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BBEJAEHHUE

[lenpto OCBOEHUS AMCHUILIMHBI SIBIsieTCS (OPMUPOBAHHWE 3HAHUKW B 0OJACTH
PEIECUHOM 3aIUTHI.

3ajaun u3y4eHus: AUCIUIUINHBL:

— H3y4YEHHE BHUJOB MOBPEXKICHUA M HEHOPMAJBHBIX PEKUMOB OOBEKTOB
JSHEPrOCUCTEMBI Ha YPOBHE UX MAaT€MaTUYECKOI'0 OMUCAHUS;
— u3ydyeHHe o0JacTM NPUMEHEHUS U TEHJCHIUH COBEPIICHCTBOBAHUS
CPEICTB  pEJEHHOM 3allUThl W  IMPOTUBOABAPUMHOW  ABTOMATHUKHU
ANEKTPUYECKUX CETEN, CTAHLIUN U ITOCTAHIINM;
— U3y4YCHUE [IPUHIUIIOB IIOCTPOEHHUS penenHon 3a1UTHI u
MPOTUBOABAPUITHON aBTOMATHKH JICKTPUUECKUX CTAHIIUN U TTOACTAHIIUH.
[enpto 7abopaTopHOro MNPAKTUKyMa SIBJISIETCS  3aKpelieHWe 3HAaHUM Y
oOyuaromuxcst 00 3J1€eMEHTHOM 0asze pesiedHON 3aluThl U OCHOBHBIX NPUHLHUIIAX €€
ITOCTPOECHUS.
3amavyaMu 1a00OPATOPHOIrO MPAKTUKYMA SIBJISFOTCS:
- 3aKpeIIeHUEe 3HaHUH 00 OCHOBHBIX 3JIEMEHTaX PEJICHHOMN 3allUTHI;
- 3aKpeIieHue 3HAaHUW O MPHUHIMIAX MOCTPOEHHUS PENEHHON 3alIUThl OOBEKTOB
AIIEKTPOIHEPIETUKH.

[locne BbIONHEHUS J1a0OPATOPHBIX  PabOT  CTYIEHT JOJDKEH  OBJAAETh
CIIEAYIOIIMMH 3HAaHUSAMH, YMEHUSIMHA W HABBIKAMU.

3HaTh:

- BUJIbl TIOBPEXJIECHUNH W HEHOPMAJIbHBIX PEXUMOB OOBEKTOB IHEPIOCHUCTEMBI Ha
YPOBHE UX MAaTEMAaTHYECKOIO OIIMCAHMUS;

- pusnueckue SABIEHUS B amnmaparax peJIeMHOM 3allliuThl U aBTOMATUKH U OCHOBBI
TeopuH UX (YHKIUOHUPOBAHUS;

-3JIEMEHTHYI0 0a3y, XapaKTEepUCTHKH, OKCIUTyaTallUOHHblE TpeOOBaHUS U
pPEryJIMPOBOYHBIE  CBOWCTBA  COBPEMEHHBIX  CPEICTB  PEJIEHHOW  3allUTBl U
MPOTUBOABAPUINHON aBTOMATUKH JICKTPUUECKUX CTAHIUNA U MOJICTAHIIHM.

YMers:

- AHAJIM3UPOBATH NIOBEJAECHNUE YCTPOMCTB 3allUTHl U aBTOMATUKU IIPH BO3HUKHOBEHUN
aBapUUHOU CUTYaLlMU B JHEPTOCUCTEME;

- OLICHMBaTh PHUCKA U ONpelNesTh Mepbl Mo obecredeHuo 0e30MacHOCTH
pa3pabaThiBa€MBbIX  HOBBIX  TEXHOJIOTHM, DJIEKTPOIHEPreTUYECKUX OOBEKTOB U
DIEKTPOTEXHUYECKUX U3ACITUM;

- IPEICTABIATh PE3ybTAaThl UCCIEIOBAaHUN B BHJIE OTYETOB, pedepaToB, HAYUHBIX
nyOnuKanuil 1 Ha MyOIMYHBIX O0CYKICHUSIX.

Bnanets:

- METOIAMU pacy€Ta MapaMeTpOB U XAPAKTEPUCTUK CPEICTB PEJIECHMHON 3aIUTHI U
IIPOTUBOABAPUMHON aBTOMATHUKH;



- HABBIKAMU TIPUMEHEHUST COBPEMEHHBIX KOMITBIOTEPHBIX TEXHOJIOTHIA.

s mpruoOpeTeHns] TIEPEeYNCIICHHBIX BBIIIE HABBIKOB W 3HAHUWA B MPAKMUKyMeE
npeonazaemcs namo 1abopamopHuvix pabom. Ha ewvinonuwenue xasicoou u3z pabom
Modcem nompebosamuvcs bonee 08yx akademudeckux yacog. Kpome Toro, Asis JIydiiero
OCBOEGHUS MaTepHala KakJas BBHIIOJHEHHAsI B TabopaTopuu paboTa 3allUIaeTcsl B BUJIE
OTBETOB Ha KOHTPOJbHBIE BOMPOCH! B (hopMe, OTIpeIEIeMOil MTPEenoJaBaTeIeM.



HHPABUJIA TEXHUKH BE3OITACHOCTH ITPU NIPOBEJAEHNHU PABOT

1. O0mmue TpeGOBaHMSA OXPAHBI TPYAA

be3onacHOCTh KM3HENEATEIHLHOCTH MPH MPOBEICHUU TabOPAaTOPHBIX paboT B
naboparopusx  Kadeapbl ~— SHEPreTUKM  o0si3aTenbHa Ui [podeccopcKo-
IIPETOAABATENBLCKOIO COCTAaBa, yYeOHO-BCIIOMOIaTeIbHOTO NEPCOHANA U CTYIEHTOB.

K npoBenenutro 51abopaTopHbIX pabOT JAOMYCKAKOTCA JUUA, NPOLIEAIINE
MHCTPYKTaXX C POCHOUCBIO B KypHaie. MHkeHep, oOcmykuBaromui 1adb0paTopuio,
JOJDKEH UMETh TPYIITY JOIyCKa C €KEeroJHON npoBepkoi. B maboparopuun nomxHa ObITh
MEAMIMHCKas anTeyka ¢ HabopoM MEIMKAaMEHTOB IEPBOM MEIUIIMHCKOM MOMOIIH, a
TaK)Ke JIabopaTopHs OJKHA ObITh YKOMIUIEKTOBaHA CpPEACTBaMM IOKapoTylueHus. Ha
BUJHOM MECTE JIOJDKHA BHCETh MHCTPYKLIMS 10 TMPOTUBOIOXKAPHOW TEXHHUKE
0€30I1aCHOCTH.

Bo Bpems npoBeaeHus 3aHATHH 3alpelIeHO HaXOAUThCS B JIA0OPATOPUH B BEPXHEH
olexe, MO0 pa3MellaTh BEPXHIOI OJEXIy B momelleHuu jnadoparopuu. Ilepen
IPOBEICHUEM JIA0OPATOPHBIX 3aHATUN CTYIEHTHl O0sA3aHbl H3Y4YUTh Ja0OPaTOPHYIO
pabory. [lepen Hauamom pabOThl MHXXEHEP WM MPENoAaBaTeNlb MPOBEPSIET UCIPABHOCTD
cTeHa0B. be3 paspemieHus mnpenogaBaTeds MPOBEACHHE JIaOOPATOPHBIX padoT
3arpelaercs. 3anperaerca U3MEeHsITh cxeMmy JadboparopHoit paboTsl. [Ipu npoBeneHuu
71a00paTOpHBIX pabOT Ha CTOJIaX HE JOJHKHO OBITh HUYErO U3 MOCTOPOHHUX MPEIMETOB.
Beskue paboThl 1O yCTpaHEHHIO HEHMCIPABHOCTEW TOJ HAMPSKEHHE KaTerOPUYECKH
3anpematorca. Ilpu cOopke cXeMbl NPUMEHSIOT TOJBKO CTaHAAPTHBIE MPOBOJA C
HakOHeuYHHKaMH. [Ipm BO3HMKHOBEHHMM HEUCHPABHOCTEH CTEHI JOJKEH ObITh
HEME/UIEHHO OTKJIIOYEH OT CETH.

3anperniaercs OCTaBJIAThH 0e3 mpucMoTpa paboraromue creHisl. [Ipu nossieHuun
3amaxa rapd HEMEMJIEHHO OTKIIIOYWTh CTeHA. B ciyyae mopakeHus >3JIEKTPUUYECKUM
TOKOM HEMEJJICHHO OOECTOYUTh CTEHJI M MPUCTYMHUTh K OKA3aHUIO TMEPBOM IMOMOIIU
[OCTPa/IaBILIEMY.

OTBETCTBEHHBIN 3a IMPOBEACHUE JIAOOPATOPHBIX PabOT YXOOUT MOCIETHUM W3
naboparopuu, yOeIUBIIUCH, YTO pabodyee MeCTO yOpaHo, a CTEH bl OTKJIFOUYEHBI.

[Tpu skcrutyaTauy AEMCTBYIOLIUX 3JIEKTPOYCTAHOBOK 3aMpPEUIAETCsl UCIO0Ib30BaTh
o0OpylOBaHHWE B YCJIOBHSIX, HE COOTBETCTBYIOUIMX TPeOOBAaHUSAM HHCTPYKIUH
OpraHU3alMU-U3TOTOBUTENEH, MIIH 000PYJ0BaHHE, UMEIOIIEe HEUCTIPABHOCTH, KOTOPHIE B
COOTBETCTBUHM C MHCTPYKLMEW MO 3KCIUTyaTalldd MOTYT MPUBECTH K MOXKapy, a TaKkKe
AKCILTYaTUPOBAaTh NPOBOJA M KaOeNIu C MOBPEXKACHHOW WM MOTEPSBIIEH 3alUTHBIC
CBOMCTBAa W3OJIAIMEH; TMOJB30BAThCS MOBPSKAEHHBIMUA PO3ETKAMH, PYOMIBHUKAMH,
JIPYTUMH 3J1€KTPOYCTaHOBOYHBIMU U3JICTUSIMH.

2. TpeGoBanusi OXpaHbI TPy/Aa Mepel HAYAJIOM PadoThI
— OCMOTpeTh COCTOSTHUE TOMEIIEHHUS: JOCTaTOYHA JIM OCBEUIEHHOCTh, PabOTaeT Ju
BEHTWISIIIUSL TPOBETPUBAHMS TMOMENICHUS, MO3BOJSIET JM TeMmIeparypa B
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MOMEMICHNN KOM(OPTHO TIPOBOAUTH pabOThl 0e3 BEpXHEW OJeKAbl, HE
3arpoOMOK/ICHO JIM MECTO MPOBEACHUS 3aHATUN TOCTOPOHHUMHU MPEAMETAMHU.

— OCMOTpETh COCTOSIHHE MJICKTPUYCCKUX COCTUHEHHUH, PyOMIBHUKOB, aBTOMATOB H
NPOYHX MEPEKITIOYAIOIINX CPEICTB.

— IlpoBepuTh HATMYKE CPEICTB 3AMIUTHI.

— YO0patb Bce MOCTOPOHHHUE MTPEIMEThI, KOTOPhIC MOIIA ObI CO3/1aBaTh HEYI0OCTBO B
cOOpKe CXeMBbI JTA0OpaTOPHOH PaOOTHI.

— Ecnm HeoOx01uMo, BEIBECUTH MPEAYITPEIKIAIONTHIE IIAKATHI.

— JlabGoparopnast paboTa MPOBOIUTCS TOJIBKO C UCTIPABHBIMU TTPHUOOpaMHU.

— PykoBomuTens mepen HavyaaoM padOThl HPOBOJUT HMHCTPYKTAX 110 TEXHHUKE
0€30MacHOCTH U KOHTPOJIMPYET BECh MPOIECC PaOOTHI.

— K MomenTy npoBeneHus padoT BCe CTCHIIBI TOJKHBI OBITH TIPOBEPEHBI U TOTOBHI.

— Bce cTyneHTsI JOHKHBI paclucaThCcsl B KOHTPOJIBLHOM JIUCTE.

— CryaeHTBl  JODKHBI ~ BHHMATEIBHO  HW3YYHTh  ONUCaHUE  pabOTHI, TIpH
HEOOXOIMMOCTH BBISICHUTH HESICHBIC MOMEHTHI.

3. TpeGoBaHusi 0XpaHbI TPYAA BO BpeMs padoThI

— JlaGopaTopnas paboTta MpOBOAUTCS TOJIHKO B MPUCYTCTBUU MPENOAaBaTEII .

— Ha npoBenenne nabopaTopHOil pabOTHI pa3pelieHHe JAeT JUYHO PYKOBOIAUTEIH
3aHATHI MOCIE MIPOBEPKH MPABUILHO COOPAHHOU CXEMBI.

— PykoBoauTenb NOMKEH CIEIUTh, YTOOBI B CXEME HE OBLJIO OTKPBITHIX OTOJICHHBIX
npoBoAoB. I[lpu oOHapyKeHMU HEIOCTAaTKOB Takas paboTa J0OKHA OBITh
HEMEIJIEHHO MTPUOCTAaHOBJIEHA.

— Bo Bpems mpoBeneHus a0opaTOpHOW pabOThI BCE MPOXOJBI JIOJDKHBI OBITh
O0CBOOOKICHBI, IOCTYT K CTEHIaM JIOJDKEH OBITh CBOOOIHBIM.

— Bo Bpemsi mnpoBeaeHusi J1abopaTOpHOW pabOTHI  3ampeliaeTcs OCTaBIATh
BKJIFOYEHHBIN CTEH]T O€3 MpUCMoTpa.

— Ilpwu BbIsIBIICHUU 3amaxa rapu cieayeT HEMEJIEHHO 00€CTOUYUTh CTEH/I U I0JI0XKUTh
PYKOBOJUTEITIO.

4. TpeOGoBaHMsI OXPaHbI TPYAA 10 OKOHYAHHUIO PA0OTHI

— Ilo okoHuaHuto J1a0OPaTOPHON PabOTHI CTEH]I 0OECTOYMBAETCS, BCE MPUOOPHI U
COCIMHUTEIbHBIE TIPOBOA OTCOCAUHSIIIOTCS U yOUPaIOTCsI.

— O BBISBJIICHHBIX HEHCTIPABHOCTSX JOJIOKHTHh PYKOBOJAUTEIIIO 3aHATHH.

— BBIKTIOYNTH OCBEIICHHE JTAOOPATOPUH, 3aKPHITh TIOMEIICHUE Ha 3aMOK

5. TpeGoBaHusi OXpaHbI TPY/AA B ABAPHMHUHBIX CUTYALMAX

1) Ilpy BO3HMKHOBEHUM HEUCHPABHOCTEH BO BpeMsl MPOBEAEHUs J1ab0paToOpHOM
paboThl HEOOXOIUMO HEMEIJICHHO 00€CTOYUTH CTCHI.

2) Tlpu obHapykeHUH MOXKapa HEOOXOUMO:
— TMpPEeKpaTuTh paboTy, OMOBECTUTh OKPYKAIOUIUX O MOXKape;



— COOOIUTH 0 TIOKape Ha BaXTy, COOOIIUTH O BO3TOPAHUH B MOKAPHYIO OXPaHY TI0
Tes. 01 vam no tes. 101 (112) MoOUNBbHOM CBSI3U, COOOIIUTH MPU ITOM TOYHOE
MECTO MoXapa, YTO TOPUT, CBOIO (PaMIIIHIO;

— TPUHATH MEPHI MO0 IBAKYAILIUH JIIOJIEN U CIIACEHUIO0 000PYI0BaHUS.

— OTKJIIOUUTH OT CETH JIEKTPOOOOPYAOBAHHUE;

— TMPUCTYNUTh K TYIICHHIO TOXKapa CBOMMHU CHJIAMHU C TIOMOUIBIO HUMEIOIIUXCS
MOJIPYYHBIX CPECTB MOKAPOTYIICHUS;

— €CJIM TOTACUTh OdYar TOPEHUsl HE MPEJICTABISIETCS BO3MOXHBIM, HEOOXOJIUMO
IJIOTHO 3aKPBITh OKHO, JBEPh HE 3aMupas 3aMOK U MOKUHYTh OMACHYIO 30HY;

3) [Ipy mopaxxeHWu D>IEKTPUYECKUM TOKOM HEMEIJIEHHO OO0ECTOYNUTh CTEHA U
MPUCTYIUTh K OKa3aHUIO MEePBOM MOMOUIM noctpadasuiemy. [Ipu HeoOxoquMocTu
BBI3BaTh CKOPYIO MOMOIIIH 110 Tedl. 03. uinu o Test. 103 (112) MoOMIIbHOM CBA3M.



JIABOPATOPHAS PABOTA Nel
«MCCIIEJOBAHUME TEIIJIOBOI'O PEJIE»

Heab padoTsi:

I/ISY‘-II/ITB IMIPUHOUII I[CﬁCTBHSI TCILIOBBIX PCJIC

KpaTKI/Ie TCOPETHYECCKUE CBCACHUSA

[Ipy He3HAUUTEIBHBIX JJIUTENIBHBIX MEpPErpy3kax B  AIJIEKTPOJBHUIaTEINsX,
JJIEKTPOMAarHuTax M JApPYyrux TOKONPUEMHHUKAX, BO3HHUKAIOUIUX IMpPU BO3paCTaHUU
MOMEHTa COIIPOTUBJIEHHMS Ha pabodyeM OpraHe MallMHbl WIM 33 CYET BHTKOBBIX
3aMbIKaHUH B OOMOTKax, MPOTEKAaeT TOK, MPEBBIIAIONINM JONYyCTUMOE 3HAYCHHE Ha
20...50%. Taxoii pexxum pabOThl TPUBOAUT K MEPETPEBY OOMOTOK M AJIEKTPOJBUTATEINS B
LEJIOM, a, CJIEJ0BATEIbHO, K MPEXIECBPEMEHHOMY BBIXOAY €ro u3 cTpos. s 3aumThl
ANEKTPOOOOPYIOBaHUA OT TaKUX MEpPEerpy30K CIyKaT TEIJIOBbIE peje, KOTOpbIe
BKJIFOYAIOT MOCJEA0BATEIbHO B KOHTPOJIHMPYEMYIO Lielb. TEIJIOBbIE peiie paboTaroT B
LEISIX IEPEMEHHOT0 U MOCTOSIHHOTO TOKa. VX UCIOIb3YIOT Kak CaMOCTOSITENIbHO, TaK U B
COCTaBE MAarHUTHBIX ITycKareyied. OCHOBHBIM 3JIEMEHTOM TEIJIOBOIO peie SIBISETCS
OMMeTaINInYecKas MIacTUHA.

HarpeB OuMeTamindyeckoro 3JieMEHTa MOXKET NMPOU3BOAUTHCSA 3a CYET TeIia,
BBIIEJIIEMOTO B IUIACTMHE TOKOM Harpy3ku. OdeHb 4YacTo HarpeB Oumeraiia
IIPOU3BOJMTCS OT CHELUAIBHOTO HAarpeBaTelIsl, 10 KOTOPOMY IIPOTEKAET TOK HAarpy3Ku.
Jlydyiive XapakTEpUCTUKU MOJIy4arOTCs MNpU KOMOMHMPOBAaHHOM HAarpeBe, Korja
IUIACTHMHA HAarpeBaeTcs 3a CYET TEIUIA, BBIAEISIEMOrO CIIEHNAJIbHBIM HArpEeBATENIEM, TAaKKe
oOTekaeMbIiM TOKOM Harpy3ku. IIporubasice, OuMeTalmu4ecKkas IIJIaCTUHA CBOUM
CBOOOJHBIM  KOHIIOM BO3JEHCTBYET Ha KOHTaKTHYIO CHCTeMy, oOecreduBas
cpabaTbIBaHUE peJie.

OCHOBHO# XapaKTEpUCTUKOW TEIJIOBOTO peJie SIBISETCS 3aBUCHUMOCTh BPEMEHH
cpabaThIBaHUs OT TOKAa Harpy3Ku (BpeMs-TOKOBasi XapaKTEPUCTHKA), UMEIOIIAsl BUJ Ha

puc. 1.1.
Y |

Pucynok 1.1 — BpeMs-TokoBasi XapakT€pUCTHUKA TEMJIOBOTO PENE

Jlnst oOecrieueHusi HaJEKHOW 3aIUThl BPEMS-TOKOBAsl XapaKTEPUCTUKA peiie
JOJDKHA TIPOXOJUTh BO BCEM JUAIa30HE M3MEHEHHS TOKOB TEPETPY3KH HUKE BpPEMsi-
TOKOBOM XapaKTEPUCTUKH 3aIUIIIAEMOT0 00OPYIOBaHUS, YTO JIOCTUTAETCS MPABHIbHBIM
BBEIOOPOM TEILTOBOTO pefie TI0 TOKY.



Pene u3rotoBusioT oqHO-, ABYX- U Tpexdasznoro ucnonnenus (tunos PT, TPB,
TPA, TPH, TPII u PTJI) na paznuunsie Toku oT 0,5 mo 600A. HoMuHanbHBIN TOK
TEIUIOBOTO PEJe SIBISETCS €r0 MAaKCUMAJIbHO JIOMYCTUMBIM TOKOM, & CMEHHBIE TEILJIOBBIE
AJIIEMEHTBl MO3BOJSIOT MOJYYHMTh JJIs KaXXJOro TumopasMepa peire or 4 gpo 12
HOMHUHAJIBHBIX TOKOB yCTaBKHU. IIpu 3TOM MJi1 Ka)KJOro TEIIOBOTO 3JEMEHTa €ro TOK
YCTAaBKM MOXET W3MEHATHhCS (YMEHBIIAThCS) CHElUalibHBIM peryisaropoM a0 30% ot
HOMUHAJIBHOTO 3HAaYeHUs, a HeKoTophie Tulibl pene (TPH) umeror npenen perynupoBaHus
ot 0,75 no 1,251H.

TemnoBble pene BHIOMPAIOTCS MO0 HOMUHAJIBHOMY TOKY TEIUIOBOTO 3JIEMEHTa U
HOMUHAJIBHOMY TOKY JBUTaTEIIs:

Unom.pene > Ucemu, Inom.pere = Inom.08. - s OBUTatesiei, paboTaOMMX B

JUTUTEIIbHOM PEKUME PaOOTHI.

Jns qeurareneid, paboTaronux B KpaTKOBPEMEHHOM PEKUME, TEIIOBAs 3allluTa
HE HCIIOJB3YETCs 32 UCKIIOUCHUEM CITy4aeB BO3MOKHOM pabOThI IBUTATEIIS HA YIIOP.

AJITOPUTM NMPOBeJAEHNS IKCIIEPUMEHTA
1. B kauectBe uccinemyemoro mnpumensiercs pene TPH-10 ¢ HoMuHanbHOM
yctaBkol Toka 0,8 A. [[ns uccnenoBanus HE0OX0UMO coOpaTh cxemy Ha puc. 1.2.

Pucynok 1.2 — Cxema 17151 IpOBEICHUSI SKCIIEPUMEHTA

T.x. Bpemsi cpabaTbIiBaHus pejie U3MepseTcs JeCATKaMU CEKYH]I WJIM MUHYTaMH, TO
MO>KHO B Ka4€CTBE CEKYHJOMEPA HCIOJIb30BATh HAPYUHBIE YACHI (P ITOM YaCTh CXEMBI
C CeKyHJIoMepoM He HyxHa). Paboty maumnator ¢ Bxitouenus JIATPa u perymstopom
yCTaHaBIMBAIOT HEOOXOIMMYIO BEJIMYMHY TOKa Harpy3ku. 3atem oTkiovatoT JIATP,
OOHYJISIIOT TOKa3aHUSl CEKYHJOMepa M TOcCJe May3bl, HEOOXOAUMOW MJisi OCTHIBAHMS
TEIUIOBOIO DJIEMEHTA peEJIe BHOBb BKIOUYAOT. CEKyHIOMEp HAYMHAET OTCYET U
OCTAHABJIMBAETCS TMOcCie cpabaTeiBaHusl pene. Bo u3bexaHue mneperpeBa TEmIOBOIO
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anemenTa pene JIATP cnenyer cpa3dy OTKIIOUHTS. [Iepen mMoOBTOPOM PKCHIEPUMEHTA
HEOOXOMMO CHIeJIaTh May3y IS OJTHOTO OCTHIBAHMSI TEIJIOBOTO DJIEMEHTA pelie U 3aTeM
BEpHYTh €r0 B HCXOJHOE COCTOSIHUE€ HaXaTWEeM BO3BpPaTHOM KHOMKHU. 3aTem
YCTaHABIIMBAIOT JIPYTYI0 BEIWYHWHY TOKA HArpy3KH W MOBTOPSAIOT BBHILIEC MPUBEICHHBIC
nercTBus. JlaHHble, OJIy4eHHBIE IO MOKa3aHUsIM MPUOOPOB, 3aHOCAT B TAOJIUILY U CTPOSIT
3aBUCHUMOCTh BPEMEHHU CpabaThIBaHUS TEIJIOBOTO PEJie OT TOKA HArpy3KH.

JlomyckaeTcsi JTOMOJHUTh CXEeMYy JIa0OpaTOpHOW paldOThl, BCTPOUB KOHTAKT
MarHUTHOTO IyCKaTeliss ¢ pabouyuM HampspkeHueM Katymku 220B mexay BBIXOAOM
JIATPa 1 nepBUYHO LIETIbIO MOHMKAIOIIETO TpaHCHOpMATOpPa, @ €ro KaTyIKY 3aluTaTh
ot rHe3a 220B B 6moke TPH udepe3 pa3Mblkaroniuii KOHTaKT TEIIOBOTO pejie (MpH 3TOM
SA2 nyxHO OyneT BKIIOUYUTH). TeM caMbIM JIOCTUTAETCS aBTOMATHYECKOE OTKIIOYEHUE
Harpy3ku mpu cpabaTblBaHUM TEIJIOBOro pene. B 1menb ke cekyHaoMmepa B3aMeH
KOHTAKTa TEIUIOBOTO PEJI€ BKIIOYACTCS 3aMBIKAIOIIMNA KOHTAKT ITyCKATEs.

Otuer JOJIZKEH BRJIIKOYATb:

Nznoxenue nenu padoThl.

DIIEKTPUYECKYIO CXEMY YCTAHOBKHU.

Tabnuiry u3MepeHHil 1 BEIYUCICHUN BEJTUYHUH.

I'paduku 3aBUCHMOCTEM, MOCTPOEHHBIE TIO pe3yJIbTaTaM dKCIEPUMEHTOB.
BriBoabl 110 pabdore.

Nk WD

KOHTpOJILHbIe BOIIPOCHI

1. Kakue BUIbI OMMETAUIMYECKUX TIJIACTHH MMPUMEHSIOTCS B TEIJIOBBIX pefie?

2. Kak perymupyercss TOK cpabaThbIBaHHS TEILUIOBOIO pejieé C HEMOCPEJICTBEHHBIM M
KOCBEHHBIM HarpeBom?

3. Kak 3aBUCHUT BemunHa Mporuda iacTUHbI OT €€ JJIMHBI U TOJIIUHBI?
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JIABOPATOPHAS PABOTA Ne2
«HUCCIEJOBAHHME CXEM BKIIOYEHUA BTOPUYHbBIX OBMOTOK
TPAHC®OPMATOPOB TOKA»

eab padoTsl

O3HaKOMJICGHHE CO CXeMaMu COCOIMHCHHUA BTOPHYHBIX 0OMOTOK TpaHC(bopMaTopa
TOKa, UCIIOJIb3YCMBIX B YCTPOﬁCTBaX peneﬁHoﬁ 3allIUTbl 1 aBTOMATHUKMH.

KpaTkue TeopeTudyeckue cBeIeHUsI

Tpancpopmatopbl TOKa KOHCTPYKTHUBHO Pa3IMyaroT Io:
- pOJy YCTaHOBKH (BHYTPEHHSS U HApYXKHAas);
- cnoco0y ycTaHOBKH (OMOPHBIE, IPOXOIHBIE U BCTPOCHHBIE);
- THUITY U30JISIIUH (MOKCHIHAS cModIa, Gpapdop, TpaHchopmaTopHOE MACIO);
- KOJHMYECTBY BHUTKOB NEPBUYHOU OOMOTKH (OJHO- U MHOTOBUTKOBBIE); -
KOJIMYECTBY BTOPUYHBIX OOMOTOK (CepAeYHHKOB) OT 1 70 5.

OnuoButkoBbie TpanchopmaTopbl Toka (TT) mpoie Mo KOHCTPYKIIMU, UMEIOT
MEHbIIME pa3Mephl U 0osiee YCTOMYMBEI MPU K. 3., Y4eM MHOTOBUTKOBBIE. HegocTaTkoM nx
SBJIIETCS] HEBBICOKAsI TOYHOCTh NPU U3MEPEHUH MaJIbIX TOKOB.

CymiecTByeT TpHU OCHOBHBIX KOHCTPYKLIHMH OJHOBUTKOBBIX TT: mIMHHBIE,
CTEpP)KHEBBIE W BCTPOCHHBIE. BCe OHM HMEIOT KOJBIEBOM CEPICYHHUK, HA KOTOPBIU
HaMoTaHa BTopuuHas oOMoTka. [lepBuunas ob6mortka - mmua (THI, THIJI, TITHIJ),
TpyOa,  cTepkKeHb (TTIOJI, TIO®), CTEp’KEHb BBOJA BBIKJIIOYATEId WU
tpanchopmaropa (TB, TBT) - npoxoaut uepes3 OKHO cepeuHuKa.

OnuH u3 ocHOBHBIX mapameTpoB TT sBisieTcs: ero Ko3ddUImMeHT TpanchopMaiuu
Ktr = 111/182. DT0 BBIpa)keHHE CIPABEIIMBO JUIIIb I UACATLHOTO TpaHchopmaTopa,
TOK HAMAarHUYMBaHMUs y KOTOPOTO OTCYTCTBYeT. B peanbHON TpaHchopmarope Toka
MPONOPLUHUOHAIBHOCTh ~ MEXAY MEPBUYHBII W BTOPUYHBIM TOKAMHU HapylIEHa,
OTCUUTBIBAEMBII MO MPUOOPY TOK OTIMYAETCS OT ACHCTBUTEIBHOTO MEPBUYHOTO TOKA HE
TOJIBKO TIO BEJMYMHE, HO M CIABUHYT OTHOCHUTENHHO e€ro mo ¢asze. T.e. Hamuume Toka
HaMarHU4MBaHUsl BHOCUT B M3MEPEHUS MOTPEIIHOCTH MO MOAYJIIO U Mo yriy. Bennuuna
NOTPEUIHOCTA 3aBUCUT OT €ro KOHCTPYKTHMBHBIX JaHHBIX (pa3MepoB W MaTepualia
CEpJIEYHUKA), OT BEJIMYMHBI BTOPUYHON HArpy3Ku (COMpPOTUBIEHUSI OOMOTOK PUOOPOB U
pere, CONPOTUBIIEHUS! IPOBOJOB U KOHTAKTOB) M OT KPAaTHOCTU AEHUCTBUTEIBHOTO TOKA
MEePBUYHON e K HOMHHAJIBHOMY TOKY MEPBUYHON OOMOTKH (MPU MEPBUYHOM TOKE,
3HAYUTEIBLHO MEHBIIIEM HOMHUHAJIBHOTO, MOTPEIIHOCTh BO3PACTAET).

[Ipy BBITIOIHEHWH 3alIUTHI DJIEMEHTOB DJJIEKTPUUYECKHX CHCTEM MOTYT OBIThH
UCIOJIb30BaHbl PA3JIMYHbIE CXEMbl COEAMHEHUH OOMOTOK TpaHC(OPMAaTOpOB TOKa H
TOKOBBIX 0OMOTOK pesie. Beioop cxembl ornpenensiercs: €€ Ha3HaueHUueM (0T KaKUX BHJIOB
KOPOTKMX 3aMbIKaHUM TPEIyCMOTpPEHA 3allinTa), TPEOOBAaHHMEM YYBCTBUTEIHHOCTH,
HEOOXOMMOCTHIO SKOHOMHUTD KOJIMUECTBO peJie M TpaHC(HOPMATOPOB TOKA.

Ucnons3ytorcs cxembl ¢ TT, ycraHaBimuBaeMbIMM B JBYX ¢azax (AByx(daszHbie
CXEMbl) WJIK BO Bcex Tpex (pazax (Tpexdaznbie cxembl). Bropuunsie ooOMoTku TT moryT
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COOTBETCTBEHHO COEIMHATHCA B HEMOJHYK WJIHM IOJHYIO 3BE€3/bl WJIM HEMOJHBIA M
IIOJIHBIA TPEYTOJIbHUK.

CxeMbl B LEIAX 3KOHOMHHM BCErJa BBINOJHAIOTCA C MUHUMAJIbHBIM YHUCJIOM
COETUHUTENBHBIX TpoBoa0B Mexnay TT u perne. [loatomy B cxemax 3Be3ibl OOpaTHBIC
IpoBoJa OT pene OOBEAUHSIOTCS B OJMH IMPOBOJ; COEAUHEHUE B TPEYTOJBHHUK
IIPOU3BOJNTCS Yy MecTa YCTaHOBKH TT.

OOpatHbiii  (HyJIEBOM) MPOBOJ B CXEME IOJHOM 3Be3llbl 00ECIeUnBaET ee
NpaBWIbHYIO paboTy mnpu ogHOGA3HBIX W JABYX(a3HbIX K.3., CO3/JaBas MyTh HJs
MPOXOXKJIEHU TOKa. B cxeme HemoJHOW 3Be37bl OOpaTHBIM MPOBOJ HEOOXOIUM IS
CO37aHMsl MYTH TOKAa B HOPMAJIbHOM pEXHUME, NpHU Tpex(asHbIX K.3., a TaKXKe MpHU
nByX(a3HbIX K.3. CXeMbl HEMOJHBIX 3BE3/bl U TPEYroJbHUKA HE paboTal0T MpH K.3. HA
daze, He umeronieit TT. Ilo3ToMy OHM MOTrYT NMPUMEHATHCS TOJBKO IS 3aIIUT OT
MHOTO(a3HbIX K.3. CXeMbl MOJTHOHN 3BE3/bl M TPEYTOJbHUKA PEarupyroT Ha oJHO(a3HbIe
K.3. B HacTosiee Bpems ISl 3alUThI OT 0JJHO(A3HBIX K.3. IPUHATO UCIOJIB30BaTh OoJiee
COBEPILIEHHYI0 CXEMY C peje, BKJIIOYEHHBII Ha CymMMy TOKOB TpeX (a3, paBHYIO
YTPOEHHOMY TOKY HYJIEBOW MOCJIEIOBATEIBHOCTH.

[Ilnpokoe pacrnpoCTpaHEHUE B PACIHPENECICHHBIX CETIX HamnpsokeHueM 35kB u
HIDKE OT BCEX BO3MOXKHBIX BHIOB K.3. HIMEET CX€Ma HEMOJIHOW 3Be3abl. HekoTopeie ee
HEJOCTaTKM 110 CPAaBHEHUIO CO CXEMOM IIOJIHOW 3BE€3Ipl - B 2 pa3a MEHbIIAs
YyBCTBUTEJIBHOCTh TpU JBYX(}a3zHbIX K. 3. 3a TpaHchopmaropamu Y/A, A/Y wu
ofHO(a3HBIX K.3. 3a TpaHchopMaTopaMu Y/Y € 3a3€MJICHHON HEWTpaliblo, a TaKXke
BO3MO)KHAsl NOHWKEHHAsi YyBCTBUTEIBHOCTb MPHU JABYX(a3zHbIX K.3., OOYCIIOBICHHAS
BJIMSTHUEM TOKOM HAarpy3KH - MOTYT ObITh YCTPAHEHbI BKIIOUEHHEM B OOpaTHBII NMPOBOJ
TPETBETO peJie TOKa. TOK B 3TOM pese NMpU OTCYTCTBUU COCTABJISIIOLIUMX TOKA HYJIEBOU
NOCJIEI0BATEIbHOCTH PABEH TOKY TpeTbel (ha3bl, U cxema paboTaeT, Kak MoJIHast 3Be3/a.

CxemMa HEMOJIHOTO TPEYTOJIbHUKA MO CPAaBHEHUIO CO CXEMOW HEMOJIHOW 3BE3.IbI
UMEET PsJ HEIOCTaTKOB: HENPUIoJHA s pabdoThl B KAaueCTBE pE3EPBHOW MpHU
IBYyX(a3HbIX K.3. U OJHO(A3HBIX K.3. 32 YKAa3aHHBIMH BbILIE TpaHcPopMaTopamu. ITa
cxema MPUMEHSAETCS IS MaKCUMAJIbHBIX TOKOBBIX 3alllUT, KOTJa 3T HEAOCTATKU HE
TPOSIBIISIIOTCA.

Cxema MmoJHO# 3B€3/[bl HE UMEET IIUPOKUX 00acTel ucnosib3oBaHus. OHa MOXKET
NpUMEHATbCA TpU Hamuuuu Tpex TT (Hampumep, BCTPOEHHBIX BO BTYJIKHM MACISHBIX
BhIKITIOUatTesel 35kB) Ha mepBhix 3ammTax ceTd (HauboJsiee ynaleHHBIX OT MCTOYHMKA
MUTaHUA).

CxeMa TOJHOTO TPEYroJIbHUKAa YacTO MCIOJIB3YETCS TOJBKO Ha IMOHMWXKAKOLIUX
TpaHcopMmaTopax € TJIyXO03a3eMJICHHBIMU HEUTpaIMU IS [PEIOTBpALLEHUS
U3JUIIHEr0 CpabaThlBaHMs TOKOBBIX 3alIUT TMOJ BIMSHUEM TOKOB HYJIEBOM
MOCJIEI0BATEIBHOCTH, HAMPABIISIIOIIMXCS OT TPaHC(HOPMATOPOB K MECTY MOBPEXKICHUS B
ceTu. BxiroueHue pese 3Toi cXe€Mbl Ha pa3HOCTh TOKOB (Da3 MCKIIIOYAET MPOXOKICHUE
yepes Hux ciaratomux lao, Ibo, Ico.

Hpyrux npeuMyIecTBs NPUMEHUTEILHO K TOKOBBIM 3alIUTaM Y 3TUX CXEM HET.

CxeMa BKJIIOYEHHMS Ha Cclaralouge HyJEBOM IOCIEIOBATENIbHOCTH pearupyeT
TOJIbKO HA MOBPEXKACHUS, COIMPOBOXKIAIOIINECS TOKAMH HYJIEBOUM MOCIEA0BATEIILHOCTH -
JUTSL CETEH € MTyX03a3eMJIEHHBIMU HEUTpaJIsiMU.
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[Ipu BBIOSHEHWU 3aIIUTHI JJIEMEHTOB JJICKTPUYECKUX CHCTEM MOTYT OBITh
WCIIOJIb30BAHBl PA3JIMYHBIE CXEMbl COEAMHEHUH OOMOTOK TpaHC()OpPMATOpOB TOKA H
TOKOBBIX 0OMOTOK pejie. BeiOop cxeMbl ompenensercs e€ Ha3HaueHHEeM (0T KaKuX BHJIOB
KOPOTKMX 3aMBIKaHWHM TPEIyCMOTpPEHA 3alluTa), TPEOOBAHWEM YYBCTBUTEIHHOCTH,
HEOOXOJIMMOCTBIO DKOHOMHUTH KOJUYECTBO pelie W TpaHchopmaTopoB Toka. [lpum
OMpENICICHUH TIapaMeTpPOB 3aluThl (TOKa cpadaThiBaHUSIT M YYBCTBUTEIBHOCTH)
HEO0OXOJIMMO YUYUTHIBATh KOA(PDHUIIMEHT CXEMBI:

Kex=Ip/Lm,

rae Ip - TOK B pene, A;

Loym - TOK BO BTOpUYHOM 00OMOTKE TpaHcpopMaTopa Toka, A.
JI1st MaKCUMaTbHBIX TOKOBBIX 3aIUT BHIOOP TOKa cpabaThIBaHUS pejie MPOU3BOIUTCS IO
BBIPAKEHUIO:

Icp. = (Kn-Iumax-Kcex)/(Ke-Kmm),

rne Kn = 1,1...1,2 - xo3pPUIMEHT HAIEKHOCTH, YUYUTHIBAIOIIMA MOTPEUIHOCTD
pelie U TEPEeXOHBIC PEKUMBI,

Ke = 048.085 - xodbdumnmieHT Bo3Bpara pelie  YUYUTHIBAIOIIUKA  €T0
KOHCTPYKTHUBHBIE 0COOEHHOCTH;

Kmm - xoaddumment tpancdopmaiuu tpancpopmaropa Toka.

O¢ddexTuBHOCTD KaXI01 CXEMBI ONpPENIEIACTCS koah purrieHTOM

YYBCTBUTEJIIBHOCTH, TMPEJCTABISAIONIUM COOOM OTHOIIEHHE TOKa TPU KOPOTKOM
3aMBbIKaHUH TIOTA/IAI0IIET0 B OOMOTKY pejie K TOKY cpadaThIBaHUS.

Ku = Ip/Icp.
AJITOPUTM NPOBeeHUs IKCIIEPUMEHTA

1. O3HaKOMUTBCS C anmapaTypoH, yCTAHOBJIEHHOM Ha CTEH/IE.
2. CoOpaTh 0oOYEpETHO BCE CXEMBI, IPeICTaBlIeHHbIE Ha puc .2.1 - 2.5

[Tocne mpoBepku mpemnojaBareieM COOpPaHHOW CXEMbI, 3aMKHYTh TymoOiep SAl,
amriepmetpbl PA1 - PA4 nokaxyT nepBUYHBIN TOK LIeTH, a amnepMeTpsl PAS - PA8 Toku
BTOpUYHbIX 1ened. IlepexkmtouareneM SA2 MOXKHO YCTAaHOBUTH BHUJI KOPOTKOTO
3aMbIKaHUS B IEPBUYHON LIETIN.
3. JInst KaXaA0W CXEMbl, UMUTHPYS pa3InuHbIe BUABI KOPOTKUX 3aMBbIKaHUM, IPOU3BECTH
3aMuch MOKa3aHUK Bcex mpuOopoB B Tabmuie 2.1.
4. Tlo gaHHBIM MOKa3aHUN TPUOOPOB ISl KaXKIOW CXeMbl omnpeaenuTbh BennuuHy Kcx,
COOTBETCTBYIOILIETO OMPEACIIEHHOMY BUAY KOPOTKOTO 3aMbIKAHMUS.
5. OnpenenuTh YyBCTBUTEIBHOCTh TOKOBOM 3allUThl NpPHU PA3JIUYHBIX CXemax eé
BBINIOJIHEHUS U PA3IUYHBIX BUJAX KOPOTKUX 3aMbIKaHUM.
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Pucynok 2.1. — Cxema 1151 mpoBeeHUs SKCIIEPUMEHTA
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Pucynok 2.4 — Cxema 17151 IpOBEIEHUS SKCIIEPUMEHTA
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Pucynok 2.5 — CxemMa 7151 IpOBEICHUSI SKCIIEPUMEHTA

OTtuer JOJI2KEH BKJIKOYATh:

Nznoxenue nenu padoThl.

DIIEKTPUYECKYIO CXEMY YCTAHOBKHU.

Tabnuiy n3mMepeHuil U BEIYUCICHUN BETUYHH.

['paduxu 3aBUCUMOCTEM, MOCTPOCHHBIE IO PE3YJIbTATaM SKCIIEPUMEHTOB.
BriBopl 110 pabore.

DN AW~

KonTpoabHbIe BONPOCHI

1. B xakux ciy4asx MPUMEHSIETCS CXeMa COEIMHEHUs TpaHC(HOopMaTOpOB TOKa B
TPEYTOJIbHUK?

2. Ilouemy B ceTSIX C U30JUPOBAHHOMW HEUTPAJIbI0 YCTAaHABIMBAIOT JBa
TpaHchopmaropa Toka (IO OJHOMY Ha KXy KpaiiHiolo (a3y), a B CeTix C
IIyX03a3eMJIEHHOW HEWTpanbio - Tpu TpaHcdopmaropa Toka (MO OJHOMY Ha
Kaxayro ¢azy)?

3. Kak y3HaTh TOK BO BTOpUYHOM (paze MO TMOKa3aHUSIM MPUOOPOB B CXEME
puc. 1.1.6?

4 HauepTuth cXeMy 3alIUTHI C OJJHUM DPeJie, BKIIFOUEHHBIM Ha pa3HOCTh TOKOB JBYX
¢da3. Kakas gomkHa ObITh YCTaHOBKa pejie, €Clid OHO JOJDKHO CpalaThiBaTh MPHU
TOKe B JIMHUU TA?

5. HazHaueHune HyJIEBOrO MPOBOJA B CXEME ITOJTHOM 3BE3/bI.

6. YKa3zaTh THUIIBI 3aIIHT, TJI€ UCTIOJIB3YETCS BKIIOUEHHE TOKOBBIX OOMOTOK peJie o
cXxeMmaM, MpeJCTaBICHHbIM Ha puc. 2.1.B.

7. Tox xakux (a3 m3MepseT KaKIbli U3 aMIepMETPOB CXeMmbl Ha puc. 2.1.0 mpu
HOPMAaJIbHOM pexXumMe?
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Tabnuna 2.1. — Pe3ynbTartsl omnbiTa

Bun K.3.

[Tokazanust mpubOpoB

B nepBruHBIX

LEITIX

Bo BTOPHUYHBIX LCIIAX

Puc.2.1.a

Ia | IB

Ic

Io

Ia

Kcx

Is

Kcx

Ic

Kcx

Io

Kcx

Kg

Hom.pexum

Tpexdaznoe

JIByxdazHoe

JByxda3Hoe
3EMJII0

Ha

Onnodaznoe
3eMJTIO

Ha

Puc.2.1.6

Howm. pexxnm

Tpexdaznoe

JByxda3Hoe

JByxda3Hoe
3EMJII0

Ha

Onnodaznoe
3eMJTIO

Ha

Puc.2.1.6

Howm. pexxnm

Tpexdaznoe

JIByxda3Hoe

JIByxdazHoe
3eMJTIO

Ha

Onnodaznoe
3eMJTIO

Ha

Puc.2.1.2

Howm. pexum

Tpexdaznoe

JIByxda3Hoe

JIByxdazHoe
3eMJTIO

Ha

OnnodaszHoe
3EMUJTIO

Ha

Puc.2.1.0

Howm. pexxum

Tpexdaznoe

JIByxda3zHoe

JIByxda3zHoe
3eMJIIO

Ha

OnnodaszHoe
3EMJTIO

Ha
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JIABOPATOPHAS PABOTA Ne3
«HUCCIEJOBAHME JJIEKTPOMATI'HUTHOI'O PEJIE BPEMEHWN»

eab padoThl

N3yunTh KOHCTPYKLHMIO U MPUHIUI JEHCTBHUS 3JIEKTPOMArHUTHOTO pejie BPEMEHH.
OcBouTh €mocoObl HAaCTPOWKM pele BPEMEHUM Ha 33JaHHYIO BBIJEPKKY BPEMEHHU.
HccnenoBaTh BIUSHUE HAPSHKEHUS HA paboTy pesie BpEMEHH.

Kpartkue Teopernyeckue TpedoBaHus

DNEeKTPOMarHUTHOE pejie BpeMEHH 00eCIeYnBAET BBIJIEPIKKY BPEMEHH C MOMEHTa
MoJlayil CHWTHaJa YIpPaBJICHUS Ha pele BpEeMEHH U MOMEHTOM 3aMbBIKaHUS WM
pa3MbIKaHUS €ro KOHTAKTOB.

Bpemenem cpabaTbIiBaHUS 3JIEKTPOMArHUTHOTO peJie BPEMEHH HA3bIBAIOT BPEMS,
MIPOXOJISIIEe ¢ MOMEHTA 3aMBbIKAHUS IIETIH KATYIIIKH JI0 TTOJTHOTO MPUTSDKCHHS STKOPS WITH,
HA000POT, ¢ MOMEHTA OTKIIIOUCHHUS KATYIIKH OT CETH JO IOJHOTO OTHagaHus sKops. B
MEPBOM Ccllydae BpeMs cpaOaThlBaHWsI HA3bIBAIOT BpeMEHEM cpabaThiBaHHWS Ha
BKIIIOUEHUE, a BO BTOPOM CJIydae - BpeMeHeM cpabaTbIBaHUS Ha OTKIIOYCHHE.

Bpewmst cpabaTeiBaHus KaK TIpH BKIIOYCHUH, TaK U TIPH OTKIFOUYEHUN COCTOUT U3
JIBYX COCTaBJISIOIINX:

tcp. = tmp. + tos.

IlepBas cocraBisomas trp., Ha3plBaeMass BPEMEHEM TPOTAHMS, OIpPEACIIIeT
co00ii: IPH BKIIOYCHUH - BPEMsI, TPOTEKAIOIIEee C MOMEHTA 3aMBIKaHHS IIETIH KATYIIKH JI0
Hayajla TPOTAHMS SIKOPS; NPU OTKIIOYEHHHM - BPEMsl, C MOMEHTa pa3MbIKaHUS LIEMU
KaTyILIKH JI0 Hayajla OTIIyCKaHUs SKOPSL.

Bropas cocraBistomas tTp. - €cTh BpeMsl IBMXKEHMS SIKOPS 10 MOJHOTO €ro
IPUTSHKEHUS (TPY BKJIFOYEHUH ) WK J0 TIOJIHOTO OTHaAaHus (MPU OTKIIOYCHUN ).

3aMmenieHHOE cpabaThbiBaHUE 3JIEKTPOMArHuWTa, Kak IMPU BKIIOYEHUH, TaK U
OTKJIFOUEHUH OT CETH MOXKET ObITh OCYIIECTBJIEHO YBEJIMYEHHUEM WM tTp. wiu tns. B
NEPBOM CIIy4ae 3aMelJICHHE JOCTUTAeTCsl ¢ MOMOIIbI0 MarHUTHOTO JeMI(UPOBAHUS, BO
BTOPOM - C TIOMOIIIbIO MEXaHUYECKOTO JeMII(PUPOBAHUSI.

Jis  TpUTSHKEHHWST WM OTIMYCKAaHHUSA SIKOPS  DJICKTPOMArHUTHOTO — perie
HEOOXOJMMO HAM4YMe B MArHUTHOW CHCTEME OMpPEEICHHONW BEITMYMHBI MArHUTHOTO
notoka. HeoOxonumasi Benmu4rHA MOTOKA JOCTUTAETCS HE Cpa3y MOCJE BKIIOUEHUS WU
OTKJIIOYEHHS] pelie OT CETH, a Yepe3 OIpPEACNICHHbIH MPOMEXKYTOK BpPEMEHHU. 3aMensis
HapacTaHue (Mpy BKIOYEHUH) WK crajl (IpU OTKJIFOUEHWH ) MATHUTHOTO TOTOKA, MOYKHO
U3MEHATh BpeMsl MPUTSDKEHUs WIM OTnmyckaHus sikops. CrocoObl BO3AEWCTBUS Ha
CKOPOCTb M3MEHEHHSI MAarHUTHOTO TMOTOKAa B MAarHUTOINPOBOAE NPHU BKIIOYEHUH WU
OTKJIFOUEHUH peJie U HOCAT Ha3BaHHE MarHUTHOTO JAeMIT(pUPOBAHMUSL.

Bce cmocoObl MarHUTHOTO JeMI(UPOBAaHUS OCHOBaHbl Ha HCHOJIb30BAaHUU
MarHUTHBIX TOTOKOB, CO3[aBa€MbIX BHMXPEBBIMH TOKaMH, KOTOpBIE TMOSBISIOTCS B
MAaCCUBHBIX JIETAISIX MATHUTHOW CHUCTEMBI pejie IPU M3MEHEHUU OCHOBHOI'O MarHUTHOTO
nortoka. [lpu BkIOYEeHHMM OHM OyIyT YMEHbBIIATh CKOPOCTh BO3pAacTaHUS TMOTOKAa B
MarHUTONPOBO/IE, & IPHU OTKIIFOUEHHUH - CKOPOCTh CIaJJaHus MTOTOKA.

19



OueBunHO, 3G(HEKTUBHOCTH 3TOTO MeToAa OyAeTr Tem Oofblie, 4eM OOJblie
aOCOJIOTHAas  BEJIMYMHA  OCHOBHOro  moTtoka. [losTromy  MeTon  MarHMTHOIO
neMnpupOBaHus JaeT 3aMETHOE 3aMeJIEHHE MPHU OTKIIIOUEHUH JJIEKTPOMArHuTa, Korjaa
BO3IYIIIHBIE 3a30pPbI MAJIbl U BEJIMYUHA OCHOBHOI'O MOTOKA BEJIMKA.

C 1menpl0 yCUJIEHUS MAarHUTHOTO  JAEMI(QHUPOBAHUS  AJICKTPOMArHUTHI,
NpeIHA3HAYEHHBIE JJI MOJIYYEHHUS! BBIIECPKEK BPEMEHH, JIOIMOJIHSIOTCS CHEUATbHBIMH,
KOPOTKO3aMKHYThIMU KaTyIllKamH, OXBaThIBAIOIIUMHU MarHUTONPOBO/I.
KopoTko3zaMkHyTast KkaTyika, Ha3plBaemasl JeMI(UPYIOLIEH, OOBIYHO HCIOJIHSIOTCS B
BUJIE MACCHUBHOM TWIb3bl (MEAHOM WM QIIOMHUHHEBOW) WM OTHENBHBIX KOPOTKHUX
BTYJIOK, KOTOPBIE HACAKUBAIOTCA HA MATHUTONPOBOJ.  [IpuMeHeHHe KOpPOTKUX BTYJIOK
MO3BOJISIET I0JIy4aTh Pa3jINyuHbIe BBIAEPKKA BPEMEHU IIPU BKIOYEHUU B 3aBUCUMOCTU OT
UX MECTa pacIHoJIOKEHUs Ha cepaeyHuke. Tak, MpU pacrojoKEeHUH JIeMI(UPYIOLIUX
BTYJIOK y TOpIla cepAcYHUKA (BOIM3K pabovero BO3AYIIHOTO 3a30Pa) BbIACPKKA BpEMEHU
IIpU BKJIIOUEHUH OyAeT OoJibllie, YEM MPH UX PACIOJIOKEHUU y OCHOBAHUS CEpICYHHKA.
OTO0 OOBSCHSETCS TEM, YTO B MEPBOM Cllyyae B IEPBOHAYaIbHbIE MOMEHTBHI BPEMEHU
MOCJIE BKJIKOYEHUS AJIEKTPOMAarHuTa BTYJKH OyIyT OXBaThIBATHCS MPAKTUYECKU MOJIHBIM
MarHUTHBIM IMOTOKOM M B HMX OYJIyT HaBOJIUTHCA OOJIbILIME BUXpPEBbIE TOKU. Bo BTOpoM
e cirydae (pacIoyioKEeHUe BTYJIOK Y OCHOBAHMS CEpJICYHMKA) BHaYajle MOCIe BKIFOUECHUS
MarHUTHBIM TOTOK OyAeT 3aMbIKaThCA 4Yepe3 SKOpb IO BO3AYXy OT Koplyca K
CEpJICYHUKY, MHUHYS 3aMEUIAIOIIYI0 BTYJIKY CO BCEMH BBITEKAlOIIUMU M3 3TOTO
IIOCJIEICTBUSIMU - MAJIBIMU BUXPEBBIMHU TOKAMH H, CJIEOBATEIBHO, MAJILIMH BBIJIEPKKAMU
BpeMeHHU. [Ipu OTKIIFOUEHHMH 3JEKTPOMAarHuTa MECTOPACIOJOKEHHE BTYJOK HE MMEET
OOJBILIOTO 3HAYEHMs, TaK Kak M B TOM M B JPYrOM Ciydae BTYJKH OXBaTbIBAIOTCS
OJINHAKOBBIM MArHUTHBIM IIOTOKOM.

['py0oe cTyneH4aroe peryaupoBaHUE BbIIEPKKH BPEMEHU MOKHO ITPOU3BOIUTh
yTEM U3MEHEHUS TOJILMHBI HEMarHUTHOM MPOKIA/IKH, YCTAHOBIEHHON Ha TOPIE SKOPS.
TonumHa NpPOKIAAKW, HE CKa3bIBasACh MPAKTUYECKH HA BEJIMYMHE YCTAaHOBUBLIETOCS
MarHUTHOTO MOTOKA MPHU 3aMKHYTOM SIKOpE, U3MEHSIET MHIYKTUBHOCTb CHCTEMBI U TEM
CaMbIM BJIUSIET Ha CKOPOCTh M3MEHEHUs MoToka. C yBeIMYEHUEM TOJIIHMHBI MPOKIAJAKU
CKOPOCTh HM3MEHEHHUs IOTOKa BO3pAaCTaeT W BBIAEPKKA BPEMEHUM YMEHBLIAETCS W,
HA00OpOT, C YMEHBUIEHUWEM TOJIIMHBI MPOKIAIKH CKOPOCTh H3MEHEHUs MOTOKA
YMEHBIIAETCS, a BBIIEPKKA BPEMEHHM Bo3pacrtaer. TonmuHa npokiaaku Oepercs ot 0,1
MM U BBILIE.

[InaBHBI cIOCOO pPEryaupOBaHUs BBIACPKKM BpPEMEHH 3aKIIOYaeTcs B
VU3MEHEHUH HATSHDKEHUS OT)KUMHOM NPYKUHBI.

Ob6a cmoco0a TMO3BOJIAIOT HW3MEHSTH BBIJIEPKKY BPEMEHH OT HECKOJBKUX
JECATHIX JOJEH CEKYyHJbl 10 HECKOJBKUX CEKYH]I C OTHOCUTEIBHOW MOTPEIIHOCTHIO HE
oonee 10%.

Pene Bpemenu BJI paccunrano Ha HanpsiKeHUs:

- 36,110,127, 220, 240, 380, 400, 440, 500B (50I'y nnu 600'w).

« Tok, KkOMMyTHpYyEMBII KOHTAKTaMH, 110 4A.

« JlmamazoH perynupoBaHus BblaepKku BpeMenu ot 0,4 1o 180 c.

« Pazbpoc 15%.

«  MoHocTs, noTpedisiemas katymkoi 40 BA.

« KonuyecTBo 1 HCTIONHEHNE KOHTAKTOB B 3aBUCUMOCTH OT UCIIOJIHEHHUS pele.
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AJITOPUTM NPOBeIeHUsI IKCIIEPUMEHTA

1. M3yunuTh KOHCTPYKUHIO U IPUHLIKIN JACHCTBUA pelie BpeMeHu PBIT-72.

2. Jlna uccinenoBaHusi CBOMCTB pene BpeMeHu BJI-69 HeoOxoammo cobpath
cxemy corjmacHo puc. 3.1. TymOGnep SA6 ciayXuT Uisi OJHOBPEMEHHOTO 3aIycka
AIIEKTPOHHOI'O CEKYHJOMEPA U CAMOT'0 PeJie BPEMEHHU.

3. Ilocne BkimroueHus crenna, BKIoUnTh JIATP TymOnepom SA3 u BbICTaBUTH
Ha ero BbIxojie HamnpsbkeHue 110 B mo BompTMerpy V1, 3arem OOHYIMTH MOKa3aHUs
cekyHaomepa kHomnkoi "CoOpoc". Cxema rorosa k mycky. [[pou3BecTu BKIIFOUEHHE CXEMBI
tymosiepom SA6. CekyHnomep OyAeT NPOU3BOAUTH OTCYET BPEMEHH IO MOMEHTA
cpabaThIBaHUA peJie BpeMEHU. 3aHECTU MOKa3aHusl CeKyHaomepa B Ta0. 1.1, BBIKIIOYUTH
TymOsiep SA6, OOHYIUTHh MOKa3aHUSI CEKYHJIOMEpa U MOBTOPUTH OIBIT MPHU Pa3IMYHBIX
yCTaBKaX BpPEMEHM (YCTaHABIMBACTCS NEPEKIIOYATESIMU Ha JIMIEBOM MaHEIu pelie
BpeMenu BJI-69).

Tabnuna 3.1. — Pe3ynbrartsl onbiTa

VYcraBka BpemMeHH tycT., C

Bpewms cpabaTsiBanus tcp., ¢

[TorpemrHocTh cpabaThiBaHus t, C

OtHOcuTenbHAs TOrpenrHoCTs t, %

Puc 3.1 — Cxema 1151 mpoBeAieHUS SKCIIEPUMEHTA

OT1ueT 10/12K€H BKJIIOYAThD:

1. Msnoxxenue 1ieian paboTHI.
2. DJNEKTPUYECKYIO CXEMY YCTAHOBKH.

21




3. Tabnuiy u3MepeHuil U BHIYUCICHUIN BETNYHH.
4. T'paduxu 3aBUCUMOCTEN, TOCTPOCHHBIE MO PE3yIbTaTaM IKCIEPUMEHTOB.

5. BwBogs! mo pabore.

KOHTpOJILHbIe BOIIPOCHI

1. KoHCTpyKIus: ¥ IPUHITUI ACUCTBUS pejie BPEMEHHU.
2. Kako#t MmeTon1 JaeT 3aMeTHOE 3aMe/JICHUE MPU OTKIIOYEHUH AJIEKTpOMarHuTa?

3. KakuM mmyTemM MOKHO OCYIIECTBUTH I'py00O€ CTYIIEHYATOE PETYyIMPOBAHUE BBIICPKKH

BpPEMEHU?
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JJABOPATOPHAS PABOTA Ned4
«ACCIEJOBAHHUE DJIEKTPOMAT'HUTHOI'O PEJIE MAKCUMAJIBHOI'O
TOKA»

eab padoTsl

O3HAKOMUTBCS C KOHCTPYKLMSAMU 3JIEKTPOMATHUTHOTO PEJe MAaKCUMAJIBHOIO TOKA.
[IpousBecTy MPOBEPKY U CHATHE OCHOBHBIX XapaKTEPUCTHUK PEJIE MAKCUMAIbHOTO TOKA.

Kpartkue Teopernyeckue TpedoBaHust

[InaBkue mnpemoxpanuTenu (maboparopHas padora NI1) - mpocTeie, HO He
COBEpIIICHHBIE aIapaThl 3alUThl. FI3MEeHeHne ycTaBKH cpadaThIBaHUsI BO3MOXKHO TOJIBKO
CTYNEHYATOE IIyTeM 3aMEHbl MAaTPOHOB, a PETYJIUPOBAHHE BPEMEHH CpabaThIBAHHUS
BOOOIIIE HEBO3MOXKHO. B 3TOM OTHOmIEHHH ©0Jiee COBEPIIEHHBIM ammapaToM TOKOBOM
3aIUTHI AIEKTPUIECKIX TPUEMHUKOB U IETICH SIBISAIOTCS MAKCUMAJIbHBIE TOKOBBIE pelie.

MaxkcruMaabHBIM TOKOBBIM peJie Ha3bIBAIOT peJie, pearupyroliee Ha yBEIUYCHUE
TOKa B 3amuiraeMoil nenu. C mMOMOIIbI0 TaKUX pejie OCYIIECTBISIOTCS MaKCHMAaIbHbBIE
TOKOBBIC 3aIUTHI, OTKIIOYAIOIINE DJIEKTPOYCTAHOBKH TMPU CBEPXTOKAX, BOZHUKAIOIIUX
IIPU MIEpPEeTPy3Kax U KOPOTKUX 3aMBbIKAaHUSX.

Y CTpONCTBO OAHOTO U3 BUAOB PEJIE MAKCHMAIBHOTO TOKA MPEACTABICHO Ha puc. 4.1.

Puc. 4.1. — Pene MakcuMaJIbHOTO TOKA

Katymky 1 BKIIOYAlOT MOCIEIOBATEILHO B KOHTPOJIMPYEMYIO LEMb C TOKOM
Harpy3ku [H. Korma 3TOT TOK TOCTUTAaeT BEIMYUHBI 3aIaHHOTO TOKA CpaldaThIBaHUS, PU
KOTOPOM 3JIEKTPOMAarHUTHAsl CHJIA B 3a30p€ CTAHOBUTCS BBIIIE MPOTUBOACHCTBYIOMICH
CUJIbI IPYKUHBI 12, AKOph 3 MPUTATUBAETCS K MOJIOCHOMY HaKOHEUHHKY 2. [Ipoucxoaur
pa3MbikaHue KOHTakToB 10 - 11 u 3amMbIkaHue KOHTAKTOB 6 - 7. IToaBM)XHBIE KOHTAKTHI 7
u 10 3akperyieHsl Ha sIKope 3 ¢ TOMOIIBIO TIJIAaCTMACCOBBIX KOJIOJIOK 9. Cuila HakaTus B
KOHTaKTax co3naercsa npyxuHamu 8. Tok cpabaThIiBaHUS SJIEKTPOMArHUTHOTO Ppeiie
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MO>XHO pEryJupoBaTh H3MEHEHUEM 4YHCIa BHUTKOB KaTymku 1. Cuiny HaTsKeHUs
BO3BpaTHOW MNPYXHUHBI 12 M3MEHSIOT C TMOMOIIbIO Taiku 5 U pabodero BO3AYLIHOTO
3a30pa, KOTOPBII YCTaHABIMBAIOT C NOMOLIBI0 BUHTA 4. JMana3oH peryjinpoBaHusl TOKa
cpabaThIBaHUsl TaKUX PEJI€ JOCTUTAeT YEThIPEX M HacTpauBaeTcs OeccTyneH4aTo, 4YTo
BECbMa BaXXHO JUIsSI JIOCTMDKEHHS BBICOKOM TOYHOCTH paboThl. Bpemsi cpabarbiBaHus
AIIEKTPOMArHUTHOTO TOKOBOro peiie 00bdHO He mpeBbiaeT 0,03c npu v = 2,0lyct. u
0,1c mpu In = 1,3Iyct. Ha Takom mpuHIidie paboTaloT U pejie MUHHUMAJIbLHOTO TOK, a
TaK)X€ pele MUHUMAIBHOTO M MAaKCHMAJIBHOTO HAaIPsDKEHUS. MakCUMallbHbIE TOKOBBIE
pene BJIeKTPOMarHUTHOIO MpUHIMNA JAEUCTBUS MOTYyT paboTaTh B ILEMsSIX Kak
IIEPEMEHHOT0, TAK U MIOCTOSIHHOTO TOKa.

MuHUMaNIBHBI TOK, NpPU KOTOPOM cpadaThiBaeT pelie, Ha3bIBAlOT TOKOM
cpabatbiBanus Icp. MakcumanbHblid TOK, IPY KOTOPOM SIKOPb PEJIE BO3BPAILAETCS B
MCXO/IHOE TIOJIOKEHUE, HAa3bIBAIOT TOKOM BO3Bpara IB.

OTHolIEeHHE TOKa BO3BpaTa K TOKY cpalaThiBaHUSI pele  Ha3bIBaIOT
ko3¢ purmeHTomM Bo3Bpara:

Ke = Is/Icp.

Koad¢unumenT Bo3Bpara Bcerna MeHbllle eAMHULIBL: yeM Ommke KB k enunune,
TEM BBILIE YYBCTBUTEIBHOCTh MAKCUMAJIBHON TOKOBOM 3aUTHI.

K rpynne 3ieKTpOMarHUTHBIX TOKOBBIX pE€J€ OTHOCHUTCA TOKOBOE peJie THIIA
PT-40. Bece pene PT-40 uMeroT oAMH 3aMBIKAIOIIMN U OJIMH Pa3MBIKAIOIINNA KOHTAKThL. Y
pene cepun PT-40 kosddumment Bo3Bpara He MeHee (0,85 Ha mepBol ycTaBKe
(MuHMMaNbHOW) 1 HE MeHee 0,8 Ha OCTaJbHBIX YCTaBKAX IIKAJIbI.

Bpewms cpabarsiBanus tep. = 0,1c npu Toke B KaTylmkax pesne paBHoM 1,2Icp. u
0,03¢ npu 3lcp. u BhiLLIE.

KoHTakThl pene crnocoOHbl KOMMYTHPOBaTh B LEMU TMOCTOSHHOTO TOKa
WHIYKTUBHYIO Harpy3ky MoIHOCTbI0 60 BT, a B menu nmepeMeHHOro TOKa - Harpys3Ky
MoutHOCThIO0 300 BA npu Hanpsixkenuu 220B u Toke g0 2A.

[ToTpebnsiemass MomHOCTh Tipu Toke Icp. Haxomutcs B mpenenax 0,2...0,8 BA.
[TpyueM MeHBIIYI0 BETUYMHY HMEIOT pejie C YCTaBKOM A0 2A, OOJBIIYI0 BETUYHMHY -
pene ¢ ycraBkoit 10 200A.

[Ipn 3ammTe acCMHXPOHHBIX JBHUraTele ¢ KOPOTKO3aMKHYTBIM POTOPOM TOK
yCTaBKH [yCT. pere MakCUMaJIbHOTO TOKa BEIOMPAETCS 10 TyCKOBOMY TOKY JIBUTaTEJIs:

Iycem. > (1,3...1,5)Inyck.08.

[Ipu 3ammTe aCMHXPOHHBIX ABUTaTENel C (a30BbIM POTOPOM OT KOPOTKOTO
3aMBIKaHUs TOK YCTaBKU PEJI€ ONPEAEIAETCS:

Iycm. > (2,25...2,5)Inom.0s.
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(CxeMa BKJIFOUEHHS] TOKOBBIX JIEKTPOMAarHUTHBIX pelie MpUBEAeHa Ha puc. 4.2.

Puc. 4.2. — CxeMa BKIIFOUEHHS TOKOBBIX 3JICKTPOMAarHUTHBIX pEJie
AJITOPUTM NMPOBeeHUS IKCIEPUMEHTA

1. CoOpath cxeMy AJid UccleqoBaHus pesie MakcuMaibHoro Toka tuna PT-40 (puc. 4.3.).
2. YcraHoBUTh TpeOyeMylo BEIMYMHY TOKa YCTaBKH [ycT., mepemMeriasi peryisTop pede.
BxitounTh CTEH]I, 3aTEM BKIIOYUTh UCTOUHUK NMUTAaHUS 24B 0THOMMEHHBIM TYMOJIEPOM.
3. Bxmounts JIATP u yBenumuuBaTh TOK Harpy3Ku JO MOMEHTa cpadaTbIBaHUSI pelie
MaKCUMaJbHOTO TOKa (MHOUKATOp IIOTacHeT), 3a(UKCHUpOBaTh BEJIWYMHY TOKa
cpabatbiBanus Icp. 3aTeM yMEHBIINTh BEJIMYMHY TOKa JI0 MOMEHTa OTIYCKaHMsS pesie
(MHAMKATOp BHOBB 3aroputcs). 3adMKCUpOBaTh MOKa3aHus amrepmeTpa [Bo3Bp.

4. I1oBTOPUTH ONBIT HECKOJIBKO pa3 MPU OJAHOM 3HAYEHHU TOKAa YCTaBKU U 3aTEM TaKKe
IIPU IPYTUX BEJIMYMHAX TOKA YCTABKHU.

5. JlanHabie 3aHecTH B Ta0II. 4.1.
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Tabnuna 4.1. — Pe3ynbrarsl onbiTa

Puc. 4.3. — Cxema aJ1 NpoBeICHUS SKCIIEPUMEHTA

Iycr

Icp.

Icp.cp.

[BO3Bp.

[BO3Bp.Cp

KB

0
Y0

2

2

2

Icp.cp. - cpenHss 0 TpeM U3MEPEHUSIM BEJIMYMHA TOKA CpabaThIBaHHUS:

Iep.cp. = (cep +1cp +1Icp )/ 3, A;

[BO3Bp.Cp. - CpEenHSA IO TPEM U3MEPEHUSAM BEJIMYMHA TOKA BO3BpaTa:

AR NS A

OT4Yer J0/IKEeH BKJIIOYATD:

N3noxenue 1enu padoThI.
DIIEKTPUYECKYIO CXEMY YCTAHOBKHU.

Tabnuily n3MepeHnuid U BEIYUCICHUN BETUYNH.

leo36p.cp = (l6o3ep. + léozep. + 16o3ep.) / 3, A.

['padyku 3aBUCHMOCTEH, TOCTPOCHHBIE 110 Pe3yJIbTaTaM dKCIIEPUMEHTOB.
BriBoibI 110 pabote.

26




KonTpoabHbIe BONPOCHI

1. I yero npeaHa3HaAuYE€Hbl MAKCUMAJIbHBIE TOKOBBIE Tese?

2. Kakum 00pa3oM perynupyercst TOK cpabaTbIBaHUS Y JIEKTPOMArHUTHBIX

3. MakCHMaJbHBIX TOKOBBIX penie?

4. [Touemy K03 PUIIEHT BO3BpaTa Y peJic MEHbBIIIE €AMHUIIBI?

5. PacckaszaTh MpUHLUT IEHCTBHS pelieé MaKCUMaJIbHOTO TOKA.

6. Paccka3zaTh NpUHIMI JEHCTBHUSA CXEMbl BKJIIOYEHHUS pelieé MAKCHMAaJIbHOTO TOKa JUIs
3alIUThl ACHHXPOHHOTO ABUraTelsi OT TOKOB KOPOTKOTO 3aMBIKAHUSI.
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JABOPATOPHAS PABOTA Ne S
«MCIIBITAHUE MAKCUMAJIBHOU TOKOBOU 3ALHIUTHI C
HPUMEHEHUEM UHAYKIHWMOHHOI'O TOKOBOI'O PEJIE»

eab padoThl

HSy‘II/ITB 0COOEHHOCTH INPUMCHCHUA 3alllUuThbl, €€ AOCTOMHCTBA MW HCIOCTATKH,

YCTPOMCTBO U pabOTy MHIYKIIMOHHOTO pesie

Yka3aHus K BbIITOJHEHUIO PA0OTHI

1. Crincats nacropTHBIE TaHHBIE PETIE.

2. 3apucoBaTth cxemy puc. 5.1.

3. HauepTuth Tabnuily ucibITaHUN peie.

4. I3yuuTh yCTPOMCTBO peEIIe.

5. IlporHo3: kak BIUsSE€T HAa TOK CpabaThIBaHWA HUHIYKIIHMOHHOTO pelie M3MEHEHHE
KOJINYECTBA BUTKOB OOMOTKH?

Kpartkue Teopernueckue TpedoOBaHuS

AnrmapaTaMu pesieHON 3allMThl HA3bIBAIOTCS ClienuaibHble ycTpoiicTBa (Pene,

KOHTaKTOpbl, aBTOMAaTbl M JIp.), OOECIEeYMBAIONIME aBTOMATHYECKOE OTKIIIOUECHUE
MTOBPEXKJAECHHON YaCTH JJIEKTPUYECKOM YCTAaHOBKH WM CETH. ECIM NMOBpEXKIECHUE HE
MPEACTABIAECT I YCTAHOBKH HEMOCPEACTBEHHOW OIACHOCTH, TO pEJICHHAs 3allnuTa
NPUBOJNUT B JICHCTBUE CUTHAJIbHBIE yCTpoWcTBa. [[ns oOecrieueHuss HalekHOM pabOThI
peJieiiHas 3aura JOJDKHA:

HNmeTp u30MpaTENbHOCTh (CEIEKTUBHOCTB), T.€. OTKJIIOYATh BBICOKOBOJIBTHBIMHU
BBIKJIFOYATEISIMA WJIM aBTOMAaTaMHU TOJIBKO IOBPEKICHHBIM Y4aCTOK YCTaHOBKH.
Bpemsi cpabarbiBaHus  3alMTBl  XapaKTEpU3YETCS  BBIAEPKKOM  BpPEMEHH,
oOecrieunBarNIiel M30UpaTEIbHOCTh JCHCTBUS 3alllUTHI. BbIaepkka BpeMeHH
ONPENEIIAECTCS BPEMEHEM JCHCTBUS BBIKIIOUYATEN] ITOBPEKIACHHOIO Y4YacTKa MU
BpEMEHEM cpabaThIBAHMS 3AIUTHI.

O6manate AOCTaTOYHO BBICOKOM  YYBCTBUTEIBHOCTBIO KO BCEM  BHJIAM
MTOBPEKACHAN Ha 3alMIIAEMON JUHUU U HA JIMHUAX, TUTAEMBIX OT HEE, a TAKXKE K
MU3MEHHUBIIMMCSI B CBSI3M C 3TUM IMapaMeTpaM HOPMaJbHOIO peKMMa paboThl, YTO
OLICHUBAETCS KO3 (PUIIMEHTOM YyBCTBUTEIBLHOCTH.

BbITh BBITIOJIHEHA 110 HAaUOOJIEe MPOCTON cXeMe ¢ HAMMEHBILIMM YUCJIOM alnapaToB.
Pene, npuMeHsiemble B pesieHON 3alIUTe, KJIACCUDUIMPYIOTCA MO CIAEAYIOIMIHUM
IIpU3HAKAM:

Ilo npuHIMDY JOEUCTBUA: DIEKTPOMATrHUTHBIE, VHIYKIIMOHHBIE,
ANEKTPOAUHAMHUYECKHUE, TEIJIOBBIE, JIIEKTPOHHBIE, MATHUTOXJIEKTPUYECKUE U JIP.;
ITo mapameTpy IEUCTBHS: TOKA, HANIPSKEHUsI, MOIIHOCTH, TEIUIOBBIE U IP.;

[To cioco0y BO3EUCTBHS HA OTKJIFOUECHHSI: TIPSIMOTO U KOCBEHHOTO JICHCTBUS;
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Pene naspiBarOTCs amnmaparhl, 3aMbBIKAIOIIME WM PAa3MBIKAKOIINAE SJIEKTPUUYECKUE
LHEeNU WA MEXAHWYECKH BO3ACHCTBYIOIIME HA BBIKJIIOYATENINW HPU 3aJaHHOM 3HAYECHUH
BEJIMYMH, HAa KOTOPbIE OHU pPEArHpyoT (TOK, HAMpPSHKEHHE, MOIIHOCTh, JIaBJICHUE,
TEeMIEepaTypa).

HawnOoubliee pacnpocTpaHeHHE B PEIEHHON 3alllUTe MMEKOT IVIABHBIM 00pa3oM
INEKTPUUYECKOE PEJIE — AJIEKTPOMArHUTHBIE U MHAYKIHOHHBIE. NHIYKIIMOHHBIE PEJE TUTIA
PT-80 wumeror orpanumdyeHHO 3aBucuMylo xapakrepuctuky t = f(I). Peme »atoit
KOHCTPYKIIMM UMEET JIBA PEJICUHBIX JIEMEHTA — UHAYKIUOHHBIN U 3JIEKTPOMAarHUTHBIN.

NHIYKIIMOHHBIN 3JIEMEHT COCTOMT M3 JJIEKTPOMAarHuTa C KOPOTKO3aMKHYTBHIMU
BUTKaMH U JIUCKA, OCb KOTOPOr0 HAXOJUTCS B MOAIIMITHUKAX, YCTAHOBJICHHBIX HA PAMKE.
Pamka noBopaunBaeTcs Ha OCSIX U MPYKUHOMN yIEPKUBACTCA B KPAMHEM IMOJI0KEHUH, T.€.
npuxaTtoil Kk ynopy. Ha oce aucka HacaxkeH 4depBsK. B KpailHEM NOJIOKEHHUH PaMKH
CErMEHT, UMEIONIUN YepBSYHBbIC 3yObsi, HAXOJMUTCS BHE 3allCIJICHUS C YEPBAKOM, U
KOHTAKThI PEJIe pa30MKHYTHI.

[Ipu mporekanuu 1Mo oOMoOTKe pesne Toka Ip>Icp.p AMCK MeIEHHO BpalaeTcs,
MPUYEM €r0 BPALICHUIO MPEMSATCTBYET TOPMO3HOM 3JIEMEHT, CO34aBAEMbINM MOCTOSTHHBIM
MarHuToM. [lox nercTBHEM AIEKTPOMAarHUTHOIO MOMEHTA, CO3JAaBAEMOT0 TOKOM pele.
Pamka mnoBopaumBaercsi, 4YEpBSK IOJHUMAECTCS, MPEOJOJEBAS YCHIHE TMPYXKUHBI, M
CIEIUAJIBHON TIJIAHKOW 3aMbIKAE€T KOHTAKThI pesie. Bpems cpabaTbiBaHMs peryiupyercs
HAYaJIbHBIM TOJIOKEHUEM 3y04aToro CerMeHTa MpH MOMOIIM BUHTA, YKPEIUIEHHOTO Ha
mikajge BpeMeHu. Yem Oosbiie OyneT cuia Toka Ip B 0OMOTKE AJIEKTPOMArHuWTa, TeM
ObicTpee OyneT BpamaThCsl IUCK M C MEHBIIEH BBIIEPKKON 3aMBIKAThCS KOHTAKThHI perie,
T.e. OyJIeT MMEeTh 3aBUCHUMYIO OT TOKa XapaKTepUCTUKY BpeMeHH cpabarbiBanus. [lpu
3HaueHuax Toka Ip = (6 - 8)- Icp.p HacTymaeT HaChIIEHHWE CTadU AJIEKTPOMArHUTa U
XapakTepUCTHKa MepexoauT B HezaBucuMyro. Iloatomy xapakrepuctuka peine PT — 80
HAa3bIBAIOT OTPAHUYECHHO — 3aBUCUMBIMU.

DneKTpOMarHuTHeIN 35eMeHT pesie PT — 80 cocTouT U3 sspMa 3J€KTpOMAarHuTa Hu
AKOPSI, 4epe3 KOTOPBIE 3aMBIKAETCS YacTh IMOTOKOB pacCesHUs aeKTpomarHuta. Ilpum
NpOTEeKaHUU Mo 0oOMOTKe pene Toka I[p>4lcp.p sKops BTsAruBaeTcs U 0e€3 3alepKKU
BPEMEHHU (OTCEUKOI1) 3aMBIKAaET KOHTAKTHI perie.

Toxku cpabaTbIiBaHMs MHAYKIIMOHHOTO 3JIEMEHTA PETYIUPYIOTCS U3MEHEHHEM YHcia
BUTKOB 0OMOTKH (II€PECTAHOBKON KOHTAKTHOI'O BUHTA HA KOHTAKTHOM KOJIOJKE).

Takum 00pa3om, MEKTPOMATHUTHBIN AJIEMEHT MOXKET JEHCTBOBAThH UM COBMECTHO
C WHAYKIIMOHHBIM DJJIEMEHTOM, WJIM CaMOCTOSITEIbHO, Kak OBl OTCEeKas 4YacTh
XapaKTEPUCTHKU pelie MpU OONbIINX TOKax. [103TOMy 3JIeKTPOMarHUTHBIM SJIEMEHT
HAa3bIBAIOT OTCEUYKOMU.

Toxu cpabaTbiBaHMs AJIEKTPOMATHUTHOTO AJIEMEHTA PETYIUPYIOTCS U3MEHEHHEM
KOJIMYE€CTBA BUTKOB OOMOTKH M MOJI0KEHUEM PETYIUPOBOYHOTO BUHTA.
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Pucynok 5.1 — Cxema 151 mpoBeAeHUs SKCIEPUMEHTA

AJITOPUTM NPOBEJACHNUS IKCIIEPUMEHTA

1. CoOpatb cxemy puc. S5.1. peryaxkok TymOiepa SA1S gomkeH ObITH BHU3Y U
nocje MPOBEPKH €€ TmpenojaBareyieM MPUCTYNUTh K BBHIMOJIHEHUIO Ja0OpaTOpHO
pabotsl. [IpoBepuTh TOKM cpabaThiBaHUS HA YKa3aHHBIX yCTaBKaX. J{Jis 3TOro BKIIIOUHUTH
tymbnep SAS, nepeBectu PR1 B kpaiinee sneBoe mosoxkeHue, V1 MmokakeT HEKOTOPOe
HayaJbHOE HaIPSIKEHHUE.

2. Bkmounts SA6, U, mejyieHHO yBenuuuBas PR1 cieauts 3a nokazanuem A9, nis
paclmpeHus npejena KOTOporo UCIoib30BaTh €ro KHOMKY.

3. OnpenenuTh TOK Haudaja pabOThHI peiie (IMCK HAaYMHAET Bpamiarbes) [H.p, A.
[Iponomxass yBenuuuBaTH TOK B OOMOTKe pene, ¢ mnomombio TPH  3aceubr TOk
cpabatbiBanus Ic.p (3yOUaThiii CEKTOpP BXOAMUT B 3allCIUICHUE), IO OKOHYAHUHU OTCUETa
3aropaerca HLS5. 3aTeM yMEHBIINTH €70 1O BEIUYMHBI OTITYCKa KaTylIKH [B.p.

BHMUMAHMUE! He npomyckarh ciy4yaeB, Korjga MO KakoW-IMOO MPUYMHE pere
HAXOJIUTCS B COCTOSIHUU CpadaThIBaHUS AJEKTPOMATHUTHOTO 3JIEMEHTa 0oJiee Scek U npu

3aMBbIKaHUM KOHTAKTOB OT NIPUBOA pejie BpeMeHu Oosiee 2cek. Mexay sKCepuMeHTaMu
JenaTh nay3bl | MuH.

4. Paccuurtarb Ko3(pPuImeHT Bo3Bpara.

Ke = Is.p/Icp.p

Pe3ynbTaThl ONBITOB 3aHECTH B Ta0bauUILy S.1.
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Tabnuna 5.1. — Pe3ynbTarsl onbiTa

N onbiTa Icp. mo OnbITHBIC TaHHBIE
yCcTaBke, A
Icp, A IB.p.,A Ks Tox Havama paboThI
pene [n.p., A
1
2
5

5. CpaBHHUTH OIBITHBIE JAHHBIE C OTBETOM Ha BOIIPOC IIPOTHO3A.

6. IIporHo3: kKak BIMSET HA TOK cpabATBHIBAHMS OTCEUYKU BO3AYIIHBIN 3330p MEXKIY
AKOPEM H JIEKTPOMArHUTOM? J|aTh MMCbMEHHBINA OTBET.

7. YCTaHOBUTh MaKCHUMAaJIbHYIO YCTaBKYy MO BPEMEHHU. Y CTaBKYy HHAYKIIMOHHOIO
AJIEMEHTA peJie YCTAHOBUTh MUHUMAJIBHOU. M3MeH BO3yIIHBIN 3a30p MEXKY SIKOPEM U
AIIEKTPOMATrHUTOM OMNPEAEIIUTh TOKU CpadaThIBaHUA 3JEKTPOMATHUTHOTO 3JIEMEHTA PElie
(orceuku). [ns sroro mocne BrimoueHuss TPH BeiBectu PR1 B kpaitHee neBoe
MOJIOKEHHE, TIOCJIE YETO 3aMKHYTh SA6 U yBennunBas Tok npu nomomu PR1 crneauts 3a
nokazanueM A9, moka He cpaboTaeT SJIECKTPOMATHUTHBIA 3JIEMEHT (PEKOMEHIYEeTCs
CJIeTKa MPUJEPKUBATh MOBOPOTHBIA MEXaHU3M MaJIbIIAMH YTOOBI UCKIIFOUUTD 3alleIIICHUE
3y04aTOro CEKTOpa C YEPBIKOM).

Pexomenoayuu: nepeo nauanom sxcnepumenma nepekiouums Kamywy peie Ha
6-oti konmaxm (umo coomseemcmayem moky 0,34). Yemanosums mox 6 kamywxke 0,64
(2In).  Ilpuoepocusas  narvyamu  NOBOPOMHBIL — MEXAHUIM,  NOBOPAYUBAMD
De2yupo8oUHbLL BUHM 8030VUIHO20 3A30PA 2JIEKMPOMALHUMHO20 dNeMeHma 00 mex nop,
noxa oH He cpabomaem. Omxntouums SAS5. 3azop ompeeyauposan. Tenepv ModCHO
npo80OUmMb UsMepeHus 0I5l OCMATbHBIX OMBO008 KAMYUIKU.

[ToBTOpUTH OMBIT HA JAPYrOM 3HAYEHUH YCTABKM WHIYKIIMOHHOTO 3JIEMEHTa
pesne (1o 3aJaHuIO0 MPENo/1aBaTeisl) ONbITHBIE TaHHbIE 3aHECTU B TaOnuIy 5.2.

Tabnuua 5.2. — Pe3ynbrarsl onbiTa

Tok ycTaBku
WHYKIIMOHHOTO
AJeMEHTa pene, A

Kpartnocts ycTaBku
OTCEYKH

Toxk cpabaTeiBaHUS
AIEKTPOMArHUTHOTO
JJIeMEHTa, A

IIpumeyanue

1

2
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1. Cobpare cxemy puc. 5.1. um mocie NpOBEpKM €€ NpernoJaBareaeM
OPUCTYNUTh K  BBINOJIHEHUIO  JIa0OpaTOpHOW  paboThl. YCTaHOBUTH  YCTaBKY
MHIYKIMOHHOTO 3JIEMEHTA pefie. SIKOpb 3JIEKTPOMAarHUTHOTO 3JIEMEHTA PEJie 3aKPEIUTh
710 3aMbBIKaHHsI €ro KOHTAaKTOB. CHATH 5...12 TOYeK 3aBUCHMOCTH BPEMEHH CpadaThIBaHUS
pelie OoT Toka B OOMOTKE pele.

Bxmtounte TPH TymOnepom SAS u 3aMkHYyTh SA6, YyCTaHOBUTH MPHU ITOMOIIU
PR1 nekoropsiit Tok Ip, mocne yero pazomkHyTh SA6. [IpousBect cOpoc cekyHIOMEpa
npu nomMoim kHonku SB3. 3aTeM BHOBb M0JIaTh HAIpsKEHUE HA pese TymOiaepom SAG.
[Tpu >TOM NOUAET OTCUET BpEMEHU CpadaThbIBaHUs PEJie MPU YCTAHOBIEHHOM TOKE B €T0
karyuke. Korna pene cpaboraer, 3aropurcs HLS, BpeMst Ha uHankarope 3apukcupyercs,
a 11eMb, MOJA0Iasl HAIPSDKEHUE Ha KaTYLIKY 3a0JIOKUPYETCs KOHTAaKTOM KOHTPOJIBHOTO
pene KKI1. YroObl BEpHYTh CXE€My B HCXOJIHOE COCTOSIHHE, HEOOXOAMMO OTKIIIOUUTH
TymOsepsl SAS u SA6. JIns mOBTOpeHHs SKCIEPUMEHTa HEOOXOJUMO BHOBb BKIIOUHUTH
TymOsiep SAS, mpousBecTu cOpoc MOKa3aHUN CEKyHJIOMEpa M BKIIOUUTH TyMOsep SA6.
Jlanee yBeTUYUTh TOK U MPOJIEIATh BhIICYKa3aHHBIE ONEpalUu.

Pe3ynpTaThl ONBITOB 3aHECTH B Tadiuily 5.3.

Tabnuua 5.3. — Pe3ynbrats! onbita

N ombiTa Kpatnocts ToKa Ip/lycraBku Bpewms cpabaTeiBaHus, cex

12

ITo nanHBIM TaGIUIIEI 5.3. TOCTPOUTH XaPAKTEPUCTHUKY.

tc = f(Ip/lycm).

OTuyer 10/I2KeH BKJIKYATh:
Nznoxxenue nenu paboThI.
DIIEKTPUYECKYIO CXEMY YCTAaHOBKHU.
Tabnuiry u3MepeHHil 1 BEIYUCICHUN BEJTUYHUH.
['paduixu 3aBUCUMOCTEM, MOCTPOCHHBIE MO PE3YJIbTaTaM SKCIIEPUMEHTOB.
BriBos1BI 110 padoTe.

Nk W=

KoHTpoJ/ibHBbIE BONIPOCHI

1. YcrpoiictBo pene PT-847
2. PaboTa MHAYKIIMOHHOTO 3JIEMEHTA PeJie U ero Ha3HaueHue?

32



3. Pabora oTceuku (PIEKTPOMArHUTHOTO J3JIEMEHTAa) pelie, pPEryJupoBaHHE TOKa
cpabaThIBaHUS OTCEUKU?

4. Ha3HaueHue NOCTOSITHHOTO MarHuTa B pese?

5. HazHaueHne KOPOTKO3aMKHYTBHIX BUTKOB AJIEKTPOMaruura pese?

6. [IpeumyiiecTBO mpuMeHeHUs B cxemax 3amuThl pese PT-84 no cpaBaenuto ¢ PT-407
7. 3aBUCUMOCTH BpEMEHU CpabaThIBAHUS PEJie OT TOKa B 0OMOTKE pee?
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JABOPATOPHAS PABOTA Ne6
«MCIIBITAHUE PEJIEMHOU 3AIIUTHI BBICOKOBOJIbTHOI'O
IJEKTPOABUTI'ATEJIA U HOHU/KAIOIEI'O TPAHCO®OPMATOPA»

eab padoThl

N3yuuth 3amury snekrpoasBurarenieid. OTCTPOUTH 3alUTY JIEKTPOJBUTATENS HA
JEHUCTBYIOIIEM CTEHJE.

KpaTtkue Teopernueckue TpedoBaHUS

3amura OT KOPOTKOTO 3aMbIKaHUS MEXIY (azamu sIBISETCS OCHOBHOM 3alllUTOU
AIIEKTPOABUTATENIEH U yCTaHOBKA €€ 00s3aTeIbHa BO BCEX ClIydasix.
Bunp! 3anmuT, uccieayemble B 1ab0paTopHO paboTe.

ToxoBast oTceuka.
Ocymiectisiercs Ha pese tuna PT-84.

Icp = (Kex'Kn-1,8:In)/Kmm,

rae 1,8 — ko uiueHT, yUuThIBaIOUINM anepruoJu4ecKyI0 MOCTOSHHYIO ITyCKOBOTO
TOKa,;
Kcx = V3 - koo pUIMEeHT cXeMbr;
Ku = 1,2 - koappunueHT HaaEKHOCTH.

Pacuér:
a) HoMuHaNbHBIN TOK ABUTATEIIA:

Inom = Prom/(\3 -Un-n-Cos )

0) Tok cpaOaThiBaHUSI OTCEYKHM C OTCTPOMKOM OT MYCKOBBIX TOKOB IpHU
YCTaHOBKE JIBYX TpaHC(HOPMATOPOB TOKA.

Kex =V3; 190/2(Kmm = 80)

Iep = (V3°1,2:1,86,4-Inom)/80 = 334

B) KoadpurmeHT 4yBCTBUTETEHOCTH OTCEUKHU:
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Ku = (Ix3-0,87) / (Icp-Kmm)

3ammTa OT meperpy3ku AByx(da3Has MaKCUMaJTbHO-TOKOBAs, OTCTPAMBAETCS OT
HOMMHAJIBHOTO TOKA 3JICKTPOJABUTATENS.

Icp = (Ku-In-Kex) / (Ke:Kmm)

rae Ku=1.1...1.2 - (175 3amuT, 1eMCTBYIONMIUX HA CUTHA)
Ku =1.5...1.75 - (an14 3a1uT, AEUCTBYIOMINX HA OTKJIIOYEHHUE)
Ks=10.8...0.85
[TpuHrMaeM [t TOKOBOM OTCEUKH U JIJISl 3alIUThI OT MEPErpy3KH YCTaBKU TOKA
cpabatbiBanus lorc = ... ,Imep=....

AJITOPUTM NPOBEACHNUS IKCIIEPUMEHTA

1. Cobpath cxeMy 3aluThl dJIEKTpoABUTATENS pUC. 6.1.
2. PaccumnTath peieiHyo 3alIUTy ACUHXPOHHOTO 3JIEKTPOIBUTATEIIS

[Tapametpsl anexkrpoasurarens: Pu = 1000xBm,; KII/[ = 95,2%, Cosp = 0,92;
In/ln = 6,4, Un = 6xB; Ix3 = 20KkA.

Pucynok 6.1 — Cxema qy1st IpoBeI€HUS SKCIIEPUMEHTA
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3. ITocne cObopku cxemsl (puc. 6.1) u mpoBepku €€ mpenogaBaTesieM, OCYIIECTBUTD
IyCK JBHrarenss HaxatueM KHonku SB1, mpeasapurensHo BikaouuB SAl u SAT.
Otxirounth aBurarens M1 Haxxkatuem kHoniku SB2. Beikmtounts TymOsiep SA7.

4. IIpon3BecTH HACTPOIKY 3aIUTHI.

5. Cuatpe koxyx c¢ peine PT-84. YcraHOBUTh MepeMblUKy Ha MHUHUMAJIbHBIA TOK
cpabaTbIBaHUS.

6. [locnenoBareabHOCTH Ollepaluii Ipy MPOBEACHUH JIa0OpaTOPHON PabOTHI.

7. TlepeBect TymOnep SA1S5 B BepxHee MOJIOKEHUE, 3aMKHYTh SAS, 3aMKHYTbH
SA7, Bkmouuth SAS, HaxkaTh SB1.

8. VYcraBky BbIAEpKKM BpemMeHH pene PT-84 ycTaHOBUTH MHUHMMAIBHOM.
HeoOxomumo ybenuThes, 4To mepekiouaresib SA2 HaXOAUTHCA B MOJOKEHUM 1 U Ha
MaHEJId HE OCTaJOCh HUKAKUX 'JHIIHHUX' TMEPEMBIYEK OT BBIIOJIHEHUS MIPEABIIYIINX
nabopatopHbix paboT u perymsiatopsl RP3, RP4 naxomsrcs B kpaiiHEeM MpOTUB XOfa
YacOBOM CTpPENKHU MOJOKEHHH. [l co3maHusi neperpy3kd HeoOXOAMMO 3aMKHYTh
tym6ep SA3 (SA4 - otkmoueH). [loBopauuBas perynarop RP3 mo dacoBoil ctpenke
NOOUTHCSI, TOTO YTOOBI AWCK peje MPHIIEN BO BpalleHHUE, a 3y04aTblii CEKTOp BOILIET B
3allelyieHne ¢ 4YepBAYHON mnepenadeil. [locne cpabaThiBaHHMs KOHTAaKTa pejieé TOKa C
3amejyieHueM BKItounTcs pese 0mokupoBku KL1 u nBuratens oTkmounuTcs. OTKIIIOUUTH
SA3. 3aTeM ONIBIT MOKHO ITOBTOPUTb.

9. IlepectaBuTh mNepeMblYKM B Lenu OUTaHus OnokupoBouyHoro pene KL1 B
MOJIO’KEHUE, MOKAa3aHHOE MyHKTUPHBIMU JUHUAMHU. [l co3manus K.3. (IAByX(a3HOro)
HEOOXO0MMO Pa3oMKHYTh SA3 u BKIIOUUTE SA4 c coOJOJCHHUEM BBINIEYKa3aHHBIX
npenocropoxHocTeil.  Hactpoiika cpaOaTbiBaHusl — 3JIEKTPOMAarHUTHOIO — BJE€MEHTa
IPOU3BOJUTCS MOCJE TOTO, Kak peryiastopoM RP4 nobunuck 6osee ObICTpOro BpalieHus
JIUCKa peJie TOKa, YeM P BKIOYEeHUH SA3, 3aTeM, yAepKMBas IOBOPOTHYIO PAMKY pee
TOKa B TOJIOKEHUHU, HE TO3BOJISIIOLIEM MPOU3BECTH 3aLEIUICHUs 3y0UaToOro CEKTopa C
YEpBAYHOW Mepenadyeil, MOBOPOTOM PEryJUPOBOYHOTO BHHTA 3JIEKTPOMArHUTHOIO
aneMeHTa JoOuThes ero cpabarbiBaHusa. BHOBb OnokupoBouHoe pene KL1 oTkmrount
JBUTATENb yXke 0e3 BhIAEpKKU BpeMeHU. OTkimounth SA4. 3aTeM SKCIIEPUMEHT MOXKHO
MOBTOPUTb.

[Ipu xenanuu neperpy3ky MOKHO OCYILIECTBUTH C BBIAEPIKKOM BPEMEHH.

OT4eT 10/I2K€H BKJIKOYATh:
Nznoxxenue 1nenu paboThI.
DIIEKTPUYECKYIO CXEMY YCTAaHOBKHU.
Tabnuiry u3MepeHHil 1 BEIYUCICHUN BEJTUYHUH.
I'paduku 3aBUCUMOCTEMH, MOCTPOCHHBIE MO Pe3yJIbTaTaM dKCIIEPUMEHTOB.
BriBoabl 110 pabore.

Nk W=

KoHTpoJsibHBbIE BONPOCHI

1. Kakue BuUIbl 3allUThl, W OT KaKuX TOBPEXKJACHUN YCTaHABIMBAIOTCS Ha
AIEKTPOIBUTATEIISAX ?
2. Kakue 3aiuThl Ha 3JEKTPOIBUTATEIISIX BBIMOIHSIIOTCS C BBIACPKKOU BpEMEHH ?

36



3. KakoBO Ha3Hau€HHE IPOMEKYTOUHOTO pejie B CXeMax 3alUThI?

4. KakoBO Ha3HaU€HHE yKa3aTEIbHBIX PEJ€ B CXEMax 3alUThI?

5. Kakum oOpa3om npou3BOAMTCS BBHIOOp TOKa CpabaThiBaHUSA 3aIlIUTHI OT
MeX1y(a3HbIX 3aMbIKaHUN?
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JIABOPATOPHAS PABOTA Ne7
«MCIIBITAHUE PEJIEUHOU 3AIUTHI HIOHUKAIOIIETI'O
TPAHCO®OPMATOPA»

eab padoTsl

N3yuuts paboTy 3amuT CHIOBBIX TpaHchopmatopoB. OmpoOoBaTh 3almUTHI B
JIECTBHM.

KparTkue Teopernyeckue TpedoBaHMs

1. PaboTa cxempl 3amuThl TpanchopmaTopa.

[lonHast cxema 3amIMTBl Ha MEPEMEHHOM ONEPATUBHOM TOKE IMOHUKAIOLIETO
TpaHchopmaTopa, MOJKIIOUYEHHOTO K OTBETBICHUIO OT JIMHUH, MOKa3aHa Ha puc.7.1.

Ha Tpancdopmarope ycTaHOBJICHBI:

- nuddepennmanbHas,
- MakcuMalbHas TOKOBAas 3alluTa,
- 3allyTa OT NEPErpy3Ku, JEUCTBYIONIAsl Ha CUTHAIL.

OnepatuBHbie 1ienu qudGepeHnnanbHol 1 MAKCUMAIbHOM 3alIUT MUTAIOTCS OT
tpancopmaropoB Toka (4TT; 5TT) u 3amUTEI OT MEPErpy3KU - OT TpaHCHOpPMATOPOB
COOCTBEHHBIX HYX].

Juddepenunanpras 3amura BbIIOJHEHA ¢ mnoMouislo pene tuna PHT-565
(8PTH wu 9PTH). [ns nuTaHus 3aldThl CO CTOPOHBI BBICHIETO HaNPSKEHUS
UCIIOJIb3YIOTCS BCTPOECHHBIE B CUJIOBOM TpaHchopmaTop Tpancpopmaropsl Toka 4TT.
BcenenctBre OTHOCUTENBHO MaJIOM MOIIHOCTH BCTPOEHHBIX TpaHC()OPMATOPOB TOKAa HMX
BTOPUYHBIE  OOMOTKM  COCAMHSIIOTCS  Ha  Kaxaod  (ase  mociaegoBaTEIbHO.
Jubdepennnanpuas 3ammra JIEWCTBYeT Ha BKIIOYEHHE KOpoTko3ambikaTens 2K3 u
orkioyeHre Boikmouarens B3. Tlpu cpabGarbiBanum guddepeHnnanbHON  3aluThl
koHTakThl 8PTH u 9PTH 3aMbIkatoT 1ienb TOKOBBIX poMekyTouHbIX pene 17PIT u 18PIT
tunia PT-341, mnocnegnue cpabaThiBalOT W JACHIYHTUPYIOT KaTYIIKH BKJIIOUYEHUS
kopoTko3ambikarensa 37KB u 38KB u otkmtouenus Boikitouatenss B3 39KO u 40KO. B
pe3yabpTare 3TOr0 BKIIOYAETCS KOPOTKO3aMblKaTenb 2K3 M oTKItOYaeTcsl BBIKIHOYATED
B3. KopoTko3aMbIKkaTenb CO31a€T HCKYCCTBEHHOE KOPOTKOE 3aMBIKAHHE, YTO ITPUBOIUT K
OTKJIroueHMIO Bl.

Jlns co3nanus K.3. B 11enu BBICIIETO HANPSIKEHUS UCIIOIB3yeTcs: Tymoiep SA9, a
B LIENIM HU3ILIETO HanpsbkeHus — TymOaep SA10.

MakcuManibHas 3aliuTa BBINOJHEHA ¢ MOMOIIBI TOKOBBIX pene 11PT u 12PT
tuna PT-40, TokoBelie pene Bpemenu 15PB tuna PBM.

TokoBbie pene MakcumaiabHOW 3ammTel 11PT u 12PT BkiatodeHsl Ha
tpanchopmaropel Toka 4TT co CTOpPOHBI BBICHIETO HAaMpsDKEHUsT (B IUIEUO
nudepeHnnanbHON 3aInThl), YTO MMO3BOJIIET BBECTU B 30HY JIEWCTBHS MaKCUMaIbHOU
3aIMTHI CHJIOBOM TpaHchopMarop.

Ha crenne makcuMaiibHasi TOKOBasl 3alIMTa BBITIOJIHSIETCA C OJHOW BBIAECPKKOU
BPEMEHH.

38



be3 Bbaep KM BpeMEHU OHA OTKJIIOYAET K.3. Ha IIMHAX HU3IIEr0 HampsyKeHUs (Ha
cxeMe puc. 9.1 sta nenp He nokazana). C BbLAEPKKON BpeMEHH OHA pabOTaeT MpH K.3. B
TpaHchopmaTope, pe3epBupys ero AudhepeHITnaTbHYO 3aIUTY.

Pucynok 7.1 — Cxema 17151 IpOBEICHUSI SKCIIEPUMEHTA

[Ipu cpabarsiBanuu TokoBoro pene 11PT unu 12PT 3ambikaercs 1enb 0OMOTKH
pene Bpemenu 15PB. Bropoi kontakt 15PB2 3ambikaeTcst ¢ BBIAEPKKOW BPEMEHH U
NPUBOIUT B AeuctBue mnpomexytounble pene 17PII m 18PII, xoropsle BKirOYaroT
KOpOoTKO3ambIkarelb 2K3.
Coznaercs k.3. mpu nomoinu tymoaepa SA11.
Curnan o neperpyske nojiaercsi TokoBbiM pesie 10PT, oneparnBHas 1enb KOTOPOTro
MUTAETCs OT TpaHchopmaTopa COOCTBEHHBIX HYX /. 3aropaercs HL11.
[Tpu momornu nepexmrovarens SA12 BeiOupaercs pexkum padoThl TpaHcPopMaTopa:
- HOMUHAJIBHBIN,
- TMeperpyska,
- K3.

2. Pacuer 3amuThl CHI0BOTO TpaHchopMaTopa.
[Tapametpsl Tpanchopmaropa u npuserarorieit cetu: TM3-6500-110/10,
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Urk% = 10,5; Ix.3.10 = 3,5 kA; Ix3.110=2.5kA; Su = 06500 kBA.

3. IuddepennmanpHas 3amura.
[1.110, IH10 - HOMUHATBHBIN TOK 3aITUIIAEMOTO TpaHCHOPMATOPA, IIEMb BHICOKOTO
Hanpspkenus (BH-110kB), nens nuskoro Hanpsokenust (HH-10 xB):

In.110 = Su/(\N3-Un) = 6500/(\3:110) = 34,12 A
In.10 = 375,28 4

Kcx — xoaddummeHT cxeMbl CoemuHEHUs TpaHCHOpPMATOPOB TOKa, BBIOMpAETCS IO
tabmure 7.1.

Tabmuua 7.1 — 3Hauenus ko3 PUIMeHTa CXeMbl COEIMHEHUS TPaHC(POPMATOPOB TOKA

Cxema coeJMHEeHUs A HEMOJIHAas 3Be3/1a
TpaHc(hOpMaTOPOB TOKA

Kex V3 1

Kmm - pacuetHblil k03 uiineHT Tpanchopmanuu TpaHchopmaropa Toka:
Kmm = Kex-In/5 =\3-34,12/5 = 11,82; Kmm = 375,28/5 =75
Kmmi - npunsTeiit Krr:
Kmml = 150/5 = 30; Kmm2 = 600/5 = 120

BTropuuHble TOKM B TIUIeYaxX 3allUThl, COOTBETCTBYIOIIME HOMHUHAIBHOU
MOIIIHOCTH 3aIIMIIAEMOTO TpaHcPopMaTopa:

inA = Kex-In/Kmml = /3-34,12/30 = 1,97 A in = 375,28/120 = 2,98 A

OnpedeneHue ycmagox u 4y8CmeumenbHOCmy 3auumbl.
1) mepBuUHBIN TOK HeOanaHca, 00YCIOBICHHBIN MOTPEIIHOCTHIO TpaHchopMaTopa
TOKa TIPU BHEIIHUX K.3., IPUBEACHHBIA K CTOPOHE C HAUOOJIBIIUM BTOPUYHBIM TOKOM B
JIe4e 3alIUThI:

I'n.6 =¢glksmax =0,1-3,5=350A4

rae € = (0,1 - OoTHOCUTENbHOE 3HAUEHUE TOKA HAMarHUYUBaHUS.
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2) cocTtapmsoas MEPBUYHOrO TOKa HebaaHca, 00YCIOBIEHHAs PEryIMpOBaHUEM
HanpsDKeHUs 3alMIaeMoro TpaHcopmaropa:

I"n.6 = AU Ix.3.max = 0,06-3,5 = 210 A
3)IepBUYHBIN pacYETHBIM TOK HeOaaHca MPHU BHEIITHEM K.3.:

In.6 =I'n.6 +1'"'n.6 =350 + 210 = 560 A4

4) nepBUYHBIN TOK cpadaThIBaHUS 3alUTHI U3 YCIOBUS OTCTPOMKH OT pacyETHOIrO
TOKa HeOaJlaHCa NIPU BHEIITHEM K.3.:

[c.3=Kn1u.6 =1,5-560 =840 A

5) nmepBUYHBIN TOK CpadaThIBAHUS 3alTUThI U3 YCIOBUS OTCTPOUKHU OT Opocka TOKa
HaMarHU4YMBaHUs, TPUBEACHHBINA K CTOPOHE C HAUOOJBIITUM BTOPUYHBIM TOKOM:

lc.3=K1In=13375.28 =487,86 A
6)IIPUHSAT PACUETHBIN TOK CpadaThIBaHUS:

Ic.3.pacu. = 840 A

7) pacdeTHbINi TOK cpabaThIBaHUS pejie, OTHECEHHBIH K CTOPOHE C HaWOOJBITUM
HOMHUHAJIHHBIM BTOPUYHBIM TOKOM:

icp.p = (V3-Ic.3.pacu)/Kmm2 = (\3-840)/120 = 12,12 A
st pene PHT 565 Toku cpabaTeiBaHUS peryupyroTcs B ipeaenax 2,87 — 12,5A
8) pacueTHOE YHCII0 BUTKOB B IIJICUE 3AIIUTHI C HAMOOIBIITMM BTOPUIHBIM TOKOM:
Wipacu. = Fep/lcp.pacy = 60/12,12 = 4,95 eumkog

9) npuHsATOE YKUCIO BUTKOB OCHOBHOU CTOpOHBI: Wpl =5 gumkoes
10) pacueTHOE UMCIIO BUTKOB AJIsl APYTOTo Iieda 0OMOTKHU pelie:

W2pacu. = Wpl-(inl/in2) = 5-1,97/2,98 = 3,3 sumxa

MPUHATOE YUCIIO BUTKOB JAPYroro mieda ooMotku: Wp2 =3
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NPUHATHIA TOK cpabaThIBaHUS pelie CO CTOPOHBI IJie4a 3aIIUThl C HAWOOJBIINM
BTOPUYHBIM TOKOM:

icpl = Fep/Wpl = 60/5 = 124

NEepPBUYHBIA TOK HeOajaHCa MpPU BHEIIHEM K.3., OOYCIIOBJICHHBIH OKpYTJIEHUEM
pacyeTHOro Yrcja BUTKOB OOMOTOK peie:

1"'1.6 = Ix.3:(W2pacu - Wp2)/W2pacu = [(3,3 - 3)/3,3]-3,5 =318 4
YTOYHEHHBII NEPBUYHBIN TOK HEOAIaHCa ITPU BHEIIHEM K.3:

Inp.n.6 = In.6+1"n.6 = 560+318 = 8784
HpHHHTBII?'I HepBI/I‘{HHﬁ TOK Cpa6aTI>IBaHI/ISI 3alIUTHI:
Ic.3 = (icpl - Kmm2)/\/3 = 12-120~/3 = 8314

YTOYHEHHBIN KO3()(UIIMEHT OTCTPOMKH OT TOKA HeOaJlaHCa MPU BHELIHEM K.3.

Kn.ym = Ic.3/In.6 = 831/878 = 0,95

YYBCTBUTCIBHOCTD 3aIlIMTHI TP MHHHUMAJIBHOM TOKE K.3. B 30HE 3aI[UThI
Ku = 0,87 Ix.3.max/Icp = 0,87-3500/831 = 3,66 > 2

MaxkcumanbHasi TOKOBast 3aluTa OT CBEPXTOKOB IIPHW BHCIIHUX K.3.

VYcranaBnuBaeTcsi Ha HU3KOW CTOPOHE W OTCTPaMBAETCS OT MaKCUMAJIbHBIX
TOKOB Harpy3Ku; U3 YCJIOBHs BO3BpaTa pejie MOCJe CHIKEHHS TOKA IO MAaKCHUMAaJIbHOTO
TOKa Harpy3KH.

Tox cpabaTbiBaHus pene:

Icp = (Kn-Kex-In.max)/(Ke-Kmm?2) = (1,2-1-430)/(0,85-120) = 54

KoadduimenT 4yBCTBUTENBHOCTH 3aIMTHI MpU JBYX(a3HOM K.3. HA CTOPOHE
HH Ttpancdopmaropa:

Ku = (0,87-Ix.310)/(Icp-Kmm2) = 0,87-3500/(5-120) = 5,075 > 1,5
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AJITOPUTM NPOBeIeHUsI IKCIIEPUMEHTA

1. Cobpats cxemy puc. 7.1. 6e3 TOAKITIOYEHUS HATPY3KU U HEUTpaJIu.
2. YcranoButh nepembluku TpaHchopmatopoB Toka 4TT Tak, 4ToObl mpu UX
coopke mnoayuuiics TpeyroiabHuk. Ilocime pacuera nuddepeHnManbHON 3alIUTHL U
MaKCHUMaJIbHOM TOKOBOM 3aIlUThl YCTAHOBUTH IpHU oMot SA13:
icpl = 12A,
SA14 Icp = 5A,
SA12 - HOMMHAJIBHBIN PEKUM PAOOTHI.
[Tocne ycTaHOBKH BKIIOYUTH JIAOOPATOPHYIO paboTy:
3. Bxirounts SAL.
4. Haxate SBS (3aropaetcst HL10) - 3amknysncs Beikiatouarens B3.
5. Haxxats SB4 (3aropaetrcst HL8) - 3amkHymcs Beikitouarens Bl.
VYcraHoBKka rotToBa K padoTe.
[IpoBepuTh paboOTy 3alUT IPH PA3TIMYHBIX PEKUMAX PAOOTHI.
SA9 — k.3. Ha CTOPOHE BBICOKOI'O HAMPsHKEHUs (OTKI.0€3 3aCPKKH );
SA10 — k.3. Ha CTOPOHE HU3KOI'O HapsKEHUs (OTKIL.OE3 3aIEPKKH );;
SA11 — k.3. HAa CTOPOHE HArpy3KH HAMPSHKEHUS (OTKII. C 3aIEPKKON);
SA12 — pexxum Harpys3ku: neperpyska — Bk uHaukanuu HL11, k.3. — oTki. 6e3
3aJIEPKKH);

OTtuer HOJAKECH BKJIIIOYIATD:

N3noxenue 1emnu padoThI.

DIEKTPUUECKYIO CXEMY YCTAaHOBKH.

Tabnuily n3MepeHui U BEIYUCICHUN BETUYMH.

['paduiku 3aBEUCUMOCTEM, MOCTPOCHHBIE 1O PE3YJIbTaTaM dKCIIEPUMEHTOB.
BriBoibI 110 pabore.

DN AW =

KoHTpoJsibHBIE BONIPOCHI

1. ITpuHIMD NEWCTBUSI MAKCUMAaIbHOM TOKOBOM 3aIUTHI.
2. llpunnun nevictBus nud@epeHirantbHON 3ainThI.

3. Kak ycTpoeno pene turna PHT5657?

4. Yo nazwiBaetcsa Kcx?
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Tpebosanus k cooepaxcanuto u ogopmienuto omyema

Otyer 1o JnabopaTopHON paboTe JOJDKEH OTpa)kaTb OCHOBHBIE PE3yIbTaThl,
MOJTyYEHHBIE B X0JI€ AKCIIEPUMEHTAILHOTO U aHAJIUTUYECKOTO MCCIIEIOBAHNUS, U BBHIBO/IbI
0 XapakTepe W MPUUUHAX MOJTYUYCHHBIX 3aBUCUMOCTENU. OTYET BBIMOJIHACTCS M0 YKA3aHUIO
npenojaBatesis HHAUBUIYAIbHO KaXIbIM CTYJIEHTOM JHOO B (popMe oOIero oruera Ha
Opuraay CTYJIEHTOB, COBMECTHO MPOBOJIMBIIMX IKCIIEPUMEHTAILHOE MCCIICIOBAaHUE Ha
OJIHOM YCTaHOBKE.

OTueT AOKEH CoJIepKaTh (€CIM MHOE HE OTOBOPEHO MPEIOIaBATEIIEM):

1) Llens paboTsr;

2) Onucanue 1ad0OpaTOPHON YCTAHOBKHU U XOJa SKCIIEPUMEHTA;

3) UucneHHble pe3ydbTaThl JKCIHEPUMEHTATBHOTO HCCIENOBAaHUS M HX
rpapuyecKyr0 HUHTEPIPETALINIO;

4) ®opMybl, pacdyeThbl, YUCIECHHBIC PE3yIbTaThl AaHATUTHUECKOTO MCCIEAOBAHUS U
uX rpaMyecKyro HHTEPIPETALHIO;

5) ComocraBieHue pe3yiabTaTOB AKCIHEPUMEHTAIBHOTO M aHAJIUTHYECKOTO
UCCJIEIOBaHMsI, B TOM YHUCIIE IpauyEeCcKoE;

6) BeiBogel 0 mpojenaHHON paboTre, coAepXkKallue aHalu3 MOJyYEHHBIX
pe3yJIbTaTOB, MPUYMHBI 3apErMCTPUPOBAHHBIX MPOLECCOB U  PAcXOXKJIEHUH B
HKCIEPUMEHTAIbHBIX U AHATUTUYECKUX JTAHHBIX.

OTtuer opopmitsieTcs B 3JEKTPOHHOM BHUJ€ B cOOTBETCTBUHU ¢ TpeboBaHusimu ['OCT
2.105-95. Ha Bce pucyHKu u TaOJUIIBI JIOJDKHBI OBITH CCHUIKM B TEKCTE, HAIpHUMeEp,
«(pucyHok 1)», «npuBenensl B Tadbnuie 2». [loanucu Tabnuil 1 pUCYHKOB BBITIOJIHSIOTCS
o ¢popme «Tabnuna 1 — HazBanue» (Haja Tabnuiiei, BBIpaBHUBAHUE TI0 JICBOMY Kparo 0e3
orcryna), «Pucynok 1 — Ha3Banue» (1mog pucyHKOM, BbIpAaBHHBAHHE IO cepeauHe 0e3
orcryna). [Ipy moAroToBKE pUCYHKOB M CXE€M PEKOMEHAYETCS HCIOJIb30BaTh PEAAKTOP
MS Visio. [locTtpoenue nuarpamm (rpaukoB) peKOMEHYETCs BBIIOIHIThH TOCPEICTBOM
MS Excel, Mathcad unu aHamOru4HBIX TPOTPaAMM.

Obwue mpebosanus K 0GhoOpMaeHUIO OOKYMEHMA.:
[pudt Times New Roman, pazmep 12.
BripaBHUBaHME TEKCTa MO MIUPHUHE
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