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Cozep:KkaHHe

BBeneHiie
[lems u 3agau H3YYeHHS JUCIHIUIHHEI
OO6opyaoBaHHE U MaTEPHAIIBI
HarmveHoBaHME 1a00paTOPHBIX padoT
Copxepxanie 1adopaTOpHBIX padoT
JlaGoparopHasg pabora Nel. MogemipoBaHHe MaKCHMAaJIbHOH TOKOBOH 3all[HTEI
TOMHIH 3IIEKTPOIIEPEaadH.
JlabGopaTtopHasg padoTta Ne2. MogempoBaHHe MTHOBEHHOH TOKOBOH OTCEUKH JIH-
HIH 3IEKTPOIIEPETAY.
JlaboparopHasg padora Ne3. MogempoBaHHe MaKCHMAaJIbHOH TOKOBOH 3all[HTEI
paiHaIbHOH 3IIEKTPHYECKOH CETH C OJJHOCTOPOHHHM ITHTAHHEM.
JlaGoparopnas padora Ned. MomemupoBaHue JH()epeHIHATIbHOH 3aIl[HThI JIH-
HHH 3IEKTPOTIEPETAYH.
JlabopatopHas paGora No5S. MomemipoBaHHe JH((epeHITHAIFHON 3aIl[HTEI
TpaHc(hopMaTopa.
JlaGopaTropHasg padora Ne6. T oxkoBasg HallpaBIIeHHas 3all[UTa JIHHIHI 3IIeKTPOIle-
peJlauyi B KOIIBIIEBOH CETH.
JlaGoparopHas padora No7. IlpomonbHas audQepeHIHanbHas 3alHTa JIHHHH
3IIEKTPOIIEPETauH.
JlabopaTtopHasa padora Ne8. [lomepeuHas mudpepeHIHaIbHAsI 3alHTa I1apall-
TIEJIPHBIX JIMHUH 3JIEKTPOIIEPEL AU,
JlaGopaTropHasg padora Ne9. J{[MCTaHIIHOHHAS 3aII[HTa JINHHH 3JIEeKTPOIEpefaul B
CETH C JBYCTOPOHHHM ITHTAHHEM.
JlaboparopHasg padora Nel(. MakcHManbpHas TOKOBas 3alllHTa ¢ HE3aBHCHMOH
BBIZEPKKOIH BPpEMEHH TIMHHH 3IEKTPOoIepe ayi H BBOJHOI O BEIKITFOYATES.
JlaboparopHas padora Nell. MakcuManbHas TOKOBas 3alHra ¢ OJIOKHPOBKOH
110 MHHHMAIIFHOMY HAaITPSIKEHHIO.
JlaGoparopnas paGota Nel2. JInddepeHimanpHas 3amra TpaHcpopMaTopa.
JlaGoparopHas padorta Nel3. Tokosas 3ampTa TpaHc(opMaTopa.

AOKYMEHRT TNOAIMMCAH IMaIbHAS 3allTa COOPHBIX IIIHH

SNEKTPOHHOW NOANMUCHIO
s 3a1HTa COOPHBIX IIHH
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4.16 JlabGoparopHasa padora Nel6. ABTOMaTHYeCKOE ITOBTOPHOE BKIIOUEHHE JIMHHH
BIIEKTPOIIEPEIAYH.

4.17 JlaboparopHas padora Nel 7. ABTOMAaTHYECKOE IIOBTOPHOE BKIIFOUEHHE COOPHBIX
ITIHH

4.18 JlaboparopHas pabdora Nel8. ABTOMarHYeCKOE BKIIIOUEHHE Pe3epBa CEKI[HOH-
HOT'O BBIKITFOYATENS.

S Y4yeOHO-MeTOAHYECKOe H HH(POPMaILOHHOe 00ecIeYeHHE JHCIIHIUIHHEI

5.1 IlepeyeHh OCHOBHOH H JTOIIOIHHUTEILHOH JINTEPATYPHI, HEOOXOIMMOH JIJIS OCBO-
EHH S JUCIATLIHEI

5.2  llepeueHp y4eOGHO-METOAHYECKOIO OOECIIEUEeHHS CaMOCTOSTEIBHOH PaloTEI
OOYYAFOIIMXCS 110 JHUCIIHIUIHHE

5.3 [IepeueHs pecypcoB HH(OPMAIHOHHO-TEIIEKOMMYHHKAIIMOHHOH ceTH HMHTep-
HET, HEOOXOIMMBIX JJIS1 OCBOEHHMS JTHUCI[MITIINHEI

[ IprimoxeHn s
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BreneHue

[lenpro paboTHl B j1a00paTOPHH SBIISETCS VITIYOJIEHHE M 3aKPEIUIEHHE ITPHOOPETEHHBIX
TEOPETHYECKHX 3HAHHI ITYTEM SKCIIEPHMEHTAILHOH ITPOBEPKH TEOPETHUYECKHX ITOINOKEHHI, a
TAKXKe 3HAKOMCTBO C 3IEKTPOHHBIMH KOMITOHEHTAMH, 000PYA0BAHHEM, H3MePHTEILHBIMH ITPHOO-
paMH H anmapaTypoH, HCIIOIB3YeMBIMH B ITa00paTOPHH.

B pesyinerare BEIOIOMHEHH S Ta00paTOPHBIX PadoT CTYAEHTHI JOIKHBI IPHOOPECTH YMEHHSI
H HAaBBIKH 110 COOPKE H HCCIEAOBAHIIO 3JIEKTPOHHBIX CXeM H IIPHOOPOB, H3MEPEHHSM SIIEKTPHYE-
CKHMX BeJIMUMH. TemaTHKa 1a00paTOpHBIX paboT IMOIHOCTHIO COOTBETCTBYET COMEPKAHHIO OCHOB-
HBIX Pa3JeloB Kypca, H3Y4aeMOIr'O B BRICIIHX TeEXHHYeCKHX YueOHBIX 3aBeJIcHHSX. B mpeiarae-
MOM YU4eOHOM ITOCOOHH OITHCAaHO OAHHHAIAIATE JIa00opaTOPHBIX padoT. B ormcaHn KaxmaoH 11a0o-
PaTOPHOH padOTHI c(hOPMYIHpPOBaHa €€ Iellb, H3I0KeHbl OCHOBHBIE TeOPETHYECKHE TTOTIOKEHH S,
OICaHa CXeMa YCTAaHOBKH IS IMPOBEAEeHIS SKCIIEPHMEHTAILHOIO HCCIIENOBAaHNSI, JaHbl PEKO-
MEHIALIHH T10 ITPOBEAEHHIO OILITOB H 00paloTKe pes3ylIbTaTOB H3MEPEHHI, a TAKKE KOHTPOJIbHBIE

BOITPOCHI.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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1. Ilens u 3a0 auu u3yueHus OUCUUNIUHDL

]_[E:HBID H3YUCHITA THCITHIUIHHBI «PerteliHas 3aImpTa H aBTOMATH3AL[H AJICKTPOSHEPI'CTH-
YSCKHMX CHCTCM» ABIIACTCA (prhﬂIpﬂBﬂHIIE 3HAHHIH O IMPHHITHIIAX OpPIaHH34IlIH H Te XHHYECKOH
PealIH3aIlIH pEHEﬁHGﬁ 3dalIHIThI H ABTOMATH3AIIH 3JICKTPOSHCPI CTHYCCKILX CHCTCM.

3amayeH H3VUCHITA JUCIHIIJOTHBI ABIIACTCA YCBOCHHE CTYACHTAMH OCHOBHBIX ITPHHITHIIOB
BBIIIOJIHEHITA 34T, KdK OTICIIBHBIX 3JICMCHTOB, TdK H CHCTCMBIL B ILICJIIOM, 4 TAKXKES OCHOBHBIX

TTOIIOZKEHHH I10 PAaCUETy CHCTEM PEIIEHHON 3aII[HTHI.

2. Obopyoosarue u mamepuaist

ATmaparHsle CpPEJICTRA:

— JIabopaTopHs TEOPETHUYECKHX OCHOB EKTPOTEXHHUKH, PEJIEHHOH 3aII[HTEL H JIEKTPOOE3-
OITACHOCTH C HHTEPAKTHBHBIM MYIILTHME IHA 000pYJOBAHHEM

— JlaGopaTopHOe 000pYAOBaHHE «IJIEKTPO3HEPreTHKA-PEJIeHHAS 3al[HTa H aBTOMAaTHKA

— KoMIUIEKT THITOBOro 11ab0opaTOpHOro OO0OpYAOBaHUSA «IJIEKTPOSHEPreTHKA - OIHOIH-
HelHas MOJIETILY

— Hay4Ho-uccrnemoBaTens CKHI KOMIUIEKC «l]eHTpali30BaHHEIE CPEACTBA 3aAIlHTEL, aBTO-
MaTH3aI[MHA M YIIPABIIEHHS 3JIEKTPOSHEPTE THUECKHX CHCTEM», HCITIOITHEHHE CTEHIOBOE KOMIIbIO-
TEPHOE

— HayuHo-uccinemoBaTelns CKHIH KOMIUIEKC « ABTOMAaTH3HPOBAHHBIE CPEJICTRA YVIIPABIEHH S
H 3aIIUTEl B CHCTEMaX 3NEKTPOCHAOKEHH ST ITPOMBIIIIEHHBIX TTPEIITPH SITHI

YuebHast ayaIuTOPHS IS IPOBEAcHHS YUEOHBIX 3aHSATHI, OCHAIlleHa OOOpYAOBAaHHEM H

TEXHHYECKHMH CpeJIcTBaMH 00y4yeHHs. [lepeHOCHOH HOYTOYK, IIPOeKTOpP, JOCKa MarHHTHO-Map-

KePHasL.
3. Haumernoearue nao opamopusix padbom
No TeMspl M3 HIX ITpakTHYEe-
HamnmeHOBaHHe TEM JUCIMIIIMHEL, HX KpaTkKoe co- | O0beM
ITICITH - CKasl ITOATrOTOBKa,
Iep/KaHHE YacOB
TLITHHEI YaCOB
0 CEMECTP
JlaboparopHas padora Ne 1. MojpenupoBaHHe
MAaKCHMAJIBHOHN TOKOBOH 3aI[UTHI JIMHHH 3J1EKTPO-
1 Tepeaaym. 1.5
NOKYMEHT MOANMWUCAH | Ima JeHCIBHA H
ANEKTPOHHOW NMOZMUCHIO mutH (MT?3).
Ceptudpmkar: 12000002A633E3D113AD425FB50002000002A6
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JladbopaTtopnana padora Ne 2. MozaenmpoBaHHE
MICHOBEHHOI TOKOBOH OTCEYKH JIMHHH 3JIEKTPOIIe-
2 peJgaym.

M3ydeHne yCTpoOHCTBA, IIPHHIMMIIA OEHCTBHS H
cXeM TOKOBOH oTceukH (TO).

1,5

JlaboparopHas padora Ne3. MozpeaupoBaHHe
MAKCHMAJIBHOH TOKOBOH 3all[UTHl PaJHalIbHOH
SIEeKTPHYECKOH CeTH C OSHOCTOPOHHHM ITHTa-
HHEM.

Hccnegoraniie MT3 u TO aByX JIMHHI 3IEKTPO-
Tepeaun ¢ OJHOCTOPOHHHM ITHTAHHEM.

1,5

JlaboparopHas padora Ne4, MopeaupoBaHHe
miQdepeHITHATIFHON 3aIlHTHl JIMHHH 3IeKTPOIle-
peaym.

M3ydyeHHe yCTpOHCTBA, IIPHHIMMIIA JEHCTBHSI H
cxeM JH(pdepeHIMaTbHOH 3aIl[HThl JTHHHH 3IIeK-
TpOIEpEIay.

1,5

JladbopaTtopnaa padora NeS. MoxpemmpoBaHHE
middepeHIIHaTbHOMN 3aIUTHI TPaHCc(popMaTOpa.

5 M3ydyeHne yCTpOHCTBA, IIPHHIMMIIA JEHCTBHS H
cxeM JH}QepeHIHaIbHOH 3alllHThl CHIIOBOI O
TpaHc(popMaTopa.

1,5

JladbopaTropnas padora Ne6. ToxoBas HaIllpaRIeH-
Hasl 3all[iTa JINHHH eKTPoIepesadyl B KOIBLEBOI
CeTH.

6 O3HAaKOMIIEHHE CTYAEHTOB C IIPHHIMIIOM JIeH-
CTBHS, CXEMOH M BBIOOPOM VYCTAaBOK TOKOBOH
HalTpaBJIeHHAas 3all[HTa JIHHIH 3JIEKTPOIIEpelaul B
KOIIBI[EBOH CETH.

1,5

JlabopatopHasa padora Ne7. I[IpogompHaa gud-
(pepeHIanbHaS 3aIlHTa JIMHHH 3JIEKTPOIepeladH.
7 M3y4yuTh IIPHHIMIT JeHCTBHSI H Ha3sHAYEHHE IIPO-
JTOIMBPHOH JH(p(epeHIHMaIbHOH TOKOBOH HaIIpaB-
JIEHHOM 3aIl[UTHI.

1,5

JladbopaTopnasn padora Ne8. [lonepeunas mdde-
PEHIHAIbHAS 3all[HTa ITapaUIeIbHBIX JIMHII BIeK-
TPOIlepegayH.

M3y4uTh IIPHHIMIT AeHCTBHSI H Ha3HAYEHHE ITIOTIe-
PEYHOH JH( (hepeHIMaTIbHOH TOKOBOH HaIlpaBJIeH-
HOH 3aIl[HTEL

1,5

JlabopaTtopHas padora Ne9. J[HCTaHI[HOHHAA 3a-
IHTA JIMHHUH 3IIeKTPOIepefadyd B CETH C JIBYCTO-
9 POHHHM ITHTAHHEM.

O3HAKOMHTHCS C ITPHHIUIIOM JeHCTBH S U CTAHI[H-
OHHOMH 3aIlHUThI JIMHHI.

1,5

Hroro 3a 6 cemectp:

13,5

7 ceMecTp

S PO G T

s o i afars MO0 MaxcHMalnbHasa To-

SNEKTPOHHOW NOAMMCHLIO :LLI,I[EP}I{I{Gﬁ Bpc-
Ceptudurkar: 12000002A633E3D113AD425FBS0002000002A6 1 BBOJHOI'O BBI-

Bnapgeneu; lleBayxoea TateAHa AnekcaHapoBHa

1,5
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M3yuuThk IpHHINOI AeHCTBHSI MaKCHMAaJIbHOH TO-
KOBOH 3aIl[HTBI, H3YUYHTh METOJBI pacyeTa H IIpo-
BepKH YCTAaBOK 3alllUTHI, HCCIIEOBaTh (PaKTOPHI,
BIIISIIOIHE HA CEeJIEKTHBHOCTh H 30HY JEHCTBHS

MT3.

Jladboparopnas padora Nell. MakcumanpHas To-
KOBas 3aIlira ¢ OJIOKHPOBKOH I10 MHHHMAaJIBHOMY
HAITPSKEHHIO.

M3y4yuTh IPHHIMI AeHCTBHS MaKCHMAaJIbHOH TO-
11 KOBOM 3aIIHTEI ¢ OJIOKHPOBKOH 110 MHHHMAJIEHOMY
HAIPSKEHHIO, H3YYHTh METOIBI pacyeTra H IIpo-
BEPKH VYCTaBOK 3all[UTHI, HCCIEAOBATh BIIMSHHE

ITYCKOBBIX OPraHOB HaIIPsDKEHHS Ha UYBCTBHTEID-
HOCTE MT'5S.

1,5

Jlabopatopnas padora Nel2. J[uddepeHImanb-
Has 3all[iTa TpaHc(opMaTopa.

M3yunuTs MpHHIMIT AeHcTBHA JH((epeHIIHaTIbHOM
3aIl[UTHl TPaHC(OpMaTopa, H3YUYHTh OCOOEHHOCTH
T depeHIIHATBHEIX 3alllHT TPaHCPOPMaTOPOB,
12 CBS3aHHBIE C HeOOXOAHMMOCTHIO BEIPABHHBAHHS
BTOPHYHBIX TOKOB ITO BEIMYHHE, H3YYHUTh OCOOEH-
HOCTH HACTPOHMKH ITapaMeTPOB AH((epeHITHATIb-
HBIX pene ¢ TopMokeHHeM THIia J[3T-11, uccnemo-
BaTh (PAKTOPEI, BIHSAIOIIHE Ha CEIEKTHBHOCTB,
30HY JEHCTBHS H YYBCTBHTEIILHOCTD 3aIIHUTHI.

1,5

JlaboparopHas padora Nel3. ToxkoBasg 3ammra
TpaHc(popMaTopa.

M3y4nTh OCOOEHHOCTH pacyeTa YCTaHOBOK, CEIIEK-
THBHOCTH H 30HBI cpa0aThIBAHHS TOKOBOH OTCEUKH
H MaKCHMAaJIbHOH TOKOBOH 3aIl[HTHI TpaHCc(popMa-
TOpa, H3YYHTh OCOOSHHOCTH pacueTa YCTaHOBOK
3aIl[UTEI OT IIePEerpy3KH CHJIOBOIO TpaHC(opMa-
TOpa.

13

1,5

JlabopatopHasa padora Neld. J[uddepeHImann-
Has 3aIyuTa COOPHBIX IIIHH

M3y4uTh IIPHHIMII JeiicTBHA JH(depeHIIHaIbHOH
3aIlUTHI IIIHH, HCCIIEA0BATh (DAKTOPHI, BIIHSIOIIHE
Ha CEJIEKTHBHOCTE, 30HY AEHCTBHS H UYYBCTBHTEIIb-
HOCTH 3aIl[HTHI.

14

1,5

JlabopatopHasa padGora NelS. Jlormuyeckas 3a-
IHTa COOPHBIX ITIHH

M3y4uTh IIPHHIMIT JeHCTBHS H 00JIacTh IIPHMEHE-
HHS JIOTHYECKOH 3aI[HTHI COOPHBIX IIIHH, HCCIIETO-
BaTh (PAKTOPEI, BIMSIOIINE Ha CEIEKTHBHOCTh H
30HY AeHcTBHA JISLI.

15

1,5

JlaboparopHas padora Nel6. ABToMaTHYecKOe
IIOBTOPHOE BKJIFOUEHHE JTHHHH AIIEKTPOIIEpe ayun.

Aovnrorre amranumaer nafdnrer vornoHCTB AIIB HA
NOKYMEHT NoarnncAH P
SNEKTPOHHOM NOAMUCHIO AHHEM, H3Y1HTb

Ceptucpukar: 12000002A633E3D113AD425FB50002000002A6 Z:TprICTE AllIBnu
Bnageneu: Liebayxoea TaTbAHa AnekcaHapoBHa [HI[HIBI pacyeTra

1,5
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ycTaHOBOK AlIB ymHImi ajekrporepeaay ¢ OgHO-
CTOPOHHHM ITHTAHHEM.

17

JlabopatopHas padora Nel7. ABToMaTHUecKOe
IIOBTOPHOE BKITIOUEHHE COOPHBIX IIIHH

M3yunuts ocoOGeHHOCTH PadOThHI YCTPOMCTB aBTO-
MATHYECKOT' O TIOBTOPHOI'O BKIIFOYEHHS IIIMH, H3Y-
YHTh OCOOEHHOCTH B3aHMOIEHCTBHS YCTPOHCTB
AIIB IMH 1 YCTPOMCTB PETIEHHOH 3aIlHTHI.

1,5

18

JlaboparopHas padora Nel8. ArromMarHyeckoe
BKIIFOUEHHE Pe3epBa CEKIHMOHHOI O BEIKITIOYATEISL
M3y4uTh IIPHHIMIT JeHCTBHS H OCOOEHHOCTH pa-
OOTHI YCTPOHCTB aBTOMATHYECKOI'O BKIIIOUEHH S
pe3epBa CEKI[HOHHOTO BEIKITIOYATENS.

1,5

HToro 3a 7 ceMecTp:

13,5

HToro:

27

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOAMUCKIO
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4. Cooeparcarue 1ad opamopHelx pad om

Jlabopamopnas padoma Nel. Moodenupoeariue MaKcuUMaibHOU MOKO60U 3AU{UMbL JlU-

HUU 3JIeKmponepeo auu.

Ilens pabomest: V3ydyeHHe YCTPOHCTBA, IIPHHIIHIIA JeHCTBHS H CXEM MAaKCHMAalIbHOH TOKO-

BOIt 3armuTE (MT3).

OcHoé6blL meopuu;

Kak orMeuanocs paHee, OJHHM H3 HaHOOIEee XapaKTepHBIX IIPH3HAKOB K3 sgBi1. [1oseneHne

CBEPXTOKA, KOT. CTAHOBHTCHA IH.::I'S}:'. . Ha HcITonb30BaHHMH 3TOr0 IIPHHITHIIA H OCHOBAHO IIeHCTBHE

MTS3.

[ IpuHimn gencteusa MT3

K pene MT3 4yepe3 T A moaBOIHTCS TOK, IIPOXOMSIIHIL ITO 3aIFIIaeMOMY 3JIEMEHTY (JIHHHH
W). Korjzia TOK IOoCTHTaeT 3apaHee YCTAaHOBIEHHOI O 3HAYeHH, 3aIl[HTa IIPHXOINT B JAeHCTBHE (cpa-
OaThIBaeT) H OTKIIOYAeT BHIKIIOYaTe b Q. 3HaUeHHe TOKa, IIPH KOTOPOM IIPOHCXOIHT cpadaThIBa-
HHE 3aIHThI, Ha3bIBaeTCs TOKOM cpabaTeiBaHUS (Icpas ). [IosBIIEHNE CBEPXTOKA B K-1I 3JIEMEHTE He
BCErJla SABISCTCS MIPH3HAKOM ITOBPEKAESHHS 3TOr0 3JIeMeHTa, HOO CBEPXTOK ITPOXOMUT H II0 HEITO-
BPEKIEHHBIM, HO CBS3aHHEIM C ITOBPEKAEHHBIM 3JIEMEHTAMH LIETTH.

TakK: B 3JIEKTPOCETH, COCTOSIIEH H3 3* ITOCIIeAOBATEIILHO COEJHHEHHBIX YUAaCTKOB, ITpH K3 B

(@)K cBEpXTOK ITPOXOAUT OT HCTOYHHKA G K MECTY IMOBPEKIEHHS KaK 110 TTOBPEKIEHHOMY YYaCTKY

AOKYMEHT MOAMMCAH
SNEKTPOHHOM MNOAMUCHIO
Ceptucmkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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| Mﬂ T MT3
E I |t 2Lt I |t1
@ E 1T I \ — I
o i —
Q3 - I, az Iy a7 Ix K
Pabtora M3 B pagagbHOH CETH ¢ OJHOCTOPOHHHM ITHTAHHEM

EcIm CBepXTOK ITPEBBICHT TOK CpabaThIBaHHA, TO HELOITYCTHMO, YTOORI cpaloTalH BCce TPH
3aIUTEL. | IpaBiiIbHAS JIMKBHAAIM A aBapHH Oy IeT HMETh MECTO B TOM CIIy4ae, eciii cpadoraer MT3
[ ¥ OTKIIIOUHT BREIKIFOUATEID Ql, OIKaHIiil K MECTY ITOBPEXICHUS. 3TO H €CTh TpeOOBaHHE H3-
OHpaTEIEHOCTH WIH CeJIEKTHBHOCTH K MT 3. /1115 BRITTOIHEHH S ATOI'0 YCIIOBHSA HEOOXOIHMO, YTOORI
(B yacTHOCTH) MT3 y4acTKOB MMelH pasll. tepas, BO3PAcTaloMiee I10 HAlPaBIEHHIO K HCTOYHHKY
TTHTaHH L.

Bpems cpadaTeIiBaHHS 3aIllHTH OT MOMEHTA BOSHHKHOBEHHS CBEPXTOKA JO BO3ACHCTBHSA Ha
BBRIKTFOYATEIb HAa3BIBAETCS BRIAEPKKOH BpeMeHH. B TaHHOM clIydyae HaHMeHBIIYIO BRIIEPKKY Bpe-
MEHH t1 JOIKHA MMeTh 3ammra M3 I, HeCKOIMBKO > - 10 t2 —3armqura MT 3 11 u camyro > - t3 — MT3
[11.

J11151 BRISIBJIEHHSI MOMEHTA BOSHHKHOBEHHS aBapHH H o0ecrieyeHH JeHCcTBHA - MT 3 cocToHT
H3 IIYCKOBOI'O OpraHa, KOT. BEISIBISET MOMEHT BOSHHKHOBEHH S K3 H ITPOH3BOAHUT ITYCK 3aII[HTHI H
3aMeISIOINEr0 OpraHa (BBIAeP KK BpeMeHH ), KOTOPBIH 3aMeIIeT JeHCTBHE 3aIlUTHI A19 00ecIIe-
YeHH S CeJIeKTHBHOCTH.

Taxme TOKOBEIE pene, Kak HarpuMep, PTB, PT-80, PT-90 coememaror B cebe 06e ormicaH-
Hble (DYHKIIHH.

MT 3 sBisieTcss HaH> IIPOCTOH M AEIEBOH 3alllHUTOH H, IIO3TOMY, IIPHMEHSIETCS U1 3aIlHTHI

G, Tp-pogr, 3/] u JIDII ¢ OMTHOCTOPOHHHM, a B Psjie CIYyYaeB H ¢ ABYCTOPOHHHM ITHTAHHEM.

YKkazanue no mexHuke de3onacHocmu.
YKazaHH 110 TeXHHKe 0e30I1aCHOCTH ITPH BBOTOJIIHEHHH HﬂﬁﬂpﬂTﬂpHBD{ pE]ﬁDT ITPHBCACHDBI

B ITPHIIOKEHHE A.

VKa3aHua no 6sIno0JIHEHIUI0 1ADOPAMOPHOIL padomul:
YOemuTEeCh, YTO YCTPOHCTBA, HCITONB3YEMbBIE B 3KCIIEPHMEHTE, OTKIIFOUEHBI OT CETH 3IIEK-
TPOITUTAHH 5.

!‘“‘ﬁﬁﬁgﬁ;ﬁgﬁﬁaﬁfﬁﬁgﬁﬁﬂ‘ﬂﬁm nanarrmaTig YCTPOHCTB, HCIIOIb3YEMBIX B SKCIIEPHMEHTE,

SNEKTPOHHOW NOANMUCLIO |
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6 B

Bnapgeneu: Lebayxoea TateAHa AnexkcaHopoBHa CO CXEeMOIl BHEKTPIHECKGﬁ COeIMHEeHHH .

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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OTtkmIrounTe (eCIH BKIIOYEH) BRIKITFOUATEb A9,

YCTaHOBHTE MEPEKIIOYaTelleM JKelIaeMOE 3HaYeHHe KO3((HIMEeHTa TpaHC(OpMaIiHu
TpaHcopMaTopa Al, HarprmMep, 1,0.

Y CTaHOBHTE KelaeMbIe ITapaMeTPphl IIMHUH 3IeKTporiepegayn JI, Harmprmep, 100 Om u 0,2
['H, a TaK)Ke MECTO PaCIIONIOKEHHS HA HEH TOYKH KOPOTKOI'O 3aMBIKAHH I, HAIIPUMED, B CEPeJHHE
JTHHUH. 715 3TOr0 MePeKTovYaTeIsIMI VCTaHOBHTE ITapaMe TPEI MOJIeJIEH JTHHIH IeKTPOIEpeayui
A2 u A3 paBHeIMH 50 OM 1 0,1 T'H.

Y cTaHOBHTE KelaeMBIH TOK cpadaTeBaHus perne AlO, Harmprmep, 1.0 A.

YcTaHOBHTE KellaeMoe BpeMs cpadaTeiBaHus peiie AH, HarprMep, 1.0 c.

Bxmrounre Beikrouareiib « CET by nsMepurens P1.

Bxrounte nctouyHHK G1. O HaIHYNH HAIPSKEHH S HA €TI0 BBIXOE JOJIKHA CHIHAJIH3HPO-
BATh CBETAIASICS JIAMITOYKA.

Bxmrounre BeIKIFOUATENs A9. B pesynbrare 3aropHTCs 3elIeHas jlamMiia 0j1oka A8, CHTHa-
TTH3HPVIOIIAS O Ioaye ONePaTHBHOIO HATIPSKEHHSL

HaxmuTe BepXHIOK KHOIIKY ITOCTa YIIpaBiIeHHsI A7. B pesyibTaTe BKIIFOUHTCS KOHTAKTOpP
A4 (Beikmrouatens Q) H Ha MoaenH JHHHI A2, A3 (muumro JI) OyzaeT nogaHo HarpspkeHHe. OO0
53TOM OYAET CHTHAIH3HPOBATh 3arOpeBINasca KpacHas 1amMiia B 6110ke AS8. 3ereHas 1aMria B OJI0Ke
AR 1oracHer.

CMOAEIHMPYHTE KOPOTKOE 3aMBIKaHHE Ha JIMHUH 3JIeKTporiepeaayn JI. JI1g 4ero BOTKHHTE
ITPOBOJHHK «II» B rHe3mo mMexay momesami MHHH A2 1 A3. B pesynsrare cpaboTaeT MakKCH-
MaJIbHas TOKOBaS 3allHTa H IMOBpeXAcHHAI JTHHHA AeKTponepenadn JI (Mogenu muHuH A2, A3)
C BBIJIeP/KKOH BPeMEHH OTKIIOYHTCS (OTKIIIOYaTCs) OT MCTOYHHKA ITHTAHHS BHIKITIOYaTelaeM Q
(koHTakTOpoM A4). KpacHas nmamria B On1oke A8 IoracHeT, a 3elieHas 3arOpPHTCA.

C mHauKaToOpoB usMepHuTelsd Pl cuntanTe 3HaUEHHE TOKA KOPOTKOI'O 3aMBIKAaHHSA H BPEMS
PalOoTEI 3aIlHUTHL

BEIHETE TIPOBOAHHUK «1I» M3 THe3/a.

[To 3aBepIIIeHHH BKCIIepHMEHTa OTKIIFOYHTE OJHO(a3HbIH HCTOYHHK ITHTaHHI G BBIKIIIO-

yatelb « CE'Tb» msmepurens P1.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Codepocanue omuema:

OT4YeT JOIKEH COLEePKaTh:

1. Haszeanrie paboTHI,

2. Llenp paboTHI,

3. Kparkie TeopeTHUYECKHE CBEICHH S,

4. OIrmucaHHe HCIOIb3yeMOro 000PYIOBAHISI H MaTePHAJIOB,
5. Ilopsamok BeIOIHEHHS PalOThI,

6. BeruricneHnsa H o6paborka pes3yiIbTaToB,

7. BBIBOJIBL

KonmponsHusie 6onpocel:

1. Uro Takoe MakcHManbHas TokoBas 3amuTra (MT3) H KaKk OHa BBEITIOIHSIETCS?

2. Kakue JOoCTOHMHCTBA H HEJOCTATKH MAaKCHMAJILHBIX TOKOBBIX 3aIIHT?

3. Kakasa obmacts npuMeHeHHss M'T3?

4. Kak onpegensieTcsI OTHOCHTEIbHBIH KOA(P(HIHEHT YyBCTBHTEIIbHOCTH MaKCHMAJIEHOH
TOKOBOH 3aIl[HUTHI?

5. Kak BeiGHparor Tok cpabarsmsanmsa MT 37

6. Uro Takoe xo3(]p pHIHEeHT 3ammycKa, KO3 (PHIHEHT OTCTPOHKH?

AOKYMEHT NoArnncAH
SNEKTPOHHOWM MOANACKEIO ITPaBICHHEBIC 3aII[UTHI?
Ceptucpukat: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: LLlebayxoea TateAHa AnexcaHapoBHa XdPaKTCPHCTHKAMIL Bbl ACPAKKIH EpEMEI—]II'?

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Jabopamopran padboma Ne2. Moo enupoearue MCHO6EHHOIL MOKO0B0UL OMCEUKU JIUHUL

JleKmponepeo auu.

Ilens pabomsr: V3yueHHe YCTPOHCTBA, IPHHIIMIIA JEHCTBHS H CXEM TOKOBOH OTCEUKH

(TO).

OcHo6bl meopuiL:

TokoBon orceykoHr Ha3. MT3 ¢ orpaHHYeHHOH 30HOH JEHCTBHS, HMEIOINAS B CIIYYAEB
MITHOBEHHOE JIETICTBHE.

B ot111. ot MT 3 cenexktuBHOCTE AeHCTBHA 1O obecrieunBaeTCs He BBIJIE P/KKOH BpeMEHH, a
Or'PaHHYEHHEM 30HEBI €€ JeHCTBHA. [[113Toro Icpal. OTCeYKH OTCTpaHBaeTCsa He OT TOKA HAarPy3KH,
a OoT ToKa K3 B KOHIIE 3alI[HINacMOH JIHHHH IIH OT APYIOH OIpedenéHHOH, rae 1O He JomkHa

JIeHCTBOBATE.

Jona eucmbusn

UmCE'fHU.
|||II||

HPHHI_[HH IeHCTBHS TOKOBOH OTCEYKH Ha JTHHHH C OOHOCTOPOHHIM IINTAHHEM

2nrra maliarerra oractmer armananasres THR(VHYECKH: IS 3TOTO BRIYHCISEOTCA TOKH K3,

NOKYMEHT MOANUCAH

SNEKTPOHHOWM MNOANUCHIO ) »
Ceprudbikar — 12000002A633E3D113AD425FB50002000002A6 Hayajle H KOHIIE €€, a TaKKe Ha PACCTOSHHI /4,
Bnapeneu; WWebayxora TateaHa AnekcaHapoBHa

3MeHeHHS TokKa K3 B 3aBHCHMOCTH OT YAAJICHHA

Heincreutened: ¢ 20.08.2021 no 20.08.2022
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Ceptudurkar:. 12000002A633E3D113AD425FB50002000002A6

MecTa K3 oT uctounnka rmuraHusa (kpuBas 1). Ilo mpuBenéHHOI popMyle pacCUHTBIBAeTCS TOK
cpaOaThIBaHHS OTCEYKH H Ha 3TOM K€ YepTe Ke IPOBOANUTCS IIpsMasi TOKa cpadaThIBaHUS (TIpsMast
2). Touka 1nepecedyeHHSI KPpHBOH | ¢ IpsMOi 2 onpejiensieT 30HY AeHCTBHSI OTCeUKH. OTcedka Jei-

CTBYET B 30He, Iie IK3 > Icpad.

YKkazarue no mextike dezonacHocmii:
YKa3aHHS IT0 TEXHHKE 0e30IIaCHOCTH IIPH BbIOIOJIHCHHII HﬂﬁﬂpﬂTGpI{BIX pElﬁGT IPHBCICHBL

B ITPHIIOKEHHE A.

VYKazanusa no 6uinoiHeHuo 1adopamopHoi pabomel:

YOeauTech, YTO YCTPOHCTBRA, HCIIOIB3VEMBIE B SKCIIEPHMEHTE, OTKIIIOUEHEI OT CETH BJIEK-
TPOITHT AHH .

CoeqHHHNTE THE3A 3alUTHOT O 3a3¢MIIEHHS YCTPOHCTB, HCIIOIB3YEMBIX SKCIIEPHMEHTE, C
rHe3aoM "PE" ogHO(a3HOro HeTOYHHKA ITHTaHHT G .

COeHHHUTE araraparypy B COOTBETCTBHH CO CXEMOH 3JIEKTPHYECKOH COETHHEHII.

OTKnroyHTe (eCIIH BKIIIOYEH) BRIKIIFOYATEb A9,

YCcTaHOBHTE MepeKIrovarelleM jKellaeMOe 3HaueHHe Ko3(@HifieHTa TpaHC(OpMAaIHH
TpaHcopMmaropa Al, Harmprmep, 1.0.

Y CTaHOBHTE KelaeMbIe ITapaMeTphl JIIMHUH 3IeKTporiepegayn JI, Harmprmep, 100 Om 0,2
['H, a TaKKe MECTO PaACITOIIOKEHIS Ha HEH TOYKH KOPOTKOI'O 3aMBIKAHHS, HAIIPHMED, € CEPEIHHE
JTHHHH. J[JIS 3TOr0 MePEKITIOYATENSIMH VCTAHOBHTE ITapaMe TPEI MOJAETIEH JIMHII 3IIEKTPOIle pefaun
A2 u A3 paBHeIMH 50 OM u 0,1 T'H.

YcTaHOBHTE KelaeMBIH TOK cpabarteiBaHus peie Al0, HammprmMep, 1,0 A.

Bxmrounre Beikrouareiib « CET by maMepurens P1.

Brxmrounrte netouyHHK G1. O HaIMYHM HAPsDKEHHSA Ha €I0 BRIXO/e JOIKHA CHIHAJIM3HPO-
BaTh CBETSINASLCS IIaMITOYKA.

Bxmrounrte BRIKIOUATENIR A9. B pe3yinbTaTe 3aropHTCs 3ejieHas jlaMita Oimoka AS8. CHTHa-
TH3HPYIOIAs O IOoJade ONEPaTHBHOIO HAIIPSIKEHHA.

HaxmuTe BepXHIOI KHOIIKY ITOCTa YIIpaBiIeHHsI A7. B pesyibTaTe BKIFOUHUTCSI KOHTAKTOP
A4 (Beikmrouatens Q) M Ha MoAenH JuHHH A2, A3 (muumro JI) OyzaeT nmomaHo HanpspkeHne. OO0
3TOM OYJET CHTHAIM3HPOBATh 3aropeBINascs KpacHas namiia B O011oke A8. 3erneHas namira OIIOKe
AR 1oracHer.

AOKYMEHT NOAIMCAH JIMHHH 37eKTporepenaunt JI. [ Yero BOTKHHTE

SNEKTPOHHOWM NMNOANUCHIO
MH A2 n A3. B pesyibrare cpaboTaeT MTHOBEH-

Bnapeneu: [leBayxoea TateAHa AnekcaHapoBHAa

i1 JI (Momemn nmHHMI A2, A3)OTKIIIOYHTCS OT

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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HCTOYHHKA IMHTaHH I BeIKITFoUaTelleM Q (koHTakTopoM A4). KpacHas mamiia B O11oke A8 ImoracHer,
a 3eleHas 3ar OPHUTCAL.

C HMHaIHUKaTOpoB u3MepHuTelsd Pl cuntanTe 3HaUEHHE TOKA KOPOTKOI'O 3aMBIKAHNSA H BPEMS
PalOoTEI 3aIlHTHL

BrIHETE TIPOBOAHHUK «I1» M3 THE3/A.

[To 3aBepieHNH 3KCIepHMEHTa OTKIIOYHTE OMHO(Ma3HBIII HCTOYHHK ITHTaHHSA Gl H BEI-

Knrovarens « CEThy m3mepurens PL
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Codeporcanue omuema:

OT4YeT JOIKEH COMEPKaTh:

1. Haszeanrie padoTHI,

2. Llens paborHl,

3. Kparkue TeopeTHYECKHE CBEAEHI S,

4. OrcaHIe HCIIONb3YeMOro 000py10BaHH S H MaTEPHAJIOB,
5. Ilopsapok BeIOIIHEHHS PaOOTHI,

6. BeruricneHnsa H o6paborka pes3yiIbTaToB,

7. BBIBOJIBL

K OHMPOJIbHbBIE 601NPOCHI.

T HOKYMEHT FOAMVGAH 5 IpuMeHeHH S TO JIMHUH 3IIeKTpoIepeaaym?
SNEKTPOHHOW NOAMUCHIO L - 5
Ceptucbukat: 12000002A633E3D113AD425FB50002000002A6 [AOH HaCTCH 3allfHTHI :
Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa

| 3anpanaeMon JISI?

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Jabopamopraa paboma Ne3. Mooenuposarue MaKkcumMaibHOI MOKO06 0l 3an{itmsl pa-

OUATILHOU IIEKMPUYECKOU CEMU C 00HOCMOPOHHUM RUMAHUEM.

Iens pabomer: UcciegoBanre MT3 u TO ABYX JIMHII 3NIEKTpoIIlepegayil ¢ OQHOCTOPOH-

HHM ITHTaHIICM.

OcHoeébl meopuu.:

B pagnanpHBIX CETSAX C OAHOCTOPOHHHM ITHTAaHHEM MAaKCHMAIbHYIO TOKOBYIO 3aIl[HTY
BKJIFOUAIOT C ITHTAIOINEH CTOPOHBI KAKIOH JIMHHH. IIpH 3TOM Ii11 00ecIieueHHS CeJIEKTHBHOCTH
OTKJIFOUEHHS BBIIEPKKY BPEMEHH 3aIl[HTHI ITOAOHPAIOT 10 CTYIIEHYATOMY IIPHHI[HMITY, COIJIACHO
KOTOPOMY VY KaKJIOH ITOCIIEAYIOIIEH 3aIl[UThL, CUMTAS 110 HAIIPABIIEHHIO K HCTOYHHKY TTHTAHH L
BRIJASPKKY BPpEMEHH ITPHHUMAIOT Ha CTYIIEHb BPEMEHH OOJIbIIIE, YEM V MPEABIAYIIEH 3aII[HTHI.

PaccMOTpHM IIpHMED 3aIHTHI OT OJHO(]a3HOr0 KOPOTKOI0 3aMbIKAaHHS Ha 3eMIII0 KaOellb-
HBIX JIHHHH B CETH HanpspkeHHeM 6—10 kB ¢ 3a3eMIIeHHOH HERTPAJIBIO.

‘TokoBas orceuyka MOKET OBITH BBIIOJIHEHA OBICTPOIAEHCTBYIOILNEH HIIN C BRIAEPKKOH Bpe-
MEHH.

B oTimomuHe o MaKCHMAaIbHOH TOKOBOH 3aIIUTHI JeHCTBHE TOKOBOH OTCEUYKH 3apaHee orpa-
HHYHBAETCS 30HOH AeHCTBHS. DOTO JelaeTcs NI COOMIOIeHHS CeIIeKTHBHOCTH (H30HPaTeIbHOCTH
JIeHCTBHSA), KOTOpas 00ecTIeYHBAETCS ITYTEM BEIOOPpa TOKa cpadaThIBaHHI OTCEYKH, a He BBIJIEPIKKH
BpeMeHH (TIpH MaKCHMAaJIbHOH TOKOBOMH 3aIlHTe).

[ IpHHITHIT JeHCTBHSA TOKOBOH OTCEeYKH Jd JIOII ¢ OMHOCTOPOHHNM ITHTAHHEM ITOSCHSET
PHCYHOK HIKE — a.

M3BECTHO, UTO TOK K. 3. B JINHHH OIPEAEIISIETCS BEIIMUMHON COITPOTHRIIEHH S OT HCTOYHHKA
IIHTAaHH O MecTa IOBPeKIeHHI H YMEHbINAETCSI ¢ YAaleHHeM ITOCIe Hero (KpuBas 1, Ha pH-
CYHKe HIDKe IojokeHHe — 0). HauMeHBIIHI TOK K. 3. BOSHHKAET IIPH ITIOBPeXISHHH B KOHIIE

nnHiH (B Touke K-2), a HanGonklee — B Hayane ee (B Touke K-3).

YKazanue no mexHuke d0e30nacHocmu.
YKa3aHH S 110 TeEXHHKe 0e30IIaCHOCTH ITPH BEOTOJIHEHHH HﬂﬁﬂpﬂTﬂpI{BIX paﬁn:rr ITPHECACHBL

B ITPHIIOKEHHE A.

VYKazanusa no 6uinoiHeHuo 1adopamopHoi pabomel:

ACKYMEHT TNOANUCAH IBIE B SKCIIEPHMEHTE, OTKIIOUEHEI OT CETH DIIEK-
SNEKTPOHHOWM NMOANUCHIO p ’

Ceptudchukar:, . 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Ceptudchmkar: | 12000002A633E30D113AD425FBS0002000002A6
Bnapeneu: LLleBayxoea TateAHa AnekcaHapoBHa

CoeIHHUTE THE3Qa 3allHTHOIO 3a3EMIIEHHS YCTPOHCTB, HCIIONIB3YEMBIX B SKCIIEPHMEHTE,
¢ THe3aoM "PE" ogHO(da3HOro HcToYHHKA MHTaHHI G1.

COeqHHHUTE araraparypy B COOTBETCTBHH CO CXEMOH 3JIEKTPHYECKOH COETHHEHMI.

OTKIro4YHTe (eCIIH BKIIIOYEH) BRIKIIFOYATEh AD.

YCTaHOBHTE IIepeKIroYarelleM jKellaeMOe 3HadyeHHe Ko3((HIfeHTa TpaHC(OpPMAIHH
TpaHcopMaTopa Al, HarprmMep, 1.0.

YCcTaHOBHTE IEPEKITIOYATEIISIMI XKeTaeMBIE TTapaMe TPhI MOAENEH JIMHII 3IIEKTPOIIEPEaa Ui
A2 u A3, Hartpumep, 50 Omu 0,1 I'H.

Y cTaHOBHTE KelaeMBIH TOK cpadaTeBaHu pene A10 u AlS, Hanmpumep, 1,0 A.

YcTaHOBHTE XKelaeMoe BpeMs cpadaTeiBaHs peiie AH, Harmprmep, 1.0

Bxmrounre Beikmrouareib « CET by usmepurens P1.

Brxmrounrte neToyHHK G1. O Ha/IMJYHM HaIpsDKEHISA Ha €I0 BRIXO/E TONKHA CHIHAIIM3HPO-
BaTh CBETSINASCS IIaMITOYKA.

Bxmrounrte BeIKIFOUAaTEs A9. B pesyibraTe 3aropHrcs 3ejieHas jiamra 0j10ka A8, CHIHAa-
TTH3UPYIONIAs O IoJaye OIEPATHBHOIO HAIIPSIKEHHSL.

HaxxMute mocieaoBaTelbHO ABE BepPXHHE KHOIIKH ITOcTa yipasieHHI A7. B pesyibrare
BKITrouaTcsa BeIKmrovyarermd Ql, Q2 (xkonTtakTtopel A4, Al3) u Ha murmm JI1, JI2 (Momemn JTHHMI
A2, A3) Oymer mnomaHo HampsckeHHe. OG 5ToM OyIyT CHTHAIH3HPOBATh 3ar OPEBIIHECS
KpacHBIe JIaMITBl B Oj1oKe AS8. 3erneHas namiia B OJIoKe A8 ITOracHeT.

CMOIEIHPYHTE KOPOTKOE 3aMBIKAHHE Ha JIMHHH 3JIeKTporiepegaun JI2. /{71 yero BOTKHUTE
ITPOBOAHMK «[I» B rHe310 Havana Mojieltd JIMHHH A3. B pesyibraTre cpaboTaeT MrTHOBEHHAS TOKO-
Bas OTCeYKa M ITOBpeXAeHHas MHHHA JI2 (Momems MHHHH A3) OTKIIOYHTICS OT HCTOYHHKA
ITHTaHHA BEIKITIoUaTeneM Q2 (KoHTakTopoM Al3). Bropas cBepXy KpacHas jlamiia B Onoke A8
ITOraCHET.

C HHIUKATOPOB H3MepHTeld Pl cunTaiiTe 3HaUEHHE TOKAa KOPOTKOI'O 3aMBIKAHHSI M BpeMSI
PalOoTEI 3aIlHTHL

BrIHETE TIPOBOAHHUK «I1» M3 THE3/A.

HaxMiTe BTOPYIO CBEpXY KHOIIKY ITOCTa YIIpaBlIeHHI A7. B pe3ynbTare BKIIIOUHTCS BEI-
KkimroyaTenns Q2 (koHTakTop Al3) 1 Ha muHHIO JI2 (Mozems miHHH A3) BHOBE OyAET IOJaHO HaIIpSsI-
KeHre. OO0 aroM OyJIeT CHTHAIM3HPOBATh 3arOpeBIIasaca BTOpas CBEPXY KpacHas jJaMria B OJI0Ke
AS.

CMOIEIHPYHTE KOPOTKOE 3aMBIKAHHE Ha JIMHHUH 3JIeKTporiepegaun JI1. /{1 yero BOTKHITE

AOKYMEHT NOAIMCAH A2. B pesyibpTaTe cpaboTaeT MaKCHMaIbHAs TO-

SNEKTPOHHOWM NOANUCHIO
Tepenaun JI1 (Momenp THHHH A3) ¢ BRIIEPKKOH

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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BpPeMeHH OTKIIIOUHTCS OT HMCTOUHHKA IMTaHHA BeIKITIOYaTeneM Ql (koHTakTopoM A4). Ileppag

CBEPXY KpacHas 1amiia B Or1oke A8 IOracHer.

C HHAHKATOPOB H3IMCPHTCIIA Pl cumMranTe 3HaUeHHe TOKa KOPOTKOI'O 3dMbIKAHHA H BPEMA

pﬂﬁﬂTLI SAITTHTHI.

BRIHBTE ITPOBOJHHK «II» 13 rHe3ma.

Ilo 3daBCPHICHITH SKCIICPHMCHTAa OTKIIIOHIITE

BRIKIFOUarens «CET b» msMepurernsa Pl.

oJHoda3HbIIT

HCTOUHHK TIIHTaHHUAI Gl H
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Codeporcanue omuema:
OT4YeT JOIKEH COMEPKaTh:
1. Haszeanrie padoTHI,

2. Llens paborHl,

L T I R

[NOKYMEHT NOANWUCAH
SNEKTPOHHOM NOANUCHIO

CepTtudmkar:
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AHA H MaTCPHAIIOB,



6. BeruricneHnsa H o6paborka pes3yiIbTaToB,

7. BBIBOJIBL

Konumpononsie eéonpocet:

1. Buapl TOKOBBIX 3all[HT, HX KpaTKas XapaKTepPHCTHKA H OTJIHYHE APYT OT ApPyra.
. [TpuHIrum gefcTBHS H CeJIEKTHBHOCTE MT 3.

. Be16op TOKa cpabareiBania MT 3.

. Be1Gop BeIziepKKH BpeMeHH MT3.

. Cxema JBYX(pazHoH TpexpeneiHoil M T3 ¢ He3aBHCHMOH BBIJIePKKOH BpeMeHH.
. Cxema JBYX(pazHOH TpexpeneiHoil MT?3 ¢ 3aBHCHMOH BEIJIe PAKKOH BPeEMEHH.

. CormacoBaHHe 3aIlHT IO UYBCTBHTCIIbHOCTH.

. IpuHippm gencteusg TO.
10. MraoBeHHBbIe TO Ha JIHHHSIX ¢ OHOCTOPOHHHM ITHTAHHEM.
11. TO ¢ BRIAEPKKOH BPEMEHH.

12. TO ¢ GIOKHPOBKOH IT0 HAITPSKEHHIO.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Jabopamopran paboma Ned. Mooenupoesarue oughheperuuansHou 3aiumsl TUHUU

JleKmponepeo auu.

Ilens padomsr: N3ydeHne ycTpolcTBa, IIPHHITHIIA JeHCTBHA H cXeM JH ) pepeHIHaIbHOH

3alllHThI JOTHHH 3JICKTPOIICPE 4.

OcHoO6bI meopuu:

Ha mHISIX OTXOMAIMX OT IIIMH 3JIEKTPOCTAHIIHMI MM Y3IOBBIX ITOACTAHIHI, YacTO ITO
YCIIOBHSM YCTOHUHBOCTH TpeOyeTcs oOeclieunTh OTKIIIOUeHHEe K3 B ITpeiernax BCeH 3allIaeMO
THHHN 03 BBEIEPAKKH BPEMEHH. OTO TpeOOBAaHHE HEJb3S BBIIIOTHUTE C IIOMOIINBIO MIHOBEHHBIX
TOKOBBIX OTCEUYEK, 3aIlMINAFOIHX TOIBKO YaCTh JIMHHH. KpoMe TOro, OTCEYKH HEITPHMEHHMEI T10
YCIIOBHIO CENEKTHBHOCTH, Ha KOPOTKHX JIDII, rae Tokn K3 B Havane U B KOHIIE JIHHHH ITPHME PHO
OJMHAKOBBL. B 3THX CIIy4asX HCITOIL3YIOTCA JH(PepeHIHanbHble 3anMThI (/[3), o0ecrneunBaro-
II[HHe MTHOBEHHOE OTKIIOUeHHe K3 B mOOOH TOYKe 3all[HINAeMOI'0 VYAaCTKa H HE JEHCTBYIOIIIE
1mpH K3 3a ImpegenaMu 30HEL JeHCTBHA.

JInddepeHIambHBIE 3aIHTEI ITOAPA3IEIISIOTCS Ha: ITPOJOIbHEIE — JUIS 3aIIHT KaK OJH-
HapHBIX, TaK U MapalIeIbHBIX JIMHHIL, TIONEPEYHBIE — IS 3aIlHTHl TOIBKO ITaparlielh HbIX JIHHI.

M3MepHTeIbHBIH OpraH ITPoJOoIbHOH JH(P(epeHIIHATIEHOH TOKOBOH 3al[HMTH BKIFOYAETCS
Ha pa3sHOCTh TOKOB ITO KOHI[aM 3aIl[MII[acMOro 0ObeKTa

B pene 3aiurel MpoOXOoaHT TOK Ip, paBHBIN PazsHOCTH BTOPHYHBIX TOKOB H3MEPHTEILHBIX
TpaHcpopMaTopoB Toka TAl u TA2 112 u 122. [Ipn BHeIHeM KOPOTKOM 3aMbIKaHHH B TO4kKe K2
TOKHM I1 1 I2 110 KOHI[aM 3a1HIacMoro 00rseKTa OAHHAKOREL, H TOK Ip =112 — 122 nmpuHIpOIHAIEHO
paBeH HYIFO. [IpH KOPOTKOM 3aMBIKAHHH Ha 3aIliIracMoM OOBEKTE B TOUKE K1 B pene 3ammThl
IIPOXOJNT IMPAaKTHYEeCKH apH(METHYECKAS CYMMa BTOPHYHBIX TOKOB KOPOTKOI'O 3aMBIKAHHS OT HC-
TOYHHKOB ITHTaHHgI 5C1 u 3C2 u 3ammra cpadarkeBacT. TeopeTHYeCKH TOK cpabaThkIBaHH S 3a-
IITUTHI MOT OFI OBITH PaBeH HYIIFO. OJIHAKO, €CIIH YUHTHIBATh HAIIMYHE ITOTPEITHOCTENH H3ME PHTETIh-
HBIX TPaHC(OPMaTOPOB TOKA 3AI[HUTHL, TOK B Pelle 3aIl[HThI IIPH OTCYTCTBHH KOPOTKOI'O 3aMbIKAHHS
Ha 3aIlHInacMoM OOBEKTe paBEH TOKY HebamaHca, 3HaUeHHE KOTOPOro TeM OOIbIle, YeM OOIIBIIIE
TOK B IIEPBHYHBIX 0OMOTKaX TpaHCPOpMaTOpPOB TOKa. IIoaToMy TOK cpaOaThIBaHHS 3aIHTEI OT-
CTpanBaeTCs OT TOKa HeballaHca, HMEFOIIET O MECTO IIPH MAaKCHMaIbHOM TOKE, IIPOXOJIAIIEM UepES3
3alHIaeMbIH OOBEKT IIPH BHEIHeM K3:

[IpH nmogaye HaIpsKeHHSI Ha CXeMY 3aropaeTcs 3eneHas curHanpHad namria HLGI. TIpu

NIOKYMEHT NOANWUCAH
SNEKTPOHHOW NOANMCHIO cs KOHTaKTOpel KM 1 1 KM?2 u Ha 3a1amnaeMyro

Ceptudmrar:  12000002A633E3D113AD425FB50002000002A6

HBIe cHrHanbHbeIe naMiel HLR1 n HLR2 | momny-
Bnapeneu: lLebayxoea TatesaHa AnekcaHgpoBHa

TBETCTBEHHO. 3eqleHad cHrHaIbHag JanmIia HLL.G1
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Ceptuchukar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

racHeT. IIpH OTITyCKaHMM KHOIIKH SB1 OOMOTKH KOHTaKTOPOB ITOIYYAIOT IHTAHHE Yepe3 HOp-
MaJIbHO Pa3OMKHYTBIH KOHTAKT 3TOro KoHrakropa KM1.1.1Ipu Haxkatmi Ha KHONIKY SB2 KOHTak-
Top KM1 1 KM?2 orximrovaercs. HarpspkeHue ¢ IMHHH CHHUMaeTCsa. KpacHbIe CHTHAJIBHBIE JIAMITBI
TaCHYT, 3€JIeHAas 3arOPacTCs.

[Ipu xopoTkoM 3aMbIKaHHH B T.K 1 0OMOTKa pelle ToKa, BKIIIOUeHHAS HAa Pa3sHOCTh TOKOB B
Hayajle M KOHIIE JIMHUH, ITOIy4YaeT IMTanie, H KOHTakT KAl.l TOKOBOro pene pa3sMbIKaeT eI
ITHTaHHN I KOHTakTopa KMI.

[Ipn KOopoTKOM 3aMBIKaHHH B T.K2 TOKH B Hayaje H KOHIIE JIMHUH OJHHAKOBEI, Pa3HOCTH
3THX TOKOB Malla, TOKOBOE pelle He cpadaTriBaeT. TakiM oOpa3oM, 3alluTa JeHCTBYET TOIBKO ITPH
K3 Ha 3alMIIacMOH JIHHIH.

[Ipu MCUE3HOBEHHH HAITPSDKEHHS IMMTAIOMEN CETH KOHTAKTOPHI OTKIIrOUarorcs. [1pu Boc-
CTAaHOBIIEHMH HAIIPSDKEHIS B CETH KOHTAKTOPEI OCTArOTCSA OTKIFOUEHHEIM. B 3KCIIEpHMEHTE pac-

CMDTPEHI—[&Iﬁ AJI'OPHTM PEAJIH30BdH Hd OCHOBC ITPOI'PAMMHPYEMOI'O KOHTPOJLIICPA.

YKkazanue no mexHuke de3onacHocmu.
YKazaHH 110 TeXHHKe 0e30I1aCHOCTH ITPH BBOTOJIIHEHHH HﬂﬁﬂpﬂTﬂpI{BIX pﬂﬁGT ITPHBCACHDBL

B ITPHIIOKEHHE A.

VKazanusa no 6uinoiHeHUuo 1adopamopHoi pabomel:

YOemuTeCh, YTO YCTPOHCTBA, HCITONB3YEMbBIE B 3KCIIEPHMEHTE, OTKIIFOUEHBI OT CETH 3IIEK-
TPOITHTAHH 5.

CoeIHHNTE THe3/1a 3aIllUTHOr O 3a3eMIIEHHS  YCTPOHCTR, HCIIONIB3YEMBIX 3KCIIEPHMEHTE, C
rHe3gaoM "PE" ogHo(a3zHOro HCToUHNKa ITHTaHHI Gl .

COEeIHHNTE aImapaTypy B COOTBETCTBHH CO CXEMOH 3IEKTPHYECKOH COEIHHEHHH.

OTKIro4YHTe (eCIIH BKIIIOYEH) BRIKIIFOYATEb A9.

YCcTaHOBHTE IIepeKIroYarelleM jKellaeMOe 3HadyeHHe Ko3((pHifeHTa TpaHC(OpPMAIHH
TpaHcopMaTopa Al, HarpumMep, 1.0.

YCTaHOBHTE KelacMBIe ITapaMeT PRI IIHHHH 3MeKTporepegadud JI, HarmpuMep, 100 Om 1 0,2
['H, a TaKKe MeCTO PacItOIOKEHNSI Ha HEH TOYKH KOPOTKOI'O 3aMBIKAHUS, HAIIPHMED, B CEPEIHHE
JTHHUA. 1715 3TOr0 MEPEKIFOYATENISIMH YCTAaHOBHUTE ITapaMeTPhl MOJIEJIEHN JINHUHM 3IIEKTPOIEpeayui
A2 u A3 paBHeiMH 50 Om 1 0,1 T'H.

YcTaHOBHTE KellaeMBIH TOK cpadaTtemBaHid pejie AlO, Harmpumep, 1,0 A.

[OKYMEHT MOAMMCAH
3NEKTPOHHOW MOANMCHIO purens P1.

IPLKCHITA Hd €I'0 BBIXOAC JOIKHA CHI'HAIIH3HPO-

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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BxmrounTe BEIKITOUATeNnb A9. B pesynbrare 3aropHTCcs 3eJIeHasd nama 0ioka AS. CHTHa-
TH3HPVIOIIAs O IT0Jaye ONEPAaTHBHOIO HATIPSKEHHSL

BKIFOUHTE KHOIIKY «ITYCK» ITOCTa YIIpaBIeHHsS A7/. B pe3ynbTaTe BKIIFOYATCA KOHTAKTOPEI
A4, Al3 (BeixmrouaTteny Q1, Q2) u Ha Mogeny mHHHH A2, A3 (muamro JI) OyneT mojgaHo HaIlps-
KeHHe. OO0 aToM OyAyT CHTHAIHM3HPOBATE 3arOPeBINHECS KpacHBIe 1aMIlbl B Omoke A8. 3eneHasd
namiia B Ol1oke A8 ITOracHeT.

CMOIEIIHPYHTEe KOPOTKOE 3aMblKaHHe K1Ha ymHNH a3iaekTporiepegadyn JI. JInsg dyero Bo-
TKHHUTE ITPOBOAHHK «II» B rHe3m0 Mexay momersaMi JTHHHA A2 1 A3. B pesyinbrare cpaboraer
TH( (pepeHIHaIbHAS 3aIHTa H IToBpeXAcHHAas THHH JI (Momenu muHmi A2, A3 oTKIrOUHTCA (OT-
KITFOYaTCS) OT HCTOYHHKA IMHTaHH S BeIKITrodaTersiMH Q1 1 QI (konTakTopamu A4 u Al13). Kpac-
HEBIE JTaMITEI B O710Ke A8 ITOracHYT, a 3eJIeHas JJaMIla 3ar OPHTCSL.

C mHauKaTopoB usMepHuTelsd Pl cuntanTe 3HaUEHHE TOKA KOPOTKOI'O 3aMBIKAaHHS H BPEMS
PalOTEI 3aIlHTHL

BrIHbTE IMPOBOIHUK «11» 13 rHe3/a.

CMoJeIIHpoBaTh KOPOTKOe 3aMbIkaHHe K2 Ha koHIle JIMHHH JI (BHEe 30HBI JeiiCTBHS JH(-
(pe peHIHATIFHOMH 3amuThl). J[715 4ero BOTKHYTh IMPOBOTHHK «II» B rHe37m0 «1» BeIKIIOUaTens Q2
(koHTakTOpa Al3). Yoemurhcs, uro guddepeHIHaIbHaI 3alHTa B JIeHCTBHI He TTPHXOHT.

CylTarh 3HAYEHHE TOKA KOPOTKOI'O 3aMBIKAHH ST

BEIHYTE IIpOBOAHHUK «II» M3 rHe3/a.

[To 3aBepmIeHHN SKCIIepHMEHTa OTKJIFOYHTE OJHO(pAaRHBIH HCTOYHHK ITHTaHHA G 1 BRIKIIIO-

yatenb « CEThy» msmepurens Pl.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
22



Codeporcanue omuema:
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OTYeT JOIKeH COHOCPAKATh.
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3
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K OHMPOJIbHBIE 601NPOCHL.

. BEIBOJIEL.

. Hazpanme paborhI;

. Llenp paborTHI;

. Ilopsagok BEITTOITHEHHS PabOTHI,

. KpﬂTKHE TCOPCTHYCCKIC CBCACHI A,

. Berunciienns u o6padorka pesyibTaToR,

. OnHcaHHe HCITOJIIB3YEMOI'O Gﬁﬂp}’I[DBﬁHHH H MaTCPHAJIOB,

1 . KaxoBBI IMPHHIMIT JeHCTBHI H 00JIacTh IMpHMeHeHHS JH(depeHIIHAIEHOH TOKOBOH 3a-

II[UTEI JINHHH 3JIeKTPOoIIepeJaun?
2. Kakoro HasHauYeHHe 3JIEMEHTOB PEIIEHHOH YacTeH 3aIl[UTh?

3. AnropurM paOoTEI 3alMTEI ITIPH K.3. Ha 3arpamacyMon JISIT ?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
12000002A633E3D113AD425FB50002000002A6

lLleBayxoea TateAHa AnekcaHapoBHa

CepTtudmkar:
Bnageneu;
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Jlabopamopran paboma Ne5. Moodenupoesatie oughhepeHunanbHoU 3amiumsl mpanc-

gopmamopa.

Ilens padomsr: N3ydeHne ycTpolHcTBa, IIPHHITHIIA JeHCTBHA H cXeM JH}(epeHIHAILHOH

3aIllHTHI CHJIOBOI'O TPaHC(opMaTopa.

OcHOo6bL meopuiL:

J[11s1 31U THL TPaHC() OpMAaTOPOB OT KOPOTKHX 3aMbIKaHHH (K3) Mexmy (dazami, Ha 3eMIIO
H OT 3aMBIKaHHI BHTKOB OJHOH (pa3bl IMIMPOKOE paclipocTpaHeHHe IONYYrIa JudQepeHIanbHas
3aruTa. [ IpuHIp JefcTBH JH(depeHITHAIFHOH 3alUTE TPaHC(POPMaTOPOB, TAKXKe KaK H JH(]-
(pe peHILIHaIIEHOH 3aIl[HThI THHHH H IIIHH, OCHOBAH aH CPaBHEHHH BEIIHYHHEL H HAITpaBIIEHHS TOKOB
JI0 H TIOCJIE 3aIlMIIaeMOr0 3JIeMeHTa (B JJaHHOM clIydae TpaHcopMaropa). IIpu BHemmHeM K3 1
Harpy3Ke TOKH ¢ 000HX KOHIIOB TPaHC(popMaTopa HaIlpaBJIEHHEI B OAHY CTOPOHY, H HAXOSICS B
OIpeIe]IeHHOM COOTHOIIEHHH, PaBHEIM KO3 (QHIIHEHTY TpaHCchOopMalHH TpaHcpopMaTopa. 1Ipu
K3 B TpaHc(opMaTOpe TOKH HaIlpaBJIeHEI BCTPEYHO OT IIHH K MeCTy ITOBPeXkIAcHHSI. B meproM
clIydae 3aIlfiTa He JONKHA JeHCTBOBATh, BO BTOPOM — JOJIKHA padoTarhk. C y4eTOM 3TOIO H BHI-
TTOTTHSAETCS CXEMa 3aIl[HTHI.

M3MepurenpHbIe TpaHC(OPMATOPE TOKA, ITHTAIOIHE CXEMY, YCTAaHABIIHMBAIOTCS ¢ 00eHX
CTOPOH 3allfHII[aeMoro TpaHc(opmaropa. JH(QepeHIHaIbHOE pejle BKIIIOYAETCS ITapaluIelbHO
BTOPHYHBEIM OOMOTKaM TpaHC(OpMaTOpOB ToOKa. /[ Toro, 4roOkl 3ampTa He paboTaaa IIpH
Harpy3ke H BHeIIHHX K3, HeoOXOAHMO YpaBHOBECHTh BTOPHYHEBIE TOKH B IlJIeYax 3all[UTHI Tak,
yTOOKI TOK B Pelle, PaBHBINH HX Pa3sHOCTH, OTCYTCTBOBAJ. OTO SBISIETCS YCIOBHEM CEIEKTHBHOCTH
3AIIMTEI IIPH BHEIHNX K 3.

B muddepeHiais HOH 3aIliTe THHIHA IIEPBHYHBIE TOKH B HaYalla H B KOHI[€ 3al[HINaeMOIr 0
y4JacTKa OJHHAKOBEI, IIO3TOMY JUIS BEITIOTHEHHS YCIIOBHS CEJIEKTHBHOCTH JOCTaTOYHO HMETh Pa-
BEHCTBO KO3(p()HIHEHTOB TpaHC(OpMaIlHH TpaHc) opMaTOpoB ToKa. MHOe ImoltokeHHe HMeeT Me-
cTO B JH(PepeHIIHAILHON 3allliuTe TPpaHC(OpMaTOpoB. [lepBHYHBIE TOKH OOMOTOK TpaHC(OopMa-
TOpa HE PaBHEI 110 BEJTHYHHE H B OOMIEM CIIy4ae He COBIAJAIOT IO (a3se.

B tpaHcopMaTOpe ¢ coefHHEHHEM 00OMOTOK 3BE3/a-TPEYTOJIbHHK IIEPBHYHEIE H BTOPHY-
Hble TOKH OTJIHYAIOTCSA ITO BeJIMYHHE H (pa3ze. B TpaHchopmaTope ¢ coelHHeHHeM 0OMOTOK 3Be3/1a-
3Be3/la TOKH Pa3IHYarOTCS TOJIBKO IO BEIIHYHHE.

BrIpaBHHBaHHE IEPBHYHOIO H BTOPHYHOI'O TOKOB 3allHINAeMOro TpaHc(hOopMaTopa C Co-

AOKYMEHT MNOATMCAH a3e OCVIIECTBIISIETCS COeIMHEHIEM B TDEVTONIb-
SNEKTPOHHOW NOANUCHIO Y A beyt

Ceptudukar:  12000002A633E3D113AD425F B50002000002A6

id, YCTAaHABIIHBACMBIX CO CTOPOHEBI 3BC3bI CHIIO-
Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

5HHK OOMOTOK TPaHC()OPMAaTOPOB TOKAa JOJDKHO
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TOYHO COOTBETCTBOBATH COSAHHEHHIO B TPEYTOIbHHK OOMOTOK CHJIOBOIO TpaHc(]opMaropa.
TpaHcpopMaTOpEI TOKa, PacIIONOKeHHEIE Ha CTOPOHE TPEYTOJIbHHIKA CHIIOBOTO TpaHCc(opMarTopa,
COEIMHSIIOTCS B 3BE3MY.

BrIpaBHHBaHHE BEIIHYHH BTOPHYHBLIX TOKOB B IDIeYaX AH(P(epeHIHAIILHOH 3aIlHTHI JI0-
CTHTaeTcs MoJ0opoM Ko3((HIHEHTOB TpaHC(opMaIHH TpaHc(hOpMaTOpPOB ToKa JH((pepeHIH-
aITbHO 3aIIHTHL H ITapaMeTPOB CIEIHATbHO JJIS STOH IIeJIH YCTaHAaBIHBacMBIX TPaHC( OpMaTOPOB
HJIH aBTOTPaHC(OPMaTOPOB.

BemmunHa ToKa HeOanaHca B JH((epeHIHAILHOH 3al[HTe TPaHC(POPMATOPOB OKa3hIBa-
eTcsI OOBIYHO OOIBINEH, YeM B JH (D PepeHIHAIbHOH 3allHTe JTHHHH H IITHH, YTO 00BSICHSIETC S HAIIH-
YHeM JOIOIHHTEIIbHBIX COCTABIISIOIIIX B TOKe HeOanaHca. Eme ogHHM (paKTOpOM, BIHSFOIIIM
Ha padory nuddepeHIHaTbHOH 3alHThI, SBIISIOTCS OPOCKH TOKAa HaMarHHYHBAaHHS ITPH BKIIIOUE-
HHH TpaHc(popMaTOpa IT0, HaIllpsKEHHE.

[IprMeHeHne OBICTpOHACHIIANHXCI TpaHcpopMaTopoB (BHT) 1M03BONSET BEIITOITHHTE
IIPOCTYIO H OBICTPOIEHCTBYIOLIYIO JH(p(epeHIHAILHYIO 3allHTY, HaJeKHO OTCTPOEHHYIO OT TO-
KOB HeOarmaHca M OpOCKOB TOKOB HAMArHHYHBAHH .

B muddepeHImanbHbIX 3al[HTaX, YCTAHOBIIEHHBIX Ha TpaHc(popMaTopax ¢ peryIHpOBa-
HHEM HaIpsDKeHHS IMOJ Harpy3KOH HIIH MHOIOOOMOTOYHBIX TpaHC(opMaTopax ¢ HeCKOIbKHMH
ITUTArOIMMI OOMOTKaMH, TOKH HeOalaHCa B YCTAHOBHBIIEMCS PEKHME HMEIOT 3HAUHTEIBHYIO
BEIIHYHHY. B 3THX cinydasx gudQepeHIanbHas 3aluTa ¢ pele, BKIoYeHHBIMH Yyepe3 BHT, mo-
Ty4aeTcs MalIOYyBCTBHTEIbHONH. UyBCTBHTEIBHOCTh AH( (PepeHIMaIbHOH 3al[HTEl B YKa3aHHBIX

CITy4astx MOKeT OBITh ITOBBIIIIEHA ITyTEM ITPHMeHE HUS JH( (P epeHIIHAIIBHBIX Pelle ¢ TOPMOKEHHEM.

S — :
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AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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B maHHOM 5KCIIepHMEHTEe MOJEIHPYeTCS TpaHcpopMaTop (CM. pHC), OOMOTKH KOTOPOTO
MOI'YT HMETh CXEMY COSHHHEHH S 3BE3/[a-3BE3/0a HIIH 3Be3/1a-TPEYTOIbHUK. OIHa CTOPOHA TPaHC-
(opMaTOpa MOAKIIYEHA K HCTOUHHKY ITHTAaHHS, Ipyras — K Harpyske. C o0eHX CTOPOH TpaHC-
(popMaTOpa BKIIFOYEHBI H3MePHTEeIbHEIE TPaHCPOPMATOPBI TOKA H TPEXITONMKOCHEIE BBIKITFOYATE TH.
CyIecTBYeT BO3MOKHOCTh YCTpaHBaTh KOPOTKHE 3aMbIKaHHS Ha BEIBOJAaX TpaHCc(popMaTopa H Ha
IITHHAX HaTrpy3KH.

Ha KOMITEFOTEPE ¢ ITOMOIIBIO CIIELHAILHOH IIPOIrPaMMBbl MOJIEIIHPYETCS JH( Qe peHIHAIIb-
Has 3aIl[iTa TpaHCc()OpMAaTOpa. 3allTa HaCTpaHBAeTCs IO/ HY’KHOE COeHHEHHE H HallpsDKeHHE
00OMOTOK CHJIOBOTO TpaHc(opmaTopa. TaksKe 3al[HTa MOXKeT padoTaTh ¢ TOPMOKEHHEM OT TOKa
BHelmHero K3 wm 6e3 Hero. [1pH cpabaTeIiBaHHH 3all[HTa BO3AEHCTBYET Ha 00a BEIKIIIOUATEIIS.

[Ipu mpaBHIIEHO COOPAaHHON CXeMe H KOPPEKTHO BBIOPAHHBIX YVCTAaBKaX 3alllUTa JOIKHA

CpﬂﬁﬂTHEﬂTL IIPH 3aMbIKdHHH B €€ 30HC IEHCTBHS H He JOIKHA JcHCTBOBATH ITPH K3 Ha BEIBOZIAX

HaIPy3KH.

YKkazanue no mexHuke de3onacHocmu.
YKazaHH 110 TeXHHKe 0e30I1aCHOCTH ITPH BBOTOJIIHEHHH HﬂﬁﬂpﬂTﬂpI{BIX pﬂﬁGT ITPHBCACHDBL

B ITPHIIOKEHHE A.

VKazanusa no 6uinoiHeHUuo 1adopamopHoi pabomel:

YOemuTeCh, YTO YCTPOHCTBA, HCITOIIB3YEMbBIE B 3KCIIEPHMEHTE, OTKIIFOUEHBI OT CETH 3IIEK-
TPOITHTAHH 5.

CoeIHHNTE THe3/1a 3aIllTHOrO 3a3eMIIEHHS YCTPOHCTB, HCIIOJIb3YEMBIX B SKCIIEPHMEHTE,
¢ THe3aoM "PE" ogHO(da3HOro HCTOUHHKA MHTaHHI Gl .

COEIHHNTE aImapaTypy B COOTBETCTBHH CO CXEMOH 3IEKTPHYECKOH COEIHHEHIH.

OTKIro4YHTe (eCIIH BKIIIOYEH) BRIKIIFOYATEb A9.

YCcTaHOBHTE IIepeKIroYarelleM jKellaeMOe 3HadyeHHe Ko3((pHifeHTa TpaHC(OpPMAIHH
TpaHcopMaTopa Al, HarpumMep, 1.0.

Y CTaHOBHTE KellaeMble TTapaMeTPphl IMHHH 3MIeKTpornepegayun JI, Hampimep, 100 Om 1 0,2
['H, a TaKKe MeCTO PacITOIOKEHNS Ha HEH TOYKH KOPOTKOT'O 3aMBIKAHUS, HAIIPUMED, B CEPEIHHE
JTHHUA. 715 3TOr0 MEePEKITIoYaTeIsIMI VCTAHOBHTE ITapaMeTPEI MO EIeH JIMHIH 3IIeKTPOoIepeayun
A2 u A3 paBHeiMH 50 Om 1 0,1 T'H.

YcTaHOBHTE KellaeMBIH TOK cpadaTemBaHnd perne AlO, Harmprmep, 1,0 A.

AOKYMEHT MOANUCAH 1rens Pl
SNEKTPOHHOW MOANUCHIO |
Ceptudpukar: 12000002A633E3D113AD425FB50002000002A6

IPsLKCHIS Ha €10 BRIXOJAC JOIIKHA CHI'HAJIH3HPO-
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
26



BxmrounTe BRIKTFOUATEIh A9. B pesynbrare 3aropHrcs 3eneHas namma O1oka A8, CHTHa-
JTH3HPVIOIIAS O IT0JaYe OINEPATUBHOIO HAIIPSIKEHHAL.

Haxxmure 1mociaemoBaTelbHO JABE BEPXHHE KHOIIKH ITOCTa yIpaBiaeHHS A7. B pesyierare
BKJIFOUaTcsI KOHTAKTOPhI A4, Al3 (Beikmrouatenn Q1, Q2) u Ha mojenu MHHHH A2, A3 (JIHHIIO
JI) Oynet rogaHo HanpshkeHHe. OO0 3ToM OYAyT CHIHAITH3HPOBATh 3ar OPEBINHECS KPaCHbBIE JIaMIIbI
B Ommoke A8. 3eneHas nmaMria B O6110Ke A8 ITOracHET.

CMOIEIHMPYHTE KOPOTKOE 3aMBIKaHHE Ha JIMHUH 3JIEKTporiepenayn JI. J[J1s1 4ero BOTKHHUTE
IIPOBOTHHK «II» B rHe37M0 Mex Iy MoaesIMH JIMHHI A2 H A3. B pesynbTaTte cpaboTtaeT gudde-
PEeHIIHaIbHas 3all[HTa H IToBpeXaeHHas JIHIA JI (Momerm mHui A2, A3) OTKIIOYHTCS (OTKIIIO-
yaTcs) OT HCTOYHHKA ITHTaHHI BEIKoYaTtesaMH Q1 u Q2 (konrakropamu A4 n Al3). KpacHblie
J1aMITel B O710Ke AS IIOTaCHVT, a 3eJIEHas JTaMIla 3arOPHTCSL.

C mHauKaTopoB usMepHuTelsd Pl cuntanTe 3HaUEHHE TOKA KOPOTKOI'O 3aMBIKAaHHS H BPEMS
PalOTEI 3aIlHTHL

BrIHbTE IMPOBOIHUK «11» 13 rHe3/a.

[To 3aBepieHHH 3KCIIepHMEHTa OTKIIOYHTE OJHO(pa3HBIH HCTOYHHK ITHTAaHHSI Gl H BEI-

Knrouarells « CEThy usMepurens Pl.

c A Q1 (KM1)  TA1

T ?{K” TA2 Q2 (KM2) ? -
| l ~ A2 A A2 A
@ I| K 2 { Ej :: / i B 2 1 /
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SNEKTPOHHOW NOAMUCHIO
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Codeporcanue omuema:

OTYeT JOIKEH COMEPKATh:

1. HazBaHme palorHI;

2. Ilens paborHr,

3. Kparkue TeopeTHUYECKHE CBEACHI,

4. OrrcaHIe HCITONB3YEMOro 000PY10BaHH S H MaTEPHAIIOR,
5. Ilopsapok BeIOIHEHHS PalOThI,

6. Beruniciiennsa u o6paborka pe3yibTaToR,

7. BBIBOJIHL.

K OHMPOJ/IbHbIE 60NPOCHL.

1 KakoBBI IIPHHIMMII JEHCTBHSI H 0ONacTh IIPHMEHeHHS IH(Q(PepeHIHAaTbHOH 3alHTh

TpaHc(popMaTOopa?
2. KakoBO HasHauYeHHE 3JIEMEHTOB PEIEHHOH YacTeH 3aI[HThI?

3. AnropurM paOoOTHI 3allHTHL IIPH K.3. Ha 3all[HIIacMoM TpaHc(popMaTope ?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Jlabopamopras padoma Nob. Toxko6aa HaANpaeIeHHAA 3a{iLma JTUHUIL JTIeKmponepe-

0aull 6 KoJible6oil cemil.

Ilens pabomsr: O3HAKOMIIEHHE CTYAEHTOB C IIPHHI[MIIOM JEHCTBHSI, CXEMOH H BEIOOpPOM

YCTABOK TOKOBOH HAaIIpaBJICHHAA 3aIllITa T HII JJICEKTPOIICPEdaH B KOJIBI[EBOH CETH.

OcHO6bl meopuu:

3armra, JeHCTBYIOIIAs TOIBKO IIPH OMpPeAelIEHHOM HallpaBIEHHH (3HAKe) MOIIHOCTH KO-
porkoro 3amMeIkaHHg (K3), HazpIBaeTcsa HanpaBlneHHOH. HeoOXoqMMOCTh B ITpHMeHeHHH HallpaB-
JIEHHBIX 3aIIHT BO3HHKAET B CETAX C ABYCTOPOHHHM ITHTAHHEM. 3all[HTa B 3THX CETSIX HE TOIBKO
pearHpyeT Ha ITOSBIIeHHEe TOKa K3, HO M mIg obecrieyeHHS CEIeKTHBHOCTH TAKKE YUHTBIBAET
HaITpaBJIEHHE MOIMHOCTH K3 B 3alyImaeMoH IHHHH (HHa4Ye TOBOPS, (pa3y TOKa B JIMHHH OTHOCH-

TeJIbHO HAITPSDKEHHS Ha IIIHHAX).

G G

UL, Q1 KI{ Q2 U2 U3, Q3 KZ{ Q4 U4
C ‘ L1 H L | L3 \ C
S 52

<O O

B ceTsx ¢ ABYCTOPOHHHM ITHTaHHEM (CM. PHC) H B KOJIBIIEBEIX CETSX HAIlpaBIeHHE TOKA H
MOIIMHOCTH K3 3aBHCHT OT MecTa BO3HHKHOBEHHS IIOBPEXKIcHH . Harpumep, ImpH KOPOTKOM 3a-
MBIKAaHHH B TOUKe K2 yepes 3allUTy Ha BRIKIIrOUYaTesae Q3 MpOXOAUT TOK B HAITPABIIEHHH OT IITHH
ITOACTAHI[MI 3 K MeCTY ITOBpeXIeHNS. [IpH KOpoTKOM 3aMBIKaHMH B TOuke K1 depes 31y XKe 3a-
IIUTY IPOXOAHT TOK B ITPOTHBOIIOIOKHOM HAIIPABIIEHHH.

EcCIH IIpHHATE, YTO B IIEPBOM CIIYYae TOK KOPOTKOI'O 3aMBIKAHHS OTCTAET OT HAITPSDKEHH S
U3 Ha muHax MOACTAHIMH 3, a MOIITHOCTh K3 ITONMOKHTEIbHA H HAIIpaBJIeHa OT IIHH B JIHHHIO, TO
BO BTOpPOM ciry4dae TOK K3 caBHHYT Ha 1800 OoTHOCHTEIBHO TOKA K3 B IIEPBOM CIIy4ace, a COOTBET-
CTBYIOII[As 3TOMY MOIIHOCTE K3 oTpHIilaTenbHa H HaIlpaBlcHa M3 IMHHHU K IIMHaM. Taknm obpa-
30M, HaITpaBIIeHIEe MOITHOCTH K3, IIpOXOAAIIeN 10 JIHHHH, XapaKTepH3YET, I'e BOZHUKIIO TIOBPEe-
KJIEHHE. Ha 3allUIIaeéMOH JIMHUH IIH HA JPYTHX IIPHCOEIMHEHHSIX, OTXOISIIHX OT IIHH JaHHOH
TTOACTAHI[HH.

OTO OOCTOSATENBCTBO HCIIOIB3YETCS B HAIIPABIIEHHOH 3allHTe, KOTOPAas IO 3HAKY MOIIHO-
CTH OITPEAEIISIET, Ha KAKOM ITPHCOEAHHEHHH BO3HHKIIO ITOBPEKIeHHE H AeHCTBYET TOIBKO IMpH K3

Ha 3alTHIITaCMOM YVHda CTKE.

ONOKYMEHT I:ID,HI'IMCAH _
ANEKTPOHHOW NMNOANNUCHIO I1as Ha 3HAK MOIIHOCTH, A€HCTBYeT KaK IipH K3
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: LWebayxopa TateAHa AnekcaHgpoeHa CIX Hd JPYITHX ITPHCOCTHHCHI X, OTXOJAIIHX OT

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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IIIHH ITOACTAHIIH, I TAIOIIEH 3aIl[HINae MYIO JIMHHIO. [[03TOMY ITOIIVUHTE CelIeKTHBHOE OTKIIIOUE-
HIe K3 B CETSX ¢ ABYCTOPOHHHM ITHTAHHEM C IIOMOIIBIO ITPOCTOH TOKOBOH 3aII[HTEI, KaK ITPaBHIIO,
HEeBO3MOKHO.

Ha ocHOBaHHH H3JI0KEHHOTIO MOKHO C(POPMYIIHPOBATh CIEAYIOIIHE IIPHHITHITEL BEOTOTHE-
HHS CEJIEKTHBHOM 3aII[HTHI B CETSX C JIBYCTOPOHHHM ITHTAHHEM:

1. 3arura ycraHaBIHBAeTCSA ¢ 00X CTOPOH OT 3aIlMINacMON JTMHHH H JEHCTBYET IIPH
HaITpaBJIEHHH MOIIHOCTH OT IIIMH B JIMHHIO.

2. Beriep:KKH BpeMEHH Ha 3alHTax, padoTaroIMX ITPH OJHOM HaITpaBJIEHHH MOII[HOCTH,
IOJDKHBI OBITH COITIACOBAHBI MEXKAY COOOH IO CTYIIEHYATOMY IIPHHIIMITY C HapacTaHHEM IIO
HAIIPaBJIEHHIO K HCTOYHHKY ITHTAHHS, OT TOKA KOTOPOI'O JeHCTBYIOT PaCCMATPHBAEMEBIE 3AIIHTHL.

B maHHOM 3KCIIEpHMEHTE MOJAEITHPYETCS CETH C ABYCTOPOHHHM ITHTAHHEM, COCTOSIIAS H3
TpeX IocIIeJ0BaTEeIbHO COeJHHEHHBIX IIMHIH (CM. pHC.). K JambHHM OT HCTOYHHKOB ITHTaHH A IIIH-
HaM JTHHHHA L1 u L3 nmogxnroueHsl Harpyskd S1 u S2. Beikimrouaremn Q1 1 Q2 pacrionoKeHsI 110
KOHI[aM THHHH L1, Bemmroyarernn Q3 u Q4 — 1mo KoHI[aM THHHH L3. TOYKH KOPOTKHX 3aMBIKaHIHH
K1 u K2 Haxonpsarca B cepeanne miHui L1 1 L3 coOTBETCTBEHHO.

Ha xoMIIproTepe ¢ IIOMOIIBIO CIIEIHAILHOH IIPOrPaMMBl MOJIEIIHPYIOTCS YETHIPE TOKOBEIE
3aIIMTEI, KaKIas H3 KOTOPEIX BO3AEHCTBYET Ha OMHH M3 BRIKIIFOUaTenen Q1-Q4. 3aIiiThL, yIpas-
JISFOIIH E BRIKITFOUATEIsMH Q2 M Q3, MOI'YT MMETH OpraH HallpaBJICHHS MOIIHOCTH.

Ecm ycTaBKH 3al[UT BEIOpPAHBI IPABIIILHO, TO IIPH KOPOTKOM 3aMBIKAHHH OTKIIFOYAETCS
TOJILKO Ta JIMHHA, Ha KOTOPOH oHO BO3HHKIO (ImpH K3 B Touke K1 OTKIIOYAOTCS BRIKITIOYATEITH

Q1 1 Q2, mpu K3 B Touke K2 — Q3 1 Q4).

YKazanue no mexHuke d0e30nacHocmu.
YKa3aHH S 110 TeEXHHKe 0e30IIaCHOCTH ITPH BEOTOJIHEHHH HﬂﬁﬂpﬂTﬂpI{BIX paﬁn:rr ITPHECACHBL

B ITPHIIOKEHHE A.

VKa3aHua no 6sIno0JIHEHIUI0 1ADOPAMOPHOIL padomul:

YﬁEI[HTECB:, HTO YCTPGﬁCTEﬂj HCIIOIIb3YEMBIC B SKCIICPHMCHTC, OTKJIFOUCHBI OT CETH 3JICK-
TPOITHTaHH 4.

CoeauHHTe THe3aa « 1T K» uctounmka (Gl.

CoeIHHHUTE THe3[a 3alllHTHOI'O 3a3eMIIEHH yGTpDﬁGTE? HCITOIIB3YEMbBIX B 3KCIICPH-

MeHTe, ¢ THe3aoM « PE» HecTouHnKka G1.

AOKYMEHT MOANUCAH C AIIeKTDHYECKOIH CXeMOIl coeqHHeHHIL, 00 agd
3NEKTPOHHOW NOAMUCHIO P A >, O0Pall

Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

CXE HEMCPHTICIIBHEIX TPAHCPOPMATOPOB TOKA
Bnapgeneu: LleBayxoea TateAHa AnekcaHapoBHa My p P (1) P P
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IlepexmmroyaTem peXHMOB PaboThl TPEXITOIMFOCHBIX BRIKIOUaTenen A2, A4, A6, A8 ycra-
HoBHTE B IonoxkeHHe «ABT.», BeIkirouaTtenen Al0 1 Al 3 — B nmonmoxeHHe « PYUH.». HomiHamns-
HbIe HaIlpshKeHHS 0OMOTOK TpaHchopMaTopoB 0110KOB Al 1 A9 BRICTaBETE PaBHBIMH, HaIlPHMED,
230/230 B. IlapameTpsl ImHHHI 531ekTporiepenadd A3 H A7 NepeKmoyaTeIsIMH YCTaHOBHTE,
HarmpuMep, crnegyromunvi: R = 200 Om, L/RL=1,2/32 I'/Om, C1=C2=0 mxdD. BriOepHTe MOIII-
HOCTh aKTHBHOH Harpy3ku All, Hamprmep 20% or 50 Bt B Hcmmonb3zyeMbIX (pazax. Breidepure
MOIIHOCTh HHAYKTHBHOH Harpy3kH A9, HarmprMep 40% ot 40 Bap B HCITOMB3yeMBIX (pazax.

Bxmrounrte uetouyHHK G1. O HanHYMH HAaIPSKEHHH HA €I'0 BRIXOE HOJIKHEI CHTHAJTH3HPO-
BATh CBETSIIHECS JIAMITOUKH.

Bximrounre BeIKroUaTenH « CETby» Beikmtodatenen A2, A4, A6, A8, A10, Al3 6moka Al7
BBOJIa-BEIBOJ[A ITH(PPOBBIX CHTHAJIOB.

IIpuBenure B padouee COCTOSIHHE IIEPCOHAIBHBIN KOMIBIOTEP Al2, BOHIHUTE B COOTBET-
CTBYIOIIHMI KaTalIOTl M 3aITyCTHUTE IIPHKIIAIHYIO IIporpaMMy « HarmpaBiieHHas 3aI1iiTa.exe.

Cmomempynre TpeOGyeMbIH BapHaHT 3allMTEL, IS Yero 3aJaiTe YCTaBKH, HajkaB Ha COOT-
BETCTBVIOIIYIO BHPTYAIIFHYIO KHOIIKY. Hammpumep, HCIONB3YHTE YCTABKH, 3aJaHHBIE 110 YMOIYa-
HHIO.

HaxmuTe Ha BUPTYAIIBHYIO KHOIIKY « HauaTts 3aImice», BBEAHUTE 3aI[HTEI HaKaTHEM Ha CO-
OTBETCTBVIOIIYIO KHOITKY H HEIIOCPEACTBEHHO IIOCJIE 3TOI'0 CMOAEIIHPYHTE KOPOTKOE 3aMBIKaHHE
Ha OIHOH M3 IIMHHI, BKIITOYHB BRIKrOUaTelldk AlO wmu Al3. lIlocne oTKIrOUeHHS 3alllHTOH «II0-
BPEKIEHHONY JTHHHH BBEIBEIHTE 3aI[HTHI H OCTAHOBHTE 3aIMCh. [IpoaHanmsupyrTe oTo0paKeH-
Hble OCI[HJUIOrPaMMBbI TOKOB H HaITpsDKEeHHH JTHHHI, COCTOSHHE BRIKITFOUATelIeH, a TaKke HH(POP-
MAI[HIO O ITOCIENOBATEIILHOCTH ITPOH3OIIEAIIIX COOBITHI B XKYpPHale pabOTHI 3all[HT, BEI3EIBATh
KOTOPBIH MOJKHO HaKaTHEM Ha COOTBETCTBYIOIIYIO KHOIIKY .

[Ipu pabore ¢ rporpaMMOH CIEAYET ITOIIb30BATHCS €€ BO3MOKHOCT SIMH

MaciuraGHpoBaHHE OCIIHIIIOIPAaMM ITPOH3BOJHTCS ITyTeM HaKaTHSI Ha IrpaHKe JIEBOH
KJIIABHIIH MBIIIIH H, HE OTITYCKas ee, IIePEMEIEHHS MAaHHITYIISITOPA CIIEBA HAIIPABO H CBEPXY BHH3.
Bo3epar K HayaIbHOMY MacInTady OCYILECTBISETCSA OOpaTHBIM IIepeMEIIIEHHEM MAaHHITYIISTOPA —
CITpaBa HaJIEBO H CHH3Y BBEPX.

JIBHTaTh rpadyHK OCIIIIJIOrpaMM OTHOCHTEIBHO OCEH KOOPAHHAT MOKHO ITyTeM HaKaTHS
H yAepKaHHS Ha HEM ITPaBOH KHOITKH MBIIIH H €€ OJHOBPEMEHHOIO IIEPEMEINEHHSI B HYKHYIO
CTOPOHY.

Il ynoOcTBa onpeJelneHHs 3HAYEHHH BEJIHYHH I10 rpaHKaM Ha SKpaHe O0TOOpaKaroTCs

AOKYMEHT MOANVCAH
SNEKTPOHHOW MOANUCHIO
Ceptudpukar: 12000002A633E3D113AD425FB50002000002A6

He BRIKITrOUaTenen A2, A4, A6, AS.
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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B crnyuyae cpa®aThIBaHI TOH IJIH HMHOH 3aIlHTHEI Ha COOTBETCTBYIOIIEH OCIFULIIOrPaMME
ITOSIBISIETC S HH()OPMHPYIOINAS 00 3TOM HaJIIIHCh.

TouHbIE 3HAUEHHS JFOOBIX BPEMEH CIIEAYET OIMPEHENSTE IT0 OCIUIIOTPAMME, a HE I10 XKYP-
HaJIy palOoTHI 3aIlfHT.

YcTaBKH TOKOB M HAIIPSDKEHHI CIIeYET 3aJaBaTh aMIUIHTYIHEIMH 3HAYESHH SIMH.

[IpH BOZHHUKHOBEHHH HEITPABAOIIOLOOHBIX Pe3YILTATOB SKCIIEPHMEHT CIIEIYET IIOBTOPHUTH.

3armceh MEKTPOMArHHTHBIX IIPOIIECCOB B CXEME IPOM3BOJAUTCS ITPOrPaMMON B IIHKIIHYE-
ckui Oydep. Ero JmiHy MOXKHO H3MEHATH B ITYHKTE MeHIO « HacTpokiy.

10 3aBepIIeHHH 3KCIIEPHMEHTOB OTKIIFOUHTE HCTOUYHHK (G1 M BBIKITrouaTenu « CET by 6mo-
KOB A2, A4, A6, A8, Al10, Al3, Al7.

Hprmep PE3VIIETATOB OIMCAHHOI'O OITBITA ITPHBCACH B ITPHIIOMKCHITH.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Codepacarue omuema:

OT4YeT JOIKEH COLEPKaTh:

1. HazBanme padorhI,

2. Llens paborHl,

3. Kparkie TeopeTHUYECKHE CBEJICHH S,

4. OrmHcaHHe HCIOIb3yeMOr0 000PYAOBAHISI H MaTePHAaJIOB,
5. ITopsimox BRINIOHEHHS PadOThI,

6. Beruniciiennsa u o6paborka pe3yibTaToB,

7. BBIBOJIBL.

Konmponwsusie 6onpocet:

1. Korma mprmensiercss MTH3?

. Korga mmeer mecto mepreas 3oHa MTH3?

. YKaKHTe JOCTOHMHCTBA H HeJocTaTKH 900 CXeMBbI BKIIFOUEHH S PEJle MOIIHOCTH.
. Ha30BHTE OCHOBHEIE THITHI PETIE MOII[HOCTH.

. Kak BeiOGHpaercs Tok cpabdareianmsg MTH3?

. Kak Br1Oupaetcsa BpeMs cpadateisaHusg MTH3?

. YTO Takoe KacKaaHOe OeHCTBHE 3aIl[HT?

0 - O = W I

. B KaKHX ceTsax HMeeT MeCcTO KacKaJHoe JeHCTBHE 3all[HT?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Javopamopras pavoma Ne7. IIpooonsran oughghepernynansrian 3auiuma JUHUU 3J1€K-

mponepeoaviu.

Ilens padompr: V3yduTh MPHHIMIT AeHCTBHI H HazHaYeHHe ITPOJOILHOM JH((epeHIH-

aJIbHOH TOKOBOH HAITPaBJIEHHOH 3all[HUTHI.

OcHO6bl meopuu:

Ha miHisax, oTXOASIIMX OT IIMHMH 3IEKTPOCTAHIIMH IIH Y3JIOBBIX ITOICTAHI[HI SHEPTOCH-
CTEM, YacCTO IO YCIIOBHSAM YCTOHYHBOCTH TpedyeTcsa 00eceYHTh OTKIIIOUYEHHE KOPOTKHX 3aMBbIKa-
Hul (K3) 0e3 BRIZIEPKKH BpeMeHH B IIpejlellaX BeeH 3al[HIacMOH JIHHHH 3leKTpoliepenadd. K
3aIllHTaM, CIIOCOOHBIM YJIOBJIETBOPHTh 3TO YCIOBHE, OTHOCATCS JH((epeHIIHAIbHEIE 3aIlHTHI.
OHH 00ecrneuynBarOT MTHOBEHHOE OTKIIFOUeHHe K3 B rOOO0OH TOYKE 3alMIacéMOH JIMHHH H 00JIa-
Iar0T CeleKTHBHOCTEIO ITpH K3 3a mpeaenaMu 3Tol HMHHH. [[H(QepeHI[HaIbHbIE 3aIHTHL IO -
pPa3AeIIrOTCS Ha IPOAONIBHEIE M ITOIIepeYHble. [IepBhie clIy KaT A1 3alHUThl KaK OJHOLEIHEIX, TAK
H IapaJuIelIbHBIX (IBYXIEITHBIX) THHHIL, BTOPEIE — TOJIBKO JABYXIIEITHBIX JIFHHII.

[ TpHHIIHIT JeHCTBHS IIPOAOIIBHBIX JTH( (] epeHIHAIbHBIX 3all[HT OCHOBaH Ha CPaBHEHHH Be-

JIMYIHBI H d)ﬂBBI TOKOB B Hayalle H KOHIIE 3all[HII[acMOH JIHHIH.

K2 K1
G T2 Iz I] T1 G

Q2 TA2 —p» <— TA1l QI
N — s HD+O)
\ﬂ/ 111 11 \|'|/
P31 P31

Kak BHIHO H3 BBIMICIIPHBCACHHOI' O PHCYHKA., IIPH BHCIITHCM KOPOTKOM 3dMBIKAHHH B TOYKC

P

K2 toxu I1 u 12 1mo KOHI[aM 3allfHII[aeéMOH JIMHHH HAIIPABJIEHEI B OAHY CTOPOHY H PAaBHEI 110 BEJIH-
yHHe, a IpH K3 Ha 3armuimaeMoi IMHHH ( B Touke K1) oHH HaITpaBIIeHBI B pa3HBIe CTOPOHBI H, KaK
IIPaBHIIO, HE PaBHEL APYT ApyTry. CleloBaTelIbHO, COMOCTABILII BeIMUHHY H (pa3y TokoB 11 m 12,
MOJKHO OITPEIEIHNTE, 1€ BOSHHKIIO K3 — Ha JIMHIH HIIH 32 e IpejenaMi. Takoe CpaBHEHHE TOKOB
IT0 BETHYHHE H (paze OCYINEeCTBIISETCSA B pearHpyroIieM opraHe JH(epeHIHaIbHO 3aIl[HTHI.
JJ1s1 peaym3alin 3aIiThI 110 KOHI[aM JIMHHH YCTaHABIIMBAKOT TPpaHCc(OopMaTOpsl Toka TAl
H TA2 ¢ oJHHAKOBBIM KO3 (pHIIEHTOM TpaHc(hopMali. X BTopHuHbIe OOMOTKH COEHHSIIOT H
TIOJKITIOUArOT K AU PepeHIHaTmbHOMY pelie (P31, P32) Takim o6pa3omM, 4TOORI ITPH BHEIMHHX K3
B TOUKe K2 TOK B pesie OBIII paBeH Pa3sHOCTH TOKOB B Hayalle M KOHIle JIMHHH, a ITpH K3 Ha JITHHHH

B TOUKe K1 — HX cyMME.

NOKYMEHT NoanncAH
SNEKTPOHHOM NOANMUCHIO Al TaxX JIHHHI ITPH CKBO3HBIX K3 MOTr'yT JOCTH-
Ceptuchmkar:  12000002A633E3D113AD425FB50002000002A6
Braperiey: - ~Lle6ayxosa TarbfiHa ANBKEAHAPOBHA HebanaHca MOXKET O0YCIaBIMBATELCA OOIbIIIIMI
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KPaTHOCTSMH TOKOB BHeHrHero K3, HeOIHHAaKOBOCTBIO TPaHC(OPMAaTOPOBR TOKA IO KOHI[AM JIH-
HUH, X 3HAYUTEIILHOH 3arPy3KOH U IPYTHMH ITPHYHHAMH.

JI7I1 OTCTPOHKH OT TOKOB HeOallaHca ITONIYYIUIH pacllpocTpaHeHHe AH(p(epeHIIHAIbBHEIE
pene ¢ TOpMOXKeHHEM. TOoK cpadaThIBaHH A Y TAKHX PEele BO3PacTacT ¢ YBEIMYEHHEM TOKa BHEIII-
Hero K3.

B maHHOM 5KCIIepHMEHTE MOAEIHPYETCS JIMHIA 3JIEKTPoIepeaayll ¢ JBYCTOPOHHHM ITHTa-
HHEM, IT0 KOHIIaM KOTOPOH YCTaHOBJIEHBI BRIKIIFOYATEIN H TPpaHC(OpMaTOPEI ToKa (cM. puc). Mme-
€TCS BO3MOKHOCTh YCTPAaHBaTh KOPOTKHE 3aMBIKAHHS Ha 3allUIacMOH JIMHHH U BHe ee. Ha 3ar-
II[aeMOH JIMHHH MOJKHO YCTpauBaTh MeTalymueckue K3 n K3 yepes JOIoMHUTEIIBHOE COMTPOTHR-
JIEHHE, HMHTHPYIOIIEE IYTY.

C IMOMOIIBIO CHEIHAIbHOH IIPOrpaMMbl Ha KOMITBIOTEPE MOAEIHPYETCS PO OIBEHAS JTH (-
(pe peHLIMaIbHAS 3allHTa IHHHH, KOTOpas MOKeT padoTaTh ¢ HCIIOIB30BAHHEM HIH Oe3 HCITOJIb30-
BAHMS TOPMOXKEHHS OT BHEIHETO K3. B rmporpaMme cyIecTByeT BO3SMOXKHOCThE HMHTHPOBATE I10-
T'PEIIHOCTh TpaHC(OpMaTOpPOB ToKa. [IpH cpaGaThIBaHHHM 3allHTa BO3JEHCTBYET OJHOBPEMEHHO
Ha BRIKIroUaTe M Q1 u Q2.

B 1npaBHILHO cOOpaHHOH cXeMe 3alluTa 0e3 TOPMOXKEHHS JOIDKHA cpadaTeIBaTh IIpH K3
Ha THHHH (Touka K1) 1 He momkHa cpadareiBaTh ImpH K3 3a ee nmpegenamu (Touka K2).

Bo3MmokHO Takke YOeIHTHCS B TOM, UTO B cirydae K3 yepes ayry aud epeHIHaIbHasI 3a-
1ura 0e3 TOPMOXKEHHS He CITocOOHa padoTarh CEJIEKTHBHO HH IIPH KaKHMX 3HAUYEHHSIX YCTAaBOK
(CImpaBeIHBO ITPH ONpeAelIEeHHOM 3Ha4eHHH ITOIPEIHOCTH TPaHC(OpMAaTOPOB TOKA;, IOJPOOHee

CM. IIPHIIOKeHHE). BBOJ B pab0oTy TOPMOKEHH S ITO3BOISIET CO3/[aTh CEIEKTHBHYIO JH( () epeHIH-

AITbHYIO 3aIIHTY.

YKkazanue no mexHuke de3onacHocmu.
YKazaHH 110 TeXHHKe 0e30I1aCHOCTH ITPH BBOTOJIIHEHHH HﬂﬁﬂpﬂTﬂpI{BIK pE]ﬁDT ITPHBCACHDBI

B ITPHIIOKEHHE A.

VKa3aHusa no 6bIno0JIHEHIIO J1A00PAMOPHOIL padomul.
YOemuTeCh, YTO YCTPOHCTBA, HCIIONB3YEMbBIE B 3KCIIEPHMEHTE, OTKIIFOUEHBI OT CETH 3IIEK-
TPOITHTAHH 5.

Coegqunure THe3ga « T K» uetounuka Gl .

CoeIHHHUTEe THe3[a 3alllHTHOI'O 3a3eMIIEHHS

AOKYMEHT MOAMUCAH
SNEKTPOHHOWM MOAMUCHIO
Ceprudmkar: 12000002A633E3D113AD425FBS0002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

YCTPOHCTB, HCIIOIBb3YEMBIX B SKCIIEPH-

C AMEKTPHUYECKOH CXEMOH COEJTHHEHHI.
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IlepexmroyaTem peXKHMOB PadoThl TPEXITOMFOCHBIX BEIKITOUaTeneH A2 1 A4 yCTaHOBHTE
B nnonoxeHue «ABT.», Beikinrouarenen A8 n A9 — B nonoxeHue «PYUYH.». HomiHambHBIE HaITpsI-
’KEHHT 0OMOTOK TpaHc]opMaTopoB Omoka Al BeIcTaBbTE paBHBIMH, HaripuMep, 133/230 B. ITapa-
METPBI JIHHHH 3MeKTporepeaady A3 1 AS IepeKmovare/siIMH YCTAaHOBHTE, HAIIPHMED, CIIEAVIO-
muMH: R = 150 Om, L/RL=0,9/24 T'#/Om, C1=C2=0 mx®. BriOepHTe MOIIHOCTH aKTHBHOH
Harpy3kH A6, HarmpuMep 100% ot 50 BT B pazax, HCITONb3yeMBIX KaK aKTHBHAA Harpyska H 40%
ot 50 BT B TpeTheii da3e.

CMOAEIHMPYHTE METAINIMYECKOE KOPOTKOE 3aMBIKAHHE B CEPEJIHUHE JIHHHH. /]IS 3TOro Co-
equHHTEe KiieMMBI K1 u K2 mexay cobomn.

Bxmrounte nctoyHnK G1. O HAIMYMK HAIIPSKEHHH Ha €0 BEIXO/E JTOIKHEBI CHTHAIIH3HPO-
BAaTh CBETSIIHECS JIAMITOYKH.

Bxmounte BeikmroyaTer « CETb» BeikmtouateneH A2, A4, A7, A9 a Takxe 0moka All
BBOJ[a-BEIBOJIA IIH()POBBIX CHTHAJIOB.

[IpuBeauTe B pabouee COCTOSIHHE IIEPCOHAIBHBIA KOMITbIOTED Al4, BOHIHUTE B COOTBET-
CTBYIOILIHH KaTaIOT M 3aITyCTHTe ITPHKIAJHYIO ITporpaMmy «IIpomonbHas JuQ3almnra. exe .

3ajianTe YCTaBKH 3aIl[MTHI, HA’KaB Ha COOTBETCTBYIOIIYIO BHPTYAIILHYIO KHOIIKY. Harpu-
MEP, HCIIONB3YIHTE YCTaBKH, 3aJJaHHbIE 110 YMOITYAHHIO.

Haxxmiite Ha BUPTYalIbHVIO KHOIKY «HauaTe 3aImce», BBEAHTE 3al[UTY HAaKaTHEM Ha CO-
OTBETCTBYIOIIYIO KHOIIKY. CMOJIETIMPYHTE KOPOTKOE 3aMBIKAHIE B 30HE JICHCTBHS 3aII[HTHI, BKIIIO-
YHB BRIKITOUATEIIL A9. 110CTIe OTKIIIOUEHHS 3al[HTOH «ITOBPEKIEHHON» JIHHHH IIPOAHATH3HPYHTE
OTOOpaKeHHBIE OCIIIIIOIPAMMEI TOKOB.

[IpopemnaiiTe 3KCIIEPHMEHT eIl pa3, MOAETHPY S KOPOTKOE 3aMbIKaHHE BHE 30HBI JeHCTBHA
3AIUTEI C IIOMOINBIO BRIKIIFOYATENSI A7/, [[poaHaIH3HPyHTE ITOIYUYEHHBIE OCIITIIIOTPAMMEI TOKOB.

OTKIIOUHTE HCTOYHHK ITHTAaHHA G, pazoMKHHTE KiieMMBI K1 1 K2, CBIMHTHPOBaB TEM ca-
MBIM KOPOTKOE 3aMBIKAHHE Yepes IYTY.

BHOBE BKIFOUNTE HCTOYHHK (Gl 1, TIpojierTaB HECKOIBKO SKCIIEPHMEHTOB, YOEIHUTECH, UTO
ITPH JJAHHBIX ITapaMeTpaxX CXeMEBI pelle 0e3 TOPMOKEHHSI HE MOKET OOeCIIeYHTh IIPAaBHIILHYIO pa-
OOTY 3aIlHTEL

BBenTe TopMOKeHHe (B OKHE 3aJaHH s yCTaBOK 3aIlUTHI). [IpojienaB saKCIIepHMEHTEI, yOe-
JIHUTECH, UTO 3aIl[UTa Telleph padboTaceT MPaBIIBHO.

[Ipu pabore ¢ rmporpaMMoi CIeAYeT IT0IIb30BATHCS €€ BO3ZMOKHOCT SIMH :

MacirabupoBaHHe OCILIUIIOIPAMM IIPOH3BOAHTCS ITyTeM HaKaTHS Ha I'pa(HKe JIeBOH

NOKYMEHT NOANMWUCAH
SNEKTPOHHOM NOANUCHIO 1 MAHIIIYVIIATOPaA CIICBA HAIIPpaBO H CBEPXY BHH3.

Ceptudmkar:  12000002A633E3D113AD425FB30002000002A6

TCS 0OpaTHBIM IIepeMEIIIEHHEM MaHIITYIISATOpa —
Bnapeneu: Ulebayxoea TaTbAHa AnekcaHopoBHa P P 1 Ly p
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JIBHraTh rpaHK OCIIUIIOrPaMM OTHOCHTEIHHO Oceil KOOPAHHAT MOKHO ITyTeM HaKaTHS
H YIEpKaHNUS Ha HEM ITpaBOH KHOIIKH MBI H €€ OJHOBPEMEHHOIO IIEPEMEINEHNSI B HYKHYIO
CTOPOHY.

Il ymoOcTBa onpeielleHHs 3HaYeHHI BEJIHYHH I10 rpaHKaM Ha 5KpaHe 0TOOpaXKaroTcs
TEKYIIHE KOOPAMHATEI YKA3aTels MBIIIIH.

Ha skpaHe Taxke orobpakaeTcsa COCTOSHHE BRIKITIOUaTeaen A2 nu A4.

TouHBIE 3HAUEHHS JFOORIX BPEMEH CIIEAYET OIMPEMAENATE IO OCIIIUIIIOIPaMME, a HE I10 KYP-
HaJIy padOoTHI 3allHT.

YCcTaBKH TOKOB CIEAYET 3aaBaTh aMIUINTYITHEIMH 3HAYESHHSIMH.

[ Ip1 BOSHHKHOBEHHH HEITPABAOITOLO0HBIX PE3YIILTATOB SKCIIEPHMEHT CIIEIYET IIOBTOPHUTH.

3armch MEKTPOMAarHHTHBIX IIPOIIECCOB B CXeME ITPOM3BOJIUTCS ITPOrPaMMOH B ITHKITHYE-
ckuii Oydep. IlapameTprl Oydepa, a HMEHHO €TI0 IOIHYIO JUIHHY H JJIHHY «3IIUIora» ((pakTHYecKH
— BpeMS 3aIHCH ITOCTIE CBEPIIEHNI HHTEPECYIOIIErO COORITHSA, B JAHHOM CIIyyae — cpadaThIBaHHA
CHTHAJIM3AI[HH) MOKHO H3MEHSTh B ITYHKTE MeHIO « HacTpoHKI.

3amaTh ITOTPENIHOCTh TPaHC(OPMAaTOPOB TOKAa MOKHO B ITYHKTe MeHIO « HacTpoiikm -> [1o-
I'PEIIHOCTE TPaHC(OPMATOPOB TOKAY .

JInddepeHimanpHas 3alHTa SBISeTCS 3aIHTOH MTHOBEHHOIO AeHCTBHA. TeM He MeHee,
CpeIH YCTAaBOK 3all[MTHI IIPHCYTCTBYET H YCTABKa BRIJEPKH BPEMEHH, HEOOXOIHMAas, BO-TIEPRHIX,
JULS TIOBBIIIIEHHS HAITISAHOCTH PE3YIITATOB SKCIIEPUMEHTOB, M, BO-BTOPHIX, JJII OTCTPOHKH 3a-
IIIUTHI OT KOMMYTAI[HOHHEIX ITOMEX.

10 3aBepIlleHHH 3KCIIEPHMEHTOB OTKIIOUHTE HCTOUYHHK (G1 M BeIKITrouaTenu « CETh» Gmo-
KoB A2, A4, A7, A9, Al2.

HpI]I‘uIEp PE3VIIbTATOB OINCAHHBIX OIIBITOB IIPHBCACH B ITPHJIOKCHHIIL.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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Codepacarue omuema:

OT4YeT JOIKEH COLEPKaTh:

1. HazBanme padorhI,

2. Llens paborHl,

3. Kparkie TeopeTHUYECKHE CBEJICHH S,

4. OrmHcaHHe HCIOIb3yeMOr0 000PYAOBAHISI H MaTePHAaJIOB,
5. ITopsimox BRINIOHEHHS PadOThI,

6. Beruniciiennsa u o6paborka pe3yibTaToB,

7. BBIBOJIBL.

KonmponsHsie eéonpocet:

1. OOBSCHHUTE ITPHHITHIT JeHCTBHA IMPOAOIbHON AN epEeHIHAIbHOH 3aIIHTHI.

2. Iloyemy mudppepeHIHaaIbHas 3aliTa He pearHpyeT Ha TOKH Harpy3KH, TOKH BHEIIHHX
KOPOTKHX 3aMBIKAaHHH H TOKH KauaHHil T€HEPAaTOPOB YacTel AIEKTPO3HE PreTHYECKOH CHCTEMBI?

3. B KaKOM TOKOBOM peKHMe pabOTHI 3allHIIaeMOro 00beKTa TOK HebarmaHca OyIeT HMETh
MaKCHMAaJIbHOE 3HAUEHHE?

4. C KaKHX TpaHC()OpPMaTOPOB TOKa B peaJbHOH TpeX(azHOI IeITH TOJA0TCS BTOPHYHBIE
TOKH Ha BXOJbI H3MEPHTEILHBIX OPraHOB 3alUThI? [[pHBECTH IIPHMEPHI.

5. Uem OOBSCHHTE HalIMUHE TOKa HeOalaHCa B IEISX H3MEPHTEILHOH YaCTH 3allHThI?

6. CKOIBKO TPaHC(POPMATOPOB TOKa HEOOXOHMO HCITOIb30BaTh Ha KaKJOM KOHI[E 3aIlfH-
IaeMOH TpeX(pazHOH JTHHHH 3IeKTpoIepeauyd HalpskeHHeEM 35 kB?

7. CKOIBKO TpaHC(OPMATOPOB TOKa HEOOXOHMO HCITOMb30BaTh Ha KakKJ0M KOHI[E 3aIlfi-
IaeMOH Tpex(a3zHOH JIHHHH 3IeKTponepeaaul HanpskeHHeM 220 kB? Hanpsxennem 110 xkB?

8. M300pasuTh IPOCTENIIVIO 3JIEKTPHUYECKYIO ITPHHIMIIHATIEHYIO CXEMY H3MEPHTEIHbHOH
YACTH PO OIbHOH JH(depeHIHaIbHON 3aIlHTHL IHHHH 3JIeKTpoIlepefaul HalpsokeHHeM 35 kB,
BBITIOJIHEHHYIO Ha PENeHHBIX AIIeMeHTax, CAeIaTh TO Ke JUIS JIMHIH HaITpsKeHHeM BhIIe 69 kB.

9. Kakoi1 Hanbosee cymecTBeHHBIH HeJOCTaTOK HMeIOT JH((epeHIHAaIbHbIE 3aIlUThI JTH-
HHII 3IIeKTpoIlepeaadyn? B ueM 3aKmrodaceTcsa HaHOONIBIIAs TPYIHOCTS ITPH BRITTOJIHEHHH TaKHX 3a-
II[HUT?

10. I'me pacrmonararorcs yCTpoHCTBa (KOMITJIEKTHI) ITPOAOIBLHEIX JH( (pepeHIHaIbHBIX 3a-
IITUT THHUH? B KaKHX 3JIEKTPOYCTAaHOBKAX? B KaKHX YacCTIX 3THX IEKTPOYCTaHOBOK?

11. KakoBbI IIpHYHHBI BOZHHKHOBEHHS ITOIPeIHOCTeH B padoTe MpOoOIbHEIX JTH(PepeH-

OOKYMERT DI MEAH [eT YeTro YCTPAHIETCSI HX OTPHLIATENBHOE BO3/IETI-
SNEKTPOHHOM NOAMUCHIO ' yeip pHIL i

Ceprtudchikat: | 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLleB3ayxoea TateAHa AnekcaHapoBHa
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12. B 4eM KOITHYECTBEHHO BRIPAKAIOTCS, COCTOST ITOrPEIITHOCTH B paboTe paccMaTpHBac-
MOH 3aII[UTEI?
13. Kakum BHIOM CEJIEKTHBHOCTH O0IajacT u3yyaemMas B 3TOH padoTe 3armura?

14. KakoBO OBICTPOAEHCTBHE H3YYAEMOH B padoTe 3aII[HUThI?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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Jlabopamoprasa paboma Ne8. I1onepeurnana oughpeperHunansHaq 3auiuma napaiieiisb-

HBIX JIUHUIL 3J1IeKmponepeoavl.

Ilens padompr: V3yuuTh IIPHHIMIT AeHCTBHSA H Ha3Ha4YeHHE ITONepedHOH JH( pepeHIH-

aJIbHOH TOKOBOH HAITPaBJIEHHOH 3all[HUTHI.

OcHo6blL meopuiL:

Ha X, OTXOASMIMX OT IIHH 3JIeKTPOCTAHIII HIIH Y3IIOBBIX ITOACTAHIMI SHEPIOCH-
CTEM, YaCTO I10 YCIOBHSM YCTOHYHBOCTH TpeOyeTcsa 00eCleuHTh OTKIIIOUEeHHE KOPOTKOIO 3aMbl-
xaHHs (K3) B Impefiennax Bcel 3aluIaeMoi IHHHH Oe3 BRIJIep’KKH BpeMeHH. K 3aImpram, crocol-
HBIM YJIOBIIETBOPHTH 3TO YCIOBHE, OTHOCATCS JH( (pepeHIHAalbHbIe 3aIHThI. OHH 00ecIlIeYHBAIOT
MIHOBEHHOE OTKIIFOUeHHe K3 B mro00H TOUKe 3allHINacMOH JIHHH H 00IafaroT CcelleKTHBHOCTBIO
nipu K3 3a npegenamMu 310l THHHH. J[H(]epeHIIHaTbHBIE 3alHTHL ITOAPa3elISiOTCs Ha IIPOJOIIb-
Hble H IolepeyHkle. [IepBrle cirykKaT A1 3allfHThl KaK OJHOIEITHBIX, TaK H JBYXIIEITHBIX (ITapall-
JTIeJIbHBIX) JIMHHI, BTOPBIE — TOJIPKO JABYXIIEITHBIX JIHHHH.

ToxoBas nornepeyHas JH(ppepeHIHAIbHAL 3aIHTa IIPeJHa3HavYaeTCs IS TapaUIeIbHbIX
JTHHHI ¢ OOIIMM BBIKIIIOYATelIeM Ha 00e MHHHH. [IpH OJHOCTOPOHHEM ITHTAHHH ITapaUIeIbHBIX
JIMHHH 3al{iTa YCTAaHABIHBAETCS TOIBKO CO CTOPOHBI HCTOYHHMKA ITMTAHH, a B CETH C JBYCTOPOH-
HHM ITHTaHHEM — ¢ 00eHX CTOPOH IapaJUIeIbHbIX JIHHHIA.

B HOpMasIbHOM pekHmMe paboThI, ITpH BHEIHUX K3 1 KauaHH X 110 ITaparuiellb HbIM JIHHH M
ITPOTEKAIOT OJHHAKORBIE TOKH. IIpH K3 Ha OgHOH M3 3alHINaeMbIX JIHHHI TOKH B JIHHHSIX CTaHO-
BATCS pa3sHBIMH. CIIeIOBATEIbHO, COITOCTARILA BEIIMYHHY H (pa3y TOKOB B MapallIeIbHBIX THHIIX,
MOKHO yYCTaHaBIIMBAaTh (PaKT BOSHHKHOBEHHA K3 B 30He JIeHCTBHA 3aIlHTHI.

[Ipu yvaaneHmn Touku K3 OoT MecTa YCTaHOBKH 3aIl[HThI COOTHOINEHHE TOKOB ITO ITOBPE-
KJIEHHOHN M HEITOBPEXIECHHOH JIMHMSAM H3MeHsIeTCsa. YacTh ITHHHH BOIM3H IIHH ITPOTHBOIIOIO K-
HOH ITOJACTAHIMH HE OXBATHIBAETCA 3AI[HTOH BCIEACTBHE YMEHBIIEHH S Pa3HHIIBI TOKOB, Ha KOTO-
PYIO pearupyer 3alTa. Y YacTOK JIMHHI, B IIpejieiiaX KoToporo IpH K3 Tok B 3allfiTe HELOCTa-
TOYEH JJIS ee cpabaThIBaHIS, Ha3bIBAETCSA MePTBOH 30HOH 3aIlHTHI.

HampaBrieHHas nmonepeyHas JHQQepeHIIHaIbHAS 3aIHTa IIPHMEHSIETCS Ha ITapajuIelIbHbIX
JIHHHIX C CaMOCTOSTeIBHBIMH BBIKIIIOUATEIIIMH Ha KaXIOH JHMHHH. K 3almre Takux JITHHHH
ITPeIbABIISETCS TpeOOBAHNE — OTKIIIOYATh TOJIBKO TY U3 ABYX JIMHHI, KOTOPAas ITOBPEIIIacCh.

Ha miHHax ¢ ABYCTOPOHHHM ITHTaHHEM 30Ha, B ITpejlellaX KOTOPOH HalpaBiIeHHasI JH(]e-

AOKYMEHT MNOANUCAH SKIeHHAS JIMHAS He OTKITIOYHTCS ¢ IIPOTHBOIIO-
SNEKTPOHHOM NOANUCHIO pA 1P

Ceptudmkar: 12000002A633E3D113AD425FB50002000002A6
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OnpeersieTcsS Ha OCHOBE TaKHX ke cOOOpakeHH i, KaK H MepPTBas 30Ha HeHaIlpaBIeHHON TH(p]e-

pEI-]l[IIElJILHGﬁ 3alllHTHI 114 PAJLIICIIBPHBIX JIMHHH.

V2 V1
17l
T% u /K2 T1 G
I?
P32 P31
TA3 L2 K3

B paccmarpuBacMOM 3KCIIEPHMEHTE MOJIETIHMPYIOTCS JABE ITapaiiieIbHbIE JIHHHH SIEKTPO-
nepegayn L1 u L2 ¢ ABYCTOpOHHHM IHTaHHeEM (cM. pHC). ITo KOHIIaM KaKJIoH H3 HHX HMEIOTCS
BeIKIFOUaTeH Q1-Q4 u TpaHcpopmaTopsl Toka TA1-TA4. K nniHaM, MHTAXONHM JTHHHH, I10/]I-
KITFOUeHBI TPaHC(hopMaTopsl HanmpsokeHHI TV1 1 TV2. OT IMH IoAcTaHIMH 2 TTOTyYaeT ITHTaHHE
Harpyska P.

Koporkne 3aMbIKaHHS YCTPAHBAKOTCSI Ha 00eHX JIMHHSIX 3JIeKTporiepeadyH (B Toukax K2,
K3), a Takke Ha MHTAIONMX HX IIIHHAaX BHE 30HBI JIeHCTBHA 3al[HUTHI (B Touke K1).

Ha xoMIThrOTEPE € ITOMOIIBIO CIIELHAILHOH ITPOrpaMMBbI MOIEITHPYIOTCS TH( (P epeHIHAa Tb-
HEIE 3all[UTHI, YCTAHOBIEHHBIE ¢ 00eux cTOpOoH JMHHH L1 u L2. Kaxmasg n3 3aiuT MOKeT OBITh
HEHaITpaBJIEHHAS — B TAaKOM CIIy4yae OHa BO3IEHCTBYET Ha 00a BEIKIIFOYATEIIS BMECTE, IUIH HaIlpaB-
JIEHHAS — TOIJla 3alHTa OIPEAENIET, II€ NMEHHO BO3HHUKIIO ITOBPEKIEHHUE H BO3AEHCTBYET JIMIIb
Ha OJTMH BRIOPAHHBIN BRIKIIIOYATEND. [ IpH 3TOM ITF00YIO 3aIHTY MOKHO OTKIFOYHTE H PacCMaTpH-
BaTh paboTy OCTABIIEHCS 3aIHUTEI OTAEIILHO.

B pamMKax OImCBIBAa€MOI0 OIBITA ITPH ITPABIILHO COOPAHHOH CXeMe H OITpeJIelIEHHBIX I1a-
paMeTpax ee MEMEHTOB MOKHO OIPEAEINTE MEPTBYIO 30HY 3aII[HUTHI H 30HY KaCKaJHOI'O A CTBHA

3aIHT (TTOApoOHEE CM. B YKa3aHHSX I10 IPOBEAEHHIO SKCIIEPHMEHTA).

YKkazanue no mexHuke dezonacHocmu.
YKazaHH 110 TeXHHKe 0e30I1aCHOCTH ITPH BBOTOJIIHEHHH HﬂﬁﬂpﬂTﬂpI—[ﬁIK pﬂﬁDT ITPHBCACHDBI

B ITPHIIOKEHHE A.

VYKazanua no 6uinoiHeHUo 1adopamopHol pabomesl:
YOemaurech, UYTO YCTPOMCTBRA, HCIIOIB3VEMBIE B SKCIIEPHMEHTE, OTKIIFOUEHEI OT CETH 3JIeK-
TPOITHT AHH .

Coenqunure THe3ga « T K» uetounuka Gl .

AOKYMEHT NoarnmncAH | non -
INEKTPOHHOWM NOAMUCKIO 1HA YCTPOHCTEB, HCIIOIIB3YCEMBIX B SKCIICPH-
Ceptucbukar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: Lebayxopa TaTeAHa AneKkcaHgposHa

NeiicTanTenex: ¢ 20.08:2021 o 20.08.2022 C JIEKTPHICCKON CXEMOH COETHHEHIH.
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IlepexmmroyaTem peXHMOB PaboThl TPEXITOIMFOCHBIX BRIKIOUaTenen A2, A3, A6, A7 ycra-
HoBHTE B IonoxkeHHe «ABT.», BeikirouaTtenen A10 H Al 1l — B nmonmoxenue « PYUH.». HomiHans-
Hble HalpspKeHHs OOMOTOK TpaHC()OpMaTopoB Onoka Al BBICTaBbTE PABHBIMH, HaITPHMED,
133/230 B. IlapameTpnl mHHHI 31neKkTporiepeladyd A3 H A5 mepekmoyaTelsIMH YCTaHOBHTE,
HarmpuMep, crnegyromunvi: R = 150 Om, L/RL=0,9/24 I'/Om, C1=C2=0 mxdD. BriOGepHTe MOIII-
HOCTBh aKTHBHOH Harpy3ku A9, Haripumep 100% ot 50 BT B Hcmoms3yeMoit da3se.

CMOIEIIHPYHTE KOPOTKOE 3aMbIKaHHE Ha OJHOH M3 3allMIacMbIX JIMHI. Harmpumep, 1
3aMBIKAHHS Ha ITePBOH (BepXHeH 10 PHCYHKY) IHHHH coeqHHHTe rHe3ma KO u K1 Mexmay coOoii.

Bxmrounrte uetouyHuK G1. O HanHYMH HAIPSKEHHH HA €I'0 BRIXOE JOJIKHEI CHTHAJTH3HPO-
BATh CBETSIIHECS JITAMITOYKI.

Bxmmounte BeIkIrouaTelIn « CEThb» BeIkimouaTtenen A2, A3, A6, A7, Al10, All a takxe
Omoka A 15 BBOJa-BEIBOJA ITH()POBEIX CHTHAIOB.

[IpuBeguTe B pabouee COCTOSIHHE IIEPCOHAIBHBIA KOMITbIOTED Al7, BOHIUTE B COOTBET-
CTBYIOILIHI KaTaJlOr M 3aITyCTHTe IIPHKIAIHYIO ITporpaMMy «[lorepedHas qud)3aIira.exey.

3ajianTe YCTaBKH 3aI[UTHI, HA’KaB Ha COOTBETCTBYIOIIYIO BHPTYaJIbHYIO KHOIIKY. Harpu-
MEP, HCITONB3YHTE YCTaBKH, 3aJJaHHbIE 110 YMOITYAHHIO.

Haxxmrite Ha BUPTYalIbHVIO KHOIKY « HauaTe 3aImicey», BBEAUTE 3al[UTY HaKaTHEM Ha CO-
OTBETCTBYIOIIYIO KHOIIKY. CMOJIETMPYHTE KOPOTKOE 3aMBIKAHIE B 30HE JIEHCTBHS 3aII[HTEL, BKIIFO-
yuB BBRIKIIIOUATenbh All. Ilocne OTKIIOYEHHS 3allUTOH «IIOBPEKIAEHHON)» JIMHHHM ITPOAHAIIH3H-
PYHTE OCIIIIIOTPaMMBI TOKOB H HAITPSIKEHHIL.

[IpogenanTe 53KCIIEPHMEHT eINe pa3, MOAEITHPY S KOPOTKOE 3aMbIKaHHE BHE 30HEI JeHCTBHA
3aIHTEI ¢ ITOMOIIBIO BEIKITFOUATENI Al0. [IpoaHammisupyHTe MONMYyUYeHHEBIE OCIIIIIIIOIPaMMEI TOKOB
H HaITPSKEHHI.

HMcrone3yst OKHO 3aJjaHHs YCTaBOK, CMOJIEIINPYHTe HallpaBIIEHHBIE AH((epeHIIHATIbBHEIE
3aIUTEL. [IOBTOPHTE BKCIIEPHMEHT. Y OeUTECh B TOM, YTO OTKIIIOYAETCS JIMIIE Ta JIMHHS, Ha KO-
TOPOH IMPOH3OIIIO «ITOBPEKIEHHEY.

Ycra"HoBHTE IMapaMeTphl THHHH AS cineayronmnvi: R = 50 Om, L/RL=0,3/8 I'i/Om. Ilo-
BTOPHTE SKCIIEPHMEHT, MOJEINPYS 3aMBIKaHHE B 30HE JICHCTBHS 3aIlUTEL. YOS JUTECH B TOM, UTO
KOPOTKOE 3aMBIKAHHE CMOJEIIMPOBAHO B 30HE KACKAIHOTrO JEHCTBHA 3aluT. [IpoaHamsHpynre
ITOIYYEHHBIE OCIHIUIOr PaMMBI M Ky PHAII padOTHI 3alT, oOpaliias BHHMAHIE Ha II0CTIeI0BATENb-
HOCTB ITPOH30IIENIIINX COOBITHII.

[Ipu pabore ¢ rmporpaMMoH CIEAYET IT0IIb30BATHCS €€ BO3ZMOKHOCT SIMH :

OOKYMEHT MNOANWCAH H3BOAHMTCS ITYTEM Ha)KaTHS Ha I'padHKe TTeBOi
SNEKTPOHHOM NoanUChLIO | A P (b

Ceptudukar:  12000002A633E3D113AD425FB50002000002A6
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BosepaT K Ha4allbHOMY MacIlTady OCVINECTRIISeTCA 0OpaTHEIM IepeMeEIlleHHEM MaHHITYJISTOpa —
CIlpaBa HaJIEBO M CHH3Y BREPX.

JIBHraTh rpa)MK OCHIIIIOrPaMM OTHOCHTEIBHO OCeil KOOPAHHAT MOKHO ITYTEM HaKaTHS
H yIepKaHHSI Ha HEM IPaBOH KHOIIKH MBIIIH H €€ OJHOBPEMEHHOrO IIepPeEMEINEHHS B HYKHYIO
CTOPOHY.

Jlinsa ymoOcTBa onpeeleHHs 3HAUEHHI BEJIMYHH IT0 rpaHKaM Ha SKpaHe OoTOOpaKaroTcs
TEKYIIHE KOOPIMHATEI YKa3aTEs MBIIIIH.

Ha skxpaHe Takke oroOpaxkaeTcs COCTOSHHE BRIKIrOoUareinen A2, A3, A6, A7.

‘TouHbIe 3HAYeHH JFOOBIX BPEMEH CIIeAYET OIPeAelIArh 10 OCIIUIIOTPaMME, a He I10 XKYP-
HaJIy palOoTHI 3aIlfHT.

YCTaBKH TOKOB CJIeAVeT 3aJlaBaTh aMIUIHTYIHBIMH 3HAUeHH SIMH.

[ IpH BOSHHKHOBEHHH HEITPABIOIIO00HBIX PE3YIbTaTOB 3KCIIEPHMEHT CIIeAYET IIOBTOPHTh.

3aImCh MEKTPOMATHUTHEBIX ITPOLIECCOB B CXEME IMPOH3BOAHUTCS MIPOrPaMMOH B IIHKIIHYE-
ckuii Oydep. IlapameTprl Oydepa, a HMEHHO €0 IOIHYIO JUIHHY H JJIHHY «3IIIoray ((pakTHIecKH
— BpeMs 3aICH IIOCTIE CBEPINEHHS HHTEPECYIOINETO COOBITHS, B JAHHOM ClIy4yae — cpabaThIBaHHI
3aIllHTHI) MOKHO H3MEHSITH B ITYHKTe MeHIO « HacTpoliki». HarpumMep, eciiin cpabaTeIBaHHe 3a-
IMUTHL OKHaeTcd yepes 0,5 CeKYHIHI MTOCIIe Hayajla KOPOTKOI'O 3aMBIKAHIS, TO IS TOTO, UTOOHI
VBHIAETH MIPeAaBapHIHBIL PEKHM, PEKHM KOPOTKOI'O 3aMBIKAHHSI M PEXHM I10CIIE OTKIFOYEHHSI
ITOBPEKAEHNS JUIHHY Oy(epa B IeJToM MOKHO IIPHHSTH PABHOH 2-M CeKyHJAaM, a JJIHHY 3IIHJIora
(1o CyTH, 3TO JJIHHA 3aIlHCH pekHma 1ocje oTkmoueHnsa K3) — 0,5—1 cexyHze.

IuddepeHiansHasI 3alHTa SBISeTCS 3allHTOH MTHOBEHHOI'O JeHCTBHA. TeM He MeHee,
CpeJH YCTaBOK 3all[HTHI IIPHCYTCTBYET H YCTaBKa BRIAEPKKH BpeMeHH, He00XOIHMa S, BO-TIEPBBIX,
IUISI TTOBBIIIIE HISL HAITISIMHOCTH PE3YIIbTaTOB SKCIIEPHMEHTOB, BO-BTOPHBIX, JJIS OTCTPOHKH 3aIl[HUThL
OT KOMMYTAI[HOHHBIX ITOMeX H B-TPEThHX — I TapaHTHPOBAHHO IIPaBUIILBHOI'O OIIPEIEISHHA 3a-
II[HUTOH HaITpaBJIEHH S MOIITHOCTH.

10 3aBepIlleHHH 3KCIIEPHMEHTOB OTKIIOUHTE HCTOUYHHK (G1 M BeIKITrouaTenu « CETh» Gmno-
KoB A2, A3, A6, A7, Al10, All, AlS.

HPIMEP PE3VIIETATOB OINMCAaHHBIX OIIBITOB ITPHBCACH B ITPHJIOKCHIIH.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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Codepacarue omuema:

OT4YeT JOIKEH COLEPKaTh:

1. HazBanme padorhI,

2. Llens paborHl,

3. Kparkie TeopeTHUYECKHE CBEJICHH S,

4. OrmHcaHHe HCIOIb3yeMOr0 000PYAOBAHISI H MaTePHAaJIOB,
5. ITopsimox BRINIOHEHHS PadOThI,

6. Beruniciiennsa u o6paborka pe3yibTaToB,

7. BBIBOJIBL.

Konmpononste eonpocet:

1. IToyemy muddepeHIManIbHas 3aIlHTa BEIIIOIHASTCA 0e3 BRIAePKKH BPeMeHH?

2. YemM oraceH 0OphIB COETHHHTEIIHFHOI O IIPORBOIA B ITuIeue JH(P(epeHIHATIbHOH 3aIHTHI?

3. KaxoBBI IPHYHUHEL, BEI3BIBAOIINE TOK HebajlaHCa B pejle B HOPMaJIbHOM PeKHMe H IIPH
BHeIHeM K37

4. Kak BBIOIOIHHTL CXeMY HalTpaBJISHHOMH IToIepeyHOH JH(depeHIHAIbHON 3aIHThI ITPH
OTCYTCTBHH CITEI[HAILHOIO PENE HaIIpaBIeHHI MOIITHOCTH ABYCTOPOHHET O AeHCTBUSA?

5. B ueM HE1OCTAaTOK KaCKaJHOI'O JACHCTBHS 3all[HThI?

0. Ilouemy Harmiume OIOKHPOBKH I10 HAIPSKEHHIO ITOBBIINAET YYBCTBHTEIILHOCTE HAIlpPaB-

JIEHHOH ITOIepeYHOon JH(PPepeHIIHAIbHOH 3aIIHThI?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Jlabopamopraa paboma Ne9. /lucmanHuuoHHAA 3auiima JTUHUI 3JleKmponepeo auu 6

cemi C ﬂﬁyCHIﬂpﬂHHHM RIHMAHILEM.

Ilens pabomer: O3HAKOMHTHCS C ITPHHIAIIOM AHCTBHS JHCTAHIITHOHHON 3aIl[HThI JTHHHH.

OcHo6bL meopuiL:

B ceTsx crnoxHoH KOH(HI'YPaIHH ¢ HECKOJIbLKIMH HCTOYHHKAMH ITHTaHH I MAaKCHMAJIBHEIE
H HaITpaBJIeHHBIE 3aIl[UTEI HE MOI'YT OOECIIEUHTh CeJIeKTHBHOIO OTKIIFOYEeHHS KOPOTKOIO 3aMbIKa-
HuA (K3). TokoBbIe OTCEYKH He BCerjla IIPHMeHHMBI, a IIPOLOIbHbIE JH((PepeHI[HAIbHEIE 3aIHTEI
MOTYT YCTAHABIHBATHCS TOILKO HAa KOPOTKHX JIMHHSIX.

B cBsI3H ¢ 3THM BO3HHKAeT HEOOXOAUMOCTh B IIPHMEHEHHH APYTHX ITPHHIIHIIOB, TI03BOIIS-
FOIIHX ITOJTYYHTh 3aIl[HTHI ¢ HEOOXOHMMBIM OBICTPOIEHCTBHEM, 00eCIIEYHBAIOITHE CEIEKTHBHOCTD
H YYBCTBHTEIBHOCTh B 3IEKTPHYECKHX CeTSIX TF000H KOHPHIyparii. OJHOH H3 TaKHX 3aIlHT SB-
JIsIeTCS JUCTaHITHOHHAS 3aIIHTa.

BrlilepKka BpeMeHH JHCTAHIIHOHHOH 3aIl[HTHI 3aBHCHT OT PacCTOSHHS (JHCTaHIIHH)
MEK,Ty MECTOM YCTaHOBKH 3aIlfUTHI H TOUKOH K3, H HapacTaeT IJIaBHO WIH CTYIIEHYaTO C YBEIIH-
YeHHEM 3TOr0 pacCTOSHHA. IIpH TakoM IIPHHIMHIIE JeiiCTBHA OMIKAHINAs K MECTY ITOBPEKIeHHS
ITHCTAHIMOHHAS 3aIl[lTa BCErla HMEET MEHBIIYIO BEIIEPKKY BpeMeHH, 4YeM OoJiee yalleHHBIE 3a-
IMUTEI, ONarogapsi 5TOMY aBTOMAaTHYeCKH OOeCIIeYHBAETCS CEIEeKTHBHOE OTKIIFOYEHHE ITOBpeE-
KJIEHHOI'O Y4acTKa.

OCHOBHBIM 3JIEMEHTOM JTHCTAHIIHOHHOH 3aIl[UThI SBJISIETCS JHCTAHI[HOHHBIH OpraH, OIlpe-
JEeTISTOINX YIaleHHOCTh K3 0T MecTa yCTaHOBKH 3aIllHThI. B kauecTBe AHCTAaHIMOHHOIO OpraHa
HCITOJIb3YETCA Pelie COIMPOTHRIEHH ST, HEITIOCPEACTBEHHO HIIH KOCBEHHO PearHpyIOIIee Ha IT0JHOE,
AKTHBHOE HJIH HHAYKTHBHOE COITPOTHBIIEHHE JIHHHH.

[IlepBOHAaYaIIbHO JUCTAHITHOHHA S 3aII[HTA BHIITOIHSTIACH C ITOMOIIBEO PeIIe COIPOTHBIEHHS,
PEearHpyroHX TOIbKO Ha a0COMIOTHYIO BEIIMYHHY COIMPOTHRIEHHS 10 TouKH K 3. ITo Mepe yBen-
YeHH S MPOTSCKEHHOCTH JIMHHI 3JIeKTPOoIlepeJadyl H pocTa IlepeJlaBaeMOH 110 HHM Harpy3KH abco-
IFOTHBIE 3HAYeHHSI COIMPOTHRIEHHI ITpH K3 B KOHIIE JIMHHIT CTAaIH COM3MEPHMEL C COITPOTHRIEHH-
SIMH TIPH aBapHITHOH Harpy3Ke Ha JIHHHISIX 3JIEKTpoIepeladl. B TakHX yCIIOBHSX PENe COIIPOTHB-
JIEHHSL, pear HPYIOIHe Ha a0C OIMIOTHBIE 3HAYEHHS COITPOTHBIIEHHS, YK€ He MOITIH TOYHO OTJIHIHTh
K3 or Harpys3ku. B CBSBH C 3THM JHCTAHI[HOHHEIE 3aIl[HTHI BEITIOIIHSIOT PEarHPYIOIHMH HE
TOJILKO Ha aOCOIIOTHYIO BEITHYHHY COITPOTHBIIEHHS, HO H Ha BEJITHYHHY YIJIa (3JIeCh X H T — COOT-

AOKYMEHT OANUCAH "HHS OT TOUKH K3 10 MecTa YCTAHOBKH 3aIlUTEL
SNEKTPOHHOM NOANUCHIO | 1 y aIlUTEI),
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J11st 3TOH LenH OBUIH pa3paboTaHbl pele COMPOTHBIEHHT, Y KOTOPBIX COITPOTHBRIIEHHE CpadaTkI-
BaHHA pene. Takasg 3aBHCHMOCTE Ha3bIBACTCS XapaKTE PHCTHKOI cpabaTRIBAHHS PEIIE.
COITPOTHBJIEHHE Z SBIISETCSA KOMIUIEKCHOH BEIIMYMHOH, II0O3TOMY XapaKTEepHUCTHKH cpada-
TBEIBAaHH S pelle H300pakaroT Ha KOMIUIEKCHOH IIOCKOCTH B OCSX I, X. B 3TOH cHCTeMe KOOpIHHAT
XapaKTEpHCTHKA cpadaThIBAHHS PEIIE SBISETCS IMOTPAaHHYHONH KPHBOH, OIMPEHESIOMIEN VCIIOBH S
HeiicTBHS pelle. Hanbonee pacrpocTpaHeHbI XapaKTEePHCTHKI pelie B BHAE OKPYKHOCTH (HeHa-
ITpaBJIICHHOE WIH HaITpaBIIEHHOE PEJIE IIOIHOI0 COIIPOTHBIIEHHS H PEIIE CO CMEIEHHOH KPYT OBOH
XapaKTEPHCTHKOM), AIIIHIICA, ITPSMOH JIHHHH (pesle peaKTHBHOI'O COITPOTHBIIEHHS), MHOI OYTOJIb-

HHEKA.

K3 £ K2 4Kl T1 Gl

B TaHHOM 3KCIIEPHMEHTE MOJEIIHPYIOTCSA BOCEMB ITOCIIEN0BATEILHO COEAUHEHHBIX JIMHHI
anekTponepedaun (L1-L4, L1°-L4"), mutarommxcs ¢ IBYX CTOPOH OT JBYX HCTOUHHKOB (G1, (G2
(cM. puc.). K nmmHaM 3THX THHHH IO cOoeJHHEHB] pa3IHYHbIe 3IeKTpHYeckHe Harpy3kH (P, QL,
QC, P, QL", QC"). BeixmouaTennb Q BKIIOUEeH MeX Ty THHHSMH L4 u L4

CyIIecTBYET BO3MOKHOCTh YCTPaHBaTh KOPOTKHE 3aMBIKAHHS B IIECTH TOYKaX cxeMbl (K1,
K2, K3,K1", K2, K3") Ha pa3HBIX PacCTOSHHSIX H C Pa3HBIX CTOPOH OT BBIKITIOUATEIS Q.

C ITOMOMIb O H3MEPHTEILHBIX TPaHC(OPMaTOPOB (PHKCHPYETCS TOK H HaITpSDKEeHHE BOIH3H
BBRIKIIFOUATENS Q.

Ha riepcoHaIbHOM KOMITBIOTEPE ITOCPEACTBOM CIIEIHATIBHOH ITPOrPaMMBI MOAEIIHPYETCS
TUCTAHI[MOHHAA 3alTa P3, BO3AEHCTBYIOIASI HAa BRIKITrOUATENR (Q. 3allura MOXeET HMETEh OT OI-
HOH JO TPEX CTYIIEHEH C Pa3IHYHBIMH BRIIECPKKAMH BPEMEHH H PA3IIMYHBIMH XapaKTEePHCTHKAMHI
cpaOaTeIBaHHA pene. TaxkKe IMporpaMMa MOKeT padoTaTh B pexuMe ocIpuiorpada. Ilpn stom
3aIl[UTa HA BEIKIIFOYATEIF HE BO3JIEHCTBYET, HO HMEETCS BOSMOXKHOCTE IIOCMOTPETh TOK, HaIIps-
’KEHHE H IT0JIOKeHHE BeKTOpa KOMIUIEKCHOIO COITPOTHBIIEHHS OTHOCHTEIIBHO Ipa()HKOB 30H Cpa-

OaTEIBAHIA 3aIl[HTHI B PEaJIbHOM BPCMCHI.

YKkazanue no mexHuke de3onacHocmu.
YKazaHH 110 TeXHHKe 0e30I1aCHOCTH ITPH BBOTOJIIHEHHH HﬂﬁﬂpﬂTﬂpI{BIK pE]ﬁDT ITPHBCACHDBI

AOKYMEHT NoannucAH
SNEKTPOHHOW NOAMUCHIO
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VKa3aHua no 6sIno0JIHEHIUI0 1ADOPAMOPHOIL padomul:

YOemuTEeCh, YTO YCTPOHCTBA, HCITONB3YEMbBIE B 3KCIIEPHMEHTE, OTKIIFOUEHBI OT CETH 3IIEK-
TPOITUTAHH 5.

Coegqunure THe3ga « T K» uetounuka Gl .

COeIHHNUTE THe3Ja 3alllHTHOTO 3a3eMIIEHHS YCTPOHCTB, HCIIONB3YEMEIX B 3KCIIEPH-
MeHTe, ¢ THe3oM « PE» HcTtouHmka G1.

COEIMHUTE aImIapaTypy B COOTBETCTBHH C IIEKTPHUECKOH CXEMOH COETHHEHHN.

[lepexmroyarens pexnmMa padoThI TPEXIIOMFOCHOTO BEIKIIFOUATENS A3 YCTAaHOBHTE B II0JIO-
xKeHne «ABT.», semnrouarensa A9 — B nmonoxeHue « PYUH.». HoMuHanmsHBIE HAIpSKeHH ST 0OMO-
TOK TpaHc(popMaTopoB O10ka Al BeIcTaBhTe paBHBIMH, HanpuMep, 230/230 B. IlapaMeTpsl IHHHIA
snekTpornepenad A2 u A4 nepeKimoyaTelsiMH YCTaHOBHTE, HAIIPpHMED, clieayioiuMe: R =100 Om,
L/RL~=1,2/32 I'n/Om, C1=C2=0 MxD.

Br1OepHTe MOITHOCTL aKTHBHOH Harpy3ku A7, Hanpumep 10% ot 50 BT B nieproi (asze,
100% - BO BTOPOH.

BriGepure MOIHOCTS HHAYKTHBHOH Harpysku A0, Harpumep 20% or 40 Bap B riepron
¢aze, 80% - BO BTOpPOI.

Br16epHTe MOIITHOCTh eMKOCTHOI Harpy3kH A8, HarmpuMep 20% ot 40 Bap B nmepBoit da3e,
20% - BO BTOpPOH.

Bxrrounte HcToyHHUK G1. O HATTMYMH HAIPSKEHHH Ha €0 BEIXO/E JTOIKHEBI CHTHAJIH3HPO-
BATh CBETSIIHECS JIAMITOYKH.

Bximounte BrIKrOUaTelnH « CET by BeikmrouaTtenen A3, A9 a Taxxke O01moka Al2 BBOZIa-BEI-
BOJa IIH()POBBIX CHTHAIIOB.

IIpuBenure B padouee COCTOSIHHE IIEPCOHAIBHEIN KOMIBIOTEP Al4d, BOHIUTE B COOTBET-
CTBYIOII[MH KaTaJIoT M 3aITyCTHTE NMPHKIAIHYIO IporpaMmy « J[MCTaHI[MOHHAS 3alIlHTa.eXe.

Hcronp3ys rmaBHOe MeHIO, BEIOEpHTEe peXHM paboThl ImporpaMMel «Ocigumiorpady». B
3TOM PeXKHME PeleHHas 3allHTa Ha BEIKIIOYATEIL HE BO3JAEHCTBYET, 3aTO HMEETCSI BOSMOKHOCTE
B PeaJlbHOM BPEMEHH ITIOCMOTPETh TOK, HAIIPSCKEHHE M BEKTOP COITPOTHBIIEHUS JHCTAHI[HOHHOH
3aIUTHL. [[pOM3BOIBFHEIM 00pa30M H3MEHSITE BEMMYMHEI HAIPY30K CETH M HaOMOJalTe H3MEHE-
HHE JJIHHBL H (pa3bl BEKTOpa KOMIUIEKCHOTO COITPOTHBIEHHSA. HeKOoTOphle IpHMephl 3HAYeHHI
Harpy30K H ITOIIYYAFOIIHECS IIPH X HCITOIb30BAaHHH KapTHHKH Ha 3KPaHe ITPHBEIEHBI B ITPHIIOKE-

HHII.

3amaiTe XapaKTepHCTHKH 3aIlHThI, Ha’KaB Ha COOTBETCTBYIOIYIO BHPTYAIIbHYIO KHOIIKY.

LOKYMEHT NOANUCAH |
ANEKTPOHHOW NOANMUCHIO "THBIE IO yMOITHaHHIO.

Ceptudurkar: 12000002A633E3D113AD425F B50002000002A6
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CMOIeIHPYIHTe KOPOTKOe 3aMbIKaHHe. Harmpumep, coequHutre TOUKH KO 1 K1 Mexay co-
OOH M BKIIXOUNTE BBRIKIIOYATENDh A9. AHAIOTHMYHBEIM 00pa3zoM HMHTHPYHTE APYTHE KOPOTKHE 3a-
MBIKaHHSL, coeQuHsasa TOUKH K1-K6 ¢ toukon KO. OOpatHTe BHHMaHHEe HAa H3MEHEHHE BEKTOpa
KOMIUIEKCHOI'O COITPOTHBIIEHHS, a TaKKe Ha TO, B KaKyr 00J1acTh cpadaThIBaHH A ITPH KaKOM KO-
POTKOM 3aMBbIKAaHHH TIOITaJacT BRIIIEYIIOMSIHYTHIH BeKTOpP. J[JI1 TOYHOTO Ompeie]IeH s (pakTa I1o-
TTaJJaHis BEKTOpa B TY MM HHYIO 00IacTh OPHEHTHPYHTECH HA KPYITIBIE HHIHKATOPEI B ITPaBOM
HIDKHEM VITIY SKpaHa.

Bribepure pexuM paOOTEI IPOrPaMMBI « 3aIl[HTa .

Ha)xmrite Ha BUPTYaIbHVIO KHOIKY « HauaTe 3aImcey, BBEAHTE 3al[UTY HaKaTHEM Ha CO-
OTBETCTBYIOIIYIO KHOIKY. CMOAEIHMPYHTE OJHO M3 BBIINIEOIMMCAHHBIX IIIECTH KOPOTKHX 3aMBIKa-
HUH. [Tocie OTKIIroueHS 3aIHTOH «ITOBPEKIACHISY IIPOaHAITH3HPYHTE OCIUIUIOIPaMMbI TOKOB H
HAaIIPsDKEHHI, a TAKKE ITOJI0KEHHE BEKTOPA COIIPOTHBRIIEHH S B Pa3/IMYHEIE MOMEHTEI BpeMeHH. He-
KOTOPEIE IIPHMEPEI ITOTYYAFOIUXCS KAPTHHOK C SKpaHa ITPHBEIEHBI B ITPHIIOKEHHH.

[Ipu pabore ¢ rmporpaMMoOH CIEAYET IT0IIb30BATHCS €€ BO3SMOKHOCT SIMH :

MacirrabHpoBaHHe OCIIUIIIOIPAaMMEI TOKOB M HAIPSDKEHHH ITPOM3BOAHUTCS ITYTEM HasKa-
THS Ha rpa(pHKe JIEBOH KIaBHIIH MBIIIH H, HE OTITYCKas ee, e peMeIleHHS MaHHITYJISTOpa ClleBa
HaIIpaBO M CBEPXY BHH3. BO3BpaT K HauaIbHOMY MacIlTaly OCYINECTRIISIETCS OOpaTHBIM ITepeMe-
II[EHHEM MAaHHUITYJIATOPa — CIIpaBa HaJIeBO H CHU3Y BBEPX.

JIBHraTh rpa)MK OCHIIIIOrPaMM OTHOCHTEIBHO OCeil KOOPAHHAT MOKHO ITYTEM HaKaTHS
H yJIepKaHHS Ha HEM ITpaBOM KHOIIKH MBI H €€ OJHOBPEMEHHOIO IIEPEMEINEHHSI B HYKHYIO
CTOPOHY.

Jlinsa ymoOcTBa onpeeleHHs 3HAUEHHI BEJIMYHH IT0 rpaHKaM Ha SKpaHe OoTOOpaKaroTcs
TEKYIIHE KOOPAMHATEI YKa3aTeI MBIIIIIH.

MacmmraOHpoBaTh BEKTOPHEIE JHATPAMMBI, a TaK/Ke I'Pa(pHKN 30H cpa0aThIBAaHH S 3aII[HUT B
OKHE 3aJIaHH S YCTaBOK MOJKHO ITYTEM HaKaTHSI Ha COOTBETCTBVIOIIHE KHOIIKH B IIPaBOM HIKHEM
YTy TpadHKa.

Ha skpaHe Takke oroOpakaeTcs COCTOSHHE BBHIKITIOUATENS A3,

B pexrme paboTh « Ociirmiorpad» BRIKIIFOUATEb A3 MOKHO BKIIFOUHTH, HaKaB Ha COOT-
BETCTBYIOIIYIO BHPTYAJIbHYEO KHOIIKY (ITOCIIE HAa KaTHS KHOIIKA HCYE3HET).

B pexrmMe «3armpray 1ocie cpadaThIBaHHS 3aIHTEl MOKHO IIOCMOTPETh BEKTOP COIIPO-
THBIIEHHS B JTFOOOH MOMEHT BpeMeHH. J[JI1 3TOoro HeoOXOAHMO INEIKHYTh 110 HHTEPECYIOIEMY

MOMCHTY BPEMCHH Ha I‘pﬂ(l)HKE OCIIHILUIOI PaMM TOKd H HAITPAKCHHA, OJHOBPCMCHHO YVACPKHBAA

AOKYMEHT MOAMUCAH
SNEKTPOHHOM MOANUCHIO
Ceptucpukat: 12000002A633E3D113AD425FB50002000002A6

=T OITPSACIIATE ITO OCIITHIIJIOT'PAMME, a4 HE I1O -
Bnapeneu: Llebayxosa TaTbAHa AnekcaHapoBHa ped 1 Ip ? KYp

Nencreutened: ¢ 20.08.2021 no 20.08.2022
54



ckui Oydep. [TapameTprl Oydepa, a HMEHHO €I0 IOIHYIO JUIHHY H JJIHHY «3I0I0ra» ((pakTHIeCKH

3aImich INMEKTPOMAIHHTHBIX ITPOIECCOB B CXEME IIPOH3BOITCA ]'[pﬂI‘pMGﬁ B IMIEJIHYC-

— BPEMA 34IIICH ITOCIIC CBCPHICHHA HHTCPECYIOILICI O CG@LITH_H: B JdHHOM CJIyHac — CpﬂﬁﬂTHEﬂHHﬂ

3aIllHTHI) MOKHO H3MEHSITH B ITYHKTe MeHIO « HacTpoliki». HarpumMep, ecim cpabaThIBaHHE 3a-

ITHTEI OKHAACTCH YEPE3 2 CEKYHJ/bBI ITOCJIE Ha4dJla KOPOTKOI'O 3daMBIKAHIA, TO JJIAH TOI'O, YTOOBI

YBHACTD HpE,I[ﬂE&prH—[B]fI PEXKHM, PCKHM KOPOTKOI'O 3dMbIKAHIA H PCKHM ITOCIIC OTKIIIOYUCHIA

TTOBpEKAeHHS JIIHHY Oydepa B LIeJIOM MOKHO IIPHHATE PaBHOH S5-H CeKyHIaM, a JUIHHY SITHIOora

II0 CYTH, 3TO JIMHA 3aITCH pekHmMa 1mociie oTkmoueHHT K3) — (0,51 ce Ie.
3

KoB A3, A9, Al2.
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Bnapeneu:

llebayxoea TateAHa AnekcasgpoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022

o :
~ O, |
= . g |
R i = | o |
mEARR = | O ol
| =) | |
e | DAz ¢ |
Ll ! | nnn:Tn -:Erl': !
L T ETd o T J [ — _I
:= = -1 "\ — - - = L
= : S S
= it o = | *
=¥ %I 6 E: : 0O Q 0 r[\‘u. :
I
e : O 60 O ru |
= J . |
: ' !
e A
&~ S
E | E|
I m gl o
g W % | ‘?E:q 1KLY . 0 E'
e oo | vl | i |
SL - | I il |
E T: At \l'\ o | % :
. ﬂ | | :
z 1 % \I\ 0= | !
) | | | i |
=P R R ] | i '
r 4000 . o |
S Y | _
= : ok l
E‘ . Eo—[xl—o §I —fr ;’
PN o B LTS S ==l I [ 7 T A ol
= = | =
g ¥ T'L—F!"_\._Tl—c . R 3 i 5
m | - I_'!’_6$_______I e
i g I . H Ty,
‘al el | H
: "|i\_.v|"l’—l - -
[ A T A P o
' 0 o o
S i —k
e | T |
C e || 1 |
o . IhRh !
NOKYMEHT MoanucAH !
SNEKTPOHHOW glonlgi%les=10) R :
12000002A633E3D113AD425FB50002000002A6 :|||._ |

110 3aBepIlleHHH 3KCIIEPHMEHTOB OTKIFOUHTE HCTOUYHHK Gl M BRIKITrouaTenu « CETh» Gmo-

335



5
/ T 5 &
’ = 9 g ]
Va 2 O O ~0 :
g s s o = !
— s I = 8 I
i us] = = .
~ / 2 g o] ml
i/ E < I
/ z - '
: |
IIr =L .
{ - = !
, 0 I Q Q I 0 I
{ - 0 .
; < T |
! @ - - G I
P o5 © o) 5 © |
0 < < -
/b - s :
;’ > ) é o) § 0 é 0 i
bl /o (= N i o C, |
= / ) oz 0O < Q Zo |
= / 0 < < |
/ m (i) ) '
=P - ) T = |
- ;"I ol o5 0 5 O L0 |
: @] < = < '
|
et j C (3' _ = - G i
! (U o%X 0 ¢ I o |
:I: / I 2 . |
| =S
=" i <C ® o |
= i o5 o o Zo |
< | @. < -n: (3_ |
oy I = =t !
Wa \ 0 35 Q Q 5 © |
E \ < < |
VL . ]
>
)
=

<0 =0 1700 !T0®0 !0 ®0!v0 0! 0 =0 3
I I [ I I | | I
im hC}Imﬂhﬂlmﬂhﬂlmﬂhﬂlmﬂhﬂlmﬂhgl ,
--:'-.1(? mc} :mﬂmg:wﬂ m{:};mﬂ mc} :NG u:ID :L"-.ID. mD:

I
:*?“G:*G“DI*G“DI*D“G:*G“G:*G“G:

HpOI[O.H}I{EHHE AIJNICEKTPHIECCKO

| | ! | | ! !
0 _ |l _ L . _ . _ Lo I

<

NOKYMEHT MOAMNWUCAHR

SNEKTPOHHOW MOANUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

Heincreutened: ¢ 20.08.2021 no 20.08.2022

K komnwviomepy A14



Codepacarue omuema:

OT4YeT JOIKEH COLEPKaTh:

1. HazBanme padorhI,

2. Llens paborHl,

3. Kparkie TeopeTHUYECKHE CBEJICHH S,

4. OrmncaHHe HCIOIb3yeMOro 000pPYAOBAHISI H MaTePHAJIOB,
5. ITopsimox BRINIOHEHHS PadOThI,

6. Beruniciiennsa u o6paborka pe3yibTaToB,

7. BBIBOJIBL.

Konmponwsusie 6onpocet:

1. B xakux ciy4asx IMpHUMeHSIETCS JUCTAHIIMOHHAS 3all[MTa JIHII?

2. HazoBHuTEe mapaMeTp Ha KOTOPBIH cpadaThIBAET JIMHIS.

3. Kakne OpIBArOT XapaKTEPHCTHKH BRIAEPKEK BPEMEHH JHCTAHIIOHHON 3aIlHTEI?
4. Kakmm 00pa3oM COrmacoOBBIBAIOT JHCTAHIHOHHEIE 3aIIHTHI Me KTy cOO0H?

5. VI3 xakHX (PYHKITHOHAIbHBIX YacTeH cOCTOHT /I3, IOSICHHTE HX?

6. Kakme OpBaAIOT XapaKTEePHUCTHKH cpadaThIBaHHS AHCTAHI[HOHHON 3aII[HTHI?

7. Kaxkpnvi 1OoCTOMHCTBAMH H HeJocTaTKaMH odnagaet J[37

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022

57



Jabopamopran padoma Nel(). MakcumaibHAL MOKO06dA 3AU{UMA C HE3A6UCUMOIL 6bl-

ﬂepﬂfﬂ{ﬂﬁ 6PpEMEHNU JIHHUI HJIEHHIPI?HEPEI}HIIH U 6600HO020 6bIKIIO UaAImeJi.

Ilens pabomst: V3ydUTh IIPHHIMIT JEHCTBHSI MAaKCHMAIbHOH TOKOBOH 3aIl[HTHI, H3YUHTh
METOJIbI pacueTa H IIPOBEPKH YCTABOK 3aIl[HThL, HCCIIELOBATh (DaKTOPHIL, BIMSIONIHE HA CEIEKTHB-

HOCTh H 30HY AeHCTBHSI MT 3.

OCHO6bL meopuu:

MT3 — ocHOBHas 3amura IS BO3AVIIHLIX IHMHHH C OJHOCTOPOHHHM ITHTaHHeM. MT3
OCHAII[AXOTCS He TObKO JIDII, HO Takke H CHIIOBBIE TPAaHC(OPMATOPHL, KaOeIbHbIE JIHHHH, MOIII-
HEIE JBHIATelIN HaIpsokeHHeM 6, 10 xB.

OCHOBHBIM H HanOollee XapaKTepPHBIM ITpH3HAKOM K.3. SBISETCS ITOSBIIEHHE CBEPXTOKA,

I{GTGPBIﬁ CTAHOBHTBCA BO MHOI'O Pa3 OOIbIIE TOKA HAI'PY3KI. Ha mcrions30BaHHH 3TOTO IIPHHITHIIA

i

H OCHOBaHO JaeHcTBHE M. T.3.

=1
il il

1
L

K pene M.T.3. yepe3 TA NOABOAUTECS TOK, IMPOXOASIIHI I10 3aIlHINAaEMOMY 3IIEMEHTY
(e W). Korga Tok ZJOCTHTaeT 3apaHee YCTaHOBJIEHHOI O 3HAYEHH S, 3alliTa IIPHXOJUT B JeH-
cTBHe (CpabaThIBAaeT) H OTKIFOYAET BBRIKIIFOYATENb (. 3HaueHHe TOKa, ITPH KOTOPOM ITPOHCXOIUT
cpabaThIBaHHE 3AIHTHL, HAa3BIBAETCSI TOKOM cpadaThIBaHHA. [10SBIEHHE CBEPXTOKA B KAKOM JIHOO0
3JIeMEHTE, He BCEra SBISETCS IIPH3HAKOM ITOBPEKIeHII 3TOr0 3IeMeHTa, HOO CBEPXTOK ITPOXO0-
IUT U I10 HETTOBPEXKIEHHBIM 3JIEMEHTAM IIEITH.

Tak B 3IIEKTPOCETH, COCTOSIIEH M3 TPeX IOCIIEAOBATEIIFHO COeAHHEHHBIX YYAaCTKOB, IIPH

K.3. B Touke K. CBCPXTOK ITPOXOIHT OT HCTOYHHKA G K MECTY IIOBPCHKACHIA KAaK ITO ITOBPCAICH-

HOMY VUACTKY [/, TaK H IO HEIIOBpe KAeHHBIM: [/ 1 11/

IiE T3 W73
e []s 3, vag
o l I _ I
(m)__L_ﬂ_ _ i
Y

_ ' I ar I, K
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Ecm CBEpXTOK IMPeBBICHT TOK CpadaTHIBaHIS, TO HELOITYCTHMO, UTOOBI CpaboTal BCe TPH
3alUTEI. [IpaBHIIbHAS THKBHAALIHSA apapHH OyJeT HMETh MeCTO B TOM CIIy4ae, €CIHM cpaboTaeT
M.T.3. 1 1 OTKIIFOUNT BEIKIFOYATH ()7, OMMKaNIIMI K MECTY IIOBPEKIEHUSA — 3TO H €CTh TpeOoBa-
HHe K H30HpaTebHOCTH WIH celneKTHBHOCTH M.T.3.. /11 BEIITOIHEHN S 3TOro TpedoBaHHA Heo0-
XomuMo, YyToO0rl M.T.3. y4acTKOB HMEIH PasjIMYHOE BPeMs cpadaThIBAHHS, BO3PACTAIOIIEE I10
HaIIPaBJIEHHIO K HCTOUHHKY ITHTaHHA.

Bpems cpabareiBaHMS 3aI[UTEI OT MOMEHTA BO3ZHHKHOBEHHS CBEPXTOKA IO BO3IAECHCTBHUSI
Ha BBIKJIIFOYATENIh HA3bIBAETCS BRIACPKKOH BPpeEMEHH. B TaHHOM ClIyyae HaHMEHBIIYIO BBIJIEPKKY
BPEMEHH {7 JOJKHA HMeTh 3armura M.T.3. I, HeckonbKo OonbInyro 12— 3ammra M. T .3./1 1 camyro
OompIyro 3 — M. T.3. 111

YKazanue no mexHuke d0e30nacHocmu.
YKa3aHH S 110 TeEXHHKe 0e30IIaCHOCTH ITPH BEOTOJIHEHHH HﬂﬁﬂpﬂTﬂpI{BIX paﬁn:rr ITPHECACHBL

B ITPHIIOKEHHE A.

VYKazanusa no 6uinoiHeHuo 1adopamopHoi pabomel:

1) CoOpats cxeMy JabopaTopHBIX HenbITaHmit puc. 2 (BCE Moy cTeHIa JOMKHEI
orrTe OTKJIIOUEHEI!). IlonkmrounTh aHaIOrOBBIE KaHAIBI MOAYIISI BBOJA-BEIBOAA I H3MEpPE-
HHS (pa3HBIX TOKOB BBOJHOI'O BRIKIIFOYATENS H BEIKIIIOUaTeNII KabeapHOH JIDII Ha rmepBoH CceKITHH
cOopHBIX IMH (KaHanbl Al 1 A2 k dazaMm A u C MOZYIIS BBOJHOTO BEIKIIFOYATEII, KaHAIIBI A3 H
A7 x ¢azam A u C Moy BeIKIToHaTens kadbensHoH JIDIT). Bxom Moy BEIKIFOYATENIS KOPOT-
KO3aMBIKaTend QK3 MOAKIFOYHTE K MOAVYIIIO KOPOTKO3aMBIKATEIS, a BRIXOL — K KIleMMaM A3,
B3, C3 moxyna BeikmouaTensd kadenpHoH JIDII 1CII (Touyka K1). IlepeBecTH IepeKIroYaTelIH
SA1 mMomymna TpexdazHoi ceTH, SA2 MOIYIS BBOJHOIO BEIKIIOYATENS, MOJIYIIEH BBIKIIOYATEIIS
KaOenmpHON JIDII, MOZYIIS ABHTATEIILHON HArPy3KH H MOAVIIS CEKIMOHHOI'O BREIKIIIOUYATEIIS B I10-
noxeHHe « ABT». llepeBecTH nepekmoyarel SA3 MOAYIEH BBOJHOIO BRIKIIFOUATEIS H BREIKIIIO-
yaTelsd KOPOTKO3aMBIKATENS B BEPXHEE ITOI0KEHHE. BKITIOUHTS, aBTOMAaTHUYECKHE BBIKITFOUATEIH
QF1..QF3 Ha mmieBoH maHelIH MOAYIS KOPOTKO3aMBIKATells. BKIIOUHTE aBTOMATHUYECKHE BEI-
Kroyarenrd QF1.. QF4 Ha MoayIsIxX akTHBHOH Harpys3KH. BKIIOUHTE IHTAaHHE CTEHAA aBTOMATH-
YeCKHUM BRIKIIFOUYaTerneM QF 1, pacrionoXeHHBIM Ha MOJTYIIE TIMTAHNS CTEHIa. BKIFOUHTE IIHTaHHE
BCEX MOAYJIIEH, HMEIOIHX HHAHBHAYAJILHEIH TYMOJIep nmogaul muranusg SAl «CeToby.

2) Ha nepcoHanbsHOM KOMITLIOTEPE 3aITy CTHTh IIPOrPpaMMHEIH KomItiieke «DeltaProfin

AOKYMEHT MOAMCAH .
SHEKTPOHHOWM NOANNCHIO ¢ - DeltaProfi). OTkprITh TaO0paTOpHYIO padoTy

Ceptudhmkat: 12000002A633E30113AD425FBS0002000002A6
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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3) B mporpamme «DeltaProfin mepeBectn 3anmuter MT31, MT32 B pexrm paGoTEI
«IEHCTBHE Ha CHTHAI» (JIBOMHOMN INETYOK JIeBOH KHOIIKOH MBIIIH Ha ITPIMOYTOIBHHKH «MT31»
H «MT32», B MOSBHBIIIEMCS JHAJIOTOBOM OKHE YCTAaHOBHTE IEPEKIIFOYATEND « PeXKiM padoThI» B
TIOJIO’KEHHE «CHTHAIL)).

4) 3aITyCTHTH ITporpaMmy B padoTy KHOIKOM «I1yCK» HIIM KOMaHIOH I'NITAaBHOI'O MEHIO
« Y1mpaBiieHHe - [Iyck» win ropsauen KinapuineH F3S.

) JINCTAaHIMOHHO BKIFOUYMTH BRIKIIFOUATE b (Q1 OQHMHAPHBIM IETYKOM JIEBOH KHOIIKH
MBIIIH T1I0 3€JIEHOMY IIPSAMOYTOIBHHKY «Q1». IIporpamma Bcerga orobOpakaeT TEKVIIEE COCTOS-
HHE BBIKITIOYATENS (3eJIEHBIH — OTKIIOYEH, KPacHBII — BKIIIOYEH). AHAJIOTHYHBIM 00pa3oM
BKJIFOUHTE BRIKITFOUATETH Q3 1 Q6. IIpH 3TOM Ha MHeEMOCXeMe OTOOpaKarOTC I MTHOBEHHEIE 3HA-
YeHH I TOKOB BO BTOPHYHBIX OOMOTKaX H3MePHTEIIbHBIX TPaHC(POpPMaTOPOB TOKA.

6) 3anmcarh 3HaueHHE TOKa BO BTOPHYHOH OOMOTKE H3MEPHTEIIFHOIO TpaHCc(hOopMa-
Topa TAO, IIPOIMOPIIHMOHAIIBHOE TOKY HAarPY3KH [y pakc

7) PaccunraTh TOK cpabaThIBaHHA 3aiuThl MT32 1Mo KmaccH4ecKoH (popMyIIe:

k, -k,
IE‘-E.: k—IH max *

¢

Koa(pmmeHT HaleX)KHOCTH ITPHHATH paBHBIM ku = 1,055.

Koa(mpieHT 3amycka JBHTaTelIbHOH HarpPy3KH IIPHHATH paBHEIM Kk: = 1. KoagpuimeHT
BO3BpaATa pejie TOKa IIPHHATH paBHBIM ks = (0,97.

OTKPBITE JHAJIOTOBOE OKHO HACTPOHKH ITapaMETPOB 3aIl[HTHI ABOHHBIM II[ETIKOM JIEBOI
KHOITKOH MEIIIIH Ha ITPSIMOYTONBHHKE «MT32», B ITOSBHBINIEMCS JHAIIOTOBOM OKHE BBECTH pac-
YEeTHBIH TOK cpadaThIBaHNS 3aIUTEL. /[HAaIOrOBOE OKHO 3aKPBITh.

8) BxmounTts BEIKIIrOUaTenu QJ5, Q7 u Q8. 3arHcarh 3Ha4YeHHEe TOKAa BO BTOPHYHOM
00OMOTKe H3MepHTEeIILHOro TpaHcpopMaTopa T A3, ImporopiiHoHaIbHOE TOKY Harpy3KH BBoa Nel

IBB. IMax.

e} PaccunraTh TOK cpabaTeiBaHHA 3amuThel MT31 1mo KmaccHieckoH (popMyIIe:

k, -k
— H j'f

IE'-E_ H. max
ka‘

Koad¢mmeHT Hae)KHOCTH IPHHATEL paBHBIM kiu = 1,050.
KoaddrmieHT 3amycka JBHTaTeIbHOH Harpy3KH IIPHHATE paBHEIM ks = 1,92. Koad -
€HT Y BO3BpaTa pejie TOKa IMPHHATH paBHBIM Ks = (0,97.

OTKPBITL AHAIIOI'OBOS OKHO HHGTpDﬁI{H IMapaMCTPOB 3dIITHTBI IBOHHBIM ILETYKOM JIEBOH

OOKYMEHT NoarnncAH
ANEKTPOHHOW MOAMUCHIO B ITOABHBIHICMCSH JHAIIOI'OBOM OKHE BBCCTH pPac-
Ceptudurkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapenedu: Llebayxoea TatbAHa AnexkcaHapoBHa C OKHO 3aKPbITb.
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10)  Paccuurath BBRIJEPKKH BpeMeHH cpadaTteiBaHMA 3aliT MT31 u MT32 B coOTBET-
CTBHH CO CTYIIEHYATHIM ITPHHI[MIIOM OOECIIEYEHHS CENIEKTHBHOCTH JEHCTBHA. 3a]1aTh ITONTYYEHHEIE
BBIJIEP/KKH BPEMEHH B JHAJIOTOBEIX OKHAX HACTPOHKH ITapaMETPOB 3aIlHT.

11)  Ileperect 3ammrel MT31 u MT32 B pexxuM paboThl «IeHCTBHE HA OTKIIIOUEHHE).
Co31aTh KOPOTKOE 3aMbIKaHHE BKIIFOUEHHEM BREIKITFOYATEIS KOPOTKO3aMBIKaTES. [ IpH mmpaBIiIbHO
BEIOpAHHEBIX VCTaBKaxX, cpadarkBacT 3amura M'132, OTKIIrouas BEIKIIOYaTels Q O.

12)  OTKIFOYHUTE BBEIKIIOYATEIIR KOPOTKO3AaMBIKATENISL. OTKIFOUHTE BCE BHIKIIFOYATEIIH.
OTKIIOUHTH IMMTaHHE CTeHAAa. M3MEHHTH TOUKY IMOAKITFOYEHHS BBIKIIIOYATEIIS KOPOTKO3aMBIKA-
TeJIsq JJI CO3JaHHI KOPOTKOIO 3aMbIKaHHS Ha ITepBOH ceKIHH cOopHBIX IHH (KinemmMbl Al Bl, Cl
MOy BeIKITIOuaTeld kaOempHOMH JIDII. Touka K2). BkmrounTs muraHue creHga. COpOCHTh YKa-
3aTellbHOoe pefle 3amuThl MT32. BxrrounTs BeIKTOYaTenH Ql, Q3, Q5, Q6, Q7 u Q8.

13) Coszars KOPOTKOE 3aMBIKAHNE BKIFOUEHHEM BBIKIIFOYATESI KOPOTKO3aMBIKATESL
[ Ipu ripaBHIIBHO BEIOPAHHBIX YCTaBKaX, cpadareiBacT 3ammTa MT31, orkimrouas BeIKITrouaTens Q3.

14)  OTKIOYHUTE BBIKIIOYATEIh KOPOTKO3aMBIKATeNnsd. OTKIIOUHTL BCE  BBIKIFOYA-
Tend. OTKIOYHTE ITHTaHHE CTEeHJIA. M3MeHHTE TOYKY TIOJKITIOUEHHS BBIKIIIO-
yaTelnsa KOPOTKO3aMBIKATe S JJIS CO3MaHHsI KOPOTKOI'O 3aMBIKAHHS Ha BTOPOH CEKI[MH COOPHBIX
ol (kneMMbl Al Bl, C1 moxyng Beikmrouatensd KabeapHoi JIDII. Touka K3). BKmouynTh ImHTa-
HHe cTeHJa. COpOoCHTh yKazaTelabHoe pelie 3amuTel MT31. BrarounTs BeIKITFOUaTerH Ql, Q3, QS,
Q0, Q7 m Q8.

15) Coszmars KOPOTKOE 3aMBIKAaHHE BKIFOUEHHEM BBIKIIIOYATEIS KOPOTKO3aMBIKATE S
[Ipu npaBHIILHO BEIOPAHHBIX YCTAaHOBKAX, cpadaTriBacT 3ammra MT 31, oTKIIr0Yas BEIKIFOYATED
Q3.

16) OTKIOYHTE BBEIKIFOYATEID KOPOTKO3aMBIKATEIS. OTKIIFOUNTE BCE BRIKITFOYATEITH.

OTKIIIOYHTE  ITHTAHHE CTEHJIA. M3MeHHTE TOYKY TIOJKITIOUEHHS BBIKIIIO-
yaTelnsd KOPOTKO3aMBIKATENIS JJIS CO3JaHHS KOPOTKOIO 3aMBIKaHHS Ha KaOeinsHOH JIDII mepBon
ceKIIHH cOOpHBIX IMHH (Ki1eMMbI A3, B3, C3 Moy BeIkrouaTesrsd KadenbHoi JIDII. Touka K1).
BxirounTts nmuranue creHga. COpOCHTE yKazaTelnbHOe pene 3aimTel MT31. BKIIOUHTE BEIKITFOUA-
Tern Ql, Q3, Q5, Q6, Q7 u Q8.

17)  llepesect 3anmry MT32 B pexiM paboTHl «IEHCTBHE HA CUTHAII» JJIS HMHTAI[HIH
eé oTkaza. Co3/1aTh KOPOTKOE 3aMBIKAHHE BKITFOUEHHEM BRIKITFOUATES KOPOTKO3aMbIKaTe st [1pH
ITPABIVIBHO BEIOPAHHEIX YCTaBKaX, cpabareiBactT 3armura MT31, oTkiIrovyas BEIKITOYATels Q3.

18)  OTKIOYHTE BCE BRIKIIIOUATEIHM. OCTAaHOBHTH ITPOrpaMMy KHOITKOH «CTOIDY, KOMaH-

ACKYMEHT NOANMMCAH T ropsueil Knapimeii F6. OTKIIOUHTD ITHTaHHE
SNEKTPOHHOW NOAMUCHIO P '
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19) CrenaTh BEIBOABI O CEIeKTHBHOCTH JIeHCTBHS 3aIHTEI, OIPeAelHTh, KaKHe H3 HC-

CIICHOBAHHBIX TOUCK KOPOTKOI'O 3aMBIKAHHA OTHOCAHATCA K OCHOBHOH H KakHe K pESEpEHGﬁ 30HEC

nencTBHA 3a1uTEI MT31. OdopMuTs oT4eT Mo mnadopaTopHOH padore.
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MaxcrMabHas TOKOBas 3alllHTa ¢ He3aBHCHMOMH BBI,[[EP}I{KGﬁ BPCMCHH JOTHHH 3JIICKTPO-

Icpeaavii H BBOJHOI'O BRIKIIFOYATCIIA. CxeMma JJICKTPOMOHT A XKHA

AOKYMEHT MNOArNMCAH
QNEKTPOHHOW NMoArnncbio
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‘

MaxcHMambHas TOKOBaS 3allfiiTa ¢ He3aBH CHMOH EBI,I[EP}KI{Gﬁ BPCMCHIH JTOTHIIH 3JICKTPO-

Icpcaaii H BBOJHOI'O BRIKIIFOYATCILA. MHeMmocxema

Codepocanue omuema:

OT4YeT JOIKEH COLEePKaTh:

1. Haszeanrie paboTHI,

2. Llenp paboTHI,

3. Kparkie TeopeTHUYECKHE CBEICHH S,

4. OIrmucaHHe HCIOIb3yeMOro 000PYIOBAHISI H MaTePHAJIOB,
5. Ilopsapok BeIoOHeHHS PadOThI,

6. BerunicineHnsa u o6paborka pes3yiIbTaToB,

7. BBIBOJIBL

K OHMPOJIbHbBIE 601NPOCHL.

1. Kak BeIOHpaeTcs ycTaBKa 110 TOKY JIJISI MaKCHMAIIbHOH TOKOBOM 3amuThl (MT3) ¢ Hesa-

L=

RUCHUMON RRITENEKKOH RNEMEHM?

ONOKYMEHT NoanncAH
SNEKTPOHHOW NOANNCHIO TIh3YEMBIH ITPH oITpeAerieHHH Icp?
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: Llebayxoea TateAHa AnekcaHapoeHa ‘eHeEHH S MAaKCHMAIIBHOH TOKOROIH 3all[HTHI.
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5. B xaxkmx coydasx M 3a4eM ITPH OIpeIelleHHH TOKa cpadaThIBaHH I H3MEPHTEILHOIO Op-
raHa 3aIlHTHI HCIIOIb3YETCA KOA(PDHIMEHT CXEMBI?

4. Kak BBRICTaBHTh YCTABKY TOKa Ha pere KA?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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Jabopamopraa paboma Nell. MaxkcumansHaa moxkoeda 3amiumad ¢ 0J10KUPOEKOU NO

MUHUMAJIBHOMY HARPANCEHUHIO.

Ilens pabomsr: V3y4uTh IIPHHIMIT JEHCTBHSI MaKCHMAIbHOH TOKOBOH 3aII[HTHI ¢ OJIOKH-
POBKOH 11O MHHHMAJIbHOMY HAIIPSDKEHHIO, H3YUHTh METOABI pacueTa M ITPOBEPKH YCTABOK 3a-

ITHTEI, HCCIICTOBATE BIOMAHIC ITYCKOBBIX OPI'dHOB HAIIPSDKCHIA Ha HYBCTBHICIIBHOCTD MTS3.

OcHo6bl meopuiL:

MakcHmManbHOH TOKOBOH 3aI[HTOH ¢ ITYCKOM (OIIOKHPOBKOH) IT0 HAITPSKEHHIO

M3 cXeMBI 3allHUTEL, IIPEACTABIEHHON HA PHCYHKE 3.8 BHIHO, UTO 3aIlHTa OYVAET JeHCTBO-
BATh Ha OTKIIFOYEHHE TOIBKO ITOCTIe cpadaThIBaHHS Pelle MHHHMAIILHOIO HAITP SDK eHH .

Tl oOecrieueHH HaJ&XKHOH paOOTHI 3aIl[HTHI IIPH BCeX BHAAaX MeXIY (pa3HBIX H OTHO(a3-
HBIX K.3. YCTAHABIHBAIOTCA TPH Pejle MHHHMAJIbHOIO HAIpsDKeHH 1, BKIIIOYaeMbIe Ha JTHHEHHEIE
HaIIPsDKEHHS CETH H OJHO pejle MHHHMAJIbHOI'O HANPsLKEHHS 2 pearupyrollee Ha ITOSBIICHHE

HalTpPAKC HIA H}"JIEEOﬁ ITOCIICA0OBATCIIBHOCTH.

A
8
o ] li
(A
s -
J\.
o e

a
b
£
40

-

Cxema MT3 ¢ G1OKHPOBKOH MHHHMAJIbHOI' O HAITPSDKCHIS.

B ceTsax ¢ H30IHPOBAHHOH HEHTPAIBI TOKOBaSA 4acTh cXeMbl MT3 ¢ mmyckoMm 1o
HaITPSKEHHIO BBRIMTOIHACTCS IBYX(]a3Hoi. B yacTH pele HanpsoKeHHS cXeMa BBIITOIHSETC S
3-x (pa3HOMH A4 obecneYeHHI HalE KHOH paboThI IMpH 2-X (pa3HBIX K.3., a pejie HaIllpsSKeHH,
pearupyrollee Ha HYJIEBYIO ITOCIIENOBAT EIBHOCTE, HE YCTAHABIIMBAETCS, TaK KaK 3all[HTa
IOIIKHA JeHCTBOBATh TOJIBKO IIPH MeKAY(Pa3HBIX K.3.

THT.I' ﬁﬂﬁﬁﬁ"‘l’“‘l’ TTFAATTTIIT .h."frr‘q i TIETAAT"MAamr T ™ T
Pow enafarrrporrra MTR o moerons mo qaIIpspDKeHHIO OTCTPaHBAaeTCS He OT MaKCH-
NOKYMEHT MNOANMMCAH P P

SNEKTPOHHOW NOANMUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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00pIyHO B 1,5+2.0 pa3a MEHBIIIE Ia wmake, B PE3YIIbTATEC YETO PE3KO ITOBBIIIACTCA YYBCTBHTCIIDL -
HOCTD 3aIllHTEI ITPH K.3.
Ics =Ky IH_H@pM;
HEIHPH}KEHIIE CpﬂﬁﬂTBIBﬂHI[H 3aIlHTEhI ELI@HP&ETGH HCXOOA M3 CIIEMYIOIITX YCHGBHﬁZ
I PEIIE HAIIPAXKEHHA HE JOIKHEI CpﬂﬁﬂTHEﬂTL (BHBH{H}"TL I{GHTEII{TBI) ITPH MIHH-
MaJIBHOM 3HAaYECHHH pﬂﬁDIIEI‘D HaITpAXKEHHA:
Ucs < UpaE.M}IH;
2. PEIIE HAIIPKEHHA JOIIKHEI BO3BPaAIllaThCA (pﬂBGMI{HyTb KDHT&KTH) ITOCIIE OT-
KIIIOYEHHA K.3. H BOCCTaHOBJIEHHA HAIIPAKEHHA 40 YPOBHA MIHHMAIBHOI' O paﬁﬂqem:
Uses. < UpaE.MHH;

1 .
rae [J,. = EUpaﬁ.mm . K — KO3 pHITHEHT HaAEXKHOCTH.

YuuteiBas, 4To . _ U.. OKOH4YATEIbHas (pOopMyJIa AJIS pacuéTa HallpsKeHH cpada-
Uq:'aﬁ

ki)

TeIBaHHA MT 3 ¢ ITyCKOM 110 HapSKEHHIO! U= U pasisan |
“*" Ku Ke

HamnpsixkeHne Upag v OOBIMHO IIpHHHMAETCS Ha 5-10 % HHKe HOPMAJIbHOI'O 3HaYe-
HH L.

YUyBCTBHTEILHOCTE 3aIIMTEI IO HATIPSKEHHIO IIPOBEPSAETCS 110 MaKCHMAaIbHOMY 3Haye-
HHIO HAITPSKEHHS ITPH K.3. B KOHIIE 30HBI JIeHCTBHS 3aIMUTHL, ITPH 3TOM KO3((HIHEHT UYyBCTBH-

TSIIBHOCTH.

K?{ _ U-.'T.F. :_} 1}5 ;

UH‘...HEJTE-.‘T

HamnpsokeHne cpalaThIBaHHS pelle MaKCHMAaJIbHOI'O HAIIPSKEHH S, pearHPYIOIIEro Ha
IMOSABIIeHHE HAIIPSDKEHHS HYJIEBOH ITOCIIEA0BATEIIBHOCTH OTCTPAaHBAETCA OT HAIIPSKEeHH S He-
OamaHca (PHIbTPa HaIPSKEeHHH HYJIeBOMH MocIeJoBaTeIbHOCTH (0OMOTKH pPa30MKHYTOIO
TpeyroinbHuka TH), T.e. Ucp >Uxs M 0OBIYHO ITpHHHMAaETCSA paBHEIM 15-20 % MaKcHMaJb-

HOI'O HAIIPAECHHA Ha 3daKHMaX PCIIC IIPH D,[[HD(l)ﬂBHLIK K.3.

Ykazarnue no mextHuke dezonacHocmu.
YKa3zaHH IT0 TeXHHKE 0e30IMacHOCTH ITPH BEOTOJIIHCHII HﬂﬁﬂpﬂTﬂpI{BIX pElﬁGT ITPHBCACHBI

B ITPHJIOKEHHE A.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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VKa3aHua no 6sIno0JIHEHIUI0 1ADOPAMOPHOIL padomul:

I) CoOpaTh cxeMy n1abopaTOpPHEIX HCIIBITaHMi pHe. 3 (BCE Momymi cTeHIa JOIKHBI
opiTe OTKJIFOUEHEI!).

[JOAKIOUNTE aHAJIOrOBBIE KaHaAIbl MOIYIIS BBOJA-BEIBOAA IS H3MEepPeHHS JTHHEHHBIX
HAaITpSDKe HHIH MOJYJIS BRIKITIOYaTens kabempHOH JIDII nepBoit cekimu cOOpHBIX IIHH (KaHan A4
Ha HanmpsokeHHe AB, kanan AS Ha HanpshkeHHe BC, xaHan A6 Ha HampspkeHHe CA) H H3MepeHHS
(pa3HBIX TOKOB BBOJIa IIEPBOH CeKIIMH cOOpHBIX INHH (KaHal Al k ¢asze A, xaHan A2 k daze C).
Bxo 1 MOIYIIS BRIKITFOUATEIS KOPOTKO3aMbIKATE S QK3 MOAKITIOUHTE K MOJYIIFO KOPOTKO3aMBIKa-
Tens, a BeIXox — K kiemMmaM Al, Bl, Cl moxyis seikimrouaTens KadepHoH JISII rmepBon ceKipm
cOopHBIX IIMH. [lepeBecTH nepekmrodyarens SAl Moayns TpexdaszHoil ceTH, SA2 BBOJHOTO BEI-
KIIFOYATENIS, BRIKIOUarenel kabensHon JIDII, aBHrarerbHON HAarpys3KH H CEKIIHOHHOI'O BHIKIIIO-
yaTels B IONOXKeHHE « ABTY. [lepeBecTH nepeximrovaTerm SA3 MOAYIIEH BBOAHOI'O BEIKIIFOYATE LS
H BHEIKIIIOUYATENS KOPOTKO3aMBIKATEII B BEPXHEE IMOINOKEHHE. BKIIOUNTE aBTOMATHYECKHE BBI-
Krovyarenrd QF1..QF3 Ha mHIleBoH maHelIHn MOAYIIS KOPOTKO3aMbIKaTelsd. BKIFOUHTE aBTOMATH-
yeckue BRIKTOUATeTH QF1.. QF4 Ha MOoAysIxX aKkTHBHOH HarpyskH. BKIIOUHTE ITHTaHHE CTEHIa
aBTOMATHYE CKHM BEIKTIOUarereM QF1, pacIionokeHHbIM Ha MOJIYIIE IIMTAHN S CTeHaa. BKITIOUHTE
ITHTaHHE BCEX MOAVYIIEH, HMEIOINX HHAHBHAYaJIbHEIH TYMOJIED mogayl IMUTaHHI SA1 «CeThy.

2) Ha nepcoHambHOM KOMITBEOTEPE 3aITyCTHTh IIpOorpaMMHBIH KomItiiekce «DeltaProfin
(IIyck - IIporpammer — JlaGopaTopHbni koMmiuieke — DeltaProfi). OTKpbITE T1a00paTopHYyIO pa-
00Ty KOMaHIOH «Paborel — PenelHag 3amura H aBToMaTHka - Padora NeO3 MT3 ¢ mmyckoM 110
HAaIIPSDKE HHIO).

3) B nmporpanvme «DeltaProfi» mepesectu 3ammury MT3H B pexiiM pabOTHI «IeHCTBHE
Ha CHTHaI» (JBOHHOH IIeTYOK JIeBOH KHOIIKOH MBIIIH Ha IMpsaMoyToinbHuKe « MT3H», B rmossus-
IIeMCS JHAJIOTOBOM OKHE YCTAaHOBHTH IepeKIrodyareld «Pexim paloThI» B ITOIOKEHHE «CHI-
HaIy).

4) 3aITyCTHTH ITporpaMmy B paboTy KHOIKOH «1IyCK» HIIM KOMaHOH ITITaBHOI'O MEHIO
« YrpasneHue — [Iyck» WM ropsyeH KinaBuieH F3S.

5) JINCTAaHIMOHHO BKIIFOUYHMTE BRIKIFOYATEs Q1 OQHHAPHBIM IIETUYKOM JIEBOH KHOITKH
MBIIIH ITO0 3€JIEHOMY IPSAMOYTOIBHUKY «Q1». [Iporpamma Becersa oTrodpakaeT TEKYIIEE COCTOS-
HHE BBIKJIFOYATeIIS (3eJI€HBIH - OTKIFOYEH, KPacHBIH — BKIIIOUYEH ). AHaTOTHYHBEIM 00pa30oM BKIIHO-
yUTh BEIKIIFOUaTemr Q3 1 Q6. IIpH 3TOM Ha MHeMOCXEeMe OTOOPakKaroTCsI MTHOBEHHBIE 3HAYCHHS

TOKOB H H&HPH}I{EHI]I‘L COOTBETCTBCHHO, BO BTOPHYHBIX 0OMOTKaxX H3MCPHTCIIbHBIX TpﬂHC(l)GpMﬂ-
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Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

6) 3amicaTh 3HaUYeHHe TOKa BO BTOPHYHOH OOMOTKe H3MEPHTEIILHOIO TpaHCc(popMaTopa
T A3, IIpOIMOPIHOHAIIEHOE TOKY HArpPy3KH BBOJA IEPBOH CEKIIMHM COOPHBIX IIHH I max ITPH BKIIIO-
YEHHOM JIEBOM MOJYIIE aKTHBHOH Harpy3KH. 3alHcaTh 3HAaUYeHHe HAIIPSDKEHHS Ha BRIXOAE H3ME-
purensHoro TpaHcpopmaropa TV 1 Us min .

7 Paccunrartk TOK cpadarsiBaHus 3amTel MT3H 10 (pOpMYyIIE:

I :k”f

.5, - H. max
ks'

Koa(pmmeHT Hale)KHOCTH IIPHHATEL PaBHBIM ku = 1,2.

Koa(mpieHT Bo3BpaTa pele TOKa IPHHATh paBHBIM ks = (0,95.

OTKPEITh THATIOTOBOE OKHO HACTPOHKH ITapaMeTPOB 3aIl[UTHI JBOHHBIM IETYKOM JIEBOH
KHOITKOH MBIIIMH Ha IMpsMOyronbHHKEe «MT3H», B MOSBHUBINIEMCS JHATIOTOBOM OKHE BBECTH pac-
YETHBIN TOK M HanpskeHHe 2208 cpadaTeBaHMA 3aI0HTEL. [[HaI0roBOE OKHO 3aKPHITh.

8) IleperectH 3amury MT3H B pexyM AeHCTBHS HAa OTKIIFOUEHHE. CO3/1aTh KOPOTKOE
3aMBIKAHHE BKIIFOUEHHEM BBIKIFOYATENS KOPOTKO3aMBIKATelnsd lIpH IIpaBHIILHO BEIOpPAHHBIX
YCTaBKaX, 3alHra cpadaThIBacT, OTKIIFOYAS BRIKIIOUATEIL Q3.

N OTKIIIOUHMTE BEIKITIOYATENh KOPOTKO3aMBIKaTeNsS. COPOCHTh YKa3aTelIbHOE pelle 3a-
murel MT3H.

10) [IeperectH 3amury MT 3H B pexuM paboTH «IeHCTBHE Ha CUTHAID)

11)  JIMCTaHIIMOHHO BKIIXOYMTE BRIKIrOUaTenH Q3, Q5, Q7 u Q8. IIpH 3TOM, Ha MHEMO-
cxXeMe 0TOOpakaroTCsl MTHOBEHHEIE 3HAUYEHH I TOKOB M HAITPSDKEHHI, COOTBETCTBEHHO, BO BTOPHY-
HBIX 0OMOTKAX H3MEPHTEIbHBIX TPaHC( OpMaTOPOB TOKa H HAITPSIKEHHSL.

12)  3ammcaTh 3HaueHHEe TOKa BO BTOPHYHOH OOMOTKE H3MEPHTEIBHOIO TPaHCc(hOopMa-
Topa TA3, MpONMOPILHOHAIIEHOE TOKY HAarpy3KH BBOJAA IIEPBOH CEKITHH COOPHBIX IMHH i max ITPH
ITOITHON aKTHBHOH M HHJIYKTHBHOH Harpys3Ke. 3alucaTh 3HAUECHIE HAIPSDKEHU S Ha BBIXOE H3ME-
pHTeNnbHOro TpaHcpopMaTopa TV 1 Us. min .

13) PaccunraTh ToK cpabaTeiBaHHA 3aiuTel MT3H  mo popmyie:

k
l.,=—-1

c3 5, 1y max
ks

Koa(pmmeHT Hale)KHOCTH IIPHHATEL PaBHBIM ku = 1,2.

Koa(mpieHT Bo3BpaTa pele TOKa IPHHATh paBHBIM ks = (0,95.

8) PaccunraTh HaIIpspKeHHe cpaOaThIBAHH S 3AI[HTEI 1I0 POPMYIIE:
k
n_.=-2.0U, .
[IOKYMEHT MNMOAONWCAH -k e i

&

SNEKTPOHHOW NOANUCHLIO
3HBIM ky = ().8.
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OTKPEITh THATIOTOBOE OKHO HACTPONKH ITapaMeTPOB 3all[UTHl JBOMHBIM IIETYKOM JIEBOH
KHOITKOH MBI Ha IMpsAMOYTolbHHKE «MT3H», B IOsSBHBINIEMCS AHATIOTOBOM OKHE BBECTH pac-
YETHBIH TOK M HaIpsKeHHEe CpadaThIBAHHM A 3aIl[HTEI. /[HaJIOTOBOE OKHO 3aKpPBITh.

14)  lleperect 3anmry MT3H B pexum JeHCTBHS Ha OTKIIFOUYEHHE. C0O34aTh KOPOTKOE
3aMBIKAHHE BKIIFOUEHHEM BBIKIFOYATEIS KOPOTKO3aMBIKATelnsd IIpH IIpaBIIILHO BEIOPAHHBIX
yCTaBKax, 3allura cpadaTeIBacT, OTKIIFOYAS BRIKIIIOYATEIb (Q3.

15)  OTKIOUYHNTE BRIKIIFOYATEIIL KOPOTKO3aMBIKATEISI. COPOCHTE YKa3zaTeJILHOE PETIe 3a-
1ruTel MT3H. BKiirounTs BeEIKITIOUYATENs Q3.

16)  Jlng HccneaoBaHM ITOBEAESHH S 3al[HTEI IIPH ITYCKE ABHTATEIBHON HAarpy3KH o0pa-
THTh BHUMaHHE Ha TO, YTO TOK B H3MEPHTEIIbHOM TpaHcpopMaTtope T A3 3HAUHTEIILHO ITPEBBIIIAST
TOK CcpaOaThIBaHHS 3aIl[UTHl, PACCYHTAHHBIH, KaK B IT 7), TaK H B 1. 13). OpHaKO, ITpH IPaBHIBHO
BRIOPAHHBIX YCTABKAX, 3allliiTa He cpadaThIBAET.

17)  OTKIIOYHTE BCE BRIKIIOUATENM. OCTAaHOBHTH IIPOrpaMMy KHOITKOH «CTOIDY, KOMaH-
JIOH ITTaBHOI'O MEHIO « YIIpaBlIeHHEe - CTOI» WIM IOpsSYeH KIaBHINEH F6. OTKIIOUHTH ITHMTAHHE
CTEeH/IA.

18) CJliennars BBIBOJBI O CEIEKTHBHOCTH JEHCTBHS 3all[HTEI, OOBSCHHTE, IIOYEMY 3a-
I[HUTa He cpadaThIBAET ITPH BBIXOJIE JABHTAaTElNs HAa HOMHHAIBHBIN PEXKHM, KOrJa ITYCKOBOH TOK
ITPEBEIIIAET TOK YCTARKH 3aI[HTEI, YKa3aTh OCOOEHHOCTH JAHHOI'O BH/IA 3AIIHTEI II0 CPABHEHHIO C

o0praHOH MT3. OdopMuTh OTYET IO Ja00paTOPHOH padoTe.

AOKYMEHT NoanmncAH
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MaxcHMaIbHasg TOKOBAS 3all[HTa C IIYCKOM ITO HAITPpAYKCHHIO. Cxema AJICKTPOMOHTAXHAA
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MaxcHMaIbHas TOKOBAS 3all[HTa C ITYCKOM I1O HAITPAZKCHHIO. MHeMocxXeMa

Codeporcanue omuema:

OT4YeT JOIKEH COMEPKaTh:

1. HazBanme palorHI;

2. Llens paborHr,

3. Kparkue TeopeTHUYECKHE CBEACHIS,

4. OnHUcaHHe HCIIOIMB3YEMOro 000pYI0BaHH S H MaTePHAIIOB,
5. Ilopsamok BeIOIIHEHHS PadOThI,

6. Beruniciiennsa u o6paborka pe3yibTaToRs,

7. BBIBOJIHL.

K OHMPOJ/IbHbIE 60NPOCHL.

1. IloueMy mmpH BEIOOpE YCTABKH I10 TOKY JJII MAaKCHMAaJIbHOH TOKOBOH 3aIl[HTEI C OJIOKH-

1 I TTO HOKYMEHT NOARMGAH 77777 o TIHEHT caMo3allycKa JBHIaTelIbHOH Harpy3KH?
ANEKTPOHHOWM NOANUCHLIO
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3. HazoBuTe OCHOBHBIE JOCTOHHCTBA H HeJOCTAaTKH MAKCHMAJIBHOH TOKOBOH 3aIlMTHI C
OJIOKHPOBKOH IO HAITPSIIKEHHIO.

4. Kak 1moBnHsaeT oOphIB B H3MEPHTENIBHBIX IIEITSX HAIIPSDKEHHS Ha CEJIEKTHBHOCTD JeH-
CTBHS 3aIl[HTHI?

5. Kak rpousBogHuTCS OLIEHKAa YYBCTBHTEILHOCTH H3YYaeMOH 3aII[HThI?

0. 3aueM Ha peJle TOKa, HAITPSDKEeHH L, BpEMEHH, HCITOIb3YEMEIE B JaHHOH padoTe, IoacTcs

IIOTIONIIHUTEIIbHOE TIHTAHHE?

AOKYMEHT NoanmncAH
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Jabopamopras paboma Nel 2. /luppeperyuansran 3amiuma mparcgopmamopa.

Ilens padomsr: V3yunTh IPpHHIAI JeHcTBHA TH PepeHIHanbHOR 3aIHThI TPaHC(pOpMa-
TOpa, H3YYHTh OCOOEHHOCTH JH( (epeHIHaIbHBIX 3aIl[HT TPaHC()OPMAaTOPOB, CBI3aHHEIE C HEOO-
XOJIMMOCTBIO BEIPABHHBAHHSA BTOPHYHBIX TOKOB IO BEIIHYHHE, H3YUHTh OCOOEHHOCTH HACTPOHKH
ImapaMeTpoB AU} pepeHIMAaIbHEIX pele ¢ TopMokeHHeM THHa J[3T-11, nccuemoBarh (paKTOpHL

BJIMAIOIIHC Hd CCIICKTHBHOCTD, 30HY IeHCTBHSI H HYBCTBHTCIIbHOCTD 3aIllHTEIL.

OcCHO6bL MeopuiL:

J[11s1 31U THI TPaHC() OpMaTOPOB OT KOPOTKHX 3aMbIKaHHH (K3) Mexmy (azami, Ha 3eMIIO
H OT 3aMBIKaHHI BHTKOB OJHOH (pa3bl IMIMPOKOE pacIipocTpaHeHHEe TTONYYrIa Jud}epeHIHaIbHas
3arquTa. [[puHIpOT JeAcTBHI JHU(depeHITHAIFHOH 3allUTE TPaHC)OpPMaTOPOB, TAKXKE KaK H JH(]-
(pe peHILIMaIIEHOM 3aI[HThI JIHHHH H IIIHH, OCHOBAH aH CPaBHEHHH BEIIHYHHEL H HAITpaBIIEHHS TOKOB
110 M TIOCJIe 3aIllHIIaeMOr0 3JIeMeHTa (B JJaHHOM clIydae TpaHchopmaropa). IIpu BHemmHeM K3 u
Harpy3Ke TOKH ¢ 000HX KOHIIOB TpaHC(popMaTopa HaIlpaBJIEHBEI B OAHY CTOPOHY, H HAXOISTCS B
OIIpeJIeJIEHHOM COOTHOIIEHHH, PaBHEIM KO3 (QHIIHEHTY TpaHchopMalH TpaHcpopMaTopa. 11pu
K3 B TpaHcopMaTOpe TOKH HaIlpaBJIeHBI BCTPEYHO OT IIHH K MECTY IOBPekAcHHI. B meproM
clIydae 3alliTa He JONKHA JAEHCTBOBATh, BO BTOPOM — JOJIKHA padoTarhk. C y4eTOM 3TOTO H BEI-
TTOJTHSIETCS CXEMA 3aIl[HTHI.

M3MepuTenmbHbIe TpaHC()OPMATOPEI TOKA, IHTAIOIHE CXEMY, YCTaHABIHBAIOTCSA ¢ 00eHX
CTOPOH 3allfHIIaeMoro TpaHcdopmaropa. JH(depeHHanbHOE pelle BKIIIOYaeTCs IapalulelbHO
BTOPHYHBEIM OOMOTKaM TpaHc(OpMaTOpOB ToKa. /[ Toro, 4roOHl 3amfuTa He paboTaaa IIpH
Harpy3ke H BHeIIHHX K3, HeoOXOAHNMO YpaBHOBECHTh BTOPHYHEIE TOKH B ILJIeYax 3all[UTHI TakK,
yTOOKI TOK B PEIIe, PABHBIH HX Pa3sHOCTH, OTCYTCTBOBAJI. DTO SBIIIETCS YCIOBHEM CEIIEKTHBHOCTH
3aIHTHI IIPH BHEIHNX K 3.

B muddepeHIams HOH 3aIlHTe THHIH IIEpBHYHBIE TOKH B Hayajla H B KOHI[E 3al[HINaeMOr 0
y4acTKa OJHHAKOBEIL, IIO3TOMY JUIS BEITTIOTHEHHS YCIIOBHS CEeJIEKTHBHOCTH JJOCTaTOYHO HMETh pa-
BEHCTBO KO3(pHIMEHTOR TpaHC(OpMaIlHH TpaHc)opMaTopoB Toka. MHOe ImonmokeHHe HMeeT Me-
CTO B JH(PepeHIIHAILHON 3alliTe TPaHC(OpPMaTOPOB. [lepBHYHBIE TOKH OOMOTOK TpaHC(OopMa-
TOpa HE PaBHEI 110 BEJIMYMHE H B OOMIEM CIIy4ae He COBIIAJArOT IO (hase.

B TpaHcopMaTOpe ¢ coefHHeHHEM 00OMOTOK 3Be3/a-TPeyTOJIbHHK IIEPBHYHBIE H BTOPHY-

HEBIC TOKH OTJIHYAIOTCAH ITO BEIODTYITHE IH (1)&36. B TpﬂHG(prMﬂTGpE C coeIHHeHHeM 0OMOTOK 3Be3/1a-
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