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W3noxxeHbl OCHOBHBIE pE3yNbTaThl pa3pabOTKW W  HUCCIEJOBaHMS HOBBIX MaTepHajoB,
KOMIIOHEHTOB U 3JIEMEHTOB HAHOXJIEKTPOHUKM, MUKPOJJIEKTPOHKM M PaJHOIEKTPOHUKHU.
IIpuBeneHbl OpUTHMHANBHBIC [OCTM)KEHUSI B OONACTH CBEPXIPOBOJAHUKOBOH 3JIEKTPOHUKH,
HAHOCTPYKTYPHPOBAHHBIX MaTepPHAIOB s cBepxOonpiux uHTerpansubix cxem (CBUC), 30:mb-
resb METOZOB (POPMUPOBAHUS M30JILHOHHBIX CJIOEB HA OCHOBE OKCHJIOB TYTOIUIABKMX METAJLIOB,
ocaxaeHus MiIeHok n3 CBY-mimasMbel MeETallIoB, TEXHOJNOTMH CO3JaHMs IIUPOKOJUANA30HHBIX
DKPAHOB 3JIEKTPOMAarHUTHOIO H3JIy4E€HUS U TEXHUYECKHX CPEICTB IOJABICHUS aKyCTHYECKHX
CUTHAJIOB.

Knrouesvie cnoga: cBepxmpoBogHukoBas anekrponuka, CBUC, HaHOCTpYKTypHpOBaHHbIE
MaTepuasbl, 30JIb-TeJIb METO/, SKPAaHbI 3JIEKTPOMArHUTHOTO M3IYYEHUs, 3allUTa HHPOPMAIUU OT
YTEUKH 110 TEXHUYECKUM KaHaJlaM.

BBeaenne

PazpaboTka W wHccreoBaHHsS TEXHOJOTMH CO3JAHUS DJIEMEHTOB CBEPXIPOBOJIHHKOBON
JJIEKTPOHHUKH, DJIEMEHTOB MHKPOCXEM pa3lIW4YHOro Ha3HadeHus HadaTel B MPTU-BI'YUP B nHavane
1972 r. PaboThI IPOBOMIUCH B paMKaX OTACIbHBIX X03I0TOBOPHBIX pad0T, MEXTyHAPOIHBIX IIPOSKTOB,
rocOI0/DKETHBIX J0roBOpoB. IIpoBouinCh HMCCIeOBaHUS IO WCIOJB30BAaHUIO HOBBIX TEXHOJIOTHI
oOpartHO# (B3pBIBHOW) doromurorpadun ans GopMupoBaHus peibeda TOHKMX IDICHOK, MPOIECCOB
HAHOpa3MEPHOTO (OPMUPOBAHHA JIIEMEHTOB MHKPOCXEM, CIELUHAIbHOIO O0OpYIOBaHMS  JIs
(bOopMUpOBaHHS PA3TMYHBIX CIIOEB TOHKHX IUICHOK. Pe3ymbTaThl pa3paOOTaHHBIX TEXHOJOTHYECKHX
NPOLIECCOB HCIOJIB30BAIMCH B TOM YHCIE€ W IS CO3JAHMS CPEACTB IJIEKTPOMArHUTHOIO H
aKyCTHYECKOI'0 3KpaHUpPOBaHMs. B pe3ynbraTe 3allMIIeHbl JOKTOPCKUE quccepTaun JIbiHpKoBEIM JI.M.
(1994 r.), TIpumemnoit CJI. (19961.), Borymem B.A. (20071.), Bopboteko T.B.  (2010T.).
UccnenoBanuss mpoBojsTcs B pamkax npoektoB  MAIATD, HATO, «Hurtacy, ¢onaa
¢byHnameHTanbHBIX uccienoBanuid  Pb, mporpamm CorosHoro rocymapctsa, 1 ocyaapcTBEHHBIX
nporpamMMm  PB, MexayHapoIHBIX XO3SHCTBEHHBIX J0roBopoB. Kanaumparckue paumccepranuu IO
yKazaHHOW BhIme Tematuke 3ammrm Cromep B.A., Conosbes B.B., Mamapa I'.I"., )Knanosua B.M.,
3axapoB B.A., Ilpynauk A.M., Monoaeukuna T.A., Konbyn (Haconosa) H.B., Ta6omwu T.I'.,
ITynko T.A., Kazeka A.A., IlerpoB C.H., 3ensmanckuii O.b., Tepex U.C., Manukos B.B., Kpumronosa
E.A., ®an Hear 3anr, Hryem Banm Xaii, KaBan J[xamame Macyn, Kpem Xyccelin Moxawmern,
Abnynbkabep Xamza AOxynekanep, @apxat Anu Caagamu, Ans-Xatmu Moxammen Omap, Anbisoan
Xycceitn Moxammen, Moxammen Hlakep Maxmya, Omep xaman Caan.

DJIeMeHTBI U CTPYKTYPbI CBEPXNPOBOTHUKOBOI djIeKTpoHUKH [1-3]

Hcnonp3oBanne pazmUYHBIX IJIa3MEHHBIX IPOIECCOB B TEXHOJIOTUM KPHOAIEKTPOHHBIX
uHTerpanbHeix MukpocxeM (KMMC) nmo3BossieT 3HAUUTENBHO CHU3UTH TEMIIEPaTypy (GOPMHUPOBAHUS
TOHKHUX TJIEHOK BBICOKOTEMITEPATYPHBIX CBEPXIIPOBOIHUKOB (BTCID), MOJTy4aTh
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BBICOKOKAYECTBEHHBIC HW3OJHUPYIOLIME CJIIOM, B TOM YHCIE M CBEPXTOHKHE, Ha IOBEPXHOCTH
CBEPXIPOBOIHUKOB. Takoe pasHOOOpa3ne BO3MOKHOCTEH MCIIOJIB30BAHMS IJIA3MEHHBIX IPOLIECCOB B
TEXHOJIOTHM KPUOMUKPORJIEKTPOHUKU IOTPEOOBAIO MPOBENEHHS MOMOJIHUTEIBHBIX HCCIEIOBAHUI
JUI AETAIbHOTO W3Y4YCHHUS B3aMMOJACHCTBHA MOTOKA OCAXZAEMOro MaTepuaga ¢ pa3IudHBIMU
MHKpopenbedamMy, COACPKAIIUMH Kak AWIIEKTPUYECKHE, TaK M METAIMYeCKHe (parMeHThI.
IInmoTHBIE OKCHIHBIE IUIEHKM MOTYT HCIIOJIB30BAThCS B KAuECTBE MEXKCIOWHOM M MEXYpOBHEBOM
meomsimun  KMUMC, a Ttakxke ans ¢GopMmMupoBaHUs oOJiacTeld COOCTBEHHBIX CIa0bIX CBS3eH C
CyOMHKpPOHHBIMH pa3MepaMu. AHOJHBIC OKCHUIHBIC TUIGHKHA JHUOKCHAA LUPKOHHS TMPENCTaBISIOTCS
BeChbMa TMEPCIEKTUBHBIM MaTepHajoM JUIS HCIIONB30BaHUS B KadecTBe Oy(epHBIX (OapbepHBIX)
nokpeITHid BTCII-KMMC, mockoimbKy MO3BOJSIOT HCIIONB30BaTh BBHICOKHE AATE3WOHHBIE CBOMCTBA
TOHKHMX TJICHOK IMPKOHUS K Pas3iH4YHBIM TMOAJOXKKAM B COYETaHHUH C TaKMMH NPEHUMYILECTBAMHU
NIEKTPOXUMHUYECKOI0 aHOIUPOBAHUS, KAK €r0 CEJIEKTUBHOCTD U BOCIPOU3BOAMMOCTD PEXKIMOB.

[Ipemoxxen m pa3paboTaH BechbMa MNEPCHEKTUBHBIA M1 KPUOMHKPOAJIEKTPOHUKH METO.
¢opMHpOBaHUsSI B CBEPXIPOBOAHHMKE MHKPOHEOJHOPOJHOCTEH CYOMHUKDOHHBIX pa3MEpoB JUIs
CO3JIaHHMsI MCKYCCTBEHHBIX LIEHTPOB MHHHUHTA 33 CUET HCIOJIB30BaHMs MPOIECCOB YIPABISAEMOTO
JIOKaJbHOTO PACTBOPEHMS TOHKUX IUIEHOK M TOMIOKEK B IPOLECCE HUX AIEKTPOIUTHYECKOTO
AHOJMPOBAHMUSI.

Pazpaboranbl MeTo[pl aHOAHOW OOPaOOTKU MOAJOKEK W TOHKUX IUIEHOK B COYETAHHU C
nporeccaM TpaBieHHS Ui (OPMUPOBAHMA MHMKPOHEOJHOPOIHOCTEH B BHAE MHOKECTBEHHBIX
MHUKPOOCTPUHHBIX CTPYKTYp. [loka3aHo, 4To pa3paboTaHHBIE TIPOIECCH MTO3BOISIOT mmoydaTh 10 4000
mukpoocTpuii Ha 1 Mkm?. C HCIOJIB30BaHMEM IIPOIECCa MOPHCTOrO OKHUCIEHMS JBYXCIONHOM
cuctembl Nb/Al pazpaboTtana Meronrka GOpMHPOBAHUS MUKPOOCTPHH ¢ BBICOTOM 110 0,3 MKM 3a cuer
norydeHus B mopax Al,Oz okncioB HHOOUS 110 popMe TTop.

[IpemyioskeHBl ~ METOMWUKHM W TMPOBEACHO  OMpENeNieHHEe  CTENEeHH  PeryJsipHOCTH
(YNOpsITOYEeHHOCTH  Pa3fioKEHUs]) MHUKPOHEOJAHOPOJHOCTEH CYOMHUKPOHHBIX Pa3MepoOB AJISi OLECHKH
BO3MOXKHOCTEH TexHosoruu. Ha mepBoM 3rtame Uil OLEHKU PEryJIsipHOCTU PACHONIOXKEHHUS CTPYKTYD

Ha IUIOCKOCTH HCIIONIb30Bajach OJHA CKaspHas BEJIMYMHA — PACCTOSHUE MEXKIY COCEOHHMH
37eMEeHTaMHu (X TeoMeTpUYecKMMH IIeHTpaMmu). Bropoil sTam 3aximouancsd B HpPOTHBOIOJIOKHON
Olepaluy — paclIMpeHud (JuaTalid) HX TEOMETPHUYECKHX LIEHTPOB, 4YTO peajlu3yeTrcs Ha

aHanu3aropax u3o0pakeHwid. [|Jis SKCIIEpHUMEHTANBHOTO pEeIIeHHUs TaHHOW 3aJavd KCIIOJIb30BajIH
TEeKCTypHO-aHamm3upytomyto cucremy Leitz-TAS (DPPI') ¢ mporpamMupyeMbiM OJIOKOM aHalHM3a
n3o0pakeHnii. CucTeMa UMeeT TeKCaroHABHBIA pacTp MaMsATH U300paKeHUS U CTPYKTYPUPYIOIIHIA
AJIEMEHT B BUJIE MHUHHMAJIHHOTO MIECTHYTONbHHKA. C HCIONB30BAaHHUEM pPa3pa0O0TaHHOW METOIHMKH
HCCJIEI0OBAHO paclpeielieHne Mexay Mukpodactuiiamu (10 500 MuKpodacTuir).

B 3aBucMMOCTH OT KOHIICHTpallMl KOMIIOHEHTOB TMosrydanu Oecnopucteie ciion ZrO;
romuaoN  0,04...0,5 MkM. MeromaMu  pEHTICHOBCKON JU(PAKTOCKONIMU HM3y4eHO BIUSHHE
moaudukaropos Ca, Mg mnn Y Ha MexaHudeckue oopazoBanus ZrO, kyOn4eckoi nin MOHOKJIMHHOM
moau(ukanuu. [lokazaHo, 4TO MPUCYTCTBUE CTAOMIM3aTOPOB B KojuuecTBe 10 Moj. % HpPUBOIUT K
MPEUMYIIECTBEHHOMY (hOPMUPOBAHUIO KYOMYECKOTO AMOKCHIA ITUPKOHUS B MHTEPBAJIE TEMIIEPATYP
omxkwura 500... 900 °C.

Uzyuena crtpykrypa cioeB ZrO;, CHUHTE3UPYEMBIX Ha MOHOKPHCTAIUIMYECKOM KPEMHHHU C
npuMeHeHueM ¢ortoHHoro omxkura. CdhopmupoBaHbl OecropucThie ciou Kybudeckoro ZrO. mpu
temneparypax 500...700 °C u ummynscHOM HarpeBe 3a 2 u Oomnee cexyna, npu 800...1000 °C 3a
BpeMsi 1 c. YCTaHOBIIEHO, YTO MpPHU UMMYJIBCHOM (DOTOHHOM OT)KHTE HAOIIOMAloTCs Ooliee HHU3KHE
3HAYCHUs MUKpPOoie(hopMalii TOBEPXHOCTHBIX CIIOEB MOHOKPHUCTAJLTMUECKON MOUIOKKH. [Ipn 3TOM
BEJIMYMHA MUKpOAe(OpMaIMy PEIIETKH KPEMHUS HE 3aBUCHUT OT TeMIeparypsl oTkura. Paspaborana
METOJIUKa TIONy4eHus: Kyondeckoro ZrO; co CTEeNeHbO TEeKCTypupoBaHHOCTH 10 99,8 %. B cimyuae
pasbarienus 0a30BbiX (0,1 M) pacTBOpOB aJIKOTOJISATOB I[UPKOHHUS, HAa IMOBEPXHOCTH IIOIOKEK
¢dopmupyetcst cBepxToHKas (1... 5 HM) TUIeHKa, MONyYeHHUE HA KOTOPOH mocienyromux cioeB ZrO;
MO3BOJIIET U3MEHSTh UX KpHCTAIIOrpaguyeckne XapakTepUCTHKH.

YrayOneHHoe W3ydeHHWE TEPMOJECTPYKIMM TOHKUX IJICHOK OJIOBa B TMIpoOIecce ero
HU3KOTEMIIepaTypHOl TepMooOpadoTku (<13 °C) mMmO3BOJMIIO pEIHIMTh BOMPOC O CEIIEKTHBHOM
yIaleHUM IUIGHKA OJoBa 0Oe3 NpUMEHEHHs XMMHYECKHUX TpaBuTelie. B oCHOBy wuccnenoBaHuit
MOJIOKEH OOIIen3BeCTHhIM (Ba30BbIl mepexox P-Sn—a-Sn, COMPOBOXKAAMOIIUNACT H3MEHECHHEM
TUIOTHOCTH OJIOBA U, KaK CJIEJICTBUE, YBEIHUCHUEM ero 00beMa, MPEeBpaliecHueM B ITOPOITKOOOpa3Hoe
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cocTosHME.  AHalnM3  JMTEPAaTYPHBIX  HMCTOYHUKOB  IO3BOJMJ ~ YCTaHOBHTH  OCHOBHBIC
SKCIIEPUMEHTAIIBHBIE YCIIOBHUS MPOBEIESHHS MPOIecca, OMHUM W3 KOTOPBIX SBIISETCS MCIOJIB30BAHHE
KaTaJIn3aTOpOB — MOPOIIKA O-Sn MIIM TeKCaxJIOpCTaHHATa OJIOBA.

AHanu3upys MpoLecchl B3aUMOACHUCTBHS METaJlla ¢ BOAOPOIOM, c(OPMHUPOBAHBI OCHOBHBIE
YCIIOBHUSI €r0 pas3pymieHus (oxpymunBaHWs). MHOTHE METabl B OOBIYHBIX YCJIOBHAX HWHEPTHBI K
MOJIEKYJIIPHOMY BOJIOPOJY, OJJHAKO C TIOBBIIIEHHEM TeMmrepaTypsl psa metamuioB (Pb, Ti, Zr, Nb, Ta)
HAa4YMHAET TOIJIoUaTh BOAOPOJA, B PE3yJbTaTe Yero MPOUCXOAWT HEMPEPHIBHOE pACIIMpPEHHE HX
KPUCTAIUTMYECKON PEIISTKH € TOCIEAYIOINM pa3pyleHneM npu 00pa3oBaHUH THAPHUIA.

DKCIepUMeHTaIbHOE U3yUeHHE MMPOIIECCOB BIUSHUS PEXIMOB THIPHPOBAHUS ITPH PA3THIHBIX
TeMIlepaTypax Ha CTPYKTYpHBIE CBOICTBAa IUIEHOK ITUPKOHUS W THTaHa MTPOBOAWIN METOIAMH
peHTreHorpa)MuecKoro aHajau3a U CKaHUPYIOUIeH 3JIEKTPOHHOW MUKPOCKOMHUH. Y CTAHOBJICHO, YTO C
MOBBIIIICHUEM TEMIIEPATypbl MPOUCXOANUT YBEIHYEHHE JIOKAJhbHO PACHOJOXKEHHBIX YYacTKOB
ruapuaHoii ¢a3el u mpu Temneparype 500 °C B Teuenun 15 muH mieHkd Ti U Zr MOIHOCTHIO
nepexoaT B ux ruapuisl TiHX u ZrHX v oTAenstoTCs 0T MOANIOKKU. Y CTAHOBIICHO, YTO TEMIIepaTypa
JECTPYKLHUH U Tepexo/a MICHOK HIMPKOHUS B THAPUA cHIbKaetcs 10 300 °C mpu JerHpoBaHNY IJIICHOK
Zr nukeneM 10 1 %, d9TO SIBIIAETCS BechbMa MEPCHEKTUBHBIM [UIS WCIIONB30BaHUS TIpollecca B
TEXHOJIOTHH 00paTHO# TuTOrpaduu.

C TOUKH 3peHHs CHIKCHHUSI TEMIIEPaTyphl MPOLECCOB 00paTHON JIUTOrpaduu UCCICIOBAHBI U
YCTaHOBJICHBI PEKUMBI YAalleHUs] TOHKUX 1ieHoK Nb, Ti, Zr mpu oTXXKHre B BOJIOPOJIE MaCKHPYIOIINX
penbedoB Ha ux ocHoBe Tipu Temmepatype oT 200 1o 600 °C B Tedenuu 15...150 muH.

[lpu pa3paboTke TEXHOJNOTMH (OPMHUPOBAHHSA MOCTUKOB TIEPEMEHHOW  TOJIIUHBI
WCTIONB30BAIA METOJT CKpailOMpOBaHUs B COYETAaHWHU C pa3padOTKaMu B OOJIACTH M3y4YeHUs] CBOWCTB
TEPMHUYECKHA OKHCICHHBIX MeTaiyioB. OCHOBHas TPEUIOKEHHAs KOHCTPYKTUBHO-TEXHOJIOTHYECKAs
cXeMa COCTOMT B cienytonieM. Ha moanokke ceJIeKTUBHOTO TpaBieHUs] TOHKOW TuieHKH Ta mmm Nb
dbopMupyeTcsi HEOOXOMUMBIH ee¢ pelbed) W TIPOBOJUTCI TEPMHUECKON oOkucieHue. [loBepx
chopmupoBaHHOTO penbeda ocaxmaercs clioi ceepximpoBoaanka (Nb). [lnenka HHOOMS mepepesanach
Pe310M TIEPIICHANKYIISIPHO KaHaBke. TakuM 00pa3oM M3roTaBIMBAIN MOCTHKH IIUPUHOHN 1,5...5 MKM
u amuHow 0,5...1 MxM. Pa3paGoTaHHass METOJMKA TMO3BOJISICT C YBEJIUYCHUEM TOJIIUHBI OKUCIIIEMOM
TUICHKH TIOJy4YaTh CyOMHKpPOHHBIE pa3Mephl MIUPHHBI MOCTHKA (KaHABOK) 3a CYeT 0OBEMHOTO pocTa
MeTaJja Py ero OKUCICHHUH.

B ocHOBY pa3paboTku 0a30BBIX MPOIECCOB OOpaTHOM JUTOrpaduu IMOJIOKEHO YIIIyOJIeHHOE
M3yYeHUE MPOIIECCOB TEPMUUECKOTO OKHCIEHHS pelibe(ha TOHKHUX TUIEHOK TYTOIUIABKUX METaJUIOB, UYTO
MO3BOJIMJIO TPH  OMPEAEICHHBIX YCIOBHUAX pa3pymiaTh OKHCEI C TPeBpalleHueM ero B
MOPOIIKOOOpa3Hoe cocTosiHKuEe. Vcmoib30BaHME TAaKOro Marepuaiga B KayecTBE MAcKH I103BOJISIET
NPOBOJMTH ONEpanuio 0o0paTHOW JHUTOrpadUu OTKUTOM B Cpele KUCIOpoJa Ha BO3AyXe MpH
temneparypax 500°C B teuenue 1...24 npu Tommmue Macku 0,2...0,4 mxm. Tepmuueckoe
OKHCJIEHHE TaKMX MAacOK IIPU TOBBIIICHHOM JaBJICHHH OKHUCIUTENbHON armochepsr (2...10 atm.)
MO3BOJISIET CHM3UTh HWKHMHA TIpeJeN TOJIIMHBI TyromiaBkoro metamia o 0,05 MKM, 4TO Takxke
CMOCOOCTBYET yIYUIICHHIO KAa4eCTBa Kpas 3a CYET 00JIee TOHKOTO U3MENbUSHHS OKCHA.

HccnenoBan mporiecc oOpaTHOW JUTOTpaduul M0 TOHKAM TUIEHKAM aTFOMUHHS IS CO3IaHUS
penbeda TOHKUX IUIEHOK OKCHJIOB TYrOIJIABKMX MeTasIoB. B3pwiBHOE ynaneHue Al mpou3BOIUIHN C
UCTIOJIb30BaHUEM YIIbTPa3ByKa, MPUMEHEHHE KOTOPOTO IMO3BOJHIO 3(PQEKTUBHO YIAUTh OCTaTKH
MacKH ¢ 00pabaTbIBaeMOH IIOBEPXHOCTH TOTOKKH.

HanocTpykTrypupoBaHHbie MaTepuaJibl dieMenToB CBUC [4]

Ha ocHOBaHMU MpPOBENEHHBIX 3JIEKTPOXMMHUYECKUX HCCIEAOBAHHN IMpoliecca XUMUYECKOTO
ocaxneHus cepedpa c BOJbYpPaAMOM YCTaHOBIIEHO, YTO (POPMHUpPOBAHHE MOKPBITHS MPOUCXOIUT
OJTHOBPEMEHHO TI0 XHMHYECKOMY U BJIEKTPOXMMHYECKOMY MEXaHHM3MaM INpPH B3aUMHOM BIIHSHUH
AHOJTHOM M KaTOJHOM CTajuil Tpollecca, BBIPAKAIONIEMCS B 3aMEIJIEHUM CKOPOCTHU OCAXKIEHHUA.
[TokazaHo, 4TO CKOPOCTh OCaXIeHHU JTUMHUTUPYeTCs A dy3rer aHOJHOTO U KaTOAHOTO PearcHTOB U
CKOPOCTBIO aHOJHOTO TMpolecca. YCTaHOBIEH KaTanuThieckudl 3¢ddext Bonbdpamata HATpUs B
OCH30aTHOM DJIEKTPOJIUTE M YTOUHEH €r0 MHTHOUPYONHN 3P (PEeKT B aMMHUAYHO-aIleTATHOM PacTBOpeE,
00yCIIOBJIEHHBIH ydacTHeM BOJb(PaMCOJICpIKaINX COSAMHEHHN B PEAKIUIX KOMIUIEKCOOOpa3oBaHUs
U COpOLMOHHBIX Mpoleccax Ha IMOKPHIBAEMOM IOBEPXHOCTH, MNPHBOAALIMX K HW3MEHEHHUIO ee
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MOTEHIXANA, YTO MO3BOJISIET BAPHHUPOBATh CKOPOCTh OCAXKIEHHS HMOKPBITHI «cepedpo-Boiab(ppam» B
nmuanazone 0,1...2,0 av/c.

YcTaHOBIEHO, YTO B Pe3yibTaTe OCAXKIEHHUS IUIEHOK «cepedpo-Boibhpam» (hopMHpYIOTCS
MOJUKPUCTATITUUECKUE TIOKPBITHSA, COCTOAIINE U3 KPUCTAJUIMYECKUX 3epeH cepedpa ¢ mapaMeTpamu
pemerku  4,086+0,002 A, Ha rpaHMIaX KOTOpHIX JIOKAIM30BaHBl COEAUMHEHHS BOJb(pama ¢
KHCJIOPOJIOM M cepebpoM. MakcumalbHasi KOHLIEHTpalusl Bob(pamMa B MOKPBHITUSAX HE MPEBHIMIACT
3 ar. %, npu 3TOM KOHIICHTpalus Boib(pama Ha TPaHUIAX 3€peH COCTaBiser okoio 15 ar. %.
ITokazaHo, 9TO KOHIEHTpAIs BOJb(GpamMa B TOKPHITHH BBIIIE HA TPAaHUIE pasliena «UIeHKa—
MOJJIO’KK@», YTO CBA3aHO C KaTaJIMTHYECKOW aKTUBHOCTHIO LEHTPOB KPHUCTAIUIM3ALMH W HaTHYUEM
WHAYKIMOHHOTO  TIEpHOAa  peakluud, B  TEYeHHWE  KOTOPOrO0  TMPOUCXOAUT  aIcopOrus
BOJIb(ppamMcoepKaIKX KOMIDIEKCOB Ha MOJIOKKE. Y IeNbHOE dJIeKTpudeckoe conpotupieHne Ag(W)
nokpeiTuil TonmuHoM 50...100 HM Ha MOMIOXKKAax AMOKCHIA KPEMHHS HAaXOAUTCS B JUama3oHe
10...50 MkOM-cM u cHmXkaeTcsl Ooree 4eM B 2 pasza Iociie BaKyyMHOTO OTXKHIa MpU TeMIepaType
100...350 °C.

[Ipemnoxkena m paspaboraHa (pEeHOMEHOJIOTHYECKAs MOICTbh (OPMHPOBAHUS CBEPXTOHKHX
cioeB cepebpa ¢ Bomb(paMoM, OMKCHIBAIONIAS W3MEHEHHE WX JJIEKTPUYECKOTO COMPOTHBIECHUS C
YUETOM TEPMOXMMHYECKHX MPOIECCOB M MAacCOlepeHoca Ha IMOBEPXHOCTH W TpaHMLAX 3epeH
MOKPBITHH. MoOJenb Y4YHTBIBaeT HaJIW4KMe MPOBOISIIMX KIACTEPOB cepedpa W Y3KHX TIyOOKHX
KaHaJOB MEXIy HHUMH, YTO TO3BOJSET OIHWCHIBATH TOKPBHITUS C BBHICOKMM (HECKOIBKO IECSTKOB
MKOM-CM) yJIeTbHBIM AJIEKTPUIECKIM COIPOTUBIICHUEM U €TO0 M3MEHEHHE MPH HU3KOTEMITEPATyPHOM
(100...300 °C) omxwure. IKCHEPUMEHTAIBHO OIPEACICHO 3HAYCHHE SHEPIMH aKTHUBAIMHU IpoIiecca
CHIDKEHHUS YJIEIbHOIO 3JIEKTPUUYECKOTr0 CONPOTHUBIIEHUS MOKpHITHH, paBHOe 0,19 3B, n mpennoxen
MEXaHM3M YMEHBIIICHHS KOJMYECTBA MOBEPXHOCTHBIX Ne()EKTOB (CHIKEHUS OTKPBITON MOPHUCTOCTH)
MOJ JEWCTBHUEM CHJI TOBEPXHOCTHOTO HATSDKEHHUS 32 CYEeT TEepeMelIeHHs aToMOB cepedpa, dTo
MIO3BOJISICT IOCTOBEPHO OMKCHIBATH 3JICKTPHUECKHE CBOHCTBA TOHKUX Ag(W) IIeHoK.

PazpaboraHbl cocTaBel BOAHBIX PacTBOPOB, YCTAHOBICHBI W ONTHMH3UPOBAHBI TapameTphl
(hopMHpOBaHUs Ha MMOBEPXHOCTH OKCHJIA KPEMHIUS TIOKPHITUN U3 cepedpa ¢ Boib(ppaMoM ¢ yAeIbHBIM
anekTpudeckuM compotupierareM 10+1,5 MmxOwm-cm npu tommmue 50...100 HM ¥ TOBBIIEHHOW 10
350 °C rtemneparypHOH CTaOMJIBHOCTBIO IO CPaBHEHHIO C CepeOpsSHBIMH IOKpHITUSAMH. Briepsble
NPEJIOKEHO UCIOIb30BaTh OCH30MHYIO KHCIIOTY B Ka4eCTBE KOMILIEKCOOOpa3oBaTelsi U YCTaHOBIIECH
JMarna30oH KOHIIGHTpauud Bojb(ppamata Hatpus (5...10 1/71), 4ro HEoOXOAMMO Ui TOMYUYCHHS
BBICOKOCTAOMJIBHBIX PAacTBOPOB OCAXAEHHsS TOKPBITHH «cepeOpo-Bonbdpam». YcCTaHOBIECHHbBIE
3aKOHOMEPHOCTH (OPMHUPOBAHHS Ha JIUDJICKTPUYECKUX TOAJOKKAX C Pa3BUTON TOBEPXHOCTHIO
TOHKOIIJIEHOYHBIX clioeB Ag(W), yaenbHOEe 3JIEeKTPHUECKOE CONPOTHUBIEHHE KOTOPBIX COCTaBISET
2,240,2 mMxOM-CM, TO3BOJISIFOT PEKOMEHOBAaTh HCIOJb30BaHUE pPa3paOOTaHHBIX IMPOIECCOB IS
W3TOTOBJICHUSI MEXKIJIEMEHTHBIX COSJIMHEHWH WHTETPAIBHBIX MHKPOCXEM C TPOEKTHHIMH HOPMaMHU
70...250 HM ¥ IPOBOASAIINX MTOKPBITHH IS yCTPOUCTB OMOANIEKTPOHUKH (puc. 1).

7 MUH 25 MuH

Puc. 1. Cragum ¢hopMupOBaHNS MEKIIEMEHTHBIX COSTMHEHNH MUKPOCXEM B OKCHIIE KPEMHHUS IPH OCAKICHUN
Ag(W) 13 aMMHadHO-aI[eTaTHOTO AIIEKTPOIIUTA

DNEKTPOXUMUYECKHE HCCIICOBAHUS XUMHUYECKOro ocaxiaeHus mokpeithii  Co(W,B),
MPOBEJICHHBIE METOJOM aHallM3a MapIUalbHBIX pPEaKIUid BOCCTAHOBJIICHUS MeTalllla M OKHCICHHS
BOCCTAHOBUTEINS,  IO3BOJWJIM  YCTAaHOBUTH  DJJIEKTPOXMMHYECKHH  MEXaHW3M  TIpoIlecca,
XapakTEPU3YIOMIMICA 3HAYEHUsIME CcMelmanHoro moreHmuanta (—890...—1005) MB  oTHOCHTETBHO

46



XJIOPCEPEOPSAHOro 3JIeKTpona W Toka peakuun 1,85...11,8 mA/cm? mpu Temmneparype 75...80 °C u
pH =9,5...9,6. [lokazaHo, 4To yBeIHMUCHHE KOHIIEHTPAIIMU BOCCTAHOBUTENS (JIMMETHIAMHHOOOpaHA)
ot 0,02 mo 0,14 M, pH (8...10) i Temneparypst (60...85 °C) pacTBOpa MPUBOIUT K CMEIICHUIO
CMEILIaHHOTO MOTEHIMaja B 00JacTh OTPULATEIbHBIX 3HAYEHUH U YBEJTHMUCHHUIO CKOPOCTH PEaKI|H 110
JMHEHHOMY 3aKOHY, YTO OOYCIIOBJICHO BIIMSHHEM MpOLIEcca OKHUCIEHUs BoccTaHOBUTEI. CKOpOCTh
npolecca OCaXICHUS TakKe olpenesnsercs GopMUPyEeMbIM KOMIUIEKCOM KOOalbTa M KOHLIEHTpauuei
BosIb(ppama u Bapeupyetcs B auanaszone 0,44...4,0 av/c.

VYcranoBnensl  ocobeHHocTH — CTpyKTypel — mokpeituii  Co(W,B) u  Co(W,P,B),
XapaKTepHU3YIOIIEHcs] HaTMdieM HaHOKPUCTAJUIUTOB KoOallbTa, KoTopeie Tpanchopmupytotes B I'LIK
peIIeTKy BaKyyMHBIM OTXKUTOM Tipu Temriepatype 550...650 °C. YBenuuenune KOHICHTpauu 6opa B
MOKPBITUM TPUBOJAUT K (DOPMHUPOBAHUIO IUIEHOK C PEHTTeHOAMOP(HOH CTPYKTYpOH, COAepiKaIinx
Oopumel KoOaidbTa. DJIEKTPHUECKHE CBOWCTBA IOKPHITHA W3 CIUTABOB KOOaabTa C MPHUMECSIMH
Bonb(ppama, Oopa, dochopa xapakTepu3yrOTCS BETUYMHON  YACNBHOTO  DIEKTPHYECKOTO
conporuBieHus okono 10* OM-cM, CBOMCTBEHHONM HAHOKPUCTANIMYECKMM MaTepHaiaM, KOTopas
cumkaercs 10 2-10° Om-cm nocne BakyymHuoro omkura mpu 550 °C.

[TokazaHo, 94TO MpH YBENHUYEHUH TOJIUHBI MOKPHITHNA «cepedpo-BombdPpam» oT 50 HM 10
120 am mpoucxoaut yBenwmueHHe Koddduimenta otpaxenus ot 0,74£0,05 mo 0,85+0,05, a
BaKyyMHasi TepMo0OpaboTKa MoKpeITHi Tipu 350 °C ynydimaeT MX ONTHYECKHE XapaKTEPUCTHUKU 3a
CYET YNYYIIEHHSI CTPYKTYPBI U COCTOSHHS TTOBEPXHOCTH, YBEINUMBas KOXPPHUIMEHT OTPaKEHUS /0
BeauuuHbl 0,92+0,05, uro 0O0YyCIOBIMBACT MEPCHEKTHUBHOCTh NpHUMEHEHHS NOKpeiTd Ag(W) B
KayecTBE OINTHYECKH OTPAXKAIOUIMX DJIEMEHTOB BOJIHOBEAYIIMX CHCTEM, WHTETPAIBHBIX H
MHUKPO3JIEKTPOMEXaHUUECKUX YCTPOUCTB U AEKOPATHUBHBIX CIIOEB.

[Ipennoxkena MeToauKa, pa3pabOTaHbl COCTaBbl BOAHBIX PACTBOPOB W  OMNpPEICIICHBI
napamerpel (pH =9...10, 7=70...85°C) mnpouecca CEICKTUBHOIO XHUMHYCCKOTO OCAKICHHS
TOHKOIIJICHOYHBIX TIOKPBITHA W3 CIDIaBOB KoOambTa ¢ Bomb(dpamom, Gopom u Qochopom Ha
MOBEPXHOCTh MEMH, UCHOJIB3YIOIIEro Ul €€ aKTUBALUHU NpeIBapUTENbHYI0 00paboTKy B pacTBope
OopconepKamero BOCCTaHOBUTENS, YTO TMO3BOJsET  (QopMUpoBaTh 0e€3  JOMOJHHUTEIBHBIX
mutorpadmdecknx onepanuii cBepxtonkue (10...20 HM) 3amWTHBIE CIOW 1S BCTPOCHHBIX B
JURJICKTPUK MEIHBIX MEX3JIEMEHTHBIX COCAMHEHHH, OTIMYAIOIIMXCS MOBBIIIEHHOW Oojiee ueM B
10 pa3 cTaOMIBHOCTBIO DJEKTPHUUECKUX XapakTepucTHk npu omxure mpu 250 °C. TlokaszaHo, 4To
CTOHKOCTB K OKHCIICHUIO 3alIUTHBIX MOKPHITHH MPSMO MPOTOPIHOHAIEHA HX TOJIIIMHE W YXYIIIAeTCS
IpY YBEJTMUEHUH COZEpKaHMs B HUX Boibdpama Oosee 10 at. %. Metogom BUMC npodumomerpun
MOKAa3aHO, YTO HAWIYYIINMHU OapbepPHBIMU CBOMCTBAMH 110 OTHOIIEHUIO K Auddy3un Meau o0aanaroT
nokpeitusi Co(W,B), cyMMapHasi KOHILIEHTpanus IpuMecel Bolbppama u 60pa B KOTOPBIX COCTaBIISIET
10...13 at. %, a ux BbIcokas 3)(HEeKTUBHOCTb 0OECHeYnBaETCsl CHUKEHUEM CKOpocTd anddys3un mo
rpaHinaM 3epeH 3a cueT (OopMUpOBaHMS PEHTTeHOAMOP(HOW MIM HAHOKPHCTAIIMYECKON

CTPYKTYpHI (puc. 2).

Puc. 2. Cragnu ¢opMHUpOBaHUS MEKIIEMEHTHBIX COETMHEHUH MUKPOCXEM B OKCHJIE KDEMHHUSI IIPU OCAXKICHUN
Ag(W) n3 aMMHaYHO-alIEeTaTHOTO 3JIEKTPOJIUTA
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Marepuans! 1151 3kpanoB MU n ux npumenenue [5-13]

Pazpaborannsie  MeTompl  MOMW(HUIIMPOBAHWUSA  BOJOKHHCTHBIX W IOPOIIKOOOPA3HBIX
JU3JICKTPUKOB C Pa3BUTOM IOBEPXHOCTHIO W YCTAaHOBJICHHBIC DPEXHMbI IPOLIECCOB COpOLUU U
BOCCTAaHOBJICHHS HMOHOB  METAUIOB W3  BOJHBIX  PacTBOPOB  IO3BOJSIIOT  (OPMHPOBATH
HaHOCTPYKTYpPHPOBAaHHBIE  METAJUICOJAEpPKAIe KOMIIO3MLIMOHHBIE MAaTepUayibl C  YAEIbHBIM
conpotupienueM (0,1...50)-10° Om-M, HepcrneKTHBHBIE [Ji HCHOIB30BAHMS B KOHCTPYKIHUSAX
3JIEKTPOMAarHUTHBIX 3KpaHoB. lccienoBaHus B3aMMOAEHCTBHS HUKENbCOIACPXKALIMX MAaTE€pHANIOB,
CHHTE3UPOBAHHBIX C MWCIOJb30BAaHUEM NAUIAAMEBOM AKTHUBALMM IIOBEPXHOCTU MAWIIEKTPUKA, C
3NEKTPOMAarHUTHEIM m3nyueHueMm (OMU) B auanazone yactot 0,1 MI'm...118 [T mokasanu, 4ro ux
3¢ (GEeKTUBHOCTE SKPAHUPOBAHUS IEKTPOMArHUTHOTO H3IYYEHHUS] IOBBIIACTCS C YBEIMYCHHUEM
yacToThl U gocturaer 3HadeHus: 50 nb, a ero mopaeieHne obOecreynBaeTCsi B OCHOBHOM 3a CUET
OTPaKEHMsI  JJCKTPOMATHUTHOW  BOJHBI.  YCTAaHOBJIEHO, YTO B  YacTOTHOM  JHWama3oHe
0,1 MI'm...118 ITu  3ddexkTUBHOCTH  DKPaHUPOBAHUS  HUKEIbCONEPXKAIUX  MAaTepUanoB,
CHUHTE3UPOBAHHBIX METOJOM COpPOLMM HOHOB HHUKENS C IOCJIEAYIOIIMM HX BOCCTAaHOBJIICHUEM,
m3mensiercst ot 10 mo 40 ab, u3 kotopeix He Oonee 10 1b obecneunBaeTcsi 3a CUET MOTIOIICHUS
ANEKTPOMArHUTHOTO M3ITydeHHs. DPPEKTUBHOCTh SKPAHUPOBAHUS KOOAIBTCOACPKAIINX MaTEpUAIOB
He mpeBblaeT ypoBHs 5 n1b Ha yactrotax no 25 [T u yBennyuBaeTcs C MOBBIIIEHUEM YaCTOTHI.
OKCHepUMEHTAIbHO [MOKa3aHO, YTO TaKWe MaTepuanbl oO0MamaroT KO3(PPHUIMEHTOM OTpaKeHHS
3JIEKTPOMArHUTHOTO M3JydeHHUs B nuana3one dactor 2...118 I'Tn, ve mpebimmatomem —15 nb. Ilpu
3TOM YACTOTHAs XapakTepUCTUKa 3(PQEKTUBHOCTH 3KpaHa M3 METAIICOACPKAILMX BOJIOKOH He
3aBUCHUT OT HOJISIPU3ALMHU IEKTPOMArHUTHON BOJIHBI U MO3BOJISIET PEaIN30BaTh THOKHE KOHCTPYKLIUU
BBICOKOA()(EKTHBHBIX HIMPOKOIOJOCHBIX AJIEKTPOMATrHUTHBIX JKPAaHOB, WHTETPANBHBIX 3allUTHBIX
naHeJed W 3allMTHBIX DJIEMEHTOB JUISL TOJIb30BATENEH PAaJUOTEXHHUYECKHX YCTPOWCTB M CPEICTB
BBIYUCIUTEIbHON  TEXHUKH, PAAMONOIJOMIAIONINX  YKPBIBHBIX ~ MAaTepUaliOB,  CHWKAOIIHUX
PaAMOIOKAIMOHHYIO 3aMETHOCTh Ha3eMHBIX 0OBEKTOB HE MEHee 4eM B 2,5 pasa (cm. puc. 3).

VYCcTaHOBNIEHO, YTO WCIOJIB30BAHUE HUKENIb- W KOOAJIbTCONEPXALIMX IMOPOIIKOOOPa3HBIX
MaTepuanoB (CHJIMKAreNib, IIYHTUT) JUISI CO3JaHUS OJHOCIOWHBIX KOHCTPYKIWH SKpaHoB OMU
MPUBOINT K YBEIHUEHUIO UX Kod(duimenra orpaxenus ¢ —12,2...-14,2 nb mo -8,9...-10,3 nb musa
cunukarens u ¢ —5...—5,8 n1b no —1,8 n1b ans mynrura B quamnasone yactoT 8...12 [T Bciencreue
MOBBIIICHAS HX 3JIEKTPHYECKOrO COMPOTHBICHHA. Bo3ielicTBue IUTaMeHH Ha KOMIIO3WIIMOHHEIC
MaTepHajbl C IIOPOIIKOOOpa3HBIM HAINOJHHUTENEM (CHIIMKAreidb) MPUBOAUT K CHIKEHHIO Ha
0,5...0,7 nb 3Hauennit ux ocnabiueHuss U KOXPPHUIMEHTA OTPAKEHUSI B PAJNOYACTOTHOM JIMAITa30HE
JUIMH BOJIH BCIIE/ICTBUE JIECTPYKIIMN TTOKPBITHSL.

= “ 1

Puc. 3. Baemmnnii Bun MmoaudunrpoBaHHbIX BoJokoH [TAH ¢ kmactepaMu HUKeETs, TOTyYeHHBIMHE O
COpPOIMOHHON TEXHOJIOTHH

[onyuensl mopomkooOpasHble Marepualibl ¢ HEOOXOIMMBIM 3HaYeHHEM Kod(QuIeHTa
orpaxkenns OMMU 3a cuetr ux MOAMGUIMPOBAHUS METOJAMU TEPMHUYECKOH 0OPaOOTKH U CENEKTUBHOTO
XMMHUYECKOTO TpaBiieHus. [lokazaHo, 4To 3Ha4YeHHs] KOI(PPHUIMEHTA OTPaKEHHS B PaiO4aCTOTHOM
Jana3oHe MOAU(UIIMPOBAHHBIX MAaTEPUAJTIOB 3aBHCAT OT PEKUMOB TEPMOOOPAOOTKH U YMEHBILAIOTCS
npu yBenmueHnn temmepatypel ¢ 200°C mo 500 °C. Tak, nHampumep, TepmMooOpaboTKa mpu
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temmeparypax 10 500 °C u Bpemenu 10 60 MUH oOecnieynBacT CHIKEHUE KOI((UIMEHTa OTpasKeHHUs
MOPOIITKOOOpa3HOro IMyHTUTa ¢ —5,2 nmo —7,51b Tnpu OMHOBPEMEHHOM YBEIWYCHHH 3HAYCHUS
ocmabmenus ¢ 9,2...9,5 no 16,2 nb, a ceneKTHBHOE XUMHUIECKOE TPABJICHHUE €TI0 IMTOBEPXHOCTH B TCUCHUE
14 mpuBOogMT K YyBenMuUeHHIO Kod(duimeHTa oTpaxkenus c¢ —5...—58 nb mo -2,1...-2,3 1b mpu
OTHOBPEMEHHOM pocTe ociabienus ¢ 9,5 no 22 nb B mmamazone dactoT 8...12 I'T'm. [pemnoxeHHbIH
mporiecc TepMooOpPadOTKH MOKHO HCIIOIB30BATh M TSI MOAU(PHUIIMPOBAHUS JPYTUX ITOPOITKOOOPA3HBIX
MaTepHajoB, TaKUX, HAIIPUMEp, KaK TUOKCU TUTAHa WIH AUOKCHUJ IMPKOHUSL.

[IpennoxeHo HCMONb30BaTh BOJHBIE PAaCTBOPHI B KayecTBE cpel, norjomarommx OMU.
[loka3aHo, YTO WX HMHKOPHOPHPOBAHHE B MEKBOJOKOHHOE MPOCTPAHCTBO KaIMJUIIPHO-IIOPHCTHIX
MaTepHajoB BIMAET Ha KOAPQUUUEHT OTPa)KCHUS IMOCIEAHUX B 3aBHCHMOCTH OT KOHLEHTpALMU U
cocTaBa >KMIKOCTHOTO HAIlOJIHUTENS U CBOMCTB KalWJUIIPHO-MOPUCTOM MaTpuibl. CHIKEHUE
Ko3(dureHTa OTpaKeHUsI TAKUX MaTEPHAIOB BO3MOXKHO 32 CUeT (JOPMUPOBAHUS HA UX TOBEPXHOCTH
WIA TOBEPXHOCTH >KHUAKOCTHOTO HAIOJHUTENS (32 CYET CHELUAIBHONW KOHCTPYKLHMH JKpaHa)
VIOPSAOYECHHBIX TECOMETPHUUECKUX HEOJHOPOTHOCTEH. YCTaHOBIEHO, 4YTO (OpPMUpOBaHHE Ha
MOBEPXHOCTH KMJKOCTHBIX HaNOJHHUTENEH (BOAHOTO PAacTBOpa XJOpHUIAa HATpHsl, BOJHOTO pacTBOpa
STUJICHTJIMKOJS,, BOJIBI) TEOMETPHUECKHMX HEOTHOPOAHOCTEH B (opMe YCEUYEHHBIX NHpaMMuI,
pacloOKEHHBIX B IIAXMAaTHOM [MOPSAKE, BBICOTOW 3 MM, pa3MepoM OCHOBaHUS 5X5 MM U
paccTossHUeM MeEXIy MX LeHTpaMu 10 MM 3a cueT BBEJCHHS B KOHCTPYKIHIO (popMooOpasyrommx
AIIEMEHTOB, MPUBOJIUT K CHIKEHHIO K03 dummenTa orpakenus no —17...—27 nb B auamazoHe 9actot
27...36 I'Tu. Co3nanve Ha MOBEPXHOCTH 3KpaHOB DMU, BBINOJHEHHBIX HAa OCHOBE BOJOKHHUCTBIX
matepuaioB (IIAH), reomerpuueckux HeomHOpoAHOCTEH B (GopMe TOQPOB BBICOTOH 3 MM U
paccTosHUEM MEXAy HMX LEHTpaMHd 5 MM TNPHUBOAUT K CHIDKEHHIO KO3()(UIMEHTa OTPaXKeHUs ¢
-3,9...=7,51b no —22 nb B mmamazone uactor 80...117 I'Tmu. Ilomydenne TpeGyemoro 3HaYEHUS
KO3(pQUIIMEHTa OTpPaXeHUs JKpaHOB OMU, BBIOJHEHHBIX HAa OCHOBE IOPOIIKOOOPa3HBIX
MaTepuaoB, BOBMOXKHO 3a CUET HCIIOJIb30BAaHUS Pa3lIMYHBIX THUIOB TaKHUX MaTepHalioB, a TakXke 3a
CYeT BbIOOPA COCTAaBa PACTBOPHOTO HAMOIHHUTENS], THKOPIIOPUPYEMOTO B HUX.

W3ydeHnbl onTHYecKHEe CBONCTBA MAaTEpHaNIOB, TONYYEHHBIX METOJIOM XHUMHUYECKOIO
OCaXXJIeHHS METAJNIOB Ha TIOPUCTHIE BOJIOKHHUCTBIE M MMOPOIIKOOOPA3HbIC JUIJICKTPHUECKIE MATPHIIBI B
nuanaszone anuH BoyH 440...800 um. Ilokazano, uro CKS u cTeneHp uMX NOJSAPU3ALUU 3aBUCIT OT
THUIA UCIOJIB3YEMOH MOAJIOKKH, KOJIMYECTBA OCAXKAAEMOI0 MeTalljla, Pa3MEepOB MUKPOKPUCTAITUTOB
U HEOJHOPOIHOCTEH MOBEpXHOCTH. CHEeKTpajJbHO-TIOISAPHU3ALMOHHBIE HWMHTATOPbl Ha OCHOBE
BosokHHcTOro ITAH xapakrepusyrorcs 3Hauenusasmu CKS ve 6onee 0,14 npu creneHu noyspuzaluu
He Oomee 0,5 B pamamazoHe mmH BoimH 440...800 HM. Meramiconepkamme CHEKTPaIbHO-
MOJISIPU3AIIMOHHBIE  MMHUTATOPHl HA OCHOBE KoOalbTcojaepKaimiero cwimkarens obnamator CKS
0,2...0,7, KOTOpBIIi BO3pacTaeT ¢ JUIMHOW BOJHBI IPH OJHOBPEMEHHOM CHIDKEHHUU CTETICHHU
nossipusanuu ¢ 0,14 go 0,01, a Hukenbcoaepkamui cuiankarenb xapakrepusyercs CKA 0,3...0,64,
Opyd 5TOM J@HHBIM MaTepuan NPaKTHYECKH HE TNONSApU3YeT CBET B JHala3oHe AJIMH BOJH
440...800 um. 3nauenne CKS ang  crnexkTpanbHO-TIONAPU3AIMOHHBIX HMMHUTAaTOPOB Ha OCHOBE
nmopomkooOpasHoro mryHrura He npesbimaer 0,09 npu crenenm mnosspusamuu He Oonee 0,45 B
muana3one qumH BoimH 440...800 HM. Jlns Humx Habmomaercs yBenmmueHwne CKS wu  crenenm
MOJISIPU3AIMN C POCTOM YTiia HaOJIFOACHUSL.

[IpornuTKa KUAKOCTHBIMU HAITOJHUTENIIMU TOPUCTBHIX JUAIEKTPUUECKUX MaTpPHUI] TO3BOJIMIIA
obecnieunts cHwkeHne CKS n genonsipuzanuio oTpakKeHHOTO CBETa BIarocoAep KaliiM MaTepHajIoM.
IIporntka Bogol cuHTeTHuecknxX BoJokOH (IIAH) m dopmupoBaHre Ha MX OCHOBE CHEKTpPaIbHO-
MOJIIPU3AIMOHHBIX IMHTATOPOB MPHUBOIAT K cHIbkeHuto nx CKS ¢ 1,2 go 0,8 mpu omHOBpeMeHHOM
yMeHbllIeHUN creneHu nosspuszauuun ¢ 0,2 mo 0,13 B nmanazone jummH BosH 440...800 HM.
VYCTaHOBIEHO, YTO NPUMEHEHHME BOIHBIX PAaCTBOPOB MJSl MPONUTKH MOPHUCTHIX IUIEKTPHUECKUX
MaTpull, Hampumep BojJokHucToro IIAH, mo3BonseT W3MEHATH MOKa3aTeNlb NPEJIOMIICHHSA €e
MOBEPXHOCTH, YTO MPUBOIUT K CHIDKeHHIO 3aBucuMoctd CKS marpuubel oT yria BH3MpOBaHHSA
(40 %-b1it BOIHBIN pacTBOP STHICHIIIMKOIS) U 00ECIIeUnBAET Iepepacipe/ielicHue ee IPKOCTH B yIiiax
Habmoenus ot 0° 1o 90° (10 %-bIit BOHBINH pacTBOP XJIOPHIA HATPHS).

[IpennoxeHo co3gaBaTh KOHCTPYKIHMH CIIEKTPAIbHO-TIONSPH3AIMOHHBIX HWMHUTAaTOPOB Ha
OCHOBE KOMIIOHEHTOB IPUPOAHBIX cpel (Cyxue JHUCTbA, Topd W IECOK), UYTO II03BOJISIET
Bocripom3BoauTh CKS u cremeHs mnonspu3andyd TPUPOTHBIX CpPEA TAaKUMU KOHCTPYKITHSIMH.
YCTaHOBNIEHO, YTO BBEJAEHHE B HUX MOPOIIKOOOPA3HOTO CHIIMKAress HE yXY/IIaeT MX ONTHYECKHE
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CBOMCTBAa, a TMO3BOJSIET TONAydYaTh IIMPOKOAMAMA30HHBIC OJHOCIOWHBIE JKpanbel OMU,
(GYHKIIMOHUPYIOIIHNE B BHUAMNMOM H PaJdOYacTOTHOM JAuanazoHax. llodmydeHne HEoOXOAMMBIX
3HadeHnit CKS v crenenn monsipu3anuy JaHHBIX MaTEPHAaIOB 00ECIIEYNBAETCS 3a CUET BAPHHPOBAHUS
MOKA3aTeJIs TPEIOMIICHHUS CBI3YIOIIETO. Y CTAHOBJICHO, YTO HUCIOJIB30BAaHUE MPO3PAYHBIX CBSI3YIOIIUX
BellecTB (CHIIMKOH) TpH WX KoHHeHTpamuu 10 50 macc. % B KOHCTPYKIWSIX —CIEKTPaTbHO-
MOJISIPU3AIMOHHBIX UMUTATOPOB HAa OCHOBE MOJIOTOTO CYXOTO JIaBpa IO3BOJISIET MONYYUTh 3HAYCHHS
KOHTpacToB 1o sipkoctu 10 0,42 u cremenu mnonspuzanuu g0 0,25 B Auama3zoHe JJIWH BOJH
440...800 am Ha ¢one 3eneHbIX HacaxieHud. [loHmwkeHne Ttemmeparypel Bo3myxa ao —27 °C
BBI3BIBAET YMEHBIICHHE WHTEHCHBHOCTH OTPaXEHHOTO cBeTa He Oomee dwem Ha 0,006 s
BJIarocojepkarmux marepraioB (BoaokHUCTBIH IIAH, mpormranubiii 10 %-6IM BOTHBEIM pPacTBOPOM
NaCl) u na 0,03 11 KOMOO3MIMOHHBIX MaTepHajoB (HA OCHOBE MOJIOTOTO CYyXOro JiaBpa) B
muanazone muH BoiaH 400...1100 M. IlpommTka BojokHHCTEIX MatepuanoB (ITAH) 10 %-pmm
BOJIHBIM PAacTBOPOM XJIOPHIa HATPHS CIIOCOOCTBYET YMEHBIICHHUIO SIPKOCTH MCXOIHOTO MaTepuala J0
0,01...0,18 mpu yraax BusupoBanus 0...60° B auamazone mimuH BoaH 250...400 uM. Ilokazano, 4to
KOMIIO3UIIMOHHBIA MaTepual Ha OCHOBE MOJIOTOTO JIaBpa XapaKTePU3YEeTCs 3HAYCHUSIMH SPKOCTH,
BappupyeMmbiMU B nipenenax 0,02...0,07, KoTopble yMEHBIIAIOTCS MIPU YBEIMYECHUHU YTJ1a BU3UPOBAHMS
¢ 0° mo 60° B nuamazone mymH BoiH 250...400 HM.

IMocTpoenne cucreM 3alMTHI HH(POPMAIUY OT YTEYKH N0 TEXHHYECKUM KaHaJaMm [8, 11, 14-16]

Pa3pabotanpl HaydHBIE OCHOBHI TIOCTPOEHHS TIACCHBHBIX CHCTEM 3alUTHl HWH(pOpMAIW,
BKJTFOUAFOIITHE:

— MPUHLMUIBI TTOCTPOCHUS, COJep)Kale Habop OOOCHOBaHHBIX TpeOOBaHMK K OCHOBHBIM
TEXHHMYECKUM XapaKTePUCTHKAM KOMIIOHEHTOB CHCTEMBI, FWCIIOJIb30BAHUIO0 KOMIO3UIIHOHHBIX
MaTepuanoB, OOJANAIONMX ONpEACTCHHBIM COYeTaHHeM (U3WYECKUX W TEXHOJIOTHYECKUX
XapaKTEPUCTUK, OTIUYAIOIIUXCS I[MUPOKOTUANIA30HHOCTHI0O W MHOTOYPOBHEBOCTHIO ITOCTPOCHHUS
3alIUTHBIX 0apbepoB, aJaNTHPYEMOCTHIO TIOJ MOIIHOCTh BO3JICHCTBHS  3JICKTPOMArHUTHOIO
m3nyderns O0ojxee 100 BT ' MHOTO(QYHKIIMOHANBHOCTBIO, YTO ITO3BOJIIET OOECIIEYUTHh yCTOMYMBOE
(YHKIIMOHUPOBAHUE TACCUBHBIX CHUCTEM 3allluThl HH()OpPMAMK C 3aJaHHBIMH TOKa3aTeJIIMU
3} ()EeKTUBHOCTH B COOTBETCTBYIOIIMX JMAla30HaX JJIMH BOJH M MCIOJB30BaTh MX I pPEIICHHS
IIMPOKOTO Kpyra mpobiem;

— T0JJ00Me TOCTPOCHUS CUCTEM 3allUThl MHPOPMAIUK M CHCTEM 3alllUTHI OT OOHAPYKEHHS
BOOPYXKCHHs, BOCHHOH M CIENMAIbHOW TEXHHKH CPEICTBAMHU JIUCTAHIIMOHHOTO 30HIUPOBAHMUS,
VYUTBHIBAIOIIAX OJWHAKOBBIC BBIMONHSAEMbIE WMH (YHKIMH, YTO TIO3BOJISIET OOECIEeYUTh WX
OJTHOTHITHOE MHOTOYPOBHEBOE ITOCTPOCHUE M YHU(PHUKAIIIO JIJIS pa3IMYHBIX IPUMEHEHHIA;

— METOAMKY IMOCTPOCHUS MHOTOYPOBHEBBIX CHCTEM 3alllUThl MH(OPMAIIUU, OCHOBAHHYIO Ha
OJIHOBPEMCHHOM Y4Y€T€ B3aMMOJCUCTBUS JJICKTPOMAarHUTHOTO U3JIYYCHHUS YJIBTPapHUOICTOBOTO,
Bugumoro, Ommwkaero MK (180...1500 aMm), cpeanero, mampHero WK (3...5, 8...12 MxM) m
PaauoYacTOTHOTO (0,7...142,5TTm) IUara3oHOB C LIUPOKOIUANIA30HHBIMU 3KpaHaMu
3JIEKTPOMArHUTHOTO M3JyYCHUs, MHHTEIPUPOBAHHBIMU B €IUHYI0 KOHCTPYKIIHIO, 00ECICUNBaIOILYIO
MOCTPOCHUE 3aIIUTHBIX OAPHEPOB IS OJIOKUPOBAHUS 3IIEKTPOMATHUTHOTO, ONITUYECKOTO U TETUIOBOTO
KaHaJIOB YTEUKH nH(pOpMaITUU o cxeme «3aIuIIaeMpIi 00BEKT/TETIIOBOH
JKpaH/pauoIOTIONIAIINN MaTeprall/ClIEKTPAIbHO- IO PU3AIIMOHHBI HIMHTATOP.

Jliis peanu3anyy NpeAyI0KEHHBIX MTPUHIIMIIOB TOCTPOSHUSI MHOTOYPOBHEBBIX CHCTEM 3aI[UThI
uHpOpMaIMK  pa3paboTaHbl KOHCTPYKIMH JKpaHOB OMMU, obecrneunBatonme OJOKUPOBAHUE
3JIEKTPOMArHUTHOI'O KaHaJla yTeYKU HH(pOpPMaIINK.

s ¢GopMUpOBaHHUS  CIEKTPAJIbHO-TOISAPU3ANUOHHBIX ~MMHUTATOPOB, 00ECICUHBAIONIUX
0JIOKMpOBaHUE ONTHYECKOTO KaHajla YTeYKU WHGOPMAIMH MPEIOKEHA KOHCTPYKIIHS CIIEKTPAIBHO-
MOJIIPU3AIIMOHHOTO0 MMHUTATOpPa PACTUTEIBHBIX Cpell, B KOTOPOH HCIOJB3yeTCS MOJIOTHIN (pa3Mep
¢bpakuii 9...104 MKkM)  CyXOH  JINCT, pABHOMEPHO  paclpeACiCHHBIH B  CBA3YHOIIEM
BellecTBE (HampuMep, CHJIMKOH) B mpomopuuu 1:1, KOTOpoe HAHOCUTCA Ha MOJUMEPHBIH
MaTepuan (HanpuMmep, MOJIUITHIICH, ITOJIMACTEP), YTO MO3BOJIAET 00ECIIEYUTh KOHTPACT IO SIPKOCTH 10
0,4 m mo monspumzaruu 10 0,2 B mmamazone muuH BoiaH 400...700 HM maHHOW KOHCTPYKIHH H
3aKpBIBAEMOT0 €10 00BEKTa, Pa3MenaeMoro Ha (JOHE PaCTUTETHFHOCTH.
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Jnst OIOKMpOBaHUS TEIUIOBBIX KaHAJOB YTEUKH HH(OpMAlWW IMPEJIOKEHBI OIHOCIONHBIE
KOHCTPYKITMM TEIUIOBBIX OJKPAaHOB HAa OCHOBE METAUITMYECKMX W TIOJMMEPHBIX MAaTEpHaloB CO
BCTpOEHHBIM TpybOompoBogoM. IlokazaHo, YTO MpUMEHEHHWEe B HUX B KadeCTBE XJIaJIar€HTa BOJIBI
MO3BOJIACT CHHM3WUTH Temreparypy uctounuka WK wu3mydeHus, 3akppIBaéMOr0 TakUM 3KpPaHOM, C
+56 °C go +22 °C B TeueHue 3 MuH. VCmojp30BaHbl BOJOKHHCTBIE MaTe€pHallbl, B TOM YHUCIIC
BJIAroCoiep KaIlue, Uil CO3MaHUS KOHCTPYKIWH TEIUIOBBIX JKpaHOB. llokazaHO, 4TO HpHUMEHEHHE
KOMOWHHPOBAHHOTO OXJIXKJCHHS BOAOM M MOTOKOM BO3/yXa TEIUIOBOTO 3KPaHa, BHIIOJIHEHHOTO Ha
OCHOBE BJIAroCOJEpPXKaIllUX MaTepUalioB, CHIXKaeT ero temmeparypy c¢ +47°C mo +26 °C
B Te4eHHe 6 MUH.

Jia CHIDKEHUS! TEIUIOBOTO KOHTPAcTa BBICOKOTEMIIEPATYPHBIX OOBEKTOB Ha (OHE 3eMHOU
MOBEPXHOCTH M OJOKMPOBAaHMS TEIUIOBOIO KaHaja YTeUKd MH(popManuu pa3paboTaHa KOHCTPYKIHS
TEIUIOBOTO DKpaHa, BBIMIOJHEHHAass Ha OCHOBE BJArocojepiKamero (BOAHBI pacTBOpP  COIH
[IeIOYHO3EMENTFHOTO  METajula)  KalMUIIPHO-TIOPUCTOTO  MaTephalia,  IMOKPBITOTO  CIIOEM
KPUCTAUIMYECKOTO THAPOPHUIBLHOrO MoauMepa (IOTyuYeHHOTO Ha OCHOBE IOJMBHHWIIALICTATa) M
OXJIaXKJIAEMOTO BO3IYLIHBIM ITOTOKOM, YTO MO3BOJISIET CHU3UTH TEMIIEPATYpPy €ro MOBEPXHOCTH ¢ +27°
mo +19°C wu obecieunth Bpems (YHKIIMOHWPOBAHUS TPU JIAHHBIX TEIUIOBBIX PEXKHAMaxX
He MeHee 40 MuH.

Co3aHa KOHCTPYKIIMS ~WHTCTPUPOBAHHOM  3aIMTHOW TMaHENXW JUIi  OJIOKUPOBAHUS
AIIEKTPOMAarHUTHOTO M aKyCTHYECKOTO KaHAJIOB yTEYKW HWH(OPMAIMH, BBITONHEHHAs Ha OCHOBE
JIBYXKaMEpPHOT'O CTEKIJIOTaKeTa, OJHAa W3 KaMep KOTOPOTO 3arlONHSETCS ONTHYCCKH MPO3PavuHBIM
pacTBOpoM Ha OCHOBE BOJIbI, @ HA OJHY W3 MOBEPXHOCTEH HAKJIEUBACTCSl MPOBOJSMIAS TOJIMMEPHAsS
ONTWYECKH TIpO3pavHas IUIeHKa, 4To obOecreunBaer ocnabneane OMU B amamazoHe dYacTot
0,1...120 I'Tu He menee 15 nb u 3Bykonornomenue ao 80 ab B auanazone yactot 125...8000 I'w.

Paspaboranbl ycTpOiCTBa Ha OCHOBE BIAroCoJiepKallluX MAaTEPUANOB IS 3allUTh
MOJb30BaTeNIeH OT QJICKTPOMArouTHOI'O MU3JTY4YCHUS COTOBBIX TCJ'Ie(l)OHOB, KOTOPBIC BBIITOJHAIOTCA B
BUJe 0aphepoB C pa3MepoM, KpaTHBIM JinHe BoHBI DMU coToBoro TenedoHa, pa3MenmaeMbIx MEKIY
cOoTOBEIM TeleoHOM U TeldoM uenoBeka. [loBeieHne 3()QEKTUBHOCTH TaKWX YCTPOHCTB
obecrieyrBaeTCs MCIOIb30BAHUEM TPEXCIOWHBIX 3KpaHoB DMU, rae B kauecTBe BHYTPEHHETO CIOS
MpPUMEHSIeTCS ~ MeTaluimdeckass — (onbra (HampuMep,  allOMHUHHA) HWIM  TOPOIIKOOOPA3HBIHA
YTIepOoACOoAePKAIINM  MaTepual (HampuMep, UIyHTuT). Pa3paboTraHHBIE yCTpPOWCTBA  3aIIHUTHI
TpeHa3HaYeHbl JUIS HMCIONb30BaHus Teiie)oHa COBMECTHO C TPOBOAHOM rapHuTypoit hands-free.
DNeMEeHTHl JaHHOW TapHUTYPBl MOXKHO Pa3MECTHTh HETOCPEJCTBEHHO B YCTPOMCTBE 3alllUTHl WIIH
o0ecrnevnTh MPOXOKIACHHUS aKyCTUYECKUX BOJH 4Yepe3 3alllUTHBIN Oaphep 3a CUeT BHITIOJTHEHHUS B HEM
OTBEPCTHSI, paclojiaraéMoro HAMpOTHB JWHAMUKA. B mociemneMm ciydae mopamieHune OMU,
pacTpoCTpaHsIOIIETOCS Yepe3 JaHHOE OTBEPCTHE, OOecreuMBaeTcsl 3a CYET €ro IMEepeKpBITHS TI0
IomanM 3kpaHoM DOMMU, BBITONHEHHBIM Ha OCHOBE METAJUITMYECKOW CETKH C pa3MepoM SYeHKH
0,1...0,125 mMm (puc. 4).

Puc. 4. Buemnuii Bus (@) u npumenenne (6) ycrpoiicts 3ammtel o OMU cotoBoro Tenedona
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MATERIALS AND COMPONENTS FOR ELECTRONICS AND
SUPERCONDUCTOR TECHNIQUE. TECHNOLOGY,
PROPERTIES AND APPLICATION

L.M. LYNKOU, V.A. BOGUSH, T.V. BORBOTKO, N.V. NASONOVA

Abstract
The main results of development and investigation of materials, components and elements for

nanoelectronics, microelectronics and radioelectronics are reported. The original advances are
summarized in the areas of superconductive electronics, nanostructured materials for VLSI, sol-gel
techniques of isolating layers forming on the basis of hard-melting metallic oxides, metal SHF-plasma
deposition of films, technologies of wideband electromagnetic shields forming and technical facilities
of acoustic signals suppression.
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