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Ocepinatita, IoT TexHo/OrusIapbliH TakiialaHa OTHIPBIN >kKacasraH ESP32 6Ga3ackiHaarbl
MeTeOCTaHL[UsI aybll I1apyalllbUIbIFbIH YKaHFBIPTYAbIH, MaHbI3ZbI d/leMeHTTepiHiH OipiHe aiiHasbII,
JlepeKTep/iH, AJ1AIriH KaMTaMachl3 eTy JKoHe OHIMZIIKTI apTThIPy apKbLIbl TYPAKThI JamMy¥a bIKI1al
eTefi. bosamakra Kyliere MalllMHaNbIK OKBITY aArOPUTMJEPIH €Hri3y apKplibl aya paibl
e3repicTepin 0o/mKamzay, COHbIMEH KaTap aBTOMATThl Cyapy JKyihesiepiMeH WHTerpanusiiay
MYMKIH/IIKTepiH KapacTbIpy YCbIHbLIa/bI.
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YHUBEPCAJIbHBIN BJIOK IMTAHUA C YCWIEHHOM 3AIITUTON OT IIOMEX

JucrokoB UuHru3 AMaHre/ b UHOBHY
chimgiz kz 1@mail.ru
Maructpant kadeapsl POT, EHY um. JI.H.I'ymunesa, r.Acrana, Kazaxcran
Hayunsiii pykoBoauTeib — MaxaHoB K.M.

AHHOTaNUsA

Ha cerosHsimHUE  [leHb CYI[eCTBYeT INMPOKUKA  aCCOPTUMEHT OJIOKOB  THUTaHWS,
rpe/jHa3HaueHHbIX /Ui pa3iWuHbIX 3a7ay. Cpeau HUX BbIEISIOTCS JIMHEMHbIe, WMITy/IbCHBIE,
yYHUBepCa/lbHble aJjafTepbl, a TakKKe CreLyajr3MpoBaHHble UCTOUHUKU TTUTaHUs, TIpUMeHsieMble B
KOMITbIOTEepPaX, MOOU/TBbHBIX YCTPOMCTBAX U TIPOMBIIILJIEHHOM 000pyAoBaHuU. OfHAKO OO/BILIMHCTBO
TaKUX YCTPOMCTB WMMEIOT OrpaHWueHHbIM (YHKIMOHA/M, obecrieurBasi /UL (HUKCUPOBaHHbIE
BBIXO/[HbIE TITapaMeTphl, UYTO CHWKAeT UX YHHUBEPCATbHOCTD MPH UCII0/Ib30BaHUU B 000PYZ0OBaHUM C
pa3HbIMM TPeOOBaHUSIMU K MUTaHMIO [1].

KitoueBble c/i0Ba: 371eKTpOMarHuTHasi CoBMectuMocTb (OMC), 3a1uTa oT 3/1eKTPOCTaTUUeCKUX
pa3psgoB (OCP), npuHLUNMaabHas CxeMa, 3/IeKTphuecKas Lielb.

Beepenue
st co3aHust MHOTOQYHKIIMOHAIBHOTO 6/10Ka MUTaHWs OblaT BbIOpaH JIMHEHHbIN NCTOUHUK B
KauecTBe OCHOBBI. JTO OOYC/IOB/IEHO €ro TpOCTOM KOHCTPYKLMeH, HHU3KMM YDOBHeM IymMa M
BBICOKOM CTabW/IbHOCTBIO BBIXO/IHOTO HAarpsDKeHHsl, UYTO OCOOEHHO BaXKHO [i/i YCTPOMCTB,
YyBCTBUTEJILHBIX K TIOMeXaM. []oroTHUTe/TbHO JTMHeHHbIe O/I0KH TI03BOJISIOT pean30BaTh TUIaBHYIO
Pery/JupoBKYy HampspkeHUs [2].
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B pamkax rocrtaBiieHHOM 3a/jaud ObUIO MPUHSTO pellleHHe O MPOEeKTHPOBAHMHU M pa3paboTke
WCTOYHMKA TIUTAHUSI C HECKOJIbKUMU CTabUIM3UPOBAHHBIMU TI0 TOKY M HaTPsSDKEHUIO BBIXO/JaMH.

IToydyeHHBbIE pe3y/IbTaThl H UX 00CYXK/ieHHe

Ha HavanbHOM 3Tarie, Hamu Oblsla pa3paboTaHa TexXHHUUeCKas CrielurKalys U CTPYKTypHast
cxema K MCTOYHMKY nutaHus. Ha JaHHOM 3Tarie ObUIM MPOBe/ieHbI Mpe/iBapuTe/bHbIe PacyeThl T10
BBIXO/IHBIM [1apaMeTpaM.

CoBpeMeHHbIe 3/IEKTPOHHbIE YCTPOWCTBA B OCHOBHOM TOTpeb/sitOT  (DUKCHPOBaHHbIE
HarnpsbkeHus. Kak mnpaBwio, B mpefenax OT 3 [0 16 BOJBT IIOCTOSHHOIO HaIpsyKEHUS.
[MToTpebisieMblii TOK Yallje BCero He rpeBbiiiaet 1,5-2 A.

Wcxops u3 faHHBIX COOOpa)keHUH HaMH ObIT TPOM3Be/IeH pPacyeT MOIITHOCTH pa3pabaThiBaeMoOM
3/IEKTPOHHOM CXEMBbl.

3Hasi, TIpefie/ibHble BBIXOJHbIE TIapaMeTphl pa3pabareiBaeMoro 0/i0Ka THUTaHWs, MBI, Ha
cJleflytoleM sTare pou3Be/y MOMCK U 0TOOP KOMITOHEHTHOM 0a3bl.

poL
EEY
ATV

—2 acw

BRI

PucyHok 1. IIpuHIMNuanbHasi cxeMa BBLICOKOBOJIBTHOM YacTH 0JioKa
MATaHUS.

Kak BUAHO Ha puCcyHKe 1, B KauecTBe TpeoOpa3oBaresisi riepeMeHHOro HampsbkeHusi (AC/DC
npeobpa3oBaresib) ObuUT BbIOpaH mpeoOpa3oBaTens cepun CBM70S120. TIpeoGpa3oBartenb
obecrieurBaeT CTaOW/ILHOE HArMpsDKeHWe Ha BBIXO/le, UTO HEOOXOAMMO /i KOPPEKTHOW paboThI
TO/IK/TFOUeHHBIX YCTPOUCTB [3].

Onst 3auuThl 0/i0Ka TUTAHUST OT TiepeHarpsDKeHWH, BBbI3BAHHBIX BBICOKOMMITY/IbCHBIMU
CKaukaMH, Mbl NpUMeHWIM rasopaspsgHvk (GDT1). [lpu mpeBblleHUMM AONYyCTUMOIO YPOBHS
HaMpsKeHUs1 ra30pa3psiJHUK aKTUBUDPYETCS, CO3/aBasi HU3KOOMHbBINA MYTh /1Sl TOKA, YTO MO3BOJISIET
3¢ PeKTUBHO OTBOAUTH M3OLITOUHYIO YHEPrHi0 U obecrieurBaTh CTAOM/IBHOE 37IeKTPONUTaHUe ISt
TMO/IK/IFOUEHHBIX YCTPOMCTB.

OAns  3ammTbl  OT cUH(A3HBIX T[IOMeX, BO3HUKAIOLIMX [P BO3AEHCTBUM BHELIHUX
3/IEKTPOMAarHUTHBIX BO3MYIIIeHUH, Obla rpuMeHeH crH(ba3Hbii gpoccensb (L4) cepun RN114-1-02.
OTOT 3/1eMeHT KOMIMeHCHpPYyeT CHH(a3Hble TOKHM, MUHHUMM3WPYS B/MsHUE TOMeX Ha paborty
371eKTPOHHON cucTembl. CHH(a3Hble TMOMexH, COBMajaroide 1Mo ¢as3e C YaCTOTOM HCTOUYHUKA
MIUTaHWsI, MOTYT CYL[eCTBEHHO yXY/IIUTb KaueCTBO PabOThl YCTPONCTBA, MOITOMY UCIOIb30BaHUe
cuH(pa3Horo ¢GuIbTpa sB/sSETCS HEOOXOJUMBIM yCIOBHeM Ajisi obecrieueHUs 3/1€KTPOMAarHUTHOU
COBMeCTUMOCTH [4].

71 moziaB/ieHUs] UMITY/IbCHBIX TTOMeX Pa3/IMYHOMW AJIMTeNbHOCTH B cxeme ucrosnb3ytorcs LC-
¢unbtpsl (L1C1, L2C2). dunbtp L1C1 npesHa3HaueH [/ yCTpaHeHUs IoMeX B [iaria3oHe 4acToT
OT HEeCKOJbKHMX KW/IOTepl] [0 HEeCKOJbKUX Merarepl, uTo 3(Q¢eKTHBHO [/ MOJaBleHuUs
IIMPOKOIIO/NOCHBIX TToMeX. PunbTp L2C2 paboTaer Ha Oojiee BBICOKMX YacCTOTaxX, OT HECKOJBbKHX
Merarepij o Turarepil, 1 obecrieuvBaeT 3alUTy OT KOPOTKHUX UMITy/IbCHBIX TIoMeX. COBMeCTHOe
NpUMeHeHNe 3TUX (UIHTPOB MO3BOJISIET 00eCreunTb KOMIIEKCHYIO 3all{UTy OT IIMPOKOTO CIIeKTpa
3/1eKTPOMarHUTHBIX BO3MYILL[€HUH.

17151 3a1{UThI OT Pe3KOro BO3pacTaHUsl HAIIPSDKEHUS B CETH /10 KDUTUUYECKOTO YDPOBHS B CXeMe
ycTaHoBjieH Bapuctop (RV8). Ilpu npeBbliieHny NOPOroBOro HaNpsDKeHUs1 BAPUCTOP U3MEHSIET CBOE
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COTIPOTHUBJ/IEHHE, CO37aBasi HU3KOOMHOEe COeIMHEHHe W TOorJioijass M30BITOUHYI0 SHepruro. OTO
Tipe/IoTBpalljaeT TIOBPeXK/eHre 3/IeKTPOHHBIX KOMITOHEHTOB U 00ecrieurBaeT 3alllUTy OT Meperpy3ok
Y 3JIEKTPOCTaTUYeCKUX Pas3psoB.

[ns 3ammThl OT Meperpy3oK IO TOKY U KOPOTKMX 3aMblKaHMKM B CXeMe [pUMeHeH
camMOBOCCTaHaB/nMBawIuKcsa npegoxpanurens (F8). Ilpy mnpeBbllieHMM [OMyCTUMOIO TOKa
Tipe/ioXpaHUTe b pa3MbIKaeT Liellb, TIpeoTBpalliasi oBpexieHue obopyoBanusi. [locie ycrpaHeHust
NPUYMHBI  TIeperpy3Kd U CHIDKeHUsT  TemrepaTypbl  Ipe/JoXpaHUTe/lb  aBTOMAaTUYeCKU
BOCCTaHaBJ/IMBaeT CBOKO MPOBOAUMOCTD, UTO 0becrieunBaeT HerpepbIBHOCTh paboThI CUCTEMBI.

PucyHok 2. IlpuHLMNManbHas cxeMa HU3KOBOJBTHOW YacTH 0JioKa
MUTaHUS.

st BBITIONIHEHUST 3aflauyd  MHOTO(YHKIIMOHATbHOCTH, HaMW ObUTM BbIOpaHBI HECKOJIBKO
nipeobpasoBaresieii nmocrositHHOro HarnpspkeHust (DC-DC nipeobpa3oBarenu), KOTOPbIe IMOKa3aHbl Ha
PUCYHKe 2.

B kauectBe mpeobpasoBarensi 12B B 5B Obin BeiOpaH mnpeobpa3oBarens cepun LM2575.
[Tpeo6pa3oBaresib 06ecreurBaeT BbICOKYHO 3(h(eKTHBHOCTL U CTaOM/IbHOE BBIXOJHOE HampsDKeHHe,
YTO He0OXOMMO [J15l TTAHKWS YCTPONCTB C HU3KOBOJIbTHBIM NOTpebsieHneM [5].

B kauectBe mpeobpa3oBatesisi 12B B 4B 6wl BeiOpaH npeobpa3oBaTenb cepur LM2596S-12.
[Tpeobpa3zoBaresib Mo/jiep)KUBAeT PeryaMpyeMoe BEIXOAHOe HarlpshkeHre U 00ecrieurBaeT BHICOKYIO
Ha/Ie)KHOCTb TPY Harpy3kKax Ao 3A, UTO MOAXOAUT AJIsl yCTPOUCTB C TIOBBILIIEHHBIMU TPeOOBaHUSIMH K
TOKY [6].

B kauectBe mpeobpa3oBatens 5B B 3.3B Obwu1 BbIOpaH mpeoOpa3oBaTenb  CepUM
LM1117MPX-3.3. [Ipeobpa3oBarens obecrieurBaeT HU3KOe Ta/ileHe HarpsyKeHWsl U CTabrIbHOCTh
Ha BBIXOZle, UYTO KPUTUUHO /Il TIUTaHUS MHUKDOKOHTDO/UIEDOB U [JPYTMX YYBCTBUTEIbHBIX
3/1eKTPOHHBIX KOMITIOHEHTOB [7].

[lpu pa3paboTke CcxeM C 3/IeMEHTAMH CBEPXBBICOKOUACTOTHOW 3/€KTPOHUKU TPAaBUIbHOE
npoekTHpoBaHre ¢uabTpoB HU3KUX yactoT (PHY) u Beicokux vactoT (PBU) siBnsieTcss BaXKHBIM.
st monyueHUsi OXKHJ@EMbIX Ppe3y/bTaTOB, HauOoiee TIPaBWIBHBIM peLIeHHeM  SIBJISIETCS
npe/iBapyTe/IbHOe MOJe/IMpOBaHue (hUIbTPOB.

Ha pucynke 3 nokasaHo mozenvpoBanre ®HUY u ®BUY, B pe3y/nbraTe KOTOPOro, HaMH ObUTH
TosTyueHbl HeoOxoauMble xapaktepuctuku aisi AC-DC mpeoOpa3oBaTesisi, a UMEHHO CHIa TOKa
<1,5A, vactota ot 50 g0 65I'y u HaripsbkeHue ot 100 mo 250B.

B pesynbTaTe MoJeMpoBaHust ObUTH BHIUKC/IEHBI HEOOXOMMBbIe TIapaMeTphl 3/IEMEHTOB:

L1=2.2uH;

L2=220uH;

L4=10mH ;
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C1=1000 pF ;
C2=10000 pF,
GDT 1=420V ;
RV 8=351V;
F8=1A.
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PucyHok 3. mozenvpoBanue ®HY
u OBY.

3aK/Il0ueHue

B xoge paboTbl Obula pa3paboTaHa 3/eKTpHUecKas CXema MHOro(yHKLHMOHA/JBLHOTO 0Ji0Ka
NUTaHKsl HAa OCHOBe JIMHelHOoro npeoOpa3soBareisi, obecneunBaroLUii CTabUIbHOE U peryaipyemoe
BBIXOZIHO€ HarpspkeHHe. MHOro(hyHKI[MOHATBHOCTD O/10Ka 3aK/TIF0UaeTcsi B TOM, UTO MPeyCMOTPeHO
3/IeKTPUYECKOe INUTaHMe KaK OT CTaHAApPTHOM 3JIeKTPUYeCKOM CeTH, TaK M OT aKKyMY/ISITODHOU
GaTapeii 1 COJTHEUHBIX TTaHeJIeH.

Vcnonb3oBaHue 3alUTHBIX /IEMEHTOB, TAKUX KakK Ia30pa3psiHUK, CUH(a3HbIN Apoccesb U
BapHCTOpP, TapaHTUPyeT HaZeXHOCTb M 0Oe3omacHOCTh ycrpoiicTBa. I[lpumenenne DC-DC
nipeoOpa3oBareneii cepuii LM2575, LM2596S-12 1 LM1117MPX-3.3 103BOJIU/IO peasnu30BaTh
MHOTO(YHKIJMOHA/TbHOCTb, @ MOZenrpoBaHre (GUIbTPOB 00ecrieunsio ONTUMasbHbIe MapaMeTpbl
cxeMbl. PazpaboTaHHbIl 6/10K MUTaHUS IOAXOAUT /111 IIMPOKOTO CIIeKTpa YCTPONCTB U MOJKeT ObITh
yCOBepLLIEHCTBOBAH 3a CYeT UHTerpaljiy LU(PPOBOro yIrpaB/ieHUs.
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CHUHTE3 MEMPUCTOPHbBIX AYHEEK HA OCHOBE OP'TAHUYECKHUX YACTHI]

BekemeBa AKHYp MypaTkpbi3bl', ACKapKpbi3bl JJaMupa’, Acuib0ekoBa Anust
MonpabekoBHa®
'bekeshevaa03@mail.ru
"Marucrpant 1-Kypca Kadepsl PaguoTeXHUKH, 31eKTPOHUKY U TeJIEKOMMYHUKALMH
ERY uwm. JI.H. I'ymuneBa, Acrana, Ka3axcran
*CryzenT 4-Kypca Kadeapsl PajMOTeXHUKH, 3IeKTPOHUKY U TeJIeKOMMYHHUKALN
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Hayunsiii pykoBoauTtenb — K.M. MaxaHoB

AHHoTanua: B craThe paccmaTprBaeTCsi BO3MOXKHOCTb HCIIO/Ib30BAHUSI OpraHM4eCcKUX
OroMaTepHasnoB /sl CO3/laHUSI MEMPUCTOPHBIX CTPYKTYP, B UaCTHOCTH WCC/IelyeTCsl PUMeHeHHe
ropoika GaHaHOBOM KOXYpbl B KauecTBe aKTHUBHOTO CJIOSi B MEMPHCTOpPax CO CTPYKTypOM
Ti/6ananoBasi Koxxypa/Ag. [IpoBesiéH CHHTE3 U TeCTUPOBaHHe MEMPUCTOPHBIX STYeeK C Pa3/TUuHON
pa3MepHOCTbI0 4YacTul] Ouomarepuana, a TakXKe BBITIOJTHEH aHalW3 WX BOJIbTAMIIEDPHBIX
XapaKTepUCTUK. YCTaHOBJIEHO, YTO pa3Mep YacCTHL] OKa3blBaeT 3HAuWTe/bHOe B/IMSHHWE Ha
CTabW/IbLHOCT ¥ BOCIIPOM3BOAMMOCTb PE3UCTUBHOTO TIepeK/IoueHus. BbIsSBIeH ONMTUMabHbIN
[Mara3oH pa3MepHOCTH TIOpOILIKa, O00ecreurBarOl[ii YETKOe THUCTepPe3UCHOe TI0BeJieHHne |
ycToiuuByr0 paboty ycTpoiictBa. Pe3ynbTaThl TOATBEPXKJAOT IE€PCIIEKTUBHOCTh TPUMeHeHUs
BO300HOB/ISIEMbIX OpPraHMYeCKHMX MaTephajoB B TIPOM3BOZCTBE 3KOJOTMUYecKd Oe30rmacHOM u
5Hepro3hdeKTUBHOMN 3/71eKTPOHHOM MaMsATH HOBOT'O TIOKOJIEHUS.

KnwoueBble (10Ba: MeMpHUCTOP, OpraHUYeCKHe MaTepuasbl, OaHaHOBas KOXYpa,
Pe3UCTUBHOE TepeKouenue, Ti/6uocnoi/Ag,

BBegenue.  MeMpuCTOpbI ~ TpeACTaB/IsIOT ~ COOOM  TEpCeKTUBHBIA — 371eMeHT
MHKPO3/IeKTPOHUKH, 00/1aJaroluii CriocCOOHOCTBIO U3MEHSTh CBOE COTMPOTHBI/IEHHE B 3aBUCMMOCTH
OT TIPWIOXKEHHOTO HarpsDKeHUsI W 3aloMUHAaTh ero 3HaueHne. OHM HaXOoJST TpPUMeHeHHe B
3HeprocbeperarIyx 3alIOMUHAIOIINX YCTPOUCTBAX U UCKYCCTBEHHBIX HEMPOHHBIX CceTsX [1].

Ba)kHO OTMeTHUTb, UTO MEMPUCTOP, KaK U TIOJIOXKEHO CHHAIICY, SIB/ISIeTCS ABYX3IeKTPOJHBIM
3JIEMEHTOM, B OT/IMUME OT HaubOojiee YacTO WCIIO/b3yeMbIX B 37IEKTPOHUKE TPEX3JIEKTPOIHBIX
aKTUBHBIX TIPUOOPOB, UTO TO3BOJIUT CYL[ECTBEHHO YIPOCTUTb TPOEKTUPOBaHWE 3/1eKTPOHHBIX
uerneid. OfHaKO CylL[eCTByeT [OIOJIHUTeIbHOe pas/ie/ieHre, OCHOBAaHHOE Ha pas/vuuu
TeXHOJIOTUUeCKHX TPUeMOB, METO/IOB Y MaTepHasIoB, TPUMEHsIeMbIX /il CO3/laHUsi MEMPUCTOPOB, a
TaK)Ke TIpeJrionaraeMbix 00siacTeli MX NMpUMeHeHHWs. B HacTosiiijee BpeMsi AOCTAaTOYHO XOPOIIIO
pa3BUTa TeXHOJIOTHS pean3aliid MeMpPHUCTOPOB Ha OCHOBE HeOpraHWYeCKUX MaTepHasioB (OKCHIOB
MeTas/uIoB). JIpyruM, Hanbosiee MIHTEPECHBIM M TIEPCTIEKTUBHBIM HallpaB/ieHWeM B JJaHHOW 00/1acTh
WCCIIeIOBaHUM SIB/ISIeTCST pa3paboTKa MeMPUCTOPOB Ha OCHOBe OPraHUUeCKHWX MaTepuasioB, PUHLIUTI
paboThI KOTOPBIX OCHOBAH HAa U3MEHEHUH CBOMCTB aKTHBHOM Cpe/Ibl BC/I/ICTBHE TIPOTEKAOUX B Hel
OKHCUTE/IbHO-BOCCTaHOBUTEMbHBIX peakiuii (OBP). HemocpecTBeHHbIN UHTEpeC K OpraHu4eCcKUM
MEMPHUCTOPaM CBsI3aH C Te€M, UTO NPUMEHeHHe OPraHWYeCKUX MaTepPHasioB aripuopy MpUO/KaeT
ucciefioBaTesiel K peanusaluu 17100anmbHOM Wen CO3/laHUs MCKYCCTBEHHOTO WHTeJ/JIeKTa Ha
amnrapaTHOM YPOBHE, TIOCKOJIbKY CTPYKTypa W OpraHM3alysi TakOrO YCTPOMCTBa Oy[eT OT4acTh
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