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MOAENUPOBAHUE PABOTbI RC-TEHEPATOPA BbINOJ/IHEHHOIO HA
NEYATHOM NNATE U3 HAHOMPOBOAALLErO AUINEKTPUKA B NO LT SPICE

M.WN. Yykapumu?
lerypenT, rpynna MKC-161, [lenapTaMeHT KOMMNbIOTEPHOMN MHKeHepun, HaumoHanbHbI Uc-
cnepoBaTeNibCKM YHuBepcuTeT Bbicwas LLUKona dkoHomuKu, r. Mocksa, Poccua, e-mail:
mitch99@yandex.ru

AHHoOTauua. bopToBas paaMo31eKTPOHHAA annapaTypa KoCMUYeckux annapaTos (BPIA
KA) gonkHa 6biTb 3aluMLLeHa OT BOSHUKHOBEHUA 3N1EeKTpOCTaTMYeckmx paspagos (ICP) koTo-
pble BO3HWMKAIOT B pe3y/abTaTe NOABJEHMA 3HAUMTE/IbHbIX PA3HOCTEM MOTEHLUANOB MEXAY
anemeHTamn BP3A U3roToBAEHHbIMUM U3 PA3/INYHBIX MaTepuanoB. ITOT NPOLLECC Ha3biBaKOT
andodepeHuManbHbIM 3apaxKeHnem anemeHToB KA 1 oH 0bycnoBneH pasnMyHon cnocobHo-
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CTbIO MATEPMA/IOB HAaKANINBATb U NepepacnpesensiTb HAKONEHHbIM 3NEKTPOHHbIM 3apAg, KO-
TOpPbI/ cOo34aeTca B 3TUX MaTepmanax 3a cyeT B3aumoaencramns KA ¢ 0KonosemHom naasmon.
B HacToAweln pabote nytem moaenmposaHua paboTbl RC reHepaTopa B LT-spice onpeaensa-
IOTCA MUHUMaA/IbHbIE BEIMYMNHDBI AOMNOJHUTE/IbHBIX PE3UCTOPOB, KOTOpble ByAyT UMUTUPOBATb
AONONHUTENIbHYO NPOBOANUMOCTb AN3NEKTPUKA NEYATHOM NAaTbl 3TOrO reHepaTopa, U He by-
AyT BANATbL HA paboTy reHepaTopa. JononHMUTENbHAA NPOBOAMMOCTb AMINEKTPUKA NPU3BAHA
NUCKNOUYUTb BO3MOXKHOCTb BO3HUKHOBEHMA ICP nNpu 31eKTPOHHOM 06./1y4eHun .

Knrouesoie cnosa: RC-eeHepamop, moodenuposaHue, 006a804HOe conpomussneHue.

SIMULATION OF THE RC OSCILLATOR OPERATIONAL IMPLEMENTED ON A
PRINTED CIRCUIT BOARD OF NANO CONDUCTIVE DIELECTRIC USING THE
LTSPICE SOFTWARE

Mark Chukarin?
Istudent, group MKS-161, Department of computer engineering, Higher School of Economics,
Moscow, Russia, e-mail: mitch99@yandex.ru

Abstract. The on-board radio-electronic apparatus of space vehicles (ORA SV) should be
protected from the occurrence of electrostatic discharges which arise because of the appear-
ance of significant potential differences between ORA elements made of different materials.
This process is called differential charging of spacecraft elements and it is caused by different
ability of materials to accumulate and redistribute the accumulated electronic charge, which
is created in these materials due to interaction of spacecraft with near-earth plasma. In this
paper, by modeling the operation of the RC generator in LT-spice, the minimum values of the
additional resistors are determined, which will simulate the additional conductivity of the di-
electric of the printed circuit board of this generator, and will not affect the operation of the
generator. The additional conductivity of the dielectric is designed to exclude the possibility
of the formation of an ESR during electron irradiation.

Keywords: RC-generator, simulation, additional resistance.

BBegeHue. DNeKTPOHHbIe reHepaTopbl — 3TO YCTPOMCTBA, KOTOpble Npeob-
Pa3yloT 3/1EKTPOIHEPIUI0 UCTOYHUKA MOCTOAHHOIO TOKA UCTOYHMKA NUTAHUA B
SHEPIUI0 INEKTPUYECKUX KonebaHUM 3aaaHHbIX YacToT n dopm [1,2]. Popma
3NEeKTPUYECKUX KonebaHuit 6biBaeT pa3nnMyHon. FeHepaTopbl, KOTopble Gopmu-
PYHOT CMHYyCcOMAaNbHble KonebaHus, Ha3blBalOT reHepaTopamMm rapMOHUYECKUX,
WNN CUHYCOMAANbHbIX KonebaHnit. Ecan KonebaHus reHepaToOpPoOB OTAMYALOTCA
no ¢opme OT CMHYCcOMAANbHbIX KonebaHu (TpeyroabHble, NPAMOYro/ibHbIE, NK-
NnoobpasHbie 1 T.4.), TO TaKMe reHepaTopbl Ha3blBAOTCA MMMYAbCHLIMU, UN pe-
NIAaKCaLNOHHbIMMU.

CyuwiecTByeT ABa OCHOBHbIX TUMa FeHepPaToOPOB: reHepPaTopPbl C CAMOBO36Y K-
AEHUeM MW aBToreHepaTopbl U reHepaTopbl C HE3aBUCUMbIM BHELIHUM BO3-
byxaeHmem. Mol byaem paccmatpmsaTtb RC-reHepaTop ¢ CamMoBO3bYKAEHMEM.
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Lenb pa6botbl. CmoaennpoBaTb YTEYKM COMPOTUBNAEHMA HA MeYaTHOM
nnaTte, U HANTU KPUTUUYECKOE 3HAYEHUE, MPU KOTOPOM MN1aTa COXPaHUT paboTo-
CNOCOBHOCTD.

[aHHaa paboTa pa3buta Ha gBa 3Tana. Ha nepBom aTane mbl MoZenMpyem
paboty ncxogHoro RC-reHepaTopa, NPUHLMNMANBHAA CXeMA KOTOPOro npuee-
AeHa Ha pucyHke 1. Ha BTopom 3Tane mbl mogenmpyem paboty RC-reHepaTopa,
M3rOoTOB/JIEHHOIO Ha NeYaTHOM nsiaTe M3 HAHOMNPOBOAALLErO ANINEKTPUKA, NPO-
BOAMMOCTb KOTOPOrO Mbl MOAE/IMPYEM BKIHOYEHMEM B CXEMY A0MNOJHUTENbHbIX
pe3ncTopoB Ragq (PUCYHOK 2).
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PucyHoK 2 — MNpuHumMnuanbHas cxema RC-reHepaTopa € BK/IIOYEHHbIMM B
cXemy pes3nctopamu Rygg KOTOPbIE UMUTUPYIOT AONONHUTENbHYIO NPOBOAMN-
MOCTb NeYyaTHOM NaaThbl.

OcHoBHOM maTtepuan. ModenuposaHue pabomesl 2eHepamopa. Cxema uc-
xogHoro RC-reHepaTopa npeacTtaBiaeHa Ha pucyHke 1. Cxema ¢ BHECEHHbIMU [,0-
6aBOYHbIMU pe3ncTtopamm Raqq BennumnHom R = 40 KOM nokasaHa Ha pUCyHKe 2.
BuaHoO, 4TO Npu 3TOMN BENNYUHE AOMONHUTENbHbIX PE3UCTOPOB (pPUCYHOK 3,6)
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y)Xe HabnoaaloTCcA MCKAXKeHMA BbIXOAHOrO CUrHana reHepaTtopa. BbixogHoe
HanpaxeHue nagaet ¢ 13,3 B go 12 B, a nepunopg KonebaHnit Bo3pacTaeT oT 3 McC
00 3,4 mc. Mpn BennumHe R = 100 KOM HUKAKUX N3MEHEHUWN BbIXOAHOIO CUrHana
He Habnwganock. [oaToMy, BEIMYMHY AONOIHUTENbHbIX PE3UCTOPOB ANA pac-
yeTa AOMNYCTUMOM MPOBOAMMOCTM MeYaTHOM naaTbl, C HeOONbWMM 3anacom
MOHO NPUHATL paBHoM R = 100 KOm. B ganbHenwem, npu NpoaoIKeHUn pa-
60Tbl 6yAeT Mcnonb3oBaTbCcA 3Ta BeanynHa R.
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PucyHok 3 — Pe3ynbTaTbl MOAEIMPOBaHMA. BbIxogHOE HanpaXKeHue reHe-
paTopa: pUCYHOK 1 - a, pUCyHOK 2 -6.

BbiBoA. B pe3ynbTate BbINOJHEHHOM PabOoTbl BbiAB/IEHA BE/IMYMHA COMPO-
TMBNeHus R 4o6aBoYHOro pesnctopa Ragg NpU KOTOPOM BbIXOAHOM CUTHAN FEeHe-
paTopa He byaeT npeTepneBaTb M3MeHeHUA. OTa BeinunHa coctaBnsaeTt 100 KOm.
3HaYMMOCTb NpoBeAeHHOM PaboTbl 3aKNO4aETCA B TOM, YTO B ee xoAe bbino npo-
BeAeHO moaenupoBaHue paboTbl RC-reHepaTopa ¢ nomoubto MO LT-spice v Bbl-
AB/IEHO 3HAa4Ye€HWEe ONTUMAJIbHOM BE/IMYMHBI CONPOTUBAEHUA AONONHUTENBHOIO
pe3ncTopa AnAa pacyeta NpoBOAMMOCTU HAHONPOBOAALLErO ANINEKTPUKA NevaT-
HOM nAaTbl.
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