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XAPAKTEPHOTIPA®
A1 UCCIIEJOBAHUSA JHHAMHYECKHUX XAPAKTEPUCTHK
TEPMO3JIEKTPHYECKHUX HETEKTOPOB

E. M. BEJIOB, A’ M. KY3HELIOB

(TTpencraBieHa HayYHBIM CEMHHApPOM (H3UKO-TEXHHYECKOTO (haKy.JabTeTa)

JluHaMuyecKkass XapakTepPUCTHKA TEPMO3JIEKTPHUECKUX JEeTeKTOPOB, OIl-
penessionlass HX HHePUHOHHbIE CBOICTBA HWJHM JAMHAMHYECKYIO OLIHOKY H3-
MepeHHsl, BLICTYIIaeT OCHOBHBIM NMapaMeTPOM NpPH KOHTpPOJe HeCTallMOHAPHBIX
noJiefi 3JeKTPOMATHUTHBIX H3JyueHHIl. BBICOKOYYBCTBHTe/NbHBIE MaJlOHHED-
LIHOHHbIE TEPMO3JEKTPHYECKHE NETeKTOPbl B JAMHAMHYECKOM OTHOIIEHHH aml-
NPOKCHMHPYET HHePIIHOHHOe 3BEHO NepBOro Mopsi/iKa, NI03TOMY HX HHEPIHOH-
Hble CBOJICTBA XapaKTepH3yeT NOCTOSIHHAsI BpPeMeHH, ompejeJseMasl BpeMe-
HeM, B TeyeHHe KOTOPOro reHepupyeMmasi HMH TePMO3/C M3MEHSETCs B € pas
1ocJie eJHHOBPEMEHHOr0 CKaYKooOpa3HOr'0 M3MEeHEeHHs] HHTEeHCHBHOCTH 3JIeK-
TPOMArHUTHOTO H3JyYeHHSI. '

Ecan mopoGHble TepMO3JeKTpHYECKHE JAeTeKTOPbl INPHMEHSIOTCS JJid
KOHTPOJISI MOJISI 3JIeKTPOMArHHTHOTO H3JlyYeHHs, BbI3bIBAIOLEr0 BBICOKYIO Ha-
BeJIeHHYIO PaJHOaKTHBHOCTb, TO B JIaOOPATOPHBIX YCJAOBHAX MX HHIEHTH(H-
KalHsg 1O NOCTOSSHHONH BpeMEeHH 3HAUMTeJbHO 3aTpyJHeHa, a pa3bpakoBKa
N0 AMHAMHYECKHM XapaKTepPUCTHKAM IPAaKTHYECKH OKa3biBaeTCsl HeBO3-
MOZKHOI.

Kak nokasaHo B [l], uccienoBanue JIHHAMHYECKHX XapaKTePHCTHK
TE€PMO3JIEKTPHYECKHX JETEKTOPOB MOXKHO BBITNOJHHUTH KOCBEHHBIM METOJOM
6e3 ux 06/yueHHs, TyTeM MOCTAHOBKH «YHCTOTO» (B CMBbIC/E PaJHallMOHHOMN
6e30nmacHOCTH) 3KCIepuMeHTa, OCHOBbIBasich Ha 3 dekre Ilenbthe. ddpdexr
[TenabThe MposiBJSiETCS MPHU 3aMBIKAHHH TE€PMO3JEKTPUUYECKOTO JeTeKTopa Ha
BHEIIHHI HCTOUHHK HampsiKEeHHsI MOCTOSTHHOTO TOKa M CBOJAMTCS K yCTaHOB-
JEHHIO ONpeNeJeHHOr0 IpajHeHTa TeMMepaTyphl MeXKJy COCeIHHMU CrasMH
" TepMobartapen (BCJEICTBHE JOMOJHHUTEIbHOTO PasorpeBa OJHUX M OXJaxJe-
HHS JPYTHX CIaeB), YTO 3KBHBAJEHTHO BO3/EHCTBHIO Ha JETEKTOP 3JEeKTpO-
MAarHUTHOTO H3JIyYeHHS.

[TocTosiHHAst BpeMeHH JeTeKTOpa PacCUUTHIBAETCS T0 3aperucTpUpOBaH-
HOH KpPUBOH HM3MEHEHHS] BO BPEMEHH TepPMO3JC NOocJe OTK/IOUeHHS TOKa Io-
norpeBa TepmoGartapeu, Ju60 3Ta ONepalHs BBINOJHSETCS ABTOMAaTHUECKH
NyTeM OTCEYKH BBIXOJHOrO CHTHAaJa TOCTe ero yMmeHblieHus Ha 63% ot
nepBOHAYAJbHON aMIIMTYAbBl M pPEerucTpalyeil NOCTOSHHON BPeMeHH C Io-
MOIIbI0 3JIEKTPOHHOTO CEKYHIOMepa HJM 10 BPEMEeHHBIM MeTKaM . 3JIeKTPOH-
HOro ocLuJaorpacga.

Bapuanuio aMnJanuTyAbl U JJHTEJTbHOCTH TOKA NMOJOTPEBa onpeneneHmﬂM
06pa3oM MOXKHO CBsI3aTh C HMHTALMell BO3/efCTBHA Pa3IHYHOH HHTEHCHBHO-
CTH 3JEKTPOMATHHTHOTO M3JydYeHHs] H PasJUYHBIM KOJHUECTBOM paboyero
Teja, HAHOCHMOro Ha paboune cmaum Tepmobatapeu. Toraa Takue 3Kcie-
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pHUMeHTbl obecrneyar npeacTaB/deHHe O CTATHUECKHX XapaKTePHCTHKAX HCC/Ie-
JlyeMbIX J1€TeKTOpPOB.

OtmeuenHble (YHKIHH, CBSI3aHHble C HCCJAEOBAHHEM XapaKTePHCTHK
TEPMO3JIEKTPHUECKHX JIeTEKTOPOB B 1a0OPATOPHLIX YCJAOBHAX MyTeM MOIC/IH-
pPOBaHHsI MCTOUYHHKOB TellJla Ha crnasx TepmMobaTapen ¢ nomoubio shdekra
[lenbThe, BO3/IOKEHBI HaA CHELHAJIbHO paspaﬁoTaﬂﬂoe yCTpOHCTBO, HAa3BaH-
HOe Xapakrepuorpapom.

Xapakrepuorpad (puc. 1) cocroutr u3 tpurrepa (1), pemakcupyrouero
MyJabTHBHOpaTOpa (2), 3MUTTepHOro moBTOpPUTE/sl (3), YCHIUTENst MOIIHO-
cti (4), TpaH3UCTOpPHOTO KJjawua (),
aMmnepmMeTpa B IleNH TepMO3JeKTpHue-
CKoro jaerekropa (6) M HH3KOYACTOTHO-
ro 3JeKTpoHHoro ocuuanorpada (7).
[IpunnunuanpHass cxema XapakTepHOr-
pada npuBemena Ha puc. 2. Tpurrep
(1) co6pan na Tpausucropax T; u Ty
M BBIMOJHSIET POJib HYJ/b-OpraHa, (hHKCH-

Puc. 1. CrpykrypHasi cxema xapaxre-

prorpada; | —Tpurrep; 2 — myabrupu- PYIOIIETO MOMEHT CpaBHEHHsS [pPa3BHBA-

Opartop; 3 — noBTopHTeNb; 4 — ycuan- €MOH TEPMO3JC ¢  HamnpsikKeHHeM
Tesb; 5 —iod; 6 — avmepumerp yCTaBKH, CHEMaeMblM C [OTEHIHOMeTpa

R3;.  Penakcupylomuit - MyJbTHBHODA-

TOp coGpaH Ha TpaH3HCTOpax pasHoii mposomumoctTH Ty n Ty H mo3BOIAET

GhopMHPOBATH UMIY./ILCHI TOKA MOJAOTPeBa TepMobaTapen pasHoil 1JIHTeTbHO-

CTH, ONpeae/sieMoil OCTOSTHHOM BpeMeHn Ry Ryg C; (i=1, 2, 3,...).9mut-

TEPHBII MOBTOPHUTENb (TpaH3ucTop Tjp), CAYKHT S COTIACOBAHUSA 3/I€KTPH-

YeCKUX llereil, a C MOMOLIbI0 NOTEHIHHOMEeTpPa Ry, HAXOAALIErOCs B IeMH
amutrepa Ty, perynupyercs aMmJauTyla TOKa MOAOTpeBa.

Yeuaurenb MomHocTd (4), co6panubiit Ha TpaHuctopax Ts—Ts, BbImoJI-

HEH MO KAaCKaJHOH CXeMe C MmapaJiiesbHbIM BKJIIOYEHHEM OKOHEUHbIX KacKa-

7 o R

Puc. 2. [Tpunuunuanpuast cxema xapakrepuorpaga

IOB U MO3BOJISIET PEry/JupoBaTh BEJHYHHY TOKAa IMOAOTpeBa TepmobaTapeu
B npenenax ot 0,1A no 4,0A. Tpausucropusiii kiaou (Ty) obecneunBaer CBS3b
TEPMO3JIEKTPHYECKOTO JeTeKTOpa C YCHJIHTEJeM BEPTHKAaJbHOrO OTKJIOHEHHUS
JIyya 3JIEKTPOHHOTO OCuHMJ/Iorpada TOJbKO B MOMEHT, KOT/JAa uepes Tepmoba-
Tapelo He NMpoTeKaeT TOK mojorpera. Perucrpauus Toka moaorpesa ocyuie-
CTBJISIETCA C MOMOLIbIO aMIlepMeTpa, npeesbl H3MepeHHsi KOTOPOTO YyCTaHaB-
JINBAIOTCSl C MOMOIIbI0O HaGOpa WWYHTHPYIOWIHX PE3UCTOPOB Rz, Rs.
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B kauectBe peructpupyouiero npubopa xapakrepuorpada HCIOIb3yeT-
Cfl HM3KOUACTOTHBIH 3JeKTpOoHHbII ocuuiiaorpad tuma C1-19A, Hemocpenct-
BEHHO C NJIACTHH TOPH30HTAJIbHOTO OTKJ/IOHEHHS Jydya KOTOPOro CHHMAaercs
HanpsiXkKeHHe OoOpaTHOH CBSI3H, CJyrKalllee CUTHAJIOM OTCeYKH MPU yMeHblle-
HHUU TIePBOHAYAJbHOH aMILIUTYAbl T€HEPHPYEMOH TEPMO3JC B € pas.

Xapaxkrepuorpad nuraercs oT ceTH nepemeHHoro Toka (220 B, 50 I'm)
yepes corJyacyowmuil tpauchopmarop. B nenb nuranus npubopa BXOAAT Bbl-
npssMuTesnu, cobpanuble Ha auoaax 1305, eMKOCTHBIE criaxKuBatouipe Qpuib-
TPBI, MapamMeTpuueckuit crabuaudarop Hanpsikenus (1810).

B HcXoaHOM COCTOSIHMM TpaH3UCTOp T; CHMMETPHYHOrO TpHUITepa OT-
KpHIT, a TpaHauctop T, 3akpwiT. Takoe cocTosiHue Tpurrepa obdecrneuyuBacT
aBTOKoJie6aTe/bHbIH pPeXUM pesakcHupylouero myastusuoparopa (2). Tpau-
“3uctopsl T3, T4 mepBOHAYAIBHO OTKPBITHI, H MPOUCXOAUT 3apsin eMKocTH Cj;
(i=1, 2, 3,...) uepe3 pesucrop Rs A0 HANps:KEHHS, ONpeaeasIeMOro 3anu-
panueMm tpausucropoB Ts, T4 3arem npoucxomut paspsin emkoctu C; uepes
R:, Ry, Rjop U BHYTpPEHHee CONpPOTHBJIEHHE HCTOYHMKA MHUTAHHUS CXEMbI.
YMeHbllleHHe HanpsikeHHs1 HA eMKocTH C; BbI3bIBaeT OTNHpAaHHE TPAaH3HCTO-
poB T, T4, nmpoucxoaut noxzapsin emkocta C; u T. 1.

Ecau tpurrep (1) HaxoauTcsi BO BTOpoM ycroituuBom cocrosiuuu (T, 3a-
KpbIT, a Ty OTKPBHIT), TO pesakCHPYIOUHH MyJbTHBHOpPATOP (2) HAXOAUTCH
B 3aTOPMOXKEHHOM COCTOSIHHH: OTKPBLITBIM TpaH3uctopoMm T, Tpausucrop Tj
UIYHTHPOBAH U 3amnepr.

Korna myabruBuGpatop pabGoTaeT B aBTOKOJAe0aTENbHOM pexkHMeE, TO
B TeueHHe (OpMHPOBaHHUSI TOKA 3apsaa eMKocTH C; ycuauteb MOLIHOCTH
(Ts—Ts) 3aKpbIT MOTOKHUTEJbHBIM HMIYJbCOM HampsiKeHus Ha 6aze 3MHUT-
tepHoro noBtopurens (Tp). Tox momorpeBa uwepe3 Tepmobarapero He Npo-
tekaeT. C mMomeHTa 3amupaHusi TpaH3uctopoB Tz, T4 ycuauTesbp MOIIHOCTH
OTKpbIBAaeTCsl U uepe3 TepMmoOaTapeio NporekaeT TOK momorpena. Jlanress-
HOCTh TOKa IIOJIOTPEBa onpenessieTcs BpemeHem paspsina emkoctu C; 10 Ha-
NpsiZKeHUs1 oTnupaHust Tpansuctopos Ts, Ty

ITpu nporekaHnu TOKa nmojorpeBa TpaHsuctopHslil kiawu (Ty) 3amepr or-
pHUIaTeJbHBIM NMOTEeHIMa oM Ha s3MuTrepe. Koraa Tok mogorpesa uepes Tep-
MofGaTapero He MPOTEKaeT, TO TPAH3UCTOPHBIN KJIOU OTKPBIT TOKOM Je/IHTe-
JIS, ¥ TeHepupyeMasi TepMoOarapeeil TepMO3AC TMOAAeTCsT Ha YCHJHTENb
BEPTHKAJIbHOTO OTKJOHEHHS Jyda HM3KOYaCTOTHOTO ocuuaorpada. :

DJeKTPOHHBIH ocuuaaorpag padoraer B KAYILIEM peKHMe pa3BepTKH
3JIeKTPOHHOTrO Jyda. OTCYTCTBHIO CHIHAJa Ha BEePTHKAJbHBIX MJIACTHHAX OT-
BeyaeT OTHOCHTEJbHO HeOOJbIIOe HAMpsKeHHe Ha MJAAaCTHHAX TOPH30HTAJb-
HOTO OTKJIOHEHHS Jiyda, KOTopoe He obecrneunBaer H3MEHEHHSI COCTOSIHHUS
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Puc. 3. 3aBHCHUMOCTb CKOPOCTH Puc. 4. 3aBHCHMOCTb CKOPOCTH
OXJIaXKJeHHs TepmobOaraped OT OXJaXKJAeHHs TepmobaTapexn OT
MacChbl «TOpSYUX» CIaeB IIUPHHBL JIEHTBl TEPMO3JEKTPOJ0B

tpurrepa. Korga Ha BepTHKa/dbHble IJIACTHHBI OCHHJAJOrpada mocTynaer
CHTHAJI C JETeKTOpa, TO Hampsi)KeHHeM C TOPH30HTAJbHBIX MJIACTHH TPUTTED
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NepeBOANTCA M3 HCXOAHOTO B JAPYroe YCTOHUHBOE COCTOSIHHE, TIPH KOTOPOM
MYJbTHBHOPATQP HAXOAHTCS B 3aTOPMOXKEHHOM COCTOSIHHH.

B TakoMm cOCTOSHHH CHYCKOBasi cxeMma (TpUITep-MyJbTHBHOpATOp) Ha-
XOAHUTCS 10 TeX NOop, NOKa reHepupyeMasi TepMO3/AC He YMEHbIIUTCS B e pas.
Ilopor cpabaTbiBaHus TPUITEPA B HCXOAHOE COCTOSIHHE HAaCTPaHBAeTCs C MO-
MOLIbIO noTeHunoMerpa R;. IlepeBoa Tpurrepa B HCXOJHOE COCTOSIHHE BbI3bl-
BaeT MOBTOpPHOe cpabaTeiBaHHe MYJAbTHBHOpaTopa, M NpoLecc moaorpesa
TepMobOaTapen NOBTOPSIETCS. :

DKcnepHUMeHTa bHble HCCAE0BAHUS, BBITOJHEHHBIE ¢ TOMOLIBIO XapaKTe-
puorpada ¢ JeHTOYHBIMH XpOMeJb-aJ.0MeJeBbBIMH TepMoOarapesMH, Ipei-
cTaBJeHbl pucyHKaMu 3—6. Puc. 3 H/AIIOCTPHPYET CKOPOCTb H3MEHEHHsl Te-
HepHUpPYeMOIl TePMO3]C B 3aBHCHMOCTH OT Pa3HOil MacChl «TOPSYHX» craes
tepMoGaTtapen. Puc. 4 HJIJIOCTPHPYET CKOPOCTb H3MEHEHHs TeHepHUpyeMOoii
TE€PMO3/C B 3aBHCHMOCTH OT LIMPHHBI TEPMO3JEKTPOAOB JIEHTOYHON TepMoba-
Taped NpH NPOYNX HeH3MeHHBIX jycaoBuax. Ha puc. Supuc.6 coorsercrsen-
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Puc. 5. 3aBHCHMOCTb aMIIHTY bl
TEPMO31C H CKOPOCTH OXJaxkj1e-
HHMS TepmMoOarapeH, OT AJHTeNb-
HOCTH HMIIyJbCa TOKa IOJOTrpeBa

Puc. 6. 3aBHCHMOCTD aMIIJIMTY bl

TEPMO3AC H CKOPOCTH OXJazxie-

HHS TepMoGaTaped OT aMILIMTY-
IBl TOKA MOJOTpeBa

HO NMOKAa3aHbl 3aBHCHMOCTH CKOPOCTH M aMILJIUTYJbl T€HEPUPYEMOH TepMO3AC
OT JJIHTEJbHOCTH HMIyJbCa M aMILIMTYAbl TOKa MNOAOTpeBa TepmobaTapei
IIPH NPOYHX PaBHBIX YCJOBHSIX. DTH Pe3yabTaThl KAUECTBEHHO MOJATBEPKAAIOT
OJKMJaeMblil XapaKkTep HCCIAeIyeMbIX 3aBHCHMOCTEI].

VamepeHHble 1 pacCYHTaHHbIE 3HAYEHHsI MOCTOSTHHOI BpeMeHH TepMoba-
Tapei corJjacyioTcs Mexay co6oil ¢ TouHoCThio He Xyxe +10%.
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