsSI CHHXPOHHOT'O JIBUTaTeJIs;
Ry — pe3ucTop AJiA peryavpoBaHUs TOKa BO30YKAeHUsS lg CHUHXPOHHOTO
JiBUTaTe/Is;

I — resepaTrop rnoCTOAHHOI'O TOKa. CJ'IY)KI/IT Harpy3Koﬁ AJIT CMHXPOHHOTI'O
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JIBUTATeJIs;

— 00MOTKa BO30Y»K/[eHHsI TeHepaTopa;

— Pe3uCTop /11 peryJydpoBaHMsl TOKa BO30Y)KJeHHSI Harpy30uHOIO
reHepaTopa;

— amriepmeTtp. VMI3mepsieT TOK Harpy304Horo reseparopa Ir;

— Harpy3ouHbld pe3uCTOp. BenuuuHy CONPOTUBIEHUS OT/AEeNbHBIX
CTyTieHel pe3ucTopa Ry MOKHO H3MEHSITh C TIOMOIIbI0 TymO/epoB
1,2,3...7. Ilpu 3TOM HU3MeHsieTCsl TOK reHeparopa Ir u, c/iegoBaTesbHO,
Harpy3ka Ha BaJy;

— BOJIbTMETP. VI3MepsieT HamnpshkeHre reHepaTopa;

— TPEeXIIOMOCHBIA BbIK/IHOUaTe b, Cy>KUT [Ji BK/IHOUEHUs] CTaTOPHOU
0OMOTKH B CeTb TIPU MTyCKe CUHXPOHHOTO /IBUTaTeJIs;

— aBTOMaT Jj1s rojjauu Bo30ykaeHusi B porop C/I;

— aBTOMAT [jig BK/IIOUeHUsT OOMOTKH BO30Y)KAeHHsI Harpy304YHOro
reHepaTopa;

— BoJIbTMeTp. M3Mepsier nuHeriHoe HanpsbkeHue Uc, MoABOgMMOE K
CTaTOPHOM 0OMOTKe CHHXPOHHOT'O JIBUTATeIs;

— amrniepMeTp. M3mepsieT MHeNHbIN TOK I ctatopHOit o6mMoTku C/I;

— amnepmetp. M3mepsieT Tok Bo30yxaeHus1 I 00MoTKu potopa C/I;

— da3zometp. HM3mepsieT KO3(DHIMEHT MOIIHOCTY CUHXPOHHOI'O
JIBUTaTeJis;

— TaXOMETD. CJ'IY)KI/IT AJIA USMEPEHHA YaCTOTHI BPpAILI€HUA ABUT'ATEJIA.

2. 3anucarb MMacCIriOpTHbIE AdHHbI€ CMHXPOHHOI'O ABHUI'daTe/Id 1 OCHOBHbIE CBeJeHHs

00 3/1eKTpOM3MepUTE/TLHBIX TTPHOOpax.

HaCHOpTHBIe OdHHBIE, YKd3dHHbI€ Ha KOpIIyCce ABUraTesd, OJId y,[[06CTBa

BbIHeCeHbI Ha 1abopaToOpHBIN CTeH/,.

B macnopre yka3aTtb: TUN ABUTraTeNIst —;
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— HOMMHAJ/IbHO€ HaIIpsDKeHKe [BUIaTe/Id B B;
— HOMMHAJ/IbHAaA MOIHOCTL Ha BadJly B KBT;
— HOMMHAJ/ILHBIN TOK CTaTOpd B A;

— HOMHHaJIbHasA (CHHXPOHHAs1) CKOPOCTb B 00/MUH;



Nu — HomuHabHbIM K.IT.Z1. B %;

Ien — HOMMHAJTbHBIA TOK BO30YK/IeH!s B A;
Cos — HOMMHAa/IbHbIN KO3((PHUIIMEeHT MOIIIHOCTH;
f — yacToTa ceTu B I'1].

OrnpefenuTh YMCIIO MAap MOKCOB P, UCTIONb3Ys BeIpakeHue (1).

OrnpefenuTh HOMUHA/IbHBIM MOMEHT Ha Basy:

P 2
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PI/IC}IEOK 1. Tpexda3Hbili CHHXPOHHBIU reHeBaTop.




3. IlyCcK CMHXPOHHOIO JABUraTesIs.
[Topsimok onepanuy Ipu MmycKe:
1.y6eauthesi, uto aBTomMaThl AB/l 1 ABI" OTKHOUeHbI;
2. moBopoToM Kitoua K (110 4acoBoi cTpenike) MoAaTh HarnpskeHHe Ha 0OMOTKY
cTaTopa JBUrareis;
3. Kor/ia cTpesika Taxomerpa n npubausutcs Kk orMetke 1500 06/MuH (3esieHast
MeTKa), T10/1aTh Bo30yxaeHne apTomatoM AB/I;
4. 1y OCTAaHOBKU [BUraTesisl OTK/IFOUUThL CTaTtop Aurartesns Kimouom K. 3arem
obecTounTh 0OMOTKY BO30Y»K/AeHusi poTopa aBToMaToM AB/I.
4. U-obpa3Hble XapaKTepUCTUKH.
CHsiTh 1 TIocTpouTh U-00pa3Hbie xapaktepucTuku Ic = f(Ig) nmpu xosctom xoze
Y B Harpy304YHOM peXume.

XapakTepuCTUKWA CHUMAKOTCS /1J1s1 TPeX 3HaueHW Harpy304YHOrO MOMEHTa.

a)M; =0 (xosocTom xopn)
0) M, = 0,3Mjy (Harpy30uHbIN PEXKUM)
B) M3 = 0,6 MH
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PucyHok 2. U-oOpa3Hble XxapaKTepUCTUKH

ITo YKa3aHHIO IIperiojiaBaTtesisd 3Ha4eHrWsd MOMEHTOB MOI'YT OBITh M3MEHEHHI.

O6mmii Buz U-00pa3HbIX XapaKTepUCTHK MOKa3aH Ha puC. 2.



C o0co00i TIAaTeMbHOCTBIO [IO/DKHA OBITh CHSITA TOUKA XapaKTePUCTHKH,
COOTBETCTBYIOLLIasi MMHUMAaIbHOMY TOKY cTaTopa. [To moka3zanusiM (pazomeTpa 3ToM
TOUKe [0/DKeH COOTBeTCTBOBaThb cos = 1. CjefoBaTesibHO, TOK CTaTropa MMeeT
TOJILKO aKTHUBHYIO COCTaB/stoIilyto. [Ipy MomenTe M = 0 3TOT TOK 00yC0OB/ieH
TOJIKO TIOTePSIMU B JIBUraTesie. YKa3aHHBIM Pe)KUM pabOThl Ha3bIBAaeTCS PEXXUMOM
HOpMasbHOT0 BO30Yy KaeHUs. [Ipy 3TOM TOK BO30Y KZeHHs paBeH Igp.

[Ipy yMeHbllleHMH TOKa BO30yxzaeHus Ig < Iy HACTymaeT PpeXuMm
HeZloBo30ykaeHusi. OH XapakTepusyeTcsi TOTpeO/ieHWeM U3 CeTH He TOJIbKO
aKTUBHOM, HO U WHAYKTHMBHOU COCTaB/SIOIIEN TOKa. B pe3sysibrate TOK cTaTopa
pacreT (yieBast yacTb U-00pa3HOM XapaKTepUCTUKH).

[Ipu yBenuueHMM TOKa BO30yXKzZeHuss Iz > Igy HacTymaeT peXum
riepeBo30yxeHusi. OH XapakTepu3yeTcsi MoTpebsieHeM W3 CeTH [JOTIO/HUTeTbHON
€MKOCTHOM COCTaBJISIIOIed ToKa. TOK cTaropa CHOBa pacteT (TpaBasi 4acCThb
XapaKTePUCTUKH), a JBUTATe/b, TIOJ00HO KOH/IEHCATOPY, CTaHOBUTCS WCTOUHUKOM
PEaKTUBHOM 5HEPrud. OTOT PEXUM HMeeT BaXKHOe 3HaueHue [Jid TIOBBILIEeHUs
KO3(QULIeHTa MOLL{HOCTH 3JIEKTPOYCTaHOBOK.

ITpu casTn U-06pa3HOM XapaKTePUCTUKHU B PEXKHMMe X0JI0CTOTO xofga M; = 0
JoJDKHA CobsroaThCs Ciefyrolijasi IoC/e/l0BaTe/IbHOCTh OTlepaLivii:

a) ybeauTbCs, UTO ABUTATE/b BpaIllaeTCsd B PeXUME XOJIOCTOrO xofa (TOK
reHeparopa Ir = 0, aBromat ABI" oTK/t0ueH);

6) u3MeHsis TOK poTopa Ig TiepeMellieHHeM [BM)KKA pe3ucTopa Ry U3 ofgHOro
KpalHero ToJIo)KeHusi B fpyroe, IlocnemoBaTenbHOCTh ornepauuii npu cHatuu U-
00pa3Hoii XapaKTePUCTUKH B PEXXUMe Harpy3KHu:

a) TOJIyYUTh y TIperofiaBaTe/isi 3HaUeHUs] Harpy304HOro Toka reHeparopa Ir = Iy
U lr= Iy

0) oCyI1leCTBUTD TTyCK JABUTATeIS;

B) Bkmouuth ABI' ¥ gABWXKKOM pe3uctopa Rr yCTaHOBUTH HarmpsbkeHHe
re”epatopa Ur = 110 B;

r) Tymbsiepamu 1,2,3...7 yCTaHOBUTh 3a/]JaHHBIN TOK reHepaTopa Ir = Ir;



) u3MeHsss TOK B030OyximeHusi Iz pesucropa Rj, 3ammcate B Tabmmiyy 2
pesyabTathl 10-12 u3MmepeHuil (c/iequThb 3a HamnpsbKeHWeM TreHepaTopa W TpU
HeobOxogumocTy niogaepkuBaTh Ur = 110 B);

€) MOBTOPUTh U3MEpPEeHUsI IIPU TOKe Harpy304Horo reHeparopa Ir = Ir,.

5. MoMeHT Ha Bally CMHXPOHHOI'O JBUraTessi, COOTBETCTBYIOLUM 3aJaHHOMY
TOKY reHeparopa Ir, cienyeTt onpeiesiiTb C MOMOILIO TPalyMPOBOYHOU KpUBOU M =

f(Ir). OTa KpuBasi ipuBeJieHa Ha puC. 3.

10 | 1

UM [Hm]
8

//
6 A
//
4 ,/
Pl
2 o
I [A]]

0 k

0 2 4 6 8 10

PucyHok 3. I'pagyvpoBouHasi KpuBasi M = F(Ir)

6. CHATb W TIOCTpOUThb paboune xapakTepucTuku. OOLMIT BUA pabounx
XapaKTepucTuk n, Ic, P;, %, cos = f(P,) npu Uc= const, Iz= const rprBesieH Ha
puc. 4.

[TocnemoBaTenbHOCTH OTepaLvii MPU CHATHUK Pab0UrX XapaKTepUCTHK:

a) OCyLIeCTBUTh MyCK ABuraress ();

6) Bxmounts ABI' u ABWKKOM pe3ucTopa Rr yCTaHOBUTH HampsbKeHUe
reHeparopa Ur = 110 B;

B) MepemellleHreM JIBMKKa R yCTaHOBUTB cos = 1;

I') TIOCTeTNIeHHO yBeTMUMBasi YMC/I0 BK/IFOUEeHHbIX TyMOiepoB 1,2,3...7,



7. IlocTpoUTh MeXaHWYeCKyr XapakKTepucCTHKy nsurarens n = F(M) npu Uc=
const, f = const.
MexaHWuecKasi XapaKTepUCTUKa Ha3bIBaeTCss abCOMIOTHO >KeCTKOM MOCKOJIBKY

CKOPOCTBb BpallleHHsi CAHXPOHHOTI'O [IBUTaTe st He 3aBUCUT OT Harpy3KH Ha Bay.

BoiBog;: V3yunnu npyuHLIUN AeUCTBUSI U YCTPOMCTBO TpeX(a3HOr0 CUHXPOHHOTO

JIBUTaTeJIsl.

Tema 2.2 JyieKTpuyecKue anmnaparbl Hanpspkenuem g0 1000 B

JIaGopaTopHoe 3aHsaTHE No10

Tema pabotbl: V3yueHue KOHCTPYKLIMM, CXeMbl TOJK/IHOUYEHHs, TapaMeTpOB
pyOW/IbHUKOB, TiepeK/itouaTesield, KOHTAKTODOB UM  MarHUTHBIX IycKaTesei
HarpsbkeHueM 0 1000 B.

Ilenp paboTbi: V3yunuTh KOHCTPYKIMIO, CXeMbl TIOJK/IIOUEHHS], TapaMeTphl
pyOW/IbHUKOB, TiepeK/touaTesield, KOHTAaKTODOB UM  MarHUTHBIX IycKaTesei
HarpsbkeHueM 70 1000 B.

MarHuTHbIe ycKaTe/IM BCTParuBalOTCS B 3/7IeKTPUUECKUe 11eTy A1 y/1a/IeHHOT0
ITyCKa, OCTAHOBKHU M 00eCIieueHusI 3al[UThI 3/1eKTPO00OpYA0OBaHMS,
3/1eKTpozBUraTesieil. B ocHoBe paboThI /IEXXUT MCIIO/Ib30BaHKe TTPUHIUTIA JeHCTBUS
37IeKTPOMarHuTHOM MHYKLIUH.

MarHuTHbIe TTyCKaTeJu UMEeI0T MarHUTHYIO CUCTEMY, COCTOSILIYIO U3 SIKOPSL U
cep/leuHUKa 1 3aK/IFOUeHHYHO B IJIaCTMAaCCOBBIM Kopnyc. Ha cepeuHuke romelieHa
BTSTUBAIOIIIAs KaTyllka. [1o HanpaB/sitolUM BepXHeH 4aCTH MyCcKaTesist CKOTb3UT
TpaBepca, Ha KOTOPOi cObpaHbl SIKOPb MAarHUTHOM CUCTeMbI U MOCTUKU CHUJTOBBIX
(rmaBHBIX) ¥ 6/IOKUPOBOUHBIX KOHTAKTOB C MPY>KUHAMM.

Cu/oBBIE UCITOMB3YIOTCSA 71T KOMMYTAIJUM MOII[HOM Harpy3ku; 6/10K-KOHTaKThl — B
ynpaessitortied rierv. CHUIoBoi U 6/I0K-KOHTAaKT MOKET ObITh HOPMa/IbHO OTKPBITBIM
1 HOPMa/IbHO 3aKPbIThIM.

HopMasibHO OTKpPBITEIM KOHTAaKT B HOPMa/IbHOM T10/I0KEHUM KOHTAaKTOpPa Pa30MKHYT.
HopMasibHO 3aKpBIThIM KOHTAaKT B HOPMaJ/IbHOM TTO/I0’KEHUW KOHTAKTOPa 3aMKHYT.
KoHTaKThI mycKaTe/isi Ha MPUHLUMITHAIBLHBIX CXeMaX I0Ka3bIBalOTCS B HOpMaJIbHOM
TOJIO’KEHUH.

PeBepCHBHBIN MarHUTHBIN ITyCKaTeJb TIPe/ICTaB/sieT CO00 Ba TPEXITOMIOCHBIX
KOHTAKTOpa, YKPEIIEHHbIX Ha 00IleM OCHOBAaHWH U COTOKMPOBAaHHBIX



MeXaHUUeCKOU WU /1eKTPUUeCKon 6/I0KMPOBKOM, MCK/TIOUatoIell BO3MOXKHOCTb
OJJHOBPEMEHHOT0 BK/TFOUeHHsI KOHTaKTOPOB.

[MpuHIMn paboThbl MAarHUTHOTO TTyCKATeIsT:

[Tpu noziaue HaNpsH>KeHUs! Ha KaTyILIKY SIKOPb MPUTITUBAETCS K Cep/IeUHUKY,
HOPMa/bHO-OTKPBIThbIe KOHTAKThl 3aMbIKatOTCsl, HOPMa/IbHO-3aKPbITble Pa3MbIKArOTCS.
Ipy oTK/IHOYeHMU MycKaTesisl HPOUCXOAUT oOpaTHasi KapTHHa: M0J AeliCTBUEM
BO3BPATHBIX MPY’KUH MO/IBWKHbIE UaCTU BO3BPALL{AIOTCS B UCXOAHOE TM0JI0XKEHUe,
TIPY 3TOM TJIaBHbIe KOHTAKThl 1 HOPMa/IbHO-OTKPBITbIe 6/I0KKOHTAKThI pa3MbIKAIOTCH,
HOPMaJIbHO-3aKphITble 6/I0KKOHTAKThI 3aMbIKAOTCS.

JJIEKTPOMarHMTHbIe KOHTAKTOPbI

KoHTaKTOpBI-3TO amnrapaTsl JUCTaHLMOHHOTO elCTBUS, pejHa3HaUeHHbIe [I/Is
YaCThIX BK/IFOUEHUW U OTK/TFOYEHUM CUJIOBBIX 3/IEKTPUYECKHX Lierneu Npu
HOMUHAJ/IbHBIX peXXUMax paboThl.

Ob6sacTb MpUMeHeHUsI KOHTaKTOPOB:

[TpubopBI UCTI0JB3YIOT /i1 yIIpaB/ieHUs 3/IeKTPUUeCKUM JBUTaTe/IeM C BHICOKUMU
MOLL[HOCTSIMHU, ZIJis1 TOTO, YTOObI KOMMYTHUPOBATH LieTb PeaKTUBHOW MOII[HOCTH.
[ITrpoKo pacrpocTpaHeHbl OHU B c(pepe 371eKTPUUEeCKOro TPaHCIIOPTa, AJ1s1 UHOU
TPaHCIIOPTHOW UH(PPACTPYKTYPHI.

[TpuHLMI paboThl KOHTAKTOPOB:

Ha KaTyIIIKy yripaB/ieHHs TIOCTYTIaeT HallpsDKeHUs], Cep/IeUHUK MPUTATUBAETCS K
SIKOPI0, 3aMblKasi KOHTaKTHYO I'PYIIY WX pa3MbiKasi ee. DTO 3aBUCUMO OT
M3HAuaIbHOTO COCTOSIHUSL OT/IeJIbHO B3SITOTO KOHTaKTa. [Ipu OTK/ItoueHuu
MIPOMCXOAAT 0OpaTHbIe AeiicTBus. CUcTeMa AyroralieHus TacUT AYTY, TTOSIBUBIITYIOCS
TIpU pa3MbIKaHWU TJIaBHbIX KOHTAKTOB. [Ipu romeliieHUMM Ha 2 KOHTaKTOpax
MeXaHW3Ma [IjIsl MeXaHUUeCKO 0JIOKHPOBKHM MOXXHO TIOJTyUHUTh 00paTUMBIH
KOHTaKTOp. BcriomorarenbHble MOZY/IM YCTAaHOBJIEHHBI /J1s1 PAaCIIUPeHUs
BO3MOXXHOCTeM YCTPOMCTBA /iJisl IPYUMeHeHHs B aBTOMaTU3MPOBAaHHOW CHUCTEMe, C
HUMU MOYKHO yCOBepIIIeHCTBOBATh KCIUTyaTalUI0 3/IeKTPOYCTAHOBKU, YIIPOCTUTD
MOHTa)KHbIe PabOTBHI.

J/IeKTpHUYeCcKHe nepeK/TrYaTe/y.

[Tepek/touaTesin B 3/IEKTPOTEXHUKE C/IY KaT [1JIs1 OTK/IFOUEHUS U BK/IFOUEHUSI
57IEKTPUYECKUX Lierer HU3KOro HamnpsbkeHus oouepeHO. Haripumep, poxoHbIe
TiepeK/IIouaTe/ v MpeiHa3HaueHbl i y100CTBa yIpaB/ieHUs! OCBeIl[eHUEeM B
pa3/IMUHbIX KOMHATaX, JeCTHULIAX, KOpUAopax.

[TpocToi BBIK/TFOUATE /b UMEET KJIaBUIITY Ha [iBe MO3UI[MH U OFHY Mapy KOHTAKTOB, K
KOTOPBIM MO/JK/TFOUeHbI TTPOBOAHUKU. [lepekntouaTtesib, B OT/IMUME OT BBIK/TFOUATE/IS,
“MeeT TPU Win 0oJiee KOHTAaKTOB. OJMH KOHTAKT 00111, OCTa/IbHbIE SIB/ISTFOTCSI
nepekuHbIMU. K Ka)K/[oMy 13 3TUX KOHTAaKTOB MOAK/I0UeHbI MpoBo/ja. UToObl
yTIpaB/IsiTh OCBell[eHUeM U3 IPYTUX MecCT, HeobX0/[uM TepeK/irouaTe/ib Ha HECKOJTBKO



KOHTAaKTOB. [lepekstouaTesiu 3/1eKTpUUeCKrie TI03BOJISIIOT yIPaBsATh paboToi H0ObIX
3JIEKTPUUECKUX YCTPOKMCTB, a He TOJIbKO OCBELeHUEM.

[TpuHLMI AeiCTBUS:

CMbIc/ ux paboThbl 3aK/Ir0UaeTCs B epeKuJbIBaHUY OCHOBHOTO KOHTAKTa C O/IHOM
L[eMM Ha APYTYIO.

Masina

OpvH KOHTaKT o01muii (1), Apyrue 1Ba KOHTaKTa — repekuaHble (2 u 3). Vicronb3ys
[IBa TaKWX TepeK/I0YaTesisi, U pacrio/ioKUB UX B Pa3HbIX MeCTaX, MOXKHO BBITIOJIHUTh
HarboJiee TIOMYJ/IIPHYIO ¥ MIPOCTYIO CXeMY yTpaB/IeHUs OCBellleHHeM U3 IBYX pa3HbIX
MecCT.

PyOouibHUKH

[To cBoeMy TeXHHUYECKOMY YCTPONCTBY PYOHIBHHK - CaMbIi ITPOCTOM
KOMMYTalLMOHHbIN arrapaT. OHU BBIMYCKAIOTCS B Pa3/IMYHbIX BapUaHTaXxX U
Moaudukauysx. Celiuac OCHOBHBIMU BUIaMU SIBJISIFOTCSL OJIHOTIOJIFOCHBIE,
JIBYXTIOJTFOCHBIE U TPeX MOJIFOCHbIe KOHCTPYKIMU. KaK/bIii MOTHOC CO/IePXKUT
TJIaBKUU [TpeJj0XpPaHUTe b, MPeiCTaBIISgIOLIMI BMeCTe C TI0JIF0COM e[JMHOe Liejioe Ha
TlaHeJTu 37IeKTpoLuTa. PyOM/IbHUKH, KDOMe TOT0, Pa3/e/siioTCs Ha YCTPOMCTBA C
pa3/IMuHbIMU MPHUBO/IaMHU - LIEHTPA/IbHBIM U PIYa>KHBIM U Pa3/IM4aroTCs M0
PacroJIOKeHUI0 PYKOSTKH.

Y CTpPOUCTBO C 1jeHTpabHBIM PAaCco/i0KeHUeM PYKOSTKHA OTK/IFOUAlOT
3/IeKTpUUeCKHe 11eMH, B KOTOPBIX HeT HanpsbkeHUsi. C G0KOBBIM pPacrio/ioyKeHreM
PYKOSITKY TIDOU3BOJUT OTKJIFOUEHHE CeTel, HaXOSAIIUXCS M0/, HalpsyKeHUeM.

[TpuHLMIT AeiicTBUS pyOUIbHUKA:

PyOnibHUKOM (TTepek/irouaTesieM) Ha3bIBaeTCs SIeKTPUUeCKHH arrapar C PYYHbIM
TPUBO/OM, TIpeHa3HAUEHHBIN /11 KOMMYTAL[UU 3JIeKTPUYECKUX Liernel.

Haubonee pacriipocTpaHeHHbIe B HACTOsIIIiee BpeMsi PyOW/IbHUKY U TIepeK/TIouaTe
pyOsitiero tvma Ha cuay Toka oT 100 A ¥ BbIllle BBITOHSIOTCS 110 TIPUHITUTTY
JIMHEWHOT'0 COMPUKOCHOBEHHS MOIBUXKHOTO KOHTAKTa (HO>Ka) C HEMOJBU>XKHOU
KOHTAKTHOM CTOMKOM. JINHeWHBIM KOHTAaKT obecrieurBaeT Majioe Tiepexo/[Hoe
COTIPOTHB/IEHHE, PA3PbIB OO/BIINX TOKOB M Ha/IeXKHOCThL B pabore.

Pa3mMbikaHue 11enu pyOuIbHUKOM BbI3bIBaeT U3MeHeHUe TOKa o0pa3oBaHue
JIEKTPUYECKOr0 10/ MEXK/Y HeIllOBWKHBIMU U MOABWKHBIMU KOHTaKTaMH.



HaHpH}KEHHOCTb 3TOr'O IT0JIA TIPONTOPLHUOHA/IbHA HATIPDSDKEHUIO CETHU U O6paTHO
TMPOITIOPLHKMOHA/IbHA PACCTOAHUIO MEXAY KOHTAKTAMMU.

B HepBbIﬁ MOMEHT OTK/IFOUeHUA pY6I/IJ'I]>HI/IKa, KOr'Zia padCCTOSTHHUE MEXY KOHTAKTdMH
MaJIO, HAIIPSPKEHHOCTD 3JIEKTPHUYECKOI'O OIS MOXKET JOCTUTdTh 3HAUEHHWHU TTOPAAKA
HECKOJIBKMX TbhICAY WK AdXKe NeCATKOB ThICAY BOJIBT HA CAHTUMETD, UTO,
€CTeCTBEHHO, BBI3bIBAET MOHHW3dLIMIO BO3AYIIHOI'O ITPOMEXYTKaA.

Puc. Cunbl, AeCTBYIOLLME HA AyrYy NPU OTKIHOUYEHNS PyGU/IbHIKA

Tema 2.4 JeKTprueckHe anmnaparsl HanpspkenueMm Bbime 1000 B
JlaboparopHoe 3anaTHe Noll
Tema paboTbi: l3yueHWe KOHCTPYKLIMH, TlapaMeTPOB AaBTOMAaTUUYECKUX
BBIK/TtOUaTe/ier 1 MpeloXpaHuTeIen.
Ilens paborbi: 3yuuTb KOHCTPYKLMM, TlapaMeTpOB aBTOMAaTHYeCKUX
BBIKJIFOUAaTe/Ier U MpeJj0XpaHUTeb.

[Tporpamma paboThI.

1. W3yuuTth KaacCU(PUKALUIO U YCTPOMCTBO aBTOMAaTUUeCKUX BBIK/IIOUA-
TeJen.

2. W3yuuTh AOMOHUTE/IbHBIE aKCeCcCyapbl aBTOMAaTHUeCKHX BbIK/TFOUaTeeu.

3. W3yuuTb mpUHIMI pabOThI Pa3/TMUYHBIX ABTOMATHUECKUX BBIK/TIOUATE IeH.

4. W3yunTb KOHCTPYKI[MOHHBIE 0COOEHHOCTH ¥ TEXHUUECKHE JJaHHbIE

rpeJjOXpaHUuTeJIen.

1. CBE,ELEHI/IH O dBTOMdTHUECKHNX BBIK/IFOUATE/IAX U UX YCTpOi/JICTBe.



ABTOMaTUUECKUM BBIK/IFOUaTe/ieM, Ha3bIBAIOTCSA  3/eKTpUUecKhe [JIByX-
TPEeXTIO3UIIMOHHbIe  ammapaThl,  [peJHa3HaueHHble  [Jjid  aBTOMAaTH4ecKoro
pa3sMbIKaHUSI CUJIOBBIX 3/IEKTPUUECKUX 1lelleil TpH KOPOTKUX 3aMbIKaHUSX,
He/IONyCTUMBIX Teperpy3kax U CHIKEeHUM HarpsDKeHUsl, a TakKe [Jii HedacThIX
BK/TFOUEHUU 3/IeKTPO/IBUraTe/ei.

B 3aBUCMMOCTU OT Ha3HaueHHsI aBTOMAaThl M3rOTaB/IMBAOTCS OJHO-, ABYX-,
TPEXII0/IFOCHBIMM.

He3aBUCHMO OT KOHCTPYKI[MM W Ha3HAueHUsi BCe aBTOMAaThl COCTOSIT U3
C/Ie[yIOLMX OCHOBHBIX Y3/I0B: TOKOBe[yllled U AyroracuTe/bHOW CHUCTeMbI, y3/a
paclienvTesieid, y3/ia pUBo/ja U MexaHUUeCKUX Tepejau.

1.  TokoBeaylias crucTema /J0J/bKHa OTBeUaTh C/IeIyIOIIUM TpeOOBaHHSIM:

0 - TPOMYyCKaTh HOMUHAJIbHBIA TOK B TeueHue KaK yroHO /1JTU-
TeJIbHOTO BpeMeHH; 0 - 0becrieurBaTh MHOTOKPaTHOe OTK/IFOUeHre
nipe/ie/IbHbIX TOKOB KOPOTKOTO 3aMbIKaHUSI; O - UMeTb MaJjioe BpeMsl
OTKJ/IFOUEeHUSI.

2. HyroracuTenbHasi cucTeMa J0/DKHa obecrieurBaTh railieHue JyrTy TMpu
BCeX BO3MOYXKHBIX peXXMMaX CeTH.

3. PacujenuTeni aBTOMaTUUeCKWX BBIK/IHOUaTes el [0/KHBI pearupoBaTh
Ha M3MeHeHHue 3JIeKTPUUYeCKUX BeJMUMH U TMPOU3BOAUTL OTK/IHOUEeHWe aBTOMaTa B
KpaTuarliive BpeMms.

4. Y3en npuBoja O/KH CO00IaTh KOHTAaKTaM CHUy, HEOOXOAUMYIO [I/ist
BK/IFOUEHMSI aBTOMaTa B CAMOM TsDKeJIOM CJiydae - MpH CYIeCTBYIOIEM KOPOTKOM
3aMbIKaHUH.

Bb160p aBTOMaTUUeCKUX BBIK/IIOUaTes el orpe/iesiseTcs:

0 - Tpe0OBaHUSAMU U 0COOEHHOCTSIMU 37IEKTPOYCTaHOBKY; O -
TpeboBaHUsIMU 110 06ecrieueHHt0 GecriepeOOMHOTO U 6e30MacHOro
3/IeKTPOCHA0XXeHUsI; 0 - ONTUMM3al[iet 3aTpar.

ABTOMaTHYeCKHe BBIK/IFOUATe/U MOApa3/esitoTCs M0 CJIe[yOLIUM YPOBHSIM:



0 - ypoBeHb A (aBTOMaTH4eCcKHe BbIK/IOUaTe/Nd Ha Oosibliiie TOKH,
yCTaHaB/IMBAIOTCA HA TJIaBHBIX pacrpefe/uTe/IbHbIX —IUATaxX
(I'PLID);
0 - ypoBeHb b (aBTOMaTHuecKre BLIK/IHOUaTe M B IMTOM KOpIIyce,
yCTaHaB/IMBAIOTCS Ha IPOMEXKYTOUHBIX pacIipe/ie/IUTe/bHbIX IATaX,
3alllUTa JIBUraTesiei); o0 - ypoBeHb B (Mo/ly/ibHbIE aBTOMaTHUeCKHe
BBLIK/TFOUATe/TH, 3all{iTa KOHeUHOro MoTpebuTeis).
Ha puc. 1 npejcTaB/ieH aBTOMaTUUeCKUM BBIK/TFOUATe b, COCTOSIIMIMI
u3:
BepXHsisl K/ieMMa;
BBIXJIOITHAsI KaMepa;
BBIXJ/IOTTHAS PelleTKa;
yZlapHasi peleTKa;
JyroracuTe/ibHasi TJ1aCTHHa;
BepXHsisl yroracuTe/bHasi T1acTHHa;
HeTO/IBWKHBINA KOHTAKT;

HO,E[BI/I)KHBII‘/JI KOHTAKT;

© 0o N o g bk~ W DN PRE

BepXHsAA Ayroracure/ibHas IJIaCTHHA,

[EEN
o

6J10K 3/1eKTPOMarHUTHBIX 3all[UT;

[EEN
=

TeIJI0OBas 3alluTa;

[EEN
N

MarHUTHbBIN pacChernmTe b,

[EEN
w

HIKHAA K/IeMMd.

1. ,HOHOJ'[HI/ITEJI])HI)IE dKCeCCydpbl dBTOMATHYECKUX BBLIK/TFOUATe1eu.

ABTOMaTvyecKde  BBIK/IIOUaTeIM  KOMIUIEKTYIOTCA  JOTIO/THUTE/bHbIMU
3/1eMeHTaMH, BBITOJHAOLMMHA pa3/InyHble (PyHKLMH, KOTOPbIe KPEeIATCS Ha aBTOMaT
C BHelIHeW CTOpOHbL. Ha puc. 2 mpezcraBieHbl [JOMOJHUTE/NbHbIE akCceccyapbl Ha

aBromaT GV2 ¢upmel Schneider Electric:



0 - /IOTIOJIHUTe/IbHble KOHTaKTHbIe OJI0KM MTHOBEHHOTO JeNCTBUS,
ripeiHa3HayeHHbIe J/151 KOMMYTALUK JOMOJHATETbHBIX LeTew;
0 - pacLenuTe/lb MUHAMAJ/IbHOTO HarpsbKeHUsl, OTK/IF0YaeT aBTOMar
TPY MIOHWKEeHWHY YPOBHS HaIpsUKEHUST; 0 - KOHTAKT CUTHA/IM3aLuu
aBapUMHOr0 OTKJIFOUYEeHUS C [JOMOJTHATeTbHBIMU KOHTaKTaMHU
MIHOBEHHOT'O JIeMCTBHUS; O - KOHTaKT CUTHaIU3ald KOPOTKOrO
3aMbIKaHUSI; O - OTPAaHUYUTE/Ib TOKA, MpeJHa3HaYeHHbIN IS
OrpaHlYeHUsi TOKOB MPOXOZSIIMX uepe3 aBTOMar; 0 - 6J10K
BU/IMMOT'O pa3phbiBa, BU3yabHO MO3BOJISIIOLMK OLIEHUTh COCTOSIHHE
aBTOMaTa; 0 - JIEKTPUUECKUM pacCLeNUTe/b: He3aBUCUMBI - IS
JMCTaHL[MOHHOT'O OTK/IFOUEeHHS aBTOMAaTUUeCKOT0 BBIK/IFOUATe/Is;
MUHMMAaJ/IbHOTO HalpsKeHMUS.
[IpenycMaTpuBaeTCss  yCTaHOBKA  /JIOMOJIHUTE/IbHBIX — 3JIEMEHTOB — HeIo-
CpeJICTBEHHO BHYTPb aBTOMAaTHYeCKOro BBbIK/ItOUaTesns. fApKMM Ipe/CcTaBUTeIEM
aBTOMAaTOB TaKOW KOHCTPYKLIMU SIBJISIETCS aBTOMAaTHUUECKWM BBIK/IIOUATE/b CEPUU

GV7 dbupwmsbl Schneider Electric. KoHCTpyKIysi KOTOpOro Tpe/cTaB/ieHa Ha puc. 3

2. TlpyHUMO AeHCTBUS aBTOMAaTUUeCKUX BBIK/IFOUaTe/iel B 3aBU-

CHMOCTH OT YPOBHSA UX YCTAHOBKH.

2.1. ABTOMaTUUeCKHUe BBIK/IFOUATe/ M Ha OOJIbIINe TOKH.

B 3aBucuMMOCTH OT nofipa3zie/ieHuH 110 YPOBHSIM, Pa3HSTCS TakyKe W TTPUHIUTIBI
JIeVICTBHSI aBTOMaTUUeCKHX BBIK/IHOUaTe1em.

[Insi  aBTOMATHMYECKWX BBIK/IIOUaTe/lel Ha OO/bIlIMe TOKH, XapaKTepHOM
0COOEHHOCTD SIBJIIETCS TO, UTO OHU [IOJDKHBI TP KOPOTKUX 3aMbIKaHUSX HEKOTOPOe
BpeMsI OCTAaBaTbCS BO BK/IIOUEHHOM COCTOSIHMM, YTOOBI HI)KepacIloI0’KeHHbIe

BBIKJ/IFOUATE/IM CMOI'JIM YCTPAHUTD IMMOBPEXAEHHE.
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PI/ICYHOK 1. KOHCTPYKL[I/IH dBTOMAaTHUYeCKOI'O BBIK/TFOUaTe I



OrpaHnuuTens TOK&]

Bnok
BUANMOTO
paspbiBa
Pacuenurens
MUHMUMANLHOIo
HanpsKeHnn
KoHTakT
CUrHanusaumm
KOPOTKOro
3aMblKaHUA
IneKTpuYecKumn
/’ pacuenuren
KoHTaKkr
CUrHanusaumm
aBapuiHOro
OTKNHYeHun +
AONONHUTENbHLIN OononHutenbHbie
KOHTaKTHbIK BnoK KOHTaKTHbie Gnokn
MIrHOBEeHHOIo MIHOBE@HHOTO
\ AenucTeus AencTBunA

EI/IVCE/HOK 2. Jlono/iHUTe/IbHBIE aKkceccyapbl K aBTOMary



JononHUTenbHbIN KOHTAKTHbLIA BNOK

GV7- (AE,AB)11
Ansa koMmyTauun CUrHanos ¢
NOHIDKEHHBIM YPOBHEM

CraHaapTHbIA

SNeKTpUYeCKUN pacuenuTens

GV7- (AU AS) e

4 L HanpspkeHue
HezaBucumbin

pacuenaTens

UHaukaTop PacuyenuTHnb

cpabarbiBaHnA L MUHUMANbHOTO
INeKTpoMarHMTHOro HanpsxkeHue HanpsKeHnA
pacuenurenn

Pucynok 3. [lonosHuTe/IbHBIE akceccyapsl K aBToMaty GV7



[TosTOoMy, Kak mpaBwsio, armaparbl Ha ['PII] cpabaThiBaioT C BBIJEPKKOU
BpeMeHU. KoOHCTpyKTHMBHO 3TO ob6ecrieunBaercsi Gnarojapsi CO3[aHHIO0 YCUIUSL OT
rpotekaemMoro Toka K3, KOoTOpoe yjep>KhBaeT MOJBWXHbIM KOHTakT. KOHTakTHOe
yCHJIHe TIPOTIOPLIMOHABHO KBAZIPaTy MPOTeKaeMoro Toka (i°) puc. 4.

511 OTK/IHOYeHHs1 TOKOB HeoOX0UMO BbICOKOe ObicTpofeiicTBre. T.e. Heslb3s
JI0TyCKaTb, uTo0bl TOK K3 mpoTekan B TeueHue IMEPBOro MOJyNepUo- Ja, TaK Kak
TepMuYecKass CTOMKOCTb arrapara 3HauWTe/JbHO Huke. IIpy BO3HMKHOBeHUU
BBICOKOI'0 3HaueHWs TOKA KOPOTKOIO 3aMbIKaHUs, CO3[aeTcs 3JIeKTPOMarHUTHas
Cuia, KOTopasl [JelCTBYeT Ha II0JII0C, «OTTa/IKUBash» ero. [IBryKeHue I10Jr0Ca yepes
KUHeMaTUueCcKyro liellb [epejaeTcs Ha 3alllesiKy. OTa 3alljejika CABUraeTci U

ocBoOOJKZIaeT OCHOBHOW BaJl arrapata [0 TOro, Kak cpabaTbiBaeT 3/1eKTPOHHas
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PucyHok 4. Ycunus ot nporekanus Toka K3
u3

MepUTE/IbHAas Lellb.
OTK/roueHue Ipu oMo MexXaHHuecKoun CHUCTeMBbI MMpoOUuCXoguT

Imapa/uiej;icHO C BJ'IEKTPOHHOI;’I HBMEPHTEHBHOﬁ LOerbro, KOTOpad IIOATBEPXKAAET



OTK/IFOYEHME arapaTa M OCYILeCTB/sseT WHAWKALWI0 MOBPEXAEeHUs Ha TepegHen
naHesiu. [laHHbI criocob OTK/IH0UYeHKs TIpe/iCTaB/IeH Ha puC. 5.

TokoorpaHuueHue mpu paspbiBe TOKOB K3, 3aBUCUT OT HalpsuKeHUs AYIU,
KOTOpasi BO3HUKAeT MeXy IIOABWKHBIM M HeIOJBWXKHBIM KOHTaKTaMU IPU UX
pa3sMbIKaHUW. JTO HalpspKeHWe Ayrd [JO/DKHO Pa3sBUMBATLCS KaK MOXKHO paHbliie U

ObICTPO OCTUTATh OOJILITION BETMUWHBI.



OBaJIbHbIl 3/1EMEHT, NPUBOASLLWIA B AeliCTBME OCHOBHOI Bau1 annaparta

ﬂ‘;ﬂdk younus

KuHematuyeckas Uenb

PucyHok 5. KiHemaTHyeckast cxema cpabaTbIBaHusI aBTOMarTa IpH Tokax K3.

[To 3TOM TIpUUKHEe HeOOXOAUMO YBeJUUMBAaTh CUTY OTTAJKHMBaHUSA U 00ecrieurBaTh
BbIOpOC AyTH B iyroracutenbHy0 Kamepy. [Iist 3Toro rcnosb3yroT U - o6pa3Hbiii
KOHTYP TOKa Jijisl yBeTuueHUs YCUMUs oTTasikuBaHus. [Ipumenenue U - o6pa3Horo
MarHMTHOT'O KOHTYpa BOKPYT HeIO/BM)XHOI'O KOHTAKTa /IJI1 KOHLIeHTpaL[y CUI0BBIX
JIMHUMN 3JIEKTPOMAarHUTHOTO T10JIs1, TI03BOJIsieT 00eCcreunTb PaHHUH, OBICTPBIN U
SHEePTUYHBIN BLIOPOC AYTU B AYTOTacUTE/bHYIO KaMepy, JaHHbIA KOHTYP
rpe/iCcTaB/ieH Ha puUcC.6..

[Tpu GosbIIIOM 3HAUEHUH TOKa KOPOTKOTO 3aMbIKaHUSI KOHTAKThI amriapaTa cjierka
pa3mbikaroTcs, @ U - 00pa3Hblii MarHUTHBIA KOHTYP CIOCOOCTBYeT BbIOPOCY AYTH B
JyroracuTesibHyr0 KaMmepy. Jlyra rpy 3TOM BBITATMBAETCS, UTO I103BOJIIET 3aTeM
OueHb OBICTPO OTK/TFOUNTH aBaPUMHBIN PEXKHM.

Ha puic.7 nipeficTaB/ieH NMPUHLUI cpabaThIBaHUS aBTOMAaTa MpHy AAHHOM criocobe.



Ul

L]

PrcyHok 6 U - oOpa3HbIii MAarHUTHBIN KOHTYP.

2.2. ABTOMaTHyeCKHe BBIK/HOYATe/U B IMTOM KOPITyCe.

ABTOMaTHUuecKue BBIK/IHOUATEIM B JIMTOM KOpPMycCe, KaK MPaBWJIO, SIBJISIOTCS
ObICTPOIEHCTBYIOIIMMU U BbITycKatoTcs Ha ToKK 100 - 630 A.. OcHoBHas 3ajaya -
3TO CHWXEeHHe TeIJIOBbIX W 3/1eKTPOJJMHaMUUeCKUX BO3/JeHCTBUM Ha TPOBOJHUKU
(kabenpbHBIE MMHUM, COOpPHBIE IITMHBI), @ TAKXKe Ha MOTpebuTesneil. OTO AOCTUTAETCS
3a CYeT TOKO-OTPaHHUYEeHHs, T.e. TyTeM OTTaTKWUBaHUSI KOHTAKTOB (ITOJBW)KHOU YaCTU
KOHTaKTa OT HeMOJABW)XHOW), UTO TO03BOJISeT OTK/IuUaTh TOK K3 paHbliie, yeM OH
JIOCTUTHET CBOETr0 OKM/aeMOr0 YCTaHOBUBILETOCSI 3HAYEHUSI.

Bo3MOXXHBI C/leyrole KOHCTPYKTUBHbIE UCIIO/THEHHUS:
0 - C O/JMHAPHBIM KOHTYPOM OTTa/JKMBaHUs («OJWHapHasi
TeTJIs» );
0 - C IBOMHBIM KOHTYPOM OTTa/IKUBaHUS («IBOVHAS TTETJIS» );
0 - YCTPOMCTBO C MAarHUTHBIM CEpP/IeYHUKOM, KOTOPO€e TOJIKaeT

Win TAHeT HO,Z[BH)KHBIﬁ KOHTAKT.



LyroracutensHas kamepa

- |

-

Ua

U-o06pasHbii
MarHUTHBIA KOHTYP

U-06pas3Hbiid
KOHTYpa ToKa

PucyHok 7 KuHematnyeckasi cxeMa cpabaTbIBaHUsI aBTOMATa.

Ha puc. 8 npe/cTaB/ieH npruMep KOHCTPYKTUBHOI'O MCIIOJIHEHUSI KOHCTPYKLIUU
KOHTaKTa.

SddeKT oTTaKUBaHUSI KOHTAKTOB MOJKET ObITh YCH/IeH TTPUMeHeHeM MaTrHUTHOM
1[eTTH:

0 - TIPOTTOPIIMOHAILHO KBa/[paTy MPOTEKaeMOro Toka (ucrosb3yeTcst U - obpa3Hast

(¢opMa KOHTaKTa);



0 - TMPOMNOPLIMOHAIBLHO MPOM3BOJHOM IO TOKY, T.e. KPYyTH3He
HapacTaHusi Toka (di/dt), uto ocobeHHO 3 PeKTUBHO NPU OOJIBIINX

3HaueHusX ToKa (Mpu Tokax K3). Fm

Pucynok 8 [Ipumep oTTaskuBaHUsI KOHTAKTa.

ABTOMaTHUeCKre BBIK/I0UaTeIu B JIMTOM KOpIyce ObUIM CrieliaabHO pa3paboTaHbl
[I/Is pellieHus C/Ie[VIOuX 3a/1a4:
0 - /U151 3aLLUTHI OTXOASLUX JIMHUN ITIPOMEXKYTOYHOI'O YPOBHS;
0 - /111 3aLLUTHI 3JIEKTPO/BUT aTeJIeu.
B aBTOMaTMueckux Bbik/touarensix Compact NS npumeHsieTcss HOBaTOPCKUM
TIPUHLUI OTpaHUYeHust 60/bLIMX TOKOB K3: poTo-akTHBHOe pa3MbiKaHue puc.9.
Orpanunuenre O6osbMx TOKOB K3 ocyljecTBisieTcss 3a CUeT /aBJ/ieHUS,
KOTOpOe CO3/,aeTCsl SHeprueu Ayru.
Hwke mpuBOgUTCA OmycaHue 3TOro NpUHLIUMNA:
0 - Kaxzapli MNOMHC BBIK/IHOYATeNs] HWMeeT HW30MPOBAHHYHO
KOHCTPYKLIMIO B BUJe 00070uku. BHyTpY Hee IpU BO3HHWKHOBEHUU
ToKa K3 mMoABWXHBIM KOHTakT HauMHaeT MOBOpPAaYyMBaThbCs 3a CYeT
JICKTPOMAarHUTHBIX CUJI OTTalKUBaHUA MeK[y KOHTakTamu. Ilpu
9TOM CO3/a0TCA [jBe ocaefoBaTe/bHbIe JyTy.
0 - [Ipy)XKMHHO - MOpIIHEeBOW MexXaHU3M MCII0JIb3YyeT [aBjleHue,
KOTOpoe co3zaeTrcsi 5Hepruert aAyru. Korja paeneHue [ocTuraet

onpejeneHHOro nopora (MpUMepHO NpHy 25 'HOM),



TIPOUCXOUT ObICTPOE, «pedieKCHOe» OTK/IFOUEeHHE CITyCTs IPUMEPHO
3 MC TI0C/ie OTTa/IKUBAHUSI KOHTAKTOB.

o - Ecim paBneHuve He [OCTWraeT 3TOTO TIOPOra, TO €ro
OKa3bIBAeTCSl HEJOCTaTOUHO MAJIs1 «pedIeKCHOro» OTK/IFOUEHHs], HO
COTIPOTHBJIEHWE [JIBYX IIOC/IeZiOBaTeNbHBIX [y TIPpA 3TOM Or-
PAHUUHBAET TOK KOPOTKOT'O 3aMbIKaHHSI.

o - Ecm 1ok K3 pmocturaer oueHb BBICOKHMX 3HAUeHHH,
OTK/TFOUeHHe TpoucXoauT eirle Obictpee (1 Mc). OTO TMO3BOJISIET
obecrieunTh Haubosiee 3pdeKTUBHOE TOKOOTpaHUUeHHe. DJjieMeHTHl,
13 KOTOPBIX M3TOTOBJIEH IIO/IIOC, paCCUATAaHbl B COOTBETCTBUU C
pa3MepoM BBIK/IOUaTesisi. KpoMe TOro, ueM MeHbIlle HOMHHATbHBIN
TOK BBIK/TIOUATE/Is, TeM BbIIIe 3PPeKTHBHOCTb TOKOOTPaHUUEeHHS.

0 - [Ipu poTO-aKTOBHOM pa3MbIKaHHUH OTK/TFOUEHHEM JIaBJIeHHEM,
ra3 BO3HMKAIOI[We B TIpollecCe TOpPeHWs [Ayru IIOCTyIlaeT B
HaKOIUTE/IbHYI0 KaMepy, T/le OKa3blBalOT /laB/ieHHWe Ha TIOpIIeHb
MeXaHW3Ma OTK/TIOUEHHs, TEM CaMbIM, YCKOPSIS TIPOLIeCC pa3MbIKaHUS

KOHTAKTOB.

Armmapatel Compact NS Osarosapsi BblllleyKa3aHHbIM TIPUHIMIIAM HMEIOT

HNCK/TFOUNUTE/IbHbIE TOKOOI'DAHHWYHBAIOIHE CBOﬁCTBa, d TadKXe 4 3THUX BbI-

KJIrouaresien XdPdKTEPHBI MIMPOKHWE BO3MOXXHOCTHU I10 CeJIEKTHBHOCTH. Tokoo-

'paHUYE€HHE TI103BOJIA€T CHU3WUTL OTpULATe/IbHbIE€ TEIVIOBbIE W 3JIEKTPOAMWMHA-

MHWUECKHE HAI'DY3KH Hd 3/IEMEHThI CETH.

2.3. MopynbHble aBTOMaTUUYeCKUe BbIK/IFOUaTesIu.

MO,Z[}UII:HI:IE dBTOMATH4YECKHEe BbIK/IIOYaTe/JIM 3dllUIldi0T HerocpeaCTBEHHO

KOHEUYHOI' 0

notpeburtens. Takum obpa3oM, [Jo/pkHa ObITb  obecrieueHa

CeJIEKTUBHOCTD C BbIIIECTOAIIKMMHA 3dlllUTAMMU.



> HenoaBuXHbIA % TOK KOPOTKOro
! KOHTaKT 3aMblKaHus
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VlsonuponaHHaﬂ lonBukHLR
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Kamepa =" KOHTaKT [yroracu-
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Poto-aktuBHOE pa3mbikaHUe: Poto-akTvBHOE pa3MbikaHue:
OTTa/IKUBaHNE KOHTaKTOB OTK/IOYEHNE [JaB/IEHUEM

Pucynok 9 IIpuHIMII pOTO-aKTUBHOI'O pa3MbIKaHUS.



s 5TOro ypoBHSI XapakTepHbl Masible 3HaueHUss TOKOB KOPOTKOIO 3a-
MbIKaHWs. HOMUHa/IbHbIe TOKM 3TUX aBTOMAaTOB HaxoAaTcs B ripegesnax 0,5 - 125 A.

OTHW BBIK/JKOUATe/NM TpefHa3HaueHbl [/ 3aluThl Lereld KOHEeYHOro
pacripeziesieHus, r7ie HeoOX0AMMO OrPaHUYMBATh TEIJIOBbIE U 3/IEKTPOJHHAMUYECKHEe
BO3/IEMCTBUS KaK Ha TIPOBOJHUKM (Kabes, yCTpOCTBaA MPUCOeAMHEHUS), TaK U Ha
notrpebuTeiei.

MopynbHble aBTOMAaTUYeCKHe BbIK/IHOYAaTeIM T[103BOJISIIOT Y/ OBJIETBOPUTH
BbIIIIETIePeUHC/IeHHBIM TPeOOBaHUSIM.

TokoorpaHuueHre MO/y/JIbHBIX aBTOMAaTUUECKHMX BBIK/IOUATe/ed YaCTUYHO
3aBUCUT OT 3JIEKTPOMAarHUTHOTO 3jieMeHTa (MCMOJHUTeNBbHOro MexaHnusma). [locse
0CBOOOKIEHUsT OH BO3ZieMcTBYeT (y[apsieT) Mo TMOABMXXHOMY KOHTaKTy, COO0OIIas
roc/ieZIHeMY M3HavabHO BBICOKYIO CKOPOCTh puc.10. Takum obpa3om, HampspkeHHe
JyTY HauMHaeT pa3BUBAThCS paHO U OU€Hb OBICTPO.

ABTOMaTHYeCKHWEe  BBIK/IIO-

HaTe/n C MEeHbIINM HOMUHA/IBHBIM TOKOM HUMEIOT OoJiblIIEe

v COTIPOTHBJIEHWE TI0/IF0CA, KOTOpOe
e TOTIO/THUTE/THHO criocobcTByeT
® ) T
‘_/ = & TOKOOTpaHUUEHHUIO.
m
Moy/ibHbIE aBTOMaruue-
|
< v CKHe BBIK/TIOUAaTe/NH IIpe/iHa3Ha-
—— )] YeHbI /11 OBITOBOTO MPHUMEHEHWUS,
< a TaKXXe Il 3alUThl BTOPHUYHBIX

Leneu

Pucynok 10 TTpuniumn cpabaThiBaHHs KOHTAKTa



3. Ilpemoxpanurenu.

[TnaBKui TipefjOXpaHUTe/Nb - 3TO KOMMYTAlLMOHHBIM arrapaTr OJHOKPaTHOIO
JIeNiCTBUsI, KOTOPbId TIpU TOKe OofbIlle 3aZlaHHOW BEJIMUMHBI  pa3MbIKaeT
3/7IEKTPUYECKYIO 1]eTlb MyTeM paclljlaB/ieHUsl TJIaBKOW BCTaBKH, HarpeBaeMou TOKOM.

Haubosiee pacrpocTpaHeHHble MaTepUasibl IJIaBKUX BCTABOK - Me/lb U ITUHK
pe’ke TIPUMEHSIIOTCsI CBUHeL] U cepeOpo.

OTnuuasicb OOBIIIMM KOHCTPYKTHMBHBIM pa3HO0Opa3ueM, TpefioXpaHUuTeH
MOTYT OBbITh pacrpe/eneHbl Ha 3 THUTIA.

0 - OTKpBbITasl IJ1aBKasi BCTaBKa B BO3/lyXe WU/IU B TOJIOU
dapdopoBoii TpyOKe; 0- pa3bopHbIe;
(] - 3aChIMTHBIE.

OTKpbITasi MJIaBKasi BCTaBKa B BO3/yXe MOKeT MPUMEHSAThCS /11 3alUThl OT
CBEDXTOKOB JIMIIIb B CETSX C HeOOJBIIMMU TOKaMU KOPOTKOTO 3aMbiKaHHUsl. C
yBe/iueHHeM TOKOB K.3. pacTyT pa3mepnl AYyrd, UTO TIPUBOJUT K Ii€PEKPBITHIO
MeyKJy POBO/IJaMU.

B03MOXXHOCTE MepeKphITUSl TTPOBO/IOB B U3BECTHOU Mepe yCTpaHsIeTCs, eC/v
TIJIaBKYIO0 BCTaBKY TTIOMeCTUTh B haphopoByio TPYOKY.

Ha puc. 11 npejcTaB/ieH JaHHbIN TUI MPeIOXpPaHUTeel.

Pucynok 11 Ilpegoxpanutens B dhapdoporoii TpyOke



B pas3bopHoM mipegoxpaHuTesie puc.12, TjaBKas BCTaBKa 1 (GUrypHo#t (Gopmbl
roMelijeHa B pubpoByto TpyOKY 2, 3aKpBITYI0 MeTa/UTMUeCKUMU Kojrakamu 4. letamu 3
CIy>KaT i TIDUCOeAUHEeHUs] TpefoXpaHuTesied K 37eKTPUUecKod 1enu. OTu
TIpeJOXPaHUTE/TM YAOOHBI B SKCIUTyaTallud, OHH JIETKO pa30MparoTCs U TO3BOJISIOT
OBICTPO 3aMEHHWTh CrOPEBIIYIO0 IUIaBKYyI0 BCTaBKY. [lyra mpyd 3TOM TOPUT B 3aKpPHITOM
obbemMe, yacTb (pUOPHI ITPH ITOM TTEPEXO/IUT B Ta3000pa3HOe COCTOSTHHE, UTO Y/IyulllaeT

ropeHue Ayru.

_,r-'/fa
0
Ef 1
y 2

Pucynok 12 Pa36opHoii mpefioxpaHyTe b

B 3aChITHBIX MPpe0XpaHUTEISIX - PSJI Iapasi/ie/lbHO BKIFOUEHHBIX T/ITaBKUX BCTaBOK
pa3MellieHbl BHYTPY U30JISILMOHHON TPYOKU C MeJTKO3epHUCTHIM HAIlOJTHUTE/IEM, B
KauecTBe KOTOPOT'0 OOBIUHO MCIT0J/Ib3YeTCs KBapIeBbIN MeCOK. Bo3HUKIIas Mpy
TUIaB/IeHWH BCTABOK IyTa COTMPUKACAETCs C 3epHAMM HATIOJTHUTEJTS, OX/IaXK/1aeTCs,
JeVOHU3UPYeTCs U ObICTPO racHeT.

[TpejoXpaHUTE TN - BLIK/TFOUATEJTH.

Ha puc. 13 npejcraBiieH BHELIHMM BUJL JaHHBIX allliapaToB.

Pucynok 11 ITpegoxpanutesib B haphopoBoii TpyOke



B nmocnenHuve BpeMsi BMeCcTO pYOWJIBHUKOB U TpefioXpaHuTesied  Kak
CaMOCTOSITe/TbHBIX alfapaToB MPHUMEHSIIOTCS arrapaTthbl, KOTOpbie 00beJUHSIOT QYHKLUU
pyOWILHHUKOB M TipefjoxpaHuTesieii. [Ipy 3TOM pa3phiBbl LieNMd MPOUCXOAWUT B ABYX
MeCcTax: Ha BepXHMX U HWKHUX KOHTakTaX. KOHCTpyKLusi TMO3BOJIIeT CHUMATh

TIpeIOXPaHUTE/TU U JleJlaTh UX 3aMeHYy.

CopepykaHue oTyera.
1. Ha3BaHue paboThI.
2. Lless 1 riporpamma paboThI.
3. Pucynku 1, 9 nosicHsitomIye yCTpOMCTBO U paboTy aBTOMAaTH4YeCKOTro
BBIK/TFOUATeIsl.

4. Pucynku 11, 12 13 u3o0pakaroIiyie BHEIITHUM B/ TIPeJOXPaHUTe/ e,
JIaboparopHoe 3ansaTHE No12

Tema paborTbl: V3yueHre KOHCTPYKI[MM W TIapaMeTPOB pa3beAuHHUTEeH [Is
BHYTPEHHEU U HaPY>KHOM yCTaHOBKH.

Ilens paborbi: M3yunTh KOHCTPYKLMK W TapamMeTpbl pas3befUHUTeNer [jis

BHYTPEeHHeU U Hapy>KHOW yCTaHOBKHU.

3.1 BBICOKOBOJIbTHbBIE pa3beqUHUTEJIN.

PHB'I)EI[I/IHI/ITEJIEM Ha3bIBaeTCs1 BbICOKOBOJIbTHbIMN dIiriapar, HpE,Z[HEBHa‘—IEHHbII;‘I
AJIA OTK/TFOUEHWA Y BK/TFOUEHUA YUdCTKOB 3JIEKTPDHUYECKHUX ceteit o4 HAIIpsDKEHUEM,

HO MPU OTCYTCTBUM Harpy304HOro TOKa.
Pa3weiiHUTETM 00€CITeUnBalOT BUAWMBIN pa3pbiB I[€ITH, UTO TI03BOJISET epCOHATY
ybeIuThCs B BO3MOXKHOCTH 0e30macHOr0 NMpUOMKeHUs] K 0TCOeJUHEeHHBIM UacTsM
yCTaHOBKM. Ha /MHUSIX »3/7eKTporiepefjauM pa3beUHUTENM UCIONb3YIOT /IS
pa3sjiesieHus (CEeKLIMOHUPOBAHMS) OT/Ie/IbHbIX YUaCTKOB.
I[To pofly yCTaHOBKM pa3nvyalOT pa3beJUHUTENU /111 BHYTPeHHeM U Hapy’>KHOM yC-
TaHOBKW. OHU MOTYT U3rOTaBIMBAThLCS 03 3a3eMJISIOIHUX HOXKeH, C 0JHOCTOPOH-
HUM pa3MelljeHUeM U C IByXCTOPOHHUM pa3MellleHueM 3a3eMJISTFOLLINX HOXKel.
OOBIYHO pa3beJUHUATE/TH U3rOTAB/IMBAIOTCS B TPeX(a3HOM HCIIO/THEHUH.
Pa3be[HUTEISIMA MOXXHO KOMMYTHPOBaTh TOKU XOJIOCTOTO X0Zia TpaHC(opmaTo-
poB 10 kB moiHocThio 10 400 KBA.

[To cpaBHeHMIO C pa3beJUHUTENSIMU [I/I1 BHYTPEHHEM yCTaHOBKU pa3be/iu-
HUTEJIU /151 HADY>KHOW YCTaHOBKY UMEIOT:

Pucynok 11 Ilpegoxpanutens B dhapdoporoii TpyOke



-yBeJIMYeHHOe pacCTOsTHUE MeXXay (ha3amu; -U30JIATOPhI C pa3BUTOM MOBEpPX-
HOCTBIO; -TIPUCTIOCO0/IeHIe, TIpeyTIpeKAatolee 0OMep3aHre KOHTAKTOB;

-MOBBILLIEHHYI0 MeXaHWUYeCKY0 MPOUYHOCTb U30JISTOPOB.

MapKupoBKa pa3beJMHUTEJIeN [1J11 HApY>KHOM YCTaHOBKU

PJTHOA-1-10/200 Y1, P - pa3wsegunutens, JI - nuHelHbll, H- Hapy>xHOM ycTa-
HOBKH, [l - IBYXKO/JIOHKOBBIM, A - C aJFOMUHHEBBIMU HOXKamu, 10 - [/ 37€KTpo-
yCTaHOBOK C HarpsbkeHrueM 10 kB, 200 - gornyCcTUMbIN TOK 4epe3 KOHTAKThI, Y - [/
yMepeHHOro KjrMMara, 1 - jist paboThbl Ha OTKPBITOM BO3ZyXe.

Pa3bequHUTENM [ji1 BHYTPEHHeM YCTAaHOBKH C OOJIBIIMMM TOKAMU HMMEIOT TI0
KpaitHell Mepe /1Be 0COOeHHOCTH: 1) MOABM>KHBIN KOHTAKT - HOX BBITIOJIHSIETCS U3 ABYX
TJIAaCTHH; 2) Ha KOHIIe HOXKA YCTaHAB/IMBAIOT MarHUTHBIE 3aMKH. Bo BpeMs K.3. O0JIbIIION
TOK TpOTeKaeT IO JBYM IUIACTUHAM B OJHOM HaripaBjieHUW. [IpOBOJHUKU C TOKaMU
OJIHOTO HAarpaBJIeHUs TIPUTIATUBAIOTCS, TI03TOMY yYBe/JIMUUBAETCS MPUKATHe MOABMKHbBIX
KOHTAKTOB K CTOMKaM. MarHUTHbIe 3aMKHU - 3TO YKpeIlIeHHble CTa/bHble TJIaCTUHBI.
[TnacTuHBI yBeMUMBAIOT HAIMPsSI)KeHHOCTh MAarHUTHOTO TIO/sE BOMM3M pa3MbIKAOIUX
KOHTAaKTOB U 3THUM CaMbIM YyCW/IMBAeTCHd TIpWKAaTHe KOHTAKTOB MPU KOPOTKHUX
3aMbIKaHMSX, KOTZIa OT TOKOB CO3/IaOTCST OOJIbIITME MarHUTHBIE TIOJIA.

MapKrpoBKa pa3beJUHUTe/eN [/ BHYTPEHHEH YCTaHOBKU pacllK(pOBBLIBaETCS
cnenyroium obpasom: PB3 10/400 - Y3. P- pa3beuHuTe b, B - BHyTpeHHel yCTaHOBKH,
3 - C 3a3eMJIIOLIMMU HOKaMu, 10 - [J1s 3/1eKTpoyCcTaHOBOK € HaripsbkeHueM 10 kB, 400 -
JTATeTbHO JOMyCTUMbIN pabourii TOK yepe3 KOHTAaKThI, Y - /i1 yMepeHHOro KiuMara, 3
- /11 BHYTPEHHEU YCTaHOBKU.

PasveunuTeM M 3a3eMJMIOLIME HOXU  YIIPaB/SIIOTCA PyuHbIMU npuBogamu. Cy-
IIeCTBYeT Orpe/ie/ieHHOe MPaBWJIO Ofepaliii C pa3belMHUTE/ISIMU: BK/IIOUail ObICTPO, a
OTKJIFOYal MeJlJIEHHO.

3azeMJISIOLMe HOXU COeJUHSIIOT Bce (ha3Hble TOKOBeAyIlMe MPOBOJAHUKU uepe3
3a3eMJISIIOLMK TIPOBOAHUK C 3a3emsuTesieM. OHU J/IUTENBHO BBIJAEP)KUBAIOT TOKHU
Tpex(a3HOro KOPOTKOIO 3aMbIKaHMUSI.

Hapsiny co cTaijMoHapHBIMM 3a3eM/ISIIOIMMUA HO)KaMu i1 6e3011acHOTO  BBbI-
TMoJTHeHUsT paboT MCTO/B3YIOT MIepeHOCHbIe 3a3eM/TUTEe/TH - 3aKOPOTKH.

3.2 BNIOKMPOBKM pa3beUHUTe N

Ban pa3swefuHUTeNsT MMeeT MeXaHUUeCKyr OJIOKMPOBKY C BajioM 3a3eMJISOLLUX
HOKel. OTa OJIOKMpDOBKa 3arpelljaeT BK/IOUEHHe 3a3eMJ/ISIOIIMX HOXKel Tipu
BK/IFOUEHHOM pa3beuHUTesIe U MpU

Kpome OJIOKMPOBKM MEXIy 3a3eM/ISIOI[UMHA HOXXKAaMU WM Pa3beJuHUTE/ISIMU
CyliecTByeT OJIOKUDOBKA MeX/y BbICOKOBOJIbTHBIMU BBIK/IIOUATeMSIMU U pas3be/iv-
HutenssMu. OmmbouHOe OTK/IIOUeHHe pPa3beAUHUTENISIMUA OOJIBIIMX TOKOB HAarpys3Ku
MIPUBOJIUT K TOMY, UTO MeXXAy KOHTaKTaMU pa3beAuHUTesss o0pa3yeTcs Ayra, U ¢asbl
MepeKpbIBAKOTCA AYro. OTOT aBapUMHBIA pPeXUM TMPUBOJWAT He TOJBKO K IOpue
obopyJoBaHus, HO ¥ K TPAaBMUPOBAHHIO OOCTYy)XMBAIOILETO TIepCOHaa, KOTOPBIN
HeTpaBU/IbHO OMEPUPYET C pa3beJUHUTE/ISIMU.

Ha mnopacraHumsx ¥ Ha TpaHC(GOPMATOPHBIX IyHKTax /Jisi WCK/IKOUEeHUs He-
MIPaBWIbHBIX  /1eH@TBHidx 1 CTIp{asieadmiTRpgbidsoiyigYeddaBMBalOT  OJOKUPOBKY. JTO



crieLjanbHbIA KU(MPOBOM 3aMOK, KOTOPbIM OTKPBIBAET MPUBOJ, Pa3beJUHUTES TOJIBKO B
TOM CJlyyae, KOrja OTK/IIOUeH BbIK/IOUaTe/lb e[, B KOTOPOM YyCTaHOBJ/IEH
pa3beuHUTeNb. [lonyunnm pacnpocTpaHeHWe 3aMKH MeXaHM4YeCKOM cucreMsbl [0
VHO/IMaHa.

[TokaxxeM TIpUMeHeHHe S5TOi OJIOKMPOBKM Ha TIpUMepe LielMd C OJHUM BbI-
K/ouaresieM U C OJHUM pa3befuHuTeneM. OOBbIUHO pa3be[MHWTENb U BBIK/IOUaTeNb
pacrio/iararoTcs B pasHbIX OTCeKax pacripeeiMTe/IbHOrO yCTPOMCTBA.

3aMKU IUTBIPbEBOI'0 THUIIA YCTAaHAB/AMBAIOTCS Ha MPUBOJAX pas3befUHUTeNel, HO
5TM 3aMKU HMeIOT o0uuii Kimto4y. OObIUHO 3TOT K/IOU CTOUT B 3aMKe IIPHUBOJA
BBIK/TFOUaTessi. Ero MOJKHO CHATBH TO/IBKO TOIZIA, KOI'ZiA BBIK/IFOUATe/b OTK/IrOUeH. Korga
BBIK/TFOUATe/Ib BK/IFOUEH - KJ/IF0U He cHUMaetcs. Ilocie OoTK/IrOUeHus BBIK/IFOUATe I CHU-
MaroT KJII0Y, UAYT K Pa3beJUHUTEI0 U OTKPbIBAOT 3aMOK. LIIThIps 3aMKa 0CBOOOXXKjaeT
Ba/l MpUBOJA pasbefuHUTEII U KWM MOXHO oreprposaTe. K 3amkam cocemHuX
pa3beJMHUTEEN KIIFOU He TTOAXOUT.

B cnoxxHBIX pacripefie/iiTebHbIX YCTPOMCTBAaX MPUMEHSIOT 3/IEKTPOMarHUTHYH0
0/10kMpoBKYy (prc.3.1). [TurtaHue 371eKTPOMarHUTHOW OJIOKMPOBKU OCYIIeCTBJISIETCST OT
v3onupytollero TpaHcgopmaropa T U BIIPIMUTENBHOTO MOCTa VZ.

[IyHBI
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NnprucoeAMHeHUAM

PucyHok 3.1 - CxeMa 3/1eKTpOMarHuTHOM O/IOKUDOBKM pa3beUHUTe el

Bo BKJIFOUEHHOM M OTK/IFOUEHHOM COCTOSIHMW Bajibl MPUBOAOB DPa3beJUHUTEseN
(UKCUPYIOTCA MOJIPY’KMHEHHBIMU IITHIPSIMU M3 MarHATHOTO Marepuasna. JTOT IIThIPb
BBITACKWBAETCS 3/IEKTPOMarHUTOM U OCBOOOXKJAaeT Bajl TIPUBOJA Ppa3bequHHUTE/IS.
ONeKTPOMAarH|T TOJAK/I0UaeTCsl K THe3JjaM CIleliia/ibHOM PO3eTKU, B 1[eHTpPe KOTOpPOM
JIBIDKETCS MIThIPb 0/I0KMPOBKU. [IWTaHMe Ha pO3eTKY IMOJaeTcsl OT BBINPSIMUTE/IS uepes
BCIIOMOTaTe/bHbIM KOHTAKT BbIK/IOUaTe sl. [Ipy BK/IIOUEHHOM BBIK/IIOUATesie 1ielb

MATaHKs PO3ETOK PPAPLIBAGTEA, TAK KAK BCIOMOraTenpiple KOHTAKTbI (610K - KOHTAKThI)



BeIK/ItoUaTesiss SQ pa3oMKHYThL. I103TOMYy OmepHpoBaTh pas3beAUHUTENSIMH MOXKHO
TOJIBKO TIPY OTK/TFOUEHHOM BBIK/TFOUaTesie. IToce OTK/IIOUeHUS BBIK/TIOUATESIS 1€KYPHbIH
MepCOHaI TOAXOAUT C TMEePEHOCHBIM 3/IEKTPOMArHUTOM - K/IFOUOM K Pa3bequHMTEIIO,
BCTABJISIET B PO3€TKY 3/IEKTPOMArHUT U BBITACKUBAET IIThIPh OJI0KUPOBKH. ITocsie 3TOro
MOYKHO OTIEpUPOBATh Pa3beJMHUTE/IEM.

JIaGopaTopHoe 3aHsTHE Ne 13

Tema padoTbi: V3yueHre KOHCTPYKLMH U TTapaMeTPOB BaKYYMHBIX BBIK/TIOUaTe/eH

Ileanb paboThi: I3yunTh KOHCTPYKLMU U MTapaMeTPhbl BaKyYMHBIX BBIK/THOUaTesei

[TopsifioK BBITIO/THEHUST PabOTHI:

W3yuuTh NMPUHLIMIT pab0Thl BAKyYMHOT'O BBIK/TFOUATe/Is
HapucoBaTe NpUHLIMMHUA/IBHYIO CXeMY CEKLMOHMPYIOLLIEro MyHKTa
HaliTu B HaType 3/1eMeHThI STUeMKU BBIK/IFOYaTe/Ist

Pa306paThCsi € 3/1leMeHTaMU CXeMbl YTIpaBJieHUs]

e .

7.1 XapakTepuCTHKa CeKLJMOHUPYIOLLIero MyHKTa

CeKLMOHUPYIOLIWA MYyHKT C BaKyyMHbIM BBIKJIFOUaTe/eM MpeJHa3HaueH [Jist
pa3zmenenusi cetu 10 kKB B iyuae TOBpeXk[eHUsT Kakoro-jimbo yuactka (puc.7.l).
CeKLMOHUPYIOLIWA MYHKT YCTaHAB/IMBAETCSl TaKXKe B TeX CaydasX, KOrjla HeBO3MOXKHO
obecrieudTh HEOOXOJWMYIO UYBCTBUTEIHHOCTb pEeJIeMHOM  3all[UThl  T'OJIOBHOTO
BBIK/TFOUATE/IS K Y/ja/IeHHbIM TOKaM K.3.

[TyHKT cofepXuUT IIKad C BaKyyMHBIM BBIK/IOUaTe/seM, C JBYX CTOPOH BbI-
KJ/IF0UaTesIsi yCTaHOBJIEHbl pa3beJUHUTENN [Jjs1 CO3JaHusl BUAMMOIO paspbiBa IpU
TIPOM3BO/ICTBE PEMOHTHBIX pabOT C BBIK/IIOUaTesieM. B peasbHON CeTU HCIOJb3YHOTCS
pa3beIUHUTENN [T HapY>KHOM YCTaHOBKH, B 1abopaTopuu C 1ie/ibl0 COKpalljeHus1 MecTa
pacrnoyioKeHUs1 TIYHKTa MCI0J/1b30BaHbl pasbeauHutTeii PB-10-400 Ha HOMMHa/bHOe
HaripsokeHne 10 kB [ BHyYTpeHHeM yCTaHOBKM. be30macHOCTb BBINIOTHEHUS
PEMOHTHBIX paboT obOecrieunMBaeTCs 3a3eMJISTIOLUMH HOYKaMH, YCTAHOBJIeHHBIMH Ha
pasbeUHUTEISIX.

OT/unTelbHOM O0COOEHHOCTHIO MIKAhOB U PaCIpe/ie/TUTe/bHBIX YCTPOWCTB C
BaKyyMHBIMU BBIK/TIOUATeISIMU SIB/IAIOTCSI UX CPaBHUTENBbHO Heboblle rabapuTHBIE
pasMepbl U Macca, 4TO OOBSCHSEeTCS KOMITAKTHOCTBbIO JIyroracuTe/NbHbIX KaMep
BaKyyMHBIX BBIK/IHOUaTesiel. PacrpeycTpoliCTBa C BaKyYyMHBIMU BBIK/IHOUATE/ISIMU
MOTYT OBITb KaK BBIKATHOT'O, TaK M CTAI[MOHApHOTO HCTo/HeHUs. B mabopaTopuu
VICIIO/Tb3YeTCs sTYerKa CTaljuOHapHOT0 UCTIOTHEHUSI.
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PrcyHoK 7.1 YcTaHOBKa CeKLJMOHUPYIOLEro IyHKTa B CeTH

[MTkad pacnpeycTpoKMCTBa CTaLMOHAPHOIO UCIIOJTHEHUS MIPeJCTaB/IeH Ha
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1 - peruar - u30a9TOP; 2- OMOPHBIN U30IATOP;

3 - TAra 371eKTPOMAarHUTHOT O TIPUBO/a;

4- OTCeK MpUBO/A U peJIelHOM 3allUThI; 5- pama;

6 - MpoXoJHOM M30/5TOP; 7 - TpaHC(opMaTop TOKa; 8 - 1111Ha;
9-KpoHIITeH KperuieHyst Kamepsl; 10 - H30/ISI[MOHHBIN Oapbep;
11 -BakyymHast Kamepa; 12 - IIMHBI C THOKUM TOKOOTBO/IOM;
13 - moK; 14Pugpork! BHINREQXMATETEB, Gaphoposoii Tpybke



Pucynok 7.2 -CrairoHapHbIi Kag € BAKYYMHBIM BBIK/THOUaTe/IeM.

BakyyMHbIf BbIK/TFOUaTe/lh CMOHTUPOBAH Ha HEMO/[BW)KHON pame 5 U pa3MelleH B
Kopryce 1mkada. [IIkad umeeT Ba OTCeKa: OTCEK BLIK/IIOUATe/s] U OTCEK YIpaB/ieHus 1
3auThl 4. B TakoMm 1ikady He obecrieurBaeTCs B3aMMO3aMeHsSeMOCTh 00OpYyZOBaHUS
TIPY aBapUsX, YCAOXKHSIOTCS 3KCIUTyaTal[ds W MOHTa)K 10 CPABHEHHWIO C BBIKATHBIMU
Tene>kkamMid. Ho pacripefiycTpocTBa CTallMOHAPHOTO HWCITOTHEHHWS] TPeOYIOT MeHbIIei
TI7IOIAZ, HeT HeOOXOAMMOCTA B MeCTe /i BBIKAThbIBAHUSI TEIE€)KeK B PEMOHTHOE
TI0JI0’KEeHHUe.

[ITkadbl c BaKyyMHBIMU BBIK/IFOUATE/ISIMUA CTAL[MOHAPHOT'O UCIIO/THEHUST IIIUPOKO
WCTI0J/Ib3YIOTCSI He TOJIbKO B Ce/TbCKOM SHepreTHKe, HO U B PACIpeyCTPOMCT- BaxX
MOII[HBIX 9KCKaBaTOPOB, POTOPHBIX KOMIL/IEKCOB, HepTeOypOBBIX YCTaHOBKax Bribop
BaKyyMHOT'O BbIK/TFOUaTesi IPOM3BOIUTCS 110 HOMUHA/ILHOMY TOKY, HOMUHA/IbHOMY
HaTPsDKEeHHUIO0, OTK/TIoUaroITel criocobHoctH (Tabm.7.1).

Tabmuija 7.1-TexHuuecKasi XapaKTepUCTHKa BbiK/modaTenass BBTO-10-10Y X2

HomuHanbeHOe HarpsikeHve, KB 10
HomuHaneHbIN TOK, A 630
Tok oTKIrOUueHus1, KA 10
IIpenenbHOEe BpeMs MPOTeKaHMs TOKaA K.3., C 3
Bpewms oTK/r0ueHus BBIKJIFOUATe/is, C 0,05
Pecypc 1LIMKJIOB: OTK/IFOYEHO - BKJIFOUEHO 20000
JonyCcTUMBIN yIapHbIU TOK, KA 25

B ycTaHOBKe WCIIOMB30BaH BaKyyMHbIM BbIKIouaTesis BBTO-10-10YX2,
npe/iHa3HAUeHHbIN /il YCTAaHOBKWA B 3aKpBIThIX MomelleHUsx. PacmmdpoBka 060-
3HaueHusl: B -Bbikmouarens, B -BakyymHbIM, T- TpPaHCHOPTHBIM, D - C 3JIEKTPO-
MarHuMTHbIM TIPUBOZOM, 10-HOMUHanbHOe HamnpsbkeHWe, 10-HOMHWHa/IBHBIA TOK OT-
K/IFOUeHUS B KA.

7.2 1lpyHUMII ralieHus JyTU B BaKYyMHOM BBIK/IFOUaresie
BakyyMHble BBIK/IHOUaTeIM UMEKOT BaKyyMHbIE JyroracuTeslbHble Kamepbl, 10

OJHOM Ha Kaxayr ¢asy. B 3TMX Kamepax NpOMCXOJAT TPOLIECCHl 3aMbIKAHUS U
pa3MbIKaHUs Liend. B kamepax obecrieurBaeTcst riyOOKUM BakyyM, XapakTepr3ye-
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MbI JlaB/ieHreM OCcTaTouyHbIX ra3oB 10 -10 I1a.

[TpuHLMI [eMCTBYS BaKyyMHBIX JYTrOracUTe/IbHbIX KaMep OCHOBaH Ha ralleHuH
3JIEKTPAUYECKOW AYTM B BaKyyMe. B 5TUX AyroracuMTenbHbIX KaMepax peajn3yroTcs JBa
CBOMCTBA BaKyyMHBbIX [MPOMEXXYTKOB: BbICOKAs 3/IeKTpUUYECKast MPOUYHOCTh (BbIIIe, YeM
y TpaHC()OpMaTOPHOI'O Macsa) ¥ BbICOKasi yroracuTe/ibHasi CIOCOOHOCTb.

B rnybokoM Bakyyme AyroracUtenbHOW Kamephl JIWHBbI CBOOOAHBIX Mpoberon
MOJIEKYJl Y 3JIeKTPOHOB COCTaBJ/ISIFOT [EeCATKUM U COTHU MeTpOB, T.e, BO MHOIO pas
Oosibllle, UueM pacCTOsSIHME MeX/y KOHTaKTaM{ BBIK/IIOUaTesisi. YZiapHasi MOHMU3alUs B
BaKYYMHOM IIPOMEXXYTKe IPaKTUYeCKW OTCYTCTBYET, MO3TOMY 3TOT NPOMEXYTOK He
MOXKeT CJIYKUTb MCTOUHMKOM 3apsDKeHHbIX 4YacTUL]. 3apsbkeHHble 4YaCTHLbl MOTYT
TIOSIBUTBCA TOJIBKO C IIOBEPXHOCTeM KOHTAaKTOB M [PYIMX 4YacTed JyroracUTe/IbHOM
Kamephbl (puc.7.3).

1,5 - TOKOBBOABI; 2 - HEMOABWXHBIA KOHTAKT; 3 - MOJJBU)KHBIA KOHTAKT;
4 - cunb(oH; 6 - MeTa/InYecKre (PJISTHLIbL;

7 - KOpPOYC M3 U30JIALIMOHHOTO MaTepuana;

8 - 9KpaH.

Pucynok 7.3 - Y CTpoMCTBO BaKyyMHOW KaMepbl

[Mporiecc OTK/IOUEHUs] TIPOMCXOAUT CieAyrolmM obpa3om. Ilpy pa3mMbiKaHUU
KOHTAakTOB 2 M 3 KOJIMYEeCTBO KOHTAaKTHBIX TOUEK MeXKJy HUMM yMeHbIIaeTcCs, a
TJIOTHOCTh TOKAQ, TIPOTEKarollero uepe3 HUX, pacTeT. B pe3ynbTaTe 3TOro Ha 3a-
BepIIaroIIel CTaJuu pa3MbIKaHUS IMPOMCXOAUT pacTlaB/ieHre W UCIlapeHre MaTepHasa
KOHTaKkTOB. B mapax MeTasiia BO3HMUKaeT 3/€KTPUUYECKWW pa3psj, Mepexofsiivui B
OYTrOBYHO CTaauto. bnaromaps HU3KOMY [iaB/eHUI0O B KaMmepe, BOKDYI KOHTAaKTOB
TTPOMCXOIUT MHTeHCHBHas Auddy3us (meroHn3anus) IyroBoro crtosba U ayra racHer.
YacTuubl HWCMapuBLIErocs MeTaljla KOHTAaKTOB — OCeJaloT Ha  TTOBEPXHOCTH
JyroracuTe/lbHOM Kamephl. [Ipu 3TOoM OBICTPO, €O CKOpocThio 5...50 KB/MKC.
BoccTraHaB/iMBaeTCs  37eKTpUYeckasi TIPOYHOCTb MexXJy KOHTakTaMu. CKOpOCTb
BOCCTaHOBJ/IEHUSI 3/IEKTPUUYECKON MIPOYHOCTU B BaKyYMHbIX BBIK/HOUATe/ISIX BhIIe, YeM
y JPYTUX TUTIOB BBIK/IOUaTesiell. B rpoiiecce W3roToBaeHUs KaMepbl, UYTOObI yAaIUTh
ra3 C BHYTpPeHHell TOBePXHOCTH KaMephbl, ee TIO/IBepraroT JIUTeSbHOM Jeras3aiuv B
BaKyyMe TIpU TeMIlepaType HeCKOJIbKO CcOTeH rpaaycoB Llenbcusi u 6e3- Mac/siHOM
BaKyyMHOH oOTKauke. I[IpUMeHSIFOTCA TakKe TPeHUPOBOUHbIe OTK/IIOUEeHHUsI TOKa.
Bnarozsapsi 5ToMy MOBepXHOCTH KaMephbl He BbIZe/ISIOT rasa B o6beMm U, Gosee Toro,
OTCachIBalOT HebosblliMe KOJMuecTBa Tas3a, 0Opasyrolerocsi Tpu ropeHud JOyTH BO
BpeMsi paboThI BBIK/TIOUATE/Is.
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Matepran KOHTaKTOB OKa3biBaeT OOJbIlloe B/MSIHHE Ha XapaKTePUCTUKUA BbI-
K/TtouaTesisi. B HacTosiiiee BpeMsi IPUMEHSIOT CIUIaBbl MeI C HeOOIBIIIUM KOJTU UeCTBOM
BHCMYTa, >kefe3a W Oopa. DTU CryiaBbl OT/IMYAlOTCS Oojiee BBICOKOW 3/€K- TpPO- U
TeIJIONMPOBOJIHOCTbID [0 CPaBHEHWIO C paHee TMPUMEHSIBIIUMUCSA TYTrOMJIaBKUMU
MaTepuajiaMy, Hanpumep Bo/bGhpaMoM.

[Tpu UCMONb30BaHUM TYTOIJIAaBKUX MaTepuasioB /i KOHTAaKTOB B ra3oobpasHoe
COCTOSIHME TIepexO[UT MeHblllee KOJMUeCTBO BeIlecTBa, I03TOMY [JyroBOM CTO/0
pacragaetcs Obictpee. OfHAKO B 3TOM C/lydyae TIPU OTK/IFOUEHUM MajibiX TOKOB,
roraiieHyde [Ayrd BO3MOXKHO TMpU TOKe [0 MOMeHTa IiepexoZia TOKa 4Yepe3 HY/Jlb.
[TpoucxoauT cpe3 TOKa, UTO BbI3bIBAeT TepeHarpsbkeHre Ha 000OpyAOBaHHUU U MOJKET
TIPUBECTU K HeXXesaTeJbHbIM MOC/ieCTBUSIM. [105TOMY B HacTosIlee Bpemsi IPUMEHSOT
ClUlaBbl Meld B KaueCTBe MaTepuaja KOHTAaKTOB, UTOObI TIpeIOTBPATUTh
TiepeHarpsbkeHus1 B OTK/II0YaeMOoM Lienu. A /1S 3allUThl U30JIILMOHHBIX MOBEPXHOCTEN
KaMmephbl OT 3arps3HeHUs] MPO/IyKTaMu 5P03UM KOHTAKTOB YCTAaHAB/IMBAIOT CIieliUa/bHbIE

9KpaHbl 8. Tak Kak KOHTaKTbl HaXOJSTCS B IJIyODOKOM BakyyMe,
OHU He LN\ e OKUCJISIIOTCSA, Osiarofiapsi ueMy [JOCTUTaeTCsl BbICOKasi
W3HOCO- .5 _6 CTOMKOCTh ~ KOHTakTOB.  OHM  pabotatoTr  0e3
% M a obOcy>KrBaHHWe B TeUeHUe BCero CpoKa CTy>KObI KaMephl.
/ i )_~7 bnarojaps  BBICOKOM  3/IEKTPUUECKOH  IIPOYHOCTH
7| 4 4 BaKyyMHBIX MPOMEKYTKOB XOJ, TOABMXHBIX KOHTaKTOB
I
2 : 48
HeBeJIuK, A 3 : Z B npegenax 10..20 wmm. XoTd, Harnpumep, XO[
~ w
E :F':J' é KOHTAKTOB y MaJIOMacC/IsIHbIX BBIK/IHOUATeen C TEMU JKe
] T 1] o
Al 27 | % rapaMeTpaMH, YTO U y BaKyyMHBIX BBIK/JFOUaTeseH, mo
oo P : 5 o
KpanHeun P ! ) _~6 mepe B 10 pa3s 6onbiue (0ko10 200 MM y BHIK/IFOUaTe e
% 4 % _1/
r I/
THTA ¥ % BMII-10).

XapakTepruCTHKA BaKyyMHBIX BBIK/TFOUATe IeH
orpefie/iitoTcss paboTON KOHTAaKTHOW cUCTeMbI. [Ipy KOMMYyTaI[UsIX POUCXOJUT 3PO3Us
KOHTAKTHBIX TIOBepxHocTeli. OHa TeM Oosibille, ueM OOJbIIle OTK/IFOYAeMbIH TOK,
JUTATeNTbHOCTD TallleHust AyTH, HIKe TeMIlepaTypa TUIaB/IeHUs] MaTepHrajia KOHTAaKTOB U
Xy’Ke TeryIoOTBO/.

YroObl ObICTpEe TIOTacUThb AYyry, HeoOXoJrMa BBICOKas CKOPOCThb JIBWDKEHHS
TIO/IBWYKHOTO KOHTaKTa TMpH OTK/IOUeHWM W BK/IOUeHWM. Takasi HeoOXOAMMOCTh TMpHU
BK/IFOUEHWM BbI3BaHa TeM, UTO TIpU CO/IMKeHWM KOHTAKTOB Iiepefi 3aMbIKaHHEeM
TIPOUCXOZAUT TPOOOYM MEKKOHTAKTHOT'O TPOMEKYTKa C TepPexo/ioM B AyTY TakkKe, Kak U
nMpu  OTK/MIoUeHud. [lpu  MepasieHHOM CO/MMKEHWM KOHTAaKTOB — TeIIOBBIZe/ieHHe
YBeJIMUMBAETCS, MOXXET BO3HMKHYTb OIUIaB/ieHHe KOHTAakToB. [lo 23Toli mipuumHe
HeXKeJjlaTe/lbHa BHOparyisi KOHTAKTOB IIOC/e 3aMbIKaHHWsS, TaK Ha3blBaeMblli gpebesr
KOHTAKTOB.

HNoctaTouHo 6osbllloe C)KaTHe KOHTAaKTOB B 3aMKHYTOM COCTOSTHUM YyCTpaHsSIeT
npebe3r W CIOCOOCTBYeT YMeHbIIEHUI0 MEeXKOHTAaKTHOTO 3JIEKTPUUECKOro Co-
TIPOTHBJIEHUSI.

B TeueHue Bcero cpoka Cy»KObI BBIK/TFOUATES 0/DKeH ObITh 0becrieueH BICOKHM
ypOBeHb BakyyMa. [IpakTuuecku AyroracuresbHas Kamepa O/DKHa ObITh abCOMIOTHO
repMeTuuHOM. [lo3TOMYy A/ CoeJUHEHUWM 3/IeMEHTOB KaMmephbl MPUMEHSIOTCS TOJIbKO
CBapKa WU NauK&veBepALilperepraiioem. deparerosfIGess KamMepbl TIPU TepeMelleHrur



IMOABH>XHOI'O KOHTAKTAa obecrieurBaeTcs CI/I]'II:(I)OHOM 4, KOTOprﬁ BaKyYyMHO - IIJIOTHO
CBsI3dH C TOKOBBOAOM 5 IMOABM)XKHOI'O KOHTAKTA U (b]'[&HL[EM 6 KdMepHhlI.

7.3 TpancdhopmaTop COOCTBEHHBIX HYX/]

Hajg 1mkadboM € BakyyMHbIM  BBIK/IKOUaTe/ieM pasMelleH  OfHO(a3HbIM
TpaHchopMaTop COOCTBeHHBIX HYXA, suediku Tuma OM 2*0,63 /10 c 6-ii rpynmoi
coeguHeHuss o6MoToK. TpaHchopmaTtop B ogHOM 0Oake COZEpPXKXUT [[Be He3aBUCUMbIe
aKTHUBHble 4YacTh (MarHUTOIIPOBOABI C TIEPBUYHBIMA W BTOPUYHBIMH OOMOTKaMM)
(puc.7.4). Kaxmas BTopuuHas OOMOTKA UMeeT BBIBOABI [JId CTYIeHYaToro
peryaupoBaHus HarpsbkeHus. C BbIBOJOB a-X1 u B-y1 cHumaetcs HarnpsbkeHye 100 B, ¢
BbIBOZIOB a-x2 U B-y2 - 230-5% B; ¢ BeIBOZI0B a-x U B-y - 230 B; ¢ BbIBOJOB a- X3 U B-y3 -
230+5% B;

OOMOTKM BBICOKOTO HampspKeHUs] He UWMEIOT pPery/JMpOBOYHBIX OTIIA€K W
MOAKJ/TIOUAIOTCS C OJHOM CTOPOHBI BbIK/ItOUaTensi K HampsbkeHWto Uag , @ C Apyrou
CTOPOHBI BBIK/TIOUaTesns - K HarpsbkeHuto Upc . TpaHcdhopMaTop COOCTBEHHBIX HYX
CTY>KUT [/ IUTaHUs 1eTlel yTripaB/ieHUs BBIK/IFOUaTe/1eM U 1ierield aBTOMaTUKU. B ternsix
MUATAHUS  1lefled  yIpaB/ieHus1 TIpeJyCMOTPeH [ABYXIIOJIOCHBIM  aBTOMaTUYeCKUU
BbIK/ItOuatesib turna All-50 ¢ HomuHanbHEIM TOKOM Ha 10 A. B HOpMasibHOM pexume
TMTaHUe Lierel yrpaB/eHusl OCYILeCTB/ISeTCS OT OJHOM MOJIOBUHBI TpaHChopmMaTopa. B
C/lyyae WCUe3HOBEHUs HallpsyKeHUs: OCHOBHOI'O UCTOUHMKA MPOUCXOAUT TepeK/IryeHre
MUTaHUs OT IPYTOM MOJIOBUHBI TpaHC(hOopMaTopa.

7.4 YnpaBieHue, pejieiiHasi 3alljuTa U aBTOMaTUKa CeKI[MOHUPYIOIerOMyHKTa

I7is KOHTPOJST 3a pEeXWMOM Harpy3kKd B siueliKe yCTaHABIUBAIOTCS TPaAHC-
dbopmartopel Toka B ABYX (hazax. TpaHcopmaTopbl TOKa yCTaHABIUBAKOT B KpallHUX
dazax sueiiku, HO 00si3aTe/IbHO B OAHOMMEHHBIX (ha3ax BO BCeX siUeiKaxX IO CTaHIIUM.
Takass ycTaHOBKa TMO3BOJIsseT JIMKBUAUPOBATb [IBOMHBbIE 3aMblKaHUs Ha 3em/t0. K
TpaHcopMaTopaM TOKa TO/JK/IOUAKOTCS TOKOBble pefie W TPOMEeXYTOUHbIN
TpaHchopmarop, obecrieurBarOIIUA MTUTaHWe 1ieTeld 3aluThl Npy O/IM3KUX K.3., KOT[a
HarmpspKeHHe TpaHchopMaTopa COOCTBEHHBIX HYXK/l CHH)KAETCH.
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QF - BakyywmHbIi Beikirouaresib; TA1, TA2 - tpancgopmaTop Toka TI1JI-10;
FV1...FV6 - BenTtunbHbIe pa3psaaauku; T1, T2 - TpaHchopMaTop COOCTBEHHBIX HYXI;
AIIB-2 - gByXKpaTHOe aBTOMaTHUueCKOe ITIOBTOPHOe BK/toueHue; MT3-
MakCUMaJsibHas ToKoBas 3aiura; 1111 - nepeksitouaTesib MUTaHUs.

PucyHok 7.4 - TIpuHIMnyanbHasi cxema CeKIJMOHUPYHOIIETo MyHKTa C BaKyyMHbBIM
BBIK/TFOUATEIEM.

[Topmep>kaHue TeMIlepaTypHOTO peXWMa B DeJIeiHOM OTCeKe OCYILeCTB/IsIeTCs

5Ma/IMPOBAaHHBIMU  PE3UCTOPAaMH, KOTOPbI€ YMPABJSKOTCS MAarHUTHBIM MyCKaTeaeM,
yTipaBJisieMbIM TEPMODEJIE.
B cxeme mipeiycMOTpeHO MeCTHOe YTpaBjeHHe BbIK/IHOUaTesneM OT TpaHcdopMaTopa
coOCTBeHHBIX HYXZ. [I1s 3TOro Ha OOKOBOH CTeHKe IKada pacriosaraloTcsi KHOMKU
«BKJTIOUEHUSI» U «OTK/IOUeHUs». Ko/nuecTBO OTK/IIOUeHUH BBIK/IIOUATe s (PUKCUPYeTCs
cueTurkom trna A-440.

PeneliHasi 3allUTa sSUEMKU TIpeJCTaB/ieHa TOKOBOW OTCEUKOWM M MaKCUMaJlbHOU
TOKOBOM 3all[UTON C BBIJEP)KKOH BpemeHH. [locie cpabaTbiBaHUS 3all[UThI 3aITyCKaeTCs

JIBYXKpPaTHOe aBTOMAaTUueCKoe MOBTOPHOe BK/toueHue (AIIB-2), mocTpoeHHOe Ha pese
PI1-258.

KOHTpOJIbHBIE BOTIPOCHI

[IperMyIijecTBa BaKyyMHbIX BbIK/IFOUaTe/iel nepei Mac/IsiHbIMHU.

Kak onpezensieTcsi B suerike KOJMYECTBO OTK/IFOUeHUM BBIK/IFOUaTe s ?

[IpyHLWM raiieHus Ayry B BAKYyMHBIX BBIK/TFHOUATeIsX.

[ToueMy B KaueCTBe KOHTAKTOB BBIK/IFOUATe/Is UCTIO/b3YIOT CI/IaBbl MeU?

.UeM yripaBsieTCs BBIK/IFOUATe b ?

J1711 9ero UCIIO/Ib3yeTcs B siueiike TpaHCHOPMaTOp COOCTBEHHBIX HYX/?

B Kakux 1[eTsiX UCII0/Ib3YIOTCS [iB€ BTOPUUHbIE 0OMOTKU TPaHC(HOPMaTOPOB TOKA?

J7st 4ero yCraHastaHeNddRndem, & papdoporoii tpybxe
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9. Uewm 3aiuinaeTcs siyerika OT repeHanpsKeHum ?

10.  Kak obecrieunth 6e30macHoOe TIPOM3BO/ICTBO PA0OOT B KAy BBIK/IIOUATEIS?

11. YTO NMpOMCXOUT B siUeliKe BKIFOUEHHOT'O CEeKLIMOHUPYIOILEro BhIK/IFOUaTess TIpU
JByx(a3HOM K.3. Ha JIMHUU?

12. Yem obecne4ymBaeTCs BaKyyM B AYyroracUTesibHOM Kamepe npu
OBUXXEHNN KOHTAKTOB?

JIaboparopHoe 3ansaTHe Ne 14

Tema pabGorbl: [3yueHWe KOHCTPYKLMH, IlapaMeTPOB  U3MepUTeTbHbBIX
TpaHC(OPMATOPOB  TOKa [i/Ii BHYTPEHHEM W Hapy>KHOW yCTaHOBKU. V3yueHue
KOHCTPYKIWH, [TapaMeTPOB U3MePUTEe/TbHBIX TPaHC(HOPMAaTOPOB HaIPSKEHUSI.
Iens paborbl: 3yunTh  KOHCTPYKI[MH, TlapaMeTPOB  U3MepUTEeTbHbBIX
TpaHC(OPMATOPOB TOKa /i1 BHYTPeHHel W Hapy)XKHOW yCTaHOBKH. V3yuuTb
KOHCTPYKIMH, [TapaMeTphbl U3MepUTeTbHBIX TPaHC(OPMaTOPOB HaIIPSHKEHMUS.

H3mepuTebHbIe TPAaHC()OPMATOPbI HANIPSHKEHUS

1.1 Tlopsgok mpoBefieHUst paboThI

1.2.1 V3yunTh KOHCTPYKI[MIO TpaHC(hOPMaTOPOB HaMpspKeHUsl, UCIOJIb3YSI
uMeroIecs B jabopatopun 06pasiibl U TIIaKaThl.
1.2.2 N3yuntsb 0071aCTh TIPUMEHeHUsI pPa3/IMUHbIX ceprid TpaHC(HOPMaToOpOB

HaIpsOKeHUs.

1.2.3 N3yunTh CXeMbl COe/lMHeHUs TPaHC(HOPMaTOPOB HaMPsSKEHMUS.
1.2.4  TloaroToBuTh OTUET 1O paboTe.

1.2.5 OTBeTUTH Ha BOIIPOCHI NpernojaBareris.

1.2 OCHOBHBIE T0JI0KeHUd

Tpancgopmarop Harnpsbkenusi (TH) mpespHasHaueH Jjisi U3MepeHHs] BBICOKOIO
HaTIPsKeHUsI C TIOMOILBI0 CTaHZAPTHBIX U3MePUTeTbHBIX MPUO0POB, a TakxXe [ijisi OTAe-
NeHus1 Lerned W3MepeHusi U 3aluTbl OT TMEPBUYHBIX Lefeld BBICOKOIO HampsKeHUs,
obecrieurBasi TeM CaMbIM 0€30TaCHOCTh OOCTY)KHBAIOIIero repcoHana. IlepBUUHYIO
obmoTKy TH BK/IIOUArOT TMapasiesibHO B Iellb U3MePSieMOT0 HarpspkeHus. K BTopruHOM
1[eTT1 MPUOOPHI TIOK/TFOUAIOTCS TaK)Ke Mapasijie/ibHO (PUCYHOK 1).

HomuHasnbsHbIe IIepBUYHEIe HarpspKeHUst TH
. CTaH/JApTHU3UPOBaHbI B COOTBETCTBUU CO LIKAJIOM HOMHHATbHBIX
JIMHEMHBIX HampsyKeHWHd ceTeld. VICKIrOueHMe COCTaB/ISIIOT
o/iHO(a3HbIe TH,
Npe/jHa3HaueHHble /I BK/IOYEHHs B 3Be3/ly C 3a3eMJIEHHOU
HeUTpasibl0 TEepBUYHOM OOMOTKH, [Ji1 KOTOPbIX B KayecTBe
Ly HOMMHA/IbHBIX IE€PBUYHBIX HalpsDKeHUM NPUHATHL (a3Hble
0 U, 9° HarnpsbkeHust ceterd, Hanpumep 35000/1/3 wim 220000/V3B.
p p HéMpraeyPRiErarBTEpPOPALYE TRRDSHKEHNST OCHOBHBIX BTOPHUYHBIX

A 4) U; X
1112




o6motok TH ycraHoB- PucyHok 1 - Cxema ycTpoiicT- jieHbl paBHbIMU 100 v 100/V3B.

Harnpsbkenne U; Ba M3mMepuTenbHTO TpaHC- UsMepsiemoe ¢ rioMmoisto TH, onpezenstor

ymMHOXeHHeM (p°Pmat®Pa HarnpsbkeHUs BTODUUHOrO HarnpsbkeHus1 U, Ha HOMUHaIbHBIN
Ko3(pdureHT TpaHchopmaiuy, T.e. U; = Us Kiou.

NcrtounrkoMm morperiHoctd TH gBigroTCA najeHus HarpsykeHUs B CONPOTHB-
JIeHUsIX TIePBUYHOM 1 BTOPUYHON OOMOTOK, OTpeZiesistolecs: MX TTIOTOKaMH PacCesHus
Y aKTUBHBIMU TI0TepsIMU. [1ajieHre HanpspKeHUsT TeM 00JIbIlle, yeM 00JIbIlie BTOPUYHAS
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Harpy3Ka (KOJMuecTBO Tlapa/ule/lbHO BKIFOUeHHbIX MpruOopoB). Takum obpasom, s TH
pabourM pexuMoM OyieT SIBASITHCS peXXKUuM, OTU3KKUM K XOJI0OCTOMY XOAY.

[To KOHCTpYKUMM pa3ivyaroT Tpex(asHble W OAHO(a3Hble TpaHC(HOPMATOPHI.
Tpexda3Hbie TpaHCHOPMATOPbI HAMIPSKEHWSI IPUMEHSIFOTCSI IPU HarpsbkeHuU o 20 kB,
oJiHO(a3HbIe Ha r00ObIe HanpsbkeHUs. [1o Tury u3o/sALKK TpaHCHOPMAaTOPbI MOTYT ObITh
CYXUMH, MacC/sSIHbIMU U C JTATON U30JISALIUEN.

OOMOTKH cyxuX TpaHC(hOPMAaTOPOB BBITIOMHSIOTCS TIpoBoioM [13J1, a u3onsim-
eil MeXXZy 0OMOTKaMU CJTY>KUT 3/1eKTPOKapTOH. Takue TpaHCpopMaTOpbl TIPUMEHSIFOTCS
B ycraHoBKax g0 1000 B (HOC-0,5 — TpaHcdhopmaTop HarpsbkeHUs1 oiHO(a3HbIM, Cy-
xow, Ha 0,5 kB).

TpaHcopMaTopbl HamnpspKeHUs C Mac/sTHOW U30JisALMeld MPUMEeHSIOTCSl Ha Ha-
ripsbkeHre 6 — 1150 KB B 3aKpBITBIX U OTKPBITBIX paclipe/euTeNbHbIX YCTPOUCTBaxX. B
3TUX TpaHc(opMaTopax 0OMOTKU ¥ MarHUTOIIPOBOJ, 3a/IUThI MAac/OM, KOTOPOe CTYXKUT
[J151 V30JISILIUU U OXJIaXKIeHUSI.

OcHOBHbIE 3aflaud, KOTOPbI€ /O/DKHBI OBITH pelleHbl MPH KOHCTPYWPOBAHHUH
TpaHC(opMaTopa HarpsDKeHusl, MOMHMO TOYHOCTA M3MepeHHs 3aK/IHYaroTcs B
CO3/laHMM HaJleXKHOW M30JISILMH, CIOCOOHOW TPOTUBOCTOSITH —TepeHarnpsyKeHUsIM,
obecrieueHMM MHHHMAJbHBIX pa3MepoB U Macchl, 0Oe3aBapuiiHOW paboThl C
MUHUMAa/IbHBIM yXO/[OM.

PaHee TpaHchOopMaTOpHI /JIT HOMHUHA/ILHOTO HamnpsbkeHUst 6 — 35 KB BBIMOMHAMM C Oy -
Ma’KHOW M30JI5ILMeN, TIOTPY>KEHHOM B Macyio. B kauecTBe mpumepa MOJKHO yKasaTb Ha
TpaHc(opMaTop HOM-10 (TpaHcdhopmaTop
HarpsbKeHUs1 ofiHo(a3HbIM Mac/isiHbIN, 10 KB,
puCyHOK 2), OH UMeeT 3HauuTe/IbHbIe pa3Mepsbl U
Maccy: ero BblcoTa cocrasseT 495 MM U Macca 36
Kr. [Io Mepe MOBBILIEHUS] HAMpPSUKEHUs] pa3Mephl,
Macca ¥ CTOMMOCTb TPaHC()OPMATOPOB TaKOM KOH-
CTPYKLMU OBICTPO yBesnuuBaroTcs. YToObI yCTpa-
HUTb 3TH HEJOCTaTKH, HeoO0XOJUMO HW3MeHMTh
KOHCTPYKIUIO TpaHC(opMaTopa.
Bosee coBepiieHHOM SIB/IIETCSI KOHCTPYKLUSA C
PucyHok2-OpaHoda3HbiliTpaHCpopMaTop NIpUMeHeHneM OZJHOPOHOM U30/ISLUU U3
Oymaru, HanpspbkeHust Tuma HOM.  mpomnuMTaHHOM Mac/ioM, TIOX0XKYI0 Ha U30JISALIMIO
MacJIOHaToJTHeHHOTo Kabesss. MacyisiHble KaHalbl
yCTPaHeHbl. JTO TO3BOJIWIO PE3KO YMEHBIIUTb U30JSILUOHHBIE PACCTOSTHUS, pa3Mephl
MarHyMToIpoBOZla U KoxKyxa. 301y BBOJOB SB/SAETCS IPOJO/DKEHUeM U30JIALUN
00MOTKHY U BXOAUT B (apdop n30saTOpoB. Macio B U301STOpax coobIaeTcsi C MacioM
B KOXyxe. Bo3zyliHoe npoCTpaHCTBO MO/, KPBIIKOM OTCYTCTBYeT. KomMuecTBO Macsia
pe3ko yMeHblleHO. Ha pucyHke 3, a mnokasaH BHELIHMM BHJ OJHO(A3HOro
TpaHcdopmaropa Tuna HOM- 35-66, 35000/100 B, mpegHa3HaueHHOTO [/ U3MepeHUs
JIMHEeMHOT0 HampsbkeHus, a Ha puc. 3,6 — TpaHcpopmaTtopa Turna 3HOM-35 s
V3MepeHUs HampssKeHUsT MeXXJy MpPOBOJOM U 3emsied. TpaHchopmaTtop UMeeT OJvH
BBO/I, M30J/IMPOBAHHBLIM Ha TI0/IHOe HarpsbkeHue. KoHel] 0OMOTKM TIpUCOeAVHEH K
3a3eMJIEHHOMY KOXKYXY.
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-CriegyeT otnmuaTh ofHO(a3Hble AByxoOMoTouHbIe TpaHCchopmaTopsl HOM-6, HOM-
10, HOM-15, HOM-35 ot opgHoda3Hbix TpexobMmoTouHeix 3HOM-15, 3HOM-20,
3HOM-35 (pucyHok 3).
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a- Tvmna
HOM-35; 6 -
THIA
3HOM-35; 1 -
BBO/]
BBICOKOTO
HarpsDKeHUs;
2 — KopoOKa
BBoZoB HH; 3
— bak
PucyHok 3 -

TpaHchopMaTopbl HanpsbkeHUs1 ofjHO(ba3Hble Mac/sTHbIe

Cxema coeuHeHUs 0OMOTOK TepBbIX MOKa3aHa Ha pUcyHKe 3,a. Takue TpaHC-
dbopmaTtopsl umeroT ABa BBoZa BH u aBa BBoga HH. X MOXKHO COeiMHUTL MO CXeme
OTKDBITOTO TPeYroJibHUKa, 3Be3/lbl U TPeyrojbHUKa. ¥ TpaHchopmaTopa BTOPOro TUMa
(pucyHok 3,0) oguH KoHell 00MoTku BH 3a3emsieH, eqHCTBeHHBIM BBOA BH pacmosio-
)KeH Ha Kpbiike, a BBoAbl HH - Ha 60koBoii cTeHke 6aka. O6moTka BH paccumTana Ha
da3Hoe HampsbkeHWe, ocHoBHass obmotka HH — wa 100/V3 B, pmomonHuTtesbHasi 00-
MoTkKa — Ha 100/3 B. Takue TpaHcdhopMaToOpbl Ha3bIBaIOTCS 3a3eMJIIEMbIMU U COeIN-
HSFOTCS M0 CxeMe, TT0OKa3aHHOM Ha PUCYHKe 4.

PucyHok 4 -. Cxembl coeOuHeHus1 0OMOMOK mpaHchopmamopos HanpsixHceHust
Tpanchopmaropel Turnos 3HOM-15, 3HOM-20, 3HOM-24 ycTaHaB/IMBaKOTCS B
KOMIUIEKTHBIX LIWHOMNPOBOAAX MOILLIHBIX T'eHepaTopoB. [l yMeHbLleHUs MoTepb OT
HaMarHAYMBaHUS UX OaKH BBITOHSIOTCS U3 HEMarHUTHOM CTaslu.

Ha pucyHke 5 TmoOKa3aHa yCTaHOBKa TakKOro TpaHc(opmaropa B KOMIIJIEKTHOM
ToKOTpoBoJe. TpaHchopMaTop € MOMOLLBI0 HOXKEBOI'O KOHTAKTa 3, pacroyio)KeHHOT0 Ha
BBOoZle BH, npucoenuHseTcs K TPYXUAHAL[MM KOHTaKTaM, 3aKpeIUIeHHbIM Ha
ToKorpoBoJe 1, 3akpbiToM 3KpaHoM 2. K marpybky 5 co CMOTpOBBIMH JltOKamMu 4
Obonramy 6 TIpUKperuieHa Kpbimika TpaHcdopmaropoB. Takum o6pa3om, BBOog BH

TpaHC(l)OpMaTOPa HaXOUTCA B 3aKPbITOM OTPOCTKe 3KpaHa TOKOIIpOBO/aA. 3aKHMbI
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obmoToxk HH BbIBe/I€HbI Hd 60KOBy1-0 CTE€HKY Oaka U 3dKPBIBAKOTCA OTAE/IBHBIM KOXY -
XOM.
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Pucynok 5 - Ycranoeka TpaHcdop-

TIePBUYHOU 00MOTKH A, X,
TOKOIPoB®[Ie-

Tpex@a3sHble Mac/sHble TpaHC(OPMATOPbl THUIIA
HTMU vMeroT NSITUCTEP)KHEBOKW MarHUTONPOBOJ, U TPH
0OMOTKH, COeJMHEHHble TI0 CXeMe, TIOKa3aHHOW Ha
pucyHke 4. Takue TpaHCpOpMaTopbl MpeJHa3HAUEHBI
JJ1s1 TIpUCoeJuHeHUs] MPUOOPOB KOHTPOJIST U30JISILUU U B
HaCTOsILLee BpeMsl y>Ke He UCTI0J/Ib3YOTCS.

MaccoBoe mnpUMeHeHMe HaluM  TpaHC(OpPMaTOpbI
HarpspKeHUs1 C JIMTOW U30/silueit. ITU TpaHC(hOPMaTOpkI
MMeIOT HebOo/bIyI0 MacCy, MOTYT yCTaHaBIMBAaThCS B
JIO00OM  TI0J/IOXKeHUH,

T10’Kap00e30TMacHBbI.
Ha pucyHke 6 moka3aH ofiHO(ha3HbIN [BYXOOMOTOUHBIM
TpaHC(OpMAaTop C He3a3eMJ/IeH- HbIMH BBbIBOJAaMU THIA
HOJI.08-6 na 6 kB. TpaHcdopmaTop mnpezcTaBisieT
coboii nuroii 610Kk MaTtopa HaripsbkeHuss 3HOM-20 B
(pucyHOK 7), B KOTOPbId 3a/UThl OOMOTKU U
KOMILJIEKTHOM TOKOMPOBO/ZIE. MarHUTOMPOBOJ. BbIBOAbI

BBIBO/IbI BTODUUHOW 0OMOTKHU

pacroJsio>KeHbl Ha TepeiHeM TOpLie TpaHC(opmaTopa Y 3aKpbIThl KPbIIKOW. TpaHcdop-
Martopsl cepun HOJI.08 nipegHasHauens! as1g 3ameHsl HOM-6 1 HOM-10.
Tpancdhopmarop rpeAHa3HaueH [jisi YCTAaHOBKU B KOMIIJIEKTHbIE pacripejienu-

PucyHok 6

TenbHble ycTpoucTBa (KPY) win 3akpeiThle pacripefenuTenbHble ycTpouictBa (3PY) u
CJIY>KUT [JIs1 TIATAHUSI 37IeKTPUUeCKHUX W3MepUTe/IbHBIX MPUOOpPOB, 1iereil 3aluThl U

CUTHA/M3allui B 3/IeKTPOYCT
TpaHchopmarop

- BbICOTd YCTAHOBKHU

aHOBKax IriepeMeHHOro Ttoka yactotel 50 u 60 I'm.

TipefHa3HaueH Ji7Is SKCIUTyaTalyiy TIPY yC/IOBUSIX:
HaZl ypoBHeM Mopsi He 6osiee 1000
M;

- TeMIlepaTypa OKpY Katoll[ero Bo3zlyxa: HikHee 3HaueHue - MUHYyC 45°C, BepxHee

+60°C;

- OTHOCUTe/IbHas BJIaXXHOCTb Bo3ayxa 100 % npu 35°C;

- OKpy’Karoljasi cpe/ia HeB3pbIBOOIACHas1, He coZiepyKalliasi arpeCCUBHBIX
ra3oB U [MAapOB B KOHI[EHTPALUSIX, pa3pyllatoliviX MeTa/l/ibl U U30JISI1LHIO,

- OTCYTCTBHE HEeIoCpe/ICTBEHHOI'0 BO3/IeCTBUS COJTHEYHOW paZiuaLiuy;

- pabouee 110/10)K€HKE B TIPOCTPAHCTBe - /T000e.

TexHUuecKre XapaKTepUCTUKU TIpUBe/ieHb] B Tabmuiie 1.
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Tabmuia!

TexHUueCcKHe XapaKTepUCTHUKY TTpUBeieHbI B Tabmuiie 1.
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Tabsma!

HaumeHoBaHuve  1a- Hopwmgl /i1 TUTIOB
pameTpa HOJI.0O8-6YT HOJI.08-10¥YT
Krnacc HanpsbkeHud, 3

6 10
kB
Haubonbiiiee pabouee 3 7,2 12
HaripskeHve, KB
HomunansHoe  Ha-{3000 10000
npsokenre  neppuu-| 3300 6000 11000
HOl 0OMOTKH, B 6300

6600

6900
HomuHanbHOe Ha-
NpsbKeHre BTOPUUHOU 100 mma 110
obMoTKH, B

50 nmm 60
HomuHanbHasgs  4acH
TOTa, [’
HomuyHanbHast Mo
HOCTb, B A, B Kjacce
TOYHOCTU:
0,2 15 30 50
0,5 30 50 75
1,0 50 75 150
3,0 75 200 300
150 400 630

[IpegenbHasi  MoOLII-
HOCTb BHe Kjacca
TOUHOCTH, B A
['pynna coenuHeHUst 1/1-0
0OMOTOK
Macca, Kr 26,5+1,5 28,5+1,5

[Tpumeuanue: ¥ TpaHCOPMATOPOB C HOMUHA/ILHBIM HaMpsKeHWEM MePBUUHOU
obmMoTku 6600 u 11000 B HOMHHa/IbHOE HampsbKeHHe BTOpPUUHOM obMoTku 110 B.
Tpancdopmartopsl Knacca TouHoCTA 0,2 U3rOTOBJSIOTCS TOMBKO C HOMHHA/IbHBIM Ha-
rpsbKeHreM BTOpUuHOM o6MoTKu 100 B.

Pucynok 11 ITpegoxpanutesib B haphopoBoii TpyOke



M10x17-2
4 orB,

30673
295%%

32873
HErTpaHepppMaTopa A aiv
JI.YUO-U UV 1 Z 10010
IO T N9 _ 1A\ TD 2719012
111 VO=1UV 14 L1210

CxeMa TpaHc(opmaTopa A
I
l §|C
X—)

Pucynok 7

3azemsiemble TpaHchopmaTopbl HampsbkeHus cepuud 3HOJI.06 (pucyHok 8)
VMEIOT MSTh MCIOJHEHWH M0 HOMWHA/JIbHOMY HampsbkeHuto: 6, 10, 15, 20 u 24 kB.
MarH1iTOMNpOBO/] B HUX JIEHTOUHBIM, pa3pe3Hoi, C-00pa3HbIi, UTO ITO3BOIMIIO YBETUUUTh
kacc TouHoctu Ao 0,2. Tpanchopmartopsl 3HOJI.06 npesHa3HaueHbl A5 YyCTAHOBKU B
KPY u KOMIUIEKTHBIX TOKOIIPOBOJAaxX TypOoreHepaTOpPOB BMECTO  MacC/sIHbIX
tpaHcpopmatopoB HTMU u 3HOM. On

CIY)KAT [l TIATaHUS  Lefled  W3MepeHHs, aBTOMAaTHKH,
CUCHA/IM3alUM M 3alljUThl B 3JIEKTPUUYECKUX YyCTaHOBKaX Iiepe-
MeHHOro Toka 4actotbl 50 U 60 I'y B ceTsIX C U30/MPOBAHHOM
HeWTpanblo. [loryckaeTcsi JjuTenbHas SKCIUTyaTa-LUsl TPaHC-
dbopMaTopoB Kak CWIOBbIX. IIpy 3TOM MOIIHOCTb, OT/aBaemasi
TpaHChOpPMaTOpOM, He [AO/DKHA TpPeBbIIATh Tpefie/IbHYIH0 MOILIl-
PricyHOK 8 HOCTh, ¥ Harpy3Ka Ji0/DKHA MOIK/TI0UaThCSl K OCHOBHOM BTOPUUHOM 0OMOTKE.

TpaHcdopMaTopbl U3roTaBIMBAKOTCS B KIMMaTAUUeCKOM UcrosHeHuu "Y" u "T"
kateropuu pasMeltienus 3 o 'OCT 15150, npenHa3HaueHbl /i 3KCIUTyaTalUu TIpU
yCJIOBUSIX:

- BBICOTA YCTAaHOBKH HaJl ypoBHeM Mops He 6osiee 1000 Mm;

- TeMmIiepaTypa OKPY>KaroLlero Bo3/lyxa C y4eTOM MPEeBbILIEeHNS] TeMIepPaTypPbl
BO3/lyXa B TOKOmpoBojie wiki KPY mpu Harpy3ke TpaHchOpMaTOpPOB Mpejie/lbHOW MOIIl-
HOCTBIO:

- [T UCTIOJIHEeHUs Y 3 - oT MuHycC 45 no mtoc 50°C,
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- A ucnosiHenys T3 - ot munyc 10 go mutroc 55°C.

[Ipumeuanue

Oxpykatolrjasi cpejila HeB3PLIBOOIIACHasi, He COZieprKalljasi arpeCCHBHBIX Ta30B U
MapoB B KOHI[EHTPALWAX, Pa3pYIIAOIIUX MeTasulbl U H30/sui0. OTCYyTCTBUE Hero-
CpeJiICTBEHHOT'0 BO3/IeHiCTBUSI COJTHEUHOUN pajualiuu. Pabouee 1osiokeHre B MPOCTPaH-

CTBe

Tabsuia 2 - TexHuyeckue JaHHbIe

Jiroboe.

Hopwmel f/1s1 TUTIOB

3HOJI.06-6Y3 |[3HOJI.O | SBHOJI.O [ 3HOJI.O [ 3HOJI.06-24Y 3
HanmeHoBaHue 6- 6- 6-
10Y3 15Y3 20Y3
1apamerpa 3HOMO6-6T3 [ 3HOI0 3RO/ 3HOL0 [ 3HOML06-24T3
. 10T3 15T3 2073 ]
Kiacc HanipskeHus, KB | 3 6 10 15 20 24
Haubornbliiiee pabouee >0 7,2 12 175 24 26,
HaripsikeHve, KB
HomuHanpHOe 3000/ 6000/ |10000/ [13800/ [18000/ |[24000/113
HarpsokeHue I13 I13 113 113 I3
nepBUUYHONM 00MOTKH, B 13-[3300/ 6300/ 11-[13000/ 11-[%750/ 12-103000/
I13
6600/
I13
10013~
HomuHansHOe
HaIPSDKEHHEe OCH,
BTOPHUYHOM 0OMOTKH, B
HomMuHansHoe
HapsDKeHUe nor.| 100/3 v 100
BTOpHUYHOM 0OMOTKH, B
HomuHanbHas
MoOIHOCTb, B IIA, B
0,2 15 30 50
0,5 30 o0 75
1,0 50 75 150
3,0 150 200 300
HomuHanbHas
MOIITHOCTh AOIL| 150 200 300
BTOPUUYHOU OOMOTKH B
[Ipesie/ibHast MOILJHOCTb
BHe Kimacca TouHoctw,| 220 400 630
DTTA
['pymnra  coesuHeHUs 171-0-0
00MOTOK

Pucynok 11 ITpegoxpanutesib B haphopoBoii TpyOke




Tpex(a3sHasi aHTHMpe30HaHCHasl rpynna TpaHC(OPMaTOpPOB HampsyKeHus 3X3-
HOJI.06-6 U 3x3HOJI.06-10 (pucyHok 9)
rpefiHa3HaueHa [/ YCTAaHOBKM B KOMIUIEKTHbIE pacrpejenuTe/bHble yCTPOMCTBa
(KPY) nnu 3akphIThie pacripefie-iuTenbHble YCTpoUCTBa (3PY) U CyIy>KUT A1 TUTaHUs
3/IeKTPUUYECKUX W3MepUTe/bHbIX TPUOOPOB, Lierel 3aliuThl U CUTHA/IU3ALUU B 37IeK-
TPOYCTaHOBKaX MepeMeHHOro Toka 4acToThl 50 mau 60 I'u. YcroiiurBa K dheppope3o-
HaHCY U (MM) BO3/IEUCTBHIO TlepeMe’Katolllelcs AYyTy B Cydae 3aMblKaHWs OJHOU M3
¢da3 cetu Ha 3emst0. TpexdasHas rpymnna npejHa3HaueHa J/is1 9KCIUTyaTaluy TPU YCJ10 -
BUSIX:

- BBICOTA YCTAHOBKM Hajl ypoBHeM mopsi He Oojee 1000 M; - Temmeparypa
OKpYJKarolllero BO3JyXa C y4eTOM IIpeBbIllIeHUs TeMmrleparypbl Bo3gyxa B KPY rmipu
Harpy3ke TpaHC(OPMATOPOB Tpe/ie/ibHOM MOIIHOCTBIO: i1 UcrhojiHeHus "Y3" - oT
MunycC 45 fo rmoc 50° C; ast ucnonHenus "T3" - or munyc 10 go muroc 55° C;

- OTHOCHTe/IbHAsl BJQKHOCTh BO3lyxa He Oosee 98% mpu 25° C gy
ucrnosHenus "Y3" u npu 35° C asg ucnonHenus "T3";

- OKpy’Karolljasi cpe/ia HeB3pbIBOOMACHAasl, He cofepykallasi arpeCcCUBHBIX
ra3oB Y MapoB B KOHLIEHTPaLMsX, Pa3pyLUaOLMX MEeTa//Ibl U U30JISLIUIO;

- OTCYTCTBHE HeloCpeJCTBEHHOI'0 BO3/eUCTBYS COJTHEYHOMU paJuaLiny;

- pabouee 10/I0kKeHHE B TIPOCTPAHCTBE - Jir0boe.

TexHUueCcKure JaHHbIe 3TUX TPAaHCPOPMATOPOB TPUBEZEHbI B Ta0O/HIe

3. Tabmurie 3

Kiacc Hanpsokenus:, KB 6 10
Hau6osibiiee pabouee HanpsbkeHve, KB 7,2 12
HoMuHanbHOe TUHeMHOe HanpsbKeHue 6000, 6300 10000,
Ha BbIBO/IAX TIeEPBUUHOM 00MOTKH, B 6600, 6900 11000

HaripsbkeHue Ha BBbIBO/IaX pa3OMKHYTOTO Tpe-
YTOJIbHAKA [IOTIO/THUTETBbHBIX BTOPUUYHBIX 00OMO-
TOK:

HomuHanbsHOe MHeHOe HamnpsbKeHWe HaBBIBOJAX| ()
OCHOBHOI BTOPMUHOI 00MOTKHU, B

MpY CUMMETPUYHOM pekuMe paboThl ceTd, B, He 3
OoJiee

TpY 3aMBIKAaHUHM OAHOM 13 (ha3 ceTy Ha 3emym0, B |01 90 1o 110

MOILLIHOCTb Harpy3ku Ha BbIBOJAaX Pa30OMKHYTOIO
TPeyro/ibHUKa JOTO/HUTE/IbHONH BTOPUUHON 00-
MOTKU Mpyu HarpsbkeHun 100 B u ko3dduiieHTe 200 300
MOIIHOCTU Harpy3ku 0,8 (xapakTep Harpy3ku WH-
NyKTUBHBIN), B TTA
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ITpogomkeHne TabIUILI 3

rpynnel HomyHameHas yacrtora, ['hg

CxeMa rpymribl U coeiiHeHusi 0OMTOK Tpex(a3Hoit

50 unmu 60

Macca. Kr

93 99

Twun pesuctopos R

Hopma f1a Tuna

3x3HOJI.06-6 |3x3HOJI.06-10
Ko wit. | Y3(T3) Y3(T3)
Om Bt Om Bt
C5-35B 3+5% kOwm, 100 BT 3 1000 300 - 0
C5-35B 2,4+5% kOwm, 100 Bt 3 - - 800 300
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Cxema rpynribi
PucyHnok 9

Bust M8x14

_BuT M6x10
4w,

1. 3asemneHune BLIBOAOB BTOPUUHbLIX 0BMOTOK
no ycMoTpeHuio notpeburens.
2. 3aseMneHne NNUTLI ANA YCTAHOBKY ThaHc-

topmaropoe kK marvctpanu - obsaareneHol
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1711 TUTaHUs 37eKTPUUeCKUX W3MepUTe/bHBbIX TpUOOpOoB, Iiereil 3a-
IUTbl U CWTHA/AM3alMy B 3JIEKTPOYCTAHOBKax HarpsbkeHveM 35 KB
MPUMEHSIIOTCS  3a3emyisieMble TpaHcpopMartopbl HampsbkeHus: 3HOJI-
35b YXJI 1 u 3HOJI-35b T1(pucyHok 10)
3HaueHus TemIlepaTypbl BO3JyxXa MPU 3KCIUIyaTaluu - oT MUHYyC 60°C
o ritoc 40°C ¢ OTHOCUTE/IbHOM BIaXXHOCTBIO Bo3ayxa 100% mipu 25°C
g ucrioyiHeHus 'Y XJI 1" u ot munyc 10°C no

1toc 55°C ¢ OTHOCUTETBHOM BJIXKHOCTBIO Bo3ayxa 100% Pucynok10
ripu 35°C  pjis1 ucniosniHeHus "T1".
Texanueckue ganHble 3TMX UTH nipuBegens! B Tabuiie 4.

Tabsuia 4

HaumMeHoBaHUe TTapamMeTpoB

HopMbl /151 HICTOUHHUKOB

HomuHanbsHoe HalipsikKeHne HepBHQHOﬁ 35000/T13127500 27500

obMoTKH, B

HomunHanbHOe HarlpskKeHne OCHOBHOU 100/T13 1100 100-127-230

BTOPUUHOI 00MOTKH, B

HomuHansHOe HarpsikeHue [OI0/THU- 100/3 127

TeTbHOW BTOPUYHOM 00MOTKH, B

HomuHanibHasi MOIIJHOCTE OCHOBHOM M

BTOpUUHOI 06MOTKHM, BIT A B Knacce Tou-

Hocti 0,5 1 3 150 150 150
300 300 300
600 600 600

HomuHanbpHas MOIIMHOCTb  [JOIIO/THUTEJIb-

400 (BHe Kiaccal

400 (BHe K/acca

HOM BTOpHUHOM 00MoTKH, B TIA, B Kimacce| 100/3

TOYHOCTH 3 TOYHOCTH) TOYHOCTH)
[IpenesibHasi MOLLIHOCTh BHE KJlacca TOY- 1000 1000 1000
Hocty, BIT A

CxeMa ¥ rpyrira coeJuHeHUs1 00OMOTOK 1/1/1-0-0 (1/1/1-0-0 1/1-0

Bua usonsiiuu JiuTas JiuTas JIuTtas
Macca, Kr 110 max |110 max 110 max
Cxema TpaHcdopmMaTopa Puc. 12 |Puc.12 Puc 13

[TpucoevHKTeIEHBIE pa3Mephbl TpaHC(PopMaTOpa NpuBeieHbl Ha pUcyHke 11, a cxe-
MbI COeTHHEHHUSI 0OMOTOK Ha pUCyHKax 12 u 13

Pucynok 11 ITpegoxpanutesib B haphopoBoii TpyOke
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Pucynok 11 — O6wwmii Bun tpancdopmaropa 3HOJI-35b
daza
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UCYHOK 12 PucyHok
Y 1 137 )
A U
7 -21 B ycranoBkax 110 kB u Bbliie
Ug g ) Y TIDUMEHSIIOTCST  TpaHC(OPMAaTOPkI
7 oy HanpspKeHUs1 KaCKaZHOTO — TUIa
HH HK®. B stux TpaHcdopmaropax
X obMOTKa BH PaBHOMEPHO
Y agxuax]’ g)

a — cxeMma; 6 — KOHCTpyKuus; 1 — BBOJ,
BBICOKOTO HarpsbkeHUs1; 2 — MacJjo-
pacimpurens; 3 — ¢gapgopoBas
py0aiika; 4 — ocHoBaHUe; 5 — Kopobka
BBOZI0B HH Pucynok 14.- TpanchopmaTop
HanpsokeHuss HK®-110:

pacrpeziesisieTcss M0 HeCKOJbKUM
MarHuTOIpOBO/iaM, 6s1arozapsi
yemy oOsieruaeTcs ee W3O0JSILUS.
TpaHcdopmartop

HK®-110

(pucyHOK 14) vMeeT

JIBYXCTEP>XHEBOU MarHUTOMIPOBO/, HAa Ka)K/JOM CTep>KHe KOTOPOr0 pacrnoJioyKeHa
obmoTka BH, paccunrannas Ha Lld /2. Tak kak obirjasi Touka o6bmoTkn BH

Coe/IMHEeHA C MALHITOTPOBA oM, TO0bbiioR THBKHEHUIO K 3eM/le HAXOAUTCS Mo/

norenuuanom L /2. ObmoTku



BH wu3onupytoTcs oT MarHuTonpoBo/a Takke Ha Ld /2. Obmotku HH (ocHOBHast
Y [IOTMOJIHWTE/IbHAs) HAMOTAaHbl HAa HWKHEM CTep)KHe MarHWTornpoBofa. s
PaBHOMEPHOT'O pacripefie/ieHUsi Harpy3ku 1o obmotkam BH ciayxut obmoTka
cBsizu [1. Takoii 6/10K, COCTOSIINN U3 MarHUTOMPOBOZA U 0OMOTOK, MOMeII[aeTCs B
dapdopoByto pyballiKy 1 3a/TMBaeTCsi MacJIOM.

TpaHcdopmaropsl HarmpsbkeHuss Ha 220 kB cocroar u3 AByx O/I0KOB,
YCTaHOBJIEHHbIX OZIUH HAaJ ApPYrUM, T.e. UMEIOT [Ba MarHUTOMPOBOJA WU YeTbIpe
CTyreHu KackagHoi obmotku BH ¢ usonsuueid Ha L /4. Tpanchopmaropbl
HarnpspkeHust HK®-330 1 HK®- 500 cooTBeTCTBEHHO MEIOT TPH U UeThipe 0/10Ka,
T. €. IIIeCTh ¥ BOCEMb CTyIeHeit 00MoTKY BH.

Yem OoJibllle KacKafloB OOMOTKHM, TeM OOJIbIlle MX aKTHBHOE W peaKTHBHOE
COMPOTUB/IEHWE, BO3PACTAOT TMOrPELIHOCTH, W T[03TOMY TpaHC(hOPMAaTOpbI
HK®-330, HK®- 500 BbInmycKarTCs TOJBKO B Kjaccax TOUHOCTH 1 u 3. Kpome
TOTO, YeM BbIllle HarpsbKeHHe, TeM CJIOXKHee KOHCTPYKIMs TpaHC(OpMaToOpOB
HarnpspkeHusi, T03ToMy B ycraHoBKax 500 KB u  Bbllle NpHUMeHSIOTCSA
TpaHCOpPMATOpHbIEe ~ YCTPOMCTBA C  €MKOCTHbIM  OTOOpPOM  MOILI[HOCTH,
TIPUCOE/IMHEeHHbIE K KOHJEeHCAaTopaM BBICOKOYACTOTHOU cBs3M Cl € MOMOIBIO
KOH/leHcaTopa oTbopa MoiqHocTtH C2 (pucyHok 15). HampsbkeHre, cHUMaeMoe C
C2 (10 — 15 kB), nogaercs Ha TpaHcdopmaTtop TV, UMeOLW B BTOPUYHbIE
00MOTKH, KOTOPbIe COeIMHSIOTCS TI0 TaKOM >Ke cxeme, Kak U y TpaHC(hOpMaTopoB,
Kak 1 y TpancdopmaropoB HK® v 3HOM.
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a — cxeMa; 6 — ycranoBka HIIE-500-72: / — genurtenb HarpsbkeHUs; 2 - - pa3be/u-
HUTEJIb; 3— 3arpaguTesib BbICOKOqaCTOTHbIﬁ; 4 — Tpchcl)opMaTop HalIpSIKEHUA U
Pucynok 11 ITpegoxpanutesib B haphopoBoii TpyOke



Jipoccenib; 5 — pa3psiiHUK; 6 — 1ipuBoj, PrcyHoK 15 - TpaHcdhopmaTop HanpsbKeHUst
HIE

[nsi yBenMueHWs] TOUHOCTHM pabOThl B 1iefb €ro TepBUYHONM OOMOTKU
BKJIFOUeH Jpoccesib L, C TOMOIIbIO KOTOPOTO KOHTYp OTOOpa HampshkeHUst
HaCTpauBaeTCsl B pe30HaHC C KoHgeHcaTopoM C2. lpoccens L v Tpancdopmatop TV
BCTpauBalOTCs B 001Mii OaK U 3a/MBar0TCs MacjioM. 3arpagurens 3B He rporyckaer
TOKWA BBICOKOW UaCTOThI B TpaHC(opMaTop HanpsbkeHus. OUIbTp NipucoeuHeHus 7
rpejiHa3HauyeH [l TIOJK/IFOYEHHs BbICOKOUACTOTHBIX IIOCTOB 3aluThl. Takoe
YCTPOMCTBO MOJIYUW/IO Ha3BaHWE E€MKOCTHOro TpaHc@opmartopa HarpsbkeHust HIE.
Ha puc.15,6 moka3ana ycranoBka H/JE-500.

[Tpu HajeXkalieM BbIOOpe BCeX 37IeMEeHTOB 1 HaCTPONKe CXeMbl YCTPONUCTBO
HJE wMo)keT ObITh BBITIOJIHEHO Ha Kimacc ToyHoctd 0,5 u  Beime. [as
snekTpoyctaHoBoK 750 u 1150 kB npumensitoTcsi TpaHcdopmaTtopbl HE-750 u
HOE-1150.

B Tabmuiue 5 mpuBefeHbl peKOMEHJALIMM 3aMeHbl T10 TeXHUYeCKUM
XapaKTepyucTUKaMm paHee Bbillyckaembix WTH 6osnee coBepileHHBIMU, HarpuMep
WUTH, Beimyckaembix OAO  «CBepAloBCKMM  3aBOZOM  TpaHC(OPMaTOPOB
ToKa»(C3TT).

Tabsumia 5

Turnel 3aMeHsIeEMbIX TPaHC(OPMATOPOB. 3ameHa OAQO "C3TT"
TpaHcdopmaTopbl HATIPSDKEHUSI.

HOM-6 HOJI.08-6

HOM-10 HOJI.08-10

HTMK-6, HTMI-6, HAMU-6, HAMUT-10(6) |3x3HOJI.06-6

HTMK-10, HTMI-10, HAMH-10, HAMMT-10 [3x3HOJI.06-10

3HOJI.06-6, 3HOJI1.06-10, 3HOJI.O06-

3HOM-15 15
3HOM-20 3HOJL.06-20
3HOM-24 3HOJL.06-24
3HOM-35 3HOJI-35

1.4 KoHTpOJIbHBIE BOTIPOCHI

14.1 Ha3HaueHue v3mMepuTenbHBIX TPaHC(OPMATOPOB HaMpPsKEHUS.
1.4.2 Knaccudukaiiys uaMepure/ibHbIX TpPaHCHOPMATOPOB HaTlPsKeHHsI.
1.4.3 KoHCTpyKIusi M3MepUTeTbHbIX TPAHC(OPMATOPOB HaIPsKEHUSI.
1.4.4 Ob6sacTh TpUMEHEeHWs U3MepUTeNbHBIX TpaHC(HOpPMaTOPOB

HallpsKeHH s,




1.4.5 Bri60p n3mepuTebHBIX TPAaHCPOPMATOPOB HATIPSHKEHUSI.

N3mepurenbHble TPaHC(OPMATOPHI TOKA.

TpaHchopmaTopbl TOKa C/y»Kat s ipeobpa3oBaHusl ToKa H0O0T0 3HauUeHUsT U
HarpsbkeHUs B TOK, Y/A0OHBIM /1 U3MepeHusl CTaHJapTHbIMU mpubopamu (5 A),
MMUTaHUS TOKOBBIX OOMOTOK pejie, OTK/IIOUAIOIIUX YCTPOMCTB, a TaKxke [Is
M30/TMPOBaHMS MPUOOPOB 1 00CTYKMBAIOII[ETO MlepCOHasIa OT BEICOKOTO HaMpsyKeHUs.

TpaHchopmaTrop TOKa MMeeT 3aMKHYTbIi MarHUTONPOBOJ 2 W /iBé OOMOTKH —
rnepBUYHYyIO 1 1 BTOpHuHYyO 3 (puc. 1).

[TepBuuHasi 06MOTKa BK/IHOUAeTCsl MOC/e[0BaTe/IbHO B 1iellb M3MepsieMOro TOKa
I1, Ko BTOpruHOW 0OMOTKE TIPUCOeIUHSIOTCS W3MepHUTe/IbHbIe PUOOPHI, 00TeKaeMble

TOKOM I>.

j 4

{ar

J12

Pucynok 1. Cxema BK/IHOUeHUsI TPaHC(OpMaTopa TOKa:

1 — mepBuuHasi 00MOTKa; 2 — MarHUTOIIPOBOZ; 3 — BTOpUYHasi 0OMOTKa

TpaHchopmMaTtop TOKa XapaKTepu3yeTcsi HOMHHA/IbHBIM — KO3h(UuijueHToM
TpaHChOopMaLu

Ki=I1om/ Tonom.,

rae liwow ¥ Dwow— HOMHMHA/BHBIE 3HAUEHWS TIEPBUYHOIO M BTOPUYHOIO TOKA
COOTBETCTBEHHO.

3HaueHVss HOMUHAJ/IbHOI'O BTOPUYHOI'O TOKA TPUHATHI paBHbIMU 5 1 1 A.

BropuuHasi 06MoTKa TpaHchopMaropa TOKa BCerjia U30/MpyeTcsi OT MepBUYHOM.

Kpome Toro, Tpebyercss 3a3emsieHHe BTOPHWYHOM OOMOTKM TpaHChopMaTopa TOKa,



yTOoOBI 00ecTieunTh 0e30IacCHOCTh OOCTY)KUBAOIIIETO TepCOHaAa M IOAKIFOUEHHBIX
nipubopOoB.

I'padrueckoe n3obpaxkeHre 1 OykBeHHOe 0003HaueHre Ha cxeMax TA

N3o06pakenne TT ¢ ofHOM BTOPUYHOM 0OMOTKOM

Kos¢pdument TpaHchopmaru TpaHC(HOPMATOPOB TOKA He SB/SIETCS CTPOrO
MOCTOSIHHOW BEeJIMUMHOW M MOXKeT OT/IMYaThCsl OT HOMMHA/IBHOIO 3HayeHUs
BCJIe/ICTBUE TIOTPELIHOCTH, 00yC/IOB/IEHHOM Ha/lMuleM TOKa HaMarHUUMBaHMS.

[MTorpewiHocTh TpaHcdopMaTopa TOKA 3aBUCUT OT €ro KOHCTPYKTMBHBIX OCO-
OeHHOCTe: CeueHWs] MarHUTOIIPOBOZA, MAarHWTHOW TIPOHUIIAEMOCTH MaTepHuasa
MarHUTOMPOBO/Ia, CpeAiHeN JJIMHbI MarHUTHOTO My TH, 3HaUeHust [iwi.

B 3aBHCHUMOCTH OT MpebsiB/sieMbIX TpeOOBaHUM BLIMTYCKAIOTCSI TpaHC(HOPMATOPhI
TOKa ¢ Kjiaccamu TouHoctu 0,2; 0,5; 1; 3; 10 (1, P, 3).

TpaHchopmaTopsl ToKa

« Knacca 0,2 mpumeHsitoTCS [JjIsi TIPUCOEJUHEHHsI TOYHBIX J1abOpaTOPHBIX
rpubopoB,

« Knacca 0,5 — /151 mprcoejiHeHUs1 CUeTYMKOB [IeHEXXHOTO pacueTa,

« Knacca 1 — a1 Bcex TeXHUUeCKMX M3MePUTe/TbHBIX TIPUOOPOB,

« Knaccos 3 u 10 — a1 penelHOM 3allUTHI.

Kpome paccMOTpeHHBIX K/1aCCOB BBIMYCKAOTCS TaKKe TPaHCPOPMaTOpbl TOKA CO
BTOPUUHBIMU OOMOTKamu TuroB [ (ans auddepeHIManbHOM 3amuThl), 3 (715
3eMJISTHOM 3all[yThl), P (/171 Mpoumnx pesierHbIX 3alluT).

[TorpewHocTh TpaHc(oOpMaTopa TOKa 3aBUCUT OT BTOPUUHOM Harpysku (co-
MIPOTUB/IEHUs] TIPUOOPOB, TIPOBO/IOB, KOHTAKTOB) M OT KPAaTHOCTH TI€PBUUHOTO TOKa T10
OTHOLLIEHUIO K HOMUHA/IbHOMY. YBe/IndeHre Harpy3ku U KpPaTHOCTU TOKa MPUBOAUT K
yBe/TMUEeHUI0 TIOTPELIHOCTH.

[Tpy TepBHUYHBIX TOKAaxX, 3HAUWTETHLHO MEHBIITMX HOMMHA/IbHOTO, MOTPElIHOCThb
TpaHC(opmMaTopa ToKa Takxe BO3pacTaer.

TpaHcopMaropbl TOKa 1O POJly YCTAHOBKW BBIMYCKAKOT [/ BHYTPEHHUX U
Hapy>KHbIX 3/IEKTPOYCTAaHOBOK, a TaK’Ke BCTPOEHHbIe B CUJIOBble TpaHC(HOPMAaTOphl U

MaAC/IsTHbI€ BBIK/THOUATEeIN.



KoHTpo/IbHBbIE BONIPOCHI

1. Ha3zHauenue TpaHcdopmaTopoB Toka (TT).

2. Ha3zHaueHue nepBUYHON 1 BTOPUUHOM 0OMOTOK TpaHC(hOpMaTOpOB TOKa.

3. HaszBaThb BCe K/1aCcChl TOUHOCTH.

4. B KakoM pekuMe paboTaroT TpaHCchopmMaTophbl TOKa?
JIabopaTopHoe 3ausaTHe Ne 15
Tema paboTbi: V3yueHre KOHCTPYKIMM U TlapaMeTPOB BbIK/tOUaTesiell ¢ GO/bLIUM
obbeMOM Macia. M3yuyeHuWe KOHCTPYKLMM W TapaMeTPOB  MasiOMacC/sTHBIX
BBIK/TFOUYaTe/IeN.
Ilenbp paboThbl: 3akpervieHHWe TeOpeTUUeCKUX 3HaHWW M0 Teme «DJieKTpUuecKue
arraparsl HarnpsbkeHreM Beiite 1000 B»

BrikirouaTenb — 3TO KOMMYTALMOHHBIM —armapar, TIipeJHa3HayeHHbIU 15
BKJIFOUEHHS U OTK/IFOUEHMUSI TOKA HAarpy3kKd B HOPMaJbHOM pexxrMme U TOKOB K3 B
aBapUUHOM pEeXUMe.

K BbIK/IIOUaTensiM  BBICOKOTO  HAlpsDKeHUs]  MPeAbSB/SIOT  CAeAyrolue
TpeboBaHUsI:

- HagexxHoe oTK/TIOueHMe JTF0OBIX TOKOB,;

- BricTpoTa fielicTBuS, T.e. HaUMeHbIllee BpeMsi OTK/IFOUeHUSI;

- TlpuromHocTs [y OBICTPOZAENMCTBYIOIIETO aBTOMAaTHUeCKOTO TIOBTOPHOIO
BkmoueHusi (AIIB), T.e. ObICTpoe BK/IOUEHHE BBHIK/IIOUATe/IsI Cpa3y ’ke Toce
OTKJ/IFOUEHUS;

- Bo3moxxHOCTB 1iodha3HOro yripaBieHust AJisi Bbik/itouareseii 110 kB u Bbiile;

- JIerkoCTb peBU3WU U OCMOTPa KOHTAKTOB;

- B3phbIBo- 1 nokapo6e30macHOCTb;

- Y 106CTBO 3KCIUTyaTaI[|H.

Ha pucyHke 1 1mokasaH paspe3 TIi0Jir0Ca U [AyroracuTe/ibHas[iByXpa3pbiBHast
NoJBI>KHas Kamepa. Kaxzplii rositoc cobpaH Ha MacCHBHOW UyryHHOW Kpbiike. K
KpDBILIIKe TI0/IBELIMBAeTCSl CTaJbHOW 0ak, BHYTPHM CTEHKU KOTOPOTO W30JIMPOBAHBI
371eKTPOKapTOHOM. [loj KpBILKOW yCTaHOBJEH MNPUBOJHOM MEXaHW3M C CHUCTeMOM

pbIUaroB, obecrieurBarolUi TIPSMOIMHENHOe BV KEHHWe ITaHTU. MeXaHH3Mbl BCEX



TPeX TOJIFOCOB COeMHEeHbI TAraMu MeXXAy co00l U C TIPUBOJOM BBIK/IIOUaTess. Yepe3s
OTBEPCTHSI B KpBIIIKax TIpOMyllleHbl BBOJbI, Ha KOHI[@aX KOTOPBIX YyKpereHbl
HeTIO/[BIKHBbIe ['-00pa3Hble KOHTaKThl C MeTa/l/IoKepaMUUYecKMMH Haraiikamu. Ha
KaK/IOM BBOJle IO/, KPBILLKOW YCTAHOBJIEH BCTPOEHHBIM TpaHcdopmartop Toka. K
HIDKHEHN YaCTH LITaHTU U3 U30JIMPYIOIero Marepuasa NpyuKperyieHa JAyroracuTesbHast
Kamepa, COCTosiIasi M3 IByX KOPITyCOB, COeIMHEHHBIX CTSHKHBIMU Oontamu. B kamepe
YCTaHOBJIEH TOJBW)XHBIM KOHTAKT 6 B BHUZE MepeMbIUKH, OMUPAIOLLIUKCS Ha YeThbIpe
KOHTAKTHbIE TIPY>KUHBI 7. B MeCTax CONPUKOCHOBEHUS C HEMO/IBW)KHBIM KOHTaKTOM 8
HarasiHbl MeTajlJIokepaMyuyecKre TiacTuHbL. [Ipy oTK/IoueHUH 1TaHra 1 omyckaeTcs
BHHU3 BMecCTe C Kamepoii 4, B pe3ysibTaTe uero obpa3syeTtcs [iBa pa3pbiBa U 3aropaeTcs
Jiyra B Kamepe. [laBjieHMe B KaMepe pe3KO BO3pacTaeT, U KaK TOJIbKO OTKPOKOTCS
OOKOBBIe BBLIXJIOITHbIE OTBEPCTUS 5, CO3ZaeTcsronepeyHoe AyThe. [Ipy OTKIOUEHUU
OOMbLINX TOKOB CO3[j@aeTCsi MHTEHCUBHOe AyTbe W Ayra racHeT. Eciu oTk/rouaroTcs
Majible TOKM, TO TIOC/Je BbIXO/la HEMNOJBWXHBIX KOHTAKTOB W3 KaMepbl 4Yepe3
BBLIXJIOTIHbIE OTBEPCTHsI 3 CO3/aeTCsl TPOAO/bHOe AyThe, obecrieunBarolliee TailieHue
oyru. B pyroracuTesibHOM YCTPOMCTBE eCTb BO3AYIIHAs TOAYIIKa — HeOosbliast
MeTa/ITMuecKasl KamMepa 2, 3ariojiHeHHasi BO3[yXOM M COOOIIAroIIascs C OCHOBHBIM
00beMOM JlyroracuresibHOM KaMepbl, 3aroJHeHHOM MacioM. B mepBblii MOMeHT
3aropaHuvs AyrH, KOrja JaBjieHhe pPe3KO BO3pacCTaeT, YyaCTb Macjia CKUMaeT BO3ZAYX,
3TO HECKOJIbKO CHW)KaeT yZAap B CTeHKM Kamepbl, a B MOMEHThI, KOrJja TOK B Jiyre
TIPOXO/IUT Yepe3 HO/b U JiaBjieHHWe B 00JIaCTU JYTH YMEHbBILAeTCs, CKAThIi BO3AYX
BBbITa/IKMBaeT MacJjIo U CO3/jaeT JOIOHUTe/IbHOE NyThe.

[Tocne raiieHusi Ayrv TIPOAYKTHI Pa3/iO’KeHWs Mac/ja BBIXOJAT W3 KaMephl,
TIPOXO/AT C/I0M Macja B 0ake, OX/Ia)KAAIOTCS U depe3 CrielidajbHble ra300TBO/bI B
KPBIIIIKaX BbIOpPACHIBAIOTCSA HapyKy. Kamepa 3amosiHsieTCsl MacjoM, ¥ BBIK/THOUaTehb

rOTOB K CJIeZlYIOIeMy LIMKJTy OrepaLyu.
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PucyHok 1. bik/rouaTesib 6akoBbIM Mac/isiHbI C-35,

1 — BBOJ; 2 — TpaHcdhopmaTop TOKa; 3 — KOPMYC IMPHUBOJHOIO MeXaHu3Ma; 4 —
ITaHra; 5 — HENOJBWKHBIM KOHTAaKT; 6 — JyroracutesibHas Kamepa; /7 -—
BHyTpuOakoBasi M30Jisiljusi; 8 — HarpeBaTe/sibHOe YCTPOMCTBO; 9 — Mac/OCITyCKHOe
YCTPOUCTBO.

Macsio B 6ak BbIK/IIOUATe/s1 3a/IMBAeTCsl He MOMHOCTBIO, MO/, KPBILLIKOW OCTaeTCst
BO3/IyIlIHasl MOAYIIKa. JTO He0OX0AMMO, UTOObI YMEHBIIUTb CUIY yjJapa B KPBIIIKY
BBIK/IIOUaTesIsi, 00yC/IOB/IEHHOTO BBICOKMM JlaBjieHHeM, BO3HMKAlOIeM B Mpoliecce
ramieHust ayru. Eciv ypoBeHb Macia OyJeT HelONMyCTUMO HU30K, TO ra3bl TOTMAAyT
10/, KPBILIKY CUIBHO HarpeTblMH, YTO MOJKeT BbI3BaTh B3pbIB CMeCU BOJOpPOJa C
BO3/YXOM.

OcHOBHBIE TIperMyI[ecTBa OaKOBBIX BBIK/IFOUATesel: MPOCTOTa KOHCTPYKIIUH,
BbICOKasi OTK/IOYaroliasi CrocoOHOCTb, TMPUTOJHOCTb /s Hapy)XHOM yCTaHOBKH,

BO3MOXHOCTB YCTadHOBKH BCTPOEHHBIX TpaHCd)OpMaTOpOB TOKd.



HemoctaTkyu  0akoBBIX — BBIK/IIOUATesiel: B3PbIBO- U T10’KapOOTIAaCHOCTH;
Heo0X0UMOCTb TIepUOANUeCKOT0 KOHTPOJISl 32 COCTOSIHEM M YPOBHeM Macia B Oake
Y BBO/Iax; 0010l 00beM Macsia, UTo 00yC/IOBIMBaeT OOJBLIYIO 3aTpaTy BpeMeHHU Ha
ero 3aMeHy; HeoOXOAWMOCTh OOJBIIMX 3aracoB Macja; HeNpUTroAHOCTh  AJis
yCTaHOBKHU BHYTpPU TIOMeITleHUH; HEeTIPUTOZIHOCTh IIsT BBITIOJTHEHUSI
obicTpogeiicTBytomiero AIIB; Oosblilasg  3aTpata MeTania; Oofbliasi  Macca;
Hey/1006CTBO MepeBO3KMU, MOHTa)Ka M Ha/laZKu.

1 VI3yuuTth TeopeTUUeCKUi MaTepuall o JJaHHOH’ Teme.

2 O3HAaKOMUTBCS C TEXHUYECKUMHU XapaKTePUCTUKaMHU U U3YUUTh KOHCTPYKI[UH
0aKOBBIX BLIK/TFOUATEIEM.

3 TIlpousBect OCMOTp 0aKOBOTO BBIK/IIOUATEsisl, TPEACTaBIEHHOTO B
naboparopuu.

4 O3HaKOMHUTBCS C TIPUMEHeHHEeM, AOCTOMHCTBAMU W HeJO0CTaTKaMH 0aKoBOTO
BBIK/IFOUATe/Isl.

5 W3yuuThb TIpUHLMI JeHCTBUSI 0aKOBOrO BBIK/IIOUATEs] U TallleHue
57IeKTPUYECKOU JIyTH.

6 CocTaBuTh OTUeT O JlabopaTopHOii pabore.

KoHTpO/ILHEBIE BONIPOCHI

1 Tlepeunc/IUTEL MPEUMYII[eCTBA M HeJJOCTaTKA DAKOBBIX BBIK/THOUATETEH.

2 Yem OriacHO CHU)KeHMe UM TIOBBILIeHWe YPOBHS Mac/ia B BbIK/ItOUaresie?

Ilens paGorer: 3akpervieHHWe TeOpeTUYeCKUX 3HaHUK 10 TeMe «JDJIeKTpUUecKue
ariraparsl HarpsbkeHreM Bblie 1000 Bx».

MasioMacisiible  BBIK/IOUATeIM TIPUMEHSIOTCS B 3aKPBITbIX W OTKPBITBIX
pacripefieuTe/IbHbIX yCTPOWCTBax HamnpsbkeHneM 6 — 110 kB. macio B 3Tmx
BBIK/IFOUATe/ISIX B OCHOBHOM CJIYXKWT Jyroracsijed CpefjoM U TOJBKO YaCTUYHO
M30JISALMeN MeXXy Pa30MKHYTBIMA KOHTaKTamMu. V30111 TOKOBEYIUX YacTeu ApyT
OT pyTa ¥ OT 3a3eMJIEHHbIX KOHCTPYKLMK OCYyIeCcTBaseTcs pappopom Wau JpyrumMu
TBePABIMA  W30/MPYIOLIMMU  MaTepuasiaMd. KOHTakTbl  BbIK/IIOUATesierd s

BHYTpeHHell yCTaHOBKM HaxXoAsTcs B cTaabHOM Oauke (ropiike). Illupokoe



rpUMeHeHre UMerT BbIkIouatend 6 — 10 kB nmogeecHoro tuma (BMII). B stux
BBIK/IFOUATe/ISIX KOPIYC Kpenutcs Ha ¢apdopoBbIX M30/SITOpax K 00iell pame st
BCeX Tpex MOJIFCOB. B Kakom mo/iroce MpeAyCMOTPEeH OAWH pa3pbiB KOHTAKTOB U
JlyroracuresibHasi Kamepa.

[Tonmtoc BeIkItOuUatenerr BMII (Macissbiid, nogsecHow) U BMIT (macisiHbIy,
TOPLIKOBBIM) COCTOWUT M3 MPOYHOrO BJIATOCTOMKOTO W30/SIUOHHOTO LIWIMHApPA 5
(CTEK/IO3MOKCHUHBIM TJIAaCTUK), TOPLbI KOTOPOr0 apMHUPYIOTCS MeTa/uyInuyeCKUMHU
dnanuamu. Ha BepxHeM (hiaHlle W30JIALMOHHOTO LWIWHJpa yKpeIvieH KOpIyC U3
aTFOMMHUEBOr0  CIUIaBa, BHYTPA  KOTOPOTO  PAaCHOJIOXKEHBbI:  MPUBOJHOU
BBITIPSMJISIIOIMA ~ MeXaHW3M, TMOJBWXHBIM KOHTAaKTHBIM CTepkKeHb, POJIMKOBOE
TOKOChEMHOE YCTPOMCTBO W Macja00TAenuTenb. HkHUM (draHel; U3 CAIyMHHA
3aKpbIBA€TCS KPBILLIKOM, BHYTPM KOTOPOM BMOHTHUPOBAH PpO3€TOYHBbIM KOHTAKT, a
CHapY>K{ TIpO0OKa /IS CITyCKa Macjia. BHYTpHM LWIMH/IPa Hajl pO3eTOYHBIM KOHTAKTOM
MMeeTCs TacuTe/lbHasi Kamepa, coOpaHHast U3 M30JIALMOHHBIX TUIACTUH C (PUTypHBIMH
oTBepcTUsiMU. HabopoMm MiacTUH CO3[ar0TCsl TPY TIOMepeuHbIX KaHajla U Mac/sHbie
KapMmaHbl. BO BK/JIOUEHHOM TI0OJIO)KEHUU KOHTAKTHBIM CTEp)XeHb HaXOAUTCA B
pPO3eTOYHOM KOHTaKTe. [IpM OTK/IFOUEHWH TIPUBOJ OCBOOOJKZAeT OTKJ/IHOUAIOII[YIO
MPY>KUHY, HaxOASIIYIHOCS B paMe BbIK/IIOUaTessi, U TOJ JeHCTBUEM ee CHJIbl Bal
BBIK/IFOUaTe/s1 6 TOBOpauMBaeTcs, ABWKEHUe MepefaeTcss U30/ISLUOHHOM Tsre 4 a OT
Hee MPUBOAHOMY MexaHu3My 10 U KOHTaKTHOMY CTEDP>KHIO, KOTOPbIW IBUYKETCS BBEPX.
[1py pa3mbIKaHUU KOHTAKTOB BO3HUKAET Ayra, UCMapstolasl U pas3/aratoijas Mmaciao. B
repBble  MOMEHTbI KOHTAKTHBIM CTEPXKEHb 3aKpbIBAeT TIOMEpeYHble  KaHaJbl
JlyroracuMre/ibHOMKaMephbl, T[03TOMY [JaBjieHHWe pe3KO BO3pacTaeT, 4acTb Macia
3arioyiHsAeT OydepHbIi 00beM, CKUMasi B HeM BO3AyX. Kak TO/NBKO CTep)KeHb
OTKpbIBaeT TEepBbIM TOMEPEeYHbIM KaHajl, CO3[AeTCsl TONepeyHoe [AyTbe ra3amu M
rnapamu Macja. [Ipu mepexozie ToKa uepe3 HOJIb JaBJ€HHE B ra30MapoBOM My3bIpe
CHIDKAeTCS M COXKaTblii BO3AyX OydepHOro obbnema, AeHCTBYs T0J0OHO ITOPIIIHIO,

Har"HeTaeT Macjo B 00/1aCThb AyTA.



Brikmrouaresns cepun BMII
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PricyHOK 2 — pa3pe3 noJitoca Beik/touaresiss BMII-10.

1 — HWKHUM BBIBOJ, M KPBIIIIKa BBIK/IOUATe/Is; 2 — HeNOABWXHBIA KOHTAKT; 3 —
BO3/yllIHas MOAYIIKAa; 4 — racuTebHas Kamepa; 5 — U30/SALMOHHbIA LMIUHADP; 6 —
BEDXHUM BBIBOJ; 7 — POJIMKOBBIM TOKOCHEMHBIM KOHTAKT; 8 — MacjoOoThenstoLee
YCTPOMCTBO; 9 — Kpbillika; 10 — TpHUBOAHOM BBIMPSAMJISIOIIUM MexaHu3M; 11 —

HarpaBJ/IsItOLLMK CTep)KeHb; 12 — MOABW)XHBIA KOHTAKT; 13 — Mac/oykasare/b.



[Tpu oTK/IFOUeHUH OOJBIIINX TOKOB 00pa3yeTcsi SHEPrUYHOe ToTiepeyHoe JyThe U
Jlyra racHeT B HW)KHeM 4acTu KaMmephbl. [Ipy OTK/IHOUEHHUH MasibIX TOKOB /lyra TSHETCS
3a CTEepP)KHEM U B BePXHEM UaCTU KaMepbl UCTapsieTCs Macio B KapMaHax. Co3zaBast
BCTPEUHO-PaiaIbHOE AYThe, a 3aTeM TIPU BbIXO/le CTEP)KHS U3 KaMepbl — IPOJ0JIbHOe
nyThe. Bpemsi raiieHusi Ayrd TpU OTK/IOUEHWH OOMBIIMX W MajbiX TOKOB He
npeocxoaut 0, 015 — 0,025 c.

[nsi MOBBIIIEHWS CTOMKOCTA KOHTAKTOB K [EMCTBUIO 3JIEKTPUUECKOW [YyTH
HAaKOHEYHUK TIOJBW)KHOTO KOHTAaKTa Y BepXHUEe TOpLbI Jiamesel HemoABUXHOTO
KOHTaKTa 00/TUII0BaHbI JYTOCTOMKOW MeTaslyIOKePaMUKOM.

[Tocne railieHWs1 AYTH Tapbl U rasbl MOMa/lal0 B BEPXHIOK 4YacTb KOpITyca, T7e
rapbl Macjia KOHJJEHCUPYIOTCS, a Ta3 BBIXOJUT HapY)Ky uepe3 OTBEPCTHE B KpBIIIKe.
Korga kamepa 3amofHUTCA Mac/iOM, BBIK/IKOYAaTeb TOTOB [Jisl  BBITOJHEHUS
CJIe[yFOLIETO LMK/ OnepaLid.

KoHTponb 3a ypoBHeM Macja B LWIMH/PE NPOWU3BOAUTCS IO MacC/a0yKa3aTesto.
[Onst cmsiryeHusl yjapa NpPU BK/IIOUEHWM BBIK/IKOUYAaTe/Isl B paMe HWMEeTCs MacC/IsHbIN
oydep 5.

Brikmrouartesns cepuu MI'T

[Tpy OGoJBIIIUX HOMHHANBHBIX TOKaX OOOWTUCH O/HOM TMapodl KOHTAaKTOB
(KoTOpble BBITIONHSIOT POAL pPAbOUMX UM AYroraCUTe/NbHBIX) TPYAHO, TI03TOMY
rpelyCMaTpUBaroT pabourie KOHTaKThl CHAPY>KU BBIK/TFOUATe/Is], a JyroracuTe/IbHbIe —
BHYTpPU MeTa/ynueckoro 0auka (pucyHok 3). IIpy O0BIIMX OTK/IFOUaeMbIX TOKax Ha
KaKAbIA TOMIOC WMeEeTCs [Ba JyroracurefbHbixpa3pbiBa.llo Takon cxeme
BBITOJIHSIIOTCS BbIK/TI04YaTe M ceprui MI'T' Ha HarpsbkeHue

10 20 kB Bk/rOUnTETBHO.
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PucyHOK 3 — KOHCTPYKTHMBHas CxemMa MajioMac/assHoro Beikarouaresns MI'T'-10.

1 — MOABWKHBIM KOHTAKT; 2 — Jlyroracure/ibHasi Kamepa; 3 — HeMOJABWKHBIN

KOHTAaKT; 4 — pabourie KOHTaKThI.

PucyHok 4 — ob6ruii Buj BeIKIrouaTenss MI'T-10

MaccuBHble  BHelllHWe pabouue KOHTakThl 4 TIO3BOJSIFOT — pacCuMTaTh
BLIK/TFOUATe/ b Ha Oosbliiie HOMHHa/bHBIe TOKH (o 9500 A). [IyroracuTe/bHBIM
KOHTYp pasMellleH B HW30/SLMOHHOM LWIMHADE C MacjJOM K HMeeT TakKOoe »Ke
ycTpoiicTBo, Kak y BMII-10 Ha MeHbinve TOkKW. KoHTakThl pabouero KOHTypa
pacrioyio’keHbl CHapy>Xu. BHyTpeHHee yCTpOMCTBO TIO/NIOCAa [Jii BCEW Cepuu
BBIK/TIIOUaTesiel OMHAKOBO.

Ob6nacte  TpUMeHeHWsT  MaJIOMAC/ASHBIX  BBIK/TIOUaTesiell  —  3aKpbIThbie

pacrpeieiuTeIbHble YCTPOMCTBA 37I€KTPOCTAaHUMU U noAcTaHumu 6, 10, 20, 35 u 110



KB, KOMIlJIeKTHble pacripejie/dTe/ibHble ycTpoucTBa 6, 10 u 35 kB U OTKpBIThIE
pacripefienuTesnibHbIe ycTporicTBa 35 1 110 kB.

1 V3yunTh TeOpeTUUYeCKUM MaTepuas Mo JaHHOU TeMe.

2 O3HAaKOMUTBCS C TEXHUYECKUMHU XapaKTEPUCTUKAMU U U3YUWUTb KOHCTPYKLIUM
MaJIOMacC/IsSIHbIX BBIK/TFOUATe/Iei.

3 Tlpou3BecTM OCMOTD MajOMAacC/sIHbIX BBIK/IOUATe/Ield, MpPeACTaBIeHHbIX B
nabopatopuu (MI'T'; BMII).

4  O3HaKOMHUTbCSI C T[PUMEHeHHWeM, [OCTOMHCTBAMHW W  HeJOCTaTKamu
MaJIOMacC/ISIHbIX BBIK/TFOUATeJIeNn.

5 V3yuuTh MpPUHLUN AE€MCTBUS W TIPUHLIUN TallleHusl 37eKTpUUeCcKou AYTh B
MaJioMac/siHbIX BeIK/Itouarenerd MI'T u BMIT .

6 CocTaBuTh OTUeT 0 JlabopaTopHoii pabore.

KOHTpO/IbHBIE BOMPOCHI

1 ITepeuncuTh TIpeMMYyIECTBA U HEAOCTAaTKX MaJIOMacC/ISIHbIX BBIK/TFOUATEJIeN.

2 K ueMy MOXXeT MpUBeCTH 3arps3HeHre macsa?

3Kakve  KOHTaKThl  (AyroracurtesbHble  WIM  paboure)  TOKPBLIBAIOT
MeTaJIJIOKePaMHUKOM?

JIaboparopHoe 3aHsaTHE Ne16

Tema paborbl: V3yueHnWe KOHCTPYKI[MM ¥ TIapaMeTPOB  BO3YIIHBIX
BbIK/TIOUaTesnier. V3yueHne KOHCTPYKLMM U TTapaMeTpPOB 3JIera30BbIX BBIK/IFHOUATEJIEN.
M3yueHne KOHCTPYKLIWU, TApaMEeTPOB 3/IeKTPOMAarHUTHBIX BBIK/IFOUaTe e,

Ilesib paboOTHI: 3aKpervieHHe TeOPeTUUeCKUX 3HAHUH 10 TeMe «DIeKTpuuecKre
arimaparbl HaripspkeHueM Bbitlie 1000 B».

Bo3gyuHele BBIK/IHOUATEIM TpeJHAa3HaueHbl [Ji1 YCTAHOBKM B 3aKpbIThIX U
OTKDBITBIX PAaCTpe/e/IUTe/bHbIX YCTPOUCTBAX.

B BO3AYILUHBIX BBIK/FOUATE/ISIX TallleHrWe JyTy TMPOMCXOAUT CXKAaThIM BO3YXOM, a
M30JISALUST TOKOBEAYIUX YacTed U AyroracMTe/SbHOrO0 YCTPOMCTBA OCYILECTB/ISIETCS
dapdopoM um pyrumMu TBepAbIMUA U30JMPYIOIIMMU MaTepraiaMu.

KOHCTpyKTUBHBIE CXeMbl BO3/YIIHbIX BBIK/HOUaTee€H pa3/iInuHbl U 3aBUCST OT UX

HOMHKWHA/IbHOI'O HAaIIPs>KeHMHH], criocoba CO34aHuA U30/IALHMOHHOIO MPOMEXYTKA MEXOY



KOHTaKTaMH B OTK/IFOUEHHOM TIOJIO)KEeHWH, CIiocoba To/auM C’KaToro BO3/yXa B
JlyroracuTe/ibHOe yCTPOUCTRBO.

B BwIK/TOUaTenssXx Ha Oo/bIlie HOMUHATbHBIE TOKA WMeEeTCs TJIaBHBIM U
JlyroracuTe/IbHbIA KOHTYPHI.

Bo3aymnbid BbikIouarens BBI'-20 npenHa3HaueH /s YCTAHOBKU B 1[eMsIX
MOIIHBIX T€HepaToOpOB U paccunTaH Ha ToK A0 20000 A (pucyHok 1).

['1aBHBIM TOKOBEAYLIMKW KOHTYD COCTOMT W3 KOHTaKTHbIX BBIBOJOB 4 U
pa3benuHUTENsT 5. [lyroracuresibHbld KOHTYP COCTOMT U3 [BYX Kamep 3 u 8,
pe3uctopoB 2, otgenutens 9. IlociemoBatesibHO C pe3nCTOPOM 2 BTOPOW KaMephl
BKJIFOUEHa BCIIOMOrarejbHasg Kamepa 6 €O CBOMUM pe3WCTOPOM 7 Y MCKPOBBIM
MPOMEXYTKOM. BO BK/IFOUEHHOM TII0JIOKeHUHM OCHOBHAsl 4aCTb TOKA IIPOXOJAUT I10
[JIaBHOMY KOHTYPY.

OTK/rOUeHre TPOUCXOJUT B CJIEAYIOLEeM TIOpsifKe: pa3MbIKalOTC KOHTAKThI
pasbelHUTENIsT 5 W BeCb TOK [epeXOAUT B [AyrOoracUTeNbHBbIM KOHTYp, T[e
pa3sMBbIKAIOTCS JyroracuresibHble KOHTakKTbl B Kamepax 3 U 8. K 3ToMy MOMeHTy B
KaMmephl TOJaeTcs CKaTbld BO3AyX (naBieHwe 2 MIla), co3garoiiuii MpozoJibHOe
IyTbe, B pe3ysbTare uvero ayra racHeT uyepe3 0,01 c. Tok, mpoxopdaiuuy uepes
pe3ucTopbl 2, pa3pbiBaeTCs KOHTAKTaMU BCIOMoOrare/ibHOW Kamepbl 6. IIpu 3TOM
BO3MOXKHBI [JBa Cyiyuas. Eciu BbIK/IIOUaTenb OTKIOYaeT Oonbiioi Tok K3, a
peakTHMBHOe COIPOTHUBJIEHUE LM 3HAUWTE/JIbHO MeHbIlle aKTUBHOI'O COINPOTUBJIEHUS
LIYHTUPYIOIIUX PE3UCTOPOB 2, TO CKOPOCTb BOCCTaHAB/IMBAIOLLETOCS HArpsyKeHUs
Majia M TIpOLeCcC OTK/IIOYeHUs] 3aKaHUMBAeTCs TralleHWeM [JyI'M Ha KOHTaKTax
BCIIOMOTraTe/IbHOW Kamephl.

Ecimv  BbIKIIOUATeTh OTK/IIOUAeT TOK B I[eMM C OOMBIIUM WHAYKTUBHBIM
COTIPOTHB/IEHWEM, KOTOpOe COM3MEPUMO WM 00Jibllle aKTUBHOTO COTIPOTHBIIEHUS
Pe3UCTOPOB, TO CKOPOCTb BOCCTAHAB/IMBAIOLErOCs HaMpsyKeHWsT Ha KOHTAKTax
BCIIOMOTaTe/IbHOW KaMephl Be/iMKa. B 3Tom ciyuae roc/ie rameHusi yrd Ha KOHTaKTax
Kamepbl 6 TmpoOHBaeTCsi HWCKPOBOW TIPOMEXYTOK U Tapaijie/ibHO KOHTAaKTaM
BKJ/IFOYAeTCs LIyHTUpYIOLMK pe3ucTtop 7. IIpu mocnepyroiieM repexoje TOKa uyepe3

HOJIb AyTI'd Ha KICKPOBOM IIPOMEXYTKE IrdaCUTCsA ITIOTOKOM BO34yXad.



[TocnegHUM OTK/IFOYAETCS HOXK OTHe/UTess, CO3/aBasi OKOHYATe/JbHBbIM Pa3pbIB
uenu. [Tocsie OTK/IIOUEHUST OTAENIUTeIS IPeKpalaeTcs rnojavya Bo3yxa B Kamepsl 3 1 8
Y TIOABV)KHBIE KOHTAKThI TOJ, JeUCTBHEM TMPY>XUH BO3BPAILIAIOTCS BO BK/IKOUEHHOE
rnojioxkeHuve. IlomHoe Bpems OTKIO4YeHUs 3Toro Beikmrouartens 0,17 c. Ilpu

BK/TFOUEHHH CHA4YdJ/Id 3dMBIKAe€TCA HOXX OTAe/IUTe/Id 9, a 3aTeM HOX pa3beJUHUTEIIA 5.
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Pucynok 1. BosgymmHbiii Bbikmtouatesnis BBI'-20, a — obumii Buf; 6 — cxema
3/IeKTprYecKasi PyHKLIMOHa/IbHaSL.

1 — M3019TOpP OMOPHBIM; 2 — pe3ucTop; 3 — Ayroracure/ibHas KaMepa OCHOBHasi
repBasi; 4 — BBIBOABI KOHTAKTHble; 5 — HOXM pasbeJuHUTeNs; 6 — Kamepa
BCIIOMOraTeJsibHasi; 7 — pe3ucTop; 8 — ayroracuresbHas KaMmepa OCHOBHasl BTopas; 9 —

oTae/nTe/Ib.



PaccMOTpeHHBIM BBIK/IHOUaTe/ b He TpeJHa3HaueH /[Jid aBTOMaTUUYeCKOro
MOBTOPHOTro BK/ItoueHus (ATIB).

JJ/iera3oBble BbIK/IIOYaTe/IH.

B snera3oBbIX BbIK/IIOUATESX JJ1s rallleHus: YTy UCT0J/Ib3YyeTCs 3/1eras.

Onera3 (mectudTopucTas cepa) Tpe/CTaB/sieT COO0M MHEePTHBIN ra3, IJIOTHOCTD,
KOTOPOTO MpeBbIllIaeT MIOTHOCTh BO3ZyXa B 5 pa3. DyieKTpruyeckasi IPOUHOCTh 3j1erasa
B 2-3 pasa BblIllie IPOYHOCTU BO3AyXa.

B anerase nipu atMocdepHOM [JaBJIeHUM MOJKET ObITh TIOTallleHa Jyra C TOKOM,
KoTopei B 100 pa3 mpeBbIlIaeT TOK, OTK/IFOYAEMbIM B BO3JyXe B TeX K€ YCJIOBUSIX.
WckntounTtenbHasi COCOOHOCThL 3jera3a racuTh [Jyry OOBSCHSeTCS TeM, UTO ero
MOJIEKYJ/Ibl Y/IaBJIUBAOT 3JIEKTPOHBI AYTOBOr0 CTOI0Aa UM 00pa3ylT OTHOCHUTE/ILHO
Hero/BWXHbIe OTpULIaTe/IbHble HOHBL. [1oTepsi 3/71eKTPOHOB JieaeT AyTryHeyCTOMUMBOU
¥ OHa JIeTKO racHeT. B cTpye sserasa, T. e. NpW ra3oBOM [yTbe, TOIJIOLLEHHE
3/IEKTPOHOB W3 ZIyTOBOTO CT0Ji0Aa MPOMCXOJUT ellje UHTeHCUBHee. Bricokasi yzenbHast
TeNJI0eMKOCTh (IMOYTHM B 4 pa3a Bbillle, YeM Y BO3/yXa) I03BOJISIET YMEHBIIUTh
Harpy3kKy TOKOBeIyIIIMX YacTell U yMeHbIIIUTh MacCy MeJii B BbIK/TFOUaTeJIe.

Orneras siB/sieTCSI UHEPTHBIM ra30M, He BCTYTAIOIIUM B PEaKLMI0 C KUCI0POAOM U
BOZIOPOJIOM, a TakK >ke cjabo pasnaraercsi Ayroil. Ilpy HOpMasbHOM 3KCIITyaTaluu
/iera3 He JIeliCTBYyeT Ha MaTepyaJibl arrapaToB U He «CTapeeT».

B npoaykTax pasfiokeHUs 3jierasa COZEpKaTcsi aKTUBHbIE BbICOKOTOKCUUHBIE
(bTOpUIBI U CEPHUCTBIE COeMHEHUS], KOTOpPhIe B Ta3000pa3HOM U TBEP/IOM COCTOSIHUN
Yype3BbIYaitHO OMACHBI JI/1s1 UesioBeKa.

CriocoOblI rarmeHus Jyru

Hyroracsimjast  crocoOHOCTh 37era3a HaubOosnee 3¢dexkTriBHa TpU  OOJIBILION
CKOPOCTH €r0 CTPYHU OTHOCUTEJILHO TOpSILieid JyTH.

[TpuMeHsIIOTCS CJieAyIole JyroracuTe/ibHble YCTPONCTBA C 3/1era3oM:

- C aBTOMaTUYeCKUM [yTheM, HEOOXOAWMBINA [/ MyThbs TIeperaj [JaBjieHUs
CO3/aeTcs 3a CUeT SHePruu NMpuBo/a;

- C oxyaxaeHveM [Jyrd 3jera3oM TIpU  ee [BWKEHWH, BbI3BAHHOM

B33HMO,Z[€I\/JICTBI/IEM TOKd C MAI'HUTHBIM I10JIEM.



B coctaB Beikmtouatenss  BI'B-35 (pucyHok 3) BXOAST TIpUMBOJA,  IIECTb
BBICOKOBOJIbTHBIX BBOJIOB CO BCTPOEHHBIMH TpaHC(popMaTOpaMM TOKa U OJIUH
ra3oMyIOTHBIM  a/FOMWHHMEBBIA CBapHOM 0ak, BHYTPH KOTOPOTO pa3MeIlleHbl
JlyroracuTte/ibHble YCTPOMCTBa 3-X ¢as3.

[yroracuTtenbHble YCTPOWCTBA, COJEp)Kalllie HEeMNOJABWXHBIM U TOJBWKHbBIN
KOHTaKThI, a TaKXXe KaTyLIKXU MarHATHOTO AYThs, UCTIONB3YIOT [/Is TallleHUsl Criocob
BpallleHWs] 5JIKTPUYEeCKOM JYyrd B MarHUTHOM T[I0Jie  CO3/aBaeMOM TOKOM,
MpOTEeKaroI|eM yepe3 KaTyliKd. [1oABWKHbIE KOHTAKThI, PacCIio/ioXKeHHbIe TI0/, YIIOM
120°, ’KeCcTKO 3aKkperyieHbl Ha KOHIAX TPeX/yuyeBOM M30/ALMOHHON TpaBepChl,
YCTaHOBJIEHHON HeNoCpe/ICTBEHHO Ha 1|eHTpaJbHOM TIOBOPOTHOM Baly 0aka
BbIK/ItOUaTensi. [IpoctoTa myroracuMTenbHBIX YCTPOWCTB, UMEIOLIUX MHUHUMAaIbHO
BO3MOXXHOE KOJIMUECTBO TOJBW)KHBIX 3JIEMEHTOB, SIB/ISIETCS OCHOBOW MX HaJeXHOU
paboThL.

[TogorpeBaTesibHOe YCTPOWCTBO, Pa3MelljeHHOe ToZ, JHHIleM baka, obecrieunBaeT
BO3MOXXHOCTh pabOThI BBIK/FOUATeJIs, 3all0JTHEHHOTO YMCTBIM 3jiera3oM, B YCIOBHUSX

HM3KKX Temriepatyp (mo munyc 60°C).

PucyHok 3. a — snera3oBsii Beik/touaresis BI'b-35, 1 — BBOz;
2 — tpaHcdhopmaTop Toka; 3 — 0ak; 4 — daHel]; 5 — KneMMHasi KOpoOka; 6 —

YCTPOMCTBO MOJ0rpeBareibHOe; 7 — Ka@ C MpUBOJOM; 8 — CUTHA/IM3aTOp TJIOTHOCTH;



9 — K/amaH aBTOHOMHOM repMmertm3aiiui; 10 — kpeimka; 11 — mexanusm; 12 — 6oaT
3a3emeHust; 6 — obuii BUj, BeiKarouaTesnss BI'B-35

Brikrouarenu cepuu BI'T oTHOCATCS K 3/IeKTPUUECKMM KOMMYTAl[MOHHBIM
arirmapaTaM BBICOKOT'O HarpsbKeHHsl, B KOTOPBIX Tacsllled M W30JUPYIoLeld Cpeaou
SIBJISIETCS dJ1eras.

Beikyrouarenu BI'T-110 cocTosT M3 Tpex MOMHOCOB (KOJIOHH), YCTaHOBJIEHHBIX
Ha oOIleii pamMe M MexXaHWUeCKU CBSI3aHHBIX JpPYyr C JApyroM. Bce Tpu mostoca
BBIK/TFOUATe ISl YIIPaBJISIFOTCS OHUM MPY>XUHHBIM npuBooM tumna ITIpK.

B BeikmtouaTene BI'T-220 KaKJplii MOOC UMEET paMy U yIpaB/sieTCd CBOUM
nipuBojioM. [Tosiroc BI'T-220 cocTouT U3 BYX KOJIOHH, AyroracuTebHbIe YCTPOMCTBA
KOTOPBIX YCTAHOBJIEHbl Ha OIIOPHBIX U30/IITOPaxX W COeJUHEeHbI ITI0C/1e[0BaTe/IbHO
IByMs  WMHaMHW. [lns  paBHOMEDHOrO  pacripefie/ieHusl  HamnpsbkKeHus 110
JlyroracuTe/ibHbIM yCTPOWCTBaM Tapajuyie/ibHO K HUM TIOAK/IOUEHbl IITYHTUPYIOIIUe
KOH/IEHCATOPHI.

[MpuHLMn paboThkl BLIK/IHOUATe/eli OCHOBAH Ha TallleHUW 371eKTPUUeCKOW Ayru
TIOTOKOM 3JIera3a, KOTOPbIM CO3/jaeTcst 3a CueT mepera/ia AaBjieHusi, 00ecrieurBaeMoro
aBTOreHepalen, T.e. 3a CYeT TeIJIOBOM SHEPruv camMou [Ayru. BxioueHue
BBIK/IFOUATe el OCYIIeCTB/ISIETCS 3a CYET SHEPIUM BKJIIOUAIOLMX MPY)KUH NPUBOJA, a

OTK/IIOUEHHE — 3a CUET SHEPIUM IIPY>KHMHbI OTK/IFOUAIOILEero YCTpOﬁCTBa BBIK/TFOUATeJId.

PucyHok 4. Dnera3oBsli Beik/Itouatenb BI'T-110,



O/IeKTPOMAarHUTHBIN BBIK/IKOUATe/Th
Ha pucyHke 5 nokasaH Beik/itouarenb B3-10-40, ycTaHOBIEHHBIA Ha TeIeXKe U
npefHa3HaueHHbI g sueriku  KPY. Beikmouarensr uMeeT paboune H

AyroraCuTejibHble KOHTAKTEI, PACIIO/I0KE€HHbIe Ha OTKPBITOM BO34yXe.
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Pucynok 5. Beikmtouatens B210-10-40, a — oOmuii BUA;6 — gyroracuTesibHast
Kamepa.

Ha cBapHOM OoCcHOBaHMU 1, yCTaHOB/IEHHOM Ha KaTKax, KpPersaTcs npusoj 13, Tpu
MOJIr0Ca 5, COCTOSIIMX U3 [BYX HM30/SILMOHHBIX CTOEK, Ha KOTOPBIX KPEersTCd [Ba
MPOXOJHBIX STIOKCHUAHBIX K30/ATOpa 6 C pPO3eTOYHbIMM KOHTakTamMu. Ha BepxHem
H30JISITOPEé CMOHTUPOBaHbl HEMOJABW)KHbIE KOHTAKTbI 7, Ha HWKHEM — IOJBM)KHbIE
KOHTaKTbl 4, CBsi3aHHble H30JIALUOHHOU TsArod 10 c BajoMm BbIK/IOYaTenss 12.
[Tocnenuuii coegvHeH C TipuBoAoM 13 ¢ mnomoup0 peiyaroB 11 wu  Tor.
HyroracutesibHble KaMepbl 8 KpPemnsATCsi Ha HeNOJABWKHOM KOHTAKTe B CIleLiUabHbIX
croiikax. Kakplii 110/IF0C W30/IMpOBaH KOXKyXoM. [lepesiHsss yacTh KOyKyXa OOIIMTa
MeTa/UIMYeCKUM JIMCTOM, HaJe)KHO 3a3eM/IEHHbIM BMeCTe C paMOW BbIJIBUXKHOIO
snemenTa KPY. llerny BTOPMYHOM KOMMYTALUU 3aK/IFOYEHbI B MeTa//IMUeCKUH IJIaHT

N 3dKdHUMBAIKOTCS IITEICE/IbHBIM Pd35E€MOM 9.



[Tpu OTK/IFOUEHWM CHauaja pa3MbIKAlOTCs pabouue, a 3aTeM AyroracurebHbIe
KOHTaKThl. Bo3HUKIIIasi Ayra AelcTBUEM 3/7€KTPOJAUHAMHUUECKUX CHU TOKOBEAYIero
KOHTYpa U BO3/JYLIHBIX [TOTOKOB BbIlyBaeTCs BBepPX B AyrOraCUTe/IbHYI0 KaMepy, Tpu
3TOM B Iiefb MeXAy MeJHbIM poroM 3 W KOHTAaKTOM BK/IIOUaeTcsi OOMOTKa
snekTpomaruura 2. Co3jaHHOe T[OINepeyHoe MarHuUTHOe II0jie Iepemelaer Iyry
MEXy JIeBbIM 3 U MpaBbIM 5 MeAHbLIMH poramu. BkioueHHass BTOpas oOMOTKa 6
yCUIMBaeT MarHWTHOEe TI0Jie, Ayra BTATMBAETCS BHYTPb TaCUTEJbHOU KaMmephl C
KepaMUUeCKUMH TIaCTUHaMU 4, pacTIruBaeTcs, MorazaeT B y3KyrO Lie/lb U racHeT
TpY OYepeHOM Tepexo/ie TOKa yepe3 Hojib. [Ipy oTkmroueHnr mManbix TOKOB (1o 1000
A) HarpshHkKeHHOCTb MarHUTHOTO TI07IsT HeBeJWKa U He MOKeT obecrieunTb ObICTpoe
BTATMBaHUE AYTU B KaMmepy. ["allieHre AyTy B 3TOM C/lydae 00ecrieuuBaeTCs Ay TheBLIM
yCcTpoiicTBoM 2 ¢ TpyOoi moasyBa 3, yepe3 KOTOPYHO TOJlaeTcsl TIOTOK BO3Zyxa Ha
AYTY.

JocTOMHCTBA  5/IBKTDOMAarHUTHBIX — BBIK/IFOUATe/ield: TMOJIHasg  B3PbIBO- U
10’Kapo0e30macHOCTh, MaJjiblii U3HOC [IyTOTacUTe/bHbIX KOHTAKTOB, TIPUTOAHOCTD [IJIs
paboThl B YCIOBUAX YaCTbIX BK/IIOUEHUM W OTK/IFOUEHWM, OTHOCHUTE/bHO BBICOKas
OTKJ/TIOUAroII[asi ClIOCOOHOCTb.

HepocTaTku: C/1I0)KHOCTb KOHCTPYKLIMM [IyTOraCHMTe/IbHOM Kamepbl C CUCTEMOM
MarHUTHOTO JyThsl, OTPaHUUYEHHbIM BePXHUM MpeJes HOMAHA/IBHOTO HanpsokeHust (15
— 20 kB), orpaHrueHHasi BO3MOXHOCTb [I/Is HADY>KHOM YCTaHOBKH.

JIaGopaTopHoe 3aHsATHE Ne17

Tema pa0Gorbl: V3yueHWe KOHCTPYKIMM W  TlAapaMeTPOB  TIPUBOJIOB
BBIK/THOUaTe/NIer U pa3beJUHUTENEeN.

Ilesb padoThI: V3yunuT KOHCTPYKIMIO U ITapaMeTPhl IIPHUBOZIOB BBIK/TIOUaTe/el 1

pa3belHUTEIeN.



7151 yripaB/ieHUs KOMMYTal[MOHHBIMU arifiapaTaMy TTPUMEHSTIOTCS IPHUBO/bI, KOTOPbIe
C/Iy>KaT [1/1s1 BK/IFOUeHUs], yiepyKaHusl BO BKIFOUEHHOM T0JI0)KeHUHY Y OTK/THOUeHUsT
anrapar (BbIK/ItOUaTesst Uin pa3beguHutess). [1o criocoOy yripaBsieHus arirapaTtamu
TPUBO/IbI IEJIATCS HAa PYUYHbIe Y AUCTaHLMOHHBIE. [IepBbie yripaB/IstOTCS TOMBKO
BPYYHYIO, a BTOpbI€e TIO3BOJISIFOT 00eCreunTh JUCTAHLIMOHHOe Y aBTOMaTUUeCcKoe
yrpaBJieHHe arrapaTamu.

PyuHble MpUBO/ABI pa3beIMHUTE/IeH TIPUMEHSIIOTCS JOCTaTOYHO KMPoKo. Ha puc.
MOKa3aHbl MPUBO/IbI Pa3beJMHUTEIe BHYTPEHHEN U HAPY>KHOW yCTaHOBKHU [1P-2
(npuBoA, peryaXkHbIN BTOpOM cepru) 1 [TPH-110 (mpuBoA, pbluaXkHbIM Hapy>KHOM
ycTaHOBKU cepuu 110).

[TpuBog ITP-2 (cM. puc. 1) cOCTOUT U3 MOJIIMITHAKOB TlepeZiHero 6 1 3a/iHero 3 C
ceKTOpoM 2. OTBepCTUs B CEKTOpe 2 CIyxKaT /11 peryJUpOBKHU yrJjia 0BOpOTa
pbluaroB nprBoja 1 v pa3beuHUTEIs, C KOTOPbIM pbiuar 1 cBsi3aH Tsrou. [lepenuuii u
3aTHUAN TTOAIINAITHUKY PACIIoaralTcs 1o 00e CTOPOHBI repeHell TTaHer SUeKn
pacrpeie/IMTeIbHOrO YCTPOKCTBA U CTATCMBAKOTCA LINMWIbKamMH 8. PykosiTka
ynpasJieHus 4, CB3aHHas C CEKTOPOM 2 LIaTyHOM 9, BpalllaeTcs Ha OCH7.

duKcaTop 5 pyKOSATKA 4 BO BK/IFOUEHHOM M OTK/IFOUEHHOM I0JI0)KEHUY TIPe/ICTaB/ISIOT
coboii 3al1jesiKy, KOTOPYIO MPU MepeK/TI0UeHUsIXOTBOJSAT B CTOPOHY, MOCIIe
repek/IF0UeHus OHa TMoJ JieMCTBUeM TPY)KMHbBI 3aCKaKMBaeT B OTBEPCTUe Ha OalliMake
PYKOSITKM.

Puc. 1. [IpuBop pa3veaunutesns tura [1P-2

[TpuBog ITPH-110 (cm. puc. 2) mpegHa3HaueH [J/1s1 yIipaB/ieHrs pa3beJuHUTeIIMA
Hapy>XHOU yCcTaHOBKHU Ha 35 u 110 kB, He uMerIMMH 3a3eMIAIOLUX HOXKel. OH
COCTOUT U3 OCHOBAaHHUA 7 C TOJIKOM 6, K KOTOPOW MPHUKPeTyIeHa ToJIKa 5, Cy>Kalas
TIOIIITATTHAKOM [I71s1 Basia 4, )KeCTKO COeMHEeHHOTr0 C pbryarom 2. CBoOOAHBIN KOHEI]
Basia 4 CBsi3aH C pa3beuHUTe/IeM TpyouaToil Tsroi. Och Basia TIPUBO/iA COBIAZIAeT C
OCBhIO Beflylllel KOJIOHKU pa3beuHuTeis. [Ipy>kuHHad 3aijenka 1 v yaiieuku 3
o0ecrieurBaOT YeTKYH0 (hMKCAI[HI0 TIPUBO/A BO BK/IFOUEHHOM U OTK/TFOU€HHOM
MO/IOKeHUsIX. B IUIMHIpHYecKoM Kopityce 8 pacriosioxkeHbl 0/10K-KOHTAKThI, KOTOPbIe
MepeK/II0YaroTCsl OJHOBPEMEHHO C pa3beJUHUTEIEM TTPU [TOBOPOTE pbluara 2.



[TpuBop ITY-50 (riprBOA pyYHOM UepBSIUHBIM) TIPUMEHSIETCS JJ/1s1 yIIpaB/IeHuUs
pasweauHuTeRsIMU PY-3,3 KB Ha Toku 2000 A u 6osee turmoB PBK3-10, PBP3-10. On
MeeT UepBSYHbIN PerpoyKTOop, CHIKAIOIIUK yCuirie, HeoOX0oANMOe /1Jisi BK/TIOUeHUsT
Y OTKJIFOUEeHUS Pa3beJUHUTEJIEN.

Inst pa3beguHUTE N C 3a3eMJISIFOLLMMU HOYKaMU IPUMEHSIFOTCS TIPUBO/IbI HAPY>KHOU
ycraHoBKU TUIoB [TPH-220 v [TPH-220M, a Takxe npusoabl Tura [1P-90-Y1,
KOTOPBIe TIPULLIM Ha CMeHYy TipuBo/am tura [1PH.

[IpyBOABI AUCTAHLIMOHHOT'O YIIPAB/IEHUS PAa3beJUHUTEISIMU MMO3BOJISIOT 3HAUMUTE/IbHO
YIPOCTUTBb U YCKOPUTH TPOLIeCC TiepeK/toueHusi, MOBLICUTh 0€30MacHOCTh TiepCcoHara.
Ha puc. rokazaH AucTaHIMOHHBIN nipuBo/, 15 tumna I[TIH-1Y 1, KoTophlii TpyOUuaThiM
BasioM 14 cBsi3aH C BeJyllel KOJIOHKOM 9 pa3beuHuTe Is. B MpUBO/Ee MCM0/Ib30BaH
Tpex(a3HbIii aCUHXPOHHBIW JBUTaTe/lb C pEBEPCMBHBIM MarHUTHBIM ITyCKaTeieM
[IME-214.
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Puc. 2. ITpuBoy, pasvegunuresis tvra [IPH-110



Cxema ymnipaB/ieHus pa3beguHuTesieM QS € 3a3eM/ISIOLLIMMUA HOXKaMU C TTIOMOILLbEO
aucraHuuoHHoro npusogam tuna [1/JH-1Y1 npexncrasiiena Ha puc. 3.
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Puc. 3.CxemMa AUCTaHLIMOHHOIO YIpaB/eHUs pa3beAuHuTeseM C ripusogom IT1H-1

B pacripefie/iuTe/IbHBIX YCTPOMCTBAX TATOBOTO /I€KTPOCHAOKEHUS IITMPOKO
WCII0/Ib3YIOTCSA [J/1s1 AMCTAaHLIMOHHOIO U TeJleyIipaB/ieHUs1 OJHOII0/IF0CHBIMU
pasbeuHUTenIMU NpruBo/bl Tha Y MII (yHuBepcanbHbId MOTOPHBIN MPUBOJ) CEpUA
IT u III u YMII3 pns pazbeuHuTe el C 3a3eMJISTIOIMMU HOKaMU. Bo Bcex mpuBoziax
rcronb3yeTcs oHoda3HbIi ABuratens ¥YJ1-0,62 (220 B, 270 Bt, 8000 06/muH).
Bpewms nepeksiroueHus1 pa3beJMHUTEIA OT 10, auM KOMaH/Ibl 10 OKOHUaHUs Orleparjun
cocrasJigeT 2,5 c.Cxema yripaBieHus nnpusogom Y MII-I1; nipencraBieHHast Ha puc. 4,
obecrieuriBaeT peBepCHUBHOe yIIpaBJieHre ABUraTesieM M C IMOMOILI[bIO TIepeK/TrouaTess,
r“MeroLLero ase napbl KOHTAakTOB SAB1 1 SAB2. I1pu Ha)kaTHUX KHOIIKU BK/TFOUEHUS
SBC ToK 1nipoTekaerT I10 Lienu 5-2, B KOTOPOW HaXOJSATCS 71eKTpo/iBUraTe/ib M u ero
obmoTKa Bo306yxaeHusi IM. [To 0OMOTKe TOK MpOTeKaeT CIipaBa Ha/sieBo. [IBurarerib,
BpalljasiCh, BK/IIOYaeT pasbeuHuTe/b. B KOHLje IpoLjecca BKIOUeHUs CrieljyaabHas
11aiiba Ha BBIXOJJHOM BaJly MPUBO/A CBOMM BLICTYTIOM TlepeK/rouaeT KOHTakThl SABX
u SABr llenb 5-2 pa3sMbIKaeTcs, ABUraTe/b OCTaHaB/IUBaeTC .
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Pric.4.Cxema AUCTaHLMOHHOI'O yIIpaBJ/IeHUs pasbeuHuTeeM C rpuBogoMyY MIT11
Pene ¢ukcanmu BKIOUEHHOT0 10J10)KeHUs pasbeauHuTesiss KQSC nosyyaer nuraHue
1o enu 3-2 ¥ CBOMMU KOHTaKTaMU 3aMbIKaeT Lielb 7-4 kpacHou samnbl HLR,

cur Ham/l31/1py}0meﬁ BKJ/IFOUEHHOE€ I10JIOKEeHHEe pa3beUHUTEIA.

OTK/IrOUeHue pas3beUHUTE A OCYILeCTBIISAeTCA HaXKaTheM KHOMKM OTK/toueHus: SB T,
TIpu 3TOM cobupaeTcs 1jerb 1-2, TOK uepe3 00MOTKY Bo30yxaeHus: LM npoTekaeT
CJieBa HaripaBo. [IBuraresib BpaljaeTcs B IPOTUBOIMOJIOXKHYIO CTOPOHY, OTK/IFOYast
pa3belHUTe/b. B KOHIIe npoliecca OTK/Ir0ueHHst KOHTaKThl SABIuSAB2
IepeK/IIYaroTCs B UCXOAHOe COCTOsIHUe, pa3Mbikad ernud 1-2 u 3-2. Pene KQSC
TepsieT MUTaHWe U pa3MbIKaeT Lienb 7-4 kpacHou nammbl HL R. Pene dukcaium
OTKJIFOUEHHOTr 0 1oJioKeHust pasbeguHuTes KQST nonydaer nutadue 1o Lenu 3- 2 v
3ambIKaeT Lemnb 9-6 3emeHou nammbl HL G, curHanv3upyroiien OTKIr0YeHHOe
T0JIOKeHWe pa3beJUHUTEJIS.

KHomka 6/10KMPOBKH [[BepIibl TIprBoJa SBB pa3MbIKaeT 1iernb ABUTATe s TIPU
OTIIMPaHUM ABepLbI U 3aripellaeT Mepek/roueHre pa3beuHATEIS.



[IprBO/bI BEICOKOBO/IBTHBIX BBIK/TFOUATE €N OTepalydy M0 BKIFOUEHU0 U
OTK/TFOUEHUIO OCYLLECTBIISIFOT JUCTAHLIMOHHO OMepaTopOM WK YCTPOMCTBAMU
aBTOMATUUECKOT0 yIipaB/ieHUs (OTK/IH0UeHre — peJIeMHOU 3alliuTOU, BK/IIOUeHre —
pa3/IMuHbIMU BUIAMU aBTOMAaTUKHU). [IpUBO/IbI AOMYyCKatOT py4YHOe yIipaB/ieHUe
BBIK/TFOUATe/ISIMU B TIPOL{eCCe Ha/laJKU UM PEMOHTa.

ITpu BK/TIOUEHUH BBIK/TIOUATeIs TpebyeTcs co3/jaTh 3HAUUTeTbHOe YCUJTHE ISt
TIPeO0/IEHUS CUJT HATSDKEHWS WUJIM CXKaTUsT OTKJIFOUAIOLIUX U KOHTAaKTHBIX MPY’KKH,
TPeHUsI B MeXaHM3MaXx TIPUBO/Ia 1 BLIK/TIOUaTe/si, Ha obecrieueHue oripesie/ieHHOMN
CKOPOCTHU JBWKEHUS TTOABWYKHOMY KOHTaKTy, ICTOUHUKOM SHepruu, Heo0Xoaumon
[UIS1 yTIpaBJIeHYs BBIK/TFOUaTesieM, SIBJISIeTCS 3/IeKTPOyCTaHOBKa. OHAKO SHeprust
HeTI0Cpe/ICTBEHHO B TMIPHBOJ, He TIOCTYTIaeT, a IpeJjBapUTeIbHO TIpeodpa3yeTcs U
aKKyMYJIUDYeTCsI B TOM WJIM MHOM BH/le, Harlp¥Mep, B aKKyMYJ/ISTOPHBIX OaTapesx /st
37IeKTPOMarHUTHBIX PUBO/IOB, B pecUBepax (CrenuanbHbIX COCYy[ax) CKaToro
BO3/yXa JjIsl THeBMaTUUYeCKUX MPHUBO/IOB, B HAMPSDKEHHBIX MPY>KUHAX B MPY>KUHHBIX
NpUBO/jaX. AKKYMY/ISITOPbI 9HEPTUM JIF000Tro BU/ja 00ecrieurBalOT paboTy MpUBO/ia B
aBapUMHBIX yCJIOBUSIX MIPU MOJIHOM OTK/IFOUEHUU 3J1eKTPOYCTAHOBKU WIU TOU ee
YyacTu, KOTopasi o0ecrieuBaeT SHeprueii IpUBO/bI.

Bo BKJ/IFOUEHHOM TT0JIO’KEHUH BBIK/IFOUATe ISl MeXaHW3M TPUBO/A 3arepT C TIOMOLLBIO
3all|e/IKU, KOTOPasi MPensiTCTBYeT OTK/IFOYAIOLUM MPYKWUHAM TPOX3BECTH OTK/IFOUEHUE
BbIK/TFOUaTessi. /11t oTKmroueHus: Heo06X01MMO 0CBOOOAUTH MOABIKHYIO CUCTEMY
MeXaHH3Ma C TIOMOLIIbI0 MaJIOMOLL{HOT'O 3/1eKTpoMarHuTa. [Ipy 3ToM oTK/rouaronye
MIPY’KUHBI TIPUXO/AT B AEUCTBUE U COOOI[al0T KOHTAaKTHOW CHUCTeMe HeobX0IUMYHO
CKOpoCTh. OTK/TFOUaroIIlee yCTPOMCTBO AO/DKHO 0b6ecrieurBaTh BO3MOYKHOCTh
OecripensTCTBEHHOTO OTK/IFOUEHUS BBIK/TFOUATe sl He TOJTbKO U3 BK/TIOUEHHOT'O
TI0JI0>KEeHHs1, HO TakyKe 13 JIFo00M cTaZuu rpoliecca BK/IOUeHUs. DTO CBS3aHO C
BO3MOXXHOCTBIO BKJIFOUeHUsI BbIkK/IroUaTens Ha K3. B aToMm ciiydae pesneliHas 3amyra
roJjaeT KOMaH/y Ha OTK/IF0UeHHe B MOMEHT KaCaHWsl KOHTAKTOB BBIK/IFOUaTesis 10
TMOJTHOTO 3aBepIleHus TIpoLecca BKIroUeHrs. MexaHnueckoe yCTPOUCTBO,
TMO3BOJISIFOLL[ee HAPYLLIUTh MeXaHUUYEeCKYH0 CBSI3b MEXIY MeXaHU3MOM BK/IHOUEHUS
TIPUBO/IA ¥ BAJIOM BBIK/TIOUATE IS, Ha3bIBAeTCSI MEXaHU3MOM CBOOO/THOTO pacIieTIeHusT
(MCP). Co6o/1HOe pacrieryieHHe OCYIeCTBISeTCsS CHCTEMOM JIOMAIOI[UXCSl phIUaros,
KOTOpbIe B TIpoliecce 0ObIYHOTO BK/TFOUEHHS TIPeZICTaB/IsIeT COO0M KeCTKYI0 CUCTEMY.
BonbmMHCTBO MpHBOZIOB cCHabkeHO MPC, OH OTCYTCTBYeT B HEKOTOPBIX
MTHeBMaTHUUeCKUX TIPUBOJAX, Tje CB0OOAHOe OTK/IFoUeHre 0becrieunBaeTcsl [pyrumMu
criocobamu.



O/eKTPOMAarHUTHBIN PYUBOJ, UMeeT MPOCTYI0 M JOCTaTOUYHO HaZle)KHY0 KOHCTPYKLIUIO,
BBICOKYH0 CKOPOCTb CpabaThiBaHUs U HEBBICOKYIO CTOMMOCTh. biarozapsi atum
[IOCTOMHCTBAM, OH ITOJIy4WI IITHPOKOE PaCIIPOCTpaHeHHe.

Ha puc. 5 rnoka3aH Mano00beMHbIN Mac/IsTHbIN BBIK/TFOUATe b C 37IeKTPOMarHUTHBIM
nipuBozioM 8 Tura [19-11, cBsizaHHBIM TSIraMu 7 U O C TJIaBHBIM BajioM 4
BbIK/IrOUaress. [locseHuil coejvHsIeTCA TAraMy 3 e ppluaraMu yrpaBJieHHs [TOF0COB
5, 3aKpervIeHHbIX C [IOMOLLBIO U30/IITOPOB 2 Ha CTa/bHOM pame 1.
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Puc. 5. BHelllHM BY/| BBIK/IFOUaTeIs1 C TPUBOZIOM Tuma [13-11

Ycrporicto nipuBoga [13-11 npuBegeHo Ha puc. 60. Bkitouaronyy 3/1eKTPOMarHuT
COCTOMT W3 CepAeyHrKa 1 cO IITOKOM 3 U BK/IHOUaroIel KaTyluku 2. BeIcOTy mTOKa
MOXKHO peryJMpoBaTh MyTeM ero BBUHUMBAHUS WY BBIBUHUMBAHUS C MOC/IeYIOLLIEN
¢duKcalel CTONOPHbBIM BUHTOM. B0 BK/IFOUEHHOM COCTOSIHUU BBIK/IHOUATe/Isl POJIUK 6,
HaXOJAILMUKMCS Ha OCH, IIIAaDHUPHO CBSI3bIBAIOILEN Cepbr 7, HAXOJUTCS Ha TOPLIEBOM
MOBEePXHOCTH 3aienku 4. Ceppra 7 yrnvpaeTcs B [/Ie40 TPeyroJbHOIo pbluara 9,
BTOPOe IJIeY0 POIMKOM 16 ynmpaetcs B 3amjesiky 11, Ha 0cu KOTOPOU 3aKperieHa
pyKosiTKa 12 pyuyHOro OTK/IH0UYeHus BbIKtouatesst. [log gerictBreM npykuHbl 10
pbIuar 9 CTpeMUTCsI IOBEPHYThLCS 0 UaCOBOM CTpesKe, UeMy TIPensATCTBYeT 3allje/Ka
11, uMmero11jas Tak>Ke CBOIO TPY>KUHY. 17151 AUCTAaHLMOHHOTO OTK/IFOUEHUS CTYKUT
OTKJIFOYAOLIUM 3/1eKTpoMarHut 13. Ban 8 nprBo/ia cBs3aH pblyaroM € cepbrou 7 u
TAraMu ¢ 6/10K-KOHTaKTaMH 5 (6osee mogpoOHO OHU TTOKa3aHbl Ha puc. 63). Ha
KJIeMMHUK 14 BbIBe/leHbl KOHL[bI KaTyIlIeK BK/IOUAOIero ¥ OTKJIFOYAKOLero
3/IeKTPOMAarHUTOB, a TaKXXe 0/I0K-KOHTaKThl CUTHA/IbHBIX U OJIOKUPOBOUHBIX 1[eTIei.
[IpuBOz, 3aKpBIT KOKYXOM 15.
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Puc. 6. ¥YcrpoiictBo npuBoza tuna I[13-11
[MosTanHasi paboTa NMpUBO/ja MOKa3aHa Ha YeThIpeX 3CKU3axX puc. 6:

a) OTKJTIOUEHHOE TI0JI0’KeHHE TIPUBO/IA;

0) TIPOLieCcC BKIFOUEHUS;

B) BK/TFOUEHHOE T10JI0’KeHHE TIPUBOJIA;

r) TIPOLECC AUCTAHIJMOHHOTO OTK/TFOUEHHS.

Ha puc. 7 n3obpaxeH MexaHW3M TPHUBO/A BO BK/IFOUEHHOM T10JI0XKeHWH, YKa3aHbI
BeJINUMHBI 3a30POB, KOTOPbIE HY>KHO MO epP>KMBAaTh B MIPOLIeCCe SKCITyaTalu
MPUBOJA. YTOJI pacLeryieH!s a JO/DKeH COCTaB/sATh 15°, a MOMHBIM YroJ1 MOBOpPOTa
pykosiTku 12 pyuHoro otkmouenus — 60°. Hymepanus getaner Ha puc. 61 npuHsTa
TaKasl ke Kak Ha puc. 60 3a UCK/TIOUeHHeM BHHTA 5 /IJIs1 PeTyJTUPOBKH I'TyOUHbI
3alerieHus poJsivka 16 u 3amenku 11.

[Tpu BK/TIOUEHNY BBIK/TFOUATe/Is] Ha BK/IIOUAIOIYIO KaTYIIKY 2 TI0/[aeTcsi 60/IbIIoN TOK
(58 A mnipu Hanipsbkenuu 220 B v 16 A npu Hanpsbkenuu 110 B). CepaeuHuk /
BTSITMBAETCS B KaTYILIKY, CKAMas Npy>kuHy. IIITok 3 nepemeliiaeT posvk 6 no
3aierke 4, KOTopasi OTBOJUTCS BJI€BO, CXKMUMas MPY>KKMHY. BMecTe ¢ po/iMKoM
riepeMeljarTCs Cepbl'v 7 U pblyar Baja 8.
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Puc. 7. Mexanusm nipuBoga tura [19-11

Ban 8 moBopaumnBaeTcs 1o yacoBou cTpesike, npuMepHo, Ha 90°. Korga ponuk 6
TOAHUMETCS HaZ, 3alle/IKO1 4, MOC/IeJHsAs M0/, JeWCTBUEeM TPY>KUHBI 3ahMeT UCXOJHOe
T10JI0JKeHUe, NPersATCTBYS IepeMelLieH!I0 po/ivka BHU3. [locsie oTkiroueHrs
BKJ/TFOUAIOIIIErO 3/IeKTPOMarHuTa U BO3BpallleHUsl Cep/leUYHrKa CO LITOKOM 3 B
VCXO/IHOE T10JI0’KeHUe POJIVK 4 JIO)KUTCS Ha TOPLIEBYIO [TOBEPXHOCTH 3alllesIKy,
MeXaHM13M TIPMBO/ia OKa3bIBaeTCs 3arepT BO BK/IFOUEHHOM I[10JI0’KEHUHU.

[Ipy OTK/IFOUEHUY BBIK/TFOUATe sl HAa KaTYLIKY OTK/IFOUAroILero 3j1eKTpoMarHura
MOJ,AeTCsl TOK BeJIMUMHOU B HECKOJILKO amriep. CepJieuHuK 3/ieKTpoMaraura 13
BTSTUBAETCS B KaTYIIKY U €ro IITOK MOBOPauMBaeT 3aille/iKy 11 mo yacoBOU CTpeJiKe.
Pbruar 9 Takxe MOBOpauMBaeTCs 110 YaCOBOM CTPeJIKe T/, IeCTBUEM CUIT
OTK/TFOUAIOIIUX MPY>KWUH BBIK/IFOUaTe s, KOTOpble BO3/IeMCTBYIOT Ha HEro uepes Bai 8 u
cepbru 7. Ponmuk 6 cockakvBaeT C 3aitiesiku 4, Baa 8 IoBOpaurBaeTCsl MPOTUB YaCOBOM
CTPEJIKY Y BBIKJIFOUaTe b OTK/IF0UaeTcs. Peiuar 9 nof felcTBUeM CBOeU MPYKUHBI
TOBOpPAuYMBaeTCs B UCXOJHOE COCTOSIHKE 10 YIIOpa Ha PeryJMpoOBOYHBIN BUHT 5.
Kary1ika OTK/Ir0uaro1ero 3jieKTpoMaraura 13 tepseT rnutaHue, CepAeyHuK
OIMyCKaeTCs B HU3, 3allesika L] 1o gericTBreM CBOeH MpYy>KUHbI BO3BPAILlaeTCs B
TiepBOHAayva/IbHOE T10JI0XKeHUe T10, POJIKK 16.

B niporjecce nepemelrieHus cepZieYHMKa OTK/IFOYAOLLero 3JIeKTPOMarHuTa BMecTe C
HUM MepeMelaeTcs 3aKperyieHHasi CHU3Y HU30JIALIMOHHAs TAra, Ha KOTOPOU
3aKpervieHbl OABUKHbIEe KOHTAaKTHbIe MOCTHUKHM BCIIOMOTaTe/IbHbIX KOHTAKTOB
OTKJ/IFOYAIOLLIero 3/IeKTpoMarHura. HernogBuKHble KOHTaKThl 3aKper/iIeHbl Ha
r3o/Mpytolilei riaHke 14. 3a30p Mexxay NpyKUHOM TopKaTasi ¥ TTOABHKHBIM



KOHTAKTOM TP OTK/TFOUeHHOM 3JIEKTPOMAarHuTe OTK/IFOUeHUs JOJKeH OBbITh 2-3 MM
(puc. 7)

YripolieHHasi cxeMa yIipaB/ieHHs BBICOKOBOJIbTHBIM BBIK/ItOUATe/IeM C
3/IeKTPOMarHUTHBLIM IIPUBO/OM I10Ka3aHa Ha pucC. 62.

BktoueHue BbIK/ItOUaTe/ist OCYILeCTB/IIeTC HaXKaTheM KHOMNKY SAt, TIpu 3TOM
oOpa3yeTcs 1jeMb: T/TF0COBast IMHa IIWHOK yrpaBieHus: EC — nipegoxpanutens FU1
— KOHTaKT SA1 — 06/I0K-KOHTaKT QX — KaTylllka KOHTakTopa KM —
npepoxpanurenb FUt — muHycoBas 1mivHa EC. Kontaktop KM 3ambikaeT cBouMU
KOHTaKTaMH Liellb MUTaHUs KaTyIKU BKIroueHus ['A C ot nHOK BK/ItoyeHus EY
yepe3 nipegoxpanurenu FU2. BeikitouaTesis Q BK/IFOUaeTcs, uepes CUCTEMY TAT U
phIUAroB MepeK/TIoUaroTcs 6/10K-KOHTaKThI g, 1 Qr Q{ pa3MbikaeT Llerb KaTyIIKu
KoHTakTopa KM, TOT B cBOO ouepesib — Ljernb YA C. 3aienka ygepXxuBaet
BBIK/IFOUaTe/Ib BO BK/IFOUEHHOM I10JIOJKeHUHY 0 YeM CUTHa/iu3upyet KpacHas jamra HL
R, uepes kotopyto nportekaeT TOK 1o nenu: moc EC — HLR — R2 — Q1 —
KaTylKa oTk/atoueHus YA T munyc EC.
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Puc. 8. YrpolijeHHast cxeMa yrpaB/IeHUs BBIK/TIOUATe/IeM C 3/IEKTPOMarHUTHBIM

TIPUBOZOM
OpHoBpeMeHHO KpacHast jamria HLR curranu3upyet 06 MCTIPaBHOCTH LIeNU KaTyIIIKK
oTkarouenus Y A T.

OTK/IrOUeHue BBIK/TFOUaTe sl OCYLeCTBIISIeTCS Ha)kaTUeM KHOTIKM SA | mocsie yero
cobupaetcs tens: mitoc EC—Ft/, — SA2 — Q2 — YAT—Fu munyc EC. CepaeuHuk
YA T noBopauuBaeT 3allle/iKy U 0CBOOOXK/jaeTcsi MOABMXXKHASI CCTeMa, KOTopast 1o/
JleiCTBMEeM OTKJ/IHoYarollel MPY>KUHbI MIPU/IeT B IBMYKEHHE U BbIK/TFOUaTe b
OTKJ/IFOUUTCA. BJIOK-KOHTAKThI U Q2 Tiepek/irouaeTcs B UCX0AHOe cocTosiHue: Q2
pa3oMkHeT Lenb KaTymku YAT u nammnel HL R; QX 3aMKHeT 1jerb 3e/IeHOU JIaMITbl
HLG (rutoc EC — FUl — HLG — Qx — katymka KM—FUX — munyc EC),
CUTHA/IM3UPYIOIe 00 OTK/TFOUeHHOM TI0/I0’KeHUH BBIK/TFOUaTesIs U UCTIPAaBHOCTH LIeTr
KOHTakTopa KM, roTOBHOCTH CXeMbl K C/Ie[VIOIeMy BK/IFOUEHUIO BBIK/IFOUaTeIs.



ABTOMaTHYeCKOe OTK/II0UeHHe BBIK/II0UaTe/ 11 OCYIeCTB/ISIeTCS pe/leMHOW 3all[UTOu,
KOTOpasi B paCCMaTprBaeMOM CxeMe yIIPOLLEHHO Tpe/CTaB/eHa OJHUM TOKOBBIM peJie
K A, Karyllika KOTOPOTro MoAK/IoueHa KO BTOPUUHOM 00MOTKe TpaHcdopmaTopa ToKa
TA. IIpu K3 Ha mMHUY yBeTMUMBAeTCsl TOK B repBUuHOlN o6mMoTke TA, yBemurBaeTcs
TOK BO BTOopuuHOM 06MoTKe TA kK 06MoTKe K A. KoHTakThl pesie KA 3aMbIKatoT 1erb:
moc C—FUl —KA —Q2—YAT—FUX — munyc EC. [1pu npoxokeHuu ToKa no
oTK/IroYaromien katyuke I'A T mporucxoguT OTKIr0YeHue BeIKIrouaTesns. [Tocne
oTk/IroueHus Toka K3 pesie KA Bo3BpalliaeTcss B UCXOAHOe COCTOsIHUE. B/IOK-KOHTaKThI
Qt 1 Q2 K MomeHTY OTK/IHOUeHus K A yyke HaXOAATCA B UCXOJHOM COCTOSIHUM U LIeTlb
YA T oka3bIBaeTCsi pa30MKHYTOM, T.e. pesie K A, uMeroliiee 10BOJIbHO Ma/IOMOLL[HbIE
KOHTAaKThI, HE OTK/TFOUaeT TOK 3TOM LIeMH.

biokrpoBouHble KOHTaKTbl KCA (KOHTaKThl CUTHA/IbHBIE arlliapaTHbIE) COCTOSIT U3
OT/e/IbHBIX ceKlui (puc. 9, 6), Kakast U3 KOTOPBIX COAEPKUT U30JISI[HOHHOE
OCHOBaHUe 7, HeroBUKHbIe KOHTAKThI 2 C 3a)KUMaMU 3 [/Is IOJK/IFOUeHUs TIPOBO/IOB,
TTO/IBMDKHBIM KOHTAKT 4 B BU/le (h)aCOHHOM MeIHOM I11ai0bl, H30/IMPOBAHHOM OT OCH 5
BTYJIKOM 6, B KOTOPYIO 111aii0a 3aripeccoBana. [1nockue rpyxunbl 1 He06X0JUMBbI 1715
obecrieueHus JOCTATOUHOTO KOHTAKTHOTO HaxkaTust. [1pu cbopke 6/10K-KOHTAaKTOB
CeKILMY Ha/leBaloT Ha 00IIyI0 0Chb 5, B 0TBepCTHs 9 TIponycKaroT mnuibku 10, Ha
KOTOpbIe Ha/leBaroT Mepe/IHIO CTA/IBHYIO Lileuky 9 U 3a/iHIOI0 12, CTATMBAIOT CeKLUU
raiikamu 11, HaBepThIBasi MX Ha KOHLbI nuieK. biok-koHTakTel KCY oTnnuaroTcs
HaJIMuMeM YCKOpsitoliero MexaHusMma 13, obecrieurBaroliijero yCKopeHHoe

repek/mroyeHre KOHTAKTOB B KOHLIEe XO/id ITPUBO/dd BBIK/THOUATEIA.

Puic. 9. BNIOK-KOHTaKThI TIPUBO/IOB BBIK/IIOUaTeei: a — KOHCTPYyKIusi KCA; 6 —
BHelHUK BUa KCA; B — BHemHuM Bug KCY

JIabopaTopHoe 3aHsaTHe No18

Tema paboTbl: V3yueHre KOHCTPYKLMH, TTapaMeTPOB OTZe/rTesnell 1
KOPOTKO3aMbIKaTe/eu.

Iless padoTei: M3yunTh KOHCTPYKLWH, TApaMeTPOB OTAe/uTesel 1
KOPOTKO3aMbIKaTeJIeu.

B HacTositiee Bpemsi pa3pab0TaHbl TUITOBBIE CXeMbI BEICOKOBOJIBTHBIX
TO/ICTAaHLIMK 6e3 BBIK/IIOUATe el Ha TTUTAIoIel TMHUHA. DTO TT03BOJISET
y/IellIeBUTh U YIIPOCTUTh 000PY/J0BaHMe TIPU COXpaHEeHWH BbICOKOUW HaZIe>KHOCTH.
I1ns1 3aMeHbI BBIK/IFOUaTe/leld Ha CTOPOHe BbICOKOTO HalpshKeHUs

HCHOﬂb3y}OTCH KOPOTKO03adMbIKAaT€e/IN U OTAE/TUTE/IH.



KopoTKko3ambIkaTe/ib- 3TO OBICTPO/IEMCTBYIOMIMM KOHTAKTHBIN armiapaT, KOTOPBIM
0 CUTHa/Ty pesieMHOM 3allUThl CO3/laeT UCKyCcCTBeHHOoe K3 ceTu.

KopoTko3aMbIKaTe/ii Hapy>KHOM ycTaHoBKU ¢ nipuBozom LITIK (npuBog
KOpOTKO3aMbIKaTes B 1Kady) u TpaHcopmaTopom Toka TIILJT 0,5
(TpaHCchopmaTOp TOKA LIWHHBIN, C TUTOW M30/Is1UeN, Kinacc TouHoCTH 0,5)
ripefiHa3HayeHbl JJ151 CO3/1aHKs UCKYCCTBEHHOTO KOPOTKOI'O 3aMbIKaHUSs
(aByxa3zHoro y K3-35 umm Ha 3emimo y K3-110, K3-220) npu noBpexxieHUsIX B
TpaHcdopmarope. [1oj Bo3JeiiCcTBHEM 3allUThI 3aMbIKaHU€e Bbi3bIBaeT
OTK/TIFOUeHUe BBIK/F0UaTesield, yCTaHOBJ/IEHHbIX Ha MUTAOIIUX KOHL[AaX JIMHUM.

Ynpas/ieHre KOpOTKO3aMbIKaTesieM ocyiectsisercsa npusogom IIIIK,

l'[pI/ILIeM BK/THOYdETCA KOPOTK03aMbIKaT€/Ib dABTOMdTHYE€CKH HO'Z[ AEﬁCTBHEM
MIPY>KMHHOT'0 MeXaHW3Ma MpU CcpabaThbIBaHWM MPHBO/IA OT CHTHAJIA PeJIeiHOoi
samutel. [Ipy HE06X0IUMOCTU KOPOTKO3aMbIKaTelb MOXKeT ObITh BK/IFOUEH TaKKe
BPYUYHYIO. OTK/II049aeTcsa KOPOTKO3aMbIKaTe/Ib TO/IbKO IIPH PYYHOM ONepUpPOBaHUH.

OTjaenuTe/b NIPeJCTaB/IsAeT 000l pa3beUHUTE/b, KOTOPBIM GBICTPO OTK/IHOYAeT
obecTouenHyo Henb TI0C/IE TTOZIAUX KOMaH/Ibl Ha ero TIpuBo/,. Ecii B 00bIYHOM
pasbeJMHUTE/Ie CKOPOCTh OTK/IFOUeHHsI OYeHb Masia, TO B OTZe/IUTe Ie IPoLecc
oTk/rouenus ayurcs 0,5-1,0 c. OTaenuresis OTCOeUHSIET MOBPEXKJeHHbIe
Y4aCTKU 3/IEKTPUUECKOM 1[eTH MOC/Ie OTK/TFOUEeHUS 3allUTHOTO BLIK/TOUATe/Is.
Brik/touaresb cpabaThiBaeT OT HCKYCCTBEHHOT'O KOPOTKOT'O 3aMbIKaHMS,
C03/1aBaeMOro KOpOTKO3aMbIKaTeJIeM.

OtpenvTeNy NpeCTaB/IsSIOT CO00M ABYXKO/IOHKOBBIM pa3beJUHUTE/b C HOXKaMU
3a3emsieHus (O/3);onuum O13-1A, O13-1B, aeyms O/13-2 v 6e3 vux (O/1),
ynpasnsemsid npuBozoM LITIO (nmpuBog otnenutend B wikagy). o 110 kB
BKJIFOUUTE/TbHO TPH T10JIF0CA OTAETUTE/IsI COeIUHSIOTCS B OOIIMI TPeXTIOTFOCHBIH
arrapar ¥ yrnpasJgroTcsa ogHuM npusogom IIIIO.

Otpenutenu Ha 220 KB BBITIO/IHAOTCS B BUJIe TPEX OT/eJ/IbHBIX T10JIF0COB,
KaXK/IbIM M3 KOTOPBIX YIPAB/ISETCS CAMOCTOSITE/IbHBIM TTPUBO/IOM.

OTK/II0UeHHe 0T/[e/TUTe/IA IIPOMCXOUT aBTOMaTH4eCKH 11071, IeCTBHEM 3aBe/leHHbIX
TIPY>KUH TIpY cpabaThiBaHKUY OJIOKUPYIOIIEro pesie WK OTK/THUAIoIero
3/IeKTPOMarHuTa, 0CBOOOXK/JArOIMX MeXaHW3M CBOOOZHOTO pacLienyieHus
IIpUBO/A. BK/IoueHHe OTAe/MTe A MPOU3BOJUTCA BPYYHYIO.

Ha puc. 1 nokasaH KopoTko3ambIKaTe/ib Ha HanpsbkeHue 35 KB K3-35. B

CKOOKax TTpUBe/IeHbI pa3Mephl i1 KOPOoTKOo3aMbiKaTesist Ha 110 kB.
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VEVEYEVENEVINE
PucyHok 1 - Kopotko3amsbikaTesb K3-35

Ha craspHOM KOpoOKe 1 yCcTaHOB/IEH OMOPHBINA U30/SITOP 2. BBEpXY OMopHOTro
M30/I5ITOpa Pacro/ioXKeH HeMOBKHBIN KOHTAKT 3, HaXO/[SAI[UNCS TI0/, BbICOKUM
HaripsbkeHueM. [1o/1BU)KHBIN 3a3eM/IeHHbIN KOHTAKT - HOXK 4 YKperyieH Ha Bany 5
TIpUBOJa KOpPOTKO3ambikaTtesisi. OcHoBaHuMe 1 M30/MpoBaHo OT 3emsid. Ha

BaJl 5 [IEUCTBYeT MPY’KWHA TIPHUBO/IA, KOTOPAasi 3aBOJJUTCSI B OTK/TFOUEHHOM
COCTOSIHMM. [1/151 BK/TIOUEeHMsI MOIaeTCsl KOMaH/1a Ha 3/IeKTPOMarHuT MPUBO/A,
KOTOPBII 0CBOOOXKIaeT 3aiie/iKy MexaHu3Ma. [1oz melicTBreM Mpy>KHMHBI HOXK
riepeMelaeTcsi B BepTUKaIbHOW IVIOCKOCTH U 3a3eMJIsieT KOHTakKT 3. Bpewms
BKJIFOUEHMS TaKOro KopoTko3amsbikaress 0,15-0,25 c.

B ocHoBy KoHCTpYKUmM oTaenutesns O/1-220 Ha HanpsbkeHue 220 kKB nosioxxeH
JIBYXKOJIOHKOBBIV Pa3beUHUTE/Ib C BpallleHueM HOKel 1 B TOpPU30HTa/IbHOU
IVIOCKOCTH, puC. 2 [IpuBefjeHne B ABUKeHUE KOJIOHOK 2 OCYILeCTBIISAeTCA
MPY>KUHHBIM TIPUBOJOM 3 C 3JIeKTPOMarHUTHBIM yIipaBjieHveM. Bo BK/IFOUeHHOM
T10JI0KeHWU TIPY>KUHBI TIpMBO/a 3a3eMyieHbl. [Ipu mogaue KomaH/ bl IIpy>KUHA
0CBOOOKAeTCsl ¥ KOHTAKThI PACXO/ISATCS 3a

Bpewms 0,4-0,5 c.
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PucyHok 2 - Orpenurens O/1-220
JlaGopaTopHoe 3aHsTHE No19
Tema pabdoTsi: V3ydeHrie KOHCTPYKI[UH H30JIATOPOB W IIMHHBIX KOHCTPYKITUM.
Henb padoThbi: V3yunTh KOHCTPYKI[MH U30/ISSTOPOB U IIMHHBIX KOHCTPYKIIUM.
N3onaTopaMy Ha3bIBalOT YCTPOMCTBA [Jis1 KpeIyieHHWs TOKOBeAYIUX YacTeu
37IeKTPUYECKUX YCTAaHOBOK M /I UX M30/SILMUA APYr OT Jpyra M OT 3a3eMJIeHHbIX
yacTenu.
W3onsTOpbl  TIOApA3/esisiloTCsl Ha TPW OCHOBHBIE TPyIIbl: 1) JUHeNHble, 2)
CTaHLIMOHHBIE U 3) arnapaTHbIe.
JIvHeliHble W30MSTOPbI MPUMEHSFOTCSA [JI1 KPeIUVIeHWS W U30JSIUKA TNPOBOJIOB
BO3AYLUHBIX JIMHUM 3JieKTporiepefaud. K CTaHUWOHHBIM OTHOCSITCS HW30JIATOPBI,



rpuMeHsieMble B pacrpe/le/IMTe/IbHbIX YCTPOMCTBAX 3J/IEKTPUUYECKUX CTaHLUNA U
MOACTAHLIUM, B TpaHC(OPMATOPHBIX KHOCKaXx Y T.I. JTa TpyIlIa H30/SITOPOB
MoApa3/iensieTcs Ha OMOpPHbIe U MPOoXoAHbIe. OMOPHBIE U30JIATOPBI UCIIOIb3YIOTCS JIs
CO3[jaHHsl HEMO/IB)KHBIX M30/MPYIOLIUX OMOp [/ TOKOBEAYIIUX uvacTeu, a
MPOXO/HbIe — IJIsI TIPOIYyCKa T'0JIbIX TOKOBEAYIINX YaCTeld CKBO3b CTEHbI, OTOJIKU U
KpbIlIM 3AaHui. K armapaTHbIM OTHOCSATCSI TPOXO/JHbIE W OIMOPHbIE W30JIATOPHI,
BXOZSIIMe B KOHCTPYKLMIO TOrO WIA WHOrO arfrapara: TpaHcdopmaTopa,
BBIK/TFOUATe s, pa3beUHUTEIS U [Ip.

[To yc/ioBusiM paboThl pa3/MuaroT U30JIATOPKI [Jisi BHYTPeHHel U /i Hapy>KHON
YCTaHOBKH, ¥ U30/ISTOPHI [/Is1 YCTAHOBKM B YCJIOBUSIX 3arpsSI3HEHHUHU.

W30nsTOphl  TakK)Ke K/IACCU(PUIMPYIOTCS 10 HOMMWHA/JBHOMY HarpsbKeHUIO,
MeXaHU4eCKOU MPOYHOCTH, a@ MPOXOJHbIe U 110 HOMUHA/IbHOMY TOKY.

COBOKYITHOCTh BCEX Iepeuyrc/ieHHbIX PU3HAKOB OMpe/ie/sieT TUI U30JIATopa.

B skcrlyaTaluu  U30JI9TOPbl  TO/IBEPralOTCS  pa3/lM4HbIM  BHEIIHUM
BO3JIeMCTBUAM:  pabouero  HanpsbkeHUss W TepeHaNpsDKeHUH,  BbI3BAHHBIX
aTMoc(hepHBIMUA pa3psiflaMi M W3MEHEeHHsSIMA peXHMa PpaboThl 37eKTPOYCTaHOBOK
(BHyTpeHHUe TepeHanpsbKeHMs1), a TakkKe MeXaHUUeCKUM (BeC U TsDKeHUe MPOBO/JOB,
BETPOBbIe Harpy3KH, 3JIEKTPOIMHAMUYECKUE YCU/IWsI, BbI3BaHHbIE MPOTeKaHWEM TOKOB
KOPOTKOT'0 3aMbIKaHUs1). HakoHel], U30/151TOpbI TIpeTeprieBatOT HarpeB U OXJIaXK/eHHUe.

Inst Toro, 4uToObI 3TH BO3/eWCTBUS He BbI3bIBAIA TE€PEKPBLITUM, TpoboeB U
paspylleHruld U30JIATOPOB, OHU [OJDKHbI WMMETb OIpefe/ieHHble 3JeKTpUUecKue |
MexXaHUYeCKre XapaKTepHUCTHKH.

JInHelHbIe IThIPEeBbie U30/IATOPHI

Ha nmvHusx snektporiepesaur HanpsokeHreM 6 1 10 kB, a B HeKOTOPBIX C/ydasix
—20 u 35 kB pand us0onsUyMyA  KpervieHusi MNPOBOJOB MNPUMEHSIIOTCS JIMHEWHbIe
ITbipeBble K30/1TOPbl. Ha HarpsbkeHuss 6 u 10 kKB uCIO/b3yrOTCI B OCHOBHOM
n3osisstopsl Tvna IC (puc.1.1).
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Pucynok PucyHnok

1.1 - Jlunerinbli wTbipeBor 1.2 - JINHEWHBIM LITHIPDEBOM
n3osisTop turna IIC. usonarop tuna /1.



M30n5TOpBI M3rOTOBJISIIOTCS U3 3/IeKTpOTexXHUuUeckoro ¢apdopa. B mocniegHee
BpeMsI Hayaju BBINyCKAaThb IUThbIPEBble JIMHEUMHbIE U30/STOPbl K3 CTeK/JIa W
creksodapdopa (cuTant), umeroiye 6osiee BEICOKHE MeXaHUUeCKHe XapaKTepUCTUKU.
[TpoBox B wu30/siTOpaX KPENHWTCS B BepxHeW WM OOKOBOM KaHaBKe C ITOMOII[bIO
TIPOBOJIOYHOW Bsi3KW. B Tesie u307sTOpa MMeeTCsl THe3l0 C pe3b0oi, B KOTOpOe
BBMHUMBAETCSl CTA/JbHOW IITHIPDh WM KPIOK [Ji KpeIvleHHs HW30/5TOpa Ha Orope.
BBepThiBaHMe IITHIPS WIA KPHOKAa MPOM3BOAUTCS Ha Tak/e, TIPONUTAaHHOW CYypUKOM,
YTO TMpeAoXpaHseT WU30/ATOP OT NPOHUKHOBEHWSI BHYTPb THe3la Bjaru U
pacTpeckuBanus  (apdopa TNpuM  HarpeBaHWUM  H30J5ITOpA  JydyaMd  COJIHLA
(k03 duieHT TeMIIepaTypPHOT0 pacIliipeHus y ctaau b6ombie, ueM y (apdopa).

Ha nunusx 20 u 35 kB nipuMeHsitoTCs 1IThIpeBble W30/aTophkl Tuna I/ (puc.1.2).

Tak kKak 1py OonblIKMX TOMIMMHAX (apdop TII0X0 OOKUraeTcss U HMeeT
HEBBICOKME 3JIEKTPUYECKHe U MeXaHUUeCKre XapaKTepuCTUKH, u3onsatopsl /] Ha 20
u 35 kB BemosHstoTcs U3 AByx (aphopoBbIX YacTeil, CK/JIeeHHbIX I1[€MEHTHBIM
pactBopoM. FO6ku mmThipeBoro wu3onsTopa I/l  TipegoTBpaIlialOT  CIUIOIIHOE
CMaurBaHHe TIOBEePXHOCTH A0XKAeM, O/larofiapsi uemMy TOBBIIIIAIOTCS MOKPOPAa3psiIHbIe
HanpsKeHUs U30JIITOPOB.

JInHelHbIe NO/BeCHbIe U30/ITOPHI

Ha nvHusX ss1ekTporiepesaun HarpsbkeHueM 35 KB M Bblllle TIPUMEHSIFOTCSA
NMHeliHble To/BecHble (apdopoBbie H30/4TOPhI. IloaBecHol u3onstop (puc. 1.3)
coctout u3 ¢daphopoBOro Tesaa CpaBHUTEIbLHO MPOCTOM (DOPMBI, IIAMKHA K3 KOBKOTO
YyyryHa U CTajibHOTO IIThIPsL. [llanka v cTep)keHb CIy’Kat AJsi COusieHeHUs1 U30/ISITOPOB
MeXy co0oM, /il KperuieHHsl U30/IITOPOB Ha OI0Opax W KpervieHusl MpoBOo0B. Teso
M30JIATOpa COeJQUHSAETCS C MeTa/UIMYeCcKOM apMarypou (IIamkKoW W CTepXKHeM) C
roMouisko 1jeMeHTa Mapku 400—500. Mexxay TOpLIOM TOJIOBKU CTEP>XHS U (paphopom
MpOJIOKeHa 3/1aCTUYHasi NMpoKaajaka. [ mpefoTBpallleHus MPOHUKHOBEHUS Bjlard B
LIeMEeHT Hapy’KHasi MOBEPXHOCTb LIEMEHTHOTO IIIBA y CTEP)KHSI MMeeT 3all[UuTHOe
TOKPHBITHE.




Pucynok 1.3 - Jlunelinble nogsecHol dapdopoBbiii uzonsTop tTuna [1d:
1-dapdopoBasi Tapesika;2-uyryHHas 11amnKa;3-1jeMeHT;4-11ThID;

[TonBecHble (hap(opoBble HM30/ATOPHI BBIMOJIHAOTCS Pa3/IMYHOU MeXaHWYeCKOou
MPOYHOCTH, XapaKTepu3yeMOM OJHOMHHYTHOW WCHbITaTe/lbHOU HAarpy3skod U
OJIHOYACOBOM 3JIEKTPOMEXaHUUEeCKOU WCIIbITaTe/IbHOM W paspyliarolleld Harpy3KamHu.
[Ipy  s/eKTpOMeXaHUYeCKUX  UCIbITAHUAX  OJHOBPEMEHHO C  IPUJIOXKeHUeM
MeXaHWYeCKOU Harpy3kd K HW30/5TOpy MNpHUKIajbiBaeTcss HampsbkeHne 60—70 kB
repeMeHHOro ToKa. [Ipy TMosiBieHUMM B H30/19TOpe TpelWH I0f JeUCTBUeM
TIPUJIOXKEHHOTO HaTPsUKeHUsI TPOMCXOUT ero 1poboii.

HauuHaroT nosiyyars pacrpoCTpaHeHHe CTeK/IsIHHble IO/BeCHble M30/IITOPhI U3
111eJIOYHOTO CTeksa, pa3paboTaHHble B JIbBOBCKOM TOJUTEXHUUECKOM WHCTUTYTe, U
W30/ISITOPBI U3 MaJIOIIe/IOUHOTO CTeK/a, pa3pabotanHsie BOU u I'MC.

1151 U3rOoTOBJIeHNSI CTEK/ISIHHBIX M30/IITOPOB U3 11eJI0OYHOr0 CTeK/Ia IPUMEHSIeTCS
COCTaB, TIPUHATBHIA [ijis TIPOM3BOACTBA OOBIUHOIO OKOHHOTO CTeK/a. Bbicokas
MexaHuyecKass TPOYHOCTb M TEPMOCTOMKOCTb  CTeKJ/ISIHHBIX  MW30JIATOPOB
obecrieunBarOTCs CrieliabHOM TepMUYeckoii 00paboTKo — 3akankoi. PaBHOMepHO
HarpeTble /10 TeMIlepaTypbl pasMsAryeHusi CTeK/IsTHHbIe U30/IATOPbl 3aTeM MHTeHCUBHO
OXJIaXKZAI0TCS BO3AYIIHBIM AyTheM. B mepByr0 ouepesib OCTBIBAIOT Hapy’>KHble CJIOM
usonaropa. Korja oxiaxkzeHue U yMeHbllleHWe oObemMa Hapy)KHBIX CJIOEB YKe
3aKOHUEHO, BHyTPEHHUE CJIOU ellle OCTAl0TCsl pa3MArueHHbIMU. Y MeHbIlIeHH0 00bema
BHYTPEHHUX CJIOeB IIPeNsATCTBYeT TBepAas KOpKa Hapy)XHOro j1os. B cBs3U € 3TUM
BHYTPEHHHE C/IOW OKa3bIBAIOTCS B COCTOSIHUM pacCTsDKeHUs, a Hapy’KHble — CKaTHSl.
biiarosaps 3ToMy IpOYHOCTH U30/IITOPOB Ha pa3pblB Pe3KO IOBbIIIAeTCS.

Tabsuiia 1.1 - CpaBHUTe/IbHBIE AaHHBIE (hapPOPOBBIX U CTEKISTHHBIX U30/ISITOPOB

Twun usonaTopa H-BrICOTA, B- Bec, kr
MM LIMPYHA, MM

I[1d70-B 134 270 4,8

I1C-40 110 175 1,7

Fl/lPJ’lﬂH[[bI MoABECHbIX U30/IATOPOB

[Onst TionyueHUs] HYXXHBIX 3JIEKTPUUECKHUX XapaKTePUCTUK HW30JISALUM JIMHUN
3JIeKTpOrepeiaud TO/IBECHble HW30/ISITOPbl  COEJUHSIIOTCS B THUPASHABI (puc.2.4).
ONeKTpUUeCKre XapaKTepUCTHMKHU TUPJSHA — Cyxopas3psifHOe U MOKpOpa3psifHoe
HarpsDKeHus1 — 3aBUCAT OT YMC/a W TUIA M30/ATOPOB B rupisHAax. OpHako
paspsiiHble HampsDKeHWs] TUDJISHI He paBHbl CyMMe pas3psiiHbIX HarpsbKeHUH
OTJie/IbHBIX M30/ISITOPOB, TaK KaK MyTb 3/1€KTPUYECKOr0 pa3psiia Mo TUpJ/sHAe Bcerja
MeHbllIe CYMMbI Pa3psiIHbIX PACCTOSIHUM OTZAe/IbHbIX U30JIATOPOB.

WccnepmoBaHus mMoKasaid, UTO BeIWMYMHbl MOKPOpPAa3psHbIX HarpshKeHU
TUDJISIHY, JIMHeWHBbIX UW30/STOPOB MPSMO MPONMOPLMOHANbHBI WX  JJIMHe, a
CJle[j0BaTeIbHO, ¥ YMUCJTy U30/ISTOPOB B TUPJISTHZE.



PucyHok 1.4 - I'upisiHza 1oJBeCcHbIX U30JIITOPOB:
1-nmoaiep>KyBarOIMK 3a>XKUM JI7Is1 TpeX TPOBOZOB B (ha3e; 2-3alllUTHasi apMaTypa
TUPJISTH/BI.

B HaTsKHBIX TUPJAHZAAX Ha aHKepHbIX W YIVIOBBIX OIOpax M30JIATOPbI
WCTIBITBIBAIOT OOJIbIlIe MexaHWueCKWe Harpy3Kd U TIOBPeXKAAIOTCS 3HAUMTe/bHO
yaille, YeM B TIO/I/IeP>KUBAIOLUX TUP/STHAAX. 3aMeHa /le()eKTUBHbBIX U30J/ISTOPOB B 3TUX
TUP/IAHAAX CI0KHee, yeM B nojjepkuBarolux. [I03ToOMy B HaTSKHBIX T'MPJIHAAX
muanid 35 1 110 kB KomMuecTBO M30J/IATOPOB MPUHUMAETCS Ha OfWH 0o0JibIlle, ueM B
T0/Ilep>KUBAIOLLIUX.

Ha muuusix 150 kB u Bbiiwie ripu 9 u3osnsitopax B TUp/siHAe U 0oJiee KOTMUYECTBO
M30JIATOPOB B  HATSDKHBIX W TOAJEPKUBAKOLIUX  TUPJISHAAX  [IPUHUMAEeTCs
OZIMHAKOBBIM.

HatrspkHble  TUpASHABI,  PAcCroO/IO)KeHHble  TOPU30HTaAbHO.  Baiexacrsue
paBHOMEPHOTO CMauuBaHus JoxaeM wumeroT Ha 10-11% 0Gomee BbICOKHe
MOKpOpaspsijHbIie HarpsKeHus, yeM BepTUKA/IbHO pacrio/ioKeHHbIe
N0/ J|eprKrUBatoILue.

YBenmueHre MOKPOPa3psAHOTO HaMpsKeHWs HaTsSHKHBIX TUPJSHA Tipu 9 u Gosee
M30JIITOPAaxX 3KBUBAJIEHTHO YBeJIMUEHUIO Ha OJVH 3JIeMEeHT YKCJia U30/I5ITOPOB.

Crnepgyer ormeruTb, UTO mIpU 3KCIUIyaTaliW [epeKpbITUS H30JIATOPOB yallje
TIPOUCXOJAT He IIpU LOXK7e, a TIPU YTPeHHUX TyMaHaxX U poce, KOrja BCsl [I0BePXHOCTh
V30/IITOPOB OKa3bIBaeTCs MOJTHOCTHI0 YB/IaKHEHHOW. [10Ka HeT JO0CTaTOUHBIX JaHHbBIX
O paspsifHBbIX XapaKTepUCTHUKaX M30/ATOPOB U TUDJSAHZ, TIpU TymMaHe U poce.
HakoriieHre 3THX [IaHHBIX TIO3BOJIMT KOHCTPYHPOBAaTh HW30JISITOPbl U BBIOMpATh WX
YKCJIO B TUPJISIHAAX C y4eToM TpeOoBaHUM TyMaHOCTOMKOCTH.

[Tpu HanpsbkeHusix 6onee 500 kB, Kak rokasaau WCcae0BaHus, TIPOBeJjeHHbIe B
HUNIIT, uyncio u30/9TOPOB B TUP/SAHZAE OIpefessieTcsi He MOKPOpaspsAHbIM, a



CyXOpaspsiiHbIM ~HampspkeHHeM. OTO OOBsCHSETCS TeM, UTO MOKpPOpa3psiJHOe
HarpsbkeHue pacTeT TMpPsSMO TMPOMOPLMOHANBHO [JJIMHe TUP/SHABL, TOrjJa Kak
Ccyxopa3spsiiHoe TIpU OOJ/BIINX PaCCTOSTHUSX MeXKAY 37eKTPOJaMU C yBeJTHYeHUeM
pacCTOsiHUSI BO3pacTaeT He3HAauuTelbHO, KAaK 3TO XapaKTepHO /[/Isi TIPOMEeXXYyTKa
CTep>KeHb-TIJIOCKOCTb. B CBsI3W C 3TUM, NMpH OOMbBIION AnuHe TUp/sHA (6osiee 6 M)
CyXopa3psi/iHble HaTlPsDKeHUs] CTAHOBSITCSI MeHbITIe MOKPOpPa3psi/IHbIX

CTEp)KHEBbIE noaABEeCHbIE U30/IATOPbI

CrepxxHeBo u3ossitop (puc. 1.5) mipexacraBnsgser coboii  dapdopoBbiit
L[WIMHIPUUeCKUN CTep)KeHb ¢ pebpaMu, apMUPOBAHHbBIN MeTa/l/TMUeCKUMU IIarKaMHu.
[TpocTota GopmMbl U KOHCTPYKLMK U30J5iTOpa ObsieruaeT ero usrorossieHue. OfuH
ctep>kHeBou n3ossTop CII-110 3ameHsieT rupasiHay u3 7 usosnsatopos [1C-40

Bec v3zoniaTopoB 23 Kr, Torja Kak rupysHza u3s 7 usonaropos [1C-40 Becur 48 Kr.

CTep>KHEBOM W30/ITOP C BUHTOOOpPA3HBIMUA peOpaMy MUMeeT TO TPEerMYIIeCTBO,
YTO [JOX[Ib JIyullle CMbIBaeT 3arpsi3HeHHWs C ero MOBEepXHOCTH, pacripefesieHue
HaTIpSDKeHUsI TI0 H30/1ATOpy Oosiee paBHOMEPHO, UTO TIPUBOJUT K TIOBBLIIIEHHIO
MOKpPOpa3psifHOro HanpsbkeHusl. OTBIT SKCIUlyaTalid  CTepPXKHEBBIX H30JISITOPOB
BbISIBUJI HEKOTOPBIE UX He,qOCTaTKI/I_.\

2,

462

Pucynok 1.5 - CtepkHeBbIe M0/ABeCHbIe U30/IATOPBI Ha 35 KB.
a —C KOJIbIIeBbIMU pebpamu,
6— c BUHTOBBIMU pebpamm.

OnopHble U30/19TOPbI
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Pucynoxk 1.6 - OnopHeI
n3osisaTop Ha 10 KB 151 BHYTpeHHeu
ycraHoBku Tura OA-10 kB

OrnopHble U30/ATOPBI CAyKaT W30JMPYHOLIUM OCHOBAHHWEM [Jis TOKOBEAYIHUX
yacTel 3/IeKTPUUYeCKHX arrapaToB, COOPHBIX IITHH, IIIMHOIIPOBO/IOB U JIp.

[nsi BHyTpeHHel yCTaHOBKM Ha HampsbkeHus 3—35 KB oropHble M3015TOpbI
HMMEIOT TPOCTYH0 (hopMy M cOCTOST U3 (pappopoBOro Tesa U MeTalinuecKou

apMaTtypbel — KO/Mayka W OcCHOBaHusd. Ha puc.1.6 mipegcraBieH OIOPHBIN
n3osiATop Tuna OA-10kB cTtapot KOHCTPYKLIAU.

Pucynok 1.7 - OnopHo-1ITEIpEBOM Pucynok 1.8 - OnopHo-1ITEIpeBOM
n3onsTop [TH s Hapy>KHOU yCTaHOBKH usosiatop HIT-35.
Ha HarpsbkeHus 6 u 10 kB.

Kak BusiHO 13 puc.1.6, onopHbie U30JITOPBI CTapoi cepun umetoT dapdhopoBoe
TeJI0 C BHYTpPeHHeH TMO0JoCTbI0 U (apdhopoBoi TiepeMbluKoW. [‘epMeTu3arius
BHYTpeHHel TI0JIOCTA OCYIeCTB/ISIeTCS IITAMIIOBAaHHBIM U3 JKeCTH JIOHBIIIKOM,
MIPUK/IEeHHBIM K HIWKHeMy Toply dapdopa OUTyMHOW Maccoi. MeTanmuueckas
apmartypa coefiiHsieTcs C (papOpOBbIM Te/IOM C MOMOILIBIO [JeEMeHTa.



PucyHok 1.9 - OnopHo-1uteipeBout uzonstop UIII-35.

MarorabaputHele M30/STOPHl HOBOM CEepUM WMMEIOT BHYTPeHHee KperieHue
apMatypsl. biarozapsi SToMy ux BbICOTa B cpeiHeM Ha 35-45% MeHbllie, ueM BbICOTA
OOBIYHBIX OTOPHBIX H30/ATOPOB. OTCYTCTBHME BHYTPEHHEH TIOJIOCTH WCK/IIOYaeT
BO3MOXXHOCTh BO3HUKHOBEHUSI BHYTPEHHUX pa3psi/ioB.

OmnopHble W30/STOPbI A/l BHyTPeHHeH yCTaHOBKHU TO/pas/iesisiioTCsl Ha TPYIIIIbI,
OT/IMYAIoLMecs] BeJMUYMHAMKM MWHUMAJIbHBIX pa3pyLIaloUX Harpy3ok Ha W3ruo:
rpyrmia A — 375 kr; rpymna b — 750 xr; rpyninia B— 1450 xr; rpymma [ — 2000 Kr;
rpymina E — 3000 kr; rpyrnna JI — 4000 kr; rpyrnina P — 6000 kr.

B o06o03HaueHWe TWIla OTMOPHOTO H30/STOpPAa BK/IFOUAETCS XapaKTepHUCTHKA ero
MeXaHWueCKou TpouHoctd, Hanpumep OMA-10 wim OMB-10, 4yTtO 03Hayvaer:
OTIOPHBIN MasiorabapuTHbBIN Tpynmbl A (v B) Ha 10 kB.

s Hapy>XHOM YCTaHOBKM TPUMEHSIIOTCS OINOPHO-IUTHIPEBbIE U OINOPHO-
CTep>KHeBble M30/5TOPbl. OMOPHO-IUTHIPEBbIE U30JIITOPBI COCTOAT U3 (hapdhopoBOro
TeJla C CWJbHO pa3BUTOW OOKOBOW TIOBEPXHOCTBIO U MeTa/UIM4eCKOW apMaryphbl:
KO/MMaka YU CTajlbHOrO WM UYTyHHOTO IIThIps C ¢aHueM. Konmak U IIThIPb
ckperuisitoTest ¢ apdopom 1jeMmeHToM. Ha Hanpsbkenusi 6—10 kB ¢apdopoBoe Teso
W30/ITOPa BBITIO/IHAETCSL Lie/IbHbIM C OJHUM—/ByMsi pebpamu (puc.1.7), a Ha
HanpspbkeHus1 20—35 KB (apdopoBoe Teno BHINOMHSETCS COCTaBHBIM — W3 [IBYX WIU
Tpex ¢apdhopoBbIX UacTed, coeJHeHHBIX 1leMeHToM (puc. 1.8). Ha 110, 150 u 220 kB
LIThIPEBbIE U30/STOPbl COEAUHSIIOTCS B KOJIOHKH, COCTOSIIIIUE, COOTBETCTBEHHO, U3
TPeX, UeTbIpex U MAITU 35-KUI0BOJIbTHBIX M30/TopoB Tuma NII/I-35 (puc. 1.9).

HepocTtaTkamMy OMOPHO-IUTHIPEBBIX W30JIITOPOB SIB/SIFOTCS 3HAUMTE/IbHBIN Bec,
Oonbiiiie pa3Mepbl W HeAOCTaTOUHAas MeXaHW4yecKasi MPOYHOCTb. B 3kcrulyaTanmu
JIOBOJILHO YacTo HabuojaeTcst MosiB/ieHue TpeluH B (hapdope.

[71si Hapy>XHbIX YCTAHOBOK IIMPOKOE pachpoCTpaHeHWe TMOIyYUIu OIMOPHO-
crepkHeBble u3onsaTopsl Thna KO-400; CT-110; KO-220 (puc. 1.10).

OTH U30JIATOPBI COCTOAT M3 LUIUHAPHAYECKOTO CIUIOLIHOTO (apopoBOro tesna C
pebpamMu ¥ MeTalIMUeCKUX KOJIMAaKOB, 3aKpeIyleHHbIX Ha ¢apdope 1ieMeHTOM.
Bcnencteue 6Gosbiiol  TosuHbl - dappopa mpobol  M30/ATOPOB  TMPaKTHUUeCKU
HCK/IIOUaeTCs, KpOMe C/y4yaeB SIBHOTO Opaka — TpemwmH B dapdope. Ilo
MUHUMaJIbHBIM pa3pyLIaloIUM Harpy3kaM Ha U3rub OormopHO-CTepKHeBbIe U30JIATOPHI



Ha HarnpspkeHus oT 10 o 110 kB paszensrorcs Ha yeTbipe rpymnbl: rpymmna [ — He
MeHee 300 kr; rpynmna II —uHe menee 500 xr; rpynna III — He menee 1000 xr; rpyrina
IV — He menee 2000 kr.

Pucynok 2.10 - OmnopHslie n3oastopbl KO-400 (a) u CT-110 (6).

JIabopaTopHoe 3aHsaTHe Ne2(
Tema padoTsl: /3yueHrie KOHCTPYKI[MH BBIK/IIOUaTe el Harpy3KHU.
Ilennb padoThi: M3yunTh KOHCTPYKIIMHU BBIK/TIOUATe e Harpy3KHU.

Brik/r0uaTe/ 1M Harpy3KH rnpefHasHaueHbl Jj1s1 KOMMYTaLUK M0/, Harpy3Kou
YYaCTKOB Liereu mepeMeHHOro Tpex@a3Horo Toka uacrorou 50,6010,
HOMHHAJ/IbHBIM HanpspkeHreM 710 10 kB, a Takke 3a3eM/eHUsT OTK/IFOUEHHBIX
Y4aCTKOB IPY MOMOIIY CTallAOHAPHBIX 3a3eMJ/IuTeel.

BoIk/II0uaTe/ I Harpy3KH YCTaHAB/IMBAKTCSA B 000/10UKaX KOMIIEKTHBIX
pacnpe/ie/TMTeIbHbIX YCTPOUCTB U KOMIUIETHBIX TPaHC(HOPMaTOPHBIX
nogcraniui (KPYH u KTIIT) BHyTpeHHeM yCTaHOBKU U Kamepax CTallMOHaPHBIX
ogHocTopoHHero obcnyxuBaaus (KCO).

["alieHWe AyTy OCYILECTB/SIETCS MTOTOKOM ra30B, BBIAESIOLIAXCS U3 CTEHOK
Jlyroracsiiilei KaMepbl IpY BO3/]eiCTBMY Ha HUX TaCUMOM AyTU B aTMocdepe
rasa. YmpaBJieHHe OCYILeCTB/ISIeTCS OTAe/bHbIM ITPUBO/IOM, CBSI3aHHBIM C
BBIK/TFOUATEe/IeEM Harpy3Ku MeXaHUUeCKOW rnepefiaueld, MOHTUPYEMOM Ha MeCTe
YCTaHOBKH BBIK/IFOUATe/ISI.

Tun npuBoga: [Ipy>KWHHBIN, UCIIO/IB3YOIIUM MOTEHL[UATBbHYI0 SHEPTHIO,
3aMaceHHyo B MPY’KHHe, 3aBOAMMOM BPYUYHYO W/IU 3JIEKTPONPUBOIOM. T10
pacrionoxenuto nprBosia BHA Mo)keT ObITh C JIEBOCTOPOHHUM TIPUBOZIOM
(BHAJT) u c npaBoctopoHHUM 1iprBo/ioM (BHAIT). Mexxay KoHTaKTamMu ToJroca
OTKJ/TFOUEHHOT'0 BBIK/IFOUATe sl Hyrpa3yyd UMeeTCsl BUIUMbIA IPOMEKYTOK.
MexaHHUueCKul pecypc [10 epBOro KarmuTaabHOro peMoHTa He MeHee 2000



onepauui. MexxpeMoHTHbIM pecypc 1000 LUKIOB 10 1epBOro CpeJHero peMoHTa
B TUeeHHe CpOoKa Cy0bI 4 Toza.

Cpok c1y>K0bI BBIK/TFOUATe/IsT Harpy3KH /10 CITMCaHUs 25 JeT.
Koncrpyknus

PaccmoTtprM, U3 4ero COCTOMT BBIK/IFOUATEIb HArPy3KW Ha TIpUMepe yCTPOKCTBa
KOMMYTalIMOHHOr 0 anrapara tiuna BHP-10/400

L-73
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OcHoBaHue (pama).

OnopHbIM U30/IATOP.

[eprkaTesivi C KOHTaKTaMHU.
[MoaBYKHBINM pabounii HOX.
Kawmepa raiieHus gyru.
HenoaBWXKHbIM BepXHUK KOHTAKT.
N3onupyroitas tara.

Peruar.

9. I'ubkast CBSI3b.

10.Hox 3a3emsieHusl.

11.Ban 3a3emieHus.

12.Tsara 6;1I0KMPOBOYHOTO YCTPOMCTRA.
13.11pysKuHEL.

14.Pe3nHoBbIe TIPOK/IA/KHU.

15.Ban pabounx HOKeM.

PNk~ WN =



7. IIpomexxyTouHas arTecTrarysa CTy/eHTOB.

[TpomexxyTouHasi aTTecTalusi MO MEXJUCLUIUVIMHADHOMY Kypcy B ¢opme
KOHTPOJIBHOT'O OI1poca B 4 ceMecTpe.

[TpoMexxyTouHasi aTTecTalusi MO MEXJUCLUIUVIMHADHOMY Kypcy B ¢opme
3K3aMeHa B 5 cemecTpe.

OObeKTamMy OLleHUBaHUS BBICTYTAIOT:

- CTelleHb YCBOEHHsI TeEOPeTUUeCKUX 3HAHUM;

- yPOBEHb  OBJ/IaZIeHUs] TPAaKTUYeCKUMH  yYMEHUsIMU U
HaBBIKAMM T10 BCEM BHIaM yueOHOM pabOThI;

- pe3y/bTaThl CAMOCTOSATEILHOUW PabOTHI.

7.1.3agaHue NPpOMe)XyTOYHOU aTTecTalyy (KOHTPOJ/IbHBIN ONPOC).

KpuTepum onjeHKHU:

«OT/IMYHO» - CTaBUTCS TIPU MPaBW/IBHOM OTBeTe Ha TPU BOMpPOCA U3 Pa3HbIX
paszenos;

«XOPOLLO0» - CTABUTCS MPU MPaBU/ILHOM OTBeTe Ha TPU BOMPOCa, [jBa U3 KOTOPBIX U3
OJJHOT'O pa3fiena;

«y/JOB/IETBOPHUTE/IbHO» - CTAaBUTCS [P MPABU/ILHOM OTBETE Ha /[Ba BOMPOCa;

«HeY/I0BJIETBOPUTE/IbHO»- [PY OTCYTCTBUU OTBETa Ha BOMPOCHI.

Bomnpocsl A/11 KOHTPOJILHOTO ompoca (4 cemecTp)

Bonpoce! /151 npoBepKH ypoBHs 00yueHHocTH «3HATDH»

Bub! 3/1eKTpUYeCKUX CTaHLUM.
TpaHchopMaTopHbIe MOACTAHLIUM.
[TpyHLMN 1eCTBUS M KOHCTPYKLUS MAIlWH [TOCTOSTHHOTO TOKaA.

Y CTpOUCTBO SIKOPHBIX 0OMOTOK.
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MaruutHas cucrema.
10. KommyTarys B MalliiHax IOCTOSTHHOI'O TOKaA.

11. ['eHepaTOpBI TTOCTOSTHHOTO TOKA.



12. YcTpolicTBO M MpUHLIMM IeliCTBUSI 0gHO(a3Horo TpaHchopmaropa.

13. KosddurmenT Tpanchopmarum HanpsokeHU

14. PaboTa ofHOda3HOro TpaHCPOpMaTopa Mof, Harpy3KOu.

15. TpaHcdopmaliusi TOKOB.

16. OnbITBI  XOJIOCTOTO XOAAa U KOPOTKOrO 3aMblKaHUs OAHO(A3HOT0
TpaHc(opMaropa.

17. YpaBHeHus1 oiHO(a3HOTro TpaHchopmaTopa.

18. BekTopHasi ;uarpaMMa Harpy>KeHHOro TpaHcdopMaropa.

19. BHelliHsIg XapakTepucTHKa 0AHO(}a3Horo TpaHcopmaropa.

20. Pacuyet noTeps HanpsKeHUsI.

21.  ABrtoTpaHchopMarop, YCTPOWCTBO, TPUHLIMM JEeNCTBUS, OCHOBHbBIE
XapaKTepPUCTUKHU

22. CBapouHble TpaHCpOpPMaTOpbl, YCTPOWCTBO, TIPUHIMM  [1eHCTBUS,

OCHOBHbIE XapaKTePUCTHUKHU

23. W3mepuTenbHble TpaHCHOPMATOPbI HATIPSPKEHUS M TOKa
24, [TpyHLMIBI JeHCTBUSI MALLIMH TePeEMEeHHOT0 TOKa.
25. CraTopHble 0OMOTKH.

26. 3J1C u MJIC 06MOTOK cTaTopa

27. KOHCTpyKIUSl aCHHXPOHHBIX JBUTATe/IeH.

28. Pexxmbl pabOTbI W  OCHOBHbIE  XapaKTePUCTUKU  ACHHXPOHHBIX
JIBUTaTeJIeu.

29. OpHoda3zHble aACUHXPOHHbIE [ABUTATeIH.

30. ACUHXPOHHBIE MallIUHBbI CIIeljUaaTbHOr0 Ha3HaueHUsl.

31. KoHCTpyKLMsI CHHXPOHHBIX F'eHepaTopOB.

32. PaboTa CHHXPOHHOTO reHepaTopa B Pe>KUMe Harpy3KHU.

33. [MapasnnenbHasi paboTa CMHXPOHHBIX TeHepaTOPOB.

34. CHUHXPOHHBIE JBUTaTE/IM U KOMITEHCATOPbI

35. CneryanbHble CMHXPOHHbIE MallIVHBI.

36. TexHuueckue XapaKTepUCTUKU TpaHC(OpMaTOpOB U

aBTOTpaHC(HOPMaTOPOB Pa3/TMUHbIX THUTIOB, 0COOEHHOCTH UX KOHCTPYKIIUH.



37. CucTteMbl OX/1aX/1eHUs TpaHC(HOPMaTOPOB U aBTOTPaHC(HOPMaTOPOB.
38. PesxuMbl paboThl aBTOTpaHC(HOPMaATOPOB, 0OCTYKMBaHUE.
39.  Tumbl, TpPUHUUIN JeHCTBUSA U  KOHCTPYKLMU  YCTPOWCTB  [/Ist

peryJiMpoBaHusl HaTpsbKeHWsl TPaHC(OPMaTOPOB U aBTOTPaHC(HOPMaTOPOB.

40.  OG6nactb npumeHenwus [TY3

41. Kareropyn  37€KTPONPUEMHMKOB M o0ecreueHHe  Ha/le)KHOCTH
3/IeKTPOCHA0XKeHUsT

42. HasHaueHue 1 cxeMbl 37IeKTPUYECKUX COeJUHeHUM MOACTaHL[UK

43. KoHCTpyKTUBHOE BBITIOJIHEHME PAaCcpeAyCTPOMCTB 3aBOACKUX M 11€XOBBIX
TMO/ICTaHI[AN

44, Bri6op umc/ia ¥ MOIHOCTH TpaHC(HOPMAaTOPOB U TUTIA TIO[CTAaHIUU

45. Bb160p ceueHHst MPOBOJTHUKOB

46. HasHaueHve ¥ TUmbl TIPOXOAHBIX UM  OMNOPHBIX U30JIATOPOB  AJIs

BHYTPEHHEU U Hapy>KHOM yCTaHOBKH.

47.  Bbibop MU30/STOPOB.

48. IIpoBepka MpOBOAHUKOB 10 YCJIOBUAM KOPOHBI.

49. BbI60p »KeCTKUX LIWH U U30/ISITOPOB.

50. Bb160p NpOBO/IOB BO3AYIIIHBIX 3/IEKTPUUECKUX JIMHUM.

51. Bri6op crnoBbix Kabeseid.

52. Tunbl,  KOHCTPYKTMBHble  OCOOEHHOCTH,  TeXHWYeCKWe  JaHHbIe
pPyOM/ILHHUKOB

53. Tumbl, KOHCTPYKTHBHbIE O0COOEHHOCTH, TeXHHUYeCKWe JaHHbIe
[TepeknrouaTesneit

54. Tumbl, KOHCTPYKTHBHbie OCOOEHHOCTH, TeXHHYeCKHe [JaHHbIe
[Tpenoxpanuresnen

55. Turbl, KOHCTPYKTHBHbIE OCODOEHHOCTH, TeXHUUeCKue JIaHHbIe
KonTakTopoB

56. Turbl, KOHCTPYKTHBHbIE OCOOEHHOCTH, TeXHUUECKHe JIaHHbIe

aBTOMAaTUUeCKUX BBLIK/IOUaTeen



57. Tumbl, KOHCTPYKTHBHbIe OCOOEHHOCTH, TeXHHYeCcKHe [JaHHbIe
MarHUTHBIX MyCKaTeslen

58. Turibl, KOHCTPYKTHUBHBIE 0COOEHHOCTH, TeXHUUYECKUe JJaHHbIe peJsie

59. Tunbl, KOHCTPYKTHBHbie OCOOEHHOCTH, TeXHHYecKue [JaHHbIe

MpOrpaMMUpPY€eMBbIX perie.

60. Hopwmel ocBerriennst pabouero mecra

61. Pabouee ocBerrieHue.

62. ABapuiiHOe OCBellleHHe.

63. OBaKyalMOHHOe OCBelljeHue

64. Opranuzaiusi  pabouero Mecra /s Co3[aHUST  KOMGOPTHBIX

3pUTEJIbHBIX YCJIOBUM
65. HasHaueHue, TUIBI ¥ KOHCTPYKLIUM Pa3beJUHUTEIeN [/l Hapy>KHOU U

BHYTPEHHEMN YCTaHOBKH.

66. Ha3nauenue, TUIIbI U KOHCTPYKLIUU oTAenuTenen U
KOPOTKO3aMbIKaTe/eu.

67. BrikrouaTem Harpy3Ku, UX Ha3HaueHue, TUIIbl U KOHCTPYKLIUMU.

68. TuIbl, KOHCTPYKTHBHBIE OCOOEHHOCTH, TIPUHIAIT JeWCTBUSL M

TpUMeHeHue TpeloXxpaHnTesiel HanpsbkeHreM Boiie 1000 B.

69. Buibop  pa3beguHuUTeNeld,  oTAenuTenied,  KOpPOTKO3aMbIKaTesew,
BBIK/IFOUYaTe/Ier Harpy3Ku

Bonipocsl /1s1 mpoBepKH ypoBHs 00yyeHHOCTH «Y METH»

1. PaspabaTbiBaTh 3JIeKTpUUeCKHe CXeMbI 3/1IeKTPOCHabKeHust
3/IeKTPOTEXHUUECKOT'0 U 3/IeKTPOTeXHOJI0rMUeCcKoro 0060pyAoBaHus 110 OTPacsim;

2. 3amoJHATH JledeKTHbIe BeIOMOCTH, BeJoMOCTH 00BemMa paboT c riepeuHeM
HeoOXOJUMBIX 3alacHbIX YacTell ¥ MaTepuajioB, MapIIPYTHYH KapTy, [APYTYIO
TeXHUUYeCKYH0 [IOKyYMEeHTallUl0; CxeMa pacrpefieuTe/NbHbIX ceTed 35 KB,
HaxOoJSALMXCS B 30He 3KCITyaTallMOHHOM OTBETCTBEHHOCTH;

3. YUTaTh MPOCThIE 3CKM3bI U CXeMbI HAa HECJIOXKHBIE IeTald U Y3JIbl;

4. MOJIb30BaTbCSl HABbIKAMU UTEHUSI CXeM [IepBUYHBbIX COeJUHEHUMH

3/IeKTPO0O0PY/[0BaHUS 3/IEKTPUUECKUX CTAHI[UN U MTOZCTaHLINM;



7.2.3afaHue /1A NPOMEXYTOYHOM aTTecTanum (3k3ameH) (5 cemecTp)

Kpurepuu onjeHKH

«OT/INYHO» -

paszesnos;

CTaBUTCA TIpHU TIDABUWIBHOM OTBETE Hd TPU BOIIPOCA M3 PA3HbIX

«Xopommo» - CTaBUTCH TIPpU TIPABW/IBHOM OTBETE Hd TPH BOIIPOCd, /IBd U3 KOTOPBIX W3

O/IHOT'O pa3jena;

«y/I0BJIETBOPHUTE/IBHO» - CTaBUTCS MPU MPAaBUJILHOM OTBETE Ha /iBa BOMPOCa;

«HEYJAO0BJIETBOPUTE/ILHO»- IIPDHU OTCYTCTBHUU OTBE€TA Hd BOITPDOCHI.

Bomnpocsl /ijis1 npoBepKu ypoBHsA 00yueHHOcTH «3HATDH»

1.
2.

KOHCTpYKIMM 3aKpBITBIX pacrpe/eUTe/bHbIX YCTPOUCTB (3PY).

KOHCTpPYKI[MM ~ KOMIUIEKTHBIX  pacIpefenTe/bHbIX

Hapy’>KHOM U BHyTpeHHel ycTaHoBKY (KPY, KPYH).

3.

L ©° N o Uk

YCTPOMCTB

KOHCTpyKIMY OTKPBITBIX pacripefenuTenbHbIX ycTpoucTB (OPY).

M CcTOYHMKY MTOCTOSIHHOT'O U rnepeMeHHOr'o ornepaTruBHOIO TOKaA.

Ycrpouicteo AKB.
Pexxuimbl pabotsl AKB.

TpeboBanue K BbiOopy AKDB Ha mo/icTaHI[UsX.

Ha3HaueHue u KOHCTPYKIIMHN 3d3€MJIATOIINX YCTpOﬁCTB.

CucTema 3/1eKTpOCHa0KeHUS >KeJle3HbIX 10pOT
[TpuHILATIHATBHAS CXeMa 3/IeKTPOCHA0KeHHSI.
OO0111e CBe/ieHHs O TATOBOM 3JIEKTPOCHAOKEHHH.
CxeMbl TSTOBOTO 3/1eKTPOCHA0KeHUsl.

CucreMa MOCTOSIHHOTO TOKa.

Cucrema nepeMeHHOT'O TOKa.

OOb11ue cBefieHHs1 0 KOHCTPYKLIMA KOHTaKTHOM CeTH.

Bur/ibl KOHTaKTHBIX MTO/IBECOK.
CeKLIMOHMPOBaHMe KOHTaKTHOM CeTH.
Onopbl KOHTAaKTHOM CETH.

[IpoBO#@ KOHTaKTHOU CETH.



20. N3onaropel. PesibcoBas Liers.

Bonpocs! jjisi npoBepKH ypoBHs o0yueHHocTH «YMETbD»

1. YMTaThb CXeMbl TIEPBUYHBIX  COEJUHEHUH  3/IeKTPOOOOPYJOBaHUS
571eEKTPUYECKUX CTaHLIUM Y TO/[CTaHL1W;

2. OCBavBaTh HOBBIE YCTPOMCTBA (M0 Mepe WX BHeIPeHUs );

3. opraHv3anyst pa3paboTKd U TepecMOTpa /AO/DKHOCTHBIX WHCTPYKLIAN
MOTYMHEHHbIX pabOTHUKOB O0Jiee BHICOKOM KBaMbUKaLIWY;

4. YuUTaTh CXEeMbl MUTAaHUS W CEKIJUOHUPOBAHUS KOHTAKTHOU CeTU U
BO3/YILIIHBIX JIMHWM 3/IeKTporiepefiaud B oOBbeme, HEOOXOAMMOM [/isi BBHITIOJTHEHUS
MPOCTHIX PabOT IO TeXHUUYECKOMY OOCTY)KHBAHUIO U TEKYIlleMYy PeMOHTY KOHTaKTHOMN
CeTH, BO3AYIIHBIX JIMHUN 3JIEKTpOIiepefiaud TI0J| HamnpspkeHHeM W BOJM3M YacTel,
HaXOJSIIMXCS M0/, HANPsDKeHUeM;

5. YUTaTh CXeMbl MTUTAaHUSI U CEKI[MOHUPOBAHUS KOHTAKTHOU CeTu B 0ObeMme,
HeoOXOJUMOM [/l BBITIO/IHEHUSI PAbOThl B OMACHBIX MeCTaX Ha ydacTKax «C
BbICOKOCKOPOCTHBIM [IBUDKEHUEM;

6. yhTaTh TPUHIWIHWAIbHBIE CXeMbl YCTPOMCTB H  000Opy/0BaHUS
3/1eKTpOCHa0OXKeHUsI B 00beMe, HeOOXOAMMOM [I7isl KOHTPOJIS BBITIOJHEHUS PabOT T10
TeXHUYECKOMY  OOC/Iy)KMBaHHIO M  PEMOHTy  OOOpyZlOBaHMSI  TSTOBBIX U
TPaHC()OPMATOPHBIX  MOJCTAaHLIUM, JIMHEUMHBIX YCTPOUCTB CHUCTEMbI TSATOBOTO

3/IeKTPOCHa0KeHMs.
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	Принцип работы
	Регулирование частоты
	Регулирование ЭДС
	Выбор шин и ошиновок на РУ 110 кВ
	Выбор шин и ошиновок на РУ 35 кВ
	Выбор шин и ошиновок на РУ 10 кВ
	Выбор шин и ошиновок на РУ 110 кВ
	Выбор шин и ошиновок на РУ 35 кВ
	Выбор шин и ошиновок на РУ 10 кВ
	Выбор выключателей в РУ ВН 220 кВ
	Выбор разъединителей в РУ ВН 220 кВ
	Выбор выключателей ГРУ 6 кВ
	Выбор разъединителей в ГРУ 6 кВ
	Выбор номинальных параметров трансформаторов тока
	Выбор трансформаторов тока для цепей учета
	Система тягового электроснабжения постоянного тока напряжением 3 кВ.

	Холостой ход и короткое замыкание трансформатора
	Рабочее задание
	Область применения контакторов:

	Измерительные трансформаторы напряжения
	1.1 Порядок проведения работы
	1.2 Основные положения
	Примечание
	1.4 Контрольные вопросы
	Для управления коммутационными аппаратами применяются приводы, которые служат для включения, удержания во включенном положении и отключения аппарат (выключателя или разъединителя). По способу управления аппаратами приводы делятся на ручные и дистанционные. Первые управляются только вручную, а вторые позволяют обеспечить дистанционное и автоматическое управление аппаратами.
	Ручные приводы разъединителей применяются достаточно широко. На рис. показаны приводы разъединителей внутренней и наружной установки ПР-2 (привод рычажный второй серии) и ПРН-110 (привод рычажный наружной установки серии 110). Привод ПР-2 (см. рис. 1) состоит из подшипников переднего 6 и заднего 3 с сектором 2. Отверстия в секторе 2 служат для регулировки угла поворота рычагов привода 1 и разъединителя, с которым рычаг 1 связан тягой. Передний и задний подшипники располагаются по обе стороны передней панели ячейки распределительного устройства и стягиваются шпильками 8. Рукоятка управления 4, связанная с сектором 2 шатуном 9, вращается на оси7. Фиксатор 5 рукоятки 4 во включенном и отключенном положении представляют собой защелку, которую при переключенияхотводят в сторону, после переключения она под действием пружины заскакивает в отверстие на башмаке рукоятки. Рис. 1. Привод разъединителя типа ПР-2 Привод ПРН-110 (см. рис. 2) предназначен для управления разъединителями наружной установки на 35 и 110 кВ, не имеющими заземляющих ножей. Он состоит из основания 7 с полкой 6, к которой прикреплена полка 5, служащая подшипником для вала 4, жестко соединенного с рычагом 2. Свободный конец вала 4 связан с разъединителем трубчатой тягой. Ось вала привода совпадает с осью ведущей колонки разъединителя. Пружинная защелка 1 и чашечки 3 обеспечивают четкую фиксацию привода во включенном и отключенном положениях. В цилиндрическом корпусе 8 расположены блок-контакты, которые переключаются одновременно с разъединителем при повороте рычага 2.
	Привод ПЧ-50 (привод ручной червячный) применяется для управления разъединителями РУ-3,3 кВ на токи 2000 А и более типов РВКЗ-10, РВРЗ-10. Он имеет червячный репродуктор, снижающий усилие, необходимое для включения и отключения разъединителей. Для разъединителей с заземляющими ножами применяются приводы наружной установки типов ПРН-220 и ПРН-220М, а также приводы типа ПР-90-У1, которые пришли на смену приводам типа ПРН. Приводы дистанционного управления разъединителями позволяют значительно упростить и ускорить процесс переключения, повысить безопасность персонала. На рис. показан дистанционный привод 15 типа ПДН-1У1, который трубчатым валом 14 связан с ведущей колонкой 9 разъединителя. В приводе использован трехфазный асинхронный двигатель с реверсивным магнитным пускателем ПМЕ-214. Рис. 2. Привод разъединителя типа ПРН-110
	Схема управления разъединителем QS с заземляющими ножами с помощью дистанционного приводам типа ПДН-1У1 представлена на рис. 3. Рис. 3.Схема дистанционного управления разъединителем с приводом ПДН-1
	В распределительных устройствах тягового электроснабжения широко используются для дистанционного и телеуправления однополюсными разъединителями приводы типа УМП (универсальный моторный привод) серий II и III и УМПЗ для разъединителей с заземляющими ножами. Во всех приводах используется однофазный двигатель УЛ-0,62 (220 В, 270 Вт, 8000 об/мин). Время переключения разъединителя от подачи команды до окончания операции составляет 2,5 с.Схема управления приводом УМП-П, представленная на рис. 4, обеспечивает реверсивное управление двигателем М с помощью переключателя, имеющего две пары контактов SAB1 и SAВ2. При нажатии кнопки включения SBC ток протекает по цепи 5-2, в которой находятся электродвигатель М и его обмотка возбуждения IМ. По обмотке ток протекает справа налево. Двигатель, вращаясь, включает разъединитель. В конце процесса включения специальная шайба на выходном валу привода своим выступом переключает контакты SABX и SABr Цепь 5-2 размыкается, двигатель останавливается.
	Рис.4.Схема дистанционного управления разъединителем с приводомУМП11 Реле фиксации включенного положения разъединителя KQSC получает питание по цепи 3-2 и своими контактами замыкает цепь 7-4 красной лампы HLR, сигнализирующей включенное положение разъединителя.
	Отключение разъединителя осуществляется нажатием кнопки отключения SB Т, при этом собирается цепь 1-2, ток через обмотку возбуждения LM протекает слева направо. Двигатель вращается в противоположную сторону, отключая разъединитель. В конце процесса отключения контакты SABluSAB2 переключаются в исходное состояние, размыкая цепи 1-2 и 3-2. Реле KQSC теряет питание и размыкает цепь 7-4 красной лампы HL R. Реле фиксации отключенного положения разъединителя KQST получает питание по цепи 3- 2 и замыкает цепь 9-6 зеленой лампы HL G, сигнализирующей отключенное положение разъединителя. Кнопка блокировки дверцы привода SBB размыкает цепь двигателя при отпирании дверцы и запрещает переключение разъединителя.
	Приводы высоковольтных выключателей операции по включению и отключению осуществляют дистанционно оператором или устройствами автоматического управления (отключение — релейной защитой, включение — различными видами автоматики). Приводы допускают ручное управление выключателями в процессе наладки или ремонта. При включении выключателя требуется создать значительное усилие для преодоления сил натяжения или сжатия отключающих и контактных пружин, трения в механизмах привода и выключателя, на обеспечение определенной скорости движения подвижному контакту, источником энергии, необходимой для управления выключателем, является электроустановка. Однако энергия непосредственно в привод не поступает, а предварительно преобразуется и аккумулируется в том или ином виде, например, в аккумуляторных батареях для электромагнитных приводов, в ресиверах (специальных сосудах) сжатого воздуха для пневматических приводов, в напряженных пружинах в пружинных приводах. Аккумуляторы энергии любого вида обеспечивают работу привода в аварийных условиях при полном отключении электроустановки или той ее части, которая обеспечивает энергией приводы. Во включенном положении выключателя механизм привода заперт с помощью защелки, которая препятствует отключающим пружинам произвести отключение выключателя. Для отключения необходимо освободить подвижную систему механизма с помощью маломощного электромагнита. При этом отключающие пружины приходят в действие и сообщают контактной системе необходимую скорость. Отключающее устройство должно обеспечивать возможность беспрепятственного отключения выключателя не только из включенного положения, но также из любой стадии процесса включения. Это связано с возможностью включения выключателя на КЗ. В этом случае релейная защита подает команду на отключение в момент касания контактов выключателя до полного завершения процесса включения. Механическое устройство, позволяющее нарушить механическую связь между механизмом включения привода и валом выключателя, называется механизмом свободного расцепления (МСР). Свободное расцепление осуществляется системой ломающихся рычагов, которые в процессе обычного включения представляет собой жесткую систему. Большинство приводов снабжено МРС, он отсутствует в некоторых пневматических приводах, где свободное отключение обеспечивается другими способами.
	Электромагнитный привод имеет простую и достаточно надежную конструкцию, высокую скорость срабатывания и невысокую стоимость. Благодаря этим достоинствам, он получил широкое распространение. На рис. 5 показан малообъемный масляный выключатель с электромагнитным приводом 8 типа ПЭ-11, связанным тягами 7 и б с главным валом 4 выключателя. Последний соединяется тягами 3 е рычагами управления полюсов 5, закрепленных с помощью изоляторов 2 на стальной раме 1. Рис. 5. Внешний вид выключателя с приводом типа ПЭ-11 Устройство привода ПЭ-11 приведено на рис. 60. Включающий электромагнит состоит из сердечника 1 со штоком 3 и включающей катушки 2. Высоту штока можно регулировать путем его ввинчивания или вывинчивания с последующей фиксацией стопорным винтом. Во включенном состоянии выключателя ролик 6, находящийся на оси, шарнирно связывающей серьги 7, находится на торцевой поверхности защелки 4. Серьга 7 упирается в плечо треугольного рычага 9, второе плечо роликом 16 упирается в защелку 11, на оси которой закреплена рукоятка 12 ручного отключения выключателя. Под действием пружины 10 рычаг 9 стремится повернуться по часовой стрелке, чему препятствует защелка 11, имеющая также свою пружину. Для дистанционного отключения служит отключающий электромагнит 13. Вал 8 привода связан рычагом с серьгой 7 и тягами с блок-контактами 5 (более подробно они показаны на рис. 63). На клеммник 14 выведены концы катушек включающего и отключающего электромагнитов, а также блок-контакты сигнальных и блокировочных цепей. Привод закрыт кожухом 15. Рис. 6. Устройство привода типа ПЭ-11 Поэтапная работа привода показана на четырех эскизах рис. 6: а)        отключенное положение привода; б)        процесс включения; в)        включенное положение привода; г)         процесс дистанционного отключения. На рис. 7 изображен механизм привода во включенном положении, указаны величины зазоров, которые нужно поддерживать в процессе эксплуатации привода. Угол расцепления а должен составлять 15°, а полный угол поворота рукоятки 12 ручного отключения — 60°. Нумерация деталей на рис. 61 принята такая же как на рис. 60 за исключением винта 5 для регулировки глубины защепления ролика 16 и защелки 11. При включении выключателя на включающую катушку 2 подается большой ток (58 А при напряжении 220 В и 16 А при напряжении 110 В). Сердечник / втягивается в катушку, сжимая пружину. Шток 3 перемещает ролик 6 по защепке 4, которая отводится влево, сжимая пружину. Вместе с роликом перемещаются серьги 7 и рычаг вала 8. Рис. 7. Механизм привода типа ПЭ-11 Вал 8 поворачивается по часовой стрелке, примерно, на 90°. Когда ролик 6 поднимется над защелкой 4, последняя под действием пружины займет исходное положение, препятствуя перемещению ролика вниз. После отключения включающего электромагнита и возвращения сердечника со штоком 3 в исходное положение ролик 4 ложится на торцевую поверхность защелки, механизм привода оказывается заперт во включенном положении. При отключении выключателя на катушку отключающего электромагнита подается ток величиной в несколько ампер. Сердечник электромагнита 13 втягивается в катушку и его шток поворачивает защелку 11 по часовой стрелке. Рычаг 9 также поворачивается по часовой стрелке под действием сил отключающих пружин выключателя, которые воздействуют на него через вал 8 и серьги 7. Ролик б соскакивает с защелки 4, вал 8 поворачивается против часовой стрелки и выключатель отключается. Рычаг 9 под действием своей пружины поворачивается в исходное состояние до упора на регулировочный винт 5. Катушка отключающего электромагнита 13 теряет питание, сердечник опускается в низ, защелка Ц по действием своей пружины возвращается в первоначальное положение под ролик 16. В процессе перемещения сердечника отключающего электромагнита вместе с ним перемещается закрепленная снизу изоляционная тяга, на которой закреплены подвижные контактные мостики вспомогательных контактов отключающего электромагнита. Неподвижные контакты закреплены на изолирующей планке 14. Зазор между пружиной поджатая и подвижным контактом при отключенном электромагните отключения должен быть 2-3 мм (рис. 7) Упрощенная схема управления высоковольтным выключателем с электромагнитным приводом показана на рис. 62. Включение выключателя осуществляется нажатием кнопки SAt, при этом образуется цепь: плюсовая шина шинок управления ЕС — предохранитель FU1 — контакт SA1 — блок-контакт Qx — катушка контактора КМ — предохранитель FUt — минусовая шина ЕС. Контактор КМ замыкает своими контактами цепь питания катушки включения ГА С от шинок включения ЕY через предохранители FU2. Выключатель Q включается, через систему тяг и рычагов переключаются блок-контакты g, и Qr Q{ размыкает Цепь катушки контактора КМ, тот в свою очередь — цепь YA С. Защелка удерживает выключатель во включенном положении о чем сигнализирует красная лампа HL R, через которую протекает ток по цепи: плюс ЕС — HLR — R2 — Q1 — катушка отключения YА т минус ЕС. Рис. 8. Упрощенная схема управления выключателем с электромагнитным приводом Одновременно красная лампа HLR сигнализирует об исправности цепи катушки отключения Y А Т. Отключение выключателя осуществляется нажатием кнопки SA , после чего собирается цепь: плюс ЕС—Ft/, — SA2 — Q2 — YAT—Fu минус EC. Сердечник YA T поворачивает защелку и освобождается подвижная система, которая под действием отключающей пружины придет в движение и выключатель отключится. Блок-контакты и Q2 переключается в исходное состояние: Q2 разомкнет цепь катушки YAT и лампы HL R; Qx замкнет цепь зеленой лампы HLG (плюс ЕС — FUl — HLG — Qx — катушка KM—FUX — минус ЕС), сигнализирующей об отключенном положении выключателя и исправности цепи контактора КМ, готовности схемы к следующему включению выключателя. Автоматическое отключение выключателя осуществляется релейной защитой, которая в рассматриваемой схеме упрощенно представлена одним токовым реле К А, катушка которого подключена ко вторичной обмотке трансформатора тока ТА. При КЗ на линии увеличивается ток в первичной обмотке ТА, увеличивается ток во вторичной обмотке ТА к обмотке К А. Контакты реле КА замыкают цепь: плюс С—FUl —КА —Q2—YAT—FUX — минус ЕС. При прохождении тока по отключающей катушке ГА Т происходит отключение выключателя. После отключения тока КЗ реле КА возвращается в исходное состояние. Блок-контакты Qt и Q2 к моменту отключения К А уже находятся в исходном состоянии и цепь YA Т оказывается разомкнутой, т.е. реле К А, имеющее довольно маломощные контакты, не отключает ток этой цепи. Блокировочные контакты КСА (контакты сигнальные аппаратные) состоят из отдельных секций (рис. 9, б), каждая из которых содержит изоляционное основание 7, неподвижные контакты 2 с зажимами 3 для подключения проводов, подвижный контакт 4 в виде фасонной медной шайбы, изолированной от оси 5 втулкой 6, в которую шайба запрессована. Плоские пружины 1 необходимы для обеспечения достаточного контактного нажатия. При сборке блок-контактов секции надевают на общую ось 5, в отверстия 9 пропускают шпильки 10, на которые надевают переднюю стальную щечку 9 и заднюю 12, стягивают секции гайками 11, навертывая их на концы шпилек. Блок-контакты КСУ отличаются наличием ускоряющего механизма 13, обеспечивающего ускоренное переключение контактов в конце хода привода выключателя.
	Рис. 9. Блок-контакты приводов выключателей: а — конструкция КСА; б — внешний вид КСА; в — внешний вид КСУ



