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A. B. Makapoea — CTygeHTKa kacheapbl MAKPO- U HAHOTEXHOOTMI a9POKOCMIYECKOr0 NPMBOPOCTPOEHNS
B. I1. JlapuH (g-p TEXH. HayK, Npod.) — HayYHbI PYKOBOAUTESb

®OTOPE3NCThI ANA BCTPEYHO-LUTBIPEBBIX MPEOGPA3OBATEJEN
CUCTEM PAOMOYACTOTHOU UAEHTUDUKALIUK HA OCHOBE AKYCTOJJIEKTPOHHbIX 3NIEMEHTOB
HA MOBEPXHOCTHbIX AKYCTUYECKWX BOJTHAX

[ing peleHns npobnem BbICOKOCKOPOCTHOIO KENE3HOLOPOXHOTO W aBTOMOBUIBHOrO TpaHcnopTa Ha
OTEYECTBEHHbIN M 3apYBEXHbIN PBIHOK BBOASATCH CUCTEMBI PaAMoYacToTHON naeHTudmkaumv (PUML) Ha ocHo-
BE 9MEMEHTOB Ha MOBEPXHOCTHbIX akycTuyeckux BornHax (MAB). Bxogsime B cocTaB CUCTEM CHMTbIBATENN M
MeTKM NpeaHa3HayveHbl Ans aBTOMaTYeCkon MaeHTUdMKaLmm B peanbHOM MactuTabe BpeMeHU TPaHCNOPTHbIX
CpeacTs, W nepefayn UOeHTUUKALMOHHBIX KOOOB B CUCTEMY aBTOMATUYECKOTO ynpaBneHns (GUnuHroyo cu-
CTEMY yyeTa) Ans ux ganbHenwwen obpabotku. Mpuemo-nepesatllas aHTeHHa nanasoHa CBY npegHasHave-
Ha 4ns nprema 1 nepeaayn curHanos B AuanasoHe YacToTbl 2,45 [T, Y4TO COOTBETCTBYET AJIMHE BOSHbI, paB-
HOW 365 HM. B anekTpoHHOW annapatype, UCMOSb3yHoLE NOBEPXHOCTHBIE akyCTUYeCKUe BOMHBI, A1 BO3OYX-
[EHNS N OETEeKTUPOBaHUS 3TUX BOSH CIyXaT BCTPEYHO-WTbIpeBble npeobpasosatenu (BLUM). OpHon w3
Hanbonee pacnpoCTPaHEHHbIX HA CErOAHSLIHUA MOMEHT TOHKOMMEHOYHbIX TEXHOMOMIA NPU CO3AaHUN BCTPEY-
HO-LUTbIPEBbIX NpeobpasoBaTenen SBnseTcs TexHonorns «B3pbiBHON» doTonutorpadpum (lift-off lithography).
KntoyeBbIM MOMEHTOM B TEXHOIOTMM «B3PbIBHOMY hoTONMUTOrpacun SBASIOTCS 0COBEHHOCTU NPUMEHSEMbIX
toTopesncTos. Takum 06pa3oMm, CyLLeCTBYeT 3aaada aHanuaa, Bblbopa v NnpuMeHeHUs pasHbiX (hOTOPE3NCTOB
C LieNblo MOBbILLIEHWS Ka4yecTBa onepawLun «B3pbiBay, KOTOpas CyLECTBEHHO BUSET Ha Tpebyemble xapakTe-
PUCTUKN BCTPEYHO-LUTBIPEBLIX NpeobpasoBaTener U3aenuin Ha NoBEPXHOCTHBIX akyCTUYECKIX BOTTHAX.

TexHonorua co3aaHna BCTpeYHO-WThIpeBble npeobpasoBaTtenu

BLUM oTHocuTCs K anekTpogHomy Tuny npeobpasosatenein (puc. 1). Ha paboyeit noBepxHOCTM Nbe3o-
ANEKTPUYECKOro KpuUcTanna Co3AaeTCs KECTKO COEAMHEHHAs C 3TOW NOBEPXHOCTbIO PELLeTKa LWTbIpen 13 npo-
BoZsLLero Matepuana [3).

3
Ullap @ ; —
;l_' 1. ] i ] PRI, !'////I 7 i S =

]._.[::'.-h| D : [ 5 i h_
Z

U].T.[EB 23] bl...ﬂm bm

Puc. 1. BcTpeyHo-LUTbIpeBOI Npeobpa3oBaTenb B NPOEKLMSAX Ha FOPU3OHTANbHYIO 1 BEPTUKATBHYKO NIIOCKOCTM
M3 — nbe3oanekTpuk; 3 — anektpoabl BLUIM; am, bm — kKOOpAMHATBLI HA4Yana 1 KoHLa m-ro anekTpoga (no LWMpuHe)

MpuHUMN gencTens (puc. 2) Takoro npeobpasoBaTens 3aknoyaeTcs B CrneayrweMm: koraa Ha npeobpa-
3oBaTenb 1 NoAaeTCsi NEPEMEHHOE HanPsKeHWe, B Nbe303NEKTPUYECKOM MaTepuane BO3HUKAOT BOSHbI MeXa-
HWYECKOrO CXaTWsl U PACTSHXKEHWNS C YaCTOTOM NEPEMEHHOTO HanpshkeHWs. B ToM cnyyae, ecnu pacctosiHue
MEXAY LUTHIPSAMW PaBHSETCA AfIMHE BOSHbI, TO BOSTHbI OT BCEX LWITbIPEN OKa3bIBAKTCS CUH(A3HbIMK, T.€. COB-
nagatowmmn no ase, ¥ YCUNUBAKT APYr Apyra, YTO NPUBOAWUT K BO3HUKHOBEHWIO MOBEPXHOCTHON aKyCTUYe-
CKOW BOSHbI. Korga BonHa JOXOAMT [0 9NMEKTPOAOB 2, OHA CTAHOBUTCS MPUYMHON BO3HUKHOBEHUS MeXdy na-
POV COCEAHMX LUTLIPEN NEepeMEHHOr0 SMEKTPUYECKOrO HANPSKEHUS TOW e YacToTbl. KonebaHns HanpshkeHus
MeXJy COCEeAHWMM napamy LWTbIpen cknagpiBatotcs. [103TOMy HanpsikeHWe Ha BbIXO4E OKasblBaeTCs
HanbonbLwMM B CnyyYae coBnageHust ux ¢as, T.e. Toraa, Koraa PaccTOSHUE MEXAY LUThIPSAMU COCEOHUX nap
PaBHSAETCS ANWHE BOMHbI [2].


http://vk.com/search?c%5bname%5d=0&c%5bsection%5d=people&c%5buni_country%5d=1&c%5buni_city%5d=2&c%5buniversity%5d=60&c%5bfaculty%5d=2423&c%5bchair%5d=1754019
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Puc. 2. MpuHumn geitcteus ceHcopos Ha MAB:
1 — BCTpEYHO-LITLIPEBbIE MPeobpa3soBaTeny anekTpuyeckoro curHana B MAB;
2 — BCTpeyHo-LUTbIpeBble npeobpasosatenu MMAB B anekTpudyeckuin curHan

TexHonorusa «B3pbIBHOW» YoTONUTOrpadum

mnynbcom Ans pacnpoCTpaHEHUst TEXHOMOrMW «B3PbIBHOWY (oTonuTorpacum seunace Heobxoau-
MOCTb (POPMUPOBAHUS METaNNMYECKUX TOKOMPOBOAALLMX JOPOXEK HA MOMYNPOBOAHUKOBBIX U Mbe303NEKTPU-
YeCKuX MoAJIoXKax, FAe UCMomnb30BaHNE XMMUYECKOrO MW NIa3MEHHOr0 TPaBIEHNS SBNSETCS HexenaTernb-
HbIM 1SN HECOBMECTUMbIM C TEXHOMOrMEN U MaTtepuanami. [pyras npuumHa — o6ecneyeHne HagexHoro KoH-
TPONS Haf pa3Mepamm MeMeHTOB, Tak Kak Mpu UCMOoMNb30BaHUN XUMUYECKOTO TPaBMEeHUs TPYAHO KOHTPONMpo-
BaTb, HaNpuUMep, LUMPUHY MeTannn3upoBaHHbIX CrI0eB BCEACTBME NOATPABIMBAHUSA MeTanna noj Mackoun
oTtopesucra.

BLUM HaHOCAT MeTogoM (hOoTOMTOrpachm Ha XOPOLLO OTNONMPOBAHHYK NOBEPXHOCTL TLUATENbHO COpK-
EHTMPOBAHHOIO Mbe303NEKTPUYECKOrO KpucTanna. B kavectse matepuana ans BLUM v oTpaxatenbHbix CTPyK-
TYp UCMONb3yKT MeTanbl, Takme kak: Al, Au, Cu. Mpu nogaye Ha Nogo6HbIE SMEKTPOAHbLIE CUCTEMbI ANEKTPU-
yeckux konebaHuit 3a c4eT Nbe3oaddekTa MaTeprana NoANOXKA BO3HUKAIOT MexaHuyeckne aedopmauum ee
MOBEPXHOCTH, YTO B CBOIO OYepeb BefeT K BO3OYXAEHMI0 aKyCTUYECKON NOBEPXHOCTHOW BOJTHbI.

B TexHOnorM1 «B3pbIBHOM» (hOTONMTOrpachuM Ha NOAMOKKY CHa4arna HaHOCUTCA NieHka oTopesncTa.
[Mocne NpoLeccoB 3KCMOHUPOBAHWS W NPOSIBIIEHNS B NieHKe (hOTOPE3NCTa BCKPbIBAKOTCS YYacTKu, rae npeg-
nonaraeTcs OCYyLECTBUTb MeTannu3auuMo Noanoxku. 3atemM BCS MOBEPXHOCTb, B TOM YWCE MOBEPXHOCTb
NNeHKW oTopesncTa, 1 BCKPbLITbIE YHaCTKN NOKPbIBaOTCA MeTanrnom. CneayloLlen ctaguen SeBnseTcs cragus
«B3pblBay, NPK KOTOPOW NNeHKka oTopesncTa BMECTE C OCAXAEHHLIM Ha HEro MaTtepuanom ygansercs ¢ nog-
NOXKM C NOMOLLbIO NOAXOAALLEr0 pacTBOPUTENS B CReLMarnbHON ybTpa3ByKoBO BaHHe (puc. 3).
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Puc. 3. Cxema npouiecca B3pbIBHOI hoTonuTorpadmm
1 — anre3noHHbIN Cnom; 2 — cnoi otopesncTa; 3 — PoToLabnoH; 4 — MeTannmMyeckui cron

PaspelleHne NpoeKLUMOHHOW NMTorpadui 3aBUCUT OT AJSIMHbI BOSTHbI U3NYYEHWUs, YUCTIOBOW anepTypsl,
NPUMEHSIEMbIX MaTepUasoB 1 MHOTUX APYrux (akTopos. VI3BeCTHO [4], 4TO B CTaHOAPTHOW NPOEKLUMOHHON CH-
CTeMe, OCyLLECTBNSOLLEN nepeHoc n3obpaxeHus, dhokyc obbekTusa ( f ) saBnseTcs dyHKUMen ouameTpa ero
BXoaHoro 3payka (D). Yucnosas aneptypa obbekTuBa (NA) B cpefe C nokasatenem npenomneHns nonpege-
ngetcakak NA=n-sinf = R

2f
Yucnosas anepTypa SBSETCA OYEHb BaXHbIM NapaMeTpoM MPOEKLUMOHHON OMTUYECKOM CUCTEMBI, TaK

Kak OHa BO MHOTOM OrpefensieT 3Ha4YeHns ee paspeLleHuns u rmybuHsl gokyca. OgHuM 13 hyHoameHTamnbHbIX
3aKOHOB MPOEKLMOHHON nuTorpaduu sBnseTca kputepun Panesi, B COOTBETCTBUKM C KOTOPbIM paspeLLeHue

NPOEKLMOHHOM cucTembl (R) onpepensietcs audpakumotbiv npegenom: R = KA/ NA, rae 4 - anuva
BOSHbI 3KCMOHMpYKoLwero uanyvennsi; NA — yucnosas aneprypa NPOEKUMOHHON CUCTEMbI, @ KOIP(ULMEHT
K, (0 < K, <1) onpepaenseTcs ypoBHEM TEXHOMNOMN KOHKPETHOrO Npon3soacTea. Heobxoanmo 0TMeTUTb, 4To
Ha COBPEMEHHOM 3Tane pa3suTus TexHonorun npoussoactea KMOIM CENC MuHumansHo gocTuraemoe 3Haye-
Hwe K,~0,25-0,35.

PaspeLLeHne ynyywaeTcs npu UCrnosb3oBaHuM Boree KOPOTKOBOMHOBOTO SKCMOHMPYIOLLErO U3MyYeHUs 1
obbekTrBa ¢ BonbLuoit YMcnoBoit anepTypoi. OfHaKO 3TO NPUBOANT K CYLLECTBEHHOMY COKPALLEHWHO rMyOuHbI
dokycuposkn  (DOF ), «kotopas 06paTHO nponopuUMoHanbHa KBafgpaTy 4MCroBoi anepTypsl  [4]:

DOF =+1K,/2(NA)?

Tabnmua 1
CpaBHMTENbHbIN aHaNM3 anbTepHaTUBHBLIX ()OTOPE3NCTOB,
NPUMEHSIEMbIX B TEXHOMOTMM «B3PbIBHOIMY hoToNMTOrpadmm
XapaKkTepu1CTUKM ®n-056 | ®MH-20-M30| AZ5214E | AZnLof2000| S1805[5] | AZECI 3000

[6] [6] 3] 3] (5]




PaspeluatolLas cnocobHOCTb, MKM 0,5 0,8 0,7 0,8 0,5 0,35

TonwwmHa nnexkn otopesncta, Mkm | 0,45-0,60 0,8-1,2 1,14-1,98 2,0-3,5 0,5-0,8 0,5-4,0

TepmocToitkocTb, °C 140 145 130 110 115 110
YCTONYMBOCTb NAEHKM hoTope3mncTa K 25 60 40 50 35 30
NPOSIBUTENIO, HE MEHEE, MUH.
HepaBHOMEPHOCTL TOMLLMHbI NAEHKK, 10 10 10 20 15 15
HM, He Bonee
MposeuTens 1 % pac- 1%pac- | AZ726 AZ 300 MF-321 AZ 3000
t80p KOH | TBOp KOH | MIF MIF MIF,
0,5% pac-
T80p NaOH

MpumeHeHe doTtopesncta O1-05O B TeXHOMOrMM «B3PbLIBHOMY POTONUTOrpadpuM 3aTpyaHsAeTcs u3-3a
MOMOXMTENBHOIO HaKMoHa NPOMAS CTEHOK, YTO 0BycnoBneHo 06beMHbIM addekTom (puc. 4) u HegocTaTou-
HOW TOMLMHBI, KOTOpas OTpULATENTbHO CKa3blBAETCA B MPOLECCe «B3pbiBa», Tak Kak TOSILLMHA HAHECEHHOro
MeTasnnmM3MpoBaHHOTO COS MPEBbILLAET TOMLMHY (DOTOPE3NUCTUBHOW MAacKM, YTO 3aTpyAHSET npoLecc nposis-
NEHMs 1 yBeNNUMBaEeT KONNYECTBO AedEKTOB TOMOOTUN.

IJICHKa METaJljia

TieHKa (oTope3ncTa

IO IJIOXKKaA

Puc. 4. 06paaoBaHMe NONOXUTENBHOIO HaKnoHa I'IpOd)VIJ'Iﬂ CTEHOK NMpKn UCnonb30BaHNN NOJNTOXUTENBbHbIX (pOTOpe3VICTOB

doTopesncTbl, NpeacTaBneHHble B Tabn. 1, paspaboTaHbl creumanbHO A8 TEXHONOTMM «B3PbIBHOMY
cotonuTorpacum. Mpu ncnonb3o0BaHUM Takux POTOPE3NCTOB YCTpaHseTcs npobnema TPYAHOCTM NPOBEAEHMS
onepauun «B3pbiBa» Jaxe B TeX Cyvasx, Korha HaHECEHHOr0 MEeTannM3MpPOBAHHOIO Cros MPeBbILIAET TOS-
LWMHY hOTOPE3NCTUBHON Mackmn 1 06ecneunBaeTCs OTpULATENbHbIA HAKIMOH NPOduNs CTEHKK (puc. 5).
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Pwuc. 5. TonwwmHa MeTannnanpoBaHHOro Cnos NPeBbILLAeT TOMLWMHY (DOTOPE3NCTUBHON Macku

MpumeHeHre dotopesnctoB OMNH-20-U30, AZ 5214E, AZ nLof 2000 n S1805 3aTpyaHsietcs Bcned-
CTBME MX HEMOMHOrO COOTBETCTBUSI TEXHUYECKUM XapaKTepucTukam, npeabsensemMbiM K ¢otopesncty Ofl-
050, [OPOroBM3HbI M MPUMEHEHMIO CneuuanbHbIX NPOSBUTENEN B NpoLECcce co3aaHuns Tpedbyemoii Tononorum,




WX NPUMEHeHWe 3aTpyaHAeTCs BCMEeLCTBME HEBO3MOXHOCTU paboTbl C yHUBEPCANbHbIMA NPOSBUTENSMU, @
Takxe cneumnanbHbIMK YCIIOBUSAMM aKCnyaTaLum.

TexHonorus usrotoeneHus cuctem PUML Ha MAB-MeTkax nogpasyMeBaeT paspeLuatoLLyto cnocobHOCTb
cotopesuncta 0,35 MKM 1 TONWMHY NneHkn doTtopeaucta 0,7 mkM. CriegoBaTenbHO, ANs UCCneaoBaHuin 4or-
XeH ObITb BbIOpaH no3uTuBHbIN 6bICTpbI doTopesnct AZ ECI 3000. OH Takke aganTupoBaH Ansi NOBCEMECT-
HOrO NPUMEHEHUS, B TOM Yucne bnarogaps CBOen CTOUMOCTH.

3akntyeHue

MonbITkK pelmnTb 3afady aBTOMaTMYECKON MAEHTUUKALMM TpaHecnopTa NpeanpuHUMALOTCS YxXe He-
CKOIbKO JecaTuneTuit. B nocneaHue rogpsl Bce 60MbLINA UHTEPEC BbI3bIBAIOT CUCTEMbI UAEHTU(MKAL WK, NO-
CTpOeHHble Ha H6ase TexHonorum PUWL. Yxe cerogHs npeactasneHsl PUV-NpunoxeHns ans polHka guHaH-
COBbIX ycnyr 1 obecneyeHns 6e30nacHOCTH, aBTOMOBUIBHOMO 1 OBLLECTBEHHOTO TpaHCMOPTa, HEBOMbLIKX Ma-
rasuHoB, BUBIMOTEK, NPaYeYHbIX N MEAULMHCKUX yypexaeHuin. YUtobbl obecneynBatb HagEXHOCTb TakoW Cu-
CTEMbI, B Xo4e paboTbl Bbiny NpoBeeHbI aHanu3 U CpaBHEHWE psaa POTOPEsUCTOB, 13 KOTOPbIX Bbin Bblge-
neH cotopesnct AZ ECI 3000. Wcnonb3oBaHne AaHHOrO hoTopesncTa O4eHb NEPCMEKTUBHO, MOCKOMbBKY OH
oTBeYaeT BceM TpeboBaHusM, 0b6ecneynBaroLLm TEXHOMOMMIO «B3PbIBHOMY poTonuTorpacumn u paboty B Le-
nom PYN-cuctem Ha MAB-meTKax.
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