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[enb 1 33124y U3y4EHUS] JUCLIUTUINHBI

O6opynoBaHue U MaTepuabl

HaumenoBanue nabopaTopHbIX paboT

Copneprxanue 1a00paTOpPHBIX padOT

Jlaboparopuas pabora Ne 1. MakcumanbHast TokoBas 3amuta (MT3). Moaenu-
pOBaHME MAaKCUMaJIbHOM TOKOBOW 3aIUTHI JIMHUU 3JIEKTPOIIEpEaayu.
Jlaboparopnas padota Ne 2. TokoBasi OTceuka Ha JTUHUSIX C OJHOCTOPOHHHUM ITH-
TaHueM. MoaenupoBaHue MTHOBEHHON TOKOBOM OTCEYKH JIMHUM BJIEKTPOIEepe-
Jlauu.

Jlaboparopuas pa6ota Ne3. TokoBasi 0OTceyka Ha JIMHUSIX C JBYCTOPOHHUM ITUTA-
HueM. MoienupoBaHnue MaKCUMalIbHOM TOKOBOM 3allIUThI PaIUaTbHON dIIEKTPH-
YECKOM CEeTU C OJHOCTOPOHHUM IMUTAHUEM.

Jlaboparopuas padota Ned. 3amura BO3ayIIHBIX U KabenbHbIX JIDII. Mopgenu-
poBanue audhepeHInaTbLHON 3alUThl JMHUH JJIEKTPOTepeaayu.
JlaboparopHas paborta Ne5. Peneiinas 3ammra CHUIOBBIX TpaHC(HOPMATOPOB.
Huddepennmanbraas 3anmra. MoaenupoBanue auddepeHnaibHON 3aiUuThI
Tpanchopmaropa.

Jlaboparopnas pabota Ne6. 3ammuTa Bo3aymHbX 1 kabenpHbIX JIDII. TokoBas
HallpaBJI€HHAs 3alllUTa JMHUM 3JIEKTPOINEPEAAUU B KOJIBIIEBOM CETH.
JlaGopaTtopnast pabota Ne7. Jluddepennmanpuas TokoBas 3anuTa. [IpogonsHas
muddepeHManbHas 3alUTa JUHUY 3J1eKTPoNepeayn.

JlaGopatopHas padorta Ne§. luddepenunanbHas TokoBas 3amuTa. [lonepeunas
muddepeHIranpHas 3aluTa napauiebHbIX JTHHUA dIeKTPONepeIayn.
JlaGopaTtopnast pabora Ne9. JlucraHnmnonHas 3ammuTta. [ucTaHiMoHHas 3amuTa
JMHUM 3JeKTponepeauu B CETH C JBYCTOPOHHUM MUTAHUEM.

Jlaboparopuas padora Nel0. [udpossie pene. L{udpossie cucTeMsl yripaBieHHs
u cbopa uHpopmanuu. MakcuManbHasi TOKOBas 3alllUTa C HE3aBUCHUMOMW BHI-

z[epxq(of/i BPEMCHH JIMHUU JJICKTPOINICPCaAaYr U BBOAHOI'O BBIKITFOYATCIIA.

Crp.
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JlaGopaTtopnas pabota Nel 1. [ludpossie pene. LludpoBsie cucTeMBbl yIipaBieHUS
u cOopa nHpopmanuu. MakcumanbHasi TOKOBas 3aIUTa ¢ OJIOKUPOBKOM MO0 MHU-
HUMAJIBHOMY HaIPSKCHUIO.

JlaGopaTtopnas pabota Nel2. [{udpossie pene. LludpoBsie cucTeMBbl yIIpaBiIeHUS
u coopa undopmanuu. JuddepenmanpHas 3amura Tpaachopmaropa.
JlaboparopHas padora Nel3. [{udpossie pene. [ludpoBsie cucTeMbl yripaBicHHS
u coopa nnpopmanuu. TokoBas 3ammuTa TpanchopmarTopa.

JlaGopaTtopnas paborta Nel4. [{ludpossie pene. LludpoBbie cuCTeMBbI yIIpaBIeHUS
u coopa unpopmaruu. JuddepeHnuanpHas 3ammra COOPHBIX ITUH
Jlaboparopuas pabora Nel5. Peneitnas 3amura muH. Jlorudeckas 3amura coop-
HBIX IIHH

Jlaboparopnas pabota Nel6. XapakTepucTHKU U TUHAMUYECKHE CBONCTBA 11 }-
pPOBOH pesielHO# 3aluThl. ABTOMAaTUYECKOE MOBTOPHOE BKIIIOUEHUE JIHMHHUU
AIIEKTpONEepeaayH.

JlaGopaTtopHnast pabota Nel7. XapakTepuCTUKU U TUHAMHYECKUE CBOMCTBA IU(-
POBOH peneiHOl 3aluThl. ABTOMaTHYECKOE MOBTOPHOE BKIIIOUEHUE COOPHBIX
HIMH

JlaGopaTtopHnast pabota Nel8. XapakTepuCTUKU U TUHAMHYECKUE CBOMCTBA 1U(-
POBOH penerHON 3amuThl. ABTOMaTHYECKOE BKIIOUEHUE pPe3epBa CEKIIMOHHOTO
BBIKJTFOYATETISI.

Y4ebHOo-MeToin4Yeckoe U HH(POPMAIIMOHHOE 0OecrieueHNe TUCIIUILIMHEI
[lepeyeHb OCHOBHOM U TOTIOIHUTEIBHOM JIUTEPATYPhI, HEOOXOIUMOM ISl OCBO-
SHUS JTUCTIUATLIHBI

[TepeyeHp y4eOHO-METOAUYECKOrO OOECHEeUeHHs] CaMOCTOSTENbHOU paboThI
00y4aromuxcs Mo AUCHUTIINHE

[lepeueHs pecypcoB MH(POPMAIMOHHO-TEIEKOMMYHUKAIIMOHHOW cetn MHTep-
HET, HEOOXOIMMBIX IS OCBOCHUS JUCITHITITUHBI

IIpunoxenus



BBenenne

Lenpto paboThl B 1abopaTtopuu sBIsETCS YriyOJeHHWEe U 3aKperIeHue MPHOOPETEHHBIX
TEOPETHUYECKUX 3HAHUI IyTE€M SKCHEPHUMEHTAJIbHOM MPOBEPKU TEOPETUUYECKUX MOJOKEHUH, a
TaK)Ke 3HAKOMCTBO C 3JICKTPOHHBIMHA KOMIIOHEHTaMH, 000pYyI0BaHUEM, H3MEPUTEILHBIMH ITPHOO-
paMU U anmnapaTypoii, KCIOJIb3yeMbIMH B JIA0OpATOPUH.

B pesynbrare BeIOTHEHHS JIAOOPATOPHBIX PAOOT CTYASHTHI JOKHBI IPUOOPECTH YMEHUS
Y HaBBIKHU 110 COOPKE M UCCIIEIOBAHMIO HJICKTPOHHBIX CXEM U IMTPUOOPOB, U3MEPEHUSIM AIICKTpUYe-
CKHUX BeNMUYUH. TeMaTnka 1abopaTopHBIX padOT IMOJHOCTHIO COOTBETCTBYET CO/AEPIKAHUIO OCHOB-
HBIX pa3/ieioB Kypca, U3y4aeMoro B BBICHIMX TEXHMYCCKUX YUEOHBIX 3aBelleHUsX. B mpeyiarae-
MOM y4e€0HOM TTOCOOHH OTMCAaHO OJMHHAIATH J1a00paTOPHBIX padoT. B onucannu kaxaou 1a0o-
paTopHOii paboThl chopMyIUpoOBaHa €€ 11eib, U3JI0KEHBI OCHOBHBIC TEOPETUYECKUE TTOJIOKEHNS,
OIMCaHa CXEMa YCTAaHOBKHU ISl POBEJCHUS HKCIIEPUMEHTAILHOTO MCCIIEIOBAHMS, JaHbl PEKO-
MEH/IALlM Y TI0 POBE/ICHHIO OMBITOB U 00PabOTKE PEe3yJIbTATOB U3MEPCHHUH, a TAKIKE KOHTPOJIbHBIC

BOIIPOCBHI.



1. I]enb u 3a0auu uzyueHus OuCyuUnIuUHbl

]_IGJIBIO HU3YUCHUA NUCHUIIIINHBI «Penetinas 3aluTa U aBTOMAaTU3alus 3JICKTPOIHCPICTU-
YECKUX CUCTEM» SABIIACTCA (bOpMI/IpOBaHI/Ie 3HAHHUH O MpUHOUIIAX OpraHu3aluu U TEXHHUYCCKOU
pcam3anuu peﬂeﬁﬁoﬁ 3aIIUTEI 1 aBTOMATU3alUU SJICKTPOSHEPICTUICCKUX CUCTEM.

3a;[aqe171 N3YUCHUSA OUCHUIUIMHEIL ABJISICTCA YCBOCHUC CTYACHTAMHU OCHOBHBIX IMPUHIIUIIOB
BBITIOJIHCHHUA 3allUT, KaK OTACIBHBIX 3JICMCHTOB, TaK U CUCTEMBI B IICJIOM, a4 TaK:XKC OCHOBHBIX

MOJIOKEHUH 10 PacyeTy CUCTEM PEICHHOM 3aIUThI.

2. Obopyooeanue u mamepuani

ATmapaTtHble Cpe/iCcTBa:

— JIaGopatopus TEOPETUYECKUX OCHOB ANEKTPOTEXHUKHU, PEICHHOM 3alIUTHI U SIEKTPoOe3-
OIACHOCTH ¢ MHTEPAKTHBHBIM MYJIbTHMEINA 000pyI0BaHUEM

— JIaGopatopHoe 000pyaoBaHuE «IIEKTPOIHEPTETUKA-PEIICHHAS 3al[UTa U ABTOMATHKA)

— KomMriekT tumnoBoro y1abopaTopHOro o0opynoBaHusi «IEKTPOIHEPreTUKA - OHOIU-
HEelHas MOJIENb)

— Hayuno-uccnenoBarenbckuii koMmiieke «LleHTpann3oBaHHbIE CpPEICTBA 3aIUTHI, aBTO-
MaTH3aIiu U YIPaBIEHUS DJIEKTPOIHEPTETUUECKUX CUCTEM», UCTIOTHEHNE CTEH0OBOE KOMIIBIO-
TEpPHOE

— HayuHo-uccnenoBaTenbckuil KOMIUIEKC «ABTOMAaTU3HPOBAHHBIE CPEACTBA YIIPABICHHUS
Y 3aIUTHl B CUCTEMaX 3JICKTPOCHAOKEHUS TPOMBIIIICHHBIX ITPEAPUSITHIN

VYyebHas ayauTopus JJig IPOBENCHUs] YUeOHBIX 3aHITHI, OCHAIIeHa 000pyIOBaHUEM U
TEXHUUECKUMHU cpefcTBamu oOyudeHus. [lepeHOCHOI HOYTOYK, MPOEKTOp, JOCKAa MarHUTHO-Map-

KepHasl.

3. Haumenosanue nabopamopusix paoom
Jl1s 3204HO# (hOpMBI 00YUEHHSI TIPETYCMOTPEHHI CIEYIOIINE JIabopaTopHbIe padoThI: Jla-
Ooparopnas padota Ne 1. MakcumanbHas TokoBas 3amuta (MT3) — 2 yaca; JlJaboparopnas pabora
Nol6. Peneitnas 3amura cuioBbix Tpancopmaropos. Juddepennmansaas 3amura. Moaenupo-
BaHue auddepeHnnaIbHON 3amuThl TpaHnchopmaropa — 2 gaca; JlabopatopHas padora Ne20. Pe-
neitHas 3ammTa muH. Jlornueckas 3amura cOOpHBIX MUH — 2 yaca; JlabopaTopHas pabota Ne25.
XapakTepuCTUKH U AMHAMUYECKHE CBOMCTBA TU(POBOI pelieiHO 3alUThl. ABTOMAaTHYECKOE MO-

BTOPHOE BKJIFOUEHUE JIMHUAH JIEKTPOTIepeiaun — 2 Jaca, MpakTH9IecKast IOJroTOBKa — 2 Jaca.
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6 cemecTp

JlabGoparopuass padora Ne 1. MakcumaiabHas
TokoBas 3ammrTa (MT3). MonenupoBanue mak-
CHUMaJIbHOHM TOKOBOM 3aIlIMThI IMHUU AJIEKTpoIepe-
JTa4H.

N3ydenue ycTpolcTBa, NMpUHLMNA JCUCTBUS U
CXEM MaKCHMaJIbHOM TOKOBOM 3anuThl (MT3).

JlabGoparopHasi padora Ne 2. TokoBasi oTceuka
HA JIMHUSAX C OITHOCTOPOHHUM NMUTaHueM. Mojie-
JUPOBaHNWE MTHOBEHHOW TOKOBOIl OTCEUKH JIMHUU
3JIEKTPOIIepEIauH.

N3ydyenue ycrpoicTBa, MNpUHIMNA ACHCTBUS U
cxeM TokoBoi orceuku (TO).

JlaGoparopuasi pabora Ne3. TokoBasi oTceuka
HA JINHMAX € ABYCTOPOHHUM nuTanuem. Moje-
JMpPOBaHUE MAaKCUMAJIbHOM TOKOBOM 3aIllUThI pa-
JVAIbHOU 2JIEKTPUYECKON CETH C OJJHOCTOPOHHUM
MUTAaHUEM.

UccnenoBanue MT3 u TO nByx nuHUEN 3JIEKTPO-
nepeaayy ¢ OJHOCTOPOHHUM MUTAHUEM.

JlabopaTopuasi pa6ora Ned. 3ammra BO3aYyII-
HbIX U KabeabHbIX JIJII. MoaenmupoBanue nud-
(epeHIMATBHOW 3aIUThl JIMHUU JJICKTpOIIepe-
Jauu.

N3ydenue ycTpolcTBa, NpPUHLMNA JECUCTBUS U
cxeM nuddepeHIanTbHON 3alUThl JTUHUN SJEK-
Tpormepead.

JlabopaTopHasi padora NeS. Peneiinas 3ammra
CWIOBBIX TpaHcpopmaropoB. luddepenun-
ajJbHas 3ammTa. MoaenupoBanue auddepeHuu-
ITBHOM 3aIIUTHI TpaHchopMaTopa.

N3yuenue ycTpoiicTBa, NpHUHLMIA JEHCTBUS U
cxeM nuddepeHnanbHON  3allUThl  CHIIOBOTO
TpaHchopmaTopa.

JlabopaTopHnasi pa6ora Ne6. 3ammra BO3aYylI-
HbIX ¥ Ka0eabHbIX JIJII. TokoBas HanpaBieHHAs
3alUTa JIMHUN DJEKTpoIeperiadl B KOJIbLIEBOM
CETH.

O3HakOMJIEHHE CTYAEHTOB C MPHUHIMIIOM JIeH-
CTBHsI, CXEMOW WM BBIOOPOM YCTaBOK TOKOBOM
HaIpaBJIeHHAs 3allUTa JUHUHN 3JeKTpoIepeiaut B
KOJIBLIEBOU CETHU.

JlabopaTopnasi padora Ne7. Indpepenunain-
Hasi TokoBasi 3amura. [IpononsHas auddepen-
LMaJbHAsl 3aIUTA JIMHUU 3JIEKTPOIIEPEAAUN.
N3yunTh npuHIMI JEHUCTBHS M Ha3HA4YEHHE IIPO-
nonpHOM aud@epeHnaibHON TOKOBOW HAarpas-
JICHHOM 3alUTHI.




JlaGoparopuasi padora Ne8. /Inddepenuuannb-
Has TokoBasi 3amuTa. [lonepeunas nuddepen-
[UaJIbHAS 3alUTa MapauIeIbHbIX JIMHUH JIEKTPO-
nepeavm.

W3yunTh NpUHIMI ICHCTBHS ¥ HA3HAYCHHE TIOTIC-
peuHoit nuddepeHmanbHON TOKOBOI HANPaBICH-
HOM 3aIlUTHI.

JlabopaTtopHasi padora Ne9. JIucranumonHas
3amuTa. J[MCTaHIIMOHHAA 3a1UTa TUHUHI JIEKTPO-
repeaadu B CETU C ABYCTOPOHHUM MUTAHUEM.
O3HaKOMUTHCS C NPUHLIMIIOM I€UCTBUS JUCTAHIU-
OHHOM 3aILMTHI JIMHUI.

Hroro 3a 6 cemecTp:

36

7 cemecTp

10

JlaGoparopuasi padora Nel0. Lludgposbie pede.
Hudpossbie cucremMbl ynpapjieHus H c60pa MH-
(¢popmanmu. MakcumalibHasi TOKOBas 3allUTa C He-
3aBUCUMOM BBIJIEP/KKOW BPEMEHU JIMHUU DJIEKTPO-
nepelayv ¥ BBOJHOTO BBIKIIIOYATEIS.

N3yunTh npuHOUI NEHCTBUS MAKCUMAIbHOM TO-
KOBOH 3aIMTHI, U3YYUTh METOJBI pacyera u Ipo-
BEPKH YCTaBOK 3aIUTHI, UCCIEAOBATH (PaKTOPHI,
BIIMSAIOIUE HAa CEJIEKTHUBHOCTb U 30HY ACHCTBUSA
MTS3.

11

JlaGoparopuasi padora Nell. Lludgposbie pede.
HudpoBbie cucTeMbl ynpaBjieHuss U cO0pa MH-
(¢popmanmu. MakcumanbHasg TOKOBas 3allyTa C
OJIOKMPOBKOM 110 MUHUMAJILHOMY HAMPSKEHUIO.
N3yunth npuHUMI ACHCTBUS MaKCUMAJIBHOM TO-
KOBOMH 3alllUThI C OJIOKUPOBKOW IO MUHUMAJIbHOMY
HANPSDKEHUIO, U3YYUTh METOJBI pacuera U Ipo-
BEpPKM YCTaBOK 3alllUThl, UCCIEAOBATH BIIUSHUE
IIYCKOBBIX OPraHOB HaIIPSYKEHHS HA YYBCTBUTEIIb-
HocTh MT3.

12

JlabopaTopnasi paGora Nel2. Iludpossie peJe.
Hudpossbie cucreMbl ynpapjieHus U c60pa MH-
¢popmanuun. uddepenunanbHas 3amura TpaHc-
dbopmaropa.

W3yunth npuHImn neicTBus quddepeHaabHoR
3aluUThl TpaHchopmaropa, U3y4uTh OCOOEHHOCTH
mudQepeHIManbHbIX 3alMT TpaHC(hOPMaTOPOB,
CBSI3aHHBIE C HEOOXOJUMOCTHIO BBIPAaBHUBAHMS
BTOPUYHBIX TOKOB IO BEJINYMHE, U3YUUTh OCOOEH-
HOCTH HACTPOWKH MapameTpoB auddepeHnmrans-
HBIX pene ¢ TopMokeHnneM tuna J[3T-11, uccneno-
BaTh (aKTOpbI, BIMSIONIME Ha CEIEKTHUBHOCTD,
30HY JEHCTBUS U YyBCTBUTEJIBHOCTD 3aILUTHI.

13

JlabopaTopunas padora Nel3. I{udgpossie peJre.
Iundpossie cucremMbl ynpapiaeHus H cO0pa MH-
¢popmanmnu. Tokosas 3amura Tpancpopmaropa.

N3yunTh 0COOEHHOCTH pacyeTa yCTaHOBOK, CelleK-
THUBHOCTH U 30HbI CpabaThIBaHUs TOKOBOI OTCEYKU




W MaKCUMAaJbHON TOKOBOM 3alUThI TpaHCcpopMa-
TOpa, U3Y4YUTh OCOOEHHOCTH pacueTa YCTaHOBOK
3alUThl OT MEPErpy3kd CUIOBOTO TpaHchopMma-
TOpAa.

14

JlaGoparopuasi padora Nel4. Lludgposbie pede.
HudpoBsbie cucteMsbl ynpasieHus U cOopa MH-
dpopmannu. JludpdepennuanpHas 3ammra cOop-
HBIX [IAH

N3yunts npuHnmn aeictBus quddepeHnrnaibHon
3aIUTHI IIMH, UCCIEA0BaTh (DaKTOPHI, BIUSIONINE
Ha CEJIEKTUBHOCTb, 30HY JICHCTBUS U UyBCTBUTEIb-
HOCTb 3aIlIUTHI.

15

JlabGoparopHas pabora NelS. Pesieiinas 3amura
muH. Jlornyeckas 3ammra COOPHBIX IHUH
W3yunth npuHIun AecTBUA U 00JIaCTh TPUMEHE-
HUS JIOTUYECKOM 3aITUThI COOPHBIX IINH, UCCIE0-
BaTh (AKTOPHI, BIUAIOIIME HAa CEIECKTUBHOCTH U
3ony aevictBus JI3III.

16

JlabopaTopHasi paGora Nel6. Xapakrepuctuku
U JUHAMHYECKHEe CBOMCTBA HM(pPOBOil peJieii-
HOM 32U ThI. ABTOMaTH4E€CKOE TOBTOPHOE BKIIIO-
YEHUE JIMHUM JIEKTPOIIEPENAUN.

W3yuuts anroputmel pabotsl ycrpoiicts AIIB Ha
JUHUAX C OJHOCTOPOHHMM IIMTAHWEM, H3Y4YUTh
0COOCHHOCTH B3auMoeicTBus yctpoiictB AIIB u
peNnerHON 3aluThl, U3yYUTh NPUHLHUIIBI pacyera
ycraHoBOK AIIB nmHuii 35ekTponepenay ¢ OfHO-
CTOPOHHUM ITUTAHUEM.
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JlabopaTopunas pa6ora Nel7. XapakTepucTuku
U JMHAMHMYeCKHe CBOMCTBa HM(POBOH peJieii-
HOM 321U ThI. ABTOMaTHYECKOE TOBTOPHOE BKIIIO-
YyeHHe COOPHBIX LINH

N3yunth ocoOeHHOCTH pabOTHI yCTPOWCTB aBTO-
MaTHU4ECKOr0 IMOBTOPHOTO BKJIFOUEHUS LIMH, U3Y-
YUTh OCOOEHHOCTH B3aMMOJICUCTBHS YCTPOMNCTB
AIIB muH 1 yCTpOMCTB pENEHHOMN 3aIUTHI.

18

JlabopaTopnas paGora Nel8. XapakTepucruku
H JUHAMHYECKHE CBOMCTBA UM(PPOBOI peJieii-
HOH 3a1MTBI. ABTOMaTUYECKOE BKIIKOYEHUE pe-
3€pBa CEKIIMOHHOTO BBIKIFOYATEIIS.

W3yunth mpuHLUI EHCTBUS U OCOOEHHOCTH pa-
O0TBl YCTPOMCTB aBTOMATHUYECKOTO BKIIOUEHUS
pe3epBa CEKIIMOHHOTO BBIKIIIOYATENS.

23

JlaGopaTopnas pa6ora Nel9. Oco0eHHOCTH IKC-
IUIyaTalluM MUKPONPOLeC-COPHBIX 3aLMT.
HanexHocTh QyHKIIMOHUPOBaHMS CUCTEM C LUQ-
poBbIMU perte. [Tomexo3anuineHHoCTh UPPOBBIX
pene. McnbiTanue anmapaTypsl Ha IIOMEXO3alllU-
mEéHHOCTh. Micnonb30Banne nud-poBbIX pelie B Ka-
yectBe ACY TII. Texuuueckoe oOciyXHBaHUE
uQpoBHIX pere.




24

JlabopaTopHnasi padora Ne20. U3mepurenbHble
opranbl uMGpoBoi pejieli-HOM 3aMTHI.
CrtpykTypa HU(PPOBBIX U3MEPUTEIHHBIX Opra-HOB.
[IpenBaputenbHas 00pabOTKa aHATIOTOBBIX CUTHA-
noB. BekTopHoe oToOpaskeHne AUCKPETU-3UPOBa-
HBIX CHHYCOWJAJIBHBIX CHUTHAJIOB. AJITO-pUTMBbI
udpoBOro Mpeodpa3oBaHUs CUTHAJIOB pEIeHHOMN
3aIUTHI.

24

JlabopaTopHas padora Ne2l. U3mepureibHbIe
opranbl uMGpoBoi pejieli-HOM 3aMTHI.
CrtpykTypa HU(PPOBBIX U3MEPUTEIHHBIX Opra-HOB.
[IpenBaputenbHas 00pabOTKa aHATIOTOBBIX CUTHA-
noB. BekTtopHoe oToOpaskeHne AUCKPETU-3UPOBa-
HBIX CHHYCOWJAJIBbHBIX CHUTHAJIOB. AJITO-pUTMBI
1u(dpoBOro Mpeodpa3oBaHUs CUTHATIOB PEIeHHOMN
3aILUTHI.

26

JlabopaTopHas padora Ne22 TokoBbIe H TOKO-
Bble HalpaBJieHHbIe HH(POBbIE 3alIUTHI.
dopMupoBaHUE TOKOB U HAMPSHKEHUH, U3Mepsie-
MBbIX peneiiHol 3amuToi. [logkmouenue P3 k us-
MEpUTEIbHBIM TpaHchopMaTopaM TOKa W Hamps-
KEHMUSL.

27

JlaGopaTopHas padora Ne23.
DOYyHKUMOHAJIbHBIE 3JIeMeHThI HHU(ppPoBOi
3aIIMTLI 1 aBTOMaTuKu BJI.

Crpykrypa nporpammuoro odecnedenus L{P3. 3a-
mMTa a0COMOTHON CEIEKTUBHOCTH HA OCHOBE 00-
MeHa curHanamu. O61ue coodpaxeHusl. 3aluThl
Ha OCHOBE KOHTPOJIS IpHeMa OTKIIFOYAOIIUX CHUT-
HaJIOB.

19

JlaGopaTopHas padora Ne24 PezepBupoBanue
O0TKAa30B PeJICHHOM 3a1IUThI U BLIK/II0YATEJIe.
OOm1ue cBeeHus. Y CTpOMCTBO pe3epBUPOBAHUS
otkasa Beikimouarens (YPOB). Cxemsr YPOB
npu oTkase BbikmrouaTeneil. [Tosbimenue s dek-
THUBHOCTH JJAJIbHETO PE3EPBUPOBAHUS.

19

JlaGopatopHas padora Ne25 Pe3epBupoBanue
OTKAa30B PeJICHHOM 3a1IUThI U BLIK/II0YATEJIe.
OOmue cBeeHus. Y CTpOMCTBO pe3epBUPOBAHUS
otkasa Beikimouarens (YPOB). Cxemsr YPOB
npu oTKase BbIkmouaTeneil. [Topbimenue 3¢-pex-
THUBHOCTH JTAJIbHETO PE3EPBUPOBAHUS.

20

JlaGopaTopuas padora Ne26 Pesie nuddepen-
nuaabHbIX 3amuT cepuit PHT u A3T10.
[IpuHIUI AENCTBUA U KPAaTKOE OIIMCAHUE PEIIe Ce-
puii PHT n ZI3T10. [IpuHnmn neiictus pene ce-
pun JI3T10. OcHOBHBIE TEXHUYECKUE TaHHBIE
pene cepuii PHT n /I3T10.

20

JlaGopaTopuas padora Ne27 Pene nuddepen-
uuaabHbIX 3ammT cepuii PHT u I3T10.




[TpuHIUTT IEWCTBUS U KPaTKOE OMHUCAHUE PEJIe Ce-
puit PHT u A3T10. Ilpunuun aeiictus pene ce-
pun JI3T10. OCHOBHbBIEC TEXHUUECKHE TAHHBIC
peane cepuii PHT u JI3T10.

Hroro 3a 7 cemectp:

36

o

Hroro:

72
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4. Cooeporcanue nabopamopusix pabom
Jlabopamopuasa paboma Ne 1. Makcumanvnasa moxosasn 3auguma (MT3). Mooenupoea-

HUEe MAKCUMAJIbHOI MOKOBOU 3awiumosl iUuHUU 3ﬂel<mp0nepe¢)alm.

ILlenv pabomoi: VI3ydeHue ycTporcTBa, MPUHIMIIA JEUCTBUSA U CXEM MAKCUMAJIbHOM TOKO-

Bo# 3anuThl (MT3).

Ocnoevl meopuu:

Kax ormeuasoch paHEC, OTHUM U3 Hauboee XApPAKTCPHBIX IIPU3HAKOB K3 sBn. IlosBiaenue

CBCPXTOKA, KOT. CTAaHOBUTCA I . Ha ucnonn30Banuu 3TOro IIpUHOUIIA 1 OCHOBAHO JEUCTBUEC

Haep.

MTS3.

TA
hm

[Mpunnun nevicteus MT3

K pene MT3 uyepe3 TA noaBoauTcs TOK, IPOXOIAIIUHI 110 3aLIUIAEMOMY 3JIEMEHTY (JIMHUH
W). Kornia Tok JocTUraeT 3apaHee yCTaHOBJIEHHOTO 3HAUSHMSI, 3alllMTa IPUXOIUT B JeiicTBUeE (cpa-
0aThIBaeT) M OTKJIIOYAET BBIKIIOYaTenb Q. 3HaUueHHE TOKa, MPH KOTOPOM IPOUCXOANT CpadaThiBa-
HUE 3alUThl, Ha3bIBAETCS TOKOM cpabaTbiBaHus (lcpas.). Il0sIBIIEHNE CBEPXTOKA B K-J1 JIEMEHTE HE
BCErJia SBJISIETCS IPU3HAKOM MOBPEXKIEHHUS ATOTO JIEMEHTa, NOO CBEPXTOK MPOXOJIUT U MO HETo-
BPEXKJIEHHBIM, HO CBA3aHHBIM C MIOBPEXIEHHBIM IEMEHTAMU LIETIH.

Tax: B anexTpoceTH, cocrosien u3 3* mocienoBaTebHO COeIMHEHHBIX Y4acTKoOB, ipu K3 B

(MK cBepXTOK IPOXOAHUT OT UCTOYHUKA G K MECTy MOBPEXIEHUS Kak 110 HOBPEKIEHHOMY Y4aCTKY

I, Tak 1 o HenoBpexxAEHHBIM |1 1 I11.

11



‘ MT3 MT3 MT3|
E I |ts I |tz I |t
T 1 e I |‘ —_ I /1T
T L — 1} - .
Q3 7 I, ﬁ Qz I ﬂ Q1 Ix 7K

Pa6ora MT3 B pagnanbHOii ceTH ¢ OJHOCTOPOHHUM IMUTAHHEM

Ecnu cBepXTOK MPEBBICUT TOK CpadaThIBaHUS, TO HEAOMYCTUMO, YTOOBI cpabOTaIH BCE TPH
3amuThl. [IpaBubHAS TUKBUIAIMS aBapuu OYAET UMETh MECTO B TOM Cliydae, eciu cpaboraer MT3
| 1 oTkitounT BIKIIOUaTENh Q1, Omkalmii K MECTy MOBPEXACHUS. DTO U €CTh TpeOOBaHHE U3-
OMpaTeNbHOCTH WK celeKTUBHOCTU K MT3. JIJis BBINOIHEHUS 3TOTO YCIOBUS HE00XO0IMMO, YTOObI
(B wactHocT) MT3 yuacTKOB UMENH pasi. lepas., BO3pacTaroiee Mo HarmpaBiICHUIO K UCTOYHHUKY
MATAHUA.

Bpewms cpabaTpiBaHus 3aIIUTH OT MOMEHTA BOZHUKHOBEHHUS CBEPXTOKA JI0 BO3JICHCTBUS Ha
BBIKJIFOUATEIIb HA3bIBAETCS BBIICPKKON BpeMeHU. B 1aHHOM cllyyae HAMMEHBLIYIO BBIIEPKKY Bpe-
Menu t1 jomxHa umets 3anmrta MT3 |; Heckoabko > - 1o to — 3amura MT3 |l u camyio > - t3 — MT3
I1.

J1714 BBISIBIEHUSI MOMEHTA BOSHUKHOBEHHS aBapuu U obecrieueHus aeicteust - MT3 coctout
13 IYCKOBOTO OpPraHa, KOT. BBIABIISIET MOMEHT BO3HUKHOBEHUS! K3 M MpOM3BOAUT MyCK 3alllUThl U
3aMeJUISIOIIEero opraHa (BbIIEP)KKH BPEMEHH ), KOTOPBINA 3aMeUIsSIeT AeWCTBUE 3alIUThI 1715 oOectie-
YEHUS CEJICKTUBHOCTH.

Takue ToxoBsie pene, kak Hanpumep, PTB, PT-80, PT-90 coBmemiatot B cebe 00e omnucan-
Hble QYHKLIUU.

MT3 sBnsieTcss Hau™> NPOCTON U ACMIEBOH 3aIIUTON U, T03TOMY, IPUMEHSIETCS JUISl 3aIUThI

G, Tp-pos, D1 u JIDII ¢ 0HOCTOPOHHUM, a B psiZIe CITy4aeB U ¢ ABYCTOPOHHUM ITUTAHHEM.

Ykazanue no mexnuxe 6esonacnocmu:
VYka3zaHus 110 TEXHUKE O€30MaCHOCTH MPH BBIITOJIHEHUH JIa0OPATOPHBIX padOT MPUBEIEHBI

B IIpUJIO’KEeHUE A.

Ykazanus no evinonnenuro nabopamopuoii padomoi:

Yo6eauTech, 9TO yCTPONUCTBA, UCTIOIB3YEMBIE B SKCTIEPUMEHTE, OTKJIFOYCHBI OT CETH DJICK-
TPOIMUTAHUAA.

CoenuHuTe rHE3/1a 3alUTHOTO 3a3€MIICHHS YCTPOMCTB, UCIIONIB3YEMBIX B 3KCIIEPUMEHTE,
¢ THe3710M ofHo(]a3Horo nctounuka nutanus Gl.

CoenunuTe anmapaTypy B COOTBETCTBHH CO CXEMOU JIEKTPUUECKON COCTMHEHHI.

12



OTtkirounTe (€Cu BKIFOUEH) BBIKITIOUaTenb A9.

YcraHoBHUTE MEpEKIOYaTeNieM jKelaeMoe 3HaueHue Kod(p¢uimenta TpaHchopMauu
Tpancpopmaropa Al, marpumep, 1,0.

YcraHoBuUTE kKeTaeMble MapaMeTpbl TUHUM dJiekTponepenauu JI, nanpumep, 100 Om u 0,2
['H, a Tak)Ke MECTO PACMOJIOKEHUS HA HEil TOUKK KOPOTKOI'O 3aMbIKaHHUs, HAIPUMEp, B CEpEeIUHE
auHUM. J{J1 3TOro NnepeKiIovaTeIsiMi YCTAHOBUTE ITapaMeTphl MOIEJIEH IMHUH AJeKTponepesadn
A2 u A3 paBabivMu 50 Om u 0,1 I'n.

YcranoBute xenmaemblid TOK cpadatsiBanus pene A10, nampumep, 1,0 A.

YcranoBute xenmaemoe BpeMs cpabaTteiBanus peie AH, nanpumep, 1,0 c.

Bxotounte Beikmouatens «CETby» uzmepurens P1.

Bxmounte ucrtounuk Gl. O HalMuuy HaNpsHKEHUs Ha €ro BbIXO/€ JOJDKHA CUTHAIU3UPO-
BaTh CBETSAIIAsACA JaMIIOYKa.

Bxurounte Boiktoyarens A9. B pesynbrate 3aroputcs 3eneHas jamia 6ioka A8, curaa-
JU3UPYIOLIasl O M0/1aye ONEPATUBHOIO HAPSKEHUS.

Haxmure BepxHIOI0 KHONKY I1OCTa ynpasieHuss A7. B pe3ynpraTe BKIIOUYUTCS KOHTAKTOP
A4 (Beiximrovarens Q) u Ha mojenu auauid A2, A3 (unuto JI) 6yaer nonano Hampspkenue. O0
3TOM OYZEeT CUTHAJIM3UPOBATh 3aropeBIIascsa KpacHas Jammna B 61oke AS8. 3eneHas nammna B OJ10ke
A8 noracHer.

CMopenupyiiTe KOPOTKOE 3aMbIKaHUE Ha JIMHUU 3JekTpornepenaun JI. I yero BOTKHUTE
npoBoaHuK «I1» B rHE310 Mexay Moaensmu tuHuid A2 u A3. B pe3synbTare cpaboTaeT Makcu-
MaJibHasi TOKOBAs 3allluTa U MOBpeXAeHHas JUHU dNekTporepenayn JI (monenu nunuit A2, A3)
C BBIICPKKON BPEMEHHU OTKIIIOUMUTCS (OTKJIIOYATCS) OT MCTOYHWKA MUTAHUS BBIKIIOYaTesieM Q
(xontakTopoM A4). Kpacnas namna B 0110ke A8 moracHer, a 3eJeHas 3aropuTcs.

C unnukaTopoB uzmepurens Pl cunuraiite 3HaueHNE TOKa KOPOTKOTO 3aMbIKaHUS U BpeMs
paboTHI 3aTUTHI.

BeiabTe npoBoanuk «I1» n3 ruesna.

[To 3aBepiIeHNHU IKCIIEPUMEHTA OTKIIIOUNTE OJJHO(a3HbII HCTOUHUK nMUTaHus G1 BBIKIIIO-

yarens «CETb» uzmepurens P1.

13



(o T Q (KM) TA A ?(K)

o

L (~220 B) N (~0 B)

sB2 SB1 KM KL
1 1{ k4 % 21 I Al A2 2 1
K1
14 13
KT KA
almen
KL KT

KM HLG
A
2 3 1@7
KM HLR
2 2 1 &2

Cooepocanue omuema:

OTuer H0KEH CONepKaTh:

1. Ha3Banue paboThI;

2. llens paboTHI;

3. Kparkue TeopeTuueckue cBeICHHUS;

4. OnucaHue UCIoiIb3yeMoro o0opy10BaHUsl U MaTepUaJIOB;
5. [lopsiok BeINONIHEHUS PaOOTHI;

6. Beruncnenus u o6paboTKa pe3yabTaToB;

7. BeIBOIBL.

Konumponvnwie éonpocwi:

1. Yro Takoe MakcuMmaibHas TokoBas 3amura (MT3) u kak oHa BbINONHAETCS?

2. Kakue 10CTOMHCTBA ¥ HEJJOCTATKH MAaKCUMAaJIbHBIX TOKOBBIX 3aIUT?

3. Kakas o6nacts npumenenus MT3?

4. Kak onpenensieTcs OTHOCUTENbHbIN KO (OUIMEHT YyBCTBUTEILHOCTH MaKCUMaIbHON
TOKOBOH 3aIlIUTHI?

5. Kaxk BeiOupatot Tok cpadbarsiBanus MT3?

6. Uto Takoe ko3P GUIUEHT 3amycka, KOAPGUIUEHT OTCTPOIKN?

7. YTo Takoe MaKCHMaJIbHBIE TOKOBBIC HAIIPABJICHHBIC 3alIUTHI?

8. Kax BeimonustoT MT3 ¢ 3aBUCUMBIMH XapaKTEepPUCTHUKAMU BbIIEPKKU BpeMeHH?

14



Jlabopamopnan paooma Ne 2. Tokoeas omceuxka Ha TUHUAX C 0OHOCHOPOHHUM RUMA-

Huem. Moodenupoeanue MCHO8EHHOI MOKOBOI OMCeUKU TUHUU ITIEKMpPonepeoaiu.

Ilenv pabomei: VIzyueHue yCTpoOWCTBA, IPUHLIMIA JIEUCTBUSI U CXEM TOKOBOH OTCEYKHU

(TO).

OcHoevt meopuu:

TokoBoii oTceukoi Ha3. MT3 ¢ orpaHWYeHHON 30HOW ACHCTBUS, UMEIOIIAs B CIy4acB
MTHOBEHHOE JIEHCTBUE.

B oti. or MT3 cenextuBHOCTh AeiicTBust TO oOecnieunBaeTcs He BbIIEPKKOM BpeMeHH, a
orpaHuveHueM 30HbI e€ neiictBus. s aToro Icpad. oTcedku OTCTpauBaeTcs He OT TOKa Harpy3KH,
a ot Toka K3 B KOHIIE 3amumaeMoil JIMHUKM UK OT Apyroi onpenenénnou, rae TO He nomkHa

IEUCTBOBATD.

Jona Bedcmbusn
omceyxy. -

| 121
3/41

o LN

[TpuHIMTT NEHCTBUSA TOKOBOM OTCEYKH HA TUHUM C OJJTHOCTOPOHHUM IMUTAaHUEM

30Ha JEHCTBHUS OTCEUKH ONpCACIIICTCA T pa(bI/I‘{eCKI/I: JJIA 3TOI'0 BBIYHUCIIAKOTCSA TOKH K3,
mpoxoadmue 1mo 3allUIIaeMON JIMHUU npu K3 B nauane u KOHIIC eé, a TaKKC Ha paCCTOSAHUU %;

Y25 % NIIVHBL OT OT Hayaya U CTPOUTCS KpuBasi u3MeHeHus Toka K3 B 3aBUCUMOCTH OT yJaneHus
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Mecta K3 ot ncrounmka nuranus (kpuas 1). [lo mpuBenénnoit hopmyse pacCunThIBACTCS TOK
cpabaThIBaHHS OTCEYKH U HA ITOM K€ YePTEIKE IPOBOAUTCS MPsiMasi TOKa cpadaThIBaHUs (TIpsMast
2). Touka nepecedyeHust KpuBoM 1 ¢ mpsamoii 2 onpenensieT 300y AeicTBUs 0Tceuku. OTceuka Jiei-

cTByeT B 30He, T11e IK3 > Icpao.

Ykazanue no mexnuke 6esonacnocmu:
VYkazaHus 1Mo TeXHUKE OE30MaCHOCTH MPH BHIMOJIHEHUH Ja00paTOPHBIX pabOT MPHUBEICHBI

B NMPUJIOKEHHE A.

Ykazanus no evinonnenuro nabopamopnoi padomut:

Y6enurech, 4TO YCTPOHCTBA, UCIOIb3YEMbIE B IKCIIEPUMEHTE, OTKJIFOUYEHBI OT CETH DJIEK-
TPOIUTAHUS.

CoenuHuTE THE3/1a 3aLIUTHOTO 3a36MJIEHUSL  YCTPOMCTB, UCIIOIB3YEMBIX IKCIIEPUMEHTE, C
rae3goM "PE" omHodazHoro ucrounuka nuranus Gl.

CoenuHure anmnapaTypy B COOTBETCTBUU CO CXEMOM AIEKTPUUECKON COETMHEHUI.

OTtkirounTe (€Cy BKIIOUEH ) BBIKITIOUaTenb A9.

YcraHoBUTE MEpeKIoYaresieM XKelaeMoe 3HaueHue KoddduiuueHta TpaHCPOpMaLUU
TpaHcopmaropa Al, Hanpumep, 1,0.

VYcTaHoBuTe KenaeMble TapaMeTpbl JIMHUU AekTpornepenayn JI, nanpumep, 100 Om u 0,2
I'H, a Tak)ke MECTO pacIOJIOKEHUS HAa HEH TOUKH KOPOTKOTO 3aMbIKaHMsI, HAIPUMED, € CEPEIUHE
auHUM. JJ1 3TOT0 NEepEKI0YaTeNsIMI YCTAHOBUTE ITApAaMETPhI MOAEIIEN IMHUH dJIEKTponepeadn
A2 u A3 paBabivMu 50 Om u 0,1 T'n.

YcranoBute xenaeMblid TOK cpabatsiBanus pene Al0, nHanpumep, 1,0 A.

Bxmounte Beikmtouarens «CETb» usmepurens Pl.

Bxmounte ucrtounuk G1l. O Ham4uuy HaNpsHKEHMSI HAa €ro BBIXOE JOJIKHA CUTHAJIU3UPO-
BaTh CBETAIIAsACA JaMIIOYKa.

BxmounTe BeIKITIOUaTens A9. B pesynbrare 3aroputcs 3eneHas gamia 6i1oka AS8. curHa-
JU3UPYIOLIasl O N0/1a4e ONEPATUBHOIO HAPSKEHUS.

Haxxmute BepXHIOI0 KHONKY ITOCTa ynpasieHuss A7. B pe3ynpTaTe BKIHOUUTCS KOHTAKTOP
A4 (Beiximrovatens Q) u Ha moaenu auHuN A2, A3 (muauto JI) Oyner momano HampsbkeHue. O0
3TOM OyJIeT CUTHAJIM3UPOBATh 3aropeBIlasics KpacHas jamna B 6ioke A8. 3eneHas jammna Ojgoke
A8 moracHer.

CMopenupyiiTe KOPOTKOE 3aMbIKaHNE Ha JIMHUU dJeKTpornepenauu JI. J[ns yero BOTKHUTE
npoBoHUK «I1» B THE30 Mex Iy Moaensmu Tuauid A2 u A3. B pesynbraTte cpaboTaeT MTrHOBEH-

Has TOKOBasg oOTceYka M noBpexaeHHas iuHus JI (Momenu nuHuit A2, A3)OTKIIOYUTCS OT
16



HMCTOYHHKA MUTAaHKS BhIKIIIOUareneM Q (kontakropom A4). KpacHas tamma B 0510ke A8 moracHer,
a 3eJieHas 3aropuTcs.

C unnukaTopoB uzMmepurens P1 cuuraiite 3HaueHHE TOKa KOPOTKOTO 3aMbIKAHUS U BpeMs
paboThI 3ALTUTHI.

BriabTe nnpoBogHuk «I1» u3 ruesaa.

[To 3aBepiIeHNN AKCIIEPUMEHTA OTKIIOYNTE OAHO(DA3HBIA MCTOYHUK muTaHust Gl U BbI-

kirouatenb «KCETb» uzmepurens PL

L (~220 B) N (~0 B)
3
SF \
z
sB2 SB1 KM KA
T, s I A
P > ]_l i 4 3
,
14 13
KM HLG
Pl
82 31 |®2
KM HLR
£
24 23 1 ® 2

Cooepocanue omuema:

OT4YeT OJKEH COAepIKaTh:

1. Ha3Banue paboTsI;

2. Llens paboTsr;

3. Kparkue TeopeTuueckue cBeICHHUS;

4. Onmcanue UCIob3yeMOro 000pyIOBaHHS U MaTEPHAIIOB;
5. [Mopsaok BeIMOTHEHUS PAOOTHI;

6. Beruncnenus u o6paboTKa pe3yabTaToB;

7. BeIBOIBL.

Konmponvnwie éonpocwi:
1.KakoBbI mpuHLMT eiicTBUA U 00acTh mpuMeHeHusa TO IuHUM dneKTponepeadn?
2. KakoBo Ha3HauY€HME IEMEHTOB PEIEHHON YacTel 3alIuThl?

3. Anroput™ pabOTHI 3aIMTHI TIPH K.3. Ha 3ammmaemMoint JIDIT?

17



Jlabopamopnan paooma Ne3. Tokoeas omceuka Ha TUHUAX C 08YCMOPOHHUM RUMA-
Huem. Moodenuposanue MaKCumManbHol MOKOBOU 3auiumyl PaOuUaibHOll IJ1eKMPUUEcKol

cemu ¢ 00H00m0p0HHuM numanuem.

Henv pabomur: ccnenoanne MT3 u TO nByx JUHMI 35I€KTponepeayu ¢ OJHOCTOPOH-

HUM IIUTAaHUECM.

Ocnoevl meopuu:

B pannanpHbIX CeTSX C OJAHOCTOPOHHUM IUTAaHUEM MAKCHUMAJIbHYI0 TOKOBYIO 3aILUTY
BKJIFOYAIOT C MUTAIOUIEH CTOPOHBI Kak10oM JinHuM. [Ipu 3TOM Ju1st 0GecniedeHus: CEeJeKTUBHOCTH
OTKJIIOUEHUS BBIJICPKKY BPEMEHH 3alIUTHI OAOUPAIOT MO CTYINEHYATOMY MPHUHIUIY, COTJIACHO
KOTOPOMY y KaXJOW MOCIEAYIOIIEeH 3alIUThl, CUUTAasA 110 HANPABJICHUIO K UCTOYHUKY MUTaHUS,
BBIIEP)KKY BPEMEHH MPUHUMAIOT Ha CTYIIEHb BpEMEHU OO0JIbIlIe, YeM y MPeIbIAyIIen 3alUThl.

Paccmotpum nipuMep 3amThl OT 0JHO(PA3HOTO KOPOTKOTO 3aMBIKAHUS Ha 3eMJTI0 KaOeb-
HBIX JIMHUU B ceTH HampsbkeHueM 6—10 kB ¢ 3a3emiieHHOM HEWTpasblo.

TokoBast oTceuka MOXKeT ObITh BBIINOJIHEHA OBICTPOCHCTBYIOIEH WIIH C BBIACPIKKOMN Bpe-
MEHH.

B oTtnnuune ot MakcHMalIbHOM TOKOBOM 3aLIMTHI IEUCTBUE TOKOBOW OTCEYKH 3apaHee orpa-
HUYUBAETCSA 30HOU JACHCTBUS. DTO NETASTCs I COOIOCHUS CEJIEKTUBHOCTH (M30MPaTEIbHOCTH
NENCTBHS ), KOTOpas oOecTieunBaeTCs MyTeM BbIOOpa TOKa CpabaThIBaHUsI OTCEUKH, a HE BBIICPKKU
BpeMeHH (ITPH MaKCHUMAalbHOM TOKOBOM 3aIlluTe).

[Mpunnun neiictBus TokoBo# orceuku it JIDII ¢ 0OAHOCTOPOHHUM MHUTAHUEM MOSCHSIET
PHCYHOK HUXE — a.

N3BecTHO, YTO TOK K. 3. B IMHUHU ONPEEISAETCS BETMUUHON COMPOTUBIEHUS OT HUCTOYHHUKA
MUTAHUS 10 MeCTa MOBPEKICHHUS M YMEHBIIIAETCS C yIaleHHeM IocleaHero (kpusas 1, Ha pu-
CyHKE€ HIDKE TojokeHue — 0). HaumeHbmuii ToK K. 3. BOSHUKAET MPHU MOBPEKIECHUN B KOHIIE

munun (B Touke K-2), a HanOonpiiee — B Havase ee (B Touke K-3).

Ykazanue no mexnuxe 6esonacnocmu:
VYka3zaHus 1o TeXHUKE OE30MMaCHOCTH MPH BBIITOJIHEHUH J1a0OpAaTOPHBIX pabOT MPUBEIEHBI

B IIPUJIOKEHNE A.

Ykazanun no eévinonnenuro nabopamopnoi pabomer:
Y6enurech, 9TO YCTPOHCTBA, UCTIOIB3YEMbIE B KCIIEPUMEHTE, OTKITFOYCHBI OT CETH JJICK-

TPOIMUTAHUAA.
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CoenuHuTe THE3/IA 3AIIUTHOTO 3a3€MJICHUSI YCTPONCTB, UCIOJIB3YEMBIX B AKCIIEPUMEHTE,
c rue3noM "PE" onmHodaznoro ucrounmnka nuranus Gl.

Coenunute anmnapaTypy B COOTBETCTBHH CO CXEMOM 3JIEKTPUUYECKON COCTMHEHUI.

OTtkirounTe (€cy BKIIIOUEH) BhIKITIOUaTenb A9.

YcTaHoBUTe MepeKiIroYaTeseM jKelaeMoe 3HaueHue koddduuueHnta TpaHchopManuu
Tpancpopmaropa Al, marpumep, 1,0.

Y cTaHOBUTE NEPEKITIOYATEIME KEJTAEMbIe IIapaMEeTPbl MOJIENIEH IMHUH EKTponepeadn
A2 u A3, vanpumep, 50 Om u 0,1 I'n.

YcranoBute xenaemblid TOK cpadbateiBanus pene A10 u A15, manpumep, 1,0 A.

YcranoBure xenaemoe BpeMs cpabaTteiBanud pene AH, nanpumep, 1,0

Bxotounte Beikmouatens «CETby» uzmepurens P1.

Bxumrounte uctounuk G1. O Hanmu4yuu HaNpsHKEHUS Ha €10 BBIXOJIE JOHKHA CUTHAITU3UPO-
BaTh CBETSAIIASACA JaMIIOYKa.

Bxumounte Boikmtouarens A9. B pesynbrare 3aropurcs 3eneHas jgammna Oi1oka A8, curHa-
JU3UPYIOLIasl O M0/1aye ONEPATUBHOIO HANPSKEHUS.

Haxwmurte mocnenoBareabHO JBE BEpXHUE KHOIKH MOCTa yrnpasieHus A7. B pesynbrare
BKirovaTcs Beikaouatend Ql, Q2 (kontaktopsl A4, A13) u Ha muauu JI1, JI2 (Moxenu nuHUN
A2, A3) Oynmer momaHo HampspbkeHue. OO0 3ToM OyIyT CHTHAIM3HPOBATH 3aTOPEBIIUECS
KpacHble JlaMIibl B O10ke A8. 3enenas namna B 0j0ke A8 moracHer.

CMopenupyiTe KOPOTKOE 3aMbIKaHUE HA JIMHUM dJieKTporiepenayun JI2. i uero BOTKHUTE
npoBoHUK «II» B rHe3/10 Havana mojenu TuHuK A3. B pe3ynbraTe cpaboTaeT MTrHOBEHHasl TOKO-
Bas OTCEYKa W TOBpexaAcHHas JuHusa JI2 (Monmens nuHUM A3) OTKIIOYUTCA OT UCTOYHHKA
nuTanus BeikrouaTesneM Q2 (kontakropoM Al3). Bropasi cBepxy kpacHas jammna B Ojoke A8
MOTACHET.

C nngukatopos usmepurens Pl cunralite 3HaueHHE TOKa KOPOTKOTO 3aMBIKaHUSI U BPEMS
paboTHI 3aIIUTHI.

BeiabTe npoBoanuk «I1» n3 ruesna.

Haxwmure BTOpyI0 cBEpXY KHOIIKY 1ocTa ynpasieHuss A7. B pe3ynbrare BKIIOUUTCS BbI-
kmovaresb Q2 (kontaktop Al3) u Ha nmunuto JI2 (Moaens nuHuK A3) BHOBB OYZET 110/1aHO HAMpsi-
xeHue. 00 3ToM OyJIeT CUTHATU3UPOBATh 3arOPEBINAsCs BTOpas CBEPXY KpacHas jiamrma B OJ0ke
AS8.

CMopenupyiTe KOPOTKOE 3aMbIKaHUE HA TMHUHM dJiekTporiepenayn JI1. [l uero BOTKHUTE
npoBoHUK «I1» B THe3/10 KOHIa Mosienu TuHUU A2. B pesynbTare cpaboTaeT MakCUMajbHast TO-

KOBasl 3allliTa U MOBPEXJIeHHas JUHMS dekTponepenayu JI1 (Mmoxens nuHuM A3) ¢ BBIACPKKOM
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BPEMEHHU OTKJIFOYHUTCS OT MCTOYHHMKA MUTaHWs BbIkItouateraeM Q1 (koHtakTopom A4). Ilepras
CBEpXY KpacHas jamna B 0yioke A8 moracHer.

C unnukaTopoB uzMmepurens P1 cuuraiite 3HaUeHHE TOKA KOPOTKOTO 3aMbIKaHUS U BPEMsI
paboThI 3ALTUTHI.

BriabTe nnpoBogHuk «I1» u3 ruesaa.

[To 3aBepieHUH 3KCIIEPUMEHTA OTKIIOUUTE OJHO(A3HbIM uUCTOYHUK mnurtanus Gl u

BoIktouarenb «CETb» uzmepurens P1.

Q1(KM1)  TA1 A ?(K” Q2 (KM2) TA2 A2 %(Kz)

Cc T
~ | | N A2/77 VALY | A2/ NAL
T L J2 / I LJ2 /
w2

L (~220 B) N (~0 B)
1
|
SF
2
SB3 SB1 KM1 KL
24 23 42 L__l At 2 1
KM1
—5 TJ
SB2 KM2 KA2
By ] P
4 2 A2 _I af 4 3
KM2
14 18
KT KA1
I._
] I_ 7
KL KT
[] )
v I_ P 2 1
KM1 KM2 HLG
2 31 32 /rs1 1 ® 2
KM1 HLR1
24 2 %
KM2 HLR2
2 2 1 &

Cooeporcanue omuema:

OTyeT N0JKEeH CollepKaTh:

1. Ha3Banue paGoTsl;

2. llens paboTsr;

3. Kparkue TeopeTuueckue CBeICHHUS;

4. OnurcaHue UCIoIb3yeMOoro 000py10BaHUsI U MaTepUAIIOB;

5. [lopsiiok BeIMONTHEHUS PabOTHI;
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6. Beruucienus u 06paboTka pe3yabTaToB;

7. BBIBOJIBL.

Konmponwvnsie sonpocwi:

. Buipl TOKOBBIX 3aIIIUT, UX KpaTKasi XapaKTEPUCTUKA U OTJIIMYME APYT OT JIpyTa.
. [Ipunnun nevictus u cenektuBHoCcTh MT3.

. Be16op Toka cpabateiBanust MT3.

. Be16op Beiziepkku Bpemenun MT3.

. Cxema naByx(dasnoit Tpexpeneitnoit MT3 ¢ He3aBUCUMOH BBIJICPKKOW BPEMEHH.
. Cxema naByx(dasnoit Tpexpeneitnoit MT3 ¢ 3aBUCHMOI1 BBIIEPIKKON BPEMEHH.

. CoryacoBanue 3aIl0UT IO YYBCTBUTCIIbBHOCTH.

© 0O N o o B~ W DN

. [Ipunmun nevicreus TO.
10. MruoBennbie TO Ha JIMHUSAX ¢ OTHOCTOPOHHUM ITUTAHHEM.
11. TO c BbIAEPKKON BPEMEHH.

12. TO c 610KMPOBKO# MO HAPSKEHUIO.

.. Cxema nByxdaznoi nyxpeneitnoit MT3 ¢ He3aBUCUMOI BBIIEPKKOW BPEMEHH.
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Jlabopamopnan pavoma Ned. 3auwguma 6030ywnvix u kaoeavnuvix JII. Moodenuposa-

Hue ougpepenyuanbHoll 3auiUmol TUHUU IJIeKmMponepeoau.

Ienv pabomei: VIzydenne ycTpoiicTBa, IPUHITUIA ACHCTBUA U cxeM TuddepeHITnaTbHOI

3allIMTHI JIMHUHA JJICKTpOoHepEaay.

Ocnoevt meopuu:

Ha nuHMAX OTXOIAIIMX OT IIMH 2JEKTPOCTAaHLMM WIM Y3JIOBBIX IOJICTaHIMM, 4acTO IO
YCJIOBHSIM YCTOMYMBOCTH TpeOyeTcs odbecnieunth oTkiItoueHne K3 B mpenenax Bce 3ammimaeMoin
auHAN 0e3 BBIICPKKH BPEMEHHU. DTO TPeOOBAaHUE HEIB3sI BHIIOJHUTH C MOMOIIBI0O MIHOBEHHBIX
TOKOBBIX OTCEYEK, 3alUILAIOLIUX TOIbKO YacTh JIMHUU. KpoMme Toro, oTceuku HEMpUMEHHUMBI 110
YCIIOBUIO CEJIEKTUBHOCTH, Ha KOpOoTKUX JIOII, rne Toku K3 B Havasne u B KOHIIE JINHUU IPUMEPHO
OJIMHAKOBBI. B 3TuX ciiyyasx ucnonb3yrorcs quddepennuanbabie 3ammrsl ([13), odecnednsaro-
e MrHoBeHHoe oTkitoueHue K3 B /1000l Touke 3alMIaeMoro y4acTka U He JAEMCTBYIOLIUE
npu K3 3a npenenamu 30HbI 1eHCTBUS.

Juddepenunanbable 3aUIUTHI TOAPA3AEIAIOTCS Ha: MPOJOIbHBIC — AJIS 3AILUT KaK OJH-
HapHBIX, TaK ¥ NapAJUIEIbHBIX JINHUH; IIONEPEUHBIE — JUIS 3aIUTHI TOJIBKO MMAPAJIEIIbHBIX TUHHUH.

W3meputenbHbIi oprad npoaosibHoN auddepeHnansHOl TOKOBOM 3alIUThl BKITIOYAETCS
Ha pPa3HOCTh TOKOB MO KOHLIAM 3alUIIaeMoro 00beKkTa

B pene 3amuTel npoxoauT TOK Ip, paBHBIN pa3HOCTH BTOPUYHBIX TOKOB M3MEPHUTEIBHBIX
tpancpopmaropoB Toka TA1 u TA2 112 u 122. TIpu BHenItHeM KOPOTKOM 3aMbIKaHUU B Touke K2
toku I1 u [2 mo koHIam 3amnuiaeMoro 00beKTa OUHAKOBBI, 1 TOK Ip =112 — [22 nmpuHIMnuansHo
paBeH Hymo. [Ipy KOPOTKOM 3aMbIKaHMM Ha 3aliuiiaeMoM oobekTe B Touke K1 B pene 3amuTsl
IPOXOJIUT NPAKTUYECKU apUPMETHUECKas CyMMa BTOPUUHBIX TOKOB KOPOTKOT'O 3aMbIKaHHSI OT UC-
toyHnkoB nutanusg DC1 u OC2 u 3aunmra cpabarbiBaeT. TeopeTHuecku TOK cpabaThIBaHUS 3a-
IIUTHI MOT ObI OBITH paBeH HYJ0. OJIHAKO, €CIIM YYUTHIBATh HATMYHE MOTPELTHOCTEN H3MEPUTEIIb-
HBIX TPaHC(OPMATOPOB TOKA 3aIUTHI, TOK B peJI€ 3alUThI IPH OTCYTCTBUH KOPOTKOTO 3aMbIKAaHUS
Ha 3alllMIIaeMoM 00BEKTE paBeH TOKY HeOanaHca, 3HaUeHHe KOTOPOro TeM 0osblie, yeM OoJbIle
TOK B IIEPBUYHBIX OOMOTKaX TpaHcpopmaropoB Toka. [ToaToMy TOk cpaGaThIBaHUS 3alUTHI OT-
CTparBaeTcs OT TOKa HeballaHCa, UMEIOLIEro MECTO IIPU MaKCUMAJIBHOM TOKE, TPOXOISAIIEM Yepe3
3amuIaeMbiii 00beKT mpu BHemHeM K3:

IIpu nonaye HanpspKEHUS HA CXEMY 3aropaercs 3eneHas curHaibHas gamna HLGI. Ilpu
Ha)KaTUM Ha KHOIIKY BKItoueHHs SB1 Bxitouarores koHTakTopel KM1 1 KM2 1 Ha 3ammimaemyo
JIMHUIO TIOJJaeTCsl HanpsbKeHue. 3aropatoTcst kpacHble curHanbhble Jamnsl HLR1 u HLR2 |, nomny-

yast mutanue yepe3 KoHTakT KM 1.2 u KM2.2 cootBeTcTBeHHO. 3enenas curHanbpHas sammna HLG1
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racHeT. [Ipu ornyckanuu kHonku SB1 0OMOTKM KOHTaKTOPOB MOJIYYAlOT MUTAHHUE Yepe3 HOP-
MaJIbHO Pa30MKHYTBIM KOHTAKT 3Toro koHtakropa KM1.1.ITpu HaxaTtuu Ha kHOnKy SB2 KOHTaKk-
top KM1 u KM2 otkmouaercs. Hanpsiokenue ¢ nuHun cHuMaeTcs. KpacHble CUTHAIIbHBIE JTaMITbl
racHYyT, 3€JICHAasl 3arOPaeTCsl.

ITpu xoporkom 3ambikanuu B T.K1 0OMOTKa perne Toka, BKIIIOUEHHAsi Ha pa3HOCTh TOKOB B
HayaJie ¥ KOHIIEC JUHUM, NoJIydaeT nutanue, 1 KoHTakT KA1.l TokoBOro pene pa3MbIKaeT IeMb
nuTaHus koHtakropa KM1.

[Ipu kopoTkoM 3aMbikanuu B T.K2 TOkr B Hauaje U KOHLE JIMHUU OJIMHAKOBBI, pa3HOCTb
3TUX TOKOB Malia, TOKOBOE peJie He cpabarbiBaeT. Takum 06pa3zom, 3aiuTa JeicTBYeT TOJIBKO IpU
K3 Ha 3aIUIIaeMOU JINHUU.

[Ipy ncye3HOBEHMM HANPSKEHUSI MMUTAIOIIECH CETH KOHTAKTOpbI OTKIro4aroTcs. 1Ipu Boc-
CTAHOBJICHUU HANPSKEHUS B CETH KOHTAKTOPBI OCTAlOTCA OTKJIKOYEHHBIM. B 3KkcriepumenTe pac-

CMOTpCHHLIﬁ AJITOPUTM pC€aJIn30BaH HAa OCHOBC IIPOrpaMMHUPYEMOI0 KOHTPOJIIIEpA.

Ykazanue no mexnuke 6ezonacnocmu:
VKa3aHus 1o TeXHuKe 0e€30IacHOCTH IIpX BBIITOJIHCHUHN J'Ia60paT0pHLIX pa60T IIPpUBCACHBbI

B MPUJIOKEHHE A.

Ykazanus no eévinonnenuro nabopamopnoi pavomet:

VYbenureck, 4TO yCTPONCTBA, UCIOIb3YEMbIE B SKCIIEPUMEHTE, OTKIIIOYEHBI OT CETH HJIEK-
TPOIUTAHUS.

CoenuHUTE THE3/1A 3aLIUTHOTO 3a3€MJIEHUSI  YCTPOMCTB, UCIOJIB3YEMBIX SKCIIEPUMEHTE, C
rae3nioM "PE" onnodaznoro ncrounnka nutanus Gl.

CoenuHure anmnaparypy B COOTBETCTBUHU CO CXEMOM IEKTPUUYECKON COETNHEHUI.

OTtkmrounTe (eciy BKIIIOYEH) BBIKITIOYaTenb A9.

VYcTaHoBUTE MepeKiIroYaTeseM >KelaeMoe 3HaueHue KodpduiureHTa TpaHchopManuu
Tpancopmaropa Al, Hanpumep, 1,0.

YcTaHoBHTE jKeTaeMble TapaMeTphl IMHUU dekTpornepenayn JI, nanpumep, 100 Om 1 0,2
I'H, a Tax)ke MECTO PacIOJIOKEHUSI Ha HEW TOYKHU KOPOTKOI'O 3aMbIKAaHUs, HAIIPUMED, B CEPEIUHE
JUHUM. J{7151 3TOr0 MepekovaTeIsiMy YCTAaHOBUTE MapaMeTphl MOJIeNiel IMHUU AJIeKTporepeaadn
A2 u A3 paBabivu 50 Om u 0,1 T'n.

YcranoBuTe kenaeMblil Tok cpabaTtsiBanus pene Al0, Hanpumep, 1,0 A.

Bxmounte Beikmouarens «CETD » nsmepurens P1.

Bxmounte uctounuk G1l. O Hanmu4yuy HanpsHKEHUs Ha €ro BbIXO/E JOJKHA CUTHAIU3HPO-

BaTh CBETANIAACS JIaMITOYKa.
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BxtounTe BeIKITIOUaTens A9. B pesynbrare 3aroputcs 3eneHas gamia 0oka A8. curHa-
JU3UPYIOLIas O [10/1a4€ ONEPATUBHOIO HANPSKEHUS.

BxirounTh KHONIKY «IIyCcK» IocTa yrpasieHust A7. B pe3ynbrare BKIIOUATCS KOHTAKTOPBI
A4, A13 (Beixmrouatenu Q1, Q2) u Ha Mmoaenu simanid A2, A3 (uuuro JI) OyaeT momgaHo Hamps-
xenue. 06 »ToM OyAyT CUTHAJIM3UPOBATh 3aropeBLINECsS KpacHbIe JIaMIibl B OJoke AS8. 3eneHas
nammna B 010ke A8 moracHer.

Cmonenupyiite kopotkoe 3ambikanne Klua nuuum snexrponepenaun JI. [{ns vero Bo-
TKHUTE MPOoBOAHUK «II» B rHe3m0 Mexay monensmu auHui A2 u A3. B pesynbrare cpabortaer
nuddepeHnranbHas 3amTa 1 HoBpexaeHHas auHus JI (monenu nuauii A2, A3 oTkirountcs (0T-
KJII0YaTcs) OT UCTOYHUKa nuTanus BeikimodaressiMu Q1 u QI (kontakropamu A4 u A13). Kpac-
HBIC JJaMITBI B OJI0Ke A8 MOTacHyT, a 3eJIeHas jJamIia 3arOPHUTCH.

C ungukatopos usmeputens P1 cunraiiTe 3HaueHHe TOKa KOPOTKOTO 3aMbIKAHUS U BPEMsI
paboThI 3aIUTHI.

BeiabTe npoBonnuk «I1» 3 ruesna.

CMopenupoBath KOpoTKOoe 3ambikanue K2 Ha koHiie nuHun JI (BHE 30HBI AecTBUS AU ]-
dbepenunanbHON 3amuThl). st yero BOTkHYTh npoBoHUK «I1» B rHe3m0 «1» BeikimtouaTens Q2
(xontaktopa A13). Yoenutscs, uto auddepeHnnanbHas 3aiuTa B JeHCTBUH HE TPUXOIUT.

Cuutarh 3Ha4€HHE TOKA KOPOTKOTO 3aMbIKaHUS

BeiayTh IpOBOIHUK «I]» M3 rHE3MA.

I[To 3aBeprIeHNH dKCHIEPUMEHTA OTKIIOYNTE O HO(a3HBIH UCTOYHUK MUTaHus G 1BBIKIIO-

yarens «CETb» uzmepurens P1.
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Cooepocanue omuema:
OT4YeT OJKEH COAepIKaTh:
1. Ha3Banue paboThl;

2. llens paboTsl;

3. KpaTkue TeopeTnueckre CBEICHHUS,

4. OnucaHue UCIoiIb3yeMoro o00py10BaHusl U MaTepUaloB;

5. Ilopsiiok BBIOSTHEHUS PabOTHI;
6. Berurcnenus u o6paboTka pe3yabTaToB;

7. BBIBOJIBI.

KOHmp0Jleble eonpocol:

1.KakoBbI mpUHIUN AEUCTBUS U 00JIacTh pUMeHEeHHs AuddepeHnnanbHoi TOKOBOI 3a-

IIUTHI JIMHUU 3JIEKTporiepenayun’?

2. KakoBO Ha3Ha4Y€HHE PJIEMEHTOB PEJICHHON 4acTeU 3alUThI?

3. Anroput™ paboThI 3aIIUTHI IPH K.3. HA 3amuiaemoit JISII ?



Jlabopamopnas paooma NeS. Peneitnasa 3auquma cunogwvix mpancgopmamopos. /Jugh-
depenyuanvnan 3aumguma. Mooenuposanue ouggepenyuanvroi 3auumsl mpancgopma-

mopa.

Ienv pabomei: VIzydueHue ycTpoicTBa, MpUHIUIIA JEHCTBUS U cXeM nuddepeHITnanbHOn

3aIIUThI CUIIOBOTO TpaHchopMaropa.

Ocnoevl meopuu:

J1s1 321U Thl TpaHC(HOPMATOPOB OT KOPOTKHX 3ambikaHuil (K3) mexxay gazamu, Ha 3eMilto
¥ OT 3aMBIKAaHUH BUTKOB OHOH (ha3bl IIMPOKOE pacrpocTpaHeHune noxyunia auddepennnanpaas
3amura. [IpuHmmn aeicTBust qudQepeHaibHOi 3amuTh TpaHCHOPMATOPOB, TAKXKE KaK U Au-
(bepeHIaTbHOM 3alUThl JMHUN U IIMH, OCHOBAaH aH CPaBHEHUM BEJIMYMHBI U HAIIPABJICHUS TOKOB
JI0 U TIOCJIE 3alllMIIaeMoro 3JeMeHTa (B JaHHOM cityyae TpaHcopmaropa). Ilpu BHemnem K3 u
Harpy3ke TOKH C 00OMX KOHIIOB TpaHc(opMaTopa HampaBlIeHbl B OHY CTOPOHY, U HaXOIATCS B
OTIpeNIeJICHHOM COOTHOIICHUH, PaBHBIM K03 duimenty tpancdopmaruu Tpaacopmaropa. [lpu
K3 B TpanchopmaTope TOKM HampaBieHbl BCTPEYHO OT IIMH K MECTy MOBpexJeHus. B nmepsom
cilyyae 3alluTa He JI0JDKHA JIeHCTBOBaTh, BO BTOPOM — J0JKHA paboTark. C yueToM 3TOro U BbI-
MIOJIHSIETCS] CXE€Ma 3alUTHI.

N3meputenbHble TpaHC(OpPMATOPhl TOKA, MUTAIOLINE CXEMY, YCTaHABJIUBAIOTCS C 00EUX
CTOPOH 3aluInaemMoro tpancpopmaropa. JuddepeniuanbHoe pene BKIOYAETCs MapajuleIbHO
BTOPUYHBIM OOMOTKaM TpaHc(opmaTopoB Toka. s Toro, 4yroObl 3ammuTa HEe paboTana mpu
Harpy3ke u BHemHUX K3, HeoOX0IMMO ypaBHOBECUTh BTOPUYHBIE TOKHM B IIEYaX 3alIUTHI TakK,
YTOOBI TOK B pe€Ji€, paBHBIA UX PA3HOCTH, OTCYTCTBOBAJ. DTO SIBJISETCS YCIOBHEM CEIEKTUBHOCTU
3ammThl Ipy BHEeHUX K3.

B nuddepennmansHoii 3aimmre TMHAN IepBUYHbIE TOKU B Havaja U B KOHILIE 3aIlMII[aeMOT0
y4acTKa OJAMHAKOBBI, IO3TOMY JJIsl BHIIOJHEHUS YCIOBHSI CEIEKTUBHOCTH JIOCTATOYHO UMETH Pa-
BEHCTBO K03((pH1IMEeHTOB TpaHCPopMauu TpaHCPOopMaTOpOB ToKa. MIHOE monoxeHne nuMeeT mMe-
cTo B nudepeHranbHoi 3anmre TpanchopmMaropoB. [lepBuuHble TOKM 0OMOTOK TpaHChopma-
TOpa HE PaBHBI 10 BEJIMYMHE U B O0ILEM cIydyae He COBMAIAIOT 1o (asze.

B tpancdopmatope ¢ coeaHeHrneM 00MOTOK 3B€3/1a-TPEYTOJIbHUK IIEPBUYHBIE U BTOPUY-
HbIE TOKW OTJIMYAIOTCS 1O BenurHe U (paze. B Tpanchopmarope ¢ coeqnnenneM oOMOTOK 3Be3/1a-
3B€3/1a TOKH Pa3IMyaloTCs TOJIbKO M0 BEIUUYUHE.

BripaBHUBaHME MEPBUYHOTO M BTOPUYHOTO TOKOB 3aLIUIAEMOT0 TpaHchopMmaropa ¢ co-

CIANHECHNEM 00MOTOK 3BE3A-TPCYTrOJIbHUK I10 (1)336 OCYHIECTBIACTCA COCAMHCHUEM B TPCYIroJib-
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HUK BTOPHYHBIX OOMOTOK TpaHC(OPMATOPOB TOKA, YCTAHABIMBAEMBIX CO CTOPOHBI 3BE3/bI CHIIO-
Boro Tpancpopmaropa. CoeJuHEHHE B TPEYrOJbHUK OOMOTOK TPaHC(OPMATOPOB TOKA JOJIKHO
TOYHO COOTBETCTBOBATh COCIMHEHUIO B TPEYrOJBHHUK OOMOTOK CHJIOBOTO TpaHC(opMaTopa.
Tpancopmaropsl TOKa, pacloyIoKEHHbIE Ha CTOPOHE TPEYroJbHHUKA CHIIOBOTO TpaHchopMaTopa,
COEIMHAIOTCA B 3BE3 Y.

BripaBHuBaHME BEIMYUH BTOPUYHBIX TOKOB B IIeyax AU(QepeHINaIbHON 3aluThl J10-
CTHTraercs 1moadopoM Kod(pHUIMEeHToB TpaHchopmaiu TpanchopMaTopoB Toka auddepeHm-
JIBHOM 3aIlIUTHI M TApaMEeTPOB CHELMAIBbHO I 3TOM LeJIN YCTaHABIMBAEMBIX TpaHC(HOPMATOPOB
WJIN aBTOTPaHC(HOPMATOPOB.

Bennunna Toka Hebananca B and¢epeHnnaibHON 3amuTe TPaHCPOPMATOPOB OKa3bIBa-
eTcst 00BIYHO OoubIei, yeM B iuddepeHnnanbHOM 3aIuTe JIMHUHA U ITHH, YTO O0BSCHIETCS HAJIH-
YHUEeM JIOTIOJIHUTENIBHBIX COCTABJISIOIIMX B TOKe HeOanaHca. Eme ogHuM (GakTopoM, BIUSIOIINM
Ha paboTy auddepeHnnanbHOM 3auThl, SBIAIOTCS OPOCKM TOKa HAMAarHWYMBAHUS IPU BKIIOYE-
HUH TpaHchopMaTopa Mo HarpsHKEHHE.

[Tpumenenne OpicTpoHackImaromumxcs TpancgopmaropoB (BHT) mo3Bossier BBITOTHUTD
IPOCTYIO ¥ OBICTPOJCHCTBYIOIYIO AU PepeHIINATbHYIO 3aIMUTY, HaZIe)KHO OTCTPOECHHYIO OT TO-
KOB HebaslaHCa U OPOCKOB TOKOB HAMAarHWYMBAaHUSI.

B muddepennpmanpHpIX 3amuTax, YCTAaHOBICHHBIX Ha TpaHc(opMaTopax ¢ peryimpoBa-
HUEM HaIlpsDKEHHsI 10/ Harpy3KOW WM MHOTOOOMOTOYHBIX TpaHc(opMaTopax ¢ HECKOJIbKUMH
NUTAOMMMH 0OMOTKaMH, TOKM HeOaJlaHCa B YCTAaHOBUBLIEMCS PEKUME MMEIOT 3HAYUTEIbHYIO
BeNUYMHY. B 3THX ciyyasx nudgepeHnuanpHas 3amuTa ¢ pene, BkitodeHHbsMu yepe3 BHT, no-
JTy9aeTcsi MAJIOTyBCTBUTEIbHON. UyBCTBUTENFHOCTE MU (EpEeHIINATFHON 3aIUTHI B YKa3aHHBIX

CIIy4asiX MOXET OBbITh ITOBBIIIEHA TyTEM IPUMEHEHU U] PepeHInanbHbIX pejie C TOPMOKEHHUEM.

= 7 \ =
1V
Y A \q * )i O ~
K narpyske \.I/ T/ K ucrounuky
MHTAHHUS
]
Paboune odMoTKH
El:l peJie 3aLMTHI
= =
fa O
K narpyske \.I/ \.I/ K ucrounuxy
NUTAHAS

PaGoune 00MoOTKH
peJie 3aIMThI
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B nanHOM skcniepuMenTe MoaenupyeTcs: Tpanchopmartop (CM. puc), 0OMOTKH KOTOPOTO
MOT'YT UMETh CXEMY COEAMHEHMsI 3B€3/1a-3B€3/1a WU 3Be3a-TpeyrojabHuK. OJHa CTOPOHA TpaHC-
dopmaropa MoAKIIIOYEHA K UCTOUHUKY MUTAaHUsA, Apyras — K Harpy3ke. C o0enx CTOpOH TpaHc-
(dopmaropa BKIIOUEHBI U3MEPUTEIbHBIE TPAaHC(HOPMATOPHI TOKA U TPEXIIOJIFOCHBIE BBIKIIIOYATEIH.
Cy1ecTByeT BO3MOKHOCTb YCTpauBaTh KOPOTKHME 3aMbIKaHUS Ha BbIBOJaxX TpaHc(opMaTopa U Ha
[IWHAX Harpy3KHu.

Ha xommbroTepe ¢ moMOIIBI0 CIIEIUATBHON IPOrpaMMBbl MoieTupyeTcs tuddepeHnanb-
Has 3amuTa TpaHcdopMaTopa. 3aluTa HaCTpauBaeTCs O]l HY)KHOE COEIMHEHUE U HalpsKeHne
00MOTOK cuioBoro TpaHcopmaropa. Takke 3amuTa MOXKeT paboTaTh C TOPMOXKEHHUEM OT TOKa
BHenHero K3 nnm 0e3 Hero. [Ipu cpabaTeiBaHuM 3a1iuTa BO3A€HCTBYET Ha 00a BBIKIFOYATES.

[Ipu npaBuabHO COOpaHHON CXEM€ U KOPPEKTHO BBIOPAHHBIX yCTaBKax 3allMTa JOJDKHA
cpabaThIBaTh IpU 3aMbIKaHUH B €€ 30He ACHCTBUS U He JOoJDKHA JeiicTBoBaTh ipu K3 Ha BbIBoJax

HarpyskHu.

Ykazanue no mexnuke 6ezonacnocmu:
VKa3aHus 1o TeXHuKe 0e€30IacHOCTH IIpX BBIITOJIHCHUHN J'Ia60paT0pHLIX pa60T IIPpUBCACHBbI

B MPUJIOKEHHE A.

Ykazanus no eévinonnenuto nabopamopnoit pabomol:

VYbenureck, 4TO yCTPONCTBA, UCIOIb3YEMbIE B SKCIIEPUMEHTE, OTKIIIOYEHBI OT CETH HJIEK-
TPOIUTAHUS.

CoenuHUTE THE3/1A 3aLIUTHOTO 3a3€MJIEHUSI YCTPOWCTB, UCIOJIb3YEMbIX B IKCIIEPUMEHTE,
c rae3noM "PE" onHodaznoro ucrounuka nuranus Gl.

CoenuHute anmaparypy B COOTBETCTBUU CO CXEMOMN IEKTPUUECKON COETNHEHUI.

OTtkmrounTe (eciy BKIIIOYEH) BBIKITIOYaTenb A9.

VYcTaHoBUTE MepeKiIoYaTeeM >KelaeMoe 3HaueHue KoadpduuueHTta TpaHchopMaluu
Tpancopmaropa Al, Hanpumep, 1,0.

VYcTaHoBHTE KeaeMble TapaMeTphl JINHUHU AeKTporniepenaun JI, Hanpumep, 100 Om u 0,2
I'H, a Tax)ke MECTO PacIOJIOKEHUSI Ha HEW TOYKHU KOPOTKOI'O 3aMbIKAaHUs, HAIIPUMED, B CEPEIUHE
auHUM. J{J1s 3TOT0 NMepeKiIovaTeIsiMI YCTAaHOBUTE MTapaMeTphbl MOIeTIeH TMHUI AJeKTpornepeaadn
A2 u A3 paBabivu 50 Om u 0,1 T'n.

YcranoBuTe xenaeMblil Tok cpabaTtsiBanus pene Al0, Hanpumep, 1,0 A.

Bxmounte Beikmouarens «CETb» usmepurens Pl.

Bxmounte uctounuk G1l. O Hanmu4yuy HanpsKEHUsI Ha €ro BhIXO0/1€ JODKHA CUTHATTU3UPO-

BaTh CBETANIAACS JIaMITOYKa.
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Bxmounte Boikimtouarens A9. B pesynbTaTe 3aropurtcs 3eneHas jamia 01oka A8, curHa-
JU3HUPYIOLIAs O 1MOJja4ye ONEePATUBHOIO HAMPSIKECHHUS.

Haxxmute mocnenoBarenbHO BE BEPXHUE KHOIMKHU MocTa ynpasienus A7. B pesynbraTte
BKJIFOYATCS KOHTaKTOphl A4, Al3 (Beiximrovarenu Q1, Q2) u Ha Moaenu auHuid A2, A3 (TuHUIO
JI) 6yner nonano HanpspkeHue. O6 3ToM OyAYyT CUTHAIM3UPOBATH 3arOPEBIIUECS KPACHBIE JIaMIIb
B O61oke AS. 3enenas namma B O10ke A8 moracHer.

CmonenupyiiTe KOPOTKOE 3aMbIKaHKE Ha JTUHUU iekTporepenaun JI. J{ns yero BoTkHHUTE
npoBoaHUK «I1» B rHE3/10 Mexay Moaensimu uauid A2 u A3. B pesynbrate cpaboraer audde-
peHIIMaIbHas 3anuTa U moBpexaeHHas Junaus JI (Mogenu nuHui A2, A3) OTKIIOUUTCS (OTKITIO-
4yaTcsl) OT UCTOYHUKA nuTaHus BeikiouaTessivu Q1 u Q2 (konraktopamu A4 u A13). Kpacusie
namrbl B 0J10Kke A8 moracHyT, a 3eJIeHas JJaMIia 3arOpUTCS.

C unnukaTopoB uzmepurens P1 cunuraiite 3HaueHNE TOKa KOPOTKOTO 3aMbIKaHUS U BPEMsI
paboThI 3aIUTHI.

BeiabTe npoBonnuk «I1» 3 ruesna.

[To 3aBepiIeHNN AKCIIEPUMEHTA OTKIIOYNTE OAHO(A3HBIA MCTOYHUK muTaHuss Gl U BbI-

kiouarens «CETb» uamepurens P1.

Cc A Q1 (KM1)  TA1 T ) TA2 Q2 (KM2) %(K:
A2 X —

| | R Az AS
@ 1 L d2 2 LT ]
w2 w ] w

8 5
L (~220 B) L N (~0 B)
KA
1
SF S
SB2 SB1 KM1 KA
74 7 24 23 MU " % »
KM1 KM2
14 13 Al IAZ
KM1 KM2 HLG
A A
32 31 32 3 1@2
KM1 HLR1
.
24 23 | ® 2
KM2 HLR2
24 23 1 ® 2
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Cooepocanue omuema:

OTuer H0KEH CONEpKaTh!

1. Ha3Banue paboThI;

2. llens paboThI;

3. Kparkue TeopeTuueckue CBeICHHS;

4. Onucanue UCroiab3yeMoro o0opy10BaHusl U MaTepUaJIOB;
5. [Topsaok BeIMOTHEHUS PaOOTHI;

6. Beruncienust u 06paboTKa pe3yabTaToB;

7. BBIBOJIBI.

Konmponsuwie eonpocwi:

1.KakoBbpl nmpuHUMI JeWCTBUS U 00NacTh HNpUMEHEeHUs Iu(pdepeHIUaTbHON 3alUThl
TpaHcpopmaropa?

2. KakoBo Ha3HaueHHE 3IEMEHTOB pEICiHON YacTel 3aiuThl?

3. Anroput™ paloThI 3aIMTHI MPH K.3. HA 3alIUIIaeMOM TpaHcpopmaTope?
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Jlabopamopnas padoma Ne6. 3auwuma 6030yuinvix u kaovenvnvix JIII1. Toxosasn

HanpaeeHHasA 3auiuma JUHULL 3J1e1<mponepe()alm 6 KOJlbl4€80ﬁ cemu.

Ilenv pabomsi: O3HaAKOMIICHHE CTYJICHTOB C MPUHIIMIIOM JCHCTBHSI, CXEMOM U BHIOOPOM

YCTaBOK TOKOBOM HaITpaBJICHHAas 3aliuTa JIMHAM SJICKTPOIICpEaaun B KOJII)HCBOﬁ CETH.

Ocnoevt meopuu:

3amuTa, AeWCTBYOMAs TOJIBKO MPH OMPEICICHHOM HalpaBJICHUH (3HAKE) MOIIHOCTH KO-
potkoro 3ambikanus (K3), Ha3eiBaeTcs HanpaBiieHHOW. Heo0X0auMOCTh B IPUMEHEHUH HAIIPaB-
JICHHBIX 3alllUT BOBHUKACT B CCTAX C ABYCTOPOHHHUM ITUTAHUCM. BaHII/ITa B OTHUX CETAX HE TOJIBKO
pearupyetr Ha nosBieHre Toka K3, HO u ana obecrieueHust CEJIEKTUBHOCTH TAKXKE YUUTHIBACT
HanpasieHue MoirHoctu K3 B 3amuimaemoii nuauu (MHaue roBopsi, a3y Toka B JMHUU OTHOCH-

TCJIbHO HAIIPAKCHUA HA IJ_II/IHaX).

G ul Q1 KI{ Q2 U2 U3, Q3 Kz{ Q4 U4 G
- o4 )
L1 |_l L 5, L3
St S

<O
2

B ceTsx ¢ 1ByCTOPOHHUM MUTAaHUEM (CM. PUC) U B KOJIBLIEBBIX CETAX HAIPABJICHUE TOKA U
MomHocTH K3 3aBUCUT OT MecTa BO3HUKHOBEHMS MOBpEKAeHU. Hanpumep, pu KOpOTKOM 3a-
MbIKaHUH B Touke K2 yepes 3amuty Ha BbIKItouaTese Q3 mpoXoAuT TOK B HAIIPaBJIEHWU OT ILIUH
nojcTaHuu 3 K Mecty nospexaeHus. [lpu koporkom 3ambikanuu B Touke K1 uepes oty xe 3a-
LIUTY POXOAUT TOK B IIPOTUBOIIOIOKHOM HAlPaBIECHUH.

Ecnu npuHATH, YTO B IEPBOM CIy4yae TOK KOPOTKOI'O 3aMbIKaHUsS OTCTAET OT HAIPSKEHUS
U3 Ha mmHax nojactanuuu 3, a MmouiHocTs K3 nonoxurensHa v HampasJieHa OT ILIKH B JIMHUIO, TO
BO BTOpoM citydae Tok K3 casunyt Ha 1800 oTHOCHTenbHO Toka K3 B mepBoM citydae, a cOOTBET-
CTBYIOLIast 3ToMY MolIHOCTh K3 oTpuniatenbHa U HampaBieHa U3 JIMHUM K MKHaM. TakuMm oOpa-
30M, HanpasieHre MOIHOCTH K3, mpoxoasiiei 1o JTMHUH, XapaKTepU3yeT, I'/1€ BO3ZHUKIIO ITOBpPe-
KJIEHUE: Ha 3allliI[aeMoi JTUHUY WIN Ha IPYTUX MPUCOECIUHEHUSIX, OTXOAIMX OT IINH JaHHON
MOJICTAHIIHH.

3T0 00CTOATENBCTBO MCIIONIB3YETCS B HAIIPABICHHOM 3aIUTe, KOTOpas IO 3HaKy MOIIHO-
CTH OIIPEJENsIET, HA KAKOM IIPUCOEINHEHNN BO3HUKIIO IIOBPEXIEHUE U JEMCTBYET Tosbko nipu K3
Ha 3aIIMIaEMOM YYacTKe.

[Ipocras TokoBas 3ammuTa, He pearupyromas Ha 3HaK MOIIHOCTH, AeHCTByeT kKak npu K3

Ha 3allluIacMoM JIMHUHU, TaK U NIPU MMOBPCKACHUAX HA APYIUX MMPUCOCANUHCHUAX, OTXOAAIHNUX OT
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IIWH OJCTAaHIMH, IUTAIONIEH 3alMIIAEMY0 JUHUIO. [103TOMY MOIYyYUTh CEIEKTUBHOE OTKIIIOYE-
Hue K3 B ceTsix ¢ JByCTOPOHHUM NMUTAHUEM C IIOMOILBIO IPOCTON TOKOBOM 3allUThI, KaK IIPaBUJIO,
HEBO3MOKHO.

Ha ocHoBanu# M37105K€HHOTO MOKHO C(POPMYITUPOBATH CIIECAYIONINE PUHIUIIBI BBITOIHE-
HUS CEJIEKTUBHOM 3aIUTHI B CETAX C IBYyCTOPOHHUM MUTAHUEM:

1. 3amura ycraHaBIuBaeTcsl ¢ 00X CTOPOH OT 3aIUIINAEMON JIMHUU U JAEUCTBYET NpU
HaIpaBJICHUU MOIIHOCTHU OT IIUH B JTUHUIO.

2. BbIiep)KKU BpeMEHH Ha 3allliTax, padoTalomuX Ipyu OJHOM HalpaBI€HUU MOIIHOCTH,
JOJKHBI OBITH COTJIACOBAHBI MEXKIY COOOM MO CTYNMEHYAaTOMY MPUHLHUITY C HapacTaHWEM I10
HaIpaBJIECHUIO K HICTOYHUKY MTUTAHUS, OT TOKa KOTOPOTO JIEUCTBYIOT pAaCCMAaTPUBAEMbIE 3AIIUTHI.

B naHHOM 3KCIIEpUMEHTE MOAEIUPYETCS CETh C IBYCTOPOHHUM MUTAaHUEM, COCTOSIIAS U3
TpeX MOCIeI0BaTeIbHO COeTMHEHHBIX TUHUM (cM. puc.). K 1anbHUM OT UCTOYHHKOB MUTAHUS LIH-
HaM JuHui L1 u L3 noakntoyensl Harpy3ku S1 u S2. Beikmouarenu Q1 u Q2 pacnosioxkeHsl o
koHiaMm JuHuu L1, Beiximrogatenu Q3 u Q4 — no konuam aunuu L3. Touku KOPOTKUX 3aMBbIKaHUN
K1 u K2 naxonsarcs B cepeaune nunuii L1 u L3 coorBeTcTBEHHO.

Ha koMmmnbroTepe ¢ moMOoIIbI0 CeUaibHON MPOrpaMMbl MOJIEIIUPYIOTCS YETHIPE TOKOBBIE
3aIlUTHI, KaXAasi U3 KOTOPBIX BO3JAEHCTBYET HAa OAUH U3 BhIKitouareneid Q1-Q4. 3amursl, ynpas-
nsirotnue BoikiouaressiMu Q2 u Q3, MOTYyT UMETh OpPraH HanpaBleHUs MOIITHOCTH.

Ecnm ycTaBku 3amuT BeIOpaHbl MIPaBUIBLHO, TO MPU KOPOTKOM 3aMBIKAHUU OTKITFOYAETCS

TOJBKO Ta JIMHHA, HA KOTOpOfI OHO BO3HHKIIO (HpI/I K3 B Touke K1 OTKII0YaIOTCS BHIKIIFOUATEIN

QI u Q2, mpu K3 B Touke K2 — Q3 u Q4).

Ykazanue no mexnuke 6ezonacnocmu:
VYkazaHus 1o TeXHUKE 0OC30IMaCHOCTH ITPpU BBITTOJIHCHUH J'Ia60paT0pHLIX pa60T IIPpUBCACHLL

B IIPWJIO’KEHUE A.

Ykazanua no eévinoanenuro nabopamopnoit padomoi:

Y6enureck, 9TO YCTPOHUCTBA, UCTIONB3YEMbIE B SKCIIEPUMEHTE, OTKIIOYCHBI OT CETH DJICeK-
TPOIUTAHUSL.

Coemuaunte rHe3na « TKy» ucrounuka G1l.

nmn

CoenuHuTe THE3/1A 3aIIMUTHOTO 3a3€MJICHUS YCTPOMCTB, UCHOJB3YEMBIX B 3KCIIEpH-
MeHTe, ¢ THe310M «PE» ucrounnka Gl.

CoenuHuTe anmaparypy B COOTBETCTBUH C AJIEKTPUUECKON CXEMOH coelMHeHNH, oOparas
0co00€e BHUMAaHHE Ha MOJIIPHOCTh BKJIIOUYEHHUS B CXEMY U3MEPUTEIbHBIX TpaHC(HOPMAaTOPOB TOKA

W HAIIPSKCHUSA, 4 TAKKE IMOJIIPHOCTD BTOPUYHBIX CUTHAJIOB C HUX.
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[Tepeximodarenu pe:KMMOB pabOTHI TPEXTOJIOCHBIX BhIKIIouatTeneit A2, A4, A6, A8 ycra-
HoBuTe B nonoxenue «ABT.», Beikimrouareneit A10 u A13 — B nonoxkxenne «PYUH.». Homunans-
HbIE HANPSDKEHUS] 0OMOTOK TpaHchopmaTtopoB 010koB Al 1 A9 BbICTaBbTE paBHBIMHU, HAIIPUMED,
230/230 B. Ilapametpsl nuHH# 3nekTponepenadyn A3 u A7 mepexiIrovaTesIsIMH YCTaHOBHUTE,
Harpumep, ciaeayromumu: R = 200 Om, L/RL=1,2/32 T'v/Om, C1=C2=0 mx®d. Bribepure Mori-
HOCTh aKkTHUBHOM Harpy3ku All, mHanpumep 20% ot 50 Bt B ncnons3yemsix ¢azax. Beibepure
MOITHOCTh MHAYKTUBHOU Harpy3ku A9, nanpumep 40% ot 40 Bap B ucnonb3yemsix (azax.

Bxmtounte nctounuk G1. O Hanuuuu HaNps)KEHUH Ha €ro BbIXOJ1€ 10JKHBI CUTHAIU3UPO-
BaTh CBETSAIIMECS JAMIIOYKH.

Bxmtouute Beikirouatenu «CETby Beikimrouatesneit A2, A4, A6, A8, A10, A13 6ioka Al17
BBOJIa-BBIBO/Ia ITU(POBBIX CUTHAJIOB.

[IpuBenute B pabouee COCTOSIHUE NMEPCOHAIBHBIA KOMIbIOTEp Al2, BOMIUTE B COOTBET-
CTBYIOIIUN KaTaJor U 3allyCTUTE NMPUKIAAHYIO TporpaMmy «HampaBieHHas 3aiura.exem.

Cmonenupyiite TpeOyeMblil BApUaHT 3aIlUThI, JJIs 4YeTO 3aJaiiTe YCTaBKH, HAXKaB Ha COOT-
BETCTBYIOIYIO BUPTYaJIbHYIO KHONIKY. Hampumep, ucnosib3yiTe yCTaBKH, 3a/IaHHbBIC 110 YMOJIYa-
HUIO.

Haxwmute Ha BUpTyalibHYI0 KHONIKY «HadaTe 3amucky; BBEAUTE 3aIIUTH HAKATHEM Ha CO-
OTBETCTBYIOIIYIO KHOIIKY M HEMIOCPEIACTBEHHO IIOCII€ 3TOTO CMOJACIIUPYUTE KOPOTKOE 3aMbIKAaHUE
Ha OJHOU M3 JUHUH, BKIOYMB BeIKIrouaTeab A10 uan Al3. Ilociie oTKIIIOUEHHS 3alIUTON «I10-
BPEXKIEHHOM» JTMHUU BBIBEIUTE 3aIIUTHI U OCTAHOBUTE 3amuch. [Ipoananu3upyite oToOpakeH-
HBIE OCIIMJLIOTPAMMbI TOKOB M HAMPSKEHUH JIMHUHN, COCTOSTHUE BBIKJIIOUATENEH, a Takke HHPOP-
MaIMI0 O MOCEA0BATEIIbHOCTA MTPOU3OIIEIINX COOBITUI B JKypHaJIe paOOTHI 3aIllUT, BHI3BIBATH
KOTOPBI MOKHO Ha)KaTHEM Ha COOTBETCTBYIOIIYIO KHOMKY.

[Tpu paboTe ¢ mporpamMmoit cieayeTr NoJIb30BaThCs €€ BO3MOKHOCTSAMU:

MacmrabupoBanue OCHMIUIOTPaMM MPOU3BOJUTCS MyTEeM HaxaTwusl Ha rpaduke JeBon
KJIABHIIIA MBIIIH U, HE OTITYCKas €€, IEPEMEIICHHs] MAaHUITYJISITOpa CJIeBa HAIIPaBO U CBEPXY BHHU3.
Bo3Bpart k HavaibHOMY MacIITady OCYIIECTBISETCS OOpaTHBIM MIEPEMENICHUEM MAHUTTYIIATOpA —
CIIpaBa HaJIEBO U CHU3Y BBEPX.

JIBurath rpaduk OCIMIIIONPaMM OTHOCUTEIHHO OCe KOOPAMHAT MOKHO ITyTeM HaXKaTHUs
U yAep)KaHWS Ha HEM MPaBON KHOIKH MBIIIN U €€ OJHOBPEMEHHOTO TIEPEMEIICHHsI B HYKHYIO
CTOpPOHY.

Jnis ynoOcTBa omnpe/esieHns 3Ha4eHU BEIMYMH 110 rpauKaM Ha dKpaHe 0TOOpaXKaroTCs
TEKYIIME KOOPJIMHATHI YKA3aTesl MbIIIIH.

Ha skpane Takxe oToOpa)aeTcsi COCTOsIHHE BhIKodarenen A2, A4, A6, AS.
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B cnydae cpabaTeiBaHUSI TOW WJIM MHOMW 3aIIUTHI HA COOTBETCTBYIOMIECH OCITMILIOIPAMME
nosBIsieTCS HHPOPMHUPYIOMIAs 00 3TOM HaJITUCh.

Tounble 3HaYeHUS JTIOOBIX BPEMEH CIIEYET OMPEAEIIATh 110 OCIMIUIOTpaMMe, a He TI0 JKYp-
HaJly pabOThI 3aIIUT.

VYcTaBKU TOKOB M HalPsKEHUH ClieyeT 3aaBaTh aMILUIUTYIHBIMU 3HAUECHUSMHU.

[Ipu BO3HUKHOBEHHH HEMPABAONOJOOHBIX PE3YJIBTATOB YKCIIEPUMEHT CJIETyEeT TOBTOPHUTb.

3anuck 3JIEKTPOMAarHUTHBIX MPOIECCOB B CXEME MPOU3BOAUTCS MPOTPaMMOil B IUKIIAYE-
ckuii Oydep. Ero nmmHy MOKHO U3MEHSTh B TyHKTE MeHIO «HacTpokmy.

[To 3aBepuIeHnH YKCIIEPUMEHTOB OTKIIIOUNTE HCTOUYHUK G 1 1 Beikimtouarenu «CETby 6io-
KoB A2, A4, A6, A8, A10, A13, Al7.

[Ipumep pe3ynbTaToB OIMMCAHHOTO OINBITA IPUBEIECH B IIPUIIOKEHUU.
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Cooepircanue omuema:

OTuer HOKEH COJepKaTh!

1. Ha3Banue paboThI;

2. llens paboTHI;

3. KpaTtkue TeopeTuueckue CBEACHUS;

4. Onucanue UCIoiab3yeMoro o0opy10BaHus U MaTepUaJIOB;
5. Iopsiiox BBHIIOTTHEHUS PAOOTHI;

6. Beruncienust u 06paboTKa pe3yabTaToB;

7. BeIBOIEL.

Konumponwvusie éonpocwi:
1. Korna npumensercs MTH3?

. Korna umeer mecto meptBasi 3osa MTH3?

. HazoBuTE OCHOBHBIE TUIIBI PEJI€ MOLTHOCTH.
. Kak BriOupaercst Tok cpabarsiBanuss MTH3?
. Kak BriOupaercs Bpemst cpabarsiBanuss MTH3?

. UTo Takoe KackagHoe AECUCTBUE 3AIUT?

0 I O Wn B~ W

. B xaknx ceTsx UMeeT MeCTO KaCKaaHO€E JIEHCTBUE 3aIUAT?

. YKaxure JOCTOMHCTBA U HEAOCTATKH 900 cXeMBI BKITFOUCHMS PpCiIC MOITHOCTHU.
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Jlabopamopnas paooma Ne7. /luppepenyuanvnas mokosasn 3awguma. Ilpooonsnasn

oughgpepenyuanvnan 3auguma 1uHUU I1eKmponepeoadu.

Ienv pabomer: VI3yanth TPUHIMN ACHCTBUSA U Ha3HAYCHHUE TPOOJIbHONU nauddepeHIu-

aJIbHOW TOKOBOW HaNpaBJICHHOM 3alUTHI.

Ocnoevt meopuu:

Ha nuHMSX, OTXOIAIIMX OT LIMH 3JIEKTPOCTAHLUHI UM Y3JIOBBIX MOACTaHLUMN 3HEProcu-
CTEM, 4acTo I10 YCIOBUAM YCTOMYMBOCTH TpeOyeTcs 00eCeYnTh OTKII0YEHNE KOPOTKUX 3aMbIKa-
Hull (K3) 06e3 BblIep kKM BpeMEHHU B Ipejienax BCel 3aluiaeMoil TuHuu snekrponepenayn. K
3alIUTaM, CIIOCOOHBIM YJIOBIETBOPHUTH ATO YCIOBHE, OTHOCATCS MU(QepeHInaIbHbIe 3alIUThL.
Onu obecrieunBaOT MrHOBEHHOE oTK/IoueHre K3 B 11100011 Touke 3ammiiaeMoit JInHuM 1 o0na-
JaroT ceseKTuBHOCTHIO npu K3 3a npenenamu 31oit nunuu. JAnddepeHnuanbHblie 3auThl T0-
pa3zensitoTCs Ha IPOJI0JIbHBIE U IonepeyHble. [IepBbie cirykat Ji1s 3alUThl KaK OJJTHOLIETIHBIX, TAK
U TapajuiebHbIX (IBYXLENHBIX) JIMHUI, BTOPbIE — TOJBKO ABYXIEIHBIX JIUHUH.

[TpuHuMn neicTBUS NPOIOABHBIX TU(depeHIMaIbHbIX 3alIUT OCHOBAH Ha CPAaBHEHUH Be-

JIMYUHBI U (1)8.351 TOKOB B Ha4aJIC 1 KOHIIC 3a1u1/1u1aeM0171 JIMHHU.

Kax BUIHO U3 BBILIETIPUBEICHHOIO PUCYHKA, IPY BHEITHEM KOPOTKOM 3aMbIKAHUH B TOUKE
K2 Toxu I1 u 12 mo xoHIIam 3antuiaeMoi THHUN HAMIPaBJIEHBI B OJHY CTOPOHY M PABHBI IO BEJIH-
ynHe, a npu K3 Ha 3amuniaemoit tunuu ( B Touke K1) oHu HampaBiieHb! B pa3Hble CTOPOHBI U, KaK
IpaBUJIO, HE paBHBI JIpyr aApyry. CienoBarenbHO, CONOCTaBIIsAS BeMUUMHY U a3y Tokos 11 u 12,
MO3KHO ONPENENINTD, IIie BO3HUKIIO K3 — Ha nvHMM Wi 3a ee nipefenaMu. Takoe cpaBHEHUE TOKOB
10 BENTMYMHE U (ha3e OCYIIECTBISETCS B pearupyrouem opraie auddpepeHnnaabHONl 3auThl.

Jlyig peanu3annu 3alIUThI 10 KOHIIAM JIMHUM YCTaHaBIUBalOT TpaHchopmaropsl Toka TA1
u TA2 ¢ oquHakoBbIM KO3 PUIMEHTOM TpaHchopmanuu. X BTopudyHble 0OOMOTKH COSTUHSIOT U
nojkirovaroT K auddepennnansuomy pene (P31, P32) Takum obpazom, uroOs! mpu BHemHUX K3
B Touke K2 Tok B pene ObuT paBeH pa3HOCTH TOKOB B Hadajie M KOHIIE TUHUH, a ipu K3 Ha nmuHun
B Touke K1 — ux cymme.

Toku HeOananca B quddepeHaabHbIX 3alUTax JMHUNA Ipu ckBo3HBIX K3 MoryT noctu-

raTh 3HAYUTEIbHBIX BEIUYUH. 3HAUCHUE TOKOB HeOallaHCa MOXKET O6y0ﬂaBHI/IBaTBC}I OOJIBIIMMU
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KpaTHOCTSAMHU TOKOB BHemHero K3, HeomHakoBOCThIO TpaHC(HOPMATOPOB TOKA MO KOHIAM JIU-
HUU, UX 3HAYUTEITBHON 3arpy3KOH U APYTUMU MPUIMHAMH.

Jlist OTCTPOMKM OT TOKOB HeOallaHCa MOJIyYHJIM pacrpocTpaHeHue TudepeHIaabHbe
pelie ¢ TopMOkeHHeM. Tok cpabaThIBaHMsI Y TAKHX pelie BO3pAcTaeT ¢ YBEJIMUYEHHUEM TOKa BHEII-
Hero K3.

B nanHOM 3KCTIEpUMEHTE MOACTUPYETCS TUHUS SJCKTPONEPEIa4n C IBYCTOPOHHUM ITHTA-
HUEM, TI0 KOHIIaM KOTOPOU YCTaHOBIICHBI BBIKJIFOUATENH U TpaHchopmaTopsl Toka (cm. puc). me-
€TCsl BO3MOXKHOCTh YCTpauBaTh KOPOTKHE 3aMbIKaHHsI Ha 3alllMIIaeMOi IMHUY U BHe ee. Ha 3amu-
1aeMoM JIMHUU MOKHO ycTpauBaTh Metauindeckue K3 u K3 depes3 nmononHuTenpHOe CONMpOTHB-
JIEHUE, UMUTHUPYIOIIEE IYyTY.

C noMopio crenuaibHOM MPOrpaMMbl Ha KOMIIBIOTEPE MOJICTUPYETCS TPOI0JIbHAsS AU -
depeHnnanpHas 3aluTa JHHUU, KOTOpas MOXKET paboTaTh ¢ UCIOIb30BAaHUEM UITH 0€3 UCTIOIB30-
BaHUs TOPMOKeHUs OT BHelrHero K3. B mporpamme cyiiecTByeT BO3MOKHOCTh UMUTHPOBATH T10-
rpenrHocTs TpanchopmaropoB Toka. [Ipu cpabaTeiBaHUM 3alIUTa BO3JACUCTBYET OJHOBPEMEHHO
Ha BeIKTIoUarenu Q1 u Q2.

B npaBunbHO coOpaHHOM cxeMme 3ammuTta 0e3 TOpMOKEHUs J10JbKHA cpabateiBaTh mpu K3
Ha nuHuu (Touka K1) u He nomxna cpabarteiBaTh npu K3 3a ee npenenamu (Touka K2).

Bo3moxHO Takxke yoenuTbes B TOM, 4To B cinydae K3 uepes nyry nuddepennmanpaas 3a-
nTa 0€3 TOPMOKEHHsI HE CITOCOOHa padoTaTh CEIEKTUBHO HM MPU KAKUX 3HAYEHUSX YCTABOK
(cripaBeANTMBO TIPH OTIPEIECTICHHOM 3HAUE€HUH MOTPEIIHOCTH TpaHCHOPMATOPOB TOKA; MOAPOOHEe
CM. MpuiIOkKeHue). BBoxa B paboTy TOPMOKEHUS TIO3BOJISET CO3/IaTh CENIEKTUBHYIO AU(depeHIIn-

AJIbHYIO 3aIIUTY.

Ykazanue no mexnuke o6ezonacnocmu:
VYkazaHus 1o TeXHUKE OC30IMaCHOCTH ITPpU BBITTOJIHCHUH J'Ia60paTOpHLIX pa60T IIpUBCACHLL

B IIPUJIOKEHUE A.

Ykazanusa no evinonnenuto nadvopamopnoii pabomut:

Yb6enureck, 9TO YCTPOHUCTBA, UCTIOIB3YEMbIE B IKCIIEPUMEHTE, OTKIFOYECHBI OT CETH DJIEK-
TPOTIUTAHUSI.

Coemuante rHe3na «TK» ncrounuka Gl.

nn

CoenuHHUTE THE3Ja 3alllMTHOTO 3a3eMJICHUS YCTPOMCTB, UCIOJIb3YEMBIX B JKCIIEpHU-
MeHTte, ¢ THe3goM «PE» ncrounuka G1.

CoenunuTe anmapaTypy B COOTBETCTBHH C dJIEKTPUUECKON CXEMOM COSTMHEHUH.
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[Tepexmtouarenu pe>XUMOB PabOThI TPEXITOMIOCHBIX BRIKTIOUaTeNed A2 u A4 yCTaHOBUTE
B nosioxkeHue «ABT.», Beikimtouareneit A8 u A9 — B nonoxenue «PYYH.». Homunanbubsie Hanpsi-
KEeHHs 00MOTOK TpaHchopmaTopoB O6sioka Al BbicTaBbTe paBHBIMH, Hanpumep, 133/230 B. ITapa-
METphI JIUHUH 3JIekTponepenad A3 u AS mepekiroyaTeasiMd YCTaHOBUTE, HaIpUMeEp, CIEAYI0-
mumu: R = 150 Om, L/RL=0,9/24 T'a/Om, C1=C2=0 mMx®D. BriOepute MOIIHOCTh AaKTHBHOU
Harpy3ku A6, nanpumep 100% ot 50 Bt B da3zax, ucrnonb3yembIx Kak akTUBHas Harpyska u 40%
ot 50 BT B Tpetneit dase.

CMopenupyiiTe METAIIIMYECKOE KOPOTKOE 3aMbIKaHHE B cepelnHe JTUHUH. J{J1s 3TOro co-
equauTe KieMMbl K1 1 K2 mexay coboii.

Bxotounte uctounuk G1. O Hanuuum HaNpsKEHUH HA €ro BBIXO/IE I0JDKHBI CUTHATTU3HPO-
BaTbh CBETSIIMECS JIAMITOYKH.

Bxurounte BeikiouaTenn «CETbhy Beikmouareneit A2, A4, A7, A9 a takxke O61oka All
BBOIa-BbIBO/Ia IU(POBBIX CUTHAJIOB.

[IpuBenute B pabouee COCTOSIHUE MEPCOHAIBHBIN KOMIbIOTEDp Al4, BoiIUTE B COOTBET-
CTBYIOIIIMI KAaTaJIOT U 3allyCTUTE MPUKIAIHYI0 IporpamMmy «lIpogonbHas audi3ammura.exey.

3amaiiTe yCTaBKH 3alllUThI, HAXKaB HA COOTBETCTBYIOIIYIO BUPTYalIbHYIO0 KHONKY. Hampu-
Mep, UCIIONB3YITE YCTaBKHU, 3aJJaHHbIC IO YMOJIYAHHUIO.

Haxxmute Ha BUpTyanbHyt0 KHONIKY «Hauath 3anuchy, BBEIMTE 3aIIUTY HAXKATHEM Ha CO-
OTBETCTBYIOIIYIO KHOTIKY. CMOJIETUPYIUTE KOPOTKOE 3aMbIKAaHHUE B 30HE JICUCTBUS 3AIUTHI, BKITIO-
yuB BeIKIIOYaTeNnb A9. [locie oTKIIoueHUs 3alUTON «TTOBPEXICHHOW) TMHUH TPOAHATIUZUPYHTE
0TOOpaXeHHBIE OCHUIIOTPAMMBbI TOKOB.

[TponenaiiTe sKCIEPUMEHT €11Ie pa3, MOJIECTUPYS KOPOTKOE 3aMbIKaHUE BHE 30HBI JICUCTBUS
3aIUTHI C TOMOIIBIO BhIKITIouaTess A7. [Ipoananu3upyiTe moaydeHHbIE OCIHIITIOTPAMMBI TOKOB.

Otkitounte uctounuk nutanus G1, pasomkuure kiaemmsl K1 u K2, ceimutrpoBas TeM ca-
MBIM KOPOTKO€ 3aMbIKaHUE Yepe3 IyTYy.

Buoss BrumtounTe uctounuk G1 u, mpojenaB HECKOIBKO IKCIIEPUMEHTOB, yOeIUTECh, YTO
MIPU JAHHBIX MapaMeTpax CXeMbl pelie 6€3 TOPMOKEHHSI HE MOXKET 00eCTIeYnTh MPaBUIBLHYIO pa-
00Ty 3aIlUTHI.

Benute TopMokeHHe (B OKHE 3a/1aHUs1 YCTaBOK 3amuThl). [IpoaenaB sakcriepuMeHTsI, yoe-
JIUTECh, YTO 3aIIUTa TETeph PaOOTAET MPABMIIHHO.

[Ipu pabote ¢ mporpaMmMmoit ciieyeT NoJab30BaThCs €€ BO3MOXKXHOCTSAMU:

MacmrabupoBanue OCHMIUIOTPaMM MPOU3BOIUTCS MyTEeM HakaTwusi Ha rpaduke JeBon
KJIAaBHILIA MBIIIH U, HE OTIIYCKasl €€, IEPEMEIICHHS] MaHUITYJIATOpa CJIE€Ba HAIIPaBO U CBEPXY BHU3.
Bo3sBpart k HagaibHOMY MacIITady OCYIIECTBISETCS 0OpAaTHBIM NIEPEMEIICHHEM MaHUTTYJIATOpa —

CIIpaBa HaJeBO U CHU3Y BBEPX.
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JIBurath rpaguk OCIMIIIONPaMM OTHOCHUTEIBHO OCe KOOPAMHAT MOKHO ITyTeM HaXKaTUs
U yJepKaHWs HAa HEM NPaBOW KHOIKH MBIIIM U €€ OJHOBPEMEHHOIO MEpEeMEIEHHS B HYKHYIO
CTOPOHY.

Jliia ynoOcTBa onpe/esieHrs 3Ha4eHU BeTMYHH 10 rpadukaM Ha SKpaHe 0TOOpaxaroTcs
TEKYIINE KOOPIUHATHI yKa3aTelsl MbIIIIH.

Ha skpane Takxe oToOpakaeTcsi COCTOsIHHE BbIKiItouateneid A2 u A4.

Tounble 3HaUeHUS TIOOBIX BPEMEH CIIEYET ONPEAEIIATh 110 OCIMIUIOTpaMMe, a He TI0 JKYyp-
HaJly paboThI 3aIIHUT.

YcTaBKU TOKOB ClieAyeT 33aBaTh aMIUTUTYAHBIMU 3HAYCHUSIMH.

[Tpu BOBHUKHOBEHHUH HENPABIOMOIO0HBIX PE3YJIbTATOB SKCIIEPUMEHT CIIEIYET IIOBTOPHTb.

3anuce AMEKTPOMArHUTHBIX TPOIIECCOB B CXEME MPOU3BOJUTCS MPOTPAMMON B IIHKJINYE-
ckuii Oydep. [Tapamerpsi 6ydepa, a IMEHHO €ro MOJTHYIO IIHMHY U ITHHY «3THI0Tay ((pakTHIeCcKu
— BpeMs 3alKCH MOCIIe CBEPUICHHUS MHTEPECYIOLIETO COOBITHUS, B TAHHOM cily4yae — CpadaThIBaHUS
CHUTHAJIM3ALMHU ) MOKHO U3MEHSTH B MyHKTE MeHIO «HacTpoiikmy.

3amaTh NOTPENIHOCTh TpaHC(HOPMATOPOB TOKA MOXKHO B IyHKTE MeHI0 «HacTpoiiku -> [1o-
TPEUIHOCTh TPaHCHOPMATOPOB TOKAY.

JuddepennnanpHas 3amuTa SBISETCS 3allMTON MTHOBEHHOTO JAeiicTBus. TeM He MeHee,
CpeaH YCTaBOK 3aIUTHI MIPUCYTCTBYET U YCTaBKa BBIJCPKU BpEMEHH, HEOOXOMMasi, BO-TIEPBBIX,
JUTSL TIOBBIIIEHUS HATJISITHOCTH PE3yIbTaTOB SKCIIEPUMEHTOB, M, BO-BTOPBIX, JUISI OTCTPOHKH 3a-
IIUTHI OT KOMMYTAIIMOHHBIX TIOMEX.

ITo 3aBepiieHnN SKCTIEpUMEHTOB OTKII0UnTe UCTOUHUK G1 1 Bhikmouarenu «CETby 6:1o-
KoB A2, A4, A7, A9, Al2.

[Ipumep pe3ynbTaToB ONMMCAHHBIX ONBITOB IIPUBEJEH B IPUIIOKEHUN.
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Cooepircanue omuema:

OTuer HOKEH COJepKaTh!

1. Ha3Banue paboThI;

2. llens paboTHI;

3. KpaTtkue TeopeTuueckue CBEACHUS;

4. Onmcanue UCIob3yeMOro 000pyI0BaHHS U MaTEpPHAJIOB;
5. Iopsiiox BBHIIOTTHEHUS PAOOTHI;

6. Beruncienust u 06paboTKa pe3yabTaToB;

7. BeIBOIEL.

Konmponwsuwvie sonpocoi:

1. OOBSACHUTD MPUHITUIT ACHCTBUS MPOAOILHOMN U] PepeHITNATHHON 3aIUTHI.

2. [Touemy muddepeHnuanbHas 3aluTa He pearupyeT Ha TOKU Harpy3kH, TOKH BHEITHHX
KOPOTKHX 3aMbIKaHUI U TOKM Ka4aHUM F€HEpaTOPOB YaCTEH 3JEKTPOIHEPTreTHUECKON CUCTEMBbI?

3. B xakoM TOKOBOM peKuMe pabOThI 3aIIMIaeMoro o0beKTa TOK HebaslaHca Oy1eT UMETh
MaKCHMaJlbHOE 3HaYCHHE?

4. C xakux TpaHc(hopMaToOpoB TOKA B peaslbHOM Tpexda3zHOU LenH MOAal0TCsl BTOPUYHBIE
TOKHU Ha BXO/bl U3MEPUTEIbHBIX OPTaHoB 3amuThl? [IpuBecTu npumepsl.

5. YeM oOBSICHUTH HaJIM4KE TOKA HeOajaHca B LIEMIAX U3MEPUTEIbHON YacTH 3allluThl?

6. CkonbKo TpaHC(OPMATOPOB TOKA HEOOXOAMMO UCIIOIB30BaTh HA KaXKJJOM KOHIIE 3allH-
maeMoi TpexQa3Ho# JIMHUM 3JIEeKTpoIiepeaun HanpsokeHueM 35 kB?

7. CKOnBbKO TpaHCPOPMATOPOB TOKA HEOOXOIMMO UCIIOJIH30BATh HA KAXKIOM KOHIIE 3alll1-
naeMoi TpexgazHoil TuHUM 3eKTporepenayn HanpspkenueM 220 kB? Hanpsokennem 110 kB?

8. M300pa3uth NpoCTEUIIyIO 3JIEKTPUYECKYIO0 NTPUHIUIHAIBHYIO CXEMY U3MEPHUTEIbHON
YacTH NMPOJOIbHOM U depeHINaTbHON 3aIUThI JIMHUM 3JeKTporiepeaun Hanpspbkenuem 35 kB,
BBIMIOJTHEHHYIO Ha PEJIEMHBIX 3JIEMEHTAX; CAENaTh TO )K€ JUIs JMHUH HallpsbDKeHHeM Bblie 69 kB.

9. Kakoii Hanbosee cylecTBeHHbIH HEJJOCTaTOK UMEIOT U depeHIranbHble 3aUThl JH-
HUi snekTponepenaun? B uem 3akmouaercs HauOobIask TPYAHOCTD IPU BBITOJIHEHUH TaKHUX 3a-
mut?

10. T'me pacnonararorcst ycTpoicTBa (KOMIUIEKTHI) MPOAOIBHBIX Au(depeHIInambHbIX 3a-
LIUT JIMHAA? B Kakux anekTpoycTaHOBKax? B KakMX 4acTAX 3THX AJIEKTPOYCTAaHOBOK?

11. KakoBbl NpUuMHBl BO3HUKHOBEHUS IOTPEIIHOCTEN B paboTe Mpo1oibHBIX AuddepeH-
LIMAJIbHBIX 3AIIUT JIMHUH AIEKTPONEPEaauH, 3a CUET YETO YCTPAHAETCS UX OTPULIATENIBHOE BO3/EH-

CTBHUE Ha paboTy 3a1uThl?
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12. B 4eM KOIM4YeCTBEHHO BBIPAXKAIOTCS, COCTOSIT MOTPEITHOCTH B pabOTe paccMaTpHuBae-
MO¥ 3aIUThI?
13. KakuM BUJIOM CEJIEKTUBHOCTH 00JIajaeT u3ydaemasi B 3Toi pabore 3amura’?

14. KakoBo ObICTpOJICHiCTBHE H3y4aeMOil B pabOTe 3aluThI?
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Jlabopamopnas paooma Ne8. /luppepenyuanvnas mokosasn 3awguma. Ilonepeunasn

oughghepenyuanvnan 3auuma napaineabHvIX JTUHUIL ITEKMponepeoayu.

Henv pabomer: VI3yunTh TpUHIUT JSHCTBUS M Ha3HAYCHUE IomnepeyHon nuddepeHim-

aJbHOW TOKOBOW HaNpaBJICHHOM 3aIUTHI.

Ocnoevt meopuu:

Ha nuHuAX, OTXOASIIMX OT IIKMH 3JIEKTPOCTAHUIUHN WM Y3JIOBBIX MOJICTAHIIMM SHEPTOCH-
CTEM, YacTO MO YCJIOBUAM YCTOWYUBOCTU TpeOyeTcsi 00eCeYnTh OTKIIIOUEHUE KOPOTKOTO 3aMbl-
kanud (K3) B npenenax Bcell 3amuinaeMoil tuHuu 0e3 Boaepxkku BpemeHu. K 3amuram, cnoco0-
HBIM YZOBJIETBOPUTH 3TO YCIOBHE, OTHOCATCS MU depeHranbabie 3amuTel. OHU 00ecreunBaoT
MrHoBeHHOe oTkimoueHue K3 B 110001 Touke 3aniuiaeMoi JMHA U 001aJal0T CEIEKTUBHOCTHIO
npu K3 3a npenenamu 31oit nunuu. JuddepeHnmanbablie 3aUThI MOAPA3IEISIOTCS Ha MPOI0JIb-
HblE U nonepeyHsle. [lepBbie ciyxkaT A 3alUThl KaK OJAHOLEIHBIX, TaK U JABYXILENHbIX (Mapai-
JIEJIbHBIX ) JIMHUHN, BTOPBIE — TOJIBKO JIBYXIEIHBIX JIMHUH.

TokoBas nonepeunas auddepeHnranbHas 3aluTa IpeIHa3sHavaeTcs JUid napauieTbHbIX
JUHUHA ¢ 00LIMM BBIKIIIOUaTENIeM Ha o0e JWHUU. [Ipu 0IHOCTOPOHHEM NMUTAHUU MapalebHbBIX
JIMHUM 3alllMTa YCTaHABJIUBAETCS TOJIBKO CO CTOPOHBI UCTOYHUKA MIUTAHUS, a B CETH C IBYCTOPOH-
HUM IIUTaHUEM — ¢ 00€UX CTOPOH MapajieIbHbIX JTUHUI.

B HOpManbHOM peskrMe paboThl, pu BHEMTHUX K3 1 kKayaHUsIX M0 napayienbHbIM JIUHUASIM
npoTekaroT onuHakoBble TOKH. [Ipu K3 Ha o1HOM 13 3amunaeMpIX JUHUN TOKU B TUHUSIX CTAHO-
BATCS pa3HbIMU. Clie10BaTeIbHO, COMOCTABIASA BEIMUUHY U (pa3y TOKOB B MapajlieIbHBIX JTUHUSIX,
MO’KHO YCTaHaBIMBaTh (PakT BO3HUKHOBeHMs K3 B 30He nelicTBUS 3alUTHI.

IIpn ypanenun toukn K3 oT MecTa yCTaHOBKM 3alllUThl COOTHOLIEHHE TOKOB IO TOBpE-
KJIEHHOW M HETOBPEXACHHOW JIMHUAM M3MeHseTcsa. YacTh TMHUNA BOJU3U LIIMH IPOTHBOMIOIO0XK-
HOM MMOJICTaHLIMU HE OXBAaTHIBAETCS 3aIIUTON BCJIEICTBUE YMEHBIIEHUS Pa3HUIIbI TOKOB, HA KOTO-
pYIO pearupyer 3amura. Y 4acTOK JUHUMN, B Ipeaenax kotoporo npu K3 Tok B 3ammre HeI0CTa-
TOYEH U1 ee cpadaThIBaHUS, HA3bIBAETCS MEPTBON 30HOM 3allIUTHI.

Hamnpasnennas nonepeunas audepeHnnanbHas 3auTa IpUMEHIeTCs Ha MapaljieIbHbIX
JUHUSX C CAaMOCTOSITENIbHBIMHM BBIKIIOUATEISIMU Ha KakaoW nuHuu. K 3ammure Takux JIUHUN
pebsABIsSeTCS TpeOOBaHNE — OTKII0YATh TOJBKO TY U3 ABYX JIMHUN, KOTOPasi IOBPEINIach.

Ha nuHMAX ¢ 1ByCTOPOHHUM NUTaHUEM 30HA, B IIpejiesiax KOTOpoil HarpasieHHast audde-
pEHIMANIbHAS 3allUuTa HE ACUCTBYET MOKA MOBPEKICHHAS JIMHUSA HE OTKIIOYUTCS C IPOTUBOIIO-

JI0’KHOW CTOPOHBI, HA3bIBAETCSI 30HOM KAaCKaIHOTO ICUCTBUS 3alIUThI. 30HA KACKAIHOTO JIEHCTBHS
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OTIpEeNIeTIIETCSI Ha OCHOBE TaKUX JK€ COOOpaKeHUH, KaK M MEpTBasi 30Ha HEHanpaBJIeHHOU nudde-

PEHLMAIBHOM 3aIUTHI MAPAIIIETbHBIX JIMHUM.

B paccmarpuBaeMoM 3KCIEpUMEHTE MOJAETUPYIOTCS IBE MapaliebHble TUHUH AJIEKTPO-
nepenaun L1 u L2 ¢ nBycroponHuM nutanuem (cM. puc). I1o KoHIIaM KaK10i U3 HUX UMEIOTCS
Beiuitouarenn Q1-Q4 u tpancopmaropsr Toka TA1-TA4. K mmHam, nuTaromuM JIMHAH, TOJ-
KJITIF04YeHbI TpaHcopmarops! HanpspkeHUs TV 1 u TV2. OT mmH noacTaHuy 2 MorydaeT MUTaHue
Harpyska P.

KopoTkue 3ambikaHus ycTpauBalOTCs Ha 00eUX JTUHUSAX deKTporiepenadn (B Toukax K2,
K3), a Taxxe Ha MUTAIONIUX UX IIMHAX BHE 30HBI JHCTBUA 3alUThHI (B Touke K1).

Ha kommbroTepe ¢ moMOIbo ClIeNHUaTbHON IPOTrpaMMbl MOAETUPYIOTCS auddepernnans-
HBIE 3alIUTHI, YCTAHOBJICHHBIE ¢ 00eux cTopoH nuHui L1 u L2. Kaxxnas u3 3amuTt MoxeT ObITh
HEHaNpaBlieHHas — B TAKOM CITydae OHa BO3JICHCTBYET Ha 00a BBIKJIIOYATENSl BMECTE, HIIM HAIpaB-
JICHHAasI — TOI/1a 3allUTa OIPEJENsIeT, I/1e€ UMEHHO BO3HUKIIO MIOBPEXK/IEHUE U BO3JIEHCTBYET JIMILb
Ha OJIMH BBIOpaHHBIN BhIKIIOYATENb. [Ipy 3TOM 100YI0 3a1IUTy MOKHO OTKJIIOYUTH U paccMaTpu-
BaTh pabOTy OCTaBIIEICS 3alUTHI OTAEIBHO.

B pamkax onuceIBaeMOro ombITa MpH NpaBUJILHO COOPaHHON CXEMe U OIpe/Ie/IeHHbIX Ia-
pameTpax ee 3JIEMEHTOB MOKHO OIPEIEIUTh MEPTBYIO 30HY 3aILMTHI U 30HY KaCKaJHOTO 1eUCTBUS

3amuT (moApoOHee CM. B YKa3aHUSIX IO MTPOBEIEHUIO IKCIIEPUMEHTA).

Ykazanue no mexnuxe 6esonacnocmu:
VYka3aHus 10 TeXHUKE OE30MMACHOCTH MPH BBIIIOJIHEHUH JIa0OPAaTOPHBIX pabOT MPHUBEIEHBI

B IIPUJIOKEHNE A.

Ykazanusa no evinonnenuto nadvopamopnoii pabomut:

Yo6eauTech, 4TO YCTPONUCTBA, HCTIOIB3yEeMbIE B SKCIIEPUMEHTE, OTKJITFOYEHBI OT CETH IJICK-
TPOTIUTAHUSI.

Coenunnte rHe3ga «TKy» ncrounuka G1.

nn

COCI[I/IHI/ITG THE3Ja 3allIMTHOI'O 3a3€MIJICHUSA YCTpOﬁCTB, HCIIOJIb3YCMBIX B JKCIICPHU-

MeHrte, ¢ THe3goM «PE» ncrounuka G1.
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CoennHuUTE anmaparypy B COOTBETCTBUU C JIEKTPUUYECKOU CXEMOU COCTMHEHUN.

[Tepexrodarenu pekUMOB pabOTHI TPEXIIOMIOCHBIX BhIKITIouaTeneit A2, A3, A6, A7 ycra-
HoBuTe B nonoxenue «ABT.», Beikimouareneit A10 u A1l — B nonoxkxenne «PYUH.». Homunanb-
HbIE HamNpsDKeHUsT oOMOTOK TpaHchopmaTtopoB Onoka Al BbICTaBbTE€ pPaBHBIMH, HaIpUMeEp,
133/230 B. Ilapametpbl smHHE 3nekTpornepenadn A3 m AS mepekirovarensMu YCTaHOBHTE,
Hanpumep, cienytommmu: R = 150 Om, L/RL=0,9/24 I'n/Om, C1=C2=0 mMx®. Bribepure mor-
HOCTb aKTHBHOI Harpy3ku A9, nanpumep 100% ot 50 BT B nucnons3yemoii ase.

CmoaenupyiTe KOPOTKOE 3aMbIKAaHUE Ha OJHOM M3 3alllMIaeMbIX JIUHUK. Hanpumep, s
3aMBbIKaHUS Ha TIEPBOH (BepxHEH 10 pUCYHKY) TnHuK coeauuuTe THe3aa KO u K1 mexmy coboii.

Bxotounte uctounuk G1. O Hanuuum HaNpsKEHUH HA €ro BBIXO/IE I0JDKHBI CUTHATTU3HPO-
BaTh CBETSAIIMECS JTaMIIOUYKH.

Bxmrounte Beikmodatenu «CETb» Beikmrouartenmeit A2, A3, A6, A7, A10, A1l a takxke
61oka A15 BBoa-BbIBOIa IU(POBHIX CUTHAIIOB.

[IpuBenute B pabouee cOCTOSIHUE MEPCOHAIBHBIN KOMIbIOTEp Al7, BOIUTE B COOTBET-
CTBYIOIIHI KaTaJIOT U 3aIlyCTUTE MPUKJIaIHyI0 porpammy «llomepeunas nqudsammra.exey.

3amaiiTe yCTaBKH 3alllUThI, HAXKaB HA COOTBETCTBYIOIIYIO BUPTYalIbHYI0 KHONKY. Hampu-
Mep, UCIIONB3YITE YCTaBKHU, 3aJaHHbIC TI0 YMOIYAHUIO.

Haxxmute Ha BUpTyanbHyt0 KHONIKY «Hauath 3anuchy, BBEIMTE 3aIIUTY HAXKATHEM Ha CO-
OTBETCTBYIOLIYIO KHONIKY. CMOAENupyHTe KOPOTKOE 3aMbIKAHHUE B 30HE JIEH CTBUS 3al[UThI, BKITIO-
yuB BbIKItouaTenb All. Ilocie OoTkItOUEHUS 3aIIUTON «TIOBPEXKACHHOW» JMHUU MpOaHATU3U-
pyHTE OCUMIUIOrPAMMBbI TOKOB U HaIIPSIKEHUH.

[IponenaiitTe SKCIIEPUMEHT €I1I€ pa3, MOJAEIUPYs KOPOTKOE 3aMbIKaHUE BHE 30HbI IEUCTBUS
3aIuThl ¢ ToMoIbio BhikiItouaresns A10. [Ipoananu3upyiiTe noydeHHbIE OCHUIUIOPaMMBbl TOKOB
Y HaIpsSOHKEHU .

Hcnonb3ys OKHO 3a7jaHMsl YCTAaBOK, CMOJICIMPYITE HampaBieHHbIE Au(depeHinaIbHbe
3amuThl. [loBTOpUTE SKCNIEpUMEHT. Y OEeIuTECh B TOM, UTO OTKJIFOUAETCS JIMIIb Ta JUHUS, Ha KO-
TOPOI MPOU3OILIO «TOBPEKICHHUEN.

Ycranosurte nmapamerpsl TuHuK AS cinenyromumu: R = 50 Om, L/RL=0,3/8 I'n/Owm. Ilo-
BTOPUTE IKCIIEPUMEHT, MOJISITUPYSI 3aMBbIKAHHE B 30HE IEHCTBUS 3alIUTHI. Y O€UTECHh B TOM, UTO
KOPOTKOE 3aMbIKaHHE CMOJIETUPOBAHO B 30HE KACKaJHOTO jaeWcTBud 3amuT. [Ipoananusupyiite
MOJIy4YE€HHBIE OCIIMIUIOIPaMMBI U KypHaJl paboThI 3aIIMT, O0palasi BHUMaHHE Ha MOCIe10BaTelb-
HOCTb MPOU30MIEIINX COOBITHH.

ITpu pabote ¢ mporpaMmoit cieyeT Noab30BaThCsl €€ BO3ZMOKHOCTSIMHU:

MacmrabupoBanue OCHMIUIONpaMM IPOU3BOJIUTCS IMyTEeM HakaTwusi Ha rpaduke JeBon

KJIaBUIIW MBIIIXU U, HE OTITYCKas €€, ICPEMCIICHUA MaHUITYJIATOPA CJIEBA HAIIPABO U CBECPXY BHUS.
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Bo3Bpar k HauanbHOMY MaclITa0y OCYLIECTBIAETCS. OOPaTHBIM NEpEMEIEHUEM MaHUITYJIATOpa —
CIpaBa HaJ€BO U CHU3Y BBEPX.

JIBuraTh TpaduK OCHMIIOrPAaMM OTHOCHUTEIHFHO OCel KOOPAMHAT MOYHO ITyTEeM Ha)KaTHs
U yJepKaHUs Ha HEM NPaBOW KHONKHU MBIIIM U €€ OJHOBPEMEHHOI'O NEpEeMEIEHHs B HYXKHYIO
CTOPOHY.

Jlnst ynoOcTBa orpeiesieHus: 3HaYeHU BeIMYHMH 110 TpaduKaM Ha 3KpaHe 0TOOpasKaroTCs
TEKYIIHE KOOPAUHATBI yKa3aTellsl MbIILIH.

Ha skpane Takxe oToOpa)xaeTcsi COCTOsIHHE BhIKodarened A2, A3, A6, A7.

Tounble 3HaYeHUs JIOOBIX BPEMEH CIIEYET ONPEAEIIATh 10 OCLMIUIOTPaMME, a He IO Kyp-
HaJly paOOThI 3aIlIHUT.

VYcTaBKkU TOKOB clieAyeT 3a7aBaTh aMIUIUTYAHBIMU 3HAYCHUSIMH.

IIpy BOBHUKHOBEHHMH HENPABONOI00HBIX PE3YJIbTATOB SIKCIIEPUMEHT CIIE1yET IOBTOPUTb.

3anuch IEKTPOMArHUTHBIX MPOLIECCOB B CXEME MPOU3BOAUTCS MIPOrpaMMOil B LIUKIINYE-
ckuii Oydep. [Tapamerpsi Oydepa, a IMEHHO €0 IMOTHYIO JUTHHY U JTHHY «3THIIOTay ((aKTHISCKU
— BpeMs 3alllCH [TOCJIE CBEPLICHHUS] MHTEPECYIOLIETO COOBITHUS, B TaHHOM Cily4yae — cpadaThIBaHUS
3alMThl) MOXKHO U3MEHATh B MyHKTe MeHo «Hactpoiiku». Hanpumep, eciau cpabaTbiBaHue 3a-
IIUTHI oxxujaercs yepe3 0,5 cekyHabl ocie Hayaja KOPOTKOrO 3aMbIKaHUs, TO JUIs TOTO, YTOObI
YBUJAETDH NpPEAABaApPUNHBIA PEXUM, PEKUM KOPOTKOTO 3aMBIKaHUS U PEXKUM IOCIIE OTKIIIOUEHUS
MOBPEXACHUS UTMHY Oydepa B 11e7I0M MOKHO IPUHSTH PaBHOM 2-M CEKyHJAaM, a JUIMHY 3IHJIora
(o cytH, 3TO JUIMHA 3anKcH pexuma nocie otkiodenus K3) — 0,51 cexynnue.

JuddepennunanbHas 3amTa sBISETCs 3alIUTO MTHOBEHHOTO JIeHCTBHs. TeM He MeHee,
Cpelu YCTaBOK 3alllUThl IPUCYTCTBYET U YCTaBKa BbIIEPKKU BpEMEHU, He00X01uMasi, BO-IIEPBbIX,
JUTSI TOBBILLIEHUS HAIJITHOCTH PE3YyIbTaTOB SKCIIEPUMEHTOB, BO-BTOPBIX, JUIsl OTCTPOMKH 3alllUThI
OT KOMMYTAIIMOHHBIX IIOMEX M B-TPETHUX — JJI FAPAHTUPOBAHHO NPABUJIBHOIO ONPEICIICHUS 3a-
LIUTOM HaNpaBIEHUS MOILIHOCTH.

1o 3aBepiieHnH FKCIIEpUMEHTOB OTKII0UNTE UCTOYHUK G1 1 BeikimodaTenu «CETby 01o-
KoB A2, A3, A6, A7, A10, All, AlS.

HpI/IMCp PE3YIbTATOB OIMMUCAHHBIX ONBITOB IPHUBCACH B ITPUITOKCHUU.
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Cooepircanue omuema:

OTuer K0KEH COlepKaTh:

1. Ha3Banue paboThI;

2. llens paboTHI;

3. KpaTtkue TeopeTuueckue CBEACHUS;

4. Onucanue UCIoiab3yeMoro o0opy10BaHus U MaTepUaJIOB;
5. Iopsiiox BBHIIOTTHEHUS PAOOTHI;

6. Beruncienust u 06paboTKa pe3yabTaToB;

7. BeIBOIEL.

Konmponwvnwvie eéonpocwi:

1. [Touemy muddepeHnranbHas 3aiuTa BbIIOIHIETCS 0€3 BBIIEP>KKH BpeMEHU?

2. Yem omnaceH 0OpbIB COEAMHUTEIHHOTO MPOBOJA B Miede quddepeHInaaIbHON 3anTh?

3. KakoBblI IpUYMHBI, BHI3BIBAIOIINE TOK HEOAIaHCa B Pelie B HOPMAIILHOM PEXUME U TIPU
BHemHeM K37

4. Kak BBINOJIHUTH CXEMY HampaBlIeHHOW mornepeyHoi auddepeHnnanbHoN 3alUThl TP
OTCYTCTBHH CIIELUATBHOTO pelie HapaBICHHU MOLTHOCTH ABYCTOPOHHETO JIEHCTBUS?

5. B uem HelOCTaTOK KacKaJgHOTO ACUCTBUS 3aIIUTHI?

6. [Touemy Hanmm4re OJIOKUPOBKHU MO HAMPSHKEHUIO MOBHIIIACT YyBCTBUTEILHOCTH HAIIPAB-

JIEHHOM nonepeyHoi anu¢depeHnanbHON 3auTh?
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Jlabopamopnasa pavoma Ne9. /lucmanyuonnan 3awguma. /[lucmanyuonnan 3auuma

JIUHUIL I]IeKMPOnepeoayu é cemu ¢ 08yCMOPOHHUM RUMAHUEM.

Lenv pabomer: O3HAKOMUTHCA C MPUHITUIIOM JEUCTBUS TUCTAHIIMOHHOMW 3aIlUThI JIMHUH.

Ocnoevt meopuu:

B cetax cnoxuoit KOH(bI/II‘ypaI_[I/II/I C HECKOJIBKUMHU UCTOYHHUKaAMMU ITUTAHUA MAKCUMAJIbHBIC
Y HaIIPaBJICHHBIE 3aIUTH HE MOT'YT 00ECIIEYHTh CEIEKTUBHOTO OTKIIFOYCHHUSI KOPOTKOTO 3aMbIKa-
Hus (K3). TokoBbIe OTCEUKH HE BCeria MPUMEHUMBI, a TPO0IbHbIE U epeHIInanbHbIe 3aInuThI
MOT'YT YCTAaHABJIMBATbCA TOJIBKO HA KOPOTKUX JIMHUAX.

B cBs3u ¢ 3TUM BO3HUKAET HCO6XOI[I/IMOCTI> B IPUMCHCHUU APYTUX INPUHOUIIOB, ITIO3BOJIA-
IOIIHX MOJTYYUTh 3aIIUTHI C HEOOXOAUMBIM OBICTPOACHCTBUEM, 00CCIICYMBAIOIIUE CEIEKTUBHOCTh
Y UyBCTBUTEJIBHOCTH B AJIEKTPUUECKUX CETAX JF000i kKoHpurypamuu. OQHON U3 TaKUX 3aIlUT SIB-
JSIETCA AUCTAaHIIMOHHAs 3allluTa.

Brinepikka BpeMEHU NUCTAHIIMOHHOW 3alIUTHI 3aBUCUT OT PACCTOSHUS (IUCTAHIIUHN)
MEXJ1y MECTOM yCTaHOBKH 3alIUThI U Toukoil K3, u HapacTaeT miaBHO WK CTYNEHYATO C yBeIu-
YEHUEM ITOTO pacCTOsHUS. [Ipy TakoM MPUHIIKIE ASHCTBHS OJMDKANIIas K MECTY ITOBPEIKICHHS
JTUCTAaHIIMOHHAs 3alllMTa BCET/Ia UMEET MEHBIIIYIO BBIJIEPIKKY BPEMEHH, YeM OoJjiee yaaleHHbIC 3a-
IIUTHI, OJIarojapsi TOMY aBTOMATHUYECKH OOECIICUMBACTCS CEIIEKTUBHOE OTKJIIOYCHHE IOBpE-
JKJICHHOTO y4acTKa.

OCHOBHBIM 2JIEMEHTOM JUCTAHIIMOHHOW 3aIIUTHI SBISETCS TUCTAHIIMOHHBIN OpraH, ompe-
ACIAIOINX YAaJICHHOCTD K3 ot mecta YCTaHOBKHU 3allIMTHI. B xauecTBe AUCTAHIUMOHHOI'O0 OpraHa
UCTIONIB3YETCSI pelie CONPOTHBIICHHS, HETIOCPECTBEHHO WM KOCBEHHO pearupyromiee Ha IMoJIHOE,
AKTUBHOE WJIM UHAYKTUBHOE COMPOTUBJICHHUE JIMHUH.

[TepBoHaYaNnbHO AMCTAHIIMOHHAS 3alIUTA BHIOIHSIACH C TOMOIIBIO PEJie COMTPOTUBIICHHS,
pearupymoIrx ToJIbKO Ha aOCOIOTHYIO BETMYUHY conpoTuieHus 1o Touku K3. [To mepe yBenu-
YSHUS MPOTSHKCHHOCTH JIMHHUH JICKTPOIIEpeIaun U POCTa TepeaBaeMoi 10 HUM Harpy3kH a0bco-
JIOTHBIC 3HAYCHHs CONpOoTHBIeHU ipu K3 B KOHIIE IMHUHN CTalld COU3MEPUMBI C COMTPOTUBIICHH-
SIMU TIPU aBapUMHOMN HArpy3Ke Ha JIMHUSAX dJIEKTporiepead. B Takux yclIoBHUSX pelie COMPOTUB-
JICHUA, pC€arupyromue Ha a0COJIFOTHBIE 3HAYEHUS COIMPOTUBJICHHA, YK€ HE MOTJIM TOYHO OTINYHUTDH
K3 ot HarpyskKu. B cBsa3u ¢ >tuMm JAUCTAHOWOHHBIC 3alllUThl BBIMIOJIHAKOT PCArupyrolmrMHu HE
TOJIKO Ha a0CONIOTHYIO BEIMYMHY COMTPOTUBIICHUS, HO U HA BEIMYUHY yIiia (3[1€Ch X U I — COOT-
BETCTBEHHO PEAKTHBHOE M aKTUBHOE COMPOTUBIICHHS OT Touku K3 10 MecTa yCTaHOBKH 3aIlIUTHI),

T.K. ipu K3 u npu nepeaaye 607bIINX MOTOKOB MOIIHOCTH YTIJIbl COMPOTUBIICHUN pa3inyaroTcsl.
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Jnst oTo# e ObUIN pa3paboTaHbl peie COMPOTUBICHUS, Y KOTOPBIX COMPOTHUBIIEHUE cpadaThi-
BaHus pese. Takasi 3aBUCMMOCTb Ha3bIBAETCS XapaKTEPUCTUKOMN cpabaThIBaHUS peIIe.
ConpotusieHue Z SBISIETCS KOMILIEKCHOW BETMYMHOMN, IIOATOMY XapaKTePUCTUKH cpada-
THIBaHUS pesie n300paXkaloT Ha KOMIUIEKCHOM IIIOCKOCTH B OCAX T, X. B 9T0il cucteme koopauHar
XapaKTepUCTHKA cpabaThIBaHUs pejie SABIIAETCS MOTPaHUYHONW KPUBOM, ONpenessionieil ycioBus
neiictBus pene. Hanbonee pacnpocTpaneHbl XapaKTEPUCTUKU peJie B BUJE OKPYXHOCTH (HEHa-
IIPaBJICHHOE WIK HAIPABJIECHHOE Pelle MOJHOTO COIIPOTUBIICHHS U PEJIe CO CMELIEHHON KPyTrOBOM
XapaKTePUCTUKOM), AIUTUIICA, MPSAMOI JTMHUU (pelie PEaKTUBHOTO CONPOTUBIIECHUS ), MHOTOYTOJIb-

HHUKa.

B naHHOM 3KCnIEpUMEHTE MOJISIIUPYIOTCS BOCEMbB TTOCIICIOBATEIILHO COSAMHCHHBIX JIMHHMA
anextpornepenayn (L1-L4, L1°-14"), nuraromuxcs ¢ IByX CTOPOH OT ABYX UcTouHHKOB G1, G2
(cM. puc.). K mmHaM 3TUX TUHUI OJACOEAMHEHBI pa3IMyHbIe deKTpuueckue Harpysku (P, QL,
QC, P, QL’, QC"). Beixntouatenb Q BrItoueH Mexay auHusmMu L4 u 14",

Cy1recTByeT BO3MOKHOCTh YCTPAMBATh KOPOTKHE 3aMBIKAHUS B IIECTH Toukax cxembl (K1,
K2,K3,K1%, K2, K3") Ha pa3HBIX pacCTOSIHUSX U C Pa3HBIX CTOPOH OT BBIKJItOUaTess Q.

C moMoIIbI0 U3MEPUTENBHBIX TpaHCHOPMATOPOB (PUKCUPYETCS TOK M HANIPsKeHUE BOIH3U
BBIKJTFOUATENS Q.

Ha nepcoHalbHOM KOMITHIOTEPE TTOCPEICTBOM CICIHAIBEHOW MPOTrPaMMBI MOJICITHPYETCS
TUCTaHIIMOHHAs 3ammTa P3, Bo3aelicTByroIIast Ha BhIKITIOYaTenb Q. 3anuTa MOXKeT UMETh OT OfI-
HOM JI0 TpeX CTYMEeHEH ¢ pa3InYHBIMU BbIIEPKKAMH BPEMEHH U Pa3IMUHBIMU XapaKTePUCTHKAMU
cpabartbiBanus perne. Takke mporpaMMa MOXeT paboTaTh B pexume ocuuiuiorpada. [lpu stom
3alIUTa Ha BBIKITIOYATENh HE BO3JICHCTBYET, HO HMEETCS BO3MOXHOCTh TIOCMOTPETh TOK, HAIPSI-
JKEHHUE U TIOJIO’KEHUE BEKTOPa KOMILJIEKCHOTO COMPOTUBIIEHUSI OTHOCUTENHLHO TPadUKOB 30H Cpa-

OaTbIBaHUS 3alllUTHI B p€aJIbHOM BPCMCHU.
Ykazanue no mexnuke 6ezonacnocmu:

VYka3zaHus 1o TeXHUKE OE30MMaCHOCTH MPH BBIITOJIHEHUH JIa0OpAaTOPHBIX pabOT MPUBEIEHBI

B IIPWJIO’KEHUE A.
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Ykazanua no eévinoanenuro nabopamopmnoit padomoi:

Y6eautech, 4TO YCTPONCTBA, UCTIOIb3YEMBIE B SKCIIEPUMEHTE, OTKJIFOUEHBI OT CETH 3JICK-
TPOIUTAHUSL.

Coenununte rue3na « TK» ucrounuka G1l.

nn

CoenuHuTe THE3/a 3aIIMTHOTO 3a3€MJICHHS YCTPOMCTB, UCHOIB3YEMBIX B 3KCIIEpPH-
MeHTe, ¢ THe3oM «PEy» ncrounuka G1.

Coenunute anmnapaTypy B COOTBETCTBHH C SJICKTPUUYECKON CXEMOM COSIUHEHUH.

[lepexmouarens pexuMa padOThl TPEXIIONIOCHOTO BBIKIIOYaTess A3 yCTaHOBUTE B MOJIO-
xxenue «ABT.», Beikmtouatens A9 — B nonoxxenue «PYUH.». HomuHansHbIe HanpsoKeHUs: 00Mo-
TOK TpaHchopmaTopoB O6510ka Al BeICTaBbTE paBHBIMH, Harpumep, 230/230 B. [TapameTpst muHmiA
anekTpornepenad A2 u A4 nepexiouaTesiMiu YCTaHOBUTE, HarpuMep, cienytomumMu: R =100 Om,
L/RL~=1,2/32 I'n/Om, C1=C2=0 MxD.

Bri6epute MomHOCTh akTUBHOM Harpy3ku A7, Hanpumep 10% ot 50 Bt B nepBoii ¢ase,
100% - Bo BTOpOIA.

Bri6epute MOIIHOCTS MHAYKTUBHOM Harpy3ku A6, Hanpumep 20% ot 40 Bap B nepsoit
daze, 80% - Bo BTOpOIA.

Bri6epute MOIHOCTS eMKOCTHOM Harpy3ku A8, nanpumep 20% ot 40 Bap B nepBoii ¢ase,
20% - BO BTOpOIA.

Bxotounte uctounuk G1. O Hanmuuuu HaNpsKEHUH HA €ro BBIXO/IE IOJDKHBI CUTHATTU3HPO-
BaTbh CBETSIIMECS JIAMIIOYKH.

Bxumrounte Beikimouatenu « CEThy Beikimrouateneiit A3, A9 a taxke 6;10ka Al2 BBOIa-BEI-
BO/1a HU(POBBIX CUTHAJIOB.

[IpuBenute B pabouee cOoCTOsIHME NMEPCOHANBHBIN KoMIbIOTEp Al4, BOIUTE B COOTBET-
CTBYIOILIMI KAaTaJIOT U 3allyCTUTE MPUKIIAJHYIO TporpamMmy «JluCcTaHIIMOHHAS 3aIUTa.eXe.

Hcnone3ys riaaBHOE MEHIO, BBIOEpUTE pexkuM paboThl mporpammsbl «Ocuuiuiorpady». B
ATOM pEXHUME pelieiiHas 3alliuTa Ha BBIKIIOYATeNb HE BO3EHCTBYET, 3aTO NUMEETCS] BO3MOKHOCTD
B pEAJIbHOM BPEMEHU MOCMOTPETh TOK, HAMPSKEHUE U BEKTOP COMPOTHUBIICHUS JUCTAHITMOHHON
3amuThl. [Ipon3BOIBEHBIM 00pa30M U3MEHSNUTE BETHUMHBI HATPY30K CETH M HaOM0aiiTe n3MeHe-
HUE JUTMHBI U ()a3bl BEKTOpa KOMILIEKCHOTO COMPOTHBICHUSA. HekoTophie MpuMephl 3HaUCHUH
Harpy30K U MOJyJaroIIHecs IPH UX UCTIOIb30BaHUN KaPTHUHKHW HA SKpaHe MPUBEICHBI B PUIIOKE-
HUU.

3aiaiiTe XxapakTepUCTUKU 3alUThI, HA)KaB Ha COOTBETCTBYIOIIYIO BUPTYaIbHYIO KHOTIKY.
Hanpumep, ucnosnp3yiite XxapakTepUCTUKH, 3a/IaHHBIE TI0 YMOJIYAHUIO.

VcranoBute IMEPBOHAYATIBHBIC 3HAYCHHA BCEX HAI'PY30K CXEMBI.
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Cwmopenupyiite kopotkoe 3aMbikanue. Hanpumep, coenqunante Touku KO u K1 mexnay co-
0ol ¥ BKIIFOUUTE BBIKITIOYaTeNlb A9. AHATOTHYHBIM 00pa30M UMHUTHPYWTE APYTrUe KOPOTKUE 3a-
MbIKaHUs, coequHsisi Toukn K1-K6 ¢ Toukoit KO. OOpaTtuTe BHUMaHue HAa M3MEHEHHE BEKTOpa
KOMIUIEKCHOT'O COITPOTUBJICHHUSI, a TAKXKe Ha TO, B KaKyl0 00J1acTh cpadaThIBaHUsI IPU KAaKOM KO-
POTKOM 3aMbIKaHUU MOMAIAET BIICYIOMSIHYTHIN BekTop. [jig TouHOTO ornpeneieHus ¢akra mno-
najlaHus BEKTOpa B Ty WIHM MHYIO 00JIaCTh OPUEHTUPYHTECh HA KPYTJIble HHAMKATOPHI B IPABOM
HWKHEM YIJ1y DKpaHa.

Bri6epute pexum paboThl IPOrpaMMBbl «3alluTa.

Haxxmute Ha BUpTyanbHyro KHONIKY «Hauars 3anuch», BBEIUTE 3alUTY HAXKaTHUEM Ha CO-
OTBETCTBYIOLIYIO KHOIKY. CMOJENUPYHTE OJJHO W3 BBHIIICONUCAHHBIX IIECTU KOPOTKUX 3aMbIKa-
Huil. [Tociie OTKIIOUEHHS 3aIUTON «TTOBPEKACHHS» MPOAHAIUZUPYHUTE OCHHILIOIPAMMBI TOKOB U
HaIPSKEHUH, a TAKXKE MOJIOKEHUE BEKTOPA COMPOTUBIICHUS B pa3JInuHble MOMEHTHI BpemeHu. He-
KOTOpPbIE TPUMEPBI MOIYHYAIOUIUXCSI KAPTUHOK € SKpaHa NPUBEACHBI B IPUIIOKEHUH.

IIpu pabote ¢ nporpaMmoii ciieyeT MoJab30BaThCsl €€ BO3MOXHOCTAMU:

MacmTabupoBaHue OCHMILIOTPaMMBbl TOKOB M HANPSHKEHUH MPOU3BOAMTCS ITyTeM Haka-
TUS Ha rpaduKe JeBOM KIABUIIM MBI U, HE OTIIYCKas ee, IepeMeIleHUs] MaHUITYJIATOpa CIeBa
HAIpPaBo U CBepXy BHU3. Bo3Bpar k HayanpHOMY MacIiTady OCYIIECTBIAETCS 0OpaTHBIM IIEpeMe-
[IEHUEM MaHUIYJISTOpa — CIIpaBa HAJIEBO U CHU3Y BBEpX.

JIBurathb rpaguk OCIMIIIIONPaMM OTHOCHUTENBHO OCEH KOOPAMHAT MOXKHO ITyTeM Ha)KaTUs
U yAepKaHWs Ha HEM MPABOM KHOINKHU MBIIIN U €€ OJHOBPEMEHHOI'0 MEPEMEIIECHUS B HYKHYIO
CTOpOHY.

Jlst ynoOCTBa ornpeAesieHns 3HAaUeHU BETMYHMH 110 TpaduKkaM Ha IKpaHe 0TOOPaKaroTCs
TEKYIINE KOOPAUHATHI yKa3aTelsl MbIIIIH.

MacmtabupoBaTh BEKTOPHBIE TUArpaMMBbI, a TakkKe TpaduKu 30H cpadaThIBAHUS 3aIlUT B
OKHE 33/IaHHs1 YCTaBOK MOKHO ITyTEM Ha)KaTHsl HA COOTBETCTBYIOLIME KHOIKHU B TPAaBOM HUKHEM
yriay rpaduxka.

Ha sxpane Takxke oroOpaxkaercs COCTOSHUE BBIKIIIoUaTens A3.

B pexxume pabotsl «Ocrmmnorpad»» BeIKIIOYaTe b A3 MOKHO BKJIFOUUTH, HA’KaB HA COOT-
BETCTBYIOIIYIO BUPTYaIbHYIO KHOIKY (TIOCIIE€ HAXATHsI KHOIIKA UCYE3HET).

B pexume «3ammra» nocie cpabaThIBaHMS 3alIUTH MOKHO MOCMOTPETh BEKTOP COIPO-
TUBJIEHUS B 000N MOMEHT BpeMeHH. [ 3Toro HeoOX0AUMO IIEIKHYTh 0 MHTEPECYIOIIEMY
MOMEHTY BpEMEHH Ha rpaduke OCHUIJIOTPaMM TOKA M HANPSDKEHUS, OTHOBPEMEHHO YAEPKUBas
Ha)kaTol KiaBuiry «Shifty.

TouHble 3HaUeHUS TFOOBIX BPEMEH CIIEAYET ONPEAEIISTh [0 OCHIITIOTPAMME, a He I10 JKYp-

HaJly paOoThI 3aIIUT.
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3anuch AIEKTPOMArHUTHBIX MPOLIECCOB B CXEME MPOU3BOAUTCS MPOrpaMMOi B LIUKIINYE-
ckuii Oydep. [Tapamerpsr Oydepa, a IMEHHO €ro MOTHYIO UTHHY U ITTHHY «3TIIOTay ((paKTHIeCKU
— BpeMsI 3aIHCH TTOCIIE CBEPIICHHUS HHTEPECYIOMIETO COOBITHS, B TAHHOM CiIydae — CpadaThIBaHUS
3alUThl) MOYKHO U3MEHSTh B MMyHKTe MeHI0 «Hacrtpoliku». Hanpumep, ecinu cpabatpiBaHue 3a-
HIUTHI OKUAAETCS Yepe3 2 CeKyH[bI MOciie Havyajla KOPOTKOTO 3aMbIKaHUs, TO AJIsl TOTO, YTOObI
YBUACTH MPEAABAPUNHBIA PEKUM, PEKUM KOPOTKOTO 3aMBIKAHHUS U PEKUM TOCIE OTKIIIOUCHUS
MOBPEXKACHUS NTUHY Oydepa B eTOM MOXKHO MPUHSATh PABHOU 5-M CEKyHJIaM, a JJIMHY SITHIIOTa
(o cyTH, 3TO JJIMHA 3anKcH pexxuMma rocie otkimoueHust K3) — 0,51 cekyHnne.

I[To 3aBeprieHNH SKCIEPUMEHTOB OTKIItounTe UCTOUYHUK G1 1 BeIktouatenun «CEThy 61o-

koB A3, A9, Al12.
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Cooepircanue omuema:

OTuer HOKEH COJepKaTh!

1. Ha3Banue paboThI;

2. llens paboTHI;

3. KpaTtkue TeopeTuueckue CBEACHUS;

4. Onucanue UCIoiab3yeMoro o0opy10BaHus U MaTepUaJIOB;
5. Iopsiiox BBHIIOTTHEHUS PAOOTHI;

6. Beruucienus u o6paboTKa pe3yabTaToB;

7. BeIBOIEL.

Konmponvuuie gonpocoi:

1. B kakux ciydasix MpUMEHSIETCS TUCTAaHIIMOHHAS 3alUTa JTMHUN?

2. HazoBuTe mapameTp Ha KOTOPBIH CpadaThIBACT JIMHHUSL.

3. Kakue ObIBafOT XapaKTEpPUCTHKH BBICPKEK BPEMEHHU TUCTAHIIMOHHOM 3alUThI?
4. KakuM 00pa3oM COTJIaCOBBIBAIOT AMCTAHIIMOHHBIE 3AIIUTHI MEXKIY COO0M?

5. 13 xakux yHKIIMOHAIBHBIX yacTel cocTouT /13, mosicaure ux?

6. Kakue ObIBatOT XapaKTepUCTUKU CpadaThIBaHMs JUCTAHIIMOHHOM 3alUTHI?

7. KakuMu TOCTOMHCTBAMH M HeAocTaTkamu obnmanaet (3?7

60



Jlabopamopnan paooma Nel0. L{ugpposevie pene. Lughposvie cucmemot ynpasnenusn u
coopa ungpopmayuu. Maxcumanbhaa moxKo6asn 3aujuma ¢ He3a6UCUMOIL 8blOEPIHCKOIL gpe-

MEHU JIUHUU 9Jlel<mponepe()altu U 6600H020 GbIKIOYAMEIIA.

Lenv pabomwr: 3yuuth NpUHIKUI JEHCTBUS MAKCUMAJIBHOM TOKOBOM 3alllUTHI, U3YYUTh
METOJIbI pacueTa U MPOBEPKH YCTABOK 3aIUTHI, UCCIIEIOBATh (PAKTOPHI, BIUSIONINE HA CEIICKTHB-

HOCTb U 30HY AelictBus MT3.

Ocnoevl meopuu:

MT3 — ocHOBHas 3amuTa JUIsl BO3IYLIHBIX JIMHUNA C OAHOCTOPOHHUM nuTaHuem. MT3
ocHamaroTcst He Tobko JIDII, HO Takke U cuiIoBBIe TPaHC(HOPMATOPHI, KAOCIbHBIC TUHUH, MOIII-
HbIe JBUTaTeNy HanpsbkeHuem 6, 10 kB.

OcHOBHBIM U HauboJiee XapakTepHbIM npu3zHakoM K.3. sBseTcs MosBIEHUE CBEPXTOKA,
KOTOpPBI CTAHOBUTHCSI BO MHOTO pa3 0oJIbllle TOKA Harpy3ku. Ha ucnonabp3oBanuu 3T0ro npuHIuna

u ocuoBaHo nencreue M.T.3.

ST

74 g ;Mj
[

W

K pene M.T.3. uepe3 TA nmoaBOIUTHCS TOK, TPOXOMASIIUNA MO 3AIIUIIAEMOMY 3JIEMEHTY
(muanu W). Korna Tok goCTUTaeT 3apaHee YCTaHOBJICHHOTO 3HAUEHUS, 3allUTa TPUXOIUT B JIeH-
cTBUE (CpabaThiBaeT) U OTKIIOYAET BhIKIIOUaTenb Q. 3HaueHHne TOKa, MPH KOTOPOM MPOUCXOAUT
cpabaThIBaHME 3aIUTHI, HA3bIBACTCA TOKOM cpabaTbiBaHus. [losBIEHIE CBEpXTOKA B KAKOM JTHOO
DJIEMEHTE, HE BCET/Ia SBJISCTCS MPU3HAKOM ITOBPESKICHUS 3TOTO JIEMEHTa, MO0 CBEPXTOK MPOXO0-
JIT | TI0 HETIOBPEXKICHHBIM DJIEMEHTAM IICTIH.

Tak B JEKTPOCETH, COCTOSIIEH U3 TPEX MOCIENI0BATEILHO COSIMHEHHBIX Y9aCTKOB, MPH
K.3. B Touke K. cBepXTOK MpOXOaUT OT UCTOYHHKA G K MECTy MOBPEXKIEHHUS KaK M0 MOBPEKICH-

HOMY y4acTKy |, Tak u mo HenoBpexaeHHbIM: || u 111

MT3 MT3 M3
E IT |ts I |tz I jt
- e S S i SV
a3 I, @z 1. I, Z(}



Ecnu cBEepXTOK MPEBBICUT TOK cpabaThIBaHUS, TO HEAOIYCTHMO, YTOOBI cpaboTasy BCe TPU
3anuThl. [IpaBuibHast TUKBUAANMS aBapuu OyleT UMETh MECTO B TOM Ciydae, €ciii cpaboTaer
M.T.3. 1 u oTKJIFOUHT BBIKJIFOYATh Q1, OMKANIIHI K MECTY IMMOBPEXKIACHUS — 3TO U €CTh TpeboBa-
HUE K U30upaTenbHOCTH WK ceneKTuBHOCTH M. T.3.. [y BEIOTHEHUS 3TOro TpeOoBaHUS HEOO-
xoauMo, 9To0b1 M.T.3. y4acTKOB MMeNn pa3iauyHOe BpeMsi cpadaTbIBaHHs, BO3pACTAIOLIEE IO
HAINpaBJICHUIO K HICTOUYHUKY MTUTAHUS.

Bpewmst cpabGaThiBaHus 3allUTHl OT MOMEHTa BOSHHUKHOBEHHS CBEPXTOKA 10 BO3ACHCTBUS
Ha BBIKJIIOYATEIh Ha3bIBACTCS BBIACPKKOIM BpeMeHH. B 1aHHOM cllydae HauMEHBIIYIO BBIICPKKY
BpeMenu t1 moipkHa uMets 3ammTa M. T.3. |; Heckonbko 6ombinyto t; — 3ammra M.T.3.11 u camyto

6omnpiryto t3 — M.T.3. 1.

Ykazanue no mexnuke 6ezonacnocmu:
VYka3aHus 110 TEXHUKE O€30MaCHOCTH MPU BBIIIOJIHEHUH J1a00PAaTOPHBIX padOT MPUBEIEHBI

B IIPWJIOXKEHUE A.

Ykazanusa no evinonnenuto nadvopamopnoii pabomul:

1) CoOparts cxemy J1abopatopHbix ucnbeitanuii puc. 2 (BCE momynu ctenma TomKHBI
osrre OTKJIFOYEHBI!). TToaxnrounThs aHamoroBbie KaHaIbl MOJYJISI BBOJIa-BBIBOA TSI U3MEPE-
HUs (a3HBIX TOKOB BBOJHOTO BBIKIIOUATENs U BBIKIItouaTens kadenpHoi JIDII Ha mepBoit cexiuu
cOopHbIx muH (kaHaiasl Al n A2 k gasam A u C Moy BBOAHOTO BBIKIIIOYATENs, KaHaibl A3 1
AT x ¢azam A u C moayns Beikitouaress kadenpHou JIDIT). Bxoa momysst BeIKITFOUATENS] KOPOT-
ko3ambikaTesnst QK3 MmoakIounTh K MOYJTI0 KOPOTKO3aMBIKATENs, a BEIXOJ — K KiemMmam A3,
B3, C3 monyns Beikimrouarens kadenbHoi JIDII 1CHI (touka K1). [lepeBectn mepekmtoyarenu
SA1 monyns tpexdaszHoii cetr, SA2 MOyl BBOJHOTO BBIKIIOUYATENs, MOIYJIEH BBIKIIOUATEIS
kabenbHOU JIDII, Moaynst ABUTraTeabHONW HArpy3KH U MOAYJSI CEKLIMOHHOTO BBIKJIFOYATEINS B I10-
noxenne «ABt». [lepeBectn nepeximodaren SA3 MoIynell BBOJHOTO BBIKIIOUYATENS U BBIKIIIO-
yaTeliss KOPOTKO3aMbIKaTellsl B BEpXHEE MOJI0KeHHE. BKIIIOUNTh aBTOMAaTUYECKHUE BBIKIIIOUATENN
QF1..QF3 nHa numeBoi maHenu MOAynsl KOPOTKO3aMbIKaTelsd. BKIIOUMTh aBTOMAaTHYECKUE BbI-
xirouarenu QF1.. QF4 Ha Moaynsix akTMBHOM Harpy3ku. BKIIOUNTE NUTaHWE CTEHIA aBTOMAaTH-
yeckuM BoIkItouaresieM QF 1, pacnonokeHHbIM Ha MOJyJI€ MUTAHUS CTEHJA. BKIIOUNTH TUTaHKHE
BCEX MOAYJIEH, UMEIONTNX UHINBUAYATbHBINA TyMONep nogaun nutaHus SA1 «CeTby.

2) Ha nepconanbHOM KOMITbIOTEpE 3aITyCTUTh MPOTpaMMHBINA KoMmIuteke «DeltaProfi»

(ITyck - ITporpammsr - JIaboparopHsiii komiuieke - DeltaProfi). OTkpeiTs 1abopatopuyro padboTy
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koMmaHnoi «Pabote! - Peneiinas 3ammra u asromaruka - Padora Ne02 MT3 ¢ He3aBUCHMON BBI-
JIEPIKKOM BPEMEHN».

3) B nmporpamme «DeltaProfi» mepeBectu 3amutst MT31, MT32 B pexxum paboTb
«JIEUCTBUE HA CUTHA» (IBOMHOM MIEITUOK JICBOM KHOIKOW MBIIIN HAa MPAMOYToJbHUKH «MT31»
u «MT32», B mosBUBIIEMCSI TUATIOTOBOM OKHE YCTaHOBUTH MepekioyaTtenb «Pexum paboTsl» B
MOJIOKEHUE «CUTHAI).

4) 3amycTuTh NporpaMmy B padoTy kHomKou «I1ycky» WM KOMaH/10# rI1aBHOTO MEHIO
«Ynpasnenue - [Tyck» i ropsueit kinaBuiieit FS.

5) JIMCTaHIMOHHO BKJIFOYUTH BBIKIOUaTENb Q1 OIMHAPHBIM LIETYKOM JIEBOW KHOIIKH
MBIIIIH TI0 3€JICHOMY NMPAMOYTOIbHUKY «Q1». IIporpamma Bcerga oToOpakaeT TEKyIIee COCTOs-
HUE BBIKJIIOYATEINS (3€JCHBIM — OTKIIIOYEH, KPacHBIA — BKJIIOYEH). AHAJIOTHYHBIM 0OpazoM
BKJIIOUUTSH BeIKIouaTenu Q3 u Q6. [Ipu sTom Ha MHEMOCXeMe 0TOOpaxaroTCsi MTHOBEHHBIE 3Ha-
YEeHHsI TOKOB BO BTOPUUYHBIX OOMOTKAaX M3MEPUTENBHBIX TPAaHC(HOPMATOPOB TOKA.

6) 3anmcarh 3HAYCHUE TOKA BO BTOPUYHONW OOMOTKE M3MEPHTEILHOrO TpaHchopma-
topa TA6, IpONOPLUOHATILHOE TOKY HArPY3KU [ wake

7) Paccuurars Tok cpabateiBanus 3amuTel MT32 o knaccuueckoit popmyie:

k, -k
o=

KoadhdurmenT Hane)xHOCTH TPUHATH paBHbBIM Ky = 1,055.

KoadduipeHT 3amycka ABUTATENbHON HATPY3KH NPUHSATH paBHBIM K; = 1. Koadduiment
BO3Bpara pele ToKa MPHHATH paBHbIM K = 0,97.

OTKpBITH 1MAT0rOBOE OKHO HACTPOMKM MapaMeTpoOB 3alIUThl IBOMHBIM ILIETUYKOM JIEBOI
KHOIIKOM MBIIIM Ha IpsMoyroibHuke «MT32»; B mosiBUBIIEMCS JUAJIOTOBOM OKHE BBECTHU pac-
YeTHBIA TOK CpabaTbIBaHUs 3alIUThI. J[MaJ0roBO€ OKHO 3aKPHITh.

8) Bxmtounts Beikmroyatenu Q5, Q7 u Q8. 3anucaTh 3HaUEHHE TOKAa BO BTOPUYHOMU
00MoOTKe n3MepuTenpHoro Tpancgopmaropa TA3, mponopuuoHabHOE TOKY Harpy3ku BBojia Nel
IBBA max-

9) Paccunrars Tok cpabateiBanus 3amuTel MT31 no knaccuueckoit popmyie:

k, -k
o=~

Koaddunment Hanexxnoctr npuHATH paBHbM Ky = 1,050.
Koaddunment 3anmycka qBUrarenbHON Harpy3Ku NpUHATE paBHBIM K; = 1,92, Koadduru-

€HT y BO3Bpara pejie ToKa MPUHATH paBHBIM Ky = 0,97,
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OTKpBITh AMATOTOBOE OKHO HACTPOMKH MapamMeTpOB 3alIUThl ABOMHBIM HIETYKOM JIEBOM
KHOIIKOM MBI Ha IpsAMoyrojpHuke «MT31»; B nosBUBIIEMCS JUaIOTOBOM OKHE BBECTHU pac-
YETHBIA TOK CpadaTbIBaHUA 3aLIUTHI. J[MaJOroBOe OKHO 3aKPHITh.

10)  Paccuurtath BhIIEPKKH BpeMeHHu cpabareiBanus 3ammt MT31 u MT32 B coorBeT-
CTBHUU CO CTYNEHYATHIM IPUHIIUIIOM 00€CIIeYeHUs CEIEKTUBHOCTH AeHCTBUSL. 3a1aTh OTy4YEHHbIE
BBIJICP’KKH BPEMEHU B JUAJIOTOBBIX OKHAX HACTPONKH IMapaMeTpOB 3alIUT.

11)  Iepesecrtu 3ammtel MT31 1 MT32 B pexxum paboThI «ICHCTBHE HA OTKIIIOYCHUEY.
Co31ath KOPOTKOE 3aMbIKAaHHE BKJIIFOUEHHEM BBIKJIFOUATENsl KOPOTKO3aMbIkaress. [Ipu npaBuiibHO
BBIOPAHHBIX yCTaBKax, cpadaTeiBaeT 3ammuTa MT32, oTkirodas Beikirodaress Q 6.

12)  OTKJIOYUTH BBIKIHOYATE]Ib KOPOTKO3aMbIKaTeNlsd. OTKIIIOUUTHh BCE BBIKITFOYATEIIH.
OTKIIIOUNTH NMUTAaHUE CTeHAA. VI3MEHUTh TOUYKY MOJKIIIOUEHMS BBIKJIIOUATEINsI KOPOTKO3aMbIKa-
TeJsl JUIS CO3/1aHUs KOPOTKOTO 3aMbIKaHUS Ha MepBoii ceKiuu cOopHbIX muH (kiaemmbl Al B1, C1
Moy Beikirouarens kabenpHoit JIDII. Touka K2). Bkatounts nutanue crenga. COpocuTs yka-
3atenbHOe pene 3amuTel MT32. Brmounts Beikrouatenu Ql, Q3, Q5, Q6, Q7 u Q8.

13)  Co3marh KOPOTKOE 3aMbIKAHHE BKIIOYCHHUEM BBIKIFOUATEIIST KOPOTKO3aMbIKATEJIS.
[Tpu mpaBUIBLHO BBIOPAHHBIX YCTaBKaX, cpadbareiBaeT 3ammta MT31, oTkirouas Beikitouatens Q3.

14)  OTkIIOYMTH  BBIKJIIOYATENb KOPOTKO3aMbIKaTelss. OTKIIOYHTh BCE  BBIKIIIOYA-
tenu. OTKIIOYUTh TMHUTAHHE CTEH/IA. N3meHuTh  TOUYKY MOAKIIOYEHHUS BBIKIIIO-
YyaTessl KOPOTKO3aMBIKATENs Il CO3/IaHUs KOPOTKOTO 3aMbIKaHUsI HAa BTOPOU CEKITUU COOPHBIX
e (knemmel Al, B1, C1 moayns Beikmtouatens kadbensHoit JIDII. Touka K3). Bkmtounts nura-
Hue crenaa. Copocuts ykazatenbHoe pene 3anmTsl MT3 1. Brimrounts Beikmouatenu Ql, Q3, Q5,
Q6, Q7 u Q8.

15)  Co3marh KOPOTKOE 3aMbIKaHHE BKIIOYCHHUEM BBIKIFOUATENST KOPOTKO3aMbIKATEJIS.
[Tpu mpaBUIBLHO BHIOPAHHBIX YCTAaHOBKAX, cpabarbiBaeT 3ammTa MT31, oTkiIrouas BHIKIIOYATENh
Qs3.

16)  OTKIIOYUTH  BBIKJTIOYATENH KOPOTKO3aMbIKaTe sl. OTKIIIOYMTD BCE BBHIKITFOUATEIH.

OTKIIOYNUTh TUTaHUE CTEH/IA. N3mMeHuTh  TOUYKY TMOAKIIOUEHHUS BBIKIIIO-
qaresnss KOPOTKO3aMbIKATelNs JUIsl CO3/IaHUsl KOPOTKOTO 3aMbIkaHus Ha kabenbHol JIDII mepBoit
cekuuu coopHpix mmH (k1emMMbl A3, B3, C3 moayns Beiktodarens kadbensHoi JIDIT. Touka K1).
BxurounTs nuranue crenna. Copocuts ykazarenbHoe pene 3amuTel MT3 1. BrirounTs BeiKiIIOUa-
tenu QL, Q3, Q5, Q6, Q7 u Q8.

17)  Tlepesectu 3ammty MT32 B pexxuM paObOThI «JICHCTBUE HA CUTHAIDY JJI1 UMUTALUU
e€ otka3a. Co31aTh KOPOTKOE 3aMbIKAHHE BKIIOUEHUEM BBIKIIIOUYATENSI KOpOTKO3aMblkaTens. [Ipu

MPaBWJIbHO BBIOPAHHBIX yCTaBKaxX, cpabarsiBaeT 3aumta MT31, oTkitouas BeikiodaTens Q3.
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18)  OtximrounTh Bee BhIKIIOYaTe M. OCTaHOBHUTH MPOrpaMMy KHOIIKO#M «CTOI», KOMaH-
JI0M TI1aBHOrO MeHIo «YnpasieHue — Cromy» uinu ropsyeit kinasumei F6. OTKIounTh NUTaHNe
CTEH/1a.

19)  Cphenath BBIBOJBI O CEJICKTUBHOCTH JICHCTBUS 3aIUThI, ONPEICIUTh, KAKUE U3 HC-
CJIEIOBaHHBIX TOYEK KOPOTKOTO 3aMbIKaHHsI OTHOCATCS K OCHOBHOHM M Kakue K Pe3epBHON 30HE

neiictBus 3ammTel MT31. OdopMuts oTUET 1O JTAbOpaTOPHOIA padoTe.
[ody/e mpex@asHou cemu
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MakcuMabHasl TOKOBas 3allliTa ¢ He3aBUCUMOM BLII[ep)I(KOfI BPCMCHU JIMHUU 3JICKTPO-

nepeaayu 1 BBOAHOT'O BBIKJIFOYATCIIA. Cxema OJICKTPOMOHTAaXXHasd
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MakcumanbHas TOKOBas 3al[UTa ¢ HE3aBUCUMOM BBIIECPKKOW BPEMEHU JIMHUM AJIEKTPO-

nepeaayu 1 BBOAHOT'O BBIKJIIIOYATCIIA. MueMocxema

Cooeporcanue omuema:

OT4YeT OJKEH COAepIKaTh:

1. Ha3Banue paGoTsl;

2. llens paboTsr;

3. Kparkue TeopeTuueckue cBeICHHUS;

4. Onucanue UCIoiIb3yeMoro o0opy10BaHUsl U MaTepUaJIOB;
5. [lopsok BeIMONHEHUS PabOTHI;

6. Beruncnenus u o06paboTKa pe3yabTaToB;

7. BeIBOIBL.

Konmponwvnwvie sonpocwi:

1. Kax BeIOMpaeTcs ycTaBKa 1o TOKY JUIsl MaKCUMallbHOM TokoBo# 3amutsl (MT3) ¢ Hesa-
BHUCUMOM BBIJIEPKKON BpeMeHN?

2. Yto Takoe k03 PUIMEHT CXEeMBI, UCTIONB3YEMBIH TIpu onpezeneHun Iep?

3. HazoBuTe OCHOBHOM HEOCTATOK MPUMEHEHHUS MAaKCUMAIBHON TOKOBOH 3aIlIUTHI.
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5. B Kakux ciy4asx W 3a4eM IPH ONPEeNICHUN TOKa cpadaThIBaHMU H3MEPUTEIHLHOTO Op-
raHa 3alluThl UCTIOIB3YeTCs] KOA(PPUIIMEHT CXEMBI?

4. Kak BpICTaBUTh yCTaBKY TOKa Ha pese KA?
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Jlabopamopnan paooma Nell. L{ugpposvie pene. Lughposvie cucmemot ynpasnenusn u
coopa ungpopmayuu. Maxcumanvhaa moxkoeasn 3auuma c 610KUPOEKOI N0 MUHUMATLHOMY

HANPANCEHUIO.

Ilenv pabomei: VI3yanth NPUHIAI ACHCTBUS MAaKCUMAJIBHOW TOKOBOM 3aIlUTHI C OJIOKH-
POBKOM MO MUHMMAJIbHOMY HANPSDKEHHUIO, U3YYUTh METOJbl pacdyeTra W IMPOBEPKU YCTABOK 3a-

IIHTBI, UCCIICAOBATH BJIMAHNUC IIYCKOBBIX OPraHOB HAIIPSKCHUA HAa YYBCTBUTCIIbBHOCTD MT3.

Ocnoevl meopuu:

MaxkcrManbHON TOKOBOM 3alIUTOM C IIYCKOM (OJIOKMPOBKOIT) 110 HAIIPSKEHUIO

N3 cxembl 3amuThl, IpeICTaBICHHON Ha PUCYHKE 3.8 BUIIHO, UTO 3aIuTa OyneT 1eHCTBO-
BaTh Ha OTKIIIOYEHHE TOJILKO MOCIe cpabaThIBaHUs pejie MUHUMAIbHOTO HAIIPSHKCHHUS.

Jlna obecniedyenHus HaAEKHOM pabOTHI 3aIIUTHI TP BCEX BHUIAX Mexay(da3HbIX U oqHO(Da3-
HBIX K.3. YCTaHABIMBAIOTCS TPU pejie MUHUMAIbHOIO HAIPsDKEHU 1, BKIIIOYaeMble Ha JTMHEHHbIE
HAIpPSDKEHUS. CETH M OJHO pelie MUHHMMAJbHOTO HAIPSDKEHUsI 2 pearupyroliee Ha MOsBICHUE

HaIIPsAKCHUA Hy.]'ICBOﬁ II0CJICA0BATCIIbHOCTH.
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Cxema MT3 ¢ 6;10kMpOBKOM MUHUMaIbHOTO HAIPSKEHUSI.

B ceTsx ¢ n30aupoBaHHON HEUTPaAIIbIO TOKOBast 4acTh cxeMbl MT3 ¢ myckoMm no
HaIpsDKEHUIO BBIMOJIHAETCS NBYX(a3HOl. B yacTu pene HanpskeHUs cxema BBITOJIHIETCS
3-x (a3Ho# M1 obecnieueHust HaIEKHOM paboThI IpH 2-X (a3HBIX K.3., a peJie HaNpsKEHUs,
pearupymolinee Ha HyJIeBYIO MOCIIEI0BaTEIbHOCTh, HE YCTAaHABIMBACTCS, TaK KaK 3alluTa
JOJDKHA JIEWCTBOBATH TOJIBKO MPH MEXAY(Pa3HBIX K.3.

Tox cpabateiBanusg MT3 ¢ myckoM 1Mo HaNpsHKEHUIO OTCTPanuBaeTCs HE OT MAKCH-

MaJbHOT'O TOKa Harpy3KH JIMHUH, a OT TOKa HOPMaJIbHOW HArpy3KH lu. nopw, KOTOPBIN
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00b19HO B 1,5+2,0 paza MmeHbIIE |4, makc., B PE3yJABTATE YETO PE3KO MOBBIIACTCS YYBCTBUTEIb-
HOCTb 3aLUTBI IIPH K.3.
les. = Ku IH.HOpM;
Hanpsoxenne cpabaTeIBaHUs 3alIUTHI BEIOUPAETCS HCXO U3 CIEIYIOINX YCIOBUM:
1. pesie HanpsiKeHUs He NO0JKHBI cpabaThIBaTh (3aMKHYTh KOHTAKThI) IPU MUHU-
MaJbHOM 3HAa4€HUU pabouyero Hanps>KeHUs:
Uc.3. < UpaG.MnH;
2. pejie HalpsiKEHUs JOJDKHBI BO3BpALIaThCs (Pa30MKHYTh KOHTAKThI) IIOCJE OT-
KJIFOUEHMS K.3. U BOCCTAHOBJICHUS HAIPSIKEHUS 10 YPOBHS MUHMMAJIbHOI'O paboyero:

UBOS. < Upaﬁ.Mm-l;

1 ..
rae Yy, = FHU et Ky — k03 dunuenT HagEKHOCTH.

VYuuteiBag, 410 _ U,,, OKOHUYaTelbHas GopMyia Jisd pacyéra HalpsKEHUs cpa-
O6arsiBanna MT3 ¢ myCcKOM 110 HaIPSKEHUIO: _ Y s
Ve ™ Kiu Ko

Hanpsoxkenne Upag.vun. 00BIYHO puHUMaeTcs Ha 5-10 % Huke HOpMaJIbHOTO 3HaYe-
HUS.

YyBCTBUTEIHHOCTH 3aIUTHI 10 HANPSKEHUIO TIPOBEPSETCS 0 MAKCUMAIIbHOMY 3Haye-
HUIO HAIPSHKCHUA IPU K.3. B KOHIIC 30HbI I[€I>'ICTBI/I$I 3al0MTHI, ITPU 3TOM KOBq)(bI/Hll/IeHT YyYBCTBU-

TCJIIBHOCTH:

Klt, = U = Z 1’5 ;

U KMmakc

Hanpsxenue cpabaTbiBaHUs pesie MAaKCUMaJIbHOTO HANPSKEHUs, pearupyromero Ha
NOSIBJICHUE HANPSDKEHUS HYJIEBOM MOCIEI0BATENBHOCTH OTCTPAUBAETCS OT HAINPSDKEHUS He-
Oananca ¢uIbTpa HANPSHKEHUN HYJIEBOU MOCIEI0BATEILHOCTH (OOMOTKH Pa30MKHYTOTO
tpeyroiasHuka TH), T.e. Ucp>Uxs 1 00b19HO puHUMaeTcs paBHBIM 15-20 % makcumaib-

HOT'O HAlIPAKCHHUA Ha 3aKUMaAX PCJIC IPpU O)IHO(baBHBIX K.3.
Ykazanue no mexnuke 6ezonacnocmu:

VYka3zaHus 1o TeXHUKE OE30MMaCHOCTH MPH BBIITOJIHEHUH J1a0OpAaTOPHBIX pabOT MPUBEIEHBI

B IIPWJIO’KEHUE A.
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Ykazanua no eévinoanenuro nadbopamopnoii pabomot:

1) Co0parts cxemy s1abopatopHbix ucnbeitanuii puc. 3 (BCE momynu cteHaa TomKHBI
oeiTe OTKJIFOUEHBI!).

[ToaxmrounTe aHANIOroBbBIE KaHAJIBI MOJYJIS BBOJAA-BBIBOJA JJI WM3MEPEHUS JIMHEHHBIX
HaIpsHKEHUH MOJYJIsS BBIKIItOUatens kadenpHou JIDII nepBoit cekiuu cOOpHBIX muH (KaHan A4
Ha HanpsbkeHue AB, kanan AS Ha Hanpsbxkenue BC, kanan A6 Ha HanpspkeHue CA) u u3smepeHus
(a3HBIX TOKOB BBOJA MEPBOM ceKInK cOOpHBIX mUH (kaHain Al k ¢aze A, xanan A2 k ¢ase C).
Bxoxa monyns Beikirouaresnss Koporko3ambikarens QK3 moakimounTs K MOLYIII0 KOPOTKO3aMbIKa-
Tens, a Beixoq — K kiiemmam Al, B1, C1 Mmoayns BeikmrouaTens kadbenbHoi JIDII mepBoii cexuun
coopubix mmH. [lepeBectn nepexirouarenu SA1 moxyns TpexdasHoit ceti, SA2 BBOJHOTO BbI-
KJIIOYaTessi, BeIKItouaTesne kadbenpnon JIDII, nBurarensHON Harpy3ku U CEKIIMOHHOTO BBIKITIO-
yartelid B nojoxxeHue «ABT». [lepeBectu nepexntouarenu SA3 Moayiell BBOJHOTO BBIKIIIOUATENS
U BBIKJIKOYATENsI KOPOTKO3aMbIKATENsl B BEPXHEE MOJI0KEHHE. BKIIOYMTh aBTOMATUUECKHUE BbI-
kirouatenu QF1..QF3 Ha nuueBoit nmanenan Moayisi KOpOTKO3aMbIKaTens. BkirounTs aBTOMaTu-
yeckue Boikiouarenu QF1.. QF4 Ha Moaynsax akTUBHOW Harpy3ku. BKIOYNTh MUTaHUE CTEHJIA
aBTOMaTuyeckuM BoikiouaresneM QF1, pacronokeHHbIM Ha MOJTyJie TUTaHUA cTeHaa. BkiounTts
MUTaHUE BCEX MOYJEH, UMEIOIINX UHIUBUYaIbHbIA TyMOnep nogaun nmutanus SA1 «CeTb.

2) Ha nepconansHOM KOMITBIOTEPE 3aITyCTUTH MPOrpaMMHBIi KoMIuieke «DeltaProfi»
(ITyck - Ilporpammer — JlaboparopHsbiii komiuiekec — DeltaProfi). OTkpbsITe 1ab0paTopHyto pa-
6oty komanaoi «Pabotel — Peneitnas 3ammuTa u aBTomatuka - Pabora Ne03 MT3 ¢ myckoMm 1o
HaIPSKEHUION.

3) B mporpamme «DeltaProfi» nepesectu 3amuty MT3H B pexxum paboTh «1eiicTBIE
Ha CUTHaJ» (IBOMHOM IIETYOK JIECBOM KHOMKOW MBIIIU Ha npsaMoyroiabHuke «MT3H», B mosBuB-
[IeMcsl JUAJIOTOBOM OKHE YCTaHOBHUTH IMepeKirodareisb «Pexum paboThl» B MOJOKEHHE «CHT-
HaJ).

4) 3anycTuTh nporpaMmmy B paboTy kHOMKOM «I1yck» miau KoMaH0# TJIaBHOTO MEHIO
«Ynpasnenne — [lyck» wnu ropsiuent knasumen F5S.

5)  JIuCTaHIMOHHO BKJIIOYHTH BBIKIIIOUATENb Q1 OAMHAPHBIM MIETUYKOM JIEBOM KHOIKU
MBIIIH 110 3eJIEHOMY MpsAMOYrolbHUKY «Q1». [Iporpamma Bcerma oToOpakaeT TEKyIee CoCTOos-
HUE BBIKJIIOYaTeIs (3€JICHbIH - OTKIIIOUEH, KPAaCHBIM — BKJIIOYEH). AHAJIOTHYHBIM 00Pa30M BKIIO-
yuTh BeIKtoyarenn Q3 u Q6. [lpu aToM Ha MHEMocXeMe 0TOOpaKkatoTCs MTHOBEHHBIC 3HAUCHHSI
TOKOB U HAIPSDKEHUH, COOTBETCTBEHHO, BO BTOPUYHBIX O0OMOTKAX U3MEPUTENBHBIX TpaHchopma-

TOPOB TOKA U HAITPAKCHUA.
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6) 3amnmcaTh 3HAYEHHE TOKA BO BTOPHYHON 0OMOTKE H3MEPHUTEIHHOTO TpaHCchopMaTopa
TA3, nporoprimoHanbHOE TOKY Harpy3KH BBOJA MEPBOM CEKIIMHU COOPHBIX MIKH Iy, max TPU BKIIIO-
4EHHOM JIEBOM MOJIyJIe aKTHBHOM HAarpy3kd. 3amucarh 3HaYCHHE HANPSOKCHUS Ha BBIXOJE U3Me-

putenbHOro Tpanchopmaropa TV 1 Uy min.

7) Paccuurath TOK cpabarpiBanms 3anutel MT3H o ¢popmyre:
K,
I Cc.3 k_ In. max

Koaddunment nanexxnocTs npuHATH paBubiM Ky = 1,2.

Koaddunment Bo3Bpata pese Toka npuHATh paBHbIM K = 0,95.

OTKpBITH AMAIOTOBOE OKHO HACTPOWKH MapaMEeTPOB 3alIUTH ABOWHBIM ILETYKOM JIEBOU
KHOINKOM MbIIK Ha npsiMoyronbHuke « MT3H», B mosiBuBIIEMCSI 11ajIOrOBOM OKHE BBECTH pac-
YEeTHBIN TOK U HanpsbkeHue 220B cpabarbiBaHus 3aIMTHI. /[nanoroBoe OKHO 3aKphITh.

8) [Tepesectu 3ammuty MT3H B pexum aeiictBus Ha oTkioueHue. Co3aaTh KOPOTKOE
3aMbIKaHUE BKIIIOUEHUEM BBIKJIIOUATENsI KOpPOTKO3aMmbikaTens. [lpu mpaBuibHO BBIOpAHHBIX
yCTaBKax, 3alluTa cpabaThIBaeT, OTKII0Yasl BeIKIoUaTenb Q3.

9) OTKIIIOUUTDH BBIKJIIOYATENIb KOPOTKO3ambikaTesst. COpOCUTh yKa3aTeIbHOE pee 3a-
el MT3H.

10) [Tepesectu 3amuty MT3H B pesxxum paboThl «IeHCTBUE HA CUTHA

11)  JucTaHIMOHHO BKIHOYNTH BeikIouaTenn Q3, Q5, Q7 u Q8. IIpu stoM, Ha MHEMO-
cXxeMme 0TOOpakaroTCsi MTHOBEHHbIE 3HaYeHMsI TOKOB M HAIIPSDKEHU M, COOTBETCTBEHHO, BO BTOPHY-
HBIX 0OMOTKaX U3MEPUTENIBHBIX TPAHCPOPMATOPOB TOKA U HATIPSIKEHUS.

12)  3amucarh 3HAYE€HHE TOKA BO BTOPUYHON OOMOTKE M3MEPHUTEIBHOIO TpaHchopma-
topa TA3, mpornoplimoHalbHOE TOKY Harpy3Kd BBOJIa MEPBOM CeKIIMU COOPHBIX MIUH iy max TpH
MOJTHOM aKTUBHOW M MHIYKTUBHOW Harpy3ke. 3amucarh 3HaYeHUE HaIPsHKeHUS Ha BBIXOJIE H3Me-
putenbHOTO Tpanchopmaropa TV 1 Ux. min .

13) Paccunrate Tok cpabarpiBanus 3ammutel MT3H 1o dhopmye:

Koaddunment nanexxHocT npuHATH paBHbiM Ky = 1,2.

Koaddumnment Bo3BpaTa perne Toka npuHATH paBHbIM K = 0,95.

8) PaccunTtath  HanpsoKeHHe cpabaThIBAHUS 3AIUTHI IO (GopMyIIe:
k
— H
Ues= k—'UH. nin

8

Koadhdunment nanexxnoctu npuHaTh paBabiM Ky = 0,8.
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Koaddunment Bo3Bpara pejie HanpsHKCHHUS TPUHATH paBHBIM Ky = 1,05.

OTKpBITH AMATIOTOBOE OKHO HACTPOWKH IapaMETPOB 3AIMTHI ABOMHBIM ILLIEIYKOM JIEBOH
KHOIIKOM MbIIIK Ha npsimoyrosibHuke « MT3H», B mosiBUBIIEMCS 1MajI0rOBOM OKHE BBECTHU pac-
YETHBIH TOK U HalpsDKEHUE cpadaTbIBaHUA 3aLUTHI. [[MaJoroBoe OKHO 3aKPHITh.

14)  Tlepesectu 3amuty MT3H B pexum aelicTBUs Ha oTKIr0UeHHe. CO31aTh KOPOTKOE
3aMbIKAaHWE BKJIIOUEHHEM BBIKJIIOYATEIS] KOpOTKO3aMblkaTessd. [Ipu mpaBHUiIbHO BBIOpAaHHBIX
yCTaBKax, 3allUTa CpadaTbIBaeT, OTKI0Yask BBIKIOYaTeb Q3.

15)  OTkiI0YHTH BBHIKIIOYATEIh KOPOTKO3aMbIKaTe . COPOCHTH yKazaTenbHOE pere 3a-
mutel MT3H. Briarounts BeikIOUaTens Q3.

16)  [us ucciieioBaHus MOBEICHHS 3aIlUThI MPH MTyCKE JIBUTATEIILHOM HAarpy3ku oopa-
TUTHh BHUMaHUE Ha TO, YTO TOK B U3MEPHUTEIHHOM TpaHchopmarope TA3 3HaUNTENHHO IPEBhIIIACT
TOK CpabaThIBaHUs 3aLIUThI, PACCUMTAHHBIN, KaK B I1 7), Tak ¥ B 1. 13). OnHako, npu npaBUIbLHO
BbIOpPAaHHBIX YCTaBKaX, 3alllUTa HE CpabaThIBAET.

17)  Orxirounts Bee BhIKIFOUaTenu. OCTaHOBUTB POrpaMMy KHOMKO# «CToI, KOMaH-
JI0M riaBHOro MeHo «YmpasieHue - Cton» uiau ropsiuedt kiaBuieil F6. OTKIIIOUNTh NUTaHKUE
CTEH/A.

18)  Cpenath BBIBOJBI O CENCKTUBHOCTH ACHCTBUSI 3alIHUThI, OOBSCHUTD, IOYEMY 3a-
mMTa He cpabaThIBaeT MPHU BBIXOJE JBUTATENs] HA HOMUHAIBHBIM PEXUM, KOT/Ia IMyCKOBOW TOK
MPEBBILIAET TOK YCTABKH 3alllUThI, yKa3aTh 0OCOOEHHOCTH JAHHOTO BUJIA 3AIIUTHI IO CPABHEHHUIO C

00braH0it MT3. Oopmuts oTueT no JabopaTopHOil padoTe.
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MakcuManbHas TOKOBas 3a1uTa C ITyCKOM 11O HAITPAKCHHIO. Muemocxema

Cooepocanue omuema:

OT4YeT OJKEH COAepIKaTh:

—_—

. HazBanue pa0OoTsl;
. Lenb paboThI;

. KpaTKI/IC TCOPCTUUCCKHUEC CBCACHMU,

2
3
4. OnrcaHue UCIoJIb3yeMOoro 000pyI0BaHMS U MAaTEPUATIOB;
5. Ilopsok BBIONTHEHUS pabOTHI;

6. Beruncnenus u o6paboTKa pe3yabTaToB;

7

. BeiBOIBI.

Konmponwvnwie eonpocwi:

1. [Touemy mpu BBIOOpE YCTABKH MO TOKY /Ul MAaKCHMAJIBHOM TOKOBOM 3alUTHI C OJIOKH-
POBKO¥ 10 HAMPSKEHUIO HE YYUTHIBAIOT KO (UIIMEHT caMo3alycKa ABUraTeIbHOU Harpy3ku?

2. Kak BiusieT HalMuue MyCKOBBIX OpPraHOB HAIIPSHKEHUSI B CXEME 3alllUThl Ha €€ YyBCTBU-

TEJIILHOCTBH?
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3. Ha3oBuTe OCHOBHBLIE JOCTOMHCTBA M HENOCTATKH MAKCUMAaJILHON TOKOBOM 3aIlUTEI C
0JIOKHPOBKOM 110 HATIPSKEHUIO.

4. Kak noBiusier 0OpbIB B M3MEPHUTEIBHBIX IEMAX HAMPSHKCHUS HA CEICKTUBHOCTDH JICH-
CTBU 3aIUTEI?

5. Kak npou3BOUTCS OLIEHKA YYBCTBUTEIBHOCTH U3y4aeMOM 3aIlUThI?

6. 3adeM Ha peJe TOKa, HAMPsHKCHUS, BpEMEHH, UCTIOb3YeMbIe B IaHHOUW padoTe, moaaeTcs

JOIIOJIHUTCIIbHOC MHTaHKuC?
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Jlabopamopnan paooma Nel2. L{ugpposevie pene. Lugpposvie cucmemot ynpasnenusn u

coopa ungpopmayuu. /lugppepenyuanvnan 3auguma mpancgopmamopa.

Henv pabomer: VI3yauThb npuHIUI neldcTBHUS uddepeHInaabHON 3aKThl TpaHchopma-
TOpa, U3Y4YUTh 0COOCHHOCTHU Ar(depeHIInaIbHbIX 3alIUT TpaHCHOPMATOPOB, CBSI3aHHBIE C HEOO-
XOJIMMOCTBIO BBIPABHUBAHUS BTOPHUYHBIX TOKOB 110 BEIMYMHE, U3YYUTh OCOOCHHOCTH HACTPONKHU
napameTpoB auddepeHmanbabx pene ¢ Topmoxkenuem tuna J[3T-11, uccnenoBars ¢GpakTopsl,

BJIMAIOIIHUEC HA CCIICKTUBHOCTD, 30HY HeﬁCTBHH N YYBCTBUTCIIBHOCTD 3allIUTHI.

OcHogvl meopuu:

Jliist 3a1muThl TpaHCPOPMATOPOB OT KOPOTKHX 3ambikanuil (K3) mexay dazamu, Ha 3eMITIO
Y OT 3aMbIKaHH BUTKOB OJHOU (ha3bl HIMPOKOE paclpocTpaHeHue monyunia guddepeHnnanbHas
3anuTa. [punmun neiicteus nuddepeHnuanbHoi 3amuThl TpaHcHOPMaTOPOB, TAKKE Kak U JUd-
dbepeHIManbHOM 3alUThl IMHUN U IIUH, OCHOBAH aH CPAaBHEHUU BEJIMUMHBI M HAIIPABJICHUS TOKOB
JI0 | TIOCJIE 3aIMIIaeMoro 3JeMeHTa (B JaHHOM citydae TpaHcopmaropa). Ilpu BHemnem K3 u
Harpy3Ke TOKH ¢ 000uX KOHIIOB TpaHc(opMaTopa HampaBleHbl B OAHY CTOPOHY, U HaXOJATCS B
OTIpeIeIEcHHOM COOTHOLIEHUH, paBHBIM KoddduumeHty Tpanchopmaruu tpanchopmaropa. [lpu
K3 B TpaHchopmarope TOKM HampaBICHBI BCTPEYHO OT IIWH K MECTYy MOBPEXKACHHS. B mepBom
cllydae 3allliTa He JJOJDKHA JIeHCTBOBaTh, BO BTOPOM — JIOJIKHA paboTarh. C y4eTOM 3TOro U BBI-
MOJIHSIETCS] CXEMa 3aIIUThI.

N3meputenbHbie TpaHCc(hOpPMATOPHl TOKA, MUTAIOLINE CXEMY, YCTAaHABIUBAIOTCS C 00EHX
CTOpOH 3amuiaeMoro Tpanchopmaropa. JuddepeHuaibHoe perne BKIIOYACTCS MapauieIbHO
BTOPUYHBIM OOMOTKaM TpaHchopMaTopoB Toka. s Toro, 4roObl 3amuTa He paboTaia Npu
Harpy3ke u BHemHux K3, HeoOX0oauMo ypaBHOBECUTh BTOPUYHBIC TOKH B IUIEYaX 3alIUTHI TakK,
YTOOBI TOK B peJie, paBHBINA UX PA3HOCTU, OTCYTCTBOBAJ. DTO SBJSETCS YCIOBUEM CENIEKTUBHOCTHU
3amuThl Tpu BHENTHUX K3.

B nuddepennmanbHoii 3anuTe TMHUN EPBUYHbIE TOKH B Ha4ajia U B KOHLIE 3aI[UIIIAEMOT0
y4acTKa OJIMHAKOBBI, IO3TOMY JIJIsl BHIITOJIHEHUS YCIIOBUS CEIEKTUBHOCTH JOCTaTOYHO UMETh pa-
BEHCTBO K03 puireHToB Tpancopmaiuu TpaHcGopmMaTopoB Toka. IHOE MONI0KEHHE UMEET Me-
cto B nuddepeHmanpHoi 3anmTe TpanchopmaTopoB. [lepBuunbie TOKH 0OMOTOK TpaHchopma-
TOpa HE PaBHBI 110 BEJIMUYMHE U B 00IIIEM ClTydae He COBMAIAIOT 1o ¢ase.

B tpancdopmatope ¢ coeqnHeHreM 00MOTOK 3B€3/1a-TPEYTOJIbHUK TIEPBUYHBIC U BTOPUY-
HbIE TOKH OTJIMYAIOTCA 110 BeNU4YKMHE U (ase. B Tpancdopmarope ¢ coenuHeHrneM 00MOTOK 3Be3/1a-

3B€3J1a TOKH pa3Invdar0oTCA TOJbKO IO BEJIMYHHC.
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BripaBHMBaHME NEPBUYHOTO U BTOPUYHOT'O TOKOB 3alllMIIaeMOro TpaHchopMaTopa ¢ co-
eMHCHHEeM 0OMOTOK 3BE3/1a-TPEYroJbHUK MO (pa3e OCYMIECTBISICTCS COCTUHEHUEM B TPEYTOJIb-
HUK BTOPHUYHBIX 0OMOTOK TpaHC(HOPMATOPOB TOKA, YCTAHABIUBAEMBIX CO CTOPOHBI 3BE3/IbI CHJIO-
Boro Tpanchopmaropa. CoeiMHeHHE B TPEYTOJIbHUK OOMOTOK TpaHC(HOPMATOPOB TOKA JOJIKHO
TOYHO COOTBETCTBOBATh COCIUHEHHUIO B TPEYroJbHUK OOMOTOK CHIJIOBOTO TpaHchopmaropa.
TpanchopmaTopsl TOKa, pacCloI0KEHHBIC HAa CTOPOHE TPEYTOJIbHUKA CHIIOBOTO TpaHC(hopMaTopa,
COCIIMHSIOTCS B 3BE31TY.

BripaBHUBaHME BEJIMYUH BTOPUYHBIX TOKOB B IIedax AUQepeHInaIbHON 3aluThl 10-
cturaeTcs rnmoaoopom koddduimeHToB Tpanchopmaiuu TpanchopmaTopoB Toka auddepeHim-
QITBHOU 3aIIHUTHI U ITAPAMETPOB CIICIIUATBHO IS 3TOH [IEIM YCTaHABIIMBAEMBIX TPaHC(HOPMATOPOB
WA aBTOTPaHC(HOPMATOPOB.

Benuunna toka Hebananca B auddepeHunanbHON 3amuTe TpaHchopMaTopoB OKa3biBa-
eTcsl 00BIYHO OoJIbIeH, yeM B Aud hepeHIInaTbHOMN 3aIIUTe JIMHAKA U IITHH, YTO OOBSICHACTCS HAJIH-
YUEM JIOTIOTHUTEIBHBIX COCTABIISIFOIINX B TOKe HeOanmaHca. Emie omHUM (akTopoM, BIUSIOMIAM
Ha padoty muddepeHnanbHON 3aUTHI, IBISIOTCS OPOCKH TOKAa HaMarHWYMBAHUS TPU BKIIFOYC-
HUU TpaHchopMaTopa Mo HapsHKEHHE.

[Ipumenenue ObicTpoHachimaomuxcs TpanchopmaropoB (BHT) mo3Bossier BBIMOIHUTH
MPOCTYIO M OBICTPOACHCTBYIONIYIO (P HEPCHIIMATHHYIO 3aIIHUTY, HAJCKHO OTCTPOCHHYIO OT TO-
KOB HeOasaHca 1 OPOCKOB TOKOB HAMarHUYMBaHUS.

B nuddepennmanbHpix 3amurax, yCTAaHOBIEHHBIX Ha TpaHc(opmaropax ¢ peryiupoBa-
HUEM HaNpsDKEHUs MOJ Harpy3KOW MM MHOTOOOMOTOYHBIX TpaHcopMaTopax ¢ HECKOIbKUMHU
MUTAIONIMMHA OOMOTKaMH, TOKA HeOaJlaHCa B YCTAaHOBHBIIIEMCS PEKHME UMCIOT 3HAYUTEIIBHYIO
BEIMUMHY. B 3TuX cinyyasx auddepeHuunanbHas 3almra ¢ pesie, BKiIodeHHbIMU yepe3 BHT, no-
JTy4aeTcsl Malo4yBCTBUTENbHOU. UyBCTBUTENHHOCTD AU(dEpEeHIINaTbHON 3alIUThl B YKa3aHHBIX

CIIydasx MOXET OBITH ITOBBIIIICHA IIyTEM IPpUMCHCHU A nn@cbepeHuHaanHX peiie C TOPMOKCHUCM.
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B nanHOM 3KCIIeprMeHTe MOJACIHpPYETCs TpaHCPopMaTop (CM. pHC), OOMOTKH KOTOPOTO

MOTYT UMETh CXEMY COSAMHEHUS 3Be3/1a-3Be3/a WU 3Be37a-TpeyroabHuK. OHa CTOpOHA TpaHC-
dbopMaTopa MOAKIIOYEHA K UCTOYHUKY MUTAHUs, Ipyras — K Harpy3ke. C o0eux CTOPOH TpaHC-
(dopMaTopa BKIIOYEHBI U3MEPUTEIbHBIE TPaHC(HOPMATOPHI TOKA M TPEXITOJIOCHBIE BHIKIIIOUYATEIH.
Cy1ecTByeT BO3MOXKHOCTh YCTpauBaTh KOPOTKHME 3aMbIKaHUs Ha BBIBOJIaX TpaHC(opMaTopa U Ha
HIMHAX HATPY3KH.

Ha xommproTepe ¢ moMoIIbio CreUuaibHON TporpaMMbl Moaenupyercs auddepeHmans-
Has 3ammTa TpanchopMaTopa. 3aluTa HaCTPauBaeTCs MOJ HY)KHOE COSIMHEHHUE U HANpsKeHNE
00MOTOK cuioBoro Tpancdopmaropa. Takke 3amura MOKeT paboTaTh C TOPMOKEHUEM OT TOKa
BHenrHero K3 nnm 6e3 nHero. [Ipu cpabaTeiBaHuu 3anuTa BO3IeHCTBYET HA 00a BBIKIIOYATEIS.

[Ipu npaBunbHO cOOpaHHON CXeMe U KOPPEKTHO BBIOPAHHBIX YCTaBKaXxX 3allluTa JOJKHA
cpabaThIBaTh MPU 3aMBIKAHUH B €€ 30HE JICUCTBUS U HE JJOJDKHA JeiicTBoBaTh pu K3 Ha BeIBOIax

Harpys3Ku.

Ykazanue no mexnuxe 6esonacnocmu:
VYka3zaHus 1o TeXHUKE O€30MMaCHOCTH MPH BBIITOJIHEHUH J1a00paTOPHBIX pabOT MPUBEIEHBI

B IIPUJIOKEHNE A.

Ykazanusa no evinonnenuto nadvopamopnoii pabomut:

1) Cobparts cxemy nabopatopHbix ucneitanuii puc. 4 (BCE momynu cteHaa T0MKHBI
oerre OTKJIFOYEHBI!). TToaxknrounTs aHamoroBbie KaHAIBI MOJTYJISI BBOJIa-BBIBOA TSI U3MEPE-
HUS TOKOB CO CTOPOHBI BEICOKOTO M HU3KOTO HAMPSHKEHUS CHIIOBOTO TpaHC(hopMaTopa Ha MepBOr

cekiuu cOopHbIX muH (kaHan Al x ¢asze A co croponst BH, A2 x ¢aze A co croponst HH).
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Monynb BeIKIIIOHYaTENsT KOpoTKo3aMmbikaTest QK3 ¢ 0aHOM CTOPOHBI MOJKIIOYUTh K MOJYIIIO KO-
POTKO3aMBIKaTEs, a ¢ Ipyroil ctopoHsl — K kiiemmam Al, B1, C1 moaysnst BeIkiitoyaresst Kabelnb-
Hoii JIDII nepBoii cekunu coopHbIx mmH. [lepeBectu nepeximouarenn SAl Moxyns TpexdasHoi
cetd, SA2 BBOJIHOTO BBIKJIIOUATENS, BBIKIItOUaTeNs kadenpHou JIDII, nBurarenbHoOi Harpy3ku u
CEKIIMOHHOT'O BBIKJIIOYATENsl B moJioxkeHue «ABT». IlepeBectn mnepexmtouarenu SA3 Mopayneit
BBO/IHOT'O BBIKJTIOUATES M BBIKJIFOUATENSI KOPOTKO3aMBIKATENs B BEpXHEE MoJI0KeHUe. BKItounTh
aBromatuyeckue BoikatouaTenu QF1..QF3 na nuueBoil maHenn MOAyNsl KOPOTKO3aMBIKATEIIS.
Bxirounts aBroMarnueckue Boikitrouatrenu QF1.. QF4 na moaynsax aktuBHOW Harpys3ku. Bxito-
YUTh IUTAHUE CTEHJA aBTOMaTH4YeCKUM BbikiItouareneM QF 1, pacrnonoxeHHbIM Ha MOJIyJIe MUTa-
HUA cTeHJa. BKIIIOUNTh muTaHue BCceX MOJYJIEH, MMEIONINX UHAUBUAYAIbHBIN TyMOJIep moaadn
nutanus SAl «Cetby.

2) Ha nepconanbHOM KOMITBbIOTEPE 3ayCTUTH MPOrpaMMHbIi Komruieke «DeltaProfix»
(ITycxk — Ilporpammsr — JlaGopaTtopHsiii komiuieke — DeltaProfi). OtkpeiTh 1a060patopHyto pa-
6oty komangoi «Pabotel — Peneiinas 3amura u aBromatuka — Padora Ne04 [Tuddepennmans-
Hasl 3aluTa Tpanchopmaropar.

3) B nporpamme «DeltaProfi» nepesectu 3amuty 3T B pesxkum paboThl «aeicTBHE
Ha CUTHaM» (IBOMHOM IIETYOK JIEBOM KHOMKON MBIIIM Ha HpsMOyroiibHuke «J3T», B MOSABUB-
IEeMCSl THAJIOTOBOM OKHE YCTaHOBUTH NEpekitouaTesb «PexxuM paboThl» B IMOJOKEHUE «CHUT-
Ha),

4) 3anmycTUTh NporpaMmy B paboTy kHOMKoH «Ilyck» min KoMaHAON TTTaBHOTO MEHIO
«Ymupasinenue - [lyck» unu ropsueit kinasumieit F5.

5) JIMCTaHIIMOHHO BKJIIOYUTH BRIKITIOUaTENh Q1 OIMHAPHBIM MIETYKOM JIEBOW KHOIIKH
MBIILIY TI0 3€JIEHOMY MPSMOYTIOJBHUKY C BCILIbIBaromIen nmojackaskoil «Q1». Ilporpamma Bcerna
0TOOpaxkaeT TEKYIee COCTOSIHUE BBIKIIOYATENs (3€JIeHbI — OTKIIOYEH, KPACHBINA - BKIIOUEH).
AHanoru4HeIM 00pa3oM BKIIIOUUTE BhIKIouaTenu Q3, Q5, Q6, Q7 u Q8. IIpu sTom, Ha MHEMO-
cXeMe 0TOOpa)karoTCsi MTHOBEHHBIE 3HAYEHUS TOKOB BO BTOPUYHBIX OOMOTKAaX M3MEPUTEIbHBIX
TpaHcGOpMaTOPOB, MPONOPIMOHATIbHBIE TOKaM NiepBUYHOM 1 1 BropuuHoit 12 06MOTOK 3amuiia-
eMoro TpaHcopmaTopa. 3aHeCTH JaHHbIC 3HaYeHHS B Ta0nuiy 4.1.

6) Coznath BHelrHee TpexdazHoe KOPOTKOE 3aMbIKaHHE BKIFOUEHHUEM BBIKITIOUATEIs
KOpOTKO3aMbIKaTesl. OnpenenuTh 3HaYeHNsI TOKOB TIEPBUYHON U

BTOPUYHOU OOMOTOK TpaHChOpMaTopa B PEKUME BHEITHEr0 KOPOTKOTO 3aMbIkanus |k u

Ix . 3anecTu JaHHBIC 3HAYCHUA B Ta6n1/1uy 4.1. OTKIIOYUTH BEIKIIOYATEIb KOPOTKO3aMbIKATCJIA.

Taomura 4.1.
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ITapamerp 3HaueHue

Toxk Harpy3sku co croponsl BH 11, A

Tok Harpy3ku co croponst HH 12, A

Tok BHeLIHEro KOpOTKOro 3amblkanus co ctoponsl BH lix , A

Tok BHemIHero KOpoTkoro 3ameikanus co cropousl HH Ik ,A

Tok cpabarbeiBanus pene Icp , A

Uwrcio BUTKOB 2 YpaBHUTEILHON OOMOTKH By =@,

Uwucio BUTKOB 1 ypaBHUTEIIBHOW OOMOTKH ¢ —w

neocn. wp. 1

PacueTHOe 3HaueHKe Toka HeOalaHca

| ws.pacy, A
Uuciio BUTKOB TOPMO3HON OOMOTKH ¢

mopm.

7) Paccunrarh Tok cpabaTeiBaHUS pelie 1o hopmyie:

__ “omcmp. : |2

|
cp
Nz

Koaddurment orctpoiiku Korerp. IpUHSTH paBHBIM 1,5;

Koadduuuent tpanchopmanmu Ntar Tpanchopmaropa Toka TA1 npunsats paBabmm 0,1.

3aHecTH 3HaYeHUE TOKa cpabaThiBaHus pene B Tabnuny 1.4.

8) OnpenenuTh pacueTHOE YMCII0 BUTKOB 2" ypaBHUTEIHLHON 0OMOTKHM Il OCHOBHOM
croponsl (cropona HH) mo ¢popmyie:

100

ocH. pacu. I
cp

BbIGpaTh YnCII0 BUTKOB 27 ypaBHATEIBHON OOMOTKH (o, = ®,, ,» KaK OImKaiiee menoe

3HaueHUe, 3aHECTH ero B Tabmuy 1.4.
9) OnpesieUTh PacueTHOE YUCIIO BUTKOB 17 ypaBHUTENBEHOM 0OMOTKH /171l HEOCHOB-
HO cTopoHs (ctopona BH) mo ¢popmyie:

OCH. pacu. ’ IOCH. I

2
HEOCH.OCH. I OCH. pacu. I
1

HEOCH.

bI Th U CJIO BUTKOB i BHUTCIIBH ﬁ MOTKU = w KaK OJINK I7H].I MCHBb-
Briopa (o) (o} oB 1" ypa eJILHOIT 00MO e yp.1a6 aifiee Me

1Iee 1eyioe 3HaueHne, 3aHeCTH ero B Tabmuny 1.4.

10)  Onpexenuth pacyeTHOE 3HAYCHUE TOKA HebaaHca 1o Gopmyoe:

HeoCH. pacH. a)H(?OCH.

N "o _
IHE.PACL/._|H5+|H5—(I1K_I2K)+ '|2K

(0

HEOCH.

3aHecTy JaHHOE 3Ha4YeHue B Tabnuiy 1.4.
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11)  OmnpenenawnTh pacyeTHOE YHCIO BUTKOB TOPMO3HOM 0OMOTKH 10 hopmyiie:

I HE.PACY. ' a)neocmopacq.

I, -t9a

mopm. pacu. ' ~omcmp.

[Mpunsts tg & =0,75
Koaddurment orctpoiiku Korerp. IpUHSTH paBHBIM 1,5;

Br16paTh 9ciio BUTKOB TOPMO3HOH 0OMOTKHU @,y KAK OJIrKaMIIee 1[EJI0€ U3 BO3MOKHBIX

3HaueHul ycraBok pene JI3T-11, 3anectu ero B Tabnuuy 1.4.

12) B HacTpoiikax mapameTpoB 3alIUThI (ABOMHOM MIETYOK JIEBOW KHOIKON MBIIIN Ha
npsaMoyrosnbHuke «J13T») 3anate paccuuTaHHbIe 3HAYEHUS YUCE] BUTKOB TOPMO3HOM U ypaBHU-
TeJIbHBIX 0OMOTOK. [lepeBecTy 3amuTy B peskuM J1eHCTBHSI HAa OTKIIIOUYEHHE.

13)  Co3aarh BHEIIHEE KOPOTKOE 3aMbIKaHHE BKIFOUCHHUEM BBIKIIIOYATEISI KOPOTKO3a-
MBIKaTeNs. YOeIUuTCsl B TOM, YTO 3alUTa HE CpadaThIBACT MPU BHEIIHEM KOPOTKOM 3aMBIKAHHH.
OTKIIIOYUTD BBIKJIIOYATEIb KOPOTKO3aMbIKaTeNsl. OTKIIOUUTB BCE BRIKIIOYATENH. OTKIFOYUTH H-
TaHue cTeHja. VI3MEHUTh TOUKY MOAKIIOUYEHHUS BBIKIKOYATENS KOPOTKO3aMBbIKATENS ISl CO3/1aHuUs
KOPOTKOro 3aMblkaHus Ha ctopoHe HH cunoBoro tpancopmaTopa nepBoii cekiiu COOpHbIX IIUH
(xnemmbr A2, B2, C2 monyns cunoBoro Tpanchopmaropa). Bkiarounts nutanue crenaa. Broro-
ynTh BeIKIOUaTean Q1, Q3, Q5, Q6, Q7 u Q8.

14)  Co3zaath KOPOTKOE 3aMbIKAHHUE BKITFOYCHHEM BBIKIHOUYATEIS] KOPOTKO3aMbIKATEIS.
[Tpu npaBUIIbHO BBIOPAHHBIX yCTaBKax, 3allUTa cpadaThIBAaeT, OTKII0Uas BeikiItouaTenu Q1 u Q3.

15)  OtximrounTs Bee BhIKIFOUaTenu. OCTaHOBUTD MPOrpaMMy KHOTKOH «CTOI», KOMaH-
JIOM TJ1aBHOTO MEHIO «YmpasiieHue - Cron» niaM ropsiued kinasumed F6. OTKIounTh nUTaHue
CTEH/A.

16) CrnenaTh BBIBOJBI O CEIEKTUBHOCTU JEeHCTBUS 3alIUThl. OOBSCHUTH, TOYEMY 3a-
IIMTa HE CpabaThIBAaeT MPU BHEIIHEM KOPOTKOM 3aMbIKAHMM HECMOTPSI HA 3HAUUTENBHOE YBEJIU-
yeHue Toka. OGopMuTh 0TUET 10 TabOopaTOpHOI padoTe.

ITpumeuanue: s rpy0oro BeIpaBHUBAaHUS BTOPUYHBIX TOKOB M3MEPHUTEIBHBIX TpaHchop-
maTopoB Toka TA1l u TA3 MoxHO HcIONB30BaTh pa3inuHble KOG ULIMEHTH TpaHCPOopMaIHH,
3HAYEHUS] KOTOPBIX JOCTYIHBI B OKHE HACTPOEK 3alIUThl. DTO MOXKET MOTPEOOBATHCS B CIIydasX,
KOTJ]a HEpaBEHCTBO TOKOB IUiey Ju(QepeHInaIbHON 3alMThl HEBO3MOKHO KOMIIEHCHPOBATh

TOJBKO BLI60pOM COOTBCTCTBYIOLICTO YHCJIa BUTKOB YPABHHUTCIbHBIX 0OMOTOK.
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Juddepennmanbaas 3ammra TpaHcpopmaropa. Cxema 3IeKTPOMOHTAKHAS
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HuddepennmansHas 3ammra Tpanchopmaropa. MHEMOcxema

Cooepocanue omuema:

OT4YeT OJKEH COAepIKaTh:

—_—

. HazBanue pa0OoTsl;
. Lenb paboThI;

. KpaTKI/IC TCOPCTUUCCKHUEC CBCACHMU,

2
3
4. OncaHue UCIoJIb3yeMOoro 000pyI0BaHUS U MAaTEPHUAIIOB;
5. Ilopsok BBINONTHEHUS PabOTHI;

6. Beruncnenus u o6paboTKa pe3yabTaToB;

7

. BeiBOIBI.

Konmponsnwie eonpocwi:

1. OOBsSICHUTD IPUHIMT AeHCTBUS AU PepeHIInaIbHON 3aHUTHI.

2. Kak ocymiectBisieTcst KoMreHcarus (a3oBoro ciBura Mexay THHEHHBIMU BTOPHYHBIMH
TOKaMH TPYIIIT H3MEPHUTEIBHBIX TPAHC(HOPMATOPOB TOKA CTOPOH CHIJIOBOTO TpaHC(hopMaTopa ImpH
BBITIOJITHEHHUH 3aIUTHI CUJIOBOTO TpaHCc(opMaTopa co CXeMOM CoeMHEHUsI 0OMOTOK «3Be37a/Tpe-

YTOJIBHUKY C TIOMOIIBIO PEJICUHBIX 3JIEMEHTOB?
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3. Kaxk ocymiecTBisieTcss KOMIEHCAIUs HEPAaBEHCTBA BEIMUMH TOKOB CO CTOPOH BBICILIETO
¥ HU3ILIETO HANPSHKECHUH IPY BRIMOJIHEHUH AU pepeHInanbHOM 3alUThl CUIIOBOTO TpaHchopMa-
Topa’?

4. Ilouemy nuddepeHiranpHas 3amuTa He pearupyeT Ha TOKU Harpy3Ku, TOKU BHEIIHUX
KOPOTKHX 3aMBIKaHUI U TOKU aCUHXPOHHBIX KaYaHU B 3JIEKTpocUcTeme?

5. B kakoM TOKOBOM peKuMe pabOThI 3aIUIIAeMOT0 00BeKTa TOK Hebaanca OyaeT MMeTh
MaKCHMaJbHOE 3HaYEHHE?

6. KakoBo OpicTponeticTBre nuddepeHInanbHON 3auThl TPaHCHOPMATOPOB?

7. V3-3a 4yero BO3HUKAIOT COCTABISIONINE TOKA HebalaHca, HUPKYIUPYIOLIETO B U3MEPH-
TEJNBbHOM YacTh A HepeHInaIbHOM MPOJOTBHOMN 3alIUTHl PeaTbHBIX COBPEMEHHBIX TpaHchopMma-
TOPOB?

8. B kakux 1emsx u aJieMeHTaxX U3MEepUTEIbHON YacTH MpOoTeKaeT TOK Hebanmanca qudde-

PEHIMAIBHOM 3alIUThI CUJIIOBBIX TpaHCPOPMATOPOB?
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Jlabopamopnan paooma Nel3. L{ugpposwie pene. Llughposwvie cucmemot ynpasnenusn u

coopa ungpopmayuu. Toxosas 3auguma mpauncgopmamopa.

Heﬂb pa60mb1: I/I3y‘lI/ITB 0COOEHHOCTH pacuc€Ta yCTaHOBOK, CCJICKTUBHOCTH M 30HBI Cpa-
OaThIBaHMS TOKOBOM OTCEYKH M MAKCHMAaJIbHOM TOKOBOM 3allINThI Tpch<1)opMaTopa, H3Yy4UTb O0CO-

OCHHOCTH pacyueTa yCTAaHOBOK 3aIUTHI OT MEPErpy3Ku CHIOBOTO TpaHc(hopMaTopa.

OcHoevl meopuu:

3amuTa OT BHEIIHUX KOPOTKUX 3aMbikaHuil (K3) cimykuT /uig oTkioueHus Tpanchopma-
topa rpu K3 Ha cOOpHBIX MIMHAX WM HA OTXOSIINX OT Hee MPUCOCTUHECHUSX, €CITU 3aIUTHI HITH
BBIKJIFOYATEIN ITUX JIEMEHTOB OTKa3aiau B padore. OITHOBpEMEHHO 3auuTa oT BHemHUX K3 uc-
MOJIB3YETCS U JUIsl 3aIUTHI OT MOBPEXIECHUS B TpaHC(hopMaTope.

Haubonee npoctoii 3ammroit oT BHemHuX K3 sBisieTcs TOKOBass MaKCUMalbHasl 3alUTa.
B Tex cinyuasx, korja ee 4yBCTBUTEIbHOCTh OKa3bIBA€TCSl HEAOCTaTOUHOM, IPUMEHSIOTCS Ooee
YYBCTBUTEJIbHBIE TOKOBbIE MAKCUMAJIbHbBIE 3ALUTHI C IIYCKOM I10 HAIPSKEHUIO WU YK€ TOKOBBIE

3alllUThI O6paTHOﬁ n HYHCBOﬁ IoCJIICAOBATCIIBHOCTH.

IUTAHUA

{ 3aumra

)
\/
'—-@‘ AHFo-
K narpyske é—é I K ucrounuxy

B naHHOM 3KcniepuMeHTe MOJIEIMPYETCs TOHU3UTENbHBIN CHIIOBOM TpaHchopMaTop (CM.
pHC), TOJKIIIOUEHHBINA Yepe3 TPEXITOIIOCHBIE BRIKIIFOYATENIN OJHOM CBOEH CTOPOHOM K UCTOUHUKY
NUTaHUsA, a APYyrod — K Harpyske. B menb mepBUYHONH OOMOTKH TpaHc(opmaTopa BKIIFOUEHBI
TpaHc(hopMaTOpbl TOKA U HanpskeHus. FimeeTcs BO3MOXKHOCTD YCTpauBaTh KOPOTKOE 3aMbIKaHHUE
J1000Tr0 BHJIa HA BHIBOAX BTOPUYHON OOMOTKH TpaHCcpopmaTopa.

C noMo11pto cienuagIbHONU MPOrpaMMbl Ha KOMITBIOTEPE MOJIETUPYETCS MaKCUMalbHasI TO-
KOBas 3aluTa TpanchopmMaTopa, KOTopasi MOXKET UMETh UM HE UMETh OJIOKMPOBKY O HampsixkKe-
HUI0. 3aluTa JecTByeT OJHOBPEMEHHO Ha 00a BBIKITIOUATEIs.

[Ipu npaBuiabHO cCOOpaHHON CXeM€ M KOPPEKTHO BBIOPAHHBIX yCTaBKaXxX 3allluTa JOJKHA

}IGI)’ICTBOBaTB Ha OTKIIFOYCHHUC IIPH BEINICYKA3aHHBIX KOPOTKUX 3aMbIKaHUAX.

Ykazanue no mexnuxe 6esonacnocmu:
VYka3zaHus 1o TeXHUKE OE30MMaCHOCTH MPH BBIITOJIHEHUH JIa0OPAaTOPHBIX pabOT MPUBEIEHBI

B IIpUJIOKEHUE A.
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Ykazanus no evinonnenuio nabopamopmnoii pabomoi:

1) Cobparts cxemy s1abopatopHbix ucnbeitTanuii puc. 5 (BCE momynu ctenaa TomKHBI
o OTKJIFOUEHBI!). [l cHUKEHUS TOKOB KOPOTKOTO 3aMbIKaHUSI, MEXKTy MOTYJIEM TpeXdas-
HOM CeTH U MOJIyJIEM CUIIOBOTO TpaHc(hopmaTopa HE0OX0JUMO BKIIIOUUTH MOYJIb IUHEHHOTO pe-
akropa LR. [Toak/II0unTh aHAIOTOBBIC KaHAJIBI MOIYJISl BBOAA-BBIBOAA NIl U3MEPEHHS (a3HBIX
TOKOB CO CTOPOHBI BRICOKOTO HAIPSHKCHUS CHIIOBOTO TpaHC(hOpMaTopa Ha MEepBOM CEKITUU cOOp-
HbIX muH (kaHat Al x dase A, A2 x ¢aze C). Bxoa momysnst BeIKITIOUaTENST KOPOTKO3aMBIKATEIIS
QK3 noakmounTh K MOAYJII0 KOPOTKO3aMbIKaTes, a BeIxoJ — K kiiemmaM Al, Bl, C1 momxyns
BEIKJTIOUaTens kabenpHOM JIDIT nepBoit cexum cOopHbIx mmH. [lepeBectn nepexmrodarenn SA 1
MoxyJist TpexdazHoi cetr, SA2 BBOJHOTO BBIKITIOYATES, BBIKIItoUaTes kabenpHou JIDII, neura-
TEJIBbHON HArpy3KH M CEKIIMOHHOTO BBIKJIFOUATENs B MosoxkeHue «ABT». [lepeBecTu nepexitoya-
Tenu SA3 MoJylield BBOJIHOTO BBIKJIFOUATENS U BBIKIKOYATENS] KOPOTKO3aMbIKATEls B BEpXHEE 110-
noxkenue. BxmounTts aBToMatuueckue Boikimodarenu QF1..QF3 na nuneBoit manenu Moys Ko-
poTko3ambikaTesns. Bkmounts aBToMatnueckue Boikimovarenu QF1.. QF4 na Mmoaynsax akTUBHOM
Harpy3ku. BkirounTh nuTaHue CTeH1a aBToMaTu4eckuM BbikiItouaTenem QF1, pacnonoskeHHbIM
Ha MOJyJIe MUTaHUs CTeHJa. BKIIOUNMTh NUTaHUE BCEX MOJAYJIEH, UMEIOUIUX WHIUBUIYATIbHBIN
TymOiiep nonauu nutanus SA1 «Cetby.

2) Ha nepconanbHOM KOMIIbIOTEpE 3aITyCTUTh MpOrpaMMHBINA kKoMmIuieke «DeltaProfi»
(ITyck - ITporpammbr — JlaGopaTopusblil kommieke — DeltaProfi). OTkpsiTe 1a00paTOpHYIO pa-
0oty komannoit «Pabotel — Peneiinas 3amura u aBTomatuka - Pabora NeO5 TokoBas 3amura
TpaHcpopmaropar.

3) B mporpamme «DeltaProfi» nepesectu 3amutsl TO, MT31, MT32 B pesxxum paboThI
«JIeHCTBUE Ha CUTHAID (JIBOMHOM IIENTYOK JIEBOMH KHOMKOM MBIIIM Ha MpsiMoyroibHukax «TOy,
«MT31», «MT32», B AMaNOTrOBBIX OKHAX YCTAHOBUTH MepekioyaTens «PexxuM paboTh» B MOJIO-
JKEHUE «CUTHAI»).

4) 3anmycTuTh mporpaMmmy B paboTy kKHOMKO# «I1yck» miam KoMaHA0H TJIaBHOTO MEHIO
«Ynupasnenue — [Iyck» uinu ropssuent knasumen FS.

TOKOBAS 3AIIIUTA TPAHCP®OMATOPA BE3 JIBUTATEJILHOM HAT'PY3KU

5) JIMCTaHIIMOHHO BKJIFOYUTH BBIKJIIOYATENb Q1 OlMHAPHBIM IIETYKOM JIEBOM KHOMKH
MBIIIH T10 3€JIECHOMY NPSIMOYTOJIBHUKY C BCIUIbIBaromien nojackaskon «Q1». IIporpamma Beeraa
0TOOpaxkaeT TEKYIee COCTOSHUE BBIKIIOYATENS (3€NIeHBI — OTKIIOYEH, KPACHBINA - BKIIOUEH).
AHaJIOTHYHBIM 00pa3oM BKIIIOUNTH BeIKIouatenu Q3, Q5, Q6 u Q8. Ilpu »ToM Ha MHEMoOcXeMme
OTOOpaXXarOTCsI MTHOBEHHBIE 3HAYCHHSI TOKOB BO BTOPUYHBIX OOMOTKAX M3MEPUTEIHHBIX TPAHC-

dbopmMaTopoB TOKa.
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6) Co31aTh KOPOTKOE 3aMbIKaHUE BKJIIOUCHHEM BBIKIIIOYATENS KOPOTKO3aMbIKATEs.
OnpenenuTs 3Ha4€HUE TOKA BO BTOPUYHOM OOMOTKE M3MEPUTENBHOIO TpaHchopMaTopa TOKa
TA1 Ik3, IponopuHOHAILHOE TOKY KOPOTKOTO 3aMbIKaHUs. OTKIIOUUTh KOPOTKOE 3aMbIKaHUE.

Paccunrtath TOK cpabaTbiBaHUsl OTCEUYKHU O hopmyiie:

l c3~ IK3 ) komc.

Koaddunment orcTpoiiku mpuHATH paBHBIM Kore, = 1,2.

B HacTpoiikax mapaMeTpoB 3alluThI (IBOWHOMN MIEITYOK JIEBOMH KHOIKOW MBIIIHA HA MPSIMO-
yrosnbHuKe «TO») BBECTH pacCUMTAHHBIN TOK cpabaTbIBaHUS 3alluThl. JlMamoroBoe OKHO 3a-
KPBITh.

7) Onpenenuth 3Ha4€HUE TOKA BO BTOPUYHON 0OMOTKE H3MEPUTEIHLHOTO TpaHchop-
maTopa ToKa TAT I pas. max , MPOMOPIIMOHATFHOE MAKCUMAIILHOMY TOKY Harpy3KH CHJIIOBOTO TpaHC-

dbopmatopa. PaccuutaTh TOK cpabateiBanus 3amutel MT31 o popmyrne:

PRLIALIY
C3™ k pab. max
8

KoaddumpeHT Hane)KHOCTH TPUHATH paBHBIM Ky = 1,2,

Koaddurment 3amycka 1BUTraTesIbHOM HArpy3KU NMPUHATH paBHbIM K; = 1. Koadpduuuenr
BO3BpAaTa peJie Toka NpUHATH paBHbIM Kp = 0,95.

B HacTtpolikax napaMeTpoB 3allUThI (JBOMHON HIETYOK JIEBOM KHOIMKOW MBIIIN Ha MIPSIMO-
yronsHUKe «MT31%») BBeCTH paccuMTaHHBIN TOK CpabaThIBaHUs 3alIUTHL. J[Ma10roBoe 3aKphITh.

8) OtximrounTth BbIKIIOUYaTeNb Q5. OnpenenuTh 3HAY€HHWE TOKAa BO BTOPUYHOM 00-
MOTKE M3MepUTEIbHOro TpancpopmaTopa Toka TAL | pis. , MpONOPLMOHAIBHOE TOKY Harpy3ku
CHJIOBOTO TpaHcopMmaTropa B HOpMaJbHOM pexkuMme. PaccuntaTh TOK cpalaThbIBaHMs 3alllUThI

MT?32 no ¢popmyse:

I c3= IK3 ’ komc.

KoadhdurmeHt orcTpoiiku mpUHATH paBHBIM Kore, = 1,1

B nacTpoiikax mapaMeTpoB 3alUThI (IBOMHOMN LIEITYOK JI€BOM KHOMKOM MBILIU Ha MPSMO-
yronpHuKe «MT32») BBECTH pacCUMTaHHBIN TOK cpadaThIBaHMs 3alIUTHI. J[ManoroBoe OKHO 3a-
KPBITb.

9) [TepeBectu 3amuthl «TO» u «MT31» B pexxum 1elCTBUS Ha OTKIIOYEHHE (IBOM-
HOM ILIETYOK JIEBOM KHOMKOM MBI Ha IpsiMoyrojibHUKaX « TO» u «MT31», B 1nanoroBbix OKHax
YCTAHOBUTH Tepekiitoyarenb «Pexum paboThl» B MOJNOXKEHUE «OTKIIOUEHHE»). BKIIOUNTH BbI-
kimouares Q5.

10)  Cosnate KOPOTKOE 3aMBIKAaHUE  BKJIFOYEHHEM BBIKITIOYATEIS
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KOopoTKo3aMbIkaTens. [Ipu npaBuibHO BHIOpaHHBIX YCTaBKax, cpabaThIBAeT BTOpas CTY-
neHb 3amuThl - «MT31», oTkinrovaromias BeikiatouaTenb Q1 ¢ BBIIEPKKON BpeMeHH, 3aJaHHOM 110
YCTIOBHSAM celleKTUBHOCTH. COPOCUTH COCTOSIHUE YKa3aTenbHOTo pene «MT31».

11)  OTKIIOYHTH BBHIKIIOYATENh KOPOTKO3aMbIKaTes st OTKIIOYHTh BCE BBIKIIIOYATEIIH.
OtkinrounTh NUTaHUe CTeHAA. VI3MEHUTH TOUKY IOAKIIOYEHUS BBIKIIIOYATENS KOPOTKO3aMBbIKa-
TEJS JJIsl CO3JaHMsI KOPOTKOTO 3aMblkaHus Ha ctopoHe BH cumiioBoro Tpancdopmaropa mepsoi
cekuu coopHbIX muH (BeiBoabI Al, B1, C1 Moxyns cunoBoro tpancdopmaropa). Bkimounts nu-
taHue cTeHaa. BxmounTs BeIkirogaTenn Q1, Q3, Q5, Q6, u Q8.

12)  Cospatb KOPOTKO€E 3aMBIKaHUE  BKJIIOYCHHMEM BBIKIIOYATEISA

KopoTko3ambikaTesns. [Ipu nmpaBuiibHO BbIOpaHHBIX YCTaBKax, cpadaTbIBaeT NepBasi CTy-
neHb 3amuThl - «TOy», oTKIIFOYaromas BeIKIrodarens Q1 6e3 Beinepkku Bpemenn. COpOCHTH co-
CTOsIHME yKa3aTesnbHOro pene «TO». OTKI0YUTh BBIKIIIOYATENb KOPOTKO3aMbIKaTeNA. BKIIIOUNTD
BBIKJIFOUYaTennb Q1.

13)  Ilepesecrtu 3ammry «MT32» B pexxuM JeiicTBUS Ha OTKIItOUeHKE. [Ipu mpaBUiIbHO
BBIOpPAHHBIX YCTaBKaX C BBIACP)KKOH BPEMEHHU CPa0OTAET TPEThS CTYNEHb 3alIUThl — 3alUTa OT
neperpy3ku «MT32».

ITpumeuanue: B onbite «lleperpyska Tpancdopmaropay TOK I pag. max CUUTaEM TOKOM Iie-
perpysKu.

TOKOBAS 3AIIIUTA TPAHCOOMATOPA C BKJIFOUEHUEM JIBUT'ATEJILHOM
HAT'PY3KU

5.1.) TIlepesecru 3amutel TO, MT31, MT32 B pexxum paboThl «ISUCTBUE HA CHTHAID).
JucrannuonHO BKIIFOUNTH BeIKFouarenn Q1, Q3, Q5, Q6,Q7 u Q8. IIpu aToM Ha MHEMOCXeMe
0TOOpa)karoTCs MTHOBEHHbIE 3HAUYE€HUS TOKOB BO BTOPUYHBIX OOMOTKAX M3MEPUTENBHBIX TPAHC-
(dopmaTopoB ToKa.

6.1.) Co3narte KOPOTKOE 3aMBIKAHHUE BKIFOUCHHUEM BBIKITIOUATENST KOPOTKO3AMBIKATEIIS.
Onpenenuth 3HaYeHHE TOKAa BO BTOPUYHOM OOMOTKE M3MEpPUTENBHOIO TpaHCpopMaTopa TOKa
TAT1 Ik3, mponOpIMOHAIBEHOE TOKY KOPOTKOIO 3aMbIKaHUSA. OTKIHOYUTh KOPOTKOE 3aMbIKaHUE.

Paccuurate TOK Cpa6aTLIBaHI/ISI OTCCYKH I10 (pOpMy.]'ICZ

l c3~ IK3 ) komc.
KoadhdurmeHt oTcTpoiiku MpUHATH PaBHBIM Kore, = 1,2.
B nacTpoiikax mapaMeTpoB 3aluThl (IBOWHOM MIEITYOK JIEBOK KHOIKOW MBIIITU Ha MPSMO-
yronpHUKe «TO») BBECTH pacCUMTaHHBIA TOK cpabaThIBaHUS 3aIlIMTHL. J[MaloroBoe OKHO 3a-

KPBITb.
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7.1.) OnpeaenuTh 3HaYEHUE TOKA BO BTOPUYHON 0OMOTKE M3MEPUTEIHLHOIO TpaHchop-
Matopa Toka TA1 I pas. max , TPOMOPIIMOHAIIBHOE MAKCUMAJIbHOMY TOKY Harpy3Ku CHJIOBOT'O TPAHC-

dopmaropa. Paccunrats Tok cpabareiBanus 3amutel MT31 o dhopmyse:

|- K, K, 0
C3 ab. max
k P
8

KoaddunueHT Hage)KHOCTH TPUHATH paBHBIM Ky = 1,2,

KoaddunmenT 3amycka ABUraTeIbHOM HArPy3KK IPUHATE paBHBIM Ks; = 1,25. Koadduru-
SHT BO3Bpara pelie ToKa MpuHsATh paBHbIM Kz = 0,95.

B Hacrpolikax napamMeTpoB 3alIUThl (JBOMHOMN HIETYOK JIEBOM KHOMKOW MBIIIN HA IIPSIMO-
yroiapHuKe «MT31») BBeCTH paccunTaHHbBIN TOK cpaOaTbIBaHMs 3allUThl. [[1MagoroBoe OKHO 3a-
KPBITb.

8.1.) Orxirounts BeiKIOUaTe b Q5. OnpenenuTs 3HAYCHUE TOKA BO BTOPHYHOI 00-
MOTKE M3MepuTenbHOro Tpanchopmaropa Toka TAL I a6 , MPONOPIHMOHATIEHOE TOKY HATPY3KH
CHJIOBOT'O TpaHchopMaTropa B HOPMAJILHOM pexuMme. PaccuutaTh TOK cpaOaTbhlBaHUS 3aIlUTHI

MT32 no dpopmyre:

I c3= IK3 ’ komc.

Koaddunment orcTpoiiku mpuHATh paBHBIM Kore, = 1,1

B HacTtpolikax napaMeTpoB 3allUThI (JBOMHON HIETYOK JIEBOM KHOIMKOW MBIIIN Ha MIPSIMO-
yronpHUKe «MT32») BBECTH paccUMTaHHbBIN TOK cpaOaThIBaHMs 3alIUTHI. J[ManoroBoe OKHO 3a-
KPBITb.

9.1) [Ilepesectu 3amuthl «TO» 1 «MT31» B pexuM IeHCTBHSI Ha OTKIFOUSHHE (IBOW-
HOM IIETYOK JIEBOM KHOMKOM MBIIIH Ha TPsAMOYTrojibHUKAX «TO» u «MT31», B AMaI0roBbIX OKHAX
YCTAaHOBUTH NepekitouatTesb «Pexum paboTb» B MOJOXKEHUE «OTKIIOUEHHE»). BKIIOYHUTH BBI-
kirouaress Q5.

10.1.) Cosnatb KOpPOTKOE 3aMBIKAHME  BKJFOUEHUEM BBIKJIIOYATEIIS

KopoTKko3aMbIkaTens. [Ipu npaBuibHO BHIOpaHHBIX yCTaBKax, cpabaThiBaeT BTOpas CTY-
neHs 3auThl - «MT31», oTkimrouaroniast BeikitouaTenb Q1 ¢ BbIAEPKKOM BpeMEHH, 3aJaHHOH 110
YCJIOBHSIM CEJIEKTUBHOCTH. COPOCHTH COCTOSTHUE yKa3zaTteldbHoro pene «MT31».

11.1.) OTKIIOUNTH BBIKJIIOYATENb KOPOTKO3aMbIKaTesd. OTKIIOUUTh BCE BBIKIIIOYATEIIH.
OTkII0YnTh NUTaHUE CTEHJA. VI3MEHUTH TOUKY MOAKIIOYEHHUS BBIKJIIOYATENS] KOPOTKO3aMbIKa-
TeJ JJIs CO3JaHMUs KOPOTKOIrO 3aMblkaHus Ha ctopoHe BH cuiioBoro Tpancgopmaropa nepsoi
cekuuu coopHbIx muH (BeiBoAbI Al, B1, C1 Mmonyns cunoBoro tTpancgopmaTopa). BkirounTs nu-
TaHue creHja. Bkimounts Beikmodatenn Q1, Q3, Q5, Q6, Q7 u Q8.

12.1.) Co3nath KOPOTKOE 3aMBIKaHUE  BKJIFOYEHHEM BBIKIHOYATENS
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KopoTKko3aMbIkaTens. [Ipu npaBuibHO BEIOpaHHBIX yCTaBKaxX, CpadaThIBAET MepBast CTy-
neHb 3amuThl - «TO», oTKiIrOYaromas Beikrodarens Q1 6e3 Beinepkku Bpemenn. COpOCHTH co-
CTOsIHME yKa3aTesnbHOro peie «TO». OTKI0YUTh BHIKIIIOYATENb KOPOTKO3aMbIKaTeN 1. BKIIOUNTh
BBIKJIFOUYaTennb Q1.

13.1.) Ilocie BbIXOAA ANIEKTPOABUTATENsI HA HOMHHAIBHBIA PEKUM MEPEBECTH 3aLIUTY
«MT32» B pexxuM AEHCTBUS HA OTKIIIOYEHHE (JIBOMHOM IISIYOK JIEBOM KHOMKOW MBIIINA HA Mpsi-
MOYroJbHUK «MT32», B TMamoroBoM OKHE YCTaHOBHTH IMEpeKiodarenb «Pexxum paboTeD» B 1O-
JIOKEHUE «OTKIIIOUCHUEN).

IIpu npaBuIbHO BEIOPAHHBIX YCTaBKaX C BBIACP)KKON BPEMEHH CpabOTaeT TPEThs CTYNEHb
3alllUThl — 3aluTa OT neperpysku «MT32».

[Tpumeuanue: B ombite «Ileperpyska tpancdopmaropay TOK I pas. max CHUTaEM TOKOM Tie-
pErpy3KHu.

14)  Orkimo4nTh Bee BhikmodaTe . OCTaHOBUTH porpaMMy KHOIKOU «CTom, KOMaH-
JI0M TI1aBHOTO MeHI0 «Ympasiienue — Cromy uinu ropsyeil knasuueit F6. OTKIr0uuTh NUTaHue
CTEH/Ia.

15)  Cpenatb BBIBOJIBI O CENICKTUBHOCTH ACHCTBUS 3a1UT. OOBSICHUTB, TIOUEMY TIPH KO-
POTKOM 3aMbIKaHUH Ha COOPHBIX LIIMHAX HE cpabaThiBaeT TOKoBas orceuyka. OGopMUThH OTYET IO

nabopaTopHoOi pabdore.
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Toxoas 3amura Tpanchopmaropa. Cxema IeKTPOMOHTAXKHAS
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Q1 Q2
Ia=0.00 A
AT 1c=0.00 A TA2
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TA3 TA4
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TokoBas 3amuTa Tpanchopmaropa. MHemMocxema

Cooeporcanue omuema:

OTuer KOKEH CONEPKaTh:

1. Ha3Banue paboThl;

2. llenb paboTHI;

3. Kparkue TeopeTnyeckue CBeICHHUS;

4. Onucanue UCIOIb3yeMOro 000pyI0BaHUS U MaTEPUAJIOB;
5. Iopsiiok BBIIOTHEHUS PaOOTHI;

6. Beruncnenus u 06paboTka pe3yabTaToB;

7. BBIBOIBI.

KOHmPOJleble eonpocol:

1. Kakue TpeboBanus NpebsIBISIOTCS K TpaHC(OpMaTOpaM TOKa B yCTPOMCTBaX peneiHoi

3aMIUTEI?

ToKa?

2. Kak ompenenuth OAHOMOJSPHBIE BBIBOBI 0OMOTOK TpaHchopmaTopa?

3. C kakoi HOCJIBKHO CHUMAKOTCS BOJIBT-aMIICPHLBIC XAPAKTCPUCTHUKU TpaHC(l)OpMaTOpOB
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4. K uemy MOXeT IPUBECTH BKIIIOYEHUE B CXEMBI 3aIUTHI TpaHC(HOpPMATOpa TOKa C HENpa-
BIWJIBHO 0003HAYEHHOW TOJISIPHOCTHIO BBIBOJAOB OOMOTOK?

5. KakoBo HazHaueHUe HEUTPAIBHOIO IIPOBOJA B CXEME MOJHOMU 3B€3/1b17

6. Uto Takoe K03((UIHMEHT CXeMbl U IOYEMY €r0 HYXHO YUMTBHIBATh IIPU OIPEICIICHUH
TOKa cpabaTbIBaHUsI pesie?

7. Kakue cxembl coeluHEHHS 0OMOTOK TpaHC()hOpMaTOPOB TOKA MCTIOJIB3YIOTCS B 3aLIUTAX

ot MHoro¢asubix K3?
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Jlabopamopnan paooma Nel4. L{ugpposvie pene. L{ugpposvie cucmemot ynpasienusn u

coopa unghopmayuu. /lugpgpepenyuanvhan 3auguma cOOpHLIX WUH

Henv pabomur: NN3yunth npuHIMN AeHicTBUS TUdPEepeHIIMATIbHON 3alUThI ITUH, HCCIIe-

J0BaThb (baKTOpBI, BJIMAOIUEC HA CCIICKTUBHOCTD, 30HY I[CﬁCTBPIi[ N YYBCTBUTCIIBHOCTD 3allIUTHI.

OcHogvl meopuu:

Juddepennmanbaas TokoBas 3ammura muH (JI311) — 310 OBICTpOAEHCTBYIOMIAS 3aAIUTa C
a0COTIOTHON CEeNIEKTUBHOCTBIO, KOTOPAsl UCIOJIB3YETCs JUIsl 3alllUThI IIMH KJIACCOM HAMpPSKEHUS
110 xB u Bblme. B pacnipeaenuTenbHbIX yCTpORCTBaX 00j1€€ HU3KOIO HANIPSHKEHUSI UCTIOIb3YIOTCS
JIOTHYECKast 3alUTa IMH U TyroBas 3allluTa II1H.

HuddepennnanbHas TOKOBas 3allUTa IIWH MpeAHAa3HauYeHa Ui OBICTPOTO OTKIIOYEHUS

HpI/ICOG,I[I/IHCHPlﬁ, INOAKJIFOYCHHBIX Ha C60pHBIe IOWHBI, IIPX KOPOTKUX 3aMBIKAHHAX Ha C60pHLIX
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JI3III oxBaThIBAaET BCE AIIEMEHTHI PACIIPEAEIUTEIBHOIO YCTPONCTBA, IPUCOEIUHEHHBIE K
CEKIINH IIIUH, U JACUCTBYET 0e3 3aMeJIeHHsI TPU BCeX BUIaX KOpOTKUX 3aMbikanuii (K3) Ha oT-
KIIIOYEHHUE BBIKJIIOUATENEed 3TUX 3JeMEeHTOB ¢ myckoM ux YPOB u 3anperom ux AIIB npu He-
ycnemHoM ATIB mmH.

Tokossie nenu /I311 Bceraa BIMONHAIOTCS B TpeX(pa3HOM HMCIIOTHEHUH, a TpaHchopMma-

TOPBI TOKA IIPUCOEMHEHUI COOUPAIOTCA TI0 CXEME MOJTHON 3B€3/1bl. 3aIlKTa MOAKII0YAeTCs K 00-
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MOTKaM TpaHC(POPMATOPOB TOKA TAKMM 00pa3oM, 4TO ObI €€ 30Ha JIEUCTBHS MaKCUMAIBHO TIEpe-
KpPBIBJIACH C 30HAMU JAECHUCTBUSA 3alUT NPUCOEAMHEHHM. [Ipy OAKIIOUEHNH yCTPOKCTBA 3T
K TT nmpucoenrHEHUN 3a MOJOKUTEIBHOE HAIIPABICHUE TOKOB IMPUHUMAIOT UX HAIPaBIICHUE B
CTOPOHY 3aIlIUIIAEMOT0 00BbeKTa («B IIMHBDY). TakuMm oOpazom, 30Ha nercTBus 3amuThl J(311
OTpaHHYMBAETCS TpaHC(HOPMAaTOpaMU TOKA, K KOTOPHIM MOJKIIOYEHA 3aIlUTa.

Kaxnoe npucoenunenrne GopMupyeT Tak Ha3bIBAEMOE «IUIe40» MU depeHnaabHoN 3a-
mwmthl. st Beex «auieuy» nuddepeHnranbHoM 3amuThl He0OX0IUMO THO0 MPUMEHSTEH TpaHChOop-
MaTOpPBI TOKA C OJUHAKOBBIMU KO3 PUIIEHTaMU TpaHCHOpMAIUH, JTUOO IPUMEHSATH MEPHI 110 BbI-
PaBHUBAHUIO TOKOB B «ILiedax» AU(PepeHnanbHON 3alUThl: UCIOJIb30BaTh MPOMEKYTOYHBIE
TpaHchopMaTophl TOKA JJIsI BRIPABHUBAHUS TOKOB B «II€Uax» 3alIUThl. B COBpeMEHHBIX MUKPO-
MPOLIECCOPHBIX YCTPOMCTBAX MPEAYCMAaTPUBAETCS MIPOrPAMMHOE BhIpaBHUBaHUE KO3(PPHUIIUEHTOB
TpaHcopmalu TpaHCPOPMATOPOB TOKA B «IIJICUAX) 3AIUTHIL.

[punnun nevictus 3amutsl 31 ocHoBaH Ha u3Mepenuu auddepeHuanbHOro ToKa, Ko-
TOPBIN PEIICTABISIET COOOM TEOMETPUICCKYIO (BEKTOPHYIO) CYMMY TOKOB OT TpaHCc(hopMaTopos
TOKa BCEX MPUCOSANHCHUN, 3a(DUKCUPOBAHHBIX HA JAHHOW CUCTEME IIMH (OIIWHOBKH).

[Ipu KOPOTKOM 3aMBIKAHUH B 30HE JIEHCTBUS 3AIUTHI IIUH (MM OIIMHOBKH) 10 BCEM IMPH-

COCAMHCHUAM TOK KOPOTKOI'O 3aMbIKaHHA HAIIPABJICH K MECTY KOPOTKOI'O 3aMbIKaHU .

a3l
AT A ™ A A
1'&. _ﬁj l1 {u_ Jf'l T l2 _‘:a ;': s
| J \J Y

[Tpu noctwxennu auddepeHnnanbHOro Toka ycTaBki cpabaThIBaHUsl IPOUCXOIUT cpada-
ThIBaHHE 3aILUTHI.

B HOopManbHOM pexkrMe paOOThl WIIM MPHU BHEUIHUX KOPOTKHUX 3aMBIKaHUSIX BETMYMHA
Qg epeHIMaIbHOro Toka OJM3Ka K HYJII0, HO He paBHa HYJIO W3-3a MOrpemHocTel Tpancgop-
MaTOpOB TOKA, pa3IMYUeM XapaKTepUCTUK HaMarHWYMBaHUS TPaHC(OPMATOPOB TOKA PA3IUUHBIX

MIPOU3BOJUTENIEH U IPYTUMHU TPUYUHAMM.
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Bennuunna nebananca nuddhepeHnuantbHOro Toka MUHIMAalbHa B HOPMaJIBHOM PeXXHUME pa-
0OThI U YBEJIMYMBACTCS MIPU YBEJIUUEHUN 3HAUECHUS BHEIIHETO TOKA KOPOTKOTO 3aMbIKaHus. Tok
HeOaaHca MOXKET BbI3BaTh HEMPaBUWIIbHYIO padoTy 3amuTs! (3111, mosToMy MpUHUMAIOTCS MEPbI
K OIpaHMYEHUIO €ro 3HaYeHUs WM 3arpyOeHue ycTaBku cpabaTbiBaHus. C 1eJIbI0 OrpaHUYCHUS
TOKa HeballaHca HEOOX0AUMO:

a)[[PUMEHATh OJHOTUIIHBIE TpaHC(HOPMATOPHI TOKAa C BBICOKMMH XapaKTEPUCTHKAMH
HaMarHU4YMBaHMs, Y KOTOPBIX HACBILICHUE CeplieYHUKa TpaHc(hopMaTopa TOKAa MPOUCXOJUT IpU
OO0JIBIINX TOKaX KOPOTKOT'O 3aMbIKaHMS;

0)yMeHbIIIaTh BTOPUYHBIE TOKM 3a CUET YBEIMUYEHUS KOdPPuireHta TpaHchopMaluu
TpaHCQOPMATOPOB TOKA;

B)yMEHbIIIATh HArpy3Ky Ha TpaHC(HOPMATOPhl TOKA ITyTEM YBEJIIMYEHUS CEYEHUS U COKpa-
IIEHUS IJIMHBI COEIMHUTEIbHBIX IPOBOJIOB TOKOBBIX IETIEH.

Bce npezncraBiieHHbIe BbIllIe MEPOTIPUSATHUS MTO3BOJISIIOT YMEHBIINUTD OTPEIIHOCTh TPAHC-
(dbopMaTOpoB TOKa MpHU MpeoOpa30BaHUU BEIMYHUHBI MEPBUYHOTO TOKA MPUCOECTUHEHUI BO BTO-
pUYHBIEC 3HAYCHUSI.

B nacrosiiee Bpems pazpaboTaHbl 60siee CoOBEpIIEHHbIE CXeMbl T (hepeHIInaTbHBIX 3a-
IIUT IIUH (WIK OIIMHOBKH) C IPUMEHEHUEM TOPMOXKEHUS, KOTOpbIE UMEIOT OoJiee ylydllIeHHbIe

XapaKTEPHUCTHUKHU OTCT‘pOﬁKH OT TOKa HeOataHca P BHECOIHEM KOPOTKOM 3aMBbIKaHWH.
Ykazanue no mexnuke oezonacnocmu:

VYkazaHus 1o TeXHUKE 0€30IMaCHOCTH IIPpU BBITTOJIHCHUH J'Ia60paT0pHLIX pa60T IIPpUBCACHLL

B IIPUJIOKEHNE A.
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Ykazanua no eévinoanenur nadbopamopuoit pabomor:

1) Co0parth cxemy s1abopaTopHbix ucnbeitTanuii puc. 6 (BCE momynu ctenaa T0mKHBI
oprre OTKJIFOYEHBI!). [ToaxnounTs aHanmoroBbie KaHaibl MOJYJISE BBOJA-BbIBOA ISl U3MEPE-
HUS TOKOB (a3bl A CO CTOPOHBI BBOAHOI'O BBIKIIOYATENS, CEKLIMOHHOTO BBIKIIIOYATENS U BBIKIIIO-
yatenst kabenpHor JIDIT nmepBoii cexknuu cOopHbIX muH. [Ipy moaKIIFOYeHn MOYJIsl BBOA-BbI-
BOJ/Ia, HEOOXOAMMO YYUTHIBATH MOJIIPHOCTH JATYMKOB TOKA, TAKUM 00pa3oM, 4TOOBI B HOpMAIlb-
HOM peXHUMe pabOThl CyMMa TOKOB Obl1a O1M3Ka K Hy 0. MOJIyllb BBIKITIOUATEIs KOPOTKO3aMBbl-
karesst QK3 ¢ 01HO# CTOPOHBI MOJKIIFOUYUTH K MOJYJIF0 KOPOTKO3aMBIKAaTEsl, a C IPYTOM CTOPOHBI
—k kiiemmam A1, B1, C1 moayns BeiktouaTens kadenbHon JIDIT BTopoit cekiuu COOpHBIX IIHH.
[TepeBectu mepexmrouarenn SA1 momyns tpexdasHoii cetn, SA2 MOAYIs BBOJHOTO BBIKITFOYA-
TeJsl, MOAyJ el BbIKiItoUaresns kadensHou JIDII, Moaysns nBUTraTenbHON Harpy3Kd U MOIYJIS CEK-
LMOHHOTO BBIKJIIOYATENS B NosioxkeHue «ABT». [lepeBectu nepexntoyarenu SA3 moayneil BBOI-
HbIX BBIKJIIOYATENIEd B BEpXHEE IMOJIOKEHHWE. BKIIOYMTh aBTOMAaTHYECKHE BBIKJIIOYATENIN
QF1..QF3 na nuneBoil maHenu Moaysisi KOPOTKO3aMbIKaTelsd. BKIIOYMTh aBTOMAaTHYECKUE BbI-
kirouatenu QF1.. QF4 na Moaynsx akTHUBHOM Harpys3ku. BkirounTh nuraHue cTeHaa aBTOMaTH-
yeckuM BbikiouareneM QF1, pacnionokeHHbIM Ha MOJyJI€ TUTAHUsI CTeH1a. BKIIOUMTh uTanue
BCEX MOAYJEH, UMEIOLTNX UHAUBUAYAIbHBIN TyMOnep nogaun nutanus SA1 «Cetby.

2) Ha nepconansHOM KOMITBIOTEPE 3aITyCTUTH TPOrpaMMHBIi KomIuieke «DeltaProfi»
(ITyck - ITporpammsr - JIabopatopusiii komiuieke - DeltaProfi). OTkpeiTs 1abopatopuyro padboty
KomaHJoi «PaboTel - PeneiiHas 3ammTa u aBTomatuka - Padora Ne06 /luddepennmansuas 3a-
[IUTa COOPHBIX IIUH.

3) B mporpamme «DeltaProfi» nepeBectu 3amuTy B peskuM pabOThI «1€HCTBUE HA CUT-
Ha (ABOMHOM 1IEIYOK JIEBOM KHOMKOM MbIIIK Ha npaMoyroibHuke «/1311», B quamoroBom okHe
YCTaHOBUTH NepekitouaTesb «PexxuM paboTh» B MOTOKEHHE «CUTHAID).

4) 3anmycTUTh MporpaMMmy B paboTy kHOMKOH «IIyck» MM KOMaHI0# TJIaBHOTO MEHIO
«Ynupasinenue - [lyck» nnu ropsiuent kinasumeit FS.

5) JIMCTaHIIMOHHO BKJIFOYUTH BBIKJIIOYATENb Q1 OIMHAPHBIM IIETYKOM JIEBOM KHOTIKH
MBIIIH TI0 3€JIEHOMY MPSMOYTOJIbHUKY C BCIUIbIBarowe nmojackaskoit «Q1». I[Iporpamma Beceraa
0TOOpaxkaeT TEKYIEee COCTOSHHUE BBIKIIOYATENS (3€JIEHBI — OTKIIOYEH, KPACHBIN - BKIIOUEH).
AHaornuHBIM 00pa3oM BKIIOUUTH BeIKIIOYaTen Q3, Q6, Q5, Q7 u Q8. I1pu sTom, Ha MHEMO-
cxeme 0TOOpa)xkaroTCsi MTHOBEHHBIE 3HAYEHHSI TOKOB B 0OMOTKAaX M3MEPUTEIBHBIX TpaHCPopMa-

TOPOB TOKaA.
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6) OTKpBITh OKHO HACTPOWKHM 3aIUTHI (JIBOWHOM IIETYOK JICBOW KHOIKOM MBIIIM HA
npsamoyronbHuke «/[311»). B tabnuiy 1.6 3anucats BennynHy ToKa HebanaHca B 0OMOTKe audg-
depenmnmansHoro pene (cM. rpymmy «/3mMepeHus» B OKHE MapaMeTpoB 3aIlUThI) B PEKUME

Harpy3ku I wes.uarp..

Tabmuia 1.6

[Tapamerp 3Haue-
Tok Hebananca B pexxume Harpy3ku [ wegmarp., A

Tok HebanaHca B pe:kUMe BHEUTHETO KOPOTKOTO 3aMBIKAHUS | we6.premn.,

Toxk HebalaHca B pexxuMe KOPOTKOTO 3aMBIKAHUS IHH | we6, wmm., A

Tok HebanaHca B pexxuMe 3amycka dJIeKTPOABUTATENS | wegsan., A

Tox cpabGarbiBanus 3aMUTHI Ic; ,A

7) CoznaTh BHEIIHEE KOPOTKOE 3aMbIKAHHE BKIIFOUEHHEM BBIKIIIOYATENs] KOPOTKO3a-

MbIkaTens. B Tabnuny 1.6 3anmucaTh BenMuuHy TOKa Hebananca B 00MoTKe quddepeHIHanbsHOro
pele B peXrMe BHEITHETO KOPOTKOTO 3aMBIKAHUS | pe6 prenm. - OTKIIIOYUTD BBIKIIIOYATEh KOPOT-
Ko3ambIkaTensa. OTKIIIOYNTh Bee BBIKIIOYaTed. OTKIIOYUTh NUTaHUE CTeHNAA. MI3SMEHUTH TOUKY
MOJIKJIFOUEHUS BBIKITFOYATENSI KOPOTKO3aMbIKAaTeN sl sl CO3/IaHUs KOPOTKOTO 3aMbIKaHUS Ha Ka-
6enbHOI JIDII nmepBoit cekunu cOopHbx muH (K1eMMbl Al, B1, C1 Moayns BeIkIIO4aTens Ka-
oenpHOI JIDIT). Brimrounts nutanue crenaa. Brmtounts Beikimouarenu Ql, Q3, Q6, Q5, Q7 u Q8.

8) Co31aTh KOPOTKOE 3aMBbIKaHHE IIMH BKIIOYCHNEM BBIKIIOYATENS KOPOTKO3aMbIKa-
tenst. B Tabnuy 1.6 3anmucarh 3HaueHue Toka Hebananca B 00MoTke nudepeHInaibHOro penie B
pPEKMME KOPOTKOTO 3aMBIKAHMS MHH lue6. umm OTKIIFOUHUTBH BBIKIIIOYATENb KOPOTKO3AMBIKATEIS.
Otxmounts BeIKodaTenu Ql, Q3, Q6, Q5, Q7 u Q8.

9) Ornpenenuth 3HaUueHUE TOKAa HebaslaHca B 00MOTKe MudepeHInalIbHOTO pesie B
pexuMe 3amycka ekTpoasuratens. [ yero Brmrounts BeikrouaTenn Ql, Q3, Q6, QS5, Q7,08
u B Tabnuiy 1.6 3amucath 3HaUeHHE TOKa HebanaHca B 00MoTke nuddepeHInanbHOro pemne B pe-
JKUME 3aIycKa dJIeKTpoABUTaTeNsl. BRIKIIIOUNTE Bee BhIKIIoUaTend. OTKIIOUUTh TUTAHUE CTEHA.

10)  PaccumraTh TOK cpabaThIBaHMs 3aIIUTHI 11O opmyie: K .

I c.3= IH(’ﬁ.(fH(’mH. H

Koa¢ddunment nanexxnoct npuHATH paBHbiM Ky = 2,375,
OOpatuTh BHUMaHUE Ha TO, YTO ITOJYUYEHHOE 3HAYCHHE TOKA CpaOaThIBAHHS 3allUTHI
JIOJI’KHO OBITH O0JIbIIIE 3HAUYEHUS TOKA HeballaHca B 00MOTKe AU P epeHInanbHOro pese B peskuMe
BHEIIIHET0 KOPOTKOTO 3aMbIKaHHs U B PEXHMME 3aIyCKa AJIEKTPOABHUraTess, HO, B TO K€ BpeMs,

MEHbIIIE 3HaYeHUs] TOKa HebaaHca B 00MOTKe U (hepeHIHaTbHOTO pelle B PeXUMe KOPOTKOTO
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3aMbIKaHUs UIMH. BBecTH pacyeTHbIil TOK cpabaThIBaHUS 3alUTHI B TMAJIOTOBOM OKHE MapaMeT-
POB 3aIIUTHI.

11)  IlepeBectu 3amMTy B PEXHUM JCHCTBUS Ha OTKIIOYeHHUE. [Ipy HeoOXoauMocTH,
COpOCHUTH COCTOSIHME YKa3aTeJIbHOTO pejie 3allUThl. MI3MEeHUTh TOUKY MOJKIIIOYEHHS BBIKJIIOYA-
TeJsl KOPOTKO3aMbIKaTeN sl ISl CO3/1aHUs KOPOTKOIo 3aMbIkaHus Ha kabenbHoi JIDIT BTOpOIL Ccek-
un coopubix muH (kiaemMel Al, B1, C1 moxyns Beikmouatens kadbensHoi JIDIT). BrirounTs
nuraHue crenaa. Bkimounts BeikirodaTenn Ql, Q3, Q6, Q5, Q7 u Q8.

CoznaTh KOPOTKOE 3aMbIKaHHE BKJIIOYEHHEM BBIKJIIOYATENSl KOPOTKO3aMbIKaTelns. Yoe-
JTUTCS B TOM, UTO 3aIllMTa HE CpabaThIBaeT MPHU BHEIIHEM TpeX(PazHOM KOPOTKOM 3aMbIKaHUH. OT-
KJIFOUUTh KOPOTKOE 3aMbIKaHHE.

12)  OtximounTh Bee BhIKIOUaTesd. OTKIIOYMTh MUTaHUE CTEHAA. MI3MEHHUTh TOUKY
MOJIKJIFOUEHUS BBIKITIOYATENs] KOPOTKO3aMbIKATEINS JIJIsl CO3AaHUS KOPOTKOTO 3aMbIKaHUs Ha Tep-
BOi1 cexkunu coopHbIx 1mH (k1emMMbl Al, B1, C1 monynsa Beikitouarens kadenpHoii JIDIT). Biro-
YUTh IIUTaHue cTeHaa. Bximounts Beikmodaten Ql, Q3, Q6, Q5, Q7 u Q8.

13)  Co3marh KOPOTKOE 3aMbIKAHHE BKIIOYCHHUEM BBIKIFOUATEIIST KOPOTKO3aMbIKATEJIS.
[Tpu npaBUIBHO BEIOPAHHBIX YCTaBKAX 3alUTa cpabaTbiBacT 0e3 BBIACPKKHU BPEMEHH, OTKII0Yas
BbIKJItouarenu Q3, Q5 u Q6, ux UBET CTAaHOBUTCS 3€JI€HBIM, a NPAMOYToJdbHUK «/[3111» kpacHbIM,
YTO CBHUJCTEIILCTBYET O CpabaThIBaHUM yKa3aTeIbHOTO peie 3amuThl. Lllemyok neBoil kHOMKOM
MBI 10 NPAMOYToiIbHUKY «JI311D» cOpachiBaeT cocTosHUuE yKa3aTebHOTO pefie (aHaJOTHYHbBIN
s ekt qocTuraercs HaxxkaTueM KHOMKH «COpocy» B TMAIOroBOM OKHE MapaMeTpoB 3aluThl). OT-
KJIFOUUTh KOPOTKOE 3aMbIKaHHE.

14)  OrxirounTs Bee BhIKIIOUaTend. OCTaHOBUTD MPOrpaMMy KHOMKO#H «CToI», KOMaH-
JIOM TJIaBHOTO MEHIO «YTpaBiaeHue — Ctomy win ropsdeit kiapumie F6. OTKIIOYNTh MUTaHne
CTEHJa.

15)  Cpuenathb BBIBOJIBI O CEJICKTUBHOCTH ACHCTBHS 3aIUThl. OPOPMHUTH OTUET 110 J1a00-

patopHoi pabore.
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Huddepennmanbras 3ammra cOOpHBIX IHH. MHEMocxema

Cooepocanue omuema:

OT4YeT OJKEH COAepIKaTh:

1. HazBanue paOoThl;

2. Ilenb paboTHI;

3. Kpatkue TeopeTuueckre CBeICHHUS;

4. OnrcaHue UCIoJIb3yeMOro 000OpyI0BaHHS U MaTEPUAJIOB;
5. Ilopsok BBINONTHEHUS PabOTHI;

6. Beruncnenus u o6paboTka pe3yabTaToB;

7. BBIBOIBI.

Konmponwvnwie eonpocwi:

1. Ha3oBuTe 0coO€HHOCTH BHIOTHEHUS MU (epeHITNaTbHBIX 3aTUT ITUH?

2. YTo BXOAMT B 30HY cpabaThiBaHUs 1U((depeHInaTbHON 3alUThl ITUH?

3. Kaxk geiictByet nuddhepeHnmanipHas 3amunTa IIHH TPH BOSHUKHOBEHUH 00phIBa?

4. JlomxHa nu cpabateiBaTh AudQepeHnnanbHas 3aliTa MUH TPU BHEIIHUX KOPOTKUX

3aMBIKaHUIAX ?
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5. UTto He0OXOAMMO HUCTIONB30BATh JIJIsl TOBBIIICHUS YyBCTBUTEILHOCTH AU( hepeHITnaTb-
HOM 3aIUThI IIHH?

6. HazoBure otinuus mexay auddepennnansuoii 3amuToi muH Ha U = 35kB u qudde-
peHnuanbHoM 3amuToi muH Ha U 6-10 kB.

7. B kakux ciaydasix MpOUCXOJUT YCKOpeHue cpabaThiBaHus quddepeHInaaIbHOM 3alUuThI

IUH?
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Jlabopamopnas paooma Nel5. Peneinnas 3awuma wiun. Jlocuueckasa 3awguma coop-

HbIX WUH

Ilenv pabompr: I3yunTh NpUHINI JSHCTBUS U 00JIACTh TPUMEHEHHS JIOTUYECKON 3alTUTHI

COOpHBIX IIMH, UCCIIENOBATh (PAKTOPHI, BIUSAIOIINE HA CEIICKTUBHOCTD U 30HY aeictBus JI3ILI.

OcHogvl meopuu:

Jlormueckasi 3alIMTa IIKUH B HACTOSIIIEE BPEMs BXOJUT B COCTaB MPAKTUYECKHU JTHOOOT0 MUK-
ponpoiieccopHoro TepmuHaiia P3A. Ee 3aaua — OTKIIIOYMTH KOPOTKOE 3aMbIKaHUE Ha KUHaX PY
3a MUHUMAaJIbHO BO3MO>KHOE BpeMsi, OFpaHUYMBAIOLIEECs TOJIBKO COOCTBEHHBIM BpeMEHEM cpada-
ThIBaHUS 3JIEKTPOHHOM yactu TepmuHana. O0brano 31o ot 0,1 10 0,15 c.

DNEeMEHTHI JIOTHYECKOM 3alllMThl IIMH HE COCPEIOTOUYEHBI B OJTHOM MecTe. JTO CHCTEMA,
00BeAMHSIONIAS TEPMHUHAIIBI 3AIUT MUTAIOIMNUX U OTXOASIIUX JTUHHIM.

Nornvyeckan 3awmra wuH (N3L)
MNyrs npoTexanns Toxa K3

SawmTa Beona nyckaerca or Toxa K3

IpoucxoauT BNOKUPOBKA YCKOPEHHOR CTyNeHK oT curvana “Bnox. N3LU

o

Cexumn 2 Covups 1

3awmra puaepa nyckaerca ot Toka K3

~ ~ Brewnee K3
Curnan “Bnok. N3U ssinaerca Ha saon

Newrarens Top Onaep
Buewnee K3 (K3 na npucoeaunennn)

OTxond1ye TMHUM TPY 3aIlycke COOCTBEHHBIX 3aIuT (00b1dHO — MT3), hopmupyroT cur-
Hau 6mokupoBkH JIBILIL. J{7st 5TOr0 Ha KaXkKI0M U3 HUX BBIJIEISETCS 110 OJHOMY JUCKPETHOMY BBI-
x0/1y. CUTHAIIBI OT BCEX OTXOJISAIINX JIMHUNA CEKIMH MOCTYIAIOT Ha JUCKPETHBIE BXOJIBI TEPMUHA-
70B ¢uaepoB nuTaHus. g nepegaun UCMoONb3yeTcs cCUCTEMa IIIMH MUTaHUS U YIPaBJICHUs, BXO-
JSIIIast B COCTaB JJF000T0 COBPEMEHHOTO PaclpeIeuTeNIbHOro yeTpoiicTBa. Ha 3ToM, cOOCTBEHHO,
BCsl KOHCTPYKTUBHAs 4aCTh U 3aKaH4nBaeTcs. OCTaeTcst BBICTaBUTh MTPaBUIIbHBIE HacTponky JI3II

Ha BCEX TEPMUHANIAX, 33]]aTh HA3HAYEHUE TUCKPETHBIX BXOJIOB U BBIXOIOB.
ITpu BHELIHEM KOPOTKOM 3aMbIKaHUU 3ayckaercss M T3 npucoennHeHns, Ha KOTOPOM OHO
npou3onuio. EcTecTBeHHO, OTKIIOUEHHE NMPOU30MAET MO MCTEYEHUH BBIACPKKH MO BPEMEHH,

MPEYyCMOTPEHHOM VISl JAHHOTO TOKA 3aMbIKaHHUSI.
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Ecnm kopoTkoe 3ambIkaHuE MPOU301UIO Ha mHuHaX PY, curHana GJIOKMPOBKHU OT OTXOIs-
LIMX JJUHUM HE NOCTYNMUT, Tak Kak Tok K3 yepe3 Hux He npoxoaut. 3anyck MT3 nuTaromux muHsl
JMHUAN TIPU OTCYTCTBUU CHTHAJIa OJIOKMPOBKH MPUBEAET K MrHOBeHHOMY neiictBuio JIBIII Ha oT1-
KIIIOYEHHE NTpUcoequHEHUN. [Ipruem oTkIrouaTcst He3aBUCUMO APYT OT Ipyra BCE BBIKIIIOYATEH,
yepe3 KOTOPBIE B JaHHBI MOMEHT OCYIECTBIIAIETCA uTaHue. Eciin NOMUMO BBOJIa BKIIIOUEH CEK-
LUOHHBIN BhIKIIOYaTelb, TO JI3L cpaboraer u Ha HeM.

B otnuuume ot apyrux 3amut, JI3II peako cpabaTteiBaet npu nposepkax P3A nepconanom
anektpoaabopatopuid. [Ipu pabore Ha OTXOAANX IPUCOCTUHEHUAX CUTHAI OJIOKUPOBKH, XOThb U
IIOCTYNAeT Ha BXOJbl TEPMUHAJIOB JIMHUI ITUTaHMs, HO Bpela HE NMPUHOCUT. BO3MOXKEH TOJIBKO
0TKa3 B paboTe Mpu COBIAEHUH (PaKTOpa HAJIUUUs IPOBEPOYHOTO TOKA HAa OTXOAAIIEM uepe u
peasnibHOM K3 Ha mmHax, HO BEpOATHOCTb TaKOI'O Ka3yca HEBEJIMKA.

ITpu nposepke P3A nutaromeil muaun TeM 6osee HUUEro He npousonaer. Eciau Ha muHb
IIPUXOAUT ITUTAHUE YePE3 CEKLIMOHHBIN BBIKJIFOYATENb WU APYTYIO JIMHUIO IUTaHMsI, TO UX JIOTH-
YECKHUE 3aIMThl padOTal0T HE3aBUCUMO OT IPOBEPSIEMOM JIMHUM MUTAHMS, JOCTYy4aThCs 10 HUX

OTTY/Ia HEPEAJIbHO.

Ykazanue no mexnuke 6ezonacnocmu:
VYka3aHus 10 TEXHUKE OE30MMaCHOCTH IIPH BBIIIOJIHEHUH J1a0OPAaTOPHBIX padOT IPUBEIEHBI

B IIPUJIOKEHUE A.

Ykazanus no evinonnenuro nabopamopmnoii padomoi:

1) Co0pats cxemy nadopaTopHbix ucnbeitanuii puc. 7 (BCE monymnu cTeHaa H0MKHBI
osrre OTKJIFOYEHBI!). TMoaxnrounTh aHamoroBbie KaHaIbl MOJYJIsI BBOJIa-BBIBOIA TSI K3MEPE-
HUs TOKOB a3 A u C co CTOPOHBI BBOJTHOTO BHIKIIFOYATENS U BRIKIIOUaTens kadenpHoi JIDIT nep-
BOI ceKlMu cOOpHBIX MIMH. MOaynb BIKIIIOUaTENsl KopoTko3ambikaTens QK3 ¢ ogHo# cTOpoHBI
MOAKIIOYUTH K MOJYJII0O KOPOTKO3aMBIKATENs, a C APYyroi ctopoHsl — K kiemMam A3, B3, C3
MOayJIs BeIKITFOUaTesns kadenpHoi JIDIT nepBoit cexnmu cOopHbIX mmH. [lepeBecTu nepexitoda-
tenn SA1 monyns TpexdaszHoit cetr, SA2 BBOJHOTO BBIKJIIOUATEINSI, BEIKIIOYATEeH KabeapHOU
JIDII, nBuratenbHON Harpy3ku U CEKIIMOHHOTO BBIKIIIOUATENs B MojoxkeHue «ABT». llepeBectu
nepexioyarenu SA3 Moaysel BBOIHBIX BBIKIIFOYATENEH B BEpPXHEE MOJ0KEHNE. BKIIOUNTH aBTO-
Martndeckue Boikimrouatenu QF1..QF3 na nuieBoi manenu Moayssi KOpoTKo3aMbIkaresns. Bkiro-
yuTh aBToMarnueckue Boikitovarenu QF1.. QF4 na Moaynsix akTHBHOM Harpy3ku. BkitounTs nu-
TaHHE CTEHJa aBTOMaTH4ecKuM BbIkItouarerneM QF1, pacmnonoxkeHHbIM Ha MOJyJi€ NMUTaHUA
cTeHa. BkitounTh muTaHue BCeX MOAYJIEH, MMEIOIINX WHIUBUIYAIbHBIA TyMOJIEp IMOJjauu MUTa-

aHust SA1 «Cetb».
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2) Ha nepcoHanbHOM KOMITBIOTEPE 3ayCTUTh MIPOTpaMMHBIN KomIuieke «DeltaProfi»
(ITyck — IIporpammerl - Jlaboparopusriit komiuiekc — DeltaProfi). OTkpsITh TabopaTopHyto pa-
6oty komannoit «PaboTsl - Peneiinas 3ammra u apromaruka - Pabora NeO7 Jlormueckas 3amura
COOpHBIX ITUHY.

3) B mporpamme «DeltaProfi» nepeBectu 3amutet MT31, MT32 B pexxum paboThl
«JIeUCTBUE HA CUTHA (JIBOMHOM IIETYOK JICBOM KHOMKOW MBIIIU Ha MPAMOYrobHUKE «MT31»,
B MTOSIBUBILIEMCSI TMAJIOTOBOM OKHE YCTAaHOBUTH MepeKiIouaTens «Pexum paboTs» B MOI0KEHUE
«CHTHAI»).

4) 3anmycTuTh NporpaMmy B paboty kHonkou «Ilyck» uim KoMaH10i rI1aBHOTO MEHIO
«Ynupasinenue — Ilyck» wim ropsuent kiasumen F5.

5) JIMCTaHIIMOHHO BKJIFOUUTH BBIKITIOUaTeNh Q1 OMHAPHBIM IIETYKOM JIEBOM KHOITKU
MBIIIU TI0 3eJIEHOMY MPSMOYTOJBHUKY C BCIUIbIBaroIIel mojackaskoi «Q1». Ilporpamma Bcerna
0TOOpa)kaeT TEKYIee COCTOSHUE BBIKIIOYATENS (3€JIEHbI — OTKIIOYEH, KPACHBINA - BKIIIOUEH).
AHanornuHbIM 00pa3oM BKIIIOUUTH BeIKIOYaTesn Q3 u Q6. [Ipu sTom, Ha MHEMOcXeme 0ToOpa-
KAFOTCS TEKYIUE 3HAYCHUSI TOKOB BO BTOPUYHBIX 0OMOTKAaxX M3MEPUTENBHBIX TpaHC(HOpMaTOpPOB
TOKa.

6) 3anucaTh 3HaY€HHE TOKA BO BTOPHYHON 0OMOTKE M3MEPUTENHHOTO TpaHcpopMma-
Topa TAG6, mpONOPLMOHATBHOE TOKY HArPY3KU I pag. max . OCTaHOBUTH IporpaMmy KHOIKOM
«CTOm», KOMaHJ01 IJIaBHOTO MeHI0 «YTpaBienne — Crom» uin ropsyeit kinasuieit F6.

7) Paccunrtats TOK cpabarbiBanus 3amutel MT32 o ¢popmyre:

koK,
C3— ab. max
k P
8

Koaddumpent HagexnocTH npuHsTh paBHbiM Ky = 1,15.

KoadduipeHt 3amycka ABUTATENbHON HATPY3KH OPUHATH paBHBIM K; = 1. Koadduiment
BO3BpAaTa peJie ToKa MPUHATH paBHbIM K = 0,95.

OTKpBITH 1MAT0rOBOE OKHO HACTPOMKM MapaMeTpoB 3alIUThl IBOMHBIM ILETUYKOM JIEBOI
KHOIIKOM MBIIIM Ha npsiMoyroiibHuKe «MT32», B mosBUBILIEMCS 1UATOrOBOM OKHE BBECTH pac-
YETHBIA TOK cpabaThbIBaHU 3aLIUTHI. [[MaJoroBoe OKHO MOKHO 3aKPBITh.

8) 3anmycTuTh mporpamMmy B paboTy kHOmKO# «I1yck» miam KoMaHA0M TJIaBHOTO MEHIO
«Ynupasnenne — [lyck» nim ropsuent kinasuied FS. Bxirrounts Beikmrouatenu Q5, Q7 u Q8. 3a-
nycaTh 3HaU€HUE TOKa BO BTOPUYHOM 00MOTKe u3MepuTensHoro Tpancgopmaropa TA3, mpomnop-
LIIOHAJIbHOE TOKY Harpy3Kku BBOJA Nel lgs. max . OcTaHOBUTH IporpaMMy KHOIKOH «CTOm, KOMaH-
JIOM TJTaBHOTO MEHIO «YTpaBieHue - Cton» uinm ropsiueit kinasumen F6.

9) PaccuuTath TOk cpabareiBanms 3anutel MT31 mo hopmyre:
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KoaddunpeHnT Hage)KHOCTH TPHUHATH paBHbIM Ky = 1,15.

Koaddunment 3anmycka qBUrateinbHOM HArpy3KH ONPUHATH paBHBIM K; = 1,75. Koadduru-
SHT BO3Bpara pelie ToKa MpuHATh paBHbIM K = 0,95.

1. OTKpBITh AMAJIOrOBOE OKHO HACTPONKHU MapaMeTpoB 3alUThl JBOMHBIM IIETYKOM
JIEBOM KHOIIKOW MBI Ha mpsiMoyroyibHuKe «MT31», B mosiBUBLIEMCS THAIOTOBOM OKHE BBECTHU
pacyeTHBI TOK cpabaThIBaHU 3aIIUTHI. /[HamoroBoe OKHO MOYKHO 3aKPHITh.

10)  PaccuuraTh BbLIEpKKH BpeMeHU cpabarbiBanus 3amut MT31 u MT32 B cooTBer-
CTBHMHM CO CTYIEHUYATHIM IPUHIUIIOM 00ECIIeYeHHs CEJIEKTUBHOCTH JIeHCTBUS. 3a/1aTh IIOJIy4YE€HHbIE
BBIJICPKKU BPEMEHH B JIMAJIOTOBBIX OKHAX HACTPOMKH IapaMeTpOB 3allUT.

11)  3amycTuTh nporpamMmy B paboTy KHOMKOMN «I1ycK» MM KOMaH0H INIaBHOT'O MEHIO
«Ymupasnenune — [lyck» unu ropstueii knaBuieit FS. Tlepesectu 3ammtet MT31 u MT32 B pexum
neiictBus Ha oTkitoueHue. Co3/laTh KOPOTKOE 3aMbIKaHUE BKIFOUEHUEM BBIKIIHOYATENS KOPOTKO-
3ambIkatens. [Ipyu npaBUiIbHO BBHIOPAHHBIX YCTAaBKAX, C BBIICPKKOW BpeMEHHM cpabaThIBaeT 3a-
muta MT32, otkimrodast BeIKITO9aTenb Q6.

12)  OtximounTh KOPOTKOE 3amMbikanue. COpocuTh ykazateabHoe pese 3amutel MT32.
OTkmounTh BCe BBIKIIOYATENH. OTKIOYUTh MUTaHUE CTeHJAa. MI3MEHUTh TOUKY MOJIKIFOYEHUS
BBIKJIFOYATENS] KOPOTKO3aMBIKATENsl JJI CO3/IaHUS KOPOTKOIO 3aMBbIKaHMS Ha INEPBOM CEKLUU
cOopHbIx mMH (k1eMMbl Al, B1, C1 Mmonyns Beikimtouatens kadensHoi JIDIT). Bkntounts nutanue

crenaa. Bximrounts Beikmouarenu Ql, Q3, Q6, Q5, Q7u Q8.

13)  Co3zaath KOPOTKOE 3aMbIKAHHUE BKIFOYCHHEM BBIKIHOUYATEIS] KOPOTKO3aMbIKATEIIS.
[Tpu mpaBwIIbHO BBIOpAaHHBIX YCTaBKaX, MCTHOBEHHO IO LIEMH YCKOPEHUs cpadaThIBAET 3allUTa
MT31, oTkimrovas BeIKIIFOUaTEh Q3.

14)  OrtxmrounTs Bee BhIKIFOUaTend. OCTaHOBUTD MPOrpaMMy KHOMKO#H «CToI, KOMaH-
JI0M TTIaBHOrO MeHI0 «YmpasieHue — Crom» uinn ropsyeit kinasume F6. OTKI0unTh NUTaHne
CTEeHJa.

15)  Cphenathb BBIBOJIBI O CETICKTHBHOCTH JCUCTBHS 3aIIUTHI, O0BSICHUTD, TIOYEMY BpEMsI
cpabatbiBanus 3amuTel MT31 3aBucut ot Mecra nospexaeHus. OpopMuTh 0THET 1o Jadboparop-

HOU pabore.
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Jlornueckas 3anura C60pHI>IX muH. MHemMocxema

Cooepocanue omuema:

OTuer KOKEH CONEepKaTh:

1. Ha3Banue paboTsl;

2. llenb paboTHI;

3. Kparkue TeopeTnyeckue CBeICHHUS;

4. OnycaHue UCTIOIb3YEMOT0 000PYI0BaHNs U MaTEPUAJIOB;
5. Ilopsiiok BBIOJTHEHUS PaOOTHI;

6. Beruncnenus u o6paboTka pe3yapTaTos;

7. BBIBOJIBI.

Konumponwnvie gonpocwi:

1. Cxemsr opranmzarun JI31?

2. IloBenenue JI3II mpu BHenHeM K37
3. Pa6ota JI3UI npu K3 Ha mmnHax?

4. Hangexwuocts JI3II?

5. HemocraTku JI3III?
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Jlabopamopnas paooma Nel6. Xapaxmepucmuku u ounamuyeckue ceoucmea yugppo-
601l peneiinoil 3auiumol. AemomamuuecKkoe noGmMOPHoe KIOUEHUE TUHUU IJIeKmPOonepe-

oauu.

Ienv pabomoi: VI3yauts anropuTt™bl paboTsl ycTpoiicTB AIIB Ha TMHHSIX ¢ OAHOCTOPOH-
HUM [TUTaHUEM, U3YYUTh OCOOCHHOCTH B3auMOJIecTBUS ycTpoiicTB AIIB u peneliHoi 3amuThl,
M3Y4YUTh NPUHLHINBI pacuera ycTaHoBOK AIIB nunHMil anekTponepenay ¢ OAHOCTOPOHHUM IUTA-

HUCM.

OcHogvl meopuu:

OpHMM U3 IPU3HAKOB BOZHUKHOBEHUSI KOPOTKOTO 3aMbIKaHUS SIBIISIETCS YBEJIIMUEHHE TOKA
B JIMHUU. OTOT MPHU3HAK MCHOJIB3YETCA JUIsl BBINOJHEHHUS 3aIUT, HA3bIBAEMbIX TOKOBBIMHU.
TokoBble 3aIIUTHI MPHUXOAAT B JEHCTBUE MPHU YBEIMYEHUU TOKa B (pasax JHMHUU CBEPX
OIPEIEICHHOTO 3HAYECHUSI.

TokoBbIE 3alTUTHI TOJPA3JCIAIOTCS HAa MaKCHUMallbHble TOKOBbIe 3amutbl (MT3) u
TOKOBBIE OTCEUKH. [J1aBHOE pasznuuue MEXIy OSTUMHU 3allldTaMu 3aKIIoYaeTcss B crocole
o0ecreueHns CeNeKTUBHOCTH.

CenexkTUBHOCTh JIEHCTBUS MAKCHMaJIbHBIX TOKOBBIX 3alllUT JOCTUIAETCS C IOMOIIBIO
BbIJIEP)KKU BPEMEHHU.

B ceTsax ¢ 0IHOCTOPOHHUM MUTAaHNEM MAaKCUMAaJIbHAS 3allUTa JOJKHA YCTAHABINBATHCS B
Hayaje KaXJOH JIMHUM CO CTOPOHBI MCTOYHMKA NUTaHWs. Torga Kaxnas JIMHHUS HMMEET
CaMOCTOSTENIBHYIO 3AIINTY, OTKJIFOUYAOIIYIO JIMHUIO B CIIy4ae OBPEKICHNS Ha HEN CaMO WIIK Ha
LIMHAX MUTAOLIEICS OT Hee MOACTAHIINH.

ITpu xopotkom 3ambikanuu (K3) B kakoi-mu6o Touke Tok K3 mpoxoauT rmo BceM ydacTkam
CETH, PACIIOJIOKEHHBIM MEXAY HCTOYHUKOM ITUTAHUS U MECTOM IOBPEXKACHHUS, B PE3YJIBTATE YETO
OPUXOJAAT B JelcTBUE Bce 3amuThl. OJHAKO MO YCIIOBUIO CEJIEKTUBHOCTH CpadaThiBaeT Ha
OTKJIIOYEHHE TOJIbKO 3allluTa, YCTAaHOBJIEHHAs Ha MOBpeXACHHOM nuHuU. [lnsg obecrneueHus
YKa3aHHON CEJIEKTUBHOCTH MaKCHMAaJbHBIE 3AIMTHI BBIOJHSIOTCA C BBIIEPKKAMU BPEMEHH,
HapacTAIOUIUMH OT MOTpeOuTeNeil K MICTOYHUKY TUTaHUS.

TokoBas 3ammTa MOXeT ObITh C 3aBUCUMOM, HE3aBUCUMOM MJIM OrpaHUYEHHO 3aBUCUMOMN
BBIJIEP’KKOW BPEMEHH.

CeneKTUBHOCTh [JEHCTBUS TOKOBBIX OTCEYEK O0ECIEeUMBAETCSl COOTBETCTBYIOLINM
BBIOOPOM TOKa CpabaThbIBaHMUS.

JIisi TIOBBINIEHUST YYBCTBHTEIBHOCTH MAaKCUMaJIbHOM TOKOBOW 3ammuThl npu K3 wu

yIy4lIEHUs] €€ OTCTPOWKH OT TOKOB HAarpy3ku MpUMeEHseTcsl OJIOKMPOBKAa MOCPEICTBOM pelie
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MUHUMAaJIBHOTO HAIPSDKEHUS. 3alIUTa MOXKET JEHCTBOBATh HAa OTKJIFOYEHHE TOJIBKO IIPH YCIOBUU
NOHMKECHUS HANPSHKEHUS B CETU HI)KE MUHMMAJIBHOTO YPOBHS pabodero HanpsbkeHus. B ciyuae
Neperpy3Ku JMHUM U OTHOCUTENBHO HEOOJIBIIIOM IOHMKEHUH HAIIPSDKEHUS 3allUTa He CpadoTaer,

JaXX€ €CJIN TOK (1)33 YBCIINYHUTCA BbIIIC 3HAYCHHA YCTABKHU.

Q

ng Az 02 gKl
| A
P s{u

L j

32

B nanHOM 3KCIEpMMEHTE HCIOJIB3YIOTCS JIBE MOCIIE0BATENIEHO COSMHEHHBIE TUHUU (CM.
puc), nojKItoueHHbIe K UCTOUHUKY G uepe3 Tpanchopmarop T1 u Beixmouatenu Q1 u Q2. Ot
IIMH OJIHOM JIMHUM IOJIydyaeT NMUTAaHWE MHAYKTUBHas Harpy3ka QL, oT muH Apyroi JUHUM —
aKkTUBHas Harpy3ka P. B Hauane nepBoil nuHuuM ycraHoBiieHbl TpaHchopmaTopsl Toka TAl u
HanpsbkeHus TV1, B Hauane BTOpoit — Tosibko Tpancdopmartop Toka TA2. KopoTkue 3aMbIkaHUs
K1 u K2 ycrpauBarorcs B KOHIE KaX/101 U3 JINHUH.

IBe 3ammrtbl 31 u 32 MoAenupyrOTCsT Ha KOMIIBIOTEPE C IOMOILBIO ClEHHaIbHON
nporpammsl. 3amuTa 31 MoXxeT paboTaTh ¢ HE3aBUCUMON WIJIM 3aBUCUMOM BBIJIEPKKOM BpEeMEHH,
a TaKke ¢ OJIOKMPOBKOW IO HAIpsDKEHUIO MM Oe3 Hee. 3ammura 32 MoXkeT padoTaTh TOJBKO C
HE3aBUCHMOM BBIIEPKKON BpeMEeHU 0e3 OJIOKMPOBKH 110 HAMPSKEHUIO.

B pamkax paccmarpuBaeMoil pabOTBI MOXHO CMOJIEIUPOBATh, KaK MHUHHUMYM, 5
pas3IMYHBIX BapUAHTOB (KOMOMHALIM) 3aIHT:

31 c He3aBUCUMOM BBIZIEPKKON BpeMeHH 0e3 OJIOKMPOBKH 110 HAIIPSKEHHIO;

31 ¢ 3aBUCUMOI BBIIEPKKON BpeMeHU 0e3 OJIOKMPOBKHU 110 HANIPSKEHUIO;

31 ¢ He3aBUCUMOM BBIAEPKKOI BpeMeHU ¢ OJIOKHPOBKOM MO HANPSXKEHUIO;

31 u 32 ¢ He3aBUCUMBIMH BBIJIEP)KKaMU BpeMeHU 0e3 OJIOKMPOBOK MO HANPSKEHUIO;

31 unm 32 B kauecTBE TOKOBOM OTCEUKH 0€3 BBIJICPKKUA BPEMEHH.

Kpome nepednciaeHHbIX, MOKHO BBIIOJIHHUT U JPYTUE SKCIEPUMEHTBI, TFOOBIM 00pazom
KOMOMHHPYSI YCTaBKU 3aIlUT.

[Tpu ucnonb3oBanuu nByx MT3 nunMit none3Ho yOeaUThHCS B TOM, YTO 3alllUTa MEPBOU
JMHUM JENCTBUTEIBHO PE3EPBUPYET 3aLLUTY BTOPOM JIMHUU. [[J1s1 3TOr0 HY’)KHO CMOJAEIUPOBAThH
0TKa3 BeIKtoyaresst Q2 (Hanpumep, NEpeBECTH €ro B PyUYHOU pexXuM paboThI U BKIIOUHTS), TIOCIIE
Yero MpOBECTH HKCIIEPUMEHT, YyCTpaumBas KOPOTKOE 3aMblKaHME B KOHIE BTOpPOMl JMHUHU, U

yOeIUTHCsI, UTO CpabaThIBACT 3alTUTa TIEPBOM.
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Ykazanue no mexnuke 6ezonacnocmu:
VYkazaHus Mo TeXHUKE OE30MaCHOCTH MIPH BHIMOJIHEHUH Ja00paTOPHBIX pabOT MPHUBEICHBI

B IIPWJIOKEHUE A.

Ykazanua no eévinoanenur nabopamopmnoit pabomoi:

1) CoOparts cxemy s1abopatopHbix ucneitanuii puc. 8§ (BCE Momynu ctenaa TomKHBI
oprTe OTKJIFOYEHBI!). [ToaxkntounTs aHamoroBbie KaHaibl MOJYJISE BBOJA-BbIBOA ISl U3MEPE-
HUs TOKOB a3 A u C co cTopoHbI BeIKIIFOYaTesns kadbenpHoi JIDII mepBoii cekiuy cOOpHBIX MIHH.
Monyns BeikIrOUaTens Koporko3zambikaresss QK3 ¢ 0qHOM CTOPOHBI MOJKIIOUNTE K MOAYIIO KO-
pOTKO3aMbIKaTes, a ¢ Ipyroi crtopoHbl — K kiiemmam A3, B3, C3 Moyt BbikIto4aresns kademb-
Hoit JIDII nepBoii cexunu cOopHbIx muH. [lepeBectu nepexitouarenu SA1 Mmoaynst TpexdazHoi
cetd, SA2 MOaynsi BBOAHOTO BBIKJIIOYATENs, MOAYJeH BbIkItouaTens kadenpHou JIDII, momyms
JIBUTaTEIbHON HArpy3KHU U MOJAYJSI CEKIIMOHHOTO BBIKIIOUATENs B MoJiokeHue «ABT». [lepeBectu
nepekiouaTean SA3 Moaysel BBOIHBIX BBIKIIIOUATENIEH B BEpXHEE MOJ0KEeHHE. BKIIIOUUTH aBTO-
matuyeckue Boikiouatenu QF1..QF3 na nuneBoit manenu Moayiis KOpoTko3aMbikarens. Bxito-
yuTh aBTOMarnueckue Boikirouarenu QF1.. QF4 na Moaynsix akTHBHOM Harpy3ku. BkirounTs nu-
TaHWE CTEHJa aBTOMAaTH4eCKuM BbIKItouareraeM QF1, pacnosioxeHHbIM Ha MOJYJ€ NUTaHUsA
creHja. BkitounTh muTaHue BCeX MOAYJIEH, MMEIOIINX WHIUBUIYAIbHBIA TyMOJIEp MoJauu MuTa-
Hus SA1 «Cetb».

2) Ha nmepconansHOM KOMITbIOTEPE 3ayCTUTH MpOTrpaMMHbIN KomIutieke «DeltaProfi»
(ITyck - ITporpammel - Jlabopatophslii komiuieke — DeltaProfi). OtkpbiTh n1abopaTopHyto paboTy
koMaH 10 «PaboTsI - Peneitnas 3amura u aBromatuka - Pabora NeO8 AIIB nmuanm snexkrponepe-
Jaum.

3) B nporpamme «DeltaProfi» nepesectu 3amuty MT31 B pexxuM paboThl «aeiicTBue
Ha CUTHa» (ABOWHOM IIETYOK JIEBOM KHOMKOW MBIIIK Ha mpsiMoyronbHuke «MT31y», B quanoro-
BOM OKHE YCTaHOBMTH INepekitodarensb «PexxuM paboThl» B MoOJ0KeHUE «curHan»). [lepesectu
AIIB B pexum paboThl «OTKJIIOUEHOY (JIBOMHOM IIEITYOK JIEBOM KHOMKOM MBI Ha MPSAMOYTOJIb-
Huke «AlIBy», B TuanoroBoM okHe YCTaHOBUTH MepeKIrovaresb «PexxuM paboThl» B MOJIOKEHUE
«OTKJIIOUCHOY).

4) 3anmycTuTh mporpaMmmy B paboTy KHOMKO# «I1yck» miam KoMaHA0M TJIaBHOTO MEHIO
«Ymnpasnenue - [Tyck» nnm ropsueit kinasuieit FS.

5) JMCTaHIMOHHO BKJIIOYUTH BBIKIIOUaTe b Q1 OMHAPHBIM IIETYKOM JIEBOW KHOMIKH
MBIIIH 110 3€JIEHOMY MPSMOYTOJIbHUKY C BCIUIbIBaroel nmojackaskoit «Q1». I[Iporpamma Bceraa
0TOOpa)kaeT TEKYyIllee COCTOSHUE BBIKIIOYATENS (3€JIEHbI — OTKJIIOYEH, KPACHBINA - BKIIIOUEH).

AHaOTMYHBIM 00pa3oM BKJIIOUNTH BhIKIOUaTenb Q3. Brimtounth BeIKiIOUaTens Q6 mepeBogoM
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KJIIOYa yIpaBJICHHS BhIKIIouaTeneM SB6 B monoxkenue «BKIL.». [Ipu 3TOM, HAa MHEMOCXEME 0TO0-
pakaroTCs TEKyIIMe 3HAUYCHHsI TOKOB BO BTOPHUHBIX 0OMOTKAaX U3MEPUTENIbHBIX TpaHCPOopMaTo-
POB TOKa U HaNpPsKEHUS.
6) 3anucarh 3HaYCHHE TOKA BO BTOPUYHON 0OMOTKE U3MEPUTEIHLHOTO TpaHchopMa-
topa TA6, mponopiuoHanbHOE TOKY Harpy3ku JuHUU sektpornepeaadd W1 | pagmax.
OcTaHOBUTH IporpamMmy KHONKOM «CTOI», KOMaHAON IJIaBHOTO MEHIO «YIIpaBiE€HUE -
Cron» unu ropsiueit kiasuieit Fo6.

7) Paccuurath TOK cpabarbiBanms 3anuThl MT31 no hopmyie:

L _kok
C.3— ab. mex
k P
8

KoaddunreHnT Hage:)KHOCTH MPHHATH paBHbIM Ky = 1,2.

Koaddurment 3amycka 1BUTraTesIbHOM HArpy3KU NMPUHATH paBHbIM K; = 1. Koadpduuuenr
BO3BpAaTa peJie ToKa NpUHATH paBHbIM Kp = 0,95.

OTKpBITH AMAIOTOBOE OKHO HACTPOWKH MAapaMETPOB 3aLUTHI JBOWHBIM ILEITYKOM JIEBOU
KHOIIKOM MBbIIIM Ha npsiMoyroiapHuke «MT31», B mosBuBIIEMCS AMAIOTOBOM OKHE BBECTH pac-
YETHBIN TOK cpabaThIBaHUS 3aIMTHI. /[nanoroBoe OKHO 3aKphITh.

8) OTKpBITh JUAIOTOBOE OKHO HAcTpoiiku napameTpoB AIIB (nBOIHOMN 1IETYOK JIEBOI
KHONKOW MBIIIM Ha NpsMoyronbHuke «AlIB»). YcTaHOBUTH mepekitoyaTenb «KpaTHOCTb AEH-
CTBUS» B IOJIOKEHUE «IBYXKpaTHoe». Ilepexmrodarens «YCKOpeHHE NEHCTBUS PENIEHHON 3a-
LIUTHD) B MTOJIO)KEHNUE «OTKIIIOYEHO».

9) [TepeBectu 3amuty MT31 B pexum aeiictBus Ha oTkitouenue. [lepeectu AIIB B
PeXHUM pabOoThl «BKIOYEHO». 3allyCTUTh Mporpammy B padoTy kHomnkoi «Ilyck» ninu komangon
IJIABHOTO MEHIO «YmpasieHue - [Iyck» unu ropsueit knasumieit FS.

10)  IIpoeeputs padoty AIIB npu camoyctpaHstomemMcs: KOpoTkoM 3ambikanuu. Co-
3/1aTh KOPOTKOE 3aMbIKaHHE BKIOYEHEM BBIKJIIOUATEIIs KOPOTKO3aMbIkaTess. [Ipy mpaBUIIbHO BbI-
OpaHHBIX yCTaBKax 3allluTa cpadaThIBaeT C 3aJaHHOW BbIIEPKKOW BPEMEHHU, OTKJIFOUas BBIKJIIOYa-
Tenb Q6 , ero IBET CTAHOBUTCS 3€JIEHBIM, a MPSIMOYTONIbHUK «MT31» KpacHBIM, YTO CBUIETEID-
CTBYET O cpabaThIBaHUU yKa3aTeJIbHOTO pene 3amuThl. [I{enyok geBoi KHOMKOM MBIIIHN 110 Mpsi-
MoyrosibHUKY «MT31» cOpaceiBaeT cOCTOSTHHME yKa3aTeIbHOTO pefie (aHaIoTUuIHbIN (P dekT 10-
CTUTAETCs Ha)KaTueM KHONKH «COpoc» B IMAIOrOBOM OKHeE mapameTpoB 3amuthl). CPA3Y T10-
CJIE CPABATBIBAHU A 3AIIUTHI otkimtounts kKopoTkoe 3ambikanue! AIIB ¢ Beiepxkoit Bpe-
MEHM NOAAET KOMaHAy Ha BKJIIOYeHME BbIKIrodarens Q6. BoccranaBnuBaeTcs HOpMalbHbIN pe-
KHUM paboTel. COpocuTh cocTosiHre ykazarenabHoro pene MT31 u AIIB.

11)  IIposeputs aBTOMaTH4ecKuii Bo3Bpar AIIB. [[yns 3TOr0, MOBTOPUTH MPEIBIAYIIUIT

nyHKT 3-4 pa3za. AIIB nomxHO cpabaTeIBaTh B KaXKJIOM CIIydae.
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12)  TIposeputs paboty AIIB mpu ycTOHYHBOM KOPOTKOM 3aMBIKaHUH.

Jist aTOTO, CO371aTh KOPOTKOE 3amMbikaHue. M T3 ¢ 3a1aHHOM BBACPKKOU BPEMEHH, OTKJIIO-
qaeT BbIKI04areab Q6, ero 1BET CTAaHOBUTCS 3€JIEHBIM, a IPAMOYToiabHUK «MT3» KpacHbIM, 4TO
CBUJIETEJILCTBYET O cpabaThIBaHUM yKa3aTelbHOro pese 3amuThl. AIIB ¢ Bbiiepxkoit Bpemenu 1
CTYIICHH BKJIIOYAET BhIKItOUaTes b Q6. MT3 ¢ 3a1anHO# BBIIECPAKKOM BPEMEHH CHOBA OTKJIIOYAET
BbIKI04aTenb Q6. AIIB ¢ Bblaepx Kol BpeMeHH 2 CTYIIEHH CHOBA BKJIIOYAET BhIKIOYATEnh Q6.
MT3 ¢ 3a1aHHO BBIIEPKKON BPEMEHU CHOBA OTKJIIOYAET BhIKitouatensb Q6. Jlanpheiimas padora
AIIB 6nokupyercsi.

13)  OrkimounTh Bee BhiKMovaTe . OCTaHOBUTH TporpaMMy KHOIKOU «CTomy, KOMaH-
JI0M TI1aBHOTO MeHI0 «Ympasiienue — Crom» uinu ropsyeit knasumei F6. OTkIounTh NUTaHNE
CTEH/Ia.

14)  Odopmuth oTUeT 1O JIabopaTopHOIi padore.
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Q1 Q2
TA1 TA2
T1 T2
TA3 TA4
Q3 . Q4
— Q5 A8
2 T os B T
* oTN. Q
TAG g_ TV1 TA7
| Ia=0.002 A
I1c=0.002 A @
\J

ABTOMaTHYECKOE IMOBTOPHOC BKIIIOUCHUEC JIMHUHU SJICKTPOIICPCaAadn. Mmuemocxema

Cooeporcanue omuema:
OT4er AOMKEH CONePKaTh:
1. HazBanue paboThl;

2. llenb paboTHI;

3. KpaTtkue Teoperuueckue

4. OnycaHue UCTIOIb3YEMOTO 000PYI0BaHNS U MaTEPUAJIOB;

2cuW

CBEJICHMUS,

5. Ilopsiiok BBIOJTHEHUS PaOOTHI;

6. Beruncnenus u o6paboTka pe3yapTaToB;

7. BBIBOJIBI.

KOHmPOJleble eonpocol:

1. Kakue TpeboBanus npeabsaBistoTcs K yerpoiictBam AIIB?

2. JInst uero ATIB BeITIOTHSIETCS C BBIIEPKKOW BpeMeHU?

3. Kaxk BeiOupatorcs ycrasku Y AIIB?

Q8

TA8

4. 3aueM B (I)OpMyJ'IG pacucTa TOKa CpaGaTLIBaHI/IH HU3MCPUTCIIBHOT'O OpraHa 3aliuThl UC-

NOJIb3yeTcsl KO3 (HUIIUEHT CXeMBbI?

5. Kakue napaMeTpbl UCIIOIB3YIOTCA B KauecTBe ycTaBok Y AIIB?
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6. J1ia Kakux JIMHUN TPEANOYTUTEILHO UCIIOIB30BaTh yeTpoiicTBa AIIB?

7. CKOJIBbKO TIOBTOPHBIX BKIIOUEHHH oOecrieunBaroT ycrpoiictBa AIIB Bo3aymnbix JIDII?

8. Uro siBisieTCs IOTMUECKOM MOCBUIKOM JUTst Havana paboTel cxeMbl AIIB B peasibHBIX cXxe-
Max YIpaBJIeHHs BBIKJIIOYATEISIMU IPUCOETUHEHNH, 00eCrieunBaeMbIX 3TOM aBTOMAaTHKOM; 10 Ka-

KHNM YCJIOBUAM COCTOAHUSA CXCMbI
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Jlabopamopnas paooma Nel7. Xapaxmepucmuku u OouHamuyeckue ceoucmea yugppo-

6ol peﬂeﬁnoﬁ 3auiumeol. Aemomamuueckoe nosemopmHoe eéKjirouernue CﬁOprlx WUuH

Ilens pabomur: VI3yunTth 0cOOEHHOCTH PabOTHI yCTPOUCTB ABTOMATUYECKOTO ITOBTOPHOTO
BKJIFOUCHUS IIIMH, U3YIUTh OCOOCHHOCTH B3auMOCHCTBUA ycTpoiicTB AIIB muH 1 ycTpoicTB pe-

JIEHOMU 3aIUTHI.

Ocnogvl meopuu:

B cooTBeTcTBUM € paBUIIaMU 3KCIUTyaTalllH, CYIIECTBYIOT OIpeIelIeHHbIE TPeOOBaHUS U
YCIJIOBHSI, KOTOPBIE JOJKHBI coOmonaTh AIIB aBTomMaTrdeckoe MOBTOPHOE BKJIIOYEHHE, C IEIBIO
obecrieuennss >PQPeKTHBHON M Oe30macHO paboTHI 3NeKTpooOopynoBaHus. Bcee 3amuTHBIC
YCTPOMCTBA MPOAOIIKAIOT CBOIO PabOTY J0 U MOCJIE ITOBTOPHOIO BKIFOUEHUSI.

CpabaTbIBaHHE aBTOMATHKHU JOJDKHO MMPUBOAUTH OOBEKT WIIM YCTPOWCTBO B II€pPBOHAYAIIb-
HOE rOTOBOE NOJIOKEHUE. EciM BO3MOKHOCTh aBTOMATHYECKOT'0 BO3BpaTa OTCYTCTBYET, JaHHAs
OIEpALMs BBINOJIHAETCA BPYYHYIO.

3amnpentaercs ucnoib3osats AIIB B ciyyae cpabarbiBaHus OTJEJIBbHBIX BUAOB aBTOMAaTH-
4ecKol U peseiHoi 3amuThl TpanchopmaTopoB. Eciau cpabareiBaeT 3amuTa, KOTOpoi 060opy1o0-
BaHbl CHJIOBBIE JIEKTPOJBUTATENH, B 3TOM ciiyyae cuctema AIIB noimkHa HaXOIUTHCS B OTKIIIO-
YEHHOM COCTOSIHMM. Ee OTKIIIOUE€HME BBINOJHAETCA KOI/Ia BBICOKOBOJIBTHBIN BBIKJIKOYATENb OT-
KJIFOYAETCs BpYYHYIO WM JUCTAHIMOHHO IIPU HAIMYUU KOPOTKOTO 3aMbIKAHMSL.

B o0s3aTennbHOM HOpsiIKE AOJKHBI OJOKHPOBATHCSI MHOTOKpaTHbIE BKitoueHus AIIB Bo
n30exaHne YCTOWYMBBIX KOPOTKHUX 3aMbIKaHUN. BIIOKMpOBKa OCYIIECTBISETCS U B Cllyyae HEuc-
IIPAaBHOCTEHN B CAMUX YCTPOMCTBAX ABTOMATHYECKOTO OBTOPHOTO BKIIFOUEHHS.

ITpu peMOHTE Ha BO3IYIIHBIX M KaOEIbHBIX JIMHUAX, @ TAKXKE B CIIydasX MX IUIAHOBOIO U
onepatuBHoro nepexmoueHuss AIIB oTkitouaercss Bo n30exaHue JOXKHBIX cpaOaTbIBaHHM BBI-
KJIFOYATeJIs.

B ciyuae noBpexaeHi Ha COOPHBIX MIMHAX 3aLIUTa OTKIIOYAET BCE MPUCOETIUHEHUS, KO-
TOpble MUTAOT ATH WKHBI. OCHOBHOE Ha3HaueHue AIIB mmH 3TO MOBTOpHAs Mojaya Ha LIWHBI
HaNpsDKEHUs C LEJIbI0O BOCCTAHOBJICHUS 3JIEKTPOCHAOKEHUS MOTpeduTenel, KOTOpbIe MOIydaroT
OT IIWH MMUTAHUE MTPY HECTOMKHUX MOBPEKICHUIX. JTa 3aAada pemaercss AIIB ogHoro u3 nuraro-
IIUX NIPUCOETNHEHUH, KOTOPBIE OTKIOUMINCh. Eciim AIIB ycnemHoe, To MOXET CTaBUTCS M BTO-
pas 3ajadya — aBTOMAaTUYECKOE BOCCTAHOBJIEHHE HAYaJIbHOM cXeMbl mocienoBaTelbHbM AlIB
OCTJIbHBIX MUTAIOMIUX NMPUCOEINHEHUNA. DTO 11eIeco00pa3HO Ha MOJCTAHIUAX B palloHaX 3HAYM-

TEJIBHOIO 3arps3HEeHUs aTMocdepbl BHIOpOCAMH MPOMBILIUICHHBIX MPEANPUATHN XUMHUYECKOU U
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METaJTypruuecKoil oTpacieil, a Tak’ke Ha HeTeJIeMEeXaHU3UPOBAHHBIX 0€3 MOCTOSSHHOTO JEXKYp-
HOTO IepCoHaa.

B o6mem ycnemasivu siBisitotest 64,8 % ATIB muH u 60 % AIIB cunoBbeix Tpancdopma-
TOPOB.

VYerpoiictBa AIIB muH BEIMONHSIOT pa3Hble GyHKIuU. Hanbomee mpocTo ocymecTBiaseTcs
ABTOMATUYECKOE MCTIBITAHUE U30JIAIIUY IIIUH TIOCTIE TOT0, KaK OHK ObUTH 00ecTOYeHHI. JlocTaTtouHo
CJIOHO PeaTU3YIOTCS UCTIBITAaHUS [IIMH U T10/1a49a HAPsHKEHUS MOTPEOUTEISIM, OTKITFOUEHHBIM O/T-
HOBPEMEHHO C BBIKIIIOUeHHEM HIKH. Eiié 6osee ClI0XKHBIM SBISETCS BBINOJIHEHHE aBTOMaTHYe-
CKOT'0 BOCCTAHOBJICHHS HOPMAJILHON CXEMBI [TOJICTAaHIUH 11OCJIE TOTO, KaK YCTAHOBJICHA HEMOBpe-

JKJIEHHOCTD IIIHH.

Ykazanue no mexnuke 6ezonacnocmu:
Vka3aHus 1o TeXHUKe 0€30I1aCHOCTH IIpH BBIITOJIHCHUHN J'Ia60paT0pHLIX pa60T IIPpHUBCACHDbI

B IIPUJIO’KEHUE A.

Ykazanus no évinonnenutro nabopamopnoii pabomoi:

1) Cobparts cxemy nabopatopHbix ucneitTanuii puc. 9 (BCE monynu ctenaa 10omKHbI
oerre OTKJIFOYEHBI!). [ToaxnrounTs aHamoroBbie KaHaIbl MOJYJISE BBOJA-BBIBOA ISl U3MEPE-
HUS TOKOB (ha3bl A CO CTOPOHBI BBOJHOTO BHIKITIOUATES, CEKIIMOHHOTO BBIKJITFOYATEIIS M BBIKITIO-
yarens kabensHOM JIDIT nepBoit cexiuu cOOpHBIX MKUH. MOyiIb BBIKIIFOUATENS KOPOTKO3aMbIKa-
tenst QK3 ¢ o1HOM CTOPOHBI MOJKIIIOYNTE K MOJIYJI0 KOPOTKO3aMBIKATENs, a C APYTOi CTOPOHBI
— k kiiemmam A1, B1, C1 moayns BeikmtouaTesns kabenbsHo JIDIT BTopoit cekiuu cOOpHBIX IINH.
[TepeBectn mepexmrouareny SA1 moayns Tpexdasnoii cetu, SA2 MOAYIS BBOJHOTO BBHIKITFOYA-
Tessl, MOyJel BeIkiouarens kadenpHou JIDII, Momynsa nBUraTeNbHON HATPY3KU U MOJIYJIS CEK-
LMOHHOTO BBIKJIIOYATENS B MosoxkeHue «ABT». [lepeBectu nepexntoyarenu SA3 Moayneil BBOJI-
HBIX BBIKJIIOYATENIEd B BEpXHEE IOJOKEHHE. BKIIOYNTh aBTOMATHYECKHE BBIKIIIOYATEIH
QF1..QF3 Ha nuieBoi maHenn MOAYJsl KOPOTKO3aMbIKaTelsd. BKIFOUMTh aBTOMATHYECKHUE BbI-
kimouarenu QF1.. QF4 na Moaynsix akTUBHOM Harpy3ku. BKITIOUNTh NUTaHUE CTEHJa aBTOMAaTHU-
yeckuM BoikitouareneM QF1, pacnionokeHHbIM Ha MOJyJI€ TUTAHUS CTeHAa. BKIIOUMTh MuTaHue
BCEX MOJIYJICH, IMEIONTUX HHAUBUAYATBHBIN TyMOep nmogaun nutanust SA1 «Cetby.

2) Ha nepconanbHOM KOMITbIOTEPE 3ayCTUTh porpaMMHbIN Komiuieke «DeltaProfiy»
(ITyck - ITporpammsr — JlabopartopHslii komruiekc - DeltaProfi). OTkpsiTh 1abopaTopHyto padoTy

koMaHa0i «PaboThl - Peneitnas 3ammra u aBTomatuka - Pa6ora Ne09 AIIB cOopHBIX MIHMHY.
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3) B nporpamme «DeltaProfi» nmepeBectu 3amuty /311 B peskxum paboThl «aeiicTBHE
Ha CUTHa» (JIBOMHOM IETYOK JIEBOM KHOMKOM MBIIIM Ha npsaMoyroibHuke «/I31», B auanoro-
BOM OKHE YCTAaHOBUTH Mepekittovaresib «PexxuM paboThD» B MONOXKEHUE «curHanm»). [lepeBectu
ATIIBII B pexuM pabOThl «OTKIOUYEHOY» (IIBOMHOM IIETYOK JICBOW KHOIKOW MBI Ha MPSIMO-
yrosnbHuke «AlIBII», B AanoroBoM OkHE YCTaHOBHUTH MepekitouaTesb «Pexum paboTel» B MO-
JIO’KEHHUE OTKIIOUYEHOY),

4) 3amycTuTh MporpaMmy B paboTy KHonKou «I1ycky» WM KOMaHI0# rI1aBHOTO MEHIO
«Ynpasnenue - [Tyck» i ropsueit kinaBuiieit FS.

5) JIMCTaHIMOHHO BKJIFOYUTH BBIKIOUaTENb Q1 OIMHAPHBIM LIETYKOM JIEBOW KHOIIKH
MBIILIY TI0 3€JIEHOMY NPSMOYIOJIbHUKY C BCILIbIBatoIIel nojackaskoil «Q1». Ilporpamma Bcerna
0TOOpa)kaeT TEKYIee COCTOSIHUE BBIKIIIOUATENS (3€JE€HBI — OTKIIIOYEH, KPACHBIM — BKJIIOYEH).
AHaIIOrMYHBIM 00pa30oM BKIHOUYUTH BeIKIOYaTen Q3, Q6, Q5, Q7 u Q8. Ilpu s3Tom, Ha MHEMO-
cXeMe 0TOOpakaroTCsl MTHOBEHHBIE 3HAYEHUSI TOKOB B 0OMOTKAaX M3MEPHUTENbHBIX TpaHchopMa-
TOPOB TOKA.

6) OTKpBITh OKHO HACTPOMKHU 3aIIUTHI (IBOWHOM IIETYOK JIEBOM KHOMKOW MBIIIHA Ha
npsimoyronbHuke «/[311»), B tabnuny 1.9 3anucats 3HaueHue Toka HebamaHca B 0OMOTKe Tud-
depenuuansHoro pene (cMm. rpymnmy «V3mepeHus» B OKHE MapaMeTPOB 3alIUThl) B PEXHUME
Harpysku I Heb.Harp.

Tabmua 1.9.

[Tapamerp 3Have-

Tok Hebananca B pexxume Harpy3ku [ wegmarp., A

Toxk HeOamaHca B PCKUME BHCITHET'O KOPOTKOI'O 3aMbIKAHU S I w6 puems.,

Toxk HeOamaHca B PEKUME KOPOTKOT'O 3aMbIKAHU IITHH I wes. HILH. 5 A

Tok HebanaHca B pexxuMe 3amycka dJIeKTPOABUTaTeNS | wegsan., A

Tok cpabarbiBaHUS 3aIIUTHI I¢; ,A

7) CoznaTh BHEIIHEE KOPOTKOE 3aMbIKAHHE BKJIFOUEHHEM BBIKJIIOUATENsI KOPOTKO3a-
mbIkarend. B Tabnuiy 1.9 3anucaTth 3HaueHue Toka HebamaHca B 0OMOTKE Au(pepeHIIaIbLHOro
pelle B PeKUME BHEIIHErO0 KOPOTKOTO 3aMbIKAHUA | ne6.prenm. . OTKIIFOUUTH BBIKIIIOYATENb KOPOT-
Ko3aMbIKaTenst. OTKIIOYUTh Bce BbIKIOYaTenu. OTKIIOUNTh NUTaHUE cTeHaa. M3MeHuTs Touky
MOJIKJIFOUEHUS BBIKJIIOUATENsI KOPOTKO3aMbIKATEeN sl AJIsl CO3/1aHUs KOPOTKOI'O 3aMbIKaHUS Ha Ka-
6enbHOM JIDII nmepBoit cekunu cOopubix muH (kiaemMbl Al, B1, C1 moayns BbIKITIOUaTens Ka-

oenpHoI JIDIT). Bkimtounth nutanue creHaa. BkmounTts Beikitouarend Ql, Q3, Q6, Q5, Q7 u Q8.
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8) Co31aTh KOPOTKOE 3aMBbIKaHHE IIIMH BKITIOYCHUEM BBIKITIOYATENSI KOPOTKO3aMbIKa-
tenst. B Tabnuity 1.9 3anucarh 3HaueHue Toka Hebananca B 00MoTke nudGepeHInalIbHOTO pene B
pPEXKUME KOPOTKOTO 3aMbIKaHUS MIHH lues. umn OTKIIFOUUTH BBIKIIIOYATENb KOPOTKO3AMbBIKATEIS.
Otkmounts BeIkIodaTenu Ql, Q3, Q6, Q5, Q7 u Q8.

9) Onpenenuth 3HaYeHUWE TOKAa HebasaHca B 00MOTKe audepeHIraibHoro pese B
peKHUMe 3amycKka dnekTpoasurarens. J{is gero Bxmrounts Beikiouatenu Ql, Q3, Q6, Q5, Q7,Q8
u B Tabnuiy 1.9 3anmucarh 3Ha4YeHHE TOKa HeOamanca B 00MOTKe nudepeHInanbHOro pene B pe-
KHME 3aITyCKa JJIEKTPOABHUraTelsi. BRIKIIOUNTE BCe BhIKItoUaTean. OTKIIOUUTh MMTAHUE CTCH/IA.

10)  PaccumrtaTh TOK cpabaThIBaHMs 3aIIUTHI 110 Gopmyie: K .

Ves= Vs oneun " K

KoaddunpenT Hage)KHOCTH MPHHATH paBHbIM Ky = 2,375.

OOpatuTh BHUMaHHE Ha TO, YTO MOJYYEHHOE 3HAUEHUE TOKa CpadaThIBaHUsS 3aIUTHI
JIOJKHO OBITH OOJIBIIIE 3HAYCHUS TOKA HeOallaHCca B 00MOTKe TP PEpEeHIINATHHOTO PElie B PSIKUME
BHEIIIHETO KOPOTKOT'O 3aMbIKaHUsI U B PEKHUME 3aIlyCKa AJIEKTPOJABUTATENSA, HO, B TO K€ BpEMS,
MEHbIIIe 3HaYeHHUs TOKa HeOamaHca B 00MOTKe nU(GEepeHIINaTIbLHOTO pejie B PEKUME KOPOTKOTO
3aMbIKaHUsS IMH. BBECTH pacueTHBIN TOK cpabaThIBaHUS 3aIIUTHI B IMAJOTOBOM OKHE IapaMeT-
POB 3aIlUTHI.

11)  BxurounTs nutanue creraa. Brmounts Beikirodatenu Ql, Q3, Q6, Q5, Q7 u Q8.

12)  IlepeBectu 3ammTy B peXHUM JCHCTBUS Ha OTKiIOYeHHUE. [Ipu HEoOX0IUMOCTH,
cOpOCHTH COCTOSIHUE yKa3aTelbHOTOo pene 3amuThl. [lepeBectu AIIBIII B pesxrim paboThl «BKITIO-
YEHOY.

13)  IIposectu ucnbitanusi AIIB muH npu caMOyCTPaHSIOMIEMCSI KOPOTKOM 3aMbIKa-
HUHU. [{J11 3TOro co31aTh KOPOTKOE 3aMbIKaHUE BKIIFOUEHUEM BBIKITIOUATENS] KOPOTKO3aMbIKATEIIS.
[Tpu nmpaBUIBHO BEIOPAHHBIX YCTaBKAX 3alluTa cpabaThiBaeT 0e3 BBIACPKKHU BPEMEHH, OTKITI0Yast
BbIKIItoUarenu Q3, Q6 u Q5, uX LBET CTAaHOBUTCS 3€JI€HBIM, a NPAMOYToJdbHUK «JI3111» kpacHbIM,
YTO CBUJETENBCTBYET O cpabaThiBaHUU yKazaTenbHOTO pene 3amuTthl. CPA3Y I[TOCJIE CPABA-
TBIBAHU S 3AIIIUTHI

OTKJIIOYUTH KOpOTKOE 3ambikaHue. AIIB ¢ Beiiep kKO BpeMEHU BKIIOYAET BBIKIIOYATEIN
Bcex mpucoeauHeHuil. lllequkom 5eBOMl KHONMKH MBIMIKA MO mnpsMoyroiabHukam «/I31I» u
«ATIBII» cOpocuTh cOCTOSIHUE YKa3aTeIbHBIX pee (aHaJOTHYHbIN 3 PEKT ToCTUraeTcsl Haxa-
THeM KHOTIKU «COpOoCc» B AMAIOTOBOM OKHE ITApaMETPOB 3alUTHI K aBTOMATHKH ).

14)  TlpoBepuTh y4eT MOJOXKCHUS KIIOYCH yIpaBJICHUS BBIKIOYATeIsIMu. J[s aToro,
MoJIaTh KOMaHy Ha oTKioueHue® Beikmodarens Q5. Co3nate KopoTkoe 3ambikaHue. [1pu mpa-
BIJILHO BHIOPAHHBIX yCTAaBKax 3allldTa cpadaThiBaeT 0€3 BBIICPKKH BPEMEHH, OTKJIFOYas BBIKITIO-
gatenmu Q3 u Q6. CPA3Y IIOCJIE CPAFATBIBAHUSA 3AIIUTHI oTkIIFOUUTH KOPOTKOE 3aMBbI-

kaHue. AIIB ¢ BbIIep)KKOM BpEMEHM BKJIIOUAET BBIKJIIOUATENIN OTKIJIIOUEHHBIE aAericteueM (311
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OOpatuTh BHUMaHHE, YTO BBIKIIOYATENh S5, HAXOAWBIIUMKCSA B OTKIIOUYEHHOM COCTOSIHUH, HE
BKJtouaetcs aelictsueM AIIB. Illenukom 1€BOM KHONKHM MBILIH 110 IpsiMOyrosibHUKaM «J(31» u
«AIIBIL» cOpocuTh COCTOSTHUE yKa3aTeNbHBIX pelie (aHATOTHYHBIN (P QeKT mocTuraercss Haxa-
THEeM KHONKHU «COpocy» B 1MaJIOTOBOM OKHE MapaMeTpOB 3alUThl U aBTOMATUKH).

15)  TIIposectu mcobitanuss AIIB mivH mpu yCTOHYHBOM KOPOTKOM 3aMbIKAHHH. J{yist
3TOT0, CO3/1aTh KOPOTKOE 3aMblKaHue. [Ipy MpaBUIBHO BHIOPAHHBIX yCTaBKaxX 3alluTa cpadaThl-
BaeT 0e3 BBIIECPKKU BpeMeHH, oTkiItovas Beikitovarenu Q3 u Q6. AIIB ¢ Beaepkoii BpemMeHu
BKJIIOUYAET BBIKIIOYaTe b Q3, Ipu 3TOM BO3HUKAET TOK KOPOTKOTO 3aMbIKaHUS U BbIKITIOUaTenb Q3
otkmouaetcs AeiicteueM J3111. Jlansuelimas padora AIIB Gaokupyercs.

16) OrtxinrounTh Bee BeIKIoUaTenu. OTKIIOUNTh MUTaHUE CTeHAA. MI3MEHUTh TOUKY MoJI-
KJIFOUEHUS BBIKIIIOYATENsl KOPOTKO3aMbIKaTeNs JUIsl CO3AaHMsI KOPOTKOIO 3aMbIKaHUs Ha KaOelb-
Hoit JIDII Bropoii cexiuu coopubix muH (k1emmbl Al, B1, C1 Moayns BbIkiTtouaTens KaOenbHON
JIDII). BrmrounTs nutanue creHaa. BxkmounTs Beikmodarenu Ql, Q3, Q6, Q5, Q7 u Q8.

CoziaTh KOPOTKOE 3aMbIKaHHUE IIMH BKJIFOUEHUEM BBIKJIIOUATENS] KOPOTKO3aMbIKa-
TeJsl.
[Tpu npaBuIbHO BHIOPAHHBIX YCTaBKaX 3allliTa He cpabaThIBacT.

17)  OtkimrounTs Bee BhIKIOUaTend. OCTaHOBUTD MPOrpaMMy KHOMKO#H «CToI», KOMaH-
JI0M riaBHOro MeHo «YmpasiieHue - Cton» uiaM ropsiuedt kinaBuuet F6. OTkiIounTh nuTanue
CTEeH/Ia.

18)  Odopmuth oTueT MO J1AOOPATOPHOU paboTe.
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ABTOMaTHUYECKOE IIOBTOPHOC BKIIIOYCHUC C60pHLIX muH. MHEMocxeMa

Cooepocanue omuema:

OTuer KOKEH CONEPKaTh:

1. Ha3Banue paboThl;

2. llenb paboTHI;

3. Kparkue TeopeTnyeckne CBeICHHUS;

4. Onucanue UCIOIb3yeMOro 000pyI0BaHUS U MaTE€PUAJIOB;
5. Ilopsiiok BBIOJTHEHUS PaOOTHI;

6. Beruncnenus u 06paboTka pe3yabTaToB;

7. BBIBOJIBI.

Konmponvnuvie sonpocot:

1. Kakue TpeboBaHusI MpeabsBISTIOTCS K ycTpoiicTBaM AIIB cOopHBIX mMH?

2. ITouemy Y AIIB cOOpHBIX HIMH AOJKHO MpeaycMaTpuBaTh OJOKUPOBKY MpHU cpadaThl-
BaHUU T'a30BOM 3aIUTHI?

3. [Touemy Ha ABYXTpaHCc(HOPMATOPHBIX MOJCTAHIUAX MOXKHO o0oiiTuchk 6e3 AIIB cOop-
HBIX IIHH?

4. 3a cder 4yero JA0CTUraeTcs MoBblIeHUs ObicTpoaeiicTBUs Y AIIB muH no cpaBHEHHUIO C

VY AIIB nunuii anexTponepenadn, BCera I MOXeT Ha0JIl01aThCsl TAKOe COOTHOIIEHHE?
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Jlabopamopnas paooma Nel8. Xapaxmepucmuku u ounamuyeckue ceoiucmea yugppo-

8oil peﬂeﬁnoﬁ 3auiumeol. Aemomamuueckoe eKiroueHue pe3epeéa CeKUUOHHO20 6blKlIouamei.

Henv pabomoei: VI3yautb NpUHIMN ACHCTBUS U OCOOCHHOCTH PaOdOTHI YCTPOMCTB aBTOMA-

TUYCCKOI'0O BKIIOUCHUA PE3€PBa CEKIIMOHHOI'O BBIKITFOYATCIIA.

OcHogvl meopuu:

JUis  HajeXKHOro  JNEeKTpOocHAOXKeHUs  MOoTpeOuTesned B JHEProcUCTeMax U
JNEKTPOYCTAHOBKAX  CO3/AIOTCS  CIIELHUAJbHBIE  CXEMbl  AJIEKTPUYECKUX  COCAMHEHMIA,
00ecTeurBaroIie MOBBIIICHHYIO HAJIEKHOCTD.

Bricokyto creneHb HaaeKHOCTH SJIEKTPOCHAOKEHMS] OOECIEUYMBAIOT CXEMBI MUTAHUS
MOJICTAHIIMII OJHOBPEMEHHO OT JIBYX M 0oJjiee MCTOYHHUKOB MHUTAHMSI, MOCKOJBKY MPH TaKUX
CXeMax aBapUiHOE OTKIIOYEHHE OJHOTO U3 UCTOYHUKOB HE HAapyIIaeT MUTAaHUs OTpeOuTeneil.

Hecmotpst Ha 3T 0O4EBHIHBIC TPEUMYIIIECTBA MHOTOCTOPOHHETO MUTAHUS TIOTPEOUTENICH,
0OJIBIIIOE KOJIMYECTBO IMOJCTAHIIMN BO3MYNIHBIX M KaOCIBHBIX CETCH, MMEIOIUX JBa U Oolee
MCTOYHUKOB MUTaHMs, pabOTaIOT MO CXEME OJJHOCTOPOHHEro nMuTaHus. OJHOCTOPOHHEE MUTAHUE
UMEIOT TaKXe CEKIIMH COOCTBEHHBIX HYXKI] 3JIEKTPOCTAHIUH.

[Ipumenenne Takoli MeHee HaJCKHOU, HO 0oJiee TPOCTOM CXEMBbI AJIEKTPOCHAOKEHUS BO
MHOTHX CIIy4asiX OKa3bIBA€TCs I1eJIeCOOOpPa3HBbIM JIJIsi CHIDKCHHS BEITUYMH TOKOB KOPOTKOTO
3aMbIKaHUS, SKOHOMHH TIOTEPh MOITHOCTH B TpaHChOpMaTOpax, YIPOUICHUS PeeHHOM 3aIIUTHI,
CO3IaHHMI0 HEOOXOIUMOTO peXKHMa M0 HAMPSKEHHIO, IePEeTOKaM MOIIIHOCTH U T.11. [1pu pa3zButuun
ceTell OJIHOCTOPOHHEE MUTAHUE YacTO SBJISIETCS €AMHCTBEHHO BO3MOXKHBIM PEIICHUEM, TaK KaK
paHee yCTaHOBJIEHHOE OOOpYyAOBaHHWE M peJeifHas 3aluTa HE MO3BOJIAIOT OCYUIECTBHUTH
napauieTbHyI0 paboTy UCTOYHUKOB MUTAHUS.

HenocratkoM OJHOCTOpPOHHErO0 NHTAHUS SBISETCA TO, YTO ABAPUHMHOE OTKIHOYEHHUE
pabouero UCTOYHUKA MPUBOIUT K MIPEKPAIICHUIO TUTAHUS MTOTpeOUTENEH, T.€. K aBapUH.

OTOT HENOCTaTOK MOXET ObITh B 3HAYUTEIBLHOM CTENEHU YCTpaHEH ObICTPBIM
ABTOMAaTUYECKUM BKIIIOUEHHEM PE3E€PBHOIO HMCTOYHUKA WJIM BKIIOUEHHEM BBIKIIIOUYATENs, Ha
KOTOPOM ITPOU3BOAUTCS JIeJI€HUE CeTH. 715l BHIMOTHEHUS 3TON ONepaluy MIMPOKO UCHOJIb3YIOTCS
CIelragbHbIE aBTOMATUYECKHUE YCTPONUCTBA, TOJYIUBIITHE HANMEHOBAaHUE aBTOMATOB BKJTIOUEHUS
pesepna (ABP).

B nanHOM 3KCIiepuMEHTE MOJIETUPYETCS CXeMa MOHU3UTEIbHOM noacTaHuu (cM. puc). B
HOPMaJTbHOM peXrMe padoThl BhIKIIoUaTeau Q1 1 Q2 BKIIOUEHBI, CEKIIMOHHBIN BBIKITIOUaTeNb Q3
— otkmoueH. [lpu «aBapuiiHOM» OTKIIOUYeHHH BbIKIIOYaTenss Q1 (T.e. mMpuW HCYE3HOBEHUH

HAlpsOKCHUA Ha [OIWHAX HOJICTaHI_[I/II/I), CHadaja Cpa6aTI)IBaeT 3alqUuTa  MHHHMAaJIbHOI'O
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HanpsHKeHUs, OTKIII0Yarolias Beikitouarenb Q2, a 3ateM — ycrporictBo ABP, koTopoe BKItouaeT
BBIKJTIOUaTesb Q3.

3amuTa MUHUMAJIbHOTO HaIIpsHKEHUS U ycTpoiicTBo ABP MoaenupyroTcs Ha KOMIIbIOTEPE
C TOMOINIbI0 cheruanbHoi mporpammbel. Ilyck ycrpoiictBa ABP mnpoucxomutr B ciydae

HCUYC3HOBCHUA (CHI/I)KeHI/IH J0 3HA4YCHHUA YCTaBKI/I) HAIps>KCHUA Ha HIMHAX MMOACTaHIIH.

Ykazanue no mexnuke oezonacnocmu:
VKka3aHus 1o TEXHUKE 0€30I1aCHOCTHU ITpX BBIITOJIHCHUHN na6opaTopHHx pa60T IIpUBCACHBL

B MPUJIOKEHHE A.

Ykazanus no evinonnenuro nabopamopnoii pabomoi:

1) Cobparts cxemy nabopatopHsix uctibiTanuii puc. 10 (BCE Moaynu cTenia 10KHBI
opiTe  OTKJIFOYEHBI!). TlonkmiouuTh aHamoroBble KaHadbl MOAYJS BBOJA- BbIBOJA MJIs
u3MepeHus: TokoB ¢a3 A u C co CTOPOHBI BBOJHBIX BBIKJIIOUATENIEH MEPBOl M BTOPOM CeKLUU
coopHbix mMH (kaHaisl Al, A2 nns u3MepeHus TOKOB BBOJA MEPBOM CEKUUU COOPHBIX ILIKH,
kaHaibl A3, A7 s u3MepeHusi TOKOB BBOJIa BTOPOU CEKIIMU COOPHBIX IIHH), & TAK)KE U3MEPEHUS
JUHEHWHBIX HANpPsHKCHUH TEepBOM M BTOpOM CeKiui cOOpHbIX muH (KaHaimel A4 u AS
COOTBETCTBEHHO). Moaynb BbIKIIOUaTeNss KopoTko3ambikarenss QK3 ¢ oxHol cTOpoHBI
MOJKJIIOUUTh K MOJYJII0O KOPOTKO3aMbIKATENs, a ¢ Apyroi ctopoHsl — K kiemMMmaMm Al, Bl, C1
Moyl BeIKitouaress kabenbHol JIDIT nepBoit cekunu cOopubix muH. IlepeBectu nepexitoya-
tenu SA1 moayns TpexdasHoit cetr, SA2 MOyt BBOJHOTO BBIKJIFOYATENIS, MOJYJIeH BBIKIIOYA-
Tenst kabenpHOM JIDII, Moayns ABUraTenbHON HArpy3Ky U MOJYJISl CEKLIIMOHHOTO BBIKJIIOYATENS B
nonoxeHue «ABT». IlepeBectn mepexmouatenn SA3 monynel BBOJHBIX BBHIKIIOUATEIeH B
BEpXHee NnosokeHue. Bxiarounts aBToMarndeckue Boikiarodarenu QF1..QF3 Ha nunesoil nanenu
MOJyJIs1 KOPOTKO3aMbIKaTelsd. BkimtounTs aBToMaTndeckue Boikatodarenu QF1.. QF4 na monynax
aKTUBHOM Harpy3ku. BKIIOYNTH mNHTaHHWE CTeHAA aBTOMaTH4YecKUM BbIkItouatenem QF1,
pacrojIoKeHHbIM Ha MOAYJE MUTAaHUS CTeHJa. BKIoUMTh muTaHHe BCeX MOIYJEH, MMEIOIINX
UHIMBUYaIbHBIA TyMOep nojgaun nutanus SA1 «Cetby.

2) Ha nepconansHOM KOMIBIOTEPE 3aIlyCTUTH TPOrpaMMHBbIi komiuieke «DeltaProfi»
(ITyck - ITporpammsr - JIaGopatopHsiii komiuieke - DeltaProfi). OTkpeiTs 1abopatopayro padboTty
koMmaHnor «Paborel - Penelimas 3ammra m aBromarnka - Pabdora NelQ) ABP cexkimmonHOTrO
BBIKJTFOYATEIIS.

3) B nporpamme «DeltaProfi» nepeBectu 3amutst MT31, MT32 B pexxum paboTb

«JIeCTBUE HA CUTHAI» (IBOMHOMN IIEIYOK JI€BOW KHOMKON MBIIIN Ha MpsMoyroibHuKe «MT31»,
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B MOSIBUBIIEMCS JUAIOTOBOM OKHE YCTAaHOBHUTH MepekitouaTesb «Pexum paboTh» B MOJ0KEHUE
«CHUTHAI»).

4) 3amycTuTh NporpaMmy B padoTy kHonkou «I1ycky» WM KOMaHI0# rI1aBHOTO MEHIO
«Ynpasnenue - [Iyck» i ropsueit kinasuiieit FS.

5) JIMCTaHIMOHHO BKJIFOYUTH BBIKIOUaTENb Q1 OIMHAPHBIM LIETYKOM JIEBOW KHOIIKH
MBIILIY TI0 3€JIEHOMY NPSMOYIOJIbHUKY C BCIUIbIBarOIIEH nojckasko «Q1». Ilporpamma Bcerna
0TOOpakaeT TeKyIlee COCTOSHUE BBIKIIOYATENS (3€JICHbI — OTKII0UEH, KPAaCHBI — BKJIFOUEH).
AHanmornuHbeIM 00pa3oM BKIOUMTH BbIKMouarenu Q3, Q6, Q5, Q7 u Q8. Ilpu sTom, Ha
MHEMOCXEME 0TOOpaXaroTCs TEKYILKE 3HaU€HUsI TOKOB BO BTOPUYHBIX 0OMOTKaX U3MEPUTENbHBIX
TpaHCcGOPMATOPOB TOKA U HANIPSKEHHUS.

6) 3anucaTh 3HauY€HHWE TOKa BO BTOPUYHONM OOMOTKE  M3MEPUTEIBHOIO
Tpancopmaropa TA3, nponopuroHanbHOe TOKY Harpy3ku BBoaa Nel | pag.max.

OcTtaHoBUTh mporpamMmy KHONKOM «CTOm», KOMaHJ0M IJIaBHOTO MEHIO «YTIpaBJIEHUE -
Cron» unu ropsiueit kiiasuieit Fo6.

7) Paccunrarh TOK cpabaThIBaHUs 3alTUTHI IO (hopmyIie:

L _kok
C.3 ab. mex
k 4
8

KoaddunmenT Hage:)KHOCTH MPHHATH paBHbIM Ky = 1,1.

Koaddurment 3amycka qBUraTeIbHON HArpy3Ku MpUHATH paBHbIM K = 1,4. Koadduru-
SHT BO3BpaTa pelie TOKa MPUHSTH paBHbIM Ky = 0,95.

OTKpBITh AMAIOTOBOE€ OKHO HACTPOMKHU MAapaMeTpOB 3aIIUTHl JBONHBIM IIETYKOM JICBOU
KHONIKOM MbIIIM Ha mnpsMoyroibHuke «MT31», B mosiBUBIIEMCS AMAJIOTOBOM OKHE BBECTH
pacueTHbI TOK cpabaThIBaHUS 3aIIUTHI. J[MamoroBOE€ OKHO 3aKpbITh. AHAJIOTMYHBIM 00pa3oM,
BBECTHU TOK cpabarbiBaHus 3amuTel MT32.

8) 3anycTuTh nporpaMmmy B paboTy KHOMKO#M «I1yck» miam koMaHA0M TJIaBHOTO MEHIO
«Ymupasnenne — [lyck» unu ropsiaeii knaBumeit FS. TlepeBectu 3ammutet MT31 u MT32 B pexum
JIeUCTBUS Ha OTKIo4YeHue. OTKII0UNTh BhIKiIoYaTeab Q5. Bximounts Beikiatouarenu Q2 u Q4.
Pexum pabotrst ABPCB u3MeHHUTh Ha 3HaYEHHE «BKIIIOYECHO.

9) IIpoBeputs nerictBue ABP npy mcue3sHOBEHWH HanpspKEHHUS Ha MEPBOM CEKLUU
miH. s 3TOro AUCTaHIIMOHHO OTKIIFOUYUTh BBOJHOM BHIKIIIOUATENb Q3 MICTYKOM JIEBOM KHOIIKH
MBI [0 KM300paKEHUIO BBIKIIOUYaTeNss Ha MHemocxeme. ABP cpabarbiBaeT M BKIIIOUaET
CEKIIMOHHBIN BBIKTIOUaTenb Q5.

10) BoccTaHOBHTH HOPMANBHBIA peXUM paboThI. Iy 3TOro, COPOCHTH COCTOSHHE
ykazatenpHoro pene ABPCB (oguHapHBIN MIETYOK JI€BOM KHOMKON MBIIIH M0 MPSIMOYTOJIbHHUKY

ABPCB na maemocxeme 1K), BeiBectu ABP 13 pabots! (mepeBectu nepekiodarens «Pexum
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paboTH» B MOJIOKEHUE «OTKJIFOYEHO» B OKHE HacTpoiiku mapamerpoB ABPCB), auctanimonHo
OTKJIFOUUTH BBIKITIOYaTeNh Q5 v BKIIOYNTH BhIKIItoUaTesb Q3, BBectu ABP B pabory (mepeBectu
nepexirovaresb «PexxuM paboTh» B MOJOKEHHUE «BKIIOUEHO» B OKHE HACTPOWKH IapaMeTpoB
ABPCB).

11)  TIIpoBeputh neiictBue ABP mpu MCYe3HOBEHHM HANpPsKEHUS HA BTOPOM CEKIUH
muH. 11 3TOro TMCTaHIIMOHHO OTKJIFOYUTH BBOJHOW BbIKIIOYaTenb (Q4 MIEIYKOM JIEBOM KHOIKHU
MBI TI0 M300pakKeHUIO BBHIKIIOYaTenss Ha MHemocxeme. ABP cpabareiBaeT u BKIIOYaeT
CEKUMOHHBIN BhIKIIOUaTeNnb Q5. BoccTaHOBUTH HOPMAaIbHBINA PEKUM pabOThI B COOTBETCTBUU C
pekomeHanusmu 1. 10.

12)  IIposeputs neiictBue ABP mpu mcue3HOBEHMH HANpsDKECHHS HA MEPBOM CEKIUH
IIMH 10 PUYMHE KOPOTKOTO 3aMbIKaHUS HA MEPBOM ceKUuM MHUH. [j1g 3T0ro, co31aTh KOPOTKOE
3aMbIKaHUE BKIIFOUEHHEM BBIKIHOYATENSI KOPOTKO3AMBIKATEIIA.

13)  Otxmrounts Bce BhIKIIOYaTeTd. OCTAaHOBHTH MPOrpaMMy KHOMKOH «CTomy,
KOMaH/I0M TJIaBHOro MeHI0 «YmpasieHue — Cron» wiu ropsuei kinasumeit F6. Otximounts
NUTaHUE CTEHAA.

14)  Odopmuth oTYET 10 JIAbOpaTOpHOI padore.
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ABTOMaTHYECKOE BKIIIOUCHUE pe3C¢pBa CCKIIMOHHOI'O BBIKJTFOYATCIIA. Cxema QJICKTPOMOH-

TaXHas
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ABTOMAaTHYECKOE BKIIIOUCHUE PE3CPBa CCKIIMOHHOI'O BBIKJIIOYATCIIA. Muemocxema

Cooepircanue omuema:

OT4YeT OJKEH COAepIKaTh:

1. Ha3Banue paboTsl;

2. Ilenb paboTHI;

3. Kparkue TeopeTnyeckue CBeICHMUS;

4. OnrcaHue UCIoJIb3yeMOoro 000pyI0BaHHS U MaTePUAJIOB;
5. Ilopsiiok BBIOJTHEHUS PaOOTHI;

6. Beruncnenus u o6paboTKa pe3yabTaToB;

7. BBIBOJIBI.

Konmponvnuvie sonpocot:

1. Kakue TpeboBaHMs MpeabsBIAIOTCS K ycTpoiictBam ABP?

2. B yem mpeumyIiiecTBa U HEJOCTATKH CXEM AJIEKTPOCHAOXKEHHS C paJuaibHbIM IHTa-
HueM?

3. Ilouemy BKIIIOYEHHME NUTAHUS 110 PE3EPBHON LIETIH OCYILECTBIISETCS TOJIBKO IOCIE OT-

KJIIOUEHUS BBIKITIOYaTeNs pabouei nenu?
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4. lontyckaercs i cpabareiBanue Y ABP, 3amyckarorierocst ToiapKo 1Mo Mpu3HaKy Ucde3-
HOBEHUS HANPSKEHUS. U UMEIOIIETO MPOCTEUIIYIO CXEMY, PYU BO3SHUKHOBEHUH KOPOTKOT'O 3aMbl-
KaHUs Ha OTXO/ISIIEM MPUCOSANHEHNH OJIMKAaNWIIero BhIKItouaTesns padboydei nenu ?

5. O0OBsgcHUTE Ha3zHadYeHHE OJIOK-KOHTAKTOB BBIKJIFOYATElel B mHensax manHoro YABP u

YKaXXUTE, II€ OHU KOHCTPYKTUBHO PACIIOJIOKCHEBI HAa CTCHC.
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5. Yueono-memoouueckoe u ungpopmayuonnoe ovecnevenue OUCYUNIUHDBL

5.1 Ilepeuenv 0cHo8HOI U OONONHUMEILHOU TUMEPAMYPbl, HEOOX00UMOU 0 0C80e-
HUA OUCUUNIUHDL

5.1.2 Ilepeuens ocnognoil iumepamypul:

1. Kykcun, A. B. Penelinas 3amura 1 aBTOMaTu3aIus 3JeKTPOIHEPTeTUYECKUX CUCTEM :
yuebHoe mocoodue / A. B. Kykcun. — Mocksa : Aii [1Tu Ap Menua, 2020. — 215 ¢. — ISBN 978-
5-4497-0531-0. — Tekcr : anexTponnsii // Lludpopoit oOpazoBarensHblii pecypc IPR SMART :
[caitr]. — URL.: https://www.iprbookshop.ru/94929.html

2. T'opembikuH, C. A. PeneiiHas 3amurTa U aBTOMAaTH3aLUsI JIEKTPOIHEPTETUUECKUX CH-
ctem : ipaktukym / C. A. T'opembikun, H. B. CutaukoB. — Boponex : BopoHexckuii rocynap-
CTBeHHBIN TexHudeckuii yuusepcutet, ObC ACB, 2021. — 71 c. — ISBN 978-5-7731-0933-4.
— Texkcr : anexkrponnsiii // Ludposoit obpazoBatenbublit pecypc IPR SMART : [caiit]. — URL:
https://www.iprbookshop.ru/111504.html

3. Aradonos, A. U. CoBpemeHHas pesieiiHas 3aiuTa 1 aBTOMAaTHKa dJIEKTPOIHEpreTHye-
CKUX cucTeM : yueOHoe nocobue / A. . Aradonos, T. FO. bpoctunosa, H. b. [I>)xa3oBckuii. — 2-
e u3a. — Mocksa, Bosnorna : Undpa-Unrxenepus, 2020. — 300 ¢. — ISBN 978-5-9729-0505-8.
— Texkcr : anexkrponnsii // Ludposoit oopazosarenbubiii pecypc IPR SMART : [caiit]. — URL:
https://www.iprbookshop.ru/98355.html

5.1.3 Ilepeuenv oonoanumenvHoii 1umepanmypol:

1. borganos, A.B. MukponponeccopHbsle yCTpONCTBA PEIEHHON 3alUThI U aBTOMAaTH3a-
IIUU B 2JIEKTPOIHEPreTUUECKUX CUCTEMaX : yueOHoe nocodue / A.B. bornanos, A.B. bonnapes ;
Mu-nucrepcTBo 006pazoBanus U Hayku Poccuiickoit denepannu, OpenOyprekuit ['ocynapcTBeH-
HbIll YHUuBepcutet, Kymeprayckuii punan OI'Y. - Openbypr : OI'Y, 2016. - 82 c. : cxem., Tad1.,
wi. - bubmmorp. B xH. - ISBN 8-987-903550-43-2 ; To ke [DnekTponHsid pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=481747

2. ConoBse, A. JI. Peneiinas 3amura ropockux snekrpuyeckux cereit 6 u 10 kB : yue0-
Hoe mocobue / A. JI. ConoBeeB, M. A. lllaban ; mox penakuuei A. B. bense. — Cankr-Ilerep-
oypr : Ionurtexuuka, 2016. — 176 ¢. — ISBN 978-5-7325-1100-0. — Tekcr : 3neKkTpoHHBIi //
DIIeKTPOHHO-OMOIMOTEUHAS cucrema IPR BOOKS : [caitr]. — URL:

http://www.iprbookshop.ru/59516.html
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5.2 Ilepeuens yueono-memoouuecko2o obecneueHus camocmoameabHoil padoomot 00y-
Yauuxca no OUCYUNIUHE

1. Mertonuyeckue yka3zaHUs 10 BHITIOJHEHHUIO TPAKTHYECKUX paboT mo aucuurinHe «Pe-
JeiiHas 3aIIKMTa ¥ aBTOMATU3ALUS AJIEKTPOIHEPTETUYECKUX CUCTEM.

2. Metonuyeckue yka3aHHs 1O BBIIOJHEHUIO J1a00paTOPHBIX padoT mo aucuuminHe «Pe-
JiefiHas 3allUTa U aBTOMATU3AIHUS AJIEKTPOIHEPTETUUECKUX CUCTEM.

3. MeToauveckne yka3aHus MO OPTaHHU3AIMH U MIPOBEICHUIO CAMOCTOSTEIILHON paboThI

IO JUCLMITIIIMHE «Peneiinas 3aluTa 1 aBTOMAaTHU3alus 3JICKTPOSHEPIrETUICCKUX CUCTEM.

5.3 Iepeuens pecypcos unpopmayuonno-meneKkommyHukayuonnoi cemu Humepnem,
Heo0X00uMbIX 07151 0C60CHU OUCHUNIUHBL
1. http://www.biblioclub.ru -OBC "Yuusepcurerckas 0ubarnoTexka oHman"

2. http://www.iprbookshop.ru/ - Dnexkrponto- 6ubnuoreunas cucrema IPRbooks
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[Tpunoxenue A

Ykazanue no mexnuke 6ezonacnocmu

Jlo Hayana paGoThI CTYACHTHI 00S3aHbI U3YYUTh MIPAaBHIIa TEXHUKH 0€30MaCHOCTH IPU pa-
6ore ¢ anekTpoycraHoBKaMu. OO M3y4eHUHU MPaBUJI TEXHUKU O€30MaCHOCTH U MOJIyYEHUU HH-
CTPYKTaXka CTYJICHTHI PaCIHMCHIBAIOTCS B CIIELUAIBHOM XKypHaie. CTyJeHTbI, HE U3YYHUBIIHUE ITpa-
BUJIA TEXHUKU O€30MAaCHOCTH M HE MPOIIEIINE HHCTPYKTaXK, K BBIITOJHEHUIO TaOOPaTOPHBIX pa-
00T HE I0MYCKAIOTCS.

VYyebHas rpynna (Wid MOATPYIa) pa3duBaeTcss Ha OpUraapl, YUCIO KOTOPHIX YKa3bIBa-
eTCs Iperno/iaBaTesieM, a COCTaB OpUral KOMIUIEKTYETCS CTYICHTaMH Ha JOOPOBOJIBHBIX Hayallax.
Cnucok rpymnisl (HOArpyIIbl), pa30MTON Ha OpUraibl, CTapoCTa MPEAOCTABISIET IPENOAABATEIO,
BeylieMy J1ab0paTopHbIe 3aHATHS.

Kaxxnas u3 6pura BIOIHAET 1a00PaTOPHYIO pabOTy B COOTBETCTBHH C IpapuKoM, HAXO-
JSAIEMCSE B TaOOpaTOpUH.

[epen KaXKabIM 3aHATHEM CTYACHT 00s513aH MOATOTOBUTHCS K BBITIOJIHEHUIO TAO0PaTOPHOI
paboThI 10 JAHHOMY METOJMYECKOMY MOCOOUI0 M peKoMeHyeMoil nuteparype. [lepen nHauanom
paboThl IpenoAaBaTens IPOBEPSIeT 3HAHUS CTYICHTOB IO COJIEPKAHUIO BBITIONHSAEMOM PabOTHI.
[110X0 MOATOTOBIEHHBIE CTYCHTHI K BBITIOJIHEHUIO JIA0OPATOPHON PaOOTHI HE TOMYCKAOTCH.

Pabotas B mnaboparopuu, He0OXOAMMO COOJIIOAATH CIEAYIOIINE MPABHIIA;

K BbInonHenuto 1a60paTopHOi pabOThI CIEAYET MPUCTYNATh TOJBKO MOCIE MOIHOIO ysic-
HEHMS €€ CO/IepKaHMsl U OJTYUYEHUs J0IMyCcKa K HeH.

2. HaunHate paboTy cienyeT ¢ 03HaKOMJIEHHs ¢ MpubopamMu U 000pyI0BaHUEM, IPUME-
HSE€MBIMHU B JaHHOM paboTe.

3. Ha naGopaTtopHoM CTOJI€ AOJKHBI HAXOIUTHCS TOJIBKO MPEIMEThI, HEOOXOIUMBIE IS
BBITOJIHEHUS TAaHHON paboTBhI.

4. PacrionoxxeHue anmnaparypbl Ha pabodyeM cToJie JOJKHO OBITh TAaKUM, 4TOOBI CXeMa CO-
eIMHEHUH TTOTy4rIach HanOoJiee MPOCTOM, HArJISITHON 1 paboTa ¢ anmaparypoid Obuta y00HOH.

5. XenatenbHo, 4TOOBI cXeMy COOMpPa OAMH U3 WICHOB OpUTafbl, a Pyrue KOHTPOJIUPO-
BaJIH.

6. ITpu cOOpKe CIIOKHBIX CXEM CJIeTyeT BHaYalle COSTUHHUTD TIIaBHYIO, TIOCIIEIOBATEIbHYIO
IeTTh, HAYMHAsI COOPKY OT OJJHOTO 3’KMMa UCTOYHHKA TOKA W 3aKaHYMBas Ha IPYTOM, a 3aTeM YKe
HOJKJIIOUUTH MapajuiebHbIe eI .

7. Iocne Toro, kak cxema Oyner codpaHa, HE00X0AUMO yOeIUThCs B PaBUIBHOM ycTa-
HOBKE JIBIDKKOB PEOCTAaTOB, aBTOTPAHC(POPMATOPOB M PYKOATOK JPYTUX PErYIUPYIOIIHX

YCTPOMCTB.
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8. CoOpanHas cxeMa 00s3aTeIbHO JOKHA OBITH MPOBEPEHA MPEToIaBaTesieM WIH CTap-
M Ta0OPAHTOM M TOJIBKO C UX Pa3pelieHusi MOXKET ObITh BKJIIFOUEHA O] HANPsHKEHUE.

9. Ilpu BKITIOYEHUH CXEMBI 0CO00€ BHUMAaHUE CIeAyeT OOpaTUTh Ha MOKA3aHUS aMIIePMET-
POB U JIpYTHX MU3MEPUTEIbHBIX TPUOOPOB. B ciydae pe3koro ABUKEHHs CTPEIKU aMmIiepMerpa K
KOHITY HIKaJIbl CXeMY HEOOXO0AMMO HEMEIJICHHO OTKJIFOUUTh OT UCTOYHUKA HAPSIKEHUSI.

10. HeoOxoammo O6epekHO OTHOCHTHCS K armnaparype, HCIoiab3yeMoi B padore. O00 Bcex
3aMEUEHHBIX HEHCIIPABHOCTSIX HITU MIOBPEXKICHUSX CTYJEHT JOJIKEH HEMEJICHHO COOOIIHTH Tpe-
M0JIaBaTeNI0 WK J1a00paHTYy.

11. Ilocne BbImoIHEHUSI pa0OTHI CTYACHT 00s3aH, HEe pa3dupasi CXeMbl MOKa3aTh MOTY4YEH-
HBIC JIAHHBIC TIperoaaBaTelo. Eciau pe3yabTaTel H3MEPEHUN BEPHBI, TO MPENOIaBaTebh UX MO~
MUCBIBACT. DKCIIEPUMEHT C HENPABWIILHBIME PE3YJIbTATAMU CIICAYET IIOBTOPHT.

12. Cxemy cneayeT pa3dupaTh TOIBKO MOCIE €€ OTKIIOUYEHUS OT CETH.

13. KaTeropuuecku 3anpeniaeTcs:

— TporaTh pyKaMy OTOJICHHBIC ITPOBOJIA U YaCTH MPUOOPOB, HAXOISIIUECS IO/ HAIPSIKE-
HUEM, JIa)Ke €CJI OHO HEBEJIHKO;

— MPOU3BOAUTH U3MEHEHHUS B CXEME MPH MOAKIIOYEHHOM UCTOYHUKE MUTAHUS;

— 3aMEHSATh WK OpaTh 000pYyI0BAHUE, UITU MPUOOPHI C APYTUX PAOOUNX MECT

— 0€3 pa3pelIeHus IpernoaBaTess Wil JIabopaHTa;

— OTXOJUTH OT MPUOOPOB M MANIWH, HAXOJAIIUXCS TI0J] HANPSIKCHUEM WM OCTaBIISITH
CXeMy MO HampsDKEHUEM MPU 00pabOTKe pe3ylnbTaToB U3MEPEHHIA;

— MeperpyxaThb NprUOOPHI TOKOM WM HAMpPsHKEHUEM, TPEBHIIIAIONINM HOMUHAIBHOE 3Ha-
YeHHE.

[TpoBepky HaMUUs, TT01ABAEMOTO K CXEME MJIH 3JIEMEHTAM CXEMBbI HalpsDKEHUST He00X0-
JTUMO TIPOM3BOANTH TOJIHKO KOHTPOJIBHOMN JTAMIIOYKOH MIIH BOIBTMETPOM, COOTIOIast PAaBHUIIaA TEX-
HUKU O€30MaCHOCTH.

[Tpu paboTe B 1abopaTopuu cieAyeT CTPOro coO0IaTh MEPhI MPEAOCTOPOKHOCTH, TaK KaK
AIEKTPUIECKUN TOK, TPOXOASIINN Yepe3 TeJo YenoBeka, BennunHou B 0,025 A yxe siBisieTcst
OMAaCHBIM ISl 5KU3HU
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MHWHHUCTEPCTBO HAYKHU U BBICIIIEI'O OBPA30OBAHU ST POCCUHCKOM
OEAEPALINN
denepanbHOE rOCyIapCTBEHHOE aBTOHOMHOE 00pa30BaTeNIbHOE YUPEKICHHUE
BhICIIIET0 00pa30BaHuUs
«CEBEPO-KABKA3CKHWI ®EJIEPAJIBHBIA YHUBEPCUTET»
[Taruropckuit uactuTyT (pruman) CKOY

Meroanuyeckue ykazaHus
. TIO BBITIOJTHEHUIO MTPAKTHYECKUX PaboT
o guciune «PEJIEMHA S SAIIWUTA 1 ABTOMATU3ALIMA DJIEKTPOOHEPT' ETNYE-
CKUX CUCTEM»
JUISL CTYJIEHTOB HAIlPaBJICHUS TOATOTOBKH
13.03.02 DneKTpoIHEePreTHKa U JIEKTPOTEXHUKA

[Tsturopck 2026 r.
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4.2

4.3.

4.4

4.5

4.6

4.7

4.8

4.9

Conepxanue

BBenenue

Ilenp 1 3a1a4M U3y4EHUS JUCLIUILIMHBI

OO6opynoBaHue U MaTepUalIbl

HanmeHnoBanue npaktuyeckux padot

Copneprxanue MpakTUYECKUX padoT

[Tpaktrueckas padora Nel. [IpuHIHIBI TOCTPOCHUS peneitHoN 3amuThl. [IpuBe-
JICHUE UMEHOBAHHbBIX €MHMI] K OTHOCUTEJIbHBIM, OTHOCUTEIbHBIX €MHUIL] K UME-
HOBAHHBIM, OTHOCUTEJIbHBIX HOMUHAJIbHBIX BEJIMYMH K OTHOCUTEJILHBIM IapaMeT-
paMm (3. 4. C., HAIPSKEHUH, TOKOB, MOIIHOCTEH U CONPOTHUBICHUN) 3JIEMEHTOB
JEKTPUUECKUX LETEH.

[TpakTrueckast padora Ne2. Cummerpuunsie K3 B cBepXnepexoJHOM U yCTaHO-
BUBLIEMCS pexumax. OnpeeneHue HayaJlbHOT'O CBEPXIIEPEXOIHOTO TOKA B FEeHe-
parope 1 Ha BCEX JIEMEHTaX CXEMbI IIPH METAJUIMYECKOM TpeX(a3HOM KOPOTKOM
3aMBIKAHUU Ha IIMHAX CUCTEMBI.

[TpakTrueckas pabora Ne3. MakcumanbHas TokoBas 3amura (MT3). TokoBsie u
TOKOBBIE HAIIPABJICHHBIE 3aLIUTHl JTUHUH AJIEKTPOINEPEIayl HAPSKEHUEM BhIIIIE
1 kB u ux snemenTHas 6a3a

[Tpaktuyeckas padota Ned. Jludpepenunanbaas TokoBas 3amura. uddeperum-
aJbHasl 3allliTa TeHepaTopOB/ IBUraTeNei

[TpakTrueckas padota NeS. Penelinas 3amura cliioBeIX TpaHchopMaTopos. ud-
depennmanbHas 3amura. Peneifnas 3ammura TpancgopmaTopos.

[Tpaktuyeckas pabora Ne6. Tpanchopmatopsl Toka. OnpeseneHre pacyETHBIX
Harpy3oK Ha TpaHc(opmaTopsl TOKa.

[TpaxkTueckast padota Ne7. Tpancdopmaropsl Toka. Pacu€r monHoi 1 TOKOBOM
HOrpeIIHoCcTel TpaHCPOPMATOPOB TOKA 1O KpUBBIM 10%-# mMOrpenIHocTH.
[Tpaktuyeckas padora Ne§. /lucraniyonHas 3amuTa. J{MCTaHIIMOHHBIE 3alIUThHI
JIMHUM.

[TpakTuueckas padora Ne9. MakcumanbHas TokoBas 3amurta (MT3). Pacuer ycra-
BOK MaKCHMaJIbHOW TOKOBOM 3aIIUTHI.

Y4eOHo-MeToanuecKoe U HHPOpPMAIIMOHHOE 00eCTIeYeHHE TUCITUTLINHBI

Crp.

137



5.1

5.2

5.3

[TepeyeHh OCHOBHOM U JIOTIONHUTEIBHOM JINTEPATYPhl, HEOOXOIUMOM ISl OCBOE-
HUA JUCHUITIINHBI

[Tepeuens yueOHO-METOIMUECKOTO 00eCIeUeHHsI CAMOCTOSITEILHON paboThl 00Y-
YAIOIIKXCS 10 TUCIATUIMHE

ITepedens pecypcoB HHPOPMAIIMOHHO-TEICKOMMYHUKAIIMOHHON ceTu MIHTEpHET,

H€O6XOI[I/IMBIX JJIs1 OCBOCHUA JUCHUITIIMHBI
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BBeneunue

[IpakTuyeckue 3aHATHA CO3JAIOT ONTUMAJIbHBIC TUAAKTUYECKHE YCIOBUS UIS JCSTEIb-
HOCTHOI'O OCBOEHUS CTYJEHTAMH COJEPKAHUS U METOI0JIOTMHU U3ydaeMol JucuUIuIMHEL. [IpakTu-
YEeCKHE 3aHATHUS 3aHMMAIOT MIPEUMYILIECTBEHHOE MECTO NPH U3yYEHUH 00LIenpodecCHOHaNbHbBIX
U TPOo(eCcCHOHANBHBIX AUCUUIUINH. [IpakTHuecKue 3aHATHS TPOBOISATCS C IENbI0 BBIPAOOTKH
NPAaKTUYECKUX YMEHHH U MPHOOPETEHUS] HABBIKOB B PEIICHUU 337ay, OTPAOOTKU YIMpaKHEHUH,
BBINOJIHEHUH YEePTEKeH, IPOU3BOICTBE PacUETOB U T.II.

Iesnbro NpakTUYECKUX 3aHATUH sBseTcs (OPMUPOBAHHUE MPAKTUUYECKUX YMEHUHN — Mpo-
(eccroHaNbHBIX (BBIIOJIHATH ONpPENeIEHHBIE IEHCTBUSA, ONepaliii, HEOOXOUMbIE B IOCIETYIO-
eM B po(hecCHOHAIBHOM IEATETFHOCTH ) WM Y4eOHBIX, HEOOXOAMMBIX B MOCIEAYIOIEH yueo-
HOU JEATEIBHOCTH 10 00IenpoecCHOHATBHBIM U TPOPECCHOHATBHBIM TUCIUILTHHAM.

bubnuorpaduyeckuii CIMCOK COAEPKUT CBEACHUS O CIIPABOYHOM JIUTEpaType U AONOTHU-

TCJIBHBIX U3JaHUAX, HCO6XOI[I/IMBIX JJIA er'Iy'6J'IeHHOFO HU3YUCHUA OTHCIBbHBIX BOIIPOCOB.
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1. I]endb u 3a0auu uzyuenus OUCUUnIUHbL

]_IGJIBIO HU3YUCHUA NUCHUIIIINHBI «Penetinas 3aluTa U aBTOMAaTU3alus 3JICKTPOIHCPICTU-
YECKUX CUCTEM» SABIIACTCA (bOpMI/IpOBaHI/Ie 3HAHHUH O INpUHOUIIAX OpraHu3aluu H TEXHHUYCCKOU
pcam3anuu peﬂeﬁﬁoﬁ 3aIIUTEI 1 aBTOMATU3alUU SJICKTPOSHEPICTUICCKUX CUCTEM.

3a;[aqe171 N3YUCHUSA OUCHUIUIMHEIL ABJISICTCA YCBOCHUC CTYACHTAMHU OCHOBHBIX IMPUHIIUIIOB
BBITIOJIHCHHUA 3alllUT, KaK OTACIBHBIX 3JICMCHTOB, TaK U CUCTEMBI B IICJIOM, a4 TaK:XKC OCHOBHBIX

MOJIOKEHUH 10 PacyeTy CUCTEM PEICHHOM 3aIUThI.

2. Obopyooeanue u mamepuani

ATmapatHble cpeicTBa: IEPEHOCHON HOYTOYK, MPOEKTOP, T0CKa MAarHUTHO-MapKepHasl.
VYyeOnast ayautopusi AJis MPOBEACHUS YUeOHBIX 3aHSATHH, OCHaleHa 000pyIOBaHUEM U

TEXHUYCCKUMU CPEACTBAMU 06y‘-IeHI/I$L

3. Haumenoseanue npakmuueckux paoom
Jlnia 3a0uHoil (opMbl 00ydeHHs MPEIYyCMOTPEHBI CIEAYIOIIME MPaKTUYecKue pabdoThl:

[Tpaktuyeckas padora Nel. Pene nuddepennmansupix 3amut cepuit PHT u 13T10—- 2 gaca;

Ne Tembr W3 Hux npakru-
HaumenoBanue TemM TUCHHUIUIMHBI, X KpaTkoe co- | OObeM
JIACITU- yecKast Mojro-
Jep>KaHue 4acoB
IUIMHBI TOBKA, 4aCOB
6 cemecTp

IIpakTnyeckas padora Nel. IlpuHomMnsl mo-
CTPOCHUA peJieiiHoil 3amuThl. [[puBeneHue nme-
HOBAHHBIX E€JAWHUIl K OTHOCUTEJIBHBIM, OTHOCH-
TCJIBbHBIX €AUWHHUI] K MMCHOBAHHBIM, OTHOCHTCIIb-
HBIX HOMHHAJIBbHBIX BEJIUYMH K OTHOCUTEIIBHBIM 2
napaMmerpam (3. A. €., HaNpsHKeHUil, TOKOB, MOIII-
HOCTEH U CONPOTHUBIICHUI) 3JIEMEHTOB JIEKTpUYe-
CKUX IIEIEH.

[ToryunTe NpakTUYECKHE HABBIKW IPUBEACHMS
NUMCEHOBAHHBIX €/IMHUI] K OTHOCHUTCJIIbHBIM.

IIpakTnyeckas padora Ne2. CuMMmeTpHU4HbBIe
K3 B cBepxnepexoqHOM U yCTAHOBUBIIEMCH pe-
skumax. OrpeneneHre HadalbHOIO CBEpXIepe-
XOJIHOT'O TOKa B T€HEPAaTOpPE U Ha BCEX DJIEMEHTAX
2 CXEMBI TPU METAIIMYECKOM Tpex(a3HOM KOpOT- 2
KOM 3aMbIKaHUH HA ITMHAX CUCTEMBI.

[TosryunTh MpPakTUYECKUE HABBIKM pacdera W Io-
CTPOEHHUsI BEKTOPHBIX auarpamMm npu K3 B cucre-
max OC.

3 IIpakTuyeckas padora Ned. MakcumaiabHas 5
ToxkoBasi 3ammura (MT3). TokoBble U TOKOBBIE
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HAIpPAaBJIEHHBIC 3allUTHI JUHUH 3JIEKTPOIEpe1aun
HanpsokeHueM Boimie 1 kB u ux snemenTtHas 6a3a
N3yuuts pacuer MT3 Ha onepaTUBHOM TOKE M UX
DJIEMEHTHYIO 0a3y.

IpakTnyeckas padora Ned. Jludppepenunann-
Has TokoBas 3ammTa. /(uddepennmanpuas 3a-
HIMTA TeHEPATOPOB/IBUTATEICH

PaccMoTpeTs OCHOBHBIE THIIBI 3AIIUT CUHXPOHHBIX
TCHEPaTOPOB M ACHHXPOHHBIX 3JICKTPOJIBUTATE-
TIeH.

IIpakTnyeckas padora NeS. PeseiiHasi 3amura
CHJIOBBIX TpaHcpopmaTopoB. [luddepenun-
aJbHas 3ammTa. Peneiinas 3ammra Tpanchopma-
TOPOB.

W3y4uTh OCHOBHBIE THIIBI IOBPEXIECHUN U CIIO-
coObl MpEeNOTBpALLEHUS aBapuil Ha CUJIOBBIX
TpaHchopMaTopax.

IIpakTuyeckas padora Ne6. Tpancdopmaropsl
Toka. OmnpezneneHue pacu€THBIX HArpy3oK Ha
TpaHcpOpMaTopbl TOKA.

OnpezneneHue pacyeTHbIX HArpy30K Ha TpaHcdop-
maTopsl Toka (TT).

IIpakTuyeckas padora Ne7. Tpancdopmaropbl
TOKAa. Pacyér 1mojaHOW M TOKOBOW MOTPEIIHOCTEN
TpancGopmMaTopoB Toka Mo KpuBbiM 10%-i mo-
IPELIHOCTH.

Omnpenenenne TOKOBOM U MOJHOW MOIPEUIHOCTEH,
CEUEHHUH KW KOHTPOJIbHBIX Kabeneil Mo KpUBbIM
10%-Hoii MOrpenIHoCTH, MaKCUMaJIbHOT'O BTOPUY-
Horo Toka TT.

IIpakTnyeckas paGora Ne§. /lucranumoHHas
3amUTa. J[MCcTaHIIMOHHBIC 3alIUThI JIMHUM.
N3yuuth cnocoObl pacuera AMCTAHIIMOHHBIX 3a-
IIUT, KOTOPBIE CBOJATCS K ONPENEICHUI0, COIPO-
TUBJICHUH cpabaThIBaHUS, BBIIEPIKEK BPEMEHHU U
YYBCTBUTCIIBHOCTHU OTACIIBHBIX AMCTAHIHWOHHBIX
CTYNEHEH M IIyCKOBBIX OpPIraHOB 3alIWTHI, Mapa-
MeTpbl cpalaThIBaHUsI U YYBCTBUTEJIBHOCTHU 3a-
IIUTHI IPU KaYaHMSIX.

IIpakTuyeckas padora Ne9. MakcumanbHas
TokoBas 3amuta (MT3). Pacuer yctaBok Makcu-
MaJIbHOM TOKOBOM 3aIlTUTEI.

M3yunts MeTo bl pacuera ycraHoBok MT3.

Hroro 3a 6 cemectp:

18

Hroro:

18
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4. Cooeprcanue npakmuueckux paoom
Ilpakmuueckasa paooma Nel. Ilpunyunvt nocmpoenusn peneiinou 3aujumot. Ilpueeoe-
HUe UMEHOBAHHBIX eOUHUY K OMHOCUMEIbHBIM, OMHOCUMENbHBIX eOUHUY, K UMEHOBAHHBIM,
OMHOCUMETbHBIX HOMUHATbHBIX 6E/IUYUH K OMHOCUMETbHBIM napamempam (3. 0. ., Hanps-

JfCEHuﬁ, MmokKoe, Momuocmeﬁ u conpomumenuﬁ) JJIeMenmoe JjieKkmpuuecKux ueneﬁ.

l[eﬂb.‘ HOHY‘H/ITL MPAKTUYCCKUC HABBIKH MPUBCACHUSA MMCHOBAHHBIX C€AWMHUIL K OTHOCH-

TCJIbHBIM.

OcHoevt meopuu:

[TapameTpsl pa3aIUUHbBIX 3JIEMEHTOB JIEKTPOIHEPTETUUECKUX CUCTEM, a TAK)KE IMapaMeTPhbl
pexxuMa (HampsHKEHUs, TOKa, MOITHOCTH | T.J.) KaK U JPYTUX (GU3NYECKUX BETUYHH, MOTYT OBITh
BbIpaxkeHsbl kak B cucteMe UMEHOBAHHDIX, tak u B cucreme OTHOCUTEJIBHBIX eaunui,
T.€. B JIOJSX OT OMPEEICHHBIX 3HAYCHUHN ITUX K€ BEJIIMYUH, IPUHATHIX 32 CIUHUIY U3MEPEHUSI.
[Ipu 3TOM TOYHOCTH PE3yIBTATOB PACUETOB HE 3aBUCUT OT MCIOJb3yeMOW CUCTEMBI €UHULL U3-
Mepenusd. [IpuMeHenne cucTeMbl OTHOCUTENBHBIX €IUHUI] YIIPOIIaeT pacueThl. YTOObI OTYyYUTh
OTHOCUTEIILHBIC 3HAYCHUS PA3IMYHbIX (DU3MYECKHUX BEIHYNH, HCOOXOAMMO IPEIBAPUTEIHLHO BBI-
Opath 3HAUEHUS COOTBETCTBYIOIIMX BenuunH, mpuHsaThie 328 BASVCHBIE, T.e. B kauecTBe equHuUIL
U3MEpPEHHUSL.

Tax, 4T0OBI BBIpA3UTh MapaMeTPhbl PA3TUYHBIX SJIEMEHTOB CXEMbI 3aMEIICHUS dIIEKTpUIe-
CKOH IIeNH U MapaMeTpsl pekrMa B CUCTEME OTHOCHTENBHBIX €IUHHII, HE0OX0AUMO UMeTh 4 6a-
3UCHBIC SIUHUIIBI:

- 0asucHoe Hanpspkenue, Us;

- 0Oa3UCHBIN TOK, I5;

- 0a3MCHYIO MOILTHOCTH (TpexdazHoil cucTemsl), Sk,

- 0a3UCHOE COMPOTUBJICHUE, ZF;

JIBe 13 HUX BBIOMPAIOTCS IPOU3BOJIBHO, a JIBE APYTHE OMPEIEITIOTCS U3 COOTHOIICHHUS TSI

MOIIITHOCTH TpeX(i)aSHOﬁ CUCTCMBI:

N dpopmynel 3akona Oma:
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BriOpannbie 6a3ucHble €AMHUIIBI CITYKaT €IMHULAMU U3MEPEHUS KaK MOJIHBIX BEIHYUH,
TaK M UX COCTaBJIAIONIMX. HOT/1a OTHOCUTEIIbHBIC 3HAYEHUSI BETUYMH BBIPAXKAIOT B %-X OT COOT-
BETCTBYIOIIUX OA3UCHBIX CIUHUII.
[Ipu BbIOpaHHBIX 0a3MCHBIX €IUHUIAX OTHOcHUTENbHBbIC 3HaueHus DJIC, HampsLKeHUs,
TOKa, MOILITHOCTU U CONPOTUBIICHUS ONPEAEISAIOT MyTeM JEJICHUs, 3HAYCHUSI COOTBETCTBYIOIIEH
BEJIMYMHBI B MMCHOBAaHHBIX CIMHUIIAX HA OA3UCHYIO SIUMHUITY TOU e pa3MEPHOCTH:
E U | S Z

E-— U=— | =— S =27 =%
s U, *s¢ U, 5 U, -

I'me: * - yka3pIBaeT, 4TO BEIMYMHA BBIPAXKCHA B OTHOCUTEIIBHBIX SAMHHIIAX,

0 — yKa3bIBaeT, YTO OHA MPHUBEICHA K OA3UCHBIM YCIIOBHSIM.

N3 [1.4] u[1.6] cnenyet, 4TO OTHOCUTEIBHBIE (pa3HbIE U MEXKIY(ha3HbIe HAPSIKECHUS OH-
HAKOBBI; TaK € YUCICHHO OJMHAKOBBI OTHOCHUTEIbHAS (Pa3Hasi MOIIHOCTh U MOIIIHOCTH TpexX ¢a3.

N3 [1.2] 1 [1.7] MOXHO MOTyYUTh pacdyeTHbIE (YOPMYJIBI IS BBIYMCICHUS OTHOCUTEIBLHOTO

COIIPOTUBJICHUS, TPUBCACHHOI'O K 0a3uCHBIM YCIIOBUSAM!

Z 31,

Z = —=
ro 26 U6
U,
Ecnm [1.8] ymHOXMM HA — , TO
U,
, _, B, S,
o U, -U, U,

I'ne: Z — 3apannoe conporuBieHue Ha gazy [Om],

| 5 - 0a3uCHBIN TOK [A, KA],
Uﬁ - 6asucHoe HamnpsbkeHue [B, kB],
S, - 6asucHas MomHOCTb Tpex das [B- A, MB- A].

3anava 1.1. MuayktuBHOE conmpoTuBiaeHue TMHUHU dnekTpornepenayun 110 kB, X =18 Om.

BI)IpaSI/ITI) COIMPOTUBJICHUEC JINHUU */l B OTHOCHUTCIIBHBIX €IMHHIIaX, IIPUHAB 3a OasncHbIE TpEX-

(ba3HyI0 MOLTHOCTb S, =100MB-A y4 mextydastoe nanpsokernne U, =115B

X, =X, 5_52 =18- 1002 =0,136.
ST, 115

Yacto nmapaMeTpbl JICMCHTOB JJICKTPOOHCPICTHYCCKUX CXEM, BBOJAUMBIX B PACUYCTHYIO

CXEMY, 3a/laHbl HC B UMCHOBAHHBIX €AMHUIAX, d B %-X MJIM OTHOCUTENIHHBIX CAWHUIAax Ipyu HOMH-

143



HAJIBHBIX YCJIOBUAX. 9T0 0O3Ha4YacT, 4YTO ITIPU BBIPAXKCHUU UX B %-X UJIM B OTHOCHTEIIFHBIX CANHU-

nax B Ka4€CTBEC 0a3UCHBIX CANHUIL OBLIH IMPUHATHEI HOMUHAJIbBHOC HAIPAKCHUC UHOM 1 HOMHHAaJIb-

Hb1il TOK | 170y, MM HOMUHANBHAS MOIHOCTD S HoM » T-€.

|6:|H0.M’U6:U 8628

HOM ! HOM *

[Moacrasnss B [1.8] u [1.9] BMecTo Ga3MCHBIX BEJIMYMH HOMUHAJIbHBIC JIAHHBIE 3JIEMEHTA
corsacHo [1.10], momyuum pacueTHbie (OPMYIIbI HOMHHAIBHBIX OTHOCHTEIIBHBIX COMIPOTUBIICHUH:

=Z.\/§.IHO.M’

HOM

SHO,\I
L =L

* HoMm

z

* HOM

HOM

T.K. [OJHOE COMPOTHBICHHE TpaHC(hOPMaTOpoB unciIeHHo pasuo U, , tpamchopmaropa,
TO BBIp@XKEHHUE €ro B %o-X:

Z%=100Z

ITo dopmynam [1.11].....[1.13] MOXKHO ONIpEACIUTH CONIPOTUBIICHUS HIEMEHTOB B UMEHO-

BaHHbIX €AMHUIAX 110 U3BCCTHBIM COIIPOTUBJICHHUAM B OTHOCHUTCIIBHBIX CAMHULAX!

Z U,  7%4.U

7 = * HoM — HOM [OM],
\/g | o 100- \/§ | HoM
2 %-U 2
Z _ Z UHOM _ Z A) Uno,w [OM] .
* HoM S Hom 100 : SHOM

JInst pacyeToB pa3iIMUYHBIX PEKUMOB IIIEKTPOIHEPreTUYECKHX cucteM U TokoB K.3.
npexe Bcero Heooxoaumo npuBecty IJ1C 1 conmpoTUBIICHUS BCEX 3JIEMEHTOB UCXOHOM pacyeT-
HOM CXeMBbI K OJHUM Oa3UCHBIM YCIIOBUSIM.

Jl11s mpuBeIeHUsI OTHOCUTEIHHOTO COMPOTUBIIEHUS TIOOOTO AJIEMEHTA, 33/IaHHOTO NP HO-
MUHAIBHBIX YCIOBUSX, K 6a3ucHbIM B [1.8] u [1.9] moacraBnsemM 3HaueHne Z COOTBETCTBEHHO U3

[1.14] u [1.15]

Sﬁ .Ujow
L =1 '

6 * HoM SH()M . U; .

21.]'[5{ IMPUBCACHUA HAIIPSKCHHA, 3aJTaHHOI'0O B OTHOCUTCIIBHBIX CAWMHUIAX ITPU HOMHWHAJIb-
HBIX YCIIOBHAX, K 0a3HCHBIM YCIOBHUAM BOCIIOJIB3YEMCA ONPECACICHUEM OTHOCHTCIBHOI'O HOMU-

HAJIbHOT'O HAITPAKCHUSA:
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* HoM U

HOM

3navenue U u3 [1.18] moacrasnsiem B [1.4] u monydum popmyiry nepecdeTa kK 6a3ucCHbIM

YCIIOBHSIM.
U — HOM
* 0 * HOM U6
AHaTOrH4HO
E — E . U HOM
* 0 * HOM U6
3aoanus:
3aoanue Nel

WunyktuBHOE conpoTuBieHue auHUM 3ekrporepenaun 110 kB X,= 18 Om. Bripazurts
COIIPOTHUBIICHUE JIMHUH X*; B OTHOCUTEIFHBIX €IMHUIIAX, IPUHSB 32 0a3UCHYIO TpeX(Pa3HyIo MOIII-

HOCTh Sg= 100 MB-A u mexaydasnoe nanpsokenune Ug= 115 kB.

3aoanue No2

OnpenenuTh MOJIHOE COMPOTUBIICHUE TPeX(ha3HOro IBYXOOMOTOYHOTO TpaHChopMaTopa
B UMEHOBAaHHBIX €IMHUIIAX, IPUBEJACHHOE K CTOPOHAM BBICIIEro U Hu3lero Hanpspkenus (BH u
HH), a Takxe B OTHOCUTENBHBIX €AMHUIAX K Oa3MCHBIM YCIOBHUSAM, IO MCXOTHBIM JJAHHBIM: HO-
MUHAJIFHAsi MOITHOCTH TpaHchopMaTopa Sy.uon=16 MB*A, HOMuHaNEHBIN K03 uIneHT  TpaHc-
¢dopmaruy, T. €. OTHOIIEHHE MeXAy(ha3HbIX HanpskeHui Ha 3axkuMax BH u HH nipu xonoctom
xo1e, kK= Unos.anlUnon. nu = 115/6,6 kB; Hampsbke-HHEe KOPOTKOTO 3ambikanust (k. 3.) U, = 10,5%;

OasucuHble equHuIbl S5 = 100 MB*A, V5~=6,3 kB.

3aoanue Ne3

OmnpenenuTh peakTUBHOE (MHAYKTHBHOE) CONPOTUBIIEHNUE X, U MHAYKTUBHOCTH Lp IBYX
PEaKTOPOB 110 UCXOIHBIM JAHHBIM: HOMU-HAIBHBINA TOK Kaxa0ro lp. Hom = O,4 KA, HOMHHAJIBHOE
HanpskeHne nepBoro Up; won = 6 KB, Broporo Upzuen = 1 O kB, oTHOCHTENBHOE pEAKTUBHOE CO-

MIPOTUBJICHHUE, TPUBEIEHHOE K HOMUHAIBHBIM JTaHHBIM Ka)KJI0TO U3 HUX, X7 now = Xp2 nou =9 % .

3aoanue Ned

145



Ucxonausie nannbie peaktopa: Up. uow= 10 kB; 1y u0n= 600 A; X p. 10y=4% Bpraucnuts oTHO-
CUTEIILHOE COMPOTUBIICHUE PEeaKTOpa, MPUBEACH-HOE K O0azucHbIM ycioBusiMm: Us = 10,5 xB; S =
100 MB-A.

3aoanue Ne5

Boruncnuth peaktuBHOE X), (MHIYKTUBHOE), aKTUBHOE Rp U OTHOCUTENbHOE HOMUHAIILHOE
PEAKTUBHOE COMPOTHUBIICHUE X+ p. HOM: PEAKTOPA MO0 UCXOTHBIM JAHHBIM: |,0,= 400 A; U, 4oy = 10

kKB; HoMHHaNbHbIE aKTUBHBIE p TIOTEpU Ha Hazy Pp. non =4,61 KBT.
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Ilpakmuueckan paooma No2. Cummempuunsvie K3 6 ceepxnepexoonom u ycmanoeues-
wemca pexcumax. Onpeoenenue HaUAILHO20 CEEPXNEPEXOOHO20 MOKA 6 2eHepamope u Ha
6cex 31eMeHmax cxemovl NPU MeMailudecKkom mpexghasnom KOpOmKoOM 3aMblKAHUU HA WIU-

Hax cucmemeal.

Ilenw: TlonyynTh NPAaKTUYECKUE HABBIKM pacyeTa W IOCTPOEHUsS BEKTOPHBIX AUArpaMM

npu K3 B cucremax OC.

OcHogvl meopuu:

[Ton HauaIBLHBIM CBEPXIEPEXOIHBIM TOKOM IIOHUMAIOT JIEHCTBYIOIIEE 3HAaYEHUE IEPUOIU-
YeCKOM COCTAaBIIIOIIEN TOKA B HaYaJbHBIN MOMeHT K.3.

Jlns Beruuciienust TokoB K.3. npu Hanmuuuu B cxeme TpaHc(hopMaTopoB U aBTOTpaHchop-
MaTOPOB TaKYIO LEMb MPEACTABISAIOT CXEMOI 3amellieHus. B cxeme 3amelieHus Bce MarHuTo-CBsI-
3aHHBIE NIEKTPUYECKHUE LMK 3aMEINAIOT OJAHOW 3KBUBAJICHTHOW JJICKTPUUYECKH CBSI3aHHOW Iie-
IBIO.

CocraBiieHne TaKOH CXEMbI CBOAMUTCS K IPUBEIICHUIO IIApaMETPOB BeeX A1eMeHTOB U DJ1C
pa3IMYHBIX CTyMEeHeH TpaHchopMaIiK 3aJaHHOM CXEMBI K KaKOK-IT00 OHOM CTYNIEHH, KOTOPYIO
IPUHUMAIOT 33 OCHOBHYI0. CaMO MpHUBEAECHNUE OCYIIECTBIIIETCS Ha OCHOBE COOTHOLIEHU, BbITE-
KalolMX U3 o0Iux Teopun Tpanchopmaropon. B P.3. pacuer Tokos K.3. BEIIOTHSAIOT C yueToM
JeMCTBUTENBHBIX KO (UIIMEHTOB TpaHC(HOpMAIIHH.

HpI/I BBIYUCJICHUHN CBCPXICPECXOAHBIX TOKOB I'CHECPATOP B CXEMC 3aMCHICHUS IIPEACTAB-

” 4

a0t ceepxnepexonneii OJIC E; ¥ CBEpXNEPEXOAHBIM UHYKTHBHBIM COPOTUBICHUEM X

3anmaua 2.1. OmpenennTs Ha4adbHBIN cBEpXIepexoaHoil Tok B renepatope I' (Puc. 2.1.) u

Ha BCEX 2JIEMEHTaxX CXeMbl Mpu MeTamnueckoM TpexdaszHoM K.3. Ha mmuax 1V (Touka K).

220 kB 75 kB 10 kB

R ) P2
A r4—e—¥01 )

/ / 0

PaccuntbiBaemas cxema ¢ TpaHC(HOPMATOPHBIMH CBSI3SIMHU.
HcxonHele naHHble:

- I'eneparop I':
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S=1175MB- A, U=138«xB, » " —0138: COSp=085;

*d
- Tpauncdopmarop Tp 1:

- $=125MB- A k=24%38’<1%3; U, =11%;

- JInnans JI1:
(=140Km; ) =0,40m/ im
- Tpanchopmatop Tp 2:
S=100MB- A, k= 23%8,5'%3; U, =12%;
- Jlunnsa JI2:
0 =20xknMm, x,9 =0,40m/ km.
- Tpauncdopmarop Tp 3

_ A k235/ KB/ - . —
S=63MB-A k=37 kB/ . U, =75%.

Ha ocHOBaHNH BBIIICH3I0KEHHOI'O COCTABIISIEM CXEMY 3aMCIICHUA

220 kB 75 kB 10 kB

£
X Xmr | Km | Xz | K | Aps

/ / /4 p

Cxema 3amerieHus: 6€3 TpaHC(HOPMATOPHBIX CBA3EH U PACCUUTHIBAEM MTapaMeTPhl OTACIIb-
HEIX DJIEMEHTOB 3TOH CXEMEL.

3a OCHOBHYIO CTYIICHb IPUHUMACM CTYIICHb HAITPSXKCHUA l,T1.€. HaIMpsKCHUEC IT'CHEPATOPa

U, =U,,. =U,,,, =13kB;1 K 3TOMY HaIIpSHKEHUIO IIPUBOIUM BCE DJIEMEHTHI CXeMBI. [Ipu aToMm:

- BO BCEX CIy4asx TpaHchopMaTopsl ¢ coequHeHreM 06MOTOK Y — A yuurbiBaioTes 1o
cxeme Y —Y,

- ko3¢ dunreHTs TpaHchopMalry TpaHCHOPMATOPOB OMPENEISIIOTCS B HAIIPABJIEHUU OT
OCHOBHOM CTYNIEHU HaIPSIKEHUSI.

CBepxnepexoHOe CONPOTUBIICHNUS TeHepaTopa onpenaenseM no ¢popmyie [1.15]

" v U 2 2
Xq =x -—L1#e%-0]138- 138
*d 117.,5

=0,224 [Om].

I.nHom* ’
ITo aToit 3xe GpopMyIie orpesessieM conpoTuBIeHUe Tpanchopmaropa Tp 1, mpuBeneHHOe

k ero HH
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[ U Tp2.x. " %-U Tz'pl.Ho,w. _ 11- 13,82
(e 100 - STpl.HOM 100 -125

= 0,167 [Ond].

[IpuBenennoe conporusienue auHun JI1 onpenensem mo gpopmyse:

_ 2
xﬂl.npus. - gﬂl ’ x/]l.yd. ) kTpl.

2
XJ1.npus. = 140 -0,4- [%j =0,182 [OM]

[IpuBenennoe conporusienue Tpanchopmaropa Tp2 onpenensem o hopmynaam [1.15] u

[2.1]

X1p2.npus. = 100'3szno.u. ) Tp1=m'

U Tp2.x * %-U 72"pZBH 2 12-230 2 13,8
242

2
—) =0,207 [Om].

[TpuBenennoe conportusienue quHnn JI2 onpenensem mo Gopmyie:

3 2 2
X J12.npus. = gﬂZ X250 kTpl. ’ kTpZ.

2 2
13,8 230
=20-04-| == | =—| =0,93[0m].
xﬂZ.npus. (242 j (3&5} [ M]
[IpuBenennoe conpoTtusieHue Tpanchopmaropa Tp3 onpenensem mo [1.15] u [2.2]
o Yns Vb o o 758 (188 (20)' o
Tp3.npus. 100 - STp3H0M, Tpl. " Np2. 100 -6,3 \ 242 38,5 , '

Ceepxniepexonnas DJIC reHeparopa B OTHOCUTEIIBHBIX €IMHHUIAX, OTHECEHHBIX K €r0 HO-

MHWHAJIbHBIM ITapaMeTpam, OMPEACIIACTCS 110 (bopMyne:

E ruom= \/(U I .nom * COS¢F.H0M)2 + (U I .nom -sin Pruon | X )2 [23]

Tnom * d

E” Fuow =+/(1-085)% + (1-0,53 +1-0,138)? =1,08.

Torna ceepxnepexoanas mexaydaznas 31C He OCHOBHOM CTyNEeHU

E =E ruwowVU,,,, =108-138 =14 9xB.

[IpuBenennoe k | cryneHn HavanpbHOE 3HAYEHUE CBEPXIEPEXOJHOTO TOKA B TE€HEpATOpE

npu MetaindeckoM Tpexdasnom K.3. Ha mmuax 1V(Touka K) onpenensercs no popmye:

e pe o _E
Knpus. ,
‘/§ ’ Xanue.
o
Xanue. - Xd + XTpl + Xﬂlnpus. + XTpanue. + X]Ianu(;. + XTpSnpue. .
Xsnpue. = 0,224+0,167+0,182+ 0,207 + 0,93+1,69 = 3,4[OMm].

"(3) n(3 (3 14,9
e =18, =19 = T gg = 2AL
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DTOT TOK Ha OcHOBHOI ctynenu | remeparopHOro Hamps:xeHus sBuseTcs AelCTBUTEND-
HBIM TOKOM, ITPOTEKAIOIINN Yepe3 reHeparTop.
Heiicteurensubiii (HE ITIPEBUJIEHHBIN) Tok B muauu JI1, T.e. Ha |l crynenu Hanpsoke-

HUS, OTIpeIeTsieTcs o hopMmyIe:

(3) n(3 n(3
Iy zlﬂ(l)zll()'kTpl'

n(3)
|, =253 % = 0,144[xA].

JleiicTButenbHBINM TOK B inHuu JI2 1.e. Ha |l cTynenn Hanpsixenwust, onpenensercs mo ¢Gop-

MyJie:
"® @ _ e
n "
I||| :|ﬂ2 :|| ‘kTpl'ksz
(3)
e =253 838,20 a6 [,
242 38,5

HeiictButenbHblii Tok Ha mmHax IV, 1.e. B mecte K.3. onpenensercs no popmyse:

1(3)

—qar® _r®
I|v _Ik _II 'kTpl'ksz'kTpa
n(3)
I :2,53.@.@.§:2,75[kp\]_
242 385 11
3aoanus:
3aoanue Nel

OHpeI[eJ'II/ITB HavaJbHBIN CBerHepeXO,[[HHﬁ TOK B I'CHCPATOPC I' u Ha Bcex aneMeHTax

CXEMBI NP METAITMYECKOM Tpex(a3HoM K. 3. Ha mmHax IV (touka K).

(3) “TK

Hcxonubie naHHBIE TIEMEHTOB CXeMBI, crneaytomue: reaepatop ' 117,5 MB-A; 13,8 kB;

x"*d = 0,138; cose = 0,85; 10 MOMEHTa K. 3. HArpy3Ka reHeparopa COOTBETCTBOBAIA €0 HOMH-
HaJILHBIM TlapameTpam; Tpanchopmarop Tpl 125 MB-A; 242/13,8 kB; uxk=11%; nnura muaum J11
— 140 xm; %n = 0,4 Om/km; Tpanchopmatop Tp2 100 MB-A; 230/38,5 kB; uk=12%,; nnunHa nu-
Huu JI2 — 20 xm; %n = 0,4 Om/km; Tpancopmatop Tp3 6,3 MB-A; 35/11 kB; uk = 7,5%.
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Pacuer BBIMOTHUTE B MUMEHOBAHHBIX €IMHUIAX. AKTUBHBIM CONPOTHBIICHUEM ITPEHEOPEUb,
Tak Kak B 3ToM cxeme R<0,33x.

3aoanue No2

[IpousBecTn pacyeT HAYAIBHOTO CBEPXIIEPEXOJHOTO TOKA MpHU TpeX(pazHOM MeTayuihye-
CKOM K. 3. Ha mmHax cekiuu 10 kB (touka K, puc. 1-3, a) mo ncxoaHpIM TaHHBIM: cucTema 121
kB; xc = 5,3 Owm; tpancpopmarop Tp 80 MB-A; 115/38,5/11 xB; uk.BH-cE=10,5%; ux.BH-
HH=17%, uk= 6%, cIBOEHHBI! peakTop — TOK Kaxk/101 BeTBU 3000 A, Hanpspkenue 10 kB, Homu-
HaJbHasl PEAKTUBHOCTh OJIHOM BETBU KATYIIKU P OTCYTCTBUM TOKa B Ipyroil BetBu Xo=12%,

k03 dunmeHT cBsa3u Mek Iy AByMms BetBsimu 0,47 [6].

] 74

3aoanue No3

BoruncnuTh HauanbHBINA CBEPXIIEPEXOIHBIN TOK U OCTATOYHOE HANPSDKEHUE Ha IIMHAX He-
noBpexaeHHol cekuuu 10 kB npu metamnueckom Tpex¢dasHoM K. 3. Ha HIMHAX JPYToi CeKLIUu
10 kB mo cnenyromuM 1aHHBIM: CUCTeMa — Tpex(aszHas MOITHOCTS K. 3. Ha mrHax 230 kB SK"(3)
= 2000 MB-A; tpancdopmarop Tp — tun TPILTH 63 MB-A, 230/11/11 kB; ux BH-HH=12% (1aH-
ueie 1o 'OCT 15957—70).

10x8
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Ilpakmuueckan paooma Ne3. Maxcumanvnaa moxkosas 3auwuma (MT3). Toxkoewvie u
MOKO08ble HANPaeIeHHble 3auUmpl TUHUU JJIeKmponepedauu nanpayicenuem gviuie 1 kB u ux

nemenmuasn oaza

Henw: N3yunts pacuer MT3 Ha onepaTHBHOM TOKE M MIX JIEMEHTHYIO 0a3y.

Ocnogvl meopuu:

MaxkcruMarbHasi TOKOBas 3allUTa SBISAETCS OJHOW U3 OCHOBHBIX 3aIIUT B PAJUAJIbHBIX CE-
TSAX HanpspkeHuem 1o 35 kB.

B pammanbHBIX CeTAX C OAHOCTOPOHHMM IIMTAaHUEM MAKCUMAajbHas TOKOBAs 3alllUTa
JI0JKHA YCTAHABIIMBATHCS B Ha4aJIe Ka)k10M JIMHUM CO CTOPOHBI MCTOYHUKA uTaHus. [Ipu Takom
PacIOIOKEHUH 3AIIMUT KaKasl JINHUSA UMEET CaMOCTOSTEIbHYIO 3aIIHUTY, OTKIIOYAIOUTYI0 JTMHUIO
B CJIy4ae IOBPEKICHUS Ha HEW CaMOM MJIM Ha IIMHAX IUTAOIIECHCS OT Hee TIOICTaHLIUH.

[To xapakTepy 3aBUCUMOCTH BPEMEHH JICUCTBUSI MAKCUMaJIbHOM TOKOBOM 3aIlIUTHI OT TOKA
OHM ITOIPA3JEIISIOTCS HA 3aIUThI C HE3aBUCUMON XapaKTEpUCTUKON U 3aBUCUMOM.

ITo criocoOy nuTaHus ONepaTUBHBIX LENe MaKCUMallbHbIE TOKOBBIE 3aIlIUTHI IEIATCSA Ha
3aIIUTHI C TOCTOSHHBIM U IEPEMEHHBIM OIIEPATUBHBIM TOKOM.

MaxkcumanbHbIE TOKOBBIE 3aIIUTHI MOTYT BBITIOJHITHCS O ABYX(a3HBIM U Tpex(dazHbIM
cxemam.

Haubonee pacrpocTpaHeHHbIE CXEMbl MAKCUMAJIbHBIX TOKOBBIX 3alllUT JJISl CETEH ¢ U30-
JUPOBAHHOM HEHTpasblo NMpUBeAEHbBI HAa pucyHKax 17-18. OcoOeHHOCTBIO ITHX ceTell sABseTCs
otcyTcTBHe 0HO(]a3HbIX K3, uTO 1aeT BO3MOKHOCTb MPUMEHSATH AJIS 3aLIUThI OT MEXIy(ha3HbIX
K3 nByx(asHble cxeMbl MaKCHMaIbHBIX TOKOBBIX 3alllUT. DTH )K€ CXEMbl MOTYT IPUMEHSATHCS U
JUIS 3allUTHI CeTel ¢ 3a3eMJIEHHON HEHTpablo, eCliu i 3aluThl oT ofHO(da3HbIX K3 npumens-
€TCs JOINOJIHUTEIbHAS 3allUTa, BKIIFOUEHHAs Ha TOK HYJIEBOM MOCIEA0BATEIIBHOCTH.

JInst paciiMpeHus 30HbI ACMCTBUS MAaKCUMAJIIBHOM TOKOBOH 3aIIUTHI €€ TOKOBBIE peJie MO~
KIIIOYAIOTCS K TpaHcopMmaTopaMm TOKa, YCTAHOBJIEHHBIM OJMKe K IIMHaM. Eciu BhIKIIOYATENh
UMeeT BCTPOCHHBIE TPAaHC(POPMATOPHI TOKA, TO 3aIIMUTA MOAKIIOYAETCS K HUM CO CTOPOHBI IIMH.

Ha puc. 2 npuBeeHa cxema MakCUMaJIbHOM TOKOBOM 3alllUThI C HE3aBUCUMOM XapaKTepH-
CTHKOI BpeMeHU cpabaTbiBaHUs HA TTOCTOSIHHOM OIEPaTUBHOM TOKE.

Cxema BKIIIOYAET JIBa MyCKOBBIX TOKOBBIX peie MrHoBeHHOTro neicTBus KA1 u KA2 (tuna
PT-40), onno pene Bpemenu KT (tuna 3B-121 unu 9B-131) u ogno ykazatensHoe pene KH (tuna
PVY-21). KoHTaKTbI TOKOBBIX pelie COeJMHEHBI TapalieIbHO, OITOMY ITPH cpabaThIBaHUH JIFOOOTO
U3 HUX 110 HUM O0OMM OJTHOBPEMEHHO IMO/AeTCs IIII0C Ha OOMOTKY pesie BpEMEHH, KO BTOPOMY

BBIBOJIY KOTOPOM MOCTOSTHHO IOJIBE/IEH MUHYC ONepaTUBHOrO Toka. Pene BpeMeHu, cpaboras ¢
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YCTaHOBJICHHOW BBIIEP)KKOW BpEeMEHH, MOJAeT CBOMM KOHTAKTOM ILIIOC ONEPaTUBHOTO TOKa Ha
oTKJrovaronyto karymky YAT npuBojia BeIKIIIOUATENs yepe3 ykazarenbHoe peine KH u Bcriomo-
raTelbHbIM KOHTAKT SQ, CBSI3aHHBINA C MPUBOJIOM BBIKJIFOUATENs. YKa3aTelIbHOE penie GUKCUPYEeT

cpabaTbIBaHKE 3aIUTHI U TPOXOXKICHUE TOKa uepe3 YAT.

_T_ KT
5 KA KAZ KA 1

] i KAZ.1

Tﬂ’l(* TAE(h-
S0

I 1 KT KH ? YAT
| L +*_J>_ | _*

Pucynok 2 — Cxema aByx¢a3Hoii MaKCUMaJIbHON TOKOBOH 3aIIMTHI C HE3aBUCUMOH Xa-

P
i S

pPaKkTEepUCTUKON BpeMEHU cpabaThIBaHMs HA MOCTOSHHOM OIIEPATUBHOM TOKE.

BcenomoratenbHplii KOHTAKT SQ, 3aMBIKAIOIIUICS MPU BKIOYEHUH U Pa3MbIKAIOIIMKACS
IIPY OTKJIIOUEHUU BBIKIIIOUYATENs, UMEET JIBa Ha3HadeHus. [Ipu oTkioueHuu BBIKIIIOUATENS IIpe-
Kpalaercst npoxosxaeHue Toka K3, BcieacTBue 4ero mpoucxoAuT BO3BPAT B UCXOAHOE MOJIOKE-
HUE B Ha4aJIe TOKOBBIX pEJIe, a 3aTe€M pesie BpeMEHH. Tak Kak KOHTAKThI peJie BpEMEHH HE pacCUt-
TaHbl Ha pa3MbIKaHUE LEMHM KaTYIIeK OTKIIOYEHHs, KOTOpble MMEIOT OOoblIoe MoTpediaeHue
(2,50010 A), To pa3MbIKaHW€ TOW LETH MPOU3BOJUTCS BCIIOMOTaTEeIbHBIM KOHTAKTOM IO TOTO,
KaK HaYHYT pa3MbIKaThCsl KOHTAKThI peJie BpeMeHH. Takum 00pazom, NepBbIM Ha3HAUEHUEM BCIIO-
MOTaTEJILHOIO KOHTAKTA SIBJISIETCS IPEIOTBPALLEHUE TOBPEKICHIE KOHTAKTOB PEJIe BPEMEHU NPU
BO3BpATE 3aILUTHI I10CJIE OTKIFOUYEHHUS BBIKIHOYATEIS.

Ecnu nocie oTkII04eHNs BBIKJIIOYATENs] KOHTAKThI peJie BPEMEHU OCTaHYTCA B 3aMKHYTOM
COCTOSTHUU (HampuMep, U3-3a HEUCIIPAaBHOCTHU peJie), TO MO OTKIIIOYAIoLed KaTylike OyaeT Aiu-
TEJIbHO MPOTEKATh TOK, KOTOPBHIH MOXET MPUBECTU K MOBPEXKICHHUIO, TAaK KaK OHA paccuMTaHa
TOJIBKO Ha KPaTKOBPEMEHHOE NIPOXOXkACHNUE TOKA. BecriomoraTenbHbIl KOHTAKT, pa3MblKasl LIENb
OTKJIFOUEHNS, 3aIIMIIAET OTKIIYAIOIIYIO KaTyIIKY OT TOBPEXKAEHUS, YTO U SIBJISIETCS €70 BTOPBIM
Ha3HAYCHHUEM.

Ha puc.18 npuBenena taxxe AByx¢aszHas cxeMa MaKCUMaJIbHOM TOKOBOMW 3alIUTHI C HE3a-
BUCUMOM XapaKTepPHCTUKOM BpEMEHU CpabaThIBaHMs, HO Ha OMEPATHBHOM IEPEMEHHOM TOKE.
Cxema BKJIIOYaeT B ce0sl 1Ba MyCKOBBIX TOKOBBIX pesie MrHoBeHHoro aeiictBus KA1 u KA2 (Tuna

PT-40), onno TokoBoe pene Bpemenu KT (tuna PBM-12 unu PBM-13), ogHo yka3zatenbHoe pelie
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KH u aBa mpomexxyrounsix pene KL1 u KL2 (tuna PI1-341). TokoBsie pesne npu cpadaThIBaHUU
3aMBIKAIOT 1I€TTh BTOPUYHBIX OOMOTOK IMPOMEXKYTOUYHBIX TPaHC(HOPMATOPOB pejie BpeMeH! | La u
TLc Ha o6moTKy 3nekTpoasurarens pene Bpemenu KT. Ilpu 3Tom Bo m30exxanue oTkasza pene
BpeMeHnu 1pu aByxdaznom K3 mexny dazamu A u C nenb o6MoTku TLc paspbeiBaeTcst pa3MblKa-

oM koHTakToM KA1.2.
TAT KAT VAT

JQ"QL kL1.2

—— TL1  Tla
HTH 9~~~ o

KL TL KT
TAZ KAZ  YATZ Jbc K2 1

jﬁ‘.ﬂc KLZ.Z
— TLZ  TL. Ao

Lo Lenw pene BpemeHn

= ToxkoBkIlE Uerny 1 Uenk oTEnNHeHKkA

HL1
TL1 <is |
kH

T

N
-
]

TL2
— KLZ 3

-

Pucynok 3 — [IpuHnunuansHas cxeMa AByX(pa3zHOil MaKCUMaJIbHON TOKOBOM 3allIUTHI C

|_||el'll.-1 BeNMPAMIASHHOMD TOKA

HE3aBHCHMOU XapaKTEepUCTUKON BpeMEHU cpadaThIBaHUS Ha IEPEMEHHOM ONEPATHBHOM TOKE

Pene Bpemenu, cpaboras, cBouM KoHTakToM KT.1 3aMbikaeT nenu BTOPUYHBIX OOMOTOK
IIPOMEXKYTOUHBIX TpaHc(opmaTopoB Ha 0OMOTKHM npoMmexyTouHbIX pene KL1 n KL2. I[Tpomexy-
TOYHBIE pelie, cpaboTaB, MPOU3BOIAT CICTYIONINE TEHCTBUS: MOITHBIMH MEPEKITIOYAIONTIMH KOH-
taktamu KL1.1, KL1.2, KL2.1 u KL2.2 BkitouatoT COOTBETCTBYIOIIME OTKIIOYAIOIINE KATYIITKN
YAT1 u YAT2 B uentu TAIl u TA2, a xontaktamu KL1.3 u KL2.3 myHTUPYIOT KOHTaKT peie
Bpemenu KT.1.

HlyaTHpOBaHWE KOHTAKTOB pelieé BPeMEHH HEOOXOIMMO TIOTOMY, YTO ITOCIIE BKIFOUEHUS
OTKJTIOYAIOIIUX KAaTyIIEK TOK OT TPaHC(HOPMATOPOB TOKA MOKET HACTOIBKO CHU3UTHCS, UTO IyC-
KOBBIE TOKOBBIE peJie U pesie BpeMEHH Pa30MKHYT CBOM KOHTAKThI M IPOU30MJIET MPEKAEBPEMEH-
HBII BO3BpAT MPOMEXYTOUHBIX pene. [IlyHTHpoBaHne KOHTAKTOB pejie BpeMEHH 00ecieunBaeT B
ITHX CITydasx HaJle)KHOE JICHCTBHE 3aIIUTHI HE3aBUCUMO OT COCTOSIHUSI KOHTAKTOB ITYCKOBBIX pelie

" pCii€ BPCMCHU.
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[Ipu ucnonp30BaHNU TaKOM CXEMBI MOTPEHIHOCTH TPAaHCPOPMATOPOB TOKA HE JOJIKHA IIpe-
BbImath 10% TOJIBKO 10 MOMEHTA CpadaThiBaHUs MPOMEKYTOUHBIX perne. [lociie nx cpabarbiBa-
HUS U TIOAKITIOYCHHS OTKITFOYAIOLINX KaTyIIeK TpaHCPOpPMAaTOphl TOKA TOJIKHBI JaBaTh TOK, 00ec-
NeYMBAIOIINK HaJeKHOe JeicTBHe (cpadaThiBaHME) OTKIIOYANOIIMX KaTymiek. [lorpemHoctsb
TpaHcopmaTopa TOKa IpHU STOM 3HAUYCHUS HE UMEeET.

[Tocne cpabaThiBaHUS OTKITIOYAIONINX KATYIIEK U OTKIIOYCHHUS BBIKIIOUATENS TOK B IIETIH
TpaHchopMaTopa ToKa MPEKPaLIaeTCss U BCE pelie BO3BPAIAIOTCS B MCXOJHOE MOJIOKEHHUE MPH
OTCYTCTBHMHM ONIEPATUBHOrO TOKA. [[03TOMY IIpH MUTAaHMU 3aLUTHI ONIEPATUBHBIM IEPEMEHHBIM TO-
KOM BCIIOMOTaTEIbHbIN KOHTAKT B LIENH KATYIIKH OTKJIFOUEHHSI BBIKIIFOUATENS] CTAHOBUTCS HEHYXK-
HBIM.

HcxonnsiM a1 BbIOOpa TOKa cpabaThIBaHUsI MAaKCUMaJIbHOW TOKOBOM 3amuThl oT K3 sB-
asieTcst TpedoBaHKe, YTOOblI OHA HAJEKHO paboTaja MpU MOBPEKIACHUIX, HO B TO K€ BpeMs He
JIeCTBOBAJIA [IPU MAKCUMAJIbHBIX TOKAX HArPY3KU, KPATKOBPEMEHHOM YBEJIIMUEHUH TOKA, BBI3BAH-
HOM ITyCKOM U CaMO3aIlyCKOM JBUTaTele, KojJebaHueM Harpys3Ku.

YcnoBust BEIOOpa TOKA CpabaThIBAHUS:

1. ToxoBEIe pe€JIC 3alIUThI HC JOJIDKHBI ITPUXOAUTHL B ﬂeﬁCTBHC IIpu MaKCUMAJIbHOM pa60—

YeM TOKE HATrPy3KH Ipa6.max :

2. ToxoBble pene, cpaboTaBiiye Mpyu BHeHeM K3 10KHBI HaJIe)KHO BO3BPALIAThCS B HC-
XOJIHOE IOJIO’KEHHUE Tocie OTKIoUeHNs K3 1 CHIKEHNs ToKa 10 MaKCUMaIbHOIO TOKAa HAarpy3KH.
Hanpumep, npu K3 B Touke K2 (puc.19) nocne otkirouenus nospexjaenus sammuroit MT32, npo-
xoxneHne Toka K3 mpekpaiaercs u mpuiieniiee B JACMCTBHE TOKOBoe pene 3amuTbhl MT31

JOJIDKHO BO3BPATUTHCA B HAYAJIIBHOC MMOJIOKCHUC, TaAK KaK MHA4YC HpOI/I3OI\/JI]1€T HECCIICKTUBHOC OT-

y I
KIIFIOYCHUEC HCTIOBPCIKACHHOU JIMHUU W1. HOBTOMy TOK BO3BpaTa 3alIUTbI 6.3 MOJDKEH OBITh

OoJblIe TOKA HArpy3KH JIMHUM, Ipoxosuiero yepes 3amuty MT31 nocie otkmouenus K3:

|6.3 > Ipa6.max
k =

l,,/1
Tak kak 6 6.3 / ¢:3 | TO TOK CpabaThIBaHUs 3AIIUTHI IO BTOPOMY YCIIOBHIO:
Ic.3 > Ipa6.max/ke

3. B nepBbIii MOMEHT BpeMeHU nocie oTKIroueHnd K3 Tok, mpoxoasimuii yepes3 3aury
MT31 (puc.4) nMeeT NOBBIIIEHHOE 3HaYEHHE U3-3a IIyCKOBBIX TOKOB JIEKTpOJBUraTeNel. ACHH-
XPOHHBIE JIEKTPOJBUTATEH, COCTABIISIONINE 3HAUUTENBbHYIO YacTh Harpy3ku, BoBpems K3 Top-

MO3ATCA BCJIICACTBUEC BOSHUKAKOIICTO IIPHU 3TOM IMOHMKCHHWA HATIPSAXKCHUA. ITocne otkmouenns K3
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HAIpsPKCHUE BOCCTAHABIIMBACTCA U BCC OCTABIINECS B pa60Te ABUTaTCIM CaMO3aIlyCKarTCs, I10-

TpeOJIsis MOBBILLEHHBIA IyCKOBOM TOK. DTOT TOK ITOCTEIIEHHO 3aTyXaeT U B JINHUU yCTaHaBJIMBa-

eTcsi paboumii TOK, KOTOPBINA HE MPEBbIIIAET pat.max .

MT 31 -
L) Wl %ml.l

W2

ot

Pucynok 4 — CxemMa 3a1iuThl JIMHUU

Veemmuenne  P40-M3X | prispannoe CaMo3aIyCKOM JIBUTATeIIeH, OlleHUBAeTCs KO HUIu-

CHTOM 3aIlycka 3.

Ic.3 > k3 ) Ipa6.max
C yderoMm BceX TpeX yCIOBUU TOK cpabaThIBaHHS MaKCUMAJIbHBIX TOKOBBIX 3aIUT OIpe-

nensercs o gopmyse:

Ic.3 = komc ) k3 ) Ipa6.max/k3

rae omc — ko3(UIHUEHT OTCTPONKHU, YUUTHIBAIOLIUI MOIPEIIHOCTH pacuera U paboThl

pele, IpUHUMaeMBbIii paBHbIM  07¢ =1 1-1,2.

Bropuunslii Tok cpabarbiBanus pene € P HaxogurTcs ¢ yueToM Kod(hQpHIUEHTa TpaHC-

(opmanmu TpacHOpPMATOPOB TOKA | 1 KO3PPUIMEHTA CXEMBI BKIIOUEHHUS pele ¢

Ic.p = kcx ) Ic.3/kl _

YyBCTBUTEIHLHOCTD 3AIIUTHI IIPOBEPSAETCS 10 MUHMMATLHOMY 3HAYEHHIO ToKa  K3-MiN mpy

MOBPEXACHUU B KOHIIE 30HbI 3auThl (Touka K1). Koadduunent uyscrBurensHoctu st MT31

IOJDKEH OBITH HEe MeHee 1,5:
| .
.min(x1
kg =—=mind) 15
IC.3

ITpu K3 Ha pesepBupyemom yudactke (muHus W2) nomyckaercst Ko3((UIMEHT 4yBCTBH-

TEIbHOCTH OONBIINI WK paBHBIN 1,2:
| .
.min(x?2
k, , =—min2) 49

y2 — |
c.3 ,
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K3.MIN(K2) _ \yppvansbiii Tok K3 B KOHLE pe3epBHpYeMOro yuacTka (IuHus W2).

rae

Briaepkku BpeMeHH MaKCUMAJIbHOM TOKOBOM 3aIlIUThI C HE3aBUCUMOM XapaKTEPUCTUKOM
BpeMEHHU CpabaThIBaHUS BHIOUPAIOTCS MO CTYNIEHYATOMY IPUHIIMITY, KOTOPBIH COCTOUT B TOM, YTO
KaKJlasl MOCJIeNyIolas 3allliuTa B HAMPABJICHUH OT MOTpeOUTENeH K UCTOUHUKY MUTAHUS UMEET
BBIJICPKKY BpEMEHHU OOJbIIe MpeAbAyIneid. BeiOop BhIIEPKEK BPEMEHH JTOJDKEH HAYMHATHCS C

CaMbIX YAQJICHHBIX OT UCTOYHHMKA MUTaHUs norpedureneit (puc.20).
Jlyist Toro 4ToOBI MPU MOBPEKICHUM HA Harpy3ke ( ~#) He oTkimroumnachk juausa W3, ee

tc.s3 te.sa At
3alMTa J0JKHA UMETh BBIIEPKKY BpeMeHH C-33 Gospinyro, ueM C-34 Ha BeIuuMHY Ha3bI-

BAaCMYIO CTYIICHBIO CCIICKTUBHOCTH:

tC.33: 1:C.34 + At ]

CTYHGHB CCIICKTUBHOCTH At JOJIDKHa OBITE TaKOﬁ, YTOOBI ycneiun Cpa6OTaTB 3almuTa u
OTKIIIOYUTBHCA BBIKIIIOYATCIIb HA MMOBPCKACHHOM YYACTKE, MPEKAC YEM HMCTCUCT BBIIACPIKKA BpPC-
MCHHU 3aIlllUThI Ha CJICAYIOIIEM HCITOBPCIKKACHHOM YYaCTKEC:

At =t + At 1+ At 1,

6blK

At

t
rae 6bK — BpeMsl OTKIIIOUECHUS BBIKIIIOUATEIIA, kml y

At

KM?2 _ [JorpeHoCcTH pejie Bpe-

MCHH 3alIUT MOBPCIKACHHOI'0 y4aCTKa M CICAYIOIICIO K UCTOYHUKY NMHUTAHHUA COOTBCTCTBCHHO,

t
3an — ppems 3araca.

MT31 MT32 MT33 MT34

Pucynok 5 — BeiOop BpeMeHH cpabaThIBaHHsI MAKCUMAJIBHBIX TOKOBBIX

3aIUT C HE3aBUCUMOM XapaKTEPUCTUKON BpeMEeHU cpadaThIBaHUs
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CTyrIeHB CCIICKTUBHOCTH OOJI)KHA BBIYUCIIATHCA C YUETOM THUIIOB YCTAHOBJICHHBIX BBIKJIIO-

qaTesell ¥ TUTIOB peJie BPEMEHU U OOBIYHO COCTABIISICT:

At=04-0,6c.

[Ipu BeIOOpE BBIAEPKKH BPEMEHH MAKCHMAaJIbHONW TOKOBOM 3aIllUTHI C 3aBUCUMOM Xapak-
TepHCTHKOI;'I BpeMCHI/I CpaGaTBIBaHI/ISI HCﬁCTByeT TOT XK€ HpI/IHI_II/IH, qTO U y MAaKCHUMAJIbHBIX TOKO-
BbIX 3aIIIUT C He3aBHCHMOﬁ XapaKTepHCTHKOﬁ — HaI/I6OJIee y,[[aJIeHHaH OT UCTOYHHUKA ITUTAHUA 3a-
muTa J0JI’KHA UMCTh MCHBIHYIO BBII[ep)KKy BpeMeHI/I Cpa6aTHBaHI/I${. C y‘leTOM TOIro, 4TO BpeMH
cpabaThIBaHMs MAaKCUMaJIbHON TOKOBOM 3aIlUTHI C 3aBUCUMOM XapaKTepUCTUKOW BpeMeHH cpabda-
THIBAHUS ONPEAEISIETCA BEIIMYMHON TOKA MPOTEKAIOIIETO YePE3 3aAIIUTY, COTJIACOBAHUE CIEAYET
MPOU3BOJUTH MPU CTPOTO ONpeeNeHHbIX 3HaueHusx TokoB K3. B kauecTBe pacueTHON TOYKH
HpI/IHI/IMaeTCH HadaJio CJ'ICIIYIOIJ_[GFO 3JICMCHTA.

BLII[ep)KKI/I BpeMCHI/I 3alIuT C SaBI/ICHMOﬁ XapaKTepHCTHKOﬁ OHpeI[eJ'IHIOTCH 110 YCJ'IOBI/IIO

CCIICKTUBHOCTH.

tC.33: tC.34 + At .

Ho nockoinbky BpeMs I€HCTBHS 3TUX pejie 3aBUCUT OT TOKa, HEOOXOIUMO 3a/laBaTh Ipe-
JIeJIbl TOKA, IPU KOTOPBIX 3TO YCIOBHE JOJKHO BBIIOIHATHCS.

ITycts nunun W1 n W2 060py0oBaHbl MaKCHMaibHBIMUA TOKOBBIMU 3aIIUTaMU C 3aBUCH-
MOM XapaKTePUCTUKOW M TpeOyeTcs BhIOpaTh XapakTepucTuky 3ammthl Juaun W1 (MT31)

(puc.21) u cormacoBarth ee ¢ XapakKTepuCcTUKOMN 3antuThl tuHur W2 (MT32), koTopast U3BECTHA.

MT31 M T32

KA
E B
W1 1 M - W2
®—|—D H 1<

__##M'

t‘ HI.I:‘I"

Pucynoxk 6 — CornacoBanue MakCUMAJIbHBIX TOKOBBIX 3aIIUAT C 3aBUCUMOM XapaKTepH-

CTUKOU
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3ammra auHun W1 nomkHa MMeTh BpeMs cpaOaThlBaHUSI Ha CTYNEHb CEIEKTUBHOCTHU
6onbie 3amuTel auHUM W2 nipu Bcex K3 B npenenax comectHoro aevicrsust MT31 u MT32, To

ectp Ha muHuK W2, Ecu npu K3 B Touke K1 (mauano nunuu W2) TOK, Ipoxoasiiui yepes 3a-

I
mute pagen K3 (k1)max

, To ipu Bcex K3 3a toukoii K1, To ecTh B 30HE paboThl 3anmTel MT32
TOKM OyayT MeHbIe. Clie0BaTebHO, €CIIM BBIIIOJHUTD YCIOBHE CENEKTUBHOCTH B Touke K1, To
3ammra MT31 Oyzer nefictBoBath cenekTuBHO H mipu K3 B npyrux toukax W2.

ITopsinok BbIOOpa 3aBUCHMBIX XapaKTEPUCTHUK:

1. Crpoutcs ucxoanas xapakrepucruka 3amutel MT32 t=f(1) (puc.22);

I x3(x1) max

2. Omnpenensercs MakcumalibHOE 3HadeHue Toka K3 MIpU MOBPEXKICHUU B

Havayie muaun W2 (touka K1 puc. 7);

t

At L,

t, MT 32

IH3 MAE IF'

Pucynoxk 7 — I'paduk cenextuBHOCTH cpabaThiBanust M T3

3. Ilonp3ysAchk 3a1aHHON XapakTepucTUKON 3amuThl MT32, HaxoIAT ee BBIIEPKKY b pu

|
Toke  k3(xl)max ;

4. Ilo ycnoBuI0O ceIeKTUBHOCTH BbIOMpaeTcs BpeMs cpadbareiBanus 3amutel MT31 npu K3

B Touke K1:

t, >t + At

5. Ilo Touke ¢ KoopaAUHATaMU ( IK3 (1) max , t2) cTposaT xapakrepuctuky 3ammtsl MT31.

JIOCTOMHCTBAMHU MAaKCHUMAJIbHBIX TOKOBBIX 3alUT ABJISIIOTCA: IIPOCTOTA, HAJEKHOCTb, HE-
00JbIIasi CTOUMOCTb.

Henocratkn MakCcMManbHBIX TOKOBBIX 3aIlINT:

o - OoJIbIIIME BBIACPKKH BPEMEHH, 0COOEHHO BOJIM3H UCTOUHUKOB MTUTAHUSI, B TO
BpeMsI Kak UMEHHO BOJIM3U IIMH CTaHIIH 110 YCIOBUIO YCTOMYMBOCTH HEOOXOIUMO OBICTpOE OT-

k1roueHue K3;
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L4 - HEAOCTAaTOYHAA YYBCTBUTCIILHOCTD IIPU K3 B PA3BCTBJICHHBIX CCTAX C OOJIBIINM
YHUCJIOM IIapalJICJIbHBIX ueneﬁ 1 3HAYUTCIbHBIMH TOKAMH HArpy3KH,
L4 - CCJICKTUBHOCTDH CO6J'IIOI[3€TC5I, KakK ITPpaBUJIO0, TOJBKO B paJHuaJIbHBIX CETAX C O~

HOCTOPOHHHM IIMTAHUEM.

MaxkcruMaabHbIe TOKOBBIE 3aIIUTHI TIOTYYHIIM HanboIee MUPOKOe pacIpOCTPaHEHUE B pa-
JMAITBHBIX CETSAX BCeX HampshkeHui. B ceTsix 10 kB 1 HUKe OHHM SIBIISIFOTCSI OCHOBHBIMH 3aIlIUTAMH.

OTceuka SIBJISIETCS] PAa3HOBHIHOCTHIO TOKOBOM 3aIIIUTHI, TO3BOJISIONICH 00eCIeUnTh OBICT-
poe otkmoueHre K3. TokoBbIe OTCEUKH MOAPA3ICIAIOTCS HA OTCEYKA MTHOBEHHOTO JIEHCTBUS U
OTCEUKH C BhIIepkKOM Bpemenu (nopska 0,3-0,6 c).

CeJeKTUBHOCTD JICUCTBHSI MTHOBEHHBIX TOKOBBIX OTCEUYCK JIOCTUTACTCSI OTPAHNYCHUEM UX
30HBI pabOTHI TaK, YTOOBI OHU He JeiicTBoBanu Mpu K3 Ha CMEKHBIX y4acTKax CETH, 3aIIUTa KO-
TOPBIX UMEET PABHYIO WIIH OOJIBIIIYIO BBIICPIKKY BpeMeHH. [|Jist 7TOro TOK cpabaThIBaHHS OTCEUKU
JIOJKCH OBITH 0OJIbIIIE MaKCHUMATBHOTO TOKa K3, mpoxosiiero uepes 3auTy mpy MOBPEkKICHUN

B KOHIIC BBIOPaHHOM 30HBI JCHCTBUA.

#i2 |

o Leamnx

|mnx

»
k.

Pucynok 8 — Onpenenenue 3auuiiaemMoi 30Hbl TOKOBOM OTCEUKH
Br16op Toka cpabarbiBanusi TokoBor oTceuku TO1 mpousBoauTcs W3 yciaoBusi Hecpada-

teiBaHuA npu K3 B Touke K1:

| (3)

k3(x1) max

IC.3 - komc )

roe omc=172-13 — x03hHUIHUEHT OTCTPOUKH, YIUTHIBAIOUINHA MOTPEITHOCT B pacyere

(3)

I x3(x1) max

toka K3 1 morpemHocTs B Toke cpabaTbIBaHUS PeEIe; — MaKCHUMaJIbHOE 3HaYeHHE TOKa

K3 B Touke K1.
30Ha JeHCTBUS TOKOBOW OTCEUKH omnpeaensercs rpadguyecku. OObIMHO CTPOSITCS KPUBBIE

=f(
Toka K3 "3 (0) (puc. 8) 11 MUMHUMAJIBHOTO U MAKCUMAJIBHOTO PEXHMOB.
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30Ha JEHUCTBUS OTCEYKH 3aBUCUT OT KPYTU3HBI KPUBOM Claja TOKa IO JJIMHE JUHUU. Yem
Oonbire paznmuuarorcs Toku K3 B Hayalie M KOHIIE JIMHUU, TeM OOJIbIIIe TIOTy4YaeTcsl 30Ha, OXBAThI-
BaeMasi OTCEUKOM.

Cornacno [1YD pekoMeHayeTcs MPUMEHITh TOKOBYIO OTCEUKY, €CIIM €€ 30Ha JACUCTBUSA (

(

min ) oxBatbiBaeT He MeHbIe 20% 3anuaeMon JTUHUH.
[Tpu cxeme paboThI IMHKUK O6JI0KOM ¢ TpaHCHopMaTOpoM (prc.9) 0OTCEUKY OTCTPAUBAIOT OT
toka K3 3a tpancdopmaropom B Touke K1. B 3TOM citydae oTcedka 3amuinaeT BCIO JUHUIO U

OKa3bIBaeTCs BecbMa 3(h(PEKTUBHOM.
K1

Tes \

T

‘MIN

Pucynoxk 9 — [IpuMeHeHre TOKOBOM OTCEUKH IS 3aIIUTHI OJI0Ka JIMHUSI-TpaHCcHopMaTop

TokOBBIE OTCEYKHM MOTYT HCIIOJIb30BaThCA HA JIMHUSAX C JIBYXCTOPOHHUM NUTaHuEM. B
ATOM Cllydae OTCEUYKH YCTaHABJIMBAIOTCS ¢ 00EUX CTOPOH 3amuiiaeMoil nuuuu (3ammutel TO1 u
TO2 puc. 25). Kpussie 1 u 2 moka3sBaloT U3MEHEHNE MaKCUMaJIbHBIX TOKOB K3 OT HCTOYHHKOB
A u b cooTBeTCTBEHHO TpH niepemeniennn Touku K3 Baoms 3anuiiaemoit muaun. Toku cpabaThi-
BaHUs OTCEYEK JOJKHBI ObITh BHIOpAHBI TAKUM 00pazoM, 4yToOsl npu BHemHUX K3 (Touku K1 u

K2) 3amuThl He 1eliCTBOBAJIH.

Y e B e O
6)_ At A _®
Eu Xa _D_im sz_ Ee X1

I

c3

13] 3]
Tenmane Tepnman

B 1

PI/IcyHOK 10 — HpI/IMeHeHI/IC TOKOBOM OTCEUKH B CETH C ABYCTOPOHHUM IMUTAHUCM
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Bpewmst neilicTBust TOKOBOM OTCEUKH tes= 0,04110,06 c.

1) 1)

k3(kl)ymax " x3(x2)max

OtcTpoiika oT OOJNBIIET0 U3 ABYX 3HAYCHH TOKOB SIBJISIETCS

NEPBBIM YCIOBHEM BBIOOpA MMapaMeTpoOB CpabaThIBAHUS 3AIIUTHL:

)

IC.31 - Ic.32 = komc ’ IK3.6H.maX ,

K |3 14 14,
rae omc=12[11,3; "k3.61.MaX - GOIBILMUIA U3 ABYX TOKOB <3 (k)max ,; “x3(k2)max
9KCILIyaTalliid BO3MOKHBI ClIydad Ka4aHUN reHepaTOpPOB UCTOYHUKA A OTHOCUTEIBHO
B e A
reHepaToOpPOB MCTOUHKMKA b ¥ BbIX01a MX M3 CHHXpoHKM3Ma. [Ipu 5ToM mo juauu W MoryT npore-

KaTh OOJIbIINE YPaBHUTCIBbHBIC TOKH. Otceuku B 3TOM ClIy4ac HC JOJIKHBI IlGﬁCTBOBElTBZ

| l.., =k I

31 = les2 omcl * ' yp.max

rge | Yp-max

— MaKCUMaJIbHbIN ypaBHHTeHLHLIﬁ TOK, IIpU CMCHICHHUHN BCKTOPOB JKBHUBA-

neHTHbIX DJIC Ea n Ep Ha yron [J.

I yp.max

[Tpuaumas Ea=Es=E, Tok MOKHO ONIPENEIIUTH 110 BBIPAKECHUIO:

Iyp.max :Z'E'(X]_A +Xya'€+xlE)

rae XAy X5 COINPOTHBIIEHUS MPSAMBIX NOCIENA0BAaTENbHOCTEN cucTteM A u b; Xyo _
yllenbHOe conpoTuBieHne TuHuu W.

Tok cpabaTbiBaHus BEIOMpAETCs OOJIBIINM U3 3HAUEHHH, MTOTy4YE€HHBIX 10 JIByM YCIOBUSM.

JInst 3auThl BCEH JIMHUM C MUHUMAJIbHBIM BPEMEHEM JCHCTBUSA, IPUMEHSAETCS TOKOBAst
OTCEYKa C BBIICPKKON BPEMEHU.

30Ha EeHCTBHSA TOKOBOW OTCEYKH C Bbaep kKo Bpemenu TOBI cornacyercs ¢ 30HOHN u

BpeMeHeM MIHOBeHHOH otceuku TO2 (puc.26) ucxons u3 TpedoBaHus 00ecreueHus! CeIeKTUBHO-
. t
ctu. JIyis BBINOJIHEHHs 3TOTO BpeMs aeticteus orceuku TOB1 ("7TOBLl) priGupaercs Ha cTyneHb

At Gonpme Bpemenn cpabatsiBanus oTceukn TO2 (tT 02):
tros1 = tro2 4+ At
CryneHb CelneKTUBHOCTU At= 0,3000,6 c, mosTomy BblIIEpKKa BpeMeHu oTceukd TOB1

He npessbimaer 0,6 c.

Toka Cpa6aTBIBaHI/I$I TOKOBOM OTCEUKHU C BBI)ICp)KKOfI BpEMCHU BBI6I/IpaCTC}I 110 YCJIOBUIO:

Ic.3.TOBl = koch : Ic.3.T02 ,
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k

rne tome2=10501,1; I

¢.3.T02 _ 1ok cpabateiBanus TOKOBOM orceuxn TO2 (puc. 26).

ITpu Takom BbIOOpE ToKa cpabateiBanus 3amuTel TOB1 B 30HY ee neficTBHS BXOIUT y4a-

crok muaun W1 — (KT oB1~ L1 O1), Kpome Toro, oHa obecieunBaeT qalbHee pe3ePBUPOBAHNE B

cinydae oTkasza orceuku TO2 mpu K3 B Havane nunun W2 u GnrbkHEe pe3epBUPOBAHKE B Cliydae

otkasa 3amutel TO1 Ha ydacTke Uy o1,

3amumaemMas 30Ha TOKOBOH OTCEUYKH C BBIAEP)KKON BPEMEHHU OMNpeeNnsieTcs TpapuuecKu

(puc.11).

F Y
IC3T02

i [E]
IKBHMAK

]
1

[ I tromm

tro
tro2

1
Pucynok 11 — K onpenenenuto Toka cpabaTbiBaHHsI TOKOBOM OTCEUKH C BbIIEPKKOM Bpe-

MCHU

MuHMManbHas AJIMHA 30HBI lro8 JoJKkHA ObITh He MeHee 40% ATMHBI IMHUH.

JIOCTOMHCTBAMH TOKOBBIX OTCEUEK SIBIISIFOTCS: MPOCTOTA, SKOHOMHYHOCTh U OBICTPOACH-
CTBHE.

HenocraTkaMu TOKOBBIX OTCEUEK SIBIISIFOTCS: HETIOIHBIN OXBAaT 30HOM JEHCTBUS 3alluIIac-
MO JIMHUM U HETIOCTOSIHCTBO 30HBI IEHCTBUS NIOJ] BIUSHUEM CONPOTHUBIICHUS B MECTE IIOBPEXKIE-
HUSL.

TokoBble 0Tceukn 06e3 BBIIEPKKH U C BBIIEPKKON BPEMEHH M MaKCUMallbHas TOKOBas 3a-
muTa 00pas3yroT NEPBYIO, BTOPYIO U TPETHIO CTYNEHHU TPEXCTYNEHYAaTOH TOKOBOH 3aluThl. BmecTe

C TEM KaXXaasl u3 HUX MOXKCET UCIIOJIb30BAaThCA U KaK OTACIIbHAA 3alluTa.
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Pucynok 12 — Onpenenenne 3aniuiiaeMoi 30HbI TOKOBOM OTCEUKH € BBIIEPKKOM Bpe-

MCHH

3aoanusa:

3aoanue Nol

Jlnst BIOOpa TOKa cpabaThiBaHust peiie l.p TOKOBBIX 3aIUT U MPOBEPKH UX UyBCTBUTEIb-
HOCTH HEOOXOJMMO 3HAaTh KOA(P(UIMEHT CXeMBbI, IOl KOTOPbIM MOHMMAIOT OTHOILICHHE TOKa B
pene |, ko BropumuHOMYy hazHOMY TOKy l2p TpaHchopmaTopa Toka, T.e. K™= 1, / l24 . MoxHO
KOA((UIIMEHT CXEMbI BBIPA3UTh U Uepe3 NEepBUUHBIN TOK |;¢ 1 koappunuent tpanchopmannu Ki
tpanchopmatopa Toka K™ = Ky 1,/ 114,

OH 3aBHCHT OT peXuMa pabOoThI 3AIHUIIIAEMOTO 3JIEMEHTA U OT CXEMbI COSTUHEHHST TPAHC-
dbopmaTopos Toka B pene. Heo6xoammo onpeneantb Ko™ 3ammrel A 11 HOPMAIEHOTO pekuMa
1 pasmmunbix K3 B Toukax Ki™ u Ko™ (puc.13.).

B 3ammuTe ucmnons30BaTh:

. Tpex(a3Hy0 CXeMy COEJUHEHNUS B TOJIHYIO 3BE3Y;

. IBYX(a3HyI0 JABYXpPEICHHYI0 U TpEeXpelelHYI0 CXeMY COEAMHEHUS B HETIOIHYIO
3BE3LY;

. Tpexdaznyro cxemy coefuHeHus TA B MOJHBIN TPEYrodbHUK, a pelie B MOJIHYIO
3BE3LY;

. IBYX(a3Hyl0 OJHOpENEeHHYI0 cxeMy coenuHeHUs TA B HENOJHBIA TPEyroJbHUK

(Ha pa3HOCTbH TOKOB).
B cxeme 6mn0ka (puc.1.12) Tpanchopmarop T MOKET UMETH CIETYIOIINE CXEMBI U TPYIIITBI

coequuenust oomotok Y/[-11; JI/Yu—11; V/Y-0.
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Pucynok 13 — Cxema 6J10ka TUHUSA — TPaHCPOPMATOP

3aoanue Ne2

[TonHas nmorpemHocTsh TpaHCHOPMATOPOB TOKA € B CXEMaX PEICHHOMN 3alIUThl HE JOHKHA
npesbimarh 10 %. 1o obecnieunBaeTcs, €Ci pacdeTHas Harpyska Tpanchopmaropa Z,, pey He Tpe-
BBIIIAET JIOMYCTUMOU Z,,.00n, KOTOPASI OMIPEIEISETCS U3 XapaKTEPUCTHKH TPEAETHHON KPAaTHOCTH
toka Tparchopmaropa K 10 = f(Zz.00n ) ipur 10-IPOIIEHTHO# MOTPEITHOCTH.

Jlna BeIOOpa TpaHchopmaropa Toka TpedyeTcs Tak)Ke 3HaHWE €ro pacueTHON Harpys3ku Z
npes. OHA CKITAJIBIBACTCS U3 CONPOTHUBIICHUS TOKOBOH OOMOTKH penie Z,, COMPOTHBIICHHS IPOBO/IOB
Rup 1 IepexoIHOTO CONPOTUBIEHUS KOHTAKTOB. Rioum=0,1 OM. B 3aBUCcHMOCTH OT BuAa U MecTa
K3 B obmiem ciydae Z, pey OyaeT paznuuabiM. OHO 3aBHCUT OT CXEMBI COeTUHEHHs TpaHchopma-
TOPOB TOKa M 00MOTOK perne. Heo6x0auMo noayuuTh pacueTHble POPMYIIbI MAKCUMATIBHOTO Zy pey

JUTSL CIIETYFOIITUX CXEM:

. Tpex(daszHas cxema COeAMHEHHUS B TOJHYIO 3BE3/1Y;

. nByx(has3Hasi IByXpeseiiHas cXxemMa COeIMHEeHUS B HEMOIHYIO 3BE31Y;

. nByx(has3Hasi TpexpeneiiHas cxemMa COeIMHEHUs B HEMOIHYIO 3BE31Y;

. TpexdasHas cxemMa coenuHeHus TA B MOJHBIA TPEYTOJbHUK, a PEJie B MOJHYIO
3BE31Y;

. nByxQazHasi oJHOpeseiiHAs CXeMa COSMHEHHUS B HEMOJIHBINA TPEYTOJIbHUK (Ha pa3-

HOCTb TOKOB JIBYX (pa3).
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3aoanue No3

Ha nunusax anextpuueckoil cetu 35 kB (puc.14) ycraHOBIEHBI MaKCUMaJIbHbIE TOKOBBIE
3aIUTHI C HE3aBUCUMON XapaKTEPUCTUKOW BBIZCPKKH BpeMeHU. Bpems cpabaThiBaHuUs 3aIUT B
cekyHaax. t ...txn orxomsamux auHui /... X1 ykazano B Ta6:. 1. Heo6xoaumMo BeIOpaTh BBIIECPIKKH

BpeMeHH t1...75 3amut A/ ...45. [lpunaTh cTyneHs cenekTuBHOCTH At=0,5 ¢

t t tin tiv tv tvi tvn tvn tix tx txi txn
a 1 1 05 | 25 0, 1 0 0 1 15 | 05 1
0 1,5 2 2 1,5 1 2,5 1 1,5 1 1,5 1 15
B 4 1 3 1,5 2 1 1 15 | 15 2 1 1

vir viil

Pucynok 14 — Dnekrpuyeckas ceTb HanpsbkeHueM 35 kB

3aoanue Ned

B cucreme anexkrpocHabxenus (cM. puc.14) MakcumanbHas TOKoBas 3amura Al BbInosn-
HEHa [0 CXEME HEIOJIHOM 3Be3/1bl C HE3aBUCUMOMN XapaKTEpUCTHUKON BBIIEPKKH BPEMEHU Ha MO-

CTOSIHHOM OII€paTUBHOM TOKe (puc. 15).

o B oign B
| TA2 _]92 L
¢ b =
o yKH D . YATI
HA CucHan

Pucynok 15 — [lenu MakcuMaJIbHON TOKOBOW 3alIUTHI
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3aoanue No5

OOBSCHUTD JCWCTBHE ATOM 3aMIUTHI TPH KOPOTKOM 3aMBIKAHUU:

1. ®a3 AC Ha 3amunaeMon JIHHHH.

2. ®a3 AB B Touke K.

[Ipu >TOM HEOOXOTUMO yKa3aTh:

a) MyTU HUPKYJSIIIUU TOKA B LEMAX TOKA U B ONIEPATUBHBIX IEISAX 3AIUTHI;

0) mocJieI0BaTeIbHOCTh CpabaThIBAHUS U BO3BpATa OTIEIBHBIX PEJie U anmnaparoB OT MO-
MEHTa BOSHUKHOBEHHUSI IIOBPEXKACHUS 10 MOMEHTA €0 JIMKBH/IAIHH;

B) K YEMYy MOJKET MPUBECTH OTKAa3 BCIIOMOTaTEIbHOTO KOHTaKTa BbIKItouaTens Qi (mpu
OTKJIFOUEHUH BBIKJIIOYATENISI KOHTAKT HE PA3OMKHYJICS).

B cooTBercTBHM CO CTaHIAPTOM CXema peNIeHHON 3aIUThl U300pakeHa Mpu HEBO30YK-

JACHHBIX PCJIC U OTKIIOYCHHOM BBIKJIHOYATCIIC.

3aoanue Neb
Ha nunusax Jh, JIz, JI3 ycTaHOBIEHBI MaKCUMaJIbHbIE TOKOBBIE 3aIIUTHI A1, A2, A3 COOT-
BETCTBEHHO (pHC.). 3aIlIUThI BBINOJIHEHBI IO CXeMe HENoJHOM 3Be3/bl. Toku cpabaThiBaHUS 3a-

IIUT U 3Ha4eHHs TOKOB AByx(a3znoro K3 B toukax Ki, K>, K3 1aHbl B Tabnuile.

Toxu nByxdaznoro K3 npu noBpexaeHusx B
Toxu cpabaTbiBaHUs 3aITUT, A

TOUKax, A
A1 A2 A3 Ki K> K3
800 500 300 1500 1000 600

Heo6xoanmMo onpeaenuts Ko3QpPpUIUEHTH YyBCTBUTEIBHOCTHU 3AIIUT

Al i

Pucynok 16 — Cxema 31eKTpUUYECKOI1 ceTH,

3aoanue Ne7

JIist 3ammThI JIMHUK B ceTH HanpsbkeHueM 10 kB nmpexycMoTpeHsl MakcuMallbHasi TOKOBAst
3alUTa U TOKOBas OTCeuka 0e3 BBIACPKKH BpeMeHU. B 3ammre ucnons3oBansl pene PT-40 u no-
CTOSIHHBIN OIlepaTUBHBIN TOK. MakcuManbHbIM pabouuil TOK B IMHUH |pasmax=80A. Tok cpabartbi-

BaHMsI MAaKCUMAaJIbHOW TOKOBOM 3anuThI lc; = 191 A, TOk cpabaThIiBaHNs TOKOBOH OTCEUKH ., =
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545 A. Pene u TpancopMaropbl TOKa COSAMHEHBI IO CXEME HEIOJHOW 3Be3nbl. PaccTosiHue
MEX1y TpaHC(POpPMaTOpaMu TOKA U MIUTOM pelieitHoi 3amuThl paBHO 1=200 m. s npucoenune-
HUS pelie K TpaHcopMaTopaM TOKa MOTYT OBITh MCIIOJIb30BaHbI JINOO MeIHbIE, THOO aTlOMUHHE-
BbIe mpoBoja. Heobxoaumo BeIOpaTh TpaHC(OpMATOpPHl TOKA M CEUCHHE THX IPOBOJOB TakK,

YTOOBI MTOJIHASI TOTPEIIHOCTh TpaHC(POPMATOPOB TOKa € He MpeBbIiaia 10%.

k]O
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Pucynok 17— Kpusas npenensHoi KpatHOCcTH TpanchopmaTtopa Toka TJIM ms K|

=50/5...300/5, knacca P
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Ilpakmuueckan paooma Nod. /lugppepenyuanvnas mokosasa 3awguma. /lugppepenyu-

abHAaA 3auUma 2eHepamopos/oeuzameneil

Heﬂb.' PaCCMOTpeTb OCHOBHBIC THUIIBI 3alllUT CHHXPOHHBIX I'€CHEPATOPOB U aCHMHXPOHHBIX

BHGKTPOHBHFaTeHeﬁ .

Ochoevt meopuu:

[IpononpHas nuddepennmanbHas 3amuTa — 171 3alIUTH OT MeXAy(ha3HbIX TOBPEKICHHIMI
BHYTpPH I'€HEepaTopa.

[Monepeunast nuddepeHmanibHas 3amuTa — IS 3alIUTH 0T MeXBUTKOBBIX K3 nipu Ham-
YU BBIBEJCHHBIX MMapaJlJIeIbHBIX BETBE 0OMOTOK M UX COSAMHEHUU B 3BE31Y.

3amuTa HYJIEBOH MOCIEI0BATeIbHOCTH — ISl 3allMThI OT OJHO(A3HBIX 3aMBbIKaHUI Ha
3EMIIIO.

ToxoBast OTCEUKa U MaKCUMaJbHasl TOKOBAsl 3aluTa — JJis 3aiUThl OT BHeIHUX K3 (1 oT
BHYTPEHHUX Yy T€HEPATOPOB MAJIOH MOIIHOCTH).

ToxoBas 3a11MTa C YETHIPEXIIJICYHBIM MOCTOM — JIJIs1 3AUTHI OT 3aMbIKAaHUM B IBYX TOUKaX
00MOTKH BO30YKJICHHUS.

3amuTa OT MaKCUMaJIbHOI'O HAIPSKEHUS — IPUMEHSIETCS] Ha THIPOTreHepaTopax.

3ammra OT Neperpy3ku — IPUMEHSETCA Ha TeHEPATOpax BCEX MOITHOCTEM.

TokoBas 3amuTa 00paTHOM MOCIETOBATETFHOCTH.

Jlis 3ammuThl TeHepaTtopa OT MEXIy(a3HbIX MOBPEXKICHUN MPUMEHSETCS MPOJIOJIbHAs
muddepeHnmanpHas 3ammTa. [[puHIUI ee 1elCTBUS OCHOBAH Ha CPaBHEHUH TOKOB ¢ 00EUX CTO-
POH 3amuiaemMoro oobekta. [y 3Toro 3amura noAKI0YaeTcs K TpaHcgopmaTopam TOKa, ycTa-
HOBJICHHBIM CO CTOPOHBI TTIABHBIX M HYJIEBBIX BBIBOJIOB reHEpaTopa. BTopuyHble 0OMOTKH TpaHC-
(dbopMaTopoB TOKa OJJHOMMEHHBIX (a3 U pelie COSTUHIIOT MEXKIY co00il TakuM 00pa3oM, YTOObI
npu K3 BHe 3amuimaemMoii 30HbI, OTPAaHUYCHHOW HU3MEPUTEIBHBIMH TpaHCchOpMaTOpamMu, TOK B
pelie OTCYTCTBOBaJl WJIM ObLIT OJMM30K K HYJIO, a NMPHU MOBPEXKIECHWU BHYTPU TeHepaTtopa ObLl
0oJIbIIIe YCTaBKU CpabaThIBaHUS pele.

B HOpMmansHOM pexume paboThl U mpu BHemHeM K3 Tok, mpoTekaronmii mo 0OMoTKaM

I |
pene P, paBeH Toxy HeOanmaHca  HO

IP:|1_|2:|H6z0’

I |
rme 1 u  2- TOKHM B IJIeuax 3allluThI.

[Ipu K3 B 30HE neiicTBUS 3aIUTHI
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Ip:|1+|2.

[IpononpHas quddepeHnranbHas 3aluUTa IeUCTBYET Ha OTKIIFOUEHHE BCEX BBIKIIFOUaTeen
reHepaTopa, raiieHue MmoJis U OCTaHOB TYpPOUHBI.

[TockonbKy reHepaTopsl pabOTalOT B CETAX C HE3a3eMJICHHOM MM PE30HAHCHO-3a3eMJICH-
HOW HEUTpanblo, To MpH MouHocTH reHepatopa PJ30 MBT nuddepenunanbHas 3ammra BbIION-
HseTCs o AByx(ha3Hoi cxeme. HemocTaTkoM 3Toi CXeMbl SIBISETCS TO, UTO OHA HE pearupyer Ha
JBOIHBIE 3aMbIKaHMsI (KOTJa OJIHO MPOU30LLIO B CETH, a APYroe B reHeparope, Ha ¢ase rae HeT
Tpancopmaropa Toka). [ToaToMy HeoOXouMa JOTOIHUTEIbHAS YCTAHOBKA 3aIUThI OT JJBOMHBIX

3aMBIKaHUU Ha 3€MJIIO.

iy
TA1 § +0 | KAT 1
LI+ KAT 1
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Pucynoxk 18 — Cxema nipononbsHOM nuddepeHITnaibHOM 3aIlUTh TeHepaTopa

Ha MouHbIX reHepaTopax 3alluTy BHIIOIHAIOT B Tpex(pa3HOM BapHaHTe, YTOObI o0ecre-
YUTh CpabaTbIBaHUE U MPU JBOMHBIX 3aMBIKAHUAX Ha 3€MJII0, KOTJa OJHO U3 MECT Mpo0osi Haxo-
JIUTCS BHE 3alTAIIIAEMOM 30HEI.

Toku Hebananca B Aud@epeHnnanbHON 3aluTe TeHEPaTOPOB MOTYT JIOCTUraTh 3HA4U-
TEJIbHOM BeMUUHBI. [IpHUMHBI UX NOABICHUS — HE UACHTUYHOCTh KPUBBIX HAMArHUYUBAHMS, He-
OJIMHAKOBAasl BTOPHYHAS HArpy3Ka U MOTPELIHOCTh TPAaHC(HOPMATOPOB TOKA.

JJ1s UCKITIOUEHUS JIO)KHOTO cpabaThIBaHUs 3alUTHI B pexkuMe BHemHero K3 ot TokoB He-
OanaHca IPUMEHSIOTCA JBa crocooa:

1. YMeHbIIaoT BEIMYUHY U JUIUTEIBHOCTh OpOCKa TOKa HeOallaHCa HEeYCTaHOBHUBIIIETOCS
pe’KuMa ¢ MOMOIIBIO COMPOTHUBIIEHUS, BKJIIOYEHHOTO IOCIEA0BATEIbHO C OOMOTKOM TOKOBBIX
pene. Cioco6 nCnoab3yeTcst Ha TeHepaTopax Majlol MOITHOCTH.

2. J1ns 3amuThl MOIIHBIX TreHepaTopoB (6onee 25 MBT) npumenstorest pene tuna PHT-

565 u [I3T-11/5, He pearupyromue Ha OpOCKH TOKa HebaaHca.
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Tox cpabatsiBarus 11 qudPepeHIaTbHON 3aIUThl TeHEpaTOpa BEIOUPASTCS U3 YCIOBHS

OTCTPOMKH OT TOKOB Hebananca npu BHemHeM K3:
IC3 - kH ) IH6pacq
H
rae - ko dumment HaxexHoctu, H=13;

I = kan ) kodH & |K3max

HO pacu

rje 9" — yquThIBaeT HAIMYHKE allepUOAMIECKON cocTaBstomei B Toke K3, mist pene Tuna

K K

PHT u [I3T "an=1; "00H - k03 PUIMEHT OAHOTUIIHOCTH TPaHC(HOPMATOPOB TOKA, IIPH OJJHOTHII-

HBIX TpaHC(HOPMATOpax TOKa MpUHUMAETcs 00K =0,5; € — BenM4uHa NOMYCTHMOM MOTPENIHOCTH

TparchopMaropoB Toka; “MaX _ ok Tpexdasnoro K3 Ha BbIBogax reneparopa.

EciM TOK MakCHMAaibHBIH TOK aCHHXPOHHOTO Xofa -2 MaX Gojpime ToKa Tpex(hasHoro
K3 Ha BbIBO/Iax reHepaTopa, TO MpHU pacueTe ToKa HeballaHca HeoOX0IMMO TOJICTABNIATh €ro Be-
JUYUHY.

YyBCTBUTEIBHOCTb 3aLIUTHI TpOBepsieTcs npH 1ByX(dasznom K3 Ha BEIBojax reHepaTopa:

| .
K3min
Y — 2> 2

k

le,

VYcTranaBnuBaeTcs Ha TeHepaTopax, UMEIOIINX HECKOJIbKO MapauleNbHbIX BETBEH, BbIBE-
JICHHBIX HAPY)Ky U COEAMHEHHBIX B 3Be31y. Mcronb3yercs Ui 3aliuThl OT MEKBUTKOBBIX K3 ox-
HOM (a3l 0OMOTKH cTaTopa. [lelicTByeT 0e3 BhIIEPKKH BPEMEHU Ha OTKJIIOUEHUE BCEX BBIKIIIOYA-
Tejel reHepaTopa, ralieHue MoJis U OCTAaHOB TYpOUHBI.

B03MOXKHO TpexcHCTEMHOE U OJHOCUCTEMHOE HCIOJIHEHUE 3aluThel. B ogHOCHCTEMHON
cxeMme (puc.73) mpou3BOUTCS CPaBHEHHE CYMMBbI TOKOB TpeX (a3 0JJHOU IpyMIibl BETBEH € CyM-
MoO# TOKOB Tpex (a3 Apyroi napaniensHoi rpynmnsl BeTBeil. Pene Toka KAZ (mpumensiercs pese
cepuu PT-40/® ¢ punpTpom Boicimx rapmoHuk ZF) nonkitouaercs k Tpanchopmaropy Toka TA,
YCTaHOBJIEHHOMY B HYJIEBOM IIPOBOJIE, COEUHSIONIEM HEUTpAIA. B TpexcucteMHoil cxeme mpo-
M3BOJIUTCS CPAaBHEHUE TOKOB MapajlIeTIbHBIX BETBEH KaXKI0H (a3bl.

B HacTos111€€ BpeMsl UCIIOIB3YIOTCS TOIBKO OAHOCUCTEMHBIE CXEMBI, TAK KaK OHM OTIINYa-
I0TCS TPOCTOTOM, SKOHOMHYHOCTbIO, HaJIEXKHOCTHIO U O0JIbILIEH 4yBCTBUTEIBHOCTBIO.

B HOpManbHOM pexume B MapajiieNIbHbIX BETBAX KaKI0M (ha3bl HABOJATCS OJMHAKOBBIE

SJIC. ConpoTuBieHus: NapauielbHbIX BeTBEH paBHBI. 1109TOMY paBHBI M TOKU MapauleiIbHbBIX
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B S I
BetBeil 1 u 2. CymMa TOKOB TapasUlebHbIX BETBEH Tpex (a3 (Tok B pene P) paBHa TOKY

I
HeOamanca = HO :

Ip:|12+IZZ:|H5

rjae 1y U l2x . CYMMBbI TOKOB B IIEPBBIX U BTOPBIX MapaJlIe/IbHbIX BETBEH.

Tok Hebananca onpezenseTcs HATMYUEM TOKOB BBICIIUX TAPMOHHUK, KPATHBIX TPEM, U TO-
KOB HYJICBOM ITOCJIEI0BATEILHOCTH, BbI3BaHHBIX HecummeTpueit DJIC da3. 11 OTCTpOKH OT To-
KOB HeOayiaHca BBICIIMX TAPMOHMK pelie BKIIYalT yepe3 ¢puibTp ZF, 4To 1aeT BO3MOKHOCTD

YMEHBIIIUThH TOK cpabaThIBaHUS 3alUTHI MpUuMepHO B 10 pa3.

10| KAZ KH

p Ha oTrDn.

KAZ
KA

TA

Pucynok 19 — Cxema ncnosHeHUs: OJHOCUCTEMHON MONEPEYHON

nuddepeHIanbHON 3aIUThI

B ciydae 3aMbIkaHUST MEXKAY BUTKAMHU OJHOHN (pa3bl COMMPOTUBICHUS MapaUIeTbHBIX BET-
BEW CTAHOBSITCS pa3JIMUHBIMU M PAaBEHCTBO TOKOB HapylaeTcs. B nepeMbruke Mex 1y HeUTpaisiMu
napajuieIbHbIX 0OMOTOK CTaTOpa MPOTEKAET TOK, BHI3BIBAIOIINNA cpadaThIBAaHUE 3aITUTHI.

[To cBOoeMy mipuHITUITY paOOTHI 3amUTa HE TPEOYET BBIACPKKH BpeMeHU. ToK cpabaThiBa-

HUsA BBI6I/IpaCTCH U3 yCJIOBUA OTCTPOﬁKH OT TOKa HebajaHca:

|03 = kH ) |H6max_
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Ha nmpaktuke Tok cpabaTbiBaHUs BHIOUpACTCS:

1, =(02+03)]

HOM.2

rae Lon. - HOMHHAJIbHBIM TOK TeHepaTopa.

[Ipu Hanagke TOk cpabaTbIBaHUS YTOUYHSIETCS 10 pE3yJIbTaTaM U3MEPEHU, U BETUYMHA €T0
MOYET OBITh CYIIECTBEHHO CHHKCHA.

[Tonepeunoii muddepeHMaNBHON 3aMUTBl OTIIMYACTCS MPOCTOTOH, IKOHOMUYHOCTHIO,
OBICTPOTOI JEHCTBUS U BHICOKOW YYBCTBUTEIHHOCTHIO.

Henocratkamu nonepeunoit auddepeHunanbHON 3aIIUThl BISIOTCSA: BOZMOKHOCTD JIOXK-
HOr0 cpabaTblBaHUs U HAJIMYME MEPTBOI 30HBI, IPY MAJIOM KOJIMUYECTBE 3aMKHYBILIUXCSI BUTKOB,
KOI'/la TOK MPOTEKAIOIINH B IEPEMbIUKE MEKY HEUTPAIIMU HEBEIUK.

[Tonepeunas nuddepeHimanbHas 3ammuTa B HEKOTOPBIX CIydasX MOXKET cpaboTaTh U Mpu
mHorodaznom K3, pesepBupyst npo1oybHyt0 AuddepeHInaTbHY0 3aIIUTy.

1) 3amblkaHus Ha 3eMJII0. 3alUTa OT 3aMbIKaHMsI Ha 3eMJII0 YCTaHABIMBAETCS Ha HUX IIpU
Toke 3ambikaamst 6osee 10 A (P<2000 Br), npu momtHocTr 60stee 2000 Bt 1 ipu TOKe 3aMBIKaHUS
Ha 3eMuTio Oosiee 5 A. 3amuTa IeHCTBYET Ha OTKIIOUCHHE.

2) Mexnydazubsie K3. B kauecTBe 3alIUThI UCIIOJIB3YIOT TOKOBYIO OTCEUKY WIIH MPOJI0JIb-
Hy0 U depeHnaIbHYIO 3aITUTY, TeHCTBYIONIYIO Ha OTKJIFOUYCHUE.

3amuTa OT BUTKOBBIX 3aMbIKaHUH Ha 3JIEKTPOABUraTeNSIX HE ycTaHaBnuBaeTcs. JInkBua-
1Sl TIOBPEXKJIEHUS ATOrO BUAA OCYLIECTBIIAETCA APYTMMHU 3allUTaMM JIEKTPOJBUIATENEH, IMO-
CKOJIBKY BHMTKOBBIE 3aMbIKaHHMsS B OOJBIIMHCTBE CIIy4yaeB COMPOBOXIAIOTCS 3aMbIKAHHEM Ha
3eMJTI0 WUJIU TIEPEXOAST B MeXAy(a3HbIE.

Onektpoasurarenu Hanpsbkeruem 10 S00 B 3amumiarorcst ot K3 Bcex BUI0B (B TOM YUCIIE
U OT OJHO(A3HBIX) C TIOMOIIBIO IIABKUX MPEIOXpaHUTENEH WM ObICTPOACHCTBYIONIMX aBTOMA-
TUYECKUX BBIKIIIOYATEIIEH.

HenopmanbHble pexxuMbl pabOThI:

1) neperpy3ka TokoM 00J1bIlle HOMUHAJILHOTO;

2) HemoHO(a3HBIN PEXUM;

3) camo3amnyck .

[Tpu momuOoCcTH 10 500 KBT Mcnonb3yercst TokoBas oTcevuka. Hanbosee mpocTo BBIMTOTHS-
eTCsl TOKOBasi OTCEYKa C MOMOMUIBIO peJie MPSMOro NEHCTBUS, BCTPOCHHOTO B NMPUBOJI BHIKJIIOYA-
TEJs.

Tok Cpa6aTBIBaHI/I$I OTCCUYKHU BBI6I/IpaCTCSI

Loy =ky - kex 'InyCK
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ToxoByro orceuky npurareneit 70 2000 kBT cienyeT BBITIOIHSTH, Kak MPaBHIIO, IO OoJiee
IPOCTOI U JemeBor oqHOpeNeiHo# cxeme (puc.84a). HemocTatkom 3T0i cxeMbl sBisieTcs Oosee

HU3Kasl YyBCTBUTEIIBHOCTD, 110 CPABHEHUIO C OTCEYKOM Ha ABYyX pene (puc.840), k AByx(da3HbIM

K3 (pazet Au C) B V3 pas.

[TosTomy Ha anexTpoaBuraresnsix MomHocTeio 2000...5000 kBT TokoBast oTceuka AJis 1mo-
BBILICHHS YyBCTBUTEIBHOCTH BBIMOJHSIETCS ABYXpEJeHOM. [ByxXpeneiiHyto cxeMy TOKOBOU OT-
CEYKH CJICTYET MPUMEHSITh Ha JICKTPOABUTATEIIX MOIITHOCTHIO 110 2000 kBT, ecnu koaddurment
YyBCTBUTEIHHOCTH OJHOPENCHHON cxembl ipu AByx(ha3zHoM K3 Ha BBIBOIAX 3JEKTPOIBUTATEIS
MeHee 2.

Ha »snextponsurarensx momuoctsio 5000 kBt u Oosee ycraHaBmuBaeTcsl MpOAOJIbHAS
muddepeHIranpHas 3ammTa. JTa 3alluTa BHIIOTHAETCS B ABYX(a3HOM WM TpeX(pazHOM HCIIOI-
HeHuu ¢ pene tuna PHT-567. Tok cpabareiBanus pene npuHuMaetcs 2-lgom.

[Tpu nBYx(ha3HOM HCIIOTHEHHE JOTIOJHUTEIILHO YCTAHABIIMBACTCS 3aIUTA OT IBOMHBIX 3a-
MBIKaHUH.

Tok cpaGaTbIBaHUs BBIOUpAETCS

Loy =kome - IH6.pacq

IH6.pacq =koon “kex - zInyCK

Beinonzsercs ¢ momomipio ogHOro TokoBoro pene PT3-51, xoropoe mojkiodaercs K
TpaHcQopMaTopy TOKa HyJIEBOM MOCIIEI0BATENBHOCTH (pHC.85).

Tox cpabaTeiBaHUs

IC3 ZkH 'k5 '[c

1 . k k .
rae ' € — eMKOCTHOH TOk mBurarems;, " H=12...1,3; “0 -K03(pPUIMEHT, YIUTHIBAIOLIUI

6pOCOK C€MKOCTHOI'O TOKa JJICKTPOABUIATC/IA MPHU BHCUHIHHUX MNCPEMEKAIOIINUXCS 3aMbIKaHUI Ha

. . k
3emiro. JIjIst 3aIIUTHI, JEHCTBYIOMIEH 63 BRIIEPKKH BpeMeHH ' 0 =3.. .4,
Tok cpabareiBanus He MoMKeH npeBbimath 10 A nns anexkrpoasurareneit 1o 2000 kBt, u

5 A muis snekrpoasurareneit 10 5000 kBt u 6onee. Ecnu pacyerHas BennynHa Toka cpabaThiBa-

kg

HUS TOJy4aeTcs OoJbliei, To HeoOX0auMO Bpemsi cpabaTbiBaHus NpuHATh t = 1...2 c u

=1,5...2.
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Pucynok 20 — Cxema MoAKJIIOUEHUs pesie 3aIUThI

Ecnu nutanue 3neKTpoaBUraTesst MoAaeTcs Mo JBYM MapajiebHbIM KabessimM, TO TpaHC-
(dopMaTophl TOKA, HAZEThIE HA KaXAbld Kalelb, COEUHSAIOTCS MOCIEI0BAaTEIbHO U MOJIKIII0Ya-
I0TCS K 0JJHOMY o01iemy peine. Ha anextpoaBurarensx 001b110M MOLUTHOCTH, JIs1 MUTaHUS KOTO-
PBIX UCHOJIB3YETCs OoJIblIIe IBYX Kabesei, 3aluTy OT 3aMbIKaHUH Ha 3eMJII0 BBIIIOJIHSIOT OJHUM
o0muM TpaHchopMaTopoM ToKa HyseBo# nocienoBarenabHocTy Thna THIT ananoruuno 3amure
TeHEepaToOpPOB.

JUig 3aIMTHl OT JABOWHBIX 3aMbIKaHMM Ha 3€MJII0 Ha 3JIEKTPOJBUIATENSAX, OCHAIIEHHBIX
npoAoJabHON MU depeHINaTbHON 3alUTON B IBYX()a3HOM HCIOJHEHUH K BTOPUYHON OOMOTKE
TpaHchopMaTopa TOKa HyJIEBOU MOCIIEA0BATENILHOCTH MTOIKIII0YAETCsl BTOPOE TOKOBOE pelie, uMe-
foniee ycraBky cpadaTsiBanus 100-200 A (mepBUYHBIHM TOK), Kak U B 3aIlUTE T€HEPATOPOB.

Tok cpabaTbiBaHUS MpU ABOWHBIX 3aMbIKaHUSAX HA 3€MITIO

Loy =kome '1H6.pacu

IH6.pacq =koon " kan - ZlnyC‘K

[IpegycmarpuBaeTcst Ha JIEKTPOJBUTaTENSAX, TOABEPKEHHBIM NIEPETPY3KAM 10 TEXHOJO-
TUYECKUM MPUYMHAM (BEHTUISTOPBI, IBIMOCOCHI, MENTBHUIIBI, APOOUIIKH H T. 11.), @ TAKXKE HA DJICK-
TPOJBUTATENSAX C 0COO0 TSKENBIMHU YCIOBUSAMH ITycKa M caMo3alycKa JIUTeNIbHOCThI0 Oosee 20
c. [leperpyska — CHMMETPUYHBIN PEXHUM, TTIOITOMY 3aIIATA OT HEE MOXKET OBITh BHITIOJTHEHA OJTHUM
pele, BKIIFOYEHHBIM B JTI00YI0 (pa3y anekTpoaBurareis. Beiaepikka BpeMeHU 3alliuThl OTCTpanBa-
€TCsl OT JUIMTENBHOCTU IyCKa AJIEKTPOJIBUraTeNsl B HOPMAJIbHOM PEXKHUME M CaMO3amycKa Mmocie
neiicteust YABP n VAIIB. O0bI9HO OCYIIIECTBISASTCS WHYKIITMOHHBIMU dieMeHTamMu pese PT-80,
AJIEKTPOMATrHUTHBIE AJIEMEHTHI KOTOPHIX MCITOJIB3YIOTCS JIJIsi BBITIOJHEHUS TOKOBOW OTCEUKH (TO-
KOBasi OTCEYKA OCYILECTBIIAETCS IBYXCTYIEHUATOMN 3aIUTOM ).
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JlelicTByeT 3alluTa Ha OTKJIOYEHUE JIOMYCKAeTCs Ha JJIEKTPOJBUIATENAX C TSKEIbIMU
YCIOBUSIMU IYCKa WJIM CaMO3aIlyCKa, a TAK)K€ B TE€X CIydasix, KOI/la OTCYTCTBYET BO3MOXHOCTb
CBOEBPEMEHHOM Pa3rpy3KH 0€3 OCTAHOBKU AJICKTPOJBHUTATENICH WM €CITU HET MOCTOSHHOTO Je-
KYPHOTO IepcoHaa.

Tox Cpa6aTbIBaHI/I5[ 3alllMThI

k
Ies =1

kg HOM
DIS kH=1,l...l,2.

Bpewms cpabateiBanus coctasiseT tcz3=(10...15) c.

3aoanusa:

3aoanue Nel

bnox reneparop-Tpancopmarop, 6€3 reHepaTOPHOTO BBIKIIOYATENs

I'eneparop 100 MBA, 6 kB

- CBepxmepexoHoe peakTuBHoe conportusnenue K3: Xq = 10%,

- AKTHBHOE COTIPOTHUBIICHUE (OMPEIeTICHHE TOCTOSHHOW BPEMEHH 3aTyXaHHUsI allepHO -
geckoit coct.) Rg=0.13 % (Ts =318 mc)

CurnoBoit Tpancopmarop 6ioka 6/230 kB, 120 MBA

- Hampsixkenne K3: ux-t = 15%

- Omuueckoe Hampspkenue K3: ur1= 0,3 % (TT = 159 mc)

Bropuunas Harpyska TT (3amuTa + KOHTposIbHBIN Kabens): Re< 1 BA

OrnpenenuTb HOMUHAIBHYIO TIPEIENbHYIO0 KpaTHOCTh T'T, Ipu KOTOpOi oOecrieunBaeTcst
YCTOMYMBOCTh (DYHKIIMOHUPOBAHMS 3aIUThHI FeHepaTopa Npy BOZHUKHOBEHUH BHEIHUX K3.

[Tpeanonaraercs, yto 6mu3kue K3 B cucreme nukBuaupyorcs B reuenue 150 mc.

3aoanue Ne2

['pymnna acuHXpOHHBIX IEKTPOABUraTeNel HanpsbkenreM 6 kB nuraercs oT cuctemsl 6ec-
KOHEYHOU MOIIHOCTH 4Yepe3 TpaHc(hopmaTop.

[IpoBepuTh HaMMYKME YCIOBUS CAMO3aITYCKa AJIEKTPOABUTATENEH MTOCIIE OTKIIOYEHUS TOKO-
BOM OTCEYKOW HAaMOOJIee MOIITHOTO YJIEKTPOJABUTATENS M €CTh JIM HEOOXOUMOCTh B MUHUMAJIbHON
3amuTe HanpspkeHus. Camo3zamyck obecrieunBaeTcst TpA Uoen=0,6U,,0,. Tlpu ompenenenuu co-

MMPOTHUBJICHUS SJICKTPOABUTATECIIA B PCIKUME CaMO3aIlyCKa IIPUHATH CKOJIBKCHHUC S = 1.
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3aoanue Ne3

Ha acunxponHom snektpoaBurareiie HanpsbkeHueMm U=6 kB, MOIKIIOYEHHOM K IIMHAM
CHUCTEMbI OECKOHEUHON MOIIHOCTH, UMEETCS 3alIUTa OT MEPErPy3KH, KOTOPasi BBHIIIOJIHEHA OJHUM
perne, BKIIFOUCHHBIM Ha pa3HOCTh TOKOB JBYX (a3 A u C. [Ipu onpeneneHuu Toka cpabaTbIBaHUS

3alIMThl IPHHUMAIUCH KOYPQOUIUEHT OTCTPOUKH Kome' = 1,1, k03 duruent Bo3spara B k=0,8

BrisicauTh, OyneT au cpabarhiBaTh dTa 3allyTa MPU pa3pbiBe (asbl JICKTPOABUTATES, B
KOTOPYIO:

a) BKJIIOUEH TpaHCHOPMATOpP TOKa;

0) He BKJIIOYEH TpaHCPopMaTop TOKA.

CKoNbKEHHE TIOCTIE pa3phiBa MPOJO0KAET OCTABATHCS HOMUHAIBHBIM. CONMPOTHUBIICHUS
AJICKTPOJIBUTATEIISI B OTHOCUTEIIBHBIX SMHHIIAX, OTHECCHHBIE K €r0 HOMUHAIBHBIM TTapaMeTpaM:

- MPSIMOM TOCJIEIOBATEILHOCTH X+1 = 1,2;

- 00paTHOM IMOCIeN0BaTEeILHOCTH X+ = 0,2.
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Ilpakmuueckan paooma Ne5. Peneitnasa 3aujuma cunoswvix mpancgopmamopos. /lugh-

depenyuanvnan 3auwguma. Peneiinas 3auwguma mpancgopmamopos.

Ilens: 3yunTh OCHOBHBIEC THIIBI MOBPEXKICHUN U CIIOCOOBI MPEAOTBpAIlCHNs aBapuii Ha

CUJIOBBIX TpaHc(opmaTopax.

Ocnogvl meopuu:

s rpynn ogHO(}a3HBIX TpaHCHOPMATOPOB OHU BOOOIIE UCKIIIOYEHBI. 3aluTa OT KOpOT-
KHX 3aMBIKAHUN BBIIOJHSIETCS C JACHCTBHEM Ha OTKIIIOYCHHE MOBPEXKAECHHOTO TpaHcpopmaTopa.
Jl1s orpaHnyYeHus pa3MEPOB PA3PYIICHUN €€ BBIIOIHAIOT ObICTPOICHCTBYIOIIEH.

3aMblkaHue OJHOW (pa3bl Ha 3eMIIIO0 OMACHO JUIsl OOMOTOK, MIPUCOEIMHEHHBIX K CETSIM C
[IIyX03a3eMJICHHBIMU HeUTpaisiMu. B 3ToM ciydae 3amuTa 10JKHA OTKIFOYATh TpaHchopMaTop
U 1IpH 0THO(A3HBIX KOPOTKUX 3aMBIKAHUAX B €r0 0OMOTKax Ha 3eMJito. B cersix ¢ HedTpatsimu,
M30JIMPOBAHHBIMH WJIM 3a3€MJICHHBIMH Yepe3 JYToracsiue peakToOphl, 3alIuTa OT OJHO(A3HBIX
3aMBIKaHUH Ha 3eMJTIO C JIEHICTBHEM Ha OTKJIIOYEHHE YCTaHABIMBAETCS Ha TpaHC(POPMATOpE B TOM
clIydae, eCJM Takas 3aluTa uMeeTcs B CeTH. [Ipy BUTKOBBIX 3aMBIKAHHAX B 3aMKHYBILIUXCS BUT-
KaxX BO3HUKAET 3HAYUTEIBHBIA TOK, Pa3pyLIAOIINI H30JSAIHMIO U MarHUTOIIPOBOJ TpaHCopma-
TOpa, NOTOMY TaKH€ MOBPEXKIECHUS JOJKHBI OTKIHOYAThCs ObICTposelcTBYOMIEN 3amuToil. Ho
UCIIOJIb30BAaTh Il 3TOI'0 TOKOBbIE, TU(depeHINaIbHbIE WIN JUCTAHIIMOHHBIE 3aLUTHI HE Mpej-
CTaBJsieTCsl BO3MOXHBIM. [Ipy ManoM uuciie 3aMKHYBIIMXCS BUTKOB TOK B IOBPEXKCHHOM (aze
CO CTOPOHBI MUTAaHUS MOXKET OKA3aThCs 1aXKe MEHBIIIE 3HAYCHNS] HOMMHAJIBHOTO TOKA, a HaIIpsiKe-
HUE Ha BBIBOJIAX TpaHCc(hopMaTopa NPaKTHUECKU HE U3MEHUTCSI.

OnacHbIM BHYTPEHHUM IOBPEXKJICHUEM SIBIISIETCS TaKXKe «IO0Kap CTajJm» MarHUTOIPO-
BO/Ia, KOTOPBIM BO3HUKAET NPU HAPYILIEHUHU U30JIALUN MEKY JIMCTaMU MarHUTOIPOBO/1A, UTO BE-
JIET K YBEIIMUEHUIO ITIOTEPH HA [IEpEMarHUUMBaHUE U BUXPEBBIE TOKU. [10TEpH BBI3BIBAIOT MECTHBIN
HarpeB CTajlM, BEAYIIMH K JalbHEWIIEMY pa3pylIEHUIO U30JILUHU. 3alUThl, OCHOBAHHbIE HA UC-
MIOJIb30BAaHNH JJIEKTPUYECKUX BEJIMYUH, HA ATOT BHJI IOBPEKICHUS TOKE HE PEarupyroT, TO3TOMY
BO3HHMKAET HEOOXOAUMOCTh B IPUMEHEHNUHU CIEIUAIBHOM 3alIUThl OT BUTKOBBIX 3aMbIKAaHUH U OT
«Toskapa craiam». i1 MacIOHaNOIHEHHBIX TPaHC(HOPMATOPOB TAKOM 3aIUTOM SBIISIETCS ra3oBas,
OCHOBaHHasl Ha MCIIOJIb30BaHUU SBJICHUH ra3zoo0pa3oBanus. OOpa3oBaHHe rasa sIBJISETCS CIea-
CTBHEM PA3JI0KEHUSI Macja U IPYTUX U30JIUPYIOIIUX MaTEPUAJIOB O AEUCTBUEM DIIEKTPUUECKOU
JyTY TIPY BUTKOBBIX 3aMbIKAHUSAX WJIN HEJOIYCTUMOI'O HAarpeBa MpHU «I10XkKape CTalIn». JIEKTPH-
yecKas 1yra BO3HMKAeT U ITPU MHOT'0()a3HBIX KOPOTKUX 3aMbIKaHUAX B 00OMoTKax. [loaTomy razo-
Basl 3allIMTa SBJISETCS] YHUBEPCAIbHON 3aIIMTOMN OT BCeX BHYTPEHHUX MOBPEXACHUM TpaHchopma-

Topa.
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HenopmanpHbie peXuMbl pabOTHl TpaHCHOPMATOPOB OOYCIOBICHBI BHEITHUMH KOPOT-
KMMU 3aMBbIKaHUSIMU U [IEperpy3Kamu. B aTux cirydasx B 0OMOTKax TpaHchopMaTopa MosiBIsioTCs
Oombine TokU (cBEpXTOKH). OCOOEHHO OMACHBI TOKH, IPOXOASILME IPU BHEIIHUX KOPOTKUX 3a-
MBIKAHUAX; 3TH TOKM MOT'YT 3HAUMTEJBHO INPEBBIIIATh HOMUHAIBHBIM TOK TpaHchopmaropa. B
cllydyae JJIMTEeIbHOIO MPOXO0XKAEHUS TOKA (YTO MOXKET OBITh IIPU KOPOTKUX 3aMbIKAHUAX HAa IIMHAX
WIM [IPU HE OTKJIFOUMBLIEMCSI TOBPEKICHUM HAa OTXOSAIEM OT IIUH IPUCOECTUHEHUH ) BOZMOXKHbI
MHTECHCUBHBIN HarpeB M30JSIIIMA OOMOTOK U €€ TIOBpeXKACHNEe. BmecTe ¢ 3TUM Ipu KOPOTKOM 3a-
MBIKAaHUU TTOHMXKAeTCsl HanpsbkeHue B ceTu. [loaTomy Ha TpaHchopMaTope AOKHA IpeaycMmar-
pHUBaThCSA 3alUTa, OTKIKOYAOLIAsl €ro MU HNOSABICHUHM CBEPXTOKOB, O0YCIOBICHHBIX HE OTKIIIO-
YUBIIUMCS BHEITHUM KOPOTKHM 3aMbIKaHHEM.

[eperpyska TpanchopMaTopoB He BIHIET Ha pabOTy CHCTEMBI 3JIEKTPOCHAOKEHUS B 1ie-
JIOM, TaK KaKk OHa OOBIYHO HE CONPOBOXKJACTCSA BUJCHHEM HanpskeHus. Kpome Toro, cBEpXToKu
neperpy3ku OTHOCUTEIBHO HEBEJIMKU U UX MPOXO0XKIEHUE JOYCTUMO B TeUEHHE HEKOTOPOT o Bpe-
MEHH, JOCTATOYHOTO JUIS TOTO, YTOOBI IIEPCOHAI MIPUHSLI MEPHI K pa3rpyske. Tak, coraacHO HOp-
MaM, Meperpy3Ky TOKOM lyep =1,61.non MOXKHO HOTTyCcKaTh B TedeHue t = 45 muH. B cBsi3u ¢ 3THM
3amMTa TpaHcopMaropa OT NMEperpy3Kd Npu HATUYMM JEeKYypPHOTrO MEepCoHaIa J0JKHA BBIIOJ-
HATBCS ¢ JIeCTBHEM Ha curHai. Ha moxacranuusax 0€3 JeKypHOro mnepcoHalla 3aliuTa oT mepe-
IPY3KH JIOJIKHA JIEHCTBOBATh HA Pa3rpy3Ky WIN OTKJIIOUYEHUE.

K HeHopManbHBIM pexxuMaM paboThl TpaHCPOPMATOPOB OTHOCUTE TaKKE HEIOIMYCTUMOE
MIOHWKEHUE YPOBHS Macja, KOTOPOE MOXKET MPOM30MTH, HAPUMED, BCIEACTBHE MOBPEXKICHUS
Oaka.

CayuT Uil OTKJIIOUEHUS TpaHcpopMmaTopa OT UCTOYHHMKA NMUTaHus B ciydyae K3 Ha BbI-
BOJIaX WJIM BHYTPHU TpaHCcpopMmaTopa, a Takke Ha COOPHBIX IIMHAX WM JUHUSX CO CTOPOHBI TO-
TpeOuTens.

B kauecTBe OCHOBHOM MaKkcHMalbHas TOKOBas 3alllUTa MPUMEHSIETCS JIMIIb Ha TpaHchop-
MaTopax MaJloil MOIIIHOCTH, TaK KakK 110 YCJIOBUSAM CEJIEKTUBHOCTH OHA UMEET HEJOMYCTUMO 00JIb-
HIYI0 BBIJIEPKKY BpeMeHu. Ha Tpanchopmaropax, UMEIOMIMX OTAEIbHYIO 3alIUTy OT MOBPEX/Ie-
HUI B caMOM TpaHc(opMaTope U Ha €ro BhIBOJAaX MaKCUMalibHasi TOKOBAs 3alllUTa IpUMEHSeTCs
B KaUECTBE JIOMOJHUTEIBHOM.

Ha nonmxkatronux Tpanchopmaropax MpUMEHsETCs MPOCTasi MaKCUMallbHasi TOKOBas 3a-
murta. Ha moBblarommx OHa MMEET HEeOCTATOUYHYIO UYBCTBUTEJIBHOCTh K MOBPEXKACHUSIM Ha
BbICIIEH CTOpOHE. UyBCTBUTEIBHOCTh MAaKCHMaJIbHOW TOKOBOW 3aIIUTHI IOBBIIIAIOT NPUMEHE-
HUEM OJIOKUPOBKH 10 HAMPSKEHUIO MITH BKJIFOUYEHHEM TOKOBOTO pejie yepe3 (GMIIbTP TOKOB HyJle-

BOM MOCJIENOBATEIILHOCTH.
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3amuTa TpaHcHOPMATOPOB U ABTOTPAHCPOPMATOPOB OT CBEPXTOKOB SIBJIICTCS PE3EPBHOM,
MpeIHa3HAYCHHON JJII OTKJIFOUYCHHUS UX OT MCTOYHHMKA MUTAHUS KAaK MPU TMOBPEKICHUSIX CAMHX
TparncGopMaTopoB (aBTOTpaHCHOPMATOPOB) M OTKA3E OCHOBHBIX 3aIIHT, TAK U TIPHU TOBPEKICHUN
CMEKHOTO 000pYyIOBAaHUS M OTKa3axX €ro 3allWThl WK BbIKIIOYaTeneid. [Ipu OTCYyTCTBUM CIienu-
AIBHOM 3alIUTHI IIMH 3aIUTa TPAHC(HOPMATOPOB OT CBEPXTOKOB OCYIIECTBISACT TaKKe 3aIHUTY
STHUX IIUH.

B kadecTBe 3amuThl OT CBEPXTOKOB IpH Mekay(hasHeix K3 ucmonb3yercs MakcuManbHas
TOKOBAs 3alllMTa, MAKCUMaJIbHAs TOKOBAs 3alllUTa C IYCKOM I10 HANPSKCHHIO, MaKCHMallbHas
HaIpaBJICHHAs 3allTa, MAKCHMAaJIbHAS TOKOBAs 3aIUTa 00PATHOM MOCIIeI0BATeILHOCTH. 3aIUTa
YCTaHABIIMBAETCS CO CTOPOHBI HICTOYHHKA IMUTAHUS, & PU HATMYUN HECKOJIBKUX HCTOYHUKOB — CO
CTOPOHBI TJIABHOT'O UCTOYHHUKA.

J1i 3aIUTHI OT CBEPXTOKOB IpH oHOGa3zHoM K3 ncnons3yercs MakcuMallbHas TOKOBast
3alUTa ¥ MaKkCUMallbHasl HaIlpaBJICHHAs 3allliTa HYJIEBOW MOCIIEN0BAaTENbHOCTH. 3alllUTa ycTa-
HABJIMBACTCS CO CTOPOHBI 0OMOTOK, COSTMHEHHBIX IO CXEME 3BE3/IbI C 3a3€MJICHHOM HYJIEBOH TOY-
KOI.

Ha puc.53 n3o0paxkeHa cxema MakCUMaJIbHOM TOKOBOM 3allIUThI ABYXOOMOTOYHOT'O IOHH-
JKaIoIIero TpaicopmMaTopa.

3amuTa yCTaHaBIMBAETCS TOJIBKO CO CTOPOHBI NCTOYHUKA MMUTAHUSA. J|eHCTBYeT Ha OTKITIO-
YEHHE OJTHOTO BBIKJIFOYATENSI B CIIydae OJHOCTOPOHHETO MUTAHUS, W JBYX BBIKIIOYATEICH TpH
JIIBYXCTOPOHHEM NuTaHuu. Hanbonee mmpokoe pacnpocTpaHEHHE MONTYYHIa CXeMa BKIIOUEHUs
MyCKOBBIX OPTaHOB B HETIOHYIO 3BE31Y.

Tok cpabaTbIiBaHUS 3aIIUTH BEIOUPAETCS IO IBYM YCIIOBHSIM:

1. MakcumarbHasi TOKOBas 3allyTa He JOJDKHA padoTaTh MpH Meperpy3kax TpaHchopma-
Topa.

2. MakcuManbHas TOKOBas 3aluTa He JOJDKHA paboTaTh MPH caMO3aIlycKe.

C yueToM 3THX yCIIOBHIL:
Ic.3 = komc ) k3 ) Ipa6.max/ke

rae ome — kod(PHUIUEHT OTCTPONKHU, YUUTHIBAIOUINHA MOTPEIIHOCTH pacueTa U paboTh

elle, IPUHUMAEMBIA paBHBIM 0M¢ =] 1€1,2; "3 - ko PUIIMEHTOM 3aIIyCKa, pab.max _ MAaKCH-
9 M 9 b b

MaJIbHBIN pabOUnii TOK Harpy3KH.
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Pucynok 21 — MT3 nByxoOMOTO4YHOTO TpaHchopMaTopa

qYBCTBHTGHBHOCTL 3alIUThI IIPOBEPACTCA IIPU K3 B KOHIIC HHHHﬁ, OTXOJAMHNX OT IIHNH

HHU3MICTO HAIIPAKCHUA:

| .
’ — K3.MIn >1’3
|

k

c.3

Bbinepkka BpeMEHH MakCUMaJbHON TOKOBOW 3all[UTHI BBIOMPACTCS 10 YCIOBHUIO CEJICK-
TUBHOCTH JAeWcTBUs, Ha Dt Gosbliie BeIIEPKKH BpeMEHU MPUCOEIMHEHNH, MUTAOIIMXCS OT LINH
HU3ILIET0 HaNpsKEHUS.

Ha puc.21 n3o6paxkena cxema MakCUMalbHON TOKOBOM 3a1lIUThI TPEXOOMOTOYHOTO TpaHC-
dopmaropa.

B sTOM ciyyae MakcuMalibHasi TOKOBAs 3alUTa JOJDKHA:

1. Ilpu noBpexeHnn BHYTpU TpaHc(OpMaTopa OTKIIOYUTH €0 CO BCEX CTOPOH, OTKYy/Ja
BO3MOKHA rmoAnuTka Mecta K3;

2. IIpu BHemHeM K3 ceneKTHBHO OTKJIIOUUTH JIMIIb TY CTOPOHY, HA KOTOPOW MPOU30IILIO0
MIOBPEXICHHUE.

[Ipu otTHOCTOPOHHEM MUTAHUH YCTAaHABIMBAETCS ABA KOMIUIEKTa MaKCUMaIbHBIX TOKOBBIX
3amuT. OJIMH KOMIUIEKT CO CTOPOHBI OOMOTKM HU3ILIEr0 HANPSKEHUS JEHCTBYET Ha OTKIIIOUEHUE
BBIKJIFOUYaTesei 3Toil 0OMOTKH. J[pyroif KOMIUIEKT CO CTOPOHBI OOMOTKH BBICHIETO HaNpsKEHUs
JeMCTBYET ¢ IBYMs BBLAEP)KKAMU BPEMEHHU, C MEHbIIEH — Ha OTKJIIOUEHHME BBIKIIOUaTeneil oo-
MOTKH CPEIHEro HaNpsKeHUs U ¢ OOJIbLIEeH Ha BBIKIIOYEHHE BCEX BBIKJIIOUaTesel TpaHchopMa-

Topa (puc.22).
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Pucynox 22 — MT3 tpexoOMoTOoUHOTO TpaHchopmaropa

KAZ

Harpyaka Harpy3ka

B nensix ynpoueHus JoIycKaeTcsi He yCTaHaBJIMBATh 3AIMTHI HA OJIHOM U3 IUTAEMBIX CTO-
POH, HAaIIpUMEp CPEIHEro HAIPSIKEHUs, IIPU 3TOM CO CTOPOHBI IIUTAHUS 3AIATA UMEET JIBE BBI-
JIEP’)KKM BPEMEHH: C MEHBUIEH U3 HUX OHA JACHCTBYET Ha OTKJIKOYEHUE TOM CTOPOHBI, IIE 3aAIIUTHI
OTCYTCTBYIOT, a ¢ O0JIbLIEH — Ha BBIXOJJHOE pelle.

Ha TtpexoOMoTO4HBIX TpaHchopMaTOpax € JBYX- HJIM TPEXCTOPOHHHUM IMUTAHUEM IS
oOecrnieyeHns CeJIeKTUBHOCTH JIEHCTBUS MaKCUMaJIbHas TOKOBasl 3aIlUTa JOTOIHSIETCS OpraHaMu
HaIlpaBJIEHUS MOIIHOCTH.

Ha nHeotBeTcTBeHHBIX TpaHchopmaTopax, umeronmx AIIB u ABP nomyckaercs, mpume-
HATH HEHAIIPABIECHHYI0 MaKCUMaJIbHYIO TOKOBYIO 3alIuTy. HecenekTuBHOE NEHCTBUE 3AILUTHI B

ATOM CJIy4ae UCTIPABIISIET JEHCTBUE aBTOMATHUKH.

Ha noBsimaroniux TpancgopmaTopax npocras MakCUMalibHasi TOKOBas 3allluTa HE y/10BJIe-
TBOPSIET 110 YYBCTBUTEIBHOCTH, IO3TOMY IIPUMEHSIETCSI MAKCUMaJIbHAsl TOKOBAs 3alUTa C IIyCKOM

10 HaIIPSAXKCHUTO.

3amuTa ycTaHaBIMBAEeTCs Ha Ty CTOPOHY TpaHchopMaTopa, OTKyJa MOJAeTCsl MUTaHHE.

Hanuuue pene HanpsbkeHHe MO3BOISIET BBIOPATh TOK cpabaThIBaHUS 3alIUTHI 0€3 yueTa TOKa Iie-

perpy3ku

I y
rae HoM — HOMHHAJIBHBIM TOK TpaHchopmaropa.
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BriokupoBKa 110 HarpsHKEHHIO MOXKET OBITH BHIIIOJIHEHA WK Ha 0a3e IBYX peJie MUHUMAlb-
HOI'O HAlIPpSAKCHU S, BKIIFOUCHHBIX Ha Memny(baz.HLIe HaITPAKCHUA
(puc.23 a), unu (nns TpancdopmatopoB MourHOCTEI0 16 MBUA u 6onee) Ha 6a3e ogHOTO

PE€I1€ MUHUMAJIBHOI'O HAITPSXKCHM A, BKIFOUCHHOT'O Ha BBIXO/] (bHHBTpa HaIIpsKCHU S 06paTHOI\/'I I10-

cienoBarenbHOCTH (puc.23 0).
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Pucynok 23 — Cxembl MT3 ¢ nmyckom 1o HanpsKeHUIO

HaprI)KeHI/Ie Cpa6aT]':>IBaHI/I${ MMPUHHUMACTCA PABHBIM:

_ Upa6.min

C.3 kg . kH

U .
e Ky _ K03 PULMEHT HamexHOCTH, pasen 1,1 ; — P40-Min

U u.min =(0,9..0,95)-U

- MUHUMaJIbHOE pabouee
HarpsoKeHNE; HoM

HaprDKeHI/Ie Cpa6aTI)IBaHI/I${ PEIC MUHUMAJIBHOTO HAPSAXKCHUA, BKIIFOYCHHOI'O Ha BBIXOJ

¢mIbTpa HaNpsHKEHUs: 0OpaTHOM MOCIIE0BATEIbHOCTH:

UZC.3 20106'UH0M_
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[Ipu HEmOCTATOYHOM YYBCTBUTEIBHOCTH MAaKCUMAJIbHON TOKOBOM 3aITUTHI C OJIOKMPOBKOM
MUHHUMAJIbHOTO HANPsDKEHUS TPUMEHSIOT MaKCUMAJIbHYIO TOKOBYIO 3alIUTy 0OpaTHOM mociie0-
BaTEJIHLHOCTH.

3amuTa UMeeT IyCKOBOM OpraH — TOKOBOE peJie, BKIIOUEHHBIN uepe3 PUIbTP HYJIEBOil mo-
CJIEIOBATENbHOCTH. 3alIUTa IPUXOIUT B ICUCTBUE NPU MPOTEKAHUH Yepe3 TpaHCHOPMaTOp TOKOB
00paTHOM IOCJIEIOBATEIbHOCTH, BbI3BAHHBIX HECUMMETPUYHBIMU BHeIHUMU K3 nmm BHyTpH
Tparcdopmaropa.

Tok cpabarbiBaHMs 3aIIUTHI BHIOMPAETCS MO YCIOBHUSIM: OTCTPOMKU OT TOKOB HeballaHca
¢bunbTpa TOKOB 00paTHON MOCIIEIOBATEIbHOCTH B PEXKUME MaKCUMAJIbHON Harpy3KH U COrjaco-

BAaHUIO IO YYBCTBUTCIBHOCTHU C 3alllUTaMU HpI/ICOCIII/IHeHI/Iﬁ CO CTOPOHBI BBICHICTO HAITPSXKCHUA.

11
a8 KA KA il
—
| | KA KAZ
I | KA + -
KT
A7 — 1, Q2
i O U
or T
Q2
Pucynok 24 — Cxema MT3 oOpaTHOli ocnea0BaTeIbHOCTH
[TpakTrka mokasasa, 4To 9T YCIOBHS BBITIOIHSIIOTCS py €3 - (0’5'"0’ 7) Lo . On-

HAKO 3aluTa 00paTHON MOCIEeI0BaTENbHOCTH He AeicTByeT npu cuMMeTpuuHbix K3. Tlostomy
OHa JIONOJHAETCS MPUCTaBKOM, pearupyroniei Ha cumMerpruunble K3. TlpucraBka npencrasisier
co00i MaKCHMaJIbHYIO TOKOBYIO 3allIUTY C IIyCKOM MHHHMMAJIBHOTO HAmpsDKEHUs B 0JHO(Aa3HOM
UCToNTHEHUH (puc.24).

Ha nByxo6MoTOUHBIX TpaHC(hOpMaTOpax 3aluTa OT HEPErpy3KH yCTaHABIUBAETCS CO CTO-
poHnbl nuTanus. Ha TpexoOMOTOUHBIX TpaHchopMaTopax MpH JABYXCTOPOHHEM MUTAHUH 3alIUThHI

YCTaHaBJIMBAIOTCS C JIBYX CTOPOH, a MPH TPEXCTOPOHHEM — C TPeX CTOPOH (pHc.25).
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Pucynok 25 — Cxema MT3 ot neperpy3ox

Tak xak meperpys3ka OObIYHO CUMMETPHYHA, TO 3aLIUTY BBIMOIHSIIOT B OJHO(PA3HOM HC-
MOJIHEHUH. 3aluTa JeHCTBYET ¢ BBIACPKKON BpeMeHu Ha curHai. Ha moacranmmu 6e3 conpoBox-
JAIONICTO IePCOHAa 3all|Ta OT MIEPETPY3KH BRIOUPACTCS C TPEMS BBIJICP)KKaMH BpeMeHU. Bpemst
JercTBUs TepBoM cryneHnu Ha Dt Gosbliie, ueM y MaKCUMaJIbHOM TOKOBOM 3aIlIUTHl OT BHEITHUX
K3. Bropas cTynens AeiicTBYeT Ha pa3rpy3Ky TpaHncopmaropa, TpeThs CTyIIEHb — Ha €r0 OTKIIIO-
YEeHHE.

Tok cpabaThiBaHUSI MAKCUMAaJIbHOM TOKOBOM 3aIIUTHI OT IIEPETPY3KH BHIOMPAETCS U3 yCIIO-

BUA:

TokoBas oTceuka npUMeHseTcsl Ha TpaHcpopmaTopax MoiHOCThI0 HUke 6300 kBUA, pa-
6otaronux oguHouHO 1 4000 kBYA, paboTtaromux mapauienbHo. B 30Hy nelcTBHs TOKOBO# OT-
CEUKHU BXOJIAT OIIMHOBKA, BBIBOJBI M YaCTh 0OMOTKH TpaHchopMaTopa co CTOpOHbI muTaHus. To-
KOBBIE€ OTCEUKH MpeIHA3HAUEHBI [T 3auThl 0T Mexyda3Hbix K3 u nelicTByIoT 6€3 BBIIEPKKI
BpPEMEHH.

ToxoBast OTCeUKa yCTaHABJIMBAETCS CO CTOPOHBI TUTaHus (puc.58).

o

+—H
+—H

Pucynok 26 — CxeMa TOKOBOM OTCEUKH

Tok cpabaTbIiBaHUS TOKOBOI OTCEUKHU BBIOMPAETCS MO IBYM YCIOBUSM:
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1. ToxoBas oTcedka He M0okHA pabotath npu K3 3a tpanchopmaTopom

Ic.3 :kH ' IK.max

k I
roe  #=1,25...1,5; "x.MaX_ MakcUMalbHOE 3HAYCHHE TOKA MOBPEKICHUS, MPOTEKAIO-

niero yepes 3amuty npu K3 3a rpancdopmatopom.

2. TokoBas OTCeuKa JI0JDKHA OTCTPAauBaThHCs OT OpOCcKa TOKa HAMarHWYMBaHUS 1AM | BO3-

HUKAIOIIET0 IPH BKIIFOYEHUH TpaHC(hOpMaTopa IO HApsHKEHUE:
Ic.3 > IHaM

O6a >t TpeOOBaHUS BBITIOJIHSIOTCS, €CJIM TOK cpadaThIBaHUS BHIOPAThH
Ic.3 :(35) IHOM
YyBCTBUTEIBHOCTh OTCEUYKH XapaKTepU3yeTcs: KO3 PHUIIMEHTOM YyBCTBUTEIILHOCTH:

k = |K3.min
T
c.3

roe  k3-MiN — MuHUMAIBHBIH TOK, MPOXOJISAIINIA Yepe3 3amury, npu asyxdaznom K3 Ha

BBIBOJAx TpaHC(bopMaTopa CO CTOPOHBI UCTOYHHKA ITUTAHUS.

qYBCTBI/ITeJIBHOCTI) 3allUThl CHUTACTCA IIOCT&TO‘-IHOfI €CJIn

k.22

3aoanus:

3aoanue Nol

Cunosoit Tpancopmarop YdS (B COOTBETCTBUH C PUC.)

OmnpenenuTs NOCIE0BATENBHOCTD MPOU3BOJUMBIX IIU(PPOBBIM ycTpoiicTBOM anuddepen-
[UaJIbHON 3aluThl BeIuKcieHui nmpu BHemHeM K3 (cm. Puc. 27). Jlokaszats, yTo cpabaThIBaHUS

3aIIUTHI TP JAHHBIX YCIIOBHUAX HE IIPOUCXOIHT.

5, = 100 MVA
Ug=20KV  ¥ds  Uy= 110KV

GO0 A

==

3000/5 A W2

e

W1
T |||_‘

Pucynok 27 — PacueTHas cxema 3/1eKTpoCHa0KeHUS
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3aoanue No2
TpexoOMoTOUHBIH TpaHchopMaTop (B COOTBETCTBHUHU C pUC.28).
OnpenenuTh KOHPHUTypAIMIO U 3HAYCHUE YCTaBKU (DYHKIIUU BHIPABHUBAHUS H3MEPSEMbIX

BEJIMYHH.
345 kv, 1050 MVA
20005 A
500 kW,
150005 A 1050 MVA -
' I_._ %ﬁ = B 100001 A
13.8kV, LLl
30 MVA l_L,r_ % |“"‘ 17028
TSAS13 relay (SA)
Pucynok 28 — Cxema coeluHEHUH TPeXOOMOTOUYHBIX TPAaHC(POPMATOPOB
3aoanue Ne3
B certu, koHurypauus KOTopoi npeacrasieHa aajiee (puc.29 ), mpoucxoauT oaHo(pa3zHOe
K3.
e busbar
4 - oA atal YN
! Lo e [T ——

; ; 1o +j = v
7 Jﬂln'_-. g 'TL_ ALAL
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Pucynok 29 — Cxema cetn
Byner nu npoucxoauts cpabaTeiBanne MoaudUKauu 3amuThl 7SS600 ¢ cymMupyromum
TT?

3aoanue Nod
HeoOxonumo BeiOpath TT, mpenHasHaueHHbIE IS UCIIOJIb30BAHUS LIU(PPOBBIMH yCTPOU-

CTBaMH 3alIUThI YyJaCTKa CCTHU, IMPEACTABIICHHOI'O Ha pHC
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Pucynok 30 — Cxema cetu

3aoanue No5

Koapduuuent tpanchopmanuu TT npucoeauHeHuss A0JkeH ObITh CKOPPEKTHPOBAH C
600/1 ra 400/1 nns quddepeHmanbHON 3aUTHL.

[Ipu 3TOM fOMKEH OBITH UCIOIB30BaH IpoMexyTouHbll TT 4AMS5170-7A A (nanHbIe Ipu-
Be/IeHbI Ha puc.). Harpy3ka ycTpoHCTBa 3alUThl U MOAKIIOYEHHBIX KOHTPOJIBbHBIX Kabemneil co-
crasiser 1 BA.

Hcnonp3oBanue kakoro npomexxyrounoro TT npeanoururensaeir? (oOecieyeHne rajippa-

HUYECKOW pa3Bs3ku HeoOs13aTesbHO) Ha puc. 31 npuBeneHo /1Be BO3MOXKHBIX CXEMBbI MTOAKIIOYE-

HUA
14 15A
60011 A e =
f 21 marms 14 tarns Eg
: HL i 15A
14
16 turms .
z W=
S001 A é_ - :LT |-3 EJII'I.L'ns. Fg

Pucynoxk 31 — Cxema coenuHeHUH TpaHCPOPMATOPOB TOKA
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Ilpakmuueckasa paooma Neb. Tpancghopmamopot moxa. Onpeodenenue pacuémHvix

HAazpy30K Ha MPAHCPHoOpMamopsvl MoKa.

Ienw: Onpenenenre pacueTHBIX HArpy30k Ha Tpanchopmaropsl Toka (TT).

Ochoebl meopuu:

Harpy3ka na TT 3aBucut ot cxemsl coequnenuid TT, oT Buaa K.3., BeIMUrHBI BHEITHUX

COHpOTI/IBJ'IeHI/Iﬁ IIpOBOOOB R COHpOTI/IBJ'IeHI/Iﬁ peie Zp " IPYyrux anmaparoB, BKIKOUYCHHBIX

np o
MOCJIEOBATEIHHO B IIENH TOKA KXKIO0W (a3bl M HYJIEBOH TPOBO/I.

B OeaX ynpoucCHuA BBIYMCIICHHI BCE BHCIITHHUC COIIPOTUBJICHUA CKIAABIBAIOTCA apI/I(l)-
MCTHUYCCKHU (a HC FCOMCTpI/I‘ICCKI/I), €M CO34a€TCA HeKOTOprﬁ paC‘ICTHHﬁ 3ariac.

Pacyernoii Harpyskoii Ha TT Ha3bIBalOT HauOObIIEE CONPOTHBIECHUE Z ,, , BEIYHCIIsE-

Moe 110 popmyIie:

T.e. otHOmEHNE HAaNpsKEHKs U, HA 3aKUMax BTOpu4IHOM 00MoTke TT Kk BTOpuHOMY

TOKY |, B 3TOH OOMOTKE U cocTaBisieT Harpy3Ky Ha TT.

W3 cxems! Puc. 3.1. Buogum:

- ipu Tpexdasznoii K.3. Tok B HyneBOM MpoBOJIe paBeH HYIMIO (TOKaMu HebamaHca MpeHe-
Operaem);

- BTOPUYHBIE TOKU PAaBHBI 10 BEJIMUMHE U CIIBUHYTHI 1O (ha3e 1Mo OTHOIIEHUIO APYT K
apyry 120 ;

- HalpshKeHHe Ha BTOpUYHOM oOMoTKe kaxoro TT:

U =1PR,,+2,);

PacueTHoe 3HaueHUE ZH.pacu. CJICAYCT MPUHATH AJId TOTO TT, Y KOTOPOT'0 COMPOTUBJICHUA

pene B pa3zHOM MPOBOJIC HAUOOJIBIIINE.

3aoanus.

3aoanue Nol

B nanHoM npumepe onpenenuM KpUBYIO MPeAETbHON KpaTHOCTH, T. €. 10%-HyI0 KpUBYIO
MOJTHOM TOTPEIIHOCTH JBYX IMOCIEAO0BATEIIBHO COSIUHEHHBIX BTOPUYHBIX 00MOTOK TT pasHbix

KJI1aCCOB TOYHOCTHU, HO C OAMHAKOBbIMH BUTKOBBIMH KOB(I)(I)I/ILII/ICHTB.MI/I TpaHC(bOpMaI_II/II/I.
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3aoanue No2
OmnpenenuTh XapakTepucTUKy xosoctoro xoaa: f2=f(Ilnam) aByXx mociiea0BaTeIbHO COS/IH-
HenHwix TT kimacca 0,5 u Jl Tuma TOHJIHOM-1/11/0,5 600/5. XapakTeprCTHKH XOJIOCTOTO X0/1a

TT 0,5 u [I. Cxembl coelMHEHUS W 3aMEILECHHS TAKOW IPyMIbl IPUBEICHBI HA PHUC.

I .
14 fo:
-"'?Hh —
Hir
Rar=Wg/W1d____o 4,
wol
H
a’?zﬂ 8]
—OH
Ty r=Ws /W1 & o i
Horr
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Ilpakmuueckan paooma Ne7. Tpancghopmamopet moka. Pacuém noanoit u mokoeoit

nozpewinocmeil mpaucgopmamopos moka no kpuevim 10%-it nozpewtnocmu.

IHenw: Onipenenenrne TOKOBOM M TTOJTHOM MOTPEIIHOCTEH, CEYEHUM KUJI KOHTPOJIbHBIX Ka-

6eneit mo kpuBbIM 10%-HOM MOTPENIHOCTH, MAKCUMAJILHOTO BTOpUYHOTO ToKa TT.

OcHogbl meopuu:

Pene - Z » » IpUOOPOB - Z ., I KOHTPOIBHOTO Kabesst - £,,;, IepeX0IHOT0 COMPOTHB-

np s
JIEHHS1 B MECTaX KOHTAKTHBIX COETMHEHUM - R :
Z,=2,+Z, +Z +R.
Harpyska BropuuHoit 00MoTKH TT 3aBUCHT Tak e OT cXeMbl UX coequHeHus U Buja K.3.
B 3agaue 3.2. Obutn BeIBEZICHBI (POPMYIIBI IUIsI ONIPENIEIICHUS] CONPOTHBIICHUIA HATPY3KH
TIPH COCTMHEHNH BTOpHUHBIX 06MOTOK B TT A, pene B Y juist TpexdaszHoro, AByX(pa3HOro n
onHodaznoro K.3.

PacuetHble popMyIIbI JUTSI OTIpEETICHNS CONPOTUBIICHHS HArpy3KH Ui Hanbosee pac-

MIPOCTPAHEHHBIX CXEM COoeIMHEeHUs1 BTOpu4HbIX 00MOTOK TT u npu paznuunsix Buaax K.3. mpu-

BEJICHBI:
PacuetHble popmyiibl Uil onpeieNeHns COMPOTUBIICHUS HAarPy3KU B 3aBUCUMOCTH OT
cxemsl coenuHeHus TT
Dopmyisl A1 ONpeACIeHUs
Bun xopoTtkoro
Cxema coequnenust TT u perne. Harpy3Ku Ha 3a)KMMax BTOpPHY-

3aMBIKAHUSA
HBIX 0OMOTOK

Z =R_+Z +R
mp “p hE

H'pacd

P

1.ITonnas 3Be3ma Kx=1.0

Tpexdaznoe u n1ByX-
Bennuuna R BO Bcex ciyuasx
nep

daznoe
npuHuMaercs papHoi 0.10M.
Onnodaznoe
Z. =2R +Z +Z _+R
H'pacy mp “p.d Tp.0 nep
Tpexdasnoe Z. =V3R +Z +Z _ +R_
2. Henonuas 38e3ma K.=1.0 pae PP Tpo0p P
Byx(da3zHoe
i]:);(il/l BC ZH'pac'-I :2Rnp+zp.(1)+zp.o6p +Rnep
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JIByx(da3zHoe 3a

dopmaropom  Y/A-
11

H

TpaHC(bopMaTOPOM ZH'pacq :2Rnp+zp.d)+zp.o6p +Rnep
Y/A-11
3. Ha pa3HOCTE TOKOB 1B as
P yx & Tpexdasnoe Z - paca =\3 (2Rnp+Zp) R
K=1.73

& r I[Bqu)asHoe AC Zﬂ'pva :4Rnp+22p +Rnep
8 .
C JByxda3zHoe B

: Trp ZH.pwI —ZRHp+ Zp_ + RHep

AB unmu BC
Tpexdaznoe wim
4. T Ko=1.7
pey.romaﬁnxr “ 2 3 nByxhaszHoe, Tpex-
dasnoe 3a Tpanc- Z

=3R_+ 3Z +R
p p. nep

‘pacy

Onnodaznoe

Z

=2R_+27 +R
p p.  mep

H pacu

Jomyctumas Harpy3ka Ha TT ompenensieTcst UCX0/is1 U3 00ecredeHus TOUHOCTH U3MEpH-

TCJIbHBIX OPTraHOB peneﬁHoﬁ 3alllMUTHI ITpU K3.8 PaCYCTHBIX TOUKAX BHCKTqueCKOﬁ cetu. Ilon-

Has norpemHocTh TT & He nomkHa npessimarh 10%.

IIposepka TT no nelcTBUTENBHBIM XapaKTEPUCTUKAM HAMAarHUYMBaHUS IPOU3BOJIUTCS B

CIIETYIOIEM MOPSIKE:

1. Omnpenensercs Gaktuyeckas Harpyska Z ., , IOJKJIIOYEHHAs K BTOPUYHOH 00-

MOTKE ¢ yueToM (opMyJ, MpUBEIEHHBIX B Tabnuue 4.1;

2. Omnpenensiercs pacueTHBIN MEPBUYHBIN 1 BTOpUUHBIA TokU K.3., KOTOpbIE paBHbI

MakcuMaibHOMY TOKy K.3. B KOHIIE 3aIMII[aeMO 30HBI.

3. OHpCIleJ'I}IeTCH pvaeTHLIﬁ TOK HAMarHM4mMBaHUA:

IZIJaM.pacv. =01-1 2K.3.pacu.

4. Crtpoutcs Haubosee HU3Kas XapaKTepUCTUKa HaMarHUUMBaHus mposepsieMbix TT

7 TI0 DTOH XAPaAKTEPUCTHUKHU U 1O MMOJTYYCHHOMY BBIIIC TOKY HAMAarHUYMBaHUS ONIPEACTIACTCA CO-

OTBETCTBYIOLIEE EMY 3HAUEHMsI HAIIpsKeHUs U, = f (1

Ham )

5. OHpCI[CJBICTCH A0IMYCTUMOC COITPOTUBJIICHHUEC HAT'PY3KH, IIPU 11O KOTOpOﬁ norpemu-

HocTh TT He Oyner mpesbimath 10% mo ¢popmye:

U,

H.oon —

B I2pacu. i

09-1 2pacu.
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Jiis Toro, yToObI orpemHocTh 1T He npeBbimana qonyctuMmbix 10%, paccuntanHas B

n.1. Harpy3ka Ha ero BTOpPUUHYIO OOMOTKY HE JI0JIKHA IPEBbIIIATh 3HAYCHUS ZHM. , OIIPEZICIICH-

HOT'O B I1.5.
3aoanusn:
3aoanue Nol
Onpenemuts norpemnoctr TT tuma TIID-1/3, 200/5 npu oquHAKOBOW HATpy3Ke Ha €T

BTOpUYHBIE OOMOTKU Z,;; =10n . CONPOTHUBIIEHNE BTOPUUYHBIX OOMOTOK Z, =0,30m JUIsi 0OMOTKHU

kmacca | u z,=040n nns o6motku knacea I .
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Ilpakmuueckan pavoma Ne8. /Jucmanyuonnan 3awuma. /[lucmanyuonnsle 3auiumaol

JUHU.

Heﬂb.' I/ISYLII/ITI) CIIOCOOBI pacu€Ta JUCTAHIUMOHHBIX 3allIUT, KOTOPBIC CBOAATCA K OIIPEAC-
JICHUIO, COHpOTI/IBJ'IeHI/Iﬁ Cpa6aTBIBaHI/I5I, BBIACPIKEK BPEMCHHU WM YYBCTBUTCIIBHOCTU OTACJIIBHBIX
JAUCTaHIIMOHHBIX CTynCHCfI H IMMYCKOBLIX OPraHOB 3allIUTHI, ITapaMETPhI CpaGaTBIBaHI/ISI 1 9YBCTBH-

TCJIbHOCTU 3alIMTHI IIPU KaYaHUAX.

Ochoebl meopuu:

B cetax cnoxxHon KOH(bI/IpraI_[I/II/I C HCCKOJIbKMMH MCTOYHUKAMU ITMTaHUA MaKCUMaJIbHBIC
TOKOBBIC HAIIPABJICHHBIC 3allIUThI U TEM boinee IMPOCTBIC MAKCUMAJIbHBIC TOKOBLBIC 3aIllIUThLI HEC MO-
TyT 00€eCceuyuTh CEJIEKTUBHOCTU OTKIIFOYCHHUS K.3. B 9TOM J1erko Y6CI[I/ITI)C$I Ha MpUMEPEC KOJbLC-

BOI1 ceTHU C IByMsl MCTOYHMKAaMU IIUTaHUs, IIPEJICTaBICHHOM Ha puc. 5-1.

Puc.5-1. CxeMa KonblI€BOM CETH € ABYMS HCTOYHUKAMHU

ITpu k.3. B Touke K1 3ammra 3 nomkHa pabotaTh ObICTpee 3alIuThI 1, a Ipu K.3. B TOUKE
K2 naobopor 3amura 1 gomkHa pabotaTh OblcTpee 3aIIUThI 3.

Kpome Toro, MakcuMmasnabHble TOKOBBIE 3aIIUTHl YaCTO HE YAOBIETBOPSAIOT TPEOOBAHUAM
OBICTPOAECHCTBHS M UyBCTBUTENIBHOCTH. [103TOMY, ISl 3aIIUTHI CETEH CO CIIOKHOM CXEMOH U C
HECKOJIbKUMHM MCTOYHMKAMU MUTAHUS MPUMEHSIOTCS 0oJiee CIOXKHbIE AUCTAaHIIMOHHBIE 3allUThI
([13), xoTopble obecreunBaOT HEOOXOTUMYIO CEIEKTUBHOCTD, OBICTPOICHCTBHE U UyBCTBUTEIIb-
HOCTb.

JIMCTaHIIMOHHOW 3aIIUTON HA3BIBAETCS 3alUTA, BBIJEPKKA BPEMEHH KOTOPOW aBTOMAaTH-
YECKH U3MEHSIETCS B 3aBUCUMOCTH OT YAAJIEHHOCTHU (OT pacCTOSHUS MW JUCTAHIIMM) MECTa K.3.
OT MECTa YCTaHOBKH 3aIUTHI.

Hanpumep, npu k.3. B Touke K1 (puc. 5-2) 3amura 2, pacrnonoxeHHast O1rke K MECTY To-
BpEXKICHUS JIOJDKHA pab0TaTh C MEHBIIIEH BBIJIEPIKKOW BpeMeHH, 4YeM Oosiee yaan€HHas 3amura 1.
Ecnn e K.3. Bo3HUKHET B Touke K2, To BbIIEp:KKa BpEMEHH 3aLIUTHI 2 aBTOMaTHUECKH JIOJIKHA

YBEJIMYUTCS T.K. paCCTOSIHUE (AMCTaHIMs) OT 3aIIUTHI 2 10 MecTa K.3. K2 Gounblie yem mpu K.3.
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K1. B mocnennem ciaydae K.3. OyJIeT CEJIEKTUBHO OTKJIFOYCHO 3aIUTOH 3, pacIo0oKeHHON OJIKe

K MCCTY IMMOBPCIKACHUA U, CJICAOBATCIILHO, I/IMGIOH_Ieﬁ MCHBIIYIO BBIACPIKKY BPCMCHHU.

p
4§
) !

. H, A
0 —d A, K:
U7

,,cw“"'!

Puc.5-2. 3aBucuMOCTb BBIIEPKKH BPEMEHU JUCTAHIIMOHHOW 3aIIUTHI OT PACCTOSIHUS /10

MECTa K.3.

Taxum 0Opa3oM, mpH K.3. HA TUHUHU 110 3alIMIIAEMON JTMHUN TPOXOIUT TOK [Kk.3.>IHOpM, a
HaIpsHKEHUE HA MIMHAX NOACTaHUIWH, MUTAOLIEH JTMHUI0, cHUxkaeTcs Um<UHopM U paBHO naje-

HUIO HAIIPSZKCHUS B COIIPOTUBJICHHUH YYaCTKa JINHUA 7ZX.3. OT IIMH MOJICTAHIIUM JI0 TOYKH K.3.

U = s Zxs
Hepr,HHO BUACTD, UYTO OTHOIICHHUEC OCTATOYHOI'O HAIIPSXKCHUA HAa NIMHAX K TOKY K.3. paBHO

COIIPOTUBJICHUIO YYaCTKa JIMHUU JO MECTA K.3.:

ZK.3. B JL.LHOPM.
s

ConpoTHBIIEHNE TUHUY WIH €€ y4acTKa MOYKHO BBIPA3UTh Yepe3 yJeIbHOE COMPOTUBIICHNE

Zyn. v pacCTOsSIHUE A0 MeCTa K.3. Lk.3.:

Zis = Lyl
CrnenoBaTeibHO, OTHOIIIEHUE OCTATOYHOTO HANMPSHKEHUS Ha IIWHAX K TOKY K.3., TPOXOJIsi-
[IeMY I10 3aIIXIIaeMON THHUHU MPOMOPIUOHANBHO PACCTOSHUIO (IucTaHIK) LK.3. OT MecTa ycra-
HOBKH 3alIUTHI 10 MECTa K.3.
Jlnst 3ammThl ceteit HanpsikeHueM 110 kB u BbIle co cnokHOW KOH(UTYpalue u ¢ He-
CKOJIbKMMH UCTOYHUKAMHY IMUTAHUS IPUMEHSIFOTCS TUCTAHITMOHHBIC 3amuThI (/13) BbIAEpIKKA Bpe-
MEHHU KOTOPBIX aBTOMATHYECKHU M3MEHSIETCS B 3aBUCHUMOCTH OT PACCTOSHUSA (AMCTaHIIMU) MeCTa

K.3. 10 MECTa YCTAHOBKHU 3allIUTHI.

3aoanusa:

3aoanue Nel
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[lo naHHBIM, IPUBEACHHBIM, Ha PUC, OMPEAETUTH AJS BCEX CTYNEHEH TpexcTyrneH4aTou

JTUCTaHIIMOHHOHN 3amuThl 1 Tumna 132 mepBuuYHBIE COMPOTHBIICHUS cpabaThIBAaHUS M BBLACPIKKH

BpEMEHU.
713 xF
A
7
62 kM

] 8
N2 3
J0 kM ‘ 32 kM

25, =279 OM; @p=65°
Ipas mawe= 400 A
Ppaf =35°

®
Ty paxe= G Om I

Tipmun =8 OM

®7.

‘ITEHﬂAT: 20 QH
.I,ﬁ,ﬂ,,,.; = 25 g.“f

3aoanue Ne2

2y =100 0M ; 9p=60 ° ]zﬂ =144 OM; Q=65°

J5 k8
40 MB-A
@,'9 115 £16%,/36,5 +5%/11 kB
@ Tp uy no FOCT

oyg 2T un=2h5 08

OnpenenuTts NepBUYHOE CONPOTUBIIEHUE CpadaTbIBaHUsl BTOPOM CTYIIEHU 3alUThI | THIa

[134 ecnu pyuHa nuauu JI2 12 kM u ee conpotusienue 5,4 OM.

3aoanue Ne3

HOKaSaTI), 4TO IpPH BKIIIOYCHUHU PCJIC MUHUMAJIBHOI'O COITPOTUBJICHWA HA PaA3HOCTb TOKOB

ABYX (1)213 " pa3HOCTb OAHONUMCHHBIX (bEBHBIX HaHpH)KeHI/Iﬁ K HCMY IMOABOAUTCS ITPU I[BYX(I)B.?»HOM

K. 3. Ha 3€MJIKO TAKOC K€ COIIPOTUBJICHUC, KAK U IIPpU ,I[BYX(I)EBHOM )51 TpeX(ba3HOM K. 3., T. €.

zpﬂ D)=z

(2)
P — zp(3] —— zl?.ﬂ;L
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Ilpakmuueckasa paooma Ne9. Maxcumanvnas mokoeas 3awguma (MT13). Pacuem

ycmaeok MAKCUMAbHOI MOKO0GOU 3auiumol.

Ienv: I3yunTh MeTOMIBI pacyeTa ycTaHoBOK MT3.

OcHogvl meopuu:

Br160p ycTaBOK MakCHMMAaJIbHBIX TOKOBBIX 3aIUT 3aKJIFOUAETCS B ONPEICIICHUN TEPBUYHBIX
¥ BTOPUYHBIX TOKOB CpabaThIBaHUsl, BpEMEHH cpadaThiBaHusl, TUIIOB pejie, MUHUMAIIbHBIX KO3(-
(UIMEHTOB YyBCTBUTEIBHOCTH NMPpHU MeTauindeckux K.3. B KOHIIE 3aIIMIIaeMbIX 30H, KOTAa 3TH
3aIUTHI ICHCTBYIOT B KAYECTBE OCHOBHBIX U pe3epBHBIX. Kpome Toro 3ammTsl AByX U Ooee mo-
CJIEIOBATENIbHO COEIMHEHHBIX JJIEMEHTOB (Hampumep TpaHcHOpMaATOP-ITUMHUU-IBUTATEIH)
JOJIKHBI OBITh COTJIACOBAHHBI IO UYBCTBUTEILHOCTH U 110 BPEMEHH, T.€. OHBI JOJDKHBI JEHCTBO-

BaTb CCJIICKTUBHO: OTKJIFOYATb MCCTO IMOBPCIKIACHHUA OJIMIKAMIIINM BBIKJIFOYATEIICM.

Kq1 K@z
ar

Puc.6.2. Cxema aByx¢a3Ho# peneitHON 3alUThl C JEeIIYHTUPOBAaHUEM KaTyIlIeK JeIyH-

TUPOBAHUW BBIKITHOYATECIIA.

[TepBuunsIii Tok cpabaTeiBanust MT3 qomxkeH ObITH OTCTPOEH, OT TOKOB CaMO3aITyCKa IMoJ-
HOCTBIO 3aTOPMOKEHHBIX JJIEKTPOABUTATENIECH U IPYTrOM HArPY3KH IIPU BKIFOUCHUH 3a1UIIIAEMOT0
anemeHTa nocie aukBuaanuu K.3. Kpome Toro, 3amuTsl He JOHKHBI TPUXOIUTH B ICUCTBUE TPU
MaKCHMalbHO BO3MOKHOM TOKE Harpy3ku. VIcXo/s U3 3TUX yCIOBHi IEPBUYHBIN TOK CpabaThIiBa-

HUA 3allIATBI B CAHMMETPUYIHOM HOPMAJIBHOM PCKUMC BBIUUCIIACTCA 11O (1)OpMYJ'IeI

k, -k, -1
I, ,=———FPT T6.1]
: Ke

I'me k,=12..13- k03QdULIUESHT HATEHKHOCTH,
k3 - kK03 (HUIIHEHT camo3aIycKa Harpy3Ku;

k , - Koo GHULIUEHT BO3BpAaTa pele;

Tox cpabGaTbIiBaHUs pesie BRIUUCISIOT MO (hopmyIe:
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3
:kéx)’kn'ks'lp.nax

P Ky

: [6.2]

©)
rie Kg - KodHIHeHT cXeMbI — OTHOIICHHE TOKA B pelie K BTopudHoMy ToKy TT B cum-
METPHYHOM HOPMAJIEHOM pexkume 1 pu Tpexdasznom K.3. Tak npu coequnennn TT B A niu Ha

3
Pa3sHOCTh TOKOB JBYX (a3 kéf) = \/§ ; Ipy coenrnHeHnH 1T B MONIHYIO WIIM HENIOJIHYIO kéx) =1.

B Tex cnyuasx, korga | p.mx (MAKCUMAaJIbHBIA paOOYMI TOK) HEU3BECTEH, €TI0 IIPUHUMAIOT

PaBHBIM JUIUTEIHLHOMY JIOIIYCTUMOMY TOKY Harpysku corjiacto I1VD, t.e.

I pEX Idv.don [63]

KoadduuueHT 4yBCTBUTENHFHOCTH ONPENEISIOT IPU MUHUMAaIbHBIX Tokax K.3. mo ¢op-
MyJIe

ké)%) . Ix.g.m'n

2
k :_p: kTT — kéX) ) IK.3.rTin [6 4]
o @ | k-1 '
c.p: Koo -2 ex les

kTT
Ha ocHOBaHMH BEIIIICH3I0KSHHOT'O

Ompenensem yctanoBku MT3 2

T.K. cornacHo HCXOAHBbIM JaHHBIM I pmax H k3 HC 3aJaHbl, IPUHUMACM IJIA BCCX Ka0Oenei

TOK KaOest |,«,5,H0M = Ip.rrax = |af,_30n U B COOTBETCTBHH C TpeOOBaHUAMH, IPUBEIEHHBIMU B «COOP-

HUKE TUPEKTUBHBIX MAaTEPHAIOB. DIIEKTPUUECKAs YaCTh)
esmrs2 =3 on = onoon [6.5]
Cornacuo ITY?D fuist afOMHHHEBOTO Kaberst ceueHueM 3x70 MM?
100n =190 4,mozoa
| v =4x190 =760 4

Tok cpabateiBaHus pese coraacHo [6.2]

780
40
5

l,,=1 =9,5[A]

BoiaepkKy BpeMEHHU B HE3aBHCUMOM 4aCTH XapaKTEPUCTUKH PEIe 3alllUThl 2 OTCTpanBae-
MO OT OBICTPOACHCTBYIOLIEH 3aIIUTHI 2IEMEHTOB, IPHUCOEINHEHHBIX K muHaM [V cornacHo [5.2]
0e3 yuera At,,,,, (TOKOBasi OTCE€YKA COrTIACHO UCXOJHBIM JAHHBIM).

At oo = Atyrss + Atg 5 + Aty o +1,,,=01+01+015+01=0,45[c]

[IpyHrMaeM MHUHHMMaJIbHO BO3MOXXKHYIO YCTaBKY B HE3aBUCHUMOM YacCTH XapaKTEPUCTUKU

BpeMeHu cpabatbiBanus pene PT-85/1
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tyrs2y =0,5C.

Koadduuuent uyBcTBUTENBHOCTH BbIuucisieM Ipu AByxdasHom K.3. na mmnuax IV co-

riacHo [6.4], yauTbiBasi, 4To

k@ _ kG _q

(@ 1.@.4300
(2) — Pex " lkzming 2 =409
“ kc()g) : IC.3.MT32 1.760 -

K, 1132 =49>15 uro ynosnersopser tpebGosanmo 11V . Jlanee onpenensem ycrasku MT3

Tok cpaGaTbIBaHUS 3aIUTHI BEIYUCIISIEM COTIacHO [6.5]
I sz =M onoon = 4275 =1100 [A]

Orta 3ammra J0KHA ObITh COTJIacOBaHa MO YyBCTBUTENbHOCTH ¢ MT3 2: ee Tok cpabaThl-

BaHus BeIOUpaetcs Ha 30%...40% O6o:biie, yueM Tok cpabarpiBanus MT3 2.
|esnirzz =Kie |esmr32, [6.6]

Ine k,.=13..14 - ko3 dunment Hanexxnoctu cornacoanusi PT-80 u PT-90, ycranoBneH-
HbIX Ha TuHUAX 6, 10 1 35kB; ana pene PT-40 u PTB cootBerctBenHoO k, . =125 u 1,5; a, ckaxem,
s pene PT-40, yctanoBnenHsix Ha nuHUAX 110xB u Beue k, . =11..12.

Hna MT3 3 1,55 =14x760=1064[A] -

Kak BunumM, ycioBue coriacoBaHusi OJU3KO K YCIOBHIO OTCTPOMKH OT TOKOB CaMO3aIrycKka

Harpy3ku

%
1064 4 1100 4.
E

Tok cpabatbiBaHus pene

kS Noprss _ 1:1100
I, = e =915[A]

5

Janee BoruuciseM k,, 3alIUTHI TPU €€ JEHCTBUU B KayecTBe OCHOBHOM Tpu K.3. Ha mmHax
M1

@
K@ - 'm.l% 3B oo s,
’ ¢.3.MT33 2 1100

W, B 3aBepuieHny, BEIYKMCIAEM K, 3allUThI IPU €€ IEUCTBUU B KAYE€CTBO PE3EPBHOM IIPHU

K.3 ma mmuax 1V:
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@ _ Dy 3 4300

u.pes = 3,36 > 1,2
I c.3.MT133 2 1100

Kaxk Buaum, koaddunuent ayBcreutenbHocTH MT3 3 ynosierBopsieT TpedoBanus [1Y D,
IIpU €€ AeWCTBUM KaK B KauecTBe ocHOBHOM — npu K.3. Ha mmnax |1, Tak kak B kauecTBe pe3eps-
Hoit — npu K.3. Ha mmuax V.

CryneHb CeeKTUBHOCTH BBIYHMCIISIEM COTJIacHO[5.2], yauThIBasi, 4TO MpHU ycTaBke pene PT-
85/1 t, = 0,5C norpemrocts My = 101C:
At = Aty p730 + Atp s tlo s +ly 0 +H,, =
=0,1+0,15+0,2+0,15+0,1=0,6[C].
Jliis obecnieueHus CENeKTUBHOCTH MPH JIFOOBIX 3HAYEHUSIX TOKA TPUHUMAaEM Los = 06C g
HE3aBUCUMOM 4aCTH XapakTepucTuku. [Ipy aToM ycTaBKa pese COCTaBUT

tY'MBS = tY'MTS’Z + Atsae. = 0’5 + 0’6 = 0,1[C]

Omnpenensem yctaBku MT3 4

Amnanornuno MT3 3 onpenensiem TOk cpabaTbIBaHUS 3aILUThI

tc.a.MT34 =4-. Idﬂ.don =4-355= 1420[A] .

Tok cpabareiBanuss MT3 4 B pesynbTare cornacoBanus ee ¢ MT3 3:

Ic.a.MT3‘4 = kn.c : Ic.s.M733. =13-1100 =1430 [A]

%
1420A 1430A
e
Tok cpabareiBaHus peie
lep = % =8,87[A]
5
. _3 10500 _6.40

k =——=
“wpe 201420
At,,. =015+0,15+01+ 0,15+ 0,1=0,65[C];

VYcraHOBKa BBIIEPKKH BPEMEHH B HE3aBUCHUMOMW 4acTH Xapakrepuctuku MT34

3aoanus:

3aoanue Nel

200



B nannom npumepe paccmotpum 3amuty Juanid 110 kB JI1 u JI2 (puc. 4-11), mo koTtopoi
OCYIIECTBIISICTCS TUTAHUE JIBYX MOJICTaHITMH. [l CXeMbI, TOKa3aHHOM Ha PHC, a, U3BECTHBI MOIII-
HocTu Tpexdasznoro k. 3. K(3) Ha mmuax /, muael uanid JI1 v JI2 u qanabie TpanchopMaTopoB

Tpl, Tp2 u Tp3.

a) To1, o2 25 MB-A 125/1315
H1  To3 16MBA 60/840A
110 x8 TolTp2, T3 115416%/118
Cuememal | 1 ux=116% [4U=+16%)
uy=98% [4U=-16%]
H2
1008, ¥
5= 750 (500) M8*A "; ToJ,
)} /4 Trpy i}’ﬂ' Tyy
{1} 1
36,6 (82,6) 112
E.,=066,5 kB
@ .z':,- Zy Trp2 u Tyz
17,6(26%) ] 36,6 (62,6) 112
@ 3)

" 7
L P=I% =5180(2520) A 972( T34 jff zy, r»:

(A ""_":" ) yjﬁ 5720129) ,Iﬁ

2600 (80) 4 2400704 4)(s0m
3aoanue No2
Jia nuaun 220 kB |—II, npuBenenHoii Ha puc. 4-14, a, 1 Mo JaHHBIM pacueTa (Qa3zHou
orceuku juHuu |1—IIl, onpenenuts ycTaBKu OTCEUKH / C BBIAEPKKON BpEMEHHU U 30HBI €€ Aeii-
CTBUS.
3aoanue Ne3

g munum 330 kB ¢ AByCTOpOHHMM NUTaHUEM, BHIYMCIUTH TOKU cpabaThIBaHUS U 30HBI
NeicTBUsL MakCUMabHBIX (a3HbIX oTcedek | k II Ge3 BbIIep>KKHM BpeMeHHU, YCTAHOBJIEHHBIX Ha
oboux koHuax | u Il. I[Tpu pacuere TokoB cpabaThIBaHUS y4ecTb, YTO B JIIOOOM TOUKe K. 3. HA
3eMJTIO Ha JIMHWUY TIOJIHBIE TOKH B TIOBPEXKICHHBIX (ha3zax ¢ 00EHX CTOPOH JIMHUH MEHBIIE TOKOB

npu Tpex(}as3HbIX K. 3. HA JTUHHUH.
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8

/| L iﬂ' Lt
{1} 1
36,6 (62,6) 112
E.0=06,5 kB
@ .z'.: Zyy Trp2 n Ty
176(26,%) 3,6(82,) 2 112
@
" /
LP=I8 =5760(2520) A 372( I3A lﬂr 7, r«:
LA 'T‘ (J}JS 5720129 ‘k
2600 (1930) A

2240(1730) A 59:(50:9:4
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3aoanue Nod

Juist muawn JI1 v muanm JI3 1o 1aHHBIM, MPUBEACHHBIM HA PHC., BBIYUCIUTL TOKU cpada-
THIBaHMS MAaKCUMaJIBHBIX (Da3HBIX OTCEUYEK O€3 BBIACPKKU BpeMEHU U JIs TMHUU JI1 ¢ BBIIEPIKKOIA
BPEMEHHU U aHAIMTHYECKUM METOJIOM OIPEICIUTh 30HBI UX JAedcTBHs. st ogHOrO ciydas K. 3.

BBITIOJIHUTH PacycT Fpa(l)O'aHaJ'II/ITI/I‘IeCKI/IM MCTOAOM.

)
Cucmema I I T 11 n
Eer 0 =665 kB
22 M 16 kM oy B
Ty=64%0M
zermac=t 00 | m” 6390 A - 4
Zer mun =6,1 0M 13 60KM
Iggf=8,§ 0m —tO=0 2% On
Ir Tp3 =
T (3)
Cucmemae Il
N2 12 kM | 2270 A
) Loy = 4.8 oM
Ecn g =66,5 kB - 5160 A (3)
Zewr manc=06 OM !
Tem HHH=8 ﬁH 12550 A
Toenr = 3 0m
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5. Yueono-memoouueckoe u ungpopmayuonnoe ovecnevenue OUCYUNIUHDBL

5.1 Ilepeuenv 0cHo6HOU U OONOTHUMENLHOU TUMEPAMYPbl, HEOOX00UMOU 0/l 0C80e-
HUA OUCUUNIUHDL

5.1.2 Ilepeuens ocnognoil iumepamypul:

1. Kykcun, A. B. Penelinas 3amura u aBTOMaTU3aUs JIEKTPOIHEPTETUUECKUX CUCTEM :
yuebHoe mocoodue / A. B. Kykcun. — Mocksa : Aii [1Tu Ap Menua, 2020. — 215 ¢. — ISBN 978-
5-4497-0531-0. — Tekcr : anexTponnsiii // [ludporoit odpazoBarenshbiii pecypc IPR SMART :
[caitr]. — URL.: https://www.iprbookshop.ru/94929.html

2. T'opembikuH, C. A. Peneiinas 3amuTa U aBTOMaTHU3aIUs SJIEKTPOIHEPTETUUECKUX CH-
ctem : ipaktukym / C. A. T'opembikun, H. B. CutaukoB. — BopoHex : BopoHexckuii rocymap-
CTBEH-HbIN TexHnueckuit yausepcuteT, ObC ACB, 2021. — 71 c¢. — ISBN 978-5-7731-0933-4.
— Texkcr : anexkrponnsiii // Ludposoit obpazoBatenbublit pecypc IPR SMART : [caiit]. — URL:
https://www.iprbookshop.ru/111504.html

3. Aradonos, A. . CoBpemeHHas pesieiiHas 3aiiiuTa 1 aBTOMAaTHKa JIEKTPOIHEepreTHye-
CKUX cucTeM : yueOHoe nocobue / A. 1. Aradonos, T. FO. bpoctunosa, H. b. I>xa3oBckuii. — 2-
e u3a. — Mocksa, Bosnorna : Undpa-Unrxenepus, 2020. — 300 ¢. — ISBN 978-5-9729-0505-8.
— Texkcer : anexkrponnslit // Ludposoit oopazosarenbubiii pecypc IPR SMART : [caiit]. — URL:
https://www.iprbookshop.ru/98355.html

5.1.3 Ilepeuenv oonoanumenvHoii 1umepanmypol:

1. borganos, A.B. MuKponponeccopHbIe yCTPOMCTBA PEIEHHON 3alUThI U aBTOMAaTH3a-
IIUU B 2JIEKTPOIHEPreTUUECKUX CUCTEMaX : yueOHoe nocodue / A.B. bornanos, A.B. bonnapes ;
Mu-naucrepcTBo 006pazoBanus U Hayku Poccuiickoit @eneparuun, OpenOyprekuii ['ocyaapcTBeH-
HbIll YHUuBepcutet, Kymeprayckuii puinan OI'Y. - Openbypr : OI'Y, 2016. - 82 c. : cxem., Tad1.,
wi. - bubmmorp. B xH. - ISBN 8-987-903550-43-2 ; To ke [DnekTponHsid pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=481747

2. ConoBse, A. JI. Peneiinas 3amura ropockux snekrpuyeckux cereit 6 u 10 kB : yue0-
Hoe mocobue / A. JI. ConoBeeB, M. A. lllaban ; mox penakuuei A. B. bense. — Cankr-Ilerep-
oypr : Ilommrexnuka, 2016. — 176 ¢. — ISBN 978-5-7325-1100-0. — Tekcr : 31eKTpOHHBIH //
DIIeKTPOHHO-OMOIMOTEUHAS cucrema IPR BOOKS : [caitr]. — URL:

http://www.iprbookshop.ru/59516.html
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5.2 Ilepeuens yueono-memoouuecko2o obecneueHus camocmoameabHoil padoomot 00y-
Yauuxca no OUCYUNIUHE

1. Mertonuyeckue yka3zaHUs 10 BHITIOJHEHHUIO TPAKTHYECKUX paboT mo aucuurinHe «Pe-
JeiiHas 3aIIKMTa ¥ aBTOMATU3ALUS AJIEKTPOIHEPTETUYECKUX CUCTEM.

2. Metonuyeckue yka3aHHs 1O BBIIOJHEHUIO J1a00paTOPHBIX padoT mo aucuuminHe «Pe-
JiefiHas 3allUTa U aBTOMATU3AIHUS AJIEKTPOIHEPTETUUECKUX CUCTEM.

3. MeToauveckne yka3aHus MO OPTaHHU3AIMH U MIPOBEICHUIO CAMOCTOSTEIILHON paboThI

IO JUCLMITIIIMHE «Peneiinas 3aluTa 1 aBTOMAaTHU3alus 3JICKTPOSHEPIrETUICCKUX CUCTEM.

5.3 Iepeuens pecypcos unpopmayuonno-meneKkommyHukayuonnoi cemu Humepnem,
Heo0X00uMbIX 0J151 0C60EHUSL OUCHUNIUHBL
1. http://www.biblioclub.ru -OBC "Yuusepcurerckas 0ubarnoTexka oHman"

2. http://www.iprbookshop.ru/ - Dnexkrponno- 6ubnuoreunas cucrema IPRbooks
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MHWHHUCTEPCTBO HAYKHU U BBICIIIEI'O OBPA30OBAHU ST POCCUHCKOM
OEAEPALINN
denepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa3oBaTeIbHOE YUPEKICHHE
BhICIIIET0 00pa30BaHuUs
«CEBEPO-KABKA3CKHWI ®EJIEPAJIbHBIA YHUBEPCUTET»
[Taruropckuit uactuTyT (pruman) CKOY

Meroanuyeckue ykazaHus
110 OpraHu3alliy U MPOBEICHUIO CAMOCTOSTEIIBHON pabOThI
o guciune «PEJIEMHA S SAIIUTA 1 ABTOMATU3ALMA DJIEKTPOOHEPT ETUYE-
CKUX CUCTEM»
JUISL CTYJIEHTOB HAIpaBJICHUSI MTOATOTOBKHU
13.03.02 DneKTpoIHEePreTHKa U JIEKTPOTEXHUKA

[Tsturopck 2026 r.
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o O A WDN

Conepxanue

Beenenue

OO01mas xapakTepUCTUKa CAaMOCTOATEIbHONM paboThl 00y4aroIIerocs npu u3yde-
HUU JAUCUUIUIMHBL «PeneiiHas 3amuTa ¥ aBTOMaTH3allUs 3JIEKTPO3HEpreTuye-
CKHX CHCTEM)»

[Tnan-rpaduk BBITOJIHEHUS CAMOCTOSITEILHON PaObOTHI

KoHTposbHbIE TOYKU U BUJIBI OTYETHOCTH 110 HUM

MeTtoauueckue peKOMEeHIalliy 110 U3YYEHHUIO TEOPETUYECKOro MaTepralia
MeToudecKue yKa3aHusl 10 TOJITOTOBKE K DK3aMEHY.

Y4eOHo-MeToAruecKoe U HHPOPMAIIMOHHOE 00ECTICYCHHIE TUCITUTUIAHBI
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BBenenne

CaMocrosiTenbHas padoTa — riaHupyemas yueOHas, yae0HO-HCCIIeI0BaTEeIbCKasl, HAyYHO-
HCCIIeIOBaTeNbCKas paboTa CTyIEHTOB, BHINOIHIEMAas BO BHEAYTUTOPHOE (2yIUTOPHOE) BpeMs 110
3aJJaHUI0 U TIPU METOAMYECKOM PYKOBOJCTBE IpernojaBarelisi, HO 0e3 ero HemocpeICTBEHHOrO
ydactus (Mpy YaCTUYHOM HEMOCPECTBEHHOM Y4aCTHUHU MPENO0IaBaTelis, OCTABISIONEM BEYIIYIO
pOJIb 32 pabOTOMN CTY/IEHTOB).

CamocrosTenpHas pabora cTyneHToB B BY3e siBisercs Ba)KHbIM BHIOM YYCOHOW U Hay4-
HOM JIeATEIbHOCTH CTY/ICHTA.

Benymas nens opranuszanuu u ocymiectsienus CPC momkHa coBnagaTs ¢ 1enpio ooyde-
HUS CTYyJIEHTa — IMOATOTOBKOM OakanaBpa ¢ BeicInM oopazoBanueM. [1pu opranuzaiuu CPC Bax-
HBIM ¥ HEOOXOJMMBIM YCIIOBUEM CTAaHOBSTCS (POPMUPOBAHUE YMEHHS CAMOCTOSTENIbHON paboThI
JUTSI IPUOOpETEHNS 3HAHWH, HABBIKOB M BO3MOXHOCTHU OpraHU3alluy yueOHOU U HAYYHOH e TeIIb-
HOCTH.

[lenpro camMoCTOSTETEHOM PabOTHI CTYJCHTOB SIBIISICTCSI OBNIaJCHUE (DYHIaMEHTATbHBIMU
3HAHUSAMU, TPOPECCUOHATBHBIMU YMEHUSIMHU U HaBBIKAMH JESATEIBHOCTH MO MPOMUITIO, ONTBITOM
TBOPUYECKOH, HCCIEN0BATENbCKON NesTeNbHOCTH. CaMocTosTenbHas padoTa CTyIEHTOB CIOC00-
CTBYET Pa3BUTHUIO CAMOCTOSITEIBHOCTH, OTBETCTBEHHOCTH M OPraHM30BAHHOCTH, TBOPYECKOTO

MOJIX0/Ia K PELIECHUIO Mpo0JIeM y4eOHOro 1 NpoQeccroHaIbHOTO YPOBHSL.
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O01mas xapakTepuCcTHKAa CAMOCTOATEIbHOI PadoThl 00y4aK0IIerocs nNpu u3y4eHuu
AUCHUILIMHBI «PesleiiHast 3a1MTa U ABTOMATH3ALMS 3JIEKTPOIHEPTreTUYECKHUX CH-

CTeM»

CamocrodrenbHas paboTa - IIaHupyemas yueOHas, yaeOHO-uCCle10BaTeIbCKasl, Hay4HO-
UCCIIeIoBaTeIbCKas padoTa CTYACHTOB, BHIIOJIHIEMasi BO BHEAYIUTOPHOE (ayTUTOPHOE) BpEMs IO
3aJJaHUI0 ¥ TIPU METOJMYECKOM PYKOBOJCTBE IperojaBaTelisi, HoO 0e3 ero HermocpenICTBEHHOTO
y4yacTus (IIpU YaCTUYHOM HENOCPEICTBEHHOM Y4acTUH MPEeNoaBaTesisl, OCTaBIAIOLIEM BEAYIIYIO
POJIb 32 pabOTOM CTY/ICHTOB).

CamocrosrenbHas padoTta cTyneHToB B BY3e sBinsieTcst BAXKHBIM BUIOM Y4eOHOW U HAYU-
HOU JIeATeNIbHOCTH cTyAeHTa. CaMocTosITeNIbHAst padoTa CTYJICHTOB UTPAET 3HAYUTEIBHYIO POJIb B
pelTUHIrOBON TexHosoruu oOyueHus. B cBs3u ¢ 3tuM, oOyuenue B BY3e BkirodaeT B cebds aBe,
IPAaKTUYECKH OJMHAKOBBIE 10 00bEMY M B3aUMOBJIMSIHMIO YacTU — Ipolecca 00yd4eHus: U Mmpo-
necca camoooyuenusi. [lostomy CPC nomxna crath 3 GeKTHBHOH U LIeIeHaNpaBICHHON paboTOI
CTY/CHTA.

K coBpemeHHOMY clielagucTy 00IIEeCTBO MPEIbIBISET JOCTATOUHO IIUPOKUH NepeueHb
TpeOOBaHUH, cpeli KOTOPhIX HEMAIOBAKHOE 3HAYEHUE UMEET HAJIMYME Y BBIITYCKHUKOB OIpeie-
JICHHBIX CITOCOOHOCTEH U YMEHHUS CAMOCTOSITEIILHO T0OBIBATH 3HAHUS U3 PA3INYHBIX HCTOYHUKOB,
CHCTEMaTH3UPOBATh TOJTYICHHYIO HHPOPMAIINIO, 1aBaTh OIIEHKY KOHKPETHOH ()MHAHCOBOW CHTY-
aruu. PopMHUpPOBaHUE TAKOTO YMEHHsI MPOUCXOAUT B TE€UEHHE BCEro Mepuojia o0ydeHus depes
y4acTHe CTYJEHTOB B MPAKTUYECKUX 3aHATHIX, BBIIOJHEHHE KOHTPOJBHBIX 3a/laHUIl M TECTOB,
HaIlHMCaHUe KypCOBBIX M BBITYCKHBIX KBATH(PUKAMOHHBIX paboT. [Ipu 3TOM camocTosiTenpHas pa-
00Ta CTY/IEHTOB UTPAET PEIIAIOIIYIO POJIb B XOJI€ BCETO yueOHOro mporecca.

Benymas nens opranuzanuu u ocymectsieHus CPC nomkHa coBnagaTh ¢ 1elblo o0yue-
HUS CTyJIeHTa — IOJATrOTOBKOM crenuaiucta 1 6akaigaBpa ¢ BeIcnM oOpa3oBanueM. Ilpu opranu-
3auuu CPC Ba)XKHBIM U HEOOXOJMMBIM YCIIOBUEM CTaHOBSATCA (POPMUPOBAHUE YMEHHUS CAMOCTOS-
TEJNBHOW paboTHI ISl MPHOOPETEHHS 3HAHUH, HABBIKOB X BO3MOYKHOCTH OpraHH3aluy y4eOHOH 1
HAYYHOH JesATeTbHOCTH.

@DopMbI CaMOCTOATENBHOM pabOoThI CTYJEHTOB pa3Ho00pa3Hbl. B cooTBeTcTBUM ¢ paboueit
POTPAMMOM JTUCIUTUINHBI MTPETyCMOTPEHBI CIEAYIONINE BHIBI CAMOCTOSITEIHHON PabOThI CTY-
JIeHTA!

- CAaMOCTOATENBHOE U3Y4YEHHUE JTUTEPaTyphl;

- CAaMOCTOATENIbHOE pellIeHHE 3a/1a4;

- BBIITIOJIHCHHUE KYPCOBOI'O IIPOCKTA.
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Lens camocmoamenvnozo usyyenus 1umepamypsbl — CAMOCTOSITETILHOE OBJIA/ICHHE 3HA-
HUSIMH, OIIBITOM HCCJIEZIOBATEIILCKOM NESTETbHOCTH.

3aoauamu caMOCTOSITEILHOTO U3YyYEHUS JINTEPATYPHI SIBIISIFOTCSL:

o yrIIyOJieHHE U pacIIipEeHNe TEOPETHUECKUX 3HAHUH;

° ¢dopmMupoBaHHE yMEHHI HCIIOIB30BaTh HOPMATHBHYIO, MPABOBYIO, CIIPABOYHYIO
JOKYMEHTALNIO U CIIEHUAIBLHYIO JIUTEPATYPY;

° Pa3BUTHUC MO3HABATCIIbHBIX CII0OCOOHOCTEH M aKTUBHOCTHU CTYACHTOB.

Ilenv camocmoamenvnozo pewienusa 3a0ay - OBIaJcHNE NPO(HECCUOHAIBHBIMU YMEHU-
SIMHU 1 HABBIKAMU JIESTEIBHOCTH 110 POPHITIO OyAYIICH NeITeIEHOCTH.

3adauamu caMOCTOATEIIFHOTO PEILICHUS 33/1a4 SBIISIOTCS:

J CHCTeMaTH3alus M 3aKPeIUICHHE TOIYYSHHBIX TEOPETHUECKUX 3HAHUM M MPaKTH-
YECKMX YMEHUH CTYJICHTOB;

J (dopMupOBaHUE CAMOCTOSTEIBHOCTH MBIIICHUS, CHOCOOHOCTEH K CaMOpPa3BUTHIO,
CaMOCOBEPILICHCTBOBAHUIO U CAMOPEATU3aLUH;

J pa3BHTHE UCCIIEIOBATEILCKIX YMEHUH.

Lenvio camocmoamenvrnozo 8blNOHEHUA PACUEMHO-2PAPuYecKoll padomspl 110 TUCLIU-
IIJINHE ABJISIETCA OBJIAACHUC q)yHHaMCHTaJH)HBIMI/I 3HaHUAMHU, HpO(l)eCCI/IOHaJII)HI)IMI/I YMCHUAMU U
HaBBIKAMH JIEITEIEHOCTH 110 TIPO(UITIO, OTIBITOM TBOPYECKOH, MCCIIE0BATEIbCKOM 1S TEILHOCTH.

3adauamu 1aHHOTO BUJA CAMOCTOSATENILHOW PabOThI CTYEHTA SIBISIOTCS:

. cucTeMaTH3alus U 3aKperUIeHre MOIy4YeHHBIX TEOPETUYECKUX 3HAHUM U MpaKTH-
YEeCKUX YMEHUH CTY/IECHTOB;

. yri1yOJeHue U pacliupeHre TEOPEeTHUECKUX 3HAHUH;

o dopMHpoBaHHE YMEHHI MCIIOJIB30BaTh HOPMATHBHYIO, MPABOBYIO, CIIPAaBOYHYIO
JOKYMEHTAIUIO U CHIEIMATIbHYIO IUTEpaTypy;

o pa3BUTHE MO3HABATENbHBIX CIIOCOOHOCTEH M AKTUBHOCTHU CTYJEHTOB: TBOPUYECKOU
WMHUIIMATHBBI, CAMOCTOSITEIbHOCTH, OTBETCTBEHHOCTH M OPraHU30BaHHOCTH;

o (opMHpOBaHHE CAMOCTOSTETLHOCTH MBIIUIEHHUS, CIOCOOHOCTEN K CAaMOPa3BUTHIO,
CaMOCOBEPIICHCTBOBAHUIO M CAMOPEATH3aINH;

o pa3BUTHE UCCIIEIOBATEIbCKIX YMEHHIA;

o UCIOJIb30BaHUE MaTepHasa, COOPaHHOTO M IMOJYYEHHOTO B XOJ€ CaMOCTOSITENb-
HBIX 3aHATUN Ha CEMHHApax, Ha MPaKTUYECKUX U JJaOOpaTOPHBIX 3aHATHUSX, IPU HAIMCAHUH Kyp-

COBOM paboTHI.
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B pesynbrare ocBOEHUS TUCHUIUIMHBI (OPMUPYIOTCS CIEIYIOMIMNA MepedyeHb IIaHupye-

MBIX PE3YJIbTAaTOB 06yqu1/151 10 JUCHMIIIIMHE, COOTHECEHHBIX C IJIaHUPYCMBIMU PE3YyJIbTaTaMU

OCBOEHUS1 00pa30BaTENbHOM IPOrpaMMBl:

Kox, popmynupoBka komre-
TEHIIUU

Kon, popmynupoBka nnauka-
TOpa

[Inanupyemblie pe3yibTaThl

00y4eHHUs MO TUCIUIIINHE

(MOJyITI0), XapaKTEepU3YIO-

1ue STamnsl GOpMUPOBAHUS
KOMIIETECHIIMI, HHIUKATOPOB

[1K-1 CniocobeH yuacTBOBaThH
B IIPOEKTUPOBAHHUH CUCTEM
INMEKTPOCHAOKEHHUS.

N-2nk-1 Beibupaer Tumnossie
MPOEKTHBIE PEIICHHUS CHCTEM
ANEKTPOCHAOKEHUSI.

3HaeT OCHOBBI PEJICHHOM 3a-
IIUTHI U aBTOMATHKU JIMHUN
aneKTponepeaay, Tpanchop-
MaTOpOB, JBUTATEIICH.
YMeeT conocTaBisaTh U aHa-
JU3UPOBATH OCOOEHHOCTH
(YHKIIMOHUPOBAHUS CYIIIE-
CTBYIOILIIMX CXEM pEIEeHHON
3aIUTHl U aBTOMATHKH.
Birageer HaBbIKamMu cocCTaB-
JICHUSI CXEM JJIS 3allUTHI OT
ABApUIHBIX PEKUMOB TPAHC-
dbopmaTopoB, 1BUTATENEH,
JIMHUU DJIEKTpoIIepeay.

[TK-2 Cnocoben aHanu3upo-
BaTh PEXKUMBI pabOTHI CUCTEM
ANEKTPOCHAOKEHUSI.

N -1nk-2 PaccuuteiBaeT na-
pameTpsl 3IeKTpooOopya0Ba-
HUSI CUCTEM DJIEKTPOCHa0Ke-

HUSL.

3HaeT NPUHLIMIIBI IeHCTBUS
COBPEMEHHBIX YCTPOMCTB pe-
JICHOM 3alIUThl U aBTOMa-
TUKH, COBPEMEHHYIO JJIE-
MEHTHYIO 0a3y peneiiHoi 3a-
LIUTBl U aBTOMATHKH.

NJI-2nk-2 PaccunteiBaet pe-
AKHUMBbI pabOTHI CUCTEM 3JIEK-
TPOCHA0XKEHHUS.

YMeeT npoBOAUTE yCOBEP-
IIEHCTBOBAHHE CYIIECTBYIO-
LIMX CXEM PEJEHHOMN 3aIINUTHI
Y aBTOMAaTHKH, IPOBEPSTH U
HacTpauBaTh OCHOBHBIE THUIIbI
pENEHBIX 3aIlUT.

N JI1-3nk-2 OGecnieunBaer 3a-
JAHHBIC MapaMCTPLbI pEXKUMa
CHCTEM DJICKTPOCHAOKEHHUSI.

Braneer HaBbIkaMu pacuér
YCTaHOBOK PEJICHHOM 3a-
IATEL.
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IInan-rpa¢guk BBINOJHEHHS CAMOCTOSATEJIbHON PadoThI

Konpl peanuzye-

OObeM 4acoB, B TOM YHCIIC

Cpencrsa u Tex- KonraktHas
MBIX KOMIICTCH- Bun nesrenpHoctu
. HOJIOTUH pabota ¢
UM, MHIUKA- CTYJICHTOB CPC Bcero
OIICHKH perojaBa-
TOpa(oB)
TeIeM
Ounas popma o0yueHust
6 cemecTp
CamocTosiTeNIbHOE
uszydenue yureparypol | CobecenoBanue | 40,095 4,455 44 .55
o Temam Nel-18
TK-1 HMozrorosxa K nek- Cobecenosanne | 2,43 0,27 2,7
NJ1-2nk-1 UM
ITK-2 IInceMeHHBIH
M-Iz [ToaroroBka K mpax- OTHET © pettie:
N/I-2mx-2 & P HHUHU TUIIOBBIX, 2,43 0,27 2,7
THYECKUM 3aHATUAM
N-3nk-2 Pa3sHOYpPOBHBBIX
3aaq
Hoaroroska k 1ab0- | 6000 ronanme | 3,645 0,405 4,05
PaTOPHBIM 3aHATHSAM
HTtoro 3a 6 cemectp: | 48,6 54 54
7 cemecTp
K-1 CamocrosiTensHOe
uzydenue murepatrypsl | CobecenoBanue | 51,84 5,76 57,6
WJI-2nk-1
K2 o Temam Nel19-27
N/I-1nk-2 Hoaroroska K siek- CobecenoBanue 3,24 0,36 3,6
UM
U2z ITonroroska k 1abo-
NJ1-3nk-2 A CobecenoBanue 9,72 1,08 10,8
PaTOPHBIM 3aHATHAM
Htoro 3a 7 cemectp: | 64,8 7,2 72
HUroro: | 1134 12,6 126
3aouHas popma o0yueHnus
6 cemecTp
CamocrosiTensHOE
uzydenue murepatrypsl | CobecenoBanue | 114,66 12,74 127,4
mo Temam Nel-18
[ToaroroBka K Jiek-
TIK-1 VJ-2mca | tumsiv CobecenoBanue 0,54 0,06 0,6
ITK-2 U1-1nx-2 ITuceMeHHBII
U]-2nic-2 [MoaroroBka K mpax- OTHET O pette-
N-3nk-2 A p HUU THIIOBBIX, 0,72 0,08 0,8
TUYECKUM 3aHATUAM
Pa3HOYPOBHBBIX
3a1au
Ionroroka K 1abo- Cobecenosanne | 1,08 0,12 1,2
pPaTOPHBIM 3aHATHSIM
HToro 3a 6 cemecTp: 117 13 130
7 cemecTp
IMK-1 U/1-2nk-1 | CamocTosITeIbHOE
MK-2 U-1nk-2 | m3ydenne murepatypsl | CobecenoBanme | 117,36 13,04 130,4
N/I-2mk-2 o Temam Nel9-27
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ITonroroBka K Jiek-

NJT-3nkc2 CobecenoBanue 7,34 0,81 8,1
LASIM
Ionroroxa k 1abo- CobecenoBanue 22 2,45 24,5
pPaTOPHBIM 3aHATHIM
Hroro 3a 7 cemectp: | 146,7 16,3 163
HUroro: | 263,7 29,3 293
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KOHTpOJIbeIe TOYKH U BUJABI OTYCTHOCTH 110 HUM

Ne Bun nesrenbHOCTH CTYIEHTOB Cpoxku KomnuectBo
n/m BBITIOJTHEHUS OaioB
6 cemecTp
1. [IpakTnueckoe 3ansarue Ne 3 6 Henens 25
2. JIaboparopHoe 3ansitue Ne 4 10 nenens 15
3. [IpakTnueckoe 3anstue Ne 7 16 nenens 15
Hroro 3a 6 cemecTp 55
Hroro 95
7 cemecTp
4. JIaboparopHuoe 3ansitue Ne 12 6 Henens 25
5. JlaboparopHuoe 3ansTie Ne 15 10 Henens 15
6. JIabopartopHoe 3ansTre Ne 17 16 Henens 15
Hroro 3a 7 cemecTp 55
Hroro 55

MaxkcrMaabHO BO3MOXHBIN Oai 3a Bech TEKYIIMI KOHTPOJIb MakCUMaIbHO BO3MOYKHBIN

0aJu1 3a BeCh TEKYIIMHM KOHTPOJIb yCTaHABIMBAECTCS paBHBIM 55. Tekylliee KOHTPOJIbHOE MEPOIPH-

ATHC CHUTACTCA CAAHHBIM, €CJIN CTYACHT IOJYYNII 3a HEI'O HE MCHEC 60% ot YCTAHOBJICHHOI'O JJISA

9TOI'0 KOHTPOJII MAKCUMAJIbHOTO Oata. PeMTUHTOBBIN 6aJ'IJ'I, BBICTABIISIEMBIN CTYACHTY 3a TCKY-

11e€ KOHTPOJIbHOE MEPONPUATHE, CJAHHOE CTYJIEHTOM B YCTAHOBJIEHHbIE IPa)UKOM KOHTPOJIBHBIX

MEPONPUATHIA CPOKH, OIPEAEISAETCA CIEAYIONMM 00pa3oM:

ypOBeHI) BBIITOJTHCHHA KOHTPOJBHOT'O

Peiitunroserit 6ami (B %o 0T MaKCUMaIbHOTO

3a1aHHs 0asia 3a KOHTPOJIBHOE 33JITaHKE)
OTINYHEIH 100
Xopomuii 80
Y 10BIIETBOPUTETHHBIN 60
HeynoBieTBopuTeNbHBIN 0

PeliTuHroBas cucreMa YCIICBACMOCTHU CTYACHTOB HC MPEAYCMOTpPCHA IJI 3a04HOM (bOpMLI

o0yueHusl.
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MeToanyeckue peKOMEHIANMH 0 U3YUYEeHHIO TEOPETHYECKOr0 MaTepuasia

CamocrosaTenbHas padoTa CTy/eHTa HAUMHACTCA ¢ BHUMATEIBHOTO O3HAKOMJICHHS C CO-
JiepKaHueM y4eOHOro Kypca.

N3yuenue ka0l TeMbl CleyeT HauMHaTh C BHUMATEJIbHOIO 03HAKOMJIEHUS ¢ HAabOpoM
BONPOocOB. OHU OPUEHTHUPYIOT CTYAEHTA, OKA3bIBAIOT, YTO OH JIOJDKEH 3HATh 110 JAHHOM TEME.
Bonpocs! TemMbl Kak ObI HAKJIQABIBAIOTCS HA COOTBETCTBYIOILYIO TTIaBy U30paHHOTO YUeOHHKA WK
y4eOHoro nocobus. B utore 10mKHO OBITH SICHBIM, KaKH€ BOIPOCHI TEMbI Y4€OHOIO Kypca U ¢
KaKoH IN1yOMHOMN pacKpbIThl B KOHKPETHOM Y4eOHOM MaTepualie, a Kakiue BooO1e omyIeHsl. Tpe-
OyeTcsi TBOPUECKOE OTHOLIEHUE U K CAMOMY COJIEP>KAHUIO JUCLUILINHBI.

Bomnpocsl, cocraBnstonye ee coaepxkanue, 001agar0T pa3sHoi CTENeHb0 BaKHOCTH. EcTh
BOIIPOCHI, BBIMOJIHAOLIME (PYHKIMIO JIOTHYECKOM CBSI3KU COJIEpKAHUSA TEMbI U BCEro Kypca, uMe-
IOTCSI BOIIPOCHI OIKMCATEILHOTO MITH Pa3bsCHUTEIBHOTO XapaKTepa, a TakkKe UCTOPUIECKOro 3KC-
Kypca B 00J1aCTh U3y4aeMO TUCHUIUIMHBL. Bee 3TH BOIIPOChl HE COCTABIIAIOT CYTH MOHSA-TUHHOTO,
KOHIICTITYaTbHOTO CO/ICPKaHUS TEMBI, HO HEOOXOIUMBI IS IIETIOCTHOTO BOCIIPUATHS U3y4aeMbIX
po0JieM.

W3yuaemast iuCIUIIMHA UMEET CBOM KaTeropualbHO-MIOHATUIHHBIN antnapaT. HayuHble mo-
HATUS — 3TO Ta 0a3a, Ha KOTOPOW CTpOMTCS Kaxaas Hayka. [IoHSATHS — y3/10Bble, ONOPHbBIE
MYHKTBl KaK Hay4YHOT0, TaK U y4eOHOro MO3HaHMsI, JOTMUYECKUE CTYIEHHU JBMKEHUS B yuebe OT
IPOCTOTO K CJIOXKHOMY, OT SIBJIEHUS K CYIIHOCTHU. be3 sicHoro nonuMmanus noHATHH yyeOa KpaiiHe
3aTpyAHSAETCS, a CoiepKaHne MPUOOPETEHHBIX 3HAHUH CTAHOBUTCS TYCKJIBIM, PaCIlJIbIBYATHIM.

CTyneHT A0KEH MOHUMATh, YTO CaMOCTOSITENIbHOE OBJIa/IEHNE 3HAHUSAMU SBJISIETCS TJIaB-
HBIM, OTIpeAESIoNMM. BhIciias mkona co3aeT 1ist 3Toro HeoOX0UMBbIE YCIOBHS, TOMOTaeT Oy-
JyIIeMY BBICOKOKBATH(UIIMPOBAHHOMY CIIELUAINCTY OBJIAETh TEXHOJIOTHEH CaMOCTOSTEILHOTO
IIPOU3BOJICTBA 3HAHUM.

B camocrosTenbHO paboTe cTy/eHTaM MPUXOJUTCS UCIIOJIb30BATh JIUTEPATYPY Pa3Iny-
HBIX BUJIOB: IEPBOMCTOUYHUKH, MOHOTpapuu, HaydHble COOPHUKHU, XPECTOMATUH, YIE€OHUKH, yueo-
HBbIE [T0COOUS, KYpHAJIBI U JIp. MI3yyeHue Kypca npeanoiaraeT 3HakoMCTBO CTYJICHTOB € OOJIbIIUM
00BbeMOM HayyHOU M y4eOHOH JIMTepaTyphl, YTO, B CBOIO OY€pellb, MOPOXKIAET HEOOXOAUMOCTD
BbIPA0OTKH Y HUX PallMOHAIILHO-KPUTUYECKOTO MOAX0Aa K U3y4aeMbIM UCTOUHUKAM.

UToOBI HE «YTOHYThH» B OTPOMHOM 00BbEME PEKOMEHJOBAHHBIX MY JJIsl U3Y4YEeHUS UCTOY-
HUKOB, CTYJEHT, IIPEXE BCETO, JOJDKEH HAYUUThCA MPABUIBHO UX 4uTaTh. [IpaBuibHOE UTEHNE
PEKOMEHI0BAaHHBIX HCTOYHHUKOB ITPEIIOIIAraeT CIeI0BaHUE HECKOIBKUM HECIIOKHBIM, HO BECbMa

IMMOJIC3HBIM ITPpaBUJIaAM.
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[IpenBapuTenbHbIil MPOCMOTP KHHUTM BKJIIOYA€T O3HAKOMIIEHHE C TUTYJIBHBIM JIHUCTOM
KHHUTH, aHHOTAIMEH, TPEIMCIIOBUEM, OryiaBlieHueM. [Ipyu 03HaKOMIICHHHU C OTJIaBJICHHEM HE00XO0-
JUMO BBIICTIUTH Pa3JIeIibl, TJIaBhI, aparpadsl, MPEACTaBISIONINE I BaC HHTEpEC, OErIo UX mpo-
CMOTpETh, HAUTU MeCTa, OTHOCALIMECS K Teme (ab3alpl, CTpaHULbI, naparpadsl), U MO3HAKO-
MUTBCSI C HUMU B OOIIIUX YepTax.

HaquHe H3JJaHUs COIIPOBOXKAAOTCA pa3JIMUHbBIMU BCIIOMOT'aTCJIbHBIMH MaTCpUajlaMH —
HAayYYHBIM allllapaToM, IO3TOMY BAXKHO 3HATh, N3 KAKUX OCHOBHBLIX 3JICMCHTOB OH COCTOUT, KaKOBbI
ero (pyHkIuu.

3HAKOMCTBO C KHUTOM JIy4Ille BCErO HAUMHATh C U3yUEHUs] aHHOTAllMM — KPaTKO#l Xxapak-
TEPUCTUKH KHUIH, PACKPBIBAIOIIEH €€ COIAEp)KAHME, MICHHYI0, TEMAaTHYECKYI0 W KAHPOBYIO
HAIPABICHHOCTbh, CBEJACHHUS 00 aBTOpe, Ha3HAYCHUE W JPYTHe OCOOCHHOCTH. AHHOTAIHS MTOMO-
raeT COCTaBUTh MPEABAPUTEIHHOE MHEHHE O KHUTE.

I'my0xe MOHATH coiepKaHNe KHUTH MO3BOJIAIOT BCTYNUTEIbHAS CTaThsl, B KOTOPOU JaeTcs
OLIEHKA COZAEP)KaHUSI KHHUTH, 3aTParuBacMoil B Hel pOOJIEeMAaTUKU, COACPKUTCS HHPOPMALIHS O
KU3HEHHOH U TBOpYeCKOi Onorpaduu aBTopa, BEICKa3bIBAIOTCS MTOJIEMHUYECKUE 3aMEYaHNUs, pa3b-
SCHSIOTCSI OTJENIbHBIEC MOJTO0XKEHHUS KHUTH, Tal0TCd KOMMEHTapuu U T.7. BOT moyemy 3HaKOMCTBO
C BCTYIHTENBHOM CTaThell MpenCcTaBiIseTCsl OUeHb BaXKHBIM: OHO MOMOTAeT CTYJIEHTY COPHEHTHU-
pOBaThCs B TEKCTE PabOTHI, OOPaTUTh BHUMAaHUE HA e¢ HanboJiee IIEHHBIC U BAKHBIC Pa3JIeIibl.

Toit ke e COIeMCTBYET 3HAKOMCTBO C OTJIaBJICHHEM, MPEAUCIOBUEM, MTOCIECIOBUEM.
BecbMa mosie3HBIMU dJIeMEHTAaMU HAy4YHOTO afapara SBISIOTCS CHOCKHU, KOMMEHTapHH, Taod-
JUIBL, TpaduKh, CIUCKA TUTepaTypbl. OHU HE TOJIBKO MJUIIOCTPUPYIOT OTIEIbHBIC MOIOKEHUS
KHHUTHU HUJIK CTaTbHU, HO U CaMHU IIO ce0e SIBIISIOTCS JOITIOJIHUTCIIBbHBIM UCTOYHUKOM I/IH(bOpMaIII/II/I
JJIsI YU TATCIIA.

Ecnu yuratens 3anHTepecoBaia Kakas-TO BbICKa3aHHAsh aBTOPOM MBICITh, HE Hallle/Ias
MOJIPOOHOTO OCBEIICHHSI B JAHHOM MCTOYHHUKE, OH MOXKET OOpAaTUTHCS K TEKCTY UCTOYHUKA, YIIO-
MHHAE€MOT'0 B CHOCKE, JIT0O K UCTOUHHKY, KOTOPBHII OH MOXKET HAaWTH B CIIUCKE JIUTEPATYPHI, pe-
KOMEHIOBAaHHOM aBTOPOM JIJIsI CAMOCTOSITEIIEHOTO H3yUeHUSI.

Cy1ecTByeT HECKOJIBKO (POPM BEJICHUS 3aITUCEH:

— TuIaH (IPOCTOM M pa3BEepHYTHIN) — Hambosee Kkparkas (opma 3amucu MPOYUTAHHOTO,
MIPEJICTaBIISFOIIAs COOOH MepevYeHb BOITPOCOB, paCCMAaTPUBAEMBIX B KHUTE WJIH CTaThe. Pa3BepHy-
THIN TUTaH TPENICTaBIsACT coO00 Oosiee MOAPOOHYIO 3aMUCh TPOYUTAHHOTO, C JEeTaTU3aI[Uue OT-
JIENBbHBIX TTOJI0KEHUIH U BHIBOJIOB, C BBIMMMCKOW IIUTAT, CTATUCTUYECKUX JAaHHBIX U T.1. Pa3BepHy-
THI TUTAH — HEOIIEHUMBbIM TOMOIIHHK MPH BBICTYIUICHUH C JOKJIAJ0M Ha KOHKPETHYIO TEMY Ha

ceMuHape, KOHPEpeHLINH;
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— T€3UCBl — KPaTKO c(pOpMyINPOBAHHBIE MTOJI0KEHNUS, OCHOBHBIE IT0JI0KEHUSI KHUTH, CTa-
ThU. Kak npaBuio, TE3UCHl COCTaBIISIFOTCS MOCJIE IPEIBAPUTEIBHOIO 3HAKOMCTBA C TEKCTOM HC-
TOYHHUKA, IPU €r0 HOBTOPHOM IIPOYTEHUH. OHU ITOMOTaIOT 3alIOMHUTh U CUCTEMATU3UPOBATh UH-
dbopmanuio.

CocraBiieHnE KOHCIIEKTOB

bonpuiyro posib B yCBOGHMM U IIOBTOPEHUHU IPOMIEHHOIO MaTepHallia UIPaeT XOPOILIUH
KOHCIIEKT, COJIEPKalliil OCHOBHBIE HJIEU IPOUYNUTAHHOIO B yUEOHHUKE U YCIIBIIIAHHOTO B JIEKLIUU.
KoHcnekt — 3710, 110 cyliecTBy, HaOPOCOK, pa3BEPHYTHIH IJIaH CBA3HOIO pacckas3a o OCHOBHBIM
BOIIPOCAM TEMBI.

B kakoli-To Mepe KOHCIEKT paccuuTaH (B 3aBUCHMOCTH OT MHAMBHIYyaJIbHBIX OCOOEHHO-
CTEH CTyJeHTa) HE TOJbKO HAa UHTEJUIEKTYAIbHYIO U SMOLIMOHAIBbHYIO, HO U Ha 3pUTEIbHYIO Ma-
MSITh, IPUYEM TEKCT KOHCIIEKTa HEPEJIKO aCCOLIMUPYETCSI €1le U C TEKCTOM Y4eOHMKA WU 3aIIUChI0
nexkuuu. [loaToMy Jierue 3armoMuHaeTcs cojep)kaHue KOHCHEKTOB, HAIIMCAHHBIX Pa300p4MBO, C
MOTYEPKUBAHIEM WIIM BBIZICIICHHEM Pa3psSAKON KIFOUEBBIX CIIOB U (pas.

CamoCTOATeNbHO M3YyYEHHBIE TEMBI MPEIOCTABISIOTCS IPEToAaBaTeno B (Gopme KOH-
CIEKTa, IO KOTOPOMY IIPOUCXOIUT cobecenoBanue. TeopeTnueckue TeMsl Kypea (OTAeIbHbIE BO-
IPOCHI), BBIHOCUMBbIE HA CAMOCTOSITEIIbHOE U3yUEHUE, IPE/ICTaBICHbI HIDKE.

TunoBsie KOHTPOJILHBIC 3a/IaHKS M MHBIE MAaTePHAIIbI, XapaKTEPHU3YIOLIHE 3Tanbl POPMHU-
pOBaHUSI KOMIIETECHIINI

Bomnpocs! 11 cobeceroBanus

1. Uro Takoe MakcuManbHas TokoBas 3amuTa (MT3) u kak oHa BeIoHsAETCA?

2. Kakue TOCTOMHCTBA M HEJIOCTATKH MaKCUMAaJIbHBIX TOKOBBIX 3aIIUT?

3. Kaxkas obmacts npumenenust MT3?

4. Kak omnpenensieTcss OTHOCUTENbHbIN KO3 (QHUIUEHT YyBCTBUTEILHOCTH MaKCUMaJIbHON
TOKOBOMW 3aLLIUTHI?

5. Kak BbiOuparot Tok cpabarsiBanus MT3?

6. Uto Takoe ko3 dunment 3amycka, ko3pumnueHT oTcTpoikn?

7. YTo Takoe MakCHUMaJbHbIE TOKOBbIE HAIIPABJICHHBIE 3ALTUTHI?

8. Kaxk BemmounHstoT MT3 ¢ 3aBUCHMBIMH XapaKTEPUCTHUKAMH BbIIEPKKHA BpeMeHH?

9. KakoBsI puHIHI AeicTBUS B 001acTh puMeHeHus: TO MHUY 3eKTporiepenadn’?

10. KakoBo Ha3HaYeHHUE JICMEHTOB PEJICHHOW YacTeH 3aInuThI?

11. Anroput™ paboThI 3aLIUTHI IIPH K.3. Ha 3amumaemoit JISI?

12. Bujpl TOKOBBIX 3alllUT, UX KpaTKasi XapaKTepUCTHKA U OTJIIMYHE JPYT OT ApYTa.

13. [Mpuniun neictBus u cenektuBHOCTE MT3.

14. Br16op Toka cpabareiBanus MT3.
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15.
16.
17.
18.
19.
20.
21.
22.
23.
24,

Br16op Beiiepxku Bpemenu MT3.

Cxema nByxdaszHnoii neyxpeneiinoit MT3 ¢ He3aBHCUMO BBIIEPIKKOH BPEMEHHU.
Cxema nByx(daszHnoii Tpexpeneiinoit MT3 ¢ He3aBUCHMOI BBIIEPIKKON BPEMEHHU.
Cxema nByxdazHoi TpexpeneitHoit MT3 ¢ 3aBUCHMOIA BBIIEPIKKON BPEMEHH.
CornacoBanue 3alUT 10 YyBCTBUTEIbHOCTH.

[Tpunuun aeiicreus TO.

MruoBennbie TO Ha TUHUAX C OJTHOCTOPOHHUM ITUTAHUEM.

TO ¢ BbIIEPKKOM BpEMEHH.

TO c 6;10KUPOBKOH TTO HAMPSHKEHUIO.

KaxoBbI IpUHITUTT 1eHCTBUS U 00J1aCTh MpuMeHeHus nuddepeHmaibHOi TOKOBOM 3a-

IIUTHI TUHUU JJIEKTporiepeaadn?

25.
26.
27.

KakoBo Ha3Ha4YeHHE IEMEHTOB peJIeHON YacTel 3aluThI?
AnropuTM pabOThI 3aIMTHI TIPH K.3. Ha 3amuiiaeMoit JIDI1?

KakoBbl mpuHIMN [ecTBUS M 00JacTh mpUMeHeHHs AuQQepeHInanbHON 3aiuThl

TpaHcpopmaropa?

28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.

KakoBo Ha3HaueHue 3JIEMEHTOB peNeitHON YacTel 3aluThl?

Anroput™ paboThl 3aLUTHI IPH K.3. HA 3alllMIaeMOM TpaHc(opmarope?
Korga npumensiercs MTH3?

Korga umeet mecto meptBas 3osa MTH3?

VYKaKuTe TOCTOMHCTBA U HEAOCTATKH 900 CXEMBI BKIIFOUEHHUS PEJIE MOLIHOCTH.
HazoBuTe OCHOBHBIE THUIIBI PEJIE MOLHOCTH.

Kak BriOupaercs Tok cpabarsiBanuss MTH3?

Kak BriOupaercs Bpems cpabarsiBanust MTH3?

Yro Takoe KackaJHOE NEHCTBUE 3alIUT?

B kakux cersix UMeeT MECTO KacKaIHOE JEHCTBUE 3aIUT?

OOBSACHUTH IPUHILIUIT AEHCTBUSI IPOI0JIBHON MU pepeHIINabHOM 3aIIUTHI.

[Touemy nuddepennmanbHas 3aUTa He pearupyet Ha TOKU Harpy3Ku, TOKY BHEITHUX

KOPOTKHUX 3aMbIKaHUN M TOKU KadaHUH reHepaTopoB qacTen 3HeKTp03HepFCTI/IquK0ﬁ CHCTEMBI?

40.

B kxakom TOKOBOM pPEKUMC pa6OTLI 3amuacMoro 00BeKTa TOK HeOalaHca 6y,ueT

UMETh MaKCUMAJIbHOE 3HaUeHue?

41.

C kakux Tpanc(hopmMaTOpOB TOKA B peaTbHOM TpeX(pa3HOH IEeTH MOJAI0TCS BTOPUIHbBIS

TOKH Ha BXOJbI UBMCPUTCIIbHBIX OPIraHOB SaH_[I/ITBI? HpI/IBCCTI/I IMPpUMCPHI.

42.
43.

UeM 00BSCHUTH HAJTUYUE TOKA HeOallaHCa B OCIIAX PI3MCpPITCJ'ILHOI>i qacTu SaIJ_II/ITBI?

Ckonpko TpaHc(hOpMaTOpOB TOKa HEOOXOIMMO HMCIIONb30BaTh Ha KaXKIOM KOHIIE 3a-

IIUIIaeMon TpexpasHoW JIMHUH dJICKTponepeaun HanpsikeHuem 35 kB?
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44, CxonbKo TpaHCPOpMaTOPOB TOKA HEOOXOIUMO MCIOJIb30BaTh HA KaXKIOM KOHIIE 3a-
muaeMon Tpex@asHoi JUHUU 3JeKTporepenaun Hampspkenuem 220 kB? Hampsokenuem 110
kB?

45. N300pa3uth NPOCTEUIIYIO FIEKTPUUECKYIO TPUHIUITHATIBHYIO CXEMY U3MEPUTEIBHOM
YacTH TPOJ0JIbHON quddepeHInaTIbHOM 3alTUThI IMHUU JICKTPOIepeaun HanpsokeHneM 35 kB,
BBITNIOJIHEHHYIO Ha PEJIEHHBIX 3JIEMEHTAX; CAEIATh TO K€ I JIMHUM HallpsKeHUEM Bbliie 69 kB.

46. Kakoii Haubosiee CymeCTBEHHBI HEJOCTATOK MMEIOT MU (epeHInaIbHbBIC 3alUThI
JUHUM 35ekTporiepenayn? B uem 3akiroyaercs HanOobIIasi TPYIHOCTb MPU BBIIOJTHEHUH TaKUX
3anuT?

47. I'ne pacrnonararoTcst yCTpoicTBa (KOMILIEKTHI) POIOJIbHBIX AU epeHnnanbHbIX 3a-
IIUT JUHUI? B Kakux a1ekTpoycTaHOBKax? B KakuxX 4acTsAX 3TUX 3JIEKTPOYCTaHOBOK?

48. KakoBbl IPUYMHBI BOSHUKHOBEHHS ITOTPEITHOCTEH B paboTe Mpo1oibHBIX qudpepeH-
[UAIBHBIX 3aIIUT JIMHUH AJIEKTPONepeauu, 3a CUET Yero yCTpaHsIeTCsl UX OTPHUIIATEIbHOE BO3ACH-
CTBHE Ha paboTy 3aIUTHI?

49. B ueM KOJIMYECTBEHHO BBIPAXKAIOTCS, COCTOST MOTPEIIHOCTH B pabOTEe paccMaTpuBac-
MOM 3aIUTEI?

50. KakuM BUIOM celeKTUBHOCTU 00J1a/1aeT u3ydaemMasi B 3Toi pabote 3amura?

51. KakoBo ObIcTpoEHCTBIE N3ydaeMOi B paboTe 3aIuThI?

52. llouemy muddepennnanbHas 3ammTa BHIIOTHIETCS 0€3 BBIIEPKKHA BPEMEHU?

53. YeM omaceH 0OpbIB COETMHUTENHLHOTO MTPOBO/IA B miieue auddepeHnanbHoN 3amuThl?

54. KakoBbl IpUYHHBI, BBI3bIBAIOIIME TOK HeOallaHca B pelie B HOPMAJIbHOM PEXUME U IPU
BHentHeMm K37

55. Kak BBINOJIHUTH CXEMy HallpaBJIEHHOM norepeuHoi nuddepeHanbHOM 3auThl TpU
OTCYTCTBHHM CIIELUATIBHOIO PEJIE HANPABJIEHHSI MOIIIHOCTH IBYCTOPOHHETO JENCTBUSA?

56. B yem He10CTaTOK KacKaJHOTO JeMCTBUS 3aIUThI?

57. Ilouemy Hanuuue OJOKMPOBKM [0 HAIpPSHKEHHUIO MOBBINIAET YYBCTBUTEIBHOCTh
HaIpaBJIEeHHOU monepedHon nuddepeHInanbHON 3aIUTh?

58. B kakux ciyyasx IpuMeHseTCsl AUCTAaHIIMOHHAs 3aIlUTa JINHUI?

59. HazoBuTte napameTp Ha KOTOPBIH cpabaThIBaeT JTMHHUSL.

60. Kakrie OBIBAIOT XapaKTEPUCTUKHU BBIZICPKEK BPEMEHHU JAUCTAHIIMOHHOMN 3aIUTHI?

61. KakuM 00pa3oM COTJIACOBBIBAIOT JTUCTAHIIMOHHBIC 3aMTUTHI MEXTY COOOM?

62. U3 kakux pyHKIMOHAIBHBIX YacTei coctout /I3, moscHute ux?

63. Kakue ObIBAIOT XapaKTEPUCTUKU CpabaThIBAHUS AUCTAHIIMOHHOM 3aIUThI?

64. KakuMu JOCTOMHCTBAMH M HeJocTaTKaMu oOnamaet /137
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65. Kak BeIOMpaeTcst ycTaBKa 1o TOKY JIJIs MAaKCUMaJIbHOM TOKOBO# 3amuthl (MT3) ¢ He-
3aBUCUMON BBIIEP>)KKOW BPEMEHU?

66. Uto Takoe k03 PHUIIMEHT CXEeMBI, UCIIOJIb3YEeMBbIH Mpu ornpenencann Icp?

67. HazoBuTE OCHOBHOM HEJOCTATOK IPUMEHEHHSI MAKCUMAaJIbHON TOKOBOM 3aILUTHI.

68. B kakux ciyyasx W 3a4eM IIpH ONpPEJeNICHUHM TOKa cpadaTbIBaHUsS U3MEPHUTEIBHOIO
OpraHa 3aIluThl UCTIONb3YyeTCS KOAPPHUIIMEHT CXEMBbI?

69. Kak BbICTaBUTH yCTaBKy Toka Ha peine KA?

70. ITouemy npu BeIOOPE yCTaBKU IO TOKY JUIsl MAaKCUMaJIbHOW TOKOBOM 3aIIUTHI C OJIOKHU-
POBKOM 110 HAIPSDKEHUIO HE YYUTHIBAIOT KOA(QGUIIMEHT CaMO3aIlyCKa JIBUraTeIbHON Harpy3Ku?

71. Kak BusieT HaJTM4Me MyCKOBBIX OPTaHOB HAMPSHKEHHUS B CXEME 3aIIUTHI Ha €€ YyBCTBU-
TEIbHOCTH?

72. Ha3oBHUTE OCHOBHBIE TOCTOMHCTBA M HEOCTATKH MAKCHUMAJIbHOM TOKOBOM 3allIUTHI €
0JIOKMPOBKO MO HANPSKEHUIO.

73. Kak noBnusieT 0OpbIB B M3MEPUTENILHBIX LEMSIX HAMPSHKEHUS HAa CEJICKTHBHOCTD JICH-
CTBUSI 3aIUTHI?

74. Kak npou3BOANUTCS OLEHKA YyBCTBUTEIBHOCTH M3y4aeMOM 3alUThI?

75. 3aueM Ha peJsie TOKa, HAIPsDKEHUs, BPEMEHHM, UCTIOJIb3yeMble B JaHHOH paboTe, rnoja-
€TCsl IONOJHUTENIHOE MUTaHue?

76. OOBACHUTH IPUHIUT IEHCTBHS AU PepeHIIHATHHOMN 3aUTHI.

77. Kak ocymiecTBisieTcss KoMIeHcausi (pa3oBOro CIBUra MeX1y JUHEHHBIMU BTO-pUY-
HBIMU TOKaMH TPYII U3MEPUTEIbHBIX TPaHC(HOPMATOPOB TOKA CTOPOH CHIIOBOTO TpaHC-(hopMa-
TOpa TPU BBIMOJHEHUH 3aIUTH CHJIOBOTO TpaHC(HOpMATOpa CO CXeMOH COeAMHEHUS] 00-MOTOK
«3BE3/1a/TPEYTOJIBHUKY» C TIOMOIIBIO PEJICHHBIX 2JIEMEHTOB?

78. Kak ocy1iecTBiseTcsi KOMIIEHCAlllsl HEpaBeHCTBA BEJIMYMH TOKOB CO CTOPOH BBICIIIETO
Y HU3ILIETO HApsHKeHUH IpHU BBITOTHEHUN AuddepeHnalbHON 3alUThl CHIIOBOTO TpaHChopMa-
Topa?

79. [Touemy muddhepeHmanpHas 3amTa He pearupyeT Ha TOKA Harpy3Kd, TOKA BHEIITHUX
KOPOTKHX 3aMBIKaHUH M TOKH aCHHXPOHHBIX Ka4YaHUH B dJIEKTpocucTeme?

80. B kakoM TOKOBOM pekume paloThl 3aluIinaeMoro o0beKTa TOK HebayaHca Oyner
MMETh MAKCUMAaJIbHOE 3HaYeHue?

81. KakoBo ObicTposeicTBre quddepeHIraTbHOM 3amuThl TpanchopmaTopoB?

82. V3-3a yero BO3HMKAIOT COCTABIISAIOLINE TOKA HebanaHca, IUPKYIUPYIOLIEr0 B U3MEPH-
TeJIbHOM yacTu au¢ hepeHnaibHON MPOI0IbHOM 3alUTh peaIbHBIX COBPEMEHHBIX TpaHCc(hopMa-

TOPOB?
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83. B kakux 1ensx u 3JIeMEHTaxX U3MEPUTETHLHOM YacTH MPOTEKAET TOK Hebamanca nudde-
PEHIIMATLHOM 3aIUTHI CUIIOBBIX TPAaHCHOPMATOPOB?

84. Kakue TpebGoBaHMs NPEeIbABIAIOTCSA K TpaHchopMaTOopaM TOKa B YCTPOHCTBAaX peneii-
HOM 3aIuThI?

85. Kak onpenenuTs 0THOTOJSIPHBIE BBIBOIBI 0OMOTOK TpaHcdopmaropa?

86. C kakoii 1ebl0 CHUMAIOTCS BOJIBT-aMIIepHBIE XapaKTEPUCTUKU TpaHC(HOpMaTOPOB TO-
ka?

87. K yemy MOXeT MpUBECTH BKIIFOUEHUE B CXEMBI 3alllUThI TpaHC(HOpMaTOpa TOKA C He-
MPaBUJIBHO 0003HAUEHHOM MOJIAPHOCTHIO BHIBOJIOB OOMOTOK?

88. KakoBo Ha3HaYeHNE HEUTPAIHLHOTO MPOBOA B CXEME ITOJIHOM 3BE3/1bI7

89. Uto Takoe k03((HUIHEHT CXEMBI B TIOYEMY €T0 HYKHO YYUTHIBATh MPU ONPEACICHUN
TOKa cpabaTbiBaHus perne?

90. Kakue cxembl coeIMHEHUS OOMOTOK TpaHC(HOPMATOPOB TOKA HCIIOJIb3YIOTCS B 3alllU-
Tax oT MHOrodasubix K3?

91. HazoBute 0cobeHHOCTH BBIOTHEHUS AU hepeHInaIbHBIX 3aIUT HH?

92. Uto BxoIuT B 30HY cpabaTbiBaHus AU hepeHINaTbHOM 3alUThI IUH?

93. Kak geiictByet nuddepeniuanbHas 3amuTa muH TpU BO3HUKHOBEHUHU 00pbIBa?

94. TomxHa nu cpabaTeiBaTh qudepeHIranbHas 3aluTa IHH IPU BHEIIHUX KOPOTKUX
3aMBIKAHUAX ?

95. Yro HEOOXOAMMO HCIIOJIb30BATh JIJIsl TIOBBILIEHUS! YYBCTBUTEIHHOCTH UG hepeHIH-
QJIBHOM 3aLUTHI IIUH?

96. HazoBure oTimumst Mexxay nuddepenimansHoi 3amutor muH Ha U = 35kB u mudde-
peHuuansHoM 3anmuToit muH Ha U 6-10 xB.

97. B kakux ciydasx MPOUCXOAUT YCKOpeHHe cpalaTbiBaHMs TudepeHanpHon 3a-
LIATEI [IUH?

98. Cxewmsl opranm3arnyu JI3II?

99. Iosenenue JIZII mpu BHenmHEM K37?

100. Pa6ora JI3IL mpu K3 Ha mmnax?

101. Hapexuocts JI3LI?

102. Henocrarku JI31?

103. Kakue TpeGoBaHuUs PEABSIBISIOTCS K yeTpoiicTBam ATIB?

104. JIns yero AIIB BeIONHSAETCS C BBIICPKKONW BpeMEHU?

105. Kak BeiOupatotcst ycraBku Y AIIB?

106. 3auem B popmyrie pacueTa TOka cpabaThIBaHHUS U3MEPUTEIIBHOTO OpPTaHa 3aIliThI HC-

MOJTb3yeTCsl KOO OUITMEHT CXEMBI?
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107. Kakue mapaMeTpsl UCIIOIB3YIOTCS B KauecTBe ycTaBok Y AIIB?

108. [Ins kakux JMHUHA MPEANOYTUTEIBHO UCIIOIB30BaTh ycTpoiicTBa AIIB?

109. Ckonpko MOBTOPHBIX BKIIOUEHHH oOecmeunBaroT yctpoiictBa AIIB Bo3mymHbIx
JIDI?

110. Yro sBisIeTCS TOTUYECKON MOCBUTKOM Jtsl Havana padbotel cxembl AIIB B peanbHbIX
cXeMax yIpaBJICHHsI BBIKIIOUATEIISIMU IPUCOSANHEHHH, 00€CTIeYMBAEMBbIX 3TOI aBTOMAaTHKOI; 11O
KAaKUM YCJIOBUSM COCTOSIHUSL CXEMBbI

111. Kakue TpeboBaHUs IPEeaAbABISIOTCSA K ycTporicTBam AIIB cOopHBIX mmH?

112. TTouemy Y AIIB cOOpHBIX IIMH JOJDKHO MpeaycMaTpUBaTh OJOKUPOBKY Mpu cpada-
ThIBAaHUM ra30BOM 3a1lUThI?

113. IToyemy Ha ABYXTpaHC(HOPMATOPHBIX MOACTAHIMIX MOXKHO 000iiTHCh 6e3 AIIB cOop-
HBIX IIUH?

114. 3a cyer yero nocruraercs nowwllieHus ObicTpoaeiicTBus Y AIIB mmH no cpaBHEHHIO
¢ YAIIB nuHuii anekrpornepeaayu, BCeraa Ju MoXKeT Ha0IoAaTbcs TAKOE COOTHOLIEHHE?

115. Kakue TpeboBaHus NpeabsIBISIIOTCS K ycTpolictBam ABP?

116. B yem npeumyIiecTBa U HEJOCTATKU CXEM IIEKTPOCHAOKEHUS C paJUaIbHBIM MUTa-
Huem?

117. Ilouemy BKJIIOUEHUE NMUTAHUS MO PE3EPBHOM LIEMM OCYILECTBISIETCS TOJIBKO MOCIIE
OTKJIFOUEHUS BBIKJIIOYaTess padoyeil nenu?

118. Nomyckaercs au cpabarbiBanue Y ABP, 3amyckaromierocs ToiabKko MO MPU3HAKY UC-
YE3HOBEHMSI HANIPSDKEHUSI 1 UMEIOLIETO MPOCTEHUIIYIO CXEMY, IPH BOSHUKHOBEHUH KOPOTKOTI'O 3a-

MBIKaHUSI Ha OTXOJIAIIEM MTPUCOCTUHEHUH O KaNIIero BRIKITI0YaTeNs padbouei menu?
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Metoanyeckue YKazaHusd 10 MOATOTOBKE K IK3aMEHY

N3zyuenune nucuuiuinabl «PeneriHas 3allyUTa U aBTOMAaTU3alus 3JIEKTPOIHEPreTUYECKUX
CHCTEeM» 3aBepIiiaeTcs dk3aMmeHOM. [1o/IroToBKa K AK3aMEHy CIIOCOOCTBYET 3aKPEIUICHUIO, YTITy0-
JICHUIO0 U 0000IICHUIO 3HAHUH, ITOTy4aeMbIX, B IIpoliecce OOYUCHHS, a TAKKE IPUMEHEHHUIO HX K
PELICHUIO MPAKTUYECKUX 3a1a4. ['0TOBACH K AK3aMEHY, CTYJICHT JUKBUIUPYET UMEIOLIUECS TIPO-
OeITbl B 3HAHUSIX, YTIIYOJISET, CHCTEMATH3UPYET U YIOPSAIOYUBAET CBOM 3HaHMsI. Ha sx3ameHe cTy-
JIEHT JIEMOHCTPHUPYET TO, UTO OH MPHOOPEIT B IIpoliecce 00ydeHHUs IO KOHKPETHOW yueOHOM auc-
UIUIMHE.

Ha xoncynbpTanuu nepej 3K3aMEHOM CTYJEHTOB MO3HAKOMST C OCHOBHBIMU TPEOOBaHU-
SIMH, OTBETAT Ha BO3HUKIIINE Y HIX BOMPOCHL. [103TOMY mOCeIeHre KOHCYIbTallui 00s3aTeNbHO.

[Ipu moAroToBKe K 3K3aMeHy HEOOXOAMMO HCIOIb30BaTh KOHCIEKTHI JIEKIHI MO AUCIIU-
IUTMHE, YYeOHUKU U y4eOHble mocoOus (M3 CIUCKAa OCHOBHOM U JOTIOJHUTEIHHOU JIUTEPATYphl)
WJIM KOHCIEKT JINTEPATYPhI, MIPOYUTAHHOM MO YKA3aHUIO MPETOaBaTeNsl B TCUEHUE CEMECTPA.

Brauane cienyer npocMOTpeTh BECH MaTEPUAI IO CAABAEMOUN TUCLUIUIMHE, OTMETUTD JJISI
cebst Tpynubie Borpockl. O0s3aTensHO B HUX pa3oOpaThes. B 3akimtoueHue emie pa3 1enecooo-
pPa3HO MOBTOPUTH OCHOBHBIE MTOJIOKEHHUSI.

Cucremarnueckasi MOJAroTOBKa K 3aHIATHSIM B TEUCHHE CEMECTpa MO3BOJIUT UCIOJIb30BaTh

BpEMsl DK3aMEHAIIMOHHOW CECCUU JJIsI CACTEMATU3aI[UU 3HAHUM.

Bonpocsl k 3k3ameny
1. Haznauenmue P3.
2. XapaKkTepUCTUKU TOKOB M HAIIPSKEHUN B HEHOPMAJIBHBIX M aBapUUHBIX PEKUMax
pacnpenenuTenbHbiX OC U OCHOBHBIX 2JIEKTPONPUEMHUKOB.
3. Buael K3 u ux BEKTOpHBIE 1HarpaMMBI.
Cummerpuunblie K3 B cBepXnepexoHOM M YCTAaHOBUBILIUMCS PEKUMAaX.

DIIeKTpOMEXaHUYECKHE pelie u ycrpoicrtaa P3.

4

5

6. Tpancdopmarops! TOKa.

7 CxeMmbl coeluHEHHsI TpaHC(HOPMATOPOB TOKA U pelle.

8 TpancdopmaTops! HapsHKEHUSI.

9 CxeMmbl coeTMHEHHsI TPaHC(HOPMATOPOB HATIPSDKEHUS U pedie.

10.  BropuuHsble pene npsMoro aeicTBus. BropuuHble pene KOCBEHHOTO EHCTBHS Ha
MOCTOSIHHOM OIIEPaTHBHOM TOKE.

11.  MHayKuuoHHbIE U3MEPUTENbHBIE PEJie U pelie HalpaBIeHUs! MOLTHOCTH.

12.  Pene BpeMeHH.
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13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
HOI1 6a3bl.

34.

0assl.

35.
36.
37.
38.

[IpomexxyTouHBIE peie.

Yka3arenbHbIe pee.

PeakTopbl 1 TpaHCPEAKTOPHI.

MarsuTHble YCUIIUTEIHN U HACHIILAOIIKUECs TpaHC(HOPMATOPBI TOKA.
CucreMsl, cXeMbl U YCTPONCTBA ONIEPATUBHOIO TOKA.

[TpyHLIMIIBI TOCTPOEHUS U OCHOBHBIE TUIIBI PEJICHHBIX 3aILHUT.

ITpuHIUII TOCTPOEHUS MAKCUMAIbHOW TOKOBOM 3aILIUATHI.

[TpyHIMII TOCTPOEHUSI TOKOBOU OTCEUKH.

[IpuHUMIT TOCTPOEHNA MAKCUMAIbHOM HANPABICHHONW TOKOBOM 3allIUTHI.
3amuTy Npe1oXpaHUTENIMU U aBTOMAaTUYECKUMH BO31YIIHBIMHU BBIKJIIOUATEIISIMHU.
3amuty BO3AyIIHBIX U KabenbHbIX JIDII.

[Tpunimn nocrpoeHust qudepeHraIbHOi TOKOBON 3aIUTHI.
[Tpononbhyto quddepeHaIbHyIO0 3alIUTy JMHAN 1 €€ 0COOEHHOCTH.
[Tonepeunyto muddepeHnnanbHy0 TOKOBYIO 3aIIUTY.

IIpuHIMIT NENCTBUA, BUJIBI M XapAKTEPUCTUKU TUCTAHIIMOHOM 3alllUThI.
Ha3naueHue u 0OCHOBHbIE BU/IbI 3AIIUTHI TPAHC(HOPMATOPOB.

["a30By10 3aUTy TpaHCHOPMATOPOB.

Buzasl OBpEeXICHNM 2JIEKTPOABUTATENICH U BUJIBI UX 3AILMT.
@Da30M0BOPOTHHIE U YACTOTHO-3aBUCHMBIE CXEMBI.

OWIBTPBI CUMMETPUYHBIX COCTABIISIFOIINX TOKA U HAIPSYKEHUS.

I/I3MepI/ITeJ'ILHHe pciic Ha OCHOBC HOJIynpOBO,Z[HI/IKOBOP’I HCHHTeraHLHOﬁ OJICMCHT-

W3mepurenbHbIe pesie Ha OCHOBE MOJIYIIPOBOIHUKOBOW MHTEIPAIbHOM 2IIEMEHTHOU

W3MepuTenbHbIe pesie Ha OCHOBE MUKPOIPOLIECCOPHOM 2JIEMEHTHON 0a3bl.
VYrpasisemble peaOXPaHUTENH.
CniocoObl MOBBIIIEHUS! YyBCTBUTENBHOCTH (D PepeHIINaIbHOM 3aIUThI.

I[I/ICTaHI_II/IOHHaSI 3alllMTa Ha HAIPAaBJICHHOM PCJIC MMOJHOTO COIIPOTUBJICHUA C 3JI-

JIMNITUYICCKUMU XaPAKTCPUCTHKAMMU.

39.
40.
41.
42.
43.
44,

Kackannoe neiicTBue HampaBIE€HHBIX TOKOBBIX 3aIIIMT.
XapaKTepUCTUKH anmapaToB PEe3epBHOTO IEKTPOOOOPYIOBAHUS.
YcerpolicTBa aBTOMATUYECKOTO YIIPABJICHUS.

YcerpolicTBa aBTOMaTHYECKOTO PETYJIMPOBAHHUS.
XapakTepUCTUKH PETYIUPOBAHUA.

Haznauenue AIIB.
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6oTy.

Max.

45.
46.
47.
48.
49,
50.
51.
52.
53.
54.
55.
56.
S7.
58.
59.
60.
61.
62.
63.
64.

65.
66.
67.
68.
69.
70.
71.

72.
73.
74.
75.
76.

Knaccudukanuro ycrpoiicte AIIB.

OcHoBHble TpeOoBanus k cxemam AlIB.

VYerporictBa AIIB 01HOKpAaTHO 1E€HCTBUS.

OcoOennoctu BoinoaHeHus cxeM AlIB Ha TenemexaHu3UpOBaHHBIX MOJCTAHIIUSIX.
OcoOennoctu BoinoaHeHus cxeM AIIB Ha BO3IyIIHBIX BBIKITIOYATENISAX.
[Tpunnun BeimosnHnenus cxeMm AIIB Ha nepemMeHHOM TOKe.

Cxemy nBykpatHoro AIIB aiis MacisiHbIX BBIKITIOUATEIEH.

Hecunxponnoe AIIB.

brictponerictByromee AIIB.

AIIB c oxxuanueM CHHXpPOHHU3MA.

Haznauenune ABP.

OcHoBHble TpeboBaHus k cxemam ABP.

ABTOMAaTHYECKOE BKIOYEHHUE PEe3€pBa Ha MOICTAHIIMSIX.

ABTOMAaTHUYECKOE BKJIIOYEHUE PE3EPBHBIX TpaHCHOPMATOPOB HA MOICTAHIIUSIX.
ABTOMAaTHYECKOE PETYJIUPOBAHUE HATIPSDKCHUS B AJIEKTPUUYECKUX CETSIX.
ABTOMaTHYECKOE PeryanupoBaHue HAMPsHKEHUS TpaHC(HOPMATOPOB.

[Ipunnun yckopenus 3amuThl nocie AlIB.

[Tpunuun yckopenus 3amursl 10 AlIB.

CerteBnie ABP.

ABTOMaTHUYECKOE BKIIOYCHUE CHUHXPOHHBIX TCHCPATOPOB Ha MAPAJUICIIBHYHKO pa-

ABTOMaTHYECKOE PEryIupoBaHue HANPSHKEHUS Ha IIMHAX MOJICTAHIIUH.
IIpyuHIMITEI aBTOMATUYECKOTO PETYJINPOBAHUS YACTOTHI B YHEPTOCUCTEME.
IIpuHIUITEI aBTOMAaTUYECKOTO PETYIUPOBAHUS [IEPETOKOB MOILIHOCTH.
OCHOBBI AUCTIETYEPCKOTO YIIPABICHHUS.

[TprHIIMITBI aBTOMATHYECKOW YaCTOTHOM Pa3rpy3KH.

Haznauenue u kinaccugukanno ycTpoicTB MPOTHBOABAPUIHON aBTOMATHUKH.

HpOI/ISBO,Z[I/ITL paC‘-IéTLI TokoB K3 B CBCPXICPEXOAHOM U YCTAHOBHUBIICMCS PCIKU-

OnpenensTh NOrperIHOCTH TpaHCHOPMATOPOB TOKA U HAPSIKEHUS.
OmnpenensTh TOK cpabaThIBaHUSI MAKCUMAJIBHBIX TOKOBBIX 3aIlUT.
OnpenensaTs 30Hy ASUCTBUS U TOK cpabaThIBaHUS TOKOBBIX OTCEUEK.
PaccunThiBaTh CTYNIEHD CEIEKTUBHOCTH MaKCUMAJIBHON TOKOBOH 3aIlUTHI.

PaccunTeIBaThH TOK Cpa6aTBIBaHI/I$I IJIaBKOM BCTAaBKU MPpEaAOXPAHUTEIIA.
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77.  PaccuutbiBaTh TOK cpaOaThIBaHHUS PaACIENUTENST aBTOMATHUYECKOTO BO3YITHOTO

BBIKJTFOYATETISI.
78.  OmnpenensTh yCTaBKY TEIJIOBOTO pPEJie TEIJIOBOM 3alUTHI 3JEKTPOIBUTATEIIS.
79.  BpiOuparts ammapathl 3alUTHI 10 PACCYUTAHHBIM MTApaMETPaM.
80.  BpiOupars ammapathl 3aUThl KCXO/IS U3 TEXHHYECKOW U IKOHOMHUYECKOH 11eIIeCO-
00pa3HOCTH.
81.  BwiOuparb TpancpopMaTOpsl TOKA B 3aBUCUMOCTH OT pPacCUMTaHHBIX TOKOB K3.
82.  BpIOuparh U peain30BbIBATH CXEMBI U YCTPOWCTBA ONIEPATUBHOTO TOKA B 3aBHCH-

MOCTH OT IPUMEHSAEMBIX TUIIOB U OPraHoB P3.

83.  BpiOupars crocoObl 3apsAaKu aKKyMYJISITOPOB M KOHACHCATOPOB CHCTEMBI OIepa-
THBHOT'O TOKA.

84.  CornacoBbIBaTh XapaKTEPUCTUKU MAKCUMAJIbHBIX TOKOBBIX 3alUT C OTPAHUYEHHO

3aBUCUMOI BBII[Gp)KKOﬁ BPCMCHH B CUCTCMC KOOPJAHHAT: TOK - BpCMsI.

85. OnpenensiTh CTYIICHb CEICKTUBHOCTH MaKCHMAJIbHBIX TOKOBBIX 3QIllHT.

86. CornacoBbIBaTh XapaKTEPUCTUKH MAKCUMATBHBIX TOKOBBIX 3aIIUT C TOKOBBIMH OT-
CEeYKaMH.

87. PaccuuThiBaTh TOKM HeOanmanca quddepeHInanbHON TOKOBOK 3aIUTHI.

88. Peann3oBeiBaTh CXeMHOE pelIeHUE TMPOA0TbHON qU(dEepeHIIMATHLHON 3aUThI JTH-
HUH.

89. Peann3oBbiBaTh CXeMHOE pellieHne monepeyHoi auddepeHnnaibHoN 3aiuThl TH-
HHH.

90. Peann30BBIBATE CXEMBI IUCTAHIIHOHHON 3aIUTEL.

91. OnpenensTh 30HY ISHCTBUS MaKCUMAaIbHBIX HAIIPABJICHHBIX TOKOBBIX 3aIIIHT.

92.  OnpenensaTh TOKM HebanaHca MU depeHIInalbHON TOKOBOH 3aIUThI TpaHCc(hopmMa-
Topa.

93. CTpouTh M aHAIM3UPOBATh BEKTOPHBIE AHAarpaMMbl BceX BU0B K3 1 HeHOpMaITh-

HBIX PEXKHUMOB.

94, [IprMeHsATh U peanu30oBbIBaTh aBTOMATU3UPOBAHHOE YIIPABIICHUE CXEM MUTAHUS
noTpeduTeneil U AMEKTPONPUEMHUKOB.

95, CornacoBbIBaTh XapaKTEPUCTUKN MAKCUMAIIBHBIX TOKOBBIX 3aIUT C HE3aBUCUMOM
Y 3aBUCUMOM BBIJIEPKKOW BPEMEHHU B CUCTEME KOOPJIMHAT: TOK - BPEMSI.

96. CocCTaBiATh AJITOPUTM CEIIEKTUBHOCTH JACHCTBUS PEICHHON 3alIUThI JIEKTPOCETH,
OCHAIEHHOW MaKCUMAaJbHOW HANPABIECHHON TOKOBOW 3alIUTOM.

97. Peain3oBbIBaTh CXEMHOE PEIICHUE JUCTAHIIMOHHOM 3aIlUThI C TPEMS peJie COMpo-

THUBJICHUA.
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98.  Peaim3oBBIBaTH CXEMHOE PEIICHHUE AUCTAHIIMOHHOM 3alUTHI C OJJHUM pPeJie COIpo-
TUBJICHUS.
99.  PaccuuThiBaTh U CTPOUTH AU PepeHIINANBHYIO 3aUTY TpaHCchopMaTopa.

100. PeanuzoBbiBaTh CXeMHOE pelieHHe auddepeHInanbHOM 3amuThl TpaHchopma-

Topa.

101. IIpousBomuTh pacu€rsl TOKOB K3 B CBEpXIEepexoHOM M YCTAHOBUBIIEMCS PEKU-
Max.

102. OmnpenensTh NOTPEIIHOCTH TPAHCHOPMATOPOB TOKA U HAMIPSHKCHUS.

103. OmpenensaTh TOK cpabaTbIBAHUS MAKCUMAIbHBIX TOKOBBIX 3aIIHT.

104. Omnpenensats 30HY ACHCTBHS H TOK Cpa0aTHIBAHUS TOKOBBIX OTCEUCK.

105. PaccuuThIBaTh CTYINEHb CEICKTHBHOCTH MAaKCUMAIIbHONW TOKOBOW 3aIIIUTHI.

106. PaccuuThiBaTh TOK CpabaThIBaHUs IUIABKOM BCTaBKHU MPEIOXPAHUTEINS.

107. PaccuuThiBaTh TOK cpabaThiBaHUsl PACICMHUTENs aBTOMATHUYECKOIO BO3YIIHOTO
BBIKIJTFOYATEJIS.

108. OmpenensTh ycTaBKY TEIJIOBOTO PEIiE TEIIIOBOM 3aIUTHI 3JICKTPOIBUTATEIIS.

109. BeiOuparh anmaparhl 3alIUTHI IO PACCYUTAHHBIM ITapaMeTpam.

110. BwiOupath anmnapathl 3aIUTH UCXO U3 TEXHUYECKOH U SIKOHOMUYECKOM 11eeco-
00pa3HOCTH.

111. BsiGupath TpaHcopMaTopsl TOKA B 3aBUCUMOCTH OT PacCUMTaHHBIX TOKOB K3.

112. BriOupaTh U peaqu30BbIBaTh CXEMbI U YCTPONCTBA ONEPATUBHOTO TOKA B 3aBUCH-
MOCTH OT IPUMEHSEMBIX TUIIOB U OpraHos P3.

113. BsiOupath crmocoObl 3apsSaKi aKKyMYJISTOPOB M KOHIEHCATOPOB CHCTEMEBI OTlepa-
TUBHOTO TOKA.

114. CornacoBbIBaTh XapaKTEPUCTUKU MaKCUMAJIbHBIX TOKOBBIX 3alIUT C OTPAHUYEHHO
3aBHCHUMOM BBIJIEPKKOM BPEMEHHU B CUCTEME KOOPAUHAT: TOK - BPEMs.

115. Omnpenenste CTYNEHb CENEKTUBHOCTH MaKCUMAJbHBIX TOKOBBIX 3aIIUT.

116. CornacoBbIBaTh XapaKTEPUCTHKH MAKCUMAILHBIX TOKOBBIX 3aIIUT C TOKOBBIMH OT-
CeUKaMH.

117. PaccuutbiBaTh TOKM HeOanaHca AuddepeHnnanbHON TOKOBOH 3alUThI.

118. Peanu3oBBIBaTH CXEMHOE pEIICHUE MPOJOTBHON A epeHInanbHOM 3auUThl -
HUH.

119. Peanu3oBbIBaTh CXEMHOE pelICHUE NonepedHol auddepeHnnanbHON 3auThl JIu-
HUH.

120. Peamn30BBIBATH CXEMBI MUCTAHIIMOHHON 3aIUTEL.
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121. BriOupaTh METOIBI M XapaKTEPUCTUKH ABTOMATHYECKOTO PETYIMPOBAHMS Tapa-
METPOB IHEPTOCHUCTEMBI.

122. PaccuuThiBaTh CTAaTHYECKHUE U JUHAMUYECKUE KOI(DPHUIMCHTHI peryIupoBaHUS.

123. AnamusupoBatb padoty cxembl AIIB ogHOKpaTHOTO IEHCTBUS.

124,  Ananu3upoBath paboTy cxembl ABYKpaTHOTO AIIB 11 MacasiHBIX BBIKITIOYATEIICH.

125. BwiOupars npuHIUNBL ocymiecTBieHrus ABP mpu pa3HbIX cxeMax MUTaHUS MTOTpe-
ourenei.

126. PaccuutsiBaTh ycTaBku ABP.

127. AmnamusupoBatb cxeMbl ABP paznuuHoro HazHaueHwusl.

128. Amnanu3upoBaTh CXEMBI YCTPOMCTB aBTOMAaTHYECKOTO BKIFOUEHUS TEHEPATOPOB Ha
napauIeIbHyI0 padoTy.

129. BriGupath criocoObl peryIupoBaHUs YaCTOTHI B YHEPIOCUCTEME.

130. AmnanusupoBatrh paboOTy CXeM aBTOMATHUYECKOI YaCTOTHOM pa3rpy3KH.

131. Omnpenensats 30HY ACHCTBHUS MAKCUMAIIbHBIX HATIPABICHHBIX TOKOBBIX 3aIlUT.

132.  Omnpenensats TokH HeOananca nuddepeHITnaIbHON TOKOBOM 3aIUThI TpaHCchopMa-
Topa.

133. Ctpouth u aHaNM3UPOBATh BEKTOPHBIE qUarpammbl Bcex Bu0B K3 u HeHopmMab-
HBIX PEKUMOB.

134. TlpumeHSTHh W pealn30BBIBATH aBTOMATU3UPOBAHHOE YIIPABJICHUE CXEM NMUTAHHS
noTpeOuTenei u 3MeKTPONPUEMHHUKOB.

135. CornacoBbIBaTh XapaKTEPUCTUKH MAKCUMAIIbHBIX TOKOBBIX 3aIIUT C HE3aBUCUMOMN
¥ 3aBUCHMOM BBIIEPIKKOM BPEMEHH B CHCTEME KOOPJMHAT: TOK - BPEMSI.

136. CocTaBisiTh alTOPUTM CEIEKTHUBHOCTHU JCHCTBUS PEICHHON 3alUTHI JICKTPOCETH,
OCHAIEHHOW MaKCUMAaJIbHOW HANPABICHHON TOKOBOU 3aIlUTOM.

137. PeanuzoBbIBaTh CXEMHOE pPEIICHHE TUCTAHIIMOHHOMN 3aIUTHI C TPEMS peJie COIpo-
TUBJICHUS.

138. Peanm3oBBIBaTH CXEMHOE PEIICHHUE AUCTAHIIMOHHON 3alIUTHI C OJJHUM pPeJie COIpo-
TUBIICHUS.

139. PaccuutbiBaTh U CTpOUTH AU (HepeHIHATBHYIO 3aLIUTY TpaHchopMaTopa.

140. Peanmu3oBbIBaTh cxeMHOe pemieHue auddepeHImaibHON 3auThl TpaHchopMa-
Topa.

141. Peanu3oBbIBaTh CXEMBI yCKOpeHUs 3aiuThl mocie AIIB.

142. Peanu3oBbIBaTh CXeMbl YCKOpeHUs 3amuThl 10 AIIB.

143. Peamu3oBbiBaTh cxeMbl ABP Ha OCTOSIHHOM OTIEpaTHBHOM TOKE.

144. PeanuzoBbiBaTh cxeMbl ABP Ha mepeMeHHOM orepaTUBHOM TOKE.
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145. TlpuMeHATHh W peaqu30BBIBATh AaBTOMATHU3MPOBAHHOE YIIPABJICHUE CXEM IMUTAHUS
noTpeOuTeNne 1 JIEKTPONPUEMHUKOB.

146. Peanu3oBBIBaTh CXEMBbI aBTOMATHYECKOTO BKIIOYEHUS pe3epBa JMHUN U OTIEIb-
HBIX YHEProOOBEKTOB.

147. CocraBnare u (HopMyaupoBaTh TpeOOBaHUS K YCTPOHCTBAM IPOTHBOABAPHITHON
ABTOMATHKH.

148. CocrtaBisTh aNTOPUTM aBTOMATHUECKOW YaCTOTHOW Pa3TPy3KH.

149. PeanuzoBbIBaTh CXEMy aBTOMATHUYECKOTO OTPAHUUEHUE CHUKCHMS HAMPSIKCHUS
BKJIFOUEHUEM YCTPOINCTBA MPOAOTHHON EMKOCTHON KOMIICHCAIIMH JTMHUH JIEKTPOIepeayu.

150. Peanu3oBBIBaTh CXeMy aBTOMATHUECKOTO OTPAaHUYCHUS MOBBIIICHUS HANIPKCHUS
BKJIFOUEHUEM IIYHTUPYIOIIETO PEAKTOpa Ha KOHLIE JIMHUHU AJIEKTPOIIepeaayu.

151. HaBblkamMu aBTOMATHU3HPOBAHHOTO YIIPABJICHUS COCTOSHUSM CXEM IMUTAHUS TOTpPe-
ouTeNnel u AIECKTPONPUEMHHUKOB.

152. HaBblkaMu peryJiMpoBaHUs YaCTOTHI B SHEPTOCUCTEME

153. HaBblkamMu BBEJEHHS YCTAaBOK B MUKPOIIPOILIECCOPHBIE I KOMITBIOTEPHBIE YCTPOii-
CTBa M OpPraHbl CUCTEM aBTOMATHKHU.

154. HaBrsikamu pa6OTbI C UCIIBITATCIIbHBIMU YCTAHOBKAMH JIA IIPOBEPKU MPOCTHIX 3a-

IINT.

155. HaBblkamu paOOTBI C UCTIBITATENBHBIMU YCTAaHOBKaMHU ISl IPOBEPKH CIIOKHBIX 3a-
IIUT.

156. Hassikamu cOopa omnepaTuBHOW MHGpOpPMaLUU O padoTe AIEKTPOIHEPTETHUECKUX
CHCTEM.

157. HaBblkaMu onepaTUBHBIX NEPEKIIOUEHUI B CCTEMaX aBTOMATHKU.

158. HaBblkaMu NpUMEHEHUS YCTPOUCTB aBTOMATUYECKOTO YIIPABICHHS U PeryIupoBa-
HUSL.

159. Hasslkamu BEIOOpA YCTPOHCTB aBTOMATHKH.

160. HaBplkamMu JUCTIETYEPCKOTO YIIPABICHUS.

161. ABTOMaTH3MpPOBAHHBIM YIPABICHUEM COCTOSHUSIMU CXEM MUTAHUS MOTpeOUTENe
U DJIEKTPONPUEMHHUKOB.

162. Tlopsimkom pacueTa 3amuThl aBTOMATHYECKIMH BBIKITIOUATEIISIMH.

163. Tlopsimkom pacueTa 3amuThl TPEIOXPAHUTEISIMU.

164. HaBblkaMu BBEJCHHS YCTAaBOK B MUKPOIIPOLIECCOPHBIE M KOMIIBIOTEPHBIE YCTPOii-
cTBa 1 opransl P3A.

165. Meronamu onpeeNeHUs U HEHTpaIn3aIiy TOKOB HebanaHca nuddepeHnnanbHoM

TOKOBOM 3aIIUTHI IUHHUM JIEKTpONepeaay.
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166.
167.

Haswixamu onpenenenus Mecta K3 ¢ moMolibio opraHoB AUCTAHIIMOHHOM 3aIIUThI.

Crioco6aMu 3amuThl ACHHXPOHHBIX AJIEKTPOJBUTATENCH OT Teperpy3Ku U HEmoJl-

HOo(a3HOTO pexuma.

168.
169.
170.
171.
172.
173.
174.
175.
176.
177.
178.

Cnoco0amu 3aIIMTHl CHHXPOHHBIX 3JIEKTPOJBUTATEIeH OT HECHHXPOHHON paboTHhI.
MeTtoamu BKIIIOYEHHSI CHHXPOHHBIX T€HEPAaTOPOB B MapasliebHyt0 paboTy.
HaBbikamu guicieT4epcKoro yrnpaBieHUs

MeTto10M BBIOOpa MapaMEeTPOB anapaTos.

CXeMHBIMHU pEIIeHUSIMU MaKCUMAIbHBIX TOKOBBIX 3aIIHT.

[TpunumnaMu pazMenieHus MakCUMaIbHbIX TOKOBBIX 3alllUT.

[IpuHtMnaMu pa3MenieHust TOKOBBIX OTCEYEK.

CXeMHBIMU PEIICHUSIMUA TOKOBBIX OTCEYEK.

[TpunuMnaMu pa3MenieHus MakCUMalbHbIX HAPABICHHBIX TOKOBBIX 3aIIIUT.
CXeMHBIMHU pelIeHUSIMU MaKCUMAJIbHBIX HAIIPABICHHBIX TOKOBBIX 3aIlUT.

Merogamu pacuéra TOKOB KOPOTKOI'O 3aMBIKaHUs Ha BCEX Y4aCTKax PaJHuajIbHON

JIMHUU JJIEKTPOIIepEIauH.

179.
180.
181.
182.
183.
184.
185.

MeTtonamu 3aIMTHI BO3AYIIHBIX U KaOenbHbix JIDIT.

MeTtonamMu COCTaBICHUS CXEM 3aMEIICHUS] yYAaCTKOB 3JIEKTPOCETH.

HaBbikamu BBeZieHHS YCTABOK B peJie TOKA.

HaBbikamu BBeIeHUS YCTABOK B peJie HAMPSHKEHUS.

HaBpixamu BBeIEHUS YCTABOK B pEJi€ BPEMEHHU.

HaBbixkamu BeiOOpa TpanchopMaTopoB TOKA [Tl 3aIUTHI TUHUHN dIIEKTpoIepe1ay.

Metonamu onpenesieHus: CETEKTUBHOCTH ACMCTBHUS TOKOBOM OTCEUKH JIUMHUM C OJT-

HOCTOPOHHHM U IBYXCTOPOHHWM IIUTAHHUEM.

186.
187.
188.

KaHHA.

189.
190.
191.

Crniocobamu noctpoenus auddepeHInanibHON 3alMThl TMHUAN 3JIeKTporepeiay.
Hassikamu cOopku cxeM nuddepeHnaibHoi TOKOBOM 3alUThI.

Cnocobamu nuddepeHnnanbHOM 3aUThl TpaHC(HOPMATOPOB OT KOPOTKOTO 3aMbl-

Crioco6amMu 3aIUThl TPAHCPOPMATOPOB OT JUTUTENBHOM MEperpy3Ku.
Crioco6aMu MpUMEHEHUs ra30BOM 3aIIUThI TPAHCPOPMATOPOB.

Mertoaukoii onpeeneHns BpeEMEHH aBTOMaTHYECKOro Bo3BpaTa cxembl AIIB B mc-

XOJHOEC ITOJIOKCHHUEC.

192.

ABTOMaTI/ISI/IpOBaHHBIM YIpaBJICHUEM COCTOSIHUAMU CXEM IMUTAHUA HOTpC6PITCJ'ICfI

U DJIEKTPONPUEMHHUKOB.

193.
194.

HOpH}IKOM pacucTa 3aluTbl aBTOMATHYCCKUMU BBIKJITIOYATCIISAMMU.

[TopsimkoMm pacyera 3aluThl IPETOXPAHUTENIMU.
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195.

HaBbikamu BBeIeHHS YCTaBOK B MUKPOIIPOLIECCOPHBIE U KOMIBIOTEPHBIE YCTPOIi-

cTBa 1 opransl P3A.

196.

Metonamu onpeaeneHus 1 HeWTpaau3alruy TOKOB Hebananca nuddepeHnuanbsHon

TOKOBOH 3allIHUThI JIMHAMN SJICKTponepeaay.

197.
198.

Hagpikamu onpenenenus mecta K3 ¢ moMoIibpo opranoB JUCTAHITMOHHOM 3aIIUATHI.

Criocob6aMu 3aIuThl ACHHXPOHHBIX AJIEKTPOJBUTATENCH OT eperpy3Ku U HEroJl-

HOo(a3HOTO pexuMa.

199.
200.
201.
202.
203.
204.
205.
206.
207.
208.

Cnioco0amu 3aIMTHl CHHXPOHHBIX 3JIEKTPOJBUTATENCH OT HECHHXPOHHON pabOTHI.
MeToamu BKIIIOYEHHSI CHHXPOHHBIX T€HEPAaTOPOB B MapasliebHyl0 paboTy.
HaBbikamu AuCTIETYEPCKOTO YIIPaBICHUSI.

CXeMHBIMU PEHICHUSIMUA MAaKCUMAIbHBIX TOKOBBIX 3aIlIUT.

[TpuHIMIIaMy pa3MelIeHus MaKCUMaIbHBIX TOKOBBIX 3allUT.

[TpuHIMITaMU pa3MeIIeHNUs TOKOBBIX OTCEYEK.

CXeMHBIMU PEIICHUSIMUA TOKOBBIX OTCEYEK.

[IpuntunaMu pa3MeneHns MaKCUMAaJIbHBIX HAIPaBIEHHBIX TOKOBBIX 3aIIUT.
CXeMHBIMHU pelIeHUsIMUA MaKCUMAJIbHBIX HAIIPABICHHBIX TOKOBBIX 3aIlUT.

MeTtonamu pacqéTa TOKOB KOPOTKOI'O 3aMbIKaHH Ha BCEX Yy4aCTKax paﬂnaanoﬁ

JIMHUU JJIEKTPOIIepEIauH.

209.
210.
211.
212.
213.
214.
215.

Metoaamu 3aiuThl BO3AYIIHBIX U KabenbHbIX JIDTI.

MeTtonamMu COCTaBIEHUS CXEM 3aMEIICHHS] YYAaCTKOB 3JIEKTPOCETH.

HaBblkamu BBeJIeHUs YCTABOK B peJI€ TOKa.

HaBsikamu BBeIeHHs YCTABOK B peJie HAIPsHKCHUSI.

HaBbikamu BBeIeHHs YCTABOK B peJie BPEMEHHU.

HaBbixkamu BeiOOpa TpanchopMaTopoB TOKA [Tl 3aIUTHI TUHUHN dIIEKTpoIepe1ay.

Metomamu OMPCACIICHUA CCIICKTUBHOCTU JIEHCTBHUS TOKOBOM OTCEUKH JIUHHUU C Of-

HOCTOPOHHHM U IBYXCTOPOHHHM IUTAHHUEM.

KaHHA.

216.
217.
218.

219.
220.
221.

Cnocobamu nnoctpoenus qudGepeHnnanbHON 3aUThl TUHAN JIEKTpoIrepead.
Hagreikamu cb6opku cxeM auddepeHnnaibHOi TOKOBOH 3aIUTHI.

Cnocobamu guddepeHnnanbHoOi 3auTh TpaHCHOPMATOPOB OT KOPOTKOTO 3aMblI-
Cnocobamu 3amuThl TpaHC(HOPMATOPOB OT NITUTEIHHOMN MEPErPy3KH.

Crioco6aMu MpUMEHEHUs ra30BOM 3aIIUThI TPAHCPOPMATOPOB.

MetoaoM BEIOOpa TapaMETPOB anmnapaToB.
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Ilepeuensv yuebno-memoouueckoz2o odecneueHus camoCcmoamenpbHoi padoomot 0oyuaro-
wuxcsa no oucyuniune

1. Mertonuyeckue yka3zaHUs 10 BHITIOJHEHHUIO TPAKTHYECKUX paboT mo aucuurinHe «Pe-
JeiiHas 3aIIKMTa ¥ aBTOMATU3ALUS AJIEKTPOIHEPTETUYECKUX CUCTEM.

2. Metonuyeckue yka3aHHs 1O BBIIOJHEHUIO J1a00paTOPHBIX padoT mo aucuuminHe «Pe-
JiefiHas 3allUTa U aBTOMATU3AIHUS AJIEKTPOIHEPTETUUECKUX CUCTEM.

3. MeToauveckne yka3aHus MO OPTaHHU3AIMH U MIPOBEICHUIO CAMOCTOSTEIILHON paboThI

IO JUCLMITIIIMHE «Peneiinas 3aluTa 1 aBTOMAaTHU3alus JICKTPOSHEPIETUICCKUX CUCTEM.

Ilepeuens pecypcos unghopmayuonno-meneKoMmyHuKkayuounou cemu Humepnuem, ne-
00X00UMBIX 011 0C6OCHUA OUCUUNTUHDL
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