PazpaboranHas TecTOBasi KOHCTPYKLHUS YyBCTBUTEIBHOTO 3JIEMEHTA CEHCOPHOT'O yCTPOICTBA MpPENCTaB-
nsgeT coboit 00beMHO-TUIAaHAPHBIA BapHaHT eMKOCTHOW MJIM (MeTay-IUAJIeKTPUK-METAIIT) CTPYKTYPHI
BEPTUKAIBHON HANpaBJIEHHOCTHU. J{JIs1 yBeJIMUEHNs YyBCTBUTEIBHOCTH K BJIare, CHU)KEHHS BPEMEHU OTKIIMKA
1 MHEPLUOHHOCTH B KAQUeCTBE aKTUBHOTO JUAJIEKTPUUYECKOIO CJI0S MCIOIb30BAINCh CBOOOAHBIE MEMOpPaHbI
Ha OCHOBE BBICOKOYINOPSAOUYEHHON MaTpPHUIIbl HAHOCTPYKTYPHUPOBAHHOI'O aHOIHOIO ITOPUCTOTO OKCHIA allko-
munusg (HATIOA) 6e3 6apbeproro cnost (BC) co ckBO3HBIME KaHANaMu MOAXGUIIMPOBaHHBIX 1op [1], momy-
YEHHbIE METOJOM JBYXCTaJUHHOTO 3JEKTPOXUMUYECKOI0 aHOJAUPOBAHNUS (B MOTEHIIMOCTATHYECKOM PEXHUME
ipu 45; 50; 55 B B 5% H,C,0,4) ¢ npumenenreM Metoauku yroneHuss bC MenIeHHbIM TTOHMKEHNEM Hamps-
sxenust (10 5 B co ckopocthio 0,1 B/c) Ha 3aK/IH0UUTENBHON CTAMKM aHOIUPOBAHUS M METOJUKU yIAJICHUS
BC xoMOMHUpPOBaHHBIM COYETaHHEM Ipoliecca KaToaHoi mossipusamuu (npu -4 B B 0,5M KCI B Teuenune
~24; 27; 30; 35 muna ans HAITOA tommunoit ~40; 50; 60; 70 MkM) U mporiecca XUMHIECKOTO TPaBICHUS
ALO; (B 5% H3PO,4 B Teuenne ~20-70 mun npu T ~25-30 °C) ¢ ogHOBpEeMEHHBIM pacimuperneM (Moaudu-
Kalyei) quaMeTpa HaHonop. Takoi BBIOOP OCHOBBIBAJCS HAa HEOOXOAWMOCTH TOJYYEHHsI BBICOKOH OJITHO-
poanoctu nop Al,O; mo pazmepy W HCKIIOUEHHsI BIMSHUS Ha MEXaHH3M aJCOPOLMOHHBIX MPOLECCOB MPH-
CYTCTBYIOIIIUX U BCTPOEHHBIX Ha BHEIIHEH CTOPOHE CTEHOK MOp MPHUMECHBIX aHMOHOB 3JIEKTPOJINTA AHOAU-
posanus (O, OH’, C,04%) 3a cueT CHMKCHMS UX KOHILCHTPALMH MPH XHMHUYECKOM TpABICHHH. JIHamerp
nop d, memOpan Ha ocHoBe HAITOA cocrtasisin ~50-90 HM.

B kauecTBe TOKOINpOBOASIIUX 1EKTPoJoB MM CTpYKTYypBl HCIOJIB30BaJINCh MPOHUIIAEMbIE K Biare
nporuBodnekTpoasl (V, Ti, Ta, Al) tommmuoit ~50-200 M ¢ obeux cropon memOpan u3 HAIIOA. B pe-
3yJbTaTe MOJCIUPOBaHUS ObIJIO OKAa3aHO, YTO BEIOOP MX TOJIIMHBI AOJKEH ObIThH He Oonee 3-4 d,;, 4To mpo-
JUKTOBaHO HEOOXOIMMOCTBIO HAIMYMS MaTPHUIBI OTKPBITEIX HaHONop Al,Os. Benmnunuel emxoctu M/IM Ha-
HOCTPYKTYp cocTaBisuid ~22-35 n® npu RH ~10% u ~370-390 n® npu RH ~90%, T.e. mony4deH BHICOKUH
[0Ka3aTeNb 4yBCTBUTENIBHOCTH - Oojee 4 nd/%. Bennunna rucrepesuca npu ymensinennd RH He npesbI-
mana ~20 nd.
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W3BecTen crocod mpeoOdpazoBaHus JIEKTPUUECKOW EMKOCTH BO BPEMEHHON MHTEpPBaJ, OCHOBAHHBIM Ha
3apsizie EMKOCTH (PUKCHPOBAHHBIM TOKOM. JIaHHBIM METOX MPOCT B peaM3allii U UMEET Psi MPEUMYIICCTB
nepea ApyruMH, HalpuMep, Iepes] YaCTOTHBIM METOJIOM OIpeIesIeHUs] EMKOCTH 110 PEaKTUBHOMY CONPOTHB-
nennto. OpHako, B crathe [1], OBLIO OTMEUEHO, YTO B MPOLIECCe U3MEPEHUSI METOZOM 3apsAKU MOCTOSHHBIM
TOKOM HauOOJIbIIasl IOIPEIIHOCTb, OCOOCHHO Ul M3MEPEHHsI eMKOCTeH OOJbIINX HOMHHAJIOB, BHOCHTCS
COTIPOTHBJICHUEM yTeukH. B cratbe [2], ObIT MOKa3aH MPOCTOI COCOO KOMITEHCAIIMH TIOTPEITHOCTH BBOJIHU-
MOW CONpPOTHUBJICHUEM YTEUKH. B mHccienoBaTenbckuxX Lensx Oblla BhIBEJCHAa MaTeMaTHdecKas MOJeib
IIPEIJIaraeMoro MeToAa JUIsl IOCJIEAYIOIIEro CPaBHEHHs C CYLIECTBYIOIMMU MeToaaMu. B xoxe teopernye-
CKUX HCCJIeIOBaHUH OBUTH MOJTYYEHBI 3aBUCHMOCTH MOTPEITHOCTEH OT pa3lUYHBIX IMapaMeTpoB eMKOCTH U
M3MEPHUTEIHHOIO YCTPOHCTBA, MOKAa3bIBAIOIIME SIBHBIE MPEUMYIIECTBA IO CPABHEHUIO C NMPOTUBONOCTABIIsAE-
MBIM METOAOM. AHAJIN3 MOKa3all aKTyaJbHOCTh MpeiaracMoro Merosna. Ha ocHOBaHMH MOJTy4EHHOTO METO-
Jia ObUIO PELICHO CO34aTh YCTPONUCTBO U3MEPEHUS IJCKTPHUUCCKUX EMKOCTEH.

Jlise IpoeKTUpOBaHUsl YCTPOHCTBa ObUIa MpUMEHEeHa nporpamma «Proteusy», B KOTOPOH TeCTHpOBAJICS
MpOrpaMMHBINA KO/ HarmmucaHHBIN B cpene «AVR Studioy. [Tporpammusrii ko nucancs Ha si3bike «Cuy moJ
mukpokouTposurep ATtiny2313. ITo 3aBepreHnio BcexX padoT OBUTO COOpaHO OPUTHHAIBHOE YCTPOMCTBO, a
TaK ’Ke MOJIy4eH MaTeHT Ha N300peTeHue.

[Mpuxnun paboTsl mpubOpa COCTOMT B U3MEPEHHH BPEMEHHOI'O MHTEpBasa , 3a KOTOPBIM H3MepseMast
E€MKOCTb 3apsDKAeTCsl MOCTOSIHHBIM TOKOM Ha Kako# 1100 yCTaHOBJICHHBIH MHTEpBal HanpsbkeHus. OnHako
OTIFICAaHHBI HAMH METOJl B CTaThe [2] OTAMYAETCA TeM, YTO B OTIWYHE OT U3BECTHOTO CIIO0c0o0a 3amepa Bpe-
MEHH 3apsiaa eMKOCTH TOKOM Ha (PMKCHPOBAHHYIO BEIMYHHY HANpPsDKECHHS, B IPUBEIEHHOM METOJE TaK JKe
3aMepsieTcs BpeMsl paspsiia EMKOCTH (PMKCHPOBAHHBIM TOKOM Ha Ty K€ BEJIMUMHY HanpsbkeHus. Takum 00-
pa3oM, IIPOLECC U3MEPEHHs 3aKII0UACTCs B CIOKEHUH BPEMEHH 3apsiia U pa3psizia ¢ OANHAKOBBIM 110 BEJIH-
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YrHEe (PUKCHPOBAHHBIM TOKOM. UTO TakMM 00pa30oM M03BOJISIET KOMIIEHCHPOBATh [IOTPEIIHOCTD, CBA3aHHYIO C
COTIPOTHBJICHUEM yTEUKH.

VYcrpoicTBo co3naHo Ha ocHOBe MUKpokoHTpoiutepa ATtiny2313 cemeiictBa AVR. JlanHoe cemelcTBO
MHKPOKOHTPOJUIEPOB OBLIO BEIOpaHO, T.K. AVR MHKpPOKOHTpOJUIepHl ToanepkuBaroT SPI — mocnegoBarens-
HOE MPOrpaMMHUPOBaHHUE — TO €CTh MPOCTOW UHTEpdEC I 3anmuCcH MPOrPaMMHOTO KOJIa, KOTOPBIH TT03BO-
JSIeT UCTOJIB30BaTh MPOCTEUIINI BapHaHT caMoeNbHOro nporpammaropa [3]. JlaHHBIH MUKPOKOHTpOJLIEP
HMEET J1Ba BHEUIHUX BXofa A BeimoiaHeHus npepbiBaHuil INTO, INTI1, curHan Ha KOTOpble MOCTYIAET C
KOMIIapaTopoB ycTpoiicTBa. CorslacHO 3aJ0KEHHON B KOHTPOJUIEP MPOrpaMMe — 3aps] U pas3psl KOHICHca-
TOpa OCYIIECTBIsETCA MyTEM MOAauu JOTHUECKOro HyJ sl U €AMHUIIBI Ha BBIBOJI MUKPOKOHTpoOJuIepa. Tok 3a-
psiza ¥ paspsana JUMHUTHPYETCS 3a CU€T OrpaHUYUTEIBHOrO pesnuctopa. Kommaparop cpabareiBaeT, eciau Ha-
IIPsDKEHNE Ha U3MEPSIeMOM KOHIEHCATOPe, JOCTUIHET YPOBHSL, 3aJaHHOI0 AEIUTEIIIMI CTaOUIN3UPOBAHHOTO
HanpspKeHUs uTanus. BBoJl mocpeACTBOM JUHAMMYECKON MHIUMKAIIMU HA 7-MU CEIMEHTHBIN JUCIIIEH.

B xoze uccnenoBaTenbcKoi pabOThI HA 3TOM K€ YCTPOUCTBE ObUT Tak K€ peajr30BaH MPOTHBOIOCTAB-
JISIeMbI METOJ] 3apSJKH €MKOCTH IOCTOSIHHBIM TOKOM 0e3 KOMIIEHCALlMM CONPOTHBJICHHUS yTeuku. B xone
aHaM3a MOJYYeHHBIX JaHHBIX, OBIJIO 3aKIIOYEHO YTO Mpe/ylaraéMblil crocod MmocienoBaTebHOrO 3apsiia u
paspsia EMKOCTH MOCTOSTHHBIM TOKOM C II€JIbI0 KOMIIEHCALlMK BJIMSHUS CONPOTHUBIIEHUS YTEUKH BECbMa aK-
TyaJleH.

Taxum 00pa3om, HA OCHOBAHUY NPOBEAEHHON PaOOTHI OBUIO MOJYYEHO OPUTHHAIBHOE YCTPOICTBO U MO-
JydeH maTteHT Ha m3o0peTeHne Noel6741 « Y cTpoicTBO st H3MEPEHUS DIICKTPUICCKON EMKOCTH.
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CTaThs TOCBSIICHA aKTyaIbHOMY Ha CETOAHSIIIHAN JACHh BOIPOCY IMPOU3BOICTBA aBTOMOOUIFHOTO OHO-
toruuBa. OOOCHOBBIBACTCS UAES O TOM, YTO PACXOJ TOIUIMBA HE UMEET TeHCHIINA K CHUKCHHUIO U 3aBHCHUT
OT JOOBIYM TIOJIE3HBIX HCKOTIAEMBIX, KOTOPbIC He Oe3rpaHryHbI. Penienne npooieMbl BO3MOXKHO C UCIIONB30-
BaHUEM OMOTOIUIMBA, TICPCIICKTUBAM Pa3BUTHSI KOTOPOTO U YACISETCSI OCHOBHOC BHUMAaHUE B IAHHOW CTaThe.

B xagecTBe TOIIMBaA A1 NIBUTATENs] BHYTPEHHETO CTOPAHHS MCTIONB3YIOTCA HE TOJIBKO MPOAYKTHI Tepe-
pabotku HedTu. OCHOBHAs MPOOJIEMa COCTOUT B TOM, YTO He(DTh U ra3 Ha IJIaHEeTe He Oe3rpaHUYHBI, a BE/Ib
OHH SIBIISTIOTCSI OCHOBHBIM CHIPHEM JUTSI TOIUTMBA. AJIBTEPHATHBOW ATOMY CIY’KUT Onomacca. bmomaccoit
MIPUHSATO HA3bIBaTh BCE OPraHUYCCKHE BEIIECTBA KAK PACTUTEIHHOIO, TaK U JKUBOTHOTO MPOHMCXOMKICHUS,
HMCTOYHUKOM KOTOPBIX CIY’KAT CYIIECTBYIOIIas Onocdepa Hamiei TuraHeTsl. buomacca yke JaBHO UCTIONB3Y-
€TCsl B KAYECTBE ChIPhs JUIS MPOU3BOJICTBA PA3IUYHOrO BUJIA TOILTUBA, HAPUMED TaHONA (ITHIOBOTO CITUP-
Ta). TakuM CBIpBEM CIyXKaT MyCOp, MHIIEBbIE H OBITOBBIE OTXO/BI, OMWIKH U IPYTHE OTXOIBI JISCHON H Jie-
corepepadaThIBArOIICH WHIYCTPHH, SKCKPEMEHTHI CEIbCKOXO3SIICTBEHHBIX JKUBOTHBIX, COJIOMA, HM3IIUIIKU
3epHa U T.0L. [ 1]

Llex Mo MpoOU3BOACTBY TOILTUBA M3 BTOPCHIPhS MOKET pab0TaTh Kak Ha MPEIIPUSITHH IO epepadoTKe OT-
XOZIOB, TaK U MIPAMO Ha IEJUTIOI03HO-O0yMaKHOM KOMOWHATE, TIPY STOM YacTh OTXOZOB MOWIET Ha BBHIPAOOTKY
SHEPIUH, a YacTh - Ha U3TOTOBJICHUE 3TaHoa. /)i mpuMepa, KOMMEPLIUAIN3aIHsi TEXHOJIOTUU TTO3BOJIUT Ha-
nmanuTh B EBporie peHTabenbHOe MPOU3BOACTBO OWOTOILTMBA HOBOTO TOKOJIEHUS Ui HY’KI TpaHCIIOpTa, He
CTaBs MO/ YTPO3y CHa0XKEHUE JPEBECHBIM ChIPHEM JIECOMPOMBIIIICHHBIC TPEANPUITHs. BaxHO, 4TO TEXHOIIO-
THsI COOTBETCTBYeT TpeboBaHMio0 EBpocoio3a o moBsIieHN: 3PPEKTUBHOCTH BTOPHYHOTO HCIOJIH30BAHMS Ma-
tepuanoB. Tak, B komiiekce nocranoBieHuid EC 1mo sHeprum u KimMaTty OMOTOIUTMBO Ha OCHOBE OTXOJIOB U
JPEBECHUHBI HA3BIBACTCS 0OJIee MPHOPUTETHBIM 0 CPABHEHUIO ¢ TIPOUYNMHU BUAAMH OMOTOILIHBA. |3 ]

PecniyOnuka benapych OTHOCHTCS K KaTErOpUU CTPaH, KOTOPbIC HE O0JIAJal0T 3HAYUTEIBHBIMH COOCT-
BEHHBIMH TOIUIMBHO-YHEPTETHYECKUMH PECypcaMi, COOCTBEHHBIE PEeCypChl HCKOMAEMBIX YHEPTOHOCHUTENEH
cocTaBisiton He Oonee 15 % ot moTpedHOCTH.

Taxxe PecnyOnuka benmapych mOaXoauT i pa3BUTHSL OMOIHEPTETUKH Oiarolapst HAJTUYHUIO OOJIBIIIX
MacCHBOB IPOMBIIUIEHHOTO Jieca, PaBHUHHOIO JaHmmadTa, pa3BUTOW HWHPPACTPYKTYPHI PacIpeesIeHUs

232



