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3JEKTPOTEILIOBOM PACUET
BBICOKOBOJIBTHBIX PE3UCTOPOB

V poborti HaBeaeHHH aHati3 MyOJiKalliif, [0 NIPUCBIYCHHI EIEKTPOTEILIOBOMY PO3-
paxyHKy pe3ucTopiB. BusHaueHi HampsMu HOAQIBIINX JOCIIUKEHb, IO 3abe3re-
YaTh 3aTIBHICTD MIJXOIIB A0 PO3PaXyHKYy PE3HCTOPIB, sIKi BUKOPHCTOBYIOTHCS Yy
BHCOKOBOJIBTHHX IMITYJIbCHHX BUIIPOOYBaJIbHUX YCTAHOBKAX.

B pabote npuBeneH aHamM3 myOIUKAIMi, OCBAIIEHHBIX 3JIEKTPOTEIIIOBOMY pacye-
Ty pe3uctopos. OmnpesieneHbl HampaBlIeHHs AabHEHIINX HCCIEI0BaHMH, KOTOpbIE
obecrieyar OOIIHOCTh MOAXOI0B K pacyeTy pe3uCTOPOB, HCIONb3yeMbIX B BBICOKO-
BOJIbTHBIX UMITYJIbCHBIX HCTIBITATENbHBIX YCTAHOBKAX

IMocTaHoBka mpoOaemMbl. [[Jis MCIBITAaHUS SJICKTPOTCXHUYCCKOTO U
AJIEKTPOHHOTO O00OPYIOBAaHUS HA CTOHKOCTh M BO3ACHUCTBHC 3JICKTPOMAT-
HUTHBIX ()aKTOPOB PA3TMYHOTO MPOUCXONKACHUS TPUMCHSIOTCS BBICOKO-
BOJIbTHBIC HMITYJIbCHBIC HCTIBITATENbHBIC yecTaHOBKH (BUITY).

OaHUM U3 DJIEMEHTOB, BXOIsUIMM B coctaB BUNY, saBiastoTcst BbIcO-
KOBOJIBTHBIC pPe3UCTOpbl. OHM HCHONB3YIOTCS B KAa4eCTBE COCTABIIIOLIIX
CHCTEM 3apsjia U 3aIUThl EMKOCTHBIX Hakonurenei snepruu (EHD), a Tak-
e B KadecTBe (OPMHPYIOUINX 3IEMEHTOB, 00E€CIEUNBAIOIINX KOPPEKIUIO
(hOpMBI cCo3aBaeMbIX UMITYIBCHBIX HCIIBITATEIHHBIX BO3/IEHCTBUNA. B 3aBH-
CHUMOCTH OT (pyHKIIHOHAJIFHOT'O Ha3HAYCHUS PE3UCTOPA K €ro KOHCTPYKIUU
MIPEABABISAIOTCS pa3NudHble TpeOoBaHus. OmHako OOmMMM TpeOoBaHHEM
IUIA BCEX THIIOB PE3UCTOPOB SBISIETCS YCTOHYMBOCTH WX KOHCTPYKIHHU K
TEIUIOBOMY BO3AEHCTBHUIO TOKA, MPOTEKAIOIIEMY Yepe3 Pe3UCTOp B MpolLec-
ce IKCIDTyaTaluH.

Leabio HacTOAIICH paOOTHI SIBIISICTCS ONPEACICHUE HATIPABICHUS UC-
cleIoBaHu#, 00eCIIEYNBAOIINX OOIIHOCTH MOJXOMIOB K PacueTy TEIUTOBBIX
PEXUMOB BBICOKOBOJIBTHBIX PE3UCTOPOB, B PEKUMAX IKCILTyaTaIlMH XapaK-
TepHbIX 111 BUNY.

Anamu3 nyoaukamuii. B BUMY nHambonee mupokoe NpUMEHEHHE
HaIlUTd PE3UCTOPHI MPOMBINUIEHHOTO H3roToBieHus TuroB TBO, KOB, a
TaKXKe IPOBOJIOYHBIC W KUIKOCTHBIE PE3HCTOPHI, U3TOTaBINBAaCMbIC HHIH-
BHIYaJIBHO.
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B TexHumueckux ycioBusax Ha pesuctopsl THia TBO [1] oroBopens
TEIJIOBOW PEXKHUM pabOThl PE3UCTOPOB M MX TEPErPy30UHbIE XapaKTePUCTH-
KM B UMIYJBCHBIX pexkumax. [Ipu cpemgHeil MOIIHOCTA paBHOW HOMHUHAIb-
HOM, pe3UCTOPHI JOJKHBI BBIIEPAKUBATD BO3ICUCTBUS UMITYJIbCHOW HAarpys-
KU C IapaMeTpamu:

— IJIMTENBHOCTD UMITyIbca oT 1 10 50 Mkc;

— KO3(QPHUITUEHT Neperpy3KH 0 UMITyIbcHON MotrHocTH 1o 1000;

— IIepHOJ] TOBTOPEHUS UMITyJIbca He MeHee 50 MKc.

MakcumanbpHO-f0MycTuMas  pabouasl Temmeparypa TpH CHUXKECHUH
MoIHOCTH paccenBanus — 155°C.

YKka3aHHBIX TaHHBIX B OOIIEM CITydae HE JOCTATOYHO JUIS MPOBEICHUS
pacueTa TEIUIOBOTO pexuMa paboThl pe3uctopoB Tuma TBO, uro mpemo-
NpeAeuIo AajbHEeHIIe UCCIeIOBaHus, Pe3yIbTaThl KOTOPBIX HAILIA OT-
paXkeHHe B myOauKanusix [2 — 4].

B [2] ommcana MerojmKa MCTIBITAHUN PE3UCTOPOB, MOJTYUCHBI DKCIIC-
pUMEHTaNIbHbIC JaHHbBIC MO MX MEPerpy304HOi CIIOCOOHOCTH TPH AIIEKTPO-
TEIJIOBOW HArpy3Ke U OTpe/esieHbl HEKOTOPBIE TeIIO(PH3MUECKUE XapaKTe-
puctuku (TOX) s 06beMHuBIX pesucTopos thna TBO — 1,TBO — 2,TBO
— 5, TBO — 20.B wactHOCTH OBLIO IOKa3aHO, YTO MOCTOSIHHBIC BPEMCHH
HarpeBa s JaHHBIX THUIIOB PE3UCTOPOB COOTBETCTBEHHO paBHHBI 40, 42, 76
u 127 cexk.

B [3] ombITHBIM myTem OBUIO OMPENCICHHO MpeaebHOe 3HAYEHHE
paccenBacMOi MMITYJIbCHOW MOITHOCTH W JHEPTHUHU JJIS PE3UCTOPOB THIIA
TBO — 60 — 240M. DKCIIEpUMEHTAIBHO MOKA3aHO, YTO IPH HMITYJIECHOM
aneproIUUeCcKOM TOKE HaHO- U MUKPOCEKYHIHOTO BPEMEHHOTO JHara3oHa
3HAYeHUE OJHOKPATHO PAaCcCEeMBAEMOMN HMMITYJILCHOM TEIJIOBOM SHEPTHH CO-
cTaBisieT nopsaka 5 kK, IUIMTENbHO IOMYCTHMAas paccerBaeMas pHu Ofi-
HOKpaTHOM paspsific UMITyJIbCHasl TeruioBas dHeprus — /K, a mukoBas
HMITYJIbCHAS! MOII[HOCTh pacCesiHusl MpU 3TOM MoxkeT gocturath 20 MBT.

s pesucropos tTuna TBO — 10 — 2706111 NpoBeEHB! UCITBITAHUS 10
OTPEJICTICHUIO KOJMYECTBEHHBIX OIIEHOK TMOKasaTenaed HaaekHocTu [4].
[okazaHo, YTO MpU UMITYJIECHOM HampspkeHuW 10 4 kB u cpenHeit paccen-
BaeMOW MomIHOCTH 10 6,7 BT pe3ucTopsl JOMyCKalOT HaISKHYIO paboTy
mpu aguadaTHIeckoM TmoriomeHun dHeprun ummynbca 10 800 Ik, a npu
HanpspkeHn 10 10 kB u cpenneit paccenBaemoii momnoctH 10 7,7 Bt mo-
ryIonaeMast SHePTus UMITyJibca MoxeT pocturats 600 k.

B pa6ore [5] 6butn onpenenensl TOX pesucropos Tuna C 5 — 5¢ Ho-
MHUHaIBHON MomHOoCTeI0 B 1, 2, 5, 8u 10 Bt. Meroanka m3mepenns TOX
3aKJIoYanach B CHATHH OSKCIOHEHI[MAJIbHOW 3aBHCHMOCTH TEMIEpaTyphl
pesuctuBHOTO 35eMenTa (PD) OT BpeMeHH HAXOXICHUS TOJ HATPY3KOH, ¢
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MOCJIEAYIONIMM PAacyeTOM TEIUIOEMKOCTH PE3UCTOpPa U TEIJIOBOTO COMPO-
TUBJIEHHs1 PD — BHEIIHsIS cpejia.

[Ipobnema TEIIOBOTO pacdera pe3UCTOPOB HHIMBHUAYAIHHOTO H3rO-
TOBJICHHSI OTpaxkeHa B pabote [6], B KOTOpO#l GBI paccMOTPEH MPOIECC
HarpeBa Pe3rCTOPOB U MPHUBEJCHBI METO/bI TEIUIOBOTO pacueTa MPOBOJIOY-
HOTO M JKHJKOCTHOTO PE3HCTOPOB, HCIOJb3YEeMBIX B TI'€HEpaToOpax HM-
MYJIbCHBIX HAMPSKEHU.

OnwncaHa METOMKa TEIJIOBOTO pacueTa pas3psigHbIX pe3UCTOPOB IPO-
BOJIOYHOTO HCIIOJHEHHS MPU MHOTOKPAaTHOM HPOTEKaHWHW YeperyIoInXcs
HUMIYJIBCOB TOKA.

[TokazaHo, 4TO ompeneneHne KO HUIMCHTa TEIUIOOTAaYH, XapaKTe-
PH3YIOIIETO OXJIaKACHHE NMPOBOJHMKA, MPEICTABISIET HAaHOOIBIIYIO TPYI-
HOCTB TEIIOBOro pacuera [6].

B pabore npuBeneHa METOAMKA, TO3BOJISIONIAS OMPENSTUTh Kodhdu-
UeHT Temrootaaun u apyrue TOX pesucropo (MOCTOSHHAS HArpesa, Te-
TUIOEMKOCTb), HEOOXOMUMBIX JUTSl pacdyeTa WX TEIUIOBOTO pexuma. IIpuse-
JICH TIPUMEP pacyeTa MPOBOJOYHOro pesuctopa conporusiacareM 30000Mm.
Pesuctop BBIIOMHEH W3 HUXPOMOBOW MPOBOJIOKH, HAMOTAaHHOW Ha OyMax-
HO-0aKeIUTOBBII KapKac ¢ HapyKHbIM JuameTpoM 70MM 1 BHyTpeHHUM 60
MM, UMEET MOCTOSHHYIO Harpesa, paBHyI0 882 c M ycTaHOBHBIIYIOCS TeM-
neparypy, paBuyto 68 °C, npu npuknagsiBacmom Hanpsokenun 300 kB u
OIBOTUMOM cpeaHeit MmomHocta 15,2BT.

JI71s1 )KMIKOCTHOTO pe3nCTOpa, BHITIOJIHEHHOTO B BHAE CTEKJISIHHOW TpYO-
KM, 3aII0JIHEHHOW BOJIOH, NPOBEEH TEIUIOBOM pacyeT NMpH CPeHEH MOITHOCTH
paccenBanus 300 Bt. BHyTpeHHMi 1 BHEIIHMH JUaMETphl TPYOKH COOTBETCT-
BeHHO ObLTH paBHBI 2,75¢cM 1 3,35¢Mm, mmmHa - 100cMm. Koaddumuent rerio-
OT/AY’ OT BOABI K CTEHKe CTEKIsHHOM Tpybku — 0,0194Br/cm’rpan., a ot
Tpy6KH K OKpyxaromeil armochepe — 0,0053Br/cM?-rpa., 0Ol meperaz
TeMIepaTypsl B pesuctope coctaut 44,3°C.

[IpoBeneHHBII aHAIN3 MOKa3bIBAET, YTO UMEIOIIHECS JaHHbIE TI03BOJIIIOT
TIPOM3BOJUTD TETIOBON pacdeT HEKOTOPHIX THIIOB BHICOKOBOJBTHBIX PE3UCTO-
POB B OTIENBHBIX PEKUMAX MX OKCIUTyaTallud. Y UUTHIBAsI, YTO PACCMOTPEHHbIE
THUIBI PE3UCTOPOB M PEXKUMBI IKCIUTyaTAllMK HE OXBaTBIBAIOT BCIO OOJIACTB,
xapaktepuyto mist BUMY, nienecoobpa3HbiM SIBIISICTCS. TIPOBEICHUE NaTbHEH-
WX HKCCIICIOBaHMMA, HAMpPaBJICHHBIX Ha Pa3paboTKy OOOOIIEHHBIX METOIOB
pacyeTa TeIUIOBBIX PEKUMOB BHICOKOBOJIBTHBIX PE3UCTOPOB.

Marepuajsbl U pe3yJbTaThbl UcciaenoBanuii. [IposeneHurlil aHanmu3
TIOKa3bIBACT, YTO BCSI MMEIOIIAsCS HHPOPMAIHS 10 OTPEIENICHUIO JIIEKTPO-
TEIUIOBOTO PEKMMa BBICOKOBOJIBTHBIX PE3UCTOPOB, HCIIOIB3YEMbIX B
BUNY, moet ObITh pacpe/esieHa Ha TpY IOTOKA, Kak MoKa3aHo Ha puc. 1.
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Hudopmars 1o onpeneneHnio
3JIEKTPOTETLIOBOTO PEKHMA
BBICOKOBOIETHBIX PE3HCTOPOB

DKCTIepUMEHTAIbHbBIC IAHHBIC 1O Merozbl 91eKTPOTEIIOBOr0
. Mertomuka uzmepenns TOX
Teperpy304HoOil CIOCOOHOCTH 1
PE3HCTOPOB
T®X pesuctopos

pacueTa pe3ucTOpoB ¢
ucnosb3oBaHueM TOX

Puc. 1.

IlepBbIil TOTOK COAECPIKUT IKCICPUMCHTANBHBIC NAHHBIC TI0 MEPerpy-
304HO¥ crmocoOHOCTH U TDX BHICOKOBOIBTHBIX PE3UCTOPOB B UMITYIBCHBIX
pexxumax skcruryatanud. [anHas wHQOpPMAIWS COICPKUTCS B HOPMATHB-
HBIX JIOKYMEHTaX Ha PE3UCTOPHI MPOMBIIIICHHOTO M3roTOBIeHus [1] 1 psiae
MyOMUKanuii, OTPaXKaIOIUX pe3yIbTaThl SKCIEPUMEHTAIBHBIX HCCIIEI0BA-
Hwuii [2 — 6].

JlaHHbBI TOTOK HH(QOPMALIUK XapaKTEPU3YETCs CIIETYIOLINM:

1) a7t pe3UCTOPOB MPOMBIIIIIEHHOTO U3TOTOBJICHHS, HATHIHEM

— HaJMYMEeM MOJHBIX JaHHBIX, 00ECIEeYHBAIOIINX OINpPEACICHHE JIIeK-
TPOTEIUIOBOTO PEXKMMa, TOJIBKO IS OTACIBHBIX PEKUMOB AKCILTyaTallHH
pesuctopos [1, 4];

— (dopManbHO 3asBICHHBIME NaHHBIME 10 T®dX pesucropos, Tpe-
OYIOIIHX JOMOJHUTEIBHOTO 3KCIIEPUMEHTABHOTO MOATBEPKACHUS [2];

— HAJIMYHEM JaHHBIX TO MPEACIbHBIM YHEPTETHICCKIM Harpy3KaM, He
MOJITBEPKIEHHBIX CTATUCTUUECKUMHU UCTIBITAHUSIMU [3];

2) i BBICOKOBOJIBTHBIX PE3MCTOPOB MHAWBHIYAIBHOTO HM3TOTOBIE-
HUSI HAIMYMEM TOJHBIX JaHHBIX AJISI 3JEKTPOTEIUIOBOTO pacyera pe3ucTo-
POB, C HCIOJIb30BAHUEM B KadeCTBE KOPIyCa >KUIKOCTHBIX PE3UCTOPOB
CTEKJITHHOM TPYOKH, a B IPOBOJIOYHBIX PE3UCTOPAX OyMaKHO-0aKEeITUTOBBIX
KapKacoB.

Nmeromasicss mHGOpMAIUS TOKA3bIBACT HANWYHE Psla MpodieM, 3a-
TPYAHSIONNX TMPOBEIACHUE AJIEKTPOTEIUIOBBIX PACUCTOB BBICOKOBOJIBTHBIX
pe3ucTopoB. /i uX penieHuss HeOOXOIUMO:

1) mpoBecTH SKCHEPUMEHTANILHBIC HCCICIOBAHUS MO OIMpPEICTICHHIO
OTCYTCTBYIOIIUX TEIUTO(PU3NUCCKUX XaPAKTCPUCTHK BBHICOKOBOJIBTHEIX pPe-
3HCTOPOB, a TaKXKE MATCPUAJIOB U W3JCIUH, MCIOJIB3YEMbIX MPH UX H3TO-
TOBJICHHUH;
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2) uccnenoBaTh pachpenesieHus] TEIIOBOrO MONS Uil KOHCTPYKIHI
PE3UCTOPOB MHIUBUAYAIHHOTO M OCHOBHBIX THIIOB BBICOKOBOJBTHBIX PE3H-
CTOPOB MPOMBIIICHHOTO U3TOTOBJICHHS;

3) pa3paboTaTh METOIMKY OLICHKH [IEPErpy30YHOM CIIOCOOHOCTH Pe3H-
CTOPOB NPOMBIIIIIEHHOTO M3TOTOBIEHHS MPU PA3IMIHBIX MMITYJIbCHBIX pe-
KHMMaXx KCILUTyaTaluu.

Bropoii notok conepxxut uHpopmanuto no onpenenennio TOX u me-
perpy304HoOi CIOCOOHOCTH pe3ucTopoB. OH XapaKTepH3yeTcsl JOCTaTOUYHO
MOJTHO# mpopaboTKoit Bcex Bompocos [2, 4, 5]u, B yCIOBUSIX PUMEHEHUS,
TpeOyeT JHIIb KOPPEKTUPOBKH 0] KOHKPETHBIE PEKUMBI U YCIIOBHS JKC-
IUTyaTaluy Pe3UCTOPOB.

TpeTnit TOTOK COAEPKUT HHPOPMAIIHIO O METOAAX JIEKTPOTEILIOBOTO
pacdera BBICOKOBOJIBTHBIX pPe3uUCTOpoB. OH XapaKTepH3yeTCs HaIMIUEeM
METOJIOB, B KOTOPBIX HMCIONB3YIOTCS MaTeMaTH4eCKHEe MOMAEIH, UMEIOIINe
CYILICCTBEHHBIE OrpaHUdeHs [6], HanmpuMep, B HUX HE YUHTBIBACTCS: OTBOJ
TeIIa B aKCHAJIbHOM HAIlPABICHUH YePE3 TOPIIEBbIC TOBEPXHOCTH, BIUSHHE
PACIONIOKEHUS PE3UCTOPA B MPOCTPAHCTBE U METOMBI KPEIUIEHHUA K KOHCT-
pykuuu BUNY, HepaBHOMEpHOE TETUIOBBIIEICHHUE U JIP.

Jist pa3paboTku 00OOIIEHHBIX METOAOB pacyeTa dJIEKTPOTEINIOBOTO
PEeKHMa PE3UCTOPOB, B EPBYIO OYEpeab HEOOXOIUMO JOTOJIHHUTE ATOT I10-
TOK HH(OpPMaINH CIEAYIOIUMHA TaHHBIMU:

1) yyeroM BIHUSHHS Ha TEIUIOBOI PEKUM BBICOKOBOJIBTHBIX PE3UCTO-
POB YCIIOBHH WX PAacCIOJIOKEHUS B KOHCTPYKIHH BBICOKOBOJBTHBIX YCT-
pOICTB,;

2) MEeTOIMKAaMH OINTHMH3ALMH OCHOBHBIX KOHCTPYKIHH PE3UCTOPOB
WHIUBHUIYaJIbHOTO N3TOTOBJICHHS TI0 3IEKTPOTEIIOBBIM XapaKTEPHCTHKAM.

BoiBoabl.

1. ITpoBenen aHaim3 HHGOPMAIIIH TI0 OTIPEACIICHUIO IEKTPOTEILIOBO-
IO pEKUMa BHICOKOBOJIBTHBIX PE3HUCTOPOB.

2. OnpepeneHpl HaNpaBiIeHUS JalbHEHIINX HCCIIEOBAaHUN, KOTOPBIE
obecrieyaT OOLIHOCTH MOAXOJOB K 3JIEKTPOTEIUIOBBIM pacyeTaM BBICOKO-
BOJIbTHBIX PE3UCTOPOB.
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noctostHHbIe HenpoBosiouHble TBO. —C. 4-2.2. 3unkesuu H.M. Tleperpy3zounas cro-
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