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JJABOPATOPHASI PABOTA Ne 1

MN3VUYEHVE 1 NCCJIEAOBAHVE CUCTEM PEI'YJIMPOBAHIS
HATIPSDKEHIVA ABUAITMIOHHBIX I'EHEPATOPOB. HEIIPEPLIBHBIE
PEI'YJIITOPBI

Ilean padoThI
1. O3HaKOMIICHHE C IPHHITHIIOM ACHCTBHA H OCHOBHBIMH COOTHOIIIEHHAMH CHCTEM
PEryITHpPOBAHHA HANIPSKEHHA aBHAITHOHHBIX T€HEPAaTOPOB.
2. V3ydyeHne BIMAHHA PEXHMOB PabOThI I'eHepaTopa H IApaMETPOB CHCTEMEI
PEryIHPOBAHHA HA Ka4eCTBO 3JeKTPHIECKOH SHEPIHH.
3. HccnenoBaHue peKHMOB pabOTHI HEMPEPHIBHOTO PETYIATOPA HANIPKEHHAA.
4. V3yueHHe MOJEITHPOBAHHA PETYIATOPOB B cpee Simulink makera MatLab.
1. KpaTkHe TeopeTHYecKHe CBeJeHHS

TpeGoBaHHA K Ka4eCTBY JIIEKTPHIECKOH 3HEPIrHH Ha OOPTY BO3IYIIHOTO
cyaHa 3amaroTcs ctanmaproM: I OCT 54073-2017 - Cucmemst 31eKmMpOCHAOHCEHUA

camogemoe
INIEKMPO3HepP2UL.

eepmaodienioes.

Obuyue

mpeboearua U

HOpMbBI  Kadecmed

DTOT cTaHAApPT ONpeAerieT MoKa3aTelnH KadecTBa d1ekTposHeprun (IIKD), B
TOM 9HCJIE 10 HAlIPsDKEHHIO, Ha KIIeMMaX IPHEMHHKOB 31€KTPHIECKOH SHEPTHH.

TpeboBanua IIKD 1o HampoKEHHI0O pa3sIHIHBIX cHcTeM COC i
HOPMAJBHOTO YCTAaHOBHBIIETOCA PEKHMa padOThI MPHBEAEHB! B Tabmumax 1.1, 1.2.

Tabmuma 1.1

TIKD C3C nepeMeHHOro ToKa 11 HOpMaIbHOI'0 YCTAaHOBHBIIETOCA PEKHMA

XapaKTepHCTHKH
KadecTBa 19 YCTaHOBHB-
IIETrocs PeKHMA

CS3C HanpmKeHHEM
115/200B nocTosHHOMK
gacToThl 400111

C3C HanpsxeHHEM
115/200B mepemerHOH
gacToTs! 360800l

C3C HanpsaxeHHEM
230/400B mepemeHHOH
gactots! 3608001t

Cpensee mo tpeM daszam
IeliCTByIOEE 3HAUCHHE
HAIP/KEHHA B TOUKE

perynupopaHui, B

Ot 114 10 118

Or 114 10 119

Ot 228 10 236

®DasHOe HaNpKEHHE HA
BXOJHBIX BBIBOZIAX
IIPHEMHHKOB, B

Ot 108 mo 119

Ot 104 10 122

Ot 208 o 244

Hebamanc HanpsKeHHH,
B, He Oomee

3

6,7

6

Mopnymanus HanpsKeHuA,
B, He Gomee

2,5

2:5

5

Cpsur dasHbIx
HANPDKEHHH

Ot 116° mo 124°

Ot 116° mo 124°

Ot 116° mo0 124°

OTH HaNpPsKEHHA JaHBI C YIETOM ITaJleHHA HalPAKEHHA B IPOBOJAX CHCTEMBI
pacmpeeleHHsa 3IeKTPHIecKoil SHepruH. Touka peryIHpOBaHHA - 3TO TOYKA K
KOTOPOH ITOJK/TFOYAETCA H3MEPHTEIBHBIH OpPraH PeryIaTopa HalpsKeHHA.




Tabmuma 1.2
TIKS C3C nocTosHHOr0 TOKA A1 HOPMAJIBbHOI'O YCTAHOBHBIIETOCA PEKHMa

C3C 27 B (nepsrunan) | C3C 27 B (BropuuHas) C3C270B
HanpsoxeHue B TOUKe

perymuposanud, B Ot 2710 29 Ot 25410294 Ot 260 mo 280

HanpsoxeHne Ha BXOTHBIX Or24 10294 Ot 250 g0 280
KJIEMMax IIPHEMHHKOB, B

AMIITHTYZA TyTIbCAIHH, 2 6
B, He Oomee

J11 TOYKH IOAKIIOYEHHA pa3beMa a3pOJPOMHOTO HCTOYHHKA ITHTAHHA
(PAITI) HanpsOKEHHA TO/DKHBI HAXOJHUTHCA B Ipe/Ieiax:
- mepeMeHHOro Toka 115/200 B nmocTosHHO# gacToThl 400l — ot 113 10 119 B;
- mepeMeHHoro Toka 115/200 B nmepemenHoii gactoter 360...800I'm — ot 113 mo
120 B:
- TIocToAHHOro ToKa 27 B —oT 27 10 29.4 B;
- IIOCTOAHHOI0 ToKa 270 B—ot 260 mo 280 B.

OCHOBHBIMH HCTOYHHKAMH 3JI€KTPO3HEPTHH Ha OOpPTY BO3AYIIHOIO CYJOHA
(BC) sABIIIOTCA TeHepaTOpBl IMEPEMEHHOTO HIH IIOCTOAHHOTO TOKa, KOTOpEIE
paboTaroT COBMECTHO ¢ peryaaropaMu HanpsokeHus (PH). Perymaropsl
HaIpsDKeHHA IOAeP/KHBAIOT HANIPSUKEHHE B 33JaHHBIX MpejIeaX B CTaTHYSCKHX H
JHHAMHYECKHX pekuMmax paborer COC, a Takke, NpPH HapallIeIbHOH paboTe
reHepatopoB, PH o0ecneuHBalOT TaKke paBHOMEPHOE paclipe/ie]ieHHe TOKOB
MEXIy TeHepaTOpaMH ITOCTOSHHOTO TOKa, HIH PEaKTHBHBIX COCTABILAIOIIHX TOKa
MeXAy TeHepaTopaMH IIEPEMEHHOI0 TOKa IIPH HX MapalIeIbHOH padoTe.

HampsokeHne reHepaTopa mocTossHHOro Toka (U) onpeaeniercs BEpakKeHHEM
U=cn® —In, (1.1
rae © - MarHHTHBIH IIOTOK T'€HepaTopa;
N -9acTOTa BpalleHHA poTopa reHepaTopa;
I -Tok HarpyskH;
T, - CONPOTHBIECHHE AKOPA.

W3 Bepaxkenns (1.1) cuoegyer, dYro BO3MYINAIOIMHMH (haKTOPaMH,
BIHAIONIHMH Ha HalIPsUKEHHE T€HepaTopa, ABJAIOTCA €ro 9acToTa BPAaIleHHA H TOK
Harpy3KH.

JIns reHepaTopa IepeMeHHOr0 TOKa €ro HampsoKeHHe OyJeT OImpeaeAThCA
agamornusbiM (1.1) BBIpaXK€HHEM, C TeM OTIHYHEM, YTO B 3aBHCHMOCTH OT
XapakTepa Harpy3KH, peakKIlHA AKOPA MOJKET KaK YBEIHIHBATh, TaK H YMEHBIIATh
Pe3VIBTHPYIONIHH MAarHHTHBIH IIOTOK MamHHBEL HawuOonblmee BIHAHHE
BO3MYIIAIOIMHX ()aKTOPOB Ha HaIpsDKEHHE INPOABIASTCA JUIA TeHepaTOpOB
MIOCTOSIHHOTO HANPDKEHHA H TEHEPaTOPOB IIEPEMEHHOTO TOKa IIEPEMEHHOH
YaCTOTHI, TTOCKOIBKY 9YacTOTa HX BpPAIIEHHA MOXKET MEHATHCA B 3HAUYHTEIBHBIX
npenenax. /711 060HX THIIOB T'€HEePaTOpOB CTaOHIH3HPOBATh HAIPKEHHE MOYKHO,
YIPaBIAA HX MarHHTHBIM IIOTOKOM, ITyTeM H3MEHEHHsA BEIHYHHEI TOKa B 0OMOTKE
BO30Y)KJIE€HHA HIIH COMPOTHBIICHHA MAarHHTHOH IEITH MAIlHHEI.




VI3MeHeHHe peryiHpyeMoro mapamerpa (Toka Bo30OYKIOEHHA HIH TOKa B
MOJAMarHHYHBalomieli O0oOMOTKE TreHepaTtopa), B CBOK OYepedb, MOXKET
OCYIIECTBIATHCA TI0 H3BECTHBIM IIPHHITHIIAM PErYTHPOBAHHA: 110 OTKIOHEHHIO, 10
BO3MYIIEHHIO H IO NPHHIHIY KOMOHHHDOBAHHOTO pPEryIHpoBaHHA. CHCTEMBI
perynHpoBaHHA HanpsokeHHA BC B OCHOBHOM IIOCTPOEHBI 110 IPHHITHITY
PEryITHPOBAHHA MO OTKJIOHEHHIO.

CHcTeMa perynHpoBaHHA HampskeHHA (pHC. 1.1) cocToHT H3 oOBekTa
perynHpoBaHHA — reHeparopa (I') H peryairopa HalpsKEHHA, BKIIOYAIOLIErO
yCcTpoiicTBa: On0K H3MepeHHsa Hanpsokenusa (BMH), ycmwmrensHoe (VC),
ucnonauTensHoe (1Y) u xoppektapyromee (KY). B BIH BX0OJHT HOpMaIH3aTOP
HaNpsDKSHHA, Npeo0pasylomuH H3MepsAeMOe HalpsKEHHEe K IIOHHKEHHOMY
YPOBHIO H H3MEPHTEIbHBIH OpraH, (QHKCHPYIONIHH BETHYHHY OTKIOHEHHA

HalP;DKEHHA I'€HEpPaTOopa OT 3aJaHHOT'0 3HA4YCHHA (cnman 01]11161(11)

Boamywarowpe
BO3AENCTBNA
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Puc. 1.1. ®yBKIHOHAIBHAA CXeMa CHCTEMBI PErYJIHPOBAHHA HAIPA/KCHHA

CurHan omuOKH ycHIHBaeTca ycuaureneM YC H  Iojaerca Ha
HCTIOJHHTENBHOE YCTPOHCTBO. YCHIHTENBHOE YCTPOHCTBO IIPEAHA3HAYEHO ITIA
YCHIIEHHA MOIHOCTH CHTHANIOB OIMHOKH, OHO yIIPAaBILAEeT SHEPrHEH, OCTYyAIoMEeH
OT IOCTOPOHHET0 HCTOYHHKA IMHTAaHHA HITH I101BO30YAHTEIA TeHepaTopa.

B perymiropax HanpsyKeHHA HCIIOIB3YIOTCA MArHHTHBIE H 3JIEKTPOHHBIE
yCHIHTENH. VICIOMHHUTETPHOE YCTPOHCTBO OCYIIECTBIAET BO3ACHCTBHE Ha
YIPaBIAIONIHHE OpraH TreHepaTopa: OOMOTKY BO30YXKIEHHA HIH OOMOTKY
TIOIMarHHYHBAHHA B MarHHTOAIEKTPHIECKOM I'eHEPATOPE.

KoppekTupyromue  yCTpOHCTBAa  IpPEeAHA3HAUYEHBI A4  IIOBBIIIEHHA
YCTOHYHBOCTH H TOYHOCTH TIPOIIECCAa PETYTHPOBAHHA, a TAKXKe 1A (POPMHPOBAHHA
YOPaB/AIOMHX BO3ACHCTBHH, 3aBHCAIIMX OT BO3MYIIEHHH, Ha OOBEKT, YTO
MIO3BOIAET CYNIECTBEHHO YIYY[NIHTh [JHHAMHYECKHE CBOHCTBA CHCTEMEI
perynHpoBaHHA. B pAge perysiTopoB HEKOTOpBIE H3 J3THX JIIEMEHTOB
OTCYTCTBYIOT, @ HEKOTOPHIE 00hEJHHEHBL.

TIpumensaembie B CHCTEMax PeryaHpoBaHHA PH TIPHHATO
KIacCH(HITHPOBATh 110 TPeM OCHOBHBIM IPH3HAKAM: 110 THITY HCIOIHHTEIBHOIO
opraHa (CHIOBOH 9acTH), IO crioco0y (popMHpPOBaHHA CHIHaIa YIpPaBISHHA H IO
cnoco0y pealH3aliH 3aKOHA yIIPAaBICHHA.
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Ilo THIly HCIIONHHTETBHOTO OpraHa, BKIIOUEHHOTO IIOCIEIOBAaTEIBHO C
00MOTKOH BO30YKIeHHA (yIpaBlIeHHA) I'€HEpaTopa HIH ero Bo3Oyautemi, PH
JEAT Ha: TPAH3HCTOPHbIE, THPHCTOPHBIE, HA MATHHTHBIX YCHTHTEIIAX.

ITo crocoGy (opMHPOBaHHA CHrHAA YIIPABISHHSA OHH IOAPA3JeIAIOTCA Ha
PEryIATOPHI HENPEPHIBHOTO H HMITYIbCHOTO AEHCTBHA.

B perymiropax HalpsKeHHA HENPEPBIBHOTO ASHCTBHA CHTHAI YIPABICHHA
(Tok BO30OYXKIEHHA) TIeHepaTopa BCerJa ABIAETCA HeNpephbiBHOH (yHKIHeH
BpeMeHH. Takoe H3MEHEHHe PeryJlIHpyeMOi BEJIHYHHBI HMEET MECTO, HallpHMep,
IIPH BKIIOYEHHH B LEeMb OOMOTKH BO30YKAEHHA Te€HepaTropa PperyIHpyeMOro
PE3HCTOPA C ITABHO H3MEHAIOIHMCSA COIIPOTHBICHHEM.

ITo crioco6y peanH3alHH 3aKOHA YIIPABIECHHA PETryIATOPHI IOAPA3AeILI0T Ha
aHaJIOroBble H IH(POBEIE, OCIEIHHE MOIY9al0T Bce 6oMbIIee pacIpoCTPaHEHHE B
BHJIy psAda IPEHMYINECTB, KOTOPBIMH 001aJafoT MH(MPOBEIE CHCTEMBI YIIPABICHHA
H PEryTHPOBAHHA.

B HMITyTBCHBIX PETYJIATOpPaX YIPABILIOIMIEE BO3JCHCTBHE IPEICTABIAET
co00i mocIeJ0BaTeIbHOCTh HMITYIBCOB, ITAPaMeTPhl KOTOPBIX IPONOPIHOHATBHEI
3HAYEHHAM CHTHA/Ia OIMHOKH B ()HKCHPOBAHHBIE JHCKPETHBIE MOMEHTHI BPEMEHH.
Ecima TakuM mapaMeTpoM ABIETCA AMIUTHTYA, TO PEryJIATOP Ha3bIBAeTCA
AMIUTHTYIHO-HMITYIbCHBIM, €CJIH JIHTEIPHOCTh CHTHAla, - TO IIHPOTHO-

HMITYJIbCHBIM, €CITH (ha3a, - TO ()a30HMITyIbCHBIM, pHC. 1.2.
tu
U

L U‘l Um
a) 't o 6) mt’

T

- o

Puc. 1.2. ®opMBI CHIHAIOB HMITY/IbCHOT'O YIIPABIEHHA: a) ITHPOTHO-HMITYJIBCHOE;
0) (a3zouMITYIbCHOE

CyImecTByeT Takke HMITyJIbCHBIE PETYIATOPHI PEIEHHOrO THIIA, B KOTOPBIX
o0OMOTKa BO30YXKJE€HHA MOJAKTIOUASTCA HIH OTKIIOYAeTCAd OT HCTOYHHKA
HAaNpsDKEHHA B 3aBHCHMOCTH OT TOrO MEHBINE HIH OolbIle HaNpsKEHHE
reHeparopa 3aJaHHOH BelHYHHBL. HoMHHAIPHOE 3HaY€HHE HANPIKEHHA, KOTOPOE
JI0JDKEH IOAIeP/KHBATh PErY/LATOP HAa3hIBAIOT «ycTaBKOi» PH.

IITHpOTHO-HMITYJIbCHBIE ~ PETYIATOPH  HANPDKEHHA  00ECIEeYHBAIOT
H3MEHEHHE CpeJHEeH BEeTHYHHBI HANpMKeHHA (TOKa) Ha OOMOTKE BO30YKIACHHA
resepaTopa (BO30YyAHTENA) 3a CUET H3MEHEHHI IHTEIBPHOCTH HMITYyTbCOB IPH
IIOCTOAHHOH YacToTe HX CIEHOBAaHHA H NOCTOAHHOH ammumrtyge. CpenHsat
BEIHYHHA HAIP;UKEHHA Ha 0OMOTKe BO30YKIEHHA U, IpPH IOCTOAHHOH BEIHIHHE

HaIpP;OKEHHA ITHTAHHA B 3TOM ClIy4dac 6yuer paBHa:
rn
U, > jUdt:f‘iU,
T T

rac U_ HaIIP;KEHHUE ITHTaHHA,
t, — JJIHTCIIPHOCTDh HMITYJIbCa,
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T — nepHOA CIeI0BaHHA HMITYTbCOB.

@a30HMITYIBCHBIH  PEryIATOpP OCYIMIECTBIAET H3MEHEHHE CpedHeH
BEJIHYHHB! HAaIIPUKEHHA Ha OOMOTKe BO3OYXISHHA IPH ITHTAaHHH OT HCTOYHHKA
CHHYCOHJAJIBHOTO HaNpsAKEHHA IIyTeM H3MeHeHHd yria (¢da3bl) OTKPBITHA
KOMMyTaIHoHHOr0 anmapara (KA) (TpaH3HcTOpa, THPHCTOPA H JIP.), BKITFOYEHHOTO
MOCIIEIOBAaTEMFHO C¢ OOMOTKOHM BO30YyxkaeHHd, puc.1.2,6. CpeiHsi BeTHIHHA
HalpOKEHHA Ha OOMOTKe BO30YXJEHHA TeHepaTtopa IpH (ha30HMITYIECHOM
PEryIHpPOBaHHH paBHA:

E U,
U, =—[U,,sinet - dot =—"(1+ cosa.),
2 n
rae U, — aMILTHTY/1a HalPsDKEHHA HCTOYHAKA THTAHHA;

0. — YroJ OTKPBITHA KOMMYTAIIHOHHOT'O ariiapaTa.

B mudpoBRIX peryaaropax yIpaBiiiomiee BO3AeHCTBHE MPEACTaBIAET COOO0H
MIOCTIEIOBATEIbHOCTh HMITYJIBCOB HIIH CTYTIEHIATyIO ()YHKITHIO.

Cmamudeckas omuoxa u 6sicmpooeticimaue cucimemsl pecyipoeaHis.

CHucreMa aBTOMATHYECKOTO PETyIHPOBAaHHA MOXET HMETh acTaTHYECKYIO
(He3aBHCHMYIO OT Harpy3KH) HIH CTaTHYECKYIO (3aBHCHMYIO OT Harpy3KH) Xapak-
TEPHCTHKH peryIHpoBaHHA. [I[pHMep TaKHX XapaKTEPHUCTHK IOKa3aH Ha puC. 1.3.

Cratu3M (S) CHCTEMBI pPEryJIHPOBAHHA HaNpPDHKEHHA, ONpeaeieTcsa Kak

au
Ss=- FTE OH XapakKTEpH3yeT TOYHOCTh IIOAACPIKAHHA  HAIIP/DOKECHHA B

YCTAaHOBHUBIIEMCA PEXKHME IIPH H3MEHEHHH TOKa Harpys3kd. i acTaTHYECKOH
cucTeMBI 5= (.

OOBIYHO CHCTEMa HacTpaHBaeTCA Ha HEOOIBIIOH MOIOKHTETFHBIH CTaTH3M,
9TOOBI O0ECHEUHTh YCTOHYHBYIO pabOTy CHCTEMBI TPH PA3IHYHBIX BHEIIHHX

BO3/ICHCTBHIX.
£

\_Kl
2

I

Puc. 1.3. BHemHHe XapaKTEpHCTHKH CHCTEMBI PEry/IHPOBAaHHA HAIIPKECHHA:
l-acTaTaTHYecKO€ pEryIHpPOBAaHHE, 2-DETYIHPOBAaHHE C  IOJOKHTEIHHBIM
CTaTH3MOM

Jna cHHKEHHA CTaTH3Ma CHCTEMBI DEryJIHPOBaHHA HANPKEHHA H
HOBBINEHHA €€ OBICTPOACHCTBHA KO>((HIHEHT YCHIEHHA pEryaiaropa
JKETaTeNbHO yBEIHYHBAaTh. PacCMOTPHM IPOCTEHINYI0 CXEMy PpEryJIHpOBaHHA,
COCTOAIIYI0 H3 TE€HEpaTopa H IPOIOPIHOHATIBHOTO PEryiIiATopa HANPSKEHHA

(Wpu(p)), puc. 1.4.

Ha BpIXOJHOE HaIpAKEHHE ACHCTBYeT BO3MYyIIeHHe F ¢ mepenaTodHoH
bynxueit Wey(p), 00braH0

!
Wey(p) = F:::;_p'
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‘/Vpu(l’)

Uz Kr é U
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Puc.1.4. CTpykTypHas cxeMa peryJIHpOBaHHA HaIPAKECHHA

B kagectBe F MoxxHO paccMaTpHBaTh H3MCHCHHE YaCTOTBI BpaAIICHHA
réHeparopa, H, HIH, TOK €ro0 Harpy3KH.

VpomeHHas mepegaTtouHaid (yHKIMA TeHepaTopa HMeET BHJ
arepHOIHYECKOr0 3BEHa:
k
W.(p) = —= rae k. — xoaddunueHT ycunenus revepartopa; T, —

T.p+1’
MOCTOSIHHAsI BpeMeHU reHepaTopa.

ITepenatounas GpyHKIHA IponopuHoHanbHoro PH: W, (p) = ko,

K -KO3QQHITHEHT yCHIIEHHS PETYIATOPA.

U, - 3aJaHHOE HaNpsUKEHHE IeHepaTopa («ycTaBKa» PEryaTopa).
ITepenarounas GyHKIHsA pa30MKHYTOH cHCTeMbI W, (p):

Kouk
Wp(p) = an(p) 2 VVr(p) = ﬁ
Torza B COOTBETCTBHH CO CTPYKTYPHOH CXEMOH MOKHO 3aIlHCaTh:
W (p) Wruy (P)
U=U,—2—-F ; 152
3 1+W,(p) 1+W,(p) (1.2)

IlepBoe cnaraemoe ompezenieT 3aJaHHOE 3HAYCHHE HANPKEHHA TeHepaTopa, a
BTOpOE BENHIHHY OMIHOKH (AU), 00yCcI0BIEHHOH NeHCTBHAMH BO3MYIIEHHH:

— _ Wru(@)
AU = F1+Wp(p)' (1.3)

VcTaHOBHBIIAACA OIMHOKA OT BO3MYIIEHHH ONMpeaersieTcs A t— oo, uau p — 0,
TOrjIa

— W0 o Kpy
AUt = —F 1+W,(0) 2 L+Kpuky © (14)

I3 TpHBEIEHHOTO BBIPAKEHHA CIEAyeT, YTO CTaTHYecKad OmHOKa OT
BO3MyMIalOMHX (hakTopoB OyaeT TeM MeHbIme, deM Ooibire K03 HIHEHT
YCHJIEHHS PETYIATOPa K.

Ecin B KadecTBE BO3MYIIEHHA B3ATh H3MEHEHHE TOKa Harpy3ku (A)I
reHepaTopa, TO CTaTH3M CHCTEMBI PEryTHPOBAHHA (S) OIPEJETHTHCA CIIETYONTHM

obpazoM:
AU kpy
e AT o RRUY 1.5
& Al 1+kpuk; (1.5)
T.6. CTaTH3M TaK e OyJeT yMeHbINaThCA C POCTOM KO3(hGhHIHEHTa YCHICHHA
PEryJIATOpa HampsHKEHHA.
JInsl OLEHKH BIHAHHA Ky, Ha OBICTPOAEHCTBHE CHCTEMBI PETyITHPOBAHHA

BOCIIONIb3YEMCS IIEPBBIM ClIaraeMbIM ypaBHeHHA (1.2)




kpuk
pukr
W (p) Trp+1 Kpuk 1 1
-— p — rp — pu_T ~ —
U=U, b —y, Tt —y, Ly U, (16)
b(P) —_— rP+Kpuke 1+ 4] 1+T'p
Trp+1 kepukr

1

Tak kak kp,k. > 1,T0k ~ 0. Beipaxenue (1.6) mpeacraBiier coOoH
pufr

T,

‘k . Ecltn mojjate Ha BXOJ

puftr

AII€PHOJHYECKOE 3B€HO C TIOCTOAHHOH BPEMEHH W = X

arllepHOJHYECKOr0 3B€HAa €IHHHYHYI0 (YHKIHIO, TO CHTHAI Ha BbIXoxe Oyzaer
HapOCTaTh C MOCTOAHHOH BpeMeHH T’ 3BeHa. UeM GoJIbllle YCHICHHE PETYIATOPA,
TEM MeHbIlE SKBHBAJCHTHAA TMOCTOAHHaA T' © TeM ObicTpee Oyaer
0TpabaThIBaTHCA BXOIHOE BO3IEHCTBHE.

OnHako yBeIHYEHHE YCHIEHHA PEryjiTopa NPHBOJHT, KaK IPaBHIO, K
HapYIIEHHIO YCTOHYHBOCTH CHCTEMBI peryaHpoBaHHA. C HENbi0 yCTPaHEHHA 3TOTO
MIPOTHBOPEYHA B 3aKOH PEryTHPOBAHHA BBOMATCA CHIHATBI MPOIOPITHOHATBHBIE
IIPOHM3BOJHBEIM TOKAa TIeHepaTopa HIH Bo30yauTeni. KpoMme TOro, MOCKOIBKY
HCTOYHHK, TIHTAIOINHH DEryjIATOp HANpAKEHHA, HMEEeT OrpPaHHYSHHA II0
MOITHOCTH H BEIHYHHE HANPHDKEHHA, CHTHAT, KOTOPHIH BbtaeT IV Ha 0OMOTKY
BO30YX/IeHHA, OyIeT HMeTh OTpaHHYEHHA IO HampsukeHHI0. [103ToMy pealtbHas
CX€Ma pEeryJHpPOBAaHHA BKIIOYAeT HeMHHEHHOCTh, pHC.1.5. Bce 3TH (akTops!
YCIOKHAIOT IPOLIECC PETYTHPOBAHHA HAIIPAKESHHA.

Kak cmemyer m3 BeipakeHHA (1.3) ommOKa perylIHpPOBaHHA 3aBHCHT He
TONBKO OT 3HAMEHATelsd, HO H OT uHciaHTend. Bemwuwmny FWe,(p) H3MeHHTH
HEBO3MOXKHO — OHA OIpEJeNiAeTcd XapaKTepHCTHKAMH TIeHepaTopa, HO €eCIH
9HCIHTENb NpeAcTaBHTh B BHAE: FWry (p) & FWepy(p). TO €ro BeIHYHHA MOKET
MEHATHCA B HEOOXOJHMBIX IIpefeiax 3a C4eT BTOPOro CllaraeMoro. 37ech
FWepy(p) - KoMIEHCHpYIOIIHH Bo3MyIleHHe cHTHAN, Wppy(p) - mepenaTodHas
GyHKIHA 1[0 BO3MYIICHHIO /I KOMIICHCHpDYIOIIEro CHrHama. Cxema
(opMHPOBaHKs KOMIIEHCAIHOHHOTO CHTHAIA [I0Ka3aHa Ha PHC. 1.5 IyHKTHPOM.

FE) 4
I Wpu(P)
Kr

Puc. 1.5. CrpykTypHad cxXeMa PpEryJIHpPOBaHHA HANPHDKEHHA C YyYETOM
orpanuueHuH 1Y

Ha pucynke Ky — 3neMeHT, mpeoOpa3yromHH CHTHAT BO3MYINEHHA IIO
BEIHYHHE H, IPH HEOOXOAHMOCTH, M0 (opMe (CHTHAI TOKa mpeodpa3yercs B
NIPONOPITHOHANBHEIH €My CHIHAl HalnpsKeHHA, 4YTo0bl obecreudTs paboTy
CPaBHHBAOIIETO YCTPOHCTBA).
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Takolf cmoco6 peryITHpOBaHHA HAa3bIBAIOT KOMIICHCAITHOHHBIM, HIH
PEryITHpPOBaHHEM TI0 BO3MYIIEHHIO. B COOTBETCTBHH ¢ BhIpakeHHeM (1.5) craTH3M

CHCTEMBI C KOMIICHCAITHOHHBIM PETYIIHPOBAaHHEM
— AU _ krutKppu (1.7)

Al 1+kpyky
rae kppy — pe3YIbTHpYIOIHH KO3(hGHIHEHT Iepefadd KOMIIEHCAIIHOHHOTO
curHana. Ecnu obecneunTs ycinoBHE Kpy — Kppy=0, TO perymarop obecrnedHBaeT
acTaTHYECKOE PEryIHpPOBaHHE. PerynaTopsl, HCIONB3YIOMIHE TOIBKO CHTHAMBI IO
BO3MYIINAIOMIEMY BO3ACHCTBHIO, HE 00JaJAaf0T BEICOKOH TOYHOCTBIO, IOATOMY JIA
PEryIHPOBAHHA HAIPKEHHA HCIIONB3YETCA PErYIHPOBaHHE IO OTKIIOHEHHIO (PHC.
1.4) wiH peryIaropbl KOMOHHHPOBAHHOT'O THITA, PHC. 1.5.

Bruanue wacmomel epaijerua u HAzpy3KU 2eHepamopd HA YCIMOUYUBOCNb
cucmemst  pecynupoearud. CHCTeMy PpETyJIHPOBAaHHA HANpMDKEHHA MOYKHO
NIPEACTABHTH B BHJE 3aMKHYTOH CHCTEMBI aBTOMATHUECKOTO PEryJIHPOBAHHA, PHC.
1.6,a). 3nece W.(p) nepenarounas GyHkims reseparopa, W, (p) — nepenarounas
GyHKIHA peryniaropa HaupskeHHA, U, — HaImpsKeHHe TreHeparopa, I, — TOk
BO30yKJeHHA. Peryidarop H3MepseT Haps/KeHHE IeHepaTopa H YIPaBILIET €ro
TOKOM BO30Y KICHHA.

Ilepematounas ¢ynknua PH, B oTiHuHe OT reHepaTropa, HE 3aBHCHT OT
9acTOTHI BpameHHsi. Ha puc.16,6) moka3aHBI IBe Harpy304HbIE XapaKTE€PHCTHKH
reHepaTopa, [IOCTPOSHHBIE /1A ABYX Y9acTOT BpameHua nl 1 n2, npudeM n2>nl.

Wr(p) ’

WpH(p) |'— : #

Is
a) 6)
Puc.1.6. CTpykTypHas cxeMa peryJIHpOBaHHA HAlIPDHKEHHA (@), Harpy304Hast
XapaKTepHCTHKa reHepartopa (0).

W3 XapaKkTepHCTHKH Te€HepaTopa CJIeAyeT, YTO IepefaTovHas (yHKIHA

reHepaTopa paBHa tan a:
au,

dl,

U3 puc. 16,6) BUAHO, YTO C POCTOM YaCTOTHI BpAIlleHHA T'eHepaTopa pacTeT
ero ko3dduimeHnT nepegadd. 113 TEOPHH aBTOMATHYECKOTO pPETryIHPOBAHHA
H3BECTHO, YTO B 3aMKHYTOH CHCTEME C POCTOM KO3(QHIIHEHTOB yCHICHHA €€
NIEPEAATOYHBIX 3BEHBEB YCTOHYHBOCTh CHCTEMBI CHIDKAeTCA. TakHM o0pa3oM,
MIOBHIINIEHHE YAacTOTBhI BPAIIeHHA I'€HEpaTopa yXYAINaeT YCTOHYHBOCTH CHCTEMEI
PEryJIHpPOBAHHA HANIPSKCHHA.

IIpp OGompmMx Harpy3kax TIeHepaTopa pacTeT TOK BO30YXKIEHHA H
MIPOHCXOJHUT HACBIIIEHHE €r0 MAarHHTHOH IeNMH. 3TO, B CBOIO OYepe[lb, CHHIKAET

=tana.
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ko3hduuueHT YycHiaeHHA reHeparopa (a3, puc.l.6, 06) H yBeTHYHBAET
YCTOHYHBOCTH CHCTEMBI PETYTHPOBaHHA. TakuM 00pa3oM, HAHXYAITHM DPEKHMOM
paboThl CHCTEMBI PErYIHPOBAHHA HANPSUKEHHA C IO3HITHH 3allaca yCTOHYHBOCTH,
ABTAETCA paboTa reHepaTopa ¢ MaKCHMAIbHOH 9aCTOTOH BPAIlEHHA H HArpys3KoH
OJIH3KOH K XOIOCTOMY XOAY.

B cOBpeMEHHBIX CHCTEMAX IEPEMEHHOH JaCcTOTHI C POCTOM YacTOThI PacTeT
He Tompko DJIC reHepaTropa, HO H €ro BHYTPEHHHE COIPOTHBICHHA, a,
ClIeOBaTeNbHO, IIapaMeTpPhl KadecTBa  3JEKTPOIHEPTHH, 3aJaHHBIE Ha
HOMHHaIBHOH dacToTe 40001, OKa3hIBAaOTCA 3HAYHTEIBHO XY/IIIHMH IIPH paboTe
Ha BBICOKOH dacToTe. K TakuM mapameTpaM KadecTBa, KPHTHYHBIM K 9acTOTe,
ABIIAIOTCA:

- IEPEXOHbIE OTKJIOHEHH HANPSDKEHHA IPH KOMMYTAITHAX HarPy3KH H IPH
cpabaThIBaHHH ceTeBOH 3amuThl IpH K3 3a aBTOMaTamMH 3amHTHL. [lepexoHbie
OTKJIOHEHHs YBEIHYHBAIOTCA HE TOJNBKO BeieAcTBHe pocta DJIC reHepatopa H
BHYTPEHHETO0  COIPOTHBICHHA TeHeparopa, HO H  BCIEACTBHE pPOCTa
MaKCHMAIbHOTO TOKAa BO30YXIeHHA BO30yJHTENd H3-3a POCTa HANPMKEHHA Ha
noaBo30yguTeNe  IeHepaTopa, IIOCKOJABKY  TOT  IPEICTaBIAET  COOOH
MarHHTOXIIEKTPHIECKHE TeHepaTop;

- HebamaHC HaOpsKEHHA B CHCTEME, ABLIIOIHHCA  CIEACTBHEM
HECHMMETPHH Harpy3oK mo ¢a3aM — BeIHYHHa HebalaHCa IIPONOPIHOHAIBHA
POCTY 9acTOTHI HAIIPXKEHHA T'eHepaTopa;

JInA yMEHBINIEHHA BEIHYHHBI IEPEXOJHBIX OTKIOHEHHH B HOPMAIBHBIX
pexuMax paboTel TpeOyeTcs BBEACHHE B PEryLATOP HANPSDKEHHA peBepca
HanpsoKeHHAd Ha OOMOTKe BO30YyXIeHHA Bo30OyauTeni. Hammune peBepca
HanpsDKEHHA Ha OOMOTKe BO30YKAEGHHA olOecneunBaeT OBICTPHIH CITaJ TOKa
BO30Y)KJEHHsA IpPH IEPEXOJHBIX IIpoIleccaX, CBA3AHHBIX C OTKIFOYCHHAMH
Harpy3ok. Bpems mepexoJHOro Imporecca IpH 3TOM COKPAllaeTcs B HECKOIBKO
pas.

JIA yMEHBIIEHHA MEePEXOAHBIX OTKIOHEHHH B HEHOPMAIBHBIX PEXHMaxX
paboter COC BBe#eHHA TOIBKO peBepca HEIOCTATOYHO, IIOCKOIBKY pPOCT
HaIpsDKEHHA NOABO30YAHTENIA Ha BBICOKHX YacTOTaX BPAIEHHA NPHBOAHT K
PE3KOMY YBEITHIEHHIO MAKCHMAIFHOTO TOKA BBIXO/Ia PETYILATOPA H, KaK CIEACTBHE
3TOTO, K 3HAYHTEIBHOMY YBEIHUEHHIO HANpPHKEHHA Ha TEeHepaTope IpPH JIHK-
BHIAIIHH KOPOTKHX 3ambIKaHHH. [IosToMy, Ha PH BoO3maraercs Tak ke 3ajaada
orpaHH4eHHA TokoB K3 Ha MHHHMATbHO JOIyCTHMOM YpPOBHE, HalpHMep, Ha
ypoBHe 3-X KpaTHoro Toka K3 HIH [Apyrod BeIHYHHBI, AOCTAaTOYHOH 1A
obecrieueHns celneKTHBHOH pabOTHI CETEBOH 3aIHTHL

2. 3axaHHe K padoTe
1. VI3y9HTh TEOPHIO MPOIECCOB PErYIHPOBAHHA HAPSHKEHHA T€HEPAaTOPOB.
2. 3yuanth MojiemHpoBaHue B MatLab cHCTeMBI pery THpOBaHHA HaIPADKEHHA.
3. IIpoBecTH HeclenoBaHHA HenpepblBHOr0 PH H CHATH OCIHIOPaMMBI.
4. OnpeAenuTh CTATHYECKYIO OITHOKY AJIA pPa3IHIHBIX PEXKHMOB.
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5. OLeHHTh BIHAHHE YacTOTHl BpAIlEHHA Ha 3alac YCTOHYHBOCTH CHCTEMBI
PEryITHPOBAHHA HAIIPSKEHHA.

3. Onucannae MOJe/IH

Cxema MOJIelIH peryiiaropa InpHBeAeHa Ha pHc.1.7. MoenHpoBaHHe BEAETCA
B cpene Simulink, sBiArometicsa gonoaHeHHeM maketa MatLab.

Mogenp puc.l.7 BKIOYAaeT B CBOH COCTaB: ABYXKAacKaJHBIH I'€HEpaTop
(reHepatop, BO30YAHTEND), 3aJaTIHK YIIIOBOH CKOPOCTH reHeparopa (®), MOIYyiIh
OTpaHHYEHHA HAIPHDKEHHA Ha OOMOTKE IOABO30yaHTENA (Saturation), 37€MEHTHI
PH (Gainl, Gain , ycTaBKa peryaaropa, derivative (quddepeHIHaTop), CyMMaTop),
Harpy3ky reseparopa (Signal Builder), ocriutorpad (Scope).

T'eHepaTop H BO30YAHTEIP MOJESIHPYIOTCA ANEPHOAHMYECKHMH 3BEHBAMH C
TIOCTOSIHHBIMH BPeMeHH, cooTBeTcTBeHHO, 0.02¢ 1 0.005¢. C menpro obecreueHHs
YCTOHYHBOCTH pemeHHA AH(depeHIHaTbHbIX YpaBHEHHH MOJETH,  BBOJHTCA
3aMeUIeHHbIH Macmra®d BpemeHH 10:1, [Id 4ero Bce IIOCTOAHHBIE BPEMEHH
yBenuueHsl B 10 pas.

W
Continuous
p:rcy;an:?p " powergui
Bosbyagurans leHepaTop
H JF Uoes x » 4 » 6 v Ur
0.05s+1 02s+1 -/
Product e——— 3 r ¥
Saluration o
Scope
ignal 1p
ignal 2|—
Signal Builder

Puc. 1. 7. Mojens HENPepIBHOIO PEryIATOpA.

YacToTa BpalleHHA IeHepaTopa  3aJaeTcA KOHCTAHTOH B OTHOCHTEIBHBIX
€IHHHIIAX, €IHHHAIIE COOTBETCTBYET HOMHHAIbHAA YTJI0BasA CKOPOCTb.

PH mnpeacraBiier co0oH NpONOpIHOHATRHO-TH((EpeHIHpYIomee 3BEHO.
Mopyne Gainl 3amaer ko3 GHIHEHT ycHIeHHA perymaropa, a Gain - ryOHHY
0OpaTHOH CBA3H IO TIEPBOH IIPOH3BOJHOH TOKa BO30YKICHHA (HAIIPIKEHHA)
BO30yauTEIA. YCTaBKa peryjropa yCTaHOBIeHa Ha HamnpsokeHue 118B. Harpyska
reHeparopa ympapmierca OmoxkoMm Signal Builder: Bo3OykaeHHe reHepaTopa
MIPOBOJHUTCA B PEKHME XOJIOCTOrO XO0Ja, Harpy3ka BKIouaercsa Ha 0,6 cekyHOe H
OTK/IrOYaeTcs Ha 1,2 cekyHze. Bpemsa MoJieTupoBaHHA 2 CEKyH/IbL.

Jna GopMHpPOBAaHHA ONTHMAIBHOTO PErYIHPOBAHHA BBOAMUTCA IPOH3BOIHAA
[0 BBIXOJHOMY CHTHamy (Ha pHCyHKe 1.7 OHa He IIOKa3aHa), 9TO OOECIEeYHBAET
MHHHMAJIBHOE BPeMA IEePEXOAHBIX mporeccoB. Cleayer ckas3aTbh, YTO B PeaIbHOH
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cHcTeMe cOpMHPOBATH IMPOH3BOJHYIO MO BBHIXOJHOMY HANPAKEHHIO T'€HepaTopa
3aTPyJHHTENBHO, TaK KaK B CHCTEME IOCTOSHHO NPHCYTCTBYET KOMMYTAITHA
Harpy3okK.

Curnan U, npeacTaBisieT coO00H, yMHOKEHHYIO Ha KO3 (HIHEHT yCHISHHA
peryisropa, anredpaHdecKyro CyMMY CHTHAJIOB YCTaBKH, HaIPSKEHHA eHepaTopa
U, u npousBogHo#H. IToCKOTBKY MOIDHOCTh BBIXOJHOrO Kackaga PH Bcerma
OTrpaHHYEHA, TO HANpsUKEHHE Ha 00MOTKe BO30y KaeHHA Bo30yautei (OBB) Taioke
orpaHH4yeHo. HampskeHne Ha oOMoTke Bo30yxaeHHA Bo3OyauTena (Ugg)
OTPAHHYEHO B Ipejenax:

__(30B, ecnun Upy > 30B

Usa = [ 0B, ecm Upy < OB °

B perymarope PHTI115 (6mox BP3V115) KOHCTPYKTHBHO oOecredeHa
BO3MOJKHOCTh PEBEPCHPOBAHHA IIOJLIDHOCTH BBIXOJHOrO cHrHama PH, drto
MIOBBIMNAET OBICTPOACHCTBHE H yMEHBINAET IepeperyIHupoBaHHe. HampsxeHHe Ha
OBB B 3TOM CciTy4ae

30B, ecau Upy > 30B
Ugs = UPH .
—30B, ecu Upy < —30B

JI114 Toro 9To0BI H3MEHHTH NTapaMETPHI TF000ro 610Ka HEOOXOAHMO JABAXK/IBI
Ha)xaTh Ha Hero J1eBoH kHomkoH MpmmH (JIKM), B OTKpHIBIIEMCS OKHE C/ENaTh
He0OXOTHMbIE H3MEHEHHA H 3alIOMHHTH HX KHONKaMH Apply umn OK.

BepxHee H HIDKHEe 3HAYCHHsA OrpaHHYeHHH Ha oOMoTke OBB 3amaroTcsa B

610ke Saturation, COOTBETCTBEHHO, B cTpokax Upper limit u lower limit, puc. 1.8.
E] Function Block Pararneters: Saturation X

[Samrallon

Limit input signal to the upper and lower saturation values.

Main I Signal Attributes |
Upper limit:

[@
Lower limit:
[

¥ Treat as gain when linearizing
¥ Enable zero-crossing detaction
Sample time (-1 for inherited):
|1

7 ] OK ] Cnncell Help | Apply |

Puc. 1.8. OxHo G10oka Saturation

CraTHyeckas ommHOKa PeryIHPOBaHHA ONPEAEIACTCA KaK pa3HHALIA MEXTY
YCTaBKOH pPErynaTopa H yCTAHOBHBIIMMCA 3HAUEHHEM HaIPsKEHHA TeHepaTopa,
OIpee/IeTCA IO OCIHLIOTPAMMAaM.

Ha puc. 1.9 npuBeneHbI OCIIHIIIONPAMMEI ITepexoaHbIX IponeccoB Ur, UoBs,
UpH IpH HOMHHAJIBHOH YacTOTE BpAIlEHHA TI'€HEpaTopa, BKIIOUYEHHOM CHIHAlle
rHOKOH 0OpaTHOH CBA3H H OrPAaHHYCHHAX HANPSIKEHHA Ha OOMOTKe BO30Y/KIACHHA
Bo30yauTeni 0+30B.




Puc. 1.9. OcuumnorpamMmel nepexoansix mnporeccoB Ur, Uoss, UpH IpH
OTpaHHYEHISX HANPUKEHUA Ha 00MOTKe B030y:kaeHHA Bo30yauTent 0-30B.

4. Tlopsinok npoBeqeHAs pA0OTHI

BpeMsa MopaenmHpoBaHHA A7 BCEX ONBITOB IOCTOSHHO H paBHO 2c. J{ma
paboTsl HeoOXoauMo 3amycTHTh MatLab, HakaB Ha COOTBETCTBYIONTYIO HKOHY Ha
PaGouem crome. ITocme 3amycka MatlLab depe3 kHomkm File/Open HaiiTH ®
3aImyCcTHTH (aitn Mogem RU_A.mdl.

4.1. IlepexooHrvle npoyeccs! npu OMCymcmeuu cucHaia 2ubkoli obpammoii
cea3u. YcTaHOBHTE: orpaHH4YeHHA UoB=0-+30B, ®w=1, xK03b(QHIHEHT yCHICHHA
perymaropa 6, koddduumenT nepegaun mpou3BogHoH 0.  3amycTHTh
MOJenHpoBaHHE H CHATh ocuwuiorpaMmel Ur, UoB, UpnH. OmnpenenHts
CTATHYECKYIO OIMHOKY A711 MOMEHTOB BpeMeHH 1,2¢, 2,0c.

4.2. IlepexooHvie npoyeccsl Npu HAIUYUU CUSHANA 2UOKOIl 00pAINHOILL ceA3u.
VcranoButh: orpanmdeHHa UoBB=0-+30B, =1, ko3ddHIHEHT yCHICHHA
perymaropa 6, ko3ddummeHT mnepemaun mpomsBogHOH 0.00207. 3amycTHTH
MOJeTHpPOBaHHE H CHATh ocumwiiorpaMmbel Ur, UoB, UpxH. OmnpenemHts
CTATHYECKYHO OINHOKY /11 MOMEHTOB BpeMeHH 1,2¢, 2,0c.

4.3. IlepexoOnsie npoyeccsvl NpU HATUYUU CUSHANA 2UOKOL 0OpamHoil ceasu u
noebvlUleHHOl Yacmome epaujerus. Y cTaHoBHTh: orpanndeHusa UoBs=0-+30B, w=2,
Ko3(dHIIHEHT ycHIeHHA perymaropa 6, ko3(GHIHEHT mnepeaadH NpPOH3BOJIHOH
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0.00207. 3amycTHTh MOAETHpPOBAaHHE H CHATH ocuutorpaMMel Ur, Uoss, UpH.
O11eHATh H3MEHEHHE 3araca yCTOHYHBOCTH CHCTEMBI PETYIHPOBAHHA.

4.4. Onpedenerue cmamudeckoti OuUOKU Pecyaupo8anHus Npu NOGbIUIEHHOL
yacmome epaujerus ceHepamopa. Y cTaHoBHTh: orpanudeHuA UoBs=0-+30B, ©=2,
KO3 HITHEAT YCHIeHHA peryiraropa 6, K03 (HIHEeHT mepegads MpOoH3BOAHOH 0.
3amyCcTHTh MOJETHPOBAHHE H CHATh ocuwuiorpaMMy UTr H  OHpPEJETIHTh
CTAaTHYECKYIO OIIHOKY /I MOMEHTOB BpeMeHH 1,2¢, 2.0c.

IToBTOpPHTH ONBIT AIA KO3((dHIHEHTa YCHIEHHA peryaaropa 3 H JABYX
3HAYCHWAX w: w = 2,w = 1. Ilo pe3ynpTatam 1. 4.1, 4.2, 4.4 caenaTh 3aKII0YCHHE
O BIHAHHH HA CTaTHYECKyl0 OMMHOKY 4YacTOThl BpamIeHHA TI'eHepaTopa,
Ko3(dHIHeHTa YCHICHHA PErylIaTopa, HATHUHA HIH OTCYTCTBHA CHTHala THOKOH
00paTHOH CBA3H.

4.5. ITepexooHvie npoyeccs! Npu HAIUYUU CUSHANA 2UOKOL 06pamHoll cesasu u
Hamquu peeepca PH. YcrtanoBHTh: orpaHudeHHA UoBs=—30-+30B, o=1,
KO3 (HIHEAT yCHIEHHA peryisaropa 6, Ko3((dHIHEHT mepemadyd IIPOH3BOJHOMH
0.00207. 3amycTHThP MOJEIHpPOBAaHHE H CHATH ocipuuiorpamMel Ur, Uoss, UpH.
Crenartp 3aK/II0UYEHHE O Ka4eCTBE IEPEXOAHOTO0 Ipoliecca.

4.6. IlepexooHvie npoyeccs! npu HATUYUU CUSHANA 2UOKOll 0OpamHoil ceasu
no HanpaxceHuio 2exepamopa. OTKIOYHTH BXoJ AuddepeHHHaTopa OT
HaNpsDKEHHA BO30YAUTEIA H MIOJKIIOYHTH €r0 Ha HalPsDUKEHHE FeHepaTopa.

VcranoButs: orpanudeHHs UoBB=0-+30B, ®=1, xo3dGdHIIHEHT yCHICHHA
perymaropa 6, koaddumueHT nepemaun mpom3BogHoi —0.018. 3amycTHTH
MOAENHpOBaHHE H CHATh ocuwuiorpaMMmel Ur, Uoss, UpH. Onpenenuts
CTaTHYECKYI0 OIMHOKY J1A MOMEHTOB BpeMeHH 1,2c, 2,0c. JlaTh 3aKIOYeHHE O
KauecTBe EePEXO/IHBIX IIPOIIECCOB.

5. Cogep:kaHHe 0TYeTa

1. Ilenp paboTHI, KpaTKHE TeOopeTHYeCKHe cBeAeHHA. CxeMa MOJeIHPOBAHHA
HENPEPBIBHOTO PETYIATOPA HAIPSKEHHA.

2. Ocnumiorpammel HanpsokeHHH Ur, Uoss, UpH A onbeiToB 4.1+ 4.3, 4.5, 4.6.
3HaueHHA BEIHYHHBI CTATHYECKOH OIMMOKH 11 ombiToB 4.1, 42, 44, 46 u
3aK/TFOYEHHE O BIHAHHH Ha CTATHYECKYIO OMIHOKY YacTOTHI BpallleHHA reHeparopa,
K03 pHUIIHEATa YCHIIEHHA PEryaaTopa, HaTHYHA HIH OTCYTCTBHA CHTHajla THOKOH
00paTHOH CBA3H.

3. 3axmodeHne 0 BIHAHAH OC Ha Ka4eCcTBO MIEPEXO0IHBIX IIPOIIECCOB.

4. 3axIr049eHHE O BIHAHHH YaCTOTHI BpPAIICHHs Ha 3alac YCTOHMYHBOCTH CHCTEMBI
PEryIHPOBAHHA HANIPSKEHHA.

5 OTBETHI Ha KOHTPOJIBHEIE BOIIPOCHL.

KonmponsHvie eonpocsi.

1. OT xakux (aKTOPOB 3aBHCHT CTaTHUECKasA OMIHOKA PEryITHPOBAHHA?
2. Yto Takoe ycTaBKa peryiropa?

3. Kak K1acCHQHIHPYIOTCA PeryIATOPEl HAIPAKSHHA?

4. O0pACHHTE MeTO] (Pa30HMITYIECHOTO PErYTHPOBAHHA.
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5. Kako# pexuM pabOTBI TreHepaTopa OOecIeYHBaeT HAHOOJBINHE 3amac
YCTOHYHBOCTH CHCTEMBI PETYIHPOBAHHA HATIPSIKEHHA?

6. Uto Takoe peepc B PH 1 B 9eM €ro J0CTOHHCTBA?

7. Kaxk 3aBHCHT YCTOHYHBOCTP CHCTEMBI PEryJIHPOBAaHHA HANPDKEHHA OT
NIOCTOSTHHBIX BPEMEHH BO30yIHTeILA, FeHepaTopa?

JIABOPATOPHAS PABOTA Ne 2

M3VYYEHUE 1 NCCJIENOBAHNE CXEM PETVJIITOPOB HATIPSDKEHIIA
ABUWAITVIOHHBIX TTEHEPATOPOB. MMITVJIbCHBIE PET VJIATOPBI

IIeab padoThI
1. VI3yueHHe CTPYKTYPHBIX H MPHHITHITHATHHEIX CXEM aBHAIIHOHHBIX PETYJIATOPOB
HaINpsDKEHHA.
2. VccrenoBaHHe PeKHMOB PabOTHI HMITYJIBCHBIX PETYIATOPOB HANIPSDKEHHA.
3. VI3y4eHHEe MOJIETTHPOBAHHA PEryIATOPOB B cpede Simulink makera MatLab.

1. CxeMbI ABHAHOHHBIX PEry/JISTOPOB HANPSLKeHHS

Yeononvie pezcyviamopor HanpsasxcerusA. JIUTENbHOE BpPeMsA B aBHALHH
NpHMEeHATHCh  yronpHele PH. OHH  HMEOT  OTHOCHTEIBHO  IIPOCTYIO
37EKTPOMEXAHHYECKYH0 KOHCTPYKIIHIO, OCHOBHBIMH 3JIEMEHTaMH KOTOPOH
ABJIAIOTCA: YTONBHBIH CTONO, TMpPYXHHA H 3IEKTPOMArHuT. [IpHHIHI JeHCTBHA
yrompHoro PH 3akmrodaeTca B H3MEHEHHH COIPOTHBIEHHA YTOJIBHOIO CTON0A,
BKIIFOUEHHOT0 ITOCTIEA0BATEIbHO C 0OMOTKOH BO30YKIeHHA, pHC. 2.1, a).

\:F:I upy

/

| (|

Wy

Puc. 2.1. VronpHbIH peryiaarop (a) H 3aBHCHMOCTh COIPOTHBIIEHHA CTOII0A
(6) ot naBmenus (F).
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Perymnarop COCTOHT H3 CIEAYIONIHX 3JIEMEHTOB: 1 — PeryIHpPOBOYHBIH BHHT;
2 — YrOmbHBIH CTONO: 3 — AKOpPh 3IEKTPOMArHuTa; 4 — IpyXHHA, 5 —
3JIeKTPOMArHHT.

VYronbHbIH cTOI0 HaOHpaeTcsAs H3 HECKONBKHX JECATKOB TOHKHX YTOJBHBIX
mai® H ckxaT npyx)uHOH. CONPOTHBIEHHE CTOI0A ClIaraeTcsa H3 CONMPOTHBICHHA
caMHX Imai0, KOTOpOoe OYeHb Malo, H IIEPEXOJHBIX COIPOTHBICHHH MEXITY
Imai0aMH, KOTOPEIE 3aBHCAT OT ILIOINAIH HX COIIPHKOCHOBEHHA.

IIpu coxatHu cronba, B Ipefenax YOpyrHx jAedopMarmi, IUIOMagb
COIIPHKOCHOBEHH IMaHO BO3pacTaeT, a COIMPOTHBIEHHE CTOI0a MajaeT, pHc. 2.1,
0). KpaTHOCTP H3MEHEHHA CONPOTHBICHHH CTON0A (Tyaxe/ Dam=100) MOKET
JIOCTHTaTh OY€Hb OOIBIIHX 3HAYCHHH.

IIpyXHHA CKMMAET YTONBHBIH CTONO, a 3IEKTPOMArHHT, IPHTATHBAA IKOPb
3. ocmabmAer CHIy AaBleHHA Ha cTon0. CHioa CKaTHA YrojdbHOro croida
o0yclIOBI€HA B3aHMOJCHCTBHEM TpPEX CHJI: CHJIBl CKAaTHA NPYXHHBI F,, CHIBI
JMeKkTpoMarHuTa F, ® cmisl F. - peakiuu yrompHOro croimda. Cxema
COPOEKTHPOBAaHA TaK, YTO IIPH HOMHHAIHHOM HAIIPAKEHHH TeHepaTopa CHIIA TATH
3NMeKTpoMarHuTa F, ypaBHOBeIMHBaeTCA cyMMoH Mmexanuueckux cHil (F,= F.-F.).
HacTtpoiika Takoro COCTOSAHHA 00eCIIeYHBAaeTCA PEryIHPOBOYHBIM BHHTOM (1) H
YCTaHOBKOH 3a30pa MeXIy JIEKTPOMAarHHTOM H AKOPEM C IIOMOIIBI0 PEryTHPOBKH
TIOJIOXKEHHA CEPJIETHHKA 3TIeKTPOMAarHHuTa.

PerymupoBaHHe HaNpsKEHHA YTOIBHBIM DPErYIATOPOM OCYIIECTBIAETCA
crexyronuM o6pa3oM. IIpH OTCYTCTBHH HAaNPsDKEHHA TeHepaTopa YT OJIbHEIH CTOI0
CKaT MpPYKHHOH (CXKaTHE YPAaBHOBEIIHBAeTCA TOIBKO peakiHeH cronba) H
COIIPOTHBIIEHHE €r0 MHHHMAIbHO. ClIeIoBaTeNbHO, TeHepaTop BO30YKJaeTcsa MpH
MHHHMAJIbHOM COIIPDOTHBIEHHH IemH Bo30yxaeHHA. I[lo Mepe yBeIHYEHHA
HaIpsDKSHHA TeHepaTopa YBEIHYHBAeTCA TOK B 0OMOTKe 3nekTpoMarHuTta (L,).
DNeKTpOMarHHTHAsA CHIa TakKkKe BO3pacTaeT H, OKa3pBajich Oolpmie
NIPOTHBOAEHCTBYIOIEH MEXaHHIECKOH CHIIBI, BBI3BIBAET II€PEMEIIECHHE AKOPA B
HaIpaBJICHHH K CEPASYHHKY AIEKTPOMArHHTAa. DIIEKTPOMArHHTHAA CHIAa TIPH 3TOM
eme Oonblne yBenHIHBaeTca. [[aBlIeHHe AKOPs HA YTOIBHBIH CTONO yMEHbIIAeTCA,
CONPOTHBIEHHE €ro pacTeT, TOK BO30YXKIEHHA CHHIKACTCA H HalpsKeHHEe
CTPEMHTCA K 3aJaHHOMY 3HAUY€HHIO, KOTOPO€ COOTBETCTBYET PABHOBECHIO CHIL,
JEeHCTBYIOINUX Ha sAKOpb. MexaHudeckasa cuia F, IIpH IepeMEemIeHHH AKOpA K
CEpACYHHKY TAaKoKe YBEIHUHBACTCH, TaK KaK yBEeIHIHBAETCA YIpyTrad CHIA C)KaTHA
npykuHbl Fy, a CHJIa peaKiHH yrolbHoro croiabda F . ymeHbImaercs.

IlepeMenieHHe AKOPA 3aKOHYHTCA TOIJA, KOrJa YCTAaHOBHTCA DaBHOBECHE
CHJI, JeHCTBYIOIIHX Ha fAKOpb, T. €. F,= F,. DT0 NmpoH30HIET IIpH HOMHHAIBHOM
HaNpsDKEHHH TeHepaTopa.

Ecnmu, mo kakuM JHOO IPHYHHAM, HANpsSKEHHE TeHepaTopa BO3POCTIO
(HampuMep, OTKIIOYHIH HArpys3Ky), TO YBEIHYHTCA TOK 3JI€KTPOMarHHTa,
YBEIIHUHTCA cHla F, H AKOph HauHeTCs epeMenIaTbca BIIPaBO, YMEHbINAA 330D H
YBEIHYHBAsA MPOTHBOJACHCTBYIOIIYIO CHIy HpYXHHBL. I[IpH 3ToM ociadeBaeT
JIaBICHHE Ha YTOJBHBIH CTONIO, €ro CONPOTHBICHHE pAacTeT, TOK BO30OYXKAECHHA
MagaeT, H HalpsDKeHHe TeHepaTopa CHIDKAETCA, 9TO B CBOIO OYepedb YMEHBIIAET
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CHIy  3JeKTpoMarHHTa. IIpomecc 3aKOHYHTCA KOIZla BHOBb YCTAaHOBHTCA
paBHOBecHe cuil F.= F,,. IIpH BKIIOU€HHH Harpy3KH IpoLecchl OyIyT IpoTeKaTh B
00paTHOM TIOPAJKE.

C moMoIIbI0 BEIHOCHOTO CONPOTHBIEHHA R, MOHO B HeOOIBIIHX Ipe/ienax
MEHATh TOK 3JI€KTPOMAarHHTa, a, CIIEeJOBAaTelIbHO, IIOCTPAHBATH HAIPSKEHHE
reHeparopa. Ha  KaTymke  3JIeKTPOMarHuTa  OOBIMHO  Pa3MEMIAIOTCA
JIOTIONTHHTEIbHBIE 0OMOTKH, HAa KOTOPhIE ITOIal0T KOPPEKTHPYIOINHE CHIHAIEI, 9TO
no3BoieT  (popMHPOBaTH  MHOTOQYHKIIHOHAIBHBIH  CHTHAI  YIIPaBICHHA
Bo30y)XJeHHeM. Hampumep, BBOAHMTCA  ypaBHHTEIbHai OOMOTKA  JUIA
BBIPABHHBAHHA Harpy3KH I'€HEPaTOPOB IIPH MapaLIeIbHOH padoTe.

HepoctatkaMu yronpHeIX PH ABIAIOTCA HapylleHHE HX HAaCTPOHKH
BCIEACTBHE H3HOCAa IMAHO YrodbHOro cronba, H3MEHEHHE  TATOBOH
XapaKTepHCTHKH NIPYKHHBL. B 3TOM ciIydae yroiapHbIEe PEry/LITOPEI MOTYT IIEPEHTH
B HEYCTOHYHBBIH PEKHM PabOTHI — PEXKHM «XJIOMKOBY, KOTOPBIH MOXKET IIPHBECTH
K pa3pylIeHHIO YTONbHEIX Mmai0. Kpome TOro, oHH HMEIOT HEOAHO3HAYHOCTH
MEXAaHHYECKHX XapaKTepPHCTHK IIPH IIEPEMENEHHH AKOpA, O0O0YyCIOBICHHBIX
HAIHIHEM THCTEPE3HCa MPYXKHHBI H YTOIBHOIO CTONI0A, a TaKXKe H3MEHEHHEM CHII
NPYXKHHBI H 3JIEKTPOMArHHTa IIPH H3MEHEHHJAX TEMIIepaTyphl OKpYKaromeH
CpeJipl.

Ha yronpHOM CONPOTHBIEHHH MOJXKET pAacCeHBATbCcA [0 YETBEPTH OT
MAaKCHMAaTbHOH MOIMHOCTH II€NH BO30YXKACHHJA, YTO BBI3BIBACT 3HAYHTEIHHBIH
HarpeB PH. Vromeasli PH BHOCHT 3ama3[pIlBaHHA B IIPOLIECCHI PETYIHPOBAHHA
HanpsDKEHHA, TaK Kak oOnagaeT OONBINOH MEXAaHHYECKOH H 3IIEKTPHYECKOH
TIOCTOSIHHBIMH BPEMEHH.

Tupucmopmwili  pecyiamop  HanpadiceHus. THPHCTOPHBIE PETYIATOPHI
HAaIpsDKEHHA  OTHOCATCA K  Kiaccy  (Da3sOHMITyIbCHBIX — PEryIATOpPOB H
NIpeIHa3HA4YEHEbI /Ul PEryIHPOBAaHHA HAIIPSKSHHA CHHXPOHHOIO TeHepaTopa.

OyHKIIHOHATBHAA CX€Ma  peryjadropa IOKa3aHa Ha pHC. 2.2,
IIpHHIHIHAIbHAA — Ha pHC. 2.3. PeryaaTrop COCTOHT H3: H3MEPHTEIBHOIO
ycrpoiictea WY, ¢da3zocaBuratomero ycrpoiictBa ®CY, dopmupoBarenei
uMITynbcoB @OV, ycmauTena MOmHOCTH YM, crabmmmsupyromero koHTypa CK,
H3MEPHTEIA PEaKTHBHOH MomHOCTH 1IPM.

CK

h 4 l-r
ny PCY PH M YM cr

v

HPM

Puc. 2.2. OyHKITHOHAIIBHAA CXEMa THPHCTOPHOI'O PETYILATOPA HAIIPSKEHHA

Perymarop paboTaeT COBMECTHO C OECKOHTAKTHBIM CHHXPOHHBIM
rerepatopoM (CI'), IPM BKIIOYaeTCA IPH HapajUIeIbHOH paboTe reHepaTopoB.
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Puc. 2.3. IIpHHIHIIHATBHAA 3IEKTPHIECKAA CXeMa THPHCTOPHOTO
PeryIiaTopa HanpaKeHHA

cpegHee  (azHOe  HaNpDKEHHe  TeHepaTopa  depe3  Tpexda3HBIH
OJHOIIOIYIIEPHOAHBIH BBIIPAMHTENNp Ha Auojgax VD3, VDS, cremoBarenpHO,
perymsaTop moaziepKuBaeT cpenHee dazHoe HanpsokeHne CT.

PaGouad TOYKAa, COOTBEICTBYIOIIAd HOMHHAJIPHOMY  HaIpPDKEHHIO
reHepaTopa, COOTBETCTByeT Touke U, Ha XapaKTePHCTHKE H3MEPHTEIHHOIO
opraHa, puc. 2.4. HacTpaHBarOT peryIaTop Ha 3aJJaHHOE 3HA9eHHE HAIIPDKSHHA C
HOMOIIBIO pe3HcTOopa Ry,

Ui

N

Puc. 2.4. BEIXOJHAA XapaKTEPHCTHKA H3MEPHTEIIFHOTO OpraHa

CurHan C HM3MEPHTENBHOIO YyCTpoHcTBa IocTymaer Ha @OCY gepes
pesuctopel R3, R4. B perymitope mpuMeHeHO TpexdazHoe @OCY, B cocraB
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KOTOpOro BXoaAT: Tpam3HcTop VT1, TpexdasHeii BempaMmuTeTs B2,
koHzaeHcaTtopsl C3-C5; tpexda3npii TpaHchopmarop T1. ®ymkmua OCY -
(GbopMHpOBaHHE CHTHajla MEPEMEHHOTO TOKa, (ha3a KOTOPOTO IPOIOPIIHOHAIbHA
HaNpsDKEHHIO TeHepaTropa. ONOPHBIM CHTHAIOM IIEPEMEHHOr0 TOKA, OTHOCHTEIIFHO
KOTOoporo MeHserca (asa, ABIIETCA HAIpPsKEHHE MOABO30YAHTE. PaccMOTpHM
paboty @CVY Ha npHMepe SKBHBAICHTHOH 01HO(a3HOH CXeMBI, pHC. 2.5, a).

c N s ’ l)ﬂﬁ ==K d‘l
6 K
a
Usy Uguix /H/"7 T 085:1
a K
0 ¢

> D) 2
Puc. 2.5. ®a3ocaBuraromiee yCTPOHCTBO: a) - NMPHHIHIMHAIBHAI CXeMa B
oHO(ha3HOM HCITONIHEHHH; 0) - BeKTopHas guarpamMmma OCY.

Ha nepBuIHYyI0 06MOTKY TpaHCc(hOpMaTOpa IMOAAETCA ONOPHAA CHHYCOHIA OT
noaBo3oyautena (U,,). Bropuynas oOMOTKa HMeEET JBe€ CHMMETPHYHEIE
IMOTyOOMOTKH ©0a H a0, KoTopble HarpykeHsl Ha RC mems.  BrIxomHoe
HanpsDKEHHE CHEMAETCsA MEXTy TOYKaMH ¢ H K. CyMMa MaJeHHH HalpsDKeHHH Ha
xonaencatope (U.) u conportusinenuH (Up) paBHa HanpskeHHIO [/os, CM. PHC.
2.5.6. IIpu 3TOM BEeKTOp NajeHHsA HanpskeHHA [y Ha aKTHBHOM COTIPOTHBICHHH
R,, 6y/IeT coBIazaTh ¢ BEKTOPOM TOKA B IIEMH, a BEKTOp NajeHH:A HanpskeHus Uc
Ha PeaKTHBHOM (€MKOCTHOM) CONPOTHBIEHHH X, Gy/eT oTcTaBaTh oT Hero Ha 90°.
T eOMETPHIECKHM MECTOM TOYEK KOHI]A BEKTOPA U SBIAETCA OKDPYXKHOCTD C
muamerpoM Uss.

Ecna puaroHanb (a3oCcBHTAIOMIEr0 MOCTa HE Harpy:keHa, TO OYEBHIHO,
9TO NPH H3MEHEHHH CONPOTHBIEHHA R, cyMMa INaJicHHH HalpsKeHHH B IUIeYax
OyJer paBHa HaNpPADKEHHIO IHTAaHHA MocTa. CleIoBaTe€lIbHO, C H3MEHEHHEM

CONPOTHBIEHHA Ry, yrom o (Yrom Mexay ONOpHBIM HampmkeHHeM Usxs H
BEIXOAHBIM HampsukeHHeM PCY) Oyzaer m3Menatsca oT 0 mo 180°. Moayms
| 59 | Bo Beem JHana3oHe H3MEHEHHA yTIIa Ol OCTAeTCs IIOCTOSHHBIM.

B paccmatpuBaeMom @CY B kadecTBe Ry HCHOIB3yeTcs COIPOTHBIECHHE
IMHTTEP-KOLUIEKTOPHOr 0 Iepexo/ia Tpan3ucropa VT1.

/13 BEeKTOpHOH AHAarpaMMEI CIEIyeT, YTO MPH H3MEHEHHH HalpSKEHHA Ha
0a3e TpaHzucTopa VI1 OT MHHHMAIBHOTO 10 MAKCHMAIIPHOTO 3HAYEHHA, T. €. TIPH
Iepexoie 0T pekuMa paboThl TPAH3HCTOPA, COOTBETCTBYIOMIET0 PEKHMY OTCEUKH,
K PEeKHMY, COOTBETCTBYIOIIEMY pEXKHMY HachIIIeHHA, pabodad Touka K
MepeMEIaeTca OT TOYKH 6 K Touke o. IIpH 3ToM (ha3a BBIXOJHOTO HAIPDKEHHA
u3MensAercs Ha 180°. Tak kak

Uws=-kU ., 10 Up=-(k U /2) expja .
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rae k - xoagpguyuenm nponopyuonansHocmu; « - yeon cosua ¢haz mexcoy
BLIXOOHBIM U BXOOHBIM HANPANCEHUAMIL.

TakuMm oOpa3oMm, yroil o CBA3aH C HaIOpsSDKEHHEM TIeHeparopa. B
tpexazaom OCY ucmonb3yercsa TpexdaszHbli TpaHchHOpPMATOp, MOITOMY Ha €ro
BBIXOjie OyAyT TPH BBIXOJHBIX CHTHANA, CABHHYTHIE APYT OTHOCHTEIBHO Apyra Ha
120°. Bexommbie curaans @CY NOCTYHAIOT HA TPH (HOPMHPOBATENA HMITYIbCOB.

Curgpaiiel Ha YIPABILIFONIHE 3JIEKTPOJABI THPHCTOPOB IIOJAFOTCA C
(dbopMupoBaTens HMITyIbcoB DI, COCTOAMEro H3 MOAYIATOpa H (GOPMHPYIOIIETO
ycTpoiicTBa. MoaymsaTop codpaH Ha cocTaBHOM TpaH3ucTope VT2 (cMm. puc. 2.3).
Ha Bxozx moxmynaTopa (Ha 6a3y TpaH3HCTOpa) MOJAETCA HANpPsKEHHE C OJHOrO H3
BBIXOZIOB ()a30CABHTAIOIIET0 YCTPOHCTBA, a IHTAHHE LIEMH KOJUIEKTOP-3MHTTED
ocymiecTBisiercsi OT TpaHchopmaropa T4, K KOTOpPOMY IOABOJHICA TO XK€
nuHeHHoe HanpsokeHHe Uy, 9TO H K BXOAY (Da30CABHTarOmIero ycTPOHCTBA.
CrneoBaTelbHO, HaNPsKEHHE Ha 0a3e TpaH3ucTopa V12 CABHHYTO Ha HEKOTOPBIH
YTOII 0. OTHOCHTEIFHO HANPDKEHHA Ha TpaH3HCTOpe (pHC. 2.6).

ul
Ups

Ynix />\

UCG“ wt
L\ / \
“ N\ N
a T
Puc. 2.6. VI3MeHeHHA HaOpSOKEHHA B MOIYIATOpe H (DopMHpYOIMEM
YCTPOHCTBE.

HanpsokeHHe Ha CONPOTHBIEHHH Harpy3kH RO mpexactaBmier coGoi
OTCEYEHHYI0 CHHYCOHIY, YTOJI OTCEYKH KOTOPOH 0. COOTBETCTBYET CABHTY (a3
MEeXTy BXOAHBIM H IHTAONHM HANpPOKEHHAMH MOIYJIATOpA. JTOT CHIHAI
yopaBAeT (OPMHPYIONIHM YCTPOHCTBOM, KOTOpPO€ THTAeTci OT TOro iKe
Tparchopmaropa T4, 9TO H MOIYIATOP HO HANPs/KEHHEM, CABHHYTHIM IO (a3e Ha
180°. B HepaGoumii mepHoj KoHaeHcaTop C6 3apmkaeTca. B clemyrommii
MIOJTYTIEPHOJ, B MOMEHT BPEMEHH, ONpeAeAeMbIH YITIOM O, Ha BXOJ TpaH3HCTOpa
VT3 mnojaerca cHrsal oT Moayiaropa. Tpanzucrop VT3 OTKpeIBaeTcsi H
koHzgeHcatop C6 paspskaerca depe3 pesucrop R10 H mmapamiensHO eMy
BKJIIOUEHHBIH YIIPaBJLAIOINHH Iepexof THpHcTopa VS1, anox VD11 u TpaH3HCTOp
VT3.
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Paspsansbeiid ToK KoHaeHcaTopa C6 oTkpeiBaeT THpHCTOp VS1. Toasr VD10
H VD9 ofecrneyHBaOT OJHOMOIYNEPHOAHBIH pEXHM paboTHI  CXEMEL.
Tpansuctopsr VI2 u VT3 paboTaroT B KII0YEBOM PEXKHME, STOMY CIIOCOOCTBYET
BKJIFOUEHHE B HX KOJUIEKTOpPHBIE IIENH HETHHEHHBIX COIPOTHBIECHHH B BHJE
nuogoB VD7 u VDI11.

Jns yIpomeHHs CXEMBI YIIPaBIIEHHA H 3KOHOMHH THPHCTOPOB IIHTAaHHE
[enH oOMOTKH BO30YXkKIeHHA BO30YJHTENA OCYINECTBIIETCA OT HECHMMETPHIHOH
Tpex¢a3HOH MOCTOBOH CXEMBI - YCHIHMTENIA MOIDHOCTH, (pHc.2.3). B karomHoii
rpymme ONpHOOPOB HCIIONB3YIOT 00bMHEIE BeHTHIH VD15, VD16 m VD17, a B
aHOJHOH - THpHCTOPEI VS1, VS2 u VS3.

Ug

o 3
Puc. 2.7. KomMmyTaiasa BeHTHIEH ITpH (pa30BOM yIpaBiIeHHH THPHCTOPAMH

KomMyTanusd BeHTHIEH IIPOHCXOAHT B MOMEHTBI HX €CTECTBEHHOI'O
OTIHPAHHA, KOTOPhIE COOTBETCTBYIOT ToukaM K (puc. 2.7), ¢ YIIIOM OTHHpaHHA
0,=0 (oTcHUeT yTIOB BeAETCA OT TOUKH €CTECTBEHHOTO OTIHPAHHA BEHTHILA).
THPHCTOPEI KOMMYTHPYIOTCA HMITyJIbCaMH YIpaBlIeHHA. [IpH H3MEHEHHH yTia
OTIIHPaHHA THPHCTOPOB 0O, H3MEHJAETCA CpEJHEEe 3HAYEHHE BBIIPAMIEHHOTO
HapsoKEeHAA

_ 3.3 1+ cosa

Uo— — Umax SEE———

T

rae Up.x - auMnaumyoHoe 3HadeHue @hasHo20 HANPAXCeHUA (HanpaxgceHue
1n00e036youmens).

Ilpu yrie oTHHpaHHA Oy = 180° HaOpsHKEHHE Ha BBIXOJE€ MOCTOBOH CXEMBI
Up=0. Tuox VD18 (cm. prc. 2.3), BKIFOUEHHBIH MapajlieIbHO MEeMH BO30YKIeHH,
KOTOpasi TPENCTaBIAE€T /IA BBIIPAMHTENA AKTHBHO-HHIYKTHBHYIO Harpy3Ky,
MpeIHa3HAaYeH U 3allUTHl THPHCTOPOB H [HOJOB OT II€PEHANpPKEHHH H
o0Opa3oBaHHA IENMH 1A ToKa, oOycrmoBmeHHoro 3JIC camMOHHIyKIHH. I HOKas
oOpaTHai CBA3b IO TOKYy  BO30OYXKIEHHA  BO3OYAHTEIA  BBOJHTCA
CTaOHIH3HPYIOIHM KOHTYPOM, COCTOAINHM H3 TpaHcdopmaropa T5, pesucropa
R4 u xongeHcaropa C2.

TIpuHIAN AeHCTBHA PEryaiTopa HANpsSKEHHA COCTOHT B CIEAYIOMEM: IPH
HaIpsUKEHHH TeHepaTopa, PaBHOM HOMHHAIBHOMY, Ha BBIXOJE H3MEDPHTEIBHOTO
yCTpoiicTBa H Ha 0a3e TpansucTopa VT1 HMeeTci HEKOTOpOE HampsDKeHHE, H,
CJIeIOBATEIbHO, TPAH3HCTOP HMEET HEKOTOpPOe KOHEYHOE CONPOTHBICHHE R..
HanpspxeHre Ha BbIX0oJe (a30CABHTAIOIIET0 YCTPOHCTBA CABHHYTO Ha HEKOTOPHIE
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YTOJ 0L OTHOCHTEIFHO ONOPHOI0 HAIPKEHHA. YTOJI OTIIHPAHHA THPHCTOPOB 0O =
0., H Ha 00MOTKe BO30y)XJeHHA BO30yquTeLA OyAeT HEKOTOPOE HANpsKEHHE.

Ecnu HampsokeHHE TeHepaTopa MPEBBICHT HOMHHAIBHOE 3HAYEHHE, TO
HalpsDKEHHE Ha  BBIXOJE  H3MEDHTENBHOIO  yCTPOHCTBA  YMEHBIIHTCH,
COIPOTHBIEHHE R, yMEHBIIHTCA, YroI cABHra (a3 oL BO3pACTET, YBEIHUHTCA YTO
OTIIHPaHHA THPHCTOPOB 0O, 4YTO IIPHBEJET K CHHJKEHHIO HAalpsDKEHHA,
MIPHIOKEHHOTO K IeNH BO30YXKJEHHA BO30yOHTENA, a, CIeJOBAaTEIbHO, H K
YMEHBIIIEHHIO HANPSDKEHHA TeHeparopa. [IpH MOHIKEHHH HaNpsDKEHHA IPOIECCHI
MIPOHCXOJAT B 00paTHOM IopsAake. ECTH HanpsykKeHHE IeHepaTopa 3HAYHTETbHO
MEHBIIE HOMHHAJIBHOIO, HAIpPsKEHHE Ha BBIXOAE H3MEPHTEIBHOIO YCTPOHCTBA
MOJTHOCTHIO OTKPBIBAET TpaH3ucTop VT1.

I[Ipu >TOM HampsKEHHE Ha BBIXOJE (ha30CABHTAIOMEr0 YCTPOHCTBA
HaxoauTca B (a3e C aHOAHBIM HANPKEHHEM COOTBETCTBYIOIIEIO THPHCTOPA,
Omarogapsa 9eMy THpHCTOPBI VSI - VS3 OTKPBITEI B T€UEHHE BCEH IPOBOIAINEH
9acTH nepHoja. ToK BO30YK/IEHHA JOCTHIa€T MaKCHMAIBHOTO 3HAYEHHA.

THpHCTOpPHBIE PETYIATOPHI HANIPAKEHHA, KaK H TPAaH3HCTOPHBIE, YIHTHIBAA
HX BBICOKOE OBICTPOJCHCTBHE, IO CBOHM JHHAMHYECKHM CBOHCTBAM OTHOCAT K
YCHIIHTEIIBHBIM 3BEHBAM.

Tpanzucmoprvie pecyiamopel Hanpsadxcerus (TPH). K npenmymectBam TPH
ClIeqyeT OTHECTH: BBICOKOE OBICTPOJCHCTBHE, Malble TadapHThI, BCIEICTBHE
HH3KHX II0Teph Ha PEryIHPYIONIEM 3JIEMEHTE, XOpollas COBMECTHMOCTb C
H(POBEIMH CHCTEMaMH yIpaBlIeHHA. [IpHHITHIHATBHAA yIpomeHHad cxema TPH
JU7Is TeHepaTopa IIOCTOAHHOIO TOKa NPHBEIeHa Ha pHC. 2.8.

M3mepurensHbiil oprad (F1O) BBIIONHAETCA IO CXEME C OJHHM HIH JBYMA
crabmmaTpoHamu, MIII — MOy IATOp MMHPHHBI HMITYIbCOB, YIIPABIAET pabOTOH
HCIIOJIHHTENBHOTO YCTpoicTBa — Tpan3ucTopa VT. Tpamsuctop B TPH paGotaer B
KIIFOYEBOM PEKHME.

O+

U

O -
Puc. 2. 8. [IpHHIUNHAIBHAA CXEMa TPAH3HCTOPHOIO PEryIATOpa

IIpu paoTe B KIIOYEBOM pEXHME HA TPAH3HCTOP IIOJAIOTCA CHTHAJBI
yopaBieHud Uy, B BHAE MNPAMOYTOJBHBIX HMITYIbCOB, pHC. 2.9. B TeueHHe
HMITyJIbCa TPAH3HCTOP OTKPHIT H HamlpsukeHHe reHeparopa U NMpHKIAABIBAeTCA K
ooMoTke BO30yxkmeHua (OB), mockompky OB HMeeT 3HAUHTEIBHYIO
HHIYKTHBHOCTh, TOK B HeH (ig) HauHHAeT IUIABHO BO3pacTaTh. Ilocie 3aKpBITHA
TpaH3HcTOpa ToK B OB HauHHaeT miIaBHO cmajate. B HTore Tok i Oyzder
IMyIbCHPOBAaTh OKOIO CPEJAHEr0 3HAa4eHHsA, BEeIHYHHA KOTOPOrO 3aBHCHT OT
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COOTHOIIEHHA BPEMEHH OTKPHITOTO (t,) H 3aKPHITOTO (t,) COCTOAHHA TPAaH3HCTOPA —

K03 pHIIHEHTA 3aII0THEHHA HMITYIECOB K.
ty _ g
3 gttty T
rae T — mepHo[ clie10BaHHA HMITY/IbCOB.

D‘Ty‘ t o t 3
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i — - o,
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) o o s O _“‘;'_P:,./.".\N.‘ R Ty
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Puc. 2.9. CarHansl TpaH3HCTOPHOTO PETyIATOPa

Benuuuno# k, ynpasnger MIIIM mo cHrHamy oT H3MEPHTEIBHOIO OpPraHa.
Ilepuop crnemoBaHHA HMITyNIbCOB T=t,+t, BenuunHa moctosgHHasi, MIIIM meHseT
TOJIBKO ITHPHHY HMITYIbCa, T.€. t,. ECIH HanpsikeHHe reHepaTopa YMEHBIIHIOCh,
To MIIIV yBeTHYIHBAET k,, €CIIH HaNPsDKEHHE YBEIHIHIIOCH, TO K, YMEHBIIAETCA.

Ha puc. 2.9 IyHKTHPOM IIOKa3aH BapHAHT CHTHAJIOB TPAH3HCTOPHOTO
peryiTopa, Korja peryTop YMEHbIIaeT TOK BO30YKISHHA reHepaTopa.

O1leHHM 3HepreTHYeCKHEe XapaKTEPHCTHKH KIFOYE€BOT0 PeryTHPOBAHHA LA
reHepaTopa ¢ MaKCHMAaTbHBIM TOKOM BO30YXIEHHA ip,q—20A. MakcHManbHas
paccenBaeMas MOITHOCTh Ha TpaH3HCTOpe, 0e3 ydeTa MoTeph Ha KOMMYTAIHIO,
KOTOpBI€ MPH HH3KOH YacTOTEe CIIEJOBAHHA HMITYyJICOB Mailbl, COCTABHT: Pr =
AU *ipyue, THe AU- TajgeHHe HANPDKEHHA HAa TPAH3HCTOPE B  OTKPBITOM
cocrogauH. O0eraHO AU ~ 1B, Torza And paHee NPHBEACHHBIX XapaKTEPHCTHK
reHeparopa, Pr=1% 20 = 20BT. B peansHoM pexume paboter TPH k, <1 u
paccenBaeMas MOIMHOCTE OyJET elle MeHbIIE.

JInsa BBIABICHHA OCHOBHBIX CBOHCTB HMMITyJIBCHOTO METOJa YIIPABICHHA
PacCMOTPHM KBA3HCTALIHOHADHBIE TIIPOIECCHL, NPH YCIOBHH, YTO TPaH3HCTOP
SKBHBAJICHTEH HIeaTbHOMY Kmody. J[1a HHTepBanda t, (puc. 2.9), B TeueHHe
KOTOpOro 0OMOTKa BO30Y)KJIE€HHA MOAKTIOUEHA K HCTOYHHKY ITHTaHHA, OalaHC
HanpsoxeHHH H D1C onpeaenieTcs ypaBHEHHEM

: di
U=r51,,1+LB—"—1, (21)

dt
TAc 1, - conpomuenerHue ooMOMKU 603(3_V.’)IC'0€H1M: La % NHQ}’K”HIGHOC’"b

00MOMKU BO30VHCOEHIUA.
11 uHTEepBaia t;, B TeUYeHHEe KOTOPOr0 TPAH3HCTOP 3aKPBIT, H MPH YCIOBHH,

) 5 i,,z + LB dt- =0. (22)

CpenHee 3HaueHHE ToKa BO30YKIeHHA 3a mepuox T= t, + t;3 MOXKHO
MIOTYYHTh, HHTETPHPYA ypaBHeHHA (2.1) 1 (2.2):



_ fy to+ts Ut U
1“1,:% [igdt+ [ipdt+|=—=—k,, (2.3)
0

fo

TaK KaK i5;(0) = 1 (fo + t3).

TakuMm 00pa3oM, peryIHpOBaTh HalpS/KEHHE MOKHO, H3MEHAA CpeJHee
3Ha4YeHHE TOKA BO30Y XK IeHHA, BO3JEHCTBYA HA KO3 HITHEHT 3aN0IHEHHA k..

B moMmeHT 3anupanus TpaHsHcTopa B OB Bo3nukaer 3/IC caMOHHIYKITHH
€1, TOJLIPHOCTh, KOTOPOH MoKa3aHa Ha pHC.2.8 B ckoOkax. IToq meHicTBHEM 3TOH
BIC otkpeBaercAd auoa VD, H TOK OOMOTKH BO30YXKIEHHA OYyAeT IpOTeKaTh
gepe3 [OHOA, IUIaBHO CHajad, orpaHHdHBasi BemHuuHy JJ[C CcaMOHHAYKITHH
BEJIMYHHOH ITaJleHHsA HAIpPsKEHHA Ha JHOAE B IPAMOM HampaBlIeHHH ~ 1 <+ 2B.
TIpa OTCYTCTBHH JHOJA, BCIEACTBHE OBICTPOTO 3amHpaHHA TpaH3HcTOpa, DJIC
CaMOHH/IYKITHH IOCTHTHET OUeHb OOJIBIIHX 3HAUEHHH, B pe3ylbTare OyeT NpoOHT
TPAH3HCTOP H H3OIAIHA OOMOTKH BO30yKAeHHA. I103TOMYy BO BCEX CXeMax, IJe
TPAH3HCTOP KOMMYTHPYET TOK B LIEIH, COAEPKAIIEH HHIYKTHBHOCTD, ITOCIEAHAA
IIYHTHPYETCA JHOIOM.

Kak BHAHO H3 pHC. 2.9, TOK BO30YXKIEHHA KOIEOIETCA OKOJIO CPETHEr0
3HaueHHA. Kak IyJpcHpyeT TOK BO30YXKIeHHA, Tak OyJeT IyIbCHPOBAaTh
MAarHHTHBIH NIOTOK MAIIHHEBL, a, CIE€JOBAaTeIbHO, H €€ HalpsKCHHE. AMILIHTYAA
ITyJbCAllHH 3aBHCHT OT HHAYKTHBHOCTH OOMOTKH BO30YKAEGHHA H YacTOTHI
crnepoBaHda uMmynbcoB MMM, gwem OGompme wactora IIIIM, TeM MeEHbIIe
aMIUTHTyJa ITylbCallHH ToKa BO30yXkAeHHA. YacToTy mepekmodeHni I[IIMIM
BEIOHpaiOT mopiaaka 5-+10k[11, gacToTa MepeKIrYeHHH OrpaHHIHBAETCA POCTOM
KOMMYTAIIHOHHBIX ITOTEPh B TPAH3HCTOPE.

Ha puc. 2.10 npuBeieHa QyHKITHOHATbHAA CXeMa TPaH3HCTOPHOTO IMIHPOTHO-
HMITyascHoro PH, ympaBisiromero TokoM OOMOTKH BO30Y)KISHHA BO30OYIHTENA
(OBB) CHHXpOHHOTO TeHepaTopa. J[aHHBIH PEryIATOp BXOJHT B COCTaB OIOKa
BP3V115 (6mok perymHpoBaHHA 3alUTHl H YIIPaBIEHHA), OCHOBHOTO OJ0Ka
yIpaBlIeHH] KaHAIOM FeHePHPOBAaHHA IEPEMEHHOT0 TOKa.

e B ek,

i

ol B e ]
ol o L1

H3 BPPM o il g i

ucf)

Puc. 2.10. Tpanzuctropsbii peryiarop HanpskxeHHA: © - Ouiptp; C - cxeMa
BEIZICTIEHHA HauOOmbIIero HanpsokeHus, I'T1 - reHepaTop muiasl; DC - 3TaTOHHBIH
cHrHAIL, YM - ycHiauTens MOmHOCTH; K3 - KOppeKTHpyIoIee 3BEHO.
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Perynarop mojiepKHBaeT B CHMMETPHYHBIX DEXKHMax cpefHee (a3Hoe
HanpsokeHHE B coorBercTBHH ¢ ['OCTom 54073-2017 ®  orpaHHYHBaET
HauOonpmiee H3 (pa3HBIX HAOpPDKEHHH B HECHMMETPHYHBIX PEKHMAxX pPadOTHI
Tpex(daszHoro reHeparopa, a TaKkKe OrPAaHHYHBAET MOIIHOCTH B CHCTEME C
TH/IPOJIONIATOYHEIM IIPHBOIOM, IIPH NIOHH)KEHHH JaCTOTHL

II3MepHTeIIPHOE YCTPOHCTBO PEryIATOPa IIOCTPOEHO IO CIOXKHOH CXeMe H
BKJIIOUAeT. reHepaTop IiIooOpa3Horo HampsokeHusa (ITI), gBa cymmaropa.
sTanoHHbIH curHal (9C), Tpurrep IlImmara.

@a3Hple HAOPOKEHHA TeHepaTopa ¢ IIOMONIBI0  TpaHCcHOpPMaTOpOB
TIOHIKAIOTCA 10 ypoBHA 30 B, BBRIIPAMIIIIOTCA, QHIBTPYIOTCA H IOCTYIAIOT HE
CcXeMy BbIIeTIeHHA HauOompmero HampsbkeHHsa C. Crooja jke IOCTyIaeT CHrHal,
MIPOINOPIHOHATBHBIH CPETHEMY 3HAUSHHIO HAPSDKEHHA TpexX (a3, a TakKe CHIHAM,
TIPONOPIHOHATBHBIN CHIDKeHHI0 YacToThl U(1/f).

CxeMa BBIAETAET HAHOOIBINHH H3 IIEPEYHCICHHBIX CHTHAIIOB H BBIAAET €r0
Ha CyMMaTop, IJie OH CyMMHPY€eTCs ¢ THI000pa3HbIM HallpS/KeHHEM:

- B monHo(ha3sHOM peXHME NPH HOPMATbHOH dYacToTe HaHOONBINHH CHTHAN -
HaIpsDKeHHE, CpeiHee 1o TpeM (da3aM;

- B HEMOIHO(a3HOM pekHMe HaHOOIBIIHE CHIHAT - HallPsDKEHHE B OJHOH H3 (as3;

- TITpH CHIDKEHHH 9acTOThl HAHOONBIIMH CHTHAI -  HalpsAKeHHE,
IIPOIIOPIHOHATFHOE CHHKEHHIO YaCTOTHL.

B HeCHMMETpHUHBIX peXHMaX, KOIjla XOTA OBl OJHH H3 CHIHAJOB,
[IPOIIOPIIHOHANBHBIH (ha3HOMY HANpPHKEHHIO CTAHOBHTCA OONbBIIEe CHIHAIA,
CPEIHEro HANpAKEHHH 10 TpeM (a3aM, perymirop paboTaeT B pekKHME
orpaHHYeHHA (a3HOro HaIPHKECHHA.

B pexuMme CHIDKEHHA YacTOTBl, KOTJa CHTHAI, IPONOPIHOHAIBHBIH
CHIDKEHHIO YacTOTBI, CTAHOBHTCA OOMbINE CHrHAJA, IIPOIOPIIHOHAIBHOTO,
CpefHEMY HANpKEHHIO IO TpeM (azam, peryaarop paboTaeT NMPH HANPsDKEHHH,
MIPOTIOPITHOHAIBHOM YacTOTe, YTO OOEeCIeUHBaeT OrpPaHHYEHHE MOIIHOCTH IIPH
paboTe ¢ THAPOIONIATOYHEIMH IPHBOJAMH B peskuMax K3 B cern.

CHrHaI Ha BBIXO/I€ IIEPBOr0 CyMMaTopa MpeACcTaBiieT co0oi mutoodpasHoe
HalpsDKEHHE, CpeJHee 3HaueHHe KOTOPOrO H3MEHJAETCA C H3MEHEHHEM
HanpsokeHHA reHeparopa (Ur), mo3mmma (1) Ha puc. 2.11. D10 cHrHan
cpaBHHBaeTcA Ha TpHrrepe IIIMHATa ¢ OIOPHBIM HANPsDKEHHEM (2).

COOCTBEHHO 3TaJIOHHOIO CHTHama, curHaiaa ¢ BPPM (610ka peryiaHpoBaHHA
PEaKTHBHOH MOITHOCTH, JAHHBIH CHTHAl IOJaeTci IpPH HapajUiebHOH paboTte
TeHepaTOpOB) H CHTHala THOKoH oOpatHOH cBa3H K3 (K3 — KoppekTHpyromee
3BEHO), OOecHeuHBalOIeH Heo0XOJHMOE KAauecTBO IIEPEXOAHBIX IIPOIIECCOB.
OmnopHoe HampspkeHHe (OpPMHpYeTCsA Ha BBIXOZE BTOpOro cymmaropa. OmopHoe
HalpsDKEHHE IHpeACTaBIieT co0OH cymMMy TpexX cHrHainoB. Korga omopHoe
HanpsDKeHHe Oonblle HAlpsUKEHHA C BBIXOZAA IIEPBOIO CyMMAaTopa, Ha BBIXOJE
TpurTEepa (GOPMHPYIOTCA TPAMOYTONBHBIE HMITYIbCHI (3), IMHPHHA KOTOPBIX
IIPONOPIHOHATHFHA OTKIIOHEHHIO HAIPSDKEHHA FeHepaTopa 0T OIIOPHOTO CHIHAMA.
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1
Puc. 2.11. Tmarpamma paGoTHI peryaAropa HampsokeHHA: 1 -cymma Ur H
«IIHIIBDY; 2-0IIOPHOE HAIP/KEeHHe, 3-BbIXol Tpurrepa IlImuara.

Curnanel ¢ Tpurrepa IIIMHATa IOCTYNAOT HAa TPAH3HCTOPHBIH YCHIIHTENb
MOIIHOCTH, PadOTAIOIHH B KIIF0OYEBOM peKHMe. TPaH3HCTOPHBIH KITF0Y YIIPaBILIET
TokoM B oOMoTke OBB. VYcwiHTenp MOITHOCTH TOJIy9aeT IIHTAaHHE OT
TpexdasHoro moxBo3Gyamurens reHeparopa (Upgs), dYepe3  TpexdasHbri
BEIIPAMHTENb. HanpsokeHne 1moao30yauTen nogaercs Ha PH uepes TpexdasHbIiH
KOHTAKTOp, KOTOPBIH 3aMbIKaeTca rmocie mogaun bP3Y curHama Br («BKIHOYHTH
BO30Y)KJIeHHE TeHepaTopay). TpaH3HCTOPHBIH PEryyIATOp NPAKTHYECKH HE BHOCHT
3ama3JbIBaHHA B CHCTEMY pETry/JIHPOBAaHHA HANpPOKEHHA H 001aJaeT MaabIMH
raGapHTaMH, YTO TIO3BOJTHIIO BKIIFOYHTH €T0 B cOCTaB Omoka BP3Y.

JlanpHelniee COBEPIIEHCTBOBAHHE TpaH3HCTOPHBIX PH HampaBieHO Ha
NOBBINIEHHE HX HAJEKHOCTH, HCIOIB30BAHHIO IH(GPOBBIX CHCTEM YIIPABICHHA,
pacniHpeHHe (GYHKIIHOHAJBHBIX BO3MOKHOCTEH.

Penetinetii pecyiamop. B peneHHOM peryiIiaTope HanmpsoKeHHE Ha OOMOTKE
B0o30yxaeHuA (U,;) MEHAETCA CKAaYKoOoOpa3HO B 3aBHCHMOCTH OT BEIHYHHEI
HaIPsUKEHHA IeHepaTopa 110 CIIEAYIOMEMY alllOPHTMY:

I .= {Un' Ur < Unopl

e 0, UF = Unopz .

3pecy U, - HanpsOKeHHE ITHTaHHA OOMOTKH BO30Y/KIEHHA, 3TO MOXET OBITh
HalpsDKeHHE MOABO30YAUTENA, HIH HanpsukeHue camoro rereparopa (Ur). Uneps.
Unopz - HANPADKCHHA NEPEKIIOYCHHA H3MEPHTEIBHOIO OpraHa perymiropa. B
CHCTEME C peleHHBIM PpEryIiTOPOM BO3HHKAIOT aBTOKOJIEOAHHA HANpPKEHHA
reHepaTropa, 49acTOTa KOTOPBIX OOpaTHO IPONOPLHOHANbHA pPE3YIbTHPYIOIMEeH
MIOCTOAHHOH BPEMEHH TI€HEpaTopa HAIPAKEHHA, a aMIUIHTyJa aBTOKOJIeOaHHH
3aBHCHT OT BEIHYHHBl 30HBI HEYYyBCTBHTEIBHOCTH H3MEPHTEIBHOIO OpraHa
AUyyor  AUgyo = Unopz — Unopi- A yIydimeHHs KadecTBa MEePEeXOIHBIX
mporeccoB B peneiHOM PH MOTyT BBOJAHTHCA CHTHAIIBI THOKOH 00PaTHOH CBA3H.

2. 3agaHHe K padoTe

1. I3y9lTh TEOPHIO IPOILIECCOB PETYIHPOBAHHA HAPHKEHHA T€HEPAaTOPOB.
2. I3y9lTh CXEMBI H IIPHHITHITE JSHCTBHA ABHAIIHOHHBIX PETYIATOPOB.
3. VI3y4uTh MOZENH peryaropoB B MatLab.
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4. TIpOBeCTH HCCIEAOBaHHA MIHPOTHO-HMIIYJIBCHOTO DEryJIATOpa HANPSKEHHA H
CHATH OCITHJIOPAMMBEL.

5. OmnpesemuTh CTaTHYECKYIO OMIHOKY 1A Pa3IHYHBIX PEIKHMOB.

6. TIpoBeCTH HCCIENOBAHHA pEIEHHOTO PpEryIATOpa HANpMKEHHA H CHATH
OCITHIIOPAMMBEL.

3. Onucanne Moae1eH

HTupomuo-umnyiascHeiil pecyiamop. CxeMa MOAETH PeryiaiTopa IpHBEIeHA
Ha puc.2.12. Mogenp puc. 2.12 BKIHOYAeT B CBOH COCTaB: ABYXKaCKaJHBIH
resepartop (reHeparop, BO30YAHTENb), 3aJaTIHK YIJIOBOH CKOPOCTH TeHepaTropa
(o), Harpy3ky reHepatopa (Signal Builder),  mmpoTHO-HMITyIBCHBIH PH,
ocumiorpader  (Scope, Scope2), mpeoOpa3oBaTens HampsbkeHHA (Voltage
Measurement).

T'enepaTop aHAlNOrHYEH TE€HEPAaTOpy HENPEPBIBHOH MOAENH. B MozenH
Hcronpdyerca MacmTad BpeMeHH 100:1. COOTBETCTBEHHO 4YacTOTa CHTHAT
reHeparopa (Signal Generator) ymeHsmeHa B 100 pa3.

IITupoTHO-UMITYIbCHBIH MoZAy/ATop PH BBIIOIHEH IO CXEME perynaropa
BP3V115, puc. 2.10, 2.11. Curyan cTaHZapTHOro reHeparopa «amel»y (USG, 6ok
Signal Generator) JBYXIOJAPHBIA H 1A (OPMHPOBAHHA OJHOIOIPHOTO CHIHANA
(Un) ucmomp3yercs cymmarop Sum?2 H KOHCTaHTa 3, paBHai amiumaTyae USG.
Cymmatop Sum4 CyYMMHpPYET «IOHIY» H HampsKeHHe TIeHepaTtopa, II0J00HO
cymmaropy 1 Ha puc. 2.10, a pyHKIHIO cymMaTopa 2 peryiaropa BP3Y BemmomHiaeT
cymMMaTop Sum3.

TPaH3NCTOPHBIN
KAKY

=
i .
Relay i 2 Continuous
:+. oc R % - powergui

Voltage BosByautens  eHepaTtop

- . Measurement &

Scope <[+, — Sum1
UsSG r— ur,

Un_’ D Product 3
—— |
r+Un Scope
Uoss c—= Signal 1p
Y signal 2
Signal Builder
Ycrasra PH
Signal 5
Generator| Sum2 Sum4

O Gain Derivative
=

Constant3

Puc. 2.12. Cxema MOJEITHPOBAaHHA MTHPOTHO-HMITYJIBCHOT'O PETYIATOPA.
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Puc. 2.13. OcoamiorpaMMsl )OPMHPOBaHHA IMTHPOTHO-HMITYIBCHOTO CHTHAJIA

VcraBka perymsiropa HacTpoeHa Ha 118 B, mpH 3ToM 3Ha4eHHE KOHCTAHTHI
YCTaBKH B MOJETH HMEET HECKOJIbKO Oombiree 3HaueHHe (121.24), 4roObI
obecreduTs HeoOX0AUMBIH K03 dHIHeHT 3anoaHeHuHs [[IIIM cHrHama i1 pexHMa
xomocTtoro xoxa. OcpuwmurorpaMMbl  ()OPMHPOBAHHA INHPOTHO-HMITYTIBCHOTO
CHTHaJIa ITI0OKa3aHbI Ha pHC. 2.13

B kagectBe TpHurrepa IlIMHATa HCImoIb3yeTcsa simeMeHT Relay ¢ 30HOH
HeuyBcTBHTeNbHOCTH 0.01B. Tpurrep IlImmara ympaBisgeT TpaH3HCTOPHBIM
KIIFOYOM, BKIIFOYEHHBIM IIOCTEJI0OBATENBHO MEXJAy HCTOYHHKOM IIOCTOSHHOTO
HanpsokeHHA (DC) u OBB. Hcrounnk DC  MopemHpyeT ITOABO30YIHTENIH
reHeparopa H HMeeT HanpsokeHHe 30B. [l mnpaBHIbHOH paldOTEl MOJETH
HcTogHHKa DC ero memp J0DKHA OBITh 3aMKHYyTa, C 3TOH LEIBI0 YCTaHOBIEH
BCIIOMOTaTeIbHBIH pe3HcTop R.

HampsoxeHHe Ha pe3HcTope R MojemHpyercsa 37eMeHTaMH H3 OHOIHOTEKH
SimPower Systems (SPS Mojens), KOTOphIE OIEPHPYIOT C 3IEKTPHYECKHMH
CHTHalaMH (HamnpsKeHHe NepefjaeTca [AByMA IIpoBoAaMH). MojelIHpoBaHHE
reHepaTopa H JPYTHX 3JI€MEHTOB BBIIOIHEeHO B cpefe Simulink (S Mopens),
(HampsoKeHHe, TOKH  OTOOpaKarOTCA  OJHOJHMHEHHO, B BHAE CHTHala).
[IpeoGpa3oBaHHe HampsoKeHHA H3 SPS MojenH B S MOJETh OCYHIECTBIACTCA C
TIOMOIITBIO O110Ka Voltage Measurement H3 OHOMHOTEKH
SimPowerSystems/Measurements.
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IIpu HeOOXOAHUMOCTH, 1A MPpeoOpa30BaHHA TOKA HCIOIb3yeTca 6mok Current
Measurement, oOpaTHBIH Iepexoj MPOH3BOAHTCA ¢ moMompio 610koB Controlled
Current Source u  Controlled  Voltage Source u3  OuOMHOTEKH
SimPowerSystems/Electrical Sources.

Hanpsoxenue reseparopa (Ur) MoKHO HaOMoAaTh Ha ociuiorpade Scope,
nporecc popmupoBanms I1IVIM currana (HanpsokeHne UoBB) — Ha Scope2.

Peneiinniil pecynamop. CxeMa MOJIEIH PEIeHHOro peryiropa IpHBeAcHa Ha
puc.2.14. Moaens pHc. 2.14 BKIIIOYaeT B CBOH COCTaB: JBYXKACKaHBIH reHepaTop
(renepartop, BO30YIHTEB), 3aJaTIHK YTIIOBOH CKOPOCTH I'eHepaTopa (®), Harpy3Ky
rereparopa (Signal Builder), peneiinsii perymarop PH (ycraBka perymaropa,
CyMMaTop, peneHHBIH 1eMeHT —Relay, TpaH3HCTOPHBIH KIIH0Y), OCHHIIOrpad
(Scope), mpeoGpa3oBarens HanpsvkeHHA (Voltage Measurement). C moMoImpko
snemenTa Relay 3aaeTcs 30Ha HETYBCTBHTEIFHOCTH H3MEPHTEIBHOI0 OpraHa

perymiaropa.

Relay 1deal Switch @
qi:g f Continuous

1
r powergui
fu n
Voltage Bos6ydumens  eHepamop
l Measurement 4 6
+ x g 2
Ycraska PH T > 0.055+1 0.254+1 U _’E]
= Product
C O roduc ‘ S
ES:gnaH b
Signa2
Signal Builder

Puc. 2. 14. Cxema MOAENH PEISHHOTO PEryIATOPa HAIIPKEHHA

Jlna nuTaEAA OOMOTKH BO30YKIEHHA BO30YJHTENA HCIONIB3YeTCsd HCTOYHHK
IIOCTOAHHOTO TokKa ¢ HampsokeHHeM 30B. JlaHHBIH HCTOYHHK MOJEIHPYET
11018030y IHTEIh AaBHAITHOHHOTO OECKOHTAKTHOTI'O TeHepaTopa.

I'enepaTop aHalIOrHYEH TEHEPATOPY MOJENH IHPOTHO-HMITYIBCHOTO
perymaropa PH. B Mozaenn ncmons3yercs MacmTad BpeMeHH 10:1.

bnok Voltage Measurement oCymecTBIfeT MpeoOpa30oBaHHE CHTHAIOB H3
SPS Mozemu B S mojens. BHEIMHHH BHI MHEPEXOHBIX IPOLIECCOB MOKa3aH Ha
puc.2.15.
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Puc. 2.15. TlepexoaHblie IPOLIECCH B PEIEHHOM PETYIATOPE IIPH BKIOYEHHH
BO30y KAeHHA, HaOpoce H cOpoce Harpy3KH

XapakTepHCTHKH PEIEHHOTO PEryrTopa 3aBHCAT OT pPe3yIbTHPYIOMEH
IIOCTOSHHOH OOBEKTa peryJIHpOBaHHA — TeHepaTopa. 11 aBHAIIHOHHOTO
TPEXKACKaJHOTO TeHepaTopa pesylbTHpyIomad mocrosHHas  BpeMeHH (Tp)
B0O30Y)KJIeHHA NPHOIIDKEHHO paBHA

Ty =T, + T,

I'me: T, - IOCTOAHHAA BPEeMEHH BO30YIHTEIA,

T, — mocTossHHAA BPEMEHH I'€HEepaTopa.

AMIIIHTYyla TyJlIbCallMHd HaOpDOKEHHA TIEeHepaTopa OIpeaeieTcad Kak
Pa3HOCTh MEXAY MEXAY HaHOOIBIIHM H HAHMEHBIIIHM MITHOBEHHBIMH 3HAYE€HHAMH
HallpDKEHHH TeHepaTopa B YCTAHOBHUBIIEMCA PEKHME XOIIOCTOrO  XOAa.
MrHoBeHHbBIE 3HAUE€HHA HANIPDKEHHA H3MEPAIOTCA IO OCITHILIOTPaMMe.

J1a ompenelneHHsA 9acTOThl IMyJIbCAllH HAIPKEHHA TeHepaTopa H3MEpAIOT
IepHOJ IyNIbCallHH B YCTAHOBHBINEMCH pEeXKHME XOJOCTOrO0 XoAa IIo
OCIIH/LTIOrpaMMe HalPs/KEHHA.

4. ITopsigok mpoBeJeHHsI PA0OTHI

Hlupomuo-umnynocHelil pecyiamop. BpemMsa MOJEIHpPOBaHHA 1 BCEX
OIIBITOB ITOCTOSAHHO H paBHO 20c. JImA paGoThl HEOOXOJHMO 3amycTHTh MatLab,
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Ha)kaB Ha COOTBETCTBYIONIYI0 HKOHY Ha PaGouem crtoie. ITocie 3amycka MatLab
gepe3 kHoNKH File/Open HaiiTH H 3ammycTHTh (haiin mogemsa RU_SHIM.madl.

4.1. IlepexooHvie npoyeccol npu OMCYMCIMBUU CUSHANA 2UOKOU 0OpamHoli
ceasu. YCTaHOBHTh. HamnpsokeHHe BKIodeHHA pene 0.01 B, HampsxeHHe
otkmoueHua 0 B, =1, gacTora reneparopa S0 (5K 111 peabHOH CHCTEMEI),
ko>(dunuenT mepenadd mpou3BogHOH 0 (Gain), ycTaBka peryiaropa 121.24.
3amycTHTh MoAeIHpoBaHue H cHATh ocruiiorpammel Ur, USG, Un, Ur+Un, Uoss.
Ilo ocnumIorpaMMe ONpeJeTHTh CTaTHYECKYIO OMMHOKY AJA MOMEHTOB BPEMEHH
12¢, 20c.

4.2. IlepexooHvle npoyeccsl npu HATUYUN CUSHATA 2UOKOT 0GPAMHOT C8A3.
VYcraHOBHTE: HanpsokeHHe BKiIroueHHA pene 0.01 B, manpsoxenne otkirodenus 0 B,
®=1, vacToTa reHeparopa 50I'm, Ko3¢dHIHEHT mepeaadn npou3BogHoH 0.0645,
ycTaBKa peryiaropa 123.7. 3alyCTHTh MOAESTHPOBAHHE H CHATHh OCHH/LIOTPaMMY
Ur. OnpefenHTh CTaTHYECKYIO OMTHOKY A/11 MOMEHTOB BpeMeHH 12¢, 20c.

4.3. I1epexooHsle npoyeccsl NpU HATUYUU CUSHATA 2UOKOL 00pamHoli ces3u U
NnoeviuleHHol Yacmome epaujeris. YCTaHOBHTH: HaIpPsKEHHE BKIIOUEHHA pele
0.01 B, nHampsmxenue otkmoueHna 0 B, ®=2, dactora reneparopa 500,
ko3dduuueHnT mepemadn mnpousBogHoH 0.0645, ycraBka perymaropa 123.7.
3ammyCcTHTh MOJIETTHPOBAHHE H CHATH OCITHILTIOrpaMMel UT.

4.4. Bnuanue wacmomur 2enepamopa IIIHM Ha MOOVIAYUIO HANDANCEHUA.
VYcTaHOBHTE: HanpsokeHHe BKIodeHHd peie 0.01 B, manpsbxenue orkimodeHHs 0
B, ®=1, gacrotra remeparopa S50I'm, ko3QHIHEHT Mepemadd IpPOH3BOAHOH O,
ycTaBKa peryiiropa 121.24. 3amycTHTh MOJEIHPOBAHHE H CHATH OCITHIIIOrPaMMY
Ur. OnpenenuTs pa3Max ITyIbCallHH yCTAHOBHBIIETOCA HAIPSDKEHHA.

IToBTOPHTH OMBIT 1A 9acTOTHI reHepaTopa SI'II H CHATH OCITHILIOTPAMMBI
Ur, USG. Un, Ur+Un, UoBB H ONpEeAeIHTh pa3Max ITy/IbCallHH YCTAaHOBHBIIETOCA
HaIPKEHHA

JlaTh 3aKIrOYeHHe O BIHAHHH 9acToThl IITIM Ha MOAYJAIHIO HANPSKEHHA
reHepaTopa.

Penelinniil pecynamop. BpeMa MOASTHPOBAaHHA AT BCEX OIBITOB MOCTOAHHO
H paBHO 2c. J[ma paGoTel HeoOXOAMMO 3amycTHTh MatLab, HakaB Ha
COOTBETCTBYIOIIYI0O HKOHY Ha Pabouem crome. Ilocie 3amycka MatlLab depes
kxHonkH File/Open HaiiTH 1 3amycTHTh ¢aitn mogemn RU_RELAY.madl.

4.5. Hccnedoearue enuaHUA 30Hbl HEYYECIMGUMETbHOCIU UZMEPUMETLHO20
opeana  peneliHozo0  pecyiamopd HA - aMIAUMYOY  HVAbCayuil  HANPAXCEHUA
cenepamopa. YcranoBHTh: 1,=0.05¢c, T,=0.2¢c., o=1. Hanpsxernne ucrounuka DC
30 B, R=3000mMm. 3amaBaa AU,,, ot 0.01 B go 0.25 B ¢ marom 0.05 B, cHATH
OCITHJUIOTPAaMMBI IIEPEXOAHBIX MPOLIECCOB H ONPEJETHTh aMILTHTYIBI ITyIbCALIHH.
ITocTpOHTH 3aBHCHMOCTH aMIUIHTYZbI ITyJIbCAlHH HaNpsDKeHHsA reHepatopa (AU.)
OT 30HBI HETYBCTBHTEIHHOCTH AUy ;-

IIpumeyanue. [\ 3aganus AU,,,, oTKpeITh G110k Relay, puc. 2.16.
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B Function Block Parameters: Relay X

Ral
reigy

Qutput the specified 'on' or 'off' value by comparing the input to the
spacified thresnolds. The on/off state of the relay is not affected by
input batween the upper and lower limits.

Main | Signal Atiributes |
Switch on point:
Switch off point:
|o

output when on:
1

Output when off:
lo

I Enable zero-crossing dataction
Sample time (-1 for inherited):
|-

ok | cancd | wew | apy |

Puc.2.16. OxHo 6710Ka Relay.

VcTaHOBHTH IMapaMeTphI 0JI0Ka Kak MoKa3aHo Ha pHC. 2. 16. 3HaueHuA AU,
3aJaBaTh B CTPoOKe «Switch on pointy.

4.6. HccneooeaHue enuanus pe3vismupyroujelt NoCIosaHHOL epemerl 030VHCOeHUA
2eHepamopa  HA 4ACMOMY NVAbCAYUL HANDAXCEHUA 2eHepamopd. Y CTaHOBHTE:
T,=0.05¢c, w=1, HanpsbxerHe uerounuka DC 30 B, R=3000wM. 3agaBaa T, ot 0.05¢
g0 0.45¢ ¢ maroM 0.lc, CHATHP OCHH/UIOTPAaMMBI II€PEXOAHBIX IMPOIECCOB H
OIIPEAEIIHTh YacTOTHI ITylbcallHd. [IOCTPOHTh 3aBHCHMOCTh YacTOTHI ITyJIbCAIlHH
HaIIPsUKEHHS TeHepaTopa OT BEIHYHHBI PEe3yIbTHPYIOMIEH IIOCTOAHHOH BpEMEHH
T

4.7.CHame nepexoomsle Npoyeccs! NPU HOMUHATLHLIX NAPAMEMPAX CUCTEMb.
VcranoButh: T,=0.05¢, T,=0.2c., o=1, nHampsxeHue HcrouHHka DC 30 B,
R=3000mM, AUy, = 0.1. CEATH OCHHIIIOrPaMMY IIEPEXOAHBIX IIPOIIECCOB.

5. Copep:kaHHe 0TYeTA

1. Ilems paboOTHI, KpaTKHE TEOPETHUYECKHE CBeleHHA. CXeMBI MOJETHPOBAHHA
PEryIATOPOB HANIPKEHHA.

2. Ocummtorpammel Hanpsokeaud Ur, USG, Un, Ur+Um, Uoss a1 onsita 4.1u 4.4
JUIA 9acTOThI SIII.

3. OcuuwiorpaMMsl HanpsokeHus Ur i onbita 4.2, 4.3.

4. 3axmodeHHe o BMHAHHH OC Ha KaueCTBO NEPEXOAHBIX IIPOIIECCOB.

5. 3aKiIro4YeHHe O BIHAHHH YacTOTHI BPAIIeHHA Ha 3alac YCTOHYHBOCTH CHCTEMEI
PeryJIHpOBaHHS HAIPKEHHA.
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6. 3axmroueHHe 0 BIHAHUH JacToThl [IIVIM reHepaTopa Ha MOAYIIAIIHIO BBIXOJIHOTO
HaNpsDKEHAA.

7. I'paduk 3aBHcHMocTH AU =f(AU,,,,,)-

8. I'paduk 3aBHCHMOCTH YacCTOTHI KOJeOaHHH OT Pe3yIbTHPYIOIEH ITOCTOAHHOMH
BpEMeHH reHeparopa (11. 4.6).

9. OcrruIorpaMMa IepexoIHbIX mporeccoB (1.4.7)
10. OTBeTHI Ha KOHTPOIIBHBIE BOIIPOCHL.

Konmponstoie eonpocul.

1. Ha30BHTE HEIOCTAaTKH YTOJIBHBIX PErYIATOPOB HAIPS/KEHHA.

2. Kak H3MeHHTCA HampsDKEHHE TeHepaTopa MpPH OOphIBE OOMOTKH YTOJIBHOTO
PEeryisaTopa HapsHKEHHA?

3. Kak MO>XHO IIO/ICTpaHBaTh HAIP/KEHHE B THPHCTOPHOM peryisaTope?

4. O0pAcCHHTE MeTO] (pa30HMITYIECHOTO PETryTHPOBAHHA.

5. Kaxolf pexum paGoTel reHeparopa oOOeCHeUHBaeT HaHOOIBIIHH 3amac
YCTOHYHBOCTH CHCTEMBI PETYIHPOBAHHA HAIPKCHHA?

6) Ilouemy B TpaH3HCTOPHBIX PH HCIONB3yeTCA KIIIOUEBOH pEXHM pPabOTHI
TpaH3HCTOpa?

7) Kak 3aBHCHT YCTOHYHBOCTH CHCTEMBI pPETYJIHPOBAHHA HANPDKEHHA OT
TIOCTOSIHHBIX BPEMEHH BO30YIHTENA, TeHepaTopa?

JIJABOPATOPHA I PABOTA Ne3
NCCIIENOBAHUE ITPOLIECCOB ABTOMATUYECKOI'O
PEI'YJIMPOBAHVIA HATTPSDKEHIS SJIEKTPOMEXAHNYECKVIMI
PET'YJBITOPAMI

IIeab padoTsl

ITensio paboOTHI ABIAETCA H3YUEHHE NPHHIIHIA JSHCTBHA, KOHCTPYKIHH H
CXE€M 3JIeKTPOMEXaHHYECKHX PEryIATOPOB HanpsokKeHHA. MccienoBaHHE BIHAHHA
pa3THYHBIX (aKTOPOB Ha IEPEXOJHBIH IpOIECcC B CHCTEME PEryTHPOBaHHA
HaNpsDKeHHA TeHepaTopa MOCTOAHHOTO TOKa. M3ydeHHe NPaKTHIECKHX METOJO0B
NOBBIIEHHA  YCTOHYHBOCTH CHCTEMBI  pPEryJHDOBAaHHA HANUPDKEHHA H
HCCJIEJOBAHHE BIHAHHA CTAOHTH3HPYIONIHX YCTPOHCTB Ha IePEeXOIHbIE MPOIECCH
H CTaTHYECKHE XapaKTEPHCTHKH CHCTEMBI.

1. CxeMOTeXHHKA 3J1eKTPOMeXaHHIeCKHAX Pery/jisTopoB
B cHcTeMax 371eKTPOCHA0KEHHA MOCTOAHHOIO TOKA C T€HEPaTOpaMH CEpHH
I'CP mommoctero a0 12000 BT HCHOIB3YIOTCA V2OdbHbIE PecyiIAmopsl
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Hanpaxcenua tana P-25A, P-25AM, PH-180, PHK-180, a ¢ renepatopom I'CP-
18000 - perymatop PVYIT-82. DOTH peryaaTopsl TNPEACTaBIAIOT C000H
371eKTPOMEXaHHIECKHE YCTPOHCTBA, COUETAIOIIHE B ce0e CBOHCTBA SNIEKTPHUECKHX
H MEXaHHYECKHX CHCTEM.

IIpuHIMIIHATBHAA 3NEKTPHYECKasd CXe€Ma YroIbHOro peryaaropa P-25A
npuBefeHa Ha pHc.3.1. YronbHBIH cTOMO, HMEONIHH CONPOTHBIEHHE Ryr,
COEIHHACTCA TIOCIEJOBATENFHO C OOMOTKOH BO30YyXKIEHHA reHepaTopa WB.
PaGouas 0OMOTKa 37I€KTPOMArHHTa peryiaropa Wp IMOJKTIOYEHA Ha 3aKHMBI
rereparopa G. YpaBHHTenbHas1 00MOTKa WO HCIIOIB3yeTcsa IpPH HapalieIbHOH
paboTe reHepaToOpOB UIA aBTOMAaTHYECKOTO BEIPABHHBAHHA HAarpy30K. C IOMOIIBIO

5 E j PEryIHPYEMOT0  COIPOTHBIEHHSA

5A -
!P-z Wo | W 5, Re R Rp (BemromsseMoro A1 yao0CTBa

= I BBIHOCHBIM) OCYIIECTBIAETCA
Re :  TOZCTpOiKa HaNPDKEHHA
=11 reHeparopa B HeGOBIINX
r 1 3 npejenax.
(4

JIA HCKITIOYEHHA BIHAHHA
H3MEHEHHsA  TeMIepaTypbl  Ha
HaIpsDKEHHE HACTPOHKH

P2SA peryiTopa NIPHMEHACTCA

TemIeparypHasd KomieHcamuia. C

3TOH LIETHI0 IOCIEAOBAaTENIbHO C pabodyed oOMOTKOH Wp BKIIOYAeTCA

KOHCTAaHTAaHOBOE CONPOTHBJIEHHE Rt, BeIHYHHA KOTOPOro IIPH H3MEHEHHH

TeMIepaTypbl  INPAaKTHYeCKH He  H3MeHdAercAd.  OTHOINEHHE  BETHYHHEI

COMNPOTHBIEHHA padodyell OOMOTKH K BEIHYHHE CONPOTHBIEHHA Rt BEIOHpArOT
npumMepHo 1 : 5.

KpoMe TOro, B cxeMaxX peryiaATOpOB HMeeTci OOMOTKAa TeMIepaTypHOH
KoMIIeHcalluH Wt, BKIIIOUEHHas Ha 3aXuMbl reHeparopa. MJIC 3Tol oOMOTKH
cocraBiieT npuMepHo 10% Bemmuuasl MJIC paboueit oOMoTkH Wp H HallpaBiIeHa
BCTPEYHO. BCleICTBHE COOTBETCTBYIOIMETO COOTHOIIEHHA CONpoTHBICHHH (Rt B
ooMotkHn Wp), a Takke umcia BHTKOB (Wp m Wt) BIHAHHA H3MEHEHHA
TeMIepaTypsl B3aHMHO KOMIIEHCHpyIoTcA. PesymprHpyromas MJIC ocraercs
IIPHMEPHO NOCTOJHHOH B IMHPOKOM JHAIla30HE H3MEHEHHA TeMIlepaTypbl. TakuM
00pa3oM, yJaeTcs 3HAYHTEIFHO YBEIHIHTH TOYHOCTH PabOTHI PEryATopa.

Ha ycTOHUHMBOCTH IIpoIlecca peryIHpPOBAaHHA HANPKEHHA TI€HepaTopa
IIOCTOAHHOTO TOKAa 3HAYHTEIbHOE BIHJHHE OKA3bIBAIOT TaKHE (DaKTOPBI, Kak
9acTOTa BpalleHHA FeHepaTopa H BeIHYHHA Harpy3KH, KOTOPbIE IIPH HOPMAIbHOH
paboTe reHepaTopa MOTYT H3MEHATHCA B ITHPOKHX IIpe/erax.

CHcTeMa pery;IHpOBaHHA HANPMDKEHHA OyJeT HMETh HaHMEHBIIHH 3arac
YCTOHYHBOCTH IIPH MHHHMAJIbHOH Harpy3Kke H MakKCHMAaJIbHOH 9acTOTE BPAILLCHHS.

JI1A TIOBBINIEHHA YCTOHYHBOCTH CHCTEMBI PETYIHPOBAHHA HAIPDKEHHA B
CXEMy YTOINBHOTO peryiairopa BBOJHTCA JKeCTKad (CTaOHIHM3HpYOIIEee
COIIPOTHBIICHHE) U THOKAsA (CTaOHIH3HPYIOMIHE TpaHCc(hopMaTop) 0OpaTHBIE CBSA3H.

it
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IlpuHnHNHATBHAA CX€Ma BKIIOYEHHA CTAOHIH3HDYIOINHX  CPEJCTB
YTOIIBHOTO PEryIATOPa HapA/KEHHA JaHa Ha pHC.3.2.

JKectkas obpaTHas CBA3b
JeHCcTByeT Kak B IIEPEXOAHBIX, TaKk H B
YCTAaHOBHBIIHXCA pekHMax pabotsl. IIpu
3TOM HapALy c TIOBBINIEHHEM
YCTOHYHBOCTH IIpollecca OHA MOJKET
yXyamare TOYHOCTH  PEryIHPOBaHHA
HanpspkeHHA. HampaBieHHe H BeTHYHHA
TOKa, MIPOTEKAOIIETO gepes
CTaOHIH3HPYIONEE COMPOTHBIEHHE R,
3aBHCHT OT IIOT€HIHaJIOB Touek A u C.
ITapamerppl  MoOcTa, B  JHaroHalb

o KOTOPOTO BKIIOYEHO CTaOHIH3HpPYIOIIee
Puc.3.2. Tubkas H jKecTKas COIIPOTHBIIEHHE, MTO00PaHBbI TaK, YTO IPH
oOpaTHBIE CBA3H B yronbHOM PH  CpEJHHX 3Ha4EHHIX 9aCTOTHI BPALIEHHA H
Harpy3kd IIOTeHIHambel Todek A u C
paBHBl. IIpH DepexogHOM TIIPOIEcCce, HAIpHMEP, IPH cOpoce HarpysKH,
HanpsOKEHHE HAa TeHepaTope IIOBBIIIACTCH, YBEIHUYHBACTCA HANPSDKECHHE,
MPHIOKEHHOe K palbodeH OOMOTKE »3IIeKTpoMarHuta Wp. DIEKTPOMarHHT
peryaiTopa Ha4YHHAeT pacTATHBATh YTONBHBIH CTONI0, YBENHUHBAA €ro
compoTupieHue Ryr. ITpH 3TOM NOTEHIHAT TOYKH A YMEHBIIAETCA, YTO IIPHBOJHT
K YBEIHYCHHIO TOKA, IIPOTEKAIOIIEr0 IO CTaOHIH3HPYIOMIEMY COIPOTHBICHHIO.
JIomoMHATEIbHOE TaJieHHE HANpPAKEHHA OT 3TOr0 TOKA Ha CONPOTHBICHHH Rt
PaBHOCHIIPHO YMEHBIICHHIO HANPMDKEHHA, NPHIOKEHHOro K ooMmorke Wp, 9TO
NIPHBOJHT K Oollee MEJIEHHOMY YBEIHYEHHIO Ryr, crocoOCTBYsA yMEHBIIEHHIO
BEJIHYHHBI AMILTHTY/IBI KOIeOaHHH HAIIPAKESHHA.

B ycraHOBHBIIEMCA pEXKHME pPadOTEI TeHepaTopa B 3aBHCHMOCTH OT
nmoreHnHanoB Todek A H C TOK, IPOTEKAIOIMMH dYepe3 CTaOHIH3HPYIOIIee
COIPOTHBIIEHHE, THOO YBEIHYHBAET TOK paboded OOMOTKH 3JIeKTpoMarHuta Wp
(mpH MamoH dYacToTe BpamleHHA H OOJBIIOH Harpyske), JHOO BBI3BIBAET
JIOTIONTHUTENbHOE IIa[leHHE HANpPHOKEHHA Ha CONPOTHBICHHH TeMIIEpaTypHOH
KoMmmeHcalid Rt (mpH BBICOKOH YacTOTe BpalmleHHA H MAaloH Harpyske).
BcenmencTBHe 3TOro B IIEPBOM CiIydae HANpAKEHHE TIeHepaTopa HECKOIBKO
CHHDKAeTCsi, BO BTOPDOM - YBEIHUHBAETCA, T.€. IOABIIETCA JONOTHHTEIbHAA
cTaTHdecKasd ommOka. i HCKIIOYEHHA BIHAHHA  CTaOHIH3HPYIOIIETO
CONPOTHBIICHHA B PEXKHMAX, TI/I€ pPACHIHPEHHA OO0IacTH YCTOHYHBOCTH HeE
Tpebyerca (IpH MalbIX YacTOTaX BpaIleHHA H OONBIIHX HArpyskax),
nocnenoBarenbHo ¢ Rc Brmogaerca auoa VDI1. B 3ToM cilydae CONPOTHBICHHE
yroipHOro croinda Ryr Mamo, moTeHIIHaT TOYKH A BbIIIe MOTEHIHana ToukH C,
TOK Uepe3 CTA0HIH3HPYIOINEE CONIPOTHBIEHHE HE IIPOTEKAET.

Crabumupyromui Tpanchopmatop T paGoTaeT TONBKO IMPH MEPEXOIHBIX
nporeccax (rubkas obpaTHasd cBA3b). [IpH H3MEHEHHH HANpsKEHHA Ha 0OMOTKE
BO30Y)KIeHHA TeHepaTopa WB H3MEHAETCA TOK B IIEPBHUYHOH OOMOTKE
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tpancopmaropa W1. ITocnenHui BRI3BIBAET H3MEHEHHE MAarHHTHOTO IIOTOKA B
cTanH TpaHcopMaTopa, BCIGACTBHE 4Yero BO BTOPHYHOH oOMoTke W2
uggyktapyerca 2JIC. Hampumep, IIpH DOBBIIEHHH HANpDKEHHA, KOIJa
PerymaTop yMeHbIIAeT TOK BO30y)KAeHHA reHeparopa, 3/IC, HHIyKTHpyeMasi BO
BTOPHYHOH OOMOTKE CTaOHIH3HPYIOIIETO MPaHCHOpMamopd, COBIAaeT C
[aJIeHHeM HalpsDKeHHA Ha pabodeH oOMoTke Wp. DTO paBHOCHIBHO TOMY, 9TO
pabouasd oOMOTKa perymfaropa Wp BKIOYEHA Ha HECKOIBPKO MEHBIIee
HalpsoKeHHE, 9eM JeHCTBHTENbHOE HANpsUKEHHE reHepaTopa. BceieacTBHE 3TOro
YMEHBINIAETCA CKOPOCTh [BHJKCHHA fAKOPA JIIEKTPOMAarHHTa H BO3MOJKHOCTD
NepeperyTHPOBaHHA HanpsokeHHA. [logo0Hasd KapTHHA HaOMOJaeTci H IIPH
PEe3KOM BKIIFOUEHHH Harpy3KH.

2. OnAcaHHAe JJA00PATOPHOH YCTAHOBKH
IIpuHIHNHATEHAA ~ JIEKTpHUYECKad CcxeMa J1abopaTOpHOH  yCTaHOBKH
n3o0pakeHa Ha pHC.3.3. ABHAIIHOHHBIH T€HEpaTop IIOCTOAHHOrO Toka G,
HaIpsDKEHHE KOTOPOTO PEryIHPYETCA YTOJIbHBIM PETYIATOPOM HANpKeHHA P-
27BT, Harpyxaerci C IIOMOIIpIO peocTaTa R#, KOTOpPBIH IOJKIIOYAETCA K
TeHepaTopy uepe3 KOHTaKThI JH(depeHTHaTbHO-MHHIMAaIbHOTO pene JIMP-400]1.
B cxeme yrompHoro PH craOGHiH3HpyIONIee CONPOTHBICHHE OTHIAfHO H
BMECTO HEro MOAKIIOYEH peocTaT Rc, ¢ MOMOINBIO KOTOPOrO MOKHO H3MEHATH
BEIIHYHHY CTaOHIIH3HPYIOMIEr0 COIPOTHBIEHHA. Brikmodarens Q2 CIIy:KHT AA
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Puc.3.3. Cxema 1a00paTOpHOH YCTAHOBKH
BKIIIOYEHHsA TeHepaTopa Ha Harpy3ky Ru, Ql - Q11 [DOJKIIOYEHHA
crabummsupyromero TpaHcopmaropa TC-9. T'emepatop G HOPHBOAHTCA BO
BpameHHe papurareneM M. Peoctar Rp mnpegHasHadeH I peryIHPOBAHHA
9acTOTHI BpAIlleHHsA IPHBOJHOTO IBHTATENA.



38

IlepexomHple TPONECCH HCCIEAYIOTCA C IOMOIIBIO  3IIEKTPOHHOTO
ociutorpada PS. JImA DOMydeHHA HArDAAHOTO H300pakeHHA IIEPEXOIHOrO
mporiecca Ha 3KpaHe ocHuutorpada HeoOXOJHMO MOMEHT BKIIOYEHHA Harpy3KH
RH cTporo cHHXpOHH3HPOBATh C XOIOM 3IE€KTPOHHOTO JIy4a ocimuiorpada, ams
9ero HCIOIb30BaTh XAYIMHH peXHM ocuuiorpada. B pesynsrare n3obpakeHHe
IIEPEXOIHOTO TIPOIecca IMPH MHOTOKPATHOH KOMMYTAIlHH HAarpy3KH BO3HHKAeT B
OJTHHX H TeX JK€ TOUKaX 3KpaHa ociuiorpada. Hammune y 3xpaHa 3HaUHTEIBHOTO
TIOCTIECBEUEHHSA 007IerdaeT CHATHE OCIH/UIOTPAMMBL.

Tlepen mpoBeAeHHEM HCCIEJOBAaHHH HEOOXOJHMO BKIIOYHTH NHTAHHE
ocmorpada PS u math eMy mporperscsa B TeueHHe (10..15) mmHyT. 3arem
3aIlyCTHTh IIPHBOJHOH JBHraTelb M C IOMOIIBIO IIyCKOBOIO peocrara Rii,
YCTaHOBHThH YacCTOTY BpamieHHA reHeparopa 5000 o6/MHH H HpPH OTKIHOYEHHBIX
CTaOHIH3HPYIOMHEX cpeacTBax (Rc=c0, BeikMroUaTens Q1 B monoxkeHHH "Briki" )
3aMKHYTh BBIKIFO9AaTelhb Q2 H YCTAaHOBHTh C IIOMONIBIO PACHOIOKEHHBIX Ha
CTeH/Ie BEIKITFoUaTene "BriroueHHe Harpy3KkH' Harpy3Ky reHeparopa (15...20) A.

3areM, 3aMBIKas HECKOJBKO pa3 BEIKIrOYATeNlh Q2 H HacTpaHBasd pydKaMH
BEPTHKAJIBHOI0 H TOPH30HTATIBHOTO YCHIEHHA OCHHILIOrpad, MOIYIHTh YA0OHYIO
JU1A HaOMIoIeHHA KapTHHY NePEeX0QHOro nporecca. OTKIIOYHTH BBIKITFOUATensb Q2.
IIpumedanue. Bo m30exaHHe TNOBPEXKAECHHA 3KpaHa OCIHLIOrpada
MaKCHMAJIBHYIO APKOCTh H300pPa)KEHHA YCTaHABIHBATh TONBKO HA BPeMsA CHATHA
OCITHJITIOTPAMMBEL.

3. 3aganne K padorte

1. M3yuutes cxeMy mabopaTOpHOH yCTaHOBKH (puc.3.3) H METOIHKY
HCCIIeOBaHHH.

2. VccnenoBath BIHAHHE YacTOTHI BpallleHHA Ie€HEpaTopa Ha IIEPEXOIHBIH
IPOLIECC IO HANPMKEHHIO INPH OTKTIOYEHHBIX CTAaOHTH3HPYIOIIHX CPEACTBaX.
VCTaHOBHB BO3MYIIAIOMHH CKadoK Toka AI=(15..20) A, 3apHCOBaTh KapTHHY
IEPEX0HOTO Ipoliecca AT TPeX 3Ha4EHHH JacTOThI BpamieHua reaeparopa: S000
06/MuH, 6000 06/MuH, 7000 06/MHH.

3. VccnenoBarh BIHAHHE BETHYHHBI CTAOHITH3HPYIOMIEr0 CONPOTHBICHH Ha
TIePEXOIHBIH Tmporece (CTaOHIH3HPYIOMHE TpaHchOpMaTOop OTKIIOYeH). [
3TOT0, YCTAHOBHB 9YacTOTy BpalleHHA reHeparopa 7000 o0/MHH H CKadoK TOKa
AI=(15...20 ) A, 3apHCOBaTh KapTHHY IEPEXOAHOrO IMpoIlecca LA TPeX 3HAUCHHH

crabumsnpyromero conpotaBieHn: Re= 300 Om, 700 Om, oo.

4. UccrnepoBaTh BIHAHHE Ha TEPEXOAHBIH IIPOLIECC IO HANPIKEHHIO
CTaOHIH3HpPYIOMEro  TpaHchopMaTopa.  YCTAaHOBHTh  YAacTOTy  BpAIEHHA
rereparopa 7000 o6/MuH H ckadok Toka Al=(15..20)A, TpH OTKIIOUYEHHOM
CTaOHITH3HPYIOMIEM COTPOTHBIEHHH (RC =o0) H 3apHCOBATh MEPEXOIHBIH MPOIIECC
TIPH BKITF0OYeHHOM (BBIKTIOUaTens Q1 B momoxxeHuH "Bkin") 1 otkmroueHHOM (Q1 B
roroskeHuH "BeIKT") cTa0HIH3HpYOMEM TpaHChopMaTope.

5. CpaBHHTB pe3yIbTaThl HCCIeI0BaHHH (TLIL. 2...4 ) H c/IelaTh BEIBOJBL.

6. HccrenmoBaTh BIHAHHE CTAOHIH3HPYIOIIETO CONPOTHBIEHHA HA
CTAaTHYECKYI0 XapaKTEPHCTHKY CHCTEMBI PEryIHPOBAaHHA HAaUPDHKEHHA. OTKIIOYHB
3NEKTPOHHBIH OocHHIIorpad H MOJKTIOUHB K ceTH IH(poBoiH BombT™MeTp PVI.
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3aTeM MOJKIIOYHTH BHIXOJ BOIBTMETpa K ToukaM X1 H X2, yCTaHOBHTH 9acTOTY
BpamieHHA TeHeparopa 6000 OG/MHH H CHATh 3aBHCHMOCTh HaIpPDKEHHA
refeparopa oT Toka HarpyskdH U=f(IH) npH pa3nHYHBIX 3HAYEHHAX
CTaOHIH3HPYIOIETO CONPOTHBICHHA RcC., H3MEHAA TOK HArpy3KH B Ipelenax:
0-+-30 A. Pe3ympTaThl H3MEpEHHH 3aHECTH B Tab. 3.1.

7. IToctpouts rpaduku 3aBacuMocTH U = f (IH) mpH pa3mHIHEIX Re.

4. Copep:xkaHHe 0TUYETA

1. Ienb paboOTHI, KpaTKHE TEOPETHIECKHE CBEICHHA.

2. IIpHHIHIHATBHBIE CXEMBI perymaTtopoB P-25A u PVYI-82. cxemsl
BKIIFOYEHHA KOPPEKTHPYIONIHX H CTA0HIH3HPYIONIHX CPEJCTB PETYIIATOPOB.

3. OcuHLIOrpaMMBI IEPEXOAHBIX IIPOIECCOB.

4. Tabmuma pe3yIbTaTOB H3MEPEHHH.

5. I'paduxu 3aBucuMocteii U = f (In) npu pa3mHuHbIX Re.

6. BeIBOZBL

7. OTBeTHI Ha KOHTPOIIbHBIE BOIIPOCHL.

Tabmuna 3.1
Rc =300 Om Rc= 700 Om Rc=o0 OM
In, A U,B In, A U.B In, A U,.B

Konmponsteie eonpocst

1. Kak MO’XHO YBETHUHTH (HIH YMEHBIIHTH) YCTABKY PEryIaATOpa HapsKeHHA?

2. TloscHHTEe crOCOOBI MOBBINEHHA TOYHOCTH CTAOHIH3AIlHH HANpPSKEHHA C
TIOMOIIBIO YTOIBHOIO PETYIATOPA.

3. UYro Takoe HacTPOHKa PEeryropa HalpsDKEHHA Ha MOJI0KHTEIbHBIH CTaTH3M?
4. Kaxk u modyeMy d9acToTa BpAIEHHA TeHEpaTopa BIIHAET Ha YCTOHYHBOCTH
CHCTEMBI PErYITHPOBAaHHA HaPsKEHHA ?

5. Kak H modeMmMy YCTOHYHBOCTH CHCTEMBI 3aBHCHT OT BEIHYHHBI Harpy3KH
reHeparopa ?

6. IlosacuuTe Ha3HaYeHHe quoAa VD1 Ha puc. 3.2

JIABOPATOPHAS PABOTA Ne4
MN3VUYEHWE KOMMYTAITMOHHOU U 3AIIMTHOU ATITTAPATYPBIL

IHeab padoTsl
ITenpro paboOTHI ABILAETCA H3yYeHHE NPHHIHNA ASHCTBHA, KOHCTPYKIIHH H
3JEKTPHYECKHX CXEeM KOMMYTAIlHOHHOH H 3allHTHOH aIlllapaTypbl CaMOJIETHBIX
CHCTEM; CHATHE aMIIEP-CEKYHIHBIX XapaKTEpHCTHK aIlllapaToB MAaKCHMAalIbHO-
TOKOBOH 3aIllHTBL, BOJIBT-CEKYHJHOH XapakTEepHCTHKH aBTOMAaTa 3allHTBEl OT
NEpeHaNPUKEHHA, H3MEpeHHe IapaMeTpoB cpadaTeiBaHHA AHGGEpEHITHATBHO-
MHHHMAJIBHOT'O PElle.
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1. OcHOBHBIE N0/10:KeHAS

K KOMMYTaLIHOHHEIM amnmapaTaMm OTHOCATCA euIKIIOYAment,
npedoxpanument, NPeCOXPAHUMENU-GLIKTIoYamenu (agmomamsl 3auumel ),
3eKMpPOMacHUMHbIE pene U Konmaxkmopsl. I1o crocoly NpHBEJEHHA B JeHCTBHE
KOMMYyTAllHOHHAs ammaparypa [JelIuTIcsi Ha JBe TIpPyNObl IPAMOTO H
JHCTAHIIHOHHOTO [eHCTBHA.

ArnmapaTypa NpsAMOro AeHCTBHA - KHONKU, 8bIKI0YAmenu, nepexnoiament,
nymeegsie euIKI0Yameny - MpeJHa3HadeHa U1 yIpaBIeHHA B LEILIX HeOOIbIIOH
MOITHOCTH ToKaMH A0 35 A. IlepexmrodeHHe B ammapaTax OpAMOro JeHCTBHA
MPOHUCXOJHUT IpPaKTHIeCKH MrHOBeHHO (B TeueHHe 0,01 ¢) He3aBHCHMO OT
IIEPEMEINEHHA OpraHoB YIPABIEHHA 3a CUET HCIOIb30BAaHHA YIPYTOCTH
MIPYKHHHBIX IIepeiad. ITO I03BOJLIET YMEHBIIHTH HCKPEHHE MEKIAY KOHTaKTaMH H
TIOJTy9HTH alllapaThl MAlIbIX rabapHTOB H MacCHI.

KHomkH  (KHOIIOYHBIE  BBIK/TFOUATEIIH)

7 ABIAIOTCA TIPOCTEHIMHMH KOMMYTALIHOHHBIMH

g AmmapaTaMH, NOPHBOJHMBIMH B JeHCTBHE

Ha)XaTHEM  HIH  BBITATHBAaHHEM  JI€TallH,

* MepearoIIe yCHIHe onepaTropa, H CIIyKallHMH

2z 9 JUI1 ~ KPaTKOBPEMEHHOIO  BKIIOYEHHA  H

OTK/IIOUEHHS 3JIeKTpHUYeCKHX Iened. KHomku

cepur KH (B mbBUle H BIAro3amHIIeHHOM

HCIOTHEHHH) BBIIYCKAIOTCA  OJHOTIONIOCHBIE

- 10 HOopMalbHO-pa3oMkHyTeie (KHP)  HOpMalbHO-

| 77 samxayteie (KH3), a Tamke [BYXNOIIOCHBIC
(2KHP u 2KH3 COOTBETCTBEHHO)

12 1, puc 4.1 nmoka3aHa OIHOMOJIIOCHAA

HOPMAaIIbHO-Pa30MKHYTasd KHOTIIKa KHP,

13 cocToAmas W3 IUTaCTMAcCOBOrO Kopmyca 2, B

KOTOPOM PpAacCIOJIOKEHBI HEMOJABIKHBIE 4 H

2 NOABHJKHBIE 12 KOHTAKTHL, ILTACTHHBI 1 H 3,

H30JIAIIHOHHBIE H YIUIOTHHTEIbHEBIE AeTamH (5, 6,

1 ¢ 9). Ilpu HaXKaTHH Ha TOJIOBKY KHOIIKH 7 BHJIKa

S

AN

ol e e AL L Ll o Nl ook

11 mepemermaeT BHA3 KOHIIBI BHHTOBOH MPY/KHHEI

13. B MOMEHT H3MeHEHHA ee Tporuba Ha

Prc.4.1. Kromxa KHP o0paTHBIH, IUTaCTHHa 3 TIOJHHMAETCA BBEPX,

KOHTaKTBl  3aMBIKAIOTCA. [IpH  OTHyCKaHHH

KHOINIKH 7 BO3BpaTHag IipykuHHa 10 pDoaHHMaeT BHIKY 11, KOHTaKTHI
pa3MbIKaroTCA. J{71 KpeIUIeHHA KHONKH CIIYy/KHT rafka 8.

Buixnroyamenu u nepexnodameny CIyXaT A7NA 3aMBIKaHHA H pa3MBIKaHHA
JNEKTPHYECKHX Ileled Ha [iHTenbHOe BpeMiA. COBpEMEHHBIE CaMOJIETHBIE
BBIK/IFOYATEIH TePMETHYHEL; TIEPEK/IFOUEHHE B HUX OCYINECTBIIAETCA 110 IIPHHLIHITY
"crampIBaromerocs perara’. Hambomee pacnpocTpaHEHBI BBIKTIOYATETH IBYX
BHI0B: cepuH BI' a1 nienelt nocTOAHHOTO TOKa HanpspkeHueM 10 30 B u cepun B-
200 nu14 LerneH epeMeHHoro Toka HamnpsbkeHHeM 1o 220 B.
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O0e cepHH aHAJIOTHYHBI 110 IIPHHITHITY
nercteuA. Ha puc4.2 1mpeacTaBieHa
KOHCTpYKIHA BeIKIIO4aresi BI-15. B ero
IUTaCTMAccOBBIH Kkopmyc 1  3adopmoBan
3KHM 9 C HENOJBHKHBIM KOHTakToM 10 H
3aKHM 6 C OCBIO 5, HAa KOTOPYIO Haca)k€Ha
JaTyHHasd Ka4daJdka 7/ ¢ IOJBH)KHBIM
koHTakToM 11. HmkHui IMapHK pydkH 2
qepes IJIAaCTMACCOBBIH TOIATHHK
YIIPaBIIETCs IUIACTMAcCOBBIM CTaKaHOM 4.
Eciu moBepHYTh pPydKy BIEBO, CTakaH 4
IIOBEPHETCA BHpaBo. [IpH 3TOM mpykHHA 3
oxuMaeTci. Kak TOIBKO OCh CTakaHa
OKa/KeTCs 110 JIPYTYIO CTOPOHY
BEPTHKAJIGHOH OCH ammapara, IIpy)XHHA
MTHOBEHHO pAaCIpaBILIeTCAd H PpPa3MBIKAeT
KOHTAKTBL

Brixmrogatenn CEpHH BI'

MHOrOoOOpa3HbI 10 CXEMe H CI0co0y
MEPEeKTIOUEHHA, YHCIy  YIpPaBIAEMBIX

1ened. OTH 0COOEHHOCTH OTPaXKEHBI B MAPKHPOBKE alIIapaToB: B - BEIKIIOYATENb,
I1 - mepexmrouareins, I” — repmernunsiii. Jlanee: H - HaxumuOH, 11 - TepeKuIHOH.
ITudper 2 i 3 Brepean OYKB YKa3bIBAIOT HA YHCIIO IMEPEKIOYaeMBIX IIETeH.
I[Tudpsl B KOHIE MAapKHPOBKH O3HAYAIOT MAaKCHMAIbHO JOMYCTHMBIH TOK.
Hanpumep,: BI'-15 - BBIKIIOYATEIb OJHOIOMIOCHBIH TE€PMETHYHBIH Ha MaKCH-
MalIbHO JOMyCTHMBIH TOK 15 A; 2[IIIT-45 - AaByXIEMHOH NEepeKIrovYaTens IIe-
PEKHOHOH repMeTHYHBIH Ha 45 A. I'epMeTHYHBIE BBIKIIOYATEIH IEPEMEHHOTO
TOKa BBIITYCKAIOTCA B BHJE OJHO, ABYX H TPEXIIOMIOCHBIX BhIKMIOYarened (B-200,
2B.200, 3B-200) u Takux ke nepekmodarenei (ITI1-200, 2T1I1-200, 3I1I1-200).
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Puc.4.3 KoHCcTpyKIHA

MHKDOBBIKITFO9aTeNA

ITymeevie gvIKIIO4amenu u
nepexmodament H3MEHAIOT CBOE COCTOSHHE
IIpH 3aJaHHBIX TIOTIOKEHHAX
MIEPEMEMAIOIIHXCA  OTHOCHTEIBHO  HHX
MOJBIKHBIX ~ YacTeH  MEXaHH3MOB  H
IpeJHa3Ha4eHpl 11  aBTOMAaTHYECKOH
[IpOTPaMMHOH KOMMYyTallHH Iemed. Ux
YCTAaHABIHBAIOT B KadeCTBE KOHIIEBBIX
OrpaHHYHTENeH IOT0KEHHA MEXaHH3MOB, a
TaKkKe B [EILIX CHTHATH3AIHH H OJIOKHPOBKH
MIOJIOXKEHHA OpraHoB ympasieHHA. I[Inpokoe
IIPHMEHEHHE HaILTH ITyTEBbIE
MHKPOBBIKITFOYaTETH CepHH .
MHuKpOBBIKTIOYATEND (pHC.4.3) HMEEeT 9eThI-
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p€ HEMOABHKHBIX KOHTAKTa 8, KOTOpPHIE MPHKJIENAHbI K KJIeMMaM 1, BCTaBIEHHBIM
B IIPOPE3H IIACTMACCOBOIO KOPITyca 2 H MOABHKHYIO CHCTEMY C IBYMA

cepeOpAHBIMH KOHTAKTaMH 5, IPHKICNAHHBIMH K IUIOCKOH OpOH30BOH
NnpyxXHHe 6, BHYTPH KOTOPOH BBIIITAMIIOBAHEI [Ba jJenecTka A H b. B ux
3a30p BCTaBIETCA INTHIPh 4. B cBOOOZHOM COCTOAHHH KHOIKH 3
obecnieunBaeTCs 3aMbIKaHHE HIKHEH Iapbl KOHTAKTOB. [IpH Ha)kKaTHH Ha KHOIIKY
nmenectkd A H b mporubarorcs BHH3. Korja OHH OKaKyTCA HIDKE ILTOCKOCTH
OPY/KHHBI 6, TOCIEHAA CKAYKOM IIPOTHOAeTCA B IPOTHBOIOJIOXKHYIO CTOPOHY,
BBI3bIBad 3aMBIKAaHHE BTOPOH (BepXHEH) mapsl KOHTAKTOB. [IpH OTIyCKaHHH
KHOIIKH IIOJ BO3JEHCTBHEM BO3BPAaTHOH IPY/KHHBI 7 KOHTAaKTbl IPHXOAAT B
HCXOJHOE TIONOKEHHe. blarogaps AByM MecTaM pa3pblBa TOKa YMEHBIIAETCS
JNEeKTpHYECKad Ayra, H MHKPOBBIKTIOYATENTH 3TOr0 THIA HMEIOT MEHBIIHE
ra0apHTHL.

Annapamut OUCMAHYUOHHO20 Oelicmeus - 3TO IEKTPOMarHUTHBIE YCTPOH-
CTBa, C AKOPEM KOTOPHIX CBA3aHBI KOHTAKTHL. B 3aBHCHMOCTH OT HOMHHAJIHHOIO
3HAYEHHs KOMMYTHPYEMOTO TOKa pPa3IHYaroT Koxmaxmopwl, ¢ ITnom=(25...600) A
H KoMMymayuontele pene, ¢ IHom = (5...10) A. Bce KoMMyTaITHOHHEIE aIapaThl,
NpefHAa3HAYCHHbIE [UIA YNOPABICHHA I[EMAMH Kak IIOCTOAHHOIO, TaK H
MIEPEMEHHOTO0 TOKAa, HMEIT OOMOTKY, ITHTAIONIYIOCA IIOCTOSHHBIM TOKOM.
TIpuHnun JedCTBHA pelle H KOHTAaKTOPOB OJHHAKOB. Ha JleTaTelpHBIX anmapaTrax
npuMeHAI0T KoHTakTopsl cepui K, KM, KII - BTAKHOTO H KIallaHHOTO THIIA,
JUIMTEIFHOTO H KpPAaTKOBPEMEHHOro [eHCTBHA, a TaKkKe MalorabapHTHEIE
kxoHTakTops! H pene TunoB TKE, TK][, TKC, TKT, CIIE u ap.

MapKHpoBKa YHH(HIHPOBAHHBIX KOMMYTAIIHOHHBIX pele H KOHTaKTOPOB
OTpakaeT X Ha3HaueHHE H KOHCTPYKIHIO: 1-1 OyKBa IIOKa3bIBaeT MaKCHMAIbHOE
HaIpsoKEHHE, Ha KOTopoe paccunTana oomotka: T - Tpuanars, C - cto, /] - ABecTH
BOIBT: 2-1 OyKBa yKa3bIBaeT Ha3HaueHHe ammapara: K - KOMMyTallHOHHOE pele
HJIH KOHTaKTop, B - perte BpeMenu, T - TokoBoe pene, I1 - 06MOTKa BKIFO9aeTCA Ha
TepeMEHHBIH TOK, 3-1 OykBa o3HauaeT: E - equHHIEL, [ - gecatkd, C - cotH, T -
THICAYH aMIlep KOMMYTHPYEMOTO TOKA, YHCIO KOTOPBIX IIOKa3bIBaeT IHdpa,
CToAmAaA Ha 4eTBepToM MecTe (4-if 3Hak ). [IATBIH H 6-H 3HAKH XapaKTEPH3YIOT
KHHEeMAaTHKy anmnapara: O - OTKpBITbIE KOHTAKThI, 11 - mepexiIrogaeMble KOHTAKTHL.
Crnenyrommue 3aTeM IHGPHI 03HAYAIOT YHCIO KOMMYTHpYeMBIX Ienei. CexpMoit
3HaK OTpakaeT peXuM paboTel ammapara: J[ - JUmHTenbHBIH, K -
KpaTKOBPEMEHHbIH, 11 - HMITylIbcHBIH. BochMOH 3HaK OTpakaeT OCOOEHHOCTH
ucrnonHesuda: T - Temnoctoiikoe, I - repMmerHdsnoe, | - BCEKIHMMATHIECKOE.
Hampamep, TKES20/II pacmmdpoBbIBaeTcA Kak ammapar, 0OMOTKa KOTOpPOTO
paccunTana Ha 30 B, a KOHTaKTHI - Ha 5 A, HMEOIHH 2 BKIIOYAIOIMHUX KOHTAKTA,
pelle pacCYHTAHO Ha JTHTEIBHBIH PeKHM paboThl, HCIIOTHEHHE T€PMETHIHOE.

DnexmpokuHeMamuieckaa — cxema — KOHMAKMOpa  BTSDKHOTO — THIIA
JUTHTETIFHOTO peXHMa paldoThI IpeacTaBieHa Ha puc.4.4. Kopimyc 4 uMeer Gopmy
CTaKaHa H SABIMIETCA MarHHTONpPoBoAOM. OOMOTKH (WH - myckoBai u Wy -
YAepKHBAIOINAA) COSJHHAIOTCA IIOCTIEOBATEIFHO H HAMATHIBAIOTCA HA THIB3Y H3
HEMarHHTHOTO MaTepHalla, KOTOpas CIIy)KHT TakKe HaIlPaBILIIOMIEH 1A AKops 1.
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Ilocne Havana ABHJKEHHA AKOPA CBA3AHHBIH C

'r——-——--os" HHM IOTOK 7 (M3 HEMarHHTHOH CTalH) IpH
! IIOMOITH  HAKOHEYHHKa 6  pa3MBIKaeT
{0  KOHTakTHl 9, BKIIOYasd TakHM oOpa3oM
fo——" || <=—=of' o6morxy Wy. IiaBHEle KoHTaKTEI 10
KOHTAaKTOPOB - MOCTHKOBOIO THIA C ABYMA
pa3pbIBaMH ToKa. Bo3BpaTHai 3 u OydepHas 5

| )
1@ ﬁ NPY/XHHBI BHHTOBBIE. BydepHad IpyKHHA
E"
i
%

4. 9 MOJKET OBITh HIDKE HIIH BBIIIE KOHTAKTHOH
37 wIacTHHEI 2. BydepHas mpykHHa HCKITHO9aeT
50— - nosBiaeHHe "Apebe3ra"  KOHTAKTOB, T.e.

OTCKAaKHBAaHHA IOJBIKHBIX KOHTAaKTOB OT
HEMOABIKHBIX B MOMEHT yJapa IIPH HX
3aMbIKaHHH. CHIIOBasAg KOMMYyTAaIlHOHHAA IENb
3aMBIKaeTCA MeXAy Toukamu 1'-1' | xemma 3'
9 NpeAHa3HA4YCHA 711 CHTHAIH3alHH.
DIIeKTPOMAarHHTHBIH y3€l1 Yy  BCeX
Puc.4.4. KoHcTpykima KoHTakTopa KOHTaKTOPOB OJHHAaKOB H PpAacCiHTaH Ha
BKJIFOYEHHE B II€Nb ITOCTOAHHOrO Toka 30 B.
V3en KOMMyTallHH HMeEeT pa3IHYHyH KOHCTPYKIIHIO B 3aBHCHMOCTH OT
Ha3HAUCHHA: YIIpaBIEHHE IEIFIMH IIOCTOAHHOIO ToKa 10 30 B miH mepeMeHHOro
TOKa 710 208 B Tpexda3Horo nepeMeHHOro ToKa.
KoHTakTOpel  JemATcA  HAa  BKIIOYAIOINHE,  OJHOIOMIOCHBIE  H
nepexiroyarorye. OQHONIONMIOCHBIE KOHTAaKTOpel cepuH J1OJl paccuHMTaHbl Ha
KOMMYTAIIHI0 IIOCTOSHHOTO H mepeMeHHoro Toka (50, 100, 200, 400, 600) A;

5 & tpexnontocHsre [T u JIO]T - Ha TokH (10, 20,
50, 100, 200, 400) A.
7 Kommymayuonneie pene cepun TKE

OTHOCATCA K amlmaparaM IIOBOPOTHOIO THIIA.
8 DmexrpoMarHHT ~TakHX ammapatoB  1II-
9 o6pasmbii (pHC.4.5) ¢ oOMoTKOH 2 Ha
40 cpemHeM cTepxkHe. K JIeBOMy CTepiKHIO
IIDHBHHYEHA IIIaCTMAccOBasi IaHEIb 3 C

4 11
3a(opMOBaHHBIMH IITacTHHAMH. IIX 1eBbIe
72 YaCTH CIyXaT KIeMMaMH 4 Uid IIpHIAHKH
45 BHEIIHHX MPOBOJAOB, IpaBele -  JUIA
3 s 7 HETIOIBHIKHBIX KOHTaKTOB, IIPOBOJIOB
OOMOTKH H IIPOBOJA IMOJABHJKHOIO KOHTAaKTa.
Prc.4.5. KoncTpykums pene 1I0CTEIHHH H30IMHpyeTcs OT AKopa 8

KoloakoH 7. JSlkopp 1mox  AEHCTBHEM

BO3BpaTHOH MNpYyXHHBI 10 OTKIIOHAETCA BBEPX
Jo ymopa 5. HiKHHH KOHEIl MpPYXXHHBI 4Yepe3 peryJIHpOBOYHBIH BHHT 12
MpHKpeIUieH K ocToBy 13. Kommak 9 3aBabllOBBIBAC€TCA HA MAHEIH H KPEIHTCA K
Hel BHHTaMH. Pa3BaibliOBaHHEIE B HEM raikd 11 CiIy)kat i KPEeIUIeHHA pelle.
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KOHTaKThl >3IEKTPOMArHHTHBIX YCTPOHCTB, IPHMEHJAEMBIX B aBHAIHH,
H3TOTABIHBAIOTCA H3 METAUIOKEpAaMHKH H cepedpa HIH €ro CILUIaBOB -
MaTepHAJIOB, HE MOJBEPraloIMHXCcA KOPPO3HH, 00IaJaroIHX BBICOKOH 3TEKTPO H
TEILTONIPOBOJHOCTBIO, JOCTAaTOUYHOH H3HOCOYCTOHYHBOCTHIO H JIyTOCTOHKOCTBHIO.
JInA CHHJKEHHA H3HOCA KOHTAKTOB, pa0OTaloOmMX Ha OONBIIHX BBICOTAX, BECh
anmapar HIIH €ro KOHTAaKTHBIH y3ell IOMEINAI0T B TepMETHIHYI0 000/I09Ky, BHYTPH
KOTOPO# coXpaHieTcs AaBleHHe, OaH3Koe K aTMoc(epHOMY (Ha YPOBHE 3€MIIH).
IIpu pa3peiBe TOKAa BHYTPEHHEE [aBJICHHE IIOBBHIMAETCA 3a CYET TEeMIIEpaTypPhl
JIyTH. 9TO CIOCOOCTBYET €€ TalleHHIO.

Sawumuaa _annapamypa. Anaparypa, clIyKamas AId aBTOMAaTHYECKOTO
OTKIFOYEHHA HCTOYHHKOB H IIPHEMHHKOB 3JI€KTPO3HEPIHH H yJacTKOB CETH C
LeTbI0  IPEAOTBPAIIEHHA BO3MOXHOCTH HX OTKAa30B H  COXpPaHEHHA
paboTocrmocOOHOCTH BCEH  OCTAIbHOH CHCTEMBI JIEKTPOCHAOKEHHA TIPH
BO3HHKHOBEHHH B HEH aBapHHHBIX CHTyallHH, HOCHT Ha3BaHHE 3alHTHOH
anmapaTypel. IloJ aBapHHHBIMH CHTYallHAMH IOHHMAIOTCA HEJIOIYCTHMEIE
TOKOBBIE IEPErpy3KH, HEAOIyCTHMBIEC IIOBBIIIEHHA H TIOHHKEHHA HANPDKESHHA.
IIpn HX BO3HHKHOBEHHH HEOOXOJHMO 3alIHINATh I'€HEpaTopsl, HX (Haepsl, a
Takke OopToBBIE ceTH. JINA 3amMTBI CeTeH OT KOPOTKUX 3aMBIKAHHH IIHPOKO
TIPHMEHSAIOTCSA IJIaBKHE NIPEAOXPAHUTEIH H TEITIOBbIE aBTOMATHI 3aITHTHL

IInaexue npedoxparument - MPOCTEHINHE allllapaThl MAaKCHMaIbHO-TOKOBOH
3ammTel. B camomeTHOM — O0OpYJOBaHHH NPHMEHAIOT  4YeTBIpe  THIIA
MIpeAOXPAHHTENIEH

1) senneprHonHsle THITa I1B 1 CII. IT1aBKas BCTaBKa H3TOTABIHBASTCA H3
MEeJHOH H cepeOpAHOH IPOBOIOKH HITH IIHHKOBOH IIACTHHKH;

2) tyromraBkue TII - Ha Toku oT 200 A mo 900 A. ILmaBKHH 3II€MEHT -
MeJHad IUIaCTHHKAa 0co0oro mpodHIi ¢ yJ4acTKOM OCTa0lIEHHOTO CEYEeHHA -
3aKII0UeHa B acOOIIEMEHTHYIO KaMepy:

3) unepuuonHkIe (VIT). UyBCTBHTENBHBIH 37IEMEHT - 00Pa30BaHHBIH MAHKOH
y3€1 H3 IUIaBKOTO 3JIEMEHTa, CHCTEMBI CKOO, HAaTAHYTOH INpPYXHHBI H MEIHOH

IUTACTHHEI, CITy’KameHd HHEPLIHOHHBIM 3JIEMEHTOM.
t‘l | IlpH npeBBIMIEHHH JIOIYCTHMOIO TOKAa MeJHas
IUTAaCTHHA HAarpeBaeTcs TakK, UYTO IUIABHTCA IIPHIIOH
H IpPYXKHHA, OTTATHBAaA CKOOBI, Pa3phIBaeT II€Nb
ToKa. IIpH KOPOTKHX 3aMBIKAHHAX HIH OOIBIIHX
Ieperpy3kax IIeperopaer IUlaBKasd BCTaBKa.
AMIiep-ceKyHIHaA XapaKTepHCTHKa (puc.4.6)
HHEPITHOHHOT'O NPEIOXPAHHTENA COCTOHT H3 ABYX
gacTeH: 1 -HHEPITHOHHOH H 2 - Oe3HHEPIIHOHHOMH.
KpuBags 3 mpencTtaBmIdeT CoOOH ITyCKOBYIO
XapaKTEPHCTHKY 3IE€KTPOABHIraTeNd, 1A 3aIlHTHI
Ins Im  Tnuex I xortoporo IPHMEHAIOTCA HHEPIHOHHbIE

NIPEIOXPAHHTEIH. HepoctatkoM
npepoxpanutenedi tama TII u WII ABmAercs
OTCYTCTBHE HHIHKAITHH Cpa0aThIBAaHHA;

Puc.4.6. AMnep-cekyHaHas
XapakTepucTaka W1
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4) MalOHHEPITHOHHbIE IUTaBKHE MpemoXpaHuTenH Tarna [TM. VIMErT HHIHKAITHIO
cpabareiBaHHA. JImi TokoB oT 2 A g0 50 A miaBkasd BCTaBKa CMEHHasd,
MPEAOXPAHUTENH Ha TOKH OoT 75 A mo 150 A

8 0 H HAaIlOMHHAIOT 1o KOHCTPYKITHH
npeaoxpanuTend 1T

T m ST P - o] Ha puc.4.7 u3o0paxkeH NpeIoXpaHUTENTh

.'ﬂ-‘,\\;', : [IM2-50. OH cocTOoHT H3 BepxHero 1 H

57

2 HKHero 2 kopmyca. KoHTakTHBIE HOXH 3
IIOCPEACTBOM  IIPOKIAJ0K 7  CKPEILLIIOT
BEPXHHH H HIDKHHH KOpmychl. Ha KOHTaKTHBIX
HOKaX 3aKpeIUleHbl IUIaBKasi BCTaBKa 4 H
YyAepKUBAIOMIAA IPOBOIOKA 5 y371a HHIHKAIHH,
cocToAmero u3 kKHomkdH 10, mpyxuHEl 8§ H
geraned ymwiotHeHua 11. IIpH mnpoTekaHHH
Puc.4.7. Tlpefoxpanutens [IM2 ~ TOKA TEPEIPY3KH Hepe3  MPEIOXPAHHTETH
IIPOHCXOHT IIeperopaHHe IIaBKOH BCTaBKH 4,
II0CIIE YEero meperopaer IIPOBOJTIOKA 5, yJepKHBamwINas yKas3arelnb 6.
OcBOOOXKIEHHBIH yKa3aTelb IO JeHCTBHEM IIPYXKHHBI 8 IMOJHHMAETCA Haj
KOpIycOM A0 yIopa KprodKa YKa3aTeld, 9eM H OCYIIECTBILIETCA HHIHKAITHA
cpabaThIBaHHA
ITnaexue npedoxpanumen TPOCTBI IO KOHCTPYKIHH, HMEIOT Maible
raGapHTHI, AemeBHl. 1IX HEAOCTaTKH — OAHOPA30BOCTh MPHMEHEHHA, 3aBHCHMOCTh
BPEMEHH cpabaThIBaHHA OT TEMIIEPATyPhI OKpPYIKaromeH cpeibl, 60IpImoH pa3dpoc
[1apaMeTpPoB IMPeAOXPAHHTENEH OJHOH CEpHH, HEIOCTOSHCTBO XapaKTEPHCTHK B
IIpoLlecCe IPOAOKHTEIBHOH SKCIUTyaTallHH.
Aemomamsl 3auyums 0OBEIHHAIOT B OJHOH
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8 KOHCTPYKIIHH  BBIKITIOYATENh H  3alIHTHOE
T~ ; YCTPOHCTBO,  3aMEHAIOmee  MNPeJOXPaHHTEINb.
5 UyBCTBHTEIbHBIM SIIEMEHTOM ABIIACTCA
4 - OHUMeTaTHIecKas IUTaCTHHA, TT0 KOTOPOH MPOXOIHT

) TOK 3amHImmaeMod mnenH. EcaH Tok Oolbime
= {0 momycTHMOroO, IUIACTHHA TIPOTHOAETCA, HaKHMaeT
: {{ Ha y3el pacLEIUIEHHA H OTKIoYaeT uens. ITo BHIy
{2 KHHEMaTHYeCKOH CBSA3H OHMeTalTHIeCKOH

IUTaCTHHBI C KOHTAKTaMH, Pa3MBIKAIOIMHMH IIETlb,

{3 DABIIAIOT Mennossie aeMOoMAamyl AUUMb! oe3

| ceobo0Hoz0 pacyennerua (tamna A3C, A3CI, A3®D1,

{ f& A33) ® aemomamer 3auumsl €O CEOGOOHBIM
{5 pacyenneruem (tuma A3P, A3PT, A3K).

B xauecTBe npuMepa Ha puC 4.8 MpeacTaBlIeH
OJIHOTIOMIOCHBIH KHOIIOYHBIH aBTOMAT  3aIIHTHI
A3KIM co cBOOOIHBIM pacleIUIeHHeM. ABTOMAT
COCTOHT H3 Kopmyca 1, B KOTOPOM pacIOJIO0KEHHI :

Prc.4.8. TemnoBo# aBTOMAT ocpopanme 14 ¢  3aKpelUIeHHBIMH HAa  HEM
A3KIM
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HEMOABH)KHBIMH KOHTAaKTaMH 2 H OHMeTa/UIMJecKOH IITacTHHOH 12 ¢
TepMOKOMIIEHCAaTOpoM 13, a Takke MeXaHH3M BKIFOYEHHA 9 C IOJBHKXHBIMH
KOHTaKTaMH 3 H KHOIKOH 8. Bce cOOpouHBIE €IHHHIBI PAcIONOKEHBI B ABYX
TIOJIOBHHKAX KOpPITyca , KOTOPHIE COEOHHEHBI 3aKICIKOH 4, BTYJIKOH 7 H KPBIIIKOH
5. ABTOMAaT HMEET ABa BBIBOJA 15 C y37I0M KpeIUIEHHA NpPOBOAOB. MexaHH3M
CBOOOJHOTO pAaCHEIUIeHHA, COCTOAIMHH u3 3ameakH 11 u cobauku 10, He
1I03BOIAET IIPHHYAHTEIBHO KOMMYTHPOBATh LIENIb B aBapHHHOH cHTyauHH. IIpH
OTK/IFOUEHHH aBTOMaTa Ha KHOIIKE ACHO Pa3IHIAMO Oeloe KOJBIIO.

Astomatel THna A3K1M mnpeaHa3Ha49eHBI A 3alIHTHI OOPTOBBIX IENeH
MIOCTOAHHOTO M TIEPEMEHHOr0 TOKa H BBHIIycKaroTca Ha Toku (1...80) A.
TpexnomrocHsie aBToMaThl A3K3 - Ha TokH 70 50 A. ABToMaTHI THIIOB A3C, A3P,
A3K HMErOT 3aBHCHMBIE aMIIEp CEKYHIHBIE XapaKTEPHCTHKH.

TI'epMmeTH3HpOBaHHBIE TEILUIOBEIE aBTOMATHI 3amuThl THIIOB A3CT, A3PI" Ha
TokH (20..50) A HMEOT 3aBHCHMYIO aMIIEP-CEKYHJHYI0 XapaKTEPHCTHKY C
OTCEUKOH M0 TOKy. 3amura LemeH OT IEeperpy30K OCYIIECTBIAETCA 3STHMH
aBTOMATaMH C IOMOIIBIO OHMETAUIHIECKOTO0 TyBCTBHTEIBHOIO 37eMeHTa. J[1i
3aHETBl OT KOPOTKHX 3aMBIKAHHH HMEETCA 3JI€KTPOMArHHTHBIH pacCIeNHTENb,
MPEACTABILIIOMHA CO00H MHMHHATIOPHBIH 3JIEKTPOMArHHT, Cpa0aThIBAFOIIHH
MTHOBEHHO TpPH OONBIMHX ToKaX. B aBToMaTtax cepun A3PIT HCHOIB3YIOTCA
TEPMOKOMIIEHCATOPBI,  IIO3BOILIIOINHE  YMEHBIIHTH  BIHAHHE  H3MEHEHHA
TEMIIEPATYPHl OKPY’)KAIOIIEH CpeAbl Ha XapaKTEPHCTHKH aBToMaTa. K OCHOBHEIM
HeJoCTaTKaM OHMETa/LTHYECKHX AaBTOMATOB OTHOCHTCA HECTAaOHIBHOCTh HX
XapaKTEePHCTHK B IIPOIECCE IKCILTyaTallHH.

B cHcTeMax J7I€KTPOCHAOKEHHA IIOCTOAHHOTO TOKA IIPEIyCMOTPEHBI
3aIIHTHI T€HEepaToOpOB H HX (PHAEPOB OT CHIKEHHA HanpskeHHA (0T obpaTHOro
TOKa), OT BKIIOYEHHA I'€HEpPaToOpa ¢ HENPaBHIBHOH MOIPHOCTHIO, OT ITOBHIIEHHA
HAIPKEHHA H OT KOPOTKHX 3aMBIKaHHH.

3ammrTa OT 00paTHOrO TOKA H BKIIOYEHHA C HENPABHIBHOH INOJAPHOCTHIO
OCYIIECTBIAETCA C IIOMOIIBIO OUPPepeHyualbHO - MUHUMATbHO20 pete (IIMP),
KOTOPOE BBIITOJHAET TAKXKE OIIEPALIHH YIPABIEHHA H CHTHAIH3ALHH O BKIIFOUEHHH
H OTKIIOUEeHHH TeHepaTopa. I[IpHMEHAETCA HEeCKOIbKO MOIH(HKAIHE 3THX
ammapatoB: IMP-200BY., JIMP-400/1, IMP-400T, JIMP-600T u ap. (LTudpsr B
MapKHPOBKe 0003HAYaF0T MaKCHMAIbHYIO BEIHYHHY pabodero Toka ammaparta: 200
A, 400 A, 600 A, 800 A). Ilo mpuHIHIy AeHCTBHA Bce Moaupukanum J[MP
O/IHHAKOBBI, AHAJIOTHYHEI 110 KOHCTPYKIIHH H HMEIOT He3HAYHTEIbHBIE OTIHIHA B
cxemax. B kadecTtBe mpumepa paccMoTpuM JIMP-400]1 (puc.4.9). xotopoe
BBIIOJIHAET CIIEAYIONMHE (byHKIHH:

- ABTOMATHYECKH IOJKIIOYaeT IeHepaTop K CeTH NpPH HAIHYHH HArpy3kH (H
OTCYTCTBHH HaIpPsDKEHHA B CETH), KOTJa €ro HalpsuKeHHE AOCTHTHET 3HAUYeHHA
(12...16) B;

- aBTOMATHYECKH IIOJKII0OYAeT TIeHepaTop K OOpTOBOH CeTH. Korja ero
HanpsDKeHHE TTPEBBICHT HampshkeHHe cetd Ha (0.3...0.7) B:

- TpefoTBpalaeT IMOJKIOYEHHE K CEeTH TIeHepaTopa C HENpaBHIBHOH
MIOJIPHOCTBIO;
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- aBTOMATHUYECKH OTK/IIOYaeT IeHepaTop OT ceTH IpH oOpaTtHOM Toke (15...35) A.
OCHOBHBIMH 37IeMeHTaMH JIMP SIBIIAFOTCA: YIIpaBJAIOIIEe
(muddepennmanbHOe)  pele,  KOHTAaKTOp H  BCIOMOTaTelbHBIE  pelle.
JuddepeHIHaTbHOE pelle OTHOCHTCA
K THILYy HOJAPU30BAHHLIX H ABIACTCA
H3MEPHTEIBHBIM 3JIEMEHTOM.
ITocTOsIHHBIE MArHHTBI 5 B BHIE
CTOEK 3aKiIOUYECHBI MEXKAY ABYMA
CTaTbHBIMH  IIJACTHHAMH 1, K
KOTOPBIM KperaTca IIOJIFOCHBIE
HAKOHEYHHKH 3. Mexny
HAKOHEYHHKAMH pacIonoxeHa
CcTajgbHaji IUIaCTHHA — AKOph O,

Prc.4.9. Korcrpysps JIMP KOTOpas CBOOOJHO IMPOXOIHT BHYTPH
06MoTOK - THdepeHnHanbHOR W1 H
ToKOBoH Wi H cIocoGHa MOBOpPauHBAaTECA BOKPYT OCH 0. B 06ecToueHHOM
COCTOSIHHH 0OMOTOK AKOPb 3aHHMAET OJHO H3 JABYX BO3MOJKHBIX HOJI0KeHHH. [IpH
IPOXOJKJIEHHH TOKA B 0OMOTKAX AKOPh HAMArHHIHBAETCSA, CTAHOBHTCA IOJLIPHBIM,
B3aHMOJICHCTBYET C IIOJIOCHBIMH HAKOHEYHHKAMH, YeM H OIPEAEIETCS €ro
nonoxende. Ha pHCYHKe [MOKa3aHO OJHO H3 HHX, KOIJa KOHTAKThl 7 3aMKHYTHL
Ecin HanpaBJIeHHe TOKa B 0OMOTKAX H3MEHHTCSH, H3MEHHTCSA MOIAPHOCTD AKOPS, H
KOHTAKTHI 7 Pa30MKHYTCAL.
C A AT  YIIOpHBIM BHHTOM 2

e ) - CTaHABIHBACTCSA a3HOCTH
i [RK o s

, HanpsoKeHHH Ha oOMoTke W,
v 1 Kb 5, | TPH  KOTOPOH  3aMEIKAlOTCA
L - KOHTAKTHI YIIPABILIIOMIETO PETle, a
Qf P

\ K2 BHHTOM -+ perymupyercs

0oOpaTHBIH TOK, IIPH IPOTEKAaHHH
L KOTOpOTO KOHTAKThI pene
Pa3MBIKAKOTCA.
— ' TIpHHIMIHATBHAA dIeKTpHIecKasd
— cxema JIMP-400]/] mpexcraBieHa
' —D iK5 Ha puc 4.10. Tenepartop
|

COCOHHACTCA C CETBIO IIO ICIIH:

"+" reHeparopa - 3akuM "T'eH" -

1= koHTakTel K1 - oOmorka Wi -
Puc.4.10. IIpuauunuansHas cxema [[MP
3akuM "bar" - "+" cetH. B HCXODHOM IMOJIOKEHHH KOHTaKThl KoHTakTopa K1

Pa30MKHYTHL. IIpH IOMOIIH BEIKTFOYATe I Q1, pacmonokeHHOro B KaGHHE IHIIOTa,
HaIpsUKeHHe TeHeparopa IOABOJHTCA K OOMOTKe BKIodaromero pene K2
(TKE1P2). Korga HampsukeHne goctarHer (12...14) B, pene K2 3aMKHET cBOH
KOHTAaKTHl B IIENH ooMmoTKH GrokupoBouHoro pene K3 (TKE210B) m
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oomotkn Wi muddepernuansHoro pene K4. B pesynbrare OHH OKa3BIBAIOTCA
BKIIIOYCHHBIM Ha Pa3HOCTh HAIPDKEHHA ceTH H reHeparopa (U = Uc - Ur).
Bonpmas BemwunHa ~U B Haydane padOTHI FeHepaTopa omacHa Aad 0OMOTKH WI.
Ecmu sta pasHocth mpeBbimaer (12...18) B, pene K3 cpabaThiBaeT W CBOHMH
KOHTAaKTaMH OTKII0UaeT 00MOTKY WI. To ke MPOHCXOJHT H B TOM CIIydae, Korjaa
TIOJIAPHOCTH CETH H TeHepaTopa OKaXyTCsA pPa3HBIMH, T.K. IIPH 3TOM Bo3pacTaet "U.
Ecnu pa3HOCTh HalpsSKEHHH CETH H TeHepaTopa cHH3HTCA A0 4 B, peme K3
OTK/TFOUHTCS H CBOHMH KOHTAKTaMH BKIIOYHT 0OMOTKY WI.

Korga nHanpsokenne Ur ctaret 6ombire Uc Ha (0.3...0.7) B, MJIC 06MOTKH
WI oKakeTcAd JOCTaTOYHOH I BKIIOYEHHSI KOHTAaKTOB AH((depeHIIHATFHOTO
pere K4. TIpa 3ToM 3aMBIKaeTCs Ielb 0OMOTKH KOHTakTopa K1, KOTOpBIH CBOHMH
KOHTAKTaMH IIOJIK/IFOYaeT IeHepaTop K CeTH H HIyHTHpyeT WJ. Uepe3 TOKOBYIO
0o6MoTKy Wi mpoTeKaeT TOK Harpy3KH reHeparopa B ceTb. O6MoTka Wi co3maer
MJIC. HampaBiIeHHE KOTOPOH  CIOCOOCTBYET — yAEPKAHHIO  KOHTAKTOB
TIO/IPH30BAHHOTO pPelle B 3aMKHYTOM COCTOSHHH.

Ecnu HampsokeHHe TreHeparopa cTaHeT MeHsbmie, yeM Uc, H3 CETH B
TeHepaTop IIoTeueT oOpaTHBIH TOK H HampaBieHHe MJIC B o6motke Wi
mMenHTcA. IIpua Io6p=(15...35) A sAKOph H3MEHHT CBOE IOJIOXKEHHE, pa3phiBasd
koHTakTel K4. Konrtaktop K1 00ecTOUHMTCA H OTKIIOYHT I'e€HEpaTop OT CETH.
Saxum "C" CIIyKHT 4714 IOAKIIOYEHHA CHTHAJIbHOH JIaMITbI, KOTOpas Moracaet MpH
BKJIFOUEHHH KoHTakTopa K1, cHrHanH3Hpys 0 NOAKIIOUEHHH I'eHepaTopa K CeTH,

3awuma_ceHepamopoe NoCcmoAHHO20 1MOKA _OIM_NOBLIUEHUA HANPAHCEHUA
ocymecTBuierca ammapataMu Tuma AS3IL. HccregyeMelii B JaHHOH padoTe
annapam 3awyumst  om nepeHanpaxcerus A3II-8M HMeeT B KauecTBe
9yBCTBHTEIBHOIO 3JI€MEHTA 3JIE€KTPOMarHHTHOE peie HampsukeHHa THma P3J1 -
pene 3aMemiueHHoro aeidcTBua (pene K4 Ha puc.4.11). Hammume BBIIEPIKKH
BPEMEHH HCKTIOYAaeT JOKHOE cpalaThlBaHHE 3aIOHTHI IPH KPAaTKOBPEMEHHBIX
MOBBINEHUAX HANPAKEHHA, BO3HHKAIONIMX TIPH OTKIIOYEHHH HArpy3KH
reHeparopa. BpiaepikKa BpeMEeHH cpalaThIBaHHA y TaKOrO pele JOCTHraeTCs
BO3AymHBIM gemmdepoM. Peme K4 BKkIIOYeHO TapalIeTbHO 0OOMOTKE
Bo30OyKaeHua WB reHeparopa Gl. IIpu yBeIHUeHHH HaIpsKEHHA TeHepaTopa
ceeime (30...32) B pene K4 cpaGaTeiBaeT H BKIIOYAaeT MPOMEXYyTodHOe pere K2,
KOTOpPOE€ CBOHMH KOHTAaKTaMH I0OZaeT nuTaHHe Ha KoHTakTop K1. Fro KOHTaKThHI
NIPOH3BOAT CIIEAYIONIHE OINEPAllHH: OTKIIYAIOT 0OMOTKY BO30YKAeHHA WB OT
YTOIIBHOTO CTOJI0A H MOJKIIOUA0T K HeH q00aBodHbIH pe3ucTop R3 (/14 rameHus
mond  BO3OY)KIOSHHA), pa3phIBAlOT IeNb DNHTAHHA  KOHTakTopa JIMP,
OTKJIFOUArOINero reHeparop oT cetH. KonrakTel pene K3  oTkmrodaror
YPaBHHTEIBHYI0 0OMOTKY HEHCIIPABHOTO I'€HepaTopa OT YPAaBHHTEIbHOH IIHHEL
Konraktop K1 THma KHK (KOHTaKTOp ¢ Ha)KHMHOH KHOIKOH) CIEIHATIbHBIH:
rocie cpaGaThIBAHHA OH 3aIHPAETCA 3aIIETKOH H MOKET OBITh BKIIOYEH TOJBKO
Ha)KaTHEM Ha KHOIKY, PacIHOJIOKEHHYIO Ha IepeHeH CTeHKe KOPOOKH aBTOMATa.

DKCILTyaTalisad KOMMYTAIIHOHHOH H 3aIllHTHOH aIllapaTypbl IPOH3BOJHTCA
10 TEXHHYECKOMY pecypcy. KoMMyTaIniHoHHasA H 3allUTHAA anmaparypa pa30opke,
PEryIHpPOBKE H PEMOHTY HE NOISKHT. [IpH 3aMeHe OTKa3aBIIHX 3JIE€MEHTOB
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HeOOXOJHMO YCTaHABIHBATh alllapaTypy TOIBKO C TEMH )K€ HOMHHAIbHBIMH
JaHHBIMH, YTO H Y OTKa3aBIIei.
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Puc.4.11. ITpHHIHIIHAIbHAA CX€Ma YCTAaHOBKH

2. OnHcaHHAe J1a00PATOPHOH YCTAHOBKH

IIpuHNUNHATbHAA 3MEeKTpHUYeCKasd CcXeMa JabopaTOpHOH  yCTaHOBKH
npeAcTaBieHa Ha puc. 4.11. B cocTaB yCTaHOBKH BXOJAT:
- TeHepaTop MOCTOAHHOrO Toka G1, IpHBOAHMBIH ABHraTeneM M1;
- aBTOMAT 3alIHTHI 0T nepeHanpsoxeHuad A3I1-8M 4-i cepuH;
- maddepeHnHaIpHO-MEHHMaIbHOE pere [IMP-400]1,
- peryiiTop HanpsokeHus P-25:
- TermoBele aBTOMAThI 3amuThl F1, F2, F3 coorBercTBeHHO A3CIK-2, A3PI-2,
A3K1-2;
- santekTpocekyHaoMep PT, BeaTriarop E1, nmpuBoauMbIi ABHTaTeneM M2:
- perynapoBouHsie peoctatsl R1, R2, Rp: BeikmrouaTemn Q1...Q12;
- H3MEpHTENNbHBIE IPHOOPHI, CHTHaIbHBIE Tamisl H1, H2

3.3agaHHe K padoTe
1. VI3y4uTh KOHCTPYKIIHIO H IIPHHIIHII JCHCTBHA KOMMYTAIHOHHOH H 3alMHTHOH
anmaparypsl.
2. CHATH aMIIep-CEKYH/IHbIE XapaKTEPHCTHKH TEIUIOBBIX aBTOMATOB 3aIlHTHL.
3. IIpoBepHTH paboTOCIIOCOOHOCTH pacuenuTea aBTomata A3P. CpaBHHTE paboTy
A3C u A3P, ama dero cpasy mociie cpadaThIBaHHA aBTOMATOB KPaTKOBPEMEHHO
BKJIFOUHTH HX IIOBTOPHO.
4. CHATP BOJIBT-CEKYHIHYIO XapaKTepHCTHKY A3IL.
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5. CHATh XapakTepHcTHKH J[IMP.

4. TIopsiaoK MpOBeIeHHAS PAOOTHI

1. BkIrouuTs BHIKY ceKyHIoMepa B po3erky 220 B, 50 I'm. Bce BRIKITIOUATEIH,
KkpoMe QS, IOIKHBI HAXOJUTHCA B IONI0KeHHH "OTKI".

2. Ilopsdok cHAMUA amnep-CEeKVHOHLIX XapaKmepucimux menioesix agmomarmoe
3auumel.;

BeIKTIOYaTeTs Q11, Q2 mocTaBHTH B mosIokeHHE "Briu'';

¢ IIOMOIIBI0 peocTata Rp yCcTaHOBHTh MHHHMAJIBHBIH TOK IIEPETPY3KH 2A;
BBIK/TIO9ATeNh Q2 MOCTAaBHTH B IoitokeHHe "OTKI":

00HyHTH cekyHaoMmep PT (IpaBoi KHOIKO);

BKJIIOYHTh aBTOMAT 3amuThl F1 ., IIpH 3TOM BKIIOYAETCA CEKyHAOMEP,
amriepMeTp PA2 moka3pIBaeT TOK MEPErpy3KH aBTOMATa;

riocite cpabateiBaHmA F1 3amEcaTh MoKa3aHHA CEKyHIOMEpPa H OOHYIIHTS €T;
HE H3MEHAA IIOJIOKEHHA peocTaTa , IPOH3BECTH H3MEPEHHA BPEMEHH
cpabaTeiBaHHA aBToMaToB F2 1 F3 |

BKJIFOYHTH BRIKIrOUaTeIb Q1. IIpH 3TOM HauHHAET BpamaTbCAa BEHTHILITOD
El, ¢ moMompl0 KOTOPOro HeoOXOAHMO OXJIaJuTh aBToMmarel F1..F3 B
TeueHHe 1 MuH

M3mepenus mpoBecTH (5...6) pa3, yBeIHUHBAA TOK Ieperpys3kH ot 2.5A no 12A ¢
maroM 2 A. Pe3ynsTaTsl H3MepeHHIH 3aHeCTH B Ta0. 4.1.

Tabmuma 4.1
A3CT'K-2 A3PI-2 A3K-1
LA| tc | LA | tc LA]| tc

ITo pe3ynpTaTaM H3MEpPEHHH MOCTPOHTH rpadukH 3aBHcHMOcTek t=f(T).
Ilopsadox cHamuA @obm-cexyHoHou xapaxmepucmuxu A311-8M:

3.

BKIIIOUHTH BRIKIIOYATETb Q7;

BBIK/IFOYATENh Q5 MOCTAaBHTH B MotokeHHe "OTKI";

BBIK/IFOUaTennb Q4 IOCTaBHTH B I10/10KeHHE "BKI";

C IMOMOIIBI0 peoctata R2 ycTaHOBHTH NepeHaNpsUKeHHe reHepaTopa 45B;
BBIKTFOUaTenh Q6 MOCTAaBHTH B IONIOKeHHE "BKI"; IPH 3TOM BKIOYAETCA
cekyHgomep PT:

mocine cpabateiBaHHA A3Il H 3aropaHHA CHTHaIbHOH mammsr HI
BBIKIFOUATenh Q6 IMOCTAaBHTH B IoJI0keHHE "OTKI";

npuBecTH A3Il B HCXOAHOE COCTOAHHE Ha)KaTHEM KHOIIKH Ha IepeaHeH
CTEHKE ero KOPOoOKH H OOHYIIHTh CEKyHIOMED;

— YCTaHOBHTH Clieqyromiee (MeHbIIee) 3HaUCHHE HalPSKEHHA.
M3MepeHHs Mpou3BecTH (5...6) pas.

ITo pe3ynbpTraTaM H3MepeHHH NOCTPOUTh rpaduk 3aBucumoctH t = f (U).

5. Hsmepenrue xapakmepucmux JMP-400/].
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JIns u3MepeHHsa HalnpsDKeHHA BKIOYeHHA reHepaTtopa Gl B 00ecTOYEHHYIO
cetb UBKI HeoOXOAHMO BBIKMIOYaTedsh Q7 IOCTaBHTH B moioxkeHHe "Bri",
BEIKTIOYATEIh peocTara Rl (rpy0o0) mocTtaBHTH B moioxkeHHe "Bki' H,
YBEIHYHBAsA HAIpsDKEHHE C TIOMOIBI0 peocTara R2, MOOHTBCA TOracaHHA
CHrHaNIBbHOH MaMibl H2. 3anmcaTh moka3aHHA BolbT™MeTpa PV2.

Jnsa u3MepeHHs Pa3HOCTH HaNps/KeHHH reHepaTopa H ceTH AUBKI, IIpH
KOTOPOH TIPOHCXOAHT TMIOAKIIOYEHHE TIeHeparopa K CEeTH, HEeoOX0IHMO
BBIKTIOUATens Q8 MOCTaBHTH B IONOkKeHHE "BKI", MOABEIA K CETH HANpPKECHHE
akKkymyiaTopHoii Gatapen GB. BonbTmerp PV1 mokaxker HampsaxeHHe ceTH. C
IIOMOIIBI0 peocTaTa R2 ycTaHOBHTH HaIps)KEHHE T€HEpaTopa BEIIIE HAIPIKECHHA
ceTH. Pa3HOCTh HampsOKEHHA TIE€HEpaTopa H CETH H3MeEpAETCA C IIOMOINBIO
BoibT™MeTpa PV3. HeoGxoguMO 3amHcaTh €ro MOKa3aHHA B MOMEHT ITOTaCaHHA
namiel H2.

Jna ompedeneHHA BETHYHHBI oOpaTHOro Toka IoOp, TpH KOTOPOM
TIPOHCXOJHUT OTKIIOYEHHE TeHEpaTopa OT CETH, HE0OXO0AHMO C IIOMOINBIO peocTaTa
R2 cHH3UTH HaIpsKEHHE IeéHeparopa HHKE HaIlpsDKEHHsA ceTH. IIpH 3aropaHHH
namriel H2 3ammcats nokasanus ammepmerpa PAL.

IIpumeganne. Ilepea BBHIIOTHEHHEM 3TOTO ONBITA HEOOXOJHMO C ITOMOIIBIO
BBIKTrOUaTed Q12 H3MEHHTH MOAPHOCTH MOJKIIOUEHHA aMmiiepmeTpa PAL.

5. Copep:xaHHe 0TUYETA
1. ITenp paboTHI, KpaTKHE TEOPETHIECKHE CBEICHHA.
2. TabmuIe! ¢ pe3yIbTaTaMH H3MEPEHHIH.
3. Ammep-CeKyHIHBIE H BOIBT-CEKYH/IHAA XaPaKTEPHCTHKH aIlllapaToB 3aIllHTBL
4. Xapakrepuctuku [IMP.
5. BemBozp! o pabote
6. OTBETHI HAa KOHTPOIIHHBIE BOIIPOCHL.

6. KoHTpo/bHBbIE BOIIPOCHI
1. Kakue cymecTBYIOT CHOCOOBI YMEHBIICHHA HCKPEHHA MEXIy KOHTaKTaMH
KOMMYTAIIHOHHOH aIlliapaTypsl ?
2. KakoBo Ha3HaueHHe Oy epHOH IPYKHHEI B pelie H KOHTaKTOpax ?
3. Kako#i BHJ HMeeT aMIlep-CeKyHJHasd XapaKTEepHCTHKAa aBTOMAaTa 3aIllHTBl C
OTCEYKOH II0 TOKY ?
4. Kak cormacyroTcsi aMIlep-CeKyHIHbBIE XapaKTEpHCTHKH amlapaTa 3allHTbl H
IIPHEMHHKA?
5. UeMy paBeH TOK B 0OMoTke W nmoapu3oBaHHOTO perne JIMP, Koraa reHepaTop
MIOJIKTTIOUEH K O0PTOBOH ceTH?
6. Uro mpomsoiger ¢ JIMP-400[]. ecmHn Ha ydacTke OT KiemMmbl "batr" mo
3aMBIKAlOMEero KoHTakTa KoHTakTopa K1 (puc.1.10) mpoH3oHAeT KOpOTKOe
3aMbIKaHHE ?
7. Kax oOecrieunBaeTCs CEIEKTHBHOCTE JeHcTBHA A3II ?
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