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[TponemMoHCTprpoBaHa paboOTOCIIOCOOHOCTh MaKeTa CUCTEMbI MUKPOIHEPTETUKU — HAKOTIUTEJISI SHEPTUU
“ouororiuBHbBIN 37eMeHT (BTO)—KoHBepTep-KOHIeHCATOP”, MO3BOJISTIONIETO IIPeoOpPa30BhIBATH HU3KO-
BOJIBTHOE BXOIHOE HaIlpsKeHHWE OT HeCTaOMIbHOIO MCTOYHUKA SHEPIMU A0 CTAaHJAPTHOTO paboyvero Ha-
MIpsKeHUST, MCITOJIb3YeMOTO B paauoarnmapartype. I1pu mociaenoBaTeIbHOM BKIIIOUSHUM IBYX OMOTOIIVB-
HBIX sTYeeK HaMpsoKeHWe CyMMUPOBaIoch U cocTanisio ~500 MB, a BIXOmHOI HAKOMMUTEIbHBIN KOHICH-
catop B 100 Mmx®d 3a 13 MuH 3apseKaiics 10 paboyero HarpsixkeHus 3.1 B mpu xoogHoM mycke KOHBEpTOpa.
[TokaszaHo, YTO MPO1IECC HAKOTUIEHUSI SHEPTUU CYIIIECTBEHHO 3aBUCUT OT €MKOCTU KOHEYHOT'O HAKOITUTEIsI
U OT XapakKTepa MoTpebaeHns SHepTrur. PazpaboTaHHas cxeMa MOXET MCITOJIb30BaThCs IUIsT NPYTUX HecTa-

OMJIbHBIX UICTOYHUKOB OHCPIUMU.

DOI: 10.31857/S0033849423020109, EDN: LCSQOW

1. IOCTAHOBKA 3AJAYN

OtcyTcTBHE ManorabapuTHBIX 3HEPIOEMKUX aBTO-
HOMHBIX MCTOYHUKOB MUTAHMS SIBJIIETCSI CEPhE3HBIM
MPEISITCTBUEM TIPU peaiM3aliud MHOTMX IIPOSKTOB B
MUKPO3JIEKTPOHUKEe M pobororexHuke. Hampumep,
npu pa3paboTKe MUKPOIIIEKTPOHHBIX TEPMUHATBHBIX
YCTPOWCTB IJISI CO3JaHUsI TeJIeKOMMYHMKAIMIOHHOM
CEHCOPHOM caMOHaCTpanBaroIIeiics ceT! (Tak Ha3bI-
BaeMOM “yMHOM IbUIN ) KAMHEM IPETKHOBEHUS SIB-
JISIIOTCSI MaccorabapuThl M pecypc UCTOYHUKA MUTA-
Hu [1].

HoBoe kauecTBO B 3HEPreTUUECKUX TEXHOJIOTUSX
3aKJII0YaeTcsl B MCIOJb30BAaHUMU TaK Ha3blBaeMOit
“MUKpPOBHEPTreTUKNU” — pasieia IHEePreTuKu, CBs-
3aHHOM C TIPOM3BOICTBOM B3HEPruu MpU MOMOIIU
KOMIIAKTHBIX MUKPO- U MaJIOMOUIHBIX UCTOYHUKOB
paznuuHoit mpupoabl. C MOSBIEHUEM MUKPOIJIEK-
TPOHHBIX YCTPOWCTB C MOTPeOJISIEeMOl MOIIHOCTBIO
HECKOJIbKO MHMKPOBATT CTaJl0 BO3MOXHBIM 3P deKk-
TUBHO UCIIOJIb30BaTh U30BITOUHYIO YHEPTUIO TEXHO-
JIOTUYECKUX W MPUPOIHBIX MPOLIECCOB, paclpene-
JICHHYIO B OKpYXKalollleM TMpocTpaHCcTBe. MICTOUHU-
KaMW TaKoil U30BITOUHOW SHEPIMU B OKpPYXKaIOIIEH
cpelle MOryT ObITh CBET, TEIJIO0, OMOXMMUUYECKHE pe-
aKlMuu, MexaHu4yeckasi BUOpaiusi, a TakxKe usjiydae-

Mbl€ paglOCUTHAaJIbl WX JI000M APYroil MCTOYHUK,
DHEPrusi KOTOPOro MOXKET ObITh MpeoOpa3oBaHa B
BJIEKTPUYECKYIO Y HAKATUIMBAThCS B aKKYMYJISITOpaXx
M CyIIepKOHJIeHcaTopax (MOHUCTOpAax). DTH MCTOYHMU-
KU 3HEPIUY MOTYT OBbITh UCTOJIb30BaHBI JIJ1s1 OpraHu3a-
LIMA aBTOHOMHOIO 3JIEKTPOIUTAHUS B MOOMIBHBIX
BJICKTPOHHBIX TaKeTaX, CTAllMOHAPHBIX dHEPreTuye-
CKHX CUCTeMaXx U B YCTPOMCTBAX, AJisl pabOThl KOTOPbIX
TpebyeTcs NPUIOXKEHUE UMITYJbCHOM MOIIHOCTU
[2—5].

st 5TOil e MOTyT OBITh MCHOJIB30BaHbI pa3-
JIMYHBIE MpeoOpa3oBaTeiv, HAIPUMeEpP, TEPMOIJIeK-
TPUYECKUI TeHepaTop IIS TIpeoOGpa3oBaHUsI Tpagu-
eHTa TeMneparyp [6], Ibe303JIeKTPUYECKUNI DIIEMEHT
IUTS TipeoOpa3oBaHus BUOpanuii [7], potoraibBaHm-
YeCKUI 3JIEMEHT TSI TTpeoOpa3oBaHUSI COTHEUHOTO
WM UCKYCCTBEHHOIo cBeTa [8], MIMPOKOIMOJOCHBIE
BBITIPSIMJISTIONIE aHTEHHBI (PEKTEHHBI) TPU JeTeK-
TUPOBAaHUM (DOHOBOTO BJIEKTPOMATHUTHOTO U3JTyde-
Hus [9, 10], 6uoToruiuBHBIe 3eMeHTH [11]. Hdake
nepenaj BJIAXXHOCTU MOXeET OBbIThb IpeoOpa3oBaH B
BJIEKTPUYECKYIO0 dHepruio [12]. Dtu, Tak Ha3bIBae-
MBIe “OecriaTHbIe” ICTOYHUKH SHEPTUU MOTYT OBITh
WCMOJB30BaHbl JUISI OpraHU3allMM aBTOHOMHOTIO
SIIEKTPOIUTAHUSI MHUKPOMOIIHOTO 3JIEKTPOHHOTO
000pynoBaHUs 1 KOMITOHEHTOB.
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Puc. 1. Cxematuueckoe M3o6pa>1<e1—me CUCTEMbI MUKPOSHEPIETUKHU C pa3IMYHbIMU HeCTaOWIbHBIMU UICTOYHUKAMU SHEPruu.

HJist ycnelnrHoro KOHCTPYUPOBaHUSI MOJTHOCTBIO
aBTOHOMHBIX CUCTEM OeCITPOBOIHBIX TaTUUKOB Tpe-
Oy10TCs 3Heprocobeperapie MUKPOKOHTPOJUIEPHI U
npeoOpa3oBaTesiv, TMOTPEOIIIOIMNe MUHUMATBHYIO
3JIEKTPUYECKYIO DHEPTrvio, TOJydyaeMylo U3 Majo-
MOIIHBIX OKPYXKAIOIIMX UCTOYHUKOB [ 13, 14].

B cucreme MUKPOOHEPI€TNKM KITIOYCBbBIMU 3JIC-
MCHTaMU ABJIAIOTCA:

— WCTOYHUK — TIpeoOpa3oBaTelb HM30BITOTHOM
(b oHOBOIT SHEPTUHU B BJICKTPUUECKYIO;

— DC-DC-koHBepTOp, TIpeodpas3yroniuit HU3Ko-
BOJIBTHOE HaMpPsKEHUsI OT UICTOUHMKA JI0 CTaHIapT-
HOT'O YPOBHSI, UCTIOJIb3YEMOTO B MUKPO3JIEKTPOHUKE;

— HaKOMUTEJIbHOE YCTPOMCTBO IS HAKOTIJICHUS
SHEPIruu U Nepenavu ee noTpeduTeio.

Tunosasg koHUTypaIng CUCTEMBI MUKPOYHEpTE-
TUKM C HAKOIUIEHWEM DHEPIuM Ha OCHOBE pa3iny-
HBbIX HECTAOUJIBHBIX UCTOYHHUKOB OHEPIUM NnpeacraB-
JieHa Ha puc. 1. B KoHBepTOpax TaKOro TUIIa UCIOJIb-
3yeTcsl TEXHOJIOTUSI HaKa4yKY 3apsiia WK 3apsiioBbIe
Hacochl (charge pump). JlaHHas TEXHOJIOTUSI OCHOBA-
Ha Ha METO/E JIETAIOIIEro KOHIeHCAaTOpa, KOIaa 3apsi
MOOYEPEIHO MIEPEHOCUTCS OT BXOTHOIO KOHIEHCATO-
pa K cucTteMe Apyrux KOHIEHCAaTOpOB, BKIIIOYEHHBIX
MOCJIeN0BaTeIbHO, C TIOMOIIBIO CUCTEMBI JIEKTPOH-
HBIX Hepekioyareneit [15].

3apsimoBble HACOCHI 3(hPEKTUBHO MCITONB3YIOTCS
nmpu HCCTaGI/IIIbHOM MaJIOM BXOJHOM HaIIPpAXKECHNU U
MUKPOMOIIHOM Harpy3Ke. Takast cuTyauus TUITMYHA
JUIST CUCTEM MUKPOIHEPIeTHMKM, KOTHa OCHOBHYIO
JacTb BpeMEHM Harpy3ka HaXOOUTCS B CIISIIIEM pe-
XK1Me.
Ne 2
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ens naHHO# pabOThl — CO3daHUE M MCCIeI0Ba-
HUE NPOTOTUITA CUCTEMBI MUKPOIHEPIreTUKU — cOOp,
npeobpa3oBaHUe U HAKOIIEHUE SHEPTU, HA OCHOBE
GUOTOIIJIMBHOIO 3JIEMEHTAa, MUCIOJb3YIoIIero dep-
MEHTATUBHBIE OMOXMMUYECKUE peaKluu GaKTepuid,
DC-DC-koHBepTepa 1 eMKOCTHOTO HAaKOIIUTEIS.

2. METOUKA SKCITEPUMEHTA

2.1. Paszpabomka u cozdanue
21eKMPOHHO20 Npeobpazosamensi SHepeUU

OcHoBoii pazpabateiBaecmoro DC-DC-konBepTopa
cayxxut MuKpocxemMa bq25504 (Texas Instruments).
MmukpocxeMa TpencTaBiasgeT coooi 3(PPeKTUBHBIN
MOBBIIIAIONIUIT KOHBEPTOP HATIPSIKEHUS IJIST paGOThI
C MUKPO- U MUJUTMBATTHBIMU UICTOYHUKAMU SHEPTUM.
B sToM ycTpoiicTBe peainzoBaH BbICOKOI(h(hEKTUB-
HBII TTOBBIIIAIONIMI MPeoOpa3oBaTeib C 3apsSIHBIM
HacocoM. [ToBbIIaronunii mpeoodpazoBaTellb MUKPO-
CXeMBI HAYMHAaeT paboTaTh MPU BXOTHOI MOILIIHOCTHU
rnmopsiaka MukposatTa. Ilociie 3amycka ITOBBILIAIO-
Ui mpeodpa3oBaTeb/3apsiTHOE YCTPOMCTBO MOXKET
3 deKTUBHO U3BJIEKaTb 3HEPIUI0 U3 HU3KOBOJIBT-
HBIX UICTOYHUKOB.

KoHBepTop MMeeT Majiblii TOK MOKOSI C TUTIOBBIM
3HadeHneM 330 HA u goctaTouyHo BbeIicokmii KIT/I,
npesbimatommit 80%. Huskoe HampsoskeHMe “X0JOm-
Horo 3amycka” (330 MmB) mos3BojisieTr KOHBEpTOpY
BKJIIOUYAThCS MPU HU3KOM YPOBHE CUTHAJIa OT Pa3HbIX
HU3KOBOJIBTHBIX YCTPOUCTB. D(DDHEKTUBHO HUCHOIb-
3ysli HUBKOBOJIBTHOE BXOIHOE HaMNpsLKeHUEe, KOHBEP-
TOp obecrneyrnBaeT MUTaHUEM COOCTBEHHYIO paboTYy,
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Puc. 2. [MpunuunuanbHas snekrpudeckas cxema DC-DC-konBepTopa 1 (hOTO 9KCIIEpUMEHTATIbHON MaKeTHOM IJIaThl KOH-
BepTopa Ha 6a3e Mukpocxembl bq25504; pazmep MakeTHO Tuiatsl 40 X 50 Mm.

npeoOpasyeT U NOBHIIIAET BXOAHOE HaNpsKeHUE 10
ypoBHS# 3 B 1 MoxXeT mocie 3armycka HaKanjnBaTh N3-
BJICYEHHYIO DHEPIUIO0 B 2JIEMEHTaX Pa3JIMYHBIX TH-
IIOB, BKJIIOYAsl aKKyMVJISITOPbI M MOHMCTOPHI IIpU
BxogHoM HarnpsikeHuu 130 mB. ITporpamMmmupyembie
HACTPOIKM IMO3BOJISIIOT UCIIOJb30BaTh MUKPOCXEMY
npeobpa3zoBaTelIs C pa3HOOOpa3HBIMU UCTOYHUKAMU
1 HAKOMUTEISIMU SHEPTUU, TAKUMM KaK aKKyMYJIsI-
TOPBI Pa3JIMYHBIX TUIIOB U MIOHUCTOPHIL.

Jas ycroituuBoii pabOThl C IOTPEOJISIIOIIUMU
YCTPOMCTBAaMU CUCTEeMaM MUKPOIHEPTETUKU C IIpe-
o0pa3oBaHUEM 3HEPTUU OOBIYHO TpeOyeTCs KaKOoW-
MO0 BJIEMEHT XpaHEHMsS W HAKOIUIEHUS SHEPTUU.
Haubonee 1enecoobpa3zHO HakKaIUIMBaTh SHEPTIUIO
HEIOCPEACTBEHHO B EMKOCTHBIX 1 SJIEKTPOXUMUYECKMIX
3apsKaeMbIX dJIeMeHTaxX (MaJlorabapUTHBIX aKKyMYJIsI-
Topax). B HacTosiiee BpeMst akTUBHO pa3padaThIBaIOTCS
rMOpUaHbIE HAaKONUTEIbHBIC YCTPOMCTBA, B KOTOPBIX
HCITOJIB3YIOTCS CYIIEPKOHACHCATOPEHI C 9JIEKTPOXUMUYIC-
ckuMu (dapaneeBckumMu mpoueccamu [16]. Hakomu-

PAANOTEXHUKA 1 BJIEKTPOHUKA

TEJIbHBIN 3JIEMEHT JOJDKEH MMETh CIIOCOOHOCTh Ha-
KaIInBaTh GOJIBIIOE KOMUYECTBO SHEPIUHU, a 3aTeM
OBICTPO pa3pstKaThbcsi, oOecIieynBasi HEOOXOTUMYIO
IMUKOBYIO MOIITHOCTb.

dng peanuzauii CUCTEMbl MHMKPOIHEPTETUKH
Obu1a paszpadboraHa MakeTHas miaata DC-DC-koH-
BepTopa Ha 6a3e MukpocxeMmbl bq25504. ITpuHIMIII-
aJibHasl 3JIEKTpUYECKasl CXeMa MAaKETHOM IJIaThl MO-
Ka3zaHa Ha puc. 2.

2.2. Paspabomia u cozdanue
OUOMONAUBHO20 UCIOYHUKA DHEPUU

CucTeMbl I TOTUIMBHBIC 3JIEMEHTHI, B KOTOPBIX
HUCIOJIL3YETCSI OMOJIOTMUYECKU MaTeprall, OKMCIISIO-
LW HEOPraHMYECKNE U OPraHMYECKrEe MaTepuralbl,
U TIPOU3BOIUTCS TEHEPALIUA JIEKTPUUYECKOTO ITOTEH -
1Maja, Ha3bIBalOTCS OMOTOIUIMBHBIMU 3JIEMEHTaMU
(bT9) [17].

Ne 2
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B MukpoOHOIi KJIeTKe SHePIrust OKUCIEHWS opra-
HUYECKUX CyOCTpaTOB MpeBpalllaeTcs B ABa KOMIIO-
HEHTa — 3JIEKTPUYECKYIO YacTb, 00€CIIeUrBaIONIYIO
MeMOpaHHBbIe TOTEHIIMAJIbI, U XUMUUYECKYIO, B (popme
aneHo3nHTpudocdara (ATD). ITo cytu, BTD nipen-
CTaBJISIET MOJEIb KJIETKU, UMUTUpPYIOLIEeH TreHepa-
1IA10 3JIEKTPUYECKOTO TToTeHIhaIa. DJAEKTPOIbl MO-
T'YT ObITh 3aMKHYThI HATPY30UYHBIM COMTPOTUBJIEHUEM,
U3Mepsisd Ha KOTOPOM HaIpsSKeHUE U TOK MOXXHO 1O~
JIy4aThb JaHHbIE 00 3JIeKTpU4YecKoit MoltHocTu BbTO.

B xmaccuyeckoM mukpooHoMm BTD aHomHoe U Ka-
TOIHOE OTIeIeHUs pa3nesieHbl TPOTOH-MIPOHUIIAEMOTA
MeMOpaHoii. MUKpOOHBIE KIIETKI OKUCISIIOT CyOCTpaT
B aHOJHOM OTJEJ€HUU U BbIAESIOT JIEKTPOHbI, Me-
pPEHOCUMBbIE Ha aHO[l, a IPOTOHbI — B OKPYXKalolIni
pactBop. KaTtomHoe oTnejieHre HachIIaeTcs BO3IY-
XOM, U3 KOTOPOTO MCIOJb3YETCSI KUCIOPOI, BOCCTa-
HaBJIMBaEMBbIii 10 BOAbI 3JIEKTPOHAMU, TOCTYUBIIIM -
MU Ha KaTol. Brimensiemyto aJeKTpUUYECKYIO MOILII-
HocTb BTD (P) onpenersator 1o ¢popmyine P= IV, rue
I — TOK, MPOTEKAIOIIUI Yepe3 BHEIIIHIOW Harpysky,
V — Hanpstxkenme Ha Helt. TeopeTnuecku HaTpsKeHUE
V onpenensieTcst pa3HOCTbIO (hOpMaTbHBIX TTOTEHIIN-
anoB okuciaurens E,.,. U OKUCIsIEMOro cybcTtpata
E.p, 1.6. V= Eq . — Eqy6 — 1. Ilpu oTOM CyIIIECTBY-
IOT HEOOpaTUMble MOTEPU L, CHUXKAIOIINE pealbHOE
3HaueHue AelCTRYIOIIETo NoTeHMana. [Totepu o0y-
CJIOBJIEHbl OMHWYECKHUM COIIPOTUBJIEHUEM 3JIEKTPO-
JIUTa, HaJIWYMEM KOHIEHTPAIlMOHHOIO TpajueHTa
BJIEKTPOJINTA, KHHETUYECKUMU OTPaHUYEHUSIMU peak-
LU TIepeHoca 2JIKTPOHOB Ha 3JIEKTPO, BHYTPEHHUM
cornpotuBiiecHneM BTH. dopMmanbHBI TToTeHIMAT F
orpefiesisieTcsl B TepPMMHAX W3MEHEHUs CBOOOTHON
sHeprnu [m60ca AG, cBI3aHHOIT C peaKinei OKncie-
HUSI/BOCCTaHOBNeHUS BellectBa £ = —AG/nF, toe n —
YHCJIO TIEPEHOCUMBIX 3JIEKTPOHOB, F — KOHCTaHTa
®apanes [18].

Baxneitieii 3amadeii sBisieTcs yaydyllleHAE mapa-
MeTpoB BTD, B 4acTHOCTU, TOBBILLIEHE SHEProoTAa-
Yy. DTOT BOMPOC CBSI3aH C KOHCTPYKIIUEN 3/IeKTPOIOB,
WX TUIIOM, MaTepuajioM M BUAOM ToruiuBa. Pa3pa-
0OTKE HOBBIX TUIIOB 2JIEKTPOAOB MpPUIAETCS NOCTa-
TOYHO OOJIbIIIOE 3HAaUEeHME. 3a7a4ya COCTOUT B TOUCKE
YCJTOBUIA MaKCUMaTbHOU 3HEPTOOTAAYN OMUHOYHOTO
BTO 3a cuer HaxoxXIeHUsT ONMTUMAaJbHBIX YCIOBUIA
nepeHoca 3apsna. [Ipy HaxoXIeHN ONTUMAITBLHBIX
YCJIOBUI CIIENyeT yBEIWYMBATDH YACIBHYIO MOBEPX-
HOCTb BJIEKTPOMOB, JAOCTYMHYIO JJIs UMMOOWIU3a-
1M1 OrMomarepuaa, a Takke TeCTUPOBaTh UCIOIb3Y-
eMBbIil OroMaTtepuasl IJIsl CO3MaHUSI DJIEKTPOIOB C
HauMEHBIIINM BHYTPEHHUM COTIPOTUBIICHUEM.

Onekrponb! Lt BT nomkHbl 061a1aTh LIEJIBIM Psi-
JIOM YHUKAJIbHBIX CBOMCTB. OHM OOKHEI 0Oeceun -
BaTh XOPOIIYIO 3JIECKTPOIIPOBOTHOCTb, XUMWUYECKYIO
CTOMKOCTh, OMOCOBMECTUMOCTD, BBICOKYIO YACITBHYIO
TMOBEPXHOCTb, a TaKXke BO3MOXHOCTb TEXHOJIOTMYe-
CKolf 00paboTKM, BKITIOYAsi apMUPOBAHUE 1 BBEICHUE B
KOMIIO3UTHbBIE MaTepHaibl. JJOCTaTOYHO ITepCIIEKTUB-
HBIMH B 3TOM OTHOIIIEHUM SIBJISIIOTCSI HAHOYIVIEPOIHBIE
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rpaceHOoIon00HbIe MaTepUalibl, HAITpUMep, TepMopac-
mpeHHsIi rpacdut (TPI) [19-23].

IIpu npoussoactse TPI' okucisieTcss MCXOOHBIM
KpUcTajmudyeckuit rpadut. OKuciIeHue CBOIUTCS K
BHEJIPEHUIO MOJIEKYJ WHTEpKaisiTa (MOHBbI CepHOit
WJIW a30THOU KUCJOTbI) B IPUCYTCTBUN OKUCITUTEJIS
(nepexuch BOAOpOJA, MEepMaHTaHAT Kaaus WU Ap.)
MEXIY CJIIOSIMU KPUCTANIMYECKOMN pelIeTKU rpadpu-
Ta. 3aTeM OKHCJICHHBIN IrpaduT noaBepraercsi O4eHb
crienupuUyeckoit TepMooOpPadOTKE — BBICOKOCKO-
pocTHOMY HarpeBy co ckopocthio 400...600°C/c.
bnaronapst upe3BbIlYaiiHO BBICOKOI CKOPOCTH Harpe-
Ba IMPOUCXOAUT PE3KOE BbIIEJEHUE Ta3000pa3HbIX
MPOAYKTOB PA3JIOXKEHUSI BHEAPEHHBIX UHTEPKAISTOB
U3 KpUCTAJIMYECKOM peleTky rpacdura. B pesynbraTte
MEXCJIOMHOE pacCTOSTHUE B rpaduTe pe3Ko yBeJIMIMBa-
€TCs1 U IIPOUCXOJIUT PE3KOe YBeJIMUEeHHUE YIeIbHON Mo~
BEPXHOCTH 1 IIOPUCTOCTHU rpacura [24].

TexHoIOrMM TEpMOPACIINPEHS MTHTEPKAJTUPOBAH -
HBIX TPA(UTOBBIX YACTHUII U TOJTYyYEHUE BHICOKOIIOPH-
CTBIX 3JIEKTPOITPOBOISIIINX MATEPHAJIOB C XOPOIIIO pa3-
BUTOM TTOBEPXHOCTBIO OTHOCSITCSI K HAHOTEXHOJIOT Y-
YEeCKMM IIpOLIeCCaM.

Takum ob6pazom, TPI' aBnsieTcs maTtepuaiom, 06-
JIAMAIONIM XOPOIIEH 3JEKTPUYECKONM IPOBOAMMO-
CTBIO, BHICOKOM yIEIbHOM IUIOIIAAbI0 TTOBEPXHOCTH,
10 2000 m?/r, GMOCOBMECTMMOCTBIO, XUMUYECKOM
YCTOMYMBOCTBIO B arpecCUBHBIX Cpenax M MOXKET
JIOJITOE BpeMsl HAaXOOUTHCS B TEXHUYECKOM IKCILTya-
Tauuu [24]. DT KadyecTBa IIO3BOJISIIOT OOECIEUYUTh
Py UMMOOMIN3AlINY Ha TOBEPXHOCTH JIEKTPOaA U3
TPI BBICOKYIO TTOBEpXHOCTHYIO KOHIIEHTpAIINIO OaK-
Tepuit nan nx MeMopaHHBIX Ppakiuii. TPT gaeTt rak-
>K€ BO3MOXXHOCTb (hOpMUPOBATh JIEKTPOIBI pa3iny-
HOIt GOPMBI MPOCTOM METOAUKOI MPEeCCOBAHUS.

B xoHcTpykuuu paspaboranHoro bTO ObL1 pea-
JIM30BaH BapuaHT 61oaHoaa Ha ocHoBe TPI' ¢ ummo-
OMIM30BAaHHBIMU MHTAKTHBIMU KJieTKaMu Glucono-
bacter oxydans. MuKpoOHbIE KJIETKU OCaXKIAJIMCh Ha
YIJIEPOMHBIN OMOaHOI HETTOCPEACTBEHHO U3 pacTBOpa,
B Ka4eCTBE JOMNOIHUTENbHOM (PUKCUPYIOLIEe MaTpU -
IIBI MCITOIB30BAJICS XUTO3aH [25].

Ha puc. 3 nipeacrasieHbl M300paskeHUsI IIOBEPXHO-
ctu anekTponoB u3 TPI' mo n mocie nmMmMoOmImM3anuu
OaKTepHUAIbHBIX KIJIETOK, ITOJIyYEHHBIE C ITOMOIIBLIO
9JIEKTPOHHOIO CKaHHUpyolIero Mukpockomna (COM).
Knerku 6aktepuit ancopOorpyroTcs Ha MTOBEPXHOCTHU
TPI' ¢ gocTaTo4yHO BBICOKOI IIOTHOCTBIO U IIpem-
CTaBJISTIOT CO00M (PAKTUUECKM MOHOCJIOM.

2.3. Yemanoeka uccaedosanus
KOH8epmepHo20 HaKonaeHus 3Hepeuu ¢ bTH

N3mepuTenbHas sueiika rmpeacTanisiia co0oit 1Ba
rocief0BaTeIbHO BKIIIOYEHHBIX BT ¢ HanpsokeHrem
XoJIOCTOro xoaa ajist Kaxkaoro ~250 mB. Ilpu nmocneno-
BaTeJIbHOM BKJIIOYEHUM HAMpsDKeHUE CYMMHUPOBAIOCH
u coctasiisuio ~500 MB. O0neM aHOTHOIO OTIOENIEHUS
OBLT paBeH 00beMY KaTOTHOIO 1 COCTaBJIsu1 5 MiI. B ka-
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0

Puc. 3. COM-uzob6paxeHue nopepxHocTu asekrpona uz TPI no (a) u nocne (6) ummobuiIn3aiuu Kietok G. oxydans.
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Puc. 4. Biok-cxema ycTpoiicTBa coopa, mpeobpa3zoBaHusl U XpaHeHUsI 3Hepruu, BKiwoyvalomiero: bTD, DC-DC-konBepTep,
HaKOIIUTEIb SHEPTUM, U3MEPUTEIbHOE YCTPoiicTBO, [1K — nepcoHallbHBIN KOMIIBbIOTEP, OCHAILIEHHBIN IJ1aTOM cOOpa TaHHBIX;
Viar — Hanpsikenue 6atapen; Vi, — BxonHoe Hanpsokenue ¢ BTD; Vg, o — IporpaMMupyeMblii 1Mana3oH HaPSKEHU s

TMOPOTOBOTO HAMPSIKEHMUSI, YKa3bIBAIOLIETO Ha TO, YTO OaTapest B IMOpPsIIKe.

YecTBE 2JIEKTPOIOB aHOAAa W KaToda HWCMOJIb30Bad  Perucrpanvio LUMKIAYECKHUX BOJBT-aMIEPHBIX Xa-
6uoaHonnl Ha ocHoBe TPI. DiekTpomuTryeckas cBsi3b  pakTtepucTuk (LIBA) mpoBoguIv mpu CKOpOCTH pa3-
aHOMHOM M KaTomHo# KioBeT ommHouHOro BT® ocy- Beptku 3 MB/c.
LIECTBISIACh Yepe3 Ha(MOHOBYIO MPOTOH-TIPOHM- Kommnekc HakonuTesss SHEPrum ObLI IIPEICcTaB-
aeMyio MeMOpaHy. neH maroit DC-DC-koHBepTOpa, K KOTOPOMY ITOJI-
MMmo6unusanms MeMOpaHHBIX (pakUUidi MUK-  KIIHOYaIU: UICTOYHUK HECTAOMILHON SHEPTUU B BUIE
POOPraHU3MOB OCYIICCTBIISUIACH MYTEM BKIIIOUCHUSI  OBYX BKJIIOYEHHBIX IOCIIEIOBATEIBHO MHUKPOOHBIX
MX B Tejlb XUTO3aHa, HAHECEHHBIA Ha MOBEPXHOCTh  BTD, KOHIEHCATOP B KAYECTBE HAKOIUTEIIS SHEPTAN
asiekTpona. B KauecTse 6a30BOro pacTBOpa UCMONb- 1 U3MEPUTENBHOE YCTPOMCTBO, COMPSKEHHOE C ITep-
3oBaiu 25 MM kanmii-HaTpuii gpocdaTtHelii 6ydep, conanbHbM  KoMmblotepoM (ITK), ocHamieHHBIM
pH 6.0, c no6asienuem 50 MM xy0puia HaTpus. NIpOrpaMMOIii IJI pErMCTPalMy JaHHBIX (puc. 4). U3-
B kauecTBe cybcTpaTa 1Sl OKUCJICHUS UCTIONIb30-  MEPUTETbHOE YCTPOMCTBO MMEJIO BBICOKOE BXOTHOE
BaJI TJTIOKO3Yy W STWJIOBBIM cnupT. st puKcanmm  CONMpOTUBIIEHHE IJISI TOTO, YTOOBI MCKJTIOUUTD IIYH-
3JIEKTPUYECKUX MOTEHIIMAJIOB B IIpoIiecce OMOXUMI-  THPYIOIIee BIUSTHIE Ha PEXXUM HAKOITJICHUSI KOHBEP-
YeCKMX PEaKIINii BO BHEIITHIOO 1IeTTb BKIIIOYAJIV TAJlb-  TepOM. PeXXuM HaKOIUIEHHSI SHEPTUU TECTUPOBAIU
BaHororeHmocTtat (IPCMicro, “Kponac”, Poccust). Ha HaKONUTEIbHBIX KOHAEHCATOpaX C pPa3IMYHON

PAINOTEXHUKA U BJIEKTPOHUKA  Tom 68 Ne 2 2023



ABTOHOMHASA CUCTEMA CBOPA U ITPEOBPA3SOBAHUA SHEPI'UHA
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Puc. 5. lIBA, 3anucannsblie st TPI-anektpona ¢ ummo-
OMITM30BaHHBIMU LIEJBIMU KJIeTKamu G. oxydans B 30 MM
Kamii-HaTpuii-ochaTHOM OydepHOM pacTBOope Mpu
pH 6.0 (xpusas 1) u B npucytrcrun IXDPUD (8 MKkM) u
araHona (10 MM) (kpuBas 2).
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Puc. 6. MoITHOCTHBIE XapaKTePUCTUKM IIJISI OMUHOYHOTO
(kpuBas ) 1 ABYX mocjenoBaTe/]bHO BKIIOUeHHBIX BTDO
(kpuBas 2).

€MKOCTBIO. 3aITyCK KOMILIeKca IPOMCXOIIMII TP 10~
CTUXXKEHUMU 3HaYeHUS BXogHOro HanpsikeHus 330 mB.
ITocne crapra 3HaYeHNUE BXOTHOTO HAIIPSDKEHUSI MO-
KET CHM3KAThCSI HIXKE CTAapTOBOIO 3HAYCHMSI HAMpsI-
xeHus. [IpenenbHOe MUHUMAaIbHOE 3HAYCHUE BXO/I-
HOTO HarmpspkeHusT coctapisiio mopsiaka 100 mB,
oOecrneunBasi MOBHIIIEHUE BBIXOAHOIO HAIIPSKEHUS
mo 3.1 B.

3. PE3VIIBTATBI 5KCITEPUMEHTA
N UX OBCYXIAEHUE

st yBepeHHOro cTapTa KOMILJIEKca UCTIOIb30Ba-
ym gBa BTD, BKIIroueHHBIE TTOCIIeI0OBATENBHO.
PAJIMOTEXHUKA U BJIEKTPOHUKA
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207
3.5 13 MunH 298 MmuH
301 \r. — "{'“-“N
25+
m 2.0F
S s ——1
—a— D
1.0 — 3
0.5
0 10 20 150 200 250 300 350 400
t, MUH

Puc. 7. llukinorpamMMa HaKOIUICHUSI DIIEKTPUUECKOM
sHepruu Ha eMKocTu 100 MK® B pasauyHBIX KOHTPOJIb-
HbIX Toukax DC-DC-konsepropa: Vg,, (1), Vi (2),
V63T70K 3.

s uccneaoBaHUs BIIEKTPOXUMUYSCKUX ITPOLIEC-
COB Ha OMoaHo/I€e ObIT UCIOIL30BaH METOI LINKTYEC-
CKOM BOJIETAMIIEPOMETPUH.

3aBUCUMOCTh CHJIBI TOKA OT HaMNpPsSDKEHWS ISt
OIMHOYHOTO M IByX BTD, BKIIOUYEeHHEBIX MOCIEIOBa-
TeJAbHO, MMOKa3aHbl Ha puc. 5. BugHo, 4To mocieno-
BaTeJIbHOE BKIIIOUEHME MO3BOJISIET CYMMUPOBATh Ha-
MpsKeHUE UCTOYHUKOB, YTO 00ECIIEUYMBAET YCIOBUE
CTapTOBOTO HaNpsDKeHUsT KOHBepTepa Uy, = 330 MB.
BunHo, 4T0 OMO3/IEKTpOKATAIMTUYECKNIA (pepMeHTa-
THBHBIA MeXaHU3M OKMCJICHHUs 3TaHOjla OaKTepuasib-
HOI (bJTOpOIt JaeT 3HAYMTEIbHOE YBEJIMYEHNE AaHOTHO -
I'0 TOKa IT0 CPAaBHEHUIO C KOHTPOJIbHBIM COCTOSTHUEM.

MOLL[HOCTH])IC XapaKTEpUCTUKU IJIsd OAMHOYHOTO
U TIoc/ieloBaTe/ibHO BKJIOUeHHbIX BTO mpuBeneHbl
Ha puc. 6. Kak BuauM, rocjenoBareibHOe BKIIOYe-
Hue BTO mpuBOAUT K POCTY MOIIIHOCTH, OOYCJIOB-
JIECHHOMY POCTOM F€HEPUPYEMOTO HATIPSIKEHUSI.

ILluknorpamMmma BBIXOJHBIX MapaMeTPOB HAKOIMU-
TeJI IPU HaKOMMUTeNbHOUM eMKocTh 100 MKD T110Ka-
3aHa Ha puc. 7. I3 pucyHKa BUIHO, YTO BBIXOTHOM
HaKoMuTeIbHbIN KoHAeHcaTop B 100 MK® 3a Bpemst
nopsinka 13 MUH 3apskajics 1o padbodero HarpsoKe-
Hus 3.1 B. I1pu aToM BpeMst xpaHeHMs 3apsiia 10 Ha-
yajla camopaspsifia 3a cYeT BHYTPEHHUX yTedyeK CO-
CTaBJISLIO ~5 4.

SAKJIIOYEHHUE

B pabote nmpoaeMoHCTprUpoBaHa pabOTOCHOCO0-
HOCTh MaKeTa KOMIJIEKCAa HAKOMUTENSI SHEepPruu
“BTD—KoHBepTep-KOHIEHCATOP”, TI03BOJISIIONIECTO
peoOpa30BbIBAaTh HU3KOBOJBTHOE BXOMHOE HAIIPSI-
XKEHUE OT HeCTaOMJIBHOIO MCTOYHMKA DHEPTrUU MO
CTaHJAPTHOTO pabo4Yero HaIpSKEHUSI, MCIOIb3ye-
Moro B paauoarnmnapatype. [TokazaHo, 4To mpoliecc
HAKOILIEHUSI DHEPTUM CYIIEeCTBEHHO 3aBUCUT OT €M~
KOCTM KOHEYHOTO HAKOIUTEJIS U OT XapakKTepa Io-
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TpeOneHns >Heprun. Pa3paboTtaHHas cxeMa MOXKET
HCIIOIb30BaThC JIJIST IPYIrMX HECTAOMIbHBIX MCTOY-
HUKOB SHCPTUU.

B HacTog1iee BpeMsT MaJIOMOIIHBIE U JOJITOKUBY-
LMY€ UICTOYHUKU 3IEKTPUUECKOTO MUTAHUST TPEOYIOTCS
LIEJIOMY KJIACCY YCTPOICTB B TEJIEKOMMYHMKALIMOHHOM
U GroMenuLIMHCKOM cdepe. TpaauIMOHHBIE XUMUYE-
CKMe UCTOYHMKH 00JIaaloT BICOKOI MOIIIHOCTBIO, HO
IPU 3TOM CPOK CJIY>KObI HE MPEBLILIAET 5 JIET.

BricokoaddeKTBHBIE, MaJIOMOIIHBLIE CHUCTEMBbI
cOOpa HEPIrur U3 OKPYKaIOIIE Cpelibl, COBMEILIIEHHBIE
¢ “yMHBIM” 3apsAHBIM YCTPOMCTBOM, 3HAYUTEIHHO
pacIIupsIIOT BO3MOXHOCTHU ITPUKJIAAHBIX pa3paboToOK
B Pa3JIMYHBIX O0JIACTSIX HAYKU, TEXHUKU 1 MEIUIIHE.
HpnmeHeHne ABTOHOMHBIX CUCTEMAX MUKPO3HEPTEC-
TUKM Ha OCHOBE cOOpa 3HEpPruy M3 OKpYXKarolIei
cpedbl UISI MUTAaHUS MHUKPOMOIIHBIX 3JEKTPOHHBIX
YCTPOMCTB yCTpaHsIeT HEOOXOOUMOCTh B IIPOBOJAX U
Oarapesix MUTaHUs, CO3IaBasi BO3MOXHOCTH IJISI Cy-
IiecTBOBaHMS HUPpoBoii 3KocucteMbl MHTEepHeTa
BELIEW.

Takum o0Opa3oM, co3maHue HOBBIX BOCITOJHSIEMBIX
WCTOYHMKOB MUTAaHMUS Ha OCHOBE CUCTEM C HaKOILJIe-
HUEM Y aKKyMYJIWPOBaHMEM DHEPIMM B Pa3IMIHBIX
Oy(depHBIX YCTPOMCTBAxX SIBISETCS MNEePCHEKTUBHOMN
3amayeil, pelleHre KOTOPOil MO3BOJUT CO3IaTh HO-
Bble MPOIYKTHl BBICOKOTEXHOJOTUMYECKON OTpaciu
OKOHOMMKMU.

ABTOpBI 3asIBJISIIOT 00 OTCYTCTBMU KOHPJIMKTAa
MHTEPECOB.

OMHAHCHUPOBAHUE PABOThI

Pa6ora BbITIOTHEHA B paMKax roCyIapCTBEHHOTO 3aTaHMST
MHcTuTyTa panuoTeXHUKU U 31eKTpoHuKy uM. B.A. Kotenb-
HukoBa PAH u WHctutyra OmoxumMuu u (usnosioruu
mukpooprann3dMoB um. [.K. Ckpsowmna PAH (tema
Ne 0191-2019-0018) nipu prHaHCOBOI noaAepKKe MUHM-
crepcTBa oOpa3zoBaHus U HaykKu Poccuiickoit denepanu
u Cosera 1o rpantaM Ilpesunenra Poccuiickoit denepa-
uu (rpant MK-1587.2022.4).
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