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1. ITEPEYEHb

IINTAHUPYEMBbIX

PE3YJIbTATOB OBYYEHUA  IIO

AACHUIIJIMHE, COOTHECEHHBIX C IIJIAHAUPYEMBIMH PE3YJIbTATAMH
OCBOEHMHSA OBPA3OBATEJIBHOMU ITPOI'PAMMBbI

Bujg nesTeabHOCTH BBIITYCKHHUKA

JucuumnimHa

OXBaTbIBacT Kpyr

BOIIPOCOB,

OTHOCAIIIUXCA K MMPpOU3BOJACTBCHHO-

TEXHOJIOTHYECKOMY BHIY MNPOPECCHOHAIBHON NEATEIHbHOCTH BBIMTYCKHUKA B COOTBETCTBUHU C
KOMIIETEHIIUSIMU U BUJAMU JI€ATEIbHOCTH, YKa3aHHBIMU B yU€OHOM IUIAHE.
Henabio n3yvyeHus IMCUMILIUHBI ABJISIETCH:
dopmMupoBaHue 3HaHUHN O IPUHIIUIIAX OPraHU3alUU U TEXHUYECKON peaan3aluyl peieiHoN 3auThI
Y aBTOMATHU3AIMH JIEKTPOIHEPTETUYECKUX CUCTEM.
3agauyu AUCHMILINHBI
- MOJYYCHHWE CTYACHTaM 3HAHWA O TUNAX 3allUT, MPHUHIMIIAX WX paboThl, 00IACTH HX

IMIPUMCHCHU A,

- BpIpa0OTKAa yMEHUS BBINOJHATH PAcueThl MMapaMeTPOB PA3IMUYHBIX 3aIUT, CHHTE3UPOBATH
CXEMBI B TOM YHCJIE U HA MUKPOIIPOLIECCOPHOM OCHOBE;

- mpuoOpereHue HaBblka PAOOTHI C AJIEMEHTAMU M CXEMaMM 3allluT, UX HACTPOWKH U
SKCIEPUMEHTAIIBHBIX HCCIEIOBaHUN.

Kon Coaepxanue Ilepeyenn miIaHMpyeMbIX pe3yJIbTATOB
KOMIICTCHIIUH KOMIIeTCHIUH 00y4eHHus1 110 AUCUMILINHE
1 2 3
OIIK-2 CHOCOOHOCTH MPUMEHSTh 3HATh:
COOTBETCTBYIOILIUN — (m3MYecKne NPOIECChl, Ha KOTOPBIX OCHOBaHA
(bu3nKo-MaTeMaTHYECKUN pabota  YCTpOHCTB  peneiiHOW  3aluThl U
anmapar, METO/Jbl aHAJIN3a | aBTOMATHUKH;
U MOJIEIIMPOBaHUs, yMeTh:
TCOPCTHICCKOI'O 1 — MPHUMEHATH METOJLI aHAIW3a U MOJEIHUPOBAHUS,
SKCIICPUMCHTAJIBHOTO TEOPETUYECKOTO u JKCIIEPUMEHTAIBHOTO
HUCCIICAOBAHWS ITPHA HCCJIEIOBaHMSI TMPU U3YYEHUU U OOCITYKUBAaHUU
peimeHun YCTPOMCTB PENCHHON 3aIlUThI U aBTOMATUKH,
SKCIIEPUMEHTANBHBIX 331124 | BjiajgeTh:
— HaBbIKAMHU MOJEIHPOBaHUA PabOTHl YCTPOUCTB
pEeNEeHHON 3alIUThl 1 aBTOMATHKH.
IK-1 CIOCOOHOCTh Y4acCTBOBATh | 3HATH:
B IUIAHUPOBAHUH, — IPUHIUIBI YCTPOUCTBA U PaOOTHI peneiiHON
MIOATOTOBKE U BBIMIOJHEHUH | 3AILUTHI;
THUIIOBBIX — TEXHUYCCKHUE CPEJCTBA U MOJICIIH;
OKCICPUMCHTAIIEHBIX — METO/bI INIAHUPOBAHUS DKCIIEPUMEHTA.
UCCIIEIOBaHMM 110 yMeTh:
3aJ]aHHOH METOJIMKE — MPUMEHSATh TEXHHYECKUE CPEACTBA U
TK-2 CIOCOOHOCTh cnenuanbHoe obopynosanue (Perom 21, Perom 61);
00pabaTbIBaTh Pe3yJIbTATHl | BraneTh:
SKCIICPHUMECHTA — CUCTEMaMH IIPOrpaMMHUPOBAHUs YIIPABICHUS
TEXHUYECKUMHU CPEJICTBAMHU.
I1K-7 TOTOBHOCTH 00€CIEUUTh 3HATh:
TpeOyemble peKUMBI U — MIPUHIIMITBI HACTPOUKH pEeIeHHBIX 3alUT
3aJlaHHBIE TapaMETPhI Pa3IMYHOTO THUIIA.
TEXHOJIOTUYECKHUX yMeTh:
IPOIECCOB IO — paboTaTk C 3JIEMEHTaMH U CXEMaMHU pesieiHOM
CYHIECTBYIOIIEH METOOUKE




[1K-8 CIOCOOHOCTH

KOHTPOJIA OCHOBHBIX

HUCIO0Jb30BaTh TEXHUYECKUE
CpelncTBa JUIsl U3MEPEHUS U

3alIUTHI U aBTOMATHUKH,
— BJAJETh:
— HaBBIKaMH pabOThI ¢ PeaTbHBIMU TEXHUYECKUMU
CpPEACTBAMU PEJNICMHOM 3aILUTHI U ABTOMATHUKU;

— METOJaMU yNPAaBIICHUS U HACTPOMKH YCTPONCTB
pENEHHON 3a1UThl 1 aBTOMATHKH.

rapaMmeTpoB
TEXHOJIOTMUECKHUX
MIPOLIECCOB
2. MECTO JAUCIHUIIJIMHBI
IMPOI'PAMMBI

B CTPYKTYPE

OBPA3OBATEJIbLHOMN

Hucuunnuza b1.6.17 Peneiinas 3anura 1 aBToMaTU3alysl 3JEKTPOIHEPIreTUYECKUX CUCTEM

OTHOCHUTCS K 0a30BBIM JUCHUITIIMNHAM.

HI/ICHI/IHHI/IHa Peneitnas 3alMuTa M aBTOMATHU3alus OJJICKTPOSHEPIE€TUYCCKUX CHUCTEM
6a31/1pyeTc;1 Ha 3HaHUWAX, IMOJYYCHHBIX IpPU HU3YYCHHU TaAKUX y‘-Ie6HBIX JUCHUIUINH, Kak.

TeOpeTI/IquKHe OCHOBBI

QJICKTPOTCXHUKU,

DIIEKTpUYECKHE

CTaHIIMH n

3JI€KTpOMaFHI/ITHI)I€ MNEPEXOAHBIC ITPOLECCHI B 3JICKTPOIHCPICTUICCKUX CUCTCMAX.

OCHOBEIBasICH  Ha

aBTOMATHU3aluA JBJICKTPOSHCPICTUYCCKUX CHCTEM
IMPAKTUKH U ITIOATOTOBKHU FOCYI[apCTBeHHOfI HTOTOBOM aTrTeCTanuu.

HU3YUYCHUHU  NCPCUYHUCIICHHBIX  OUCHUIUINH,
MPpEACTaBJIKICT OCHOBY [IJIA Hpeﬂ,[[I/IHJIOMHOfI

Peneiinas

noaACTaHIINU,

3almuTra M

Takoe cHuCTeMHOE MEXAUCHUIUIMHAPHOE M3YyYEHHUE HANpaBlI€HO HA JIOCTHIKEHUE
tpedyemoro ®I'OC ypoBHS MOATOTOBKH MO KBaJTH(PHUKAIIMK OaKaIaBp
3. PACIIPEJEJEHUE OFBEMA JJUCHHUIIJINHBI
3.1. Pacnpenesienne o0beMa TUCHMILIMHBI 10 popMaM 00ydeHHUst
Tpyooemkocmb OuUCYUNIUHBL 8 HACAX
Buo
< 5 2 3 S npomesxcy
Dopma e g = S = § g Kypcoeoii mouHou
00yueHusn §~ § & s § § 2 § §\§ npoexm ammecma
S S g ¢ S S S g 3 L R uuu
Q S~ 8 ¥ | 8¢ £ 32 S =
S 3| 3¢ 8|8 £% | 8¢
| O | RF|ITS R B KRe | ©OF
1 2 3 4 5 6 7 8 9 10 11
Orunas 3467|252 |140| 35 | 52 | 53 76 . sanet,
KII 3K3aMEH
3aounas 34| - | 252 | 34| 8 | 12 | 14 | 205 . sanet,
KII JK3aMEH
3aounas
(yckopeHHOe 2 - | 252 | 18 6 6 6 225 KII 3K3aMEH
o0yJeHue)

3.2. Pacnipenesienne 00beMa TUCHMILJIHHBI 0 BUAAM YYeOHBIX 3aHATHI U TPYI0EMKOCTH

Buo yueonvix 3anamui Tpyoo- ¢ m.4. 6 Pacnpeoenenue
eMKOCHIb | UHMEPAKIMUE |\, o ocmpay,
(uac.) HOIl, aKMue- wac
HOIll, UHHO06A-
UUUOHHOU
dopmax, 6 7
(uac.)
1 2 3 4 5
|. KonrakTHas padora o0y4yaomuxcs ¢ 140 20 72 68
npenojaaBaresieM (Bcero)
Jlexiuu (JIk) 35 4 18 17
JlaGoparopHsie paboTsi (JIP) 52 14 18 34




[pakTuueckue 3ausatus (I13) 53 2 36 17
KypcoBoii mpoekr + - - +
['pynmnoBsie (MHAUBHUAYAIbHBIE) KOHCYIbTAIMN + - + +
I1. CamocTosiTeibHas padora ody4aromuxcsi (CP) 76 - 72 4
IToaroToBKa K J1a00paTOpHBIM paboTam 30 - 28 2
[ToAroTOBKA K MPAKTHYESCKUM 3aHSTHIM 10 - 8 2

[ToAroToBKa K 9K3aMeHy B TEYEHHE CEMECTPA 20 - - 20
IToaroToBKa K 3a4eTy 10 - 10 -
BbimosiHeHHE KYypCOBOTO TIPOSKTA 6 - - 6
I11. TIpomexkyTOUHASE ATTECTALUS 5K3aMeH 36 - - 36
3a4er + - + -

OOG1mas Tpy10eMKOCTb AUCIUTUTHHBI Jac. 252 - 144 108
3a4. 1. 7 - 4 3

4. COAEP)KAHUE JUCHUIIJINHbI

4.1. Pacnpenesnenue pa3aejioB JTMCHUIJIMHBI 10 BUIAM YUeOHbIX 3aHATHI

- 1JIs1 04HOM (popMBbI 00yUeHHS:

Buowl yueonvix 3anamuil, 6Kouan
CamMocmoamenvbHyo pabomy
Ne odyuarowuxca u mpyooemKocme;
pas- Haumenosanue Tpyooem- (wac.)
Oena u pasdena u kocmb, Yyuebnble 3anamus camocmosn
memol mema OUCUUNIUHbL (uac.) npaxmu- menvhas
Aadopa yeckue paboma
JleKkuyuu mopHble sanamus oﬁylmlo-
pabomoi wuxea*
1 2 3 4 5 6 7
1. DJIeMeHTBI pesieiiHON 3aIUThI U 28 6 8 - 14
ABTOMATHKH
1.1. | Obmee MOHSATHE  pelNeiHOi 8 2 2 - 4
3aIUTHI
1.2. DIEeKTpOMEXaHUYECKHE pelle 10 2 3 - 5
1.3. Pere c HCITOJTb30BaHHEM 10 2 3 - 5
MOJTYIIPOBOIHUKOB
2. 3amuTeI TMHAN U ceTell 74 12 20 22 20
2.1. TokoBBIE 3aIATEI 30 4 6 10 10
2.2. Juddepennmansuas 3amura JIOII 14 2 4 4 4
2.3. Jucranmuonneie 3amuthel JIDIT 17 3 6 4 4
2.4. Bricokogacrorablie 3amute! JIDIT 13 3 4 4 2
3. 3amyTHI MAIIMH U ANNIAPATOB 75 10 10 25 30
3.1. 3amura CHUJIOBBIX 30 4 4 10 12
TpaHchopMaTopoB
3.2. 3anuThl JJIEKTPOBUraTeeH 16 2 2 6 6
3.3. 3amuTsl CHHXPOHHBIX 16 2 2 6 6
TeHEepaTOpPOB
3.4. 3amura u aBTOMAaTHKa 13 2 2 3 6
CHEIUANIBHBIX 3JICKTPOYCTAHOBOK
4, ABTOMATHKA B cucreMax 39 7 14 6 22
3JIEKTPOCHAOKEeHU sl
4.1. ABTOMaTHKa MTOBTOPHOTO 17 2 7 3 5
BKJTFOUCHHS
4.2. ABTOMAaTHKa BKJIIOUEHUS pe3epBa 17 2 7 3 5
4.3. ABTOMaTHuecKas YacTOTHAas 9 2 - - 7
pasrpyska




4.4, ABTOMAaTHKa peryIupOBaHUS 6 1 - - 5
HaMPsHKSHUS
HUTOI'O 216 35 52 53 76
- I 3204HOM (popMbI 00yUeHH S :
Buowt yueonwvix 3anamuil, exnrouan
camocmoamesibHyio paoomy
Ne odyuarowuxca u mpyooemKocme;
pas- Haumenoeanue Tpyooem- (uac.)
dena u pasdena u Kocmb, yuebuble 3anamus camocmon
memol mema oucCyunIUHbL (uac.) npaxmu- menvnas
aabopa
NleKyuu | mopuule ueckue patoma
3anamus ooyuaio-
pabomol wuxca*
1 2 3 4 5 6 7
1. DJieMeHTbI peJIeiHOH 3aIuThI 35 1 2 2 30
H ABTOMATHKH
1.1. OO0iee  TOHATHE  peJCHHOM 11,5 0,5 - + 10
3aIIUTHI
1.2. DIEKTpOMEXaHUIECKHE pelie 11,75 0,25 1 0,5 10
1.3. Pene c HCIIOIb30BaHUEM 11,75 0,25 1 0,5 10
MOJTYTIPOBOIHUKOB
2. 3amuThI JUHUAA U ceTel 77 3 4 6 64
2.1. ToKOBBIE 3aIUTHI 36 1 2 3 30
2.2. | duddepenumanbuas 3aIIuTa 17 1 1 1 14
JIDIT
2.3. JlucranmuoHHbIe 3amuThl JIDIT 12,5 0,5 1 1 10
2.4, BricokogacToTHEIE 3aIUTEI 115 0,5 - 1 10
JIDII
3. 3amuTHI MAIIVH U aNNapaToB 83 3 4 6 70
3.1. 3armura CHJTOBEIX 41 1 2 3 35
TpaHchOpPMaTOPOB
3.2. 3aluThl JIEKTPOABUraTENeH 18 1 1 1 15
3.3. 3anuTel CHHXPOHHBIX 12 0,5 0,5 1 10
reHEePaTOpPOB
3.4. 3amura u aBTOMAaTHKa 12 0,5 0.5 1 10
CITENUAaIbHBIX
3IEKTPOYCTAaHOBOK
4. ABTOMATHKAa B  CHCTeMax 44 1 2 - 41
3JIEKTPOCHAOKEHU S
41, ABTOMAaTHKA MTOBTOPHOT'O 10,75 0,25 0,5 - 10
BKJIFOYEHUS
4.2, ABTOMAaTHKA BKJIFOUECHHUS 10,75 0,25 0,5 - 10
pe3epBa
4.3. ABTOMaTHUECKAS qacTOTHAs 11,75 0,25 0,5 - 11
pasrpyska
4.4, ABTOMaTHKa  pEryJIupOBaHUS 10,75 0,25 0,5 - 10
HaMPsHKEHUS
HUTOI'O 239 8 12 14 205

- 17151 3204HOi (popMBbI 00yUeHHs (YCKOpPEHHOE 00yUYeHHe):

Ne
pas-
odenau
memul

Haumenosanue
paszoena u
mema OuCyuUnIUHbL

Tpyooem-
Kocmb,

(uac.)

Buowt yueonuvix 3anamuil, exnrouan
camocmosmensbHyo pabomy

odyuarowuxca u mpyooemKocme;
(uac.)
y'l€5Hble 3AHAMUA camocmosn
nexuuu naoopa npakmu- menvHan
mopHuvie yeckue paboma




pabomwl | 3anamus odyuato-
wuxca™
1 2 3 4 5 6 7
1. DJIeMeHTBI peJIeiiHOI 3alUThI 38 1 1 1 35
1 aBTOMATHKH
1.1 OOmee  TOHATHE  pesieHHOU 11 0,5 - 0,5 10
3aIUTEI
1.2. DJICKTPOMEXaHUIECKHE Pesie 17 0,5 1 0,5 15
1.3. Pene c HCIIOJIL30BaHUEM 10 - - - 10
MOJIYTIPOBOTHUKOB
2. 3amuTel JUHUHA U ceTei 78 2 2 2 712
2.1, TOKOBEBIE 3aITUTEI 33 1 1 1 30
2.2. | IudbdepenumanpHas  3amuTa 21 0,5 - 0,5 20
JIDII
2.3. Jucranmonnsie 3amutsl JIDIT 21 0,5 - 0,5 20
2.4, BrICOKOYaCTOTHEIE 3aIIUTHI 10 - - - 10
JIDII
3. 3amuThl MAIIMH W aNNapaToB 83 2 2 2 77
3.1 3ammura CHJIOBBIX 33 1 1 1 30
TpaHCPOPMATOPOB
3.2. 3aIuThI AJICKTPOIBUTATENICH 22 0,5 1 0,5 20
3.3. 3amuTel CHHXPOHHBIX 18 0,5 - 0,5 17
TeHEPaTOPOB
3.4, 3ammura Hu aBTOMAaTHKa 10 - - - 10
crieManbHBIX
AJICKTPOYCTAHOBOK
4, ABTOMATHKAa B  CHCTEeMax 45 1 1 1 42
3JIEKTPOCHAGKEHU ST
41, ABTOMAaTHKA MTOBTOPHOT'O 10,75 0,25 0,25 0,25 10
BKJIFOYEHUS
4.2. ABTOMaTHKA BKJIFOUEHUS 10,75 0,25 0,25 0,25 10
pesepBa
4.3, ABTOMaTrnueckas 4acTOTHAsA 12,75 0,25 0,25 0,25 12
pasrpyska
4.4, ABTOMaTHKA peryIupoBaHus 10,75 0,25 0,25 0,25 10
HAMPSHKCHUS
HUTOI'o 243 6 6 6 225

4.2. CopepxaHue IMCUMILIMHBI, CTPYKTYPHPOBaHHOE 10 pa3/iesiaM U TeMaM
Pa3nes 1. DiieMeHTHI pesieliHOM 3a1IUTHI M ABTOMATUKH
Tema 1.1. O0O11ee NOHATHE O pesieiiHOM 3aluTe

Jlekuusi TIPOBOJMTCS B MHTEPAKTHBHON (opMe: JEeKIHS-AUCKYyCCHs, JeKIusa-0Oecena, JICKIUs ¢
TEKYIIUM KOHTpoJeM (2 yaca).

B »HepreTnueckux cucTeMax MOTYT BO3HUKAaTh IOBPEXKICHHS W HEHOPMAJBHBIE DPEKUMBI
paboThl  AJIEKTPOOOOPYNOBAHUS DJIEKTPOCTAHUMN M MOACTAHLUUH, HX paclpeaeTuTebHbIX
YCTPOMCTB, TMHUHN DIIEKTPONEPEIaut U 3JIEKTPOYCTAHOBOK MOTPEOUTENEH 3JEKTPUUECKOM SHEPTHH.

Ilospeoicoenue — 3TO SIBIIEHUE, KOTOPOE COIIPOBOKAAETCS 3HAUMTEIbHBIM YBEJIMUEHUEM TOKA U
rIyOOKUM TOHMXEHHEM HANpsOKEeHHsT B DJEMEHTaX OJHEProcUCTeMbl (THUIMHMYHBIA — ciaydai
MOBPEXACHUS — KOPOTKOE 3aMbIkaHue — K3).

[ToBbIIEHHBI TOK BbIIENAET OOJBIIOE KOJUYECTBO TEIUIA, BHI3BIBAIOIIETO PA3pYyLICHHUS B
MecTe MOBPEXJICHHsI M OMACHBIM HAarpeB HEMOBPEXAECHHBIX JIMHUHM U 000pyJOBaHUsA, IO KOTOPBIM
3TOT TOK IIPOTEKAET.

[ToHnxeHne HanpspKEHUs HapyllaeT HOPMaJbHYIO paboTy HOTpeOuTesed 3JIeKTPO3HEPruu U
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MOKET HapyIIUTh YCTOWYMBOCTb MapajuleIbHON pabOTBl T'€HEpPAaTOPOB U 3HEPrOCUCTEMBI B
L[EJIOM.

HeHnopmanbHble peKUMBbl OOBIYHO HPUBOAAT K OTKJIOHEHUIO BEJIUYMH HANPSIKCHMs, TOKa U
4acTOTbl OT JOIYCTUMBIX 3HaueHUW. [IpM IOHMKEHHMM 4YacTOTBl M HAIPSOHKEHUS CO3/aeTcs
ONaCHOCTh HApyUIEHHUs HOPMaJbHOW palboThl MOTpeOuTeNIed M YCTOHYMBOCTH SHEPrOCUCTEMBI, a
NOBBILICHUE HANpPSDKEHUs U TOKAa YrpoXaeT IOBPEXKICHUEM O00OpYJOBaHMS U JIMHUMN
JNEKTPONEpEJayn.

Takum o00pa3oM, NOBPEKICHHUS HAPYIIAIOT pPabdOTy »HHEProcUCTEMBbl W MHOTpeOuTeNneit
JJIEKTPO’HEPIUH, 3 HEHOPMaJIbHBIE PEKUMBI CO3IAF0T BO3MOKHOCTh BO3HUKHOBEHUS IIOBPEXKICHUN
WIN PAcCTPOHCTBA pabOTHI SHEPTOCUCTEMBI.

Jns  obecrieueHUs HOpPMalbHOW pabOThl JHEPreTUYECKOH CUCTeMbl U NOTpeduTeneit
AIIEKTPOIHEPTUU HEOOXOIMMO BO3MOXKHO OBICTpEE BBISABISATH M OTACIATH MECTO MOBPEXKICHHS OT
HEMOBPEKACHHOW CETH, BOCCTAHABIMBAs TaKUM IIyT€M HOPMalbHbIE YCIOBUS HX pabOThl U
IIpeKpalias paspyuieHus: B MECTE ITOBPEKACHUS.

OnacHble NOCIEACTBHS HEHOPMAJIBHBIX PEKHUMOB TaKXKE MOXHO IIPEAOTBPATUTb, €CIH
CBOEBPEMEHHO OOHApYXHUTh OTKJIOHEHHE OT HOPMAaJIbHOIO peXHMa M NPUHATH MEpPhl K €ro
YCTpaHEHUIO (HampuMep, CHU3UTh TOK IPU €ro BO3PACTaHWUHU, MOHM3UTH HANpPSIKEHUE INPH €ro
YBEIUYCHUH U T. 11.). CriennpuKOoi IEKTPUYECKUX MPOIIECCOB SBISCTCS OBICTPOTA MX MPOTEKAHMS.
B cBsa3u ¢ 3TMUM BO3HHMKAaeT HEOOXOAMMOCTb B CO3JAaHUUM M HPUMEHEHMH aBTOMAaTHMYECKHX
YCTPOMCTB, BBIIOJIHAIOIINAX YKAa3aHHBIE ONEPALMM M 3AIIMINAIOIMINAX CUCTEMY U €€ DJIEMEHTBI OT
OIIACHBIX MOCJIEACTBUN NOBPEKICHUN U HEHOPMAJIbHBIX PEXKUMOB.

[lepBoHayaslbHO B KadyeCTBE 3alUThl MPUMEHSUIUCH IUIaBKUE Npenoxpanuteny. OaHako 1o
MEpe pOCTa MOUIHOCTU W HANPSDKEHHs DJIEKTPUYECKUX YCTAaHOBOK U YCIIOKHEHHS CXEM HX
KOMMYTAIlUU TaKOH CIOCOO 3alUTHI CTall HEJOCTATOYHBIM, B CHITYy Y€ro OBLIM CO3/IaHbI 3aIUTHBIE
YCTPOMCTBA, BHIIOJIHAEMBIE IIPHU ITIOMOIIY PEJe U TOJYYUBIINE Ha3BaHUE PEIICHHOM 3aIMTHI.

Peneiinas 3ammra SBISETCS OCHOBHBIM BHJOM DJIEKTPUYECKOH aBTOMATHUKH, 0€3 KOTOpOU
HEBO3MO)XKHa HOpMaslbHas M HajéxkHas paboTa COBPEMEHHBIX 3Hepreruyeckux cucreM. OHa
OCYIIIECTBJISIET HENPEPBIBHBIA KOHTPOJb 332 COCTOSHHUEM U PEXKUMOM pabOThl BCEX AJIEMEHTOB
HHEPrOCUCTEMBI U pearupyeT Ha BOSHUKHOBEHHUE MTOBPEXKICHUN U HECHOPMAJIbHBIX PEKUMOB.

IIpy BO3HMKHOBEHMM IIOBPEXKICHMIM 3allUTa BBIBISET M OTKIIOYAET OT CHCTEMBI
NOBPEXACHHBI  Y4acTOK, BO3ACHCTBYS Ha  CHEIUAJBHBIE  CHUJIOBBIE  BBIKJIIOYATEIH,
IIpEeHA3HAYEHHBIE JUJIS PA3MBIKaHUS TOKOB ITOBPEXKICHMUS.

IIpy BO3HMKHOBEHMH HEHOPMAJIBHBIX PEXHMOB 3aIlUTa BBIABISET UX U B 3aBHCHUMOCTH OT
XapakTepa HapylleHHs MPOU3BOJIUT ONeEpalui, HEOOXOAUMBbIE JJIi BOCCTAHOBJIECHUSI HOPMAJIbHOTO
pexXuMa, WIK NMOAAET CUTHAJ ICKYPHOMY IIEPCOHAITY.

Haubonbiiee pacnpocTpaHeHHe TOMYYWIM TOKOBbIE 3aliuThl. WX mpuHIUN JOedCTBUS
3aKJIF0YAeTCs B TOM, YTO 3alUTa cpabaThIBaeT €ClIM TOK 3alUIAeMOro 0OBbEKTa CTaHET OOJbIle
TOKa, Ha KOTOPBI HACTPOEHA 3aIuTa (TOKA YCTaBKH), T.€.

I >1

C.3.

I'me | — tok 3amumiaemoro o0bekTa; |, — TOk cpabaThIBaHuUs 3aIIUTHI (TOK YCTaBKH).

Cc.3

Ocnosnvle mpebosanus, npeovasnaemole K 3augumam om K3
1) Cenexmusnocms — (M30UpPATETBHOCTB) — CIHOCOOHOCTH 3alIUTHI OTKJIIOYATh TOJBKO
MOBPEXKIEHHBIN y4aCTOK




O/

N1

Puc. 1.1. CenexTuBHOE OTKJIIOUYEHHE NOBPEXAEHHOTO yyacTka npu K3 B cetn

Ha puc. 1.1 nokasansl npuMepsl CEJIEKTUBHOIO OTKJIIOUEHHUs noBpexieHuil. Tak, npu K3 B
Touke K/ 3amuTa JOMKHA OTKJIIOUUTH MOBPEKIEHHYIO JMHHUIO BbIKIIOYaTeneM Qs, T. e.
BBIKJTFOYATEIIEM, OJFDKAWIINM K MECTY MOBPEKICHHS, XOTS IO BBIKIIOYATEISIM CMEKHOW JIMHUU
TOoke TpoTekaeT Tok K3, oHM OTKiI0o4YaThecs HE MOJDKHBL [lpu 3TOM Bce moTpebutenu, Kpome
MOJICOEIMHEHHOTO K MOBPEXAECHHOM JIMHUU, OCTAIOTCS B padoTe.

B cnyuae K3 B Touke K2 mpu CENEKTHMBHOM JEHCTBUHU 3alIUTHl JOJKHA OTKIIOYATHCS
noBpexxaéunas junausA 1(Qs,,Q4 ), muuus 1l ocraéres B paborte. [Ipu TakoM OTKITIOUCHHH BCE
MOTPEOUTENN CETH COXPAHAIOT MUTAHKUE. DTOT IPUMEP MOKA3bIBAET, UTO €CIIU MOJACTAHIIUS CBsI3aHa
C CEeThIO0 HECKOJIbKUMH JIMHUSMHU, TO CEICKTUBHOE OoTKItoueHue K3 Ha 0HON M3 JIMHUM MMO3BOJISET
COXPaHHUTH CBSI3b ATOW MOJACTAHILIMU C CEThIO, OOecleynB TeM cambiM OecriepeOoiiHOe MHUTaHue
norpeburencii. HecenekTuBHOE cpabaThIBAHHUE 3aITUT BEICT K PA3BUTHIO aBAPHH.

2) bvicmpooeiicmsue.

Otkmouenne K3 ODKHO MPOM3BOAUTHCA C MaKCUMAaJIbHOM OBICTPOTOM Il OTpaHUYCHUS
pa3MepoB  paspyuieHuss OOOpyHOBaHUsS, TOBBIIIEHUS S(PPEKTUBHOCTH  aABTOMATHYECKOTO
MOBTOPHOTO BKJIFOUEHHUS JIMHUM M COOPHBIX IIWH, YMEHBIICHUS MPOJOKUTEIBHOCTH CHUKEHUS
HANPSDKEHUsl Yy TOTpeduTeneil U coXpaHeHHUsI YCTOMYMBOCTH MapauIeTbHOM pabOoThl TE€HEPaToOpoB,
AJNIEKTPOCTAHIIMM M dHEprocucteMsl B 1eioM. [locneaHee w3 MepedrCICHHBIX YCIOBUU SBIISIETCS
TJIaBHBIM, T.€. KPUTEPUEM OBICTPOJICHCTBUS SBISETCS YCTOUYUBOCTD CUCTEMBI.

[To ycmoBusim coxpaHenusi ycronunBoctd B cucremax 300-+500 kB Bpems cpabaTwiBaHus
3aIUTHI HE JOJDKHO OBITE Ooabmie 0,1+ 0,15 c; B cucremax 110220 kB t, < 015+0,3 c;

W Tonpko B pacmpedenuTenbHbIX ceTsax 3+10 kB gomyckaercs BpeMsi cpaOaThIBaHWUSI
3aIuThl 1, =15+3 c.

BricTpoaelicTBre 3alIUTHl YaCTO BXOJIUT B MPOTHBOPEUYHE C CEIEKTHBHOCTHIO, T.K. Hanbolee
MPOCTOM CIOCO0 OOecredYeHusl CEJIEKTUBHOCTH CHeNIaTh PabOTy PENIEMHBIX 3alUT C Pa3TuIHBIMUA
BBIIEP)KKaMU BPEMEHHU.

3) Yyscmsumenvrnocms — CIIOCOOHOCTD 3alUTHI CpabATHIBATH MIPU CAMOM YIAIEHHOM, CAMOM
cmaborounom K3.

UyBCTBUTEIHHOCTH 3aIUTHl MPHHATO XapaKTEPH30BaTh KOI(PPHUIIMEHTOM UYBCTBHTEIBHOCTH
K, .

st 3ammT, pearupyromux Ha Tok K3:

| '
K3.min
K, -

C.3.

rae |y, i — MHHMMaJIbHO BO3MOXKHBIN Tok K3; |, —TOoK cpabaTbIBaHUs 3aLUTHL.

3
4) Haoémxcrnocmpb — BEpOSATHOCTH 0€30TKa3HON paOOThI 3aIlUTHI.
Bricokass Han€XHOCTh JOCTUTAETCS: MPOCTOM CXEMOM, HAIEKHOCTBIO KaXJOro JJIEMEHTA,
pe3epBupoBaHueM. MI3BeCcTHBI 2 BHIa Pe3ePBUPOBAHIS:

a) TOCJea0BaTelIbHOE (JIajbHEe) Pe3epBUPOBAHHUE 3aKIIOYACTCSs B TOM, YTO €CIU €CIIH He

cpaboTasia 3amuTa JAaHHOTO y4acTKa, TO JTOJDKHBI CpadoTaTh 3alIUThl CMEXHOT0 yyacTtka. He
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BCE  3allUThl  OO0JaJalOT  CBOMCTBOM  IOCJIENOBATEIbHOTO  PE3EPBUPOBAHUS, IpHU

HE00XO0IMMOCTH 00€CIIEUNTh TAKOBOE, HY)KHO BHIOMPATh COOTBETCTBYIOILUI THIT 3AIIIUT.

0) mapamtenbHOe (ONMMIKHEE) pEe3epPBUPOBAHHE 3aKIIOYACTCS B TOM, UYTO Ha KaXJIOM

BBIKJIFOYATEJIE YCTaHABIMBAIOT HECKOJBKO 3alIUT OOBIYHO pa3HOro tuma. Ecim oTkas3biBaer

OJIHA 3alUTa, CpadaThIBAET APYyrasl.

5) Dxonomuueckue mpebosanusi:
Ha MeHnee oTBeTCTBEHHBIX 00BEKTaX MOXKHO YCTaHABIUBATh MPOCTYIO JCIIEBYIO 3aLIUTY, HO,

MOXET OBITh MEHee HAASKHYI0 3aluTy, Ha Ooinee oTBeTcTBeHHBIX (muHHMA 220-500 B
TpaHcopmaTropax, reHepaTopax) 00bEeKTax AOPOryr0, HO HaJIEKHYIO.

Oobwue npuHyUNBLL NOCMPOEHUA CUCIEM PEICIIHbIX 3auiUm

JIrobast peneliHas 3aliMTa COCTOUT U3 PsAJIa JIEMEHTOB OINPEAEICHHBIM 00pa30M COEUHEHHBIX
Mexay coOoi. ITo HazHayeHMIO 37E€MEHTBl MOTYT MOJPA3JeNAThCS Ha JaTYUKH, YCHINTEIH,
CTaOUIIN3aTOPBI, paclpeAeIUTENN, ABUTATEIN, 3aIOMUHAIOIINE YCTPOUCTBA, PElle.

HauOonbuiee pacrpocTpaHeHHe B pelleHON 3aluTe MOJYYMIM AATYUKH (YyBCTBUTEIbHBIC
AJIEMEHTHI) U perie.

JlaTyMkaMM WM YyBCTBHUTEIbHBIMHM 3JIEMEHTAMU Ha3bIBAlOT YCTPOMCTBA, NpeoOpasyroiue
BXOJIHOM CHUTHAJI B BBIXO/IHOM, OoJiee yJOOHBIN JUIsl JalbHEUIIUX JEHCTBUM.

B peneiinoil 3ammre B KayecTBe JAaTYMKOB IPUMEHSIOTCA TpaHC()OpMaTopsl TOKa,
TpaHcGOpMaTOPbl HAIPSKEHUS, TPAHCPEAKTOPBI.

Perne- 370 31€MeHT, y KOTOPOTO IIPU IUIABHOM U3MEHEHHE BXOJHOI'O CUTHaJla BBIXOAHON CUTHAT
MU3MEHSETCSl CKauKOo0Opa3HO (JIMCKPETHO), TO €CTh petie cpabarbiBaet (puc 1.2).

v
<

ycp

Puc 1.2 M300pakeHue pesne Kak 2JIeMEHTa U €ro cTaTU4ecKasi XapakTepruCTHKa.

BxonHo#t curHan, mnpu KOTOpOM pese cpadaTblBaeT, Ha3bIBa€TCsl BXOJHBIM CHUTHAJIOM
cpabatbiBaHus (Ycp).

Pene npousBoasdiee ckaukooOpa3HOe U3MEHEHHE BBIXOJHOIO CUTHAJA IyTeM 3aMbIKaHUE WM
pa3MbIKaHUE KOHTAKTOB Ha3bIBACTCS DJIEKTPOMEXaHUYECKUMHU. []0 MOCIeAHEr0 BpEMEHHU TaKUE pelie
MMeNH HauboJIblllee pacpoCTpaHEHUE B CUCTEMAaxX pesieHON 3alluThl U aBTOMAaTHKHU. B HacTos1ee
BpeMsi Ha CMeHy OECKOHTAKTHBIM pelie Bce B OosblIedl Mepe NpuxoasT OECKOHTAKTHbIE Ha
MOJIYTIPOBOTHUKOBOM WM (PeppUMArHUTHON OCHOBE.

Cxema 10001 3aIIUTHI COCTOUT U3 ABYX YacTei: U3MEPUTENHHON 1 ONIEpaTUBHOM.

W3mepuTenbHas 4acTb COCTOMT W3 4YYBCTBUTEIBHBIX DJJIEMEHTOB M pEJIe HENPEPHIBHO
KOHTPOJIMPYIOLUX COCTOSIHUE 3AIIUIIIAEMOro 00BEKTa.

Perme, W3 KOTOpBIX COCTOMT W3MEpPUTENBHAs YaCThb CXEMbl Ha3bIBAIOT OCHOGHbIMU. B
3aBHCUMOCTH OT KOHTPOJIMPYEMOM BEJIMYMHBI 3TO MOTYT OBITh pejie TOKa, pelie HalpsDKEHHsI, pene
4acTOTBI, TEIUIOBBIE PEIIE.

IIpy BO3HUKHOBEHHMM KOPOTKOIO 3aMBIKAHMS WM HEHOPMAIBHOIO pEXUMa 3TH pelle
cpabaThIBalOT U MOJAIOT CUTHAJ HA ONEPATUBHYIO YaCTh CXEMbI pEJICHHOM 3aIlUThI
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OmnepaTtuBHas YyacTb BOCIPUHUMAET HH(OPMALMIO OT U3MEPUTEIBHON YacTH U B COOTBETCTBUU
C MPOrpamMMOii, 3aJI0)KEHHOW B ONEPATUBHON YaCTH CXEMBI, ITOCIE/IHsS BbIpadaThIBA€T KOMaHIy Ha
OTKJIFOYEHHE BBIKIIIOYATENS, CpaOaThIBAHNE CUTHAIU3AIMH, PA0OTY CETEBON aBTOMATUKH.

Takum o00pa3zoMm, omepaTHBHAas 4YacTb CXEMbl BBIMOJHSAET OIPENEICHHYI0 COBOKYITHOCTh
JOTMYECKUX Olepaldii B 3aBUCUMOCTH OT XapaKTepa BXOAHBIX CHTHAJIOB, IMOCTYMNAIOUIMX OT
U3MEPUTEIIHOMN YaCTH CXEMBI.

B snexkTpomMexaHMYecKuX 3alUTax 3Ta 3a/aya PelIaeTcsl Tak e MOCPEACTBOM pejie, KOTOpble
NOJIyYMJIM Ha3BaHUE BCIOMOIaTelabHBIX. K HUM OTHOCATCS peje BPEMEHHU, IPOMEXYTOUHBIE pelle,
yKa3aTeJbHble (CUTHAJIBHBIE) pelle.

B 0OeckOHTaKkTHBIX (MUKPOIIPOLIECCOPHBIX) CUCTEMAaX OINEPATHBHAs YacThb PEJICHHOM 3aIMUThI
COJIEPKUT COBOKYITHOCTb JIOTMYECKHUX 3JIEMEHTOB B MHTETPAJIbHOM WM LIM(POBOM BapHaHTaX.

B ocHoBe (yHKIMOHMpPOBaHUS JIOOOH ONMEPAaTUBHOW CXEMbI 3aJI0KEHBI TPH OCHOBHBIX
JIOTMYECKUX OIEpaLUU.

Omnepauusa DW (“unn’) npencrasisier U3 ce0s JIOTHYECKOE CIOKEHUE Y = X; + X, + X,

Xl —m—

X2—> l

Xz —»

Puc 1.3 Dnement DW (“wnu”
X1, X2, X3- BXOTHBIE CHTHAJIBI
Y- BBIXOJTHOW CHTHAJ

Cursai Ha BBIXOA€ 3JICMCHTA ITIOABJIAACTCA, €CJIN €CTh CUTHAJI XOTA OBl Ha 0oJIHOM Bxoje. Eciu
AJId peajin3daliuu 3TOH JIOrUYeCKOM Oornecpanvu MPpUMCHAIOTCA KOHTAKTHBIC 3JICMCHTEI, TO 3TO
COOTBETCTBYCT MMAPAJUICIIBHOMY COCAUHCHUIO HOPMAJIBHO PA30MKHYTBIX KOHTAKTOB PCJIC.

R I +
X g L2 1 | 1/__

_ [—2/ ’/V
X3/./__3 || ’—3/__—

Puc 1.4 Peanuzauus onepanuu DW (“unn”) Ha KOHTAKTHBIX 2JIEMEHTax (peje)

Omnepauus DX (“u””) npencrasiser u3 ceOs JJIOTHYECKOe YMHOKEHHE Y = X; - X, - X,

Curuan Ha BBIXO/JI€ 3JICMCHTA ITOABUTCA TOJIBKO IPU HAJIMYUHK BCEX CUT'HAJIOB HAa BXOJC.

X ——»
Xz_» & y

Xz —»

Puc. 1.5 Dnement DX (“n”)

B KOHTaKTHBIX cHUCTEMAaX 3TO COOTBETCTBYET MOCIEAOBATEIbHOMY COEIMHEHUIO HOPMAJIbHO-
Pa30MKHYTBIX KOHTAKTOB peJie.
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X1

X2

3 / oY

X3

1

Puc 1.6 Peaymzanus onepannu DX (“v’’) Ha KOHTaKTHBIX AJIEMEHTaX
Omneparust DU (“He”) BeIpakaeT JIOTHYECKOE OTPUIIaHUE Y = X, TO €CTh CUTHAJ Ha BBIXOJIE

OJIEMCHTA IOABJIACTCA TOJBKO IIPU OTCYTCTBUHM CHI'HAjla Ha BXOAC

— 1

Puc 1.7 Jlornueckuii s3nemenT DU (“ne”

B xoHTakTHOM BAapHUAHTC JaHHaA OoICcpalusa OCylmECTBIACTCA pCi€ ¢ HOPMAJIbHO-3aMKHYTBIM

KOHTAKTOM
X ,/_ 1
+ y
o— ~J L

Puc 1.8 Peanuzanus oneparnuu DU (“He”) npu moMotu pene
B Hacrosiiiee Bpemsi JTOTUYECKHUE AJIEMEHTHI BBITIOTHSIIOTCS HAa WHTETPATBHBIX MHKPOCXEMaX,
MO3BOJIAIOIINX B MHUHHUATIOPHBIX pa3Mepax OCYIIECTBIATH COBOKYITHOCTh JTIOOBIX CAMBIX CIIOKHBIX
JIOTUYECKHUX OTEPAIH, YTO U HAXOJAUT OTPAKEHHE B MUKPOIIPOIIECCOPHBIX KOMIUIEKCAX 3aIUT.

Cnocoovl gxnrouenus pene Ha MOK U HANPAd}ICeHue cemu
OOMOTKM pejie MOTYT BKJIIOYAThCS HA TOK M HaNpsHKEHUE CETH HEMOCPEICTBEHHO WIIM depe3
U3MEpUTENIbHbIE TpaHC(POpMaTOphl TOKa U HanpsbkeHus (puc. 1.9). Pene nepBoro tuna Ha3bIBaroTCs
NEPBUYHBIMM, BTOPOTrO TUIIA — BTOPUYHBIMH.

VA T

A, W 1 (W Y

K,

a) @)

Puc.1.9. CrocoObl BKIIIOYEHHSI TOKOBBIX peJie U pejie HalpsyKEHUS:
a — TIEPBUYHBIX; O — BTOPUYHBIX

Haubonpiiee pacmpocTpaHeHHe HMEIOT pejie BTOPUYHBIE, MPEUMYIIECTBA KOTOPBIX IO
CPaBHEHHUIO C MEPBUYHBIMU COCTOSIT B TOM, YTO OHHU H30JUPOBAHBI OT BBICOKOTO HAIMPSKEHUS,
pacrosaraloTcs Ha HEKOTOPOM pAcCTOSHHUU OT 3allUIaeMoro »3JeMEHTa, B YIOOHOM JUid
00CTyKMBAaHUSI MECTE U MOTYT BBITIOJHATHCS CTAaHAAPTHBIMU HA OJTHU U T€ K€ HOMUHAJIBHBIE TOKU
5 Awm 1 A n HomuHaneHble HanpskeHust 100 B
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JIOCTOMHCTBOM TEPBUYHBIX peJie SBISIETCS TO, YTO /ISl WX BKIIOYCHHS HE Tpelyercs
U3MEPUTENBHBIX TPaHC(POPMATOPOB M KOHTpoOJbHOrO Kabens. IlepBuuHble pene HAXOAAT TpH-
MEHEHHE Ha JJICKTPOJIBUraTeNIsIX, MEJIKUX TpaHc(HOopMaTopax M JIMHUSIX MaJIOH MOIIHOCTH B CETIX
3—6—10 kB, T. e. Tam, rzae 3ammTa OCYIIECTBISETCA MO MPOCTEUIIMM CXeMaM U He Tpelyer
00101 TOYHOCTH. BO BCeX OCTANBHBIX CIydasX NPHUMEHSIOTCS BTOPUYHBIC pee.

Cnocoowl 6030eiicmeus pejie Ha 8bICOK0BOIbMHbIE GLIKIOUAMENU

CymectByeT aBa criocoda BO3JIEHCTBUS 3alUUThl HAa OTKJIIOYEHHE BBIKIIIOUATEINA: IPSIMON U
KOCBEHHBIN. 3allluTa CO BTOPUYHBIMU pejie mpsiMoro aedctBusi 1 moka3zana Ha puc. 1.10. Pene 1
cpabaTbIBaeT, KOTJa 3JeKTpoMarHuTHas cuia Fs, cozmaBaemass oOMOTKOH pene, craHeT Ooiblie
cunbl F;; mpoTtuBoneicTByromel npyxunbl. [Ipu cpabaTeiBaHuM pelie ero moJBHXKHAs cUCTeMa 2
BO3/ICIICTBYET HENOCPEACTBEHHO (IPAMO) Ha PaCUEIUSIIOIIMNA phlyar 3 BBIKIIOUYATEINS, [10CIIE YErO
BBIKJIIOYATEJIb OTKIIFOYACTCS MO/ JEHCTBUEM OTKIIIOYAIOIICH MPYKUHBI 4.

Pene mpsimoro paelcTBHsS yCTaHABIMBAIOTCS HENOCPEICTBEHHO B IPUBOJE BBIKIIOYATENS,
MO3TOMY MX YacTO Ha3bIBalOT BCTpOeHHBIMU. JlocTonHcTBa 1 ciocoba: KOMIAKTHOCTh, OTCYTCTBUE
JIOTIOJTHUTEIbHBIX UCTOYHUKOB NUTaHus. HepocTaTku: TpyIHOCTh B OOCITYKMBaHUHM, HETOYHOCTDH B
HACTpOiiKe, 00JbIIOe TOTpebIeHHEe MOIIHOCTU. Takue cucTeMbl MPUMEHSIOTCS B ceTsx a0 10 kB
(B ocHOBHOM B ceTsx 10 1 kB).

3amuTa C BTOPUYHBIM pejie KOCBEHHOro JeHcTBUS u3zoOpaxena Ha puc. 1.11. Ilpum
cpabarbiBanuM pejie 1 ero KOHTAKThl 3aMBIKAIOT IIeMh 00OMOTKH AJIEKTPOMAarHuTa 2,
Ha3bIBAEMOI0 KaTyIIKOW OTKJItoYeHusl Beikmrodarens. llox geiictBuem Hampsokenus U
MOJIBOAMMOIO K 3aKMMaM 3TOM IeNM OT CIELUATbHOIO0 MCTOYHMKA, B KATYIIKE OTKIIIOUEHUS 2
MOSIBIISIETCS TOK, CEPJICYHHK 3 KATYIIKK OTKIIFOUEHHS MPEOJI0JIeBaeT CONPOTUBICHUE Fj7 MpyKUHBI
5 1, BTATUBAsCh, OCBOOOXK/IAET 3aIIENKY 4, TOCTIE Yero BBIKIIOYATENb OTKIIOYACTCS MO ACHCTBUEM
OTKJIFOYAKOLLEH MPYKUHBI 6. Takasi cxeMa MIPUMEHSETCS] BO BCEX BHICOKOBOJIBTHBIX CETSX.

[locne OTK/IIOYEHMsI BBIKJIIOYATENsl TOK B KaTyIIKe peJieé HCYEe3aeT, M KOHTAKThl peje
pa3MbIKatoTcs. YToObl 00JeryuTh UX paboTy MO pa3sMBIKAHHUIO ENH, B KOTOPOMl MPOXOAHUT TOK
KaTYIIKH OTKJIIOYEHHUs], IPEyCMOTPEH BCIIOMOTaTEeNNbHbIN OJOKUPOBOUHbIN KOHTAaKT BK, KoTOpBIiI
pa3pbIBaeT 1eNb KaTYUIKU OTKJIIOUEHUS €€ A0 TOr0, KaK HAYHYT Pa3MbIKaThCsl KOHTAKTHI PEIIE.

Puc. 1.10. BropuuHoe pene npsMoro AeHcTBUs Puc. 1.11. Bropuunoe pene xoc-
BEHHOT'O JICHCTBHS

Kak BumHO u3 cxembl Ha puc. 1.11, mms 3amuThl ¢ pene KOCBEHHOTO JEHCTBHS HEOOXOIUM
BCIIOMOTaTEJIbHBIM UCTOYHUK HANIPSKEHUS] — UCTOYHUK ONIEPATUBHOIO TOKA.

VYcunus, pa3BUBaeMbIe pelie KOCBEHHOTO JEHCTBUS, MOTYT OBITh HE3HAUYUTEIHLHBIMHU, TTO3TOMY
9TH pelie OTIUYAIOTCsS OONbIIeld TOYHOCTHIO M MalbiM MOTpeOneHueM 3Hepruu. Kpome Toro, B
3alIUTax, KOTOPbIE COCTOST U3 HECKOJIBKUX pejie, B3aUMOJEHCTBUE MEXY HUMHU MPOIIE OCYIIECT-
BJIIETCS IIPU MOMOILM OIEPATUBHOIO TOKA, & HE MEXaHMYECKUM NyTeM. B Cuiy H3JI0KEHHOTO
Han0oJiee MUPOKO MPUMEHSETCS 3aIUTa CO BTOPUYHBIMU PEJIe KOCBEHHOTO JICHCTBUSI.
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Tema 1.2. DiiekTpoMexaHHYeCcKHe peJie

OO6bryHO FO0Ast cxeMa 3allMThl COCTOMT W3 COBOKYITHOCTH peJie, Pa3Iu4HBIM 00pazoM
COeAMHEHHBIX MeX 1y co00ii. Pere m300pén B 1832 1. pycckumii unsxenep I1érp [nununr.
Penie — 3TO a51eMEHT, Y KOTOPOTO €CTh BXOJHOM CUTHAJ Y U BBIXOJIHOM CUTHAII X.
Y X
— —

Crarnueckas XapaKTepUCTHUKA JJI PEICHHOro dJIeMeHTa u3o0paxeHa Ha puc.2.1., xapakTepHon
OCOOCHHOCTBIO pejie SBJISIETCS  JUCKPETHOE HM3MEHEHHME BBIXOJHOIO CHUTHAJIA MpPH IUIABHOM
M3MEHEHUHU BXOJHOTO.

Y_ — BXOJHas BeIMYMHA CpabaTHIBAHUS peJie.

cp
X A

Y

.
|

Y

cp
Puc.2.1. CraTnueckast XapaKTepUCTHKA PEJIEUHOTO JIeMEHTa

B KOHTakTHBIX (PJEKTPOMEXAaHMYECKHX) pelieé M3MEHEHHE BBIXOAHOTO CHTHAJIA JIOCTUTAETCS
3aMBIKAHMEM MWJIM DPa3MbIKAHMEM KOHTAaKTOB. B OECKOHTaKTHBIX pejie- CKauyKooOpa3HbIM
U3MEHEHHEM BHYTPEHHETO COCTOSIHHS TOJT IEHCTBHEM BXOAHOTO CUTHAJIA.

B peneiinoil 3ammTe NpUHATO pa3iensaTh BCe pelie Ha 3 OCHOBHBIE KaTeTOpUU:

1) pene, pearupyroinye Ha OAHY OJEKTPUUECKYIO BeJIWYMHY (oAHO(a3HOe pene ToKa,
oJlHO(a3HOE pelle HANPsHKEHUS);

2) pene, KOTOpPOE OJJHOBPEMEHHO pearupyeT Ha 2 AJIEKTpUUYECKUE BEIMUUHBI (0HO(pa3HOE perne
MOIITHOCTH, 0JTHO(a3HOE peie CONPOTUBIICHHUS);

3) pene, pearupytonme Ha 3 u 0oJyiee DJIEKTpUUECKHX BeIUYHH (Tpé€x(dasHbie pene Toka,
TpéxdazHble pese MOLTHOCTH, TPEX(a3HbIe pesie COMPOTUBIICHHUS).

JIro0oe perne MOKET XapaKTEepPU30BaThCs 2-Msi OCHOBHBIMH MapaMeTPaAMU:

1) MomHOCTh cpabaThlBaHUsi — MOILIHOCTh BXOJHOTO CHTHAlA, MPU KOTOPOM pelie
cpabareiBaet. LleHsATCS Te perie, y KOTOPBIX MOIIMHOCTh cpadaThIBaHMs KaK MOYKHO MEHBIIIE
(MeHbI1Ie TOTpEOIeHNE SHEPTHH);

2) pa3pbiBHAasS MOIIHOCTh — MAaKCHMAJIbHO BO3MOKHAS MOIIHOCTh BBIXOJHOIO CHTHAJA, TPH
KOTOPOH perte emmé HopMaJIbHO paboTaer.

Haubonpiee pacmpocTpaHeHHE IMOKa YTO MMEIOT JJICKTPOMEXaHHYECKHE pejlie — ITO pele,

KOTOPbIE YIPABIIAIOT BEIXOJHBIMU LETIAMU MYTEM 3aMbIKaHHSI WM Pa3MbIKaHUSI KOHTaKTOB.

OTH penie TIOCTOSHHO 3aMemaroTcss OeCKOHTAKTHBIMH, OJHAKO Ha TOJCTAHIMAX dTa 3aMeHa
notpedyeT eule JUIMTEIBHOTO BPEMEHH, KpPOME TOro, 3JIEKTPOMEXaHHMYECKUE pelie /10 CHUX IOp
BBIITYCKAIOTCS TIPOMBIIIIJICHHOCTBIO, HOBEHIIINX THIIOB, pab0TAIOT HAJEKHO, TIOATOMY TEXHHUECKUE
CHELMATHUCTHI JOJDKHBI 3HATh UX KOHCTPYKIIMIO U MPUHIIMIT PAOOTHI.

[To npuHIIMIY yCTpONCTBA SIEKTPOMEXAHUYECKUE PEJIe Pa3IndaroT Ha:

1) sneKTpOMarHUTHBIE;

2) WHIYKIUOHHbIC,

3) MarHMTO3JIEeKTPUYECKHE.

dnekmpomaznummuoie pene
Ha puc. 2.2 npeacraBieHbl TpU OCHOBHBIE Pa3HOBUAHOCTH KOHCTPYKIMI 3JIEKTPOMAarHUTHBIX
peie.
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Puc. 2.2. Tunel 371€eKTpOMarHuTHBIX peje
a — C BTATUBAIOIIUMCSA IKOpEeM (IPUMEHSIETCS B MArHUTHBIX MTyCcKaTeNsx); O — KJIaaHHOTO THUIIa
(mIpUMEeHsIeTCs BO BCEX BCIIOMOTATEIbHBIX U MPOMEKYTOUHBIX PEJie); B — C TOBOPOTHBIM SKOPEM
(pene TOKa M pesie HaPsHKCHUS )

Kaxknast KOHCTpYKLHS COIOEPIKUT DJIEKTPOMArHuT 1, cOCTOAIIUN M3 CTAJIBHOIO CEPACYHUKA U
OOMOTKH, CTaJbHOM MOABMXKHBI SIKOpb 2, HECYIIMH IOABM)KHBIA KOHTAKT 3, HEMOJBUXHbBIC
KOHTaKThl 4 ¥ IPOTHBOJEHCTBYIOIIYIO BO3Bpallalollylo INpyxkuHy 5. HekoTtopsle pene uMeEOT
CIIEMAJIbHBIN IPUTHPAIOIINNA MEXaHU3M 7, yIy4IIAIOIHAN KOHTAKTHYIO LIENb BEIXOIHOTO CUTHAJIA.

[Tpoxonsmuii Mo 0OMOTKE 3JIEKTpOMAarHuTa Tok |, co3gaért HamMarHM4MBaIOIIYI0 CUIy (H. C.)

Ipr , TOJ JEHUCTBUEM KOTOPOM BO3HUKAET MAarHUTHBIA TOTOK @, 3aMBIKAIOIIUNCS Yepe3

CepACYHMK 3JIEKTpOMarHuTa 1, BO3AYIIHBIA 3a30p O U AKOpb 2. SIKOpb HaMarHW4MBaeTCs U B
pe3ynbTare 3TOr0 MNPUTATMBACTCS K IONIOCY 3JIeKTpoMmarHuTa. [lepemecTHBIINCH B KOHEUHOE
II0JIO’KEHUE, IKOPb CBOMM IIOJBM)KHBIM KOHTaKTOM 3 3aMbIKA€T HENOJABM)KHBIE KOHTAKTHI peiie 4.
HauanbHoe nosoxxeHue sKopsi OrpaHUIMBAETCS YIIOPOM 6.

ONEeKTpOMarHuTHas CUia, MPUTITUBAIOIIAS CTAIBHON SKOPb K 2JIEKTPOMArHUTY ONPEAEIAETCS
CJIEIYIOIINMM BBIPAKEHUEM:

F,==.—2 2 . (2.1)

rac Wp — YMCJIO BUTKOB KaTYIIKH 3JICKTPOMArHuTa,

R, —MarHuTHOe CONpPOTHUBIIEHUE B BO3YLIHOM 3a30P€;

0 — BEJIMYMHA 3a30pa MEX]y SKOPEM U KOPITYCOM 3JIEKTPOMarHuTa.

B cmpaBovHMKax cymecTByrOT 3aBHCHMOCTH R, = f(0) Ins pasnu4HBIX THIIOB MarHUTHBIX
cUCTeM. DTa 3aBUCHUMOCTb IOJCTaBIsAETCS B BhIpakeHue 2.1, auddepeHuupyercss U B pe3yibraTe
MIOJIy4aeTCs] KOHKPETHOE COOTHOIIEHUE BEJIMYMH AJIS PEJie C MarHUTHOM CHUCTEMOM JaHHOTO THIIA.
Hanpumep, 1711 pere KilallaHHOTO TUIIA:

AW, _ L
9 52 52

W3 sToro BbIpakeHUST MOXET OBITh MOCTPOCHA OCHOBHAs XapaKTEpPHUCTHUKAa pelie — TAroBas

xapakrepuctuka: F, = f(5), koropas cHumaercst ipu onpeneIEHHBIX 3HaYeHUIX ToKa (puc.2.3).

(2.2)
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Puc.2.3. TsaroBasi xapakTepucTUKa peiie

Mexanuyeckas XapakTepUCTUKA — 3TO 3aBUCUMOCTh YCHIIHSI, JICHCTBYIOIIETO Ha SKOPb, HO MPHU
oTCcyTcTBUHM TOKa, T.. |, =0 (puc.2.4).

p

cpabaTkiBaHWe pene

EIDGBPE[T"'!
pene

Y

Puc.2.4. Mexanndeckas xapakTepucTtuka-1; TsroBas xapakrepuctuka- 2,3

ITpn K“CXOMHOM MOJIOKEHUU SIKOPS 3a30p O = O, . UTO OBl SIKOPb CIBUHYJICS HEOOXOJUMO
IIPEOAOJIETh MPEABAPUTEILHOE HATSIKEHUE BO3BPAIIAIOIIEH IPYKUHBI, 3aTEM SKOPb HauyHET
IepeMeNaThCs, BO3BpAllAlOIlas MNPYXKHHA pacTITUBAETCA, TO €CTh Yrojll IpONOPLHOHAIECH
YKECTKOCTH BO3BpaIaromei npyxuasl G

6o36p.npyxc"”

a =

cosepnpyC

ITpu 6 = 6, MOABMKHOM KOHTAKT CONMPHUKACAETCS C HETTOABIKHBIM. SIKOPh UMEET BO3MOKHOCTh
ellle JBUTaThCs MOCIe IPEOA0TICHHE MTPEeIBAPUTENILHOTO HATSKEHUS TPYKUHBI TIPUTHUPAIOIIETO
MEXaHU3Ma JI0 O,,, . YT0l O, NPONOPLUOHAIEH CyMMapHOH KECTKOCTH BO3BPALIAIOLIECH U
PUTHPAIOLIEH IPYXKUH.

a, = Gsoa‘gp.npyo;c + anumupnpywc

Ecnu coBmecTuth Ha oiHOM rpaduke mexanudeckyto (1) u Tsaroseie (2,3) XxapakTepUCTUKH, TO

OYEBHJIHO, UTO JUISI YCIOBUMA CpabaThIBaHUS TATOBasi XapaKTepUCTHKA (2) JOJKHA BO BCEX TOUKAX

JIeXKaTh BBIIIE MEXaHHYECKON. ITO OY/IET MpH TOKe pesie paBHOM TOKY cpabarbiBanus (I ,,,;). Hs

YCIIOBHIA BO3BpATa pelie, TAroBas XapaKTepUCTHKA JJOJKHA BO BCEX TOUKAX JIekKaTh HIDKE
mexanu4deckoit (3). Oro Oyner pu |, . [lockoiabKy KOHGUTypalyst TATOBOM U MEXaHHMYECKOU

6036p

= |

cpab 6036p "

XapaKTePUCTHUK Pa3INYHBbI, TO |

CooTHoOIIEHNE ATUX BEIMYUH SBJISETCS BaKHBIM [apaMeTpoM pelie- Ko ULHeHTOM BO3BpaTa.
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k _ Isoasp
I cpab

W3 BbIpaykeHus 2.2 MOXHO BBISIBUTH OCHOBHOE CBOMCTBO 3JIEKTPOMArHUTHBIX pese. [lockonbky
TOK B BBIPQXKEHUU B KBaJipaTe, TO pene He OyJeT pearupoBarh Ha MOJSIPHOCTh BXOJHOIO CUTHANA U
B IIPUHIIUIIE MOXET paboTaTh KaK Ha MOCTOSHHOM, TaK U Ha MIEPEMEHHOM TOKE.

Ocobennocmu KOoHcmpyKuuu peiie, paﬁomalou(ux HA nepemenHom moke
Pene INEPEMEHHOI'O TOKa IIMTACTCA TOKOM ip = Im sin wt , IIpu 3TOM MIHOBCHHOC 3HA4YCHHC

BHGKTpOMaFHI/ITHOfI CHIJIBI, H3MEHSIOMEHCs BO BpPEMCHU, OIIPECACIIACTCA Kak

. . . 1
Fatzk-lizk-lrismza)t. C  yuérom, d4TO Slnza)t:E(l—COSZa)t), MOJTYIHM

F,, Ly Inﬁ—lk- 12 cos2at .
2 2

CJ'IG,I[OBaTeJ'IBHO, MIHOBCHHOC 3HAYCHUC F3t COACPKUT [ABC COCTABJIAOINHUE: ITOCTOAHHYIO

k-12 u nepemennyio K- 12 C0S2wt, u3MeHsIONIyIOCA C JBOWHON 4YacTOTOH. PesympTupyromas

QJICKTpOMAarduTHasA Cujia F3 HUMCCT l'[y.]'ILCI/Ip}/IOH_[I/Iﬁ XapaKkTep, ABAXKAbI U3MCHAACH OT HYJISL 00

MaKCUMaJIbHOTO 3HAUEHUS B TEYCHHE Kaxaoro nepuoaa (puc. 2.5). B 1o xe Bpems
MPOTUBOACUCTBYIONIAS CUJIA IPY>KUHBI F, UMeeT Heu3MeHHOe 3Ha4YeHHE.

AF,?
Fa
Fr
P
. t
a |b ¢ d el /T =~
\//
Fo>Fn |\ <Fy |Fa >Fn

Puc. 2.5. 3meHeHue cuiibl IPUTSKEHUS SIKOPS AJIEKTPOMAarHUTHOTO peJie PU MPOXO0KICHUH
10 €ro 0OMOTKE MEPEMEHHOI0 TOKa

B pesynerare B nepuoxa Bpemenu ab, cd, ef u 1. 1., korma F, > F5 ¢, skops pene cTpeMutcs
OTIIaCTh, & B TIEpHO/I6l BpeMeHu be, de u T. 1., korna Fy > F, — BHOBb BTAHYTHCA. [IpUTSHYTHIN
SAKOph TPU DTOM HENPEPHIBHO BHOPHPYET BCIEACTBHE MEPUOAMYECKOrO H3MEHEHHUsS 3HakKa

JeHcTByIOIEH Ha Hero pesymprupyromed cunel F, =F, —F, . BulOpamus sxops oxasbiBaer

BpEIHOE BJIMSHUE Ha paboOTy pere, BBI3BIBAET BUOPALMIO KOHTAKTOB IMPH CpaldaThIBAHWUU, UTO
MIPUBOJIUT K WX IMOATOPAHUIO, & TAKXKE BBI3BIBACT U3HOC OCEH U Tard, Ha KOTOPhIC OHU OIUPAIOTCS.
YroObl 3TOro u30eXaTh, MPUMEHSIOT KOPOTKO3aMKHYTOE KOIBIO B pACHICTINIEHHOW YacTu
MarHuTonpoBoa (puc. 2.6).
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Puc. 2.6. [IpuHuun ycTpoicTBa 3JIEKTPOMAarHUTHOTO peJie ¢ KOPOTKO3aMKHYTBIM KOJIBLIOM

B pene, nzobpaxéHHom Ha puc. 2.6, KOPOTKO3aMKHYTBHI BUTOK OXBAaThIBA€T YacTh CEUCHHS
MarautonpoBoja. [lox BIusHMEM MarHUTHOIO OTOKA, MPOHU3BIBAIOIIETO BUTOK, B HEM BO3HUKAET
TOK |, co3matromuii motok @,. Ha puc. 2.6 mokazaHbpl MMOJOKUTEIbHBIC HAIIPaBICHUS MAarHUTHBIX
MMOTOKOB M MYTH, IO KOTOPBIM OHU 3aMBIKAOTCS.

N3-nox cedeHusi, OXBAaYEHHOTO KOPOTKO3AaMKHYTBIM BHUTKOM, BBIXOJUT pPE3YJbTUPYHOLIUI
noToK @1; COCTOSIMIA U3 YaCTH TIOTOKA OOMOTKH pelie @Pp; U TOTOKA Dy, MPOXOAAIIUX Yepe3 ITO
CEUCHHE:

D1 = @p; + D, (2.3)

N3-nox cedyeHusi, He OXBAYEHHOI'O KOPOTKO3aMKHYTBIM BHUTKOM, BBIXOJMT MAarHUTHBIA MOTOK
@2, cocTosAuMil U3 MOTOKa 0OMOTKH pesie @Ppy U YaCTU MAarHUTHOTO MOTOKA KOPOTKO3aMKHYTOI'O
BUTKA Dpo:

D2 = Dpp — Do, (2.4)

Puc.2.7. BexropHas nuarpaMMa MarHUTHBIX ITOTOKOB peJie

[TocTpoenue nuarpammbl Ha pucC. 2.7 HaunHAeTCs ¢ Bektopa @1. 3arem crpouTtcs 3.4.c. Eg,
HaBEJICHHAas B KOPOTKO3AMKHYTOM BUTKE MOTOokoM @1, otcratomas ot Hero Ha 90°. Tok B
KOPOTKO3aMKHYTOM BHUTKE |, mouTu coBmamaer ¢ 3.4.c. Ex BClencTBHE Malloil MHIYKTUBHOCTH
BuTKa. [IpeneOperas morepsMuM Ha HaMarHW4YMBaHHE, MOTOK @, TMOKa3bIBAEM COBIAJAIOIIUM C
CO3JIAIOIIUM €r0 TOKOM |,.

3nas @1 u @, u3 Beipakenus (2.3) HaxoUM:

Op1=P1 — O,

MarauTHbIi TOTOK @pp coBmagaeT mo (ase ¢ moTokoM PDpj, TaK KaK OHU CO3JAIOTCS OAHOU U
Tol ke H.C. (I,Wp) U MMEIOT OJTHOPOJHOE MarHUTHOE CONpoTHBIEHHE. Ha OCHOBaHMU BBIpaKEHUS
(2.4) HaxomuTcst MOTOK D2.
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[Tonyyennas BekTopHasi auarpamma (puc. 2.7) moka3bpIBaeT, YTO MarHUTHBIN MTOTOK @1 Bceraa
CABUHYT OTHOCHUTEIHHO MOTOKa @2 Ha yron . Casur no ¢aze MarHUTHBIX TOTOKOB OOYCIIOBJIEH

HaJIMYMEM ITOTOKa D,
Kaxnplii 13 MarHuTHBIX MOTOKOB (puc. 2.8) @, =@, . Ssinatu @, =@, sin(at +y) cozmaér
cuiel F,, u F,,, KpuBbIe U3MEHEHHSI KOTOPBIX CMEILICHBI TaK XK€, KaK U MarHUTHbIC NMOTOKH. B

pe3yiabpTare I3TOro0 npu YMCHBUHICHUMW OAHOIO M3 IIOTOKOB BTOpOfI HapacCTacT, HC II03BOJIAA
BHGKTpOMaFHI/ITHOﬁ CHUJIC IIOHU3UTHCA 10 HYIJIA.

Aro

Puc. 2.8. U3menenue cuibl NpuTsHKEHU sikops F

pes

Y 3JICKTPOMArHuTHOIO pejie €

KOPOTKO3aMKHYTBIM KOJIbIIOM IIPpU MMPOXOKACHUH 110 €0 0OMOTKE MNEPEMCHHOI'O TOKa

s yctpaneHus: BuOpanuu (kak BUAHO U3 puc.2.8) pesylnbTupyromiee ycuiane F . 10mKHO

pes
[IpCBLIIIATL B Ka)K,Z[BIﬁ MOMCHT BPCMCHH Fn . Ectb 1 Apyrue CHOCO6LI YCTpaHCHUA BI/I6p8.I_[I/II/I

SKOpsI, HApUMep NMPUMEHEHHUE BYX KaTyIleK B peie, B OAHOHM M3 KOTOPHIX TOK CABHHYT IO (aze
10 OTHOILIEHHIO K TOKY B APYroil ( BKJIIOUEHUEM eMKOCTH). DD (DEKT TOT XKe.

Ilonapuzoeannsie pene

B cBsi3u ¢ TeMm, 4TO SJEKTPOMAarHUTHas CHIIA, JEHCTBYIONIAS HA SIKOPb Y 2IEKTPOMArHUTHBIX
pene, kKak OBUIO OIPEAENICHO BBIIIE, MPOMOPIUOHATIEHA KBAAPATY TOKA, MPOTEKAOIIEro IO
KaTyIIKH pene, TO MPH W3MEHEHHWU TOJISPHOCTH paboTa pene He U3MeHseTcs. B ycrpoiicTBax
TEJIEMEXaHUKH, B YCTPOUCTBAX YIPABIICHUS HA PACCTOSHUU ITO CBOMCTBO SBISETCS HEIOCTATKOM,
T.K. B TaKMX YCTPOMCTBAaX >KEIaTeIbHO YYBCTBOBATH MOJSPHOCTh. HeKoTOpble H3MEHEHUE B
KOHCTPYKITUU PeJie MOTYT MPHJIATh CBOMCTBO TMO-pa3HOMY paboTaTh MPU M3MEHEHHUH IMOJISIPHOCTH.
Takue perne Ha3bIBAIOT MOJSIPU30BAHHBIMH.

[Tonsspu3oBaHHBIC pejie SBISIOTCS PAa3HOBHIHOCTHIO JIIEKTPOMATHUTHBIX KOHCTPYKIHHA. B
OTIIMYME OT PACCMOTPEHHBIX BHIIIE JJIEKTPOMATHUTHBIX pelie SKOPh MOJSPU30BAHHOTO pelie
HAXOJHTCS TIOJ] BO3JACHCTBHEM JIBYX MAarHUTHBIX MOTOKOB, U3 KOTOPBIX OJHH CO3JMAETCS TOKOM,
MUTAIONMM OOMOTKY pefie, a BTOPOH — MOCTOSHHBIM MarHUTOM. MarHuTHBIA MOTOK OOMOTKH
Ha3bIBaeTCs pabOYMM, a TOCTOSHHOTO MarHuTa — HoJspu3yomuM. [lomspu3oBaHHBIE pelre
BBITIOJTHSIOTCS B IBYX BapuaHTax: ¢ Au¢depeHnnaIbHoi MarHUTHON CHCTEMOM U MOCTOBOM.

O0e KOHCTPYKIIUU COCTOST W3 cepleyHrKa 1, 0OMOTKH 2, MOCTOSHHOTO MarHuTa 3, skops 4 u
KOHTaKTHOU cucTeMsl 5 (puc. 2.9).
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Puc.2.9. [IpuHuun ycTpoicTBa MOJISPU30BAHHBIX peETIe.
a — ¢ muddepeHnmanbHON MAarHUTHOW CUCTEMOI; 0 — ¢ MOCTOBOW MarHUTHON CUCTEMOK

Cnocoowvt usmeneHusn ObICMPOOEICMEUA NPOMENHCYNOYHBIX peile
EctectBenHOe Bpemsi cpabaTbIBaHUSI MPOMEKYTOUYHBIX pelieé OOBIYHO COCTABISIET COTBHIE JOJHU
CEKYHJIbI, TO3TOMY OOBIYHO CYIIECTBYET HEOOXOAMMOCTh YBEIWYCHUS BPEMEHH CpadaThIBaHUs, HO
MHOTJ]a BOSHUKAET BOIIPOC ¥ 00 YCKOPEHUU CpadaThIBaHUS pelie.
IIpn BKIIOYEHMH OOMOTKHM IIPOMEXYTOYHOrOo peje Ha HampskeHue Up TOK B 0OMOTKe
ycTaHaBiauBaerca He cpazy. OH HapacTaeT B TEUYEHHE HEKOTOPOro BPEMEHM OT HyJs [0

YCTAaHOBUBIICTOCA 3HAYCHUA Ip.y =L , KaK IIOKa3aHO Ha pHC. 2.10.
r
P
o __
1/ Ipy
Leplf * t
ty

Puc.2.10. Hapacrtanue Toka B 0OMOTKE IPOMEKYTOUYHOT'O pejie IOCTOSHHOTO TOKa MPU
3aMbIKaHUHU €€ L1enu

KpuBas HapacTtanusi Toka B pesie BEIpaKaeTcsl ypaBHEHHEM
; Up 7%
Ip = r_ l-e (25)
P
rae T = L, /ry Ha3pIBaeTCs MOCTOSIHHOM BPEMEHH LIETH OOMOTKH peJie.

JIBWokKeHHE SKOpST HAYMHACTCS CITYCTS HEKOTOpoe BpeMs ty, KOrja TOK B pelie JOCTUTHET
sHadenust |, ,, HeoOxomumoro juis nedctus pene (puc. 2.10). Tlepememienne sxopst wu3
HAYaJIHLHOTO TIOJIOKEHUSI B KOHEUHOE, MPU KOTOPOM 3aMBIKAIOTCS KOHTAKThI peje, Takke TpedyeT
HEKOTOPOTO BPEMEHH 1.

Takum o6Gpa3zom, moaHOE BpeMst AeicTBUS pere ty CcKIaabIBacTCs U3 BPEMEHU HapacTaHUs TOKa

B 0OMOTKe SIKOps ty 10 3HaueHust |, , ¥ BpeMEHHU ABIKECHUS K0P T
t,=t,+t,. (2.6)
N3 gumarpammer Ha puc. 2.10 u ypaBHenus (2.5) crmemyer, uTo ty 3aBUCHUT OT CKOPOCTH

HapacTanus Toka l,, Koropas ompexensercs moctosHHoW Bpemenu T; BemuunHbl Toka |,
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onpeAeNsieMOr CUJION MPOTHUBOACHCTBYIONIEH MPYKUHBI peJie; BEIMYUHBI YCTAHOBUBIIETOCS TOKa
I

Py’
COCTaBJ'IﬂIOH_[aH tﬂ 3aBUCHUT OT BCIIMYHHBI XO04a AKOPSA U CKOPOCTHU €0 IICPEMCIICHU.
AbconoTHOE 3HAaYeHHUE U HEBEIHMKO (COCTABISET THICAYHBIC JTOJIU CEKYHJIbI), TIOATOMY y pele
IMOCTOSAHHOI'O TOKa BpEMs ,Z[CﬁCTBI/ISI IMMPAKTUYCCKU OIIPCACIACTCA tH.
Jlnist mosy4eHust ObICTPOCHCTBYIOIMX MTPOMEXYTOUHBIX pejie Hy)KHO YMEHbIIATh 1, 0caaliiaTh
IPOTHBOJICUCTBYIONIYIO MPYKHUHY peiie, a Ul TOBBILICHUS BPEMEHHU [CHCTBHS pene t, HyXHO
IIOBBIIIIATH T, T.C. MOBLIIIATb UHAYKTHUBHOCTb Lp 3a CUET YBCIMYCHUA 4YKCJIa BUTKOB HJIM 34 CUéT

B3aUMOUWHAYKTUBHOCTH, HAIPpUMCpP, NYTCM IMPUMCHCHHA MACCHUBHOI'O KOJIbIA, OXBATbHIBAKOLICTO
MarauToIIpoOBOI:

O

Cy1ecTByIOT, IOMUMO KOHCTPYKIIMOHHBIX, CXEMHBIE MEPHI 10 U3MEHEHUIO OBICTPOACHCTBHUS:
1) BKJIrOUEHHE MapajIeNIbHO KaTyILIKe pee EMKOCTH:

&

u C ::> |::|

&
MIPU OTKJIFOYCHUH KJTF0Ya 3apsDKEHHAs EMKOCTh HAUMHAET Pa3psiKaThCs B pe3yibTaTe
YBEJIMYUBAETCS BPEMsI BO3BpATa pejie B HCXOIHOE MOJI0XKEHHE (T.€. M0 KaTYIIKe pejie HEKOTOpoe
BpeMs ITPOTEKAET TOK M KOHTAKT pPeJie BEPHETCS B HOPMAIBHOE MOJI0KEHHUE HE Cpa3y), BpeMs

Cpa6aTLIBaHI/I$I peiie HEC U3MCHUTCA, t YBCINYHUBACTCA.

6036p
2) BKIIOUEHHUE TMapalljIeIbHO KaTyIIKe pene EMKOCTH, U J100aBOYHOTO COMPOTUBICHUS
MOCJIEA0BATENBHO C KATYIIKOM:

RJ:JE

(1
U s)e== [
&

IIPpH BKIIFOYCHHUHU KJIHOYa IO MEPEC 3apAJKH KOHACHCATOpA HAIIPSAKCHUC U 6y21€T BO3HHKATh Ha
peiie MOCTCIICHHO U TAKUM O6p8.30M YBCIIMYHUTCA BPEMA CpaGaTLIBaHI/I}I peie tp , YBCIMYHUBACTCA U

BpeMs BO3Bpara pene {

6o36p "

3) BxiitoueHue conpoTUBIEHUH MOCIEI0BATENbHO U MAapaJlIeNIbHO KaTYIIKE.

Rym1
a—
I
i I Rz U I::I
£
B 910l cxeme TakKe TOBBIIAETCS BpeMs cpabarbiBanus pene t um Bosspara t,,.. ., HO C

MeHbIen 3 PEeKTUBHOCTHIO, UeM B cXxeMe 2.
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4) BKIIIOUEHHUE TapaslieIbHO KaTyILKe pese Auoaa

+g_/

)

IIpU BKJIFOYEHHUH pPeJie JUO0JI HUKAKOrO BIMSHHUS HE OKa3bIBACT, a4 MPU Pa3MbIKAHUM LIETH TOK €IIé
HEKOTOpOe BpeMs Oy/eT MPOTeKaTh B KOHTYPE, TO €CTh MOBBICUTCS BpeMsi Bo3Bpara t

6036p *

NHayknMoHHBIE 1 MATHUTOAJIEKTPUYECKHUeE peJie

Ha puc. 3.1 noka3zaH IpUHLMII BBIIOJIHEHUS MHIYKIMOHHBIX pene. Peme cocrout wu3
MOJBU>KHOM CHUCTEMBI 3, pacloyIOKEHHOM B MOJI€ IBYX MarHUTHBIX MOTOKOB @1 u d2. MarnutHbie
MOTOKH CO3AAI0TCS TOKaMH, MPOXOAAIIMMH IO OOMOTKAaM HETIOJBHKHBIX AJIEKTPOMarHuTos 1 u 2.
[TonBukHast cucTeMa BBINNOJIHACTCS B BHJIE MEIHOTO MM AJIOMHUHMEBOIO JMCKAa WM ILWIMHAPA
(OapabaHuMKa), 3aKpEIUVIEHHOTO HAa OCH, Ha KOTOPOM OHM MOryT noBopauuBaThes. IIpu moBopore
IPOTHB YaCOBOM CTPEJKM MOJBIMXKHAS CHCTEMa MPEOJ0JeBACT MOMEHT MPYKUHBI 5 U 3aMbIKaeT
KOHTAaKTHI 4.

OOMoTkH pene 1 u 2 nUTar0TCs NEPEMEHHBIMU (CUHYCOUAANbHBIMU) TOKaMu |, u |, , koTOpbIE

CO3/al0T nIepeMeHHble MarHuTHble noToku @1 u D2 noxazannele Ha puc. 3.1. Ilpenebperas
NOTEepPSIMU HAa HAMarHMYUBAHUE, CUUTAIOT, 4TO MOTOKU D1 u D2 coBnaaaot no (asze ¢ co3aarIumM
UX TOKOM, KaK U300pakeHO Ha BEKTOPHOI auarpamme (puc. 3.2).
[IponusbiBasgs NOABMXKHYIO cucTeMy 3, MarHuTHbIM noTok @1 HaBogut B Heil J/IC
dod1 dd2

= . Or stux DJIC B nucke

. Ananornyno morok @2 cozpaér DAC E , =-—

NPOTEKAIOT BUXPEBBIE TOKM |, 1 |, (onpenenstorcs no npasuity OypaB4ynka). Buxpesbie TOKU B

JIUCKE MOXHO paccMaTpUBaTh KaK MPOBOAHUKUA C TOKOM. M3BECTHO, YTO MPOBOJHUK C TOKOM,
HaxXOJSAIIMNACS B MarHUTHOM II0JIE, CO3JJaHHOM MAarHUTHBIM IOTOKOM, B3aUMOJEHCTBYET C ITUM
MOTOKOM, M Ha TMPOBOJHUK C TOKOM JEWUCTBYET OJJIEKTpOMAarHWTHas cuia. Takum oOpazom
IPOUCXOJIUT B3aUMOJICUCTBHUSL MIOTOKOB M TOKOB, T.6. @1 <> 1 ,,, ®2<> | ;. Yemmua F,) u F,,

OTIPEAEIISAIOTCA MO MPABUILY <«JIEBOU PYKH».

Puc. 3.2. Bextopnas nuarpamma 3J1C, TOKOB 1 MarHUTHBIX TOTOKOB MHAYKITHOHHOTO pejie

Maremarnuecku ycuime onpenensercs no 3akony buo-Casapa-Jlannaca:
Fp=k ®1-1,,-cosd, =k -P1-1,,-c0s(90-y);

Fpo =K, @2-1,,-c085, =K, - D2-1,,-cos(90+y).
= Fy =k, - @11, -siny;
Foo=—K, - D2-1,, -siny,
torna F, =F, —F,, =k - @11, -siny +k, - D21, -siny,
TX |, =®l u |, =D2, nonyunm:
F,=k"-®1-®2-siny +K"- D2 -Dl-siny =(k'+K") - D1- D2 -siny =k - D1- D2 -siny .
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Puc. 3.1. [Ipunuun yctpoiicTBa MHIYKIIMOHHOTO peie

Taxum O6p2130M, MOMCHT, BO3HI/IK3,IOHII/Iﬁ OT JJICKTPOMAruMTHLBIX CHJI, B AHUCKEC, OIPCACIIACTCA
BBIPA)KCHUCM:

M =k-®1-P2-siny. Ha ocHOBaHMHM [aHHOTO BBIPAKEHHUS MOXHO YCTaHOBUTH CJEIYIOIINE
CBOMCTBA MHIYKIIMOHHBIX peJe:
1) st paboTHI pelie Hy)KHO JIBa MarHUTHBIX ToToka O 1 u D2;
2) BeTUYMHA MOMEHTA 3aBHCHUT OT aMILIMTYJ] MATHUTHBIX MOTOKOB U OT yIJIa i/ MEX/y HHUMHU;
3) 3HaK MOMEHTa 3aBHCHT OT 3HaKa Siny
+M — +siny — 0-180°(pene cpaboraer)

— M — —siny —180° +360° (pexne He cpaboTaer).
4) Perne MOKeT paboOTaTh TONBLKO HA MIEPEMEHHOM TOKe!

Oobnacme npumenenus UHOYKYUOHHBIX pefle
1) Pene moxer ucnosb3oBaThes Kak peine Toka (PT-80):

AJId 3TOro OJJICKTpOMArHuTHasA CHUCTEMa pPCeJI€ BKIHOYACTCA Ha TOK CCTHU, T.C.

qepes
tpancopmarop Toka (TA):

||
D ( |
g sinyl
TA g C D ( S % TA
T ¢ T
I I
Kongencarop B cxeme Heobxoaum Juist cisura ¢as (mis obpazoBanus yria v ). Ilpu stom
MOMEHT MPOTOPIHOHANEH KBaapaTy Toka: M =17,
2) Pente MoxeT paboTaTh Kak pejie HampsHKeHUS:

JUISL OTOTO  DJJEKTPOMArHWTHAas CHUCTEMa BKIIIOUAETCS Ha HANpPSOKEHUE CETH, T.e. uepe3
tpanchopmatop HanpspkeHus (TH):
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TH ™

U
Z r’ Ky
Hameit IMPOMBINIJIEHHOCTBIO MHAYKITMOHHBIC PEJIC KaK PCJIC HANIPSAKCHUS HE BBIITYCKAKOTCA.
3) UnayKkuMoHHBIE peie MOT'YT UCIIOIb30BaThCS KaK pPelie HalpaBiIeHUs] MOLUTHOCTH:
JJI1 9TOT'O OHA KaTylIKa BKIIFOYACTCA Ha HAIIPSXKCHUE CETHU, a BTOpasi — Ha TOK CCTHU:
TH

I = M=U?

3 Ta

B pesynbrare mnosay4aercs, 4TO OJMH MAarHUTHBIA MOTOK (POpMHUpPYETCs TOKOM, a Jpyrou
HanpsbkeHueM. T.K. paboTa MHIYKLIMOHHOTO pelieé 3aBUCUT OT 3HaKa MOMEHTa, TO OHO Oyner
pearupoBaTh Ha HalpaBJIEHUE MOLUIHOCTH. DTO IOMOraeT 00ECIEeYUTh OCHOBHOE CBOMCTBO 3aILUThI
— CEJIEKTUBHOCTb.

Pene nanpasnenus mowjpocmu
Pene HaITpaBJICHHUA MOIIHOCTU MMPUMCHACTCA B HAIIPABJICHHBIX TOKOBBIX 3alllUTaX W IMO3BOJIACT
o0ecreynTh CEJIeKTUBHOCTh B CIIOXKHBIX CETSAX, TJ€ TMPOCThIE TOKOBBIC 3alIUTHI TaKYIO
CEJICKTUBHOCTDH HE 0becneunBaroT (puc. 3.3).

M ﬁ -
SK’ ﬁ( I~£)— -L'L- .-4-
1
Ke a.)

g 7 Up

Puc.3.3. Pene nHanpaBieHus MOIIHOCTHU:
a — TIPHUHIIMII JCHCTBHS; O — cXeMa BKITFOUCHHS

Pene  mampaBneHWss MONIHOCTM  pearupylOT  HAa  3HAYEeHWE W 3HAK MOIIHOCTH,
noABeACHHOM K MX 3axumaMm. OHM UCIOJIb3YIOTCSl B CXEMaxX 3allUT KaK OpraH, ONpEeAessItoIUi 1o
HAIpaBJIEHUIO (3HaKy) MOUIHOCTU (IpOTEKalolled MO 3allUIaeMoil JHMHHUU), TZ€ MPOU30ILIO0
MOBPEXKACHUE — HA 3alUIIAeMOl JMHUU WX Ha IPYTHX MPUCOSAUHEHUSX, OTXOSIIUX OT IIUH
noactaniuu (puc. 3.3, a). B nmepBom ciryuae nipu K3 B Touke K1 momuocts K3 Sk HampasieHa ot
[IMH B JIUHUIO U peJie HAMpaBIIEHUs MOIIHOCTH JOJKHO 3aMBIKaTh CBOM KOHTAKTHI U pa3peliarh
cpabartbiBaTh 3amnute, BO BTopoM 1pu K3 B Touke K2 — momuocTh K3 Sk, Hanpasiiena k muHaMm, B
ATOM cllydae pejie He JOJDKHO 3aMbIKaTh KOHTAKTHI, TO €CTh HE pa3peliaTh cpadaThiBaTh 3aIIUTE

Perne HanpaBieHUs: MOIIHOCTU UMEET J1B€ OOMOTKH: OJJHA MOJCOeIMHEHa Ha HanpsukeHue Uy, a
apyras —Ha Tok cetu |, (puc. 3.3, 6). BzaumoneilicTBue TOKOB, NPOXOJALIMX IO OOMOTKaM,
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cO31a€T 3JIEKTPOMArHUTHBI MOMEHT, 3HAYEHUE U 3HaK KOTOPOr'0 3aBUCAT OT HanpsikeHus Up, Toka
|, n yria ciBura ¢, MEX1y HUMH.

Pene HampaBieHMsI MOIIHOCTH BBIIOJHSAIOTCA OBICTPOAEHCTBYIOLUIMMHU, TOCKOJIBKY OHU MOTYT
OPUMEHAThCS B 3alUTax, paboTaromux Oe3 BbeIACpX KM BpeMeHH. CoOOCTBEHHOE BpeMs
cpabaTbIBaHMsA pejie HAIPaBICHHUS MOLTHOCTH JTOJDKHO ObITh MUHHUMAJIbHBIM.

Pene HampaBieHHs MOIIHOCTH UMEET 4-X CTEPKHEBOW CEPIECUHMK C 2-Msl IpyHIaMH KaTyIIeK.
1-ag rpynna kaTymek nogkiroudaercs uyepe3 TA Ha TOK ceTH, 2-as Tpylna KaTylleK HOJKI0YaeTCs
yepe3 TV Ha HampspkeHue ceTH. B pesynbrare opranusyercss 2 MarHMUTHBIX ITOTOKA, CABUHYTBIX B
npocTtpaHcTse puc 3.4

o, =1, u d,=U_ . DT NOTOKM NPOHMU3BIBAIOT IOABHKHYIO CHCTEMY peEIe€,
BBITIOJIHEHHYIO B BUje OapabaHa; oOpa3yloTcs BUXPEBbIE TOKH U JCUCTBYET 3JEKTPOMArHUTHBIN
MOMEHT.

M, =k-@, &, -sin¥
uiu

M, =k, -U

2

p-lp-sm‘l’

bapaban nmoBopaunBaeTcst BMECTE C CHCTEMOM MOABMKHBIX KOHTAKTOB.
Ha puc.3.5 noka3zana BeKTOpHas 1uarpamma pejie HarpaBieHUsI MOIIHOCTH.

e po5 0 )

o T4,
4)
Puc 3.4 KoncTpykuust ”HIyKIMOHHOTO PeJie HapaBJIE€HHUsI MOIITHOCTH

ToxoBas karymika

Karymika nanpsixeHust

[Tomroc

bapaban

Bo3Bpamaronias npyxuHa

Bepxuuii noamunuauk ocu 6apadana
Ocsb 6apabana

Orpannunrens moBopoTa 6apadbana

. ITonBMKHBIA KOHTAKT

10. HermoaBM>KHBIA KOHTAKT

CoNoOR~LNE
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11. Croiika- nepxarens ocu Oapabana
12. [Tanens- nepkaTeslb KOHTAKTa

13. CepaedHUK JIEKTPOMAarHuTa

14. Buytpennuii cepaeyHuk Oapabana
15. OnopHbI# TOAITUITHAK

-M

Puc. 3.5. BekTopHas nuarpamma pese MOIIHOCTH

ITocTpoenne BEKTOPHOM AuarpaMmel pejie HaurHaeTcs ¢ Bekropa Up. Ero MOXKHO pacrnonoxurhb
npou3BONILHO. OT IMIPUIIOKEHHOTO K KaTyllKaM HanpsbkeHus Up HauHeT MpoTeKaTh TOK Iy, KOTOphIi
Oyner orcraBath oT U, Ha yron ¢ (yrona BHYTPEHHETO CIBHMIa pele), TaK KaK CONPOTUBIICHUE
KaTylleK HanpspDKeHUs aKTHUBHO- MHAYKTHBHOe. Tok I, oOpasyer MarHMTHBIA mNOTOK @y,
COBITAJAIOIINI C TOKOM |y

Pacnonosxenne BekTopa ToKa pene I, 3aBHCHT OT MecTa KOPOTKOrO 3aMblkaHus (puc 3.3 a),
M03TOMY 0TOOpa)xkaeM ero Mpou3BOJIBHO.

Ot TOKa I, B TOKOBBIX KaTyIlIKax MOABIAETCS MOTOK P, COBNAaONMii ¢ BEKTOPOM ToKa I,

@, - yron casura ¢as mexay I, u Up, W - yron Mexiy BeKTOpaMu MarHUTHBIX TOTOKOB @,
@,

Ha ocnoBanumn BbIpakeHus 3.1 MOKHO caenaTh BeIBOJ, uTo npu V' ,u3menstomumes ot 0 1o
180° ,MoMmeHT 6yaeT uMeTh 3HaK '+, TO ecTh pene cpaboTaer, ecmu ¥ 6yner usmensThes ot 180°
10 360°, MoMeHT GymeT MMeTh 3HAK '-', TO €CTh pene cpabarhiBaTh He Oymer. Takum o6pasoM,
JMHMS, coBNaaaromas ¢ I, Oyner sSBisIThCs TMHUEH U3MEHEHHs] 3HaKa MOMEHTA.

Ha ocHoBaHuu BbIpakeHUS 3.2 M COOTHOILUEHHS YIJIOB HAa BEKTOPHOW IuarpaMMe MOKHO
3anucarhb

M, =k -U, -1, -sinfla+g,)

U3 OJTOrO0 BBIPAXKEHHUS BBITEKAIOT CIEAYIOIINE OCHOBHBIE CBOMCTBA pEJ€ HalpaBICHUS
MOIIIHOCTH:

1) MowmeHnT, AeiicTByrOIMiA Ha OGapabaH pese, MPONOPIIMOHATIEH HEKOTOPOH MOIIHOCTH;

2) 3HaK MOMEHTA 3aBUCHT OT yIJla Y/ MEXIy NOTOKamMu @7 u @y, a 3HAYUT U OT yria ¢,

MEXTy TOKOM U HaIPsIKECHUEM;
3) pene He peiictByer, ecnu Up = 0 wm | = 0;

4) ecnmyu MEHSTh Yol BHYTPEHHErO CIBUTAa ¢, TO MOXHO MOJYYUTh peie, MO-PasHOMY
pearupyrolee Ha pa3IudHbII XapaKTep MOIHOCTH:
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a) a=0 (CKOMIIEHCUPOBAHHOE HWHAYKTUBHOE COINPOTUBICHHE KATYIIEK HAMPSHKCHUS C
nomomplo  émkoctn), tormaM,=k-U -1 -sing, Ilomyanrcs pene  peakTHBHOHU
MOIIHOCTH;
6) a~90° (HaMaTBIBAIOT TNPOBOJ HA KATYIIKH HANpKEHHS C OYEHb MAaleHbKUM
comporupienuem), Torma M, =k-U -1 -sin(90° +¢,)=k-U, -1, -cosp, . To ectb
MOJTYYHUTCS PeJie aKTUBHOM MOIITHOCTH.
Harmeid mpOMBIIIIJICHHOCTRIO B OCHOBHOM BBITTYCKAIOTCS peJie TPOMEKYTOYHOTO BapHUaHTa, T.€.
¢ yrinamu BHyTpeHHero casura 30°, 45° u 60°.
Hanpumep: PBM-171, PEM-278. Ecnu niepBast iudpa 1, To y pene onHa napa KOHTaKTOB; €CIIU
niepBasi udpa 2, TO y pesie JBe Mapbl KOHTAKTOB U B OJHOM JHAlla30HE YTJIOB 3aMBIKACTCS OJHA
napa KOHTaKTOB, a B IPYTOM JIMaria30He YIJIOB Jpyras

OcHognble XapakmepucmukKu péjie HanpaejleHus MouwHocmu
l) XAPAKTCPUCTHUKA YYBCTBUTCIBHOCTHU ! 3aBUCUMOCTDb HAIIPSIXKCHUA CpaGaTBIBaHI/ISI peiIC OT TOKa

pene, T.e. U, = f(l,). Takyro XapakTepucTUKy MOXHO MOCTPOUTb Ha OCHOBAHHH (OPMYJIbI
M

1, -sin(la+¢,) '

OOBIYHO XapaKTEPUCTUKy CHUMAIOT JUIsi MAKCHMaJbHOM YyBCTBHUTEIBHOCTH peje, KOrja

sin(a +¢,) =1. Ha puc. 3.6 nokasan BUJI TaKOH XapaKTEPUCTHKH.

U

cpab

MOMEHTa cpabaThIBaHus pene M. k-1 -U

pat = »"Uos SIN(@+¢,) , otkyna U

cpab = k

cpach

SKCnepuMmeHTanbHaa

TeopeTnyeckas

Puc.3.6. XapakrepucTrka 4yBCTBUTEILHOCTH PeJie HAIIPaBIEHUS MOIITHOCTH

DKcrnepuMeHTalIbHAsl XapaKTEPUCTHKA BBILLIE TEOPETUYECKOM (pHcC.3.6), T.K. BIUSET HACBILICHHUE
CepACYHNKA MarHUTOIPOBOA.

Ilo sroil xapakrepucTrke Wi MoObIx 3HaueHuit U, ; 1 |, MOXHO ONpenenuTs MOIIHOCTh
cpabaTbIBaHMs perie.

2) yrioBas XapaKTePUCTUKA: 3aBHCUMOCTh HaNpsDKEHUs cpabaThIBaHUs OT yria caBura ¢as
MEXIy TOKOM W Hanpsokenumem pene, T.e. U_ .= f(p,). Xapakrepucruka cnumaercs npu

cpab

l,=1,,=CONSt M JUIs KOHKPETHOrO pesie (C ONPENETEHHBIM YIIOM BHYTPEHHETO CIBHTA « ).
Hanpumep, gms  pene ¢ «a=45°, XapakTepucThka, CHATas 10  BBIPAKEHHIO
Mcpa6

Uc a6 — -
" k-1, -sin(45+¢,)

, IOKa3aHa Ha puc. 3.7.
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Puc.3.7. YrnoBas xapakTepuCcTHKa pejie HallpaBJIeHUs MOIIIHOCTH
ITo yrnoBoii xapakTepUCTHUKE JIETKO OIPEAEIUTh ONTUMANIBHBINA AUANla30H YIJI0B MEXKIY
TOKOM M HallpsDKEHHEM, B KOTOPOM CpabaThiBaeT (He cpabaThIBaeT) pele.

Maznumoasnekmpuueckue pee

Marnurtosnekrpuueckoe peie (puc. 3.8) COCTOMT U3 MOCTOSIHHOIO MarHurta 1, MOABHXKHOM
paMKu 2, Ha KOTOpOil HaMoTaHa OOMOTKa 3, muraromascs TokoM |, u koHTakToB 4. IlpuHIUN
paboThl MAarHUTORIEKTPUUECKUX pEJIe OCHOBAaH Ha B3aUMOACUCTBUU TOKa |, B 0OMOTKe paMku c
MarHUTHBIM MTOTOKOM MTOCTOSTHHOTO Maruuta @.

Cuna, neiicTByromias Ha OOMOTKY paMKH, onpeensercs o 3akony buo-Capapa u paBHa:

F,=k-B,-1,-1-w,
rae Bm — MHAYKIUS MAarHUTHOTO IIOJSI HOCTOSHHOTO MarHura; l, — Tok B oOMoTke pamkw; | —
aKTUBHAS JUIMHA BUTKA OOMOTKH; W, — YHCJIO BUTKOB OOMOTKH PAMKH.

Bpamaronmii MOMeHT, 00pa3oBaHHbIN cuiamu Fr, paBen:
’

M,=F,-d=k"-B -1,

rae d — meyo mapel cut F3; K' =K - | W, -d.

VYron moBopoTra pamKku npuHMMaeTcs HeOompmmM (5—10°), a ¢opma momocoB Marsura
noaOupaercs TakuM oOpa3oM, 4TOOBI MAarHUTHOE Mojie ObUIO paBHOMEpPHBIM. B sToM ciyuae
MarHuTHas UHAYKUUSA Bpy SBISIETCA NOCTOSSHHOW M, CJIEIOBATEIbHO, MOMEHT M5 MOYKHO CUMTATh
NPONOPLHOHATBHEIM TOKY |, B 06MoTKe pene, T. €. M, =K"-1 .

3Hak MOMeHTa M5 1 cuiibl F5 3aBUCHT OT HarpasieHus Toka |, B moaBmxkHOM paMke pene. Ilpu
U3MEHEHUM HamnpasiieHus |, usmenurcs u Hanpasienue F».

Takum 00pa3oM, MarHUTOINEKTPUUECKUE pEJIe PearupyroT Ha HAIpaBJIEHUE TOKA M MO3TOMY
SBJISIIOTCSL MOJISIPU30BAaHHBIMU pelie, T.€. MOT'YT paboTaTh TOJIbKO Ha TOCTOSIHHOM TOKE.

MarauTosnieKTpu4eckie pejie MMEIOT BBICOKYI0 UYBCTBUTEIBHOCTb M Majoe MOoTpediieHue
SHEpPruu. MOIIHOCTh CpabaThIBaHUS IOCTHraeT 10® — 10™ Br, uro oGbscHseTCS HamMuHeM
CHJIBHOT'O TIOJISl TOCTOSTHHOT'O Maruura 1.

Ob6nanas ManelM MOTpeOJICHUEM, MAarHUTORJIEKTPUYECKHE pelie UMEIOT ClIa0ylo KOHTAKTHYIO
CHUCTEMY C MaJIOM OTKIIIOYAIOIICH CIOCOOHOCTBIO. 3a30p MEXIYy KOHTAaKTaMH OYeHb Majl — OKOJIO
05— 0,3 mM. Jlnsd TmOBBIIIEHUS YYBCTBUTEIBHOCTH NPOTHBOACUCTBYIOUIAs TpYKUHA B
MarHUTORJIEKTPUYECKUX pelie UMeeT HeOOJbIIONH MOMEHT, MO3TOMY MarHUTOIEKTPUUYECKUE pelie
OTJIMYAIOTCS TIOXUM BO3BpaToM. HaaéXHbIi BO3BpaT 3TUX pelie 4acTo obecreunBaeTcs nojaueii B
0OMOTKY peJie TOPMO3HOTO TOKa, JACHCTBYIOIIETO HAa Pa3MBIKaHHS KOHTAKTOB. Bpems neiicTBus
pene paBHo 0,1—0,2 c. Yka3aHHble HEIOCTaTKM HEOOXOJUMO YUMTHIBATH MPU MCIOIb30BaHUU
MarHUTORJIEKTPUYECKHUX PEJIie B CXeMaX 3alllUThI.
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Puc. 3.7. MaruutosiaekTpuieckoe peine

MarsuTodJeKTpUYECKUE pelle IIMPOKO INPUMEHSAIOTCA B KayeCTBE HYJIb-UHIUKATOPOB B
CXEMax Ha BBIIPSIMIIEHHOM TOKE (B 3JIEMEHTaX CPaBHEHMUS).

Tema 1.3. Pejie ¢ ucnoJsib30BaHMeM MOJIYNIPOBOIHNUKOB

Hekxomopule ceedenus 0 noiynpoeoOHUKOE0I 1J1eMEeHmMHOU 6a3e, NPUMEHAEMOIL 6 PeleiHOll
3auqume

[IpuMeHeHne MOMYITPOBOIHUKOBBIX MTPUOOPOB (JAMOIOB, TPAH3UCTOPOB M Jp.) TO3BOJISET
YMEHBIIUTh  pa3Mephl  pele, CHU3UTh TMOTPEOJCHHEe MOIMHOCTH OT  HM3MEPUTEIbHBIX
TpaHchopMaTOpOB, MOBBICUTh YYBCTBUTEIBHOCTD, YIYUIIUTh XapaKTEPUCTUKUA U BBITIOJHUTH PEJIe
0e3 KOHTAKTOB U JABWXYIIIMXCS YacTeH.

C wucrnonp30BaHWEM MOJIYIIPOBOJHUKOB MOTYT BBITIOJNHATHCS KaK OCHOBHBIE penie (T.e. pelne
TOKa, HaNpsHKEHUsS, MOIIHOCTH M CONPOTUBIEHHS), TaK M DJIEMEHTHl JIOTUYECKOW YacTH CXeM
3aILHNT.

[IpocTeie pene, pearupyrone Ha OJHY JJEKTPUYECKYIO BEIMYMHY — TOK WJIM HANpPsDKEHUE,
YacTO WCHOJB3yeTcs JUisg pabdoT, Ha BBIIPAMICHHOM TOKe. B KauecTBe pearupyromero
(MCTIONMHUTEIHHOT0) OpraHa MpU STOM HCIIOJB3YIOTCS BHICOKOUYBCTBUTEIBHBIE AIIEKTPOMArHUTHBIE,
MOJIIPU30BaHHbIE WJIM MarHuTo3JiekTpuueckue pene. Hambompinee pacnpocTpaHeHHE MOIYYUIH
pene, BKI0YaeMble Ha TOK WM HANPSHKEHUE CETH YEPE3 BBIIPSIMUTEIH, BBINOJIHIEMBIE C IIOMOIIBIO
MOJTYITPOBOTHUKOBBIX THO0JI0B (pHc. 4.1).

TA

Puc.4.1. TokoBoe peiie Ha BBITPSIMIIEHHOM TOKE
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HenocratkoM Takux KOHCTPYKIMH SABIS€TCA IyJdbCallusd TOKa Iocie BbIIpsAMiIeHHs. s
CrIIaXKMBaHMs IyJIbCALlUH B CXEME NMPUMEHSIOT KOHJIEHCATOp, HO KOHIEHCATOpP 3aMeUIIeT BpPEMs
cpabaTbIBaHMsI, IIOATOMY YaCTO MPUMEHSIOT GUIBTPHI (Yaie 2-0i TApMOHHKH ).

bonee cnoxHble pene, TakMe Kak peje MOIIHOCTH M CONPOTHUBIICHUS, PEarpyrollle Ha JIBE
JJIEKTPUUYECKUE BEJIMYMHBI — TOK M HANpPSKEHHE, MOTYT BBINOJIHATHCS C MCIOJIB30BAaHHEM
IIOJIYTIPOBOJJHUKOB HAa OJJHOM U3 CJIEAYIOIIMX IPUHLIUIIOB!

1) Ha cpaBHEHUM aOCOJIIOTHBIX 3HAUEHHUH JBYX JEKTPUYECKUX BEJIMUYUH;

2) Ha cpaBHEHUH (pa3 MTHOBEHHBIX 3HAYCHH JABYX IEKTPHUECKUX BEITHUHUH.

[TomynpoBoHUKOBasl JIeMEHTHas 0a3a, NMpUMEHseMas B pEIeHHOM 3amure, MOXKET ObITh
pa3ziesieHa Ha HEMHTErPalIbHYIO U UHTETPAJIbHYIO.

Heunmezpanvnas 6a3a COCTOUT U3 OTIENbHBIX THUIOBBIX IOJYINPOBOJHUKOBBIX 3JIEMEHTOB
(muonoB VD, Tpansucropos VT u ap.). [Ipu 3TOM 1osynnpoBOHUKOBAs 3allUTa HEUHTETPAJIbHOTO
UCIIOJIHEHUSI  COACPXKUT OOJIBLIOE YUCIO MOJYHNPOBOJHHKOBBIX  JJIEMEHTOB, PpE3UCTOPOB,
KOHJICHCATOPOB U COEIMHEHUN Mexay HuUMH. Kak cieacTBHe 3TOro CHUXKAETCS HalEXKHOCTh €€
¢dyHkunonupoBanus. Takue ycTpolicTBa 3alIUTHI celyac He HAXOJIAT IHIMPOKOIO IMPUMEHEHMs
(mpuMepoM SIBJIICTCS MaKCUMallbHast TOKoBas 3amuTa MT3-M u aucranimonHnas 3ammra /[3-10).

Ilonynpogoonuxosas unmezpanvhas snemenmuas 06asa (MOIYNPOBOJAHUKOBBIE WHTETPaIbHbIE
MHUKpPOCXEMBI) — 3TO CJIOXHOE€ IOJYIPOBOJHUKOBOE YyCTpoiicTBO. Ero asnemeHTsl (qu01bI,
TPaH3UCTOPBI, PE3UCTOPBl U  KOHJAEHCATOpbl) (QOpMHUpYIOTCSs B HeOosibmIOM  00BEME
MOJIYIPOBOJJHUKOBOTO MaTepHajia WM Ha €ro NOBEPXHOCTH IYTEM BbIPALMBAHUS KPUCTAJUIOB U
HanbUIeHUs IUIEHOK. B mporecce ux GopMUpPOBaHUS OCYLIECTBIIAIOTCS U COSIMHEHUS MEXy HUMHU
B COOTBETCTBUU CO CXEMOH, IpPHU 3TOM PE3KO COKpAIIAETCS YUCJIO BHEIIHUX IPOBOJHUKOB,
YIPOLIAETCS MOHTAXKHAsl CXEMa, YMEHbIAETCsl 00bEM YCTPOMCTBA U MOBBILIAETCS €r0 HaJI&KHOCTb.
B 3aBucuMoctu OT (PYHKIMOHAJIBHOIO HAa3HAUYEHUs MHTErpajbHblE MHUKPOCXEMbI JENATCS Ha
ananozosvie u yugposvie. K mnepBbIM oTHOCATCS onepanuonHsle ycuiutenun (OVY). Ouxu
peoOpa3yroT HEMPEPbIBHBIE CUTHAJIBI U UMEIOT IIMPOKUE BO3MOXKHOCTHU JJISl UCHOJIb30BAaHUS UX B
U3MEpUTENIbHBIX opraHax. Ha ocHoBe 1IU(POBBIX MHKPOCXEM BBINOJHAIOT, B YAacCTHOCTH,
JIOTUYECKYI0 4YacTb YCTPOWCTB peneiiHOW 3amuTbhl M aBToMaTuku. OHU mpeoOpasyloT u
00pabaThIBalOT JUCKPETHBIE CUTHAJIBI, BBIPAKEHHBIE B TBOUYHOM HJIU IPYroM HHU(POBOM KOJe€.

Ilonynpoeoonukosusie pene na 0CHOge CPAGHEHUA MOOYTIell 08YX HANPANCCHUIL

OOmue TPUHIUIBI BBITIONHEHWS M CTPYKTypHAas CXeMa BCEX BHJIOB pejic Ha CPaBHCHHU
a0CONIOTHBIX 3HaUeHUH AByX Hampspkenuit Uy u U oquHaKoBbIe U MOKa3aHbl B BUAE OJIOK-CXEMBI
Ha puc. 4.2. Pene cocToaT u3 (QyHKIHOHAIBHBIX OJ0KOB 1 (dopMupyroluX MareMaTHdecKue
BoIpaxkeHus 4.1), Bempsmuteneii 2 (V1 u V2), cxeMbl cpaBHeHUs a0ComtoTHBIX 3HaueHut Uy u Uy
3 ¥ UCTIOHUTENBHOTO OpraHa 4.

Hanpsixenue u Tok cetn Up 1 |, mogBoaATCs K GyHKIMOHAIBHBIM OJI0KaM, Ha BBIXOJ/1€ KOTOPBIX
00pa3yroTcs 1Ba HAMPSHKCHMUS:

U, :k1Up+k2Ip

. @4)
U, =kU, +k,I,

Ysene=1Vg|=10r]

. 8 :
[dz] ] !_.-—[UEI
A 1Al 1Y
il =
7

1
1999

oL U

Puc. 4.2. 610k cxema pelie Ha OCHOBE CpaBHEHHUsI a0COMIOTHBIX 3HAYCHUN 2-X HAPSHKCHUN
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Ecmm oti Hanpspkenus sBisttorcs smHeiHbMH Qyrkmuamu ot Up u 1, (K, K, ks, Kk,

MOCTOSTHHBIE KOX((UIMEHTHI), TO ToaAOUpas 3TH KOIPOUIIMEHTH MOXXHO TOJYYHTHh PEIICHHBIC
KOHCTPYKIIUHU C CAMBIMHU Pa3HOOOPA3HBIMU CBOWCTBAMH.

Ilonynpoeoonukogoe pene HanpagieHus MOUWHOCMU

Cxema pene HampaBJIEHUS MOLIHOCTH Ha CPaBHEHUM BEJIMYMH JBYX HamnpsbkeHuid U u Uy,
MOCTPOCHHAs 10 Onok-cxeme (puc. 4.2), npuBeaeHa Ha puc. 4.3. [ ynpolneHus Ha cXeme He
NoKa3aHbl (YHKUMOHaNbHble OJIOKM. B KauecTBe CcXeMbl CpaBHEHUS IPUHATA JOBOJIBHO
pacripocTpaHéHHass cxema Ha OanaHce HampsHKEHW, a B KadecTBe Hynb-uHaumkaropa (HU)
IIOKa3aHO MarHUTORJIEKTpUYecKoe (WM MoJIsipu30BaHHOE) peiie. [IpuMeHsoTes U Ipyrue BapuaHThl
UCTIOJTHEHUS! 000UX AJIEMEHTOB.

CpaBHMBaeMble HaNPsKEHUs, TI0JIy4aeMble C IOMOIBI0 CyMMAaTOPa U MOJBOJIUMBIE K 3aKUMaM
BoIpsaMureneil Bl u B2 Belpakarorcs ypaBHEHUAMU:

U, =U,+kl,
U, =U, -kl

DTO COOTBETCTBYET BblpaxeHUs M (4.1), ecium NpUHATH B HUX

(4.2)

k, =k; =1, k, =K, =K 1 U3MeHUTB 3HaK BO BTOPOM BBIPa)KCHHH.
ITocie BBIIPSMIICHHS HA CXEMY CPaBHEHUS [IOAI0TCS HAMPSDKECHUS:
U,[=u, +ki,|

U=, -k,

Ot HallpsDKCHUA B KOHTYPE CXEMbl CPABHCHHSA  HAIIPABJICHBI BCTPEUHO, B PE3YJILTATC
qero

Lgm=p4—p”=pp+mA—pp—mA.

Pene Oyner nelicTBoBaTh, €CIIU ‘Up + klp‘ >~ ‘Up — klp‘ .

—— |
| XYY
gl pg B |
5 %
A g=ty~kiy

Puc.4.3. Cxema pere HanpaBiIeHUs MOLUTHOCTH HA CPABHEHUH aOCOIOTHBIX BETUYMH JBYX
HaIpsHKEHUN

ITokaxkeM, 4TO pacCMOTPEHHas cxema BeIET ce0s Kak pelie HalpasiieHus MolrHocTH. Ha puc.
4.4 npusenens! BekTopusle quarpammel Up u |, Uy 1 Uy mpu K3 Ha 3ammmaemoli TMHUM B TOYKe
K1 u Ha cocenneit muuaun B Touke K2, MOCTpOEHHbIE B MPEIMOIOKEHAH, YTO BEKTOP HAIMPSHKEHUS
kl , coBmajaet no dase ¢ Tokom | .
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Puc. 4.4. BexTopHas nuarpamma pere.
a—cxema cet; 0 — quarpamma rpu K3 B 3one; B — auarpamma mnpu K3 BHe BOHBI

W3 stux nuarpamm cienyert, uro npu K3 Ha 3ammiaemoit nuann B Touke K1 (cm. puc. 4.4, au
0), Korjga MOIHOCTh HaNpaBjieHa OT IIWH B JIMHUIO M, UMEET TMOJIOKHUTEIbHBIA 3HAK, MOIYJIb

BEKTOPA ‘Up + Kl p‘ >‘U , —Kl,|, mooTomy U, MMeeT MONOKUTENbHBIA 3HAK M PENe JEHCTBYET.

B8blX

P
ITpu K3 Ha cocenneit nunuu (B Touke K2, puc. 4.4, a u B) MOILIHOCTb HAaIlpaBji€HA K LIMHAM
HOJCTAHLUHU U UMEET OTPULIATENIbHBIN 3HAK.

B sTom cyuae Bektop Toka |, m coorsercTienno Bektop Kl mo cpasrenuio ¢ K3 B Touke K1

n300pakaloTcsi Ha JauarpaMMe noBepHyTbiIMHM Ha 180° (puc. 4.4, B). B pesymbrate 3TOrO

< —
U, +kl,|<U, kI,
3TOrO cienyer, uTo pese Bener ceds npu K3 kak pene HampasieHus MoiHocTH. Perne neiicTyer,
eciu MolHOCTh K3 HampaBiieHa OT IIMH, ¥ HE pabOTAET, €CIIM OHA HAIPaBJICHA K IIUHAM.

, HanpsbkeHue U, CTaHOBWIJICS OTpULIATENBbHBIM U pene He AeiictByeT. U3

6blX

Pene moka na onepayuonnbix ycuiumenax
B kauecTtBe peine, HCIOJIB3YEMBIX OINEPALlMOHHBIE YCHUJIMTENN, LIMPOKOE pPaclpOCTpaHEHHE
noxyunu pene Toka (PCT-11, PCT-14) u pene nanpsoxenus: (PCH-15, PCH-17).
Ilepen wu3ydyeHuem pene, pacCMOTPUM HEKOTOPbIE OCOOEHHOCTH PabOThl OINEPALMOHHBIX
ycunutenen (puc.4.5):

o—
MHBEpT. BXOf +12B
S
+
o | BbIXOZ,
HEeWHBEPT. BXOf

Puc.4.5. N3o0paxeHue oneparmoHHOTO YCUITUTENS

OcHoBHbBIE 0COOEHHOCTH ONEPALMOHHBIX YCHIIUTEIEH:

1) omepaiHOHHBI YCHIHTETh HMEET OYeHb OObIIoH KodhuIHenT yernenns (mopsiaka 10%),
UMeeT 2 BXOJla U OJIH BBIXOJ;

2) Ecnu B ycunurene HeT 0OpaTHOW CBSA3M, TO MAJICHIIINN IO BEJIMUYUHE BXOJIHOW CUTHAI Cpa3y
K€ MIPEBPAILAETCS B MOJHBINA BHIXOIHOM;

3) 3Hak Ha BBIXO/IE 3aBUCUT OT COOTHOLICHUS MMOTEHIIMAIOB HA BXOaX:
a) ecau OoJblile TOTEHIIMAI Ha HEMHBEPTUPYIOIIEM BXO/JI€, TO 3HAK BBIXOJIHOTO HAMPSKEHUS
OyzeT TeM ke, UTO U 3HAK HANpPsKEHUs] Ha HEMHBEPTHPYIOILIEM BXO/IE;
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0) ecnu OOJBIIIE TTOTEHIIMAT HA WHBEPTHPYEMOM BXOJIE, TO BBIXOJHOE HANpsDKEHUE Oyner
MMETH 3HAK, IPOTUBOIIOIOXKHBIN 3HAKy HA HHBEPTUPYEMOM BXO/IE.

Ha puc. 4.6, a mokazaHa ympoIieHHas cxema, MoJjiokeHHass B ocHOBY pene PCT-14. Omna
UCIIOJIb3YETCS TAK)KE Ul BblOJIHEHUs pene HanpsbkeHus cepuu PCH-15 nu PCH-17. OcHoBHBIMU
3JIEMEHTAMHU CXEMBI SBJISIOTCS onepannoHHbie yeunurenn A1 u A2, kouaencatop C U CTaOMIUTPOH
VD2. OnepanuonHblii ycunurenb 4/ BKIIOUEH N0 cxeme Kommaparopa. Ha ero unBeptupyrommii

BXOJl NOAAETCsA BXOAHOE BhIIpsMIEHHOE HanpsbkeHue U . .. OHO cpaBHMBAeTCA C 3aJaHHBIM
Hanpsokenuem U . Ha HEMHBEPTUPYIOLIEM BXOJIE.

B 3aBHCHMOCTH OT COOTHOIICHHS MCKAY O3TUMH HAIPsSHKCHUAMH Ha BBIXOIC Al TIOSBISIIOTCS

IMOJIOKHUTECIIBHBIC WM OTPULATCIBHBIC HMITYJIbChl HAIPSXCHUS U 3T0 HaIIps>KCHUEC

Al,svix. "
06YCJ'IOBJ'II/IBaCT 3apsaa KOH,I[CHC&TOpa C B HepBOM CHy‘Iae TOK 3apsaaa MMpoxXoaurT I10 pe3I/ICTOpy R5,
a HaHpH)KeHI/Ie Ha KOHI[CHC&TOpe BOBpaCTaeT 158 CTpeMI/ITCSI K MaKCI/IMa.TIBHOMy HOJIO)KI/ITeJIBHOMy

snauennio (+U ;). Ilpu orpunarensnom U, .. oTkpeiBaercsa auon VD1 u Tok xonnpencaropa C
MEHSET HampaBjicHHE (KOHACHCATOp Tepe3apspkaceTcs). biaromaps mapauiebHOMY BKIFOUSHHUIO
pesuctopoB R5 m R6 mepesapsaka mnpouwcxoauT ObICTpee dYeMm 3apsaka. Hampspbkenue Ha
KOHJIGHCATOpEe CTPEMUTCS K HauOoibLIeMy OTpUIaTeabHOMY 3HaueHHIO (—U ..). MakcumanbHble
3HAYCHHS HAIIPSDKEHHs Ha KOHJIEHCATOpe OrpaHndmuBaroTcs crabunurponom VD2, Takum obpazom,
HaIpsDKEHUE Ha KOHJIEHCATOpE B MpOIlecce ero nepesapsijga uMeeT Muiioo0pa3Hblid xapakrep. OHO
no1aéTcsl Ha MHBEPTUPYIOMIUNA BXOJ| YCHIIMTENST A2, BKIFOYEHHOTO 1Mo cxeme tpurrepa llImurra,
CPaBHUBAETCA C 3a[aHHBIM HalpsHKEHUEM HeMHBepTupyromero sxoma U, ... Hanpsokenne na

Beixoge A2 U . =~ MOXeT ObIThb KaK MOJOXHUTEIbHBIM, TAK U OTPULATEIBHBIM B 3aBUCUMOCTH OT

3HAKOB M aOCOJIOTHBIX 3HAYEHUH CPABHMBAEMBIX HaNpsyKeHWH. braromaps INoa0KUTENBHOM
o0paTHO#i cBs3u B BUJE pesucropa R9 manpsxenue U, , OyldeT OHOIO 3HaKa ¢ HaNPSHKCHHEM

U A2 ,6bix. "
+EIX
Al ) A2
RS R7
>
vDl R6 I'DJ%, 8 7ol ]| 2
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Hcxonmuoe ' Cocrosmue nocne Bosspar
COCTORHHE Cpﬂ()a'l‘blBClHHR peae
Puc. 4.6. Cxema pene toka cepurt PCT 14 (a) u BpeMeHHbIE 1UarpaMMBbl, MOSICHSIOIIUE €r0
paborty (0)

Pene paGoraer cienyromuM o0pa3oM. B HOpMalbHOM peXHUME aMILTUTYIHOE 3HAYECHUE
BXOJIHOTO BBINIPSMIICHHOrO HampsbkeHuss U ., MeHblle, 4eM 3ajJaHHoe Hampsbkenue U .,

yeunurenst AI, mod3ToMy HampsbkeHue Ha Bbixoge ycwiuutens Al U, umeer HaumOousbliee
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TIOJIOKUTENBHOE 3HAUeHHE M KoHjeHcarop C 3apshkKaeTcss 10 MaKCHMMAJbHOIO ITO0JIOXKHTEIBHOIO
Hanpsoxenus (+U ;). Ono momaéres Ha MHBEpTHpYOMMI BXox ycunurens A2, t.e. U, ., (puc.

4.6, 0). Hanpstxenune U , . Gosblne 3a1aHHOro Hanpsixenus U, . HEMHBEPTUPYIOLIETO BXOJa

ycunurens A2, mo3TOMY Ha BBIXOJE YCHJIMTENIS MAaKCHMalbHOE OTPHUIATEIbHOE HANpsKEHHE —
U 50 - HIpu oTOM U , > TOXKE OTPULATENBHOE. ITO COOTBETCTBYET HCXOAHOMY COCTOSHHIO PEIIe

«OTKII0YeHO». O4YeBHIHO, COCTOSHHUIO TIOCia€ CcpabdaThlBaHMUsS JODKHO  COOTBETCTBOBATh
MaKCHUMaJIbHOE TOJI0XKHUTENbHOE HallpsKeHHe Ha BbIxoze 42. s 3Toro Heo0X0AUMO MEPEKIIOYUTh
ONEPALlMOHHBIN YCUINTENb A2, 4YTO NPOU3OMAET INpPU KOPOTKUX 3aMbIKaHMSIX, KOIZa Ha €ro
MHBEPTUPYIOIIMI BXO OY/IET MOJaHO OTPHLATENLHOE HANPSIKEHUE, JoCTUrIIee 3Hauenus —U ,, .

B camoM pene, mpu BO3HMKHOBEHUHM IIOBPEXKACHUS aMIUIUTYAA BBIIPSIMIEHHOTO BXOJIHOIO
HanpsokeHud U ;. | IPEBBICUT 3aJlaHHOE BXOAHOE HampsbkeHue U . ., U Ha BBIXOJE YCHIIMTEINb

Al TosBUTCA MNPSAMOYTOJBHBIH HMMIYJAbC MAaKCHUMAJIbHOI'O OTPULATEIBHOIO  HAIPSKEHMS.
Konnencarop C HauHET nepesapsixkarbes. Korga HanpsbkeHue Ha KOHIEHCATOPE, a CIe10BaTEIbHO,
U Ha uHBeprupyromeM Bxoge U, . , ycuwiutens A2 AOCTUTHET 3HAYEHUS OTPULATEIBHOIO

Hanpsokenus U, . yCHIUTENb NEPEKIIOYUTCA M Ha €ro BBIXOJE IIOSBUTCS MaKCHUMAalbHOE
HONIOKUTENbHOE Hanpsbkenne U, . BmecTe ¢ HUM u3MeHsAET 3HaK M Hanpsokenue U, ...
ITocnenyromue MONOXHUTEARHBIE M OTPULATEIbHBIE HMMITYJILCHl Hanpsokenus U, .. OyxyT
nepesapsuKaTh KOHAEHCATOP, OAHAKO NpU 3TOM Hanpsokenue U ,, ., HE JOCTUraeT 3HAYCHUs
+U .., ¥ ycunmurenb 42 ocTa€Tcs B COCTOSHMU IOCHE cpabaTbiBaHus. B TakoM COCTOSHUM OH
HaXOJUTCA [0 TEX IOp, IMOKa Ha ycunurene A/ Bxoanoe Hampsbkenue U, ., OyJeT nmpeBblLaTh

3aJIaHHOC BXOAHOC HAIIPAKCHUC UAl 2

Pa3pgen 2. 3amuTel JNHHI U ceTel
Tema 2.1. ToxkoBBI€ 32U THI

Obugue nonamusa 0 MoOKOGbIX 3aUUMAX.
TokoBbIE 3aIUTHI — 3AIMUTHI PEATUPYIOIINE HA TOK 3alluiaeMoro oobekra. [IpuHImm paboTs
TOKOBOM 3alllMTHI: 3alllUTa CpabaThIBAET, €CIM TOK 3alMIAEMOr0 00bEKTa CTAHOBUTCA OOJIbILE WU
paBeH TOKY cpabaTbIBaHUA 3alMTHI (TOKY yctaBku), T.e. | =1, 1 =1,.

HepBI)IMI/I TOKOBBIMH 3alliuTaMn ObLIH 3alUTHI IIPpU MIOMOINW IIJIABKUX HpC}IOXpaHI/ITGJ'Ief/'I.
Bonbiioe pacnpoctpaHeHre MOMYyUUIN 2 OCHOBHBIX BHUJa TOKOBBIX 3aIlIUT: TOKOBBIE oTceuku (TO)
¥ MakcumalnbHble TokoBble 3amuThl (MT3). [Ipu ogmHaKOBOM MpPUHIIKIE JEHCTBUU 3TU 3aIUTHI
pazIUyaroTCs CrocoooM 00eCTIeUeHHsI CEIEKTUBHOCTH.

ITnaekue npeooxpanumenu

PabGora mnaBkuX NpenoXpaHUTENe OCHOBaHA Ha CTOPaHWHU IUIABKOW BCTAaBKH, KOT/Ia TOK
MPOTEKAOIIMI 1O Hell O0JIbIIE WM PaBEeH TOKY IJIaBJICHUS MJIaBKON BCTaBKU.

[IimaBkast BcTaBKa NPEAOXPAHUTEIS SABIISIETCS MPOCTEUILIEH TOKOBOW 3alIMTOM C 3aBUCUMOM OT
TOKa XapaKTEPUCTUKON BBIAEPKKH BpeMeHU. OHa mpeIHa3HadyeHa I 3alIUThl 3JIEKTPOYCTAHOBOK
oT TokoB K3 U OT AMUTENbHON Meperpy3Ku, eClid 3TOTo TpeOyeT XapakTep dJMEeKTPUUYECKON CETH.
[Ipu »TomM HanéxHas paboTa NPENOXpaHUTENsT OOECIEYNMBACTCSA, €CIM HOMHHAIBHBIA TOK
OTKJIIOYEHHA TNPENOXPAaHUTENS lpporcn OONBIIE MaKCUMaNbHOrO pacuyeTHOro Toka K3 limax
IPOXOJAIIET0 B 3alIMIIAEMOM 3JIEMEHTE, a HOMHUHAIBHOE HampsbkeHHe NpemoXpaHuTens Uy o
PaBHO HOMHUHAJIIBHOMY HAaNpPsSOKEHUIO CETH, B KOTOPOM OH YyCTaHOBJIeH. [InaBkas BcTaBka
MIPEIOXPAHUTEIS HE JO/DKHA TIEPETOpaTh B HOPMAITBHOM PEKUME paOOThI M TIPU KPATKOBPEMEHHBIX
neperpys3Kax 3aluIaeMoro 3JIEMEHTA 3JIEKTPOYCTaHOBKH.
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/ b f’ flc HOM
Puc.6.1. 3amura nperoxpaHUTENsIMU paJuaIbHON CETH C OJJHOCTOPOHHUM IMUTAHUEM

[Mpu BBIOOpe mpenoxpanutens F1 mis 3ammrtel auauun JI (puc.6.1) cetn Hampsbkenuem Uc
ClleZlyeT YYUThIBaTh YCJIOBUS:
U =U.m | ey

np.Hom np.omxt — " kmax?
a ero IUIaBKYIO BCTaBKY BBIOMPATh C YUETOM CIIEYIOIIETO:
2Ky | usmax (IEPBOE yCIOBHE),

Lo = 1, 1K

6C.HOM

I B8C.HOM

(BTOpOE YyCTIOBHE),

nep

| <l

oo <1 1(10...15) (Tperbe ycioBHe — HCKITIOYEHHE OTITYCKAaHNSI KOHTAaKTOB MAarHUTHBIX.
MyCKaTesel PH CHYKCHUH HAMTPSKECHHS),
rae lpasmax — MAKCUMalbHBIA paboumii TOK, MPOXOMAMUi depe3 mpepoxpanurens; K,=l1...1,25 —

ko3 duument manéxuoct; K, — koopduument neperpysku (K, =16...2 — mns TokEnbix

YCJIOBHII ITycKa 3eKTpoaBurareneit; K =25 — aus nérkux yclioBuid mycka).

nep
Tox xpaTkoBpeMeHHOW neperpy3ku I, HpuHHMMaeTcs OOJNBIIMM M3 JBYX 3HA4YCHU,

pacCUMTaHHBIX: JJIs cllydas Iycka HanboJjiee MOIIHOIO 3JIEKTPOJIBUraTelNsl M peXuMa HOPMaJIbHOU

paboThI BceX OCTAIbHBIX NOTPEOUTENEH, TOJKITIOUEHHBIX K 3alIUIaeMOi TMHUU, — 10 (hopMyIe

-1
Inep = kcz Ipaﬁmax + Inyctcmax
1

JUISE peXrMa caMo3alycka OCTaBIIMXCA B paboTe SJIEKTPOIBUTATENCH, BO3HUKAIOIIETO IOCIe
OTKJIFOUCHUS TTOBPEXKJAEHHOTO MOTPEOUTEISI, HAIPUMEP TIOCIe OTKIIOUYCHHS dIeKTpoasurarenss M1
npenoxpanurenem F2 (K3 B Ttouke K2, puc 6.1),

m
Inep = z Inyctc
1

-1
rne Z | )usmax — CYMMa MaKCHMAJbHBIX PabOYHX TOKOB BCEX MOTPEOUTENEH, NPUCOETUHEHHDIX K
1

3alUIIaeMON JTHHUU 0e3 yqéTa QJICKTPOABUTATCIIA C HanOOJIbIINM IMYCKOBBIM TOKOM Inycx.max;

m
ZLWCK — CYMMa NIYCKOBBIX TOKOB CaMO3aIlyCKaroIInXcCHd BHCKTpOZ[BHFaTCHCﬁ; n — 4Yucio
1

noTpeduTeNneit; m — YHCIO CaMO3alyCKaIOMIMXCS dJeKTpoasurareneii ; Ko — kodhduiment
crpoca, k. < 1.

B 3aBucuMOCTH OT XapakTepa HAarpy3Kd M HEOOXOAMMOCTH CaMO03alycka HOMHUHAIBHBIA TOK
IUTAaBKOM BCTAaBKHM BBIOMPAIOT 1O MEPBOMY MJIM BTOPOMY YCJIOBHUIO, MIPHUHUMAIOT OMMKAHIINM IO

HIKaJe€ CTaHAAPTHBIX TOKOB U IMPOBEPSIOT MO TPEThEMY YCIOBHIO IMPHU HAJIMYMU B 3alllUIIaeMOM
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CeTHM MAarHUTHBIX [yCKaTeled WM KOHTAaKTOpoB. BpiOpaHHBIE MNpenoOXpaHUTENN JTOJIKHBI
YIOBJIETBOPATH TPEOOBAHUSIM YyBCTBUTEIHLHOCTH U TIO BOZMOYKHOCTH JIEHCTBOBATH CEJICKTUBHO.

Tokoevie omceuxku
Otceuka sBisSIeTCS Pa3HOBUIHOCTHIO TOKOBOI 3aIllMTHI, MO3BOJISIONIEH 00ecreduTh ObICTpoe
otkimoueHne K3. TokoBble OTCEUKHM MOAPA3JEiSIOTCS HA OTCEYKM MTHOBEHHOTO JEHCTBUS U
OTCEUYKH C BBIJEPKKOM BpemeHu (okoio 0,3—0,6 c).

Toxkoevie omceuku mznosennozo oeiicmeus (TO)
Toxogsie orceuku (TO) — 3T0 3aMTHI MTHOBEHHOTO JICUCTBUS (0€3 BBIICPKKHU BPEMEHH ).
CenexktuBHocTh TO oOecrieuynBaeTcss OrpPaHUYCHHEM 30HBI HMX JEHUCTBUS, T.€. CaMOM

HACTPOMKOM ToKa cpabaTbiBaHus 3amuThl |, (3amura uyBcTByeT K3 TonbKO Ha CBOEM y4acTke).

Kak u3BectHo Tok Tpéxdaznoro K3 (camoil 6ONBIION BETHMUMHBI) ONPEACIISICTCS CICTYIOIIIM
o0OpazoM:
1 ® — U
K3 !
V3 Xy
rae U — nanpsokeHue B ceTH, KB;
Xy x — CYMMapHO€ CONpPOTHBJIEHHE 10 To4KU K3.

G A B B
T S0 m
1 2
o114 2] 1
3) | |
1€ | |
Ic.s.l i i
I,fgi 5 1
: K | | -
ﬁ -

30Ha 3alnThbl MépTBaﬂ
30Ha

Puc. 6.2. K BriOopy ToKa cpabareiBanust TO

[Mpunuun Hactpoiiku TO: ToKoOBast OTceuka «OTCTpauBaeTCs» OT MakcuManbHOro Toka K3 B

6 KOHY e 3al. y4acmKa

KOHIIE 3alMIIAEMOr0 y4yacTKa, T.e. |, > 157

Taxum ob6pazom, st TO1 (puc.6.2) BeI6Op TOKa cpabaThIBaHUS ONpEAEsIeTCs KakK:
b
Ic.3. = kH “Tk3(3)1

rae K, =11+12 — koahduimeHT Hag&KHOCTH.

OcnHoBHo#t HempocTtaTok TO — HanmM4Me 30HBI HEUYBCTBHTEIBHOCTH Aaxke mpH | ,53) (Puc 6.2).

Ipu myxdasnom K3, mma xoroporo|® =0,861°, kpusas Gymer mpoxoauTh Hwke M 30HA

HEYYBCTBUTEIBHOCTH €III€ OOJIbIIE BO3PACTET.

Kak wu3BecTHO TOKOBBIE peie 3aluThl MOJKIIOYAIOTCS Ha TOK 3allMIaeMOM CeTH dYepe3
tpanchopmatopel Toka (TA). B TpéxdaszHoii cucreme KO BTOPUYHBIM OOMOTKamM TA MOTyT
MIPUCOEIUHATHCS Pelie MO0 Pa3IuYHbIM CXEMaM: TIOJIHOM M HETOJIHOW 3B€3/1bl; MOJTHOTO U HEMOJIHOTO
TpeyroibHuka. COOTHOILIEHHE MEXIy TOKOM, MPOTEKAIIUM 10 OOMOTKE pelie U TOKOM,
MPOTEKAIOIIMM TI0 BTOPUYHOM OOMOTKe TpaHchopMaropa TOKa, TMONYYHJIO Ha3BaHUE
koa(ddurmenta cxemsl - Kex. Ha puc.6.3 u 6.4 npuBeaeHbI COOTBETCTBYIONINE COOTHOIICHUS IS
Pa3IUYHBIX CXEM.
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pene

CIC L]

ad 4

Puc. 6.3. Cxema coenunenust TA B noiaHyto 3Be31y

pene

| [ ]

I
A — KCX _ _pere _ \/§

s 14T 5

Puc.6.4. Cxema coenunenust TA u pene B HOJHBINA TPEYTOJIBHUK

C YYC€TOM BBIIICCKA3aHHOT'O, TOK Cpa6aTI)IBaHI/I$I peiie onpeacisiCTCA 110 BhIPAXKCHUTO!

l,, =<1
c.p. c.3.
KTA

rae K. —koaddunuent cxemsl; K, — ko3dduiueHT tpaHcdopmannu TpanchopMaTopa TOKa.

UyBCTBUTEIBHOCTh TOKOBBIX OTCEUEK MOYKET OLICHUBATHCS:
1) 3onoii geiictBust TO (oHa He H0KHA ObITH MeHbINE 30% OT JUTMHBI y4acTKa);
2) k03 PHUIHEHTOM YyBCTBUTEIBHOCTH:

| i
K, =—*™0 — oTHOIIEHNEe MUHIMaIbHOTO ToKa K3 Ha Tex ke muHax, rae ycranorieHa TO

C.3.

K TOKY Cpa6aTBIBaHI/I$I 3allnThI.

Toxoevte omceuku nynesoii nociedosamenvruocmu (TOp)
[IpuMeHeHne TOKOBBIX 3aIIUT OT 3aMBIKAaHUI Ha 3€MJTI0 00YCIIOBJICHO:
1) Oombioii BeposTHOCTHIO K3 Ha 3emitio;
2) TPOCTOTOW 3alllUT HYJIEBOH IMOCIEIOBATEILHOCTH, KOTOPBIE MOKHO pacCMaTpUBaTh Kak
MIPOCTOE JOTIOTHEHUE K 3aIuTaM oT Mexxaydasubix K3.
TOo nMpUMEHSIOTCS C 1IETBI0 OTKIIOYEHUS 0€3 BBIIEPKKH BpeMeHH K3 Ha 3eMiIi0 Ha TOJIOBHBIX
y4acTKax, Tam rae 3Ti Toku K3 oueHb BEeTuKH.

A TO, 5 7O, 5

G
BJ1 BIl
OHEDHE—

CenektuBHOCTh 1O TaKk Xe Kak M CEIEeKTUBHOCT, OObBIYHBIX TO oOecrneunBaercs
OTpaHUYEHUEM 30HBl HUX JEHUCTBUSA, T.6. CaMOM HACTpOMlKOM (ompenensifolmed HX TOK
cpabaTbIBaHMs).
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3amuTel HYJIEBOH IOCIEI0BATEIBHOCTH MOJACOCIUHAIOTCS K CETH IO CIIEHUAIbHBIM CXEMaM
¢GMIBTpa TOKOB HYJIEBOM MOCIEI0BATEILHOCTH:

T4 EJ g i]KAo

L
1

B HOpManbHOM pexnMe, a Takke npu Mexaydasaeix K3, reomerpuyeckas cymma TOKOB paBHA
HYJIIO:
Iy

7 =I_I.1+IB+IC

¥ =0 azawwura He paGoTaeT
Kry

T Is

Ilpy 3amblKaHMM Ha 3€MJII0  3TOT OalaHC HapymlaeTcs M 10  3allUTaM  HyJIeBOH
II0CJIEI0BATEILHOCTU IIPOTEKAET TPOMHON TOK HyJIEBOH IOCIIE0BATEILHOCTH, KOTOPBI BO3ZHHKAET
uMeHHO npu K3 Ha 3emiro, o3ToMy TOK cpaOaTbIBaHMs NEpBOM 3amuThl |, JOKEH OBITH

Oospiie 3-ro TOKa HYJIEBOM MOCIEAOBATEIIBHOCTU MPpOTEKaromero mno 3ammure npu K3 Ha 3emio B
KOHIIE 3alMIAeMOT0 Y4acTKa:

l.,=K, 3l

Omax ?

rie K, =11+12 — xospdunuent nané&xuocty; |, — TOK HYJIEBOH IOCIENI0BATEIBLHOCTD NPH

onHo(dazHom min aByxdazHoMm K3 Ha 3emilto B KOHIIE 3aIIMIIAEMOr0 y4acTKa (MaKkCHUMaJbHBIN W3
HUX).
IIpu takoii HacTpoiike TOg OyneT UMeTh 30HbI HEUYBCTBUTEIbHOCTU. HyBCcTBUTENBHOCTh TOq
olleHuBaeTcs KO3 PUIUEHTOM UyBCTBUTEIBHOCTH:
31,

K,=—0"">13 — OTHONIEHME MHHMMAILHO BO3MOKHOTO TPOMHOTO TOKAa HYJIEBOI
e,
nocienosarenbHocTH K3 Ha 3eMi1to Ha Tex ke MMHax, riae ycranosieHa TOp K TOKy cpabaThIBaHUs
3allUTHL.
Kak mnpaBuio, cneuuanbHbIX TpaHC(OPMATOPOB TOKa Il OOECHEUEHHUs 3alIUThl HYJIEBON
IOCJIE0OBATEIBHOCTY ~ HE  HYXKHO, IO3TOMY  3aIlUThl  HYJIEBOM  IOCIIE€AOBAaTEILHOCTH
paccMaTpUBAIOTCA Kak JOINOJHEHHWE K OCHOBHBIM 3alllUTaM, a TOKOBOE peJl€ A3TOM 3alluThl

BKJIFOYAETCS B HYJIEBOM MTPOBOJI, pHC.6.5.
Q

—KAL
KA2

KA3

ud ¢

K4,

CJCICIC

Puc. 6.5. U3mepurenbHas cxema koMmiuiekta 3aiuT TO+TOq

OneparuHas cxema TO MIHOBEHHOTO E€WCTBUSA Ui ciydasi coequHeHust TA u perne B MOJIHYIO
3Be3qy U TOp, momcoenMHEHHOM MO cxeme (UIbTpa TOKOB HYJEBOH IOCIEI0BATEIbHOCTH,
nokaszaHa Ha puc.6.6. O0o3HaueHus B cxeme cienyrome: EC — nenu aBromatuku u 3ammtel KA1,
KA2, KA3 — xontaktbl TokoBBIX pene TO; KAp — xonTaktel TOokoBoro pene TOp, KL1 —
npomMexyrounoe pene; YAT — coleHon1 OTKII0YeHHS BhIKITIouaTens Q.
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+EC KL1 -EC
KAl
[
K42 L]
KA3
K4,
KL1.1 1q YAT

Puc.6.6. Oneparusubie nenu TO+TOq

B 0eckOHTaKTHOM BApHUAHTEC CXEMa 3TOI'0 KOMIIJIEKCA 3alllUTEI ITIOKa3aHa Ha pUCYHKE 6.7

KAl

v

KA2

v

1 n.0. » Q

KA3 |—»

(«nmmy)

KA4 —»

Puc 6.7 ®ynkunonansHas cxema 3amutbl TO+TOg
N.O.- ncnosHUTENbHBIN OpraH
Q- BBICOKOBOJIBTHBIN BBIKJIIOYATEIh

Toxogvle omceuku 6 cucmemax ¢ 06YXCmopOHHUM RUMAHUEM
TO Moryr ycraHaBIMBaTbCid B CHUCTEMAX C JBYXCTOPOHHMM IIMTaHMEM, HO B ITOM Cllydae
HUMEIOTCSI HEKOTOPbIE OCOOCHHOCTH B UX HACTPOMKeE:

oT G1 ot G2

IKZ

IKl

Puc 6.8 Ilpunnunel ycranoBku U HacTpoiiku TO B cucteme ¢ IByXCTOPOHHUM ITUTAHUEM.
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o . _ 6 KOHY e yuacmKa
CranpaptHas Hactpoiika TO: |, =K, - 1572 :
Hactpoiika TO B cucreme ¢ JBYXCTOPOHHMM IIMTaHUEM OCYILECTBISETCS MO CIEIYIOIIUM

YCIIOBHSAM:
HI1.,,=1,=K, 1, —B3Tom cnydae npu K3 B Touke K1 3amutsl 1 u 2 cpabarsiBaTh HE

c.3.2

JIOJKHBI;
2)1,,,=1_,=K,; 1, —Batom caygae npu K3 B Touke K2 3amurs! 1 u 2 cpabarbBaTh HE

JIOJKHBI.
W3 1) u 2) ycnoBuii BEIOUpatoT HauOOIBIINH TOK 17151 HACTpoiku TO Ha 000X BBIKITIOYATEIIAX.

Hecenexkmuenwvie mokoevie omceuxu (HTO)

HocrounctBo TO: ObIcTpOACHCTBUE (OTCYTCTBUE BBIACPIKKH BPEMEHH ).

Henocratok TO: Hanuune 30HbI HEUYBCTBUTENBHOCTH (B KOHIIE 3aIUIIIAEMOr0 Yy4acTKa).

T.K. OTCYTCTByeT BBIIACp)KKAa BpPEMEHHM, TO ObLIO OBI JKelareiabHO, 4TOOBI jaeiictBue TO
pacIpoCTpaHsIIOCh ObI HA BECh YYACTOK, T.€. €€ Hy)KHO HACTPOUTH TaK, YTOObI OHA YyBCTBOBAJIA TOK
K3 Ha BcéM 3amuiiaeMoM ydacTke, HO TOT/Ia OHA MOKeT cpabotars npu K3 B Hauane ciemyroniero
y4acTKa, T.e. CTaTh HeceNeKTUBHOW. HO CeNeKTHBHOCTh — 3TO CBOMCTBO 00s3aTelNbHOE IS JII000H
3alUThl. J{JIs perieHus 3Toro mpoTUBOPEUYHS Ha TOM K€ BBIKIIOUYaTeNe, e YCTAaHOBJICHA TOKOBAs
OTCEYKa YCTAHABJIMBAIOT aBTOMAaTUKy noBTOpHOro BkimtoueHus (AIIB), t.e. TO+AIIB. Torna npu
cpabaTbiBanuu cpa3y AByX TO: maHHOTO y4yacTka M cIeayroulero, HaunHaet paborats AIIB u uepe3
1-+1,5 cex. cHOBa BKJIIOUAETCS B pabOTy HEMOBPEXKIEHHAS JIMHUS:

Gl HTOI+AIIB

]

L]

BN

|
|
|
|

I

X

TOZ2

HTO1 W .
/ s *

Puc 6.9 IIpunnun Hactpoiiku HTO

HTO nactpamBarT Tak, 4ToObI €€ NEUCTBUE PACTIPOCTPAHSIIOCH HA BECh MIEPBBIM Y4aCTOK, HO
HU B KOEM clTydae 30Ha €€ JeHCTBUS HE TOJKHA pacnpocTpaHsaThes 3a 30Hy TO2 (puc 6.9)

1) Ic.s.l = KH : I

Heiicteue HTO, kxpome Toro, He q0MKHO ocyiiecTBsATcs nmpu K3 3a TpanchopmaTopom (Touka
K2):

_ 3a mpauceh.
2) Ic.3.1 - KH ) II(?

I'ne I, ,,- Tox cpabaTeBanus TO;

c.3.2

I sampance
K.3

W3 1) u 2) ycnoBuii BEIOUpatoT HaMOOIBIINI TOK CpabaThIBAHUS.

- Tok Tpex¢aznoro K3 3a rpanchopmaTtopom (Touka K2 puc.6.9)
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Toxoewie omceuku c evioepickoii spemenu (TOB)
Jnst Toro, 4toObl 30Ha AeiictBus TO pacnpocTpaHsioch Ha BECh 3aIIMIIAEMbIH Y4aCcTOK, 4acTO
BMECTE€ C TOKOBOM OTCEYKON MrHOBeHHOTO AcicTBUsA (TO) ycTaHaBIMBAIOT TOKOBYIO OTCEUKY C
BelsiepxkKkoii Bpemenn (TOB). CenextuBHocth TOB obecneunmBaeTcs caMoil HacCTpOMKOW U

uMeronleics BblIepKKod BpeMeHu. Breinepakka Bpemenn TOB t,, = 0,5 c.
TOB nacrtpauaetcs no npudiuny HTO:

_ . | creo. ywacmra _ . | 3amparnce.
Ic.3. - KH Ic.3.TO Him Ic.3. - KH IK')’ '

MaxkcuMaJibHbIe TOKOBbIE 3allIUThI
MakcumanbHast TokoBas 3ammuta (MT3) He siBseTcss OBICTPOACHCTBYIOIICH 3alIUTOM, paboTaeT
¢ BoIACpKKOH BpeMeHH. CenexTuBHOCTh MT3 obecrieunBaercsi 3a CUET pa3nuyMsi B BBLICPIKKAX
BpeMeHU cpabaTtbeiBanusi. CTyneHb celleKTuBHOCTH 1o Bpemenn At=0,4...0,6 c.

G MT3 MT3 MT3 é K1
|
|

o5

MT3 MT3 l

2.1 — 3.1
L.+ B B

At

t . t.3.3

pa6.max

0)
Puc. 7.1. O6Gecnieuenne cexektusHoctr MT3

[IpuHnun oGecrieueHUs] CENEKTUBHOCTU: YeM OJIKe K MCTOYHHMKY MUTaHUS, TEM BBIJIEP’KKa
BpeMeHU cpabaThIBaHUS 3aIlUThI Oosblie puc 7.1 a).

t, =t, + 4t
— U3 THX JIBYX BapuaHTaX BHIOMPAIOT OOJIbIliee BpeMs;
t, =t,, + At
t,=t, +A4t
— BBIOMpaeM OoJiblee Bpemsl.
t,=t,, +A4t

MT3 MOryT 3KCITyaTHPOBATHCS TOJIBKO HA Y4acCTKaX ¢ OJJTHOCTOPOHHUM IMUTAHUEM.
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Hactpoiika MT3 1o Toky cpabaTbiBaHHs OCYIIECTBISIETCS M3 COOOpaKeHUsI, KOT/1a 3alluTa He
JOJIKHA cpabaThIBaTh:
1) npwu paboumx TOKax, T.€.
I >1

c.3. pab.max
2) IIpH TOJTYKaX TOKOB OT 3aIlyCKa SHGKTPOHBHFaTeHCﬁ:
Ic.s. > K3an 1

rae K, =2+3 —xo3¢hdunneHT camosarnycka JABUraTeseH.

pab.max !

3) 3ammTa JOJKHA BO3BPAILATHCS B UCXOAHOE MOJIOKEHUE ITPU MAaKCUMAJIbHOM paboyeM TOKe
Ig 3.> K3an : Ipa6.max :
BBeném koaddunment HaaéKHoCTH 1T n30aBIeHUs 3HaKa HEPABEHCTBA!

los. = Kiy Ko | pugimex » THE Ky =1,2 — KOO GuLMEHT HANEKHOCTH;

0.

TOrga nmoJiy4um:

c.3.2

..
K, =—** — xoapduuueHt Bo3Bpara, orkyzaa |, =K, -1
C.3.
— KH ) Kaan

c.3. ’ ab.max *
K, r

OTH NPUHLIUIIBI HACTPOUKH WIUTIOCTPUPYIOTCS AUarpaMMmoii Ha puc 7.1 0)
Tok cpabaTbiBaHus pesie (BTOPUYHBIA TOK):

= ]

c.p. c.3.9
KTA
YyscturenbHocTh MT3 oneHnBaercst K03 (GUIIMEHTOM YyBCTBUTEIBHOCTH:
| min
K

C.3.

rae K, —Kod(QGHULIUEHT CXEMBI.

K, =

KosdduuneHT yyBCTBUTENEHOCTH ONpeAeNseTcs 1S ABYX CIIydaes:
1) 10 OCHOBHOMY y4acTKy: IpH 3TOM | oOmpezensieTcs B KOHIE 3allMIIaeéMOr0 y4acTKa.

K, >15
bnaronaps BbicokoW wyBcTBUTENbHOCTH, MT3 Moxer obecnednBaTh IMOCIEI0BATEIbHOE
pE3epBUPOBAHUE.
2) mo pesepBHOMY ydacTKy: mpu 3ToM | " ompenensercs B KOHIE CIEIyIONIEr0 Y4acTKa.
K, =212

Cxema MT3 (kak 1 ApYyrux 3aIiuT) COCTOUT U3 JBYX YacTel — U3MEPUTEILHONW U ONepaTUBHOM.
[IpuBeném u3MepuTenbHyI0 U onepaTuBHyo cxemy MT3 ans cxemsl coequnenust TA u perne B
MIOJIHYIO 3BE€311y JJIs CETEH C IIyX03a3eMIIEHHON HEUTPAIIBIO:

i

L
KA
i

T4 gj %7 -

Puc. 7.2. U3mepurenbHas cxeMa_MT3
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KT1

+EC KA1 ,_l -EC
KA2 L]
KA3
KL1
o KT1.1 ,—

L

KL1.l Qi YAT

Puc. 7.3. Onepatusnsie nienu MT3
Ha cxeme KT — pene Bpemenu; KT1.1 — KOHTaKThI pesie BpeMEHHU.

Makcumanvhas mokosas 3auguma nyneeou nocieoosamenvrnocmu (MT3)

MT3 takxe kak u TOg nmpeaHaszHaueHa i 3ammThl oT K3 Ha 3emutro. Ota 3amura obiagaeT
OYEHb BBICOKOW YYyBCTBUTEIBHOCTHIO U MOXKET MPUMEHSATHCS HE TOJBKO B CETAX TIIYX03a3eMJICHHOM
HEWUTpaJIblO, HO U B CETAX C U30JIMPOBAHHONW HEUTPAIbIO, TJIC TOK 3aMbIKaHUS Ha 3EMITIO
HEOOJIBIION.

CenexrextuBHOCT MT3( obecnieunBaercs kak 1y MT3 paznuuuem B BbIIEPKKAX BPEMEHU
cpabarbiBanus puc 7.4.

MT3 MT3
G T1 11068y /ps MT3, T2 110/10 MT3 K1

E (=

t.A

[
|t

Puc 7.4 Ilpunnun pazmemenus 3aumt MT3+MT3g u obecrieueHne ux ceneKTUBHOCTH.

ITpu K3 B Touke K1 MT3g He nomxna cpaGarbiBath (3l; =0). OnHako mpakTUUECKH NpH

tpéxdpazHom K3 B Touke K1 mo 3ammram MT3p mnporekaioT TOkM HeOanaHca, KOTOpbIE
o0ycinoBieHsl norpemuocTbio TA. TakuMm 00pa3oM, OCHOBHOW NMpuHIUN HacTpoilku MT3g — 3T0
OTCTpOIiKa OT TOKOB HebaaHca, T.€.

|, =K,

c HO.MaxX pacu.?
0
% o
rne IH6.maXpacu, = Kodu AV 100% ’ IKS’max’
K,,, =05 — xo3ppuiueHT OAHOTUIIHOCTU IPUMEHEHUS TPAHCPOPMATOPOB TOKA;
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K —xosddummeHT, yauThIBarONINi HATHYNUE allepuoInIecKoi cocTapistomei B Toke K3 (mpu

a

t.,>203c— K, =L;nmput <03c—- K, =15+2);

C.3.

& =10% — oTHOCUTENIBbHAS OTPEIIHOCTD TA;

II((33)max — MakcUMaTbHBIN TOK K3 B KOHIIE 3aIIMIIIaeMOro ydacTka, o0cmyxuBaemMoro qanHo MT3,.

Hwxe npuBeeHbI U3MEpHUTENIbHAS, ONIEpaTUBHAS U (PYHKIMOHAIbHAS CXEMBI KOMILJIEKCA

MT3+MT30.
Q

DKAl
,_lKA 2
J k43

]

TA

g‘l g‘l [] KAy

L]

Puc. 7.5. U3meputenpHas cxema M:F3+MT30

+EC KAL KT1 - EC
]
KA2 L
KA3
KT2
KAO
o ki1 [
jo KT2.1
KLl @ vAT
J_/A[)f

Puc. 7.6. Onepatusnsie nienu MT3+MT3

OyHKIMoHaNbHas cxema komiuiekca MT3+MT3j noka3ana Ha pucyHke 7.7

KAl >
kaz| Jor— 1
(«rmen») («anmm» »| 1.0. » @
KA3|—»
KAQ —» Dzr

Puc 7.7 ®ynkunonansHas cxema komiuiekca MT3+MT3g
D, - anemenT 3anepxku cpabateBanus MT3

D, - anemenT 3anepsxku cpadateiBanns MT3g

44



/Jleyxcmynenuamule moxoewle 3auiumol
Ha munausx 3, 6, 10, 35 kB Ha kaxJI0M BBIKJIIOYaTeNe, KaK MPaBUJIO, YCTAHABIMBAIOTCS 2
samuThl: TO 1 MT3. B 3TOM city4yae Ha epeIHU MIaH BBIXOAST TOCTOMHCTBA ATUX 3AIIUT.

G A TO+MT3 B TO+MT3 B

| Bl | BN |

K i |

itaal i

| TOL | i
c.3. \\\\\\I ita12

| 702 i 1k

c.3. Fs : T-B I
[/ /[ /) K3l || - I
TO1 MT31  TO2 MT32

Puc.7.8. lnarpamma cenektuBHOCTH 3amuT TO+MT3

ITpu K3 B Hauane yuacTtka cpabatsiBaer TO, a eciiu K3 npounsoniio B KOHLE y4acTKa, TaM TIe y
TO 30Ha HEUYBCTBUTEIBHOCTH, TO cpabaThiBaeT MT3, T.e. 30Ha HEUYBCTBUTEIBLHOCTH UCYE3AET.
Hactpotika 3amur:

. _ . | 6 Komye yuacmia .
TCl |3._'KH IK?mv ’

C.

MT3: I, = % I osmex » TRE Ky =11+12.
B
Hoctounctea TO+MT3:

1) pe3epBupoBaHue; 2) OTCYTCTBUE 30H HEUYBCTBUTEIbHOCTH.

Tpéxcmynenuamole mokoevle 3aujumaol
Ha namnbonee oTBeTCTBEHHBIX ydacTkax, ocoOeHHO B cucteme 35 (110) kB mpumenstoTcs
TPEXCTYIMEHYaThle TOKOBBIC 3alIMTHL. B 3TOM ciydae Ha KaXJ0M BBIKJIIOYATENIE YCTaHABIUBAIOT 3
s3amuTel: TO, TOB u MT3.

G TO+TOB+MT3 TO+TOB+MT3 TO+MT3

MT32

TOB1

I
I
I
|
I
i
I
MT31 |
|
|
I
I
I
I
I
:

Y

TO1 TO2 TO3

Puc.7.9. lnarpamma cenektuBHOCTH 3amiuT TO+TOB+MT3

Hacrpoiika 3amuTt mpou3BOAUTCS TaK, KaK ObIJIO OMUCAHO BBIIIE.
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B tpéxcrynenuarsix 3ammrax M T3 sSBIsSIETCS YUCTO PE3€PBHOM 3aIUTOM.
B cucreme 110 kB, ecnu ona oOGcmy)uBaeTcsi TOKOBBIMH 3aLIUTaMH, Ha BBIKJIIOYATEISIX MOTYT
yctanaBiuBarbes S5 3amut: TO+TOB+MT3+TOg+MT3,.

Q TO TOB MT3
KA1 KA4 _ KA7

TG ETE

1 1

I

KA2

KA3 KAG6__ KA9

L1011
L1 ]

[]J][]

Puc. 7.10. U3mepurenpHas cxema KoMIiekca TOkoBbIX 3auT TO+TOB+MT3

KL1
+ EC KA1 ,_l - EC
KA2 L
KA3
o KT1.1
> KT2.1
KT1
KA 4 =
KA5 L
KA6
KT2
KAS L
KA9
Kl Q@ vAT
g

Puc.7.11. OnepatuBHas cxema komiuiekca 3amut TO+TOB+MT3
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KA
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HAT
kAS

r
. 1 o D72

Wnw

L i

Puc. 7.12. ®ynknuonanbHas cxema komiuiekca 3amut TO+TOB+MT3
D — 3neMeHT BBIJICPKKH BPEMEHH; U.0. — UCTIOJIHUTEILHBIN 3JIEMEHT

Cnocoo6wt nogvluienus 4yecmeumenbHOCmu NMOKOGbIX 3aujum

[Ipu wucnone3oBanmu MT3 gns 3ammTel  TpaHchopmMaTOpoB (KOTJAa  COMPOTHBICHUE
TpaHchopmaropa Oosibiioe, a Toku K3 3a TpaHcpopMaropoM NOIY4arOTCd OTHOCUTENIBHO
HeOO0JIbIIINE), YyBCTBUTEIbHOCT MT3 MOXKET 0Ka3aThCs HEAOCTATOUHOM.

Haubonee mmumpokoe pacrnpoCTpaHEeHHE MOMYyYMJIM 2 OCHOBHBIX CIOCOOa MOBBIILICHUS
YYBCTBUTEIBbHOCTH TOKOBBIX 3aILIUT:

1) mpumeHeHHe GIOKUPOBKUA MUHUMAIbHOTO HAIPSOKEHHUS

CMbICI B TOM, YTO MOMHMO TOKOBBIX pe€lie, B 3alllUTy BBOJAAT €LIE pelie MUHUMAaIbHOIO
HaNpsDKeHUs, ¥ TOTAA Ui TOTO, YTOOBI 3aluTa cpaboTasa, HY>KHO OyJIeT BBIMOJHHUTH 2 YCIIOBHS:
121, unuU<U_, .

[Ipu 3amyckax M camo3amycKax 3JIEKTPOJBHUTAaTENel HamnpsHbKeHUEe, Kak MPaBUIIO W3MEHSIETCA
HE3HAYUTeNbHO, a Tpu K3 MOBBIMIAETCS TOK U CHIBHO CHWXKAETCS HampshkeHune. Takum oOpazom
pelie HanpspKeHHs pacrno3HaeT npousonuio Ju K3 unm Tok Bo3poc u3-3a 3amycka (camo3amycka)
neurareneil. [Ipu 3amycke aBuraresneil pene HampsbkeHue OnmokupyeT 3amuty. llosTomy mpu
HacTpoiike MT3 HeT HeoOXoaMMOCTH OTCTpanBaTh €€ OT TOKOB camo3anycka. B ¢opmyne pacuera
yCTaBKU MOHO B3sTh K, =1

KH
l., = T Vpasmecs |, cHuM3mics B 2+3 pasa, BO CTOJIBKO K€ pa3 yBeJIUYUIICS KOIPPUIHEHT
B

qyBCTBUTENBHOCTH K, = —XM0 Cxembl MT3 ¢ 610KMpOBKO# MoKaszaHbl Ha puc 7.13, 7.14, 7.15.

C.3.
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Q ﬁj KAl

KA2

KA3

E]J]E:I

tad ¢

KV3

Puc. 7.13. U3meputensHas cxema MT3 ¢ mpumeHeHreM 0JI0KUPOBKH MUHUMAJILHOT'O

HaIpsKEHUs

KT1
+EC - EC

KA1 KV1 ,_l
KA2 Kyt L

o KT1.1 ,&1

L

KLl @ vAT

\

n.0.

Y

mnn

\ 4

\
s
\A

y
O

[)T

Y

A

He

Y

\
\

He mnm

\

A4

He

A

Puc. 7.15. ®ynkiuonansHas cxema MT3 ¢ G10KupOBKOI MUHUMAIBHOT'O HANPSHKEHUS

2) npuMeHeHHe GUIBTPOB TOKOB 00paTHOI mocnenosateabHoctu (OTOII):

Toku 0OpaTHOM TOC/IEIOBATEIHFHOCTH BO3HUKAIOT MPU Beex HecuMMeTpuuHbIX K3. ®TOII e
IPOMyCKaeT paboune TOKH, a MPOIYCKAeT TOJBKO TOKM HecMMMeTpu4HbIX K3, To ecTh 3ammury
OTCTpauBaTh OT pabOYUX TOKOB HE HYKHO.

OnHako B CWIIy HECOBEpIIEHCTBA (MIBTPOB, IO pejle NPOTEKal0T TOKM HebanaHca
(MpUOIM3UTETFHO Ha MOPSAIOK HUXKE pabounx TOKOB). TOk cpabaThIBaHMS 3alIUThI, TAKUM 00pazoM,
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orcrpanBaercst oT TOKoB Hebamanca: |, =K -l 000> KOTOpbIE MeHbLIC pabounx, K,

C.3.

IIOBBIIIACTCHA.
N3-3a OTOIIl 3ammra He pearmpyer Ha Tpéxdasubie K3, mosromy B kommuiekc MT3
BKJIFOYAETCs JIOMOJHUTENIbHOE TOKOBOE penie KA4, puc 7.16:

Q KA4 KA1
_D_

®TOmMN

mf ¢

Puc 7.16 Cxema 3amutel ¢ @TOII

Hanpaegnennvie moxoewie 3aujumul
[Tomumo MT3 cymiecTByIOT €€ 1 MakCUMallbHbIe TOKOBBIE HarpaBieHHble 3amuTel (MTH?3).
Pa3zBuTne  BIEKTpUYECKHX  CHCTEM, CTPEMJICHHE MOBBICUTH  HAAEKHOCTh  NUTAHUS
MoTpeOuTeNeH, MPUBEIO K BO3HUKHOBEHHUIO 00JIe€ CIIOXKHBIX JJICKTPHYECKUX CHCTEM C

JIByXCTOPOHHUM ITUTaHUEM, KOJIBLIEBBIX, pUC.7.17a,0.

— - > y 2
Gl MT3 MT3  MT3 MT3 G

6)

Puc 7.17 Cxema
a) C IByXCTOPOHHUM MUTAaHUEM
0) KonbIIeBas cxema

B Takux cxemax, Kak oKa3aiock, Hauboee yHuBepcalbHbIe 3amuThl Ta MT3 He
00ecTeurnBarOT OCHOBHOTO TPEOOBAHUS- CEIEKTUBHOCTHU. JleMCTBUTENBHO, TYCTh HA BRIKITFOYATEISIX
cucreM ycraHoBiienbl MT3. PaccMoTpuM noBeieHUE 3a1UT Ha BBIKIIOYATENSIX 2 ¥ 3 TOACTAHIINT
b. ITpu K3 B Touke K1 nomxkna cpabotats 3amuTa 2 1 He JOJKHA cpaboTaTh 3amuTa 3. st aToro
B COOTBETCTBUU C 0OecrieueHeM MPUHINNA celeKTUBHOCTH MT3, Bpems cpabaThIBaHUs 3aIIUTHI 2

JIOJIKHO OBITh MEHBILIE BPEMEHH cpabaThiBaHMsA 3amuThl 3 t. ,<t. .
[Tpu K3 B Touke K2 momkHa cpaboTtath 3ammra 3 He T0DKHA cpabaTeiBaTh 3ammuTa 2. st aToro
c.3.3 < t
[omyunnu 1Ba NPOTUBOPEUYHBBIE YCIOBUS, KOTOPBIE HE MOT'YT OBITH BBIIOJIHEHBI.

t

c.3.2
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B Takux ycnmoBHsX NPUMEHSIOT MakKCHMMalbHbIE TOKOBbIE HampaBiieHHbIe 3amuTel MTH3, e
N00aBIISIOT CHEIHMATIbHBIN OpraH (pesie HampaBlIeHHS MOIIHOCTH), KOTOPBIA pearupyer Ha yroi
caBura (a3 Mexay TOKOM U HalpsKEHUEM.

Paccmotpum 3amury Ne3:

ITpu K3 B Touke K2 3ammra He mommkHa cpaboTaTh, COOTHOLICHUS MEXIY BEKTOpaMH TOKa U

HaIpsPKCHUA B 3alIUTC 3 umeer BHU]
U

4 |

IIpu K3 B Touke K1 3ammra momkHa cpaboTtaTh, MOCKoNbKy TOK K3 Temepp mocrymaer ot
ucrounuxa G2, ero ¢asa usmensiercs va 180°

U,y

Takum o6pa3om 3amuTa 3 Oyner cpabaThIBaTh , €CIHM YrOJ MEXKy TOKOM M HalpsHKEHHEM ¢ U
He OyneT cpabaThIBaTh, €CIHM OH OyIET ¢, , CEIEKTUBHOCTD OyeT o0ecrneunBaTbesl. CeleKTUBHOCTh

MTH3 obecnieunBaeTcsi coueTaHUEM BBIJIEPKEK BPEMEHU CpabaThIBaHUS 3alUT U HAIPaBJIEHHOCTU
NeMCTBUS, KOTOPOE BBIPA)KAETCs YIJIOM CIBUTA (ha3 MEXY TOKOM U HapsKEHUEM.

[Iporie roBopuTh, YTO 3aIUTHI JOJKHBI CpadaTHIBATh MPU HallpaBieHUH MOIIHOCTH K3 oT mmH
B CTOPOHY JINHUU U HE JOJDKHBI IIPA HAIIPABJIEHUU MOLTHOCTH OT JIMHUU K IIMHAM.

Jly1s Toro 4ToObl MPaBUIBLHO MOAOOPATh BBIAEPKKY BPEMEHH, paccMaTpUBalOT 2 BapHaHTa: 1)
YUUTBIBAIOT UCTOUHUK G1 1 Bce HEUETHBIE 3aIlUTHI; 2) pacCcMaTpUBaOT UCTOUHUK G2 1 Bce YETHBIE
3amuThl. [Ipu 3TOM BBIAEPAKKH BpeMeHH noaOuparoT no npunuunam MT3, puc 7.18

—> - —> - —» -
Gl MTH3 é MTH3 MTH3 / MTH3 MTH3  MTH3 G2
1}

\J

Puc 7.18 lnarpamma cenektuBHoct MTH3
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Cxema éKknoueHus péejie Hanpaejienus MouwiHocmu

Pene HalpaBJICHHUA MOMIHOCTH IOOJIKHO BKJIHOYATbCA Tak, I{T06I>I Ipu CaMbIX Ppa3JINYHBIX
caydasx K3, oHo mpaBwibHO ompenensio HampasieHue MomHoctd K3. Kak mnpaBuno, pene

HATPaBIICHUSI MOIITHOCTU BKITIOUAETCS HAa (Da3HBINA TOK U MEXAy(Pa3HOE HAMPSIKCHHE.

KW

HaubOonee TMIIMYHOE COUETAHHE IIoJIy4dHnJia TaK Ha3bIBacMast «90-rpaz[yCHa5{ cXeMany.

Tabmuma 7.1
Cxema BKITIOYCHHS pejie HAIIPABJICHUS MOIIHOCTH

pene TOK Hanpsax.
1 l, Upe

2 IB U CA

3 IC U AB

Paccmotpum 2 kpaitHux ciaydas, Bo3HHKaromux npu K3:

1) K3 psiom ¢ pesneriHOM 3aluTol U npoTekaer yepe3 ayry: Xx~0 no rouku K3, nyra umeer

YHCTO aKTUBHOE COIPOTHUBIICHHE.
2) K3 B koHIe MHKK (3aMBIKaHKUE IIyXoe — 6e3 ayru): R 1= 0, Xx=Xj

B nepBom cinyuae Tok K3 mpaktudecku coBnagaer ¢ HanpsbkeHueM 1o dase (1a1), Bo Bropom

ciryJae,

Koraa COIPOTUBIICHUC OJIM3KO K YUCTO WHAYKTUBHOMY, TOK K3 orcraer ot HAIpPsHKCHUA IPUMEPHO

Ha 900 (l A2)
Bce ocTanbHbIe cliy4yan K3 mMoxHO paccMaTpuBaTh KaK MPOMENKYTOUHBIC.

Jlig onleHKH onTUManbHOCTH «90-rpagycHON CXEMbl», HAJIO)KUM KapTUHY W3MEHEHHS TOKOB

IpY pa3nUuHbIX ciaydasx K3 Ha BeKTOpHYIO [uarpamMmy pelie HarnpaBlIeHUs] MOIIIHOCTH:

Puc 7.19 Onrumansrocts 90° cxembl

|, — Tox B HanpsikeHueckod OOMOTKe (IMHHMS M3MEHEHHs 3Haka MomeHTa). Kak BHmHO 13

MOJYYECHHOW JAMarpamMMbl JUara3oH MOJOKEHUSI BEKTOPOB Toka npu K3 B 30He NEWCTBUS 3alUATHI
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(ot Ia1 10 Ia2) HAXOMUTCS B 30HE «+M» B Ha000poT, eciiu K3 mpoucxoauT Ha coceqHeM ydacTKe
(yromn uzmeHsiercs Ha 180°), BEKTOpa TOKOB OYAYT HaXOIUTHCS B 30HE «-M». Takum oGpazoM, «90-
rpagycHas cXeMma» IpaBWIBHO o0OecnedynBaeT cpabaTblBaHWE WM HecpaOaTbIBaHHE pele B
pa3ianyuHbIX BapuaHTax K3.

B HekoTopbix ciydasx npu K3 3a cuinoBeiMH TpaHC(OpMAaTOpaMH, BEKTOP TOKOB HCKaXaeTcs
TaK CHUJIBHO, YTO PEJe MOIIHOCTH MOXET cpaboTaTh HEMPAaBWIBHO (T.€. HECEIEKTHBHO), MO3TOMY
M3TOTaBIMBAIOT PEJie HAMpaBJICHUS MOIIHOCTH C yriiamu BHyTpeHHero ciasura « 30, 45 u 60
rpaaycos. [lpuHnunuansaeie u pyHkunonagbHble cxembl MTH?3 npuBeaenst Ha puc 7.20

Qf] v

Al B C
KWA1 N
a/L c
© VU |
KW2
KW3
mg 4 N a
L
a)
+EC KT1 - EC
[
kW2 L
|<W3
jr KT1.1 |&l
L]
KL1.1 Q  YAT
J_/‘/{
0)
IA -] 1001 - &
(M) ——m
Uge
1 - D‘T = .0 = QO
IB - A1 - & ':I-‘II'IHJ'
{Ir"l]l—l'-
S [ S—
Lo gl KA1 > 2
(n} .
UAB_._W—F
B)
Puc 7.20 Cxema MTHS:

a) U3MepuTeNbHas cXxema, 0) onepaTuBHas cxeMa, B) (DyHKIIMOHAJIbHAS CXeMa
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Tema 2.2. Indpdepenunanbubie 3ammthbl JIII

JudbdepeHnmanbaple 3alUThl  pearupyloT Ha pa3HOCTh TOKOB. Hamwmm mnpumeHeHue 2
OCHOBHBIX BH/JId 3TUX 3alIUT MIPOJOJIbHBIC U ITOINICPCYHBIC.

IIpoodonvuvie oughhepenyuanvuvie 3auyumoul
[Mpononbubie muddepennmanbabie 3amuthl (IIp/13) NpUMEHSIOTCS Ha KOPOTKHX JIMHUSX,
IMPUMBIKAOIHUX K MOIIHBIM UCTOYHHKAM ITUTAHUA. CMBICI UX B TOM, 4TO U3MCPACTCA TOK B HA4YaJIC
y4acTKa U B KOHIIC y4acTKa, a PeJie 3allUThl CTABUTCS HA Pa3HOCTh ATHX TOKOB, puc 8.1

G I K2 | K1 s
. | l_ll Y Y | l_2| S
L] - DU I ' l
= IBl IBZ

Puc 8.1 INpunnumn npoaonbHON ¢ GepeHInaTFHON 3aTUThI

1) nopmambhptit pewum: |y =155 1py =155 1, =15 — 13, =0 — 3ammra ne paGoraer
2) Buemnee K3 (touka K1) | =1, lg =155, |p =1z — 13, =0 — zamura He

pabotaer, T.0. [Ip/[3 B cuiy cBOero mpuHIIMIIA ICUCTBUS HE pearupyer Ha BHenmHue K3, T.¢.
oHa 007a1aeT abCOMIOTHON CEIEKTHBHOCTHIO;

3) K3 na sammmaemoit muaun (touka K2): |0 # 10 Ig & lp | =15 =15, #0 —

p
OanaHC HapyIIaeTcs, Mo pejie MPOTEeKaeT TOK U 3alluTa cpadaThiBaeT
4) B cucTeMax ¢ IBYXCTOPOHHHMM TuTaHueM, npu K3 Ha 3aimuinaeMoii JTUHUM 1O pene Oyaer
IpOTEeKaTh CyMMa BTOPUYHBIX TOKOB OT 00€MX MCTOYHHUKOB, pejie MOYYBCTBYET 3TOT TOK U
3amura cpaboTaer.

Takum ob6paszom, Ilp/I3 oanHakoBO XOpomo paboOTalOT B CHCTEMax C OJHOCTOPOHHHM U
JIBYXCTOPOHHMM NHUTaHUEeM. HeocTtaTkoM 3aiuThl SIBIIsSIETCS HEOOXOAUMOCTh UMETh KOHTPOJIbHBIN
Ka0esb /17151 CpaBHEHUSI TOKOB, TO3TOMY 3alllUTa IPUMEHAETCS TOJIbKO Ha KOPOTKHUX JIMHUSIX.

bonee wacro IIp/I[3 mnpumeHnstor uig 3aliUThl  OTAEIBHONO O0OpYIOBaHUS (CHUJIOBBIE
TpaHc(hOpMaTOPBbl, MOJICTAHLMOHHBIE IIMHBI, CTATOPHBIE OOMOTKH JIBUraTeiel U reHepaTopoB).

Peanmuzarmuu cBovicte IIp/l3 memaroT Toku HebanmaHca,. T.€. TOKH, MPOTEKAIOIINE B pere,
KOTOpPbIE TEOPETUYECKU MPOTEKaTh HEe JOKHBI OcoOeHHO OOoJbIIME TOKM HebaldaHca MPOTEKaroT
npu BHemHUX K3. Toku HebasaHca MOTYT BBI3BaTh JIO)KHOE cpaOaThIBaHHE 3alUTHI, IOITOMY
3alIUTa OTCTPAMBAETCS OT MAaKCHMMajJlbHO BO3MOXHBIX TOKOB HebOamaHca. OnHaKo, MpU 3TOM
CHWDKAETCSl YYBCTBUTEJIBHOCTH 3amuThl. [losTomy mis coBepmeHcTBoBanus [Ip/l3 mHeoOxomammo
BecTH 00pbOYy ¢ ITUMH TOKaMHU HebanaHca.

Toxu nebananca ougghepenyuanvnvix 3auium
Tokum HebamaHca B OCHOBHOM BO3HHMKAIOT W3-32 HEHJICHTUYHOCTH  XapaKTEPHUCTHK
HaAMarHU4YUBaHusl TpaHchopMaTopoB Toka. JIro6oit TA MOXXHO MPENCTaBUTH CXEMOW 3aMEICHHS
Puc.8.2.
I

v " o__ 1 4
L, =11, =—=17,
TA

rje |j, -mpuBenieHHBI KO BTOpMYHOH OOMOTKE MepPBMYHBIA TOK; |7 - NpuBeeHHBIH KO

BTOpPI‘-IHOﬁ 00OMOTKE TOK HAMarHUYMBaHUA.
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Puc 8.2 Cxema 3amemnienus Tpanchopmaropa Toka

Ipu sremmmx K3 no pene mpotekaer Tok: |, =15 —15,. Jlna kaxnoro rpancopmaropa

TOKa MOKHO 3aIluCaThb.

I _In _Iﬂ _ |171 —I” I _I” _In _ |172 _In
B1L— 'l ul = plr B2 7 Y12 ,UZ_R- )79
TAL TA2
"

"o _
Torga, TOK peje ¢ yd4€TOM TOrO, 4YTO TpaHc(OpMaTopsl TOKa OJMHAKOBHI U | = I 172
KTAl = KTAZ

" /4
| =1 _ |Zl -2 4 |22 ~ IZZ - |;'11. [IpakTUUeCKH  HEBO3MOKHO  Halith 2

p
KTAl KTAZ
OJWMHAKOBBIX TA ¢ COBCPHICHHO OAWHAKOBBIMH XAapPAKTCPUCTHKAMHN HaMAaroundivMBaHUA, 4YTO H
ABJIACTCA HpI/I‘lHHOﬁ BO3HHUKHOBCHHUA TOKOB He6ancha, puc 8.3

TA1

Iz (B)
A TA2

BHewHee K3

I =1p

G

y7is "2 y7is u2

Puc 8.3 XapakrepucTuku HaMarHU4uBaHUs TpaHCPOPMATOPOB TOKA
[Tostomy mpopoibHble AupdepeHIHaTbHbIC 3aUThl HacTpauBatoT Tak, 4tobsr 1., > | -,

es =Ky | s mex > tne Ky =1,2 — kosdduument napéxaocty.

Te. |
Meponpuamus no 6opvoe c mokamu Hebananca
1) mpuMeHeHHe CHeUualbHBIX TpaHchOpMaTopoB Toka cepuu Jl, KOTOpble B OTJIMYHME OT
00bI4HBIX TA MMEIOT yBEIMYEHHBIH y4acTOK JIMHEWHON 4acTu XapaKTePUCTUKH HamMarHUYHBaHUS
(MeHbIIIasi CTETICHb HACBIIIICHUS );
2) npumMenenune cornacyromux Tpancopmaropos (TC), Puc.8.4.

G Fin K\ I

5
FO+HETD—H T E{:@---@
g

TC

KA

We

Puc 8.4 Cxema 3amuThl ¢ TPOMEKYTOUHBIM TPaHC(HOPMATOPOM
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3) HWCMOJB30BaHHWE peJie CO CHNENHATbHBIMA CBOWCTBAMH. BHYTpHM perne NpUMEHSIOTCS
CrelMallbHbIE MMPOMEKYTOYHbBIE OBICTpOHACKHIIaroHecs Tpanchopmaropsl. OHU HE MPOITYCKAIOT
MIEPUOIUYECKYI0 COCTABISIIOIIYI0O TOKOB BHEMIHUX K3, Kpome TOro, y 3THX HMPOMEXYTOUHBIX
Tpanc(hopMaTopoB UMEETCs ClielalibHast TOpMO3Hasi 00MoTKa. Eciu mo 3Toit TopMO3HO# 0OMOTKE
poTeKaeT TOK, TO OHAa He naaéT cpabaTbiBaTh penie (TOpMO3UT pene). B pesynbrare 5TH
CIIELHATILHBIE Pelie MO3BOJISIIOT B 3HAYUTEIHHO MEHBIIEH CTENEHU OTCTPauBaTh 3aLIUTY OT TOKOB
HebanaHca, T.€. 3allUThI OJIY4al0TCsl YyBCTBUTENbHEE.

Hamieit mnpOMBIIUIEHHOCTHIO BBIMTYCKAeTCS KOMIUIGKT MPOAOibHON nuddepeHmaibHoi
3alIUThI 1J14 JIUHUM 35iekTponepenad mapku J3J1.

Ilonepeunvie ougghepenyuanvuvie 3auiumoul
[Tonepeunsie nupdepennnansusie 3amuThl (I113) npumenstoTes s 3alUThl MapauIeIbHbBIX
JVHUM, UMEIOIIUX OJMHAKOBBIEC MapameTphl. [IpuHIUN AelicTBUS OCHOBaH Ha CpPaBHEHUU TOKOB B
3THX 2-X MapaJIeIbHBIX JUHUAX. B Tpexda3Hoii cucTeMe TOKH CPaBHUBAIOTCS MOQa3HO.
Ecnu nuHuMM  BKJIIOYAIOTCS 4Yepe3 OOIMK  BBIKJIIOYATENb, TO MPUMEHSIOT MPOCTHIE
(HeHampaBieHHBIC) Toniepeunbie Auddepennnanbapie 3amuTel, Puc. 8.5.

lw2

D
C 0 IB;Z\ w2 ‘ K2
. J» SH
IBZ@ L,' w1
— >

IKWl
Puc 8.5 PazmMenienue HeHanpaBJIeHHOM MONEPEYHON JUQ. 3aILUTHI

EclM MMeeT MeCTO HOPMAIBHBIA PEXHM, TO TOK HArPy3KH PABHOMEPHO PACHpENENSeTcs Mo
o6eum e, T.e. |, =1,. Bo Bropuunbix oomorkax TA obpasyrorcst Toku |z =1 4,, Torma

|, =1p — 15, =0, Te. 3ammra ne paboraer. To xe camoe Gyner u mpu Bremuem K3 (Touxa

K2). Takum oOpasom, 3ammura tuna [1/I3 obnamaer cBOWCTBOM aOCOMIOTHOW CEIEKTHBHOCTH.
3amuTa padoTtaeT 0e3 BbIAEPKKU BPEMEHH.
ITpu K3 na nunum (touka K1) myTh TOKOB 0 3TOM TOUKM pa3/InyeH U BETUYHHA TOKOB OOpaTHO

MpPOMOpIHOHATbHA conpoTHBIERMI0, TodToMy |, =15 — 1 3, # 0 — 3ammra cpabarbisaer.

JIaHHBIN BUJ 3alIUT OTKJIOYAeT 00e JIMHUM cpa3y — 3TO HEePallMOHAIBHO, IOITOMY B HACTOsIIEe
BpeMsl TakMX 3alllUT IOYTH HE OCTajJoch. bojee paloHaIbHBIMU SIBIISIFOTCS IONEPEYHbIE
HarnpasieHHble nuddepenunansusie 3amutel (ITH/I3).

Ilonepeunvie nanpasnennsie oughgepenyuanvrsvle 3auiumaol

[Tonepeunass HampaBneHHas auddepeHnnanpHas 3aluTa MPUMEHsSIeTCs Ha TapaiedbHBIX
JIMHHUSX C CAaMOCTOSITETIbHBIMHM BBIKJTIOUATENIMU HA KaXKIOW JIMHUU. Y CTAHABJIMBAETCS HA JIMHUSIX
35 - 220 kB ¢ OAHOCTOPOHHHM THTAHHEM, a TaKK€ Ha JUHUSX C JABYXCTOPOHHUM MUTAaHUEM
npeumymectBeHHO 35 kB. K Takoii 3amuTte npeabsBiseTcss TpeOOBaHUE: OTKIIOYATh TOJBKO Ty U3
JBYX TapajjieJbHBbIX JIMHUM, Ha KOTOPOW MNPOM30LUIO MOBpexaeHue. OpraHom, BBISBISIOLIAM
HaJIM4Me TMOBPEKICHUS B 30HE MapaUICIbHBIX JIMHHUM, SBISIETCS TOKOBOE pEle, BKIIYEHHOE Ha
pa3HOCTh BTOPUYHBIX TOKOB TpaHCHOPMATOPOB TOKA, IO TEPBUYHBIM OOMOTKAM KOTOPBIX
MPOXOAIT (Ha30BbIE TOKU KAXKIOW M3 MapaJUIeIbHBIX JIMHUM. Pacro3HaBaHue MeCTa TOBPEKICHUS
U OTKJIFOYEHHUE TOJIBKO MOBPEXKIAECHHON JUHUU OCYIIECTBISAETCS MPHU IOMOILH PEJie HaAIpPaBICHUS
MOIIIHOCTH.

[puamun npevictBus [IH/I3 ocHOBaH Ha CpaBHEHWH TOKOB OJHOMMEHHBIX (a3 ABYX
NapajulebHbIX JIMHUWA. TOKOBBIE pele 3aluThl BKIIOYAKOTCS Ha pa3HOCTh TOKOB JBYX
TpaHcGOpMATOPOB TOKA, YCTAaHOBIEHHBIX B OJHOMMEHHBIX (azax mNapauienbHBIX TuHHUHA. [lpu
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pPaBHBIX BEIMYMHAX COMPOTHUBICHUN MapajuIebHBIX JIMHUNA B HOPMaJIbHOM pEXHME padOThl U B
pexxuMe BHemrHero koportkoro 3ambikanus (K3) B touke K1 (30Ha cpabaTeiBaHHsl OrpaHUYEHA
MEeCTaMHM YCTAHOBKH TpaHCPOpPMATOPOB TOKA B Hayaje M KOHIE MapauieldbHBIX JMHUNA) TOKH B
JMHUSAX PaBHBI 10 BEJIMYMHE W coBmajaaioT mo (ase (puc.8.6). Toku B 0OMOTKaX TOKOBBIX pelie
paBHBl HYJIIO U 3alMTa HE paboTaer. DTO CHpaBeAJIMBO Ui OOOMX KOMIUIEKTOB 3alllUThI,
YCTAHOBJIEHHBIX 110 KOHIIAM JIMHUM.

[Ipy BO3HMKHOBEHWW TIOBPEKIEHUS HA OJHONM W3 3alUIIaeMbIX JHHUH (Touka K2)
TOKOpacnpeneiaeHue B Hux Hapymaercs (puc.8.7). Tokum K3, Tekymue mno JUHUAM K MECTY
MOBPEXKACHUS, PACHPEICNIIOTCs OOpaTHO MPOMOPLUUOHAIBHO  COMNPOTUBICHUSAM OT  IIUH
nepeaaoeil MoJCTaHIMU 0 MecTa moBpexaeHus. [1o moBpexnéHHON TUHUKM OyIeT MPOTEKaTh
OOJIBIINIA TOK, YEM 10 HEMOBPEXKAEHHON. B TOKOBOM pelie KOMIIEKTa 3aIIUThI, YCTAHOBIEHHOTO Y
LIMH [I0ICTaHIUU A, IPOTEKAET Pa3HOCTh TOKOB JIBYX JIMHUM

Ig:—IKW2 I’<W1>>0, (8.1)

T4
a B TOKOBOM pejle KOMIUIGKTA 3allUTHl YCTAHOBJICHHOrO y IIHH MPHEMHOM moxcTanmuu b Gyaer
IMPOTCKATh TOK

|5 = IKWl_(_IKWl) S

p Ky,
TaK KaK OTHOCUTCJIBHO IINH HpHéMHOfI IIOACTAaHIIMHN TOK B HGHOBpe)I(I[éHHOﬁ JIMHUH I/II[éT K IIMHaAM
noJCTaHiuu b, a Mo MOBpPEXIEHHOH — OT IIWH. B TOKOBBIX pelie 000MX KOMIUIEKTOB IpU

MOBPCIKACHHUHU HA JIMHUW TOKH OTJIMYAKOTCA OT HYJIA W 3allyUTa GYILGT Cpa6aTI)IBaTI) Ha OTKJIFOUCHUC
BBIKJIIOYaTEIIeH HOBpC)KI[éHHOﬁ JIMHHUH.

>0, (8.2)

n/c A | avo »n/c b
"N > YN
W
C Q3 Q4 K1
| cue. Q5
—— A E SH
QL Wi Q2
A A
I|<W1

Puc. 8.6. Pacnipenenenue TOKOB 1Mo napauieIbHbIM JIUHUSIM Tpu BHelIHeM K3 BHE 30HBI

cpabaTbIBaHUs
n/c A oo " n/c b
—
p NN FERYER\ >
gl W2 [ I
C Q3 Q4
I CUC, K2 Q5 SH
=== A B —1
Ql | Q2
w1
“—D A N, D—o
S
I KW1
Puc. 8.7. Pacnipenenenrie TOKOB O MapaijieabHbIM JUHUSIM TIpu K3 B 30He
cpabaThIBaHuUs
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[Ipu moBpexnenun Ha auaun W2 BOmm3u noxacranuuu b Tox K3 Oymer pacmpenensitbes 1o
JUHUSAM TPAKTHYECKH PaBHOMEPHO, Pa3HOCTh TOKOB, IPOTEKAIOIas Mo 3ammure A OyaeT HeBeluKa,
u 3ammTa A MoxkeT He cpaborarb. [lo 3ammre b mpu »TomM OymeT mpoTekaTth OOJBIION TOK (
dopmyna 8.2), 3ammra b cpaboTaeT U OTKIIIOYUT MOBPEXKICHHYIO TUHUIO BhIKItouateneM Q4. Tox
no simann W1 k Touke K3 nporekars nepecranert. [locne aToro 3ammra A cpaboTaer, Tak Kak uyepes
|4 _IKWZ B IKWl

P _K—TA’ rae | KW1~0- Takoe mocnemoBaTeIbHOE

cpabaTbiBaHHE KOMIUIEKTOB 3alIUTHI MOJACTAaHIIMH A u b Ha3bIBaeTCs KACKAOHbBIM.
AHAJOTMYHO MPOUCXOIUT cpabaThbiBaHME KOMIUICKTOB 3alllMTHI MPHU MOBPEXKACHUU HA JTUHUU
BOJIM3M IIWH TOJCTAHIINA A.

Taxum oOpazom, I KaKJOr0 KOMILJIEKTA 3aIlIUThl UMEETCS 30HA KACKAOHO20 Oelicmaust,
pacrnoioxeHHasi BOJU3H IKWH MPOTUBOIIOI0KHOMN MOJICTAHIIUU 110 OTHOUIEHUIO K MECTY €T0
YCTaHOBKH, ITPHU BO3HUKHOBeHUH K3 B KOTOPOIi TOK B TOKOBOM pejie He JOCTAaTOUYEH s
cpabaThIBaHuUs 3aIUTHI. 30HA KaCKaJHOTO JICHCTBUs onpeensercs o Gopmyie: lka=

€€ TOKOBOE€ pE€JI€ IOTCYET TOK

rac IK — TOK B MCECTC KOPOTKOI'O 3aMbIKaHHMA B MHWHHUMAJIBHOM PCKHMC IIPpU IMOBPCKACHHUHU Ha
T'paHUIC 30HbBI KACKaJHOT'O IlGﬁCTBHSI; C HCKOTOPBIM HpI/I6JII/I)K€HI/ICM TOK KOPOTKOI'O 3aMbIKaHU A I X

paBeH ToKy TpéxdaszHoro K3 Ha mmHax mpoTHBONONOKHOH mojacTanuuy; | — mmmHa muanm, les —
TOK cpaOaThIBaHUS 3aIUTHI.

OreHKa 9yBCTBUTEIHLHOCTH 3aITUTHI TIPOU3BOAMTCS IS IBYX CIIY4acB

1. IIpu munumansHOoM Toke K3 (nByx(ha3HOM) B TOUKE paBHON 4yBCTBUTEIBHOCTH puUC 8.8

A Q3 kw2 Q4 b
G .

@ qu

—_
Q1 Tkw1 équ Q2

1L

Puc 8.8 Onpeznenenne TOUKU paBHON YyBCTBUTEIBHOCTH
Paccrostnue ot noactanuuu b 10 Touku paBHON 4yBCTBUTEIBHOCTH OIpeieNsIeTcs o Gpopmyie

A
— Ic.3 )
pu 4 5
Ic.3 + ch
IA

c.3

rue TOK CpabaThIBaHUs 3aIMTHI ToACTaHmu A; |7, - TOK cpabaThiBaHus 3aUTHL

noACTaHIIMH B; | - JJINHA JNHHUHA

A b )
I[J'IH JIMHUU C OAHOCTOPOHHHUM ITUTAHUCM, KOT'/ld |c_3 = |c_3 TOYKa paBHOU YYBCTBUTCIIbHOCTU

pacrionioxkeHa B cepeaune quHu. Koapounment uyBcrButensHocty npu K3 B Touke paBHOI
YYBCTBUTEIHLHOCTH OMPEAEIISETCS MO BHIPAKEHUSIM:

|A |(2) _|(1)
4 _ s _ Tkwi KW2 5 o
! |4 |4 B
c.3 Cc.3
12 2.1
B 3 KW 2
Ki ===
c.3 c.3

2. Tlpu pexume KackagHOH pabOTHI 3aIIUT, puc 8.9

o A Q3 Q4 B
o— - .
] B
Q1 KlfQZ

Puc 8.9 Pacder 4yBCTBUTEILHOCTH MPU KaCKaTHON pabOTe 3aluT
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B sTOM citydae orieHMBaeTCsl YyBCTBUTENBHOCTD TOJIKO FOJIOBHOT'O KOMIUIEKTA (TIOCTAHIIMS
A) mocie cpabaTbIBaHUS KOMIUIEKTA TPOTUBOMOIO0XKHOM noacTanimu (b) u oTkimoueHun

BBIKJTFOUaTess B KoHie auaun (Q2), To ecth i apyxdaszuoro K3 B kontie auann (Ki)
| (2)
4 _Tka
K, =-—-215

Cc.3

[Ipu noBpexxaeHNH Ha JIMHUU BOJIM3H MOJCTAHIIMK HANpsHKEHUE Ha MIUHAX OJU3KO K HYIIO, Ha
OOMOTKY HAIpsKEHMs pejie HalpaBJICHUS MOIIHOCTH HaIpsHDKEHHE HE MOJAETCS U 3alluTa MOXKET
He cpaboTaTh — "Mepmeasn 30na no nanpscenuro" .

Hactpoiika [TH/I3 ocymiecTBisieTcs IO JBYM OCHOBHBIM YCJIOBUSIM:

1. Tox cpabaThiBaHMs IIYCKOBOTO OpraHa KOMIUIEKTa 3alIUTHl JOJKEH OBITh OTCTPOEH OT
pacyéTHOr0 MaKCHMAJIBHOTO TOKa HeOallaHCa MpHU MEpeXOAHOM pexkume BHemHero K3 wim mpu
HECUHXPOHHOM BKJIIOUCHHUH JTMHUI:

—_
Ics - KH HO.pac. +

"o
H "noé.pac.’
’

rae I nb.pac.

_O6YCJ'IOBJ'IGH HCPaBCHCTBOM TOKOB B TpaHC(bopMaTOan TOKa 3allIUThI U3-3a HCPABHBIX

IO BCIHMYHUHC COHpOTI/IBHGHI/Iﬁ napaajiCIbHbIX JII/IHI/Iﬁ, I —3aBUCUT OT IMOrpCIIHOCTU

/4

Hb.pac.

tpancdopmaropos Toka; K, K7, — kooddunmentsr nanéxunocru (K, =1,3; K7, =1,2).
' _Xwi— Xz les
Hb.pac. —

rne  X\yp, X\y, — COIPOTHBICHUS MApAILICIbHBIX JIMHHIL; IKZ_ pacuéTHBIi  CyMMapHBIN

MaKCHUMaJbHBIA Tpex(da3Hblii TOK (TEPHUOIAMYECKAss COCTABISAIONIAs), MPOXOMSIIUN MO0 00eum
napaiesIbHbIM JIMHUSIM IPU METAJUTMYECKOM 3aMbIKaHUM MEXYy TpeMs ¢dazaMH BHE 3alUIAeMOM
30HBI (Ha IIMHAX IPOTUBOIOJIOKHON NPUEMHON MOACTAHIIUN).

I
" K>
=K,, K, -f-=Z,

no.pac. anep. 2

e KOOH. - KO3(1)(1)I/II_II/IGHT OJHOTHUITHOCTH TpaHC(l)OpMaTOpOB TOKa, YCTAHOBJICHHBIX Ha

ImapaJlJICJIIbHBIX JIUHUAX K - 0,5 ,K — KO3 UITMCHT, I/ITBIBaIOH_H/Iﬁ I1c eXOHHBIfI CIKUM
p OO0H. yd p p

anep.
(HaIMYMe amepuoJUYecKOd COCTABJISIONIEH TOKAa); TPH HCIOJB30BAaHUHM pelie Toka 0e3

naceimaromerocst tpancdopmaropa (K, =2); f - ornocurensmas mnonmas mnorpemsocts

nep.
tpancdopmaropos Toka ( f =0,1).
2. Ilo ycnoButo obOecnieueHus BO3BpaTa Mocje OTKIOUYEHHI0 BHelHero K3 B pexume paboTh

OJIHOH JIMHUU WJIU TTOcJIe OTKIr04YeHNs K3, BO3HUKIIET0 Ha OJHOM U3 3allMIIAEMbIX NapauIeIbHbIX
JUHUH B pexxuMe paboThl ABYMS JTUHUSIMHU:

_H |
Cc3 Hazp.maxc’
K, 8

rae | — MaKCUMAaJIbHBIM TOK Harpy3Ku, IPOXOJISIIHANA MO OJHOW M3 MapajuIeIbHbIX JINHUM,

K, =11 -

kodpduuuent Hanéxuocrn; K, =0,85- koadduument Bosspara mms 3IEKTPOMArHHTHBIX

Hazp.makc

MOCIEe OTKJIIOYEHUS JPYTOM JIMHHM, MOKHO NPHHATH | =l

Hazpmakc ~ ' pab.makc’

TOKOBBIX peJie.

Haubonpiiee 3HaueHrne Toka cpabaThIBaHUS U3 MOTYYEHHBIX PACYETHBIM ITyTEM IO IMMyHKTaM 1-
2 criemyeT MPUHSTH 332 PACYETHBIA TOK CpadaThIBAaHUS KOMIUIEKTA 3aIINTHI.

ITomumo o6brunbix ITH/I3 mpumeHsieTcst 3amuTbhl OT 3aMbIKaHUA Ha 3eMIII0 (B CETIX C
riryxo3aszemséHHon HerTpanbio — 110 kB), T.e. [TH/30.

VYnupomenssie cxembl koMiuiekca [TH/I3+ITH/I3o npuBenens! Ha puc 8.10
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Puc 8.10 Cxema nmonepedHoi HanpaBiaeHHOW TudepeHIMaIbHON 3aIUThI
a) U3MepuTeNbHas cxema,; 0) orepaTuBHasi cXeMa, B) pyHKIMOHAIbHAS CXeMa

Tema 2.3. Ilucrtanuuonnbie 3ammthbl JIDII

Oowguit npunyun oucmanyuonnou 3auumaot ([13)

B ceTsx cmoxnoM KOH(l)I/IpraIII/II/I C HCCKOJIbKMMHU UCTOYHHUKAMH ITUTAaHUA IIPOCTHIC U HauOoee
YHUBCPCAJIBHBIC MAKCUMAJILHBIC TOKOBBIC HAIIPABJICHHBIC 3alIUTHI (MTHg) HC MOTYT o0ecneynTh

cesniektuBHoro otkmoueHuss K3. Tax, nampumep, mpu K3 B Touke K1 (puc. 9.1) momxHa
nojeiictBoBath ObicTpee 3ammuTa Nel, a 3ammra Ne3 He nomkHa cpaboTath, T.€. BHIOOP BBIIEPKEK

BPEMEHH cpabaThIBaHUS 3amUT onpeneisiercss ycnosueM t; <ts. ITycts Temeps K3 mpomsomuio B

touke K2 (puc. 9.1). B aToM ciyuae nomkHa nojeiictBoBats ObicTpee 3amuTa Ne3, a 3amura Nel He

nowkHA cpaboratk, T.e. {3<1;. DTH mporHBOpeunBEIe TPEOOBAHMS HE MOTYT OBITH BBIIOJIHEHBI C

nomombto MTH3. B cBA3uM ¢ 3TUM JKemaTenbHO HMMETh 3allMTy, BpeMs JEUCTBUS KOTOPOU
OIIpEEIAETCS PAcCTOSIHUEM OT MecTa €€ ycraHoBkM 10 Mecrta K3. Takoil 3amuroil sBisercs
AUCTAHIUOHHAs 3ammTa (/13).

Puc. 9.1. KonbueBas ceTb ¢ AByMs HCTOUHUKAMU TUTaHUS
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OcHOBHBIM 3neMeHTOM /JI3  sBisSIeTCS AUCTAHIIMOHHBIA w3MepuTenbHbIM opran  (/10O),
onpeaensomui ynanéHHoctb K3 or mecra ycraHoBku 3amuTel. B kauectBe JIO ucnomb3yrorcs
pelie CONMPOTUBIIEHUS, pPEAarupyroliie Ha IOJHOE, PEaKTUBHOE WM AaKTUBHOE COMNPOTHBIICHUE
noBpexaeHHoro yuactka JIOII (Z, X wiu R).

HeoOxonumo orMeTuTs, uto compotusieHue ¢aszpl JIDII oT Mecta ycTaHOBKH pesie 10 MecTa
K3 nponopuuoHanbHO UIMHE 3TOrO Y4acTKa, TaK KakK BEJIMYMHA CONpOTHBIEHUs 10 Mecta K3

paBHa JUIMHE Y4acTKa YMHOKEHHOMY Ha yIEIbHOE CONpOTHBIeHHE jnunun, Z = L - Zyy - Taknm

00pa3oM, MOBEIEHUE NUCTAHIIMOHHOTO OpPraHa, pearupyroliero Ha CONPOTUBIICHUE JINHUHU, 3aBUCUT
OT PAacCTOSIHMSI 0 MECTa MOBPEeXIeHHS. B 3aBUCMMOCTH OT BHJIa CONPOTHBICHHS, Ha KOTOPOE
pearupyet 10 (Z, X unu R), paznuuarot /3 N0JHOTO, pEaKTUBHOTO U aKTUBHOT'O COMPOTUBIICHUH.
OteuecTBeHHbIe /|3 MOCTPOEHBI, B OCHOBHOM ,Ha peJie MOJHOTO CONMPOTHUBICHUS.

Ilonamus o cmynenax 3auumal

JIMCTaHIIMOHHASA ~ 3alUTa, OOBIYHO BBIMOJHAETCS TPEXCTYNEHYATOH C OTHOCHTEIBHOMN
CEJIEKTUBHOCTBIO. [lapameTpaMy ka0l CTYNEHM SBJISAIOTCS [UIMHA 3aIlMIAEMON 30HBI U BpEMs
cpabaTbiBaHMs. BRIIEpKKU BpEMEHH 3alIUTHI WILTIOCTPUPYIOTCS rpadukamu (puc. 9.2, a). 3ammra
31 umeer xapakrepuctuky 1, 3ammra J[32 — xapakrepuctuky 2, 3ammra J[33 — xapakTepuCTUKyY
3. Ilpu noBpexaennn B Touke K1 mpuxonsar B nevictBus 3ammuthl J31 u /132, HO moBpexaeHue
OTKJIFOYaeT Onpkaiiiias Kk Hemy 3ammra J[32, Tak Kak OHa MMEET MEHbBIIYIO BBIACPKKY BPEMEHHU.
Ecnu noBpexneHne Bo3HUKaeT B Touke K2, To OHO oTkItoyaeTcst Oimrkaiiied K HEMY 3allUTON

J33.

a)

o
w
e
i)

32 i K1 33 i K2

[
L

2
]

N

Puc. 9.2. CryneHuarble XapaKTEpPUCTUKH BBIAEPKEK BPEMEHN JTUCTAHIIMOHHOMN 3aIUThI

Ha nuHmsax ¢ nBycropoHHMM mnuTaHueM J[3 BBIMOJHIETCS HANpPaBICHHON, a BBIICPKKHU
BPEMEHHU COOTBETCTBYIOIIMX CTYNEHEW 3aIlMThl BBIOMPAIOTCS, KaK M y TOKOBOW HaIpaBlIECHHOMN
3alIUThl, TI0O BCTPEYHO-CTyNeHyaToMy mnpuHuuny (puc.9.2, 0). CenekTUBHOE AEHCTBHE MOTYT
o0ecreynBaTh TAaK)K€ JUCTAHIIMOHHBIC 3aLIUTHI C 3aBUCUMBIMH OT TOKAa U KOMOMHHPOBAaHHBIMH
XapaKTEPUCTUKAMHM BBIJIEPKEK BPEMEHH.
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OcHnogHule opzansl u cxema mpéxcmynenvamou /I3

| en NO. OHM. A.o. Bn. OBB
4 N Ie N
Q KV KA KW KZ1 KZ2 BK KT2 KT3
J I l l
adl ®HOM
TA% j oTOnN
j S
Z
c ‘ I ) ) )
1)
\‘ j oT TV

Puc. 9.3. UsmepurenbHast cxeMa 1 OCHOBHBIE Opranbl J[3

Ha Puc.9.3 nu3o0pakeHa ynpomnieHHasi cXeMa TPEXCTYIICHUATOW TUCTAHIIMOHHOM 3aIUThI,
coJieprKaliasi XapakTepHbIE [Tl TAKUX 3al[UT OCHOBHBIE DJIEMEHTHI.

I1.0. — myckoBoit opran (ompenensieT, uro npousonuio K3 u maer KkoMaHIy Ha 3alycK BCeH
OCTaJbHOM cxeMmbl). Eciii B KauecTBe MyCKOBOTO OpraHa MCIOJIb3yeTCs TOKOBOE pelie, TO MyCKOBOM

_KH.Ks’ K

| =2 = e
c.3 pab.max ' ‘c.p. c3"
KB KTA

O.H.M. — opran HanpaBieHHs: MOLUTHOCTH (pa3peraer cpaboraTh 3amuTe, ecau K3 mpoucxoaut
B 30HE JIEWCTBUS 3aLUTHI, T.€. €clii MolHOCTh K3 HampaBieHa OT IIKMH B CTOPOHY CETH).

J1.0. — 2 rpymimbl JUCTaHIIMOHHBIX OPraHoB (pene conpoTuBieHus kZ1 u kZ2).

O.B.B. — opransl BbIJIEp>KKH BPEMEHHU.

bn. — rpynna 6;10KMpOBOK:

1) npu noMo1u pesne HampsbkeHus KV IperoTBpaliaeTcs J0KHOe cpadaTblBaHUE 3aIIUTHI IPH
HapyLIeHUU B 1lenu HarpspkeHus. [Ipu oOpbiBe 1enu Ha pene KV MOsBISeTCs HalpshHKeHUE U pele
cpabarbpiBaeT, OTKII04Yasi CBOMM H3 KOHTAKTOM OCTaJIbHBIC IETH 3aIIUTHI.

2) BK — 010kupoBKa OT KayaHUH (OT BO3MOXKHOCTHU JIO)KHOTO cpaOaThIBaHUs MPH KayaHHUSIX B
cucreme). biokupoBka mojkiIrodaeTcs K ceTH 4depe3 (QWIBTP HaNpsDKeHUH  oOpaTHOM
nocnenoBarenbHocTd (OHOIT) u TokoB o6patHoit mocnenoBarenpHocTH (DTOII). Yrpomennas
onepaTuBHas cxema /I3, COOTBETCTBYONIIAs U3MEPUTEIILHOM, MpHUBEEeHA Ha puc 9.4

OpraH HacTpanBaeTcs Tak ke kak y MT3:
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Kz2
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KL I YAT
|

-
L

Puc. 9.4. OneparuBnas cxema /13

Ilpunyun evinonnenus pene conpomugieHuUA U GHAIU3 €20 padombl
Pene comporuBnenus, npumensemsle B J[3 ans onpeneneHus conpoTUBIEeHHs 10 Touku K3
(Zp.x), KOHTPOIMPYIOT HANpsDKEHHE W TOK B MecTe ycTaHOoBKH I3 (puc. 9.5). K 3akmmam pene
COIIPOTHUBIIEHUS, KOTOpoe 0003Ha4eHO Ha cxeMe kKak KZ, moABoAsfTCcs BTOPUYHbIE 3HAYECHUS
HanpsokeHns, Up M Toka mpotekaromiero mo pene, |, or tpanchopmaropa HampskeHus TV u
Tpancpopmaropa Toka TA. Pene BbIMoiHseTCs Tak, 4ToObl €ro IMOBeJEHHE B OOIIEM Ciydae
3aBuceno ot oTHomeHusa Up x |, OTo oTHOIIEHHE SABIAETCS HEKOTOPBIM CONPOTHBICHUEM Z, Ha

sakumax perie. Ilpu mpaBmmbHom nogbope U, wu |, oato comporusienue Gymer

MPONMOPIMOHAIBHO CONPOTUBIEHHUIO OT MeCTa YCTAaHOBKM 3amUThl a0 Touku K3, T.e.
MIPOMOPIIMOHAIBHO paccTosiHuIo 10 Touku K3. Pene conmpoTuBiienus siBisercs pejie MUHUMAIBHOTO
NeicTBUS, T.e. cpabaThIBaeT, €CITU COMPOTUBICHHE HA €ro 3a)XKUMaxX CTAaHOBHUTCS MEHbIIE

Ol'IpeI[eJ'IéHHOFO 3HAYCHHA, HA3bIBACMOT'O COIPOTHBICHUCM Cpa6aTI)IBaHI/I$I peiIec Zc.p.’ T.C.

ycnoBue cpaGatbiBanus pene conporusnenus 6yner: Z, =U /1 »SZ.,.

E] U
Q Kz

PC

TV

C
o

TA 4
Iy

Puc. 9.5. [loaxntouenue nenei Toka U HapsHKEHUs pelie CONPOTUBIICHUS

3ona peiictBus  JI3 ompexpensercs XapakTepucTukoud cpabateiBanus 1O, T.e. pene
CONPOTHUBJIEHHs.  XapPaKTEPUCTHKM  CpabaThIBAaHUS — pelle  CONPOTHBIEHHs, Z P = f((op)

U300pakarOTCs B KOMIUICKCHOW IUIOCKOCTH B ocsax aktuBHOro (R) u wmuHaykTuBHOTO (jX)
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conpoTtuBieHuid. Ha puc. 9.6, a moka3aHa xapakTepuCTUKa CpadaThIBaHUs HEHAMPABICHHOTO PEJie
COIIPOTHUBIJICHUS. 3aIlITPUXOBAHHAS YacTh XapaKTEPUCTHKHU OIpeneisieT ob0jacTb cpabaThIBaHUS

pene. Comporusnenue cpabareBanust Z . p. HE 3aBHCHT OT YIila MEX]y HANpPSKCHHEM U TOKOM

¢, . Ha puc. 9.6, 6 nokasaHa XapakTepUCTHKa HANPABICHHOIO PEIIC IOIHOIO CONPOTHBICHMS B

BUJIE OKPY>KHOCTH, TPOXOAIICH Yepe3 Hayallo KOOpIMHAT.

Hamnpasnennoe pesne cCONpoOTUBICHUS UMEET HEOJIMHAKOBYIO UYBCTBUTEIIBHOCTh K aKTUBHBIM U
PEAKTUBHBIM COCTABIISIOIIMM TOJHOTO CONPOTHBIICHHUS, YTO IO3BOJSET YIYYIIUTH OTCTPOUKY
3alIUTHl OT PEKUMOB Harpy3ku. Tak, eciau MPUHATH YroJl MAaKCUMaIbHON YyBCTBUTEIBLHOCTH pElie,

®,,, TPUMEPHO DPaBHBIM yriy ciaBura (a3 MexJay TOKOM M HanpsbkeHueM B pexume K3 nHa
3amuiaemMon auHuH, To Tpu K3 pene Oyner umMeTh HaubOObIee COMPOTUBICHUE CPpaOaThIBAHUSA,
pasnoe Z y B nHarpy3odHoM pexume ((op = Qyqop HA puc.9.6, 6) pene MoxeT cpaboTaTh TOIHKO

npn cuwxennn Z, 1o Z KOTOpoe MeHblie Z , T.e. aBTOMATHYECKH OCYLIECTBIIAETCS

cp.Hazp’ vy’
OTCTpOIKa 3allUThl OT Harpy3ouHoro pexxuma. Emé Oonbiiero s¢g¢dexra OTCTPOWKH 3alUThl OT
Harpy304HOr0 peXuMa MOKHO JOCTHYb, IPUMEHUB PEJI€ C OCTPOHAIIPABICHHON XAPaKTEPUCTUKOU
cpabaTbIBaHUs, HapUMep SIUIMINTHYECKOH (puc.9.6, B). i 3TOH ke 1eau Ha MpaKTHKE 4acTo
NPUMEHSIOT XapaKTePUCTUKU cpadaThiBaHMsI co cMemmenueM B | kBagpanTt (puc. 9.6, r). Cmenienne
xe xapakrepuctuku B |l kBagpant (puc.9.6, r) npumeHsieTcs Ui UCKIIOYEHUsT «MEPTBOM 30HBI» Y
HaIpaBJIEHHBIX pese comnpoTuBieHud npu OnmskoM K3. Kpome kpyroBbix B coBpeMeHHbIX [[3
HaXOJAT NPHUMEHEHHE TpPEyrojbHblE, TpalelUuuAaIbHble U KOMOMHHPOBAHHBIE XapaKTEPUCTHKH

cpabaTbIBaHUs perie.

JX JX
ZCP.MAX zy
ZcP.HAMP
Zop ZHATP
Priarp.
R R
a) 6)
i &
3
R R

B) r

Puc. 9.6. Xapakrepuctuku cpabaThIBaHUS pelie COMPOTUBIICHUS
a) OKPY>KHOCTH C IIEHTPOM B Hauayie KOOpJAUHAT; 0) OKPYKHOCTb, IPOXOAIIAs Yepe3 Hauaao
KOOPJIMHAT; B) JUIHIIC; T) OKPY>KHOCTh CO CMEIIeHneM B | KBaapaHT (MyHKTHPOM — CO CMEIIEHUEM
B Ill xBampanT)

Pene conpomuenenus na npunyune cpasnenus mMooyneii 06yxX HAnPAIHCEHUl
Kak ormedanocs panee, pene conporusienus (PC) pearnpyer Ha oTHomeHne HanpsbkeHus U,
K TOKy l,, MOJBOAMMBIX K BOCIIpMHMMArolel cucreme. Pene cpabGaTeiBaeT (3aMbIKaeT KOHTAKTHI
W (POPMHUPYET BBIXOJHON CUTHAII), €CIIM MPH JaHHOM 3HAYEHHU yTIa @p MEKAY BEKTOPAMHU TOKA
W HANIPSAKCHUA BBIIIOJIHACTCA OTHOIICHUC
U
TE:ZP<ZQW
P
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rzae Zcp. — HEKOTOpasi MOCTOSTHHAsI BEJIMUMHA, Ha3blBaeMasl CONPOTUBIIEHUEM cpabaThIBaHUS pelle.

Pabora PC kommuiekca KPC-2 ocHoBaHa Ha cpaBHHUBaHUM MOAYyJel (aOCOMIOTHBIX 3HAUCHHIA)
nByX Hanpspreruit |Uq| 1 |Uy|.

[IpuHuMnuanpHas cXxeMa opraHa, poU3BOISALIEr0 TAKOE CPAaBHEHUE, ITPEICTABICHA HA PUCYHKE
9.7.

Ha Bxox BempsiMutenbHbIX MOCTOB VS1 u VS2, BKIIOYEHHBIX OJHOMOSAPHO (MCIOJB3YETCS
cXeMa CpaBHEHUS Ha OajlaHce HaIlPsKEHHI), HOBOIATCS HANPSKEHUs, IOJyYEHHbIE IIOCPEACTBOM
BCIIOMOTATENbHBIX anmapaToB — Tpancpeakropa TAV u TpanchopmaTopa HanpsikeHus V.

Jli1s TOro, 4T0OBI U3MEPUTEIIBHBINA OPIaH pejie CONPOTUBIIEHUS MOT ObITh BKIIIOYEH Ha Pa3HOCTh
TOKOB JBYX (a3, TtpaHcpeaktop TAV BBINIOJHEH C JBYMS TEPBHYHBIMH OOMOTKAMH,
pAacIIoIOKEHHBIMU Ha CpefHeM crepxkHe. Ecnu, HampuMep, 0OMOTKM BKIIIOYEHBI Ha TOKU | u Ip
BcTpeuHo, TO DJIC Ha BBIXOJHOM OOMOTKE TpaHCPEAKTOpa MOXKHO OIIPENEIUTh Ha OCHOBAaHUU
Beipaskenus: Erp = -jX:(Ia -Ig) = Klp.

HanpasnenHslii pearupytomui opran

[Uq|

(ropm)

Uztropw)

Puc. 9.7. HpI/IHHI/IHI/IaHBHaH CXEMa pPeJIC CONIPOTUBJICHUA Ha BBIIIPSAMIICHHOM TOKC

JUis  WCKIIIOYEHHs B3aUMHOIO BIUSHHMS BTOPHUYHBIE OOMOTKM TpaHcpeakropa [AV
PacmoJIoKeHbl Ha KpallHUX CTEPXKHSIX, UMEIOIINX BO3JYyIIHbIE 3a30pbl. Mcxonsd u3 cxemsl (puc.9.7)
U YYUTBIBas XapakTep COEIUHEHHS MeXIy co0oi BTOpu4HbIX oOMOTOK TV u TAV MoOXHO
3amucarh CIEAYIONINE BRIPAKEHUS UTsl HAPSDKEHUH, TIUTAIOMIAX BBIIPSIMUTEIBHBIE MOCTHI:

Ui =Emr = Kilp; Uz =KyU, - Kilp,

rae K| — koadpdunuent uncnenno pasubiii 3/1C Bo BTOpHUHBIX 00MOTKaxX TpaHcpeakTopa TAV npu
Toke 1A B MEpBUYHBIX €ro OOMOTKax COEIMHEHHBIX MocjenoBarenbHO; ¢aza Bekropa Kilp
ompenensercss 3HaueHWeM compotuBieHus pesuctopoB R9, R1l;, Ky - xkosddumment
TpaHnchopmanuu TpaHcpopmaropa TV.

Kontyp, Kk KoTopomy noaBonuTcsi HampsbkeHue Ujp, Ha3pIBaeTcsi paboyuM — BBINPSMIICHHOE
HanpsDKeHHE 3TOr0 KOHTypa oOyclaBiMBaeT cpabaThlBaHHE pearupyroliero opraHa; KOHTYp, K
KOTOPOMY MOJBOANUTCS HanpsikeHue Up, Ha3bIBaeTCsl TOPMO3HBIM.

B kauecTBe pearupyroniero opraHa MCHOJb3YETCsl MOJIYIPOBOAHUKOBBIA HYJIb — MHIUKATOP.
Jis obecrieyeHust MPOXOXKIEHUS TOKAa MO LENM HyJdb — MHIUKAaTOpPa B CXEME INPEelyCMOTPEHbI
OamancHele pesuctopel  R15, RI16. VYcnoBue cpabGaTbiBaHUS — pearupyromiero  opraHa
XapaKTepU3yeTcsl ypaBHEHUEM:

IKuUp - Kilp| < |Kjlp|.
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PazgenuB o6e wactu ypaBuenus Ha Kylp, momyunm

Ue K| _[Ki|
e Kyl |Ky|
[Ipunnmas
Up
—=Zcp,
lp
u npunsaB K/Ky paBHbIM Zc pmax/2 TOJYyYHM YpaBHEHHE
ZC.P.MAX > Z _ ZC.P.MAX
2 |7 " 2 |

B komruiekcHo# miockoctd R, JX 3TOMy BBIpaKEHHIO COOTBETCTBYET T'€OMETPHUECKOE MECTO
TOYEK, MPEICTABIIAIONICe CO00 OKPYKHOCTh ¢ IeHTpoM O, CIBHHYTHIM OT Hadajla KOOPJMHAT Ha
BenmunHy K/Ky, T.e. OKpYKHOCTh MPOXOJAIIYIO Yepe3 Hadalo KoopAuHaT, nuametp D koTopoii
Zcpmax ecthb BekTop 2|K/Ky|. XapakrepucTtuka pese npeacrasieHa Ha pucyHke 9.8. Pene ¢ takoi
XapaKTEPUCTUKON HAa3bIBACTCS HAMPABICHHBIM. YTOI (p, MPU KOTOPOM Zcp, MUMEET HaWOOJIbIIEe
3HaYeHHe, HOCUT Ha3BaHUE YIJla MAaKCUMAaJIbHOW YyBCTBUTEIBHOCTH Py y. HeoOxoaumoe 3HaueHue

¢Om.u. (Harmpumep, 65°) obecieunBaetcs pesucropamu R9 u R11 (paBHBIMU 10 3HAYEHUIO).
ix

ZC.P.Max

Zcp, = ZepmaxCOS(Py.u- Pp)

ZC.P.HAFP

Puc.9.8 Xapakrepuctrka cpabaTbIBaHUSI HAIIPABJIEHHOTO PeJie CONPOTUBIICHUS

Ilooknrouenue pene conpomuenenus Ha MOK U HANPANCEHUE Cemu
Hucranuuonusie opransl (JJ0O), BeimonHseMble kak pene conporupieHus (PC), BkiarogaroTes Ha
HarpsbkeHue u Tok cetd. OnHako, UMETCs Tpu (a3HBIX HANPSHKEHUs, BO3MOXXHBIC JIMHEHHbBIC
KOMOHMHAIIMM JTHUX HAMpPsDKEHUH, MOTYT paccMaTpUBAThCS U CHUMMETPUYHBIE COCTaBISIOIIUE.
AHaJIOTUYHOE TI0JIOKEHUE U C TOKAMH.

OcHoBHOE Tpe6OBaHI/Ie pu BBI60pe Up n Ip 3aKJIII0YacCTCA B IIPOIMMOPIUOHAIIBHOCTH BCIUMYHUHBI

COIIPOTUBJICHHUA Ha 3aKUMax pelic, Zp =7 COIMPOTUBJICHUIO, @ 3HAYUT U PaCCTOAHUC OT MECTa

P
YCTaHOBKH 3alIUTHI 10 TOYKH, rJe mpousonnuio K3

CooTHolIeHne 3TO JOJDKHO coONofaThes HpU Beex MeTamnueckux K3, He3zaBUCHMMO OT
peXHUMa CUCTEMBI U pabOYUX TOKOB.

ITpu 3TOM, KaK MOKa3bIBAIOT pacyeThl, BEIOOp TOKA M HANPsDKEHUS 3aBUCUT OT BUja K3

1. BkiroueHre AMCTaHIMOHHBIX OPTraHOB, pearupyouux Ha Mexaydasusie K3

ITycts mpoucxomut K3 mexny ¢asamu Ha paccTOsSHUUM | OT MecTa yCTaHOBKH 3aIllUTHI 10
touku K3. Ilpn ynenapHOM CONpPOTHUBICHUN JIMHUM Zy,; 3TO COCTaBUT CONPOTUBIICHHE 10 TOUkn K3
pasnoe Z, =Z -l puc9.9
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Ig K3

Puc 9.9 Mexnydaznoe K3

ITo BTOpOoMy 3akoHy Kupxroda moxxHO 3anucaTh
U = IA'ZK _IB 'ZK :ZK(IA_IB):Zya 'IK(IA_IB)
W3 3an1caHHOro BBIPAXEHUS BUIHO, YTO CONPOTUBIICHUE HA 3aKHMax pejie, paBHOE
conpoTuBieHre 10 To4uku K3 nosyuntes, ecnmi U, =Uyg,a |, =1, -1,

BripaxkeHnue cripaBeuInBO MpH JTI0OO0M COOTHOIIEHUU TOKOB lIa U |g 1 He 3aBUCHUT OT pabouero
(oaBapuiHOTO) pEeKKUMA. DTO BEIPAXKEHHE HE 3aBUCUT OT TOT'O MEX/y IBYMS WK Tpems da3zamu
npousonuio K3, a Taxke nMeeTcs i 3aMbIKaHUE MEKY STUMU IBYMS (Tpemsi) GazaMu U 3eMIICH.

Cxema MoJICOSMHEHHMSI peJie COMPOTHUBIICHUS HA TOKH U HAMPSDHKEHUS CETH B TpeX(hasHOM
BapuaHTe NMOsCHAOTCA puc 9.10 u Tabnuuei 9.1

UAB UBC UCA

Puc. 9.10. Cxema BKJIIOUEHUS TUCTAHLIMOHHBIX OPraHoOB AJIs paboThl pu MexaydasHbix K3

Taomuua 9.1
Perne Up Ip
I Uab la-1b
1 Ubc Ib-Ic
11 Uca Ic-la

2. BkiloueHue JUCTAHIMOHHBIX OPTraHOB, pearupywmmx Ha ogHogasubie K3. Ananornuno
MpEbIIYIIEMY CIIydal0, MOXKHO J0Ka3aTh, YTO IMCTAHLMOHHBIE OpPraHbl, MpeJHa3HAYCHHbIE IS
oTIpesieNIeHus] YAaJIeHHOCTH MecT ofHo(pa3HbXx K3, BKIIIOYa0TCsA MO CXeMe B COOTBETCTBUU C PHC.
9.11 u rabmmmeit 9.2. Cxema npexycmarpuBaet Tpu PC, kakaoe 3 KOTOPHIX BKIFOYAETCS COTIACHO
tabmuie 9.2 Ha Hanpspkenue Ug u Tok g + k3lo.
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|, +k3l——
1, +k3l,
I +k3l;

A

u, u, U,

Puc. 9.11. Cxembl BKITIOUEHHUS TUCTAHIIMOHHBIX OpraHoB A1 padoTel mpu K3 Ha 3emitio.

Tabmuua 9.2
Perne Up Ip
I Ua la + k3l
I Ub Ib + k3l
] Uc Ic + k3l

Koaddurment kommnencanmu K 3amaéresi MOCTOSIHHOW BEJIWYMHON, OJHAKO €ro TOYHAs
BENIMYMHA 3aBUCUT OT MecTa K3 u BIUsSHUS CMEXKHBIX JUHUN 3eKkTponepenadn. s oquHOYHON
auHAK 6€3 Tpoca MokHO mpuHATh K=0,83.

N3 tabmun 9.1 u 9.2 BuaHO, uro HMeeTcs 6 CoueTaHUN HANPSHKEHUM W TOKOB
oXBaTbIBaroIIMX Bce BUAbI K3, TO ecTh MOSIBUTCS HEOOXOIUMOCTh B 6 MO(a3HBIX TUCTAHIIMOHHBIX
opranax, 00ecTieUnBaONIUX JAHHYIO CTYIICHb TUCTAHIIMOHHOW 3aIUTHI.

Tema 2.4. BbICOKOYACTOTHBIE 3AIIUTHI

Oowue nonamus 0 6bICOKOUACMOMHBIX 3AULUMAX

B nHacrosiiiee Bpems HanOoJiee COBEPIIEHHBIMU CUMTAIOTCSI BBICOKOYACTOTHBIE 3amuThl (BU3),
T.K. OHM COYETaIOT B ce0e HjaeaabHOe OBICTPOJCIHCTBHE, CEIEKTUBHOCTD, CHOCOOHOCTh OTKIIIOYATh
JIDII ¢ 2-x CTOpPOH B caMbIX OTBETCTBEHHBIX CHUCTEMax. B pesysbrare Takue 3aluThl OTBEYAIOT
caMOMYy OCHOBHOMY TPe0OOBaHUIO — coOXpaHeHue yctoiunoctu DIC.

JIro6ast BU3 cocTtouT M3 2-X KOMILUIEKTOB, pacnoiokeHHbIX 1mo koHuam JIDII. Cesa3p mexay
KOMIUIEKTAMH  OCYILECTBJSIETCSI 10 BBICOKOYACTOTHBIM KaHajllaM, B KauecTBE KOTOPBIX
ucnonb3yrorest camu ke ¢assl JIDII. Tlo cBoemy mpunnuny neictsus pasnunyarotr 2 tuna BU3: 1)
HaIpaBJIEHHAas 3all1Ta ¢ BBICOKOYACTOTHON OJIOKMPOBKOH; 2) muddeperunanbHo-paszHas BU3.

IMIpu wammuumum BY3 JIDII mpereprneBaer Tak HaszpiBaeMyro BUY 00paboTky (00BIYHO
obpabaTeiBaeTcs o/iHa (Daza), YTO MOSCHSIETCS CXeMOM, moka3aHHou Ha Puc.10.1.

nan

J} N

e i

4
|—| -
8 ] 5 aHanornyHo
rB4/nBy|6

Puc 10.1 Cxema BbicokodacToTHON 00padoTku JIDIT
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1 — 3arpaguTtenpHBIN GUILTP (IpormyckaeT TOK dyactoToi 50 I'1, HO HEe MPOMyCKaeT CUTHAIBI
BBICOKOM 4acTOTHI Ha MOACTAHLINIO);

2 — KOHJAEHCATOp CBS3U (MPOIMYCKAeT TOJIbKO CHTHAJbl BBICOKOM YacTOTBI M CIIY)KHUT
M30JIITOPOM JUIsl HAMPSKEHUS OT OCHOBHOM yacToThl 50 ['1);

3 — BO3OywmHBIA TpaHcpopmaTtop; 4 — KOHAEHcATop (B COBOKYNHOCTH 3 U 4 sBisercs
MIOJIOCOBBIM (PHIIBTPOM — MPOITYCKAET Y3KYIO MOJIOCY BHICOKOYACTOTHBIX CUT'HAJIOB);

5 — BBEICOKOYACTOTHBIN Ka0eln;

6 — npuémo-nepenaTuruK (COCTOMT U3 reHepaTopa BBICOKOW YacCTOTHl M NMPUEMHHKA BBICOKOM
YacTOTHI);

1 — pa3psIHUK;

8 — 3a3eMJISIONIHIT HOXK.

Obuwguit npunyun HANPAEIEHHO 3aUUMBL C 6bICOKOYACHOMHOU O10KUPOBKOU

JanHas 3amurta no cBoemy mnpuHuumy aedctBusi HanomuHaeT MTH3. Kak yxe ormewanoch
paHee, yCTaHaBIUBAIOTCS 2 KOMILIEKTA 3alUT 110 KOHIIAM JIMHHH.

3amuTam paspelieHo cpadaThiBaTh TOJIBKO B TOM ciyyae, ecnu [IBY mepectatoT nmpuHUMATh
BY curnain. Paboroit 'BY ymnpasnisier pesie HanpaBieHUs] MOLTHOCTH (YCTaHABIMBAETCA B KaXIOM
komruiekte). [Ipu K3 Ha nuHuum cpabaTeiBaeT pesie HalpaBiIeHHUS MOIIHOCTH Kak 1, Tak u 2
koMmiuiekToB. O6a I'BYU otkmowaroTcs, HNpUEMHUKHM IepecTaoT npuHuMate BY curhHan u
paspematoT cpabarbiBaTh 3ammraM. OOe 3ammThl cpabaThIBAIOT U OTKIIOYAIOT JIMHUIO C 2-X
CTOpPOH.

IIpu K3 BHe 30HBI JNEHCTBHUS 3alIUT (HAa COCEOHEH JMHHM) B OAHOM M3 KOMILUIEKTOB peje
HampasJieHUs: MOIHOCTH He cpabaTeiBaeT. CoorBeTcTBeHHO ' BY nmpogomxkaer padortars. O6a [IBU
npuHuMaroT BY curnan u 3ampemaror cpabareiBaTh 3amuTaM. B pesynbTare BbLAEpKKA BpEMEHU
HE HYXHa.

Hugppepenyuanvno-gpaznan B4 3auwuma

B ocnose muddepenunansao-daznoit BU3 nexxut npuHIMI MpooabHOR 1uddepeHnaaIbsHOR
3aIUTBHI.

CpaBHeHHE TOKOB B Hauyaje U B KOHIIE JMHHUH, BBINOJHAeMoe o kaHaiaMm BY cBsa3my,
OCYILIECTBIISICTCSI HE 10 BEJIMYMHE, a o (aze.

VYCIOBHO MONOXKUTENbHAS MOJIYBOJIHA TOKA CUMTAETCsS COBHaJAaollell mo ¢ase B Hadajie U B
KOHIIe JuHuM, ecnu K3 mpousonuio Ha auHuM, Toraa npu BHemHeM K3 Toka OyayT HaXOAWUTHCS B
npotuBogdase.

hy K1 I,
CHe———— =+

! —

1 3awmTa cpabortaet

K1

|
| 1 3awuTa He cpaboTaeT
K2
K2
I 2

Puc 10.3 [Ipuniun cpaBHEHUS TOKOB 110 ¢asze.
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CpaBHuBas (a3bpl TOKOB, MPOTEKAIOIIMX MO 3aIIUTaM, MOKHO CYIUTh O TOM, Ti€ MPOU3OIILIO0
K3.

Hpuniun neiicteus auddepennmansuo-daznoi BY3:

Kommiektsl 3amur coctoar uz npuémo-nepeaaruuka (I'BU, I[IBY). Ilpu stom I'BY uyepes
TpaHcopmaTop CBs3aH ¢ TOKOM ¢a3bl U ympamiseT 3TUM TokoMm. ['BYU paboraer Tonbko mpu
MOJIOKUTEIHHOM TONyrneproe Toka B ¢aze. [IBY npunumMaeT curaainsl kak ot cBoero ' BU, tak u
oT 'BY npoTHBOMOJIOKHOTO KOMILJIEKTA.

Q TA
L Dﬂl T —

1-1 KOMNNekT T

T
2-11 KOMNNekT
‘g |I'B'—I NnBYy | —
+

M| |[N2] [PO]
N

Puc10.4 Ilpunuun ycrporictea JJOBY3.

I[IBY cBszan ¢ Tak Ha3piBaeMbiM pese oTkiatodeHus (PO): Beixomnoit curnan ¢ [1BY
MOSBIISIETCS, KOTAa OH MepecTaéT npuHuMarth curHainsl BU, Torna cpabarsiBaer PO.
Nwmeercsa nsa nyckoseix oprana I11 u I12. IT]1 HacTpoeH Ha MEHBIINI TOK, U HETIOCPEICTBEHHO

nepen K3, 3amyckaer 'BY; [12 HacTpoeH Ha cpabaTbiBaHHE TTPU COOTBETCTBYIOIIEM TOKE (KaK JJist
MT3).

J,L I!

J,l I!

' "z -2
| | I |
| I |
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// //t // //t Pa6ota
/// // /’// // =N

// t 1 "/t Pabota

L // // rBYy2

IIAPIAIIILY. - 1t Curxan

/7/ / i /] e e

t ‘// t  CurHan

Ha PO

Puc 10.5 [puanun padoter quddhepeHIranbHO - (a3HOH BRICOKOYACTOTHOH 3aIIUTHI

IIpu orcyrcTBun K3 myckoBbie opransl [11 u [12 He paboTatoT, Lienb OTKIIOUYEHNS PA30MKHYTA.
[Tpu K3 cpabateiBaroT I11 u [12. Kontaxtsl [11 3amyckatot renepatopsl ['BU koTopbie BEIAAIOT
BBICOKOYACTOTHBIN CUTHAJ, npuHuMaeMblii o0eumu [1BY. I1pu BHemHem K3 Toku BHavasne u KoHILe
JUHUU HaxoJsaTcs B mpoTuBogaze puc 10.5 a. 'BY, paboratomuye npu MOI0XKUTEIBHOM
MOJIyTIepHO/Ie TOKa B (paze, oOecreunBaloT HENPEPBIBHBIN cUrHai, npuHuMaeMsblil [IBY o6oux
HOJYKOMILIEKTOB 3aiuThl. CurHanos Ha Beixoje [IBU He Bo3Hukarot. PO He cpabaThiBaeT, TO €CTh
He cpabaThIBaeT 3alluTa.

[Tpu K3 B 30He neiicTBUs 3aIUTHI TOKU 11O KOHIIAM JIMHUH coBmaaaro 1o ¢ase puc 10.5 6. B
pabote I1BY Bo3HMKaeT nay3a (Ipu OTpULIATEIBHOM IOJIyIIEPHOE TOKa), BO BpeMs koTopoii [IBU
HE MPUHUMAET BBICOKOYACTOTHBIN curHan u Ha Beixojie [IBY nmosiBuTcs curnan (MMIysbChl ¢
yactoroil 50 I'r). OT aToro curnana cpabareiBaer PO, ero KOHTakThl BMecTe ¢ KoHTakTamu 112
OpPraHMU3YIOT LIEMb OTKJIIOUEHUS BhIKIoUaTeael. JIMHUS OTKIr09aeTcs ¢ AByX CTOPOH.

Pa3nen 3. 3a1uThl MAIIMH U AaNIIAPATOB
Tema 3.1. 3ammTa cui10BBIX TPaHchopMaTOPOB

Kak mokaspIBaeT MpakTHKa HKCIUTyaTalliM B CHJIOBBIX TpaHC(POpMAaTopax MOTYT BO3HUKATh
MOBPECKACHNA U HCHOPMAJIbHBIC PCKHUMBI.

OCHOBHBIMU BHJIaMH TOBPEXICHUNA B TpaHchopMaTropax M aBTOTpaHc(hopMaTopax sSBISIOTCS
(K1):

a) 3aMbIKaHUS MeXAy (pazaMu BHYTPH KOXXKyXa TpaHC(hopMaropa M Ha Hapy>KHBIX BBIBOAAX
oomoTok (K2);

0) 3aMblkaHMsT B OOMOTKAax MEXJIy BHMTKaMU OJHOHM (ha3pl (TaK Ha3bIBaeéMble BUTKOBBIC
3aMbIKaHUs);
B) 3aMBIKaHUS Ha 3eMJII0 0OMOTOK MJIM X HapyHbIX BbIBOJOB (K3) puc 11.1;

') MOBPEXIECHUE MarHUTONPOBOJAa TPaHCHOPMATOPOB, MPUBOJSAIIECE K MOSBICHUIO MECTHOTO
Harpesa u «I10kapy CTajluy.
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OmpbIT oKa3bpiBaeT, 4to K3 Ha BRIBOAAX M BUTKOBBIC 3aMBIKaHUS B 0OMOTKaX TpaHC(HOpMAaTOpOB
IPOUCXOAT Hauboee 4yacro.

MexnydasHple MOBpEeKACHUSI BHYTPH TpaHC(HOPMATOPOB BO3HHKAIOT 3HAYMTENHHO pexe. B
TpexdasHbIX TpaHcHopMaTOpax OHU XOTS M HE HCKIIOYCHBI, HO MaJOBEPOSTHBI BCIICACTBUE
OO0JIBIION TPOYHOCTH MEXAY(PA3HON N3OIALNH.

K1

K3

K2§ }

Puc. 11.1. IloBpexxaenus B 0OMOTKax TpaHcpopmaropa

Haubonee yacTbiM HEHOPMANBHBIM PEKUMOM pabOTHI TPAaHCPOPMATOPOB SBIIAETCS MOSBICHUE
B HHUX CBEPXTOKOB, T. €. TOKOB, IPEBHIMIAIONINX HOMUHAIBHBIA TOK 0OMOTOK TpaHcdhopMmaTopa.
[losiBnEeHUs CBEpXTOKOB BO3ZHUKAET B CIEAYIOLIUX CIIydasx:
1) Buemmnue K3. [Tpu BHemmaem K3, BRI3BaHHOM MOBPEXKICHUEM Ha IIMHAX TpaHCcoOpMaTopa WiH
HEOTKJIFOUMBIIUMCS MOBPEXKICHUEM HA OTXOSIIEM OT IIWH MPUCOETUHEHUH, N0 TpaHchopmaTopy
npoxoaaT Toku K3, mpeBslmaronixe HOMUHAIBHBIC TOKH. CBEPXTOKH HArpeBalOT OOMOTKH CBEPX
JOTYCTUMOT'O 3HAYEHUS TEMIIEPATYpPhl, YTO MOXKET MPUBECTH K MOBPEXKICHUIO TpaHCPopMaTopa.
2) Ileperpy3ka. HaubGonee YacTo BO3HHUKAIOT KPAaTKOBPEMEHHBIE, CaMOJIMKBHUIUPYIOIIUECS
neperpy3kd, HeomacHble s TpaHchopMaTopa BBUIAY HX HENPOAOKUTENbHOCTH. Hampumep,
NEeperpy3kK, BBI3BAaHHBIE CaMO3aIlyCKOM JJIEKTPOABHUIATENed MM TOMYKOOOpa3HOM Harpys3koil
(amexTpormnoes3aa, TOABEMHUKH U T. 1.). OTKII0YeHHs TpaHchopMaTopa mpu TaKuX Meperpy3Kax He
Tpebyercsa. bonee nmnuTenpHbIE TEperpy3KH, BbI3BaHHBIC, HANpUMEp, aABTOMATHYECKUM
MOJIKIIIOUeHUEM Harpy3ku oT ABP, oTkiroueHuem napaiienbHo paboTaroliero Tpaicopmaropa u
T. M., MOTYT OBITh JIMKBUJIUPOBAHBI OOCITY>KUBAIOIIUM TEPCOHATIOM, KOTOPHIH HMMEET IJIsi 3TOTO
nocrtatouHoe Bpems. Ha moxacraniusx 0e3 OeXypHOrO MepcoHana JIUKBUAALUSA ATUTEIbHOM
MEeperpy3k  JIOJDKHA TPOU3BOIAUTHCS aBTOMATHYECKH OT 3alllUThl  OTKJIIOYCHHEM MEHee
OTBETCTBEHHBIX MOTPEOUTENEH WK TIeperpy3uBIIerocs Tpanchopmaropa.
3) IloBblieHue HanpsikeHusi. OHO BO3HUKACT MPU OJHOCTOPOHHEM OTKJIIOYECHHH JJIMHHBIX
JTUHUHA ¢ OONBIION EMKOCTHOM MPOBOJMMOCTHIO WM MPU PE30HAHCE, BHI3BAHHOM OIPEACICHHBIM
COYeTaHHEeM EMKOCTH JIMHUM W WHAYKTUBHOCTH NIYHTUPYIOIIMX peakTopoB. [loBbimeHne
HANPSDKEHUS BBI3BIBAET YBEIMUEHUE MAarHUTHON WHIYKIIMM B MarHUTOIIPOBOJE TpaHchopmaropa,
BCJIEZICTBHE YEro MPOMCXOJIUT BO3PACTaHHE TOKA HAMAarHWYMBAHUS M BUXPEBBIX TOKOB. JTH TOKH
HarpeBaroT OOMOTKY M CEpACYHUK TpaHchopmaropa, YTO MOKET NPUBECTH K MOBPEKICHHUIO
M30JSIIMA  OOMOTOK M «IOKapy JKele3a» cepiaeyHuka. Yem OombIle ypOBEHb MOBBIMICHUS
HaIpPsKEHUs, TEM MEHBIIE BPEMS thos, B TEUEHHE KOTOPOTO OHO JOITYCKAETCS.

Oowguit 00630p 3augum mpancghopmamopos
Ha Ttpancdopmaropax wmomHocThi0O a0 500 kBA B KadecTBe 3amuT OT BCEX BHUIOB
MOBPEXKACHUM W HEHOPMAJIbHBIX PEXKUMOB YIOTPEOISIOTCS TIUIABKHE MPeIoXpaHUTeNd, THO0
MPOCTEUIIIE aBTOMATHI.
Ha tpancdopmaropax momrHoctsio 500 +6300 kBA npumenstores TokoBbie 3auuThl: TO — ot
K3 B 0CHOBHOM Ha MEPBUYHBIX 3)KUMax W B NepBUYHON oOMoTke; MT3 ot cBepxTokoB; MT3 ot
HEPETPY3KH.
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Ha Bcex MacnsHbIx TpaHcdopmaTopax B JOIMOJHEHHWE NPUMEHSETCS ellé M rasoBas 3alluTa,
nepBasi CTylleHb KOTOPOH JIEHCTBYET HA CUTHAJ, a BTOpasi — Ha OTKJIIOUYEHUE

Ha Ttpanchopmaropax momHOCTRIO Bbime 6300 kKBA mnpumensercs mpoosbHas
mudpdepernmansaas 3ammra (Ip/[3); MT3 ot cBepxTokoB, MT3 oT neperpy3ku u ra3oBasi 3allUTa.

Ha nexotopbix TpaHchopMaTOopax yCTaHABIMBAETCS 3allUTa HYJIEBOW MOCIEI0BATEIbHOCTH
tuna MT3. Ilpu stom IIYD pexomenayer ycranaBmuBate MT3p Ha 2-X 0OMOTOYHBIX
MOBBIIIAIONIMX TpaHcpopmaTopax, Ha Bcex aBroTpaHchopmaropax (AT), Ha TPEXOOMOTOUHBIX
TpaHnchopmaTropax ¢ 2-X CTOPOHHUM ITUTAHUEM.

Toxkogvle 3auumot 08yX00MOmMOUHBIX MPAHCHOPMamMopos
1. TokoBsie otceuku (TO). Jlnsa 2-x 0OMOTOYHBIX TpaHC(HOPMATOPOB TOKOBBIEC 3AIIUTHI BCET/IA
YCTaHABIMBAIOTCA CO CTOPOHBI mutanus. s tpancopmaropoB cpenneit MmomuocT (500 -+6300
kBA) ocHoBHO# 3amuToii 0T K3 B OCHOBHOM Ha MEPBUYHBIX 3a)KMMaX W B MEPBHYHOH OOMOTKE
CIIy’)KUT TOKOBAast OTCEYKA.

nnMTaHune
TO MT3ce MT3nep
Q1 AL KA4 KA7
KA2 __ KAS
KA3 __ KAG

Q2

Fal:
5 K3

\

Puc. 11.2. 3MeputenpHas cxeMa TOKOBBIX 3alllUT TpaHchopMaropa

Hacrpoiika TO onpenensiercs cleayommuM o0pa3om:
=K, 19

1) Temu xe kputepusamu, uro u st JIDI: | P

C.3.
rme K, =12 — xooddumment manéxmoctr; | — Tpéxdasmerii Tok K3 Ha BTOPHYHBIX MIHMHAX
TpanchopmaTopa (B KOHIIE 3aIIUIIAEMOTO YIacTKa).

2) Ilpu BKJIIOYEHUHM TpaHCPOpMaTOpa BO3ZHUKAECT BCIUIECK TOKA HAMAarHWUYMBAHUSA, KOTOPBIH
nocturaetr  (5+7)1,,, modtomMy uroObl 3ammra He cpaboraia, €€ Hag0 HACTPOUTH

COOTBETCTBYIOIINM 00pa3oM:
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S WANAN
U

0,05+01c¢

., =(4=+5)I

W3 5TUX IBYX TOKOB JJIsl HACTPOMKH OepEéTcst Ooblliee 3HAYCHHE.

TO 3amumaer nepBUYHbIC 3aKUMbI M IEPBUIHYIO OOMOTKY (BTOpHYHAss OOMOTKA M BTOPUYHBIC
3a)KMMbI BXOJST B 30HY HEUYBCTBUTEIILHOCTH ).

2. MakcuMallbHbIE TOKOBBIE 3aIIMThI OT cBepXTOKOB (MT3cB). Haznauenue 31oit 3ammrhl: 1) B
Tparncopmaropax cpemHeld MOIMHOCTH B jomnoiHeHHe K TO 3amuimaer BTOPUYHYIO OOMOTKY U
BTOpUYHBIE 3aKUMBI TpaHchopmaTopa oT K3; 2) pesepBupyeT 3amuThl MNPUCOSAUHEHHNA K

HOM.MP.

TparcopmaTopy.
Hacrpoiika MT3cB:
| = Ky K |
c.3. K pab.max !
B
rne K, =12 — xoadpdumment HnHapé&xuoctn; K,=2+25 - KodpduIueHT 3amycka

anekTpoasurareneii; K, =0,85 — xoaddunnent Bo3spara TokoBoro pene; | — pabounii

pab.max
MaKCHUMAaJILHEIA TOK TpaHC(l)OpMaTOpa, KOTOpBIﬁ HE BCEraa CoBIIagacT C €ro HOMUHAJIBHBIM TOKOM.
Tak ecnu TpaHC(I)OpMaTOp pa60TaeT B Iape€ ¢ ApyruMm, TO TpaHC(l)OpMaTOpLI PE3CPBUPYIOT APYT

Apyra ¥ CyMMapHbIA TOK o0eux cekumid oyzmer: 1,5 #1410,

. — X
Tox cpabarsiBanus pene: |, , = 7 I,
T4

Bhijiepikka BpeMenu cpabaTeiBanns MT3cB onpenensercs kak tY/*¢ =7 @ 4 At

JIrobast 3ammuTa JODKHA TMPOBEPATHCS Ha  YYBCTBUTEIBHOCTH 1O KO3 UIMEHTY
qyBCTBUTEIBHOCTH:
- I ) | 2
K, =’|“—”“”. 1) s TO: K, = ’TL'”A >1,3; 2) nnst MT3cB: K, ="i¢'“5 >15.Puc 11.2
C.3. C.3. C.3.

Wnorna uwysctBuTensHocTh MT3cB npoBepsieTcsl emé U B KOHLE JIMHUU (TIPUCOETUHEHUS) K

TpaHcopmaropy — KodpGUIMEHT YyBCTBUTEILHOCTH 110 Pe3epBHOMY y4actky: Ky ,,, >12.

3. MakcuMalibHBIE TOKOBBIE 3aIlUTHL OT Ieperpy3ku tpancdopmaropa (MT3mep).
3amuTa OT meperpy3ku padortaer Ha curHan! OOBYHO TIeperpy3ka CHMMETPHYHAsS, TOTOMY
3aIMTa BBIMOJHSIETCS OJHUM pelie o Kakoh-11bo dasze.

K
> . & _ H
Hactpoiika MT3nep: cpabareiBaeT npu MUHUMalIbHOU nieperpyske | =—"-1

B
rie K, =105 — xoadduunent nanéxuocty; K, = 0,85 — koadpuuueHT Bo3BpaTa TOKOBOTO pEIIE;

Hom.mp. !

I — HOMHUHAJIBHBIN TOK TpaHchopmaTopa.

HOM.D.

Briepsxka BpeMern cpabatsiBanns MT3nep onpenensercs kak t'77"? =t"7¢ 4 At

C.3. C.3.

Ha uyBctButensHocts MT3nep k Tokam K3 He nposepsiercs!
VYnporuieHHas ornepaTuBHas cXeMa TOKOBBIX 3allIUT TpaHcopmaropa rnokazaHa Ha puc. 11.3.
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KSG2 -EC

+EC
KL1
KAl ,_l
KA2 L
KA3

Tp-KTLL
Jpo KT » Ha curHan

KT1

KA4 ,_l
KA5 I_,

KA6
KT2
KA7 1
KL1.1 | YAT1
- Q1 ]
KL1.2 : Q2 ~ YAT2

KSG1

» Ha curHan

Puc. 11.3. OnepaTtuBHas cxema TOKOBBIX 3aIUT TpaHCHOpMaTOpa

OObIYHO 3amUTa OTKIIOYaeT TpaHchopmarop ¢ OBYX CTOpoH (y 2-X OOMOTOYHOTO
TpanchopmaTopa).

Y moboro macinsHOro TpaHcopmaTopa HMMEETCs el MeXaHW4YecKas — ra3oBas 3allluTa,
KOTOpasi pacrojio)keHa B TaTpyOKe MeEXAy OCHOBHBIM Oakom TpaHchopmaTopa M OOUYKOM
pacmupurens. ['a3oBas 3ammTa 0OBIYHO UMEET 2 CTYNEHH: OJIHA CTYIMEeHb (CTaTHUecKas ) pearupyer
Ha ypoBeHb Macia (KSG1) — neiicTByeT Ha CWrHai;, BTOpas CTyIEHb pearupyeT Ha OypHOe
BhIZIeTeHUe ra30B B Maciie (KSG2) — neiicTByeT Ha OTKIIIOUYEHHE.

Ocobennocmu moKoevix 3auyum ¢ mpéxooMmomouyHom mpancghopmamope

TO B Tp€xoOMOTOUYHBIX TpaHc(hOpMaTopax WIM aBTOTpaHC(OpMATOpax TaK *Ke CTaBSITCS CO
ctopoHs! utanus. MT3cB 1 MT3mnep ycTaHaBIMBAIOTCS CO BCEX CTOPOH, HAa BceX 0OMOTKAX.

Ha croponax, rae HeWTpallb M30JUpOBaHa OOBIYHO HCIOJIb3yeTCsl 2-X TpaHchopMaTopHas
CXEMa BKJIIOUEHUS pelle.

MT3cB Ha BeTOMBIX CTOPOHAX (TaMm, IJle HET MUTaHUs1) OOBIYHO UMEIOT 2 BBIAEP’KKH BPEMEHMU:
1-oit menbueit Bbiepkkoil BpemeHn MT3cB JelicTByeT TOJNBKO Ha CBOM BBIKIIOYATENH; C
HECKOJIbKO Ooublieil BhIIEp>KKOM BpemeHH 3Ta ke MT3cB oTkirodaer TpaHcgopmaTop CO BCex
CTOpOH (T.e. IEHCTBYET Ha Bce BbIKIOYaTenu). MT3cB cO CTOpOHBI NUTaHMS Cpa3y OTKIIIOYAET
TpanchopMaTop CO BCEX CTOPOH, HO €€ BBIIEpKKA BPEMEHH JODKHA OBITH OOJbIE Ha CTYICHb
CEJIEKTUBHOCTH, 4eM Yy M T3cB Be1OMOI CTOPOHBI:

Ciree = Uiirae + 4L

3ammra ot neperpy3ku (MT3nep) kak mpaBuiIo, yCTAaHABIMBAETCS CO BCEX CTOPOH.
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NUTaHKME

Q1 TO  MT3ce MT3nep

L]
I_JI_Jé

Q3

MT3ce

MT3nep

MT3nep MT3ce
Q2

1z

Puc. 11.4. U3meputenpHas cxema MOJKIIOYSHHUS TOKOBBIX pesie TPEXOOMOTOUYHOTO
Tpancdopmaropa

3awuma Hy1€601 NOCIE006AMENbHOCIU MPAHCHOPMAMOPOS
Cornacuo [1YD B o0s3aTenbHOM nopsiake 3amurta oT K3 Ha 3eMITI0 TOJDKHBI YCTaHABIUBATHCS:
1) Ha BceX MOBBIIAIOMINX TpaHCHOPMATOPAX;
2) Ha Bcex aBTOTpaHc(hopMaTopax;
3) Ha 3-X 0OMOTOYHBIX TpaHC(HOPMATOPaX C JBYXCTOPOHHHUM MUTAHUEM;
4) Ha 1eXOBBIX TpaHC(opmaTopax ¢ coeanHeHHEM 00MOTOK A/Y wmmm Y /Y, co cropoHsI

Hanpsbkenus 0,4 kB.

Puc 11.5 Brmouenne M T3 Ha HeliTpanb TpanchopmaTopa.
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CriocoObl TOAKITIOUSHHS 3aIIUT HYJIEBOH MOCIEAOBATEILHOCTH MOTYT OBITH pa3iWYHbBIC: €CITH
umeetcst Tpancopmarop (110+220 kB) ¢ coenuHeHnem oOMOTOK B Y, HO 0e3 3a3eMIEHHOU
HEWTpalm Ha JaHHOM TpaHcopMaTope, TO 3alluTa BKIIOYACTCS Yepe3 TpaHChOopMaTophl TOKa,
COCIMHEHHBIX 10 cXeMe (PUIIbTPa TOKOB HYJIEBON MOCIEI0BATEIBHOCTH; €CJIM HEUTpallb 3a3eMJICHa,
TO 3alllMTa CTABUTCS HAa HEUTpasb, puc 11.5

N B ToM u B Opyrom ciydae 3amiudTa OTCTPAMBAETCS OT TOKOB HebOanaHca MPU BHEIIHUX
(o6wruHO Tpéx(azubix) K3.

Hoa MT3p I, =K, - |

Paspemaercss Ha OCHOBAaHWUHM OKCIEPUMEHTAIBHBIX JIaHHBIX TOK CpaOaThIBaHUS 3allUThI
onpenenath kak |, =(0,6+0,8)l

rne K, =12 —koadduruent Hané&xHOCTH.

HO.Max pacu.

HOM.mp. "

Ha mexoBwix TpaHcopMaropax 3amuTa YCTAaHABIMBAETCS Ha 3a3eMJICHHH. l[IpaKkTHYecKu
YCTaHOBJICHO, YTO HACTPOMKA TAKUX 3allUT OMPEEIAeTCS HOMUHAIBHBIM TOKOM TpaHchopmaropa,
te. |, ~I . B mexoBbIx TpaHchopmaTopax, 0coOCHHO ¢ coeuHeHHeM oOMoToK Y /Y, Kak

c.s. & Vosmp.
nokasajia nmpakTuka Tok ofHogaszHoro K3 Ha 3eMiIt0 MOXET OKa3aThCs B 3 +5 pa3 MeEHbIIEe TOKa
tpéxdasznoro K3, mo3ToMy UyBCTBUTEIBHOCTh TAaKUX 3alllUT BCETJa IMPOBEPSCTCS IO TOKY
onHodasnoro K3:

y .

C.3.

Ilpooonvuasn ougpepenyuanvran 3auguma cuno8o2o mpancghopmamopa
[Ipononvhas auddepenunansHas 3ammra ([Ip/[3) sBuseTcs OCHOBHOI 3amMTON OT BCexX
BHYTPEHHUX MOBPEXKICHUM sl TpaHCPOPMATOPOB MOIIHOCTBIO cBhIIE 6,3 MBA.
Kpome storo IIp/A3 TpanchopmaTopoB MOKET YyCTaHABIMBAThCS M Ha TpaHChOpMaTopax
MEHBIIIEH MOIIHOCTH B ciy4ae, eciid TO He MPOXOAUT 1O YyBCTBUTEIHHOCTH.

100 A

TAlg A,

TA2 % f l,

1000 A

Q2

\/

Puc 11.6 O6mmii npunmmn quddepeHInanTbHON 3aiuThI
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Kax u B JIDII npunamun aevictus [Ip/l3 ams tpancdopMaTopoB OCHOBaH Ha CPaBHEHHUU TOKOB
B Hauaje U B KOHIIE 3alMIIAEMOro ydactka, puc 11.6, ogHako peanu3anus 3TOro MPUHLMUIA B
3amuTe TpaHchopmaTopa UMEET IENbIN P 0COOCHHOCTEH

1) mepBUYHBIE TOKH U3HAYAIBHO Pa3HbIC, TOITOMY CPAaBHUBAIOTCS HE MIEPBUYHBIC, & BTOPHYHBIC

TokH. [Ina obecnieuenus OanaHca TOka B HOMUHaIbHOM pexume |, ~1, = TtpanchopmaTopsl

8.
Toka (TA) momKHBI OBITH MOJO0PaHBI C Pa3IMYHBIMKU KO3 (UIIMEHTaMH TpaHChHOpMaIUy.
Bri6op k03¢ punimenToB Tpanchopmaui OCymecTBISIeTCs 1151 HOMHHAIBHOTO PEXUMA!
I I

__ " nom.BH _ “mom.HH _ ) o
K,,=-"""—;, K,,=-"*=—, rae |, - HOMHHalIbHBII TOK BBICOKOH CTOPOHBI

I 6l.nom. 62.HOM.

tpaHcdopmaropa; |, - HOMUHAJIBHBIA TOK HU3KOH CTOPOHBI TpaHC(hOpMaTOpa

Bropuunble HOMMHanbHbIe TOKM TA, BBITYyCKa€MbIX OTEUECTBEHHOW IIPOMBIILIEHHOCTBIO,
paBeH 5 A.

2) Ecin cxeMbl COEIMHEHHs OOMOTOK CHMJIOBOTO TpaHC(OpMaTopa OAMHAKOBBI (HAIpHMED,
Y 1Y), To Takoro Beibopa K, Kak B 1.1 OyJeT BIIOJIHE HOCTATOUHO.

Ecimu ke cxembl coeMHEHHS OOMOTOK CHIJIOBOTO TpaHC(opMmaTopa pasiudHbIe (Hampumep,
Y/ A), To npu TpaHchOpMaIK TOKA BOZHUKAET YroJl caBura ¢as:

perne

I@l I62

\/

B pesynbrate naxke mpu paBeHCTBE TOKOB |y M Iy Oamanca He mosydaetcs, mo pene Oyaer
IPOTEKATh TOK U 3aILUTa MOKET cpaboTaTh. UTOOBI 3TOr0 HE MPOU3O0ILIO, YToJl CABUra (a3 HyKHO
KOMIIEHCUPOBATh JUIsl 3TOT0 BTOpUYHbIE 0OMOTKH TA COEIUHSTH MO CXEMaM «IIPOTHUBOIIOIOKHBIM»
CXEeMaM COEIMHEHMs CUIIOBBIX 00OMOTOK TpaHchopMmaTopa. [Ipu coequHeHn CUIoBbIX 0OMOTOK 110
cxeme Y/ A, koadduiments! Tpanchopmarn TA onpenessiroTes Kak:

\/§I _ IHoM.HH

_ nom.BH -«
KTAIA - ’ KTAZY - I

6l.nom. 62.HOM.

3) T.x. TA BbImyckaeTcss cO CTaHAAPTHBIMU KOdPduIeHTaMu TpaHchopMmaluu, TO TOYHO
noao0paTh HEOOX0oauMbIe KOIDHUIIMEHTHI HE yIaéTcs, T.€. aOCONIOTHOTO PaBEHCTBA BTOPUYHBIX
TOKOB (Jla)ke B HOMUHATBHOM PEKHME) JTOCTUTHYTh TOXKe He yAaéTcs, 6alaHc TOKOB HE MOTy4aeTcs
U T10 pelie B HOMUHAIILHOM PEeXKHUME MPOTEKAeT TOK. B CBsi3M ¢ 3THM (eciu He yaaércst JOCTUTHYTh
paBEHCTBa BTOPUYHBIX TOKOB), TO JOOMBAIOTCS PABEHCTBA aMIIeP-BUTKOB (MarHUTHBIX IMTOTOKOB) B
JIOTIOTHATEIFHOM TIPOMEKYTOYHOM TpaHchopmatope. JIJIs 3TOTO perne BKIIOYAIOT —dYepes
MIPOMEKYTOUHBIN TpaHCHOPMATOP, BCTPOCHHBIN BO BHYTPh pelie, TaKue CIeIUaIn3upOBaHHbBIC peTie
BbIITycKatotcs noa mapkou PHT, JI3T:

[lepBuuHass 0OOMOTKAa MPOMEXKYTOYHOTO TpaHCchopMaTopa COIAEPKUT uddepeHIHaTbHYO
OOMOTKy- W, ¥ YPaBHHMTEIbHYH) OOMOTKY - W, , BKIIOYAETCA B IUIEYO, rae TOK I, MeHbme

pPacyeTHOTO.
ITycts 1,<1,,, Torna Tox |, mpomyckaercs TOIbKO uepe3 IUPepeHLIUATBHYI0 OOMOTKY
I, Wy, a Tox |, yepes muddepenimanbHyr0 ¥ ypaBHUTENbHYO, T.e. (W, +W,)- 1. Takum

00pa3oM, OCYIIECTBISCTCS PABEHCTBO MArHUTHBIX TOTOKOB TIMOJ0OPOM YHCJIa BHUTKOB:

lo-wy, =1,-(W, +w,), puc 11.7

78



TAlg f L

TA2 % f L,

Q2

\

Puc 11.7 Bximrouenue auddepeHnnaabHol U ypaBHUTEIbHON OOMOTKH.

Hacmpoiika llp/[3 mpancghopmamopa
Tok cpabaTbiBaHusl 3alllUThl BBIOMpPAETCS W3 COOOpaKEHMs, KOrAa 3alluTa HE JOJDKHA
cpabaThIBaTh.
g nactpoiiku [1p/13 TpancgopmaTopa Hy’>KHO yUUTHIBATh ]Ba OCHOBHBIX (haKkTopa:
1) Bammita He Ao/mKHA cpabarhiBaTh OT Opocka TOKA HAMAarHWYMBAHUS OPH BKIHOYCHHU
CUJIOBOTO TpaHchopMaTopa:

L m

S AN AN
y

0,05+01c

Puc. 11.8. Bpocok Toka HaMarHWYWBaHMS TIPU BKIFOYECHUHU TpaHChOopMaTopa

Oco0eHHOCThIO Opocka TOKa HaMarHWYMBAHUS SBJSETCS TO, YTO OH 3aTpauyuBaeTCs BHYTPHU
TpaHcdopmaropa, T.e. MPOTEKaeT TOJBKO MO TpaHchopMaTopaM TOKAa CO CTOPOHBI MHUTAHUS, T.C.
Becb HAET B HeOamaHc. MOXKHO NpPEIJIOKUTh HECKOJIbKO BAapUAHTOB OTCTPOWKH OT TOKa
HaMarHWYUBaHUs

A) KonnyecTBeHHas OTCTpOiiKa OT Opocka TOKa HAaMarHUYMBaHUS:

I, =K1, HO MOCKOJIbKY TOK HaMarHW4YMBaHUS J0CTaTO4HO Benuku (461

op.Ham.

MPUBOJUT K 3arpyOJIeHHIO 3alIUThI (MHOTIA 10 TOTO, YTO 3alllUTa He 4yBCTBYET TOKH K3);
b) Hcnonp3oBaHue CHEHMATBHBIX pelie € MPOMEKYTOUYHBIM  OBICTPOHACKHIIAIOIIUMCS

tpanchopmaropom: PHT — pene ¢ Haceimaromumcest TpanchopmatropoM. B MoMeHT Opocka Toka

HaMarHUYMBaHUs TPaHCPOPMATOP HACBIIIACTCS U HE MPOITYCKAeT CUTHAJl BO BTOPUYHYIO OOMOTKY,

KyJla IPUCOCIMHEHO CaMo peJie.

) 3TO

HOM.Mp
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B) IIpumenenne HeOONBIIONW BBIACPKKH BPEMEHH CpalOaThIBaHWS 3aIIMTHL. J[JIUTETLHOCTH
Opocka Toka HaMarHu4duBaHus npudamsutensbHo cocrapmsier 0,05+0,1 ¢, mosToMy CTOUT 3ammTe

npuaaTh HEOONBIIYIO BBIIEP)KKY BpPEMEHH, KaKk OHa He OyJeT pearupoBarh Ha OpOCOK TOKa
HamaranuuBanusi. OgHako, eHHOCTh [Ip/I3 B ee ObICTpoAelicTBHU, MOATOMY JAaHHBIN CIIOCO0 HE
MPUMEHSETCS.

2) 3ammTa He J0KHA cpadaThiBaTh npu BHEIHUX K3 (oOecneuenne CeeKTUBHOCTH).

[Ipn BHemnux K3 Bo3HHMKaIOT TOKM HeOanaHca, MO3TOMY Uil TOTO, 4yTOObI 3amMTa OblLia
CEJICKTHBHA, €€ HEOOXOMMO OTCTparBaTh OT ITUX TOKOB HebanaHca:

A) Moxet npuMeHsTCs] KOTMYeCTBEHHAas: OTCTPOMKa OT TOKOB HebanaHca

Ic.3. = KH ) Inﬁ.r’r‘ﬁXpacq. )
B cuioBeIx TpaHC(l)OpMaTOan TOK HeOajlaHca UMeeT TPH COCTABJIAOIIUX
o " m
|116.maXpactL - Irﬁ. + |116. + Inﬁ.’
e%

rne I::E.:K‘odﬂ.Ka.m.lK3max

PasHOTHITHOCTHIO TpaHcopmaropos Toka; K, =1 —koaddunuent onnorunuoct; K, =1,6+2 —

— BO3HHUKAET 3a CYET HAJIMYMUSA INOTPELUIHOCTH, CBSI3aHHOM C

KO3 (GUIIMEHT, YYUTHIBAIOUINI amnepuoauyeckyro coctaBisionylo B Toke K3; &% =10% -

oTHOcUTeNbHas mnorpemHocts TA; 1, Tok TpéxdasHoro K3 Ha BTOPUYHBIX 3axKHMax

CUJIOBOTO TpaHc(hOpMaTop;

1, -1 .
—L__62 .| . — BO3HHMKAeT 3a CYET HETOYHOCTH T0AO0pPa KOIPHHUIMEHTOB

I =
6l
Tpancopmaluu TpaHcPOpMaTOPOB TOKA;
. AU% I
Ho . 100% K3max
(PIH);
AU % — npoueHT peryinupoBaHus HaNpsKEHUs 110 Harpy3Koi B OJIHY CTOPOHY.
b) Ilpumenenue cner pene
HenocpencTBenHas oTcTpoiKa 3aliUThl OT TOKa HebalaHca MOXKET CUIIBHO 3arpyOuTh 3alluTy.
B cBs3u ¢ atum mpumensitor crienuansHbie pene 3T — pene muddepennmanbHON 3amUThl C
TOPMO3HBIMH CBOMCTBaMH. 1IpOMBIIIIEHHOCTBIO BBITYCKAKOTCS dJeKTpoMexaHnuueckoe pene J[3T-
11 u momynpoBotHUKOBOE pene J[3T-21.
B snexTpomMexaHHMUECKOM pejie MMeeTcs JIOMOJHUTENbHAs OOMOTKAa — TOPMO3Hash OOMOTKa.
Ecnu no Helt mpoTekaeT TOK, TO OHA HAChIIAeT TpaHCc(HOpMaTop, HE MPOIYCKAET CUTHANI, U 3allluTa
He cpabaTbiBaeT. TopMo3Has 0OMOTKa CTaBUTCS B BeJOMOe Iuieyo, puc 11.9

——

— BO3HHKAET 3a CYET pabOThl yCTPONUCTBA PEryIMPOBaHUs 110 Harpy3Kou

Q1
lTAl%f L
T T\ AANA
agpa
WT
TA2 E T I,
Q2

s

Puc 11.9 BximroueHrne TOpMO3HOH 0OMOTKH
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[Ipu Bo3HmkHOBeHMHM K3 1o oOMoTkam mpoTekaeT Oosblinoi ckBo3HOM TOk. [Ipu K3 BHYTpH
Tparncopmaropa TOK Mo BTOpoi rpynmne TA He IpoTeKaeT, T.e. HE MPOTEKaeT MO TOPMO3HON
OOMOTKE W, pelle M OHa HE MpPEHATCTBYeT B paboTe peNelHOM 3aluThl, C BBICOKON

YYBCTBUTEIHHOCTHIO.

Ha npaxTyke NpuMEeHsIOT TpU OCHOBHBIX THIA AU (HepeHIHNAIBHBIX 3aIUT TPaHCHOPMATOPOB:

1) muddepenmmanpHas oTcedka (camoe mpoctoe TokoBoe pene PT-40). B stom ciydae
OTIpeNIeNAIOMIUM (HaKTOPOM, OT KOTOPOTO MPUXOAUTCS OTCTPAUBATh 3aAIIUTY SBISETCA OPOCOK TOKa
HaMarHUYUBaHWUSL.

[IpakTrKa mokaszana, 4To HaJeXKHasi OTCTPOHKa OT OpOCKa TOKAa HAMArHUYMBAHUS JOCTHTACTCA,
eciu

., =B+4)I

2) 3amuTa ¢ anexkrpomexannueckum peine PHT, 13T
Hanmexnass oTCTpoiika OT pacCMOTPUHHBIX  BbIIE  (AaKTOPOB  JOCTUTACTCS,  €CIU

Ic.a. = (1’2 _115) I mp .HOM.
3) CoBpeMeHHbIE MHUKPOIPOLIECCOPHBIE 3alIUTHl OOECIEeUMBAIOT HANCKHYIO pPadOTy mpH
., =(0,3+05)I

mp.Hom. "

mp.HOM.

Ocobennocmu 3auumal mpancgopmamopog be3 viKnouameseil Ha 6blCOKOI CHOPOHE

B mpakTuke SKCIUTyaTalliud CHUCTEM 3JIEKTPOCHAOKEHHsI BEChbMa IIMPOKOE PACHpPOCTPAHEHUE
MOJYYUJIO TPUCOCTUHEHUE MOJCTaHIMK mo cxeme oTmaiiku (puc.11.10) wnm mo cxeme Tak
Ha3bIBAEMOT0 TIyOOKOro BBOAA — OyouHast cxema (puc.11.11). B aTux ciydasx mpu mOBpeXICHUN
TpaHchopMaTopa OH OTKJIFOYAeTCsl BBIKIIOYATENIMHU JUHUN 31ekTponepenadn (Qi, Q2). Oxnako,
YYBCTBUTEJIBHOCTH 3aIlUT, CTOSIIMX HA 3TUX TOJOBHBIX BBIKIIOYATENSAX XBaTae€T TOJIbKO, Kak
npaBwio, npu K3 Ha BXOAHBIX 3axkumax (B JydlleM ciay4ae M B IEpBUYHON OOMOTKE)
Tpancpopmaropa. [losTomy Ha Tpancopmaropax 06e3 BBIKIIOYATENEH HA BHICOKOH CTOPOHE TOXKE
YCTAQHABJIMBAIOTCS 3alllUThl B COOTBETCTBUM C MOIIHOCTBIO TpaHcopmaropa, HO MpHU
cpabaThIBAaHUM ATHX 3aLIUT UMITYJIbC NEpeNaéTcsl Mo KaHajdaM CBs3U (TenemexaHuku, TVY), Ha
3allMTEl TOJIOBHBIX BBIKIIOYATENEH ATO HE BCErAa BO3MOXKHO. B CBSI3M ¢ O3TUM, 3alIuThI
TpaHc@opmaTopoB 0e€3 BbIKJIIOUaTeIed Ha BBICOKOW CTOpPOHE dHalle Bcero paldoTaroT Ha
KOpOTKo3aMbIkaTenb (puc.11.10), KOTopblil ycTaHaBIMBaeTCs Ha BXOAHBIX IIMHAX TpaHchopMmaropa
(T.e. 3amuTa TpaHcpopmaTopa yTpauBaeT eme oaHo uckyccTBeHHoe K3, mi1s Toro, 4ToObl 3amuThI
TOJIOBHBIX BBIKJIFOUATENIEH OTKIFOUMIM NOBPEXAEHHBIHN TpaHchopMarTop).

(o] Q2

- {/ QN

P3 =

Puc. 11.10. [Ipucoennnenue Tpancopmaropa 1o cxeme OTrnaiku

T

(OO —COOHT-

Puc. 11.11. Cxema rmy6okoro BBosa
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B cucreme 110 xB, rnme neiftpans 3a3emiena kopotko3ambikatenb (QN) ocymectisier
omaodaznoe K3. B cucreme 35 kB (HeiTpans mszonupoBana) — ayxdasnoe K3. Omgnako mpu
cpabaThlBaHUM 3alIMT JIMHUHM OTKiItoyaercs TpaHcopmarop Bmecte ¢ JIOII. Ilostomy B
JIONIOJIHEHUH K KOPOTKO3aMbIKaTeN0 ycTaHaBiauBaercss oraenutens (QR), kKoTopelil pa3pbiBaer
LeNb TOJbKO B OOECTOYEHHOM COCTOSIHUM, T.€. KOTJa OTKJIIOYAETCS BBIKJIIOYATENIb HA T'OJIOBHOM
yuactke. [Tocine sToro cpabarsiBaer AIIB 1 BKiItOUaeT HEMOBPEXKAEHHYIO JIMHUIO B PadOTYy.

[TocnenoBarenbHOCTh pabOTHI ammapaTypbl MOXHO MPOCIEAUTh IO OINEPAaTUBHOU cXeMme
(puc.11.12).

EC _
¥ KLp3 jaNt TACow EC
" ‘”L+
| CaMz KL
| KL
f (28
—
O KL1 |OR el

Puc. 11.12. OneparuBnble nienu paboThl 0JI0Ka OTAEIUTENb-KOPOTKO3aMbIKATEIh

B HOpManibHOM COCTOSTHMHM KOPOTKO3aMbIKaTellb OTKII0UYEH, ero KOHTakT QN1 3amkuyT, a QN2
— pa3zoMkHYT. OTenHuTenh BKIIOUYEH U ero KOHTaKT QR 3aMKHYT.

IIycte mpomsonmo K3 B Tpanchopmarope. Cpabortana peneiinas 3amurta (P3)
TpaHcopmaTropa, 3aMKHYJIUCh KOHTakThl KLp3 M mpomén curHanm Ha COJIGHOMJ BKIIIOUEHHUS
kopotko3aMbikarenss YACqon. KopoTko3aMblkaTenb BKIIOYAETCs, €r0 ONOK-KOHTAKT MEHSIOT CBOE
nonoxkenne: QN1 pasmeikaercs, QN2 3ambikaercs. [locie co3maHHOTO HCKyccTBeHHOro K3
cpabatbiBaeT TokoBoe pene KA 1 pa3mblkaeT CBOM KOHTaK B LENH MUTAHUS POMEXYTOYHOTO pesie
KL1. Tocne cpabaTeiBaHUs peNCHHBIX 3aIIUT TOJOBHBIX BBIKIIOYATENCH W OTKIIOYCHUS JIMHUU
BMecTe ¢ TpaHchopmaropoMm, Tok K3 no pene KA mporekats nepecraer pene KA ormyckaer sikops,
ero koHTtakThl KA B memm KL1 3ameikaercsa, KL1 3aMpIkaeT CBOM KOHTAKTHI, C HEOOJBLIION
BBIJICP)KKOM BpeMeHH, B Lienu coseHoupa otkimoueHus YATqor — oraenurens. Otaenurens
OTKJIIOUaeT TpaHchopmarop B odectoueHHOM coctosiuu. [locne atoro cpabareiBaer AIIB 1 BHOBB
BKJIIOYAET BBIKJIIOYATEIM TOJIOBHOTO ydacTka. Takum oOpa3zoM, MOBpeXIEHHBIN TpaHcopmaTop
Oyznet otkitouéH, a JIDII ocranercs BxitoueHHoU. [Ipu aTom, Beinep:kka Bpemenu AIIB romoBHbIX
BBIKJIFOUYaTee BbIOMpaeTcs Oonbliel BpeMeHH paboThl Bcell ammapaTypbl Ha IOACTaHIMHU-
OTHaiKu:

>t

tAITB 6r1.QK + tKLl + tomm.QR )

Tema 3.2. 3a1UTHI 3J1eKTPOABUIaTEIeH

Jlekuusi TPOBOAMUTCS B HHTEPAKTHBHOM (opMe: JIEKIUA-TUCKYCCHs, JIEKIUsI-Oecena, JIEKIUs C
TEKYIUM KOHTpoJIeM (2 yaca).

Ilogpescoenus u HeHOPMATIbHBLE PEHCUMBL 8 ITEKMPOOBUZAMENAX
Haunbonee yacTeMU MOBPEXKACHUSMH B 3JIEKTPOJBUTATENAX SBISAIOTCS Mexaydaszneie K3 B
00MOTKax cTaropa W Ha 3a)KHMax ABHraTels. PaznmuaroT ABUraTenu HU3KOBOJBTHBIE (0 1 kB),
KOTOPBIC THUTAKOTCA OT ‘IeTpréXHpOBOl[HOﬁ cetu. B aTHx ABUTATCIIAX OOCTATOYHO THUIINYHBIM
noBpexxaenneMm sBisiercss K3 ¢dasza-kopnyc. B BoicokoBonbTHBIX aurarensx (3, 6, 10 kB)
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OpUMEHsSeTCd TPEXIPOBOJHAS CHUCTEMA, IIOITOMY TaM THUIMYHBIM TOBPEXKIECHUEM SIBIISIETCS
mexaypasznoe K3.

Mexny¢aznubie K3 BbI3BIBAIOT 3HAUUTENBHBIE Pa3pyIIEHUS U CONMPOBOXKJIAIOTCS MOHUKEHUEM
HaNpsDKCHUST B MUTAIONIEH CETH C HapylIEHHEM HOPMajbHON pabOThI OCTAIbHBIX MOTpEOUTENEH.
[TosTOoMy 3amuTa 371eKTpoABUraTenei OT Mex1y(a3HbIX MOBPEXICHUN ABISIETCS 0053aTEIbHOM.

OnHoda3zHble 3aMBIKaHUSI OOMOTKH CTaTOpa Ha 3€MJII0 Y BBICOKOBOJIBTHBIX BBIKJIFOUATENCH
MEHEE OMACHBI, TaK KaK CETH, OT KOTOPbIX MUTAIOTCS IEKTPOJBUTATENH, KaK IIPABUIIO, pabOTAIOT C
U30JIMPOBAHHBIME ~ HEUTPASIMHM. 3alluTa DJCKTPOJBUTATENeH OT 3aMBIKaHUA Ha 3eMIIIO
yCTaHaBJIMBAETCS B TEX ClIydasiX, KOrJa TOK 3aMbIKaHUs Ha 3eMilto Jocturaer 5—10 A.

CrenanbpHble 3alIUTHI OT BUTKOBBIX 3aMBIKAHUI B OJHOM (ha3e cTaTopa HE MPUMEHSIOTCS, TaK
KaK [IPOCTBIX CLIOCOOOB €€ BBIIIOJHEHUS Ha CErOAHSIIHUM JeHb HE CYLLECTBYET.

Haunbonee yacThiM HEHOPMAIBHBIM PEXUMOM JUISL AJIEKTPOABHUraTENCH SBISETCA Teperpyska.
Crienuduka B TOM, 4TO y 3JIEKTPOJBUIaTENIeH CyIIECTBYET U pabouas neperpyska (IpH mycke).

[IpoxokJeHHE TOBBIIICHHBIX TOKOB CBEPX OMNPEJCNICHHOIO BPEMEHH OMACHO s
anekrpoasurareneil. IloaTomy Ha  3I€KTpoABUraTessiX, IOJBEPKEHHBIX  IEperpy3Kam,
YCTAQHABJIMBACTCS 3alIUTa OT TEPEerpy3KH, KOTOpas B 3aBHCHUMOCTH OT YCIOBHHA pabOTHI M
00CITy’)KUBaHUs 3JIEKTPOJIBUTATENEH BBINOJHACTCA ACUCTBYIOLIEH Ha CUTHAJ, Pa3rpy3Ky NPHUBO-
JMMOTO MEXaHHM3Ma WJIH OTKITIOYCHUE DIICKTPOABUTATEIIS.

B HekoToppIX ciydasx sBISeTCSd HEIONYCTUMBIM WM HEXKeJaTelIbHbIM CaMO3aIlyCcK
DIIEKTPOABHUTATEeNIe TIPH BOCCTAHOBICHWM HANPSHKCHHUS TOCIAE  KPAaTKOBPEMEHHOTO  €ro
HCUE3HOBEHUA. Takoe MOJI0KEHUE MOXKET MMETh MECTO 10 YCJIOBHUSAM TEXHOJIOTMU MPOU3BOACTBA
wn 0€30MacHOCTH IIEPCOHANA, a TaKKe ObIBaeT HEOOXOIUMO ISl OTPAHMUCHUS TOKOB CaMO3aIlycKa
nyTEM OTKJIFOUEHUS YaCTH MAJIOOTBETCTBEHHBIX 3JIeKTpoaBUraresneid. Ha Takux 3iaekTpoaBUraTensx
YCTaHABJIMBACTCS 3al[UTa MUHIMAJIHHOTO HAMIPSDKEHHMSI, JCHCTBYIONAs Ha UX OTKIIIOYCHHUE.

JU1s CHHXPOHHBIX JIBUraTeiae MOXKeT ObITh elé OuH crnenuduyeckrii HeHOpMaJIbHBIA PEKUM
— ACHHXPOHHBIM XOJ, T.€. CHHXPOHHBIM JBUTATENb MOXET BBHINAIaTh W3 CHHXpPOHU3Ma (IIpH
IJ1yOOKOM HMOHMKEHUU HAIPSDKEHUS!, TOBBIIIEHUN HArpy3KH), JJIUTEIbHOE CYIIECTBOBAHUE TAKOI'O
peXrMa HEJIOMyCTUMO. .

Hu3KoBONMBTHBIE  3JEKTPOJBUTATENM, KaK MPaBUIO, KOMMYTUPYIOTCS  MarHUTHBIMH
MyCKaTEeIIIMA — 3TO TPENIoJaraeT Crnenn(uKy CXeMbl YIPaBJICHHS W 3aIIUTHL. BBHICOKOBOJIBTHBIE
AIIEKTPOABUraTeI KOMMYTUPYIOTCS, KaK MTPABUIIO, MACIISTHBIMH BBIKITIOUATEIISIMU.

3awumol I1eKkmpooguzameeil
Tunel 3a1IUT ONIPEACIISIOTCS MOIIIHOCTBHIO DJIEKTPOABUTATENICH. Pa3nuuaroT sJeKTpoABUTATEIN
1) Manoit mourHoctu (10 500 kBT), 3TO Kak npaBuiIO HU3KOBOJIBTHBIE IBUTATENN
2) Cpenneit motrHoctH (0T 500 10 2000 kBT);
3) bonbmoit momuocTH (60nee 2000 kBT), BHIMOTHAIOTCS Ha BHICOKHE HATIPSIKEHUS.

3awuma HU3K0BONLMHBIX INNEKMPOOsUzameeil

Jns 3ammThl aCHHXPOHHBIX 3JiekTpoaBurateneid 660 B u 380 B mpumenstorcs miaBkue
MPEAOXPAHUTENN, AaBTOMATHI, TEIUIOBBIE pele, BCTPOCHHBIE B MArHUTHBIE ITyCKATEIIH.
KomMmyTanmoHHbIMM  anmaparamMy ISl JIBUTATENIE HHU3KOTO HANPSKEHUS CIy»KaT MarHWTHbBIE
MyCKaTeI WIM KOHTAKTOPbl. 3alllUThl W 1€MW VYIPABICHUS BBINOJIHAIOT HAa MEPEMEHHOM
onepatuBHOM Toke (puc.12.1). [InaBkue nmpeaoxXpaHUTENH 3alIUIIAIOT ABUTATENIb B OCHOBHOM OT
KOPOTKHUX 3aMbIKaHUM, TEIUIOBBIE PACLEIIMTENN B MATHUTHBIX ITYCKATENSAX — OT IEPETPY3KHU.

Tennosas 3ammra (KK) mpeacraBmsier u3 cebsi OMMETAINTUYECKYIO TIJIACTHHY, Ha KOTOPYIO
HAMOTaHa TMPOBOJIOKA C BBICOKUM DJIEKTPUYECKHM COMPOTHUBIEHUEM (HUXPOM, HHUKEIHH,
KOHCTaHTaH). Eciu 1o gBuraTento mpoTekaeT HOMUHAIBHBIN TOK | TO MPOBOJIOKA MTPAKTUYECKH

HOM
HC Harp€BacTCA. Eciu paunnaer MMPOTEKATh TOK IMEPETPY3KH, TO IJIACTUHA HAIPEBACTCA U crubaercsa
— ocBOOOXKAaeTcs 3aménKa 1 pa3mbIkatoTcest KoHTakThl KK.
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Puc. 12.1. 3amura s5eKTpoaBUraTesieii Majaoil MOITHOCTH

KM — marnuTsbli myckarens; KK — Termoas 3ammra (0ObI9HO BCTPOSHA B MATHUTHBIH

MyCKaTeJb)

1. 3ammTa MIaBKMMH IPEeJOXPAHUTCIISIMH.

Bemomnnsiercst Tpéxa3sHoOi OTAENBHO JUISl KaXIOTO ABUTATENS C COONIOJCHHEM CIEIYIOIINX

YCIIOBUU:

1) kopmyc mnpemoxpaHWTENs JOJDKEH BBIOMpAThCS Ha HANpPSHKEHHE, COOTBETCTBYIOIIEE

HaIIPpsAKCHUIO CETU
u, . =U,,

np.Hom

rae U — HOMHMHAJIbHOE HalpsKeHUe npefgoxpanurens; U . — HanpspkeHue ceT.

np.HOM

(12.1)

2) Hpe,I(CJ'IBHHﬁ TOK OTKJIFOUCHUSA NPCHOXPAHUTCICEM (OTKHIO‘IaIOH_[aH CHOCO6HOCTB) JOJIKCH

OBITH OOJIBIIIE MAKCUMAIILHO BO3MOKHOTO TOoKa K3:

__ ] max
Inp.omm. - IKS‘ !

rae | — IpEeeNbHBIA TOK OTKIIOUeHUS; |3 — MakcuManbHOe 3Ha4YeHne Toka K3.

np.omK.

3) HOMUHAJIBHBIN TOK IJIABKOM BCTaBKHU | BBIOMpAETCS U3 CIAEAYIOUINX YCIOBUM:

| =K,

6C.HOM

8C.HOM

06.HOM !

rae K, =11+12 — xoapduuuent nanéxuocry; |, ~— HOMHUHAIBHBIA TOK JBUraTENs.

HIJIN

_ I nyck

IG’L’.IIUM - K

— MYCKOBOM TOK Jiurarens; K, — koopduunent neperpysku;

nep

rae |

nyck
K., =16+2 nns Tsok€nbix ycnoBui mycka (Bpems mycka 6onee 10 ¢);
K,,, = 2,5 nns n€rkux ycnoBui mycka (Bpems mycka menee 10 ).
HomuHansHBII TOK IBUTATENST OTIPEIEISETCS TT0 U3BECTHOU (hopmyre:
P

08.HOM

\/§ . U c’ cos ¢H{)M : TIHOM

os.Hom

rae P,

8.HOM

MOINHOCTHU ABUTaTECIId, 77, — HOMHHAJIBHOC 3HAUYCHUC KHI[ JABHUIaTCIIsA.

2. 3ammTa aBTOMaTaMu.

(12.2)

(12.3)

(12.4)

(12.5)

— HOMHHAaJIbHasA MOIIHOCTL ABUTrATelsl; COS Dom — HOMMHAJIbHBIN KO3(I)(I)I/II_[I/ICHT

3amuTa aBTOMAaraMd MMEET HEKOTOpblE NPEMMYIECTBA IEpel 3allUTON  IUIaBKUMH
NPEJOXPAaHUTEISIMU: BO3MOXKHOCTb OBICTPOrO BKJIKOYEHHUS IOci€ cpabaThlBaHUS, OTKIIOYEHUE

cpazy Tpéx ¢a3s.
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Br160p aBTOMATOB OCYIIECTBIISIETCS 110 HANIPSKEHUIO:
U =U_, (12.6)

aem.Hom

rac U — HOMHHAJIbHOC HAIIPAKCHHUC aBTOMATaA.

aem.Hom

Ilo npeacibHOMY JOITYCTUMOMY TOKY OTKJIFOUCHUA
max
Iomm.npe(). 2 IK3 ! (127)

rae | — TIpeeNbHBIA OTKIFOYAeMBbIil TOK; |5 — MakcuManbHbIH TOK K3.

omK.npeo.
Tox YCTaBKHU aBTOMAaTa paCCUMUThIBACTCA 110 (bOpMyJIe:
| =(@15+18)l (12.8)

Tok YCTaBKU TCIIJIOBOI'O pacCHCIIUMTCIIA aBTOMAaTa (MaI‘HI/ITHOI‘ () HyCKaTeJISI) OTCTPanuBaACTCA OT
HOMHHAJIBHOI'O TOKa ABUI'aTCIIA:

nyck *

Ic-PaCu. = (1’1_1’3) Ibs.rw,u * (129)
3aH_II/ITa aBTOMAaTOM CUHUTACTCA qYBCTBHTeHBHOﬁ, [S{oA)151
@
K, z:£21,25, (12.10)

C.3.

1
rac |1((; — TOK OI[HO(I)B.SHOFO K3 na knemmax QJICKTPOABUTI'ATCIIA; | ~— TOK Cpa6aTBIBaHI/I$I 3aIlIUThI,

Cc.3
K, — ko3¢ dunueHT 4yBCTBUTEIbHOCTH.

3amuTa MUHUMAJIBHOTO HAMPSKEHUS! IBUTATENIed KOMMYTUPYEMbIX MAarHUTHBIMU ITYCKATEIISIMU
HE TpeOyeT MOMOJHUTEIbHBIX YCTPOWCTB, T.K. MarHUTHBIC IMYCKATEIH OTKIIOYAIOTCS CaMH IpU
HMCUYE3HOBEHHUH HAIPSKCHUS.

JlBuraTenu cpelHe MOIIHOCTH MMEIOT B KadecTBe 3amuT oT K3 Ha 3axuMax W B Hayaie
ctatopHoir 00MoTKe TokoBble oTcedku (TO). TO — 310 3ammTa MTrHOBEHHOTO JIEHCTBUS, TOITOMY
OHa HE JIOJDKHA cpabaThiBaTh IMPHU IYCKE AJIEKTPOJBHUraress. ACMHXPOHHBIM IBUTATEb B 3TOM
Clly4ae HallOMHMHAET CHIJIOBOM TpaHc(opmaTop:

I

6p.nan.

nyck

|
V HOM. .
R

Puc 12.2 Xapaktep u3MeHeHUs TOKa MpH Iycke (orudaromias)

lspran. = L6 +18)1, . - GPOCOK TOKA HAMATHMYMBAHHUSI
Ic.3. = KH ’ Inycx'
rre K, =16+18 - xodpduuneHT HagEKHOCTH, KOTOPHIM Y4YUTBIBAET OpPOCOK TOKa
HaMarHM4uBaHUs.
UyBCTBUTEIHHOCTH TOKOBOH OTCEYKH OIEHUBACTCS KOAPPUITUESHTOM TYBCTBUTEIIHHOCTH:
| )
R‘ — K3min
198 i)

C.3.

riae |y ;min — TOK AByX¢a3Horo K3 Ha 3axxumax nBuratens.

Cornacuo [1YD K, >13.

Bropas 3ammTa 37aeKTpoaBUraTesie cpeagHel MOIHOCTH — 3TO MaKCUMaJIbHasi TOKOBAs 3alllUTa
(MT3). MT3 paboraer kak pe3epBHas 3ammrta npu K3, HO e€ riaBHOe Ha3HaueHHE — 3alUTa OT
Meperpy3KH.
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_Ku
c.3. HOM.08. !
KB

rae K, =105 — koadpdunuent Hanéxuoct; K, =0,85 — koappuuuent Bosspara pene; |, .. —
HOMHUHAJIBHBIA pab0Ouuil TOK JBUTATEIS.
Bpewms cpabarbiBanust MT3 00bI4HO BBIOHpaETCs OONIbIIE BPEMEHH ITyCKa AJIEKTPOABUTATENS

t,, >t

c.3. nyck "

st nurateneit cpenneit MmomHoctH (10 2000 kBT) HanbonbInee pacnpocTpaHeHUE MOTyduIa
oJlHOpeneiiHas cxema BblnosHeHHUs Ha peine PT - 80. DneKTpoMarHUTHBIM 3JIEMEHT 3TOrO peje
HacTtpauBaeTcss kKak TO. VHAYKIMOHHBIA S3JEMEHT 3TOr0 pelie MOXKET O0eCHedHTh 3alluTy OT
neperpy3ku (MT3). Pene PT-80 nmeer MoI1HbBIE KOHTAKThI, TO3BOJISIOIINE KOMMYTHPOBaTh TOK /10 150
A. Ecnu 4yBCTBUTENIFHOCTH 3alUTHI 110 OJHOPEICHHON CXeMe HEIOCTaTOYHO, MPUMEHSETCS IBYX
peneitnas cxema Ha PT-40. Kak npaBuiio, ucnosibs3yeTcs: Han0oJjiee SKOHOMUYHAsI CXeMa BKIIFOUECHHUS
pele — «HEeTOJHBIN TpeyroabHuK» (puc.12.3).

N N

bl\d KA1.1 KA1.2 KK KK

KA1 (PT-80)

KM\ XA KFI:I cTon nﬁK KM o [:I

YT

-
j/
()

Puc. 12.3. 3amura snekTpoaBUraTesnel cpeIHel MOIHOCTU

3awyuma 3nekmpooguzameneil 6b1COKO20 HANRPAIHCEHUA

Jnst nBurarenedt HampsibkeHueM 3, 6, 10 kB mpemycMarpuBarOTCs YCTpOWCTBA peleHOM
3alIUThl IeHcTBYOMeN npu MHOrodaszHeix K3 Ha BbIBOJAaX W B 0OMOTKax craTopa; Mmeperpyskax,
BBI3BAHHBIX TEXHOJOTHYECKMMU MPUYMHAMH U 3aTSHYBIIMMCS IYCKOM; NPH WUCYE3HOBEHUM WU
JUTUTETTbHOM CHIKEHHH HamNpsiKeHHs. B HEOOXOAMMBIX CIydasx MOXKET YCTaHaBIMBATHCS 3alIUTa
0T 01HO(ha3HBIX 3aMBIKAHUN Ha 3€MITIO.

1. 3amuTa OT MHOTO(A3HBIX KOPOTKUX 3aMbIKAHUH.

Jnst 3amuTel aBuratene montHocThio 0 S000 kBT or mHOrodazueix K3 mpumensiercs
tokoBas orceuka (TO). [na neurateneit MmomHuocteio 6osee 5000 kBt o0s3aTenbHO pUMEHEHHE
npofoiasHO  nuddepennmansaoit  3amuThl (IIp/13). Dta 3ammTa MOXKET IPUMEHATHCA U JUIS
neurareneit menbineid MomHuocTu (2000+5000 kBT), ecnu TokoBas OoTceyka HE MPOXOTUT TIO
YyBCTBUTEIHLHOCTH.

[TepBuunsblil Tok cpabaTeiBanus TO BBIOMpAETCs MO YCIOBHIO OTCTPOWKH OT IMYCKOBOTO TOKA
JIBUTATEJIS:

Ic.3. = KH : Inycx’ (1211)
rne K, =14+15 — nna pene PT-40; K, =1,8+2,0 — nna pene PT-80; K, =2,0+2,5 — s pene
npsmoro aeicteus PTM.

Kak yxe ormedanocs BbIlIIe, AJIs ABUTATENeH OOJIBIION MOIITHOCTA OCHOBHOM 3aIIUTON OT BCEX
BHYTPEHHUX MOBPEXJIEHUH sBNsAeTCcA npoaosbHas nupdepenuumansuas 3amuta ([Ip/13). [punuun
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pabOoThI 3alUTHI 3aK/IFOYa€TCS B CPAaBHEHHH TOKOB JIO CTAaTOPHOM OOMOTKHM M 3a CTaTOPHOMN
o0MoTKO# (prc.12.4).

H
W I

Puc.12.4. Tloaxirodenne mpoaoabHON AuddepeHInanbHON 3Tkl ABUTaTEICH

Hactpoiika [1p/13 ocyiecTBisieTcs 10 HOMUHAIBHOMY TOKY JIBUTaTEIs:
1) ecim ncnonb3yeres pene PT-40, o |, =(1,5+18)l

HOM.08. !
2) ecaum UCHONB3yeTcsl pene ¢ Hacelmarommmces — Tpanchopmaropom (PHT), To

.. =@2+13)1,,.,.-
UyscTBHUTENBHOCTS 3amuT OT K3 aBurareneit omeHuBaercss 1mo Toky nByxdasHoro K3 Ha
3a)KUMax JBHUTaTeIs:
1
Ky :%22. (12.12)
C.3.
2. 3ammra 0T 0AHO(A3HBIX KOPOTKHMX 3aMBIKAHUMN.
3ambikanue (aza—3emisi B cuctemax 3, 6, 10 kB He sBnseTcs KOPOTKMM 3aMbIKaHUEM, T.K.
HEUTpaJIb U30JIMPOBAHA, OJTHAKO 3AIMTHl HYJIEBOW IMOCIIEI0BATEILHOCTH OT 3aMbIKAaHUIN Ha 3E€MITIO
MpEeAyCMaTPUBAIOTCS HA JBUTATENSIX MOIIHOCTHIO 10 2000 kBT B TOM cnydae, eciiu TOK 3aMbIKaHUS

I,>10A; na gBuraremsix MmomHocTeio 6onee 2000 kBt, ecnm |, > 5A.

3amuTa BBIIOJHSAETCS C JEHCTBHEM Ha OTKJIIOYEHHE, KaK MPaBWIIO, C BBLAEPKKON BpEMEHH C
UCIMOJIb30BAHUEM BBICOKOUYBCTBUTEIBHBIX TOKOBBIX pejie, IMOAKIIOYaeMbIX K (QHIBTPY TOKOB
HyJeBoil nocnenoBatenbHocTH TAZ. B kauectBe TAZ npuMeHs0TCs KabeabHbIe TpaHCPOPMATOPhI
toka tunos T3, T3JI, T3JIM, T3PJI, a npu Gosbiiom uucie kabdeneit — rpanchopmatops! Tuna THIT
C IOJIMAarHUYMBAHUEM TIEPEMEHHBIM TOKOM (puc.12.5).

THO | T— KAO

Puc. 12.5. IlogkmroueHue 3aiuThl HyJIeBOH nocienoBaTesnbHocTH uepe3 THII

B kadecTBe TOKOBBIX pelie MPUMEHSIOTCS oaynpoBogHuKoBbIe pene PT3-50, PT3-51, 3311-1.
Toxk cpabGaTbIBaHUS 3aIIUTHI OTIPEEAETCS TI0 GopMyIie:

I, =Ky -1, (12.13)
rae K, —koaddumuent, onpeaensieMslii IepexoaHON cocTaBsIoMeH (OpOCKOM) EMKOCTHOTO TOKa
B MOMEHT 3aMblkaHMi. Ha OCHOBaHMH ONBITHBIX NAHHBIX JJIS 3aIIUT 0e3 BBIACPKKH BPEMEHU
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K, =4-+5, nng 3amurt ¢ BeIAEpKKON BpeMeHU K, =2+2,5; |, — cOOCTBEHHBIH €MKOCTHON TOK
JqBuTatens (1aéTcs B MaCIOPTHBIX JIAHHBIX JABUTaTes ). ECIIM HET MacmopTHRIX JaHHBIX, EMKOCTHBIH

TOK MOKHO PaccuuTaTh Mo hopMyIie:
l.=3-U, -2z-f-C, (12.14)

rae U, — dasnoe nanpsokenue; f — gacrora ceru (50 T'm); C — émKoCTh (hasbl 3aIMIIAEMOro

3IEKTPOABUTATENS, D/ pasy.
C=K-s¥*.[3U,, +3600-n*?], (12.15)
rae K =40 mng uzomsanum kitacca b; S — moniHocts gurarens, KBA,
U, — HOMUHaJIbHOE HanpsbkeHue, B; N —yacrora BpaieHus, 06/MuH.
[IpaBmiiaMu yCTpOHCTBA 3JIEKTPOYCTAHOBOK HE TPEOYETCs MPOBEPKA UYBCTBUTEIIBHOCTH 3aLUT
AIIEKTPOJIBUTATENICH OT OJJHO(A3HBIX 3aMbIKaHUN Ha 3eMITI0. ECTECTBEHHO, HEOOXOAMMO, YTOOBI JIJIs

nsurarenei MomHocTbto MeHee 2000 kBt |, nomken ObiTh MeHbiie 10A, a 1is aBurarenei

MoHocThI0 6oee 2000 kBt |, nomxkeH ObITh MeHbIE SA.

3. 3ammTa OT NOHWKEHUS HaPsOKSHUS

3ammMTa YCTAaHABIMBAETCS HAa MEHEE OTBETCTBEHHBIX JBUTATENAX, YTOOBI OOJErdyuTh
camo3anyck 0ojiee OTBETCTBEHHBIX JBHUraTelei. JTa 3alluTa yCTaHABIMBACTCS, €CIH MPHU 3aMyCcKe
BCEU COBOKYIHOCTH JBUTATEJICH Ha IIMHAX WX MPUCOCAMHEHHS HANPSOKEHUE IMajaeT Oosee yeM Ha
30% OoT HOMHHAJIBHOTO.

Kpome storo ciydasi, 3amura MUHUMAJIbHOTO HAIPSKEHUs YCTAHABIMBACTCS Ha JIBUTATEIAX,
€aMo3amycK KOTOPhIX HEBO3MOXKEH MO0 TEXHOJIOTUYECKHUM  COOOPaKCHUSIM.

3ammTa BHIIOJIHSIETCS ¢ TTOMOIIBIO0 Pelie MUHUMAJIbHOTO HAMPSIKEHUSI, KOTOPOE HAaCTPauBaeTCs
HA BEJINYUHY:

U, =04+07U,,,. (12.16)
Bpewms cpabatsiBanus nepsoro tuna 3amur 0,5 +1 c.
Bpewms cpabGatbiBanus BToporo tumna 3amut 9+ 10 c.

Ocobennocmu 3auqumol CUHXPOHHBIX I1eKMPOOsuzameell

[Ipn paccMOTpeHMM 3alUThl CUHXPOHHBIX 3JIEKTPOJABHUraTeseld He0OX0AUMO YUHUTHIBATh UX
OCOOEHHOCTH.

1.Tlyck OOJIBIIMHCTBA CUHXPOHHBIX D3JIEKTPOJBUTATENCH MPOUZBOIUTCS NPU OTCYTCTBUH
BO30Y)XJIEHHMsI TPSAMBIM BKJIIOYEHHMEM B ceTb. i 3TOH Lend Ha poOTOpe CHHXPOHHOTO
AIIEKTPO/IBUraTEs
npeaycMaTpuBaeTcss JOMOJIHUTENbHAsT KOPOTKO3aMKHYyTas OOMOTKA, BBIMOJIHSIONIA BO BpeMs
nycka Ty € poJib, 4YTO U B KOPOTKO3aMKHYTOM AaCHHXPOHHOM 3JI€KTpoJBuUTraresne (IpH IycKe
Bpallaroleecsi MarHuTHoe mnose cratopa HaBoaAuT J/IC U TOKM B KOPOTKO3aMKHYTOM 0OMOTKE, T.€.
IPOBOJAHMKH C TOKOM B KOPOTKO3aMKHYTOM OOMOTKE B3aUMOJIEHCTBYIOT C BpAaIIAOLIEMCS
MarHUTHBIM II0JIEM, BO3HMKAeT MOMEHT, NEHCTBYIOIIMUN HA SIKOPb, KOTOPBIM pacKpy4MBAETCs N0
ACMHXPOHHOM CKOpPOCTH, 3aT€M BKJIIOYAaeTCs OOMOTKAa BO30OYXIEHUS U DPOTOpP BTATUBAECTCS B
CUHXPOHHU3M).

Bo Bpemsi mycka CHHXpPOHHBINH 3JIEKTPOJBUTATENb MOTPEOJSET M3 CETH IMOBBIIIEHHBIH TOK,
KOTOpPBIM II0 MEpPE YMEHBUICHMsI CKOJIBKEHHS 3aTyxaeT, TaK K€ KaKk M y AaCHHXPOHHOIO
AIIEKTPOABHUraTENs.

JUis yMEHBIIEHUS TIOHM)KEHHS HANpsKEHUS W BEIMYMHBl IIyCKOBBIX TOKOB MOIIIHBIE
CUHXPOHHBIE JJIEKTPOJBHUraTeNId IYCKalOTCS Yepe3 peakTop, KOTOPbIM 3aTeM IIyHTUPYEeTCS.
3aluThl CUHXPOHHBIX 3JIEKTPOJBUIATENEH, KaK W 3allUThl ACMHXPOHHBIX 3JIEKTPOJBUrATENIEH,
JOJKHBI OBITh OTCTPOEHBI OT TOKOB, BO3HUKAIOIIMX MPH UX MyCKEe WM CaMO3alycKe, MMEIOIINX
MECTO IIPU BOCCTAHOBJIEHUY HAIIPSKEHUS B CETH.

2. MOMEHT CHHXPOHHOTO DIIEKTPOJBHTATENS 3aBUCUT OT Hampsokerus cetn U, DJIC

anexTpoasurarens E; u yria cusurao mexay U, n E; . bes yu€ra moreps B cTatope u poTope
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Xg — X
EU, +U2 =2 sin2s |,
Xq 2X4 X,

M, =k

rac Xd u Xq — IPOAOJIBHOC U MOIIEPECUYHOC PCAKTHUBHBIC COITPOTHUBIICHUA ABUI'aTCIIA.
HpI/I INOCTOAHHBIX 3HAYCHHAX ULZ n Ed KaX(HOﬁ Harpys3ke 3JICKTPOABHUIaTCIII COOTBETCTBYCT

OIpEe/IeIEHHOE 3HAUEHUE yIia o .

B cnyuyae mOHMKEHMsI HanpsDKEHUS B CeTH MOMEHT My ymensumiaercs. Eciau npu 3ToM OH
OKa)KETCsl MEHBIIIE MOMEHTA COMPOTUBIIEHUS M MeXaHU3Ma, TO yCTOHYMBas paboTa CHHXPOHHOTO
ANEKTPOJABUIATENISl HAPYIIAECTCS, M JJIEKTPOABUTaTEIb BBIXOAUT M3 CUHXpoHM3Ma. Hapymienue
YCTOMYMBOCTH BO3MOKHO TaKKe€ MIPH MEPETPY3KE AIEKTPOABUTATEIS WM CHIDKCHUH BO30YKICHUS.

OddexTuBHBIM  CPEICTBOM  TOBBIINICHUS  YCTOMYMBOCTH  AJICKTPOJBUTATEINST  SBISETCS
(dopcupoBka BO30YKAEHUs, yBenuuuBaromas £E;. ONbIT MOKa3plBa€T, 4YTO HpU TIIyOOKHX

HNOHMKEHUSAX HaNpsDKeHUs (IO HyJIs) CHHXPOHHBIE 3JIEKTPOJBUIATENH, padOTaroLIMe C HOMU-
HaJIbHOM Harpy3Ko, BBIXOAST U3 CHHXPOHHU3MA, €CIIU IepepblB uTaHus npesocxoaurt 0,5 c.

IIpy HapylmieHMH CHHXPOHM3Ma CKOpPOCTb BPALIEHUS JIEKTPOABUIATENSl YMEHBIIACTCS U OH
NEPEeXOANT B aCHHXPOHHBIN pexuM. [Ipu 3TOM B IyCKOBOIl OOMOTKE ¥ LEMH POTOPA MOSIBIISIOTCS
TOKH, CO3JIAI0LIUE TOTIOJHUTEIBHBIN aCHHXPOHHBIA MOMEHT, I10J] BIMSHUEM KOTOPOTO CUHXPOHHBIN
DIIEKTPOABHUTaTENIb MOXET OCTAaThCs B pabOTe ¢ HEKOTOPHIM CKOJhKeHHeM. Ha acHHXpOHHBIN
MOMEHT 3JICKTPOJBUIraTeNsl HAKJIAAbIBAETCI MOMEHT, OOYCIIOBJIEHHBIH TOKOM BO30YXJEHHS B
poTOpe, MMEIIINNA IEepeMeHHbIN 3HaK. [loaToOMy pe3ysbTHpPYIOMMI MOMEHT 3JIEKTPOJBUIATENSA
UMEET MEPEMEHHYI0 BEJIIMYMHY, YTO BBI3BIBACT KOJIEOAHUS CKOPOCTH BpAIIEHUS pOTOpa M TOKa
cTaropa JBurarens (BO3HUKAET pexuM Ouenus), puc 12.6

HOM.08.

»

At

Puc. 12.6. I3MeHeHne TOKa cTaTtopa CHHXPOHHOTO JIBUTATENs [P ACUHXPOHHOM PEKHAME
UYacroTa OueHus cocrasisiet nopsiaka S +7 'y

Toku, mosBisrOIIMECs B CTAaTOpe, POTOpPE M IYCKOBOH OOMOTKE 3JEKTPOJIBUTATENS TNPHU
ACHHXPOHHOM pEeXHME, BBI3BIBAIOT ITOBBINICHHBI HArpeB WX, IO3TOMY JUIMTENbHas padora
CHUHXPOHHBIX DJIEKTPOJBUTATENed B AaCHHXPOHHOM pexHuMe ¢ Harpy3koil Oombme 0,4—0,5
HOMHHAJIBHON HEJOMYCTUMA.

3. HccnenoBaHus M ONBIT SKCIUTyaTallMW IOKa3bIBalOT, 4TO mocie oTkmoueHus K3 wmm
BKITIOYCHHUSI PE3EPBHOTO HCTOYHHWKA THTAHUS MHOTHE CHHXPOHHBIC JIIEKTPOIABHTATEM MOTYT
caMo3aIlyCcKaThCs, T. €. BHOBb (CaMM) BTSTUBATHCS B CHHXPOHHU3M.

Bo3MoOXHOCTR camMo3amycka 3aBHUCHT OT TapaMeTpPOB AIIEKTPOJBUTATENS, €r0 Harpy3Ku W
YPOBHSI HampspkeHHs. BBy OOJBIIOro 3HaUYEHUs] caMO3allyCKa CHMHXPOHHBIX 3JIEKTpOJIBUTATENeH
UX 3aIUTHI JOJKHBI HAIEKHO OTCTPAUBATHCS OT TOKOB, BOZHUKAIOIINUX B pEXKUME caMO3aIycKa.

Ha cHHXpOHHBIX 3JIEKTPOJIBUTATENAX YCTAHABIMBAIOTCS CIEAYIONINE 3alUThI:

a) oT MeXay(a3HbIX MOBPEKICHUHN B CTATOPE;

0) oT 3aMbIKaHUN OOMOTKHU CTaTOpa Ha 3eMIIIO;
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B) OT MEPErpy3KH;

I') OT aCHHXPOHHOT'O PEXHUMa;

1) OT NOHMKEHUS HAMPSKESHHUSI.

3amuTta OT Mexay(a3HbIX MOBPSKICHUA SBISETCS OCHOBHOW M 00s3aTENbHONM 3alIUTOMN
JI1000r0 CMHXPOHHOTO JBUraress. OHa BBIMOJIHAETCS MTHOBEHHOW B BHJIE TOKOBOMl OTCEYKH WU
npoJoabHON MU EepeHINATBFHON 3alIUThHl O TaKOH Ke CXeMe, KaK WU Y AaCHHXPOHHBIX
anektpoasurareneid. OTiauuuMe 3aKJII4YaeTcs TOJABKO B TOM, YTO 3alllMTa CHHXPOHHOIO
AJIEKTPOJIBUTaTEN sl OJHOBPEMEHHO C BBIKJIIOYATENIeM OTKIo4YaeT aBromar ramenus noys AITL. Tok
cpabaThiBaHMsSI OTCEUYKH OTCTPAaMBaeTCs OT IYCKOBBIX TOKOB K TOKOB camo3aIlycka
annekTpoasuratensa (takke kak 1y AJl). IIpm sTomM B ciydae mpsiMOro mycka CHHXPOHHOI'O
3JIEKTPOJIBUTATENSL OT CETH IYCKOBBIE TOKHM €ro 3a CYET MEHBIIEr0 PEaKTUBHOTO CONPOTHBIICHUS
9acTO MOJTYYArOTCs OOJBIIMMU, YeM y PABHOBEIIMKHUX MO MOITHOCTH ACHHXPOHHBIX JBUTATENCH (T.C.
Kod(purmeHT HaAEKHOCTH MOKHO MPUHATH OOJIBIITUM, YeM Y 3amuT A /).

KpymHble  CHHXpPOHHBIE  DJIGKTPOJBHTATEId  OOOPYAYIOTCS ~ OOBIYHO  MPOJOJIBHOM
muddepeHnabHON 3amuToN. B memsx ympomieHus Ha anektponBurarensx go 5000 kBA
muddepeHIMATFHYIO 3alIUTy BBITIONHSIOT JByX(a3zHoil. Ha Goyiee MOIIHBIX 3JIEKTPOBUTATEIISNX
3alIUTy YCTaHABIMBAIOT Ha TpEX ¢azax, YTO MO3BOJSET OOECHEUUTh OBICTPOE OTKIIIOUEHUE
AJIEKTPOJIBUTATENSl TIPU JIBOMHOM 3aMBIKAHWM Ha 3eMIIIO (OJIHO B 3JIEKTPOJIBUTaTelie U BTOPOE B
CEeTH.)

3ammTa OT 3aMbIKaHUW OOMOTKH CTaTopa JJICKTPOJIBUTATENsl Ha 3€MIII0 MPUMEHSETCS IMpHU
TOKaxX 3aMbIKaHUsl Ha 3eMito Oonbine 10 A. 3ammra BBINONHIETCS C ACHCTBHEM Ha OTKIIOYEHUE
TaKUM e 00pa3oM, KaK y aCHHXPOHHBIX JJICKTPOJIBUTATEIICH.

3amura >JeKTPOABUIaTeNs OT MEPEerpy3KH OCYLIECTBISETCS IMPU MOMOLIM TOKOBOIO pele,
BKJIFOUCHHOT0 B OoHY (ha3zy. 3ammra oT meperpy3ku MoxeT BbIonHsThCS ¢ |, =1,25]

BbIIepkKOM BpemeHH (MT3), npeBblinaronieii 1o BO3MOXHOCTH BPEMs 3aTyXaHHUS ITyCKOBBIX TOKOB.
3aiMrTa OT aCHHXPOHHOT'O PeXHMMa BBIIIOJIHIETCS pearupyromeil Ha KoiebaHus TOKa B CTaTope
WIM pOTOpE JBUTaTels, BO3HUKAIOIIME B 3TOM pexume (puc.12.6). Camoill mpoctoil 3ammroit
sBJsieTcs TokoBas. [Ipu 3TOM TOKOBOE pesie BKIIIoYaeTcsl B OAHY (asy.
Tok cpabaTbIBaHUS 3aIMUTHI ONPEAETAETCS TaK K€, KaK Uy 3alUThI OT EPETrPy3Ku:

u

c. HOM.O8.

| =K
c.3. K HOM.08. !
B
rne K, =1,05.

JleficTBrEe 3TOM 3allMTHl OCHOBAHO HA TOM, YTO OHA HE YCIIEBAET BO3BPATUThCS 3a Bpems At
criajia ToKa MEeXIy UKJIaMHu KadaHnuil (puc.12.6) U MoCcTeneHHo, 3a HECKOJIBKO MEePHOI0B KauyaHUun
U cpabaTbIBaeT Ha oTkiItoueHue. /g HanéxHOM paboThl 3alIUTHI BpeMs Bo3Bparta t, (MOABMKHON
CHUCTEMBI TOKOBOT'O PeJie) TOKHO ObITh O0mbIie BpeMenn At (puc.12.5), B TeueHHuE KOTOPOTO TOK
KauaHUl HENOCTaTOYeH Uil JedcTBus pene, T.e. t, > At. Belnepkka BpPEMEHH 3allUThI

BbIOMpaeTCst OOJIblIe BPEMEHU 3aTyXaHHs IIyCKOBBIX TOKOB ABUrarensd, T.e. t,, >t

nyck *

3amuTa OT NOHMKEHUS HAPSOKEHUS SIBISIETCS BCTIOMOTATEIbHON U YCTAaHABIUBAETCS TOJNBKO B
CIICTYIOIINX CITydasiX:
1) Ha DIEKTPOABHTraTENsX HEOTBETCTBCHHBIX MEXaHM3MOB Ui OOJICTYCHHs camo3aIlycka
OTBETCTBEHHBIX JJICKTPOJIBUTATEIICH;
2) Ha JIEKTPOJIBHUTATENSAX, CAMO3AITYCK KOTOPhIX OKa3bIBAETCS HEBO3MOKHBIM;
3) Ha DJIGKTPOJBHTATEIIIX OTBETCTBCHHBIX MEXAaHH3MOB, MPOU3BOJBHBIA CaMO3aIyCK KOTOPBIX
HEJOMYCTUM IO YCIIOBUSM TEXHOJIOTHH ITPOU3BOJICTBA MIIM TEXHUKH 0€30MacHOCTH.

Hampsokenne cpaOateiBanusl OepeTcsl pPaBHBIM  YPOBHIO HAINPSDKCHHS, TPH  KOTOPOM
obecrieunBaeTcs HaASKHbINA camo3anyck, T.e. U, =(0,5+0,7)U

HoMm *
Boigepkka BpeMeHU B 3TOM Cy4yae OTCTPAMBAETCS OT MTHOBEHHO JEHCTBYIOLIUX 3aIUT B
CeTU U npuHUMaeTcs paBHou 0,5 c.
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Tema 3.3. 3amMTHI CHHXPOHHBIX TeHEPATOPOB

Ilospesricoenun u HeHOPMATIbHBIE PEHCUMBL 8 CUHXPOHHBIX 2eHEPAMopax

Kak moxazana mpaktwka, npu padore cuHxponHoro reHeparopa (CI') Moryt BO3HHKAThH
MHorogasneie K3 Ha 3akuMax M B CTaTOpHOM OOMOTKe. DTH 3aMbIKaHHUS BBI3BIBAIOT OUYEHBb
00JbIINE TOKH, YTO OYEHb ONACHO, IIOCKOJIBbKY TOpeHHE Ayru Ha MecTe K3 He TOJIbKO paciiiaBisieT
TOKOBEAYyIINE YacTh (0OMOTKH), HO M MOXKET BBIIIABUTH JKEJI€30 MAarHUTOIIPOBO/IA, & 3TO MPUBOJIUT
K HEOOXOIMMOCTH TEepeOOpPKU BCETO Kejie3a MarHUTHOW CHUCTEMBI CTaTopa, YTO HECET 3a co0oii
KojioccanbHble 3aTpaThl. [losromy 3ammrtel oT Mexaydasueix K3 momxHBI OBITH HII€ATBHO
OBICTPOICUCTBYIOIIMMH.

B CI' ¢ manpspkennem o 1 kB, rie HeliTpans 3a3emiieHa, yacTo Bo3HUKaloT ogHo(da3Hbeie K3 Ha
3emito (Ha Kopryc). B oOMoTKe poropa (MUTAOMICHCS OT MCTOYHUKA MOCTOSIHHOTO TOKA) MOTYT
BO3HUKATh 3aMbIKaHHUS Ha KOPIYC. 3aMbIKaHUE Ha KOPIYC B OJHOM TOYKE HE NPUBOAMUT K
KaTacTpo(hUYECKUM IOCIEACTBUSAM. 3aMbIKaHHE B JIBYX TOYKaX — 3TO aBapuiiHOe cocrosiHue. B
9TOM CJly4ae 4acThb OOMOTKH OKa3bIBa€TCs 3alIyHTUPOBAHHOI, T.€. BBIBOAUTCS U3 PAOOTHI:

CHHXpOHHBIE T€HepaTopbl HampsbkeHueM Bbie | kB pabortator B cucremMax c
M30JIMPOBAHHBIMU HEUTPAJIIMU WM ¢ HEUTpaIsIMH, 3a3eMIEHHBIMH Yepe3 IyrOracsuiie peakTopsbl.
3ambikanue (asza- kopryc He sBisercs K3 , ogHako, gake HEOOIBIIHE TOKHA OBICTPO pa3pyIIaroT
W30JSIIMIO W BBI3BAIOT TMOSIBICHHE MEXIy(]a3HbIX, YK€ KOPOTKHX 3amblkaHuil. Heobxommmo
ABTOMATUYECKU OTKJIIOYaTh NOBPEAUBIIYIOCS CUHXPOHHYIO MAILIMHY, €CJIM TOK 3aMbIKAaHUS Ha 3€M-
mo (Ha kopmyc) mpeBbimaeT 5 A. Ilpu Tokax 3aMbIKaHUS Ha 3€MIII0 MEHbIIE 5 A Jomyckaercs
JefiCTBHE 3aIUThl HA CUTHAJL.

KopoTkoe 3aMbikaHue B CTaTOpHOH OOMOTKE B OJHOHN (pa3ze SBISETCS OYCHb KOBAPHBIM
MOBPEXACHUEM, T.K. OOIIMNA TOK FreHepaTopa U3MEHSETCS HE3HAUUTEIbHO U KIIACCUUECKUE 3aIlUThI
MOTYT HE MOYYBCTBOBAaTh 3TO M3MEHEHHE. B TypOoreHeparopax Takue 3aMbIKaHUS MPAKTUYECKU
HEBO3MOJKHBI, a B THJIPOre€HepaTopax MpeaycMaTprUBaeTCs ClelMalbHas 3aluTa OT BUTKOBBIX K3.

K nHeHopmanbHBIM pexumaMm pabOThl CHHXPOHHBIX T'€HEPATOPOB IMPEXkKAE BCETO OTHOCSTCS
neperpy3ku. Ha renepatopax TOL| ycranaBnuBaeTcsi 3amuTa OT CUMMETPUYHBIX IEPErpy3o0K,
pearupyrolas Ha IOBBIIIEHHE TOKa CTaTopa W JAeWCTBYOHlass Ha curHal. HecummerpuuHble
NEeperpy3ku MOTYyT BO3HUKATh, HANpUMeEp, IPH HEMONHO(PA3HBIX peXUMaX KaKUX-JIHOO
NpUCOEIUHEHNH min npu paspbiBe a3 6e3 K3 B sneprocucreme. HecummMeTprudHble neperpysku
XapaKTepU3YIOTCSl HAJIMYMEM COCTABIIAIOIIMX OOpaTHOM MOCIIEOBATEIbHOCTH B TOKax CTaTropa.
[Tpoxoasuire B 0OMOTKax cTaTopa TOKM 0OpaTHOM 1MOCie0BaTEIbHOCTH CO3Aal0T MarHUTHOE T0JIE,
Bpalliaroleecs o0 OTHOUIEHHUIO K POTOPY € YJIBOEHHOW CKOPOCTBIO, YTO BBI3BIBAET HATPEB CTAIU PO-
TOpa, a CJIE0BATENbHO, U U30JISILUU ero 0OMOTKH. KpomMe Toro, Hamm4ue 3Toro MarHuTHOTO 1OJIs
MOJKET BbI3BaTh 3HAYUTEIbHYIO MEXaHUYECKYIO BUOPAIIUIO MAIIUHBI.

3amuTra OT HECUMMETPUYHBIX IIEPETPy30K TIeHeparopa MAOJDKHA JCHCTBOBaTb Ha  €ro
OTKJIFOUYEHHUE C BBIJEPIKKON BPEMEHHU.

Ocob6eHHO OoJbIIMe Meperpy3ku reHepaTopoB (Kak CUMMETPUYHbIE, TaK U HECUMMETPUYHBIE)
BO3HUKAIOT Npu BHeMHUX K3 (mosiBlIeHNE CBEPXTOKOB), YTO BBI3bIBAET HEOOXOIUMOCTh YCTAaHOBKHU
3amuT oT BHEMHUX K3, nelicTByrOIMX C BBIAEPKKON BpEMEHHU Ha OTKIKO4YeHHe reHepatopa (MT3
OT CBEPXTOKOB).

HeHnopmanbHBIM peXUMOM pabOThl TEHEPATOPOB SIBISETCS TAKKE MX padoTa MpH MOBBILICHUN
HanpsDKEHUST Ha BBIBOJAX CTAaTOPHBIX OOMOTOK. 3HAaYMTENbHOE IOBBIIICHHE HANpsKEHUS Ha
BBIBOJIAX CTATOPHBIX OOMOTOK BO3MOXKHO IPU BHE3AITHOM cOpOce Harpy3KH M MOCIe OTKIIOUYEHUS C
BBIIEP)KKOM BpPEMEHU »dJeKTpuuecku Onu3kux BHemHuX K3. Takue pexXuMmbl XapakTepHbl B
OCHOBHOM /ISl THAPOTEHEPATOpOB, YTO U BBI3bIBAET HEOOXOAMMOCTb YCTAaHOBKM Ha HHX
MaKCHMaJbHOW 3aIIUThl HaNpsOKEHUs, JAEMCTBYIOLIEH NpH MOBBIIIEHWH HampsbkeHus a0 150%
HOMUHAJIBHOTO U BBIIIE HA OTKIIIOYEHUE TeHepaTopa U ero pa3Bo30yXIeHHE C BbIIEPKKOM BpeMeHU
0,5c.

Peneiinaa 3aujuma cuHXpOHHBIX 2EHEPAMOPOE

[Ipu ucnonHeHny 3aIUT Pa3aIndaloT TPU OCHOBHBIX IPYIIBI TEHEPATOPOB:

1) Hu3KOBOJIETHBIE TeHeparopbl (H0 1 kB) DTO B OCHOBHOM TeHEpaTOpBl IMEPEABHIKHBIX
YCTaHOBOK, OHH OO0JAQJaf0T BBICOKOW DJIEKTPUUECKOW M MEXaHMYECKOW MPOYHOCTHIO, TOITOMY
MOBPEXJCHHUS B HUX BO3HHKAIOT PEAKO; OCHOBHOW 3aIlIUTON TaKMX F€HEPaTOPOB OT MEXy(pa3HOrO
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K3 saBnsercsa nnaBkue MpeaoXpaHUTENN U MpocTeriie aBToMaTel. Ho B TakuX reHepaTropax 4acto
Bo3HUKaeT K3 Ha KopItyc, m03TOMY CYIIECTBYIOT crieluaibHbie 3amuTel (MT3g unu cienuanbHbie
nuddepeHIaIbHbIC 3aIINATHI).

2) BBICOKOBOJIbTHBIC T€HEPATOPhI MOIIHOCTHIO 710 1 KBA.

3) BBICOKOBOJILTHBIE T€HEPATOPBI MOIIHOCTHIO Oojiee 1 kBA.

Peneiinvie 3auiumol 014 HU3KOGOIbMHBIX 2enepamopoe
OcHOBHOM 3aH_[I/ITOI71 oT Me)KIIVd)aBHBIX K3 B HU3KOBOJILTHBIX réeueparopax ABJIAIOTCA ITJIAaBKUC
MMpEaAOXPaHUTEIIN U HpOCTeﬁH.IHe aBTOMATEL. B TOM U B APyrom ciiydac:
IC.34 = KH : I

rne K, =1,2+15 — xoadduunent nHagéxuocry; |

Hom.2. !

— HOMHMHAJIbHBIN TOK F€Heparopa.

How.z.

OCHOBHBIM KOMMYTALIMOHHBIM aIlllapaToM Ul TaKUX TI'E€HEPAaTOPOB SBJISETCS MarHUTHBIN
nyckarens (KM). Ecnu reneparop pabotaer Ha ceTh, I/ie €CTh APYrue reHepaTropbl, TO IJIaBKUE
NPEOXPAaHUTEIH CTaBATCS Ha BXoJe. Eciu reneparop eMHCTBEHHBIN U paboTaeT Ha HArpy3Ky, TO
IJIaBKUE MPEIOXPAHUTEIN YCTaHABIMBAKOTCS MTOCIE reHeparopa, puc 13.1

OW>» o

0 ) -

D - Ha Harpysky

Puc 13.1 Pa3menienue riaBkux mpeaoxpaHuTesei.

3almTa OT 3aMbIKaHUS Ha KOPITYC MOKET MMETh HECKOJIBKO BAPUAHTOB:
1) 3amurta TMna MT3g (ycraHaBIMBaeTCsl Ha HyJE€BOH MpoBox). 3aluTa OTCTPauBaeTCA OT
TOKOB HeOanaHca npu BHemHuXx K3: |, =K, - | OCHOBHOI HEIOCTaTOK COCTOMT B TOM,

YTO TaKOM 3alllUTHI: TC XK€ CaMbIC TOKU Hy.]'IeBOI\/'I IOCICI0OBATCIBHOCTH I10 Hel HAaYHYT IPOTCKATh U
IIpU BHCHIHUX K3, MO3TOMY OT BHCIIHUX K3 na 3emumro 3aIllUTyY MOKHO OTCTPOUTHL TOJIBKO IIO

2enep. eHews .3auum
c.3.0 > tc.3.0

c. HO.MaX pacu.*

BBIZICP)KKH BpeMeHH: , T.e. JIaHHAasl 3alllUTa HE MOXXET paboTaTh 0€3 BBIIEPIKKE
BpPEMCHH.

2) IlpononpHas nuddepeHmanbHas 3amUTa HyJIeBOW TMocienoBaTeNbHOCTH. EE mpuHIun
3aKJIFOYAETCs B CPAaBHEHUW TOKOB HYJICBOM ITOCIICIOBATEIILHOCTH JIO CTATOPHOW OOMOTKH U 3a HEW:

|, — TOK HyJIEBOM IOCIIEIOBATEILHOCTH JI0 CTATOPHOI OOMOTKH;

|, — TOK HyJIEBOH MOCIE0BATEIBHOCTH 33 CTATOPHOH OOMOTKOIA.

Torna nmo pene Oyner mporekaTh Pa3sHOCTb TPOWHBIX TOKOB HYJEBOW IMOCIENIOBATEIbHOCTH:
I,=3lg-3lg.

B HOpManbHOM peXHME TOKH HYJIEBOW MOCIICAOBATEIILHOCTH PABHBI HYJIIO M 1O PEJie TOK HE
POTEKaeT.
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Puc 13.2 duddepenunanpHas 3amuTa HyJIeBOU MOCIE0BATEILHOCTH

[pu sremnem K3 na semmo 3l; =3l7, 1.e. |, ~0 Takum 00pa3oM oTCTpauBaTh MO BPEMEHU

ot BHemHKX K3 3ammry He HyxHO, T.€. t,, =0.
ITpn o6peiBe B ey BTopu4HOM 0OMOTKM TA mo pene Oyner mporekars TOK (asel. B sTom
cllydae HaCTPOMKY OCYIIECTBISIOT cieayronmm oopazom: |, =12-1

HOMm.2. "

3) uddepeHumanbHas ~ 3a0UTa CO  CHEHMUAIBHBIM  TpaHchopmatopoM  HYIEBOM
nocienoBarensHoct (THIT), puc 13.3

0
A
B
C
e\
THM
—— KA
; .

Puc 13.3 duddepennmansuas 3ammura ¢ THIT

Marnuthas cucrema THII oxBatbiBaeT cpasy Bce TpH (ha3bl U HYJIEBOM MPOBOJ, TOITOMY B
9TOM CXeMe HEBO3MOXKEH 0OpBIB OJJHON U3 0OMOTOK TpaHchopMaTopa Toka. HacTpoiikoil 3ammThl

31ech MOXKeT ObITh Oonee Tounoit. |, =0,3+0,41,

13.2.2. 3augumul 6b1COKOBOILMHBIX 2eHEPAMOPO8 001610l Mouwinocmu (6o1ee 1 MBm)

1) OCHOBHOW 3aIIUTOM OT BCEX BHYTPEHHHMX MOBPEKICHUM B OOMOTKE CTaTopa M Ha 3aKHUMax
reHepaTopa OOJBIION MOITHOCTHU SIBJsieTcs npoaoiabHas nuddepennmanshas 3amura ([Ip3). Ipu
3TOM peJjie YCTaHABIMBAIOTCS HA Pa3HOCTh TOKOB, puc 13.4
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Hacrpoiika IIp/I3 ocymecTtBisieTcss U3 cooOpakeHHii, 4TOOBI 3anuTa He cpabarpiBajia MpH
BHemHuX K3. [Ipu BHemHux K3 mo 3amure nporekaroT TOKM HeOalaHca, IOATOMY OTCTpOiiKa UAET
OT TOKOB HeOanaHca:

Ic.3. =K, - Inﬁ.r’r‘ﬁXpactL’
rie K, =12+15 — xoapdunueHt HanéxKHOCTH;
Ims max pacu. =K, K, 'ﬂ' K3
' ‘ 100%

rre K,,, =05 — xo3hduuneHT ogHOTUIHOCTH TpaHc(HOpPMAaTOpoB Toka; K, — KOd(pQPUIUEHT,

YYHUTHIBAIOIINI arepuoaNvecKy0 cocTaBismomyro B Toke K3 (mms peme tunma PT-40 m PCT
npuHuMaetrcss paBHbIM 15+2; mns pene tuma PHT — 1); £%=10% - oTHOcHTelbHAs

HOTPEIIHOCTh TPAHCHOPMATOPOB TOKA; |, — 00bIuHO TpExdazHblii Tok K3 Ha 3axumax reneparopa
(3TOT TOK OEepéTCs TONBKO CO CTOPOHBI TEHEPATOPA).

1k

gjjji

YT

O.B.
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/
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_ KA3
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YT

™

o, (8)

AT

Puc 13.4 TuddepennmanpHas 3amiiTa MOIIHOTO TeHEpaTopa

[Ipu cpabaTeiBaHWU PENCHHON 3alTUTHI OHA JOJKHA B 00s3aTEIIHHOM TOPSIKE BO3ACHCTBOBATH
KaKk Ha OCHOBHOW BbIKIIOYaTeNns Q, Tak M Ha cucreMy aBroMata ramenus mons (AI'TI) Q, mis

Toro, ytoObl ncye3 Tok K3 oT reneparopa, T.e. MPOM3BOAMTCA pa3MarHUYMBaHUE TE€HEPATOPA.
Paborty peneiiHoil 3a1UTHI MOXKHO MPOCIEIUTH 110 ONlepaTUBHOI cxeme, 13.5
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Puc 13.5 OneparusHas cxema auddepeHnnanbHON 3auuThl

2) 3ammmrta OT 3aMBIKAHWN Ha Kopmyc. B reHeparopax BBICOKOTO HANpsDKEHHS KakK IPaBHIIO
HEUTpanab H30JIMpoBaHa, nodromy K3 Ha kopmyc He Bo3Hukaer. lIpu 3amplkaHuM CTaTOPHOMU
O0OMOTKH Ha KOPIYC BO3HHMKAIOT JIMIIb HEOOJBIINE EMKOCTHBIE TOKM YTEUKH (MOPSIKA HECKOJIBKO
amriep), Ho BCE paBHO 3TH TOKU OYEHb OINACHBI, T.K. eciy Takoe K3 nmpousouuio BHyTpU CTaTOPHOM
00MOTKE, TO OBICTPO HOPTUTCS 30U OOMOTKH U 3aMbIKaHUE HAa KOPILYC MOKET IIPEBPATUTHCS B
mexaypaznoe K3. ITosTomy 3amura OoT 3aMblKaHHMs Ha KOPIIyC Y T€HEpaTopoB o0si3aTenabHa. JTO
sammra tHma MT3p, HO 00bruHOe MT3) ¢ OOBIMHBIMEH TpaHChOpMATOpaMH TOKA HE MOXKET
IIOYYBCTBOBATh HEOOJIBIINE EMKOCTHBIE TOKH 3aMbIKaHUs Ha KOPILYC, TOATOMY IpuMeHstoTest M T3
CO CHenMalbHBIMH TpaHChopMmaTopamMu Toka ¢ moamaranuymBanueM — THII (Tpancdopmartops
HYJIEBOI mocnenoBarensHoCcTH) (puc.13.6).

Q
TV
W;/ W;
) J??é UE,
/ /
KAO
P TE;
W, / W;'
0.B
TN
\_/
[ 1
]
Aln

Puc.13.6. [loaxitouenue 3ammThl OT 3aMbIKaHus Ha kopryc yepe3 THIIT
W,, — 00MOTKa MOAMAarHUYUBaHus; W, — BTOpUYHasH (BbIXO/IHas ) OOMOTKa
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THII ¢ mogMarHn4MBaHMEM MMEET CHELUAIBHYI0 MATHUTHYIO CHUCTEMY, KOTOpas COCTOMUT W3
JIBYX MarHUTHBIX CEpPIEYHUKOB. Bce Tpu (a3bl ceTn — 370 U ecTh nepBuyHas oomorka THIL.

Ecnu  BO3HMKaeT 3aMblkaHME Ha KOpPMHYC, TO BO3HHUKAaE€T TPOWHOM TOK HYJIEBOM
nocsienoBarenbHOCTH 3|, KOTOpBIi HABOAMUT B NEPBUYHOM OOMOTKE MAarHUTOABMXKYILYIO CHILY

Iw,, coznarounyto coorsercrBytontyto 3/IC BropuuHOi 0oOMOTKH E, 10 pese mporekaer ToK |
3aIlUTa CpabaThIBAET M OTKIIIOYAET BBIKIIIOYATEIb.

OOMOTKa MoIMarHUYMBaHUs HaMoTaHa Tak, 4to0bl DJIC E, u E; oT 3Tol 0OMOTKH ObLIH
HalpaBIeHbl BCTPEYHO, T.€. OHM HE BBI3BIBAIOT BbIXOAHOW BenmmuumHbl OJC E,, a numsb

MOJMarHUYMBaIOT CEPACYHHK; 4TO obOecreunBaeT padoty THII Ha Hambosiee KpyTOM ydacTke
XapaKTePUCTHKHU.

C moMompl OOMOTKM TOJMAarHUYMBaHUS YYBCTBHTEIBHOCTH K E€MKOCTHBIM TOKam
noBelmaercs B 10+ 15 pas, puc 13.7

E, A £,

Puc 13.7 Bnusinue nonmaranuuBanus Ha padoty THII

3) 3ammta ot BHemHux K3. Ilpu BHemHnx K3 MOMKHBI cpabaThiBaTh COOTBETCTBYIOIIHE
3allUThl BHEIIHUX 00bEKTOB. [IpH OTKa3e 3TuX 3alluT M0 reHeparopy npotekaeT Oonbioit Tok K3.
Ho reneparop CiIuMmikom I0poroy arperar, o3TOMy y HETO BCErza MpelycMaTpUBaeTCsl pe3epBHas
_ KK

c.3. a6.max !
K, r

3amura oT BHemHuX K3. OObyHo »3T0 3ammra thna MT3g, T.e. |

HeuL .3auum
tc.s. > trTlaX *

JlaHHas 3aIUTa UMEEeT CBOM HIOAHCHI:

1) T.k. 3TO pe3epBHas 3amUTa, TO TTOMUMO BHEIIHWUX 3allUT OHA JOJDKHA PE3EPBHPOBATH M
3alUThl  caMoro reHeparopa. Jms sroro MT3. ycraHaBIMBaeTcs €O CTOPOHBI HYJIEBBIX
COCTMHEHUI CTaTOPHON OOMOTKH.

2) I'eneparop Bcerga paboTaeT Ha OYEHb PA3BETBIEHHYIO CETh, MOATOMY BHemHue K3 moryt
MIPOMCXOTUTh Ha OYCHD YAAJEHHBIX PACCTOSHHSIX OT TeHepaTopa. B pe3ynbrare 4yBCTBUTEIHHOCTD
MT3.,; ngomkHa ObITH OYeHb BBICOKOH. [l TOBBIIIEHHS YYBCTBUTENBHOCTH  MOXHO
BOCIIOJIB30BaThCsl MPHUMEHEHHEM OJIOKUPOBKM MHHHUMAIILHOTO Hampspkenus (puc.13.8), Torma
k03¢ punmeHT camosanycka K, =1, T.e. pyHKIMN 3aIUTHI IPU caMo3aIlycKe ABUrarelneil Oepér Ha

ce0s1 pesie HaIpsHKEHUS.

3) Ilpu ormanénHom HecumMmeTpuuHoM K3 HampshbkeHMe Ha 3a)kMMax TeHepaTopa Majaer
BEChbMa HE3HAYUTEIbHO, TOrjAa 3((EeKTUBHOCTh OT OJOKUPOBKM MHMHUMAJIBHOTO HAampsKEHUs
OKa3bIBaeTcs HyJeBol. [loaToMy mpuMeHsieTcst IByXcTyreH4yaTas (KOMOMHUpOBaHHAs ) OJJOKHPOBKA
MUHUMaJIbHOTO Hanpsbkenus (BMH).
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Puc. 13.8. Cxema noakIr0ueHUs 3alUT reHeparopa oT BHemHuX K3

Hapsiny ¢ munumansnoro nanpsbxenus (KV1, KV2, KV3) npumensercs Takxe U QUIbTP
HanpspkeHuss  oOpatHoi  mocnenoBarenbHocTd  (DHOII)  (puc.13.8). Ecam  mpowmcxomut
HeccuMeTpuuHoe K3, To HampspkeHHe Ha 3aXHMax eHepaTropa W3MEHseTCsl He3HAUUTeNbHO, HO Ha
Bbixoge @HOII nosBisieTcss HanmpspkeHHE OOpaTHOM IMOCHIeOBAaTEIbHOCTH M cpabaThIBaeT pese
HanpsbkeHuss KV4 ero obpatnsie koHTakTel KV4.1, KV4.2, KV4.3 otnanarot, T.e. HCKyCCTBEHHO
ormouatores KV1, KV2, KV3, rorna 3ammure MT3.; OyneT paspenieHo cpadoTaTh.

OneparuBHas cxeMa 3aluThl FreHepaTopa oT BHEHUX K3 npexncrasnena Ha pucynke 13.9.

+EC KA1 KV1 KT -EC
[
it L
KA2 Kv2
\L
KA3 Kv3
\L
KT KL1
s ]
KL1.1 ,Q YATQ
/
KL1.2 , Qe YAT Qg
/l/

Puc. 13.9. OneparuBHas cxema 3aluThl TeHepaTopa oT BHEIHUX K3

4) 3ammra OT 3aMbIKAaHUM MEXJy BUTKaMHu ojHOHM (a3el cratopa. B ruaporenepatopax
3aMBIKaHUSI MEXIY BUTKAMHU OJHON a3kl OOMOTKM CTaTOpa BIIOJHE BO3MOJKHBI, ITOITOMY TaM
YCTaHABIMBAIOT CIICIUATIbHBIC 3aIUTHI OT BUTKOBBIX 3aMbIKaHUN OnHOUW ¢asbl. Jlns 3Toil menu
WCITOJIB3YIOT IPUHITUI TIoTIepeyHOoN nuddepeHITnanbHON 3alIUThHI.

CraTtopHble 00OMOTKH IreHepaTopa 0OBIYHO UMEIOT JIBE NapaiiensHble BeTBH (puc.13.10).
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Puc.13.10. TpéxcucremHuas 3amuT reHeparopa OT BUTKOBBIX 3aMbIKaHUHN OJTHOM (ha3bl

I1 — |2
B HOpManbHOM pexuMe 1o pese Tok He npotekaer: |, = —=———==0. [Ipu K3 mexny Butkamu
T4

0 peJie MPOTEKAeT TOK M 3allIuTa cpabaThIBaeT.
Ha BpI'DC ycranoBneHna ogHocucTeMHast 3amura (puc.13.11).

A B C

EYan=i

Puc. 13.11. OgHocucTeMHas 3aliiTa reHepaTopa OT BUTKOBBIX 3aMbIKaHUI OJHON (ha3bl
@ — GuUIABTP OT BBICIIMX TAPMOHUYECKHX

[Ipu xopoiieil GUABTpalMU BBHICIIMX TAPMOHUYECKHX UYYBCTBHUTEIBHOCTh y OJHOCHCTEMHOM
3alUTHI TaKasl )K€, KaK U Y TPEXCUCTEMHOM.

5) 3ammra OT 3aMbIKaHUH Ha KOPIYC 0OMOTKH Bo30Oyx/aeHus. OOMOTKa BO30YKAECHUS POTOpa
MATAETCSA OT MOCTOSHHOTO TOKa. JKene3o0 poTropa M30JIMpPOBAHO, MOATOMY OT 3aMBIKAHUS B OIHOU
TOYKE HHYEro He mpou30iaér. [lpu 3amMmplkaHuM HA KOPITYC B ABYX TOYKaX BOSHUKAET HECUMMETPUS
MarHuTHOTO TIOTOKa (B SIBHOIIOJIOCHOM pOTOpE), B pe3yJdbTaTe dYero MOTYT BO3HUKHYTH
MeXaHH4YeCKHue OMEeHUs POTOopa.

VY typOoreneparopoB poTop riajakuil (OueHuit He ObIBaeT), MO3TOMY AJisi TypOOTreHepaTopoB
CIEIMAIbHON 3alUThl OT 3aMBIKAHUS Ha KOPIMYC OOMOTKH BO30YXJCHHUS HE YCTaHABIWBAIOT, a
OTPAaHUYUBAIOTCS TIEPUOJUICCKH U TTPOMEPOM COTIPOTUBIICHUS U3OJISIUH.

B ruaporeneparopax CymiecTBYyIOT 3allUThI OT 3aMBIKAaHUI Ha KOPIYC OOMOTKHU BO30YXK/ICHUS B
OMHOW TOYKe (OOBIYHO TakWe 3alUThl paboTarOT Ha curHai). [luTaHue TakWX 3aIIuT
OCYIIECTBIISIETCS OT AOMOJIHUTEIHHOTO UCTOUHUKA (puc.13.12).
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Puc. 13.12. [TogkmtodeHre 3auThl OT 3aMbIKAaHUH Ha KOPIYC 0OMOTKH BO30YKICHUS
Tema 3.4. 3amMTHI M ABTOMATHKA CNIENHAJIbHBIX 3JIEKTPOYCTAHOBOK

3awiuma wiuH U MOKONPOBOO0E

KopoTkue 3aMblkaHusi Ha IIMHAX B CHUCTEME DJJIEKTPOCHAOKEHHUSI MOTYT BO3HUKATh H3-3a
3arpsi3HEHUS] UM MOBPEXKACHUS IIMHHBIX U30JISTOPOB, BTYJIOK BBIKIIIOUATENEH U U3MEPUTEIbHBIX
TpaHchopMaTOpoOB TOKa, a TakKe MpU OIMMOOYHBIX JCUCTBUSAX IMEpPCOHATAa C MIMHHBIMU
pazbeaunutTensMu. [loBpexaeHus Ha MIMHAX MaOBEpOsITHbL. OJIHAKO, YUUTHIBAsI BECbMa TSKEIIbIE
MOCJIEJICTBHSI, K KOTOPBIM 3TH MOBPEXKJICHUS] MOTYT MPUBECTH, HEOOXOAMMO HUMETh 3alIUTYy, JICiH-
CTBYIOLLYIO ITPU MOBPEKICHUHN LINH.

VYerpoiicTBa 3alUThI TODKHBI OBICTPO M NMPABUIILHO OTKIIIOYATh BCE KOPOTKHE 3aMBIKAHHS Ha
muHax. Korna kopoTkue 3aMblKaHUs HA IIMHAX MPUEMHOM MOACTAaHIMU, MTOJIyYaroUlell MUTaHUE 110
JUHUU C OTBETBJICHUSMHU, OTKJIFOYAIOTCS 3AIUTON JIMHUH, YCTAHOBJIEHHON Ha MUTAIOLIEH MOJCTaH-
LMW, OTBETBJIEHUS TepstoT nutanue. [loaTomy B TeX ciydasx, KOrja 3aiuiuTa DUTAIoIKX HJIEMEHTOB
HEe 00CCIeuynBaeT HEOOXOAMMBIX OBICTPOJCHCTBUSL M CEJICKTUBHOCTH, IIPEIyCMAaTPHBAIOTCS
CIELMaJbHbIE 3alIUThl IIMH: TOKOBBIE, TOKOBBIE HAIPaBJICHHbIE, JUCTAHLIMOHHBIE U
nuddepennmanbasie. Hanbonee wacto wucnonb3yroTces  aud@epeHnuanbabie 3amuTel.  OHU
o0s3aTenpHbl A UH HampsbkeHueM 110 kB u Bblme, HO TMPUMEHSIOTCS U Juis  muH 35 kB
OTBETCTBEHHBIX TMOHU3UTENBHBIX MOACTAHIMUN. s muH HanpsbkeHuemM  6-10 kB 3amura BbI-
MOJIHSIETCS IO YIPOLIEHHBIM CXEMaM.

Hudbdepennmanbaas TokoBasi 3alluTa IIHMH HampspkeHueM 35 kB U BhINIE SJEKTPUUYECKUX
CTAaHUMW W MOACTAHIIMI OXBAaTHIBAE€T BCE AIEMEHTHI, KOTOPBIE MPUCOEANHEHBI K CUCTEME MJIU CEK-
nuu muH (puc. 14.1). TokoBoe pese MOJKIIOYAETCS BO BTOPUYHBIE OOMOTKH TpaHC(POpPMaTOpOB
TOKa Ha CyMMY BceX TOKOB. [Ipu 3ToM umcio TpaHncopMaTopoB TOKa OKa3bIBaeTCsS 3HAUUTEIbHBIM
U BEPOSITHOCTh OOpHIBA WX BTOPUYHBIX IIETIEH BEPOSITHA. DTO YUYUTHIBACTCS TPHU BBHIOOpE TOKa
cpabaThIBaHMSI 3AIIUTHI 110 YCIOBHUIO:

I, =K,"I

c.3. pab.max?

rne K, =12+15 — xospdunnent nagéxuocry; | — TOK Han0oJIee MOIIHOT'O

pab6.max
MPUCOETUHEHHUS.

Kak m nrobas nmuddepennmanpaas 3ammra, nuddepeHimanpHas 3almTa MUH He J0JDKHA
cpabatsiBath npu BHemHUX K3. [losTomMy nipu BeIOOpe TOKa cpabaThiBaHUS HEOOXOAMMO Y4ecTh
BTOPOE YyCIIOBHUE:

., =K, I

— MaKCUMAaJIbHBIN TOK He6aJ1cha, HpOTCKaIOH_II/Iﬁ 10 PeJIC IPU BHCHIHCM K3.

HO. pacy.max ?
rae I HO. pacy.max

YacTo BTOpOE yCIOBUE SBISETCS ONPEACSIONIMM U3-3a OONBIINX KPATHOCTEH TOKOB BHEIIHUX
K3 ¥ 3HaumTeNBHBIX anepHoaueckux cocraBisronmx (K, =2).
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Puc. 14.1. luddepenumanpHas 3amuTa IMH B 0JHO()A3HOM BapHaHTE

OcoOenHoctr  BHIMONMHEHHST TU((EPEHIMATBHBIX 3allUT I[MUH OMNPEACTSIOTCS CXEMOU
NEPBUYHBIX COEIMHEHUN U ycioBusiMH e€ paborel. Hampumep, ABoiiHas cuctema MIMH HUMEET
3alIUTY B BUJE OJJHOTO KOMIUIEKTA, €CIIM OJIHA U3 CUCTEM IIMH paboyas, a apyras — ooxoanas. Ec-
71 00e cucTeMbl HIMH paboTaroT ¢ PUKCUPOBAHHBIM pacIipeieIeHUEM MPUCOSAMHEHUIA, TO 3allIUTa
BBITOJIHSCTCS B BUAE TPEX KOMIUIEKTOB, JIBA U3 KOTOPBIX PA3IEbHO 3AIIUIIAIOT NEPBYIO U BTOPYIO
CUCTeMbl IIMH MpPH OOBIYHOM pacIpeleieHUH MPUCOCAUHEHUH, a TpeTUuil NpeaoTBpaliaet
HENPABWILHYIO Pa0OTy MEPBBIX JBYX KOMIUICKTOB ITPH BHEIIHUX KOPOTKUX 3aMBIKAHHSIX B CITydasx
BBIHY/ICHHOTO HapyIlIeHus (PUKCAIIUU.

JuddepennnanpHas TOKOBasi 3alluTa IMWH HanpsokeHueMm 6-10 kB mpemycmarpuBaercst Ha
ANEKTPUYECKUX CTAHIUAX C FeHepaTopaMu MoIHOCThI0 Oosiee 12 MBT. Ilpu 3TOM OHa BBIMONHS-
eTcs TO YHpOIIeHHOH cxeme. B e€ menm Toka He BKIIOYAIOTCS TpaHC(OpMATOpBl TOKa
OTpeOuTEeNEH EKTPUUSCKON dHEepruu. Takas 3aIuTa Ha3bIBaCTC HenoHou OudhphepeHyuanvHoll
moxkogou. OHa, TIO0 CYIIECTBY, SBISETCS TOKOBOH 3allMTOM, BKJIIOUYEHHOH Ha T€OMETPHYECKYIO
CYMMY TOKOB MUTAIOUINX MTPUCOEAUHEHUH.

B nexax, 3aBojax 4acTo MCHOJIB3YIOTCS IIMHOIPOBOJBI (TOKOIIPOBOJIBI), KOTOPbIE CHAOXKAIOT
Harpy3ky (puc.14.2). XapaktepHOil OCOOCHHOCTHIO TaKHX TOKOINPOBOJAOB SBJSETCS OOJBIIOE
CEUeHHE U MaJloe COMPOTHBIICHHE.

S1VvS2 Sn

Puc. 14.1. IlpucoennHeHns Harpy30K K TOKOIIPOBOAAM

Toxkn K3 B Hauane W B KOHIIE TOKONPOBOAA MPHUOIM3UTENBHO OIMHAKOBBI U O0OECHEUUTH
CEJIEKTUBHOCTD 3alIUT MPEJCTaBISIETCS CI0XKHOU 3anauel. [Ipu 3TOM kenaTenpHO 3alluThl AeaTh
ObICTpOJCICTBYIOIIMMH, T.K. TOK K3 Benuk U3-3a Majoro cornpoTuBieHus. TOKOBbIE OTCEUKH 3/1€Ch
He paboratot (Toku K3 oguHakoBbl B Hauaje W B KOHIIE TOKOMpoBoJa). Eciu mmHonpoBoa MeHee
500 M, to ITYD pexomenayer ycranaBmuBatb MT3; ot 500 m 10 1 kM — MT3 ¢ GmoKupoBKOi
MUHUMAaJIBHOTO HalpspKeHUs; 6osee 1 KM — TUCTaHIIMOHHYIO 3allUTYy.

Yempoiicmeo pezepsupoeanus omkasza eviknwouamensn (YPOB)

B mpakTuke »sKcilyatalMu 3JIEKTPUUYECKMX CETeHd NPUXOAUTCS CUUTATHCS HE TOJNBKO C
OTKa3aMH 3alllUT, HO M C OTKa3aMH CHUJIOBBIX BBIKIIOUaTeneld. [Ipyu oTka3ze MaHHOTO BBIKITIOYATENS B
CHUCTEME TOBPEXAEHHBIM y4yacTOK BCE pPaBHO JOJKEH OTKIIOYUTHCSA, KakK IPaBHIIO 3TO
OCYIIECTBIISIETCS BBIKITIOUATEISIMUA CMEXXHOTO ydacTka (Ha pucyHke 14.3 mpu OTKa3e BBIKIIOYATEIIS

3 noJKHBI cpaboTaTh BeIKIIOYaTenH 1 u 2).
KA

Q | 1 1
A\ 1
L Lt
| pyme——d
K1
| 1 1 TA
@ | L] L2 ]
Puc. 14.3.
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Ecniu B cucreme yCTaHOBIIEHBI 3allMUTHI, KOTOpPbIE OCYIIECTBISIIOT TOCJIEI0BAaTEIIbHOE
pe3epBUpPOBAHUE, TO TIPU OTKAa3€ BHIKIIOYATEIe OCOOBIX MpobieM HeT. Eciu ke Ha y4acTKe CTOST
3aIIUTHI, HE 00JIaJar0IIHEe CBOMCTBOM MOCIIEIOBATEIRLHOTO pe3epBupoBanus (Hanpumep, [TH/I3), To
B 3TOM CJIy4ae MPUXOJUTCSA BBINOJHATH CIHELUAIbHBIE LEMH B CXEMaX, KOTOPbIE HpPH OTKa3e
JTAHHOTO BBIKIIFOUYATENsl 00eCleYnBaloT cpadaThIBAHUE BBHIKIIOUYATENSI CMEKHOIO y4acTKa. DTU LU
nosyuniu Ha3Banue YPOB.

YerpoiicTBO pesepBupoBaHus oTka3a Beikitodaress (YPOB) B koMMyTallmOHHOM OTHOIIICHUH
SIBJISICTCSI CJIOKHBIM YCTPOMCTBOM, TaK Kak B HEM CXOMSTCS LIEMU OTKIIOUEHHUS BCEX BBIKIIOYATENICH
U OIlepaTHBHbIE NENH 3allUT. OJTUM oOIpeaensieTcss Ooyblias OTBETCTBEHHOCTbh YCTpPOMCTB
pe3epBUPOBAHUS.

C y4€TOM CIIOKHOCTH M OTBETCTBEHHOCTH CIEIHMAJIbHBIE YCTPOMCTBA pPE3ePBUPOBAHUS UMEIOT
OorpaHMYeHHOE TpuMeHeHue. Mx ciemyeT mpeaycMarpuBaTh B TEX Ciydasx, KOrJa pe3epBHBIC
3alUTHl HE MOTYT 00ECIIEYUTh pe3epPBUPOBAHUE CIEAYIOIINUX YYaCTKOB, a HeoTKItoueHHoe K3 n3-3a
OTKa3a BBIKJIIOYATEJISI COMTPOBOKIAETCS PE3KUM U OMACHBIM ISl CUCTEMbI CHH)KEHUEM HANPSIKEHUS.

[TocnenoBarenbHOCTh AckcTBUs lLeneil YPOB MOXHO mpociaeauTh MO ONEpaTUBHOM CXeme
(puc.14.4).

+EC P33 KL1 -EC
KL1.1 ! Qs Y/E Qs
KL1.2 KA El
Kj%l\i @
KL2.1 :Ql YErQl
KL2.2 :QZ YEQz

Puc. 14.4. llenu YPOB

[Iycte Ha BbBIKTIOYATENsIX | W 2 YCTAaHOBIEHBI 3allUThl, HE O0OJAJAIOIINE CBOWCTBOM
nocyenoBareabHoro pesepBupoBanus. [lycts mpouszomo K3 B Ttouke K1 (puc.14.3). Ilpu stom
cpabotaet cooTBeTcTBYyIomIas 3ammra (P33) 1 3aMKHYThCS KOHTaKkThl TOKoBOro pene KA B menu
YPOB. B pesynbrare cpabotaet nmpomexytounHoe pene KL1 u mpoiaér curHan Ha OTKIIOYCHHUE
BBIKJIFOYATENIS] U €CITM BCE HOPMAJIbHO, TO BBIKIIFOUYaTeNb Q3 OTKIIOUUT MOBPEKIEHHBIN Y4aCTOK.

V¥ nmpomexyrounoro pene KL1 kpome kontakta KL1.1 umerorcs kontaktel KL1.2. B ciayuae
oTka3a BeIKIOUaTenss Q3, 3TM KOHTaKThl 0OECIEYMBAIOT MHUTAaHUWE KaTymiku pene Bpemenu KT1.
[Tocne coOTBETCTBYIOLIEH BBIIECPKKHA BpeMEHH 3aMKHYTCS KOHTakThl KT1.1 um momyuut nuranue
npomexxyrouHoe pene KL2. KoHTakTbl 3TOro pene obecredar Lenb Ha COJEHOMbI OTKIIOUEHUS
BeIKTIOUareneit Q1 u Q2.

Brinepkka Bpemenu pene KT1 BeiOupaercs 6onblieil BpeMeHn cpabaThIBaHUs 3aIIUTHI 3, T.€.

tKTl > tc.3.3 '

14.3. 3auumot 661COK0BONLMHBIX KOHOECHCAMOPHBIX YCMAHOB0K
Konnencaropasie ycranoBku (KVY), mnpucoeaumHsieMple mnapayieIbHO K NPUEMHUKAM
AIIEKTPOIHEPTUH, TPEIHA3HAYAIOTCS JJs TMOBBIICHUS KOX(P(UIMEHTa MOIIHOCTH B CHCTEME
3eKTpocHaOKeHusl. VIX MCTIONB3YIOT U 711 MECTHOTO PEryJIUpOBaHUs HAMpspKEeHUs, mostomy KY
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CHa0XaroTCs aBTOMaTHYECKUMH peryisitopamu HanpsbkeHus: (APH). OcHoBHOM BU TOBPEXICHUIMA
KY — npo6oit konneHcaropoB — npuBoauT K aByx(dazHomy K3. B ycnoBusix skcmiiyatanuu Bo3-
MO>XHBI TaK)K€ HEHOPMAJbHBIE PEKHMBI, CBSA3aHHBIE C IEPErpy3KON KOHIAEHCATOPOB BBICIIMMH
rapMOHMYECKMMM TOKa W TNoOBbILIEHHMEM HamnpsbkeHus. CornacHo IIVD or mnoBpexaeHuil u
HEHOpMaJIbHBIX pexxuMoB KV nanpspokenuem 6-10 kB npenycMaTpuBaroTCst 3a1IUThI, AEHCTBYIOIIUE
npu  MHOTO(a3HBIX KOPOTKHMX 3aMBIKAHUSX, T[EpPerpy3kax W TIOBBILICHUHM HANPSIKCHUS.
KoHzeHcaTopHass yCcTaHOBKa COCTOMT M3 OJHOTO WJIM HECKOJIBKHUX OTIEIBHO YCTaHOBJIEHHBIX
€MHUYHBIX KOHJIEHCATOPOB, IMPUCOEIMHEHHBIX K CETHM Yepe3 KOMMYTALlMOHHBIE ammapaThl.
ONEeKTPUYECKH  COCIMHEHHBIE  MeXAy CcOo0Oi  eOUHUYHBIE  KOHJEHCATOphl  00pa3yroT
KOHJICHCATOPHYIO 0aTapero ¢ eIUHBIM KOMMYTAlIMOHHBIM ammaparoMm (puc.14.5). B obmiem ciryuae
KOHJIEHCATOPHAsl YCTAHOBKA MOXET COJIepkaTh U €IMHUYHbIE KOHJIEHCATOPbl, U KOH/IEHCATOPHBIE
Oatapeu.

Q KA1 KA3

TV

KA2 KA4

T | UL

| I
L]

Puc. 14.5. Cxema 3amiuThl KOHAEHCATOPHON YCTaHOBKHU

3anmra oT MHorogasueix K3 npegycmarpuBaercs /Ui Bcell KOHAEHCATOPHOM YCTaHOBKU B 11e-
aoMm. B cersax HampsbkeHneM 10 1 kB oHa BBINONHAETCS IUIABKMMH NPEIOXPAHUTEISIMHA WIH
ABTOMATUYECKUMHU BBIKJIIOYATEISIMH, a B CeTAX HampsbkeHueMm Bbimie 1 kB — mnaBkumu
IIPEIOXPAHUTENSIMU WM TOKOBOM OTCEYKOH B JABYXpEJIEMHOM HCHOIHEHMH. HoMuHanbHBINA TOK
IUTABKOM BCTAaBKU M TOK cpabarbiBaHus TO BBIOMpAIOT ¢ yYETOM OTCTPOMKH OT TOKOB BKIIFOUEHUS
KoH/ieHcaTopHOW ycTaHOBKU (KY) M TOMYKOB TOKa MpH M3MEHEHUHU HANPSKEHUS 110 BHIPAKEHUSIM
JUIs ToKa cpabaTbiBanus 3amuThl (14.1) u Toka cpabatsiBanus pene (14.2):
.=, =2+251y,.., (14.1)

| o=Rey (14.2)

cp. c.3.
g KTA

— HOMHHAJIbHBIHA TOK IJIaBKOU BCTaBKH; |,y — HOMHUHANBHBIHA TOK KY.

rae |

8C.HOM

UyBCTBUTEIBHOCTh OIIEHUBAETCA OOBIYHBIM CIIOCOOOM, MO MHHHUManbHOMY TOKy K3 Ha
BxoJHBIX 3axumax KY. Ha Garapesx, coOpaHHBIX 1O CXe€M€ C HECKOJIbKUMHU CEKIUSMHU JI0JDKHA
IIPUMEHATHCS 3alUuTa KaKIoW cekuuu oT TokoB K3 HezaBucumo ot 3anmrtsl KY B nienom. B atom
Clly4ae TOK BCTaBKHU MPEIOXPaHUTENS Ui KaKJOW CEKLIMU ompeensercs no Gpopmyne:

Qs
| o =162 14.3
U (14.3)

BC.HOM
HOM
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rae Q. — HOMuHanbHas MomHOCTh cekuuu KV, kBap; U
kB.

3aluTa OT HEpErpy3kKH IpelycMaTpUBaeTCs B TeX Cydasx, KOIJa BO3MOXKHA IEperpyska
KOHJICHCATOPOB BBHICIIMMM I'aPMOHMYECKMMH TOKA H3-3a HENOCPEJICTBEHHON OIM30CTH MOLIHBIX
BBITIPSIMUTEIBHBIX YCTAHOBOK. 3aIIMTa BBIMTOJHACTCS OOIIEH AJIs BCel KOH/IEHCATOPHON yCTaHOBKHU
U JCHCTBYET Ha €€ OTKJIIOYEHHUE C BBIIEPKKOW BpeMmenu nopsaka t., =9 c. Tok cpabarsiBaHus

— HOMHHAaJIBHOC HAIIPSXKCHHUE CCTH,

M

3alIUThI OHpeﬂeHﬂeTCﬂ 110 BpraH(eHI/IIOZ
Ic.34 2173 IKYHO,11 ) (144)
3aH_[I/ITa OT ITOBBIIICHHWA HAIIPSXKCHHUA BBIIIOJIHIACTCA € OJHHUM peﬂe HaHpﬂ)KeHHﬂ 158 peﬂe
BpeMeHH. HpI/I 3TOM HaHp}DKeHI/Ie Cpa6aTLIBaHI/ISI 3allIUThI OHpe,Z[eJISIeTCSI:
U =11-U (14.5)

a BbIJIEP’KKAa BPEMEHU ITpUHUMaeTCs paBHOH t . =3+5 MuH.

HOM !

Ecnu KY cnpoektupoBaHa ¢ y4éTOM MaKCUMAJIbHO BO3MOYKHOTO HAIPSIKEHUSI CETH, 3aILUTY
MaKCHMaJIbHOTO HAMPsHKEHUS MOKHO HE YUUTHIBATh.
OmnepatusHeble 1ienu 3amuT KY nokazansl Ha pucynke 14.6.

KL1

=
L

[ 3

KA5

KQC KV1

KL1 Q| YAT

Puc. 14.6. OneparuBHas cxema 3alIUT KOHAEHCATOPHON YCTaHOBKH

3auyumol noaynpo60OHUKOEbIX NPE0OPA306aMENbHbBIX AZPeamos

[IpeoOpa3oBarenbHble YCTAHOBKM Ha OCHOBE (DYHKIIMOHAJIBHBIX MPU3HAKOB MOJPA3IEIAIOTCS
Ha BBINPSAMUTENbHbBIE, HHBEPTUPYIOIIKE, TPeo0pa3yroliue 4acToTy, npeodpasyromnue yucio ¢a3 u
ap. B nHameit crpane okono 25% BceW 3IIEKTPOIHEPTHH, NMPOU3BOAMMON NMpPHU CHUHYCOUIAIBHOM
dbopMe HampspKeHHs, TpeoOpaszyeTcsl BBIIPSIMUTEIbHBIMU YCTAHOBKAMHU JUIsl  OO€crieYeHHs
AIIEKTPOCHAOKEHHUS AIIEKTPONPUBO/Ia OCTOSHHOTO TOKa M 3JIEKTPUPHIMPOBAHHOTO TPAHCIOPTA,
raJIbBAHUYECKUX BaHH M DJIEKTPOMETAUTYPrUUYeCKHX YCTAaHOBOK, OOMOTOK BO30YXJEHUS
CUHXPOHHBIX JJIEKTPUYECKUX MAIIMH U JJIEKTPOXUMHUYECKMX YCTAHOBOK. B BBINPAMUTENBHBIX
YCTaHOBKAaX HauOoJblllee MPUMEHEHHE HAIId CHJIOBBIE IMOJIYIPOBOJHUKOBBIE MpeoOpa3zoBaTelu,
COCTOAIIME U3 HEYNpaBIseMbIX (IMOJOB) WM YHPABIsEMbIX (TUPUCTOPOB) BEHTUJICH.
[TomynpoBoIHUKOBBIE ITPeoOpa3oBaTen OOOPYAYIOTCSI CHCTEMOM BO3IYLIHOIO MM BOJSHOTO
OXJIAXKJICHUS, a Takke NpubopaMH W anmapaTamy, HEOOXOIMMBIMH MJIsi MycKa U paboThI
npeoOpazoBareneii. K muraromeil cetm NMEpeMEHHOr0 TOKa OHM TOJIKIIIOYAIOTCS 4Yepe3 TpaHC-
dbopmartop, oOpasys mnpeoOpa3oBaTenbHbIi arperaT. K moBpexacHHsIM mpeoOpa3oBaTeIbHOTO
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arperaTta OTHOCSTCS IIOBPEXKIEHUs TpaHCpopmaropa, a Takke K3 B cucreMe nepeMeHHOro Toka u
npo0oil MOTYNPOBOJHUKOBBIX BEHTHJICH, T.e. MOTEpss UMM 3amuparolmx cBoicTB. IIpu mpoboe
BO3MOXHBI OOpa30BaHUE »DJIEKTPUYECKOH JAYrM B TIOBPEXKIEHHOM BEHTHIE U €ro B3pbIB,
COIPOBOXKJAIOLIMICA  mepedpocoM  OyrM  Ha  TOKOBEAYIIHME YacTH  NpeoOpa3oBaTels.
HenopmanbHbIMH peXxUMaMH IPeo0pa3oBaTEIbHOIO arperaTa sBIsSIOTCS IPOXO0KICHUE CBEPXTOKOB
npu mneperpy3kax u BHemHHX K3 B cucTeMe BBIIPSMIIEHHOTO TOKa M HapylIeHHE pPaboThI
YCTPOMCTB COOCTBEHHBIX HYXJl YCTAaHOBKH.

3awgumol mpancgopmamopa npeodpazoeamenvnozo azpezama
1. TokoBas orceuka (TO), koTopas npeaHasHaueHa Juis 3anT oT K3, B Tpanchopmarope u
yactuyHo oT K3 B mpeobOpazoBatene, oTcTpamBaeTcsi OT OpOCKOB TOKA HAMAarHUYMBAHWS MpPU
BKIIFOUEHUU TpaHCHOPMATOPa M OT BO3MOKHBIX TOJTYKOB TOKA HATPY3KHU.
Kak nmoxazanu uccienoBanust sl TAKOW OTCTPOMKH JOCTATOYHO, €CIIM MPUMEHSIOTCs pene PT-
40, 9TOOBI

| =(3+4)l (14.6)

— HOMHHAJIbHBIN TOK TpaHc(opmaTopa npeodpa3oBaTeIbHOTO arperara.

mp.Hom !

rae |

mp.HOM

OTceuka mpoBepsieTcs Ha YYBCTBUTEIBHOCTh K TOKY AByX(asnoro K3 Ha cropoHe HHU3KOTO
HanpsbKeHus Tpancdopmaropa:

K, = —If(é)mi“ >15 (14.7)
q I i :
C.3.

[Ipu Henmoctarounoit uysctBUTENbHOCTH TO Ha pene PT-40, BMecTro HUX peKOMEHAYETCs
UCIIONIb30BaTh pejie ¢ HachlmaromuMmcs Tpanchopmatopom tuna PHT-565 ¢ ynydmenHoin
OTCTPOUKON OT OPOCKOB TOKa HaMarHU4MBaHud. B aToM citydae
., =13l (14.8)

2. T'azoBas 3ammTa. ['a30Boif 3amMTOM OT BHYTPEHHHX MOBPEKICHHH B TpaHchopMmaTope,
KOTOpas Mpu cJ1aboM ra3o00pa30BaHUU U MOHMW)KEHUU YPOBHS Macja JEeHCTBYET Ha CUTHAl, a MpU
OypHOM Tra3000pa30BaHMM — Ha OTKJIIOYEHHE arperara, OOOPYAYIOTCS MaclIOHAlOJIHEHHbIE
TpanchopmaTopsl. ['a3oBast 3amuTa ycraHaBIuBaeTcs Ha TpaHchopmaropax MomrHocThio 1000 kBA
u Oosee, a 1711 LIEXOBBIX MpeoOpa3zoBaTeneil Ha Tpancopmaropax 400 kBA u Gosnee.

3. 3ammTa OT meperpy3kd. 3aliuToi OT TMeperpy3kd 00OpyayroTcs TpaHC(hOpPMATOPHI TPU
YCIIOBUHM OTCYTCTBHSI TAKOM 3aILUTHI HA BEHTWIAX. BpIepikka BpEMEHHU 3aBUCUT OT NIEPETPY304HON
CIIOCOOHOCTH BEHTHIIEH:

mp.Hom *

| =—i.] (14.9)

c.3. K 6.HoMm !
B

rie K, =11 — xospdunuent nané&xnoctn; K, =085 — xospdumment Bosspara; |

6.HOM

HOMMHAJIbHBIA TOK BBIPSMUTENS, IPUBEIEHHBIN K IEPBUYHOMY HAIIPSDKEHUIO TpaHcopmaropa.

3awuma noaynpoeooOHUK06020 npeoodpazosameis

JIOTIOIHUTENBHO K 3aluTe TpaHchopMaTopa Ha TMOIYNPOBOJHUKOBOM IpeoOpasoBarene
MpPEAYyCMaTPUBAIOTCS  YCTPOWCTBA  3allIUTHI, JUISI  BBITIOJIHEHHWS  KOTOPBIX  HCTOJB3YIOT
OBICTPOACHCTBYIONINE DIEKTPOMArHUTHBIE AaBTOMATUUYECKHWE BBIKIIOYATENH, BaKyyMHbIE U
B3PBIBHBIC  BBIKJIIOUATEIM, HMMIYJIbCHBIE JYTOBbIE  KOMMYTATODPBI;  IOJYIPOBOJIHUKOBBIC
TUPUCTOPHBIE  BBIKJIIOYATEIIH; OBICTPOACHCTBYIONINE  TOKOOTPAaHWYHMBAIOIINE  IUIABKUE
MPEAOXPAHUTEINN; IPEJOXPAHUTETN MHOTOKPATHOTO AEUCTBUS (CKHIAKOMeTandeckue). [IpuHIumb
JIENCTBUS M 00JIaCTh MPUMEHEHHS 3TUX allapaToB PACCMOTPEHHI B CIICLIUATIBHON TUTEpaType.

JIist 3amuThl OT TIPOOOST BEHTHIIBHBIX MpeoOpa3oBaTesieil UCIOIB3YIOT OBICTPOICHCTBYIONINE
IUTaBKUE TIpenoxXpaHuTenu F, ycraHaBimBaemble mMmociefoBareiabHO ¢ BeHTWIssMH VD B kaxmyro
napauiebHy0 BeTBb (puc.14.7). CenekTUBHOE JEUCTBUE MPEIOXpaHUTEICH 00eCIeynBaeTCs TEM,
YTO MPHU MOBPEXKACHUHN OJTHOTO U3 BeHTUJIeH Bech TOK K3 MpoXoAUT TOIBKO Yepe3 Mpel10XpaHUTENb
9TOrO0 BEHTWJS, a B JBYX JApyrux @azax Tok K3 pacmpenensiercss mo BceM MapaieldbHO
BKJIIOYEHHBIM TMpefoxpaHuTessiM. [lpu paBeHCTBE HOMHUHAJIBHBIX TOKOB IUIABKUX BCTAaBOK
MEPErOPUT MPEIOXPAHUTENb B LENU C OOJIBIIUM TOKOM, T.€. B IIEMH MOBPEXKAEHHOTO BEHTUIS, U
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YCTAHOBKA MPOJOJIKAET paboTaTh ¢ MEHBIIMM YHUCIOM MapajUiebHO BKIIOUEHHBIX BEHTUJICH.
CeneKTUBHOCTh OOBIYHO 00ECTIEYMBAETCS IPH HATMYUH HE MEHEe TPEX MapaljieIbHBIX BETBEH.

KAL KA4

T
N——"1
SF18T
F VD
1 1 1 1
—— N N —
1 1 1 1
—— N
1 1 1 1
—— N N —
— 1 1 —
—— N N —
1 1 1 1
—— N N
I 1 1 1
—— B gy —
1 1 1 1
—— N N —
1 1 1 I
I N ™~ [
1 1
™~ ™~

Puc. 14.7. 3amura noaynpoBOJHUKOBOIO MpeoOpa3oBaTeIbLHOIO arperara

3awguma mpancghopmamopog niasunbHbIX I1eKmponeyerl
JocraTtouHo pacnpocTpaHEHHBIMU 00BEKTaMHU AIEKTPOCHAOKEHUS SIBIITFOTCSI
AIEKTPOTEPMHUUECKUE YCTAaHOBKH. (Oco00€ MeCTO 3aHMMAlOT TaKWe MOIIHBIE IOTPEOUTENN Kak
IUIaBWJIbHBIE METaTypruueckue nedu. Pasnnyaror 3 OCHOBHBIE KaTErOpHM TAKHX IEYEH: AyroBble
cranemnasuwibHble (CII), pynHo-repmudeckue (PTII), nnaykunonnsie miaBmibhble (UIIIT). Pabota
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neveid, OCOOCHHO JyroBBIX, COMPOBOXKIACTCS PE3KUMH HW3MEHEHUSIMH TOKa, IOTPEOIsieMoit
MOIITHOCTH, TEHEPHUPOBAHNEM BBICIIINX TaPMOHHUK.

Bcé 710 He M03BOJIAET MOAKIIOYATh ATH HArPy3KH K OOIIUM IITMHAM, TTUTAHUE WX OCYIIECTBIISCTCS
gepe3 CIeUaIbHbIE TPAHCPOPMATOPHI OTACTBHBIC IS KAXKI0W YCTAHOBKH.

OcoOeHHOCTAMU PAa0OTHI 3TUX TpPaHC(HOPMATOPOB SBIAIOTCS OOJBIINE TOKM BTOPUYHBIX IICTICH
(o 25 kA), HeoOXoaMMOCTh Oojiee MIMPOKOTO PETYIMPOBAHUS HANPSHKEHHS, BO3MOXKHOCTH
MEPEKIIIOUEHUST CXEM TIEPBUYHBIX OOMOTOK C TpEyrojbHUKAa Ha 3Be3qy. B psjge cioydaeB s
OTpaHUYCHUS] TOKOB JKCIUTyaTallMOHHBIX K3 mociienoBaTenbHO ¢ TpaHCHOPMATOPOM BKIFOUAIOTCS
PEaKTOPBHI.

1. 3aIUTHI OT TOKOB KOPOTKOT'O 3aMbIKAHHS.

Jliis 3ammTel OT TokOB K3 MpUMEHSIFOTCS TOKOBBIE 3aIlIMThl MTHOBEHHOTO JeiicTBusl (Tuma TO).
Tok cpabaThIBaHHsI 3TUX 3aIIUT OTCTPAUBACTCS OT TOKOB JKCILTyaTallMOHHBIX K3 U OpOCKOB TOKOB
HaMarHWYMBaHU MPH BKIFOYECHUHU TpaHCchopMaTopa.

3ammMTa yCTaHABIMBACTCS CO CTOPOHBI NMHUTaHMs TpaHChOpMaTopa M UMeEeT AByX(azHOe WU
Tpéx(azHoe penerHOe NCIIOTHEHHE:

Ic.3. =K - Imp.m,w
rae K, =3+4,5 o ICIL; K, =2+ 3 pusa PTII u UIIIL
UyBCTBUTENBHOCTD OLIEHUBAETCS 1O TOKY /ABYyX(a3Horo K3 Ha 3akumax BTOpU4HON 0OMOTKH
1@
K, = % >15. (14.11)
C.3.
Ecnu yyBCTBUTENBHOCTh HEOCTATOUHA, peKOMeHIyeTcsi BMecTo pesie PT-40 npumenurts pene PHT-
565. B atrom ciiyuae K, =13+15.

Hecmotpss Ha OOJBIIYI0 MOIIHOCTH IEYHBIX TPAHC(HOPMATOPOB, TUPQPEpPEHIHATEHYIO 3alIUTy
HOPUMEHSIOT PEIKO, TOJBKO B TeX CIydasX, KOrja ecTb HOAXOZsIHe TpaHCc(hOpMaTopbl TOKa Ha
CTOPOHE HU3KOI'O HAINPSKCHHUS.

2. 3amura OT neperpy3ku Tpaicdopmaropa.

3amuTa ocymectsisercss ¢ nomomplo pene PT-40 mmm PT-80, koTopble ycTaHaBIMBaOT €O
CTOPOHBI HU3KOT'O HANpsHKEHUS, €CIIM TaM ecTh TpaHc(opMaTopsl Toka. Eciin TakoBBIX HE uMeeTcH,
TO — CO CTOPOHBI BBICOKOI'O HaIPSKEHUS. Y YUTHIBasi BO3MOKHOCTh HECUMMETPUYHON HATPy3KH IO
dazam, 3amMTy BBIMONHAIOT TpéxdasHoil u TpéxpeneitHoi. Tok cpabaTbiBaHMS 3alUTHI
ONpEENAETCS KaK:

(14.10)

I, =419, 0. (14.12)

Bpewms cpabatbiBanus 3amutel BeiOupaercs nopsiaka t., =10 c.

3. T'a3oBas 3amuTa yCTaHABIMBAeTCS Ha BCEX MMEYHBIX TpaHchopmaTropax HE3aBHUCHMO OT
MOII[HOCTH.

4. 3anuTa OT 3aMbIKAaHMH Ha 3EMITIO.

3ammTa OT 3aMBIKaHM Ha 3€MJIIO BBITIOJHSETCS MO0 MEpe HEOOXOJUMOCTH M pabOTaeT, Kak
MPaBUJIO, Ha CUTHAJI, BBITIOJIHSETCS U PACCUMTHIBAETCS, TaK ke Kak U s ceTelt 6-35 kB.

Pa3nesn 4. ABToMaTHKa B cCTEMaX 3J1eKTPOCHAOKEeHH

Takue ocobGeHHOCTH Tporecca (QPYHKIHMOHUPOBAHUSA CHCTEM AJIEKTPOCHAOXKEHHS, Kak
coONroficHHe B KaKIbIi MOMEHT BPEMEHH OallaHCa aKTUBHOW U PEaKTHBHOW MOIIHOCTH, BPEMs OT
BPEMCHH BO3HUKAIOIIHNE KOPOTKHE 3aMbIKaHMs, BBICOKasd 6BICTpOT€'—IHOCTI) OJICKTPOMArouTHBIX U
AIIEKTPOMEXAHUYECKUX MEPEXOJHBIX MPOILIECCOB, OOYCIOBHIN DPAa3BUTHE TEXHUYECKHX CPEICTB
aBTOMaTU4YeCcKOro ymnpasiyieHus. [lon asmomamuueckum moHUMAaeTCs ypapieHUE MPOLIECCOM IPO-
W3BOJICTB, MEPEIAYN U MOTPEOICHUS HIEKTPOIHEPTUH O€3 HETIOCPEICTBEHHOTO yJacTHs YEIOBEKaA.

TexHuueckue cpeacTBa aBTOMAaTUYECKOTO YIPABJICHHUS MPOLIECCOM MPOU3BOACTBA U MEpeaavu
AIIEKTPOIHEPTHH (MPOLECCOM (PYHKIIMOHUPOBAHUS CHCTEM JJICKTPOCHAOKEHUS) MAENATCS Ha
aBTOMAaTHKY YIpaBJICHUS HOPMAIbHBIMH pekuMaMu paboTel DDC U aBTOMATHYECKHE YCTPOWCTBA
IIPOTUBOABAPUIHOIO YIIPABJICHUS — IPOTUBOABAPUIHYIO ABTOMATHUKY.
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K cereBoll aBTOMATHKE HOPMAJIBHOTO pEXUMa OTHOCAT: aBTOMATUYECKUE PETYJISATOPHI
HanpsbkeHus: y tpancpopmaropoB (PITH, APKT) u ucrounukos peaktuBHOil MomHoctu (MPM) —
APKOH.

Bce Ttpanchopmaropsl u aBToTpancopmaropsl MOJACTaHIMK MMeloT BcTpoeHHbie YPITH u
nocTaBisttoTcs KoMIuiekTHO ¢ APKT. OcHoBHbiM HazHauenuem MIPM u tpancdopmaropos ¢ YPITH
ABIseTCs oOOecreueHre OJHOTO M3 OCHOBHBIX ITOKa3aTeNel KauecTBa JJICKTPOSHEPTHH —
IPAaKTUYECKOI'0 MOCTOSIHCTBA HANPSDKEHUS Ha 3aKMMax e€ NMPUEMHUKOB IPU JHOOBIX M3MEHEHUSX
noTpeOIsieMOil UMY aKTUBHOW MOIITHOCTH.

Haznauenuem npomusoasapuiinoti asmomamuxu siBISETCS pellIeHUe OCTPON U crienuduyeckoi
npobaemsbl coBpeMeHHbIX ODC — obecrieueHne COBMECTHOTO (DYHKIIMOHUPOBAHHS (CHHXPOHHOU
YCTOMUMBOCTH) MHOXKECTBA MOIIHBIX 3JIEKTPOCTAHLUM, CBA3aHHBIX JAJMHHBIMM U CHJIBHO
Harpy>KeHHBbIMU JIMHUSIMU 3JIEKTPOIEpEaur B YCIOBHUIX OONBIIMX BO3MYIIAIOIIUX BO3AECHCTBUN B
Buje Heu30exHbIX K3 M CBA3aHHBIX C HHUMHU OTKJIIOUYEHUH MOULIHBIX 3JIEKTPO3HEPreTHYECKUX
00BEKTOB, OOYCIIOBIMBAIONIMX CKAYKOOOpa3Hble H3MEHEHHS T'€HEPHPYEMBIX, IEpeJaBacMbIX U
IpeJeNbHbIX (110 YCTOWYMBOCTH ) MOLTHOCTEH.

Haznauenuem TEXHUUYECKUX CPEICTB IPOTUBOABAPUNHOTO yIpaBICHUS
JNEKTPO’HEPIeTUUECKUMU  CHCTEMaMd  —  [IPOTUBOABapUMHOM  aBTOMAaTHKU  SBJIAETCSA
IPEOTBPALICHNE BO3HUKHOBEHUS M PAa3BUTUS aBapUUHBIX IIPOLECCOB B DJHEPrOCUCTEME U
YCKOpPEHHUE BOCCTAHOBJICHUSI HOPMAJIbHBIX PEKUMOB.

[Ipexxne Bcero aeiicrByer aBTroMatuka nosTtopHoro (AIIB) u pesepBroro (ABP) BxitoueHus

OTKJIFOYEHHBIX P3 MM COOTBETCTBEHHO PE3EPBHBIX BBIKJIIOUATENICH, IBITAIOIASACA YCTPAHUTh
BO3MYIIAIOIIEE BO3/ICUCTBHUE.
ITpu ycroiumBbix K3 ¥ DOBTOPHBIX OTKIIOYEHHUSAX PEICHHOM 3alUTONW IOBPEXKIECHHBIX
AIIEKTPOIHEPIeTUYECKUX OOBEKTOB BHOBb MOSIBISIETCSA, KaK CIEICTBUE, HEOaJaHC MOLIHOCTEH.
Bo3HuKaeT oOmacHOCTp — HapyLICHUE CUHXPOHHOM YCTOMYMBOCTH 3JIEKTPOIHEPreTUUECKON
cucTeMbl. BeTymaer B aeiicTBue oOmiecucTeMHas MPOTUBOABAPHIAHAS aBTOMATHKA, TPeAHAa3HAYCH-
Has HE JIOIyCTUTh HAPYIIECHUS CUHXPOHHBIX JUHAMMYECKON WM CTaTUYECKOW yCTOMYMBOCTH WIN
COXPaHMUTh PE3YIbTUPYIOUIYIO (TIOCJIE KPaTKOBPEMEHHOI'O AaCHMHXPOHHOTO PEXUMa) yCTONUYHMBOCTh
¢ynkunonuposanus 39C, O9C u EQC B nenoM. OHa COCTOUT U3 pacCpeTOTOYEHHBIX O JIEKTPO-
HPHEPreTUUECKUM CHCTEMaM KOMIUIEKCOB aBTOMAaTHYECKUX  YCTPOMCTB —  aBTOMAaTUKHU
npeoTBpalleHus HapyuieHus yctoduuBocTH (AIIHY) u ycTpoHCTB aBTOMAaTHKM JUKBUAALUHU
BO3HHKAIOIIIETO ACHHXPOHHOTO pexxuMa padbotsl (AJIAP).

Tema 4.1. ABTOMATHKA IOBTOPHOI'0 BKJIIOYEHUSA

1. Haznauyenue u o0sacTe npuMmeHenust AIIB

KopoTkue 3amblkaHusi B DIEKTPUYECKHX CETSIX NpU JOCTATOYHO OBICTPOM OTKIFOUECHUHU
MOBPEXICHUS CITOCOOHBI K caMoycTpaHeHH0. OCOOEHHO 3TO XapaKTEepHO Ui  BO3AYIIHBIX JIHHHUMI
anextponepenaun (BJI).

K camoycrtpanstommmcss moBpexaeHusiM oTHOCITC K3, BbI3BaHHBIE NMEPEKPHITUEM H3OJISIAN
IpU TPO30BOM JEATENBHOCTH, CXJIECTHIBAHMEM TMPOBOJAOB OT Berpa u Ap. Ilpu OwicTpom
OTKJIFOYEHUH TaKUX MOBPEXKIEHUN AlekTpuueckas ayra B mecte K3 racHer, He ycneBas BbI3BATh
CYIIECTBEHHBIX pa3pyLICHUH, IPENATCTBYIOIIMX HOBOMY BKItOUeHUIO0 BJI nmox HanpsikeHue.

Takue camMOoyCTpaHSIOMIMECS TOBPEXKIAEHUS MPUHATO HA3bIBATh Heycmouyusvimuy. CTaTUCTHKA
CBUJETENBCTBYET, UTO JOJA TAaKMX CaMOYCTpaHSIOIIMXCA NoBpexacHuid BJI Becbma Benuka u
cocrasisieT 50-90 %.

[Tockonbky oThICKaHMe MecTa ToBpexaeHus Ha BJI myrém e€ obxoma — meno BechbMa
TPYAOEMKOE W JUIMTEIBHOE, @ MHOTHE MOBPEXKIACHUS HEYCTOWYMBEI, JI€KYPHOMY MEPCOHATY
pazpemieHo omnpoboBanue BJI mocie ux OTKIIOYEHUS MYyTEM HOBOTO BKIIFOUEHHUS TOJ] HAMIPSIKCHHE.
DTy ONepaluio Ha3bIBAlOT HOBMOPHLIM  6KIOYeHueMm. JIMHWA, Ha KOTOPOM MPOMU3OIILIO0
HEYCTOMYMBOE MOBPEKACHHE, MPU MOBTOPHOM BKIIIOYCHHH OCTaeTcs B padore. Takoe MOBTOpHOE
BKJIFOUEHUE HA3bIBAETCS YCHEUIHBIM.

Pexxe na BJI BO3HHMKAaIOT TOBpEXKICHUS, CBS3aHHBIE C OOPBHIBOM (a3, TPOCOB, U3OJISATOPOB,
MOJIOMKOW onop. Takue moBpexaeHUs NpU OTKIIOYEHHHM JUHUM CAMOYCTPAHUTBHCSA HE MOryT. Mx
Ha3bIBAIOT ycmouyusbimy. [Ipu MOBTOPHOM BKJIIOYEHUHM JIMHUM, HA KOTOPOM MPOU3OILIO TAKOE
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NoBpeXxaeHne, cHoBa Bo3HUKaeT K3 u BHOBBL cpabaThiBaeT pelieiiHas 3alllyTa, OTKIIOYas JIMHUIO.
[ToBTOpHBIE BKIIOYEHUS IIPU YCTOMUYHMBBIX TOBPEXKICHUSIX IPUHATO HA3bIBATh HEYCHEUHBIMU.

Kak mokaszana mpakTuka, Ha MOJCTaHIMSX C TOCTOSIHHBIM OOCIYKHBAIOIIMM TEPCOHAIOM
IIPOLIECC PYYHOT'O IOBTOPHOI'O BKJIFOUEHHS 3aHMMAeT HECKOJIBKO MHUHYT, a Ha MOJCTaHLMSIX Oe3
MOCTOSTHHOTO oOciykuBaromiero nepcoana — 0,5+1 gac. [losTomy 11 yCKOpeHHS TIpoliecca
MOBTOPHOTO BKJIFOUEHUS, T.€. YMEHBIIICHUSI BPEMECHH TMEepephIBa MUTAHUS MOTPEOUTENCH, ITUPOKOE
pacnpocTpaHeHHUe Moaydnsa asmomamuxa noemoprozco exnouenuss (AIIB). Bpems neiicteus AIIB
OOBIYHO HE MPEBBIIAET HECKOIBKUX CEKYH].

Cornacuo [IpaBunam yctpoiicTB annekTpoyctaHoBok (ITYD) npumenenne AIIB oGs3aTenbHO Ha
BCEX BO3IYIIHBIX U KaOEIbHO-BO3AYIIHBIX JIMHUSAX HampsbkeHueM Boimie | kB. Kpome 3toro
cymectByroT AIIB muH, TpancdopMaTropos, 1BUTaTesci.

2. Knacenduxanus ycrpoiicrs AIIB

VYerpoiictea AIIB BechMa pa3HooOpasHbl, M HX MOXHO KJIAaCCH(UIMPOBATH IO PSIY

MIPU3HAKOB:

* 10 ObIcTpOaeiicTBUIO: ObIcTpoaelicTBytomue AITB, HopmansHbie ATIB

* 10 KoiuuecTBY LUKIIOB: AIIB 0THOKpaTHOrO U IBYKpaTHOI'O A€HCTBUS;

* no uucny a3, Bkmoyaembix npu AlIB: tpéxdazusie AIIB (TAIIB), ognodasnsie AIIB
(OAIIB);

* 10 BUIY BKItouaeMoro obopynosanus: AIIB nunui, muH, TpanchopMaTopoB, IBUTATENEH;

* 110 CTI0CO0Y BO3/ICHCTBHS Ha IPUBO/I BBIKJIFOUATEIIS: MEXaHUYECKHE, BCTPAMBACMBIEC B TIPYKHHHBIN
WM TPY30BOM MPUBOJ, U SJICKTPUUECKUE — PEJICHHBIE.

OcoOyro rpymmy cocTtaBisioT — yerpoiictBa  AlIB, jdeiicTByromue mociae  OTKIIOYCHHUS
BBIKJTIOYATEJICH YCTPOHCTBAMHU aBTOMAaTHYECKOM YaCTOTHOM pa3rpy3KH U BOCCTAHOBIECHUS YaCTOTHI,
—yactotHbie AIIB (HAIIB).

Coemecmnan paboma AIIB c peneitnoit 3augumoii

CoBMmecTtHOe ucnons3oBanue AIIB u P3 mo3Bosser ynydmuTh CBOMCTBA PElIEHHOMN 3aIUTHI,
HanpuMep, OOECeUnTh CEJIEKTUBHOCTh B HECEIEKTHUBHBIX TOKOBBIX OTCEYKaX, COKPATUTh BpeMs
oTkitoueHus K3 u TeM caMbIM MOBBICUTH HA&KHOCTh TUTAHUS MOTpedUTeNnel. Y CKOpeHne 3alluThl
npu pabore AIIB nmpumenseTcs B Tex ciiydasx, KOrja 3aliuTa, OOCIyKMBawolas OOBEKT, He
aBnsiercs  ObicTponeiicTByromel, Hampumep MT3. IIpuHUMIBI yCKOpPEHHs 3aIIUTBl MOTYT
BBIIIOJIHATBCS B IBYX BAPUAHTAX.

1. Yckopenue 3amutsl nocie AIIB

MT3 = - MT3 MT3
ATB - AllB ATIB

B

a) ¢

tc.s.l

~ -EC
6) *EF Ka KT

3

KIL.2

e,

AlTB}

N

Ha omen. Q

Puc 15.1 [IpuHumns! yckopenus 3amutsl nocie AIIB
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Ha pucynke 15.1 a mpuBefeHa cxeMa y4yacTKa CE€TH C TPEMs BBIKJIIOYATENIMH, HA KOTOPBIX
ycraHoBieHs! 3amuTel THa MT3 u AIIB. Ilpu K3 peneiinas 3amura ¢ onpeaenéHHON BBIAEPKKON
BPEMEHU CEJIEKTUBHO OTKJIIOYAET COOTBETCTBYIOIIMI BBIKIIOYaTENb. YcTpoiictBo AIIB cHoBa
BkitouaeT JimHuto. [Ipu ycnmemraom AIIB nmuHus ocraércs B pabore. B ciydae HeycnemHoro
OTKJIFOUEHHS MOBPEXKIEHHBIA YUaCTOK JTOJKEH OBITH CHOBA OTKJIIOUEH U UYeM ObICTpee, TeM JIydllle,
4T0OBI HE YyCyryOisTh BO3HMKILIEE MOBPEKICHHE. BBICTpOe OTKIIOUEHHE JOCTUTAETCS TEM, 4YTO
nocne AIIB Bwigepkka BpeMeHH 3amuThl youpaercs. OTCYTCTBUE BBLACPKKH BPEMEHH IMpU
MOBTOPHOM CpabaThIBaHWU 3aLIUTHI HE MPUBOAUT K HECEJICKTUBHOMY €€ JIeHCTBHIO, T.K. MECTO TI0-
BPEKJICHUS YK€ YCTAaHOBJICHO MpH NepBoM oTKiMrodeHuHu. C 3Toi menbio B cxemy MT3 BBeaeHbI
koHTaKThI pene KL2 cuctemsr AIIB, myntupytomme kontaktsl pene Bpemenu KT, puc 15.1 6
(lanee mosicHUTH PabOTy CXEMBI IO PUCYHKY).

2. Yckopenue 3amuThl 10 ATIB

B cxeme, mpencraBienHoi Ha pucyHke 15.2 a, ycrpoiictBamu AIIB o0opymoBaH TOJIBKO
nepBbiii Beikitoyarenb QI. IlepBeiii yuactok obGopynoBan aByms 3ammutamu: MT3 ¢ oObraHOM
HAaCTPOMKOM 10 BpeMEHU cpabaThIBaHKS U HECEJIEKTUBHOM 3alIUTOM (H.3.) C TAKOH ke YCTaBKOM IO
TOKY, Kak 1 y MT3, HOo 0€3 BBIIEPKKHU BPEMEHH.

a) niMT3

H trm. _
3. ! : ]
L H b
!

ITpu K3 Ha nro6oM yuacTke cHayana cpabareiBaeT H.3. ¥ oTkimouaercs Q1. Ilpu nanuuun AIIB
Ha TOJIOBHOM YYacTKe TaKoe OTKJIFOUEHHE OIpaBlaHo, MOcKoiabKy AIIB moBropHo Bkimtodaer Q1 u
IpU yCHEIIHOM cpabaTbIBaHUM Bce JMHMU ocTatoTcs B pabdore. Eciu K3 He camoycTpaHuiocs, To
P3 cpabatbiBaeT BHOBb. O/IHAaKO Temephb 3aluTa OyJeT JeiicTBOBaTh C BBIIEPIKKON BpeMeHH (H.3.
BBIBOJIUTCSL U3 pabOThl) U MPOU30MAET CENEKTUBHOE OTKJIIOYEHHE TOJBKO TOTO y4yacTKa, I/ie Ipo
u3onwio K3, puc 15.2 6

o EC xay Kt -EC
a) ||
%’ KL_
KAZ
KL2.b —
.._..-..-/
KL2,2 L’
| ATIB _J — L2
P ||
| S — |
VL Haomm_p .

Puc 15.2 [Ipuauun yckopenus 3anursl 10 AIIB
Tema 4.2. ABTOMaTHKa BK/IIOYEHHUs pe3epBa

1. Haznauyenne, o0mue npuHuunsl ABP, TpedoBanns k ycrpoiicream

OaHuM H3 OCHOBHBIX TpeboBaHui K ¢yHKIUMOHHpoBaHHIO ODC dABIsSeTCS HAAEKHOCTD
oOecrieyeHus MOTPeOUTENEH ANMEKTPHUUECKOM SHEPTHEH.

JUis MOBBIIIEHUST HAAEKHOCTH SJIEKTPOCHAOKEHHUSI NMOTPEOMTENHN JOJIKHBI UMETh HECKOJIBKO
UCTOYHUKOB NMUTaHUs (IO MEHbIIEH Mepe 1Ba). BHIMONMHUTE 3TO TpeOOBaHME MOXKHO, CO3]aBast
CXEMBI C IBYXCTOPOHHUM IMTAaHHUEM, KOJIBLEBBIC cXeMbl. OHAKO TaKHE CXEMBI 10 CPABHEHUIO CO
cXeMaMH OJHOCTOPOHHErO MUTaHWs O0O0JamaloT psAIOM HEIOCTATKOB: BO3pacTaioT TOkM K3,
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YTSDKETSIETCSl KOMMYTAIllMOHHOE 000pyI0BaHue, YCIOXKHIETCs peneiiHas 3amuTa. [lostomy B psne
cIy4aeB IenecooOpa3Ha paboTa mMOTpeOUTeNneld Mo cxeMe ¢ OJHOCTOPOHHHM MHUTaHUEM C
HCIIOJIb30BaHUEM BTOPOTO HCTOYHHMKA B KayecTBE pPE3EPBHOrO, KOTOPBIA BKIIOYAETCS MPHU
MCYC3HOBCHHUH MTUTAHUS OT pad0Yero HCTOTHHKA.

EauHCTBEHHBIM HEIOCTAaTKOM B pabOTe CUCTEM C PE3€PBHBIM UCTOYHUKOM SIBJISETCS IIEPEPHIB B
MUTAaHUM TOTPeOUTENe MPU TEPeKIIOYeHUH ¢ pabodero HMCTOYHHMKA HAa PE3EpPBHBIN. ITOT
HEJOCTAaTOK B 3HAUYUTEIbHOM Mepe YMEHBIIAeTcs B pe3ylbTare NPUMEHEHUS aBTOMAaTHKU
BKitoueHus: pesepBHoro mnutanus (ABP). Cucrema ABP cHmkaer mnepepblB NUTaHHS [0
HECKOJIbKUX CEKYH]I UIH JIOJIEH CEKYHI.

al)
Q1 —L J

T [ABP oo

L

Q3

Q4
Q5

g2
T C
Y D

Puc. 15.3.

B cootBerctBuu ¢ IIpaBunamu ycTpoicCTB 3J€KTPOYCTAHOBOK HEOOXOAMMO IpeycMaTpUBaTh
ABP Bo Bcex ciyuasx, Korja OTKIIOYEHHE pabodero MCTOYHUKA MPUBOJUT K TOJTHOMY
MPEKPALIEHUIO AJIEKTPOCHA0KEHUSI UJIM OTPAHUYEHHUIO MOILIHOCTH NoTpeduTeneil. B cBsa3u ¢ 3Tum
ABP mupoko npuMeHsieTcsl Ha MOACTaHLUAX OCHOBHBIX U PACIPEACIUTENBHBIX CETEH B CUCTEMAX
COOCTBEHHBIX HYXJ 3JEKTPOCTaHIUI.

B sHeprocucreMax npUMEHSAETCS 3HAUUTENIBHOE KOJIMUECTBO yCTpolicTB ABP, paznuuaromumxcs
B 3aBHCUMOCTH OT HalpsHKEHUS U YCIIOBUN paOOTHI.

I[Io Ttuny oOopynoBaHus, Ha KOTOpO€ JEMCTBYIOT YyCTpoiicTBa, pasiunyaror ABP
tpanchopmatopoB, ABP mmuwmit snextponepenaun, ABP cexkumit mwmH, ABP arperaros
COOCTBEHHBIX HYX]I.

[lo nanpaBnenHoctn neictBus — ABP 0HOCTOpOHHEro M ABYXCTOPOHHErO neucTBus. Ecim
ABP opHocTOpoHHEro neicTBHA, TO TNEpBBIH HCTOYHHMK BCerja pabouMii, a BTOpOW Bcerjaa
PE3EpPBHBIN, €CIM JABYXCTOPOHHErO, TO JIFOOOW HMCTOYHHUK MOXET OBITh Kak pabouyuM, Tak H
PE3EpPBHBIM.

[To BuUAYy HCTOYHHMKOB OINMEPATUBHOTO TOKa pa3nuyaroT cucteMbl ABP Ha mocTossHHOM
[IEPEMEHHOM OIIEPaTUBHOM TOKE.

ITo Buay pesepsa, Bkitouaemoro ABP, paznuuator ABP ¢ siBHBIM pe3zepBom (puc 15.3 a) u ABP
C HedBHbIM pe3epBoM (puc 15.3 6). SIBHBIM pe3epBOM CUHMTAeTCsl TaKOH, KOrjaa pe3epBHBIN
MCTOYHUK HAXOAUTCS MO0 B OTKIIFOUEHHOM COCTOSIHUU, JINOO MO HaIpsHKEHHEM, HO 0€3 Harpy3Ku.
HesBHbIl pezepB npeamnonaraeT padboTy KaXJ0ro HCTOYHHUKA Ha CBOIO HArpy3Ky.

HecmoTps Ha Gonbmioe pasHooOpasue cucteM ABP oHM OJDKHBI YIOBJIETBOPATH PALY OOIINX
TpeOOBaHUH, KOTOPBIE U3JI0KEHBI HIKE.
1.YcrpoiictBa ABP 0/KHBI TPUXOAUTHh B JIEMCTBUE MPU MCUE3HOBEHUM HANPSHKEHUS HA IIMHAX
notpeduTeneit oT pabouero NCTOYHMKA 110 OO0 MPUYKHE.
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2. BxiroueHue pe3epBHOTO HCTOYHUKA TMHUTAHUA JIOJDKHO OCYIIECTBIISATHCA TOJIBKO TOCTIE
OTKJIIOYCHHUSI BBIKJIIIOYATeNss pabouero MCTOYHMKA, YTOOBI M30€KaTh BO3MOXHOCTH BKJIFOUEHUS
pesepBHOTO nctouHuka Ha K3 B e pabouero.
3. Heiicteue ABP n0mkHO OBITH OZHOKPATHBIM, YTOOBI HE JOMYCTHUTHh HECKOJBKUX BKIIOYECHUH
pe3epBHOro ucrounrka Ha K3.
4. Bplnepkka BpEMEHH OT MOMEHTA OTKJIIOUEHHs pab04yero MCTOYHHKA J0 MOMEHTa BKIIOUEHUS
pPE3epPBHOTO JOJKHA OBITh MUHUMAIbHO BO3MOYKHOM.
5. 151 yCKOpeHUs OTKIIIOUEHUS] Pe3ePBHOTO MCTOYHHKA MPHU €ro BKIFOUYeHUU Ha K3, TOMKHO OBITH
IIPEAYCMOTPEHO YCKOPEHHME 3alllUuThl pe3epBHOro ucroyHuka mnocie ABP. Ha moacranmusx c
OOJNBIIUM YHCIIOM D3JICKTPOJABHUTaTeleid M B YCTAaHOBKaX COOCTBEHHBIX HYXKJ AJIEKTPOCTAHIIMA
yckopenue P3 cocraBnser no 0,5 c. bnarogaps 3Tomy nperoTBpaliaeTcsi BO3MOXHOCTD JIOAKHOTO
cpabaTbiBaHus TOKOBBIX P3 mox neiictBueM Tomdka TOKa, OOYCIOBICHHOTO CABHIoM (a3
HanpspkeHudd 90C u 3aryxaromied IJ[C TopMo3SmmXCs 3JIEKTPOABUTaTEEH.
6. Jna obGecrieuenust paborsi ABP mnpu ncye3sHOBEHUHM HamNpsHKeHHS Ha IIMHAX HEOOXOIMMO
MIPEAYCMOTPETh CHEUAIbHBIN MYCKOBOM OpraH MUHUMAJILHOTO HAIIPSKEHUS.
2. IlyckoBbie opransl ycrpoiicte ABP

Hasnauenune myckoBbix opranoB mno HamnpspkeHuto (IIOH) — obecneuuts 3amyck ABP mpu
MCYE3HOBEHUM HANpPSDKEHUs Ha IIMHAX OT pabodyero MCTOYHMKA, JaKe €CIIM BBIKIKYATelb
pabouero ucToyHuKa BKIIOYEH. [lyckoBoil opran He noikeH 3amyckaTh ABP mpu otcyrcTBUmM
HaANpPsDKEHUS Ha PE3EPBHOM MCTOYHUKE U JIOJDKEH 00€CcreunTh TpeOyeMyto BbIIEPKKY BPEMEHU Ha
cpabarpiBanne ABP.
Jannubie cBoiicTBa B mosiHOM Mepe obecrieunBaet [IOH, npuBenénnsiii Ha puc. 15.4.

Lifuyw KT

Pat peaepanoeo el kv kv KVv3 BC
OEOYHE R THOY _\l&/ o]
| LHCITRGYHNKG _“‘"\I‘

I

e 3
KV KV2 KV 3 ——— s Ha sanyex ABP

Puc. 15.4. Cxema nyckoBoro oprana ABP

Pene munumansrnoro HanpsbkeHuss KV1 u KV2 kortponupyrot Hanpspkenue. i HaaéxHOCTH
nonyuyeHus: WHPopMaIMi 00 HCYE3HOBEHHHM HANPSDKEHUS KOHTPOIb OCYIIECTBISETCS Ha BCEX
¢dazax. HopManbHO 3aMKHYTBIE€ KOHTAKTBl 3THUX PEJI€ B CXEME OIEPATHUBHBIX IIETIEH COECIUHEHBI
nocneaoBarenbHo. Pene makcumanbHoro HampsikeHus KV3 KOHTponupyeT Halnuuue HampsoKeHUs
Ha pe3epBHOM HCTOYHHKE. [Ipy MCUEe3HOBEHNHU HAIPSKEHUS HA IIMHAX OT pabo4yero MCTOYHUKA U
HaJIMYMM HaIpsDKEHUsT Ha pe3epBHOM co3aaéres uenb Ha pene BpemeHu KT. Uepes Bblaepxky
BpPEMEHH, 32 KOTOPOE MOXKET MTPOU30UTH BOCCTAHOBIICHNE MMUTAHUS HA padOUYnX IMIMHAX, (HAIpUMeED,
BciencTBue ycrnemHod pabotel AIIB), 3ambikatorcss xkoHTakThl pere KT u cozmaéres uens Ha
3amyck ABP. CymectBytot u 6osee crnoxxkubie [IOH, Bkimrogarorue B cedst peie ToKa, 9aCTOTHI.

ABP cexkuuonnozo évlKtouameins

Haubonee pacmpoctpaneHHbIMEH ycTpoiicTBamMu ABP sBisitoTcst cuctembl, paboTaroniue Ha
CEKIIMOHHBIC BBIKIIOYATEIN, PA3JICIAIONINEe CHIOBBIE TpaHC(HOPMATOPHI, JIMHWW, MHHBL. Cxema
OJIHOTO M3 TAKUX YCTPOMCTB MpHUBEACHA Ha puc. 15.5.

B cxeme cumoBeie Tpanchopmaroper Tl u T2 pabGoTaroT Kakaplii Ha CBOM IIMHBI (CXema
HESIBHOTO pe3epBa), BeIKIoUarenb Q3 orkmouéH. [Ipu mpekparnieHnn NUTaHUS IIMH OT JaHHOTO
Tparcopmaropa BkIodaetcs Q3 u muTaHWe oOeuX IMMH OyaeT OCYMIECTBISITHCS OT OJHOTO
tpancopmaropa. [loBogom ans Hauama paGorel ABP MokeT OBITh OTKIIOUEHHE IO IHOOBIM
npuurHaM Beikodaresns Q1 wm Q2 mubo ncuesHoBeHUE HanpspkeHus Ha muHax (A umu b). ABP
paboTaeT COBEpIICHHO CHMMETPUYHO, T.€. SIBIISIETCS CHCTEMOM JBYXCTOPOHHETO JACHCTBHS.

Hcxomnoe cocrosiaue cxeMbl: Ql, Q2 — Bximouensr, Q3 — orximouéH, xoHtakTel KQC1.1,
KQC2.1 — 3amknuytsl, kouTakThl KQT1.1 u KQT2.1 — pa3omkuyTsl, OmokupoBku Ql.I, Q2.1 —
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pasomkuyThl, Q1.2, Q2.2, Q3.1 — 3amkuytel. IIpm otkmoyenuun QI (Q2) mepekmoyaroTcs
MexaHudeckue OnmokupoBku dToro Bbeikmrouarens: Q1.1 — 3ambikaercs, Q1.2 — pa3mbikaercs.
Tepsier nutanue pene KQC1 u monyuaer nuranue pene KQT1. 3ampikatorcs konTaktel KQT1.1, a
koHTakThl KQCI1.1 pasmbikatorcst He cpasy, T.K. pene KQC umeer BbIIEpKKY BpEeMEHHM Ha
ornajgeHue sakops. KpaTkoBpeMeHHO cocTaBisieTcs Ienb Ha cojeHou] BimodeHus YAC
Beikmrodarens Q3 («+», XS, konrtaktet KQTI1.1, xontakter KQCI1.1, kontakter KQC2.1,
omokkonTakThl Q3.1, karymka YACQ3, «-»). Beikmouarens Q3 Bkimtouaercs. Ecnu BeIKTIOUATENb
Q3 okasbiBaetcs BkimouéHHBIM Ha K3 1 P3 ero oTkirouaer, BToporo BKIIOYEHHS HE MPOU30MALT,
T.K. KoHTakT KQC1.1 k 3TOMy BpeMeHH OKa)KkeTcs pa3oMKHYThIM. TakuMm 0Opazom obecrieunBaeTcs
OJIHOKPATHOCTH AeiicTBus ABP.

[Ipu ncuesnoBenun HanpsbkeHus Ha mmHax A (b) padoraer [IOHI1 (ITOH2) u obecnieunBaer

KQTI
R
Tl T2 +EY[ AT l QL of BY
11 .
Ql Q2 1= 1|+ * \l‘
- 11
A 3 B Al o
: +E(] +“ ;
: ! KQC] QL2 yaT,|-EC
™I V2 R

— Kv2  KVd TEY
+EC
: KT1
+EY KV3 -
E KvI _#KV2___/ EY
]D’ +EY| KOTI, |KQC1 1KQC2.1 YACos|-EY
] . __Q?'Ll .
T oHl KQTZJ
Kvi KI2
Kve EY.
"""" KT2 7
_____ * E
Thoie

1enb Ha oTKiMoueHue Beikimodarenst Q1. [ocie aToro cxema paboraer, Kak OBUIO PacCMOTPEHO
BBIIIIE.
Puc. 15.5. Cxema ycrpoiictBa ABP CeKIIMOHHOTO BBIKITFOUATEINS

Tema 4.3. ABTOMaTH4YeCKasi YaCTOTHas1 pa3rpyskKa

Oobwue nonamus, naznauenue A4P
B HOpManbpHBIX pexumax paboTsl DDC cymiecTByeT 6alaHC MOIIHOCTEH MEXIy TeHepaTopoM

CHUCTEMBI U €€ MOTPEONTEIISIMHU:
ZA:Z&, (16.1)
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rae ZPF — CyMMapHasi MOILHOCTb T€HEpaTOpOB, BbIIABACMasi B CUCTEMY; ZPH — CyMMapHas

notpedsieMasi MOIIIHOCTD AJIEKTPONPUEMHHUKOB € YUETOM MOTEPb.
Hanuuue paBeHCTBa reHepUpyeMbIX M MOTPEOIIEMBIX MOUIHOCTEH SBISETCS HEOOXOAUMBIM
YCIIOBHEM CYIIECTBOBAHMS YCTAaHOBUBIIETOCS pekuma B cucreme. [Ipu 3Ttom dactorta f Bo Bcex

TOYKaX S3HEProCUCTEMbI OJJMUHAKOBA U OIIPEACIACTCA 4acT OTOMU BpaliCcHus pOTOPOB I'CHEPATOPOB:
‘N
f=Pn (16.2)
60
rJ€ P — YUCIIO map MOJ0COB reHepaTopa; N — 4acToTa BpalleHUs poTopa, 00/MUH.

HpI/I HapylmCcHUHU 0anaHca HaYMHAET U3MEHATHCSA YacToTa. an_He BCcero OajiaHc HapymacTcs 3a
CcuéT YBCIMYCHUA HArpy3Kkd MWW IIPpU OTKIIHOYCHUU HCTOYHHUKOB IIUTAHUA. B »Tom cly4dac

BO3HUKAET NEPUIIUT aKTUBHON MOIIHOCTU B CHCTEME ZPF —ZPH = AP ¥ yacrora HauuMHAET

yMmeHbInaThesl. [Ipu HeOombmux HapymeHusx ycinoBus Oamanca (16.1), BRI3BaHHBIX W3MEHEHHUEM
HArpy3Kd T€HEpaTOpoOB WIIU MOTpeOHUTEeNeil, COOTBETCTBHE MEX]y TeHepaluel U morpedieHuemM
BOCCTAHABJIMBAETCS ABTOMATHMYECKHM IIPM HOBOM dYacToTe. IJTO MPOUCXOIUT 3a CYET Tak
HA3BIBAEMOTO pezyaupyroue2o s¢gekma HazpysKu, KOTOPBIN 3aKII0YAaeTCs B CBOMCTBE HArpy30K
YMEHbILATh MOTPEOIeHNE aKTUBHOM MOIIHOCTU MPU CHUKEHUHU YacTOThl. DTO CBOMCTBO caMope-
TYJIUPOBAaHUSL HHEProCUCTEM OOecleynBaeT yCTOMYMBOCT, WX paboTel. Kpome »sToro mpu
M3MEHEHUU YacTOThl BCTYNAIOT B JIEWCTBHE aBTOMATHYECKHE DPETYyJSTOPbl YAaCTOThl U AKTUBHOM
MOIIHOCTH Ha 3JIEKTPOCTaHIMAX. BO3HUKIIMI HeOanaHC TUKBHAUPYETCS 3a CUET MMEIOILIErocs B
HHEProCUCTEME pe3epBa TI'EHEPUPYIOLIEH MOIIHOCTH, W HOPMajbHOE 3HAUYEHUE YaCTOTbI
BOCCTaHABIIMBAETCSI.

OnHaKo HEKOTOPBIE aBapUHM MOTYT MIPUBECTH K BOSHUKHOBEHHIO TAKOTO JE(PHUINTA, KOTOPBINA HE
JUKBUIUPYETCS Jake MPHU IOJIHOM HCIOJIb30BaHUU BpAIIAIONIETOCS pe3epBa TeHEpUpYOIen
MomHocTtd. Torma dacrtota Oyaer cHkarhes. CHuKeHHe dYacToThl Oonee ueM Ha 1-2 I'n
MPEJICTABISIET CEPhE3HYI0 OMACHOCTh M MOKET MPHUBECTH K MOJHOMY pPacCTPOWCTBY pPalbOThHI
HYHEPrOCHUCTEMBI.

ABapuiiHOE€ CHIDKEHHE 4YacTOThl OTPaHMYEHO YCJIOBHEM paboThl  BCIOMOTaTeIbHOIo
o0opynoBanusi camux oanekTpocranuuid. Hanpumep, Ha TOC cylecTBylOT pa3inyHble
UPKYJIMPYIOIIME HACOCHI, OTBeyarolue 3a paboTy mapoBeix Typoun u mpu f =45 I

MIPOU3BOJUTENBHOCTh ITHX HACOCOB CHIbKaeTrcss Ha 60-+80 %. DTo B CBOI0O ouepenb BICYET 3a
co00i1 pe3koe CHHIKEHHE BbIpadaThIBA€MON T'€HEPATOPHON MOIIHOCTH, a 3HAUUT U JaibHeuIiee
CHUXCHHUEC YaCTOTHI. B pesynLTaTe HpOH@CC CHMJKCHHUA YaCTOThbl CTAHOBUTCIA Heyr[paBJ'IHeMI)IM nu
BO3HUKAET «JIaBMHA YacTOThD» — HEYIPABIAEMOE CHIIKEHHE YacTOThl BIUIOTh JI0 TMPEKpalleHUs
BbIJa4Y MOIIIHOCTHU Typ6I/IHI>I. KpOMe 3TOIr0 CO CHHXCHHEM 4YaCTOTHhI HarpysKa YBCJ'H/ILII/IBaeT
noTpebieHue PeakTUBHOW MOIIHOCTH, YTO MPHUBOIUT K MAaJ€HUI0 HampspkeHus. M mpu yactore
nopsimka 45 T BO3HWKAaeT «IaBHHA HAINPSHKCHHS», T.€ PE3KOe HEYNpaBIsieMOe CHIDKESHUE
HATIPSDKEHUSL.

OcHOBHBIC MepPONPUATHS MO0 MNPEeJOTBPALICHHIO JIABHHBI 4YacTOTbl M JIABHHBI
HANIPSIZKeHUsI:

1) ncnonp3oBaHNE BPALAIOLINXCS TOPSYUX PE3EPBOB MOLITHOCTH;

2) mepeBOJ CHHXPOHHBIX T'€HEpaTOpoB (TUIPOreHEpaTOPOB) M3 pPEeXKHMAa CHHXPOHHOTO
KOMIIEHCATOpa B HOPMAaJIbHBIM F€HEPATOPHBINA PEKUM;

3) BKiIIOYEHUE B pabOTy pe3epBHBIX TEHEPATOPOB (XOJIOIHBIN PE3EPB);

4) yacTUYHOE OTKJIFOUYEHUE TOTPEOUTECH.

Haubonee nelicTBEHHBIM MEPONPUITUEM SIBISIETCS OTKIIIOUEHHE psAJla OTpeOUTENeil U B IiaHe
BpPEMEHH U B IUIaHE OBICTPOTO BOCCTAHOBIICHUS OaslaHCca.

PydHoe oTkimtoueHne Harpy30Kk He3(h()EKTUBHO B CIIEJICTBUM HEXBATKU BPEMEHH, TOATOMY 3TOT
IpoIiecc BO3JIOKEH Ha aBTOMATHKY YaCTOTHOU pasrpy3ku (AYP).

Ilpunyunwvt ¢pinonnenus A4YP
[To cBoemy HazHaueHuto yctpoiictBa AUP pa3nensitoTcss Ha 2 OCHOBHBIE TPYIIIIbI:

113



AUYP-| - O6picTpOoIeHCTBYIONIAS KATETOPHS Pa3rpy3Ku, MpeIHA3HAYCHHAS JIJIs TTPEI0TBpAICHUS
3HAUUTENBHOIO CHM)KEHUS 4YacTOThl. BpIMOnHsETCA B BUAE HECKOJIBKUX OYepenci, MMEILINX
pa3IMyYHbIe YCTaBKHU IO YacTOTE.

AYP-Il - MmennenHoaelicTByIONIas pa3rpysKa, NpeJHa3HadeHHas JUIsl O0IbEMA YacTOThI 1OCHE
neiictBust AYP-1, a taxke /Ui npegoTBpaIieHUs «3aBHCAHUS» YaCTOTHl HA HEAOIYCTUMO HU3KOM
ypoBHe. OHa BBINIOJHACTCS B BUJE HECKOJBKUX oyepeneld ¢ oOImied YCTaBKOW MO 4acToTe, HO
pa3IMYHBIMH YCTaBKaMU MO BPEMEHHU.

JlononHuUTeNbHAs - JACUCTBYIOUIass 0OpuU OoNbIIMX JepUIMTAX MOUIHOCTH pas3rpysKa,
npelHa3HayeHHas s YCKOPEHHs OTKIIOUEHHUs TmoTpedurteneii W  yBenuueHus o0bEMa
OTKJII0YAEMOM HArpy3KH.

OnpIT SKCIUTyaTallud JHEPrOoCUCTEM II0Ka3blBaeT, YTO CHIDKEHHWE uacToThl Hmke 49 I
O3HayaeT, yTo Bpawaroumiics peseps ['DC yxe npakTudecku MOJHOCTbIO ucueprad. [loaTtomy
BEpXHUH YpOBEHb yCTaBOK M0 yacTtore, kak AUP-1, tak u AYP-Il, o6pruno 48,6 +48,8 I'm. Hmxke
storo ypoBHa AYP-lI paboraer ¢ unrepBasiaMu no yacrore 0,1 I'l. MuHMManbHBI YpPOBEHB
yctaBok 1o yacrore AUP-1 ne nmxe 46,5 I'n. Hauansnas ycraBka mo Bpemenu AYP-11 5+10 c,
koHeuHas ycraBka AYP-11 60 +90 c.

[Ipu camwxenuun vactotsl A0 obmeit yctaBku AUP-1 u AYP-IT (mpumepno 48,5 I'l) HaunHaeT
paboty aBToMaTuka pasrpy3ku. [lo Mepe CHW)KEHHUS 4acTOTHI CpadaTHIBAIOT OTIENBHBIC OYepenn
kareropuu pasrpy3ku AUP-| (touku 1°, 2', 3', 4", 5', 6', 7') puc 16.1. [locne cpabaTeiBanus psiia
ouepeneit AYP-I wacrora ycranaBimBaeTcs Ha HEKOTOpoM ypoBHe f.. , THpeBblIaromeM
MUHHUMAQJIBHO JIOMYCTUMBIA, 4TO W sBisgercs maiig AYP-l koHedHOW 1enbro0 JaHHOW KaTeropuu
pasrpy3ku. Jlanee Bcrymaer B paboTy kareropus pasrpysku AYP-Il. Yepes Bpems t, — mocie

3anycka cpabatbsiBaetT nepsas ouepenb AUYP-II, uepes t,, — BTopas u T.4. (Touku 17, 27, 37, 47, 57).

l,‘!’ 2,3, 39}’ 4’9, 533)‘

Y rut

45 : ;
2 4 i 8 10 12 14 16 18 20 22
AYP—1|

Puc. 16.1. Xapaktep usmeHeHus 4acToThl npu pabore AYP

t

<

Taxum 06pa3om, Mo Mepe aBapHIHOTO CHUKEHHUs 4acTOThl cpabaTeiBatoT ycrpoiictBa AUP-I co
BcE€ OoJiee HU3KMMH yCTaBKaMHM IO YacTOTE, a MPH MOBBIIIEHUH YaCTOThI CpadaThIBalOT YCTPOICTBA
AYP-II co Bc€ 6osee BBICOKUMH YCTaBKaMU 110 BPEMEHH.

Honamue o wacmommnuwix AIIB (4AIIB)

[Tocne paGotsl AYP, oTkmroumMBIIEH YacThb HArpy3o0K, ¥ BOCCTAHOBJIEHUS YacTOThI Je(ULIUT
MOIIHOCTH B CHCT€ME HaUMHAET MOKPBIBATHCA 33 CUET MEIJICHHO MOOMIM3YEMBIX pe3epBOB. DTO B
IIEPBYIO0 OYepenb BKIOYEHHE pe3epBHbIX arperatoB ['DOC u T.n. OgHAKO BO3HHMKAET 3ajada Io
BO3MOXXHOCTH OBICTPO BOCCTAaHOBUTH MUTAHHE OTKIIOUEHHBIX MOTpedureneil. DTy 3amady periaer
YAIIB, ycranaBnuBaeMoe Ha BceX OOBeKTax, rae ectb AUP, m dyaimie BCero MCronb3yemMoe s
MOJKIIIOUEHUST TOTPEOUTENe BBICOKOW CTEMEHW OTBETCTBEHHOCTH, OTKIIOYAEMBIX MOCIEIHUMU
ouepenasmu AYP, miis BoccTaHOBIEHUS MUTAHUS TOTPEOUTENCH Ha MOACTAHIMIX O€3 JEeKYpPHOTO
nepcoHana u 6e3 teneymnpasienus. YacrotHoe AIIB BBITIOMHSAETCS HECKOIBKUMHU OYEPEIASIMH KaK C
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€IMHOM YCTaBKOM IO YacToTe, TaK M C Pa3HbIMM YCTaBKaMHU, HO MpPH YacTOTaX, OJM3KHUX K
HOMUHaIbHOM (49,2 +50,0 ).

MuHuManbHasE ycTaBKa MO BpeMEHU NpuHuMaercs paBHoW 10+20 ¢, MmakcMMalibHAsl 3aBUCUT
OT KOHKPETHBIX YCJIIOBUU pabOTHI CHCTEMBI U BO3MOXKHOCTH JIMKBUAANWU jaedummra mouHocTH. C
y4€TOM BO3MOXKHOCTH Pa3BUTHUSl aBapUH, MOBTOPHOro CHIbKeHUs yacToThl YAIIB Beimonnsercs
OJIHOKPATHBIM.

Cxemvt AYP u YAIIB

Cxembl AUP u YAIIB B 3aBUCUMOCTH OT THIIa IyCKOBBIX OpPraHOB, KOJIMYECTBA OdYepeaei
pasrpy3KH, TUIIOB 3JEMEHTHON 0a3bl OTIMYAIOTCS 3HAYUTEIBHBIM pa3HooOpazueM. B kauecTBe
MyCKOBBIX OPraHOB B HACTOAIIEE BpeMsl MPUMEHSIOTCS MOJYNpoBoIHUKOBbIE pene PU-1 ¢ BO3-
MO>XHOCTBbIO HAaCTPOWKHM Ha cpalaThIBaHUE MPU MOHMKEHHHM 4YacTOThl B auamazoHe 45-+50 I'q u
HAaCTPOMKHU Ha BO3BpAT IPH MOBBIMIEHUH YacTOThl B Auanazone 46-+51 I'm. Cxemsr AUP u HAIIB
BBITIOJIHSIFOTCS B BUJIE IICHTPAJIbHBIX YCTPOMCTB, OOLIUX /IJIs HECKOJIbKUX CEKIIMU IIUH MOJACTaHIUH,
Y MHJIMBUYAJIbHBIX YCTPOMCTB, YCTAaHABIMBAEMbIX JJIS OTIEIbHBIX pucoeanHenuil. Ha puc. 16.2
NPUBEIAEH OJWH U3 BAPUAHTOB MPOCTEHIIECH CXEMBbI IIEHTPAIBHBIX YCTPONCTB Pa3rpy3KH C OJIHUM
pene PU-1.

+EC

|~ KLLI

[HAYP

| KL12 | wyAmB

Puc. 16.2. Cxemsl AUP u HAIIB

Cxema Mo03BOJII€T BBIMOJNHUTH OJHY ouepenbs AYUP-I wiam ongny ouepens AYP-IT ¢
nociaenyonmm YAIIB. Pe3ynbraToM paboThl cXxeMbl sIBISETCS Mojaya CUTHaJIOB Ha mHUHKH [ITAYP
VHAUBUAYAJIbHBIX YCTPONCTB (IIPOMEXYTOUYHBIE peje), OCYUIECTBISIONINX OTKIOYEHHE HArpy3oK,
win Ha muHkH [TYATIB uHAMBHaYyanbHBIX YCTPOICTB, 00eCceYMBaOIMX MOBTOPHOE BKIIOYEHUE
Harpy3oK.

Cxema paboraet kak AUP-1, ecnmu nHakmanka XS 3amknyTta, n kak AUYP-11, ecnu sta Hakmanka
pa3oMkHyTa. B kadecTBe pesie BpeMEHH HCIIOJIb3YyeTCsl mporpaMmHoe perne (Hampumep, BC-10) c
MUKPOJBUTATEIIEM.

Konrakty KT1 3amaérca Beinepxkka Bpemenn AYP-II, kontakty KT2 — Bblaepkka BpeMeHH
YAIIB. Ilpu pa3zomknyrom koHTakte KL1.5 pene 4acToThl HaCTpOEHO Ha yCTaBKY CpabaThIBaHUS
IIpY MOHMKEHUU YacTOThI, pU 3aMKHYTOM KOoHTakTe KL1.5 pene HacTpoeHo Ha ycTaBKY BO3Bpara
IIPU TOBBILIEHUN YaCTOTHI.

Paboma cxemvt kak AYP-1 (naxknaoka XS- 3amknyma)

CHW)XEeHHE YacTOTHI JI0 YCTaBKU cpabaThiBaHUs peie 4acToThl KF mpuBOIUT K TOMY, 9TO 3TO
pene 3aMbIKaeT CBOM KOHTakThl B Iienu npomexyrouyHoro pene KL2. Pene KL2 cpabatsiBaer,
3ambikast KOHTakTel KL2.1 1 KL2.2 u co3naBas 1iens Ha KaTymky 1 nByxmno3unuonHoro peie KL1.
Pene KL1 mnepexomutr B monoxenue 1. 3ambikatorcs ero koHTakThl KL1.1, KL1.4, KLL1.5,
pasmbikatores - KL1.2, KL1.3. Yepe3 kontaktel KL1.1 momaércs Hanpspkerue Ha muHkA [TTAYP u
oTkirovaercss yactb Harpy3ok. Konrtaktel KL1.5 wm3menstor ycraBky KF, nepexmtouas e€ Ha
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BO3BpAT IpH yacTote, oym3kor Kk 50 I', obecneunBas Tem cambiM padoty perne KF mpu UAIIB. B
TaKOM COCTOSIHUM CXE€Ma 0KMJIaeT MOBBIIMICHUs 4acTOThl. [locie noabéma yactotsl u Bo3BpaTa KF
€ro KOHTaKThI pa3MbikaroTcs, pene KL2 tepser nuranue. Pazmbikatorcs koHTaktel KL2.1, KL2.2,
KL2.4, 3ambikatores - KL2.3, KL2.5. Yepes konraktel KL2.5 u KL1.4 3anyckaercs pene BpeMeHH
KT u uepe3 BbIIEpXKKY BpeMEeHH, cOOTBEeTCTBYOIIyI0 ycTaBke YAIIB (10+20 c), 3amMbIKarOTCs
koHTakTel KT2. ITomyuaer nurtanue karymka 2 pene KL1, u pene mepexogutr B MHOJOXKEHHUE 2.
Pasmpbikarorcst kontakTel KL1.1, KL1.4, KL1.5, 3ambikarotcs - KL1.2, KL1.3. TTony4aer nuranue
mmuka ITYATIB, oGecrieunBasi IOBTOPHOE BKIIOYEHNE OTKIIOYEHHBIX Harpy3o0kK. [Ipu pasMbikaHuu
KL1.5 pene KF BHOBb HacTpamBaeTcs Ha ycTaBKy cpabateiBaHus. Pene Bpemenu KT nipu paspeise
ero nenu kontaktoM KL1.4 Bo3Bpamaercss B ucxomHoe mosoxkeHue. Takum oOpasom, cxema
BO3BpAIlaeTCsl B UCXOAHOE COCTOSIHUE U TOTOBA K HOBOMY JICHCTBHUIO.

Paboma cxemwl kak AYP-1| (naknaokaXS-pazomknyma)

ITpu cpabateiBanun KF momyyaer nutanne KL2, 3ambikatorcs ero kontaktel KL2.1, KL2.2,
KL2.4, pasmbikatorcs - KL2.3, KL2.5. Uepe3 kontaktel KL2.4 u KL1.3 nonmydaer nuranue pene
Bpemenu KT. Mruosennbie KoHTakThl KT u konTakTel KL2.1 ctaBsaT pene KL2 Ha camonoanuTky,
YTO rapaHTHPYET J0BE/ICHUE IUKIIA paOOThl CXEMbI 10 KOHLIA JaXKe MPH MOBBIIIEHUH YacTOThI. Pene
BpeMmeHu KT pabGoraer uepe3 t, Bbiaepxkky Bpemenu cryneHu AUP-II (puc. 16.1). 3ambikarorces

koHTakTel KT1. [Tomyuaer nurtanue karymka 1 pene KLI1, u pene mepexoqur B mojoxkeHue 1.
3ampikatoTcs koHTakThl KL1.1, momaércs muranme Ha muHky IHAYP, oTkmrouaercs ouepenn
Harpy3ok. Pa3mbikaercs koHTakT KL1.3, u pene BpeMeHM 3aHMMAE€T HCXOAHOE COCTOSHHUE.
Pa3zmbikaercss koHTakT KT, u pene KL2 cHumaercss ¢ caMONOANMTKH. 3aMKHYBIIUICS KOHTaKT
KL1.5 nepeBoautr pene KF Ha ycraBky Bo3Bpata. Cxema oxuaaer noabéma yactoTel. llpu
JOCTIDKEHUM ycTaBkU Bo3Bpara KF cxema 1o aHajJOrMM C BBILIEH3JIOKEHHBIM, O0eCleYuBaeT
paboty YAIIB.

Tema 4.4. ABTOMAaTHKA peryJ1HpPOBaHUA HANPSKEHUS

Pezynuposanue nanpaxcenus cuioevix mpanchopmamopoe noo nazpyskou (PITH)

CoBpeMeHHbIE MOIIHbIE CUJIOBBIE TpaHC(hOpMaTopbl (aBTOTpaHCHOPMATOPBI) C  LENbIO
nojaJepKaHusi TpeOyeMoro YpOBHS HamlpsDKEHUS OOOPYAYIOTCS YCTPOMCTBAMHU MEPEKIIOUYEHUS
OTBETBJICHUH B 0OMOTKax moj Harpyskoil (YPIIH). Bechb xommiekc ycTpoiCTB peryiupoBaHus
MO>KHO MOAPA3ACIATh HA IBE OCHOBHBIE YaCTH:

1) cucrema nepeKiroYeH s OTBETBICHHH TpaHchopmaTopa;
2) 6JI0K aBTOMATHYECKOTO peryaupoBanus koddduimenta tpanchopmarmu (APKT).

IlepBasi yacTb KOMILIEKCA — 3TO YCTPOWCTBO, KOTOPOE OOECleunBaeT MepeKIIOUeHNe CeKIUH
00OMOTKHM TpaHcpopMaTopa M COJAEPKUT MEXaHWU3M, MPeoOpa3yroluii HEeMPEpPHIBHOE Bpalaloliee
JBIDKEHUE B JHMCKPETHOE IMEpeKJII0OYeHHe KOHTAKTOB. Bpamaromee BHXeHHE OOecTeuMBaeT
ACMHXPOHHBIN JBUTATEIb HEOOJBIION MOIIHOCTH, KOTOPBIN Yepe3 peayKTOp CBSA3aH C KYJIauyKOBbIM
BAJIOM TPYIIIOBOIO IEPEKIoYaTeNss WIM KOHTposuiepa. IlocienoBaTenbHOCTh IMEPEKIIOUYEHUs
KOHTAaKTHBIX 3JIEMEHTOB 3TOTrO armapara oOecrnedyuBaeTcs MX MEXaHHYeCKOW CBs3blo. J[Burarenn
MOJKET YNPABIATHCS BPYUHYIO OT KJIIOYa JUCTAHIIMOHHOIO YIPABJICHMS WJIM aBTOMAaTHYECKH OT
BTOPOTO OJI0Ka.

Bropoii 60k - APKT — 310, Kak mpaBuiio, 3MIEKTPOHHOE YCTPOUCTBO, (hopMHpYIOIIee 3aKOH
yIpaBieHUs U Jarolllee KOMaHAy Ha JBHUraTeib MepBOro 0JI0Ka B 3aBUCUMOCTH OT HAIPSHKEHUS U
TOKa Harpy3KHu.

B nenom cucremy YPIIH M0oHO npencTaBuTh B BUAE 3aMKHYTOW CHCTEMBI aBTOMAaTHYECKOTO
peryiaupoBaHus, GyHKIMOHAIbHAsA CXeMa KOTOpOH Noka3aHa Ha puc. 17.1.

Iy |
‘:’ﬂé__, APKT | .[PNH |__, T_J!m
! L

Puc. 17.1. O606ménnas ¢pyukuonanpHas cxema Y PITH: Uy - HanpsokeHne Ha IUHAX
Tpanchopmatopa; lyy - Tok Harpy3ku; U, - 3a1aHHOE 3HaUEHNE HATIPSIKEHUS
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Ha puc. 17.2 npuBeneHa cxema ymnpaBileHUs JIBUratesieM M NEpEeKIIOYarolIero YCTpOHCTBa
(xonTpomiepa  PHT-13), T1.e. cxema PIIH. J[IBuratenem MOXXHO YIpaBisATh BPYUHYIO
(IMCTaHIMOHHO), Ui d3Toro K04 SAl  JOMKEH HAaxXOIUThCS B MOJNOXKEHHH  «JI»
(«AMCTaHIMOHHOEY»). YTpaBiIeHHE OCYLIECTBISAECTCA KIoUYoM SA2 myTéM ero KpaTKOBPEMEHHOTO
niepeBojia B monoxenue «I1» («rmpudaBuTh») Ui «Y» («y0aBUTHY).

JlBurarenb Tak)Ke MOXKET YIpaBiSITbCs aBToMaruuecku. [lns storo kmou SAl  momkeH
HAXOJUTHCS B TIOJIOKEHUH «A» («aBTOMaTH4yeckoey). YipasieHue ocymiectsisercs 6mokom APKT
nyTéM 3aMblkaHus wWid pasmbikaHus koHTakToB KL2.1 u KL3.1, Beixoguweix pene APKT.
JBurarens M nurtaetrcs ot tpéxdasznoii nenu (paser A, B u C) u KoMMyTHpyeTCss KOHTaKTaMHu
MarHuTHbIX Tyckareiaeii KM1 um KM2. Ilpu cpabateiBanuu KM1 paBurarens BpamaeT Bai
KOHTpOJUIEpa B CTOpPOHY CHWXeHHs Hanpsbkenus. [lpu cpabareiBanuun KM2, nBurarens
peBepcUpyeTcs U BpalaeT Bajl B CTOPOHY YBEIMYEHHUS HANpPsLKEHUS. BIOKUPOBKU KOHTpoiuiepa S
3aMBIKAIOTCSl TIPY Hadajie JBUXKEHHUS; T.€. MEXKAYy (UKCHpOBAaHHBIMU mo3uuusMu. Ilpu momxoxe
KOHTpoJIIepa K (UKCHUPOBAHHON IO3UIIMHM OJIOKUPOBKH S pa3MmbiKatoTcs. biokupoBka SQ1
pa3MBbIKaeTCs Ha KpaiiHel (HU3KOM) O3UIUU KOHTpoIIIepa, OokupoBka SQ2 — Ha Ipyroil kpaitHe
(BBICOKOI1) TO3UIIUU KOHTPOJUIEPA, Ha BCEX OCTAIBHBIX MO3UIUSAX OHU 3aMKHYTHI.

Pabora PIIH npu py4HOM yImpaBieHHH HISHTHYHA pabOTe MPU aBTOMATHYECKOM, ITOATOMY
Jajiee OHU PacCMaTPUBAETCS B KOMILIIEKCE.

[Tpr HEoOXOAMMOCTH CHHM3HUTH HampsDKeHHE K04 SA2 KpaTKOBPEMEHHO MOBOPAYMBAETCS B
nosio’keHre «Y» (B aBTOMaTHYECKOM PeXHMe 3aMbIkatoTcs KoHTakThl KL2.1), cozmaéres nenb Ha
Karylky marHutHoro nyckarens KM1. 3ambikatorcs ero kontaktel KM1.2, KM1.3, KM1.4,
KM1.5. Jlpuratens M HaumHaeT BpaliaTh Bajd KOHTPOJUIEpAa B CTOPOHY CHUKCHHS HAIPSKCHHUS.
Kak TompKko KOHTpOJIEp CXOIUT ¢ (PMKCUPOBAHHOM TO3UINH, 3aMBIKAIOTCS OJIOKUPOBKU S M Mar-
HUTHBIN myckaTesnb KM1 cTaHOBUTCS Ha CaMOMOJNUTKY, T.€. OyJIeT moaydaTh MUTAHUE, JaKe eCIH
ko4 SA2 BepHETCS B HEHTpPAIbHOE IMOJIOKEHHE WM KOHTaKThl BbixomHoro peire APKT KL2.1
pazoMmkHyTcsa. briarogapst 3ToMy KOHTpoOJUIep MOMAET M OCTAHOBUTCS TOYHO Ha CJEAYIOIICH
¢dukcupoBanHoi mo3unmu (S pazomkHyTcst 1 KM 1 nmorepsier nuranue).

/? SAl ‘SA: . ‘

Puc. 17.2. Cxema ynpaBiieHHsI IBUTaTeaeM NEPEKIOYaronero ycrporcrsa cucrems PITH

Ecmu Tpebyercs nmanpHeiinee MOHWKEHUE HANpsDKEHHs, Kitod SA2 CHOBa KpaTKOBPEMEHHO
NEePEeBOIUTCS B MOJOKeHUe «Y» (Mu 3amblkaeTcs KOHTakT KL2.1), mporcXoauT ciaenyromuil UK
NEPEKIIIOUeHUsl CeKIMU OOMOTKM TpaHcopmaropa u T.1. Ilpu HeoOXoIuMOCTH YBEIUYUTH
HanpsDKeHUE Ha IKHaX TpaHcdopmaropa kiaod SA2 nepemeaior B mojoxxenue «I1» (3ambikaercst
KOHTAaKT BTOporo BeixomHoro pene APKT- KL3.1). [Tonmygaer nuranne KM2 1 cBoMME KOHTaKTaMH
peBepcupyeT IBUraTells M B CTOpPOHY BpAILLEHUS KOHTpOJUIEpa HAa YBEIMUYEHHUE HANPSIKEHMS.
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Cxema paboTaeT aHAJIOTMYHO TpeapiaymeMy onucaHuto. Konrakter pene KLI1.1 GroxupyroT
paboTy cxeMbl B aBTOMaTUYECKOM PEXHUME MPU OTKIIFOUeHUH Q MIIM MCUE3HOBEHUH HAIPSDKEHUS Ha
TpaHcopmaTrope, 4YTO KOHTPOJHUPYETCS OJOKUPOBKOW BBIKIIOYATENS M KOHTAKTaMU pelie
HanpspkeHus B uenu katymku KL1.

Ha puc. 17.3 mnpencraBnena cxema APKT, paspaborannas JlatBanepro ATP-1H.
W3meputenbupie  opranbl  Hampspkenuss (MMOH)  pabortaroT 1O  OpUHOUIY  BCTPEYHOTO
perynupoBanus. B oOmiem cimydae snekTpuyeckasi ceTh, MUTAIOLIASACSA OT IIMH TpaHcdopmaropa,
MOJKET OBITh Pa3BETBIEHHOW U MHUTATh OOJBIIOEC KOJIMYECTBO Harpy3ok. [Ipu 3Tom menecoobpazHo
MOJJICPKUBATh HANpsDKEHHE He Ha MIMHaX TpaHcdopmaropa, a B HEKOTOPOM TOuke, yAanEHHON OT
IIMH Ha SKBUBAJICHTHOE CONpoTuBiIeHHE Z., . IlockonbKy HampspkeHuEe B 3TOH Touke Oyder

OTJIMYATBCA OT HAIIPAKCHHA Ha IIHMHAX HAa BCJIMYUHY MAACHUA HAIPSXKCHUA OT TOKA HAIPY3KH, TO
H606XOI[I/IMO HU3MEPATH 3TOT TOK. Heusmennocts HaIIps’KCHUSL B HaHHOfI TOYKE CETU 6yz[eT
AOCTUTaThCA, €CJIM CMOJACIIMPOBATL HAa BXOAC 3JICMCHTA CPpaBHCHUSA HAIPSKCHUE B COOTBCTCTBUU C
BbIpA)KCHHUCM

U =U,-Z,-1,, (17.1)

P
roe U _— paboyee HaNpsKEHUE B TOUKE CETH, yJalEHHOM oT muH Ha Z,; U, — HampsbkeHHe Ha

HIKHaxX TpaHchopmaTopa; |, — TOK HarpysKu.

Opran, obecrneuynBarouii MareMatudeckyro omnepanuto (17.1), Ha3bIBaeTcs anemeHmom
ecmpeunoco peeynuposanus (OBP) u saBmsercs ocHoBHoit yacteio MOH. Bropoit opran MOH
ABJIAETCS DJIEMEHTOM CPaBHEHHs U 1pu cpaBHenun U ¢ ycraskod U, , dhopMupyeT curHasbl Ha
IByx Beixoaax MOH.

IIpp U, HmWKE MHHAMAIBHOIO 3HAYCHHSI HANPSUKEHUS 30HBI HEYyBCTBUTEIBLHOCTH

dopmupyercss curHan U, , Ha NOBBILIEHUE HANpPsKeHHUs. B mpoTMBHOM ciydae gopmupyercs

curHan U, , Ha cHwkenue HanpsokeHus. [Ipn Haxoxnennn Hanpspkenust U, B 30HE HEYyBCTBHU-
TENILHOCTH CUI'HAJBI Ha BbIXOJe u3MepurensHoro ycrpoiicrsa MOH orcyrerByror. Curnanst U,

wm U, , BBIIAIOTCS Ha JIOTHYECKYIO YacTh perynsaTopa (JIY).

Tpetbst yacTh perymnsaTopa — aBTOMaTHYECKOE YCTPOUCTBO ympaBieHus: 1 KoHTpois (AYVYK) -
cocTOMT ®3 TakToBOro TeHeparopa G m ycrpoiictBa koHTpoisi AYK. T'eneparop G Bwimaér
UMIYJIbChl, 4Ye€M O0ecleuynBaeT OJHOKPAaTHOCTh U HMMIYJIbCHOCTh JEHCTBUSL pErysiiaropa Ha
npuBoHOM Mexanusm PITH.

Henu o6parHoil cBsizu uepe3 AYK ocyliecTBIsSIOT KOOpAMHALMIO JIEHCTBUS PEryjsiTopa B
3aBHCHUMOCTH OT TIpoliecca NMEepeKIIOYeHHUs OTBETBICHUH OOMOTOK TpaHc(opmaTopa M KOHTPOIb
UCTpaBHOCTH peryisaTtopa u Y PITH.
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Huchopamenyun
O HEUCRPARHOCHIN

Puc. 17.3. ®yuknuonansnas cxema APKT ;Hna APT-1H

HpI/I BBIXOC HAIIPAKCHUSA U » 3a OpeACyibl 30HbI HCHYBCTBUTCIBHOCTU CUTHAJIAMU U(szx] nIn

Ugux2 3aITycKaeTcsi 3JEMEHT BbIIepkkd BpemeHu D°. [loseieHwe curHama Ha Bbixoge D°
3armoMuHaeTcsl TpurrepoM T, KOTOpEIi mepexoauT B cocTossHue 1 («B030ykKIaeTcs») MpH MOCTYII-
JICHUM Ha €ro BXOJ S 4epe3 JIOTHYECKYI0 cxemy «I» cHUrHaja B MOMEHT TOSIBJICHHS TaKTOBOTO

UMITyJbCa OT TeHeparopa G.
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3anomuHanue Heooxomumo miisa mexanuszma PITH. YUepes snement «M-HE» curnan ¢ Beixoma
Tpurrepa npoxoaut Ha ucnonnutenbHbele pene KL2 mmm KL3, 3anmyckaromue mexanusm PITH.
[Tocne nauana nmponecca nepexintouenust o PITH nocrynaer curnan B AYK, kotopsrii:

* oTkJrouaet ucnosHutenbHoe pene KL3 win KL2 curnanom Ha anemenT 3anpera «M1-HE»;

* CHUMaeT 3allOMHHAHUE CUTHAJIOM Ha BXxoJ R Tpurrepa (Tpurrep mepexoauT B HEBO30YXAEHHOE
COCTOSTHHUE);

* YBEJIMYMBAET IEPUOJl CJEIOBAaHUS TAaKTOBBIX HMIIYJbCOB OT TreHepatopa G 10 BpeMeHH,
MPEBBIIAIOIIETO JIUTEIHLHOCTD MEPEKII0YSHNS OJJHOTO OTBETBICHUSI OOMOTKHU TpaHchopmaTopa;

* YBEJIMYMBAET 30HY HEUYBCTBUTEIBHOCTH U3MEPUTEIHHOTO OpPraHa.

Ecnun npuBox He 3anycruics (ne npumén curnan Ha AYK o Hauase mpoiiecca nepexiaoueHus)
WIM €ClId 10 MOMEHTa MOosBIeHHs ummnyiabca oT G uepe3 yBenuueHHbld nepuog B AVK He
noctynut curHan ot PIIH o 3aBepmieHnn mporecca MepeKiIrodYeHus, TO (UKCHpPYETCs He-
HCIIPaBHOCTH NpuBOJa. B aToM cinyuae nmoBTopHOe Bo3aelcTBue peryistopa Ha PITH 3anpemaercs
U BBIAAETCS MH(OPMAIHS O €T0 HEHMCIIPAaBHOCTH.

VBenuuenueM 30HbI HewyBcTBUTENbHOCTH MOH npousBoauTcss mnpoBepka HMCHPABHOCTH
perymnstopa. Ecnu nociie yBenuueHus: 30Hbl HEUYBCTBUTEIBHOCTH CUTHAJI M3MEPUTEIIbHON YacTH He
CHUMaeTcs, TO (pUKCUpyeTcs HeucrnpaBHOCTh perynsTopa. [loBropusrii 3amyck PITH 3ampemaercs,
U BBIAAETCS MH(OPMAIHSI O HEUCTIPABHOCTH PETYIISATOpA.

B nacrosimee Bpemsi paspabotanbl U BHenpsitorcsi APKT, BbImoiaHEHHBIE Ha MHTErPajbHBIX
MHUKpOCXEMax ¢ BBICOKOM Ha/I€HOCThIO, KOMIIAKTHBIE U y1I0OHBIE B HACTPOUKE.

Aemomamuxa ynpagienus KOHOEHCAMOPHLIMU YCMAHOGKAMU

KonpeHcaropHble yCTaHOBKH, OJICOEAMHEHHBIE APAIJICIIBHO K IPUEMHHUKAM 3JIEKTPOIHEPTUU
U IIpeJHa3HAuYEHHbIE JUIsI BHIPAOOTKM PEAKTUBHOW MOILIHOCTM B Yy3Jlax Harpy3kd, MOTYT
UCIOJIb30BaThCS U JUIA MOAJEpKaHUs TpeOyeMbIX YpOBHEH HaNpsHKeHHs Ha IIUHAX IOACTaHIMH.
[Tpu BKIIIOUEHUM CTYNEHEH KOHAEHCATOPOB BbIPAOOTKA PEAKTHUBHOM MOIIHOCTH YBEIMYMBAETCS U
HaIpsDKEHUE MOBBIIAETCS, IPH OTKIIOUCHUH — TOHUKAETCS.

Haubonee »¢¢eKkTUBHBIMU SIBISIOTCSI MHOTOCTYIEHYAThle CUCTEMBI, KOTOPBIE IO3BOJISIOT
OCYILIECTBUTD MOJJIEP/KAHNE HANPSIKEHUS TIOCTATOYHO IJIABHO.

Ha puc. 17.4 mnokazana (yHKIHOHAJIbHAs CXE€Ma MHOTOCTYIEHYATOr0 AaBTOMATHYECKOTO
yIpaBJeHUs KOHIEHCAaTOpHbIMU ycTaHoBKaMu APKOH.
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Cucrema coctout u3 uameputenbHon yactu MOH. [Ipuniumn e€ paGoThl MOX0X Ha OMMCAHHBINA
panee nns APKT. M3mepurenbHoe YCTpPONCTBO MOJy4YaeT CBEACHUS O HANPSDKEHUH B y3IIe
Harpy3Ku U B 3aBUCUMOCTH OT CPABHEHHMS C BEPXHUM WJIM HUKHUM 3HAYECHUSIMU HAIPSKEHUS 30HBI
HEYYBCTBUTEIBHOCTH BBIJAET CHUTHAJBI Ha BbIXOJEe 2 («BKJIIOYUTH») WM Ha Bbixojae |
(«oTkiounTHY»). CHUrHaibl (OPMHUPYIOTCS B BHUAE KOPOTKUX SKCHOHEHIUAIBbHBIX HMITYJIbCOB C
MHTEpBaJIOM oKoJlo 15 c.

Cursaibl IpoxXoAsT Ha MHUHKY BKiItodeHus («By) wn otkimouenus («O») BTOPOH YacTU CXEMbl
— norudeckoit (JIY).

Jlornueckast 4acTb CXE€MbI COCTOUT U3 MPUCTABOK, KaXKJask U3 KOTOPHIX MPOU3BOJUT BKIOUEHUE
(OTKITIOYECHHE) CBOCH CEKIIMU KOHACHCATOpHOU OaTtapeu. [IpucTaBku cBs3aHBI MEKTy co00i uepes
jgorudeckue sneMeHThl «M». B MCXOAHOM cOCTOSHHMU cXeMbl (BCE CEKIMH KOHJIEHCATOPHOM

Oarapen OTKJIIOUEHBI) TPUITEPHBbIC SUEHKHM HE BO30YXAEHbI, curHaiel Q orcyrcTByroT, 8 Q —

umerorcs. [lpu cHmxenun Hanpsbxkenuss Uy HM)Ke MUHHUMaIbHOTO 30HBI HEUYBCTBUTEJIBHOCTH, Ha
BBIXOZIE 2 TOSABUTCA HMMIIYJIbC, KOTOPBIA IIOCTYIUT ¢ IIMHKHA «B» Ha Bce BepxHHe BXozasl 1
anementoB Ul.1, U2.1, U.K1. Onnako coBmageHne 000X BXOTHBIX CUTHAJIOB Oy/IET UMETh MECTO
tosbko Ha U1.1. [TosToMy cuUrHai mosiBUTCS TOJIBKO HA BBIXOJIE 3TOTO AJIEMEHTA U MPOUIET HA BXOJ
S mepoii Tpurrepnoit sueiiku T1. Tpurrep nepeiinér B Bo30OYXIEHHOE COCTOSIHHE, TOSBHUTCS

curHan Q (Q — wcuesHer), cpaboOTaeT UCIOJHHUTENbHBIA 3yeMeHT M.D1 U BKIIOUUTCS mepBas

CEeKIUs KOHJEHCATOPHOM OaTapeH.

OnnoBpemenno curHan Q ¢ T1 mpoinér ma HwkHUN BXOoa 2 snementa U2.1, moarotoBisis
BTOPYIO IIPUCTABKY K padoTe.

Ecnu HampsikeHHe MOBBICWIIOCH HENOCTaTO4YHO, TO uepe3 15 ¢ dopmupyercs ciemyrommil
umnynsc Ha Bbixoge 2 MOH. Tenepb cpaboraer BTOpas HNpUCTaBKa M BKIIOYMTCA CIELyOLIas
cexkuus snemeHToM M.O2 u T.4. Ilpu HEOOXOAMMOCTH yMEHBIIEHUS HAIPSDKEHUS CXEMa IO
neiicrBueM uMiyibcoB ¢ Beixoga 1 MOH u mmuku «O» Oyner paboTats B 00paTHOM MOPSIIIKE.

KonunuecTtBo mnpucraBok He orpaHuueHo. Ha OTBETCTBEHHBIX MOJCTAHIUSAX CYLIECTBYIOT
KOMIUIEKCHBIE ~ CXEMBbl COIVIACOBAHHOIO  B3aMMOJACWUCTBHSI  PETYJSITOPOB  HANPSDKEHHUs] Ha
TpaHcpopMaTopax U aBTOMAaTHYECKUX PETYIATOPaX KOH/IEHCATOPHBIX YCTAaHOBOK.

4.3. JlabopaTopHbie padoThl

Buo
3anamus 6
Ao Homep ) Obven unmepakmusvuoﬁ,
W pazoena Haumenosanue nabopamopnoit padomaot (wac,) AKmueHoil,
ouCyUnIUHbL UHHOBAUUOHHOU
popmax,
(uac.)
1 1. HccnenoBanue 2IEKTPOHHBIX pelle 4 pabota c manoii
rpynioi (2 gaca)
2 HccnenoBanue pesie HanpaBI€HUs MOLITHOCTH 4
3 2. HUccnenoBanne TOKOBBIX 3aIIUT JTMHUN 5 pabota c Maoit
AIIEKTPONEPEadl C OTHOCTOPOHHUM MUTAHUEM rpynmoi (2 gaca)
4 HccnenoBanne TOKOBBIX 3aILUT OT 3aMbIKaHUI 5
Ha 3eMJIIO
5 M3ydeHune MUKpPOIPOIIECCOPHOTO TEPMUHAIIA 5 HCIIOJIb30BaHUE
3al[ATEI U aBTOMATHUKU JuHUH 6-35 kB TOMII KOMIIBIOTEPHOTO
2501-31 CUMYJISATOpa TEPMHUHAA
TOMII (3 gaca)
6 3. HUccnenoBanue 3aIuT CUIIOBOTO 8 pabota c Maoit
Tparcdopmaropa rpynmo# (4 gaca)
7 HccnenoBanne TOKOBBIX 3aIIUT aCHHXPOHHOTO 7
NIEKTPOABUIaTENS
8 4, ABTOMAaTHKa MOBTOPHOTO BKITFOUCHHS. 14 paboTa ¢ Mayoi
ABTOMaTHKa BKJIIOYEHUS PE3ePBHOIO TUTAHUS rpymnmoii (3 gaca)
HUTOr'O 52 14
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4.4, IlpakTUyecKue 3aHITUHSA

Buo
3anAmMuUA 8
N Homep Haumenosanue mem npakmuueckux Obven UHMEPAKMUBHOII,
. pazoena 3aHAmMU AKMUGHOI,
n/n (uac.) .
OuCyUNIUHb UHHOBAYUOHHOU
popmax,
(uac.)
1 1. VcTOYHMKY ONepaTUBHOIO TOKA 4
2 DIeKTpOMeXaHNUECKUE U TTOTYITPOBOTHHUKOBBIC 6
pene
3 JlaTuvku, npuMeHseMbIe B peJIeHHOM 3a1iuTe 5
4 2. ToKOBBIE OTCEUKHU 5
5 MakcrMasbHbIe TOKOBBIE 3aIIUTHI 5
6 Y CcTpolcTBO MUKPOIIPOLIECCOPHON PENEHHOM 7 pabota ¢ Majou
3aIUTHI rpynmoi (2 gaca)
7 3. 3ammThl CUIIOBBIX TPaHCHOPMATOPOB 5
8 3anmThl AJIEKTPOABUTATEIICH 6
9 4. ABTOMAaTHKa MOBTOPHOT'O BKITIOYEHHUS 5
10 ABTOMaTHKa BKJIIOUEHUS pe3€PBHOTO MUTAHUS 5
1 000pyTOBaHHS
HUTOro 53 2

ABTOMATHKH.

4.5. KoHTpo/IbHbIE MEPONIPUATHSA: KYPCOBOM IPOEKT

AIIB u ABP, 3axmouenue.

HCJIBI (bOpMI/IpOBaHI/Ie HAaBBIKOB MMPOCKTHUPOBAHUA U pacy€Ta COBPEMCHHBIX CUCTCM 3allUThI U

Crpykrypa: BBeneHue, 3ammra JIOII, 3amuTa TpaHchopMaTopoB, 3aluTa JIEKTpOogBUraTenei,

OcHoBHast TemaTtuka: BpIOOp THHa 3alIUT B COOTBETCTBHUHM CO CXEMOM 3JIEKTPOCHA0XKEHUS

OpeAnpHUATHA, pacyeT IIapaMETPOB 3aIUT, OLICHKA YyBCTBUTCIIBHOCTH, pa3pa60TKa CXCM 3alluT.

Pexomenayemslit 00beM: 20-30 cTpaHuI] MAITMHOMKMCHOTO TEKCTA.

Brigaua 3alaHuA, IPHUEM U 3alllUTa KII MMpOBOAUTCS B COOTBCTCTBHUU C KAJICHAAPHBIM y‘Ie6HLIM

rpaduKoM.
Ouenka Kpurtepun oieHKH KypcoOBOI0 NpoeKTa

OTJINYHO ITostHBINM OTBET HA BOIIPOCHI KYPCOBOI'O IIPOEKTA U IONIOJHUTEIIBHBIE
BONPOCHI (OPMYIIBI, CXEMBI).

XOpOIIO JIocTaTO4YHO MOJHBIM OTBET HA BOIIPOCHI KYPCOBOI'0 IIPOEKTA C IIOMOLIBIO
HAaBOJSIIUX BOIIPOCOB.

YIOBJIETBOPUTENIBHO OO11ee MOHUMaHKUE CYTH PAacyeTOB, HO HE MOJIHBIE OTBETHI

HEYJIOBJIETBOPUTEIBHO | OTCYTCTBHE NOHMMaHMs MaTepralla KypcOBOTO IIPOEKTOB
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5. MATPAIIA COOTHECEHUSA PA3JIEJIOB YYEFHOM JUCIHUAIIJIMHBI K ®OPMUPYEMbBIM B HUX

KOMIIETEHHUAM U OEHKE PE3YJbBTATOB OCBOEHUSA JUCIIUIIJINHBI

Komnemenyuu Komnemenyuu Buo
Kon-60|OIIK-2 | IIK-1 | IIK-2 | IIK-7 | IIK-8 2 Ouenka
t.p, uac| yueonwix
M, naumenosanue uacoe Komn. P . | pesyivmamos
3anamuil
pazoenos OuUCyUNnIUHb
1 2 3 4 5 6 7 8 9 10 11
1. DnemeHTHl penelHON 3amuTel U | 28 + + + - + 4 7 |k, JIp, | 3auer
aBTOMAaTHUKHU 113, CPC
2.3amura JIMHUH U CeTeH. 74 + + + - + 4 18,5 |JlIx, JIp, | 3auer,
I13, CPC KII
3.3amuTa MaliH U anmnaparos. 75 + + + + - 4 18,75 |JIx, JIp, | Dk3ameH,
I13, CPC KII
4. ABTOMAaTHKA B cucrtemax | 39 - + + + - 3 13 |JIk, JIp, | Dk3ameH,
AJIEKTPOCHAOKEHUSI. 113, CPC KII
Bcero yacos | 216 | 44,25 | 57,25 |57,25| 31,75 | 25,5 5 43,2
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6. IEPEYEHb VYYEBHO-METOAMYECKOI'O OBECHEYEHHUS JJIs1
CAMOCTOATEJBHOU PABOTbHI OBYYAIOIIINXCA 11O AUCHUITJINHE

1. AanpeeB B.A. Penelinas 3amura 1 aBTOMaTHKa CHCTEM AJICKTPOCHAOKEHHUS: YUCOHUK JJI BY30B
/ B.A. Annapees — 4-e niepepad. u gom.usa. — M.: Beicniik., 2006.- 639 c.;

2. IToniuk B.A. Peneitnas 3amuTa u aBromaruka. YueoHoe nocooue / B.A. Tlonuk, FO.H. Bynaros.
— bparck: U3narensctBo bpl'Y, 2014. — 278 c.;

3. KypOaukuii B.I'. ABTOMaTHKa 3JEKTPOIHEPreTHUYCCKUX CHUCTeM: ydeOHoe mocobue / B.I.
Kypb6auxuii, B.A. [Tonuk. — bparck: bpl'TY, 2004. -188 c.

4. ITonuk B.A. 3amuTa cuiioBbIX TpaHC(HOPMATOPOB C UCHOIB30BAHUEM LU(POBBIX KOMILIEKCOB /
B.A. Ilonuk. — bparck: I'OY BIIO bpI'Y, 2008. — 23 c.

/. TIEPEYEHb OCHOBHOH " JOMNOJHHUTEJIBHOW JIUTEPATYPBI,
HEOBXOJINMOMU JJIs1 OCBOEHUA JUCHUIIJINHBI

Konuuecmeo
Buo | 3xzemnnapos | Obecneuen-
Ne Haumenosanue uzoanusn 3aHA- 8 HOCMb,
musa | oubnuomexe, | (IK3./ 4eJl.)
T.
1 2 3 4 5
OcHOBHasi IUTEpaTypa

1. ITonuk B.A. Peneiinas 3ammra n aBromatuka. YueOHoe | JIk,
nocooue / B.A. Tlonuk, IO.H. Bynaros. — bparck: | JIP, 63 1
Hspatenscrso bpl'VY, 2014. — 278 c. I3

JlonoJIHUTEeIbHAS JTUTEpPaTypa

2. AnnpeeB B.A. PeneliHas 3amura U aBTOMAaTHKa CUCTEM Ik
ANEKTPOCHAOKEHHS: yUeOHUK ist By30B / B.A. AumpeeB — H3, 20 1
4-e mepepad. u qom.uza. — M.: Beicurik., 2006.- 639 c.

3. Kyp6arkuii B.I'. ABTOMaTHKa 3JIEKTPOIHEPTeTUIECKIX Ik
cucreM: yueOHoe nocobue / B.I'. Kyp6aukuii, B.A. TTonuk. H3, 63 1
— bparck: bpI'TY, 2004. -188 c.

4. Bbynatos }O.H. Peneitnas 3amura u aBToMaTuKa:
naboparopusiit npaktukym / FO.H. Bynaros. — Bparck: JIP 19 1
Uzn-o bpl'Y, 2014. -152 c.

5. [Monuk B.A. 3amuTa cuioBbIX TpaHChOPMaTOPOB €
WCIIONIb30BaHNEM UG POBBIX Komruiekcos / B.A. Tlomuk. — 113 49 1
Bparck: 'OV BIIO bpI'Y, 2008. —23 c.

6. ITormmk B.A. Peneiinas 3ammra 1 aBTOMaTHKA
SIIEKTpHYECKUX cucTeM: yued. [Tocobue / B.A. Tonuk, 113 81 1
10.H. bynatos. — bparck: U3a-Bo bpl'VY, 2013. — 56 c.

8. NEPEYEHb PECYPCOB HHO®POPMAIIMOHHO -

TEJEKOMMYHUKAIIMOHHOM CETH «MHTEPHET» HEOBXOJUMbIX
JJIs1 OCBOEHUSA JUCHOUITJIMHBI

1.OnexTpoHHbIi Katanor 6ubnuorexku bpl'y

http://irbis.brstu.ru/CGl/irbis64r_15/cqiirbis 64.exe?LNG=&C21COM=F&I21DBN=BOOK&P21
DBN=BOOK&S21CNR=&Z721ID=.

2. DnekTponHas oubmaunoreka bpl'yY

http://ecat.brstu.ru/catalog .

3. DIIeKTpOHHO-OMOIMOTEeUHAs CUCTeMa «Y HUBEpCUTETCKasi Onbamoreka online»
http://biblioclub.ru .

4. DnexTpoHHO-0MOmMoTeyHas cuctema «M3aaTenscTBo «JlaHb»
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http://irbis.brstu.ru/CGI/irbis64r_15/cgiirbis_64.exe?LNG=&C21COM=F&I21DBN=BOOK&P21DBN=BOOK&S21CNR=&Z21ID
http://irbis.brstu.ru/CGI/irbis64r_15/cgiirbis_64.exe?LNG=&C21COM=F&I21DBN=BOOK&P21DBN=BOOK&S21CNR=&Z21ID
http://ecat.brstu.ru/catalog
http://biblioclub.ru/

http://e.lanbook.com .

5. Uadopmarmonnas cucrema "EnquHoe okHO JocTyna K 00pa3zoBaTeIbHBIM pecypcam”
http://window.edu.ru .

6. Hayunas snextponnas oubnmmoreka eLIBRARY.RU http://elibrary.ru .

7. YuuBepcurerckas uapopmarmonnas cuctema POCCHUSA (YUC POCCHUA)
https://uisrussia.msu.ru/ .

8. HanmonanwHas snekTpoHHast oubiamorexka HOb
http://xn--90ax2c.xn--plai/how-to-search /.

9. METOAWYECKUE VYKA3AHUSI /51 OBYYAIOIHMXCSI MO OCBOEHHIO
JTUCHUIINHBI

9.1. MeToauyeckue yKa3aHusl JJsi 00yYAIOIIMXCS 1O BBITMIOJHEHUIO Ja00opaTOpHBIX padoT /
NMPAKTU4YECKUX PadoT

JlaGopaTopHnas padora Nel
HccaenoBanne 3JIEKTPOHHBIX peJie

[{eap paboThI:

3HAKOMCTBO C KOHCTPYKIIMEH, MPUHIMIIOM JEHCTBUSA, CIIOCOOaMM HACTPOMKH UM OCHOBHBIMHU
XapaKTepUCTUKaMU HarboJiee paclipoCTPaHEHHBIX Pelie CUCTEM PEJICHHOI 3aIlUTHI.

3ajaHue:
1. Ucnonb3ys 1abopaToOpHbIN CTEH]I, IPOBECTH UCIBITAHUE IEKTPOHHOTO peie Toka PCT.

2. Wcnionb3ys 1abopaTOpHBINA CTEHI, TPOBECTHU HCIBITAHUE SJIEKTPOHHOTO pPelie BPEMEHH.
3. Ucnonb3ys 1abopaTOpHBIN CTEH/I, POBECTH UCTIBITAHUE JIEKTPOHHOTO Pejie HAIIPSHKCHHUS.

ITopsI0K BBINOJIHEHUS:

1. M3yuuts TeOpeTHUeCKUil MaTepua.

2. CobOpath cxeMbl Ha 1a00paTOPHOM CTEH/IE JIJIS MCIIBITAaHUS pejie, YKa3aHHBIX B 3aJJaHUH.

3. Usmeputh mapameTpsl cpabaTbhlBaHUS peie TOKa, pelie HAMpsHKeHUs M pelie BPEMEHHU IpU
Pa3IUYHbIX YCTaBKaX.

4. Tlpoananu3upoBaTh NOTyYEHHBIC PE3YIbTATHI.

®opma OTYETHOCTH:

B otuet no nabopaTopHoit paboTe BHOCUTCSI:
KpaTkue TeopeTnueckue CBEACHHUS,

CxeMbl JJIs1 UCIIBITAHUA pCJ'IC;

Tabmu1el ¢ pe3yabTaTaMyu U3MEPEHU;
BbIBOJT 1 aHAITN3 TTOJTYICHHBIX PE3yIbTaTOB.

el N s

PexoMeHIamu mo BBITOJHEHHIO 3aJIAHUH U TIOJATOTOBKE K JIJADOPATOPHOI padoTe:
[Ipu monroroBke k naboparopHoil paboTe W s €€ BBHIMOTHEHHUS HEOOXOIUMO H3yYUTh
JUTEPaATypy, YKa3aHHYIO HIDKE.

OcHoBHas nuTeparypa
1. Ilonuk B.A. Peneiinas 3ammra M aBTOMaThKa. Y4eOHoe mocoowme / B.A. Ilomuk, FHO.H.
bynaros. — bparck: U3narensctso bpl'VY, 2014. — 278 c.

JlononHuTENBHAS TUTEPATYpa
1. bynaroB FO.H. Peneitnas 3ammura u aBToMaTuka: Jadopatopusiii mpaktukym/ FO.H. bymaros.
— bparck: U3a-Bo bpl'Y, 2014. -153 c.

KOHTDOHBHLIC BOIIPOCHI 1JId CAMOIIPOBEPKU
1. Kak nactpauBatorcs pene?
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2. Yrto Takoe korduireHT Bo3BpaTa U B 4eM ero GU3NIecKuid CMbICIT?
3. Kak Ha cxemax 0003HAYAIOT pelie TOKA, pelie HapsHKEHUs U pesie BpeMeHu?

JlabGoparopHasi padora Ne2
HccaenoBanue pesie HANPABJIECHUS MOIIHOCTH

[{enb paboTHI:

3HAKOMCTBO C KOHCTPYKHHeﬁ, IMPUHIOUIIOM HCﬁCTBHH U CXEMOH BKIIIOUCHHMS PpEiI€ HAIpaBJIICHUA
MOINHOCTU MHAYKTUBHOI'O M IOJJIYIIPOBOAHUKOBOI'O THIIA, a TAKKC H3YUCHUC OCHOBHBIX CBOICTB
PEI€ U SKCIICPUMCHTAJIBHOC CHATUEC UX XaApPaKTCPHUCTHUK.

3amaHue:
1. Ucnonb3yst 1abopaTopHBIN CTEH]I, TPOBECTH MCIIBITAHUE PEJIe HAMIPABJICHUS MOIITHOCTH THIIA

NBM-171 ¢ ompeneneHueM 30HBI ACHCTBUSA W yria MaKCHUMaJbHOW YYBCTBUTEIBHOCTH peJie.
[TocTpouTh yrioByI0 U BOJIBTAMIIEPHYIO XapaKTEPUCTHKHU.

2. Ucnionb3ys 1abopaTOpHBINA CTEH/I, TPOBECTHU HCIBITAHUE PEjie HAMIPABJICHUS MOIIHOCTH TUTIA
PM-12 c onpeneneHrieM 30HbI IEHCTBUS U YIJIa MAKCUMaIbHON YyBCTBUTEIBHOCTH PEJIE.
[TocTpouTh yriaoByro U BOJIBTAMIEPHYIO XapaKTEPUCTUKH.

ITopsA 10K BBIOIHEHHUS:

1. Y3yuuTh TEOpETHUECKUN MaTepUal.

2. CoOpatb cxembl Ha 7a00paTOPHOM CTEH/IE AJIS UCIIBITaHUS pelie, YKa3aHHBIX B 3aJlaHUH.

3. N3mepuTh mapaMeTpbl cpabaThbIBaHHUS pejie HANpPaBJICHUS MOIIHOCTU. [IpoBeCTH SKCIIEpPUMEHTHI
JUIsl IOCTPOEHMS YIJIOBOW U BOJIBTAMIIEPHOM XapaKTEPUCTUK pEIE.

4. Ilpoananu3upoBaTh NOJYyYEHHBIE PE3YIIbTATHI.

PopMa OTYETHOCTH:
B otuer no naboparopHoii paboTe BHOCUTCS:

1. KpaTkue TeopeTHuecKue CBEJICHHUS;

2. CxeMa BKJIIOYEHUS pejie HalpaBJeHUs MOIIHOCTH, €ro BEKTOpHAasl JUarpaMma, CXeMbl OIBITOB,
TaOJUIIBI TaHHBIX, XaPAKTEPUCTUKHU PEJIe;

3. BpIBOA 1 aHATM3 MOTYYEHHBIX PE3yIbTATOB.

PexomeHa1My 0o BBINOJHEHUIO 3a/IaHUH U MOATOTOBKE K JIAOOPaTOpHOU paboTe:
[Ipu monroroBke k jaboparopHoil paboTe M Uid €€ BBINOJIHEHHS HEOOXOAUMO H3yYUTh
JUTEPaATypy, YKa3aHHYIO HIKE.

OcHoBHas nuTeparypa
1. ITomux B.A. Peneiinas 3ammra ¥ aBToMaTtuka. YueOHoe mocodue / B.A. Ilomuk, FO.H.
bynaros. — bparck: M3narensctBo bpl'Y, 2014. — 278 c.

JlononHuTEnpHAS TUTEPATypa
1. Bynatos FO.H. Peneiinas 3amura u apromaruka: naboparopusiii npakrukym/ KO.H. Bynaros.
— bparck: U3n-Bo bpl'Y, 2014. -153 c.

KOHTpoJIbHBIE BOOPOCHI LI CAaMOIPOBEPKHU

1. KakoBo Ha3HaueHME pesie HalpaBJIeHUs! MOIIIHOCTH?

2. IlosicHUTE KOHCTPYKIIUIO U TIPUHIIATI JICHCTBHS pelie HallpaBJICHHsI MOIIHOCTH.
3. KakoBbI OCHOBHBIE CBOICTBA pejie HAPaBICHUS MOLTHOCTH.

4. Ilepeuncnure XapakKTepUCTUKH pejie HAIIPaBICHUsI MOIIIHOCTH U WX Ha3HauU€HUE.

JlabGoparopHnasi padora Ne3

HccenoBanue TOKOBBIX 3AIMT JUHHUM 3JIEKTPONEepeIaYn ¢ 0THOCTOPOHHUM MUTAHHEM

125



[{enb pabOTHI:

W3ydyeHre npuHUOUIOB PaOOTHl TOKOBBIX 3allUT JUHUM AJIEKTporepenayd, MPUHIMIIOB HX
HACTPOWKH, 00ECTICUECHHUS CETICKTUBHOCTH, PE3EPBUPOBAHHS.

3ajaHue:

1. Wcnonp3ysi yHUBEpCATBHYIO JIAOOPATOPHYIO YCTAaHOBKY , COOpATh CXeMY JUIsl HCCIIECOBAHUS
TOKOBBIX 3aLIUT JUHUN 3JIEKTPOINEPENAYN C OJHOCTOPOHHUM ITHUTAHUEM.

2. VI3ameputh pabodmre TOKH M TOKH KOPOTKOTO 3aMbIKaHUs B HaYaJle U B KOHIIE JIMHUH.

3. IlpoBecTu HCHBITAHHE TOKOBOM OTCEYKM M MaKCUMaJIbHOW TOKOBOM 3amuthl. CrenaTh
COOTBETCTBYIOIIME BBIBOJIbI O TPABUJIBHOCTH HACTPOMKHU 3aILUT.

ITopsA 0K BBIOIHEHHUS:

1. Y3yuuTh TEOpETUUECKUN MaTEpUal.

2. CoOpatb cxembl Ha Ja0OpaTOPHOM CTEHJE AJIS MCIBITAaHUS TOKOBOM OTCEYKHM M MAaKCHMaJIbHOM
TOKOBOM 3aIlIATHI.

3. N3meputh pabounii TOK JIMHUU U TOKH KOPOTKOI'O 3aMbIKaHUS

4. TlpoBecTu 3KCEPUMEHTHI pabOTHI 3aLUT MPU KOPOTKOM 3aMbIKaHUH B KOHLIE JIMHUU.

5. IlpoaHanu3upoBaTh NOTYYEHHBIE PE3YJILTATHI.

dopma 0TYETHOCTH:
B oTder o naboparopHoit paboTe BHOCHTCS:
1. Kparkue cBeieHUs O PUHIIMIIE pa0OThI TOKOBBIX 3aIlUT.
2. Cxema uccienyeMoi 3JeKTPUIECKO CeTH ¢ yKa3aHWEM THUIIOB HCIIOJIb30BAHHBIX 3aIIIUT.
3. 3mepeHHble paboyure TOKUA U TOKH KOPOTKOTO 3aMBIKAHHSI.
4. Pacu€rt ycTaBOK cpabaThIBaHUS 3aIIIUT.
5. IlosicHeHHE BBIMTOJHEHHBIX OIBITOB, aHAINU3 OCIIAIIOTPAMM.
6. BeiBoJ1bI 0 posieniaHHOM padoTe.

PexoMeHmamnumm mo BBIITOJHEHUIO 3aaHUI M MONTOTOBKE K JJa00paTOpHOU padoTe:
[Ipu monroroBke k mnaboparopHoil paboTe W g €€ BBHIMOTHEHHUS HEOOXOIMMO H3YyYUTh
JTUTEPaTypy, YKa3aHHYIO HIDKE.

OcHoBHas nuTeparypa
1. Ilonuk B.A. Peneiinag 3ammra ¥ aBTOMaTHKa. YdeOHoe mocobue / B.A. ITommk, HO.H.
bynaros. — bparck: U3natensctBo bpl'VY, 2014. — 278 c.

JononHuTenpHas tuTeparypa
1. Bynatos FO.H. Peneiinas 3amura u apromatuka: nadoparopHsiii mpaktukym/ KO.H. Bynaros.
— bparck: M3n-Bo bpl'Y, 2014. -153 c.

KoHTposbHbIE BONIPOCHI /i1l CAMOIPOBEPKHU

1. TTosicHuTe MPUHIMIT ASUCTBUS TOKOBBIX 3aIIHT.

2. B uem 3aKiro4daroTcs MpUHIMIEL o0ecnieueHust cenektuBHOocTH TO n1 MT37?

3. Kak Beimounnsiercst pacuér ycraBok TO u MT3?

4. Kakue TUIBI pe3epBUPOBAHUS CYIIECTBYIOT M KaKOBbI BO3MOXHOCTH MX peau3allid TOKOBBIMU
3alUTaMu?

JlabGoparopHasi padora Ne4
HccaenoBaHyue TOKOBBIX 3AIIIMT OT 3AMBIKAHUI HA 3eMJII0

[{enb pabOTHI:

W3ydyeHre NpUHLUIIOB pa0dOThl TOKOBBIX 3aIIMT OT 3aMbIKAaHUN Ha 3€MJII0, TMPUHLUIOB HX
HACTPOWKH, 00ECTIEUECHNUS CETICKTUBHOCTH, PE3EPBUPOBAHHS.
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3ajanue:

1. Ucnonw3yst yHUBEpCAIbHYIO J1a00paTOPHYIO YCTAaHOBKY, COOpaTh CXeMy IJIsi UCCIEIOBaHUS
TOKOBBIX 3allIUT OT 3aMBIKQHUN Ha 3eMITIO.

2. N3meputp pabounii TOK U TOK Tpex(a3HOro KOPOTKOIO 3aMbIKaHUA 3a TpaHC(HOPMATOPOM Ha
Y4acTKe C U30JIMPOBAHHON HEUTPAIIBIO.

3. IIpoBecTn uCHBITAHUE 3AIIMTHI OT 3aMBIKAHUN Ha 3eMJII0 MYTEM HMHUTAIUM PA3TUYHBIX
BUJIOB KOPOTKOTO 3aMBIKaHMs Ha 3€MIII0 U B CETH C HM30JUPOBAHHON HeWTpaipio. Craenarb
COOTBETCTBYIOIIKE BBIBOJIbI O PABUIBHOCTH HACTPOMKH 3alIUT.

[Tops10K BBINTOJIHEHMSL:

1. Y3yunTh TEOpETUUECKUN MaTEpUa.

2. CoOpatb cxembl Ha 1a00paTOPHOM CTEH/IE /ISl UCIIBITAHUS 3alUThl OT 3aMbIKaHUI Ha 3eMIIIO.

3. H3meputh pabounii TOK M TOK Tpex(azHOTro KOPOTKOTIO 3aMBIKaHHUS 3a TpaHC(HOpPMATOpOM Ha
y4acTKe ¢ U30JIMPOBAHHON HEUTPAIIbIO.

4. TlpoBecTH PKCIEPUMEHTHI PaOOTHI 3aIIUTHI MPU PA3TMYHBIX BHJOB KOPOTKOTO 3aMbIKaHHS Ha
3eMJIIO U B CETU C U30JIMPOBAHHON HEUTPAJIBIO.

5. Ilpoananu3upoBaTh MOITYIECHHBIC PE3YJIbTATHI.

dopmMa OTYSTHOCTH:
B otyer mo nabopaTopHoii paboTe BHOCUTCS:
1. KpaTkue cBeieHHs O MPUHITUTIE paOOTHI TOKOBBIX 3aIIWT OT 3aMBIKAHUN Ha 3EMITIO.
2. Cxema HuccllelyeMOM 3JIEKTPUYECKON CEeTH C YKa3aHUEM TUIIOB UCIIOJIb30BaHHbIX 3aAIUT.
3. U3mepeHHbie TOKU KOPOTKOTO 3aMbIKAHUSI.
4. Pacu€t ycTaBOK cpabaTbiBaHUs 3alUT.
5. IlosicHeHHE BBINIOJIHEHHBIX OIBITOB, aHAJIN3 OCUUIUIOTPAMM.
6. BbIBOIBI O TIpOJIEIaHHOM padoTe.

PexomeHa1My 0o BBINOJHEHUIO 3a/IaHUH U MOATOTOBKE K JIAOOPATOPHOU paboTe:
[Ipu monroroBke k jaboparopHoil paboTe W Juis €€ BBHINOJIHEHHS HEOOXOIUMO U3YYHUTh
JUTEPATYypy, YKa3aHHYIO HIKE.

OcHoBHas nuTeparypa
1. Ilomuk B.A. Peneiinas s3ammra W aBTOoMartvka. YdeOHoe mocobue / B.A. Ilomumk, FHO.H.
bynaros. — bparck: U3natensctBo bpl'Y, 2014. — 278 c.

JlononHuTenpHas TuTEpaTypa
1. bynaroB FO.H. Peneitnas 3ammura u aBToMaruka: jtaboparopusiii mpaktukym/ FO.H. bynartos.
— bparck: U3n-Bo bpl'Y, 2014. -153 c.

KOHTponbHbIE BONIPOCHI /111 CAMOIPOBEPKU

1. B uém 3akmrouaeTcss IPUHLMIT ACHMCTBUSA 3aIUTHI OT 3aMbIKAaHUN HA 3€MITIO?
2. IlpuBeaute cxemMy (UIbTpa TOKOB HYJIEBOH MOCIIEI0BATEILHOCTH.

3. B kakux ceTsAx HalUIA IPUMEHEHHE 3allUTHl HYJIEBON ITOCIIEI0BATEIbHOCTH?
4. Kak ocy1iecTBiseTCsl HACTpOMKa 3aIUThI OT 3aMbIKaHUM Ha 3€MJI0?

JlabopaTopnasi padora NeS
N3yueHye MUKPONIPOLECCOPHOr0 TEPMHHAJIA 3AIUTLI 1 ABTOMATHKH JUHUH 6-35 kB TOMII
2501-31

[{enb paboTHI:

O3HakoMJICHHE C TPUHIMIAMHA padOThl M HACTPOMKOW MHKPOIIPOIIECCOPHOTO TEepMHHAJA
3amuTel U aBToMatukun TOMII 2501-31; nmoBTOpeHHME NPHUHLMIIOB pacdyéra TOKOB KOPOTKOIO
3aMbIKaHUS U YCTAaBOK TOKOBBIX 3aIllUT.
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3ajanue:
1. B cooTBeTCTBHM CO CXeMOM, H300pakEHHOM Ha puc. 5.1, u BapuanToM 3amanus (tadim. 5.1)
HEO0OXOIMMO paccuuTaTh YCTaBKU CpabaThIBAHHS BCEX CTYIEHEH 3ammThl TepmuHana TOMIL.

U,  Tomn T
BN I
Sapt H-Doh
P1

Puc. 5.1. 3anannas cxema sieKTponepesadn

Tabmnma 5.1
VcxoaHble JaHHBIC JIJIS pacuéToOB
g HanbsbreHie Momnocts K3 Ha MOIIHOCTh
s p IMHAX cHcTeMpr | AVTHHA CHJIOBOI'O MOIIHOCTE HATDY3KH
& | cucremsr U JIMHUH IH py3
g <| S¢), MBA > | Tpanchopmarop | P1, MBT
2 | B A a s, MBA
1 6 550 5 6,3 5
2 10 410 7 10 8,4
3 35 750 12 16 11
4 6 350 4 10 7
5 10 710 8 10 8,6

2. WUcnonp3yst cumymnsitop TOMII, mpoBecTH ONBITHI MOAETHPOBAHHUSA PabOTHI 3AIIUTHI OT
MEeXIy(}a3HbIX KOPOTKMX 3aMblkaHuUU. IIpocMoTpeTs 3aperucTpupoBaHHbIE BEJIWYHMHBI I0OCIE
3aIyCKOB 3alIUT.

3. MHcnons3ys cumynstop TOMII, npoBecTH ONBITBI MOJETUPOBAHMS PabOThl 3aILUTHI OT
KOPOTKHUX 3aMbIKaHUW HA 3€MIIIO.

I1OpsIAOK BBINOJHEHUS:

1. M3yuuts TeOpeTHUECKU MaTepua.

2. Paccunrath ycTaBKH cpabaTeiBaHUs 3amuT TepMuHana TOMII.

3. BeicTaBUTh paccuuTaHHblE YCTaBKM B cuMyistope TepmuHaia TOMII u mpoBecTH OIBITHI
MOJIETTMPOBAaHUS pabOTHI 3aIIUT.

4. TlpoaHanu3upoBaTh NOJTYYEHHBIE PE3YJIbTATHI.

dopma OTYETHOCTH:
B otuet no nabopaTopHoit paboTe BHOCUTCSI:
1. 3anmannas cxema snekrponepenauu (puc.5.1).
2. Tabnwuia pe3ynbTaToB pacdéTa TOKOB KOPOTKOTO 3aMBIKAHHUS.
3. Pacuér mnapamerpoB cpabaTbiBaHMsS 3aIIUT KaXJAOH CTYHNEHM M OIpeJesieHHe TOKOB
cpabaThIBaHHUS B OTHOCHUTEIIbHBIX CTUHHIIAX.
4. Pe3ynbTaThl ONBITOB MOJEIMPOBAHUS pabOTHl 3aIIUT OT MEXIy(pa3HbIX KOPOTKUX
3aMBIKAHWH C COOTBETCTBYIOIIMMH BBIBOJJAMH M 3apETUCTPHUPOBAHHBIMU BEITUYMHAMH IS
KaXJI0T0 COOBITHS.
5. PesynmpTarthl ONBITOB MOIENHPOBAaHUS PAOOTHI 3aIIUTHl OT 3aMBIKAHHWS Ha 3eMII0 C
COOTBETCTBYIOLIMMH BBIBOJJAMH U 3aPETHCTPUPOBAHHBIMU BETMUMHAMH.
6. BrBoaBI IO paboTe B IEIOM

PexoMeHaanuy rno BbIMOJHEHUIO 3aJJaHUI ¥ TOATOTOBKE K JlabopaTOpHOU pabore:
[Ipu moxaroroBke K mnabopaTopHOil paboTe W Ansi €€ BBINOJIHEHUS HEOO0XOAMMO H3YYHTh
JUTEPATYPY, YKa3aHHYIO HIXKE.

OcHoBHas TuTepaTypa
1. TTommmk B.A. Peneiinas 3amumra u aBromMaruka. YueOHoe mocobue / B.A. Ilommk, FHO.H.
Bbynaros. — bparck: U3narenscto bpl'VY, 2014. — 278 c.
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JlomoHUTENBHAS TUTEPATYpa
1. bynaroB FO.H. Peneitnas 3amura u aBToMatuka: jadopatopusiii mpaktukym/ FO.H. bymaros.
— bparck: U3n-Bo bpl'Y, 2014. -153 c.
KoHTpOJIbHBIE BOIPOCHI JIJIsl CaMOTIPOBEPKU
1. Kakue ¢yHKIIMOHATBbHBIE BO3MOKHOCTH UMEET MUKpOIpoLieccopHblid Tepmunan TOMIT 2501-317
2. Kakum 00pa3oM BBICTABIISIFOTCSl YCTAaBKH B TEPMUHAJIE 3aIIATHI M aBToMaTuku TOMII 2501-31?
3. Kak nacrpauaercs |, Il u Il crynenn 3ammrter Tepmunana TOMIT 2501-317

JlabGoparopHasi pabora Ne6
HccaenoBanue 3alMT CHJI0BOr0 TpaHcdopMmaTopa

[{enb paboTHI:

W3ydyeHnue npuHUMIIOB paboThl auddepeHnanbHOR M MaKCUMalIbHOM TOKOBOM 3allUT
CWJIOBOTO TpaHchopMaTopa, TMPUHIUIOB WX HACTPOUKH, OOECIEYCHHS] CEJICKTUBHOCTH,
pe3epBUPOBAHUSI.

3ajaHue:

1. Ucnonw3ysi yHUBEpCAIbHYIO J1a00OpaTOPHYIO YCTAaHOBKY, COOpaTh CXeMy HJisi UCCIEIOBaHUS
muddepeHIMaTbHON 1 MaKCUMaTbHON TOKOBBIX 3alllUT CHIIOBOTO TpaHchopMaTopa.

2. OmpenenuTh MACHOPTHBIC JAHHBIE HCCICIYeMOW MOJICIH CHIIOBOTO TpaHchopMaTopa.
W3meputh pabounii Tok Tpanchopmaropa.

3. Paccunurath TOKM cpaOaTbiBaHus AUQQepeHInaTIbHON U MaKCHMaJIbHON TOKOBBIX 3aIIUT
CUJIOBOTO TpaHchopMaTopa.

4. IlpoBecTr MCIBITAHUE 3aLIUT TpaHCPOPMATOpa IMYTEM UMHUTAIIMH KOPOTKOTO 3aMBIKaHUS Ha
BBIBOJIaX OOMOTKHM TpaHcpopmaTopa u 3a TpaHchopmaropom Ha Harpyske. Crenats
COOTBCTCTBYIOIIMEC BBIBOABI O IIPABUJIIBHOCTU pa6OTBI 3alluT.

I1OpsIAOK BBINOJHEHUS:

1. M3yuuts TeOpeTHUeCKUil MaTepua.

2. CoOpare cxeMbl Ha Ja0OpPaTOpPHOM CTEHAE Ui UCHBITaHUA JUQQPepeHInaTIbHON |
MaKCHUMaJIbHON TOKOBBIX 3all[UT CHJIOBOTO TpaHC(hOpMaTopa.

3. N3meputh pabounii TOK ¥ TOK Tpex(azHOrOo KOPOTKOTO 3aMBIKaHHUS 3a TpaHCHOpPMATOpPOM Ha
y4acTKe ¢ U30JINPOBAaHHON HENTPANbIO.

4. TlpoBecTu AKCIEPUMEHTHI pabOThI 3aIIMTHI MPU PA3IMYHBIX BUIOB KOPOTKOIO 3aMbIKaHMS Ha
3EMJIIO U B CETU C U30JIMPOBAHHON HENUTPAIIBIO.

5. IIpoananu3upoBaTh NOJIYyUEHHBIE PE3YIbTATHI.

Popma OTYETHOCTH:
B otuer no naGopaTtopHoii paboTe BHOCHUTCS:
1. Kpatkue cBeneHus o mpuHIUIE padOThl OCHOBHBIX M BCIIOMOTAaTENbHBIX 3aIIUT CHUIOBOTO
TpaHcgopmaropa.
2. CxeMbl UcClIelyeMOM AIIEKTPUYECKON CETH C YKa3aHUEM THUIOB MCITOJIb30BaHHBIX 3aIUT.
3. I3mepeHHble paboune TOKU U TOKH KOPOTKOTO 3aMbIKAHHS.
4. Pacuért ycTaBOK cpabaThIBaHUS 3aIIINUT.
5. IlosicHeHHE BBIMTOJHEHHBIX OIBITOB, aHAJIN3 OCLMIIOTPAMM.
6. BeiBOIBI O TIpOIETIAaHHOM padoTe.

PexoMeHIaImu no BBITOJHEHHIO 3aJIAHWH U TIOJATOTOBKE K JIaDOPATOPHOI padoTe:
[Ipu monroroBke k naboparopHoil paboTe W s €€ BBHIMOTHEHHS HEOOXOIUMO H3yYUTh
JUTEPATyPy, YKa3aHHYIO HIDKE.

OcHOBHas auTepaTypa
1. Ilonuk B.A. Peneiinag 3ammra m aBTOMaTHKa. YueOHoe mocobue / B.A. INomumk, IO.H.
bynaros. — bparck: U3narensctBo bpl'Y, 2014. — 278 c.
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JlomoHUTENBHAS TUTEPATYpa
1. bynaroB FO.H. Peneitnas 3ammura u aBToMaTuka: jJadopatopusiii mpaktukym/ FO.H. bymaros.
— bparck: U3n-Bo bpl'Y, 2014. -153 c.
KoHTposibHbIE BONIPOCHI /i1l CAMOIPOBEPKHU
1. B gem 3axrodaercst mpuHIui Aeicteust MT3cB TpancdopmaTopa?
2. B yem 3axnrovaercs npuHUMI JuddepeHInaabHON 3aluThl TpaHchopMaTopa U ero peanusarus
B cxeme?
3. Ilepeuuncnure ocHOBHBIE CBOMCTBa criennanu3upoBanubix pene PHT u JI3T muddepennmansuoi
3alUThl TpaHchopMaTopa.

JlabopaTopnasi pabora Ne7
HccienoBanne TOKOBbBIX 3aIIMT ACHHXPOHHOIO0 3J1eKTPOABUIATE/IsI

[lenb paGoTHI:

I/I?,yT-IeHI/IC IMPUHIIUIIOB pa6OTI)I TOKOBBIX 3allIUT aCHHXPOHHBIX BHGKTpOI[BHFaTGHeﬁ, IMIPHUHIIMUIIOB
nux HaCTpOﬁKH, obecredyeHns! CeJIEKTUBHOCTH.

3ajanue:

1. Ucnonw3ysi yHUBEpCAIbHYIO J1a0OpaTOPHYIO YCTAaHOBKY, COOpaTh CXeMy JJisi UCCIEIOBaHUS
TOKOBBIX 3aIIUT ACHHXPOHHOTO AJIEKTPOIBUTATEIS.

2. U3mepuTh myCcKOBOM 1 pabO4Mii TOKU 3JIEKTPOIBUrATENS.

3. Paccuurats ycraBku TO u MT3 anekrpoaBuratens.

4. TlpoBecTH UCHBITAHUE 3AIIUAT SJEKTPOABUTATENS MPU KOPOTKOM 3aMBIKAHWU HA 3aKUMax
JNIEKTPOABUTATENs] U MpH meperpy3ke. CrenaTh COOTBETCTBYIOIIME BBIBOJBI O MPAaBUIBHOCTU
paboTHI 3aIINUT.

I1OpsIAOK BBINOJHEHUS:

1. M3yuuts TeopeTHUecKUil MaTepua.

2. CoOparp cxembl Ha JTaOOpAaTOPHOM CTEHJE JUISI WCHBITAaHWS TOKOBBIX 3allUT ACHHXPOHHOTO
JJIEKTPOABUTATEIA.

3. 3amyCTUTh IEKTPOIBUTATENH M H3MEPHUTH ITyCKOBOW M paOd04Mii TOKU DIIEKTPOIBUTATEIIS.

4. TlpoBecTn SKCHEPUMEHTHI PAa0OTHl 3allUT NPU KOPOTKOM 3aMBIKAaHUM Ha 3aXHMax
AJIEKTPOJIBUraTENs U IIPH MIEPETPY3KE.

5. Ilpoananu3upoBaTh NOJYUEHHBIE PE3YJIbTATHI.

®dopma OTYETHOCTH:
B otuet no nabopaTopHoit paboTe BHOCUTCS:
1. KpaTkue cBeieHHs 0 MPUHIUIIE paOOThI TOKOBBIX 3AIHUT JIEKTPOABUTATEIS.
2. Cxema HuccleayeMou JIEKTPUUYECKON CETH C YKa3aHWEM THIIOB MCIIOJIb30BAHHbBIX 3AIIMT.
3. U3mepenHble pabouunii ¥ IMyCKOBOM TOKHU AJIEKTPOIBUTATEIIS.
4. Pacuért ycTaBOK cpabaThIBaHUS 3aIIINUT.
5. IlosicHeHUEe BBITIOJTHEHHBIX OMBITOB, AHATN3 OCIUIUIOTPaAMM.
6. BeiBOIBI O TIpOIETAaHHOM padoTe.

PexoMeHIaImu 0o BEITOJHEHHIO 3aJIaHVH U TIOJATOTOBKE K JIaDOPATOPHOI padoTe:
[Ipu monroroBke k nabopaTopHoil paboTe W Ui €€ BBIMOJIHEHHS HEOOXOJUMO H3yYUTh
JUTEPaATypy, YKa3aHHYIO HIDKE.

OcHoOBHas nuTeparypa
1. Ilonuk B.A. Pemeiinag 3ammra ¥ aBTOMaTHKa. YdebOHoe mocobme / B.A. Ilommk, HO.H.
bynaros. — bparck: U3narensctBo bpl'Y, 2014. — 278 c.

JlononHuTtenpHas IuTEpaTypa
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1. bynaroB FO.H. Peneitnas 3ammura u aBToMaTuka: jadopatopubeiii mpaktukym/ FO.H. bymaros.
— bparck: U3n-Bo bpl'Y, 2014. -153 c.

KoHTpoJibHBIE BOIPOCHI /IJIsi CAaMOIIPOBEPKHU

1. B dem 3axirodaeTcsi IPUHILIMII JEHUCTBHS TOKOBBIX 3AIIHUT IEKTPOABUTATEINS ?

2. B 4eMm 3aKkirovaroTcs MpUHIUIBL o0ecnieueHus cenektuBHOocTH TO u MT3 anekTpoaBuratess?
3. Kak BeimonauTh pacuét ycraBok TO u MT3 anekrpoasuraremns?

JlabopaTopnasi paGora Ne8
ABTOMATHKA NOBTOPHOI0 BKJIIOYeHUs. ABTOMATHKA BKJIIOYEHUs pe3epBa

[lenb paGoTHI:

Oznaxkomnenue ¢ ycrpoiictBamu AIIB u ABP, npunnunamu ux paboTbl, OCBOEHHE METOJUKU
pacuyéra OCHOBHBIX JIEMEHTOB 3aIIUThl U ABTOMATUKU B UCCIIEAYEMOMN YCTaHOBKE.

3ajaHue:
1. 3yunts cxemsr AIIB u ABP, peann3oBanHbie Ha 1a00paTOPHOM CTEH/IE.

2. Paccuntatp ycraBku perne Toka MT3 u TO. Onpenenuts Bbinepkku Bpemenu AIIB u MT3.
Onpenenuth yCTaBKU cpabaThIBaHUS pelie MUHUMAILHOTO HAMpsKeHHs — yckoBoro oprana AIIB.

3. [IponsBecT HACTPOKKY perie COTIACHO PACUETHBIM JaHHBIM.

4. IIpoBecTr ONBITHI «YCIIEIIHOTO» U «HeycnemHoro» AIIB.

5. IIposeputs netictBue TO npu KOPOTKOM 3aMbIKaHUM Ha Quiepe.

6. IlpoBeputs xeiictBue ABP mnpu «ycnemHom» u «HeycnemHoMm» AlIB, a taxxe npu
KOPOTKOM 3aMbIKaHHH Ha (puaepe.

I1OpsIAOK BBINOJHEHUS:

1. V3yuuTh TEOpETHUECKUN MaTepral.

2. Paccunrath mapametpsl 3emMeHToB cxeM AIIB n ABP u npounsBecTn HacTpoiKy cTeHaa.

3. IlpoBecTn OMBITHI KPATKOBPEMEHHOIO W JJIUTEIBHOIO KOPOTKOIO 3aMBbIKaHMS Ha JIMHUHU
anektponepenaun. [Ipocnenurs pabory MT3 u ATIB.

4. TlpoBecTH ONBIT ATUTETBLHOIO KOPOTKOI 0 3aMblkaHus Ha ¢uaepe. [Ipocneauts padory TO.

5. IlpoBecT! OMBITHI KPAaTKOBPEMEHHOTO M JJIUTEIBHOTO KOPOTKOTO 3aMbIKAaHHUS HA JIMHUU
anekTponepenayn u Ha punepe. [Ipocnenurs padory TO, MT3, AIIB u ABP.

6. IIpoananu3upoBaTh MOITYIEHHBIC PE3YIIbTATHI.

Popma OTYETHOCTH:
B otuer no naGoparopHoii paboTe BHOCUTCS:
1. KpaTkue TeopeTu4ecKre CBEICHHUS.
3. Cxemsl AIIB u ABP.
4. Pacuér ycraBok 3amut, AIIB u ABP.
5. BbIBOJIBI O IPO/IETIaHHBIX OIBITAX.

PexoMeHIaImu 0o BBITOJHEHHIO 3aJIAHVH U TIOJATOTOBKE K JIADOPATOPHOI padoTe:
[Ipu monroroBke k naboparopHoil paboTe W s €€ BBHIMOTHEHHS HEOOXOIMMO H3yYUTh
JUTEPaATypy, YKa3aHHYIO HIDKE.

OcHoOBHas nuTeparypa
1. Ilonuk B.A. Peneiinag 3ammra ¥ aBTOMaTHKa. YdebHoe mocobme / B.A. INlomuk, HO.H.
bynaros. — bparck: M3narensctBo bpl'Y, 2014. — 278 c.

JlonmonHuTenpHAs TUTEpATypa
1. Bynatos FO.H. Peneiinas 3amura u aBromaruka: naboparopusiii mpaktukym/ KO.H. Bynaros.

— bparck: U3n-Bo bpl'Y, 2014. -153 c.

KoHTpoILHBIE BOIPOCHI JUISL CAMOIIPOBEPKH
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1. Kak paboraer cxema AIIB?
2. Yto siBAsieTcs MOBOIOM I Hadana pabotel AIIB?
3. Yro Takoe O6JIOKMpPOBKA 3BOHKOBOW PAaOOTHI BRIKIIOUATENSI M KAK OHA Peain3yercs?
4. Yro sBuseTcs noBoaoM s 3anycka ABP?
5. Kak paboraer cxema ABP?
IIpakTnyeckoe 3ansaTue Nel
M cTOYHHMKH ONIEPATHBHOIO TOKA

[lenb paGoTHI:

N3ydyenne cmocoOoB oOecriedeHusl ONMEpPaTHBHOIO TOKA I MUTAHWS IENed 3aluThl |
ABTOMATHUKH.

3ajaHue:
1. Onpenenuth NOHIATHE «ONEPATUBHBIN TOKY.

2. I3yunTh BUJbI ICTOUHUKOB OIIEPATUBHOI'O TOKA M KJIACCU(PULIMPOBATH UX 110 HAJEKHOCTH.
3. M3yuuThb cxembl LIENeil HCTOUHNKA ONIEPaTUBHOTO TOKA.

ITopsI0K BBINOJIHEHUS:

1. V3yuuTh TEOpETHUECKUN MaTepral.

2. IlpoanayM3upoBaTh pa3InIHbIC HICTOYHUKH OMEPATUBHOTO TOKA. [|aTh OOIIYI0 XapaKTEPUCTHUKY.
3. CocTaBuTh cXeMy LieTiell UCTOYHUKA ONEePAaTUBHOTO TOKA JIJISl TUTAHUS PEJICHHOM 3aIllUTHI.

®opma OTYETHOCTH:

B otuer no npakTruueckoMy 3aHSITHIO BHOCUTCS:

Teopetnueckue cBeeHHs 00 HCTOYHHUKAX ONEPATUBHOTO TOKA,;

AHanM3 HaISKHOCTH PA3IMYHBIX HICTOYHUKOB OMEPATUBHOTO TOKA;

Cxema 11eneii ICTOUHUKA OTIEPATUBHOTO TOKA JIs MUTAHUS PEICHHOM 3aIIUTHhI;
BriBOI 1 aHANMHM3 TTOJTYYEHHBIX PE3YJIbTATOB.

N

PexomeHaanmy no BeINOIHEHUIO 33/IaHUN ¥ TOATOTOBKE K IPAKTUYECKOMY 3aHATHIO!
[Ipy MoOAroTOBKE K MPAKTUYECKOMY 3aHSATHIO U JUISL €ro BBINOJHEHHS HEOOXOIUMO M3YYHUTh
JUTEPATYPY, YKa3aHHYIO HUXKE.

OcHoBHas nuTeparypa
1. Ilonuk B.A., bynatos }O.H. Peneiinas 3amura u aBToMatuka. YuebHoe nocodbue. — bparck:
W3nparensctBo bpl'Y, 2014. — 278 c.

JlononHUTENBbHAS IUTEPATYpa
1. Aunpee B.A. Penelinas 3ammTa U aBTOMaTUKa CHCTEM 3JIEKTPOCHAOKEHMs: YUEOHMK JUIst
BVY30B — 4-e nepepad. u non.uza. — M.: Beicmrik., 2006.- 639 c.
2. IToruk B.A., bymatos FO.H. PeneitHas 3amura 1 aBTOMaTHKa JICKTPHYSCKAX CHCTEM: y4eO.
nocobue. — bparck: U3n-Bo bpl'VY, 2013. — 56 c.

KOHTpobHbIE BONIPOCHI /111 CAMOIPOBEPKU

1. Uro Ha3bIBaeTCS OMEPATUBHBIM TOKOM?

2. Kakue cymecTByIOT THITBI HCTOYHHKOB OTIEPAaTUBHOTO TOKA?

3. Kakoe ocHOBHOE TpeOoBaHME MPEIBSBISETCS K HCTOYHUKY OMEPaTUBHOTO TOKA?

IpakTnyeckoe 3ansitue Ne2
DJIeKTPOMEXaHMYeCKHEe M MOJYIIPOBOAHUKOBBIE peJie

[{enb pabOTHI:

WN3ydyenne  mpuHOMIOB  pabOThl  pa3iMYHBIX  BUJOB  JJIEKTPOMEXAHHYECKUX U
MOJIYITPOBOTHUKOBBIX peJIe.

3amanue:
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1. W3yuuth pasiuyHble TUIBl IEKTPOMEXAHUYECKUX pelle: C BTATUBAIOIIUMCS SIKOPEM
(mpuMeHsieTCsT B MAarHMTHBIX IIyCKaTeNsdX); pejieé KJIAaNaHHOro Tuma (IPUMEHSAETCs BO BCEX
BCIIOMOTATENbHBIX M TPOMEXYTOUYHBIX pelle); C TOBOPOTHBIM SIKOpeM (pele TOKa U pene
HaAIPSDKEHNUSA).

2. IIpoananu3upoBaTh pa3IMuHbIe XapaKTEPUCTUKU HIIEKTPOMEXAHUUECKUX PEJIe.

3. PaccMmoTpeTh OCOOEHHOCTH KOHCTPYKIMH OJJIEKTPOMAarHUTHBIX peJie, paboTalommx Ha
IIEPEMEHHOM TOKE.

4. N3yuuth NpuHUUI padOThl U IPUMEHEHNE NOJIPU30BaHHbBIX peElle.

5. I3yuuTh HHAYKIIMOHHOE pelie, 00J1aCTh €ro IPUMEHEHUS U XapaKTePUCTHKH.

6. [Ipoananu3upoBaTh KOHCTPYKLUIO U IPUHLIUII AEHCTBUS MarHUTONIEKTPUUECKUX PEIE.

7. U3yunTh cxemy pean3aluy MoIyIpoBOJHUKOBOTO pelle HalpaBIeHUs] MOIIIHOCTH Ha OCHOBE
CpaBHEHHUs MOJYJIEH JBYX HAIPSKCHUMN.

8. I3yuuth cxeMy pesie TOKa Ha OCHOBE ONEPALlMOHHOTO YCUIIUTEIIS.

ITopsAI0K BBIOIHEHHUS:

1. V3yuuTh TEOpETUUECKUN MaTepUal.

2. JlaTh aHaNM3 pa3nuYHbIM XapaKTEPUCTHUKAM 3JIEKTPOMEXaHUYECKUX pelle.

3. PaccMOTpeTh M M3YYHTh DA3JIMYHBIE THUIBI AJIEKTPOMEXAaHMYECKUX pelie: pele TOKa, pele
HaIPSDKEHUS, PeJie HallpaBJICHUs MOIHOCTH.

4. PaccMOTpeTh M H3Y4YUTh pa3jIUYHbIE THUIIBI IOJIYIPOBOJHUKOBBIX peElie: pPelie TOKa, peje
HaIPSDKEHUS, PeJie HallpaBJICHUs MOIHOCTH.

Popma OTYETHOCTH:

B oryer no npakTuuecKkoMy 3aHATHIO BHOCHTCS:

Teoperuueckue cBesieHHs 00 HIEKTPOMEXaHUYECKUX U TOITYIPOBOJHUKOBBIX peJie;
AHaIn3 KOHCTPYKIUHU U XapaKTEPUCTUK PA3JINYHBIX JIEKTPOMEXaHUUECKUX PEJIE;
AHanu3 KOHCTPYKLUH U XapaKTEPUCTHK Pa3JINYHbIX ITOJTYIIPOBOJAHUKOBBIX PEIIE;
BpIBOI M aHANNM3 NTOJIY4EHHBIX PE3YJIBTATOB.

N

PexoMeHaInm 1o BIMOJIHEHUIO 3a/1aHU U MOATOTOBKE K NPAKTUYECKOMY 3aHSTHIO!
[Ipy MoOAroTOBKE K MPAKTUYECKOMY 3aHSATHIO U JUISL €ro BBINOJHEHHS HEOOXOIUMO M3YYHUTh
JUTEPATYPY, YKA3aHHYIO HUXKE.

OcHoBHas nuTeparypa
1. Ilonuk B.A., bynatos }O.H. Peneiinas 3amura u aBTomatuka. YuebHoe nocobue. — bparck:
W3nparensctBo bpl'Y, 2014. — 278 c.

JlononHUTENBbHAS IUTEPATYpa
1. ITonuk B.A., bynaros }O.H. Peneitnas 3ammra 1 aBTOMaTHKa 3JIEKTPUUYECKUX CUCTEM: Y4eO.
nocobue. — bparck: M3xa-so bpl'Y, 2013. — 56 c.
2. AunpeeB B.A. PeneifHas 3ammra W aBTOMAaTWKa CHCTEM AJIEKTPOCHAOXKEHHs: YUEOHUK st
BVY30B — 4-e nepepab. u non.uzn. — M.: Beicnr.mk., 2006.- 639 c.

KoHTpoJbHbIE BOIPOCHI /715l CaMOTIPOBEPKU

. Knnaccudukanus snekTpoMexaHu4ecKux pere.

. TUIBI MArHUTHBIX CUCTEM AJIEKTPOMArHUTHBIX pelie.

. OCHOBHBIE CBOMCTBA U XapaKTEPUCTUKH DIIEKTPOMATHUTHBIX perie.

. OCOOEHHOCTH KOHCTPYKIIUH 3JIEKTPOMAarHUTHOTO pejie, padOoTaroIIero Ha epeMeHHOM TOKE.

. Oco0eHHOCTH KOHCTPYKLHHU MOJIIPU30BAHHOTO peJe.

. [lpunIMn neicTBUs MHIYKIIMOHHOTO pelie, 00J1acTh MPUMEHEHHMS.

. MEnyK1InoHHOE pere HalpaBlIeHUsT MOIIHOCTH, KOHCTPYKIIUS, BEKTOPHAS TUarpaMMa, OCHOBHBIE
CBOMCTBA.

9. XapakTepuCTHKH peJie HApaBI€HUS MOIIIHOCTH.

10. KoHcTpyKIMs ¥ NPUHLMI JAEHCTBUS MArHUTOAIEKTPUUECKUX PEIIE.

11. O6mue TPUHIUIIBEI BBITIOJIHEHHUS W CTPYKTYpHas CXeMma pejie Ha CPaBHEHHHM aOCOFOTHBIX
3HAYCHUI IBYX HAIPSLKCHUM.

0NN AW —
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12. [lpuHuMn JedCTBUS pejie HampaBieHHs MOIIHOCTH, MOCTPOEHHOTO Ha OCHOBE CpPaBHEHUS
MOAYJEH IBYX HAIPSKCHUM.
13. PaGoTa cxembI pene Toka (HanpspKEeHUs ) Ha OTICPAllMOHHBIX YCHUITHTEIISX.

IpakTuyeckoe 3anaTne Ne3
JIaTYHKH, IPUMEHsieMble B peJeiiHOH 3a1uTe

[lenb paGoTHI:

N3yuyeHnne KOHCTpYKUUI U IPUHIUIIOB ACUCTBUSA JATYUKOB, IPUMEHIEMBIX B PEIICUHON 3alllUTe.

3amanue:
1. OnpenenuTh MOHITHE «IATIHK.

2. I3yunTh KOHCTPYKINIO, IPUHIIHII JCHCTBUS M XapaKTEPUCTHKH TpaHc(hopMaTopa TOKa.

3. 3yunTh KOHCTPYKIINIO, IPUHIMII JEHCTBUS U XapaKTEPUCTUKH TPAHCPEAKTOPA.

4. 3yunuTh KOHCTPYKLHMIO, TPHHLOUI JCWCTBUS W XapaKTEPUCTHKH TpaHCcpopmaropa
HaIPSDKEHUS.

5. 3y4nTh KOHCTPYKIHUIO, IPUHLIAI JEHCTBHS U XapaKTEPUCTUKH JEIIUTEICH HAPSHKCHUS.

6. M3y4nTh KOHCTPYKLIHIO, IPUHLIMII JEHCTBUS U XapaKTEPUCTUKU TOKOBBIX LIYHTOB.

ITopsA 10K BBIOIHEHHUS:

1. Y3yuuTh TEOpETHUECKUN MaTepUal.

2. Ilpoananu3upoBaTh pa3iMyHble KOHCTPYKIHHM U XapaKTEPUCTUKU JATYMKOB, MPUMEHSEMbIX B
peneiinoii 3amure. J[ath 00LIYI0 XapaKTEPUCTHUKY.

3. Caenatb BBIBOJIBI 1O paboTe.

PopMa OTYETHOCTH:
B oryer no npakTuuecKoMy 3aHITHIO BHOCUTCS:

1. Teopernyeckue cBeI€HUS O AaTUMKAX, IPUMEHSAEMBIX B peJIeiHOI 3amuTe;

2. AHanM3 KOHCTPYKIMH ®  XapaKTePUCTHUK TPaHCPOPMATOPOB TOKA U  HANpPSHKEHUS,
TPAHCPEAKTOPA, JCIUTEIIS HANIPSHKEHUS U TOKOBOT'O IIYHTA;

3. BBIBOA M aHANHM3 MOTYYEHHBIX PE3YIbTATOB.

PexoMeHaInm 1o BBIMOJIHEHUIO 3a/1aHUi U MMOATOTOBKE K NPAKTHYECKOMY 3aHSTHIO!
[Ipy MoAroToBKE K MPAKTUYECKOMY 3aHSATHIO U JUISL €r0 BBINOJHEHHS HEOOXOIUMO M3YYHUTh
JUTEPATYPY, YKA3aHHYIO HHUXKE.

OcHoBHas TuTepaTypa
1. TTonuk B.A., bynatoB FO.H. Peneiinas 3ammra u aBTomaruka. YueOHoe nmocooue. — bparck:
N3narensctBo bpl'Y, 2014. — 278 c.

JlononHuTENBHAS TUTEPATYpa
1. IMonuk B.A., bynaros }O.H. Peneitnas 3anmra 1 aBTOMaTHKa JJIEKTPHYECKUX CHCTEM: Y4eO.
nocobue. — bparck: U3n-Bo bpl'Y, 2013. — 56 c.
2. AnnpeeB B.A. Peneifnas 3amuTa U aBTOMAaTHKa CHUCTEM JJIGKTPOCHAOKCHHS: YUCOHUK IS
BVY30B — 4-e nepepab. u non.uzn. — M.: Bercnr.mk., 2006.- 639 c.

KOHTponbHbIE BONIPOCHI /111 CAMOIPOBEPKU

1. YerpoiictBo, nmpuHIUI paboOThI, PEKUMbI pabOThI TpaHCPOPMATOPOB TOKA.

2. YcTpoHCTBO, MPUHLUI pabOTHI, pEKUMBI PA0OTHI TPAHCPEAKTOPA.

3. YCTpoHCTBO, MPUHIIMIT Pa0OTHI, peXKUMBI pab0THI TpaHC(HOPMATOPOB HATIPSIKCHHS.
4. YCTpoiCTO M MPUHLHUI paOOTHI ACTUTENS HAPSHKEHUS U TOKOBOT'O IIIYHTA.
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IpakTnyeckoe 3ansitue Ne4

ToxoBbIe 0TCEUKH

[lenb paGoTHI:

W3zyuenne npuHIun paboThl U cioco0 oOecredeHns: CeNeKTUBHOCTH TOKOBBIX OTCEYEK.

3ajaHue:
1. U3yunTh npuHLKI AEUCTBUS U HACTPOMKU TOKOBOM OTCEYKU MTHOBEHHOIO JEHCTBUS.

2. 3y4uTh NPUHIIMIT JSHCTBUS U HACTPOHKHU TOKOBOW OTCEUKU HYJIEBOM MOCIEI0BATEILHOCTH.
3. M3y4unTh NpUHLIMII JEHCTBUS U HACTPOHMKU HECEIIEKTUBHON TOKOBOM OTCEUKHU.
4. I3y4uTh NPpUHIUII JEHCTBUSA U HACTPOUKH TOKOBOM OTCEUKU C BBIAEPKKOU BPEMEHU.

I1opsA0K BBINOJHEHUS:

W3yunTh TEOpETUYECKHI MaTeprall.

PaccmoTpeTs u3mMepuTeabHyto, OepaTUBHYIO U (PYHKIMOHAIBHYIO CXEMbl TOKOBOM OTCEUKH.
PaccMoTpeThs npuHIMIT AEHCTBUS U HACTPOMKH TOKOBOW OTCEYKH MTHOBEHHOT'O JACHCTBHUS.
PaccMmoTpeTs NpUHIMT I€UCTBUS U HACTPOMKH TOKOBOW OTCEUKH HYJIEBOM MOCIIEI0BATEIbHOCTH.
PaccMoTpeTps nprHIMIT HACTPONKHN HECETIEKTUBHOM TOKOBOM OTCEYKH.

PaccMoTpeTh IpUHIIMI HACTPONKH TOKOBOW OTCEUKH C BBIIEPKKON BPEMEHHU.

ook wndE

Popma OTYETHOCTH:

B oryer no npakTuuecKoMy 3aHITHIO BHOCUTCS:

TeopeTnueckue cBEEHNUS O TOKOBBIX 3allUTaX;

W3mepuTtenbHas, ornepaTuBHasi U (PyHKIMOHAIbHAS CXEMbI TOKOBOM OTCEUKH;

Onucanue NPpUHIUIIOB JEHCTBUSA U HACTPOUKH TOKOBOW OTCEYKH MIHOBEHHOT'O IEHCTBUS;
Onucanue NPUHIMUIIOB JEHCTBUS U HACTPOMKHU TOKOBOW OTCEUKU HYJIEBOI MOCIIEI0BATENbHOCTH;
Onucanue NPUHIUIIOB HACTPOMKN HECEIEKTUBHON TOKOBOM OTCEYKH;

Onucanue NPUHIUIIOB HACTPONKH TOKOBON OTCEUKH C BBIIEP’KKON BPEMEHH;

BbIBOI M aHAJIN3 TIOJIyYEHHBIX PE3YJIbTATOB.

NoabkowhE

PexoMenanyy no BbIIOJHEHUIO 33JaHUI ¥ TOATOTOBKE K MPAKTUYECKOMY 3aHSATHUIO:
[Ipy moAroToBKE K MPAKTUYECKOMY 3aHSTHUIO W JUISl €r0 BBINOJIHEHUS HEOOXOAMMO H3Y4HTb
JUTEPATypy, YKa3aHHYIO HIKE.

OcHoBHas nuTeparypa
1. TTonux B.A., bynaros IO0.H. Peneiinas 3amura u aBromatnka. YuebHoe nocobue. — bparck:
NznarensctBo bpl'Y, 2014. — 278 c.

JlononHuTenpHas TUTEPATYypa
1. Ilonmuk B.A., bynatoB FO.H. Peneiinas 3amuTa 1 aBTOMaTuka 3JIEKTPUUECKUX CHCTEM: yueo.
nocoowue. — bparck: U3n-Bo bpl'Y, 2013. — 56 c.
2. AnnpeeB B.A. Peneiinast 3amuTa U aBTOMaTUKa CHUCTEM JJIEKTPOCHAOKEHHs: YUEOHUK IS
BVY3o0B — 4-e nepepald. u non.uza. — M.: Beicur.ik., 2006.- 639 c.

KOHTpoJIbHBIE BOOPOCHI LI CAaMOIPOBEPKHU

1. IlpuHUMT 1EHCTBHUS TOKOBBIX 3aIIIUT.

2. MrHOBEHHBIE TOKOBBIE OTCEUKH, PACUET IMapaMeTpPOB, CXEMBI.

4. TokOoBBIE OTCEUKH HYJIEBOM MOCIE0BATENILHOCTH, BKIIOUEHHE pejie, HacTpOoHKa.
5. Hactpoiika HeceneKTHBHON TOKOBOM OTCEUKH.

7. HacTpoiika TOKOBOM OTCEYKH C BBIACPKKON BPEMEHHU.
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IpakTnyeckoe 3ansitue NeS
MaxkcumaJjibHble TOKOBbIE 321U ThI

[{enb paboOTHI:

I/I3yquHe IIPpUHOMIT pa6OTBI U crnoco0 obOecredyeHns CEJIEKTMBHOCTH MaKCUMAaJIbHOH TOKOBOM
3allUThI.

3amanue:
1. 3yuuTh NpUHIUI ACHCTBUS U HACTPOUKH MAaKCUMAJIBHOW TOKOBOM 3aIlTUTHI.

2. I3yunth criocoObl MPOBEPKH YyBCTBUTEILHOCTH MAKCUMAJIBHOM TOKOBOM 3aIIUTHI.

3. I3yunTh npuHOUN ACHCTBUS M HACTPOWKHM MAaKCUMaJIbHOW TOKOBOHM 3alllUTHI HYJICBOU
[10CJIEI0BATEIBHOCTH.

4. I3yunTh JuarpamMmbl CEJIEKTUBHOCTH JIBYXCTYIEHYaThIX M TPEXCTYMEHYAThIX TOKOBBIX
3aIuT.

ITopsI0K BBINOJIHEHUS:

1. V3yuuTh TEOpETHUECKUN MaTepral.

2. PaccMOTpeTh IPpUHIUI JSHCTBUS M HACTPOMKH MaKCUMAIIbHOW TOKOBOM 3aIlUTHI.

3. PaccMoTpeTh M3MEpPHUTENBHYIO, ONEPATUBHYID U (DYHKIHMOHAIBHYI) CXEMbl MaKCHUMAalbHON
TOKOBOW 3aIlIUATHI.

4. PaccMOTpeTh MPUHIUI JEUCTBUS W HACTPOMKM MAaKCHMAalbHOM TOKOBOWM 3alllUThl HYJIEBOM
IIOCJIEI0BATEIbHOCTH.

5. PaccMoTpeTh HM3MEpPHUTENBHYIO, ONEPATUBHYID U (DYHKIMOHAIBHYI) CXEMbl MaKCHUMAallbHOM
TOKOBOH 3aIIUTHI HYJIEBON IOCIEA0BATEIBHOCTH.

6. PaccMoTpeThb CXeMbl W TNPUHIUIBI OOECIEUEHUs CEJIeKTUBHOCTU JIBYXCTYNEHUYATBIX U
TPEXCTYIIEHYaThIX TOKOBBIX 3aIIUT.

dopmMa OTYESTHOCTH:

B oruer no npakTu4eckoMy 3aHATUIO BHOCUTCS:

TeopeTnyeckue CBeIEHUS 0 MAKCUMAJIBHBIX TOKOBBIX 3aIIUTaX;

W3meputenbHas, onepaTuBHas U (pyHKIIMOHAIBbHAS CXEMbl MAKCHMAIIbHOM TOKOBOM 3aIlIUTHI,

Ornucanne NPUHIKIIOB JEHCTBUS U HACTPOUKH MaKCUMAIbHOW TOKOBOM 3aIlIUTHI;

Onucanve NPUHLMIOB JEUCTBUS M HACTPOMKM MAaKCUMAaJbHOM TOKOBOHM 3alllUTHl HYJIEBOU

IMOCJICIOBATEILHOCTH;

5. UsmeputenbHas, omepaTuBHAs U (YHKIMOHAIbHAs CXEMbl MaKCHMAalbHON TOKOBOHM 3aIlMThHI
HYJIEBOM MTOCJIEA0BATEIbHOCTH;

6. JlmarpaMMbl CENEKTUBHOCTH JIBYXCTYIEHUATBIX U TPEXCTYIMEHYAThIX TOKOBBIX 3aIlUT;

7. BbIBOJ M aHANHM3 TTOJTYYEHHBIX PE3YJILTATOB.

oY

PexoMeHaanuy no BbIMOJHEHUIO 3aJaHU ¥ MOATOTOBKE K MPAKTUYECKOMY 3aHSATHUIO:
[Ipy MoAroToBKE K MPAKTUUYECKOMY 3aHSATHUIO U JUIS €ro BBINOJHEHHS HEOOXOIUMO M3YYHUTh
JUTEPATYPY, YKA3aHHYIO HHUXKE.

OcHoBHas nuTeparypa
1. Ilonuk B.A., bynatos }O.H. Peneiinas 3amura u aBTomMatuka. Yue6Hoe nocobue. — bparck:
NznatensctBo bpl'VY, 2014. — 278 c.

JlononHuTENBHAS TUTEPATYpa
1. ITonuk B.A., bynaros }O.H. Peneitnas 3ammra 1 aBTOMaTHKa JJIEKTPHYECKUX CHCTEM: Y4eO.
nocobue. — bparck: U3n-Bo bpl'VY, 2013. — 56 c.
2. AnnpeeB B.A. Peneifnas 3amuTa W aBTOMAaTHKa CHUCTEM JJICKTPOCHAOKCHHS: YUCOHUK IS
BY3oB — 4-e nepepad. u gon.uza. — M.: Beicir.ik., 2006.- 639 c.

KOHTDOHBHLIG BOITPOCHI AJI CaMOIIPOBECPKHU

1. ITpunIMTIEI OOecTiedeHus cenekTuBHOCTH M T3, HacTpoiika, mIpoBepKa YyBCTBUTEILHOCTH.
2. Cxembl MT3.
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3. MakcuMmanpHas TOKOBasl 3allldTa HYJIEBOM TOCienoBaTeNbHOCTH. Ha3zHaueHue, mapameTpsl
HaCTPOUKHU.
4. JIByX 1 TpEXCTYNEHUYAThIE TOKOBBIE 3alUThI, CXEMBI.

IIpakTHyeckoe 3ansaTHE N6

YcerpoiicTBO MUKPOIIPOIECCOPHON pesaeiiHON 3alMThI

[lenb paGoTHI:

N3yueHne CTPYKTypbl M OCHOBHBIX Y3JI0B MMKpPOIPOLECCOPHOM PEJICHHOM 3allUTHl H
aBTOMATHKH.

3amaHue:
1. MByuuth OOLIyIO CTPYKTYpY U KOHCTPYKTHBHOE WCIIOJHEHHE MHKPOIPOIIECCOPHOM

pENEeHON 3aIUThl B aBTOMAaTUKH. PaccMOTpeTh CTPYKTYpy 0JI0OKa MUKPOIIPOIIECCOPHOM pereiiHOM
3alMTHl HA TPUMEPE KOHKPETHOTO TEPMUHAJIA.

2. ByuuTs crieqyoomue y3iabl MUKPOIPOIECCOPHOU PEIeHOM 3alUThl U aBTOMATHKU: MOJYJIb
AHAJIOTOBBIX BXOJOB; MOJYJIb BBIXOJHBIX pejie; MOAYb IMUPPOBBIX (JIOTHUECKHX) BXOJ0B; MOJYJIb
HEHTPaJIbHOTO MPOLIeCCOopa; BHYTPEHHUN HCTOYHUK MUTAHUS.

3. TlpoBectn 0030p COBPEMECHHBIX YCTPONCTB MHKPOIIPOLIECCOPHOM PEIICHHON 3allUThl H
ABTOMATHKH.

I1OpsIAOK BBIOJHEHUS:

1. V3yuuTh TEOpETHUECKUN MaTepral.

2. PaccMoTpeTb M HM3Y4YHTHh OOIIYIO CTPYKTYPY MHUKPOIPOIIECCOPHOW pENeiHON 3amuThl U
aBTOMATHKHU Ha KOHKPETHOM TEPMHUHAJIE.

3. PaccMOTpeTh U M3y4UTh KOHCTPYKTUBHOE UCIIOJTHEHNE MOAYIISI aHAJIOTOBBIX BXOJIOB.

4. PaccMOTpETh U U3yYUTh KOHCTPYKTUBHOE UCTIOJTHEHUE MOJYJISl BBIXOJHBIX pejie.

5. PaccmoTpeTh M M3y4UTh KOHCTPYKTHMBHOE HCIIOJHEHUE MOJYIS LU(POBBIX (JOTUYECKHUX)
BXOJIOB.

6. PaccMOTpeTh U H3y4HTh KOHCTPYKTUBHOE MCIIOJIHEHUE MOJYJIIS IICHTPAILHOTO TPOIIeccopa.

7. VI3yunTh KOHCTPYKTHBHOE HCIIOJIHEHHE M MPUHIMI paboThl BHYTPEHHEr0 MCTOYHMKA MUTAHMS
MHUKPOITPOLIECCOPHOM PEIEHHOM 3a1UThl U aBTOMAaTHUKH.

8. BhIMOMHUTH 0030p COBPEMEHHBIX YCTPOWCTB MHKPOIIPOLECCOPHOM pelnelHOW 3aIliuThl U
ABTOMAaTHUKH.

Popma OTYETHOCTH:
B oruer 1o nmpakTu4ecKoMy 3aHATUIO BHOCUTCS:
1. Teopernueckue cBeA€HNU O MUKPOIIPOLIECCOPHON peNleHOM 3alllUThl U aBTOMATUKH;
2. OO0mas CTpyKTypHasi CXeMa MUKPOTPOIIECCOPHON peNeitHON 3alUThl U aBTOMATHKH;
3. Omnwucanvie MPUHITUIIOB PaOOTHI M UCTIOJTHEHHUS OCHOBHBIX Y3JIOB MUKPOIIPOIIECCOPHON peeiHON
3alllUThl U aBTOMAaTUKU;
0O0630p COBPEMEHHBIX YCTPOMCTB MUKPOTIPOIIECCOPHON PEICHHON 3aIUTH M aBTOMATHKH,
5. BbIBOJ U aHANU3 MOJIYYEHHBIX PE3yIbTaTOB.

B

PexoMeHa1mm 1o BINOJIHEHUIO 3a/1aHUM U MOATOTOBKE K NPAKTUYECKOMY 3aHSATHIO!
[Ipy moAroToBKE K NMPAKTUYECKOMY 3aHSTHIO U NIl €r0 BBINOJHEHUS HEOOXOAMMO H3Y4YHTh
JUTEPATYypPy, YKa3aHHYIO HIKE.

OcHoBHas nuTeparypa
1. TTonux B.A., bynaros IO0.H. Peneiinas 3ammura u aBromatnka. YuedHoe nocobue. — bparck:
N3patensctBo bpl'Y, 2014. — 278 c.

JlononuurtenpHas IuTepaTypa
1. Ilonuk B.A., bBynatoB FO.H. Peneiinas 3amuTa 1 aBTOMaTHKa JIEKTPUUECKUX CHCTEM: yueo.
nocobue. — bparck: U3a-so bpl'Y, 2013. — 56 c.
2. AnnpeeB B.A. Peneifnast 3amuTa U aBTOMaTHKa CHUCTEM JJIEKTPOCHAOKCHHs: YUEOHUK IS
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BVY3o0B — 4-e nepepab. u gom.uza. — M.: Beicur.mk., 2006.- 639 c.
3. [Toruk B.A. 3amuTa cuioBeIX TpaHC(HOPMATOPOB € UCIIOIB30BaHHUEM IU(PPOBBIX KOMIUIEKCOB
/ B.A. Ilonuk. — bparck: 'OY BIIO bpI'Y, 2008. — 23 c.

KOHTpOIbHBIE BONIPOCHI /111 CAMOIPOBEPKU

1. OcHoBHBIE GJIOKH CTPYKTYPHOH CXEMbI MUKPOIPOIIECCOPHON PEIeHHOM 3alIUThl U aBTOMATHKH.
2. TUTIbI KOHCTPYKIIMH MUKPOTIPOIIECCOPHOMN PEJICHHOMN 3alllUThl K aBTOMATHKH.

3. OCHOBHBIEC MOYJIH MUKPOITPOIIECCOPHON PETCHHOM 3alUThl U aBTOMAaTHKH, UX YCTPOHCTBO.

4. O630p TUTIOB 3aIUT U GUPM-TIPOU3BOIUTEIICH.

5. JIoCTOMHCTBA M HENOCTATKU MUKPOIIPOLIECCOPHOM pEJIEHHOM 3allUThl U aBTOMATHUKH.

IIpakTuyeckoe 3ansaTue Ne7
3alMThLI CHJIOBLIX TPAHC(OPMATOPOB

[lenb paGoTHI:

N3ydenne mnpuHIUN pabOTBl U CHOCOOOB OOCCIICUCHHS CEJICKTHBHOCTH 3alllUT CHJIOBBIX
TpaHcGpopMaToOpoOB.

3amaHue:
1. M3yuuTh BO3MOXHBIC TOBPEKICHHS ¥ HEHOPMAJbHBIE PEXUMBI PaObOTHI CHIIOBBIX

TpaHcGopMaToOpoOB.

2. VI3y4nTh PUHIIMAIT JSHCTBYS K HACTPONUKH TOKOBBIX 3aIIUT CHJIOBBIX TPAHC(HOPMATOPOB.

3. I3yunth mpuHIMI AEWCTBUS W HACTPOMKHU MPONOJIBbHON nuddepeHInanbsHoil 3amuThl
CHJIOBBIX TPaHC(HOPMATOPOB.

I1OpsIAOK BBINOJHEHUS:

1. V3yuuTh TEOpETHUECKUN MaTepual.

2. PaccMOTpeTh MOBPEXICHHSI 1 HEHOPMAJIBHBIE PEKUMBI paOOTHI CHIIOBBIX TPaHC(POPMATOPOB.

3. PaccMoTpeTh mpuHIMI JEHCTBUS M HACTPOMKM TOKOBOM OTCEYKH, MAaKCHUMAaJbHON TOKOBOIi
3alllMThl, 3aLIUTH HYJIEBOM MOCIIE0BATEILHOCTH CHIIOBOTO TpaHC(hOopMaTopa.

4. PaccMOTpeTb W3MEPUTENbHYIO, ONEPATUBHYI0 M (YHKIMOHAJIBHYIO CXEMbl TOKOBBIX 3alllUT
CHJIOBOTO TpaHchopMaTopa.

5. PaccMoTpeTh mpUHIMIT JEHCTBUS W HACTPOWKM MPOAOIbHON nupdepeHnanibHON 3aluThl
CUJIOBBIX TpaHC()OPMATOpPOB.

PopMa OTYETHOCTH:

B oTueT no npakTU4eCKOMy 3aHITHIO BHOCUTCS:

TeopeTnueckre CBEAEHUS O 3alIUTaX CHIIOBBIX TPaHC(HOPMATOPOB,;

2. VI3smeputenbHas, omnepatuBHas U (YHKUMOHAIbHAas CXEMbl TOKOBBIX 3alllUT CHJIOBBIX

TpaHchopMaTopoB;

Onucanue NPUHLIKIIOB JEHCTBUS M HACTPOMKH TOKOBBIX 3aIIUT CUJIOBBIX TPAHC(OPMATOPOB;

4. OnucaHue MPUHLIMIIOB JEHCTBUS M HACTPOHMKU MNPOAOIbHON JupdepeHnalibHOi 3auThl
CHJIOBBIX TPaHC(HOPMATOPOB;

5. BbIBoJ 1 aHaNMU3 MOJIyYEHHBIX PE3yJIbTaTOB.

=

w

PexoMeHaanyy no BbIMOJHEHUIO 3aJaHU ¥ MOATOTOBKE K MPAKTUYECKOMY 3aHSATHUIO:
[Ipy moAroTOBKE K MPAKTUYECKOMY 3aHSATHIO U JUIS €ro BBITOJHEHHS HEOOXOIUMO H3Y4YHTh
JUTEPATYPY, YKA3aHHYIO HHUXKE.

OcHoBHas nuTeparypa
1. Ilonuk B.A., bynatos }O.H. Peneitnas 3amura u apTomatuka. YuebHoe nocobue. — bparck:
NznatensctBo bpl'VY, 2014. — 278 c.

JlononHuTenbHAA TUTEPATYPA
1. ITonuk B.A., bynatos }O.H. Peneitnas 3ammura u aBTOMaTHKa 3JIEKTPUICCKUX CUCTEM: yueO.
nocobue. — bparck: M3xa-Bo bpl'Y, 2013. — 56 c.
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2. AunpeeB B.A. PeneitHas 3ammura ¥ aBTOMaTHKa CHCTEM DJIEKTPOCHAOKEHHUs: YUEOHUK ISt
BVY30B — 4-e nepepab. u pon.uzn. — M.: Beicnr.mk., 2006.- 639 c.

3. Ilormuk B.A. 3ammTa cii10BBIX TpaHC(HOPMATOPOB € UCIIOIB30BAHUEM IH(PPOBBIX KOMITJIEKCOB
/ B.A. llonuk. — Bparck: 'OY BIIO bpI'Y, 2008. — 23 c.

KOHTpOJIbHBIE BOIPOCHI LI CAMOIPOBEPKHU

1. Tumnsl 3a1UT CUIIOBBIX TPAHC(HOPMATOPOB.

2. Hactpoiika TOKOBBIX 3alIUT TPaHC(HOPMATOPOB.

3. Ilpunnun quddepeHunanbHOM 3auThl TpaHchopMaTopa 1 0COOEHHOCTH €r0 pealn3aluu.
4. ®akTOpBI, YUUTHIBAEMbBIC IIPU HACTPOIiKe Mu(PepeHInaTbHON 3aUTh TpaHCPopMaTopa.

IIpakTuyeckoe 3ansiTue Ne§
3aIUTHI DJEKTPOABUIraTeJIe

[lenb paGoTHI:

WN3yyenne npuHOMn  paboThl UM cocoOOB  OOECHEYEHHs  CEJIEKTUBHOCTH  3alllUT
3JIEKTPOJBUTATEIIEH.

3amaHue:
1. 3yuuTh BO3MOKHBIE MOBPEKICHUS 1 HEHOPMAJIbHBIE PEKUMBI PAOOTHI JIEKTPOABUTATEIICH.

2. I3yunTh NpUHLUN €HCTBUS U HACTPOMKH 3alIUT HU3KOBOJIBTHBIX JIEKTPOABUraTEIICH.

3. U3yunTh TpUHOUI JEHCTBHS M HACTPOWKH 3alIUT AJIEKTPOABHUraTENe BBICOKOTO
HaIPSDKEHUS.

4. PaccMOTpeTh OCOOCHHOCTH 3aIUT CHHXPOHHBIX 3JIEKTPOBUTATEIICH.

ITopsI0K BBINOJIHEHUS:

1. V3yuuTh TEOpETHUECKUN MaTepral.

2. PaccMoTpeTh MOBPEXKICHUS U HCHOPMAITBHBIC PEKUMBI pAOOTHI AIICKTPOABUTATEIICH.

3. PaccmoTpeTh mpuHIIMT AEHCTBUS U HACTPOMKH 3aIIUT HU3KOBOJIBTHBIX dJIEKTPOBUTATEICH.

4. PaccMOTpeTh HW3MEPUTEIBHYI0O U ONEPATHBHYIO CXEMBI TOKOBBIX 3alIUT HHU3KOBOJBTHBIX

JJIEKTPOJBUrATENICH.
5. PaccmoTperb mpuHIMII JAE€WCTBUS UM HAaCTPOMKM 3allUT 3JIEKTPOJBUTATENell  BBICOKOTO
HaIpPsOKCHUS.

6. PaccMOTpeTh M3MEPUTENBHYIO M ONEPATHBHYIO CXEMBI 3aIUT JIEKTPOJBHUTaTeNeil BBHICOKOTO
HaIpPsOKCHUS.

dopmMa OTYESTHOCTH:

B oT4er no nmpakTUueCKOMY 3aHSITHIO BHOCUTCS:

TeopeTnueckue CBEICHUS O 3aIUTaX IEKTPOIBUTATENECH;

N3mepurtenbHast 1 onepaTUBHAsA CXEMbI TOKOBBIX 3aLIUT HU3KOBOJIBTHBIX 3JIEKTPOIBUTATENEH;
W3mepurtenbHas v oriepaTUBHAS CXEMBI 3aIITUT YJIEKTPOABUTATENICH BHICOKOTO HAIIPSIKEHNS,
BriBOI M aHANKM3 MOYYEHHBIX PE3YJILTATOB.

NS

PexoMeHa1mm 1o BEINOJIHEHUIO 3a/1aHUM U MOATOTOBKE K NPAKTUYECKOMY 3aHSATHIO!
[Ipy moAroToBKE K MPAKTUYECKOMY 3aHSITHIO U JJISl €0 BBHIMOJIHEHHUS HEOOXOIUMO H3YyYUTh
JUTEPATYypy, YKa3aHHYIO HIKE.

OcHoOBHas nuTeparypa
1. TTonux B.A., bynaros I0.H. Peneiinas 3ammura u aBromatuka. YuedHoe nocobue. — bparck:
N3patensctBo bpl'Y, 2014. — 278 c.

JlononHuTENBHAS TUTEPATYpa
1. ITonuk B.A., bynatos }O.H. Peneitnas 3ammra u aBTOMaTHKa JIEKTPUIECKUX CHUCTEM: yueo.
nocobwue. — bparck: U3n-Bo bpl'Y, 2013. — 56 c.
2. AunpeeB B.A. PeneitHas 3ammura ¥ aBTOMaTHKa CHCTEM DJIEKTPOCHAOKEHHUs: YUEOHUK ISt
BVY30B — 4-e nepepab. u pon.uzn. — M.: Beicnr.mk., 2006.- 639 c.

KoHTpoILHBIE BOIPOCHI JIUISL CAMOIIPOBEPKH
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1. O630p 3amMUT JIEKTPOABUTATEIICH.

2. 3amuThl HU3KOBOJBTHBIX JIBUTATENICH, PUHITUIIBI HACTPONKHU, CXEMBI.
3. 3amuThl BHICOKOBOJIbTHBIX JIBUTATENCH, HACTPOIKA, CXEMBI.

4. Oco0eHHOCTH 3alllUThl CHHXPOHHBIX JIBUTaTeNEH.

IIpakTnyeckoe 3ansaTue Ne9
ABTOMATHKA NOBTOPHOI0 BKJIIOYEHUS

[lenb paGoTHI:

I/IsyquHe [IpuHIHIIa pa6OTBI, Ha3HA4YCHUSA W OIICPAaTUBHLIX CXCM ABTOMATUKHU ITOBTOPHOI'O
BKJIFOUCHMHA.

3ajaHue:
1. Paccmotpets HazHaueHue U kiaccudukammio AIIB.

2. I3yuuth cxemy AIIB ogHOKpaTHOrO NEWCTBUS C 3aITyCKOM OT HECOOTBETCTBHS TOJOKCHUS
KJIFOYa YIPABJICHUS U BBIKIIOYATEIS.

3. U3yuuts cxemy anekrpudeckoro AIIB mist moacranuuii ¢ Teneynpasienuem (TVY).

4. 3yuuts coBMecTHYIO paboTy AIIB u peneiino 3amuThl.

ITopsI0K BBINOJIHEHUSA:

1. V3yuuTh TEOpETHUECKUN MaTepral.

2. Paccmotpers HazHaueHue U kinaccudukanuio ATIB.

3. Paccmotpets cxemy AIIB ogHOKpaTHOrO AEHCTBHS € 3aIIyCKOM OT HECOOTBETCTBHSI MOJIOKEHUS
KJIFOYa YTIPABJIEHUS U BBIKIIOYATEIIS.

4. Paccmotpeth cxemy anekTpuueckoro AlIB ans noncranmmii ¢ reneynpasinenueM (TY).

5. Pacemotpets coBmecTHyto paboty AlIB u peneitHoii 3aiuThl.

PopmMa OTYETHOCTH:
B oT4er no nmpakTH4EeCKOMY 3aHATHIO BHOCUTCS:

1. Teopernueckue cBeeHNs 00 aBTOMaTUKU TTOBTOPHOT'O BKIIIOUEHHUS,

2. Cxema AIIB omHOKpaTHOro AEHCTBUS C 3allyCKOM OT HECOOTBETCTBMSI MOJOXKEHHUsS KItoya
yIpaBJIEHUS U BBIKJIIOUATENIS C ONMCaHNuEM €€ paboThl;

3. Cxema nsnektpuueckoro AIIB nmns moacranumii ¢ teneynpasinenueM (TY) c onmcanuem eé

paboThI;

Cxembl 1 onicaHue coBMecTHOM paboTsl AIIB u peneiiHoil 3amuTsr;

5. BbIBOJ 1 aHANU3 MOJIyYEHHBIX PE3yJIbTaTOB.

e

PexoMeHaInm 1o BBINOJIHEHUIO 3a/1aHU| U MOATOTOBKE K NPAKTHYECKOMY 3aHSITHIO!
[Ipy MoAroToBKE K MPAKTUUYECKOMY 3aHATHIO U JUISL €r0 BBINOJHEHHS HEOOXOIUMO H3YYHUTh
JUTEPATYPY, YKA3aHHYIO HHUXKE.

OcHoBHas nuTeparypa
1. Ilonuk B.A., bynatos }O.H. Peneitnas 3amura u aBTomatuka. YuebHoe nocobue. — bparck:
NznatensctBo bpl'VY, 2014. — 278 c.

JlonmonHuTenpHAS TUTEPATypa
1. ITonmuk B.A., bynatoB IO.H. Peneiinas 3amuTa 1 aBTOMaTuKa >JIEKTPHUYECKUX CHCTEM: yueo.
nocobue. — bparck: U3a-so bpl'Y, 2013. — 56 c.
2. AnnpeeB B.A. Peneiinast 3amuTa U aBTOMaTUKa CHUCTEM JJIEKTPOCHAOKEHHs: YUEOHUK IS
BY3o0B — 4-¢ nepepad. u momn.m3a. — M.: Beicir.k., 2006.- 639 c.

KoHTponbHBIE BOIPOCHI JUISL CAMOIIPOBEPKH

1. Buabsl aBTOMAaTUKU U €€ Ha3HAUCHUE.

2. Haznauenwue u knaccudukarus AIIB.

3. CoBmectHas pabora AIIB u peneitHOl 3alUTHI.
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IIpakTnyeckoe 3ansaTue Nel0
ABTOMATHKA BKJIIOYEHHs Pe3ePBHOI0 MUTAHUS U 000PY/I10BaAHHS

[lenb paGoTHI:

I/IsyquHe IMpuHIKUIIa paGOTbI, HAa3HA4YCHUA M OICPATUBHBIX CXCM ABTOMATHUKH BKIIFOYCHUS
PE3CPBHOIO ITUTAHUA.

3ajaHue:
1. PaccmotpeTts HazHaueHue u obmmue npuHimbsl ABP.

2. 3yunTh myckoBble opranbl yctporicts ABP.
3. N3yunts cxemy ABP ceKIMOHHOTO BBIKITFOUATEIIS.
4. 3yuuth pacuetr yctaBok ABP.

ITopsAI0K BBIOIHEHHUS:

1. V3yuuTh TEOpETUUECKUN MaTepUal.

2. PaccmotpeTs Ha3HaueHue u kinaccudukamnuo ABP.

3. Paccmotpers cxemy ABP ceklmOHHOTO BBIKITFOUATEIIS.
4. BoimonHuTh pacyet ycraBok ABP.

Popma OTYETHOCTH:

B oTuer no npakTuueckoMy 3aHSTHUIO BHOCUTCS

Teopernueckue cBesieHHs] 00 aBTOMaTHKE BKIFOUEHHS pE3€PBHOTO MUTaHUS U 000PYA0BaHMS,
Cxema ABP cexklmOHHOIO BBIKIIOYATENS C ONUCaHUEM €€ padoThI;

Pacuer ycraBok ABP;

BbiBoA 11 aHANIN3 MOTYYEHHBIX PE3YJILTATOB.

P

PexoMeHaInm 1o BBINOJIHEHUIO 3a/1aHUH U MMOATOTOBKE K NPAKTHYECKOMY 3aHSTHIO!
[Ipy MoOAroTOBKE K MPAKTUYECKOMY 3aHSATHIO U JUISL €ro BBINOJHEHHS HEOOXOIUMO M3YYHUTh
JUTEPATYPY, YKA3aHHYIO HUXKE.

OcHoBHas nuTeparypa
1. Ilonuk B.A., bynatos }O.H. Peneiinas 3amura u apTomMatuka. YuebHoe nocodbue. — bparck:
W3parensctBo bpl'Y, 2014. — 278 c.

JlonmonHuTenpHas TuTeEpaTypa
1. Monuk B.A., bynatos }O.H. Peneiinas 3amuTa u aBTOMaTuka 3JE€KTPUUECKHX CHCTEM: yueO.
nocobue. — bparck: U3a-so bpl'Y, 2013. — 56 c.
2. AnnpeeB B.A. Peneifnas 3amura U aBTOMaTHKa CHCTEM 3JIEKTPOCHAOXKEHHUs: YUeOHUK s
BY3oB — 4-e nepepad. u non.uzg. — M.: Beicur.uik., 2006.- 639 c.

KoHTpOJIbHBIC BOMPOCHI JUTsS CAMOTIPOBEPKH
1. O6mue npunmnsr ABP.
2. Knaccudukanus ABP.

3. ABP CekIMOHHOTO BBIKIIOYATENs, pab0Ta CXEMBI.

9.2. MeroanuyecKkue yKa3aHusi 110 BbINOJTHEHHUI0 KYPCOBOI0 IIPOEKTA

Jlnsi  BBIMOJIHEHHSI KYypPCOBOTO TMPOEKTa W pacdyéra MapamMeTpoB 3allUT IPEIBAPUTEIHHO
OTIPEeNIeNAIOTCA TOKM KOPOTKOTO 3aMBIKaHUS B XapaKTepHBIX TOYKAX CXEMbl U pabouue TOKH
OCHOBHBIX 2JIEMEHTOB. {7151 3a1aHHON CXEMBI ANEKTPOCHAOKEHHS MTPOMBIIIICHHOTO TPEATPHSITHS,
coJepKalleil xapakTepHble OOBEKTbI, pa3pabaThIBAIOTCS MPHHLMIBI 3AIIUT MUTAIOMIUX JTHHUAN
(BO3DyIIHBIX WM KaOeIbHBIX ), TPAaHC(HOPMATOPOB IIABHOW MOHU3UTEIBLHOM MOACTAHITNH, IIEXOBBIX
TpaHc(hopMaTopoB, TpaHc(hopMaTopoB ANEKTPOAYTOBBIX neyven, TpaHchopMaTopoB
BBINPSIMUTEIIBHBIX arperaTtoB, KOHJICHCATOPHBIX OaTapel, ABuraTeneil. J{s Kaxmoro THIa 3amuT B
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COOTBETCTBUM C 3a/laHUEM BBINOJHACTCA pacdéT NapameTpoB, IMPOBEPKAa YYBCTBUTEIBHOCTH,
OCYILECTBIISICTCS pa3pabOTKa HM3MEPHUTEIbHOM M ONEpaTHBHOM CXeM KOMIUIEKCA 3aIlUT, BBIOOD
anemeHToB. [lpu pa3paboTke 3amUT Ha 3JIEKTPOMEXAHMUYECKUX JJEMEHTax CcjeayeT MAaTh
PEKOMEHIALIMIO 10 IPUMEHEHHIO IIEPCIIEKTUBHOIO BApUAaHTa KOMIIbIOTEPHOM 3aIUTHI.

KypcoBoii mpoeKT JT0KEH COCTOSATh M3 MOSCHUTENBHOM 3anmucku 00béMoM 2040 cTpanui u
onHoro nucra ueprexeid Qopmara Al. ITloscHuTenbHas 3amucka OQOPMISIETCS B CTPOrOM
COOTBETCTBUHU C MpaBUIaMU O(POPMIICHUS U JOJDKHA COJIEPKATh:

1) BBeieHue;

2) 000CHOBaHKE MPUHSTHIX IPUHIIMIIOB PEJICHHON 3alTUTHL;

3) pac4€T TOKOB KOPOTKOT'O 3aMbIKaHMSI;

4) pacuéT mNepBUYHBIX IapaMeTpoB cpabaTbIBaHUS M OIEHKY YYBCTBUTEIHHOCTH 3aIIUT
3JIEMEHTOB B COOTBETCTBUH C 33JJaHUEM;

5) BbIOOp TpaHCHOPMATOPOB TOKA U pacdy€T BTOPUYHBIX MapaMeTpoB (TOKOB cpabaThiBaHUS
pene) IS 3alUT 00BEKTOB COTIIACHO 3a/1aHUIO;

6) pa3pabOTKy CXeM  KOMIUIEKCOB  3allUT  OOBEKTOB  COIVIACHO  33JaHHUI0 B
AIIEKTPOMEXAHUYECKOM BAapUaHTE M CXEM [PHUCOEAMHEHUS PEKOMEHIYEeMOro BapHUaHTa
MUKPOIPOLIECCOPHOM 3aIUTHI;

7) OLICHKY THIIOB M MECT YCTAaHOBKH YCTPOMCTB CETEBOI aBTOMATHKU,

Jluct yeprexka HOKEH COAEpKATh CXEMY 3aJaHHOM CETH MPOMBIILIEHHOTO MPEANpPUSTHS,
pa3BEPHYThIE CXEMbl HU3MEPUTENBHBIX M ONEPAaTUBHBIX I€Med KOMIUIEKCa 3alllUT, CXEMBI
MIPUCOEIUHEHHS] MUKPOIPOLECCOPHBIX KOMIUIEKCOB.

10. MIEPEYEHb HH®OPMAIIMOHHBIX TEXHOJIOT M, UCITOJIb3YEMBIX ITPH
OCYHECTBJIEHUA OBPA30OBATEJIBHOI'O TIPOLECCA 11O JUCHUIIVIMHE

- OC Windows 7 Professional;

- Microsoft Office 2007 Russian Academic OPEN No Level;

- AHTHBHpYCHOE IporpaMMHoe obecniedenue Kaspersky Security;

- I1O "AngTuruiarnar"

- Mucrannuonnas 3amura (Distance v.1.00);

- National Instruments: LabVIEW Professional Development System, Circuit Design Suite, B
kotopsiii BxoaaT Multisim u Ultiboard.

11. OMUCAHUE MATEPUAJIbHO-TEXHUYECKOM BA3bI, HEOEXOJIUMOM
JJIs1 OCYIMECTBJIEHUSA OBPA3OBATEJIBHOT'O ITPOLHECCA IO AMCIUIIJIMHE

Buo H
aumenoganue
3aHAMUS apoumopu Ilepeuensy ocnosnozo Ne JIP unu I13
(VTx, JIP, I13, obopyoosanusn
KII, CP)
1 2 3 4
JIk JlaGopatopus peneitnoit | [lnakatel, MmenoBas a0cKa,
3AIIATH 1 aBTOMATUKH o0pa3sIibl 37IEMEHTOB
pENENHON 3a1UThI
JIP Jlaboparopus peneiiHoit | ycranoBka 93-1-3A-CK, JIPNe 1-8

3aIlUTHI 1 aBTOMAaTHUKU creun P3ACOC-H-P,
KOMIUJIEKT JIa0OpaTOpPHOTO
obopynoBanus «Peneitnas
3aluTa U aBTOMaTHKa B
CUCTEMax
IIIEKTPOCHAOKEHUS
(3apuuna),
UCIBITaTENbHBINA TPUOOP
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IUISL BTIEKTPOOOOPYAOBAHUS
PETOM-21

113 JlaGoparopus peneiinoit | Ilnakatsl, 1ocka, 00pa3ibl Ne 1-10
3alUThl U aBTOMaTHKH JIEMEHTOB peIeHHON
3aLUTHI.
KII JlaGopaTtopus peneitHoit | HarypanbHbie 00pa3iisl
3aIIUTHI 1 aBTOMATUKH 3JIEMEHTOB PEIEHHON
3aLIUTBHI.
CP 433 Ob6opynosanue 15 I1K-

CPU 5000/RAM
2Gb/HDD

(Monutop TFT 19 LG
1953S-SF);npuntep  HP
LaserJet P3005
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®OH/JI OHEHOYHbBIX CPEJACTB IS IPOBEJIEHU A

IMpunoxenne 1

HNPOMEXYTOUYHOMN ATTECTAIIMU OBYYAIOIIUXCS MO JUCHUILJINHE

1. Onucanue GoHIa OLIEHOYHBIX CPEACTB (MACIOPT)

Ne
KOMIIe- DJIeMeHT
Pa3nen Tema ®OC
TeHIMH | KOMIIeTeHIHH
1 2 3 4 5
1. DeMeHTE 1.2. DnexTpomMexaHUYECKHE Bormpocs! k 3auery
peneitHoit peine (1.6-1.15)
crocobiocrs | 3AIIATEL u | 1.3. Pene ¢ wucnone3oBannem BoIpock! K 3a4eTy
MOJTYIIPOBOTHIKOB -
TPHMEHSTH ABTOMATHKH YHpOBOJ (1.16-1.18)
COOTBETCTBY 2.1. ToKOBBIE 3aIIUTHI Bomnpocs! k 3aueTy
FOLITHIA (2.1-2.13)
¢dhusuko- 2.2. InddepeHnmanpHas Borpocs! k 3auery
MaTeMaTHIeC | 2 3ampra jmamii | 3amuTa JIOII (2.14-2.17)
KUAN anmnapar, | i cereii. 2.3. IMCTaHIMOHHBIE  3AIIMTHI [BOIpOCH K 3a4€Ty
METO/IbI JIoII (2.18-2.21)
atajnsa 1 2.4. BBICOKOYACTOTHBIC 3aIIUThI [BOIPOCH K 3a4eTy
OHK-Z MOZACIIMPOBAH JIDII (222_224)
us,
3.3ammra mammH | 3.1. 3amuTa CUJIOBBIX | DK3aMEeHaI[MOH-
TEOPETHYECKO
U armaparos. TpaHc(opMaTopoB HBIE BOTIPOCHI
ro u
SKCIIEPUMEHT (3.1-3.5)
P 3.2. 3amuTHI DK3aMeHaIOH-
aJIbHOTO o
AIIEKTPOABHUraTeIeH HbIE BOIIPOCHI
WCCIIEIOBAaHH
(3.6-3.8)
. pH 33.3 3
pelIeHHH .3. 3amuThI CHUHXPOHHBIX | DK3aMeHaIlOH
SKCTICPHMEHT TeHEepaToOpOB HBI3€ SO;EECH
aIbHBIX 33134 (3.9-3.13)
3.4.3ammTta W  aBTOMAaTHKa | JK3aMEHAIMOH-
CHelHaTbHbIX HbIE BOIIPOCHI
AJIEKTPOYCTAHOBOK (3.14-3.18)
1. DnemeHTHI 1.1. O0miee monHsTHE penelHoi [Bompock! k 3aueTy
peneitHoi 3aIATHI (1.1-1.6)
3aIIUTHI u | 1.2. DnekrpoMexaHnveckue Bomnpocs! k 3auety
CIIOCOOHOCTL | ABTOMATHUKH. peie (16'115)
y4acTBOBATh B 1.3. Pene ¢ wucnonb3oBaHueM [Bompockl k 3aueTy
IUTAHUPOBAHMWH, HOJTYTIPOBOTHIKOB (1.16-1.18)
noaroroske u | 2.3ammra  JguHUHA | 2.1. ToKOBbIE 3alTUTHI Bomnpocsl k 3auery
BBIITOJIHEHUH | U CETEM. (2.1-2.13)
IIK-1 THUIIOBBIX 2.2. luddepenumanbras Bomnpocsl k 3auery
IKCIIEpUMEHTA- zamura JIDI] (2.14-2.17)
JBHBIX 2.3. JlucTaHMOHHbIE  3amUThI (Bompockl K 3a4eTy
WCCIICIOBAaHUN JIDI (2.18-2.21)
0 33JJaHHOM 2.4. BbICOKOYACTOTHBIE 3alIUThI (Bompockl K 3a4eTy
METOMKE JIDIT (2.22-2.24)
3.3ammra mamwuH | 3.1. 3amura CHUJIOBBIX | DK3aMeHAIlMOH-
U armaparos. TpaHchopmaTopos HBIE BOTIPOCHI
(3.1-3.5)
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3.2. 3ammThl DK3aMeHaIMOH-
AIIEKTPOIBUTATENICH HBIE BOITPOCHI
(3.6-3.8)
3.3. 3amumrel CUHXPOHHBIX | DK3aMeHaI[MOH-
TeHepaTopOB HBIC BOITPOCHI
(3.9-3.13)
3.4.3amura W  aBTOMAaTHKa | JK3aMEHAI[MOH-
CHEeIHAIbHBIX HBIE BOIIPOCHI
AIIEKTPOYCTAHOBOK (3.14-3.18)
4. Asromatuka B | 4.1. ABTOMaTuka  MOBTOPHOrO | DK3aMEHalMOH-
CUCTEMax BKITFOUCHUS HBIC BOITPOCHI
AJIEKTPOCHAOKECH (4.1-4.3)
usl. 4.2. ABTOMaTuka  BKJIIOYCHHS | DK3aMEHAIMOH-
pe3epBa HBIE BOIIPOCHI
(4.4-4.5)
4.3. ABTOMaTuveckas 4acTOTHasi | DK3aMeHalMOH-
pasrpy3ka HBIC BOITPOCHI
(4.6-4.9)
4.4. ABToMaTtuka DK3aMeHaIMOH-
peryJIupoBaHUs HaMPSHKEHUS HBIE BOITPOCHI
(4.10-4.13)
1. DnemeHTsI 1.1. O6mee mnousaTue peneitHol |[Bompock k 3aueTy
peneitHoi 3aIIATHI (1.1-1.6)
3allUThI u | 1.2. DnekTpoMexaHn4ecKue Bormpocs! k 3auery
ABTOMATHKH pene (1.6-1.15)
1.3. Pene ¢ wucnonb3oBaHueM [Bompockl K 3a4eTy
MOJYIIPOBOTHUKOB (1.16-1.18)
2.3amurta nuHUM | 2.1. TokoBBIE 3alTUTHI Bormpocs! k 3auery
U CEeTEeH. (2.1-2.13)
2.2. luddepenumanbras Bonpocsl k 3auery
zamura JIDI] (2.14-2.17)
2.3. luctaHliMOHHBIE  3alUThl (BOMpoCH! K 3a4eTy
JIDIT (2.18-2.21)
2.4. BrIcOKOUaCTOTHBIE 3alIuThl (BOMpock! K 3a4eTy
JIDIT (2.22-2.24)
crmocoOHOCTh | 3.3ammura mamuH | 3.1. 3ammra CUJIOBBIX | JK3aMeHAaIlMOH-
TTK-2 00pabaThIBaTh | M aIIaparos. TpaHcpOpMaTopoB HbIE BOIIPOCHI
pe3yabTaThI (3.1-3.5)
JKCIEpPUMEHTA 3.2. 3amuThI DK3aMeHaIMOoH-
AIIEKTPOABHUTATEIICH HBIC BOITPOCHI
(3.6-3.8)
3.3. 3ammTel CHHXPOHHBIX | DK3aMeHaIMOH-
TeHEepaToOpOB HBIE BOITPOCHI
(3.9-3.13)
3.4.3ammra W  aBTOMAaTHKa | DK3aMEHAaIlMOH-
CTICITHATbHBIX HBIC BOITPOCHI
AIIEKTPOYCTAHOBOK (3.14-3.18)
4 Asromatuka B |4.1. ABTOMaTuka  TOBTOPHOTO | DK3aMEHAI[MOH-
CUCTEeMax BKITIOUEHUS HBIE BOITPOCHI
ANEKTPOCHAOKEH (4.1-4.3)
usl. 4.2. ABTOMaTuka  BKJIIOYCHHS | DK3aMEHAIMOH-
pesepBa HbIE BOITPOCHI
(4.4-4.5)
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4.3. ABTOMaTuveckas 4acTOTHasl | DK3aMeHaIlMOH-
pasrpyska HBIE BOITPOCHI
(4.6-4.9)
4.4. ABTOoMaTHuKa DK3aMeHaIOH-
pEryIMpOBaHUS HAMIPSHKCHUS HBIC BOITPOCHI
(4.10-4.13)
3.3amura mammH | 3.1. 3ammra CUJIOBBIX | DK3aMEHAaI[MOH-
Y anmnaparos. TpaHcpopMaTopoB HBIE BOIIPOCHI
(3.1-3.5)
3.2. 3amurhl DK3aMeHaIMOH-
AJIEKTPOIBUTATEIICH HBIE BOIIPOCHI
(3.6-3.8)
3.3. 3amuTe! CUHXPOHHBIX | DK3aMEHAI[MOH-
TOTOBHOCTH TeHepaTopOB HBIE BOIIPOCHI
obecreynTh (3.9-3.13)
Tpedyemblie 3.4.3ammra W  aBTOMAaTHKa | DK3aMEHallMOH-
PEKUMBI U CIEIUATBHBIX HBIC BOITPOCHI
TIK-7 3aJJlaHHbIC IIEKTPOYCTAHOBOK (3.14-3.18)
napameTpbl | 4 ABromatuka B | 4.1. ABTomMaTuka  TMOBTOPHOTO | DK3aMEHAI[MOH-
TEXHOJIOTHYEC- | cucTeMax BKJIIOUCHUS HBIE BOITPOCHI
KHX MPOLECCOB | 37IEKTPOCHA0KEH (4.1-4.3)
10 CYIIECTBYIO-| Hsl. 4.2. ABTOMaTuka  BKJIIOYEHHS | DK3aMEHalMOH-
IIEH METO/IMKE pesepra HbIE BOTIPOCHI
(4.4-4.5)
4.3. ABTOMaTu4eckasl 4acToTHasl | DK3aMEHAIMOH-
pasrpyska HBIE BOITPOCHI
(4.6-4.9)
4.4. ABTOMaTHKa DK3aMeHaIMoH-
peryJIMPOBaHUS HATIPSHKCHUS HBIC BOITPOCHI
(4.10-4.13)
1. DnemeHTHI 1.1. O6mee nousatue peneitHol [Bompock! k 3aueTy
peneitHoi 3aIHTHI (1.1-1.6)
CIIOCOGHOCTD 3aIUTEI u | 1.2. DnekTpoMexaHUYIeCKUe Bomnpocs! k 3auety
HCIIOB30BAaTh | ABTOMATUKH pere (1.6-1.15)
TEXHHYECKHE 1.3.Pene ¢ wucnons3oBanueM |[Bompocsl k 3aueTy
CpencTBa IS TIOJTYTIPOBOTHUKOB (1.16-1.18)
7Kg | M3MepeHns u 2.3amurta nuHUl | 2.1. TokoBBIE 3aITUTHI Bompocsr k 3auety
KOHTPOJISI | U CETEH. (2.1-2.13)
OCHOBHBIX 2.2. luddepenunanpras Bonpocsl k 3auery
napamMeTpoB zamura JIDI] (2.14-2.17)
TEXHOJIOTUYEC- 2.3. lucTaHIIMOHHBIE  3alUThl (BOMpoCH! K 3a4eTy
KHX TIPOLIECCOB JII (2.18-2.21)
2.4. BrICOKOUACTOTHBIE 3amIuThl (BOMPOCH K 3a4eTy
JIDI (2.22-2.24)
2. Bonipochl k 3a4eTy / 3K3aMeHAIMOHHbIE BOMPOCHI
Ne n
lffn Kommerernmui BOIPOCKI K 3AYETY HAMMeHOBAHMe
Kon Onpenenenue pasjgena
1 2 3 4 5
CIOCOOHOCTh 1.6. XapakTepucruka HCTOYHUKOB | 1. Di1eMeHTHI
1 | or1K-2| TPUMERATD MOCTOSIHHOTO u MIEPEMEHHOTO | peJICHOI
' COOTBETCTBYIOIIUI orepatuBHOro Toka. Kiaccudukanus | 3amuTsl
(busuko- perne. ABTOMATUKH
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MaTeMaTHYeCKUi
arrapar, METObI
aHaInu3a u
MO/JIETIMPOBaHMS,
TEOPETUYECKOTO u
3KCIEPUMEHTAIBHOTO
HCCIIETOBAHUS npu
peLeHnmn
AKCIEPUMEHTAIBHBIX
3aj1a4

1.7. Tuner MarHuTHBIX CUCTEM
AIIEKTPOMATrHUTHBIX peJie.

1.8. OcHoBHEIE CBOIiCTBa H
XapaKTePUCTHKHU AIEKTPOMATHUTHBIX
perne.

1.9. Ocobennoctu KOHCTPYKLIUU

QJICKTPOMArouTHOTO PCIIC, pa60Tanmero
Ha ICPEMCHHOM TOKEC.

1.10. OcobenHoctH KOHCTPYKITUH
MOJIIPU30BAHHOTO pele.

1.11. Cnioco6st W3MEHEHUS
OBICTPOAEHUCTBUS pEIIE.

1.12. ITpuniun JIEVICTBUS
AIEKTPOMHAYKIIMOHHOTO peJie, 00JIacTh
MIPUMEHEHHUS.

1.13. UapgyKimoHHOE pejie HalpaBICHUs
MOIIHOCTH, KOHCTPYKLIHS, BEKTOpHas

JirarpaMma, OCHOBHBIE CBOWCTBA.

1.14. XapakTepuCTUKH pelie HallpaBICHUS
MOII[HOCTH.

1.15. KoHCTpyKIUS ¥ MPUHIUI ACHCTBUS
MarHUTORJICKTPUIECCKHX pelie.

1.16. ITpuniun JIECTBUS pene
HAIPABIICHUS MOIIHOCTH, IMOCTPOCHHOTO
HA OCHOBE CpaBHEHHs MOJyJeH ABYyX

HaIPSKEHUN.
1.17. PaGota CXEMBI pene TOKa
(HampsHKEHMS) Ha ONEepalMOHHbBIX
YCUITUTENSX.
1.18. YcrpoiicTBo, mpHHOMT — PabOTHI,

peXKuMBI paboThl TpaHC(HOPMATOPOB TOKA,

TPaHCPEAKTOPOB, TpaHc(hOopMaTopoB
HanpsKeHHUs.

2.1. IlpuHIMI NeCTBUS TOKOBBIX 3aIIHT.
2.2. Pacuer IapaMeTpoB IUTABKUX
MIPEAOXPAHUTEIICH.

2.3. MTHOBEHHBIC  TOKOBBIE  OTCEUKH,

pacyer mapaMeTpOB, CXEMBI.
2.4. ToxoBbIE OTCEUKH HYJIEBOU
MOCJIEIOBATEIEHOCTH, BKJIFOUEHHE peJie,
HaCTpOMKa.

2.5. Hacrpoiika ~ TO
JIByXCTOPOHHUM ITUTAHUEM.
2.6. Hactpoiika HTO u TOB.

2.7. MT3. [IpunHnumne! odecrieueHus
CEJIEKTUBHOCTH, HACTPOIKa, IPOBEPKa
qyBCTBUTEIHHOCTH.

2.8. Cxembr MT3.

2.9. MT3 HyneBoii mociae10BaTeIbHOCTH.
Ha3nauenwue, mapaMeTpsl HACTPOMKH.
2.10. /IByX U TpexCTylneHYaTble 3alUThI,
CXEMBI.

2.11. CriocoObI OBBIIIEHUS
yyBcTBUTEIbHOCTH MT3.

2.12. HanpaBneHHBIC TOKOBBIE 3aIIHTHI.

CUCTCMBI C

2. 3amumra

JIMHUU U ceTeEN
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[Tpuniun paboThl, HACTPOUKA.

2.13. BxutoueHue pesie HalpaBJICHUs
MOIIHOCTH. CXEMBL.

2.14. O0muii NpUHIATT

QG GepeHIMaTbHBIX 3alUT, BUIbI 3aIUT.
2.15. TlpononpHas nuddepeHmanibHas
3alIMTa, TOKU HeballaHca,

2.16. Ilonepeunsie nuddepeHnnanbHbIe
3alIUThI, TPUHIUI PA0OTHI, OCHOBHBIE
CBOMCTBA, HACTPOMKA, OLICHKA
qYBCTBUTEIHHOCTH.

2.17. Cxembl qudpepeHnnanbHbIX 3aIIuT.
2.18. O6nacTh mNpUMEHEHHS H OOIUH
HPUHIAI paboThI JVCTaHITMOHHOMN
3alIHTHI.

2.19. YopoménHas u3MepuTeNnbHas cxema
U OCHOBHBIC OpraHbl JIUCTAHIIMOHHOM
3aIIHTHI.

2.20. OnepartuBHas cxema
JTUCTaHIIMOHHOM 3aIIUTHI.

2.21. JlucTaHIIMOHHBIE OpraHbl HM HX

XapaKTePUCTHKH. [Tpumep CXEMBI
JUCTAHIIMOHHOTO OpraHa.
2.21. ITpuHIHATIBI MOAKITFOUYEH U

JUCTAaHIIMOHHOTO OpraHa Ha TOK U
HANPSDKEHUE CETH.

2.22. Bunpl  BBICOKOYACTOTHBIX — 3aIllUT,
007aCTh TIPUMEHEHUs, BBICOKOYACTOTHAs

obpaboTtka JIDII.

2.23. TlpuHIHMIT NeicTBUS HampaBICHHOU
3alIUTHI c BBICOKOYACTOTHOM
OJIOKMPOBKOH.

2.24. TlpuHnun IEeNCTBUS

nuddepenmuanbHo-(ha3zHOM
BBICOKOYACTOTHOMW 3aIIIUTHI.

IIK-1

CII0OCOOHOCTD
y4acCTBOBAaTh B
TUTAHUPOBAHUH,
IIOATOTOBKEC n
BBIIIOJHEHUH
THUITOBBIX
AKCIEPUMEHTATBHBIX
HCClIeIOBaHNH o
3aJaHHOM METOIUKE

1.1. [loBpexaeHuss W  HEHOpPMaJIbHbIE
PEXKHUMBI B DJIEKTPUUECKHUX CETSIX.

1.2. OcHOBHBIE TPEOOBAHUS K 3alIUTaM OT
K3.

1.3. XapakTepucTuKka H3MEPUTCIHHOU H
OIIEPATUBHOM 4YacCTed CXEMbl PEJICUHOU
3aIUTHI.

1.4. Tunel  noruueckux  QyHKIUA U
CIOCOOBI X peaTH3allnu.

1.5. Crioco6b! BKIIIOYEHHUS pefie Ha TOK U
HaNpsDKEHUE CeTH, CIOCOObl BO3JEHCTBUS
pelie Ha BBIKJIIOUATEb.

1.6. XapakTepucTuka HCTOYHHUKOB
MTOCTOSIHHOTO u IEPEMEHHOTO
ornepaTUBHOro Toka. Knaccudukanus
perne.

1.7. Tunesl MarHUTHBIX CHCTEM
AIIEKTPOMATrHUTHBIX peJie.

1.8. OcHoBHEIE CBOIiCTBa H
XapaKTePUCTHKU AIIEKTPOMATHUTHBIX

1. DneMeHTHI
penernHou
3aIUThI
ABTOMATHKH
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pere.

1.9. Ocobennoctu KOHCTPYKLIUU
BIIEKTPOMAarHUTHOTO pelie, PaboTaromero
Ha MEPEMEHHOM TOKE.

1.10. OcobennoctH KOHCTPYKITUH
MOJIIPU30BAHHOTO pele.

1.11. CnocoOmr U3MEHEHUS
OBICTPOAEHUCTBUS pEIE.

1.12. ITpuniun TIEVICTBUS

AIEKTPOMHAYKIIMOHHOTO peJie, 00JIacTh
MIPUMEHEHUS.

1.13. UnpyKimoHHOE pejie HamlpaBiICHUs
MOIIIHOCTH,  KOHCTPYKIIUS, BEKTOpPHAs
JirarpaMma, OCHOBHBIE CBOWCTBA.

1.14. XapakTepuCTUKH pelie HaIllpaBICHUS
MOII[HOCTH.

1.15. KoHCTpyKIMS ¥ MPUHIUI ACHCTBUS
MarHHTORJICKTPUIECCKHX pelie.

1.16. ITpuniun JIeCTBUS pene
HAINPABIICHUS MOIIHOCTH, MOCTPOCHHOTO
HA OCHOBE CpPaBHEHMSI MOJYJeH HABYX

HaIPSKEHUN.

1.17. PaGota CXEMBI pene TOKa
(HampsHKEHMS) Ha OnepanMOHHbIX
YCUIIUTEIISIX.

1.18. YcrpoiictBo, mpHHOMO — PabOTHI,
PEeXHUMBI paboTHI TpaHCHOPMATOPOB TOKA,

TPaHCPEaKTOPOB, TpaHc(hOpMaTOpOB

HaNPSDKEHUS.

2.1. IlpuHIMN OeCcTBUS TOKOBBIX 3alUT. | 2. 3amuTa

2.2. Pacuer 1apaMeTpoB IJIaBKUX | JINHUM U CeTEeU
MIPEAOXPAHUTEIICH.

2.3. MTHOBEHHBIC  TOKOBBIE  OTCEUKH,
pacueT mapaMeTpoB, CXEMEI.

2.4. ToxoBbIE OTCEUKH HYJIEBOU
MIOCJIEIOBATEIHOCTH, BKIIIOUEHHE peJie,
HAaCTpOMKa.

2.5. Hactpoiika  TO CUCTEMBbI c
JIByXCTOPOHHUM ITUTAHUEM.

2.6. Hactpoiika HTO u TOB.

2.7. MT3. [IpunHnumne! obecrieueHus
CENIEKTUBHOCTH, HACTPOHKA, IPOBEPKa
qyBCTBUTEIHHOCTH.

2.8. Cxembr MT3.

2.9. MT3 HyneBoii mociae10BaTeIbHOCTH.
Ha3nauenwue, mapaMeTpsl HACTPOMKH.
2.10. /IByX U TpexCTylneHYaTble 3al1ThI,
CXEMBI.

2.11. CnocoOb! NOBBIILIEHUS
yyBCTBUTEIBRHOCTH MT3.

2.12. HanpaBneHHBIE TOKOBBIE 3aIIHTHI.
[Tpuntun paboTel, HACTpPOMKA.

2.13. BxutoueHue pesie HalpaBJIeHUs
MOIIHOCTH. CXEMBL.

2.14. O6muii npuHIHUT
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Qg epeHIMaIbHbIX 3aIUT, BUIBI 3aLIHT.
2.15. llpononbHas auddepenunanbHas
3aluTa, TOKH HeOalaHca,

2.16. [lonepeunsie nuddepeHnnanbHbIe
3aIIUTHI, IPUHIMIT paOOTHI, OCHOBHBIC
CBOMCTBA, HACTPOMKA, OLICHKA
qyBCTBUTEIHHOCTH.

2.17. Cxembl qudepeHnnanbHbIX 3aIIuT.
2.18. O6nacTh mNpUMEHEHHS H OOIIUHI
HPUHIAI paboThI JMCTAaHITMOHHOMN
3aIIUTHI.

2.19. YopoménHas u3MepuTenbHas cxema
U OCHOBHBIC OpraHbl JUCTAHIIMOHHOW
3aIIHTHI.

2.20. OneparuBHas cxema
JTUCTaHIIMOHHOM 3aIIUTHI.

2.21. JlucTaHIIMOHHBIE OpraHbl HM  HX

XapaKTePUCTHKH. [Tpumep CXEMBI
JUCTAHIIMOHHOTO OpraHa.
2.21. ITpuHIHATIBI MMOAKIIFOYEHUS

JUCTAHIIMOHHOTO OpraHa Ha TOK U
HANPSDKEHUE CETH.

2.22. Bunpl  BBICOKOYACTOTHBIX — 3aIllUT,
007acTh TIPUMEHEHUs, BBICOKOYACTOTHAS
obpaboTtka JIDII.

2.23. IlpuHUMIT NeicTBUST HampaBICHHOU

3aIATEI c BBICOKOYACTOTHOM
OJIOKMPOBKOH.
2.24. TlpuHnun IEeNCTBUS

nuddepenmuranbHo-(ha3zHOM
BBICOKOYACTOTHOM 3aIIIUTHI.

1IK-2

CIIOCOOHOCTh
o0pabaTkIBaTh
Pe3yabTATHI
IKCIIEPUMEHTA

1.1. [loBpexnaeHuss W  HEHOPMaJIbHbIE
PEXKHUMBI B DJIEKTPUUECKHUX CETSIX.

1.2. OcHOBHBIE TPEOOBAHUS K 3allIUTAM OT
K3.

1.3. XapakTepucTuka H3MEPUTEITHHOU H
OIEPATUBHOM 4YacTed CXEMbl PEJICUHOU
3aIUTHI.

1.4, Tunel  noruueckux  (QyHKIMA U
CIOCOOBI X peaTH3allnu.

1.5. Crioco6b! BKITIOYEHHUS peyie Ha TOK U
HaNpsDKEHUE CeTH, CIOCOObl BO3JEHCTBUS
pelie Ha BBIKJIIOUATEb.

1.6. XapakTepucTuka HCTOYHHUKOB
MTOCTOSIHHOTO u IEPEMEHHOTO
ornepaTUBHOro Toka. Krnaccudukanus
perne.

1.7. Tunst MarHATHBIX CUCTEM
AIIEKTPOMATrHUTHBIX peJie.

1.8. OcHoBHEBIE CBOIiCTBa H
XapaKTePUCTHKU AEKTPOMATHUTHBIX
perne.

1.9. Ocobennoctu KOHCTPYKLIUU

AIIEKTPOMArHUTHOTO pelie, padoTaronero
Ha MEPEMEHHOM TOKE.

1. DneMeHTHI
penernHou
3aIUThI
ABTOMATHKH
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1.10. Ocobennoctu KOHCTPYKLIUU
HOJISIPU30BaHHOTO peJie.

1.11. CiocoOn1 W3MEHEHUS
OBICTPOAEHUCTBUS pEIIE.
1.12. ITpuniun JIEVICTBUS

AIEKTPOMHAYKIIMOHHOTO peJie, 00JIacTh
MIPUMEHEHHUS.

1.13. UnayKimoHHOE pejie HamlpaBiICHUs
MOIIHOCTH, KOHCTPYKLIMS, BEKTOpHas
JirarpaMma, OCHOBHBIE CBOWCTBA.

1.14. XapakTepuCTUKH pejie HallpaBICHUS
MOIIIHOCTH.

1.15. KoHCTpYKIMSA ¥ MPUHINAI TCHCTBUS
MarHUTORJICKTPUIECKHX pelie.

1.16. ITpuniun TIEVICTBUS pene
HAINPABIICHUS MOIIHOCTH, MOCTPOCHHOTO
HA OCHOBE CpaBHEHHs MOJyJeH ABYX

HaIPSKEHUN.

1.17. PaGota CXEMBI pene TOKa
(HampsHKEHMS) Ha OnepanOHHbIX
YCUIIUTEISIX.

1.18. YcrpoiictBo, mpHHOMO — PabOTHI,
PEeXHUMBI paboTHI TpaHCHOPMATOPOB TOKA,

TPaHCPEAKTOPOB, TpanchopmMaTopoB

HaNpsHKEHUS.

2.1. [TpuHIMNI NEHCTBUS TOKOBBIX 3alUT. | 2. 3aliuTa JTHHHAHA
2.2. Pacuer rapamMeTpoB IUIaBKUX | U CETEH
MIPEAOXPAHUTEIICH.

2.3. MTHOBEHHBIC  TOKOBBIE  OTCEUKH,
pacueT mapaMeTpoB, CXEMEI.

2.4. ToxoBbIE OTCEUKH HYJIEBOU
MOCJIEIOBATEIEHOCTH, BKIIIOUEHHE peJIe,
HAaCTpOMKa.

2.5. Hacrpoiika  TO CUCTEMBI c
JIByXCTOPOHHUM ITUTAHUEM.

2.6. Hactpoiika HTO u TOB.

2.7. MT3. [Ipunnumns! obecrieueHus
CEJIEKTUBHOCTH, HACTPOHKa, IPOBEPKa
qyBCTBUTEIHHOCTH.

2.8. Cxembr MT3.

2.9. MT3 HyneBoii mociae10BaTeIbHOCTH.
Ha3nauenwue, mapaMeTpsl HACTPOMKH.
2.10. /IByX U TpexcTylneHYaTble 3al1ThI,
CXEMBI.

2.11. CnocoObl NOBBIICHHS
yyBCTBUTENBbHOCTH MT3.

2.12. HanpaBneHHBIE TOKOBBIE 3AIHUTHI.
[Tpunumn paboTsl, HACTPOUKA.

2.13. BxutoueHue pesie HalpaBJIeHUs
MOIIHOCTH. CXEMBI.

2.14. O6muit TpUHIUTT
nuddepeHIaTbHBIX 3aIUT, BUABI 3aIIUT.
2.15. llpononbHas auddepeHnnanbHas
3alluTa, TOKM HeOajlaHca,

2.16. [lonepeunsie nuddepeHnnanbHbie
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3aIUTHI, TPUHIUT paOOThl, OCHOBHBIE
CBOICTBA, HACTPOMKa, OLICHKA
YyBCTBUTEIHLHOCTH.

2.17. Cxembl qudpepeHnnanbHbIX 3aIIUT.
2.18. O6nacTh mNpPUMEHEHHS H OOIIUH
TIPUHIIATT paboThI JIUCTaHIIMOHHOM
3aIIUTHI.

2.19. YopoménHas u3MepuTeNnbHas cxema
U OCHOBHBIC OpraHbl JUCTAHIMOHHOU
3aIlUTEHI.

2.20. OneparuBHas cxema
JIMCTAHIIMOHHOM 3aIUTHIL

2.21. JlucTaHIIMOHHBIE OpraHbl HW  HX

XapaKTePUCTHKH. [Tpumep CXEMBI
JUCTAHIIMOHHOTO OpraHa.
2.21. ITpuHIHATIBI MMOAKIIFOYEHUS

JUCTAHIIMOHHOTO OpraHa Ha TOK U
HANPSDKEHUE CETH.

2.22. Bunpl  BBICOKOYACTOTHBIX — 3aIllUT,
007acTh TPUMEHEHUs, BBICOKOYACTOTHAs
obpaboTtka JIDII.

2.23. IlpuHUMIT NeicTBUS HampaBICHHOU

3aIATEI c BBICOKOYACTOTHOM
OJIOKMPOBKOH.
2.24. TlpuHnum JIEVCTBUS

muddepeHnmansHO-(GazHOU
BBICOKOYACTOTHOM 3aIIUThHI

1IK-8

CIIOCOOHOCTD
HCITOJIB30BaTh
TEXHUYECKHE
cpezicTBa TS
WU3MEPCHUs u
KOHTpOJ'IH OCHOBHBIX
napaMeTpoB
TCXHOJOTI'NMYCCKHUX
MIPOIIECCOB

1.1. [loBpexnaeHuss W  HEHOpPMaJIbHbIE
PEXKHUMBI B DJIEKTPUUECKHUX CETSIX.

1.2. OcHOBHBIE TPeOOBAHUS K 3alIUTAM OT
K3.

1.3. XapakTepucTuka H3MEPUTCITHHOU H
OIEPATUBHOM 4YacTed CXEMbl PEJICUHOU
3aIUTHI.

1.4. Tunel  noruueckux  (QyHKIMA u©
CIOCOOBI X peaH3alliu.

1.5. Crioco6b! BKIIIOUYEHUS pejie Ha TOK U
HaNpsDKEHUE CeTH, CIOCOObI BO3JEHCTBUS
pelie Ha BBIKJIIOUATEb.

1.6. XapakTepucruka HACTOYHUKOB
MTOCTOSIHHOT'O u MIEPEMEHHOTO
orrepaTBHOTO ToKa. Kimaccudukarnms perre.
1.7. Tunsl MarHUTHBIX CHCTEM
AJIEKTPOMArHUTHBIX peJie.

1.8. OcuoBHEIE CBOMCTBA H
XapaKTePUCTUKU 3JIEKTPOMArHUTHBIX
perne.

1.9. Ocobennoctn KOHCTPYKIIUU

QJICKTPOMArauTHOr0 pceliic, pa6OTaIOH_ICTO
Ha ICPEMCHHOM TOKE.

1.10. Ocobennoctu KOHCTPYKLIUU
MOJIIPU30BAHHOTO Pele.

1.11. Cnoco0nl HM3MCHCHHUS
OBICTPOJICUCTBUS peJIe.

1.12. Tlpunun EeNUCTBUS

1. DneMeHTHI
penernHou
3aIUThI
ABTOMATHKH
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AIIEKTPOMHAYKIIMOHHOTO pene, 00JIacTb
MIPUMCHECHHUS.

1.13. UHayKIIMOHHOE pefie HarpaBJICHUS
MOIITHOCTH, KOHCTPYKIHS, BEKTOpHAs
Juarpamma, OCHOBHbBIE CBOWCTBA.

1.14. XapakTepUCTUKH pelie HAIlpaBJICHUS
MOIIIHOCTH.

1.15. KoHCTpyKIMS ¥ NPUHLMI JACUCTBUS
MarHUTORJIEKTPUYECKHUX peJie.

1.16. [MpuHuun NeNcTBUS peine
HAIpPAaBJIEHUS MOILIHOCTH, MOCTPOCHHOTO
Ha OCHOBE CpaBHEHHsS MOIYJIEH JABYyX
HanpsHKEHUH.

1.17. Pabora CXEMBI pene TOKa
(HampsDKEHMS ) Ha OTICPAIIMOHHBIX
YCUITUTEISIX.

1.18. YerpoiicTBO, OpUHLUI  pabOTHI,
pPEeKUMBI paboTHl TpaHCHOPMATOPOB TOKA,

TPaHCPEAKTOPOB, TpaHcGopMaTopoB

HATPSDKCHUS.

2.1. IlpuHIMNO TEHUCTBUSA TOKOBBIX 3aIIUT. | 2. 3aIUTa JUHUN
2.2. Pacuer apaMeTpoB IUTAaBKUX | U ceTel
peIoXpaHUTeNICH.

2.3. MrHoBeHHbBIE  TOKOBBIE  OTCEUKH,
pacueT nmapaMeTpoB, CXEMBI.

2.4. TokoBbIe OTCEYKH HYJIEBOU
MOCJICIOBATEIbHOCTH, BKJIFOUCHUE peJie,
HACTpOMKA.

2.5. Hactpoiika  TO CUCTEMBI c
JIBYXCTOPOHHHM MTUTAHUEM.

2.6. Hactpoiika HTO u TOB.

2.7. MT3. [TpuHIHITEI 0OeCTICUYeHUS
CEJIEKTUBHOCTH, HACTPOIKa, MpOBEpKa
YyBCTBUTEIHLHOCTH.

2.8. Cxembl MT3.

2.9. MT3 HyneBoii mocae10BaTeIbHOCTH.
Ha3nauenue, napameTpsl HaCTPOUKH.
2.10. /IByx 1 TpexcTyIneHYaThle 3allUThI,
CXEMBI.

2.11. CiocoOBI OBBIICHHS
gyBcTBUTENbHOCTH MT3.

2.12. HanpaBiieHHBIC TOKOBBIC 3aIHUTHI.
[Tpuniun paboThl, HACTPOUKA.

2.13. BrurroueHwue pesie HanpaBJICHUs
MOIIHOCTH. CXEMBI.

2.14. OOy MPUHITATT
TuQepeHIaIbHbIX 3aIHUT, BUAbI 3aLHT.
2.15. llpononpras auddepeHnnanbpHas
3alIMTa, TOKU HeballaHca,

2.16. Ilonepeunsie mudepeHnnanbHbIE
3aIIUThI, TIPUHIUI PabOThI, OCHOBHBIE
CBOIICTBa, HACTPOMKa, OLICHKA
qyBCTBUTEIHHOCTH.

2.17. Cxembl quddepeHIraIbHBIX 3alTuT.
2.18. O6nacth mpuUMEHEHUS U  OOIIHit
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NPUHLUI paOOThI TUCTAaHIIMOHHON 3aIUTHI.
2.19. YopoménHas u3MepuTeNbHas cxema

U OCHOBHBIC OpraHbl JHCTAHIMOHHOMN
3aIUTHI.

2.20. OneparuBHas cxema
JUCTAHI[MOHHOM 3aI[UTHI.

2.21. JlucTaHIIMOHHBIE OpraHbl HW  HX
XapaKTePUCTHKH. [Tpumep CXEMBI
JUCTAHIIMOHHOTO OpraHa.

2.21. ITpuHIHATIBI MOJAKIIIOYEHUS
JUCTAaHIIMOHHOTO OpraHa Ha TOK U
HANPSDKEHUE CETH.

2.22. Bunpl  BBICOKOYACTOTHBIX — 3aIllUT,

007acTh TPUMEHEHUs, BBICOKOYACTOTHAs
obpabotka JIDII.

2.23. [lpyHuMn  NefCTBUSL  HANpPaBJICHHOM
3aIIUTHI C BBICOKOYACTOTHOM OJIOKUPOBKOI.
2.24. TlpuHOU ENCTBUS
nuddepeHnuanbHo-(ha3zHOM
BBEICOKOYAaCTOTHOM 3aIUTEI

3K3aMeHaIIHOHHI)Ie BOIIPOCHI

No KoMnerenuun Nen
I /;1 9K3AMEHAIIMOHHBIE BOITPOCHI | nanmeHoBaHue
Kon Onpenesienune pa3nena
1 2 3 4 5
3.1. Tunsl 3aIMUT CHUJIOBBIX
TpaHCcQOpMaTOPOB.
3.2. Hacrpoiika TOKOBBIX 3aIIUT
TpaHCcQOpMaTOpPOB.
3.3. [IpunHuun mddepernnanbHOM
3aIUTHl TpaHchopMaTopa U 0COOEHHOCTH
CIIOCOOHOCTH Cro peaisallii.
HOHMCHSTE 3.4. ®akTopHl, YYUTHIBACMbIC pu
p . HacTpoiike auQQepeHInanbHON 3alIUThI
COOTBETCTBYIOIINN
(pusHKo TpaHcopmaropa.
MATeMATHICCK I 3.5. OcobenHocTH 3aIUThI
TpaHc@opmaTopoB 0e3 BBIKJIOUaTENIel Ha
N i cropone —
1. |OIIK-2 3.6. 3anuTe! HU3KOBOJIBTHBIX |
MOJICTTUPOBAHUS, N . U anmnapaToB
JIBUTATENel, TMPUHIUNBI  HACTPOUKH,
TEOPETUIECCKOTO u
YKCTIEPUMEHTAIBHOTO | o o Mo
I/ICCJ‘IGEOB&HI/ISI J 3.7. 3amuTel BBEICOKOBOJIBTHBIX
p JIBUTATENIeH, HACTPOIKA, CXEMBI.
pelieHun
3.8. OcCOOEHHOCTH 3alIUThl CHHXPOHHBIX
IKCITEPUMEHTATBLHBIX N
JIBUTATEIICH.
3a7a4

3.9. [loBpexkaeHUsT ©W  HEHOPMAJIbHBIE
PEKHUMBI B CHHXPOHHBIX T€HEepaTopax.
3.10. 3amuTe! HHU3KOBOJIBTHBIX
TeHEepaTOpPOB, HACTPOUKA, CXEMBI.
3.11. ludpdepennuanpaas
CHHXPOHHOT'O TeHepaTopa.

3.12. MT3 oT CBEpXTOKOB T€HEpaToOpa,

3alnTa

154




CXEMBI, HACTPOMKA.

3.13. 3amuThl OT 3aMBIKaHUS Ha KOPILYC
00OMOTOK cTaTopa ¥ pOTOpa, 3aIUTHI OT
BUTKOBBIX 3aMBIKAHHI.

3.14. Tunpl 3aUT TUH ¥ TOKOMPOBOJIOB,
MIPUMEP CXEMBI.

3.15. YPOB. Hasnauenwue, npumMep
CXEMBI.

3.16. 3amuTe! KOH/ICHCATOPHBIX
YCTaHOBOK. Pac4€r mapamMeTpoB, CXEMBL.
3.17. 3ammuTsI npeoOpa3oBaTeIbHbIX

YCTaHOBOK. Pac4€r mapaMeTpoB, CXEMBI.
3.18. 3anuThl IEYHBIX TPAHCPOPMATOPOB.
Pacuér napameTpos.

1IK-1

CIIOCOOHOCTD
y4acTBOBATh B
TUTAHUPOBAHUH,
IIOATOTOBKE n
BBITTOJHEHUH
TUITOBBIX
IKCIIEPUMEHTATBHBIX
HCCIIeIOBaHNH o
3aJaHHOM METOIUKE

3.1. Tunsr 3aIIUT CHJIOBBIX
TpaHc(hOopMaTOpOB.
3.2. Hacrpoiika TOKOBBIX 3aIuT
TpaHc(hOpMaTOpOB.
3.3. [IpunHiun muddepeHnnanTbHOR

3alIMTHl TpaHchopMaTopa 1 0COOEHHOCTH
ero peasr3allyH.

3.4. ®akTopsl, YYUTHIBACMbIC npu
HacTporike auddepeHInaIbHON 3alUThI
Tpanchopmaropa.

3.5. Ocobennoctu 3aIUATHI
TpaHc@opmaTopoB 0e3 BBIKJIOUATENIEH Ha
BBICOKO CTOPOHE.

3.6. 3amuTel HHU3KOBOJIbTHBIX
JIBUTATENel, TMPUHIUNBI  HACTPOUKH,
CXEMBEL.

3.7. 3amuTel BBICOKOBOJIBTHBIX

JIBUTATEJICH, HACTPOIKA, CXEMBI.

3.8. OCOOEHHOCTH 3aIIUThl CHUHXPOHHBIX
JIBUTATEJICH.

3.9. [loBpexxaeHHst ¥ HEHOpMaJbHbIE
PSKUMBI B CHHXPOHHBIX TeHEpaTopax.
3.10. 3amuTsl HU3KOBOJIBTHBIX
TE€HEPATOPOB, HACTPOMKA, CXEMBI.
3.11. JuddepennmansHast
CHHXPOHHOTO TeHEepaTopa.

3.12. MT3 0T CBEpXTOKOB TeHEepaTopa,
CXEMBI, HaCTPOMKaA.

3.13. 3amuTel OT 3aMbIKaHUs Ha KOPITYC
00OMOTOK CTaTopa W pOTOpa, 3aIIUTHl OT
BUTKOBBIX 3aMbIKaHUH.

3.14. Tumbl 3alUT OIUH ¥ TOKOTIPOBOJIOB,
MIPUMEP CXEMBI.

3aluTa

3.15. YPOB.  Haznauenue,  mpumep
CXEMBI.

3.16. 3amuTs KOHJICHCATOPHBIX
YCTaHOBOK. Pac4€r mapamMeTpoB, CXEMBL.
3.17. 3amuTsl npeoOpa3oBaTeIbHbIX

yYCTaHOBOK. Pac4€r mapamMeTpoB, CXEMBL.
3.18. 3anuThl IEYHBIX TPAHCPOPMATOPOB.
Pacuér napameTpos.

3.3amura Mamus
U arnmaparoB
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4.1. Bunsl aBTOMaTHKHY U €€ Ha3HAaYEeHHE.
4.2. ATIB. Knaccudukanusi, Ha3HaYCHHE.
4.3. CoBmectHass  pabora AIIB ¢
pENEHHON 3a1UTOM.

4.4, ABP. OO6mmume MIPUHITUTIBI,
KJIaCCU(pUKAITHUS.

45. ABP CeKIMOHHOI0 BBIKJIIOYATEN,
paboTa CXEMBI.

4.6. HaznaueHne u OOIIME TPUHIUIIBI
AYP.

4.7. XapakTep HU3MEHEHHS YacTOThI IPH
pabore AUP-I u AYP-II.

4.8. Pabora cembr AUP-I.

4.9. Pabora cxemsr AYP-II.

4.10. OOGmme TPUHIUIIBI PETYIUPOBAHUS
HANPSDKEHUST CUIIOBBIX TPaHC(HOPMATOPOB.
4.11. Pabora cxemsl PITH.

4.12. Pabora cxemsr APKT.

4.13. Pabora cxemsr APKOH.

4. ABTOMaTHKA B
CUCTeMax
ANEKTpPOCHa0XKe-
HUS

1IK-2

CIIOCOOHOCTh
o0OpabaTkIBaTh
Pe3ybTaThI
IKCIIEPUMEHTA

3.1. Tumsr 3aIUT CHJIOBBIX
TpaHc(opmMaTopos.
3.2. Hacrpoiika TOKOBBIX 3aIAT
TpaHc(opmMaTopos.
3.3. Ipunmmmn maddepeHnnanbHOM

3alUThl TpaHchopMaTopa U OCOOCHHOCTH
ero peasn3allyH.

3.4. dakTopsl, YYUTHIBAEMbIE npu
HacTpoiike AuQQepeHInanbHON 3alIUuThl
TpaHchopmaropa.

3.5. Ocobennoctn 3aIUTHI
TparncopmaTopoB 0e3 BBIKIIIOUATENEeH Ha
BBICOKOI CTOpPOHE.

3.6. 3amuTel HU3KOBOJIbTHBIX
JIBUraTesneil, IMPUHUUIBI  HACTPOWKH,
CXEMBI.

3.7. 3amuTsI BBICOKOBOJIBTHBIX
JIBUTATENIEN, HACTPOMKA, CXEMBI.

3.8. OcobeHHOCTH 3alIUThl CUHXPOHHBIX
JBUTaTEJIECH.

3.9. [loBpexkaeHUST ©W  HEHOPMAJIbHBIE
PEKHUMBI B CHHXPOHHBIX T€HEepaTopax.
3.10. 3anuTsl HHU3KOBOJIBTHBIX
TeHEepaTOpPOB, HACTPOUKA, CXEMBI.

3.11. TnddepennmansHast 3aIuTa
CHHXPOHHOT'O TeHepaTopa.

3.12. MT3 0T CBEpXTOKOB T'eHEepaTopa,
CXEMBbI, HaCTpOHKa.

3.13. 3amuTel OT 3aMBIKAaHUS Ha KOPITYC
00OMOTOK cTaTopa W pOTOpa, 3alIUTHl OT
BHUTKOBBIX 3aMBIKaHUU.

3.14. Tunsl 3alUT MIUH ¥ TOKOMIPOBOOB,
MIPUMEP CXEMBI.

3.15. YPOB.  Ha3nawyenue,  mpumep
CXEMBI.

3.16. 3amuTh KOHJIEHCATOPHBIX

3.3ammura Mamus
U arnmaparoB
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YCTaHOBOK. Pac4€r mapaMeTpoB, CXEMBL.
3.17. 3amuTh npeoOpa3oBaTeNbHBIX
yCTaHOBOK. Pacuér mapaMeTpoB, CXEMBI.
3.18. 3amuThl MEYHBIX TPaHC(HOPMATOPOB.
Pacuér nmapamerpos.

4.1. Bunbl aBTOMaTUKU U €€ Ha3HAUYCHHUE.
4.2. ATIB. Knaccudukarius, Ha3HauYCHHUE.
4.3. CoBmectHass  pabora AIIB ¢
peneHHON 3a1UTOM.

4.4. ABP. Oo6mue MIPUHIUIIBI,
KJaccuukarms.

45. ABP CexIIMOHHOrO BBIKJIIOYATEIS,
paboTa CXEMBI.

4.6. Haznauenue u oOmMe MPUHIIHUIIBI
AYP.

4.7. Xapakrtep M3MEHEHMs] YacTOThI IpU
pabore AYP-I u AYP-II.

4.8. Pabota cembr AUP-I.

4.9. Pabota cxembt AYP-II.

4.10. OOue MPUHIHMITEI PETYIUPOBAHHS
HANPSDKEHUS CUIIOBBIX TPaHC(HOPMATOPOB.
4.11. Pabora cxemsl PITH.

4.12. Pabora cxembl APKT.

4.13. Pabora cxembr APKOH.

4 ABTOmMaTuka B
crcreMax
ANEeKTpOoCHaOkKe-
HUS

1IK-7

TOTOBHOCTh
o0ecrneunTh
TpedyeMble PEKUMBI U
3aJJaHHBIC MapaMETPBI
TEXHOJIOTUICCKUX
MIPOIIECCOB o
CYILECTBYIOIIEH
METOJIUKE

3.1. Tumsl 3aIUT CUJIOBBIX
TpaHcOopMaTOpOB.
3.2. Hactpotika TOKOBBIX 3aIUT
TpaHCcPOpMaTOPOB.
3.3. [IpunHumn mddepeHnnanbHOMN

3aIUTH TpaHchopmaTopa U 0COOEHHOCTH
€ro peanusaliui.

3.4. ®akTopHl, YYUTHIBACMbIC pu
HacTpoiike AuddepeHIInanbHON 3alIUThI
Tpanchopmaropa.

3.5. Ocobennoctu 3aIUTHI
TpaHc@opmaTopoB 0e3 BBIKJIOUATENIel Ha
BBICOKOW CTOpPOHE.

3.6. 3amuTsI HHU3KOBOJIBTHBIX
JIBUTATENe, TMPUHIUNBI  HACTPOUKH,
CXEMBI.

3.7. 3amuTel BBEICOKOBOJIBTHBIX
JIBUTATEJIeH, HACTPOIKA, CXEMBI.

3.8. OCOOEHHOCTH 3alIUTHl CHHXPOHHBIX
JIBUTATEIIEH.

3.9. [loBpexxaeHnst ¥ HEHOPMaJbHbIE
PSKHUMBI B CHHXPOHHBIX TeHEepaTopax.
3.10. 3amuTsl HU3KOBOJIBTHBIX
TE€HEPATOPOB, HACTPOMKA, CXEMBI.

3.11. TuddepennmansHast 3ammTa
CUHXPOHHOT'O TeHepaTopa.

3.12. MT3 0T CBepXTOKOB T€HEparopa,
CXEMbI, HaCTpOHKa.

3.13. 3amuThl OT 3aMBIKaHUS Ha KOPITYC
00OMOTOK CTaTopa W pOTOpa, 3allUThl OT

3.3amura Malmx
Y anmapaToB
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BUTKOBBIX 3aMbIKAHUH.

3.14. Tunsl 3alUT MIUH ¥ TOKOMIPOBOOB,
IIPUMEDP CXEMBI.

3.15. YPOB.  Haznauenue,  mnpumep
CXEMBI.

3.16. 3amuTs KOHJICHCATOPHBIX
yCTaHOBOK. Pacuér mapaMeTpoB, CXEMBI.
3.17. 3amuTs npeoOpa3oBaTENbHBIX

YCTaHOBOK. Pacu€r mapaMeTpoB, CXEMBI.
3.18. 3amuThl MEYHBIX TPaHC(HOPMATOPOB.
Pacuér mapamerpos.

4.1. Bunel aBTOMaTHKY U €€ Ha3HA4YEHUE.

4,ABTOMATHKA B

4.2. ATIB. Knaccudukanus, Ha3HauYCHHE. | CUCTEMax

4.3. CoBmectHas  pabora  AIIB  c | anmekTpocHabxe-

pENEeHON 3aIUTOM. HUSA

4.4, ABP. O6mue MPUHIIUIIBI,

KJIaCCU(UKAITHS.

45, ABP CeKIMOHHOI'0 BBIKJIIOYATEN,

paboTa CXEMBI.

4.6. Haznauenue u oOIIME€ TMPUHIIMIIEI

AYP.

4.7. Xapakrtep U3MEHEHMsI YacTOThI INpPU

pabore AYP-I u AYP-II.

4.8. Pabora cembr AYP-I.

4.9. Pabota cxembr AYP-II.

4.10. OOue MPUHIHMITEI PETYIUPOBAHHS

HANPSDKEHUS CUIIOBBIX TPaHC(HOPMATOPOB.

4.11. Pabora cxems! PITH.

4.12. Pabora cxembl APKT.

4.13. Pabora cxemsl APKOH.

3. Onucanue noka3areseii 1 KpUuTepHeB OLeHUBAHUS KOMIETEHIUI
Ilokasaresn Ouenka Kpurepun

3uarhb OOyuaromuiicst TJIIYOOKO W TIPOYHO
(OIIK-2): YCBOMJI ~ TPOTPAMMHBI  Marepuai,
— ¢u3nueckre TMPOIEeCcChl, HAa KOTOPBIX 3HAeT. [PUHIMILI  YCTPOWCTBA |
OCHOBaHa paboTa YyCTPOWCTB peseiHHOM paboThl perelHOM 3alUThl, a TaKKe
3alUTHl U ABTOMATHKHU; METOABl WX  HACTPOHKH,  ymeeT
(TIK-1, ITK-2): IIPUMEHSATD CIIELIMAIN3UPOBAHHBIE
— IIPUHIUIBI yCTpoﬁCTBa u paGQTH 3a4YTEHO TEXHUUYCCKHUE CPEACTBA I IMPOBCPKU
peNeHOM 3aIMTHI; YCTPOMCTB PENCMHOM 3allUTHI; BJageeT
— TEXHUYECKHE CPEACTBA U MOJIEIIN; HAaBBIKAMH ~ PabOTEl €  pealbHBIMH
— METO/IbI TUNTAHUPOBAHHS IKCIICPUMCHTA; TEXHUUECKUMH  CPEICTBAMHU  PEIeHHON
(TIK-8): 3AUATBL M aBTOMATHKH, 2  TalkKe
— IPUHIHMIE HACTPOMKU peNeiHBIX 3alluT METOlaMH nux HaCTPOMKH u
Pa3IMYHOTO THUIIA. YIpaBICHHA.
Ymers
(OIIK-2) OOyuaronuiics JOTTYCTHIT
— UpUMEHSTh  METOAbl  aHanmM3a U CYIIECTBEHHBIE OLIMOKM MPH OTBETE Ha
MOJEIINPOBAHUS, TEOPETUYECKOTO M | ye 3auteno| SOTPOCPL Ha AOTIOJIHUTEILHBIC
JKCIIEPUMEHTAIIBHOIO HCCIECIOBAHUA IIpU BOIPOCHI 1aBajl HEIIPABUIILHBIC OTBETHIL,
U3y4eHHMH U OOCIYy)XHBaHUH YCTPOMCTB BCC  BBINICYKA3aHHBIC  pas/Cibl  HE
peNeHHON 3alUThl 1 aBTOMATHKH; YCBOCHbBI
(TTIK-1, TTK-2):
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— TMPUMEHATh TEXHUYECKUE CpEeACTBA U
cnenuansHoe obopynoanue (Perom 21,
Perom 61);

(TIK-8):

— pabotath C »dJIEeMEHTAaMH M CXeMaMH
peJieiiHOM 3alUThl U aBTOMATHKU.

Baanern

(OIIK-2):

— HaBbIKAMH  MOJICIMPOBAHUS  PabOTHI
YCTPOMCTB penenHou 3alIUThI "
ABTOMATUKH,

(TIK-1, ITK-2):

— CUCTEeMaMHU IPOrpPaMMHUPOBAHUS

YIpaBJICHUA TCXHUUICCKUMU CpCI[CTBaMI/I;

(TIK-8):

— HaBbIKaMU pa6OTI>I C pCaJIbHBIMU
TCXHUYCCKUMU CPCACTBAMU pCHGﬁHOﬁ
3alIUThI U aBTOMAaTUKU,

— MCETOAAaMH YIIpaBJICHUA U HaCTpOﬁKH

YCTPOMCTB penenHon 3aIUThI u
ABTOMATHUKH.
3HaTh OOyuatommiicss TJIyOOKO W MPOYHO
(OIIK-2): YCBOWJI MPOrpaMMHBIA Marepuan |
(du3nYecKue mpoLecchl, Ha KOTOPBIX JTEMOHCTPHUPYET:
OCHOBaHa paboTa yCTPOUCTB peNeiHOM - BCECTOPOHHEE 3HAaHUE MPOrPaMMHOIO
3allUTHl U aBTOMAaTHKU; MaTepHuania,
(TIK-1, TIK-2): OTJIMYHO | - YMEHUE [PABUIBHOIO IPUMEHEHHUS
— IPUHIUIBI YCTPONUCTBA U pabOTHI OCHOBHBIX IIOJIOKEHUH NPOrPaMMHOIO
pEeNEeNHOMN 3alUTHI; MaTepuana,
— TEeXHUYECKHUE CPEJICTBA U MOJICTIH, - BJIaJCCT BCCMHU HaBbIKaMH,
— METO/bI INIAHUPOBAHUSI DKCIIEPUMEHTA; IIOIY4YCHHBIMM B XOAC  HM3yHCHHA
(TIIK-7): MIPOTPaMMHOT'0 MaTepuasa.
— IPUHLHUINBI HACTPOUKH PEJIEUHBIX 3aIlUT N
PHHII p p m OO0yuaromuiicst IeMOHCTPUPYET:
Pa3IMYHOTO THUTIA.
-HEI0CTaTOYHO MOJIHOE 3HaHUE
YMeTs MPOTPaMMHOT'0 MaTepuaa;
(OIIK-2) X0po1Io ’
- IPUMEHEHUE C HECYIEeCTBEHHbIMU
MPUMEHSATH METO/IbI aHajau3a u .
OomMUOKAaMU  OCHOBHBIX  ITOJIOKEHHIA
MOJICTUPOBAHUS, TEOPETHUUECKOTO "
IPOrpaMMHOT0 MaTepHaia.
AKCIIEPUMEHTAIILHOTO HUCCJIEIOBAHUS TIpU
W3y4eHUH W OOCTY)KHBAaHUH YCTPOUCTB OO6yyarormmiics JIEMOHCTPUPYET
PCJICMHOU 3aIUThlI 1 ABTOMATHKH, YAOBJIETBO | YaCTUYHOE  3HAHHWE  NPOrPAMMHOIO
(I1K-1, TTK-2): PUTEIbHO | MaTepyaga U JIONYyCKaeT OMHOKH B
— TMPUMEHATh TEXHUYECKUE CpEeACTBa U OTBeTe.
cnenuanbHoe obopynosanue (Perom 21,
Perom 61);
(IIK-7): 06 .
aroIUNCs OMYCTHIT
— paborath ¢ DdJIEeMEHTAaMH M CXEMaMHU yHaroli Aomy
N CYIIIECTBEHHBIC ONTMOKU MPU OTBETE HA
peNeiHoM 3alUThl U aBTOMATHKH.
HEeYy/I0BJIETB| BOIIPOCHI Ha OTIOJIHUTEIbHBIE
Baaners YA POCHL, a
(OTIK-2): OPHUTEJBHO | BOTIPOCHI J1aBajl HEMPABUIbHbBIE OTBETHI;
' BCE BBIIICYKA3aHHBbIE pa3feibl  He
— HaBbIKAMH  MOJICIMPOBAHUS  PabOTHI y pasit
. oo CBOCHBI.
YCTPOUCTB peneitHoit 3allUThI u y
aBTOMATUKH,
(TTIK-1, TTK-2):

159




— CHUCTEMaMHU MpOrpaMMHUpPOBAHUS
YIOpaBJICHUS TEXHUYECKUMU CPEICTBaAMU;
(TIK-7):

— HaBBIKAMH PabOTHI C peaTbHBIMU
TEXHUYECKUMU CPEACTBAMHM PEIICHHOI
3alUTHl U aBTOMATHUKH;

— METOJlaMU  yNpaBICHUS U HACTPOUKH
YCTPOMCTB penenHou 3aIUThI "
ABTOMATHKH.

4. MeToauyecKkue MaTepHuajbl, ONpeae/A0Nde MPoleaypbl OlleHHBAHUS 3HAHUI,
YMEHWIi, HABBIKOB M OMBITA eATEJIbLHOCTH

Jucununnuua PeneliHasg 3ammra YW aBTOMAaTU3alUs  DJIEKTPOIHEPIreTUYECKUX  CUCTEM
HalpaBjeHAa Ha M3Y4YEHHE TEOPETHMUYECKHMX OCHOB, NPHUHIMIIOB pabOThl U METOJOB HACTPOMKHU
YCTPOMCTB PEICHHON 3alIUThl 1 aBTOMATHKH.

W3ydyenne pucuumiuHbel PeneliHas 3amuTa M aBTOMATH3alMs  dJIEKTPOIHEPrETHUECKUX
CUCTEM:

—  JIeKIuH,

—  IPAKTUYECKHE 3aHATHS,

—  ;mabopaTopHbIe PaboThI,

—  KYpPCOBOM IIPOEKT,

—  CaMOCTOSITEIbHYIO paboTy,

—  3a4er,

—  DK3aMEH.

B xome ocBoenus pasgena 1 «OieMeHTHl pelnelHON 3alluThl U ABTOMATHKW) CTYIEHTHI
JIOJIKHBI YSCHUTB.

- 4TO TaKO€ peJieHas 3alluTa,

- KaKue CYLIECTBYIOT THUIIBI PEIIE;

- Kakue TpeOOBaHUS MPEIBABISIOTCS K PeJIEHHOM 3aluTe;

- YCTPOMCTBO M MPUHLUIIBI PA0OTHI PA3TUYHBIX TUIIOB pelle.

B xoze ocBoenust pa3zaena 2 «3aniuTa JUHUN U CETEH» CTYIEHTHI TOJKHBI YSICHUTB:

- KakMe CylIecTBYIOT TUIbl 3auuT JIOIT;

- IpUHLHUI pabOTHI pa3IMYHBIX TUIIOB 3amuT JIOIT;

- METO/IbI pacyera ycraBok 3amut JIDIL.

B xone ocBoenus paszznena 3 «3amura MalllvH U allapaToB» CTYIEHTHI JOKHbBI YICHUTH!

- IPUHIUIBI pabOTHI 3aIIUT TPaHC(HOPMATOPOB, ABUraTEIeH U T€HEPATOPOB;

- METO/Ibl HACTPOMKH 3aIlUT TPaHC(HOPMATOPOB, IBUraTeNIel U T€HEPATOPOB;

- KaKM€ CYLIECTBYIOT YCTPOICTBA pEJIECHHON 3allluThl W aBTOMATHKU CIIELUAIbHBIX
ANEKTPOYCTAaHOBOK.

B xome ocBoenus paszmena 4 «ABTOMaTHKa B CHCTEMax 3JIEKTPOCHAOKEHMS» CTYIEHTHI
JOJIKHBI YSICHUTD:

- BUJIbl aBTOMATHKH, IPUMEHSEMBIE B AJIEKTPOIHEPTETUUECKUX CUCTEMAX;

- Ha3HaueHue U kiaccudukanuto AIIB, ABP u AUP;

- paboty cxem AIIB, ABP u AYP;

- TUTIBI ¥ IPUHLIMIIBI paOOThl aBTOMATUKH YIIPABIECHUS HATIPSKEHUS.

B mporecce wu3ydeHHs AMCHUIUIMHBI PEKOMEHIYyeTCsl 0co00 OOpaTUTh BHUMaHHE Ha
INPUHLMIBL pabOThl U METOJbl HACTPOMKHM PA3IUYHBIX TUIIOB YCTPOWCTB pEIEHHOMN 3aluThl U
ABTOMATHKH.

[Ipy moAroToBKE K 3a4eTy M HK3aMEHY pEKOMEHAyeTcsl 0co0oe BHHUMaHUE YAEIUTh
CIICAYIOIIMM BOMpPOCAaM: OCHOBHbIE TpeOoBaHMa K 3ammraM oT K3; xapakrepucTuka
W3MEPUTEIILHON M ONEpaTUBHOM YacTeld CXEMbl PEJICHHON 3alUThI, CIIOCOOBI BKIIOUCHHSI perie Ha
TOK W HaNpsHKeHHE CETH, CIOCOObI BO3ACWCTBUS pelie Ha BBIKIIOYATENb; XapaKTEPUCTHKA
VCTOYHUKOB IIOCTOSHHOTO M TIEPEMEHHOrO ONEPaTUBHOIO TOKA; THIIBI MAarHUTHBIX CHCTEM
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3JIEKTPOMAarHUTHBIX pEJi€; OCHOBHBIE CBOMCTBA M XapaKTEPUCTUKH AJIEKTPOMATHUTHBIX pEIe;
0COOEHHOCTH KOHCTPYKLUHU MOJISIPU30BAHHOTO peJie; MPUHLUI ACUCTBUS AIICKTPOUHIYKIIHOHHOTO
penie, 00acTh MPUMEHEHHs; KOHCTPYKLIHS U MPHUHIMI ACUCTBUS MAarHUTORJIEKTPUUECKHUX pelie;
IPUHLIMI JEMCTBUSI TOKOBBIX 3aIUT; MTHOBEHHbIE TOKOBBIE OTCEUKHU, pacyeT [apaMeTPOB, CXEMBbI,
TOKOBBIE OTCEYKH HYJEBOW MOCIEAOBATEIBHOCTH, BKIIIOUEHHE pelle, HacTpoika; Hactpoiika TO
CUCTEMBl C JBYXCTOPOHHHMM mnuraHueM; Hactpoiika HTO u TOB; Ilpunuunel oOecnedeHus
CEJIEKTUBHOCTH, HACTpoOiika, mpoBepka uyBcTBUTEIbHOCTH MT3; cxembr MT3; MT3 nyneBoii
[IOCJIEI0BATENbHOCTH; JBYX U TPEXCTYNEHYAThle 3allliThl, HANpPABICHHBIE TOKOBBIE 3aIUTHI;
BKJIIOUEHHUE peJie HaMpaBieHHs] MOIIHOCTH; OoOuMil nmpuHImn audQepeHnuanbHbIX 3alluT, BUIbI
3amUT; — [OpojoibHas  auddepeHumanbHas — 3ammMrTa, TOKM — HeOalaHca; — MOIEpEYHbIe
mubdepeHManbHble 3allUThl, MPUHIMI pabOThl, OCHOBHBIE CBOWCTBA, HACTpOIKa, OIEHKa
YyBCTBUTEIBHOCTH; YNPOIIEHHAs H3MEPUTEIbHAsI CXEMa M OCHOBHBIE OpraHbl JUCTAHLIMOHHOMN
3alUTHI; ONEpaTUBHAS CXeMa IUCTAHIIMOHHOM 3aIUThI; BUbl BHICOKOYACTOTHBIX 3aIUT, 00JIaCTh
NpUMEHEHHS, BBICOKOYAcTOTHas oOpabotka JIDII; mpuHIMI JeiicTBUS HANpaBIEHHOW 3aIIUTHI C
BBICOKOYACTOTHOM OJIOKUPOBKOM; MPUHLIUIT NEeUCTBUA muddepeHnnanbHo-pazHon
BBICOKOYACTOTHOW 3alIUThI; TUIIBI 3aIIUT CHJIOBBIX TPaHC(OPMATOPOB; HACTPOMKA TOKOBBIX 3aIUT
TpancGopMaTopoB; MpUHIKN AUQEepeHInaTIbHONH 3auUThl TpaHCchOopMaTopa U OCOOEHHOCTH €ro
peamu3anuu;  (GaKkTOphl, yYUTHIBAeMble TpU  HAcTpoiike auddepeHnnanbHON — 3aIIUTHI
TpancopmaTopa; 3aluThl HU3KOBOJIBTHBIX JBUTATENEH, MPUHILUIBI HACTPONUKU, CXEMBI; 3aIIUTHI
BBICOKOBOJIbTHBIX ~ JIBUraTeliel, HAcTpOlKa, CXEeMbl; OCOOEHHOCTH 3aIlUThl CHUHXPOHHBIX
JBUTATENCil; 3allMThl HHU3KOBOJIbTHBIX T€HEPATOpOB, HACTPOiiKa, cxeMmbl; auddepeHuanbHas
3allluTa CUHXPOHHOTO reHeparopa; MT3 oT cBEpXTOKOB reHepaTropa, CXeMbl, HAaCTPOMKaA; 3alllUThI
OT 3aMbIKaHUsl Ha KOpPIyC OOMOTOK CTaTopa U poTOpa, 3allUThl OT BUTKOBBIX 3aMBIKAHWIA; TUIIBI
3alllUT IIMH M TOKONPOBOJOB, Ipumep cxembl; YPOB; 3amuTbl KOHAEHCATOPHBIX YCTAaHOBOK;
3alUTHI IPE0O0pPa30BaTEIbHBIX YCTAHOBOK; 3alIUTHI MEYHBIX TPAHCHOPMATOPOB; BUJBI ABTOMATHUKU
u e€ HasHaueHue; kimaccupukanus u HazHadeHue AIIB; coBmectHas paborta AIIB ¢ peneitHol
3aImuToM; obmue npuHIUNE U Kiaccudukanus ABP; ABP ceknmoHHOTO BBIKITIOUaTess, padoTa
cXeMbl; Ha3HadeHue u oburre npuHmnsl AYP; padora cembr AYP-I; pabora cxemsr AYP-II; o6mue
HPUHIUIBI PETYIUPOBAaHUS HANPSHKEHUS CUIIOBBIX TpaHcpopmaTopos; pabota cxemsl PITH; pabora
cxembl APKT; pabota cxemsr APKOH.

B mpomecce mpoBeaeHHs MPaKTHUYECKUX 3aHATUH M J1aOOPAaTOpPHBIX pabOT MPOMCXOIUT
3aKperyieHue  MPAKTUYECKUX  HAaBBIKOB  HCCIEOBAaHMS U MOJEIUPOBAHUS  CHCTEM
AIIEKTPOCHAOKECHHSI.

CaMocTosTenbHYI0 paboTy HEOOX0AMMO HAUMHATh C U3YUYEHUSI TEOPETUUECKOTr0 MaTepuaa
10 PEKOMEHIallNU TIPETIOaBaATEN.

B nponecce koHCynbTallMM C IpenojaBaTesieM HEOOXOAWMO BBISICHUTh BCE HEMOHSTHBIE
MOMEHTHI.

Pabora ¢ nuTepaTypoil SIBISETCS BaXXHEHIIUM DJJIEMEHTOM B TMOJIYYEHHWU 3HAHHUM 110
mucuuruinbe. [Tpexnae Bcero, He0OXOAUMO BOCIIONB30BAThCS CIIMCKOM PEKOMEHIyeMOi Mo JaHHOU
JTUCIUIUIMHE JIUTEPaTypBhI.

[TpexycMOTpeHO TPOBEICHUE AYAMTOPHBIX 3aHATHI B WHTEPAaKTUBHOH ¢opme (B BuUIE
JIEKLIUU-TUCKYCCUNY, <JIEKIIUU-0eceqbl», «IEKIHH C TEKYyIIHMM KOHTpPOJIEM» MpH MpPOBEICHUH
JIEKIIMH U B BUJE «pa0doTa ¢ MAJIOH TPYIIO», «TPEHUHTY TIPU BBHITIOTHEHUH MPAKTUYECKUX 3aHITHIA
1 1ab0opaTopHBIX padOT) B COUETAHUH C BHEAYTUTOPHON pabOTOi.
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Ipunoxenne 2

AHHOTAIIUA

padoueii mporpaMMbl JUCHHUILIHHBI

Peneiinas 3aimuuTa U aBTOMaTH3aLMs] JICKTPOIHEPI€TUIECCKUX CUCTEM

1. Ileab m 327291 TUCHHILIMHBI

Llenbio n3yueHHs TUCIMILINHBI SBIIICTCS (OPMHUPOBAHUE 3HAHUN O MPUHIUIIAX OpraHU3aluu 1
TEXHUYECKOH pealn3aliy PEJICHHOM 3aIlUThl U aBTOMATH3ALMH 3JIEKTPOIHEPIETUYECKUX CHCTEM.

3azayamMu U3y4eHUS TUCLUIIINHBI SBIISIOTCA:

- IOJIydYeHHME CTYJECHTaM 3HaHMW O TUIAX 3allUT, NPUHLMIAX HX paboThl, 00JacTH MX
IIPUMEHEHNS;

- BbIpa0OTKAa YMEHMs BBINOJIHATh pPAacyeTbl MapaMeTpPOB PA3IMUYHBIX 3alIUT, CUHTE3UPOBATH
CXEMBI B TOM YHUCJIE © HA MUKPOIIPOLIECCOPHOM OCHOBE;

- IpuoOpeTeHue HaBblKa padOThl € 3JIEMEHTAMM W CXE€MaMH 3allluT, WX HacCTPOMKH U
SKCIEPUMEHTAIIBHBIX HMCCIECJOBAaHUM.

2. CTpyKTypa IMCHUILIUHBI

2.1 PacnipesieneHre TPYAOSMKOCTH TI0 OTHCIBHBIM BHUAAM Y4YeOHBIX 3aHATHH, BKIIOYAs
camocTosTeNbHyt0 padoty: JIk 35 u; JIP 52 u; 13 53 u; KI1 36 u; CP 76 u.
OO61mas TpyA0eMKOCTh JUCHHUIUIMHBI COCTaBIIsIeT 252 yaca, / 3a4eTHBIX eIUHUII.

2.2 OCHOBHBIC pa3/IeIbl TUCITUTUTHHBL:

1. DnemeHTHI peneitHoM 3aIuThl ¥ ABTOMATUKH.
2. 3amura JIMHUHA U CEeTEN.

3. 3amMTa MaliH U anmnaparos.

4. ABTOMaTHKa B CHCTEMax 3JIEKTPOCHAOKEHUS.

3. Illianupyemble pe3ybTaThbl 00yUeHUsl (MepeyeHb KOMMeTeHIHii)
[Tpouecc u3yueHus: AMCUUIIIMHBI HAIIPaBJieH Ha (POPMUPOBAHUE CIAEAYIOIIUX KOMIIETEHIUI:
OIIK-2 crmocoOHOCTh MPUMEHSTH COOTBETCTBYIOIINI (PH3MKO-MaTEeMaTHIECKUI armapar,

MCTOJbI aHaJIn3a U MOACIINPOBAHUSA, TCOPECTUICCKOT'O U SKCIICPUMCHTAJIBHOT'O
HMCCJICIOBAaHMA IPU PCIICHUHN DKCIICPUMECHTAJIbHBIX 3a/1a4,

IIK-1 - cnocoOHOCT y4acTBOBATh B INIAHUPOBAHUH, IIOATOTOBKE U BBIMOJIHEHUH TUIOBBIX
IKCIEPUMEHTATBHBIX UCCIIEIOBAHUN TI0 33JaHHOW METO/IHKE;

[IK-2 - cnocoGHOCTH 00pabaThIBaTh PE3yNIbTAThl SKCIIEPUMEHTA,

IIK-7 - roTOBHOCTH 00ECIEUUTh TpeOyeMble PeXKUMBI U 33JJaHHbIE TapaMeTPBI
TEXHOJOTUYECKUX MPOIIECCOB IO CYIIECTBYIOIIEH METOANKE;

[IK-8 - cnocoOHOCTB MCIIONIB30BaTh TEXHUYECKHE CPEICTBA IS U3MEPEHUS M KOHTPOJIS

OCHOBHBIX IMMApaMETPOB TEXHOJOTNMICCKUX IMTPOLECCOB.

4. Bua npoMesKyTOYHOM aTTecTanum: 3adet, sk3amen, KII
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IMpunoxenne 3

IIpomoxon 0 dononenusX u usMEeHeHUAX 6 padoueil npozpamme
na 20 __ -20 YueoHwlit 200

1. B paGouyto nporpammy o IUCHUIUIMHE BHOCSATCS CIEAYIOUINE TOTOTHEHHUS:

2. B pabGouyto nmporpaMmy 1o AUCUUIIIMHE BHOCSATCS CIEAYIOIUE U3MEHEHUS:

[Tporoxon 3acemanus kadenpst Ne OT «__ » 20 r.,
(paspabomyux)

3aBenyromnuii kageapoit

(noonucs) (®.1.0.)
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IIpunoxenue 4

®OHJI OEHOYHBIX CPEJACTB JJ151 TEKYIIETO KOHTPOJISI YCIIEBAEMOCTH IO
JUCHUILIAHE

1. Onucanue ¢GoHIa OLIEHOYHBIX CPEACTB (MACHOPT)

Ne
KOMIIe- 9J1eMeHT
Pa3zpen Tema DOC
TEHIUH | KOMIIETEH U
1 2 3 4 5
1. DIeMeHTbI 1.2. DnexTpoMexaHUUECKHE K OLIOKBH
CIIOCOOHOCTD | peneifHol peine M
IPUMEHATDh | 3aIUTHI u | 1.3. Pete ¢ wucnonb3oBaHHEM K
COOTBCTCTBY aBTOMATUKU MMOJIYITPOBOJJHUKOB OJUIOKBUYM
IOIIIH 2.1. TOKOBBIE 3aIUTHI
(buszuKo- Konnoksuym
MareMaTuyec 2.2. luddepennuanpHas K OILIOKBH
KHU# anmapar, 2 3ammra  auHui | 33T JIDTI ™
METObI N 2.3. JIuCTaHIIMOHHBIE  3aIlUTHI
H CCTEH. A H . Konnoksuym
aHanu3a u JIDII
OI1K-2 | MOAEIMpOBaH 2.4. BBICOKOYACTOTHBIC 3allUThI
us, hie)il Konnoksuym
TEOPETUIECKO
3.1. 3amura CHJIOBBIX
rou i Komnmoxksuym
TpanchopmMaTopoB
IKCIIEPUMCHT 32 3
.2. 3alIuThI
aJIbHOTO . Komnnoksuym
AJIEKTPOIBUTATEIICH
HCCIEIOBAHN | 3 3ayyyra MamuH
Jp— 3.3. 3amuThI CHHXPOHHBIX
p 1 ammapaToB. KommokBuym
peleHn reHepaTopoOB
AKCIIEPUMEHT 3.4.3ammra W  aBTOMATHKA
aJbHBIX 33134 CITeIHAIbHBIX KommokBuym
AIIEKTPOYCTAHOBOK
1. DnemeHThI 1.1. O0mee moHsITHE pENEHHON
e Komnoksnym
penelinoi 3aIUTEI
3alUTHI u | 1.2. DnekTpoMexaHnveckue KOILIOKBH
ABTOMATHKH peie -
1.3. Pene ¢ WHCIOIB30BaHUEM K OLIOKBH
CIIOCOOHOCTB MIOJIYIIPOBOTHUKOB ™
y4acCTBOBAThb B | 2 3amura auHui | 2.1. TOKOBBIE 3aIIUTHI K
IUTAHUPOBAHMY,| ;1 ceTeil. OJITIOKBUYM
HIOArOTOBKC H 2.2. lnddepennmanpras K
BBITIOJTHEHUHT samra JIDII OJUIOKBHYM
1IK-1 THITOBBIX 2.3. JIUCTaHIIHOHHBIE  3alUTHI K
JKCIIEPUMEHTA- IO OJUIOKBHYM
JIBHBIX 2.4. BbICOKOYACTOTHBIE 3aIUTHI
HCCIICIOBaHU M hie)il Komoxenym
TI0 3aHHON | 3 39 11yra mammn | 3.1. 3ammra CHIIOBBIX
MCTOMMKE | i anmaparos. Tparc(GOpMaTOpoB Konnoxsrym
3.2. 3aumThl Komoksiym
AJIEKTPOJBUTATENICH
3.3. 3ammTel CHHXPOHHBIX K OLIOKBH
TEeHePaTOPOB M
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3.4.3ammra W aBTOMAaTHKa
CIEIUATbHBIX KomnnokBuym
AIIEKTPOYCTAaHOBOK
4 Asromatuka B | 4.1. ABTOMaTuka  TOBTOPHOTO KooKkBiym
CUCTEMax BKJIFOUCHUS
anekTpocHaOxeH | 4.2. ABTOMaTHKa BKJIFOUEHHUS Kosuoksuym
sl pesepBa
4.3. ABTOMaTH4eCcKas 4acTOTHas KoIoKkBiym
pasrpyska
4.4. ABTOoMaTuka KoLIoKBHyM
pEryIMPOBaHUS HAIPSHKCHUS
1. DnemMeHThI 1.1. OOmee mnoHATHE peNeHHOMN KoLIoKBHyM
penelHoi 3aIUTHI
3aIUThI u | 1.2. DiekTpoMexaHUYECKHe KosoksuyMm
ABTOMATUKH pene
1.3.Pene ¢ wucnosib30BaHUEM Komtoxsnym
MOJIYTIPOBOTHUKOB
2.3ammra nuHUi | 2.1. TOKOBBIE 3aIUTEI KomnnokBuym
U CEeTeH. 2.2. luddepenunanpuas Komoksiywm
samuTa JIDIT
_]2'[:3)1_[ JIuCTaHIIMOHHBIE  3aAIUTHI Komoksiywm
2.4. BBICOKOYACTOTHBIC 3alUTHI KoLIOKBI
jeNil -
crocobnocTh | 3.3amura MamwmH | 3.1. 3amuTa CHJIOBBIX Ko/IoKBiyM
TTK-2 00pabarbIBaTh | M aIaparos. TpaHcGopMaTopoB
pe3ynbTaThl 3.2. 3amuTsI KoMIoKkBiym
IKCIIEPUMEHTA AIIEKTPOIBUTATENEH
3.3. 3ammTel CUHXPOHHBIX Komtoxsnym
reHepaToOpOB
3.4.3ammra W  aBTOMATHKA
CIIEIUATBHBIX KommokBuym
AIIEKTPOYCTAHOBOK
4 Asromatuka B | 4.1. ABTOMaTuka  TIOBTOPHOTO
KomnokBuym
CUCTeMax BKJIFOUCHUS
anekTpocHaOkeH | 4.2. ABTOMaTHKa  BKJIFOYEHHS Komoksiywm
sl pe3epBa
4.3. ABTOMaTu4ecKasl 9acTOTHAS
Komnoksnym
pasrpyska
4.4. ABToMaTuka
Komnoksnym
pEryIMpOBaHUs HAMPSHKCHUS
3.3ammra mamwmH | 3.1. 3ammura CUJIOBBIX
rotopHocTs | H ATTapaToB. TpaHc(hopMaTopoB Konnoxsuym
obecreunTh 3.2. 3ammThl
TpeOyembIe ANEKTPOJIBUraTENEN Komnoksuym
PSKHUMBI |
TIK-7 3allaHHbIC 3.3. BauuTel CUHXPOHHBIX
[TapaMeTphI reHEePaTopOB KosokBuym
TEXHOJIOTUYEC-
KHX TIPOLECcCcosB 3.4.3ammra W  aBTOMAaTHKa
10 CYMECTBYIO- CHeIHalIbHbIX KomnnokBuym
THCH METOMMKE AIIEKTPOYCTAHOBOK
4 Asromatnka B | 4.1. ABromatnka  moBTopHOTO | KommokBuym
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chcTEMax BKJIIOUEHUS
NeKTpocHaOXeH | 4.2. ABTOMaTuka  BKJIFOYEHUS
KomnokBuym
Hsl. pesepBa
4.3. ABTOMaTH4YeCKas 4acTOTHAas
Komnoksuym
pasrpy3ka
4.4, AsToOMaTHKa
Komnoksuym
pEryIMPOBaHUS HAIPSHKCHUS
1. DnemeHTHI 1.1. OOmee mnoHsATHE pENCHHON
NN Komnoksuym
5 penelHoi 3aIUTHI
CIIOCOOHOCTD
3aIUThI u | 1.2. DiekTpoMexaHU4YECKHe KOILIOKBH
HCHOMBL3OBATE | o promarukm. pene yM
TEXHUYECKHUE
1.3. Pene ¢ wucnoab3oBaHUEM
cpencTBa st Komnoksuym
MIOJTYTIPOBOTHUKOB
U3MEpEHUs 1 "
T1K-8 COHTDONLS 2.3ammra nuHUi | 2.1. TOKOBBIE 3aIUTEI Konnoksuym
p U CeTe. 2.2. ludbdepenunanpHas
OCHOBHBIX Komnoksunym
zammra JIDII
rnapameTpoB
2.3. JIuCTaHIIMOHHBIC  3aIIUTHI
TEXHOJIOTMYEeC- oI Komnoksnym
KHX IPOIIECCOB
2.4. BeICOKOYAaCTOTHBIE 3alllUTHI
910 Konnoksnym

BOl'IpOCI)I AJIA KOJUVIOKBUYMOB

IO JUCHMITIIIMHE Peneitnas 3al1Ta U aBTOMATHU3alUA SJICKTPOSHCPICTHICCKUX CUCTEM

Pa3nes 1. DiieMeHTBI peJieiiHO 3a1UUTHI 1 AaBTOMAaTUKH

1. TToBpexieHus: 1 HEHOPMAJIbHBIE PEXKUMBI B JJIEKTPHUECKUX CETSX.

2. OcHoBHbIE TpeboBaHMs K 3ammTaM ot K3.

3. XapaKkTepucTUKa U3MEPUTEIBHON U ONIEpaTUBHON YacTel CXEMBbI PEIEHHOMN 3alIUTHI.
4. Tunel 1orU4ecKUX (QYHKIUN U CIIOCOOBI UX peann3aliy.

5. CnocoObl BKIIFOUEHHMS pejie Ha TOK U HAIIPsDKEHHE CETH, CIIOCOOBI BO3ACHCTBUS pelle Ha
BBIKJTIOYATETb.

6. XapaKkTepucTUKa UCTOYHUKOB MIOCTOSIHHOTO M IIEPEMEHHOIO OTNIEPATUBHOT'O TOKA.
Knaccudukanus pere.

7. TUIBI MATHUTHBIX CUCTEM JJIEKTPOMArHUTHBIX pelle.

8. OCHOBHBIE CBOWCTBA U XapaKTEPUCTUKH JIEKTPOMArHUTHBIX pEJIe.

9. OcobeHHOCTH KOHCTPYKIMH 3IEKTPOMAarHUTHOTO pesie, paboTaroIIero Ha epeMeHHOM
TOKE.

10. OcoOeHHOCTH KOHCTPYKIIMU HOJSIPU30BAHHOTO pele.

11. CiocoOb1 U3MEHEHUsT OBICTPOICUCTBHS PEie.

12. TIpyHUIMT AEHCTBHS AIEKTPOMHAYKIIHOHHOTO pejie, 00IacTh IPUMEHEHHUS.

13. MHOyKIIMOHHOE pesie HalpaBJICHHUS] MOIIHOCTH, KOHCTPYKIIMS, BEKTOPHAs Marpamma,
OCHOBHBIE CBOMCTBA.

14. XapakTepuCTUKH pesie HapaBJICHUS] MOITHOCTH.

15. KoHCTpyKIMS ¥ NPUHIUI JIEHCTBUS MarHUTOSJIEKTPUUECKUX PEJIE.

16. IIpuHIMIT AEUCTBUS pelle HAaIIPaBIECHU MOITHOCTH, IOCTPOCHHOIO Ha OCHOBE
CpPaBHEHHUS MOAYJIEH ABYX HANPSKEHUI.

17. PaboTa cxeMmbl pelie Toka (HalpspKeHHs ) Ha ONEPallMOHHBIX YCHUIIUTENSX.

18. YcTpoiicTBo, mpUHIUN pabOThI, peKUMBI pabOTHI TPAaHC(POPMATOPOB TOKA,
TPaHCPEaKTOPOB, TPAaHCHOPMATOPOB HATIPSIKEHHUS. .

Pasznen 2. 3amura JUHHI U ceTel
1. IlpuHuMn 1elcTBHUS TOKOBBIX 3AIIUT.
2. Pacuer nmapaMeTpoB IUIaBKUX MPEAOXPAHUTEIICH.
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3. MrauoBeHHbI€ TOKOBBIE OTCEYKH, pacyeT MapaMeTpOB, CXEMBI.

4. ToxoBBIE OTCEUKHU HYJIEBOM MOCIIE0BATEILHOCTH, BKIIOUEHHUE PEIle, HACTPOMKA.

5. Hactpoiika TO cucTeMbl ¢ ABYXCTOPOHHUM MUTAHHUEM.

6. Hactpoiika HTO u TOB.

7. MT3. IlpuHiunsr oOecrieueHns CEICKTUBHOCTH, HACTPOIKa, MPOBEPKa
YyBCTBUTEIBHOCTH.

8. Cxembl MT3.

9. MT3 nyneBoii nocnenosarenbHocTH. HazHaueHue, napaMeTpbl HAaCTPOMKU.

10. IByx u TpexcTyneHYaThIe 3aIUThI, CXEMBbI.

11. CriocoOsb! nOBBILIEHUS YyBCTBUTENBHOCTH MT3.

12. HampaBieHHbIE TOKOBBIC 3amUTHI. [IpuHIMI paboThl, HACTpOWKA.

13. BxiroueHue pesne HarpaBieHuss MOITHOCTU. CXEMBI.

14. O6mwmit npuanmn audQepeHInaTbHBIX 3alTUT, BUAbI 3AIIUT.

15. IlpononbHas quddepeHnnanbHas 3anmTa, TOKH HebanaHca,

16. Ilonepeunsie quddepeHIranbHbIe 3alUThI, TPUHLIUI PaOOThl, OCHOBHBIE CBOWMCTBA,
HACTpPOIKa, OLIEHKAa YyBCTBUTEIbHOCTH.

17. Cxembl tuddepeHITMaNbHBIX 3aIIUT.

18. O6snacTh MpruMeHEHHs ¥ 00N MPUHIMIT PA0OTHI AUCTAHIIMOHHOHN 3aIUTHI.

19. Ynpouénnas usmepureabHas cxeMa U OCHOBHbBIE OPTaHbl TUCTAaHIIMOHHOM 3aIlUTHI.
20. OnepaTuBHas cxeMa JUCTAHIIMOHHOW 3alUTHI.

21. JIucTaHIIMOHHBIE OPTaHbl U UX XapaKTepUCTUKU. [Ipumep cxembl AUCTaHIIMOHHOTO
oprasa.

22. IlpyuHIUIBI TOAKIIIOUEHUS IUCTAHIIMOHHOTO OpTaHa Ha TOK U HaNpsHKEHUE CETH.

23. Bujibl BBICOKOYAaCTOTHBIX 3aIIUT, 00JIACTh MPUMEHEHHSI, BLICOKOYACTOTHAs 00paboTKa
JIDIL.

24. TlpuHIMT 1EHCTBUS HAPABICHHOW 3alIUTHI C BBICOKOYACTOTHOM OJIOKUPOBKOM.

25. IMpunun aeictBus quddepeHnnanbsHo-(ha3HOW BRICOKOYACTOTHOM 3alTUTHI.

Pazgen 3. 3amuTa MalluH M aNNApPaToB

1. Tumpl 3a1UT CUIOBBIX TPaHCHOPMATOPOB.

2. Hactpoiika TOKOBBIX 3aIUT TpaHC(HOpMaTOPOB.

3. [Mpunuun nquddepeHnnanbHON 3aluThl TpaHc(hopMaTopa U 0OCOOEHHOCTH €ro
pean3anum.

4. ®akTopbl, yUUThIBAEMbIE IPU HACTPOHKe U PepeHInaTbHON 3alUThl TpaHchopMaTopa.
5. OcobeHHOCTH 3aIUThI TPaHC(POPMATOPOB O€3 BBIKIIIOYATENeH Ha BHICOKOM CTOPOHE.
6. 31U Tl HU3KOBOJIBTHBIX JBUTATENEH, IPUHIUIBI HACTPOUKH, CXEMBI.

7. 3a1uUThl BEICOKOBOJIBTHBIX JIBUTATElIE, HACTPONKA, CXEMBI.

8. OcoOGeHHOCTH 3alIUThl CHHXPOHHBIX JABUTATENEH.

9. IloBpexaeHNs 1 HEHOPMAJIBHBIE PEXUMBI B CHHXPOHHBIX F€HEPaTOpax.

10. 3amnTHl HU3KOBOJIBTHBIX T€HEPATOPOB, HACTPOWKA, CXEMBI.

11. Inddepennuanbaas 3amuuTa CHHXpOHHOT'O T'eHepaTopa.

12. MT3 OT CBEpXTOKOB reHepaTopa, CXeMbl, HACTPOMKA.

13. 3amuTsl OT 3aMBIKaHUS Ha KOPITyC OOMOTOK CTaTOpa U POTOPA, 3aIIUThI OT BUTKOBBIX
3aMbIKaHUH.

14. Tunsl 3aIIUT HIMH U TOKOIIPOBOJOB, IPUMEP CXEMBI.

15. YPOB. Ha3znauenune, npumep CXEMBI.

16. 3amuTsl KOHAEHCATOPHBIX YCTaHOBOK. PacuéT napameTpoB, cXeMBI.

17. 3amutsel mpeoOpa3oBaTeIbHBIX YCTAHOBOK. Pacdyér mapaMeTpoB, CXEMHI.

18. 3amuTsl neyHbIx TpaHchopmaTopoB. Pacuér napameTpos..

Pa3nesa 4. ABToMmaTHKa B cHCTeMAaX 3JIEKTPOCHA0KeHH S
1. Bunbl aBTOMaTHKU U €€ Ha3HAUCHHUE.
2. AIIB. Knaccuduxanus, Ha3HauYCHHE.
3. ComecTHas pabota AIIB ¢ peneitHoO 3auTOMN.
4. ABP. O0mmue npuHIUIbI, Kiaccudukanus.
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5. ABP cexnmoHHOTO BBIKITIOYATENs, pab0oTa CXEMBI.
6. Ha3znauenue u obmue npuHuuns: AYP.
7. Xapaktep u3MeHeHus 4actoThl mpu padore AYP-I u AUP-II.

8. Pabora cemnr AUP-I.
9. Pabora cxemsr AUP-II.

10. O6mue NpUHIMITEI PETYIUPOBAHUS HAMPSHKEHUS! CHIIOBBIX TPAHC(POPMATOPOB.

11. PaGora cxemsr PITH.
12. Pa6ora cxembsr APKT.
13. Pa6ora cxemsr APKOH.

2. Onucanue MoKa3aTejiei u KpUTEPUEB OLNCHUBAHUA KOMIIeTeHII il

Ilokazarenu Onenka Kpurepun
3Hathb OO6yyaromuiicst T1y0OKO U MIPOYHO
(OIIK-2): YCBOWJI IPOTPAaMMHBII MaTepuai u
duznyecKue npoIecchl, Ha KOTOPBIX JE€MOHCTPHUPYET:
OCHOBaHa paboTa YCTPOUCTB peeiHHOM - BCECTOPOHHEE 3HaHHUE
3allUTHl ¥ aBTOMAaTHUKY; IPOrpaMMHOT0 MaTepHaa;
(IIK-1, TIK-2): - yMEHHUE PaBUIBHOTO

. OTJINYHO

— MIPUHIIUIBI YCTPOUCTBA U paOOTHI IIPUMEHEHUS OCHOBHBIX
peJeHOM 3aIUThI; MOJIOKEHU I MIPOrPaMMHOTO
— TEXHUYECKHUE CPEICTBA U MOJICIIH; MaTcpHuaia,
— METOJBI IIITAHUPOBAHUS DKCIIEPUMEHTA, - BJaAceT BCCMH HaBbIKaMH,
(IIK-7, TIK-8): NOJIyYEHHbIMH B XOJ€ H3Yy4YEHUs
— OPUHIKIBl HACTPOHUKU PENEHHBIX 3aLIUT IIPOrPaMMHOT0 MaTcpraa.
pa3IMYHOrO THUIIA. OOyyaromuiicss TEMOHCTPUPYET:
Ymerb -HEJI0CTaTOYHO IIOJHOE 3HAHue
(OIIK-2): IIPOrpaMMHOI0 MaTepHaa;
MIPUMEHATHh METO/Ibl aHATIU3A U X0po1Io - IPUMEHEHUE c
MOJIETTUPOBAHUS, TEOPETUYECKOTO U HECYILECTBEHHBIMU omnoKaMu
HKCIIEPUMEHTAIILHOIO UCCIIEI0BAHMS TIPU OCHOBHBIX MOJIOKEHU
M3Yy4eHUHU U 00CTYKUBAaHUU YCTPOMCTB IPOrpaMMHOT0 MaTepHaia.
pENEHHON 3a1UThl 1 aBTOMATHKH, OOyyaromuiics  AEMOHCTPUPYET
(IIK-1, ITK-2): YAOBJIETBOPHUTE/b YACTUYHOE 3HAHHME MPOTPAMMHOIO
— MPUMEHATh TEXHUYECKHE CPEJCTBA U HO MaTepuana M AOMYyCKaeT OIUOKHU B
cnenuanbHoe obopynoBanue (Petom 21, OTBETE.
Perom 61);
(TIK-7, TIK-8):
— paboTaTh C dJIEMEHTaMHU U CXEMaMHu
pEeNEeHHON 3a1UThl U aBTOMAaTHKH.
Baaners
(OIIK-2):
— HaBBIKAMH MOJICTTUPOBAHUS PaOOTHI OO6yyarormmiics JOIyCTHUII
YCTPOMCTB PENECHHON 3aIUThI U CYLIECTBEHHbIE  OMMOKM  TpHU
ABTOMATHKH, OTBETE Ha BOIIPOCHI, Ha
(TIK-1, TIK-2): HEYAOBACTBOPM= | .  THHTEbHDIC BOIIPOCHI J1aBa
- cUCTEMaMHU IIPOrpaMMHUPOBAHUS TeabHo HEMPaBUJIbHBIE  OTBETHI; BCE
YIpaBJICHUS] TEXHUYECKUMU CPEICTBAMU; BBIIIICYKA3aHHbIE  pa3eNibl  He
(TIK-7, TIK-8): YCBOEHBI.

— HaBBIKAMH PabOTHI C peaTbHBIMU
TEXHUYECKUMU CPEACTBAMM PEIICHHOI
3alIMThl U aBTOMAaTHKH,

— METOJIaM{ yTIpaBJi€HHUs] U HACTPOMKHU
YCTPOMCTB  peNeHHOM 3aIUThI u
ABTOMATHUKU.
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[lporpamMa cocTaBieHa B  COOTBETCTBHH C  (eaepaTbHBIM

roCy/1apCTBEHHBIM

00pa3oBaTeNbHBIM CTaHIAPTOM BBICHIETO0 OOpa30BaHUS IO HarpaBlieHHIO 1moArotoBkd 13.03.02
DJIEKTpOIHEPreTHKA U 3JIEKTPOTEXHHKA (YpOBeHb OakataBpuara) ot «3» ceHTsops 2015 1. Ne955

s Hadopa 2015 roaa: u yue6usM ianoM @I'BOY BO «bpl'V» ans ounoit popmbl 00ydeHus OT
«12» Hos6ps 2015r. Ne701, 3a0unoit hopmbl 00ydeHHs 0T «12» HOAOpst 20151, Ne701

st Haoopa 2016 roaa: u yue6HbM IianoM OI'BOY BO «bpl'Y» s ouHo# hopMbl 00ydeHUsT OT
«6» utoHs 2016r. Ned29, 3aouHoii Gopmbl 00ydeHus ot «6» uioHs 2016r. Ned29, s 3aouHOM

(yckopeHHo#) ¢opMbl 00ydeHHs OT «6» utoHs 2016r. No429

IIporpammy cocraBuiI:

bymnaros FO.H., 3aB. kadeapoii, TO1EHT, K.T.H.

Pabouas nporpamma paccMOTpeHa M YTBEpXkKACHA Ha 3aceaHuu kadeapsl Iud

OoT «__ » pnekabpsa 2018 r., mporokos Ne

3aBenyromnuii kageapoit Dud

COI''TACOBAHO:

3aBeNyIONIHI BBITyCKAIOMICH Kadeapoit

HupexTop Oubauorexu

Pabouas nporpamma ogobpena meroanueckot komuccueit ®OuA

OT «___» _ jekalps 2018 r., mpoTokon Ne

[Ipencenarens MeToanueckoit komuccuu OOuA

COI''TACOBAHO:

HavansHuK
yu4e0HO-METOIMYECKOTO YIIPABICHUS

Perucrpanmonnsiii Ne

IO.H. bynaros

IO.H. bynaros

T.®. CoTHHK

A.Jl. YbsiHOB

T'.I1. Hexesenx
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